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Research Article

Antidyskinetic activity of new derivatives of inydazol-
4,5-dicarbonic acid in a parkinsonism experimental
model due to administration of 6-hydroxydopapine

Vladimir D. Dergachev', Ekaterina E. Yakovleva'?, Mariya A. Brusina',
Eugeny R. Bychkov', Levon B. Piotrovskiy', Petr D. Shabanov'

! Institute of Experimental Medicine, Saint Petersburg, Russia;
Z Saint Petershurg State Pediatric Medical University, Saint Petersburg, Russia

Abstract

BACKGROUND: Levodopa therapy currently remains the clinical method of choice for patients with Parkinson’s disease.
However, in the late stages of the disease, approximately 80% of patients receiving treatment developed levodopa-induced
dyskinesia. The studied substances are derivatives of imidazole-4,5-dicarboxylic acid. Their pharmacological effect is produced
due to interaction with the recognition site of NMDA receptor, which, together with their high efficiency, implies that they are
safer than previously available drugs in this pharmacological group.

AIM: To study the antidyskinetic effect of IEM2295 and IEM2296 derivatives of imidazole-4,5-dicarboxylic acid.

MATERIALS AND METHODS: The model is based on the toxic effect of 6-hydroxydopamine on rat brain tissue. The first
(control) group of rats received injections of only Levodopa and Benserazide, the second group received injections of Levodopa,
Benserazide, and the test substance IEM2295, and the third group received injections of Levodopa, Benserazide and the test
substance |EM2296. Each group was evaluated based on three criteria: motor function violations, limb dyskinesia, and axial
and chewing dyskinesia. The severity of motor functions was graded on a scale of 0 to 4 points at 35, 70, 105, and 140 minutes
after injection of the above substances, where 0 and 4 represent the absence and most pronounced degree of pathological
movements, respectively.

RESULTS: The result analysis showed that the greatest effect on reducing the severity of limb dyskinesia, axial dyskinesia,
and chewing dyskinesia in rats was observed at 105 and 140 minutes after injections of the studied substances. Statistically
significant differences between the control group and rats receiving injections of the studied substances were revealed at all
the time points for limb dyskinesia; i.e., at 35, 105, and 140 minutes for axial dyskinesia and at 105 and 140 minutes for chewing
dyskinesia.

CONCLUSIONS: In the experimental model of parkinsonism, IEM2295 and IEM2296 show antiparkinsonian and antidyskinetic
activity because they reduce the severity of motor function disorders in rats with levodopa-induced dyskinesia. The
results indicate the prospects for continued development of these substances and further research for effective and safe
antiparkinsonian agents among compounds of this class.

Keywords: 6-hydroxydopamine; dyskinesia; levodopa-induced complications; NMDA; Parkinson’s disease; parkinsonism
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HayuHas ctaTtbs

AHTUAUCKUHETMYECKAA aKTUBHOCTD

HOBbIX NPOMU3BOAHLIX UMMAA30M-4,5-ANKAPOOHOBBIX
KUCNOT B 3KCNepUMeHTaNnbHOW MOAENM NapKUHCOHU3MA
C BBefieHeM b6-ruapokcnaodammHa

B.0. [lepraues’, E.E. Akosnesa" 2, M.A. Bpycuna', E.P. Bbiukos', J1.6. Muotposckmi’, M./, LLabaHos'

" NHCTUTYT 3KcnepuMenTansHon Meavumibl, CakT-TMetepbypr, Poccus;
2 CaHKT-MeTepbyprckuii rocyapcTBEHHbIN NeaMaTpUUecKnii MeANLIMHCKIA yHuBepcuTeT, CankT-TeTepbypr, Poccua

AuHomauyus

AxTtyanbHocTb. 3aMecTUTeNbHas Tepanus NeBoLOMNON 0CTAeTCA B HACTOALLEe BPEMS KIIMHUYECKUM MeTofoM Bbibopa Ans na-
LMeHTOB ¢ bonesHbto MapkuHcoHa, Ho npumepHo y 80 % nmaumeHTOB, NONMyYaloLLMX NleYeHWe, pa3BUBAETCA MHAYLIMPOBaHHas
NeBOLOMNOW AUCKMHE3NS Ha MO3JHMX CTaauax 3aboneBaHus. ViccnepyeMble BellecTBa NpeACTaBAKT c000M NPOM3BOAHbIE
UMuaason-4,5-aukapboHoBoii kucnotbl. Ux dapMakonormyeckuin addeKT peanusyetcs 3a cyeT B3aMMOLENACTBUSA C Y3Halo-
wmm caiitom NMDA-peuenTopa, UTo, Hapsgy € BbICOKOW 3 heKTMBHOCTLIO, NO3BONIAET NpeAnonaratb Ux bonee BLICOKYIO be3-
0MacHOCTb MO CPABHEHMIO C paHee CyLLeCTBYHLUMMM NIeKapCTBEHHBIMU CPEACTBaMM [aHHOW (hapMaKOoorMyecKon rpynmbl.
LUenb — u3ydyeHMe aHTUOMCKMHETUYECKOTrO AEACTBUS MPOWU3BOAHBLIX WMMWAA301-4,5-AnKapboHoBon Kucnotel N3IM2295
n N3IM2296.

Marepuanbl u Metoabl. Mogenb OCHOBaHa Ha TOKCMYECKOM [ENCTBUM 6-TMAPOKCMAOhaMMHA Ha MO3TOBYI TKaHb KpbIC.
1-2 (KOHTPONbHaA) FPyNNa KPbIC NoMyYana MHbEKLMM TONBKO JIEBOAONBI M DeHcepasuaa, 2-a rpynna — MHLEKLUMW NeBOLO-
nbl, beHcepasnaa n uccnegyeMoe BewlectBo N3IM2295, 3-s rpynna — uHbeKUMM neBofonbl, beHcepasuaa u uccneayemoe
BewecTBo M3IM2296. Kapas rpynna oueHuBanach no 3 KpUTepWsM HapyLUeHWA ABUraTeNbHbIX QYHKUMIA: OUCKUHE3NS KO-
HEYHOCTel, 0ceBas AMCKWHE3NA U KeBaTeNibHas AMCKUHE3Ms. OLieHKa BbipaXKeHHOCTW ABuratebHbiX (YHKUMIA NpoBoamiach
no wkane ot 0 no 4 6annos Ha 35, 70, 105 u 140-1 MUHYTax nocne BBEAEHWSA BhbiLENEPEYNCTIEHHBIX BellecTs, rae 0 — 3to
OTCYTCTBME NATONOMMYECKUX ABVMKEHWUNA, @ 4 — Hanbonee BbIpaXKeHHas CTEMeHb NaTONIOTMYECKUX JBUKEHUIA.

Pe3ynbtathl. AHanM3 pe3ynbTatoB NoKasan, uto HambonbLUMii 3GMEKT CHUKEHWSA BbIPAXKEHHOCTU OUCKUHE3NWN KOHEYHOCTE,
0CEBOW IUCKWMHE3UM W XeBaTesbHOM AUCKUHE3WM Y Kpbic Habntopanca Ha 105-1 u 140-1 MuHyTax nocne BBeLEHMSA UcCeay-
eMbIX BeLlecTB. CTaTUCTUYECKN 3HAUMMbIE Pa3fINyUA MY TPYMMon KOHTPONS U FPYMMoM KpbIC C BBELEHUEM UCCIEAYEMBIX
BeLLeCTB bbiK BbISB/EHbI HAa BCEX BPEMEHHbIX TOYKAX A4S AUCKMHE3NM KoHeyHocTer, Ha 39, 105 u 140-1n MuHyTax ans oce-
BOM AMCKMHe3uK, a Takxke Ha 105-1 n 140-i1 MuHyTax Ans eBaTenbHOW AUCKUHE3NN.

3akniovenue. [ponssoaHble UMUAA30M1-4,5-auKapboHoBo Kucnotel M3AM2295 u U3M2296 obnaaatoT NpoTMBONAPKMHCOHU-
YECKOM W aHTUAMCKMHETUYECKOW aKTUBHOCTbIO, TaK KaK CHUKAIOT BbIPaXKEHHOCTb HapyLUEHWIA ABUraTeNlbHbIX QYHKLMIA Y KpbIC
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BACKGROUND

Parkinson’s disease (PD) has a major effect on society.
For reasons that are not yet fully understood, its incidence
and prevalence have increased rapidly over the past two
decades, probably due to rapid population aging. PD has
a huge personal burden. Levodopa replacement therapy
remains the current clinical treatment of choice for patients
with PD; however, levodopa-induced dyskinesia (LID) occurs
in approximately 80% of patients treated for advanced PD
[1, 2]. The uniqueness of this degenerative disease is related
to its chronicity, that is, it can persist for decades [3, 4].

Motor symptoms include bradykinesia, muscle rigidity,
resting tremors, and postural instability. Patients with PD
also experience various non-motor symptoms such as sleep
disturbances, dementia, sensory impairment, and autonomic
dysfunction [5-7].

The typical disease course is slow progression with
increasing disability. PD also places a significant burden
on caregivers and an increasing socio-economic burden on
society [8, 9.

The marked heterogeneity of symptoms makes PD
an ideal disease for evidence-based medicine, in which
treatment methods such as pharmacotherapy, neurosurgery,
and rehabilitation must be individually selected in accordance
with the priorities and needs of each patient and, ultimately,
with his/her genetic or other specific biological characteristics.
However, this important advancement toward personalized
medicine should not be overstated, as patients with PD
also share common pathophysiological pathways, such
as neuroinflammation or mitochondrial dysfunction; thus,
certain treatments can benefit many people having diseases
with seemingly different forms of development [6, 10].

Role of glutamate and NMDA receptors
in the pathogenesis and treatment of PD

Glutamate is the main excitatory neurotransmitter in the
brain and is involved in the regulation of various neurological
functions. NMDA receptors are a subtype of glutamate
receptors that play important roles in synaptic plasticity,
learning, and memory. In PD, growing evidence shows that
the dysregulation of NMDA receptors may contribute to its
pathophysiology [11, 12].

In PD, excitotoxicity is believed to be one of the main ways
that involve the NMDA receptors. As dopamine levels decrease
in the brain, glutamate release relatively increases, which can
lead to the overstimulation of NMDA receptors and ultimately
to neuronal damage. In addition to their role in excitotoxicity,
NMDA receptors may be involved in the development of non-
motor PD-related symptoms such as cognitive impairment
and depression. Studies have shown that functions of
NMDA receptors are altered in various brain regions in
patients with PD and that these changes may contribute to
the development of these non-motor symptoms [11, 13, 14].

Vol 14 (3) 2023

Psychopharmacology and biological narcology

While the role of glutamate in PD is still being investigated,
targeting glutamate neurotransmission may represent
a potentially new therapeutic approach for this disease.
For example, drugs that modulate glutamate receptors or
reduce glutamate release have shown promising results in
preclinical studies and clinical trials [15, 16].

Effect of levodopa on the development
of dyskinesias

Levodopa, prescribed in combination with carbidopa,
is the most commonly used drug for PD treatment. As the
disease progresses, nearly all patients with PD undergo
dopamine replacement therapy using levodopa. Although
levodopa is the gold standard in the treatment of PD and
may alleviate PD symptoms, it has side effects with long-
term use [17, 18].

LID develops in approximately 80% of patients
treated for advanced PD. A deeper understanding of the
pathological mechanisms of LID and possible ways to
compensate for them would substantially improve the
treatment outcomes of patients with PD and reduce the
complexity of drug use and side effects, thereby improving
the quality of life and prolonging the life cycle. In Russia,
only one noncompetitive NMDA blocker (amantadine) is
registered for the treatment of PD. Various NMDA receptor
antagonists are undergoing preclinical and clinical trials.
Currently, amantadine and other NMDA receptor ligands
under evaluation are the most relevant methods to eliminate
LID [1, 2, 19, 20].

The study aimed to analyze the antidyskinetic effect of new
ligands of the glutamate NMDA receptor complex, namely,
1,2-substituted imidazole-4,5-dicarboxylic acids (IEM2295
and IEM2296). Based on the results of previous studies on the
activity of imidazole dicarboxylic acid derivatives and given
the similarity in the pharmacological action of amantadine
and the studied compounds, IEM2295 and IEM2296 were
assumed to demonstrate pronounced antidyskinetic activity
[21-23].

MATERIALS AND METHODS

A total of 25 rats were examined, and some were ex-
cluded from the study during the experiment. The model was
based on the toxic effect of 6-hydroxydopamine (6-HODA) on
the rat brain tissue [24, 25]. Given that 6-HODA penetrates the
blood-brain barrier poorly, the solution was injected directly
into the brain tissue through a previously provided trepana-
tion access; the surgical intervention was performed under
aseptic conditions with preliminary anesthesia. Thirty min-
utes before the administration of 6-HODA, desipramine was
injected intraperitoneally to enhance the selective toxic ef-
fect on dopamine neurons. The 6-HODA solution was injected
unilaterally into the compact area of the substantia nigra
according to the coordinates of the stereotaxic atlas. The
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neurotoxin was injected using a Hamilton syringe at a rate
of 1 uL/min.

Three weeks after surgery, the animals were placed
in polycarbonate boxes, and to assess the severity of the
damaging effect of the neurotoxin, d-amphetamine sulfate
was administered once. After 30 min, ipsilateral movements
were recorded (i.e., symptoms of damage to the cells
of the substantia nigra), and the rats that demonstrated
symptoms were included in the experiment. The remaining
animals were divided into three groups of six animals
each. Group 1 (control) received injections of only levodopa
and benserazide, group 2 received injections of levodopa,
benserazide, and IEM2295 at (test substance) a dose of
30 mg/kg, and group 3 received injections of levodopa,
benserazide, and IEM2296 (test substance) at a dose of 20
mg/kg. The doses of the studied compounds were selected
from those that demonstrated the highest antiparkinsonian
activity in previous experiments.

Each group was assessed according to the three criteria
for motor dysfunction, namely, limb dyskinesia, axial
dyskinesia, and masticatory dyskinesia.

The severity of motor functions was assessed on a scale
ranging from 0 to 4 points 35, 70, 105, and 140 min after
the administration of the above substances, where 0 was
the absence of pathological movements, and 4 indicated the
most pronounced degree of pathological movements.

Results were statistically processed using MS Excel 2010
and BioStat 2009. The normality of data distribution was
determined using the Shapiro—Wilk test. The significance of
the differences in values between groups was determined
using the Newman—-Keuls rank test.

RESULTS

When assessing limb dyskinesia (Fig. 1), statistically
significant differences were revealed between the control
group and the IEM2295 group at the 70™ (p = 0.028846),
105" (p = 0.000203), and 140" (p = 0.000195) minute and
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between the control group and the IEM2296 group at the 70"
(p = 0.039564), 105" (p = 0.000208), and 140™ (p = 0.000173)
minute.

In the assessment of axial dyskinesia (Fig. 2), statistically
significant differences were found between the control group
and group 2 at the 35" (p = 0.027807), 105™ (p = 0.005529),
and 140" (p = 0.001275) minute and between the control
group and group 3 at the 105" (p = 0.019900) and 140"
(p = 0.001174) minute.

When assessing masticatory dyskinesia (Fig. 3),
statistically significant differences were found between
the control group and group 2 at the 105" (p = 0.009257)
and 140" (p = 0.000461) minute and between the control
group and group 3 at the 105" (p = 0.020323) and 140"
(p =0.000266) minute.

In other cases, no statistically significant differences
were noted.

DISCUSSION

The results of the experiment indicated that the new
ligands of the glutamate NMDA receptor complex, namely,
IEM2295 and IEM2296, demonstrated antiparkinsonian and
antidyskinetic activities because they reduce the severity of
motor dysfunction in rats with LID in an experimental model
of parkinsonism.

Analysis of the results revealed that the greatest effect
on reducing the severity of limb dyskinesia, axial dyskinesia,
and masticatory dyskinesia in rats was registered at the
105" and 140" minute after the administration of the test
substances. Statistically significant differences between the
control group and the test group were detected at all time
points for limb dyskinesia; at the 35", 105", and 140" minute
for axial dyskinesia; and at the 105" and 140" minute for
masticatory dyskinesia.

The main hypothesis is that the new ligands of the
glutamate NMDA receptor complex, namely, 1,2-substituted
imidazole-4,5-dicarboxylic acids (IEM2295 and |EM2296),

Minimum score Median Maximum score
A MuHUManbHbIA bann MeaunaHa MaKkcuManbHbIii bann
3
2
1
0 . . . . . .
= R B &8 B R B 8 B R B B
Control Group IEM2295 IEM2296
[pynna KoHTpons M3M2295 N3IM2296

Fig. 1. Results of the assessment of limb dyskinesia
Puc. 1. PesynbTathl OLEHKM AUCKUHE3NW KOHEYHOCTEN
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Fig. 2. Results of the assessment of axial dyskinesia
Puc. 2. PesynbTaTbl OLIEHKM 0CEBON AUCKUHE3NM
Minimum score Median Maximum score
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3
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[pynna KoHTpons N3IM2295 N3IM2296

Fig. 3. Results of the assessment of chewing dyskinesia
Puc. 3. Pe3ynbTathl OLEHKM eBaTeNbHON AUCKUHE3NM

have antidyskinetic activity because of their noncompetitive
antagonism ability, that is, NMDA-blocking effect when
interaction with hyperactive glutamate receptors of
the striatum helps dispose of peak-dose dyskinesias
[18, 26-28].

CONCLUSION

The studied compounds demonstrated a pronounced
antidyskinetic effect on the model with the administration
of 6-HODA. Considering their effect on the glutamatergic
system, the most effective method might be the combination
with other antiparkinsonian drugs, which will allow interaction
with all pathogenetic links of PD [29].

The results indicate the prospects for the development of
these substances and further search for effective and safe
antiparkinsonian drugs in the range of compounds of this
class.
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WcTopryeckas cratbs

WUcTopusa ctaHoBneHus otgena dapMakonorum UHctutyta
3KcnepuMeHTanbHou Meauumibl (K 100-netuio otaena)

M.0. LabaHos

WHCTUTYT 3KcnepuMeHTanbHoi MeauumHbl, CaHkT-letepbypr, Poccus

AuHomauyus

Otnen dapMakonorum UHCTUTYTa 3KCMEpUMEHTANbHOW MeAMLUMHBI Bbi cO3AaH oceHbo 1923 1. No MHMUMATMBE PYKOBOACTBA
yupexpenus. Ha nomkHocTb pykoBoguTens otaena 6bin npurnatueH Haubonee aBTOPUTETHBIA HA TOT MOMEHT OTEYECTBEH-
HbIli (papMaKonor, 3aBefyloLwmii Kadeapon dapMaKonorum BoeHHo-MeaMUMHCKON akagemun npodeccop Hukonaii Maenosuy
KpaBkoB (1865—1924). OnHako B CBS3M C ero NpexaeBpeMeHHOI KoHUYMHOW B anpene 1924 I. luMpoKue uccienoBanms no dap-
MaKonoruu B otgene He 6binn passepHyTol. B 1924-1936 rr. otnen sosrnaensan npodeccop Bnagumup Bacunbesuy CaBuy
(1874-1936), yuenmk W.1N. MaBnoBa, KOTOpbII OCHOBHbIE MCCIELOBAHNSA COCPELOTOHMN HA U3YUYEHUN AENCTBUS NEKAPCTBEHHBIX
BELLECTB Ha HEPBHYK PerynsuMi0 CepAeyHO-COCYOUCTON CUCTEMBI, JKEMYLOUYHO-KULLIEYHOrO TPaKTa, SHOOKPUHHON CUCTEMBI
1 BogHoro obMeHa. ccnenoBanus ans U3yyeHns MexaHu3Ma nNpsAMoro AeiCTBUA JIEKApPCTB M SA0B Ha OpraHbl U TKaHW NPOBO-
LWITNCb KaK C UCMONb30BaHWEM W30/TMPOBAHHbIX OPraHoB, TaK M KNacCUYECKUX YCIIOBHO-PedNeKTopHbIX METOAMK. B cBsA3u co
cMeptbio B.B. CaBuua 1 peopraHusaumeit cTpyKTypbl MHCTUTYTa B 1936 1. otaen 6bin pacdopMmpoBaH. Bo3poxaeHHbli otaen
B 1948 r. Bosrnaeun npodeccop C.B. AHuukos (1892-1981), Bnocnencteuu nonyumsLumii 38aHue fepos Coumanuctuyeckoro Tpy-
Aa, naypear JleHuHckon u focynapcteenHoi npemuid CCCP, akapeMuk Akapemun meamumHckux Hayk CCCP, 1 BnnoTb o cBoeid
KOHYMHBI 0CTaBancs ero beccMeHHbIM 3aBefyolmM. bok 0 60K ¢ HUM B cTeHax oTaena paboTanu U3BecTHble UCCefoBaTeNm
npogeccopa B.M. Kapacuk, H.B. Xpomos-bopucos, W.C. 3aBoackan (Bosrnaensna orgen B 1981-1984 rr.), 10.C. Bopoakun
(Bosrnaensin otaen B 1984—1992 rr.), H.C. CanpoHoB (Bosrnaensn otaen B 1992-2011 rr.), M.M. OeHucenko, H.A. Xapaysos,
B.E. Poikenkos, H.A. JloceB. OcHOBHEIMM HanpaBneHusaMu pabotbl otaena B 1948—1984 rr. ctanu gyHaaMeHTanbHble dap-
MaKonormyeckue paspaboTku 1 BHegpeHWe NeKapCTBeHHbIX NpenapaToB B NPaKTUKY 34paBooxpaHeHus. B HacTosLee BpeMs
otzen HerpodapMaronorum uM. C.B. AHMyKoBa npeacTaBnseT coboin oanH U3 KpynHenwwmx B Poccum HaydHo-MccnenoBaTeb-
CKWX LLEHTPOB, 3aHMMaloLLmxca hyHaaMeHTanbHbIMU uccnefoBaluamu B obnactu dapmakonorum. C 2011 r. ero Bosrnaenset
npogeccop MN.0. LabaHos. Otaen coctout U3 4 nabopatopuit: nabopatopus XUMUK 1 GapMaKoNOrM IEKapCTBEHHBIX CPeaCTB
(pyk. — A-p Meq. Hayk E.P. bbiukoB), nabopatopus obuieit dhapmakonoruu (pyK. — A-p buon. Hayk npod. A.A. Jlebeaes),
nabopatopus 6uoxummueckon dhapmakonoruu (pyk. — a-p Meg. Hayk npod. M1.[. LLlabaHos) n nabopatopus cuHTE3a U Ha-
HOTEXHONOTWM NEKapCTBEHHbIX BELLECTB (pyK. — A-p buon. Hayk npod. J1.b. MroTpoBckum).

KnioueBble cnoBa: NHCTUTYT 3KCNepUMEHTaNbHON MeaULMHDI; 0TAeN GapMaKoorvm; CTPYKTYpa; HayuHble HanpaBieHus.
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The history of the Department of Pharmacology,
Institute of Experimental Medicine
(to the 100" anniversary of the department)

Petr D. Shabanov

Institute of Experimental Medicine, Saint Petersburg, Russia

Abstract

The Department of Pharmacology of the Institute of Experimental Medicine was established in the autumn of 1923 on the
initiative of the institute’s leadership. Professor Nikolai Pavlovich Kravkov (1865-1924), the most respected domestic
pharmacologist at that time and the head of the Department of Pharmacology of the Military Medical Academy, was invited
as the alleged head of the department. However, N.P. Kravkov's untimely death in April 1924 precluded the department from
developing extensive research in Pharmacology. Professor Vladimir Vasilyevich Savich (1874-1936), a student of I.P. Pavlov
who focused his main research on the effect of medicinal substances on the nervous regulation of the cardiovascular system,
gastrointestinal tract, endocrine system, and water metabolism, led the department from 1924 to 1936. The mechanism of
the direct impact of drugs and poisons on organs and tissues was studied using both isolated organs, notably endocrine
glands, and classical conditioned reflex techniques. In 1936, the department was dishanded in connection with the death of the
head (V.V. Savich) and the reorganization of the institute’s structure. Professor S.V. Anichkov (1892-1981), who later became
the Hero of Socialist Labor, laureate of the Lenin and State Prizes of the USSR, and academician of the USSR Academy of
Medical Sciences, revived the department in 1948 and remained its permanent head until his death (in July 1981). Along with
him were well-known researchers Professors V.M. Karasik, N.V. Khromov-Borisov, .S. Zavodskaya (who led the department
from 1981 to 1984), Y.S. Borodkin (who led the department from 1984 to 1992), N.A. Kharauzov, V.E. Ryzhenkov, N.S. Sapronov
(who led the department from 1992 to 2011), PP. Denisenko, and N.A. Losev. The main focus of the department from 1948
to 1984 was the integration of fundamental pharmacological advancements with the introduction of drugs into healthcare
practice. Currently, the Department of Neuropharmacology. S.V. Anichkova is one of the largest research centers in Russia,
focusing on fundamental research in Pharmacology. Professor PD. Shabanov has been the head of the department since 2011.
The department divided into four laboratories: the Laboratory of Chemistry and Pharmacology of Medicinal Products (led by
Doctor of Medical Sciences, E.R. Bychkov), the Laboratory of General Pharmacology (led by Doctor of Biological Sciences,
Prof. A.A. Lebedev), the Laboratory of Biochemical Pharmacology (led by Doctor of Medical Sciences, Prof. P.D. Shabanov),
and the Laboratory of Synthesis and Nanotechnology of Medicinal Substances (led by Doctor of Biological Sciences, Prof.
L.B. Piotrovsky).

Keywords: Department of Pharmacology; Institute of Experimental Medicine; research areas; structure.
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VICTOPUA GAPMAKOIION

Otoen dapmakonorum WHCTUTYTa 3KCMepUMEHTaNbHOI
MeaMLUMHbI Bbin co3faH oceHbto 1923 T. No MHMUMATMBE py-
KoBopcTBa MHCTUTYTa, B To BpeMs Bo3maBnseMoro npodec-
copoM A.A. BnagummposeiM (aupekTop B 1918, 1922-1927 rr.),
KpYNHbIM CcneuuanucToM B obnactv natonoruu 3apasHbix
bonesHen. B KayecTBe npepnonaraeMoro pyKOBOAMUTENS OT-
Aena bbin npurnaweH Havwbonee aBTOPUTETHBIA Ha TOT Mo-
MEHT OTeYEeCTBEHHbIW dapMaKosior, 3aBeayiolunii kKadeapoii
(hapmakonoruu BoeHHO-MeaMUMHCKOW aKafeMuu, uYneH-
KoppecnoHgeHT CaHkT-leTepbyprckoit (Poccuiickoi) akage-
MuM Hayk npodeccop Hukonaii Maenosuy Kpaekos (1965—
1924).

Benylwimum HanpaBneHueM HayyHoW [eATeNbHOCTM LUKO-
nbl H.N. KpaBkoga (puc. 1) 6bino u3ydeHne peakumm cocy-
[0B U PasNINYHbIX OPraHoB Ha 3HA0- U 3K30reHHbIe (aKTopbl
B HOpMaJbHbIX W NaTonornyeckux ycnosusx. B copepanue
310M npobnemel, kotopoid H.M. Kpaskos 3aHuMancs Ha npo-
TAXeHun 20 neT, BOLLIM BONPOCHI AECTBUA AA0B U feKap-
CTBEHHbIX CPeACTB PacTUTENbHOMO W JKUBOTHOTO MPOMCXOX-
AEHUS, CUHTETUYECKUX MpernapaTtoB, 6UoreHHbIX NMPOAYKTOB,
PEHTTEHOBCKMX Jly4el, MUKPOKOHLIEHTPALUIA TSKENbIX Me-
TannoB, 6aKkTepuanbHbIX TOKCMHOB M MUKpoboB. Ha ocHoBe
rnybokoro msyueHus paHHbix BompocoB Yy H.M. KpaBkoa
chopMUpoBanncb OpUrMHanbHbIE B3MAAbI O BAMAHUM (ap-
MaKONOrM4ecKnx CpeacTs M AA0B Ha buonornyeckue npo-
ueccel [1].

OrpoMHas HaydHas LieHHOCTb uaeii u pabor H.[. KpaBkosa
obycrnoBneHa, B NepByto 04epesb, LUMPOKUM UCMONb30BaHNEM
W YCOBEPLUEHCTBOBAHWEM METOAA M30/IMPOBAHHBIX OPraHoB.
XoTa 3T0T MeToA 3apoawinics He B ero naboparopum, npocTo-
Ta, Kotopyto npuaan emy H.M. KpaBkos, cbirpana peuato-
LUYI0 POfib B LIEHHOCTM M TOYHOCTM MOJTYYEHHbIX Pe3yrbTaToB.
B kauecTBe o0bbekTa B nabopatopum H.M. KpaBkosa ucnonb-
30Ba/i YX0 KPONMKa (NepBbl 0OBEKT, NO3BOMMBLUMIA KOMK-
YeCTBEHHO OLEHUTb PeaKLMI0 COCYA0B — apTepuil U BEH —
Ha nepdysupyeMble BeLLeCTBa), MaTKy in Situ, CEMEHHUKM,
AWYHUKM, HAAMOYEUHWKM, LUTOBUOHYIO Kene3y, NomKeny-
LOYHYI0 Kenesy, cepaue, JIerkue, a TakiKe MHOrMe Jpyrue
OpraHbl JKMBOTHbIX (KponuMKa, cobaku, narywiku, ronyos).

BaxHelMM HanpaBneHMeM HayuyHOW [eATeNbHOCTH
H.N. KpaBKoBa 1 ero wwKonb! 66110 U3yyeHWe GyHKLUMW 3HA0-
KPUHHBIX JKene3 B M30/IMpOBaHHOM BUAe (AMHAMUKM CeKpe-
LM, XapaKTEPUCTUKU LEeWCTBYHOLUMX Hayan, dhapMaKonorm
ceKpeumu U T. A.). lpoBegeHHbIe 3HAOKPUHONOMMYECKME UC-
CnefoBaHua CTanv 6necTaLLMM BKIAg0OM B MEAULIMHY U CMo-
cobcTBoBanM pacuety sHAOKpuHonoruv B Poccum. Hanbonb-
LKA yCnex B CEpUM BbIMOHEHHBIX 3HAOKPUHONOMUYECKUX
pabot Obin JOCTUTHYT NpU M3Y4EHUM HALMOYEUHWKA U Noj-
XKeNy[o4YHOM Xenesbl. B Haano4eyHUKOBO KuaKocTu Beino
0bHapyKeHo HanuuWe ABYX BELLECTB: aApeHaMHONoA06HOro
U MyckapuHonogobHoro. bbino nokasao, Yto nepsoe npo-
AyLMpyeTcs B MO3TOBOM CJI0€ HaAno4YeyHWKa, a BTOpoe —
B €r0 KOPKOBOM BellecTBe. bonbluoe 3HayeHne umeroT
pabotbl wKonbl H.M. KpaBKoB no uccnegoBaHuio peakuum
HagnoyeyHUKa Ha bl U (apMaKonormyeckue CpencTsa.

