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The basic therapy for microbial infections involves the application of antibiotics. However,
overuse of antibiotics has become the major factor for the emergence and dissemination
of multi-drug resistant strains. The purpose of our work was to study the phytochemical
composition of a thick extract of raspberry fruits, as well as to investigate in vitro and in silico
antibacterial activity against clinical multidrug-resistant strains of A. baumannii, P. aeruginosa,
K. pneumoniae and E. cloacae. The quantification of biologically active substances (BAS) was
accomplished with spectrophotometric, titrimetric and HPLC methods of analysis; antimicrobial
effects were evaluated by the well diffusion method, whereas minimum inhibition concentration
was determined by well plate method. The total content of phenolic compounds was 0.60 and
10.10%, organic acids — 4.60 and 1.60% for raspberry fruit thick and green tea leaf extract. The
total content of anthocyanins in the raspberry fruit thick extract was 110.0 mg/100 g, where
cyanidin-3-O-sophoroside was dominated (52.14+1.04 mg/100 g). Theoretical studies have shown
that neither a single antibiotic nor anthocyanins are highly effective in inhibiting all antimicrobial
mechanisms of resistant Gram-negative bacteria. The thick raspberry fruit extract actively inhibits
all resistant strains of A. baumannii, K. pneumoniae, P. aeruginosa and E. cloacae. These findings
have shown that to inhibit resistant strains of bacteria, you need to use only a complex drug or
dietary supplements of raspberry together, and in turn, herbal medicines are a “lifeline” for their
creation and there is a chance of old antimicrobial drugs back in life.

Keywords: raspberry fruit; anthocyanins; multi-drug resistant; Gram-negative strains;
molecular docking.
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MUKpOb6TbIK MHPEKUMANAPFa KapCbl HEri3ri Tepanus — aHTUBMOTUKTepAi KonaaHy. Anariaa
aHTUOMOTMKTEPAI WaMafaH TbiC KONAAHY MYNbTU-PE3UCTEHTTI WTamAapAbliH, naga 6onybl
MeH TapanyblHbIH, Heri3ri GakTopbiHa altHanAbl. Bi3aiH XyMbICbIMbI3AbIH, MaKcaTbl — TaHKypaun
KemicTepi KOK CbIFbIHAbICbIHbIH, GUTOXUMUANBIK KyPamblH 3epTTey, COHAAW-aK KAUHWUKaNbIK
MYNbTU-pe3ncTeHTTi A. baumannii, P. aeruginosa, K. pneumoniae aHe E. cloacae wtampaapbiHa
Kapcbl in vitro xaHe in silico 6akTepuara Kapcbl 6esiceHainirin 3epTrey. bBuonoruanbik,
6enceHpi 3aTTapabl (BB3) caHAbIK aHbIKTay CNEKTPOPOTOMETPUANBIK, TUTPUMETPUANBIK KaHe
ICX apicTepimeH Kyprisingi; MUKpPobKa Kapcbl acepnepi YHFbIMa 94iCi KaHe eH, TOMeHri
MHIMBUpNeywi KOHUEHTpauua apkbinbl 6afanaHabl. PeHONAbIK KOCbIAbICTAPAbIH,  Kaambl
MeLwepi TaHKypai KeMiCiHiH, KO CbIFbIHABICHI MEH Kacbll WAl }KanblpafbiHbIH, CbIFbIHABICHI
ywiH TtuiciHwe 0,60 kaHe 10,10%, opraHuKanblk KblWwKbingap — 4,60 xaHe 1,60% Kypaabl.
TaHKypan KemicTepiHiH KO CbIfbIHAbICbIHAA aHTOLMAHAAPAbIH, }Kannbl menwepi 110,0 mr/100 r
60n14bl, KypambiHAa UMaHUANH-3-0-codoposung 6acsim (52,14+1,04 mr/100 r) ekeHi aHbIKTaNAbI.
TeopuanblK 3epTTeynep KepceTkeHaen, ewbip aHTMBUOTUK HeMece aHTOLMaH Te3imAi rpam-Tepic
6akTepuanapabiH, 6apabik MUKPOBKa Kapcbl MeXaHU3MAEPIH TUIMAI TeXel anmanabl. TaHKypait
YKeMIiCiHiH Koto cbifbiHAbICbI A. baumannii, K. pneumoniae, P. aeruginosa xaHe E. cloacae Te3imai
WTamMAapPbIHbIH, 6apnblfblH BenceHai MHrMbupnenai. byn HaTuxenep 6akTepuanapapbli Te3imai
WTaMAAPbIH TeXey YIWiH TeK KeweHAi npenapaTtTbl KONAAHY Hemece TaHKypail KocnanapbiH
bipnecin KoNgaHy KaXeT eKeHiH KepceTeai, an A3PiNiK ecimAaikTep onapabl XKacayablH «KyTKapy
weHbepi» 6onbin Tabbinagbl aHe ecki MMKpPoOKa Kapcbl npenapatTapAbl KawWTa KongaHy
MYMKiHAiri 6ap.

