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Antioxidant effects of 2-ethylthiobenzimidazole and
a succinic acid salt complex in hypoxia-trained rats
during acute oxygen deprivation

Mikhail V. Kozhurin', Irina V. Zarubina?, Petr D. Shabanov?

! Institute of Experimental Medicine, Saint Petersburg, Russia;
Z Kirov Military Medical Academy, Saint Petersburg, Russia

ABSTRACT

BACKGROUND: The body's response to hypoxia is largely determined by individual sensitivity. Available data show that
both animal and human subjects with high resistance to hypoxia are less susceptible to its damaging effects on the brain,
myocardium, liver, and kidneys.

AIM: To conduct an experimental study of the antioxidant effects (lipid peroxidation markers and antioxidant system activity
in the brain) of 2-ethylthiobenzimidazole, a succinic acid salt complex (amosuccinate) and their combination to increase the
individual resistance of the rat brain to hypoxia during interval hypoxic hypobaric training.

MATERIALS AND METHODS: Acute hypoxic hypobaric hypoxia in rats was induced in a flow pressure chamber. Animals were
categorized according to their resistance to acute hypoxia by ascending them to an altitude of 11,000 m at a rate of 50 m/s and
exposing them to this altitude until agonal respiration occurred. Rats withstanding hypoxia for 5—10 min were considered low-
resistant, while those surviving for more than 10 min were high-resistant. The interval hypoxic training lasted three days and
consisted of one-day training cycles with six ascends to an altitude of 5000 m (with 20-minute interval between ascends) at
a rate of 15 m/s and exposure to this altitude for 30 min. A synthetic adaptogen, ethylthiobenzimidazole (Metaprot), at a dose
of 25 mg/kg, and a succinic acid salt complex (amosuccinate), at a dose of 50 mg/kg, were administered intraperitoneally
for three days immediately after each training cycle. The control group consisted of trained and untrained rats receiving 0.9%
sodium chloride solution. In the brain, the concentration of lipid peroxidation products (diene conjugates, malondialdehyde) and
the state of antioxidant systems (reduced glutathione, catalase and superoxide dismutase activity) were determined.
RESULTS: Acute hypoxia led to excessive lipid peroxidation and reduced activity of antioxidant systems. Ethylthiobenzimidazole
and amosuccinate in combination with hypoxic training inhibited lipid peroxidation in the rat brain. The concentration of diene
conjugates in the rat brain decreased by 12-26%, and malondialdehyde by 13-58%. The studied agents increased the levels
of reduced glutathione by 42-76%, catalase by 1.5 times, and superoxide dismutase by 1.5-2.2 times. The combined effect of
these agents was greater than their individual effects.

CONCLUSIONS: High-altitude training in combination with synthetic adaptogens (ethylthiobenzimidazole and amosuccinate)
increases the adaptive capacity of the brain, as evidenced by longer survival at altitude, decreased excessive lipid peroxidation,
and restored antioxidant systems.

Keywords: ethylthiobenzimidazole; amosuccinate; succinic acid salts; high-altitude hypoxia; adaptation; lipid peroxidation;
antioxidant systems; brain, rats.
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AHTUOKCHAaHTHbIE addeKTbl 2-3TUATUOOEH3UMMAA30NA
U KOMMJEKCa CoNen AHTapHOM KUCNOTbI

y npeABapuTe/ibHO TPEHMPOBAHHBIX K FMMNOKCUU KPbIC
NPX OCTPOM KUCNIOPOAHOM F0/1I04,aHUK

M.B. Koxypun', U.B. 3apybuna?, M.1l. LlabaHos"?

" NHCTUTYT 3KcnepuMenTansHon MeavumHbl, CankT-TMetepbypr, Poccus;
2 BoeHHo-MeMLMHCKas akafemus umenn C.M. Kuposa, Cankr-Tetepbypr, Poccus

AHHOTALMA

AxTtyanbHocTb. Peakuums opraHM3Ma Ha rMMOKCUIO B 3HAUYUTESIbHOM CTEMEHW OMpenensieTcs UHAMBUAYaNbHOW YyBCTBUTENb-
HOCTbHO K Hel. MoKa3aHo, 4To CyObeKTbI C BbICOKOW YCTOMYUBOCTBLIO K TMMOKCUM (YENOBEK U WUBOTHLIE) MEHEE MOLBEPIKEHbI
MoBpeXAaloLLeMy AECTBUIO MMMNOKCUM Ha MO3F, MUOKApA, NeyeHb, MOYKHU.

Lienb — 3akcnepuMeHTanbHoe U3ydeHue aHTMOKCUAAHTHBIX IDhEKTOB (MOKa3aTeNi NEPEKUCHOTO OKUCIIEHUS IMMUAOB U aK-
TUBHOCTb aHTWOKCWAAHTHBIX CUCTEM B FOJIOBHOM MO3re) 2-3TUITMOBEH3MMIUAA30M1a M KOMIIEKCA COMeN SHTApPHOW KUCMOThI
(amMocyKumMHaTa) M UX CoYeTaHUsA 1S NOBbILIEHNS UHAVMBUAYANBHOM YCTOWYMBOCTY MO3ra KpbIC K TMMOKCUM B NPOLIECCE UHTEp-
Ba/IbHOW FMMOKCUYECKOI rMnobapuyecKoii TPEHUPOBKM.

Matepuanbl n Metogbl. OCTPYH0 TMMOKCUYECKYKD rMNOBApUYECKy0 TMMOKCUIO Y KPbIC BbI3biBaAM B NPOTOYHOW Bapokamepe.
HuMBOTHBIX pa3aensnm no ycToMunBOCTM K OCTPOM MMMNOKCUM, NofHUMas ux B 6apokaMepe Ha BbicoTty 11 000 M co cKopocTbto
50 M/c ¥ 3Kcnosuumen Ha BbICOTE 10 BO3HWUKHOBEHWs aroHanbHOro AbixaHus. Kpbichl, BbiAepuBaloLLME BO3LENCTBUE TU-
MoKcuu B TeveHue 5—10 MUH, cuMTanucb HU3KOycToMuMBLIMM, bonee 10 MMH — BbLICOKOYCTOMUMBLIMU. Kypc MHTEpBaNbHOM
TMMOKCUYECKOI TPEHUPOBKM cocTaBnsn 3 AHA. OfHOAHEBHbIA LIMKIT TPEHUPOBKU COCTOAN U3 6-KPaTHOTO MOLBEMA KPbiC CO
cKopocTbto 15 M/c Ha Bbicoty 5000 M 1 3Kcno3uuMeli Ha BbicoTe B TeyeHue 30 MUH. MiHTepBan Mexay nogbeMamym — 20 MUH.
B pabote ucnonb3oBanu cMHTETUYECKUW aaanToreH 3aTUATUOBeH3UMMAa3son (MeTanpor) 25 Mr/KT U KOMNEKC Coneli SHTapHOi
K1cnoTbl (aMocyKumHat) 50 Mr/Kr, KoTopble BBOAWIM BHYTPUOPIOLIMHHO Ha NPOTSXKEHUM 3 iHel cpa3y Nocne OKOHYaHWS 0fHO-
[HEBHOIO LKA TpeHUpoBKW. KOHTpOMbHYHO rpynny cOCTaBAS/IA TPEHUPOBAHHbIE U HETPEHUPOBAHHBIE KPbICHI, MOyYaBLUKe
0,9 % pactBop HaTpusa xiopupa. B ronoBHOM Mosre onpefensniv CoAepXaHue MpOLYKTOB JIMMONEpPOKCMAALMM (DUeHOBbIE
KOHBIOraThl, MaJIOHOBbIA AManbAerua) U OLEHWBaM COCTOSHUE aHTUOKMCIITENBbHBIX CUCTEM (COAepXKaHWe BOCCTaHOBNIEHHOIO
[yTaTMOHA, aKTMBHOCTb KaTanasbl U CynepoKCUAANCMYTas3bl).

Pesynbtatbl. OcTpas rMNOKCKSA Bbi3biBaia YPE3MEPHYID IMMONEPOKCUAALMIO U CHUXEHME aKTUBHOCTW aHTMOKMCIUTENbHBIX
cucteM. 3TunTMobeH3MMMAA30M1 M aMOCYKLMHAT B COYETAHUM C MMMOKCMYECKON TPEHWPOBKOM NMPEensTCTBOBaNMW JIMNONEepoK-
cupaumn B rofloBHOM Mo3re Kpbic. CofiepaHue OMEHOBLIX KOHBIOraToB B FOSIOBHOM MO3re KpbiC CHUManoch Ha 12-26 %,
ManoHoBoro avanbaernpa — Ha 13-58 %. lpenapatbl NoBbllwany cofepXaHue BOCCTAHOBIEHHOMO IyTaTUOHa Ha 42-76 %,
KaTanasbl — B 1,5 pa3a, cynepokcupamcmyTasel — B 1,5-2,2 pasa. IPdeKT co4eTaHHOro NPUMEHEHMSA 3TUX NpenapaToB bbin
Borblue, YeM y NpenapaTos Mo OTAENLHOCTY.

BbiBoAbl. BbiCOTHblE TPEHMPOBKU B COYETAHUM C CMHTETUYECKUMM afanTtoreHaMu (3TUNTMOOEH3UMMAA30M M aMOCYKLMHAT)
MOBLILLIAIOT aAaNTMBHbIE BO3MOXHOCTU MO3ra, 4TO MOATBEPHAAETCS KaK YBEIMYEHNEM BPEMEHM BbIKMBAHMS Ha BbICOTE, TaK
W CHUXEHWEM YpEe3MEePHOW NIMNONEPOKCUAALMM M BOCCTAHOB/IEHWEM aHTUOKUCITUTENBHBIX CUCTEM.

KnioueBble cnoBa: 3TMnTHOOEH3UMMUAA30N; adMOCYKLMHaT; Con FIHTapHOVI KUCNOTbI; BbICOTHAA MMMNOKCUA; afanTauua; nepe-
KWUCHOE OKMCIIeHUE IMNMAO0B, aHTUOKUCITUTENBHbIE CUCTEMbI; FOJIOBHOU MO3T; KPbICbI.
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PSYCHONEUROPHARMACOLOGY

BACKGROUND

Oxygen deficiency (hypoxia) as one of the main typical
pathogenic processes is considered to occur mainly in healthy
people who are exposed to certain environmental conditions
where the partial pressure of oxygen decreases, e.g.,
mountaineering, air travel, underwater, disaster recovery,
etc. Hypoxia is known to affect all types of metabolism in
the body, usually temporarily disrupting the functioning of its
organs and systems and subsequently affecting a person’s
well-being. In hypoxic conditions, the brain, heart, kidneys,
and liver suffer the most because of their high oxygen and
glucose requirements, high levels of various lipids, and
intensive organ metabolism. Brain hypoxia significantly
reduces the body’s resistance to oxygen deprivation and
restructures all of its physiological and biochemical systems
into a gentler (less intensive) mode of functioning [1]. The
body’s response to hypoxia is largely determined by an
individual's sensitivity, which can be high and low. Subjects
with high hypoxia tolerance (humans and animals) are shown
to be less susceptible to the damaging effects of hypoxia
on the brain, heart, liver, and kidneys than those with low
tolerance [2].

AIM: To experimentally evaluate the antioxidant effects
(lipid peroxidation and activity of brain antioxidant systems)
of 2-ethylthiobenzimidazole and a complex of succinic acid
salt (amosuccinate) and their combinations to increase
individual brain tolerance to hypoxia during Interval
hypoxic/hyperoxic hypobaric training in rats.

MATERIALS AND METHODS

Animal selection. The experiments were performed on
114 sexually mature white male crossbreed rats, weighing
160-180 g, obtained from the Rappolovo husbandry (Leningrad
region, Russia). Rats were maintained in a housing room with
standard lighting and food and ad libitum access to water
and food.

Modeling of acute hypoxic hypobaric hypoxia and pulsed
hypoxia training in rats. Acute hypoxic hypobaric hypoxia was
induced by simulating conditions of high altitude exposure
in a hyperbaric chamber for laboratory animals. Rats were
classified according to their tolerance to acute hypoxia by
being elevated to 11,000 m altitude in a hyperbaric chamber
at a rate of 50 m/s and exposed to these conditions until
agonal breathing occurred. Rats that could withstand hypoxia
for 5-10 min were considered to have low hypoxia tolerance
(LHT), and those that could withstand hypoxia for more than
10 min were considered to have high hypoxia tolerance
(HHT). Moderate hypoxia was used to evaluate the metabolic
effects of study agents and their combinations in acute
oxygen deprivation, with no animal mortality observed in
the hyperbaric chamber. For this purpose, rats were put to
conditions of 8,000-meter altitude at 50 m/s and exposed for
30 minutes. This model was chosen due to its convenience
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in assessing the antihypoxic activity of pharmacological
agents and its ability to analyze a wide range of hypoxic
effects [2].

A special interval hypoxic training program was developed.
To acclimate rats to hypoxia, interval training in a flow-
through hyperbaric chamber was used for 3 days. The one-
day training cycle consisted of 6 elevations to 5,000 meters
at 15 m/s with 30 minutes of exposure. The interval between
elevations was 20 minutes. At the middle and the end of the
elevations, the rats were additionally elevated to 6,500 m and
then lowered to 5,000 m.

Characteristics of pharmacological agents. The study
used the synthetic adaptogen 2-ethylthiobenzimidazole hy-
drobromide (Metaprot) and a complex of succinic acid salts
(Amosuccinate’). Metaprot is structurally similar to the
purine bases of nucleic acids such as adenine and guanine,
and has properties typical of adaptogen, antihypoxant, and
actoprotector agents [3, 4]. A complex of succinic acid salts
(laboratory code: amosuccinate) was chosen because, among
the natural substrate metabolites, acid succinates are potent
modulators of endogenous succinate receptors (SUCNR1),
L-type calcium channels, and formation of active forms of
steroids [5, 6].

The agents were administered intraperitoneally at the
optimal effective dose (Metaprot 25 mg/kg, amosuccinate
50 mg/kg b.w.) for 3 days immediately after the end of the
one-day training cycle. The control group included trained and
untrained rats that received an equivalent volume of 0.9%
normal saline.

Rats that received pharmacological support during training
were exposed to acute hypoxia 1 week after the end of the
training cycle to evaluate efficacy of synthetic adaptogens
combined with the proposed interval training. Untrained rats
exposed to acute hypoxia served as the control group.

Biochemical analysis of lipid peroxidation products
(LPPs). Intensity of free radical processes in brain was
assessed by concentrations of primary (diene conjugates of
unsaturated fatty acids) and secondary (malondialdehyde)
LPPs. The content of thiobarbituric acid (TBA)-binding
products, as measured by malondialdehyde concentration,
was determined after preparation of 10% homogenates of
cerebral hemispheres in 25 mM Tris-HCL with 175 mM KCl
buffer (pH 7.4) and protein precipitation in these homogenates.
Diene conjugates were extracted from a 100 mg sample of
brain tissue with 2 mL of a 1: 1 mixture of heptane and
isopropanol using the technique of Stalnaya [7, 8].

Methods for determination of antioxidant enzyme
activity. The status of the brain’s antioxidant system was
assessed by the activity of catalase and superoxide dismutase
(SOD). These enzymes prevent the excessive generation of
hydrogen peroxide and superoxide radicals. Catalase activity
was determined by the hydrogen peroxide decomposition
reaction according to the Bergmeyer technique [9].

" The drug is not approved in Russia.

DOl https://doiorg/ 10.17816/phbn635858

181



182

MCUXOHEVPODAPMAKONO/A

SOD activity was assessed by inhibition of nitroblue tetrazolium
reduction in the presence of phenazine methosulfate [9].
The status of glutathione as the brain’s antioxidant system
was assessed by the level of reduced glutathione [10]. The
activities of all the study enzymes were attributed to the
protein content of the samples, determined by the standard
technique of Lowry et al. [10].

Statistical analysis of the study results. Graph Pad
Prizm v.6 software was used for statistical processing of the
quantitative data. All data are presented as mean + standard
error of the mean (M + m). The Kolmogorov—Smirnov test
was used to test the normality of the data distribution. In
the case of normal distribution, one-way ANOVA analysis
of variance was used to identify statistical differences
between multiple groups. For comparisons between only two
groups, paired Student's t-test for independent samples was
used. If the distribution was not normal, a non-parametric
equivalent of analysis of variance was used. In this case, the
non-parametric Mann—Whitney test was used for pairwise
comparisons. Differences were considered significant at the
95% significance level (p < 0.05).

RESULTS

The rat experiment used the method of short-term
pulsed non-damaging hypoxic exposure of moderate
intensity. Rats were preliminarily divided into HHT and LHT
groups according to their tolerance to acute hypoxia, and
survived an average of 12.15 min (HHT) and 5.12 min (LHT)
at 11,000 m altitude. After interval hypoxic training, survival
time at 11,000 m increased to 14.61 min in HHT rats and
6.79 min in LHT rats.

A course of treatment with ethylthiobenzimidazole
25 mg/kg increased survival time at altitude to
16.27 + 0.27 min (+11%) in HHT rats and 8.98 + 0.28 min
(+32%, p < 0.05) in LHT rats compared to trained rats
that did not receive treatment. A complex of succinic acid
salts (amosuccinate) 50 mg/kg had little effect on survival
which increased to 15.56 + 0.28 min (+7%) in HHT rats and
to 7.74 = 0.22 min (+14%) in LHT rats. The combined use
of ethylthiobenzimidazole with a complex of succinic acid
salts provided a more significant increase in survival time
at altitude to 20.46 + 0.27 min (+40%) in HHT rats and to
15.28 + 0.25 min (+125%) in LHT rats.

Ethylthiobenzimidazole and, to a lesser extent, succinic
acid salts increased survival of HHT and LHT rats at
11,000 m with 30 min exposure. The combined use of
ethylthiobenzimidazole and amosuccinate caused a greater
and more significant increase in survival in terms of
antihypoxic effect potentiation, which was more significant
in LHT rats, and the results in LHT rats were similar to those
in HHT rats.

After 7 days, surviving rats were subjected to repeated
acute hypoxia to evaluate residual antihypoxic effects of the
study agents. The agents and their combinations remained
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effective, as evidenced by survival time at altitude of HHT rats
receiving ethylthiobenzimidazole and a two-fold increase in
survival time of LHT rats compared to rats trained without the
use of agents. In LHT rats, ethylthiobenzimidazole showed a
more significant prolonged effect, increasing survival time by
27% compared to the first hypoxic episode. When exposed to
repeated hypoxia, HHT rats trained with the use of a complex
of succinic acid salts survived 8% longer at altitude than
during the first hypoxic episode, while LHT rats survived 32%
longer.

Therefore, the combined use of interval hypoxic training
with the benzimidazole derivative ethylthiobenzimidazole
enhances the antihypoxic effect of training, increases
individual tolerance to hypoxia, and provides higher hypoxia
tolerance in LHT rats. However, ethylthiobenzimidazole and,
to a lesser extent, amosuccinate show a longer and more
significant effect on LHT animals. This effect is enhanced by
the combined use of ethylthiobenzimidazole and succinic acid
salts.

Hypoxia is characterized by excessive lipid peroxidation
[2]. Therefore, in order to understand this antihypoxic
mechanism, synthetic adaptogens (ethylthiobenzimidazole
and amosuccinate) were evaluated as pharmacological
agents to enhance effectiveness of physiological methods
in improving tolerance of rats to free radical processes of
hypoxic origin. The study found that these agents, when
combined with hypoxic training, prevented excessive
lipid peroxidation in the rat brain. Ethylthiobenzimidazole
decreased the brain levels of diene conjugates (the primary
LPPs) in HHT and LHT rats by 14% and 12%, respectively
(p < 0.05). Amosuccinate significantly decreased the brain
levels of diene conjugates by 17% in HHT rats and by 26%
in LHT rats. Hypoxic training with ethylthiobenzimidazole
decreased the levels of malondialdehyde (the secondary
LPP) by 13% and 56% in HHT and LHT rats, respectively,
and hypoxic training with amosuccinate decreased the
levels of malondialdehyde by 22% and 58%, respectively
(Table 1).

After activation of brain antioxidant systems, changes
in LPP processes were observed in both groups. Hypoxic
training with ethylthiobenzimidazole significantly increased
brain levels of reduced glutathione by 19% and 36% in
HHT and LHT rats, respectively, and hypoxic training with
amosuccinate increased brain levels of reduced glutathione
by 22% and 60%, respectively. Interval hypoxic training with
synthetic adaptogens was associated with an increase in the
brain SOD activity in both groups. Ethylthiobenzimidazole
increased the brain SOD activity in HHT and LHT rats by
52% and 159%, respectively, and amosuccinate increased
the brain SOD activity by 45% and 187%, respectively
(p < 0.05).

Synthetic adaptogens improved the activity of catalase,
decreasing its brain activity in HHT rats and increasing its brain
activity in LHT rats compared with hypoxic training without
pharmacological support. In addition, ethylthiobenzimidazole
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Table 1. Effect of ethylthiobenzimidazole and amosuccinate on lipid peroxidation and antioxidant system activity in the brain of rats trained

to hypoxic hypoxia (M +m, n=10)

Tabnuua 1. BnusHue 3tuntuobeHsuMuaasona u dMOCYKUMHATa Ha npouecCbl NEepeKMCHOro OKUCNEeHUsa NUnUAoB N aKTMBHOCTb

AHTUOKCUAAHTHbBIX CUCTEM B r0OJIOBHOM MO3re KpbIC, TDEHNPOBAHHBIX K rUNoKcMYeckom runokeun (M £ m, n = 10)

Parameters Rat groups Hi&l;elgﬁgzia Low hypoxia tolerance
Diene conjugates, pmol/g Training 23.61 £ 0.22 28.54 + 0.21
Training + ethylthiobenzimidazole 20.15 + 0.19° 25.61 + 0.19°*
Training + ammosuccinate 21.11 £0.16° 2652 +0.22°
Training + ethylthiobenzimidazole + ammosuccinate 1921 £ 0.21° 26.27 +0.22°
Malondialdehyde, pmol/g Training 12.24 £ 0.17 15.12 £ 0.18
Training + ethylthiobenzimidazole 912+0.21° 10.71 £ 0.15
Training + ammosuccinate 725 +0.17° 8.82+0.17
Training + ethylthiobenzimidazole + ammosuccinate 6.89 £0.21° 799 +0.14°
Reduced glutathione, pmol/g  Training 35.17 £ 0.16 2912 £0.19
Training + ethylthiobenzimidazole 38.71+0.15 32.24 +0.17*
Training + ammosuccinate 36.55 +0.14° 32.51 +0.16
Training + ethylthiobenzimidazole + ammosuccinate 40.72 £ 014 36.24 0.6
Superoxide dismutase, A/mg  Training 2.24 +0.05 1.89 £ 0.07
protein Training + ethylthiobenzimidazole 2.45 +0.03° 2.24+0.06"
Training + ammosuccinate 2.34 + 0.04 2.11+0.05
Training + ethylthiobenzimidazole + ammosuccinate 2.72 £0.04 2.37 £ 0.06
Catalase, pmol Training 8.32+0.19° 213017
H,0,/min x mg protein Training + ethylthiobenzimidazole 704+ 0,13 2.56+0.18"
Training + ammosuccinate 6.43+0.16 412016
Training + ethylthiobenzimidazole + ammosuccinate 5.75+0.15° 7 014

'p < 0.05 compared to the hypoxia-trained rats; #p < 0.05 compared to intact highly resistant rats.

"p < 0,05 N0 cpaBHEHMIO C rPYNMOiA TPEHNPOBaHHBIX K rMMOKCUM Kpbic; *p < 0,05 No cpaBHEHI0 C MHTAKTHBIMU BbICOKOYCTORUMBBLIMMU KPbICaMU.

restored the catalase activity in LHT rats to levels typical
of intact LHT animals. After the use of amosuccinate, the
catalase activity was not significantly different from that
found in brains of intact HHT rats.

Therefore, the addition of these agents to interval hypoxic
training improves effects of training, enhances adaptive
metabolic brain changes in rats with various individual
tolerance to hypoxia, and increases the proportion of HHT
animals in a mixed population.

Acute hypoxia prevented excessive lipid peroxidation in
brain tissue in trained rats protected by synthetic adaptogens.
For example, after the use of ethylthiobenzimidazole, brain
levels of diene conjugates were 17% lower in HHT rats and
15% lower in LHT rats compared to the control group. In acute
hypoxia, prior hypoxic training with amosuccinate decreased
brain levels of dienes in HHT and LHT rats by 22% and 25%,
respectively, and prior use of ethylthiobenzimidazole and
amosuccinate decreased brain levels of dienes by 28% and
39%, respectively (Table 2).

However, the level of malondialdehyde (the secondary
LPP) decreased. In acute hypoxia, prior interval hypoxic

training with ethylthiobenzimidazole decreased brain
malondialdehyde levels in HHT and LHT rats by 33% and 22%,
respectively, and prior hypoxic training with amosuccinate
decreased brain malondialdehyde levels by 42% and 47%,
respectively, and the use of ethylthiobenzimidazole and
amosuccinate decreased brain malondialdehyde levels by
54% and 56%, respectively (p < 0,05).

In acute hypoxia, prior pulsed hypoxic training with
pharmacological support using synthetic adaptogens
maintained the higher activity of brain antioxidant systems in
rats with various tolerance to hypoxia than in the control group.
In acute hypoxia, after the use of ethylthiobenzimidazole,
brain levels of reduced glutathione were 26% and 15% higher
in HHT and LHT rats, respectively, than in untrained rats.

In acute hypoxia, after the use of ethylthiobenzimidazole,
the brain levels of reduced glutathione were 26% and
15% higher in HHT and LHT rats, respectively, than in
untrained rats. In acute hypoxia, after pre-training with
ethylthiobenzimidazole and amosuccinate, brain glutathione
levels in HHT and LHT rats were 71% and 83% higher,
respectively, than in untrained rats.
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Table 2. Effect of acute hypoxia on lipid peroxidation and antioxidant system activity in the brain of rats trained with synthetic adaptogens

(M+m, n=10)

Tabnuua 2. BnvsHue ocTpoi rMMOKCHM Ha NPOLIECChI NEPEKUCHOTO OKUCIEHNS IMMMUAOB U aKTUBHOCTb aKTMOKCUAAHTHBIX CUCTEM B FOJIOBHOM
MO3re KpbIC, TPEHMPOBAHHBIX Ha (hOHE CUHTETUYECKUX afanToreHoB (M + m, n = 10)

Parameters Rat groups Hi&?eﬁzzzzia Lt:\:lehr);;:‘z);ia
Diene conjugates, Hypoxia — control 25.75 + 0.66 3212+ 0.25
pmol/g Training + ethylthiobenzimidazole + hypoxia 21.42 + 0.19* 27.23 + 0.16*

Training + ammosuccinate + hypoxia 20.11 + 0.18* 2417 £ 0.21*
Training + ethylthiobenzimidazole + ammosuccinate + hypoxia 18.52 + 0.19* 19.54 + 0.23*
Malondialdehyde, Hypoxia — control 16.69 + 0.24 19.47 + 0.21
pmol/g Training + ethylthiobenzimidazole + hypoxia 1.14 + 0.23* 15.23 + 0.19*
Training + ammosuccinate + hypoxia 976 + 0.19* 10.24 + 0.16*
Training + ethylthiobenzimidazole + ammosuccinate + hypoxia 7.64 +0.21* 8.57 + 0.15*
Reduced glutathione,  Hypoxia — control 23.10 £ 0.23 18.15 £ 0.21
pmol/g Training + ethylthiobenzimidazole + hypoxia 29.16 £ 0.17* 20.94 + 0.18*
Training + ammosuccinate + hypoxia 34.47 +0.18* 25.79 £ 0.16*
Training + ethylthiobenzimidazole + ammosuccinate + hypoxia 39.58 + 0.19* 33.25 + 0.15*
Superoxide Hypoxia — control 1.20 £ 0.05 0.86 + 0.07
iilsmmgu;arzzin Training + ethylthiobenzimidazole + hypoxia 1.85 + 0.04* 1.83 £ 0.06*
Training + ammosuccinate + hypoxia 2.64 +0.06* 2.35 £ 0.05*
Training + ethylthiobenzimidazole + ammosuccinate + hypoxia 2.86 + 0.05* 2.79 £ 0.04*
Catalase, umol Hypoxia — control 12.36 £ 0.15 1.46 £ 0.19
Il;lrzt?tzéirr?in *mg Training + ethylthiobenzimidazole + hypoxia 10.12 + 0.14* 1.69 £ 0.17*
Training + ammosuccinate + hypoxia 8.32+0.17¢ 3.52 +0.18*
Training + ethylthiobenzimidazole + ammosuccinate + hypoxia 6.53 + 0.15* 4,18 £ 0.15*

"p < 0.05 compared to the control group (acute hypoxia).
"p < 0,05 no cpaBHeHWI0 C KOHTPOJILHOM rpymnoi (0CTpas MUMoKCHs).

In acute hypoxia, after hypoxic training with
ethylthiobenzimidazole, the brain SOD activity was shown to
be 54% and 11% higher in HHT and LHT rats, respectively, than
in untrained rats. After hypoxic training with amosuccinate,
the brain SOD activity was 120% and 173% higher in HHT
and LHT rats, respectively, than in controls (p < 0.05). In
acute hypoxia, after hypoxic training with this combination
of agents, the brain SOD activity remained 138% and 224%
higher in HHT and LHT rats, respectively, than in untrained
rats (p < 0.05).

After pulsed hypoxic training with synthetic adaptogens,
acute hypoxia caused less significant suppression of the
brain catalase activity in LHT rats and activated the brain
catalase activity in HHT rats. After prior hypoxic training
with ethylthiobenzimidazole, the brain catalase activity
was 18% lower in HHT rats and 16% higher in LHT rats
compared to the control group (p < 0.05). Hypoxic training
with amosuccinate decreased brain catalase activity by
33% in HHT rats and increased it by 141% in LHT rats. The
combination of these agents showed a more significant

effect, reliably decreasing brain catalase activity by 47% in
HHT rats and increasing it by 186% in LHT rats.

Therefore, the study of potential pharmacological
improvement of physiological ways to increase individual
tolerance of rats to hypoxia using synthetic adaptogens
revealed the effectiveness of hypoxic training combined with
the study agents in improving the energy disorders and the
processes of excessive lipid peroxidation in the brain of rats
with different hypoxia sensitivity.

DISCUSSION

When evaluating metabolic changes during hypoxia under
the action of synthetic adaptogens (ethylthiobenzimidazole
and amosuccinate), it should be noted that each of them is
characterized by a certain profile of pharmacological activity,
despite significant differences in increasing individual
tolerance to hypoxic conditions.

First of all, as for the selection of pharmacological
substances to be evaluated, 2-ethylthiobenzimidazole
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hydrobromide, bemethyl, is currently widely used in
pharmacology and medicine as an antihypoxant and
actoprotector. For a long time it was one of the authorized
agents of the Ministry of Defense of the USSR and the
Russian Federation as an agent that increases physical and,
to a lesser extent, mental performance in humans [2-4].
Ethylthiobenzimidazole has been shown to have typical
antihypoxic properties that are more significant under
chronic hypoxia. Amosuccinate is a complex of succinic
acid salts. In medicine, succinic acid salts (succinates) are
found in agents such as Mexidol (3-oxypyridine succinate) or
Cytoflavin (a compound based on succinic acid salts). They
are used as biologically active dietary supplements due to
their long history of use in food [5, 6, 11]. Pharmacologically,
succinates have antihypoxic and adaptogenic effects.
Doses of succinate in pharmacological agents and dietary
supplements vary, reaching gram concentrations per single
dose in some supplement formulations. The developers of
such agents believed that exogenous succinate could partially
restore the body’s impaired glucose metabolism (glycolysis)
that occurs during hypoxia. According to the bioenergetic
concept of hypoxia [1], during oxygen deprivation, glycolysis
does not proceed properly, under-oxidized products such as
lactate and pyruvate accumulate, and the Krebs cycle, which
ensures the formation of ATP as the universal energy source,
fails. Therefore, high doses of succinate are suggested to
optimize the Krebs cycle, acting as a kind of energy donor.
However, it should be mentioned that since all salts of
succinic acid in a liquid medium dissociate into a cation
and a succinate anion, succinate does not easily penetrate
biological barriers (stomach walls, capillary walls, cell
membranes, mitochondria, etc.), and exogenous succinate
has an extremely low potential to enter mitochondria and,
more importantly, the Krebs cycle. With the discovery of
succinate-sensitive receptors (SUCNR1), it became possible
to explain the effects of succinate as a signaling molecule
that triggers a cascade of intracellular mechanisms activating
the nuclear apparatus and mitochondrial function [1, 6]. The
question then arose as to what doses of succinate and
what types of succinic acid salts were most preferable to
ensure this function. When asked about doses, one can
confidently answer that the doses of oral succinic acid salts
should be low, approximately 25-100 mg/kg. As for salts,
they should preferably be formed by combining a weak acid
(succinate) and a weak base, such as ammonia (NH,0H).
It should be noted that succinic acid obtained from natural
amber showed the greatest pharmacological activity. Natural
substrate metabolites in the form of acidic succinate salts
are shown to be potent modulators of orphan receptors and
SUCNRT1 receptors. They are also capable of activating L-type
calcium channels, promoting intracellular Ca?* accumulation
across the endoplasmic and sarcoplasmic reticulum and
mitochondria, and regulating the limiting step in cholesterol
metabolism, entry into mitochondria and subsequent
biotransformation into active forms of steroids [5]. Therefore,
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as demonstrated in this paper, the choice of amosuccinate in
the form of a complex of succinic acid salts at 50 mg/kg as
a potential antihypoxant fits well within this concept.

In addition, the aim of the study was not only to
evaluate the antihypoxic activity of ethylthiobenzimidazole
and amosuccinate, but also their potential to modulate the
adaptive effects of interval hypoxic training (preconditioning),
which we have addressed in previous papers [7, 12]. In fact,
low doses of the agents (ethylthiobenzimidazole 25 mg/kg
and amosuccinate 50 mg/kg) had a potentiating effect on
the adaptive effects of pulsed interval hypoxic training. This
indicates the correct choice of hypoxic training conditions
and pharmacological support, which made it possible to
obtain synergistic effects of both, known as summation and
potentiation.

CONCLUSION

1. Interval hypobaric training induces an appropriate
metabolic response to hypoxia in rat brain tissue, preventing
excessive lipid peroxidation and activating antioxidant
defense enzymes.

2. Synthetic adaptogens (ethylthiobenzimidazole and
amosuccinate) enhance antihypoxic effects of interval
hypobaric training, increasing survival time of trained rats in
acute hypoxia and adaptive metabolic brain changes in HHT
and LHT animals.

3. The beneficial effects of synthetic adaptogens
(ethylthiobenzimidazole and  oxyethylammonium
methylphenoxyacetate) are more significant in LHT rats,
which contributes to an increase in the proportion of HHT
rats in the general population.

4. The agents can be ranked as follows, in increasing
order of effectiveness: Ethylthiobenzimidazole < Amosuccinate
< Ethylthiobenzimidazole + Amosuccinate.
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AOMO/IHUTE/IbHAA UHPOPMALIUA

Bknap aBTopoB. Bce aBTOpbl BHECNM CYLLECTBEHHLIN BKNAA
B pa3paboTKy KOHLENUMM 1 NOArTOBKY CTaTbM, NPOYIN W 0A06-
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aBTopa: M.B. KoxypwH, 1.B. 3apybrnHa — nonyyeHve n aHanus
[JaHHbIX, Hanucanue ctatby; M.[. LLlabaHoB — pa3pabotka obuuen
KOHLEeNUumu.

KoHtbnuKT nHTepecoB. ABTOpLI AEKIAPUPYIOT OTCYTCTBME SIBHBIX
W NOTEHLMANbHBIX KOH(MKTOB MHTEPECOB, CBA3aHHbIX C NybnMKa-
LIMEeN HACTOALLLEN CTaTbM.
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[-10®A KaK cpeaCTBO NpeaynpeXxaeHUs U YCKOpeHus
06paTHOro pasBUTUA HEMPOTreHHbIX AUCTPOPUUECKUX
NoBpPeXAeHUA BHYTPEHHUX OpraHoB

0.H. 3abpoauH

Mep.biit CaHKT-eTepbyprckuil rocyaapcTBEHHbIN MeOULIMHCKUIA yHUBepcuTeT UM. akag,. W.M. Naenosa, CankT-leTepbypr, Poccus

AHHOTALIMA

MpencraeneH 0630p 3KCNEPUMEHTaNbHBIX M KIIMHUYECKUX UCCNEAO0BaHUIA BAMAHWUA NIEBOBPALLAIOLLEr0 U30Mepa AMOKcUbe-
HunanavuHa (I-A0MA) Ha pa3BuTME W penapaumio HeMporeHHbIX AMCTPOGUYECKUX U3MEHEHWI (HeliporeHHyl AUCTPOdUIO)
CepALa, XenyaKa, NeYeHN 1 NOMLKENYNO4HON Xenesbl. 3TM U3MEHEHUS Bbi3biBaNUCh pedeKTOpHO: pa3apaKeHneM y KpbIC
1 KPONMKOB pedeKCoreHHbIX 30H — AYr1 aopThbl U NUNOPOAYOAEHANIBHON 30HbI, TOH3UNOreHHO — pa3fpaXeHUEM MUHAANMH
Y KPOIMKOB; 3-4acoBbIM 3M1EKTPOPa3LpaKEHNEM 1 UMMOBUIU3aLMEN KPBIC M LIEHTPOreHHO — 3MIEKTPOCTUMYNALMEN 33AHE0
oTAENa runoTanamyca y KponukoB. Boiseneo 3awmtHoe peictsue -[JODA B nosax 30-50-300 Mr/Kr B OTHOLLEHWM pa3Bu-
TUS B UCCIEAYEMbIX OpraHax 6MoXuMu4eckux U Mophonorniecknx NpOSBNEHUA HEUPOreHHON AUCTPOGUM — 3HAUMTENBHOMO
YMeHbLUEHUs COAepXKaHNa HopafpeHanuHa, KpeatuHdocdara n yBenuyeHUs CogepIKaHua MOMOYHOW KMCnoThl. [puMeHeHue
(-[10®A B nepuofie penapaLmm yCKOPSIO BOCCTAHOBNEHWE afpeHepruYecKoii MeauaLmm, noKasatenei 3HepreTMyeckoro 06-
MeHa U UCYE3HOBEHUE MOP(ONOrNYECKUX NPOSBNEHUIA AUCTPOdUM, B YACTHOCTU, reMOPParMyeckux 3po3uii CiM3ucToi 0bo-
NOYKU XenyaKa. B KMHMYecKux ycnoBumsx npeaonepaumoHHas NoaroToBKa nauueHTos ¢ noMolbio [-10MA (5 Mr/kr) B Teye-
Hue 3 [Heil A0 MUTpanbHON KOMUCCYPOTOMUM NMPEensSTCTBOBasa Pa3BUTUIO NOCNE0NepaLMOHHON CepAEYHOI HeA0CTaTOuHOCTH;
Ha3HaueHue |-[0DA B cTagum HauMHaIOLLENCA PEMUCCUM YCKOPSNO pybLIeBaHMe U3bA3BEHNUI CTEHKM KeNyaKa 1 ABeHaaua-
TUNEPCTHOM KULLKM Y BONbHBIX S3BEHHOW 60Ne3HbI0.

