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INTRODUCTION

Topic's significance. The global spread of antibiotic resistance and the critical shortage
of effective antimicrobial agents represent one of the most pressing challenges of contemporary
medicine. The search for biologically active compounds of natural origin capable of
complementing or replacing synthetic antimicrobials is therefore a scientific priority of the
highest order. Essential oils (EOs) derived from medicinal plants have attracted growing attention
as potential alternatives to synthetic antimicrobial agents, primarily because pathogenic
microorganisms develop resistance to them far more slowly, given the complex multi-component
nature of essential oils.

Medicinal plants constitute an important component of natural flora and represent
valuable biological resources. The use of plant-derived essential oils is expanding year by year in
the food, perfumery, cosmetics, and pharmaceutical industries. According to the World Health
Organization, more than 80% of the world's population relies on plant-based medicines to manage
various health conditions.

Even in the Middle Ages, medicinal plants were widely employed as analgesics, sedatives,
hemostatic agents, and antiseptics, and this accumulated experience has been preserved and
developed to the present day. Approximately 250,000-500,000 plant species are currently known
worldwide, yet only a comparatively small fraction has been studied for its antimicrobial and
other biological properties. In many countries, including Armenia, medicinal plants continue to
hold an important place in traditional medicine.

A vivid example of Armenia's rich tradition of applying the healing properties of plants is
the Matenadaran (Mesrop Mashtots Institute of Ancient Manuscripts), where distillates obtained
from medicinal plants of the Armenian Highlands have been used for years to disinfect
manuscripts and old printed books. This method is ecologically safe, causes no harm to either
humans or cultural artefacts, and constitutes a sustainable alternative to synthetic chemical
disinfectants. The approximately 30,000 manuscripts preserved in the Matenadaran encompass
diverse fields of Armenian and world scientific and cultural heritage — history, mathematics,
medicine, astronomy, and more.

Despite Armenia's rich botanical resources and centuries-old traditions of their
application, comparatively few studies have been conducted in recent years on the properties and
mechanisms of action of Armenian flora representatives and the bioactive compounds isolated
from them. This is of particular importance given the continuously growing scientific and
practical interest worldwide in ethnopharmacological preparations and bioactive substances of
natural origin.

Antibiotics generally exert their bactericidal or bacteriostatic effects by targeting key
cellular structures and processes, including the bacterial cell membrane, ion transport
mechanisms, peptidoglycan biosynthesis enzymes, and the molecular machinery involved in
DNA, RNA, and protein synthesis (Zhivich A., 2017). A critical determinant of antibiotic
resistance, particularly in Gram-negative bacteria such as Escherichia coli, is the presence of
highly efficient and structurally diverse efflux pump systems. While both Gram-positive and
Gram-negative bacteria possess efflux mechanisms, the latter often exhibit a broader repertoire
and greater efficacy in actively exporting a wide range of antibiotics and toxic compounds,
thereby contributing to multidrug resistance phenotypes (Li, X.-Z. & Nikaido, 2009).

Plant-derived antimicrobial agents are emerging as promising alternatives or adjuncts in
the fight against antibiotic resistance, owing to their structural diversity and multifaceted
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mechanisms of action. These compounds frequently exhibit synergistic interactions with
conventional antibiotics, enhancing their efficacy while disrupting bacterial viability through
distinct biochemical pathways, including inhibition of ATPase activity (Qassadi, 2025).
Furthermore, EOs derived from medicinal plants have been shown to modulate ion fluxes across
bacterial membranes and interfere with key resistance mechanisms, thereby attenuating the
adaptive capacity of pathogenic microorganisms (Nazzaro, 2013).

While several mechanisms underlying the antimicrobial properties of plant-derived
compounds have been characterized, many remain incompletely understood. In this study, we
investigate the chemical composition of T. argyrophyllum EO and its antibacterial potential
against a range of microorganisms, including yeasts, Gram-positive, and Gram-negative bacteria,
with a particular emphasis on antibiotic-resistant strains. Special attention is given to the
peculiarities of the chemical composition of EO extracted from 7. argyrophyllum harvested from
Armenian highlands and its antibacterial activity against kanamycin-resistant E. coli while
providing mechanistic insight into EO effects on bacterial membrane-associated properties.

The aim of this thesis was to investigate the antimicrobial and antioxidant activity of EO-s from

Achillea filipendulina Lam. (Asteraceae), Pelargonium graveolens L'Hér. (Geraniaceae),
Prangos ferulacea (L.) Lindl. (Apiaceae) and Tanacetum argyrophyllum (C. Koch) Tzvel.
(Asteraceae) growing in Armenia, as well as to elucidate the biochemical mechanisms of their
action against both antibiotic-sensitive and antibiotic-resistant Escherichia coli strains.

Research goals and tasks. To achieve this aim, the following specific objectives were
formulated:

o  To assess the antimicrobial activity of the EOs from all four species against a panel of
microorganisms using screening and quantitative microbiological methods.

o To evaluate the effects of the EOs on the viability and growth of antibiotic-sensitive
and antibiotic-resistant (kanamycin- and ampicillin-resistant) Escherichia coli strains.

o To characterize the chemical composition of the EOs and identify their major and minor
components.

o To select the EOs with the most pronounced antimicrobial activity and assess their
spectrum of action against Gram-positive, Gram-negative bacteria, and yeasts.

o« To investigate the antibiotic-modulating properties of 7. argyrophyllum EO by
determining changes in the MIC of relevant antibiotics.

o To elucidate the effect of 7. argyrophyllum EO on bacterial energy homeostasis by
studying proton fluxes, ATPase activity, and cellular energetic processes.

o To evaluate the EOs effect on bacterial redox homeostasis by examining changes in
ORP, pH, lipid peroxidation, and oxidative stress markers.

o To study the responses of enzymatic antioxidant defense systems (SOD, catalase) under
EO exposure, and to propose possible cellular and molecular mechanisms of action.

Scientific novelty and practical value of the study

For the first time, a comprehensive investigation of the antimicrobial activity of EOs
isolated from A. filipendulina Lam., P. graveolens L'Hér., P. ferulacea (L.) Lindl. and T.
argyrophyllum (K. Koch) Tzvelev — plants growing wild and under cultivation in the Republic
of Armenia — has been carried out.



For the first time, the biochemical composition of the EO of T. argyrophyllum grown
in Armenia was fully characterized. GC-MS analysis identified 16 chemical constituents
accounting for approximately 98.5% of the total oil composition, establishing an eucalyptol—
camphor chemotype with 1,8-cineole (35.0%), camphor (24.0%), and camphene (17.0%) as the
dominant components. This chemotype had not previously been reported for 7.
argyrophyllum populations growing in Armenian conditions. The EO yield of P. ferulacea (~4%)
was found to exceed all previously reported values for this species in the scientific literature.

For the first time, the antibiotic-modulating activity of 7. argyrophyllum EO was
evaluated in combination with conventional antibiotics. The EO demonstrated significant
synergism with kanamycin against the kanamycin-resistant E. coli pARG-25 strain, reducing the
minimum inhibitory concentration of kanamycin four-fold (FIC index = 0.54).

