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BIOLOGICAL PROPERTIES AND MULTIFUNCTIONAL
APPLICATIONS OF BENZYLPIPERIDINE DERIVATIVES (REVIEW)

Abstract. The exploration of new biologically active molecules plays a significant
role in modern pharmaceutical science. N-benzylpiperidin-4-one derivatives have
attracted attention for their multifunctional biological properties, making them
valuable candidates for the development of new chemical agents. Investigating
their potential applications contributes to advancements in pharmacology and
medicinal chemistry. The purpose of this review: The purpose of this review is to
summarize available scientific data on the biological properties and pharmacological
potential of N-benzylpiperidin-4-one derivatives. Research Object: Derivatives of
N-benzylpiperidin-4-one. Research results: N-benzylpiperidin-4-one derivatives
demonstrate a broad range of biological activities, including enzyme inhibition,
antioxidant effects, and neuroprotective properties. These multifunctional features
suggest their potential use in the development of new pharmacological agents
to address various therapeutic challenges. Conclusion: N-benzylpiperidin-4-one
serves as a versatile framework for creating novel biologically active compounds.
Its multifunctional profile offers numerous possibilities for further scientific
exploration, contributing to advancements in both pharmacology and medicine.
Keywords: N-benzylpiperidin-4-one derivatives, biological properties, enzyme
inhibition, antioxidant effects, neuroprotection, pharmacological agents,
acetylcholinesterase, butyrylcholinesterase, monoamine oxidase.

Introduction. N-Benzylpiperidone-4 derivatives are known in
medicine as drugs for the treatment of Alzheimer’s disease, among
others. The therapeutic effect is associated with the inhibition of enzymes
- acetylcholinesterase, butyrylcholinesterase, monoamine oxidase and
xanthine oxidase, reducing the formation of beta-amyloid aggregates,
providing antagonistic effects on sigma-1 (ctl) receptors, as well as
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protecting neurons from oxidative stress and neutralizing free radicals. Due
to these biological properties, these compounds have a complex effect on
cognitive dysfunctions, which allows not only to symptomatically improve
the condition of patients, but also to have a full-fledged therapeutic effect
on pathological disorders [1].

We would like to show the latest achievements in the chemistry of
N-benzylpiperidone-4 derivatives as sought-after therapeutic agents with
efficacy. from neuroprotection to antibacterial effects.

Despite significant advances in modern science, effective methods of
preventing or treating Alzheimer’s disease (AD), which affects 46.8 million
people worldwide, have not yet been developed. Asthma is the most
common cause of dementia and one of the most expensive pathologies to
treat. According to 2020 data, the global cost of treating the disease has
reached 196 billion US dollars [2]. In this regard, the search for effective
and affordable pharmacological drugs remains one of the most important
tasks of modern medicine [3, 4].

The exact causes of AD have not yet been established, but it is
assumed that the disease may be caused by pathophysiological disorders,
including death of cholinergic neurons, decreased acetylcholine levels,
formation of amyloid plagues and neurofibrillary tangles [5]. Among
these factors, the most studied is the death of cholinergic neurons, which
leads to a decrease in acetylcholine (ACh) levels. Acetylcholine is a
neurotransmitter responsible for the transmission of signals between the
neurons of the brain, as well as for the processes of memory, learning and
behavioral reactions. Modern therapy is aimed at increasing cholinergic
neurotransmission in the brain by inhibiting acetylcholinesterase (AChE),
an enzyme that breaks down ACh to choline and acetic acid, which stops
the transmission of nerve impulses (Figure 1).

Figure 1-
Pharmacological
mechanism of
donepezil in synaptic
transmission
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Currently, AChE inhibitors such as donepezil, rivastigmine, and
galantamine are widely used to treat asthma. However, their therapeutic
effect is limited: they can only temporarily alleviate the symptoms of
the disease. Therefore, the study of new powerful AChE inhibitors is
an extremely important task. In addition, the pathogenesis of asthma
is associated with the accumulation of extracellular B-amyloid (Aft) and
hyperphosphorylated T-protein, which form neurofibrillary tangles inside
brain cells. Under normal conditions, B-amyloid peptides are synthesized
in the body and participate in cellular metabolism, exhibiting antioxidant
properties.However, their excessive formation may contribute to the
development of Alzheimer’s disease [6, 7].

Since the BA excitation quays are ambiguous, the synthesis of
bioactive substances with various targets remains an urgent task. The
study tested in vitro derivatives of N-(1-benzylpiperidine-4-yl)methyl-4-
methoxybenzenesulfonamide (1) and N-(1-benzylpiperidine-4-yl)ymethyl-
[1,1-biphenyl]-4-sulfonamide (2).

1 AChE ingib. IC50= 6.2 uM;
ANi_42ingib. = 64.2 %
2 AChE ingib. IC50= 1.6 uM;
Afii-42ingib. = 60.7 %

The results of in vitro analysis of benzylpiperidine-aryl sulfonamide
derivatives (1 and 2) demonstrated their ability to inhibit AChE and the
formation of B-amyloid aggregates. Compound (2) showed an inhibitory
effect against AChE (IC3=1.6 uyM) and a decrease in Aft levels by
60,7 % [8]. Derivatives of N-benzylpiperidine-4-carboxaldehyde (3,4)
showed double efficacy compared with donepezil against BACE1 and AChE,
reducing IC®values to 0.043 and 0.058 uM, respectively. Replacement of
the methyl bridge connecting the benzyl piperidine fragment with the radical
by an ester residue resulted in complete inhibition of AChE.
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A molecule based on ferulic acid and donepezil (5), which has a
strong antioxidant effect and protects neurons from oxidative stress,
demonstrated pronounced inhibition of AChE (IC3=0.46 [|iM) [9, 10].
Ferulic acid, introduced into the composition as a natural antioxidant to
reduce oxidative stress, enhances the therapeutic properties of donepezil,
protecting neurons from damage by free radicals. The antioxidant effect
of the synthesized derivatives was evaluated by the ORAC-FL method
(the ability to absorb oxygen radicals using fluorescein). Compound (7)
showed an ORAC value of 8.71, which significantly exceeds the values
of ferulic acid (3.74) and melatonin (2.45), confirming its high ability to
neutralize free radicals.

Cholinesterase activity (acetylcholinesterase (AChE) and
butyrylcholinesterase (BuChE)) was measured using a colorimetric
reaction based on the cleavage of an artificial substrate in the presence
of an enzyme.

Although compound (7) showed no activity in inhibiting AChE, it
demonstrated potent inhibition of Ache with an IC® of 10.39 nM, which
is 198 times more active than donepezil (IC5=2057 nM). In addition,
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compound (7) showed high selectivity for inhibition of the BUChE enzyme
11].
[ ]Oxidative stress caused by free radicals, combined with exposure to
other pathophysiological factors, can worsen the course of Alzheimer’s
disease. In this regard, the development of multifunctional molecules
capable of reducing brain damage by free radicals remains an
urgent task. As part of the search for such compounds, a derivative
of 1-(1-benzylpiperidine-4-yl)ethane-1-one (8) was synthesized, the
antioxidant properties of which were preliminarily evaluated by the ORAC
method. Compound (8) demonstrated pronounced antioxidant properties
(>30%) compared to ascorbic acid, resveratrol, and Trolox [10].

Several derivatives of N-benzylpiperidine-4-one (9-12) showed
moderate and good inhibitory properties against hAChE and hBChE
enzymes, surpassing the effectiveness of donepezil [12].

New compounds based on the structure of N-benzyl piperidine-4-
one were synthesized with the addition of phenothiazine fragments
known for their antioxidant properties, and their inhibitory abilities against
AChE and BChE were studied. Compound N-(2-(4-(2- fluorobenzyl)
piperazine-1-yl)ethyl)-10H-phenothiazine-2-carboxamide (13) showed an
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IC3=0.599 uyM for AChE, which is comparable to the action of standard
inhibitors. Activity against BuChkE (IC%=0.5-1.5 uM) has also been
confirmed, which highlights the importance of butyrylcholinesterase
inhibition in the late stages of Alzheimer’s disease.

The antioxidant effects of other compounds (for example, 13 and 14)
were evaluated by the DPPH method and ranged from IC5=0.6 to 55.3 uM,
significantly exceeding quercetin. This demonstrates the ability of these
derivatives to neutralize free radicals and protect cells from oxidative
stress. The DPPH test is based on the ability of compounds to restore the
stable radical 2,2-diphenyl-1-picrylhydrazyl.

One of the key results of the study was to determine whether the
derivatives effectively inhibit p-amyloid aggregation, which is the main
mechanism of Alzheimer’s disease pathogenesis. Compounds (13) and
(14) inhibited beta-amyloid aggregation at concentrations of 10 uM at
the level of 43-60 %, indicating their potential to slow or prevent disease
progression. These compounds also showed no toxicity at concentrations
up to 100 uM, which confirms their safety for use in the treatment of
Alzheimer’s disease. Compound 10-acetyl-N-(2-(4-(2- chlorobenzyl)
piperazine-1-yl)ethyl)-10H-phenothiazine-2-carboxamide (15) showed
high results in antioxidant tests on human neuron cells and liver.

Benzylpiperidine-4-one derivatives can be classified as multifunctional
drugs due to their ability to inhibit key enzymes such as AChE, BChE, and
FAAH, as well as exhibit antioxidant properties and inhibit the formation
of p-amyloid [13].

1-Benzyl-N-(1-methyl-3-ox0-2-phenyl-2,3-dihydro-1H-pyrazole-4-yl)
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piperidine-4-carbo-xamide (16) (IC%=5.94 |iM) and 1-benzyl-N-(5,6-
dimethoxy-8H-indeno (1,2-d]thiazole-2-yl) piperidine-4-carboxamide (17)
(IC3=0.41 |iM) demonstrate high selectivity for AChE, thereby reducing
possible side effects associated with butyrylcholinesterase inhibition. The
AChE and BuChE enzymes, although structurally similar, perform different
physiological functions.

16 17
AChHE ingib. IC50=5.94 gM; AChE ingib. 1C50= 0.41 gM;
BuChE ingib. ICs¢> 100 gM; BuChE ingib. ICs¢> 100 gM;
Cytotoxicity 1C50> 100 gM Cytotoxicity 1Cs0= 31.31 gM

The second important biological property of these compounds is their
low cytotoxicity. Neurotoxicity, a commonly used neuroblastoma cell line
(SH-SY5Y) cell network, active benzylpiperidine derivatives showed no
significant toxicity. The low toxicity index indicates a high safety of the
compounds [14].

Monoamine oxidase (MAO) is one of several enzymes that contribute
to oxidative stress and the psychological symptoms of dementia in
Alzheimer’s disease. Most mammalian tissues contain two isoenzymes
of MAO, called MAO-A and MAO-B. These enzymes are involved in the
breakdown of neurotransmitters (for example, serotonin, dopamine and
norepinephrine). Increased exposure to MAO can lead to decreased
levels of these neurotransmitters in the brain, which is associated with
depression, anxiety, and neurodegenerative diseases such as Parkinson’s
disease and Alzheimer’s disease.