Tom 14, Ne 3, 2023

[NcrxodapMaKonoris v DVONOrMYECKas HapKONor s

Puc. 1. Hukonait MMaenoeuy KpaBkoB, nepBbid pyKOBOAMTENb OT-
nena dapmaxonorum (1923-1924)

Fig. 1. Nikolai P. Kravkov, the first head of the Department of
Pharmacology (1923-1924)

OcobeHHo MoA0TBOPHBIMK OKasanuchb Habniogexus, ycTa-
HOBMBLLME OYEHb BBICOKYI0 YYBCTBUTENBHOCTb XPOMa(UHHOV
TKaHW HaANOYeYHUKA K HWUKOTUHY W ApYrUM LeiCTBYHOLMM
Ha raHImuM BeLLecTBaM. Ynaua ¢ u3onsumuein HaanoyeyHuUKa
nobyauna H.M. KpaBKoBa ucnonb3oBath 3T0T METOA NpY U3Y-
YEHWUM OPYrX 3HAOKPUHHBIX OPraHoB: MOLLKENYA0UHON U LK~
TOBMHOM }enes, CEMEHHUKOB, AMYHUKOB. [losBunack BO3-
MOXHOCTb MCCIeA0BaTb B3aMMOAEACTBIE JKeNe3 BHYTPeHHeN
CEKpeLMH.

H.M. KpaBkoB cTan ocHoBaTeneM aKcnepuMeHTanbHo-Ma-
TONOTMYECKOr0 (3KCMEPUMEHTANbHO-TEPaNeBTUYECKOr0) Ha-
NpaBnieHUs B 0TEYECTBEHHOW hapMaKonoruu.

Benuko 3Hauvenne uccneposanuin H.M. KpaBkoBa B pas-
paboTke npobnembl HEUHraNALMOHHOTO HapKo3a. OH u3yuun
B/IMSIHNE HENETYYUX HApPKOTM3MPYIOLLMX areHToB Ha M305IK-
poBaHHOe cepAue, YX0 Kponuka u apyrue opratbl. Ocoboe
BHWUMaHWe ero NPMBIEKIIM MaNOTOKCUYHbIE COEAMHEHNSA TUNA
ypeTaHa. llo ero npeanoxeHuio ypetaH bbii BhepBble UC-
MbITaH KaK HapKOTU3WpYloLLee CPEACTBO B KIIMHUKE BblAalo-
Lerocst xmpypra neiib-meamnka npogeccopa C.I1. ®enoposa,
O[HaKO BCKOPe MPMWLLNIOCh OTKa3aTbCs OT 3TOro npenapara
BBUAY €ro HeoCTaTOYHOW HapKOTM3MPYIOLLEN aKTUBHOCTU.
JTa Heypaya He octaHosuna H.IN. KpaBkoBa, u oH BcKope
NPeaoKuU TOM e KIMHWUKe UCTbITaTb CoYeTaHHoe JeiicTame
bapbutypata regoHana ¢ xnopodopMoM. efoHan AaBanu
BonbHBIM BHYTPb B CHOTBOPHOM A03e [0 onepauumu, bnaro-
Aaps atoMy cosfaBarcs 6asuc, Ha KoTopoM xnopodopM Mor
MPUMEHATBCA KaK 00bIYHO WHIaNALUMOHHO, HO B MEHbILLEN,
a cnegosatenibHo, bonee besonacHomn aose. 310 6bi1 NepBbIn
B Poccum 6asucHbIn HapKo3. 0gHaKo xenaemMoro pesynbrata
W 3[eCb He BCErAa yAaBanoch AobUTLCA, MOCKONbKY 3 deKT
refjoHana npu npueme BHYTPb 3Ha4UTENBHO BapbKpoBan. Tor-
Aa H.MM. KpaBKoB npeanoun BBOAUTL TONBKO refjoHai v npu-
TOM BHYTPMBEHHO. 3TOT CMocob nonysun opfobpuTenbHyto
OLIEHKY €0 cTopoHbI Kak pycckux (C.MM. Pepnopos, A.l. Epemuy,
B.A. Onnenb), TaK 1 3apybexHbix xupypros (E. Mengsk u op.).
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Takum obpasom, H.M. KpaBkoB, ¢ ogHoi CTOpOHBI, CO-
Le/icTBOBaN pacnpoCTPaHEHWI0 KOMOMHMPOBAHHOIO HapKO3a,
a C Apyroil — MONOXWUN Hayano HOBOMY (HEMHTaNALUMOHHO-
My, BHYTPMBEHHOMY) cnocoby HapKoTu3upoBaHus. B HacTos-
Lee BPEMS BHYTPMBEHHbI HApKO3 LUMPOKO pacrpocTpaHeH
BO BCEM MUpE, XOTA UCMONb3YHTCS bonee COBpeMEHHbIE Mpe-
naparbl.

H.I. KpaBKoB siBnsieTcs 0iHAM U3 OCHOBaTeNei 3BOOLM-
OHHOM M CPaBHUTENbHOW (hapMaKonoruu He ToNbKO B Poccuu,
HO M B MMPOBOW HayKe. JBOIOLMOHHBIA METOA CAYXUI eMy
He TONIbKO AJ1S1 KOHCTaTaummu pasnuumin hapMaKonorieckux
3 }EKTOB y OTAENBHBIX BULOB XWBOTHBIX, CTOSILLMX Ha pas-
JINYHBIX CTYMEHSX 3BOJIOLMOHHOMO Pa3BUTUS, a TaKKe ue-
NOBEKA, HO U ANA PacKpbITUS MexaHM3Ma Takux IQQEeKToB.
H.MN. KpaBKoB 06Hapy»un pas3nuyHoe AeNCTBUE apeHannHa
Ha KOpOHapHble COCYAbl YENOBEKA B 3aBUCUMOCTM OT BO3-
pacta. [pu uccnesoBaHuM GapMaKonIor1yeckoro LencTaus
MOXMMOWHA OH MCMOMb30BaN JIAMYLLEK, KPOJMKOB, ronybei,
cobaK M yenoBeKa W MOAYEPKHYN, YTO peakuus opraHu3Ma
Ha 3TOT anKanouz, 3aBUCHUT OT €ro 3BOJIIOLIMOHHOTO Pa3BUTHS.
B kHure «OcHoBax apMaKonorm», nepeoe U3gnaHue KoTopoii
BbiLwo B 19041905 rr. (Bcero e Obino 14 nepensnaquii, no-
cnentee B 1937 r.) H.I. KpaBkoB yaenun goctatouHoe MecTo
3HaYEeHMI0 BULOB XMBOTHBIX [ MOHUMaHUA feicTeus buo-
NOTUYECKN aKTMBHbIX BELLECTB HA OpraHu3M U MogyepKHyN
OT/INYME MX PeaKLMiA OT peaKumid Yenoseka [1].

Oxmpanocb, 4T Takas JIMYHOCTb, Kak npod. H.M. Kpas-
KOB, MPWUHECET OpUTMHAMNbHOE HarpaBfeHNe U OXUBMT Jes-
TenbHOCTb MHCTUTYTa TOro NMepuoa B OTHOLLEHWUM UCMONb30-
BaHWSA HOBbIX NIEKApCTBEHHbIX BeLLECTB B MeauuymHe. OfHaKo
npexzaeBpemeHHas cmepTb H.M. KpaBkoBa B anpene 1924 r.
He No3BOAMNIA pPa3BepHYTH LUMPOKWUE UCCIEA0BaHMA Mo dap-
MaKonoruv B oTAeNe.

B 1924-1936 rr. otmen Bo3rnaensan npodeccop Bnagu-
mup Bacunbesuy Caeuy (1874-1936), yuenuk W.T. Naenosa,

Puc. 2. Bnagumup Bacunbesuy CaBuy, pykosoauTenb otaena
B 1924-1936 .

Fig. 2. Vladimir V. Savich, Head of the Department of Pharmacology
(1924-1936)
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KOTOpbIA OCHOBHbIE MCC/IE0BaHNUA COCPEAOTOUMN Ha M3yye-
HWUW [eiCTBUSA NEeKapCTBEHHbIX BELLECTB HA HEPBHYIO peryns-
L0 CepAEYHO-COCYANCTON CUCTEMBI, }KEeNYA04YHO-KULLIEYHOTO
TpaKTa, SHAOKPMHHOM cucTeMbI U BogHOro obmeHa. Mccnepo-
BaHWSA NPOBOAMINCH KaK C MCMOIb30BaHUEM M30/IMPOBAHHBIX
OpraHoB, B YaCTHOCTU 3HIOKPUHHbIX KENe3, AN U3y4eHus
MexaHW3Ma NpsAMOoro AeicTBUA NEKapCcTB U ALOB Ha OpraHbi
M TKaHW, TaK W KJTACCUMECKUX YCIIOBHO-PEdNEKTOPHBIX Me-
TOAMK.

BbinyckHunk BoeHHo-MeauumHckon akapemun (1898),
B.B. CaBuu (puc. 2) B 1904 r. 3awumTin AvccepTaumio Ha co-
MCKaHWe CTeneHU AOKTOpa MeULMHCKUX HayK Ha TeMy «OT-
AeNeHne KULLEYHOro COKax». VIMen 0BLUMPHBLIA MOCNYKHOM
cnucok: pabotan Bpa4yoM-opanHaTopoM B [leTponaBnoBCKoi
bonbhuue (1899-1900), Obin NpaKTMKaHTOM (uU3KonorUYe-
cKoro otgena WHCTUTYTa 3KCnepuMeHTanbHOM MeSULMHBI
(1901-1904), npuHuMan yyactve B PyccKo-AiNOHCKOIA BOiiHe
(1904-1905), pabotan accucteHToM Kadenpbl GU3MONOrMM
BoeHHo-MepmMumHcKoM akapemumn (1907-1912), Tpyauncs
cTapLumM ¢msunonoroM dusmonornyieckon nabopartopum Axa-
aeMumn Hayk (1912-1918), pabotan nposekTopoM Kadenpbl
¢uamnonoruu Mepsoro Metporpagckoro (JleHuHrpapckoro)
MeaMUMHCKoro MHCTUTYTa (1918—-1926), 3aBenoBan kadeapoi
(apmaronoruv JIeHUHrpafiIcKoro BeTEPUHAPHOMO MHCTUTYTA
(1921-1936). C 1924 no 1936 r. bbin M3bpaH U BbINONHAN 065-
3aHHOCTU pyKoBoauTens otaena dapmakonorun WMHctutyta
3KCNepuMeHTanbHOM MeauuuHbl. AsTop okono 100 HayuHbIX
pabot no uM3nonorMm U UCCNeaoBaHMI0 CEKPETOPHOW Les-
TENbHOCTW KENyAKa, KULIEYHWKA, NMOLKENYA0UHOW Kene3bl.
3aHuMancsa uccnefoBaHueM U aHanu3oM npobnemsl 06e36o-
NMBaHWA pofoB, Bbibopa CPeACTB ANs NEYEHUS 3KITAMMCUM.
OcHoBan B UHCTUTYTe 3KCnepUMEHTaNbHOWM MeLULMHDI OTLe-
neHue 3HOoKpuHonorun. Ymep 5 nons 1936 r. B JlennHrpage.

B 1932 r. WHCTUTYT 3KCnepuMeHTanbHOM MeULMHBI Bbin
peopraH130BaH BO Bcecolo3Hbli MHCTUTYT IKCepUMEHTasIbHOI

Puc. 3. Cepreit BuktopoBuy AHMYKOB, pyKoBOAMTENb OTAENa
B 1948-1981 rr.

Fig. 3. Sergey V. Anichkov, Head of the Department of Pharmacology
(1948-1981)
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Puc. 4. C.B. Aunukos B nabopatopuu. 1979 r.
Fig. 4. S.V. Anichkov in the laboratory (1979)

MeavumnHbl uM. AM. Topbkoro (BU3IM), u B 1934 r. yacTb ero
oTaenoB nepesenn B MockBy; B JleHuHrpage HaydHble nog-
pa3feneHns CTaiM HasbiBaTbeA JIeHWMHrpanckuM dunnanom
BM3M. B cBsasu co cMepThio 3aBedytowwero (B.B. Casuy)
W peopraHu3aumen CTpyKTypbl MHCTUTYTa B 1936 T. otaen bbin
pachopMMUpOBaH.

BospoxpaeH otgen 6bin B 1948 . noa pykoBoacTBOM
npodeccopa C.B. Anmukosa (1892-1981), Bnocneactsum
ctaBwuM [epoem Coumanuctuyeckoro Tpyma, naypeatom
JlenuHckoi n TocynapcteenHon npemuin CCCP akapeMuKoM
Axapemun MeamumHckux Hayk (AMH) CCCP, koTopbiit BInoTb
[0 CBOEM KOHYWHBI 0CTaBancs ero 6ecCMeHHbIM 3aBeyIoLLMM
(puc. 3, 4). bok 0 6OK ¢ HUM B oToene paboTanu Takue W3-
BECTHble UccnepoBaTtenu, Kak akagemmk AMH CCCP npod.
B.M. Kapacuk (puc. 5), uneH-koppecnongent AMH CCCP
npod. H.B. XpoMos-bopucos (puc. 6), uneH-KoppecnoHgeHT
AMH CCCP npod. W.C. 3aBoackas (Bo3rnaBnsana oTgen
B 1981-1984 rr., puc. 7), 3acnyeHHbIn nedTenb Hayku Poc-
cuinckoin ®epepaumn uneH-koppecnongeHT PAMH npod.
H.C. CanpoHoB (Bo3rnaensan otgen B 1992-2011 rr., puc. 8),
3aC/yeHHbli aestenb Hayku PCOCP npod. M.11. leHnceH-
Ko, npoo. H0.C. bopoakuH (Bosrnaensn otaen B 1984—1992 rr.,
puc. 9), npog. H.A. Xapaysos, npod. B.E. PbixeHKoB, 3acny-
eHHbIN pesTenb Hayku PO npod. H.A. Jloces (puc. 10).

OcHoBHOW TeHAeHUMen pabotbl othena B 1948-1984 rr.
cTano coyetaHue tyHaaMeHTanbHbIX (HapMaKoNorMyeckmnx
pa3paboToK C BHEAPEHUEM JIEKAPCTBEHHBIX MpenapaTtos
B MpaKTWKy 34paBooxpaHeHus. B kauecTse onpepensioulero
HayyHoro Hanpasnenus C.B. AHnukoB Bbibpan KoHuUenumio
HEMpOreHHbIX MOBPEXAEHUA BHYTPEHHWUX OpraHoB (MWo-
Kapaa, NMeyeHu, XenynKa, NOMLKeNyAoUHON Xenesbl) B pe-
3y/bTaTe Ype3MEPHbIX HArpy304HbIX BO3AENCTBUIA HA HUX.
Wcxops u3 3toro paspabatbiBanuch (hapMaKonoruyeckue
CPeAcTBa 3aliuThl BHYTPEHHUX OpraHoB AenpUMMUpYIOLLEro
TUNa, B YacTHOCTM BoKaTopbl peLienTopoB HelipoMeamaro-
POB, OCYLLECTB/IAKOLIMX HEMPOTeHHYI0 PErynauMi0 LaHHbIX
opraHoB. [puoputet otgaBanca M- u H-xonmHobnokatopam
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Puc. 5. Bnagummp Mouceesny Kapacuk, Apyr u cnofBuHWK
C.B. AHnukoBa

Fig. 5. Vladimir M. Karasik, friend and associate of S.V. Anichkov

Puc. 6. Hukonaii Bacunbesuy Xpomos-bopucos
Fig. 6. Nikolai V. Khromov-Borisov

Puc. 7. Vpuna CepreeBHa 3aBofckas, pyKoBoauTeNb OTAena
B 1981-1984 .

Fig. 7. Irina S. Zavodskaya, Head of the Department of Pharmacology
(1981-1984)
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Puc. 8. 10puii Cepreesuy BopoakuH, pykoBoauTenb otaena gapma-
Koyoruu namaTh v noefenus B 1979—1984 rr. v otaena dapmako-
noruu B 1984—1991 .

Fig. 8. Yuri S. Borodkin, Head of the Department of Memory
and Behavior Pharmacology (1979-1984) and the Department of
Pharmacology (1984-1991)

Puc. 10. Hukonain AHapeesud JloceB
Fig. 10. Nikolai A. Losev

Puc. 11. Netp IMuTpunesny LLIabaHos, pykosoputens otaena c 2011 .

Fig. 11. Petr D. Shabanov, Head of Department of Pharmacology
(since 2011)
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Puc. 9. Hukonaii CepreeBuy CampoHoB, pyKoBOAMTENb OTAENa
B 1991-2011 rr.

Fig. 9. Nikolai S. Sapronov, Head of the Department of Pharmacology
(1991-2011)

(N.N. Oenuncenko, H.A. loces), a- u B-agpeHobnokatopam
(W.C. 3aBoackas, E.B. Mopesa), bnokatopaM ructammHo-
BbiX peuentopoB (J1.J1. [peYnLLKKH), @ TaKKe HOBOW rpynne
BELLLECTB, CO3AaHHbIX MO MPUHLMMY CTPYKTYPHOIO CX0ACTBA
C KOEUHOM, HO COXPaHMBLLIMX TOJIbKO 4acTb ero CBOWCTB, —
aHtudenHos (H0.C. bopoakuH). Ycnexy dapmakonoroB cro-
cobcTBOBaNO TBOPYECKOE COAPYIKECTBO C XMMUKaMU-CUH-
TeTukamu. loatomy yxe B 1950 r. B pamKax otgena bbina
co3faHa nabopatopus CUHTE3a NEKAPCTBEHHBIX BELLECTB.
C 1953 r. pykoBoauTeneM nabopatopum CTan LOKTOP XMMUYe-
CKMX Hayk Hukonait Bacunbesuy XpoMoB-bopucos (¢ 1964 .
uneH-KoppecnoHaeHt AMH CCCP). JlabopaTopusi akTUBHO pa-
botana u npu C.B. AHnukose, 1 nocne ero cmMept (B8 1981 1),
Ho Bbina 3akpbiTa B 1990 r. npu peopranu3saumm otaena dap-
MaKonoruu B otaen Heiipodapmaronoruu. Tonbko B 2008 .
Gnarogaps MHMUMATMBE OMPEKTOpa WHCTUTYTa aKafeMuKy
PAMH B.W. TkaueHko nabopatopusi Bbina OTKpbITa BHOBb,

Puc. 12. Eerenunin PynonbdoBuy beiukos, pykoBoauTenb nabopato-
pvM XUMUU M apMaKoNorUu NIEKapCTBEHHBIX BELLECTB

Fig. 12. Evgeny R. Bychkov, Head of the Laboratory of Chemistry
and Pharmacology of Drug Substances
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Puc. 13. Augpen Auppeesuu Jlebepnes, pykoBoauTens nabopatopuu
obLLen hapmakonorum

Fig. 13. Andrey A. Lebedev, Head of the Laboratory of General
Pharmacology

HO yKe nop, HasBaHueM «Jlabopatopus cuHTe3a M HaHOTEX-
HOJIOrUiA NEKapCTBEHHBIX BELLECTBY.

Mo 3aka3y hapMaKonoroB 3a rofbl CyLeCTBOBaHUA Jla-
BopaTtopu BbINO CMHTE3UPOBAHO M NEpeAaHo Aas Uccefo-
BaHwii bonee 2,5 TbiC. coefuHEHMIA. TBOpPYECKOe COTPYLHUYe-
CTBO (hapMaKoJIoroB M XMMUKOB OTAENIa NO3BOIIIO CO3AaTh,
U3y4nTb U BHEAPWUTb B NPOMBILLIEHHOE NPOU3BOACTBO TaKme
NleKapCTBEHHbIE Mpenapatbl, Kak MeTuypauun, MeHTOK-
cun, 6eH30reKCOHMI, CUreTUH, NapaMMoH, 3TUMU30A U Ip.
(C.B. Annukos, W.C. 3aBoackas, H.A. Xapaysos, E.B. Mope-
Ba, H.B. Xpomos-bopucos, C.®. Topd, H.b. BuHorpaposa,
M.J1. NHpeHbom, J1.A. laBuneHkos v ap.). MocneaHum npe-
napaToM, A0BEAEHHbIM [0 NPaKTUKU COTPYAHWUKaMK nabo-
paTopuu BOMPEKWU BCEM CIIOXHOCTAM, COMPOBOXAAILLUM
BHeJpeHue NeKapCTBEHHbIX Npenapatos B cepeaute 1970-x —
Ha4ane 1980-x ropos, Obii TEPKYPOHWIA, MOABOASALLMA UTOT
TeopeTudeckuM paboram H.B. XpoMoBa-bopucosa no uccne-
[0BaHMI0 XONMHEPr1YeCKoii Nepesaym.

HykHo cka3atb, uto C.B. AHWYKOB BMAEN B XUMUYECKUX
COEAMHEHUAX He TONbKO MOTEHUMANbHbIE NEKAPCTBEHHbIE
CPeACTBa, HO, Mpexie BCEro, TOHKWUA UHCTPYMEHT Ans U3-
Y4YEHUS MEXaHW3MOB BO3JEMCTBUA HA CUCTEMHbIE U MOJIEKY-
NAPHbIE PeaKUUM B TOM UM MHOM opraHe. 310 33JaBano TOH
CO3[1aHMI0 HOBbIX XMMUYECKWUX MOMEKYIT HanpaBieHHOMo TMna
LeicTBMS, @ B HayKy 3TOT MPUHLMN BOLLEN Nof, Ha3BaHWeM
«HanpaBJeHHbINA CUHTE3 JIeKapCTBEHHBIX BELLECTB», MO, KOTO-
pbiM MMENOCh B BUAY NoApaaHue CTPOeHMIo buonormyecku
aKTUBHbIX MOJIEKYN (MEAUATOPOB, FOPMOHOB, MHTEPMEAMATOB).
Mo3ToMy Ans XMMWKOB-CUMHTETUKOB OTKPbIBA/IOCh LUMPOKOE
none 1 AN1S NpakTUYeCcKuX, U Ang TeOpeTMHECKUX UCCNeNoBa-
HWiA. CnepyeT BbILENUTL CPEAN TEOPETUHECKUX AOCTUMEHMIA
XMMUYeCKoi labopaTtopum, B NepBylo 04epefb, COBMECTHbIE
pabotbl H.B. XpoMoBa-bopucosa n M.A. MuxenbcoHa (UH-
CTUTYT 3BOJIIOLMOHHOM m3nonorum u buoxumum Axkagemun
Hayk CCCP) no ctpoeHnuto xonuHopeuentopos (H.B. XpoMos-
Bopucos, B.E. IMupo), paboTtbl no 3aBUCHMOCTM LEeNCTBUSA
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Puc. 14. JleBoH bopurcosuy lNnoTpoBckuid, pyrkoBoauTeNb naboparto-
PUM XUMUU U HAHOTEXHOMOMUIA NIEKAPCTBEHHBIX BELLECTB

Fig. 14. Levon B. Piotrovsky, Head of the Laboratory of Chemistry
and Nanotechnology of Drug Substances

MECTHBIX aHECTETUKOB OT (DU3UKO-XMMUYECKUX CBOMCTB WX
monekyn (H.B. Xpomos-bopucos, H.W. Kyopsiwosa), cyabbe
NeKapCTBeHHbIX NpenapatoB B opraHusme (H.B. Xpomos-bo-
pucos, M. Xetiduu, J1.b. NnoTpoBcKuin), pa3paboTky MeTo-
[0B AM3aliHa NIEKapCTBEHHBIX BELLECTB C MOMOLLbI0 KBaHTO-
BO-XUMUWYecKux MeToaoB (H.b. bpoBubiHa), AM3aliH NUraHaoB
ructamMuHoBbIx peuentopos (B.J1. Tonbadapb). bonbLuoi ukn
pabot no dapMaKokuHeTuke atummnsona (J1.b. MuotpoBcKuil,
W.A1. AnekcaHapoBa) BbIMOHEH COBMECTHO C MHCTUTYTOM
3KcnepuMeHTanbHoW GapMakonorum CnoBaukoi AkageMum
HayK.

B HacTosiwee Bpema Otaen HeiipodapMakonoruu
uM. C.B. AHnuKoBa sBnAeTca 0aHUM U3 KpynHenwmx B Poc-
CMM HayYHO-MCCNEeAO0BaTENbCKUX LEHTPOB, 3aHUMAIOLLMXCS
(yHLAMeHTaNbHBIMU UcCNefoBaHUAMK B obnactn dapma-
Konoruun. C 2011 . pykoBoauTeNneM oTaena SBNSETC [OKTOp
MeaMUMHCKMX Hayk npodeccop M.[. LWabaHos (puc. 11).

Otmen coctout M3 4 nabopatopuii: abopatopus XuMum
1 hapMaKoorum NeKapcTBEHHbIX CPeaCTB (PyK. — A-p Mep.
HayK E.P. bblukoB, puc. 12), nabopatopus obLuei hapmakono-
rmn (pyk. — a-p buon. Hayk npod. A.A. Jlebenes, puc. 13),
nabopatopus OMOXMMMYecKO! apMaKkonorum (pyk. —
A-p Mea. Hayk npod. MM.[. LLabaHoB) n nabopatopus cuH-
TE3a M HAHOTEXHOMOMMM NEKAPCTBEHHBIX BELLECTB (PyK. —
A-p 6uon. Hayk npod. J1.b. MuoTpoBckuii, puc. 14).

C.B. AHnukoB Hepeako moBTopsf, uTo (hapMakono-
s — 370, B KOHEYHOM uTore, hapMaKosiorus LieHTpasbHOV
HepBHOM cucTeMbI. [103TOMy BaKHENMLUMM HanpaBneHneM
B paboTe oTaena ABNAETCA M3bICKaHWE W WU3yYeHUe Mexa-
HW3Ma [EeiCTBUA HOBbIX HEMpOTpOMHbIX cpeacts. CospaHue
NeKapCTBEHHOrO BeLLecTBa MPeACTaBnseT coBON COMKHbIN
MHOMOCTaAMMHBIA NPOLLECC, KOTOPbIA BKJIKYAET MOJIEKYNAp-
HO-NaToreHeTUYeCKNUe MCCe0BaHNs, BbIbop MoneKynsipHoiA
MULLEHM, KOH(OPMALMOHHBIW aHanu3 M CUHTE3, CKPUHUHE,
(bapMaKonormyeckuit aHanus, usyveHue (apMaKoguMHaMu-
KM, (hapMaKOKMHETUKW 1 MeTabonmaMa, TOKCUKONOrUyecKue
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WUCCNE0BaHMS, BbISICHEHWE MEXaHM3MOB LLENCTBUSA, AOKMHU-
YecKWe M KIIMHWYeCKUe UcnbiTaus. BoT noyemy MHoronpo-
QUNBHOCTb MCCNEe0BaHN ABNIAETCA OT/IMYUTENBHOW YepToil
oTraena HempodapMakonoruu. CoBMECTHBIE YCUITUS| XMMUKOB,
(apMaKonoroB 1 BUOXMMUKOB NO3BONSIOT YCMELLHO OCYLLECT-
BNATb HanpaBeHHbI MOMCK HOBbIX BbICOKO3(HEKTUBHBIX
NeKapCTBEHHbIX COEAMHEHMIA HA OCHOBE NOAPaXaHUA CyLle-
CTBYHOLLMM B NMPUPOAE M XMBOM OpraHusMe bBuonmoruyecky
aKTUBHbIX BELLECTB.

BawHenwnii acnekt HerpodapMakonorum — dapma-
KOnorus HeMpoMeamaTopHbIX cucteM. HelpomeamatopHbie
CUCTEMBl HaxoAATCA B MOCTOSIHHOM B3aUMOLENCTBUM ApYr
C [JpyroM, Npyu 3TOM NPOMUCXOOMT WX B3aWMHas MOAYns-
umsa. usperynaums GpyHKUMOHMPOBAHWSA 3TUX CUCTEM 4acTo
npuBOAMT K aucbanaHcy MeaMaTopoB W MOXET CTaTb Npu-
umMHoii 3aboneBanuit. lMo3ToMy BaxKHOW 3apadeii sABnseTCs
U3y4eHWe BHYTPU- U MEKCUCTEMHBIX B3aUMOLENCTBUIN Hell-
poMeamMatopoB. TaK, KOMMNEKCHOe BO3AeicTBUE Yepe3 M-
1 H-XxonMHepruyeckue MexaHu3Mbl 06ecneunBaeT yCreLLHyo
KOPPEeKTMpOBKY AucbanaHca CepOTOHWHA, HOpPaApeHanuHa
n podamuHa npu 3aboneBaHUsAX Mo3ra U HeWMporeHHbIX Nno-
PaXeHUAX BUCLLEPabHBIX OPraHoB.

B 1990-2015 rr. B oTaene, B nabopatopum xummmn u dap-
MaKOo/Ioruu JIEKapCTBEHHBIX CPEACTB Moj, PYKOBOACTBOM 3a-
CIy)XeHHOro aeatens Haykv Poccuiickoit epepaumum, a-pa
Meg. HayK, npod. H.A. JloceBa, Ha OCHOBe aBTOPCKOI KOHLien-
LW 0 peLmnpoKHOCTU Mexay M- u H-xonuHopeLienTUBHLIMU
cucTeMaMu paspaboTtaHo M monydveHo bonee 20 naTeHToB
Ha OpUrMHanbHble CrMocobbl NleYeHUss YacTMYHOM aTpodum
3pUTENIbHOTO HEpBa, HEBpUTa CNyXOBOTrO HepBa, bpoHxo-
06CTpYKTUBHOTO CMHPOMA, TMNEPTOHNYECKON BonesHu, nap-
KMHCOHM3Ma, JETCKUX LiepebpanbHbix napanuyeid, oboctpe-
HWI A3BeHHON BONE3HM, AMCAMNMAEMUIA, anaTo-abynuyeckux
COCTOSIHWIA NPU LUM3O(PEHNM U T. .

C ucnonb3oBaHneM TonorpaduyecKoit Mopeny CBA3bl-
BalOLLIEro canTa MOHHOMO KaHana H-xonmHopeuenTopa cuH-
Te3MpOBaHbl BbICOKOW3bMpaTenbHble H-xonuMHobnokatope
napacuMnaTuyeckux radrues, B 200 pa3 npeBocxoasLme
npenapar CPaBHEHWA FeKCOHWN (KaHL. XuM. Hayk B.E. IMupo).
lpUMeHeHWe NOCNEAHUX MO3BOMSET CHU3UTb HEXEenaTesb-
Hble LeHTpasbHble 3QEeKTbl, COXPaHUB NpU 3TOM (YHKLMM
nepudepuyeckux M-xonuHopeLenTtopos, 4to obecneumBaet
CrocobHOCTb OpraHa K camoperynauuu. [laHHbIi acnekT uc-
CnenoBaHuMin noapobHo onucaH B MoHorpadum [2].