For the first time, the effect of 7. argyrophyllum EO on the total and DCCD-sensitive
FoFi1-ATPase activity of both antibiotic-sensitive (E. coli K-12) and kanamycin-resistant (.
coli pARG-25) strains was demonstrated. The EO was shown to suppress total ATPase activity
by approximately 1.6-fold in the sensitive strain and 1.5-fold in the resistant strain, while also
reducing DCCD-sensitive ATPase activity, indicating disruption of the FoF: ATP synthase
complex — a key component of bacterial energy metabolism.

For the first time, the influence of 7. argyrophyllum EO on proton transport processes
across bacterial membranes was investigated. The EO was found to attenuate DCCD-sensitive H*
flux by approximately 2.5-fold in E. coli K-12 under treatment conditions, mirroring the action
of the known ATPase inhibitor DCCD. These results reveal that bioactive constituents of the EO
may impair transmembrane proton translocation and disrupt the proton motive force, thereby
compromising cellular bioenergetics.

The study also revealed, for the first time, the effect of T. argyrophyllum EO on
bacterial redox homeostasis. Treatment induced a significant elevation of malondialdehyde
(MDA) levels (by ~50%) in the resistant strain, indicating activation of lipid peroxidation and
membrane oxidative damage. Corresponding changes in superoxide dismutase (SOD) and
catalase activity were documented in both strains:

Dynamic monitoring of the oxidation-reduction potential (ORP) and extracellular pH
during bacterial growth further confirmed that 7. argyrophyllum EO delays and dampens the
typical redox shifts associated with exponential growth, consistent with inhibition of respiratory
chain activity and metabolic suppression.

Collectively, the findings of this dissertation establish 7. argyrophyllum and P.
graveolens EOs as promising sources of multi-target bioactive compounds of natural origin with
demonstrated broad-spectrum antimicrobial activity, antibiotic-modulating properties, and the
ability to disrupt bacterial energy and redox homeostasis. These results provide a biochemical
basis for considering the studied EOs as potential adjuvants to conventional antibiotics and as
natural alternatives in the context of growing antimicrobial resistance.

Main points to present at the defense

. EOs from A. filipendulina, P. graveolens, P. ferulacea and T. argyrophyllum grown in
Armenia exhibit pronounced antimicrobial activity against various microorganisms,
dependent on concentration and the biological characteristics of the strains tested.

. T. argyrophyllum and P. graveolens EOs are distinguished by a broad-spectrum
antimicrobial activity.

. T. argyrophyllum EO significantly reduces the viability of both antibiotic-sensitive and
antibiotic-resistant E. coli (K-12 and pARG-25) strains.
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. T. argyrophyllum EO disrupts bacterial energy systems by impairing FoFi1-ATPase activity
and the regulation of proton fluxes.

. Under EO exposure, bacterial redox homeostasis is disturbed, manifested by changes in
ORP, pH, and oxidative stress markers.

. T. argyrophyllum EO potentiates antibiotic efficacy, demonstrating pronounced antibiotic-
modulating activity.

. The antibiotic-modulating effect is conditioned by disruption of bacterial membrane
permeability and energy-dependent processes.

. The biological activity of the studied EOs is associated with their multi-component

chemical composition and the predominance of monoterpenic compounds.

Work approbation. Main results of the dissertation were discussed at seminars at the
Department of Biochemistry, Microbiology and Biotechnology, Faculty of Biology of Yerevan
State University: International Conference: Biological Sciences and Environmental Solutions
(Sept. 2025) by poster titled “Influence of Tanacetum argyrophyllum essential oil on ATPase
activity and proton flux on E.coli K-12, kanamycin-resistant £. coli pARG-25"; at European
Network for diagnosis and treatment of antibiotic-resistant bacterial infections (EURESTOP),
(Pula, Croatia), June 25-27 2026 with thesis “Disruption of bacterial redox homeostasis by
Tanacetum argyrophyllum essential oil in antibiotic-susceptible and resistant Escherichia coli”;
14™ and 15™ Annual International Scientific and Practical Seminar titled “Faces of Memory” in
Research Institute of ancient Manusripts (Matenadaran, Yerevan, Armenia)

Publications. On the basis of the experimental data observed in dissertation, 5 papers,
including 3 articles in peer-reviewed journals and 2 abstracts were published.

Volume and structure of dissertation. Dissertation contains the following chapters:
introduction, literature review (Chapter 1), experimental part (Chapter 2), results and discussion
(Chapter 3), concluding remarks, conclusions and cited literature (totally 100 papers and books).
The dissertation consists of 109 pages, 2tables and 21figures.

MATERIALS AND METHODS

Plant material was harvested from various locations in the Republic of Armenia at different
altitudes above sea level.

The main research was carried out at the Research Institute of Biology of the Faculty of
Biology of Yerevan State University, at the Department of Biochemistry, Microbiology and
Biotechnology (Yerevan, RA) and at the Department of Restoration and Conservation of the
Institute of Ancient Manuscripts named after Mesrop Mashtots (Matenadaran) (Yerevan, RA).

Plant identification was performed at the Yerevan Botanical Garden of the National
Academy of Sciences of Armenia. Plant specimens are stored in an above-mentioned herbarium,
and each was assigned a unique voucher specimen number. Essential oil has been extracted by
Senior Researcher Armen Sahakyan (Mesrop Mashtots Institute of Ancient Manuscripts,
Matenadaran, Armenia) from the dried aerial parts of the plant by hydro-distillation approach
using Clevenger-type apparatus. The extracted EO was stored in a dark and cool place (8-10°C).
The number of independent extractions reached 4-5.

Collection sites and periods: A. filipendulina — Vayots Dzor region (Noravank Gorge),
1,770 m a.s.l., May—June; P. graveolens — Armavir region (village of Nor Kesaria), 900-950 m
a.s.l,, May; P. ferulacea — various RA locations, 850-1,000 m a.s.l., May—June; T.
argyrophyllum — Jermuk town, Vayots Dzor region, 2,080 m a.s.l., May—June.
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Chemical Composition — GC-MS Analysis: The chemical composition of the EOs was
analyzed by gas chromatography—mass spectrometry (GC-MS) at the FDA Analytical Laboratory
('Tonus-Les' LLC, Armenia). Analysis was performed using a Bruker 450-GC gas
chromatograph. Oven temperature ranged from 40°C to 250°C, scanning rate 3°C/min, injector
temperature 220°C. Helium (purity 5.6) was used as carrier gas at a flow rate of 1 mL/min. The
GC was coupled with a Hewlett—Packard 5972 mass spectrometric detector. Peaks were identified
using the NIST-2013 database. The Relative Retention Index (RRI) was calculated using a
homologous mixture of n-alkanes (C9-C18).