TyiiH ce3pep: TaHKypall }Kemici; aHTOUMaHAAP; MYyNbTU-PE3UCTEHTTI; rPam-Tepic UTamaap;
MOJIeKYNaNbIK JOKUHT.
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OCHOBHbIM ~ METOAOM Tepanuu MUKPOBHbIX WHOEKUWUIA ABNAETCA NPUMEHEHMWE
aHTMBMOTMKOB. OAHAKO Ype3mMepHOoe UCMNO/Ib30BaHME aHTUBUMOTUKOB CTANO0 rMaBHbIM GaKTOPOM
BO3HWMKHOBEHMA W PACMpPOCTPAaHEHUA MHOTOPE3UCTEHTHbIX WTamMMOB. Llenbio Hawel paboTbl
6b110 M3yyeHUe GUTOXMMMUYECKOTO COCTaBa FyCTOrO 3KCTPAKTa NAOLOB MajWHbl, a TaK¥Ke
nccnenoBaHue ero in vitro v in silico aHTM6aKTepUanbHON aKTUBHOCTU MPOTUB KAUHUYECKUX
MHOTOpPe3NCTEeHTHbIX WTammoB A. baumannii, P. aeruginosa, K. pneumoniae w E. cloacae.
KosnnyectseHHoe onpeaeneHve 6uonormyeckn aktusHbix Beuwects (BAB) nposogunocb ¢
MCNO/NIb30BaHMEM CNEKTPODGOTOMETPUYECKUX, TUTPUMETPUYECKMX U BIKX (BbicoKOaDeKTUBHAA
KMAKOCTHAA XpomaTorpadma) meTofoB aHanusa. AHTUMUKPOBHble 3bdeKTbl oueHuMBanu
meTogom Aanddy3un B arap, a MUHUMANbHYIO MHTUBMPYIOLLYIO KOHLLEHTPaLMIo onpeaensinu
MeTOA0M NNAHLWETHOro TUTpoBaHuA. Obuee cogepKaHne GeHoNbHbIX COeaUHEHUI COCTAaBUNO
0,60% v 10,10%, opraHuyeckunx kncnot —4,60% u 1,60% AnA ryctoro sKCTpakTa NioA0B MaauHbI
M 3KCTPaKTa IMCTbEB 3€/IEHOTO Yas COOTBETCTBEHHO. ObLee cogeprKaHNe aHTOLMAHOB B TYCTOM
3KCTPaKTe NN0A08B ManuHbl coctasmno 110,0 mr/100 r, npuyem SOMUHUPYIOWMUM COeAUHEHNEM
6b11 uMaHnMamMH-3-0-copoposng (52,14+1,04 mr/100 r). TeopeTUyeCcKMe UcCnef0BaHMA NOKasanm,
YTO HU OZMH OTAENbHbBIN AHTUBUOTUK, HU @aHTOLMAHbI He 061aat0T BbICOKOW 3G HEKTUBHOCTLIO B
noAaB/NeHNN BCeX aHTUMUKPOBHbIX MEXaHW3MOB PE3UCTEHTHbIX FPaMOTPULATENIbHBIX BaKTepuUid.
[yCTOW 3KCTPaKT N1I040B MaNUHbI aKTUBHO MHIMBMPOBan BCe yCTOWUMBbBIE WTaMMbl A. baumannii,
K. pneumoniae, P. aeruginosa v E. cloacae. 3T pe3ynbTaTbl NOKa3anu, 4to A4/A NOAABAEHUSA
YCTONUYMBBLIX BaKTepuaibHbIX WTAMMOB HEObBX0AMMO WMCMNONb30BaTb TO/NbKO KOMMJIEKCHble
npenapatbl MaAM GUONOTMYECKM aKTMBHble A06aBKM Ha OCHOBE MajuHbl. Takum obpasom,
pacTUTesbHble NpenapaTbl CTAHOBATCA «CNAcaTe/IbHbIM KPYrom» AR CO34aHUA HOBbIX CPeACTB,
M €CTb LIAHC BEPHYTb CTapble aHTUMUKPOOHbIE NpenapaTbl B MEAULMHCKYIO NPAKTUKY.

Kniouesbie cnosa: naoAabl Ma/InHbI;
rpamoTpuuaTesibHble LUTAMMbl; MONEKYNAPHBIV JOKUHT.
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1. Introduction

Today, antimicrobial resistance is the number one
problem worldwide. One of the first mentions of the emergence
of antibiotic-resistant strains of bacteria in humans was
obtained during military conflicts in Iraq and Afghanistan 20
years ago [1].

To date, no statistics have been officially published on the
resistant strains of bacteria that have been isolated from
combat wounds during the current conflictin Ukraine. However,
between 2014 and 2020, statistics have shown that the
detection rate of multi-resistant strains of bacteria in combat
wounds was significantly higher than in civilian hospitals [2]. In
addition, according to the latest data, it has found that
Acinetobacter baumannii, Pseudomonas aeruginosa and
Klebsiela pneumoniae are predominant among all isolated
pathogens. Among all Gram-negative bacteria (A. baumannii, P.
aeruginosa and K. pneumoniae), 71.3% were resistant to the
antibiotic carbapenem, which is the last “line of defense”
against resistant strains [3]. In March 2022, the European Center
for Disease Prevention and Control reported that Ukrainian
refugees with traumatic wounds may have resistant strains of
A. baumannii, K. pneumoniae, and made recommendations for
isolating isolates and conducting screening studies [4]. At a
German clinic in Frankfurt am Main, staff reported treating
traumatic wounds in 103 Ukrainian patients between March
and June 2022. Among all admitted patients, 17% had resistant

Gram-negative strains of bacteria [5]. Thus, in light of data on
the rapid spread of resistant strains of bacteria, it is necessary
to search for new antimicrobial compounds.

Before the creation and use of antibiotics, people have
applied drugs based on medicinal plants, such as raspberries,
blackberries, and lingonberries, to treat infectious diseases [6].
For example, the leaves and shoots of the above-mentioned
plants are a rich source of tannins, flavonoids and
hydroxycinnamic acids, while anthocyanins and organic acids
dominate in the fruits [7]. In folk medicine, raspberries,
blackberries and lingonberries are used to treat urinary tract
infections, gastrointestinal disorders, respiratory diseases and
skin infections. The antimicrobial action of raspberry fruit
anthocyanins against Gram-negative bacteria was previously
reported [8]. Raspberries (Rubus idaeus L.) are cultivated
throughout America, Eastern Europe, Russia, Asian as well as
raspberry are closely related to blackberries and other brambles
orcranberries. Ared and black raspberry is the most widespread
throughout the world. R. idaeus fruits composition is
represented by a variety of flavonoid derivatives, is represented
by anthocyanin, quercetin derivatives as well as
phenolicarboxylic acids, organic acids, vitamin C [8]

Thus, the purpose of our workis to study the phytochemical
composition of raspberry fruit thick extract, as well as to
investigate in vitro and in silico antibacterial activity against
clinical strains  of

multidrug-resistant A. baumannii,

P. eruginosa, K. pneumoniae and E. cloacae.

Received 13 Aug 2024; Received in revised form 18 Mar 2025; Accepted 14 Apr 2025; Available online 30 Sep 2025.

