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Exploring Novel Pharmacological Approaches
to Acute Hypoxic Preconditioning

Oleg A. Mosin', Albert E. Belenky?, Dmitry V. Stepanov', Andrey V. Evseev'

! Smolensk State Medical University, Smolensk, Russia;
2 Medical and sanitary unit “Bryansk Arsenal”, Bryansk, Russia

ABSTRACT

BACKGROUND: Metal compounds, particularly transition metal salt with various structural complexities, often demonstrate the
pro-hypoxic effect. This effect can be used for acute exogenous hypoxic preconditioning.

AIM: The work aimed to assess the potential of specific metal complexes as pharmacological agents for acute exogenous
hypoxic preconditioning in an experimental setting.

MATERIALS AND METHODS: The experiments were conducted on 140 male CBF1 mice weighing 20-25 g. Acute exogenous
hypoxia was simulated using two methods: by placing animals in an enclosed space to induce acute hypoxia and hypercapnia,
and by simulating the high-altitude environment to induce acute hypobaric hypoxia. The mice’s tolerance to hypoxia and
hypercapnia was evaluated by measuring survival time, whereas survival time at the lethal altitude was used to assess
the tolerance to hypobaric hypoxia. The metal complexes nQ1983, nQ2116, and nQ2721—which have been shown to have
antihypoxic effects—were administered to mice daily by single intraperitoneal injection at 10, 25, and 40 mg/kg for 7 days
prior to the experiments. At 10:00 a.m. on day 8, the animals were exposed to modelled acute exogenous hypoxia to assess the
preconditioning effect. The effect of the compounds on thermogenic processes was evaluated by measuring rectal temperature.
RESULTS: 0Of the 3 compounds examined, only nQ2721 showed the preconditioning effect in the acute hypoxia and hypercapnia
model. After 7 days of administration at 25 and 40 mg/kg, animal survival time increased by 56.5 % and 82.6 %, respectively.
Each compound demonstrated a beneficial effect on the mice’s tolerance to acute hypoxia in the acute hypobaric hypoxia model.
CONCLUSION: In two models of acute, exogenous hypoxia, all three metal complexes—nQ1983, nQ2116, and nQ2721—that
were investigated in mouse experiments showed the preconditioning effect, which was most significant in acute hypobaric
hypoxia conditions. In contrast to mQ1983 and mQ2116, nQ2721 exhibited the significant dose-dependent preconditioning
effect in models of acute hypoxia and hypercapnia and acute hypobaric hypoxia that considerably enhances the animal
tolerance to oxygen deficiency. The preconditioning effect of metal complexes is most effectively achieved in conjunction with
the induction of hypothermia, which can serve as a valuable marker in the targeted search for novel pharmacological agents
for preconditioning.

Keywords: acute exogenous hypoxia; pharmacological preconditioning; metal complexes; mice.
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Mouck HoBbIX NyTei Ana apMaKoNOrM4ecKoro
NPeKOHAULMOHUPOBAHUA K OCTPOM MMMOKCUM

0.A. Mocun', A.3. Benenbkuit?, [1.B. Crenanos', A.B. Escees'

! CMONEHCKMI rocynapCTBeHHbI MEMLIMHCKIA YHuBepcuTeT, CMoneHcK, Poceus;
2 MepmKo-caHuTapHas YacTb «bpaHckuii Apcenan», BpsaHck, Poccus

AHHOTALMUA

AxTyanbHocTb. [porunoKcuyeckoe aeiicTBue HepeaKo AEMOHCTPUPYIOT METannocofepallme BELLeCTBAa — COMM Nepexos-
HbIX MEeTaJyIoB Pa3fUYHON CTeneHW CNoXHOCTW. [aHHblii 3hdEKT MOXKeT ObITb MCMONB30BaH ANS NPEKOHAULMOHUPOBAHUSA
K OCTPOM 3K30MEHHO TMMOKCUM.

Llenb — oLeHUTb BO3MOXKHOCTb NPUMEHEHNS! HEKOTOPBIX METASIIOKOMIIEKCHBIX COEMHEHUI B KAYECTBE areHToB apMaKo-
JIOTMYECKOro NPeKOHAULMOHUPOBAHUSA K OCTPOIA 3K30TEHHON MMMOKCUM B 3KCMIEPUMEHTE.

Matepuanbl u Metoabl. OnbiThl BhINONHEHb! Ha 140 Mbiwax-camuax nuHmum CBF1 Maccoi 20-25 r. MogenvpoBaHmue ocTpon
3K30reHHOM TMNOKCUM OCYLLLECTBASANM 2 criocobamMun — NyTeM MOMeELLEHUS XKMBOTHBIX B 3aMKHYTOE NPOCTPAHCTBO (0CTpas rm-
MOKCKSA C TMNepKanHuen) 1 NyTeM UMUTaLMU NoLbeMa Ha BbicoTy (ocTpas runobapuyeckas runokceums). TonepaHTHOCTb MblLLER
K OCTPOW MMMOKCKM C TUNepKanHUein oLEeHUBaNW No NOKa3aTeNto «NPOAOHKUTENBHOCTb MU3HK», @ K OCTPOI rMnobapuyecKoi
TUMNOKCUWM — MO NOKa3aTento «pe3epBHOe BpeMs». [peaBapuTENbHO Ha NPOTAXKEHUN 7 CYT OCYLLECTBASNN eXeAHEBHOE pa3o-
BOE BHYTPUOpIOLLIMHHOE BBEfEHWE MeTainoKoMnneKcHbix Bewect mQ1983, nQ2116 n nQ2721 B posax 10, 25 n 40 Mr/kr,
paHee 3apeKoMeH[0BaBLUMX Cebsl B KaUecTBe aHTUrMMoKcuyeckux cpeacTs. Ha 8-e cytku B 10:00 Mbiwweit noMeLamv B ycno-
BMS OCTPOI 3K30TEHHOW MMMOKCUW B COOTBETCTBUM C MOZENBIO ANS OLEHKW pe3ynbTaTta NpeKoHAMUMOHMPOBaHUS. BrinsHue
BELLECTB Ha MpoLecchl TennoobpasoBaHus U3yyanu NyTeM U3MEPEHUS PEKTasbHOM TeMnepaTypbl.

Pe3ynbTatbl. B ycnoBusx ocTpon runoKcum ¢ runepranHmen U3 3 M3yYeHHbIX BELLECTB MPEKOHANLMOHMPYIOLLMIA 3P dEKT npo-
AeMOHCTpUpoBano nuwsb Belwectso mQ2721. Mocne 7-cyTouHoro ero BBeAeHUS B fo3ax 25 1 40 Mr/Kr 3admKcupoBaH npupocT
MPOAOIKMTENBHOCTM KU3HU KMBOTHBIX Ha 56,5 1 82,6% cooTBeTcTBEHHO. Ha Moaenu ocTpoii rmnobapuyeckon rmnoKeuy no-
NIOXUTENbHOE BAIMSIHME Ha TOIEPAHTHOCTb MBILLEN K OCTPOM MMMNOKCMM NPOLEMOHCTPUPOBAM BCE BELLECTBA.

3aknioyenne. Bo Bcex 3 KomnieKcHbIX coeguHennsax Metamnos: mQ1983, nQ2116, mQ2721, — wm3y4eHHbIX Ha 2 Mopensx
OCTPOW 3K30reHHOM MMMOKCMM B OMbITax Ha MbILAX, BbIABMIEH NPEKOHAWULMOHMPYOLLMIA 3D dEKT, KoTopbid Haubonee oTyeT-
nuBo nposenseT cebs B ycnoeusx OF + 6. B otnmume ot Bewects Q1983 n nQ2116, sewecrso nQ2721 Ha Moaensx ocTpoit
TUMOKCUU C TUMEepKarnHUein U ocTpon runobapuueckon runoKcuu obecreynBaeT oTYETNIMBOE [0303aBUCMMOE MPEKOHAMULMO-
HUpYloLLee eNCTBUE, B 3HAYMTENTbHOM CTEMEHM MOBLILLAA TONEPAHTHOCTb UBOTHBIX K AeduumTy Kucnopoga. lpekoHauumo-
HUpYIOLWMA 3DhEKT MeTanIo0KOMNIEKCHbIX COeAMHEHMI Hanbonee 3hhEKTUBHO OCYLLECTBASETCA NPW PasBUTMM COMYTCTBY-
fOLLIel TMMOTEPMMM, YTO MOXKET BbITb MCMONBb30BaHO B KAaYecTBe MHAMKATOPa B LieNieHanpaBieHHOM MOMCKE HOBbIX areHToB
Ans hapMaKonorMyecKoro NpeKoHANLMOHUPOBaHHS.

KnioueBble cnoBa: 0CTpaA 3K30reHHasa rMnoKCcus; CbapMaKOJ'IOFVI'-IeCKOG NPeKOHAMUNOHUPOBaHNE; KOMMJIEKCHbIE COeANHEHNA
METasJ10B; MbILLN.
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BACKGROUND

Acute hypoxic preconditioning is a method of periodic
exposure of the body, tissues, or organs to hypoxia- or
ischemia-inducing factors, followed by restoration of circu-
lation and oxygenation to develop tolerance to severe pro-
longed hypoxia (ischemia).

The terms “preconditioning” and “tolerance” were first
introduced by Janoff in 1964 [1]. In the late 20th century,
Marry et al. [2] demonstrated on myocardial tissue that mul-
tiple brief episodes of ischemia can protect living tissues
from subsequent prolonged ischemic damage, a phenom-
enon termed “ischemic preconditioning”. Shortly thereafter,
evidence emerged regarding hypoxic/ischemic tolerance in
the brain [1, 2]. Current research has elucidated the mecha-
nisms of cerebral ischemic preconditioning using in vivo
and in vitro models [3, 5-8].

Since some pharmacological agents exert a hypoxia-
like effect as part of their primary or adverse effects (act-
ing as hypoxia mimetics), attempts have been made to
achieve preconditioning through the administration of
various chemical agents. It has been established that
pro-hypoxic effects are often exhibited by metal com-
pounds — transition metal salts with various structural com-
plexities, including zinc, nickel, cobalt, iron, chromium, and
others [9, 10].

This led to the concept of using zinc- and nickel-con-
taining metal compounds as pharmacological preconditioning
agents.

The aim of this study was to assess the potential of spe-
cific metal complexes as pharmacological agents for acute
exogenous hypoxic preconditioning in an experimental
setting.

METHODS

The experiments were conducted on 140 male CBF1 mice
weighing 20-25 g. Acute exogenous hypoxia was simulat-
ed using two methods: by placing animals in an enclosed
space to induce acute hypoxia and hypercapnia (AH+Hc), and
by simulating the high-altitude environment to induce acute
hypobaric hypoxia (AH+Hb). In both cases, the mice were
placed in 0.25 L glass containers (pharmaceutical glass stop-
pered jars [shtanglas]). For AH+Hc modeling, after sealing
the containers, mice’s tolerance to hypoxia and hypercapnia

Table 1. General characteristics of the investigated metal complexes
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was evaluated by measuring survival time [11]. AH+Hb was
modeled using an original method [12] involving gradual
pressure reduction in the container controlled by a pres-
sure sensor, simulating ascent to 10,000 m (“lethal altitude”)
at 50 m/s. Mice’s tolerance to acute hypobaric hypoxia was
evaluated by measuring survival time at the lethal altitude.
Animal death in both models was determined at the onset
of the second agonal gasp.

For 7 days prior to the induction of acute exogenous hy-
poxia, the mice received daily single intraperitoneal injections
of metal complexes mQ1983, mQ2116, and mQ2721, previously
shown to have antihypoxic effects [13, 14]. Their presumed
mechanism of action involves suppression of energy metabo-
lism, indirectly supported by their ability to induce significant
hypothermic effects within 20—-30 minutes post-administra-
tion (Table 1).

According to the selected models of acute exogenous hy-
poxia, the studied compounds, and their dosages, the mice
were divided into 20 groups of 7 animals each. Thus, for each
hypoxia modeling method, 1 control group (CG) and 9 experi-
mental groups (EGs) were formed.

Mice in the EGs received intraperitoneal injections of the
compounds at 10:00 daily at doses of 10, 25, and 40 mg/kg,
previously dissolved in 0.3 mL of sodium chloride solution.
Mice in the CG received sham injections of 0.9% NaCl (physi-
ological saline) in the same volume and according to the
same schedule. At 10:00 on day 8, the animals were exposed
to modelled acute exogenous hypoxia to assess the precon-
ditioning effect.

The effect of the metal complexes on thermogenic
processes in mice was evaluated by measuring rectal
temperature. Measurements were taken twice daily: im-
mediately before compound administration (first mea-
surement) and 60 minutes post-injection (second mea-
surement) using a TM-902C electric thermometer (S-Line,
China).

Statistical analysis was performed using methods
of variational statistics [15] with Microsoft Excel 2024 and
Statistica 10 software packages. Quantitative assessment
of parameter typicalness was determined by median. Vari-
ation was evaluated using lower and upper quartiles, as
well as interquartile range. Due to the small sample size,
normality testing was not feasible. Differences between
compared values were considered statistically significant
at p < 0.05.

Code Metall Ligand L' Ligand L? Base
nQ1983 Zn(lN 3-Hydroxy-2-ethyl-5-methylpyridine No Dibenzyl diselenide
nQ2116 Ni(ll) 4-Hydroxycoumarin No Water
nQ2721 Zn(lN) Diselenodipropionic acid Acetic acid No
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RESULTS

In the CG, rectal temperature fluctuations before and
after sham injections were statistically indistinguishable,
whereas in the EGs, rectal temperature in animals de-
creased to varying degrees after each administration of
metal complexes, particularly at doses of 25 and 40 mg/kg,
but generally returned to baseline on the following day
(Figs. 1 and 2).

Analysis of temperature curves over 8 days revealed
that the hypothermic effect of the zinc-containing compound
nQ1983 was largely dose-independent and significantly di-
minished by the end of the observation period. Comparing
these findings with first measurement results from days 1-4,
this may indicate the development of tolerance to this metal
complex (Fig. 1). Second measurements showed that the
maximum reduction in rectal temperature with mQ1983
was after its administration at doses of 10 mg/kg (day 6)
and 25 mg/kg (day &), decreasing from 37 °C to 34.8 °C,
i. e. by ~2.2 °C.

Tolerance to the preconditioning agent was also observed
following the administration of mQ2116 and nQ2721 at a dose
of 10 mg/kg (Fig. 2). In these experiments, the maximum
hypothermic effect reached only 1.6 °C (p > 0.05) for Q2116
and 2.1 °C (p < 0.05) for nQ2721, comparable to the effect
after the administration of mQ1983 at the same dose. How-
ever, at doses of 25 and 40 mg/kg, these two metal com-
plexes induced significant hypothermia. At 25 mg/kg, Q2116
reduced rectal temperature in mice from 36.8 °C to 34.3 °C
(day 6), whereas at 40 mg/kg, it decreased from 37.0 °C to
30.7 °C (day 4), i. e. by 6.6 °C (p < 0.001). Given the trend line
of the first measurements, no tolerance developed to Q2721
administered at 40 mg/kg, which can be considered a posi-
tive indicator of the potential for preconditioning tolerance to
acute hypoxia in mice.

As shown in Table 2, by day 7 of observation, the hypo-
thermic effect according to the first measurements was most
pronounced after the administration of the zinc-containing
compound mQ2721 at 40 mg/kg (-3.7 °C, p < 0.005), enhanc-
ing its prospects among other compounds and suggesting
this metal complex potential preconditioning effect against
acute hypoxia. Even at 25 mg/kg, this compound demon-
strated a statistically significant rectal temperature reduction
of 1.5 °C (p < 0.05).

Based on the findings, it appeared logical to make an-
other assumption regarding the preconditioning effect of
the nickel-containing compound mQ2116, which reduced the
rectal temperature of the mice by 2.5 °C (p < 0.05) on day 7
of the experiment at a dose of 25 mg/kg. However, at the
maximum of the studied doses (40 mg/kg), this metal com-
plex did not produce a statistically significant change in rectal
temperature.

The second stage of the study examined mice tolerance
to acute exogenous hypoxia after 7-day pharmacological
preconditioning (Figs. 3, 4).
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As shown in Fig. 3, under AH+Hc conditions, of the three
compounds examined, only mQ2721 (excluding the 10 mg/kg
dose) demonstrated a statistically significant preconditioning
effect. After 7 days of administration at 25 and 40 mg/kg,
animal survival time increased by 56.5% and 82.6%, respec-
tively (p < 0.005).

The effects of metal complexes nQ1983, mQ2116, and
mQ2721 on mice tolerance to acute hypobaric hypoxia (AH+Hb)
are shown in Fig. 4. It can be concluded that all compounds
statistically significantly extended the survival time of the
animals at an altitude of 10,000 m (lethal altitude). Even
at 10 mg/kg doses, their protective effect exceeded control
group indicators by at least twofold. The most substan-
tial changes were observed with mQ2721, which increased
mice tolerance to AH+Hb by 3.5- and 4.6-fold at doses of
25 and 40 mg/kg, respectively (p < 0.001), and by 2.4-fold
at 10 mg/kg.

mQ2721 ranked second by the level of antihypoxic activity
in these experiments. Unfortunately, unlike mQ2721, the metal
complexes mQ2116 and mQ1983 exerted their protective ef-
fects in a dose-independent manner, which is unlikely to be
considered their advantages.

DISCUSSION

According to modern scientific concepts, ischemic/hypoxic
tolerance in living tissue induced by ischemic preconditioning
involves two sequential phases: an early phase (development
of tolerance) and a late phase (establishment of tolerance)
[3, 7, 8, 16]. The first phase is characterized by rapid cellular
changes (minutes to hours), including activation of protein
kinases, proteases, conformational changes in ion channel
structures, membrane and cytosolic receptors, redox-sensi-
tive molecules, and possibly changes in gene expression to
a lesser extent. The second phase (after 24 hours) involves
later mechanisms of tolerance formation, manifested through
genome activation followed by vigorous synthesis of proteins
essential for cell survival under conditions of progressing
acute ischemia and hypoxia.

In the described experiments, pharmacological precon-
ditioning agents were chemical compounds capable of rap-
idly (15-30 minutes) reducing body temperature in healthy
animals (mice, rats, cats) via various administration routes.
This effect can only be achieved through active suppres-
sion (inhibition) of energy production in the body, primar-
ily in skeletal muscle cells [17]. It is well-known that the
sole method for rapid reduction of cellular energy charge
involves using mitochondrial bioenergetic function inhibi-
tors, accompanied by decreased ATP production. Essen-
tially, this implements an effect described as pro-hypoxic
[18, 191. The pro-hypoxic effects of chemical compounds
most commonly involve mechanisms that induce hemic or
histotoxic hypoxia, collectively termed “chemical hypoxia”
in the literature [10].
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Table 2. Rectal temperature variations in mice on days 7 and 8 after preconditioning with metal complexes

c Temeperature Temeperature
ode Dose, Temeperature
of the compound mg/k on day 7, on day 7, on day 8, °C
P 9/kg first measurement, °C second measurement, °C Y S
Control group - 36.86 (36.83; 3783) 36.36 (36.5; 375) 370 (36.0; 375)
(n=14) 10 (n = 14) 370 (36.5; 370) 35.0 (34.5; 35.5) 36.5 (36.0; 36.75)
nQ1983 25 (n=14) 36.92 (36.5; 38.0) 35.42 (34.0; 36.5) 36.42 (35.5; 375)
40 (n=14) 36.83 (36.5; 37.0) 36.0 (35.5; 36.5) 36.67 (36.5; 375)
10 (n = 14) 35.5(35.0; 36.0) 36.5(36.0; 370) 36.5(36.25; 37.25)
Q2116 25 (n=14) 372 (34.0; 35.0) 34.7 (34.03; 36.92) 36.7 (35.5; 38.0)
40 (n = 14) 36.67 (36.0; 370) 35.83 (35.0; 36.5) 36.33 (35.5; 38.0)
10 (n = 14) 36.75 (36.5; 370) 35.25 (35.0; 35.5) 35.75 (35.5; 36.0)
nQ2721 25 (n=14) 3733 (36.0; 38.0) 35.83 (35.0; 37.0) 36.83 (35.0; 38.0)
40 (n=14) 36.0 (35.5; 36.5) 31.83 (26.5; 35.0) 35.5 (34.5; 36.5)
50
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Fig. 3. Tolerance of mice to acute hypoxia and hypercapnia after 7-day preconditioning with
metal complexes.
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Although there is no direct evidence of pro-hypoxic ef-
fects for the compounds nQ1983, mQ2116, and nQ2721, our
experimental data on metal complexes as antihypoxants,
combined with literature reports indicating that transition
metal ions inhibit mitochondrial function [20], prompted
an investigation into their preconditioning effects in mod-
els of acute exogenous hypoxia. Further justification for
these experiments came from our earlier studies where
the zinc-containing metal complex nQ1104 was shown via
polarography to reversibly inhibit oxidative phosphorylation
in mitochondria of neurons in the somatosensory cortex
of cats [21].

Despite the experimentally confirmed antihypoxic ef-
fects of the tested metal complexes, only nQ2721 demon-
strated a preconditioning effect on the AH+Hc model after
7 days of administration. This effect was observed starting
at a dose of 25 mg/kg. The effect became more pronounced
at a dose of 40 mg/kg.

At the same time, on the AH+Hb model, the precon-
ditioning effect was observed for all studied compounds,
arranged in the order corresponding to the magnitude of
this effect: mQ2721, nQ2116, and nQ1983. Thus, nQ2721
again emerged as the leading compound. Despite the posi-
tive effects detected in mQ1983 and mQ2116, these metal
complexes did not demonstrate dose-dependent effects at
the final experimental stage. As for mQ2721, it provided a
statistically significant increase in the preconditioning with
dose escalation. The absence of dose-dependent action in
Q1983 and nQ2116 diminishes their prospects in terms
of their potential use as pharmacological preconditioning
agents.

Pharmacological preconditioning occurs only when
a chemical compound initiates a distinct hypothermic
effect. The hypobaric model is rightfully considered
the most sensitive for detecting protective effects dur-
ing acute hypoxia in animals, as it represents a “purer”
form of oxygen deprivation compared to the hypercapnia,
where carbon dioxide significantly influences the final
outcome [22].

According to studies by Gavrilina [9] conducted on the
AH+Hb model, cobalt and nickel chlorides provided the
greatest preconditioning effect in mice among the tested
compounds, demonstrating neuroprotective action and in-
ducing pronounced hypothermia. However, these experi-
ments did not investigate the dose-dependence of the ef-
fects of these compounds. The conclusion was drawn that
hypothermia (direct or chemically mediated) is an essential
component for successful initiation of pharmacological
preconditioning.

Thus, based on our own data and literature analysis, we
propose a hypothesis that the mechanisms of pharmacolog-
ical preconditioning induced by the metal complex Q2721
may involve two key factors. First, its ability to limit the rate
of bioenergetic processes in body tissues, primarily in skele-
tal muscles and cerebral neurons. This effect likely enhances

Vol 16 (2) 2025
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hypothermia by reducing the activity of neurons in the hy-
pothalamic chemical thermoregulation center responsible
for heat production. Second, according to chemistry experts,
transition metal ions such as cobalt, nickel, and others can
replace iron ions in heme oxygen sensors and mitochondrial
complex Ill of the electron transport chain [10, 23]. Consid-
ering that the most active compound in our study, nQ2721,
contains divalent zinc as the complexing metal, which does
not change valence during biological reactions, its potential
influence on oxygen sensors can be ruled out. However, it
has been known since the 1960-s that zinc ions in vitro, even
at trace concentrations (107-10° M), effectively inhibit the
mitochondrial respiratory chain by blocking the site between
cytochromes b and c,. Furthermore, the electron transport
inhibition effect in the mitochondrial compartment may be
enhanced through direct competitive interactions between
Zn* and Fe?* [20].

CONCLUSION

Among the three metal complexes—mnQ1983, nQ2116,
and mQ2721—studied in two models of acute exoge-
nous hypoxia in mice, all demonstrated the preconditio-
ning effect, which was most pronounced under AH+Hb
conditions.

Unlike the metal complexes mQ1983 (zinc Il) and mQ2116
(nickel 1), the compound Q2721 (zinc II) exhibited a distinct
dose-dependent preconditioning effect in the AH+Hc and
AH+Hb models, thereby significantly enhancing the animals’
tolerance to oxygen deficiency.

The preconditioning effect of metal complexes is most
pronounced in conjunction with hypothermia, which can serve
as a valuable marker in the targeted search for novel phar-
macological agents for preconditioning.
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AOMO/JIHUTE/IbHAA UHPOPMALIUA

Bknap astopoB. 0.A. MocuH, A.3. beneHbkui, [1.B. Crenaos, A.B. Ece-
€B — HanucaHue CTaTbk, aHanm3 AaHHblxX; AB. EBceeB — peaakTpoBa-
HWe cTaTbi, pa3paboTka 0bLLel KoHuenumu. Bce aBTopbl BHECIM Cylie-
CTBEHHBIN BK/A[ B pa3paboTKy KOHLENUMM, NpoBeeHNe MUCCenoBaHms
1 MOATOTOBKY CTaTbM, NMPOYAM M 0fobpunn drHaNbHYID BEpCUI0 Nepes,
nybnmKaumen.

KoHdnukT uHTepecoB. ABTOpbI AEKIIapUPYIOT OTCYTCTBYME SIBHBIX 1 MOTEH-
LUManbHbIX KOHDMKTOB MHTEPECOB, CBA3AHHBIX C NybAMKaLMel HacTosALLeN
CTaTby.

WUcTounnk duHaHcMpoBaHUs. ABTOpbI 3asBAAIOT 06 OTCYTCTBUM BHELLHETD
(VHAHCVPOBaHWSA MpY NPOBEAEHUM UCCIENO0BaHWS.
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3Tnyeckas akcnepTM3a. PaccMOTPeHo M 0f0OPEHO NOKaNbHBIM 3Thye-
cKkuM KomuTeToM OTBOY BO «CTMY», npatokon N°76 ot 23.03.2024 1.
OpuruHanbHocTb. [py co34aHWMM HacToALLe paboTbl aBTopbl He Wc-
nonb30Bann paHee oMybMKOBaHHbIE CBeAeHWA (TEKCT, MAMKCTpaLmK,
JaHHbIE).

JlocTyn K AaHHbIM. Bce fiaHHble, NonyyeHHble B HACTOSLLIEM UCCIEN0BaHM,
LOCTYMHbI B CTaTbe.

eHepaTUBHBIA WMCKYCCTBEHHbI MHTeNNeKT. [py co3gaHum HacTosLen
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Hippocampal Metabolism of Biogenic Metals
and Selenium in Patients
With Chronic Manganese Intoxication
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Nina Yu. Grigorieva', Natalia A. Belyakova', Inessa V. Karpova??, Natalia V. Lapina'

! Golikov Scientific and Clinical Center of Toxicology, Saint Petersburg, Russia;
2 S.M. Kirov Military Medical Academy, Saint Petersburg, Russia;
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ABSTRACT

BACKGROUND: The stability of trace element composition within the organism is crucial for maintaining the vital biochemical
and biophysical processes. The severity of diseases associated with heavy metal accumulation is largely attributable to
the irreversibility of this process and the persistent disturbances in metabolic systems. Therefore, investigating the imbalance
of biogenic elements in patients with chronic heavy metal intoxication is highly relevant.

AIM: The work aimed to determine the variations in the levels of biogenic metals and selenium with chronic manganese
chloride intoxication.

METHODS: The experiments were conducted on 12 male white outbred rats weighing 180-220 g. The experimental group (n = 6)
received a 0.2% manganese chloride solution via automatic dispensers for 3 months, and the control group (n = 6) was given
tap water. The concentrations of manganese, copper, zinc, selenium, calcium, iron, and magnesium were measured in the left
and right hippocampi using atomic emission spectroscopy with PerkinElmer Optima 7000 DV ICP-OES Spectrometer (USA).
RESULTS: Based on the hippocampal content, the analyzed biogenic elements were arranged in the ascending order of
concentration as follows: [Mn] < [Cu] < [Zn] = [Se] < [Mg] < [Fe] < [Ca]. No evidence of asymmetry was observed in the levels
of these metals and selenium across any of the animal groups. In rats that received the manganese solution, the hippocampal
levels of manganese were more than twice as high compared to the control group (p < 0.01). In the experimental group,
the copper concentrations were found to be significantly higher (p < 0.01), whereas the selenium levels were lower (p < 0.01)
compared to the control group. These effects demonstrated a bilateral pattern, affecting both the left and right hippocampi.
The levels of iron, zinc, calcium, and magnesium remained unchanged.

CONCLUSION: It can be hypothesized that the observed variations in biogenic elements may be responsible for the impairment
of enzymatic systems, which include manganese, copper, and selenium.

Keywords: hippocampus; copper; manganese; selenium; manganese intoxication; biogenic metals.

For citation

Klimenko DI, Demidova EO, Varioshkin PN, Shemaev ME, Grigorieva NYu, Belyakova NA, Karpova IV, Lapina NV. Hippocampal Metabolism of Biogenic Metals
and Selenium in Patients With Chronic Manganese Intoxication. Psychopharmacology and biological narcology. 2025;16(2):81-86. DOI: 10.17816/phbné79872
EDN: QQDEBN

Received: 19.05.2025 Accepted: 24.06.2025 Published: 04.07.2025

/‘
3KO®BEKTOP The article can be used under the CC BY-NC-ND 40 license
© Eco-Vector, 2025


https://doi.org/10.17816/phbn679872
https://elibrary.ru/qqdebn
https://doi.org/10.17816/phbn679872
https://elibrary.ru/qqdebn

82

OPUTMHANBHOE MCCTIEJOBAHNE Tom 16, N° 2, 2025 [NcrxodapMaKonoris v DVYoNOrMYECKas HapKONoris
DOI: https://doi.org/10.17816/phbn679872 EDN: QQDEBN

06 ocobeHHOCTSIX 06MeHa
buoreHHbIX METaNNI0B U CeNleHa B runnoKamnme
NPY XpPOHUYECKOM OTPaBJIeHUM MapraHLeM
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AHHOTALIMA

AxTtyanbHocTb. [10CTOSIHCTBO MMKPO3/IEMEHTHOMO COCTaBa B OpraHW3Me KpanHe Ba)HO ANS NoAAepKaHus BUOXMMMYeCKUX
1 BUODU3NYECKVX MPOLECCOB MU3HEAEATENLHOCTU. TAXECTb 3abonieBaHmiA, CBA3aHHbIX C HAKOMEHWEM TSKENbIX METasIoB
B OpraHu3aMme, obycroBneHa HeobpaTMMOCTbHO AaHHOTO MPOLECCa M CTOMKOCTbIO HapyLUeHMd paboTbl MeTabonnyeckux cu-
cTeM. TakuM 06pa3oM, NPeLCTaBNAETCS aKTyanbHbIM U3yYeHUe U3MeHEHUs BanaHca BUOreHHbIX 3NIEMEHTOB NPU XPOHUYECKOM
OTPaBNIEHNM TSKENbIMU MeTasIaMu.

Leno — onpenenutb U3MeHeHWe COAepaHus BUOreHHbIX MeTannioB U CeneHa NpU XPOHMYECKOM OTPaBEHWM XOpPUOOM
MapraHua.

Matepuanbl U MeTofbl. IKCNepUMEHTLI NPOBOAMAM Ha 12 Genbix 6ecnopoaHbIX Kpbicax-camuax Maccon 180-220 r. Kpbichl
OnNbITHOW rpynmbl (n=6) B TedeHue 3 Mec. nonyyanu B aBTonounkax 0,2% pacTeop xnopuaa MapraHua, KpbiCbl KOHTPOSLHOM
rpynnsl (n=6) — BoAONPOBOAHYI0 Body. B NeBOM M npaBoM rMNMnokamne MeTOLOM aTOMHO-3MUCCHOHHOW CMEKTPOCKOMWM
onpefensiv cofepiKaHWe MapraHua, Mefy, UMHKA, CeneHa, KanbLms, JKenesa W MarHus C UCMonb30BaHWeM aHanusaropa
Optima 7000 DV ICP-OES, (PerkinElmer, CLLIA).

Pesynbtathl. [lo cogepxaHuio B runnoKamne uccnefoBaHHble 6UOreHHbIE 3n1eMeHTbI pacnoniaraiuch B CledyloLweM nopsa-
Ke (Mo Bo3pacTaHuio KoHueHTpauuid): [Mn] < [Cu] < [Zn] = [Se] < [Mg] < [Fe] < [Ca]. AcuMMeTpuM MO YPOBHIO UCCNIEA0BaHHbIX
METasI0B U CeNleHa HU Y OAHOW U3 PYNM XMBOTHBIX BbISIBIIEHO He ObiNno. Y Kpbic, NoTpebnsBLIMX pacTBOp MapraHLa, ero co-
LepXaHue B runnokamne bosiee YyeM B 2 pasa NpeBbILLa0 AaHHbIA NOKa3aTeNb Y MUBOTHbIX KOHTPOMLHOM rpynnbl (p <0,01).
Mpu 3TOM Y KPbIC 3KCMEPUMEHTANBHON rPYNMbl, MO CPABHEHWKO C KOHTPOIbHOW, KOHLEHTPaUMA Meam bbinia 3Ha4MMO BbiLLe
(p <0,01), a ceneHa — Huxke (p <0,01). YkasaHHble addeKTbl NposBAAAMCL bunatepanbHO — Kak B JIEBOM, TaK W B MPaBoM
runnokamne. CopepxkaHue Xenesa, LMHKA, KabLms U MarHus He M3MEeHSANOCh.

3aksioueHne. MoxHO NPeLnonoXuUTb, YTo 00HapYKEHHbIE HAMU M3MEHEHUS BUOTEHHBIX 3M1eMEHTOB MOXKET ObiTb MPUYMHON
HapyLeHns hepMeHTaTUBHBIX CUCTEM, B KOTOPbIE, MOMUMO MapraHLa, BKIIYEHbI, Mefb U CENeH.

KnioueBble cnoBa: runnokamn; Mefb; MapraHel; cejieH; MapraHueBaa MHTOKCUKaL A, OuoreHHbIe METaNbI.
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BACKGROUND

The stability of trace element composition within the or-
ganism is crucial for maintaining the vital biochemical and
biophysical processes [1]. In clinical medicine, there are
diseases associated with the accumulation of heavy met-
als in the body and their incorporation [2, 3]. In morbidity
structure, heavy metal poisoning predominantly falls un-
der the occupational disease category and is character-
ized by persistent impairments involving various organs
and systems.

Manganese intoxication holds a special place among
heavy metal-related diseases, as chronic poisoning clinically
mimics the neurodegenerative disorder of Parkinson disease
(PD) [4]. The common clinical features of manganese intoxi-
cation and PD include neurological and psychiatric distur-
bances [4, 5]. Cognitive impairments are observed in some
patients with PD, similar to those in patients with manga-
nese intoxication [4, 6]. The hippocampus, as the central
component of the limbic system, is considered responsible
for memory function in the brain [7]. Researchers note that
biogenic metals essential for biochemical processes underly-
ing cognitive abilities are required to maintain physiological
memory function [7]. Therefore, studying the content of bio-
genic elements in hippocampal tissue will enhance under-
standing of biochemical changes observed in chronic manga-
nese intoxication and clarify potential links between clinical
manifestations of this pathological condition and alterations
in biogenic metals and selenium.

The aim of this study was to determine the variations
in the levels of hiogenic metals and selenium in chronic man-
ganese chloride intoxication.

METHODS

The experiments included 12 white outbred male rats
weighing 180-220 g. All animals were obtained from the
Rappolovo breeding colony (Leningrad Region, Russia).
The rats were housed under standard conditions with
ad libitum access to food and water.

To model chronic manganese poisoning, we adapted
a protocol of chronic semi-forced intake of excessive
manganese via drinking water [8].

Prior to the experiments, all animals were randomly di-
vided into two groups: group 1, control group (n = 6) receiving
tap water via automatic dispensers, and group 2, experimen-
tal group (n = 6) receiving water supplemented with man-
ganese chloride. Manganese chloride solution was prepared
by adding manganese(ll) chloride tetrahydrate (MnCl, - 4H,0,
Lenreaktiv, Russia) to tap water to a final concentration
of 0.2% [8]. All animals consumed water ad libitum for

1 GOST 33216-2014. Guidelines for Accommodation and Care of Animals.
Species-Specific Provisions for Laboratory Rodents and Rabbits, dated July 1,
2016; GOST 33215-2014 Guidelines for Accommodation and Care of Animals.
Environment, Housing and Management, dated July 1, 2016.
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3 months. This deviation from the original 10-month expo-
sure protocol [8] was based on recommendations permit-
ting the reduction of factor exposure duration to 3 months in
chronic experiments on biological subjects [9].

After three months, the rats were decapitated, and the hip-
pocampi were dissected from both cerebral hemispheres and
weighed with an accuracy of 1 mg. Collected samples were
digested with nitric acid in a high-frequency demineralizer at
190 °C and a power of 800—1100 W. The resulting mineralizate
was dissolved in water and analyzed for manganese, copper,
zinc, selenium, magnesium, iron, and calcium content using
atomic emission spectroscopy with Optima 7000 DV ICP-0ES
Spectrometer (PerkinElmer, USA). Quality control and analyti-
cal validity were ensured using certified reference materials
(State Standard Sample 6077-91). The analysis yielded metal
concentration values in the hippocampi (ug/g).

Data analysis was performed using GraphPad Prism 6.0
statistical software (GraphPad Software, USA). Nonparamet-
ric statistical methods were applied for small sample sizes.
The Wilcoxon signed-rank test was used for paired compari-
sons of right and left hippocampal parameters within each
group, whereas the Mann-Whitney U test was employed for
intergroup comparisons. Differences were considered signifi-
cant at p < 0.05. Sample features are presented as medians
(Me) with interquartile ranges [@;; Q).

RESULTS

The concentrations of biogenic metals and selenium in
rats from the control group (CG) and experimental group (EG)
are presented in Table 1 and Figure 1.

Analysis of biogenic element content in rat hippocampi
revealed that manganese was the least abundant. Copper
content exceeded this value by one order of magnitude; zinc
and selenium—~by two orders of magnitude; and calcium,
magnesium, and iron—by three orders of magnitude (Tab-
le 1). No significant differences in element content were
found between the left and right hippocampi.

The study demonstrated that experimental exposure re-
sulted in more than a 2-fold increase in manganese content
in the rat hippocampi (p < 0.01; Table 1, Fig. 1, a).

Despite manganese’s lowest concentration compared
to other elements, this trace element significantly contrib-
utes to biogenic element metabolism by influencing copper
and selenium levels.

Copper concentration in the left and right hippocampi
of the EG rats was statistically significantly higher than
the in the CG animals (p < 0.01, Fig. 1, b). As previously noted,
no interhemispheric differences in this parameter were ob-
served in either group.

The rats chronically receiving manganese chloride in
drinking water showed significantly lower selenium con-
tent compared to the CG animals. These differences were
observed in both right and left hippocampi (p < 0.01), with
no interhemispheric differences (Fig. 1, c).
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Table 1. Variations in the hippocampal levels of biogenic metals and selenium (pg/g) in rats following chronic exposure to manganese

chloride solution

Rats
receiving potable tap water receiving manganese chloride
Elements (control group) (experimental group)
hippocampus hippocampus
left right left right
Manganese 0.19 0.19 0.44** 0.45*
g [0.17; 0.21] [0.17; 0.21] [0.42; 0.47] [0.42; 0.49]
Copper L47 4.32 6.30** 6.47*
PP [4.12; 4.54) [4.02; 4.62] [6.00; 718] [5.86; 725]
Zinc 308 31.6 317 288
[30.2; 35.4] [30.2; 34.6] [25.8; 373] [24.5; 36.6]
Selenium 32.6 324 29.1** 29.6**
[32.0; 33.2] [32.1; 33.3] [24.7;29.7] [25.6; 30.2]
Maanesium 131.7 1272 122.2 118.0
9 [124.7;150.5] [122.4;135.3] [101.5; 134.2] [99.5; 135.9]
Iron 1925 189.1 1853 1772
[185.6; 198.4] [184.4; 19771 [1374; 190.9] [136.1; 190.5]
Calcium L44 9 L4T7 4657 4679
[394.8; 495.0] [390.0; 475.4] [398.6; 484.7] [396.8; 484.0]

Note. The data are presented as medians (Me) and interquartile ranges [Q;; @;]. ** p < 0.01, statistically significant differences from the concentration
of this element recorded in rats of the control group on the corresponding side of the brain (according to the Mann-Whitney criterion).

Mn Cu Se
600 8000 = = 400007 "
E) 400 Eé[]ﬂl] >§35[]l]0- o \ o[ ) \
c IS 3 L /77
g £ 4000 £ 30000 - // 55
£ 200 = £ / 2%,
5 H g 2000 § 25000 - /
c oo ° o | S o [ ‘
C Mn?* C Mn?* C Mn?* C Mn?2* C Mn?* C Mn2*
Left hippocampus  Right hippocampus Left hippocampus  Right hippocampus Left hippocampus  Right hippocampus
a b c

Fig. 1. Variations in the hippocampal levels of manganese (Mn), copper (Cu), and selenium (Se) (ug/g) in rats following chronic exposure to manganese
chloride solution. The data are expressed as medians (bar heights) and quartile intervals (strokes). The light bars and dots correspond to the hippocampal
levels of trace elements in control rats (C), and the dark bars and dots correspond to the levels measured in rats treated with manganese chloride solution
(Mn?"). The shaded bars represent the values obtained for the left hippocampus, whereas the plain bars depict the values obtained for the right hippocampus.
** statistically significant differences, p < 0.01 (Mann—-Whitney test).

