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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.
Introduction: The aim of this study was to investigate the 

antimicrobial and anti-inflammatory activities of six samples 
(S1–S6) against pathogenic microorganisms (Staphylococcus 
aureus, Escherichia coli, and Candida albicans) and their 
potential to inhibit inflammatory processes. The primary 
objectives included identifying the most active compounds, 
determining their minimal inhibitory concentration (MIC) and 
minimal bactericidal concentration (MBC), and evaluating 
their prospects for use in combined therapy of infectious and 
inflammatory diseases. The importance of this research arises 
from the growing issue of antibiotic resistance and the necessity 
of discovering novel therapeutic agents with dual (antimicrobial 
and anti-inflammatory) activities capable of simultaneously 
combating infections and reducing inflammation.

Materials and Methods: The study was conducted following 
ethical standards established by the Helsinki Declaration 
of the World Medical Association and Good Laboratory 
Practice (GLP). Six samples (S1–S6) were dissolved in 
dimethyl sulfoxide (DMSO) at a concentration of 100 mg/mL. 
Antimicrobial activity was assessed using reference strains 
of microorganisms: Staphylococcus aureus (ATCC6538), 
Escherichia coli (ATCC11229), and Candida albicans 
(ATCC10231). Ampicillin (for bacteria) and Amphotericin B 
(for fungi) served as positive controls. Antimicrobial activity 
was evaluated through agar diffusion and broth dilution methods 
(MIC and MBC). Anti-inflammatory activity was determined by 
measuring the samples' capacity to suppress nitric oxide (NO) 
secretion in the Raw264.7 macrophage cell line. Statistical 
analysis was performed using ANOVA followed by Tukey's 
test, with significance set at p < 0.05.

Results: Sample S2 demonstrated the highest antimicrobial and 
anti-inflammatory activity, with inhibition zones up to 20 mm, 
MIC = 7.8125 µg/mL, MBC = 15.625 µg/mL, and significant 
suppression of nitric oxide (NO) production (75%, IC50 = 
20 µM). Samples S1 and S3 showed moderate antimicrobial 
activity (MIC = 31.25 µg/mL) and NO suppression levels 
ranging between 60–70%. Samples S4–S6 did not exhibit 
significant antimicrobial effects. The obtained results highlight 
the potential of sample S2 for further research and its possible 
application in treating infectious and inflammatory diseases.

Conclusion: Sample S2 exhibits significant antimicrobial and 
anti-inflammatory properties, making it a promising candidate 
for the development of novel therapeutic agents, particularly 
important in the context of growing antibiotic resistance and 
inflammatory diseases.

Key words. Antimicrobial activity, anti-inflammatory activity, 
Staphylococcus aureus, Escherichia coli, Candida albicans, 
MIC, MBC, nitric oxide (NO), combined therapy.

Introduction.
In recent years, the increasing resistance of microorganisms 

to antibiotics and the prevalence of inflammatory diseases of 
various etiologies have become critically important issues [1-
7]. Widespread and often uncontrolled use of antibiotics has 
led to the emergence of numerous resistant strains, including 
Staphylococcus aureus, Escherichia coli, and Candida albicans 
[1,4,5]. According to WHO (2022), microbial antibiotic 
resistance is one of the global health threats. At the same time, 
inflammatory processes remain among the leading causes of 
both acute and chronic diseases, underscoring the need for safer 
and more effective therapeutic approaches [3,8].

In this context, compounds possessing both anti-inflammatory 
and antimicrobial activities are of particular interest. Such 
substances can simultaneously suppress infection and reduce 
inflammation, making them promising candidates for combined 
therapeutic use. Studies have shown that plant extracts from the 
Asteraceae family, such as Helichrysum italicum and Calendula 
officinalis, exhibit notable antimicrobial and anti-inflammatory 
properties [1,5]. These compounds demonstrate dual activity 
primarily due to their content of flavonoids, polyphenols, 
and terpenes, which inhibit pro-inflammatory mediators and 
suppress pathogen growth.

The aim of this study is to investigate the anti-inflammatory 
and antimicrobial activities of six samples against pathogenic 
microorganisms (Staphylococcus aureus, Escherichia coli, 
Candida albicans) and to evaluate their ability to inhibit 
inflammatory processes.
Materials and Methods.

