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PEAAKUMOHHAA KOAAETUA / EDITORIAL BOARD

Ky3suenos Oner EBrenneBud (enagnuiil peoakmop) — KaHIUAAT OHOIO-
THYeCKHX HayK, JomeHT, [{upektop MHcTHTYyTA OHOXHMHHE OHOIOTH-
YECKM aKTUBHBIX coeuHeHni HannonanbHol akagemun Hayk bema-
pycu, I'poano, benapych

Moiiceénox Aungpeii I'eoprueBuu (3amecmuments enagnozo pedakmo-
pa) — WIeH-KOppecnonaeHT HannonansHoll akagemun Hayk bemapy-
CH, JOKTOP OMOJIOTNYECKUX HayK, Ipodeccop, 3aBeIyIONIHil OTAeI0M
MuctuTyTa GMOXUMHUN OGHOJIOTHYECKH aKTHBHBIX coequHeHuil Harm-
OHaNbHOM akagemun Hayk benapycu, I'ponno, benapych

Cytbko Upuna IlerpoBHa (omegemcmeennviii cexpemapb) — KaHIUIAT
OMOIOrNYECKUX HayK, TOLEHT, CTapIINii HayYHBIH COTPYAHUK HCTH-
TyTa OMOXMMHHM OMOJIOTMYEeCKU aKTHBHBIX coenuHeHui Harmuonans-
HOI akaziemuu Hayk benapycu, I'poano, benapycs

I'neabko TaTbsina BacuibeBHa — JOKTOP MEIULIMHCKUX HAyK, 3aMECTH-
TeIb akaJeMHUKa-cekperaps OTaeneHuss MeIUIIMHCKUX Hayk Harmo-
HaJIbHOM axkazeMuu Hayk benapycu, MuHck, benapycs

Jep:xaBen JIniius AjnekcanapoBHa — JOKTOp OHOTOIHYSCKUX HayK, IIPO-
(deccop, 3aBeayOMIMN KIMHUKO-JIUATHOCTHYECKON Taboparopueit
PecmyOnukaHCKOro HayYHO-TIIPAKTUYECKOTO LIEHTPA OHKOJIOTHH U Me-
TMIUHCKO# paxuonorun umenn H. H. Anexcannposa, MuHckas 00-
nacth, benapych

3aBoanuk Uinbst BopucoBHY — TOKTOp OHOIOTHYECKHX HayK, Ipodeccop,
npodeccop ['porHEHCKOro rocyJapCTBEHHOTO YHUBEPCHTETa HMEHH
SAnxn Kynansi, I'ponno, benapyce

Kanynunkosa Huna ITaBioBHa — 1OKTOp OHOIOTHYECKHX HAyK, Ipodec-
cop, mpodeccop ['POIHEHCKOrO rOCyZapCTBEHHOIO YHHBEPCHUTETa
umenu Snku Kynansl, I'pogno, benapycs

KunapueBcknii Anexcanap Baragumuposuy — akagemuk HarmonansHoi
akazeMuu Hayk bemapycu, mokrop 6uonornueckux Hayk, mpodeccop,
3amectutens Ipencenarens Ipesunnyma HanponansHoM akagemMun
Hayk benapycu, Munck, benapycs

KocTiok CBeTiiaHa AHApeeBHA — TOKTOP MEAUIUHCKHX HayK, mpogec-
cop, npodeccop MHCTUTYTa TOBHIICHNS KBATH(HKALNY U IEPETIOf-
TOTOBKHM KaJPOB 3/IpaBOOXPAHEHUsI BeaopyccKkoro rocyaapcTBEHHOTO
MEIULUHCKOTO YHUBepcuTeTa, MuHck, benapych

MaxapuukoB Anexcanap ®e1opoBuY — J0KTOp OHOIOTHYECKHX HAyK,
npodeccop, 3aBenyomuii kageapoit I'poIHEHCKOTO rocyaapcTBeH-
HOro arpapHoro ynusepcutera umenu Suxu Kynansi, I'ponno, bena-
pycek

Hanonsuuk JInnus BanoBHA — TOKTOp OHOTOTHYIECKHX HayK, JOIEHT,
3aBeqyromuii oraenoM MHcTHTyTa OHOXUMUHN OHONIOIHYECKH aKTHB-
HBIX coeanHeHni HarmonaneHol akagemun Hayk benapycu, ['poano,
benapycs

Hedenos Jleonnn MBaHOBUY — TOKTOP MEIMIIMHCKHUX HayK, mpodeccop,
npodeccop ['PorHEHCKOro rocyJapCTBEHHOTO YHUBEPCHTETa HMEHH
SAnxkn Kynanst, I'ponHo, benapyce

OcTpoBckHii AjlekcaHap AJIEKCAHAPOBHY — JOKTOP MEAMIHUHCKUX
HayK, Ipogeccop, pyKOBOIUTEIb TPyl QYHKIHOHAIBHOI MOp(o-
noruu MHcTHTYyTa OHOXUMUH GHONIOTUYECKU aKTHBHBIX COSIHHEHHI
Hauumonanenoii akagemun Hayk benapycu, I'ponno, benapyce

XoBanckas I'anuna HukonaeBHa — KaHIUIaT MEIUIIMHCKUX HAyK, J10-
ILIEHT, 3aMeCTUTeIIb JUPEKTOpa 10 Hay4HOH pabore MHcTHTyTa OHO-
XHUMHH OHOJOTHYECKH aKTUBHBIX coenHennii HarmonanbHoil akage-
muu Hayk benapycu, I'ponno, benapyce

Xpyceraaés Biaagucias BHKTOpoBHY — TOKTOp OHONOTHYECKUX HAyK,
JIOIeHT, 3aBenyromuil xadenpoil beropycckoro rocyrapcTBeHHOTO
MEIULUHCKOTO YHUBepcuTeTa, MuHck, benapych

Yymaxk Anaronnii [eoprueBuY — 10KTOp OHOIOTHIECKHX HAyK, Ipodec-
cop, 3aBeyHoIIHii Kadeapoit benopycckoro rocynapcTBeHHOTO YHH-
Bepcurera, MuHCK, benapych

[ kymaros Bragnmup Makaposuu| — unen-koppecnionzient Harmo-
HaJbHOI akajeMuu Hayk bemapycu, TOKTOp OHOIOTHYECKHX HayK,
npodeccop, 3aBenyromuii 1aboparopreii ONOXUMUH JIEKapPCTBEHHBIX
npenapaToB yupexaenus bI'Y «Hay4Hno-nccnenoBarenbCkuii ”HCTH-
TYT (PH3UKO-XHUMHYECKHX Ipodiem», Munck, benapycs
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THE POTENTIAL OF MODIFIED NUCLEOSIDES AND NUCLEOTIDES

AS NOVEL ANTIBACTERIAL AGENTS: AN IN VITRO STUDY
OF BACTERIAL GROWTH INHIBITION AND OXIDATIVE STRESS
INDUCTION

A. G. Sysa, E. I. Kvasyuk, A. Shihad, E. R. Gritskevitch
Belarusian State University, ISEI BSU, Minsk, Republic of Belarus

Background. The overuse of antibiotics in healthcare has caused the rise of antibiotic resistance. New
antibacterial drugs are urgently needed to fight resistant bacteria. Nucleic acid derivatives show potential as
antimicrobial agents.

