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HECTEPOUAHBIE MPOTUBOBOCHAJIUTENIbHbIE CPEACTBA: KIIOYEBBIE
MEXAHU3Mbl OEUCTBUA N HEUPOMNPOTEKTUBHbIA MOTEHLUMWAN

B. A. Kytakos' 2, . B. lLlagpuna’, 1. B. TpycaHosa',

B. 0. EngpxeeBckas-lypbirnua’, T. E. Mepuor’, A. B. CanMuHa’

Hecrepounnsie nporuBoBocnanurensHble cpenctsa (HIIBC) mpumenstoTes A KynmupoBa-
HUS 00JIEBOTO CHHAPOMA ITPU MHOTOYMCIIEHHBIX MTAaTOJIOTHYECKHX COCTOSHUSAX — TOJIOBHOM, 3y0-
HOMH, MBIIIEUHOH 0071, a TaKKe AJIsI TeUeHHs] BOCTIATUTENbHbIX MIPOLECCOB H B KAUECTBE JKapoIo-
HIDKAIOIIUX TpernaparoB. [IpoTHBOBOCTIAIMTENBHBIN M aHATIBIe3UPYIOMmUi 3 (EKTH B3anMOCBs-
3aHbl, IIPU STOM IIPOTUBOBOCTIANIUTENBHBIN A deKT romuuIpyeT. OCHOBHBIM MEXaHHU3MOM JICHCT-
Bust HIIBC siBisieTcs uarnbuposanne 6uocunresa npocraranguaos (I117), ydacTByronmx B pas-
BUTHH BocHajieHHs U OoneBoro cuHiapoma. Bnumsuuem Ha cunre3 IIIT 00yciioBieH OCHOBHOI
no6ounslii 3¢¢pexr HIIBC — ympueporenHoe aeiictBue. B Hacrosmiee BpeMsl MOMCK HOBBIX
HIIBC nHanpaBieH Ha MUHAMH3AINIO HeXKEIaTeJIbHBIX PeaKIUil IPH COXPaHSHNH BCEX OCHOBHBIX
¢bapmaxonorudeckux 3¢ pexros. [lenbo 0630pa sBISUTHCE: 1) OlIEHKA U aHAIH3 MIEPEYHsT IpHMe-
sstouxcst B PO HITBC, mexanu3Mm AecTBUS, TOKa3aHUsI K UX PUMEHEHUIO0, BO3MOYKHBIE HEXKe-
narenbHble (QdEKThl, MOJCKYISpHbIC, KJICTOYHbIE W (YHKIHOHAIbHBIE MHIICHU JCHCTBUS
HIIBC, BO3MOKHOCTH ¥ TIEPCIEKTHBBI TOMCKA HOBBIX OE30MACHBIX CPEICTB, 00T TAIONIIX POTH-
BOBOCHAJIMTEIBHONH aKTUBHOCTBIO; 2) XapaKTepPUCTHUKA OCOOSHHOCTH peanu3anuu S(pQeKToB
[THBC B neHTpaabHOM HEPBHOH CHCTEME.

KuroueBble cj10Ba: HECTEpPOHIHBIC MPOTHBOBOCHAIMTEIBHBIE CPEACTBA; (hapmakonormye-
ckue 3¢ dextsl; muknookcurenasa (L{OI); TOKCHYHOCTD; HeXKeNaTelIbHble peakun; Helpo-

TIPOTEKITHS.

BBEOEHUE

Hecrtepounsle MpOTHBOBOCHAJIUTEIbHBIE CPEICTBA
(HITBC) mupoko UCHOJIB3YIOTCS B CBSI3M C UX Pa3sHO00-
pasHbIMU dPPEeKTaMu: TPOTUBOBOCHIAIUTEILHBIM, aHAIb-
TeTUYECKHUM, >KapOTIOHMKAIONIUM, Je3arpeTaHTHBIM, SB-
JSSICH “307I0TBIM”  CTAHIAAPTOM TIPU JICYCHUH OOJICBOTO
cunapoma [1].

Perynspuoe npumenenne HIIBC B pa3ziauuHbIX cTpaHax
pacTeT W U3MEHsSeTCs B 3aBUCHUMOCTH OT JeMorpaduye-
CKHUX 0COOEHHOCTEH, €KETOIHO COCTaBIIsIA OKOJIo 70 MITH
peuentyproro u 6onee 30 min Gespeuentyproro (OTC)
ormycka [23].

B 0030pe comepkuTCs OMUCATETIBHOE HCCICIOBAHNE
JUTEPATypPHBIX JAaHHBIX, OIMyOIHMKOBAHHBIX B POCCHICKUX
1 3apyOeKHBIX TIEPHOAMYCCKIX N3AaHmsIX. [1pu moaroTos-
KE CTaThbH aBTOPHI UCIIOIB30BANIN OTKPHITHIC HHTCPHET-PE-
Cypchl: HayyHasi 3jekTpoHHas OuoOnumoteka (E-library),
Science Direct, Scopus, PubMed.

Knaceuduxamus HIIBC

[IpemioxkeHO HECKOJIbKO BapHaHTOB KIACCHU(pHUKALUN
HIIBC:

0 BBIPAKEHHOCTH MPOTHBOBOCTIATUTEIILHON aKTHBHO-
CTH;

! KpacHospckuif rocynapcTBEHHbIH MEJULMHCKUNA YHUBEPCUTET
nmenn npodeccopa B. @. Boitro-Scenenxoro, HUM monexyssip-
HOW MeauIuHbl 1 natobuoxumuu, Poccus, 660022, KpacHospek,
yi1. [laptnzana Xenesnsika, 1; * e-mail: rector@krasgmu.ru
KpacHosipckoe kpaeBoe 6ropo CcyneOHO-MeTHUIINHCKOH 3KCIIePTH-
3b1, Poccust, 660049, Kpacnospck, np. Mupa, 35;
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B 3aBUCUMOCTH OT XUMHYECKOH CTPYKTYpBbI;

[0 CEJICKTUBHOCTH B OTHOIICHUH Pa3IMuHBIX (hopm
LUKIIOOKCUTCHA3BI;

AHATOMO-TEPAICBTUICCKAsI-XUMUYECKast KIIacCU(HKa-
s (ATC) (Tabm. 1).

(I)apMaKOKﬂHETI/IKa

Bce HIIBC xopolo BcachlBalOTCSA B KENYAOYHO-KH-
[IEYHOM TPAKTe, MPAKTHYECKU MOIMHOCTHIO (10 90 %) cBsi-
3BIBAIOTCSI ¢ ATBOYMHHAMU TIa3Mbl KPOBH, 3aMeliasi MpH
aTOM Apyrue nekapcrBennslie cpenctsa. Psag HITBC xopo-
IO MPOHUKAET B CHHOBHMAJIbHYIO >KUAKOCTb CYCTaBOB.
MakcruMasnbHasi KOHIEHTpalusl B KPOBH JJOCTUTAeTCsl B Te-
YeHue 2 9 rmocie npuéMa BHYTph B TabneTkax, oT 40 MuH
— TpHU mapeHTepasbHoM BBeneHnd. O0BEM pacmpernere-
HUS — HU3KHH, cocTaBisieT okoio 0,1 — 0,2 /kr.

Metabonu3M IIPOMCXOAUT, IVIaBHBIM 00pasoM, Mpu
OKHCJICHIH W KOHBIOTAllMM B TIeCUCHHU. BrimeneHue depes
nouku — meree 10 — 20 % BBeneHHOW J103bI Mpemnapara.
Iepuon nmonyssiBenenus (7,,) A OTAEIBHBIX Mpenapa-
TOB BapbUPYET, COCTABIISAS MPUOIU3UTENBHO 2 9 1Jisi HOY-
npodena, TuKIopeHaka 1 Me)eHaMUHOBOUW KUCIIOTHI, 4 4
UL WHIOMETAallMHAa W 0 159 IS HampoKceHa, OKOJIO
70 4 — 11 TEHOKCHKaMa.

MEXAHU3MbI OENCTBUA

Heiicreue HIIBC ocymiectBisiercs yepe3 UX UHIUOU-
pytomiee BiusiHMEe Ha IukiIookcureHassl (L[OIN). Kpome
toro, HIIBC BnuAIOT Ha 3KCIPECCUIO pa3IUYHBIX I'€HOB
LOI'-He3aBUCHMBIM  CIIOCOOOM, YTO OOECIIEYMBAECT HX
paznnyHble hapmakoiorunyeckue 3¢ ekt [11].
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IMToBpexaeHHe TH30COMATHHBIX MeMEpaH > OcBOSOK JeHHE TH30COMATBHBIX
tbepyeHTOB
Doc GoTHMHAB! KIS TOMHBIX MeMOpaH
HIIBC
ApaxHI0HOBaA KHCIOTA
Hueuéuposanue \L Junooxcieenasza
I'maponepekncn 5 MPC-A
Lluxiookcucenaza ‘lf w
JleiikoTpeHsl Cmna3M OpOHXOB
'
LI]IK.'I]I'-IECKII& IHIONEPOKCHIbI \
TIpocTaUHKIHHBI IIpocTar1aHIHHE! TpomdokcaH A

MHKpPOIHPKY TALHA B CTH3HCTOI
000710MKe eIy IKa

Puc. 1. Mexauusm neiicrsus HIIBC:

IIT'E,-Bocnatenue, ITT'E,. ITII-
oo1b. [IT'E,-1Hx0paika

Arperanusa TpoMGOLHTOB

II'E — npocrarmanauns! E; IT1] — npocramukmuas;; MPC-A — MeaneHHo pearupyromas cyocranims aHadmiakeun (o E. Auriel et al., 2014).