The study was conducted in strict compliance with international 
standards and guidelines regulating scientific research. All 
methods and procedures adhered to ethical principles outlined 
in the Helsinki Declaration of the World Medical Association 
and guidelines for laboratory experiments. Experiments 
followed Good Laboratory Practice (GLP) standards, ensuring 
the reliability and reproducibility of results, thus confirming 
their relevance in medical and pharmaceutical practice.

1. Sample preparation: Six samples (S1–S6) were provided 
in solid form and dissolved in dimethyl sulfoxide (DMSO) to 
achieve an initial concentration of 100 mg/mL. Further serial 
dilutions were prepared as needed.

2. Test microorganisms: Antimicrobial activity was assessed 
using reference strains: Staphylococcus aureus (ATCC6538) 
as a model for Gram-positive bacteria, Escherichia coli 
(ATCC11229) as a model for Gram-negative bacteria, and 
Candida albicans (ATCC10231) as a model for antifungal 
activity.

3. Control agents: Ampicillin sodium salt (for bacteria) and 
Amphotericin B (for fungi) were used as positive controls.
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4. Evaluation of antimicrobial activity: Antimicrobial 
activity was determined using the agar diffusion method with 
wells: On nutrient media (LB for bacteria and Sabouraud for 
fungi), wells of 6 mm diameter were created, into which 20 µL 
of each sample solution was introduced. Plates were incubated 
at 37°C for 16–18 hours for bacteria and up to 48 hours for fungi, 
after which inhibition zone diameters were measured using a 
caliper. Antimicrobial activity was considered significant with 
inhibition zones ≥10 mm.

The minimum inhibitory concentration (MIC) was determined 
using the serial dilution method in 96-well plates: 196 µL of 
microbial suspension (10⁴ CFU/mL) and 4 µL of diluted sample 
were added to each well. Plates were incubated at 37°C for 
18–24 hours. MIC was defined as the lowest concentration at 
which no visible microbial growth occurred. To determine the 
minimum bactericidal concentration (MBC), contents of wells 
with concentrations above the MIC were plated onto nutrient 
media. MBC was recorded as the lowest concentration showing 
no microbial growth on the nutrient agar plates.

Anti-inflammatory activity was assessed in vitro using the 
Raw264.7 macrophage cell line. Cells were stimulated with 
lipopolysaccharide (LPS) to induce an inflammatory response, 
after which samples were added to the culture medium at a 
concentration of 100 µM. Nitric oxide (NO) secretion levels 
were measured using the Griess reagent. A reduction in NO 
secretion ≥15% was considered significant. For active samples, 
IC50 values were additionally determined.

Statistical analysis. All experiments were performed in 
triplicate (n=3). Results are expressed as mean ± standard 
deviation. Statistical analyses were conducted using ANOVA 
followed by Tukey’s multiple comparison test. Differences 
were considered statistically significant at p < 0.05.
Results.

The antimicrobial activity of six samples was evaluated using 
the agar diffusion method. The measured diameters of inhibition 
zones are presented in Table 1.

As shown in Table 1, samples S1, S2, and S3 demonstrated 
inhibitory activity against Staphylococcus aureus, with 
inhibition zones ≥10 mm. Samples S4, S5, and S6 did not 
exhibit significant antimicrobial activity against the tested 
microorganisms.

As shown in the figure, sample S2 demonstrated the highest 
activity against all tested pathogens. For samples exhibiting 
inhibition zones ≥10 mm, minimal inhibitory concentration 
(MIC) and minimal bactericidal concentration (MBC) values 
against Staphylococcus aureus were determined; the results are 
presented in Table 2.

As shown in Table 2, sample S2 exhibited the highest 
efficacy, with MIC = 7.8125 µg/mL and MBC = 15.625 µg/
mL. The lowest MIC value (7.8125 µg/mL) indicates that S2 
is the most effective among the tested samples. Samples S1 
and S3 demonstrated moderate antimicrobial activity, whereas 
sample S4 had significantly higher MIC and MBC values, 
indicating weak activity. These data clearly confirm the superior 
performance of sample S2 compared to other samples and 
highlight its comparability to the control antibiotic (ampicillin). 

Subsequently, the anti-inflammatory activity of the samples 
was assessed based on their ability to inhibit nitric oxide (NO) 
secretion in the Raw264.7 macrophage cell line.