KnioueBble cnoBa: |-anokcudermnananut (I-A0DA); HeliporeHHas ancTpodus cepaua, MenyaKa, NeYeHn 1 NoaKeNyn0yHOM
)Kenesbl; NpenynpexaeHve; obpatHoe passuTme.
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3abpoanH OH. [-[I0DA KaK cpeacTso MpefynpexoeHns U YCKOPEHUS 0BPaTHOr0 PasBUTUS HEMPOTeHHBIX AMCTPODUUECKIX NOBPEAEHWIA BHYTPEHHMX
opraHos // lMcvxodapmakonorus v buonorryeckas Hapkonorus. 2024. T. 15, N2 3. C. 189-198. DOI: https://doi.org/10.17816/phbn635867
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[-DOPA for the prevention and acceleration
of the reversal of neurogenic dystrophic damage
to internal organs

0.N. Zabrodin

Pavlov First Saint Petersburg State Medical University, Saint Petersburg, Russia

ABSTRACT

This review presents experimental and clinical studies of the effects of the levorotatory isomer of dihydroxyphenylalanine
(L-DOPA) on the development and reversal of neurogenic dystrophic changes (neurogenic dystrophy) in the heart, stomach, liver,
and pancreas. These changes were induced by stimulation of the reflexogenic zones such as the aortic arch and pyloroduodenal
area in rats and rabbits, by tonsillar stimulation in rabbits, by 3-hour electrical stimulation and immobilization in rats, and by
central electrical stimulation of the posterior hypothalamus in rabbits. Protective effects of [-DOPA were identified at doses of
30, 50, and 300 mg/kg in terms of the development of biochemical and morphological manifestations of neurogenic dystrophy
in the studied organs, including a significant decrease in norepinephrine and creatine phosphate levels and an increase in lactic
acid level. The use of |-DOPA during the repair phase accelerated the recovery of adrenergic mediation, energy metabolism, and
the resolution of dystrophic morphological manifestations, in particular, hemorrhagic erosions of the gastric mucosa. In clinical
settings, preoperative medication of patients with [-DOPA (5 mg/kg) for 3 days before mitral commissurotomy prevented the
development of postoperative heart failure. In patients with peptic ulcer disease, the administration of [-DOPA during the early
remission phase accelerated the healing of ulcers in the stomach and duodenal wall.

Keywords: |-dihydroxyphenylalanine (I-DOPA); neurogenic dystrophy of the heart, stomach, liver, and pancreas; prevention;
reversalt.
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MCUXOHEVPODAPMAKONO/A

[-[ODA KaK 6MoXMMUYECKMIA NpeaLIeCTBEHHUK
KaTexoJlaMMHOB U CPeACTBO JIeYeHUs NaLMeHTOB
c 6onesHblo MapkuHcoHa

JleBoBpaLLaloOLLMA M30Mep AMOKCU(EHUNanaHWHa —
-[JO®A — obnapaeT OGuoxMMMYecKoi 1 hapMaKosornye-
CKOM aKTMBHOCTbIO, y4acTBYeT B CUHTE3e KaTeXxosaMWHOB
(KA) B pasnuuHbIX opraHax Kak in vitro [42], TaK w in vivo
[30, 40]. 3neKTPOHHOMUKPOCKONMUYECKUMM MCCeL0BaHNAMU
MnoKasaHo, 4yTo nocsne seegeHus |-[ODA B agpeHeprdecKmx
HelpoHax YBEIMUYMBAETCA KONMYECTBO BE3MKYM, COLEpHa-
wmx KA [23, 37]. |-[10®A nerko npoHWKaeT B rojI0BHOI MO3r
1 cnocobCTByeT cuHTE3Y B NepByto ouepedb aodamuHa ([1A),
a TaKkKe HopappeHanuHa (HA) [41].

YctaHoBneHo, yto |-J0®A — npenapaT nesogona —
yMeHblLUaeT HepocTaToK [IA B DasanbHbIX raHmusx, UMeto-
LM MecTo npu BonesHu MapKuHCOHa, 3a cHeT NpeBpaLLeHus
B [A nog BnusHuem [ODA-pexapbokevnassl (LK) B npe-
CMHAMTUYECKMX OKOHYAHUAX HUFPOCTPUAPHBIX A0PaMUHOBBIX
HeiipoHoB. Mpu atoM |-[I0DA MeTabonmanpyeTca ¢ NOMOLLbI
depmenTa 1K B ronoBHOM Mo3re 1 Ha nepudepum — B ne-
UEHW U CIIM3NMCTON 0BONOYKE KULLEYHMKA, YTo criocobeTsyeT
aKTuBauuu nepudepuyeckux [JA-peLentopoB c pa3BUTUEM
No60oYHbIX ABNEHMIA (OpTOCTAaTUYECKAsA TUMOTEH3MS, TOLUIHOTA,
pBoTa). B CBA3M C 3TUM €ro NPUMEHSIOT B COYETaHWM C UHIU-
butopom nepudepuyeckon 11K beHcepasuaom [43].

B Hactoswee Bpema [IA paccMaTpuBalOT He TOSbKO
KaK HelipoMeamaTop, HO M KaK TPOQUYECKWUW areHT, Aei-
cTBytowmn Yepes [lAeprudyeckue peuentopbl. [lokasaHo,
yto AnuTenbHoe HasHauewue |-JIODA KpbicaM, y KOTOpbIX
Obina noBpexeHa YepHas cybcTaHums, B [03aX, IKBUBA-
JIEHTHBIX TEM, YTO Ha3Ha4alT naumeHTaM npu boneskm Map-
KWHCOHA, YCKOPANO BOCCTaHOBNEHME QYHKLMOHMPYHOLLMX
HEMPOHOB, MOBLILLANO UX YMCNIO W YBENUYMBANO NPOAYKLMIO
HenpoTpoduyeckux dakTopoB. B uccnenoBaHuax Ha Mope-
NAX NapKMHCOHM3MA (U3NYECKMEe YNpaXHeHUs MOTEHLM-
anbHO YBENMUYMBANM COLEPMKaHWE HeWpoTPOGUHOB B MO3ry
W 3alUMLLANY UM NOBLILIANM PEreHepaLmio HUrPOCTPUAPHBIX
HEWPOHOB [44].

HeipotpoduHbl npeacTtasnsioT coboii ceMeiicTBo benKoB,
KOTOpbIE MHAYLIMPYIOT BbIXXMBAHME, Pa3BUTUE U DYHKLMIO Hell-
poHoB [5]. TpodoreHs! (TpodUHbI) — BeLLECTBA PasfINYHON,
npeuMyLLeCcTBEHHO BeNKOBOM, NPUPOABI, OCYLLECTBAAIOLWME
cobcTBEHHO TpodmuecKkue 3ddeKTbl NOAAEPIKAHMA KU3HE-
LEeATENbHOCTU W FEHETUYECKM 3aN0XEHHBIX CBOMCTB KIIETKY.
Takum 06pa3oM, HenMpoTPOdMHLI YMECTHO paccMaTpuBaTh
B KauecTBe BapuaHTa TpodoreHoB. llocnesHne oKasbiBakoT
CBOE [JelicTBME He TONbKO Ha HEPBHbIE, HO M Ha coMaTuye-
CKVWe KIeTHH.

Mpu3HaeTcs OBOSIKOE BNMSHWE CUMMATUYECKOW HEPBHOM
cuctemsl (CHC) Ha TpoduKy TKaHel: 1) uMNynbCHoe — nyTeM
AeNCcTBUS BbICBODOXAAIOLLIErOCs NOf, BAMSHUEM HEPBHBIX UM-
nynscoB HA Ha 6eTa-aspeHopeLienopsl 1 2) MyTeM TpaHcmopTa
C aKCOHaMNbHBIM TOKOM OT TeNa KNETKU K afpeHepryeckum
TepmuHanaM PHK, amuHokucnot, I0®A, a takke ATO [15].
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beTta-aapeHopeLienopbl BXOAAT B COCTAaB PEryNATOPHOM YacTh
(hepMeHTa afeHUnaTUMKNIasbl, UX Bo30YXAeHUe NpUBOAUT
K aKTMBaumu ee (epMeHTaTUBHOI YacTh 1 06pa3oBaHMo Lu-
KJIM4ECKOro afeHsnH-MoHodocdara (LAM®) — «BToporo no-
CPenHuKa» B LeiCTBAM MeWaTopoB M FOPMOHOB (B 4acTHOCTH,
HA v appeHanuHa — A) Ha BHYTPUKJIETOUHBIN MeTabonmaM [10].

MpencraeneHHble faHHbIE YMECTHO COMOCTaBUTbL C Yyue-
HueM J1.A. Opbenu 06 apanTauMoHHO-TPOUYECKOH QYHKLMM
CHC, kotopas okasblBaeT afanTaLMOHHO-TPOGUYeCKoe BU-
fHMe Ha LieHTpanbHyto HepeHyio cuctemy (LHC) u nepudepu-
YeCKyH0 HEPBHYIO CUCTEMY, NOMEPEYHOMNONO0CATYH0 MyCKynaTy-
Py 1 opraHbl 4yBcTB [33].

AnanTaumonHo-Tpoduyeckoe BamaHue CHC Ha LIHC, nMe-
foLLee MecTo, B YacTHOCTH, NpU DU3NYECKUX YNParHEHUSX,
OCYLLECTBASAETCA NYTEM ycuneHUs addepeHTHON, B 4aCTHOCTH
CMMMATMYECKOW, UMNYNbCcaLyW, NOCTYNatoLLel B roIOBHOM
Mo3r. HanpoTvB, KaK NOKa3blBalT NPOBEAEHHbIE Ha coDaKax
uccneaoBaHus, bnokana aggpepeHTHON CUMMNATUHECKOWH UM-
nynbcaumMu NyTeM yAaneHWs BEpXHUX LLEWHbIX FraHIIUeB Npu-
BOAMUT K MYBOKMM (YHKUMOHANBHBIM HApYLIEHWSM B Aes-
TenbHoctu LIHC [33].

06HapyKeHo, YTO HaHeceHMe Ype3BbIHaiHOMo pasapaxe-
HWA Ha pedneKcoreHHble 30HbI (oyra aopTbl, MUNOPOAYoLe-
HaslbHas 06nacTb MOPCKWX CBUHOK, BeNbIX KPbIC 1 KPOIMKOB),
a TaKKe 3-4acoBoe 3NEKTpopasApaXkeHue W MMMobuK3a-
LMs KpbIC (fanee — coyeTaHHOe pasfpayKeHue) NpUBOLAT
K pasBUTUIO HEMPOreHHbIX, PeIeKTOPHBIX AMCTPOPUUECKUX
M3MEHEHMI B cepaLe, XenyaKe, NeyYeHn U NoKeNya0yHO
xenese [2, 23].

HeliporeHHas, TouHee pedneKTopHas, auCTpodus Mu-
OKapAa — TaK Ha3sblBaeMasl TOH3WNIOreHHas MUOKapauo-
puctpodma — 6bina TakKe NoNnydeHa NyTeM pasfparKeHus
TOH3WUNNAPHBIX 0651acTel Y KPOSMKOB CKMNMaapoM [35].

[-10®A Kak cpeacTBo npeaynpeXxaeHus
UCTOLLLEHMSA pe3epBHbIX BO3MOXKHOCTEN
CUMNATUYECKON HEPBHOM CUCTEMBI B YCJIOBUSAX
Ype3BblYaHbIX BO3AEUCTBUMA U Pa3sBUTUSA
HeMpOreHHbIX AUCTPOUYECKUX U3MEHEHUI
BHYTPEHHUX OpraHoB

Cepaue. TpexyacoBoe 3neKTpopasfpaxeHue oyru aop-
Tbl ¥ KPbIC M KPOJIMKOB MPUBOAMUT K CHUKEHUIO ypoBHA HA
B MUOKapAe NMpU BCKPbITUW XWBOTHLIX CPa3y nocne pas-
LPaXeHUs: Y Kpbic — B 4 pa3a, Y KPOIMKOB — B 6 pas.
Beegenve [-[ODA B pose 10 Mr/Kr BHYTPUOPIOLWIMHHO
AByKpatHo:3a 30-40 MWH po Hauana 3-4acoBoro 3nek-
TpOpa3LpaXeHus [Lyru aopThl Yy KpbiC U KPOJMKOB
“3a 1y [o ero OKOHYaHUs, Npeaynpeauno LOCTOBEpHOE
CHuKeHue cogepxanus HA u A B cepaue, oTMeyeHHoe cpa-
3y 1 yepe3 24 4 nocne pasfpareHus Y KOHTPOSIbHBIX MU-
BOTHbIX [21, 29]. Mopo6HbIi NpeBeHTUBHLIA 3ddekT -J0DA
Obin NOATBEPHKAEH NPY MMCTOXMMUYECKOM UccnenoBaHun KA
B MWOKapae MeToaoM (hnyopecLeHTHOM MUKpockonum [21].
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MpensaputensHoe Beefenune |-J0MA nepen paspmpae-
HWeM Ayru aopTbl Y KpbiC NPeaynpeauno B MUOKapae no-
cnenytoulee pasobiyeHne okvcnenns u dochopunmpoBaHms
W CBA3aHHOE C HUM WCTOLLEHME SHEPreTUYECKUX Pecypcos.
370 nposiBUNOCH B MPELOTBPALLEHUM 3HAYUTENBHOTO YMEHb-
LLEHNs CoAepXKaHuA B HeM KpeaTuHdocoata (KD), Hapac-
TaHUsi HeopraHuyeckoro docgopa (HP), ysenuyeHus ypoBHs
Mono4Hoi kucnotbl (MK) 1 GnaronpusiTHo ckasanock Ha 3neK-
TpoKapamorpadmyeckux u3MeHeHusx B Muokapge [21, 29].

[BykpatHoe BeegeHue |-[I0MA B fose 25 Mr/Kr nepes Ha-
YasioM 3NEKTPOCTUMYNALMM 3afHEero OTAena runoTanamyca
Y KPONMKOB Mpenynpesuno 3HauUTENbHOE CHIKEHUE COLep-
xanua HA v KO B cepaLe u cTeHKe aopThl [21].

Mpu aHanu3e MexaHW3MOB TOH3WUNOTEHHOW MWOKapaMo-
AMCTPO(UU BbISIBNEHBI aHANOTMYHbIE NPEACTABNEHHBIM BhbiLLe
BroxumMmuyeckue U GYHKUMOHANBHBIE U3MEHEHUS B MUOKAp-
Lie: 3HauMTENbHOE CHMMKeHWe copepxanua HA n KO, yse-
nnyenmne ypoeHs HO u MK, HapyweHue dasbl aenonspusa-
LMW 3MEKTPOKapAMOrpamMMbl. 3TM MaToiorMyeckue SBEHNS
npeLynpexpanvcb BBEAEHWEM Mepes, pa3fpaKeHWeM raH-
rnobnoKaTopa reKCoHUS M CMMMaToONIUTMKA OpPHUAA, YTO YKa-
3bIBaNo Ha MX CBA3b C MOBbILIEHHBIM BbICBObOXAEHEM HA
U3 CUMNATUYECKMUX OKOHYaHWiA [35]. Mony4yeHHble faHHbIe co-
[N1acyHoTCA C pesynbTaTaMy UCCe0BaHWI, COMMacHO KOTOpbIM
BHyTpUOptoLwMHHoe BBeaeHue |-I0MA B fo3e 10 Mr/kr npeay-
npexaano uctoleHue cogepxanna HA u A B cepaLe Kpebic,
BbI3bIBAEMOE MOBbILLEHHBIM (U3MYECKUM HaMPSKEHEM —
3-4yacoBbIM MnaBaHWeM C AOMOAHUTENbHBIM rpy3oM [30].

Nerkue. Beegenune |-[O®A B pose 50 Mr/kr BHYTpU-
BptowumHHo 3a 30 MUH 10 2-4acoBOro 3NEKTPOpa3LpaXKeHMs
3aflHero OTAeNia runoTanaMyca y KpoJMKoB Npeaynpeamno
3HauMMoe CHUXKeHue ypoBHA HA B TKaHu nerkux [23].

¥enynok. BHytpueHble uHoysum |-JODA cobakam
BOCCTaHaB/MBanM nencuHoobpasyiowyio cnocobHocTb COX
rnocne ee MCTOLLLEHWS BBEAEHUEM MMCTaMWUHA U aLLETUIX0NIMHA
[7]. Beenenue |-[ODA (10-25-50 Mr/Kr, BHyTPUOPIOLLMHHO)
3a 1 4y g0 Hayana co4eTaHHOro pasfpameHus KpbiC npeay-
npeauno 3HauuTeNbHoe yMeHblueHue copepanusa HA u KO
B CTEHKe enyaKa [23, 26]. Kpome Toro, BBEAEHHbLIV B 4036
300 Mr/kr nepen TeM xe pasgpawenuem |-J0DA npeaynpe-
LW BbI3bIBAEMOE 3TUM pa3fpaeHneM BbIPaXeHHOE CHUXe-
HWe ypoBHs HA B )enya04Hoii CTEHKe U pa3BUTWE reMopparu-
YECKMX 3p03ui cimusucToi 0bonoykm xenyaka (MICOX) [11].

BaxHas ponb npefynpexaeHNs UCTOLLEHUS COLEPKaHUA
HA B cTeHKe enyaKa NS NpefoTBpaLLeHus pa3BUTUS U3b-
a3sneHni COXK bbina BbisiBNEHa Npy MCCNEA0BaHMM, NpoBe-
[EHHOM Ha KowkKax. [-[I0DA B no3e 50 Mr/Kr, BHYTPUBEHHO,
NPensTCTBOBa Pa3BUTUIO Y KMUBOTHBIX A3B XENYAKA, Bbl3bl-
BaEMbIX 3/IEKTPOLLOKOM WM BBEL,EHUEM Maioii 03bl pesep-
nuHa [38, 39].

BBeeneHue nepes NPUHATLIM COYETaHHBIM Pa3ApaKeHUEM
KpbIC CpeacTs, npensTcTBylowmx cuutesy HA: pesepnuHa,
anb@a-Metungoda wim anbha-MeTUn-n-TMPo3uHa, yBenu-
UMBaro CTeneHb CHUXeHUA ypoBHs HA B 3kenyake v passutus
F3COXK [11, 13, 14].
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BMecte ¢ Tem BBegeHue |-[IODA KpbicaM B [o3e
300 Mr/Kr He Npeaynpenuno CHUKeHUs yposHs HA 1 He yMeHb-
wwuno ymncno MICOXK B cTeHKe enyaKa, BbI3blBaEMbIX pesep-
nnHoM (5 Mr/kr) [14]. 31oT dakT 06BACHUM TeM, YTO pe3epnuH
BOKMPYET «aMUHHBIA HAacoC» — TPAHCMOPT M3 Helponnas-
Mol JA, obpasoBanHoro u3 [JIODA, BHyTpb Be3uKyN, rae 0bbiy-
HO npomcxoauT cunTes HA [45].

MeyeHb. BeepeHne |-J0DA B mo3e 25 mr/kr 3a 30 MuH
[0 COYETAHHOrO pa3fpaXeHUs KpbiC MOMHOCTLIO NpeaoTBpa-
TMNo nageHue ypoBHA HA B TKaHu neveHun. OfHOBpEMEHHO
[-A0®A TopMo3un passuTMe B NMEYEHW AECTPYKTUBHbIX U3-
MeHeHWiA. MoaobHble 3almTHble 3ddekTsl I-A0DA B TKaHKM
neyeHu bbin nosyyeHsl NpY TpaBMaTU3aLmn NUNOPoAyoae-
HanbHOM obnacTu y Kpeic [27].

MopxenypouHas enesa. Kak u B fpyrux uccnefoBaH-
HbIX OpraHax (cepaue, Xenyaxe, nedenn), eeeaenue -A0DA
(10 Mr/kr) nepepn, pasapaXKeHVeM NUNOPOAYOLEHANBHON 06-
nacT cnoco6CcTBOBaN0 NPeRynpeXAEHNI0 Pa3BUTUA Heli-
POreHHbIX AUCTPOUUECKUX U3MEHEHWUI B MOAMENYAO0YHOI
enese y Kpbic. Takoe BBeeHWe 0AHOBPEMEHHO NMpensTCcTBO-
BaJIo MCTOLLeHM0 cogepxanns HA n aHepreTUueckux pecyp-
coB — cofepxanua KO B TKaHsx enesbl [23, 31].

Bnusxue |-JODA Ha obpaTHoe pa3BuTue
AUCTPO(UYECKUX U3MEHEHUI B CepAlLie,
XenyAKe, NeYeHn 1 NoJKeny04HOM XKenese

Ecnm npepgaputentHoe BeegeHue |-[ODA cnocobctBo-
BaJI0 NpeaynpexaeHNo peneKTOpHbIX AMCTPODUYECKUX W3-
MEHEHWIA B OPraHax KpbiC U KPOJIMKOB, TO NpU €ro BBEAEHUM
noc/ne OKOHYaHWs pa3fpaeHusi, BbI3BABLUEMO 3TW U3MeHe-
HWSA, UMENO MECTO YCKOPEHWe BOCCTAHOBNIEHUA TPOPUUYECKUX
MPOLIECCOB B OpraHax — CEpALe, XemyaKe, NeYeHn U Nog-
YKEeNYA0YHOM Jenese.

Cepaue. lpu 4-kpatHoM BBepeHun |-JOOA B pose
10 Mr/Kr B Te4YeHWe 2 CyT nocne pasApaXkeHus Ayru aopTbl
Y KpbIC U KPOJIMKOB OTMEYEHO MOSIHOE BOCCTAHOB/EHME CO-
Aepxanua HA B M1oKapzie no CPaBHEHWIO C KOHTPOSIbHBIMU
YMBOTHbIMM, NOABEPrHYTHIMM TONbKO pasgpaenuto [21, 29].

Mono6Hoe e BOCCTaHOBNEHWE afipeHEPTYECKUX U 3Hep-
reTUYecKuUx NpoLeccoB B MWUOKapAe Y KpOAWKOB bbino oT-
MeyeHo B MUHAanuHax npu seegseHuu l-JODA B TeueHue
10 mHew nocne OKOHYaHMA WX pasgpamenus [35].

enypok. BHyTpuBeHHble uHy3umn |-AOPA cobakam
cnocobcTBOBanM BOCCTAHOBIEHMIO MeNCUHOOOpasyloLLel
¢yHrumm COXK nocne ee UCTOLLEHMS aLETUIIXONUHOM U TH-
cTaMuHoM [7].

C uenbto usyyenms enusHua [-I0DA Ha obpaTHoe pas-
BuUTME aucTpoduuecknx usaMeHennd B COX n copepxanue
HA B cTeHKe »eJyoKa KpbIC €ro BBOAWIM BHYTPMOPHOLLMHHO
(150 Mr/kr) cpa3y nocne OKOHYaHWA 3-4acoBOro 3NEKTPO-
pa3npaKeHns KMBOTHBIX M 2 pas3a B [OeHb B TeYeHue no-
cnepyowmx 2 cyT. Mpu BCKpbITUM KpbIC cnycTa 3 cyT nocne
pa3npaxeHus bbln0 0TMEYEHO [OCTOBEPHOE BOCCTaHOBME-
HWe coaepxaHus HA B KenymouHoOW CTEHKE M YCKOpeHue
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3auenenna [ICOXK, konnyecTBo KoTopbix Bbio B 2,3 pasa
MEHbILLE, YEM Y KPbIC KOHTPOSILHOW IpynMbl, MOABEPTHYTbIX
TO/IbKO pa3gpameHunio. Takon neyebHbin addekt [-J0DA
bl NMOLTBEPIKAEH NPU TUCTONOTMYECKOM WCCNEA0BAHUMN
[16]. NMopobHbIe, HO MeHee BbipaXKeHHbIe 3QdEKThI, OKa3ano
BBE/IEHME M0 aHaNOTMYHO CXEMe ApYroro NpefLecTBEHHUKA
KA — tuposuHa [14, 26].

YHuBepcanbHoe 3axuBnsiowee pencteue -JODA npo-
SBUNOCb WU B OTHOLLUEHWUM KPUOTEHHBIX M3bA3BMIEHUI CTEHKM
Xenyaka y Kpebic [3].

MeyeHb. B aHanormuHbIX ycroBusX OMLITOB BBEAEHUE
(-[10®A (10 Mr/Kr BHYTPUOPIOLLIMHHO) B TeYeHMe 2 CyT nocne
OKOHYaHMS COYETAHHOIO pa3fpaXeHus KpbiC cnocobcTeoBa-
no bonee ObICTpOMy BOCCTaHOBNEeHMIO coaepkaHus HA, KO
W BHYTPEHHEWN CTPYKTYPbI TKAHU NEYEHM, YEM Y KOHTPOSbHBIX
KpbIC, MOLBEPTHYTHIX TOMIbKO COYETAHHOMY Pa3ApaXKeHuto,
cnocobcTBys TeM CaMblM BOCCTaHOBNEHUIO TPOQUUECKOM
GyHKuum CHC [27].

MoaxenyaouHas xenesa. Beegenve [-A0®A (10 mr/kr
BHYTPMOPIOLLIMHHO) B TEUEHWE 2 CYT NOCe OKOHYaHWs pasgpa-
JKEHUS MUNOPOAYOAEHaNbHON 06/1aCTU KPbIC YCKOpANO BOC-
CTaHoBneHe copepxanus Meauaropa HA n KO B TkaHu nog-
KEMyLOYHO Xene3bl, N0 CPAaBHEHMIO C KPbICaMU KOHTPOJbHO
rpynnbl, NOAY4YaBLUMMUM TONBKO Takoe pa3gpaxmenue [31].

OnbIT KNUHMYecKkoro npuMeHeHus |-J0DA
W ero npenapaToB (KpoMe Jie4eHUs NALUEHTOB
¢ 6onesHbio MapkuHcoHa)

Ocobblt MHTepec NpeacTaBAAT NPOTUBOIUNMAEMU-
YECKME M MONOXUTENbHbIE MeTabonuyeckue CBOICTBA
[-[I0®A, BbifBNEHHbIE NPY KOMMIEKCHOM NEYeHUU NaLMeH-
TOB C MULweMnYecKoit bonesHbio cepaua (MBC) [32]. Mocnen-
Hue U3 nepeuncieHHbix caoicta |-JO®A nposBunuch
B €ro aHTUIMMOKCMYECKOM WM aHTMOKCUAAHTHOM [eiCTBUM,
npeaynpexKneHnn yCuneHus 3Heprogeduumta u npoecca
MepeKMCHOro OKMcneHus nunuaoe. B cesasu ¢ atum [-100A
paccMaTpuBaeTCs He TONbKO Kak npeKypcop [A, Ho 1 B Ka-
yecTBe «(U3MONOMMYECKN aKTUBHOMO BeLLECTBa, DAM3KOro
€CTeCTBEHHbIM MeTabonMTaM opraHusma, ¢ Hecneumduye-
CKUM MONOXMTENBHBIM BIUSHUEM Ha 06MeH BellecTs» [32].
ABTOpbI MPUXOAAT K 3aKJIOUEHWIO, YTO AJ1A YETKOrO npej-
CTaBfIEHNA 0 MeCTe MPUNIOKEHWUS M XapaKTepe AeEMCTBUA
[-[I0®A B koMnnekcHoi Tepanuu GosbHbIX MBC Heobxoau-
Mbl JanbHenLWwue UcciesoBaHus.

B cBSAI3M C 3TUM yMeCTHO NMPeACTaBUTL APYrylo TPaKTOB-
Ky nonyyeHHblx AaHHbIX. |-[IODA sBnsetcs npexkypcopom
He Tonbko A, Ho u apyrux KA — HA u A, cnocobcTsys
cuHTesy HA B appeHepryeckux HerpoHax LIHC (B uacTHo-
CTW, B runotanamyce) 1 nepudepuyeckon HepBHO CUCTEMBI.
BMecre ¢ TeM runonMnnuoeMmMyecKne U NONOXKUTENbHbIE Me-
Tabonuyeckne apdektol 1-A0DA B KOMNIEKCHOI Tepanum
BonbHbIX MBC 3epKanbHO NPOTMBOMONOMKHBI UMEIOLLIMM MECTO
MpW 3NEKTPOCTUMYNALMK TunoTanaMmyca (Cynpaontuyeckoe
AAPO) Y KPOIMKOB, NpMBOAALLEN K runepakTuBaumm CHC [23].
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B CcOBMeCTHbIX MCCnefoBaHWAX COTPYLHUKOB OTAeNa
(apMakonorum u otaena atepockneposa HaydHo-uccne-
[0BaTeNbCKOr0 MHCTUTYTa 3KCMEPUMEHTANbHON MeULMHBI
AxkapeMun MeamumHckux Hayk (HUA3M AMH) CCCP unsyva-
NOCb BAMUSIHWE 3NEKTPOCTUMYNALMM B TeueHue 7—-25 foHeid
CYnpaonTUYecKon obnact runoTanamyca Ha JIMMUAHBIN
00MeH W pa3BWTME aTepoCKiepo3a KOpPOHAapHBIX apTepwil
Y KPOJIMKOB, HaxoAMBLUMXCA Ha TUNepXoNiecTepuHOBO
avete [23]. Mo cpaBHEHMIO C KUBOTHBIMW, NOABEPTHYTHIMM
TONBKO 3NEKTPOCTUMYNALMM MITU KOPMIIEHUIO XONECTEPUHOM,
Y HUX PasBUINUCb BbIPAXKEHHbIE MPU3HAKN AMCIIMMUAEMUN:
MMENo MecTo 3HauuTeNbHO 6onbluee MOBbLILIEHUE YPOBHS
X0NecTepuHa B Myia3Me KPoBM M TEHLEHUMSA K NOBbILIEHUIO
YPOBHSA CBOOOLHbIX JKUPHBIX KUCIIOT, TPUITIMLEPUAOB U MH0-
Ko3bl [23].

OnHOBPEMEHHO B 3TWUX YCIOBUAX ObINO OTMEYEHO 3Ha-
yuTenbHoe (B 4 pasa) cHuxeHue yposHS HA B MuoKapae,
CBSi3aHHOE C BbI3BAHHOM pa3fpaXeHWeM runoTanamyca
runepaktuauuen CHC, nmoBblleHHbIM BbICBODOXAEHMEM
HA u3 appeHepruyeckux TepMuHaneid U nocnefyowmM ero
(bepMeHTaTMBHBIM paspyLueHneM. B Muokapae 6binmn otMeye-
Hbl U Apyrve NpU3HaKy, XapaKTepHble AIA rMnepakTUBaLum
CHC: yMeHblueHue copepxanusa KO, HapacTaHue ypoBHs HD
u MK. Kpome Toro, JecTpyKTMBHbIE M3MEHEHWUS! B MUOKapLe
Y TaKWUX XMBOTHBIX Obln Bosee BbIpaXeHHbIMYU, @ B COCYAAX
JOCTUIIU B OTAENbHBIX CNy4asX CTEMeHU aTepoCKJIepoTuye-
CKUX BrifiLLeK, Mo CPaBHEHUIO C KPOJIMKaMM, HaXoaMBLLMMMCA
Ha auete, boraToi XonecTepuHOM, UK NOJTy4aBLLUMX INEKTPO-
CTUMYNALMIO rUnoTanamyca [23].

B cBsa3u ¢ 3TM addekTsl 1-A0DA (@HTUrMNEpIMNMaeMA-
YECKMI W NONOXMTENBHBI METaboIMYeCKMiA) B KOMMIEKCHOV
Tepanum 6onbHbIX UBC 06bACHUMBI €ro CUMNATONUTUYECKUMU
CBOMCTBaMM, CBA3AHHBLIMM C TEM, YTO MPUMEHEHWE ero Bbl-
cokux mo3 (1,5 r B cyT), NPUBOAS K YCWiEHMIO cuHTe3a [IA,
OO0MKHO 3aMefINTb cuHTe3 HA B runotanamyce no npuHLmMny
0bpaTHOM CBA3M U 0CNabUTb TEM CaMbIM MOBLILIEHHYH 3¢-
(epeHTHYIO cuMnaTMyeckylo umnynbcaumio. OTMeyeHsl ne-
pudepuyeckue [1] n LeHTpanbHble [43] cuMnaTonUTUYeCKue
ceoincraa |-[100A.

3aluuTa HelpOHOB rMMnoTanaMyca KposMKoB OT pasapae-
HMs, NPOBOAMMOI0 YEPE3 XEMUOTPOLLI, NYTEM NpeABapUTENb-
HOM0 BBEAEHMSA N0 CTUMYNUPYIOLLMIA 3EKTPOAMUKPOLO3bI
LieHTpanbHOro M-XonmMHoNMTMKa MeTaMM3una, NpefoxpaHana
CO KponuKkoB OT pasBuTUS B Hell LECTPYKTUBHBIX U3MeHe-
HWI, @ TaKXKe OAHOBPEMEHHO OT 3HAYMTENTBHOMO CHUKEHWS
conepxanus HA B cTeHKe Kenyaka, cepaue M aopte [23].
Kak ynomuHanock, npemynpexieHue B OpraHax CHUXEHWS
HA, BbI3BaHHOrO Ype3Bbl4aiHbIM pa3fpaXeHneM, 06bACHN-
MO NpefoTBpaLLieHneM: 1) ero M30bITOYHOIO BbICBOOOXAEHUS
MOA BMSHMEM MOBBILIEHHON CUMMATUYECKOM UMMYNbCaLm
¥ 2) nocneaytowlero hepMeHTaTUBHOMO paspyLUeHus.

Cepaue. B coBMecTHbIX UcCrienoBaHusx otaena dapma-
Konorun HUN3M AMH CCCP ¢ kadeapoii U KIIMHWKOMW rocnu-
TanbHoi xupyprim Mepeoro JIeHWHrpaacKoro MeguUUMHCKOIO
MHCTUTYTa MM. akag. W.M. MaenoBa, KoTopbiMU PYKOBOAMN
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akagemuk AMH CCCP O.IC Yrnos, 6bino npoaHanuanpoBa-
HO pa3BuUTMe BO BpeMs OMepaLvi No NOBOAY BPOXAEHHbIX
1 PMOBpPEeTEHHBIX MOPOKOB CEPALA HEMPOreHHbIX ANCTPOdHU-
UECKMX M3MEHEHW B MWUOKApAe M BO3MOXHOCTb MX Npef-
ynpexaenus. [pegonepaunoHHas NOAroTOBKA MaLMEHTOB
C BPOXAEHHLIMW NMOPOKaMM CepALa C NOMOLLbI0 OpaJibHO-
ro npuema |-[I0QA B TeueHne 3 oHel npedynpenuna 3Ha-
unTeNbHOE YMeHbLUeHWe cogepianus HA n A B buonTartax
MWOKapAa YLUKa NpaBoro nNpeacepams, 0TMEYEHHOE B KOHLe
onepauuu, CnocobcTBoBana COXpaHEHUI0 YNbTPACTPYKTYPbI
KNETOYHbIX OpraHesT (MUTOXOHLPHWI, CApKOMIa3MaTUyeCKoro
PeTUKyNyMa) 1 NpensTCTBOBana pasBUTUIO NOCE0NepPaLIMoH-
Hom CH [19, 22].

MpumeneHne BHYTPb |-JOMA B KOMNEKCHOM NEYeHUH
uHdapkTa Muokapaa (VM) y niogei B NoAocTpoM nepuoge
(cnycTa 2 Hep. nocne Havana 3aboneBaHus) B TeYeHue 2 Hep.
YIyyLlano KIUHUYeCKoe TeyeHue 3aboneBaHus, HopManu-
30BaNio reMofMHaMuKy, cnocobeToBano cuHTesy KA (cyns
Mo YBENMYEHUIO CYTOYHOM 3KCKpeuun ¢ Moo HA u A, cHu-
JKEHHOI [0 0MepaLym) U YCKOPEHUI0 penapaTuBHBbIX NpoLec-
coB B M1oKapae [25]. CneayeT oTMeTUTb, YTO JieYeHne naum-
eHToB ¢ noMolubto [-[J0DA B nogoctpoM nepuoge MM 6Gbino
MOCTPOEHO N0 NPUHLMMNMANBHO TOW e CXeMe, YTO U ANnd fe-
yeHus 60NbHBLIX A3BEHHOM 00NE3HbLIO: Mepef Ha3HaYEeHUEM
[-[IO®A HelpoTponHble boKaTopsl (beTa-b/10KaTophl) 0TMe-
HANUCb.

Y BONbHBIX TOH3MIOrEHHON MMWOKapAWMOaUCTPOdUen
BbISIBNIEHbI €€ KiuHu4eckue (bonm B cepile, Taxvkapams,
0AbILLKA) W 3neKTpoKapanorpaduyueckue (M3meHeHns dasbl
penonspusauum IKI) nokasartenu, coyeTaBLUMeCS C MOBbI-
LUEHWEM MO CPABHEHMIO CO 3[0POBbIMU KOHLUEeHTpaumn MK
B KpoBu. Bkniouenue [-[ODA B KOMNNEKCHYIO Tepanuio Ta-
Kux nauuenTtoB B fo3e 500 Mr/kr 2 pasa B [ieHb B TeYeHue
20-30 pHei NpuBenio K HOpPManu3auuy KIMHUKO-3JIEKTPO-
Kapavorpaduyeckux nokasateneit u ypoBHs MK B Kpo-
Bu [35].

¥enypok. Wcnonb3oBaHue nesofonbl B Tepanuu §i3-
BEHHOW 60Ne3HM MMENo He TONBKO 3KCMEpPUMEHTaNbHbIE,
HO W KIWHUYECKUE M OMOXMMMYECKWE NPeAnoChUIKM.
B npouecce pa3sutua u 06ocTpeHnit s3BeHHON 6one3Hu
TOHYC M peakTBHOCTb CHC 3HauuTenbHO cHuarotcs. 310
nposiBNseTCs B BbIPaXX€HHOM yMeHblueHUn B dase o0bo-
CTPEeHMs CKOPOCTM 3KcKpeummn ¢ Moudon HA, A, IODA n 1A
[8], ocnabneHnem ToHyca [34] n peaktuBHocTn CAC, B yacT-
HOCTW, MOHWXeHUeM BbigeneHns KA ¢ enymooyHbIM COKOM
B Nepuop, CeKpeTOPHOI aKTUBHOCTY [4, 8]. Mpu 3TOM B dase
obocTpeHus B COX 3HauuTenbHO CHUKAeTCs cofiepKaHue
JO®A u KA [4] n akTMBHOCTb afieHunaTumknassl. MNocnep-
HAM (DaKTOM MOXHO 0OBACHWUTH, B YacTHOCTW, UCTOLLEHME
3HepreTuyeckux pecypcoB B COX y Takux 6onbHbIX, npo-
ABNAIOLLEECH B 3HAYUTENBHOM CHUMXEHUM copepxanus KO
[26]. OnucaHHble U3MEHEHUS YMECTHO CBf3aTb C HeAOCTa-
TOYHOCTbI0 CUHTe3a KA.