Xanthine oxidase (XO) participates in purine catabolism, converting
them into uric acid. The increased effect of XO can cause hyperuricemia,
gout, tissue damage, and also promotes the formation of reactive
oxygen species, which leads to oxidative stress, neurodegeneration, and
cardiovascular diseases.

The study was conducted using the fluorimetric method to evaluate
the effectiveness of MAO and the spectrophotometric method to analyze
the activity of XO. Enzyme inhibition tests were performed at various
concentrations of hybrid compounds.
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Among the tested compounds, the highest ICH values for MAO-A
inhibition were for 4-hydroxyphenethyl-1-benzylpiperidine-4-carboxylate
(18) and 4-hydroxy-3-methoxyphenethyl-1-benzylpiperidine-4-carboxylate
(19) , amounting to 14.3 "M and 23.4 "M, respectively.

4,5-Dihydroxy-2-nitrophenethyl-1-benzylpiperidine-4-carboxylate (20),
on the contrary, showed the least effectiveness against MAO, but was
the most effective inhibitor of xanthine oxidase with IC8=109 M, which
is presumably due to the ability to bind to metal in the active site of the
enzyme [15, 16]. Compound (21) demonstrated inhibition of both MAO-A
and MAO-B, as well as time-dependent inhibition. It showed IC5=15.83 "M
for AChE, 1.82 nM for BChE, 0.17 |iM for MAO-A, and 15.83 |iM for
MAO-B. It (21) exhibited neuroprotective effects, inhibited Aft aggregation,
reduced cytotoxicity induced by Aftl1-42, and penetrated the blood-brain
barrier. Moreover, the compound inhibited MAO-A (>95%) and improved
memory in experimental rats [17]. These results indicate that the combined
inhibition of acetylcholinesterase and monoamine oxidase is an effective
strategy for complex effects on the pathogenesis of neurodegenerative
diseases. This approach maintains the balance of neurotransmitters,
reduces oxidative stress, protects neurons from damage, and improves
cognitive functions [18].

Histone lysine methyltransferase (G9a) is an enzyme involved in
epigenetic regulation by methylation of lysine 9 in histone H3, whose high
activity leads to cancer, AIDS and other epigenetic diseases. Therefore,
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inhibition of this enzyme may be an effective way to treat diseases
associated with epigenetic disorders.

In order to identify new G9a enzyme inhibitors that can serve as the
basis for future anticancer drugs, 2,4-diamine-6,7-dimethoxyquinoline
derivatives were synthesized and their ability to inhibit the activity of the
G9a enzyme was investigated. In an in vitro study, the inhibitory effect
of 2,4-diamino-6,7-dimethoxyquinoline (22) against the G9a enzyme was
evaluated using the SPA laboratory method (Scintillation Proximity Assay).
This method makes it possible to measure the inhibition of enzyme activity
using a radiolabeled substrate.

Compounds (22) and (23) proved to be the most effective, demonstrating
inhibitory and 5-fold higher activity of the control inhibitor. Nitrogen at
the N-1 position of compound (22) provides strong binding to the active
center of the G9a enzyme. In addition, dimethoxy groups in the benzoid
ring play a key role in the correct orientation of the molecule in the active
center of the enzyme, which promotes strong binding to the enzyme. This
conformation explains the high effectiveness of the compound. Thus,
compound (22) is a promising G9a inhibitor with higher activity than that
of the control compound [19].

Synthesized ol receptors localized in the central nervous system,
especially in the brain regions responsible for memory, emotions, sensory
and motor functions, play an important role in the regulation of intracellular
processes. These receptors help proteins maintain their correct structure
under stressful conditions. However, excessive activity of sigma-1
receptors can contribute to the development of pathological conditions.
The use of alreceptor inhibitors makes it possible to minimize the negative
effects of their hyperactivity [20].

N-(1-Benzylpiperidine-4-yl)-4-fluorobenzamide (24), which is an
analog of haloperidol, caused analgesia associated with antagonism of
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crl receptors. Studies have shown its high efficacy in the treatment of
neuropathic pain with minimal side effects.

Haloperidol- a ol receptor inhibitor widely used in medicine, has a
powerful analgesic effect, but its use is often accompanied by side
effects. As a result of in vivo tests, it was found that compound (24) has a
dissociation constant K=6.0 nM, comparable to the dissociation constant
of haloperidol (K=6.3 nM). In vitro experiments have confirmed that
compound (24) has a high affinity for alreceptors (K=6 nm) and acts as a
competitive inhibitor comparable to haloperidol (K=6.3 nm). At the same
time, the affinity of compound (24) for a2receptors turned out to be quite
low (K=190 nm), which indicates its high selectivity for alreceptors.

24
Kj=6,0 nM

N-(1-Benzylpiperidine-4-yl)-4-fluorobenzamide  (24) demonstrates
pronounced analgesic properties due to the antagonism of alreceptors.
Its activity was found to be comparable to haloperidol and three times
higher than that of S1IRA, a selective antagonist of alreceptors (K=17 nM).
Antagonism of alreceptors reduces the transmission of pain signals in the
central nervous system (CNS) by inhibiting their activity. Such receptors
play a key role in pain transmission, and antagonists like compound (24)
reduce pain by preventing hypersensitivity of neurons. This makes them
promising tools for the treatment of chronic pain [21, 22]. ol receptor
agonists and antagonists are also considered as potential drugs for the
treatment of epilepsy, depression, and addiction [23].

In the process of searching for new anti-cancer drugs, scientists have
focused on developing compounds that can effectively slow down the
proliferation of tumor cells and cause their apoptosis (programmed cell
death). In this context, N-benzyl piperidine-4 derivatives with curcumin (25-
28) demonstrate high cytotoxic activity against various types of cancer cells.

Studies have shown that compound (25) is characterized by an IC®
value in the range from 0.86 to 1.35 "M, which indicates its high efficacy at
low concentrations. For derivative (26), the IC®range varies from 1.13 to
1.75 "M, and for compound (27) — from 1.09to 1.82 *M. The highest level
of activity is observed in compound (28), for which the IC®is in the range
of 0.41-0.50 M, which exceeds the activity of curcumin by 41-46 times.
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Curcumin is widely known
for its antitumor properties,
including induction of apop-
tosis, anti-inflammatory and
antioxidant effects. However,
its low bioavailability and rap-
id metabolic degradation limit
its clinical applicability. Deriv-

atives of N-benzyl piperidine-4 with curcumin (25-28) demonstrate im-
proved pharmacokinetic characteristics, which contributes to their better
absorption and prolonged action in the body. The main advantage of the
studied compounds is their high cytotoxicity at low concentrations, which
potentially reduces the risk of toxic effects on healthy cells and tissues.
This makes these substances promising candidates for the development
of new anti-cancer drugs.

In addition to their antitumor activity, compounds (25-28) exhibit the
ability to suppress signaling pathways associated with inflammatory
processes, which opens up the possibility of their use in the treatment of
inflammatory and autoimmune diseases. This complex biological activity
makes it possible to consider N-benzyl piperidine-4-one derivatives as
multifunctional therapeutic agents.
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The study of N-benzylpiperidinone-4 derivatives with curcumin confirms
their high potential in the development of a new generation of anticancer
drugs with improved pharmacological characteristics. These compounds
can provide more effective suppression of tumor growth while reducing
side effects and can be used as multi-purpose therapeutic agents in
oncology and related fields of medicine [24, 25].

In particular, compounds (29 a, b) have IC®values of less than 1 nM,
which indicates their high activity at low concentrations. The biological
properties of compound (30 b) include the induction of apoptosis in
cancer cells. For example, compound (30 b) at a concentration of 1.44 "M
induced apoptosis in HepG2 liver cells. These substances are also able
to inhibit the cell cycle at key stages, preventing the division and growth
of cancer cells. For example, compounds (30 a, b) have shown efficacy
exceeding the activity of melphalan (IC3=3.24 *M) in in vitro experiments
against certain types of cancer cells [26].

(2)-1-Benzoyl- and (Z2)-1-benzyl-5-bromo-3-(bromo(phenyl) me-
thylene)-2,3,10,10a-tetrahydrobenzo[g]quinoline-4(1H)-ones (31 a and 31
b) demonstrate significant biological activity due to their ability to inhibit key
epigenetic enzymes. Compound (31 a) proved to be a potent inhibitor of
histone acetyltransferase (an enzyme that acetylates histones, promoting
transcription activation) with 1C3=0.45 M and arginine methyltransferase
(a coactivator regulating gene expression) with 1C3=0.43 nM. Compound
(31 a) has also been shown to effectively destroy blood cancer cells with
a result ranging from 30 % to 67 %. Compound (31 b) showed strong
inhibitory properties against the aforementioned transferases with an IC%
in the range from 2.19 to 6.50 nM and caused apoptosis of blood cancer
cells at the level of 30-40 %. These properties allow us to consider these
compounds as multipurpose inhibitors for regulating epigenetic processes
[27].
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In recent decades, there has been a significant increase inthe resistance
of fungal pathogens such as Aspergillus and candida to existing antifungal
drugs, which complicates the treatment of immunocompromised patients.
This highlights the urgency of developing biologically active antifungal
agents with a wide spectrum of action.

The serial dilution method for determining the minimum inhibitory
concentration (MIC, Minimum Inhibitory Concentration) was applied to the
model strain Yarrowia lipolytica, as well as to the species candida spp. and
Aspergillus spp., in order to evaluate the activity of synthesized derivatives
of 4-aminopiperidine against clinically significant fungal pathogens.

32
Y. lipolytica MIC=2 pg/mL
Candida spp.: MIC= 14 pg/mL
Aspergillus spp.: MIC= 416 pg/

The results showed that the compound 1-benzyl-N-dodecy! piperidine-
4-amine (32) exhibits high activity against the model strain Y. lipolytica, as
well as against clinically significant species Candida spp. and Aspergillus
spp. The minimum inhibitory concentrations of this compound ranged from
1to 4 pg/ml, depending on the strain. For compound (32), the semi-maximal
inhibitory concentration for human cells was 5-7 pM, which indicates its
moderate toxicity. In addition, in vivo studies using Galleria mellonella
larvae did not reveal significant toxicity of 1-benzyl-N-dodecylpiperidine-
4-amine (32) at concentrations of 100, 500 and 1000 pM compared with
the control group. Thus, compound (32) represents a promising class of
antifungal agents with high biological activity and an acceptable level of
safety, which makes it an interesting candidate for further preclinical and
clinical studies [28].

