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Background. Ampelopsis brevipedunculata (Maxim.) Trautv (AB) is recognized
for its potential in the treatment of hepatotoxic conditions, atopic dermatitis, and skin
inflammation, which may be due to the synergism of certain bioactive compounds.
The aim was to evaluate the ability of AB leaf extracts as antimicrobial agents against
Escherichia coli, Bacillus subtilis, Candida parapsilosis, and to improve the understan-
ding of the influence of polyphenols, flavonoids, hydroxycinnamic acids, carotenoids,
and chlorophylls in their composition on antimicrobial activity.

Methods. The AB leaf aqueous ethanol (AE) extracts were obtained using the
reflux condition and maceration methods. Spectrophotometric analysis was used for
the calculation of phenolic compounds, flavonoids, and hydroxycinnamic acids total
content, chlorophyll, and carotenoids content in the extracts. The antimicrobial activity
of the extracts of AB (ABEs) were assessed by the agar diffusion method.

Results. Distilled water, 20 %, 60 % AE, and 96 % E provided high extraction of
polyphenols by both methods, and 96 % E for carotenoids and chlorophylls. E. coli and
C. parapsilosis were not sensitive to the aqueous extract and the extract prepared with
20 % AE by maceration. At the same time, ABEs prepared with 60 % AE and 96 % E had
a certain inhibitory effect on E. coli and C. parapsilosis. B. subtilis was inhibited by the
aqueous extract. Correlation analysis confirmed the relationships between the studied
biological active substances and the diameter of the growth inhibition zones of the tested
cultures. Two-factor analysis of variance confirmed the reliability of the proportions of the
influence on the zones of inhibition of the studied cultures in the control and ABEs when
using the maceration method, as well as ABEs obtained when using 20 % AE.
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Conclusion. ABEs are a rich and diverse source of biochemicals that have inhibi-
tory effects against E. coli, B. subtilis, and C. parapsilosis. ABEs can be used as a rich
source of phenols, flavonoids, hydroxycinnamic acids, chlorophylls and carotenoids for
further research, and use as antimicrobial agents.

Keywords: Ampelopsis brevipedunculata, green extracts, antimicrobial activity,
biologically active substances

INTRODUCTION

Acclimatization of new plant species in Ukraine contributes to an increase in the bio-
diversity of the flora. Among the introduced plants are edible, decorative, and medicinal
ones. At the same time, under favorable climatic conditions and the absence of natural
enemies, there is a possibility of an introduced species “spreading too much” and acqui-
ring the status of invasive. Therefore, it is important to approach the introduction of new
species with caution, as well as to study the possibilities of using introduced plants for
certain economic purposes, for example, as medicinal raw plant materials. Ampelopsis
brevipedunculata (Maxim.) Trautv. (AB) is a deciduous liana, widely distributed in Asia, as
well as in the eastern part of North America, Mexico, and Guatemala, introduced in the
botanical gardens of Ukraine. In the regions of natural distribution of AB its roots, stem,
leaves, and fruits have long been used as a folk remedy with anti-inflammatory, antioxi-
dant, and antibacterial properties (Yabe et al., 1998; Wu et al., 2004; Choi et al., 2019).

Most of the scientific studies on the screening of the action of extracts and com-
pounds from AB carried out on model animal objects, cell-free and cell culture systems
have revealed their potential therapeutic effects. Evaluation of the antihepatotoxic effect
of the water-ethanol extract of the fruits of AB, which was carried out in mice, indicates
inhibition of the progression of liver damage caused by a non-lethal dose of carbon
tetrachloride (Yabe & Matsui, 2000). Studies demonstrated strong reducing power and
scavenging effects of hydroxyl radicals and 2,2-diphenyl-1-picrylhydrazyl free radicals
by the extract, while pretreatment or co-treatment of HepG2 cells with the extract of
A. brevipedunculata can significantly protect cells from H,O,-induced oxidative stress
(Wu et al., 2004).

Ethanol extract of AB in an in vivo rat fibrosis model significantly inhibited the acti-
vation and altered the morphology of hepatic stellate cells; thus it is regarded as a prom-
ising therapeutic agent for the treatment of hepatofibrosis (Yum et al., 2017).

Research has revealed the ability of ABE to prevent bone loss by inhibiting osteo-
clastogenesis in vitro and in vivo (Kim et al., 2014). Data of Choi et al. (2019) demon-
strated the pharmacological role and signaling mechanism of ABE in the regulation
of skin allergic inflammation, supporting the suggestion that it could be developed as
a potential therapeutic agent for the treatment of atopic dermatitis (Choi et al., 2019).
Oral administration of an ethanolic extract of AB rhizomes improves atopic skin der-
matitis, which could be due to the synergism of individual bioactive compounds with
potential anti-inflammatory and anti-allergic activity (Choi et al., 2019). It is believed that
ABE could be a candidate material that can be used to enhance skin immunity, health,
and beauty (Bak et al., 2023).

Our previous studies and other authors have shown that AB has excellent anti-
bacterial activity against a number of strains (Kundakovi¢ et al., 2008a; Kundakovic
et al., 2008b).
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Among the 17 compounds in the extract of AB, which has a protective effect against
several inflammatory diseases, betulin has a significant activity (Jang et al., 2018). The
anti-Alzheimer effect of ABE is due to its content of flavonoid glycosides, which was
confirmed both in vivo and in vitro (Rashed et al., 2015).