Ananus ponu CHC B 3axuBnenun MICOX un BoccTa-
HoBneHUn ypoBHs HA-Meamatopa B XeNyAOYHOM CTEHKE
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B 3KCTMEPUMEHTAIbHBIX YCNOBUAX OblN NPUMEHEH C UCMONb-
30BaHWEM BHYTPUOPIOLLIMHHOIO BBEAEHWUA MOCNE OKOH-
YaHusa pasppaxeHus hapMaKoNorNyeckux BeLLECTB, TeM
WM MHBIM MYTEM CNOCOBCTBYHOLLMX afpeHeprinyecKon Me-
anaumm (trposuH, [-I0®A, deHaMuH, unpasua, Menunpa-
MWH) WK NPenATCTBYIOLWMX eli (HelipoTponHble 6roKaTtopsl,
ocnabnsawwwme 3hdepeHTHYID CUMNATUYECKYI0 UMNYNbCa-
LMo, MOCTYNAIoLWY K XeNyaKy v ocnabnsiowme B3auMo-
pencteme HA ¢ agpeHopeuentopamu) [12-14, 23].

B npotMBononoxHocTb HEMpOTPOMHLIM BnokaTopam,
npenaparbl, CNocobCTBYIOLIME B IKCMIEPUMEHTE BOCCTAHOB-
NEHN0 aApeHepryeckon MeanaLnm B KeNYLOYHOM CTEHKE,
yCKOpAnM BoccTaHoBneHue copepxanus HA, KO u penapa-
TMBHblE npouecchl B Hel — 3axuenenne [ICOX [12-14,
23, 26].

Ha ocHoBaHum 3Toro bbina npepsioxeHa HoBas cxema
neyeHus BosbHbIX A3BEHHOM 60NE3HbI0 XeNyaKa W LBeHaA-
LLaTUNEepPCTHOM KUWKK [12—14, 23, 26]. CornacHo 3Tomn cxeme
HeMpoTpOnHble BNOKATOPbI (XOJMHOMUTUKM, CNasMONUTHKMY,
aHanbreTUKK) cnefyeT Ha3HayaTb B OCTPOM Mepuoge A3BeH-
HowW bonesHu. Mocne KynupoBaHUs OCTPbIX NPOABIIEHUIA UX
Heo0X0[lMMO OTMEHUTb M NEPENTM K HasHaYeHUo CPeqcTB.,
CTUMYNUPYIOLLMX TPOPUUYECKME (SHEPTETUYECKUE M NAACcTH-
yeckue) npouecchl. peanoxeHHas cxeMa yCnewHo npo-
wna anpobaumio B KnuHukax BMA n TUIYB, B KoTopbIX
nocne NMKBUAALMM OCTPbIX CUMMTOMOB I3BEHHOW BonesHu
nauMeHTaM B TeyeHWe 2 Hef. HasHayanu npenapatbl, aK-
TUBUPYIOLLME SHEPTETUYECKUN (3TUMM30M) M NNACTUYECKUIA
(Hepobon, MeTunaHapocTeHamon) obmeH. C uenbto ycune-
HUS cuMnaTudeckol aktusaumm Tpoduku COX B nepumog
HauMHaloLLelics peMuccuu nauueHTam HasHadanu [-J0DA
Wy ero npenapart neeogona B cytouHon pose 0,5 r [9, 18,
20, 26]. Npu 3TOM oTMeveHa bonblias gons (72—78 %) cny-
YaeB 3aXMBNIEHWSA SI3B eNyaKa M ABEHaALaTUNEpCTHOM
KULLKW.

Mpy XpOHUYECKMX 3PO3MBHBIX racTpuTax C LieNbio ycune-
HWA penapaTMBHbIX MPOLIECCOB PEKOMEHOOBAHO Ha3HayaTb
(-10DA B cyTouHon pose 0,3-0,5 r [26].

XpoHuyeckas nHeBMOHUSA. [TonoXuTENbHbIN 3deKT
HasHayeHus |-[0DA Obin 0TMEYEH NpU BKJIIOYEHUM 3TOTO
npekypcopa KA B KoMnneKcHyto Tepanuio 6o/bHbIX XpOHU-
UECKO MHEeBMOHMeEN C ABNEHUAMU AuaHLehanbHON Hefo-
cTatouHoctn [6]. MocnepHss nposensnacb, B YacTHOCTH,
B 3HaUUTENILHOM CHUKEHMM pe3epBHbIX Bo3MoXHocTen CHC:
B YMEHBLUEHWM CKOPOCTM 3KCKpeLmm ¢ Modoii [I0DA, 1A, HA
U MOBbILLEHMM A MO CpaBHEHMIO CO 3[40POBLIMM UCTbITYE-
MbIMU. Bkntouenue |-[0DA B Tepanuio XpOHMYECKUX MHEB-
MOHWIA NpUBEN0 K HopManu3aumm 3kckpeumn JOOA n KA.
BoccraHoBneHue ToHyca u peaktuBHocTu CAC conpoBoxaa-
NOCb YNYYLLEHUEM KIIMHUYECKOTO COCTOSIHUS MaLMEHTOB. 3T0
NPOSIBUNOCh B YMEHbLLUEHUM ClaboCcTh, NOTAMBOCTH, BO3OY-
OMMOCTU HepBHOW cUCTEMBI, a y pAfa BofbHBIX — K UC-
4e3HOBEHUIO AM3HLedanbHbIX KpU3oB [6].

DOI: https://doiorg/ 10.17816/phbn635867



MCUXOHEVPODAPMAKONO/A

3AKJIKYEHUE

0630p BAMAHWA B 3KCmepuMeHTe U KinHuKe [-[ODA
Ha CTPYKTYpPY M QYHKUMIO BHYTPEHHUX OPraHoB — Cepaua,
YEeNnyaKa, NevyeHu U NOMKeNyAo4HOW Kenesbl — BbiABUI
CBOWCTBO 3TOro npepLectBeHHUMKa KA cnocobcTBoBaTth ux
CMHTE3Y, B NEPBYI0 04epeab cuMnaTuyeckoro Meamartopa HA.
Mpepynpexaenve ¢ nomowbto |-[I0DA HeiiporeHHbIX (yHK-
LMOHaNbHbIX U MOPHONOrMYECKUX HapyLUEHWUI BHYTPEHHUX
OpraHoB MyTeM npeAoTBpaLLeHus AucbanaHca U BOCCTaHOB-
nenmus banaHca HA B cuMnaTMUecKuX OKOHYaHUSX SBNISETCA
noateepxaeHueM Tpoduyeckon ¢yHkummn CHC.

MpencTaBneHHble aHHbIE B OTHOLLEHUM hapMaKonoru-
yeckux ceoncTs |-[ODA yKa3biBaloT B N0Jb3Y PaCLUMPEHHOr0
onpejeneHus NoHATUSA «HepBHas Tpoduka»: «[loa HepBHoIA
TpodUKOI CnepyeT NOHMMaTh CNocObHOCTb HEPBHOW CUCTe-
Mbl (1 B NEPBYI0 04epeAb CUMMNATUYECKOTO ee OTAeNa) K nog-
LEPXaHUI0 B KNETKe, TKaHW, OpraHe M opraHu3Me B LIEIOM
3HEpreTMYECKUX W MNIACTUYECKUX NPOLECCOB, CTPYKTYpbI,
(YHKUMM, PE3UCTEHTHOCTYW K NOBPEXAAIOLLIMM BO3LENCTBUAM
M K BOCCTAHOBEHWIO CTPYKTYPbl U PYHKUMM Mmocnie uX Ha-
pyweHus» [15].
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[NcrxodapMaKonoris v DVONOrMYECKas HapKONor s

AOMO/THUTENNbHASA UHOOPMALIUA

Bknap aBTopa. ABTOp BHEC CYLLECTBEHHbIA BKMaj B pas-
paboTKy KOHLENuMM, NpoBefeHNe UCCNEA0BAHNUS W MOATOTOBKY
CTaTbM, NPOYEN v 0f0bpMN GUHaNbHYIO BEpCUio mepeqd nybnu-
Kauuen.

KoHbnukt uHTepecoB. ABTOp [eKNapupyeT OTCYTCTBUE ABHbIX
1 NOTEHLMaNbHbIX KOHQIMKTOB MHTEPECOB, CBA3aHHbIX C NybnmKa-
LMeN HaCTOALLLEN CTaTbK.

WUcTouHuK dpmHaHcUpoBaHMA. ABTOp 3asBNISET 06 OTCYTCTBUM
BHELLHEro hMHaHCVPOBaHKA NpY NPOBEAEHWM UCCNENOoBaHMS.
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Effects of the new ghrelin receptor antagonist agrelax
on compulsive overeating induced by acute and chronic
stress in rats
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ABSTRACT

BACKGROUND: Intense and prolonged stress can be detrimental to both psychological and physical health. Stress often leads
to the development or worsening of compulsive overeating. Compulsive overeating is characterized by recurrent episodes of
consuming large amounts of food, accompanied by a sense of loss of control.

AIM: To study the effects of the ghrelin receptor antagonist agrelax on compulsive overeating induced by acute and chronic
stress in rats.

MATERIALS AND METHGODS: The study involved 150 male and 15 female Wistar rats. To simulate compulsive overeating,
the animals received a high-calorie mixture based on chocolate paste three times a week, while maintaining free access to
standard food and water. Compulsive behavior was assessed using the marble burying test. Different groups of animals were
exposed to various stressors, including maternal deprivation, limb electrical stimulation, partial sensory and complete social
isolation, and acute vital stress. Agrelax, a ghrelin receptor antagonist, was administered intranasally at a dose of 1 pg/pL,
10 L in each nostril, for 7 days.

RESULTS: Compulsive behavior was evaluated using the marble burying test. The experimental group on a high-calorie diet
buried significantly more marbles than the control group (p < 0.01). After a 7-day course of Agrelax, the number of buried
marbles significantly decreased, reaching the control group values (p < 0.05). A model of compulsive overeating in rats was
successfully developed by providing high-calorie food three times a week. After a 7-day course of Agrelax, the consumption of
high-calorie food significantly decreased (p < 0.05). Limb electrical stimulation significantly increased the consumption of high-
calorie food (p < 0.05). After a 7-day course of Agrelax, the consumption of high-calorie food significantly decreased (p < 0.01).
Maternal deprivation stress significantly increased the consumption of high-calorie food (p < 0.001). After a 7-day course of
Agrelax, the consumption of high-calorie food decreased, reaching the control group values. In animals raised under partial
sensory and complete social isolation, Agrelax did not significantly reduce the consumption of high-calorie food. In animals
subjected to acute vital stress, Agrelax did not reduce the consumption of high-calorie food.

CONCLUSIONS: The data obtained suggest new ways for synthesizing peptide pharmacological agents based on ghrelin and
its antagonists to treat eating disorders.

Keywords: compulsive overeating; maternal deprivation; limb electrical stimulation; social isolation; vital stress; marble
burying test; agrelax; ghrelin.
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BnusHMe HOBOro aHTaroHUCTa rpesIMHOBLIX PeL,enTopoB
arpenakca Ha KOMNynbCMBHOE NnepeeAaHue,
Bbi3BaHHOE OCTPbIM U XPOHUYECKUM CTPECCaMU Y KpbiC

H.[. Hap6urosa', C.C. Miopsees” 2, M.A. Heteca', A.A. Jlebenes’, .11, LlabaHos'

! MHCTUTYT 3KCniepuMenTasibHon Meauumhbl, CankT-Tetepbypr, Poccus;
2 CaHKT-IeTepByprckuii rocyapCTBEHHbIN NeaMaTpUHECKNii MeANLMHCKIIA YHuBepcuTeT, CankT-TeTepbypr, Poccua

AHHOTALIMA

AktyanbHocTb. CunbHbIE M NPOAOIMKMTENBHBIE CTPECChl MOTYT BbITh ONACHBI KaK AN NCUXONOTUYECKOro, Tak 1 U3NYECKOro
300p0Bbs YenoBeka. HepeoKo cTpecc NpUBOAWT K pasBUTUIO UK ycyrybneHnio KoMnynbeuBHOro nepeedanus. Komnynbcus-
Hoe nepeefiaHne XapaKTepusyeTcs peLMaUBMPYIOLLMMM 3NM304aMu noeaHnsa 6onblioro obbemMa NuWM ¢ YyBCTBOM YTpaThl
KOHTpoNA Hag coboil.

LUenb — u3yunTb [eiCcTBME aQHTArOHWUCTa PeLEnTOpoOB FPefiMHa arpenakca Ha KOMMYNbCUBHOE MepeefaHue, Bbi3BaHHOE
OCTPbIM M XPOHUYECKWUM CTPECCAMM Y KpbiC.

Martepuansl n MeTogpl. B uccnegoBaHum bbino 3agencteoBaHo 150 caMuoB 1 15 caMoK Kpbic iuHuM Buctap. [Ins Mogenupo-
BaHWSA KOMMY/NbCUBHOIO NepeefaHmst JKMBOTHbIE MOJy4anu BbICOKOKANIOPUIAHYI0 CMECh HAa OCHOBE LUOKONaAHOW nacTbl 3 pasa
B HEJEN0 NMpu coxpaHeHun cBoboLHOM AOCTYNa K CTaHAAPTHOMY KopMy 1 Bofe. KoMnynbcBHOCTL B NOBEAEHUM OLiEHWUBANM
C MOMOLLbI0 TECTA 3aKamblBaHUA LLIAPUKOB. B KauecTBe CTPeccOpHbIX BO3AEWCTBMIA NS pasHbIX FPYNN KWUBOTHBIX UCMOMb-
30Ba/IM MaTEPUHCKYI0 AENpUBaLMIO, 3MEKTPOCTUMYNALMIO KOHEYHOCTEH, YaCTUYHYID CEHCOPHYID W MONHYK BHYTPUBMEOBYIO
M30/15LMI0, OCTpbIA BUTaMbHBIA CTPecC. AHTAroHUCT PeLienTopoB FpefivHa arpenakc BBOAWIM MHTPaHasanbHo 1 MKr/1 MKN,
no 10 MKJT B Ka)KAYH0 HO34pH0 B TeueHue 7 LHeN.

Pesynbtathl. [IpoBefeHa oLeHKa KOMMYNLCUBHOMO MOBEAEHMS B TeCTe 3aKanbiBaHUA LWapWUKoB. OMbITHas rpynna XUBOTHBIX,
MnosTyyaroLLas BbICOKOKANIOPUItHOE MUTaHMe, 3aKamnblBana [OCTOBEPHO OoMbluee KOMMYECTBO LUAPMKOB, YEM KOHTPONbHas
(p < 0,01). NMocne 7-AHEBHOMO Kypca arpenakca KOfMYecTBO 3aKOMaHHbIX LUAPMKOB 3HAYMMO CHUKANOCh, JOX0AS [0 3Ha-
YeHWN KOHTpOnbHOM rpynnbl (p < 0,05). OtpabotaHa MeToaMKa KOMMYNbCUBHOMO MepeesaHus y Kpbic MpU Bblfaye BbICOKO-
KanopuitHoi nuwum 3 pasa B Hep. [locne 7-OHEBHOMO Kypca arpeniakca notpebneHne BbICOKOKANOPUIMHOW NULLM [OCTOBEp-
HO cHuxanock (p < 0,05). BospencTeue 3NeKTPOCTUMYNALMM KOHEYHOCTEN 3HAYMMO YBESIMUMBANO KONMYECTBO CbeaeMon
BbICOKOKanopuiHoi nuwy (p < 0,05). Mocne 7-gHeBHOro Kypca arpenakca notpedneHne BbICOKOKANOPUAHOM MWLM [OCTO-
BepHO cHuanoch (p < 0,01). Crpecc MaTepuHCKOM AenpuBaLMM 3HAYMMO YBeNWMYMBaN MoTpebieHne BbICOKOKaNOpUIMHO
nuwwm (p < 0,001). Mocne 7-AHEBHOMO Kypca arpenakca, notpebneHne BbICOKOKaNOpPUIAHOW MULLM CHUMANoCh 10 NoKasaTenen
KOHTPOMbHOM rpynmbl. Y KMBOTHbIX, BbIPALLEHHBIX B YCNOBUAX YaCTUYHOM CEHCOPHOW M MOSHOM BHYTPMBWAOBOW M30NALMUM,
MPUMEHEHWE arpeniakca He Aano BbIpaXeHHOro a@deKTa CHUXKEHNUA KONMYecTBa NOTPebNseMON BbICOKOKaNOPUIAHOW MULLM.
Y MBOTHBIX, NEPEHEeCLUMX OCTPOe BUTANbHOE BO3LENCTBUE, MPUMEHEHHE arpeniakca He CHKAM0 KonyecTsa notpebnsemon
BbICOKOKaNIOPUIUHOW MULLA.

BoiBoapbl. onydeHHble faHHble NpeLnonarakT HoBble MyTU CWHTE3a (hapMaKOMOrMYeckUX CPeAcTB NENTUAHOW Mpupogbl
Ha OCHOBE FPe/IMHa U ero aHTaroHUCTOB NS KOPPEKLMM MULLEBON 3aBUCUMOCTM.

KnioueBble cnosa: KOMNynbCMBHOE NepeenaHne; MatepuHCKaa AenpuBauna; aNeKTpocTuMynauna KOHEYHOCTeN; coumanbHas
U30M1ALMS; BUTANbHbIN CTpecc; 3aKanbiBaHWe LLIApPUKOB; arpeniakc; rpesinH.
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BIOLOGICAL NARCOLOGY

BACKGROUND

The World Health Organization defines overweight and
obesity as conditions characterized by abnormal or excessive
fat accumulation that may impair health [1]. Obesity results
from a sustained positive energy balance, where excessive
calorie intake exceeds energy expenditure [2]. Obesity
is associated with an increased incidence of pathological
conditions, including type 2 diabetes, cardiovascular
diseases, and cancer, and significantly reduces life
expectancy [3-6].

Pharmacological treatment of obesity is an evolving area
of pharmacology burdened with severe drug-related side
effects and challenges due to the lack of data on the long-
term effects of medications on obesity-associated morbidity
and mortality. For example, the anti-obesity drug sibutramine
poses cardiovascular concerns [7], while rimonabant has
been linked to an increased risk of suicide [8]. Orlistat, a
specific inhibitor of intestinal lipases [9], is used to manage
obesity. However, the high frequency of pronounced clinically
significant side effects, mainly gastrointestinal, complicates
its widespread use in clinical practice [10, 11].

The drug with the fewest side effects, semaglutide, a
glucagon-like peptide-1 receptor (GLP-1R) agonist, can only
be used in combination with physical activity and a low-
calorie diet [12].

New opportunities in the treatment of obesity have
emerged due to the discovery of the role of orexigenic
peptides (ghrelin, orexins, and obestatin) in the mechanisms
of eating behavior [13, 14].

Ghrelin is a peptide hormone produced in the gastric
mucosa and the arcuate nucleus of the hypothalamus, which
consists of 28 amino acids and includes three isoforms:
acylated ghrelin, nonacylated (desacyl ghrelin), and obestatin
[15]. The ghrelin receptor has two molecular forms, GHSR1A
and GHSR1B, but only GHSRIA is biologically active.
GHSR1A receptors are primarily located in the pancreatic
islets, adrenal glands, thyroid gland, myocardium, and brain
structures such as the anterior pituitary gland, arcuate
nucleus of the hypothalamus, hippocampus, substantia
nigra, and ventral tegmental area [16]. Ghrelin is involved
in the regulation of eating behavior, dependence on
psychostimulants and alcohol [17], body weight [18], energy
expenditure [19], and also influences glucose homeostasis
[20] and insulin secretion [21]. Ghrelin has also been shown
to be involved in stress response [22]. In patients with binge
eating disorder (compulsive overeating), low peripheral
ghrelin levels were observed before meals, which may be
associated with the neurochemical mechanisms of this
disorder [16].

Food addiction has not been yet recognized in the
Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition (DSM-5) as a distinct disorder, however, there are
some similarities between certain eating disorders and
substance use disorders [23, 24]. These similarities include
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cravings, decreased control over consumption, increased
impulsivity, and altered reward sensitivity. Binge eating
disorder and bulimia nervosa have been proposed as
phenotypes that may reflect these similarities to a greater
extent.

Binge eating disorder is the most common eating
disorder, characterized by recurrent episodes of overeating
during which a person consumes an excessive amount
of food without feeling hungry. Overeating episodes are
usually accompanied by a feeling of lack of control with
an inability to refrain from eating or to stop eating once
it has started [24]. Like psychoactive substances, highly
processed foods contain increased amounts of potentially
addictive substances (e.g., refined carbohydrates) that are
rapidly absorbed and can quickly affect the central nervous
system. In an experiment, rats preferred saccharin over
cocaine when given a choice [25].

Currently, only one drug (lisdexamfetamine dimesylate)
has been approved by the US Food and Drug Administration
in 2015 for the treatment of binge eating disorder [26].
However, its use is limited by side effects, including a high
risk of misuse and cardiovascular diseases [27].

A number of models of compulsive overeating have
been developed in rodents. The restricted access model is
of greatest interest. It involves intermittent exposure to fats
to induce episodes of binge eating [28-30].

Intense and prolonged stress can be detrimental to both
psychological and physical health. Stress disorder can be
triggered by a traumatic experience, including vital stress
or life-threatening situations, characterized by a subjective
sense of threat to life, with rapid dynamics, significant loss
of the body’s functional reserves, and a “trace of reactions”
in the delayed period [31]. Most often, vital stress can be
observed among participants in armed conflicts [32].

Equally relevant are the stress of social isolation
associated with restrictive measures during COVID-19 [33],
and the stress of maternal neglect, which is increasingly
observed in a society marked by rapid technological
development. Unfortunately, it is not uncommon for mothers
to show more interest in their smartphones than in their
own children, which inevitably leaves an imprint on the
developing psyche of children.

The negative impact of stress on the body is comparable
to the risks that arise from alcohol and psychoactive
substance use. The consequences of the aforementioned
stressors include sleep disturbances, lack of physical
activity, and eating disorders, which often lead to obesity.

The neurotransmitter dopamine plays a key role in the
brain's reward system. Experiments have shown that the
metabolic circuits of the hypothalamus interact with the
brain’s dopamine system to regulate eating behavior [34, 35].

It has been demonstrated that the brain's reward circuit
associated with compulsive overeating is similar to that of
substance addiction. Enzyme immunoassay revealed that
body weight in rats negatively correlated with D2 receptor
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levels. In other words, the heavier the rat, the lower the
density of D2 receptors in the striatum [36].

An intermittent feeding schedule with palatable food
resulted in increased activation of dopamine D1 and p1-
opioid receptors, as well as reduced binding to dopamine D2
receptors in the dorsal striatum [10].

Existing therapeutic approaches to correct excess
weight and obesity do not always lead to significant
clinical and physiological effects, indicating the need for
exploring new treatment strategies for the pharmacological
management of obesity. Moreover, the available drugs
for obesity treatment are typically administered orally
or via injection, as are many experimental medications.
Therefore, the development of innovative, effective, and
safe pharmacological methods that ensure high-quality
weight loss is of critical importance.

AIM: To study the effects of the ghrelin receptor
antagonist Agrelax on compulsive overeating induced by
acute and chronic stress in rats.

MATERIALS AND METHODS

The study involved 150 male and 15 female Wistar rats
weighing 200-250 g, obtained from the Rappolovo laboratory
animal breeding facility (the Leningrad Region). The animals
were housed in vivarium in standard plastic cages with free
access to water and food, under inverted light conditions
(8AM to 8PM) at a temperature of 22 + 2 °C. Throughout the
experiment, the principles of humane treatment of laboratory
rats were observed in accordance with the rules of laboratory
practice (Order of the Ministry of Health of Russia No. 267,
dated 19.06.2003).

After being received from the breeding facility, the
animals underwent a 2-week quarantine in the designated
block of the vivarium.

Female Wistar rats were housed in plastic cages
(40x50%20 cm) in groups of five, with ad libitum access to
food and water. One male was placed into each cage, and the
next day, vaginal smears were collected from the females to
detect spermatozoa. Using light microscopy, pregnancy was
confirmed, and it was considered day zero. Once pregnancy
was confirmed, the animals were placed in individual cages.
Pregnancy lasted for 20 + 2 days.

Maternal deprivation model. Rats were placed in
individual plastic cups for 180 min for ten consecutive days
from Day 2 to Day 12 of the postnatal period. Visual contact
with the mother was excluded. After maternal deprivation
and milk feeding, the rats were raised in standard cages with
5 animals in each. Males aged 90-100 days and weighing
200-250 g were used in the experiment [37].

Raising animals under conditions of partial sensory and
complete social isolation. Social isolation during ontogenesis
can alter the psycho-emotional status of animals and cause
disturbances in the neurotransmitter systems of the brain
during the establishment of neuroendocrine interactions.
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This subsequently leads to persistent modifications of
neuroendocrine, immune and visceral responses in the adult
organism [38]. The litters of rats were separated from their
mothers on Day 21 of life and housed in individual plastic
cages measuring 40x30x25 cm. From Day 93 of life, the rats
were included in the main experiment.

The rats included in the experiment were divided into five
groups:

1) without stress (n = 30);

2) maternal deprivation stress (n = 30);

3) partial sensory and complete social isolation (n = 30);

4) electrical stimulation of limbs (n = 30);

5) acute vital stress (n = 30).

Each group was further divided into two subgroups:

1) intact animals (n = 10);

2) experimental group that included animals with access
to high-calorie sweet mixture three times a week (n = 20).

To simulate compulsive overeating, the experimental
group was provided with additional high-calorie food three
times a week, with access for one hour. Throughout the
entire experiment, animals had free access to water and
standard pelleted food. The high-calorie food consisted
of a paste prepared by mixing chocolate paste, crushed
rat pelleted food, and water in the following weight ratio:
52% of chocolate paste, 33% of pelleted food, and 15%
of water. The calorie content was 3.63 kcal/g. Before the
overeating session, the standard rodent food present in
each cage was weighed to assess food consumption over
24 h the following day. The recorded parameters included:
the amount of standard food consumed; the amount of
chocolate paste consumed during the 1-hour access
period; and the animals’ weight (measured once a week on
a strictly scheduled day) [39].

Marble burying test. This test was proposed as a model
for obsessive-compulsive disorder, related to obsessive
thoughts and behavior [40]. A cage measuring 20x25x17 cm
was filled with a 5 cm layer of sawdust, and 20 glass marbles
of 1 cm in diameter were placed evenly spaced on top. A rat
was placed in the cage for 30 min. After this time, the number
of marbles covered by sawdust by more than two-thirds was
counted [41, 42]. In this experiment, each animal was tested
three times.

Electrical stimulation of limbs (or foot shock; FS). FS
has been widely used as a method for inducing measurable
discomfort in animals for over 100 years. To induce stress, the
animal was placed in a special chamber with an electrified
floor, where electrical stimulation of the limbs was applied
with a current of 0.6 mA for 30-60 s [43]. The FS chamber
used in the experiment was designed by the staff of the
Institute of Experimental Medicine (IEM).

Experiments were conducted in 5-day cycles. The effect
of stress and the drug on the rats’ behavior was assessed on
Day 5. On Day 1, rats were given the chocolate-food mixture
without additional stimuli, as described above. On Day 3,
one hour before feeding the treat, rats underwent electrical
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stimulation of the limbs for 30 s, and on Day 5, for one
minute. The drugs were administered intranasally on Day 5,
30 min after FS and 30 min before feeding the mixture.

Method for modeling psychological trauma.
Psychological trauma is defined as a strong, brief exposure to
external negative circumstances, leading to the development
of negative emotional reactions such as fear, anxiety, terror,
despair, etc., as well as the formation of somatic disorders
(ICD-10, 1993). Psychological trauma was modeled by a
stressful situation in which the animal experienced its
partner's death caused by a predator’s actions [44]. Each
animal was subjected to an acute psychotraumatic situation
once. A group of 20-22 rats was placed in a terrarium
(dimensions 1.2x0.7x1 m) with a tiger python. The python
strangled and swallowed one of the animals in the presence
of the others, who experienced the death of their conspecific.
During the experiment, the following behavioral acts were
recorded: locomotion, sniffing, movement in place, upright
posture, grooming, freezing, and resting (sitting quietly
without motion). After this, the rats were removed from the
terrarium and their behavior was tested over the next few
days.

At the S.V. Anichkov Department of Neuropharmacology
of the IEM, a peptide analog of the ghrelin antagonist Agrelax
(1 pg/1 pl was) was synthesized using genetic engineering
methods. During Week 6 of the experiment, it was intranasally
administered to half of the experimental group, with 1 pL per
nostril, for 7 consecutive days.

Statistical analysis. The normality of the data distribution
in the samples was tested using the Kolmogorov—Smirnov
test. For normally distributed data, one-way ANOVA analysis
was used to detect statistical differences between multiple
groups, while the Student’s t-test for independent samples
was performed to compare two groups. In the absence of
normal distribution, a non-parametric analog for analysis
of variance was used. For pairwise comparisons, the

20
= Il Control
— *%
S # O co
E 15 T [ co + Agrelax
3
c 10 -
- s
£
= 54
IS
=
0 -

Fig. 1. Compulsive behavior assessment in the marble burying test.
CO — compulsive overeating. **p < 0.01; #p < 0.05

Puc. 1. OueHKa KOMMyNbCMBHOMO NOBEAEHMS B TECTE 3aKanblBaHUs
wapuKos. C0 — koMnynbcuBHoe nepeenarue. **p < 0,01; #p < 0,05
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Mann—Whitney test was used. Differences were considered
significant at a significance level of 95% (p < 0.05). Statistical
data processing was performed using GraphPad Prizm v.6.

RESULTS

In this study of compulsive behavior using the marble
burying test, the experimental group of animals that received
additional high-calorie food buried a significantly greater
number of marbles (p < 0.01) compared to the control group.
This indicates increased compulsive behavior and confirms
the development of compulsive overeating. After a 7-day
course of Agrelax administration, the number of buried
marbles significantly decreased, reaching the control group
values (p < 0.05), which indicates an improvement in the
compulsive behavior manifestations (Fig. 1).

In this study of compulsive overeating in rats, the average
consumption of the high-calorie mixture was shown to be
9.1+ 0.6 g. After a 7-day course of Agrelax, the consumption
of high-calorie food significantly decreased (p < 0.05) to
5.6 + 0.6 g. Despite the additional high-calorie mixture,
daily consumption of standard food in the experimental
group did not differ from that in the control group. After the
7-day course of Agrelax, the consumption of standard food
decreased (p < 0.05) but did not significantly differ from the
consumption of standard food by intact animals (Fig. 2).

Exposure to FS significantly increased the average
consumption of the high-calorie mixture (p < 0.05). Intranasal
administration of Agrelax significantly reduced (p < 0.01) the
average amount of the treat consumed (Fig. 3).

Evaluation of the effect of maternal deprivation on the
consumption of standard food showed that the average daily
consumption of the high-calorie mixture did not change
relative to the control group, while the overall consumption
increased (p < 0.001) compared to the control group.
Following Agrelax administration, the consumption of the

95 - * Il Control
! Cco
20 1 L [ co + Agrelax
L
154 S

Average daily consumption, g

5l [y
i NI

Standard food Chocolate paste

Fig. 2. Effects of agrelax on the consumption of standard pelleted
and high-calorie food in the compulsive overeating rat model (CO).
*p < 0,05

Puc. 2. Bausnue arpenakca Ha notpebnexue ctaHaapTHoro 6peke-
TUPOBAHHOIO KOPMa M BbICOKOKaNOPUIAHOM MULLM Y KPbIC B MOAENH
KomnynbcueHoro nepeenanus (CO). *p < 0,05
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Fig. 3. Effects of limb electrical stimulation and agrelax on the
consumption of chocolate-feed mix in the compulsive overeating
(CO) rat model. #p < 0,05; **p < 0,01

Puc. 3. OueHKa AeiACTBUS 3NEKTPOCTUMYNALMM KOHEYHOCTEM
W arpeniakca Ha noTpebneHue LLOKONaAHO-KOPMOBOI CMeCU B Mo-
nenn komnynbcusHoro nepeefanus (CO) y kpeic. FS — anekTpo-
cTUMynauns KoHeuocteid. *p < 0,05; **p < 0,01
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Chocolate paste

Standard food briquettes
for rodents
Fig. 4. Effects of the new ghrelin receptor antagonist Agrelax on
the consumption of standard food and compulsive overeating in
rats raised under maternal deprivation (MD) conditions. Average
daily intake is shown ***p < 0.001 compared to the control (intact)
group of animals

Puc. 4. OueHKa [eiicTBMS HOBOMO @HTArOHWUCTA MPENMHOBLIX peLien-
TOPOB arpenakca Ha notpedreHne CTaHAAPTHOrO KopMa M KOMMyfb-
CMBHOE NepeefiaHu e Y KpbIC, BbIPALLEHHbIX B YCNOBUAX MaTepuH-
cKoit aenpueauun (MD). TMokasaHo cpegHee cyTouHoe NoTpebneHue.

*%k%

' < 0,001 0THOCUTENBHO KOHTPOJTBHO (MIHTAKTHOA) MPYMbl KUBOTHBIX
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Fig. 5. Effects of agrelax on compulsive overeating (CO) in rats kept
under partial sensory and complete social isolation

Puc. 5. OueHKa pelicTBus arpenakca Ha KOMMynbCUBHOE Nepeesa-
Hue (CO) y Kpbic, BbIPALLEHHBIX B YCNOBUAX YACTUHHON CEHCOPHOM
W NOSHOI BHYTPUBMOBOW M30NALMM
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chocolate-food mixture decreased, reaching the control
group values (Fig. 4).

In animals raised under conditions of partial sensory and
complete social isolation, the administration of Agrelax did
not produce a pronounced effect on reducing the consumption
of the chocolate-food mixture (Fig. 5).

In animals subjected to acute vital stress, the adminis-
tration of Agrelax did not reduce the consumed amount of
chocolate-food mixture (Fig. 6).

DISCUSSION

In the present study, compulsive overeating was induced
using the high-calorie food overconsumption method.
Episodes of overeating were triggered through intermittent
exposure to sources of carbohydrates and fats in a
restricted-access model of compulsive overeating [28, 30].
The advantage of using intermittent food exposure in the
development of compulsive overeating is supported by our
earlier data, which demonstrated reduced consumption
of high-calorie food in rats following maternal deprivation
and a daily feeding regimen [37]. Additional assessments of
compulsive behavior during the experiment helped confirm
the development of compulsive overeating and evaluate
its dynamics during the administration of Agrelax. Recent
studies have shown the involvement of the ghrelin system
in stress response mechanisms. In a study, the ghrelin
receptor antagonist D-Lys GHRP-é reduced pronounced
compulsive behavior induced by the psychological trauma
of partner loss [45]. Obsessive-compulsive disorder (OCD)
is interpreted as a condition associated with intrusive and
disturbing thoughts (obsessions) accompanied by compulsive
behaviors (compulsions) aimed at reducing anxiety [46].
The pharmacotherapy of OCD is primarily based on
antidepressants, benzodiazepine anxiolytics, and low doses
of neuroleptics [46-48]. These drugs differ in their spectrum
of action and effects and are associated with numerous side
effects, indicating the need to develop new effective treatments
for OCD, including those with demonstrated anti-compulsive
activity in experimental models. Agrelax developed at the IEM

—_
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[ co + Agrelax
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1

Average daily consumption, g

0
Fig. 6. Effects of Agrelax on compulsive overeating (CO) in rats
subjected to acute vital stress

Puc. 6. OueHKa peiicTBMS arpenakca Ha KOMNY/bCUBHOE nepeesa-
Hue (CO) y KpbiC, NepeHecLUnX OCTPOe BUTaNbHOe BO3LENCTBUE
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offers several advantages. Due to its peptide nature, the drug
is suitable for intranasal administration, enabling not only a
reduction in the used dose and rapid central action but also a
significant decrease in potential toxic effects.

In this study, the marble burying test was used to evaluate
compulsive behavior in rats. This test has traditionally been
used to assess the severity of compulsive behavior in
rodents and to screen anti-compulsive drugs [42, 49, 50].
Animals are believed to use the available bedding material
to bury undesirable sources of discomfort in their home
environment. The number of marbles buried reflects the
intensity of stereotypical behavior in animals [42]. The effects
of ghrelin and its analogs on behavior in the marble burying
test in rats are poorly understood. Similar effects have been
observed in mice and rats following the administration of
anxiolytics, antidepressants, and low-dose neuroleptics [47].
Compulsive behavior serves as a functional component of
addictive behavior and is considered a neurobiological factor
in alcohol, drug, gambling, and other addictions [51], as well
as food-related dependencies [52].

The hypothalamus is the main brain region involved in
feeding behavior. Ghrelin acts primarily in the hypothalamus,
stimulating food intake behavior aimed at regulating energy
homeostasis [53]. The significance of ghrelin signaling in
brain regions outside the hypothalamus lies in its influence
on learning and memory, reward and motivation, anxiety
and depression. Possible targets of ghrelin action include
corticotropin- producing neurons in the paraventricular
nucleus of the hypothalamus. It has been shown that ghrelin
administration activates these neurons [54]. Another possible
target of ghrelin is the extended amygdala system, which
includes the bed nucleus of the terminal striatum, the central
nucleus of the amygdala, the substantia innominata, and the
shell of the nucleus accumbens [54]. The extended amygdala
structures receive inputs from dopaminergic neurons of
the ventral tegmental area and constitute a main functional
system for mediating the emotional and motivational effects
of various addictive agents [55].

Evidence from various studies indicates that stress
increases vulnerability to addiction, likely by enhancing the
reward value associated with addictive substances through
a sensitization-like mechanism [56]. This study showed that
FS-induced stress increases signs of compulsive overeating
of high-calorie foods. Intranasal administration of Agrelax
reduces the manifestations of food addiction following
electrical stimulation of limbs, suggesting novel avenues
for the synthesis and application of peptide pharmacological
agents based on ghrelin and its antagonists to address food
addiction.

Chronic maternal deprivation stress in animals can serve
as a model of maternal neglect in humans. Analysis of
experimental data on maternal separation in early ontogenesis
shows a significant impact of stress on the development
of compulsive overeating [39]. Early psychological stress
exerts long-term effects on development and socialization
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in children and adolescents, increasing the risk of eating
disorders and compulsive overeating. During adolescence,
hormonal changes and imbalances in excitation and
inhibition processes occur, making the role of neurochemical
intracerebral processes critical in the development of
compulsive overeating [39]. Intranasal administration of
Agrelax reduces the manifestations of food addiction,
suggesting novel avenues for the synthesis and application
of peptide pharmacological agents based on ghrelin and its
antagonists to address food addiction.

CONCLUSION

Administration of the novel ghrelin receptor antagonist
Agrelax reduces the manifestations of compulsive overeating
in rats under conditions of intermittent consumption of high-
calorie foods. This approach opens new possibilities for
the synthesis and application of peptide pharmacological
agents based on ghrelin and its antagonists to address food
addiction. Moreover, the studied drug was administered
intranasally, enabling not only a reduction in the used dose
and rapid central action but also a significant decrease in
potential toxic effects.
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A0NOJIHATENIbHAS UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbl BHECAM CYLLECTBEHHBIA BKMaL
B pa3paboTKy KOHLeNLMM v NOLFOTOBKY CTaTby, MPOYAM 1 0806pMmn
(uHanbHylo Bepcuio nepep, nybnmKaumen. Brknag Kawaoro asTopa:
H.[. Hapburosa, C.C. Miopeees, M.A. Heteca, A A. lebenes — nony-
YeHWe 1 aHanu3 laHHbIX, HanucaHue ctatby; M., LLabaHoB — pas-
paboTka 0bLLIEeN KOHLENUMM.