C 2019 r. nabopatopuio xuMmn U hapMaKonoruu Nexap-
CTBEHHbIX CPeJCTB BO3IMAB/IAET JOKTOP MEAMLMHCKUX HayK
E.P. bbiukoB (puc. 12). Jlabopatopusi ocyLLecTBNSIET XUMU-
YECKWN CUHTE3 U JOKIIMHUYECKME UCMBITaHWSA HOBbIX JiEKap-
CTBEHHbIX NpenapaToB — HepoNpoTEKTOPOB, KapaMonpo-
TEKTOPOB, aHTUIMMOKCAHTOB, aHKCUOJIMTUKOB, aHaMNbreTUKOB,
aHTMAEeNpeccaHToB 1 NPOTUBOCYAOPOXHbIX CPeacTB. B 3apaumn
nabopatopuu BXoAMT onpegeneHne TOKCUYHOCTU U be3Bpea-
HOCTU HOBbIX COEAVHEHWH, BbISBNIEHNE U U3YYEHUE CMEKTpa
cneumdUyecKon aKTMBHOCTH, a TaKXKe MEXaHW3MOB UX Aei-
ctBusa. B apcenane nabopatopum — dapMaKonormyeckuii
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M TOKCUKONMOMMYECKUIA aHanus, 31eKTpodu3noNornyeckue
W 3NIEKTPOKAPAMONOrMYECKUE UCCNe0BaHMS, NCMXohapMaKo-
NoruyecKume TecTbl, OLEHKa pu3nyecKoi pabotocnocobHocTH
(TpenbaH, bapokaMepa), a TaKe M3ydeHue [OeicTBMSA Mo-
TeHUMaNbHBIX JIEKAPCTBEHHBIX CPEACTB NpKU MOAENMPOBaHMM
Pa3/MYHbIX NATONIOTMYECKUX COCTOSHWA (CYAOpOr, MapKuH-
COHM3M, HapyLLEHWUA MaMATU U T. 1L.).

TaK, COBMECTHBIMU UCCNE0BaHUAMM XUMUKOB U (hapMa-
KOJMOroB nokasaHo [3, 4], uto conm ummupason-4,5-auKap-
DOHOBbIX KMCOT C TPU3TAHONAMMOHUEM MPU BHYTpUDpIO-
LUMHHOM BBEJEHUM OKA3bIBAKT BbIPAXKEHHOE LIEHTpabHOe
peictene — npegorepatiator NMDA-uHAyuMpoBaHHble cy-
[0POry U CTUMYNMPYIOT YC/IOBHYID PeaKumio MpeanoyTeHus
MeCTa Y KpbIC; TOrAa KaKk Mo OTAeNbHOCTU KOMMOHEHTHI 3700
KOMMIeKca He NposiBnsioT nopobHbix addekTos. lokasaHo
TaKe, 4T0 HOBble NPOWU3BOAHbIE UMMLA30/AMKAPOOHOBOM
Kucnotbl (M3IM-2258, NIM-2248, UIM-2247) npu BHYTpUIMKE-
NYA0YKOBOM BBEJEHUM CHUXKAIOT MPOSIBNEHUS AUCKUHE3NM
pasnu4Horo reHesa (pesepnMHOBOrO NapKUHCOHM3MA U rafo-
NepuULON0BOM KaTanencum).

B npopmonxenue passutusa KoHuenumn H.A. JloceBa [2]
B f1labopaTopum MPOJOIKAKT U3yYeHUe PeLMNpOKHOro B3a-
MMOJEICTBUA MEXY CMCTEMaMW aLeTWIXoNMHa W fohamu-
Ha B MeXaHM3Max perynsiuMm 3MOLMOHANBHBIX U MOTOPHBIX
(YHKUMIA, a TaKKe 3aKOHOMEPHOCTel CTPYKTYpa — aKTuMB-
HOCTb B psfly NPou3BOAHbIX M-xonuHobnoKatopa amusuna,
Y10 MO3BOMMNO BbIABUTL coeduHeHus (MIM-1391, U3IM-
1524), obnapgatoLme MeHbLUEN TOKCUYHOCTBH) U CHUMKEHHBIM
noboyHbIM nepudepuyeckuM [eNCTBUEM MO CPaBHEHUIO
c npototunoM (KaHa. Mend. Hayk E.E. fikoenesa, a-p buon.
HayK J1.K. XHbiueHKo). 0ba coemuHeHWst CTUMYNUPYIOT UC-
Cref0BaTeNbCKYH aKTUBHOCTb, KOPPEKTUPYIOT BETeTaTUBHBIN
CTaTyC XMBOTHbIX W ynydwatoT coH. lpu atom y U3M-1391
Donee BbIpaXeHO MUOPENAKCUPYIOLLEE U aHKCUONIMTUYECKOE
peiictsue, a y U3IM-1524 — ncuxoaHanenTMyeckoe M aHTH-
AenpeccuBHoe [3, 6].

CvHTe3MpoBaH HOBbIN KJlacc hapMaKoorMYecku aKTuB-
HbIX COEAMHEHWW, MPOTOTUMOM KOTOPbIX ABNSETCS M3bupa-
TeNnbHbIN 610KaTop NapacMMnaTUyecKkux raHrmues M3IM-1556
(KaHa. xuM. Hayk B.E. [Mupo). 3T coeamHeHus cnocobHbI
YCTpaHATb 3KcalToToKcudeckoe Aelictue rytamara (Glu),
nopaenss BoicBoboxaeHne Glu (nytem bnoka npecuHanTy-
yeckux nAChR a3B4 B okoHYaHMAX Glu-HelpoHoB) U yrHeTas
aKTUBHOCTb caMux Glu-HelipoHoB, BCleACTBUE CTUMYNSALMN
addepenTHoro Baryca. U3M-1556 u ero HopTponuHOBbIE
aHanoru (M3M-2199, N3M-2200) obnapatoT BLICOKOW aHanb-
TeTMYECKON aKkTMBHOCTbIO B TecTe tail-flick u MoryT ucnonb-
30BaThCA ANA NEYEHNS BOCMANMTENbHOM, NOCeonepaLmoH-
HO¥ U HeliponaTtuyeckon 6omu. MNpu XpoHWYecKoM BBEAEHUM
BHYTPb M3M-1556 yMeHbLLUAET TAXECTb KOPa30/oBbIX CYA0-
POr Y KpbIC W NPenynpexaaeT pa3BUTUe KUHAMHT-3ddeKTa,
npeBocxoas Mo 3h(EKTUBHOCTU 3TaNOHHBIA NPOTUBOINU-
NenTUYeCKW npenapat Banbnpoat Hatpus. Ha Mogenu po-
TEHOH-MHAYLMPOBaHHOMO NapkuHcoHmsMa M3M-1556, NIM-
2199 n U3IM-2200 yMeHBLIAKT YUCIO KMBOTHBIX C TAMENOM
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OJIMFOKMHE3NEN M MONMHOCTLHO NPEAOTBPALLAKT Pa3BUTUE Ka-
Tanencumu, npeBocxoasa A deKT KNaccMyecKoro NPOTMBO3NU-
NeNTMYecKoro Npenapara nesagonsl. Ha Mogenm paccesHHo-
ro cknepo3a (anneprudeckoro sHuedanommenuta) N3IM-1556
He YCTynaeT No HeMpONpPOTEKTOPHOW aKTUBHOCTM 3TaNlOHHOMY
npenapary KonakcoHy. peumywiectea MIM-1556 — cywie-
CTBEHHO bonee HU3Kas CTOMMOCTb CMHTE3a, a TaKKe Haluume
aHTWAENPEeCCUBHOMO M aHanbresupytowero aencremin [7-9].

ApaMaHTaHbl (aMaHTagWH, MEMaHTWH, peMaHTafuH)
[aBHO WUCMOMb3YIOTCA B MeAMUMHE KaK NpOTMBOBUPYCHbIE,
NMPOTMBOBOCMANUTENbHbIE U MPOTMBOCYAOPOXKHbIE CPEACTBA.
CwHTe3MpoBaH psAA NPOM3BOAHLIX afaMaHTaHa (M3M-1913,
N3M-1921, U3M-2127, N3IM-2151, U3M-2163), cpenu KOTOpbIX
BbISIBNEH CW/bHBIA aHTU3anunenTuk (M3IM-1913), okasbiBato-
WA NPOTMBOCYLOPOXKHOE AeicTBME Be3 cefaTMBHOMO 3¢-
dekTa, ero TepaneBTUYeckuii MHAeKC B 800 pa3 Bobiwe, YeM
Yy MeMaHTMHa W BanbnpoaTta, a Takke coefuHenus (M3IM-
2151, U3M-2163), cyLlecTBEHHO MPEBOCXOLALLME MO NPOTH-
BOMapKMHCOHWYECKOM aKTMBHOCTW 3TaNoHHble Npenaparhbl
NeBOJOMY U MEMAHTHH.

MpuponHbie coenuHeHNs KyMapuHbl 06naaatoT npoTuBo-
BOCManMTENbHBIMU, CMa3MONIMTUYECKUMU U aHTUKOTYnA-
LMOHHBIMM cBolicTBaMU. CHHTE3WPOBaH pAf, NPOW3BOLHbIX
KyMapuHa — 7-anKoKcuKyMapuHbl (M3M-2262, N3IM-2266)
W 4-amMuHoKyMapuHbl (M3M-2263, N3M-2267), cpeny Kotopbix
BbISIBNIEHbI COEAMHEHWA C aHTUTMMOKCUYECKOM, NPOTUBOCYA0-
POKHOW M aHKCMONMTMYECKOW aKTMBHOCTBLIO (A-p XMM. HayK
J1.B. Mbi3HuMKoB, KaHg. 6uon. Hayk M.A. BpycuHa). B ycnosusx
OCTPOW MMOKCMYECKOI MUMOKCHW C TUNepKanHueil u reMuye-
CKOM MMMOKCUM 3aLLMTHBIE 3QEeKTbI, CONOCTaBUMBIE C Ael-
CTBUEM MeKcuaona, okasbiBamu M3IM-2267 n NIM-2266,
a NPY TMCTOTOKCMYECKOM rnokeun — U3IM-2266 n U3IM-2267.
Bce HoBble COeMHEHMA 3aLLMLLAT KMBOTHBIX OT rbenu no-
cne BeefeHna LD, HMKOTMHA, Toraa Kak npu KopasonoBbiX
Cymoporax 7-aIKOKCMKYMapWHbl NPOSBASIOT 3alUUTHOE Aei-
cteue B fo3e 20 Mr/Kr, a 4-aMuHoKyMapuHbl B fo3e 200 Mr/kr.
B nosegeHueckux Tectax N3IM-2262 n U3M-2266 nosbiwwatot
NOKOMOTOPHYI0 aKTUBHOCTb W CHUXAIOT NOKa3aTenu Heratue-
HOM 3MOLMOHAMBHOCTU U CTPaxa, B LiEIOM 0Ka3blBash MATKUIA
aHKcnonuTueckuit addex [10, 11].

MpomonKawTca UCCNesoBaHNs MEXaHW3MOB AeiCTBUS
M MOKa3aHWW K NMPUMEHEHUIO LIMTOMPOTEKTOPA KPaMM30/a
(kaHg. 6uon. Hayk W.B. OKyHeBwY, KaHA. buon. Hayk A.B. Jiu-
3YHOB) U W3y4eHWe KapAMOMpOTEKTOPbIX CBOWCTB NpOM3BO-
OHbIX ypuamHa (kaHg. 6uon. Hayk W.b. Kpbinosa, E.H. Cenu-
Ha) [12].

OTnen HelipodapMaKonorum TpaguLMOHHO 3aHUMaeTCs
UCCNefOBaHMAMM NaMSATH, NOBEAEHUS, CUCTEMHBIX U Mofe-
KYNAPHbIX MeXaHU3MOB [LEeHCTBUA MCUXOTPOMHBIX BELLECTB.
B nocnepHue rogbl noBefeHYecKUe WUCCNEOBaHWA OTAena
cocpepotouMnMce B nabopatopun obuieii dapMakonorum
Mnoj, PyKOBOLCTBOM [OKTOpa buonoruueckux Hayk, npodec-
copa A.A. Jlebepesa.

B nabopatopuu BbINONHAKTCA LWUMPOKMI Habop Knaccuye-
CKUX MOBEJEHYECKUX TECTOB (OTKPbITOE MONE, MPUNOAHATHIN
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[NcrxodapMaKonoris v DVONOrMYECKas HapKONor s

KpecToobpasHblid abUpUHT, WwaTtn-60KC, NpUHYAUTENBHOE
nnaBaHue, YCI0BHAsA PEaKUMA NacCUBHOTO WM aKTUBHOIO U3-
BeraHus, ycnoBHas peakums npeanoyTeHUs MecTa, Kamepa
CKkuHHepa, ¥ T. N.), @ TaKKe OMepaTMBHblE BMELLATeNbCTBA
C BXMBJIEHNEM 3/IEKTPOLOB M XEMOTPOAOB B rOJIOBHOM MO3T
NabopaTopHbIX KMBOTHBIX.

0nHO M3 HOBbIX HanpaeneHui pabotbl nabopatopum —
U3y4eHWe ponu NenTUAHBIX CUCTEM FOSIOBHOMO MO3ra (FpesuH,
OPEKCWH, KOPTUKONMOEPUH, KMCCMENMTUHBLI) B MeXaHW3Max
CTpecca W afAMKTMBHOIO MoBeAeHWs (anKoroNbHOM, nuLle-
BOM U UrpoBoit 3aBucuMocTk) [13]. bnarogaps uccnegoBaHm-
AM nabopaTopun 0xapaKTepu30BaHbl CMEKTP NOBELEHYECKUX
HapyLUEHMI Y KpbIC, MOABEPrHYTbIX COLMANbHOW WU30MALMM,
OCTPOMY BMTaIbHOMY CTPECCY M XPOHMYECKOM anKoroausa-
UMK; a TaKXKe BO3MOXHOCTU KOPPEKLMM 3TUX HapyLLeHWW
C MOMOLLbI0 CENEKTUBHBIX aHTaroHUCTOB peLienTopa rpenuHa
(ID-Lys3]-GHRPé), opexcuHa (SB408124, TCSO0X229) v KopTu-
KonubepuHa (acTpeccuH) Npu MHTpaHa3anbHoM BBefeHUM [14].

B ycnoBuax ocTporo BUTanbHOMO CTpecca Yy Kpbic, Mo-
MELLEHHBIX B KNETKY C TUrPOBbIM MUTOHOM, hopMupyeTcs
MoCcTTpaBMaTMyecKas CTPeccOpHasi peakums. Y Takux u-
BOTHbIX SB408124 v rpennH cHuXanu nposeneHust ctpaxa
W TPEBOrM U BOCCTaHABNMBA/M KOMMYHUKALMOHHYIO aKTUB-
HocTb, a [D-Lys3]-GHRP6 okasbiBan aHKCMOreHHbIA 3 ekt
[15]. CouuanbHas u3onaums GopMUpyeT CUMMNTOMOKOM-
MMIEKC, BKOYAKOLLMIA NOBLILLEHWE 3MOLMOHANBHO-UCCIE-
[0BaTENIbCKOW aKTUBHOCTMW, CHUMKEHME CTpaxa M arpeccuu.
SB408124 v [D-Lys3]-GHRPé ycunueanu 3ToT TMn nosepe-
HWA, TOrga Kak rPefivH U OpeKCUH Npubnmxanu nosefe-
HWE KpbIC-U30NSHTOB K MOBELEHMIO KpbiC M3 coobLiecTsa.
Y KpbIC-W30N1AHTOB TaKe Oblna BbISBIEHA CKIIOHHOCTb K NO-
TpebneHuto ankorons.

Y XpOHWYECKM anKoronmsupoBaHHbIX (6 Mec.) Kpbic,
actpeccuH, SB408124 n [D-Lys3]-GHRPé nopaensnu Bbipa-
BOTKY 1 BOCpOM3BEAEHME YCIIOBHOM PEAKLIMKU NPEANOYTEHNS
MEeCTa B OTBET Ha BBEJIEHME 3TaHONa, a acTPeCCHH u [D-Lys3]-
GHRP6 oKa3blBanu MArKWUiA aHKCMONUTUYECKUA M cTabun-
3upylowuii noeegeHne apdekTol. KpoMe Toro, BBEaeHue
SB408124 B CTPYKTYpbl CUCTEMbI PACLLUMPEHHON MUHAANMHLI
MOAaBNANo NCUX0AKTUBUPYHOLLIME W NOAKpennsiolme 3ddek-
Tbl HapKoreHoB (B-deHnnusonponunamuta, MK801 n Tpume-
nepuaunHa) [16].

K 6onesHam coBpeMeHHOro 0bLLecTBa OTHOCATCA NaToso-
rMyecKoe nepeefaHue M UrpoMaHus, NpeAcTaBNsioLLMe CO-
6o GopMbl HecybCTpaTHBIX (HEXMMUYECKUX) 3aBUCHMOCTEN.
WUrpoBoe moBefeHue BKYaeT 06CeCCMBHO-KOMMNYbCUB-
HbIi, UMMNYNbCUBHLIA U aiAVKTUBHLIN KOMMOHEHTbI. Y rpbl-
3yHOB 06CeCCUBHO-KOMIMYNIBCMBHOE MOBELEHNE OLEHUBANU
B TECTe 3aKanblBaHUA LIAPUKOB (Pa3HOBULHOCTb MPYMMHIA).
3aKanblBaHWe LUApUKOB MOBbLILLANOCH B pe3ynbTate BUTaNb-
HOrO CTPEeCCa, B MeHbLLEN Mepe Y KpbiC-130M1sHTOB; [D-Lys3]-
GHRPé6, SB408124, TCSOX229 1 acTpeccuH CHWXanm nocnea-
CTBMA CTpecca, HOpPManusys KOMMYbCUBHbBIA KOMMOHEHT
UrpoBO# 3aBMCUMOCTU. [1Nns M3yyeHUs UMNYTIbCUBHOM KOM-
MOHEeHTa UCMonb3oBanu MeTog, 0byueHus B cUTyaumum Beibopa
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CUTbI M BEPOATHOCTY MULLLEBOIO NOAKpenneHus. B 3toM Tecte
TPEeNMH NOBbILIAN YMCO NobeKeK B PyKaB C HU3KOW Bepo-
ATHOCTbIO, HO BOfbLUEN BeNMUYMHOWM MoaKpenneHus (NoBbl-
Wwan asapTtHocTb), Torga Kak [D-Lys3]-GHRP6 ysenuuusan
umcno nobexek B pykas ¢ BeposTHocTbio 100 %, HO MeHb-
Le BeNMYMHOW NogKpennenus. Henpamoii aapeHOMUMETUK
B-dbeHunu3onponunaMmH yBenMUMBaN KaKk KOMMYNbCUBHBIN,
TaK U UMMYNbCUBHBIA KOMMOHEHTbI UFPOBOI 3aBMCMMOCTM.
AnAVKTUBHOE MOBEAEHME Y KPbIC MHAYLMPOBANU 3NIEKTPO-
CTUMYNALMEN JlaTepasibHOMo rUnoTasiaMyca, MoBbILLAKLLEN
MOTMBALMIO K MOMYYEHMIO NULLEBOI U HEMULLIEBOW Harpadbl.
B pesynbrate cbiTble KpbiCbl HauMHanu notpebnatb muwly
CBEpX HopMbl. Hapsmy ¢ runepdarueii Takue MMBOTHble
LEMOHCTPUPOBANW CHUXEHWE MOpOra M MOBLILLEHWE YacTo-
Thbl peakuMu caMocTUMYnALUMM B Kamepe CkuHHepa. B 3tux
ycnosusix [D-Lys3]-GHRPé6 n SB408124 cHuxanu notpebne-
HVe MWLM U NapaMeTpbl CAMOCTUMYMALMM, YTO YKasbiBaeT
Ha y4acTue rpefivHa U OpeKCMHa B MeXaHW3Max nepeefaHus
1 rembnunra [13].

MonydyeHHble pe3ynbTaThbl NPeLCTaBASIOT NPaKTUYECKUN
WHTepec Ans pa3paboTky MeTofoB (hapMaKoor1yecKoi Kop-
PeKLMM CTpecc-MHAYLMPOBaHHbIX 3aboneBaHnuii (Lenpeccum,
0XMpPEHUA, aNKoroau3ma, rpoMaHum), NocKoNbKy B nabopa-
TOPUW HAKOMJIEH 3HAYMUTENbHBLIN MaTepuan 0 NocieacTBUSAX,
KOTOpble OKa3blBalOT pa3/uyHbIe BUAbl CTPecca Ha cTaTyc
A0(haMUHEPrNYECKOi, PETMHOBOM, OPEKCUHOBOW M KOPTUKO-
JMBEpUHOBOI CUCTEM MO3ra, U MX YyBCTBUTENBHOCTU K e-
KapCTBEHHOMN Tepanuv.

HoBbiM 00BEKTOM MccnefoBaHWA SBRSETCA IHOOMEH-
HbIii NENTUA, KUCCMIENTUH, PELENTOpbl KOTOPOro BOBMEYEHBI
B MeXaHU3Mbl MPOAYKLWM FOHAA0TPONWUH-PUNIM3MHT-TOPMOHA
B KJIETKAaX NapaBeHTPUKYNspHOro aapa runotanamyca. lo-
Ka3aHbl MOAKPENnnsLLee U aHTMAENPECCMBHOE CBOMCTBA
KuccnentuHa. B nocnegHue rogbl B nabopatopum passuBa-
loTCA UccnenoBaHua Ha pelbax Danio rerio, x noeegeHue
B TeCTax HOBM3Hbl M MPELbSABMEHUS XULLHUKA NPeAcTaB-
NAETCA NepPCreKTUBHBIM AN U3y4eHWUs TPeBOXHO-hobuye-
CKUX peakumn [17].

CoBpeMeHHble NpeACTaBneHUs 0 KayecTBE MU3HU Tpe-
DYHOT 3HauUMTENbHOMO NOBbILEHUA I(EKTUBHOCTM NieUeHMS
He TO/bKO 3aboseBaHMI LEHTpaibHON HEPBHOW CUCTEMBI,
HO U BJMTENBHO TEKYLIMX BUCLiEpasbHbIX PAcCTPOMCTB Heli-
poreHHoW Mpupoabl (3aboneBaHusa cepaevyHO-COCYAMUCTON,
racTpo-gyofeHanbHoi cucteM u gp.). lMoatomy B oTge-
ne, B nabopatopuu apMaKonorMm BUCLEpabHbIX CUCTEM
(pyK. — 3acny:KeHHbIi fesTenb Hayku Poccuiickoin Depepa-
unw, un.-kopp. PAMH, npog. H.C. CanpoHos ¢ 1990 no 2016 r.),
B HacTosLlee BpeMa — nabopatopum 6uoxmummyeckon dap-
Makonormv (pyK. — A-p Med. Hayk mpog. M.[. LLab6aHos),
BEETCA MOWUCK W U3Y4alTCA BO3MOXHOCTU ONTUMU3NPOBATh
TeYeHWe BUCLiepasbHbIX NaToNOruiA BeL,ecTBaMM, LENCTBYIO-
WMMKM B 0611aCTM CUHANTUYECKOW Nepeaayn, W BeLecTBamMu
MeTabonnyeckoro TMna AeicTus (MPoM3BOAHbIE TaypuHa,
YPUAMHA, UMUAa30naMKapboHoBol Kucnotbl). B 3apady na-
bopatopun BXxoguT QapMaKonornyeckas XapaKTepuCTUKa
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npenapata: M3yd4eHue creuuduueckoi aKTUBHOCTH, TOK-
CMYHOCTU U Be3BpedHoCTW npenapata, pa3paboTka TexHo-
NOTMYECKOro MpoLecca NoslyYeHNs NeKapCTBEHHOM (HOpMb
M MOAFOTOBKA HOPMAaTUBHO-TEXHMYECKOW [OKYMEHTaLuM.
3a mocnepfHWe rofbl CMHTE3VUPOBaHbI HOBblE MPOW3BOAHbIE
CepOoCofEepaLLEN aMUHOKMCIOTbI TaypuHa, CPeay KoTopbIX
0bHapyxeHbl CoeflMHEHMs, 00nafalollmMe aHTUrMNOKCUYe-
CKUMM, aHTUULLIEMMYECKUMMU, aHTMATEPOCKIEPOTUYECKUMM,
KapAMonpOTEKTOPHBIMU 1 HEMPOMNPOTEKTOPHBIMU CBOWCTBaMM,
pa3paboTaH M 3anaTeHToBaH CTUMYNATOP TKAHEBOMO JHepre-
TMYecKoro MetabosmaMa Kpamu3os, MpOTUBOMMKPOOHBIN
npenapar WWPOKOro CreKTpa AeNCTBUA UKCUH, aHTUAPUTMUK
TaypuTMaH, penapaTMBHOE CPeLCTBO Taypenap, BbICOKO3(-
(EKTUBHBIN aHTUTENbMUHTUK FENbMUIU3MH.

HyxHo oTMeTuTb, 4T B OTAENe GapMaKonorum Tpaauum-
OHHO 3aHWUMAIOTCA M3Y4YEHNEM MEXaHWU3MOB [EeHCTBUA NleKap-
cTBeHHbIX npenapatos. [pu C.B. AHnukoBe Buoxummyeckue
UCCNefoBaHMs NPOBOAWIUCH NOJ, PYKOBOACTBOM YneHa-Kop-
pecnoHgeHta AMH CCCP, npodeccopa W.C. 3aBoackon, Ho na-
BopaTtopus Kak caMocCTosiTeNlbHOE HayyHoe rnofpasfenieHune
He Bblaenanack. Jlabopatopusa buoxummyeckoii Gpapmarono-
v nosBunack TonbKo B 1979 r. v Bowna B cocTas BHOBb Op-
raHM30BaHHOrO oTAena hapMaKonoruu NamMATh W NoBeLeHNs
(cywectBoBan B 1979-1984 rr.). Ee Bo3rnaBuna aoktop 6mo-
nornyeckux Hayk H.M. PasymoBckas. B 1984 r., nocne 06b-
eAVHEHUS OTAEN0B hapMaKoioruv U hapMaKonorum namsTu
1 NoBefeHusl, 3aBefoBaTb slabopaTopueid npurnacunm LoK-
Topa MeguumMHCKUX Hayk b.M. KneMenTbeBa, KoTopbin pyKo-
Boaun eto ao 2003 r., BNAOTb 0 0Tbe3Aa 3a pybex, B [laHuto.
[lo 2016 r. nabopaTtopuio BO3rNaBnsN YneH-KOPPECOHAEHT
PAMH, npodeccop H.C. CanpoHoB, 0fHOBpeMeHHO SBNSIACH
pyKoBOAWUTENEM oTAena Herpodapmakonorumn (1992-2011).
B 2016 r. nabopatopus bbina peopraHu3oBaHa Mo WHAUMA-
TMBe 3aBefylowiero otaenoM npodeccopa M1.[. LLabaHosa,
KOTOPbIV PYKOBOAMT €M1 B HacTosLLee BpeMS.

B apceHane nabopatopumn nMeeTcs LUMpoKuin Habop 6uno-
XMMUYECKUX U MONEKYNAPHO-BMONOrMYecKMX MeTogoB (xpo-
MaTorpadus, anektpodopes, (epMeHTaTMBHbIE pPeaKLuH,
MMMyHODEPMEHTHbIN aHanu3, NoiuMepasHas LemnHas pe-
aKuMs, BbICOKOIPGhEKTMBHASA KMAKOCTHAs XpoMatorpadus,
MMMYHOTUCTOXUMMS, U T. N.) LIS UCCIIEA0BaHUS MOJEKYNSp-
HbIX MEXaHWU3MOB NaMsATH, CTPecca, FTMOKCUM, aNKOroNnM3Ma,
a TaKXKe MexaHW3MOoB JeiCTBUS HelipONpPOTEKTOPOB W aHTU-
aNKoronbHbIX CPeACTB.

B nocnenHue roabl KioyeBble KOMMOHEHTLI CUCTEMBI pe-
TYNALMK KCMPECCUM FEHOB CTasiu PaccMaTpyUBaThCA KaKk nep-
CMEKTUBHbIE apMaKonornyeckue MuwleHn. Paspabotku or-
[ena B 3101 0651acTu cBA3aHbI C M3Y4YEHNEM NPOTEMHKMHA3bI
CK2 (KaseuHkuHa3sbl Il). bnarogaps MHOMeCTBEHHOCTM ben-
KoB-MuweHei CK2 HaxooutcA «Ha MEpPEKpecTKe» MHOro-
YMCTIEHHBIX CUTHANIbHBIX NYTEH U KOHTPOIMPYET NPaKTUYECK!U
BCE CTOPOHbI KileTouHoro MeTabonmama. CK2 sensetcs npo-
BOJHWKOM BHeLUHUX curHanos B agpo. Nytem docdopunu-
POBaHUs SAEPHbIX PeLenTopoB CTEPOMAHBIX U TUPEOUOHBIX
ropMoHoB CK2 perynupyeT aKcnpeccuio ropMOHO3aBUCUMBIX
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reHoB. CK2 docdopunmpyer KOMNOHEHTBI TPaHCKPUMLMOH-
HOro KOMMJIEKCA U PerynnupyeT 3KCMPeccuio reHoB Ha YpoBHE
CTPYKTYpbl XpOMaTUHa, TO €CTb CAYKMT HeCneunpuyeckum
3 deKTopoM reHHon 3xcnpeccuu. B otnene paspabotaHb
HOBble M30MpaTeNbHble aKTMBATOpbl U MHrMbuTopbl CK2 —
1-ankun-4,5-au(N-mMeTunkapbamonn) ummpasonbl. 3t
BeLLeCTBa WUCMOMb3YOTCA KaK (papMaKonorMyeckue 30HAbI
ona msydenus pomu CK2 B MexaHM3Max CMHaNTUMYeCKoM
MNAcTMYHOCTU. YunTbiBas, YTo AAEpHbIMA MUweHamMu CK2
ABNAIOTCS apXMTEKTYpPHble daKTopbl xpoMatuHa (HMG, UBF,
TBP), daKTopbl COOPKM HYKIEOCOM W MONYaHUS XpoMaTUHa
(NAP-1/2, HDAC1/2, HP-1), dbepMeHTbI, ocyLiecTBrsioLLne
AT®-3aBucuMMble MUKpO- 1 MakpoManunynauuu JOHK (OHK-
nurasa, IHK-tonomsoMepasa Il), KOMNOHEHTLI NPOTEACOMHO-
ro KOMMJEKCa, UrpatoLLme BaXHYH posib B PEMOLENMPOBaHUN
XpoMaTuHa, npeanonaraetcs, 4to aktueatopbl CK2 uHayuu-
PYIOT «OTKPBITOE» COCTOSIHWE XpOMaTWHA, 0BneryawT 3Kc-
MPECCuIo reHoB Mpu 0by4eHnn 1 cnocobCTBYIOT KOHCONMAA-
UMM [onroBpeMeHHon namaTtu. PerynstopHble GyHKumn CK2
W3MEHSIIOTCA NMpW JOJrOBPEMEHHOW ajanTtauuu, obyyeHuu,
aHoManbHoM 3MmbpuoreHese U cTapenuu. Ha atux mogensix
MOKa3aH BbICOKMI HEMPOMPOTEKTOPHBIA MOTEHLMAN Moayns-
TopoB CK2 [18].

