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Abstract. Relevance. Urinary tract infections pose a growing threat to humanity due to the rise of antibiotic resistance in
uropathogens. Exploring natural sources for alternative treatments has become a prominent approach. The aim of the research
was to investigate the antibacterial effects of clove (Syzygium aromaticum L.) against uropathogenic Escherichia coli (E. coli).
Materials and Methods. The research was performed on three clinical multidrug-resistant uropathogenic E. coli isolates and E. coli
ATCC 25922. Clove hydroalcoholic extract was obtained by cold maceration technique. To evaluate the antibacterial activity
of the extract, agar well diffusion method was performed. Minimum inhibitory and minimum bactericidal concentrations of the
extract were determined by microbroth dilution method. Light microscopy was used to investigate morphological changes in
uropathogenic E. coli after exposure to clove extract. Checkerboard assay was used to assess synergism between clove extract and
antibiotics. All obtained data were statistically processed. Results and Discussion. In well diffusion method, bacterial responses to
clove extract were concentration-dependent with inhibition zone diameter of 7-10/10—-15 mm for uropathogenic strains and E. coli
ATCC 25922, respectively. Minimum inhibitory and minimum bactericidal concentrations of clove extract against uropathogenic
strains were 25 mg/mL. The extract showed a lower minimum inhibitory concentration against E. coli ATCC 25922 (6.25 mg/mL)
with minimum bactericidal concentration being 25 mg/mL. Minimum inhibitory and minimum bactericidal concentrations
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ratio showed that clove extract tends to be bactericidal agent. Synergy test revealed that the combination of clove extract and
nitrofurantoin or ciprofloxacin resulted in no interaction. However, minimum inhibitory concentrations of all tested agents in
combinations exhibited varying degrees of decrease. Incubation of uropathogenic strains with the extract transformed them to
unstable spherical L-form in percentage of 96-99 %. Conclusion. This study highlights clove as a potential natural antibacterial
agent against multidrug-resistant uropathogenic E. coli, warranting further investigations into its antibacterial properties.

Key words: clove, Syzygium aromaticum, urinary tract infections, uropathogenic Escherichia coli, phytochemicals,
antibacterial agent, antibiotic resistance
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Introduction

Since ancient times, spices have represented an
essential part of traditional medicine for their prominent
therapeutic properties. Among spices, clove stands out
as a highly effective medicinal plant that has advan-
tages over others [1], especially in terms of the high
content of polyphenols and antioxidant compounds [2].
The scientific name of clove is Syzygium aromaticum
L. and it belongs to the family Mirtaceae [3]. Cloves
grow as medium-sized evergreen trees that are native
to eastern Indonesia [4]. The dried flower buds are
the commercial part of clove trees and can be used
mainly in three forms: ground spice, whole buds and
essential oil. Particularly, clove essential oil is the most
commonly used form with a wide range of documented
therapeutic effects [5]. Clove is traditionally used in
many health conditions, including toothache, dental
infections, burns, wounds, nausea, vomiting, bloating,
disorders of the stomach, intestines and liver, nerves
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stimulation, food preservation and as an insecticide in
agriculture [1, 3]. As per studies, several pharmacologi-
cal activities of clove have already been validated, such
as antibacterial, antifungal, antiprotozoal, antiviral, an-
algesic, antispasmodic, antioxidant, anti-inflammatory,
antidiabetic, antidepressant, antiulcer, antithrombotic,
antinociceptive, among others [3].

In microbiology, clove represents a substantial and
promising antimicrobial agent as its efficacy against
many pathogenic microorganisms has been intensively
reported [6—-11]. Moreover, in some countries clove is
widely used to tackle malaria, scabies, tuberculosis,
cholera, food-borne pathogens, worms, candida and
viruses [12]. Many research have shown clove to be
a highly effective antibacterial agent against many
gram-negative and positive bacteria [3].