© 2025 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

14 Phytochemical analysis and antibacterial activity of raspberry (Rubus idaeus) fruit extract...

2. Experiment

2.1 Plant material

The raspberry (Rubus idaeus) fruits were the object of the
study, which were collected from places of its native cultivation.
The material was collected in 2021 after the fruiting period at
July in the vicinity of the village of Ternova, Kharkiv region
(50°19'31" N, 36°66'93" E; the altitude above sea: 92 m).

The study focused on the leaf of Camellia sinensis from
the Chun Myn variety, which was gathered as raw material in
the Anhui province of China during the months of March
through May (31°03'41" N, 116°33'25" E; the altitude above
sea: 100 m).

2.2 Reagents

Acetonitrile (purchased from «Allchem», Kharkiv), acetic
acid (purchased from «Allchem», Kharkiv), phosphoric acid
(purchased from «Allchem», Kharkiv), cyanidine-3-0-glucoside
(298.0%), cyanidin-3-O-sophoroside (298.0%), pelargonidin-3-
O-sophoroside (298.0%), cyanidin-3-O-rutinoside (298.0%),
cyaniding-3-rutinoside-5-glucoside (298.0%),were purchased
in Sigma Aldrich Company, Lublin, Poland.

2.3 Phytochemical analysis

The total phenolic compounds were quantified using the
Folin-Ciocalteu method, with absorbance readings taken at 760
nm [9]. The total catechins were assessed using the vanillin
reagent assay, where absorbance was measured at 505 nm [10].
For the quantification of total anthocyanin content, molecular
adsorption analysis was utilized, with measurements of
absorbance at 546 nm [11]. The content of total organic acids
was established through acid-base titration, using a
potentiometric method to determine the end-point [12].

2.4 Equipment

Potentiometric measurements were performed on a
HANNA 2550 pH meter (FRG) with a glass electrode HI11310
(FRG). The quantitative analysis of biologically active compounds
was performed on a UV-1000 spectrophotometer (LabAnalyt,
China) with matched 1 cm quartz cells

2.5 Extraction procedure

One hundred milligrams (exact mass) of R. idaeus berries
were pressed. Subsequently, 96% ethanol was added threefold
to the extraction. Afterwards, the mixture was filtered, and the
resulting filtrate was concentrated using a vacuum evaporator
at a temperature of 50-60°C until the extract’s moisture
content reached 25%.

The C. sinensis extract was obtained by the following way:
a 100.0 g of raw material was extracted with 60% ethanol at
80°C within 1 h with a condenser, with 1/20 ratio of raw
material/solvent. The extraction technique was repeated twice
to provide totally extract all BAS, then the filtrates were
combined and evaporated by vacuum rotary to give ratio of
extract to raw material 1:2.

2.6 HPLC analysis of R. idaeus berry thick extract

For the analysis, a Prominence LC-20 Shimadzu liquid
chromatography system with a Thermo Scientific Syncronis aQ
C18 column (4.6 x 250) was utilized. All analyses were conducted

at 40°C. The mobile phases consisted of a methanol aqueous
solution (A) and a 1.0% solution of phosphoric acid (B). The
gradient protocol started with 20-42% A over the first 15
minutes, shifted to 42-43% A from 15 to 25 min, changed to 43-
90% A from 25 to 45 min, maintained 90% A from 45 to 55 min,
decreased to 20% A from 55 to 60 min, and then held at 20% A
from 60 to 70 min. Prior to use, the mobile phases were filtered
using 25mm x 0.45 um Supelco Iso-Disc Filters PTFE 25-4 and
degassed. A flow rate of 0.5 mL/min was maintained, and the
injectionvolume of the samples was 5 uL. Detection wavelengths
were set at 255, 286, 350 and 530 nm. Chromatographic peaks
of analytes were identified by the following similarity indexes,
which were calculated between the test substance and the
standard according to the formulas:

Ilpr=1- |Tst _Tul
Ipss = 1 — |hyss,, — hass, |
Irge =1— |h2865t - h286u|

I350 =1— |h350St - h350u|

where, | — retention time similarity index (SI), T, -
retention time of standard (min), T, — test substance retention
time (min), Lyssr g andl350— spectral similarity indices, hZESSt, hzgsst
and hmst— spectral characteristics of the standard, h255u, hzgsu "
h,.,,— spectral characteristics of the test substance.

The least among the three similarity index values of
spectral characteristics dictates the similarity level (SL) between
substances and standards based on these traits. A higher SL
value increases the probability of more precise identification of
the substance. Substances whose similarity index with the
catechin standard was at least 0.7, and whose peaks on the
chromatogram appeared between the catechin peak and the
earliest flavonoid peak, were classified as catechins [15].

2.7 Test organisms

A four clinical isolates of multidrug-resistant Gram-
negative bacteria were chosen for research: Acinetobacter
baumannii, Klebsiella pneumonia, Pseudomonas aeruginosa,
and Enterobacter cloacae. lsolates from clinical samples
including tracheal aspirate and broncoalveolar lavage, were
provided by Mechnikov Institute of Microbiology and
Immunology of the NAMS of Ukraine, Kharkiv.