A number of studies have reported that plant-based biologically active substances
(BAS), particularly phenolic compounds, are associated with antimicrobial properties
(Martillanes et al., 2017; Teodoro et al., 2015; Liu et al., 2025). The search for antibacte-
rial and antifungal agents remains an urgent task, in particular, from plant raw materials.
The aim of this study was to determine the relationship between the concentrations of
phenolic compounds, chlorophylls, and carotenoids in prepared green extracts of AB
leaves and the antimicrobial activity of these extracts.

MATERIAL AND METHODS
The material for our study was AB leaves collected in the flowering phase.

Sample collection: The shoots of AB were obtained from Dr. Maria Skybitska, who
introduced Ampelopsis brevipedunculata (Maxim.) Trautv. in The Ivan Franko National
University of Lviv Botanical Garden. The leaves were separated from the stem, dried in
the shade, and stored in airtight boxes until use.

Sample preparation: Before preparing the extracts, the dry raw material was
ground with an electric mill (for grinding coffee beans) from Bosch to obtain powder.
The work used “green extraction”, that is, solvents (extractants) were used — water and
aqueous ethanol (AE) of various concentrations. AE extracts of the leaves were pre-
pared with 20 %, 60 % AE and 96 % E by the reflux method at 60-80 °C for 30 min and
by the maceration method — infusion in the dark at 25 °C for 14 days. Extraction was
carried out in accordance with the requirements of the State Pharmacopoeia of Ukraine:
(ratio of sample: extractant = 1:20 (mass, g/volume, mL). After cooling or infusing, each
extract was filtered through a paper filter. The ABEs thus obtained were used in the
experiment. Exposure to sunlight was avoided to prevent the loss of active components.

The total polyphenol content (TPC) in ABEs was determined according to the method
with Folin-Ciocalteu reagent as described by K. K. Chew et al. (2011) and H. V. Yavorska
et al. (2023). To measure the extinction, a ULAB 102UV (measuring range 190—-1100 nm)
was used and measured at a wavelength of 650 nm. A control sample was prepared
identically by replacing 1 mL of extract with 1 mL of bidistilled water.

The total flavonoid content (TFC) of the ABEs was determined according to the
method described by H. V. Yavorska et al. (2023).

The content of hydroxycinnamic acids (HCA) was determined by the spectropho-
tometric method (Koyro et al., 2009). The content of the sum of HCA (X) in percent (%)
was calculated in terms of caffeic or chlorogenic acid and dry raw materials accordingly.

Chlorophylls (Chl) and carotenoids (Car) were extracted with 96 % E. The optical
density of the ABEs was determined at wavelengths corresponding to the absorption
maxima of chlorophylls a and b and Car. Calculations of the Chl content in the extract
were carried out according to the formula proposed by Wintermans and de Mots (1965).

The total carotenoid content in the ABEs prepared with 96 % E was determined by
the method described in Natividad and Rafael (2014).

Bacteria: Escherichia coli (ATCC 25922), Bacillus subtilis (VKM B-408), and yeast
Candida parapsilosis (ATCC 22019 = UKM Y-73T1) were used as test cultures obtained
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from the culture museum of the Department of Microbiology of the lvan Franko National
University of Lviv. Test cultures of bacteria were grown on trypsin-soy agar (TSA), and
yeast on glucose-peptone agar (Sabureau medium) for 24 and 48 hours, respectively, in
a thermostat at a temperature of 28 £ 1 °C. Ciprofloxacin, 0.3 % (1 drop/well) was used
as a control for bacterial cultures, and fluconazole (150 mg) — for fungi.

The antimicrobial and antifungal effect of the ABEs was detected by diffusion into
a dense medium, in which 0.2 mL of aqueous and aqueous-ethanolic extract from the
wells diffused into agar. Approximately 20 mL of nutrient medium (TSA or Sabureau
agar) was poured into sterile Petri dishes. After the medium solidified, the Petri dishes
were inoculated with prepared thick suspensions standardized to 0.5 McFarland;
4-5 wells with a diameter of 6 mm were cut with a flamed drill, maximally spaced from
each other. The dishes with ABEs in the wells were placed in a thermostat at a tempera-
ture of 28 + 1 °C for one-two days, respectively (Gudz et al., 2014).

After cultivation, the diameter of the zone of inhibition (ZI) was measured with
a ruler. Extractants (20 %, 60 %, 96 % aqueous ethyl alcohol) were used as controls.

To evaluate antimicrobial activity, the criteria according to G. Cappelli & F. Mariani
(2021) were used.

Statistical analysis of the results was performed using the Microsoft Office Excel
2010 software package. The statistical program Jamovi 2.3.21 was used for correlation
analysis of the obtained data. The scales were consistent with the normal distribution.
To test the hypothesis of the relationship between the diameter of the ZI and the con-
tent of TPC, TFC, HCA, Chl, and Car, Pearson’s linear pairwise correlation was used.
Two-Way ANOVA of Excel software was used to determine the share of influence of
ABEs and cultures and extracts and extraction methods. The experiments were con-
ducted in five replicates.

