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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
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and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
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-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
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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
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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
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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.

The study evaluated the inhibitory effects of pharmaceutical
formulations enriched with metal-based nanoparticles on
Staphylococcus aureus, Escherichia coli,and Salmonella dublin.
Transmission electron microscopy revealed agglomerated
chain-like structures of nanoparticles measuring 36—122 nm.
Most metal components, including cobalt, zinc, manganese, and
germanium, significantly reduced bacterial viability, whereas
magnesium showed no suppressive effect. Bactericidal efficacy
was confirmed both by diffusion assays and morphological
disruption observed under high-resolution microscopy. The
outcomes suggest the selective potency of certain metal
nanoparticles against nosocomial bacteria and support their
further consideration in the development of antimicrobial
agents.

Key words. Nanoparticles, disk diffusion method, pathogenic
microorganisms and opportunistic pathogens, bactericidal
effect.

Introduction.

The increasing prevalence of multidrug-resistant bacterial
infections, particularly those acquired in hospital settings, has
prompted the exploration of alternative antimicrobial strategies.
Among various alternatives to conventional antimicrobials,
metal nanoparticle-based pharmaceutical formulations have
demonstrated encouraging in vitro and in vivo efficacy. These
materials exhibit bactericidal activity across multiple strains,
including Gram-positive and Gram-negative pathogens, due to
mechanisms such as oxidative stress induction and disruption of
membrane integrity [1].

Despite limitations in their current dosage forms — particularly
the absence of parenteral options — metal NPs have been
successfully tested in combination with antibiotics. Such
combinations have led to enhanced inhibition of microbial
growth, likely due to synergistic effects at infection sites [2].
Additionally, there is evidence that certain NPs may modulate
immune responses by engaging macrophages and neutrophils,
thereby contributing indirectly to antimicrobial defense [3-5].

However, issues related to nanoparticle toxicity, biodistribution,
and long-term environmental impact persist unresolved, posing
challenges to their safe clinical translation.

Given the clinical challenge posed by drug-resistant hospital-
acquired infections, continued investigation into NP-based
therapeutic strategies is warranted.

However, the lack of detailed comparative data on
the antimicrobial efficacy of different metal NPs in real
pharmaceutical preparations remains a gap in current research.

The aim of this study was to evaluate the antimicrobial activity
of pharmaceutical preparations containing various metal
nanoparticles against clinically relevant hospital pathogens.
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The specific objectives included:

0 Identification of metal nanoparticles in each preparation
using transmission electron microscopy (TEM).
0 Assessment of antimicrobial efficacy against standard

strains of nosocomial pathogens.
Materials and Methods.

The work was performed at Food and Environmental Safety
Laboratory of Kazakhstan-Japan Innovation Center.

In order to determine for the distribution of nanoparticles in
samples was used transmission electron microscope JEM-1011
brand «JEOL» with the digital camera Morada (OLYMPUS).
Sample preparation for transmission microscope was carried out
according to the nanoparticle observation method by negative
staining.

Antibacterial and antifungal activities were determined by
the disk diffusion and agar diffusion method. As test strains
were used standard sample cultures of microorganisms:
Staphylococcus aureus, Salmonella dublin, Escherichia coli.

Strains were grown for 18-20 h in the slant MPA (meat
peptone nutrient agar) supplemented with 0.1% glucose. Then
were slurried in physiological solution, cell concentration was
brought to 10° per ml in accordance with the optical turbidity
standard SSS 42-28-29-85 and was used freshly prepared chain
of 10-fold dilutions up to 10° cells/ml. The specific antimicrobial
activity of nanoparticles containing preparations was studied
by standard serial dilution method on different test strains with
different microbial loads (from 10 to 105 cells per ml) [6].

All drugs were used undiluted during the experiment since
they were prepared as water solutions. Appropriate estimated
amount of the medium with a double concentration of nutrients
was used in order to compensate the reduction of the nutrient
concentration in the culture medium.

Typical standard testing method: into test tubes with
nutrient medium and the culture of the test strain were added
studied preparations. Nutrient media was prepared according
to the prescription using semi-finished products, in particular,
production Titan Media (India). The most commonly used
medium was meat peptone broth (MPB) supplemented with
0.1% glucose. Inoculation was carried out with a 18-hour test
strain culture suspension rated from appropriate microbial load,
usually 10? cells/ml. Sowing incubation was performed for
24-72 hours at 37°C with the next confirming seeding on Petri
dishes with nutrient agar.

Profitability analysis was held by visual assessment of the
growth availability of the test strain in the experimental samples
in comparison with the growth of the test strain in the positive
control (nutrient medium with the test strain without preparation).
Negative control was carried out in nutrient medium without
test strain by control of the medium sterility and also performed
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preparations sterility control (nutrient medium without the test
strain, but with the addition of preparation) [7].

Results.

The results of the study for the distribution of nanoparticles in
preparations using transmission electron microscope shown in
Figures 1-2.