2.8 Screening antimicrobial activity of extracts

The agar well diffusion test was carried out as described
in[13]. Table1l shows interpretation criteria for microbial
sensitivity. As standards it was applied following antibiotics:
30 ug/disk of chloramphenicol, 1.86 mM; 5 ug/disk of
levofloxacin, 0.28 mM, 30 ug/disk of gentamicin, 0.42 mM;
30 ug/disk of doxycycline, 1.35 mM; 30 ug/disk of ceftriaxone,
1.08 mM; 30 pg/disk of ceftazidime, 0.94 mM; 30 ug/disk of
cefepime, 1.25 mM; 5 pg/disk of moxifloxacin, 0.23 mM; 30 ug/
disk of netilmicin, 0.42 mM; 30 pg/disk of amoxicillin, 1.64 mM.
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Table 1 — Interpretation criteria for microbial sensitivity

Microbial sensitivity Diameter of the growth retardation

zone, mm
High sensitivity >25
Sensitive 15-25
Low sensitivity 10-15
Not sensitivity <10

2.9 Assay of determination of minimum
concentration (MIC)

MIC is the lowest concentration of antibacterial agent that
completely inhibits the bacterial growth. The MIC of the
different extracts was assessed using the broth microdilution
method [14].

3.0 Molecular docking

A molecular docking study was conducted using the tool
known as AutoDockTools 1.5.6. The preparation of the protein
involved an optimization process, which included the removal
of water and other atoms, followed by the addition of a polar
hydrogen group. Autogrid was used to configure the grid
coordinates (X, Y, and Z) on the binding site. Genetic algorithm
parameters were applied for ligand interaction, with 10 runs of
this criterion.

DNA-gyrase (PDB ID: 1KlJ)), DHFR (PDB ID: 1RX3),
deacytelese (PDB ID: 3UHM), acyl-homoserinelactone synthase
(AHS) Lasl (PDB ID: 1R05), acyl-homoserinelactone synthase
(AHS) Rhl (PDB ID: 1KZF), diguanylate cyclase (PDB ID: 3BRE)
structures were obtained from PDB database [15]. The
resolution of 1KIJ was 2.30 A, 1RX3 — 2.20 A, 3UHM - 2.20 A,
1ROS5 — 2.30 A, 1KZF — 2.20 A, 3BRE — 2.40 A. For docking
experiment protein structure is selected if resolution above 2 A.
So, all mentioned proteins can be used for the experiment. The

inhibitory

mv

ligand structures of cyanidin-3-O-glucoside (CID_12303220),
cyanidin-3-O-rutinoside (CID_29231), cyanidin-3-O-malonyl
glycoside (CID_443915), cyanidin-3-O-xyloside (CID_87948385)
and cyanidin-3,3’-diglucoside (CID_44256727) were obtained
from PubChem database [16]. The active site of the docking
protein was identified utilizing the Computed Atlas for Surface
Topography of Proteins (CASTp) [17].

3.1 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 was used to provide statistical analysis.

3. Results and discussion

According to obtained results shown in Table 2, the
C. sinensis leaf extract (10.10+0.25%) had higher content of
phenolic compounds, than in R. idaeus thick fruit extract
(0.60+0.02%).

Table 2 demonstrates that the total content of anthocyanin
in R.idaeus thick fruit extract was 0.10+0.002%, whereas in
C. sinensis leaf extract anthocyanin was not presence. The
percentage of anthocyanin out of total polyphenols was 17% in
R. idaeus extract.

The highest amount of organic acids was determined in
R. idaeus thick fruits extract (4.60+0.50%), whereas in the
C. sinensis leaf extract it was lower 65% (1.60+£0.02%). In R.
idaeus extract, the total organic acids were in 8.5 times higher
than polyphenols, whereas in the C. sinensis leaf, the total
organic acids were in 6.3 times lower than polyphenols (Table 2).

The HPLC method was used to carry out a qualitative and
quantitative analysis of anthocyanins in the obtained extract of
R. idaeus fruits extract. According to the results of the study, 6
anthocyanins were identified in R. idaeus (Figure 1).

100+ 1
75+ 2
50
25+
o
T T
5 10 15

3!
min

Figure 1 — HPLC fingerprint (530 nm) of the R. idaeus fruit thick extract

Table 2 — Quantitative content of total phenolic compounds, anthocyanin and organic acids in R. fruticosus fruit thick extract

Sample Total phenolic compounds,  Total anthocyanin, Total catechin, Total of organic acids,
%+SD %+SD %+SD %+SD

R. idaeus fruit thick extract 0.60+0.02 0.10£0.002 - 4.60+0.50

Green tea leaf extract 10.1040.25 - 10.47+0.25 1.60+0.10

Notes: SD — standard deviation, n=5.
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As shown in Table 3, cyanidin-3-O-sophoroside dominated
among all anthocyanins (47.4% out of the total anthocyanins),
cyanidin-3-rutinoside-5-glucoside (29.0% out of the total
anthocyanins) was in second place, and the lowest content was
pelargonidin-3-O-sophoroside (0.47% out of the total
anthocyanins).

The next stage of our research was to conduct a theoretical
investigation of the antimicrobial activity of the identified
compounds using molecular docking for realsing their promising
capabilities for suppressing the growth of gram-negative strains
of bacteria. The assessment the antimicrobial effect was
conducted with six key enzymes: DNA-gyrase, DHFR,
Deacytelese, AHS Lasl, AHS Rhl and Diguanylate cyclase. A six
groups of the most applied antimicrobial drugs were chosen as
standards of comparison in theoretical study such as a group of
tetracyclines (Doxycycline), aminoglycosides (Gentamicin,
Netilmicin), fluoroquinolones (Moxifloxacin, Levofloxacin),
B-lactames (Cefepime, Ceftazidime, Ceftriaxone), penicillins
(Amoxicillin), and amphenicols (Chloramphenicol).