Objective. The objective of this research is to evaluate the antibacterial characteristics of modified nucleosides
and nucleotides in an in vitro setting.

Materials and methods. Research studied modified nucleosides/nucleotides from purine/pyrimidine bases.
P. mirabilis and B. cereus cultures were used. Growth rate assessed via resazurin metabolism in 96-well plates.
DCFH-DA probe measured ROS levels in treated cultures.

Results. The results demonstrated that all the examined compounds exhibited dose-dependent inhibitory
effects on the growth of studied bacterial cultures. The incorporation of the antioxidant quercetin into the reagent
mixture did not alter the efficacy of the compounds in suppressing bacterial cell growth. However, there was
a universal elevation in intracellular ROS levels across all bacterial cultures exposed to the studied compounds,
indicating that the antibacterial activity of these compounds may be related to their capacity to induce oxidative

stress in bacterial cells.

Conclusions. The study demonstrated that modified nucleosides and nucleotides have promising antibacterial
properties and may be useful as novel antibacterial agents.
Keywords: modified nucleosides, nucleotides, antibacterial activity, reactive oxygen species (ROS), oxidative

stress, multidrug-resistant bacterial strains.

For citation: Sysa AG, Kvasyuk EI, Shihad A, Gritskevitch ER. The potential of modified nucleosides and
nucleotides as novel antibacterial agents: an in vitro study of bacterial growth inhibition and oxidative stress
induction. Biochemistry and Molecular Biology. 2024, vol. 3, no 1(4). pp. 211-219.

Introduction

The extensive utilization of antibiotics in clinical
settings marks the onset of a new era in the
pharmacological management of infectious ailments.
Nonetheless, within a relatively short timeframe, the
efficacy of anti-infective agents against pathogenic
microorganisms has notably diminished. The misuse
of antibiotics has precipitated the emergence and swift
dissemination of resistance among microorganisms [ 1,
2]. Presently, an escalating array of both known and
novel bacterial strains are acquiring resistance to
conventional therapeutic agents. As posited by
a prevailing hypothesis, society is transitioning
towards a post-antibiotic epoch where commonplace
illnesses and minor injuries may pose fatal risks [3].

The majority of antibiotics in use today were
identified prior to the 1970s, reflecting a limited
exploration for novel antimicrobial agents attributed
to the substantial financial and temporal commitments
essential for drug commercialization, along with
restricted approaches for pinpointing bioactive
compounds [4]. Furthermore, a considerable

IKcIepuMeHTaIbHbIE U KinHIYecKne uccenosanust / Experimental and Clinical Research

proportion of current antibiotics exhibit notable
cytotoxic effects, constraining their applicability.
Evidently, there is a pressing demand for the discovery
of fresh antibacterial medications featuring novel
modes of action to combat multidrug-resistant bacterial
strains [5].

One of the understudied categories of substances
with promising antimicrobial properties comprises
derivatives of nucleic acid constituents: nucleosides,
nucleotides, and their altered analogs. Nucleotides and
nucleosides serve as the fundamental units of DNA
and RNA, participating in protein synthesis, acting as
cofactors in various biochemical pathways, and
regulating the function of enzymes involved in
nucleotide metabolism.

Modifying either the nucleic base or the sugar
component of the nucleoside has the potential to
impact enzyme recognition inhibition and the overall
efficacy of the nucleoside in combating various
pathogens. The utilization of nucleic acid derivatives
and analogues has become increasingly prevalent in
the realms of anticancer, antiviral, and, to a lesser
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extent, antifungal therapies, as evidenced by studies
conducted by A. E. J. Yssel et al. [6] and E. De Clercq
et al. [7]. Notably, the realm of antibacterial activity
has recently been unveiled in natural nucleosides, as
highlighted in the research by Z. Cui [8] and M. Abbas
et al. [9], along with their artificially synthesized
counterparts studied by G. Seydlova et al. [10] and M.
R. Bockman et al. [11]. This emerging field is currently
experiencing rapid growth and significant
advancements, as indicated by the works of M. Serpi
etal. [12] and S. D. Negrya et al. [13].

The exploration of novel compounds exhibiting
potential antibacterial properties within the realm of
modified nucleosides and nucleotides, alongside the
investigation into the molecular mechanisms
underlying their efficacy, holds significant fundamental
and practical relevance.

The objective of this research was to evaluate the
antibacterial characteristics of various altered
nucleosides and nucleotides in an in vitro setting.
Additionally, the study aimed to examine their
interactions with antioxidants to ascertain the potential
for their application as drug substrates.

Material and Methods

The research focused on the modified nucleosides
and nucleotides derived from purine and pyrimidine
bases. All compounds were synthetized as described
in [14, 15]. Purine nucleoside analogs included
halogenated compounds at the nitrogenous base, such
as 2-fluoro-arabinofuranosyladenine (fludarabine) and
2-amino-6-chloro-arabinofuranosylpurine (2-NH,-6-
Cl-ara-Pur). Pyrimidine nucleosides encompassed

sugar-modified arabinofuranosylcytosine (cytarabine,
ara-C), featuring arabinose in lieu of ribose, and
[1-(2°,3",5 -tri-O-acetyl-B-D-ribofuranosyl)-4-(1,2,4-
triazol-1-yl)Juracil (TTU), distinguished by
modifications in both the carbohydrate fragment (three
acetate groups) and the nitrogenous base (triazole at
the 4th position) (Figure 1).

Gram-negative (P. mirabilis, E. coli) and gram-
positive (B. cereus) bacterial cultures were incubated
at 32°C for 24 hours. Cells were centrifuged,
resuspended in pH 7.4 buffer, and OD,, was measured.
The initial concentration of 108 cells/ml was diluted to
107 cells/ml for testing compound activity.

Bacterial cultures’ viability was assessed using
resazurin metabolism in 96-well plates following
Travnikova et al.’s method [16]. A 10 pL cell suspension
with modified nucleosides/nucleotides was incubated
for 24 h, then mixed with 200 pL of 20 pmol/L resazurin
in pH 7.4 phosphate buffer. After 60 min, fluorescence
intensity of resorufin (Aex = 520 aHm, Aem = 590 Hm) was
measured. Each concentration was tested in six replicates,
and inhibitory effect was calculated as the ratio of
fluorescence intensity in test wells to control wells
without compounds.

