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Infection diseases is a worldwide important problem for medicine and pharmacy. Every
year 13.7 million people die from bacterial infections in the world. Thus, the search of new
compounds with antimicrobial and anti-fungi activity is topical for today. The object of the study
was lingonberry leaf 60% extract. The content of phenylpropanoids derivatives was evaluated
by spectrophotometric method of analysis, whereas organic acids by alkalimetric method;
antioxidant power was found by potentiometric method; antibacterial and antifungal activity was
assessed by the method of “wells”.

According to the results of the study, it was shown that the lingonberry leaf extract is
inferior to the green tea leaf extract in terms of the content of phenolic compounds, catechins,
hydroxycinnamic and organic acids, but flavonoids dominate in the lingonberry extract. The study
found that lingonberry leaf extract has a high level of antioxidant activity. When comparing the
levels of antioxidant action of lingonberry extract with green tea extract and the «gold standard»
— aepigallocatechin-3-O-gallate in one concentration of 0.03 mol/L, it was found that lingonberry
extract had the best result. Escherichia coli bacteria was the most sensitive to the extract whereas
Pseudomonas aeruginosa was the most resistant.

This work shows that 60% ethanolic lingonberry leaf extract has potent antioxidant,
antimicrobial and antifungal effects. According to the obtained results, it can be concluded that
60% V. vitis-idaea leaf extract is promising for the development of new antimicrobial, antifungal
and antioxidant pharmaceutical.
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Kyknansl aypynap 6ykin anempe meauumHa meH papmaumnaHbiH ©3eKTi maceneci 6osbin
Tabbinaabl. Kbin cavibii anemae 13,7 MUNANMOH afgam BakTepuAnblk MHbEKUMANapaaH KanuTbic
60naabl. Ocbinaia, 6YriHri KyHi MUKPOBKa Kapcbl KaHe CaHblpayKyNaKka Kapcbl 6enceHainiri
6ap kaHa KocbinbicTapabl isgey e3ekTi 6osbin Tabbinagbl. 3epTTey 06bEKTICI NMHIOHMKMAEK
KanblpakTapblHbiH, 60% 3TaHON CbifblHAbICH 6onabl. PeHunnponaHous TybIHAbINAPbLIHbIH,
KYPambl CNeKTPoOTOMETPUANIK TaN[ay 94iCiMeH, OPraHMKANbIK KbIWKbIN4ap — CiNTiNIK s4icneH
6afanaHabl; aHTUOKCUAAHTTLIK 9cep NOTEHLUOMETPUANBIK dAicneH aHblKTanabl; bakTtepuara
Kapcbl XKaHe 3eHre Kapcbl benceHainiri «kyabik» agicimeH 6afanaHgbl.

3epTTey HaTWKenepi 6GOWbIHWA NMHTOHXUAEK Kanblpafbl CbIFbIHABICH  deHoNAab!
KOCbI/IbICTapAblH, KaTexnHAepAiH, rMAPOKCULMHAMUKANbIK, KoHe OopraHuKanbiK
KbIWKbIAAAPAbIH, Menlepi 6oMbIHWA KeK LWal Kanblpafbl CblFbIHAbICbIHAH TOMEH eKeHi, bipak
KUOEK CbIFbIHAbBICbIHAA GNaBoHOMATAPAbIH 6acbiM eKeHi aHbIKTanAbl. 3epTTey JIMHTOHXUAEK
)Kanblpafbl CbIFbIHABICBIHBIH, AaHTUOKCUAAHTTLIK OenceHAiniri ofapbl €eKeHiH aHbIKTaAbl.
JIMHTOHXWUAEK CbIfbIHAbICBIHBIH @aHTUOKCUAAHTTbIK dCep AeHreliH *Kacbln Wa CbIfblHAbICbIMEH
JKOHEe «aNTblH CTaHAapPTTb» — anurannokatexunH-3-O-rannattbld, 6ip KOHLEHTpauuachl
0,03 monb/AMeH canbICTbipFaH Ke3fe, eH >KaKCbl HITUXKe NIMHTOHXUAEK CbIFbIHAbICHI eKeHi
aHbIKTaNAbl. lWwek TaAKWacbIHbIH, 6aKkTepuanapbl CbifblHAbIFA €H,  ce3imTan 6ongbl, an
Pseudomonas aeruginosa eH Te3imai 6onabl.