As shown in Table 3, samples S2 and S3 exhibited the highest 
anti-inflammatory activity, suppressing NO secretion by 75% 
and 70%, respectively. Sample S2 displayed the lowest IC50 
value (20 µM), indicating its superior efficacy.

Further comparisons were conducted with control agents. The 
control antibiotic ampicillin demonstrated a significantly higher 
activity against Staphylococcus aureus (MIC = 0.98 µg/mL and 

Sample Staphylococcus aureus Escherichia coli Candida 
albicans

S1 18 12 —
S2 20 15 —
S3 17 13 —
S4 11 — —
S5 — — —
S6 — — —

Table 1. Diameter of inhibition zones (mm) against various 
microorganisms.

Sample
MIC (S. 
aureus), µg/
mL

MBC (S. 
aureus), µg/
mL

P (MIC) P (MBC)

S1 31.25 62.5 0.02 0.03
S2 7.8125 15.625 0.01 0.01
S3 31.25 62.5 0.02 0.03
S4 500 1000 <0.001 <0.001

Table 2. MIC and MBC (µg/mL) values for active samples.

Note: P < 0.05 indicates a statistically significant difference from the 
control antibiotic (ampicillin). These values demonstrate that sample 
S2 exhibits the highest significant effectiveness (p = 0.01) compared 
to other samples, while sample S4 shows substantially lower activity.

Sample NO inhibition (%) IC50 (мкМ)
S1 60 35
S2 75 20
S3 70 25
S4 45 —

Table 3. Inhibition of nitric oxide (NO) secretion and IC50 values for 
tested samples (S1–S4) in the Raw264.7 macrophage cell line.

Figure 1. Inhibition zones (mm) for samples and control agents against 
three microorganisms (Staphylococcus aureus, Escherichia coli, 
Candida albicans).
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MBC = 1.95 µg/mL) compared to the tested samples. Although 
the anti-inflammatory activity of the samples (particularly S2 
and S3) was lower than standard anti-inflammatory agents, their 
results were promising.

Thus, sample S2 demonstrated the greatest antimicrobial 
and anti-inflammatory activities, highlighting its potential for 
further development as a multifunctional therapeutic agent.
Discussion.

The results of this study indicate that samples S1, S2, 
and S3 exhibited substantial antimicrobial activity against 
Staphylococcus aureus, with inhibition zones ranging from 
17 to 20 mm. Considering that plant extracts commonly 
contain bioactive compounds such as flavonoids, terpenes, 
and polyphenols, it can be inferred that these substances play a 
critical role in their antimicrobial mechanism of action. Sample 
S2 demonstrated the most pronounced activity, reaching a 20 
mm inhibition zone and MIC of 7.8125 µg/mL, potentially linked 
to several mechanisms, particularly the disruption of microbial 
cell membrane integrity: Flavonoids and terpenes, known for 
their lipophilic properties, can interact with the lipid bilayer of 
microbial membranes, increasing permeability and disrupting 
membrane integrity. This leads to leakage of intracellular 
components and subsequent cell death. For example, a study 
by Kumar et al. (2020) demonstrated that flavonoids extracted 
from plants effectively disrupted the cellular membranes of 
Staphylococcus aureus [4].

Additionally, certain plant-derived compounds such as 
polyphenols can inhibit enzymes involved in DNA and protein 
synthesis, thus preventing bacterial proliferation. The high 
activity of sample S2 may be related to such compounds that 
disrupt essential bacterial processes.

Furthermore, polyphenols and related bioactive substances 
can induce oxidative stress by generating reactive oxygen 
species (ROS) within microbial cells, resulting in damage to 
DNA, proteins, and lipids, eventually causing bacterial cell 
death. These findings align with results reported by Arif et al. 
(2021), where extracts from the Asteraceae family, specifically 
Helichrysum italicum, inhibited the growth of Staphylococcus 
aureus with inhibition zones of 18–22 mm at concentrations of 
100 mg/mL. This similarity suggests the presence of bioactive 
compounds such as flavonoids, terpenes, and essential oils in 
sample S2, known for their potent antimicrobial properties [1]. 
Upon detailed analysis, the minimal inhibitory concentration 
(MIC) of sample S2 was determined to be 7.8125 µg/mL. This 
result surpasses previously reported values by Kumar et al. 
(2020), who identified MIC values of 8–16 µg/mL for flavonoid-
rich plant extracts [4]. Samples S1 and S3 exhibited moderate 
antimicrobial activity, with MIC values of 31.25 µg/mL, 
consistent with the range typically reported for less concentrated 
plant extracts (Kumar et al., 2020). However, further detailed 
chemical and mechanistic studies are necessary to fully elucidate 
their antimicrobial mechanisms and composition [4].