A fluorescent probe DCFH-DA was used to
measure intracellular ROS levels in bacterial cultures
treated with test compounds. The cultures were
incubated with DCFH-DA at 5 pm concentration in
saline for 24 hours at 37 °C. ROS levels were
determined fluorometrically at excitation 485 nm and
emission 525 nm. Negative control included cultures
without test compounds. The experiment was
conducted in triplicate [17].

NH, Cl
L L g o
= S
F7oNTN H NTTN HO' M
- 2N % N N /[? (9] o]
0 |
HO:-- HO' o HO l\)\NHg o NJJ\N
..,‘/OH ‘-,’/OH : \\/lL N
HO HO cytarabine WO N~ S
fludarabine 2-NHjp-6-Cl-araPur 0 =N
TTU
OH
O=R-OH
NH, % = 0 . &
N7 N 0 (@] HNJ\/\N h \O"P\
!
r> . s N?L Ho OH
N HO" O"H oH
F7oNT N N {“
it 0] HO l\\-/]\NHZ
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fludarabine 5'-monophosphate

Figure 1 — The structure of the modified nucleosides and nucleotides used in the work
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Results and Discussion

All examined modified nucleosides and nucleotides
demonstrated dose-dependent inhibitory effects on
bacterial cultures during the exponential growth phase.

The impact of varying concentrations of modified
purine nucleosides and a nucleotide in the absence of
an antioxidant (A, B) compared to when equimolar
amounts of an antioxidant are included (C, D) on the
proliferation and antioxidative condition of B. cereus
bacterial cells is studied.

Based on the data illustrated in Figure 2A, within
the specified concentration range (10°-10- M), all
examined compounds led to a decline in B. cereus
growth. The patterns of changes in cell growth suggest
that the potency of the inhibitory impact on B. cereus
growth, as indicated by the ICs, values, diminished in
the fludarabine series (1.48 - 10* M) > fludarabine
monophosphate (2.64 - 10 M) = 2-NH,-6-Cl-ara-Pur
(2.77 - 10* M).

Next, the impact of varying concentrations of
modified purine nucleosides and a nucleotide in the
absence of an antioxidant (A, B) compared to when
equimolar amounts of an antioxidant are included

A
100 T
=
+= B0
=
[}
Se
(=]
Eiau -
£ 2-F-araAaMP \ B
= 5y |-e— 2-F-ara .
s 2-F-arah
= i 2-MHZ-8-Cl-araPur L
-7 -5 -4 -3
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£ . |-= 2-F-arasmp
= 2-F-arad
= 2-MHZ-5-Cl-araPur !

7 5 4 3
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ROS level, % of control

ROS level, % of control

(C, D) on the proliferation and antioxidative condition
of P. mirabilis bacterial cells is studied.

When the P. mirabilis cell culture is subjected to
the tested substances at the same concentrations, the
effectiveness of the compounds in inhibiting
diminished in the order of 2-NH,-6-Cl-ara-Pur
(2.43 - 10* M) > fludarabine (2.81 - 10* M) =
fludarabine monophosphate (2.96 - 10* M) as
illustrated in figure 3A.

Upon examination of the suppressive effects of
substances at a concentration of approximately 10~ M,
a decrease in growth of B. cereus cell culture by
5-10% and P. mirabilis cell culture by 10-20 % was
observed. This suggests a heightened susceptibility of
P. mirabilis cells to minimal levels of the substances
tested.

It is well-established that in certain instances, the
demise of bacterial cells ensues from an elevation in
reactive oxygen species levels induced by antibacterial
agents. The heightened presence of reactive oxygen
species can result in impairment to iron-sulfur clusters,
leading to the liberation of Fe?* ions, which subsequently
engage with hydrogen peroxide in the Fenton’s
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Figure 2 — Effects of different concentrations of modified purine nucleosides and a nucleotide on bacterial cells
B. cereus growth and antioxidant status with and without equimolar quercetin
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Figure 3 — Effects of different concentrations of modified purine nucleosides and a nucleotide on bacterial cells P
mirabilis growth and antioxidant status with and without equimolar quercetin
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reaction. Consequently, a cascade process is initiated,
generating hydroxyl radicals that have the potential to
directly harm intracellular DNA, lipids, and proteins.
To investigate the plausibility of the aforementioned
antibacterial action mechanism, bacterial cultures were
grown in the presence of the specified compounds at
equivalent concentrations, with DCFH-DA utilized as
a non-specific indicator to quantify reactive oxygen
species levels. The findings demonstrated a substantial
increase in reactive oxygen species levels across all
bacterial cultures when cultivated with the compounds
under study (See Figures 2B, 3B).

A number of conclusions can be drawn from the
data presented in Figures 1B and 2B. First, fludarabine
proved to be the most effective compound in increasing
the level of reactive oxygen species when it acted on
both bacterial cell cultures. Secondly, fludarabine
demonstrated a more pronounced elevation in reactive
oxygen species levels across all concentrations when
targeting Gram-positive B. cereus cells. Moreover,
anotable exponential surge in reactive oxygen species
levels was observed for both bacterial cultures upon
reaching concentrations of 0.1 uM for all compounds
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investigated, aligning with the ICy, values derived
from growth inhibition data. Notably, fludarabine
phosphate exhibited the lowest efficacy in inducing
reactive oxygen species levels in B. cereus cultures,
while 2-amino-6-chloro-arabinofuranosylpurine was
the most effective in P. mirabilis cultures among the
compounds examined.

The incorporation of the antioxidant quercetin into
the reagent mixture did not alter the efficacy of the
compounds in suppressing bacterial cell growth
(Figures 2C and 3C). Concurrently, there was
auniversal elevation in reactive oxygen species levels
across all bacterial cultures exposed to the studied
compounds; however, growth dynamics were
comparatively subdued in the presence of the
antioxidant (Figures 2D and 3D). Notably, the most
potent combination, fludarabine with quercetin, led to
amodest five-fold rise in intracellular reactive oxygen
species levels (a three-fold reduction compared to the
antioxidant-free experiment), while the least effective
combination, fludarabine monophosphate with
quercetin, exhibited minimal impact on reactive
oxygen species levels.
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Next, the impact of varying concentrations of
modified pyrimidine nucleosides and nucleotides in
the absence of an antioxidant (A, B) compared to
when equimolar amounts of an antioxidant are
included (C, D) on the proliferation and antioxidative
condition of B. cereus bacterial cells was studied.

The trends observed in cell growth alterations
suggest a diminishing efficacy in the inhibitory impact
of pyrimidine derivatives on B. cereus cell growth in
the following order: ara-CMP (IC50=1.85 - 104 M) >
TTU (ICsy = 4.22 - 10* M) > cyclo-CMP (ICs, =
5.65 - 10* M) > ara-C (IC5, = 6.41 - 10* M).
Concurrently, the capacity of these compounds to
induce reactive oxygen species production was
escalated accordingly (Figures 4A and 4B).