Hippocampal concentrations of iron, zinc, calcium, and
magnesium showed no significant differences between the
CG and EG rats (Table 1).

Thus, chronic manganese exposure alters trace element
composition, manifesting as increased copper concentration
and decreased selenium levels.

DISCUSSION

We found no interhemispheric differences in the content
of all studied elements, with all detected changes equally
manifested in both hippocampi. However, previous studies

have shown that bilateral intranasal administration of the
polypeptide (oxytocin) to mice increases its concentration ex-
clusively in the left hippocampus [10]. It can be assumed that
metals and selenium, due to their small size, freely cross
brain barriers.

The mechanisms of negative impact of elevated man-
ganese on brain function remain a subject of extensive re-
search [11]. The potential oxidation of Mn?* to Mn** in the
mitochondrial matrix promotes the formation of a strong
pro-oxidant species, leading to inhibition of oxidative phos-
phorylation and increased production of reactive oxygen spe-
cies [11]. Manganese exhibits selective tropism for the brain’s

DOl https://doiorg/ 10.1/816/phbné/9872
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cholinergic system [12]. It is hypothesized that mental im-
pairments in Parkinson disease arise from degeneration of
cholinergic fibers in the hippocampus [13]. Literature also
describes more pronounced cholinergic changes in the hip-
pocampus of highly stress-sensitive rats [14].

These data suggest that the hippocampus is particularly
vulnerable to damage by reactive oxygen species, leading
to alterations in the cellular antioxidant system, specifi-
cally in the concentrations of glutathione disulfide, gluta-
thione peroxidase, and glutathione reductase—enzymes
that contain selenium [15, 16]. Manganese intoxication-
induced changes in the cellular antioxidant system may
contribute to mediated neuroinflammation [17]. Our study
demonstrated that chronic manganese intoxication reduc-
es selenium levels in the hippocampus, a key component
of the cellular antioxidant system. However, the mecha-
nism of selenium elimination from hippocampal tissue
remains unclear.

The observed increase in copper levels has not been
previously described in the literature. However, excess
copper is known to promote neuronal apoptosis in the
hippocampus and may potentially contribute to dopami-
nergic neurodegenerative disorders [18, 19]. Elevated cop-
per levels during chronic manganese exposure may result
from altered blood-brain barrier function, manifesting as
increased permeability to copper-transporting proteins.
However, this hypothesis requires direct experimental
validation.

CONCLUSION

1. Chronic consumption of manganese chloride leads to
increased copper concentrations in hippocampal tissue.

2. Chronic consumption of manganese chloride is associ-
ated with decreased selenium levels.

Thus, it can be hypothesized that manganese poisoning-
induced alterations in biogenic elements may disrupt not only
enzymatic systems directly associated with manganese but
also those involving copper and selenium.
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Pucku runornukeMmuyeckon apMakoTepanmm
Yy NOXWUNbIX NALUEHTOB C HEBPONIOTUYECKUMY
W NCUXUYECKUMU HapYLLEHMAMU

B.E. HoBukos, K.[l. 3arHert, E.B. lNoxkunosa

CMOMEHCKUI rocyaapCTBeHHbIN MeauLMHCKMIA yHuBepeuTeT, CMoneHcek, Poccus

AHHOTALIMA

CaxapHblil amabeT 2 TMNa LUMPOKO pacnpocTpaHeH Cpeau Jlofen NOXWUI0ro M CTapyeckoro Bo3pacta. [puMepHo KaxAabln
NATLIA YENoBEK CTaplue 65 NeT cTpafaeT caxapHbIM AMabeToM 2 TUNa M CTOMbKO JKe UMEeT HeAMarHoCTMPOBaHHbIN caxap-
Hbli auabeT 2 Tuna. puBeneHHbIe faHHBIE 060CHOBAHHO MO3BONSAIOT CYMTaTh 3T0 3aboneBaHWe BO3PACT-acCOLMUPOBAHHBIM.
CnepyeT 0TMETUTb, YTO CaxapHbIi AuabeT 2 TMNa B repuaTpUYECKON NPAKTUKE HEPEeLKO NpoTeKaeT Ha GOHe HEBPONOTUYECKUX
W MCUXMYECKWX HapYLLIEHWUHA Y NaLMEHTOB.

Mo pesynbTaTaM aHanM3a HayYHbIX UCCNE0BaHW OTEYECTBEHHBIX W 3apybexHbIX aBTOPOB 3a MOCNESHWX 5 NeT npepcTas-
NIeHO OMnmMcaHue M 0BCyaeHUe BO3MOKHBLIX PUCKOB dapMaKoTepanuu caxapHoro auaberta 2 Tuna pasnuuHbIMM rpynnamm
CaxapoCHMalOLWMX NPenapaToB Yy MauMeHTOB MOMMUIIOND M CTapyecKoro Bo3pacTa C HEBPOJIOTMYECKUMM U MCUXMYECKUMM
HapyweHuamu. MpuBeaeHbl (hapMaKoLMHAMUYECKUEe MOKa3aTeNM OCHOBHBIX MPeLCTaBUTENEN MMMOIMIMKEMUYECKUX CPEACTB,
no3BoNALLME OLEeHUTb 6e30MacHOCTb UX NMPUMEHEHUS Y FepuaTpUUYECKUX MaumeHToB. M3noxeHbl TpeboBaHUs U NPUHLMMLI
TUNOMMKEMUYECKON (apMaKoTepanuu y NOXWIbIX NaUMEHTOB, MO3BONAKOLIME CHU3UTb PUCKU HEXENATENbHbIX PeaKLuid.
[lng naumeHToB NOXKMOrO U CTapyecKoro Bo3pacta ¢ HapyweHuaMu GyHKuum LHC npu nevennmn caxapHoro guabeta 2 tuna
TUNOMMKEMUYECKUM MPEnapaTtoM C HaUMEHbLUMMU PUCKaMU Pa3BUTUS HeXenaTesbHbIX peaKuuin SBMseTcs MeTPOopMUH.
WMetoTca nepcneKTMBbI MPUMEHEHNS! COBPEMEHHBIX MPYMM CaxapOCHWKAIOWMX NPenapatoB, TaKWUX Kak MHKPETUHOMUMETUKH
¥ mudno3uHbl. [Tpon3BoaHbIe CYNbGOHWIMOYEBHHBI, IUTA30HbI U MIMHUALI HE MOKa3aHbl MOXWIbLIM NIOAAM.

KnioueBble cnoBa: runorfmMKeMm4eckue CpeacTBa; caxapru7| avabet 2 na; I'epVIanVI‘-IECKVIVI MauneHT; HeXenatesibHasd
JIeKapCTBEHHaA peaKuums.
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Risks Associated With Hypoglycemic
Pharmacotherapy in Elderly Patients
With Neurological and Psychiatric Disorders

Vasiliy E. Novikov, Ksenia D. Zagnet, Elena V. Pozhilova

Smolensk State Medical University, Smolensk, Russia

ABSTRACT

Type 2 diabetes mellitus is characterized by its high prevalence among the elderly and senile populations. It is estimated that
approximately one in five individuals aged 65 or more live with diagnosed or undiagnosed type 2 diabetes mellitus. These
estimates support the reasonable hypothesis that the disease is associated with advanced age. Of particular relevance is
the observation that type 2 diabetes mellitus in geriatric practice often co-occurs with neurological and psychiatric disorders.
A comprehensive analysis of the scientific studies published over the past 5 years by Russian and international authors
offers a detailed description and discussion of the potential risks associated with hypoglycemic pharmacotherapy for type 2
diabetes mellitus in elderly and senile patients with neurological and psychiatric disorders. This study provides an overview
of the pharmacodynamic characteristics of the main classes of hypoglycemic agents, thereby facilitating an assessment
of their safety in geriatric populations. The following discussion addresses the requirements and principles of hypoglycemic
pharmacotherapy in elderly patients, with the aim of reducing the risks of adverse reactions. Metformin has been identified as
the hypoglycemic agent with the lowest risk of adverse reactions for elderly and senile patients with impaired central nervous
system function who are treated for type 2 diabetes mellitus. Novel groups of antidiabetic medications, such as incretin
mimetics and gliflozines, have emerged as promising candidates for treatment. Sulfonylureas, glitazones, and glinides are
not recommended for elderly individuals.

Keywords: hypoglycemic agents; type 2 diabetes mellitus; geriatric patient; adverse drug reaction.
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HAYYHBI 0630P

BBEAEHUE

CaxapHbiin gnabet 2 vna (CL, 2) wupoko pacnpocTpaHeH
CPeau NoAel NOXWUIOTo M cTapyeckoro Bo3pacta. lpumep-
HO KaKAbli NATbIA YenoBeK CTaplue 65 net ctpagaet Cl 2
W CTONBKO JXe uMeloT HeguarHoctupoBaHHbiid CL 2 [1]. Mpu-
BefleHHbIe AaHHble 060CHOBAHHO MO3BOASIOT CYMTATh 3TO 3a-
DoneBaHMe CBA3aHHLIM C Bo3pacToM [2]. CnemyeT oTMeTUTD,
yto C[] 2 B repuaTpuyeckoii NpaKTUKe HEPEOKO NpOTeKaeT
Ha (OHE HEBPONOrUYECKMX U NCUXMYECKMX HApYLLEHWIA Y Na-
LIMEHTOB.

Y niopen moxuioro M cTapyecKoro Bo3pacta 4acto pe-
TUCTPUPYIOTCA 3HAUYMMbIE BO3PACTHble U3MEHEHUS B (YHK-
LIMOHMPOBAHUM LiEHTPaNbHOM HepBHOM cucTeMbl (LIHC) 1 3n
M3MEHEHMA MOTYT YCyrybnarbcsa nog BO3LEWCTBMEM TUMO-
ITIMKEMUYECKUX CPECTB, YTO be3ycioBHO OTpaaeTcs Ha Te-
yeHun C[] 2 v npoBepeHuM 3ddeKTUBHOM GapMaKoTepanum
3abonesanus. K oMy e ¢ Bo3pacTtoM y 6onbHbix Cl 2 nto-
[Jei NoBbILLAETCS YacToTa KOMOPBUAHOI NaTonoruu, BKIKYas
HapyweHue @yHkummn LIHC, u cooTBeTcTBEHHO YBENMUMBAET-
CA KOIMYECTBO NPUHMMAEMBbIX MauWeHTaMu JieKkapcTB. Us-
338 KOTHUTUBHBIX HapyLUEHU M QU3MYECKUX OrpaHUyeHuil
MPUBEPIKEHHOCTb repUaTPUUECKUX NaLMEHTOB TUMOMUKE-
MUYecKon dapMakotepanumn TpebyeT 0coboro BHUMaHus [3].
A Bbibop cpencTs dhapMakotepanuu CL, 2 y Takux naumeHToB
NpeacTaBnsfeTca HeNpoCcTon 3aaaqen, TpebyroLen npucTanb-
HOrO U3y4YeHWs He TONbKO 3PHEKTUBHOCTU, HO M Be3onacHo-
cTu caxapocHuxkatowmx npenaparos (CCIM) [4]. OpgHako 6onb-
LUMHCTBO KPYMHbIX PaHLOMM3UPOBaHHbIX KOHTPONMPYEMbIX
“ccnenoBaHuiA, u3ydaBLmx 3ddeKTMBHOCTL M be3onacHoCTb
runoruKeMuyeckux cpeacts npu ClL 2, He Brtoyano auu
cTapwe 75 NeT U He y4uTbIBaNo 0COBEHHOCTU QYHKLMO-
Ha/bHOTO COCTOSIHUS OpraHM3Ma U BO3PAcTHbIE M3MEHEHWS
B dyHKumMoHupoBaHun LIHC naumeHToB noxwnoro v crapye-
CKoro Bo3pacTa [9].

[epuaTpuyeckue naumeHTbl ¢ auabetoM npeacTasns-
0T COBOM CNOXHYK W HEOLHOPOAHYK MOMynAuMio. Y Hux
yacTo HabnoJaKTCA acTeHMs, KOrHWUTMBHbIE PacCTpOWCTBA
W HelipofiereHepaTUBHbIE HApyLUEHWs, Apyrue COMyTCTBYyHO-
Wwme 3aboneBaHus, YTo TPedyeT MHAMBUAYaNM3aLUK rUno-
IIMKeMUYecKon hapMaKoTepanum, HanpaeEHHOW, C OAHOM
CTOPOHBI, Ha KOMMEHCaumIio yrneBofHoro obMeHa, ¢ Apyroi
CTOPOHbI, HA MMHUMU3ALUMIO TUMOMIMKEMUYECKUX OCION-
HEHWUN M HeBNaronpuATHbIX JIEKapCTBEHHbIX peakumi [3, 5].
PaunoHanbHbIN BbIBOP MMNOMMKEMUYECKUX CPELCTB C yye-
TOM UX (apMaKoAMHaMUKKM, (BYHKLMOHANBHOMO COCTOSHMS
LIHC 1 BO3MOMHBIX PUCKOB MO3BOUT YBENMYUTL 3PHEKTUB-
HoCTb 1 6e30nacHOCTbL caxapocHUatoLL el hapMaKoTepanuu
Y TaKOiA KaTeropum naumeHToB.

Lienb pabotbl — oueHKa pucKOB apMaKkoTepanum
CL 2 y repuaTpuyecKnx MaLuUeHTOB C HEBPOAOrMYECKUMY
U NCUXMYECKUMM HAPYLIEHUSMU M NMYTU WX Npemynpex-
LEHUs.
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BO3PACTHbIE ®YHKLIMOHAJIbHBIE
W CTPYKTYPHbIE U3MEHEHUSA
LIEHTPAJIbHOU HEPBHOU CUCTEMBI

C Bo3pacToM opMupyroTCs PYHKLMOHANBHBIE U CTPYKTYp-
Hble M3MEHEHUS B Pa3/IYHbIX OpraHax u cucteMax. He aBns-
eTcs uckodeHnem u LIHC. BoaMoxKHbI 2 0CHOBHbIE MPUYUHBI
BO3PaCcTHbIX PYHKUMOHaNbHbIX M3MeHeHuii B LLHC: cHuxeHue
aKTUBHOCTM HEPBHBIX KJIETOK U HEpOMEeaMaTopoB U HapyLue-
HWe MO3roBOW reMOAMHAMMKW. Y KL, CTapyecKoro Bo3pacTa
K QU3MONOrMYECKUM BO3PACTHLIM U3MEHEHUAM OYeHb 4acTo
NPUCOEAMHAKTCA HapYLLEHMs, CBA3aHHbIE C KOMOPBUAHBIMM
3aboneBaHusmu [6, 7]. Ux KnMHUYecKue nposiBNeHns BeCbMa
pa3HoobpasHbl. Bce 3T 3MeHeHus HeobXxoAUMo yunTbIBaTb
npu BblbOpe rMMorMKeMUYecKol dhapMaKoTepanuu.

Bo3pacTHble (CTapyecKkue) U3MEHEHUS HauWHAIOT pas-
BuBatbcA B LIHC nocne 65 net. Ux Hanuuue nposensetcs
YMEHBLLEHWEM KOSIMYECTBA HEPBHBIX KNETOK, CHUKEHWUEM
MO3roBOro KpoBoToKa. 0fHaKo camo no cebe yMeHbLUueHne
KO/IM4ecTBa HeMpoOHOB B MO3re He BbICTYMaeT TOPMO3HbIM
(akTOpoM B 0becneyeHuu GyHKLMOHANBHON AeATeNIbHOCTH
LHC. bonee 3HauMMbIn GaKkTop — CHUXEHME GYHKLMO-
HambHbIX CBS3EW MEXAYy HEMpOHaMW, KOTOpble oCyLlecT-
BNAtoTCA Bnarofaps BbICBODOXAEHWMIO B CUHAMCHI Hepo-
MeAMaTopoB, B3aMMOAENCTBYIOLLUMX CO Creundu4eckuMu
peuenTopamu. B cTapueckom Bo3pacTe B HEKOTOPbIX CTPYK-
Typax Mo3ra 0TMEYEHO CHWXKEHWE COLEepKaHUs HopajpeHa-
N1Ha, AodaMuHa, S-TMAPOKCUTPUNTAMUHA, CEPOTOHMHA U Ap.
TaKkue M3MeHeHUs! B NPOLYKLWW HEMPOTPAHCMMUTTEPOB CBM-
OEeTeNbCTBYIOT O CHKEHUU MEKKIETOUHOW HeMpoHanbHOIA
KoMMyHuKaumm B LIHC.

Hapspy c HelipoMenaTopHbIMM U3MEHEHUAMM C BO3pac-
TOM OTMEYaloTCs HapyLieHus HelipoMeTabonmueckux npo-
ueccos B LIHC, npuunHOM KoTopbIX BbICTYNAOT MUKPOLMPKY-
NATOPHblE paccTpoiicTBa, 00YCNOBNEHHbIE 3HAOTENMANBLHOMN
AMCOYHKUMEH M aTepOCKIepOTUHECKUMU U3MEHEHMAMM
B LiepebpoBackynsapHoit cucteme [8—10]. Hapywuenne Mukpo-
LMPKYNSUMM B cocynax Mo3ra (CcocTosHWe viwemun) BepeT
K TMMNOKCMYECKUM M3MEHEHWAM B KIETOYHBIX CTPYKTypax
1 QOpPMMPOBAHMIO NATONOMMYECKUX PEAKLMIA MLLEMUYECKUX
Kackanos [11-14]. Ha TakoM doHe MLLeMUYECKVX HapYLLIEHMI
HepeaKo pa3suBaloTcs MHGAPKTLI Mo3ra.

HelipomMenunaTopHble W HelipoMeTabonnyeckue M3MeHe-
HWA B COBOKYMHOCTM W NPUBOAAT K Pa3BUTUIO BO3PACTHbIX
(ceHWnbHbIX) HapyweHun B GyHKUMOHMpoBaHuM LIHC. 3Tu
HapyLUeHWs NPOSBASIOTCA CHUXEHWEM NaMATU, Pa3BUTMEM
CTapyecKoil AeMeHUMM, 3aMelfieHeM CKOpOCTU peaKLi,
CHUKEHUEM MEepPeHOCMMOCTM 00bIYHBIX Harpy3oK. Crapue-
CKas neMeHums BcTpeyaetcs y 5—15% niopen crapiue 65 ner.
B cBfi3u C 3TMM MpW NeyeHUW repuaTpUYECKUX MaLMEeHTOB
¢ CO 2 oyeHb BaxHO Mcnonb3oBaTb NMpenaparbl, KOTOpbIE
He CHWXAloT MO3rOBOI KPOBOTOK, He HapyluatloT MeTabonu-
yeckue n MegumartopHele npoueccel B LIHC [15].
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®APMAKOOUHAMUKA
MMMNOrMUKEMUYECKUX CPEACTB
U BO3MOXHbIE PUCKU

UX MPUMEHEHUA

Y FTEPUATPUYHECKUX NALUEHTOB

buryanupgbl

W3 3Toi rpynnbl npenapaTtoB B peanbHOW KIMHUYECKO
MpaKTUKe YaLle apyrux npumeHsetcs MetdopmuH. OH ABns-
eTca npenapatoM nepsoid imHun npu CLL 2 y vy noxunoro
BO3pacTa, 0cobeHHO ¢ M3bbITOYHOM Maccoii Tena U BbipaXeH-
HOW rMnepriuKeMuen Hatowak [16]. Ceenenus 06 addek-
TMBHOCTU 1 6e30MacHOCTM MeTdOpMMHA Y 3TON KaTeropuu
MauyMeHTOB OCHOBaHbl MPEUMYLLECTBEHHO Ha pe3ysibTaTax
PETPOCMEKTUBHBIX MCCNENOoBaHWN [3].

CaxapocHmkatowmii 3appeKT MeTPopMUHa COCTOMT B CHU-
YKEHUM KaK 6a3anbHoro, TaK 1 NoCTNpaHAManbHOro 3Ha4eHNi
rukemun [17]. TponcxoguT 310 3a c4eT NoaaBneHns U3bbl-
TOYHOM NPOAYKUMMW THOKO3bl NEYEHbI0 (YrHETEHWE [TIOKOHE-
OreHe3a), NOBbILIEHNS YyBCTBUTENbHOCTY TKAHEN K MHCYIIMHY
W YBENIMYEHMS 3aXBaTa KIIETKaMM MHOKO3bl U3 KPOBYU Ha oHe
CHWXKEHWS! CUHTE3a KUPHBIX KUCNOT M TPUTNULIEPUAOB, a TaK-
e YCUNeHns B-0KMCNEHNS KUPHbIX KucnoT. MeThopMuH He
CTUMYNUPYET CEKPELWM0 3HAOrEHHOM0 MHCYMIMHA, NO3TOMY OH
He BbI3bIBAET HU TMNOMMKEMUIO, HU TUMEPUHCYAMHEMMIO [3].

MeTdopMUH He peKOMEHAYHT HasHayaTb NauueHTaM Co
CTapyecKoW acTeHWel M BblpaXeHHbIM AeduUMTOM Macchl
Tena, TaK KaK OH MOXET Bbi3bIBaTb Y HUX LaslbHEeMLLy0 No-
Tepto Beca. [lpenapart NpoTMBOMOKa3aH MaUMEeHTaM C Npo-
rpeccupytoLLen NoYeyHol HefoCTaToUHOCTBI0, XPOHUYECKOI
cepaeyHon HepoctatouHocTbio (XCH) III-IV ctapuu u ocTpbIM
KOpOHapHbIM CUHAPOMOM. Ero creflyeT C OCTOpOXHOCTbIO
MPUMEHATb Y NaUMEHTOB C MEYEHOYHOW HeAoCTaToOuHO-
cTblo [5]. Hanbonee uyacTble HexenatenbHble NeKapcTBeH-
Hble peakuuy (HJTP) MeTdhopMUHa — KeNyao4YHO-KULLIEYHbIE
paccTpoiicTea (MeTeopu3M, aHOPEKCHs, PBOTa, TOLLHOTA, uC-
KOMOpT B XMBOTE U Auapes), Kotopble Bo3HuKatT y 20%
nauueHToB M cnocobcTByloT ManbHyTpuumn. pu aautens-
HOM npuMeHeHUn MeTdopMmuHa o 30% naumeHToB MCMbI-
TbiBaOT AedULMT BUTaMUHA B,,, KOTOPLIN conpsixeH ¢ pas-
BUTUEM WM yCyrybrneHneM HelponcUXUYEcKUX paccTPONCTB
1 NepHMLMO3HON aHeMum [18].

C uenbto npepotspalenns HJIP He cnepyet HasHayaTb
NOXUNbIM NOAAM MeThOPMUH B BbICOKMX [i03ax — bonee
1000 mr/cyr. MoBblwenne pucka HJIP MoxeT oTMevaTbes
Ha QOHe CHWXEHMSA NOYeYHON QYHKLUMK, TaK KaK MeThOopMUH
BbIBOAMTCS MPeUMYLLECTBEHHO Noykamu. Hambonee Tunmy-
Hou HJIP B gaHHOM criyqae SBNSIeTCS yMEepeHHbIii NaKTaTaum-
103, 06YCNOBEHHBIN CTUMYNALMEN aHa3pobHOro MuKou3a.
MeTdopMuH B KOMBUHaUMM ¢ Npenapatamu Cynb@oOHWIMO-
YeBMHbI MOBLILIAET PUCK Pa3BUTUSA TMMOMTIMKEMMM, YTO Tpe-
byeT KOpPEKTUPOBKM AO3MPOBOK. PUCK runornmMkeMmu mo-
KET MOBbILLATLCS Ha (OHE NIEKAPCTBEHHBIX B3aMMOENCTBMIA
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MeTpOopMMHa C npenapatamu Apyrux hapMaKonornyeckux
rpynn, Hanpumep, C aLeTUICanULMIoBOIA KUcoTon, bpoMo-
KPUNTMHOM, aHTUAenpeccaHTaMu rpynnbl CENEKTUBHBIX UH-
rmbutopoB 06paTHOr0 3axBaTa CepoTOHMHA (UMTanonpa,
3cuMTanonpam), LMHHApMU3UHOM U1 paaoM apyrux [19].

Mpou3sBoaHbie cynbgoHunMoyeBmHbl (CM)

MICM noBbIWAOT CEKPeLMo 3HOOTEHHOr0 WHCYNMHA
B-KneTkaMu OCTPOBKOBOrO annapara NoaXenyLoyHON Jene-
3bl 33 cyeT B3auMopeiictaus ¢ SUR1 peuenTtopamm (pewenTopbl
CyNb@OHMIMOYEBMHBI — MeMBpaHHble benku, KoTopble ABNs-
10TCA MONEKYNAPHBIMU MULLIEHSIMU NPOM3BOAHBIX CYNb(OHMIT-
MOYEBUHbI) B cTeHKax ATD-3aBUCUMBIX KanueBbiX KaHamoB
(K*xre) B-KNeTOK NopKenyaouHoii xene3bl [20]. B pesynbTate
K* xro 6110KMpytoTCA, M MEMBpaHbI B-KNETOK NPUXOAAT B COCTO-
AHWe L,enonapu3aumMm, NPOUCXOAUT OTKPbITUE MOTEeHUMan3a-
BUCMMBIX Ca?* KaHanoB, No KOTopbIM oHbI Ca?* BXOAAT B L-
TONNa3My KeToK, 4to obecneymBaeT BbIOPOC MHCYMHA [16].

MICM B cpaBHeHun ¢ gpyrumm rpynnamu CCI xapakte-
PU3YKOTCA MaKCUManbHbIM PUCKOM Pa3BUTUS TUMOMIMKEMUN
Yy NOXMMbIX. PUCK runornmMKkeMum Bo3pacTaeT y N, ¢ noyey-
HOM HE[0CTAaTOYHOCTbIO, OOMbHBIX C HEA0CTATOYHBIM MUTaHN-
eM, npu npumeHeHun NCM B KombuHaumMM c npenapatamu,
MOBbILLIAKOLLMMM YYBCTBUTENBHOCTL NEPUDEPUYECKUX TKAHEN
K MHCYNMHy. lpuyeM puUCK runoriiMKeMuu, WHAYLIMPOBaHHOM
rnbeHKnaMmaoM, npesbilaet Takosoi Ans NCM ¢ KopoTkum
nepuoaoM NonyBbiBeAEHUS — MMKNA3M4a WM MUNU3m-
Aa [5]. MCM moryT cnocobcTBaTh NOBLILLEHMIO pUCKa Nepe-
NIOMOB KOCTEN, @ TaKKe OKa3blBaTb BAUSHHME HA KOTHUTUB-
Hble QYHKLMK, TaK KaK MOTYT MPOBOLMPOBATL WM YCyrybnsatb
TeueHue AeMeHUMN. Ellle oiHUM HexenatenbHbIM 3QdeKToM
MICM sBnsetcs yBenuueHue Maccol Tena. Hambonee vactbimM
NPOTWUBOMOKAa3aHWeM K MPUMEHEHUIO NpenapaTtoB 3TOW rpyn-
Mbl Y NOXWIbIX MALMEHTOB SBNSETCS NOYeYHas HEAOCTaTOu-
HOCTb (cKopocTb KNyboukoBoi dunbTpaumm 30-50 Mi/MuH).

Ocoboro BHMMaHKWA 3acnyxuBatoT Bo3MoxHble HJ1P npe-
napaTtoB 3ToW Tpynnbl CO CTOPOHbI CepAeYHO-COCYAMCTOM
CUCTEMBI NMOXMIbIX NAUMEHTOB. M3-3a HeOCTaTONHO Cenex-
TMBHOTO B3aWMOLENCTBUA C KaNMEBbLIMU KaHanaMm B-KneToK
MCM moryT 6nokuposath K*y KaHanbl KapavMoMUOLMTOB
1 aHTMOMWOLMTOB, 4TO OTpaXKaeTcs Ha BYHKLMM cepaeyHO-Co-
CYAMCTOMN cucTeMbl, ycyrybnset TeveHue XCH. B cBA3u ¢ aTum
naumeHTam ¢ conytcteytowieit XCH nwemMmyeckoin 6onesHbto
cepaua ux crnefyet NPUMEHSTb C 0CTOPOXKHOCTbIO [17].

B repuatpuueckoi npakTuKe cnepyet usberatb HazHaue-
Hus [1CM B kayecTBe MOHOTEpPaNUM NEPBOIA MW BTOPOI JIMHWK,
WM JOMOJHUTENBHOW TEpanuK, 3a WUCKIIOYEHWEM CITy4aEeB,
KOTa CYyLLECTBYIOT 3Ha4YMMble NPEnATCTBUA ANS UCMONb30-
BaHWUS ApYrux JIeKapCTBEHHbIX cpencTs. [pu HeobxoamuMocTu
HasHauvenus MCM cnepyeT otmaBathb npeanodyTeHne npena-
paTaMm KopoTKoro peicTsus (Hanpumep, rmunusug). Mpena-
paTbl ANMTENBHOMO AeicTBus (MMbeHKNaM1a) ivuam cTapLue
60 net HasHauaTb He pekoMeHayeTca [21]. [ICM cBa3biBatoTCA
¢ benKamMu nnasMbl KpoBM, NO3TOMY MOTYT BCTynaTh B (ap-
MaKOKWHETUYECKME B3aUMOLEWCTBUA C HECTEPOMAHBIMU
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NPOTMBOBOCMANUTESbHBIMU MpenapaTamu, aHTUKOarynsHTa-
Mu. Mpn fanTeNbHOM NpUMeHeHUM GOPMUPYETCS Pe3NCTEHT-
HOCTb K MpenapaTaM JaHHOM rpynnbl.

TuaszonuauHauoHbl (rUTa3oHbl)

Mpenapatbl 310 rpynnbl (MMOUTAa30H U POCUITIMTA30H)
0651aal0T [OCTAaTOMHO BbIPAXEHHOW CMOCOBHOCTLI yBENU-
UMBaTb YyBCTBMTENBHOCTb TKAHEN K 3HAOTEHHOMY UHCYMHY.
TaKoe felicTBME CBA3AHO C CENEKTUBHOM CTUMYNALMEI Saep-
HbIX raMMa-peLenTopoB, aKTUBMpYeMbIX MponudepaTopoM
nepokcucoM (ramma-PPAR). Mpenapatbl MoaynupyIoT TpaHC-
KPUMLMIKO TEHOB, YYBCTBUTENbHBIX K MHCYNIMHY U y4acTBYyto-
LUMX B KOHTPOJIE YPOBHS [TIIOKO3bl M MeTabonmaMe NUNnaoB
B JKMPOBOM, MbILLIEYHO TKaHAX U B nedeHn. OHW NposiBRsoT
aKTUBHOCTb TOJIKO NPU COXPaHEHHOW MHCYNWUH-CUHTETUYE-
CKOW YHKUMM NOMKENYA0UHOM Xene3bl, MOHUKAKT UHCYNM-
HOPE3UCTEHTHOCTb NEPUBEPUYECKUX TKAHEW U NEYeHH, yBe-
JINYUBAIOT PACcXOL MHCYIMH3ABUCUMON [TIH0KO3bI, YMEHBLIAKT
BbIXOZL [T1I0K03bl U3 NEYEHM, YMEHbLLIAIOT YPOBEHb FIMKO3WITU-
POBaHHOIO reMormnobuHa B KpoBU.

OpHako dapMaKofuHaMUKa TWa30NMAWHAWOHOB, B OT-
Nnyme oT MeTQOPMMHA, BKIIIOYAET 3HAUMUTENBbHO Oonbluee
Konuuecteo HJIP, penatolumx ux npuMeHeHWe nauveHTamu
MOKMWIIOr0 U CTApYeCcKoro Bo3pacTa HexenateNbHbIM [5]. 310
PUCK pa3BuTua unu ycyrybnenus tedenns XCH n noBbileH-
HbIi PUCK NEpeNOMOB KOHEYHOCTEN B pe3ynbTaTe CHUMEHMS
MWHepanu3aummn KocTHoi TKaHW. OTMevaloTca cnyyaun passu-
st aHemui [17]. Ha doHe npueMa rnmTasoHoB 4acTo Habsio-
[AeTCA 3a[lePIKKa KUAKOCTU B OPraHU3Me, € YeM CBA3bIBAIOT
nosiBneH1e nepudepuyecKux oTEKOB.

Mernutuauabl (MuUHUABI)

[laHHble npenapartbl, Tak xe Kak u [1CM, ctumynupyiot
WHKPELMIO 3HAOreHHOro MHCYNMHA, bnokupya K*y, KaHanbl
B-KNeTOK NoaXKenynoyHoM Xene3bl. XapaKTepusyloTcs KopoT-
KUM Nep1oaoM AeicTBUSA, YTO NO3BOSIAET NPU YCIIOBUM UX Ha-
3HaueHus nepep, NPMEMOM NMULLKM AoCTMYb 3ddeKTa, bnmsKoro
K TOMY, YTO pa3BWUBAETCA MPW UCMOMb30BaHUU KOPOTKOAEN-
CTBYIOLLMX (NMpaHAMANbHbIX) UHCYNNHOB [5].

PUCK runornukeMun npu npueMe MermnUTUHUAOB (pena-
[MMHAA, HaTermuHMA') HYKe, yem npu npueme MCM. OaHa-
KO 3TOT PUCK MOXET BbiTb MOBbILIEH, HanpuMep, Mpu co-
BMECTHOM MPUMEHEHUN C aHTWArperaHToM KNOoMUEaorpesniem.
YcTaHOBNEHO, YTO MEMUTUMHUALI YBETMUMBAIOT PUCK CepaeY-
Ho-cocyaucTbIX cobbituiA Ha 30%, B TOM YKUCTIe MHCYNBTA, UH-
(apKTa MUOKapaa, CepaeYHON Hef0CTaToYHOCTU U TUNOMIK-
KEMMI, HE33BUCMMO OT HaNM4MA UM OTCYTCTBUA B aHaMHe3e
cepLeyHo-cocyamncTbix 3aboneanui [17]. Hanbonee yacTble
HJIP: ronoBHas 6onb, ronoBokpyxeHue. lpueM MernuTU-
HULOB CcnocobCTBYeT yBenMueHWo Maccel Tena. [potuBo-
MOKa3aHus: TAKeNas noYeyHas HeAoCTaTOuHOCTb (KNMpEHC
KpeaTuHuHa 30 Mi1/MuH), 3aboieBaHMe NeYeHn 1 COBMECTHOE
npUMeHeHune ¢ reMdubpo3uNIoMm.

" JIC He 3aperucTpupoBaHo B PO,
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B cBAi3M C OTCYTCTBMEM KIIMHWUYECKWX MCCNELOBaHUM re-
pUaTpUYeCKUX NaLMEHTOB penarfiMHug B HacTosLlee BpeMs
He peKOMeHAYeTCs 4SS MPUMEHEHUA Y NUL, cTapLue 75 JieT.
HeobxoamMocTb YacToro npuema rmuHKMAOB (3—4 pasa B AeHb)
OrPaHUYMBAET MX UCMOJb30BaHWE W CHUKAET KOMMNAeHT-
HOCTb MaLMEHTOB.

AroHucTbl rnoKaroHonopao6Horo nentuaa-1
(rnn-1)

AronmcTbl ITIMN-1 0bnapatoT LOCTaTOYHO BbIpaXKEHHBIM M1-
MOIMMKEMUYECKMM 3(DMEKTOM B MOMYNALMU MALMEHTOB MO-
Xunoro u crapyeckoro Bospacta. [MM-1 — MHKpeTMHOBLIN
TOPMOH, BbIENSAEMbIA B KULLEYHUKE B OTBET Ha MoTpebne-
HWe nuwm. Ero BbIcBOBOXAEHNE NPUBOAUT K MHAYLMPOBAH-
HOW [THOKO30/ CEKPELMM UHCYNIMHA U MOBBILLIEHMIO CEKPELMM
rniokaroHa. lNponoxrauma umupkynauum MM-1 B opraHusme
MPUBOAMT K YBENIMYEHWIO AJIMTENBHOCTM U WHTEHCUMBHOCTM
LeHCTBUS IHAOTEHHOM UHCYMMHA.

lpuMeHenue aronuctos [TIM-1 B pexkmMe MoHoTepanum
He CONpoBOXAAETCA Pa3BUTMEM TMNOIMIMKEMUN Y MOXMITBIX Na-
LIMEHTOB, HO B PEXMUME KOMOMHUPOBAHHOM Tepanuu C ApyrMu
CCIM Bo3HMKaeT puck runornukemmn [5]. Y naumentos ¢ C[J 2,
NPUHUMABLLWX IUPArNYTUA, B KOMOUHALMM C METOPMUHOM,
rMNOMMKeMUs BblNa HauMeHee BePOSTHA MO CPABHEHMIO C ApY-
rMMK KoMBUHaumamu [22]. [ina cemarnyTuana npoaeMoHCTpU-
POBaHO BbIPAXEHHOE CHUKEHWE apTepuUasibHOr0 LaBNIEHUS.

Aronuctol ITIN-1 cnepyeT Ha3HayaTb NaUMeHTaM C conyT-
CTBYHLLMM OKMpPEHMEM, W, HAaobopoT, n3beratb Ux HasHaye-
HWSA XPYMKUM M 0CNAbREeHHBIM NOXUIBIM NIOAAM, NaLMeHTaM
¢ capkoneHwen [2]. C Bo3pacToM YBENIMUMBAIOTCA PUCKU Bbl-
PaXKEHHbIX XEMYL04YHO-KULLIEYHBIX PAcCTPOICTB NP Npueme
nvparnytuga. lpu napeHTepanbHOM BBELEHWM NpenapaToB
(TonbKo ceMarnyTUL, BbiMycKaeTcs B TabneTkax) BO3MOMHO
HapyLUeHWe MOTOPHbIX PYHKUMIA, @ TaKXKe YMepeHHOoe CHU-
JKEHWe KOTHUTMBHBIX QYHKLMA, 4TO MOXET OKas3aTb OTpu-
LaTeNbHOE BAMSHME Ha CMOCOOHOCTb MauMeHTa cnepoBaTbh
Bpa4ebHbIM pekoMeHzaLmaM no npuemy [18].

MetaaHanu3 11 uccnenoBaHUin NOKasan, YTo UCMOMb30-
BaHue aroHuctoB [MMN-1 aenaetca apdekTMBHLIM Tepanes-
TMYECKUM BapUaHTOM ANs 3alUuTbl QYHKUMM MOYEK Y nauu-
eHToB ¢ C[] 2, 0cobeHHO TeX, Y KOro BbICOKWI PUCK UM YiKe
umeetca auabetnyeckas Hedponatua [23]. 06cyxpaetcs
BO3MOXHOCTb Mcnofb3oBaHus aroHuctoB [TIM-1 comect-
HO C MeThOPMWUHOM ANs YNyYLLEHNUS SPEKTUNBHON BYHKLMK
npu CL, 2, nns noaTBEPKAEHUS NONYYEHHBIX NONOKUTENbHbIX
3 (}EKTOB Ha COCYANUCTYHO CUCTEMY HEODXOAMMBI paHAOMU3U-
pOBaHHbIe KJIMHUYECKME UCTbITaHus [24].

WUHrubutopbl gunentuaunnenTuaasbl-4
(nANN-4, rMunTuHbI)
311 npenapatbl 06patMo MHrMbupytoT OMMN-4 nytem

06pa3oBaHMA CTOWMKOrO KOBaJIEHTHOrO KOMMeKca «dep-
MEHT—MHIMEUTOP» C [JITESbHBIM NEPUOLOM AMCCOLMALIMN.
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06napatoT ASMTENbHBIM LENCTBUEM, KOTOPOE MOKET COXpa-
HATbCA Ja)ke Mocne BblBEEHWs npenapata U3 opraHu3Ma.
[UnornmMKkeMnyecKknin 3G dEeKT MIMNTUHOB CBA3aH C AeHCTBUEM
Ha MHKPETWUHOBYH) OCb: OHM MOBBILLAKT YPOBEHb 3HAOMEHHbIX
MHKpeTuHoB B 2—3 pa3a ([TIM-1 1 roK0303aBUCUMBII MHCY-
JMHOTPONHBIV NENTMA), NOAABNSAA UX SH3UMATUUECKOE pac-
Lwennexue nyteM uHrubuposanus AMMN-4 [4].

MOMMMO WMHKPETMHOBBLIX FOPMOHOB (PU3MONOTMYECKUMH
cybcrpatamu gna [MM-4 aBnAOTCA pasfMuHbIE LUTOKMHBI,
(aKTopbl pocTa M HeliponenTuapl, KoTopble obnafakT pery-
NATOPHBIM BIMSHUEM Ha paboTy MHOTMX OpraHoB M CUCTEM
OpraHu3ma, BKJII04as HEWPOIHAOKPUHHYIO cucteMy [25].
B cBa3u ¢ 3tuM ponrocpounas 6esonacHocTb MHrMbUTOPOB
[MNMN-4 Bce ewle ocTaeTcs npeaMeToM anckyccuii [5]. B vact-
HOCTU, 6ECMOKOMCTBO BbI3bIBAET NOTEHLMATBLHOE MOBbILLEHME
PUCKa Pa3BUTUS CEPAEYHON HEAOCTaTOMHOCTH, NaHKpeaTuTa
W paKa NoJKenynoyHoun xenessbl [25].