From the phytochemical point of view, clove contains
a broad spectrum of active compounds to which its immense
pharmacological activities are attributed. Clove is considered
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one of the richest plant sources of phenolic compounds, such
as flavonoids (e.g., kaempferol and quercetin), phenolic acids
(e.g., gallic, hydroxybenzoic, hydroxycinnamic, ellagic,
caffeic, ferulic, and salicylic acids) and tannins. Eugenol
is the most abundant bioactive compound found in clove
essential oil, other compounds in lower concentrations are
eugenol acetate, carvacrol, thymol, cinnamaldehyde, o-hu-
mulene, 3-cariofileno, B-pinene, limonene, benzaldehyde,
farnesol and ethyl hexanoate [1, 3, 5].

Urinary tract infections (UTIs) are one of the most
prevalent infections with significant mortality, morbidity
and recurrence rate. The extensive use of antibiotics
and the lack of clinical investigations have emerged
in high resistance among uropathogens. Consequently,
UTIs are a worrisome burden that significantly affects
the quality of life, of individuals and societies alike.
Among uropathogens, uropathogenic Escherichia coli
(UPEC) are the most prevalent in hospitals and commu-
nity with multidrug-resistance (MDR) being extensively
reported [13]. The problem of antibiotic resistance is
emerging alarmingly on a global level. Conventional
antibiotics gradually lose their effectiveness and annually
many patients die because of the exhaustion of antibiotic
treatment options [14]. This issue is of keen interest
to researchers and new approaches are being actively
developed to treat resistant bacteria and to prevent the
development of resistance [15]. Recently, medicinal
plants are being intensively studied by researchers all
over the world as they present promising natural alter-
natives to conventional antibiotics. Many plants have
been validated to possess a potent antibacterial activity
against a wide range of bacterial species, including MDR
strains [16]. Searching two of major databases (Science
Direct and Google scholar), we found few research on
the antibacterial activity of clove against UPEC, thus
this in vitro study aimed to investigate the antibacterial
potential of clove extract against MDR-UPEC.

Materials and methods

Bacterial strains and inoculums preparation
The research was performed on three clinical
MDR-UPEC isolates (UPEC 1, 2 and 3) and one refer-
ence strain E. coli ATCC 25922. Bacteria were provided
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by the laboratory of the department of microbiology
named after V.S. Kiktenko, RUDN University, Moscow.
UPEC strains utilized in this study were obtained from
urine samples collected from patients (children aged
9 months to 18 years old) diagnosed with symptomat-
ic UTIs, which were confirmed through laboratory
testing. Bacteria were isolated and identified at the
laboratory of the Russian Children’s Clinical Hospi-
tal. All UPEC strains were resistant to tetracyclines,
ceftazidime/ clavulanic acid, ceftazidime, ceftriaxone,
trimethoprim and ampicillin. UPEC 3 were additionally
resistant to ciprofloxacin and imipenem.

For inoculums preparation, bacteria were cul-
tured overnight in BHIB (Brain Heart Infusion Broth)
(HIMEDIA®, Ref 173-500G) for 16-18 h at 37 °C,
aerobically. Afterwards, the cultures were centrifuged
(for 10 minutes at 3000 RPM in Eppendorf Centrifuge
5415 R), washed twice with phosphate buffer saline
(PBS) and resuspended in NaCl (0.9 %). Finally, the
turbidity of inoculums was adjusted photometrically
to equal that of 0.5 McFarland standard.

Plant material and extraction

Dried clove buds (Russian Grocery Company “Indi-
ana”, Shchelkovo, Russia) were obtained from a supermar-
ket in Moscow. To prepare a hydroalcoholic clove extract,
cold maceration technique [17] was carried out as follows.
Clove buds were first grinded to fine particles using elec-
tric blender after which they were placed in a flask with
the addition of 80 % ethanol in a sample/solvent ratio
of 1/10 (w/v). The flask was tightly closed to prevent
evaporation and incubated with shaking (300 RPM), at
22 °C for 24h. Afterwards, the extract was filtered thrice
by vacuum filtration (using Whatman filter paper Ne 1),
then the filtrate was evaporated in rotary evaporator (IKA
Werke, Staufen, Germany) at 40 °C. The obtained crude
extract was in form of dark brown semisolid mass. Extract
was stored in darkness at 4 °C.