Mexanuzm aericteust HIIBC 3akmiouaercs B MHIHOU-
poBanumn cuHTe3a mnpoctaranauHoB (I1I), ¢gopmupyto-
[IMX BOCIAIUTEIBHBIN MPOLECC, CHHTE3UPYIOMIUXCA C
yuactuem LIOI. Pasnuuator 2 m3odopmer — LIOI-1 u
HOI'-2, koTOpBIE OTIINYAIOTCS IKCIIPECCUEN B CTUMYIUPO-
BaHHBIX (B ouare BocrasieHus ) ycioBusx. O6e u3odopmer
MOTYT OBITH COOTBETCTBYIOIIMMH MOJCKYJIaMH-MHUIICHS-
mu uist HIIBC [11]. U36uparensuocts HIIBC k pazHeiM
nzopopmam LIOI' ouleHnBaeTcs COOTHOLIEHHEM CTEIEHH
unruduposanus 1{OI'-1 k L{OI'-2 [18]. IIpoTuBoBOCTaIM-
TEeJbHbIC, aHAJIBIE3UPYIOIINE U JKaPOTOHMKAIOIINE CBOM-
ctBa HIIBC cBs3aHbI ¢ MX CIIOCOOHOCTBIO HApyIIaTh 00-
pazosanue III' E, u E,. I3 apaxu1oHOBOI KHUCIOTHI IOA
nericteuem [IOI' cuHTE3UpPYIOTCS IUKIMYECKUE JHIOIe-
POKCHIIBI, U3 HECTAOMIBHBIX IUKIHYSCKIX YHIONEPOKCH-
JIOB jajnee oOpasyrorcs mnpocraranauusl E,, E,, apyrue
II" u TpomMOOKCaH.

B nenom, narn6uposanue L{OI' onpenenser 0CHOBHEIE
dapmaxosornueckue 3pdexrst HIIBC (puc. 1).

HIIBC o06naaaroT cnocoOHOCThIO MOJABIATH OKHUCIH-
TEeJbHBIN CTpecc, MPOAYKIHIO MPOBOCTATUTEIBHBIX IUTO-
KHHOB, perynupyrot amonto3 [11]. s oTaensHbIX npea-
crasureneit HIIBC cymiecTBytoT cOOCTBEHHBIE 0COOCHHO-
CTH AEHCTBUS, HAIPUMEP, HUMECYIUI MOIABISCT BBICBO-
ooxnenne (akropa Hekpo3a omyxond o (OHO-a),

CHIDKasi 00pa30BaHKE IIUTOKUHOB, MOAABIISICT CHHTE3 MH-
tepreiikuna-6 (UJI-6) u ypokuHa3bl, NPEMATCTBYS pa3py-
meHuio xpsmeBoit Tkanu [2]. Kak nokazaHo uccienona-
nueMm C. Pereira-Leite, et al., Hecnienmduyeckoe neficTpue
HITBC Ha ypoBHE MeMOpaHbl MOXKET OBITh OJHUM H3 Me-
XaHU3MOB UX TOKCUYHOCTH [52].

T. Lynagh et al. nmokazano B3aumonerictere HIIBC c
KHCIIOTHO-UYBCTBUTEIPHEIMA ~ HOHHBIMHA  KaHaJaMu
(ASICs) perenTopoB i BO30YXIAIONMX HeHpoMeana-
TOPOB, IPUYACTHBIX K OONK W HeifpoBocnaneHuoo. Omu-
CaHHBIC PE3YJBTAThI TIOKA3BIBAIOT, YTO UOYMPOPEH BBHIZBI-
BaeT ajuiocTepuueckoe nHruouposanue ASICla mocpen-
CTBOM 3aMEIJICHHsl MpOIlecca BOCCTAHOBICHHS IOCIHE
MHAKTUBALMK KaHajia. Oynpoden MHruOnpyeT HeCKOIb-
ko noarunioB ASICs, nns psga HIIBC xapaktepHo npeo6-
JaJaHNe CEJICKTUBHOCTH B OTHOIICHUU Pa3IHYHBIX THUIIOB
kaHaioB ASIC. Yuureiast pons HIIBC B OnokupoBaHuu
BOCIAJIUTEIHLHO-0MOCPEIOBAHHOTO MOBBILIEHUS IKCIIPEC-
cun ASIC B CEHCOPHBIX HEHpPOHAX, PE3YJABTAThl HCCIESIO-
BaHUsI OIMPEENSIOT BO3MOKHBIE MyTH JJISl CO3JAaHHS Ma-
JBIX MOJIEKYJN, JCHUCTBYIOIIMX HANpaBICHHO Ha OONb |
Bocrasieane [40].

Baxnoit mumensto geiicrsus HIIBC saBistores PPARy
— peuenTopsl, aKTHBUPYEMBbIE TPOIH(EpaTopoM HEepPOK-
CHCOM. DTH PELENTOPbl, ECTECTBEHHBIMH JTUIAHAAMH KO-

Ta6nuua 1. HIIBC u nporuBopeBMaTuueckue npenapatbl (B coorBeTcTBUM ¢ ATC J1leKapCTBEHHBIX CPEACTB)

HIIBC u nporuBopeBMaTuyeckue npemnaparsl (MO1A)

MO1AA ByTtunnupazonunonst

MO1AB IIpon3BoHbIE YKCYCHOM KHCIOTBI U POJCTBEHHBIE
COEJIUHEHHS

MO1AC OKCHKaMBbl

MOTAE ITpou3BoIHBIE IPOIIHOHOBOM KHUCIOTHI

MO1AG deHamaTsl

MO1AH Koxcu0sr

MOTAX ITpoune HECTEPOUIHBIE IPOTUBOBOCIIAUTENIBHbBIE U

MNPOTUBOPEBMATUUYCCKUEC IPpCHIapaThl

Dennndyrazon

Nunomeranun. Tonmerun. Juknodpenak. Keroponak.
Anexnodenax

ITupoxcukam. Tenoxcukam. JIopHokcukam. Menokcukam
Noynpoden. Hampokcen. Keronpoden. Gunypbunpoden
MedenamoBas KucioTa

[enexokcn6. Bangexoken6. [Mapexkokcu6. dtopukokcud
I'moxo3aMuH
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TOPBIX SBJISIFOTCS HEKOTOPBIE KHUPHBIE KUCIOTHI, PEryIu-
PYIOT caMble Pa3HOOOpa3HbIe MPOIIECChl, B YACTHOCTH, JIU-
MUIHBI ¥ SHEPreTHYeCKUil 0OMEH, TyBCTBUTEIBHOCTE K
nHcynuny, Bocranenue. HIIBC mposisisitoT cBoiicTBa aro-
HUuCcTOB PPARY [54], 94TO MOXET JOMOJHUTEIBHO OOBsIC-
HATh IUPOKHHA CHIEKTP 3()(HEKTOB ATHX Mpernaparos (B TOM
YHCIIe aJJUIIOTeHHYI0 aKTHBHOCTD ).

MEXAHU3Mbl TOKCU4YHOCTU HIMNBC

OKCIIepIMEHTAIbHOE TOKCHKOJIOTHYECKOe H3ydeHHe in
Vivo SBIISETCS OIHHMM M3 HauOoliee JOCTOBEPHBIX MCTOY-
HHUKOB MH(OpPMALUK O TOTEHIMAIBHBIX TOKCUYECKUX (-
(heKTax JEKapCTBEHHBIX CPEACTB. DKCHPECC-METOAOM in
Vitro ¢ WCTIOIB30BAaHUEM CIIEPMaTO30HI0B OBIKA Ompere-
JIeHa CTENeHb YOBIBaHUS ITUTOTOKCHYECKOTO JEHCTBHS
psina IeKapcTBeHHBIX cpencTs, B ToM uncie HITBC [3]:

METaMH30JI-HaTpust > NU(EHTUAPAMUH > aleTHIICAIIH-
LMJIOBAsI KKCIIOTa > HOyNpOdeH.

Hecmotps Ha TO, 4TO METOABI in Vitro HE SABISIIOTCA
MOJIHOLICHHOW aJbTePHATUBON M3YYEHUIO TOKCUYHOCTH in
VIVo TIpH OIICHKe 0€30MaCHOCTH TpenaparoB, UX MPUMEHe-
HUE B 3THX IIJISIX MPEACTABISIETCS BEChMa IIesiecoo0pas-
HBIM U pallMoOHaIBHBIM [3].

[Ton BoO3meiicTBHEM HHMecyMHIa 3apUKCUPOBAHBI yT-
Hetenne QyHkiui [[HC, narubupoanue B rnevyeHu dep-
MeHTOB 1uroxpoMa P450 u ¢depmeHTOB, conmepxamumx
THOJIOBbIE TPyNIbl. MOJIEKYISIpHBIA MEXaHU3M, JISKALIHiA
B OCHOBE IeMaTOTOKCUYHOCTA HUMECYJIH/IA, e MPECTO-
WT BBISICHUTS [ 14].