WHrubutopel [MNM-4 poctatoyHo pacnpocTpaHeHbl ans
neyeHns NOXunblx naumenTtoB ¢ Cfl 2 n3-3a HU3KOrO pucka
pasBUTUS TMNOMMKeMUM B cpaBHeHuu ¢ ICM [21]. BaxHo
OTMETUTb, YTO MONOXKWUTENbHOW XapakTepuctukon WAIMM-4
ABNSIETCA OTCYTCTBME HEODXOAMMOCTM TUTPOBATH A03Y. Pexu-
Mbl [1031p0OBaHMsA HONBLUMHCTBA NpenapaToB He U3MEHAKTCS
B 3aBMcMMocTH Bo3pacta. MHrubutopbl AMM-4 Moryt yMeHb-
LIaTh MOTEPI0 MBILLIEYHON MacChl M paccCMaTpUBAKOTCA B Ka-
YecTBe MOTEHLMANbHbIX CPEACTB fleYeHUs capKoneHuu [26].
BonblMHCTBO PYKOBOACTB B HAcTOsILLEE BpEMS paccMaTpu-
BatoT knacc u[MM-4 B KayecTBe NpenapaToB NEpBOW JIMHUK
B [OMONIHEHME K Tepanuu MeThOpMUHOM MpuW MOXOW ero
NepeHOCUMOCTHM WM B CUTYaLMM, KOTZA BbICOKWUA PUCK runo-
[IMKEeMUW UCKITioYaeT ucnonb3osauue M1CM [22].

B HecKonbKWX KJIMHWMYECKMX WUCCNenoBaHMsX Obinn ms-
yyeHbl 6e3onacHocTb M 3bdeKTUBHOCTL MHrMbMTopoB [M-4
B TEpPanuW NOXUNbIX L. bbiny JoKa3aHbl MX JOCTAaTOYHO Bbl-
CoKasA 3QPEKTUBHOCTb M HU3KMIA PUCK TMMOIMIMKEMMM NPU UC-
Mo/b30BaHUM B KA4YeCTBE MOHOTEPANMW UK B KOMOMHALMK
C ApyrMu npenapatamu, npuHUMaeMbiMu BHYTpb [18, 27].
3a WCKNIOYEHWEM NWHAIMUNTUHA, KOTOPbIA MPaKTUYECKH
He BbIBOAWTCA Yepe3 MOYKW, AN 3TUX NpenapatoB Heob-
XOLMMa KOPPEKLMS [03bl MPU NMOYEYHOW HELOCTAaTOYHOCTH.
Bbinu BhicKasaHbl onpefenieHHble 0naceHus No NoBOAY BO3-
MOJHbIX HEBNaronpuATHLIX KapananbHbIX 3QHEKTOB MHMU-
butopos [INMN-4 B nccnepoBanum SAVOR-TIMI (Saxagliptin
Assessment of Vascular Outcomes Recorded in Patients
with Diabetes Mellitus). CakcarnunTuH gocToBepHO Bbi3biBa
yBE/MYEHWEe YaCTOTbl FOCMIUTANM3aLMUA N0 NOBOLY CEpAEYHON
HepocTato4HocTW. B To ke BpeMs, pe3ynbTaThl UcciefoBa-
Hus EXAMINE nokasanu Kapauonornyeckyr 6esonacHocTb
anornuntuHa [28]. PesynbTathl uccnegoBanus TECOS (Trial
Evaluating Cardiovascular Outcomes with Sitagliptin) nog-
TBEPAMAM NpodUNb CepLevHO-COCYAMCTON Be30nacHoCTy
CUTarMMTMHA: MPUMEHEHWe AAHHOr0 npenapaTta He yBe-
JIYMBAET PUCK HebnaronmpuATHbIX CepLeyHO-COCYAMCTBIX
COBBITMIA M rocnUTanKU3aumii No NoBOAY CepAeqHON HefocTa-
TOYHOCTH.
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WUHrMbuTopbl HaTpMIA-INIOKO3HOIO
KoTpaHcnoptepa-2 (MHIIT-2, rudno3uHbl)

[MndnosnHbl NpeacTaBnsioT coboli npenapatbl, CHUXKa-
IOLLME YPOBEHb TIIOKO3bl KPOBM 33 CYET YCWIIEHUS €€ Bbl-
BefleHUs ¢ Mo4oi. Peanusaums MexaHu3mMoB AeicTBuUA Npo-
ucxooMT B 006M1acTU NPOKCMMANbHBIX M3BMTLIX KaHasbLEeB
MoYeK 3a CYEeT MHrMObMpOBaHUS PaboTbl HATPUI-TMHOKO3HbIX
KotpaHcnopTepos (HITIT). o 90% rntoKosbl peabcopbupyetcs
B NMPOKCMMabHbIX KaHanbLax nog, aencraueM HIJIT 2-ro Tuna
(HITT-2), B T0 Bpems Kak HITIT 1-ro Tuna (HITIT-1) obecneuu-
BatoT peabcopbuuio Bcero 10% rmtoko3bl, pabotas Ha ypoBHe
AMCTaNbHbIX KaHanbLeB [5]. [Mpno3uHbl ABNAIOTCA MHMMOK-
Topamu HITIT-2, BCneacTeue Yero Ux NpUMEHeEHWEe NpUBOAUT
K Bblpa)KeHHO bnoKaze 06paTHOro MOCTYMAEHWUS [TOKO3b
B KPOBb M 3HAUMTENILHOMY TUMOMIMKEMUYECKOMY 3DhEKTY.

[MMbn0o3UHBI — 0fHA U3 BaXHEMLUMX COBPEMEHHBIX Py
CCN pns nevenns CLL 2 y noxunbIx NALMEHTOB, YTO CBS3aHO
C HWU3KMM PUCKOM TMMOITIMKEMUM, CMOCOBHOCTBIO yyylwaTh
TEYEHMe U MPOrHO3bl CEpAEYHO-COCYAUCTLIX 3aboneBaHui,
a TaKJKe CTOWKO CHWKaTb Bec naumeHTa [18, 29]. [udnosu-
Hbl Ha3HaYaloTcA BHYTPb 1 pas B CYTKM, 4TO MPeSNoYTUTENBHO
LNs NaLMEHTOB NOXKMWIOM W CTapyecKoro Bo3pacTa B niaHe
NpuBEpPXEHHOCTU papMaKoTepanuu. MuLla He oKasbiBaeT oT-
pyLaTenbHOro BO3LEWCTBMS Ha BCackiBaHWE AaHHbIX Npena-
paToB, YTO TaKIKE BaXKHO [J1A1 NOXWUIbIX MALMEHTOB.

PacnpoctpaHeHHble HJTP uHrnbutopos HITIT-2 — yBe-
JINYEHUE YACTOTbl MOYEUCTYCKaHWA, Leruaparauus, nosbl-
LWEHHBIN PUCK MH(EKUMIA MOYenonoBblX MyTel, ocobeHHo
B KOHTEKCTE MaUMeHTOB C MHKOHTMHeHUme [25]. Mpu 3tom
ucnonb3oBaHue uMeHHo 3atoid rpynnbl CCI MoxeT cHU3UTL
pucK Hedponutnasa no cpasHenuio ¢ alMM-1 wam nfMM-4
cpeau repuatpudeckux naumentos [30]. [MudnosuHbl MoryT
BbI3bIBaTb OPTOCTAaTMYECKYIO MMMOTEH3WI0 W NOBBILATH PUCK
MepesioMOB, CHUXas MWHepanu3aumio KocTen, 0CobeHHO
MpY O4HOBPEMEHHOM NPUMEHEHUU C AnypeTUKamu. Mo paH-
HbIM MeTaHanu3a [31], uHITIT-2 HeraTMBHO BAMSAIOT Ha KOCT-
HbI MeTabonM3M, NoBblLLas YypoBeHb NapaTUpPeoMaHOro rop-
MoHa, C-KOoHLeBbIX TenonentuaoB KonnareHa 1 tuna. Mpuem
KaHarnmbno3uHa NpoAEMOHCTPUPOBAN MOBbLILLEHHBIA PUCK
Anabetnueckoro Ketoaumposa. 3ty rpynny CCI Henb3sa Ha-
3HayaTb BMECTE C METIEBLIMU ANYPETUKAMU U NPOU3BOAHbI-
MW CyNbOOHWUIMOYEBMHBI [2].

HecmoTps Ha BbICOKYH CTOMMOCTb MUGN03KUHOB, UX NpK-
MeHeHue y naumeHTos ¢ CLl 2 u conyTcTBYIOLLEH XPOHUYECKOU
BonesHbio noyeK obecneunBaeT OMpeseNieHHy KITMHUYECKYH
addeKTUBHOCTL [32], bonee HW3KMI PUCK rMnepKanueMmm
B cpaBHeHuu ¢ uAMM-4 [33]. CoyeTaHne rnpo3nHOB ¢ MeT-
(opMuHOM xopoLuo nepeHocAT naumeHTsl ¢ CL, 2 [34], Ho oHO
TpebyeT 0TAENbHOr0 U3YUeHUs B repuaTpUUECKMX rpynnax.

WUHrnbuTopsbl a-rnoko3uaassl

MHrbmpoBaHue aKTMBHOCTM Q-IJHOKO3MAA3bI, paspyLLalo-
LLIeV CNIOXKHbIE YIeBo/b! A0 MOHOCaXapUaoB, 3aMe/INeT BCa-
cbiBaHue rmioko3bl 13 KT u cHkaeT ee nocTnpaHauanbHbIN
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ypoBeHb B KpoBu. K MHrMbutopaM a-rnioKo3unassl 0THOCUTCS
npenapar akapbosa.

unornukeMmnyecknin 3 eKT akapbo3bl JOBOMLHO Cra-
Bbi. [pyeM npenapara ocyLLeCTBASETCA Nepes KaxabiM Npy-
€MOM MUK OoT 3 pa3 B CYTKU. VHrMbuUTOpbI a-roKo3uaassl
He YBENIMYMBAIOT PUCK TMMOMIMKEMMUU, HE BbI3bIBAKOT NpubaB-
Ky Maccbl Tena, YyuyLaT noKasaTenu nocTrpaHavanbHom
runepriMkeMun. OHM MOTYT MPUMEHATLCA UL B KaYecTBe
BCrioMoraTesbHbIX CPefCTB Y NOXKMNbIX naumeHTos [5]. Mobou-
Hble 3QdEKTbI MIHMBMTOPOB O-FHOKO31MAA3bl BKIIOHAKT MeTe-
0pu3M 1 avapeto. B cBsisu ¢ TeM, uto noboyHble ahdeKTb AB-
NAKTCA [10303aBUCUMBIMM, JIEYEHWE HAUMHAIOT C ManbixX A03.
WNHrbutopbl a-rnoKo3uaasbl NpOTMBONOKa3aHbl H0MbHBIM
C XPOHUYECKUMM U OCTPLIMU 3aD0NIEBAHUAMM KMLLEYHUKA.

BbIEOP 'MMNOrTIMKEMUYECKUX
CPEJICTB N9 FTEPUATPUYECKMUX
MALMEHTOB C HAPYLLEHUSAMM
®YHKLIMMU LLEHTPAJIbHOW
HEPBHOW CUCTEMBbI

OcHoBHbIMK (haKTOpamK, onpefensiowMu Beibop rumno-
ITIMKEMUYECKUX CPeacTB ans dapMakortepanum Cl 2 na-
LMEHTOB MOXMIONO0 W CTapyeckoro Bo3pacTa, ABMSTCSA
3TMonaToreHeTMYeckue HakTopbl U HanMume KOMOpbUAHoIA
natonoruu. IMeHHo 3Tu daKTopbl JOMKHBI paccMaTpuBaThb-
A B MepByl oyepedb Npu Bbibope pauuoHanbHoi dapma-
KoTepanuu ¢ LOMKHON 3QPEKTUBHOCTLIO M Be30MacHOCTLIO.
Bmecte ¢ TeM HeobxoaMMo yuuTbIBaTb BO3pacTHble (YHK-
LMOHaNbHble M3MEHEHWUS! Pa3fINuYHbIX OPraHoB M CUCTEM,
BK/0Yan GyHKUMOHanbHYto aktueHocTb LIHC. MMpu Hannumm
Yy NauWeHTOB HEBPOJIOTMYECKUX WU MCUXMUECKUX HApYLLEHWIA
TMNoMMKeMMYeckas GhapMaKoTepanus MOXET YCyrybutb ux
MpOSBNEHNS.

Mpy BO3PACTHbIX U3MEHEHUSX OTMEYAeTC UHBOJHOLIMS
B-KneToK nomxenyno4HOM Kenesbl U CHUKEHUE UX YyBCTBU-
TENBHOCTU K UHKPETMHAM, HapyLLAeTCs CEKPeLs MHCYIMHA.
Hapsgy ¢ 3TUM Y NOXWAbIX NaLUMEHTOB MPOMUCXOAMT MoCTe-
MEHHOE CHUKEHME YYBCTBUTENIbHOCTU TKAHEN K MHCYIIMHY.
B KneTkax CHWXaeTcs aKTMBHOCTb TakuX MeTabonnueckux
MpOLLeccoB, Kak MMKOAW3 U oKucauTenbHoe tochopunu-
poBaHWe B MuTOXOHApusAX. COOTBETCTBEHHO HapyLuaeTcs
(QYHKLIMOHMPOBAHWE MUTOXOHAPWaNbHBIX cTpykTyp [10, 35].
[ononHutensHeIMM hakTopamm, cnocobCcTBYOLLMMM NOBbI-
LUEHMI0 MHCYIMHOPE3UCTEHTHOCTH, SBNISAETCA HU3Kan Qusnde-
CKas aKTMBHOCTb, KanopuitHoe U paguHUPOBaHHOE NUTaHMe,
CHUXEHME aKTUBHOCTU TPaHCMOPTEPOB [TIIOKO3bI, CHUMEHME
MbILLEYHON Macchl TeNa W pa3BuUTME CapKOMeHun. Y AaHHoi
KaTeropuy nauueHToB yYalle Habniopaetcs nocTnpaHananb-
HasA TUMEPIIMKEMMS, a TaKKe MOBbILLAETCS MOYEYHbIA Nopor
ANs IoKo3bl [2].

Wcxops u3 npesnonaraeMblx 3TMONATOreHETUYECKUX NpK-
unH passutua CL 2, Hanmuma conyTcTByOLMX 3abosieBaHMi

Tom 16, Ne 2, 2025

[NcrxodapMaKonoris v DVONOrMYECKas HapKONor s

W C Y4eTOM BO3paCcTHbIX QYHKLMOHANBbHBIX M3MEHEHWI, Npe-
e BCero, 3HOOKpUHHOM cucteMbl n LIHC, cneayeT ocyuiect-
BNATb BbIOOP CpeacTB apMakonornyeckon Koppekuuu Cll 2
y repuaTpuyeckux naumeHToB. [puMeHsieMble CerogHs B Kim-
HWYECKON MPaKTUKe rpynmnbl FMNOMIMKEMUYECKUX CPeLcTB
CYLLECTBEHHO pa3snuyaloTca (apMaKoauHaMUKoW W npodiun-
neM 6esonacHocTH, YTo NO3BOMSAET BbIOMpaTh Npenaparbl
WM UX KOMOMHAUMKM C HeoDXOAMMBIMM MeXaHU3MaMu [eii-
CTBUA Ha OMPEeAESIeHHbIE 3TUONATOreHETUYECKUE MULLEHN
¥ MUHUMaNbHLIMW PUCKaMKU HEraTUBHOIO BO3AENCTBUA [ re-
pUaTpUUECKMX MaLMeHToB C HapylweHusMu @yHkumm LIHC.

MMnornukeMnyeckmii 3bMEKT COBPEMEHHBIX Caxapo-
CHUKAIOLLMX NpenapaToB peanusyeTcs cneaylowwmMm Mexa-
HWU3MaMU:

— CTUMYNALMA CEKpeuun WHcynuHa. Takoe AencTeue
XapaKTEPHO )11 MPOM3BOAHBIX CYbOHMIMOYEBUHBI
(MCM), rnHUA0B, UHKPETMHOMUMETUKOB: HIMOUTOPOB
aunentugunnentuaassl-4 (nAMMN-4) n aroHncTos rmio-
KaroHonogobHoro nentuga 1 una (almM-1);

— YMeHbLUEHWE CEKPeLMU ITIIOKAroHa, KOTopbIi KOHTpO-
nupyeT 75% npoayKuMu [MoKo3bl NeyeHbto. OnucaH
ana buryanmpos, nlNM-4, almnn-1;

— CHWXeHWe Pe3NCTEHTHOCTM TKaHel K MHCYNuHy (Bury-
aHMAbl, FMUTa30HbI);

— CHWXeHWe BCaCblBaHMA [IOKO3bl B KMLUEYHUKE (MHMU-
BuTOpbI O-TMIOKO3KAA3bI);

— yMeHblUeHue peabcopbumy MIHOKO3bl B MOYKaX (MHMU-
BuTOpBI HATPMIA-ITIIOKO3HOTO KOTpaHCropTepa 2 Tuna —
UHITIT-2).

Takum obpasom, Bbibop CCIT pna Tepanuu repuatpu-
yecKoro naumeHTa ¢ C[l 2 u Hapywenuamu dyHkumm LIHC
KpaliHe BaXKEH KaK C TOYKW 3peHus 3QeKTUBHOCTH, TaK
u 6esonacHocTu. [lpUHMMas BO BHMMaHWe apMaKoaMHaMM-
Ky TMMOMMKEMUYECKUX CPECTB, B repuaTpuyecKoil MpaKkTuKe
HeobxoaMMo cobniopath pan TpeboBaHWi M NPUAEPIKMBATL-
€S ONpefenieHHoro anroputMa npu Beibope hapMakoTepanuu
CO 2 [36]. Y noxunbix 6onbHbIX CLL 2 ¢ HeBponormyecku-
MU U MCUXMYECKUMW HApYLUEHUAMU ONMTUMaNbHBIA BbIOOP
caxapOCHWXaloLLel apMaKoTepanuu LOJKEH XapaKTepu-
30BaTbCA:

— YOobHBIM pexMMoM A03upoBaHua. OnNTUManbHbLIM

cunTaeTcs nepoparbHbI NpueM npenapartos 1 pas
B CYTKU. 3T0 0COBEHHO BaXXHO AJ18 repuaTpuUyecKux
MaLMEHTOB, UMEIOLLMX HU3KYI0 MPUBEPXKEHHOCTb Jieye-
HUIO, B TOM YMCIIe BCIEACTBUE CHUKEHWS KOTHUTUBHBIX
(hYHKUMA 1 pa3BUTUA SEMEHLMK;

— MWHUManbHBIM PUCKOM Pa3BUTUS TUMOMIUKEMUN.
3nu3oabl FMNOMIMKEMUM acCoLMMPYIOTCA C YXyLLle-
HWEM NpOrHO3a, B TOM YUCNE YBENIMYEHWEM pUCKA
HebnaronpuATHbIX HEPBHO-MCUXUYECKUX U CEpAEYHO-
COCYAMCTLIX COBLITUA (MHCYNbT, UHDAPKT MUOKapAa,
HapyLUeHMe puTMa CepaLa, CHUXKEHWe (QYHKUMOHAMb-
HOI aKTMBHOCTH, HapyLLEHUe KOTHUTUBHBIX (QYHKLMIA,
LEMEHLMS, MaHUYecKWe aTaku, CUHLPOM CTapyecKoi
acteHuu u ap.) [1];
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Ta6nuua 1. CpaBHUTENbHbIN NPOGUNIL BE30MACHOCTU TMNOMIMKEMUYECKUX CPELCTB
Table 1. Comparative safety profile of hypoglycemic agents

Hepaumo- Puck Bnusauue Peakue,
Pexum Hedpo-, renato-, Puck runo-
MHH HanbHble nepenoMoB | Ha Maccy HO onacHble
[031pOBaHMsA KapAWOTOKCUYHOCTb MKEMUU o
KoMbUHaLUK KocTen Tena HNP
Buryannael
MetdopmuH 1-3 p/eyr MPOTVBOMOKA3aH HU3KWiA - - { PVCK NaKTara-
MpW NOYEYHO 1 neve- noKasaH uMao3a,
HOYHOW He[0CTaTOYHO- npu V3MT | puck peduum-
ct, XCH -1V cTagum N OxmpeHun | Ta BuT B12
TvasonuanHavoHsl (T31) — muTasoHs
MuornnTasoH 1 p/eyr KapOMOTOKCUYHOCT HW3KUI T30 + T T nepubepu-
Pocurnutason* VHCYIVH YecKue oTeKu
Mpou3BoaHble cynbhoHMIMoUeBNHBI ([TCM)
[MnbeHknammg 1-2 p/eyr MOTYT ycyrybnatb Teye- BbICOKUM, MNCM + - T -
[MnKBMOOH Hne XCH 0cobeHHo TMHAL;
[nvknasug, y rmnbeHKna- MICM +
MumMenvpug mMuaa [ICM
Mmmnuang*®
MernnTMHMAL — MHUHI
Penarnuhng, 3-4 p/eyr KapAMOTOKCUYHBI BbICOKMI - - T -
Haternuumg * nepes enow
AroHucTbl peLenTopos mitokaroHonogobHoro nentaa-1 (almn-1)
Hynarnymg, n/k 1 p/Hen. MoKa3aHsl HU3KWiA alrnn-1+ T { naHKpeatut
JInkcuceHamg, n/k 1 p/eyr npu CC3, n[Mn-4 PEKOMEH-
Jvparmymmg n/k 1 p/eyr Aunabetvyeckon [JI0BaHbl
Cemamymg n/k 1 p/Hen. Hedponamn npu U3MT,
1ab. 1 p/cyt 0XMPEHUM
Tegyrmymg n/k 1 p/eyr
3JKceHamy, n/k 2 p/cyr —
1 p/Hen.
WHrmbutopsl amnentuamanentnaassl 4 (WOMMN-4) — munTHb!
Anornunmun 1 p/eyr be3onacHbl HU3KWIA wANM-4 + - - naHKpeaTut
BunparnmnvH npu CC3 n XBI alrmr-1
[eMUrmnnTuH (KpoMe caKcarnmnTuHa)
[o30rmnTnH
JInHarnmnvH
CakcarnmnTnH
CymarmmnvH
3JBOrMMMTVH
WHrMbuTopl HaTPUMIA—IMIOKO3HOTO KoTpaHcnopTepa TMna 2 (MHITIT-2) — rmudno3uHsl
Janarnudnoant 1 p/eyr bnaronpustHel npu CC3, HU3KUIA - OCTOPOXHO { MH EKLMN
WnparmmdnosuH XCH v XbI1 npu pucke | pekomeH- | MIIC, rvnoso-
KaHarnudnosuH nepeniomMoB [0BaHbl nemuA
JlyceornudnoswH npu oXupe-
3IMnarmmdnosuH HWW
3pTyrmmdno3vH
WHrmbutopel anbda-mioko3naassl
Axapbo3a* | 3 pleyt - | HU3KWiA | - - - -

[Npumeydarue. * — B HacTosLLee BpeMs oTcyTcTByloT B [ocpeectpe JIC P®; «—» — He BAvsioT; T — nosbilwaioT; 4 — cHkatoT; M3MT — 136biToy-
Haa Macca Tena; MHH — MexgyHapofHoe HenaTeHToBaHHble Ha3BaHWe; MIC — ModenonoBas cuctema; HITP — HexenaTenbHble NeKapcTBeHHbIe
peakumu; CC3 — cepaeyHo-cocyanctble 3abonesatus; CCC — cepaeyHo-cocyamctan cucteMa; XBIT — xpoHuyeckas bonesHb nodek; XCH —
XPOHUYECKas CepAeyHas He[0CTaTOYHOCTb.

Note. * Currently not listed in the Russian National Register of Medicines; “-" no effect; 1 increase; { decrease; U3MT, overweight; MHH, international
non-proprietary name; MIC, urogenital system; H/TP, adverse drug reactions; CC3, cardiovascular diseases; CCC, cardiovascular system; XbI1, chronic
kidney disease; XCH, chronic heart failure.
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— OTCYTCTBUEM Hedpo-, renato- U KapaMOTOKCUYHOCTH.
(OapMaKoTepanus y NOXWMbIX MALMEHTOB HepeaKo
OCIOXKHAETCA Pa3BUTMEM TOKCUYECKUX 3D (EKTOB, YTo
CBAI3aHO C HapyLLeHWeM GapMaKOKUHETUKM U papMa-
KOLMHAMUKM MpenapaTtoB Ha (OHe BO3pacTHbIX U3Me-
HeHui [21];

— HWU3KOM BEPOSTHOCTbIO BO3HUKHOBEHWA NIEKAPCTBEH-
HbIX B3aUMOJENCTBUIA. BO3HMKHOBEHWE Hexenatenb-
HbIX 30 dEKTOB BCNEACTBUE MOAMMparMasuu OKasbl-
BaeT OTpULATeNbHOE BIMUSIHME HA KAYeCTBO JKU3HM
UesnoBeKa, MPUBOAUT K CHUKEHMIO 3(DdEKTUBHOCTH
1 6e30nacHOCT caxapoCHUKatoLLeit Tepanum [2];

— pauMOHanbHbIM COYETAHWEM TUMOMUKEMUYECKMX
cpencts. 3ayactyto Tepanusa C[l 2 TpebyeT npumeHe-
Hus 6onee ogHoro CCIl, B 3TOM Cinyyae cnegyet us-
BeraTb HepaLMOHabHbLIX KOMBUHALMIA.

Mpumenenne CCMN npu neuyeHnmm C[l 2 y repuatpuyeckux
MalMeHTOB B YCNOBUAX KOMOPOMAHOW NaTonorum 1 Hapylue-
Hui dyHKumM LIHC Bcerpa conpsikeHo ¢ 6onblUMM Konnye-
CTBO PWUCKOB M OMACHbIX HEXeNaTesbHbIX JIEKAPCTBEHHBIX
peakumin (HIIP) [17]. ¥ TaKoii KaTeropumn naumeHToB ANs Kop-
PEKLUMN (QYHKUMOHANbHBIX HapYLIEHWA 4acTo WUCMOb3yHT
HOOTPOMHbIE CPEACTBA, aHTUIUMOKCAHTLI, MeTabonmyeckue
KoppekTopbl [37-40]. OTMeueHo, uTo pucku dhapMakoTepanuu
BO3pacTaloT Mo Mepe YBeNIMYEHUS YACIa OAHOBPEMEHHO NpU-
MEHsieMbIX NpenapaToB (NonMnparMasus), a Takxe npomnop-
LiMOHambHO BO3pacTy CTapetoLLero YesoBeKa. CpaBHUTENbHBIN
npodunb 6e30MacHOCTH TMNOMMKEMUYECKUX CPEACTB Npes-
CTaBneH B Tabnuue 1.

MPUHLUWUNbI ®APMAKOTEPAINUN
CAXAPHOI0O AUABETA 2 TUNA
Y FTEPUATPUYECKUX NALUEHTOB

[na npenoTBpaLLeHns HexenaTebHbIX JIEKApCTBEHHbIX
peaKkumii 1 MUHUMM3ALMKM pUCKoB dapMaKrotepanun CL 2,
B TOM YUCNEe CBA3AHHbIX C HEBPONOTUYECKUMU U MCUXUYeE-
CKUMM HapyLLEHUAIMM, B FepUaTPUYECKON NPaKTUKE NpU Ha-
3HaYeHWUM CaxapoCHMMalOLMX npenapatoB Ntboin dapMa-
KOJIOrMYeCKOi rpynmbl He06XoaMMO NpUAEepPXKMBaTLCA pAaa
061X MPUHLMNOB [41-43]. OCHOBHbIE U3 HUX, HA HaLL B3MAL,
creqgytoLime.

1. HauuHatb neyeHue ¢ Manbix 03, NOCTEMNEHHO YBENWYU-
Bas 10 TepaneBTUYECKMX NYTEM MOHWUTOPUPOBAHUSA YPOB-
HA [TIOKO3bl B KPOBW U [IMKUPOBAHHOIO reMorobuHa.

2. Wcnonb3oBaTb yoobHble oS mpueMa NoXuIbIMKA Nauu-
eHTaMM JIeKapCcTBEHHbIE GOpMbI, NPEANOYTUTENBHEE 3H-
TepanbHble (TabneTku).

3. Bbibupatb 1-KpaTHbIM peXuM [03MPOBaHMsA NEKapCTBEH-
HbIX CPELCTB B CYTKW.

4. Tpn HeobXxomMMOCTM Ha3HAYeHWUS| HECKOSbKUX JleKap-
CTBEHHbIX MpEenapaToB MCMOib30BaTh (UKCUPOBAHHbIE
KOMOMHALMK caxapOCHUXatOLLMX CPEACTB C OAHOKPATHBIM
MPUEMOM, 4TO MOBBILIAET KOMMJIAEHTHOCTb NALMEHTOB.
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5. MuHMMU3MPOBaTL BEPOSTHOCTb Pa3BUTMS TMMNOITIMKEMUI,
Bblbupas 6e3onacHble B 3TOM OTHOLLEHWM Npenaparbl.

6. He ponyckaTb nporpeccupoBaHusi BO3pacTHbIX (yHK-
LMOHANbHbIX HapyLIEHWA U CUMMTOMOB COMYTCTBYHOLLEN
naronorum.

7. Uckniountb GapMaKoKMHeTUYeCKMe U papMaKoanMHaMu-
YeCKMe B3aUMOAEWCTBUSA TUMOTNIMKEMUYECKUX CPEACTB
C NeKapcTBEHHbIMM npenapatamu Apyrux dapmakote-
paneBTUYECKMX TPy, MPUMEHSEMBIX C KOPPUrUPYHOLLLEH
LieNblo, a TaKKe Ans neyeHns KomopbuaHbix 3abonesa-
HUI.

8. MuHMMM3MPOBaTL PUCK MOIMNparMasuy.

9. MNocToAHHBIN MOHUTOPUHT 3 deKTUBHOCTY 1 Be3onacHo-
cTU dapMaKoTepanuy, KOHTPOb U NpodunakTuka pas-
Butus HJTP.

10. B uensix ynyylleHMs Ka4yecTBa MM3HW WU YMEHbLLEHUS
pucka passutua HJIP y nmauneHTOB MOXMNoro u crap-
yecKoro Bo3spacta npu ¢apmakotepanumu CL 2 Bo3-
MOXHa TaKTMKa AenpeckpaibuHra (npouecc, obpaTHbIN
Ha3HaYEeHMI0 JIEKAPCTB, TO €CTb NIaHOMEepHas W Npopy-
MaHHasl 0TMeHa npenapara C NOCTeNeHHbIM CHUXEHUEM
ero [03bl) [44].

3AKJIO4YEHUE

Bbibop runornukeMuyeckux cpeacts i nedenns Cl 2
Yy repuaTpuyeckux MauMeHTOB C HEBPOMOrUYECKUMU U NCK-
XMYECKVMM HapyLUEHWAMW [O0/KEH OCHOBLIBATbCA HE TONBKO
Ha 3HaHUM (apMaKoAUHaMUKM U (HapMaKOKWHETUKU npe-
napaToB, HO M 00M3aTeNbHO Y4MUTHIBATb acCOLMMPOBAHHbIE
C BO3pacToM HelipoMeanaTopHble U HeMpoMeTabonuyeckue
u3MmeHenusa B LIHC. lpuMeHsaeMble y NoXunbIx nauueHToB
ans nedenns C[l 2 v conyTcTeytoLei NaTonorui npenaparb
He JOMKHbI CHUXATb MO3rOBYH0 reMOAMHaMUKY U MUKPOLMP-
KYJIALMIO U He OKa3blBaTb HEFraTMBHOTO BAMSHUS Ha MeauUaTop-
Ho-MeTabonuyeckue npouecchl. CuctemMaTnsaums U aHanus
[AHHBIX ITEpATYpbl 0 BO3MOXHbIX puckax u HJTP caxapoc-
HUXaloLWen (hapMaKoTepanuu NoKasanu, YTo B HacTosLlee
BpeMsl Ha (hapMaLIEBTUYECKOM PbIHKE He CYLLEeCTBYeT ONTU-
MasbHOrO FMMOMMKEMUYECKOrO CPeACTBa ANs repuatpude-
CKWX MaLMEHTOB.

[ina niogeit NoXmioro U CTapyeckoro Bo3pacta npena-
paToM Bbibopa € HaUMEHBLUMMU PUCKAMM Pas3BUTUS Hexe-
natenbHbIX peakuui Npu nevelun guabeta 2 Tuna senseTcs
MeTpopMuH. OfHaKo Aaxe METMOPMUH UMEET OrpaHUyeHus
LN NauMeHTOB C capKoneHued. MMetoTca nepcneKTuBbl
MPUMEHEHUS COBPEMEHHBIX TPYNN CaXapOCHUXatLLMX Npe-
MapaToB, TaKMUX KaK MHKPETUHOMUMETUKM W MMGI03WHBI. VH-
KPeTMHOMMMETUKU NpeacTaBnsAloT cobol oTHOCUTENBHO be3-
onacHble JiekapcTBeHHble cpeactea. Ho unrnbutopsl OMM-4
MOryT 0Ka3aTbCs HeLOCTaToOuHO IQPEKTUBHBIMU B AOCTUKE-
HUM HopMoriMkeMuu. AroHucTbl [TIMN-1 cHyKaloT Maccy Tena,
XapaKTepu3YHTCSA BbICOKUM PUCKOM KENYA0YHO-KMLLEYHBIX
PacCTpOMACTB W NePeNIoMOB KOCTEN M YaLLie BCEr0 BbINYCKAKTCS
B MHBbEKLUMOHHOW (opMe. [MMbNo3nHbI, Mest pAf CEPbe3HbIX
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LOCTOMHCTB, MOBBILIAIOT PUCK YPOreHUTANbHBIX MHBEKLMIA,
MOryT HeraTMBHO BAMATb Ha AMYpe3 U apTepuanbHoe AaB-
nenve. Take orpaHUYeHWEM B NPUMEHEHUN COBPEMEHHBIX
rpynn runorfIMKeMUYeCKUX CPEACTB B repuaTpUYecKon npaK-
TUKE MOXET CTaTb BbICOKAA LIEHa, TaK KaK 3KOHOMUYecKas
AOCTYMHOCTb MPEenapaToB 1A rPaAaH NEHCMOHHOTO BO3pac-
Ta MMeeT HEMaJIoBaXHOe 3HaueHMe.

Mpoun3BoaHbIe CyNbGOHUIMOYEBUHDI, [IUTA30HbI U ITIMHK-
Obl He MoKa3aHbl NoXunbIM NoaaM. OHW onacHbl BbICOKUM
PUCKOM TUMOTIMKEMUM, YTO 0COBEHHO KPUTUYHO NS nauu-
€HTOB CTapLue 65 NeT ¢ HapyweHnamn ¢yHKummn LLHC, a Tak-
XKe MOryT noBbILIATh PUCK Pa3BUTUS CEPLEYHO-COCYOM-
CTbiX 3aboneBaHuit. [MMTa30HbI OrpaHUyeHbl B MPUMEHEHUH
Y NOXWNbIX U3-3a PUCKA NepenoMoB KOCTeN M obocTpe-
Hust XCH.

TakvM obpa3oM, Bonpockl Bbibopa NeKapCTBEHHBIX
cpeactB ans 3ddexTBHOM M be3onacHon (apMakoTtepa-
niu CL, 2 B repuaTpuyeckon NpaKTUKe, YYUTbIBAIOLLEH KO-
MOpBbMAHOCTL U BO3PacTHble BYHKLUMOHANBHBIE U3MEHEHMS,
BO MHOMOM OCTAHTCA HEPELLEHHBIMU W 3aCiTyXUBAKT Aalb-
HeliLwero u3yyeHns. MuHMMmM3auums puckos dhapMakoTepanuu
6e3 notepu 3GEKTUBHOCTU U BbICOKOW KOMMMAEHTHOCTH
MOXET bbITb JOCTUrHYTa Npu cobmiogeHny 06LUMX NpUHLM-
noB tapmakotepanum C[l 2 y repuatpuyeckux nawumeHToB.
[na 06beKTMBHOI OLEHKM 3P HEKTUBHOCTM M Be3onacHoCTH
TMNOITIMKEMUYECKON (apMaKoTepanuu NoXMibIX 60MbHbIX
HeobxoauMbl (hapMakoanuLeMUonormyeckne U (apmako-
3KOHOMUYECKME UCCEe0BaHuS.
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MexaHu3M KynponTosa
B natoreHe3e 6onesHu lNapKuHcoHa

B.W. BaweHko, A.b. YyxnosuH, I1.[. LLlabaHoB

BoeHHo-MeguumHckan akagemus uM. C.M. Kuposa, Cankt-lletepbypr, Poccus

AHHOTALMUA

bonesHb lMapkuHCOHa — 3To0 HelipoaereHepaTMBHOe 3aboneBaHue C MOBLILLEHHOW pacrmpoCTpaHeHHOCTbIO. MaToreHes 3ToM
DonesHM 00 KOHLUA He M3y4YeH, OAHAKO KakoW Obl MexaHU3M ee Pa3BUTMA HY Dbl 3aleWCTBOBaH, B KOHEYHOM UTOre OH MpK-
BOAMT K pa3pyLLeHunto AodaMuHa B HeMpoHax M ux rubenun. KynponTtos — 370 HoBas Gpopma Mefb3aBMCUMOMN perynmpyeMon
rnbenu knetoK. Ero Mopdonorus, 6uoxmmmyeckme CBOMCTBa U MEXaHU3M AENUCTBUA OT/IMYAOTCA OT U3BECTHLIX GOpM rnbenu
KNETOK, TaKWX KaK anonTo3, aytodarus, HeKpo3 1 nuponTto3. Meap CBA3bIBAETCA € IMNOMIMPOBaHHLIMU KOMMOHEHTaMU LIMKIIA
Kpebca, Bbi3biBas NPOTEOTOKCMYECKUIA CTPECC, KOTOPLIM B KOHEYHOM WUTOTe MPUBOAMT K KynponTtosy KneTok. bonesHb [lap-
KWMHCOHA XapaKTepu3yeTcs TaKUMKU OMOXMMMYECKUMM 0COOEHHOCTAMM, KaK AMCHYHKUMS MUTOXOHAPUA W CHUKEHWE YPOBHA
Medu U [yTaTMoHa B 00N1acTAX Mo3ra. ITu ABNEHUA TECHO CBA3aHbl C MeXaHU3MOM Kynponto3a. OaHaKo KOHKPeTHbIe AeTanu
CBAA3M MeX Ay natoreHe30M 6one3Hu MapKMHCOHa M KyNnponTo30M MOKa HesicHbl. B cTaTbe 0600LLaloTCs AaHHbIE 0 KynponTose
KaK npuumnHe rubenu HelpoHoB npu 6omesHW MNapKWMHCOHa, a TaKKe O CBA3M MEeXAy KynponTo30M W natoreHe3oM HonesHu
MapkuHcoHa. KynponTto3 npepacTtaBnseT cobon HOBbIM M MHOrO0BELLAIOLIMIA NOAX0A, K NMOHUMAHMIO POSIK HapYLUEHWA pery-
NAUMM MeLU B pasBUTUM HelipoAereHepaTMBHLIX 3aboneBaHuii. M3yuuB aeTanu MexaHM3MOB, C MOMOLLLH KOTOPbIX MPOMC-
XOOWUT MeAb3aBuUCHUMas TMbeNb KNeTOK, MOXHO pa3paboTaTb HOBble TeparneBTMYECKUe CTpaTeru, 0C0OeHHO 1A COCTOSHUN,
XapaKTepu3yloLmMxcs aucbanaHcoM Meau, npexae Bcero 31o 6one3db BunbcoHa v bonesHb [apkuHcoHa. TepaneBTUYecKuii
noTeHUMan Bo34eNCTBMA Ha KYMpOoMnTo3 C NOMOLLbIO CTPATErniA XenaTvpoBaHNA MeaM YKe NMOATBEPIKAEH Ha PasfIMYHbIX 3KC-
MEePUMEHTAsbHBIX MOAENAX, LEMOHCTPUPYIOLLMX 3HAUUTENTBHOE YNTyYLLIEHWE KOTHUTUBHBIX MOKa3aTeei u cuMnToMoB 3abore-
BaHusA. BHeapeHue KOHLENUMM KynponTo3a B KIMHUYECKYI0 NPAKTUKY MOXET MOBLICUTL TOYHOCTb AMArHOCTUKM M 3 deKTUB-
HOCTb JIeYeHMs 3a CYET NepCoHanM3auuu MeMUMHCKUX MOAXOLOB, PaHHEro BMeLUaTesIbCTBa M TOUHOW Perynauuu ypoBHS
Meaun. CnemyeT NpoAoMKUTL M3yYeHUe CIIOXKHBIX MOJIEKYNAPHLIX MEeXaHM3MOB KynponTtosa, pa3pabotatb cneuuduueckue
OMoMapKepbl 4519 paHHEro BbISIBIEHUA HepOAereHepaTMBHbLIX NaToNoruiA U ONTUMU3MPOBATL TepaneBTUYECKUe NPOTOKOb
ansa obecneyenns besonacHocT M 3dhdeKTMBHOCTM NedeHus. PelleHne 3Tux npobneM bypet UMeTb pelualollee 3HaueHue
LNS BHEAPEHWSA HOBbIX HAY4HbIX OTKPBITUI B KIMHWYECKYH0 NPaKTUKY, YTO B KOHEYHOM WUTOre YNyYLUMT yX0f, 33 NauMeHTaMu
1 NOBLICUT KA4YeCTBO UX YU3HMW.