The anti-inflammatory assessment revealed that samples 
S2 and S3 significantly inhibited nitric oxide (NO) secretion 
in the Raw264.7 macrophage cell line by 75% and 70%, 
respectively, suggesting the capability of sample S2 to inhibit 

lipopolysaccharide (LPS)-induced inflammatory pathways. 
Potential mechanisms include:

Inhibition of iNOS enzyme: The inflammatory response 
often induces inducible nitric oxide synthase (iNOS), leading to 
increased NO secretion. Bioactive compounds present in sample 
S2 likely inhibit iNOS activity, as similarly reported in studies 
by Gao et al. (2022) investigating extracts from Helichrysum 
italicum [3].

Modulation of cytokine pathways: Flavonoids and 
polyphenols present in S2 may suppress pro-inflammatory 
cytokines by inhibiting NF-κB activation. This mechanism aligns 
with findings by Qaralleh et al. (2021), indicating polyphenol-
mediated NF-κB inhibition, reducing inflammation [6].

Antioxidant activity: The high antioxidant content in S2 
could neutralize reactive oxygen species (ROS), reducing 
oxidative stress and preventing cellular damage associated with 
chronic inflammation.

These results underline the dual antimicrobial and anti-
inflammatory potential of sample S2, positioning it as a valuable 
candidate for further investigation and therapeutic application.

The IC50 value for sample S2 was 20 µM, closely aligning 
with findings by Gao et al. (2022), who reported that extracts 
of Helichrysum italicum reduced nitric oxide (NO) secretion by 
65–78% at concentrations of 100 µM. These authors noted IC50 
values of plant extracts ranging from 15–25 µM, indicating 
that sample S2 is competitively positioned among natural anti-
inflammatory agents [3]. The high efficacy of sample S2 in 
suppressing NO production makes it a promising candidate for 
further anti-inflammatory research.

Sample S3 also exhibited significant anti-inflammatory activity 
(IC50 = 25 µM), suggesting potential synergy with other active 
compounds, warranting further investigation into its chemical 
composition and mode of action.

A distinctive feature of sample S2 is its dual antimicrobial and 
anti-inflammatory activities, likely resulting from synergistic 
interactions among biologically active compounds such as 
flavonoids, terpenes, and polyphenols. For instance, flavonoids 
have been reported by Li et al. (2021) to inhibit bacterial growth 
while simultaneously reducing the secretion of pro-inflammatory 
cytokines. Terpenes possess lipophilic properties, enabling 
them to disrupt bacterial membranes and mitigate inflammation 
via antioxidant system activation. Li et al. (2021) further 
noted that the combined antimicrobial and anti-inflammatory 
activities observed in plant extracts were due to the presence 
of both flavonoids and terpenes [5]. The likelihood of similar 
bioactive constituents in sample S2 highlights its potential for 
detailed chemical characterization and development into novel 
therapeutic agents.

Thus, the antimicrobial and anti-inflammatory mechanisms 
of sample S2 are attributed to its ability to disrupt bacterial 
membrane integrity, inhibit critical biosynthetic processes, 
suppress inflammatory enzymes (such as iNOS), modulate 
cytokine pathways, and exhibit antioxidant properties protecting 
tissues from oxidative stress. These findings underscore the 
significant potential of S2 for developing comprehensive 
therapeutic approaches targeting infectious and inflammatory 
diseases.
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Limitations and future directions.
Although sample S2 demonstrated high efficacy, its 

antimicrobial activity remains significantly lower compared 
to standard antibiotics (ampicillin MIC = 0.98 µg/mL). This 
highlights the need for optimizing its composition or evaluating 
its potential as an adjuvant to enhance antibiotic effectiveness.

