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OOHOBPEMEHHAA NOTEHUMALIUA AMPA PELIENMTOPOB
N BJIIOKAOA NMDA PELIENTOPOB KAK CTPATErnA CO3O0AHUA
3PPEKTUBHbIX CTUMYNIATOPOB KOrHUTUBHbIX ®YHKLUA

C. O. Bauypun', B. B. NpuropeeB’, B. K. Besnocko!, A. B. BonkyHos',

I. . KoBanes?, A. H. MpowwuH’

B psiny mpou3BOAHBIX alMKIMYECKUX M30THOMOYEBUH CHHTE3UPOBAHBI HOBBIC COEIHMHE-
HUSI, CIIOCOOHBIC OJJHOBPEMEHHO OKa3bIBATh MOTEHIMpYOIee fAericTBrue Ha AMPA-penento-
psl 1 OnokupoBath 0TBeThl NMDA-penentopoB. J{ist posiBIICHUS KOTHUTHBHO-CTHMYJIHPY-
IOLIMX CBOMCTB NPUHLMIINAIBHOE 3HaYCHHE UMeeT Xapakrep Onokasisl NMDA-penenTopos,
OKa3bIBaeMbI BellecTBOM. [103UTHBHOE BIMSHUE OKa3bIBaeT OJIOKaa, OCYIECTBIsIeMas 10
MeXaHU3My OBICTPON JHCCOLMAlMK C BHYTPUKaHAJbHBIM ydacTkoM min Onokana NR2B
cyowemunaniiel NMDA-perienitopa. BeriecTsa, KoTopbie TOJIBKO yCHTuBail Tokn AMPA- pe-
LIENTOPOB MJIH TOJBKO O0kupoBan NMDA-penentopsl, Oka3bIBajll MEHbIIIEE BIUSHHE HA
MaMsITh, Y€M COCIMHEHUS, KOTOPBIC COYETAU CIIOCOOHOCTh MOTEHIUPOBAaTh TOKH AMPA-
pELenTOpOB U OfHOBpeMeHHO OnokupoBark Toku NMDA-penentopoB. Ha ocHoBaHuM T10-
JIy4EHHBIX Pe3YJIbTaTOB CJeJIaH BBIBOJ, YTO OAHOBpeMeHHas rnoreHuuanms AMPA-penenTo-
poB u 6:10kaa NMDA -perientopoB MOXKET SIBUTHCSI HOBBIM ITOJIXO/IOM B CTUMYJISLIUHM KOTHHU-
THUBHBIX (DYHKI[HIA.
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BBEOEHUE

B oOmactn co3maHus CpencTB Ui Je4eHHs OOJe3HU
Aunprreiimepa (BA) u poJCTBEHHBIX HEHpoO/IEreHepaTuB-
HBIX PacCTPOMCTB B MOCIEIHHUE ToAbl 0c000€ BHUMaHUE
yaenseTcs npenaparam, JAeHCTBYIOIMM Ha TIyTaMaTepru-
yeckyto menuaropuyto cucremy [IHC [7]. B wactHOCTH,
€IMHCTBEHHBIN INpernapar, peKOMEHJOBaHHBINH Ui Tepa-
MU Pa3BUTOM cTagun BA — MeMaHTHH, OTHOCHTCS K
omokaropam NMDA-monTrma miyTaMaTHBIX PELEenTOPOB
[6]. AJBTepHATHBHBIN MOIXO K CO3MAHHIO A(PPEKTHBHBIX
CTHMYJISITOPOB KOTHUTUBHBIX (DYHKIIHIA CBSI3aH C ITOUCKOM
MO3UTHUBHBIX MoaynsiTopoB AMPA-peLentopoB — apyro-
o MOATHINIA HMOHOTPONHBIX IIIyTaMaTHBIX PELENTOpPOB
[13]. Panee Hamu ObIIO YCTAHOBIICHO, YTO PSIJT CHHTE3UPO-
BaHHBIX POU3BOAHBIX ALIUKIMYECKUX H30THOMOYEBHH SIB-
nsoTest Omokatopamu NMDA-penentopoB U OJHOBpe-
MEHHO MOTeHIHUpyrT oTBeThl AMPA-penenropos [4, 5].
[Toka3zaHo Takke, 4TO B psALY 3TUX CTPYKTYP €CTh BEIleCT-
Ba, CIIOCOOHBIC TPOSIBIISITH BBIPAaKEHHBIC KOTHUTHBHO-CTH-
MYJIMPYIOLIME CBOMCTBA Ha Pa3IMYHBIX MOJEISAX JAEMEH-
MM W CHIDKEHUS TaMSITH Y XUBOTHBIX [2, 5], 4uTOo nmaer
OCHOBaHHME paccMaTpuBaTh WX Kak MEPCHEKTHBHbIE KaH-
JUIaThl Ul JIeUeHUs psja HellpoJereHepaTuBHbIX 3a00-
neanuil. L{enbro HacTosImEel paOoTHI IBIJIOCH HCCIIEIOBA-
HHUE B3aUMOCBSA3U MEX]y CIIOCOOHOCTBIO BELLECTB CTUMY-
JMHPOBaTh KOTHUTWUBHBIC (DYHKIUH W WX JICHCTBHEM Ha
pa3uYHbIe TOATUIIBI HOHOTPOITHBIX DIyTaMaTHBIX peLer-
TOPOB, MPHUHUMAIOIINX y4YacTHE B IIaTOTCHE3e OONEe3HH
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METOAbl NCCNEAOOBAHUA