Byn xymbic 60% AMHTOHXUAEK >Kanbipafbl CbIFbIHAICBIHbIH, KYLWTi aHTUOKCUAAHTTLIK,
MWUKPOOKA Kapcbl KaHe caHblpayKy/nakTapfa Kapcbl acepi 6ap eKeHiH KepceTedi. ANblHFaH
HOTUXKenepre cyiheHe oTblpbin, 60% NNHTOHXUAEK Kanblpafbl CbIFbIHALICHI KaHa MUKpPOOKa
Kapcbl, CaHblpayKy/NaKkTapfa KapCbl >KoHEe aHTMOKCMAAHTTbIK npenapatrapAbl Kacay YLWiH
nepcnekTMBanbl Aen KOpbITbIHAbI KacayFa 6onagbl.

TyiliH ce3pep: NMHIOHXUAEK; Xanblpak; aHTUOKCUAAHTTbIK KylW; MWKPoBKa Kapcbl
b6enceHpinik; caHblpayKynakTapFa Kapcbl benceHginik.
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MHpeKuMoHHble 3aboneBaHUA ABNAIOTCA aKTyasnbHOW npobnemolt meguuUHbLI U
bapmaummn Bo Bcem mupe. ExerogHo B mupe oT HaKkTepuanbHbix MHbeKUUA ymupatoT 13,7
MWNMOHA YenoBeK. Takum o6pa3om, Ha CErofHAWHWIA AeHb MOUCK HOBbIX COEeAUHEHUN
C aHTUMUKPOBHON W NPOTUBOTPUOKOBOIM aAKTUBHOCTHLIO ABAAETCA akTyaneH. O6bekTom
nccnefoBaHuaA 6bin 60% 3TaHONbHBIN 3KCTPAKT IMCTbEB BPYCHUKKU. CoaepKaHne NPOU3BOAHBIX
beHnAnponaHonaos oLeHNBaNN CNeKTPOGOTOMETPUYECKMM METOAOM aHan3a, OPraHNYecKnx
KMCNOT — anKaNMMeTPUYECKUM  METOAOM; aHTUOKCUAAHTHbIM  3GPEeKT ycTaHOBIEHO
NOTEHUMOMETPUYECKUM METOAO0M; aHTUDBAKTEPMANbHYIO U MPOTUBOTPUOKOBYID aKTUBHOCTb
OLEHMBANN METOAOM KKONOALEBY.

Mo pesynbTatam uccnenoBaHMA BbINO MOKA3aHO, YTO IKCTPAKT /IUCTbEB BPYCHUKM Mo
coAepKaHuo GEHONbHbIX COeAUHEHWUW, KATEXWHOB, TFUAPOKCUKOPUYHBIX W OPraHUYecKux
KMCNOT YCTynaeT 3KCTPAKTY /INCTbEB 3€/IeHOT0 YasA, HO NPW 3TOM B IKCTpaKTe OPYCHUKM
AOMUHUPYIOT dnaBoHoMabl. B xoae nccnenoBaHMA 6bl10 YCTAHOBEHO, YTO SKCTPAKT NIUCTbEB
6pycHUKM obnajaeT BbICOKMM YPOBHEM aHTMOKCMAAHTHOM aKTUBHOCTU. [pu CcpaBHEHUN
YPOBHEM aHTUOKCUAAHTHOTO [JelCcTBMA 3KCTpakTa OPYCHWKM C  3KCTPAKTOM 3e/eHoro
Yaa M «30/10TOr0 CTaHAapTa» —  3nNurannokatexuH-3-O-rannat B OAHOW KOHUEHTpauui
0,03 monb/n 6bIN0 YCTAHOBNEHO, YTO SKCTPAKT BPYCHUKM UMEET Haunyulei pesynbtat. Hanbonee
YYBCTBUTENbHbIMU K 3KCTPAKTY 6bIn 6akTepuu Escherichia coli, Torpa Kak Hanbonee yctonunsom
6bin Pseudomonas aeruginosa.

