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Anpanranus (adaptacio) — 3TO CIOCOOHOCTH
OopraHu3Ma K MPUCIOCOOICHHIO TIPU HAPYIIIEHUSIX TO-
MeocCTa3a, B OCHOBE KOTOPOH JIEXHUT U3MEHEHHUE CH-
CTEMBI B OTBET Ha U3MEHEHHE YCIOBUN U COXPAHECHUE
CTaOMIBLHOCTH CUCTEMBI B HOBBIX yCJIOBHSX. B Teue-
HUE BCEH KU3HU OPraHU3Mbl IIPUCIIOCAOIMBAIOTCS K
HEIPEPHIBHO MEHSIOIUMCS (DakTopaM BHEIIHEH H
BHYTPEHHEH Cpelbl U BCS KU3Hb YEIIOBEKa, KaK 3710-
pOBOTO, Tak W OOJBHOTO, COMPOBOXKAAETCS ajarTa-
nueil. IlpucnocabnuBasck, aganTUPYSICh, OPTaHU3M
MEPEXOIUT HA HOBBIA TOMEOCTAaTMUYECKUM YPOBEHD.
IIpuumHamMu BBIXOIA OpPraHM3Ma W3 COCTOSHUS JH-
HAMHUYECKOTO PaBHOBECHS SIBISIOTCA Ppa3IUIHBIC
“BO3MYIIAIONINE”, CTPECCUPYIOIINE BO3IACHCTBUS:
SMOILIMOHAJIbHBIC, (QU3HONIOTUYECKUE, (U3NIESCKUE,
XUMUYECKHE. DTH KE BO3ACUCTBUS 3aITyCKAIOT CIIOX-
HBIII KOMIIJICKC MEXaHM3MOB, OCHOBHOM 3ajaucii
KOTOPBIX SIBJISICTCS MPHUCIOCOOJICHUE OpraHu3Ma K
W3MCHHBIIMMCS YCIIOBUSIM, U YMEHBIIICHUE BO3HH-
KalIIUX CABUTOB BO BHYTPECHHEW Cpele OpraHu3Ma.
«®Duznonornyeckas afanrtanus — 3TO IMPOLECC J0-
CTHKCHUSI YCTOWYMBOCTH YpPOBHS AKTUBHOCTU Me-
XaHU3MOB VIPaBICHUS (PYHKIMOHATIBHBIX CHCTEM,
OpraHoOB M TKaHEl, KOTOPBIA 00eCreyuBaeT BO3MOXK-
HOCTh AKTHUBHOHN >KH3HEACSITEIILHOCTH OpraHu3Ma
’KHBOTHOTO M Y€JIOBEKAa B M3MEHEHHBIX yCIIOBHUAX CY-
IIECTBOBAHUS M CIOCOOHOCTh K BOCIIPOHU3BEICHUIO
310poBOro MoToMcTBa» (CuMIo3umym «Ananranus
JKUBBIX cucTeM», Mocksa, 1975 r.). Aganramust Bo3-
HUKAET MPHU PA3TUIHBIX BO3IACHCTBUSIX, B YACTHOCTH,
TaKuX, Kak CMEHa JHS U HOYH, BPEMEHU rojia, u3Me-
HEHHE aTMOC(EPHOTO JaBJICHUS, (PUIUUCCKUE H YM-
CTBEHHBIC HArpy3KH, THIIOKCHS M PE3KHE KOJeOaHuUs
KOHIICHTPAIIUK KHUCIOPOAa B BO3MYXE, IECHHXPOHO3,
BO3JICHCTBUE TEIUIA, XOJIONa, OCBEIICHUS, TEMHOTHI,
HEJOCTATOK THWIIA U BOJBI, CTPECCOBBIC CUTYaIlHUH,
0ome3HH, TPaBMBI, TEHCTBHUE MIEKTPOTOKA, OXKOTH U
OTMOPOXEHHS, MACCUBHASI KPOBOTIOTEPS, SK30TCHHBIC
WHTOKCHUKAITUU: XUMHUKAThI, TOKCHHEI, JIEKAPCTBa, pa-
Jalysi, 0K, 00JIb, KOJIAINC U JAPYTHE.

Apnantanis cBsi3aHa C IIOCTOSHHBIM HaIps-

Adaptation (adaptatio) — is the body ability to
adapt while having homeostatic disorders, this ability
is based on alterations in the system of response to
environmental changes and the preservation of stabil-
ity system under some new conditions. During their
lifespan organisms adapt to the constantly changing
internal and external environmental conditions. Such
adaptation occurs throughout a person’s entire life
regardless of whether they are healthy or not. While
adjusting, the body moves to a new homeostatic level.
The body ceases to maintain a state of dynamic equi-
librium due to various “disturbing”, stressful impacts:
emotional, physiological, physical, chemical. The
same effects trigger a complex set of mechanisms,
whose main task is the adaptation of the organism to
changing conditions, and reducing the displacements
occurring in internal environmental conditions of the
living organism. The physiological adaptation is the
process of reaching a sustainable level of mechanism
operation activity of functional systems, organs and
tissues, which provides animals and human beings
with the possibility of vital activity under the chang-
ing environmental conditions and the ability to repro-
duce healthy offspring (Symposium «Adaptation of
living systems», Moscow, 1975).

Adaptation takes place in response to many dif-
ferent stimuli, in particular: the alternation of day and
night, and seasons; changes in atmospheric pressure;
physical and mental stress; hypoxia and sharp fluctua-
tions of oxygen concentration in the air; desynchro-
nosis; exposure to heat, cold, light, darkness; lack of
food and water; stressful situations, illnesses, inju-
ries, effects of electric current, burns and frostbites,
heavy blood loss, exogenous intoxications: chemi-
cals, toxins, medications, radiation, shock, pain, col-
lapse and others.

Adaptation is connected to a constant strain of
physiological and neurochemical mechanisms, the ex-
haustion of physiological reserves, and the condition
of disadaptation, which can occur due to constantly
strengthening disturbing stressful effects.
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KEHHEM  (PU3MONOTHYECKUX, HEHPOXUMHUYECKUX
MEXaHH3MOB M IPHU YCHUJICHUH TOCTOSHHBIX BO3MY-
LIAIOLINX CTPECCUPYIOIIUX BO3ACHCTBUI MOXKET IPO-
H30WTH HCTOIIEHHE (U3UOIOTHYECKHX DPE3EPBOB U
BO3HHKHOBEHHE COCTOSHHUS 133 JalTalHH.

