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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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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
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articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
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mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
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the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Control of rifampicin-resistant tuberculosis
(RR-MTB) requires novel technologies for restoring the anti-
TB efficacy of priority drugs. We sought to evaluate the ability
of nanotechnology application in the recovery of the anti-
tuberculosis efficacy of rifampicin.

Methods: Nanocomposite- standard dose of rifampicin 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 rifampicin-resistant mycobacterium
tuberculosis (RR-MTB) isolates. The control arm consisted
of 35 RR-MTB isolates and AgNPs suspension with identical
concentrations. The inhibitory effect of nanocomposites was
evaluated by MTB growth rate using the BACTEC™ MGIT
960™. The safety assessment of single-use AgNPs was
conducted in experimental animals.

Results: The suppression process of AgNPs on RR-MTB
isolates started with 2,5% nanocomposite solution application
and full suppression was achieved in 5% and 10% nanocomposite
solutions. A standard dose of rifampicin and a 2.5% solution of
AgNPs increased the minimal inhibitory effect on RR-MTB by
10% (total 80%) vs the isolated use of a 2.5% solution of AgNPs
(70%). An experiment on animals revealed the complete safety
of a single injection of ultra-high doses of AgNPs.

Conclusion: The study showed the potentiating effect of
AgNPs in overcoming the resistance of MTB to rifampicin
providing a scientific basis for further research.

Key words. Rifampicin-resistance, silver nanoparticles,
growth inhibition, experimental animals.

Introduction.

Multidrug- and rifampicin-resistant tuberculosis (MDR/RR-
TB) is still a challenge for clinicians and public health authorities
[1,2]. New and repurposed drugs have significantly improved
treatment efficacy in patients with MDR/RR-TB, increased
adherence [3], and decreased lost to follow-up rate. Also,
active drug safety monitoring provided appropriate prevention,
detection, and management of adverse events causing (leading
to) radical improvement in treatment outcomes. Despite the
encouraging data, the overall rate of favorable outcomes of
MDR/RR-TB treatment is only 59% and much lower in patients
with higher resistance profiles [1,4].

Several publications have appeared in the scientific medical
literature regarding the developing resistance of M. tuberculosis
(MTB) to new and repurposed drugs in recent years [5-8] and
hence, we may face a drug-resistant TB crisis again [9]. To
prevent the process, it is necessary to expand and update the
drug base for the treatment of resistant tuberculosis constantly,
which can be performed both through the synthesis of new
anti-tuberculosis drugs and restoring the anti-TB efficacy of

© GMN

priority drugs using stability inhibitors. In the quest for more
efficient anti-mycobacterial drugs that are able to overcome the
“classical” issues discussed above and partially responsible for
the global TB status - recently the nanoparticles gained special
attention.

Nanoparticles have the ability to overcome existing
mechanisms of bacterial drug resistance, such as decreasing
absorption, enhancing drug efflux from microbial cells, forming
bio accumulators, and fighting intracellular infection pathogens.
Applying nanoparticles directly to the injury sites may allow
the transportation of high concentrations of antimicrobial drugs
while maintaining the optimal dose of the drug for the body;
thus, overcoming the mechanisms of antibiotic resistance and
reducing side effects [10].

Scientific studies have established the enhanced biocidal
properties of silver, its physiological role in the normal
metabolism of human substances, and the functioning of the
immune system. It is possible to use small concentrations of
silver in the nano-size range with multiple enhancements
of biocidal properties. Only a few scientific publications
are presenting the results of studies on the antibacterial and
immunobiological properties of silver nanoparticles (AgNPs),
the bactericidal effect of AgNPs on drug-resistant strains of
various diseases [11-18], as well as the peculiarities of AgNPs
action in healthy and experimental animals infected with MTB,
taking into account the administration routes of nanoparticles
into the body [19-23]. “In vitro” studies showed that while
using a combination of AgNPs and isoniazid (in cases of proven
resistance to isoniazid), there was a complete or significant
inhibition of the growth of MTB [22]. There is scarce data
in the scientific literature regarding the usage of AgNPs and
rifampicin (RIF) on RR-TB [24,25].

