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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.
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. 

The specific objectives included:
o	 Identification of metal nanoparticles in each preparation 

using transmission electron microscopy (TEM).
o	 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 109 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 103 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 102 cells/ml. Sowing incubation was performed for 
24-72 hours at 37℃ 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 102 cells/ml; incubation for 48 hours at 37℃ 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 

Figure 1. Distribution of nanoparticles of Au and Cu in preparations.

Name
Growth availability of test strains
S.aureus S.dublin E.coli
24h 48h 24h 48h 24h 48h

Fe (n=3) - - - - - -
Co (n=3) - - - - - -
Mn (n=3) - - - - - -
Mo (n=3) - - - - - -
Cu (n=3) - - - - - -
Au (n=3) - - - - - -
Zn (n=3) - - - - - -
Mg (n=3) + + + + + +
Ge (n=3) - - - - - -
Se (n=3) - - - - - -
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.

Table 1. Cell viability of test cultures under the combined cultivation with metal nanoparticles (microbial load of 102 cells/ml).
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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.

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 E. coli. Magnesium 
consistently demonstrated no antibacterial activity.

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 

Pathogen / Method Fe Co Mn Mo Cu Au Zn Mg Ge Se
S. aureus (disk) 6.5 14.5 6.0 6.5 21.5 6.0 15.5 0 6.5 6.0
S. aureus (agar) 25.0 31.0 23.0 24.0 0.0 22.5 33.5 0 35.0 25.0
S. dublin (disk) 6.0 9.0 7.5 8.5 6.5 6.0 8.0 0 7.0 6.5
S. dublin (agar) 19.0 29.0 31.0 24.0 20.0 17.0 26.5 0 0.0 19.0
E. coli (disk) 6.0 14.0 6.0 7.5 8.0 7.0 9.0 0 9.0 8.0
E. coli (agar) 26.0 23.0 26.0 23.5 21.0 19.5 19.0 0 0.0 21.0

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

Note: All inhibition zone values are expressed in millimeters (mm). The value “0” indicates no visible antibacterial activity under the tested 
conditions.
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Figure 4. The antibacterial activity of metal nanoparticles against test cultures S.aureus, S.dublin and E.coli (disk diffusion method).
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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 ImageJ 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 

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 (H₂O₂) 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 
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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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