The following investigation examines the influence
of different levels of modified pyrimidine nucleosides
and nucleotides on the growth and antioxidant status
of P. mirabilis bacteria in two scenarios: without an
antioxidant (A, B) and with equimolar quantities of an
antioxidant (C, D).

Under the influence of pyrimidine series compounds
at equivalent concentrations on P. mirabilis cells, the
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inhibitory efficacy of the compounds showed
a decreasing trend within the series TTU (ICs, =
2.94 - 10* M) > cyclo-CMP (ICs, = 4.04 - 104 M) >
ara-C (IC5, = 6.45 - 10* M) > ara-CMP (ICs, =
2.32 - 102 M). Furthermore, the pattern of changes in
cell viability in the presence of ara-CMP deviated
from the dose-response models established for the
other compounds (Figure 5A).

The minimal rise in reactive oxygen species
occurred in the presence of ara-CMP (4-fold),
contrasting with ara-C and ara-CMP which led to a 10-
fold and cyclo-CMP an 8-fold elevation in reactive
oxygen species levels, as depicted in Figure 5B.

Quercetin did not impact the antibacterial activity
of modified nucleosides and pyrimidine nucleotides
(Figures 4C and 5C); however, it attenuated their
capacity for upregulation (Figures 4D—5D). The most
potent compound in inhibiting the growth of B. cereus
cells, ara-CMP, when combined with quercetin, led to
a seven-fold increase in intracellular reactive oxygen
species levels (a 1.7-fold decrease compared to the
experiment conducted without the antioxidant).
Notably, cyclo-CMP exhibited relatively lower levels
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Figure 4 — Effects of different concentrations of modified pyrimidine nucleosides and nucleotides on bacterial cells B.
cereus growth and antioxidant status with and without equimolar quercetin
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of reactive oxygen species: a four-fold increase under
cultivation conditions without quercetin and a three-
fold increase in the presence of the antioxidant (Figures
4B and 4D).

In the Gram-negative P. mirabilis culture, the
compound ara-CMP exhibited the least impact on the
relative levels of reactive oxygen species within the
cells. A four-fold increase was observed without the
addition of an antioxidant, and a two-fold increase was
noted in its presence, aligning with the antibacterial
activity data. Across the studied compounds at
concentrations of 10 M and above, similar efficacy
was observed concerning oxidative stress levels, with
arise in reactive oxygen species levels by 7-10 times.
Notably, a higher sensitivity to the antioxidant
quercetin was observed during the cultivation of P.
mirabilis with ara-C at lower concentrations (below
10 M), resulting in only a 1.5-fold increase in reactive
oxygen species levels, which is five times lower
compared to a system without quercetin.

The outcomes derived from our investigation
indicate that each of the substances demonstrates
encouraging antibacterial efficacy, a quality that can
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be linked to their capacity to trigger the generation of
reactive oxygen species within bacterial cellular
structures.

The mechanisms of action of these compounds,
although requiring further investigation, are thought
to involve interference with DNA synthesis, disruption
of electron transport chains, and induction of DNA
damage responses, ultimately leading to the generation
of ROS and damage to intracellular components.
Indeed, the generation of reactive oxygen species is
a significant factor in the cytotoxic effects of these
compounds. ROS, which include species such as
superoxide radicals, hydrogen peroxide and hydroxyl
radicals, are highly reactive molecules that can cause
damage to various cellular components, including
proteins, lipids, and DNA. This damage can ultimately
lead to cell death.

The observation that quercetin reduced levels of
reactive oxygen species in bacterial cells exposed to
the altered nucleosides and nucleotides is a noteworthy
discovery that may be linked to its antioxidative
characteristics. Quercetin’s capacity to eliminate
harmful free radicals, impede ROS generation, and
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stimulate the activity of antioxidant enzymes probably
plays arole in diminishing ROS concentrations within
bacterial cells. Furthermore, this finding could have
significant implications in the field of bacterial biology,
particularly in understanding the mechanisms of
oxidative stress in bacterial cells. The ability of
quercetin to modulate oxidative stress in bacterial
cells could also open up new avenues for the
development of novel antimicrobial agents.

The specificity of action of these compounds
towards bacterial cells is thought to be due to
differences in cell wall structure, variations in
metabolic pathways, and faster proliferation rates
compared to human cells. However, further
investigation is necessary to confirm and fully
elucidate the selectivity of these compounds towards
bacterial cells.

Conclusions

The extensive utilization of antibiotics and the
rapid emergence of antibiotic resistance have
highlighted the urgent need for the discovery of new
antibacterial agents. In this context, modified
nucleosides and nucleotides, which serve as the
fundamental units of DNA and RNA, have emerged
as promising candidates due to their potential to
impact enzyme recognition and overall efficacy
against various pathogens. In our study, we evaluated
the antibacterial properties of various altered purine
and pyrimidine nucleosides and nucleotides in an in
vitro setting and examined their interactions with
antioxidants.

Our findings revealed that all examined modified
nucleosides and nucleotides demonstrated dose-dependent
inhibitory effects on the growth of both Gram-negative
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HNOTEHIUMAJI MOAN®UIINPOBAHHBIX HYKJIEO3U OB
N HYKIEOTUI0OB KAK HOBbBIX AHTUBAKTEPHUAJIbBHBIX
ATEHTOB: IN VITRO HCCJIIEJOBAHUE UHI'NBUPOBAHUS POCTA
BAKTEPUH U MTHAYKIIUU OKUCJUTEJBHOI'O CTPECCA

A. I Cuvica, E. U. Ksaciok, A. lluxao, E. P. I puyxesuu
benopyccxkuii cocyoapemeennviil ynusepcumem, MI'OH um. A. /. Caxaposa BI'Y,
2. Munck, Pecnybnuka Benapyco

Bgenenne. UpeamepHoe UCIIONB30BaHNE aHTHOMOTHKOB B 3[PaBOOXPAHEHUH IIPUBEIIO K POCTY YCTOMYMBOCTH
K aHTHOnOTHKAM. J{71s1 60pBOBI ¢ yCTOWYMBBHIMU OAKTEPUSIMHU CPOYHO HEOOXOIUMBI HOBBIE aHTHOAKTEPHATBHBIE
npenaparsl. [Ipon3BoHbIE HYKJIEMHOBBIX KHCIOT JEMOHCTPUPYIOT TOTCHIIMA B KAY€CTBE MPOTUBOMHUKPOOHBIX
CPEICTB.

Hens uccaenoBanusi. OneHKa aHTHOAKTEPHATEHONW d(PPEKTHBHOCTH MOJU(PHUINPOBAHHBIX HYKIICO3HIOB
1 HyKJICOTUJIOB B YCIIOBUSAX in Vitro.