The study aimed to investigate the in vitro restoration of the
anti-TB efficacy of RIF using AgNPs. The main objectives
were: 1) "In vitro” study of the inhibitory effect of suspensions
containing different concentrations of AgNPs on RR M.
tuberculosis (RR-MTB) strains; 2) “In vitro” study of the
effectiveness of the standard dose of RIF and nanocomposite
with different concentrations of AgNPs to investigate the
presence of inhibitory effect on RR-MTB strains; 3) Evaluation
of the safety of single administration with high and ultra-high
doses of AgNPs in experimental animals.

Materials and Methods.

Study Design and Settings: We conducted an experimental
study, and the bacteriological part of the research was
performed in the National Reference Laboratory (NRL) of
the National Center for Tuberculosis and Lung Diseases
(NCTLD), Thilisi, Georgia. The safety of AgNPs was studied
on experimental animals at the Alexander Natishvili Institute
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of Morphology, Ivane Javakhishvili Tbilisi State University.
The study was approved by the Institutional Review Boards
of the NCTLD and the Alexander Natishvili Institute of
Morphology. Experiments were conducted in compliance with
current international standards (The Declaration of Helsinki
Convention for the Use and Care of Animals, 1964; Directive
2010-63-EU on the Protection of Animals Used for Scientific
Purposes, 2010; Guide for the Care and Use of Laboratory
Animals, 8th ed., 2011). Euthanasia was performed according
to IACUC guidelines. (https://animal. research. uiowa.edu/
iacuc - guidelines-euthanasia).

Statistical analysis was performed using IBM SPSS Statistics
software (Version 29.0.2.0). The chi-square (X?) test was used
to compare the effect of two different groups: AgNPs alone and
R/AgNPs analyzing two categorical variables for each group:
growth increase vs suppression.

Study Procedures.

“In Vitro” Inhibitory Study of Silver Nanoparticles (AgNPs)
on RR-MTB Strains.

An “in vitro” experiment was carried out on 105 cultures of
RR-MTB, which were obtained in clinical conditions from the
sputum of patients with pulmonary tuberculosis. The experiment
was conducted on liquid nutrient soils in a BACTEC™ MGIT
960™ system. For the experimental study AgNPs (AgNPs of
20nm) were purchased from “Hongwu International Group Ltd”
(https://www.hwnanomaterial.com). High-frequency ultrasonic
homogenizer, disruptor, and disintegrator (Ultrasonic Processor
FS-1800N (China) was used to characterize the nanoparticle
suspension size of AgNPs and was carried out on an electron
microscope.

The experiment was conducted in 2 groups. In the sensitivity
testing kit, in one case, only silver solution in the amount of 100
ul (with different concentrations) was applied to the samples,
and in another case, the silver solution of the appropriate
concentration was added along with standard dose of RIF.

To determine the growth inhibitory effect of MTB - 6
concentrations of AgNP solution on preselected RR isolates
were studied: 0.25%, 0.5%, 1%, 2.5%, 5%, and 10%. Initially,
105 cultures of RR MTB were taken. Six (0.25%, 0.5%, 1.0%,
2.5%, 5%, 10%) types of suspensions were prepared from the
powder of nanoparticles containing 99.9% silver: In each case
100 ml of injection water was supplemented to 0.25 g, 0.5
g, 1.0g, 2.5¢g, 50g, and 10 g of silver nanoparticle powder,
respectively. In all six groups, injection water was supplemented
to the silver nanoparticle powder separately and centrifuged
for 5 minutes. In the obtained suspension, the silver powder
precipitated fast. In order to stabilize the suspension, it was
placed in a homogenizer, disruptor, disintegrator and affected
with 1800 W high-frequency ultrasound for 2 min three times.