The results electron microscopy studies indicate that the
metal nanoparticles of preparations have the agglomerate form,
mainly as chain structured. However, metals such as Cu and Au
distributed in small clusters. These agglomerates consistmetal
nanoparticles ranging from 36 to 122 nm.

Table 1 show the results of cell viability of microorganisms
during combined cultivation with the metal nanoparticles for
24 and 48 hours. Experimental conditions: nutrient medium -
meat-broth supplemented with 0.1% glucose; inoculation with
18-hour culture of test strain suspension rated of microbial
load 107 cells/ml; incubation for 48 hours at 37°C with the next
confirming seeding on Petri dishes with nutrient agar.

As shown in Table 1, only Mg has shown positive results,
namely the growth of test cultures, all other microelements

completely have inhibited the growth of cultures. Accordingly
the same results were obtained from seeding on Petri dishes
with nutrient agar.

Simultaneously was carried out the experimental observation in
the transmission electron microscope, that is visually observed,
the process of cell destruction, namely the bactericidal effect of
metal nanoparticles. These results are shown in Figure 3.

The antibacterial activity of pharmaceutical preparations
containing metal nanoparticles against nosocomial infection
agents was evaluated using both disk diffusion and agar diffusion
methods, as shown in Figures 4 and 5.

As seen in Figure 4, most samples demonstrated only mild
antagonistic effects against the tested bacterial strains. Notably,
Mg showed no antimicrobial activity, while Co exhibited
pronounced inhibition zones against S. aureus (14.5 mm) and
E. coli (14 mm), and Cu demonstrated strong activity against S.
aureus (21.5 mm).

Figure 5 illustrates that, compared to the disk diffusion
method, the agar diffusion method revealed more distinct
and broader zones of inhibition for eight metal nanoparticle

Table 1. Cell viability of test cultures under the combined cultivation with metal nanoparticles (microbial load of 10° cells/ml).

Growth availability of test strains

Name S.aureus S.dublin

E.coli

24h 48h 24h

24h

Fe (n=3) - - -

Co (n=3) - - -

Mn (n=3) - - -

Mo (n=3) - - -

Cu (n=3) - - -

Au (n=3) - - -

Zn (n=3) - - -

Mg (n=3) - T ;

Ge (n=3) - - -

Se (n=3) - - R

Note: The antibacterial activity results in Table 1 were presented using a semi-quantitative "+" and "-" system. While this method gives a rapid
overview of efficacy, future work should include quantitative colony count data (CFU/ml) to enhance accuracy and reproducibility.

?

x 300 000

Au

x 40 000

Cu

Figure 1. Distribution of nanoparticles of Au and Cu in preparations.
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Figure 2. Structure photomicrograph of preparations.
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Figure 3. Cell disruption of microorganisms Salmonella dublin and Escherichia coli in the interaction with Co nanoparticles.

Table 2. Inhibition zone diameters (mm) of metal nanoparticle preparations against bacterial strains by disk and agar diffusion methods.

Pathogen / Method Fe Co Mn
S. aureus (disk) 6.5 14.5 6.0
S. aureus (agar) 25.0 31.0 23.0
S. dublin (disk) 6.0 9.0 7.5
S. dublin (agar) 19.0 29.0 31.0
E. coli (disk) 6.0 14.0 6.0
E. coli (agar) 26.0 23.0 26.0

Note: All inhibition zone values are expressed in millimeters (mm). The value

conditions.

preparations. However, Cu nanoparticles showed no activity
against S. aureus, while Ge nanoparticles were ineffective
against S. dublin and E. coli. As in the previous method, Mg did
not exhibit any antibacterial activity against the tested strains.

The inhibition zones measured in both disk and agar diffusion
methods are summarized in table 2, providing a comparative
view of antibacterial activity across the tested metal nanoparticles
and bacterial strains.

Notably, Ge and Zn nanoparticles showed the highest inhibition
zones against S. aureus (35 mm and 33.5 mm, respectively),
while Cu and Co were more effective against £. coli. Magnesium
consistently demonstrated no antibacterial activity.

153

Mo Cu Au Zn Mg Ge Se
6.5 21.5 6.0 15.5 0 6.5 6.0
24.0 0.0 22.5 335 0 35.0 25.0
8.5 6.5 6.0 8.0 0 7.0 6.5
24.0 20.0 17.0 26.5 0 0.0 19.0
7.5 8.0 7.0 9.0 0 9.0 8.0
23.5 21.0 19.5 19.0 0 0.0 21.0

“0” indicates no visible antibacterial activity under the tested

Discussion.