C noMoLubio u3bupatensHbix Mogynsatopos CK2 1-ankun-
4,5-pn(N-meTunkapbamonn) “MMpasonoB Obin U3yuyeH
curHanbHbli Kackag CK2 (g-p 6uon. Hayk 0. Kynukosa,
KaHA. Med. Hayk b.A. Peiixapar). [oka3aHo, 4To 3T0T Npo-
Liecc BKoYaeT aBTopochopunmupoBaHme u aktueaumio CK2,
dochopunmpoBaHme TpaHCKpUNUMOHHOMO ¢akTopa HMG14
M MMO3MHMOAOOHBIX BENKOB XpoMaTuHa, U3MEHEHME KOH-
opMaLMn U TPaHCKPUMLUMOHHOW aKTUBHOCTU XPOMATHHA,
CUHTe3 U docdhopunMpoBaHe CMHANTOCOMasIbHbIX OENKOB.
CurHanbHbIn Kackap CK2 n3MeHseTcs npu [ONroBpeMeHHOM
apanTaumm, obyyeHun, aHoManbHOM 3MbpuoreHese U CTa-
peHuu. YuutbiBas, yto CK2 uHTerpupyer BHELLHME CUrHasbl
W NepedaeT ux B AApO, npegnoaraetcs, 4to Mopynstopbl CK2
MOryT UMUTUPOBATb FOPMOHANBHYKD PErYNALMIO KCTPeccUn
FeHOB MO3ra W ONTMMU3MPOBATb TEHETUYECKUI KOHTPOIb
CMHAMNTMYECKOM MNAcTUYHOCTU U AONTOBPEMEHHON NaMSATW.
Takum obpasom, npuMeHenne MoaynatopoB CK2 npepcras-
NSIETCA HOBBIM NMOAXOAO0M 1S hapMaKOMor14ecKoi KoppeK-
LMW HapYLLEHWNA NaMATH, B OCHOBE KOTOPbIX JIEXMT CHUMXEHWE
3Kcnpeccum reHos [19].

AkTvBHO pasBuBaloTCA MUcCnenoBaHUA B obnacTu ncuxo-
Helpo3HA0KPUHONOrMK. M3BECTHO, YTO HapyLLeHWs ropMo-
HasbHOrO CTaTyCa JieXaT B 0CHOBE MOBEAEHYECKUX U KOTHU-
TUBHBIX LeduUuMToB Npu cTapeHuu, bonesHn AnbureliMepa,
K/IMMaKTEPUYECKOM U MPeSMEHCTPYaNbHOM CUHIPOME Y JKeH-
LWKH. B noBeaeHYecKMx TecTax U3yyeHbl 0COBEHHOCTM Nams-
TU W NOBEAEHUS Y XMBOTHbIX C AedULMUTOM M aucbanaHcoM
TMPEOMAHBIX TOPMOHOB M 3CTPOTEHOB, @ TaKKE B PasfyHbIe
(asbl 3cTPanbHOMO LMKNA Y Kpbic-caMoK. Ha ocHoBe u3yye-
HWS B3aUMOLENCTBUA MEXY SHAOKPUHHON U HelipoMeaua-
TOpHBIMW CUCTEMaMK B OTZeNe pa3pabarTbiBaloTca Npenaparbl,
coyeTatoLme B cebe CBOWCTBA FOPMOHOB (3CTPOreH, aHAPOreH)
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[NcrxodapMaKonoris v DVONOrMYECKas HapKONor s

W HelpOoTPONHBIX areHToB (aroHucT/aHTaroHucT M1 peuento-
poB aueTunxonuHa, 1A n 2A cepotonuHa, D1 v D2 nodamuna).
Wcnonb3oBaHue BeLLecTB TaKoro poja No3BOAMT YCTPaHATH
HapyLLEHWUs KaK B 3HAOKPUHHOM, TaK U B HEPOMEAMATOPHOM
cucTeMax OHOBPEMEHHO, He AomycKas (hopMUpOBaHMS «Mo-
PouHOro» Kpyra. B MonekynspHo-naroreHeTUHECKUX UCCReao-
BaHWAX NMOKa3aHbl HapyLLEHWS HeWPO3HLOKPMHHOM Nepefayn
(cTeponaHble, TMPEOUAHbIE FOPMOHBI, BUOTEHHBIE aMUHBI U UX
MeTabonuTbI), BHYTPUAAEPHONA TpaHcayKumn curHana (CK2-
Kackap) u akcnpeccumn peuentopoB (1A n 2A cepoToHKHa,
17b-3cTpagmona) Npu KOrHUTUBHBIX PaccTPOACTBAX, CBA3AH-
HbIX C eMLMTOM 3CTPOreHOB U CTapeHueM (4.-kopp. PAMH,
npod. H.C. CanpoHos, n-p 6uon. Hayk 10.0. ®epnotoBa).

BaxHbIM pa3fenoM NCMXOHEMPO3IHAOKPUHONOTMYECKMX
UCCNeoBaHUI SBNIAETCA U3YYeHUe HEropMOHabHBIX IPheK-
TOB FOPMOHOB ¥ rOpMOHOMOA06HBIX CybcTaHuumiA. Tak, papMa-
KONOTUYECKMIA aHann3 C UCMO/b30BaHUEM NIMBEPUHOB Tpon-
HbIX FOPMOHOB rMNodK3a NO3BONWA BbISBUTL FOPMOHASbHbIE
KOMMOHEHTbI 3aBUCMMOCTM OT aJIKOroNs, 0nWaToB, NCUXOCTU-
MYNATOPOB U [PYruxX HapkoreHoB. [oKkasaHa BO3MOXKHOCTb
Gnokaabl afAVKTUBHOTO MOBELEHUS Y UBOTHBLIX BHYTPM-
CTPYKTYPHbIM BBELEHMEM aAHTArOHMCTOB KOPTUKONUBEpPUHA,
rpenuHa, opeKcuHa u cybecTaHumm P, To ecTb. mMenTMAHbIX
FOPMOHOB, MOAYNUPYHLLMX IMOLMOHANbHO-MOTUBALMOHHBIE
KOMMOHEeHTHI noBefeHus. Ha 3To ocHoBe cdopMynmupoBa-
Ha nnathopMa oS co3aaHus (hapMaKoNorMYecKux CpeacTs
C aHTMHAPKOTUYECKUM [LeNcTBUEM (A-p MeA. HayK npodo.
M.0. WabaHos). MonyyeHbl nepsble opuUrMHanbHble coeau-
HEHWS 3TOW rPyNMbl BELLECTB HAa OCHOBE MEHHO-MHXEHEPHbIX
KOHCTPYKUMI, U3y4eHbl UX CBOWCTBA U MEPCMEKTUBHOCTb NpH-
MEHEHUS B KAUecTBE aHTWAIKOTOMbHBIX CpeacTB (a-p 6uon.
Hayk npo¢. A.A. Jlebenes, kaHa. Men. Hayk E.P. bblukos,
KaHa. 6uon. Hayk [1.I1. XoxnoB).

HoBoe HanpaBeneHue pabotbl flabopatopum — u3yueHue
pony MenTULHLIX CUCTEM FOMIOBHOrO Mo3ra (FpeivH, OpeK-
CWH, KOPTUKONMBEPUH, KUCCMENTUHbI) B MeXaHM3Max cTpecca
W arKoronibHoW 3aBucUMoOCTU. loKas3aHo, YTO XpOHMYecKas
arnKoronM3aLms Kpbic-CaMoK BO BpeMsi bepeMeHHOCTM CTUMY-
nmpyer 3kcnpeccuio D2-peuentopoB aodamuna (DA) n cHu-
xeHue ypoBHa DA u katexon-0-MetuntpaHcdepasbl (COMT)
y nnofoB. B nocTHaTanbHbIA NepUo NPOUCXOAMT AaNbHEN-
Luee CHMKeHMe aKTuBHOCTU DA-cucTeMbl — yMeHbLLEHUE
conepanua DOPAC (3,4-LMOKCMEHUNYKCYCHOW KUCNOTBI)
1 otHowwenmns DOPAC/DA (a-p 6uon. Hayk W.B. Kapnosa) [21-
23]. AnKoronusauus NpUBOAMT K CHUKEHUIO YPOBHSA Ae3aLmi-
rpenvHa (d-Ghr) B KpoBM 1 yBENUYEHUIO 3KCMIPECCHM peLien-
Topa rpeninHa (GHSR1a). Y B3pocbixX JKMBOTHBIX XPOHUYECKas
arnKoronn3auus NpUBOAUT K CHUKEHUIO NepudepuyiecKoro
d-Ghr u yBenuuenmto skcnpeccun GHSR1a. OTMeHa ankorons
CTUMyNUpyeT nofbeM ypoBHA d-Ghr B KpoBM U 3Kcnpeccun
GHSR1a B npedpoHTanbHoi Kope W BeHTpanbHOM 0bnacTu
nokpbIwky (VTA). B MexaHU3Mbl pa3BUTUA TAMM K ankoronto
BOB/IEYEHbI peLentopbl KopTukonubepuHa (CRFR2), perynu-
pytowme aktuBHocTb DA/GABA-HeipoHoB. [pu oTMeHe an-
Koronis npoucxonomt yBenudeHue axkcripeccun CRFR2 B VTA.
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KpoMe Toro, B 3MOLMOreHHbIX CTPYKTYpax MO3ra asKoroim-
3auMs CTUMYNMpYET 3Kcnpeccuio dakTopa pocta Gpubpobna-
ctoB FGF2, koHTponmpytowero pa3sutie DA-HelpoHOB (KaHa,
Meq. Hayk M.W. Aiipanetos) [24-26].

N3yuenbl cnekTpsl pacnpenenenus d-Ghr u OXA B cTpyk-
Typax Mo3ra KpbiC Ha QOHe cTpecca, anKoroaM3auun u oT-
MeHbl 3TaHona (KaHa. ouon. Hayk W.H0. TucceH, KaHa. buon.
Hayk [1.M1. XoxnoB). CxoaHble faHHble MoyYeHbl Ha pbibKax
Danio rerio, y KoTOpbIX HEMPOXMMUYECKMIA NPodunb Mo3ra bo-
nee BM30K K YenoBeYecKoMy, YeM Y rpbi3yHoB. Copepanue
d-Ghr B nepenHeM u cpeaHem Mo3sre Danio rerio yBennumBa-
J10Cb NOCJIE KOHTAKTa C XMLLHUKOM U1 YCTPaHANOCh BBELLEHUEM
¢eHasenama u [D-Lys3]-GHRP6 (A.A. bnaxeHKo).

XpoHuyecKas ankoronmsauus aktueupyet TLR-curHanuHr
B KJNETKax MUKPOITIMM M03ra KpbIC, @ 0TMEHA 3TaHona npuBo-
BMT K [MCPETYNALMN B CUCTEME BPOMXIEHHOMO UMMYHUTETA
1 NPOBOCMANUTENBHBIX LIMTOKMHOB, Y4TO MOXET CTUMYNUPO-
BaTb BOCMajieHWe U rmbenb HelpoHoB.

Ankoronusaums (1-6 Mec.) NPUBOAMT K NOBbILLEHNHO KC-
npeccvm TLR3/4 (Toll-nopobHbIx peLentopos) v ero 3HAOreH-
Horo iuraHaa HMGB1 (high-mobility group protein B1) B kope
W TMNNoKaMmne, TOrAa KaK 0TMEHa 3TaHosIa CTUMYNUPYET 3Ha-
unTeNbHbIN NnogbeM ypoeHeidt MPHK TLR3/4/7, HMGB1, MCP-1
(xeMoaTTpaKTaHTHbIA Oenok MoHoumToB), TNF-a (hakTopa
HEKpOo3a ONYXoNK a ), U MHTepeNKKUHA 1B B MUHAANEBUAHOM
Tene, rMNNoKaMmne, cTpUaTyMe, NpepoHTaNbHO U Meauanb-
HOI 3HTOPMHANBHOI KOpe, C NMOC/EAYIoWMUM BOCCTaHOBIEHH-
€M [10 HOpMbl B TeyeHue 2 Hep. [25, 27]. IMMyHoructoxm-
MWYECKME MCCNIEA0BaHNA MOATBEPHAIOT, YTO NPeHaTanbHas
aKorofn3aums y KpbiC Bbi3bIBAET YMEHbLUEHUE Pa3MepoB
U rmbenb 3HauMUTENBHOM YacTh HermpoHoB B DA 1 opeKcuHo-
Bbix (0X) agpax ctBona Mo3ra. MospexaeHne OX-HelpoHoB
COMpOBOXAAeTCA yBenmueHneM cuHTe3a OXA u ycuneHvem
BMSIHUA KNETOK MaKpOMMM Ha XW3HecnocobHble HeMpoHbI
(kana. mep. Hayk M. Aiipanetos, C.E. Epecko) [24].

MpoponKatoTcs UccnenoBaHUA HEMPOXMMUYECKUX OCHOB
acuMmeTpum Mosra (a-p buon. Hayk W.B. Kapnosa). Usyue-
HO cofepXaHue W auHamuka MoHoamuHoB (NE, DA, 5-HT,
DOPAC, HVA, 5-HIAA) B CMMMETPUYHBIX CTPYKTypax Mo3-
ra (0boHsATeNbHLIM DYropoK, CTpMaTyM, runotanamyc, Kopa,
TUNNOKaMN) Y MbILLEH W KPbIC B YCNOBMSX NaTonoruu (couu-
anbHas U3onAuMsA, ankoroNnsaums, MMnoKcKs, runepTupeos,
yHUnaTepanbHasi KOpKoBasi pacrnpocTpaHsiowascs Aenpec-
cmsl), Ha hoHe OKcUTOLMHA, aHTaroHucToB GHSR1a ([D-Lys3]-
GHRPé6) n OX1R (SB408124), a Takxe npu BEeMCTBUAM NCUXO-
cTUMynsTopa GeHaMyHa W 3NeKTPOCTUMYNALMM NaTepanbHOro
runnoTanamyca [20-22].

MponomKalTca TaKie MCCNefoBaHUs MHOMO(YHKLMO-
HanbHoM npoTenHkuHasbl CK2. 06yyeHne ycnoBHoMy ped-
NeKCY NacCMBHOTO M3beraHus CTUMYNIUPYET aKTUBHOCTb Heli-
poHanbHon CK2 B OTHOLLEHWM CUHANTOCOMANbHbIX U AAEPHBIX
benKoB; cxoaHbIn 3QdeKT oKasbiBaloT cTuMynaTopbl CK2
W3 rpynnbl CTPYKTYPHbIX aHanoros atumusona (CA3) in vitro
u in vivo. Npu pencteum CA3J in vivo, HapaRy C aKTMBaLM-
e CK2, Habnopaetca auHamuyeckuin nogbeMm PKA/PKC/
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CaMKII-3aBucumoro docopunmpoBanus benkoB cUHaNTU-
yeckux MeMbpaH. 0byueHmne ycnoBHOMY pedneKcy aKTMBHOMO
usberanusa ctumynupyet CK2 agep v xpoMatuHa; npu nces-
A006y4eHnmn akTMBHOCTL CK2 ocTaeTcs BbICOKOI Ha NpoTsKe-
HWM TpEeHWMHra, TOrAA KaK y 0byJalowmxcs KpbIC NpOMCXOAUT
OVHaMU4YecKoe noBblleHne akTuBHocTM CK2 B Kope u cHu-
XeHue B runnokamne. MonyyeHHble pe3ynbTaTbl YKa3biBaoT
Ha aKTMBHOe yuacTne CK2 B MexaHWU3Max HeliponiacTMYHoOCTM
1 no3sonsoT oTHecTM CK2 K «KuHa3aM namsatu» [18, 19].

XapaKTepHoW YepToil COBpeMEHHOM (apMaKonorum se-
NAETCA MPUOPUTET MONEKYNAPHBIX MUCCNeaoBaHui. [pume-
HeHWe MeTOL0B MOJIEKYNAPHOM MEXaHUKM 1 TEOPETUYECKOTO
KOH(OPMAaLMOHHOr0 aHanu3a JaeT BO3MOXHOCTb MOAENM-
poBaTb NiMraHa-peLenTopHoe B3auMopencTeue. B nabopa-
TOPUM CMHTE3A M HAHOTEXHONOMMU NIEKApPCTBEHHbIX BELLECTB
(pyk. — m-p buon. Hayk, npod. J1.b. NnoTpoBCcKMiA), ocylecT-
B/SIETCA CUHTE3 JIMraHA0B PasfMyHbIX NOLTUMOB PELIENTOpOB
B03bYXJalLWMX aMUHOKMCNOT. B yacTHocTH, B nocnepHue
rofpbl Co3faHbl HOBble aHTArOHUCTLI (MPOM3BOAHLIE FeTepo-
LMKIIMYECKUX AMKapDOHOBLIX KUCNOT), «CynepKUCHble» aro-
HucTbl (Npon3sogHble N-dTanamonn L-rnytaMuHoBoi Kucho-
Tbl) M YaCTUYHble aroHMCTbl (Mpou3BogHble N-3aMelLeHHoM
acnaparuHoBoi Kucnotbl) NMDA-peuentopos, obnapato-
LuMe B 3aBUCMMOCTW OT [03bl CMOCOBHOCTBIO MHIMOMPOBaTL
unn bnokuposatb NMDA-uHayumpoBaHble cygoporu [28].
C ucnonb3oBaHWEM 3TUX BELLECTB CMOJENMPOBAH aKTUB-
Hoit LeHTp NMDA-peuentopa v B3auMopelicTBue peuen-
TOpa C MOJEKYNaMWU aroHWUCTOB M aHTaroHUcToB. Mopgenb
y3Hatowwero caiita NMDA-peuenTopa no3BosisieT nonyy4uTb
He TONbKO KauyeCTBEHHBIE, HO M KONIMYECTBEHHbIE XapaKTepu-
CTWKU B3aUMOAENCTBUA NUraHAa C MOJIEKYNAPHON MULLIEHDBH
U B KOHEYHOM MTOTe KOHCTPYWMPOBAaTh MOJIEKYMbI C 3aJaHHbIM
TMNOM buonornyeckon aktueHocT. C HapyweHusmu BAK-
epru4eckon nepefayu CBA3bLIBAKOT Pa3BUTUE 3MUNENCUM,
bonesHu AnbureiMepa 1 xopen [ETTUHITOHA, NCUXOTUYECKNX
U LenpeccuBHbIX COCTOSHWUI. Bo3MoXHOCTb BMelLMBaTbCA
B paboTy 310N CUCTEMbI CO3AAET NPEANOCHUTKMA ANS YCNEeLHOM
KOPPEKLMM ULLEMUYECKUX COCTOSIHWUM, CYLOPOXKHBIX U [iereHe-
paTuBHbIX 3aboneBaHuiA Mo3ra.

B otaene npopomkaetcs nouck 6roKkaTopoB MpOTOH-aK-
TUBMPYEMBIX MOHHBIX KaHas0B, KOTOPble MOTYT NMPeLCTaBNATh
NpaKTUYECKMIA HTEpEC B KauyeCTBe aHanbreTukos. OcyLuect-
BAETCA TAKIKE MOMCK HOBbIX BELLECTB MO3UTMBHOIMO W Hera-
TMBHOIO TUNA LLENCTBUSA, BIMAIOLLMX Ha LODAMUHEPrUYeCKYHo
cucteMy [29]. OpuruHanbHble WCCnenoBaHUS BbIMOSHEHbI
B 0bnactu msydeHus xummun u dapmakonorum QynnepeHos
U UX MPou3BoAHbIX. [T0Ka3aHa BO3MOXHOCTb UCMO/b30BaHMS
dynneperos C,, B KauecTe HocuTenen Monekyn buonoru-
YECKM aKTMBHbIX COEAMHEHMIA, B TOM uncnie dhapMaKonoru-
UECKWX areHToB, He MPOHMKAIOLWMX Yepe3 reMatosHuedanu-
yecKuii bapbep, BnepBble NOKa3aHa cnocobHoCTbL pynnepeHa
C4; K broperpapaumm nop Bo3aeicTeneM GpepMeHTOB MieKo-
nuTatowmx. MonyyeHbl NMOHEPCKUE AaHHbIE O BO3MOXHOCTH
perpecca amunonaHoro 6enka BHYTPW KNETOK Nog, BAMSHUEM
XMMUYECKUX COeIMHeHMIn Ha ocHoBe dynnepeHa Cy,.
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B HacToslLLee BpeMs 0TAEN AMHAMMYHO Pa3BMBAETCS, He-
CMOTPSA Ha HEKOTOPble CTPYKTYPHbIE M KafipoBble NepecTpoii-
Ku. [ina pabotbl B Hayke B OTAEN MpULLIM Mosogble nep-
CNEKTUBHbIE UCCNEAO0BATENW U acnupaHThl (KaHA. buon. Hayk
W.10. TucceH, kaHa. Meq. Hayk M.U. AiipaneTtos, KaHa. Mep.
Hayk H.[. fikywmHa-HapbutoBa, KaHa. Men. Hayk A.B. Jlio-
bumoB, KaHA. 6uon. Hayk A.B. JiusyHoB, KaHA. buon. Hayk
M.A. Bpycuna, A.A. Bnaenro, C.E. Epecko). OcanBaetcs
MHOr0 HOBbIX METOAMK, BKJII0Yas NepeaoBble MOJEKYNSPHO-
Buonornyeckme TeXHUKM U npueMbl. COTPyLHUKM NonyyaroT
Hay4Hble rPaHTbl PAa3HOT0 YPOBHS, BKIK0Yas rOCYAAPCTBEHHbIE
KOHTpaKThI, rpaHTbl Poccuiickoro doHaa dyHAaMeHTanbHbIX
uccnenoBaHmii, Poccuitckoro ryMaHUTapHOro HaydHoro hoHga,
Apyrve dhopMbl GDUHAHCOBOW W UHTENNEKTYaNbHOW NoALepK-
Ku. EXXeroiHo coTpyaHUKY oTena nybimKyT AecaTHW HayY-
HbIX CTaTen B PEMTUHIOBLIX XypHanax Poccum n 3a pybexoM.
Tonbko B nocnepHue 10 neT BbILLNO HECKONBKO MOHOrpaduii
M0 aKTyasbHbIM NpobneMaM HelpodapMaKonoruu, NCUXOHEN-
PO3HAOKPUHONOrMM U Heinpobuonorum [30-40]. CoTpynHukm
OTAEeNa BXOAAT B COCTaB PeaKLUMOHHON Konneruu / pefakum-
OHHOro coBeTa JypHanoB «0030pbl N0 KJIMHWUYECKON (ap-
MaKoJIoruuM 1 NIeKapcTBEHHOM Tepanuu» (BbixoauT ¢ 2003 .,
BX0AMT B 6a3bl faHHbIX PUHLL, RSCI n Scopus) u «[cuxodap-
MaKonorua 1 buonorudeckas HapKonorus» (Bbixoaut ¢ 2000
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Antidrug effects of GTS201 dipeptide, an imitation
of the second bird BDNF, in morphine-addicted rats

Mark A. Konstantinopolsky, Larisa G. Kolik, Irina V. Chernyakova, Nelly M. Sazonova,
Tatiana A. Gudasheva

Zakusov Institute of Pharmacology, Moscow, Russia

Abstract

BACKGROUND: The V.V. Zakusov Research Institute of Pharmacology developed hybrid digital sensors for the first, second, and
fourth BDNF patches (GSB-214, GTSB-201, and GSB-106, respectively). When tested in vitro, on an oxidative stress model, in the
culture of hippocampal neurons NT-22, the compound GTS201 (hexamethylenediamide bis-hexanoyl-seryl-lys), a simulator of
the 2" series of BDNF, activates the TrkB spy receptor and MAPK/Erk kinase pathway but does not affect the PI3K/Akt signature
pathway and has neuroprotective activity similar to BONF.

AIM: To study the effect of GTS-201 dipeptide on the behavior of laboratory white rats during the formation of their dependency
state and morphine withdrawal syndrome.

MATERIALS AND METHODS: Morphine dependence in rats was developed due to administration of morphine in a doses
escalation manner ranging from 10 to 20 mg/kg twice daily at 8-h intervals for 5 days. GTS-201 was given in 1- or 5-mg/kg
doses for once in 30 minutes before morphine on the 5" day of the experiment or daily (in one of the groups) for 5 days
in the morning 30 minutes before morphine administration. On the 5 day of the experiment, animals were tested for the
presence of specific signs of morphine withdrawal syndrome in an “open field” for 5 minutes. Four experimental groups
were formed: group 1 “morphine hr. + naloxone” (“active control” group); group 2 “morphine hr. + GTS-201 (1) + naloxone”;
group 3 “morphine hr. + GTS-201 (5) + naloxone”; and group 4 “morphine hr. + GTS-201 (1 x5) + naloxone.” Designations:
hr. — morphine administration within 5 days; (1) and (5) — doses of substances in mg/kg, (1x5) — chronic administration
of the peptide for 5 days.

RESULTS: When studying the effect of GTS-201 dipeptide on behavioral, somatic, and neurological markers of animal behavior
after morphine withdrawal, significant changes in the severity of individual signs of withdrawal syndrome were noted.
Manifestations of diarrhea were significantly decreased in all groups of animals injected with the peptide. In animals from
group 3, “morphine hr. + GTS201 (5) + naloxone showed the maximum effect: diarrhea was decreased by 71.0% (p < 0.001),
convulsions were decreased by 83.3 % (p < 0.05), running was decreased by 71.4% (p < 0.01), and vocalization was decreased
by 62.5% (p < 0.05). GTS-201, administered at a dose of 1 mg/kg once, eliminated the appearance of escape attempts in group
2, but the peptide at the same dose completely blocked convulsive reactions in rats in group 4. Despite significant changes
in individual indicators, the total index (of morphine withdrawal syndrome for groups chronically injected with morphine) did
not change statistically significantly compared with group 1 of “active control.” In the control group, its value in points was
7.3 + 0.36 (100%), whereas in groups 2-4, it ranged from 6.2 (84.9%) to 6.5 (89.0%; p > 0.05).

CONCLUSIONS: It is assumed that the antiaddictive dipeptide activity of GTS-201 is mediated by activation of these receptors
and markers/the Erk-kinase signaling pathway, which does not exclude the involvement of opioid receptor mechanisms in the
implementation of the observed behavioral phenomena.

Keywords: addiction; BDNF; GTS201; morphine; oligopeptides; withdrawal syndrome.
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AHTuHapkoTuyeckue acdektol gunentupa NMC-201,
MuMeTuKa 2-u netnu BDNF, y kpbic, 3aBUCUMBIX
oT MoptuHa

M.A. KoHcTanTtuHononsckui, J1.I0 Konuk, U.B. YepHsikosa, H.M. Ca3oHoBa, TA. [yaalesa

HayuHo-uccnenoBatenbekuii MHCTUTYT dapMakonoruv uM. B.B. 3akycoBa, Mocksa, Poccus

AnHomayus

AktyanbHocTtb. B HUW dapmakonorum umenn B.B. 3akycoBa Obinn co3aaHbl AMNENTUAHbIE AUMEPHbIE MUMETUKM 1-i, 2-i
u 4-in netnm BDNF — TCB-214, 'MC-201 u ICh-106 cooteTcTBEHHO. BbiNno nokasaHo, 4to coeanHenue 'MC-201 (rekcameTn-
neHanammp, buc-rexcaHoun-cepun-nusuHa), MuMeTuk 2-i netn BDNF, aktusmupyet cneunduyeckuit peuentop TrkB u MAPK/
Erk-KuHa3HbIi NyTb, He BAMSET Ha curHanbHbi nyTb PI3K/Akt n 0bnasaeT HeMpoNpOTEKTOPHOW aKTUBHOCTbIO, aHANOTMYHO
BDNF B onblITax in vitro Ha MOLENW OKUCAUTENBHOMO CTPECCa B KySbType rMnnoKaMnasbHbIX HelpoHoB inHumn HT-22.

Lenb — n3yuntb BamsHue gunentuga MMC-201 Ha noBefeHve nabopaTopHbiX BenbiX KpbIC B NpoLecce GOpMMPOBaHMUSA Y HUX
COCTOSIHMS 3aBUCMMOCTU M CMHAPOMA OTMEHBI MOpUHa.

MeToabl. 3aBucMMOCTb OT MOpUHA Y KpbIC BbipabaTbiBany BBeAeHMeM MopduHa B BospacTaiolumx Ao3ax ot 10 no 20 Mr/kr,
2 pasa B [ieHb, C UHTepBasioM 8 u, B TeyeHme 5 cyT. [TC-201 B po3ax 1 unm 5 Mr/Kr BBoAMIM ofHOKpaTHO 3a 30 MMH [0 Mop-
GuHa Ha 5- [eHb 3KCMepuUMeHTa WK eXKedHEeBHO (B OAHOW M3 rpynn), B TedeHWe 5 AHelt yTpoM 3a 30 MMH [0 BBEde-
HWA MopduHa. TecTMpoBaHME XUBOTHBIX HA HanMume cneuuduyYeckux MpU3HaKoB CUHAPOMA O0TMeHbl MopduHa NpoBOLMIM
Ha 5-1 [eHb OMbiTa B TEYEHME 5 MUH B «OTKPLITOM Mofe». bbiin chopMupoBaHbl 4 3KCMEpUMEHTaNbHbIE TPYNMbl: rpynna
1 (rpynna aKTMBHOIO KOHTPOAS) — «MOPQUH Xp. + HANOKCOH»; rpynna 2 — «MopguH xp. + ['TC-201 (1) + HanoKcoH»; rpyn-
na 3 — «MopduH xp. + ITC-201 (5) + HanoKcoH»; rpynna 4 — «mop@uH xp. + [TC-201 (1x5) + HanokcoH» (0b03HaueHus:
Xp. — BBeAeHWe MopduHa B TeueHue 5 aHelt; (1) u (5) — mo3bl BewwecTs B MI/K, (1 x 5) — XpoHuYecKoe BBefeHMe NenTuaa
B TEUEHWUW 5 JHEN).