KnioueBble cnoBa: KynponTo3; MeTabonuam Meau; 6onestb [apkUHCOHa; HelpofereHepaTMBHbIE 3ab0NneBaHMs.
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Mechanism of Cuproptosis
in Pathogenesis of Parkinson’s disease

Vladimir I. Vashchenko, Alexey B. Chukhlovin, Petr D. Shabanov

Kirov Military Medical Academy, Saint Petersburg, Russia

ABSTRACT

Parkinson'’s disease is a high prevalent neurodegenerative disease. The exact pathogenesis of this disease remains to be fully
elucidated; however, regardless of the underlying mechanisms, the ultimate outcome is the progressive loss of dopaminergic
neurons. Cuproptosis is a recently discovered form of copper-induced regulated cell death. lts morphology, biochemical
properties, and mechanism of action differ from known forms of cell death such as apoptosis, autophagy, necrosis, and
pyroptosis. Copper binds to the lipoylated components of the tricarboxylic acid cycle, causing proteotoxic stress, which
eventually results in cell cuproptosis. The pathological biochemical hallmarks of Parkinson’s disease include mitochondrial
dysfunction and lower brain levels of copper and glutathione. These processes are intricately associated with the underlying
mechanism of cuproptosis. However, the specific aspects of the interplay between the pathogenesis of Parkinson's disease
and cuproptosis have yet to be fully explored. The article summarizes the available evidence on cuproptosis as the cause
of neuronal death in Parkinson’s disease, and its role in the pathogenesis of Parkinson’s disease. Cuproptosis offers a novel
and promising approach to understanding the role of copper dysregulation in the pathogenesis of neurodegenerative diseases.
A comprehensive understanding of the mechanisms underlying copper-induced cell death will facilitate the development of novel
therapeutic strategies, particularly to address medical conditions associated with copper imbalance, including Wilson's disease
and Parkinson’s disease. The therapeutic potential of targeting cuproptosis using copper chelation strategies has already been
confirmed in various experimental models that demonstrate significant improvement in cognitive functions and symptoms
of the disease. The incorporation of the concept of cuproptosis into clinical practice promises to enhance diagnostic accuracy
and treatment efficacy by personalizing medical approaches, facilitating early intervention, and enabling precise regulation
of copper levels. The further investigation of the complex molecular mechanisms of cuproptosis, the development of specific
biomarkers for the early detection of neurodegenerative diseases, and the optimization of therapeutic protocols to ensure
the safety and efficacy of treatment are all essential. Addressing these challenges will play a pivotal role in the successful
integration of novel scientific advances into clinical practice, thereby enhancing patient care and overall quality of life.

Keywords: cuproptosis; copper metabolism; Parkinson’s disease; neurodegenerative diseases.
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HAYYHBI 0630P

BBEAEHUE

BonesHb lapkuHcOHa — 3T0 HeWpogereHepaTUBHOE 3a-
bonesaHue, KIMHUYECKUMM NPOSBNEHUAMI KOTOPOrO SBNS-
loTCA TPEMOpP B COCTOSHUM MOKOS, PUTMEHOCTb MbILUL, KOT-
HUTUBHblE U ABUratenibHble Hapywenus [1-3]. Mockonbky
bl 310 3aboneBaHue C BbICOKOW 4acTOTOM BO3HWKHOBEHMS
1 COMpOBOXJaeMOe WHBaNWUAHOCTLIO, C FOaMu OHO CTaHo-
BuTCA BCe bonee pacnpoctpaHeHHbIM. 06biuHO Bl pa3suBa-
eTCcA Y NOXKMNbIX JIOAEN U Yallle BCTPEYAETCS Y MYXKUMH [4].
CrouMocTb neuyeHuss naumeHToB ¢ 6onesHbio apkuHcoHa
BbICOKA, YTO JIOKMTCA TSKENbIM BpeMeHeM Ha ceMbi U 06-
wectBo [4, 5]. TeHeTuKa, OKpyxalowasa cpena, AveTa, BO3-
pacT u apyrue haKTopbl UrpaloT CBOK OMPELENEeHHYI pofb
B pa3BuTun b6onesHu [MapkuHcoHa [6, 7]. Matonorma Mo3ra
XapaKTepu3yeTca fereHepaTMBHON rMbenblo AodaMMHOBBIX
HelipoHOB B YepHOI cybCTaHLMKM CpefHero Mosra U CHUXe-
HWeM cogep:KaHusa godammHa B obnacti nonocatoro Tena [8].
CnoxHas atnonorus u natoreHes bonesxu MapkuHcoHa 06b-
ACHAIOT HEXBATKY 3 dEKTUBHBIX METOAOB NEYEHMS, a TaKKe
otcyTtcTBue paHHux cumnToMoB [9, 10]. CoBpeMeHHbIe MeToapbl
NeyeHus HanpaBeHbl Ha PaHHIOKW AMArHOCTUKY 3aboneBaHus
ON18 YNyyLleHus KayecTBa Xu3Hu naumeHToB [11]. B nonckax
MeTOfI0B fieyeHus bone3Hu MNapKMHCOHa Ha paHHUX CTaausX
B HacToslllee BpeMsl OCHOBHOE BHWMaHWe yfenseTcs nato-
¢u3nonornyeckuM 0cobeHHOCTAM BbISIBNSEMBIX A0 Hayana
3aboneBaHus, a TaKKe MOMEKYNAPHBIM U MapKepHbIM U3-
MEHEHWSAM, KOTOpble MOTYT MpefcKa3aTb paHHWE MOBpeX-
Aenus. Tenbua JleBu — 310 HyKNEONpOTEMHOBLIE NONUMEPEI
0.-CMHYKJIEMHA B HEPBHBIX KNETKax npu bonesuu MapkuHcoHa.
PaHHen naTonoruyeckoii ocobeHHocTb0 6one3nm MapKuHco-
Ha sBnseTcs obpasoBaHue Teney JleBU B KJIETKax YepHOIl
cybcTaHumMW cpefHero Mosra, CONpoBOXAaloLLLEeecs nporpec-
CUpYIOLLLEN [lereHepaLmnen, HEKPO30M W noTepen fodhaMuHep-
TMYECKUX HEPOHOB, BCE 3T0 MPUBOAMT K UCTOLLEHUIO 3aMacoB
podamuHa B nosocaToM Tene. CHeHue ypoBHS godamMuHa
B MO3re yXy[LaeT HeWpOTPaHCMMCCUIO B YepHOiA cybcTaHLmu
W nonocatoM Tene, Bbi3biBas pa3suTve bonesuu [MapkuH-
coHa [12]. Takum obpasoM, rnybokoe M3yyeHMe MexaHU3Ma
rMbenu HelipoHOB SIBNSIETCA BaXKHOW YacTblo UCCNELOoBaHMS
naToduU3mnonorMyecKoro MexaHusma 6onesqu [apkuHCoHa.
MaToreHe3 6onesHu MapKuHCOHa BKIOYaeT B cebs pasHo-
obpa3ve BMAOB rmMbenn HeMpOHHBLIX KNETOK, B TOM Yucie
anonTos, aytodaruio, HeKpo3, NMponTo3, KynponTo3 [13-15].
KynponTo3 — 370 Hef,aBHO BbISBMEHHBIN Crocob perynupy-
eMon rubenm Knetok [16]. OH otiM4aeTca Mopdonornyecky,
BUOXMMMUYECKUM M TEHETUYECKM OT amnonTo3a U ApYrux us-
BECTHbIX BM[OB perynupyemoi rubenu knetok. Kynpontos
BO3HMKAET, KOrAa Mefb HanpsMyl CBA3bIBAETCS C JMMO-
unupoBaHHbiMU benkammn B umkne Kpebea, yto npueogut
K OCTPOMY NpOTEOTOKCMYECKOMY CTPECCY, HapyLIeHWI0 Me-
Tab0nM3Ma B MUTOXOHAPUSX U, B KOHEYHOM uTOre, K rubenn
HEMPOHHBIX KIETOK.

Menb — He3aMeHUMbI MUKPO3NIEMEHT, Yy4acTBYH-
LUMIA B Pa3MyHbIX BMONOrMYECKMX NpOLIEccax M UrpatoLLmil

Tom 16, Ne 2, 2025

[NcrxodapMaKonoris v DVONOrMYECKas HapKONor s

BAXKHYI0 POSib B NOAJEPIKAHMM aKTUBHOCTM KNETOUHBIX (ep-
meHToB [17, 18].

N3meHeHns copepaHus Meau B KIeTKax MOryT npu-
BECTU K OKMCNUTENIBHOMY CTPeccy M LMTOTOKCUYHOCTM,
uyTo, B CBOK 04epeb, NPUBOAMT K BO3HUKHOBEHWUIO U MpoO-
rPECCMpOBaHMI0 HeVpoaereHepaTUBHbIX 3abonesanuii [19, 20].
YpoBeHb Meay B TKaHsAX Mo3ra pacnpenenseTcs aHoMasbHO
M 3T0 CBSA3aHO C OMpefeneHHbIMU HeMpoLereHepaTMBHbIMU
3aboneBaHuamu [21]. [nutenbHoe BO3pencTBUE MeaoM yBe-
nnumBaeT Hakornnenve AQK, paspywaeT oByXuenouyeuHyio
ctpyktypy OHK, cHuxaeT noteHuuan MMTOXOHApManbHOM
MeMbpaHbl W MPUBOAMT K MOBPEXAEHMIO aKCOHOB HEPBHbIX
KNieToK [22]. Meab NoBbILIAET aKTUBHOCTb [NyTaTUOHA U yCU-
NIMBAET OKUCITUTENBHBIN cTpecc, cnocobeTys fodhaMuHepru-
yecKomn aereHepaumu [23]. bbino nokasaHo, YTo Lenbld psag
TEHOB, COMPAXKEHHBIX C KYNpOMTO30M, CBA3aHbl C DONE3HbI0
MapkuHcoHa [24]. OueBugHO, 4TO KynponTo3 0cobbiM 0bpa-
30M CBfI3aH C MaTONOMMYECKUMN U3MEHEHMAMM, Habnoaae-
MbIMK npu 6oneskn MapkuHcoHa. B cBsisu ¢ aTuM aHanus
KynponTo3a v ero cBAi3u ¢ natoreHe3oM bI1 ocobeHHo BaxeH
ONs neyeHns unn obnerdenus cumntoMoB 6onesnu MapKuH-
COHa NMpU LieNeHanpaBneHHOM JIeYeHUM NaLMEHTOB.

MEJb U KYMPONTO3

YcTaHOBNEHO, YTO WMOHBI [ABYXBANEHTHLIX METaNO0B He-
06X0MMbI 4en0BEYECKOMY OpraHu3My, a WX HefoCTaToyHoe
UM M3bbITOYHOE COfEpIKaHMe MOXKET MPUBOAMTbL K Hapy-
LUEHMIO KNETOYHOro MeTabonuaMa u jaxe K rubenu Kne-
TOK [24-27]. Mefib — OAMH U3 KNKOYEBbIX MUKPO3JIEMEHTOB
ONs YeNOBEYECKOr0 OpraHu3Ma, BaMHbli KodakTop ¢ep-
MEHTOB YeSIOBEKA C BbICOKOW CMOCOBHOCTLIO CBA3LIBATLCSA
¢ 6enKaMm1 1 CUNBHBIMU OKUCAMTENBHO-BOCCTaHOBUTESNBHBIMM
CBOMCTBAaMU, NOAJEPKMBAIOLLMIA rOMEOCTa3 BO BHYTPEHHEV
cpefie YesioBeHeCKoro opraHuaMa [18, 28, 29].

TaKKe MOoKasaHo, YTO MOBLILIEHHBIA PUCK pa3BuTUA Bo-
nesHu [TapKUHCOHA CBA3aH C MOBBILIEHHBIM COAEPHAHUEM
Meay B okpyxatowen cpege [30, 31]. BoiseneHo, yto y na-
LiMeHTOB C bone3Hbto MapKMHCOHa YpoBeHb MeaM B KIeTHax
0651acTh YepHOM CybCTaHLMM TOIOBHOMO MO3ra 3HauMTENIbHO
CHUKeH [32].

HecMotps Ha T0, 4TO 60MBLLMHCTBO UCCNIEA0BAHUIA CBA3bI-
BalOT MOBbILLEHHbIN YPOBEHb Meay C MOBLILUEHHbIM PUCKOM
passutus bll, 3ta Koppensuus Bce elle NpoTMBOpEYMBA
W [laneKka OT OKOHYaTeNlbHOTo BbISICHEHWS. BbinonHeHHble
He[aBHO MCCNef0BaHWA MOLTBEPKAAKT TUMOTE3y O TOM,
YTO CHUXEHWE YPOBHA MEAM KOpPENUPYeT C MOBbILLEHHBIM
puUCKoM pa3BuTus 3aboneBaHus. bonee KOHKpeTHO, y nauu-
eHToB C bl KoHLeHTpauus Meay, LiepynonaasMmHa 1 ero oK-
CMAa3Has aKTMBHOCTb B KPOBW, a TaKXe KOIMYECTBO aTOMOB
MeAu B MOJIeKyne LiepynoniasMuHa bl HUXke no cpas-
HEHWIO C aHaNorMyHbLIMU NOKa3aTensMy Yy 300POBbIX JIOAeN
cooTBeTCTBYlOWEro Bospacta [33, 34]. bonee Toro, npoge-
MOHCTPMPOBAHO, YTO KOHLIEHTPALMs MOHOB Meay Bbina Huxe
B Haubonee nopaeHHbIx obnactax Mo3ra nauueHToB c Bll
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OKucnuTenbHoe [eaMUHMpoBaHne nepBuYHbIX aMMHOB
AO : ~CH,NH, + 0, + H,0 —» —COH + NH, + H,0,

) < 0, ) g
HO OH 0 0
HapyLuenue cunTesa MenaHnHa

—— CuZ/Cu*

€O : 20— 0, + H,0,
/ ,D,ETOKCVIKaLI,VIFI CynepoKCUOHbIX paanKkanos

/ UM : Fe” —» Fe¥

COX : 0, + he™ + LH' —> 2H,0

[oMeocTa3 MOHOB enesa

OkucnuTensHoe pocdopunnpoBaque

Puc. 1. Guamonoryeckre NpoLLecchl, OMMCHIBAIOLLME OKMUCINTENBHO-BOCCTAHOBUTESbHYIO aKTMBHOCTL Mean. AO — amuHoKcuaasa; COX — umMToxpoMm
c-oKempaasa; UM — uepynonnasmun; COL — cynepokemaamcmyTasa (¢ uameHeHuamm no M. Bisaglia v coasr. [68]).

Fig. 1. Physiological processes involving the redox activity of copper. AO, aminoxidase; COX, cytochrome ¢ oxidase; L[, ceruloplasmin; COf, superoxide

dismutase (adapted from M. Bisaglia et al. [68]).

M0 CPaBHEHWIO CO 3[0POBLIMU IOABMU COOTBETCTBYHOLLETO
BO3pacTa, MpW 3TOM COAEpKaHWe Mefy B YEpPHOM Belle-
cTBe M ronyboM nsaTHe b0 cHKeHo Ha 35-50% [35-39].
Ytobbl NoATBEpANTB, YTO CHUXEHWE YPOBHA Meau He Obino
pesynbTaToM BbIPaXeHHOMN fereHepaummn boraTbix MeAbH No-
NyNALMIA HEMPOHOB B 3TUX 0bMacTax Mo3ra, UccneaoBaTenu
K.M. Davies n coasr. [39] npoaHanu3vpoBanu cogepixaHue
MOHOB MeJy Ha KNEeTOYHOM YPOBHE C MOMOLLbIO peHTreHod-
JlyOPECLIEHTHON MUKPOCKOMUM W PEHTTEHOIMUCCUOHHOW MU-
KPOCKOMWM 1 NOKa3anu CHUXEHWe YpoBHA Meay Ha 55-65%
KaK B YepHoi cybcTaHLmMM, Tak U B rolyboM NATHe rofoBHOTO
Mo3ra nauueHTos c bIl.

CeA3blBasicb C LiepynoniasMuHOM, Mefb CTUMYnMpyeT
aKTMBHOCTb (eppoKcMaasbl M TakUM 00pasoM yuacTByeT
B roMeocTase »efesa, TaK YT0 HeKoTopas KOCBEHHas TOK-
CMYHOCTb, ONOCPEA0BaAHHANA U3MEHEHUEM KOHLIEHTPALWM JKe-
ne3a, MoXeT bbITb CIEACTBUEM HU3KOTO YPOBHSA MOHOB MeMy.
CooTBeTCTBEHHO, aLepynonia3MMHEMUs, ayTOCOMHO-peLiec-
CMBHBIN Ae@UUNT LiepynonasMinHa, Bbi3BaHHbIA MyTaLMaMH
B reHe Liepynonna3MuHa, CBA3aHa C HaKOMMIEHMEM Xenesa
B MeYeHu, NOAXENYA04HOMN Kenese, CeT4aTKe U BasanbHbIX
raHrmusx [40-43]. bonee Toro, bbIIO ONMUCaHo, YTO OTNOXKe-
HWe JKene3a B rofIoBHOM MO3re CBA3aHO C NOTepen HEMPOHOB
B TEX XK€ pernoHax, 1 3 QeKTbl, N0-BUAUMOMY, CBA3aHbI CO
CrocOBHOCTbI0O MOHOB JKenesa YCWIMBAaTb OKUC/UTESNbHbIE
npouecchl NocpeacTsoM peakumii PeHtoHa u labepa-Beii-
ca [40, 41]. NHTepecHo, 4To Cpeam HEBPONIOrMYECKUX CUMITO-
MOB aLepynonaa3sMUHEMUN NOTEPS KOOPLAMHALMUN JBUKEHUI
W Apyrve LBUraTeNibHble HapyLLEHWUS HaKNaAbIBAKOTCA Ha He-
KOTOpbIE KIIMHWUYECKUE NPOSBNEHMS, CBA3aHHbIe ¢ BIl.

Menb ABnseTca TPeTbUM MO PAcrpOCTPAHEHHOCTU He3a-
MEHWUMbIM MMKPO3/IEMEHTOM B OpPraHW3Me YenoBeKa, npu-
YeM CcaMble BbICOKWE KOHLIEHTpauuu o0bHapyXeHbl B MeYeHH
¥ roNIOBHOM Mo3re [44, 45]. Meap yyacTByeT B psife BaXHbIX
(u3MonorMyeckmx npoLeccax, Cpean Mpoymx, NUrMeHTaLmm
KOM, COXpaHEHWUM LIeNOCTHOCTU KPOBEHOCHBIX COCYOB, MUe-
JIMHU3ALMK, TOMEOCTa3e Xemne3a, aHTUOKCUAAHTHON 3alLuTe

W CWHTE3e HEeMpOTpaHCMUTTEpOB [46—48]. BawHocTb Mepm
B pas3nuuHbIX buonornyeckux npoueccax obycnoeneHa ee
PoJiblo KO(haKTopa UK CTPYKTYPHOTO KOMMOHEHTA BO MHOTUX
KynponpoteuHax. lpu 3ToM, ee OKUCNUTENbHOE COCTOSHUE
MOXeT MeHATbeA oT Cu* go Cu?*, u noteHuman 31oro npouecca
MOXET BbITb TOUHO HAaCTPoeH 6eNKOBLIM KapKacoM, KOTOpbIi
CBA3bIBAET MOH MeTanna. KpoMe Toro, Meb YacTo obHapyu-
BaeTCs B KayecTBe KO(aKTopa B aKTUBHbIX LieHTpax (epMeH-
TOB, UMEIOLLMX OKCUPEeaYKTa3HYH aKTMBHOCTB (puc. 1).

Kpome Toro, Cu/Zn-cynepokcuaamcMyTasbl Katanuaupy-
10T pacLuenneHne CynepoKCUAHbIX PafMKaoB 0 KUCIOpoaa
W Nepekucy BOAOPOAA, MeAbCOLEPHaLUMe aMUHOKCUAA3bI
KaTa/M3upyoT OKUCIUTENIbHOE [e3aMUHUPOBaHUE NepBuY-
HbIX aMMHOB 10 aNbAErvaoB C BbILENEHWEM MEPEKUCH BO-
[0pofa 1 aMMMaKa, a TMpo3KWHa3a oKuUcAseT bruonoruyeckue
(eHombl, TaKMe Kak TMPO3uH U AodaMMH, y4acTBys TaKUM
0bpa3oM B 06pa30BaHUM NUIMEHTOB MeNlaHuHa [47, 48].

MwuToxoHapManbHas LMTOXPOM C-OKCMAA3a, TaKKe U3-
BecTHas kak komnnekc [V 3TLL, sBnsietcs apyruM upesBblaiHo
Ba)XXHbIM MEAbCOAEPHALLMM (DEPMEHTATUBHBIM KOMIJIEKCOM,
KOTOpbII NOMY4aeT INEKTPOHBI OT MoNeKyn Lmutoxpoma C v uc-
nonb3yeT Ux 1 Npeobpa3oBaHUA MONEKYNSPHOTO KUCOpo-
Aa B Bopy [47, 48]. bnaronaps B3aUMopeicTBUIO C Liepyno-
NNasMMHOM Meflb TaKKe Y4acTBYeT B roMeocTase Jenesa.
(OaKTMYecKW LiepynonnasMuH NposBAseT MeAb3aBUCUMYIO
OKCWMAA3HYI0 aKTMBHOCTb, KOTopas npespaluaet Fe? B Fe,
cnocobcTByA TakuM 06pa3oM TpaHcheppuH-0NocpefoBaHHO-
My TpaHCnopTy ene3a B nna3sme [49]. [lpoaeMoHCTpHpoBaHo,
4To Mefib He TONbKO SABNSAETCS KOPAKTOPOM MHOMOUUCIIEHHBIX
OKMC/UTENbHO-BOCCTAHOBUTENbHBLIX PEPMEHTOB, HO U B3au-
MOZENCTBYeT C CMHaNTUYeCKuMKU Benkamu W peuenTtopamu
HEMpOTPaHCMUTTEPOB, Mrpast KIKYEBY0 posib B GM3nonorum
cuHancos [50]. [MocnenoBaTenbHO MOAYNMPYS CUHANTUYECKYIO
aKTUBHOCTb, IKCAUTOTOKCMYECKYI0 TMbENb KIETOK M CUrHamb-
Hble KacKafibl, MHOYLMPYEMbIE HelipoTpoduyeckumm hakTo-
pamMu, Melb Y4acTBYeT B BaMHbIX QYHKLMAX HEPBHBIX Kile-
ToK [50].
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HAYYHBI 0630P

B HacTosiLee BpeMsa bnaropapsa uccnesoBaHUAM BbIpU-
COBbIBaeTCS 00LLan KapTHa, NpW KOTOPOM NMbo M3BbITOY-
HbIM YpoBEHb Meau, Nnbo ee fedMUUT OKa3bIBAIOT BAMUSHWE
Ha pa3BuTue Bll, 4To NoaYepKUBaET BaXHOCTb TOYHOMO roMe-
0CTaTU4YECKOr0 KOHTPONS MOHOB Mefy. MHTepecHo, uTo Ke-
TOYHbIE MYTU, CBA3AHHbIE KaK C BbICOKUM, TaK U C HU3KUM
YPOBHEM Mefi, MPUBOAAT K YCUIIEHUIO YCNOBUN OKUCTUTESb-
HOro CTpecca, M3 Yero CNedyeT, YTO KOHBEPreHUMs BHYTpU-
KNeTOYHbIX CTPECCOBbIX COCTOSHWM MOXeT 0nocpesoBaTh
NoBPeXAEeHNe KNeToK B 060MX CLieHapusiX.

METABOJIU3M MEZIU

YenoBeK ycBauBaeT Mefib C NULLEH, 3aTeM OHa JOCTaBNsA-
€TCA B OpraHbl, TKaHU, KNETKN U BENKY, KOTOpbIe HyXAaKTCS
B €€ MPUCYTCTBUM NS BbINONHEHUS CBOUX QU3MONOrUYECKUX
DYHKUMIA.

UepynonnasMmH — OCHOBHOW GenoK, y4acTBytLLMiA
B TpaHCropTe MeAM B TKaHAX M CMCTEMAX OpraHu3Ma,
OH crocobeH cBA3bIBaTb 6 MOHOB Mefy B CBOEW MOMeKy-
nspHoi cTpykType. [pyrue 6enku nnasmbl, TakWe KaKk anb-
ByMuH, TakKe y4acTByloT B TpaHcnopTe meau [48]. Kak no-
Ka3aHo Ha puC. 2, UMNOPT MeAM BHYTPb KJIETOK B OCHOBHOM
3aBucuT oT TpaHcnoptepa meam CTR1 [46, 51-53].

cBoboaHbIn LN

L ° N

“0
LMPKYNALMA B NOpTanbHoi
BeHe Meﬂ,b-ﬁgIIOK

CTt 1
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B dusmonornueckux ycnosusx, Korga Mefb B OCHOB-
HOM cocTouT M3 MoHoB Meau Cu*, cornacoBaHHoe AeicTBue
METaNOTUOHENHOB U APYrX HU3KOMONEKYNSAPHBIX JIUraH-
[0B, BK/OYas [yTaTUOH, CNocobCTBYeT NOLAEPHAHMIO
KOHLEHTpauun cBoOOJHOM MeOM Ha OYeHb HU3KOM YPOBHE
(10-® M) [51, 54]. 3atem uMTONNasMaTM4eCcKas Meflb MOXET
ObITb [OCTaBNEHA K MECTY Ha3HAYeHWs Nof, AeCTBUEM psAfa
cneumdmnyHbIX WanepoHoB. OHW BKKOYAIOT 6 6enkoB: aTo ben-
ku Cox17, Cox19, Cox23, a Take benku BHYTpeHHel MeMbpa-
Hbl MuTOXOHApMI Scol, Sco2, Cox11 Bbinn KnaccudmumpoBsa-
Hbl KaK LLanepoHbl Meay 1S KOMMNJIEKCa MUTOXOHAPUATTbHO
LMTOXPOM C-OKCKMAA3bl M HeobXoAMMBI KaK NSl TpaHcnop-
TMPOBKM MEOV U3 LMTONNa3Mbl B MUTOXOHAPWM, TaK U Lna
BKJIIOYEHUS MOHOB MeJy B [iBe pasHble CyObeanHULIbI KOMM-
nekca IV 3TL [46, 51, 52]. Wanepox meam (CCS) ansa cynep-
okeupamemytassl 1(COLL1) npy 3ToM oTBeYaET 3a co3peBaHme
COJ1, uto B KOHEYHOM UTOre NpUBOAMT K aktueauum COL1,
B TO BpeMs KaK TpaHcnoptep Meaum Atox1 gocTaBnisieT MOHbI
mean K ATOaszam 7A v 7B, TpaHCnopTMpYIOLLMM MOHBI MeaM
B Apyrue KoMnaptMeHTbl [46, 51, 52]. 3t benkn 0bbI4HO
pacnonoxeHbl B TpaHc-ceTu anmaparta lonbaxm (puc. 3),
Te OHW OTBEYAKT 3a NOCTYMIEHNe MEAM B KyNpodepMeHThl,
BKJt04as fOhaMuUH-B-ruapoKcunasy, NM3nIoKcuLasy, TMpo-
3WHa3y u uepynonnasmuH [51].
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Puc. 2. CxeMa Metabonmama Mean B opraHu3me yenoseka. [Ib — reMato-aHuedanmueckuin bapbep; Kb — kpoBb-nnkBopHbIi 6apsep (B-CFF); CTRT —
TPaHCMopTep Meau B KneTkax cocyaos nedenu; LM — Lepynonnasmut; hCTR1 — TpaHcnopTep MOHOB Mefy B KENYLOYHO-KULLEYHOM TpaKTe (C M3MeHe-
HMamMmM no M. Bisaglia v coasr. [68)).

Fig. 2. Copper metabolism in human body. 36, blood-brain barrier; KJ1B, blood-cerebrospinal fluid barrier; CTR1, copper transporter in hepatic vascular cells;
LM, ceruloplasmin; hCTR1, copper ion transporter in the gastrointestinal tract (adapted from M. Bisaglia et al. [68]).
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Puc. 3. BHyTpyKneTouHble NpoLLeCCh, COMPSKEHHbIE C OKMUCIUTENBHO-BOCCTaHOBUTENBHOM AeATENbHOCTBI0 Meay. 3P — 3Hponna3Matyeckuii peTukynyMm;
GSH — myTamon; CTR1 — TpaHcnoptep Meau; ATP7A, ATP7B — AT®asbl 7A 1 7B; Atox1 — TpaHcnoptep MoHos Meaw; CCS — wanepoH meaw; COX —
LIMTOXPOM C-0Kcupaasa; MB — MukpoBesukyna; MT — meTannotoHemnH; COLl — cynepokcuaamcmyTasa (C n3MeHeHmamm no M. Bisaglia u coasr. [68]).

Fig. 3. Intracellular processes associated with the redox activity of copper. 3P, endoplasmic reticulum; GSH, glutathione; CTR1, copper transporter; ATP7A,
ATP7B, adenosine triphosphatases 7A and 7B; Atox1, transporter; CCS, copper chaperone; COX, cytochrome ¢ oxidase; MB, microvesicle; MT, metallothionein;

COQ, superoxide dismutase (adapted from M. Bisaglia et al. [68]).

AT®aza’A n AT®asa’B Takike y4acTBYWT B CEKpeLmm
Mean u3 Knetok [46, 50, 51]. HanpuMep, Koraa ypoBeHb
Meau nosoiwaetcs, AT®a3a/A nepemeluaetcs B nna3Ma-
TMYEeCKYl0 MeMOpaHy, obnerdas skcnoptT Mean. ATQ®asza/A
TaKKe 0TBEYAET 3a TPAHCMOPT MeAM B KPOBOTOK Yepe3 6a3o-
natepanbHylo MeMbpaHy 3NUTeNUanbHbIX KNETOK KULIEYHM-
Ka [46]. AT®aza7A, no-BuAMMOMY, TaKKe UrPaeT peLLaloLLyto
ponb B BbicBObOXAeHMM Meamn B cuHancax [50]. Hanpotus,
AOCTaBNAs MeAb W3 neyveHn B xenub, ATOaza7B cnocob-
CTBYET BbIBEJEHMIO M3OBLITOYHBLIX KOIMYECTB MeaMu U3 opra-
Hu3Ma [46].

N3 0606LLeHNI NyOMKaumMiA nocnegHux NeT BbIpUCO-
BbIBaeTCs 00Llas KapTuHa, Mpy KoTopon Ninbo u3bbiTou-
Hbl ypoBEHb Meau, NMbo ee AePUUNT CTaHOBATCS OAHOM
W3 NpUYMH Pa3BUTUSA HeWpOLEereHepaTMBHLIX 3ab0neBaHui,
BK/OYan bonesHb [lapKMHCOHA, 4TO elle pa3 MoAYepKU-
BaeT Ba)KHOCTb TOYHOMO KOHTPONA roMeoctasa Megu [52].
WHTepecHo, 4To KNeTouHble MyTW, CBA3aHHbLIE KaK C BbICO-
KUM, TaK U C HU3KUM YPOBHEM Me[M, NMPUBOASAT K YCUIIEHMIO
OKMCIMTENBHOTO CTpecca, TakuM 06pa3oM, KOHBEpreHUus
BHYTPUKJ/IETOUHBIX CTPECCOBBLIX COCTOSIHMIA MOXET B 060-
WX CNy4yasx OMOCpefoBaTb MOBPEXAEHWE W KyNponTo3
KNETOK.

MEXAHWU3Mbl TOKCUYHOCTHU MEQU
W OKUCJTUTENBHBIWA CTPECC

B NATOIEHE3E

bOJIE3HU MAPKMHCOHA

MoneKynsapHble MexaHW3Mbl, MOCPEACTBOM KOTOPbIX
OMCTOMeocTa3 Mefu MOXET CnocobcTBOBaTb BO3HMKHO-
BeHuto Bll, go KoHUA He M3yueHbl, U Ang UX 0BbACHEHMS
Obinv NpeanoxeHsl NPOTUBOPEUMBLIE TUMOTE3bI, OMUCAHHBIE
Huxe. MpeanonoXunum, YTo MexaHM3M 0CHOBaH Ha crocob-
HOCTM cB0OBOAHOW Me[y CBA3bIBATLCA C OCTAaTKAMU LUCTEMHA
B OenKax, BCNeaCcTBUe Yero TaKoe B3aUMOAENCTBUE MOXKET
MPUBECTU K WHAKTUBALMM WX (EPMEHTATMBHOM aKTMBHO-
ctu [53]. Hanpumep, A.M. Scheuhammer u coaer. [55] yKa-
3anu, YTo npeaBapuTenibHas 06paboTKa roMoreHaToB noso-
CaToro Tena Kpbic KatuoHamun Metannos (Cd%, Cu?, Hg?),
0611afatoLLMMN 3HAUUTESTBHOWM PeaKLMOHHOM CMOCOBHOCTbLIO
Mo OTHOWEHWO K TonaM (-SH), a TakKe anKuupyoLmm
areHTaM N-atunManeumupooM (N-3MM), cHukaeT cneundm-
Ueckue CalTbl CBA3bIBaHWA B peuentopax fodamuHa D2,
N3MepeHHble C MOMOLLbI0 CTaHaapTHoro [*H-nunepoHal —
aHanu3 ceasbiBaHnsa ¢ [PH]-nunepoHoM. Beegenne menm
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B KOHLiEHTpaumm 3 MM npuBOAMIO K CHUMEHWUIO CBA3bIBA-
HUA nodamuHoBbix peuentopos D2 ¢ [*H]-nunepoHoM Ha
40-60%, noaTeepaas TeM CaMbIM, 4TO MOAU(UKALMM THO-
J10B, MHAYLMpYEMble MebH), MOrYT UMeTb QYHKUMOHAMbHbIE
nocneacTBus.

MoMUMO NpAMOro B3aUMOAENCTBUSA C CYNbOrULPUIbHBI-
MW rpynnamu 6enKoB, TOKCMYHOCTb Mefy B OCHOBHOM 3a-
BUCHT OT €€ OKWUCTITENbHO-BOCCTaHOBUTESILHOM aKTUBHOCTMH,
06bIYHOM0 [EeiCTBMS, KOTOPOe WUCMOMb3YeTCH MHOTOUYMCIEH-
HbIMM (epMeHTaMW W [enaeT WOHbI Meau Buonoruyvecku
HeobxognmbiMK. COOTBETCTBEHHO, 06LLENPU3HAHHBIM MeXa-
HW3MOM, NOCPELCTBOM KOTOPOro MOHbI MEAU MOTYT y4acTBo-
BaTb B natoreHese bll, ABnsetca ux cnocobHocTb ycunmBath
OKUCTUTENbHBIN CTPECC, KaTanu3upys BpeaHble OKUCITUTENb-
HO-BOCCTAHOBMTENbHbIE PEAKLMW C YYacTUEM MPOU3BOAHbIX
PafMKanoB Kucnopoga. YcTaHoBNeHo, YTO Medb, MofobHo
Jenesy, MOXeT yyacTBOBaTb B NPeBPaLLEHUM CYMNepOKCU-
[aHWOHa U NepeKncy BoAOpoAa B MMAPOKCUNbHBINA paguKan
nocpencTBoM peakumin ®eHToHa u [abepa—Beica. Peakums
[abepa—Beiica MMeeT o4eHb KOPOTKUIA Nepuop, NPOTEKaHMs
(8 ananasoHe 10~ ¢) u cuutaetca Haubonee peaKuMOHHO-
cnocobHoi ¢hopMon pagMKanoB KMCIOpOAa, U NO3TOMY npe-
LOTBPALLIEHNE €ro CWUHTE3a NpefcTaBnseT cOO0M OCHOBHYHO
3aLUMTHYIO cucTeMy [56].

OKWC/IEHWUE MEOU U NODAMUHA

PaHee ynomuHanocsb, yto bl xapaktepusyetcs npeumy-
LLIeCTBEHHOW JereHepauuei LoGaMUHEPrUYECKUX HEMPOHOB,
U Bce Oonblue [0KA3aTeNbCTB YKA3biBAET Ha BO3MOMHYIO
posib caMoro fodaMuHa B CTUMYNIMPOBaHWW TMOENN KNETOK.
B omMume oT HelipoHOB, COAepKaluMX Apyrue HemMpome-
Amatopbl, AoGaMUH MOXET caenatb AodaMuHepruyeckue
HeMpoHbl 0COBEHHO BOCMPUMMUMBBLIMU K OKWUCIUTENBHOMY
nospexaeHuio. Mocne cuHTe3a fodaMUH NMOYTU MOSTHOCTHIO
M30NMpYeTCA BHYTPU CMHANTMYECKUX My3bIPbKOB, FAe €ro
KOHLieHTpaumsa MoxkeT gocturatb 1 MKM [56, 57] v rae oH cTa-
bunuaupyetcs bnaropaps HU3KoMy 3HaueHuio pH B npoceete
ny3bipbKoB. OpHaKo uuTo3onbHas dpakuma fodbamuHa Mo-
XKeT noJBepratbcA NPOLECCy CMOHTAHHOTO ayTOOKUCNEHMS,
KOTOpbIM NpUBOAMT K 00pa30BaHMi0 KaK aKTMBHBIX GOpM
Kucnopoga, Tak U aodamuHxmHoHoB (APX) [57]. 3tot no-
CnefHuiA NyTb NOLTBEPXKAAETCA NPUCYTCTBUEM HelipoMena-
HWHa, TEMHOTO NMONIMMeEpa, KOTopbI 0bpa3yeTcs B pesynbTate
nonumepusauun JOX n AOX-MoanduumpoBaHHbLIX 6enKoB
1 KOTOPbIN TaKKe BKITOYAET KaK NIMMKUABI, Tak U UOHbI MeTan-
noB [59]. Cuntaetcs, 4to HeMpoMenaHuH obecneynBaeT 3a-
LUMTHBIA MeXaHWU3M, NpefoTBPaLLAtLLMIA HEMPOTOKCUYHOCTS,
bnarogaps cBoei cnocobHOCTU CBA3LIBATL KaK peaKTUBHbIE
BOQAaMUHXMHOHBI, TaK W OKUC/IUTENIbHO-aKTUBHbIE WOHBI
MeTannos [58]. bbino npoLeMoHCTpUPOBaHO, YTo Meapb ycu-
JMBAET MPOLIECC OKWUCNEHNS JohaMuHa, NPUBOLALLMA K 06-
Pa30BaHMI0 MHOXECTBA MOTEHLMANbHO TOKCUYHBIX COefu-
HEHUI, TaKNX Kak JodamMuHXmHoHbI, H,0, 1 ruapoKCUbHbIA
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paaukan *0, [58-60]. NHTepecHo, uTo ronyboe NATHO 1 Yep-
Haa cybcTaHums, rae B OCHOBHOM 0OHapYXMBaeTCs HeWpo-
MenaHuH, SBNIAITCA 06nacTAMM Mo3ra C CaMbiM BbICOKUM
ypoBHeM Megu [60—62]. MpucyTcTBue Meamn BHYTpU HeWpo-
MeNlaHMHa NpeAnonaraeT ero akTUBHOE Y4acTUe B OKUCITU-
TeNIbHOW monuMMepu3aumn podamuHa [59], xota, B KadecTse
anbTepHaTUBHOM rMNOTE3bl, MPUCYTCTBUE TAKOTO YHUKAMBHOTO
MEeTan/10CBA3bIBAOLLET0 MUTMEHTA B YEPHOM CybBCTaHLMM Ye-
foBeKa M rolyboM nATHe MoXeT 06bACHATL BbICOKWE YPOBHM
Meau B 3Tux obnactax Mosra [9, 46]. Hanuume nabunbHbix
MysI0B MOHOB MEAM B FOSIOBHOM MO3re, KaK NMPOAEMOHCTpPH-
poBaiu S.C. Dodani u coasr. [65], BeposTHO, sBNAETCA OC-
HOBHbIM MCTOYHMKOM OKWUCNEeHWa podamuHa. B pononHeHue
K MpAMON peaKLMOHHOW cnocobHOCT Meau MO OTHOLLUEHMIO
K [ohaMuHy OKMCTEHME TaKKe MOXET DblTb 0MocpesoBaHo
MOHaMU Meay, CBA3AHHBIMU C KOOPAMHWPYIOLUMMU JIUraH-
JaMu unu nenTuaaMu WU Benkamu, yyacTBYHLLMMU B HeM-
pojereHepaTMBHBIX MNpoueccax, Kak nokasanu E. Monzani
u coaBT. [59]. B MexaHusMe passutus Bl BaHyl ponb
B CTUMYNMPOBaHUM WHAYLMPOBAHHOMO MeAbl OKWCNEHUS
podaMuHa MoxeT urpatb 6enok a-cunykneuH. Mpogykums
aKTUBHbIX (DOPM KMCnopoaa, onocpeayeMas ofiMroMepamu
0-CMHYK/IEWHA, KOTOpas MOXET WHrMOupoBaThCs MpuUCYT-
CTBMEM XeNaToobpasyoLmnx areHToB Meau [66], noaTBepKaa-
€T TaKyl0 BO3MOXHOCTb, XOTA NPAMBIX JOKA3aTeNbCTB in vivo
BCE eLLe HeT.