RESULTS

Extracts were prepared from AB leaf powders using maceration and reflux methods
with AE concentrations of 20 %, 60 %, and 96 % in the extraction solvent. An aqueous
extract was also prepared using the reflux method.

Total phenolic, flavonoid, hydroxycinnamic acid, chlorophyll and carotenoid
contents in ABEs. The TPC of the leaf ABEs of the studied AB was determined by
the Folin—Ciocalteu method. Despite the solubility of phenolic compounds in water
and aqueous ethanol of various concentrations, the content of polyphenols in AB leaf
extracts varied within quite wide limits (Table 1). AB leaf extracts obtained by macera-
tion with 60 % AE and 96 % E showed approximately equally high TPC.

The results of the study showed that the highest concentration of total polyphenols
was found in extracts prepared with 60 % AE and 96 % E. That is, 60 % AE and 96 % E
are effective solvents for the extraction of phenolic compounds from AB leaves.

In general, distilled water, 20 %, 60 % AE, and 96 % E as extraction solvents, pro-
vided high extraction of polyphenols by the maceration and reflux methods, and they
were used further.

The TFC of the samples was estimated by the flavonoid-aluminum chloride conjuga-
tion method. Table 2 reports the results of TFC analyses of the AB leaf extracts. The esti-
mation of TFC in different samples revealed values from 11.27 +0.821022.33 £ 1.21 mg-g"
DW in quercetin equivalent, and 10.55 £ 0.52 to 28.76 + 0.53 mg-g"' DW in quercetin
equivalent for the maceration and reflux method, respectively.
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Table 1. Total polyphenol content in Ampelopsis brevipedunculata leaf extracts prepared
using different extractants and methods of extraction (M * g, n = 5)

Method of the extraction Extractant mg-g”' DW in gallic acid equivalent
20 % AE 11.70 £ 0.04
Maceration 60 % AE 17.96 £ 0.70
96 % E 19.04 + 1.09
Distilled H,0O 9.60 £ 0.01
20 % AE 7.25£0.01
Reflux
60 % AE 11.57 £ 0.38
96 % E 9.38 £ 0.03

Note: AE — aqueous ethanol; E — ethanol; DW — dry weight

Table 2. Total flavonoid content in Ampelopsis brevipedunculata leaf extracts prepared
using different extractants and methods of extraction (M £ ¢, n = 5)

Method of the extraction Extractant mg-g"' DW in quercetin equivalent
20 % AE 11.84 £ 0.76
Maceration 60 % AE 11.27 £ 0.82
96 % E 22.33+1.21
Distilled H,O 10.55 + 0.52
20 % AE 28.76 £ 0.53
Reflux
60 % AE 16.55 + 1.83
96 % E 16.73 £ 1.30

Note: AE — aqueous ethanol; E — ethanol; DW — dry weight

The values of the TFC differ by 30—-170 % depending on the extraction method and
extractant.

HCA are the most abundant phenolic compounds in plants. Their content in AB
leaves is given in Table 3.

Table 3. Total hydroxycinnamic acid contents of Ampelopsis brevipedunculata leaf extracts
prepared using different extractants and types of extraction, (M * o, n = 5)

% in terms of DW in equivalent to the

Method of the extraction Extractant - - - -
chlorogenic acid caffeic acid
20 % AE 8.63 £ 0.83 11.59 £ 0.40
Maceration 60 % AE 14.08 £ 1.18 20.76 £ 1.80
96 % E 12.18 £ 0.64 17.20 £ 0.12
H,O 9.17 £ 0.49 5.94 £ 0.10
20 % AE 12.37 £ 0.28 18.45 + 0.49
Reflux
60 % AE 18.61+1.25 2429+ 272
96 % E 15.87 £0.72 23.38 + 0.81

Note: AE — aqueous ethanol; E — ethanol; DW — dry weight
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Overall, the HCA content was lower in the aqueous extract compared to the AE
ones. The content of HCA in extracts made with 60 % AE was the highest, regardless of
the extraction method and the method of recalculation.

Table 4 presents the quantitative content of photosynthetic pigments (Chl a, Chl b,
and Car) in the ethanol extract of AB leaves. The results of total Car content in ABEs

were recorded in the range of 101.29 to 374.54 ug-g*' DW depending on the extraction
method used.

Table 4. Total content of photosynthetic pigments in ethanol extract of Ampelopsis
brevipedunculata leaves using two extraction methods, (M % o, n = 5)

. Chlorophyll a, Chlorophyll b, Carotenoids,
Method of the extraction mg-g" DW mg-g" DW ug-g”" DW
Maceration 9.92 + 0.07 2.03 +£0.06 374.54 £ 0.23
Reflux 1.13+£0.01 0.91 £0.02 101.49 £ 0.35

Note: DW — dry weight

The maceration method extracted 2—-9 times more chlorophyll than the reflux
method. Chlorophyll a content in the leaves was 1.2 or 4.9 times higher than that of
chlorophyll b, depending on the extraction method.

Antimicrobial activity of the ABEs. The antimicrobial activity of the extracts of AB
were assessed. The ABEs inhibited the growth of the tested microorganisms to varying
degrees. The antimicrobial activity of the AB leaf extracts tested against different selected
microorganisms is described in Table 5.