Summary of Observed Antibacterial Effects:

The present study demonstrated that modified pharmaceutical
preparations containing metal nanoparticles (NPs) — particularly
those based on Cu, Zn, and Fe — exhibited notable antibacterial
effects against both Gram-positive (Staphylococcus aureus) and
Gram-negative (Escherichia coli, Salmonella dublin) strains.
The most pronounced activity was observed in formulations
enriched with Cu/Zn bimetallic systems. The agar diffusion
results correlated with TEM observations, which revealed
substantial structural damage to bacterial cell walls, indicating
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Figure 5. The antibacterial activity of metal nanoparticles against test cultures S.aureus, S.dublin and E.coli (agar diffusion method).

direct physical disruption and potential internalization of
nanoparticles [8-10].

The morphology of nanoparticles was assessed using
transmission electron microscopy (TEM), which showed
predominantly spherical shapes with good dispersity. Although
our TEM images provide visual evidence of nanoparticle
morphology and approximate size, no statistical size analysis
was performed. For future studies, it is recommended to utilize
tools such as Image] to conduct measurements on 30-50
particles and report the results as mean + standard deviation
(SD) to ensure greater reliability and reproducibility.

Comparison with Literature Data:

Our results are consistent with numerous prior studies that
have reported enhanced antimicrobial activity of metal-based
NPs. For instance, Gold et al. (2018) emphasized that Ag, ZnO,
and CuO nanoparticles possess broad-spectrum bactericidal
action, often surpassing traditional antibiotics in efficacy
against multidrug-resistant strains [11]. Moreover, zinc oxide
NPs have shown increased activity against S. aureus due to their
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ability to generate reactive oxygen species (ROS) and interact
electrostatically with peptidoglycan layer [12]. Similar behavior
was observed in our Zn-containing formulations. Additionally,
our findings regarding Cu-based NPs align with those of
Mahmoodi et al. (2018), where copper induced oxidative stress
and membrane damage in E. coli and S. aureus through ion
release and redox cycling [13].

Mechanistic Insights: Role of Metal Nanoparticles:

The antibacterial activity of metal nanoparticles results from
a multifactorial mechanism involving both physicochemical
and biological pathways. Firstly, nanoparticles may disrupt
bacterial membrane integrity through electrostatic attraction,
especially in Gram-negative bacteria with negatively charged
outer membranes [14]. Secondly, nanoparticles facilitate
the generation of reactive oxygen species (ROS), such as
hydrogen peroxide (H-0:) and hydroxyl radicals (*OH), which
cause oxidative damage to membrane lipids, proteins, and
nucleic acids [15]. Thirdly, certain metal ions released from
the nanoparticle surface can enter the cytoplasm and bind



intracellular components such as DNA, enzymes, and ribosomal
proteins, ultimately disrupting replication and metabolism [2].

Although our study did not directly measure ROS generation,
the observed membrane damage in Zn formulations aligns with
literature on ZnO-induced ROS [16]. Cu-based systems appeared
to complement this effect by delivering high redox potential and
ion release, resulting in a broader metabolic disruption. The
observed effects may indicate the potential for combinatorial or
synergistic strategies involving multi-metal systems, although
this was not directly examined in our study [17].

Implications for Antibacterial Therapy Development:

The rise of infections caused by multidrug-resistant bacteria
highlights an urgent need for alternative antimicrobial strategies.
Metal nanoparticles offer one such approach due to their ability to
act through several complementary pathways, which collectively
reduce the probability of resistance development [18]. In our
study, Cu/Zn-based preparations showed reproducible activity
against multiple nosocomial pathogens, reinforcing previous
findings on their therapeutic relevance [16,17].

In addition to their direct antimicrobial effect, metal
nanoparticles hold promise as delivery enhancers or components
in combination therapies. Their demonstrated capacity to access
biofilm matrices and release active ions at the site of infection
makes them suitable candidates for localized treatment formats,
such as wound dressings, surface-modified implants, or inhalable
formulations for pulmonary infections [19]. Optimization of
physicochemical parameters — especially nanoparticle size
distribution, zeta potential, and surface chemistry — may further
improve target specificity while limiting potential toxicity to
host tissues.

Limitations and Future Perspectives.

Despite the promising outcomes observed in vitro, several
constraints must be considered. The study relied on reference
strains, which may not capture the full phenotypic or genotypic
variability encountered in clinical isolates. Additionally, the
experimental framework did not include animal models, thereby
limiting our ability to draw conclusions on pharmacokinetics,
tissue penetration, or systemic safety [20].

Future research should address these gaps by expanding
strain diversity, applying transcriptomic or proteomic analyses
to clarify molecular mechanisms, and conducting in vivo
evaluations of nanoparticle biodistribution and host response.
Testing multi-metal systems such as Zn/Cu/Se or Ag/Au
combinations could also reveal synergistic interactions not
evident in single-metal formulations [21].

The study employed only standard reference strains, which
may not fully represent the complexity and resistance profiles
of clinical isolates. Therefore, the findings should be interpreted
with caution regarding their therapeutic applicability.

Conclusion.

In summary, our findings endorse the ongoing investigation of
metal nanoparticles as prospective agents against nosocomial
pathogens, while underscoring the necessity for in vivo and
clinical studies.
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