Bacterial diseases caused by phytopathogens of the genus
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Xanthomonas pose a serious threat to agricultural production, reducing
crop yields and quality. It has been shown that they can cause about 350
different plant diseases. The most common of these are bacterial rice
leaf spot caused by Xanthomonas oryzae pv. oryzae (Xoo), Citrus canker
caused by Xanthomonas axonopodis pv. citri (Xac), bacterial mango black
spot caused by Xanthomonas campestris pv. mangiferaeindicae (Xcm),
as well as strawberry leaf spot caused by Xanthomonas fragariae (Xf).
Antibacterial activity of 7-(3-((1-benzylpiperidine-4-yl) synthesized for
research purposes(methyl)amino)propoxy)- and 7-(4-((1-benzylpiperidine-
4-yl)(methyl)amino)butoxy)-3-(4-methoxyphenyl)-4H-chromen-4-ones
(33, 34) were determined by turbidimetry and studied for four species of
Xanthomonas (Xoo, Xac, Xcm and Xf), common plant pathogens. Copper
thiodiazole and zinc thiazole were used as control agents.

Target connections - 7-(3-((1- benzylpiperidine-4-yl)(methyl)amino)
propoxy)- and 7-(4-((1-benzylpiperidine-4-yl)(methyl)amino)butoxy)-3-(4-
methoxyphenyl)-4H-chromene-4-ones (33 and 34) have specific inhibitory
activity against four types of plant bacteria. Compounds (33, 34) showed
100 % inhibition against Xoo, which is higher than that of copper thiodiazole
(74.2 %) and zinc thiazole (90.8 %), as well as 100 % inhibitory activity
against xac (copper thiodiazole — 50.4 % and zinc thiazole — 68.6 %). In
addition, they showed the most significant inhibitory effect on xcm with a
100 % degree of inhibition (copper thiodiazole — 72.9 % and zinc thiazole
— 91.8 %). At the same time, the inhibitory activity against x f was 100 %
and exceeded the comparison drugs. The studied compounds (33, 34)
demonstrated high antibacterial activity against phytopathogens of the
genus Xxanthomonas, surpassing the effectiveness of standard preparations.
The compounds have a wide spectrum of action and are promising for use
in plant protection due to their low toxicity and environmental safety [29].

Conclusion. N-Benzyl piperidine-4-one derivatives are promising
multifunctional compounds with a wide range of biological activity. They
demonstrate enzyme inhibition, antioxidant properties, neuroprotection, and
antibacterial activity. The unique structure of these compounds makes them
valuable building blocks for the creation of new pharmacological agents.
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The variety of biological properties of N-benzyl piperidine-4 derivatives
confirms their versatility and multipurpose potential. Further research in
this area may contribute to the development of new drugs aimed at solving
therapeutic problems in medicine and related fields of science.

Financing. The research work was carried out within the framework of

a grant from the Science Committee of the Ministry of Science and Higher
Education of the Republic of Kazakhstan BR21882220.
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Oepeasbl A., LangbibaeBa A.B., ManmakoBa A.E., Tacubekos X.C., HO B.K.
3.Bb. bekTypoB atbiHAarbl XuMus rbisibiMAapbiHbIH UHCTUTYTbI, AniMarthl K,
KasakcTtaH

an-®apabu artbiHgarbl Kasak yntTbik yHuBepcuTeTi, Anmarsl K, KasaxcTtaH

BEH3WIMVWNEPNAWNH TYbIHABINTAPbIHbIH BUONOINANBIK KACUMETTEP1
MEH SPTAPAMNTbI KONOAHY MYMKAIKTEPI (LLONY)

TYWingeme. XaHna 6uonormsnbik 6encexai mMonekynanapabl aHblkTay kaslprl
hapmaLeBTMKaNbIK rbifibiMAa MaHbI3Abl pen aTtkapaabl. N-6eH3unnunepuanH-4-oH
TYbIHABINAPbIHLIH - KeNyHKUMOHanabl  6MOM0TUSANbIK  KacueTTepi  onapAbliH
XaHa XUMUSINbIK areHTTepdi 3sipneyre apHanraH 3neyeTT  KoOCblbicTap
6onyblHa biknan eTepgi. byn kocbinbiCTapAbiH KonaaHy MYMKIHAIKTEPIH 3epTTey
hapMakosiorusi MeH XMMUsIHbIH AaMyblHa cepniH 6epefk Byn wonyabiH Makcatbl:
N-6eH3nnNunepuanH-4-oH  TyblHAbINAPbIHBIH - GUONOMMANBLIK Kacuen” MeH
hapMakonoruanbik aneyet Typasbl KO/DKETIMAI TbIbIMUA AEPEKTEPAi XUHaKTay.
3epTTey HbicaHbl: N-6eH3MNnnepuanH-4-oH TyblHAbLNAPBI. 3epTTey HATUXeNnepk
N-6eH3nnnnnepuanH-4-oH TyblHAbINAPLI (DEPMEHT UHTMGUPIIEY, aHTUOKCUAAHTTbIK
KacueTTep >3He HeNponpoTeKuusiiblK KacueTTep CUsiKTbl KEH ayKbiMAbl
6uonorusnsik 6enceHa kT kOpceteai. Byn kendyHKUMOHaNAb!I KacueTTep xaHa
hapMakonornsinbiK areHTTepdi asipneyge spTYpai Tepanusnbik macenenepai
wewyre MYMKiHAIK 6epeai. KopbiTbiHAbl: N-6eH3unnmnepuanH-4-oH mMonekynacol
XaHa 6uonornsnbik 6GenceHpi  KocblibicTapAbl xacay YwiH amb6eban Hens
60nbin Tabblnagbl. OHbIH KENQYHKUMOHANAbl 6MONOrNAMbIK KacueTTepi rblbiMu
3epTTeynepaiH ogaH 3pl XYprisinyiHe xaHe hapmakosorns MeH meguumHagarb
XaHa XeTicTikTepre Xon awagbl.

TYniHgi cB3gep: N-6eH3uNnuNepuguH”N-oH  TyblHAbINAPbLI,  OGMONOTUAMBIK
KacueTTep, PepPMEHT UHTMOMPIEY, aHTUOKCUAAHTTbIK KACUETTEp, HEPONpOoTEKL s,
hapMakonoruanbiK areHTTep, aueTu/XoNnHacTepasa, OYyTUPUIXONMHACTepasa,
MOHOaMUHOKcHAa3a.
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Ceprasbl A.A., KangbibaeBa A.B., ManmakoBa A.E., Tacnbekos X.C., O B.K.
WMHCTUTYT Xumnyecknx Hayk umeHn A.b. bektypoBa, r. Anmarthbl, KasaxctaH
Ka3axckuil HauMoHa bHbIA YHUBEPCUTET UMEHN anb-Papabu, r. AnmMaTbl,
KasaxcTtaH

BVOMOTMYECKNE CBOWCTBA I MHOTOLLE/IEBBIE BO3MOXHOCTU
NMPON3BOAHBLIX BEH3UNMUNEPUANHA (OB30P)

AHHOTauusA. ToucK HOBbIX GUOMIOTMYECKN aKTUBHbLIX MOJIEKYNT UrpaeT BadkHYH
ponb B COBpPEMEHHOI thapmaueBTnyeckoii Hayke. MpousBogHble N-6eH3unnune-
puAoH-4-0Ha NpuBMeKalwT BHUMaHWe 6narofapsi CBOMM MHOTO(YHKUMOHAbHbIM
61010rMYecknM CBOCTBAM, YTO AenaeT UX LEeHHbIMW KaHauaatamu ans paspa-
6OTKM HOBbIX XMMUYECKUX areHToB. VccnefoBaHne nx NOTEHLUAbHOIO NpUMeHe-
HUSA cnoco6CTBYeT nporpeccy B 06nact hapmMakonormm n MeLuLUHCKOR XUMUN.
Llenb saHHOro o63opa - 0606LWMTb AOCTYNHbIE HAYYHbIE fJaHHbIE O BMOMOTNYECKNX
CBOIiCTBax U papMako/IorMyeckom noTeHuuane npounsBoaHbix N-GeH3unnunepu-
[OH-4-0Ha. O6beKT uccnepoBaHus: MpousBogHble N-6eH3MINMNEPUAOH -OHA.
PesynbTatbl nccnegoBaHus: MponsBogHble N-6eH3MNNUNEpUAoH"N-oHa AEMOH-
CTPUPYIOT LUMPOKMIA CNeKTP 6UONOMMYECKOl akTUBHOCTU, BK/KOYAst MHIMGMpOBaHWe
hepMeHTOB, aHTUOKCUMAAHTHblE CBOWCTBA M HENPONPOTEKUUID. DTU MHOrOYHK-
LMOHa/bHble XapakTepuUcTUKM npeanonaralwT WX UCMO/Ib30BaHMe B pa3paboTke
HOBbIX (hapMako0rMYecKnx areHToB A/19 PeLleHUs pasInyHbIX TepaneBTUYecKnx
3afay. 3akioueHve: Monekyna N-6eH3unnunepuaoH”-oHa CnyxuT yHuBepcasb-
HOl/i OCHOBOI [ANA €O34aHUsi HOBbIX GMOMIOrMYECKM aKTUBHbIX COeAuHeHWi. Eé
MHOrO(OYHKLMOHa/bHbIA NPOUIbL OTKPbIBAET MHOXECTBO BO3MOXHOCTE Ans
JanbHeNWmnX HayyYHbIX uccnefoBaHuii, cnoco6CTBYA nporpeccy B papmMakonorum
1 MejuUmMHe.

KntoueBble cnosa: lNpou3BogHble N-GeH3nNNunepuaoH”-oHa, 6uonornyeckue
CBOICTBA, UHIMOMpOBaHMe (hepMeHTOB, aHTMOKCUAAHTHbIE CBOICTBA, HEWponpo-
Tekuusi, papMako/iormyeckue areHTbl, aueTW/IXO/MH3CcTepasa, GYTUPUIIXONUHS-
cTepasa, MOHOaMMHOKCUAasa.
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MEPEBOJ CTATbW / MAKANTAHBIH AYOAPMACHI

Ceprasbl A.A., KangblibaeBa A.b., ManmakoBa A.E., TacubekoB X.C.,
O B.K.