Table 5. Effect of Ampelopsis brevipedunculata (Maxim.) Trautv. leaf extracts on
microorganisms (well method), M £ ¢, n = 5)

Test cultures, diameter of growth inhibition zone, mm
Escherichia coli Bacillus subtilis Candida parapsilosis

Type of the extraction  Extractant

20 % AE 10.33 £ 0.47 6.33+0.27 7.33+0.27
Control 60 % AE 13.00 £ 0.71 6.67 £ 0.27 8.00 £ 0.47
96 % E 15.20 £ 0.83 8.33+0.27 12.33 £0.27

Control, ciprofloxacin, 0.3 %

(1 drop/well) 50.0 +0.70 52.23 + 0.47 -

Control, fluconazole, 150 mg

0.2 L/ well - - 41.21+6.91
20%AE  841%0.55"*  6.18+0.37 8.0 + 0.67
Maceration 60 %AE  14.83+0.84* 9.66 + 0.53"* 11.2 + 0.81**
96 % E 19.0 £ 0.84*** 15.84 £2.37**  19.64 + 0.47***
Distiled water ~ 6.76 £ 0.84  21.00 + 1.00 6.17 +0.37

20 % AE 14.66 + 1.82*** 11.04 £ 0.73*** 10.38 + 0.47**
60 % AE 14.80 + 1.48* 16.03 £ 0.73*** 13.00 + 1.23**
96 % E 1442 +0.55 13.64 £ 1.08*** 23.57 £ 1.08***
Note: AE — aqueous ethanol; E — ethanol; *p < 0.05, **p < 0.01, ***p < 0.001

Reflux
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E. coli was not sensitive to aqueous and prepared with 20 % AE extract by the
maceration method. At the same time, the extracts prepared with 60 % AE and 96 % E
had some inhibitory effect on E. coli. The aqueous extract had high inhibitory activity
against the tested B. subtilis. Other ABEs showed a much weaker effect of suppressing
the growth of B. subtilis (on the scale we used — moderate), and the solvents them-
selves did not affect it. Extracts prepared with 20 % AE and distilled water had no
inhibitory activity against the tested C. parapsilosis. At the same time, the zones of
inhibition growth of C. parapsilosis under the action of extracts made with 60 % AE and
96 % E were significantly larger than in the control with the solvents. Since controls of
extractants showed no inhibition, it proves that solvents did not act as antibacterial and
anticandidal agents. All the tested strains of microorganisms were highly sensitive to the
reference synthetic antimicrobial drugs — ciprofloxacin and fluconazole (Table 5).

To determine the relationships between the studied groups of BAS and antimicro-
bial activity, a correlation analysis was performed, the results of which are presented in
Table 6.

Table 6. Results of correlation analysis of growth inhibition zones of microorganisms with
Ampelopsis brevipedunculata (Maxim.) Trautv. biologically active substances in
extracts (n = 5)

r between the diameter of the growth inhibition zone

Escherichia coli  Bacillus subtilis ~ Candida parapsilosis
TPC -0.758
0 =
20% AE HCHA -0.667 TPC 0.607 HCHA 1.000%**
60% AE TPC -0.801 - TPC 0.750
Maceration
TPC -0.801 TFC 0.665 '.|!-FP(C;;(())§8219*
96% E TFC -0.677 Car 0.884* Car 1 600***
HCHA 0.762 HCHA 0.885 HCHA 0.671
Distilled water TFC 0.518 TFC 0.518 -
TPC -0.667
20 % AE HCCA 0.760 HT(;_C: A'?(')6§§9 HCCA -0.996**
' HCHA -0.722
TPC 0.744
60%AE  TFC-0662  CCRAOTE HCCA -0.742
Reflux HCHA -0.847 '
TPC 0.769
TFC 0.943 TFC 0.910*
HCCA 0.895* HCCA 0.843
0 -
2915 Chi b 0.681 Car 0.614
Car 0.835 HCHA -0.733
HCHA 0.885*
Note: AE — aqueous ethanol; E — ethanol; TFC — total flavonoid content; TPC — total polyphenol content;

HCHA — hydroxycinamic (chlorogenic acid); HCCA — hydroxycinamic (caffeic acid); Chl — chlorophyll;
Car — carotenoids; * p < 0.05, ** p < 0.01, *** p < 0.001
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Two-factor analysis of variance used to determine the share of the influence of
ABEs and cultures (Fig. 1) revealed that the growth inhibition zones of the studied cul-
tures are most influenced: in the controls, the cultures themselves (63.56 %, p < 0.001),
when the reflux extraction method was used — unaccounted factors (59.85 %), and
when the maceration method used — the ABEs (87.18 %, p <0.001).