Microbial Strains and Antimicrobial Assays: Gram-positive strains: Bacillus subtilis
WT-A, isolated from heavy metal-contaminated soils of Kajaran; Staphylococcus aureus WDC
5233, (Microb Deposit Center, (Armbiotechnology Scientific and Production Center, Armenia).
Gram-negative strains: E. coli K-12, ampicillin-resistant E. coli DH5a-pUC18, and kanamycin-
resistant E. coli pARG-25 (Armbiotechnology Scientific and Production Center, Armenia). Yeast
strains:  Debaryomyces hansenii WDC M104 and Candida guilliermondii NP-4
(Armbiotechnology Scientific and Production Center, Armenia). The strains were grown in
Nutrient Broth (NB) medium (20 g/L peptone, 5 g/L NaCl, 2 g/L K:HPO., supplemented with 2
g/L glucose) at a temperature of 37°C and pH 7.5 (FAITHFUL INCUBATOR, China).

Antimicrobial activity was assessed by: (1) disk-diffusion assay; (2) broth microdilution for
MIC/MBC determination; (3) bacterial growth kinetics (specific growth rate, lag phase, doubling
time); (4) colony-forming unit (CFU) quantification; and (5) antibiotic-modulating activity (MF
and FICI determination using checkerboard microdilution).

Disk-diffusion and broth dilution assays:

The antimicrobial activity of 7. argyrophyllum essential oil (EO) was initially assessed by
agar disk-diffusion assay (Moghrovyan, A. et al., 2019).

The minimum inhibitory concentrations (MIC) were determined using broth microdilution
method in 96-well plates following standard protocols (using the abovementioned concentrations
of EO).

Determination of bacterial growth parameters:

The generation succeeding factor (G), the specific growth rate (i) of bacteria, and the cell
doubling time were determined by using the DEN-1 McFarland Densitometer (Biosan, Latvia).

The cell doubling time was determined by the In2/u equation (Monod J, 1949).

Determination of Bacterial Colony-Forming Units (CFU):

The antibacterial activity of 7. argyrophyllum EO was assessed by quantifying colony-
forming units (CFU) using the Neidhardt method (Neidhardt FC et al., 1990).

Determination of antibiotic modulatory activity.

Antibiotic modulatory activity of 7. argyrophyllum EO was explored by determining the
minimal inhibitory concentrations (MIC) of antibiotics in the presence and absence of EO at non-
inhibitory concentrations (Ginovyan et al., 2023).

Determination of ATPase activity:

The impact of plant EOs on the H translocating FoF:1-ATPase activity was investigated in
bacterial membrane vesicles, which were obtained by the Kaback method. FoFi-ATPase activity
was evaluated by quantifying the release of inorganic phosphate (Pi) in a reaction buffer
containing 50 mM Tris—HCI (pH 7.5), 1 mM CaCls, and 2.5 mM MgSOs at 37 °C. The absorbance
was measured spectrophotometrically (SP-LUV752P UV-VIS Spectrophotometer, Bioevopeak,
PRC). Enzymatic activity was expressed as nmol Pimin' mL™" pg™ protein. DCCD-sensitive
ATPase activity was calculated according the above-described principle under identical
incubation conditions.
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Membrane vesicles were isolated from E. coli K12 and E. coli pARG-25 strains according
to a previously established protocol (Vanyan L et al., 2022). Protein concentrations were
determined using the Lowry method (LOWRY O et al., 1951).

Determination of proton flux

The H* fluxes were determined in whole bacterial cells by employing an appropriate
selective electrode (H]1131B and HI5222 HANNA Instruments). Results were expressed in
mmol min' 10% cells! in 1 unit of volume (ml) (Honhannisyan et al., 2022). N,N-
dicyclohexylcarbodiimide (DCCD) served as an inhibitor of the FoF:-ATPase and the bacterial
cultures were incubated with 0.2 mmol/L of DCCD for 10 min (Taussky & Shorr, 1953).

Determination of SOD activity

SOD activity was measured according to the Beauchamp and Fridorovich (1971).

Determination of catalase activity

The catalase activity was measured according to Cherkaoui-Malki et al., 1990) and was
expressed as % of untreated control of units. One unit is defined as 1 pmol of H202 consumed in
1 minute, and specific activity is one unit of enzyme corresponding to 1 milligram of protein.

TBARS assay

The determination of the antioxidant capacity of 7. argyrophyllum EO was analyzed out by
studying its ability to inhibit malonaldehyde synthesis in bacterial cells. a-tocopherol was used
as positive standard (Babayan A, Sahakyan N, 2025).

Determination of oxidation—reduction potential ORP (mV) and extracellular pH

The ORP and extracellular pH (pHout) was determined using the Milwaukee MW150 MAX
3-in-1 pH/OPR/Temp. Bench Meter (Szeged, Hungary) with a selective pH electrode (HI1131,
Hanna Instruments, Portugal), and ORP was measured using an ORP electrode (HI3131B, Hanna
Instruments, Portugal).

External or medium pH (pHout) and redox potential (ORP, mV) were measured during
aerobic growth for up to 24 hours).

Data processing.

During the research work, all experiments were conducted independently with a minimum
of three repetitions. Experimental data represent the mean + standard deviation (SD) from three
biologically independent replicates. Statistical analyses were performed using a grouped two-way
ANOVA by GraphPad Prism version 8.0.3 (GraphPad Software, San Diego, CA, USA). The
software is available at: https:/www.graphpad.com. Differences were considered statistically
significant at p <0.05, unless stated otherwise. Graphical data visualization was performed using
GraphPad Prism and Microsoft Excel 2010.

RESULTS AND DISCUSSION

Chemical composition of 7. argyrophyllum essential oil. The results from the quantitative
and qualitative analysis of EO constituents are presented in the Table 1.
Gas-mass spectrometric analysis of T. argyrophyllum EO led to the identification of 16
chemical components, which make up about 98.5% of the total composition of the EO.
Environmental conditions and the time the plant is harvested also affect the chemical
composition of the plant. The analysis of the EO composition of 7. argyrophyllum plant showed
that it belongs to the eucalyptol-camphor chemotype


https://www.graphpad.com/

Table 1. The chemical composition of the essential oil isolated from the aerial parts of 7.
argyrophyllum essential oil

Area
Chemical components Percentage | RRI*

(%)

17.0 943
Carene 0.50 947
a-Pinene 1.50 948
B-Pinene 0.85 970
B-ocimene 0.55 976
Santolina epoxide 7.50 991
y-Terpinene 0.70 1047

35.0 1059

1121

Trans-Chrysanthenyl acetate 2.90 1131
Verbinol 0.90 1136
Terpinen4-ol 1.80 1137
Davanone 0.80 1138
Bornyl acetate 2.25 1277
B-eudesmol 1.20 1504
Caryophyllene oxide 1.50 1576
Total (%) 98.50

Ifor HP-5 capillary column

The amount of the main component, eucalyptol (1,8-cineole) reaches 35.0% of the total
content, followed by camphor (24.0%) and camphene (17.0%). The detected eucalyptol-camphor
chemotype is consistent with studies on several species of Tanacetum and other herbs rich in
oxygenated monoterpenes. Plants rich in eucalyptol and camphor are known to exhibit both
antimicrobial and antioxidant activity and, under certain conditions, prooxidant effects as well.