VHCTUTYT Xumnyecknx Hayk umeHn A.b. bektyposa, r. Anmarthbl, KasaxctaH
Ka3axckuil HaunoHa bHbIA YHUBEPCUTET UMEHN anb-Papabu, r. AnMaTbl,
KasaxcTtaH

BEVONOMMYECKNE CBOMCTBA N MHOTOLIE/IEBBIE
BO3MOXHOCTW MPOU3BOAHbIX BEH3UAMUMNEPUANHA
(OB30P)

AHHOTauuA. MoucK HOBbIX BMOSIOTMYECKM aKTUBHbLIX MOJIEKYNT UTPaeT BaXHYHo
posib B COBPEMEHHOW hapmaueBTMyeckol Hayke. MNpousBogHble N-6eH3unnune-
puaoH-4-oHa npuBekalT BHUMaHWe 6narofaps CBOMM MHOTO(YHKLMOHANbHbLIM
610M0rMYeckMM CBOWMCTBaM, YTO AeflaeT UX UEeHHbIMW KaHaujatamu Ans paspa-
60TKN HOBbIX XMMUYECKMX areHToB. VccnegoBaHne nx noTeHUUanbHOro npuMmeHe-
HMA Ccnocob6CTBYET nporpeccy B 06n1actu papmakonorum U MeauLmMHCKOW XUMUK.
Llenb faHHoro o63opa - 0606LWnTb AOCTYNHbIE HAy4YHble AaHHbIE 0 6UOI0rMYEeCKNX
cBoOMCTBax 1 papMakonormyeckoM noteHumane npom3BoaHbix N-6eH3unnunepu-
[OH-4-0Ha. O6BbEKT uccnepoBaHus: MNMponsBogHbie “6eH3UNNUNepunaoH-4-oHa.
PesynbTaThbl uccnegosaHus: NponssogHole N-6eH3nnnNunepnaoH~-oHa AeMoH-
CTPUPYIOT LLUMPOKMIA cnekTp 6M0N0rMyecko akTMBHOCTH, BKIOYAsA UHIMGMpOBaHue
hepMeHTOB, aHTUOKCUAAHTHbIE CBOWCTBA WM HEMPOMPOTEKUMI0. DTN MHOTOMYHK-
LMOHaNbHble XapakTepuCcTUKM npeanonaralT ux Kcnonb3oBaHue B paspaboTke
HOBbIX (hapMaKko0rMYeCcKNxX areHToB A1 PeLleHns pasInyHbIX TepaneBTUYeCcKnx
3agay. 3aknyeHve: Monekyna N-6eH3unnNunepuaoH”-oHa CNyXuT yHuBepcanb-
HO OCHOBOW [A11A CO34aHUA HOBbIX OMOMOrMYEecKM akTUBHbIX COeduHeHwi. Eé
MHOTO(PYHKLMOHANbHBLIA NPOMWIb OTKPbIBAET MHOXECTBO BO3MOXHOCTEW ANnA
OafibHenWmnX Hay4HbIX nccnepoBaHuii, cnoco6CcTBYS nporpeccy B hapmMakonorum
n MeauLmHe.

KntoueBble cnosa: lMpoussogHble N-6eH3unnNuMnepuaoH”-oHa, Guonornyeckne
CBOWCTBa, UHIMOMpOBaHMe (DEepMeHTOB, aHTUOKCUAAHTHbIE CBOICTBA, HEWpOnpo-
Tekuus, dapmakosiorMyeckue areHTbl, aueTuXonumHacTepasa, 6YyTUPUIXONNHI-
cTepasa, MOHOAMMHOKCKAa3a.

BeepgeHue. NMponsBogHble ~6eH3nnnnunepuaoHa-4 n3BecTtHbl B Mean-
UMHe Kak npenapartbl 478 fle4eHUss B TOM uucne u 6onesHun Anbureime-
pa. TepaneBTnyeckuii acpekT cBA3aH ¢ MHrMbupoBaHMeM (PEepMEHTOB -
aueTUIXoNnumHacTepasbl, 6YTUPUIXO/IMHICTEPA3bl, MOHOAMWHOKCMAA3bl Y
KCaHTMHOKCMAas3bl, yMeHblUeHnemM obpas3oBaHusa arperaTtos p-amuiona,
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oKaszaHMeM aHTaroHUCTUYeCcKoro AencTena Ha sigma-1 (crl) peuenTtopsl, a
TakkKe 3allMToN HeMPOHOB OT OKUC/UTENIBHOrO CTpecca U HelTpanu3aum-
el cBo6OAHbIX paankanoB. bnarogaps aTum 6UMoOrMYecKUM CBOMCTBaM,
JaHHble coefUHEeHNs 0Ka3blBalOT KOMMNIEKCHOe BO3AelCTBUE Ha KOTHUTUB-
Hble ANCYHKUUKN, YTO NO3BOSET HE TO/IbKO CUMMATOMAaTUYECKN ynydllaTb
COCTOSIHME MauueHTOB, HO M OKa3biBaTb MOJSIHOLEHHOe feyebHoe BO3Aeit-
CTBME Ha natofnoruvyeckne HapyweHus [1].

Ham xoTenocb 6bl NokasaTb nocnefHue AOCTUXKEHUS XMMUW NPOU3BO-
OHbIX N-6eH3umnnunepuaoHa™ Kak BOCTPeOOBaHHbIX TepaneBTUYeCcKUX
cpeacTB, ob6nagaromnx ahPeKTMBHOCTb. OT HEponpoTeKuMn A0 aHTu-
H6akTepuasibHbIX 3 HeKToB.

HecmoTps Ha 3HauuTesibHble AOCTUMXEHWS COBPEMEHHOW Hayku, ad-
(heKkTMBHblE MeToAbl NPefoTBpalleHUs WX fevyeHns 6ones3Hn Anblreli-
mepa (BA), koTopoli cTpagatoT 46,8 MUIIMOHA YENOBEK NO BCEMY MUpY,
00 cux nop He paspaboTaHbl. BA ABNseTcA Hanbonee pacnpocTpaHEHHO
NPUYNHON AEeMEHLMN 1 OOHOW M3 cambiX AOPOrocToAWMX NaToNornin ans
neyeHus. Mo gaHHbIM 2020 r., MUPOBLIE 3aTpaTtbl Ha slevyeHne 601e3HM
gocturnn 196 munnnapgos gonnapos CLUA [2]. B cBA3M € 3TUM NOUCK
a(h(heKTUBHBIX 1 [OCTYMHBLIX dapMakoormyecknx npenaparoB ocTaércs
OOHOV 13 BaXHeWLINX 3aay COBpeEMEHHOW MeanunHsbl [3, 4].

TOYHble NpUYMHLI pa3BuUTUS BA noka He yCTaHOB/MEHbl, O4HAaKO npej-
nonaraeTcs, YTo 601e3Hb MOXET 6bITb Bbl3BaHa NaToU3N0NOTNYECKUMN
HapyLleHnsaMu, BKIOYas rméenb XOAUHEPrnyeckux HerlpoHOB, CHUXKEHUe
YPOBHSA aueTuxXosmHa, obpasoBaHme aMUNoMAHbIX 6asLWeK 1 Helipodu-
6punnsapHbIX KNy6koB [5]. Cpean aTux hakTopoB Hambosiee N3yyeHHbIM
ABNAETCA rmbesib XONUHepruyecknx HerpoHoB, KoTopas NPUBOAUT K CHU-
XEHUI0 ypoBHSA aueTunxonunHa (ACh). AueTUnxonuH npeacraBnseT coboi
HelipomeauaTop, OTBETCTBEHHbIV 3a nepegady CUrHasioB Mexay Helpo-
Hamy MO3ra, a Takxe 3a npowueccbl NnamsaTv, 0by4yeHUs u noBefeH4Yeckue
peakuun. CoBpeMeHHas Tepanus HanpaB/ieHa Ha yBe/MyeHne XOouHep-
rmyeckoli HelipoTpaHCcMUCCUM B FOSIOBHOM MO3re MyTEM WHIMOMpoBaHUA
auetunxonuHactepasbl (AChE) — dchepmeHTa, paspyuwatrouwero ACh go
XO/IMHA W YKCYCHOW KMCNOTbl, YTO MpekpawaeTr nepegavy HepBHbIX UM-
nynbcoB (PucyHok 1).
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Donepezvl Acetylcholinesterase
(AC hE)

Axon Dendrite

Acetylcholine (ACh)

PucyHok 1 - ®apmMakonornyeckuii MexaHuam JoHenesusna B CUMHaNTUYECKOiA
nepegave

Ha pgaHHbIA MOMeEHT mHrmoutopbl AChE, Takne kak goHenesus, puBa-
CTUTMWH U ranaHTaMuH, LUMPOKO NPUMEHSIOTCA Ana nedveHus BA. OpgHako
nX TepaneBTUYeCcKUin 3 ekT orpaHNyeH: oOHM CNOCO6HbI NNLb BPEMEHHO
06n1erynTb CMMNTOMbI 3a60s1eBaHnA. M03TOMYy M3yYeHNe HOBBIX MOLLHbIX
nHrnéntopos AChE sBnsietca kpaiiHe BaHOW 3agadeil. Kpome Toro, na-
ToreHe3 BA cBfi3aH C HakOM/IeHMeM BHEK/IeTOYHOro p-amuiionga (Ap) u
rmnepdochopmMnnpoBaHHOro T-NPOTEMHa, 06pasylwmx Hekpodnopus-
NsApHble KyOKu BHYTPU KIETOK Mo3ra. B HOpMasibHbIX YCOBUAX p-aMu-
nongHele NenTuabl CUHTE3NPYIOTCA B OpraHn3Me U y4acTBYIOT B KNeTou-
HOM MeTabosm3me, MPOSIBNAAS aHTMOKCUAAHTHble CBOWCTBA. OfHaKo WX
n36bbITOYHOE Ob6pa3oBaHMe MOXEeT Cnoco6CTBOBaTb Pas3BUTUIO 6ONE3HU
Anbureiimepa [6, 7].

Donepezil

MOCKOMbKY MPUYMHbI BO3HUKHOBEHUS BA MHOroo6pasHbl, CUHTE3 6M1O-
AaKTMBHbIX BELLECTB C MHOXECTBEHHbIMU MULLEHSIMU OCTAETCS aKTyasib-
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HOi 3ajayeil. B pamkax uccrnefoBaHus 6bLAM NPOTECTUMPOBAHLI in vitro
nponssogHble ~(1l-6eH3nnnunepuanHa-4-nna)MmeTnn-4-meTokcnbeH3on-
cynbhoHammnga (1) n ~(1-6eHsmnnunepungnHa-4-nna)metnn-[1,1-6ude-
HunN]-4-cynbhoHamnga (2).

1AChE ingib. I1Cso = 6.2 LUM,;
AB*i_n2 ingib. = 64.2 %
2 AChE ingib. IC5qg=1.6 uM;
ABi_4ingib. = 60.7 %

Pe3ynbTathl in vitro aHann3a npou3BOAHbIX 6eH3uAnMnepuanH-apun-
cynbhoHammnga (1 1 2) NpoAEMOHCTPMPOBAIN UX CMOCOBHOCTb MHIMBMPO-
BaTb AChE 1 o6pa3oBaHue p-aMmunongHbix arperatos. CoeguHeHue (2)
NpoSBWUIO UHIMBMpYyoLWy aeicteuio npotms AChE (ICD = 1,6 MKM) u
CHMXeHne ypoBHA Ap Ha 60,7 % [8]. MpousBogHble N-6eH3unnunepunau-
Ha-4-kapbokcanbaernga (3, 4) nokasanu yaBOEHHY 3(peKTUBHOCTbL MO
cpaBHeHUto ¢ goHenesunom npotme BACEL n AChE, cHmxas 3HaveHusi
ICD po 0,043 n 0,058 MKM, cOOTBETCTBEHHO. 3aMeHa MeTU/IbHOr0 MOCTHU-
ka, coeguHsALWLero 6eH3nNNMNepuanHoOBoro oparMeHTa ¢ pagukasiom, Ha
C/I0XXHO3MPHOr0 ocTaTka npusesia K NosIHOMYy UHrnéunposaHutio AChE.