ATrPETALMA A-CUHYKNEUHA
nod BiIAHAEM UOHOB MEAN

BenoKk a-cMHyKNeUH SBNAETCS LEHTPasibHbIM 3BEHOM
B natoreHe3e bBll. Yxe maBHO ycTaHoBneHo, YTo Gubpwun-
nsapHas dopMa atoro 6enka npeacTaBnseT co6oM OCHOBHOIA
KOMMOHeHT Teney JleBu, SABNAIOLLMXCA NaTo0aHAaTOMUYECKUM
npusHakoM BIl [65]. bonee Toro, ayToCOMHO-A0MWHAHTHbIE
MyTaLuW B reHe, KOMpYoLLEM OenoK, a TakKe AynMKaLus
U TPUNAMKaLMA reHa bbiiv CBA3aHbl ¢ ceMelHbIMM dopMa-
mu BIT [66]. a-CMHYKNeMH — 3TO M3HaYaNbHO pasBepHy-
Tblit 6eNoK, CNOCOBHLIN B3aUMoAENCTBOBaTbL C MeMOpaHa-
MW, NPUHUMAIOLLMMK Q-CTIUpanbHyl0 KoHdopmauuio [67].
Mpu natonornyeckux coctosHMAX 6enok arpermpyetcs
B 0/MroMepbl 1 Gubpunnel, 06pasys TOKCUYHBIE aMUITOMA0-
reHHble KoHdopMauuu, ocobeHHo boraTble CTpYKTypamu u3
B-cnoes [67].

OpHa M3 OCHOBHBIX MPUYUH HEMpPOAEreHepaLUuy y nauu-
eHTOB ¢ bI1 — BHYTPUKNETOUYHOE HAaKOMNEHWE O-CUHYKIIEWHA
B HelpoHax. K.M. Wu u coasr. [69] nccneposanu MexaHus-
Mbl, OMOCpeayoLLMe MOMMOLLEHNE O-CUHYKIIEMHA HelpoHa-
MW, C MOMOLLbI0 MoAenen in vitro v in vivo. OHn onpegenvimn
reH FAMI71A2 KaK reH, noBbiWaoLWuii puck passutusa bll,
KOTOpbIi BAMSAET Ha arperauuio a-syn. MoBbILEHHAs 3KC-
npeccus FAMT71A2 cnocobeTByeT 3HAouMTO3y Gubpunn
a-Syn U ycyrybnsieT pacnpocTpaHeHWe W HEMpOTOKCUYHOCTb
naTosorum, cBsA3aHHOW C a-syn. Helpocneunduueckoe
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nopasneHne 3kcnpeccun FAM171A2 okasbiBaeT 3awwuT-
Hoe AencTBue. MeXaHWUCTWYECKM BHEK/IETOYHbIW [OMEH
1 FAM171A2 B3aumopenctByeT ¢ C-KOHUOM a-syn no-
CpencTBOM 3MIeKTpocTaTUyeckux cun, byayum bonee yem
B 1000 pa3 bonee ceNeKTMBHLIM MO OTHOLLEHUIO K Gubpumn-
nam. Kpome Toro, aBTopbl OMpefentnm, 4to 6eMueHTUHNE'
apnaetca 3(PeKTMBHBIM 6110KaTOPOM B3aMMOfENCTBUA
FAM171A2 ¢ ¢ubpunnamm a-syn c NOMOLLBIO aHanM3a CBs-
3blBaHUs in Vitro, Ha KNETOYHbIX MOLENSX U Ha Mbllwax. 3Tu
pe3ynbTathl noaTeepaunu, uto FAM171A2 aensetca noteH-
LManbHbIM peLenTopoM Afis NOMIOLWEHMS -CUHYKITEMHOBbIX
Gubpunn HerMpoHamu u, cnefoBaTeNlbHO, MOMYT CIy-
YUTb TepaneBTUYECKOW MULLEHBID ANS feveHus bonesuu
lapKuHcoHa.

Bonee paHHuWe nccnefoBakus in vitro NoKasanu, 4to npu-
CYTCTBME MUIMMONSPHBIX KOHLLEHTPaLMI pasnuyHbIX MOHOB
MeTanoB, CPeam KOTOPbIX U MOHbI Meau, crocobeTByeT 06-
Pa30BaHMI0 YaCTUYHO CBEPHYTLIX KOHdOpMauuii amunou-
[0B, KoTopble 6oniee CKIOHHLI K arperaunu [67, 68]. Cnenyet
YNOMSHYTb, YTO MWJIIMMONIAPHBIE KOHLIEHTpaLWW MeTasnoB
He 06s3aTeNbHO AAlOT TOYHYI0 KapTUHY CUTyauuu in Vivo,
natodu3uonornyeckasl 3HauMMOCTb BbILLEYNOMSAHYTBIX OT-
KPbITUI NPOMCTEKAET M3 TOr0 (haKTa, YTO U O-CUHYKJIEMH,
W MeTannbl 0DHapyXeHbl B CUHANcax, rOe OHW Y4acTBYHT
B cuHanTuyeckux dyHKumsx [50, 70]. bonee Toro, BKNag, oT-
JeNbHbIX METasiIoB MOXKET MPUBOAUTL K CHHEPTETUYECKUM
3ddeKTaM Ha arperaumio a-cuHyknemHa [70]. beino npeg-
NOXEHO B3aNMOAENCTBUE MEXAY O-CUHYKIIEMHOM U MOHaMM
MeTannoB AN cTabunmsaumm 4acTMyHO CBEpHYTOM KOoHMOp-
Maumu Benka NyTeM yMeHbLUEHWUS INEKTPOCTAaTUMECKOIO OT-
TanKWUBaHWA MEXY OTPULLATENbHBIMU 3apsfaMu B 3TOM ben-
Ke, KOTOpble B OCHOBHOM MpUCYTCTBYIOT B ero C-KoHLeBoW
obnactu, Mexay octatkamu 116127 [71, 72].

B nononHenue K canty cBa3biBaHMA ¢ C-KOHLOM Apyroid
CallT CBA3bIBAHUS MeAM C HAHOMOMSPHBIM CPOLCTBOM Obin
onucaH B N-KoHLeBoW obnactu b6enka [73—78]. 0bpasoBaHme
KOMMeKca ¢ Meablo Ha N-KoHLe, No-BUAMMOMY, BKITIOYaeT
aMUHOKOHLeBYt0 rpynny Met1, ocHoBHOM amup a3oTa 1 Kap-
bokcnnat Asp2 n ummupasoneHyto rpynny His50, xota obuiero
KOHCeHcyca He cyuwiecTsyeT [78]. MHTepecHo, 4To yKe onyb-
JIMKOBaHbl [laHHble, 4TO Mefb ycKopsieT obpa3oBaHue ¢u-
Bpunn a-cuHyKNenHa faxe npu GU3noNorMyecku 3HaYUMBbIX
KOHLEeHTpauumax 6e3 nsMeHenus Mopdonorum pubpunn [70,
79]. XotAa 6OMbLWMHCTBO MCCNEAOBaHMA, MNPOBEAEHHBIX
LN OLEHKM BO3[ENCTBUS MEOM Ha O-CUHYKMEWH, NpoBO-
AWNCb B MPUCYTCTBUM MOHOB CuZ’, HO MO OAHOBAsIEHTHbLIM
MOHaM Mepu ObINO Mony4eHo MeHblue MHopMauuu. Vme-
IOLLMECS IKCMEPUMEHTANbHbIE [aHHble CBUAETENbCTBYHT
0 TOM, 4To aaxe B cnyyae Cu* a-syn obnapaet AByMS caifta-
MW CBA3bIBaHMS, pacnonoeHHbIMK Ha N- u C-koHuax, ¢ co-
MOCTaBUMBIM CPOLCTBOM K MW B MUKPOMOJISIPHOM [ua-
na3soHe. lepBblii CaliT CBA3bIBAHMA BKJIYAET aTOMbI CEpbl
TMO3dUPHbIX rpynn Met1 n Met5, Toraa Kak B ApyroM camte
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TMo3dupHble rpynnbl Met116 n Met127 cnocobHbl cBA3bIBaTL
uoH Meau [76, 77].

Xota obwlas KapTMHa, NONyYeHHas B pesynbrare Bbille-
YNOMSHYTBIX UCCIIEA0BaHWN (puc. 4), NOATBEpPXKAAET NpAMYI0
ponb Meau B CTUMYNMPOBAHUM arperauuy O-CUHYKIEUHa,
cnepyet cobniofatb HEKOTOPYIO OCTOPOXKHOCTb NMpW pac-
CMOTPEHMM NATONOIMYECKOA 3HAYMMOCTH B3aUMOLEHCTBUS
MegM M a-cUHyKnewHa. HepaBHWe pAaHHble noKasanw,
yTO TenbLa J1eBu, N3BMEYEHHbIE U3 TKaHei Mo3ra, Coaepar
0-CUHYKJIEMH, aLeTUNMpOBaHHbIA No N-KoHUeBoW rpynne,
Kpome Toro N-aueTunmpoBaHHas ¢opMa benka 06bl4HO 06-
HapyxuBaetca in vivo [80]. AueTunmpoBaHHas dopma benka
0651aaeT MOBbLILLEHHON CKOHHOCTBK K CMUPANIbHOMY CBO-
paYnBaHuI0, CPOACTBOM K MeMOpaHOCBA3bIBAHUIO U YCTOM-
4MBOCTbIO K arperaumm [81-84]. Hecmotpa Ha To, uto 6enok
BCE eLlle COXpaHseT CBOK cnocobHocTb cBA3bIBaTh Cu* [85],
BcneacTane N-aLeTunmpoBaHus cnocobHOCTb a-CUHYKIENHa
ceasbiBath Cu?* cunbHo Hapywaetcs [86, 87]. ®usno-
NaTonoruyeckne MOCNEACTBUS B3aUMOLEWCTBUS MeXAY
0-CMHYKJIEMHOM M Mefiblo noapobHo onucaHbl B ApYrux pa-
borax [51, 88, 89].

LMPKAQHBIE PUTMbI
W HEMOTOPHbIE CUMITTOMBI
BOJIE3HU MAPKMUCOHA

N3BecTHO, 4To XapaKTepHas ocobeHHocTb BIT — 310 no-
CcTeneHHas notepsl LOMAMMHEPrUYECKUX HEMPOHOB B KOM-
MaKTHO YacTK YepHOI cybCcTaHUMK, CBA3aHHas C aHOMarb-
HbIM HaKOMMEHUEM Q-CUHYKNeuHa (a-syn) M aKTuBaLMeil
MWKPOTIAKW, 3TV NPOLLECChI CONPOBOXATCA HeipoBocnane-
HWeM. B CBA3M C 3TUM HapyLeHUs LMPKaaHbIX PUTMOB Mrpa-
10T Ba)KHyto ponb B pa3sutum Bl (puc. 5), npuyeM ¢ HUMM
CBA3aHO OOMbLIMHCTBO HEMOTOPHBIX CMMMTOMOB Ha PaHHWX
cragusx bl [90].

3TV HapyLweHus MoryT HabnoaaTbcsa 3a HECKONBKO NeT
[0 NOSBEHUA [BUraTeNibHbIX CUMMTOMOB WM XapaKTepuay-
I0TCA BO3HUKHOBEHUEM HeJiBUraTeslbHbIX CUMMTOMOB, NMPEX-
[ BCEro 370 pPacCTPOMCTBO MOBEAEHMSA U HapylueHus dasbl
BbICTpOro cHa, cMHApoMa 6ecnoKOWHbIX HOT, Ype3MepHas
OHEBHAaA COHNMBOCTb, ENpPeccus U TPEBOXHOCTb, M3Me-
HEeHUs apTepuasnbHOr0 AABMEHWS, KeNyL0YHO-KULLEUHbIE
paccTpoiicTBa U npobnembl ¢ MoyencnycKaHueM. TakuM
06pa3oM, HapylieHue LMPKafHbIX PUTMOB NpepLlecTByeT
MOSBNEHMI0 iBUraTeNlbHbIX CUMMTOMOB U CrocobCcTByeT pas-
sutmio BIl.

CynpaxmasMaTuyeckme Afpa Kak LEHTpbl perynsummu
B1OM0rMYECKMX YacoB He TONLKO PErynupyroT cobCTBEHHBIE
TKaHeBble PUTMbI, HO M YNABAMBAKOT CUrHasbl CBETa U TEM-
nepatypsbl, BAMAA Ha nepudepuyeckne buonormyeckue yachbl
MOCPefCTBOM 3HAOKPUHHBIX CUTHANbHbIX MyTeln U BereTa-
TMBHOW HepBHOW cucTeMsbl [91]. 3Tn nepudepuyeckne buo-
NOTWMYECKME Yachl HAXOLATCA B PasfMuHbIX OpraHax, Takux
KaK neyeHb, KOXa, cepaue, MOYKW W [p., U KaXabIA U3 HUX
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Puc. 4. BaavMopencTame ¢ MoHaMW Meau B COBLITUSX KynponTo3a B natoreHe3e 6o/1e3xm MapKuHCoHa. a-syn — anbda-cuHykmewH; bl — bonesHs Map-
KuHcoHa; ADK — akTusHas dopMa kucnopopa; A — podamuH. © 2025 Neural Regeneration Research. V3o6paxeHne afanpoBaHo ¢ U3MeHeHWAMM
13 [doi: 10.4103/NRR.NRR-D-24-00642]. PacnpocTpansiercs Ha ycnosusx amuensnmn CC BY-ND 4.0.

Fig. 4. Interaction with copper ions triggered by cuproptosis in pathogenesis of Parkinson’s disease. Alpha-synuclein (a-syn); Parkinson’s disease (BI1);
active oxygen form (A®K); dopamine (JA). © 2025 Neural Regeneration Research. Adapted from [doi: 10.4103/NRR.NRR-D-24-00642]. Distributed under
CC BY-ND 4.0 license.
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Puc. 5. Cxema BnmsiHUA UMPKaaHbIX PUTMOB Ha HEMOTOPHbIE CMMMTOMbI bonesHn napKVICOHa.

Fig. 5. Effect of circadian rhythms on non-motor symptoms of Parkison’s disease.
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Puc. 6. lNpennonaraemas cxema CobbITMIA KynmpomnTo3a B acTpouutax B mpucytcteun okcmpa wtpua. Y,0; NPs — HaHouacTMupl oKcuaa wTpus;
TRIM24, DTNBP1 — uHrubumtopel nepeHoca Meau (c uameHenusmm no Z. Chen v coasr. [97]).

Fig. 6. Hypothesized pattern of yttrium oxide-induced astrocyte cuproptosis. Y203 NPs, yttrium oxide nanoparticles; TRIM24, DTNBP1, copper transfer inhibitors

(adapted from Z. Chen et al. [97]).

AEMOHCTPUPYET CODCTBEHHYI0 PUTMUYHOCTb, MOLYMHSIOLLYHO-
€A LeHTpanbHom perynauum [92].

B page cTateit onucbiBaeTcA ponib HapyLUEHUS LMpKag-
HbIX PUTMOB B pa3BuTiM BI1 Ha KNETOUHOM W MONEKYNSPHOM
YPOBHSIX W CBAA3W 3TUX MPOLIECCOB C YCIOBUAMM MPUMEHEHMS
MeaMKaMeHTo3Hon Tepanum [93].

TPAHCIMOPT NOHOB ME[U:
KYNPOMNTO3 B ACTPOLIUTAX

AcTpounTbl 06n1afalT YHUKaNbHBIMU aHAaTOMUYECKUMH,
Mopdonoruyeckummn u Metabonmueckumm ocobeHHocTs-
MW, MO3BONAIWMMU UM Morowartb cybcTpaThl U3 KpoBM
“ MeTabonuanpoBatb WX NS NOKaNbHOM [OCTaBKU K aK-
TMBHbIM CWMHancaM [ NofAepiaHus (GYHKUMA Helpo-
HoB [95]. YctaHoeneHo, yto AT®asa7A onocpenyeT BbiCBO-
boxaeHne Meou W3 acTpoLMTOB NS CHabXeHWUs HEMpOHOB
3TUM BaXXHbIM MUKpoanieMeHToM [96]. TakuM obpasoM, Ha-
pyLUeHUe MOCTYMIEHNS MeAM M3 acTPOLMTOB, BbI3BaHHOE
MyTaumen B reHe ATQasbl, MOXeT cnocobcTBoBaTh aedu-
UUTYy Meau B HelpoHax npu 6onesHu Menkeca [69]. OgHa-
KO U3DbITOK MeAu B TKaHAX MO3ra, KOTOpblM Habniopaetcs
Mpu CTapeHUW, a TaKKe NpU pasfuyHbIX 3aboneBaHuMsX
UHC, Bknouas 6onesHb BunbcoHa u BIl, B onpeaeneHHoi
Mepe HeMTpanu3yeTcs acTpoLuUTaMu, Npu ux nponudepaumm,
YCKOPEHHBLIM NOTPebNeHUEM [MIOKO3bl U BbICBOOOXKAEHUEM
flaKTaTa, a TaKKe COMpOBOXAAETCS MOBbILIEHNEM YPOBHS
MeTanj0TMOHenHa U BblpaboTKOW [yTaTMOHa, KOTOpble He-
0bxoauMbl ANs yBeNMYEHUS COCOBHOCTM acTpOLMTOB K Ha-
KonneHuto Meam [97]. TakuM obpasoM, AnA NofAepIKaHus
HOpManbHOro roMeocTasa Mefy acTpouMTbl HeobXoaWMB
ANS 3aLMUThl HEPOHOB OT OKUCNIUTENBHOTO CTPECCa, Bbl3BaH-

HOr0 Ype3MepHbIM HaKOMIEHWEM UOHOB Meay, B TOM YuChe
33 CYET BbIAENEHWS [TYTaTUOHA, KOTOPbIN MOXET YMEHbLUUTL
onocpefoBaHHOE Mefdbl0 WCTOLLEHME 3arnacoB [yTaTUoHa
B HelipoHax, WM NyTeM BbIAENEHWUA NUpyBaTa, KOTOPbIA,
KaK M3BEeCTHO, MpefoTBpaLlaeT ayTOOKUC/IEHWE LIMCTEMHA,
BbI3BaHHOE MOHaMK Me.

Z. Chen u coaBT. [97] 3KcnepUMeHTa/bHO YCTaHOBMIIH,
yto BBefeHne HaHoyactuy, Y,0; NPs WBOTHBIM Bbi3blBano
KynponTo3 acTpouMTOB Npu BNOKWUPOBaHUM OTTOKA W30ObIT-
Ka uoHoB Cu® W3 KNeTOK, OMOCPefoBaHHbI CUTHaNbHBIM
nytem TRIM24/DTNBP1/ATP7A. Pe3synbtathl 3TMX Mccne-
[0BaHWi BrepBble NPOLEMOHCTPUPOBANU BaXKHYK pofb
acTpOLMTOB B HEMPOTOKCMYHOCTM, Bbi3biBAEMOW HaHOYa-
ctuuammn Y,0, NPs, n foKkasanu, 4To Kynponto3 sBnseTcs
OCHOBHbIM Me[jb3aBMCMMBIM MeXaHWU3MOM r1benn acTpouu-
T0B (puC. 6).

HOBAS POJIb COA1
B NATOJIOMEHE3E BOJIE3HU
MAPKUHCOHA

HepaBHsas pabora K. Nishiyama u coasrt. [99] cBa3ana
obpasoBaHue amopdHbix arperatos CO1 ¢ nporpeccupo-
BaHueM bll, uto ewe Gonblue cBA3bIBaeT AeduUUMT Meau
c 3aboneBaHueM. WccnepoBatenn obHapyXuamM MMMyHO-
peaktueHocTb COL1 B Tenbuax Jleeu u Hesputax JleBu
KaK B 4epHoii cybcTaHumMK, Tak 1 B rolyboM NATHe rofoBHO-
ro Mo3ra npu bll, uto nogTBepAMNO npepbiaywme coobule-
HUS O COBMECTHOM OTNIOXeHUM a-cuHyknenHa u COLT npu
natonoruu Jleeu, csizanHoi ¢ Bl [100]. OpHako B gonon-
HEeHMe K 3TUM aMWIOMOHbLIM arperataM B Tex e obnactsx
MO3ra TaKe Habnioganucb MopdoNorMyeckn pasfimyHble
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arperatbl, cogepxawme SOD1. bbino onucaHo, YTo 3TM Ho-
Bble arperatbl, cofepxawme CO[1, KoTopble NpeacTaBnsMu
cobon amMopdHble M chepuyeckue CTPYKTYpbI, MPAKTUHECKM
JMLLEHBI 0-CUHYKJIEUHA, HO COfepaT YOMKBUTUH, YTo npea-
nonaraeT HapylleHWe MyTM WX MPOTeacOMHOW [erpafa-
umm [99]. Yto ewwe bonee MHTEPECHO, He TOILKO MAIOTHOCTb
amopdHbix arperatoB CO[l1 Gbina 3HauUMTENBHO BhILLE B MO-
nybom nATHe W yepHoii cybcTaHummu ronosHoro Mo3ra ¢ bl
M0 CPaBHEHMIO C KOHTPOJIbHOW FPYNMoi COOTBETCTBYHOLLEND
BO3pacTa, HO OHa Takke bblna 3HauuTenbHO 6osiee BLICOKON,
YeM BO BCEX HefereHepupytoLLMX 061acTax rofoBHOM Mo3ra
naumenTa c bll, yto npegnonaraet cBA3b Mexay arperauueit
COM1 n pereHepauven HenpoHoB [99]. CBssb ¢ Meablo BO3-
HWKNa B pe3ynbraTe HabMOAEHWSA MONOXMTENBHOIO CABUra
M303/1EKTPUYECKOM ToUKKM pacTBopumoro SOD T, BeigeneHHoro
W3 roNOBHOTO Mo3ra nauueHToB ¢ bll, no cpaBHeHMIo ¢ KoH-
TPO/LHOW TPYNMoiA, NpuyeM paHee 6bl10 NPOAEMOHCTPUPO-
BaHO, 4TO 3TO NMOBEAEHME 3aBMCUT OT YMEHbLUEHUS BKIHOYe-
HWA MeTannnyeckoro uoHa Meau B 6enok [101]. Ucnonb3ys
cneunduyeckue aHTUTeNa, HanpaeneHHble Ha MeTannoge-
GUUMTHBIN HenpaBunbHo cBepHyTbIn COM1, uccnenoBatenu
NOATBEPAWIM WX MPUCYTCTBUE B YA3BMMbIX 0bnacTax Mosra
c b1, B To BpeMs KaK B Tex e 061acTax KOHTPONLHOIO Mo3ra
oHu otcytctBoBanm [99]. MockonbKy cneunduyeckas akTuB-
Hoctb CO/l1 Bbina cunbHO HapyLleHa B YepHOW cybeTaHLmu
C neduuuTOM Mefu No CPaBHEHUIO C APYrUMU HeLereHepu-
pytoLLMMM 0bnacTaMM Mo3ra, MccnefoBaTenu Npeaaoxunm
Mofenb, B KOTOPOM AeduuuT Meau B YepHOM CybcTaHumm
1 ronyboM NoKyce CBA3aH CO CHUMXEHMEM COAEpIKaHMs Hacbl-
LweHHoro meabto COM1, BcnencTeme Yero MeHee cTabuibHbIN
ano-6enoK HakanaMBaeTcs B aMOp@HbIX arperatax u Tepset
CBOK CNOCOOHOCTb 3aLUMLLATh HEAPOHbI OT OKUC/UTENBHOTO
nospexgeHus [99].

W3MEHEHWUE TOMEOCTA3A MEZIU
U NATOJIOMMYECKUE NOCNEACTBUA
JNCBAJTAHCA

B cBeTe cyLLecTBEHHOM POiM MEAM Af1Sl KW3HM OpraHu3Ma
M3MEHEHMS B rOMeocTase Meau, KOTopble MOryT MpUBOAUTb
KaK K MOBBILLEHUIO, TAK W K CHUXEHMIO YPOBHS, MOTYT UMETb
narybuble nocnencteus. OcTpas TOKCMYHOCTb OpraHM3Ma,
BbI3BaHHas MPMEMOM Me[y, NpeACcTaBnseT coboi JOBONBHO
penKoe ABNEHME, MOCKOJbKY KONMYECTBO Meau, Heobxoaumoe
LS| BO3HUKHOBEHWS N0BOYHBIX 3 HEKTOB, LOBOJILHO BbICOKOE,
nopsaka rpaMmoB. OCHOBHBLIMM MULLIEHSIMU OCTPO#A TOKCUUHO-
CTW, CBA3AHHOW C Me[blo, ABMAITCS JKeMyNoUHO-KULLIEYHaS,
neyeHoYHas, noyeyHas, reMaTonornyeckas U cepaeyHo-co-
CYAMCTas CUCTEMBI, @ K/IMHUYECKUE CMMMTOMbI BKJHOYaIOT
bonb B }UBOTE, TOLUHOTY, PBOTY, MUMOTEH3UI0, TaXUKapAMIO,
BHYTPUCOCYAMCTBIA TEMOMN3, MEYEHOUHYI0 U MOYEYHYI0 He-
poctatoyHocTb [102]. B otnmume OT OCTPOi MHTOKCMKa-
LMK, BbI3BaHHOM BbICOKUM YPOBHEM MenM, XPOHUYECKWI
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AMCroMeocTas MefM 4acTo SBNSIETCA Pe3ynbTaToM reHe-
TUYECKW [ETEPMUHUPOBAHHBLIX HapYLUEHWH, KOTOpble Mpu-
cywm 6onesHn Menkeca u 6onesHn BunbcoHa [46]. bo-
nesHb MeHKkeca — 310 X-CLenyieHHOe peLeccUBHOe
3abonesaHue, Bbi3biBaeMoe MyTaumamu B reHe ATP7A, Ko-
AMpYIOLLEM TpaHcropTupylowylo Meab AT®asy ATO7A. 31o
MeTabonuueckoe 3aboneBaHue CO CMEpTENbHBIM UCXOAO0M,
XapaKTepu3yloLleecs Nporpeccupylolleii HeBponoruye-
CKOW [ereHepauuen, aHOManuAMW COEOMHUTENbHOM TKa-
HW, MBILLEYHOW TMMOTOHWEN, TUMOTEPMUEN W aHOManMAMU
Koxu u Bonoc [103, 104]. U3-3a notpebHocTM TpaHcnopTe-
pa ATO7A pnsa TpaHcnopTa Meau Yepe3 6a3onatepasbHyto
MeMbpaHy 3nuUTeNManbHbIX KIETOK KULLEYHMKA mpu bones-
HW MeHKeca HabnopaeTca aeduUMT Meau, LMpKYIUpyHoLLen
B KPOBM, MOYKAX, MEYEHW W TOJIOBHOM MO3re, B TO BPeMS
KaK OT/IOXEHUA Mefy NPUCYTCTBYHOT B SHTEPOLMTAX KULLEY-
Hvka [103, 104]. Bone3Hb BunscoHa — ayTocoMHo-peLieccuB-
Hoe 3aboneBaHue, Bbi3biBaeMoe MyTaumsmu B reHe ATP7B,
pacnonoxeHHOM Ha 13- XpoMocoMe, KOAMPYIOLLEM Meab
TpaHcnoptupytowyto AT®@asy ATO7B [46, 105]. Hapywe-
Hue aktuBHocTM AT®O7B npuBOAMT K HaKOMIEHUID Meau
BO MHOMMX OpraHax, InaBHbIM 00pa3oM B MeYeHM, HO TaK-
e 1 B rOJIOBHOM MO3re, Fe COLepXaHue Meau, Kak bbino
MOKa3aHo, NpUMepHo B 8 pa3 Bblille, YeM B KOHTPOJILHOM
rpynne [106]. WccnepoBatenu oTMeYaloT, YTo Y MauMeHTOB
¢ bonesHblo BunbcoHa NposBASAIOTCA NapKUHCOHOMO[O6HbIE
CMMNTOMBI, TaKUe KaK TpeMop, bpafuKkuHesns u Hectabunb-
HOCTb ocaHkW. Ponb Megu B passutum bonesHeir MeHkeca
1 BunbcoHa nopgpobHo paccMatpuBanack U B Lpyrux MCTOM-
HUKax [46]. B nonosHeHue K BbILEYNOMSAHYTLIM FEHETUYECKU
LETEPMUHUPOBAHHBIM HapYyLIEHUAM, M KaK MNonarawT, 3a-
BMCALLME OT BO3pacTa NaLMeHTOB U3MEHEHUS YPOBHSA MeM,
no-BULMMOMY, cnocobCTBYIOT BO3HUKHOBEHUIO Helipopere-
HepaTUBHBIX PaccTpoOMCTB, BKYas 6onesHb [apkuHCOHa,
AnbureiiMepa, leHTMHITOHa, 6oKoBOro ammoTpodmyecKoro
cknieposa (puc. 7) [46, 51].

KOHLI,EHTpaLWIﬂ WOHOB Meaun

. 0.9, 2590
0 = oS '::)‘::)O-juouo
HeLoCTaTouHbIe tu3mnonormyeckve ypesMepHble

KonnmyecTBa MOHOB

1

{ COA1 arperauus
| con1 aktvaums

YPOBHK KonnyecTBa

yCuneHue OKUCnTesIbHoro
CTpecca

{ okucnenme nodamuHa
f a-syn arperaumsa

\ | 6one3Hb MapkuHcoHa J/

Puc. 7. ucperynaums roMeoctasa Meam B natoreHese 6one3sHu MapkuHco-
Ha. 0-Syn — anbda-CUHYKIEenH.

Fig. 7. Dysregulation of copper homeostasis in pathogenesis of Parkinson’s
disease. a-syn, alpha-synuclein.
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Puc. 8. 0606LLieHHas cxeMa MexaHW3Ma perysumm Meam 1 KynpornTosa B
nopTHas Lenb MuToxoHapuin; NO — okenp asora; 1L-6, 1L-

natoreHe3e bonesHu MapkuHcoHa. TNF-a — ®HO-a; 3T — aneKTpoH-TpaHc-

1B — WHTEpNeNKMHbI.

Fig. 8. General mechanism of copper regulation and cuproptosis in pathogenesis of Parkinson’s disease. TNF-a, tumor necrosis factor a; 3TLL, mitochondrial

electron transport chain; NO, nitrous oxide; IL-6, IL-1B, interleukins.

CBA3b TEPAINWU BOJIE3HU
MAPKUHCOHA C PETYIATOPHbIM
MEXAHWU3MOM KYMPOMNTO3A

lNokasaHo, yto Tepanusa bI1 xenatopom Mean ATHA34 cHu-
KaeT ypoBeHb Meau, obneryas asuratenbHble U 060HATENb-
Hble HapyLueHus y nauuenTos ¢ Bl [106].

B Hactoswee Bpems o6Lienpu3HaHo, YTO KynpomnTo3
UrpaeT CyLLECTBEHHYI ponb B natoreHese 6onesuu Mlap-
KuHcoHa [107]. OxupaeTtcs, 4To HOBble Npenapatbl Ha OCHO-
BE XenaTopoB Meau byayT Bo3neMcTBOBAaTb HAa MeXaHW3Mbl
perynsuuu, CBA3aHHbIE C KynponTo30M M MOAABNATb €ro.
Xenatupylolmii areHT CBA3bIBAET MOHbI METANOB, CHUXKA-
eT BHYTPUKIIETOYHOE COAEPIKAHWE METajioB U perynupy-
eT romeoctas uoHoB Metannos [108]. Hanpumep, xenatop
Meau (HaHoMaTepuan) CBA3bIBaeT Mefb, 00pa3ys CTabunb-
HbIi LMKJIMYECKUIA KOMMNJIEKC C MOHaMM Mepu (puc. 8), TeMm
caMbIM NofAepuBas cTabunbHOCTL roMeocTasa Mefiy B op-
raHusme [109].

Takum 06pa3oM cKIafbiBaeTCA KapTuHa, COMMAacHo Ko-
TOPOW OKMCIUTENbHO-BOCCTAHOBUTENbHAA aKTUBHOCTb MeAM
obs3aTenbHa M Heo0XoaMMa LIS KWU3HW YeNOBEKA, OAHAKO
MOJETOKa3blBaTb HeraTMBHOE BO3LENCTBME B MPUCYTCTBUM
M3BbITOYHBIX YPOBHEN 3TOr0 MUKpo3anemeHTa. C apyron cro-
POHbI, AePUUNT MEAM TaKKe NPUBOAMT K NarybHbIM nocnes-
CTBMSAM U3-3a NnoTepyu ee buonoruyeckux @yHkumin. Cnegyet
MoAYepKHYTb, 4TO OOMBLIMHCTBO MOMEKYNAPHBIX NPOLLECCoB,
KOTOpble CBA3bIBAOT U30bITOYHBLIA YPOBEHb Mefu C Heil-
POTOKCUYHOCTBIO, CBOAATCA K YCUNEHUIO BHYTPUKIIETOYHBIX

D0l https://doiorg/10.17

OKMCIUTENbHBIX YCNOBUIA. AHanormyHbIM 06pa3oM, BMeLIM-
Basicb B npouecc cospeBaHua COL1, peduumt mean Takke
CBSI3aH C YCWIIEHMEM OKUCIIMTENBHOTO MOBPEXAEHMS, 4TO M0-
3BONSAET NPEAMNONONMUTb, YTO aHANOrUYHbIE MOMEKYNSPHbIE
MeXaHM3Mbl TOKCUYHOCTW MOTYT ONOCPeN0BaTh MOBPEXAEHME
KNETOK B 3TUX CUTYaLMsIX AMCroOMeocTasa Meaw.

Wcnonb3yeMele B HacToALLEE BPeMs Npenaparthbl, BO3/el-
CTBYIOLUME Ha NYTb L-KMHYpeHWHa, NpPOMEXYTOYHOrO 3BEHA
OCHOBHOrO NyTW MeTabonmaMa TpuntodaHa, MOryT OKasbl-
BaTb HEMpOMPOTEKTOpPHOE AencTBue U 0bneryatb Bbi3BaH-
HYK0 NIEBOJOMOW OWUCKMHE3MIO, TaK KaK NieBogona sBnseTcs
pacnpocTpaHeHHbIM MeTofoM JNieyeHus bonesnm lapkuHco-
Ha [110].

AHanu3 uccnenoBaHWi NocnefHUX NET NOATBEPKAAET,
YTO aHOMasIbHbIN TPAHCMOPT CUHANTUYECKUX NMY3bIPbKOB HEM-
POHOB NpefcTaBAseT coboii CyLLEeCTBEHHbIN aCNEKT NaToreHe-
3a bll. bonee Toro, ABUraTesibHble HapyLIEHUs Npy 6oesHm
lapkuHCOHa TeCHO CBAi3aHbI C AereHepauuren HUrpocTpuap-
HbIX J0aMUHEPTMYECKNX HEMPOHOB W UX MPOEKLMIA B MoJIo-
catom Tene [111].

B nocnepnHee BpeMs BO3pOCo KOMMYECTBO UCCNELOBaHMUIA
Mo MexaHW3MaM, CBA3aHHbIX ¢ KynponTo3oM npu bl [112]. O1-
METUM NepCrneKkTUBHY0 paboTy, B KOTOpoii Bbinu oTobpaHbl
3 K/0YeBbIX KynponTo3cBs3aHHbIX reHa: SLCI8AZ, SLC6A3,
SV2C.SLC18A2 — perynaTopbl MOHOAMUHEPTUYECKOM CUCTe-
Mbl, KoTopble nocTosHHO akcnpeccupyetcs B LIHC, Hapywwe-
HWEe WX 3KCTPECcCUM CBA3AHO C NaToPU3MONOrMEN PasfUYHbIX
3abonesanuit ronosHoro Mo3ra [113]. Okasanock, YTo NOBbI-
LUEHHBbI YpoBeHb UM M3MeHeHUe QyHKuuM Genkos SV2C.
SLC18A2 wrpatoT HeiiponpoTeKTopHyto ponb npu bBll, KpoMe
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TOr0 YCTAaHOBJIEHO, YTO OLHOHYKNEOTUAHbIE MOMMOP(U3MBI
B €ro NpeaLecTBeHHNUKE CBA3aHbl C PUCKOM pa3BuUTUA 60-
ne3snu MNapKWHCOHA y NpeaCcTaBUTENEN eBPONEOMAHON pacl,
npuyeM Hapywenue akcnpeccun SV2C.SLCIBAZ B basanb-
HbIX TaHIIUSAX CYMTAETCA OAHOM M3 MaTo(M3NONOrUYeCcKUX
ocobenHocTen Bl1. C nomoLubio 3TnX 3 reHoB bbina co3paHa
AMarHoCTMYeCcKas W NPOrHoCTUYEeCKast Moaesb ANs fieYeHns
naumenToB ¢ bl [24].

3AKJIKYEHUE

KynponTo3 npeacraBnsiet coboi HOBbIA M MHOroobeLLa-
IOLLMA NOLAX0A, K MOHUMAHMIO PONW HapyLIEHUs Perynsuuu
MeaM B pasBUTUW HEMpOAEereHepaTUBHLIX 3aboneBaHuit. W3-
YUMB [ETANM MEXAHWU3MOB, C MOMOLLIbI KOTOPbIX MPOUCXOAUT
Mefb3aBuCUMMast rmbenb KNeToK, MOXHO pa3paboTaTb HOBble
TepaneBTUYeCKWe CTpaTernu, 0Co6eHHO AN COCTOSHUIA, Xa-
paKTepu3ytoLwmMxcs aucbanaHcoM Mefy, Mpexae Bcero 31o bo-
nesHb BunbcoHa u BI1. TepanesTnyeckuin noteHUman Bo3aen-
CTBMS Ha KynponTo3 C NOMOLLbH CTPATErvin XenaTupoBaHus
ME[M YKe NOATBEPIKAEH Ha Pa3/INUHbIX SKCMIEPUMEHTAbHbIX
MOZENSX, LEMOHCTPUPYHOLLMX 3HAUMTENBHOE YITyYLLIEHWE KOr-
HWUTUBHBIX NOKa3aTeNeil U cMMNTOMOB 3aboneBanus. BHeape-
HWe KOHLENLUMM KynpornTo3a B KIMHUYECKYIO NMPaKTUKY MOXET
MOBBICUTb TOYHOCTb AUArHOCTUKM M IPGEKTUBHOCTL JIEUYEHMS
3a cyeT NepcoHanM3auum MegULMHCKUX MOAXOLO0B, PaHHEro
BMeLUaTeNbCTBa M TOYHO perynauuu ypoBHa Meou. Cneayet
NMPOLOMKUTD U3YYEHUE CNOXKHBIX MONEKYNSAPHBIX MeXaHu3-
MOB KyrnponTo3a, pa3paboratb cneunduyeckve bruomapkepsl
ANS PaHHEro BbIABNEHWUS HEPOAEreHepaTUBHbIX NaTosoruii
W ONTUMWU3UPOBaTbL TepaneBTUYECKUE MPOTOKOMLI Ans obe-
cneyeHus besonacHocTM M 3QGHEKTMBHOCTM neyeHus. Pe-
weHne 3TMX npobnem BymeT uMeTb pelualoLliee 3HAYeHMe
ONs BHEOPEHUS HOBbLIX HaY4HbIX OTKPbITUI B KMHUYECKYH
MPaKTUKY, YTO B KOHEYHOM MTOre YNyYLLMT YXOf, 33 NauueH-
TaMu 1 NOBBICUT Ka4eCTBO WX HU3HW.
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KapaunonpoteKkTtuBHOE AeUCTBUE AeKCMeAeTOMUAMHA

NPy KapaAUOXUPYPruyecKUX U HeKapAuasbHbIX onepaumsax
B acneKkTe npeaynpexpaeHus

HeWporeHHoU aucTpopun MUoKapaa

0.H. 3abpoauH, B.W. CrpawHos

Mepebiit CaHKT-TeTepbyprekuii rocyaapcTBEHHbIA MEAMLIMHCKMIA YHUBepcuTeT UM. akad. W.M. Maenosa, CaHkT-MeTepbypr, Poccus

AHHOTALMA

[lekcMeneToMManH 0bnagaeT KapAMOMPOTEKTUBHLIM AEACTBUEM MPU Pa3fIMYHLIX HEKApPAMOXMPYPrMYECKUX Onepaumax —
Ha aopTe, cocyfax, Ta30beapeHHOM cycTaBe. BaHbIM KOMMOHEHTOM AeKCMeeTOMUANHA KaK O,-afipeHoaroH1cTa ABnsetca
ero cuMnatonmuTUyeckoe peictane. C yKasaHHbIM [ECTBUEM AEKCMEAETOMUAMHA CBA3bIBAOT CTabunusupylowee BiuUsHUE
npenapara Ha reMoiMHaMMKY M CHUXEHWE YacToTbl MMOKapAMabHOW UWLEMIUK BO BPeMS Onepauuid. B aKkcnepuMeHTanbHbIX
M KJIMHUYECKMX YCNOBMAX YCTAHOBJIEHO, YTO Mpenaparel, 0bnajatoLlme CUMNaTONIMTUYECKUM AeCTBUEM: FaHIMOOMIOKaTopbI
B [03aX, ONOKMPYIOLUMX CUMNATUYECKMe TaHTIUK, CUMMATONIMTUKW U 3NUAYpanbHble aHeCTeTUKM — 00nafaloT Kapavonpo-
TEKTUBHbIM JeNCTBUEM Dnarofapsa NpeaynpexaeHnio HapyLweHNs CUMNaTMYeCKOoN perynaumm TpodUYeCcKUX NpOLECCOB B MM-
oKapge. [Mctpoduueckue U3MeHeHUs! B MUOKAp[e, Bbi3blBaeMble B IKCMEPUMEHTe pasfparKeHWeM pedeKCcoreHHOH 30Hb
LYY a0pThl Y KPbIC U KPOSIMKOB, Npeaynpexaanuch Npy NpeaBapuUTeNbHOM BBELEHUM FaHIIMOBI0KAaTOPOB U CUMMATONIUTUKOB,
B K/IMHMKE MpUW OMepauusax Ha cepaue — WCMob30BaHMEM 3MMAypanbHOM aHecTeawu, 0bajatoLiei CUMNaTONIMTUYECKUM
nevicteueM. CoenaH BbiBOA, O TOM, YTO KapaMOMNPOTEKTUBHOE AeNCTBUE AEeKCMeAeTOMUAMHA CBA3aHO, B YaCTHOCTH, C Npen-
YNpEeXAeHNEM pa3BUTUS BO BPeMS OrepaLmii HeMporeHHo! (petieKTopHoI) AUCTPOodMM MMOKapaa. 3T0 NPOMCXOAMT 3a cyeT
MoaaBNeHns pasapaxeHns pedneKcoreHHbIX 30H NPX rUnepaKkTMBaLMK CUMNATOaAPEHaNoBoi CUCTEMbI C NPeLynpexaeHNeM
nocnenyioLLero UCTOLLEHUS COLEPKaHMs MeanaTopa HopapeHasuHa B MUOKapAE M pasBUTUA B HEM HeliporeHHbIX (pedrek-
TOPHBIX) AUCTPOPUUECKUX U3MEHEHWIA.