Additional constituents included santolina epoxide (7.5%) and trans-chrysanthenyl
acetate (2.9%), along with terpinen-4-ol (1.8%), bornyl acetate (2.25%), and verbinol (0.9%).
Trace amounts of a-pinene, B-pinene, and y-terpinene were also detected. Furthermore,
caryophyllene oxide (1.5%) and B-eudesmol (1.2%) were present, contributing to the overall
sesquiterpene content. The compositional profile highlights the chemical complexity of T.
argyrophyllum EO and confirms the predominance of oxygenated monoterpenes in this species.

The EO yield of P. ferulacea (~4%) exceeded all previously reported values in the
literature for this species (maximum previously recorded: 3.0 + 0.16% for seeds), suggesting a
favorable effect of the local biogeographic conditions of Armenia on the accumulation of
bioactive compounds. For 4. filipendulina, the mean EO yield was 0.5%, within the range
reported in the literature (0.11-0.78%).

The manifestations of antioxidant activity of the plants examined in our research are
not unique, but rather reflect the general property of EOs rich in eucalyptol. Nevertheless, what
is important here is the extent of the activity manifestation and the specific features of the
mechanisms of action, by which the studied EO may differ. The possible synergistic interactions
between the various components of the EO composition may also be of significant importance.
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This underscores the fact that although the general nature of the effect corresponds to similar
chemotypes, certain distinct biological effects are shaped by the complete chemical profile.
Antibacterial Activity of the Essential Oils.

To determine the minimum inhibitory concentration (MIC) of plant EOs, selected agar
plugs taken from zones of no microbial growth during the MIC assay were transferred into sterile
nutrient broth corresponding to each microorganism (without EO or ethanol extract). After 24
hours of incubation at 37°C, the tubes were examined. The effect was considered bactericidal if
no microbial growth was observed. If microbial growth was present in the medium after
subculturing, the effect was considered bacteriostatic.

All four EOs demonstrated antibacterial activity. Initial disk-diffusion screening
revealed inhibition zones against almost all tested microorganisms. Quantitative analysis
confirmed that all EOs possess MIC values in the range of 12.5-100 pg/mL.

T. argyrophyllum EO exhibited the broadest spectrum of antimicrobial activity, being
effective against Gram-positive and Gram-negative bacteria as well as yeasts. P. graveolens and
T. argyrophyllum. EO were demonstrating significant antifungal activity against both yeast strains
at 25 ng/mL. A. filipendulina and P. graveolens EOs were equally effective against B. subtilis
(MIC = 25 pg/mL). The determined MIC values are considered effective, and the action of all
tested EOs was assessed as bactericidal rather than merely bacteriostatic.

This makes 7. argyrophyllum EO particularly promising for further investigation as a
natural antimicrobial agent targeting antibiotic-resistant pathogens.

Table 2. MIC values (ng/mL) of the four EOs against selected microbial strains

Strain A. P. graveolens | P. ferulacea | T.
filipendulina argyrophyllum
E. coli K-12 25 25 25 100
E. coli pARG-25 25 25 25 100
E. coli DH50-pUC18 100 25 25 100
S. aureus WDC5233 25 100 — 50
B. subtilis WT-A17 25 25 50 50
C. guilliermondii NP-4 — 25 — 25
D. hansenii WDC M104 50 25 — 12.5

— no inhibitory activity detected at tested concentrations.
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Antibiotic modulatory activity of 7. argyrophyllum EQ.

Investigation results suggest that 7. argyrophyllum exhibits the antibiotic-modulatory
effect on the kanamycin-resistant E. coli (Fig. 1). The 31.25 and 62.5 uL/mL non-inhibitory
concentrations of EO were used for the investigation of antibiotic-modulatory properties.

According to the obtained data, the 7. argyrophyllum EO at the concentration of 62.5
pL/mL exhibited notable antibiotic-modulating effect with kanamycin, reducing the MIC value
of antibiotic fourfold (MF =4) (Fig. 1B), meanwhile the lower concentration did not show any
influence (Fig. 1 C).

Figure 1. Modulatory effect of 7.
argyrophyllum essential oil at
non-inhibitory concentrations on
K+ ‘ A * the antibiotic activity against
i
*

kanamycin resistant E. coli

T+ (62.5L/mL) K+ | B PARG-25 strain. The
abbreviations refer to: T+ — cells

treated with 7. argyrophyllum

T+ (31.25uL/mL) K+ ‘ C essential oil, K+ — cells treated
with kanamycin. All experiments
0 ; é :',‘ ‘;_ é é were independently repeated at
least three times (**** p <
MIC [mg/mL] 0.0001). The MIC values were

identical across all replicates.

The interaction between the kanamycin and 7. argyrophyllum EO could be described
as synergistic, as FICI is calculated to be 0.54.

In case of ampicillin, there was not observed any modulation in the presence of T.
argyrophyllum EO under the tested conditions.

These findings suggest that T. argyrophyllum EO may increase bacterial sensitivity to
kanamycin by enhancing membrane permeability, impairing protective mechanisms, or
facilitating intracellular antibiotic accumulation — making it a promising candidate as an
adjuvant to aminoglycoside antibiotics in combating resistant infections.

The influence of 7. argyrophyllum EO on Bacterial Colony-Forming ability and
growth parameters.

To further evaluate the antimicrobial effect of EO, the colony-forming ability
evaluation test was applied, quantitatively assessing the impact of EO treatment on bacterial
viability.

The obtained results demonstrated that treatment with 7. argyrophyllum EO led to a
reduction of approximately 30% in the colony-forming ability of the non-resistant E. coli K-12
strain (Fig. 2). Similarly, in the kanamycin-resistant E. coli pARG-25 strain, colony formation

was suppressed by 30%, a reduction comparable to that observed in the non-resistant control (Fig.
2).
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B E coliK-12
25+ BB E. coli pARG-25

Figure 2. The colony-forming units of the E. coli K-12
. and E. coli pARG-25 strains under the influence of 7.
207 argyrophyllum EO at minimal inhibitory
£ concentration. (T- are the control cells without
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In addition, the same concentration of 7. argyrophyllum EO exhibited a suppressive
influence also on the specific growth rates of both tested bacterial strains. A measurable decrease
in growth kinetics was observed following EO exposure, further confirming its bacteriostatic
properties (Fig. 3).

The specific growth rates in case of E. coli K-12 and E. coli pARG-25 strains, reduced
by 1.6-fold, and 1.5-fold, respectively (Fig. 3a). Additionally, the EO prolonged the lag phase in
case of E. coli K-12 by 63% and by 52% in case of the antibiotic-resistant E. coli pARG25 (Fig.
3b), affecting the adaptation of bacteria to the growth conditions during the early stages.

Figure 3. The specific growth rate (a) and cell doubling time (b) of the E. coli K-12 and E.
coli pARG-25 strains under the influence of 7. argyrophyllum EO at minimal inhibitory
concentration. (T- are the control cells without treatment with 7. argyrophyllum EO, T+ -
cells treated with 7. argyrophyllum EO). The results are means = SD of three independent
experiments carried out in triplicate (** p <0.01, **** p <0.0001).
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Colony-forming unit assays confirmed that EO treatment reduced the colony-forming
ability by approximately 30% in both E. coli K-12 and E. coli pARG-25 strains. This indicates
that EO action is not limited to growth retardation, but also significantly suppresses cellular
reproductive viability. The comparable sensitivity of the antibiotic-resistant strain suggests that
the EOs antibacterial mechanisms differ from those of kanamycin and may bypass certain
resistance mechanisms.