O¢dexr HIIBC mpm mepemo3upoBKe IMPOSBISLETCS,
[JIaBHBIM 00pa3oM, ype3MepHbiM nofasieHuem L{OI-1 u
MoclenyoInuM yMeHbieHrneM cunresa [1I. Merabonnye-
CKUH anui03, HaOMogaeMblid IPH OTPABICHUH HEKOTOPHI-
mu HIIBC, cBsi3an He ¢ uarHOupoBanueM 1Ol a ¢ Hakomn-
JICHUEM KHCJIBIX METa0ONUTOB, MPEANOIOKUTEIRHO, 32
CYET TIOTepH OMKapOOHATa IMOYKAMH, T.€. Pa3BUTHS M0YCU-
HOI0 KaHaJIbLEBOro anuao3a. Kak mpu tepaneBTHYecKOM
WCIOJBb30BaHUM, TaK U MPU OCTPOH Mepero3upoBKe Ipe-
HMMYIIECTBEHHO MOPaXKAIOTCS MOYKU U LIEHTPaJIbHAsI HEPB-
Hasl cucTema, KemymnouHo-kumreuHslii Tpakt (OKKT) —
yXyZALIaeTcs 3aKUBJIEHUE IPEILIECTBYIOIUX 5A3B [58].

HITBC uHrHOMPYIOT KJICTOUHYO MPONTH(Epanuio U H-
JIYLUPYIOT arlorTo3, YTO CYUTAETCS BaXKHBIM MEXaHU3MOM
UX TPOTHBOOITYXOJIEBOM AKTHBHOCTH W NPO(UIAKTUKH
KaHIleporeHesa. [IpoBeIeHHBIM HCCIIEIOBAaHHEM OOHApy-
KEHO, YTO JIEHCTBHE alECTHWICAIUIUIOBONM KHCIOTHI
(ACK) na kietounyto auHHIO Neuro2a MbIei Hapymiano
(YHKIIMU TIPOTEACOM M MHUTOXOHJIPHU B KJIETKaX HEHpO-
0JTaCTOMBI, CHIDKAJIO MPOTEACOMANBHYIO0 aKTUBHOCTD, UTO
KOPpEeIMPOBajo C BIMSHUEM Ipenapara Ha rudenpb Kie-
TOK, YBEIMYHMBAJIO MEPHOJ MOJypacnaga yCHUIEHHOIO 3e-
neHoro ¢myopecueHtHoro 6Oenxa (pd1EGFP), a takxe
pa3IMYHBIX BHYTPUKJICTOYHBIX OCJIKOB: BBI3BIBAFOIIUX
aronto3 (Bax); marn6upyrommx rugponns ATO (I); narn-
outopHbiX (IkB-0); TpaHCKpUNIIIMOHHEIHN (DakTOp, peryiu-
PYIOLIMIA KICTOYHBIN UK (pS53); MHTUOUTOP UKITHH-3a-
BHCHMOIi kuHaswl (p275P). ACK-uHaynmpoBaHHOE IIpO-

B. A. KytsikoB n ap.

TE€aCOMHOE HapyIIEHHE MOXET OBITh OTBETCTBEHHO, IO
KpaiiHeil Mepe, YaCTUYHO 32 TOJIaBICHHE aKTHBHOCTH (haK-
Topa TpaHckpunuuu NF-kB 1 pocrta akCOHOB HEHpPOHOB.
Ioka3zano, uro BBeneHne ACK B KIETOUHYIO KyIbTypy B
KoHIeHTparmu | —5 MM BBI3BIBaJIO M3MEHEHUS] B MUTO-
XOHJIPHAIBHBIX MeMOpaHax, BblneneHue nuroxpoma C u3
MHTOXOHJPHH KJIETOK HEHPOoONIacTOMBI U aKTUBAIMIO Kac-
nas3el-9 U -3, 9T0 MOXKET OBITH OOBSICHEHO MPOTEACOMHON
mucyHKuen [8].

ACK mnogmamnseT nponudeparuo 1 HHIYIUPYET aror-
TO3 M ayTO(aruio OIyXOJEBHIX KIETOK KOJIOPEKTAIBLHOTO
paxa, HO TOYHBII MEXaHU3M 3TOTO Tpolecca He sceH. [o-
kazaHo, 4yto ACK wHAynmpyeT amonto3 u ayTogaruio
OITyXOJIEBBIX KJIETOK IPH PakKe TOJCTON KHILKH, HO ayTo-
(arnyeckass gerpagauus Oblia 3a0JOKMpOBaHA dYepes
ACK-omnocpenoBaHHOe aKTUBaTOPOM aytodarun
(Beclin-1) anerunmupoBanue [57]. JlaHHbIC BBIBOIBI yKa-
3bIBalOT Ha JBOIHYI0 pons ACK mpu aytodarum, npose-
MOHCTPHUPOBAH HOBBII MEXaHHU3M, C IMOMOIIBIO KOTOPOTO
Beclin-1 anernnupoBaHue CHIKAET MPOTHBOOITYXOIEBEIH
a¢dext ACK B aTux knetkax [57].

[Tpu npumenennn HITBC 3adukcupoBaHO MHOXKECTBO
HEKENATSNBHBIX SIBICHUH, MPOQUIAKTHKA KOTOPBIX SIBIIS-
eTcs OHOM M3 BaXKHBIX IMPOOJIeM KIMHUYECKON MPaKTUKU
[1]. ¥V HekoTOphIX MalMEeHTOB PETHCTPUPYIOT CYIOPOTH,
MeTa0OJMUECKU alu103, KOMY, OCTPYI0 NOYEUYHYIO He-
JocTaTouHOCTh. Cephe3HOCTh YKa3aHHBIM MPOSBICHUSIM
BO MHOTOM IIPHIAET OTCYTCTBHE CHENNU(HUSCKIX aHTaro-
HuctoB npu nepeno3uposke HIIBC. Otuersr Harponans-
HON MH(OPMAIIMOHHON TOKCHKOJIOTHYECKOH ciyx0bI Be-
JTUKOOPUTAHUY COJIEPIKAT CBEIICHHUS O TOKCHYHOCTH Mede-
HamoBou kucnotel aist [THC, mposiBistonieiicst B pa3Bu-
i cynopor [32]. E. A. Kogkaya, et al. 3apuxcupoBanu
CTaTUCTUYECKU 3HAYUMOE CHIDKEHHE YPOBHS XOJIECTEPH-
Ha, o01ero OuMpyouHa, odIero 6e1Ka, MOUYEBUHBI, TJI0-
OynnHa, MOYEBHUHBI KpOBH, (ochopa M KaIbIHI Y KPBIC
rociie BO3JecTBUS 1enekokcuba. [Ipennonaraercs, 4to
LIEJIEKOKCUO B BBICOKHX J103aX MOYKET BbI3BaTh U3MEHEHHUS
B MCYCHU U TMOYKAX, & TAKKE YKa3aHHBIX OMOXMMHYECKUX
napametpos [34].

IIpu HasHauenuu nanmentam HIIBC cnemyer y4uThi-
BaTh PHCK Pa3BUTHS HEXENATSIbHBIX dPPEKTOB, 0COOCH-
HO y JHIl cTapueckoro Bospacrta [4]. [loaydeHsl JaHHBIE,
MOATBEPKAaroIIue mpeacrapienue o ToM, uto HIIBC oxa-
3bIBAIOT MPSIMOE OTPHULIATENBLHOE BIMSHUE Ha BOCCTaHOB-
JIEHHE MBIIIL] I10CJI€ OCTPOTo MOBPEKICHUS U, TAKHUM 00-
pa3oM, YCHIMBAIOT OECMOKOMCTBO MO MOBOLY O€30macHo-
ctu npumenenust HIIBC y nmereit m B3pocibIX, y JUI C
Iporpeccupyloniel norepeil MpieyHoi Maccsl [19].

Tokcnunocth Aast KKT

OcHoBHoe HeratuBHOe cBoicTBO Becex HIIBC, nckirto-
yasi KOKCHMOBI, — BBICOKUH YpPOBEHb HEXKENaTeNbHBIX pe-
akuumii co cropons JKKT [21].

V 30— 40 % OonpHbIX, oxy4atonux HIIBC, orMeue-
HBI JUCHENICHUYECKHE paccTpoiicTBa, 10 — 20 % — spo3un
U SI3BBI JKemynka, 2 — 5 % — KpoBoTeueHHs U mnepdopa-
LIUH.
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YcTaHOBNIEHO, YTO TenaroOuiInapHas 10CTaBKa TIIIOKY-
ponuos HIIBC B ToITyI0/MOB3A0IIHYIO KHIIKY C TIOCIIE-
JIYIOIIUM  CEJICKTHBHBIM BBICBOOOXK/ICHHEM aTJIMKOHOB
OakTepHaIbHON [B-IIIFOKYpOHUIA30H SIBISIETCS OCHOBHBIM
¢daxtopom, onpenensromum HITBC-suTeponaruto. Takum
o0pazoM, OakTepuaibHas 3-TIIOKYPOHHa3a MOXKET CTaTh
MUIIeHbI0 st 60ps0bl ¢ HIIBC-uHIympoBanHoi 3HTE-
pomnarueii [17].