KnioueBble cnoBa: KapavonpoTeKuMs; AeKCMEeAeTOMUANH; CepAeYHO-COCYANCTbIE U HEKapaManbHble onepaLmm; MUOKapa;
pedrieKcoreHHble 30Hbl; CUMMaToafipeHanoBasi CUCTEMa; HOpaApeHaNH; HeporeHHble AUCTPOPUUECKUE U3MEHEHUS.
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Cardioprotective Effect of Dexmedetomidine
for Prevention of Neurogenic Myocardial Dystrophy
in Cardiac and Non-Cardiac Surgical Patients

Oleg N. Zabrodin, Viktor I. Strashnov

Academician I.P. Pavlov First St. Petersburg State Medical University, Saint Petersburg, Russia

ABSTRACT

Dexmedetomidine demonstrates cardioprotective effects for various non-cardiac surgical procedures, including those on
the aorta, vessels, and hip joint. A significant aspect of the mechanism of dexmedetomidine as an a,-adrenoceptor agonist
involves its sympatholytic effect. The observed effects of dexmedetomidine are associated with its ability to stabilize
hemodynamics and reduce the incidence of intraoperative myocardial ischemia. Experimental and clinical evidence has
demonstrated that sympatholytic drugs, such as ganglion blockers in doses that block sympathetic ganglia, sympatholytics,
and epidural anesthetics, have a cardioprotective effect by preventing the sympathetic dysregulation of trophic processes
in the myocardium. Dystrophic changes in the myocardium, induced by the experimental irritation of the reflexogenic area
of the aortic arch in rats and rabbits, were prevented by the prior administration of ganglion blockers and sympatholytics.
The similar effects were observed in clinical trials with cardiac surgical patients who received epidural anesthetics, which also
have a sympatholytic effect. The cardioprotective effect of dexmedetomidine is associated with the prevention of intraoperative
neurogenic (reflex) myocardial dystrophy. This effect is achieved by inhibiting the irritation of the reflexogenic areas during
periods of sympathoadrenal overactivation, thereby preventing the myocardial depletion of the neurotransmitter noradrenaline
and the onset of neurogenic (reflex) dystrophic changes.

Keywords: cardioprotection; dexmedetomidine; cardiovascular and non-cardiac surgical procedures; myocardium; reflexo-
genic areas; sympathoadrenal system; noradrenaline; neurogenic dystrophic changes.
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HAYYHBI 0630P

BBEAEHUE

[lexcMeneToMuamnH (npuHsAToe cokpatuenne — DEX) 06-
NafaeT KapAMONpOTEKTUBHBIM AEWCTBMEM MPW Pa3fIMYHbIX
HEKapAMOXMPYPrUYecKMX OnepaLmMsx — Ha aopTe, cocyaax,
TasobenpeHHoM cyctase [10, 27, 34]. BaxHbIM KOMMOHEH-
ToM DEX Kak a,-afpeHoaroHucTa sBNseTca ero cuMnaTtonn-
Tnyeckoe peinctsue [29, 33]. C ykasanHbIM pelicteuem DEX
CBA3bIBAKOT CTAaOUNM3MPYIOLLIEE BAMAHME NpenapaTa Ha reMo-
AVHAMUKY W CHWXKEHWe 4YacToTbl MMOKapAMabHOW ULLIeMUN
BO BpeMs onepaumii [27, 34]. B akcnepuMeHTanbHbIX U Kiu-
HWYECKUX YCIOBUAX YCTAHOB/EHO, YTO npenapatbl, obnapga-
foLLMe CUMNATONUTUYECKUM LENCTBUEM: FaHIMobIoKaTopbl
B [03aX, ONOKMpYIOLWMX CUMNATUYECKME TaHTIWK, CUMMaTo-
mTUKK [1, 7] v anupypanbHble aHecTeTukm (JA) [16] — obna-
LAl0T KapaMONpOTEKTUBHLIM LENCTBUEM MYTEM Mpemynpex-
[EHUA HApYLUEHWUs CUMNATUYECKON Perynsaumum TpopuIecKux
npoLieccoB B MUoKapgae. [laHHbIA 0630p npu3BaH AONOHUTL
npencTaenequs o ToM, yto DEX okasbiBaeT cBoe Kapauo-
MpOTEeKTMBHOE [JeicTBUE NyTeM cTabunusaumu apTepuanb-
Horo paenenHus (Al) Bo BpeMsi onepauuy, npesynpexaeHus
HapyLUEHW CEepAEYHOro pUTMa W YNyuLleHUs KOPOHApHOTo
KpOBOTOKa.

JEKCMEAETOMUAUH
KAK KAPOUOIMPOTEKTOP

DEX sBnsieTc CeNEKTUBHBIM aroHUCTOM LeHTpasbHbIX
0,-aapeHopeLientopoB. KOMNoOHeHTOM dapMaKonorniyeckoro
[eNcTBUA 0,-a[peHoaroHncTos, B YactHoctn DEX, aBnsetca
MX CUMNATONUTUYECKOE [ENCTBME, C YeM CBAA3aHbI Bbi3blBa-
eMble UMW runoTeHsus u bpapmkapaus. lNepuonepaumoHHas
nHdy3sna DEX obnafaeT KapaMONPOTEKTUBHLIM LENCTBUEM:
MpY KapAMOXMPYPIMYECKUX OMepaumsx U onepaumsx Ha co-
Cydax CHWXaeTcs CMEpPTHOCTb NaLUMEHTOB, YacToTa Pa3BUTUS
uHdapkTa MuoKapaa (MM) [10].

KapamonportektueHbin 3 ekt DEX Takke cBA3biBa-
0T C MPOTUBOBOCNANUTESNbHBIM AENCTBUEM W BO3MOMHBIM
YMeHbLLEHNEM 3HAoTeNManbHon aucdyHkumm [31]. Mpm one-
paumsax Ha aopTe nepuonepaumoHHas uHdy3sua DEX npensr-
CTBOBasNia Pe3KuMM U3MeHeHusM A[l 1 pa3BUTHIO HapyLLEHWI
B paboTe cepaua, GUKCUPYEMBIX C MOMOLLbH 3N1EKTPOKapaK-
orpammel (3K Bo Bpemsa onepaumn. Takas WHQy3usa cno-
cobCcTBOBaNa YMEHbLLEHUI0 Pa3BUTMA MLLEMUM MUOKapAa
W CBS3aHHOMO C HEM MOBbLILLEHWSA YPOBHSA TPOMOHMHA B Chi-
BopoTke [27].

Mpu onepaumsx Ha cocypax npumeHeHne DEX cnocob-
CTBOBAJI0 YMEHBLUEHWI0 Pa3BUTUS KapauanbHON feTaslbHO-
¢, HedatanbHoro octporo UM, TpoMboambonumn nerodHomn
apTepuu, OCTPOrO HapyLLEHUS! MO3rOBOM0 KpoBoobpaLLeHus,
apTepuanbHoON TMNEPTEH3UW U HapYLLEHWS CepLEYHOro puT-
Ma [10, 27].

Take B criyyae 3aMeHbl Y NaLMEHTOB C MLLEMUYECKOM
bonesHblo cepala Ta3obefpeHHOro cycTaBa Moj BAMSHUEM
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uHdy3um DEX B ycnoBusx npocreKTUBHOMO, paHAOMU3NpO-
BaHHOr0, [ABOIHOMO CNEMoro UccnesoBaHus bbino BhISBEHO
CHUIKEHWe YacToTbl Pa3BUTUS ULLEMUM MUOKapAa, a Takke
rnoKasaTesieii ero NoBPeXAeHMUS: KOHLIEHTPaLMK B CbIBOPOTKE
KpeaTuHKMHa3bl MB, TponoHuHa, mukoreHdocdopunasbl BB,
UHTepnenkuHa 6 [34].

B akcnepumeHTax Ha Kpbicax OTMeYeHbl 3aLUuTHbIe 3¢-
(EKTbI B OTHOLLEHWM Bbi3bIBaEMOT0 ULLEMMeli-penepdy3ueii
MOBPEXAEHUA 3HAONNA3MaTUUECKOTO PETUKYNYMa Kapauo-
MWOLMTOB, NPUBOAALLErO K pa3BUTUI0 BOCMaIEHUS, anomnTo3a
1 oyaros UM [23, 35]. OgHaKo U B HacTosiLLee BpeMs BONpOC
0 WwmpokoM npuMeHeHun DEX ans npegynpexaeHus Kapau-
anbHbIX OCMOXHEHWUN NPU CEPAEYHO-COCYAMUCTBIX OnepaLmax
OKOH4YaTeNlbHO He peweH [10]. BMmecTe ¢ TeM u3ydyeHue 3a-
WmTHbIX 3@ dexToB DEX y 60MbHbIX C BLICOKMM KapauasbHbIM
PUCKOM NPELCTaBASAETCS BECbMA aKTyasbHBbIM.

PA3PAXXEHUE
PE®JIEKCOIEHHbIX 30H
W EF0 NOCNEACTBUA

HeliporeHHass aucTpodus BHYTPEHHUX OpraHoB CBA3aHa
C HapyLUeHeM HEPBHOMN perynsumv TpoQuKW TKaHel — Te-
YEeHWUS! B HUX 3HEPreTUYECKWUX WM MAACTMYECKUX MPOLIeCCOB.
Moz HepBHOM TPOdUKOI B HACTOSALLEE BPEMSA NOHUMALIT CMO-
cOBHOCTb HEPBHOI CUCTEMBI, U B MEPBY0 0Yepesb CUMMATH-
YECKOro ee 0TAENA, K COXPAHEHMIO CTPYKTYPHON LLENIOCTHOCTH
1 YHKUMOHANBHOO MOCTOSIHCTBA OpraHoB, TKaHeW U opra-
HW3Ma B LIeNI0M Ha ONTUMaJIbHOM YPOBHE 3a CYET NOfAepHkKa-
HWSA B HUX SHEPreTUYECKMX U MNnacTUYeckux npoueccos [1, 3,
9, 13-16, 191.

B pa3sutum yyeHus o HepBHOI TpoduKe M ee HapyLue-
HWAX 3HauuTenbHas ponb npuHaanexut W.N. Masnosy u ero
wione. W.M. Maenos [13] oTKpbin pedneKTopHLIN XapaKTep
HapyLueHWn TpPoduKK TKaHei y cobak, NOABEpPrHyTbIX one-
paTUBHbIM BMeLLATeNbCTBaM B BUZE BXMBNEHUS (ucTyn
B pa3/iMyHble OTAENbl KeNyn04HO-KULWIEYHOro TpakTa. [o-
knag (1920) u cratbs W.N. MaenoBa «0 Tpodumyeckol uH-
HepBauwuu» [14] 060bLwmnKM ero npeacTaBneHUs 0 HepBHOM
perynsaumm Tpodmku. OH yKasbiBan, 4To Tpodmuyeckue Hepsbl
onpefensioT B MHTepecax opraH13Ma KaK LIesioro ToUHbIN pas-
Mep OKOHYaTeNbHOW YTUAM3aUUW NUTATeNbHBIX MaTepuanos
KaX[ibIM OPraHoM W YTO «XMMUYECKMIA JKU3HEHHBIN NpoLiece
KaM[I0/ TKaHW perynupyeTcs B ero MHTEHCMBHOCTU 0COBLIMU
LeHTpODEXHBIMU HEpBaMU W NPUTOM MO pacnpocTpaHeH-
HOMY B OpraHu3Me NpUHUMNY — B [ABYX MPOTMBOMONOM-
HbIX HanpaeneHusix. O4HW HepBbl YCUAMBAKT 3TOT MpoLecc
U TeM MOOHUMAIOT U3HEHHOCTb TKaHU, Apyrie ocnabnstot
ero ¥ Npu 4pe3Bbl4aliHOM UX Pa3ApaXKeHUM NIULLAIOT TKaHb
CnocobHOCTM COMPOTUBASATLCS Pa3pyLUMTENbHBIM, MOCTOSHHO
BHYTPW W BHE OpraHu3Ma [EeWCTBYIOLLMM BIIMSHUAM BCSKOO
poga» [14, c. 578].

JI.A. Opbenun u ero wKona pa3sum yyeHue 06 aganta-
LIMOHHO-TPOMUYECKOW (YHKLMWM CUMMNATUYECKOW HepBHOW
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cuctemsl (CHC). OH nopyepkuBan, 4to «HE3aBUCMMO OT TOrO,
UrpaloT I HepBbl POfib B MATONOMUK WK HET, OmpefeneH-
Hble OTAENbl HEePBHOW CUCTEMbI MO CMeLManbHbIM MPOBO-
LHUKaM, M0 CUMMATUYECKUM BOJIOKHaM, B HOPMAJIbHbIX
(U3MONOTMYECKMX YCNOBUSAX YYaCTBYHOT B PEryNALMN XUMHU-
YECKWX MPOLIECCOB B OpraHax W onpeaensioT cobol Kak xop,
XMMUYECKON PeaKLmm, TaK U QU3NYECKOe COCTOSIHUE MBbILLILL
U TKaHeii» [12, c. 594]. J1.A. Opbenu n coTpyaHUKK YCTaHOBWIN
BenyLLee 3HadyeHne CHC B nopaepikaHum 1 BOCCTaHOBNIEHUM
QYHKUMA OpraHoB M TKaHen M B MepByl0 oyepedb — Mo-
nepeyHononocatoin Myckynatypsl [12]. Mo3aHee bbina ycra-
HoBneHa BaxHasa ponb CHC B moppaepaHun MeTabonms-
Ma B MoKoe Y Nogen [25] u yMeHblLeHWe cUMNATUYECKOW
noafepXKu MeTabonmaMa ¢ Bo3pactoM M cuasueM obpase
u3Hu [19].

A.[l. CnepaHckuii [15] no pe3ynbTataM onbITOB Ha cobakax
yCTaHoBKA, YTO Nt060M Y4aCTOK HEPBHOM CUCTEMBI MpK ero
Upe3BbIYANHOM Pa3fpaXKeHUM MOXET CTaTb WCTOYHWKOM
pa3BUTMS NpoLecca HempoTpodMUecKoro xapakTepa: y cobak
MexaHWYecKoe pasfpaXkeHue runoTanamuyeckon obnactu,
XMMUYECKOE pa3fpaeHne CefanuLLHOre HepBa NpUBOLUIM
K pasBUTWIO rpybbiX TPOPUUECKUX U3MEHEHUI KaK B HepB-
HbIX CTBOJIAX, TaK U B NOY4aOLLMX MHHEPBALIMIO BHYTPEHHUX
OpraHax U1 TKaHsiX.

Tak Ha3blBaeMas LiEHTpOreHHas AMCTpodMA MMOKap-
Aa Morna bbiTb NonyyYeHa MU XPOHUYECKOM pasfpaKeHuu
nepegHero U 3afHero OTAENOB rMMoTanamyca y KpoJMKOB,
a MMEHHO NpU 3NeKTPOpa3ApaXKeHUu CynpaonTUYeCKoro
WNM 3afHEro sApa runoTanamyca Yepes BHUBIEHHbIE 3JIeK-
TpoAbl. [py 3TOM yepes 7 fHelt nocne Hayana pasapaxeHus
Bbinn 0bHapyKeHbl rpybble Mopdonoryeckme U3MeHeHUs
B MWOKapae: yyacTku QparMeHTaumu, AereHepaumn U He-
Kpo3a C pa3BuTeM pybLoBbIX U3MeHeHwii [7, 9].

Iuctpoduueckue u3MeHeHns Moru 6bITb  BbI3BaHbI
B MWOKapfe KpbiC Npu pa3fpaXXeHUW y3noBaToro raHmus
W 3BE3AYATOr0 Y3N1a, HO B HaubosbLLeH CTENEHN — Y KpbIC
W KPOJMKOB MPM pasfpaxeHun pedneKcoreHHoi 30HbI yru
aopTbl, KOraa B JIEBOM XKENy[oYKe MpU MUKPOCKOMMYe-
CKOM UCCNefoBaHUM Obin 0TMeYEHbI 0bLLIMPHBIE 04aroBbIE
Hekpo3bl [1, 7].

PednekTopHas auctpodms M1MoKapaa Morna bbITh Bbi3Ba-
Ha TaKXKe pa3fpaXeHWeM CefaNMLLHOTO HepBa Y KoLueK [2]
WM TOH3UANSAPHBIX 0BnacTen y KPONWKOB (TOH3WIOreHHas
MUoKapavoauctpodus) [18].

MexaHuyeckoe pasfpaxeHue Apyroit pednexcoreH-
HOW 30HbI — NWUNOpPOAYOLEHaNbHON 06NacTh, NpUBOLUNIO
K pa3BUTMIO AUCTPODMUECKUX U3MEHEHWIA B CTEHKE JKenys-
Ka, MeYeHU M NOJXKENYOOYHON Xene3e Y KPbIC, KPOJIMKOB
1 MOPCKUX CBMHOK [ofobHble ancTpodmueckune U3MeHeHus
B CTEHKe JemnyAKa NposiBNs/INCL B BUAE reMOpparuyeckmux
3po3uin camauctoin obonoukn xenynka (MICOX) u wm3b-
A3BNEHUI CTEHKM Xenypka. [uctpodumueckue nsMeHeHns
B NMEYEHW 1 MOAXENYA0YHOW Xenese Obiiv BbiABNEHbI NpH
TUCTONOTMYECKOM U 3JIEKTPOHHOMMKPOCKOMMYECKOM UCChe-
posanuax [9, 11].
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XapaKTepHbIMM NpU3HaKaMK AUCTPO(PUYECKUX U3MeHe-
HWW B MUOKapAe M JpYrux UCCNEeR0BaHHbIX OpraHax fBns-
JIUCb: 3HauMTENbHOE yMeHblueHue cogepanusa HA, Hapy-
LUEHWUS YrIeBOAHOTO 00MeHa, MPOSBMBLUMECS B MOBbILLEHWN
COOEPIKaHUA B TKAHAX OpraHoB HeopraHuyeckoro docdopa
(HD) n monouHoi kucnotbl (MK) O HapylieHuM 3HepreTu-
YecKoro oOMeHa CBULETENLCTBOBANO 3HAUUTENBHOE YMEHb-
LweHue copepxaHus KpeatuHdocdata (KP) B TkaHsx opra-
HoB [7, 11, 17].

Ha MWKpocKonuyeckoM ypoBHe B MMOKaphe B 3Kcne-
PUMeHTe OTMEYEH pacnaj, MbILEYHbIX BOIOKOH, MUKPOHeE-
Kpo3bl, @ Ha CyBKIETOYHOM YPOBHE — HapYLUEHUS YNbTpa-
CTPYKTYpbl MUTOXOHApUIA — cybcTpaTa BbIpaboTKM 3Heprum
B Knetke [1, 7, 9].

TopaKanbHble U abAOMUHaNBHbIE XUPYPrUYECKUE BMELLA-
TeNbCTBa, 0COBEHHO Ha cepaLe U BepXHEN NonoBuHe bpioLw-
HOV NonocTu (KenymoK, NoAXKeny[oyHan Xenesa, XenuHbli
ny3blpb, TONICTas KULUKA), BECbMa TPAaBMAaTUYHbI, TaK KaK CO-
BepLUAKTCA B pedIeKCOreHHbIX 30HaX, 6orato CHabKeHHbIX
COMaTUYeCKUMU W BEreTaTUBHbIMM HEpPBaMM, KOTOpble Mpeg-
CTaBnAT coboi UCTOUHMKKU addepeHTHON MMMNYNbCaLmK,
JOCTUraloLLen LieHTpanbHoW HepBHOW cucteMsl [21]. Xupyp-
TMYECKMe BMELLIATENbCTBA CTAHOBSATCA OHWM U3 MYCKOBbIX
¢akTopoB aktmBauum CAC u rumotanaMo-runodusapHo-
appeHanoson cucteMbl (TAC), ypoBeHb rMnepaKTUBHOCTH
KOTOpbIX OTpa)<aeT TPaBMAaTMYHOCTb OMEPALMA U CTEMNeHb
afieKBaTHocTH aHecTesuu [22, 30].

TpaBMaTuuHble Omepaumn Ha opraHax rpyLHomn u bpiow-
HOW MonocTeit B YCNoBUAX 0OLLEA MHOFOKOMMOHEHTHOM
aHectesun (OMA), Kak npaBuno, CONpoOBOXAAIOTCA rMnepax-
tmBaumeit CAC un [TAC, noatoMy momkHbI codeTatbes ¢ A
UNK cnnHanbHom aHecTesmeit (CA), ocyluecTBnsoLwmMx bnoKa-
Ay addepeHTHbIX HOLMLENTUBHBIX U 3D dEpeHTHBIX, B 4acT-
HOCTM, CUMNATUYECKUX, MNYNbCOB [16, 24].

06Hapy»eHo, YTo y BOMbHBLIX KOPPEKLMA BPOXKAEHHBIX
nopokoB ceppua B ycnosusix OMA conpoBopaanacbk nosbl-
LweHHow aktusaumen CAC, noBpexKaeHUEM YNbTPacTpyKTypbl
MUTOXOHZPUA W MUODUOPWIN B MMOKapAe YLIKa MpaBoro
npencepausa (0bnapatolleM BCeMM CBOMCTBaMM MUOKapAa
B LiesioMm). [1py1 3ToM B1OXMMUYECKOE W TUCTOXMMUYECKOE UC-
Cefi0BaHMs BbISBUIW 3HAUUTENBHOE CHUMXEHMWE COLEPIKaHMS
KatexonamuHoB (KA) — HA u apgpeHanuHa (A) Bo BpeMms
onepauwi [7, 9. OnucaHHble Bbile HapyLUEHUs B MUOKapae
Obinn aHanorMuHbl TeM, Kotopble BbinM BbISBNEHbI B Cepa-
Le benbIx KpbiC nocne pasgpaxeHns pedneKcoreHHoH 30HbI
Ayrv aoprhl [7].

AnanormyHo y 60nbHbIX BO BpeMsi onepauui no noBo-
[y MUTPanbHOM KOMUCCYPOTOMMM, MPOBOAMMBIX B YCIOBUSAX
OMA, obHapyxeHo noBbiweHne 3Kckpeumn HA n A ¢ Movoi;
Mnocfie OKOHYaHMA OCHOBHOTO 3Tara OnepaTMBHOMO BMeLLa-
TesbCTBa B MUOKapAe YLLUKa NIeBoro npeacepans bbiin BbisB-
NeHbl HapYLWIEHUS YIbTPACTPYKTYPbl MUOGMOPUIN U MUTOXOH-
ApuiA, yMeHblueHne copepxanua HA u A [4, 5, 7] n KO [17],
a npu rUCTOXMMUYECKOM MCCNEfoBaHMM — ocnabnenue
¢nyopecueHummn KA [4, 5].
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®APMAKOJIOTMYECKWE NPENAPATbI
CUMNATOJIUTUYECKOIO
TUNA OEACTBUS

B 3akcnepuMeHTe pa3BuTME HEMpOreHHbIX AMUCTpOdUYe-
CKWX U3MEHEHWUN B MUOKap[e, Bbi3bIBaEMOE PasfMyHbIMU Me-
ToAaMu, NpefoTBpaLLanoch C NOMOLLLI0 NpeABapUTENbHOM
BBEEHWA CPeACTB, NpensaTcTByloLWMX runepakTuBaumumn CAC,
yCUNeHHon apdepeHTHOI CMMNaTUYeCKOM MMNYNbCaLMK, Mo-
BbILLIEHHOMY BbICBODOX/IEHWIO M3 CUMMATUHECKWX OKOHYaHMUIA
HA (raHrmuobnokaTopbl 1 CMMMATONUTUKK) M €ro Nocneayio-
LieMy paspyLuenuo [7].

BBepeHue raHrnmobnokatopa rekcoHWs U cUMMaToNM-
TMKa OKTaAWHa nepep pasfpaXKeHWeM Ayru aopTbl Y KPbiC
W KpONWKOB Npepynpexpano passutue B MUoKapae buo-
XMMUYECKMX, MOPDONIOTMYECKUX M (YHKUMOHANbHBIX Ha-
PYLLIEHMIA: 3HAUUTENBHOMO CHUKEHUSA copepxkanusa HA u KO,
yeenuyenns yposHa HO n MK, HapyweHus dasbl genonspu-
3aumu 3KT [7].

AHanoruyHble pesynbTaThbl B OTHOLLUEHUM Npeaynpexpe-
HWSA TOH3WJIOrEHHON MUOKapPAMOAMUCTPOPUM B IKCMIEPUMEHTE
Ha KpbICax 1 Ha JItofsX Obln noyyeHsl NPY NpeABapUTENb-
HOM BBEJ}EHUM FaHIIMOONOKATOPa reKCOHMS M CUMNATONUTUKA
opHuaa [18].

Iuctpoduueckue n3mMeHeHUs B CepALLe, BKITOYas Ha cyb-
KNETOYHOM YPOBHE MOBPEXAEHUS MUTOXOHAPWM, BblSIBNEH-
Hble NPy onepauusx Ha cepaLie No NoBoAY BPOXAEHHbIX Mo-
POKOB, BbINONHEHHbIX B ycnoBusx OMA, npepmynpexpanucb
npefonepauMoHHO/A MOAFOTOBKOM C MOMOLLbK NMpenapara
nesogona (l-goda), NpenaTCTBYHOLLEr0 UCTOLLEHUIO COLEp-
*aHwua HA B opraHe [8]. 3T faHHble NOAYEPKUBAKT BaXKHYH0
ponib coxpaHeHWs B MUOKapAe aHaoreHHoro HA ons nopaep-
}aHus B HeM TPOdUYECKMX MPOLIECCOB.

3aLUMTHBIN 3D dEKT B OTHOLLEHUM pa3BUTUS NoCeonepa-
LIMOHHBIX OC/IO}KHEHWI, B YaCTHOCTH, AMCTPODNYECKUX U3Me-
HEHWUW B M1OKapLLe, BO3HUKAIOLLMX NPy onepauusx Ha cepaLe
1 apyrux opraHax B ycnosusax OMA, oka3biBaeT npUMeHeHMe
JA, ocywlecTnstowen apdepeHTHyo 1 3ddepeHTHY0 bno-
Kagbl HEPBHbIX UMMYNbCOB [5, 6, 16, 26].

lpUMeHeHWe B KauyecTBe OCHOBHOMO KOMMOHEHTa aHe-
CTe3MM BLICOKOW MPOASEHHON 3NWAYPanbHON aHecTesnu
B YCNOBMSX MUTpanbHOM KOMUCCYPOTOMUK CMOCOBCTBOBAsO
npenynpexaeHunio y naumentoB runepaktusauun CHC u ee
nocnegytowero ucroweHus. 06 3ToM CBMAETENbCTBOBANO
OTCYTCTBME MOBbILLEHWSA 3KCKpeumn HA ¢ Mouoii Bo Bpems
onepauuii, a TaKXKe 3HAYMTENBHOE CHUMKEHME B YLUKE NIEBOTO
npeacepama copepxanua KA — HA u A [4, 16]. MNpu 310M
YMeHbLUANoch KoNUYeCTBO KapAuasbHbIX MOC/ieonepaLyoH-
HbIX OCIO3KHEeHMI: npu3Haku uwemum Ha KT, MepuaTtenbHas
apuTMKS, cepaeydHas HepocTtatouHocTb (CH), HapyLeHus ynb-
TPacTPYKTypbl MUOKApAMaNbHbIX KIETOK, B YAaCTHOCTU MUTO-
XoHapun [4, 5].

B nouckax MeTopa afleKBAaTHOMO aHeCTE3UONOTMYECKONO
obecneyeHns Npyu TpaBMATUYHBIX OMepaLMsaX Ha OpraHax
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[NcrxodapMaKonoris v DVONOrMYECKas HapKONor s

TpyLHOW U OptoLIHOW nonocTed (cepaua, Nerkux, opraHax
XKeNyA04HO-KULLEYHOro TpaKTa) bbin pa3pabotaH MeTog
COYETAHHOW KOMOWHWMPOBAHHOM CMWHANbHO-3MMUAYPaANbHOM
aHectesun (CKC3A) ¢ ynpaensiemoii reMoguHamukoi [16].
Mpu 31oM C3A ocywectenseT bnokagy addepeHTHbIX HOLM-
LeNTUBHBIX UMNYTIbCOB Ha LUMPOKOM npoTaxenun (Th2-L3);
6nokagy 3¢ddepeHTHbIX MPeraHrMOHApHbIX CUMMATUYECKUX
BOJIOKOH W MUOpenaKcaLumio.

[ing ynpasnsemoii reMoAMHaMUKM MCMOMb30BaNu BHY-
TPUBEHHYI0 MHDY3MIO NNa3Mo3aMeHuUTeNel, CMecb Me3aToHa
u pobytamuHa u atponuH. Takum obpasoM npegynpexaan
runepaktmBaumio CAC n ITAC, cBA3aHHYO C Heil HEMpOreH-
Hyl0 OucTpodmio onepupyeMbiX OpraHoB (cepaua, Nerkux,
YKenyfKa), HopManu30Banu LieHTparbHylo U nepudepuyeckyio
reMOAIMHaMUKY U TKaHeBO ra3000MeH, KUCNOTHO-0CHOBHOE
COCTOSIHWE U BOLHO-3NEKTPONUTHBIN BanaHc. [1pu 3toM bbino
OTMEYEHO YMEHbLLEHUE KPOBOMOTEPH, HApYyLLEHUHA BYHKLMIA
MOYEK, NMeYEHU W KULIEYHUKA. Vicnonb3oBaHMe NpofJieHHOM
JA B nocneonepaumoHHoM mepuoge obecrneunBano afeK-
BaTHYI0 aHanresuio, PaHHIOKW MOBWUAM3aUMI0 MauWeHToB,
npeLynpexnano TpoMbo3MbonMUecKue OCNOKHEHUS, Ha-
PYLLEHUA JIEFOYHOIO W TKaHeBOro ra3oobMeHa u remogmHa-
MUKW, aTeneKTasbl NIErKUX M NHeBMoHMU. B Lenom Metop
CKC3A cnocobctBoBan NoBbILLEHUIO afleKBAaTHOCTU aHecTe-
31K, YMEHbLLEHUIO NOCNE0NEPaLMOHHON NeTaNbHOCTM U NPo-
DONMKUTENBHOCTU KOMKO-IHA [16].

MoapobHbi 0630p paHAOMM3MPOBaHHBIX UCMbITaHWIA 3A,
CA v ux coyetanms ¢ OMA npu TopakanbHbIX, abaoMuHanNb-
HbIX, COCYLMCTBIX, YPONIOrUYECKMX, TMHEKONOrNYECKUX U OpY-
rvx onepaumsx [26] nokasan, y4to atv Buael PA cnocobeteo-
Ba/M 3HAUMUTENIBHOMY YMEHBLUEHWID MOCAE0NepaLMOHHBIX
OCNOMKHEHMIA: cepaeyHo-cocyamncTbix (MM, CH, HapylweHus
CEpPAEYHOro pUTMA), NEroyHblX (MHEBMOHUM, aTeNeKTasbl),
TPOMBO3IMONMYECKNX, UHPEKLMOHHBIX, NOYEUHOW HepocTa-
TOYHOCTH, BbIPKEHHON KPOBOMOTEPH.

ConocTaBneHue KapanonpotekT1Horo aemcteus DEX, obna-
LAlOLLEro CUMMNATOIMTUYECKUMU CBOWCTBAMM, C aHaNOMMYHbIM
[eNCTBUEM TaHIMMobioKaTopoB, CUMNATONMTUKOB W 3JA,
npeaynpexaaBLUMX pa3BUTUE HEMPOreHHON AUCTPOdUN MU-
OKappAa, Mo3BONSET NPEeANoNoXUTL HaluuMe 3TOro 3alluT-
HOMo MeXaHM3Ma B CTPYKTYpe KapAMONpOTEKLMUH, Bbi3biBae-
mon DEX.

3AKJTIOYEHUE

KapauonpoTeKTuBHbIE CBOMCTBA O,-afipeHoaroHucta DEX
Npu CepLeYHO-COCYAUCTBIX OMepaLuaX COMOCTaBAEHbI CO
CnocobHOCTLI0 B 3KCMEPUMEHTE (FaHrIM0BN0KATOPOB U CUM-
NaToNIMTUKOB) WU B KMHWUYecKoM npuMeHenun (PA) 3A u CA
npeaynpexaaTb CBA3aHHYI0 C pa3apaxKeHneM pednekcoreH-
HbIX 30H runepaktuBaumio CAC, nocrepyioulee ucTolleHmne
copepxanus Meguatopa HA B MuoKkapae v pasBuTie B HeM
HeWporeHHbIX (pedneKTopHbIX) AUCTPOPUUECKUX M3MEHE-
HuA. CoenaH BbIBOL, YTO KapaMOMpOTEKTUBHbIE CBOMCTBA
DEX cBsi3aHbl, B 4acTHOCTK, C ero cnocobHocTblo, bnarofaps
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CMMNATONIMTUYECKOMY AENCTBUIO, NpemynpexaaTb passu-
TMe BO BpeMS onepauuii peneKTopHbIX AUCTPOPUUECKMX
U3MEHEeHWIN B MUOKapAe.

NO0NONHUTENIbHAA UHOOPMALIUA

Brnap, astopos. O.H. 3abpoawH, B.W. CrpallHoB — aHanu3 AaHHbIX, Ha-
nucanme ctatbu; O.H. 3abpoguH — pa3pabotka obLuei koHuenumm. Bee
aBTOPbI BHEC/IN CYLLIECTBEHHBIM BKAL, B pa3paboTKy KOHLENLWK, NpoBeae-
HWe UCCefoBaHUA M NOAMOTOBKY CTaTbi, MPOYM M 0L06PMAN GUHAMBHYIO
Bepcuio nepep, nybnukaumen.

KoHdnukT untepecos. ABTOpbI JEKNapUpYIOT OTCYTCTBME SIBHBIX 1 MOTEH-
LUManbHbIX KOHPMKTOB MHTEPECOB, CBA3aHHBIX C MybNMKaLmMeit HacTosLLe
CTaTbu.

WUcTouHnk dmHaHcupoBaHus. ABTOpbI 3asBASKOT 06 OTCYTCTBMW BHELLHErO
(MHaHCMPOBaHUs NPU NPOBELEHNW UCCNe0BaHUS.

OpuruHanbHocTb. [py CO30aHMM HacToALLEN PaboTbl aBTOpPLI He WC-
Mosb30BaM paHee OnybAMKOBaHHbIE CBEAEHWS (TEKCT, AaHHbIe).
[eHepaTMBHbIA WUCKYCCTBEHHBIA WHTENEKT. [1py CO34aHMM HacTosLLen
CTaTby TEXHOMOMMM FEHEPaTUBHOO UCKYCCTBEHHOMO MHTENEKTA HE UCMOMb-
30Ba/n.

PaccMoTpeHne M peueHsupoBaHue. Hactoswas pabota nogaHa B xyp-
Han B MHWULMATUBHOM MOPSAKE WM PaccMOTpeHa Mo 0bbIYHOM Mpoueaype.
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KOMMEHTapMM K UCNOJIb30BaHUIO
CTaTUCTUYECKUX Kputepues
B IKCNepuMeHTaJibHbIX UCC/eA0BaHUAX B d)apMaKOHOFMVI

M.11. Xoxnos, A.A. HyxHosa, M.W. KoctuHa, A.A. bnaeHko, E.P. beiukos

WHCTUTYT 3KcnepuMeHTanbHoM MeauumHbl, CaHKT-TeTepbypr, Poccus

AHHOTALIMA

CopepxaTenbHOCTb Pe3ynbTaToB MCCef0BaTeNIbCKOM paboTbl BO MHOrOM 00ycnoBneHa rmybuHoii ctatTucTuieckon obpabotku
W KauyecTBOM WX mpefcTaBnenus. OgHaKo B CBA3M C HEAOCTAaTOYHbIM KayecTBOM CTaTUCTMYECKOro aHanusa W npeacraBne-
HWA JaHHbIX, B HACTosLLee BPeMs aKTyanbHa npobnema cocToATeNlbHOCTU pesynbTaToB 0MybnMKOBaHHbIX MccnefoBaHuid. He-
KOppeKTHas 06paboTka mepBMUYHBIX JaHHBIX MOXET NPUBECTU K UCKAXEHHbIM BbIBOAAM, a TaKKe 3HAUUTENbHO 3aTpyaHSeT
0606LLat0LLMI aHANM3 AaHHBIX KOHKPETHOW UCCefoBaTeNbCKOM TeMbl. ABTOpbI 06CYXAaloT Haubonee YacTble U HEKOPPEKT-
Hble NpUeMbI, AOMycKaeMble B 06paboTKe MCXOAHBIX LAHHBIX WM MIAHMPOBAHUM 3KCMEpUMeHTa: npobneMsl pacyeta obbema
BbIDOPKY, HEKOPPEKTHOrO MCMOMb30BaHMSA CTaTUCTUHECKUX KPUTEPUEB, YKa3aHWUA YMCIIEHHBIX CTaTUCTUYECKMX MapaMeTpoB
W onucaTeslbHOW CTaTUCTUKKM, UCTONb30BaHUs KPUTEPUEB COMAcusl U MPeLCTaBieHUs LaHHbIX, U MPUBOASAT PEKOMEHZaLMK
0 XKenaTenbHOCTU UM HEYMECTHOCTU MPUMEHEHNS KOHKPETHbIX MeToaoB. Mpu rpadnyeckoil BU3yanm3aumum AaHHbIX Heobxo-
LMMO NpULEPKVBATLCA HEKOTOPbIX NpaBui. B cyyasx, Korma pacnpepeneHve Bolbopkyu HOpMarnbHOe, camMoi yio6HoM Mepou
NoMOXeHWs sBnseTca BblbopoyHoe cpeaHee. OBLUENPUHATLIM CUMTAETCA YKa3blBaTb Ha rpaduKax TaKKe CTaHAapTHOe OT-
K/IOHEHWE KaK Mepy M3MeHYMBOCTU. HarnsgHbIM SBNSETCA M NpeAcTaBneHWe NOBepUTeNbHOTO MHTepBana. peacraBneHue
OLWMOKW CpedHero Take BCTPEYAeTCs, OHAKO CredyeT MOMHWTb, YTO CTaHAAPTHas OLMOKa CpefHero HUYero He roBOPUT
0 pa3bpoce AaHHbIX — 3TO OLEHKA TOro, HACKO/bKO BbIBOPOYHOE CpefHee OTIMYAETCA OT TAKOBOIO MO reHepasnbHOW COBO-
KynHocTW. [lns onucannsa faHHbIX, He COIMacyloLLMXca C HOpManbHbIM pacnipefeneHneM, NPUMEHSIIOT MeaMaHy BCELCTBUE ee
HEYYBCTBUTENBHOCTU K «BbIOMBAOLLMMCS» [aHHbIM. B KauecTBe Mepbl pa3bpoca B 3TOM Cliydae yMECTHO NPEACTaBUTb MEKK-
BapTUNbHbIA pa3Mmax (Q1-Q3). [ins Bu3yanbHoro npescTaBneHus pe3ynbTaToB Npy 0oMbLIMX 00beMax aHHbIX peKOMeHAyeTcs
MCMONb30BaTb CTONDOYATbIE TUCTOMPaMMBI, «SALUMK C YCaMU», UHOMBUAYaNbHbIE 3HAYeHWs. ABTOpbI HacTOSTENIbHO COBETYIOT
He UCMoNb30BaTh Tabnuubl 4515 BU3yanu3aumn 06beMHbIX pe3ynbTaToB BBUGY CIOKHOCTU NPOYTEHNUS MPU UX NPEeACTaBeHUHN.