Marepuaibl 4 MeToAbl. B padoTe n3ydanuck Moan(pUInpoBaHHbIE HYKJICO3UAbI/HYKICOTH/IBI HA OCHOBE
Iy pUHOBBIX/TIMPUMHIMHOBBIX OCHOBaHMH. Mcronp3oBanyu OakrepuanbHble KynbTypsl P mirabilis n B. cereus.
CKOpOCTB POCTa OLEHUBAIIN 110 META0OIM3MY pe3a3ypHHa, ypoBHI ADK B 6akTepHanbHBIX KIETKaxX OLCHUBAINCH
¢ ucrnonp3oBanreM 30a1a DCFH-DA.

Pe3yabrarsl. [TokazaHo, 4To Bce HCCIIEIOBAaHHBIE COSANHEHNS OKA3bIBAIM JI0303aBUCUMOE HHIHONPYIOIIee
JIeiCTBHE Ha POCT MCCIICIOBAHHBIX OAaKTEpPHAIBHBIX KyJIBTYp. BKiIIoueHre aHTHOKCHJaHTa KBEPIIETHHA B CMECh
peareHTOB He N3MEHSAIO 3 PEKTUBHOCTD COSIMHEHHUH B ITOJABJICHUH POCTA OaKTepHaIbHBIX KIeTOK. OJHAKO BO
BCEX OAKTEpHAIBHBIX KYJIBTYPax, MOABEPTIINXCS BO3ACHCTBUIO N3Y4aeMbIX COANHEHUH, HaOI01a10Cch moBce-
MECTHOE TIOBBIIIEHHE BHYTPUKJIETOUHBIX YpoBHEH ADK, uTO yKa3plBaeT Ha TO, YTO aHTHOAKTEpHAIbHASI AKTHB-
HOCTb 3THX COCTMHEHHH MOXKET OBITH CBSI3aHA C UX CIIOCOOHOCTBIO BHI3BIBATH OKHCIMTEIBHBIN CTpecc B OaKTe-
PHAIBbHBIX KIETKaX.

3akJoueHue. VccnenoBanne mokasano, YTo MOAU(UIIMPOBAaHHBIE HYKJICO3H/Ibl U HYKJICOTHABI 001a1ai0T
MOTECHIMAJIbHBIMI aHTHOAKTEPHATIBHBIMU CBOWCTBAMH U MOTYT OBITH IOJIE3HBI B KAUECTBE HOBBIX aHTHOAKTEPH-
QJIBHBIX CPEJICTB.

KaroueBble ciioBa: Moau(UIMPOBaHHBIC HYKJICO3H/Ibl, HYKJICOTH/Ibl, aHTHOAKTEpHabHasl aKTHBHOCTB, aK-
tuBHBIE (popMmBI Kucopona (ADK), OKHCIUTENBHBIA CTPECC, INTaMMBI OaKTepPH ¢ MHO>KECTBCHHOM JIEKapCTBEH-
HOM yCTOWYMBOCTBIO.

J1s1 nutupoBanus. [ToreHnnan MoanUINpPOBaHHBIX HYKI€O3H0B U HyKJICOTHOB KaK HOBBIX aHTHOAK-
TepUaJIbHBIX areHTOB: (N Vitro WCCIIeI0BAaHNE MHIHOMPOBAHMS POCTa OAKTEPHH M MHAYKIMH OKHCINUTEIHHOTO
ctpecca/ A. I. Ceica [u np.] / buoxumus u monekymsipHast 6monorus. —2024. — T. 3, Ne1(4). — C. 211-219.

Iocmynuna 11.04.2024

IKcrepuMeHTaIbHbIe U KInHuYecKue uccienosanus / Experimental and Clinical Research 219



COAEPXAHUE / CONTENTS

OKCIHEPUMEHTAJIbHBIE 1 KIIMHNYECKUE NCCIEAJOBAHUA

EXPERIMENTAL AND CLINICAL RESEARCH

0. E. Ky3nenos, B. M. LIbipkyHoB
MOJIEKVIJIIAPHO-BUOJIOTNUYECKOE
3HAYEHUWE ITPOTEMMHOB KJIETOYHOI'O
HHHUKIIA TTPH PAKE TOJICTOI'O
KUINEYHUKA, OTATOIIEHHOI'O
MYTALMUAMU T'’EHOB (BRCA 1/2, HMSH?2)
1 JHK/PHK BUPYCOB

A. Kuzniatsou, V. Tsyrkunov
MOLECULAR-BIOLOGICAL
SIGNIFICANCE OF CELL CYCLE
9 PROTEINS IN COLON CANCER
BARGAINED BY GENE MUTATIONS
(BRCA 1/2, hMSH2) AND DNA/RNA
VIRUSES

JI. 1. HagonbHuk, B. Y. [Moay6ok, P. E. Jluc
BIUSAHUE BKCTPAKTA CTBOPOK
IJI00B ®ACOJIN OBBIKHOBEHHOM
(VALVAE FRUCTUUM PHASEOLI
VULGARIS) HA .]'[I/IHI/II[H])IIU/I
" YI"J'IEBOZ[HI)II;I METABOJIN3M ¥ KPbIC
TP NIUABETE II TUIIA

L. I. Nadolnik, V. Ch. Polubok, R. Ye Lis
EFFECT OF BEAN FRUIT VALVE EXTRACT
(VALVAE FRUCTUUM PHASEOLI
VULGARES) ON LIPID
AND CARBOHYDRATE METABOLISM
IN TYPE 2 DIABETIC RATS

22

A. . Taranouu, H. H. KoBranko,
K. A. PyTkoBckas, O. B. I'otsko, B. U. IIpoxopoBa
BUOXNMHNYECKUNE MAPKEPHI
B JIOOITEPALIMOHHOM OLIEHKE
PACITPOCTPAHEHHOCTHA
HEMEJIKOKJIETOYHOI'O PAKA JIETKOI'O

A. D. Tahanovich, M. M. Kauhanka,
Zh. A. Rutkovskaya, O. V. Gotko, V. 1. Prokhorova
BIOCHEMICAL MARKERS
IN PREOPERATIVE ASSESSMENT
OF NON-SMALL CELL LUNG CANCER
PREVALENCE

29

J. H. Besqiemenuyk, T. B.CaBunkas, A. B. Connuena
XAPAKTEPUCTUKA MYTAL[HVI T'EHA
GCK CPEIA )lETEI;I C ®EHOTUITNYE-
CKHUMMU ITPOABIIEHUAMU MOHOI'EHHO-
I'0 CAXAPHOI'O JUABETA B PECIIYBJIN-
KE BEJIAPYCb

D. N. Velemianchuk, T. V. Savitskaya, A. V. Solntseva
CHARACTERISTICS OF GCK GENE
MUTATIONS AMONG CHILDREN
WITH PHENOTYPICAL MANIFESTATIONS
OF MONOGENIC DIABETES MELLITUS
IN THE REPUBLIC OF BELARUS