Hesananranus (nar. dis orcyrcrBue; adaptatio
— mpucnocoOiieHne) - HapylIeHue aJanTaluy, NpH-
CIOCOONICHHS OpraHu3Ma K MOCTOSTHHO MEHSIOIINM-
Csl YCJOBUSIM BHEIIHEW WM BHYTPEHHEW Cpenbl.
He3amantanus - COCTOSIHAE HECOOTBETCTBUSI MEXKIY
OpPTaHM3MOM M BHEIIHEH cpemoil, mpuBoaslIee K Ha-
pPYLICHUIO (HU3UOIOTHIECKOTO (YHKIHOHHUPOBAHMUS,
HU3MEHEHUI0 (OpPM MOBEACHUS, PA3BUTHIO MATOJIOTH-
Yyeckux npoueccoB. CTeneHp 1e3aanTairuy XapaKTe-
pHU3yeTcs YpOBHEM JAE30praHu3alui (yHKIHMOHAIb-
HBIX CHCTEM OpraHm3ma. Paznuyaror ne3amantanuio
cucteM opranusMa (cepaeuHo-cocyauctoit, I[THC,
IBIXaTeIbHOM, KeTyJOYHO-KUIIEYHOW W Ap.), Tpo-
(eccroHaNbHYIO J€3aJanTalnio, COLHAIbHYIO Je-
3agantanuio U Ap. [lonHoe HECOOTBETCTBUE MEXKIY
OpPTaHM3MOM M BHEITHUMH YCIIOBUSIMH €T0 CYILIECTBO-
BaHMsI HECOBMECTHMO C JKU3HENESATETHLHOCTBIO.

Hezamanranusi XapakTepuU3yeTcsl TEMH Ke
C/IBUTaMH, KOTOpbIe HaOMonaoTcs B a3e HavaabHOI
aJlanTaluy - CUCTEMBbl OPTaHM3Ma BHOBH NPHXOIST
B COCTOSIHE TOBBIIICHHOW aKTUBHOCTH W SHEPTHUS
TpaTUThCSl HedKOHOMHO. [Iponecc ne3amantanuu 3a-
MycKaeTcsl B TeX Cllydyasx, KOraa JeicTBue Bo30yxX-
JAOIINX CTPECCUPYIOMNX (PaKTOPOB YCHIMBACTCS U
OHH IO CHJIE PUOIMKAIOTCS K OKCTPEMAaTbHBIM HIIH
Korja (pyHKIHMOHAJIbHAS aKTHBHOCTH B HOBBIX YCIIO-
BUSIX SIBIISIETCS] Upe3MepHOi. Brinenstor nse dhopmbl
Je3alanTaluy: HeNaToJIoTu4YecKas — MOJAepKaHue
roMeoCcTa3a BO3MOXHO MPU PEKUME YCUIEHHOTO, HO
«HOPMAJILHOTO» (DPU3MOJIOTHYECKOTO (PYHKIIMOHHUPO-
BaHUSI;, U TIATOJIOTHYECKasl — OAJep)KaHUue TOMeoCTa-
32 BO3MOYKHO TOJIBKO MIPH MEPEX0Ae K MaTOIOTHIeCKO-
My (QYHKIHOHUPOBAHUIO.

Hezamanranusi 3amycKaeT CIOXKHYIO CHCTe-
My MOJEKYJISIPHBIX M3MEHEHHH, B KOTOPOW OIHO M3
KITIOUEBBIX MECT 3aHMMAIOT CBOOOAHOpaIWKaIbHBIC
peaxuy, NpUBOJSIINE K JereHepalu KICTKU U T0-
Bpexaenuro JJHK.

BrmepBele unmeio o ToM, 4TO CBOOOTHOpPAIH-
KaJbHbIE PEaKIWU aKTUBHO YYacTBYIOT B Pa3BUTHUH
MaTOJIOTHYECKNX COCTOSHUI BBICKa3all akajgeMuk H.
M. Omanyane B 1960-x romax, KOTOpBIM Mokazad,
YTO TIPH POCTE OMyXOJel, IpHu JIy4eBoi OoJe3HH, a
TaKe MpU CTAPEHUH MMEET MECTO M30BITOYHOE 00-
pa3oBaHKe CBOOOAHBIX panuKanoB. HayuHble 0CHOBBI
TEOpUH CBOOOAHOPAAUKAIBHOTO OKHUCICHHS, POJIU
3THX TNPOLECCOB B MAaTOJOTMU KIETKH W JEHCTBUU
AQHTUOKCHUAAHTOB B OMocHcTeMax OBUIM 3aJ0KEHBI
BBIIAIOIIMMUCS OTeYeCTBEHHBIMH yueHbIME: H.H.

Disadaptation (lat. dis — absence; adaptatio —
adaptation) is a violation of adaptation, adjustment of
the organism to the constantly changing conditions of
the external or internal environment. Disadaptation is
a discrepancy between the body and the environment,
leading to the physiological functioning disruption,
behavior change and the development of pathological
processes. The degree of disadaptation is character-
ized by the disorganization level of the body func-
tional systems. There is a body system disadaptation
(cardiovascular, CNS, respiratory, gastrointestinal,
and others.), professional disadaptation, social dis-
adaptation and others. A complete disparity between
the living organism and its environmental conditions
is incompatible with life. Disadaptation is character-
ized by the same shifts observed in the initial phase of
the adaptation when body systems come into a state
of increased activity again and energy is spent waste-
fully. The disadaptation process is carried out when
the action of excitatory stressing factors is enhanced
and they are close to the extreme in power or when
the functional activity is excessive under the new cir-
cumstances.

There are two forms of disadaptation: non-
pathological: the maintenance of homeostasis which
is possible under the condition of increased, but «nor-
mal» physiological functioning; and pathological:
maintaining homeostasis is possible only by the tran-
sition to the pathological functioning.

Disadaptation launches a complex system of
molecular changes, where free radical reactions,
which lead to a degeneration of cells and DNA dam-
age, take one of the key positions.

For the first time the idea that free radical re-
actions are actively involved in the development of
pathological conditions was stated by Academician
N.M. Emanuel in 1960s, who showed that the ex-
cessive formation of free radicals are formed by the
growth of tumors while having a radiation sickness
and also by the aging process.