For the evaluation of the inhibitory activity of AgNPs, the
solution of AgNPs with an appropriate concentration was
added to 35 test tubes (in the set of susceptibility test tubes).
Each concentration of 0.25%, 0.5%, 1%, 5% and 10% solution
were added to 5 test tubes and 2.5% solution to 10 test tubes.
Evaluation of the inhibitory activity of different concentrations
of AgNPs and RIF (R/AgNPs) composite was conducted on
susceptibility test tubes with 6 different concentrations of
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silver solution (0.25%, 0.5%, 1%, 2.5%, 5%, 10%) with the
supplement of a standard dose of RIF (each concentration of
AgNPs solution with RIF was applied to 10 test tubes, except
for the 2.5% concentration of the silver solution, applied to 20
test tubes with RIF (70 test tubes in total).

An “in vitro” experiment was carried out on cultures of RR-
MTB, which were obtained in clinical conditions from the
sputum of patients with pulmonary tuberculosis. The experiment
was conducted on liquid nutrient soils in a BACTEC™ MGIT
960™ system. The BACTEC™ MGIT 960™ device is used for
rapid detection of MTB in a test sample. MTB growth is detected
by fluorescence, which increases in proportion to the decrease
of oxygen in the test tube. The device emits fluorescence
using ultraviolet rays and a special computer algorithm. The
BACTEC™ MGIT 960™ device is also used to determine the
sensitivity to anti-TB drugs, which allows interpretation of the
results within 4-13 days.

Testing of susceptibility in anti-TB drugs using the BACTEC™
MGIT 960™ device is based on the same principle, which
involves the detection of mycobacterial growth by fluorescence.
The test is carried out with a set of MGIT 7 ml test tubes,
necessarily including a control test tube (without drug) and test
tubes where the drug is supplemented with an already known
concentration. The device automatically and continuously
monitors the increase process of fluorescence in the drug and
control tubes. If the drug is active against MTB (an isolate is
sensitive), growth of inhibition and suppression of fluorescence
occur in the tubes including drugs, while in the control tube
an increase of MTB growth and fluorescence is detected. If
the isolate is resistant, growth of MTB and corresponding
increase of fluorescence is observed in both control and tubes
with drugs. The BACTEC™ MGIT 960™ system automatically
monitors the growth process in sensitive or resistant samples
and interprets results accordingly.

The final evaluation of the inhibitory activity of the study
result was performed based on the inhibition of MTB growth,
supplemented with the experimental suspension to the test tubes.

The Safety Study of a single-use of silver nanoparticles
(AgNPs) in experimental animals.

Atthe first stage of the safety study with AgNPs, high and ultra-
high doses of AgNPs were used in the experiment conducted on
test animals (Table 1).

To evaluate the safety of 2.5% and 5% suspensions of AgNPs,
white mogrel rats (of body weight 250-300 g.) were used in
experimental studies. Animals were housed under standard
vivarium conditions (temperature 22+2°C, humidity 50%=+5%,
12/12h light/dark cycle, free access to water and food) in
polypropylene cages covered with stainless steel mesh (5 rats
per cage). 8-12-week-old rats were randomly divided into four
groups: five rats per group (2 female and 3 male). Female rats
were non-pregnant and nulliparous. Suspensions of AgNPs
(2.5% and 5%) were administered once orally using a special 2.5
ml food needle to the first and third groups; 5 ml - to the second
and fourth groups, and the control group received physiological
saline. Before administering the control suspension, the
laboratory animals were food-restricted for 24 hours but had
free access to water.



Table 1. Study of the safety of silver nanoparticle suspension with the
single administration, weight of control and experimental group rats.

Rat weight (g)

AgNPs AgNPs AgNPs  AgNPs 5%

Rat g‘;:)‘ltlr[:’l 2,5% 1000 2,5% 5000 5% 1000 5000 mg/
mg/kg mg/kg mg/kg kg

Female 250 250 240 240 240

Female 260 250 240 250 240

Male 300 300 300 290 280

Male 270 270 260 260 250

Male 300 300 290 300 280

Abbreviations: g, gram; AgNPs - silver nanoparticles.