Hccnenosanne D. C. Montrose, et al. mokasamo cmo-
COOHOCTE ompeneneHHbIx uHrunouTopoB LIOI' BEI3BIBATH
cepnesnbie noBpexeHust JKKT y mblmeit 6e3 muTo30i1b-
HOU (ocdomumazer A, (cPLA,). [lokazano, uro mpu ot-
cyrctBuu cPLA, KJI€TKM KHINEYHUKA BOCHPUUMYMBBHI K
HIIBC, uTo MOXET MPUBOIUTH K CETCUCY C OCTPOH Jie-
TaJIBHOCTHIO [45].

Hedporokcnunoctb

HedpoTokcMuHOCTh CYMTAIOT BTOPOM MO 3HAYUMOCTH
rpynmnoii mo6ounsix 3¢dexror HIIBC. Ocnoxuenus, cBs-
3aHHBIC C HapylleHHeM (DYHKIIUW TOYeK, OTMEYAIOTCS Y
1-49% OompHBIX, perymsipHo mnpunHuMatomux HIIBC.
PaccmarpuBarotrcss 2 OCHOBHBIX MEXaHH3Ma HETaTHBHOTO
nencreust HIIBC Ha mmoyku.

1. bnokupys cuntes I1I' E, u npocranukiunos, HIIBC
BBI3BIBAIOT CY)KCHHE COCYIIOB B TIOYKAX U YMECHBIIICHHE TT0-
4eyHoro KpoBoroka [35]. Hambonee BbIpaskeH 3TOT I10O-
O0uUHBIN dPPEKT y HHIOMETaIMHA, (eHUI0yTa30Ha, OyTa-
nuona, ACK.

2. Onucano npsamoe aeiictsue HIIBC Ha napeHxumy
MIOYEK, CHPOBONMPOBABIINN MHTEPCTHIHAIBHBIN HedpHuT
(“‘ananprernyeckyro Hedponaruro’’). Hambosee BbIpaxkeH
JIAaHHBIH QQeKT y OyTaauoHa, METaMU30JIa-HATPUs, UH-
JIoMeTaluHa, noynpodena [33].

Pucku 17151 cepiedHO-COCYIMCTON CHCTEMBbI

OcTprle HApYIICHNST CHCTEMbI KPOBOOOPAIIICHUST OTMe-
yeHbl y 1 —2 % nanuentoB B TedeHue 6 — 12 Mec Hempe-
peiBHO nipuHuMatonux HIIBC B Beicokux no3ax. Meraa-
Hanmu3 50 paHIOMU3MPOBAHHBIX HCCIEIOBAHUHN MOKa3al,
gyro npueM HIIBC MoxeT BbI3BaTh NMOBBIIICHUE apTepH-
AIBHOTO JIaBICHUS A0 5 MM PT. CT. (Hanbosee BBIpaKeH-
HBIM TPOTHIICPTEH3UBHBIM MTOTCHIHAIOM 00Jazan pode-
Kokcu0). JlnmurenbHOe wucnonb3oBaHue apyrux HIIBC
(KaK CEJCKTUBHBIX, TaK M HECEJCKTUBHBIX HMHTHOWTOPOB
LOT’) He accoruupoBanoCh ¢ YBEIIMIECHHEM YaCTOTHI pa3-
BUTHS apTepHalIbHON runepren3uu [21].

I'emaroxkcu4HoOCTH

HIIBC 3amemisioT arperamnuio TpOMOOIIUTOB, OKa3bl-
Basi yMEPEHHBI aHTHKOATYJISTHTHBIA d(QQEKT, YBEIHINBas
pOTpoMOMHOBBIN UHIEKC [21]. B oTuérax o Hexenaresib-
HBIX peaKusaX, BI3BAHHBIX NMPHEMOM HEKOTOPBIX Mpemna-
paroB (B 4aCTHOCTH, METaMH30J14a, TUKIO(eHaKa), 4acToTa
HEUTPOIICHUH WJIM arpaHyJIOIUTO3a, CBI3aHHBIX C BO3JICH-
CTBHEM IIperaparoB, koyednercs ot 1,6 no 15,4 cinyvaes
Ha | MutH HaceneHus B o7 [22], B CBS3M C Ye€M MpUMEHE-
HHE METaMH30J1a PE3KO OTPaHHUYCHO WM BOOOIIE 3arpe-
uieHo 0osee yeM B 30 cTpaHax.

I'enaToTOKCMYHOCTH

A. R. Maiuri, et al. oTMeYEHO TenaTroTOKCHYECKOE JeH-
CTBHE TUKIO(EHAKA, CYTHHAAKA, KOTOPOE Pa3BUBACTCS IO
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Pa3IUYHBIM MEXaHU3MaM, SIBJISISICh OJJHOM M3 CaMbIX 4ac-
THIX MPUYUH WAMOCUHKPATHYECKOH JIEKapCTBEHHOW TpaB-
MBI TICYCHH B pe3yJbTaTe CHHEPTUH IperapaTa/INTOKHHA
C Y4acTHEM Kacla3 U MHUTOICH-aKTUBHPOBAHHBIX IIPOTE-
uHKuHA3. [loBBIIIIEHNE YPOBHS TpaHCaMHHA3 B KpOBU (B
uccnenoBannn CLASS, npu npuMeHEeHWHM B TEUYCHHE
6 mec nuknodenaka B 1o3e 150 Mr/cyTKH) OTMEYanoch y
1,8 — 3,2 % GonbHbIX [42].

Peaxuuy runep4yBCcTBUTEIbHOCTH (AJ171€PIris)

MHorooGpa3HbIe MPOSBICHHUS CO CTOPOHBI KOXKH U CITH-
3UCTBHIX 000JI0YEK COCTABIISIOT 10 15 % Bcex HexenaTeb-
HbIX peakuuii Ha HIIBC u nposiBisitoTcst B BUJIE 3y/AIIICH
ChIHU, (POTOCEHCUOWIM3ALMN JTUOO0 KPAUBHHILIBI, COMPO-
BoXxaromeiicss orékom. K Oosee TsKeNbIM KOXKHBIM MpO-
SBIICHUSAM OTHOCSTCS MOJMMOpP(Has 3pUTEeMa, MUTMEHT-
Hast (PUKCHpOBaHHAsE spuTeMa, cuHApoM CTHBEHCA —
Jxoncona [21].

Bponxocnasm

Bponxocnasm MoxeT pa3BUBaTbCs Y OOJIBHBIX OPOHXHU-
anbHOI acTMO, uamie Bcero npu npuéme ACK (Tak Ha3bl-
BaeMasi “‘acripuHOBas’ acTtMa, Bcrpedaromasics B 20 %
CITy4JaeB MpH €€ UCIoNb30BaHum). Cpeau MPUIrH, ero BbI-
3BIBAIONINX, MOTYT OBITh AIJICPTHUECKHE MEXaHHM3MBL,
TOPMOXKEHHE CHHTe3a IpocTariananHa E,, a Takxe obpa-
3oBanue JeikorpueHos (JIT-C,, H,, E,), BbI3bIBaromux
Oponxocnasm [21].

Bausinue HIIBC Ha ¢epTHIBHOCTH

Coobmaercst o peakux ciydasx Bozuercteus HIIBC
Ha PENPOAYKTHBHYIO (DYHKIIHIO KEHIIIH, HO NX MCTHHHAS
9acToTa MOXET OBITh 3aHmkeHa. Cpein JUI, TPUHIMAB-
MIAX JUKITO(PEHAK, HATPOKCEH U STOPUKOKCHO, TIOKA3aTelb
OBYJISILIMU COCTABHJI COOTBETCTBEHHO 6,3, 25 1 27,3 %, To-
I7la KaK B Myane0o-rpymnme oBynaius Oblaa 3adukcupoBa-
Ha y 100 % mauueHTok. JKeHIMHAM, TIAHUPYIOLIHM Oc-
pEMEHHOCTS, cienyeT npekparuts npuem HIIBC B cBs3u
C PUCKOM HapymieHwus! oByisiinn [48].

Teuenne GepeMeHHOCTH U 3aMe/lJIEHIE POIOBOIi JTesi-
TeJBHOCTH

Hannblii agdext cBsizan ¢ tem, uro [1I° ctumynupyror
muomerpuit. HIIBC u acnupuH MoryT BIusTh Ha dep-
THUJIBHOCTB U TIOBBIIIATh PUCK PaHHETO MpepbIBaHus Oepe-
MEHHOCTH. B kadecTBe IeKapcTBEHHOTO CpecTBa BEIOOpa
pu OEPEeMEHHOCTH CUNTAETCS apaneTaMoi. boipmmHeT-
BO uccienoBarenei pekoMmeHayotr npumenste HIIBC B
nepuoj; 0epeMEeHHOCTH JIMLIb B TOM Clly4ae, ecliu Jieueo-
HbIH 3P PexT npeB3oitnéT puck npumeneHus [16].