Russian prominent scientists such as N.N. Se-
menov, N.M. Emanuel, B.N.Tarusov, U.V.Vladimirov,
R.P. Evstigneeva, E.B.Burlakova and others pio-
neered in the scientific foundations of free radical ox-
idation theory and the role of these processes in cell
pathology and antioxidants effects in the biological
systems. Free-radical processes and lipid peroxida-
tion play a crucial physiological role, they take part in
a process of the biomembranes composition regenera-
tion and maintenance of functional properties, energy
processes, cell division, the synthesis of biologically
active substances, intracellular signaling and other
processes, which play a key role in the adaptation and
disadaptation.
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CemenoBeiM, H.M. Dwmanyanem, b.H. TapycoBeiM,
10.B. BnagumupossiM, PI1. EBcturneesoit, E.b. byp-
nakoBod M np. CBOOOJHOpaAMKAaJIbHBIE MPOIECCHI,
MIEPEKUCHOE OKHCIIEHHWE JIMIIUOB HIPAIOT BAKHYIO
(U3NONIOTHYECKYIO pOJb, YYacTBYIOT B IpoLEecce
OOHOBIJIEHUS COCTaBa U MOANCP)KaHUH (PYHKIIHOHAIb-
HBIX CBOWCTB OMOMEMOpaH, HEPreTHIEeCKUX MpoIiec-
COB, KJIETOYHOTO JEJIEHUS, CHMHTE3a OMOJIOrMYECKU
AKTUBHBIX BEIIECTB, BHYTPHKJIETOYHON CHTHAIM3a-
LMK U IPYTHX MPOLECCOB, KOTOPBIE UTPAIOT OAHY U3
KJIFOUEBBIX POJIEH MPH aAaNTallly U Ae3aalTaly.

[Ipu ne3amantanum, cOboe B cucreMax OMOXH-
MHUYECKOH pETYJISIIUU cBOOOJHOPaANKAIbHBIE Peak-
LMY BBIXOJAT U3-TI0J KOHTPOJIS U SABJISIOTCS YHHUBEp-
CaJbHOM NPUUNHON POTrpeCCUPYIONIETO HAKOTLIEHUS
MIOBPEXACHNUHN B JKHMBBIX cHcTeMaXx. Pa3nudHble BO3-
MYILAIOLINE, CTPECCOPHBIE IHJIOTEHHBIE U HK30TEH-
Hble (aKTOpBl (IMOIMOHAJIBHBIM CTpecc, TpaBMa,
THIIOKCHS, (PU3NYECKHE W YMCTBEHHBIE MEpeTpy3KH,
BOCTIAJICHHE, WIIEMHs] W IIp.) 3allyCKaloT CIOKHBIE
B3alMOCBSA3aHHbIE MOJIEKYJSIPHBIE MPOILECCHI, KOTO-
pble y4acTBYIOT B BEDKMBAaHMU W THOENW KJIeTKd. B
9TON CHUCTEME BBDKUBAHMSI KIIOUEBOE MECTO 3aHHMa-
I0T CBOOOTHOPAINKaIbHBIE MPOLECCHI, KOTOPhIE 3a-
MyCKaIOT JAETeHEPaNI0 1 THOEb KIETKU. AKTUBHBIE
¢dopmsl kuciopoaa (ADPK) obpa3yroTcs B opranusme
KakK MPOAYKThl OMOXUMHYECKHX PEaKHi W BBI3bIBA-
0T MHO)KECTBEHHBIC MOBpexaaromme 3QdexTs u,
MPEXKIC BCETo, NErpajaluio ¥ TUOenh OCNKOB, -
MU0B, HyKIEHHOBBIX KHUCIHOT. [lox BiusHueM ADK
MPOMCXOJUT TOBpPEKACHHE MeMOpaH, KoJJareHa,
JHK, xpomaruHa, cTpyKTypHBIX OenkoB; ADK yua-
CTBYIOT B 3MHUICHETUYECKON PETYNISIHUN 3KCIPECCUU
SIIEPHBIX U MUTOXOHJPUAIBHBIX T'€HOB, BIUSIOT Ha
BHYTPHUKJIETOUYHBIM YPOBEHb KaJbIVsl, 3aIlyCKalOT Ka-
CKaJ, BEAYIIUH K arloNTo3y U T.A.

[Ipo-okcugaHTHOI cuCTEME MPOTHBOCTOUT
AHTMOKCU/IAHTHAs CUCTeMa. AHTHOKCHUAAHTHI — 3TO
BelIeCTBa, O0JaJaroIue CHOCOOHOCTBIO BCTYNAaTh
BO B3aUMOJIEHCTBHE C PA3TNYHBIMH PEAaKTOTE€HHBIMU
OKHCJIMTEJISIMU - aKTUBHBIMU (DOpMaMHu KHCIOpoaa
JPYTUMH CBOOOIHBIMH paJuKallaMH, ¥ BBI3BIBAaTh MX
YaCTUYHYIO WJIM TOJIHYI0 MHAKTHBALMIO. AHTHOKCH-
JAHT COEANHSETCA CO CBOOOIHBIM PaJUKaJIOM U CTa-
BUT 3aCJIOH pa3pyLIUTEIBHOMY IEMCTBHIO JHIIHETO
anekrpoHa. C moMonibo (PepMEHTHON 3alUTHON CH-
CTEMBI OpPraHu3M Mpeodpas3yeT KIECTOUHBIH OKCHAAHT
B BOAY W KHciopon (Hepanukan). KoHIeHTpamus cBo-
OOIHBIX PaJMKaJIOB CHUKAETCS W 3a CUET CIeLHrallb-
HBIX aHTHOKCHIAHTOB-(MYCOPIIIHKOBY.

[Ipu ne3amanTanny BO3HUKAET TUcOaIaHC IPO-
OKCHJJAaHTHON W aHTMOKCHJAHTHOH CHUCTEM, TPUBOASI-
LM K OKCHAaTUBHOMY cTpeccy. IIpu aesamanrtanuu
9HJIOT€HHas cHCTeMa aHTHOKCHUIAHTHOM 3alUTHI pa-
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During disadaptation and malfunction of bio-
logical regulation, free radical reactions go out of
control and appear an universal cause of progressive
accumulation of damage in living systems. Various
disturbing, stressful endogenous and exogenous fac-
tors (emotional distress, trauma, hypoxia, physical
and mental overexertion, inflammation, ischemia,
and others) trigger complicated interrelated molecular
processes which are involved in the survival and cell
death. A key place in this survival system is occupied
by free radical processes that trigger the degeneration
and death of cells. Reactive oxygen species (ROS) are
produced in the organism as the products of biochem-
ical reactions and produce multiple damaging effects
and, first of all, the degradation and destruction of
proteins, lipids, nucleic acids. Membranes, collagen,
DNA, chromatin, structural proteins are damaged
under the influence of the ROS; ROS participate in
epigenetic regulation of expression of nuclear and mi-
tochondrial genes affect intracellular calcium levels,
trigger a cascade leading to apoptosis, etc.