Agar well diffusion method
Agar well diffusion method was performed to investi-
gate the antibacterial effect of clove extract, as previously
described [18]. Briefly, Muller Hinton Agar (MHA) (HI-
MEDIA®, Ref 173-500G) plates were seeded with fresh
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bacterial inoculums, then cork borer (4 mm) was used to
made wells in agar. Afterwards, 45 pL of clove extract were
added into the wells in the following concentrations: 25, 50,
100 and 200 mg/mL in dimethyl sulfoxide (DMSO, VWR
International LL.C, USA) (10 % v/v in dH20). DMSO
(10 %) was added alone as a negative control. Plates were
let to stand for 30 minutes until fully distribution of the
extracts, and then incubated for 24 h at 37 °C. Following
respective incubation period, diameters of inhibition zones
were measured in mm.

Quantitative antibacterial assay

Quantitative antibacterial assay of clove extract
was performed by determining minimum inhibitory
concentrations (MICs) and minimum bactericidal
concentrations (MBCs) using previously described
microdilution method [19]. Briefly, in a sterile U-bottom
96-well microplates serial twofold dilutions of clove
extract were made in BHIB, followed by inoculation the
wells with respective bacteria. Serial dilutions of 10 %
DMSO served as negative control and all used solution
except bacteria were included as sterility control. Plates
were then incubated for 24 h at 37 °C. The lowest con-
centration that resulted in no visible bacterial growth
was considered MIC. Further, all wells > MIC were
subcultured on MHA plates and incubated for 24 h at
37 °C. The lowest concentration with no growth on agar
plates were evaluated as MBC. To determine whether
the antibacterial effect of clove extract is rather bacteri-
cidal or bacteriostatic, MBC/MIC ratio was calculated
for each strain. Values < 4 indicate bactericidal effect
whereas values > 4 indicates bacteriostatic effect [20].

Morphology

Light microscopy was used to investigate any morpho-
logical changes in general shape of UPEC after exposure to
clove extract. Standardized concentrations (OD492 = 0.05)
of overnight cultures were incubated with the extract at a fi-
nal concentration of MIC/2 in BHIB for 24 hours at 37 °C,
after which cultures were washed twice and resuspended in
PBS. Finally, bacteria were simple stained with crystal violet
1 % and observed under a light microscope at 1,000x. In
each sample, 100 random cells in random fields of view were
observed. Control cultures consisted of bacteria incubated
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with 10 % DMSO. To investigate whither the morpholog-
ical changes will persist in the 1% generation in absence of
the extract, a subculturing in BHIB was performed and
bacteria were observed as previously described. Images
were obtained by Levenhuk M300 Base Digital Camera
and Levenhuk ToupView (3.7.6273) software.

Checkerboard assay

To assess synergism between clove extract and
antibiotics, checkerboard assay was performed [21].
Nitrofurantoin and ciprofloxacin (Sigma-Aldrich) were
the tested antibiotics, and their MICs were firstly de-
termined as described for clove extract. UPEC isolates
were subjected to the assay. Briefly, 77 combinations of
the tested agents were prepared in 96-microplates and
inoculated with bacterial inoculum. Final plate setting
is shown in Figure 1. Control plates (background plates)
contained the same solutions except bacteria. Plates
then were incubated at 37 °C for 20 h. The next day,
wells were mixed, and optical density (OD) was read in
a microplate reader at 492 nm. The mean of three reads
was obtained and the percentage of bacterial growth
was calculated as follows:

The lowest concentration that inhibited the bacterial
growth by more than 80 % was considered as MIC. Data
obtained from checkerboard method were further ana-
lyzed by Loewe additivity-based model [22]. This model
is a nonparametric approach commonly used to define
the theoretical additive effects based on the fractional
inhibitory concentration index (FICI). First, XFIC for each
MIC was calculated as follows: ZFIC =FIC (antibiotic) +
FIC (plant extract); FIC (antibiotic) =MIC of antibiotic
in combination/ MIC of antibiotic alone, and so for FIC
(plant extract). In each plate, the lowest ZFIC (ZFIC__ )
when the highest ZFIC (ZFIC_ ) is smaller than 4 was
considered as FICI. As all obtained XFICs were lower
than 4, ZFIC__ always expressed FICI. Results were then
interpreted in accordance with the following criteria:
synergy (FICI < 0.5), no interaction (0.5 < FICI < 4) or
antagonism (FICI > 4).
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Fig. 1. Checkerboard final microplates setting [21].

