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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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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-
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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.

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 pg/mL, MBC = 15.625 pg/mL, and significant
suppression of nitric oxide (NO) production (75%, IC50 =
20 uM). Samples S1 and S3 showed moderate antimicrobial
activity (MIC = 31.25 pg/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.
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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 pL
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 pL of
microbial suspension (10* CFU/mL) and 4 pL 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 uM. 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 pg/mL and MBC = 15.625 pg/
mL. The lowest MIC value (7.8125 pg/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).
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Table 1. Diameter of inhibition zones (mm) against various

microorganisms.
L , Candida
Sample Staphylococcus aureus Escherichia coli albicans
S1 18 12 —
S2 20 15 —
S3 17 13 —
S4 11 — —
S5 — — —
S6 — — —

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

MIC (S. MBC (S.

Sample aureus), ng/ |aureus), pg/ P (MIC) P (MBC)
mL mL

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

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.

Table 3. Inhibition of nitric oxide (NO) secretion and IC50 values for
tested samples (SI1-S4) in the Raw264.7 macrophage cell line.

Sample NO inhibition (%) IC50 (MxM)
S1 60 35
S2 75 20
S3 70 25
S4 45 —
25
20
20 18 17
s i 15
:2; ‘: 15 12 13 mn
EE 10
g . 0 0 0 00 000 000
2 S1 S2 S3 S4 S5 S6
Samples

m Staphylococcus aureus Escherichia coli Candida albicans

Figure 1. Inhibition zones (mm) for samples and control agents against
three microorganisms (Staphylococcus aureus, Escherichia coli,
Candida albicans).

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 uM), 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 pg/mL and



MBC = 1.95 pg/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 pg/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 pg/mL. This
result surpasses previously reported values by Kumar et al.
(2020), who identified MIC values of 8—16 pug/mL for flavonoid-
rich plant extracts [4]. Samples S1 and S3 exhibited moderate
antimicrobial activity, with MIC values of 31.25 pg/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
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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-«B activation. This mechanism aligns
with findings by Qaralleh et al. (2021), indicating polyphenol-
mediated NF-«kB 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 uM, 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 pM. These authors noted IC50
values of plant extracts ranging from 15-25 pM, 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 uM), 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.



Limitations and future directions.

Although sample S2 demonstrated high efficacy, its
antimicrobial activity remains significantly lower compared
to standard antibiotics (ampicillin MIC = 0.98 pg/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 pg/
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 simultancously 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 pg/mL),
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although it was notably less effective than the control antibiotic,
ampicillin (MIC = 0.98 pug/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



nanotechnology approaches highlight its significant therapeutic
promise and competitiveness with traditional antibiotics.

Future research directions:

[J Chemical analysis of active samples to identify key bioactive
compounds (e.g., flavonoids, terpenes).

[J Investigation of the molecular mechanisms underlying
sample activity.

[J 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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AHHOTAIUSA

Beenenne: llenplo HaHHOTO HCCIENOBaHHSA OBUIO HM3YUHUTh
aHTI/IMI/IKpO6HyIO U TMNPOTHUBOBOCHATUTCIIbBHYIO aKTUBHOCTH
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mectd  oOpasnoB  (S1-S6) B OTHONICHWM TAaTOTCHHBIX
MHUKpoopranusmoB  (Staphylococcus aureus, Escherichia
coli m Candida albicans), a TakKe HUX CHOCOOHOCTH
MOAABIATh  BOCHANHUTENbHBIE  mpouecchl.  OCHOBHBIMH
3amauamMd  paboOThl  SIBJSUIMCh  BBIABICHHE  Hambolee

aKTHBHBIX COCIMHEHMH, ONpeneNieHne WX MHUHHMAaIbHON
nHrubupyromeid  konunentpamuun (MIC) u  MUHUMaIbHOU
OakrepunuaHoi koHueHtpamun (MBC), a Takxke oreHka
MIEPCIIEKTUB MX HCIIOJIB30BaHUSI B KOMIUIEKCHOH Tepanmuu
WH(EKINOHHO-BOCTIAVINTEIBHBIX ~ 3a0oyieBaHuil.  BaskHOCTB
HccIeI0BaHus 00yCIIOBJICHA aKTyalbHOCTBIO POOJIEMBI pOCTa
AHTUOMOTHKOPE3UCTEHTHOCTH M HEOOXOIAMMOCTBIO TTOHMCKA
HOBBIX TEpaNeBTUYECKUX CPEJCTB, OOJIQNAIOIINX JBOMHON
(aHTUMHUKPOOHOH ¥ NPOTHBOBOCHIAIUTEIBHON) aKTHBHOCTBIO,
CIIOCOOHBIX OJJHOBPEMEHHO ITIO/IABIISITH HHPEKINIO U CHUXATh
BOCTIAJICHHUE.