37

A. B. TymaHnos, A. . Mapuuk, B. Y. Ilosyooxk,
O. b. OcTposckas, A. I. LHlnsaxtyx,
A. A. OcTpoBckuii
BIIMAHUWE AJTIKOT'OJIBHOT O
ABCTUHEHTHOT'O CUHIAPOMA
HA CTPYKTYPHO-OYHKIIMOHAJIBHOE
COCTOSIHUE HEMPOHOB U MUTOXOH-
JPUM TOJJOBHOI'O MO3T'A KPbIC HA
®OHE BBEJEHHWA IMTPOM3BOAHOI'O
ITNIACTOXNHOHA

A. V. Tumanov, A. I. Marchik, V. Ch. Polubok,
A. B. Astrowskaja, A. H. Shlyahtun,
A. A. Astrowski
THE EFFECT OF ALCOHOL WITHDRAWAL
SYNDROME ON THE STRUCTURAL AND
FUNCTIONAL STATE OF NEURONS
AND MITOCHONDRIA OF THE RAT
BRAIN AGAINST THE BACKGROUND OF
ADMINISTRATION OF A PLASTOQUINONE
DERIVATIVE

42

C. A. Koctiok, JI. ®. Mo:xeiiko, T. B. [lunuyk,
O. C. onysn
YPOBHU HOPMAJIM30BAHHON
OKCITPECCUU TEHETUYECKHNX
AETEPMUWHAHT IL-1p, COL, MMP
V INIALIMEHTOK C HEPBUKAJIbHBIMHA
NHTPASIIUTEIVAJIIBHBIMUA
IMTOPAXEHUNAMUNU KAK MAPKEPHI
TKAHEBOW OECTPYKLIMU

S. A. Kostiuk, L. F. Mozheiko, T. V. Pinchuk,
0. S. Poluyan
LEVELS OF NORMALIZED EXPRESSION
OF GENETIC DETERMINANTS IL-18,
COL, MMP IN PATIENTS WITH CERVICAL
INTRAEPITHELIAL LESIONS AS MARKERS
OF TISSUE DESTRUCTURE

52

buoxumus u mosekymspuas ouonorust ® Towm 3. 1(4)/2024



A. A. Unpxkun, O. M. banaeBa-Tuxomuposa,
E. . Kaunenscon, E. M. Jlopomenko .
AHAJIN3 METABOJIMYECKUX I[TPODOUITEN

A. A. Chirkin, O. M. Balaeva-Tikhomirova,
E. 1. Katsnelson, E. M. Doroshenko
ANALYSIS OF METABOLIC PROFILES

CBOBOJIHBIX AMUHOKHNCJIOT 60 OF FREE AMINO ACIDS FOR
JJI1 OBOCHOBAHI A BBIBOPA JUSTIFICATION FOR CHOICE
MOJEJIBbHBIX OPTAHN3MOB OF MODEL ORGANISMS
I. H. CemenkoBa, U. 3. Anx3epuxo, G. N. Semenkova, I. E. Adzerikho,
T. 2. Bragumupckas, H. B. Amasroepn, T. E. Vladimirskaja, N. V. Amaegberi,
A. M. Yeremuyk, A. B. KunkeBuu, A. M. Ustiamchuk, A. V. Zhilkevich,
A. B. bornanosa, T. A. Kyiarosa 67 A. V. Bahdanava, T. A. Kulahava

POJIb OKCUJIATUBHOTO CTPECCA
B PA3BBUTHUU BOCITIAJIEHUS
[MPU JIETOYHOMN APTEPUAJIBHOWM
TUTEPTEH3UU

ROLE OF OXIDATIVE STRESS
IN THE INFLAMMATION DEVELOPMENT
IN PULMONARY ARTERIAL
HYPERTENSION

B. Y. Iloayook, E. M. lopomenko,
B. B. Bunorpanos, JI. U. HagosabHuk
BIUSHUWUE KOMITIO3ULIM (JIMTTIOEBAA

V. Ch. Polubok, E. M. Doroshenko,
V. V. Vinogradov, L. I. Nadolnik
EFFECT OF LIPOIC ACID, THIAMINE AND

KHUCJIOTA, THAMUH, TUPO3WH) 74 "TYROSINE COMPOSION ON THE LEVELS
HA YPOBHU CBOBOAHBIX AMMHOKUWCIIOT OF FREE AMINO ACIDS IN BLOOD OF
B KPOBW KPBIC ITPU SKCITEPUMEH- RATS WITH EXPERIMENTAL DIABETES
TAJIbHOM JJUABETE
H. B. Tpycos, B. A. lllunenun, U. B. 'MmomnHckuii .. A
s N. V. Trusov, V. A. Shipelin, I. V. Gmoshinski
HOJTHOTPAHCKPUTITOMHDIM AHAJIN3 LIVER FULL TRANSCRIPTOME ANALYSIS
IMEYEHU KPBIC, ITOJIYYHAIOIIIMNX 83
KOMIUIEKC L-KAPHUTHMHA IN RATS RECEIVING COMPLEX OF
Yl PECBEPATPOJIA L-CARNITINE AND RESVERATROL
1O. JI. Topouy, C. A. Koctiok, T. B. PynenkoBa
NIEHTUOUKALINA MOJIEKYJISIPHO- Y. L. Gorbich, S. A. Kostiuk, T. V. Rudenkova
I“UEHETI/I‘IECKI/IX MAPKEPOB IDENTIFICATION OF POLYMYXIN
YCTOUYUBOCTHU K IMTOJIMMHUKCHUHAM  §9 (COLISTIN) RESISTANCE MOLECULAR
(KOJIMCTUHY) B BAKTEPUAJIbHBIX GENETIC MARKERS IN KLEBSIELLA
KVYJIBbTYPAX KLEBSIELLA PNEUMONIAE BACTERIAL CULTURES
PNEUMONIAE
A. E. Kuzniatsou, V. M. Tsyrkunov
0. E. Ky3nenos, B. M. LlpipkyHoB
W3MEHEHUS B TEHAX, YYACTBYIOIINX CHANGES IN THE GENES INVOLVED
96 IN THE RB1 AND P53 PATHWAYS WHEN
B IIVTAX Rb1 U P53, TIPU MHOKYJIALIMM INOCULATING RATS WITH VIRAL DNA
KPBICAM BUPYCHOU JHK WU PHK
AND RNA
T. A. MuTiokoBa, E. H. UynuioBckas, T. A. Mityukova, K. N. Chudilovskaya,
A. A. Bacaaaii, O. E. IToxyasx A. A. Basalai, O. Y. Poluliakh
METABOJINMYECKHWE U METABOLIC AND PHYSIOLOGICAL
OU3NOJOTMYECKHNE XAPAKTEPUCTUKHA 104 CHARACTERISTICS OF MALE WISTAR