Statistical analysis

All trials were performed separately in triplicate.
Three repeats for each tested case were included in each
experiment. The obtained data were reported as the
mean of all trials + standard deviation (SD). Synergy
assay was modeled using the Loewe additivity-based
approach. Excel 2019 and XLSTAT 2023 were used to
analyze data, calculate means and SD.

Results and discussion

Well diffusion

Well diffusion method was used to investigate the
antibacterial activity of clove extract against E. coli
strains. Clove extract exhibited antibacterial activity
against all tested strains in a concentration dependent
manner (Table 1, Fig. 2). UPEC isolates were sensitive
only to the 100 and 200 mg/mL concentrations with
inhibition diameters of 7—10 mm, while the lower
two concentrations (25 and 50 mg/mL) resulted in no
inhibition zone. In contrast, the standard strain E. coli
ATCC 25922 showed sensitivity to all extract concen-
trations with diameters of 10—-15 mm, which is quietly
predictable. The correlation between antimicrobial
effect and the concentration of plant extract is reported
in literature [23]. Generally, our findings support those
reported for clove extracts and essential oil against
many pathogens. For example, an inhibition diame-
ter of 16-20 mm was reported for clove essential oil
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H, and H, present the tested antibacterial agents

(10 pL/disc) against gram negative and positive bac-
teria, including E. coli, Salmonella spp, P. aeruginosa,
Streptococcus group D and S. aureus [24]. In another
study, clove ethanolic extract showed a significant
antibacterial activity against high level gentamicin
resistant enterococci, with a dimeter of 25-26 mm, by
well diffusion method [25]. Similarly, clove aqueous
and ethanolic extract resulted in inhibition zones of
12.2-25.2 mm against many pathogens, such as E. coli,
Vibrio parahaemolyticus, P. aeruginosa, Salmonella
enteritidis, Bacillus cereus, S. aureus and Candida
albicans [23]. Thus, here we confirm the potency of
clove as antibacterial agent against MDR-UPEC.

In this study, we did not analyze the phytochem-
ical composition of clove extract to identify possible
active compounds, but we present a theoretical con-
cept based on a similar work. In their phytochemical
analyses, Rosarior et al. [26] revealed that the major
constituents of clove ethanolic extract were phenolic
compounds, mainly eugenol, kaempferol, gallic acid
and catechin. As per studies, phenolic compounds
are well known for their antibacterial activity
against a wide range of bacterial pathogens [27-29].
Moreover, it is proposed that phenolic compounds,
especially kaempferol, possess a synergistic effect
with eugenol, which results in enhanced antibacterial
activity of extracts containing this combination [26].
Hence, the antibacterial activity we observed for
clove extract could be attributed mainly to the rich
phenolic content of this plant.
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Diameters of inhibition zones (in mm) for clove extract against E. coli strains

Table 1

Clove extract (mg/mL)

Strains
25 50 100 200
UPEC 1 0x0.0 0x0.0 7+0.8 9+0.0
UPEC 2 0+0.0 0+0.0 7+0.0 85105
UPEC 3 000 0x+0.0 7+0.6 10+0.0
E. coli ATCC 25922 10+0.6 11+0.8 12+0.0 15+£0.3

Note: UPEC — uropathogenic E. coli.