Pro-oxidant system confronts antioxidant sys-
tem. Antioxidants are substances that have the abil-
ity to interact with a variety of reactogenic oxidants
— reactive oxygen species and other free radicals and
invoke them partial or complete in activation. Antiox-
idant is connected with free radicals and it blocks de-
structive action of the extra electron. With the help of
the enzymatic defense system the organism converts
the cell oxidant into water and oxygen (non-radical).
The concentration of free radicals is reduced with a
help of special antioxidants-»scavengersy.

During the disadaptation the prooxidant imbal-
ance occurs and antioxidant systems lead to oxidative
stress. Disadaptation endogenous system of antioxi-
dant defense is inefficient and the reaction products
of free radicals and macromolecules are constantly
found in the organs and tissues of the body and the
cells are subjected to oxidative stress.

The oxidative stress occurs when the disadap-
tation with intervention of perturbing effects of en-
dogenous and exogenous factors and dysfunction of
the antioxidant system causes damaging of four main
processes: acidification of DNA, proteins, lipids and
glucooxidation. We have regarded more than 100 dif-
ferent conditions and illnesses where the pathogenic
factor appears as free radicals firstly belonging to
pathological conditions and brain illnesses including
the disadaptation. Brain is the most vulnerable part of
the body for the development of oxidative stress, as
it has the highest speed of metabolic processes, the
low rate of cell division, the high lipid content (more
than 50% of the dry matter of the brain), as well as
containing high content of iron and copper in some
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0oraeT HeIDPEKTUBHO U MPOAYKTHI B3aUMOJICHCTBHS
CBOOOJIHBIX PaJIMKAJIOB C MaKpOMOJICKYJIaMU MOCTO-
SIHHO OOHAPY’)KMBAIOTCSI B OPraHax M TKaHSIX OpPraHu3-
Ma M KJIETKH MOJBEPraroTCsi OKUCIUTEIILHOMY CTpec-
cy.

OKCHIaTUBHBII CTpECC, BOSHUKAIOUINH TIPH Jie-
3aJanTalyH, IPU BO3ICHCTBUN BO3MYILAIOLIUX YH]I0-
TeHHBIX M YK30T¢HHBIX (DAaKTOPOB U MPH AUCHYHKIUH
AQHTHUOKCHIAHTHOW CHCTEMBI, BBI3bIBACT 4 OCHOBHBIX
noBpexxaaomux nponecca: okucienue HHK, Oen-
KOB, JIMITUJIOB ¥ TIIIOKOOKCHUIAIMIO. PaccmarpuBaercst
6onee 100 cocrosiHMiA 1 3a00I€BaHUMN, TPU KOTOPBIX
BOXHBIM MAaTOrCHETHYECKUM (DAKTOPOM  SIBIISIFOTCSI
CBOOOJIHBIC PAJMKAIBI U CPEIU HUX IEPBOE MECTO
3aHMMAIOT MATOJOTMYECKUE COCTOSHUS M 3a0oieBa-
HHSI MO3Ta, B TOM YHCJIC, CBS3aHHBIC C COCTOSHHEM
ne3agantanun. Mo3r siBisieTcs Hanbosee ys3BUMbBIM
OpraHoM JIJIsl Pa3BUTHSI OKHCIIUTEIBHOTO CTpecca, 1o-
CKOJIbKY B HEM BBICOKasi CKOPOCTh METa0OIMYEeCKUX
MPOLIECCOB, HHU3KAasi CKOPOCTb JICJICHHSI KIICTOK, BBI-
COKoe conepkanue aumunoB (6onee 50% cyxoro Be-
IIECTBAa MO3Ta), B HEKOTOPBIX 0OIACTSAX BBICOKOE CO-
JIepKaHue HKeye3a U Memu. Mo3r, HeCMOTpS Ha CBOI
HebomnbILoi Bec, moTpediser okono 30% kucmopona
Y MMEET TOBBIIICHHYI0 YyBCTBUTEILHOCTD K THUIIOK-
CHH, HAPYIICHUSM MHKPOLMPKYJSIIUH, H3MCHECHHIO
JHEPreTHUYECKOro Oananca u Jip.

B nocnennue rombl, 0COOCHHO 3a pyOeKoM, pe3-
KO BO3POCIIO BHUMaHHE K BEIECTBaM, 00JIaIaoInuM
AQHTHUOKCHIAHTHBIM JieiicTBHEM. UHMCIIO 3HIOTCHHBIX
Y 9K30TCHHBIX BELIECTB, OTHOCHMBIX K QHTHOKCH/IaH-
TaM, HOCTOSIHHO pacTeT. Poiib aHTHOKCHIaHTOB B OHO-
JIOTUY U MEAUIMHE TOBOJBHO TIOJTHO MPECTaBICHA B
kaure Yunbo Li [42].

DHIIOTEHHBIMU CPEICTBAMH aHTHOKCUAAHTHON
3aIIUTHI SBISFOTCS HEKOTOpPBIC (DePMEHTBI U BUTAMU-
HBI: CYNEPOKCUAMCMYTa3a, TIIyTaTHOHIIEPOKCH 1a3a,
KaTanasza, 6eTa-kapoTuH, anb(a-rokodepos, BUTaMUH
C, MoueBasi KHCIIOTa, MEJIATOHUH, XEJIaTHbIC areHThI 1
ap. Ilpu BO3IEHCTBUY Ha 4YeJIOBEKa BO3MYILAIOIIHX,
CTPECCOPHBIX, IKCTPEMAIIbHBIX (AKTOPOB, C IIEIBIO
TIOBBIIICHHS aHTHOKCUIAHTHOM 3aIIUThl IPUMEHSFOT-
Csl Ipenaparsl ¢ aHTHOKCUIAHTHBIM JICHCTBHEM: allb-
¢a-Toxodepon u ero HoBbIE aHANOTU (pakcodenact
nu MDL-74180DA), 2-amuno xpoman - U-78517F
(mpousBogHOE anb(ha-Tokodepona), ansda JTunoeBas
KUCIIOTa (IH/IOTCHHBII aHTHOKCHIIAHT), CEJICKEIHH,
unebenon, ruako buinobda (EGb 761), HeiipocTpon
(pactuTenbHBIN Tpenapar), SkcudoH (anmoH), cabe-
Jy30J1, XeJIATUPYIOIINE areHThI, TCHUIICeTaM, nedepu-
IpoH, JlazabeMuy, MekiodeHokcar, dhochoTuamice-
pHH, TUpHWIIa3aJl MECUJIAT, MEJIATOHHUH, CEJICKTUBHbBIC
omnokaropel NO, celieH- OpraHUYeCKHe COSTUHCHHS
(36cenen), auOyHON (MOHOI), TMPOOYKOJN, MEKCHIOI
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parts of the brain. The brain in spite of its light weight
consumes about 30% of oxygen and has an increased
sensitivity to hypoxia, the malfunction of microcircu-
lation, the alteration of energy balance and others.