[aHHan paboTa nokasbiBaeT, YTo 60% 3KCTPAKT AUCTbEB BPYCHUKM 06/1a4aeT MOLLHBIM
aHTUOKCUAAHTHBIM, NPOTUBOMMUKPOBHBIM U NpoTMBOrpUbKOBLIM AeicTBMeM. Mo nonyyeHHbIM
pesynbTaTam MOXKHO CAenaTh BbiBOA, 4TO 60% 3KCTPAKT IUCTbEB BPYCHUKM NepcneKkTuBeH ANA
pa3paboTKM HOBbIX aHTUMMUKPOBHbIX, NPOTUBOTPUOKOBBIX M AHTUOKCUAAHTHBIX MPenapaTos.

KntoueBble cnoBa: 6pyCHMKA; JINCT; aHTUOKCMAAHTHAA CUNA; aHTUMMUKPOBHAs aKTUBHOCTD;
NPOTUBOrpUBKOBAN aKTUBHOCTb.
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1. Introduction

Nowadays, the problem of bacterial infection is still
relevant. According to recent statistical studies, it has been
found that every year 13.7 million people per year die from
bacterial infections in the world. The mortality rate for all ages
was 99.6 deaths per 100.000 population. Of the pathogens
studied, Staphylococcus aureus, Escherichia coli, Streptococcus
pneumoniae, Klebsiella pneumoniae and Pseudomonas
aeruginosa accounted for 54.9% of the 7.7 million deaths, with
S. aureus being associated with more than 1.1 million deaths.
S. aureus was the leading bacterial cause of death in 135
countries and was associated with the largest number of deaths
among people over 15 years of age (940.000) [1]. In addition, an
important threat to human populations is fungal infection.
According to the latest statistics, every year 1,433,000 people
suffer from systemic candidal infections, of which approximately
611 thousand people die annually [2, 3]. Thus, the search of new
compounds with antimicrobial and anti-fungi activity is topical
for today.

One of the richest plant sources of phenolic compounds is
lingonberry. Lingonberry (Vaccinum vitis-idaeal.) is an
evergreen shrub of the Ericaceae family. The distribution area is
in Russia, the Baltic countries, the northern regions of Ukraine
and Belarus, and Canada [4]. The chemical composition of
lingonberry leaves is represented by a variety of biological
active substances (BAS): hydroquinone derivatives (arbutin,
methylarbutin), catechins (epicatechin, (+)-catechin), flavonoids
(rutin, quercetin), hydroxycinnamic acids (ferulic and caffeic
acid) and organic acids (citric and malic acid) [5, 6, 7].

Owing to rich chemical content of V. vitis-idaea leaf,
extract has possessed variety of pharmacological activity:
antimicrobial, antioxidant, anti-inflammatory, diuretic and
neuroprotective actions [8, 9, 10]. In folk medicine the V. vitis-
idaea leaf is applied in the dosage form of decoction in
treatment and prevention of cystotitis, pyelonepbhritis, gastritis,
atherosclerosis, and diarrhea [11].

Many studies have studied the antioxidant activity of
aqueous and water-alcohol extracts of V. vitis-idaea leaf using
the DPPH, ABTS and FRAP assays [12, 13], but according to
literature sources, there is no studies of antioxidant activity
have been carried out using the potentiometric method. In
addition, in a number of recent works, the antimicrobial activity
of aqueous extracts was studied [8, 13, 14], but these is no date
about possibilities of inhibiting bacterial growth by alcohol-
water extracts of V. vitis-idaea leaf.

Therefore, the purpose of our study was to assess the
prospects of alcohol-water extract of V.vitis-idaea leaf by
determination the quantitative content of polyphenols and
organic acids, and conducting an invitro investigation of
antimicrobial, antifungal and antioxidant activity.