Fig. 2. Inhibition zones of clove extract against E. coli strains. Extract concentrations: 25 (1), 50 (2), 100 (3) and 200 mg/mL (4).
DMSO 10 %: negative control. UPEC: uropathogenic E. coli
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Quantitative antibacterial assay

Antibacterial activity of clove extract was as-
sessed quantitatively by determining MICs and MBCs
(Table 2). MIC of clove extract against UPECs was
25 mg/mL and the same concentration resulted in no
growth on agar plates which indicates the MBC to
be also 25 mg/mL. The extract showed a lower MIC
against E. coli ATCC 25922 (6.25 mg/mL), while the
MBC for this strain was 25 mg/mL. These results are
in correlation with those of well diffusion method, as
UPECs showed quite similar sensitivity to the extract,
while the reference train was the most sensitive to all
tested concentrations. Similar MIC (25 mg/mL) was

reported for clove ethanolic extract against E. coli,
while the aqueous extract had a MIC of 50 mg/mL [23].
However, it is well known that many factors affect the
content of antibacterial compounds in plant extracts,
this includes the extraction method and the type of sol-
vent, which in turn results in such differences between
various extracts of the same plant [30,31]. MBC/MIC
ratio is a commonly used indicator of the antibacterial
nature as it gives an idea whether the agent tends to be
bacteriostatic or bactericidal [20]. Here, clove extract
has been shown to be bactericidal agent against all
tested strains, with a ratio of 1 for UPECs and 4 for
the reference strain.

Table 2
MICs and MBCs of clove extract against E. coli strains
Strains MIC (mg/mL) MBC (mg/mL) MBC/MIC ratio
UPEC 1 25+0.0 25+0.0 1
UPEC 2 25+0.0 25+0.0 1
UPEC 3 25+0.0 25+0.0 1
E. coli ATCC 25922 6.25+0.0 25+0.0 4

Note: MIC — minimum inhibitory concentration, MBC — minimum bactericidal concentration, UPEC — uropathogenic E. coli.

Morphological changes
in bacteria after exposure to clove

The capacity of clove extract to cause morpholog-
ical changes in UPEC was investigated (Fig. 3). All
tested UPEC isolates underwent morphological change
to spherical L-form in percentages of 96-99 %. Howev-
er, the 1* generations restored their walled rod-shaped
state. For control samples with DMSO, no abnormalities
were observed as they all contained normal rods. Phy-
tochemicals have been shown to cause morphological
changes in bacterial cells, such as shortness [32, 33]
or filamentation [34], probably depending on tested
bacteria and chemical nature of these compounds. The
cell wall is an essential protective structure in a bacterial
cell, giving it its shape and maintaining the integrity of
the cell. Cell wall mainly consists of peptidoglycan (PG)
which is synthesized via a well-conserved biochemical
pathway that begins in the cytosol with the synthesis of
the precursor lipid- II which is then transported out of
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the cell membrane where cell wall is finally assembled
by specialized proteins [35]. The cell wall is one of the
most important targets of antibiotics such as -lactams.
Despite the great importance of the cell wall, some
bacteria can transform into L-form; a wall-deficient
cell that possesses spherical or pleomorphic shape
[36]. This transformation is usually induced by cell
wall-targeting antimicrobials or innate immune effectors
such as lysozyme, thus considered as a resistance mech-
anism [37]. L-form bacteria can be stable or unstable,
i.e., remain L-form or revert back to original shape
after withdrawal of the inducing agent. By switching
to L-form, bacteria can resist [3-lactams, lytic bacteri-
ophages and probably innate immune response [36,
37]. Precise molecular mechanism underlying L-form
formation and its role in human infections remains
undefined and controversial [36, 38]. However, using
genome-wide transcriptome analysis of unstable L-form
E. coli, Glover et al. [39] reported an up-regulation of
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many genes with unknown function and stress pathways,
which are also found in persister cells and biofilms,
have been also over-expressed. In addition, it has been
suggested that a rigid outer membrane is essential for
L-form E. coli to survive [40].

Here, we showed that clove extract at MIC/2 was
able to cause UPEC to convert to unstable L-form.
This transformation is likely due to targeting the bac-
terial cell wall by certain substances in the extract.
Thus, bacteria have turned into L-form as a defense
mechanism to protect themselves from phytochemicals.