In recent years, especially abroad, the attention
to the substances which have an antioxidant effect has
increased dramatically. The number of endogenous
and exogenous substances relating to antioxidants
constantly grows. The role of antioxidants in biology
and in medicine is completely represented in the book
written by Yunbo Li. [42].

Endogenous means like enzymes and vitamins
come as antioxidant protection. They are: superox-
ide dismutase, glutathione peroxidase, catalase, be-
ta-carotene, alpha-tocopherol, vitamin C, uric acid,
melatonin, chelating agents and others. If the human
is exposed by perturbing, stress and extreme factors
in order to enhance antioxidant defense we use anti-
oxidant action of alpha-tocopherol and its new ana-
logues (raksofelast and MDL-74180DA), 2-amino
chroman - U-78517F (the derivative of alpha-tocoph-
erol), alphalipoic acid (an endogenous antioxidant),
selezhelin, idebenone, ginkgo Biloba (EGb 761),
neurostrol (herbal medicine), eksifon (Aldona), sa-
beluzol, chaleting agents, tenilsetam, deferiprone,
lazabemide, meclofenoxate, fosfotidilserin, tirilazad
mesylate, melatonin, selective blockers of NO, sele-
nium organic compounds (ebselen), dibunol (ionol),
probucol, mexidol and others. Synthetic antioxidants
such as medicines have an advantage as they possess
non protein structure and therefore they are stable. It
is easy for them to penetrate into a cell and many of
them are taken orally.

In recent times in Russia the medicine with an-
tioxidant and membranotropic actions such as mexi-
dol (2-ethyl-6-methyl-3-hydroxypyridine succinate)
is widely used. The mexidol synthesis was carried
out in the Institute of Pharmacology of Russian Acad-
emy of Medical Sciences in the middle of eighties
by L.D. Smirnov and V.I.LKuzmin. They also imple-
mented in-depth study of pharmacological effects of
mexidol and how it acts (T.A. Voronina, A.V. Vald-
man, S.B. Seredinin, U.M. Tilekeeva, L.N. Nerobo-
kova, T.L. Garibiva, L.D. Lukyanova, A.V. Eremen-
ko, A.N.Aliev and others.) its safety (B.I. Lubimov,
N.M. Smolnikova, A.S. Sorokina) and pharmacokinet-
ics (A.K. Sariev, V.P. Zherdev). A trademark «mexi-
dol» was created, and its registration was done in the
USSR Ministry of Health. The group of authors-de-
velopers (K.M.Dumaev, L.D.Smirnov, T.A.Voronina,
E.B.Burlakova, T.L.Garibova, V.P.Zhestkov,
L.N.Sernov, N.V.Vereshagin, Z.A.Suslina,
N.V.Mironov, V.I.Shyrev, A.l.Phedin, B.A.Knyazev,
E.A. Avakyan, E.Y. Lopatukhin) introduced mexidol
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u apyrue. CHHTETHYECKUE aHTHOKCHIAHTHI, KaK Je-
KapCTBEHHbIE CPEACTBA, UMEIOT MPEUMYIIECTBa, MO-
CKOJIbKY OHU 00Ia/Ial0T HETPOTEHHOBOH CTPYKTYpOii
U TIO3TOMY CTaOWIJIBHBI, JIETKO TPOHUKAIOT B KIETKY U
MHOTHE U3 HUX MOTYT BBOAUTHCS MIEPOPATBHO.

[Iupoko mpUMEHSIEMBIM B HAcTOSIIEE BpeMs
B Poccun siBisiercst mpenapar ¢ aHTHOKCHIAHTHBIM U
MeMOPaHOTPOIHBIM ACUCTBHEM MEKCHUION (2-3Thil-
6-MeTHII-3-TUIpOKCUNIMPUANHA CcyKuuHar). CuHTe3
Mekcuaona Ow1 ocymecteieH B HUM  dapmaxo-
sorun PAMH B cepenune 80-x romoB CMHpPHOBBIM
JI.JJ.u Ky3pmunbiM B.M 1 Tam e ObLIO BBITIOJIHEHO
JeTajbHOe YIIyOJIeHHOE H3ydeHHe (HapMaKoIOTH-
yecknx 3((exkToB M MexaHM3Ma ACHCTBHSA MEKCH-
nona (Bopouunna T.A., Bansaman A.B., Cepenenun
C.b.,TunekeeBa Y.M., HepoOkora JI.H., 'apuGosa
T.JL, JlykestHoBa JI.1., Epemenko A.B., Anue A.H
u np.), ero 6esomacuoctu (JIrooumos b.U., Cmomb-
nukoBa H.M., Copokuna A.C.) u hapMaKkoKHHETHKH
(Capues A. K., Kepner B.I1.), onpenenen ToBapHbIN
3HaK «MEKCH/IOJI» u ocymecTBieHa perucTpamys
npernapara B M3 CCCP. 3a coznanue u BHeApeHUE
MEKCHJI0J1a B JiedeOHYIO MPAKTHKY TPYIIONH aBTOPOB
(dromaes K.M., Cmupnos JI.J1., Boponuna T.A., Byp-
nakoBa E.b., T'apubosa T.JI., Kectkor B.II., Cepror
JL.H., Bepemaruan H.B., Cycmuna 3.A., MupoHos
H.B., llImeipes B.U., ®enun AWM., Kusizes b.A., Apa-
ksaH D.A., Jlomaryxun 3.}O.) Obina momyuena [lpe-
must [IpaBurensctBa PO B 001acTH HayKu UM TEXHUKH
“Co3naHue U BHEJIPEHHE B MEIUILUHCKYIO NMPaKTHKY
AQHTUOKCHUAAHTHBIX MpEnaparoB Jis JEUCHUS U Mpo-
($unakTHKN 1epeOpOBacKyISPHBIX 3a00meBaHmii”, Ne
4861, 2003 1. DddeKTh 1 MEXaHU3MBI ICHCTBUS MCK-
CHJI0JIa U3YYEHbl B KaHAWAATCKUX AuccepTanusx [1,
17, 19, 30]; monydeH uenblil paa aBTOPCKUX CBUJE-
TeNbCTB (maTteHToB) [24, 25, 26, 27].