Matepuansl um MeToAbl. lcciaenoBaHue MpOBEAEHO C
COOJIIO/ICHHEM CTaH/AAPTOB 3THKH (XEJIbCHHKCKAs AeKiIapanus
Bcemuproit meaunuHcKol accormanuu, GLP). [{ns anammza
UCIIOJIB30BAINCH IECTh 00pa3ioB (S1-S6), KoTopble pa3BOANIN
B numetmicynbpokeuae (DMSO) no xoHuentpanuu 100 mr/
M. OneHka aHTUMHKPOOHOW aKTMBHOCTM HPOBOAWIACH HA
pedepeHCcHBIX ImTaMMax MHKpoopraHu3MoB: Staphylococcus
aureus (ATCC6538), Escherichia coli (ATCC11229) n Candida
albicans (ATCC10231). B kauecTBe KOHTPOJIBHBIX MPETIApaTOB
MIPUMEHSUINCh aMIUIIUIMH (Juis OakTepuit) u amdoTepuuH
B (st rpuOKoB). AHTUMHKPOOHYIO aKTHBHOCTH ONPEAEIISIIN
MeronoM muddy3un B arape U cepuiHbIX pasenenuit (MIC,
MBC). TIpoTtuBoBOCHANUTEIbHAS AKTUBHOCTh W3ydYallach IIO
CIIOCOOHOCTH 00pa3loB MOAABISATH CEKPELMI0 OKCHIA a30Ta
(NO) B kynbrype MakpodaroB Raw264.7. Crartuctuueckas
00paboTKa TaHHBIX OCYIIECTBIUIACH METOIOM I CIIEPCHOHHOTO
anammza (ANOVA) ¢ mocnenyommM —TecToM  ThIOKH,
pe3ysbTaThl CUUTAINCH CTATUCTUYECKH 3HAYMMBIMHU IPH p <
0,05.

PesyabTarsl. Haubonpmryro AHTUMHUKPOOHYTO u
MIPOTUBOBOCIIAVINTENBHYIO aKTHBHOCTH MMOKazan oOpaser S2:
auameTp 30H uHruomposanus go 20 mm, MIC = 7,8125 mxr/
w1, MBC = 15,625 MKr/Mi1 1 BBIpay)KEHHOE ITOJIaBJICHUE OKCU/IA
aszora (NO) nHa 75% (IC50 = 20 mMxM). O6paszusr S1 u S3
TIPOSIBUJIM YMEPEHHYIO aHTHUMHUKpPOOHYI0 akThBHOCTH (MIC =
31,25 mxr/mn) n nogasienue NO Ha ypoae 60—70%. OOpa3ibt
S4-S6 3HauMMoOl aHTUMHUKPOOHOW aKTUBHOCTH HE IMOKa3alu.
[Toxy4eHHbIE pe3yJIbTaThl HOATBEPKIAIOT NEPCIIEKTHBHOCTE S2
JUTSL TATBHEHIINX MCCIICI0OBAHUM M BO3MOXKHOTO IPUMEHEHUS B
Tepanuy HHPEKIIMOHHO-BOCTIAJIUTENBHBIX 3a001eBaHUH.

3akarouenune. O6pazen S2 001a1aeTBBICOKOH aHTUMUKPOOHOM
U TPOTUBOBOCHAIUTENHFHON aKTHBHOCTBIO W IEPCIIEKTUBECH
JuIst  pa3pabOTKM  HOBBIX  TEpaleBTHYECKUX  CPEJICTB,
0COOCHHO B YCJIOBHSIX POCTa aHTHOMOTHKOPE3MCTEHTHOCTH U
BOCITJIUTENIBHBIX 3a00JICBaHUH.

Buaropapnocts: lccienoBaHust OTpakeHHBIE B ITOH
Iy OJIMKannH OBUTH OCYIIIECTBIICHBI IPH Mo iepkke [IporpaMmebl
MapTHEPCTBA JUI MEXKAYHapoIHBIX TanaHToB Kwuradckon
akanemun Hayk (Ne 2023VBBO0O011).
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