XXX

90
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50
40
30
20

Share of influence, %

Control Reflux Maceration
Extraction methods

m Extracts = Bacteria and candida = Factors not taken into account

Fig. 1. The proportion of the effect of extracts and cultures on growth inhibition zones, %; * p < 0.05,
**p<0.01, ** p<0.001

Using a two-factor analysis of variance to determine the proportion of influence of
extracts and extraction methods, it was found that the growth inhibition zones of the
studied crops are most affected: when using 20% AE — extracts (62.39 %, p < 0.01);
when using 60 % AE — approximately 1:1 extracts:extraction methods and unaccounted
factors; when using 95 % AE — 41.88 extracts (Fig. 2).
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Aqueous-ethanolic and ethanolic extracts of
Ampelopsis brevipedunculata

m Extracts m Metods m Factors not taken into account

Fig. 2. The share of the influence of extracts and extraction methods on the zones of inhibition of bacterial
and candida growth, %; * p < 0.05, ** p < 0.01

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) ¢ BionoriyHi CTyaii / Studia Biologica e 2026 ¢ Tom 20 / Ne 1 e C. 83—102



PHYTOCHEMICAL AND ANTIMICROBIAL STUDIES OF AN INTRODUCED AMPELOPSIS BREVIPEDUNCULATA (MAXIM.) TRAUTV. 91

The obtained results indicate that the studied AB green extracts, having different
BAS content, had different effects on microorganisms.

The studied A. brevipedunculata, under the cultural conditions of the Botanical
Garden, is characterized by high shoot-forming ability, bears fruit annually, and its seeds
are normally developed. The shoots are rarely frost-hardy and can grow up to 4-5 m.
That is, it is possible to obtain a sufficient amount of raw materials for use annually.

DISCUSSION

The increased search for alternative antimicrobial agents from natural sources,
especially from plants, has also been prompted by reports of hepatotoxic and carcino-
genic effects of synthetic antimicrobials (synthetic antioxidants) (Mavrommatis et al.,
2021; Yueha et al., 2014; Kyriakidis et al., 2016). Medicinal plants (MPs) represent
a huge resource for new drugs to combat bacterial and fungal diseases. MP research
has usually focused on the study of plant extracts. Standard antimicrobial studies
involve the extraction of the MP in a suitable solvent followed by the analysis of this
crude extract against a specific pathogen using standard methods. The antimicrobial
plants’ compounds may inhibit bacteria by a different mechanism than the presently
used synthetic antibiotics and may have preventive or clinical value in the treatment
of resistant microbial strains (Eloff et al., 1998). It can be considered proven that if the
extraction is intended to screen plants for antimicrobial components, the influence of
the extractant is not important (but the extractant should not interfere with the bioassay
procedure), and the choice of solvent also depends on what the extract is intended for
(Eloff et al., 1998). The use of green solvents for the production of plant extracts with
pharmacological activity has a number of advantages — above all, safety and efficiency.

According to previous reports (Wagner & Ulrich-Merzenich, 2009), the potentiation of
the antimicrobial activity by a natural product can be achieved by different mechanisms.
Synergistic effects can be produced if the constituents of an extract affect different tar-
gets or interact with one another in order to improve the solubility and thereby enhance
the bioavailability of one or several substances of an extract. Green solvents such as
ethanol are an environmentally friendly choice for medical and pharmaceutical applica-
tions. In addition, these extractants can be used to produce teas, tinctures, etc. Ethanol
is one of the least toxic solvents for humans, and furthermore, its extraction capacity
can be easily modulated by the addition of water, making it an ideal solvent for the
extraction of a wide range of plant bioactive compounds with variable polarity (Lee et al.,
2024). Ethanol can be used to prepare tinctures as a solvent in various ratios with water
for use in herbal medicine. AE of various concentrations can be prepared at home, and
the maceration (infusion) method can be used for extraction.

The reflux extraction method for BAS extraction from MP is efficient, cost-effective,
and widely used in both laboratory and industrial settings. Maceration and reflux methods
with E or AE as solvents can extract various biologically active compounds from plants.
E and AE are effective in extracting various types of compounds found in plant tissues
and possessing various properties, including antimicrobial ones. The extraction meth-
ods used may not yield sufficient amounts of certain phytochemicals. However, they can
easily be used to produce a herbal medicinal product or herbal preparation that meets
the requirements of the basic documents for pharmaceutical development, research,
and registration of herbal preparations and herbal medicinal products in Ukraine and the
European Union (European Medicines Agency, n.d.; Hadzhieva et al., 2023).
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To have a complete picture of the bioactivity of crude extracts, and to achieve
the extraction of the widest possible range of phytochemicals, we used two methods:
maceration (cold infusion) and heating in a water bath with a reflux condenser (reflux
method). The effect of the type of solvent used on the extraction of polyphenols from
AB leaves is shown in Table 1, indicating that extracts obtained with 60% and 96% E
had high TPC. Despite the fact that it is difficult to achieve complete extraction of BAS
using these methods, they are simple, sufficiently reproducible if the extraction condi-
tions are observed, and can be used for initial research into the properties of plants
species extracts, in particular antimicrobial ones. The use of the same sets of extracts
using identical methods for determining the content of various compounds and common
standards allows us to compare the obtained results.

Diffusion methods are qualitative methods and provide insight into the presence or
absence of antimicrobial substances in the tested extract, and are still widely used in
many studies (Balouiri et al., 2016). Statistical methods allow us to correlate the con-
tent of BAS with antimicrobial activity, therefore statistical processing of the obtained
material is used to correlate the metabolomic profile of the extracts and their bioacti-
vity. When processing the obtained results, the possible effects of standard commercial
drugs (fluconazole and ciprofloxacin) and BAS extractants on the studied strains of
microorganisms were taken into account.