KPbIC-CAMI OB BUCTAP B 3ABUCHUMO-
CTHU OT UX CKJIIOHHOCTHU K AUET-NH-
AYUUPOBAHHOMY OXKHWMPEHUIO

RATS DEPENDING ON THEIR
SUSCEPTIBILITY TO DIET-INDUCED
OBESITY

Copepskanne / Contents



A. JI. Taranosuu, H. H. KoBrauko, A. B. KoJ0, A. D. Tahanovich, M. M. Kauhanka, A. V. Kolb,

E. A. XorbKo, O. B. I'oTbko, B. H. IIpoxoposa E. A. Khotko, O. V. Gotko, V. I. Prokhorova
OIITUMUBALUNA NUCITOJIb3OBAHUA OPTIMIZATION OF THE USE OF
MAPKEPOB B KPOBU ITALIMEHTOB I1PU 111 MARKERS IN THE BLOOD OF PATIENTS
AJEHOKAPIIMHOME U TTNIOCKOKJIETOY- WITH ADENOCARCINOMA AND
HOM PAKE JIETKOT'O 1JIs1 OLIEHKHA SQUAMOUS CELL LUNG CANCER TO
DODPEKTUBHOCTU IMPOBEJAEHHOTI'O EVALUATE THE EFFECTIVENESS
JIEHEHUWA OF TREATMENT

E. b. MapkeBuu, /[. ®. XBopuk, J. II. Cranbko
INATHOCTHUYECKASA HEHHOCTD
MNEINTUIHBIX HEIU/IPOME):[I/IATOPOB
1 X PELEITTOPOB ITPU ITCOPUAS3E,
ACCOLHMMUPOBAHHOM C IICUXNYECKU-
MU PACCTPOMCTBAMU

E. B. Markevich, D. F. Khvorik, E. P. Stanko
DIAGNOSTIC VALUE OF PEPTIDE
120 NEUROMEDIATORS AND THEIR
RECEPTORS IN PSORIASIS ASSOCIATED
WITH MENTAL DISORDERS

Mxab66ap Mycrada Canex
XUMHNYECKHNHN COCTAB
PACTUTEJIbBHOT'O 5KCTPAKTA

Jabbar Mustafa Saleh
128 CHEMICAL COMPOSITION OF PLANT
EXTRACT BUXUS SEMPERVIRENS L.

BUXUS SEMPERVIRENS L.
T. U. Tepnunckas, T. JI. Anuenxo, T. I. Terpinskaya, T. L. Yanchanka,
M. A. Pyounckas, E. ®@. [Toaykomko M. A. Rubinskaya, A. F. Palukoshka
BJIMAAHUE BETYJIMHOBOM KUCJIOTBl U 136 ANTI-TUMOR EFFECT OF COMBINED
MOIVIATOPOB KAJIBITMEBOI'O OBMEHA APPLICATION OF BETULIC ACID AND
HA POCT OITYXOJIEBBIX KJIETO CALCIUM CHANNEL INHIBITORS
H. U. Crenypo, C. A. Areiixo, B. . Crenypo, I. I. Stepuro, S. A. Aheika, V. 1. Stsiapura,
B. IO. CmupHoB V. Y. Smirnov
MHIMBUPOBAHWUE TUAMMWHOM THIAMINE INHIBITS NITRATION OF
HUTPOBAHHUA TUPO3MNHA U TUPO3NJIb- 143 TYROSINE AND TYROSYL RESIDUES OF
HbBIX OCTATKOB BEJIKOB B PEAKIINAX, PROTEINS IN REACTIONS CATALYZED
KATAJIM3NUPYEMbBIX METMHUOTJIOBN- BY METMYOGLOBIN IN PRESENCE OF
HOM B ITPUCYTCTBUUA TTEPOKCHUIOA HYDROGEN PEROXIDE AND NITRITE
BOJOPOJA N HUTPUTA
H. M. Tuxon, C. A. JIsnmukos, M. B. beJieBues, N. M. Tsikhan, S. A. Lialikau, M. V. Belevtsev,
B. JI. 3Bepko, A. H. Kynuunckas, O. C. Jly6oBuk, U. L. Zverko, A. N. Kupchynskaya, V. S. Dubovik,
A. K. Hukoabckasi A. K. Nikolskaya
COOEPXAHUE UMMYHOJIIOTUYECKHN 155 BREAST MILK CONCENTRATION OF
AKTHUBHBIX KOMITOHEHTOB B I'PYITHOM IMMUNOLOGICALLY ACTIVE FACTORS
MOJIOKE XKEHIIIWH, ITPOXNBAIOIIINX B IN WOMEN RESIDING IN THE WESTERN
SAITAAIHOM PETMOHE BEJIAPYCH REGION OF BELARUS
IO. C. bakakuna, JI. B. badapuxo, T. B. Ilp10pyK, Y. S. Bakakina, D. V. Babaryko, T. V. Tsybruk,
A. B. Cupuza, M. C. Kucean, A. M. Tymuiiopuy, A. V. Svirid, M. S. Kisel, A. M. Tumilovich,

10. I'. Hoxoanst, A. A. I'miten, B. 3. CsxoBu4 Y. G. Pokhodnya, A. A. Gilep, V. E. Syakhovich
BUOTEXHOJIOTMYECKOE IMOJTYYEHUE BIOTECHNOLOGICAL PRODUCTION OF
I'MAPOKCHUITPOU3BOAHBIX CTAHO30J10- 163 HYDROXYDERIVATIVES OF STANOZOLOL

JIA C UCITOJIb3OBAHUEM PEKOMbBMH- USING HUMAN RECOMBINANT
HAHTHBIX ®EPMEHTOB CEMENCTBA CYTOCHROME P450 ENZYMES FOR
HIUTOXPOMOB P450 HEJIOBEKA 1JI51 DOPING CONTROL PURPUSES

LEJEW JOMUHI-KOHTPOJIA

6 buoxumus u mosekymspuas ouonorust ® Towm 3. 1(4)/2024



A. B. Tamamesckuii, FO. M. I'apma3za, JI. C. Muryn
MOJIEKYIIAPHO-MEMBPAHHDLIE
OCOBEHHOCTMU IN VITRO B3AMMOJIEMN-
CTBUA JJEKTUHOB, CITEHV®UYHbIX
K ®YKO3E U CUAJIOBOU KHUCIOTE, C
OIIYXOJIEBBIMU KIIETKAMU KPOBU

A. V. Tamashevski, Y. M. Harmaza, D. S. Migun
MOLECULAR AND MEMBRANE
170 FEATURES OF IN VITRO INTERACTION
OF FUCOSE / SIALIC ACID SPECIFIC
LECTINS WITH BLOOD TUMOR CELLS