2. Experiment

2.1 Plant material

V. vitis-idaea leaf was collected in October 2021 in the
Kostivtsi village, Ukraine (50.329417,
29.536861).

Green tea (Camellia sinensis L.) leaf was collected in Anhui
province, China (30.634140518993203, 116.33254121482477).

Zhutomyr region,

Received 03 Mar 2024; Received in revised form 23 May 2024; Accepted 15 Jul 2024; Available online 08 Oct 2024.

© 2024 The Authors

This is an open access article under the CC BY-NC-ND 4.0 license (https://creativecommons.org/licenses/by-nc-nd/4.0/).


https://orcid.org/0000-0001-9256-0934
https://orcid.org/0000-0002-1161-8151
https://orcid.org/0000-0003-3994-3500
https://orcid.org/0000-0001-7258-3880
https://orcid.org/0000-0002-4920-6064
https://orcid.org/0000-0003-3134-9849

6 The investigation prospect application of alcohol-water extract of lingonberry...

2.2 Equipment

The pH meter HANNA 2550 (Germany) with a combined
platinum electrode EZDO 50 PO (Taiwan) was applied for
potentiometric measurements. Quantitative analysis of
biological active compounds was carried out on UV-
spectrophotometer UV —-1000 (China) with matched 1cm
quarts cells. Weighing was carried out using digital analytical
balance AN100 (AXIS, Poland) with d = 0.0001 g.

2.3 Extraction procedure

A 10.0 g (exact mass) of V. vitis-idaea leaf were grinded in
the size 1-2 mm. The extraction was carried by 60% ethanol on
water bath at 80°C within 1 h on water bath with a condenser,
raw material/solvent 1/20. The procedure was performed twice
to provide completely extraction of biological active substances
(BAS), then the filtrates were united and concentrated by
vacuum evaporator to ratio of extract to raw material 1:2.

2.4 Qualitative analysis

The total content of phenolic compounds was measured
by the Folin-Ciocaltau assay, the optical density was measured
at 760 nm [15]. The calibration curve was plotted with interval
concentrations 1.0 — 5.0 ug/ml, the calibration equation
Y = 0.1055X + 0.1745 (R?=0.9951). Expressed as gallic acid and
calculated according to the following equation:

C. xK, x100
S 2B 2OV Eq.1
% (Eq.1)

X (%)=

where, C_— concentration of gallic acid according to the
calibration curve, Cx10°°, g/ml; V — volume of extract, ml; Ky —
coefficient of dilution.

The vanillin reagent assay was applied to find out the total
catechins [16], the absorbance was measured at 505 nm. The
calibration curve was plotted with interval concentrations 100
—400 x 10° g/ml, the calibration equation Y = 0.0025X — 0.0851
(R? = 0.9951). The total catechins content in extract, expressed
as epigallocatechin-3-0-gallate, was calculated according to the
following equation:

C,xK, x100

dil

X (%)= 7

(Eq.2)

where, C_— concentration of epigallocatechin-3-O-gallate
according to calibration curve, Cx10® g/ml; V — volume of
extract, ml; K- coefficient of dilution.

The total flavonoids were determined using assay of
complex formation with AICIS, the absorbance was measured at
417 nm [17]. The total flavonoids content in extract, expressed
as rutin was calculated according to the following equation:

C. xK, x100

xRl TP (Eqa)

XC%)= A, xV
st

where, A — absorbance of analyzed solution; A, -
absorbance of standard solution of rutin; V —volume of extract,
ml; K, — coefficient of dilution.

The total hydroxycinnamic acids derivatives content was
measured by assay of complex formation with NaNO,-Na,MoO,,
the absorbance was measured at 505 nm [18]. The total content

of hydroxycinnamic acids derivatives in extract, expressed as
chlorogenic acid was calculated according to the following
equation:

CoxKy (Eq.4)

KOO = ey

where, A —absorbance of analyzed solution; 188 — specific
adsorption coefficient of chlorogenic acid; V — volume of
extract, ml; K~ coefficient of dilution.