Monekyna Ha ocHoBe (hepynoBoli kucnoTel 1 goHenesuna (5), obnaga-
owas CUIbHOW aHTUOKCUAAHTHOW AecTBMEM M 3awiuuialolias HelipoHbl
OT OKUC/INTENIbHOrO CcTpecca, NPoAeMOHCTPUPOBasia BblpaXeHHOe NHTNOK-
poBaHue AChE (IC®= 0,46 mkM) [9, 10]. Pepynosas kucnota, BBeAEHHaA
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B COCTaB KakK NPUPOAHbIA aHTUOKCUAAHT A8 CHUXKEHUS OKACNUTESbHOro
cTpecca, ycunmeaeT TepaneBTUYecKoro CBONCTBa AoHenesuna, 3auuuias
HelipoHbl OT MOBPEXAEHUS CBOOGOAHLIMU paAvKanaMn. AHT MoKCUAaHT -
Hbli 3P eKT CUHT e3npoBaHHbIX NPOM3BOAHbLIX OLEHWBaNUW MeTOoLOM
ORAC-FL (cnoco6HOCTb nornouwaThb KUCNOPOAHbIE pafguKanbl C NOMO-
weio pnyopecuenna). CoegnHeHune (7) nokasano 3HadeHne ORAC 8,71,
YTO 3HAYMUTENIbHO MpeBbIWAaEeT nokasarenu gepynoBoi Kucnotol (3,74) n
MenaTtoHuHa (2,45), noaTBepXAasi ero BbICOKYH CMOCOBHOCTb HelTpanu-
30BaTb CBOGOAHbIE paauKasibl.

AKTVMBHOCTb X0/IMH3CTepasbl (aueTunixonmHactepasbl (AChE) u 6ytu-
punxonunHactepasbl (BUChE)) namepsanu c ncnonb3oBaHUEM KOJ0pUMe-
TpUYECKOl peakuun, OCHOBaHHOW Ha pacliensieHnn UCKYCCTBEHHOro Ccy6-
cTpaTta B NPUCYTCTBUU (hepMeHTa.

XoTa coeguHeHne (7) He MNPOSIBUNIO aKTUBHOCTW B WUHIMOGMpOBaHUN
AChE, OHO NpoAeMOHCTPUPOBasno MoLHoe uHrmbuposaHme BuChk c ICH
= 10,39 HM, uTO B 198 pa3 akTuBHee, yeM goHenesunn (ICH = 2057 HM).
Kpome TOro, coegvHeHve (7) nokasano BbICOKYH) CENEKTUBHOCTb B OTHO-
LeHUn nHrnbuposaHma gepmeHta BuChE [11].

OkucnuTenbHbI cTpecc, Bbi3BaHHbI CBOOOAHLIMW pagukanamu, B co-
yeTaHMM C BO3AENCTBMEM APYrux natodimM3monornyeckmx akropos Mo-
XeT ycyrybnatb TeyeHne 6onesHn Anbureiimepa. B ¢Bsi3m ¢ aTuM paspa-
60TKa NOANMYHKLNOHANbHbLIX MOJEKY/, CMOCOGHbIX CHMXaTb MoBpexae-
HVYe mo3ra cBO6GOAHLIMY pajukanamu, OCTaéTcs akTyasibHOW 3ajavein. B
pamMkax noucka Takux COoefMHEHWA Obl10 CUHTE3UPOBAHO MPOU3BOAHOE
1-(1-6eH3unnunepuanH-4-nn)ataH-1-oHa (8), aHTMOKCUAAHTHble CBOM-
CTBa KOTOpPOro 6bn nNpeaBapuTenbHO oueHeHbl MeTogom ORAC. Coeaun-
HeHve (8) NpOAEMOHCTPUPOBAsSIO BblpaXeHHble aHTUOKCUMAAHTHbLIE CBOA-
cTtBa (>30%) no cpaBHEHMIO C acKOPOWMHOBOW KMC/OTOW, pecBepaTposiom

69



BuoTexHonorum n xmmmyeckne TexHonornm

Heckonbko npou3sogHbix N-6eH3mnnunepugnHa™-oH (9-12) npossu-
NN yMepeHHble 1 Xopollne WHrMbupylolmMe cBoCTBa B OTHOLIEHUU dep-
meHTOB hAChE 1 hBChE, npeBocxoas achdekTHocTn goHenesunna [12].

hAChE 1C50= 0.055 y T
hBChE 1C50= 0.186 u T

11
hAChE 1C50= 0.144 uT
hBChE 1C50= 0.220 u T

-N /
0 _4 o n- (" n

hAChE 1C50= 0,086 1T
hBChE 1C50= 0,143 uT

—”" N H \

2
hAChE IC%0= 0,119 uT
hBChE ICX0= 1,94 u1

CuHTEe3MpoBaHbl HOBble COEAMHEHUS Ha OCHOBE CTPYKTYpbl N-6eH-
unnunepuanH-4-oHa ¢ gob6asneHnem  dparMeHToB  heHoTMasuHa,
N3BECTHbIX CBOMMW aHTUOKCUAAHTHbIMW CBOWCTBAMU, W WU3Y4YeHbl UX
nHrnémpyowme cnocobHoct npotme AChE wn BChE. CoeguHeHve
N2-(4-(2-dbTopbeH3un)nunepasnH-1-nn)atun)-10H-cbeHoTMa3nH-2-kap-
6okcamng (13) nokazasno ICH = 0,599 mkM gna AChE, uyto conocTaBu-
MO C AelCTBUIO CTaHAAPTHbIX MHIMOUTOPOB. AKTUMBHOCTbL NpoTuB BuChE
(IC®=0,5-1,5 mkM) Takxe 6blna NOATBEPXAEHA, YTO NOAYEPKMBAET 3Ha-
YAMOCTb WMHIMBMPOBaHUA BYTUPUNXOANHACTEPA3bl Ha MNO3AHUX CTaAMAX
6o0ne3Hn Anblrelivepa.

AHTMOKCUAAHTHAA BO3AENCTBUA APYrUX COeAMHEHWA (Hanpumep,
13 n 14) oueHuBanacb metogom DPPH un BapbupoBanacb ot IC®D = 0,6
40 55,3 MKM, 3HauUnTeNbHO NPEBOCXOAA KBEPLETUH. ITO AeMOHCTpupyeT
CMOCOGHOCTb 3TUX NPOU3BOAHBLIX HEATpann3oBaTb CBOOGOAHbLIE pajuKasbl
N 3alnatb KNeTkn oT oKMcnutesnibHoro ctpecca. Tect DPPH ocHoBaH
Ha CMOCOBGHOCTM COeAVHEHWI A BOCCTaHaBNMBaTb CTaGW/bHbLIA pagukan
2,2-audpeHnn-1-nukpunrugpasunna.
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(0] (0]
13 F 14 F
AChE ingib. IC50= 1.75 uM; AChE ingib. IC50= 0.599 gM;
BuChE ingib. IC50= 1.20 uM; BuChE ingib. IC50= 4.33 gM;
FAAH ingib. IC50= 5.06 gM FAAH ingib. IC50= 9.65 gM
a

15
FAAH ingib. IC50= 0.019 gM

OfHUM K13 K/II0YEBbIX pe3ynbTaToB ncciefoBaHusa Obl/10 onpegeneHme
TOro, 4To 3PPEKTUBHO NN NPOU3BOAHbLIE UHTMOUPYIOT arperauunio p-amm-
nounga, ABAAKLWYIOCA OCHOBHbIM MeXaHM3MOM natoreHe3a 60s1e3Hu Afb-
yrenmepa. CoeguHenuns (13) u (14) nHrmbrnposBanu arperaunio p-ammaon-
[a npu koHueHTpaymsax 10 mkM Ha ypoBHe 43-60 %, 4TO yKa3biBaeT Ha UX
noTeHumMan Ansa 3amenieHWs M npefoTBpalleHns NporpeccupoBaHus
3ab6o0neBaHns. 3TN COeAVHEHMS TakkKe NPOSABUAN OTCYTCTBUE TOKCUUYHOCTH
npu KoHueHTpauuax o 100 mMkM, 4To noaTBepxaaeT ux 6e30MmacHoOCTb
4N ucnonb3oBaHua B Tepanuu 6ones3Hn Anburelimepa. CoeguHeHue
10-aueTun-"(2-(4-(2-xnopb6eH3mn)nmunepasnH-1-nn)atmnn)-10H-cdeHoTH-
asnH-2-kapbokcamuy (15) nokasano BbICOKME pe3ynbTaTbl B aHTUOKCU-
OaHTHbIX TecTax Ha KieTkax HeMpoHOB U NeYeHu YenoBeka.

MpounsBogHble 6GeH3unnunepnanHa-4-oHa MOXHO OTHECTUM K MHOro-
hyHKUMOHaNbHBIM Npenapatam 6narogaps WX CNOCOBGHOCTM WMHIMBMPO-
BaTb K/O4YeBble hepmeHTbl, Takne kak AChE, BChE n FAAH, a Takxe
NPOABAATbL aHTUOKCUMAAHTHbIE CBOWCTBA U WHIMOGMpoBaTbL 0b6pa3oBaHue
p-amnnonga [13].

1-beH3un-"(1-metnn-3-okco-2-cbeHnn-2,3-gurnagpo-1 H-nupa-
3on-4-un)nunepngnH-4-kapbokcammg (16) (IC5=5,94 mkM) wn 1-6eH-
3un-"~(5,6-gumeTtokcn-8H-nHaeHo[1,2-i]Tnason-2-nn)nnunepunanH-4-kap-
6okcamung (17) (IC3=0,41 MKM) AEMOHCTPUPYIOT BbICOKYH CENEKTUBHOCTb
ona AChE, TeM caMblM YMeEHbLIAss BO3MOXHble NO60YHbIE 30dEKTbI, CBS-
3aHHble C WHrMbUpoBaHMeM BYTUpPUNXONMHICTepasbl. PepmeHTbl AChE
n BUChE, X0TS U ABAAIOTCA CTPYKTYPHO CXOXWMU, BbIMOAHAKT pasHble
domsnonormyeckne pyHkuun.
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17

AChE ingib. 1Cso=5.94 yM; AChE ingib. ICscr 0.41 uM;
BUChE ingib. ICsc¢> 100 uM; BUChE ingib. ICso> 100 uM;
Cytotoxicity 1Cs0> 100 pM Cytotoxicity 1C50=31.31 uM

BTopoe BaxHOe 6GMONOrMYecKoe CBOMCTBO 3TUX COEAMHEHWI - HU3Kas
LUUTOTOKCMYHOCTb. HEeMpOTOKCUMYHOCTb, OObIYHO KCMOMb3yemMas B uUcche-
OOBaHMAX KNEeTOYHOW NUHUKM Helipo6nactoMbl (SH-SY5Y) kneTouHas
CeTb, aKTUBHbIE MPOU3BOAHbIE BEH3UANUNEPUAMHA He NPOABASAAN 3HAUN-
Te/IbHOW TOKCUYHOCTU. okasaTeNlb HU3KOW TOKCUYHOCTU CBUAETENbCTBY-
eT 0 BbICOKOI 6e30nacHOCTU coefuHeHuii [14].