Group I - Rats received a single dose of 2.5% suspension of
AgNPs: 2.5 ml/100 g orally for 24 hours.

Group II - Rats received a single dose of 2.5% suspension of
AgNPs: 5 ml/100 g orally for 24 hours.

Group III - Rats received a single dose of 5.0% suspension of
AgNPs: 2.5 ml/100 g orally for 24 hours.

Group IV - Rats received a single dose of 5.0% suspension of
AgNPs: 5 ml/100 g orally for 24 hours.

The control group - received a single dose 0£0.9% physiological
saline.

After receiving the control suspension, the rats were monitored
every 30 minutes for the first 4 hours; then every 6 hours for the
first 24 hours, and twice a day for the following days. According
to the recommendations of the OECD guideline for testing of
chemicals, observation of the rats continued for 7 days. A week
later the rats were restricted from food for 24 hours (with free
access to water).

To study the histomorphological material, the rats were
euthanized with CO, at a rate of 5 L/min in an individual
chamber. For histomorphological research tissues were taken
from the organs of rats of all five groups, and embedded in
paraffin blocks to prepare the slides for microscope specimen;
The specimens were stained with hematoxylin-eosin and
observed under a light microscope

Results.

Evaluation of “In Vitro” Inhibitory Effect of Silver
Nanoparticles (AgNPs) on RR-MTB Strains.

The conducted experimental study showed the complete
suppression of the growth of multiresistant strains of MTB
when applying 5% and 10% silver suspensions; In the case of
application with 0.25%, 0.5%, and 1.0% concentration solutions,
the growth of multiresistant strains of MTB was re-detected.

Applying a 2.5% solution of AgNPs showed both inhibition
and growth of the RR-MTB strains.

To increase the reliability of the obtained results, we expanded
the scope of the study and added the suspension containing a
2.5% concentration of silver to five more sensitive test tubes
(a total of 10 test tubes). The addition of 2.5% AgNPs to the
suspension showed the growth inhibition of RR-MTB strains in
70% of cases (Table 2).

The addition of RIF and different concentrations of silver
nanocomposite showed the same tendency to inhibit the growth
of mycobacteria as applying only AgNPs to RR-MTB cultures.
The study showed complete ineffectiveness of composites
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including the standard dose of RIF and suspension of AgNPs
200 with the following concentrations: 0.25, 0.5%, 1.0%;
Growth inhibition of RR-MTB strain started with R/AgNPs
2.5% solution, and the complete inhibition was observed in
case of supplement including R/AgNPs 5% and 10% solution.
Despite statistically nonsignificant (P > 0.05) difference between
two groups - R/AgNPs and AgNPs only (X?= 0.373, degrees
of freedom (df):1, P-value=0.541), a bactericidal effect while
applying the nanocomposite containing R/AgNPs concentration
of 2.5% was observed in 80.0% of cases, which is 10% higher
than the bactericidal effect obtained by applying only AgNPs.
R/AgNPs with a higher concentration of nanocomposite (5%,
10%) showed a bactericidal effect in 100% of cases (Table 2).

Table 2. Growth inhibition of RR-MTB with various concentrations of
AgNPs with RIF.

The concentration of AgNPs in combination with

Growth
Suppression RIF

PP 0,25% 0,5% 1,0% 2,50% 5% 10% Total
Suppression N |0 0 0 16 10 10 36
(%) 0% 0% 0% 80% 100% 100% 93,3%

10 10 10 4 0 0 34
0,

Growth N(%) 10004 100% 100% 20% 0% 0%  80%
Total N 0 % 10 20 10 10 70

Abbreviations: RR-MTB, rifampicin-resistant M. tuberculosis; AgNPs,
silver nanoparticles, N, number.

Table 3. Growth inhibition of RR-MTB with the various concentrations
of AgNPs.