Pe3synbtartbl. [1pu u3yyeHumn enusaHusa gunentuga [MC-201 Ha noBefeHYeCKWe, COMATUUECKME U HEBPOSIOrMYECKUe NOKa3aTenu
NOBEJEHNUSA UBOTHBIX NOC/E OTMEHBI MOP(UHA ObIIM 0TMEYEHBI 3HAUMMbIE U3MEHEHMS BbIPAXEHHOCTU OTAEMbHBIX NPU3HAKOB
CMHApPOMa OTMeHbI. [1posiBNeHMs auapem CyLLecTBEHHO YMEHBLUIAMCH BO BCEX MPYMMaX XUBOTHbIX, KOTOPLIM BBOAUAM NENTUA.
Y JKMBOTHBIX M3 rpynnbl 3 Obin 0TMEYeH MaKcUManbHbI 3QdeKT: aAuapes cHuxanack Ha 71,0 % (p < 0,001), cynoporn —
Ha 83,3 % (p < 0,05), berctBo — Ha 71,4 % (p < 0,01), Bokanu3saums — Ha 62,5 % (p < 0,05). B rpynne 2 'TC-201, BBogMMbIii
B fio3e 1 Mr/Kr ofHOKpaTHO, NONTHOCTBIO YCTPaHAN NOSBNIEHUE NOMLITOK BercTBa, B T0 BPEMS KaK B rpynne 4, Npy XpOHUYECKOM
BBEEHWM, NENTUL, B TOM e 036 MOJHOCTbH BNOKMPOBan CYAOpOXHbIE peakumm y Kpbic. HecMoTps Ha 3HauMMble U3MeHe-
HWS OTAENbHBIX MOKa3aTesnen, CYMMapHbIA MHAEKC CUHAPOMA OTMeHbI MOpdUHa 1S FpYNM, KOTOPbIM XPOHWYECKU BBOLMIMN
MOpP®WH, He M3MEHANCA CTaTUCTUHECKM 3HAYMMO B CPaBHEHUM C rpynnoii 1 aKTMBHOTO KOHTpONA. B KOHTpombHOM rpynne ero
3Ha4eHue coctauno 7,3+0,36 6anna (100 %), Torna Kak B rpynnax 2, 3, 4 — ot 6,2 (84,9 %) po 6,5 (89,0 %) 6anna, p > 0,05.
3akuitouenue. [pennonaraetcs, uto 0b6HapyeHHas aHTUAaAOMKTMBHAsA akTUBHOCTb avnentuaa [TC-201 moxeT bbiTb onoc-
penoBaHa aktuBaumen TrkB-peuentopos u MAPK/Erk-kuHasHoro curHanbHoro nyTu, YTo He UCKIOYaeT y4acTus ONMOMUaHbIX
peLenTopHbIX MEXaHU3MOB B peann3aLm 0TMEYEHHBIX NOBeEHYECKUX HEHOMEHOB.

KnioueBbie cnosa: onvronentuasl; [MC-201; BDNF; MopduH; 3aBMCMMOCTb; CUHAPOM OTMEHBI.
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BACKGROUND

Previously, at the V.V. Zakusov Research Institute of
Pharmacology, dipeptide dimeric mimetics of loops 1, 2,
and 4 of the brain-derived neurotrophic factor (BDNF)
were created, namely, bis-monosuccinyl-methionyl-serine
heptamethylenediamide (GSB-214), bis-hexanoyl-seryl-lysine
hexamethylenediamide (GTS-201), and bis-monosuccinyl-
seryl-lysine hexamethylenediamide (GSB-106), respectively.
Studies have found that GTS-201, a mimetic of BDNF loop 2,
activates the specific receptor TrkB and the MAPK/Erk kinase
pathway, does not affect the PI3K/Akt signaling pathway,
and has neuroprotective activity similar to BDNF in in vitro
experiments, in an oxidative stress model, and in the culture
of HT-22 line hippocampal neurons [1, 2].

For the first time, this study examined the effect of
the dipeptide GTS-201 on various behavioral indicators of
laboratory white rats during the development of dependence
and withdrawal syndrome (WS) of morphine. Data were
compared with the corresponding indicators for GSB-
106, one of the promising and previously studied peptide
compounds, in terms of possible correction of opiate
addiction [3, 4].

This study aimed to investigate the effect of GTS-201 on
various behavioral indicators of laboratory white rats during
the development of dependence and WS of morphine.

RESEARCH METHODS

The experiments were performed on 80 outbred male rats
weighing 240-260 g. The animals were obtained from the
Stolbovaya nursery. Before the start of the experiment, they
were kept for 1 week in standard plastic cages, with eight
rats each, in a vivarium under natural light and air tempera-
ture of 21-23°C. Granulated food and water were given ad
libitum.

The experiments were performed in accordance with the
requirements imposed in the Order of the Ministry of Health
of the Russian Federation dated April 1, 2016, No. 199n “On
approval of the Rules of Good Laboratory Practice” and Deci-
sions of the Council of the European Economic Union No. 81
“On approval of the Rules of Good Laboratory Practice of
the Eurasian Economic Union in the Area of Circulation of
Medicines.” All animal procedures were approved by the bio-
ethical commission of the V.V. Zakusov Research Institute of
Pharmacology, with the decision of the ethical committee in
Protocol No. 7 of May 16, 2022.

To reduce the stress level and adapt to the experimental
conditions, the animals were subjected to a handling proce-
dure for 3-4 days before the experiment started. One day
before the start of the experiment, the rats were placed in
an experimental room with natural lighting changes and air
temperature maintained within 23 + 1.0°C. The animals were
weighed every other day for 12 days, starting from day 1
of the administration of morphine and GTS-201. The average
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bodyweight changes in groups were calculated according to
the number of days of the experiment.

Morphine hydrochloride was administered in doses of
10-20 mg/kg, and p-opioid receptor agonist (Chimkent
Pharmaceutical Plant), naloxone hydrochloride, an antag-
onist of p-opioid receptors (DuPont DeNemours Int. S.A,,
Switzerland), was injected at a single dose of 1 mg/kg to
provoke WS of morphine. GTS-201, hexamethylenediamide
bis(N-hexanoyl-L-seryl-L-lysine), a mimetic of BDNF loop
2 (V.V. Zakusov Research Institute of Pharmacology), was
administered in doses of 1 and 5 mg/kg. The substances
were dissolved in distilled water and administered extem-
pore intraperitoneally at a dose of 1 mL/1 kg of animal
bodyweight.

Four experimental groups were formed: group 1 received
chr. morphine + naloxone (active control group), group 2
received chr. morphine + GTS-201 (1) + naloxone, group 3
received chr. morphine + GTS-201 (5) + naloxone, and group
4 received chr. morphine + GTS-201 (1 x 5) + naloxone (where
chr. indicated the administration of morphine for 5 days; (1)
and (5) were doses of substances in mg/kg, (1 x 5) indicated
chronic administration of the peptide within 5 days).

Morphine addiction was induced in rats according to a
previously developed scheme, i.e., morphine was adminis-
tered in increasing doses, from 10 to 20 mg/kg, two times
a day, with an interval of 8 h, for 5 days [5]. GTS-201 was
administered in single doses of 1 or 5 mg/kg 30 min before
morphine administration on day 5 of the experiment or daily
in one of the groups for 5 days in the morning 30 min before
morphine administration. The animals were assessed for the
presence of specific signs of morphine WS on experiment
day 5 for 5 min in an “open field” (lit round arena) 15 min
after the administration of the opiate receptor antagonist nal-
oxone. The control group received daily injections of distilled
water for 5 days according to the same regimen as animals
from the experimental groups; they received naloxone at a
dose of 1 mg/kg on day 5 of the experiment, before test-
ing. Behavioral reactions, namely, locomotor activity, stances,
grooming, defecation, and specific signs of morphine WS
(up to 18 indicators), were registered in all groups. Discrete
signs of withdrawal (such as diarrhea and episodes of shak-
ing and grinding of teeth) were assessed quantitatively and
alternatively, and the rest were evaluated in an alternative
form, according to the “yes/no” principle. The total index (TI)
of WS severity for each animal and the average values for
the experimental and control groups were calculated based
on alternative signs with the maximum possible Tl value of
18 points. The average value of the WS severity in group 1
was 100%.

To assess the effect of GTS-201 on the behavior of
morphine-dependent rats in the elevated plus maze (EPM)
test, a standard configuration was used, with an arm length
of 50 cm, width of 14 cm, central platform of 14 x 14 cm,
and height of sides of closed arms of 15 cm. At 24 h after
the withdrawal of morphine injections, standard behavioral
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indicators were recorded for 5 min, namely, the number of
entries into the open arms, time spent in the open arms in
seconds, and number of entries into the closed arms.

Tactile thresholds were assessed in rats using the von
Frey test using a standard set of filaments from Ugo Basile
(Italy), which can exert graded pressures on the plantar
surface of the hind paws of rats. Each measurement with
a separate filament was performed at least three times, the
animals’ response to pressure was assessed, and strength
was presented in grams. For each group, tactile thresholds
were measured at baseline, before the use of substances,
and 24 h after morphine withdrawal and last administration
of the GTS-201 dipeptide.

Statistical analysis was performed using the analysis of
variance (ANOVA) test, Mann—-Whitney U-test, and Duncan
test to compare differences between the groups. Data were
presented as mean values + error of the mean (m + SEM),
as well as percentage relative to the initial level of values
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in each test. Data with p values < 0.05 were assessed as
statistically significant.

RESEARCH RESULTS AND DISCUSSION

Changes in animal bodyweights were recorded by
groups for 12 days. Statistically significant changes in this
indicator were noted from day 5, from the start of morphine
administration. In groups 1 and 2 by this day, the average
decrease in bodyweight was 11% (p < 0.05) from the initial
level. After morphine withdrawal, on day 7 of the experiment,
the maximum decreases in bodyweights in groups 1, 2, and 3
were 17.8%, 16.9%, and 14.6%, respectively (p < 0.01). When
administered chronically, GTS-201 blocked a decrease in
bodyweight in morphine-dependent rats in group 4 (Table 1).

Tactile thresholds in rats were markedly reduced in
all groups after morphine withdrawal. However, after the
administration of GTS-201, a partial restoration of tactile

Table 1. Weight changes of rat body after administration of morphine and GTS-201 compound (m + S.E.M.)
Ta6nuua 1. 3MeHeHue Macchl Tena Kpbic Nog BnsHUEM MopduHa 1 coeamntenns [TC-201 (m + S.EM.)

Bodyweight of rats (g) in the experimental groups
ex?)ae);?moefnt Group 1 Group 2 Group 3 Group 4

gram % gram | % gram % gram %
1 273.5+4.9 100 282.5+2.5 100 272.0+4.6 100 283.0+£3.3 100
3 260.5+£6.2 95.2+14 271.5+3.6 96.1+£1.4 261.5+3.9 96.2+1.4 2712.5+5.6 96.2+1.2
5 243552 890°+0.6  251.5+2.1 89.0°+0.5 254.5+4.6 93.5+£0.9 261.0+6.7 92117
7 2268+43 82.27+11  23k7+23  83.17+09  2323+3.8 85.47+12  26h6+hLé 93.5%+1.5
12 266.4+48  974+13 2713.2+18 96.7+0.8 263.8+4.2 970+0.9 27719+3.9 98.2+1.3

Note. *P < 0.05; **P < 0.01 when comparing bodyweight values on days 5 and 7 with values on day 1 of the experiment. #P < 0.05 when comparing
groups 1 and 4 on day 7 of the experiment. The groups are described in the Methods section.

lMpumeyarue. "P < 0,05; “P < 0,01 npn cpaBHeHWN BEAMUMH Macchl Tena B 5-if U 7-if AHM C 3HaueHnaMmn B 1-it fieHb 3xcnepumenTa. *P < 0,05
npu cpaBHeHuw rp. 1 v rp. 4 B 7-1 feHb aKkcnepuMeHTa. OnucaHue rpynn cM. B pasaene «MeTobl ucciefioBaHuMs».

Table 2. Tactil thresholds changes in morphine-depended rats in von Frey's test (m + S.E.M.)
Tabnuua 2. VaMeHeHWst TaKTUIbHBIX MOPOroB Y MopUH-3aBUCUMBIX KpbIC B TecTe von Frey (m + S.E.M.)

Baseline values After withdrawal
Experimental groups
Gram % Gram %
Group 1 0.72+0.06 100 0.05+0.005 7.67£0.93
P =0.004"
Group 2 0.82+0.09 100 0.18+0.04 25.56+704
P=0.02* P=0.02*
Group 3 0.88+0.06 100 0.17+0.03 20.10+2.70
P=0.02* P =0.004*
Group 4 1.02+0.14 100 0.13+£0.03 12.47 +1.98
P=0.01* P=0.04*

Notes. *P < 0.05; #P < 0.01 between the initial values of tactile thresholds and their values after morphine withdrawal; "P < 0.05; “P < 0.01 between
the values of tactile thresholds for group 1 in comparison with the morphine-dependent groups receiving GTS-201. The ANOVA test, Mann—Whitney
U-test, and Duncan test were used to compare between-group differences.

lMpumeuarus. *P < 0,05; #P < 0,01 Mexay ncXoaHLIMIA BENIMUMHAMM TaKTWIIbHBIX MOPOTOB U MX 3HAYEHUSIMI NIOCe OTMeHbI MopdmHa; P < 0,05;
"P < 0,01 Mex [y BefMYMHAMN TaKTWIbHbIX NOPOroB ANs rpynnbl 1 B CpaBHEHWM C rpynnaMi MOpdUH-3aBUCUMBIX JKUBOTHBIX, NOMYYaBLUMX [N-
nentug 'TC-201. Tect ANOVA, Mann—Whitney U-test u Duncan test ans cpaBHeHWs pasnuuuii MeXay rpynnamu.
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thresholds was note, most pronounced for group 2 at 25.6%
(p < 0.05) and group 3 at 20.1% (p < 0.01) and to a lesser
extent for group 4 at 12.5% (p < 0.05) of the initial values.
These values were statistically significantly different from the
average threshold values in group 1 (control) (Table 2).

When studying the effect of GTS-201 on the behavior
of morphine-dependent rats in the EPM test, no significant
differences in the number of entries into open arms and
the time spent in them were noted between active control
group 1 and group 2. A moderately pronounced tendency was
noted toward a decrease in these indicators when comparing
groups 1 and 3 (p = 0.1) (Table 3).

When studying the effect of GTS-201 on behavioral,
somatic, and neurological indicators of animal behavior
after morphine withdrawal, significant changes in the
pronouncement of individual signs of WS were noted. The
incidence of diarrhea decreased significantly in all groups
that received the peptide. In group 3, the maximum effect
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was noted, that is, diarrhea decreased by 71.0% (p < 0.001),
convulsions by 83.3% (p < 0.05), escape attempts by 71.4%
(p < 0.01), and vocalization by 62.5% (p < 0.05). In group 2,
GTS-201, which was administered at a single dose of 1 mg/kg,
eliminated completely escape attempts, whereas in group 4,
the same dose of peptide administered chronically arrested
completely convulsive reactions in rats. Despite significant
changes in individual parameters, the Tl of morphine WS for
the groups that received morphine chronically did not change
statistically significantly compared with that in the active
control group, with values of 7.3 + 0.36 points (100%) in the
control group and 6.2—6.5 points (84.9%—89.0%) in groups 2,
3, and 4 (p > 0.05; Table 4).

CONCLUSION

The ability of GTS-201, a bis(-N-hexanoyl-L-seryl-L-
lysine) hexamethylenediamide, a BDNF loop 2 mimetic, to

Table 3. Effect of dipeptide GTS-201 on behavior of morphine-depended rats in elevated plus maze test (m + S.EM.)
Tabnuua 3. Bnusnme gunentuaa MMC-201 Ha noBeaeHMe 3aBUCUMBIX OT MOPGMHA KPbIC B TECTE NPUNOAHATONO KpecToobpasHoro labupuHTa

Time spent in open arms (s) Entries into closed arms

(m+S.EM)

Groups of animals Entries into open arms
Group 1 2.4+0.74
Group 2 2.0£0.39

P=0.58"
Group 3 1.1£0.27
P=0.10"; 0.22¢

25.2+7.20 4.30.96
27.615.90 3.7¢0.75
P=077 P=0.58
11.6+3.37 3.5+0.54
P=0.10"; 0.14* P=0.507; 0.85*

Note. Statistical differences between and within each group were not significant.
[Mpumeyanue. CraTUCTUHECKME Pa3NINUMA MEXAY W BHYTPU KAXKAOW rpynnbl He Bbiin 3HAaUUMbL.

Table 4. Effect of dipeptide GTS-201 on behavior indexes of withdrawal syndrome of morphine in rats (m + S.E.M.)
Tabnuua 4. Bansiiue gunentupa I'TC-201 Ha noBeseHYECKWE NOKA3aTeNn CMHAPOMa OTMeHbI MopdUHa y Kpbic (m + S.E.M.)

Experimental groups
Behavioral traits

Group 1 Group 2 Group 3 | Group 4

Morphine WS index 7.3£0.36 6.5+0.36 6.2+0.48 6.410.47
P=0.45ns. P=0.48ns. P=0.19 ns.

Diarrhea 3.1+0.27 2.1+0.36" 0.9+0.48™ 1.6+0.47"
Posture 0.5+0.16 0.9+0.18 0.8+0.13 0.8+0.13
Ptosis 0.7+0.12 0.6+0.14 0.8+0.13 0.3+0.12
Piloerection 0.8+0.13 0.7+0.16 0.9+0.16 0.8+0.13
Rhinorrhea 0.4+0.10 0.0+0.0 0.4+0.12 0.7+0.14
Dyspnea 0.8+0.13 0.9+0.16 0.9+0.16 0.9+0.16
Writhing 0.4+0.12 0.3+0.12 0.2+0.12 0.1£0.1
Convulsions 0.6+0.16 0.3+0.1 0.1+0.11° 0.0+0.0”
Escape attempts 0.720.16 0.0+0.0" 0.2+0.12" 0.720.14
Bokanu3sauus 0.8+0.13 0.8+0.14 0.3£0.14 0.6+0.12

Notes. P < 0.05; "P < 0.01; P < 0.001 between the values of behavioral indicators for group 1 in comparison with those for the morphine-
dependent group receiving GTS-201. ANOVA test, Mann—-Whitney U-test, and Duncan test were used to compare between-group differences.
WS, withdrawal syndrome; n.s., not significant.

Ipumeuarue. "P < 0,05; “P< 0,01; ""P < 0,001 Mexay BenvumMHaMK NOBeIEHYECKMX NOKa3aTenel AN rpynnkl 1 B CpaBHEHUM C STUMY MOKa3aTeNaMu
Ans rpynn MopUH-3aBUCUMBIX KWBOTHBIX, noydyaBlumx aunentug [MC-201. Tect ANOVA, Mann—Whitney U-test u Duncan test ans cpaBHeHus
pasnuunii Mexay rpynnamu. CO — cUHAPOM OTMeHbI; H.A. — He JOCTOBEPHbI.
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influence somatic, behavioral, and neurological signs of
morphine dependence was examined using laboratory rats.
In the EPM test, GTS-201, which was administered at a dose
of 5 mg/kg, showed a moderate tendency (p = 0.1) to reduce
the number of entries and time spent in the open arms of
the maze. The ability of GTS-201 to eliminate or reduce
the incidence of certain manifestations of morphine WS in
rats, such as diarrhea, vocalization, attempts to escape,
and convulsions, has been demonstrated. The single-dose
peptide in doses of 1 or 5 mg/kg restored partially the level
of tactile threshold in rats, which was reduced after morphine
withdrawal. GTS-201, which was administered chronically
to animals at a dose of 1.0 mg/kg, restored bodyweight
decreases caused by morphine withdrawal. Despite the
changes in individual indicators, the TI of morphine WS for
different experimental groups did not differ statistically
significantly when compared with that of the active control
group. A comparison of the results obtained from studying
GTS-201 with the corresponding previously presented data
for GSB-106, the BDNF loop 4 mimetic, showed a noticeable
advantage of the latter in reducing the incidence of behavioral
manifestations of morphine WS in rats. Thus, the detected
anti-addictive activity of GTS-201 may be mediated by the
activation of TrkB receptors and the MAPK/Erk kinase
signaling pathway, which does not exclude the participation
of opioid receptor mechanisms in the implementation of the
registered behavioral phenomena.
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MpumeHenue LiutodnaBmHa B NocTabCTUHEHTHOM
nepuoAe y NaLMEHTOB C aJIKOro/IbHOW 3aBUCMMOCTbIO

B.B. Boctpukos

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

AuHomauyus

AxTtyanbHocTb. Bonpochl Tepanuv 3aBUCMMOCTY OT MCUX0AKTUBHBIX BELLLECTB COXPAHSIKOT CBOK aKTyaslbHOCTb U B HacToslLLee
BpeMsl, CTaBs NPodMNaKTUKY, NeYeHne U peabunuTaumio 3TUX NaLMEHTOB Ha NepBOE MECTO.

Lienb — oueHnTb 3 heKTUBHOCTb KypcoBOro npuMeHeHus LintodnasuHa B nocTabcTMHEHTHOM Mepuoje Y NauMeHToB ¢ an-
KOTOMbHO 3aBUCUMOCTBLH.

Marepuanbl u MeToapl. Y 30 nauMeHTOB C anKOrofbHOM 3aBUCUMOCTbLIO NOCNE KYNMPOBaHUS CUHAPOMA OTMEHbI aniKorons
MPOBOAMAM OTKPLITOE ABOWHOE Crienoe nnauebo-KoOHTpoNMpyeMoe KAMHUYECKOe uccnefoBaHne 3PGhEKTUBHOCTU aHTUOKCH-
paHTa LutodnaeuHa (10 Mn/cyTku, 5 AHEN) AN KOpPEKUMM 3MOLMOHANbHO-MOTMBALMOHHBIX HapyLweHui. Bepudukaumio
asKoro/IbHOW 3aBMCMMOCTU MPOBOAWMAM HA OCHOBAaHWM aHAMHECTUYECKUX CBELEHWH, KITMHWMYECKOM KapTWHbl 3aboneBaHus
M MCUXONOrMYECKUX TeCToB — MeToauku XonMca M Pare (cTeneHb CTPECCOYCTOMYMBOCTY W COLMANbHOM afanTaumm) U Tecta
MOTMBaLWMM NoTpebrenns ankorons. Vccnepyemble NCUXONOrMYECKUE MOKA3aTeNM W anobbl perucTpupoBany A0 BBEAEHUS
W nocne oKoHYaHus Kypca UutodnasuHa. OLeHKy NCUXONOrMYecKoro CocTosHWS BoMbHBIX NPOBOAMAM HA OCHOBaHUM NaKeTa
CTaHAAPTHBIX NCUXOMOMMYECKMX TecToB: BaccepMaHa (ypoBeHb HeBpoTM3aLmm), Cnunbeprepa (ypoBeHb TPEBOXHOCTH), [aMunb-
ToHa (HDRS, ypoBeHb genpeccun), CAH (camooLieHKa caMouyBCTBUS, aKTUBHOCTW, HAaCTPOEHMS), OMPeLeNeHne CTeneHu Bre-
YEHWS K aMnKoroilo — o 0MPOCHUKY noTpebHOCTM B npueMe ankoronisi. [locToBepHOCTb Pasnuumin OLEeHWBaNM Mo t-Kputepuio
CrblofeHTa 1S MonapHO CONPSAXKEHHBIX BAPUAHTOB, CTAaTUCTUMECKWN aHaNW3 OCYLLECTBASMM C NOMOLLbIO CTaHAAPTHOMO NaKe-
Ta nporpamm Statistica.

Pesynbtatbl. B uenoM, KypcoBoe nmpuMeHeHue LiuTodnaBuHa ynyywano KSMHUYECKWE WM MCUXONOrMYEcKUe MoKasaTen
Yy NaLMEeHTOB C anKOrofbHOM 3aBUCHMOCTBIO B NOCTabCTMHEHTHOM Nepuoge.

3akuitoyenmne. CoenaH BbIBOL O BbICOKOW NEPCMEKTUBHOCTU NPUMEHEHMS NpenapaTa Kak KOMMOHEHT KOMMEKCHOW Tepanes-
TUYECKOW NpOrpaMMbl asKorosbHo 3aBUCUMOCTM.

KnioueBble cnoBa: ankoroibHasi 3aBMCMMOCTb; MOCTaOCTMHEHTHOE COCTOSIHME; 3MOLMOHANIbHO-MOTMBALIMOHHBIA CTaTyC;
Uutodnasun®.
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The use of Cytoflavin in the post-withdrawal period
in patients with alcohol dependence

Viktor V. Vostrikov

Kirov Military Medical Academy, Saint Petersburg, Russia

Abstract

BACKGROUND: The issues of therapy of dependence on psychoactive substances remain relevant at present, focusing on the
prevention, treatment, and rehabilitation of these patients in the first place.

AIM: To evaluate the effectiveness of a course of Cytoflavin in patients with alcohol dependency during the post-abstinence
period.

MATERIALS AND METHODS: An open, double-blind, placebo-controlled clinical study of the antioxidant Cytoflavin (10 mL/day,
5 days) effectiveness to correct emotional and motivational disorders after the treatment of alcohol withdrawal syndrome was
performed in 30 patients with alcohol dependency. Anamnestic information, the clinical picture of the disease, and psychological
tests — the Holmes and Rage method (the degree of stress tolerance and social adaptation) and alcohol consumption motivation
test (ACMT) — were used to verify alcohol dependency. Before and after Cytoflavin treatment, the psychological indicators and
complaints were recorded. According to the alcohol intake questionnaire, the psychological state of the patients was assessed
based on a package of standard psychological tests, including the Wasserman test (level of neuroticism), Spielberger test (level
of anxiety), Hamilton test (level of depression), SAN test (self-assessment of well-being, activity, and mood), and degree of
craving for alcohol. For pairwise conjugated variants, the significance of differences was determined using the Student’s t-test;
statistical analysis was performed using the standard Statistica for Windows software package.

RESULTS: In general, the course use of Cytoflavin treatment improved clinical and psychological parameters in patients with
alcohol dependency in the post-abstinence period.

CONCLUSION: 1t is concluded that the use of the drug as a component of a comprehensive therapeutic program for alcohol
dependency is highly promising.

Keywords: alcohol dependence; Cytoflavin®; emotional and motivational status; post-abstinence state.
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KIMHAHECKAA HAPKOJIOT /A

AKTYAJIbHOCTb

Bonpockl Tepanuu 3aBUCUMOCTY OT MCUX0AKTUBHBIX Be-
LLLeCTB COXPAHSIKOT CBOK0 aKTYaslbHOCTb M B HacTosLLee Bpe-
Mf,, CTaBs NpPOGUNAKTUKY, NeyeHre U peabunutaumio ITux
NauWeHTOB Ha MepBoe MECTO U OMpefenss aKTyanbHOCTb
npobnemsbl [1]. Boibop hapmakonornyeckux npenaparos,
UCNoNb3yeMbIX CErOAHA 418 KyNMpOBaHMSA NPOSBeHUN 60-
Ne3HU Ha PasfIMYHbIX 3Tanax, A0CTaTOYHO LUMPOK, B CBA3W
C 4eM HeobxoaMMOCTb ONTMMU3aLMK NeyebHbIX NOAX0A0B
W npuMeHeHne guddepeHLMpOBaHHbIX KOMMIEKCHBIX Npo-
rpamMM, HanpaBJieHHbIX Ha YETKOe MpUIoXeHMe ncuxodap-
MaKON0rM4eckon MOAENM K PasfIMyHbIM rpynnam 6ombHBbIX,
CTaHOBUTCA Hanbosiee BaXKHbIM 37IEMEHTOM Tepaniuu.

CnepyeT yuuTbIBaTh, YTO KyNUPOBaHWE CUHAPOMA OTMEHI
nb0oro NCUXOTPOMHOIO BELLECTBA HE ABNAETCA MOKA3aTeNeM
HopManusauun banaHca LeHTpanbHOW HepBHOW CUCTEMBI.
B 310T nepuog y NauMeHTOB C 3aBUCMMOCTBLIO OT MCHUX0aK-
TUBHbIX BELLECTB BbISBASAIOTCA XapaKTepusyloLLme nocraberu-
HEHTHOE COCTOSIHME BbICOKUIA YPOBEHb acTeHn3aumuu, apdex-
TUBHbIE PacCTPONCTBA, BbipaXKaloLLMecs B BbICOKOW CTeMeHu
HEBPOTW3aLWMK, TPEBOTU W aenpeccum [2, 3].

[ina kynupoBaHuUs abCTUHEHTHOTO CUHAPOMA NpeAnoKe-
Ho 6onee 150 MeaMKaMEHTOB, M UX YMCNO HEYKNOHHO pac-
TeT. HecMoTps Ha aKTUBHBINA MOUCK HOBbIX MEAMKAMEHTO3HBIX
CPeACTB, MCNONb3YeMbIX [J18 JIeHeHWS NALMEHTOB C aNKoro/b-
HOM 3aBUCUMOCTbI0, NPOBIEMBI, CBA3aHHbIE C KyNMpoBaHWEM
noctabcTMHEHTHOM adeKTUBHOI NaToNOru U NOAABNEHNEM
MaToyIorYecKoro BIEYEHNS K alKOroNio, ocTatoTca Hanbonee
aKTyanbHbIMU B HapKONOrMK. B 3TOM nnaHe HECOMHEHHBIN
WHTEpeC NPeLCTaBASET rpynna GapMaKonorMyeckux npena-
paToB, 00N13AaLLMX BbIPaXKEHHBIM aHTUOKCMAAHTHLIM CBOA-
CTBOM, B YaCTHOCTU HOBbIW OTEYECTBEHHBIN npenapat Lutod-
naBuH® (npoussoautens — 000 HayyHo-TexHonoruyeckas
dapMaueBTMIecKan dupMa «[lonmcany).

UntodnaBuH — KOMNMEKCHbIA LMTONpOTEKTOP [4],
COCTOSILUMI M3 ecTeCTBEHHbIX MeTabonuToB opraHuM3Ma
1 BUTaMWHOB (sHTapHas kucnota — 10 %, uHosuH — 2 %,
HuKoTMHamua, — 1 %, pubodnaBuHa MOHOHYKNEOTUS, Ha-
Tpus — 0,2 %). 0bnapaeT aHTUrMNOKCUYECKUM UM aHTMOK-
CMOAHTHBIM [e/CTBMEM, OKa3biBas NONOKUTENbHBIN 3QheKT
Ha npouecchl 3Heproobpa3oBaHWA B KIIETKE, YMeHbLLAs Npo-
OYKUMI0 CBODBOAHBLIX pafMKanoB U BOCCTaHABNMBAA aKTWB-
HOCTb ()epMEHTOB aHTMOKCMAAHTHOM 3alUMThI, CHUXKasA Bbl-
Bpoc HelpoTpaHCMUTTEPOB B YCNOBUAX ULIEMMU.