In the indexed scientific journals Scopus and Web of
Science, there are a large number of works with molecular
docking on the study of the pharmacological activity of different
groups of compounds. But, the main problem of these studies is
the lack of rating assessment of the efficiency of binding of the
ligand to the active site. A number of scientific works have used
comparison standards, but in our view, this method is not

promising as since more than one standard may be used for the
enzyme protein being studied. Thus, this method of assessment
will lead to confusion in the data among scientists. In this work,
we will use a conditional rating classification based on the value
of binding energy. This rating is based purely on our results
obtained during our theoretical research. We propose to divide
the binding energy value into three levels: low (binding energy
up to -4.5 kcal/mol), medium (binding energy from -4.5 to -9.5
kcal/mol) and high (binding energy > -9.5 kcal/mol).

Molecular modeling of the identified compounds was
carried out with the active site of DNA-gyrase. The active site
was represented by the following amino acids: Arg75, Lys102,
Arg135, Asp80. Trp387, Lys109, Asp72 and Thr166. According to
the results of the study and conditional rating, it was established
that cyanidin-3-O-sophoroside, pelargonidin-3-O-sophproside,
doxycycline, cyanidin-3-O-rutinoside, moxifloxacin, cyanidin-3-
0O-glycoside had high affinity to the active site, whereas the
lowest level had gentamicin (Table 4).

The next enzyme that was studied was DHFR. The active
center of this enzyme was represented by the following amino
acids: NADP, Tyr110, Asp30, Ile8, Phe34, lle104, Arg55, Arg60.
According to the results shown in Table. 5, the following
compounds had high binding energies: cyanidin-3-O-
sophoroside, pelargonidin-3-O-sophproside,  doxycycline,
cyanidin-3-0-glycoside, cyanidin-3-O-rutinoside, moxifloxacin,
netilmicin, ceftazidime (Table 4).

Table 3 — Chemical composition of antocyanins in R. idaeus fruit thick extract by HPLC analysis

Ne Antocyanins Retention time,

Content of antocyanins in extract,

% out of total

min mg/100 g of extract +SD antocyanins
1 Cyanidin-3-O-sophoroside 14.170 52.14+1.04 47.4
2 Cyanidin-3-rutinoside-5-glucoside 14.780 31.90+0.64 29.0
3 Cyanidine-3-0-glucoside 15.255 18.15+0.36 16.5
4 Cyanidin-3-O-rutinoside 16.200 5.59+0.11 5.08
5 Cyanidin 3-O-xylosyl-rutinoside 16.393 1.61+0.03 1.46
6 Pelargonidin-3-O-sophoroside 19.977 0.47+0.01 0.43
THE TOTAL ANTOCYANINS 110.0

Notes: SD — standard deviation, n=5.

Table 4 — Results of molecular docking of the compounds identified by the HPLC in the R. idaeus thick extract and antimicrobials
drug standards with the DNA-gyrase, DHFR and deacytelese structures (AGbind?, kcal/mol)

Ne Ligand DNA-  Ligand DHFR Ligand Dea-
gyrase cytelese

1 2 3 4 5 6 7

1 Cyanidin-3-O-sophoroside Cyanidin-3-O-sophoroside Cyanidin-3-O-sophoroside

2 Pelargonidin-3-O-sophoroside Pelargonidin-3-O-sophoroside Pelargonidin-3-O-sophoroside

3 Doxycycline Doxycycline Netilmicin

4 Cyanidin-3-O-rutinoside Cyanidin-3-0-glycoside Doxycycline

5  Moxifloxacin Cyanidin-3-O-rutinoside Ceftazidime
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Table 4 (continued)

1 2 3 4 5 6

6  Cyanidin-3-O-glycoside Moxifloxacin Moxifloxacin

7  Netilmicin Netilmicin Cyanidin-3-0O-glycoside
8 Levofloxacin -8.69 Ceftazidime Cyanidin-3-O-rutinoside
9 Cefepime -8.27 Levofloxacin -8.98 Cefepime

10 Cyanidin-3-rutinoside-5-glucoside = -8.04 Cefepime -8.37 Levofloxacin -8.34
11 Cyanidin 3-O-xylosyl-rutinoside -7.56  Cyanidin 3-O-xylosyl-rutinoside -8.25 Cyanidin 3-O-xylosyl-rutinoside -8.32
12 Amoxicillin -7.24  Chloramphenicol -7.97 Gentamicin -7.45
13 Ceftazidime -6.48 Cyanidin-3-rutinoside-5-glucoside = -7.90 Chloramphenicol -7.19
14 Chloramphenicol -6.38 Amoxicillin -7.87 Cyanidin-3-rutinoside-5-glucoside -6.80
15 Ceftriaxone -4.61 Gentamicin -6.78 Amoxicillin -6.64
16 Gentamicin -4.08 Ceftriaxone -6.36 Ceftriaxone -6.09

Notes: red colour — low level of affinity AG <4.5 kcal/mol; orange colour — medium level of affinity 4.5<AG<9.5 kcal/mol; green colour — high level of

of affinity AG>9.5 kcal/mol.

Molecular modeling of the studied compounds was
carried out with the active site of Deacytelese. The active center
was represented by the following amino acids: Thr190, Lys238,
Gly92. Phel91, Leul8, Ala206. According to the results of the
study and conditional rating, it was established that cyanidin-3-

O-sophoroside, pelargonidin-3-O-sophproside, netilmicin,
doxycycline, ceftazidime, moxifloxacin, cyanidin-3-0-glycoside,
cyanidin-3-O-rutinoside had high affinity to the active site
(Table 5).