The concentration of AgNPs

Characteristics

0,25% 0,5% 1,0% 2,5% | 5% 10% Total
MTB Growth
Suppression 0 0 0 7 5 5 17
N (%) of Test 0% 0% 0% 70% 100% 100% [90,0%
Tubes
ggﬁﬂ’z ;1: 5 5 5 30 o 18

0, 0, 0, 0 0 0,

Tubes 100% 100% 100% 30% 0% 0% |82,5%
Number of Test 5 5 5 10 5 5 35
Tubes

Abbreviations: RR-MTB, rifampicin-resistant M. tuberculosis; AgNPs,
silver nanoparticles, N, number.

The combination of 2.5% suspension of AgNPs and a standard
dose of RIF has a minimal inhibitory effect on RR-MTB, and
the minimum bactericidal concentration of AgNPs with the
standard dose of R is equal to 5% suspension of silver.

Evaluation of a single-use of silver nanoparticles (AgNPs) in
experimental animals.

In the experiment, no case of lethality was observed in rats with
high and ultra-high single doses of AgNPs. At the same time,
they were not restricted in food, water, defecation, diuresis, and
movement.

No histomorphological changes were observed in the tissues
of the first, second, and third group of rats, while the following
types of changes were detected in the rats of the fourth group:
1) No pathological changes were detected in the myocardium.



In some cases, we could see extravasates, probably caused
by the damage of material due to rough handling (Figure 1);
2) Hemorrhage foci were detected in the alveoli and lung
interstitium (Figure 2); 3) A moderate amount of blood was
observed in the liver; No pathological deviations were detected
(Figure 3); 4) No pathological changes were detected in the
gastrointestinal (GI) system (Figure 4); 5) Focal mineralization
manifested by eosinophilia was observed in renal tubules
(Figure 5).

While applying silver suspensions with the above-mentioned
concentrations did not have a lethal dose - LD50 could not be
determined. No histomorphological changes were noted while
applying the suspension dose of 2.5 ml/100g; the use of ultra-
high dose suspension of 5% AgNPs (5 ml/100g) caused some
changes in lung and kidney tissue structure.

ey P el

Figure 3. Histomorphological changes in the liver tissues of rats after
a single injection of high and ultra-high doses of AgNPs. Picture of
normal liver, hematoxylin-eosin. x 40.

Figure 1. Histomorphological changes in the heart tissues of rats after
a single injection of high and ultra-high doses of AgNPs. Picture of
normal heart muscle. Hematoxylin-eosin. x 40.

Figure 4. Histomorphological changes in the small intestine tissues
of rats after a single injection of high and ultra-high doses of AgNPs.
Small intestine within normal limits. Hematoxylin-eosin. x 40.

Figure 2. Histomorphological changes in the tissues of the alveoli and

lung interstitium of rats after a single injection of high and ultra-high

doses of AgNPs. Hemorrhage foci were detected in the alveoli and lung  Figuyre 5. Histomorphological changes in the kidney tissues of

interstitium. Hematoxylin-eosin. x 20. rats after a single injection of high and ultra-high doses of AgNPs.
Mineralization by eosinophilia in the renal tubules of the upper part of
the image. Hematoxylin-eosin. x 20.
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Discussion.

Mycobacterium tuberculosis has the extraordinary ability to
adaptto the administration of antibiotics through the development
of resistance mechanisms. By rapidly exporting drugs from
within the cytosol, these pathogenic bacteria diminish antibiotic
potency and drive the presentation of drug-resistant tuberculosis.
The membrane integrity of MTB is pivotal in retaining these
drug-resistant traits. Silver nanoparticles are established
antimicrobial agents that effectively compromise membrane
stability, giving rise to increased bacterial permeability to
antibiotics. RIF is a semisynthetic, broad-spectrum antibiotic
used commonly for the treatment of tuberculosis. Due to its
penetrating power, it is also reported to treat various biofilm-
related infections. With the emergence of RIF resistance among
microbes, researchers are looking for various ways to improve
its bioavailability. Umar Farooq and co-authors [24] studied
Rif conjugated silver nanoparticles on methicillin resistant
Staphylococcus aureus and Klebsiella pneumoniae strains and
found that, nanotechnology decreasing their size of Rif to nano
level, which results an increase in cell permeability. Synthesized
nanoparticles showed 1.5-2-times more penetrating potential
as observed by biofilm eradication and percentage viability
reduction as compared to RIF alone.