MpenapaT aKTUBMPYET BHYTPUKIETOYHBIN CUHTE3 Oenka
W HYKJIEMHOBbIX KMC/IOT, CNOCOBCTBYET YTUMM3aLMM [HOKO3bI,
JKUPHBIX KUCNOT M PECUHTE3Y B HEMPOHaX raMMa-aMMHOMac-
nsHoi kucnotel (TAMK) uepes wyHT Pobeptca [5]. CoxpaHss
annapart pubocoM, hepMeHTaTUBHbIE NpoLiecchl Lnkia Kpeb-
ca, CnocobCTBYET CUHTE3Y U BHYTPUKIIETOHHOMY HAKOMIEHUIO
aneHosuHTpudocdarta (AT®) u Apyrux Makpoapros. Ynyywaet
KOPOHapHBIiA 1 MO3roBOI KPOBOTOK, aKTMBMpYET MeTabonnye-
CKVe NMpoLLecchl B LIEHTPaNbHOM HEPBHOW CUCTEME, BOCCTaHaB-
JMBAET CO3HaHWe, peqIeKTOPHbIE HapYLLEHWS, PacCTPOICTBa
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YYBCTBUTESIHOCTU M UHTE/INEKTYaNIbHO-MHECTUYECKNE (YHK-
UMM Mo3ra. YMeHbLUAEeT A/MTENIbHOCTb KOMATO3HOMo COCTOS-
HWSA NpU OTpaBiEHUM HEMpOTPOMHLIMU saamm [6], obnapfaet
ObICTPLIM NPOBYKAAKLLMM AeiCTBUEM NPU NOCNIEHAPKO3HOM
YrHETEHUM CO3HaHNSA.

Lienb uccnepoBaHus — um3yyeHne afeKBaTHOCTU Npu-
MeHeHWs umTodnaBMHa B KayecTe MeTabosM4ecKoro Hem-
ponpoTeKTOpa B CTAHAAPTHOM MeLMKaMEHTO3HOW Tepanuu
NOCTabCTMHEHTHOMO NepyoAa Y NaLMEHTOB C CUHAPOMOM 3a-
BMCMMOCTH OT ajIKOrons.

MATEPWAJIbI U METObI

lpumeHeHne LntodnasuHa nposoamnocb B rpynne
13 30 naumMeHTOB MYXKCKOro nona B Bo3pacte ot 35 ao 42 net
(38,7 +3,5) ¢ cMHAPOMOM 3aBUCUMOCTM OT aNKorons 2 CTaammn
U nepeHeclwmx abCTMHEHTHOE COCTOSHWE CPefHen CTeneHu
TaxecTw. [penapat HasHayancs 60/bHBIM B NOCTabCTUHEHT-
HoM nepuoge B ao3vposke 10 M npenapata B 250 mn 0,9 %
pacTBopa X/10pKAa HaTpUs BHYTPMBEHHO KamnesibHO B TeYEHME
40-60 MuH 1 pa3 B CyTKM KYpcoM B 5 fHeN.

Bepudmkaumsa ankoronbHoM 3aBUCMMOCTM NPOBOAUNACH
Ha OCHOBAHWM aHAMHECTUYECKUX CBELEHUN, KJIMHUYECKON
KapTWHbI 3aD0N1EBaHMS M NCUXONOTMYECKUX TECTOB: METOLMKA
XonMca u Pare (cTeneHb CTPeccoycToiYMBOCTU W COLManb-
HOW apanTauuw) [7], TecT MoTMBaLMK NoTpebneHns ankorons
(MMA) [8]. UccnepyeMble ncuxonoruyeckue NoKasaTesn U xKa-
nobbl perncTpupoBanuch 0 BBEAEHUS U MOC/E OKOHYaHWA
Kypca UutodnaBuHa. OueHKa NCUX0NOMMYECKOro COCTOSHMS
BonbHbIX NpoBOAMNACh Ha OCHOBAHUM MaKeTa CTaHLAPTHbIX
MCUXOMOrMYeCKMX TecToB: BaccepmaHa (ypoBeHb HeBpOTH-
3auum), Cnunbeprepa (ypoBeHb TpeBOXHOCTH), [aMunbTOHa
(ypoBeHb penpeccum), CAH (caMooLieHKa caMouyBCTBHS, aK-
TMBHOCTH, HacTPOEHMsl), CTeNeHb BAIEYEHUA K anKorolo —
no onpocHuky MIMA (MoTuBauuu notpebnexus ankorons)
[9]. LlocToBepHOCTb pasnuuuiA OLeHUBanNach No f-KpuUTepuio
CrblogeHTa A1 NonapHo conpsixeHHbIX BapuaHT [10], ctatu-
CTUYECKMI aHanu3 OCYLLECTBASNW C MOMOLLbK CTaHAAPTHOTO
nakeTta nporpamm Statistica [11].

Mpu BLI6OPKE NauMeHTbI Bbiny pa3peneHbl Ha 2 rpynnbl:

1) rpynna naumeHTos, nonyyatowas LitodbnasuH (nanee
rpynna nonyyatowmx Uutodnasuy, n = 15);

2) rpynna nauueHToB, Mofyyaiolas nnauebo-Tepanuio
(nanee rpynna nnauebo, n = 15).

Mo pesynbTataM cKpuHUHroBoro Tecta «locnutanb-
Has WKana» B rpynnbl 6biM BKMOYEHbI NALMEHTLI, UMEB-
LUMe KIIMHWUYECKM BbIPaXeHHble ad(eKTUBHbIE HapyLLEHUS
B BUae Tpesoru u/wm penpeccun. 06cnenoBaHue nokasa-
N0, 4T0 NALMEeHTbI C CUHAPOMOM 3aBUCUMOCTM OT amKorons
B MOCTAabOCTUHEHTHOM COCTOSHAWM WMMENW CYOKIIMHUYECKYHO
dopmy Tpesoru (9,0+ 1,0 banna) n genpeccum (5,5+0,7 ban-
na). Mpwm 3ToM TecToBble AaHHbIE MO BbIAENEHHBIM FPYMnam
3Ha4YMMO He pasnuuancb, UMes HECKONBKO bonee BbICOKWE
3Ha4eHws B rpynne nnaueoo (9,8+0,4 6anna — ypoBeHb Tpe-
Boru u 7,6 +0,5 banna — ypoBeHb Aenpeccun).
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Mcuxonormyeckoe 0bcneaoBaHue Ha MOTUBaLMIO NOTpe-
bnenus ankorons (tect MIA) cocTaensn B obLen rpynne
78,0+4,9 6anna (tabn. 1), 4to cooTBETCTBYET CHOPMUPOBAH-
HOI aNKOroJIbHOM 3aBUCMMOCTH, NpU 3TOM Hanboree BbICOKUM
YpOBEHb MOTUBALMOHHOIO HAMPSKEHUA OTMEYaeTcs B rpynne
nnauebo (91,6 + 6,2 6anna). B bonbLueli cTeneHun ans KOHTUH-
reHTa NaLWeHToB, Y4acTBYIOLLMX B UCCNENOBaHUM, XapaKTep-
Hbl JIMYHOCTHbIE, MEPCOHANBLHO 3HAYWMMble MOTUBBI 3110YNO-
Tpebnenus ankoroneM (31,7+1,9 6anna). MNo-suaumomy, ato
HaKafbIBaeT OnpefeseHHbI 0TMNeYaToK Ha TN NPOSBEHMS
CMHIPOMa OTMEHBI asKoroJif, [UTS KOTOPOro XapaKTepHbl 3MO-
LMoHanbHo-addEKTUBHbIE U3MEHEHMS (TPEBOXHOCTb, CHU-
JKEHWEe HACTPOEHWS, BHYTPEHHWUE MEPEXMUBAHMS, HAMPSIKEH-
HOCTb M T. N.). [JaHHbII NOKa3aTeNb 3HAYUMO He pasnuyancs
Mo BbIAENEHHBIM rpynnam.

MaTonormyeckme MoTUBBI 310YNOTPedNEHUs anKkoronem
(22,8+2,0 banna) B AaHHOM cny4yae NpeAcTaBneHbl AocTa-
TOYHO BbIPaXKEHHbLIMW NoXMenbeM (7-9 WwKana, 97 + 1,0 ban-
na) v apavkumei (8-a wkana, 6,9+ 1,0 6anna). Mpu 3toM
Mo LUKane camMonoBpeXaeHus unm aytoarpeccim (9-1 LWka-
na) nokasatenb coctasun 5,6 +0,9 6anna, 4to roBoput
0 MPOTECTHOM peaKunu B OTHOLLEHUM OKpYyXatolen obcTa-
HOBKUM W/WAW CUTYaLMM U KOCBEHHO XapaKTepusyeT ypo-
BeHb couManbHoi fe3aganTaumu. Mo ocTanbHbIM faHHBIM
Tecta MINA nokasaTtenu no BblLENEHHLIM FPYNNaM 3Ha4MMo
He pa3nnyanuchb.

AHanu3 ncuxonor4ecKoro TectoBoro obcneaoBaHms (tect
Xonmca n Pare) Ha cTeneHb CTpeCCOYCTONYMBOCTU W COLM-
anbHOM afanTauymm NoKasan, YTo MauMeHTbl C 3aBUCUMOCTbI
ot ankorons B 70 % cny4aeB UMenu HU3KUIA YpOBEHb JAHHOIO
MoKa3aTesis, YT roBopUT 0 BbICOKOW, Ao 90 %, BepoATHOCTH
BO3HMKHOBEHMS Kakoro-nnbo 3abonesanus. U tonbko B 30 %
cnyyaeB (n = 9) naumeHTbl B TOW WM MHOI CTeneHW Oblau
CTPECCOYCTOMYMBLI WU COLMANBHO afanTupoBaHbl. JTMeyeHo,
YTO B rpynne MoyyaoLLmx LmTohaaBuH OTCYTCTBOBAIW NaLM-
€HTbI C BbICOKOM CTeMeHbI0 NoKa3aTens, a B rpynne nnauebo
npucyTcTBOBaNa Hawbonbluas [ONs couuanbHO afanTupo-
BaHHbIX W CTPECCOYCTOWYMBBIX NaLMeHTOB (26,7 %).

Tabnuua 1. TecT MoTUBaLMM NoTPeBEHUS anKoross
Table 1. Alcohol consumption motivation test
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PE3YJIbTATbl UCCJIEQOBAHUA
U UX OBCYXXAEHUE

AHanus aHaMHecTUdecKMX AaHHbIX (Tabn. 2) nokasan,
YTO NaLMeHTbl 06eMX rpynn 3HaUMMO He pasnnyanuch Mo Bo3-
pacTy, TofepaHTHOCTW U YacToTe ynotpebneHus cypporaTos.
B rpynne nonyyatowmx UutodnaBuH naumeHTbl He UMen
B aHaMHe3e NEepeHECEHHBIX MCUXOTUYECKUX W CYAOPOXKHbIX
COCTOSIHWI, B MOJIOBUHE CNy4aeB UMENU OTATOLLEHHYI Ha-
CeACTBEHHOCTb M0 aJIKOroNM3My, HECKOBKO Bofee anuTenb-
Hblii Nepuop, GopMUpPOBaHUA 3aboneBaHus U CBET/ble Mpo-
MEXYTKM, Bonee KOPOTKUE 3anoiHbIe COCTOSHMS.

[laHHble ncuxonoruyeckoro obcnefoBaHUs MaUMEHTOB,
HaXOLALLMXCA B NOCTAETOKCMKALMOHHOM NEPUOAE MOKa3au
CNEAYIOLLYI0 AMHAMUKY U3MEHEHUS PETUCTPUPYEMBIX MOKa3a-
Tesen B Nepumop, KypcoBoro npuMeHeHus LintodnasmHa.

Mo paHHbIM YPOBHA HEBPOTM3aUMM MO OMPOCHUKY
J1.W. BaccepmaHa, cocTaensioLLero B 06LLei rpynne cpegHuii
ypoBeHb B 21,1+ 1,6 6anna (19,9+3,4 6anna y nonyJaroLwmx
Untodnasun, 21,9 £2,2 banna y nonyyatowumx nnauebo) 3a-
(MKCMPOBAHO CHUMKEHWE YPOBHSA MOKA3aTeNsl K KOHLUY MUC-
CefioBaHuMs B rpynne noay4alLwwmx uurodnasuH, Ha 25,6 %
(no 14,8+3,5 6anna), a B rpynne nnaue6o — Ha 21,9 % (o
171+2,0 6anna), octaBascb B 00eux rpynnax Ha cpeaHeM
YpOBHe.

YpoBeHb CUTYaTUBHOI TPEBOXHOCTM No WKane Cnunbep-
repa B Hayane uccrnefoBaHusl HaXoaWCs Ha CpeHEM YpoB-
He M CoCTaBnsN B 0bLieit Macce naumeHToB 43,5+2,0 6anna
(48,7 +6,7 banna B rpynne nonyyaoLwmx LMTodNaBuH — Bbl-
COKWA YpoBeHb, 41,5+2,0 6anna B rpynne nnauebo — cpea-
HWI ypoBeHb). K KOHLIY ccnefioBaHus M3MEHeHUs NoKa3aTens
MMeNM pa3HOHaNpaBNeHHY0 OUHAMMKY: B rpynne nony-
yaroLwmx umTodnaBuH NoKasateNb CHWXancA Ha 13,8 % (Ha
42,0+97 6anna) no cpenHero ypoBHS, B rpynne nnauebo no-
Ka3atesib Bo3pactasn Ha 13,3 % (Ha 47,0+ 2,8 6anna) po Bbico-
KOro YpoBHS.. B T0 e BpeMs IMYHOCTHasA TPEBOKHOCTH B Ha-
yare MccnefoBaHKs B 0bLLeN rpynne HaxoAnNnach Ha BbICOKOM
ypoBHe, coctaBnaa 52,5+1,5 6anna, 4to npocnexuBaetcs

Ipynna, 6annbi

Motuebl
obwas, n =15 LUutocdnasuu, n = 15 nnaue6o, n = 15
MoT1BaLMOHHOE HanpsKeHue 78,0+4,9 72,0+10,1 91,6+6,2
CoumanbHo-ncuxonormyeckue 25514 229+2,7 271+2,0
JInyHocTHbIE 31,1£21 30,1+4,8 31,719
[laTonormyeckue 2,4+2,0 190+4,2 22,8+2,0
LLkana noxmenbs 85+0,8 70+1,2 97+1,0
kana apauKuum 6,9+0,7 6,7+1,3 6,9+1,0
LLIkana nporecTa 5,5+0,8 53+17 5,6+0,9

[pumeyanue. MoTvBaumoHHoe Hanpskenue: 35-50 6annoB — uWHTEpBan AMarHOCTUYECKOTo KpUTEpUs anKorosibHoW 3aBucumMocTy; 50 u bonee

0annoB — anKorosbHas 3aBUCMMOCTb.
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Tabnuua 2. AHaMHecTMYecKve AaHHble NaLuueHToB
Table 2. Anamnestic data of patients

pynna
Moka3sarenb
obwwas uuTodpnaBumH nnaue6o
Yucno naumeHToB 30 15 15
Bospacr, net 40,019 38,7+3,5 40,9+29
OTsAroLeHHas HacnenCcTBEHHOCTb MO ankoronuamy, % 40 50 33,3
YepenHo-Mo3roBas TpaBMa B aHaMHese, % 60,0 60,0 692
[enatut B aHaMHe3e, % 20,0 30,0 13,3
Mcuxo3bl B aHaMHese, % 12,50 - 26,7
Mpunagku B aHaMHese, % 32,0 - 53,3
JnuTenbHocTb 3aboneBanus, roa, 99+1,7 11,2435 90+0,2
J[lnvTenbHOCTb 3anoeB, AHU 28,1+76 18,3 +4,1*** 34,7+11,3
[nuTenbHoCTb NepepbIBOB, AHM 23,1+4,6 26,695 20,7+6,7
TonepaHTHOCTb, N1 1,0+0,1 0,9+0,1 1,00,
Ynotpebnenue cypporatos, % 92 90 93,3
[puMeyarue. +* — MeXrpynnoBas goctoBepHocTb (*** p < 0,001).
Note. *, intergroup reliability (***, p < 0.001).
Tabnuua 3. Tect CAH (caMouyBcTBME, aKTUBHOCTb, HACTPOEHME, Banbl)
Table 3. SAN test (well-being, activity, mood, scores)
ﬂeHb uccneaoBaHusa
lpynna
nAeHb 0 | n | JeHb 5 n
Lllkana camou4yBcTBUS
06was 52,319 30 -
UuTtodnasuH 51,737 15 56,1+3,2 14
+8,5 %
[Tnavuebo 527+28 15 547+19 14
+3,8%
LLIkana aKkTMBHOCTU
06bwasn L4522 30 -
UuTtodnasuH 477+3,5 15 55,7+3,6 14
+16,8 %
Mnauebo 42,4+33 15 51,1+£3,6 14
+20,5 %
LLIKana HacTpoeHus
06wwas 51,6+3,0 30 -
UutodnasuH 478+5,1 15 55,0+5,6 14
+15,1%
Mnauebo 54,1+3,6 15 53,9+3,2 14
-0,4%

[pumeqarue. 10-39 6annos — caMouyBCTBME M HACTPOEHWE HEYNOBNETBOPUTENbHbIE, aKTUBHOCTb PE3KO CHUXeEHa; 4049 6annoB — camouyBCTBHE
YI0BINIETBOPUTENBHOE, HACTPOEHME M aKTUBHOCTb Ha CPeAHEM ypoBHe; 50—70 6annoB — caMouyBCTBUE U HACTPOEHME XOPOLLNE, aKTUBHOCTb BbICOKAS.
Note. 10-39 points, well-being and mood are unsatisfactory, and activity is sharply reduced; 40-49 points, well-being is satisfactory, and mood
and activity are at an average level; and 50-70 points, well-being and mood are good, and activity is high.

BO BCeX BblaenieHHbIx rpynnax (56,7 +3,7 6anna B rpynne
nonyyatomx Lutodnaswh, 50,9+2,2 banna B rpynne nna-
ue6o). K KoHuy KypcoBoro BBefeHus Liutodnasuna v nna-
Le6o B 0beunx rpynnax oTMeyaeTcs AMHAMMKA CHUMXEHMS No-
KasaTens: B rpynne nofyqatowumx Liutodnasui — Ha 9 % (mo

51,6 £2,6 6anna, BLICOKMIA YPOBEHDB), B rpynne nnauebo —
Ha 6,9 % (mo 474+1,8 6anna, p < 0,05, cpeaHuii ypoBeHb).

YpoBeHb [enpeccuMBHOO COCTOSIHUA MO 0ObEKTUBHOV
WwKane [aMubTOHa B Havane McCnefoBaHWs B 00LeN rpyn-
ne HaxoAwmnca B Npefenax Manoro AenpeccuBHOM 3NU304a,
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coctaensn 13,0+0,9 6anna (8,8 +1,0 banna B rpynne nony-
vatowmx Lutodpnasuu, 15,9+1,0 6anna B rpynne nnaue6o).
K KoHUy uccnenoBaHWs LenpeccuBHbliA 3NM30[, JOCTOBEPHO
CHWKQJICS MPaKTUYECKW OAMHAKOBO: B TPyMne MosyyaloLLmx
UutodnasuH — Ha 40,9 % (no 5,2+0,7 banna, p < 0,01),
roe NoMHOCTbH HUBENWMPOBANCA, a B rpynne nnauebo —
Ha 41,5 % (po 9,3+0,7 6anna, p < 0,001), octaBasch B npeae-
nax Manoro JenpeccuBHOTO 3nM304a.

Mpu aHanu3e pesynbTaToB Mcuxonoruyeckoro obcneno-
BaHus no Tecty CAH (tabn. 3) B 00wWen rpynne nauueHToB
OTMeYeHo xopowume camodyscTaume (52,3+1,9 6anna) u Ha-
ctpoenue (51,6 +3,0 6anna) u cpenHWiA YpoBEHb aKTMBHOCTM
(44,5+2,2 banna), 4To NpoCcnexuBaeTca B 0bemx rpynnax,
3a MCKJTIIOYEHUEM MOKA3aTeNA HAaCTPOEHUS B rpynne nonyya-
towwmx LinTodnaeuH, uMetoLero cpenHuii ypoBeHsb (47,8+5,1).
K KoHUy uccnenoBaHus AMHAMMKA U3MEHEHUS UCCTIERYEMbIX
nokasarenei bblna pasHoHanpaBneHHoM:

— CaMo4yBCTBWE B rpymnne MONMyyalowmx LuTodnasuH,
M3HayanbHO HaXoAMBLUEeCS Ha YpOBHe XopoLue-
ro, npeTepneBanc AMHaMUKY noBblweHus Ha 8,5 %.
B rpynne nnauebo faHHbIA NoKasaTenb M3HaYanbHO
TaKKe HaXOAWNCA Ha XOpOLLEM YPOBHE, HO NOBbILLIANCA
Ha 3,8 %;

— aKTUBHOCTb B rpynne nofyyaLwux uMtohnaBuH B Ha-
yane MCCNefoBaHWA HAXOAUNIaCh HA CPELHEM YpOBHE
1 Bo3pacTasna K KOHLY uccnepoBaHus Ha 16,8 % fo Bbl-
COKOro ypoBHS. B rpynne nnauebo nokasatensb npeTep-
neBast CXOXKYH AMHAMMUKY, HAXOASACh B Havane uccnemo-
BaHWA Ha CpefjHEM YpoBHe, HO nosbiwwancs Ha 20,5 %;

— HacTpoeHue B rpynne nonyyawowwwx LiytodnasuH, B Ha-
yane KypcoBOro BBeJEHWUS NpenapaTa HaXoamBLUEecs
Ha YOBNETBOPUTENBHOM YPOBHE, K KOHLY MCCefoBa-
HWA noB.bllWanock Ha 15,1 % ao xopolwero. B To xe
BpeMs B rpynne nnauebo HaCTPOeHMe K KOHLY uccne-
[0BaHUA UMENOo TeHAEHUMIO K CHKeHunio Ha 0,4 %.

B Hauane wuccnepoBanus cTeneHb  noTpebHo-
CTM B MpWeMe CMUPTHbIX HanWTKOB (puc. 1) mauueHToB

OcHoBHo#

OcHoBHo#

OcHoBHo#

OcHoBHo#
DO

[ Uurodnasmu
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C 3aBMCMMOCTbH OT aJIKOrofis B NOCTabCTMHEHTHOM COCTO-
AHUM HaxoAunacb Ha CpefHeM ypoBHe, coctasnas 17,3+2,8
6anna (15,4+2,4 6anna B rpynne nonyyatowmx Lutodna-
BuH, 19,3+2,8 banna B rpynne nnauebo). B TeueHne nepu-
043 HabnwopeHWs AaHHbIN NoKasaTenb UMEN OAMHAKOBYH
OVMHAMUKY CHUXEHWS: B rpynne monydawowmx Lutodna-
BUH — Ha 3,3 % (mo 14,9+3,9 6anna), B rpynne nnaue-
00 — Ha 25,4 % (o 14,4+ 1,3 banna), ocTaBascb Npu 3T0M
B rpaHMLax CpesHero ypoBHs.

Ananu3 npegbsBnfeMbIX anob nauueHToB, yyacTByto-
LUMX B UccnepoBaHuy LiutodnaeuHa, npoBoaunca Ha 0CHOBa-
HWM [MCCEHCKOM LKanbl anob 1 npetepnesan creayloLLyio
OVHaMUKY:

— VHTEHCWBHOCTb Xanob nauveHToB nepen uccnenoBa-
HueM B obuien rpynne coctasuna 13,9+5,0 6annos
(rpynna nonyyatowmx Uutodnasun — 15,3 +5,1 ban-
na, rpynna nnaue6o — 11,8 + 3,8 6anna). Mpu paccMo-
TPEHUM XapaKTepa NpefbABASEMbIX }anob oTMeueHo
npeobnagaHue xanob, xapaKTepusyloLwmMx acTeHuqe-
CKOE COCTOSHME;

— K KOHLy UCCNef0BaHUs MHTEHCUBHOCTD anob B rpyn-
ne nonyyatowwmx LurodnasuH cHuunace Ha 68,6 % (oo
4,8+3,1 banna, p < 0,05), Toraa Kak B rpynne nnawe-
60 — Ha 19,5 % (mo 95+ 3,8 banna). KaptuHa HepaBHo-
3HAYHOIO CHUMXEHWUA MHTEHCUBHOCTM MPOC/EXMBAETCS
MPaKTUYECKU MO BCEM BbILENEHHBIM BUAAM Xanob,
MpW 3TOM OTMEYEHO MOJIHOE HMBENIMPOBAHWE «Kemy-
O04HbIX» anob B rpynne nonyyatowmx LintodnasuH.

Mpu oueHKe NoKasaTenei LEeHTPanbHOW reMOAUHAMUKM
(aprepuancHoe aaenenne (AL), nynkc) v Temnepatypbl Tena
B nepuog, uccnenoBaHna LytodnaBuHa 3HauMMbIX U3MeHe-
HWI He O0TMEYanoCh.

YpoBeHb Al B o0bwen rpynne po obcnepoBa-
HUA COCTaBnan: cuctonuyeckoe — 1295+3,6 MM pT.
cT. (rpynna nonyvatowmx LUutodnasmn — 145,7+2,5;
rpynna mnauebo — 122,0+4,6 MM pT. CT.) M auactonm-
yeckoe — 81,4+2,4 MM pT. cT. (B rpynne NOAyYaloLWmx

-33%
-25,4 %

D5

[l MNnauebo

Puc. 1. [InHaMuKa BneyeHns K anKoromio B nepuop, npuMeHenus LiutodnasuHa u nnauebo. fpumeyarue: BReYeHWe K anKoroniko He Bbl-
paxeHo — 8 6annos; cnaboBbipaXeHHOe BrieveHUe K ankoronto — 9-32 6anna; BoipaXkeHHoe BrieveHue K ankoronto — 33-56 bannos.
D0 — fo uccneposanms, D5 — Ha 5-11 fieHb Hauana npueMa npenapara.

Fig. 1. Dynamics of craving for alcohol during the period of taking Cytoflavin and placebo. Note: craving for alcohol is not expressed —
8 points; mild craving for alcohol — 9-32 points; pronounced craving for alcohol — 33-56 points
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UurodnasuH — 80,2 + 1,2; B rpynne nnauebo —797+3,1 MM
pT. cT.). K KoHUy uccnenoBakms B rpynne nonyyaiowmx Lu-
TobnaBuH, ypoBeHb cuctoimyeckoro AJl ctabunusnpoancs
Ha nokasartensx 125,8+2,3 MM pT. cT. (cHuxeHune Ha 2,9 %)
M OMACTONMYECKOr0 — Ha 77,7+2,5 MM pT. CT. (CHUMeHue
Ha 2,7 %). B rpynne nnaue6o K KoHuy uccneposanus Al no-
BbILLANOCh M COOTBETCTBOBA/O LM(ppaM: CUCTONMYECKOE —
122,0+4,6 MM pr. cT. (noBbiweHne Ha 1 %) u anacTonmye-
ckoe — 80,7 1,6 MM pT. cT. (noBbilweHue Ha 1,3 %).
Yacrora nynbca B 06LLen rpynne nepes UCCNeA0BAHUEM
npenaparta coctasuna 78,9+ 1,9 ya/Mun (B rpynne nonyya-
towmx Lutopnasus — 78,0+1,1; B rpynne nnauebo —
792+2,5 yn/muH). 3a Becb nepuog HabniopeHus yactoTa
nynbca B 0beux rpynnax WMena HesHauuTeNbHble Koneba-
Hus. K KoHUy uccnepoBaHus B rpynne nonyyatowmx Lutod-
NaBUH, NOKa3aTeslb CHWXancs Ha 3,9 % (no 75,0+1,3 ya/
MuH), B rpynne nnaue6o — Ha 0,1 % (o 79,1+ 3,7 ya/MuH).
TeMnepaTypa Tena nauWeHTOB Nepen WUCCNefOBaHWEM
Haxopunacb B npepenax 36,5+0,1 °C u He otamyanach
Mo rpynnam, cocTaBnsas B rpynne nonyyawwmx Uutodnasux
36,4+0,1 °C, B rpynne nnaue6o — 36,6 +0,1 °C. 3a nepnog
uccnefoBaHUsA 3HaYUMbIX KonebaHuin noKasarens He oTMe-
yanocb. B rpynne nonyyatowwmx Lutodnasun TeMnepatypa
Tena K KoHuy uccneposanus (36,2+0,2 °C) He oTnnMyanacb
OT UcxoaHbIx undp. B rpynne nnauebo Temnepatypa Tena
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He npeTepneBana HUKaKoi auHamuku (36,6 +0,1 °C).

[laHHble CcTaHAApPTHbIX MCCNEAOBaHWNA KIMHUKO-6UO-
XMMWYECKUX aHaNW30B KPOBWM M MOYM MPWU MPUMEHEHUH
UutodnaBuHa He BbISBUIM KaKoro-nMbo 3HauMMoro Bau-
SHWA Mpenaparta Ha uccnegyemble nokasartenu. M3ameHeHui
B aHanM3ax MouW B Mepuos MUCCNefoBaHWUA TaKKe He Bbl-
ABMEHO.

B nepuoa KNvHWYecKoro u3yyeHus 3Q@eKTUBHOCTH
u nepeHocuMocTn LntodnasuHa y naumeHToB C 3aBUCMMO-
CTblO OT aNnKorons B NOCTabCTUHEHTHOM COCTOSIHUM KaKuX-
nmbo noboYHLIX AEMCTBMIA Npyu MpUeMe npenapata He OT-
MEeYeHo.

Mpu aHanuse HapylleHWi KOMMNAEHTHOCTU B Nepuog,
NpoBefeHus uccnefoBaHus (Tabn. 4) BbisBNEHO, YTO B 0be-
UX rpynnax BbiObIIO 0AMHAKOBOE KOMMYECTBO NaLUEHTOB,
0[HaKo B rpynne nonyvyawwmx LutodnasuH naumeHT Bbi-
ObiN B CBA3M C anKoronmsaumen Ao 3-ro AHA UCCNeLoBaHuS,
Torfa Kak B rpynne nnauebo — K KOHLY 1cciefoBaHms.