The influence of 7. argyrophyllum EO on proton fluxes and ATPase activity.

The investigations of the effects of T. argyrophyllum EO on some membrane-associated
functions in E. coli revealed significant alterations in proton flux dynamics (Fig. 4a). In the
untreated E. coli K-12 control strain, the rate of DCCD-sensitive H* fluxes decreased by 2.8-fold
(Fig. 4b, T-D+). In the presence of investigated EO alone (T+D-), this parameter was reduced
by 2.5-fold compared to the untreated control. This suggests that the EO has similar effects with
DCCD by targeting the FoF1 domains in FoF; ATPase.

In case of the kanamycin-resistant E. coli pARG-25 strain, treatment with the EO
resulted in a 1.8-fold reduction in Ju- (Fig. 4a, T+D—). Under DCCD treatment, the control strain
exhibited approximately a 4.5-fold decrease in DCCD-sensitive H* flux, while in the resistant
strain, exposure to the EO under the same conditions led to a 1.7-fold decrease (Fig. 4b, T+).

These findings suggest that 7. argyrophyllum EO affects proton translocation across
bacterial membranes, with differential impacts observed between wild-type and antibiotic-
resistant strain.

Figure 4. The effect of 7. argyrophyllum EO on total (a) and DCCD-sensitive (b) H -fluxes
through the E. coli K-12 and kanamycin-resistant E. coli pARG-25 cell membranes. T-D-
are the control cells without the treatment with EO and DCCD, T-D+ are the cells treated
only with DCCD, T+D- are the cells treated only with EO and the T+D+ are the cells
treated with both T. argyrophyllum EO and DCCD. The results are means + SD of three
independent experiments performed in triplicate (*** p <0.001, **** p <0.0001).
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Further analysis of DCCD-sensitive ATPase activity revealed a 1.3-fold reduction in
the E. coli K-12 strain and a 1.2-fold decrease in the E. coli pARG-25 strain upon EO treatment
(Fig. 5b, T+).

Interestingly, in the control samples, the E. coli pARG-25 strain exhibited a 1.4-fold
higher total ATPase activity compared to the Wt strain (Fig. 5a). Similarly, DCCD-sensitive
ATPase activity was elevated by 1.6-fold in the resistant strain (Fig. 5b).

Figure 5. The effect of 7. argyrophyllum essential oil on Total (a) and DCCD-sensitive (b)
ATPase activity through the E. coli K-12 and E. coli pARG-25 strains’ membranes. T-D-
are the control cells without treatment with EO or DCCD, T-D+ are the cells treated only
with DCCD, T+D- are the cells treated only with EO and T+D+ are the cells treated with
both 7. argyrophyllum EO and DCCD. The results are means + SD of three independent
experiments performed in triplicate (** p <0.01, *** p <0.001, **** p <0.0001).
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These results suggest that 7. argyrophyllum EO exerts a suppressive effect on both total
and proton-translocating ATPase activities, with comparable magnitude across antibiotic-
sensitive and -resistant strains.

Redox Homeostasis and Oxidative Stress Markers.

In order to study the ability of the EO of the 7. argyrophyllum plant to disrupt bacterial
redox homeostasis (as a possible mechanism of antibacterial effect), the fact that this EO is a
reductive or oxidizing agent was first investigated in chemical tests, then its effect on some
parameters of the antioxidant defense systems of bacteria was studied.

During our research, 7. argyrophyllum EO showed pronounced free radical scavenging
activity in chemical in vitro tests. ICso = 19.442.5 ul/ml value was obtained in the DPPH test,
which indicates the high antioxidant potential of the examined sample. The relatively low value
of ICso suggests that the essential oil effectively participates in hydrogen atom or electron transfer
reactions, stabilizing the DPPH free radical.
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The indicated activity is most likely due to the combination of phenolic compounds and
oxygenated mono- and sesquiterpenes, which are known for their redox-active properties and
high ability to react with free radicals. In this context, the antioxidant activity of the essential oil
can be considered as a redox-dependent property due to its chemical composition, the
manifestation of which in biological systems is essentially determined by the redox balance, the
characteristics of the membrane microenvironment and the intensity of intracellular metabolic
processes. The DPPH test only reflects the radical scavenging potential in a cell-free, chemical
system where the compounds act as direct H- or e-donors.

The obtained data may indicate the pronounced prooxidative effect of bioactive
metabolites of 7. argyrophyllum EO in the kanamycin-resistant £. coli pARG-25 strain. In order
to reliably evaluate such in effect, the effect of EO on the activity of the main enzyme components
of the antioxidant protection of bacterial cells was studied.

007 £ coliki2

B B COIPARGES e Figure 6. The synthesis of MDA in E. coli K12 and
E. coli pARG-25 cells treated by 7. argyrophyllum
EO (T - are the control cells without treatment, T +
-cells treated with 7. argyrophyllum EO). The
100 r—1 results are means = SD of three independent
experiments implemented in triplicate (****p <

150+

0.0001, ns — non significant).

50+

MDA concentration [% of control]

TBARS assay results revealed that MDA levels in kanamycin-resistant E. coli pARG-
25 increased by 49.88% after EO treatment (Al = 50.22 + 0.71%), indicative of intensified lipid
peroxidation in the antibiotic-resistant cells, likely reflecting ROS overproduction and structural
disruption of the cell membrane. In the wild-type E. coli K-12 strain, no significant changes in
MDA levels were observed, possibly reflecting differences in the redox buffering capacity or
antioxidant defense mechanisms between the two strains
(Fig.6).

Dynamic analysis of the oxidation-reduction potential (ORP) during 24-hour aerobic
cultivation revealed that untreated control cultures of both strains showed substantial ORP
decreases between hours 4—7, with minimum values of —=55.3 mV (K-12) and —15.1 mV (pARG-
25), corresponding to the period of maximum metabolic activity (Fig. 7a). In EO-treated cultures,
ORP decrease was delayed (from approximately hour 6 onwards), and minimum values were
significantly higher (less negative): —23.4 mV for K-12 and —1.7 mV for pARG-25. This delayed
and attenuated ORP dynamic is consistent with EO-induced suppression of respiratory activity
and bacterial metabolism, supporting a bacteriostatic mode of action.
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The changes in extracellular pH strictly reflects the changes in ORP values in both
tested bacterial cultures, indicating the accumulation tendency of organic acids in accordance to
their metabolic activity level (Fig. 7b).

All of the obtained data create a platform for insisting about the redox-dependent
mechanisms of influence of the investigated EO on bacterial cells, bringing to the reduction of
viability in both tested E. coli strains.