Hapymenne kara®o/mm3ma XpsaieBoi TKAaHH

CpammBanne KOCTell HaYMHAETCSI cpasy MOCIe Tepesio-
Ma ¢ 00pa3oBaHUEM IeMaToOMBbl M HHUIIMUPOBAHHEM BOC-
HaTUTeNbHON (a3bl. BocmanuTensHble MEIUAaTOPhl U IH-
TOKHHBI CTUMYJHUPYIOT MPOU3BOJCTBO MPOCTAINIAHANHOB.
IIpocrarmannun E, sBiasercs Hamboiee pacnpocTpaHEH-
HBIM TIPOCTAarJIaHMHOM, MPOAYLUPYEMBIM OCTeoOmacTa-
MH. OH CTUMYNUpPYET OCTCOOIACTHI U YBEIUIUBACT 00pa-
30BaHKE KOCTEH, CTUMYIIUpPYeET pe3opouuto koctu. Cieno-
BarenbHO, HIIBC u narn6uropsr 11OI-2 HemocpencTBeH-
HO BJIMAIOT HA Iy Th 32)KUBJICHUS KOCTEH MHTMOWPOBaHUEM
HOI'-2, uro npenoTBpaliaeT 00pa3oBaHUe MIPOCTArJIaH1-
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HOB M yYMEHbIIACT TU(PPEPEHIUPOBKY U aKTUBAIHIO OC-
TE00IaCTOB U OCTEOKJIACTOB HA PAaHHUX CTAAUAX 3aKUBIIC-
Hus xocreil. Bce HIIBC Mo)kHO yClI0OBHO IIOApa3AeIuTh B
3aBUCUMOCTH OT MX BJIMSHUS HAa CHUHTE3 KOMIIOHEHTOB
MaTpuKca Xpsdlla in Vitro Ha TPYIIbl: HHTUOMpPYIOLIE
(MHIOMETAalNH, HaNpOKCeH, HOympodeH), HeUTpanbHbIC
(mupokcukam) U cTumynupyronme (anexnodenax). Heoo-
XOIUMBl KJIMHUYECKHE HCIBITAHUS JJIsl OKOHYATEIbHBIX
BbIBOJI0B O BiustHuM HITBC u naru6uropos 1{OI'-2 Ha 3a-
JKuBlieHne TKauew [20].

I'enoToxcuveckuii U roHATOTPONHBIH 3P PeKThI

Jannbie D. M. Kristensen, et al. CBUIETEIbCTBYIOT O
TOM, 4TO MOyHnpoQeH IMpH ero ypoBHE B IUIa3Me KpPOBH
3JI0POBBIX UCHBITYEMBIX OT 25 110 35 MKI/Mil (MakCUMyM
— 100 MKr/mMi1) U3MEHSIET SHIOKPHUHHYIO CHCTEMY MYX-
YHH 32 CYET BHIOOPOYHOTO TOJIABICHHUSI BEICBOOOXKICHHS
TECTOCTEPOHA, TEM CaMbIM BbI3bIBas KOMIIEHCUPOBAHHBIN
rurnmoroHaam3M. [Ipu 3ToM THIOQHU3 BBIICISET OOJBIIE
JIIOTEHU3UPYIOLIETO TOPMOHA (dYepe3 2 HelenH YBeIUImI-
cs Ha 23 %, a uepe3 44 qus — Ha 33 %) [36].

JuxnodeHak He MPOSBISUT TEHOTOKCUYHOCTH U HE W3-
MEHSJI ypOBEHb TECTOCTEPOHA U 3CTpaanoia y peio [27].

¢ dextri HIIBC B nenTpanabHoii HepBHOI cucTeMe

HIIBC o6nanaroT crmocoOHOCThIO IPOHHUKATH Yepe3 Te-
MarosHIehanmyeckuii 6apbep (I'9B6) 1 u3MeHsTH NIEpeo-
paipHyto TemonuHamMuky. [Iponutaemocts HITBC uepes
I'Ob in vitro Xopouo COOTHOCUTCS C JTaHHBIMH O IIPOHH-
naemoctu uepe3 ['Ob, momydennsivu in vivo. TecHas kop-
PeISIMOHHAS 3aBICUMOCTH ObIlTa 00HAPY>KeHa ITPH HCCITe-
noBanuu TpaHcnopra HIIBC B KJI€TOUHBIX CIIOSIX HJIOTE-
must genoseka mHui PBMEC/C1-2 u ECV304 [47]. Cas-
3bIBaHUE C OENKaMH IUIa3Mbl OTPAaHHIHBACT IPOHIKHOBE-
aue HIIBC gepes 'DB 3a cuer ymeHbIICHHS WX CBOOO/-
HOW (hpakimu B kpoBH [50].

[To6ounbIe 3P deKThI yarie HaOIIOAAITCS TIPU UCTIOINb-
3oBannu HIIBC, cmocoOHBIX XOpOIIO MPOHUKATh 4epes
I'95b (o 10 % ciny4aeB). OCHOBHBIE MIPOSIBICHUS — TOJIO-
BOKpY’KCHHE, TOJIOBHBIE 00N, yTOMIIIEMOCTD B PacCTPO-
ctBa cHa. [Tocne mTensHOTO MpuemMa HoyrpodeHa orMe-
YEeHO pa3BUTHE HEBPUTA 3PUTENILHOIO HepBa. B ormens-
HBIX Clly4yasiX Mocjie MpUeMa WHAOMETAllHa OTMEeYajInch
TaJUTIOLMHAIIM, CIYTAHHOCTh CO3HaHUS. Bo3MOXKHO
TPAH3UTOPHOE CHU)KEHUE OCTPOTHI CiyXa IpH NpUEMe
ACK, unnomeranusa, n0ynpodeHa u mpenaparoB rpymIis!
nupasonona. [locie yrmorpebiaeHust HeCKONBKUX Mpernapa-
TOB OIMCAHO Pa3BUTHE ACENTHUYECKOIO MEHMHIMTA: OTMeE-
YyaeTcs BbICOKAs Koppensiuus 3a0o0jeBaHUs C NPHUEMOM
noymnpodeHa, HeBHICOKAst — C TIPHEMOM HAIIPOKCEHA, AHK-
nogenaka, podexokcuoda, ciadas — ¢ MPHUEMOM KETOIPO-
(heHa, canuIuIaTOB, MUPOKCUKaMa, Iiesiekokcuoa [24].

Onmcan cioy4ail CHWXCHHSI KOTHHTHBHBIX (YHKIIHH,
XapaKkTepHbIX i1 O0JIe3HU AJbIreiiMepa, TpHU JICUCHUH
aprputa HIIBC [43].

B nocnennee BpeMsi McciaeqOBaHUS COCPENOTOYMIIUCD
Ha tepaneBTuyeckux 3pdexrax HIIBC, npospisiommxcs
npu Oone3nu Anburerimepa (BA), 6onesnu IlapkuHcoHa
(BIT), Gone3Hn XaHTHUHITOHA W PACCESTHHOM CKIIEpO3E.
[Ipu uccnenoBaHuu HEHPONPOTEKTUBHOTO NEHCTBUS Me-

B. A. KytsikoB n ap.

(heHaMOBOIi KHCIIOTHI U HalpokceHa Ha D-cepuH-uHayIH-
POBaHHBI OKUCIIUTENBHBIA CTpecC B TOJOBHOM MO3re
KpBIC yCTaHOBJEHO, yTo ucnoinb3yemblie HIIBC 3naum-
TEJIbHO COKPAaTUIIM BBIPAOOTKY aKTHBHBIX (OPM KHCIOPO-
Jia, TPOJIYKTOB MEPEKHCHOTO OKHUCIeHUs InuoB. [Tpone-
MOHCTPHUPOBaH MPsIMOI aHTHOKCUAAHTHBIN 3 ekt Mede-
HAaMOBOM KHCIIOTBI U HAIIPOKCEHA in Vitro, KOTOpble MOTYT
CIIY’)KUTh KOMIIOHEHTaMU HOBOHM CTpaTeTHH HEUPOIPOTEK-
1wy in vivo [10].

OpHako Obli1a OTMEUYEHa BO3MOKHOCTD YCUJICHUS pUCKa
Pa3BUTHS BacKyJISIPHOM MATOJOTUHU MPH JICYEHUH TallieH-
TOB HaIPOKCEHOM [5] U, XOTs1 OOJIBIIIMHCTBO UCCIIe0BaTe-
Jeil He OOHApPYKWIIM MOBBIIICHHOTO PUCKA PAa3BUTHUS WH-
CYJIbTa TP HA3HAYCHUW HECEJICKTUBHBIX HHTHOUTOPOB
HOTI, B omHOM MCCIIE0BAaHUN TIOKA3aHO, YTO TIPUEM JIMK-
o eHaka MOYKET CYIIECTBEHHO YBEIHYHUTH PHCK HIIIEMH-
YeCKOTO WHCYIBTA [9].

XoTg naHHBIE NEPBOHAYANBHBIX HCCIECHOBAaHUM Mpea-
rojiarajy CBA3b C MIIEMHEH KOPOHApHBIX apTepuid, Ha-
JIeKHOTO JIOKa3aTesIbCTBA KOPPEISALUN MEXIY NPHEMOM
HIIBC u uncynasramu He nony4deHo [50].