These observations highlight the importance of using
the extract at concentration of MIC or higher to avoid
creating resistant forms of bacteria that are difficult
to target and destroy later, especially with antibiotics
that act on the cell wall such as -lactams. In addition,
outer membrane inhibitors can be useful in this case
if companied with the extract to prevent L-form cells
from dividing and surviving. Thus, clove extract may
represent a simple and affordable way to obtain L-form
bacteria in laboratory for further characterization and
studies.

Fig. 3. Morphological changes in uropathogenic E. coli (UPEC) after exposure to clove extract. A: control (normal rods).
B: with extract (L-form spherical cells). C: 15! generation after extract withdrawal (normal rods). Magnification x1,000

Synergy test

Besides the keen interest in developing plant-based
antibacterial compounds, using medicinal plants as
resistance modifying agents is another promising
approach that emerges noticeably, as synergism be-
tween plant extracts and conventional antibiotics can
enhance the antibiotheraby and, to some extent, restore
the sensitivity or prevent the emergence of resistance.
Moreover, this approach would bring back to use old
and cheap antibiotics that are relatively no longer
effective [16, 41]. Indeed, synergism between clove
and antibiotics is already reported in literature. For
instance, water and ethanolic clove extracts exhibited
a synergistic effect with different antibiotics against
S. aureus and K. pneumoniae [42]. Eugenol, which is
the major constituent of clove essential oil, has been
shown to work synergistically with antibiotics such as
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vancomycin, ampicillin, and gentamicin [4]. Here we
evaluated the synergistic effect between clove extract
and two antibiotics from different classes of antimi-
crobial agents; nitrofurantoin and ciprofloxacin, which
are commonly used to treat UTIs [43, 44]. Results are
presented in Table 3. MICs of antibiotics alone were of
8, 64 pg/mL for nitrofurantoin and 0.5, 1024 pg/mL for
ciprofloxacin. Loewe additivity-based model revealed
that the combination of the antibiotics and clove extract
resulted in no interaction against all tested strains, with
FICI of 0.63, 0.75 for clove and nitrofurantoin and 0.63,
0.75, 1 for clove and ciprofloxacin. Regardless of FICI
interpretation, in was observed that all the MICs of anti-
microbial agents in combinations decreased in different
degrees i.e., MICs decreased by 2, 4, 8 folds for clove
and ciprofloxacin and by 2 folds for nitrofurantoin.
Thus, to some extent we can conclude that clove can
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potentiate the efficacy of these antibiotics if used in
combination. While analyzing the available literature
on synergy effects between antimicrobials, we found an
inconsistency in term of interpretation criteria of FICI
values and the agreement in the interpretation of the
FICI and other evaluation models. For example, some
studies considered a FICI of 0,5-1 as additive effect [19,
45, 46] while others considered it as indifference [47,

48]. Moreover, high variability was observed between
the interpretation of FICI and the response surface
approach (Bliss model) [22]. In general, our results
are an impetus to study the synergistic effect of clove
with antibiotics against UPEC and more investigations
with different models should be performed to assess the
agreement in the interpretation of the FICI.

Table 3
MICs of clove extract (mg/mL) and antibiotics (ug/mL), alone (A) and in combination (B), and FICI values. (SD # 0.0 for the three trials)
NIT+ Clove CIP + Clove
Strains NIT Clove CIP Clove
FICI FICI
A B A B A B A B

UPEC 1 8 4 25 6.25 0.75 0.5 0.125 25 12.5 0.75
UPEC 2 8 4 25 6.25 0.75 1024 128 25 12.5 0.63
UPEC 3 64 32 25 3.125 0.63 1024 512 25 12.5 1

Note: MIC —minimum inhibitory concentration, FICI — fractional inhibitory concentration index, NIT — nitrofurantoin, CIP — ciprofloxacin,