KoHdbnuKT uHTepecoB. ABTOpbI AEKApUPYIOT OTCYTCTBYE SBHbIX
W NOTEHUMANbHBIX KOHDIMKTOB MHTEPECOB, CBA3AHHBIX C Nyb/MKa-
LiMer HacToALLEN CTaTbu.
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WUcTounuk duHaHcupoBaHus. Pabota BbINoNHEHa B paMKax ro-
CyNapCTBEHHOMO 3aAaHus MuHobpHaykm Poccun FGWG-2022-0004
Ha 2022-2025 rT. «[ToncK MONeKyNspHbIX MULLIEHeR Ans hapMaKo-
IOTMYECKOr0 BO3AEMCTBUA MPY aAAMKTVBHBLIX U HEMPO3HAOKPUHHBIX
HapyLLEeHUSX 1 CO3[aHne HOBbIX (hapMaKOMorM4ecKn akTUBHbIX Be-
LLeCTB, AencTByOWMX Ha pelienTopsl LIHC».
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y-CekpeTasa B natoreHe3e 6onesHu AnbureiiMepa,
TepaneBTUYECKUI NOTEHLMAN ee MOAYNATOPOB

B.H. BunbsnuHos, B.W. BaweHko, M1.[. LLlabaHoB

BoeHHo-MeauumHcKan akagemus umenn C.M. Kuposa, Cankr-[letepbypr, Poccus

AHHOTALMUA

bonesHb AnbureiiMepa BbI3bIBaeTCA NOTEpei CMHaNTUYECKUX CBA3eM U HEMpOHOB B rofiloBHOM Mo3re. OOuH U3 XxapakTep-
HbIX Mop(hONorMyeckux Npu3HakoB 6onesHu AnbureiMepa — aMuNoMaHble bNAWKK, coaepxalume B-aMunouaHbIi nenTua,.
B-AMunonaHbIA NenTup BbipabaTbiBaeTcA M3 Oenka-npeALlecTBEHHMKA aMUOMAA NyTEM NOCNEN0BATENIbHOTO MPOTEONIUTH-
YECKOro pacLLensieHns a-CceKpeTasoi, f-ceKpeTasomn U y-CeKpeTason, BCEACTBUE YEro KnacTepusaums B-amunonaHoro nen-
TMAA B aMUNOMAHbIE BNALIKW CTAHOBMTCS KIIOYEBBIM MATOrEHETUYECKUM COBbITHEM npu Bonesnu AnburenMepa. [ocKonbKy
y-CeKpeTasa onocpeayeT OKOHYaTeNIbHOe pacLuensieHne, KOTOpoe BbICBOD0XAAET J-aMUNOMAHbINA NenTua, Y-CeKpeTasa LmMpo-
KO M3y4aeTcs KaK NoTeHuManbHas NeKapcTBeHHas MULLEHb ANs nedvenns bonesHn AnbureiiMepa. y-CekpeTasa npencraBnser
cobou TpaHcMeMOpaHHbI DeNKOBLIN KOMMIEKC, COCTOALLMIA U3 4 CyObeanHUL: NpeceHUnMHa, HUKacTpuHa, Aph-1u Pen-2, Ko-
TOpbIX OCTATO4HO ANSt PYHKLUMOHUPOBAHWSA Y-CeKpeTasbl. YCTaHOBNEHO, YTO y-ceKpeTasa pacliennset bonee 140 cyberpatos,
BKJloyas benok-npepwectseHHUK amunonga u Notch. B KnMHMYecKux nccnenoBaHUAX NeyedHbIX NpenapaTos npu 0o/esHu
Anbureimepa bbin10 NoKa3aHo, UTo MHTMBUTOPBI Y-CeKpeTasbl Bbi3blBalOT N060YHbIE IPheKTbl U3-3a UHTMBUPOBaHUSA Nepeda-
umn curanos Notch. bbin caenaH BbIBOA, YTO HE0OX0AMMBI Apyrue coefuHeHus ¢ bonee cneumburyecKoil perynsaumeit unm Mo-
BynsiuMen y-cexpeTasbl. B HacTosLlee BpeMs yxe pa3paboTaH psja MOOYNATOpOB y-ceKpeTasbl. [lns Moaynsiumv y-cekpeTtasbl
M NOHWMaHWSA ee CNOXHOW Bronoru HanbonblKiA MHTEpPeC MPeLCTaBNsAeT MOMCK CAMTOB CBSA3bIBAHUS MHIUOMTOPOB U MO-
LYNATOPOB B CTPYKTYpE Y-CEKpeTasbl, @ TakKe UAEHTUDUKALMA NPOMEXYTOUHbIX CBA3bIBAOLWMXCS DENIKOB, MOAYNUPYHOLLMX
y-cekpeTasy. B ctatbe obcywaatotca noctuxenns nocnepHero 10-netus B M3y4eHUW ponm y-cexpeTasbl Npu JiedeHumn bones-
Hu AnbureiimMepa.

KnioueBble cnoBa: 6onesHb AnbLreiiMepa; y-CeKpeTasa, MOAYNATOpbI CEKPETa3bl; MPECEHUNNH; HUKacTpuH; Aph-1; Pen-2.
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y-Secretase in the pathogenesis of alzheimer’s disease
and therapeutic potential of its modulators

Vladimir N. Vilyaninov, Vladimir I. Vaschenko, Petr D. Shabanov

Kirov Military Medical Academy, Saint Petersburg, Russia

ABSTRACT

Alzheimer's disease is caused by the loss of synaptic connections and neurons in the brain. One of the characteristic morphological
features of Alzheimer’s disease is the formation of amyloid plagues containing B-amyloid peptide. The f-amyloid peptide is
produced from the amyloid precursor protein (APP) through sequential proteolytic cleavages by a-secretase, f-secretase, and
y-secretase, resulting in B-amyloid peptide clustering into amyloid plaques, a key pathogenic event in Alzheimer's disease.
Since y-secretase mediates the final cleavage that releases f-amyloid peptide, it has been widely studied as a potential drug
target for the treatment of Alzheimer’s disease. y-Secretase is a transmembrane protein complex consisting of four subunits:
presenilin, nicastrin, Aph-1, and Pen-2, which are necessary for its function. y-Secretase has been shown to cleave more than
140 substrates, including the APP and Notch. Clinical trials of y-secretase inhibitors for Alzheimer’s disease have shown side
effects due to inhibition of Notch signaling. It has been concluded that alternative compounds with more specific regulation
or modulation of y-secretase are needed. A number of y-secretase modulators have now been developed. To modulate
y-secretase and better understand its complex biology, research focuses on identifying inhibitor and modulator binding sites
within y-secretase’s structure, as well as intermediate binding proteins that modulate y-secretase. This article discusses
recent advances over the past decade in studying the role of y-secretase in the treatment of Alzheimer's disease.

Keywords: Alzheimer’ss disease; y-secretase; secretase modulators; presenilin; nicastrin; Aph-1; Pen-2.
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HAYYHBI 0630P

BBENEHUE

bonesHb AnbureiiMepa (BA) — Hambonee pacnpocTpa-
HeHHas dopMa aeMeHumm [3-5, 52]. Pasnuuatot 2 gpopMbl bA:
HacneacteeHHylo (HDBA), koTopas pasBuBaetca A0 65 ner,
yawe o 40-50 net, u cnopagmyeckyo (COBA), KoTopas
passuBaeTcs nocie 65 net [2, 12, 72]. [1ByMA 0CHOBHbIMU
naTonoruyeckumMu npusHakammu bBA senswTca amunouma-
Hble BNSALWKKM, BO3HWKaLWMe B pe3ynbTaTe BHEKETOUHOMO
HaKOMNeHMs M oTnoXeHus B-amunonaHelx nentupos (AB),
U HeipodmbpunnspHble KITybKK, copepalume runepdocdo-
PUIMPOBaHHbIN Tay-6enoK B HeiipoHax [113, 134]. BA c yBe-
JMYeHMEM BO3PacTa NPOrpeccupyeT MefJIEHHO U, MO OLEHKaM
uccneposatenied, HaumHaet gopmumpoBatbea 3a 20-25 net
[0 NOABNEHUA 3HaYMMbIX cMMNTOMOB 3aboneBaHusa [11, 12].

CornacHo runotese aMUNOMAHOMO Kackaja, HaKomnieHue
amunonaa AP B TKaHSIX roNIOBHOTO MO3ra ABSIETCS OCHOBHOVA
npuumHom passuTus bA. XpoHuueckuin gucbanaHc Mexay Bbl-
paboTKOI M CKOpOCTbHO BbIBEAEHUS amMunonaoB AP npusoauT
K NoBbILLEHNIO YPoBHSA n3odopM AB42 ¢ nocnepytoLeit onu-
romepu3aument AB, obpasoBaHneM pubpUNI U HaKonneHUeM
amunounaa B bnawkax [61]. Kak onuroMepel AB, Tak 1 amu-
nonaHble BNALIKM NOBPEXAAIOT HEMPOHBI NMYTEM aKTMBaLMK
acTpPOLMTOB, OKUC/IUTENBHOMO MOBPEAEHUA MUTOXOHAPWUIA
1 U3MEHEHMS aKTUBHOCTM KMHa3bl/docdaTasbl ¢ nocnepyo-
UMM 00pa3oBaHneM HelipodnbpunnspHbix KTybKos [61].

MyTaumm B reHe PSENT obycnoenmBalT 60nbLUMHCTBO
Cly4aeB HacneacTBeHHoM (ceMeiiHon) ¢opMbl BA, BbibiBas
paHHUWe naronoruyeckue uameHenms. K Hactosemy BpeMeHu
uoentuduumposato 300 mytaumn PSENT, accouumpoBaH-
HbIX ¢ 3Ton dopmon BA. Kpome Toro, npooykt reHa PSENT
NPECEHUNTUH BXOLMT B KOMMJIEKC Y-CeKpeTasbl — (epMeHTa,
KoTopblit 0TBeyaeT 3a paciuenneHne APP. B xope passutus
HEpBHOM CUCTEMBbI Y-CEKpeTa3a TaKKe pacliennsert
peuenTop Notch, onpegnenstowwmii auddepeHUMpOBKY KIETOK.
Mpu 3tom Notch perynupyet KonmyecTBO HepOHambHbIX
NpeaLecTBEHHUKOB W 3pefiblX HEMPOHOB B pa3BUBaloLLEMCS
MO3re — 3T0 KPUTUYECKM BaXKHO ANs MPaBUIIbHOMO Pa3BUTHS
HepBHOM cucTeMbl. Mytaumm reHa PSENT moryT Hapylatb
curHanuur Notch 3aponro po nosenenus cumntoMoB BA,

APPsB

APP

BHYTpK- 1
BHEKNETOUHbIA AB:
MOHOMEPbI, ONUTOMEPbI
W pubpunnsb!

(T

Pacuwennenue
B-cekpeTasoit
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MpUYeM Npu pasHbiX MyTauusx 3To 3aboneBaHWe MOMET
pa3BMBaTbCA N0 Pa3HbIM MeXaHWU3MaM.

[eHeTUYECKM YHacnenoBaHHble reHbl CeMelHoW BA
(HDBA), conpoBoXaaloLLeics HaKoNNeHUeM aMUIONaa, TaK-
)Ke NoATBepXKAaloT poib AB B KauecTBe KiloueBoro dakTopa
B rMnoTe3e aMUNOMAHOIO Kackaga. B GonbwmHcTBE cnyyaes
HOBA myTaumm reHa APP yBeNM4MBalOT COOTHOLLEHME U30-
dopm AB42/ABL0 n obluyto npomyKumio amunouga Ap. Mop-
donornyeckn amunonaHble DenKku Kak NpoAYKTbI MUCCEHC-
MyTauuW (BCTaBKW unu feneunn) B reHe PSEN B 0CHOBHOM
NOKanM3YKTCA B TpaHCMeMBpaHHbIX 061acTax uam B ruapo-
(GUNbHBIX NETNAX NPeCEHUAMHA B LIMTOMA3Me, YTO NPUBOAUT
K YBESMYEHWIO COOTHoLEHUA u3odopM AB42/ABAD [16].

CnepoBatefibHO, IEKApCTBEHHAsA Tepanis, HanpaeneHHas
Ha CHUXeHMe YPOBHA amuionaa AP, MoxeT BbiTb KNMHUYe-
CKU nonesHoi ans nedveHua bA [61]. B HacToswee Bpems
Tepanus BA 3aKnioyaeTcs B MCMONb30BaHUM MHTMOUTOPOB
aLeTUIX0NMHICTEPa3bl U MEMaHTUHA (aHTaroHucTa N-mMeTun-
D-acnapraTHoro peuenTopa) ANS YAYYLIEHWS KOrHUTUBHBIX
cumntomoB BA [1]. 0nobpeHHbIN YnpaBneHWeM No KOHTPOSO
KauyecTBa MMLLEBLIX MPOLYKTOB W JIEKAPCTBEHHBIX CPELCTB
(CLUA); (US Food and Drug Administration — FDA) B 2016 r.
M ucnonb3yeMblii mpenapat aAyKaHyMab, HaueneHHbli
Ha arperaTbl AR B rofloBHOM Mo3re, NPUMEHSIETCA C HEKOTO-
pbIMM OrpaHuyeruamm [129].

MPOLIECCUHI APP U A

AmunongHble bnAWKKM B TKaHAX Mo3ra nauueHToB ¢ BA
COCTOAT W3 arpervMpoBaHHbIX ¢ubpunn, coctoswmx us Ap.
MokasaHo, yto amunoma AR obpasyetca u3 beska — npen-
LuecTBEHHMKa amunounaa (APP) nyteM ero nocnesoBatesibHo-
ro NpOTEONIMTMYECKOrO paciuennenus (puc. 1). B amunona-
HOM nyTM [-cekpeTa3a pacliennseT npeaLwecTBeHHUKA
amunonpa APP BHekneTouHo ¢ BbicBoboxaeHneM SAPPP
U CBA3aHHOMo ¢ MeMbpaHon ¢parMeHTa C99, KoTopbliit BRO-
CeACTBUM pacLLEennAeTCa Y-CeKpeTasom C BbICBODOXKAEHMEM
AB wn BHyTpuKNeTouHoro foMeHa AICD ¢ ero nocnenyioLLen
TpaHcnoKaumei B aapo [127]. Mo HeamunomgHoMy Nyt amm-
nouaHbIi npeaecteeHHUK APP pacluennsetca a-cekpeTtason

APPsa

P3

2

Pacwennexvne
a -cekpeTason /

Pacujennenue

P. NEH|
acluennenye membpara

_% ¥ -CexpeTasoii

AICD c99

AMunnonporeHHbln NyTh

Y -CEKpeTason
S

AICD

HeamunonporenHbl Nyt »

Puc. 1. AMunonaoreHHbI M HeaMUNOUEOreHHbIN NyTH pacluennenns APP u gparmenToB C99, C83 cekpeTasamu (c uameHeHusmm no [98])
Fig. 1. Amyloidogenic and non-amyloidogenic pathways of cleavage of APP, and C99, C83 fragments by secretases (adapted from [98])
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¢ BbicBoboxaeHneM sAPPa u cBsisaHHoro ¢ MembpaHoii
¢parmenTa C83 (APP-CTF) [24]. 3atem C83 pacwiennsetcs
Y-CeKpeTason ¢ BbicBObOXAeHMeM cybbeamHul P3 n AICD.

OpHaKo yxe Ha paHHMX 3Tanax U3yyeHus natoreHresa bA
BbiNIo YCTaHOBNEHO, YTO OCHOBHYK pofib B (hOpMMpOBaHUM
aMWUNOUAHBIX bnALIeK UrpaeT aMUNOMAOTEHHbIN NYTb pac-
wennenus APP [43, 65, 133]. O6bluHO 3TOT Mpouecc Hasbl-
BAlOT y-CeKpeTasHbIM paciienneHneM APP ¢ BbicBoboxae-
HueM amunonaHbix nentupos AB40, AB42, P3 n AICD. Cair
pacLLensIeHns y-CeKPeTason MOXET BbiTb LOMNOSHUTENBHO
pasfesieH Ha canThl Y-, {- u e-pacwennenus [162]. y-Cant
3aKaHuuBaeTcs Ha onuromepax AP40 wnm AB42, a AICD

Val. 15 (3) 2024
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HauuHaeTcs Ha onuromepax AP49 wnm AP50. 310 Hecoot-
BETCTBME C OTCYTCTBYOLLMMN aMUHOKUCIIOTHBIMM OCTaTKaMy
NPMBENO K HOBOW MAEHTMDMKaALMW calTa €-pacluenneHus
B AB49 [58, 125, 154, 163]. OtBET Ha BOMPOC, NPOMCXOAAT
N Y- U €-pacLLennieHns NocneoBaTeNnbHO UM HE3aBUCMMO
ApYr oT apyra, bbin AaH Npy MAEHTUUKALMKM HOBO NO3KU-
umMm canta {-paciienneHus no ¢parmenty AB4é [117, 167].
MpoueccuHr AR npoucxoouT rnaBHbIM 00pasoM nyTeM
nocnenoBaTenbHOM 00pe3kn TpunenTUaa HaumHasa ¢ AB49
(AR49—46—43—40-37) no AB37 v nocnenHeir cTaamei
pacLiennieHus nyteM obpesku Tetpanentuaa AB48 no Ap38
(AB48—45-42-38) (puc. 2) [143].

C-koHueBowu y4yacTtok APP

[agao |

AIIGLMVGGVVIATVIVITLVML}KKQYTSIHH

RAJAN . '
AICD50-99

C-koHueBoM y4yacTtok APP

...VGSN
MyTb npoaykumun
[agaz | .vasn

AIIGLMVGGVVIATVIVITLVML)(KKQYTSIHH

MyTb npoaykumumn

R AR Y )
d 922  ACD49-99

QO O O

< < < <

Puc. 2. CxeMa ocHOBHbIX nyTel pacluensenns APP cekpeTasamu npu 00pasoBaHuu KnoyeBblx onvromepos AP. Mocne pacwennexus APP
B-cexpeTasoit, APP-CTF obpabaTbiBaloTcs MyTeM e-paclLensieHus, B pesyrbTaTe Yero obpasyiorcs AB49 u AICD50-99 unmn AB48 n AICDA9-95.
AB49 panee pacwennsetca oo AB46, v nanee cnepyet nukns nentuaos AB40: AB49—46—43—40->37. Mpouecc obpasoBaHus AB42 npes-
CTaBNsAeT Co00M Noc/ieAoBaTesbHOCTb LWwaroB: AB48—45—42->38

Fig. 2. Main pathways of APP cleavage by secretases leading to key AB oligomer formation. Following APP cleavage by B-secretase,
APP-CTFs undergo €-cleavage, producing AB49 and AICD50-99 or AB48 and AICD49-99. AB4AY is further cleaved to AB46, followed by the
AB4OD peptide line: AB49—>46—43—40—-37. The AB42 formation proceeds through AB48—45—42-38

D
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Puc. 3. CxeMa 0bpa3oBaHWst aMUOMAHBIX GNISILLEK M3 aMUIOMAHBIX NENTUAOB W NeNTUAHBIX Gubpunn
Fig. 3. Amyloid plaque formation from amyloid peptides and peptide fibrils

DOI: https://doiorg/ 10.17816/phbn635851



HAYYHBI 0630P

Kpome Toro, apyrue nentuabl AR pasnuyHom AanHbI pac-
npenensTcs Mexay 2 0CHOBHBIMU JIMHUSMM NPOM3BOACTBA
n3ohopm AB40 n AB42 1 MHOXKECTBOM B3aUMOLENCTBYHOLLMX
nyTeil BbIcBOBOXKAEHNSA TpW-, TeTpa-, NeHTa- U rekcanenTu-
pos [100, 109] (puc. 3).

OpHako [0 cux nop ¢u3nonorMyeckas posib pasHbX
dopm amunonaos AP B metanax He sicHa. pu 3TOM noka-
3aHo, yTo pasMep onuronentuaoB AR, o6HapyXuBaeMbIx
B JIMKBOPE WM B TKaHAX roOIOBHOTO M03ra, BapbupyeT ot 37
00 43 aMuHokMcnoTHbIX ocTatkoB [114, 115, 152]. Onuromep
AB42 bonee CKNOHeH K arperaumn U bonee TOKCUYEH, YeM
AB4D, xoTa cooTHoweHue onuroMepoB AB42 n AB4D B THa-
HAX TO/IOBHOMO Mo3ra CoCTaBnsAeT NpubamnsmtensHo 1:9 [74].
YctaHoBneHo, uto AP42 sBnseTCA OCHOBHBIM KOMMOHEHTOM
aMUNOUAHbIX bnsawek [74, 122, 123], a onuromep AB43 npu-
CYTCTBYET B aMUOMAHBIX ONISILLKAX B TKAHAX FONIOBHOO Mo3ra
yenoseka npu bA [151, 155].

CTPYKTYpHbIV cOCTaB y-CeKpeTasbl

[leTanbHbIMU UCCNe0BaHUAMU YCTAHOBIEHO, YTO Y-CEKpe-
Ta3a nNpeAcTaBnseT coboi TpaHcMeMbpaHHbIN 6eNKOBLIN KOM-
MNEKC U3 4 cybbeanHULL: NPECEHUNMHA, HUKACTPUHA, a TakKe

canT Mmoaynsitopa

AnnocTepuyeckuit
E2012

Tom 15, Ne 3, 2024

[NcxohapMaKonora v BVoMorYecKas HapKonorus

KomnoHeHToB Aph-1 1 Pen-2 (puc. 4). y-Cekpetasa oTHocUT-
A K 0c0boMy Kiaccy BHyTPUMeMBpaHHbIX acrmapraTnporeas
| Tuna (I-CliPs), pacwennstowmx APP, n ee HeobbluHoe pac-
wenneHue nepepabatbiBaeT cybcTpaThl HEMOCPELCTBEHHO
B IMNMAHOM bucnoe MembpaH [154]. Mpu 3TOM y-CeKpeTasa
OCyLLecTBNSAET MOCNeNOBaTeNIbHOE pacluenneHne cybcTpa-
1a C99 ¢ obpasoBaHueM pasnmuHbix onuromepos AP [127].
B cBAi3M ¢ 3TMM y-CeKpeTasy CuMTAlOT MOTEHLUMAbHOW MU-
LeHblo 518 TepanesTuyeckoro ieyeHus bA. OgHako npose-
AeHHble paHee UccnefoBaHUA MHMMBUTOPOB Y-ceKpeTaskl No-
Ka3anu, 4To 370 JOCTATOYHO CNI0XHas 3aAada u HeobxoauMbl
LOMONHUTENbHBIE UCCNENOBaHMS, YTOObI MOSHOCTBIO MOHATH
AeTanu YHKUMOHUPOBaHUA y-ceKpeTasbl [108].

®yHKUMOHaNbHas ponb cybbeauHuy,
(npeceHunuHa, HMKacTpuHa, Aph-1u Pen-2)
B 06LUe/ perynauumu akTMBHOCTM Y-ceKpeTasbl

Mo cpaBHeHWIo C B-cekpeTasoil y-cekpeTasa He ABNA-
eTcsA CTPOro caWT-crneumdnyHOA M pacLiennisfeT amunons,
AR Ha nentuabl pasMepoM 37-43 aMMHOKUCIOTHBLIX OCTaT-
Ko [114, 115, 153]. MNpwn atoM 3D-cTpyKTypa CyObeaMHMLbI

BHekneTouyHas cpena

MeM6GpaHa

KnetouHas

LuTonnasma

AKTUBHbIW cauT ansa
MHrméutopa L-685,458

HukacTpuH
Aph-1

IIIIIIl

PS-NTF

Mpecenunnut (PS) Pen-2
( oy \
(
ﬂ @g gﬂ MeMm6paHa
Li —‘)/ \ Liutonnasma
A__r,i % d/l|
PS-CTF

Puc. 4. OcHoBHble cybbeAMHWLBI KOMMJEKCa Y-CeKpeTasbl WM CaiiTbl CBA3bIBaHUS MHIMOMTOPOB M MOAYNSTOPOB y-CEKpeTasbl:
a — 3D-cTpyKTypa KoMnneKca: NpeceHWnnHa, HUKacTpuHa, Aph-1 u Pen-2. [laHHble KPUO3NEKTPOHHBIX MUKPOCKOMMYECKUX CHUMKOB,
nonyyeHHbIx G. Yang u coasr. [161]; b — KaTanuTUyeckue aMUHOKMCOTHbIe ocTaTky Asp257 u Asp385 o603HaueHbl Kak PS-NTF u PS-CTF.
MpeceHnnuH noaBepraeTcs aHAoNpoTeonm3y (0603HayYeHo CTpenKoil) U npeBpalLaeTcs B reTepoaumep PS-NTF/PS-CTF

Fig. 4. Main y-secretase complex subunits and y-secretase inhibitor/modulator binding sites: (a) 3D structure of the complex: prese-
nilin, nicastrin, Aph-1, and Pen-2, based on cryogenic electron microscopy data by Yang et al. [161]; (b) catalytic amino acid residues
Asp257 and Asp385 labeled as PS-NTF and PS-CTF. Presenilin undergoes endoproteolysis (indicated by the arrow), converting into the

PS-NTF/PS-CTF heterodimer
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npeceHUnMHa B COCTaBe Y-CeKpeTasbl NpeacTaBneHa 9 TpaHc-
MeMOpaHHbIMM 0XBaTbIBaOLLMMM aoMeHamu [89]. Y Mnekonu-
TaloLLMX MPeCceHWIUH NpeacTaBneH 2 romonoramu: PS1u PS2,
KoTopble roMonoruyHbl Ha 67 % [93]. B pesynbTate feTanbHbIx
BMOXMMMYECKMX MCCIIE[0BAHUN YCTAHOBIIEHO, YTO Y-CEKpeTasa
npencTaBnseT cobon acnapraTnpoTeasy C KaTanMTUYeCKu-
MU OCTaTKaMW acnaparMHOBOW KUCNOTbI B MONOXEHUAX 257
u 385 B TpaHcMeMbpaHHbIX foMeHax 6 W 7 mpeceHwu-
Ha (B obeux msopopmax PS1 u PS2), Kotopble cocTaBnsoT
(YHKUMOHANbHO aKTUBHBIA CalT Y-ceKpeTasbl (puc. 4, b)
[76, 146]. Mpn obpasoBaHUM GYHKLMOHANBHON QOPMBI Npe-
ceHunuHa u3 APP oH pacuiennsieTcs 3HA0MPOTEONUTUYECKH
MeXOYy 6-M M 7-M TpaHCMeMOpaHHbIMU [OMEeHaMu
Ha N-KoHueBom 1 C-KoHueBoi dparmeHTbl (PST-NTF u PS1-
CTF). ObpasoBasluunitics retepogumep PS1-NTF/PS1-CTF
obpa3syeT KaTaNUTMUECKUiA LEHTP Y-CeKpeTasbl [46, 68, 95].
B aKcnepuMeHTax yctaHoBunu, yto bonee 300 myTauwii
cemenHoi bA, copepxawmx reH PSEN, Bbi3biBanu yBenu-
YeHue amunomgHoro cootHoweHus AB42/AB40, a HokayT
no reHy PSENT cHwxan pacwennenve APP y-cekpeTasoii
1 COOTBETCTBEHHO CHMManN npoaykumio amunouga AP [33].
BcnomoratensHas cybbeauHuua HUKaCTpuH bbina obHa-
PYXEHa Mo ee CBA3M C MPECEHWTMHOM METOAOM UMMyHoad-
(QUHHOI pUNBTPaLMK C UCNOb30BAHUEM aHTUTEN K NPECEHU-
nuHy [167]. Bbino ycTaHoBNEHO, UTO HUKACTPUH NpeacTaBnseT
coboi TpaHcMeMbpaHHbIN 6eNoK ¢ BONbLIMM BHEKJIETOUHBIM
AOMeHOM. Hespenbin HUKacTpuH umMeet pasmep ~110 kfa,
a nocne npoueccuHra npu N-rIMKO3WIMpPOBaHUM B KOMMNap-
TMeHTax annaparta [obAku ero MoniekynspHas Macca yBenm-
unBaetcs Ao ~130 kla [92]. 37a 3penas GopMa HMKACTpUHa
CBA3aHa C aKTUBHbIM LIEHTPOM Y-ceKpeTassbl [9, 41, 77].
MepBoHayanbHo 2 apyrve cyobeanHuusl, Aph-1 v Pen-2,
ObinM  0BHapyXeHbl NyTEM TeHETUYECKOro CKPUHWHIA
y Caenorhabditis elegans [50, 54]. Mo3xe 6bIN0 NokasaHo,
yto Aph-1 HeobxoauM [1s1 OKANM3aLMM HUKACcTpUHa Ha Kne-
TO4HOM NoBepxHOCTY [54], a Pen-2 TpebyeTcs Kak s aKcnpec-
CMM NPECEHWIMHA, TaK U A1 NPOLECCUHTa HUKAcTpuHa [134].
Jkcnpeccua MPHK cybbeamHuL, KoMnnieKca y-ceKpeTassl
LUMPOKO NpefcTaBnieHa B opraHuaMe [58]. Ousmonornyeckme
(YHKUMM CyDBELMHML, KOMMNNIEKCA Y-CEKPETa3bl U3y4aH C UC-
M0/1b30BaHMEM HOKAYTHBIX MblLLeid. Mbilum ¢ HokayToM no PS1
NeTanbHbl, YT0 NPUBOAMT K AedULMUTY Nepefayy KIeToYHbIX
curHanos Notch, B To BpeMs Kak (heHOTUN MbiLLeli C HOKayToM
no PS2 HopManbHbIA, 0HAKO ABOMHOW HOKAyT 3MOPMOHOB
no PS1 u PS2 npuBouT K netansHOMy UCX0ay, LEMOHCTPUPYA
cepbesHblit aeduunt y Hux peuentopoe Notch [37, 67]. Mbiwm
C HOKayTOM M0 HUKACTPUHY NPOAEMOHCTPUPOBaNU GeHOTUM
Notch ¢ netanbHocTbio 3MOpKoHOB [105]. MbilwmM ¢ HoKayToM
no Aph-1a nokasanu sMbpUoHaNbHYK NETaNbHOCTb, @ MbILLMX
C HokayHTOM no Aph-1b/c (4To 3kBuMBaneHTHo notepe Aph-
1b y yenoseka) nokasanu cHwxeHue npoussoacTBa APP
B TKaHAX HECKONbKMX 0bnacTel ronoBHOro Mo3ra B3poc-
noro yenoseka [128]. HokayTHble uccnenoBaHus Ha pbib-
Kax Zebrafish nokasanu, yto cybbeamHuua Pen-2 BaxHa
ONS BbIXKMBaHUSA HEMPOHOB W 3alUMLLIAeT UX OT anonTo3a [21].
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Bbin BbINOSHEH pAJ, UCCNefoBaHUiA, YTobbl YCTaHOBUT,
ABNAOTCA M 3TU 4 cybbEAMHULBI Y-CEKpeTasbl CYLLECTBEH-
HbIMM AN1s ee (YHKUMOHaNbHOM aKTMBHOCTW. CymMapHas
aKTMBHOCTb Y-CeKpeTasbl BOCCTaHaBAMBanacb B KIeT-
Kax Saccharomyces cerevisige 3a C4eT COBMECTHOI 3KC-
Mpeccun NpeceHWnMHa, HUKacTpuHa, Aph-1 n Pen-2, y Ko-
TOpbIX Mepef 3TUM OTCYTCTBOBaNa 3HAOreHHas aKTUBHOCTb
y-cexpeTasbl [44]. Takum obpasoM, 3T 4 cybbeauHuubl,
Mno-BULMMOMY, HEODXOAMMBI W [OCTAaTOMHbI ANA (YHKUMO-
HaNbHOW aKTMBHOCTW Y-cekpeTasbl [40]. 3ToT daKT Takke
Obin NPOAEMOHCTPMPOBAH Ha KieTKax He ToNbKO Apo3odur,
HO M MneKonuTarowmx [64, 78, 165]. CoBMecTHas aKcnpec-
cus Bcex 4 cybbeanHWL TakKe yBenWuMBana retepoavMep-
Hyl0 QOpMY MOIHOCTBIO TIMKO3MIMPOBAHHOTO HUKACTpUHA
U aKTUBHOCTb Y-CeKpeTasbl B KNeTKax MIeKonuTaoLmx [76].
Mpu nccnepoBaluM nocMepTHbIX 06pasLOB Mo3ra YesioBeKa
BbIno NOKa3aHo, YTo y-CEKpeTasa B HUX NPUCYTCTBYET B BULE
BbICOKOMOJIEKYNAPHOIO HENIKOBOr0 KOMI/IEKCa, COAEpKaLLero
NpeHecUnnH, HUKacTpuH, Aph-1 1 Pen-2, u uto 3tn benku
CBSAi3aHbl C aKTMBHOCTbIO Y-CeKpeTasbl [47], HrMbupoBaHHOIA
cneunduyeckum uHrnbutopoM L-685,458, yuto nossonser
MPEeANoNOXNUTb, YTO KOMJIEKC Y-CEKpeTasbl, Bbl4eNeHHbIN
U3 TKaHei Mo3ra YesioBeKa, ABNAETCA PYHKUMOHANbHBIM [47].

CbopKa hyHKUMOHANBHOIO KOMMNEKCa Y-CeKpeTasbl MHU-
umvpyetca B umctepHax 3MP [22], roe B3auMoLeicTBYHOT
Aph-1 v HUKacTpuH, ¢ nocneaylOLWMM CBA3LIBaHWUEM Npece-
HWnMHa. lMocne atoro Pen-2 cBA3bIBAETCA C APYrUMU 3NIEMEH-
TaMK KoMrjieKca U obreryaeT 3HA0NPOTEONU3 NPECEHWIUHA
no ¢parmeHToB PS-NTF n PS-CTF, B pe3ynbtate yero obpa-
3yeTCs aKTUBHBIA LEHTP Y-CekpeTasbl [22]. B uccnenoBanmm
aKTUBHOCTM Y-CeKpeTasbl C UCMoNb30BaHUeM BUOTUHWPOBAH-
HOro nraHza bbino NOLTBEPXKAEHO, YTO reTepoaUMEphI Npe-
CEHWIMHA U 3peblil HUKACTPUH COBMECTHO (YHKLIMOHMPYIOT
B aKTUBMpOBaHHOM (epMeHTHOM Komnnekce [13]. B akcne-
pvMeHTe 6blN0 NPOAEMOHCTPUPOBAHO TaKXKe, YTO CUHTE3M-
poBaHHble B DaKTepusax peKoMbuHaHTHble benku PS1-AE9
(MyTaums FAD c peneument 3k3oHa 9 PS1) no otnenbHocTy
um PS1 ¢ mytaumen FL/Pen-2, 3aKmioueHHble B IMMOCOMBI,
obnafanu GyHKUMOHABHOM aKTUBHOCTLIO Y-CceKpeTasbl [7].

BHyTpuKneToyHoe nepeMelleHne
W NOKanMu3auus y-cekpeTasbl

Bbino ycTaHoBneHo, Yto npu npoussoactee AR 13 npea-
wecTBeHHWKa APP B-cekpeTasa u y-ceKpeTasa TpaHCmopTu-
pytoTCA M QYHKLUMOHMPYIOT B CYOKNETOUHBIX KOMMapTMEHTax
B KJIETKax ronoBHoro Mosra. llpu atom amunouna, AB 6bin 06-
Hapy»eH B LUMUCTepHax annaparta lonbaxy [56] n B 3Hp0COMax
[134]. No3aHee ycTaHoOBNEHO, UTO CyBKIETOUHAS JIOKANKU3aLMS
AB B TKaHsX Mo3ra B OCHOBHOM NpeACTaB/eHa B 3HAO0COMaX
[23, 142]. APP pacLuennseTcs a-CeKpeTa3oi Ha MOBEPXHOCTH
Knetku [132], B T0 BpeMs KaKk pacLuensieHue npyu noMoLLu
B-ceKpeTasbl NPOMCXOAMT B OCHOBHOM Ha NO3AHMX CTaAmsX
B annapate [onbxy / TpaHCNOPTHBIX Ny3blpbKax W 3HAO-
comax [79]. CybbeamHuubl y-cexpeTasbl OblM 06HapYKeHbI
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BO MHOMMX CYOKNETOYHbIX KOMMapTMEHTax, B TOM uucie
B 3HAONNA3MaTMYECKOM PETUKYNYMe, B LMCTEpPHaX annapara
lonbaw, TGN, sHmocoMax, darocoMax M naasMaTM4ecKon
MeMbpaHe [28, 51, 75, 82]. UutepecHo, yto cybbeauHuua npe-
CeHWMH bbina 0bHapyKeHa 1 B KOMMapTMeHTaX cMHancoB [14,
42, 83, 121]. Kpome Toro, Bce 4 cybbeamHuLbl Y-CeKpeTasbl
Obinu 0bHapyeHbl U B harocoMax [90]. S.H. Pasternak u co-
aBT. [112]. nokasanu, yto npeceHwnuH 1, HUKacTpuH u APP
JI0KanM30BaHbl BO BHELLHEM Cfloe MeMbpaH I30CoM.

Mpy nomolwm 6MOTMHMPOBaHHOIO 30HAA WUCCNENOBaUCh
CalTbl aKTMBHOCTU Y-CeKpeTasbl, Kotopble bbinn obHapyke-
Hbl B Nna3MaTuyeckoi MeMbpaHe KneTok [27, 28]. Hebonb-
was pons GYHKUMOHANBHO aKTMBHOW Y-CeKpeTasbl Obina
obHapyxeHa B MuToxoHApusx [60]. Haxopsck B oboraieH-
HbIX 3HLOCOMaX, Nja3MaTUYecKUX MeMbpaHax M cUHancax,
y-CeKpeTasa QyHKLMOHaNbHO aKTUBHA NpY MPOLYLIMPOBaHUN
amunonpa AP u AICD, kpoMe Toro, aKTMBHas y-CEKpeTasa
bbina obHapyKeHa B NepBUYHbIX HEMpPOHAX KOpbl FOSI0BHOMO
Mo3ra [31, 51, 60].