The total organic acids content was determined by acid-
base titration with the fixation end-point by potentiometric
method [19]. The total content of organic acids in extract,
expressed as citric acid was calculated according to the following
equation:

—¥,)x0.0032 x K 5, x K x100

V. o
s - P :

(Eq.5)

where, 0.0032 — the amount of citric acid, which is
equivalent to 1 ml of sodium hydroxide solution (0.05 mol/l), g;
Vequv. is the volume of sodium hydroxide solution (0.05 mol/l),
which was used for titration, ml; Vx — the volume of sodium
hydroxide solution (0.05 mol/l), which was spent for titration in
a blank experiment, ml; V — volume of extract, ml; Ky —
coefficient of dilution; K is correction coefficient for 0.05 mol/I
sodium hydroxide solution.
2.5 Antioxidant activity assay
Antioxidant activity of extract was evaluated by
potentiometric method [20, 21]. Antioxidant activity was
calculated according to the following equation and expressed
as mmol-equiv./m

dryres.”

C,y —axC, m
—ox T Tred K, %107 x—L
l+a m,

A0A= (Eq.6)

where, a=C_/C_, x 101~ Fethendlnf/238T; € — concentration
of K,[Fe(CN) ], mol/l; C_, — concentration of K,[Fe(CN) ], mol/;
Eeihanot — 0-0546-C, —0.0091; C, — concentration of ethanol; AE
— change of potential; F = 96485.33 C/mol — Faraday constant; n
= 1 — number of electrons in electrode reaction; R = 8.314 J/
molK — universal gas constant; T — 298 K; K~ coefficient of
dilution; m, — mass of dry residue; m, — mass of dry residue in
1.0 ml of extract.

Epigallocatechin-3-O-gallate, 60% extract of C. sinensis
leaf were used as the standard.

2.6 Test organisms

Museum strains of Staphylococcus aureus ATCC 25923,
Staphylococcus aureus ATCC 6538, Escherichia coli ATCC 25922,
Proteus vulgaris NTCS 4636, Pseudomonas aeruginosa ATCC
27853 and Candida albicans ATCC 885/653 were used in
accordance with the recommendations for the assessment of
antimicrobial activity of drugs.

2.7 Antimicrobial activity assay

In our study, we used solution of extract, the solvent of
which were 60% ethanol. The method of diffusion of the drug
into agar carried out using the method of “wells” [22]. Studies of
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antibacterial activity performed using the method of wells.
Preparation of microorganisms suspensions with determined
concentrations of microorganisms (optical density) was carried
out by the standard of turbidity (0.5 units according to scale of
McFarland) with using of equipment of Densi-La-Meter (Czech,
wavelength 540 nm). Suspensions were prepared according to
equipment and information list. Colony forming unit was 107
microorganisms at 1 ml of growth medium and determined by
standard of McFarland). On solidified agar, using a pipette under
sterile conditions in Petri dishes made 1 ml of a suspension of
microorganisms. After uniform distribution of microorganisms
over the entire surface of the agar, the plates were incubated at
room temperature for 15-20 min. Next, wells with a diameter of
6 mm were made in the cups, into which solutions of the test
substances were introduced. The samples incubated at 37°C for
16-24 hs. After incubation, the plates were placed upside down
on a dark matte surface so that light fell on them at an angle of
45° (accounting in reflected light). The diameter of the growth
retardation zones measured using a caliper [23].

Gentamycin, and fluconazole were used as reference
drugs for assessing antimicrobial and anti-fungal activity.

2.8 Statistical analysis

For all the experiments, two samples were analyzed and
all the assays were carried out in 5 times. The results were
expressed as mean values with confident interval. The MS
EXCEL 7.0 and STATISTIKA 6.0 were used to provide statistical
analysis.

3. Results and Discussion

The quantitative content of polyphenols, catechins,
flavonoids and hydroxycinnamic acids in the analyzed V. vitis-
idaea leaf extract was carried out using the spectrophotometric
method, whereas organic acids were by titrimetric method. The
C. sinensis leaf extract was chosen as “gold standard”, due to its
high content of polyphenols.