UPEC — uropathogenic E. coli

Conclusions

UTIs pose a significant health concern globally,
with antibiotics resistance becoming a growing problem.
As traditional antibiotics face increasing challenges in
effectively treating UTTIs, the exploration of alternative
treatments has become crucial. Medicinal plants hold
great promise as potential alternatives, with their diverse
bioactive compounds and historical use in traditional
medicine. Harnessing the therapeutic potential of me-
dicinal plants may provide new avenues for combating
UTTIs while reducing the risk of antibiotic resistance.
The results of this study highlight the promising appli-
cations of clove extract in combating MDR-UPEC. The
significant antibacterial effects observed, as evidenced
by concentration-dependent inhibition zone diameter
and minimum inhibitory and bactericidal concentrations,
indicate the effectiveness of clove extract in inhibiting
the growth of these bacteria. Moreover, the combination
of clove extract with commonly used antibiotics demon-
strated a potential synergistic effect, as evidenced by
a decrease in their minimum inhibitory concentrations.
Additionally, the incubation with clove extract resulted
in the transformation of uropathogenic strains into un-
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stable spherical L-forms. Further research is needed to
investigate the mechanism behind this transformation
and evaluate the implications for potential therapeutic
uses.

In conclusion, this in vitro study serves as a foun-
dation for more comprehensive research aimed at
identifying the active antibacterial compounds present
in clove and exploring its potential synergistic effects
with other antibiotics, which in turn will offer valuable
insights into the potential utilization of clove as a potent
antibacterial agent in clinical practice.
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AHTH6aKTepuanbHas aKTUBHOCTb 3KCTPaKTa rBO34UKH
Syzygium aromaticum L. n cuHeprusm ero aeucTeus
C aHTUOMOTUKAMM MO OTHOLLEHUIO K YPONaTOreHHbIM KULLEYHbIM
nasoykamM C MHOXXECTBEHHOMW 1IeKapCTBEHHON YCTOMUYMBOCTbIO

P. Mapyd &, A.B. EpmosiaeB , 1.B. ITogonpuropa ~, A.H. Censirua ~ , M.JI.A. M6apra

Poccuiickuii yHuBepcuTeT Jpy>KObI HApOZoB, 2. Mockea, Pocculickas dedepayus
X razanma3rouf@gmail.com