JiunnpHeld coctaB MeMbpaH TaKXe MOXeT BAUATb
Ha aKkTMBHOCTb (hepMeHTOB. [oCKONBKY Y-CeKpeTasa fBns-
eTcs TpaHcMeMbpaHHO-CBA3aHHBIM BenKoM, Ans u3eneye-
HWA 6enKoB M3 MeMOpaH M M3Y4YeHWs! CEKPETasHOro KOoM-
MfeKca UCMonb30BaUCh PasfinyHble AeTepreHTbl. OfHaKo
Y-CeKpeTasy TakKe MOXHO U3yyaTb U B MeMBpaHHOI cpefie,
COXpaHAs HEKOTOpble U3 ee eCTECTBEHHbIX B3aUMOAENCTBUM
¢ omnupamm. N3BecTHo, YTo XonectepuH 1 chuHronMnMAp
B KJIETOYHBIX MeMBpaHax SB/IAKOTCA OCHOBHBIMU IMMUAHBIMH
COCTaB/ISIOLLMMM YMOPAA0YEHHBIX MUKPOLOMEHOB, Ha3bl-
BaeMbIX NMnupHbiMM padtamn (JIP) — 310 AMHaMuuecKue
nnathopmbl ANS Nepefayn KNeTouHbIX CUTHaoB, COpTH-
POBKM MeMOpaHHbIX 6enkoB M Mx TpaHcnopta. Hekotopble
U3 0DOHapyXEeHHbIX B KJIETOYHOM MeMbpaHe KOMMOHEHTOB
CBULETENLCTBYIOT 0 TOM, YTO HE3aKOHHbIN 0bopoT 1 0bpabort-
Ka cybcTpatos cTporo perynupytorca B JIP [62, 147, 150]. Mo-
KasaHo, uto APP, B-cekpeTasa 1 y-ceKkpeTasa NoKanuaylorcs
B JIP. Mpu 3ToM APP 1 B-cekperasa, Haxoaswumecs B OTAENb-
Hbix JIP, MoryT 06befuHATLCA B 3HLOCOMAX, e U MPouCXo-
OMT amunomaHbin npoueccuHr [39]. AKTBHas y-cekpeTasa
TaKkxe bbina 0bHapyxeHa B JIP MeMbpaH KNeTOK rofioBHOro
Mo3ra [69, 147] u bbina akTuBHa B JIP MeMbpaH nonyyeHHbIX
M3 KOMMapTMEHTOB annapata [onbixu u 3HpocoM [148].
WccnepoBanue yHKUMOHUPOBAHMSA Y-CEKpeTasbl C pasnny-
HbIMW JUMWUAHBIMW CMECAMM MOKA3ano, YTo COCTOSHWe, No-
nobHoe JIP MeMbpaH, obecneumBaeT camylo BLICOKYIO (YHK-
LMOHANbHYK aKTMBHOCTb Y-ceKpeTasbl [110].

Bbicokonpou3BoanTeNbHbIA QYHKLUMOHANEHBIA FeHOMHBIN
CKPUHUHT C ucnonb3oBaHueM oubnmotekn KOHK FlexSelect
human FL nossonun BbisBUTL peuentop P3, cBA3aHHbIA
¢ G-6enkom (GPR3) [145]. Mo-Buaumomy, 6enok GPR3 cno-
cobcTBYeT KOMMeKCHOW cHOpKe y-CekpeTasbl, YTO Mpu-
BOAMT K YBEJIMYEHUIO [OCTaBKU CYObEAMHUL, Y-CeKpeTasbl
1 3Penoro KOMMJeKca y-CeKpeTasbl Ha MOBEPXHOCTb KleT-
KW W YBENMYEHWK foKanu3aumm ux B JIP MeMbpaHbl,
B KOHEYHOM WTOTe 3TO MPUBOAMT K YBENIMUEHUIO reHepaLmi
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amunoupa AP [145]. CnepoBaTenbHo, cneunduyeckoe
MHTMOMpOBaHUE Y-CeKpeTasbl B OMpefefieHHbIX KeTou-
HbIX OpraHennax WM MMKPOLOMEHax MOXET ObiTb npu-
BfieKaTeNbHbIM MOAXOAOM [AJ18 MOWCKA TepaneBTUYECKUX
MuweHen [26, 110, 119], a 3aKkpenneHHas Ha MeMbpa-
He pa3HOBMOHOCTb WHrMbUTOpa NepexofHOro COCTOAHUS
f-ceKpeTasbl CHUKAeT aKTMBHOCTb 3Toro (epMeHTa [118].

CTpyKTypHble 0c06eHHOCTM
KoOMNJieKca y-ceKpeTasbl

OcHoBHas cybbeamHULa KOMMIEKCA Y-CeKpeTasbl nNpece-
HunmuH (PS) umeet 2 romonora, PS1 n PS2. BcnoMoratenbHas
cyobeamnmua Aph-1 umeet 2 romonora y nopei, Aph-1a
u Aph-1b, 1 oanH fononHUTENbHLIN romMonor, Aph-1c, y rpbl-
3yHoB. Aph-1a uMeet 2 anbTepHaTUBHO ChnalicupoBaHHbIE
dopmbl, Aph-1al (aamHHas dopma) n Aph-1aS (KopoTkas
¢opma). B obLueit cnoxHocTH y-ceKpeTasa MoxeT 06paso-
BbIBaTb 6 Pa3NIMYHbIX KOMMIEKCoB [66].

MonekynsapHas Macca cybbeguHuL, y-cekpeTasbl CO-
craBnset: PS1-NTF (~30 kfla), PS1-CTF (~20 k[la), nonHo-
CTbl0 IMKO3WNMPOBaHHbIA HuKacTpuH (~130 k[a), Aph-1
(~30 k[a) u Pen-2 (~12 kfa). MoneKkynspHas Macca KoM-
nfieKca y-cexpeTtasbl, no pacyeTaM, cocTtaenset ~220 k[la
npu ctexvoMeTpun 1:1:1:1 (MpeHeCUNUH, MUKO3MNMPOBaH-
HbI HUKacTpuH, Aph-1, Pen-2 cooteeTcTBeHHO). [lns nonyye-
HWSA U aHanM3a KOMIJIeKca MCMob30Banuch PasfinyHbie Me-
TOAbl, B pesynbTaTe Yero Habmofanucs MoneKynsipHble Macchl
B Anana3oxe 200-2000 k[a [40, 44, 47, 49, 78]. Camas H13Kas
3aperucTpupoBaHHas MOJIEKYNIipHas Macca KOMMeKca co-
ctasnset 200-250 k[la, 4T0 COOTBETCTBYET MOHOMEPHOMY
KoMnnekcy [76]. KoMnnekc ¢ MonekynapHoi Maccon ~440 k[la
NpeLnonaraeT BO3MOXHYI0 CTexMoMeTpuio 2:2:2:2 [36]. Bu-
3yannsaums Co CBepXpaspeLleHueM MoKasana, Yto CTexuo-
MeTpua 1:1 (PS1:NCT) Ha noBepxHOCTW KJIeTKW U renb BN-
PAGE nokasanu Komnnekcbl y-cekpeTasbl npu ~440 klla
[44]. B MeMbpaHax M3 NOCMEPTHOr0 Yes0BEYECKOr0 MOo3ra
KOMMOHEHTBI Y-CeKpeTasbl Obin 3MKMPOBaHbl BO (paKLmuu
>1000 kfa [47]. T. Sato u coaBr. [126] coobwmnmn o cTexu-
OMETPUN aKTUBHBIX KOMMEKCOB Y-CeKpeTasbl Kak 1:1:1:1.
Pasnnumsa B MoNeKynapHOM Macce KOMMEKCa Y-CeKpeTasbl
MOrYT yKa3blBaTb Ha BO3MOXHOCTW HONOSHUTENbHbIX ben-
KOB, /IM60 HOBbIX OCHOBHbIX KOMMOHEHTOB, MB0 BpeMeHHO
CBA3bIBAOLLMXCSA DenKoB (y-cekpeTasoMoaynupytowmin be-
nok, GSMP). CoobLuanock, 4To MONEKyNAPHAsA Macca KoM-
nnexca y-cekpetasbl ¢ TMP21 coctanseT npubnusuTenbHo
660 k[la [27]. Lpyron cea3biBatowmin benok, GSAP, coBmecT-
HO 3MOMPOBaAH C KOMMOHEHTaMM KOMMJEKCa Y-CEKpeTasbl
npu ~670 k[la [65]. AKTMUBHblE KOMM/EKCHI Y-CEKpeTasbl,
3axBayeHHble coefuHeHueM 3, nokasanu Hanuune GSMP,
Hif-1a, ¢ KoMnnekcamn y-ceKkpeTasbl B BbICOKOMOMEKYNSp-
HbIX ppaKumsax [149].

Katanutnueckue caittol |-CliPs pacnonoeHbl B TpaHc-
MeMBpaHHbIX 06nacTaX, OHW MMAPONM3YT NENTULHBIE CBA3N
CBOMX CybCTpaToB B 3TUX e TpaHcMeMbpaHHbIx obnacTax [49].
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Cemeictao I-CLiP MoxkHo pa3aenuTb Ha acnapTaTHble npoTea-
3bl (BKJIK0YaRA Y-CEKpeTasy 1 CUrHasbHYl0 NenTuaasy), Metan-
nonporeasbl (canT-2 npoteasa Eep) u cepuHoBbIe nNpoTeasbl
(pomboBupaHas, AarA) [80].

WccnepoBaHue 3-MepHol CTPYKTYpbI Y-CEKpeTashl € Mo-
MOLLbIO 3MEKTPOHHOW MWKPOCKOMWM NOKa3ano, YTo B KOM-
MNeKce MMEETCA BHYTPEHHSAS Kamepa HU3KOW MNOTHOCTH
U 2 nopbl (anuKanbHas W 0asanbHas), KoTopble obecneun-
BalOT NMPOHUKHOBEHME MOJIEKYN BOAbI B CTPYKTYpY depMeH-
T1a [106]. Mopbl ons Monekyn BOLbl MOTYT O0BBACHUTL 3T0
HeobblyHOe BHYTpMMeMbpaHHoe pacuienneHve (TMAponu3
nenTUaHbIX cBA3ei) y-cekpetason [90]. AR u AICD moryt
BbICBOOOXAAThCA Yepe3 2 Mopbl BO BHELLHWE MPOCTPaHCTBA
(BHEKNETOUHOE W LMTO30/IHOE MPOCTPAHCTBA COOTBETCTBEH-
Ho) [90]. B 2015 r. ogHOYACTUYHAA KPUO3NEKTPOHHAS MUKPO-
cKonus (Kpuo-3IM) BbisSBUNG aTOMHYI0 CTPYKTYpY Y-CEKpeTasbl
B cB06OHOM OT CyBCTpaTa COCTOAHMM C paspeluemeM 3,4 A
[8]. B nocnegHue rogpl Kpuo-3IM-CTpyKTYypbl KOMMJEKca
y-CeKpeTasbl, cBsizaHHoro ibo ¢ APP (C83) ¢ paspelueHneM
2,6 A, nu6o ¢ Notch (Notch-100) ¢ paspeLuenmem 2,7 A, no-
Kasanu, uto PS1 npetepneBaeT KOH(OPMaLMOHHbIE U3MEHE-
HUA NPy CBA3bIBaHWM C cybcTpatoM [164, 172, 173]. CasaHHas
¢ cybcTpaToM y-ceKpeTasa nokasana, yto B-uenb ¢ C-koHua
APP Bmecte ¢ 2 APP-HAyuMpoBaHHbIMM B-Lensammu PS1 06-
pa3yeT rubpuaHbIN B-CoW, KOTOPLIA HaNpaBnsAeT pacLuene-
HWe y-CeKpeTasbl 1A 3axBaTa cybcrpatos [169].

HukacTpuH peiicTBYeT Kak NpMBPaTHUK Nepes MPOHUKHO-
BEHWEM CybCTPaToB K aKTUBHBIM CalTaM Y-CeKpeTasbl, bioku-
pya cybcTpaThl C [UTMHHLIMU BHEKNETOYHbIMW foMeHamu [17].
APP MoxeT NpoHWKaTb, NOSIHOCTbI0 MM YacTUYHO, B CalT
CTbIKOBKM cybcTtpata Mexay PS-NTF u PS-CTF gna poctyna
K BHYTPEHHEMY aKTMBHOMY caiTy [156]. [pyrumu cnoamm,
nocnie Toro Kak cybcTpar CBA3bIBAETCA C CAUTOM CTbIKOBKM
Ha PS, cybcTpat nepemeluaetcs B caitbl S1', S2' n S3' (tpu
KapMaHa CBfi3blBaHMA CybcTpaTa) B aKTMBHOM cauTe PS ny-
TeM NatepanbHOro cTpobupoBaHus, U 0bpasyloTcs AIMHHbIE
nentuabl AB [156]. 3ateM anuHHble nenTuabl AP pacuie-
nAsnM nyteM obpeskun Tpunentuaa (AB49—>46—43—40->37
nnm AB48—>45->42—38) ¢ BLICBODOMXKAEHNEM KOPOTKMX Nen-
tmaoB AP [143] (puc. 5).

OcobeHHOCTM cybCTpaTOB Y-CceKpeTasbl

B HacTosiLLee BpeMs yCTaHOBJIEHO, YTO Y-CEKpeTasa B3a-
uMopencTayeT ¢ bonee yeM 140 cybcTpaTamm, BKOYas oc-
HoBHble APP 1 Notch, KoTopble npeacTaBnsioT coboii TpaHc-
MeMbpaHHble 6enky 1-ro Tuna [59, 68]. Hanbonee nsyyeHHble
cybctparsl Brtovator APLP1 n APLP2, koTopeie BMecTe ¢ APP
PEryAMpYIOT CMHANTMYECKYHD NANAaCTUYHOCTL U BO3BYAUMOCTb
HEMpOHOB, a TaKXe BefkKu, yyacTByloLLME B KNETOYHOM af-
reaunm (N-kagrepuH, E-kagrepuH, CD44), peuentop CSF1
(NpotenHTMPO3MHKMHA3a), peuentop Netrin-1, 6enok ErbB4
(3aBucuMas oT dakTopa pocTa peLenTopHas TUPO3UHKMHA-
3a), benoK, CBA3aHHBIN C peLienTopoM JIUMONPOTEUHOB HU3KOM
MNOTHOCTW (3HAOLMTApHBIN peuenTop), HektuH-1a (cnocob-
CTBYeT 00pa30BaHuMI0 aAreavBHbIX coeauHenuit), Notch 1-4
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(curHanbHble peuentopel), Delta u Jagged (nurangp
ansa Notch), p75 (KopeuenTtop HelpoTpodmuHa), CUHAEKaH-3
(kopew,enTop NpOTEOMMKaHa KIIETOYHOI NOBEPXHOCTH) U MHO-
KECTBO [pYrux ManomsydeHHblx cybctpatos [37, 69, 80, 91].
Pacuiennenme y-cexpeTasoii 3aBUCUT He OT KOHKPETHOM o-
cnepoBatenbHOCTU cybeTpara, a, CKopee, 0T BbIpe3aHus 3K-
TOAOMEHa M3 KOHKpeTHoro cybetpara [139]. Bo MHorux cny-
Yasx BHYTPUKJIETOYHbIE fIoMeHbl (ICD), BbicBobOX AatoLLmecs
NpW pacLLensieHun y-CeKpeTasom, y4acTBYOT B perynsaumm
TpaHcKpunuuw reHos [80].

OaWH M3 XOpoLo M3BECTHbIX CyBCTpaToB y-CeKpeTasbl,
Notch, nogBepraetcs BbICBOBOXAEHMIO IKTOLOMEHA MeTan-
nonpoTeasoil B canute S2, KOTOpbl fanee pacLiennserca
Y-CekpeTason B caiTe S3 u BbicBoboxaaeT u3 NotchAE BHy-
TpukneTouHblit aomed NICD [80] (puc. 5).

Peakue reHeTuyeckue BapuaHtel TREMZ (Hanpumep,
R47H) ceszaHbl ¢ BA [57]. [ToBepXHOCTHBbIN peLenTop MUKPO-
rnun TREM2 v ero agantepHbint 6enok DAP12 (TYROBP) nepe-
patoT curHanel TREM2, uto cnocobetsyeT daroumtosy [57].
Coobuanoce, 4to nocne Toro, Kak TREM2 noagepraetcs Bbl-
nenennio aktopomeHa ADAM10, TREM2-CTF moxxet pacuue-
MAATbCA Y-CeKpeTasoii B knetkax [161]. NpoueccuHr Heckonb-
Kux cybcTpaToB y-CeKpeTasol uccnefoBanu Ha npeaMet
obpasoBanusa ICD n Hakonnewus parmeHToB cybeTpar-C-
KoHua (CTF) MetonoM BectepH-6noTTuHra [15]. B noeansHom
cyyae aHanus in vitro MOXeT NOATBEpAUTL pacLuenseHue
cybetpata [59]. CrpyktypHo obnactb [-ueneit HecKonb-
Kux cybctpatoB (CD43, CD44, N-kagrepuHa, ErbB4 u CD33)
Obinia BbIpOBHEHA C nocieaoBaTenbHocTaMM B-uenei APP
u Notch [161]. CD43 n CD44 oueHb noxoxu Ha Notch 1, Torpa
KaKk N-kagrepuH, ErbB4 u CD33 nMetoT cxofHble XapaKTtepu-
cTukm ¢ APP (dparment C99) [161].

Perynauusa KaTanuTU4eckoi aKTMBHOCTH
npeceHuInHa

061wen ocobeHHOCTbI0 MyTaumii B reHax PSENT vnn PSENZ
npu cementoi BA (FAD) sBnsieTcs NoBbILIEHHOE COOTHOLLEHME
onuromepoB AB42/40. Obcyxpaetcs yHKUMOHaNbHOE 3Ha-
YeHMe NPeCEHUNMHA, U CBA3AHO S OHO C YCUAEHUEM UM NO-
Tepei 0CHOBHOM (QYHKLMKM NpeceHunuHa [34]. Yeennuenue co-
oTHoweHus AB42/40 MoxkeT BbiTb 06YCNI0BNEHO NOBbILIEHHOI
npoayKumei ouroMepa AB42, CHUKEHHOI NpoayKUKen onun-
romepa AB40 unm codetanmem Toro u apyroro [15]. AHanus
0bpasoBaHus cybctpatHbix CTF, ICD u pasHosugHocTeit AR
Kak 3 derta FAD-myTaumin reHa PSENT wnmn reHa PSENZ Ha
paclLensieHne pasnuuHbix CybcTpaToB Y-CeKpeTasbl, TakuX
Kak APP, Notch, cuHpekaH-3, N-kaareput v B1-uHTErpuH,
MoKasas, YT0 pa3nuyHble MyTauuu M0-pasHOMY BAUSIOT
Ha npoueccuHr cybcTpaTta, yKasblBas Ha «nepeMeHHylo»
WM «HaCTUYHYI0» noTepto GyHKLMK Benka npeceHunmHa, npu-
yeM PS2 6bin MeHee 3pdeKTuBHbIM, YeM PS1 [15]. BoccTa-
HOBJEHMe CyObeAMHMLI NPeceHnUHa ¢ noMolubio Aph-1al,
CcoAEepIKaLLieli y-CeKpeTasy, B 0CHOBHOM CHIKAMO MPOLYKLMIO
onuroMepoB AB42 u AB4D, Ho yBenMuMBaNo0 COOTHOLLEHWE
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Puc. 5. AxktuBaums peuentopa Notch (c usmenenuamu no [80]). Jiuranabl Notch (Delta, Jagged) 3 knetok, nepegatoLumx curHan, cBAsbl-
Batotca ¢ peuentopamm Notch (Notch 1-4) B kneTkax, npuHuMatowwmx curHan. Notch nopsepraeTcs BbICBODOXAEHMIO SKTOAOMEHA MeTajl-
nonpoteaszamu ADAM (ADAM10, TACE) Ha BHek1eTo4HOM y4acTke S2 (pacLuenseHue B no3uummn S2). CBA3aHHbIA ¢ MeMbpaHoi OTCeYeHHbIN
¢parmeHT NotchAE B KauecTBe cybcTpaTta y-CeKpeTasbl [OMOMHUTENBHO pacluennseTcsa npoteasoit B nosuumm S3 (paciuenneque S3),
npu 3ToM BbicBoboXaatoTcA dparMeHT NB v BHYTpUKIeTouHbIA dparmMeHT NICD, KoTopblid TpaHCNOLMPYETCS B SAPO U PerynupyeT TpaHc-
KpUNLUMio LenesbIx reHoB Hes u Hey

Fig. 5.Notch receptor activation (adapted from [80]). Notch ligands (Delta, Jagged) from signal-transmitting cells bind to Notch receptors
(Notch 1-4) on signal-receiving cells. Notch undergoes ectodomain shedding by ADAM metalloproteases (ADAM10, TACE) at the extracel-
lular S2 site (S2 cleavage site). The membrane-bound truncated NotchAE fragment then serves as a y-secretase substrate, undergoing
further proteolytic cleavage at S3 (S3 cleavage), releasing N and the intracellular NICD fragment, which translocates to the nucleus and
regulates Hes and Hey gene transcription

HeripocdubpunnspHbie Knyoku

byayuiune TepaneBTUYECKUE CTpaTerum
I KombGuHupoBaHHas Tepanus

I MNpuMeHeHMe MHOTOMMLLIEHHbIX NpenapaToB
Il ViccnepoBsaHue HOBbIX 3(h(HEKTUBHbBIX MULLEHEN

Puc. 6. lNepcnekTuBLI TepaneBTUHECKUX CTpaTeruii Ans 3ddeKTUBHOM NeyeHns bonesHn AnbureiiMepa
Fig. 6. Future therapeutic strategies for effective Alzheimer's disease treatment
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ABA42/AB40, a Hanmune 138 myTaumin PS1 FAD npegnonarano
notepio dyHKkumn PS1 [141]. U3yyas nogpobHo 3tn 138 my-
Taumi PST FAD, wuccneposatenu mokasanm, 4To pasHble
MyTauMM OEMOHCTPUPYIOT pasHble Bapuauuu B MPOAYKLMM
onmromepoB AB42 unm AB4OD (yBennueHne unn yMeHbLUEHME)
[141]. ABTopbI cienanu BbIBOA, YTO HEOOX0AMMO NPOLONKMUTL
U3yyeHue Toro, Kak BamsoT MyTaumn PS FAD Ha cTpykTypy
Y-CeKpeTasbl U KaK 3T1 KOH(POPMaLMOHHbIE U3MEHEHMS MOTYT
B/IMSATb Ha pacLLiensieHne y-CeKpeTasoii pa3nuyHbIX cybcTpa-
T0B. HanpuMep, npogeMoHcTpupoBaHo, yto MyTaums E280
B PS1 obpasyeT BogopoaHble cBA3W ¢ coepuHeHnamn Y159
n Y154 [173], PS1 ¢ myTtaumen E280A (konyMbuiickas MyTa-
LMS) pa3pyLUaeT BOAOPOLHbIE CBSA3W U BbI3bIBAET JIOKANBHOE
KOH(OpMaLMOHHOe M3MeHeHWe npeceHnnmnHa [173].

B HopMe aKTMBMpOBaHHaA y-ceKpeTasa paciennset APP
¢ BbicBODOX AeHWEM amMunonaoB Ap. M3BecTHo, YTo npu Boc-
nasuTesNbHbIX COCTOSHUAX U MHPEKLMAX NPOBOCNANMUTENbHbIE
LMTOKUHBI MHLYLIMPYIOTCA MUKPOIIMEN M acTPOLMTaMM U ycK-
NIMBAKOT 3Kcnpeccuto benka IFITM3 B acTpouuTtax u B Helpo-
Hax, 4To, B CBOI0 OYepefb, YBEAMUMBAET NpoLeccuHr dpar-
meHTa C99 aktmeHbIMM KoMnnekcamu IFITM3-y-cekpeTasa
¢ obpasoBaHueM nsodopM AB40 u AB42. TakuMm obpasoM,
rMaBHas Lenb pa3paboToK HOBBIX JIEKAPCTBEHHBIX CPELCTB
Ansa nedenns BA coctout B TOM, YTODbI MMETH MULLEHBIO
y-cekpeTtasy (puc. 6).

TepaHEBTM‘-IeCKMﬁ noTteHuuan y-cekpetasbl

3HauMTeNbHbIA BKNAA B W3y4eHWe MepcreKTUBHOCTH
Y-CeKpeTasbl B KayecTBe MMLLEHW AN pa3paboTku Nexap-
CTBEHHbIX CPEACTB And neyeHus bA BHecna rpynna uccnepo-
BaTeseN BO naBe ¢ U3BeCTHbIM dapmKonorom B. De Strooper
[35, 129].

WHrnbutopel y-cekpetasbl. MHrubutopbl y-cekpetasbl
BI0KMPYIOT ee aKTMBHOCTb NpU CBA3bIBAHUM C aKTUBHbIM Caid-
TOM MPECEHUNIMHA M MHTBMPYIOT QYHKLIMIO pacLLieneHus, TeM
caMbIM CHWxas o6Luyto npoaykumio AB. [ns usyyeHus aktms-
HOCTM Y-CeKpeTasbl LUMPOKO WCMONb30BaNnCh MHIUOUTOPSI,
npexxae Bcero L-685,458 [95, 129], BrA-1-Bt [45], 1II-31C
[45], DAPT [39], imatinib [25, 73], begacestat [99], Merck C
[13], a TaKKe XMMWYeCKMe 30HAbI HAa OCHOBE MHTMOMTOPOB.
(®otoadPpUHHBINA 30HA, BKIKYEHHBIA B MHIMOUTOP, NO3BOAMN
MPOAEMOHCTPUPOBaTh, 4To MeHee yeM 14 % npeceHunuHa 1
BKJIOYEHO B aKTMBHblE KOMMEKChl Y-CEeKpeTasbl U KaTaniu-
TUYECKW aKTMBHO, B TO BpEMSA KaK OCTajlbHas 4acTb Cybb-
eauHULL MpeceHnnMHa 1 oCTaeTcs HeaKTUBHOW B KOMMIEK-
cax y-cekpetasbl [84]. Takum 0bpa3oM, XMMMYECKWE 30HADI,
BKJIIOYEHHbIE B MHIMOUTOPBI, UMEKT peLualllee 3Ha4eHue
Ans puddepeHumMalumm GepMeHTaTUBHO aKTUBHBIX KOMMIEK-
COB Y-ceKpeTasbl 0T HeakTuBHbIX [107]. C Apyroi cTopoHbl, Uc-
Cle0BaH1e COBMECTHOM MMMYHOMPELMMUTaLMUM MPOTUB KOM-
MOHEHTOB KOMINJIEKCa Y-CeKpeTasbl TaKKe XOpOLUO BbISBNISET
KaK aKTUBHbIE, TaK M HEAKTUBHBIE KOMMJIEKChI Y-CEeKpeTasbl.

B nccnepnoBaHusx Ha KMBOTHbIX BbIO MOKAa3aHo, YTO WH-
rMbuTopbl Y-CeKpeTasbl YCMeELHO CHUXanu Bbipabotky Af.
B yacTHocTw, nHrMbutop DAPT cHuxan ypoBHM AP B nnasme,
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JINKBOPE WM B TKaHSX TOIOBHOMO MO3ra TPaHCTEHHbIX Mbl-
wen ¢ bA [39, 86]. MpogonkutencHoe (XpOHMYECKoe) fe-
yeHue WHrnbutopoM LY-411,575 TpaHCreHHbIX Mbiwen ¢ BA
MOHWXKaNo ypoBeHb amMunonaoB AP, 0OAHOBPEMEHHO C 3TUM
WHrnbuposanacb nepepaya curHanos Notch, yto BbisbiBano
nobouHble 3¢ deKTbl [157]. OgHaKo BBeAeHUe ceMaralecTtata
(LY-450,139) v aBarauecrata (BMS-708,163) MbiwaM ¢deHo-
TMna Tg2576 Bbi3biBano CHUXEeHWe npoaykumu AP npu oaHo-
BpeMeHHOM yBennyeHun obpasosaHus gpparmentos APP-CTF
[120]. BBepneHune 3TUX MHIMOMTOPOB MbILAM AMKOIO TMMa Ha-
pywiano ux HopManbHble KorHUTUBHbIE criocobHocTn [102],
0fHaKo BBeaeHue berauectata (GSI-953) Mbiwam deHotvna
Tg2576 cHuano y Hux yposeHb AP [99].

HauenuBaHue Ha y-cekpeTasy B KauecTBe TepaneBTu-
YecKoW cTpatermm ans nevexus bA sBnseTca cnoxHomn 3a-
Javeil U3-3a Hanuuma BoMbLIOTO KonmyecTBa cybcTpaToB
y-cekpeTasbl. MyHKUMOHANBHO Y-CeKpeTasa pacliennset
WHTerpanbHble TpaHcMeMbpaHHble benku | Tuna nocne yaa-
NeHNs MX 3KToAOMeHOB. HecMoTps Ha To YTo B HacTosLlee
BpeMs yKe 3apeructpupoBaHo bonee 149 npeanonaraeMbix
cybctpatoB y-cekpetasbl [99], rnaBHble cybctpatel APP
1 Notch sBnstoTca Haubonee oxapakTepu3oBaHHbIMU. [lepe-
pada curHanos Notch uMeeT peluaiowee 3HaueHue B cyabbe
KNETOK BO BpEMS pa3BWTUA, NMOAAEPKaHUs U auddepeH-
LMPOBKM HEMpOHANbHbLIX CTBOMOBLIX KNETOK [4, 69]. Mocne
pacwennenus ¢ypuHonofobHoin npoTeasoit MeTanaonpo-
Tea3 lonbmxu u ADAM B nosuumsx S1 u S2, Notch paclue-
MASETCA Y-CEKPeTasoil B no3uumm S3 (aHanormyHo nosvumm
€-pacwennenus APP) ¢ BbICBOO0OXAEHNEM BHYTPUKIIETOUHOTO
poMeHa Notch, KoTopbiit TpaHcnoumpyeTcs B AAPO W 3aTeM
LeNCTBYET KaK (haKTop TPaHCKPUNUMU NS aKTMBaLMK pas-
JINYHBIX reHoB-MuLLeHen [33].

B KNMHMYECKUX UCTBITaHNAX MHTMOUTOPOB ceMaralecTaTa
(LY-450 139) (Eli Lilly, CLUA) v aBarauecrata (BMS-708,163)
(Bristol-Myers Squibb, CLUA) Ha naumeHTax ¢ BA Bbi3biBano
Y HUX CHUKeHue BblpaboTku AP [38, 125]. OgHako Hanuuue
Bonbluoro KonmMyecTBa cybcTpaToB y-CeKpeTasbl 3aTpyAHs-
eT pa3paboTKy KIMHMYECKW Mone3Hbix UHrMbuTopoBs. Kpome
TOro, CHWXeHue nepepadn curHanos Notch u Hakonnenue
¢dparmentoB APP-CTF [102], a TakKe nosiBieHue noboyHbIX
3 heKToB, BKIOYAA PUCK pPaKa KOXU U UHDEKLMK, Xeny-
[04HO-KULLEYHbIE KPOBOTEYEHUS W YXYALLEHWNE KOFHUTUBHBIX
(YHKUMIA, NPUBENU K NPUOCTAHOBKE [aNbHENLLMX KIMHUYe-
CKMX UCTbITaHWI 3TUX MHIMbuTopos [35, 38, 131]. bbin caenan
BbIBOL, YTO TaKue MHIMOUTOPbI SIBNSIOTCA HECENEKTUBHBIMM
1 MHMMBMpYtOT He Tonbko APP, Ho u curianbl Notch [38, 131, 157].
B oTaenbHbIX UccieoBaHKSAX NpeaCcTaBneHbl JaHHbIE, YTO aBa-
rauecrar sensetcs «Notch-LUaaawmM» MHIMBUTOPOM, U flaxe
ObIno NoKasaHo, UTo oH obnafaeT bonee BbICOKOW CENEKTUB-
HOCTbH) B OTHOLLEHUM APP Mo CpaBHEHMIO C pacLLenieHneM
Notch [53]. OnHako no3xe 6blN0 BbICKA3aHO MpefnonoXe-
HWe, OCHOBaHHOe Ha HM3KoM «Notch-LaasLlei» aKTUBHO-
CTW, YTO aBaraLiecTar siBnserca HecenekTmHbIM [30, 102], He-
CMOTpA Ha Hanuume canta ceasbiBaHua anis PS1-NTF [30].
Npyroi «Notch-wapawmit» uHrubutop, berauectar (GSI-953),
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Bblin MCnosb30BaH B Xxofe (asbl | KNMMHMYECKOro UCMbITaHWA,
HO MPUYMHBLI NOC/eayoLen OTMEHbI 3TUX WCCNefoBaHWN
HescHbl [70]. BaxHas npobneMa, cBsi3aHHas c Jie4ebHbIM
NPUMEHEHNEM WHIMBUTOPOB Y-CeKpeTasbl, — MOABNEHME
3t deKTa BOCCTAHOB/EHUS YPOBHS MPOU3BOACTBA TOKCUYHBIX
amunonaoB AP nocne oTMmeHbl npenaparta. [puyem npume-
HEHWe 3TUX UHTMBUTOPOB B DoNee HU3KWX [03ax Bbi3bIBaNO
noBbILLeHWe BbipaboTku AP, Ho nocne mpekpalleHus Tepa-
NeBTUYECKOrO JieyeHns Habnoganocb BOCCTaHOBMEHME WUC-
xoaHbIx ypoBHen AB [85, 87]. TeM He MeHee 3TV UHrMEUTOPBI
y-CeKpeTasbl 6bliM MOBTOPHO MCMONBb30BaHbl A4S JIeYEHUS
paKa, a TakXe ANA WHrMOMPOBaHMSA Mepefayyu CUrHasoB
Notch, 1 B HacTosiLLee BpeMs NPOXOAAT KIIMHUYECKUE UCTbl-
TaHWSA UMeHHo ¢ 3Toi Lenbto [30].

Mogaynstopbl y-cekpeTasbl. TakuM 06pa3oM, BMeCTO WUH-
rMbupoBaHus 00LUel aKTMBHOCTM KOMMMEKCA y-CeKpeTasbl
by NpOTECTUPOBaHbI Npenapatbl, MOAYNMPYIOLLME aKTMB-
HOCTb OTAESbHBIX €€ CyObeauHML, KOTOpLIM fanu Ha3BaHue
«MoaynATopbl y-cekpeTasbl» [71]. Mo MHeHu0 uccnepoBare-
ned, MoOAYNATophl ABNAOTCA 6onee NpUBNEKATENbHBIMYA COE-
BVHEHUAMM, MoaudUUMpyOWMMK 3aboneBaHue, YeM WHIU-
buTopb, TaK Kak:

- M3bMpaTenbHO MHTMOUPYIOT NpoayKumio AB42, cKNoH-

HYI0 K arperauuu;
— YBE/MUMBAIOT NPOM3BOACTBO Honee KOPOTKMX N30(opM
AB37 n AB38;

- He BNMAIOT Ha obLUylo npoaykumio AB 1 Hakonnexue

¢parmeHToB APP-CTF;

— CcoxpaHsoT npoueccuHr curdanos Notch [102].

B pesynbTate Takux uccnenoBaHui 6bino 0bHapyeHo,
YTO HeCTepoMAHble NpPOTMBOBOCMANUTENbHBIE Npenaparthbl
(HNBI), Takue Kak MbynpodeH, MHAOMETALMH W cynbUg, cy-
JIMHAAKA, MOAYNUPYIOT aKTUBHOCTb Y-CEKpeTa3bl U MPeAcTaB-
naT coboit MoaynsaTopsl nepeoro nokosexus [102]. OHu no-
HW)KanM YpoBeHb NPOM3BOACTBA NenTuaoB AB42 v noBbiwanm
ypoBeHb Npou3BoacTBa nentnaos AB38, He BnsAA Ha pacLue-
nnenmne Notch [153]. YcTaHoBREHO, YT 3Ta MOAYNALMA aMUI0-
nnoB AP He bbina 0bycnoBneHa MHIMOMPOBaHMEM aKTUBHOCTH
LIMKOOKCUreHasbl, U3BECTHOM (GapMaKoorM4ecKon MULLEHN
npenapatos HINBI [153]. Mpu neuebHoM NpUMeHeHUM cynbhu-
Aa CyNMHAaKa bblna nokasaHa pasfinyHas cTeneHb CHUMKEHUS
ypoBHA amunonpa AB42 npu ofHOBPEMEHHOM YBENMYEHUN

Cemarauecrar (LY-450, 139)
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MOBLILLEHHbIX YPOBHeH APB38 B KneTkax, cBepxaKchpeccu-
PYIOLLMX MYTaHTHbIM npeceHunuH PS1 cemeiHon BA [111].

Iina nosblweHns nedyebHoit 3dPeKTMBHOCTU in Vivo
W YNyYLLEHWUs! NPOHUKHOBEHUS COEAMHEHMIA B KPOBb U MO3T
Bbinu paspaboTaHbl MOAYNATOPLI BTOPOrO NMOKONEHUS, BKJIIO-
yas GSM kapboHoBoii kucnotbl Ha ocHoe HIBI1, uMuaasona
Ha ocHoBe HIBI, a TakxKe MOAYNATOpbI CTECTBEHHOIO NpPO-
ncxoxenus [153]. UccnepoBatenn nokasanu, 4to Kuchble
MoaynsTopbl cHuKatoT AB42, nosbiwatot AP38 u okasbiBakoT
He3HauuTeNnbHoe BAUAHME Ha ypoBHu ABAD, obime ypoBHM
AP w Bbipabotky NICD [36]. GSM-1 (kucnble GSM, GSM-2
1 GSM-10h Kak bnmskue aHanorv) cHmkanu AP42 B KneTkax
¢ MyTaumsamMmn PS, Ho He cHUanu ypoBeHb AB42 B KneTKax,
cBepxaKkcnpeccupyowmnx Mytaumm PST L166P unn PS2 N141
[81, 111]. Mogynstop GSM-2 ynyywwan namaThb y MblLLen GpeHo-
TMna Tg2576 1 He BAUAN Ha KOTHUTUBHBIE CNOCOBHOCTY Y Mbl-
wen aukoro Tuna [101]. Octpoe u cybxpoHMuyecKoe BBeaEHME
GSM-10h cHmxano AB42 6e3 BnusHMS Ha nepepayy cUrHa-
noe Notch, otcytctBoBan addekt otckoka AB u HakonneHus
APP-CTF (C83 n C99) [63, 94]. E2012 (umupazon GSM) chu-
wan Ap42, AB40 v AB39 u HemHoro nosbiwan AB37 n AB38,
He B/MAs Ha npoueccuHr Notch [18].