OKCIEPUMEHTBI  MPOBEAEHBI  AEKTPOPU3NOIOrHYe-
cKuUM MeTonoM patch-clamp B xongwurypamun whole cell
Ha CBEXKEU30JIMPOBaHHbIX HelpoHax IlypkuHbe, BbIICICH-
HBIX M3 Mo3keuka Kpbic (12 — 15 cyrounsix) [1]. TpaHc-
MeMOpaHHBIC TOKH BbI3bIBAJIN akTuBanmeidn AMPA-penen-
TOPOB aIUIMKAI[MECH PACTBOPOB aroHUCTa ATHX PELENTO-
poB — kamHoBO# kucinotel (KK) meromom OwicTpoii
cynepdy3un. Perucrpanms TOKOB OblIa OCYIIECTBIICHA
IpU MOMOILM OOPOCHIIMKATHBIX MHUKPOAJIEKTPOIOB (CO-
npotusieHue 2,5 — 4,5 MOM), 3aI0IHEHHBIX CIIETYIOIIAM
cocraom: KClI — 100mM, EGTA — 11wMM,
CaCl, — 1 MM, MgCl, — 1 MM, HEPES — 10 MM, ATP —
5MM; pH 7,2.

Hus  peructpanmu ucnonb3oBanmu mpudop EPC-9
(HEKA, T'epmanust). 3anmuch TOKOB OCYIIECTBISUTH TIPH
nomoru nporpammsl Pulse (HEKA). O6paboTky pe3yinb-
TAaTOB TIPOBOAMJIM TIPH IOMOIIM Tporpammbl Pulsefit
(HEKA). 1ocTOBEpHOCTb pa3iUyMii BHIYUCISIN C TTOMO-
mipi0 KpuTepust CThIOACHTA.

i uccnenoBaHus JeMCTBUS BELIECTB HA MaMSTh JKU-
BOTHBIX ObLJT MCTIOJIB30BaH TECT y3HABAHUS HOBOM JIOKAJIH-
3amum m3BecTHOro ooOwekra (“Object location memory
test”) [9, 12, 16]. DxcrepuMeHTHl TPOBOAMIM HA MBbI-
nax-camiax jguand C57BL/6 B Bo3pacte 3 — 5 Mec mac-
coii 20 —24 . JKuBoTHBIX cozepkaiad B BUBApUM IO 5
oco0eil B KJIeTKe TIpU CBETOBOM pexknme 12/12 9 co cBerto-
BOM yacThio ¢ 8 10 20 4 mpu cBOOOTHOM JIOCTYTIE K BOJE U
nuine. Kamepa HaOsroeHust ObLTa U3rOTOBIICHA U3 HEMPO-
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3padHOTO OPTaHMYECKOTO CTEKJIa OEJIoro IBETa Pa3MepoM
48 x 38 x 30 cMm. B xauecTBe 00BEKTOB 00CIENOBAHUS HC-
MOJIb30BaI CTEKJISTHHBIC (PIIAaKOHBI KOPHYHEBOTO IIBETA
(d=2,7cm, h=15,5 cM). 3a 2 — 3 MUH JI0 TOMEIICHUS KH-
BOTHOTO KaMepy MU OOBEKThI OOCICIOBAHHUS MPOTHPATH
85 % crnmpTom.