KnioueBble cnoBa: 06beM BbIOOPKK; KpUTEPUM Pa3nNuKS; NApaMETPUYECKUE OLEHKM; HEMApaMeTPUYECKUE OLEHKM; NpUMe-
HEH1e KpuTepues.
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Commentary on the Use of Statistical Tests
in Experimental Pharmacological Studies

Platon P. Khokhlov, Alina A. Nuzhnova, Marina |. Kostina,
Alexandra A. Blazhenko, Evgeny R. Bychkov

Institute of Experimental Medicine, Saint Petersburg, Russia

ABSTRACT

The meaningfulness of the research findings is largely determined by the depth of statistical processing and the quality of their
presentation. However, the paucity of high-quality statistical analysis and data presentation poses a significant challenge
for maintaining the consistency of published research results. Incorrect processing of primary data can result in distorted
conclusions and significantly complicate the generalization of data on a specific research topic. The authors discuss the most
frequent and incorrect techniques used in working with initial data and planning an experiment, including issues related to the
calculation of sample size, the incorrect use of statistical tests, the identification of numerical statistical parameters and
descriptive statistics, and the use of goodness-of-fit and data presentation tests. They also provide recommendations on
the appropriateness or inappropriateness of specific methods. Graphic visualization requires that certain principles be followed.
For normal distributions, the sample mean is the most practical measure for position. It is a generally accepted practice
to show the standard deviation on the graphs as a measure of variability. Confidence intervals are also presented to offer
a visual reference. Standard errors may also be represented, however, they are not indicative of data variability, but rather, they
are an estimation of the difference between the sample mean and the mean population value. Medians are used to describe
non-normal distributions because they are insensitive to outliers. In those specific cases, interquartile ranges (@1-Q3) can be
used as a measure of variability. In the context of large data sets, bar graphs, histograms, box-and-whiskers, and individual
values may be considered to enhance the comprehension of visual presentations. The authors strongly advise against the use
of tables for displaying large amounts of data, citing the challenges associated with reading such presentations.

Keywords: sample size; test of differences; parametric estimates; non-parametric estimates; use of tests.
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BBEJEHUE

B Hacrosiiee Bpems HabntofaeTca JOBO/bHO YNpOLLEH-
Hbl/ YPOBEHb NPEACTABNIEHNSA PE3YNBTATOB, YTO CBA3AHO C He-
KOPPEKTHbIM MCNO/b30BaHNEM CTAaTUCTUYECKUX METOLOB. 3T0
3aTpyLHAET CpPaBHEHME Pe3YNbTaToB, MOJTYYEHHbIX Pa3HbIMMU
aBTOpaMM, a TaKKe PesynbTaTos, NONYYEHHbIX Pa3HbIMU Me-
TOAAMM, YTO NPUBOAMT K UCKaXEHHBIM U OLIMOOYHBIM BbIBO-
AaM 1ccrefoBaHui.

TakuM 00pa3oM, MOXHO KOHCTaTMpOBaTb HanMuMe Ha-
CYLUHOW NpobneMbl B KOPPEKTHOCTU MPUMEHEHUS COBpe-
MEHHbIX CTaTUCTUYECKMX METOAO0B M CTaHAapTU3aummM npeg-
CTaBNEHWS pe3y/bTaToB, ALl BO3MOKHOCTb NPOBELEHMS
CpaBHUTENbHBIX 0030pOB B 0011aCTM 3KCMEPUMEHTANBHO
thapmakonoruu.

Haubonee pacnpocTpaHeHHbIMM HETOYHOCTAMM MPU UC-
Mo/ib30BaHWW CTaTUCTUUECKOW 06paboTKU [aHHBIX MOXHO
CYUTaTh CnepyioLLme.

1. Manoe Konu4yecTBo 0coben B rpynne.

2. HeKoppeKTHOE 1CMoNb30BaHMe CTaTUCTUHECKUX KpUTEPHEB.

3. QopManbHoe yKasaHWe CTAaTUCTUYECKUX KpUTEpUEB
be3 KonuuecTBeHHbIX NoKasaTenen. Hanpumep, B cnyyae
MCMONb30BaHUA OJHOGDAKTOPHOM0 AMCMEPCUOHHOIO aHa-
/N33 U NOCNELYIOLLEr0 anocTEPUOPHOrO TECTa creayeT
YKa3blBaTb He TOJIbKO 3HAYEHWEe YPOBHS 3HAYUMOCTM p,
Nony4eHHoro B pe3ynbTate post-hoc-Kputepus, Ho 1 camo
3Hauenue F-kputepua (Hanpumep F, 3=91, p=0,01, n=12).

4. Pepkoe ucnonb3oBaHue Kputepues cornacus. lepeq He-
MOCPeACTBEHHBIM NPOBEAEHWUEM CPABHUTENBHOMO aHaNK-
33 HeobXOAMMO YCTaHOBUTb MPUHALNEXHOCTb AAHHBIX
onpeaeneHHoMy pacnpefeneHuio.

5. [lpeHebpexeHue onucaTeNbHOM CTaTUCTUKOM: MepOil LIEH-
TpasbHON TEHAEHUMM (CpeaHee), Mepoii paccesiHus (CTaH-
[apTHOE OTKIIOHEHME).

6. HepenpeseHTaTMBHOCTb MpefCTaBNEHUS JaHHbIX.

N3-3a NopobHbIX HETOYHOCTEW WM HEKOPPEKTHOIO MC-
Mo/b30BaHWA CTaTUCTUYECKUX METOAOB M3HAYaslbHO aKTy-
anbHble pe3ynbTaThl MOMYT BbIMAAETb HEOOBLEKTUBHBLIMM.
TakKe MHOrA@ 3T0 NPUBOAMT K HEBO3MOXHOCTU CPaBHEHMS
pesynbTatoB. TakuM 00pa3oM, aKTyanbHbIM NPeLCTaBASETCS
CO3[aH1e KPaTKUX PEKOMEHAALMI MO NPUMEHEHWIO pasHbIX
MEeTO/I0B UCMOMIb30BaHNSA CTAaTUCTMKY.

PACHET PASMEPA BblIbOPKH

B nopaenstoLieM HONbLUMHCTBE Cy4aeB CTaHAAPTHbIE MUC-
cnenoBaHus B cdepe GapMaKoiorum HanpaseHbl Ha HaxoX-
AEHUE PasnnYMiA MeKAY KOHTPOJIbHBIMU W 3KCIEPUMEHTaTb-
HbIMU IPYNMamK, BbISBNIEHWE TOKCUYHOM 03bl U B3aMMOCBA3M
MeXzy ABYMSA NpuU3HaKaMu. B 3aBUCMMOCTY OT TMNa AaHHbIX
WUCMOMb3YIOT TE WM MHbIE CTaTUCTUYECKUE KpUTEpUM.

OTMeTUM, YTO MpU MAHUPOBAHWM 3KCMIEPUMEHTA BaX-
HO 3apaHee MMeTb MpPEACTaBleHNe O TOM, KaKue WMEHHO
CTaTUCTMYeCKMe MeTofbl ByayT UCMoNb30BaHbl. 34ech Bax-
HYI0 POJib WUrpaloT YyBCTBUTENBHOCTb (MOLLHOCTb KpUTEpHs),

Tom 16, Ne 2, 2025

[NcrxodapMaKonoris v DVYoNOrMYECKas HapKONoris

KOTOpas 3aBMCUT OT YPOBHSI 3HAYMMOCTM O (B CTaHLAPTHOM
cnyyae paseH 0,05), pasMep 3¢dekTa, LeneHHbIN Ha CTaH-
AAPTHOE OTKJIOHEHe (NapameTp HeLeHTpanbHoOCTH), U 06beM
BbIbopKy [1].

[lns nocTueHus HyxxHoro obbema BbIDOPKY, AocTaToy-
HOro N1 ONTUMaNbHOW YYBCTBUTENBHOCTU KpUTEpUS, MUC-
nonb3yioT psa gopmyn. Hanpumep, bopmyna ans pacyeta
pa3Mepa BbIOOpKW Ans CPaBHEHUS ABYX rpynn UMeeT BUA;

25D(Zun + 7 p)z
n= T'

rae SO — cTaHpapTHoe OTKNOHeHue, Z,, — Z-OLeHKa
ONs 3HaYeHWUs, COOTBETCTBYHOLLErO /2, £y — Z-oueHKa
LN 3HauyeHus, cooTBeTcTBytowero B (BEpOATHOCTb OLUMO-
ku Il popa, ctanpaptHo pasHa 0,2), d — pasmep addekTa.
BennunHbl SO v d ABNSOTCA SMNUPUYECKUMU, UX NOAYYaloT
U3 MWIOTHOM 3KCMEepUMeHTa Nbo M3 MpefbIayLLMX uccne-
[0BaHWW, OHAKO TaKas BO3MOXHOCTb UMEETCS He BCerga.
B cnyyae HEBO3MOXHOCTU HAXOKAEHUS IMMUPUYECKUX Nepe-
MEHHbIX [U1 HAXOXAEHUSA KOJIMYECTBa XMBOTHBIX B rpynne
TaKKe MCNOMb3YKT TaK Ha3blBaeMbll «MeTOf, ypaBHEHWS
pecypcoB» (resource equation method) [2]. MpeanonaraeTcs,
YTO [aHHBIA PacyeT UCMOMb3yeTcsa AN NoCneayoLLero npu-
MEHEHWs AMCMEPCUOHHONO aHaiM3a. 3T0T MeTOL OnUpaeTcs
Ha To, 4TO YMCno cTeneHel cBoboAbl, AocTaTouHoe ANs [0-
CTUIKEHWS Mpefena MorpeLuHoCcTV CTaTUCTUYECKOW MOAENw,
OOMKHO HaxoauTbes B AuanasoHe ot 10 go 20. 3HayeHue
U3 3TOr0 AMana3oHa AO0MKHO MoyyaTbCsl MyTeM BblYMCIIE-
HWA Pa3HOCTU MEX[Y 0OLIMM KONMYECTBOM HMBOTHBIX U 00-
UMM KONMYECTBOM rpynn. Hanpumep, npu Hanuuuum 4 rpynn
M0 5 JKMBOTHBIX B KaXA0M nonyuutcs 5 x 4 — 4 =16, 70 ecTb
Hanuuue 5 ocobein B rpynne JOCTATONHO A1 AafbHEMLLErD
aHanu3a. [laHHbIN MeTof, ABNSeTCA AOCTaTOMHO MPyObIM U He
peKoMeHayeTcs Ans perynspHoro nonb3oBaHus. Mcnonb3o-
BaTb €ro HaAJIeMT TOJIbKO B CNy4ae HEBO3MOXKHOCTK pac-
yeTa Mo CTaHAApTHbIM QopMynaM, NofobHbIM YKa3aHHOI
Bbilwe. CreayeT NOMHUTB, YTO AaHHBIA pacyeT npeanonaraet
bonblume pasmepbl 3apdekTa [3].

AsToMaTHyecKui pacyeT BbIBOPOK LOCTYNEH B HEKOTOPbIX
naKeTax mporpamM, Kak, Hanpumep, G Power.

MPOBEPKA MACCUBA JAHHbIX
HA COOTBETCTBME HOPMAJIbHOMY
PACNPEAENEHUIO

HayanbHbIM 3TanoM aHanM3a AaHHbIX CleayeT cYuTaTh
MpoOBEPKY MaccuBa AaHHbIX Ha MPUHAANENHOCTb Onpefe-
neHHoMy Bupy pacnpegenenus. OBblMHO ocyllecTensieTcs
MpoBepKa Ha HOPMaJbHOCTb, YTO BMOCNEACTBUM CYIKAeT Kpyr
MCMO/b3YEMbIX KpUTEPUEB.

OueHWTb, MPUHAZJIEKAT NN [aHHble HOpMasbHOMY pac-
MpeLeneHmnio, BO3MOXHO PAAOM cnoco6oB.
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BusyanbHo TaKylo 3apady MOXHO peLunTb rpaduyeckum
MeTOA0M, NOCTPOMB YacTOTHOe pacnpeeneque, rpaduk Be-
POATHOCTU-BEPOSTHOCTM (P-P rpadwmk), rpaguk KBaHTUNb-
KBaHTWNb (Q-Q rpaduk) n psagom apyrux cnocobos. Takue
MeTOAbI He MoApa3yMeBaloT UCMO/b30BaHUe CTaTUCTUYECKOTO
Tecta [4].

CaMbiM MOLLHBIM KpPUTEPUEM MPOBEPKM HAa HOPMallb-
HoCTb cuuTaetca W-kputepuii LWanupo—Yunka [5]. B cnyyae
ecNM ypoBeHb KpuTepusi 3HaummocTtn bonee 0,05, To 3w
pacnpefeneHns COBNAfaloT, YTo AaeT MpaBo WUCMO/b30BaTb
napaMeTpu4ecKne MeToAbl CTaTUCTUKU, KOTOpbIE SIBNSIOTCS
bonee CTPOrMMM OTHOCUTENBHO aHaNOMMYHBIX Henapame-
Tpuyeckux. OfHOW M3 ero 0coBEHHOCTEN ABNSETCA BO3MOX-
HOCTb MCMOb30BaHMA 1A Manbix BbIbopoK (hopManbHo —
3—4 TOYKM, HO HACTOSATENILHO PEKOMeHAyeTcs bpaTh bonbLue),
HO Npu 3TOM OH 3 deKTUBEH U AN1A HONbLLMX.

TakKe BO MHOrMX NakeTax NporpamM npepnaraeTca uc-
nonb3oBaHue Kputepusa KonMoropoa-CMupHOBa — MeHee
MoLLHOro, YeM Kputepuii Lanupo-Yunka [6]. OH pekoMeH-
AyeTc AN aHanusa MCKIIUMTENbHO 60nbluMX BbIBOPOK.
HeT TouHoro onucaHus, HacKonbKo 60nbLIOA LOMKHA Bbl-
BopKa 4n1s 3T0ro, HO B HEKOTOPbIX MCTOYHWKAX MOXHO HalTH
uHpopMaumio, yto Tpebyertcs Boibopka bonee 15 Touek.

MeHee nonynsipHbIMK cuuTalOTCA TecTbl AHEpCOHa—
Hapnunra (Anderson—Darling test), [ 'AroctuHo-Iupco-
Ha (D'Agostino—Pearson test) u ap. lepBbiii TecT 0CHOBaH
Ha TecTe KonMoropoBa—CMupHOBa, Gonee 4yBCTBUTENIBHO
MOAYEPKMUBAA OTKIIOHEHWUA K KOHLAM pacnpegeneHuid. Tect
[I'AroctuHo-TIupcoHa npoBepseT HyneBble NPeAnooXeHUs
0 TOM, Y4TO pacnpegeneHne AaHHbIX CUMMETPUYHO W YTO 3KC-
uecc paBeH Hymo. OfHaKO MepeunucneHHble TecTbl MEHee
MOLLHbIE W TaKKe He MOryT ObiTb MCMO/b30BaHbl MpU Ma-
NEHbKMX BbIOOPKAX, YTO 3a4acTyl0 BaXHO [J1S1 SKCMEPUMEH-
TanbHoOW hapMaKonoruu.

AHAJIN3 NAPHBIX HABJTIOIEHUNA

YacTo B 3KCMepUMeHTanbHON (hapMaKonoruu ucnonb3y-
loTCA CpaBHEHMA [BYX Fpynn, HanmpuMmep, rpynnbl 6e3 Bo3-
LeicTBusA (KOHTpONbHas rpynna), W rpynna ¢ BBEAEHUEM
npenapata (3KcnepuMeHTanbHaa rpynna). B Takux cnydasx
CTaTUCTUYECKUIA aHaNM3 MOXHO NPOBOAMTL MO ABYM CLieHa-
pUsAM: aHann3 NapHbIX HabNIAEHWIA N aHanU3 He3aBUCUMbIX
HabnogeHnn.

B nepBom cnyyae, Hanpumep, Npy BBELEHUM MOAOMBIT-
HbIM }XWUBOTHbIM Npenapara B TeYeHUe LJIMTENbHOTe BPEMEHH
W U3MEPEHUS HEKWX NOKa3aTenel B Hayalne M B KOHLE 3KC-
NEepUMEHTA Y OBHUX W Tex e ocobeld, cnepyeT NpUMEHATb
napHblii t-TecT (eCIM AaHHblE COOTBETCTBYIOT HOPMasibHOMY
pacrpefeneHunio) UK ero HermapaMeTpUYecKuin aHanor —
KpuTepuid BUnkoKcoHa, niMbo Kputepuid 3HaKoB (ecnm Bbibop-
Ka 04YeHb Marna W JaHHble He COOTBETCTBYIOT HOPMalbHOMY
pacnpefeneHuio).

Mpu aHanu3e HenapHbIX HabNKOAEHWUA MOXHO MCMOMb-
30BaTb HEMapHbIN {-KpuTepuit: Npu HebonblMX BbibopKax
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OH CTPEMUTCA K t-pacrpefeneHunto, 04HAKO npu B6onbLUMX
BblbopKkax (o1 30 To4eK) 3To pacnpepeneHue CTPeMMTCS
K HopManbHoMy. CToMT 0TMETUTb, YTO NapaMeTpUyecKkme Kpu-
TEPUM CUNBHO YYBCTBMTENbHBI K BbIOPOCaM: 3HauMTENbHO
BblbMBatoLMeCs U3 06LLEN Macchl 3HAYEHUS! MOTYT CUJTBHO
MOBNWATL Ha pe3ynbTaT aHanusa. [lpu OTKNOHeHUM rumo-
Te3bl 0 HOPMasbHOM pacnpefeneHun Ans CPaBHEHUs [BYX
He3aBMCUMbIX BbIOOPOK CrieflyeT UCMofib30BaTh Henapame-
TpUYeCKMin aHanor t-tecta — U-Kputepuit MaHHa—YuTHwM.

B cnyyae mcnonb3oBaHWs napaMeTpUUECKUX KpUTepues
TaKKe He CTouT 3abbiBaTb 06 YCNOBKM paBEHCTBA AUCTIEPCUIA.
[laHHyt0 MpoBEpKY MO3KHO BLINOTHUTB C NOMOLLbHo F-TecTa Du-
wepa. B HeKoTOpbIX NaKeTax NpOrpaMM OH BbIMONHAETCA aB-
TOMaTU4eCKU NPU UCMONb30BaHUN NapaMeTPUYECKUX TECTOB.

MHOXECTBEHHOE CPABHEHUE

B cnyuyae, Korma TpebyeTcs cpaBHUTL Bonee ueM 2 rpyn-
Mbl, cnefyeT MPUMEHATb AMCMEPCUMOHHBIM aHamu3. Ecnm
[aHHble COOTBETCTBYKT HOPMANbHOMY pacnpefeneHuio,
To obpalalTcs K oaHodaKTopHOMYy Nnbo aByxdaKTop-
HOMy/MHorodaKTopHoMy AucrepcuoHHoMy aHanusy ANOVA.
HanoMHWM, 4TO0 AMCNEPCMOHHBIA aHanU3 He [AeT 3HaHWM
0 KOHKPETHbIX PasnnMuusax Mexay rpynnamMm — ero pesynb-
TaThl IMLWb AAK0T CBEAEHUA 0 TOM, NPUHALIEXAT Nin Bbibop-
KW K O[JHOM reHepanbHOW COBOKYMHOCTW. [1ns onpenenexus
Ha/MumMs CTaTUCTMYECKN 3HAYUMBIX M3MEHEHUW UCTIOMb3YHOT
anocTepuopHble TecTbl (post hoc-kputepun).

Monpaska boHdeppoHM — [OCTaTO4HO KOHCEPBATMBHBIN
METOL, K HEMY B HacTOSILLEee BPeMS OTHOCSTCS C OCTOPOXHO-
CTbl0. 3TO CTPOTWMM KPUTEPUI, KOTOPLIN MUHUMU3MPYET Be-
POATHOCTb AONYCTUTL OLUMBKY | pona, ofHaKo npu bonbLIOM
KO/IM4ecTBe rpynn MOXET AonycTuTb owubKy Il poaa.

Meton XonMa-boHbeppoHu Takke uMeeT 6onbluyto
MOLLHOCTb, YeM nonpaska boHdepponn. OH Takke pelua-
eT npobnemy nageHns MoLHOCTM nonpaBku boHdeppoHu
Mpu BO3pacTaHUM KolMYecTBa rpynn.

Meton LUmupaka (Cupaka), nogobHO nepeyncineHHbIM
BbilLie METOAMKAM, CocobCcTBYeT NpesoTBPALLEHUI0 OLIMOKY
| pona nytemM KoppeKuuu 3Hadenus p [7] n bonee npegno-
yTUTENEH, YeM nonpaeka boHdeppoHu.

Kputepuit Totokm, Tak e Kak 1 nonpaBku boHdeppoHw,
npeactaenset cobon Moamdukaumio Kputepusa CTblogeHTa,
0fHaKo cuuTaetcs bonee nubepanbHbIM METOAOM, BbIMOSHS-
IOLLIMM CpaBHEHUSA CPefHMX. AKTUBHO UCMOMb3yeTcs B HACTOS-
Lwee BpeMs.. PaboTatb ¢ 3TUM KpuTepueM HeobxoamMo, Koraa
pa3Mepbl BbIDOPOK COBMAAAIOT WM 04eHb BAM3KY.

Kputepuin HotomeHa—Keinca — 6onee MoLUHbIA MeTog,
CPaBHMBAKLLMA CPefHME 3HAYEHUS aHaANOMMYHO KPUTEPUIO
ThlOKW, OHAKO OH B HEKOTOPOI Mepe NpeHebperaeT npeaoT-
BpaLLeHneM owmbkm | poga [8]. B otnmnume ot kputepus Toioku
OH He MpefycMaTpUBaeT pacyeT A0BEPUTENbHBIX MHTEPBANOB.
ABTOpbI cTaTbW He peKOMeHAYIT 3TOT MeToA, HeobxoamMo
TWaTensHoe 060CHOBaHME MNPUYMHBI €M0 MCMONIb30BaHMA
B CTAaTUCTUYECKO/ 0OpaboTKe 3KCMepUMEHTaNbHbIX LaHHbIX.
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Kputepuit [laHHeTa ucnonb3yeTca Ans CpaBHeHUs cpes-
Hero 3Ha4eHNs IKCNepUMeHTaNbHbIX FPYNM CO CPELHUM 3Ha-
YeHMeM KOHTPOJIbHOM rpynnbi [9].

HanoMHuM, 4To Bce BbILLEYNOMSHYTbIE KpUTepum TpebytoT
PaBEHCTBA AMCMEPCUNA B aHaNU3UPYEMbIX Tpynnax.

B cnyyae otpuuatensHoro Tecta Ha HOpMasnbHOCTb BMECTO
LMCNEPCMOHHOIO aHann3a cnepyeT Nonb30BaThCA ero Hena-
paMeTPUYECKMM aHaoroM, a UMeHHo KputepueM Kpackena-
Yonnuca. [Ins MHOXKECTBEHHBIX CPaBHEHWW B JAHHOM Cyyae
TaKKe CyLLecTBYeT NepeyeHb KpUTepueB.

[lns HenapaMeTpUUYeCKoro AMCMepPCMOHHOIO aHanu13a c no-
BTOPHBIMU U3MEPEHMAMW UCMONb3YHT Kputepuii OpuaMana.

OcHoBononararLwmii MeTog, pabotbl C HEHOPMalbHO pac-
npeneneHHbIMU JaHHbIMU — KpuTepuid [laHHa — cuuTaetcs
OCHOBHBIM HEMapaMeTPUYECKUM TECTOM [ MHOMECTBEHHbIX
cpaBHeHWii. Ero ucmonb3ytoT B TOM Yncne U ansa HepaBHbIX
BblbopoK. Tak Kak HenapaMmeTpuueckue TecCTbl ONepUpYT
CpaBHEHWEM PaHIoB, HEKOTOpbIE NapaMeTpUYecKUe aHaK3bI
flerko npeobpasyloT B HenapaMeTpuYeckue: HanpuMep, uc-
nonb3yHT BapuaHTbl Kputepnes HoloMeHa—Keiinca u laHHeTa
ANs BbIBOPOK 0A4MHaKOBOro 06beMa.

OMUCATEJIbHAA CTATUCTUKA
U NPEOCTABNIEHUE JAHHBIX

B HacTosee BpeMs MOXHO KOHCTaTMpOBaTh MpeHebpe-
KEHWe OnmMcaTesbHOW CTAaTUCTUKOW: NPU OMUCaHUW pe3ynb-
TaTOB HEPEAKO He MPUBOASAT CBELEHUS O Mepax LieHTpasb-
HOM TEHAEHUMM M M3MEHUMBOCTU SMDO NpeacTaBnslT WX
HEeKOppeKTHo. XoTa rpaduyeckoe npencTaBieHWe AaHHbIX
ABNSETCA MCYEPNbIBAIOLLMM, BO MHOMOM MOJIE3HO YKa3biBaTh
W YMCNeHHble AaHHble. K ToMy e Anis HarnagHoOCTM pesynb-
TaToB TaKXKe CefyeT YKasblBaTb AOBEPUTENbHbINA MHTEPBAN
unm pasmep apdekTa.

ABTOpPbI HaMOMMHAIOT, YTO NpU rpapuUYecKoi BU3yanu-
3aUMM [aHHbIX He0DXOAMMO MPUAEPIKMBATLCS HEKOTOPbIX
npasu.

B cnyyasx, Kora pacnpeaeneHue BbIOOPKU HOPManbHOE,
caMas ynobHas Mepa NonoXeHus — BbIOOpPOYHOE CpefHee.
06LLenpuHATLIM CYMTaETCS YKa3blBaTb Ha rpaduKax Takke
CTaH[,APTHOE OTKJIOHEHME Kak Mepy U3MeHunBocTU. Harnsp-
HbIM SIBIAETCA W NPeLCTaBeHNe AOBEPUTENBHOMO MHTEPBaNa.
MpencTaBneHue OLIMOKMU CPeLHEro TaKKe BCTPeYaeTcs, OA-
HaKo CrieflyeT NOMHWUTb, YTO CTaHAAPTHas OLMOKa cpeaHero
HMYEero He roBOPUT 0 pa3bpoce AaHHbIX — 3TO OLEHKa Toro,
HaCKONbKO BbIDOpOYHOE CpeAHee OT/IMYAETCA OT TaKOBOro
Mo reHepasnbHOW COBOKYMHOCTH.

[lns onucaHua JaHHBbIX, He COrMAacyLWMXCA C HOpManb-
HbIM pacnpefenieHneM, NMPUMEHSIOT MefuaHy BCefCTBME ee
HEYYBCTBUTENBHOCTM K «BblOMBAOLMMCS» AaHHBIM. B Kaue-
cTBe Mepbl pa3bpoca B 3TOM Clyyae YMEeCTHO NpeAcTaBuTb
MEXKBapTWIbHBINA pa3max (Q1-03).

[lns BU3yanbHOro NpesCcTaBneHns pesynbTaToB npu 6osib-
KX 0bbeMax faHHbIX PEKOMEHAYEeTCs UCToNb30BaTh CTON6-
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[NcrxodapMaKonoris v DVYoNOrMYECKas HapKONoris

YyaTble TUCTOTPaMMbl, «ALMK C YCaMi», UHAMBMAYANbHbIE
3HayeHus. ABTOPbI HAaCTOSITENbHO COBETYHOT He MCMO/b30BaTh
Tabnuubl ANs BU3yanu3auum 06bEMHBIX Pe3yNbTaToB BBUAY
CNOXHOCTU NPOYTEHUS! NP UX NPEACTaBNEHN.

KATETOPUAJIbHBIE JAHHbIE

KateropuanbHble AaHHble OLEHMBAKOTCSA C MOMOLLbHO MO-
CTPOEHWS MaTPULIbl COMPSXKEHHOCTMU W JasbHeliLLero npume-
HeHus MeTopa lupcoHa wm TouHoro Tecta @uwepa (ecnu
B TabnuLe ConpsKEHHOCTU eCTb Hynn).

NPOrPAMMBI /14 PACHETA
CTATUCTUYECKUX KPUTEPWUEB

PacueTt cratucTUueckux Kputepues ynobHo mpoBoauTh
B nporpamMMax GraphPad Prism, Statistica, SPSS, R, MedCalc,
Python.

AOMO/THUTE/IbHASA UHOOPMALIUA

Brnap, aBtopos. [1.[1. Xoxnos, A.A. HyxHoea, M.M. KoctwHa, A.A. Braxen-
Ko, E.P Bbl4KOB — aHamm3 AaHHbIX, HanucaHue cTatby; Xoxnos 1.1, —
pa3paboTka obLleit KoHuenuuu. Bce aBTOpbl BHECIM CYLLECTBEHHBbIN
BK/Ia[ B pa3paboTKy KOHLENUWMK, NpoBefieHUe WUccnefoBaHUs U nog-
FOTOBKY CTaTbi, NPOUnM U ofobpunu duHanbHylo Bepcuio nepen nyb-
JIMKaLmen.

KoHdnukT uHTepecoB. ABTOpbI JeK/IapUpYIOT OTCYTCTBME SIBHBIX U MOTEH-
LianbHbIX KOH(IMKTOB MHTEPECOB, CBA3AHHBIX C MybnMKaLmelt HacTosLLen
CTaTby.

UcTouHuk dmHaHcupoBaHus. OuHaHCMpoBaHWe HACTOSALLEro UCCIeoBa-
HWsl OCYLLECTBMEHO B paMKax rocyaapCTBEHHOro 3afaHus MuHucTepcTa
HayKu 1 Bbicllero obpasosatusa Poccuiickoit Penepaumy, Tema FGWG-
2025-0020 «[Mownck MoneKynspHbIX MuLleHed Ans GapMaKonornyecKo-
ro BO3AENCTBUA MPU aAAUKTVBHBIX U HEMPO3HAOKPUHHBIX HAPYLLEHUAX
C Lenblo CO3[1aHuNA HOBbIX QapMaKOorMyecKy akTUBHBIX BELLECTB, [ei-
CcTBYIOLLWMX Ha peLienTopbl LIHC».

OpuruHanbHocTb. [py cO34aHMM HacToALLEN paboTbl aBTopbl He MC-
nosb30Basn paHee oMnybMKOBaHHbIE CBELEHUS (TEKCT, AaHHbIE).
JocTyn K aaHHbIM. Bce flaHHbIe, NonyyeHHbIe B HACTOSLLEM MCCef0BaHUM,
BOCTYMHbI B CTaTbe.

[eHepaTUBHBIA MCKYCCTBEHHBIN MHTENNeKT. [Ipy co3aaHWM HacTosLLen
CTaTbM TEXHOMOMMW FeHepaTUBHOIO MCKYCCTBEHHOTO UHTENIEKTA He UCMoMb-
30Bau.

PaccMoTpeHue U peLieHsupoBaHue. HacTosiias paboTa nofaHa B XypHan
B MHULWATUBHOM MOPSILKE M paccMOTpeHa Mo obbluHo npoueaype. B peweH-
31pOBaHMM Y4acTBOBa/M ABa BHELLHWX PELieH3EeHTa 1 UNeH pefaKLMOHHOM
Konnermu.
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Jinpep Cankt-letepbyprckux dapmakonoros
npoceccop lMetp AAMutpuesuy LLlabaHos
(k 70-neTunio co AHA pPOXKAEHUSA)

A.A. Ilebepnes

WHCTUTYT 3KcnepuMeHTanbHoi MeauumHbl, CaHKT-TeTepbypr, Poccus

AHHOTALIMA

NMs fokTopa MeaMUMHCKMX Hayk npodeccopa MeTpa Amutpuesnya LlabaHoBa (p. 30 uioHs 1955 r.) xopoLuo M3BecTHO cpeay
(hapMaKonoroB 1 GU3MOIOroB Yy Hac B CTpaHe U 3a pybexoM. N3BeCTHbIN yueHbId, cneumanucT B 0bnactu HelpodapMaKoso-
MM CMHANTOTPOMHBIX, NENTUAHBIX M METAbONMYECKUX CPEACTB, U3YUEHUS MEXaHN3MOB NaMSATH U NOBELEHWUS, IMOLMOHANBHBIX
COCTOSIHWIA, pa3sHbIx BUOoB 3asucumocty, [1.[. LabaHos cHUCKan cBoW aBTOPUTET W U3BECTHOCTb MHOTOYUCEHHBIMM NYybNK-
KauusMK HayyHblx cTatert (bonee 1500), moHorpadmi (60), yuebHbIX nocobuit (60), nateHToB Ha M30bpeTeHne (bonee 50).
OH fBNAETCA OCHOBATENEM M HEU3MEHHBIM [MaBHLIM PELAKTOPOM XypHanoB «0630pbl N0 KNMHUYECKON hapMaKonorum u ne-
KapcTBeHHou Tepanuu» (c 2003 r.) u «[cuxodapmakonorus 1 buonoruyeckas Hapkonorus» (¢ 2000 r.), YieHOM pefaKLMoH-
HbIX KONJEruii M pedakumMoHHbIX coBeToB elue bonee 10 HayuHbIX xypHano.. 1o ero pyKOBOACTBOM 3aLUTWIM AuCCepTaLmm
36 [OKTOpOB HayK M 65 KaHAMAATOB HayK, 22 ero yyeHWKa ctanu npodeccopamu U BO3MIABASAIOT MPOQUNbHbIE Kadeapb
n nabopatopuu. HayuHyio featenbHocTb Hayan B HayyHo-uccnenoBaTenbCKOM WHCTUTYTE 3KCMEPUMEHTANbHON MeaULMHLI
Axapemun MeamnumnHckmx Hayk CCCP (JlenmHrpan) B 1978 r. nog, pykoBOACTBOM M3BECTHOMO COBETCKOMO (hapMaKosiora aKaje-
MuKa Axkapemun megmumHckux Hayk CCCP C.B. AHnukoBa, rae 3almTun UccepTaumio Ha COMCKaHME YYEHOM CTeneHU KaH-
avpata (1982) u poktopa (1992) MeauumHckux Hayk. C 2000 no 2022 r. Bo3rnaensn Kadeapy dapmakonorim BoeHHo-Me-
AvumHCKoW akapemun uM. C.M. Kuposa (CankT-IleTepbypr). B 2011 r. u3bpaH pykoBoauteneM otaena Helipodapmakonorum
uM. C.B. AHnukoBa WHcTMTyTa 3KcnepuMeHTanbHon MeamumnHbl (CaHKT-TetepOypr). OCHOBHbIE Hay4Hble HanpaBneHus uc-
cnepoBanui [1.[1. LabaHoBa oxBaTbiBaloT Guanonoruio 1 hapMakonoruio NamaTi, IMOLUMIA, NOLKPENIEHUSs, NCUXOHEWPOIH-
LOKPUHONOrM, NpobneMbl NIEKAPCTBEHHOM W HENEKapCTBEHHOM 3aBucuMocTW. OH sABNsieTcA paspaboTuMkoM 9 BHEAPEHHbIX
B MPaKTWKY JIEKAPCTBEHHBIX NpenapaToB U3 rpynnbl aHTUrMMNOKCAHTOB, HEMPOMPOTEKTOPOB, HOOTPOMOB M NPOTUBOANKOOb-
Hbix cpeacTs. lpu ero HenocpeACTBEHHOM ydyacTuu paspaboTaHbl 23 6uonorMyecky akTUBHBIX [06aBKW K MHLLe Ha OCHOBE
acKopbUHOBOWM U SHTAPHOW KUCIIOT, BbIMYCKAIOLLMXCA 0TEYECTBEHHON MPOMBILLIEHHOCTHIO.

KnioueBbie cnoea: [1.[]. LLlabaHoB; BoeHHo-MeanuMHCKan akaneMus; MHCTUTYT aKcnepUMeHTanbHoM MeauLMHbI; hapMaKosno-
TUSI; NCUXOHENPO3IHAOKPUHOMONUS; HAPKOMOMUA.
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Professor Petr D. Shabanov:
A Celebrated Leader in St. Petersburg Pharmacology
(on His 70th Anniversary)

Andrei A. Lebedev

Institute of Experimental Medicine, Saint Petersburg, Russia

ABSTRACT

Professor Petr D. Shabanov, Doctor of Sciences in Medicine (born June 30, 1955), is a prominent figure in both Russian
and international pharmacology and physiology. As a famous scientist and expert in neuropharmacology of synaptotropic,
peptide, and metabolic pharmaceuticals, he has extensively investigated the mechanisms underlying memory, behavior,
emotional states, and various forms of addiction. Dr. Shabanov has achieved international recognition for his contributions,
as evidenced by his extensive publication portfolio, which includes over 1500 scientific articles, 60 monographs, 60 textbooks,
and more than 50 granted patents. He is a founder and permanent editor-in-chief of Reviews of Clinical Pharmacology and Drug
Therapy (since 2003) and Psychopharmacology and Biological Narcology (since 2000). He is an active member of the editorial
boards of more than 10 scientific journals. Dr. Shabanov has successfully supervised 36 habilitational and 65 PhD theses,
and 22 of his graduates have become professors and heads of profile departments and research laboratories. His scientific
career began in 1978 at the Scientific Research Institute of Experimental Medicine of the USSR Academy of Medical Sciences
in Leningrad, where he worked under the supervision of academician Sergey V. Anichkov, a famous Soviet pharmacologist
and member of the USSR Academy of Medical Sciences. In 1982, Petr D. Shabanov successfully defended his Ph.D. thesis
in medical sciences, and subsequently earned his doctoral degree in 1992. From 2000 to 2022, he occupied the role of Head
of the Department of Pharmacology at the S.M. Kirov Military Medical Academy in St. Petersburg. In 2011, he was elected
as Head of the S.V. Anichkov Department of Neuropharmacology at the Institute of Experimental Medicine in St. Petersburg.
Dr. Shabanov's primary research areas focus on physiological and pharmacological aspects of memory, emotions, reinforcement,
psychaneuroendocrinology, and problems of drug and non-drug addiction. He has developed 9 approved medications, including
antihypoxants, neuroprotectors, nootropics, and anti-alcohol drugs. He contributed to the development of 23 biologically active
food additives with ascorbic and succinic acids, which are currently manufactured in Russia.

Keywords: Petr D. Shabanov; Military Medical Academy; Institute of Experimental Medicine; pharmacology; psychoneuroen-
docrinology; narcology.
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OBITEN

NMs pokTopa MemMUMHCKMX HayK npodeccopa [leTpa
IMutpueBunya LllabaHosa (puc. 1) xopowlo WM3BECTHO cpeau
(apMaKronoros 1 GKU3NONIOMOB Yy HaC B CTpaHe 1 3a pybexom.
N3BeCTHBbIN y4eHbli, cneumanucT B obnactu HeilipodapMa-
KOJIOTMM CMHANTOTPOMHBIX, MENTUAHBIX U MeTabonnyeckux
CPeLCTB, U3yYeHUs MeXaHU3MOB MaMATU U NOBELEHMS,
3MOLMOHANBHBIX COCTOSHWMW, PasHbIX BULOB 3aBUCKUMOCTH,
N.0. WabaHoB cHMCKan cBOWM aBTOPUTET U M3BECTHOCTb
MHOrOYMC/IEHHBIMM NYBNMKaLMAMM HayyHbIX cTaTeit (Bonee
1500), MoHorpadmi (60), yuedHbIx nocobuii (60), nateHToB
Ha n3o0bpeteHne (bonee 50). OH sBNAeTCA OCHOBaTesneM
¥ HEeU3MEHHbIM [MaBHbIM PeaKTopoM XypHanoB «063opbl
Mo KJIMHWYecKoW (apMaKonorum W NeKapcTBEeHHOW Tepa-
num» (c 2003 r.) u «[cuxodapMakonorus U bronornyeckas
HapKonorus» (¢ 2000 r.), yneHoM pefaKLMOHHbIX Koneruii
U pefaKuMoHHbIX coBeToB elue bonee 10 Hay4HbIX XypHaNoB.
Mon ero pyKoBOACTBOM 3aLLUMTUNIN AUccepTaumum 36 AOKTOpPOB
HayK 1 65 KaHAMAATOB HayK, 22 ero y4eHuKa cTanu npodec-
copamu W BO3MaBnsoT npodunbHble Kadeapsl u nabopato-
pun. Bce ato paaeT ocHoBaHWe pacckasaTtb bonee noapobHo
o M.[. LLabaHoBe KaK Y4eHOM, FpaOaHWHe W YemnoBeKe,
TeM bonee yto ¢ [1.[1. LlabaHoBbIM aBTOpa cBSA3bIBaET bonee
ueM 45-neTHas apyxba u AenoBble, Hay4Hble U TBOPYECKME
OTHOLLIEHMS.