MoHoamuHokcugasa (MAO) aBnsieTca OAHUM U3 HECKOJIbKUX hepMeH-
TOB, KOTOpble CNOCOOCTBYHOT OKUCAUTENIbHOMY CTPeccy W ncuxosoruye-
CKUM CMMMTOMam gemMeHuun npu 6one3Hn Anbureimepa. BONbLIMHCTBO
TKaHell miekonuTalLwmx cogepxart ABa msogepmeHta MAO, HasbiBae-
Mble MAO-A n MAO-B. 3Tu hepMeHTbl Y4acTBYIOT B pacllenneHnn Heil-
poTpaHCMUTTEPOB (HanpuMep, CepoTOHUHa, AodhamMuHa W HopagpeHa-
nunHa). ToBblweHHan Bo3geicTBus MAO MOXET MPUBECTU K CHUKEHUIO
YPOBHEWN 3TUX HellpomeaMaTopoB B MO3re, YTO CBS3aHO C Aenpeccueil,
TPEBOroin un HelipogereHepaTUBHbIMU 3ab60neBaHUsaAMU, TakuMu Kak 6o-
nesHb MapknHcoHa 1 6one3Hb Anblrelimepa.

KcaHTuHOKcmaasa (XO) yyacTByeT B katabonusme nypuHoB, npespa-
Was ux B MOYEBYIO KUC/MOTY. YBenmyeHHoe faeincteue XO MOXET Bbi3bl-
BaTb runepypukemunto, nogarpy, noBpexieHne TkaHel, a Takxe cno-
cobcTByeT 06pa3oBaHM0 akTMBHbLIX (DOPM KUCMOpOAa, YTO NPUBOAUT K
OKUC/IUTENIbHOMY CTpeccy, HeilpogereHepauuy uU cepaeyvyHO-CoCyAUCTbIM
3ab051eBaHUAM.

ViccnepoBaHve npoBOAMAOCL C UCNOJSIb30BaHWEM hayopuMeTpuye-
CKOro mMetofa Ans oueHkn adpdpekTmBHocT MAO un cnekTpodoToMeTpu-
yeckoro metoga AnsA aHanusa aktuBHocTu XO. McnbiTaHua nHrméuposa-
HUA (pepMeHTOB MPOBOAMAUCH MPU Pa3INYHBLIX KOHLEHTpauusx rmépua-
HbIX COeaUHEHWIA.
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MAO-A ingib. 1C50= 14.3 uM;

MAO-B ingib. 1C50= 106 yM

20

MAO-A ingib. 1C50= 322 yM;

MAO-B ingib. 1C50= 184 yM;
XO ingib. 1C50= 109 yM

HoBocTu Haykmn KasaxcTaHa. Ne 1(164). 2025

19
MAO-A ingib. 1C50= 23.4 uM;
MAO-B ingib. 1C50= 171 yM

AChE mgib. 1C50= 0.35 yM;
BuChE ingib. 1C50= 0.46 uM;
MAO-A ingib. KO50= 5.2 nM;

MAO-B ingib. IC50= 43 \im

Cpean npoTecTUpPOBaHHbLIX COeAMHEHU Haubosiee BbICOKME 3Hauye-
HUsa ICE ansg uHrmbmnposaHnsa MAO-A 6bin y 4-rngpokcndeHeTnn-1-6ex-
3unnunepunaunH-4-kap6okennara (18) u  4-rugpokcu-3-meTokcudeHe-
Tun-1-6eH3unnunepugmnH-4-kapbokcnnata (19), coctasme 14,3 MKM 1
23,4 MKM CcOOTBETCTBEHHO.

4,5-Anrnapoken-2-HnTpodeHatun-1-6eHsnnnunepnanH-4-kapbokcu-
nat (20), HanpoTuB, MPOSIBAANO HaVMeHbLlyo 3PEKTUBHOCTb B OTHO-
weHun MAO, Ho siBNsAoCcb Hanbonee ahppekTUBHbIM UHIMOUTOPOM KCaH-
TUHOKcmaasbl ¢ ICE=109 mMKM, uTo, NnpeanonaraeTcs, cBA3aHO CO CMOCO6-
HOCTbIO CBA3bIBATLCA C META/IOM B aKTUBHOM LeHTpe chepmeHTa [15, 16].
CoeaunHeHue (21) npogeMOHCTpMpoBano MHrmbnposaHune kak MAO-A, Tak
n MAO-B, a Takxe MHrMbupoBaHue, 3aBucsillee OT BpemMeHu. OHo no-
kasasio IC®= 15,83 mkM ana AChE, 1,82 mkM gna BChE 0,17 mkM gns
MAO-A 1 15,83 mkM ans MAO-B. OHo (21) NposBASA0 HElponpoTeKTop-
Hoe feicTBue, NHIMBMPOBaUIo arperayunto Ap, CHMXano LUTOTOKCUYHOCTb,
NMHAYUUpOBaHHYO Apl-42, 1 NPOHUKANIO Yepe3 reMatoaHuedanmyeckmnia
6apbep. bonee TOro, coegnmHeHne nHrmouposano MAO-A (>95%) u ynyu-
Waso namaTb y aKCNnepuMeHTaslbHbIX KpbIC [17]. 3TU pe3ynbTaTthl cBUAE-
TeNbCTBYIOT O TOM, YTO KOMGUHMPOBaAHHOE WHrMOMpOBaHWEe aueTunNxo-
NINH3CTepasbl M MOHOaMWHOKCMAAasbl ABNseTcs adpekTuBHON cTpaTe-
rmeil KOMMNAEKCHOro BO3AENCTBUSA Ha naToreHes HelipogereHepaTuBHbIX
3aboneBaHuii. Takoil noaxon nognepxueaeT 6anaHc HellpomeanaTopos,
CHWXaeT OKUCNUTEe bHbIW cTpecc, 3aliuuiaeT HeWpoHbl OT NoBpexaeHui
N ynydlaeT KOTHATUBHbIE (oyHKLMKM [18].
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FmcToHNU3nHMeTUNTpaHcdepasa (G9a) - aTo (hepMeHT, y4yacTBylo-
WM B anUreHeTUYeCcKoW perynauun nytem MeTUnMpoBaHusa nunsmHa 9 B
rMcToHe H3, BbiCOKast akKTMBHOCTb KOTOPOro MPUBOAUT K BO3HWKHOBEHMIO
paka, CM[a v apyrux anureHeTnyecknx sabonesaHuii. CnegosartesbHo,
NMHIrMGMpPOBaHMe 3TOro oepmMeHTa MOXeT BbiTb 3PP EKTUBHLIM CNOCOBOM
NeyeHus 3a60n1eBaHni, CBA3aHHbIX C 3ANUTEHETUYECKUMU HapyLUEeHUSMU.

C uenblo BbISIBNIEHUS HOBbIX MHIMOUTOPOB hepMmeHTa G9a, KoTopble
MOTYT C/YXXWUTb OCHOBOI ANns 6yAyLnX NPOTUBOONYXOEBLIX NpenapaTos,
CUHTEe3MpOoBaHbl NPOU3BOAHbIE 2,4-AMaMuUHa-6,7-a4UMETOKCUXMHONNHA ©
nccnegoBaHa X CNOCOBHOCTb MHIMBMPOBaThL aKTUBHOCTL hepmeHTa G9a.
B nccnegoBaHun in vitro MHrMbupytoulee aeiicteme 2,4-agnammHo-6,7-gu-
MEeTOKCU-XMHOMMHA (22) npoTuB thepMeHTa G9a oueHnBanacb ¢ UCNOJIb-
30BaHMem nabopaTopHoro mMeTtoga SPA (Scintillation Proximity Assay).
OTOT MeToA N03BOASET U3MEPUTb UHTMOUPOBAHWE aKTUBHOCTU hepMeH-
Ta C KCNoNb30BaHNEM pajuMoakTUBHO MeYeHHoro cybcrpara.

22 23
G9a ingib. 1C50= 0.013 yM; G9a ingib. 1IC50= 0.031 yM

Hanbonee aekTUBHbIMU OKasasucb coeauHeHus (22 un (23), ko-
TOpble NPOAEMOHCTPUPOBA/IM UHTMOUPYIOWYIO W MPEeBbILAILLYI0  akK-
TUBHOCTb KOHTPOJIbHOIO WHrM6utopa B 5 pa3. A30T B nosioxeHun N-1
coeanHeHusn (22) obecneunBaeT CU/IbHOE CBA3bIBaHWE C AelCTBYOLWMM
ueHTpoMm hepmeHTa G9a. Kpome TOro, AMMETOKCUrpynmnbl B 6eH301AHOM
KOSbLEe UrpaloT KIOYEeBYO posib B NPaBW/IbHOW OpUeHTauun MOsekynbl B
aKTUBHOM LeHTpe hepMeHTa, YTO cnocob6CcTByeT NPOYHOMY CBA3bIBAHUIO
¢ thepmeHTOM. Takas koHpopmMaLmsa 06bACHAET BbICOKYIO 3(h(PEeKTUHOCTb
coegnHeHus. Takum obpasom, coegnHeHune (22) npeacTtaBnsieT coboit nep-
CMEKTUBHbI UHIMOGUTOP G9a ¢ 60/Mee BbICOKON aKTMBHOCTbIO, YEM Y KOH-
TPONLHOrO coefanHeHus [19].

CuHTe3npoBaHHble CTl peuenTopbl, NOKasIM30BaHHbIE B LEHTpasibHOW
HepBHOW cucTeme, OCOGEHHO B OTAeNax mMosra, OTBevawLlmx 3a namsaTb,
3MOLMN, CEHCOPHble U ABuUraTesibHble (QYHKLWW, UTPatoT BadKHYH POSib
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B perynsumyM BHYTPUKIETOYHbIX MpOoLEeccoB. ITU peuenTopbl nomorakwT
6enKkam coxpaHaTb NpaBU/IbHYIO CTPYKTYPY B CTPECCOBbLIX YCNoBusax. Oa-
Hako uYpe3mepHasl akTMBHOCTb Sigma-1 peLenTopoB MOXET Cnocob6CTBO-
BaTb Pa3BUTUIO NaTONOMMYECKUX COCTOSHMIA. TMpuMeHeHne WHIMGUTOpPOB
Crl peLenTopoB MO3BOMISET MUHUMMU3MPOBATL HeraTuBHblIE MNOCNEeACTBUSA
nX runepakTuBHocTU [20].