Pa3paboTka MeTOOB JieueHUs OCTPBIX HelpoaereHepa-
TUBHBIX 3a00JIeBaHM (MHCYJBT U TpaBMa rOJI0BHOTO MO3-
ra) HarpapJlieHa Ha MaKCUMaJIbHO OBICTPOE BOCCTaHOBIICHUE
KPOBOTOKa B MIIEMHU3MPOBAHHBIX OONACTAX M 3aIUTy HEH-
POHOB OT IIMTOTOKCHYECKHUX coObITHi. [IponemMoHCcTpHpOBa-
HO, YTO Ha Pa3HBIX MOJIENSIX in ViVO OCTPBIX HEMpomereHepa-
TUBHBIX PacCTPOICTB 3HOKCAAPUH YMEHBIIAET OTEK MO3Ia,
pa3Mep NOpa’keHHOM 00NacT! M YIydIllaeT BOCCTAHOBIICHUE
MOTOPHBIX U KOTHUTUBHBIX (YHKIHH [56].

Bwmecre ¢ TeM B paHIOMU3UPOBAaHHOM, IUIALE00-KOH-
TPOJIMPYEMOM, MHOTOIIEHTPOBOM HCCIe0BaHUN S dek-
tuBHocTy HITBC mo npenoTepaiiieHuto, 3aep:Kke Hadana
BA, a Taxke ocnallieHHI0O KOTHHUTHBHBIX PaCCTPOICTB,
CBSI3aHHBIX CO CTapEHHEM, IMpenapaThl IENIeKOKCHO U Ha-
IPOKCEH ITOKa3ald OTHOCHTENFHYIO IIenecoo0pa3HOCTh
uX HazHaueHus [44]. Takum oOpa3om, 10 CHUX IMOp CHOP-
HBIM OCTaeTcsi Borpoc, Hackonbko HIIBC moryT BMemu-
BaTbCsid B NPOTrPECCHPOBAHHE TAaK HA3bIBAEMOIO COCYIH-
CTOro KOMITOHeHTa naTtoreHe3a bA [37]. B nenoMm, ocraer-
Csl HESICHBIM, KaKUMH JIOJDKHBI OBITh JI03bI U TPOIOIIKH-
TENBHOCTh TMPUMCHEHUS NpPEnaparoB W COOTHOIICHHUE
pucka K noss3se [32].

M3BectHO, uTO BA XapakTepusyeTcsl HapyLEeHUEM KIIU-
peHca W akkymylsinuei [B-amunouna (Af}) B TOJOBHOM
MO3I€, YTO COIPOBOXKAAETCSl Pa3BUTUEM HeWpoBocIale-
HUsl. DNUIEMHUOJIOTHYECKHE UCCIIeI0OBaHUS TIOKA3all, YTO
HIIBC moryTt 3aropMO3UTh 3TOT JNECTPYKTHBHBIH MPO-
LIECC, €CJIM OHU OyIyT Ha3HA4aThCs 3a70JIT0 JI0 MOSBICHUS
KIIMHUYECKUX MPU3HAKOB 3a00JeBaHus. JJnurenbHoe npu-
MeHeHHe HOynpodeHa Moka3ano MepCHeKTUBHOCTb 3TOTO
Ha3HaueHus [46].

S. Mandrekar-Colucci u G. E. Landreth ycranoBumu
3HAYUMYEO KOPPEISAIIUI0 MEX/y BOCIAICHUEM M Pa3BUTH-
eM HelponereHeparyn. CTerneHb BOCIaleHHs JEMOHCTPH-
pyeTcsl HaJIMYMeM aKTUBUPOBAHHOW MUKPOINIMU B MO3Te U
MOBBIIIEHHBIM YPOBHEM IPOTHUBOBOCIAJIUTEIbHBIX Me-
muaropoB B IIHC. DTu BocmamuTenbHblE H3MEHEHHS
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OOBIYHO CUMUTAIOTCSI BTOPUYHBIMU, OJJHAKO HESCHO, SIBJIS-
IOTCSI JTH OHH TIOJIE3HBIMH WJIHM CIIOCOOCTBYIOT AereHepa-
TUBHOMY Miponieccy [41, 55]. C ydeTroM JaHHBIX O Cympec-
cuBHOM 3¢ dexre HIIBC B oTHOmEHUN HelpoaereHepa-
THUBHBIX U3MEHEHUH Tipu BA JJOTHYHO MPEANONoXKUTh, 9TO
YaCTHYHO ITOT IPPEKT MOKET OBITH 00YCIOBICH UX CIO-
COOHOCTBIO TIOABIIATh peakTUBHBIN Ho3. bonee Toro, ¢
yderom ponu LIOI" B acTpormusi-onocpeoBaHHOM peryisi-
uuu cocynuctoro tonyca [30] cCTaHOBUTCS OYEBUIHBIM,
yto Bnusaue HIIBC na aktuBHocTh LIOI siBAsieTcs Kito-
YEeBbIM MEXaHU3MOM pealln3alul HEeHUpOoIpOTEKTHBHOIO
a¢dekra ITOi rPyIIHI Mpernaparos.

CucTeMHOE BOCMAJICHHUE PUBOJUT K METa0OITHMYECKUM
U TOBEIEHYECKUM HU3MEHEHUSAM (yBEJIUYEHHUE MPOLYKIHH
unrepneiikunos NJI-6, NJI-1B u ®HO-a, a Takxke III" E,
B CBIBOPOTKE M MO3T€), B 3HAUNUTEILHON CTETIIEHN OIOCpe-
JIOBaHHBIM LIUTOKMHAMU. B pesynsrare uccienoBaHusl Me-
XaHU3MOB, JICKAIUX B OCHOBE HMMYHO-MO3TOBOM KOMMY-
HUKAIUK TI0CJIE CUCTEMHOTO BOCITAJICHUSI C UCTIONB30BAHU-
€M Pa3IMYHBIX POTUBOBOCHAIUTEIBHBIX CPEACTB, OTMEYe-
HO pa3HOHAIPABJICHHOE JICHCTBUE CEIEKTUBHBIX U HECEIIeK-
tuBHBIX uMHrHOMTOpoB LIOI' Ha yposens WMJI-6, NJI-1B u
®HO-a, MPHK, 9T0 MOXXET MMETh TIOCHEACTBUS VIS Pa3-
pabOTKH HOBBIX TEPANEBTUYECKUX CTPATEruil JeUeHHs |
MPOQHIAKTUKN HEBPOJIOTHYECCKHX 3a00JeBaHUl ¢ BOCIa-
JIUTEJIbHBIM KOMIIOHEHTOM [59].

VYposuu skcnpeccun LIOI'-1 u 1IOT'-2 uzmensitores Ha
pa3HBIX cTaausx bA, 9To CBHIETENBCTBYET 00 aKTHBHOM
ydacTHd (PEepMEHTOB B Pa3BUTHUHU A3TOHM maroioruu [61].
Jns panHel craauu, Korjga HaOMIONAIOTCS HHU3KUH ypo-
BEHb [3-aMIUION/Ia M HE3HAYUTEIFHOE KOJIMIECTBO HEHpO-
(uOPMILUTIPHBIX 00pa30BaHUIl KOPBI TOJIOBHOTO MO3Ta, Xa-
paktepHO yBenuueHue aktuBHoctu I[IOI'-2 B HelipoHax.
Okcmnpeccust [{OI'-1 B 0OCHOBHOM TOBEINIEHA B KIIETKaX
MUKPOIJIUHU, KOTOPBIE aCCOLMUPYIOTCS ¢ GUOPMILTSPHBIMU
OTIIOXKEHISIMU [-aMuiIonga. DTO SIBISETCS CBHICTENBCT-
BoM Toro, uto Tipu BA I[OI'-1 u [IOI'-2 y4yacTByIOT COOT-
BETCTBEHHO B BOCHAJUTEIBHBIX U PEreHEPaTOPHBIX MPO-
meccax B mo3sre [29].

HITIBC, unrubupyromme L[OI-1 u IIOI'-2, cHmxkaror
puck pa3sutusi BA B rpynmnax craperolux >KUBOTHBIX. B
mozre [{OI'-2 uamynupyeTcs B HEHpoOHaX B OTBET HA BO3-
Oy>KIaIOIIyI0 CHHANTUYECKYI0 aKTUBHOCTb, a B IJIMAJIb-
HBIX KJIETKaX — B OTBET Ha BocnaneHue. I1pu monemupo-
BaHHUHU TPEAOTBPALICHUS Ae(HUINTA MAMSITH C HOMOIIBIO
nbynpodena obHapykeHO, YTO Mpenapar obmajgaer mo-
JIOOHOW aKTUBHOCTBIO, HE TIPOM3BOAS HUKAKUX 3HAYUMBIX
W3MCHEHHI B HAKOIUICHWH [3-aMHJIOMIIA WM BOCIIAJICHUU
IMAJbHBIX KJIETOK. MOynpodeH MomaymupoBall 3KCIpec-
CHIO HEHpOMEIMATOPOB B OOJACTH THIIIOKaMIIa, obecrie-
YUBAIOLIUX [UIACTUYHOCTh HEHPOHOB U MOBBIILIEHHE YPOB-
Hell HopaapeHanuHa u godamuna. [eH, Haubonee CUIBHO
MoJIaBIsieMblil HOynpodeHoM, TpeACTaBisul coO00M TPUII-
todanoByro 2,3-muokcureHasy (TDO2), Komupyromryro
(hepMeHT, y4acTBYIOUIMIA B MpeBpallleHuH TpunTodaHa B
kuHypeHuH. Dkcnpeccus TDO2 Obuia yBenmuveHa 3a cyer
HelipoHanbHON akTHBHOCTH [[OI-2, a M30BITOYHAS DKC-
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npeccusi TDO2 nmpuBoania K pa3BUTHIO MOBEICHYECKUX
nedunuroB. bonee Toro, GpapmMakonoruueckoe HHrHOUpo-
Banre TDO2 npemoTBpainaino moBeaeHIECKUe AeQHUIUTHI
y mbrmeit muann APPSwe-PS1AE9. B coBokynHOCTH 3TH
JIAaHHBIC JIEMOHCTPHPYIOT MIHpOoKHe 3(P(HEeKThl HHrHOUPO-
Banusi [[OI, mpoTHBONEHCTBYIOMINX HEHPOTOKCHYECKUM
a¢dexramM paHHEero HaKoIUIeHus B-ammtona [61].