B skcnepuMeHTaNbHBIX HCCIENOBAaHHUAX YCTa-
HOBJICHO, YTO MEKCHJOJN 00JaJaeT HMIMPOKUM CIIEK-
TpoM (hapMaKoJOTHUECKUX APPEKTOB: HEHPOIpPO-
TEKTOPHBIM, HOOTPONHBIM, AHTUTHIIOKCUYECKHM,
AQHTHUCTPECCOPHBIM, AHKCHOJIMTHYECKUM, NPOTHBO-
CYIOPOKHBIM, aHTHAIPECCHBHBIM, BET€TOTPOIHBIM H
opyrumu [2, 3,4, 5,6,7,9, 10, 11, 12, 16]. Mekcu-
1071 00J1a/1aeT BEICOKOH CIOCOOHOCTBIO MTPOXOXKIACHUS
remarosHIehammyeckoro Oaprepa (I'DB) u Ouomo-
CTYITHOCTBIO. YCTaHOBJIEHO, YTO MIPH 3HTEPATLHOM U
MapeHTepalbHOM BBEICHUU MEKCHION OBICTPO Bca-
CBIBAaeTCS ¥ OBICTPO BHIBOAMTCS U3 Opranusma [28].

Mekcuaon sBIsieTcsl MpenapaToM C TOJUKOM-
MOHEHTHBIM, MYJBTUTApreTHeIM (Multi-targets) me-
XaHU3MOM JedcTBHsA. OCHOBHBIMH KOMIIOHEHTaMHU
€ro MexaHu3Ma JACUCTBHS SBISIOTCS: aHTHOKCHIAHT-
HBIH U MEMOPaHOTPOMHBIA 3PQEKTHI, COCOOHOCTh
YMEHBIATh TIIyTaMaTHYI0 3KCAWTOTOKCHYHOCTh, MO-
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into clinical practice. They were given an Award by the
Government of the Russian Federation in the field of
science and technology. «The creation and introduction
of antioxidant medicines for the treatment and preven-
tion of cerebrovascular disease into medical practice No
4861 2003. The effects and mechanisms of action of
mexidol were studied in some theses [1, 17,19, 30],
and there a number of the relevant patents [24, 25, 26,
27]. In experimental studies it was found out that mexi-
dol has a wide range of pharmacological effects such
as neuroprotective, nootropic, anti-hypoxic, antistress,
anxiolytic, anticonvulsant, antiaggressive, vegetotropic
and others [2, 3,4, 5,6, 7,9, 10, 11, 12, 16]. Mexidol
has high ability to go through the hematoencephalic
barrier and high level of bioavailability.

It was established that Mexidol is rapidly ab-
sorbed and eliminated from the organism by paren-
teral administration [25].

Mexidol is the drug with the polycomponent
multi-target mechanism of action. The main com-
ponents of its mechanism of action are antioxidant
and membrane trophic effects, ability to reduce the
glutamate exitotoxicity, to modulate the activities of
receptors and membrane-bound enzymes, to restore
the neurotransmitter balance, to raise the energy sta-
tus of cells [10, 12, 15, 16, 18, 21, 22, 31, 36, 40].
3-hydroxypyridine in the structure of Mexidol ensures
its antioxidant and membrane trophic effects, ability
to reduce the glutamate exitotoxicity, to modulate
the activities of receptors. It is quite different than
other drugs containing succinic acid. The presence of
succinate in the structure of Mexidol marks it from
emoxypine and other 3-oxypyridine derivatives, be-
cause succinate is functionally important for many
processes in the organism. It is particularly a substrate
for the increase of the energy exchange in cell.

Mexidol is a direct-acting energizing antihy-
poxant. Its effect is connected with influence on the
mitochondrial endogenic respiration, with activation
of mitochondrial energysynthezing function, of com-
pensatory metabolic flows. These flows supply energy
substrates into the respiratory chain. In this case this is
in reference to succinate. They also fulfil a function of
adaptation mechanism in case of hypoxia [20, 21, 33].
Mexidol effect study on mitochondrial respiration rat
brain cells established, that Mexidol at concentrations
of 1 MM — 5 MM dose-dependently gathers speed of
oxygen consumption by brain cells and consequently
and promotes mitochondrial respiration [32].

Mexidol influences different types of stress situ-
ations, for example, under stress, anxiety and fear con-
ditioned, under previously obtained negative impacts,
under waited for pain stress, in situations of desired and
actual disagreement [2, 13]. The analysis of the anti-
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JYJTUPOBaTh (PYHKIIMOHUPOBAHUE PEICTITOPOB H MEM-
OpaHOCBsI3aHHBIX (DEPMEHTOB, BOCCTAHABIUBAThH HEHi-
POMEAMATOPHBIN OaJIaHC, TOBBIIIATH YHEPTETUICCKUH
craryc knetku [10, 12, 15, 16, 18, 21, 22, 31, 36, 40].
Hanwuue 3-rupipokcunupuauHa B CTPYKTYpPEe MEK-
cyjioyia 00eCreYnBaeT KOMIUICKC €r0 aHTUOKCHIAHT-
HBIX ¥ MeMOpaHOTPONHBIX 3()(eKToB, CIOCOOHOCTH
YMEHBIIATh TIIyTaMaTHYH 3KCaHTOTOKCUYHOCTh, MO-
JYJIUPOBaTh (PYHKIIMOHUPOBAHUE PEUEHTOPOB, YTO
MPUHIIAITUAIBHO OTIUYAET MEKCHJION OT IPYTHX TIpe-
[aparoB, CONEPKAIINX SHTAPHYIO KUCIO0Ty. Hanmmuue
CYKIIMHATa B CTPYKType MEKCHI0a OTINYAET €ro OT
SMOKCHUIIMHA U JPYTHUX HPOU3BOIHBIX 3-OKCUIIHPH-
JIMHA, MIOCKOJbKY CYKIIMHAT ()YHKIIMOHATHLHO 3HAYHM
JUISI MHOTHX TMPOIIECCOB, MPOTEKAIONINX B OpraHU3Me
Y, B YaCTHOCTH, SIBJISICTCS CyOCTpPaTOM JIJIsl TIOBBIIIIE-
HUS DJHEPTETUYECKOr0 0OMEHa B KIICTKE.