Fig. 7. ORP (mV) (a) and pH values (b) changes during the growth of E. coli K12 and E. coli
PARG-25 strains. T- are the control cells without treatment, T+ -cells treated with 7.
argyrophyllum EO. The results are means + SD of three independent experiments

implemented in triplicate.
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The combined elevation of SOD, catalase, and MDA levels in the antibiotic-resistant
strain under EO treatment points to a more pronounced pro-oxidant effect in E. coli pARG-25
compared with the wild-type strain. These strain-specific enzymatic responses suggest distinct
redox adaptation mechanisms, likely connected with the metabolic and membrane reorganisation
that occurred during the acquisition of antibiotic resistance.

SOD activity increased by approximately 24% in E. coli K-12 and by ~98% in E. coli
PARG-25 after EO treatment. The moderate increase in the wild-type strain may represent a
compensatory response to elevated superoxide radical generation, while the markedly higher
induction in the resistant strain indicates more intense oxidative stress, possibly reflecting the
metabolic reprogramming and higher redox sensitivity of the plasmid-bearing cells (Fig. 8a).

Catalase activity showed strain-specific responses: a decrease of approximately 33.6%
was observed in E. coli K-12, whereas an approximately 177% increase was recorded in E. coli
PARG-25 under the same conditions. The pronounced catalase induction in the resistant strain is
consistent with elevated hydrogen peroxide and ROS accumulation in those cells. The decrease
in the wild-type strain may reflect either partial enzyme suppression or the activation of
alternative stress-response strategies (Fig. 8b).
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Fig. 8. The activity of SOD (a) and catalase (b) in E. coli K12 and E. coli pARG-25 under
the treatment with 7. argyrophyllum EO (10 pLmL™"). T- are the control cells without
treatment, T+ -cells treated with 7. argyrophyllum EO. The results are means + SD of three
independent experiments implemented in triplicate (*p< 0.05; **** p <0.0001).
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These findings could support the notion that the EO exerts a more pronounced pro-
oxidative effect in the kanamycin-resistant strain, leading to intensified activation of enzymatic
antioxidant defenses.

CONCLUSIONS

Based on the results obtained in the present dissertation, the following conclusions are drawn:

1. All investigated EOs exhibit pronounced antibacterial and antifungal activity
depending on concentration and strain characteristics.

2. The chemical composition of T. argyrophyllum EQO is characterised by the
predominance of monoterpenic compounds (eucalyptol-camphor chemotype: 1,8-
cineole 35.0%, camphor 24.0%, camphene 17.0%).

3. T argyrophyllum EO reduces the viability of both E. coli K-12 and E. coli pARG-25
strains, demonstrating high efficacy against both antibiotic-sensitive and resistant
bacteria.

4. T. argyrophyllum EO disrupts bacterial energy systems by impairing FoFi-ATPase
activity and regulation of proton fluxes, resulting in disturbance of cellular energy
homeostasis.

5. Under EO exposure, bacterial redox homeostasis is disturbed, manifested by changes
in ORP, pH, and oxidative stress markers (MDA, SOD, catalase).
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6. T. argyrophyllum EO exhibits antibiotic-modulating activity: in combination with
kanamyecin, it reduces the MIC of the antibiotic four-fold (FICI = 0.54, synergistic
interaction) against the resistant £. coli pARG-25 strain.

7. The obtained results allow T. argyrophyllum and P. graveolens EOs to be considered
as promising sources of multi-target natural antimicrobial and adjuvant agents, with
potential application in strategies to combat antibiotic resistance.
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Uureursuu LOPURLE 8NR PR

2U84YUUUL UPQLUNUNSUL UUSSULLELP RUNUCUSNUUENRU ZBCUSUYYUD NrNG
IBN\ULNRSUBRS ULRUSYUD GETIUSNRNEND UAESNRE3UL UWELUULMUPUYUL
UtULhULG T

Udthnthwighp

Putiuh punbp’ bpbpuyn, Tanacetum argyrophyllum, hwlwdwiptught winhnipmniy, FoFi-
UBd-wq, hwlwphnunhl-ungnijugunn wlwnhynipjnil, opuhnuyhtt uppbu, Escherichia coli,
hwljwphnuinhy-Yuyniunipmnc:

Puljnbphwutph  hwlwphnunhl-fuyniinipjut  gnpuwy  wwpwéndp b
wpynmibuybn hwjudwiuptughtt hongubph unnipniip quwyjdwbwynpnid i phujub
Swquut JEtuwwlnhy yniptph nuunidbwuhpdwt wpphujwinieniiop: Zuyjuunwih
Zuwipuwybnnipjult wwpwspp, tkpjuyugibing wydkh pwh 3600 pniuwwnbuwly,
hwughuwinid t JEuuwpwnptt wjnhy dhwgnipnitubph wpdtpwynp, puyg phs
nunidbwuhpywé wnpnip:

Unytt wwnbbwjnuuljutt  wojuwwnwiph tywuwwunwlt Ep nundbwuhply
Zuywuwnwbnd wénn Achillea filipendulina Lam. (Asteraceae), Pelargonium graveolens
L'Hér. (Geraniaceae), Prangos ferulacea (L.) Lindl. (Apiaceae) W Tanacetum argyrophyllum
(C. Koch) Tzvelev (Asteraceae) pnijutiph bLphkpuynintph (68) hwljwuwbptuyhtt m
hwljwopuhnubnuwhtt wjnhynipniiup, huyybu bwh wqnpkgnipyub JEuuwphdhwlwt
Ukjuwtthquikpp hswbu hwluphnunhl-qquynt, wjbwbu b Yuymb Escherichia coli
onwdutiph utjundwdp:

Gptpuynintph phdhwlwt pununpnipniup nundbwuppdl)p b L-QU
dbpnnny: Zwjudwiuptughtt wijnhdmipmiup guwhwnyl)] £ ujujuowl-nhnighnt,
wpquuwluyhtt Uhipnunupugdwi, LUY npnodwl, hywtu hwh puljnbkphwibtph wsh
Yhutnhuwgh b qunnipurwpugdui ntbwlnipjut (FUU) dkpnnutpny: Zuljwphnunhy-
Unnnijugng wnhynipmnitt nuunidbwuppdly B U b GYUYQ (FICI) gniguithoubph
hpdwt Jpu: Ykbuwphuhwlub  dkjwbhqlibpt munidbwuppdl; &b npnobjm]
puunbphwibph  ghunuwjuquuyhtt  punubph H*-hnupbpp, FoFi-UBd-mquyjht
wlnhynipiniup, UOY-h b juwnwjugh wljnpynipmniip, UGU-h dwuljupguyp (TBARS
phuwm), 2502 (DPPH) mquun nunhluutiph skqnpugdwt wjnhynipnilip, huyyhu htwlb
wpwpeowihtt  pH-h U opupnw-ybpwlwbqunnuljutt  wnunbkughwh (O91)
thnthnpunipniubpp:

T. argyrophyllum-h tptpuyninh @R-QU ytpnisnipnitp gnyg mykg, np wy
wunjuinud t Ejwhywnni-judbnpughtt pidninhyht, npuntn 1,8-ghutnp (35.0%),
Juddnnp (24.0%) b Juddkup (17.0%) Juqunid Eu punhwinmp Juquh gnipe 76%-p: P.
ferulacea-h B8 tpp (T4%) ghipuquigkg gpujwinipjudp hwjntth ponp gniguwthoubpp,
hisp Juuynud t Zujwuwnwih wjju) pniuwwphiwphugpuju ppowth Yihdugulju
wuydwbbph pupbuyuun wgnbgnipjut dwupb:
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Pnnp nuunidbwuhpqus bpkpuyninkpt k) gnigupbpl) B hwjudwiupkugh
wlinhympmit 125-100 uyg/d] LU wpdtpubpny: Udbbwpuyh  wqpbgnippub
uyknpt wpdwiuwqpyty t 7. argyrophyllum-h W P. graveolens-h ©8-h nhupnu,
ubpunjw] Fpud-npuljut, Ypud-puguuwluit punbtphwttp b jpdnpuwutlybp: 7.
argyrophyllum-h ©8-u &upk) Lt E coli K-12 1 E. coli pARG-25 swmuwdukph w&h
nbuwjupup wpugnipniup hwdwywnwuppwtwpwp 1.6 b 1.5 wbqud, tpljupugpbyp
E pwg-thnyp 63% b 52%-ny, huywyhku twb uduqkgpl] L qunnipunwewugdut
niwlynipiniup “30%-ny Eplnt onwdubinnud ty: 70 argyrophyllum-h ©3-u gniguphnl k
wpiuwhwynjws hwljuphnnhl-unnyniyugunny wijnhynipnit jubtwdhghth juynia £
coli pARG-25 snulh hwinby 4 wiquu iuqkgibim] hufwphnnhyh LUY-u (US
(MF)=4, 4U4YQ (FICI)=0.54, uputpghunnului thnjpwqnptgnipni): Uduyhghihth
tjuundwdp dnpniugunn wqpbgnipnit sh wpdwbwgpyl), hisp gnyg bt wnmwhu
wuhtunghnqhnquyhtt = hwlwphnunhlutph  Bubpqu-Juhygu;  tbppwhwibgdub
dbkhwuhquh Yuplnp gipp: YEkbuwphdhwlwt ntumdbwuhpnipniibpp wqupgb) B,
np T. argyrophyllum-h ©8-u £upnid k FoF1-UGd-wquhtt wljinhynipniut £ coi K-12-nd
71.6 whqu, E. coli pARG-25-mid 71.5 wmiqud, hisytku twl 28U Y-qquunitt H-hnuptph
hnbiupympmit h gnyg nukny Fo-kupudhwynph $niulghniwy &uonud: FHNZ
(DPPH)pliunnnud  ICso  Juqubg 19.4+2.5 dlj/d), hisp  dyuynud £ pupdp
hwjwopuhnutnnwyhtt wjunnhynipjut dwuhti: TBARS phuninwd E. coli pARG-25 Juyniu
ounudnid UGU-h (MDA) dwljupnult m&k) Ep 49.88%-n1 (A1=50.22+0.71%), husp gnig
tE wmwjhu (hywhnuyhtt  ghpopuphnugdwt  huwnbuupdugnid  hwljuphninhl-Juyni
pohoutinnid: UO}-h (SOD) wjunnhynipmitit wdk) b £ coli K-12-mud “24%-ny, E. coli
PARG-25-nid 798%-ny, juwnwjughup hwduwwywwnwupiwbwpwn tjugk) tp 33.6%-ng b
wdlk]  177%-nY, huyp Jyuynud L onwd-uybghdhl] phpnpu-wnuuyunwughnt
Ukjumuhquubph dwuhti: OYN-h (ORP) nhuwdhy Ybpnidnipniut wmywgnigkg, np 68-u
htinwdgnud E  pEpnpu-wijnhy  thnyh  dAbwynpodt i gupmd puljnbphuy
ympuhnuwbwlmpmip gpubnpiny pulnkphwununhl pingp:

Uwnwugyud wpmyniupubpp gnyg b nwhu, np 72 argyrophyllum-h 68-p gnpdnud
E npybu puquudbjuwihqd  hwudwbptught gnpént’ hwdwnbn  uwpuptng
poowpunuuph $niuljghniw wdpnnowljuinipniup, FoFi-UBd-mquyht hwdwljupgp,
wpnunbuwght hnuptpp b nhgnpu-hndbnunwgqp, ptgh wyuwhnyniud k ny dhuy ninnuyh
hwljwdwuptwjhtt wqpkgnipnil, wyp bwb widhunghinghnuhtt hwljwphnnplubph
wpnitwdbnnipjutt pupdpugnid: Unwgjus wpnniupubpp upungpnud o 7
argyrophyllum-h W P. graveolens-h ©8-tph Yhpwpwlwl ubpmid’ hwlwphninhl-
jumibimpub pbd mpynyus ptwljub Swquwb phpuylnhly dhengubph dowljdwi
njnpunu:
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Maprapsin Jycune IOpbepHa
PE3IOME

BUOXUMHUYECKUE MEXAHU3MBI JIEVNCTBUSA Y®UPHBIX MACEJI
HEKOTOPBIX JIEKAPCTBEHHBIX PACTEHUM, YIIOMAHYTHIX B
APMSIHCKHUX CPEJHEBEKOBBIX PYKOIIUCAX

KiwueBble  cioBa: sbupHbie  Macna, Tanacetum — argyrophyllum, anTuMuKpoOHast
akTUBHOCTb, FoFi-AT®aza, aHTHOMOTHK-MOLYIMPYIOIas aKTUBHOCTb, OKUCIIUTENIbHBIN
ctpecc, Escherichia coli, aHTHOMOTHKOPE3UCTEHTHOCTb.

I'mobanpHOE pacnpocTpaHeHHe aHTUOMOTUKOPE3UCTEHTHOCTH OakTepuil U aeduiur
(G (EeKTUBHBIX ~aHTUMHKPOOHBIX CPEJICTB  ONPEACIIIOT  aKTyalbHOCTh  W3YUCHHS
OMOJIOTMYECKH  AKTHBHBIX  BEINECTB IPHUPOJHOrO  IPOUCXOXIEeHUs. Teppuropus
PecnyOnkn Apmenusi, HacuuThiBatolias 6osiee 3600 BUIOB pacTeHUH, SBJISETCS LIEHHBIM,
HO MaJIOW3y4YEeHHBIM HCTOYHHKOM OMOJIOTHYECKH aKTHBHBIX coeanHeHUH. Llenpio maHHOM
JIICCEPTAMOHHON PaboThl ObUIO M3yueHUE OHOJNOTMYECKU aKTUBHBIX CBOHCTB Achillea
filipendulina Lam. (Asteraceae), Pelargonium graveolens L'Hér. (Geraniaceae), Prangos
ferulacea (L.) Lindl. (Apiacea) u Tanacetum argyrophyllum (C. Koch) Tzvel. (Asteraceae),
MPOU3PACTAIOLINX B APMEHUH, aHTUMUKPOOHAsI U aHTHOKCHAAHTHAsI aKTHBHOCTb 3(PUPHBIX
Macen (OM) 3THX pacTeHHWil, a Takke OHOXMMHUYECKHE MEXaHHM3Mbl MX JCHUCTBHS Ha
qyBCTBUTENBHBIC U PE3UCTEHTHBIE K AaHTHOMOTHKAM IITaMMEI E. coli.