Hannure Hecormacyrommxcsi MEXIy COOOW JaHHBIX
pasHbIX MccaenoBanuil modynmino G. M. Pasinetti mpensio-
JKUTh HECKOJIBKO BEPOSITHBIX MEXaHHU3MOB HEHponpoTek-
tuBHoro AevictBust HIIBC npu BA, ogHako ere npeacTo-
UT BBIACHUTD, HACKOJIBKO 3TH COCJMHEHUS MPOSIBISIOT Te-
parneBTHYECKYI0 aKTUBHOCTD [S1].

[Tpu3Hanue BocmasieHHs Kak o0IIero Mexanusma ¢hop-
MHUPOBaHUS HEUPOAETeHEePAaTUBHBIX M3MEHEHUI IpHBIe-
KaeT mccnenoBareneii k ucnons3oBanuio HIIBC, weiipo-
MIPOTEKTUBHBIE CBOMCTBA KOTOPBIX OBLIM JJOKA3aHBI B PAJIE
SKCIIEPUMEHTOB, OHAKO UX 3(PQEeKTUBHOCTH TpH 3aboie-
BaHMIX TOJOBHOIO MO3Ta 4YeJOBEKa OCTAeTCs CIIOPHOM.
Brrsicaenne pasnooOpasust ad¢pexror HIIBC, a Taroke
MHOTOI'PaHHOM POJIM BOCHAJIEHUS W aKTUBALMU MMKPO-
DMK B 3200JI€BAaHMUSX MO3Ta TIOMOYKET 3aIllONHUTE MPOOeI
MEXJYy KCIIEPUMEHTAIbHBIMU U KIIMHUYECKUMHU PE3YJib-
TaTaM, JOCTUTHYTh YCIIEXOB B JICYEHHU 3THX 3a0oJieBa-
Huit [7].

Hpyroit mumensto nevicteust HIIBC npu meiipoBocma-
JICHUHM MOTYT OBITh PEICTITOPEI, aKTHBUPYEMBIE TIPOIHU(e-
paropom miepokcrcoMm (PPAR-y), B OTHOIIEHUN KOTOPBIX
HIIBC mposBisAoT ce0s Kak arOHUCTHL.

PPAR-y skcmpeccupyercsi B MEPBUYHBIX KYJIBTypax
MHUKPOIJIMM KPBIC, OCHOBHOM MOIMYJISIIUU PE3UIAEHTHBIX
MakpodaroB Mosra, €ro JHIaHA-3aBHCAMAas AKTHUBALUS
MIPUBOJIUT K TMOAABJICHUIO HECKOJIBKUX MHUKPOIIMAJIbHBIX
(yHKIMA. OTMEYEHBI aTOHUCTUUECKUE CBOMCTBA UHOME-
TanuHa u ubynpodena no orHomeHno k PPAR-y. TIpen-
nojararoT, 4to aktuBanus PPAR-y moteHumpyet crnoco6-
HocTh 9tux HIIBC 3agepxxuBarh nporpeccupoBanue BA
[12].

ITokazaHo, 4TO B MEPBHYHBIX MHUKPOTIHUAIBHBIX KYyJb-
Typax, B JOINOJHEHHE K OXKHIACMOMY HHI'MOMPOBAHMIO
cunres3a I, mponsBoguoe ¢uaypounpodena NCX 2216
aktuBupoBasio PPAR-y. JlmurensHoe Bo3nmerictBue NCX
2216 (16 9) Ha MUKPOTIIHATBFHYIO KYJIBTYpPY TPEISTCTBO-
BAJIO JaNbHENIICH aKTHBALINH PELENTOPa CICIU(PHICCKH-
MH aroHuctamu. JlMHaMu4YecKkas perysuus (QyHKIHO-
HAJIBHOTO COCTOSIHUSI MUKPOIVIMHU, aKTUBUPOBaHHOH NCX
2216, momoraeT 0OBSACHUTD MOCIEIHUE PE3YIIBTAThI MOJIE-
nupoBaHusi BA Ha )KMBOTHBIX U MOXKET MPEJIOKHUTH HO-
BBIC BO3MOXKHOCTH [UISl JICUCHHS HEHpOAereHepaTHBHBIX
3a0oeBanuii [13].

B wuccnemoBanuu [25] OLEHMBANIM  SKCHPECCHUIO
PPAR-a, sapepuoro peunenrtopa RXRo, u mMuxpoPHK
miR-21 y marmenToB ¢ BII mo cpaBHEHMIO C KOHTPOIBHON
rpynnoil. YCTaHOBIEHO, YTO COYETAaHUE JIOKO3areKCaeHo-
Boit kucioTel (DHA) u ACK cMOmIIo 3HaYHUTEIIBHO YiTyd-
IMTh dKcnpeccuio Oenka PSD-95, Heliporpoduyeckux
(axropoB BDNF u GDNF npu moBbIIeHHN TeTepoImuMe-
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Puc. 2. Knerku-mumenn HIIBC B rooBHOM Mo3re (A. Lleo, et al., 2007).

puzanuu PPAR-o 1 RXRa, 910 MOXET SBISITHCS HOBBIM
MOJIX0/IOM K JieueHuto BII.

KornurtusHsble HapylieHus y naiueHTos ¢ bA u xuBor-
HBIX C 3KCIIEPUMEHTAILHON A[B-maTonorueit MoryT ObITh
CKOPPEKTHUPOBAHBI C MOMOIIIbI0 aroHHucToB PPAR-y (nor-
nuTa3oH). PaHee mMpopeMOHCTPUPOBAHO, YTO HA MOJICTH
KUBOTHBIX Tg2576 (Mbimu BA) 00paboTka pocHUTIIHTA30-
HOoM (RSG) mo3Bommiia CHU3UTh KOTHUTHBHBIC JNE(HUIATHI
U YMEHBUIUTh a0eppaHTHYIO aKTHMBHOCTb HEWPOHOB Tpa-
Hyn 3yOuaroit m3uiauHbl (DG), oOmacT, KpUTHYECKOH
Jutst hopMHUpOBaHUs TaMATH [31].

Panee npu onenke 3(h(GHeKTUBHOCTH U 0E€30MaCHOCTH
aronuctoB PPAR-y B neuenuu BA u amHecTHueckux yer-
KAX KOTHUTHBHBIX HapyIICHHH MPOAPOMAIFHON CTaaun
BA momy4yeHsl HemOCTaTOYHBIC JIOKA3aTeIbCTBA dPPeK-
TUBHOCTH HCIIOJIb30BaHHUSA POCUIIIUTA30HA C LENBIO yITyd-
IIeHUs] KOTHUTUBHBIX (QyHKIMi. TeM He MeHee NpUMEHe-
HYE ITMOIINTA30Ha KaKETCsI MHOTOOOEIIAOIINM, 0COOEHHO
JUI TIALMEHTOB ¢ KOMOPOWAHBIM AUabeToOM, OTHAKO HEoO-
XOJIMMBI JOTIOTHUTENHBIE KIMHUYECKUE WCCIECOBAHUS C
6onpmmM 00beMoM BEIOOpKH. [Ipn 3TOM OTMEdYeHa Xopo-
11ast mepeHoCcuMOocCTh aroHncToB PPAR-y marmentamu [38].

Jns u3ydeHus B3auMOCBSA3H IPOTUBOBOCTIAIUTENIFHOTO
cBoiicTBa MOynpodeHa ¢ ero aHTHAMHJIOMJOTCHHOW aK-

Ta6nuua 2. Bo3MoKHbIe MOJIEKYJsipHble M (YHKIMOHAJIbHBIE MM-
menu HITBC B Ki1eTKax roJlOBHOro Mo3ra

MOIIeKyII}IpHBIe MUIICHU Mo;lmepyeMBIe IPpOoUECChI

Peroxisome proliferator-
activated receptors

HeiipoBocnanenue, OKUCIUTEINb-

HBIN cTpecc, anonTo3

CurnansHble G-0enKu Hetiporenes, Murpanus KJIeToK
(Rho-GTPases) TJIAN

aor AKTHBHOCTb MUKDOTJIHH, TIHOBA-

CKYJIIPHBIM KOHTPOJIb

TUBHOCTBIO TIPOBEICHO HMcciiefioBaHne Ha Mbimax SXFAD
¢ Mozenblo BA, ycToHYMBOI K MOIYNSALUH Y-CEKpETa3bl.
IIpumenune ubynpogena B TeueHue 3 Mec MPUBEIIO K CHU-
JKEHUIO CCTEMHOM BOcCHaIUTeNbHON peakuuu. Hensmen-
Hasl 3-aMIJIONTHAST Harpy3Ka, TOBBIIICHUE YPOBHS PacTBO-
pumoro AP42 W yXydlIeHHEe HEKOTOPBIX TOBEICHYECKHX
HapaMeTpoB MOAHUMAIOT BOMPOC O TONb3€ IOJABICHUS
BOCHAJICHUS HECTEPOUIHBIM IIPOTHBOBOCHIAIUTEIBHBIM
IpenapaTtoM IpH NpodHIaKTHKe u edeHun bA [28].