Table 5 — Results of molecular docking of the compounds identified by the HPLC in the R. idaeus thick extract and antimicrobials
drug standards with the AHS Lasl, AHS Rhl, diguanylate cyclase structures (AGbind?, kcal/mol)

Ne Ligand AHS Ligand AHS Ligand Diguanyl-
Lasl Rhl ate cyclase
1  Chloramphenicol Cyanidin-3-O-rutinoside Doxycycline -9.14
2 Ceftriaxone -6.56 Doxycycline Ceftazidime -8.06
3 Amoxicillin -6.55 Cyanidin 3-O-xylosyl-rutinoside Cyanidin-3-O-rutinoside -7.66
4 Moxifloxacin -6.34 Cyanidin-3-rutinoside-5-glucoside = -9.80 Cyanidin-3-0O-glycoside -7.63
5  Doxycycline -4.99 Netilmicin -8.36 Cyanidin-3-O-sophoroside -7.09
6 Levofloxacin -4.11 Moxifloxacin -8.27 Pelargonidin-3-0-sophoroside -7.00
7  Cyanidin-3-O-glycoside = Amoxicillin -7.41 Chloramphenicol -6.59
8  Cyanidin-3-O-rutinoside Levofloxacin -6.62 Cyanidin-3-rutinoside-5-glucoside -6.54
9  Cyanidin 3-O-xylosyl-rutinoside Ceftazidime -6.43 Cyanidin 3-O-xylosyl-rutinoside -6.47
10 Cyanidin-3-rutinoside-5-glucoside Chloramphenicol -5.88 Moxifloxacin -6.3
11 Cyanidin-3-O-sophoroside Cefepime -5.05 Netilmicin -6.06
12 Pelargonidin-3-O-sophoroside Ceftriaxone -4.48 Amoxicillin -5.89
13 Gentamicin Pelargonidin-3-O-sophoroside -2.50 Levofloxacin -5.32
14 Ceftazidime Cyanidin-3-O-sophoroside -2.46 Ceftriaxone -5.19
15 Cefepime Cyanidin-3-0-glycoside Gentamicin -4.49
16 Netilmicin Gentamicin Cefepime -4.40

Notes: red colour — low level of affinity AG <4.5 kcal/mol; orange colour — medium level of affinity 4.5<AG<9.5 kcal/mol; green colour — high level

of of affinity AG>9.5 kcal/mol.
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The AHS Lasl was next enzyme that was studied by
molecular docking. The active center of this enzyme was
represented by the following amino acids: Thrl42, Thrl44,
Vall43, Phe27, Arg30, Argl04, Met79, Leul02, Phel06, Ser103.
According to the results shown in Table. 6, the following
compounds had high binding energy: chloramphenicol, whereas
levofloxacin had the lowest level of free energy as well as
cyanidin-3-0-glycoside, cyanidin-3-O-rutinoside, cyaniding-3-
O-xylosyl-rutinoside, cyanidin-3-rutinoside-5-glucoside,
cyanidin-3-O-sophoroside, pelargonidin-3-0-sophoroside
gentamicin, ceftazidime, cefepime and netilmicin were not
interact with active center of AHS Lasl (Table 6).

Molecular modeling of the studied compounds was
carried out with the active site of AHS Rhl. The active center was

represented by the following amino acids: Asp48, Tyr54, Met42.
Leu63, Leu56. According to the results of the study and
conditional rating, it was established that cyanidin-3-O-
rutinoside,  doxycycline,  cyanidin-3-O-xylosyl-rutinoside,
whereas cyanidin-3-O-sophoroside had the lowest level of
binding as well as cyanidin-3-0-glycoside and gentamicin were
not interact with protein (Table 6).

The diguanylate cyclase was the last protein enzyme that
was assessed by molecular docking. The active center was
represented by the following amino acids: Glu254, Glu253,
Glu252, Lys327, Arg331, Thr262, Arg198, Argl94. The obtained
results showed that there was any compound possessing high
affinity energy. All compounds except gentamicin and cefepime
had medium level of energy affinity (Table 5).

Table 6 — Schematic division of antimicrobial drug standards and identified anthocyanins in two categories

Ne  Compound DNA- DHFR Deacytelese AHS Lasl AHSRhl Diguanylate Ne of inhibi-  No of inhibi-
gyrase cyclase tion enzymes tion enzymes

of «Firstline  of «Biofilm”
of protec-
tion”

Antimicrobial drug standards

1 Chloramphenicol 0 1

2 Levofloxacin 0 0

3 Gentamicin 0 0

4 Doxycycline 3 1

5 Ceftriaxone 0 0

6 Ceftazidime 1 0

7 Cefepime 0 0

8 Moxifloxacin 3 0

9 Netilmicin 2 0

10  Amoxicillin 0 0

Identified anthocyanins

11  Cyanidin-3-O-glycoside 3 0

12 Cyanidin-3-O-rutinoside 3 1

13  Cyanidin-3-rutinoside-5-glucoside 0 0

14  Cyanidin-3-O-xylosyl-rutinoside 0 1

15  Pelargonidin-3-O-sophoroside 3 0

16  Cyanidin-3-O-sophoroside 3 0

Notes: green colour — high level of inhibition; red colour — lower and medium of inhibition.

Further, all antibiotics and anthocyanins were conditionally
divided into two categories. The first category included
compounds that had a high affinity for the active site, and the
second category included compounds that had medium and
low binding energies. This compound separation approach was
necessary to clearly identify compounds that interact highly
effectively with antimicrobial mechanisms and which
compounds work below this level. According to the results

obtained shown in Table 7, it can be seen that among all
antibiotics, doxycycline works best, which inhibits all enzymes
of the “first line of defense”, and in the case of biofilm formation,
only one mechanism was inhibited — AHS Lasl. Amoxacillin,
cefepime, ceftriaxone, gentamicin, levofloxacin were not highly
effectively inhibit any of the mechanisms of antimicrobial action
presented above. In the case of anthocyanins, among all the
compounds presented, only cyanidin-3-O-rutinoside inhibits
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the largest number of mechanisms, namely this compound
actively inhibits the “first line of defense” of bacteria, and one
mechanism of biofilm formation — AHS Rhl. In turn, cyanidin-3-
rutinoside-5-glucoside was not highly effectively inhibit any of
the mechanisms of action.