The release of AgNPs within the macrophage endosomal
system increase the potency of the model antibiotic RIF by
as much as 76% by realised through an increase in membrane
disorder of intracellular MTB [25].

Thus, the synergistic impact of the action of R/AgNPs
against Mycobacterium tuberculosis is not fully studied yet,
but the base of the mechanism itself is antibiofilm activity.
Silver nanoparticles are established antimicrobial agents that
effectively disrupt the stability of the membrane, leading to an
increase in the permeability of bacteria to antibiotics (Rif).

In our experimental study, the addition of RIF standard
dose and nanocomposite (with different concentrations of
AgNPs) to RR-MTB strains showed complete suppression of
Mycobacterium tuberculosis growth in 51,4% of cases, while
in control arm supplement of 6 different concentrations of only
AgNPs to RR-MTB isolates showed 48,6%. As a result of “in
vitro” research, studying the effects of 20 nm AgNPs solutions at
six separate concentrations, it was found that they have different
inhibitory effects on RR-MTB isolates-suppression process in
RR-MTB strains started with 2,5% nanocomposite solution
application and full suppression was achieved in 5% and 10%
nanocomposite solutions. It was established that a solution of
AgNPs of 2.5% has a minimal inhibitory effect and a solution
of 5.0% has a minimal bactericidal effect on RR-MTB “in
vitro” strains. The study results determined that the “in vitro”
application of nanocomposite including a standard dose of RIF
and a 2.5% solution of AgNPs increased the minimal inhibitory
effect on RR-MTB to 10% (total 80%) compared to the isolated
use of a 2.5% solution of AgNPs nanoparticles (70%) indicating
the potentiating effect of AgNPs to overcome the resistance of
MTB to R. “In vitro” application of a nanocomposite using a
standard dose of RIF, a 5% suspension of AgNPs, and a 5%
solution of isolated AgNPs on RR-MTB strains showed identical
results in terms of minimal bactericidal effect.

106

One of the main challenges of using AgNPs in humans is
the safety profile of nanocomposites. Our study revealed the
complete safety (absence of any type of histomorphological
changes) of a single administration of AgNPs suspension
(AgNPs 2.5% 1000 mg/kg; AgNPs 2.5% 5000 mg/kg; AgNPs
5.0% 1000 mg/kg) in the animal experiment. At an ultra-high
dose (AgNPs 5.0% 5000 mg/kg), some non-lethal changes
were detected in the tissue structures of parenchymal organs
(lungs, kidneys). The study of the efficacy of an “in vitro” use of
nanocomposite in RR-MTB strains (based on the results of the
studied criteria), confirms the enhancing effect of nanoparticles
in overcoming the resistance of the pathogen to RIF. The
obtained results show that the optimal dose of nanoparticles in
the composite is a concentration of 2.5%. The safety of using
20 nm AgNPs of the above-mentioned concentration was also
confirmed by the experimental research.

The study highlights the urgent need to maintain the
effectiveness of RIF as one of the most potent anti-TB drugs
due to its unique bactericidal and sterilizing capacity. Along
with developing new anti-TB drugs, it is important to prevent
the acquisition of resistance to RIF and introduce new methods
to restore the effectiveness of RR-MTB strains.