Mpu kypcosoMm BBeaeHun LlutodnasuHa y naumeH-
TOB C 3aBUCMMOCTbKO OT ajIKorofis B MOCTabCTMHEHTHOM
COCTOSHUM He 3adMKCMPOBAHO Kakux-Mbo nobouHbIX
pevcteui. pn 3TOM yxKe B nepvoj BBeAEHUA npenapa-
Ta MauMeHTbl OTMEYanu oLylieHne Hebonblworo npu-
nmBa 60APOCTM M yNyylleHUe HACTPOEHUSA, ANALMecs [0
1-1,5 cyToK.

Tabnuua 4. BeibbiBaHWe NaLMEHTOB U3 UCCNELOBaHNSA B Nepuog, npuema uutodnasuHa
Table 4. Withdrawal of patients from the study during the period of taking Cytoflavin

Cpok Bbl6bIBaHUS

Bbi6bIn0 BCero
Ankoronusuposanucb o 3-ro AHs
Ankoronusnposanuck B nepuog, ¢ 3-ro no 5-1 AeHb

pynna
uutodpnasuH, n = 15 nnaue6o, n = 15
1(6,7 %) 1(6,7 %)
1(6,7 %) -
- 1(6,7 %)

Ta6nuua 5. CreneHb BbipayKeHHOCTH 3G HEKTOB AeiCTBUS UMTOGIABUHA Y NALMEHTOB C aJIKOMO/IbHOM 3aBUCUMOCTbI0 B MOCTAOCTUHEHTHOM

nepuone

Table 5. The severity of the effects of Cytoflavin in patients with alcohol dependence in the post-abstinence period

pynna
Moka3arenb
Lutocdnasuu nnaue6o

HespoTtusaums CHUXeHKe CHUXEeHWe
CwTyaTnBHas TPEBOXKHOCTb CHWXeHue CHWXEeHue
JIuHoCTHan TpeBOXKHOCTb CHUXKEHMe CHUKEHME
[lenpeccuBHoe cocTosHue CHUXKEHME CHUXeHWe
CamouyBcTBHE ynydtueHue He3HauuTeNbHoe ynyylleHue
AKTMBHOCTb MnoBblILLIeHne rnoBbILLIeHne
Hactpoenue BbIpaXXeHHOoe YnyyLleHue CHWXeHue

Bneuenue K ankoronio
MHTEHCUBHOCTL Xanob

YpoBeHb apTepuanbHOro AaBneHus
YacTota nynbca

CHMXeHune
3Ha4yMMoe CHUXeHne
He3Ha4yuTeNbHOe CHUXeHne
He3Ha4yuTenbHoe ypexeHune

BbIpa)KEHHOE CHIKEHMe
CHW¥EeHWe
HE3HauMTeNIbHOE MOBbILLIEHNE
0e3 AUHaMUKK
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BbIBOAbl

Takum 0bpa3oM, npoBefeHHOe UCCNefoBaHMe MoKasano
HeofHo3HayHoe AelictBue LutodnaBuHa Ha AMHaMMKY ncu-
XONOrMYECKUX MOKa3aTeneli y NauueHToB C 3aBUCUMOCTbH
OT anKorons B NOCTabCTMHEHTHOM Nepuoge (Tabn. 5).

HeogHo3HauHoe BnusiHWe LuTodnaBuHa Ha AuHaMU-
Ky MCMUXONOrMYecKMx rnokasatenien u kanob y nauueHToB
C aJIKOrosIbHOM 3aBUCMMOCTBIO B NOCTABCTMHEHTHOM Nepuo-
A€ N03BONSieT NPeanoNoXuTb, YTo Npenapart, CKopee BCEro,
aKTMBHO BIUSIeT Ha 0OMeHHO-3HepreTMyecKue NpoLecchl
B OpraHu3Me, BCIEACTBME YEro 3HaYMMO YNyyLIaeTcs camo-
UYBCTBME U, KaK CNELCTBUE, HACTPOEHUE, PE3KO CHUKAKTCS
UNN HUBENMPYHOTCA COMATMYECKME anobbl.

YuuTbIBas NonyyeHHble pe3ynbTaThl, BLICOKYIO CTEMEHb
nepeHocMMoCT M BesonacHocTM npenapara, AOCTaTod-
Ho bbicTpoe HacTynneHue 3ddeKToB AeHCTBUS, FOTOB-
HOCTb M 3aWHTEPECOBAHHOCTb NaLMEHTOB MPUHUMATL €ro
B KayecTBe KOMMOHeHTa KOMOMHMPOBaHHOW Tepanuu mno-
cTabcTuHeHTHOro nepuoga 3abonesanus, Lutodnasu
MMeeT BbICOKYI0 NepPCreKTUBY MPUMEHEHWUS B HApPKONOTUH
KaK KOMMOHEHT KOMMJIEKCHON TepaneBTUYECKON NporpaM-
Mbl OCTPOr0 M NOCTabCTUHEHTHOrO (MO NMOKa3aHWAM) cocTo-
SHWA NpU CUHAPOME 3aBUCMMOCTU OT ankorons. Mpu atom
npUMeHeHne UMTohNaBUHA B NOCTabCTMHEHTHbIA Nepuoa
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HayuHas ctaTtbs

MeToa u TexHonorua nepenpodunnupoBaHns NeKapcTe
Ha 0CHOBE U3MeHEeHUs PU3NKO-XMMUYECKUX CBOUCTB
NeKapcTBeHHbIX opM: onbIT Ucnonb3oBaHUA B Poccum

A.J1. Ypakos

MxeBckas rocyaapcTBeHHasA MeauUMHCKaa akagemus, MxeBck, Poccus

AnHomauyus

KoHTponupyeMas foKanbHas runep- 1 ryunotepMus SIBNSIETCA BaXKHbIM (aKTOpOM JIOKanbHOW (apMaKoauMHaMUKu U papMa-
KOKMHETUKY NEKApPCTB, @ M3MEHEeHMe TeMnepaTypbl JIEKapCTB U3MEeHSET UX PU3NKO-XMMUYeCKUe cBolicTBa. KoHTponupyemoe
W3MeHeHWe BESIMYMHBI TEMMepaTypbl NIeKapcTBa W/WK YacTu Tena, C KOTOPO B3aMMOAENCTBYET JIeKapCTBO, OTHOCUTENb-
HO YpOBHS TeMnepaTypbl Tena YesnoBeKa (TMNepTepMuUst UK TUNOTEPMMS) JIEM0 B OCHOBY TeMnepaTypHoW (hapMaKonoruu.
Llenb — aHanu3 nybnukauwuit aBTopa rno npobneMe METOAMKY M TEXHONOMMW NepenpodmMpoBaHKUA NIEKapCTB Ha OCHOBE U3Me-
HEHUS QU3UKO-XUMUYECKUX CBOMCTB JIEKAPCTBEHHBIX OpPM. KOHTponMpyeMoe N3MeHEHME BENMUMHBI TEMNEPATYpbI IEKApCTBa
W/MM YacTv Tena, ¢ KOTOpOii B3aMMOJENCTBYET JIEKApCTBO; M3MEHEHWE KUCNOTHOM (LLeN0YHOM), 0CMOTUYECKON aKTUBHOCTH,
a TaKKe CTENEeHU M KauyecTBa rasvpoBaHHOCTM U/WK KucnopoaobpasytoLelt aKTUBHOCTU IeKapCTBEHHbIX PacTBOPOB; M3Me-
HeHWe KOHLEHTPaLMW UHIPEAMEHTOB NIeKapCTBEHHBIX PacTBOPOB. Ha ocHOBe Mcnonb30BaHHbIX METOL0B AOCTUTHYTO Nepenpo-
(unupoBaHWe psaaa NeKapcTBEHHbIX CPeacTB, Hanpumep 4 % pacTBopa Kanus x1opuaa U3 rpynnbl Makpo- U MUKPO3MIEMEH-
TOB, NPUMEHSAIEMbIX ANS PEMYNIALMM KUCIIOTHO-LLENOYHOTO PaBHOBECHS NpW pe30pbTMBHOM AeNCTBUM (NpW AedcTBUM Ha BECh
OpraHW3M Npy BHYTPMBEHHOM BBELEHUM), B TPYNNy COCYLOCYXMBAIOLLMX NEKapCTB, NMPUMEHSIEMbIX MECTHO AJ1S OCTAHOBKM
KPOBOTEYEHMIA MyTeM OfHOKPATHOr0 OPOLLIEHMs KpOBOTOYaLLen noBepxHocTy. LieneHanpaBneHHoe oxnaxaeHue onpefeneH-
HbIX JIEKAPCTB M TKaHelN B MeCTax 1x B3aumonencteus o Temnepatypbl 18—20 °C (3a cueT npukiagbiBaHUs Ny3bIps €O NIbAOM
WM ero 3ameHuTens) yrHetaeT MeTabonmsM u dyHKUMIO opraHa, yto obecneunBaeT nepenpodwMpoBaHUE OYEeHb MHOTMX
NIeKapcTB B MPOTUBOULLEMUYECKUE 33 CYET YMeHbLUEHUS NOTpebHOCTM TKaHel B kuciopoge. LleneHanpaeneHHoe n3MeHeHue
(U3MKO-XMMUYECKMX CBOWCTB M3BECTHBIX JIEKAPCTBEHHBIX MPENapaToB B COMETAHUM C NOKANIbHOW rMNepTepMUen No3BonseT
HafleHO, ObICTPO M JeLleBO NpeBpaLlaTh UX B OTXapKUBaKOLLME, MUOSIMTUYECKME (BSXKYLLME), FEMONMTUYECKUE, TPOMOONK-
TUYecKMe (KPOBOOCTAHABNMBAIOLLME), MOIOLLME, OTOENMBAIOLLME, YUCTALLME U NPOYME NEKAPCTBa, BKIKOYAA aHTUCENTUYeCKMue
U NpUKUraoLLme (HEKPOTU3MPYIOLLME) NeKapCTBEHHbIE Npenapatbl. TakuM obpa3soM, 40 neT Hasag dapmakonoru Poccuickoil
Oepepaunm 3anoxunu dhyHLaMeHT HOBOro crnocoba paspaboTkyu nekapcT — nepenpo@uIMpoBaHUs U3BECTHBIX JIEKAPCTBEH-
Hbix cpencTB. OHO AaeT BO3MOXHOCTb ObICTPO, AeLeBo M IPHEKTUBHO AaTb HOBOE NpefHa3HaYeHWe CTapbiM JIeKapcTBaM.

KnioueBble cnoBa: nepenpomnmpoBaHue NIEKapcTs; TUMep- U rMnoTepMUs; KOHLEHTPALMA WHIPEAUEHTOB JIEKapCTBEHHbIX
pacTBOPOB.

Kak umtupoBarb:
Ypakos AJ1. MeTon 1 TexHonorvsi nepenpounvMpoBaHi s JIEKApCTB Ha OCHOBE M3MeHEHWs MMU3MKO-XUMUYECKWX CBOWCTB JIEKAPCTBEHHBIX (OpM: OMbIT
vcnonb3osaHws B Poccum // Mewxodapmakenorus u bronorvieckas Hapkonorus. 2023. T. 14, N2 3. C. 203-208. DOI: https://doi.org/10.17816/phbn567970
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Method and technology for drug repurposing based on
changes in the physicochemical properties of dosage
forms: experience of use in Russia

Aleksandr L. Urakov

Izhevsk State Medical Academy, Izhevsk, Russia

Abstract

Controlled local hyperthermia and hypothermia are important factors in drug pharmacodynamics and pharmacokinetics
because changing the temperature of drugs changes their physicochemical properties. In this regard, a controlled change in
the temperature of the drug and/or the body part with which the drug interacts, relative to the level of human body temperature
(hyperthermia or hypothermia) forms the basis of temperature pharmacology. To analyze the author’s publications on the problem
of methodology and technology for repurposing drugs based on changes in the physicochemical properties of dosage forms.
A controlled change in the temperature of the drug and/or the part of the body with which the drug interacts; a change in acid
(alkaline), osmotic activity, and the degree and quality of carbonation and/or oxygen-forming activity of medicinal solutions; and
a change in the concentration of medicinal solution ingredients. On the basis of the used methods, the reprofiling of a number of
drugs has been achieved. The author proposed reprofiling a 4% potassium chloride solution from the group of macroelements
and microelements used to regulate acid-base balance with a resorptive effect (when administered intravenously to the whole
body) into a group of vasoconstrictive drugs used to stop bleeding when applied to by a single irrigation of the bleeding surface.
Cooling certain drugs and tissues at their interaction sites to 18°C—20°C (via an ice pack or its substitute) inhibits metabolism
and function, ensuring the conversion of many drugs into anti-ischemic drugs by reducing the need for tissues in oxygen.
A targeted change in the physicochemical properties of known drugs combined with local hyperthermia allows them to be
converted into expectorant, pyrolytic (astringent), hemolytic, thrombolytic (hemostatic), detergent, bleaching, cleaning, and
other drugs, including antiseptic and cauterizing (necrotizing) drugs, very reliably, quickly, and inexpensively. Thus, 40 years
ago, pharmacologists of the Russian Federation established the foundation for a novel method of drug development known
today as repurposing of existing drugs. Today, it is evident that reprofiling may rapidly, inexpensively, and effectively give
existing drugs a new purpose.

Keywords: concentration of drug solution ingredients; drug repurposing; hyperthermia and hypothermia.
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METOAOI0TA U HAYKA

B HacTosLee BpeMs TpagMLMOHHAA CXeMa NOMCKa U pas-
paboTKW HOBOrO JIEKApPCTBEHHOTO CPEACTBA U NpoBeAeHMe
KOMMJIEKCA [OKIMHUYECKWX WUCCEeAoBaHui 3aHuMaeT 6o-
nee 12 net n ouenmsaetca B 800 mnu gonnapos CLUA [1, 2].
N3 HecKonbKMX ThICAY XMMUYECKUX COEAMHEHMIA, BKIHOYEH-
HbIX B CKPUHWHI B CaMOM Hayaje WUCCNefoBaHWM, 0bblYHO
TONBKO 1—-2 XMMMYECKUX BELLECTBA BbILEPIKMBAIIT BCE UCTIbI-
TaHWA W 0OXOOAT A0 Hayana KIMHWUYeCKUX uccnenosaHuii [3].
Kak npaBuno, octanbHble cybcTaHUMM Noanexar 3abBeHuio.
[laBHo Ha3pena noTpebHOCTL B pa3paboTke HOBOM CxeMbl Bo-
nee BLICTPOIA U AeLLeBOI pa3paboTKyM NeKapcTB, TaK KaK ycTo-
ABLIAACSA TPaavumusa TOpMO3WT nporpecc B dapMaKonorum.
OcobeHHo ocTpo ata npobnema 3asBuna o cebe B ycnoBusx
naHgemun COVID-19 B cBsi3n c 3ano3ganon pa3paboToii
BaKUMH M ApYrvx NIEKapcTB, NpefHa3HaueHHbIX A1 npodu-
NaKTUKKM W NEYEHUS HOBOW KOPOHABUPYCHOM MHGEKLIMU.

AnbTepHaTMBHas cxeMa pa3paboTku HOBbLIX NEKapCTB,
KoTopas cerofHs npuenexaet Bce bonblue u 6onblue uc-
cnegoBareneil, — nepenpoduanpoBaHue U3BECTHbIX JieKap-
CTBEHHbIX CpeacTB. 310 HanpaeneHue 3apogunock B XX B.
Poccuiickue dapMakonory BepBble MPUMEHUIW TaKylo CXEMY
noucKa 1 pa3paboTku HoBbIx NiekapcTe B 1983 ., npeanoxus
nepenpodunmpoBath 4 % pacTBOp Kanus xnopuaa u3 rpynmel
MaKpo- U MUKPO3/IEMEHTOB, KOTOpLIE MPUMEHAIOTCA ANs pe-
YNALMA KUCNOTHO-LLENOYHOTO paBHOBECUSA Npu pe3opbTue-
HOM JeiicTBuM (Npu AECTBUN Ha BECb OPraHWU3M Npu BHYTpU-
BEHHOM BBEAEHMM), B FPYNMY COCYAOCYKUBAIOLLMX JIEKAPCTB,
MCMONb3yeMbIX A1l OCTAHOBKM KPOBOTEUEHUI NPU MECTHOM
MPUMEHEHUM NMYTeM OAHOKPATHOr0 OPOLLEHWUSI KPOBOTOYa-
e noBepxHocTW. [na nepenpodunmpoBaHus 3Toro M3-
BECTHOMO JieKapcTBa ObINO NpeasioXKeHo ero HarpeBaHue
00 39-42 °C v MecTHoe npuMeHeHKe. YKa3aHHbIN noaxog ner
B OCHOBY M306peTeHus nof Ha3eaHueM «Cnocob ocTaHoBKU
KpoBoTeueHus» (3asska N2 3602162 ot 08.06.1983). CyTb u3o-
BpeTeHms 3aKI0yaeTcs B OAHOKPATHOM OPOLLIEHWM KPOBOTO-
yalLleit NOBEPXHOCTM pacTBOpoM 4 % Kanus xnopuaa, Harpe-
TbiM 80 39-42 °C. Yepe3 3 roga oxpaHHbIM AOKYMEHT Ha 3T0
n3obpeteHne 6bin BbigaH MeBCKOMy rocyaapcTBeHHOMY
MeanUMHCKOMY MHCTUTYTY (SU N2 1263248 AT, 15.10.1986).

Mo3gHee BbINO NOKA3aHO, YTO KOHTPONIMPYEMas JIOKab-
Has TWUNep- U TUNOTEPMUS ABNAETCA BaXHLIM (DAKTOPOM
MECTHOI GapMaKoaMHaMUKKM 1 HapMaKOKUHETUKM NIEKapCTB,
a U3MeHeHWe TeMMNepaTypbl NIEKapCTB U3MEHSIET UX (U3NKO-
XMMUYeckue cBoiicTBa. KoHTponupyeMoe M3MeHeHue Benu-
YMHbI TeMMepaTypbl JIeKapcTBa U/WUiM YacTu Tena, C KOTopou
B3aMMO/ENCTBYET NIEKapCTBO, OTHOCUTENbHO YPOBHS TEM-
nepaTtypbl Tena 4esioBeKa (TUnep- WK rMNoTepMUs) Nerso
B OCHOBY TemnepaTtypHou dapmakonorumn [4-9]. bbino no-
Ka3aHo, YTO HarpeBaHWe JIEKApPCTB W TKaHe! B 00nacTu ux
B3auMmopencTeusa 1o 42 °C cnocobeTByeT peanu3aumum Mexa-
HUYECKNX, DU3NYECKUX, XUMUYECKMX, DUMKO-XUMUYECKMX,
Broduamnyeckux n BroxMMmyeckux npoLeccos B Buonornye-
CKUX TKaHSX 3a CYeT YCKOPEHWUs MeTaboinaMa 1 pasnmnuHbIX
XMMUYECKUX PeaKLui No 3aKoHy ApeHuyca, no3atoMy MOXeT
HafenaTb JIEKapCcTBa MECTHBIM Pa3ApaXaloLLyuM [eiCTBUEM,
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MPOTMBOBOCMAIUTENLHBIM, KOAryNIMPYHOLLMM, Ba30aKTUBHBIM,
PaHO3XMBNAIOLLMM U PereHepaTopHbIM AEACTBUEM U ApYru-
MW MeXaHM3MaMu LencTBUSA, 00YCNOBNEHHBIMU CTUMYNIALMEN
MeTabonuama n GyHKumK. MoKasaHo, YTo LieneHanpaBneHHoe
OXJTaXK[EeHUe ONpefesNieHHbIX JIeKapCTB U TKaHel B MecTax
ux B3aumopencteus o 18-20 °C (3a cueT npuKiaLbiBaHuUs
ny3bIpA CO NIbAOM WM €ro 3aMeHUTeNA) yrHeTaeT MeTabo-
N13M 1 BYHKUMIO, YTO 0becneunBaeT nepenpodmnmnpoBaHne
04YeHb MHOTWX JIEKApCTB B MNPOTUBOMLLEMUYECKUE 3a CYET
yMeHbLUeHUs noTpebHOCTM TKaHen B Kucnopoge [10-15].
MapannenbHo GbiNo NoKasaHo, yTo NepenpodunMpoBaHue
NeKapCcTB MOXET OCYLLECTBMATLCA 3@ CYeT LiesleHanpas-
NeHHOT0 M3MEHEHWS KUCIIOTHOM (LLIeNTIOYHOM), 0CMOTUYECKON
aKTUBHOCTM, @ TaKKe CTEMEHW M KayecTBa rasvpoBaHHOCTY
u/vnn kucnopopnobpasyiolen aKTUBHOCTU JIEKAPCTBEHHbBIX
pactBopoB. CrneuunanbHoe M3MeHEHUE YKa3aHHbIX (M3KKo-
XMMUYECKUX CBOWCTB MOXKET ObITb UCMO/b30BaHO ANA Nepe-
NPOQUINPOBaHNA NEKAPCTBEHHbIX PacTBOPOB B JIEKAPCTBA,
KOTOpble MpU MeCTHOM MPUMEHEHWM MOFYT OKa3blBaTb pac-
TBOpAloLLee (ynnoTHAoWwee) u/unm otbenusaloiee (OKpa-
LMBaloLLee) AeWCTBME Ha FycTble KONMOMAHbIE TKaHW Tuna
MOKPOTBI, ClU3U, THOS, KPOBU, MEKOHUS U [pyrue TKaHW,
cofepawme depMeHT Katanasy [16-22]. LeneHanpaBneH-
HOE W3MeHeHWe (U3NKO-XUMUYECKUX CBOMCTB WU3BECTHbIX
NeKapcTBEHHbIX MPenapaToB B COYETaHUM C JOKaNbHOM
runepTepMUEN NO3BONSET OYEHb HaLEXHO, DbICTPO M fe-
LIeBO MpeBpalLaTh UX B OTXapKMBalOLLME, MUONUTUYECKME
(BsKYyLLME), reMonUTUYECKWe, TpoMbONUTUYEeCKMe (KpoBo-
0CTaHaB/MBalOLLME), MOloLMe, 0TOenMBaloLLMe, YMCTALLME
W NpouMe NeKapcTBa, BKIKOYAs aHTUCENTUYECKME M Npu-
Huraowme (HEKpOTU3MPYIOLLME) NEKapCTBEHHbIE Mpena-
patbl. B KauecTBe mpuMepa 3aTpaT Ha pa3paboTKy Takoro
npenapata MOXHO MPUBECTW CNefyloliue AaHHble, Mofy-
YeHHble B Poccum: MHCTUTYT TepMOnorum NpuUMEHUN 310T Me-
TO4 ANS MoucKa W pa3paboTky HOBOTO OTDENMBATENs KOXM
B 0bnactu cuHsaKa. [ns ckpuHuHra u paspabotku nabopa-
TopHOro obpasua notpebosanock 2 ropa, 6o NoTpayeHo
27 132 ponn CLUA [23].

C ppyroii cTopoHbl, 6bi10 NOKa3aHo, YT BENMYMHA KOH-
LieHTPaLMUW UHTPEAMEHTOB JIEKAPCTBEHHBIX PacTBOPOB TaKKe
ABnAeTcA GaKTOpoM, BMSIOLLMM Ha UX (U3NKO-XMMUYECKUE
CBOMCTBA M JIOKa/bHYl0 (hapMaKoaMHaAMUKY U apMaKoKu-
HETWUKY NeKapcTB NpW annjMKaumsx B KOHBIOHKTUBY U UHb-
EKUMSX B TKaHW. Bbino ycTaHOBNEHO, YTO NIeKapCTBEHHbIE
pacTBOpbl C KOHLEHTpaumeit uHrpeameHToB Mexee 1 % o6-
NajalnT MMNOTOHMYECKON aKTUBHOCTLIO U ClabbiM MECTHBIM
pa3npaalolnM [edCTBUEM; 3TW e JIeKapCTBEHHble pac-
TBOpbI C BEJIMUMHOW KOHLEeHTpauun bonee 1-5 % obnapatot
TUNEpTOHMYECKON aKTUBHOCTBH) M BbIPaXEHHBIM MECTHBIM
pasgpajalolumM AeiCcTBUEM, PacTyLLMM Mo Mepe yBesnde-
HWS KOHLIEHTPaLMU MHTPEAMEHTOB; NPU KOHLLEHTpaLmm bonee
10 % neKapcTBEHHble pacTBOPbI NMPUODPETAKOT YpPE3MeEpHO
CUNbHOE MeCTHOe pasfpaaloLliee [ercTBue, KOTopoe Cro-
cobHo TpaHChOpMMPOBATLCS B MPUKMIaloLLEe U HEKPOTUYe-
CKOe JeliCTBME Ha TKaHW B MecTax WHBbEKLMIA M annvKaLum,
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YTO MHOrAa MOXET CTaTb MPUYUMHON MOCTUHBEKLMOHHOIO
abcuecca [24, 25]. MoatoMy an1s NpOQUNAKTUKM NOCTUHBEK-
LMOHHBIX OCJIOXHEHMIA JIOKa/bHOTo XapakTepa (MOCTUHbEK-
uMoHHoro abeuecca u cuHgpoMa Hukonay) 6bino pexkoMeH-
[0BaHO 0TKa3aTbCA OT MHBbEKLMIA NIEKAapPCTBEHHbIX PacTBOPOB,
COLEPALLMX UHTpeamneHTbl B KoHUeHTpauum 10 % u Bbie.
[lns noBbiweHWs nekapcTBeHHOW be3onacHoCcTH Bbino peKo-
MEH/I0BaHO Pa3BOAMTbL BbICOKOKOHLEHTPMPOBAHHbIE JieKap-
CTBEHHble pacTBOpbl BOAON Ans UHbekuun uin 0,25 % pac-
TBOpPOM HoBOKauHa B 8-10 pas3 [21].

Takum obpasoM, 40 net Hasap dapmakonoru Poccuii-
ckon Qepepaumn 3anoxunu QyHAAMeHT HoBoro cnocoba
pa3paboTKM NeKapcTB, UMEHYeMbIM CerogHs nepenpodu-
JIMPOBaHMEM W3BECTHbIX JIEKApPCTBEHHbIX cpeAcTB. CerogHs
YK€ 04EBUHO, YTO NepenpodunMpoBaHme cnocobHo beicTpo,
AELeBO U 04eHb 3IQPEKTUBHO faTb HOBOE MpefHa3HayYeHue
CTapbIM NleKkapcTBaM [26]. HeT cOMHeHwiA B TOM, YTO MHOTWe
M3BECTHble HEPOTPONHbIE JIEKAPCTBEHHbIE Mpenaparsl (ne-
KapCTBEHHbIe PacTBOpbI, TabNETMPOBaHHbIE NEKApCTBa, Masu,
Kpema 1 ap.) Tak:Ke MoryT ObiTb BbICTPO, AeLeBo U 3pdeK-
TUBHO NepenpoduINpPOBaHbl B «HOBbIE» JIeKapCTBa 3a cueT
LileNleHanpaBneHHOr0 U3MEHEHUA UX (U3NKO-XUMUYECKMX
CBOWCTB.

BakHO MOMHWTBL, YTO NieKapcTBa, nepenpodunMpoBaH-
Hble 33 CYET M3MEHEHWS (U3UKO-XMMUYECKUX CBOWCTB WX
NeKapcTBeHHbIX (opM, 0becneunBaloT peannsaumio HOBbIX
dapmMakonornyeckux 3hGeKToB TONBLKO NpPU MECTHOM MpH-
MEHEHUH.
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Kauuen.
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MoyeMy TennoKpoBHbIM OpraHu3M bbICTpO perynupyer
TeMrnepaTtypy opraHu3mMa B TEpMOHEUTPasIbHON 30He
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AuHomauyus

B pabote npuBeseH aHanM3 TEMOBOTO FOMEOCTasa B OpraHW3Me YenoBeKa M TOMOWOTEPMHbIX JKMBOTHbIX. [OKa3aHo,
YTO BO BHYTPEHHUX TKaHSX OpraHM3Ma (spe opraHu3Ma) TeMnepaTtypa BbiCOKasi M OTHOCUTENBHO paBHOMEpPHas, TaK KaK nop-
[LepXKMBAEeTCA 3a CYeT NepeHoca Terla ¢ NOMOLLbI0 TOKa KpoBu. B nepudepmiiHbIx TkaHsaX (0601104Ke opraHM3Ma) U3MeHeHue
TeMMepaTypbl B CPaBHUTENBHO GONbLUIOM /iMana3oHe OCYLLECTBIAETCA B OCHOBHOM 3a CYET MepeHoca Temsa KOHAYKTUBHbIM
06pa3oM (3a cyeT rpazMeHTa TeMnepaTypbl B pa3nnyHbIX TOYKaX TKaHel). TennoBoii roMeocTas npu KonebaHum TeMnepartypbl
cpeabl B npefenax TepMOHENTPanbHON 30HbI BO BHYTPEHHUX TKaHSIX OpraHW3Ma OCYLLECTBASETCS, MPeXne BCEro, 3a cyet
U3MeHeHWs! pa3MepoB SiPa M 000MI0YKY, 3 He 3a CYET M3MEHEHMUS 0TAAYM Tenma BO BHELLUHIOK Cpefy W U3MeHeHUs Tensio-
npoayKumun. Bnarogaps TakoMy MexaHW3My nepeHoca Tenia B TKaHsIX OCYLLECTBASETCA BbICTPbI TenIoBoN roMeocTas BHY-
TPEHHUX TKaHel OpraHM3Ma npy U3MeHeHUM TeMrepaTypbl Cpefbl B MpeAesiax TepMOHENTpabHO 30HbI.
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Why does a warm-blooded organism rapidly regulates
body temperature in the thermoneutral zone
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Abstract

In work, the analysis of thermal homeostasis in the human body and homoiotherm animals. It is shown that the temperature
in the internal tissues of the body (the nucleus of the body) is high and relatively consistent because it is maintained via heat
transfer through the blood flow. The presence in peripheral tissues (the body shell) is mainly due to conductive heat transfer (due
to temperature gradients at various points of the tissues). Thermal homeostasis occurs when the temperature of the medium
fluctuates within the thermoneutral zone in the internal tissues of the body, primarily due to changes in the size of the nucleus
and shell rather than changes in heat output to the external environment or heat production. Owing to this mechanism of heat
transfer in the tissues, a rapid thermal homeostasis of the internal tissues of the body is carried out when the temperature of
the medium changes within the thermoneutral zone.
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METOAOI0TA U HAYKA

lMopAepiaHue TennoBOro roMeoctasa Tena uesnoBeka
M FOMOMOTEPMHBIX }MBOTHBIX Ha MOCTOSIHHOM YpOBHE —
HeobxoaMMoe ycnoBue Ans NofaepaHus XusHu. Y yenose-
Ka M MHOTUX MJIEKOMUTAIOLLMX TeMMepaTypa opraHu3ma nog-
LEepXMBAEeTCA B CPaBHUTENBHO Y3KOM [AuanasoHe — oT 36
no 38 °C. OTKIOHeHMe TeMnepaTypbl Tena oT 3TUX Npeaenos
NPUBOAMT K HebnaronpuaTHLIM NOCNeAcTBUAM. TaK, ecniu
TeMrepaTypa TKaHeM Mo3ra YenoBeKa COXpaHAeTcs npo-
AonxuTeNnbHoe BpeMsi Ha ypoBHe 41-42 °C, To 310 npuBoAMT
K paspyLueHuio BenKoBbIX CTPYKTYP, KJIETOYHLIX MeMBpaH
n cMepTu. He MeHee rybutenbHa Ans U3HK YenoBeKa no-
HWXKEHHas TeMnepaTypa Tena: Xoof0B0 Napanuy TepMope-
MYNALMOHHBIX QYHKLMIA BOHUKAET NMPY NOHWUXKEHUM TeMnepa-
Typbl 8o 31-32 °C, ocTaHOBKa JIErOYHOI0 AbIXaHWUA HAacTynaeT
npy TemMneparype Tena okono 26 °C, a cepaue octaHaBnmBa-
eTCcAa YXKe npu Temnepatype Tena 24-25 °C [4].