In this study, AB leaves were examined for the content of polyphenols, flavonoids,
HCAs, chlorophylls, and carotenoids as part of their metabolites with antimicrobial activity.
Amongst phenolic compounds, flavonoids and HCAs have been widely recognized for their
antibacterial property due to their tendency to retard the growth of a wide range of patho-
genic microorganisms, including multidrug-resistant bacteria (Shamsudin et al., 2022).

Phenolic compounds, which have a broad range of chemical additions and exhibit
potent antimicrobial activities, can target multiple sites in bacteria, leading to a much
higher sensitivity of cells towards these natural compounds (Efenberger-Szmechtyk
et al., 2021; Lobiuc et al., 2023).

Flavonoids and HCAs are known for their antimicrobial effects. Anumber of flavonoids
isolated in pure form or in extracts have been described as antimicrobial agents (Cushnie
& Lamb, 2005; Gérniak et al., 2019; Biharee et al., 2020). Flavonoids show antimicrobial
effect by various mechanisms: inhibiting virulence factors, efflux pump, membrane dis-
ruption, cell envelope synthesis, nucleic acid synthesis, and bacterial motility inhibition
(Biharee et al., 2020; Shamsudin et al., 2022; Liu et al., 2025). These compounds are
believed to have a lower probability of bacterial resistance occurrence (Borges et al.,
2013), provide protective actions against different deleterious agents and biofilm forma-
tion (Oteiza et al., 2005). In addition, certain flavonoids have been reported to reverse
antibiotic resistance and improve the efficacy of the present antibiotics (Biharee et al.,
2020; Song et al., 2021; Ruddock et al., 2011; Abreu et al., 2015; Guan et al., 2022).

HCAs have demonstrated efficacy against various bacteria, including both Gram-
positive and Gram-negative strains, as well as fungi (Taofiq et al., 2017). Some phenolic
acids are known to cause disruption of bacterial and fungal cell membranes, and, finally,
cell death (Teodoro et al., 2015; Martins et al., 2015). Some previous studies reported
that C. parapsilosis was able to metabolize phenolic acids (Middelhoven et al., 1992;
Middelhoven, 1993) and to grow in the presence of some phenolic acids after 3 days of
cultivation (Heleno et al., 2015).
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In this study, we demonstrated that ABEs with polyphenols, flavonoids, and HCAs
inhibit E. coli, B. subtilis, and C. parapsilosis to some extent, suggesting that each of
these BAS may contribute to this inhibition as has been supported by statistical analysis.

Given that Chl and Car are always present in photosynthetic organs and parts of
plants, as well as their good solubility in E, they are also present in ethanol extracts.
Extraction conditions and other substances present can significantly affect their content
in the extract, and therefore their antimicrobial activity, which requires investigation in
each individual case (Ebrahimi et al., 2023). In view of this, the content of Chl and Car
in ABE was studied. There are also individual studies concerning antimicrobial effects
of chlorophyll. Antibacterial properties of Chl isolated from Medicago sativa were found
against Listeria and Staphylococcus (Ahmadi et al., 2022). It was found that the high
chlorophyll content in Punica granatum leaves inhibits not only bacteria, but also yeasts
and fungi (Elbatanony et al., 2019). At the same time, chlorophyll content in Punica
granatum leaves was comparable to that obtained by us in AB leaves (Ebrahimi &
Lante, 2021). Antimicrobial activity of extracts from other plant species has also been
associated with high chlorophyll content (Dziedzinski et al., 2020; llieva et al., 2024;
Bhagavathy et al., 2011) in particular regarding E. coli and B. subtilis (Pothiraj et al.,
2021; Bhagavathy et al., 2011).

In addition, Car have also been identified as antimicrobial molecules (Karpinski
et al., 2022). There are several papers that have presented the antimicrobial activity of
higher plants with high content of Car (eg. Ahmad Nejhad et al., 2023; Mavrommatis
et al., 2022; Molnar et al., 2005; Natividad et al., 2014; Tao et al., 2010; Miljkovi¢ et al.,
2022), and most of them used algae extracts or bacterial or yeasts resources (Tran
et al., 2019; Vargas-Sinisterra et al., 2021; Villaré et al., 2021; Ambati et al., 2014; llieva
et al., 2024). Taking into account the available studies, both ours and those of other
authors, we can assume a positive role of Car as antimicrobial substances.

It should also be noted that there is a significant gap in research on the metabolism
of Car in the colon and their interactions with the gut microbiota, i.e. the microorga-
nisms that inhabit the gut (Bohn, 2017). The bacterial community in the large intestine
may promote carotenoid bioavailability by completing the digestion of plant cell walls
and modulating intestinal permeability, thereby providing high serum carotenoid levels
known to be associated with a reduced risk of chronic diseases (Djuric et al., 2018).
The above features (the effects of Car and the intestinal microbiota, their interactions
with other BAS, etc.) determine the need to investigate these effects in further studies.

Some studies suggest that the presence of phenolic compounds within the pigment-
rich extracts could be a synergist of antimicrobial activity (Dziedzinski et al., 2020;
Elbatanony et al., 2019), and even enhance the action of synthetic antimicrobials (Alvarez-
Martinez et al., 2021). However, there are reports of the possibility of Car and flavonoids
reducing the efficacy of some antimicrobial drugs against clinical isolates of E. coli and
Staphylococcus aureus (dos Santos et al., 2015). This indicates a complex interaction
between BAS included in the extracts during their application and the need for careful
study of each extract, in particular, toxicological studies need to be conducted.