In this research work, the antimicrobial and antifungal
activity of the obtained R. idaeus thick fruit extract was
investigated against the following antimicrobial resistance
strains of A. baumannii, K. pneumoniae, P. aeruginosa, E.
cloacae. According to the obtained results, extract obtained
from the R. idaeus fruit had a potent antimicrobial effect.

Among all Gram-negative strains R. idaeus fruit extract
was the most active against K. pneumoniae, whereas the lowest
inhibition had against E. cloacae. However, the strains of A.
baumannii and P. aeruginosa were also sensitive to the action of
R.idaeus fruit extract. Comparing obtained results with
reference standards of antimicrobial drugs, it was established
that A. baumannii, K. pneumoniae, P.aeruginosa were
absolutely resistant to the action of antimicrobial drugs. In the
case of E. cloacae only 3 antibiotics inhibited the growth of
resistant strains as well as other reference standards were not
affect to the growth of E. cloacae strain at all (Table 7).

Table 7 — Inhibition diameter (mm) resulting from the screening of antimicrobial effect against resistance strains of A. baumannii,
K. pneumoniae, P. aeruginosa, E. cloacae by well diffusion method with of raspberry thick extract and drug standards

(Chloramphenicol, Levofloxacin, Gentamicin, Doxycycline, Ceftriaxone, Ceftazidime, Cefepime, Moxifloxacin, Netilmicin,

Amoxicillin)

Sample Concentration, Diameter of the growth retardation zone, mmSD

mM A. baumannii 150 K. pneumoniae 18 P. aeruginosa 18 E. cloacae 17

Raspberry thick extract 0.009° 18.0+0.4 20.0+0.30 19.5+0.5 17.54£0.5
Chloramphenicol 1.86 Growth Growth Growth Growth
Levofloxacin 0.28 Growth Growth Growth Growth
Gentamicin 0.42 Growth Growth Growth 12.0+0.6
Doxycycline 1.35 Growth Growth Growth 12.0+0.6
Ceftriaxone 1.08 Growth Growth Growth Growth
Ceftazidime 0.94 Growth Growth Growth Growth
Cefepime 1.25 Growth Growth Growth Growth
Moxifloxacin 0.23 Growth Growth Growth Growth
Netilmicin 0.42 Growth Growth Growth 11.0+0.6
Amoxicillin 1.64 Growth Growth Growth Growth

Notes: SD — standard deviation, n=5, a — molar concertation of total phenolic compounds in terms of gallic acid.

The investigated extract R. idaeus significantly inhibit the
antibiotic resistant strains with MIC. In the previously above
conducted antimicrobial study, the extract of R.idaeus fruit
extract was the most active independently of the tested strains.
Table 7 shows, the R. idaeus fruits extract with MIC value of 1.13
UM was the most active against A. baumannii, K. pneumoniae,
P. aeruginosa, whereas E. cloacae was the most resistant against
R. idaeus thick extrac (Table 8).

The content of BAS in R.
quantified by spectrophotometric,

idaeus fruit extracts was
titrimetric and HPLC

methods of analysis. The organic acids were present in both
extracts, where the highest content of organic acids was
determined in R. idaeus fruits extract than in green tea leaf
extract. In our view, it relates with different purpose of
accumulation organic acids. The organic acids are precursor for
biosynthesis of sugars in fruits, whereas in leaf, organic acids
only play a role in photosynthesis as result there is no purpose
of high accumulation organic acids in leaf [18]. Szymanowska U.
et al. [19] investigated anthocyanin content of R. idaeus fruit
90% methanol extract by HPLC method. According to their

Table 8 — Minimal inhibitory concentration of the R. idaeus thick extract against the resistance strains of

A. baumannii, K. pneumoniae, P. aeruginosa, E. cloacae

Sample MIC, uM
A. baumannii K. pneumoniae P. aeruginosa E. cloacae
Raspberry thick extract 1.13 1.13 1.13 2.25
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results, it was detected following anthocyanins (mg/100 g per
extract): cyanidin-3-0O-glucoside (40 mg/100 g), cyanidin-3-O-
rutinoside (40 mg/100 g), cyanidin-3-O-sophoroside (70
mg/100 g), cyanidin-3-rutinoside-5-glucoside (45 mg/100 g)
and pelargonidin-3-O-sophoroside (1.0 mg/100 g) Compering
with our results, the content of anthocyanins in our research
was lower, but cyanidin-3-O-glucoside was dominated in both
extracts. The chemical composition of fruit is changed during
fruits development, its ripening, and different cultivars.

The search of new antimicrobial drugs has become a very
important task for scientific community. One of the way to
create effective antimicrobial drugsis focused on the application
of natural compounds such as catechins and anthocyanins.
Nowadays, a large number of multidrug-resistant bacteria, also
called “superbacteria,” have been reported worldwide. Most of
the “superbacteria” are represented by Gram-negative bacteria
such as A. baumannii, K. pneumoniae, P. aeruginosa and E.
cloacae [20]. In order to inhibit the growth of any bacteria, you
need to effectively influence 3 main mechanisms: DNA gyrase,
DHFR and inhibition of membrane formation. DNA gyrase is an
enzyme responsible for the temporary division of bacterial DNA
into two strands, subsequently the replication stage begins. The
next important enzyme is DHFR; this enzyme is responsible for
the formation of folic acid, which is necessary for the existence
of bacteria [21]. One of the main defense mechanisms of any
bacteria is its membrane, and Gram-negative strains are no
exception to the rule. The membrane of Gram-negative bacteria
contains a special liposaccharide that causes an immune system
response and fever. The enzyme UDP-3-O-(R-3-
hydroxymyristoyl)-N-acetylglucosamine deacetylase is
responsible for the synthesis of liposaccharide; this enzyme has
no homologs in humans and mammals and is present only in
bacteria [22].