Mekcuon SBISETCS AHTHTHUIOKCAHTOM IIpsi-
MOTO HEPTU3HPYIOIETO AeHCTBUS, 3(H(HEKT KOTOPOTO
CBSI3aH C BJIHMSHUEM Ha DHJIOTCHHOC JIbIXaHHE MHU-
TOXOHJPUM, C aKTHBAIMEH SHEProCHUHTE3UPYIOIICH
(yHKIIMM MUTOXOHJIpPUN C aKTUBAIMCH KOMIICHCA-
TOPHBIX METa0OTUYCCKHUX TMOTOKOB, IOCTABIISIFOIINAX
B JIBIXaTEIIbHYIO IICMb 3HEPreTHUSCKHE CyOCTparhl,
B JIAaHHOM CJIy4ae CYKI[MHAT, U BBIMOJHSIIONINX PO
CPOYHOTO aJaNTallMOHHOTO MEXaHW3Ma IMPH TUIOK-
cun [20, 21, 33]. [Ipn uzyueHuu AeHCTBUSA MEKCHI0NA
Ha JIbIXaHUEe MUTOXOHJIPHIA KJICTOK TOJIOBHOTO MO3Ta
KpbIC OBLIO YCTAHOBJIEHO, YTO MEKCHIOJ B KOHIICH-
Tparusix 1 MM — 5 MM 10303aBHCUMO yBEIHUYKBAET
CKOPOCTh MOTPEOJICHUS] KHCIOPOAa KISTKAMH TOJIOB-
HOTO MO3Ta ¥, TAKMM O0pa3oM, CTUMYJIUPYET JbIXa-
HUE MUTOXOHApuUH [32].

MekcHIoNn OKa3bIBaeT BIUSHUE Ha Pa3liny-
HBIC THITBI CTPECCOPHBIX CHUTYaIlul, Hapumep, Mpu
CTpecce Ha HOBHU3HY OOCTAHOBKH, IPU TPEBOTC U
CTpaxe, OOYCJIOBJICHHOM paHee TOJIYYCHHbIMH B
ATUX YCJIOBUSIX HETaTUBHBIMU BO3JICHCTBUSIMHU, MPH
CTpecce OXKUaHusI O0JH, B CUTYaIHsIX PaccoriiacoBa-
HHUS JKeJIaeMoro U JiecTBUTeNbHOTO [2, 13]. AHamus
MEXaHU3Ma pealu3aliid aHTUCTPECCOPHOTO, AHKCH-
OJIUTHYECKOTO JICHCTBUS MEKCHONA TOKa3al, YTO
MEKCHIOJ He 00ajaeT CIIOCOOHOCTRIO CBS3BIBATHCSI
¢ oenzoamnazenuuoBeiMu 1 [AMK penieniropamu, of-
HAaKO, OH 00JIaJ]acT CITIOCOOHOCTHIO YCHIIUBATh CBS3bI-
BaHUE MEUEHOTO Jua3enama ¢ OSH30/{Ha3eTHHOBBIMU
penenrropamu [29, 40]. Takum oOpa3oMm, He oOnanas
npsaMbiM  apGUHATETOM K OEH30AMAa3eUHOBBIM M
IF'AMK penenropam, MEKCHUAON OKa3blBa€T Ha HUX
MOIUGUITUPYIOIIee NCHCTBUE, YCUIUBAs UX CIIOCO0-
HOCTb K CBSI3bIBAHUIO.

YHUKaIBHBIM JICHCTBUEM MEKCHIIONA SBIISICTCS
€ro CIoCOOHOCTh TIOBHIIIATh PE3UCTCHTHOCTH Opra-
HU3Ma K JICHCTBUIO Pa3IMYHBIX SKCTPEMAILHBIX (DaK-
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stress mechanism implementation of anxiolytic action
of mexidol has shown that mexidol is not capable to
bind to benzodiazepine and GABA receptors, how-
ever, it has the ability to enhance the binding of la-
beled diazepam to benzodiazepine receptors [29, 40].
Consequently without having a direct affinity for the
benzodiazepine and GABA receptors Mexidol pro-
vides modifying effect on them increasing their bind-
ing capacity.

The unique action of Mexidol is its ability to
increase the body’s resistance to the action of vari-
ous extreme factors, such as stress, conflict situations,
electric shock, physical and mental overload, hypoxia,
ischemia, sleep deprivation, trauma, various intoxica-
tion [8, 13, 14, 34, 35]. It is shown that Mexidol elimi-
nates excessive activity of free radical oxidation pro-
cesses in the dynamics of post-traumatic period and
has a protective effect on bioenergetic processes in the
brain by brain injury by changing the functional state
of the mitochondrial respiratory chain [22]. Mexidol
has high efficiency in different conditions involving
neurodegeneration, impaired memory and sleep, de-
mentia and Parkinson’s symptoms [5, 37, 38, 39, 41].

Mexidol possesses high therapeutic effect in
treating a variety of neurological, mental or cardio-
vascular diseases. Mexidol is used in the treatment of
acute and chronic cerebrovascular disorder including
stroke, vascular encephalopathy and vascular dysto-
nia, as well as traumatic brain injuries, cardiovascu-
lar disorders, disorders of the brain during aging and
atherosclerosis, epilepsy, treatment of neurotic and
neurosis-like disorders and various violations in al-
coholism including withdrawal symptoms of acute
intoxications and other diseases.

Mexidol is included (a grouping called
emoxypine) in the List of Essential Drugs (VED) for
2015 year (Order of the Government of the Russian
Federation of December 30, 2014 N 2782-p), in the
list of medicines available on prescription (doctor’s
assistant ) in the provision of additional free medical
care to certain categories of citizens entitled to receive
state social assistance to complete the requirements
for medicines and medical items and visiting team
ambulance (Ne445n order of 11 June 2010.).