N1-6eH3nnnunepngnH-4-un)-4-cptopbeHsamug (24), ABNAKOWMIACA
aHanorom ranonepuaona, Bbi3blBasl aHa/bre3nio, CBA3aHHYK C aHTaro-
HU3MOM CTl peLenTopoB. ViccnefoBaHWs nokasasu ero BbICOKYH adhdhek-
TMBHOCTb B SIeYEHUM HeilponaTU4eckoin 60aM Mpu MUHUMASIbHBLIX NO60Y-
HbIX adhhekTax.

Fanonepngon - WMHrMGUTOP Crl peuenTopoB, LMPOKO WCMOMb3yeMbli
B MeAuuuHe, 06n1afaeT MOLWHbIM aHanbreTuyeckum AeicTBueM, Of4HAaKO
€ero NpUMEeHeHMe 4acTo conpoBoXxaaeTca nNoboyHbIMK adpdpekTamn. B pe-
3ynbTaTe UCNbITAHWI in vivo YCTAHOBMEHO, YTO coefvHeHve (24) umeet
KOHCTaHTy auccouunauun K=6,0 HM, conocTaBUMyto0 C KOHCTaHTON Aucco-
unaummn ranonepugona (K=6,3 HM). DkcnepuMeHTbl in vitro NOATBEPAU-
nn, 4To coeamHeHue (24) obnafaeT BbICOKMM CPOACTBOM K Crl peuenTto-
pam (K=6 HM) 1 BbiCTynaeT KOHKYPEHTHbIM WHIMOUTOPOM, CPaBHUMbIM C
ranonepugonom (K=6,3 Hm). MNpn aTOM CPOACTBO coefnHeHus (24) K cr2
peLenTopamM OKa3asiocb A0CTaTOYHO HM3KMM (K=190 HMm), 4yTO yKasbiBaeT
Ha ero BbICOKYI0 CEe/IEKTUBHOCTb K CrlpeLentopam.

24
Ki=6,0 nM

N1-BeH3nnnunepunguH-4-nn)-4-cptopbeHsamug (24) peMmoHcTpupyeT
BblpaXXeHHble aHasbreTMyeckne CBOWCTBA, 06YC/IOB/IEHHbIE AHTarOHWU3-
MOM cTlpeuenTtopoB. Ero akTMBHOCTb OKa3asiacb CONOCTaBMMOl € ranone-
puaonoMm u B TpU pasa Bbile, YeM Yy S1RA, cefleKTUBHOIo aHTaroHucTa crl
peuentopoB (K=17 HM). AHTaroH1M3Mm CrlpeLenTopoB CHWXaeT nepegadvy
60/1eBbIX CUTHA/IOB B LieHTpasibHOW HepBHoi cucteme (LLHC) 3a cueT uH-
rMoéUpoBaHUsA MX akTUBHOCTU. Takme peLenTopbl UrpalT KI4YeBylo posb
B nepegaye 6071, a aHTaAroHUCTbl, NOAO06HbIE COeAUNHEHUIO (24), yMEeHb-
watT 6oneBble OLylLleHUs, npefoTBpalias runepyyBcTBUTENIbHOCTb
HelipoHOB. JTO AenaeT MX NepcnekTMBHbIMKU CpeacTBaMu AN NeyYeHus
XpoHuyeckoin 60nm [21, 22]. AroHUCTbl M aHTarOHWUCTbI CTlpeLenTopoB
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Takke paccMaTtpuBalrTCs Kak MoTeHuMasibHble npenapatbl ANA JleYeHus
anuencuun, aenpeccun n 3aBucumocTtu [23].

B npouecce noucka HOBbIX NPOTUBOPAKOBbLIX MpenaparoB yYéHble COo-
cpefoTounIN BHUMaHMe Ha pa3paboTke coefVHeHU, cnocobHbIX addek-
TUBHO 3amMefNATb Nposidpepauunto onyxoneBbiX KNEeTOK U Bbi3blBaTb WX
anonTto3 (3anporpamMmMMpoBaHHYH0 K/IETOYHYIO CMepTh). B aTOM KOHTeKkcTe
nponsBoAHble N-6eH3MANUNepuanHoOH” ¢ KYpKyMUHOM (25-28) feMoH-
CTPUPYIOT BbICOKYK LMTOTOKCUYECKYH aKTUBHOCTb B OTHOLUEHUWN pas/ivy-
HbIX TUMOB PaKOBbIX K/IETOK.

ViccnepoBaHus nokasasu, YTo coeanHeHune (25) xapaktepusyeTtcs 3Ha-
yeHnem ICH B ananasoHe ot 0,86 fo 1,35 MKM, 4TO CBUAETENLCTBYET O
€ro BbICOKON 3h(PeKTUBHOCTU MPU HU3KUX KOHLEHTpauusax. [Ons npowus-
BoAHOro (26) gmanasoH ICH Bapbupyetcsa ot 1,13 go 1,75 mMkM, a ans
coefuHeHus (27) - ot 1,09 go 1,82 mkM. Haubonee BbICOKWI YPOBEHb ak-
TMBHOCTU HabnogaeTcsa y coeguHerns (28), ana kotoporo ICHHaxogmTeA
B npegenax 0,41-0,50 MkM, 4TO NPEBOCXOAUT aKTUBHOCTb KYPKYMWHA B
41-46 pas.

KypKyMWH  LUMPOKO WM3BECTEH

CBOVMU NMPOTUBOOMYXO1EBLIMU

CBOWCTBaMW, BKIOYAA WHAYKLMIO

anonTtosa, MpPOTMBOBOCNANNTE/Ib-

HOe 1 aHTMOKCUAAaHTHOe AelicTBue.

OpfHako ero Huskaa 6GuopocTyn-

HOCTb W ObicTpasa meTabonuue-

cKkas fgerpagauus orpaHuyvMsaloT

€ro K/MHUYeCKyl npuMeHUmMocTb. [lpousBogHble N-6eH3unnunepunau-

HOH-4 C KYpPKYMWHOM (25-28) AeMOHCTPUPYIOT yAydlleHHble hapMakoku-

HeTMYeckre xapakTepucTuKmM, 4To cnocobCTBYeT UX Nyyllein abcopbummn un
NPONOHIMPOBAHHOMY AENCTBUIO B OpraHun3Me.
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OCHOBHOE MPEeMMYLLECTBO MCCeAYyEMbIX COEAVMHEHWI 3ak/oYaeTcs B
MX BbICOKOW LIMTOTOKCUYHOCTW MPU HU3KUX KOHLEHTPaUMsAX, YTO MOTEHLU-
aNIbHO CHWXaeT PUCK TOKCMYECKOro BO3AENCTBMS Ha 3[40pOBblE KNETKM U
TKaHW. JTO fAenaeT [aHHble BellecTBa NepCcrnekTUBHbIMWU KaHaugaTamu
4ns pa3paboTku HOBbIX NPOTUBOPAKOBbLIX NpenapaTos.

MoMMMO MPOTMBOOMYXO/SIEBOM aKTUBHOCTW, coeauHeHus (25-28) npo-
AB/MAIOT CNOCOOGHOCTbL NOAABNATL CUrHasIbHbIE NYTWU, CBA3aHHblE C BOCMNa-
NTeNbHbIMK NpoLeccaMu, YTO OTKPbIBAET BO3MOXHOCTU UX UCMOJb30Ba-
HUS1 B JlIeYeHUW BOCNANIUTENbHbIX U ayTOUMMYHHbIX 3aboneBaHuil. Takast
KoMnsiekcHas 6uonoruyeckas akTUBHOCTb MO3BOJISET paccmaTpuBaTtbhb
npoussogHble N-6eH3unnuMnepuanH”-oHa Kak MHOrO(YHKLMOHAasbHblE
TepaneBTUYECKNE areHTbl.

WccneposaHve npousBogHbix N-6eH3nAnnnepuanHoH” ¢ KypkyMUHOM
NoATBEPXAAEeT UX BbICOKMA MOTeHUMan B pa3paboTke HOBOrO MOKONEHUsI
NPOTUBOONYXO/IEBLIX MPEnapartoB C y/yylweHHbIMU hapMaKo10rMyecknmm
Xapaktepuctukamu. 3T COoeguHeHNst CnocobHbl obecneuntb 6onee ad-
chekTMBHOE MoJaBfeHNe pocTa Onyxosiei Npyu CHUXEHUM NOBOYHbIX 3ddhek-
TOB M MOTyT HaWTU MPUMEHEHUE B KaYeCcTBE MHOrOLe/IEBbIX TepaneBTuye-
CKUX CPE/CTB B OHKOJIOMUU Y CMEXHbIX 061acTAX MeanunHbl [24, 25].

B vactHoCTH, coegnHenus (29 a,b) nmetot 3HaveHnsa ICE meHee 1 MKM,
YTO yKa3blBaeT Ha WX BbICOKYID aKTUBHOCTb NPU HU3KMUX KOHUEHTpauusx.
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Buonoruyeckne ceoiicta coeanHeHuns (30 b) BkIOYAKOT MHAYKLUMIO anon-
TO3a B pakoBbIX KneTkax. Hanpumep, coegnHeHue (30 b) npu koHuUeHTpa-
unn 1,44 MKM nHOYUMPOBaNo anonTto3 B k1eTkax nevyeHn HepG2. 3t Be-
LecTBa Takxe CNOCO6HbI MHIMOUPOBATL KNETOUHbIA LUK Ha KO4YeBbIX
cTaausax, npefoTBpallas aefnieHne U pocT pakoBbIX KIeToK. Hanpumep,
coeanHeHns (30a,b) nokaszann 3hPeKTMBHOCTb, MPEBbIIAOLLYI0 aKTWB-
HocTb MendanaHa (ICH= 3.24 MKM) B in vitro 3KCNepUMeHTax NpPoTuUB He-
KOTOpPbIX TUNOB PaKOBbIX KIETOK [26].