The extracts obtained by maceration with 60 % AE and 96 % E showed the highest
content of total TPC polyphenols (Table 1). This directly correlates with their highest inhi-
bitory activity against E. coli and C. parapsilosis (Table 5). Correlation analysis (Table 6)
confirms this relationship, but it may also indicate the dominance of other components in
this activity or a complex interaction.
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The highest flavonoid content was found in the 96 % E extract obtained by macera-
tion and in the extract obtained with 20 % AE by reflux (Table 2). The activity of the 96 %
E sample (maceration) against C. parapsilosis was the highest, and correlation analysis
indicated a strong relationship between TFC and this activity (r = 0.881, p < 0.05). In
contrast, the extract with 20 % AE (refluxed) had the highest TFC, but its activity against
C. parapsilosis was negligible, indicating that not only the total TFC content, but also the
type (structure) of flavonoids or their synergy with other BACs determines the final acti-
vity. The highest HCA content (calculated as chlorogenic and caffeic acids) was recorded
in the extract obtained by refluxing with 60 % AE (Table 3). This extract showed moder-
ate but significant activity against all three microorganisms, including B. subtfilis.

The aqueous extract had the lowest TPC, TFC, and HCA values (Tables 1-3). Its
extremely high activity against B. subtilis compared to other extracts may indicate the
presence of highly polar, water-soluble compounds other than the main phenols stud-
ied, which are potent inhibitors of Gram-positive bacteria. This requires further identifi-
cation of these specific water-soluble BAS. The correlation analysis (Table 6) shows the
multifaceted activity of the extracts against B. subtilis.

The content of photosynthetic pigments (Table 4) was estimated in 96 % ethanol
extracts, as it is an effective green solvent for lipophilic compounds. Maceration was
found to be much more effective for pigment extraction than reflux, releasing 2-9 times
more chlorophyll and almost 4 times more carotenoids (Table 4). It was the extract
prepared by maceration with 96 % E, containing the highest concentrations of Chl a,
Chl b, Car, as well as the highest TPC and TFC, that demonstrated the broadest spec-
trum and the highest overall activity among all tested extracts (especially against E. coli
and C. parapsilosis). Correlation analysis (Table 6) for 96 % E (maceration) shows
a high positive correlation between carotenoid content (Car) and activity against C.
parapsilosis (r = 1.000, p < 0.001) and B. subtilis (r = 0.884, p < 0.05). This may indicate
a significant contribution of lipophilic pigments, which are often underestimated, to the
overall antimicrobial activity.

The obtained results support the hypothesis that the highest antimicrobial activity of
the extract obtained with 96 % E (maceration) is a consequence of a synergistic effect
between high levels of phenolic compounds (TPC, TFC) and high levels of lipophilic pig-
ments (Chl, Car), which can affect different cellular targets (membrane, intracellular struc-
tures). Two-way ANOVA (Figs 1 and 2) further confirmed the importance of the choice of
extract/method. In the case of the maceration method, the proportion of the effect of the
extract itself (type of solvent) on the inhibition zones was dominant (87.18 %, p < 0.001)
(Fig. 1). This emphasizes that it was the phytochemical composition formed by the sol-
vent, and not the type of crop or other factors, that was decisive for maceration.

Overall, the results clearly indicate that 96 % ethanol, when applied by the macera-
tion method, is the most effective green extractant for BAS in A. brevipedunculata with
a broad spectrum of antimicrobial activity. At the same time, the aqueous extract (reflux)
is a valuable source of specific compounds active against B. subtilis.

When determining the role of various BAS as antimicrobial agents, their high anti-
oxidant activity is often emphasized, which is decisive in this effect. However, it is the
reactive oxygen species, among which singlet oxygen is the cytotoxic agent, that can
destroy bacteria (Huang et al., 2012).
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CONCLUSIONS

This study showed that the leaves of A. brevipedunculata are rich in phenolic com-
pounds and pigments and have antimicrobial activity against E. coli, B. subtilis, C. para-
psilosis. The results obtained by us using the above methods can be used as a basis for
the creation of extemporaneous preparations, as well as various galenic preparations.
Additional studies can further clarify the efficacy of AB extracts (e.g., as a mouthwash, for
prevention of skin diseases or prevention of food contamination, etc.). The potential anti-
microbial activity of the studied AB leaf extracts, as well as the BAS isolated from these
extracts, convincingly confirms the prospects of their further research for widespread use.
The ability to obtain a sufficient amount of plant raw materials when growing AB in culture
is one of the positive factors for its prospective use. However, a more complete phyto-
chemical and pharmacological characterization of this plant is required before application.
Other in vitro studies, including the assessment of cytotoxicity and mutagenicity and their
effects on biofilm models, are also needed for the next stage of research.
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®ITOXIMIYHI U AHTUMIKPOBHI AOCTIAXEHHA IHTPOOYKOBAHOIO
AMPELOPSIS BREVIPEDUNCULATA (MAXIM.) TRAUTV.

lanuHa Sleopckka', Hamania Bopobeun?