Our study is among few researches evaluating the efficacy
and safety of AgNPs and RIF on MTB strains. Kreytsberg et al.
[26] found that the efficacy of the combined application of the
nanoparticles with specific anti-TB drugs significantly exceeded
the isolated mode of the nanoparticle application. The bacterial
growth-inhibitory activity of AgNPs with RIF was 93,3% at
a concentration within the range of 2.5 — 5.0 mg/l. Ellis et al.
[25] demonstrated a limited independent intramacrophagic
antimycobacterial effect of multimetallic nanoparticles
including AgNPs. However, the coadministration of AgNPs
with subtherapeutic RIF increased the potentiating effect of
RIF by reducing 69% of M. tuberculosis colony-forming units.
Interestingly, Farooq et al. [24] showed an enhancement of
antibiofilm efficiency of RIF following conjugation with silver
(R/AgNPs) also in methicillin-resistant K pneumoniae and S
aureus [24]. All these studies are consistent with our findings
regarding the efficacy of nanocomposite of AgNP and RIF.

The main limitation of the study is that the safety assessment
involved only a single administration of the AgNP suspension
to experimental animals. However, we are continuing our study
to evaluate the safety of AgNPs and RIF suspensions when
administered multiple times following OECD GUIDELINES
FOR TESTING.

Conclusion.

The in vitro study of the effectiveness of using AgNPs and RIF
nanocomposite on RR-MTB isolates proves the potentiating
effect of AgNPs at a standard dose of RIF, overcoming the drug
resistance of the pathogen, which provides a scientific basis for
an in-depth study of this actual problem.
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HN3yuenne 3¢ pexTUBHOCTH " 0e3onacHocTH
HAHOKOMIIO3UTOB cepedpa B OTHOLICHMHM pH(aMINIHH
YCTOYHMBBIX ITAMMOB MHK0O0OAKTEepHH TYOepKy.1é3a
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Pe3rome

Hean: Ilenpro wmccienoBaHus OBUIO OIGHKA ITOTCHITHAJA
HaHoYacTHIIcepeOpaBBOCCTaHOBICHHU IIPOTHBOTYOEPKYIE3HON
3¢ deKkTUBHOCTH pUPaMIHUIIHA.

Marepuanst u mMetoast: K 70 pudamnuimH-ycTOHIHBEIM
nzonsitaM MukoOarepuu TyOepkynésa (RR-MTB) nobasmsim
HaHokoMno3uT (R/AgNPs)-cranmaptHyio 103y pudaMnunuHa
(R) Bmecte ¢ 6 pasmuunemvu (0,25%; 0,5%; 1%; 2,5%; 5%;
10%) xoHIeHTpalusiMu HaHOYacTUI] cepeOpa (AgNPs).
Kontponsayto rpynmy coctaBuiu 35 wuzonsitoB RR-MTB,
K KOTOpbIM jo0aBisumn cycneHsnio AgNPs B HJICHTHYHBIX
KOHLEHTpauusix. MHrnoupyromuii 3¢p¢pexT HaHOKOMITO3UTOB

OLICHMBAIM TIO0 pOCTY MHKoOatepum TyOepkynéza (MTB)
¢ wucnonb3oBanueM BACTEC™ MGIT 960™. Ouenka
Oe3omacHOCTH  OfHOpa3oBoro  ucrosb3oBaHust — AgNPs

MIPOBOAMIIACH HA SKCIEPUMEHTAIBHBIX )KHBOTHBIX.

PesyabTatsl: [Iponecc nogasnenus pocta uzoisitoB RR-MTB
HauuHaiICcs npu pobasnennu 2,5% cycnensuun 20 M AgNPs,
a TOJHOE TMOJaBlicHWE HAONIONaIoCh NPH HCIIOIb30BAaHUU
5% u 10% cycnensuii AgNPs. In vitro npu ucnoiap30BaHUU
HaHOKOMIIO3UTA CTaHJapTHOW J103bl pudammunuHa U 2,5%
CYCIIEH3UM HaHOYacTHI cepebpa HaOJI0AaIoCch YBEITHUCHHE
MHUHHAMaJIbHOTO MHrHOupytomero a¢dexra Ha 10% (cocraBmiio
80%) 1Mo cpaBHEHUIO C M3OIMPOBAHHBIM NpUMEHEHHEM 2,5%
cycrneHsun HaHouactul] cepebpa (70%). DKcrepUMeHTHl Ha
KMBOTHBIX TIOKa3aJd IOJHYIO 0€30MacHOCTh OIHOKPATHOTO
MIPUMEHEHHS CBEPXBBICOKHX 103 AgNPs.