But, the main problem of multi-resistant strains of bacteria
is that they can form biofilms, thereby preventing the bacteria
from penetrating antibiotics into the bacterial cell itself. The
mechanism of biofilm formation in Gram-negative bacteria is
the formation of a quorum system. The quorum system is a type
of cellular signaling that relies on the production and perception
of chemical signaling molecules called autodoctors. For the
formation of these signal molecules, the protein acyl-
homoserine lactone synthetase Lasl and Rhl is responsible [23].
Also, one of the main stages of biofilm formation is the cell
adhesion of bacteria to the surface. Adhesions require a
signaling molecule, cyclic di-guanylate monophosphate (c-di-
GMP). This molecule coordinates “the transition of the bacterial
lifestyle from motile to immobile.” c-di-GMP is synthesized
from two molecules of guanylate triphosphate by the enzyme
guanylate cyclase [24]. Thus, in order to inhibit the growth and
development of “superbugs” it is necessary to act on six
mechanisms: DNA gyrase, DHFR, deacetylases (membrane
synthesis), AHS Las and Rhl (biofilm formation), and diguanyl
cyclase (cell adhesion).

According to the results obtained, it was found that not a
single antibiotic and not a single anthocyanin highly effectively

inhibits all mechanisms of antimicrobial action, which suggests
thatin order to inhibit the growth of “superbacteria,” a complex
antimicrobial drug or jointly apply with dietary supplements of
raspberry should be wused. According to our results,
chloramphenicol works highly effectively through only one
mechanism - AHS Lasl; doxycycline is effective against DNA
gyrase, DHFR, deacetylase and AHS Rhl; ceftazidime works well
against deacetylase; Moxifloxacin is effective against DNA
gyrase, DHFR and deacetylase, while netilmicin works only
against DHFR and deacetylase.

A serious threat to human health is the emergence of
“superbacteria”. This issue is especially relevant in relation to A.
baumannii, K. pneumoniae, P. aeruginosa and E. cloacae. These
bacterial strains are capable of causing nosocomial infections
and respiratory associated pneumonia. The above-mentioned
bacteriahavebeenisolatedthatareresistanttoaminoglycosides,
fluoroquinolones, as well as to the action of the “last line of
defense” - carbapenems [25]. The scientific community has
identified 3 main mechanisms of resistance to antibiotics:
internal, acquired and adaptive resistance. Internal resistance
consists of low membrane permeability, as well as the
expression of genes responsible for the production of enzymes,
which are inactivated by antibiotics. Acquired resistance is
based on mutational changes or horizontal gene transfer.
Adaptive resistance of bacteria is expressed in the formation of
biofilms, which prevent the penetration of antibiotics into the
bacterial cell [26].

In our experimental studies showed that no antibiotic has
an effect on A. baumannii, K. pneumoniae and P. aeruginosa,
and in the case of E. cloacae, the antibiotics gentamicin,
doxycycline and netilmicin work, but E. cloacae is low sensitive
to these antibiotics. At the same time, the thick R. idaeus extract
actively inhibits all of the above-mentioned resistant strains of
bacteria. In theoretical studies, it was found that no single
antibiotic  highly effectively inhibits all antimicrobial
mechanisms; in the case of the identified anthocyanins, it was
also shown that anthocyanins also did not inhibit all mechanisms
of action. But, we want to note that R. idaeus extract is a
complex drug, therefore, in experimental studies, R. idaeus
extract inhibited the growth of all bacteria, and in turn,
antibiotics only inhibited the bacterial strain E. cloacae.

The next important point is that the dose of anthocyanins
in the thick R. idaeus extract was an order of magnitude less
than the dose of antibiotics, and the R. idaeus extract effectively
inhibited resistant bacteria. But, this raises the question of how
anthocyanins could so actively inhibit bacterial growth, despite
the fact that in molecular docking studies they do not inhibit all
mechanisms of antimicrobial action. Phytochemical analysis
showed that the thick R. idaeus extract contains a high content
of organic acids, which exceeds the content of phenolic
compounds by 6 times. In our opinion, organic acids can inhibit
those mechanisms that anthocyanins cannot or have a weak
effect on. Organicacids are promising antimicrobial compounds,
so in our previously published work we studied a lipophilic
extract of green tea leaves, where the main group of compounds
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were organic acids. As a result of our research, it was shown
that it was organic acids that made the main contribution to the
antimicrobial effect of the extract. Although, the main
advantage of R.idaeus extract — minimal side effects.
Pharmaceuticals based on natural compounds do not lead to
liver cirrhosis, as with the use of tetracyclines; do not have
nephrotoxicity and do not lead to deafness, as in the case of
taking aminoglycosides. According to obtained theoretical and
practical results, it was concluded that obtaining a single drug
that will inhibit the growth of resistant strains of bacteria is
impossible.

4. Conclusion

It has been established that thick raspberry extract
contains phenolic compounds, anthocyanins and organic acids.
Cyanidin-3-O-sophoroside is one of the main anthocyanins in
raspberry fruit extract. Theoretical studies have found that no
single antibiotic highly effectively inhibits all antimicrobial
mechanisms of resistant Gram-negative bacteria. Thick
raspberry fruit extract actively inhibits all resistant strains of
A. baumannii, K. pneumoniae, P.aeruginosa, and E. cloacae.
These studies show that to inhibit resistant strains of bacteria,
you need to use only a complex drug or jointly apply with
dietary supplements of raspberry, and in turn, herbal medicines
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