KnuHuueckmne ucnbitaHus MHrM6UTOpOB
U MOZYNATOPOB Y-CEeKpeTasbl

PaclmpeHHble KIMHWUYECKWE UCMbITaHUS MHIMBUTOPOB
Y-CeKpeTasbl He BbISBUIM B HUX CYLLECTBEHHOrO neyebHoro
3 deKTa 13-3a HECENIEKTUBHOIO MHrMOMpOBaHUA (KaK ycTa-
HOBUNW MO3Ke, U3-3a NofasneHus curHamusauum Notch).
lpuMeHeHWe ceMaraLecTaTa W aBaralectata SBNSieTcA of-
HWAM 13 Hanbonee LUMPOKO W3BECTHBIX MPUMEPOB OTCYTCTBUS
npuemnemoro addekra (puc. 7). B cBA3n ¢ 3TuM mcnonb3o-
BaHuWe ceMarauecrata (npenapart LY-450,139) 6bino npekpa-
weHo B ta3se Ill n3-3a NOBbILIEHHOMO pUCKA pa3BUTUSA paKa
KOXXM, CBAI3QHHOIO C MHTMBMPOBaHWEM Nepefayn CUrHanos
Notch1, conpoBozaaBLIerocs yXyLLIEHWEM KOrHWUTMBHBIX
¢dyHKumi y nauvenToB ¢ bA [38, 102, 106]. Mpuyem npume-
HSieMble [JO3MPOBKM, BbICOKas KOHLIEHTPaLIMA ceMaraLecTara,
BBOAMMOTO 1 pa3 B [ieHb, W €r0 KMHETUKA, BEPOSTHO, NPUBO-
Jvna K «BCMecKaM» NOMHOW MHAKTUBALMK, YTO BbI3bIBajo
uHrnbuposanme Notch u gpyrux cybetpatos [36].
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Asarauecrat (BMS-708, 163)

Puc. 7. CrpyKTypa MHTMBUTOPOB Y-CeKPeTasbl, PUMEHSIEMBIX B KIMHUYECKUX UCTIBITaHUSAX A7isl edeHns bonesHu AnbureliMepa
Fig. 7. Structure of y-secretase inhibitors in clinical trials for Alzheimer’s disease
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Ha paHHei ctaguu uccneposaHuiA aBarauectar (BMS-
708,163) ynomuHaetcs Kak «Notch-Luaaswwimity uHrMbuTop.
OpHako mocnegylollee NpUMEHeEHWe Mpenapata npu Jeye-
Hun BA Obino npekpateHo B ¢ase Il U3-3a NOBLILIEHHOIO
PUCKa pasBUTUA PaKa KOXU W XKEeNyA0YHO-KMULIEYHbIX pac-
ctpoiicTs [8, 29, 53]. CneumduyHOCTb aBarauecTaTa B OTHO-
weHun APP u Notch Takoke bbina nocrasneHa nop COMHeHue
[10, 30]. HecMoTps Ha To YTO NpUMMeHeHWe Ansa neveHns bA
He YBEHYaNOChb YCMEXOM B KJIMHUMYECKMX UCMBITAHUSAX U3-33
WHrMBMpoBaHmMs nepeaaym curdanos Notch, HECKONbKO Takux
MHrMBMTOPOB BbIM UCMONb30BaHbl B KIMHUYECKUX UCTbITa-
HWAX 1S IeYEHUs PasfyHbIX BULOB PaKoBbIX 3aboneBaHuil
[48, 88, 140]. Kpome Toro, Mcnonb3oBaHue MX B Ka4ecTBe Xu-
MWUYECKMX 30H/0B OKa3anoch LEHHbIM METOAO0M ANd yyuLle-
HWS HaLLero NOHUMaHMs CTPYKTYPbI U PErynsLmmn y-CeKpeTasbl
[107]. B akcnepuMeHTe Ha MOLENsX MblLLei BU3yanusupyto-
LM 30HA Ha OCHOBE CeMarauecTtata NnpoLeMOHCTPUpOBan
€ro BbICOKYH CMeLMdUYHOCTb W MOBLILLEHHOE MOMJIOLLIEHWE
ONyXoNieBbIMU KETKaMU, YTO NPeAnofaraeT, yto Takue UH-
AVKaTOpbl HA OCHOBE MHTMBUTOPOB Y-CeKpeTasbl MOryT bbiTh
MCMoNb30BaHbl ANs LENeBoro MOHWUTOpPUHTA LeiCTBUSA npe-
napaToB-UHIMBUTOPOB Y-CEeKpeTasbl U PerucTpaLmn KimHU-
yeckux peakumi [107].

OcobeHHOCTU JeUACTBUA
npenapaToB-MoAYNATOPOB Y-CeKpeTasbl

Mepexopn oT 06LiEro MHIMOMPOBAHNA K TOHKOM MOAYNSA-
LMW y-CeKpeTasbl NMpUBEN K pa3paboTke HOBbIX JieyebHbIX
npenapaToB-MoaynaTopoB y-cekpertasbl (MIC). S. Weggen
1 coasr. [151] BnepBble oxapakTepusoBanu noasuabl HIBI,
BK/oYasa ubynpodeH, MHAOMeTauuH, TapeHbnypbun u cy-
NMHAAK Cynb@ua, Kotopble M36MPaTENbHO CHUXAKT YPOBEHD
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bnswkoobpasywen usodopmel AB42 B nonb3y bonee KopoT-
Kol M MeHee bnsilukoobpasyLueit nsodopmbl AB38 6e3 uH-
rmbupoBanmsa curHamusaumm Notch (puc. 8). 3t addexTbl
ObinM OTAENeHbl OT MHTMOMpYIOWMX 3PGEKTOB aKTUBHOCTU
LMKJIOOKCHUrEHasbl M MO3TOMY CUMUTAKTCA MOAyNsTopamu
nepsoro nokonenus. OpHako atu HMBI nokasanu B 3Kc-
nepuMeHTe cnabyto 3hHEKTUBHOCTb, @ TaKXKE MIOX0e Npo-
HWKHOBEHME B TKaHU M03ra U MPUMEHSIUCH B KIIMHUYECKUX
UCMbITAHMAX C OrpaHuYeHHbIM yenexoM [32]. Tapendnypbun
(R-¢pnypbunpoden) ¢ AB42 IC50 ~200-300 MKM 3amepnsn
CHUKEHUE KOFHUTMBHBIX GYHKUMIA Y NauMeHTOB C Jerkou
(hopmoit bA B da3e Il, HO He LOCTMran KIMHUYECKOrO Pe3yrib-
Tata B ¢ase Il [55].

[ns ynyuwenus neyebHbIx 3IQheKTOB TaKWX NpenapaToB
pa3pabotaHbl MoaynsTopbl BTOPOro nokonexus. Mx nogpas-
LENnsioT Ha 2 KaTeropum:

1) MIC, nonyyenHble u3 HIBIT Ha ocHoBe KapboHOBOVA

KMCNOTbl;

2) retepoumknmnyeckue MITC (puc. 9).

JTanbl pa3paboTku MOAYNATOPOB BTOPOrO MOKONIEHMS
noapobHo paccMoTpeHbl B page nybnukauwi [20, 32, 101].
0606LLas Ux AaHHbIe, OTMETUM, YTO MOLYNATOPbl HA OCHOBE
KapOOHOBOW KUCTOTbI CHUXAKOT YpOBEHb aMUOMAOB U30(opM
AB42, He BnmaAs Ha AP40, M oaHOBPEMEHHO NOBLILLIAT Ypo-
BeHb amunonaos AB38. C TOUKM 3peHus XMMUUYECKOM CTPYKTY-
pbl OHM bbinK pa3paboTaHbl NyTeM 3aMeHbl 0CHOBHOMO apWib-
HOM0 KONbL@ Ha MUMepUAWHOBOE KOMbLO M OMTMMM3aLMK
3aMecTUTeNeN Ha IUNepUAMHE Ans NoNyyYeHUs Cepun Moayns-
TOPOB Ha OCHOBE MUMEPUAMHA YKCYCHOW KUCTOTHI (CM. puc. 9).

[eTepoumMKIMYECKIE MOLYNATOPbI CHUMAIOT YpoBHM AB40D
u AB42, onHoBpeMeHHO noBbiLwasn yposHu AB37 n AB38. E2012
cTan nepebiM He oTHocsAwmMcA K HIBIT MogynsTopoM, ucnbl-
TaHMs KOTOPOro OblAv NPOBEAEHBI B KIIMHUYECKUX YCIIOBUAX.

0]
OH
-
TapeHdnypbun

E O OH
?I !

CynuHAaK cynboun

Puc. 8. CrpykTypa npenapaToB-MoayNATOPOB Y-CEeKpeTasbl NEePBOro NOKOEHMS
Fig. 8. Structure of first-generation y-secretase modulators
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MpousBogHble kKap6oHOBOI KUCIOTHI

FETEPOUMKHM‘IECKME coeguHeHusa
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Puc. 9. CTpyKTypa MoaynaTopoB y-CeKpeTasbl BTOPOro NoKoseH!s
Fig. 9. Structure of second-generation y-secretase modulators

[lanbHeliLwee neyeHne NaLMEHTOB 3TUM MpenapaToMm bbino
BPEMEHHO MPUOCTAHOB/IEHO M3-3a MOSABNEHWA KaTapaKThbl
Ha rnasax XMBOTHbIX B Xofe 13-HeaenbHoro UccnefoBaHms
De3onacHocTM Ha Kpbicax, HO Mocne Toro, Kak B Nocneyto-
LLMX pacLUMpeHHbIX UCCNeaoBaHUAX 6e30nacHOCTU Ha Kpbl-
cax 1 06e3bsiHax He bbiNo 06HapYIKEHO [1a3HOM TOKCUYHOCTH,
KJIMHUYECKMe UcCrefoBaHus Bbio paspeLleHo NpoLoKUTL
[103]. E2012 poso3aBucHMMO CHUMan ypoBHu AB40 n AB42
B MN1a3Me KpOBY Y 3[40p0BbIX NauueHToB [97], Ho uccnepoBa-
Hue He bbino npogonmxkeHo. CoennHeHne 0bnafaeT KioYeBo
apUIMMMAA30/IbHO YacTblo, KoTopas € Tex Mop NocnyXuna
OCHOBOM ANS CUHTE3a [PYruX MOLYNATOPOB HAa OCHOBE UMM-
pasona (cM. puc. 5) [20, 101]. MpoMbiLneHHbIe FPYRMbI TaKKe
“ccnenoBanu Kapkachl BHe apunummupasona ans ynyylleHus
neyebHbIX CBOMCTB, MOAOOHbLIX JleKApCTBEHHOMY CPefcTBY
[18, 114]. Obwme npobneMbl Npu pa3paboTke HU3KOMONEKY-
NSPHBIX MOJYNATOPOB — MOBbILIEHWE IPDEKTUBHOCTY U MPo-
HWKHOBEHWE B MO3T MPY OJHOBPEMEHHOM CHUKEHWUM BbICOKOM
MNOQUIBHOCTH, MHTMOUpOoBaHKMe uuToxpoMa P (CYP) 1 reHos,
CBAi3aHHbIX ¢ 3¢mpoM yenoseka (hERG) [20, 101]. Ha puc. 10
npencTaBneHbl HECKOMbKO NEPCNEKTUBHBLIX MpenapaToB-Mo-
pynatopoB. B dapMauesTuueckon KomnaHuu Pfizer (fepma-
Hus) usyamwnu npenapat PF-06648671, nonyyeHHbIn U3 bu-
LMKIIMYECKUX MUPUOMHOHOB, B 3 KIIMHUYECKUX UCTIBITAHUAX
dasbl | [6]. Mpu opHOKpaTHOM npueMe B TeyeHue 14 pHei
¥ MHOTOKPaTHOM YBEJIMYEHUN CYTOYHBIX 103 Y 3[10POBbIX HOP-
ManbHbIX CyobeKTOB NepopanbHbIin [TCM xopoLuo nepeHocuncs.
PF-06648671 po303aBUCUMO CHMXaN KOHUeHTpaumn AB40

u AB42 B nvKBOpe U MoBbIWan KoHueHTpauum AB37 u AB38
0e3 u3MeHeHuns oblwero copepxanus AR B nukBope [6]. 3Tn
pe3ynbTaThl NOATBEPKAAOT HE0BX0AMMOCTb MCCNe0BaHUs
po3vpoBanua PF-06648671, ogHako panbHeiwume KIvHWYe-
CKWe pa3paboTku B HacTosLLee BPEMS HEM3BECTHBI.

Wccneposatenu H.D. Soares 1 coaBT. u COTPYAHWKM dup-
Mbl Bristol-Myers Squibb (CLLIA) B 2016 . npeactaBunm faH-
Hble 0 pa3paboTKe W MUCCNEROBaHMAX KIIMHWYECKON (asbl |
moaynstopa BMS-932,481 (6MUMKAMYECKMI NUPUMMAKH)
[19, 135] (puc. 10). UccnenoBaHMsa 0QHOKPATHOTO W ANUTENb-
HOro eXe[HEeBHOTO NpUeMa npenapata NpOLEMOHCTpUpO-
Ba/IM [10303aBUCMMOE YBENIMYEHWE COAEPKAHUS aMUIION[0B
AB37 v AB38 B IMKBOpE M COOTBETCTBYIOLLIEE CHUMEHME CO-
nepxkanua AB40 n AB42 B nukBope Ge3 M3MeHeHMii obLue-
ro cogepxanus B-amunonaa. OfHaKo NpU UCMBITAHUSX Ha-
Brioaanock NoBbILLEHWE YPOBHS anaHUHaMUHOTPaHCdepasbl,
4YTO YKa3bIBasio Ha TOKCUYHOCTb Npenapara Aas neyeHu, no-
3TOMy AanbHelillas paspabotka BMS-932,481 bbina npekpa-
weHa [141]. B 2020 r. uccneposatenm Y. Zhang u coasr. [166],
u3yyasa npenapat BMS-932,481 obHapyxwunu ognH 13 npo-
LYKTOB €ro OKWUCNEHWS, KOTOPbI ObiN MU MAEHTUdULMPO-
BaH KaK 0CHOBHOI MeTabosT B MMKpPOCOMaXx NeYeHM Kpbichl
U YenoBeKa. ABTOpbI BbIABUHYNIU MMNOTE3Y, YTO NpeBpaLLeHe
npenapata BMS-932,481 B atot MeTabonut npuBoauT K 06-
pa30BaHuUi0 NOBOYHBIX PEaKLMOHHOCMOCOBHBIX YacTuL, KoTo-
pble W BbI3bIBAIOT NOBpeXAeHME neyeHu. [oKa HeT faHHbIX
0 paspaboTke Apyrux NPOM3BOLHLIX MOLYNATOPOB M3 3TOM
rpynnbi.
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Puc. 10. CrpyKTypa MoaynstopoB y-CeKpeTasbl, NPOXOASLLUMX KIIMHUYECKUE UCTIbITaHUS B NOCTIEAHUE TOfbI
Fig. 10. Structure of y-secretase modulators in recent clinical trials

B pesynbrarte cotpynHuyecTBa yyeHblx KanudopHuiickoro
yHuBepcuteTa B CaH-[lnero u Bpadeit MaccauyceTtckon 6omb-
HWUBI ObIN CUHTE3MPOBAH M OXapaKTepuU3oBaH psf, Moayns-
TOPOB — MPOM3BOAHBIX NUpuAasuHa [124]. Jlyywwmin u3 atux
npenapatoB UCSD-776,890 cHuxan yposeHb nentuaos AB40
n AB42 po303aBUCUMBIM 00pa3oM NpU UCMONb30BaHUM
OCTpbIX, CYOXPOHUYECKUX U XPOHMYECKMX [03 ANA JieUeHus
naumeHToB € pasnuuHbiMi dopMammn BA. B akcnepumeHTax
Ha YKMBOTHBIX NpW MogenupoBaHum bA aToT npenapat BBoAK-
JM TPAHCTEHHBIM MbILLIaM 151 IPOGUNaKTUKK M MogudUKaLmmn
3aboneBaHus no cxeme, Ha 3-# W 6-i MecsaL BbipaXKeHHOM
cumntomatuku bA. Mokasanu, yto npenapat UCSD-776,890
CHuan ypoeeHb AB40 n AB42 B nnasme M Mo3re JMBOT-
HbIX, @ TaKXKe OT/IOKEHUS aMuonaa B MUKporuu. Ha oc-
HOBE CpaBHEHMS CUCTEMHOIO BO3LENCTBUS MPELMONOXMIN,
yTo 3707 npenapat npu 50 % 3ddeKTUBHON 3KBUBANEHTHOIA
[03e L7151 YenoBeka bynet uMeTh bonee yeM 130-KpaTHbin 3a-
nac 6esonacHocTn. 3TM uccne0BaHNsA NPOAEMOHCTPUPOBANK
BO3MOXHOCTb 6€30MacHOro BBEAEHUSI HU3KOMOJEKYNSAPHBIX
MOJYNATOPOB B KayecTBe BTOPUYHON NpodUNaKTUKW reHe-
TUYECKM NpeapacnonoXkeHHbIM K bA niogsaMm wn cybbektam
W3 rpynMbl PUCKA, Y KOTOPbIX BbIABNEH aMUIIOMA03, OCHOBaH-
HbI Ha PET-Bu3yanusauum [107]. B HacTosLee BpeMs npena-
pat UCSD-776,890 nogrotoBneH K nepBoi dase KIMHUYECKUX
UccnefoBaHuiA.

CnocobHocTb BM3yanuaupoBaTb amunoug B PET-npobe
B KauyecTBe 61MoMapKepa B ro/I0BHOM MO3re 1 JINKBOPE Y Jio-
Leli UMeeT peluallliee 3HayeHWe [N MOHUTOpUHIa Xopa
KJIMHWYECKMX uccnefoBaHuin npu nevenun bA [107]. Y. Xu
1 coasr. [160], ucnonb3ysa npenapatbl Ha 0CHOBE MOAYNATOPa

BPN-15606, npoaeMoHCTpupoBanu xopollee MOIJOLEeHNe
npenapaToB MO3roM U CeNeKTUBHOCTb A8 BU3yanu3auuu
aKTUBHOCTM mpeceHunnHa 1 / y-ceKkpeTasbl B Mo3re TpaHC-
reHHbIX Mbilei npu MogenvpoBaHun bA. ToBbiweHHoe no-
r7I0LeHWe npenapaTta Mo3roM Mblwen ¢ bA Habntopanoch
B HECKOJTbKMX KPUTUUECKM BaXKHbIX 001acTsAX, BKIKOYas Kopy,
TMMMNOKaMI W CPeAHMIA MO3T, MO CPABHEHUIO C MO3TOM MbILLIET
aukoro Tuna. MHTepecHo, YTo UccneaoBaHUs BU3yanu3aLmu
aMusIoMaa B MO3re rpbi3yHOB U YENIOBEYECKUX MPUMATOB Bbisi-
BW/W NepeKpbIBatoLLmecs obnacTu bonee BbICOKOrO normnoLue-
HWS, YKa3blBalOLLMe Ha COXPaHeHUE aKTUBHOCTM Y-CeKpeTasbl.
TakuM 06pa3oM, 30H Ha OCHOBE MOLYNATOpa ABNAETCS LieH-
HbIM MHCTPYMEHTOM MOJIEKYNAPHOIM BU3YaNU3aLmnK, KOTOpLI
MOXET ObITb NPUMEHEH NS AanbHEeLEero n3ydeHns Gpuamno-
NOTUYECKOW CTPYKTYPbl M YHKUMM Y-CeKpeTasbl U MOTeH-
LUManbHO ONTUMU3MPOBAH B KA4YecTBe PEHTTEHOOMMYECKOro
MHAMKATOpa A1 NauMeHToB ¢ BbA.

CHMMKM KOMNJNEKCOB Y-CeKpeTasbl C NOMOLLbIO
KPMO3/1eKTPOHHOW MUKPOCKONWUU — KJIKOYeBble
MCTOYHUKU UHOPMaLMK ANs pa3paboTku
NeKapCTBEHHbIX CpeacTB

[leTanbHble CHUMKM, NOMYYEHHbIE C MOMOLLb MeToAa
Kpno-3M, no3sonman noay4utb NoapobHble CTPYKTYpHble
0c06eHHOCTM KOMMIEKCa Y-CeKpeTasbl C YETKMM Ha3HaueHWeM
TpaHCMeMOpaHHBIX JOMEHOB M TOYHBIM PacnoNiOKEHNEM aK-
TMBHOrO cawTa [8, 161, 169]. CTpyKTypHble caiiTbl y-CeKpeTasbl,
cBsA3aHHble ¢ APP u Notch, BbisiBUNM KitoyeBble 0cObEHHOCTU
pacno3HaBaHus cybcTpaTa depMeHToM. [Tpy nepeMeLLeHnm
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B aKTMBHbII CalT a-crMpanb CybCTpaTHOro TpaHcMeMbpaH-
HOro JOMEHa PacKpyyuuBaeTcs U BbITATMBAETCA B [B-Lenb,
FOTOBACb K MpOTEONUTMYECKOMY pacluenneHuto. CpaBHeHue
caifta 2 cBsisaHHbIX cTpykTyp, APP 1 Notch, nokasano 3a-
MeTHble pa3nnumsa B pacno3HaBaHun APP u Notch, yto mo-
ET BbITb MCMONBb30BaHO B KAYECTBE OCHOBbI AN pa3paboTku
CcybCTPaTHO-CENEKTUBHBIX MHIMOUTOPOB.

B pabote G. Yang u coaet. [161] npencTaBneHbl AaHHbIe
0 CTPYKTYpax KOMMNEKCa y-CeKpeTasbl, CBA3AHHBIX C CeMara-
LecTatoM, aBarauectatoM L458 n GSM E2012. UpeHTndmnka-
LMA CalfToB MX CBA3bIBAHWUA NOMOMMA YTOYHMTbL pacno3HaBa-
HWE 1 MONEKYNSAPHbIE MEXaHU3MbI 3TUX HEDONBLUMX MONIEKYT.
Cemarauecrar, aBarauecrtar U L458 3aHUMaloT oauH U TOT e
CBA3bIBalOLLMI KapMaH B PST (cM. puc. 8) n nepekpbiBatotcs
B-uenbto APP 1 Notch. Wx pacnionoxeHune nossonsiet npeamno-
NOXWTb, YTO MHrMBUTOPBI BIOKUPYIOT NpUBNEYeHKe cybeTpara
B KaTaJMTU4ECKUIA caiiT. BbiTecHeHue B-uenm cybeTpata Mo-
XKeT BbITb KNOYEBOW CTpaTervein ans paspabotkum bonee ce-
NIEKTUBHBIX K cybcTpaTy MHrnbutopa y-cekpeTasbl. Kniouesble
pa3nuumns Takxke Habnioganuch B pacno3HaBaHuM CTPYKTYp-
HO pa3nnyHbIX MHrMEUTOpOB. MpK cpaBHEHMM ceMarauecTaTa
W aBaralecTata, cBA3biBaHWe bonee obbeMHoro aBaralle-
cTaTa BbI3biBano 6onblue KOHGOPMALMOHHBIX U3MEHEHMUI
B PS1, yeM cBa3biBaHMe ceMarauectata. Kpome Toro, L458
HanpsiMylo KOOPAMHUPOBAICA C KAaTaNIMTUYECKUMU OCTaTKaMM
acnaprara B PS, noaTBepXAas ero posb B Ka4ecTBe UHrUbM-
TOpa NepexofHoOro COCTOSHMS.

PaHee 6bino mssectHo, uto E2012 cBsibiBaeTcs ¢ anno-
ctepuyeckuM camtoM PST n ycunmsaet cesisbiBaHue L458
[116]. Pacno3snasanve E2012 npogeMOHCTpMpOBano Hanmuue
METUIMMULA30/TbHON U (EHWUNBHOM TPyNM, PacnoNoXeHHbIX
B ruapodobHoM KapmaHe Mexay PS1 m NCT. E2012 6bin
cTabunu3npoBaH BOAOPOAHON CBA3bH MEXAY MeTUINMUAA-
30n0M M Tyr106 Ha netne-1 PS1 [97] (cM. puc. 9). UsBect-
HO, 4T0 neTna-1 B3aMMopencTByeT ¢ benkamu-cybcTpatamu
1 KOOpAMHMpYET paboTy caiTa CTLIKOBKM cybcTpara u Kata-
JIMTWYECKOTO CalTa, YTo MO3BONSET NPEANOoNIoXUTb, KaKUM
06pa3oM MopynATopbl y-CeKpeTasbl MOMYT BAUSATb Ha aK-
TUBHBIA CalT y-ceKpeTasbl. [lapannenbHble MccnenoBaHMs
MyTareHHbIM aHasu30M MoKasanu, 4To nemis-1 Heobxoguma
ANS NPOLECCMBHOIO PacLLEnNieHUs Y-CEKPeTasbl U KpUTUYe-
CKOro CaiiTa CBA3bIBAHWUSA reTEPOLMKIMHECKUMU CTPYKTYpaMm
MogaynsaTopos [96].

3AKJIKYEHUE

B HacTosiwee BpeMs npenapatbl-MOAYNATOPbl aKTUB-
Ho pa3pabaTblBaloTcs B KayecTBe MepPCMeKTMBHOMO MeTo-
pa neuveHus bA [32], Bo BCAKOM cnyyae B McCnefoBaHUAX
Ha JKMBOTHbIX MOKa3aHo, YTO 3TV Npenapatkl MoryT obecne-
YuTb npeumyuiectBa nepen 06bIYHBIMM UHrUBMTOpaMM

Tom 15, Ne 3, 2024
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y-cekpeTassbl [102]. CneyeT 0TMETUTb, 4TO M Apyrue MeTofbl
NeYeHns Ha OCHOBE MexaHW3Ma natoreHesa bA, BKnouas
MMMYHOTEpPanuio W BOCCTAaHOBNIEHME MexaHu3Ma ayToda-
UK, TaKXKe NPOACNIKAKT U3y4aThCs Ha pasHbIX cTagusx bA
[144, 149]. B ponosHeHne K 3KCMepUMEHTasIbHBIM McCne-
[0BaHUAM He[laBHO ObINW NpefcTaBfeHbl JOKA3aTeNbCTBa,
4T0 06HapYHMBAEMbIN B CIMHHOMO3rOBOW XWAKOCTU BOMbHO-
r0 CMEKTP aMUNOUAHbIX NENTMAOB, MPOLYKTOB Y-CEKPETasbl,
MOXeT cnyxuTb 6uomapkepoM bA [32]. HecoMHeHHo, nyd-
LLEee NOHUMaHME POJIN Y-CeKpeTasbl B MexaHWU3Me naToreHe3a
BA bynet cnocobcTBOBaTh OTKPLITUIO HE TObKO HaLEMHbIX
BroMapKepoB, HO M 3QdEeKTMBHBIX U 6e30MacHbLIX METOL0B
neyeHms. MHorodaKTopHble YPOBHU PErynsLum y-CeKpeTasbl,
KOTopble MOSBNSAIOTCA B HACTOsILLEE BPEMS, MOTYT YyuLlinUTb
HaLLM BO3MOXHOCTU M0 pa3paboTKe TapreTHbIX METOAOB fle-
yeHus BA.

CnepyeT 0TMeTUTb TaKXKe MEpCMEKTUBHOCTb MCCNEno-
BaHW/ MO MOMUCKY HOBbLIX UMMYHOMOAYNATOPOB (Hanpumep,
nekaHeMaba, agykaHymaba [130, 136, 146]), npuMeHseMbIx
Ha paHHuX cTapusx pa3sutus bA. HeobxogmMo npopomxuTb
paboTbl N0 BLIACHEHUKO BIUSIHUS MOAYNATOPOB CEKpeTasbl
¥ NpEeceHUNMHa Ha MPOLECCUHT [PYruxX ecTecTBEHHbIX Cyb-
CTPaTOB Y-CEKpeTasbl.

AOMO/THUTENIbHASA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbl BHEC/M CYLLECTBEHHbIA BKIAL
B pa3paboTKy KOHUENUWW, NpoBefeH1e MCCefoBaHns 1 MOAro-
TOBKY CTaTbW, MPOYNM M 0[06pMAM drHambHYIO BEpCUIO Nepes Mny-
bnmkaupen. JIMuHbIA BKNAL Kawaoro aeTopa: B.H. BunbsiHuHos,
B.M. BalueHko — HanwucaHnue cTaTbM, aHanm3 faHHblx; B.A. Ba-
weHko, M.[. WabaHoB — pefakTvpoBaHue CTaTbk, pa3paboTka
06LLEN KOHLEnUuu.

KoHdnukT uHTepecoB. AsTopbl [eKnapupyloT OTCYTCTBUE
ABHbIX W MOTEHLMANbHBIX KOH(MAMKTOB WHTEPEcOB, CBA3aHHbLIX
C nybnMKaLmMen HacTosLLLEN CTaTbu.

UcTounuk dmHaHcmpoBaHus. ABTopbl 3asBASIOT 00 OTCYTCTBUM
BHELUHEero (WMHaHCVPOBaHKA NpY NPOBEAEHWM UCCIELOoBaAHMS.
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Mukpo-PHK-30a-5p kak MuLueHb
AN papMaKoIorM4ecKou KoppeKLUn naTosiormyecKux
COCTOSIHUA HEPBHOW CUCTEMbI

M.W. Aitpanetos’ ?, C.0. Epecko’?, C.A. Llamaesa', A.A. Jlebenes’, E.P. Bbiukos', 1.]1. LLlabaHos'

! MHCTUTYT 3KCniepuMenTasibHon Meauumhbl, CankT-Tetepbypr, Poccus;
2 CeBepo-3anajHblil rocyAapCTBEHHbIA MeAUUMHCKMIA yHuBepcuTeT uM. U.U. Mednmkosa, CaHkT-Tetepbypr, Poccus;
% BoeHHo-MeaMLMHCKan akafemus uM. C.M. Kuposa, CankT-Metepbypr, Poccus

AHHOTALIMA

B ronoBHOM Mo3re OCHOBHBLIMW MHLYKTOpPaMM HeMpOBOCMNAaNeHNs ABNAIOTCA NMPOBOCNANMTENBHBLIE LIUTOKWUHBI, XEMOKUHBI, aK-
TUBHble (QOPMbI KUCIOPOLA U pyrie MeamaTtopbl, NpoayLMpyeMble MUKPOMEN, acTpoLMTaMu U 3HAOTENNANbHBIMU KieT-
Kamn. XpoHM4YecKue HelipoBOCManuTENbHbIE COCTOSHUA MPOSBIAKTCS MHQUNbTPaLMed nepudepuHecknx UMMYHHBIX KNETOK
yepe3 reMatosHuedanuueckuit bapbep U BbI3bIBAIOT NOBPEXAEHWNE TKaHEW LEHTpanbHOW HEPBHOW CUCTEMBI, CNOCOBCTBYA
aKTUBALWM ITIUM M NOBBILLEHWK0 NPOHULLAEMOCTH reMaTo3HUedanuyeckoro bapbepa. Mo faHHBIM psAfa UCCNefoBaHUIA, OLHUM
U3 perynfaTopoB 3TUX NpOLECCOB ABNAOTCA Manble Hekoampyowme PHK, unn mukpoPHK, kotopele MoryT nibo cnocoberso-
BaTb NporpeccupoBaHuto 3aboneBaHus, Mbo, HaobopoT, oTpaxaTb NOMbITKY HEPBHOW CUCTEMBI NPEOTBPaTUTL Ype3MepHoe
MOBpEXAEeHNE M BOCCTAHOBUTb roMeocTas. M3ydenne ponm MukpoPHK, B yacTHocTu miR-30a-5p, B 3TUX nmpoueccax Moxert
NMPONUTL CBET HA NATOreHETUYECKME MEXaHU3MBI, JieXaluue B OCHOBE psiJa HeBpOOrMyeckux 3aboneBaHuin 1 NpUBECTM K OT-
KPbITUIO HOBbIX TEpaneBTMYECKMX cpeacTs. B naHHoM 063ope obcyxaaetcs ponb miR-30a-5p B perynaumm skcnpeccum reHoB
Npo- U MPOTMBOBOCMASUTENBHBLIX LIMTOKMHOB, BO3MOXHbIE MEXaHW3Mbl ee [eNCTBUA U Ucnosb3oBaHue miR-30a-5p B Ka-
YecTBE MOTEHLMA/IbHOM TepaneBTMHECKOH MULLEHU N1 apMaKONOrMYecKon KOPPEKLMN HEMpPOBOCMaIeHNs Npu natonoru-
YECKUX COCTOSHUSX HEPBHOW CUCTEMI.

KnioueBbie cnoBa: MkpoPHK; miR-30a-5p; HelpoBocnaneHWe; HepBHas CMCTEMA; FOSIOBHOM MO3T.

Kak untnpoBatb

Aitpanetos M., Epecko C.0., Lamaesa CA, Jlebenes AA., bbiukos EP, LabaHos M.[. Mukpo-PHK-30a-5p Kak MuLieHb ans apmaxonoriye-
CKOW KOPPEKLMW MaToorMYeckuX COCTOSHUIA HepBHOW cuctembl // Meuxodapmakonorus u buonorudeckas Hapkonorus. 2024. T 15, Ne 3. C. 237-244.
DOI: https://doi.org/10.17816/phbn635852

Pykonucb nonyyena: 14.06.2024 Pykonucb opo6peHa: 02.08.2024 Ony6nukoBaHa online: 30.09.2024
&5
3KO®BEKTOP Bce npasa 3almieHs!

© 3Ko-Bextop, 2024


https://eco-vector.com/for_authors.php#07
https://doi.org/10.17816/phbn635852
https://doi.org/10.17816/phbn635852

238

REVIEW Val. 15 (3) 2024 Psychopharmacology and biological narcology
DOI: https://doi.org/10.17816/phbné35852

MicroRNA-30a-5p as a target for pharmacological
correction of pathological conditions of the nervous
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ABSTRACT

In the brain, the main inducers of neuroinflammation are proinflammatory cytokines, chemokines, reactive oxygen species and other
mediators produced by microglia, astrocytes and endothelial cells. Chronic neuroinflammatory conditions are manifested by the infiltration
of peripheral immune cells through the blood-brain barrier and cause tissue damage in the central nervous system, promoting glial
activation and increasing the permeability of the blood-brain barrier. According to a number of studies, one of the regulators of these
processes is small non-coding RNA, or microRNA, which can either contribute to disease progression or, conversely, reflect an attempt by
the nervous system to prevent excessive damage and restore homeostasis. Studying the role of microRNA. miR-30a-5p among others, in
these processes can shed light on the pathogenetic mechanisms underlying a number of neurological diseases and lead to the discovery
of new therapeutic agents. In this review, we discuss the role of miR-30a-5p in the regulation of pro- and anti-inflammatory cytokine gene
expression, possible mechanisms of its action, and the use of miR-30a-5p as a potential therapeutic target for pharmacological correction
of neuroinflammation in pathological conditions of the nervous system.
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HAYYHBI 0630P

BBEJEHUE

MaTonornyeckue HapyLLeHWs B HEPBHOM TKaHW, 06yCoB-
NIeHHble BUPYCHbIMM UnK BaKTepuanbHBIMU MHDEKLUAMMY,
LeiCTBMEM HelpOTOKCMHOB, arpervpoBaHHbIX benKoB., ue-
MWUM, ayTOMMMYHHbIMU 3ab0NIEBAHUSMMU, MEXAHWUYECKUMY
TpaBMaMM, HapywlaloT CUCTEMY perynauuv HeiipoBocna-
NTENbHBIX MPOLECCOB, YTO NpUBOAMUT K npeobnagaquio
npoueccoB HerpogereHepauum [1-6]. B ronoBHoM Mo3sre
OCHOBHbIMW MHAYKTOPaMW HEepOBOCTaIeHUs ABNAKOTCS Npo-
BOCMANINTENbHbIE LIMTOKUHBI, XEMOKMHBI, aKTUBHbIE (OPMbI
KUCNOpoAa M Apyrue Meauatopbl, NPOLyLMpyeMble MUKpO-
[7Mei, acTpOLMTaMK W IHAOTENMANbHBIMU KneTkamu [7-12].
XpoHuyeckue HelipoBOCNANUTENbHBIE COCTOSHUA MPOSABS-
totcs UHQUNbTPaLMen NepudepUHecKUX UMMYHHBIX KNETOK
yepes reMatosHuedanuyeckuit bapbep (M3B) u BbI3bIBa-
I0T NoBpexAeHne TKaHel LeHTpanbHOW HepBHOW CUCTEMBI
(LIHC), cnocobcTBys aKTUBALWMMW MK U MOBLILUEHWIO NPOHHU-
uaemoctn 36 [13]. Mo paHHBIM pAaa MCCNemoBaHMI, 04-
HWUM U3 perynaTopoB 3Tux npoueccoB sBnswTcs MUKPoPHK,
KoTopble MoryT inbo cnocobcTBOBaTb MPOrpeccUpoBaHMIo
3aboneBaHus, 1Mbo, HaobopoT, oTpaxaTb NOMbITKY HEPBHOM
CUCTEMBI NPefOTBpaTUTL Ype3MEpHOE MOBPEXAEHWE U BOC-
CTaHoBUTb romeocta3. M3yuyenne ponu MukpoPHK B 3tmx
npoLieccax MOXeT NponuTb CBET Ha MaToreHeTUYecKue Me-
XaHW3Mbl, NeXKaLLye B OCHOBE psfia HEBPOOrMUYeCcKKx 3abo-
NIeBaHWM, U MPUBECTU K OTKPLITUIO HOBBIX TEpaneBTUHECKUX
CpeacTs.

MukpoPHK

MukpoPHK (miR) npenctaenstot coboii rpynny KOPOTKUX
Hekoaupytowmx Monekyn PHK pnuHoit npumepHo ot 18 go
22 HyKNeoTWA0B, KOTOPbIE MOCTTPAHCKPUMILMOHHO PeryampytoT
akcnipeceuto MPHK nocpenctBoM PHK-uHTepdepeHumm [14].
leHbl, Kogmpytowme MUKpPOPHK, TpaHckpubupytotca PHK-
nonmmepasoi I, B pesynbtate yero obpasyeTca nepBUYHbIA
TpaHckpunT MUKPOPHK (pri-miRNA) n obpa3syert cTpykTypy
«cTebenb — netns» [15]. B HeKoTopbIx ciy4asx TpaHCKpun-
una MukpoPHK MoxeT ocywiectBnatbes ¢ nomoubio PHK-
nonumMepasbl Il [16]. CospeBanne MukpoPHK npoucxoput
B 2 tana: 1-h — Drosha-DCGR8 u 2-i — Dicer-PACT-TRBP
[17]. MukponpoLeccopHbIii KOMMNEKC, 06pa30BaHHbIA 3HAO-
Hykneasoit PHKasbl lIl Tvna Drosha u DCGR8 [18], pacwue-
nnset pri-miRNA BHYTpK siapa Ha HebonbLuyio wnunbky PHK,
n3BecTHyt0 Kak pre-miRNA [19]. 3ateM pre-miRNA akcnoptu-
pyeTca B LMTOMIa3My, e OHa ABa[bl pacLuennseTcs apy-
roit aHaoHykneason PHKasbl Ill — Dicer [20]. Hanpaenstowwas
Lenb BbIOUPaeTCsA UCXOAA U3 TEPMOLMHAMUYECKON CTabuUNb-
HocTu ABYX KoHUoB pynnekca PHK. B kauectse Hanpasnsio-
Luen 06bI4HO BbIBMpaeTCs HUTb, KoTopas UMeeT MeHee TepMo-
AVHAMUYECKN CTabWMbHBIN 5'-KOHELL, XOTA 3T0 He BCeraa Tak
1 MOXKeT ObITb crieumduUyHbBIM AN1s TUNa Knetok [21]. 3penas
MUKpOPHK, cBa3aBLMch ¢ benkamu U3 ceMelicTea Argonaute
(Ago), Bnocneactun chopmupyet PHK-mHAyUMpyeMbIn
KOMIM/IEKC BbIKNKOYEHUs reHa [22, 23].
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Monekynbl-muwenn MPHK pacnosHaitca no KoM-
NIEMEHTAPHOCTW 3aTPABOYHOM NOCNELOBATENIbHOCTU MHU-
KpoPHK, cootBeTcTBylOWeN nonoxeHusM 2-8 5'-KoHua
HanpasnsioLei uenu [24]. MpeanbHas KOMNIEMEHTapHOCTb
Mexay MUKpoPHK 1 LeneBoii nocnenoBaTenbHOCTBIO 00bI4-
HO MPWBOLUT K PacCLLEneHnio MULLIEHN MEXY HYKNeoTu-
gamu 10 n 11 ¢ nomoweto PIWI-gomena Ago [25]. Korga
HanpaBnsLLMe Lieny CBA3LIBAKOTCA C UAeaNbHON KoMnuie-
MeHTapHocTbio MPHK-Muwenu, RISC 3HpoHYKNeoTMueCcKu
pacwennset MPHK-MuweHb [26]. OnHako miRNAs mneko-
nUTaoLLMX 06bIYHO CBA3BIBAKOT CBOM MULLEHM NOCPECTBOM
HEMOJIHOM KOMMJIEMEHTAPHOCTH, YTO MPUBOLMUT K penpeccum
TpaHcnsummn Nnbo nocpeAcTBOM BMeLUaTeNbCTBa B annapar
TpaHcnaummn, nubo nyteM HauenuBaHusa MPHK Ha peapeHu-
nnpoBaHue u pacnag, [27].