AnHoTanus. AkmyanbHocmb. VIHGEKIMY MOUYeBbIBOJSILNX ITyTeH Mpe/iCTaB/SIOT PACTYIIYI0 yrpo3y Uesl0BeueCcTBY U3-3a
pOCTa yCTOHUMBOCTH YPOIAaTOr€HOB K aHTUOMOTHKAM. V3yueHre MPUPOJHBIX UCTOUYHUKOB /IJIs1 aJIbTEPHATUBHBIX METOZIOB
JieyeHUsl CTasI0 BXKHBIM TIOX0f0M. L]eab vcciieoBaHUs 3aK/Ii0danach B U3yueHWH aHTHOAKTepUaIbHOTO JIeMCTBUS TBO3AUKA
(Syzygium aromaticum L.) TI0 OTHOIIEHHIO K yporaroreHHBM E. coli. Mamepuaibl u memodsl. ViccnenoBaHue TIPOBEIEHO Ha TPEX
KJIMHUYeCKUX U30/ISTaxX ypornaroreHHbIX E. coli ¢ MHOKeCTBEHHOM JieKapCcTBeHHOU ycToitunBocThio U E. coli ATCC 25922.
BoJHO-CNIMPTOBOM 3KCTPAKT MBO3/IMKY MOJTyYeH MeTO/[0M XOJIOAHON Mariepaluu. [/ist OLeHKU aHTHOaKTepUanbHOTo JelCTBYs
JKCTpaKTa MpUMeHsA U dy3HOHHBIN MeTo/| B arapoBbIX JIyHKaX. MUHHUMa/TbHYI0 UHTMOUPYIOIIYIO U MUHUMA/bHYIO OaKTe-
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PULIMAHYIO KOHLIEHTPALMU KCTPAKTa ONpe/esisyii MEeTO0M MUKpopa3baeseHus OyiboHa. C MOMOIIBI0 CBETOBOW MUKPOCKOITUH
nccrieioBanu Mopgosioruueckre U3MeHeH sl yporiatoreHHbIX E. coli ociie Bo3zieliCTBUsI 9KCTPaKTa rBO3AUKU. [/ OLleHKH
CHHepru3Ma MeX/ly SKCTPAKTOM IBO3/MKU M aHTUOMOTHKAMU UCTI0/IB30BaIl METOZ, 1lIaXMaTHOH 0CKU. Bce rnoyyeHHble JaHHbIE
OBITM CTaTUCTHUECKH 00paboTaHbl. Pe3yabmambl u 06cysicdeHue. T1py MCI0OIb30BaHUY AU (Y3HOHHOTO METOAA B arapoBBIX
JIYHKax [IelCTBYe IKCTPAKTa Ha OaKTepUH 3aBUCEJI0 OT ero KOHLIEHTPALMH TIPY IMaMeTpe 30HbI 33/1ep>KKu pocta 7—10/10-15 MM
II7Is yporaToreHHbIX mtammoB U E. coli ATCC 25922, cooTBeTcTBeHHO. MUHHUMA/TBbHYO MHTHOVPYIOIYI0 1 MUHUMA/IbHYIO
HaKTepULMHYIO KOHLIEHTPALMK KCTPAKTa BO3ZMKH 110 OTHOIIEHUIO K YPOIaTOreHHBIM IITaMMaM COCTaBJIsiia 25 MI/MIL.
OKCTpakT noKasan Hosiee HU3KYI0 MUHUMAJIBHYIO HHTHOUPYIOLIYI0 KoHLeHTpaLuto Ha E. coli ATCC 25922 (6.25 mr/mit) ipu
MHHHMa/bHON 6akTepuIMHON KOHL|EHTpaLly, COCTaBJsoleli 25 Mr/mi. COOTHOIIeHHe MUHUMabHOW HHrHOMpyoLeit
Y MUHMMaJbHOM GaKTepULIMZAHOW KOHLIEHTPAL[MM TTOKa3asio, YTO SKCTPAKT I'BO3AUKY 00/1ajaeT GaKTePULIUIHBIM JeHCTBUEM.
TecT Ha CHEPry3M II0Ka3aJsl, YTO KOMOMHALIMS KCTPaKTa T'BO3AMKY ¥ HUITPO(YPaHTOMHA WM LUNPOo¢JIOKCalliHa He TIPUBO/H/IA
K B3auMo/eiicteuto. OfjHakKo MUHHUMa/IbHbIe MHTUOWPYIOLe KOHLIEHTPALlMK BCeX IIPOTeCTUPOBAHHbIX areHTOB B KOMOMHAIIHAX
CHWDKAJIUCh B Pa3HOM cTerneHH. VIHKyOUpOBaHKe yPOIaToreHHbIX IITAMMOB C SKCTPAaKTOM TPaHC()OPMHUPOBAJIO UX B HECTaOM/Ib-
Hy10 chepryeckyto L-dopmy B porjeHTHOM cooTHo1eHNH 96-99 %. BbigoObl. DTO HCC/eOBaHUE MT0UePKUBaeT IBO3AUKY
Kak I0TeHL{1aIbHOe TIPUPOHOe aHTHOaKTepralbHOe CPe/iCTBO M0 OTHOLIEHUIO K yporartoreHHbIM E. coli ¢ MHOXXeCTBeHHOH
JIEKapCTBEHHOU YCTOWUYMBOCTBIO, UTO TPeOyeT JanbHeHIIero u3yueHus ee aHTHOAKTePUATbHBIX CBOMCTB.

KiroueBsle c/10Ba: rBO3/MKa, Syzygium aromaticum, WHGEeKIMY MOUYeBbIBOASIIMX ITyTell, yporaToreHHble KUIIeYHble
TaJIouKy, GUTOXMMHUECKHe BelllecTBa, aHTHOaKTepranbHOe CPeJiCTBO, yCTOMUMBOCTh K aHTHOMOTHKAM

Wudopmanys o hpuHAHCHPOBAaHUH. ABTOPHI 3asIB/ISIIOT 00 OTCYTCTBUM BHeIIHEro (pMHaHCHPOBaHUSL.
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