(0] (0]
29aR=H,29bR=Cl1 30aR=H,30bR=CH3
1C50<1 uM 1C5-1,44 uM
(Z"1-beHsounn- n N)-1-6eH3unn-5-6pom-3-(6pom(ceHnn)meTn-

nex)-2,3,10,10a-tetparngpobeHso[r]xuHonnH-4(1H)-oubl (31 a n 31 b)
OEeMOHCTPUPYIOT 3HAUMTE/IbHYI0 BMONOIrMYECKY0 aKTUBHOCTb, 6iarogaps
CNOCOBHOCTN MHIMBMpPOBAaTb K/YeBble anureHeTnyeckue epmeHTbl. Co-
eguHeHue (31 a) okasasnioCb MOLLHbIM MHIMOGUTOPOM FMCTOHALETUATPaHC-
dhepasbl (thepmeHTa, KOTOPbIA aLeTUAnpyeT rTMCTOHbI, CNOCOBCTBYSA akTu-
BaLun TpaHckpunuuun) ¢ ICH = 0,45 MKM ¥ apruHnHMeTUNnTpaHchepassbl
(koakTMBaTOpa, peryanpyrowero akcnpeccuio reHos) ¢ ICH = 0,43 MkM.
Takxe 6bI/10 NoKa3aHo, YTo coeanHeHue (31 a) ath(heKTUBHO YHMUTOXaeT
pakoBble KNeTkn KpoBwu ¢ pesysnbTatoMm oT 30 % Ao 67 %. CoeguHeHue
(31b) NposBMNO CUbHbIE MHIMBUPYIOLLME CBONCTBA B OTHOLUEHWN BbILLEY-
NoMsiHyTbIX TpaHcdepas ¢ ICH B gnanasoHe oT 2,19 go 6,50 MKM 1 BbI3bl-
BaU10 anonTo3 pakoBbIX KNeTOK KPoBM Ha ypoBHe 30-40 %. 3T cBoilicTBa
NO3BOMAIOT paccMaTpuBaTth AaHHble COeAVHEHUS B Ka4ecTBe MHorouene-
BbIX UHTMOUTOPOB AN pPerynupoBaHnus anureHeTuyecknx npoueccos [27].
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Br O Br Br O Br

IC50 enz.ingh.= 0,43-0,45 uM IC50enz.ingb.= 2,19-6,50 uM

B nocnegHue pgecatnneTtus HabniogaetTca 3HauMTeslbHOE yBeIMYEHNE
PE3NCTEHTHOCTM FPUOKOBbLIX MATOrEHOB, TakMUX Kak Aspergillus U Candida,
K CyL,ecTBYHOLWMM MPOTUBOITPUOKOBbLIM Mpenapartam, YTO OCNOXHSAET fie-
yeHMe nauMeHToB C OCNabfieHHbIM WMMMYHUTETOM. 3TO NoAYepKuMBaeT
akTya/libHOCTb pa3paboTku GUOOTMYECKN aKTUBHbLIX MPOTUBOTPUOKOBBIX
CpeacTB LUMPOKOro cnekTpa AencTBus.

MeTopg cepuiiHbIX pa3BefeHnin ansa onpegeneHnss MMHUMaIbHON WNHIK-
6upytowen koHueHTpaymm (MIC, Minimum Inhibitory Concentration™”
MEHSIICA K MOAENIbHOMY LITAMMY Yarrowia lipolytica, a TakKke K sugam
Candida spp. WAspergillus spp., C LieJibl0 OLEHKN aKTUBHOCTU CUHTE3UNPO-
BaHHbIX NPOM3BOAHbLIX 4-aMUHONUNEpPUANHA NPOTUB KNMHWUYECKM 3HAYU-
MbIX TPMOKOBbIX MATOrEHOB.

32
Y. lipolytica MIC=2 pg/mL
Candida spp.: MIC= 1-4 pg/mL
Aspergillus spp.: MIC= 4-16 pg

Pe3ynbTatbl nokasanu, 4To coefuHeHue 1-6eH3un-“gogeumnnune-
puauH-4-amuH (32) NposiBNsieT BbICOKYHD aKTUBHOCTb MPOTUB MOAE/bHO-
ro wraMma Y. lipolytica, a TakKXe NPOTUB K/IMHUYECKU 3HAYNMBIX BUOOB
Candida spp. U Aspergillus spp. MUHMaNbHbIE MHIMBUPYIOWME KOHLLEH-
Tpauum 3TOro coeauHeHus BapbupoBasvcb OT 1 Ao 4 MKr/MAN B 3aBUCU-
MOCTM OT WwTamma. [Ona coeauHeHus (32) nonymakcumasibHas WHIrMoum-
pylolas KOHUeHTpauma O/ KJ1eTOK YyesioBeka coctaBuia 5-7 MKM, 4To
cBMAeTeNbCTBYET O ero cpefHeli TOkcMyHocTu. Kpome Toro, muccneposa-
HUA in vivo C MUCNOJIb30BAHMEM JINUMHOK Galleria mellonella He BbIIBUU
3HAUNTENIbHON TOKCUYHOCTM 1-6eH3un-"gogeunnnunepugnH-4-ammHa
(32) npu koHueHTpaumsx 100, 500 n 1000 MKM MO CpaBHEHWIO C KOH-
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TPO/sbHOW rpynnoii. Takum obpa3om, coeanHeHune (32) npeacTtaBnsieT co-
60l MepCneKkTMBHbIA Knacc NPOTMBOrpMOGKOBLIX areHTOB C BbICOKOW 6GMO-
JIOTMYECKON aKTUBHOCTBbIO W NpUeMAeMbiM YPOBHEM 6e30MacHOCTU, 4TO
Jenaet ero MHTepecHbIM KaHAuAaToOM ANA AanbHelwnxX AO0KIMHUYECKUX
N KIMHUYECKUX nccnegoBaHuii [28].

BakTepuasibHble 3ab60/ieBaHusA, Bbl3blBaeMble ouTonatoreHamm poja
Xanthomonas, MNPeACTaBASAOT CEpPbe3HYK Yrpo3y A8 CenbCKoX03Al-
CTBEHHOI0 MNPOU3BOACTBA, CHMXas YPOXANHOCTb U KAuyeCTBO KynbTyp.
lMoka3aHO 4YTO OHM MOrYT BbI3blBaTb 0KOMO 350 pas/siMyHbIX 3abonesa-
HWil pacTeHuil. Hanbonee pacnpoCTpaHEHHbIMU M3 HUX ABASAIOTCA 6Gak-
TepunasibHasi MNATHUCTOCTb JINCTbEB puUca, Bbi3blIBaeMass Xanthomonas
oryzae pv. oryzae (Xoo0), si3Ba LUTPYCOBbLIX, Bbl3blIBaeMass Xanthomonas
axonopodis pv. citri (Xac), 6aKkTepuasibHas 4YepHas MNATHUCTOCTb MaHro,
BbI3blBaeMasi Xanthomonas campestris pv. mangiferaeindicae (Xcm),
a TakkKe MSATHUCTOCTb JINCTbEB KNYOHWKW, BbI3blBAEMasi Xanthomonas
fragariae (Xf). AHTMOaKTepuasibHyl0 aKTUBHOCTb CUHTE3MPOBAHHbLIX AN
nccnepoBsatesibCkux  uenein  7-(3-((1-6eH3nnnunepungnH-4-un)(meTunn)
amuHo)nponokcun)- n 7-(4-((1-6eHsnnnunepunguH-4-na)(MeTua)aMmHo)by-
Tokcn)-3-(4-meTokcnpeHnn)-4H-xpomeH-4-0HOB  onpeaensnin - MeTogom
TypougmmeTpum N nsyyasn B OTHOLUEHUN 4YeTbipeX BUAOB Xanthomonas
(Xoo, Xac, Xcm un Xf) — pacnpoCTPaHEHHbIX PpacTUTE/bHbIX NaToreHoB. B
KayecTBe KOHTPOJIbHbIX areHToB MCMNOoNb30BasiM TUOANA301 Meau n Tua-
30/ LMHKA.

LleneBble coeauHeHus - 7-(3-((1-6eH3unnunepuauH-4-nn)(MeTun)
amuHo)nponokcun)- u  7-(4-((1-6eH3nnnunepungnH-4-nn)(MeTun)aMmnHo)
6yTOKCK)-3-(4-MeToKCudpeHnn)-4H-xpomeH-4-oHbl (33 1 34) obnagaioT
cneumgunyeckon NHIIMbmMpyoLwein akTMBHOCTBIO B OTHOLLEHUN YeTblpex Bu-
0OB pacTuTenbHbIX 6akTepuii. CoegnHeHus (33, 34) nokasanu 100 %-Hoe
WMHIrM6MpPOBaHMe B OTHOLUEHUN X oo, YTO BbIlE, YeM Y Tuoguasona meau
(74,2 %) nTnasona umHka (90,8 %), a Takke 100 %-Hy0 MHIMOBUPYIOLLYIO
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aKTUBHOCTb B OTHOLIEHUM Xac (TMoamason megn — 50,4 % W TMason
UMHKa — 68,6 %). Kpome TOro, oHM nokasasv Hambosnee 3HauYuTesnbHbIl
NHrMGMpyoWMii adpdekt Ha Xcm co 100 %-HOI cTeneHbid UHrMbUpoBa-
HuA (Tnogmason meam — 72,9 % u tmason umHka — 91,8 %). MNpu aTom
NHrMbupytoLas akTMBHOCTb B OTHOLWeEHUM X f coctaBuna 100 % u npe-
BoCxoAmna npenapatbl cpaBHeHus. Wccnepyemble coeguHeHns (33, 34)
NPOAEeMOHCTPUPOBA/IM BbICOKYID aHTMbakTepuasibHYyl akTUBHOCTb Mpo-
TMB uUTONATOreHoB poja Xanthomonas, MNPEBOCXOAS 3(PDEKTUBHOCTb
cTaHAapTHbIX npenapaTtoB. CoeAuHeHUss o6nafatoT LWMPOKMM CMEKTPOM
OencTBnS 1M NepcneKkTUBHbI 4718 UCNO/Ib30BaHWA B 3aluuTe pacTeHuli 6na-
rogaps Mx HU3KOM TOKCMUYHOCTU U 3KONOrnmyeckoin 6esonacHocTu [29].

3aknwyeHue. lNpousBogHbie bl-6eH3uNNMNepUaoH-4-0oHa npeacTaB-
NAT coboil nepcnekTuBHbIE MHOrOMYHKUMOHANbHbIE COoeAMHEeHWs, 06-
napawouime LWUPOKMM CNEKTPOM OUONOrMYeckoin akTuBHocTU. OHU fe-
MOHCTPUPYIOT UHTMOBUPOBaHMEe (DEPMEHTOB, aHTUOKCUAAHTHbIE CBONCTBA,
HelponpoTeKLMI0 1 aHTUbaKTepnanbHy0 akTUBHOCTb. YHUKa/IbHAsA CTPYK-
Typa 3Tux coeguHeHwii aenaet UX LEeHHbIMUA CTPOUTESIbHbIMKM 6/10Kamu
015 co3[4aHnsa HOBbIX hapMaKkosiorMyeckmx areHToB.

Pa3Hoob6pa3ne 61M00rMYeckmx CBOWCTB MPOU3BOAHbLIX N-6eH3Manu-
nepuanH-4-oHa noaTBepxaaeT MX YHUBEPCaSbHOCTb W MHOrOLEeneBoi
noteHupan. JanbHeiwre nccnefosaHa B 3TOM HanpasfieHUM MOryT cho-
cobcTBOBaTb pa3paboTke HOBbIX MpenapaToB, HamnpaB/fieHHbIX Ha pelle-
HVe TepaneBTUYecKUX 3ajay B MegUUUHE Y CMEXHbIX 061acTAX HayKW.

dunHaHcupoBaHue. HayuHo-uccnegosatenbckad paboTta BbIMOSIHEHA B paM-
Kax rpaHTa Komuteta Haykum MuHUCTepCTBa HaykuM U BbiCLiero obpasoBaHus Pe-
cnybnukn KasaxctaH BR21882220.
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