HIIBC moryT oka3biBaTh MO3UTHBHOE AECUCTBUE NPHU
JpYTUX HeHpoJereHepaTuBHbIX 3a00I€BaHUSIX C BOCTIAIH-
TEJNBHBIM KOMIIOHEHTOM, YTO OOBSCHIETCS KOMOPOHUIHO-
CThIO 3TUX OoJie3Heid [39]. TepaneBTHUSCKUI MOTSHITUAI
ATUX MpenaparoB MPU XPOHUYECKOW HEMpOAereHepauuu
IIPOJIEMOHCTPUPOBAH Ha pHC. 2.

Jlo HacTosAIIEero BpEMEHH OCTAETCSI OTKPBITBIM BOIMIPOC
o nenecoobpasznoctu npumenennss HIIBC npu BI1. Xots
HEKOTOpbIE HCCIIEIOBaHUS MOKa3ajd, YTO pPErysipHOe
npumeHenne HIIBC okasbiBaeT MpOTEKTUBHOE JIEHCTBHE
npu BIl, npyrue uccrnenoBaHus HE CMOIJIM MOATBEPIHUTH
HaJIM4Me 3HAYMMOM CBs3U. MeTa-aHanu3, NPOBEICHHBIN
Gagne u Power, moka3zan, yro ucrions3oBanne HIIBC, ne
conepxkammx ACK, camxaer puck BosHukHoBeHus bl Ha
15 %, B TO Bpems kak ucrnonb3oBanue ACK He oka3biBaso
HHUKakoro 3¢ ¢dexra; B ApyroM MeTa-aHanuse He ObLIO 00-
Hapy>KeHO Kakoro-mmbo mporekruBHoro s¢dexra HIIBC
B otHomeHnm BIT [26, 11].

Bo3MmoxkHBIC MOJEKYISIpHbIE U (DYHKIIMOHAJIBHBIE MH-
menu HIIBC B kieTkax roIoBHOro Mo3ra IpeicTaBlIeHbl
B Ta0I. 2.

IIpu uccneaoBaHUM CHUKEHUS PA3IUYHBIX CTPECC-UH-
JYLUPOBaHHBIX pAcCCTPOMCTB IaMATH BO3AECHCTBUEM
HIIBC moka3aHo ux 3HAYUTEIIPHOE BIUSHUC Ha CHUKCHUC
YPOBHSI KOPTUKOCTEPOHA B IIa3Me U yBeJIUYeHHE aoda-
MHHA U CEPOTOHMHA. DTO HCCIEIOBAHHE MPOJEMOHCTPH-



HeCTCPOI/IIlHI)Ie NMPOTUBOBOCIAIUTE/IBHBIC CPEACTBA

poBaiio TepaneBTudeckuit noreHnuan HIIBC mns koppek-
[IUU CTPECC-UHAYIIMPOBAHHBIX HAPYIICHWH (YHKIWH ma-
MSTH U CBS3aHHBIX C HUIMU TOPMOHAIBHBIX M HEHPOXUMH-
YECKUX M3MEHEHHI B TOJIOBHOM MO3Te KpbIC [53].

[Ipu HeliponereHepanuu, 1epeOPOBACKYISPHON MAaTO-
JIOTUU U CTPECC-UHIYIIMPOBAHHBIX PACCTPONCTBAX KOTHU-
TUBHBIX (QyHKIWH mo3uTuBHBIN 3ddekt HIIBC moxer
OBITH CBS3aH ¥ C BIMSHHEM 3THX IPENapaTroB Ha IMpoIec-
cel HeliporeHe3a: HIIBC crumynupyror HeiporeHes B
TUNINOKAaMITaJbHOW HEMPOT€HHOW HMILE, CHUXKAIOT TPOSIB-
JIeHUs HEeWpOBOCHANIEHHs, MPEmATCTBYoUIEero 3hdeKTuB-
HOMY HelporeHesy [6].

He meHnee nHTEpecHON SBISIETCSI BOBMOKHOCTB BIIUSI-
aust HIIBC Ha maronornyeckuii aHruoreHes, Tak Kak H3-
BECTHO, HallpUMeED, YTO MPOrPECCUPOBAHNE HEWPOJeTeHe-
panuu anbUreiiMepoBCKOr0 THUIIA COTIPOBOXKIAETCS THUIIEP-
BacKyJsIpu3anuel ¢ (hOpMHPOBAHUEM MHKPOCOCYIOB C
TTOBBIIIEHHOW MTPOHUIIAeMOCTHIO [15].

3AKINIOYEHUE

HITBC — omHu U3 caMbIX 9acTO MPUMEHSEMBIX JIeKap-
CTBEHHBIX IpEenaparoB B MHUpE. DTO 0OYCIOBICHO LIUPO-
KM JMana3oHoM UX (hapMaKoJIOTH4eCcKOro JeHCTBHS,
JIOCTYHHOCTBIO (4aCTh OTHOCUTCA K O€3peLienTypPHOMY OT-
nmycky). Hapsiny ¢ stum, HIIBC mposiBisiroT MHOXXECTBO
HEKeNMaTeNbHBIX 3()(EKTOB, KOTOPHIC HEOOXOIUMO yUHUTHI-
BaTh IIPU BLIOOPE MTPENapaToB.

HIIBC Ttaxxe MOTYT OKa3bIBaTh IO3UTHUBHOE JIEHCTBUE
MIPU PA3ITUYHBIX HEHPOJIEreHEPATUBHBIX 3a00JICBAaHHUAX C
BOCHAJIUTEIbHBIM KOMIIOHEHTOM, IIPU 3TOM BIIUSHUE IIpe-
naparoB Ha akTuBHOCTb LIOI siBsileTcs KIIIOUEBBIM MeXa-
HU3MOM pear3aliii HeHPOIPOTEKTUBHOTO d(pdekTa IToi
IPYIIIBI JIEKAPCTBEHHBIX CPENCTB. YIIIyOIEeHHBIE UCCIIENIO-
BaHus MexaHu3MmoB JedicTBusi HIIBC moMoryT BBISIBUTH
HOBBIE TE€PANEBTUYECKUE BO3MOKHOCTH ISl JIEUEHUS HEll-
pozereHepaTHBHBIX 3a00JIeBaHHUI.

Pabota BbInmosHeHa pu noepxkke rpanTa [Ipe3uaeH-
Ta PO 114 rocynapcTBEHHON MOAJEPKKH BEAYLIUX Hayd-
HeIX mkon PO (HII-6240.2018.7).
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NONSTEROIDAL ANTI-INFLAMMATORY DRUGS: KEY MECHANISMS
OF ACTION AND NEUROPROTECTIVE POTENTIAL

V. A. Kutyakov'?, L. B. Shadrina’, L. V. Trufanova’', V. Yu. Andrzejewskaja-Shurygina’,
G.E. Gertsog', and A. B. Salmina’

' V. E. Voino-Yasenetsky Krasnoyarsk State Medical University, ul. Partizana Zheleznyaka 1, Krasnoyarsk, 660022 Russia
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Nonsteroidal anti-inflammatory drugs (NSAIDs) are among most commonly used drugs in the world since they are used for relieving pain syndrome in nume-
rous pathological states including headache, toothache, and muscle pain, as well as for the treatment of inflammatory processes and as antipyretic agents. The
pyretic and analgesic effects of NSAIDs are interrelated, but the former predominates. The main mechanism of NSAIDs action consists in inhibition of the bio-
synthesis of prostaglandins (PGs) involved in the development of inflammation and pain syndrome. However, the same mechanism accounts for the main side
effect of NSAIDs that is related to the ulcerogenic action. At present, the search for new NSAIDs is directed to minimizing their detrimental properties while
retaining the main pharmacological effects. NSAIDs can also have a positive effect in various neurodegenerative diseases with an inflammatory component,
and the effect of drugs on the activity of COX is a key mechanism for realizing the neuroprotective action of this group of drugs. This review is aimed at (i) as-
sessing and analyzing the list of NSAIDs registered in the Russian Federation, their mechanisms of action, indications to prescription, side effects, molecular,
cellular, and functional targets, and the prospects in search for the new safe possessing anti-inflammatory activity and (ii) characterizing peculiarities of the
NSAIDs effects in the CNS with emphasis on their use in neurosciences with a view to research in neurogenes, neuroinflammation and intercellular interactions
involved in neurodegeneracy.

Keywords: nonsteroidal anti-inflammatory drugs; pharmacological effects; cyclooxygenase (COX); toxicity; adverse reactions; neuroprotection.