Xumuueckuit cocraB OM Obu1 m3yueH MeronoM I'X-MC. AHTUMHKpOOHas
AaKTHBHOCTb  OLIEHMBAJach METOAAMM  JUCKOBOH  auddy3uu, MHUKpOpas3BeICHUS,
onpenenenust MUK, a Taxke MeTogaMu KHHETHKH pocTa OakTepuii 1 KoJoHHeoOpasyromiei
cnocobHoctn (KOE). AHTHOMOTHKO-MOAynupyiolias akTUBHOCTh OblIa H3ydeHa Ha
ocHoBanuu nokazareneit (M®) MF u UOUK (FICI), OunoxuMmudeckne MEXaHU3MBI - IIyTeM
onpeneneHust morokoB H nuroruiazmaruyeckoit MemOpanbl OakTepuii, akTUBHOCTH FoF:-
AT®-a3p1, axtuBHocth COJI wu karamaszel, ypoBus MJIA (trect TBARS),
cBOOOHOpanuKanbHOU HelTpamm3yromeld aktuBHocTH J DI, a Takke wW3MEeHEHUH
BHeKseToyHoro pH 1 okucnuTelnsHO-BoccTaHOBUTENbHOTO NIoTeHnuana (OBIT).

Anamuz OM T. argyrophyllum meromom I'X-MC mnoka3zai, 4TO OHO OTHOCHTCS K
IBKAJIMIITO-KaM(pOpPHOMY XeMoTHIy, rae 1,8-nuneon (35,0%), kamdopa (24,0%) u kambpen
(17,0%) cocraBnstoT okoyio 76% ot obrmiero cocraBa. Beixoq OM P. ferulacea (~4%)
IIPEBBICUJ BCE M3BECTHBIE B JIUTEpaType IOKa3aTeld, 4YTO CBHUJIETEIbCTBYET O
GJIarONPHUATHOM BIMSHUY KINMATHYECKUX YCIOBUH 3TOr0 puToreorpaduyeckoro pernoHa
ApmeHuu.

Bce uccrenoBannbie OM NposIBUIM aHTUMUKPOOHYHO aKTUBHOCTh CO 3HAYCHHUSIMU
MUK 12,5-100 mxr/mi1. Camblil mupokuit ciektp 6b11 ot™MedeH 1t OM T argyrophyllum
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u P. graveolens, BKIOYas TpaMIIONOXKHUTEIbHBIC, IPAMOTPHUIATENBHbIC OaKTePHU H
npoxku. OM T. argyrophyllum noaaBuio yaenbHy CKOPOCTh pocta mTaMMoB E. coli K-
12 u E. coli pARG-25 B 1,6 u 1,5 pa3a cooTBeTCTBEHHO, YAIHHIIO Jar-Gaszy Ha 63 u 52 %,
a TaloKe CHU3MIIO KOJIOHHE00pa3yollyto ciocoOHocTh Ha ~30 % y oboux mTamMmoB. OM T.
argyrophyllum TpPOSIBUIO BBIPAKCHHYI aHTHOMOTHKOMOYJIHMPYIOIIYI0 aKTUBHOCTh B
OTHOIIICHUH KaHAMHIUH-PE3UCTEHTHOro ImTamma FE. coli pARG-25, cumxas MUK
anTuOnoTka B 4 paza (M® = 4, (MOUK) = 0,54, cuHepruueckoe B3aUMOJICHCTBUE).
Mopynupyromero OeHCTBUS B OTHOIICHWH AaMIMIWUINHA He 3a(UKCHPOBAaHO, YTO
yKa3blBa€T Ha BaXHYI0 pOJb JHEPrO3aBUCHMOTO MEXaHHW3Ma NPOHHUKHOBEHHS
aMHUHOTJIMKO3UIHBIX aHTHOUOTHKOB.

Buoxumuueckue uccnenoBanus nokasanu, 4ro OM T. argyrophyllum nonaensiet
akTUBHOCTH FoFi1-AT®a3s1 y mtamma E. coli K-12 ~1,6 pasa, ay. mramma E. coli pARG-25
~1,5 pasa, a takxe uHreHcuBHOCTh JILIK/I-uyBcTBUTENBHBIX H-IOTOKOB, 4TO yKa3bIBaeT
Ha (yHKIMOHANEHOe noaaBieHne Fo-cyopenuanisl. B [JOII-Tecte ICso cocTaBuma 19,4 +
2,5 MKJI/MII, YTO CBHUIETEIbCTBYET O BBICOKOIl aHTHOKCHJIAHTHOH akTHBHOCTH. B Tecte
TBARS yposens MJIA B pezucteHTHOM mTamme E. coli pARG-25 yBennumics Ha 49,88%
(AI=50,22+0,71%), 94TO CBUIETEIBCTBYET 00 yCUIICHUH IIEPEKUCHOTO OKHCIICHHS JIUITHIOB
B aHTUOMOTHUK-PE3UCTEHTHBIX KiIeTKaX. AkTUBHOCTh COJl yBenuuuiack B mramme E. coli
K-12 Ha ~24%, B mramme E.coli pARG-25 nHa ~98%, xaranasa cHusminace Ha 33,6% u
yBenuumiach Ha 177% COOTBETCTBEHHO, 4YTO YyKa3blBaeT Ha INTaMM- CHEHU(DHIHBIC
MEXaHU3Mbl pefokc-agantanuy. Junamuueckuit ananmu3 OBII mokaszan, uyro OM
3ajepkuBacT 00pa3oBaHME PEAOKC-aKTUBHOW (pa3bl M MOJABISET OaKTEepHUaIbHBIH
MeTabO0IH3M, MPOSIBIISIS OAKTEPHOCTATHIECKUI XapaKkTep.

IMonyueHHsle pe3yabTaThl MOKA3bIBAIOT, uTo OM T. argyrophyllum neiicTByer kax
KOMOMHUPOBAHHBIH aHTUMHKPOOHBIN (hakTop, COBMECTHO Hapymas (QpyHKIHOHAJIBHYIO
LENOCTHOCTh KJIETOYHOH MeMOpaHbl, cucteMy FoFi-AT®d-a3pl, IPOTOHHBIE IIOTOKH M
OKHCJIMTEJIbHO-BOCCTAHOBUTEIIbHEIN roMeocTas, 4To O6CCHG‘II/IB8.CT HC TOJIBKO IIPsIMOC
aHTUMHKpOOHOE JeiicTBHEe, HO W MOBBIIIEHHE J(PPEKTUBHOCTH aMHUHOTIMKO3UIHBIX
aHTHOMOTHKOB. [loNydYeHHBIE pe3yJIbTAThl TMO3BOJSIIOT — MPEAINOJIOKUTH  OTEHIIAAI
npumenenuss OM T. argyrophyllum w P. graveolens mipu pa3paboTKe NPUPOIHBIX
BCIIOMOTATENbHBIX TEPANEeBTHUECKUX CPENCTB MPH aHTHOMOTHKOPE3UCTEHTHOCTH.
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