According to the obtained results of the study presented
in Table 1, it was shown that the content of phenolic compounds
was 2.13%+0.04%, catechins — 1.39%+0.02%, flavonoids -
0.65+0.01%, hydroxycinnamic acids — 0.21+0.04% and organic
acids — 0.48+0.01%. Comparing with C. sinensis leaf extract it
was found that sum of phenolic compounds, catechins,
hydroxycinnamic acids and organic acids were 79, 87, 63 and

56% less than in C. sinensis leaf extract, respectively. Whereas,
the content of flavonoids was higher in 50% than in C. sinensis
leaf extract.

The content of BAS groups in the 60% extract of V. vitis-
idaea leaf was in the following order: in the first place were
polyphenols, in the second place were catechins, in the third
place were flavonoids, in the fourth place were organic acids
and in the last place were hydroxycinnamic acids.

A recent study of Bujor O.-C. et al. [24], they have
investigated phenolic profile of lingonberry leaf from July to
September. They found that sum of phenolic compounds
content was 1.03, 1.55 and 2.50% in 50% ethanolic extract for
July, August and September period, respectively. Compared to
our results, in our study the sum of phenolic compounds was
2.13%, in our case we collected at September. Our obtained
result is less than in mentioned research, but the difference in
the content of phenolic compounds is, in our opinion, is
associated with different brewing times, leaves/extractant ratio
used, species, climate, and geographical position.

The level of antioxidant activity was assessed using the
potentiometric method. The reference standard was C. sinensis
leaf extract. To assess the “strength” of the antioxidant effect of
the studied samples, it was used recently developed conditional
classification of the level of antioxidant activity [25], which
based on the “gold standard” epigallocatechin-3-O-gallate.
Table 2 shows that the level of antioxidant activity of V. vitis-
idaea leaf extract was 148.39+2.00 mmol—eqv./mdry e and the
“strength” of antioxidant effect according to conditional
classification was high. The level of antioxidant activity of V.
vitis-idaea leaf extract was 73% lower than C. sinensis leaf
extract.

Table 2 — The level of antioxidant activity of V. vitis-idaea leaf
liquid extract

Sample Antioxidant Conditional
activity, mmol- term of antioxi-
eqv./mdry e dant level
+SD

60% extract of V. vitis-idaea leaf ~ 148.39+2.00 High level

60% extract of C. canensis leaf 548.79+2.00 Very high level

Note: SD — standard deviation, n=3.

Table 1 —The sum of phenolic compounds, catechins, flavonoids, hydroxycinnamic acids and organic acids in V. vitis-idaea leaf liquid

extract
Amount of Amount of
Amount of poly- Amount of Amount of . . X
Sample X . hydroxycinnamic organic
phenols, %+SD catechins, %+SD flavonoids, %+SD . .
acids, %*SD acids, %*SD
60% extract of V. vitis-idaea leaf 2.13+0.04 1.39+0.02 0.65+0.01 0.21+0.04 0.48+0.01
60% extract of C. sinensis leaf 10.10£0.05 10.47+0.05 0.3110.01 0.56+0.02 1.08+0.01

Note: SD — standard deviation, n=3.
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Further, it was prepared solutions (in terms of the amount
of polyphenols expressed as gallic acid) of extracts with 0.03 M
concentration of V. vitis-idaea leaf extract, C. sinensis leaf
extractand epigallocatechin-3-O-gallate. As a result of the
study, it was found that the level of antioxidant activity of V.
vitis-idaea extract was 10 and 15% higher of epigallocatechin-3-
O-gallate and green tea leaf extract, respectively (Table 3).

Table 3 — The level of antioxidant activity of V. vitis-idaea leaf
liquid extract at concentration 0.03 mol/L

Sample Molar Antioxidant
concentration, activity, mmol-
mol/L eqv./m_ _ *SD

60% extract of V. vitis-idaea leaf 34.27+1.00

60% extract of C. canensis leaf  (.03° 27.49+1.00

Epigallocatechin-3-0-gallate 30.78+1.00

Note: SD — standard deviation, n=3, a — molar concentration of V. vi-
tis-idaea and green tea leaf extracts was calculated as total phenolic
compounds expressed as gallic acid.