B reHome uenoBeKka aHHOTMpoBaHbl okoso 2500 mu-
KpoPHK, perynupytowmx akcnpeccuio bonee nonoBuHbI BCEX
reHoB, Koaupytowmx benku [28, 29]. Kaxnas MukpoPHK mo-
KET BO3[,e/CTBOBATb Ha MHOXECTBO, AAXeE COTHM, pasfiny-
HbIx Moniekyn MPHK, npu atoM Heckonbko MukpoPHK moryt
ObITb HaLeneHbl Ha ofHy M Ty e MPHK [30]. YpoBeHb co-
AepxaHusa camux MUKpoPHK KoHTponmpyeTcs Ha HecKonb-
KWX 3Tanax, BK/Yas TPaHCKPUMLMIO W Kaw /bl U3 3TanoB
nx buoreHesa [15]. OHK TaKxKe cnocobHbl BbICBODOMKAATLCA
U3 KETOK B HeG0NbLUMX MeEMOpPaHOCBA3aHHbIX BHEKNETOY-
HbIX BE3WKY/aX, KOTOPbIE MOrYT UHTEPHANU30BaTLCA LpYru-
MU KNeTKamu, TeM cambiM no3Bonsas MUKpoPHK yyacTBo-
BaTb B MEXKJIETOYHOM KOMMYHUKauuu [31]. Takum obpasom,
MUKPOPHK npencTtaBnatoT coboi BaXHyl perynsatopHyro
cucTeMy € pa3HoobpasHbIMU QYHKUMAMM, U HEYAWBUTENb-
HO, 4T0 MUKpOPHK, Kak Oblno 0OHapyeHo, MrpalT ponb
B PasBUTUM MHOXecTBa 3aboneBanuii [32].

Monekyna miR-30a-5p npuHagnexuT K ceMeicTay
13 6 uneHoB miR-30. miR-30a-5p peiicTByeT Kak cynpeccop
onyxonei, perynupys pasnuyHbole buonormyeckve npouec-
Cbl, BKJI04as nponmndepaumio [33], uHeasuio [34], metacta-
3upoBaHue [35] u anonTo3 [36]. Kak cneacteue, cTaHoBUTCA
BO3MOXHbIM paccmaTpuBaTb miR-30a B KauecTBe bromap-
Kepa [37], noTeHUManbHOM TepaneBTUYECKOW MuLeHn [38]
WM [axe B KauecTBe NpenapaTta B NIeYeHUU OHKOJornye-
CcKux 3abonesanui [39]. OgHaKo B AaHHOM 0630pe Mbl yae-
nuM Bonbllee BHUMaHWE UCCNEAO0BAHUAM, MOCBALLEHHBIM
BoBfieYeHHocTH miR-30a-5p B pasBuTME MONEKYNAPHbIX
naToreHeTUYecKNX cobbITUA B HEPBHOM TKaHM.

Mukpornua u miR-30a-5p

MuKpornnMs — pe3anaeHTHbI Makpodar HepBHOM TKaHH,
KOTOpbIA pa3BMBAETCA HA paHHWX cTapusx 3MbpuoreHesa
U3 MWENOWOHbIX KNeTOK-MPeALLecTBEHHUKOB W ABNSETCSA
O[HOW M3 OCHOBHbIX pe3naeHTHbIX KneTok LIHC, onocpe-
aylowmx Herposocnanenue [40]. TpagnuMOHHO cumTaetcs,
4YTO NpM HopManbHbIX ycnosusx B LIHC Mukpornus cywwecTsy-
€T B «MOKOALLEMCA» COCTOSHWM, B KOTOPOM OHa HenpepbiBHO
CKaHWUPYET OKPYHaIoLLY0 MUKPOCPERY W NoMoraeT noanep-
XMBaTb romMeoctas Mo3ra [41]. Mukpornma akcnpeccupyet
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MHO}KeCTBO PeLenTopoB, KOTOpble MOTYT pearmpoBaTh Ha pas-
JMYHbIE MONIEKYNSPHbIE NaTTePHbI, CBA3aHHbIE C MaToreHamm
(PAMP), MoneKynsipHble NaTTepHbl, CBA3AHHLIE C OMAacHO-
ctoto (DAMP), n apyrve MonekynsipHble CUrHaTypbl, 3any-
CKas nepefayy CUrHanoB, KOTOPas NPUBOAUT K U3MEHEHMIO
(YHKLUMOHMPOBAHMA MUKPOTNWM, NPUOBPETEHUIO €0 HOBbIX
deHoTUnnYecknx coctosHun [42]. banaHc Mexay pasnuy-
HbIMU (EHOTUMMYECKUMM COCTOSIHUAMU MUKPOTTIAWN MOXKET
crnocobcTBoBaTb BOCMANEHMI0O UM BOCCTAHOBEHUIO OKpY-
XaloLWMX TKaHeN M BAMATb Ha NPOrpeccMpoBaHne COCTOSHUS
HeiipoBocnanenus [43]. B uccneposanum H.R. Choi u coasr.
[44] miR-30a-5p uHrmbuposana skcnpeccuio benka NLRP3,
CHWIKarna 3KCMpeccuio TPaHCKPUNUMOHHOro daktopa Henpo-
reHHon andoepeHumposku (NeuroD1) B KynbType KNeToK
MUKPOMMUM W MEepBUYHBIX acTPOLMTOB Mbiled. Tak, B Jin-
nononMcaxapua-mHayuupoBaHHoi Mukpornuu miR-30a-5p
noAasnsnia NpoBOCMAJIMTENbHbIE LIMTOKUHBI, aKTUBHbIE op-
Mbl Kucnopoga, dochopunnpoBaHme N-KOHLEBOM KMUHa3bl
c-Jun, aKkcnpeccuio umMknookeureHasel v iNOS. B Mukporum,
Npy MOLENMPOBaHWUM TPaBMbI CMIMHHOMO MO3ra Y MBbILLEN,
miR-30a-5p TakxKe perynmpoBano NposieieHne BocnamnTeb-
HbIX peakuui, Npu 3TOM ypoBeHb 3Kcnpeccum miR-30a-5p
Bbin 3aMeTHO CHIKeH, a akcnpeccus NeuroD1 Bbina nosbl-
weHa. AsTopbl mpegnonaraioT, yto 3¢deKT onocpenoBaH
W3MEHEHHOW perynaumeii B nepeaade curdanos MAPK/ERK.
Mpu BBeaeHn miR-30a-5p 3HauMTeNbHO NOAABASNIUCH BOC-
nanuTeNibHble PeakLmMu: MPOMCXOAUNO CHUKEHME CEeKpeLmi
npoBocnanuTesbHbIx uutokmHos TNF-a, IL-1B v IL-10 u yBe-
nnuyeHune skcnpeccum SEPNT, TXNL1 n GPX1 [45]. B paborte
W. Hu 1 coaBr. [46], nocBALLEHHO UCCNea0BaHNI0 YepernHo-
MO3roBoii TpaBMbl (MT), ObinKM UCMoNb30BaHbI CeaytoLme
MOZENu: Mofenb in vivo KpbicuHon YMT 1 Mogenb MUKpornum
in vitro, koTopas bbina co3faHa ¢ UCMob30BaHNEM KOHTPOSU-
PYeMOro NoBPEeXAEHNSA KOpbI FOIOBHOMO MO3ra ¥ CTUMYAALIMU
nvnononucaxapuaoM. YpoeeHb miR-30a-5p 3aMeTHO CHU-
)anca Bo BCeX Ciyyasx. YBenuueHne MoLMGULMPOBaHHOI
HEBPOJIOrMYECKOW OLIEHKM TSKECTW, KOTHUTUBHAs AUCOHYHK-
LMa U OTEK FONOBHOMO Mo3ra y Kpbic ¢ YMT ymeHbLianuch
npyu JanbHemweM cHWxeHun ypoHs miR-30a-5p. Kpome
TOro, CHUXeHue ypoBHs miR-30a-5p ocnabnano peicraue
JMMONONMCaxapuaa Ha KNETKU MUKPOTTIUK, @ UMEHHO MOBbI-
LU0 KM3HECNOCOBHOCTb MUKPOTUANLHBIX KIETOK U YMEHb-
Luano arnonTos.

mMnoMbl n miR-30a-5p

B pabote P. Zhao v coasr. [47] 6bino uccnenoBaHo B3au-
mopeiicTene Mexay miR-30a-5p, WWP1 u NF-kB n ux yya-
CTUe B perysiuum passuTuA rnOMbIl. B TKaHAX ruoMsl bbino
obHapyeHo cHmkeHne WWP u ysenmueHue axcnpeccuw
miR-30a-5p 1 ypoBHs docdopunupoBakms pé5d (cydbeanHu-
ua NF-kB). Kpome Toro, ypoeHb MPHK WWP1 otpuuatens-
HO KoppenupoBan ¢ 3kcnpeccueit miR-30a-5p, a rnepak-
cnpeccus p65 yBennumBana akcnpeccuio miR-30a-5p 3a cyert
NpAMOro CBA3bIBaHUA CYObeAMHUUBLI p65 ¢ NpoMOTOpOM
miR-30a-5p. ABTopbl NpeanonarakT CyLecTBOBaHUE NETIU
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nonoxuTenbHon obpatHoii cea3n «miR-30a-5p-WWP1-NF-
KB», KoTOpas UrpaeT BaHYIo Posib B PEryNsLMM reHesuca rmu-
OM U MOXET 0becrneynTb NoTeHUMabHYI0 TepaneBTUYECKYHo
cTpatervio ux neyeHus. Hanbonee arpeccuBHOI NepBUYHOIA
3/10KaYeCTBEHHOW OMyXONbl0 FOJIOBHOO MO3ra Y B3pOC/bIX
ABnseTca ruobnactoma. CyliecTByeT 0CTpass M HeymoBneT-
BOpEHHasA KMHUYecKas NnoTpebHOCTb B HOBBIX MoAXoaax
K ee neyenmio. B uccneposanmu, nposeneHHoM A. Barzegar
Behrooz v coasr. [48], coobiaetcs, yto miR 30a-5p MoxkeT
BbICTYNaTb NOTeHUMaJIbHbIM ﬁmomapuepom ONa AUarHoCTUKKU
Ha paHHWX 3Tanax pasBUTMS IMMobIacTOMbI.

bonesxb AnburenMepa u miR-30a-5p

MatoreHe3 6Oonesnn AnbureiiMepa (BA) BKNloYaeT
B Ce0A B TOM YMC/e HapyLUeHWe pPerynsumumM SKCNpeccuy Mu-
KpoPHK. Pe3ynbtathl uccnepoBaHus, npoepeHHoro T. Sun
u coaBT. [49], NMOKasbIBaKT CyLlECTBEHHOE MOBbILLEHUE
ypoBHA mMiR-30a-5p B Kope rofoBHOrO Mo3ra W runmnoKammne
npu nporpeccupoBaHuy bA. miR-30a-5p otpuuarentHo pe-
rynupyet ADAM10 1 SIRTT nyTeM npsAMoro cBA3bIBaHMA C UX
3'-HeTpaHcMpyeMbiMi obnactamm MPHK. TMpegnonaraetcs,
yto miR-30a-5p UHrMbMpyeT HeaMMIOUAOreHHbIN NyTb bnaro-
Aaps ocnabnenuto perynaumn ADAM10 n SIRT1, u TeM caMbIM
cnocobCcTBys CHUMXEHUMIO copepxanua AB-1-42. B pabore
J. Rivera u coas. [50] in vitro nogTBepauny, 4to miR-30a-5p
perynupyeT akTMBHOCTb reHa Gabaab (feH cybbeauHMUb
peuenTopa HelipoMenuatopa [AMK) u reHa redupuHa, a no-
BbILUEHME YPOBHEW 3Kcnpeccun BenKoB cybbeanHUUbl pe-
uentopa FAMK u redupvHa B runnoKammne u MeamanbHoi
npedpoHTanbHOW KOpe B 3HAYMTENbHOW CTEMEHU CBA3aHO
C HapyLUEHMEM pacno3HaBaHUA U NPOCTPAHCTBEHHOI pabouyels
namatn. Takum 00pa3oM, CyLLECTBYET MHTEPEC K M3YUEHMIO
TOro, Kakum obpasom miR-30a-5p MoxeT bbITb BOBNEYeHa
B MEXaHU3Mbl Perynsuum BbICLLMX QYHKUMIA MO3ra, KOTopble
0OHUMMU M3 NepBbIX NoABepraloTcs AUchyHKUMM npu bA.

WUweMunyeckas petmHonatus n miR-30a-5p

Bbi3BaHHbII MLLEMME aHMMOrEHe3 CNOCOBCTBYET pasnny-
HbIM NaTONIONMYECKMM COCTOSIHUSAM, PasBMBAIOLLMMCS B CeT-
yaTKe, BK/l0Yas HEMPOAEreHepaLMIo, U KaK UTOr HapalleHue
(YHKLMOHWPOBaHUS 3puUTeNbHOro aHanm3atopa. C ucnonb3o-
BaHMEM MOLENN WLIEMUYECKOW PETUHOMATMM Ha rpbi3yHax
b0 MOKasaHo, YTo MHrMbupoBaHue miR-30a-5p cHuxkaeT
HEeOBACKYNAPM3aLMI0 U CNOCOOCTBYET BOCCTAHOBIEHUIO TKaHE
33 CYeT MOAYNALMM NEePEKPEeCTHOTO B3aMMOLENCTBUSA MeXay
MWKPOIAManbHbIMU M 3HAOTENMANbHbIMU KneTkamu [51].

lMnornMkeMuyeckasn BeretaTMBHas
HepocTaToqHOCTb M MiR-30a-5p

[MnornMkeMuyeckas BereTaTMBHAA HeAOCTAaTOMHOCTb
ABNAETCA Cepbe3HbIM O0CJI0OXHEHUEM CaxapHoro Anabera,
KOTOpOe CBA3aHO C OTCYTCTBUEM ¢M3VIOJ'IOI'VI‘-IECKVIX roMeo-
CTaTU4ECKUX KOHTPPEerynATopHbIX MeXaHW3M0B, KOTOpble
KOHTPO/IMPYIOTCA rMnoTasaMycoM n CUMNATUYECKON HepBHOVI
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cucteMoid. B runotanamyce anddepeHumManbHo 3Kcnpec-
cupyetcsa 6onee 1000 MukpoPHK, Ho Tonbko 12 MukpoPHK,
BK/lo4an miR-30a, koppenupoBanu ¢ 2 perynsaTopHbIMM ben-
Kamu runotanamyca — FOS n FT0. 3kcnpeccus 3tux benkos
ABNSIETCA YYBCTBUTENIBHON K MMMNOUKEMMU. TakuM 06pasom,
paccMaTpuUBaeTCs BO3MOXHOCTb PaHHENR AMarHOCTUKM runo-
TTIMKEMMYECKOI BETeTaTUBHON HEAOCTATOYHOCTU C NOMOLLbIO
Mornekyn Mukpo-PHK [52].

AOMO/IHUTE/IbHAA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbl BHEC/M CYLLECTBEHHLIN BKNaf
B pa3paboTKy KOHLENUMK, NPOBEAEHWE UCCNE[0BaHNS W MOATOTOBKY
CTaTbyi, MPOYNM 1 0ACOPUAM BMHaNbHYI0 BEpCUIio Nepeq nybimKa-
umen. JInuHbIN BKag kaxaoro astopa: M.M. Aipanetos, C.0. Epecko,
C.A. lLlamaeBa, AA. Jlebenes, E.P BblykoB — HanucaHue cTaThby,
aHanm3 AaHHblx; MW, Anpanetos, .[. WabaHos — paspabotka
06LLieN KOHLENLMKW, PeAaKTVPOBaHKE CTaTbMy.

KoHdnukT nHTepecoB. ABTOpLI AEKIAPUPYIOT OTCYTCTBME ABHBIX
W NOTEHLMANbHBIX KOH(MKTOB MHTEPECOB, CBA3aHHbIX C NMybnmKa-
LIMEeN HACTOALLEN CTaTbM.
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HayyHasa wkona dapmakonoruM akageMmuka
Axkapemun MeguumHcknx Hayk CCCP C.B. AHunukoBa

JI.K. XHblueHKo

WHCTUTYT 3KcnepuMeHTanbHoi Meauumtbl, CaHkT-[Netepbypr, Poccus

AHHOTALMUA

Cepreit BuxktopoBuy AHuukoB (1892—1981) — poKTOp MemMUMHCKMX HayK, mpodeccop, akageMuK AxkafeMun MeouuUMHCKUX
Hayk CCCP, naypeat JleHuHckow v locyaapcTBeHHbIx npemuii CCCP, beccMeHHo Bo3rnaensan otaen ¢apMakonorum UHctuTyTa
3KCnepuMeHTanbHoW MeauumHbl ¢ 1948 no 1981 r. MepBoHayanbHO oTAEN cocTosAn M3 3 NabopaTopuin U UMen O4YeHb Orpa-
HWYeHHbIi wTat. Cepreit BukTopoBuy, Bo3rnaBsnsasLumiA kKadeapy dapMakonorum CaHUTapHO-TUrMEHNYECKOT0 MEAULIMHCKOIO
WHCTUTYTa, AN NPOBEAEHUS HAYYHbIX MCCef0BaHUI 06beanHMA yCunuUs COTPYAHWKOB Kadedpbl M otaena dapmakonoruu
WHcTuTyTa 3KcnepuMeHTanbHoOM MeavumHbl. BrnocnencTeum LiTaT oTaena yBenuumncs B 0OCHOBHOM 3a cueT acnupahtos (C.C.
Kpeinos, .M. Qenucenko, B.I. Crapues, B.E. Puikenkos, H.C. bopoakuH, U.C. 3aBoackas u ap.). C.B. AHMuKoBbIM bbina co3-
[aHa HayyHas LUKofa (papMaKosoroB, C ero MMEHeM CBA3aHbl MHOMME 3Ha4MMble ycnexu otaena dapmakonoruu MHcTuTyTa
3KCMEPUMEHTANbHON MeaMLMHBI. Monopble, yBneyeHHbIe UCCNea0BaTeNbCKOM paboToi acnupaHTbl CTanu NepBbIMU UK CTap-
WMMKU YYEHWKaMWU U NOCNefoBaTeNAMM Hay4yHOW (hapMaKoNorMyeckom LKonbl akaseMuka C.B. AHuuKoBa. BbinonHeHHbIe
KJIMHUKO-3KCTEPUMEHTaIbHbIE MCCNEN0BAHMA MO MPUMEHEHMIO HEMPOTPOMHBIX CPELACTB [JIA JIEHEHUA racTpoAyOaeHasbHO
U CepAeyHO-COCYAMCTON NaTonorii Mo3BOSMAW MPEeLJIOMUTb MPUHLMNMATBHO HOBYK CXEMY NeYeHWs A3BEHHOM bonesHw,
ULweMmMYecKoi bonesHn cepaua, HPapKTa MUOKapAa, TOH3UNOMEHHbIX KApAUONAaTUIA B 3aBUCMMOCTYU OT KOHKPETHBIX YCNOBMI
W cTagum TeyeHns 3abonesakmns. 060CHOBaHO, YTO Ha3HaueHMe BoMbHBIM HelpobNoKaTopoB LieiecoobpasHo ToMbKO B OCTPOM
nepuope 3aboneBaHus, Korga 0TMEYaeTCs Ype3MepHBIA MOTOK HEPBHBLIX MMMYNbCOB, BbI3bIBAIOLLMX M NOAAEPHMBALOLLMX BO-
ne3HeHHbIM npouecc. 0nHAKO Koraa ocTpble ABMEHMSA NMPEKpaLLaloTca U HacTynaeT dasa penapauyu, NOAABIEHWUE HEPBHOM
MMNYNbCaLMW MOXET 3aTOPMO3UTbL penapaTuBHbIe Npouecchl. B 3Ton cTagum, Kak cnepyet U3 aKCnepuMeHTanbHbIX U KITMHK-
YECKWX AaHHbIX, MOKa3aHO MPUMEHEHWe CPeACTB, HOPMaM3YIOLLMX TPOPUUYECKY BYHKLMI0 CMMMaToafpeHanoBoi CMCTEMbI
U CTUMYNUPYIOLLIMX TKaHeBOM 3HepreTUdeckuit 0bmeH. C.B. AHnuKoB B 1946 T. npeanoxun paspeneHne XoNMHOPEAKTUBHLIX
CUCTEM Ha MYCKapUHOYYBCTBUTENBHBIE Y HUKOTUHOYYBCTBUTENbHBIE. C 3TOr0 BpeMeHM (hapMaKoorus LieHTpanbHbIX XONUHO-
NMTUKOB cTana Ana wronbl C.B. AHnyKoBa BaxHol npobneMon Ha fonrve rogsl. [1ns dapMakonornyeckon KoppeKLmm ropMo-
HanbHbIX HapyLUeHWI bbin NpeaoxeH psf HeipoTPONHLIX NpenapaTos U3 pasinyHbIX rpynn. OAMH U3 HUX — OPUrMHANBHbIN
npenapar 3TUMU30J, aKTUBUPYIOLLUMIA CUCTEMY «TUMOTanaMyc—runodus—Kopa HaanoyeyHUKOB» M MOBbILIAKLWINIA YYBCTBM-
TeNbHOCTb KOpbl HAANOYEYHUKOB K LEMCTBUI aflpeHOKOPTUKOTPOMHOM0 FOPMOHA, YTO MO3BOSMNIO PEKOMEHAOBATh Npenapart
npu BpPOHXMaNbHOW acTMe W pasnuyHbIX 3aboneBaHNAX BOCNANMTENBHOMO XapaKTepa.

KnioueBble cnoga: C.B. AHW4KOB; BKNaz B (hapMaKonoruio; XoNMHopeLenTopbl; hapMakotepanus AUCTpoduii; neyenne bpoH-
XUanbHOM acTMbl.
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The scientific school of pharmacology of S.V. Anichkov,
an academician of the USSR academy of medical sciences

Ludmila K. Khnychenko

Institute of Experimental Medicine, Saint Petersburg, Russia

ABSTRACT

Sergei V. Anichkov (1892-1981) is a Doctor of Medical Sciences, Professor, Academician of the USSR Academy of Medical Sci-
ences, and laureate of the Lenin and USSR State Prizes, led the Department of Pharmacology at the Institute of Experimental
Medicine from 1948 to 1981. Initially, the department comprised three laboratories with a limited staff. To advance research,
Anichkov, who headed the Department of Pharmacology at the Sanitary and Hygienic Medical Institute, brought together
the resources of this Department and the Department of Pharmacology of the Institute of Experimental Medicine, further
expanding them, primarily through the addition of postgraduate students such as S.S. Krylov, PP. Denisenko, V.G. Startsev,
V.E. Ryzhenkov, Yu.S. Borodkin, I.S. Zavodskaya, and others. Anichkov established a scientific school of pharmacologists, and
many significant achievements of the Department of Pharmacology at the Institute of Experimental Medicine are associated
with his name. Young postgraduate students, passionate about research work, became the first or senior disciples and fol-
lowers of the scientific school of pharmacology of academician Anichkov. Clinical and experimental studies conducted on the
use of neurotropic agents for the treatment of gastroduodenal and cardiovascular disorders made it possible to propose a
fundamentally new approach to treating peptic ulcer disease, ischemic heart disease, myocardial infarction, and tonsillogenic
cardiopathies, depending on specific conditions and stages of the disease. It was substantiated that the administration of neu-
roblockers to patients is advisable only in the acute phase of the disease, when there is an excessive flow of nerve impulses
that cause and maintain the pathological process. However, when acute symptoms cease and the reparative phase begins,
the suppression of nerve impulses may slow down the reparative processes. At this stage, as indicated by experimental
and clinical data, the use of agents that normalize the trophic function of the sympathoadrenal system and stimulate tissue
energy metabolism is recommended. In 1946, Anichkov proposed to divide the cholinoreactive systems into muscarine-
sensitive and nicotine-sensitive types. From that time, the pharmacology of central anticholinergics became an important
issue for the Anichkow>s school for many years. A number of neurotropic drugs from various classes were proposed for the
pharmacological treatment of hormonal disorders. One of them was the original drug Etimizol (Ethimizole), which activates
the hypothalamus-pituitary-adrenal cortex system and increases the sensitivity of the adrenal cortex to the action of adreno-
corticotropic hormone, which allowed the drug to be recommended for asthma and various inflammatory diseases.

Keywords: S.V. Anichkov; contribution to pharmacology; cholinoreceptors; pharmacotherapy of dystrophies; treatment of
asthma.
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VICTOPUA APMAKOIIONMN

B 1923 . B WHCTUTYTE 3KCMEPUMEHTANIbHON MeAULMHBI
(MU3M) Bbino NpUHATO pelleHMe €o3AaTb OTAEN 3KCMepu-
MeHTanbHoW (apmakonoruv. PykoBoputenem Obin mpu-
rnaweH W3BECTHbI (hapMaKomor, uYieH-KOpPecnoHLeHT
MeTepbyprcKoit akageMun Hayk (BnocneacTeun PoccuidcKoi
aKageMun Hayk), naypeat JleHWHcKon npemun Hukonan
Maenosuy Kpaekos (1805—1924), nnaHMpoBaBLLMIA B HOBOM
oTAENe NPOACIIKUTL MUCCIEA0BaHNA Ha W30JMPOBAHHbIX 3H-
DOKpUHHBIX Xene3ax. B 1924 r. nocne 6e3BpeMeHHON KOH-
unHbl H.M. KpaskoBa no pexkomenpauun W.I. Maenosa py-
KoBoguTenem orgena bbin HasHaueH npodeccop Bnagummp
Bacunbesuy Casuy (1874—1936), KpynHbiin gpusmonor, UMeB-
Lmi hapMaKonorudyeckuit onbiT. Nog pykoBoacTeoM B.B. Ca-
BMYa B oTZene (hapMaKonoruu NpoBoAMIUCL UCCNEN0BaHMS
M0 U3yYEHWHO BMSHUA NIEKAPCTBEHHBIX BELLECTB HA HEPBHYHO
PEerynsumio cepaeyHO-COCYAUCTON CUCTEMBI, HENYA04YHO-KU-
LEYHOr0 TPaKTa, 3HAOKPUHHON CUCTEMBI U BOAHOTO 06MeHa
C MUCMONb30BaHUEM M30NIMPOBaHHBIX OPraHoB (3HAOKPUHHBIX
)enes) ANS W3yyeHUsi MexaHW3Ma NpsMoro LencTBus ne-
KapCTB W 0B Ha OpraHbl U TKaHu. C MOMeHTa opraHu3aumm
0TZEeNa B HEM MPOXOAMIM CTAXKUPOBKY UCCNefOBaTeNM U3 He-
MHOTOUYMCTIEHHBIX B TO BpeMs papMaKonoruieckux u gpusmo-
normyeckux nabopatopuin M Kadeap MeLULMHCKUX U BETEPU-
HapHbIX MHCTUTYTOB CTPaHbl. CTayepbl OBNaAeBanu HOBbIMY
MeTofaMU WCCNeNOoBaHMs, y4acTBOBaNM B KOHhepeHumsx
U ceMuHapax. Hanpumep, B uucie NpaKTUKaHTOB B OTAene
pabotan B.[. bapaHoB, cTaBLKiA BNOCNEACTBUM aKaAeMUKOM
AxapeMnn MepnumHckux Hayk (AMH) CCCP, ogHnM 13 Bepy-
LUMX IHLOKPUHOIOrOB CTPaHbI.

B.B. CaBuu cTpeMuncs opueHTUpOBaTb WCCNenoBaHUSA
oTaena hapMakomnorum Ha noTpebHOCTU NPaKTUYECKON Me-
LMUMHBI, HanpuMep, u3yyas BUAHME KamMdopbl Ha cepaed-
HO-COCYAMCTYI0 CUCTEMY, ee AEICTBME Ha KpoBOODpaLLeHue.
W3BecTHocTb Npuobpenu pabotbl B.B. Cauua 1 coTpynHMKoB,
MOCBSLLEHHbIE AEHCTBUI0 HEMPOTPOMHBLIX BELLECTB Ha ped-
JIEKTOPHYH0 KULLEYHYIO CEKPELIMIO.

B 1932 r. U3M cran HasbiBaTbca BcecotosHbiM (BUIM),
B 1934 r. yacTb otaenoB nepesenv B MockBy, a B JleHnHrpage
octancs Jlenunrpagackuit dunman (J10) BUIM.

B 1933 r. B JI® BM3M 6bino opraHnsoBaHo «btopo no us-
Y4eHMI0 roMeonaTun» Nof npeacenatenscTsoM M.B. YepHo-
pyuroro. B cocta 6topo Bxoounu cneumanucTbl pasnuy-
Horo npodwuna (B ux uucne Cepreit BuktopoBud AHWYKOB)
ANs OLeHKN 3PhEKTUBHOCTU rOMEONaTUYECKOrO NeYeHus,
a B 1934 r. Hayano paboty «biopo no u3y4eHMo BOCTOHHOM
MeauLMHbI», KoTopoe Bo3rnasun C.B. AuuukoB. B ero co-
ctaB Bxogum A.W. Kysneuos, U.A. Obeprapa, B.B. CaBuy,
A.[L. CnepaHckuin, [O. JlaHr, M.B. YepHopyukuin u ap. Mpea-
nofaranocb NPOBECTM WCCNELOBAHWA W HaydHyl npoBep-
Ky CpeacTB U MeTOAO0B He TojbKo TMbBeTcKoM, Ho W apabo-
NepcMACKon MeauumHbl. [naHMpoBanoch OTKPbITh KIIMHUKY
Ha base [ToKpoBcKoit 6onbHULEI (Ha BacunbeBCcKoOM oCTpoBe)
Bo mase c C.M. 3aBoackum u H.H. bagmaeseiM. K 1936 T. oT-
Aen paclumpunca no 3 nabopatopuit: IKCNepUMEeHTaIbHOM
dapmakonorun (pyk. A.W. KysHeuoB), aKcnepUMeHTaNbHOM

Tom 15, Ne 3, 2024

[NcrxodapMaKonoris v DVONOrMYECKas HapKONor s

3HaoKpuHonoruu (pyk. E.H. CnepaHckas) u ncuxodusmono-
rum (pyK. H.H. HukutuH, yuennk W.1N. Maenoea, ampektop J1O
BM3M). OgHako B 1936 1., nocne KoHumHbl B.B. CaBuya n H.H.
HukuTiHa, yKasaHHble labopaTopum BOLLM B COCTaB APYruX
noApasfeNieHnin UHCTUTYTA, M OTAEN 3KCMepUMeHTanbHoM
(bapMaKonorum nepecran CyLLecTBOBaTb.

Tonbko Yepe3 12 ner, B 1948 r., B U3M BoccTaHosunm Otaen
tapmakonorun. Oupektop U3M Jles Hukonaesny ®epopos
npeanoxun C.B. Aunukoy u ero npyry Bnagummpy Mouce-
eBnuy Kapacuky Boccosaats othen dapMakonoruu v npego-
CTaBUN Y4YEHbIM CaMWUM PELUNTb, KTO W3 HUX ero BO3ITaBuT.
Bnapumup Mouceesuy, ykasas, uto y Cepres Buktoposuya
BonbLuKiA cTax B 0bnact dhapMaKonoruv, Npeanoxun emy
Bo3raBuTb otaen. Cepren BuktopoBuy AHMYKOB — aKa-
aemuk AMH CCCP, naypeat JleHunHcKon u [ocyaapCTBEHHBIX
npemuin CCCP, beccMeHHo Bo3rnaBnsn oTaen papMaKonorim
c 1948 no 1981 r.

lepBoHayanbHo otaen coctosn U3 3 nabopatopuii M uMen
04YeHb OrpaHuyeHHbIi Wwrat. Ceprer Buktoposuy, BO3rnaB-
naBwuin Kadpeppy ¢apmaronorum CaHUTapHO-TUrMeHM4e-
CKOT0 MEOMUMHCKOr0 MHCTUTYTA, NS MPOBEAEHMS Hay4HbIX
UCCnefoBaHui 06beanHUN YCUAMSA COTPYAHWKOB Kadenpb
u otaena dpapmakonorum M3M. BnocneacTeum LUTaT oTAena
YBENMYMBAJICA B OCHOBHOM 3a cyeT acnmupanTos (C.C. Kpbinos,
M.1N. ODenucenro, B.I. Crapues, B.E. Poixenkos, H0.C. bopog-
KuH, U.C. 3aBoackas 1 ap.).

C.B. AHnuKoBbIM Bbina co3aaHa HayyHas WKona dapMa-
KOJIOroB, C HUM CBSA3aHbl MHOTWE 3HaYMMbIE YCMexW OTAena
(hapmakonorum MIM. Monopaple, yBneyeHHble UccnenoBa-
TeNbCKOW paboToi acnupaHTbl W CTanu NepBbIMU WK CTap-
WKMMW YYEHUKAMU W NOCNeA0BaTeNsiMU HaydHoW (hapMaKo-
noruyecKon LWKonbl akagemuka C.B. AHuukosa.

C.B. AHnukoB — 60NbLLON YYEHDBIA U YOMBUTENbHBIN Ye-
nosek. OH 0bnagan HeobbIKHOBEHHO MyLpPOCTLHY, bbin f06-
PbIM 1 OT3bIBYMBBLIM YeSIOBEKOM, BCMOMWHANN €ro nepBble
Y4YeHUKM U nocnegoBaTenu (4n.-kopp. Poccuiickon akage-
MWW MeJMLMHCKUX HayK 3aBopckas VipuHa CepreesHa, npo-
(eccop bopoakuH H0puin CepreeBud, un.-Kopp. Poccuiickoii
aKkapfeMun Hayk CanpoHoB Hukonai Cepreesud, npodeccop
Henncenko lMetp MpoKodbesuy, npodeccop PoikeHKoB Ba-
cunmin Epumosmy, npodeccop Kpbinos Cepreit Cepreesuy,
npodeccop JloceB Hukonan AHapeesud, o-p Med. Hayk Mo-
pesa EneHa BuktopoBHa, a-p mes. Hayk Kopxos Bcesonoa
BceBononosuy, a-p Men. Hayk 3abpooun Oner Hukonaeswy
u op.).

C MOMeHTa opraHu3auuv oTaena B HeM NPOXOAMUAM CTa-
UPOBKY M 0byyanucb B acnupaHType uccrnegoBatenu dap-
MaKOJIOrMYecKMX U GU3nonormieckux Kadeap MeguLMHCKUX
MHCTUTYTOB U3 pasHbix pecnybnuk Cosetckoro Coto3a. [Mpu-
e3)anu cTaxepbl U U3 pyrux ctpaH (Benrpus, bonrapus,
Yexocnoeakus, Monblwa, Kutaii u gp.). lMpakTUKaHTbI 1 acnu-
PaHTbl NepeHUMann HoBble 3KCMEpPUMEHTaNbHbIE MOAEM
Pa3fIMYHBIX NATONIOrMYECKUX COCTOSIHUIA, MeToabl UCCNeRo-
BaHWA, BbINOMHANW AWCCepTaLMOHHble paboTkl, yyacTBOBaM
B KOH(epeHLMSAX U CeMUHapaX.
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Puc. 1. C.B. AHnuKOB BbICTYnaeT Ha 3acefaHun JIeHWHrpaaCcKoro
obuiectea ¢usnonoros, oMoxuMukoB 1 dapmaronoros (1970)

Fig. 1. Anichkov speaking at a meeting of the Leningrad Society of
Physiologists, Biochemists, and Pharmacologists (1970)

B oOtnene npoBoaunuch perynsipHble HayuyHble 3acefa-
HWSl, KOTOpble CTanM LUKO/O0W HapMaKoIorMyecKoro Mbllle-
Hus (puc. 1). Ha aTux 3acepaHusx nooyepesHo COTPYAHUKM,
acnupaHTbl WK CTaxKepbl Aenamv cooblueHus o npoaena-
Hol pabote, e MNMCb HOBLIMM CBELEHUSIMM, NTOYEPTHYTHIMHU
W3 Hay4HOMN NUTepaTypbl, 0653aTeNbHO 3acTyLUMBanUCh 1 06-
CYXJanucb BCe [OKNaAbl, KOTOpble MaHUpoBanoch npeg-
CTaBNATb HA CUMMO3MyMax M KOH(epeHLMsX.

C.B. AnmukoB 3aboTtuncs 0 pasBuTUM Yy COTPYOHUKOB
M acnMpaHTOB OCHOBHbIX 3MIEMEHTOB HAY4YHOT0 MO3HaHMA.
B cBsi3n ¢ 3TM BonbLuoe 3HaueHWe OH Npupgasan obcyxpae-
HWIO MOJSTyYeHHbIX Pe3ynbTaToB, YMeNO Hanpaenss WM, Ha-
npoTuB, 000CTPAA AMUCKYCCUIO MOCTAHOBKOM HEOMMAAHHBIX
BOMpOCOB. YuacTBOBaTb B HayuyHbIX 3acefaHusx OTAena
nog, pykooacteoM C.B. AHMYKOBa Obino YpesBblYaliHO MH-
TepecHo 1 no3HaBaTenbHO. 310 Obina Ta Hay4Has cpefa, Ko-
Topas aBana BO3MOXHOCTb MOJIOABIM COTPYAHUKAM M acnu-
paHTaM NOHATb M OCMBIC/IUTL TEOPETUHECKOE M NPaKTUYeCcKoe
3HaueHue hapMaKonoru Kak Haykv 1 obcyaunTb pesynbTathl
npofenanHoii pabotbl (puc. 2).

C.B. AHWYKOB 0iHWM U3 NEPBLIX CO3[aN CTPYKTYPY OTAENa
tapmakonoruu, chopmupoBan nabopatopuu U Hay4Hble rpyn-
Mbl, pacnpefensis HayYHbIX COTPYAHUKOB (yuMTbIBas UX Hayd-
Hble MHTEPECHI WU JIMYHOCTHBIE 0COBEHHOCTH) TaKWUM 06pasoM,
4YTO UCCNeaOBaHWs NPOBOAWIUCH OHOMOMEHTHO N0 BCEM Ha-
NpaBNEHNSAM: CUHTE3, CKPUHUHT, LOKJIMHWUYECKMWE UCCNe0BaHms
(BbISICHEHWE MeXaHWU3Ma LLeNCTBMS), KIIMHUYECKUE UCTIbITAHMS
Br/I0Tb 40 BHEJPEHMs JIeKapCTBEHHOIO CPEACTBA B KIMHUKY.
BnocnencTteum Takylo Mogenb opraHusaumm pabotel GapMa-
KONOrMYEeCKMX LiEHTPOB CTa/l WUCMO/b30BaTb MOBCEMECTHO.