' Jlbsigcbkuli HayjoHanbHUl yHieepcumem imeHi lsaHa ®paHka
syn. lpywescbkoeo, 4, Jibeie 79005, YkpaiHa

2 [lepxxasHe HekomepuiliHe nidnpuemcmeo
“Ibsiscbkuli HauioHanbHUl MeduYHUU yHisepcumem imeHi JaHuna anuybko2o”
8yn. lNekapceka, 69, Jlbeie 79010, YkpaiHa

O6rpyHTyBaHHA. Ampelopsis brevipedunculata (Maxim.) Trautv (AB) BU3HaHWIA
CBOIM NOTEHLianoMm y nikyBaHHi renaToTOKCUYHUX CTaHIB, aTonivyHOro gepmMaTuTy i 3ana-
NEHHS LWKipW, WO MoXe ByTn MOB’A3aHO 3i CMHEPri3MOM MEBHMX Oi0AKTUMBHUX CMOMYK
i3 NpoTM3ananbHOK Ta NPOoTUanepriYHO akTUBHICTIO. MeToto Oyro OUiHWUTK 34aTHICTb
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eKkcTpakTiB nucts A. brevipedunculata sk aHTUMIKpoOHMX 3acobiB npotu Escherichia
coli, Bacillus subtilis, Candida parapsilosis, a TakoX NOKpalUTN PO3YMiHHS BMSNBY
nonicpeHonis, naBoHOIAIB, MAPOKCUKOPUYHUX KUCMOT, KapOTMHOIAIB i xnopodinis
y iXHbOMY CKnafi Ha aHTUMIKPOOHY aKTUBHICTb.

MeToau. Ekctpaktn nucta AB rotyBanun metogamu pedntokcy Ta mauepadii 3 20-
i 60 % BogHUM eTaHonom (AE) Ta 96 % etaHonom (E). BogHuin eKCcTpakT oTpMMyBanu
MeToaom pedountokcy. CnekTpohOoTOMETPUYHUI aHarni3 BUKOPUCTOBYBaNM AN BU3Ha-
YEHHS 3aranibHOro BMICTY (PEHOMNbHMX CMOMYK, 3ararnbHOro BMIiCTY doflaBOHOIQHMX CMO-
NYyK i 3arasibHOrO BMICTY Fi4POKCUKOPUYHMX KUCIOT, BMICTY XJTOpodinly Ta KapoTUHOIAIB
y ekcTpakTax. AHTUMIKPOOHY aKTUBHICTb eKCTpakTiB A. brevipedunculata ouiHoBanm
MeToaoM Andoysii B arap.

PesynbraTtu. nctunsoBana Boga, 20-, 60 % AE T1a 96 % E 3abeaneunnu Buco-
KM piBEeHb eKCTpakLuii nomnigeHoniB Metogamu mauepauii Ta pedntokey, a 96 % E —
KapoTuHoigiB i xnopoginie. E. coli Ta C. parapsilosis He Bynu 4yTnMBUMM OO BOOHOMO
eKCTpakTy W ekcTpakTy, npurotoBaHoro 3 20 % AE mauepauieto. BogHouac ekcTtpa-
KTW, npurotoBaHi 3 60 % AE Ta 96 % E, manu neBHwui iHribytouni Bnnve Ha E. coli Ta
C. parapsilosis. B. subtilis iHribyBaB BogHUin ekcTpakT. KopenauiiHiid aHani3 nigTeep-
OB B3aEMO3B’A3KM MiXK AOCNiAKyBaHUMM BionoriyHo akTnBHMMMK pevoBnHamm (BAP) Ta
AiaMeTpOM 30H iHribyBaHHSA TeCTOBaHMX KynbTyp. [JBOhakTOpHUIA AMCNEPCINHNIA aHani3
niATBEPAMB AOCTOBIPHICTbL YaCTOK BMAMBY Ha 30HW 3aTPUMKWU OOCHIAXKYBaHUX KYNbTyp
Yy KOHTPOSIi Ta eKCTpakTax 3a BMKOPUCTaHHA MeTody Mauepauil Ang iXHboro npuroTy-
BaHHS; @ TakoX EKCTPaKTiB, OTPMMaHMX 3a BukopucTtaHHsa 20 % AE.

BucHoBok. EkcTpakty nucta AB € GaraTtum i pisHOMaHITHUM aXepernom Bioximiu-
HUX PEYOBMH, LLIO MalTb iHridytouy aito npotu E. coli, B. subtilis Ta C. parapsilosis.
3eneHi ekcTpakTn iHgpoaykoBaHoro AB MoXxHa BMKOPUCTOBYBATU sik Barate g)kepeno
deHoniB, hnaBoHOIAIB, MAPOKCUKOPUYHUX KMUCIOT, XNOpoiniB Ta KapoTMHOIAIB Ans
noganbLUNX OOCNIOXKEHb i 3aCTOCYBaHHS sIK aHTUMIKPOOHMX 3acobiB.

Knroyoei cnoea: Ampelopsis brevipedunculata, 3eneHi ekcTpakTu, aHTUMIKpOOHa
aKTUBHICTb, BIONOriYHO aKTUBHI CNOMNYKM
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