The most sensitive to V. vitis-idaea extract was the
bacterial strain E. coli (22.00+0.20 mm), and the least sensitive
was P. aeruginosa (18.00+0.20 mm) (Table 4). V. vitis-idaea leaf
extract inhibited bacterial growth by 9%, 13%, 25%, and 34%
less than the reference standard gentamicin for S. aureus,
E. coli, P. vulgaris, and P. aeruginosa, respectively. In the case of
a study of antifungal activity, it was determined that V. vitis-
idaea leaf extract inhibits the growth of the fungus C. albicans
at the level of the fluconazole standard. In research of Kryvtsova
et al. [26] was investigated the antimicrobial activity of V. vitis-
idaea leaf extract obtained with 96% ethanol against S. aureus
by the «well» method. As result, it was established that
retention zone of extract was 24.4 mm. Comparing with our
data, our V. vitis-idaea leaf extract interferer on 18%. It may
have associated with a differentamount of phenoliccompounds,
the content of sum phenolic compounds in Kryvtsova et al. in
two times higher than in our obtained extract.

Stefanescu. et al. [27] investigated antimicrobial activity
of V. vitis-idaea leaf extract as a solvent was used 40% ethanol

as well as raw material was collected on the territory of
Romania. It was shown that V. vitis-idaea leaf extract was more
active against Gramme-positive than Gramm-negative bacteria.
Comparing results, there was not such relation found between
Gramme-positive and Gramm-negative strains, in our view, it
may have associated with different geographical location,
extraction and cultivars.

At first glance it can be considered that the antimicrobial
and antifungal activity of V. vitis-idaea leaf extract is significantly
inferior to the action of gentamicin and fluconazole, because
their concentration of solutions was significantly lower than the
content of phenolic compounds in the extract.

However, we would like to note that gentamicin has
serious toxicity to the auditory nerve, kidneys and liver, which
can lead to serious complications of the disease [28, 29, 30].
Comparing the antifungal effects of fluconazole and V. vitis-
idaea leaf extract, it was found that they inhibited the growth of
the fungal strain at the same level, while the concentration of
fluconazole was also lower, like gentamicin.

We can declare that fluconazole is a leader as anti-fungi
medicine, but at the same time it weakly inhibits the growth of
gram-negative and gram-positive bacteria, but to V. vitis-idaea
leaf extract both strains of bacteria and fungus are sensitive.
Thus, V. vitis-idaea leaf extract is a combined pharmaceutical
that affects different mechanisms of vital activity of bacteria
and fungi, thereby having a wide spectrum of action against
different strains of bacteria and fungi, and at the same time not
possessing serious toxicity.

4. Conclusion

Aresearch was shown that V. vitis-idaea leaf alcohol-water
extract contain high content of polyphenols and organic acids.
This work shows that 60% V. vitis-idaea leaf extract has potent
antioxidant, antimicrobial and antifungal effects. E. coli and C.
albicans were the most sensitive to V. vitis-idaea leaf extract.
The antioxidant activity of 60% V. vitis-idaea leaf extract is
higher than 60% C. sinensis leaf extract. According to the
obtained results, it can be concluded that 60% V. vitis-idaea leaf
extract is promising for the creation of new antimicrobial,
antifungal and antioxidant pharmaceutical.

Table 4 — Results of antimicrobial and antifungal activity of V. vitis-idaea leaf liquid extract

Sample Concentration, Diameter of the growth retardation zone, mm
mmol/L S. aureus ATCC E. coli ATCC P. vulgaris P. aeruginosa C. albicans
25923 25922 ATCC 4636 ATCC 27853 ATCC 653/885
60% extract of V. vitis-idaea leaf  0.04 20.00%0.20 22.00%0.20 20.00 +0.20 18.00+0.20 20.00+0.10
Gentamycin 0.003 22.00+0.20 25.33+0.33 25.00+0.20 25.67+0.67 12.00+0.20
Fluconazole 0.003 18.00%0.20 14.33+0.33 12.33+0.33 10.00+0.20 20.00+0.50
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