B otnene bbina uHKeHepHas rpynna, a B MIIM — 3kc-
nepuMeHTanbHble MacTepckue. 31a MaTepuasnbHO-TEXHUYe-
cKas 6asa nossonisna COTPYAHUKaM oTaena apMakonoruu

Psychopharmacology and biological narcology

Puc. 2. C.B. AnunukoB onepupyer (1972)
Fig. 2. S.V. Anichkov performing surgery (1972)

B KpaTyailLLne CpoKy pa3pabartbiBaTh Ha SKCMepUMEHTaNbHBIX
JKMBOTHBIX HOBbIE MOJENIM MaTONOrMYECKUX COCTOSIHUM, pac-
LUMPSIY BO3MOXKHOCTU NS CKPUHMHIA HOBbIX COELMHEHMIA
W M3yYeHUs MexaHu3Ma ux AenCTBuA.

OcHOBHbIM HanpaBneHWeM 1ccnenoBaHuin oTaena GapMa-
KOJIOrMM CTao M3bICKaHUe HOBbIX BbICOKOI(MEKTUBHBIX HEMN-
POTPOMHBIX CPEACTB U M3Yy4eHUe MEXaHW3MOB MX AeHCTBUA.
[Iins atoro B OTaene 6bina co3gaHa nabopatopus cuHTesa ne-
KapCTBEHHbIX BELLECTB MepBOHaYanbHO Ha base TexHonoru-
YeCKOro MHCTMTYTa (nof, PyKOBOACTBOM akageMuka AH CCCP
A.E. Nopan-Kownua), a 3atem B U3M. 31y nabopatopuio
¢ 1950 no 1982 r. sosrnaenan un.-kopp. PAMH CCCP, pokTop
XMMUYeckux Hayk Hukonan Bacunbesuy XpoMos-bopucos,
yyenuk A.E. Mopan-Kowmua.

C.B. AHnukoB n H.B. XpoMoB-bopucoB co3ganu o4eHb
MNOACTBOPHbIA TAaHAEM ABYX 3aMeyaTeNbHbIX U TanaHTn-
BbIX Y4eHblX. OHW paccMaTpuBanM CUHTE3 OPUrMHANBHBIX
(hapMaKonornyecKkux BeLLECTB He TONIbKO KaK BO3MOXHOCTb
obecneyeHns NPaKTMYECKOro 3paBOOXPAHEHUS HOBLIMU fie-
KapCTBEHHbIMU CPEACTBaMY, HO M KaK HanpaBneHue 4Nis pas-
BUTUA (yHAaMeHTanbHOW (apMaKosorui, no3sonsioLlee
BbISIB/IATE 3aBMCUMOCTb MEXAY XMMUYECKUM CTPOEHUEM
U DencTBueM (apMaKoNOrUYeCKU aKTUBHBIX COEAMHEHMH,
yTo CNOcobCTBOBAO BbIACHEHUIO MEXaHU3Ma UX TepaneBTu-
yeckux 3 deKToB.

OCHOBHOM Hayy4HbIN MHTEpPEC COTPYAHMKOB nabopatopum
(C.0. Topd, H.b. BuHorpapoea, H.W. Kyapswoea, J1.b. Muo-
Tposckuid, B.E. TMupo, M.A. lymnuc, W.A. AnekcaHaposa,
J1.H. MosHskosa, M.J1. UhpeMboM, H.M. MapacaHoBa v ap.)
CBAI3aH C UCCNef0BaHUAMM XUMUW NIEKapCTBEHHBIX BELLLECTB,
M3Yy4EHWEM CBA3M XMMMWYECKOW CTPYKTypbl € Buonoruue-
CKOW aKTUBHOCTbH), Pa3BUTUEM XWUMMUKO-(apMaKosoruye-
CKOro MOAX0Aa K MOMCKY HOBbIX JIEKAapCTBEHHBIX BELLECTB.

DOI: https://doiorg/ 10.17816/phbn635872



VICTOPUA APMAKOIIONMN

HanpuMep, B35B 3a 0CHOBY CTPYKTYPY KOEUHa, XMMUKN-CUH-
TETUKM MOAM(ULMPOBAM ero TakuM 06pasoM, YTo noyunimn
CTPYKTYpY, KoTopas NpeAcTaBnseT cobon Monekyny KodeuHa
C pa3opBaHHbIM MUPUMUAMHOBLIM KOMBLIOM M NEPEMELLEH-
HbIMW aTOMaM¥ a3oTa W yrepoaa. Tak bbina nonyyeHa HoBas
rpynna OpuruHanbHbIX HEMpOTPONHBIX CPEACTB, Ha3BaHHbIX
aHTMdenHamu. B xope nocnepytoLmx MHOTONETHUX Mcche-
A0BaHu coTpyaHuku OTaena obHapyxunu Lenbii CnexTp
MONEe3HbIX CBOWCTB, KOTOPbIE MPOSBASNN 3TU COEAMHEHUS.
OpuH 13 mMaBHbIX NpeAcTaBUTeNei 3TON Fpynnbl — 3TUMHU-
30n — C.B. AHuukoB cuutan Haubonee yoauHbIM W LEHHBIM
MOMoSIHEHWEM NeKapCTBEHHOIO apceHana.

Ewe B 1960-e rogbl C.B. AHM4KoB pa3pabotan aKTyasb-
Hblii 1 MO Cel [ieHb NOAXOA K LieNeHanpaBneHHOMY MOUCKY
HOBbIX ()apMaKONIOrMYeCKUX CPeLCTB HelpoTpOrnHoOre Aeii-
CTBMS, OCHOBaHHbIA Ha NaHOMEPHOM U3MEHEHUU CTPYKTYpbI
MPUPOLHBIX COEAMHEHWUN U BANM3KMX K HUM BUONOTMYECKM aK-
TUBHBIX BeLLecTB. bosbluoe BHMMaHWe Npu 3TOM YAENANO0Ch
UCCNEefOBaHNI0 PErynaTopHbIX CUCTEM, B MEPBY0 04Yepedb
CMHANTUYECKMX PELLeNnTopoB 1 broperynaTopoB, ¢ MCMob30-
BaHWEM CaMbIX COBPEMEHHbIX MeTofoB [1].

C.B. AHMYKOB MeuTan 0 pa3BUTUM MoJIEKYNAPHON dap-
MaKonoruv 1 npepctaensn cebe ee npegMeT Kak M3yyeHue
B3aMMOJENCTBMS aTaKyHLLMX MONEKYN BELLeCcTB — furaH-
A0B — C MofieKynamu xusoro cybcrpata. o ero MHeHwmio,
MOCKOMbKY U3bMpaTenbHOCTb [ENCTBUS Meauatopa Wi fe-
KapCTBEHHOro BeLlecTBa 06BbACHAETCA KOMMIEMEHTapHbIM
B3aMMO/ENCTBMEM C MAKPOMOJIEKYIION peLienTopa, ciefoBa-
TeNbHO, 3T0 B3aMOAENCTBIE BO3MOKHO TOJIbKO NpU Onpefe-
NEHHOM MPOCTPAHCTBEHHOM PacnofIOKEHUN aKTUBHBIX aTo-
MOB M rpynn aToMoB B MoJIEKyNe uraHaa u peuentopa [2].
B panbHeilueM ueneHanpaBneHHOe U3MEHEHWe CTPYKTYpb
MPUPOLHBIX COEAMHEHWN BbINO JOMONHEHO WUCCNEA0BaHUEM
KOH(OPMAaLMOHHBIX BO3MOXHOCTEH KaK MeaMatopoB, TaK
1 $hapMaKonorMyecku aKTUBHBIX CPEACTB PasiMyHOMo TMna
pevicteua (H.B. Xpomos-bopucos).

OcHoBy @yHAaMeHTanbHbIX (apMaKONOrUYeCcKHX Mc-
CNefoBaHuiA COCTaBNSAET M3y4YeHWe 3aBUCMMOCTM buonoru-
YECKOM aKTMBHOCTU OT XMMMYECKOIO CTPOEHMS Npenaparos,
LiesIeHanpaBeHHO CUHTE3NPYEMBIX HA OCHOBE MOLpaXaHus
CTPYKTYpe eCTeCTBEHHbIX MeA1aTopoB, B/M3KMUX K HUM Buo-
NOTUYECKW aKTUBHBIX COEAMHEHUIA U Ux MeTabonuTos. Takoii
MoAXoL, Mo3BofSeT CO34aBaThb Lefble PsiAbl HE3HAUUTENBHO
pa3nuUyaloLLmMXca Apyr OT Apyra N0 XMMUYECKOMY CTPOEHMIO
BELLECTB OJHOMO Kyacca (KOHTeHepWUYHbIM psA), 4To aeT
BO3MOXHOCTb aHanM3MpoBaTb B3aMMOENCTBME aTaKyloLLeld
MOJIEKYNbI (MUraHaa) ¢ peLienTopoM, UCCNefoBaTh CTPOEHME
peLienTopa, AMCTaHLUMOHHOM M NPOCTPAHCTBEHHOMO pacno-
NOXEHMS €ro aKTUBHbLIX LIEHTPOB, MO3BONSAET ONPEeLenuTh
nepBUYHYI0 papMaKONOrUYeCKyHo peakumio (B3auMofeincTame
NEKAPCTBEHHOTO BELLECTBA C MAKPOMOJEKYNON peLienTopa).
3HaHue 0cobeHHOCTEN CTPOEHMS peLenTopa, ero 0CHOBHbIX
XapaKTepUCTUK, B CBOK 04epefib, NO3BOMISET paccumuTaTh Teo-
PeTUYECKM, a 3aTeM U CUHTE3MPOBATb BeLLECcTBa C Onpefe-
NeHHbIMW 3aflaHHBIMU CBOWCTBaMM.

Tom 15, Ne 3, 2024

[NcrxodapMaKonoris v DVONOrMYECKas HapKONor s

Puc. 3. Ynen-koppecnonaeHt AMH CCCP npodeccop W.C. 3aBog-
CKasl, bnmxaniumin copathuk C.B. AHMUKOBa, pyKoBoaMTENb OTAENA
B 1981-1984 rr.

Fig. 3. Professor |.S. Zavodskaya, Corresponding Member of the
USSR Academy of Medical Sciences, close associate of S.V. Anich-
kov, Head of the Department in 1981-1984

3a MHorve rofibl TBOPYECKOTO COTPYAHWYECTBA XUMUKU
n dapmakonoru U3M cuHTesupoBanm u uccneposanu bonee
YeM 2 ThIC. OPUTMHANBHBIX BELLECTB, NOAYYUIM COBEPLLEHHOD
HOBbIe Kaccbl papMaKonorniyeckux npenaparos (LeHTpanb-
Hble XONMUHOIUTUKK, aHTUGEUHbI, CTUMYNATOPbI TKaHEBOrO
3HepreTM4eckoro obMeHa u fip.). CoBMeCTHbIE YCUIUS YYEHbIX
MO3BOUAM NPEAJIOKUTD K BHEAPEHMIO B KIIMHUYECKYIO MpaK-
TUKY M MPOMBILLNIEHHOE MPOWU3BOLCTBO HOBbLIE NIEKApCTBEH-
Hble Npenaparbl, Takue Kak aubason, MeTamuaun, audauun,
CUTETUH, 3TUMM30J1, NapaM1OH, TEPKYPOHUI, OEH30TeKCOHMN,
a TaKKe TMAA3UH U KpaMu3on.

OoHMM M3 BaKHeWWWX HanpasneHWit HerpodapMako-
norumM, 0CHOBOMONOXHWKOM KoToporo 6bin C.B. AHuukos,
ABNSeTCA peLleHne NpobieMbl HEMPOreHHON BUCLLEpabHOI
naronoruv 1 ee dhapMaKonornyeckas KOppeKLms C NOMOLLbIO
HenpoTpONHbIX cpencTs. PyHaaMeHTanbHBIMU UCCNeA0BaHN-
fMW MexaHu3Ma JeicTBUS HEMpOTPOMHbIX CPEACTB HA Tpo-
(uyeckue npouecchl U TKaHEBOM 0OMEH B BUCLEPaNbHbIX
cUCTEMaX MPU 3KCTPEMalbHbIX BO3LENCTBUAX HA OpraHWU3M
Ha NPOTSXKEHMM MHOTWX NIET OCYLLECTBNIANOCH NOJ, PYKOBOA-
cTBoM un.-Kopp. PAMH, npodeccopa MpuHbl CepreeBHbl 3a-
BOJICKOM, KoTopas nocsne KoHuuHbl C.B. AHnuKoBa Bo3rnasns-
na otaen papmakonorum ¢ 1981 no 1984 r. (puc. 3).

MocnepoBatenbHbIM (hapMaKoNnorMyecKuii aHaus, npo-
BOAVMBLUMIACA COTpyAHMKaMu Bo3rnasnsiemoit U.C. 3aBoackon
nabopaTopuy BbISBAN HeWMpOreHHYD Npupoay U pednexTop-
Hblii XapaKTep Mopa¥<eHWs! BHYTPEHHWUX OPraHoB, Bbi3BaHHbIX
YpesBblYalHbIM BO3LENCTBUEM Ha OpraHu3M. bbina yctaHoB-
NeHa OCHOBOMOMaralLlas pojlb CUMMATUYECKOW HepBHOM
CUCTEMBI U ee MefuaTopa HopafapeHanuHa B GopMMpoBaHuK
naToiormyeckux mpoueccos. [pu 3ToM obHapyxeHo paHee
HEM3BECTHOE fB/IEHWE — WCTOLLEHME afpPeHepruyecKoro
MeauaTopa B TKaHAX MOBPEXIEHHbIX OpraHoB, cregytoLlee
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33 NepBOHAYabHbIM €ro BbIOPOCOM, YTO ABNSETCA OAHOM
U3 NPUYUH Pa3BUTUA HEMPOreHHbIX AUCTPOGUIA. PesynbTathl
3TUX UCCNeoBaHuiA 3aperucTpupoBaHbl (1971) B KavecTBe oT-
KpbiTua (aBTopel Annukos C.B., Mopesa E.B., Kopxos B.B.,
3abpoanH 0.H., puc. 4). UccnepoBaHne HelpoXMMUYECKUX
OCHOB LIEHTpasnbHbIX MEXaHU3MOB Pa3BUTUS HENpPOreHHo
BMCLiEpaNnbHON MaToNOrMW MOKa3ano ydyacTue PasnmuHbix
MeAWaTopHbIX CMCTEM runoTanamyca B nepefade NoBPeX-
[AOLLMX MMMNYNbCOB K OpraHaM-MULLEHAM. bbinn oTMeyeHbl
3HauMTENbHbIE M3MEHEHWS B COAEPIKaHWUM HOpPaJpeHanuHa,
podaMuHa, aueTunxonuHa, cepotolnHa, TAMK, a Takoke ux
MeTabonMTOB M aKTUBHOCTU HEKOTOPbIX GepMeHTOB 0bMeHa
MepmatopoB. 06HapyeHo 3aluMTHOe AeWCTBME NpeKypcopa
HopaapeHanuHa |-A0DA npu 3KcnepuMeHTanbHbIX HEMpO-
FEHHbIX MOPAXEHWUSX CEpALa, XenyaKka, neyenu. [lokasaHo,
YTO B MPOMCXOXKAEHUM A3BbI JKENYAKA W APYrUX MOPaKEHU
BHYTPEHHUX OPraHOB peLUaloLLyio pofib MrpaeT aucbanaHc
3HepreTUyeCKoro 0bMeHa 1 nNepecTponka reHeTUYecKoro an-
napara Knetok [3-5].

BbinonHeHHble KITMHWKO-3KCNEpPUMEHTaNbHbIE McCneno-
BaHWA N0 NPUMEHEHMIO HEVPOTPONHBIX CPEACTB ANs NIEYEHMS
racTpoAyo/ieHasIbHOM M CepAeYHO-CoCYAMCTON NaTonorm no-
3BOJTUIM NPELJIOHUTD MPUHLMUNMANBHO HOBYIO CXEMY NEYEHMS
A3BeHHOW D60/1e3HK, MeMUYecKoi bonesHu cepaua, MHbap-
KTa MUOKApLa, TOH3UNOreHHbIX KapAMonaTuiA B 3aBUCUMOCTH
OT KOHKPETHbIX YCNOBUIA M CTaguu TeueHus 3aboneBaHus.
060cHOBaHO, 4TO Ha3HayeHue 60NbHBIM HeMpobnokaTopos
uenecoobpasHo TO/bKO B OCTPOM nepuode 3aboneBaHus,
KOrla 0TMeYaeTcsl Ype3MepHbIi NMOTOK HEPBHbIX UMMYNLCOB,
BbI3bIBAIOLLMX M NMOAJEPIKMBAIOLIMX HONE3HEHHBIN NpoLecc.
OpHaKo, Koraa ocTpble SBMEHUA NPEKPaLLATCs, U HacTynaeT

o

Val. 15 (3) 2024

Psychopharmacology and biological narcology

(asa penapauumu, NofaBneHUe HEPBHOM UMNYNbCALMM MO-
XeT 3aT0pMO3uTb penapaTuBHble NpoLeccsl. B 3ton ctapum,
KaK cnepyeT U3 3KCNePUMEHTATbHBIX U KITMHUYECKWX JaHHbIX,
K NpueMy MoKasaHbl CpeAcTBa, HopManusytolwme Tpodude-
CKYK0 (DYHKUMIO CMMNaToafpeHanoBoi CUCTEMbI U CTUMYIU-
pytoLLMe TKaHEBOM 3HepreTuyeckuit 0bmeH [6—10].

B 1946 r. C.B. AHnuKoB npepnioxun pasfgeneHue Xxo-
JINHOPEAKTUBHBIX CUCTEM HA MYCKapUHOYYBCTBUTESNbHbIE
M HUKOTMHOYYBCTBUTENbHbIE. C 3TOr0 BpeMeHW (apMaKo-
NOTVA LIeHTPasbHbIX XONMHOMUTUKOB CTana NS LWKONMbI
C.B. AHuukoBa BaHOM HayyHoW npobnemoii Ha Amonrue
rogpl. Mipes C.B. AHnukoBa o cylwecTBOBaHMM B LieHTpasb-
HOW HEpBHOM CUCTEME XOJIMHOPEAKTUBHBIX CUCTEM, W3-
OupaTenbHO UYyBCTBUTENBHBIX K MYCKapUHY W HUKOTUHY,
cnocobcTBoBana MOABMEHWID KNaccMbUKaLMK LieHTpanb-
HbIX M- 1 H-xonuHopeLenTopoB W CO3AaHWI0 CPELCTB, W3-
OupaTtenbHO AENCTBYIOLLMX Ha 3TW cUCTEMbI. 3TU BeLLecTBa
KaK TOHKME MHCTPYMEHTbI (hapMaKoNorMyecKoi Koppekuuu
XOSIMHEPrUYECKUX MEXaHW3MOB MO3ra HalliM CBOe MpuMe-
HeHue B KITMHUKe.

N3yyeHneM BAMSHWA HEMPOTPOMHBIX CPEACTB Ha (YHK-
UMM TONOBHOTO Mo3ra 3aHWManacb nabopatopus nog py-
KosoacTeoM npodeccopa H.C. bopoakuHa (puc. 5). Mocne
noJsly4yeHWs AOKa3aTeNbCTB 0 CYLLECTBOBAHWM 2 TUMOB XONW-
HopeLenTopoB Oblv NpoBeAeHbl UCCNe0BaHNUA MO MX pac-
npeneneHuto B cTpykTypax mo3ra (10.C. BopoakuH, B.C. Kpays,
H.A. Jloces, C.E. LLleneMexa, [1.[. LLlabaHoB). UccnenoBanuch
BHYTPULIEHTPabHbIE U BHYTPUCTPYKTYPHbIE OTHOLLIEHUS pas-
JINYHBIX OTAE0B FOI0BHOMO MO3ra, PeLlanmcb BOMPOCh! TOMM-
KM XOJIMHOPEAKTUBHBIX 1 apeHOPEaKTUBHBIX CUCTEM B CTPYK-
Typax Mo3ra, npobnembl (apMaKoNorM4ecKol perynsauum

Puc. 4. Astopbl oTKpbITHS (1971), cneBa HanpaBo cuasaT: U.C. 3aBoackas, C.B. AHuukos, E.B. Mopesa, ctosT: 0.H. 3abpoauH, B.B. Kopxos
Fig. 4. The authors of the discovery (1971), from left to right sitting: 1.S. Zavodskaya, S.V. Anichkov, E.V. Moreva, standing: 0.N. Zabrodin,

V.V. Korkhov
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Puc. 5. CotpygHukm otpena H0.C. bopoakuH (B ueHtpe), H.A. Jloce (cnesa)
n C.E. lLlenemexa (1979)

Fig. 5. Department staff: Yu.S. Borodkin (in the center), N.A. Losev (on the left),

and S.E. Shelemekha (1979)

npoueccoB hopMUpOBaHNSA KPaTKOCPOYHOI M ONITOCPOYHOIA
namaTu, GopMUPOBaHMA CTaBUNBHBLIX QYHKUMOHANBHBIX CBS-
3eil Mexay 0bpa3oBaHUAIMM MO3ra U PasINiHBIMKA aHanu3a-
Topamm (puc. 6).

CpeaM MHOXeECTBA CUMHTE3MPOBAHHLIX HOBbIX CO-
eOMHEHU ObiM BbISIBNEHBI COeuHEHMs, obnagaiouimne
n3bumpatenbHbIM - M-XonuHOONOKMpYOWNMM  (MeTaMKU3mN)
1 H-xonuHobnokupylowmM (3tepodeH) ceolictBamu. C uc-
No/b30BaHUEM 3TUX COELMHEHWUA OblN OTKPLIT paHee Hews-
BECTHbIN (hEHOMEH PEeLUNPOKHOTO B3aUMOLEWCTBUA MeXay
M- n H-xonuHopeakTuBHbIMK buocucTeMaMn B npefenax
€AMHOM XOIMHEPTUYECKOI CMCTEMBI OpraHu3Ma. BospelicTays
yepe3 M- 1 H-xonnHepriyeckue MexaHusMmbl, BO3MOXKHO Kop-
PeKTMpoBaTb AucbanaHc CepoToHWHA, HOpPaApeHanuHa, Ao-
tamuHa npu 3aboneBaHuUsX Mo3ra M HelpofereHepaTMBHbIX
MopaeHnsX BUCLIEPaTbHbIX OPraHoB.

B 1980 r. nabopatopus npodeccopa H0.C. bopoakuHa bbina
BbIJiE/IEHa B CAMOCTOATENbHBIN OTAEN GapMaKonorum naMsTv
u noeenenus. B atoM otpene nop pykoeogcteoM H0.C. bo-
PoAKMHa Bbinn pa3paboTaHbl METOAONOTMYECKUE MOAXOAbI
K JIEYEHMIO HapYLUEHWUA NaMATU B IKCTIEPUMEHTE W KITUHUKE,
MnoKasaHa LienecoobpasHocTb COYETaHHOro NPUMEHEHUS HOO-
TPOMOB Y NCUXOCTUMYNSTOPOB AN KOPPEKLMM MHECTUHECKUX
PaccTpocTB, 06YCNOBNEHHBIX Pa3fIMiHbIMUA BO3LENCTBUAMU.

B 1984 r. cywecTBoBaHMe AByX (apMaKonormyecKux
nogpasgenendmi B M3M 6bino npusHaHo Heuenecoobpas-
HbIM 1 6bln BOCCO3AaH eauHbIA 0TAeN GapMaKonoru UMeHu
C.B. AnnukoBa, KotopeiM o 1991 r. pykosoaun npodeccop
t0.C. bopoakuH.

(apMaKonormyeckme CBOMCTBA XOJIMHONMTUKOB Oblin
OXapaKTepu30BaHbl yueHnkamm C.B. AHnukoBa — npodecco-
pamu C.C. KpbinosbiM u [1.11. [enuncenko. [JancHeiwee pas-
BUTUE 3TW MCCEeAoBaHWA noyumnu B pabotax mpodeccopa

Tom 15, Ne 3, 2024
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Puc. 6. B anektpoduanonormyeckoir naboparo-
pun H.A. Jloces (cnpasa) u C.E. Lenemexa (1979)

Fig. 6. In the electrophysiological laboratory,
N.A. Losev (on the right) and S.E. Shelemekha (1979)

H.A. JloceBa (puc. 7) n ero coTpyoHUKOB COBMECTHO C XUMMU-
KaMU-CUHTETUKaMW NabopaTopum CUHTE3a JIEKAPCTBEHHbIX
BELLLECTB.

Wcxons 13 peLmnpoKHOCTU B3aMMOLENCTBUS MEXY My-
CKapuHO- U HUKOTUHO- (M- 1 H-) YyBCTBUTENBHBIMM XONK-
HOpEeaKTMBHBLIMK cucTeMaMu, paspabotaHo 16 HoBbIX croco-
6oB neyeHus pasnuuHbix 3aboneBaHui. Bce oHM BHeapeHb
B KJIMHWYECKYI0 NpaKTuKy. Ha cnocobbl neyeHus nomyyeHo
16 aBTOpCKMX CBUAETENLCTB WMAM NaTeHToB. MccnenoBaHus
0006LLeHbl B MOHOrpaduu, onybnukosanHon B 2015 r. [11].
B Heit npoaHanuanpoBaHbl pe3ynbTaThl UCCNEA0BAHUNA, KO-
TOpble BLINOMHANN YYEHbIE HA MPOTSKEHWM MHOTUX JIET,

Puc. 7. 3acnyxeHHblit pestenb Hayku Poccuiickoin Qepepaumu,
npodeccop H.A. Jloces, pykosoauTens nabopatopuu Xummumn v dap-
MaKo/I0ru NIEKapCTBEHHbIX CPeacTs

Fig. 7. Professor N.A. Losev, Honored Scientist of the Russian
Federation, Head of the Laboratory of Chemistry and Pharmacolo-
gy of Medicinal Agents
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Puc. 8. [JoKTop MeAMLMHCKMX HayK CTapLUMiA Hay4HbIA COTPYAHUK
H.C. CanpoHos onepupyer (1982)

Fig. 8. N.S. Sapronov, Doctor of Medical Sciences, Senior Re-
searcher, performing surgery (1982)

noapobHo onucaHbl HOBbIE MEAULMHCKUE TEXHONOIWM Neye-
HWSA pacnpocTpaHeHHbIX COMATUYECKMX, NCUXOCOMATUYECKMX,
HEBPONOrUYECKMX W NCUXUYECKMX 3aD0NEBaHUIA, B TOM umche
nopa<eHui nepudepuyeckmx HepBoB (IMLLEBOrO, CYXOBO-
ro, 3puTenbHOro), 060CTPEHMIA A3BEHHOI U TUNEPTOHUYECKOV
BonesHW, MapKMHCOHM3Ma, LETCKMX LiepebpasbHbIX CnacTu-
YecKuX Mmapanuyeii (c npeobnajaHueM NUPaMULHON CUM-
nToMaTukK). KnnHuyeckvie uccnenoBaHns CBULETENbCTBYIOT,
YTO MpU NPUMEHEHUM Ha (QOHE XOIMHEPTMYECKOW Tepanuu

Puc. 9. Mpodeccop H.C. CanpoHos (cTouT) 1 cTapLumMiA Hay4HbIN CO-
TPYOHWK KaHAMAAT MeanumnHckux Hayk 1.1, LLabaHos 3a Hanuca-
HWEM Hayy4HoM cTaTbm (1989)

Fig. 9. Professor N.S. Sapronov (standing) and P.D. Shabanov, Se-
nior Researcher, Candidate of Medical Sciences, writing a scientific
article (1989)

Val. 15 (3) 2024

Psychopharmacology and biological narcology

npenapartoB ApYrux MeauaTopHbIX rpynn 3GheKTMBHOCTb No-
CleH1X MOBLILIAETCA Ha NOPSAOK, YTO MO3BONISIET CHUXATb
[03VPOBKY NPUMEHSIEMbIX JIEKAPCTBEHHBIX CPEACTB U MUHU-
MU3MpOBaTh MX NoboyHble addeKThl. MoyyeHHble pesynbTa-
Tbl — OAMH M3 PeOKWUX CNyyaes, Korda (yHOAMEHTamNbHble
UCCNELOBaHUS HALLMM MOJTHOE MOLTBEPXAEHUE B KIMHUYeE-
CKOW NpaKTHKe.

OoHWM U3 TPAZMUMOHHBIX HANpaBneHWN WUCCNeaoBaHUM
othena dapMakonorum Bcerfa 6bbino U3yyeHue [enCTBUSA
(bapMaKonorMyeckux BeLLecTB Ha QYHKLUMIO SHOOKPUHHbIX
xene3. WccrenoBaHus BAMSHWA HEWPOTPOMHBIX CPEACTB
Ha BYHKUMIO 3HOOKPUHHBIX Xene3, Hauatble C.B. AHNUKOBEIM,
nonyynnu JanbHerilee pasBuTHe B paboTax YYEHMKOB ero
wrkosbl (benoyc A.A., Poixkenkos B.E., CanpoHos H.C., bex-
Tepesa 3.M1.).

[na dapMaKonoruyeckoi KOppeKLUM FOPMOHANbHBIX
HapyLLEeHW Bbin NPeLNoKeH pAd, HelpOTPOMNHBIX Mpenapa-
TOB M3 Pas3nuyHbIX rpynn. OAMH U3 HUX — OPUrMHAMLHBIA
npenapaTr 3TUMMU30/l, aKTMBUPYIOLLMIA CUCTEMY «TUMOTa-
namyc—-runogus—Kopa Hagno4YeyHUKOB» U MOBbILIAKLLMIA
YyBCTBUTENBHOCTb KOpPbI HaanoveyHnKoB K aenctauio AKTT,
4TO NO3BOIMNO PEKOMEH[0BATh Npenapar npu 6poHXUanbHol
acTMe 1 pasfinyHbIX 3ab0NeBaHUAX BOCNANUTENBHOMO XapaK-
Tepa. YCTaHOBNEHO, YTO 3TMMMW30M NPensATCTBYeT 0bpaTHOMY
HEeraTUBHOMY [eMACTBMI0 KOPTMKOCTEPOMAOB Ha runorana-
MUWYECKME LIEHTPbI, YMEHbLLAET aTpoduUyecKue U3MeHeHUs
B KOpe HafnoyeyHUKOB MPW IKCMEpPUMEHTaNbHOW Tepanuu
KOPTMKOCTEPOUAAMM, YrHETaeT FOHafO0TPOMHYyl0 GYHKUMIO
runogusa. bbino 060CHOBaHO W NpeaoXeHO NpUMEHEHME
LLeHTpanbHoro M-XoNuMHONMTUKA MeTaMu3una Ans npeMeau-
KauuW B XUPYPruyecKoi NpaKTUKe B LENsX npemynpexie-
HWA UCTOLLLEHWS PE3epBOB KOpbl HAAMOYEYHUKOB NpW one-
paTuBHbIX Bo3AelcTBuAX. Co3faH U BBELEH B KIIMHWUYECKYHO
NPaAKTUKY OPUrMHANbHBIM MpenapaTt CUreTUH, YCMeLHo
MPUMEHSEMBIN MPU CUMNTOMaX BHYTPUYTPOOHOM achuKcum
nnoga.

C 1992 no 2013 r. oTmen HelMpodapMaKonoruu BO3rJIaB-
nan yqenuk C.B. AHnukosa u B.E. PbikeHkoBa — un.-Kopp.
PAH npodeccop Hukonaii Cepreesny CanpoHoB (puc. 8, 9).
Pabotbl H.C. CanpoHoBa B 0bnactu HelipodapMakonorum
U HEWPO3HIOKPUHONOMUM CBA3aHbI C W3bICKAHWEM HOBBIX
HEVPONPOTEKTOPHLIX CPeACTB And  (hapMaKonornieckon
KOPPEKLMM NOpajKeHMIn HepBHOWM CUCTeMbI U 3aboneBaHuii
BHYTPEHHWUX OPraHoB, B reHe3e KOTOPbIX BEAYLLWM SBASETCS
HeliporeHHbIN dakTop. Haubonee 3HaunTenbHbIe AOCTUMHEHMS
CBAA3aHbI C U3Y4EHUEM POSIM MOHOAMUHEPTUYECKUX CTPYKTYp
TONOBHOTO MO3ra B Perynsuuv 3HAOKPUHHBIX BYHKLMIA opra-
HW3Ma U y4acTUs ropMoHaNbHbIX (akTopoB B GopMMpoBa-
HUM BbiclUMX GYHKUMA Mo3ra. 3Toi npobneMe NOCBSALLEHbI
ero MoHorpadum «®apmakonorus runousapHo-Haanoyey-
HWKoBOW cucTeMbl» [11], «lopMoHBI rMNoTanamo-runodusap-
HO-TUPEOUAHOM cuCTEMbI M Mo3r» [12], «[opMoHbI rUnoTana-
MO-runom3apHo-HaLMOYEYHUKOBON CUCTEMBI M Mo3r» [13].
Mon ero pykoBoACTBOM CO3[aHbl OPUrMHasbHbIE Mpenaparbl
KpaMu3on, Taypenap, TayputMaH u ap.
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Puc. 10. KanycTHuk cotpyaHuKoB otaena Ha 85-netHeM tobunee C.B. Annukosa (1977)
Fig. 10. An amateur concert party of the department staff at the 85th anniversary of S.V. Anichkov (1977)

C.B. AHMYKOB ¥ €ro KO 3aN0KuAn 0CHOBbI Ans opra-
HWYHOTO 0OBEAMHEHUS 3KCMEPUMEHTANIbHOW (apMaKonoruu
c ¢u3nonorven, natonorueit u buoxummeir. Takoi nogxon,
MPEeLOCTaBNAET LUMPOKME BO3MOXHOCTM He TONBKO A U3yde-
HWSA NaTONIOrMYECKMX MEXaHU3MOB, Pa3BMBAIOLLMXCA NPU IKC-
nepyMeHTaNnbHOM BO3[eMACTBUM Ha OpraHn3M, HO U OTKPbIBaEeT
nepcneKTUBbI AN UCMOJb30BaHWA (YHAAMEHTabHbIX UCCe-
JI0BaHWUI B KJIMHUYECKON MeauLIMHE.

BpeMs Kak nyyLuuii KpuTepuit UCTUHBI NOLTBEPAMNO HM3-
HEHHOCTb 0CHOBHbIX KoHUenuuiA C.B. AHM4KOBa U ero LLKonbI
B 00nacTn QyHAaMeHTaNbHBIX M NPUKIIALHBIX UCCNEA0BaHMN.

310 He 03HayaeT yTo BCe pa3pabaTbiBaeMble C.B. AHMYKOBLIM
MOJIOXEHUS 0CTANNCh HEM3MEHHBIMU, HO OHM crocobCcTBOBa-
NN NOSBMIEHMI0 HOBbLIX HANPaBfiEHWI, CaMOCTOATENbHO pas-
BWUBAEMBIX Y4EHUKaMU W NOC/e0BaTENSAMM M0 LLUKOSIbI.
Xotenocb 6bl OTMETUTb, 4TO B OTAene (apMakono-
TMW He TONBbKO 3aHUManUCb Hay4HbIMU UCCNEA0BaHUAMM,
HO W yMenu otabixatb. Hanpumep, B KaHyH HoBoro roga,
Ha AHW POXXAEHMS YCTPaUBannCh TaK Ha3bIBaeMble KamyCTHU-
KM, KOCTIOMUPOBaHHbIE NpeAcTaBneHns. B cueHapum npasg-
HWKa B LYTNMBOHA opMe OTpaXanucb OCHOBHbIE COBLITUS
u pocTvxenua Otaena u uuctutyTa (puc. 10). C.B. AHnuKoB

Jeof Moy hddex

7

Pharm band of Inst &xp Med.

Puc. 11. No3apaBuTenbHas oTKpbITKA C COTPYAHUKaMK oTaena K HosoMy rogy
Fig. 11. New Yeanrs greeting card with the department staff
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Puc. 12. CoTpynHuKM OTAena Ha exerofHoM nocetuexuy Morunel C.B. AHnukoBa 8 okTabps, B aeHb cestoro Ceprus PagoHexckoro (2003)
Fig. 12. Department staff at the annual visit to S.V. Anichkovss grave on October 8, the feast day of St. Sergius of Radonezh (2003))

Nobun NpasgHNUKY, 04eHb LEHUN LIYTKM U KanycTHUKK. K Ho-
BOMY rofly BbINycKanmMcb oTKpbITKU. Ha puc. 11 HoBorogHss
OTKPbITKA C JAPYMECKUM LUApPXEM Ha COTPYAHMKOB OTAe-
na — opKecTp nog ynpaeneHueM aupikepa C.B. AHuukosa.

HayuHas wKoma — He TONbKO HayyHoe HanpaereHue,
U3yyeHWe MeTOLOB M MEeTOLONIOMMW UCCNefoBaHMiA, 3T0 3Ha-
HWe WCTOKOB, KeM U uTo Bbino caenaHo ao Tebs. 310 3Ha-
HWe No3BofseT BblbMpaTb CBOE HaNpaBneHWe U HECTW HOBOE
3HaHuWe CriefyloWwmUM noKoseHuaM. bes npolwunoro Het byay-
wero. 8 oKktabps — AeHb Te3oumennTcTBa C.B. AHnykoBa —
Mbl CYMTAEM [HeM oTena. B 3ToT AeHb cOTpynHWKM oTaena
yxe bonee 30 net nocewatot borocnoBckoe Knagbuie, roe
noxopoHeH C.B. AHM4KoB (puc. 12), M NpoBOLAT BCTPEUM B €r0
namsaTb (puc. 13).

HayuHble cotpynHuky, paboTatolwime B HacTosiLLee BpeMs
B OTAeNie HelpodapMaKonoruu, — 370 YKe YYEHUKW yde-
HukoB C.B. AHuukosa: MMetp Omutpuesuy LabaHos, JleoH
Bopucosuy MuotpoBckuii, Banepuii EBreHbesny Mupo, Hata-
nbs HukonaesHa Ky3HewoBa, Onbra MuxaiinosHa PogmoHoBa,
Enena HukonaesHa CenvHa, Jiogmuna KoHctaHTMHOBHA XHbI-
UEHKO, — KOTOpble YYWITUCh B acmupaHType wuiu pabotanu
B o1aene npu C.B. AHnukoBe. Mbl Bcerga ¢ 6onbLUoii TennoTon
1 6narofapHoOCTbI0 BCMOMMHAEM HALLUX YYWTENEN, CTapaeM-
€A COXpaHATb Tpaanumu wronbl C.B. AHnukoBa u HapeeMmcs,
4TO HOBOE MOKO/EHME UX NPOAOIIKMT.

Puc. 13. CotpyaHukm otnena nocne 3acefnanus, nocesiieHHoro namati C.B. Andkosa (2004)
Fig. 13. Department staff after a meeting dedicated to the memory of S.V. Anichkov (2004)
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KoHdnukT uHTepecoB. ABTOp [eKNapupyeT OTCYTCTBUE SIBHBIX
W NOTEHLMANbHBIX KOH(MKTOB MHTEPECOB, CBA3aHHbIX C NybnMKa-
LIMEN HACTOALLIEN CTaTbM.

WUcTouHuK dmHaHcMpoBaHUA. ABTOp 3asBNSieT 06 OTCYTCTBUM
BHELLHEro hMHaHCMPOBaHWA.
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