Practical significance: The results of this study have 
considerable practical value, demonstrating the potential of 
plant extracts with dual activity for addressing current medical 
challenges. Key practical implications and future perspectives 
include:

Development of novel antimicrobial agents: Sample S2, 
exhibiting significant antimicrobial activity (MIC = 7.8125 µg/
mL against Staphylococcus aureus), may serve as a foundation 
for creating new antimicrobial formulations. Such formulations 
could be effective against resistant bacterial strains, including 
MRSA (Methicillin-resistant Staphylococcus aureus), as 
indicated by laboratory results.

Development stages include: Chemical characterization 
to identify active components; Synthesis of analogues of the 
most active compounds to enhance pharmacological properties; 
Evaluation of safety and efficacy using cell lines and animal 
models; Development of combined therapeutic agents for 
infectious and inflammatory diseases. The unique combination 
of antimicrobial and anti-inflammatory activities makes 
sample S2 highly promising for the creation of comprehensive 
therapeutic preparations capable of simultaneously combating 
infection and reducing inflammation, particularly beneficial in 
chronic diseases involving skin infections, respiratory tract, and 
urogenital systems.
Practical Applications and Antibiotic Resistance Prevention:

Plant-based extracts such as sample S2 have practical potential 
as alternatives or adjuncts to conventional antibiotics. Potential 
formulations include topical ointments or creams for skin 
infections and inflammation, inhalation solutions for respiratory 
infections, and combined capsules or tablets for systemic 
therapy. The use of plant-derived agents like S2 can help reduce 
antibiotic use, thereby limiting the development of antibiotic 
resistance and enhancing treatment outcomes.

Pharmaceutical standardization opportunities: Standardizing 
plant extracts with dual antimicrobial and anti-inflammatory 
activities, such as sample S2, can facilitate quality control, 
reproducibility, and clinical applicability.

Synergy with antibiotics: Samples such as S2 may also exhibit 
synergistic interactions when combined with conventional 
antibiotics. Such combinations could improve therapeutic 
efficacy, reduce antibiotic doses, and minimize side effects, 
potentially overcoming antibiotic resistance.

The findings of this study thus highlight the significant 
potential of active samples, particularly S2, as innovative 
therapeutic agents. Their unique dual-action properties offer 
promising opportunities for addressing antibiotic resistance and 
improving treatments for infectious and inflammatory diseases.
Comparison with antibiotics:

Sample S2 demonstrated substantial antimicrobial activity 
against Staphylococcus aureus (MIC = 7.8125 µg/mL), 

although it was notably less effective than the control antibiotic, 
ampicillin (MIC = 0.98 µg/mL). This discrepancy may be 
attributed to several factors:

Mechanism of Action: Antibiotics like ampicillin have 
highly specific targets, such as inhibition of bacterial cell-wall 
peptidoglycan synthesis. In contrast, plant extracts like S2 
typically contain complex mixtures of bioactive compounds 
that act via multiple, less specific mechanisms, potentially 
reducing their effectiveness relative to antibiotics with targeted 
mechanisms.

Concentration of Active Components: Plant extracts are 
complex mixtures where concentrations of active components 
can vary significantly. The concentration of key bioactive 
substances, such as flavonoids or terpenes, in sample S2 may 
not be sufficient to achieve antimicrobial activity comparable 
to antibiotics.

Enhancing the efficacy of plant extracts like S2 might involve 
methods such as increasing active compound concentration, 
employing chemical modifications, or combining these extracts 
with conventional antibiotics to leverage synergistic effects. 
These approaches could significantly improve their therapeutic 
potential.
Bioavailability and Stability:

Plant extracts often contain complex mixtures of compounds 
with variable bioavailability and stability, potentially limiting 
their efficacy compared to antibiotics. In contrast, ampicillin 
possesses optimized pharmacokinetics and pharmacodynamics, 
contributing to its superior effectiveness.
Strategies to Improve Plant Extract Efficacy:

Concentration of Active Components: Increasing the 
concentration of active compounds via selective extraction 
methods (e.g., using methanol or ethyl acetate) or fractionation 
techniques can enhance the antimicrobial potential by enriching 
key bioactive components.

Chemical Modification: Improving the lipophilicity and 
stability of active compounds, such as synthesizing flavonoid 
derivatives, may significantly enhance their antimicrobial 
activity by facilitating penetration through bacterial membranes.

Nanotechnology Application: Encapsulating active 
compounds within nanoparticles or liposomes could increase 
their stability, bioavailability, and penetration into microbial 
cells, thus improving their overall efficacy.