E. A. MeasnukoBa, H. B. Amasroepu,
I. H. CemenkoBa, K. A. JlykpsinoBa, O. B. Opemko
MEXAHW3Mbl MOAUDUKALIUN OYHK-
LIMOHAJIBHOM AKTUBHOCTHU HEUTPO-
®UJIOB MPU JEVICTBUU KOPUYHOU U
KO®EMHOU KUCIOT

E. A. Melnikova, N. V. Amaegberi, G. N. Semenkova,
K. A. Lukyanava, O. V. Oreshko
MECHANISMS OF NEUTROPHILS’
FUNCTIONAL ACTIVITY MODIFICATION
UNDER THE ACTION OF CINNAMIC AND
CAFFEIC ACIDS

178

E. T Bagyn, A. B. lllypudepko, E. O. Ka3unen,
1O. E. PazBonoBckwmii, A. B. lllynsra, O. E. Ky3neuos
OYHKLMOHAJIbHASA AKTUBHOCTD 1
BUOBJIEMEHTHBIM CTATYC
MUWUTOXOHJIPUN MUOKAPJIA KPBIC
MMPY XPOHUYECKOW AJIKOT'OJIbHOM
MHTOKCHUKALMUN

E. G. Badun, A. V. Shuriberko, E. O. Kazinets,
Y. E. Razvodovsky, A. V. Shulga, A. E. Kuzniatsou
FUNCTIONAL ACTIVITY AND BIO-
186 ELEMENT STATUS OF RATS MYOCARDIAL
MITOCHONDRIA UNDER CHRONIC
ALCOHOL INTOXICATION

JI. 1. AnexnoBuy, B. C. KambIlIIHUKOB,

0. !. CtrenanoBa, T. U. CexoBa
OLHEHKA AHAJIUTUYECKHUX
XAPAKTEPUCTUK ABTOMATHUYECKOI'O
KOAT'YIOMETPA DIAGON COAG M

L. I. Aliakhnovich, V. S. Kamyshnikav,

J. I. Stepanova, T. I. Siadova
EVALUATION OF ANALYTICAL
CHARACTERISTICS OF AUTOMATIC
COAGULOMETER DIAGON COAG M

196

1O. B. 1060, M. A. [llapanrosuy,

E. A. Hukonaiiunk
TPAHCKPI/I]’[HHOHHI)HU/I DAKTOP CITJ
KOHTPOJIUPYET YTUITU3ALIWIO LTUTPA-
TA, APABMHO3blI U BUPYJIEHTHOCTb
DOUTOITATOI'EHA PECTOBACTERIUM
VERSATILE

Yu. V. Dubo, M. A. Sharangovich,
E. A. Nikolaichik
TRANSCRIPTION FACTOR CITJ
202 CONTROLS UTILIZATION OF CITRATE,
ARABINOSE AND VIRULENCE OF PLANT
PATHOGEN PECTOBACTERIUM VERSATILE

G. Sysa, E. I. Kvasyuk, A. Shihad, E.R. Gritskevitch
THE POTENTIAL OF MODIFIED
NUCLEOSIDES AND NUCLEOTIDES AS
NOVEL ANTIBACTERIAL AGENTS: AN IN
VITRO STUDY OF BACTERIAL GROWTH
INHIBITION AND OXIDATIVE STRESS
INDUCTION

A.T. Coica, E. . KBacwok, A. llluxan,

E. P. I'punkeBny
NMOTEHLMATI MOAUDPUILITNMPOBAHHBIX
HYKIIEO3UJI0B 11 HYKJIIEOTHU10OB
KAK HOBbIX AHTUBAKTEPUAJIbBHBIX
ATEHTOB: IN VITRO UCCITEOJOBAHHME
WHTUBUPOBAHUS POCTA BAKTEPUI
N MHAYKINW OKNUCIHUTEJIBHOI'O
CTPECCA

211

A. H. Shlyahtun, Yu. Z. Maksimchik, A. Zakrzeska,
A. F. Raduta, V. Ch. Polubok, E. V. Buksha,
E. V. Bogdevich, P. Kitlas, M. Tomulewicz,
I. P. Sutsko

PROTECTIVE EFFECTS OF TRITERPENOID

BETULIN ON TYPE 2 DIABETES
MELLITUS IN RATS

220

A. T. Hlasaxtys, FO. 3. Makcumuuk, A. 3aKkunicka,
E. ®. Panyra, B. U. [loaydok, E. B. Bykia,
E. B. bornesuy, Il. Kutiaac, M. TomyaneBuy,

. B. IInuko, U. I1. CyTbK0
ITPOTEKTUBHOE ZLEI;ICTBI/IE
TPUTEPITIEHOUJIA BETYJIMWUHA I1PU
CAXAPHOM JIUABETE 2 TUITA ¥ KPbIC

Copepskanne / Contents



OB3O0OPLI / REVIEWS

. I1. CytsKo, A. I. llnsaxrysn, O. B. Tutko
DOOEKTHMBHOCTDL TPUMEHEHUWA
BEPBEPMMHA B KOMBUHAILIMU
C APYTUMU BUOJOTIMYECKU AKTUB- 230
HbIMW COEAMHEHUAMU PACTUTEJIb-
HOI'O IMTPOUCXOXAEHUA: MUHU-OB30P
N COBCTBEHHBIE PE3VYJIBTATDBI

I. P. Sutsko, A. H. Shlyahtun, O. V. Titko
EFFICIENCY OF USE OF BERBERINE
IN COMBINATIONS WITH OTHER
BIOLOGICALLY ACTIVE COMPOUNDS
OF PLANT ORIGIN: A MINI REVIEW
AND OWN RESULTS

C. A. Koctiok, JI. ®. Moxeiixo, O. C. IToaysiH,

T. B. IIlnnuyk
COBPEMEHHBIE TEHETMYECKHWE
METO/IbI 414 PEIHEHU S TTPUKJTAIHBIX
3AJJIAY B AKYIHIEPCTBE
N TUHEKOJIOTUHN

YUYEHDIE BEJIAPYCH / SCIENTISTS OF BELARUS

K ro6uiero npodeccopa

S. A. Kostiuk, L. F. Mozheiko, O. S. Poluyan,
T. V. Pinchuk
238 MODERN GENETIC METHODS FOR
SOLVING APPLIED PROBLEMS IN
OBSTETRICS AND GYNECOLOGY

247 On the occasion of the anniversary of Professor

KambinHukoBa Binanumupa CemeHoBUYA Vladimir S. Kamyshnikov
In memoriam. 249 In memoriam.
IIxymaroB Bnagumup MakapoBuu Vladimir M. Shkumatov
In memoriam. 251 In memoriam.
Kynpunukuit Bnagumup AnamoBuu Vladimir A. Kulchitsky

o0

buoxumust u monexyssipHast ouosorust © Tom 3. 1(4)/2024