M.0. WabaHos poauncs 30 niona 1955 rona B ceMbe WH-
xeHepa [IMutpus AdoHacbesuua LLlabaHoBa M MeaMLMHCKO
cectpbl BaneHtuHbl MeTpoBHbl LabaHoBoi (B AesuuecTse
Amnunoroeon) B HebonbLoM ropopake LLnrpel Kypckoit obna-
cTu. Pogutenu bbinm He MONOABI: OTLY Ha MOMEHT POXAEHUS
ucnonHunock 50 neT, MaTb bbina Ha 16 net Monoxe. Mpowwn
BouHy. OTel, KaK ceityac rosopsT, 6bin paboTHMKOM Thbina,
a (aKTUYeCKM MaBHbIM MHXeHepoM LLMrpoBcKoro MexaHu-
YecKoro 3aBoja, KoTopbli, Boneto cyaeb, B 1941 r. npuwwnock
3BaKyupoBathb B I. Opck OpeHbyprckon obnacty, Ha rpaHuly
¢ KasaxcraHoM, TaM opraH13oBbIBaTh paboTy 3aBoja Ans Bo-
€HHbIX HyX[. MaTb, KaK MeAMUMHCKMIA paboTHUK, B Havane
aBrycta 1941 r. 6bina Mobunu3oBaHa M BCHO BOMHY, BMIOTb
o aemobunmsaumm B Mae 1946 r., npocnyxuna crapluen
MeAMUMHCKOW CecTpoii 3BaKorocnuTans. 3aKoHuuna cnymoy
nog r. BeHa (ABcTpus). OBbluHas cOBETCKas CEMbA CNOMMU-
Nacb nocsie BOWHbI, B HEN POAUNUCH ABa CbiHA — AneKcaHap
B 1949 r. n MNetp B 1955 . B 1972 r. MeTp nowen yunTbes
B LLurpoBckyto cpenHioto wkomy N° 4, KOTOpYK 3aKOHYMN
B 1972 r. c 30n0TOM Mefanbio. 3aTeM MOCTYNWN Ha neveb-
Hbi dakynbTeT JIeHMHIPaACKOro CaHWUTapHO-TUrMeHnYe-
CKOM0 MEAMLMHCKOrO MHCTUTYTA, KOTOpbIA OKOHuun B 1978 T.
Mo creuuansHOCTU «Bpay-TepanesT». Ye B nepuop yyebbl
MeTp LLlabaHOB aKTMBHO paboTan B CTYAEHYECKOM Hay4yHOM
obLlecTBe MHCTUTYTA, CHayana Ha Kadeppe ncuxuaTpum
nog, pykoeoacteoM npodeccopa ®.M. Cnyyesckoro, ¢ 4-ro
Kypca Ha Kadeape dapMakonoruu, rae ero HacTaBHUKaMu
CTa/M KaHAMAAT MeAUUMHCKUX Hayk W.B. TomunuHa u npo-
teccop [.M1. [leHnceHKo, B To BpeMs 3aBeayoLLMi Kadenpon
tapmakonorun. Ha kadenpe OH MpoLLeN XOpoLUyo LKoY,
paboTas 3KCMepUMEHTaNbHO MO JOKJIMHUYECKOMY W3YYEHMID

Tom 16, Ne 2, 2025

[NcxodhapMaKonora v BVoNorYeckas HapKonors

Puc. 1. NN.[. LlabaHoB Ha koHdepeHummn «Dapmakonorus aKCTpemanbHbIX
cocTosiHi». CaHkT-Metepbypr, 2015 (MMYHBIA apXuB aBTopa).

Fig. 1. Petr D. Shabanov at the conference “Pharmacology of extreme condi-
tions.” St. Petersburg, 2015 (personal archive of the author).

ajlanToreHa caitapuHa u3 poroB cauraka [1]. Ho ot npen-
O}EHUs NOCTYNUTb B acMpaHTypy Ha kadeapy npodeccopa
M.1N. Denncenko MNetp LabaHoB oTkasancs, ero MeuToii bbino
nocTyn/eHne B acmupaHTypy otdena dapmakonorum Hayu-
HO-MCCNEeA0BaTeNIbCKOT0 MHCTUTYTA KCTEPUMEHTANTBHON Me-
AMumMHbl AkageMun MeanumHckmx Hayk CCCP (HUM3IM AMH
CCCP), nocKonbKy, ewle Oymyuu CTyaeHTOM OH Obin npen-
ctasneH akapemuky AMH CCCP C.B. Annukosy, 1 ToT nope-
KoMeHJ0Ban eMy pabotaTb Ha Kadeape, a nocsie OKOHYaHMS
nosiHoro Kypca obyyeHus noctynatb B acnupantypy HUM3M
AMH CCCP. Tak 0HO 1 BbILLIO: NOC/E OKOHYaAHUSA MHCTUTYTA
M.0. WabaHoB nocTynun B acnupaHTypy oTaena GpapMaKono-
rum HUN3IM AMH CCCP, roe ero Hay4HbIMM PyKOBOAMTENAMM
ctanu npodeccop H0.C. bopoakuH 1 akageMuk C.B. AHnuKoB.

HayuyHbiM Hanpaenenuem [1.1. LLlabaHoBa B Te roabl cTana
(apMakonorvs namMsaTM — npobnema, akTMBHO pa3spabathbi-
BaeMas B HUIM3IM AMH CCCP B Te rogbl. Mitorom uccnepo-
BaHWUM, BbINONHEHHbIX B KoHLe 1970-x — Havane 1980-x rr.,
cTanu Kanampatckas (1982), a 3ateM u poktopckas (1992)
aucceptaumn. [luccepraumsa Ha NpUCBOEHUE YHEHOW CTene-
HW KaHaMAaTa MeOUUMHCKUX HayK Ha TeMy «Dapmakonoru-
UECKWUW aHa/in3 BOCMPOM3BELEHUS CNES0B NaMATU Y KPbIC»
notpeboBana pa3paboTkM MoAXofoB, CBA3AHHBIX C Ha-
pyweHneM (hopMUpOBaHUA MAMATHOTO CNefa C MOMOLLbIO
Pa3HbIX MOBPEMAKLIMX areHTOB (NIEKTPOLLOK, BBEAEHUE
M-xonnHobnoKaTopoB, WHIMOUTOPOB CMHTE3a KaTexonamu-
HOB, benka) 1 cnocobamu hapMaKoIorMYeCcKoro U3BNeYeHNs
NOAAaBMEHHbIX CIE0B Pa3HbIMM JIEKAPCTBEHHBIMM CPEACTBa-
MW aKTMBMPYIOLLEN HANpaBAEHHOCTH, a TaKKe aHau3 B3au-
MOCBS31 BOCMPOK3BELEHNUS CleoB NamATH ¢ cuHTesoM PHK
B rOfIOBHOM Mo3re. TeMaTuka B To BpeMs bbina abconioTHo
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Puc. 2. Ha konrpecce ECNP B Mapwe (2017). Cnesa Hanpago: .. LLabaHos, A.A. Jlebenes, W.10. TucceH (MnuHbIM apxve aBTopa).
Fig 2. ECNP Congress in Paris (2017). From left to right: Petr D. Shabanov, Andrey A. Lebedev, Ilya Yu. Tissen (personal archive of the author).

Hoson, 1 [1.[]. LLlabaHoB cpasy e nocne 3almMTbl KaHAMAAT-
CKOI yccepTauuy Npofcnun paboty B 3T0M HanpasneHuu,
HO B acneKTe KOpPeKUMM HapyLleHui namstn. Wtorom cra-
na pa3paboTka OpuruHanNbHbIX NPEACTaBEHMA O TUMOBBIX
MEXaHM3Max HapyLieHWM NamsaTi. 3a OCHOBY OH B3s1 Ha-
pyLUeHMe BOCNPOM3BELEHUS CNeAoB NaMATU, UMes B BUOY
Mpexae BCEro YCKOpPeHWe 3T0ro mpouecca (aMHeCcTUYeCKUid
TUN HapyLUEHMI) UK ero 3aMedneHune (TunepMHecTUHECKuii
T1n). MoAxoabl K KOPPEKUMM pasHbIX MO CYTU HapyLLEHWH,
be3ycnoBHo, moapasyMeBanuchb pasnindHble. B pesynbrarte,
nposepsas [LeWCTBME pa3HblX (apMaKoNOrMyeckux areH-
TOB Ha CMOCOBHOCTb KOPPEKTUPOBATh HapyLUEHUsI NaMSATH,
M.0. WabaHoB npeafoxun opuriHanbHy KnaccubuKaumio
HapyLLUEHWN NaMATU U KOHLLEMNUMI0 HO3TUKOB KaK CPencTs,
ONTUMM3NPYIOLUMX BbICILME (YHKUMWM Mo3ra. Pesynbrathbl
3TUX MCCNefoBaHWA BOWNW B AuccepTaumio «Hapylenus
namsaTi 1 ux GapMaKonornyeckas KoppeKums (3KcnepuMeH-
TanbHO-K/IMHUYECKOE UCCNE[0BAHME)» Ha COMCKaHUE YYeHO
CTENEHM [OKTOPA MEAULMHCKUX HAyK B GopMe HaydHoro fo-
knapa (1992) n MoHorpaduu «HelpoXuMmU4ecKue MexaHU3Mbl
u3enedeHus cnepos namatu» (1986), «Hapylwenus namsmm
U nx Koppekums» (1989), «HeTpaguumMoHHbIe METOLb! fieYeHus
ankoronusma (1993) [2].

B 1990-e rT. 0CHOBHbLIM HanpaBEHUEM Hay4HbIX U3bICKa-
Hui 1.1, LLabaHoBa cTano msyyeHne MexaHU3MOB MOLKpe-
nnexua u amouui. K atum uccneposanmam [1.[. LLlabaHoBa
NPUBNEK aBTOP 3TUX CTPOK, MOCKONBKY K 3TOMy BpEMEHM

bonee 10 net usyyan atm MexaHusMbl B Ousanonornyeckom
orgene uMm. W.M. Masnosa HUN3M AMH CCCP. Ha ocHo-
BaHUM CUCTEMATUYECKWUX WCCNEAOBaHUi B 3ToM obnactu
W OpUrMHAMBHBIX KCMEPUMEHTANIbHBIX HAXOLOK HamMu Dbl
chopMynupoBaHbl KoHUeNUMs «hayKTyupyloLero rpagu-
EHTa» peann3aunm MexaHU3MOB 3MOLMOHANBHOTO MOAKpe-
nnenmnsa (1999) m Kputuyeckux nepumopoB (OpMMpOBaHMS
3MOLMOHaNbHBLIX peakumin B oHToreHese (2001). Pesynbrathl
3TUX UccneaoBaHuin 0600LLeHbl B MoHOrpadusax «[odaMuH
U NoaKpennsLme cucteMbl Mosra» (2002), «CunapoM co-
unanbHomn msonsumm» (2004) n «3oocoumnansHoe noeaeHne
MneKonuTatoLmx» (2006), KOTopble CTan HacTONbHBIMU KHU-
raMu 18 AecATKOB MONOAbIX yYeHblX, paboTalolumx B 310
obnactu.

Ocobbin untepec .1, LlabaHoB nposiBun K ropMoHasnb-
HbIM MeXaH13MaM peryyisiLu1 IMOLMOHANBHON SeATeNbHOCTY.
TonykoM pnis 3TUX McCnefoBaHW cTana ero noesgka B CLLA
B 1990 r., roe oH npuHan yyactue B XX KOHrpecce Mexay-
HapofHoro obLectBa ncuxoHemposHaoKkpuHonorm (ISPNE)
u BCTynun B 310 0bwectBo. bnaropaps atomy [.[. Llab6a-
HOB CTaf perynsapHo e3auTb Ha KoHrpecchl ISPNE B cTpaHbl
EBponbl, 063aBencA WMPOKMM KPYroM 3HaKOMCTB C MHO-
CTPaHHBLIMU Y4eHbIMYW, aKTUBHO NOAAEPIKMBAI 3TU KOHTAKTI.
B 2001 r. oH coBmecTHO ¢ npodeccopoM H.C. CanpoHoBbIM
B CaHkT-[leTepbypre opraHu30Ban pervMoHanbHbIi KOHIpece
ISPNE, kyma npuexano 6onee 100 MHOCTpaHHBIX Y4eHBbIX.
Pe3ynbraToM 3T0ro0 MeponpusTMa CTanu MCCNEAO0BaHUS,
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[0Ka3bIBalOLLMe 3HAUMTENbHBIA BKNAf FOPMOHAJbHBIX Me-
XaHu3MoB B (EHOMeH MOAKPenneHus, NOATBEpPKAaloLme
OpUTMHaNbHble MPELCTaBAEHNS O ITIIOKOKOPTUKOMOHBIX rop-
MOHaX KaK 3HAOreHHbIX ncuxoctumynsaTopax (2002), BHeru-
noTanaM14ecKom KOpTUKONMbepUHOBOI cUCTEME YNpaB/ieHUs
aMoumamu (2004), v nosxe NenTUAHbIX (OPEKCMHOBBIX, rpe-
JIMHOBBIX W KNCCIENTUHOBbIX) MEXaHU3MaX XUMMUHYECKUX U He-
XMMUYECKUX BMaoB 3aBucuMmocTu (2014). MocnepHue ctanm
M3y4aTbCA NOC/Ie HALLEro COBMECTHOMO Y4acTUsi B KOHrpecce
Esponeiickoro obuiectsa Hevipornicuxodapmakonorumn (ECNP)
B 2009 r. B Mapue (PpaHumsa), roe Bnepsble COCTOANCA Cre-
UManbHBIA CMMMO3WYM MO rpenvHaM. BosBpaluasch ¢ KoH-
rpecca, Mbl MPUHANK pelleHne paboTatb B 3ToM obnacty,
W yXe Yepes 2 rofa CTai NONHOLEHHBIMU Y4aCTHUKaMM UC-
CNeAoBaHWi MO U3YYEHWIO NENTULHBIX MEXaHWU3MOB (OpEKCH-
HOB W TPENIMHOB) B MOAKPEN/IEHUM W 3aBUCMMOCTM (pUC. 2).
[laHHble UccneaoBaHuiA N0 ropMOHaNbHBIM MEXaHU3MaM o-
BefleHMs 1 IMOLMI Bbinn NepBoHayanbHoO 0606LLeHbl B Kon-
NEKTUBHOW MoHorpagun «0cHOBbI HEMPO3HAOKPUHONMOMU»
(B coasr. ¢ B.I. WansnuHon, 2005), no3aHee B COBMECTHOIA
MoHorpadumn «fopMoHanbHble MeXaHU3Mbl MOAKPEMNIEHNS»
(2008) u, HakoHeL, KanuTanbHbIX Tpyaax «[cMxoHepo3aHao-
KpuHonorus» (2010) n «[cuxoHepoaHaoKpuHonorusa-2024:
HOBble TeHAEHLMN pasBuTus» (2025).

B uccneposanusx .[. LabaHoBa Bepyliee MecTto 3a-
HWMAIOT METOAMYECKME MPUEMBI C UCMOMb30BaHUEM (apMa-
KONOrMYeCKUX aHanu3atopoB (U3MOMOTUYECKUX PeaKLmii.
B atom otHowenwum M. WabaHoB cnepyeT TpaguumaM, 3a-
NOXKEHHBIM €r0 BENIMKUM MPefLIecTBEHHUKOM Mo Kadenpe
tapmakonoruv BoeHHo-MeanumMHCcKon akapemun W.IN. MaB-
noebIM. Tak, B A0KNage Ha (hapMaKoNoryeckonm CeKuum
ObwecTtBa pycckux Bpauyen «0 HeMosjHOTE COBPEMEHHOro
(um3nonornyecKoro aHanusa SEeMCTBUS NEKApCTBEHHBIX Be-
wects», W.N. MaBnoB HanuweT: «Ha orpoMHoIA TeppuTopUM
MeOMLMHCKOTo 3HaHus (apMakonorus npeacTaBnsercs...
norpaHuyHoi 0bnacTblo, rae MPOMCXOAUT 0COBEHHO 0XMB-
NeHHbIA 06MEH YCIyr MeX Ay ecTecTBEHHOHay4HOW OCHOBOM
MeAULMHBI — (QU3MON0THMEN U CNeLnanbHO MEAULIMHCKUM
3HaHueM — Tepanwen...» [3]. Itum 3asetam [1.[1. LLlabaHoB
CeA0Ban Ha NPOTAXEHUM BCEH HAYYHON KU3HW.

B 2000 r. MN.[. WabaHos 6bin u3bpaH 3aBenyoLLMM Ka-
teppoii hapMakonoruu BoeHHO-MeLULMHCKOW aKkageMum
uM. C.M. Kuposa, KoTopyto oH Bo3rmaensn 22 rofa v 3ateM
nepeLen Ha JOmKHocTb npodeccopa Kadegpbl. [lo atoro
M.0. WabaHoB ye npoboBan cebs B chepe npenopasa-
TeNbCKOW AeATeNbHOCTY, 3aHUMas [OMKHOCTM mpodeccopa
B YHuBepcuteTe neparornyeckoro Mactepctea Komuteta
no obpasoBaHuio CaHkT-lletepbypra, Ha Kadepnpe HapKo-
norum Cankt-leTepbyprckoit MeAMUMHCKOW akageMuu no-
cneaunioMHoro obpasoBaHus, Kadegpe dapMakonoruu
WHcTuTyTa MeamumHckoro obpasoBanua Hoeropoackoro ro-
CyLapCTBEHHOr0 YHUBepcuTeTa. 3Ta paboTa fana eMy HaBbIKH
YTEHMS NIeKUMI, paboTbl Co CTyAEHTaMU U CryLaTensiM1-Bpa-
yamu. Ho HayuHas fesiTenbHOCTb Beeraa bbiia npuopuTeTHOM
ana LLlabaHoBa-yyeHoro.

Tom 16, Ne 2, 2025
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Puc. 3. 3a Hanucanvem cTatbm ¢ AA. JlebenesbiM (2017) (MMUHbIM apxvB
aBTopa).

Fig. 3. Writing an article with Andrey A. Lebedev (2017) (personal archive
of the author)..

B obnactn Metomonorum QapMaKonorMueckux wuccne-
[0BaHMI HaydHble uHTepeckl [1.[. LLlabaHoBa Bceraa bbinm
CBSAi3aHbl C U3bICKAHWEM U U3y4eHWEM HOBbIX (hapMaKonoru-
UECKWX CPEeCTB, BAUAIOLLMX HA NPOLIECChl NaMATH, Npenapa-
TOB HOOTPOMHOTO AEACTBUSA, COELUHEHNI aHTUTUMOKCUYECKOM
M aHTUOKCWAAHTHOW HanpaBneHHOCTW, NpobneMamu nexap-
CTBEHHOW 3aBMCMMOCTU. TaK, U3y4as MexaHU3Mbl MMOKCUM
U u3HeobecrneyeHns B aKCTpeManbHbIX ycnosusx, 1.1, Wa-
6aHoB 1cnosb3yeT NOAXOALI M NPEACTaBNEHUs MOJIEKYNSIPHO
Gusmnonorun u gapmakonormm. 310 Halno OTPaXeHUe B ce-
pum onybIMKOBaHHBIX MM MOHOTpaduii COBMECTHO C COTPYA-
HWUKaMm Kadeapbl GpapMakonorum BeHHo-MeaMUMHCKON aKa-
aemmn um. C.M. Kuposa (B coasr. ¢ U.B. 3apybuHoit u ap.):
«MoneKkynspHas apMaKoenorus aHTMrunokcaHToB» (2004),
«lunokens v KapHutuH» (2003), «KoHuenums apanTtoreHoB:
UCTOKM, COBPEMEHHOE COCTOSHWE, nepcnekTusbl» (2002),
«AHTUTMNOKCaHTBI NpX YepenHo-Mo3roBoii TpasMe» (2006),
«AMMHOTMONOBbIE @HTUTMMOKCAHTBI MPU TPaBMAaTUYECKOM
oTeke mosra» (2008) u, HaKoHel, B KanuTanbHOM W3[aHUK
«MeTabonnyeckve KoppekTopbl runokcum» (2010) [4], roe
M.0. WabaHoB cdopmynupoBan 0006LeHHbIE TPeOOBaHMS
K aHTUrMnoKcaHTaM, 060CHOBan 06nacTu UX NpaKTUYECKOro
MPUMEHEHWS, [LOKa3an LienecoobpasHoCTb COYeTaHUs aHTUMM-
MOKCUYECKOr0 M aHTMOKCUOAHTHOrO AeUCTBUA NpU CO3AaHNM
HOBBIX CPEACTB aHTUMUMOKCUYECKOI HanpaBNeHHOCTH (puc. 3).
KnetouHble MexaHW3Mbl LENCTBUSA JIEKAPCTBEHHBIX CPELCTB
C MPUMEHEHUEM CMeLManbHbIX TEXHUYECKUX NPUEMOB M3Y-
YeHus YHKUMOHMPOBAHUS HEPBHBIX KJIETOK noapobHo onu-
CaHbl B ero MoHorpagusax «MeMbpaHoTponHoe [eicTBue
(apMakonorudeckux cpepcts» (2010); «DapMaKonorms UoH-
HbIX KaHanoB» (2012) n «KnetoyHble 1 MoneKynsipHble Me-
XaHu3Mbl AeicTBUA nekapcTe» (2014), BHOCALUMX KPYNHBbIiA
BKNaj B COBPEMEHHYI0 MOJIEKYNAPHY0 hapMakonoruio [4].

M.0. LabaHoB WMpoKo U3BECTEH CBOMMYM TpYAaMM B 06-
NacTv M3yyeHus NeKapCTBEHHOW 3aBUCMMOCTM (agauKumm).
Jtn Bonpockl Bceraa uHtepecosany [.[. LabaHosa: elwe
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Puc. 4. M.[1. WabaHos foMa B paboyeM kabuHeTe (2025) (MMUHbIM apxmB
aBTopa).

Fig. 4. Petr D. Shabanov at his study room (2025) (personal archive of the
author).

pabotas B 1980-x rr. B nabopatopun MonekynsapHon ¢ap-
MaKOoNormM ankoronuaMa nog, pykoBoAcTBoM npodeccopa
10.C. bopogkuHa, OH yoensn MHOr0 BHUMaHWA BOMpoOcaM
MOZeNIMpOBaHMs 3aBUCUMOCTY OT 3TaHONA Y JKUBOTHBIX U MO-
NEKYNSpHbIM MexaHu3MaM (OpMUPOBaHMS 3aBMCUMOCTMU.
[ancHeliwemy passututo 1.1, LLlabaHoBbIM 3T0r0 Hanpaene-
HWA Hay4HOro Moucka cnocobcTBoBana paboTa npodeccopom
Kadenpbl Hapkonorum CankT-lleTepbyprckoit MeaUUMHCKOM
aKageMuu nocneaunioMHoro obpasoBanua (1998-2010).
Mo 3ToMy Hanpaenexuio UM onybauMKoBaHbl GyHAAMeH-
TanbHble MoHorpagun «buonorus ankoronusma» (1998);
«PykoBoactBo no Hapkonoruu» (1998, nepemsn. 1999);
«HapKoMaHuu1: natoncuxonorus, KMHUKa, nevenne» (2000,
2-e n3a., pon. u nepepab., 2001); «AnkoronbHas 3aBUCK-
MOCTb: GOpMMPOBaHKeE, TeYeHMe, MPOTMBOPELIMAMBHasA Tepa-
nusa» (2002); «OcHoBbl Hapkonorumx» (2002); «Hapkonorus»
(2003); «HoBoe B neueHuu ankoronusmar, 2004), «[cuxo-
tapmakonorus» (2008, 2 wu3p.), «MMMyHoHapKonorus»
(2008); «Hapkonorus: npakTU4ecKoe pyKoBOACTBO Afs Bpa-
yeit» (2012); «[lodaMuHepruyeckmne MexaHu3Mbl anKorofb-
Hoi1 3aBucuMocTW» (2014), roe aBTOp Ha OCHOBaHWM M3YyYeHUs
MexaHu3MoB (OpMMpOBaHWA 3aBUCMMOCTM 0BOCHOBLIBaET
npencTaBneHus 0 BO3MOXKHOCTK Buonornyeckoin npodunak-
TUKM anKoronusma, HapKoMaHui 1 HeNeKapCTBEHHBIX BUOB
3aBMCMMOCTM.

Vol 16 (2) 2025

Psychopharmacology and biological narcology

Ocoboe Hanpasnenue uccnepoBanuii .1, LLlabaHoBa
cocTaBnser ¢usmonorna u hapMaKonorms KCTpeMasbHbIX
COCTOSHWW. 3HAYMTENbHBIN pasfen 3TUX UCCNenoBaHWK no-
CBSILLEH OCTPOM U XPOHUYECKOW TUMOKCUM, TOKCMYECKOMY
OTEKY JIETKWX, UIMMYHOOTMU U BUOXMMUM TOKCUYECKUX BO3-
LeicTBuiA, BUOpaLMOHHO-00YCNOBNEHHOW NaTonorum, acre-
HWYECKMM COCTOSIHUAIM U HEpOAEereHepaTUBHBIM BoNE3HAM
Mo3ra. Takas LumMpoTa oxBaTta npobnem cBs3aHa ¢ LnTeNb-
HbiM (Bonee 20 neT) ucnonHeHneM 06s3aHHOCTEN rNaBHO-
ro ¢papMaronora Munuctepctea o6opoHsl PO (2001-2022)
W TT1aBHOMO KNMHMYecKoro dapMakonora BoeHHo-MeanumH-
CKoMi akapemun uM. C.M. Kuposa (2001-2018). B obobLueH-
HOM BWfe pesynbTaThl 3TUX UCCNELOBaAHMIA BOLM B MOHO-
rpadum «[laToreHe3 TOKCMYECKOTO OTEKA JIErkux» (B COaBT.
c MN.A. TopkyHoBbIM, 2007 ); «OcTpas rMNOKCUS: MeXaHWU3MbI
(OpMUPOBaHNA 1 KOPPEeKUMs aHTMOKCULAHTaMM» (B COaBT.
¢ A.B. EeceeBbiM, 2008); «DapMaKonormyecKkas KoppeKums
TOKCHUYECKOro OTeKa nerkux» (B coasT. ¢ [1.A. TopKyHOBbIM,
2008); «TpaBMaTMYECKUN TOKCUKO3 U aHTUTOKCUYECKME Cpej-
ctBa» (B coasT. ¢ U.B. 3apybunon, 2014); «Bubpaums n su-
bponpoTekTopkl» (B coabT. ¢ B.B. Bopobbesoii, 2014) [5].

C Bo3BpalieHnem B M3IM B KayecTBe pyKoBOAMTENS OT-
aena Heiipodapmakonoruu uMm. C.B. AHmukosa B 2011 r.
M.0. LWabaHoB aKTMBHO Npomo/mKun nybnuMkoBaTb paboThbl
Mo aKTyanbHbIM NpobneMaM MeguumHel. B 3Tn rogpl B cBeT
BbIXOAAT MoHorpadmm «MuHuManbHas OUchYHKLMSA Mo3rax»
(B coaBrT. ¢ B.B. lnywwenko, 2013), «[aHrnm1o3nabl 1 cuanupasbl
B QU3NONOrNYECKNX U NATONOTUYECKUX PEAKLMSX OpraHn3May
(B coaBT. ¢ C.H. MpowmHbiM, 2014), «DapmaKonorus HoBbIX
XONMHEPruYeckux cpeacts (dhapMaKonorus — KIMHUKE)»
( B coast. ¢ H.A. JlocebiM, H.C. CanpoHoBbiM 1 J1.K. XHbI-
YeHKo), «He-HelMpoHanbHLIA ALETUNXOIMH NeyeHn» (B Co-
aBT. ¢ B.W. TuxaHoBbiM, 2020); «®apMakonorus npouseo-
OHbIX TaypuHa» (B coasT. ¢ H.A. JlocesbiM, H.C. CanpoHoBbIM
u J1.K. XHbivenko, 2021), «DapMaKoTepanusi acTeHUYeCKo-
ro CMHOpoMa MeTabonMyeckumu cpenctBamu» (B COaBT.
c [.B. bysHuk n A.A. baitpamosbiM, 2021), «DapMakonorus
pabaTocnocobHOCTH, CTPECCMPOTEKTOPOB M NPOTMBOYKaYMBa-
towmx cpeacts» (2022) (puc. 4).

M.0. WabaHos — aBTop M coaBTop pAAa Yy4ebHuKoB
Ans Boicwei wronbl: «Mcuxodapmakonorus» (2008, 2 usa.),
«Dusmnonorus BoeHHoro Tpyaa» (2011), «Hapkonorus» (2-e
u3a., nepepabd. u gon., 2012), «Helipodapmakonorus: anek-
TPOHHBIA y4ebHuK», 2012), «KnuHuyeckas dapMaronorus:
aKaJleMU4EeCKUI KypC ANA CTYAEHTOB W Bpadei» (B COABT.
¢ B.B. Bopobbesoii, 2020), «Heiipodusuonorus: ocHoBbI Kyp-
ca» (B coabT. ¢ A.A. JlebenesbiM, 2019), «Henpodusnonorus:
OCHOBHOM Kypc» (coBMecTHo ¢ A.A. JlebepestiM, 2022), Hanu-
CaHHBIX B COOTBETCTBUM C TpeboBaHuaMM [ocynapcTBeHHOrO
obpa3oBartenbHoro ctaHaapta PO [6].

M.0. WabaHoB sBnsetcs paspabotyunkoM 9 BHeAPEHHBIX
B MPaKTUKy NeKapcTBEHHbIX npenapatos (Metanpot®, Tpe-
KpesaH®, PonpeH®, Mupamun®, lucnepytosaH®, MuganoH®,
AnTopekc® Arpenakc, 3BapafiMKc) U3 rpynnbl aHTUTUMNOKCaH-
TOB, HeliPONpPOTEKTOPOB, HOOTPOMOB W MPOTUBOANKOTOBHBIX
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cpeacts. Kpome Toro, M1.[. LabaHos pa3paboran 23 6uono-
TMYECKM aKTUBHBIX J0D6aBKY K NuLLIe Ha 0CHOBE acKopbuHOBO
M SHTApPHOW KUCIIOT, BbIMYCKAIOLLMXCA OTEYECTBEHHOM Mpo-
MBILLJIEHHOCTBH (ACKOPOMHKA C 3KeNe3oM, LIMHKOM, MarHueM,
Kanuem W MarHueM, MULMHOM, SHTapHOW KUCIOTON W ap.).

M.0. lWabaHoB OTHOCUTCS K Y4EHBLIM, He TONbKO MHOM0
W aKTUBHO PaboTalOLLMM 3KCMEpPUMEHTANIbHO, HO U aKTUB-
HO nuwywmM: oH onybnukosan 6onee 2300 HayuyHbIX pa-
bor, Brntoyas bonee 1100 HayyHbIX paboT, MHOEKCUPYEMBIX
B PUHL, B nx uncne 62 MoHorpadmm, 63 yuebHo-MeToaU-
yeckux nocobus, bonee 800 ypHanbHbIX CTaTeW, MHAEK-
CUpYeMbIX B MexayHapofHbix 6asax uutupoBaus Web of
Science, Scopus u PubMed. WHpekc Xupwa N.[1. LWabaHo-
Ba (PUHL) coctanset 34, uHaeKc uutupoBaHua — 1083,
Mo nnpekcy umtnpoBanua M1.[. LLlabaHoB B TeueHWe MHOMMX
net (2016—2023) BxonuT B NepBYIo COTHIO Hanbonee LuUTUpye-
MbIX y4eHbIx Poccum.

M.[0. WabaHoB — npu3HaHHbIN WM30bpeTaTesb, aBTOp
1 coasTtop 52 natentoB P® Ha u30bpeTeHne, HeogHOKpaT-
Hblli Y4aCTHUK MEXAYHapOAHOr0 CasioHa MPOMBILLIEHHO
coBCTBEHHOCTU «ApxuMepy», rae ero pabotbl OblM Harpax-
JeHbl rpaH-npu (2009), sonotoi (2005, 2007, 2008, 2010),
cepebpsHbiMK (2004, 2005, 2009, 2011, 2013) 1 6poH30BLIMM
(2009, 2013) Mepanamu, a TakxKe bblIM OTMeYeHbl aunnoMa-
MU noyTeHus M BnarogapHocTamm (2002, 2003, 2004, 2012,
2014, 2016), aBTop v coasTop bonee 100 pauroHanU3aToOPCKUX
MPELIOMKEHNIA,

Kak yxke otMevanochb Boiwwe, 1.1, LabaHos chopmmpoBan
CBOK Hay4Hyl0 LLKOAY, KOTOpas CTana M3BECTHOW He TOMbKO
B Poccum, Ho v 3a pybexxoM. lop ero pykoBOACTBOM 3alumLLe-
HO 36 OOKTOPCKMX W 65 KaHAMOATCKMX AMCCepTaumi, 22 ero
YYeHMKa cTanu npodeccopamMu WU BO3MaBUIM NPOGUIbHbIE
Kadeapbl, HayyHble nabopatopum W oTaensl Kak B Poccuu
(Cankt-NeTepbypr, Mockea, Benukuii Hosropon, CMoneHck,
BpsHck, Mckos, MpkyTck, BnaroBelueHck), Tak U B cTpaHax
CHI (KasaxctaH, TauKMKuCTaH).

Haxopswmecs Ha nepefoBbIx pybeax Hayku uccnepo-
BaHus nabopatopuu [.[. LLlabaHoBa HeoAHOKpPaTHO MnoAay-
yanu nopaepxky Poccuiickoro doHAa HayyHbIX Mccnepo-
BaHuit (PO®WU, 11 rpaHToB), Poccuiickoro rymMaHWTapHoro
HayyHoro QoHpa, Poccuiickoro HayyHoro oHpa. 310 no-
3sonset [1.[. LWabaHoBy u ero coTpyaHMKaM Heu3MeHHO
yyacTBoBaTb B paboTe Begywmx Hay4HbIx opymoB B Poccum
1 33 pybexoM 1 NpefcTaBnATb TaM JaHHble HAY4HbIX UCChe-
[0BaHMMN.

M.0. llabaHoB BeaeT aKkTMBHYK 06LiecTBEHHYH pabo-
Ty. B pa3Hble rogbl oH 6bin M3bpaH uneHoM npobnemHon
Kommccum PAH no obMeHy BeluecTB, YeHOM M 3aMecTu-
TeneMm npepcenatens [lpasnenus CaHkT-[leTepbyprckoro
obuiectBa ¢m3nonoros, 6GUOXMMMKOB M (HapMaKOIOroB WM.
N.M. CeyeHoBa, uneHoM [lpe3nanyma Poccuiickoro obuie-
cTBa dapmakonoros, npeacenateneM CaHkT-[letepbyprckoro
(apmakonormyeckoro obwectea (¢ 2018 r.), npeacenate-
neM Poccuitckoi accoumaumm ncMxoHenpo3HA0KPUHONOM MK
(c 2007 r.), aKTMBHbLIM YNEHOM MeXAyHapoaHoro obLiecTa

Tom 16, Ne 2, 2025
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Puc. 5. BeictynneHue Ha | [neHyme Poccuiickoro HaywHoro obiuectsa hap-
Makonoros B Pasanu 23 mas 2025 r. CnpaBa — npe3uaeHT Poccuickoro
Hay4Horo 0bLuecTea hapMakonoros npogeccop M.B. MToKPOBCKWIA (MNYHBINA
apXu1B aBTopa).

Fig. 5. Speech at the 1st Plenary Session of the Russian Scientific Society
of Pharmacologists, Ryazan, May 23, 2025. On the right is Professor
M.V. Pokrovsky, the President of the Russian Academy of Sciences (personal
archive of the author).

MCUXOHEMPO3HAOKPUHONOrMK, bpasunbckoro obLuectsa Heid-
Po3HJOKpuHoOnoroB, BeHrepckoro obuwiecta ¢uaunonoros,
EBponeickoro obLiectBa HeMpo3HAOKpUHONOroB, EBponeii-
CKOM Konneruu HenponcuxodapMakonoruu, MexayHapos-
Horo obuwectBa «Crpecc U noBefeHue». B TeyeHue MHOrMX
NeT BXOAWN B COCTaB HECKOJbKUX CMeLManu3upoBaHHbIX
JMCCEPTaLMOHHBIX COBETOB MO 3alLuTe AOKTOPCKUX Auccep-
Taumin (BoeHHo-MeguumHcKon akapemun uM. C.M. Kuposa,
N3M, CaHkT-lleTepbyprckoro rocynapCTBEHHOMO YHUBEPCU-
TeTa, MHcTuTyTa Tokeukonorum MegepanbHoro MeanKo-6mo-
NOTMYeCKOro areHTcTBa, CTaBponobCKoro rocyAapcTBEHHOIO
YHUBEpCUTETA).

M.[. LabaHoB aKTMBHO y4acTBYeT B M3AaTeNbCKOMN fes-
TeNbHOCTH, ABNAACH MaBHLIM PeLaKTOPOM XypHanoB «0630-
Pbl MO KNMHUYECKOW hapMaKonoruv 1 IekapcTBEHHOI Tepa-
num» u «lNcuxodapMaronorvs u bruonornyecKas HapKoorus»,
UNEHOM PefKOoNNernii U pefcoBeToB XKYpHaNoB «JIKCMepu-
MeHTabHas U KIMHWYeckas GapMakonorusy», «MeauumnHCKuiA
aKaJleMUYeckuii XypHan», «Hapkonorus», «BectHuk Poc-
CMICKOW BOEHHO-MEAMLMHCKON aKafeMun», «HelnpoHayku,
«MepauKo-buonormiyeckme U CoLManbHO-NCUXONOrMYECKUE
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npobneMbl 6€30MacHOCTM B 4pe3BblYalHbIX CUTYaLMAX»,
«BecTHWK CMONEHCKOM rocyaapcTBEHHOM MEAULIMHCKON aKa-
Aemumny, «KnuHnyeckas natodusmonorus», «Bompock! Hap-
konorumn KasaxcraHa» (KasaxcraH), International Journal of
Addiction Research (YepHoropus), CEPNESP Bulletin (Bpa-
31Ks) U ap.

MN.[. lWabaHoB HarpaxaeH 12 Meganamu, BKoYas obu-
neiiHble rocynapCTBEHHbIE W BEAOMCTBEHHbIE Harpagbl Mu-
HucTepcTBa 060poHbI PO, MUHMCTepCTBA HayKW W BbICLLETD
obpasoBaHus, MuHucTepcTBa 3apaBooxpaHeHns PO, Poccui-
CKOM aKafieMun HayK, Mefanu MeguUMHCKUX obLects (Mme-
Hu akagemuka C.B. AHuukoBa, umenmn npodeccopa A.A. Jiu-
XayeBa, MMEHM OCHOBATeNs OTEYECTBEHHOW (apMaronorum
H.M. KpaekoBa, Meganb C.M1. botkuHa, Meganb W.I1. Maenosa).

M.0. WabaHoB aKTMBHO TpyauTcA Ha bnaro Hawein Po-
AVHbI, KAQYeCTBEHHO BbIMOJIHSA rOCY[APCTBEHHOE 3afiaHue
1 BOCMUTBIBaS MOMOABIX YYEHbIX KaK CBOMM MPUMEpOM, TaK
W NpPUMEPOM CBOMX NpepLlecTBeHHUKOB (puc. 5). OT nuua
BCeX COTPYAHMKOB otaena dapmakonorum uM. C.B. AHnukoBa
N3M, npy3en v Konner xenato Metpy OMutpuesnuy LlabaHo-
BY 3[10POBbS, aKTUBHOIO AC/ITONETHS U YCMEXOB Ha HayYHOM
W NpenofaBaTenbCKoM MOMpULLE.

CMUCOK MOHOIPADUIA
U PYKOBOACTB M.A. LUABAHOBA,
OMYBJIMKOBAHHbIX B 1986—-2025 rr.
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A0NOSTHATESIbHAS! UHOOPMALIUA

Bknap aBTopa. AA. JlebeneB — aHanu3 AaHHbIX, HanMcaHWe CTaTby, pas-
paboTka 06LLEeN KOHUENUMM.

KoHtbnuKT uHTepecoB. ABTOp AeK/apupyeT OTCYTCTBME SIBHBIX M MOTEHLM-
anbHbIX KOH(DIMKTOB MHTEPECOB, CBA3AHHLIX C MybMKaLMen HacTosLLen
CTaTbu.

WcTouHuk duHaHcupoBaHus. Pabota BbINOSHEHa MO JIMYHOM MHMLMATUBE
aBTopa 6e3 A0MOMHWTENBHOM (QUHAHCMPOBAHUS.

[eHepaTUBHbBIA MCKYCCTBEHHbIN MHTENNeKT. [Ipn co3aaHWM HacTosLLen
CTaTbM TEXHOMOMMM FeHePaTUBHOO MCKYCCTBEHHOTO MHTENMIEKTA He UCMofb-
30Ba/u.

PaccMoTpeHue u peueHsupoBaHue. Hactosias pabota nogaHa B xyp-
Han B MHULMATUBHOM MOPAJKE WM PaccMOTpeHa No 06bIYHOM MpoLesype.
B peLieH3MpoBaHMM Y4acTBOBaM [1Ba BHELLHMX PELIEH3eHTa W UleH pefak-
LIMOHHOM Konneruu.
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