Mexidol can be successfully used for the cor-
rection of violations observed during the disadapta-
tion of various origins, which determines its complex
mechanism of action and, above all, anti-oxidant (in-
hibition of both enzymatic and non-enzymatic lipid
peroxidation processes, reduction of NO, increased
activity of antioxidant enzymes) and membrane pro-
tective (reducing viscosity and increasing membrane
fluidity, change the phospholipid composition) ac-
tion, as well as its ability to attenuate glutamate exci-
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TOPOB, TAKUX KaK: CTPECCHI, KOHPIUKTHBIE CUTYaIHH,
ANEKTPOIIOK, (U3NUECKHUE I YMCTBEHHBIEC MEPErpys-
KW, THIIOKCHSI, UIIEMHUsI, TUIICHUE CHA, TPABMBEI, pa3-
JIUYHBIe MHTOKCUKamuu [8, 13, 14, 34, 35]. [1okazaHo,
YTO MEKCHJON YCTpaHseT U30BITOUYHYI0 aKTUBHOCTH
MPOIIECCOB CBOOOAHOPAAUKANBLHOTO OKUCICHHS B
JUHAMMKE MTOCTTPAaBMaTHYECKOTro Mepuojia U OKasbl-
BaeT MPOTEKTUBHOE BIUSIHNAE HA OMOIHEPreTHIECKIE
MIPOLIECChl B TOJJOBHOM MO3T€ MpPH UYEpernHO-MO3ro-
BOW TpaBMe MyTeM H3MEHEHHUs! (DYHKIMOHAIBHOTO
COCTOSIHUA JBIXaTeIBHOM ILEMu MUTOXOHApHUi [22].
Bricokoit 3¢ ek THBHOCTBIO MEKCH 10 00IagaeT npu
Pa3IMYHBIX COCTOSHMSIX, COIPOBOXKIAIOIINXCA HEH-
polereHepanueii, HapymeHHeM MaMsATH U CHa, Je-
MEHTHBIMH W TapKWHCOHHYECKUMH IPOSBICHUIMHU
[5, 37,38, 39, 41].

Mexkcuaon o0nanaeT BBICOKMM TepareBTHYe-
CKUM 3 PEKTOM NpH JICUCHUH Pa3IMYHBIX HEBPOJIO-
THYECKHUX, TCHUXMUYECKHX M CEPIEeYHO-COCYIUCTBIX
3a0oneBaHuid. MeKCHI0N PUMEHSIETCSI IPH JICYSHUN
OCTPBIX U XPOHUYECKUX HAPYIICHUH MO3TOBOTO KPO-
BOOOpaIlleHHs, B TOM YHCIIEe UHCYNbTa, AUCHUPKYIIS-
TOPHOH »HIE(}ANTONAaTHH M BEreTOCOCYAMCTON IHC-
TOHUH, & TaKKe MPH YePEIHO-MO3TOBBIX TpaBMaXx,
CepJEUYHO-COCYUCTBIX PacCTpOiicTBax, HapyLICHH-
X (yHKOMH MO3ra IpU CTapeHHH U aTepOCKIepo3e,
SMWIETICUH, JICYEHUH HEBPOTHYECKUX M HEBPO3OIO-
JNOOHBIX PAacCTPOWCTB, PAa3MUYHBIX HApyIICHUH HpH
QJIKOTOJIN3ME, B TOM YHCJIe AOCTHUHEHTHOTO CHHJPO-
Ma, OCTPBIX MHTOKCHKALHUSAX M APYTHX 3a00JIeBaHH-
sax. Mekcumon BXOAWT (MOA TPYNIHPOBOYHBIM Ha-
3BaHUEM ATHIMETWITHAPOKCUITUPUANHA CYKIIMHAT)
B [lepedeHp KU3HEHHO HEOOXOANMBIX M BaKHEHIIINX
nexapctBeHHBIX cpeacTs (JKHBJIIC) na 2015 rox (pac-
nopsbkenue [IpasurensctBa PO ot 30 nexadps 2014
r. N 2782-p), B IlepeueHp nekapcTBEHHBIX CPEJICTB,
OTIIyCKaeMBbIX IO perentam Bpada (¢enpamepa) npu
OKa3aHUM [JOIMOJHUTENFHONH OecryiaTHOW MeTUIINH-
CKOM TOMOIIM OTACIBHBIM KaTeropusiM TpakAaH,
MMEIOUINM MpaBO Ha MOJy4YEHHE TOCYIapCTBEHHOM
COLIMAILHON TOMOIIM, B TPeOOBaHUS K KOMIUIEKTa-
nuu JIC u UMH yknanku BeIe3HOM OpUrabl CKOPOit
MeTUIIMHCKOM momontH (mpuka3 Ned45u ot 11 urons
2010r.).

MeKcuaon MOXET OBITh C YCIIEXOM HCIIONIB30-
BaH JJIsl KOPPEKUUH HAPYLICHUH, HAOTIOIaeMBIX IPH
Je3afanTaluy pa3IuyHOro TeHe3a, 4YTO OMNpeAesseT
€ro KOMIUICKCHBIH MEXaHU3M ACUCTBHS U, HpExXIe
BCETO, aHTUOKCUJIaHTHOE (MHrHOMpoBaHUE Kak (ep-
MEHTaTHBHBIX, TaK U He()ePMEHTATHBHBIX MPOLECCOB
[IOJI, cumxenne ypoBHs NO, MOBBIIIEHHE aKTHB-
HOCTH aHTHOKCHJIAHTHBIX ()EPMEHTOB) U MeMOpaHO-
MIPOTEKTOPHOE (YMEHBIIIEHHE BSI3KOCTH U YBEIMUEHHUE
TeKy4decTH MeMmOpaH, m3MeHeHHe (HOCPOTUMTUIHOTO
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totoxicity and restore the energy balance of the cell.
Through the indicated mechanisms affecting the set
of chemical and physical processes, and providing the
necessary pairing of its main components (receptors,
ion channels, enzymes, etc.), Mexidol is able to have
a positive impact on the functioning of cellular struc-
tures associated with the transmission of information
and the development of various pathological states,
including a deadaptation.
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COCTaBa) JeiicTBHE, a TAKXKe ero CHOCOOHOCTb OCla-
OJSITH TIIyTaMaTHYI0 SKCaWTOTOKCHYHOCTh M BOCCTa-
HaBJIMBaTh SHEPreTHUYECKUil OanaHc kieTku. Yepes
0003HauUCHHBIC BBIIIE MEXaHH3MBI, OKa3bIBasl BIIHUS-
HUE Ha COBOKYNHOCTh XMMHYECKHX M (PH3HMUYECKHX
IpOLECCOB U obecnednBas HEOOXOAUMOE COIpsiKe-
HUE OCHOBHBIX €€ 3JIeMEHTOB (pelenTopbl, HOHHBIE
KaHaJIbl, (DEPMEHTHI U 1Ip.), MEKCHJION CIIOCOOEH OKa-
3bIBaTh MO3UTHBHOE BO3/EHCTBHE HA (YHKIHOHHPO-
BaHME KJIETOYHBIX CTPYKTYP, CBA3aHHBIX C Tepeaadeit
WHPOPMAIIMH U Pa3BUTHEM pPa3IMYHBIX MaTOIOTHYe-
CKUX COCTOSTHHM, B TOM YHUCIIE U TIPH JIe3aAanTamuu.
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