BaHeMLwmMM ycnoBueM CyLLLeCTBOBaHWS TOMOOTEPMHBIX
OpraHWM3MOoB SIBNISIETCA BbICOKMIA YPOBEHb 3IHEPreTUYECKOro
obMeHa. [OMOWOTEPMHbIE OpraHM3Mbl B pasbl MPeBOCXOAAT
MOWKUNOTEPMHBIX MO3BOHOYHBIX MO BENMYWMHE Tenaonpo-
aykumu. Mo ganHbIM [6, 10] npu oauHaKoBoi TeMmnepatype
Tena U 0MHaKOBOW Macce Tena B MOKOE KPONWK notpebns-
€T B 6 pa3 bonblue KUCIOPOAa, YEM XONOAHOKPOBHAsA 3Mes.
TennonpogyKumMs y roMoMOTEPMHBIX HACTONbKO Gonbluas,
4TO MPW HOpMAaNbHbIX YCIOBUAX TEMMNepaTypa Tena ycTaHaB-
JMBAETCS Ha YPOBHE BCEro B HECKONBKO rpafycoB OT WX Te-
M0BOr0 pa3pyLUeHMs.

Y BCex XMBbIX OpraHM3MOB TenionpoayKumus obycrnosne-
Ha 3aTpaTaMu 3Hepruv AN BbiNoSHEHUs 6UON0rMYecKon pa-
BoTbl (MepeMeLLeHWe MOHOB NPOTUB rPajMEHTa HaNPSKEHNS,
MbILLEYHbIE COKPALLEHUS, XMMUYeCKas paboTa cuHTe3a He-
06X0aMMbIX COEAMHEHMI U T. A.). He TaK AaBHO YCTaHOBMEHO,
YTO UCTOYHWKOM MOBBILIEHHON TENONPOAYKLUMW Y FOMOMNO-
TEPMHBIX MOXKET BbITb YMeHbLUEHWEe KO3 dMLMEHTa NONE3HO-
ro pencteus (KML) bruonornyeckon pabotbl [5]. Huskas Benu-
umna KIMJ y roMoioTepMHbIX KUBOTHbIX M YESTOBEKA NPUBOAUT
K BonbLLIOMY BbIBpOCY TEMI0BOW 3HEPriv NpU HeMpepbIBHOM
pecuHTese ATO. Y nokunoTepMHbIX no3BoHoYHbIX KM, BbI-
COKWM, 4TO YMeHbLUAET BbIOpOC TENOBOIA 3HEPruN.

[Ina nopnepxaHua TennoBoro roMeoctasa OpraHu3Ma
B MpoLecce 3BOJOLUM FOMOWOTEPMHbLIE OpraHM3Mbl Bbl-
pabotanu MOLLHbIE MeXaHW3Mbl, NMO3BOJIALLME COXPAHATH
TENSI0BO roMeocTa3 TKaHe. [lpu BbICOKOW TeMnepaType
Cpedbl y YenoBeKa MPOMCXOAMT MHTEHCWBHOE NoToOTAENe-
Hve. Wcnapenune 11 Bogpbl npu Temnepatype 20 °C norno-
waet fo 584 Kkan Tenna, no3toMy ucnapexue 2—3 n BoAbl
C MOBEPXHOCTM KOXM MOITIOLLAeT Bce MeTabonmyeckoe Tenno
OpraHu3ma, Haxogsiuerocs B nokoe [4, 5]. pu dunsnyeckoi
paboTe, Koraa BbipabaTbiBaeTcA Donbluee KOMMYECTBo Ten-
na, YeM B noKoe, obpasyeTcs elie 6onbluee KOIMYECTBO
nota, 4to U obecrneunsaeT TeNsI0BOW roMeocTas opraHu3Ma.
Mpy HU3KOM TeMnepaType cpeabl FOMOMOTEPMHbIE OpraHU3MbI
YBENMYMBAKOT TOHYC MBILLL, MW BKITIOYAKOT Bosee MOLLHbINA
MeXaHU3M TenonpoAyKuMu — [poXb, CnocobHas yBenu-
YWTb TEMIONPOAYKLMIO YENTOBEKA B HECKOMBKO pas.

Tom 14, Ne 3, 2023
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OpHaKo Takue TepMOpPEryNALMOHHbIE PeaKLMW OpraHu3-
Ma, HanpaeneHHbIe Ha NOAJEPKaHWe TENNOBOM0 FOME0CTasa,
SBNAOTCA IHEPrOEMKMMU MPOLIECCaMM, TaK KaK NpeacTaBnsior
c0ob0¥i CpoUHbIE OTBETHI OpraHM3Ma Ha 3HauuTesbHbIe TeMne-
paTypHble OTKIOHEHWUSA OT UX TEPMOHEUTpanbHOM 30HbI. bonee
TOro, 3TU PeaKunm He MoryT BbITb ANIMTENBHBIMU — CYTKaMM
rOMOWOTEPMHBI OPraHU3M He MOXET HU APOXKaTb, HU MOTETb.
06bIYHO YENIOBEK M FOMOMOTEPMHBIE OpPraHU3Mbl HaXOLATCS
B ONTUMasibHOW Ans HUX TeMnepartype. o aaHHbIM [12], ye-
noBeK B pa3BuTbIx cTpaHax Ao 90—95 % BpeMeHu BCel U3HM
NpoBOAMT B KOM(OPTHON 30He. HenoBeK CTPOMT KUnMLLa, Ha-
[eBaeT COOTBETCTBYIOLLYIO MOrofe OAeXay U T. 4. ANnA nof-
JEpKaHUA KOMGOPTHOW TEMIoBOM 30HbI. [OMOWOTEPMHbIE
KUBOTHbIE, HECMOTPS Ha HaxXOX[AEHWe B Cpefe C [JOBO/bHO
CUNbHBIMK KonebaHnaMKM TeMnepatypbl cpenpl, Toxe 6onb-
LUYI0 YaCTb XMW3HW NPOBOAAT B KOMDOPTHOW 4N1S1 HUX TeMne-
patype. [Ing 3T0ro OHU CTPOSAT XUIULLA, «HOCAT» MeXa U T. A,

OnTUManbHylo TeMnepaTypHylo 30HY 0BbI4HO Onpepens-
I0T KaK 0bnacTb BHELLHMX TeMnepaTyp, B KOTOpOi YenoBek
U rOMOWOTEPMHbBIE MBOTHbIE YyBCTBYKOT cebs KOMGOpPTHO,
He MMEHOT HU XOMOJO0BbIX, HU TEMMIOBLIX OTKIOHEHWH, @ Teno-
NpOoAyKUMs 1 TENNI00TAaYa 0CTAKTCS Ha MOCTOSHHOM YPOBHE.
B 31011 30He TeMNepaTyp yMCTBeHHas U Gu3nyecKas LesdTesb-
HOCTb YeNOBEKA OMTUManbHa, a NPOU3BOAUTENBHOCTb CEMb-
CKOXO3AIMCTBEHHBIX XMBOTHBIX MaKCMMaJbHa.

MexaHu13M nop,fepKaHus TEN0BOro roMeocTasa roMoio-
TEPMHBIX OpraHU3MOB B TEPMOHEMTPANbHOW 30HE CIIOMEH.
[lelicTBUTENBHO, TEMMEPATYpa OKpPYKatoLLEeN cpefibl B Npeae-
nax TePMOHEMTPANbHON 30HbI (Y KPYMHBIX XUBOTHBIX, TaKMX,
KaK KOpOBa, JIoLLaib TePMOHENTPasbHas 30Ha MOXET JOCTU-
ratb 15 °C u bonblue), a TeMnepaTypa OpraHu3Ma 0CTaeTcs
Ha NOCTOSAHHOM YPOBHE, HECMOTPS Ha HEW3MEHHbIE NPoLecchl
Tennonpoaykumu 1 Tennooraaqm [5]. Kpome Toro, TennoBbie
MpoLecchl 04eHb MHEPLIMOHHDI, @ YENOBEK U TEMIOKPOBHbIE
JKMBOTHbIE [JOBO/ILHO HLICTPO NepeMeLLatoTca B cpefax C pas-
NIM4HOMN TeMnepaTypoii 6e3 0cobbix 3MeHeHW COBCTBEHHOIA
TeMrepartypbl OpraH13ma.

Kak cnegyeT M3 MHOMOYMCIEHHBIX 3KCMEPUMEHTAbHBIX
uccneposanui [1, 2], B HopMe TemMnepaTypa BHYTPEHHUX TKa-
Hell YenoBeKa M TEMIOKPOBHbIX XMBOTHbIX 0ObIYHO MOYTH
nocTosHHa (y YeNnoBeKa U3MeHEHMe TeMnepaTypbl Aapa op-
raHusMa He npesbiwaet 1 °C) M HaxoAMTCA Ha JOCTATOYHO
BbICOKOM YypoBHe (36—38 °C). B nepudepuueckux obnactsx
TeMnepaTypa TKaHEM MOXET OT/M4aThCA OT TeMrepaTyphl
anpa Ha 4—6 °C v bonee. Kakue Bbl MexaHu3Mbl nepeHoca
Tenna H1 OCyLLECTBASNMCh B TKAHAX OPraHU3Ma, B KOHLIE KOH-
LLOB OHU JOMKHbBI MPUBOAUTH K Boslee-MeHee paBHOMEPHOMY
pacnpefeneHnio TeMnepaTypbl B TKaHSX, XOTA 3T0 He TaK:
B Ape TeMriepatypa LOCTaTo4HO BbICOKas M paBHOMEpHas,
a B 000/104Ke OHa AOMKHA CHMXaTbcs Ha 4—6 °C. C dumsm-
YECKOM TOYKU 3PEHUs MEPEHOC Temnsa B TKaHAX OpraHu3Ma
npenCcTaBnseTcs BO3MOXHBIM BCEro ABYMSA crocobami: KoH-
BEKTUBHBIM (C TOKOM KPOBM) U KOHLYKTMBHBIM (33 CyeT rpa-
OVeHTa TeMnepaTypbl MeXAY ABYMS TOUKaMK), — WK coye-
TaHMEM 3TUX [BYX MpoLieccoB. [10CKOMbKY aKCNepUMeHTanbHO
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OTAENUTb OMH MeXaHU3M TensonepeHoca oT APYroro Kpam-
He 3aTpy4HWTENbHO, eCNM BOOOLLE BO3MOXKHO, 411 peLleHus
3701 3a4a4M MCMONb3YIOT MaTeMaTuyeckue mogenu. ing ma-
TEMaTWYeCKOr0 OMKUCaHMS MPOLECCOB TEMONepeHoca BHY-
TPW OpraHM3Ma, KOHeYHo, TpebyeTcs ynpoLLeHns reoMeTpumn
Tena opraHu3Ma. MHorouMcneHHbIe UCCNefoBaHUs NOKa3any,
4YTO NpefcTaBeHUe roMONOTEPMHONO OpraHM3Ma B BUAE K-
JMHAPA BrOSHE afieKBaTHO UMUTMpYeET TennoobMeH peasnb-
Horo opraHm3Ma co cpegoii [/, 14]. Cama akcnepuMeHTanbHas
KpWBas pacnpefeneHus Temneparypbl B 3T0M ciydae bynet
COOTBETCTBOBATb KpuBOM | Ha puc. 1.

Hamu Ha MaTteMaTuueckux Mofensx 6bio ycTaHOBMEHO,
yTo pacrnpefenieHue TemnepaTtypbl No TKaHAM bypeT coor-
BETCTBOBATb 3KCMEPUMEHTANbHOMY pacrnpefeneHul TeM-
nepaTtypbl N0 TKAHAM TOMBKO MPU HaNMYUW KOHBEKTUBHOIO
TensonepeHoca B sApe OpraHu3Ma, a B 000/10YKe TONBKO
KoHaykTueHoro [8, 9]. Takoe sBneHue 06ycnoBneHo TeM,
uTo B fAApe UMpKynupyeT B HopMe po 80-85 % Bceit Kpo-
BM OpraHu3Ma, a CoCyaucTas cucTeMa COCTOMT M3 COCYAOB,
3HauMTENbHO OTIMYAIOLLMXCA NO AWaMeTpy U CcnocobHo-
CTU NpONycKaTb KpoBb, YT0, COBCTBEHHO, M 0bycnoBnMBaeT
KOHLYKTUBHBIA TensonepeHoc. B 1o xe Bpems B obonouke
LMPKYNMpYyeT HebOMbLLOE KOMMYECTBO KPOBM, U YeM bnme
K KOXXe, TEM MeHbLLE B OCHOBHOM JAuaMeTp cocyaoB. Bee ato
NPUBOAMT K TOMY, YTO B 060/104Ke KpPOBb NepeHocuT Beero 6 %
BCEro Tenna, BbipabaTbiBaeMoro TKaHAMU AAPa, @ 0CTabHOe
TENo yepes TKaHW 060/104KM NEPEHOCUTCS 3a CYET rpagm-
€HTa TeMnepaTypbl Mex[y TKaHAMKM fapa U Koxu. [oatomy
pa3feneHve TKaHeW OMOMOTEPMHOTO OpraHW3Ma Ha SApo
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u obonouKy npuobpetaet puanonormueckuii cMbica. B Tka-
HAX SIAPa CYLLEeCTBYET KOHBEKTMBHBIN TenonepeHoc (3a cyet
TOKa KpoBM), @ B TKaHAX 060/104KM — KOHZLYKTMBHBIN (3a cHeT
rpagueHTa TemnepaTtypbl MeXAy TKaHAMU fApa W KOoXeW).

Mo HawwuM pacueTaM U pacyeTaM HEKOTOpbIX aBTOPOB,
061beM TKaHU 0601104KM Y YeNnoBeKa, HECMOTPA Ha HeborbLLYIo
TONILLMHY, cocTaBnseT B HopMe 0 50 % Bcero o6beMa TKaHem
opraHusMa. Kak noKasbiBaloT HaluM UCCef0BaHMA U Ucche-
[0BaHWsA Ha GU3NYECKMX 00BEKTAX, YBEMYEHNE NN YMEHB-
LeHWe TemnepaTypbl cpedbl NPUBOGAT U K WU3MEHEHMIo
TeMnepaTtypbl camMoro 0bbekTa. Tak, yBenMyeHne uim yMeHb-
LUeHWe TeMnepaTypbl cpefbl TobKo Ha 1,5 °C 6e3 usMeHeHus
pa3mepoB Aapa 1 0605104KM MOXKET YBENUYMBATL MU YMEHb-
waTb U Temnepatypy TKaHen aapa Ha 1,5 °C, uTo B peanb-
HOM opraHusme He Habnwopaetca. Kak nokasbiBaloT Halm
UCCneaoBaHus, TONbKO E€C/IM OfHOBPEMEHHO MPOUCXOLAT
M3MEHEHMs pa3MepoB sapa M 000M04KKM, TeMnepaTypa TKa-
Heil afpa ocTaeTcs HeM3MeHHoMW. B 3ToM ciyyae npomcxoput
nepepacnpegenexve Tenna B opraHusme. [py nosbiLLeHUM
TeMnepaTypbl Cpefbl YacTb Tenja nepexoaut B 06010uKy,
a TeMrepartypa TKaHel aapa 3a CYeT 3T0oro npouecca He U3-
MeHsieTcs. [lpu NOHWMKEHUM TeMnepaTypbl cpefbl, Haobopor,
AP0 COKpaLLaeTcs, a 060/104Ka YBENUYMBAETCA B pa3Mepax,
YTo TOXE MO3BONISIET TKAHAM AApa He U3MeHATb Temnepa-
Typy (KOHEYHo, B OMpefeneHHOM [Mana3oHe WU3MeHeHWs
cpenoBbIX TeMmnepartyp). BaxHo oTMeTuTh, uTo Takue Kone-
BaHus pasMepoB sapa U 060104KKM OCYLLECTBAIAOTCA TObKO
3a cyeT KpoBoToKa. [lpyu paclumpeHun sapa yBenuumBaeTcs
KPOBOTOK Ha rpaHuue siapa v 0060/104KM, @ 3HAYMT W SApo

Puc. 1. CxeMaTuyeckoe M306paeHmne opraHuaMa YesloBeKa B BUfe LWMHApA (a); pacnpeaeneHve TeMnepatypbl B TKaHAX N0 AUaMeTpy
umnuuapa (b): 1 — TonbKo NpW KOHAYKTUBHOM NepeHoce Tenna; 2 — Npy KOHAYKTUBHOM NepeHoce Tensa B sApe U KOHBEKTUBHOM Nepe-
Hoce B 0605104Ke (4TO COOTBETCTBYET 3KCNEepUMEHTaIbHOMY pacrpedeneHuto Tenna B TKaHAX opraHu3Ma); 3 — TOMbKO NpY KOHBEKTUBHOM
nepeHoce Tenna. Mo ock opAnHaT B LeHTpe — LuKana Temnepatypsbl (°C), no ocv abcumuce — amaMeTp umnmuHapa (cm)

Fig. 1. Schematic representation of the human organism in the form of a cylinder (a). Temperature distribution in tissues along the cylinder
diameter (b). T — only at conductive heat transfer; 2 — at conductive heat transfer in the core and convective transfer in the shell (which
corresponds to the experimental distribution of heat in the tissues of the organism); 3 — only at convective heat transfer. On the ordinate
axis in the center — temperature scale (°C). On the abscissa axis — cylinder diameter (cm)
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pacLumMpsieTcs 3a CYeT KofMYecTBa KPOBOTOKA U 3a CYET Toro,
uto bonee Menkve cocyabl 060M0YKKM CTAHOBATCA Tensioo6-
MEHHUKaMW 13-3a YBESIMUYEHUS CKOPOCTU KPOBOTOKA, M Ha-
o6opor. p1 yMeHbLLEHUW KPOBOTOKA Ha rpaHuLe sapa v obo-
JIOYKM pa3Mepbl AAPa COKPALLAKOTCA 33 CYET YMEeHbLUEHUS
TOKa KpOBM U M3-3a Toro, YTO bosiee KpynHble cocyapl B 3T0M
obnact BbimagaioT U3 TennoobmeHa. MpuyeM 3ToT npouece
3aBMCMT OT OpraHW3Ma, B OT/IMYME OT TEMOOTAAYN B CPELY,
W, 4TO BaXKHO, W3MEHEHME KPOBOTOKA MOXKET MPOMCXOAUTb
pocTatoyHo bbicTpo. Takue mpouecchl U3MEHeHUs pa3MepoB
sApa n 060/104KM 1 MO3BONSIOT OpPraHU3My MOALEPKMUBATL
TeMnepaTtypy TKaHeW A4pa Ha MOCTOSIHHOM YPOBHE Npu bbl-
CTPbIX KonebaHusx TeMnepatypbl cpefibl B Npejesniax TepMo-
HEWTPaNbHOM 30HbI OpraHM3Ma.

YenoBeK M roMOWOTEPMHBIE KWBOTHbIE B XM3HM MO-
CTOSHHO MOMajaloT B Cpefbl C pasfMyHbIMKU TeMnepaTypa-
MW, MPW 3TOM TeMnepaTypa TKaHen afpa He U3MEeHseTCs.
Ecrm 6b1 cywlecTBoBanM TOMbKO TPaAMLMOHHBIE, KpaiHe
WHEPLMOHHbIe MpoLecchl TeN0NPOAYKLMM U TEMNooTAauM,
TO Npy BBICTPLIX M3MEHEHUSX TeMMepaTypbl Cpeabl, B KOTOPbIX
MOCTOSIHHO HaX0AATCA TEMNOKPOBHBIE OpraHW3Mbl, TeMnepa-
Typa UX TKaHen Hen3bexHo n3MeHsanach bbl. Tonbko BbiCTpble
npoLecchl M3MEHEHWs pa3MepoB sapa U 0605104KKM cnocob-
Hbl JOCTATO4HO OLICTPO MOALEpKUBATL TEMOBOM rOMeocTas
opraHu3Ma (KOHe4Ho, B Npefenax TePMOHENTPaNbHON 30HbI
OpraHusMa).

BbinosiHeHbl 0YeHb TLiaTeNbHbIE M MHOMOYMCIEHHbIE
3KCMEPUMEHTLI, KOTOpble [eMOHCTPUPYIOT 3TW MPOLECCHI,
HO NpUBOAAT 06BACHEHUSA, MO HALLEMy MHEHMIO, HE COOT-
BeTCTBYtoLME UCTHHE [3, 4]. Tak, Ha KponuKax bbinm uccne-
L0BaHbI MPOLLECChl U3MEHEHUSA TeMMEpaTypbI runoTanamyca
“ OHOBPEMEHHO TeMMNepaTypbl YLUIHbIX paKkoBuH. HarnagHo
MOKa3aHo, KaK CMHYcOMAanbHbIE U3MEHEHUS TEMMepaTypbl
runoTanamyca npakTUHECKW Cpasy NpUBOAAT K aHanormd-
HbIM KonebaHuaM TeMnepaTypbl YLIHbIX PaKOBUH KPOJMKA.
Mpu 3TOM AenaeTcs BbIBOA, 4TO 3TU KonebaHus Temnepa-
TYpbl YLIHbIX PAKOBUH NPUBOAAT K U3MEHEHUIO TEMN00TAa-
YW CaMoro OpraHu3Ma, 3a cyeT 3TOr0 W MOALEPHMBAETCS
TeMMNepaTypa runotasamyca Ha nocTosiHHOM ypoBHe. OaHa-
KO, BO-NEpPBbIX, C YLIHbIX PAKOBWUH KPOJIUKA CTONb BbICTpO
TENNO HUKAK HE CMOXET YWATW B CPefy M3-3a WHEPLMOH-
HOCTM npoLecca TeMma00TAauM, BO-BTOPbIX, YLIHble PaKo-
BWHbI KPONMKa He cTonb 6onblume, 4Tobbl BLICTPO 0TAATH
Tenno B cpedy TaK, YTobbl NOHM3WNacL TeMnepaTypa BCero
opraHu3ma.

B HacToslLlee BpeMs NpefJioXKeHO HECKONMBKO Mogenen
PerynMpoBaHus Temnepatypbl Tena roMoioTePMHbIX Opra-
HW3MOB. [J0BO/IbHO [I0NITOe BPEMS [MaBEHCTBYHOLMMI Oblin
MOZLENW, KOTOPbIE OCHOBLIBAIUCh Ha KOHLENUMU «set point»,
WM «yCTaHOBOYHasA TOYKax. [pegnonaranock CyLlecTBOBa-
HWe HeKO 3a;aHHOM TOYKY TeMNEepaTypbl B OPraHn3Me, K Ko-
TOpOW CTPEMATCA NOLCTPOUTLCS TeMMepaTypbl ApYruX TKaHel
opraHusMa. 37a KOHLeNnuus SOBO/bHO XOpOLIO 06bACHANa
MHOTVe HK0AHChl PEryNMpoBaHus TeMnepaTypbl B OpraHnu3Mme,
Korga OH nonagan B cpefdbl C pasnnyHoi TeMnepartypoi [11,
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13, 16]. OgHaKo cyllecTBOBaHWE 3afjaHHOM TOUKM TeMnepa-
TYpbl B OpraHu3Me, 0THOCUTENbHO KOTOPOW MOLAEPUBAETCA
TEMMNepaTypa Tea B pasfiMyHbIX €ro YacTaAX, Tak U He Bbino
HaiifeHo. CpaBHUTENbHO HeaBHO Obinn 0BHapyxeHbl Thermo
Transient Receptor Potential (TepMoperynaumoHHble) KaHanbl
B HEKOTOPbIX KIETKAX, pearupyroLime Ha pa3nuyHble auana-
30Hbl MU3MEHEHUIA TeMnepaTyp, KoTopble MOryT BbiTb CUrHa-
namu Nis opraHusMa B onpepeneHun temnepatyp [17-19].
C obHapyxeHnem TRP-KkaHanoB B onpefeneHHbIX KieTKax
KaK Ha nepudepuu, TaK B ALpe OpraHW3Ma NosIBUNIMCH KOH-
Lenumn TepMOpEerynsaLMn opraHu3Ma, B KOTOPbIX He NpUCyT-
CTBYET NpeAcTaBneHue o «set point» [15, 20-22].

CornacHo 3Toi TeopwW, CyLLECTBYKT CEHCOpHbIE HEWpo-
Hbl (Bnarogaps Hannuuio TRP-KaHanoB), KoTopble Yepes ceTb
HEPOHOB TOJIOBHOIO W CMIMHHOMO MO3ra COEAVHATCA C 3¢-
(eKTOpHOI KneTKoi. lpn u3MeHeHUM TeMNepaTypbl HyBCTBU-
TeNbHblE K TEMMepaType CEHCOpHble HEMpOHbI [OCTUraloT
nopora aKTMBauUuW, HepoOH cpabaTbiBaeT W Yepe3 HEMpOH-
Hble CeTU nocbinaetca curian apdekTopHon knetke. Korga
OMPEeAEeNEHHOE YUCNIO CEHCOPHBbIX HEMPOHOB cpabaTbiBaeT
U mocbiiaeTcs curHan 3QGeKTopHbIM KieTKaM, BO3HMKAeT
TepMoaddeKTopHas peakums. TeM He MeHee psf, BOMPOCOB
B Teopuu Tennoperynsuumn octaetcs. lpexae Bcero 0 Hanu-
UnM TEPMOHENTPaNBHOM 30HbI Y FOMOMOTEPMHbIX OPraHU3MoB
U ee U3MEHEHUM B pasnuuHbIX cpefax. Hawm uccnenosaHus
no3BoNs0T 00BACHUTL HanMuMe TePMOHEWTPanbHOW 30HbI
1 BO3MOXHOCTM NOAAEpXaHUA TeMrepaTypbl TeNna Ha 0AHOM
YPOBHE NPy U3MEHEHWN Cpefibl B NpeLenax TepMOHerTpab-
HOM 30HbI [7-9].

Wcxops u3 pesynbTaToB Halwmx pa3paboTok, MOXHO yT-
BEPX/ATb, YTO HaiMymMe BLICTPOro U3MEHEHUS TeMMepaTypbl
YWHBbIX PaKOBUH KpONWKa 0bYCOBNEHO TEM, YTO OHU SIB-
nsaTca 000M104KON OpraHM3Ma Kponuka. lpu yenuueHum
TeMnepaTypbl runotanamyca npoMCXoauT OThaya Tenna
U3 agpa opraHu3Ma Ha nepudepuio, a UMEHHO B YLUHble
PaKoBWHbI U nepudepuitHble 061acT opraHn3Ma KponuKa,
yTo, cobCTBEHHO, WU N03BOASAET BLICTPO CHU3UTL TeMnepa-
Typy runotanamyca. [poucxoamuT BeICTpbI 06MeH Tennom
Mexay 84poM 1 060/104K0N, @ He MeANEeHHbIN NpoLecc oT-
[aun Tenna oT YLWHbIX PaKOBUH KPOJIMKA B OKPYKAMLLYH
cpeqy.

CywiecTBYlOT 3KCMEpPUMEHTaNIbHbIE CBULETENLCTBA W3-
MEHEHWUS TeMMepaTypbl Tena M TEMNepaTypbl KOXU PYK,
NOATBEPHAAIOLLME CUHXPOHHBIE C HAMW M3MEHEHUS TEM-
nepatypbl runotanamyca [3, 4. U B atoM cnyyae Hapo ro-
BOPWTb O TEMIOBOM rOMeocTase, NOAAEPKUBAEMOM TOJbKO
Bnaropaps AeNCTBUK MEXaHW3Ma M3MEHEHMUS pa3MepoB aapa
1 0607104KU NPY M3MEHEHWUW TEMMNEPATYPbI CPeabl B Mpefenax
TEPMOHEMNTPAsbHON 30HbI.

Takum 06pa3oM, M3MeHss pa3Mepbl sapa M 0605104KMK,
rOMOMOTEPMHBI/ OpraHM3M crocobeH BbicTpo pearupoBaTh
Ha KonebaHusa TeMnepaTypbl OKpYXatoLLeli cpenpl (B npege-
nax TepMOHeNTpanbHOM 30HbI) ANS NOAAEPIKAHUA TEN0BO-
ro roMeocTasa BHYTPEHHMX TKaHeW opraHW3Ma, He BKJIKOYas
3HEepro3aTpaTHbIX MEXaHU3MOB.
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NO0NOSHUTENIbHAA UHDOOPMALIUA

Bknap aBTopoB. Bce aBTOpbl BHECM CYLLECTBEHHBIA BKNAL
B pa3paboTKy KOHLeNLMK, NpoBeieHMe UCCel0BaHMS 1 NOATOTOBKY
CTaTbM, MPOYNM 1 0a0bpuNK GUHanNLHY Bepcuio Nepes nybnuka-
Uven. Bknap kaxporo aTopa: H0.U. Jlyyakos, .M. LLlabaHoB — Ha-
nucaH1e CTaTbK, aHanM3 AaHHBbIX, Pa3paboTKa 06LLEe KOHLENLMMN.

KoHdpnukT uHTepecoB. ABTOpbI ieKNapypyIoT OTCYTCTBME ABHBIX
W NOTEHUManbHbIX KOH(IMKTOB MHTEPECOB, CBA3aHHBIX C NybnnKa-
LMeN HaCTOALLIEN CTaTbM.

UcTouHuK dMHaHCcMpoBaHUsA. ABTOPbI 3a8BNAKOT 06 OTCYTCTBUM
BHELLHEro (hMHaHCMPOBaHWS NPy NPOBELEHUN UCCNEL0BaHMS.
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