Synergism with Antibiotics: Studying synergistic effects 
of sample S2 combined with antibiotics like ampicillin could 
boost overall treatment efficacy, potentially reducing antibiotic 
doses and minimizing adverse effects, including resistance 
development.

Potential for Combined Formulations: The dual antimicrobial 
and anti-inflammatory properties of sample S2 make it 
particularly attractive for developing combined therapeutic 
preparations targeting infectious and inflammatory diseases. 
Combining S2 with conventional antibiotics could enhance 
therapeutic effectiveness and reduce side effects, including 
antibiotic resistance.

Thus, although sample S2 shows lower efficacy than ampicillin, 
its multifunctionality and potential for further optimization 
through extraction methods, chemical modifications, and 
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nanotechnology approaches highlight its significant therapeutic 
promise and competitiveness with traditional antibiotics.
Future research directions:
	Chemical analysis of active samples to identify key bioactive 

compounds (e.g., flavonoids, terpenes).
	 Investigation of the molecular mechanisms underlying 

sample activity.
	Study of synergistic effects when combined with conventional 

antibiotics.
Conclusion.

The results indicate that the tested samples, particularly 
S2, exhibit promising antimicrobial and anti-inflammatory 
activities, supporting their potential for the development of 
novel therapeutic agents. This is especially relevant given the 
increasing antibiotic resistance and demand for effective anti-
inflammatory treatments.
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Аннотация
Введение: Целью данного исследования было изучить 

антимикробную и противовоспалительную активность 

шести образцов (S1–S6) в отношении патогенных 
микроорганизмов (Staphylococcus aureus, Escherichia 
coli и Candida albicans), а также их способность 
подавлять воспалительные процессы. Основными 
задачами работы являлись выявление наиболее 
активных соединений, определение их минимальной 
ингибирующей концентрации (MIC) и минимальной 
бактерицидной концентрации (MBC), а также оценка 
перспектив их использования в комплексной терапии 
инфекционно-воспалительных заболеваний. Важность 
исследования обусловлена актуальностью проблемы роста 
антибиотикорезистентности и необходимостью поиска 
новых терапевтических средств, обладающих двойной 
(антимикробной и противовоспалительной) активностью, 
способных одновременно подавлять инфекцию и снижать 
воспаление.

Материалы и методы. Исследование проведено с 
соблюдением стандартов этики (Хельсинкская декларация 
Всемирной медицинской ассоциации, GLP). Для анализа 
использовались шесть образцов (S1–S6), которые разводили 
в диметилсульфоксиде (DMSO) до концентрации 100 мг/
мл. Оценка антимикробной активности проводилась на 
референсных штаммах микроорганизмов: Staphylococcus 
aureus (ATCC6538), Escherichia coli (ATCC11229) и Candida 
albicans (ATCC10231). В качестве контрольных препаратов 
применялись ампициллин (для бактерий) и амфотерицин 
B (для грибков). Антимикробную активность определяли 
методом диффузии в агаре и серийных разведений (MIC, 
MBC). Противовоспалительная активность изучалась по 
способности образцов подавлять секрецию оксида азота 
(NO) в культуре макрофагов Raw264.7. Статистическая 
обработка данных осуществлялась методом дисперсионного 
анализа (ANOVA) с последующим тестом Тьюки, 
результаты считались статистически значимыми при p < 
0,05.

Результаты. Наибольшую антимикробную и 
противовоспалительную активность показал образец S2: 
диаметр зон ингибирования до 20 мм, MIC = 7,8125 мкг/
мл, MBC = 15,625 мкг/мл и выраженное подавление оксида 
азота (NO) на 75% (IC50 = 20 мкМ). Образцы S1 и S3 
проявили умеренную антимикробную активность (MIC = 
31,25 мкг/мл) и подавление NO на уровне 60–70%. Образцы 
S4–S6 значимой антимикробной активности не показали. 
Полученные результаты подтверждают перспективность S2 
для дальнейших исследований и возможного применения в 
терапии инфекционно-воспалительных заболеваний.

Заключение. Образец S2 обладает высокой антимикробной 
и противовоспалительной активностью и перспективен 
для разработки новых терапевтических средств, 
особенно в условиях роста антибиотикорезистентности и 
воспалительных заболеваний.
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