3akaouenne. lcciaenoBaHue MoKa3ano NOTEHIUPYHOIUI
sppexr AgNPs Ha pudaMnunmH 1O  IPEOJOJICHHIO
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pesuctentHocTH K MTB | uTo naér HayuHy!0 OCHOBY JUIf
JANbHEUIINX UCCIIETOBAHUM.

Kirouesnbie ¢JI0BA: JIEKapCTBEHHO-YCTONUUBBIN
TyOepKyn€3, HaHOYacCTHIBI cepedpa, IOJaBICHHE pOCTa,
9KCIIEPUMEHTAILHBIE )KUBOTHBIC.

vercxlis nanokompozitil! efeqturobisa da usafrTxoebis
Seswavla rifampicinis mimarT rezistentuli tuberkulozis
mikobagqteriis Stamebze nino qiria', Teona avaliani', nino
babliSvili>, nino WiWiveiSvili', giorgi fiCxaia!, lali SarvaZe',
nana qiria’

ivane javaxiSvilis saxelobis Tbhilisis saxelmwifo universiteti,
saqarTvelo.

’tuberkulozisa da filtvis daavadebaTa erovnuli centri,
Thilisi,saqar Tvelo.
reziume mizani: kvlevis mizans  warmoadgenda

rifampicinis tubsawinaaRmdego efeqturobis aRdgenis kuTxiT
nanoteqnologiebis potencialis Sefaseba.

masala da meTodebi: rifampicinis mimarT rezistentuli
tuberkulozis mikobagqteriis (RR-MTB) 70 izolats davumateT
nanokompoziti (R/AgNPs)- rifampicinis (R) standartuli doza
vercxlis nanonawilakebis (AgNPs) 6 gansxvavebul (0,25%;
0,5%; 1%; 2.5%; 5%; 10%) koncentraciasTan erTad. sakontrolo
jgufi Seadgina RR-MTB-is 35 izolatma, romelsac damatebuli
hqonda mxolod AgNPs suspenzia identuri koncentraciebiT.
nanokompozitebis inhibitoruli efeqti Sefasda tuberkulozis
mikobagqteriis zrdis safuZvelze BACTEC™ MGIT 960™ -is
gamoyenebiT. AgNPs -is erTjeradi gamoyenebis usafrTxoebis
Sefaseba ganxorcielda eqsperimentul cxovelebze.

Sedegebi: RR-MTB izolatebis zrdis daTrgunvis procesi
daiwyo rifampicinis mimarT mdgradi tub.mikobagqteriis
Stamebze 20nm AgNPs-is 2,5% xsnaris damatebisas, xolo
sruli daTrgunva dafigsirda AgNPs-is 5% da 10% xsnarebis
gamoyenebis SemTxvevaSi. In vitro rifampicinis standartuli
dozisada vercxlisnanonawilakebis 2,5% xsnaris nanokompozitis
gamoyenebisas dafigsirda minimaluri mainhibirebeli efeqtis
zrda 10%-iT (Seadgina 80%) vercxlis nanonawilakebis
2,5% xssnaris izolirebul gamoyenebasTan (70%) SedarebiT.
cxovelebze Catarebulma egsperimentma aCvena erTjeradad
AgNPs-is ultra maRali dozebis sruli usafrTxoeba.

daskvna: kvlevis Sedegad dadginda vercxlis nanonawilakebis
gamaZlierebeli efeqtis arseboba rifampicinze paTogenis
medikamentis mimarT winaaRmdegobis daZlevaSi, rac am
mimarTulebiT gaRrmavebuli kvlevebis C[t[Irebis mecnierul
safuZvels gmnis.

sakvanZo sityvebi: rifampicinze rezistentuli, vercxlis
nanonawilakebi, zrdis daTrgunva, eqsperimentuli cxovelebi.
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