Bemecrtsa nucneprupoBaiu B 1 % pacTBope kpaxmaia
Y BBOAMJIM B JKeJIyA0K 32 30 MUH 10 TPEHUPOBKU B 00beMe
0,05 i1 Ha 10 maccel xKUBOTHOrO. KOHTPOJIBHBIM KH-
BOTHBIM BBOJIWJIM COOTBETCTBYIOIINH 00beM 1 % pacTBo-
pa Kpaxmadia.

Tlopsodox nposedenust no6edenuecko20 IKCHePUMEHMA
Uepes | 4 mociie BBe/ICHUS BEIIECTBA JKUBOTHOE TTOME-
IaJIM B IIEHTP MOBEIEHYECKONH KaMephl, Ha JHO KOTOPOH
CTaBWIU 110 JMAroHajau Ha paccTosiHuu 14,5 cM oT yrios
JIBA OJIMHAKOBBIX 00BEKTA (CTEKIISTHHBIC (DIIAKOHBI) JUTS y3-
HaBaHHWS M JIaBaJdd MM BO3MOXKHOCTH O3HAKOMIIEHHUS C
npenMeramu B TeueHue 20 muH. TecTrupoBaHue pOBOIU-
1 gepes 48 yac. Ha 1HO xamephl CTaBUIIM OJIMH OOBEKT B
W3BECTHOM IS )KUBOTHOTO JIOKAJIW3aIlMH, a IPYrol — B
HOBOM. 3a MOBEICHUEM JKUBOTHBIX HAOIOIAIN Yepe3 3ep-
kaso. C MOMOIIBIO ABYX 3JIEKTPOHHBIX CEKYHIOMEPOB pe-
THECTPHUPOBAJIH, C TOYHOCTHIO 710 0,1 ¢, Bpems oOcnemnoBa-
HUS OTAENBHO KaXknoro oonexra B teuenne 10 mud. B xa-
YECTBE MOJIMKHUTEIHFHOW PEaKIuu 00CIIeIOBaHUsT 00bhEKTa
CUMTANIM LIEJICHAPaBIEHHOE MPUOIMKEHHE HOCA KHUBOT-
HOTO K OOBEKTY Ha PAacCTOSHHE 2 CM MJIM MeHee. B cBs3u ¢
TEM YTO B JAHHOM TECTE HAOJIOIAIOTC 3HAYNTEIbHEIC MH-
JIMBUJTyalTbHBIC PA3JINYMsl BpEMEHHU 00CIIeIOBaHUS O0BEK-
TOB, BBIYHCIISIIN MIPOLIEHT BPEMEHH 00CIeI0BaHUS O0BEK-

Ta B HOBOM JIOKAaJIM3AIMHK U151 KAXKJI0W MBILIH 110 (popMmyIie
T (B %) = tHn/(tWn + tHn) - 100, (Hn — HoBas nokanu3a-
uusi, in — u3BectHas nokanuzanus). 3a 100 % npuxHuma-
mu oOmiee Bpems, 3aTpau€HHOE Ha o0OcjeqoBaHUE IBYX
00bekToB. JlanbHelyro 00paboTKy pe3ynbTaToB MPOBO-
JIWIN C UCTIOJIb30BaHUEM 7-TecTta CThIOEeHTA.

MN3yyenne pagmonurangHoro cws3biBaHus Ha NMDA
pernenTopax MpoBOAWIN coriacHo Meroay [ 18] ¢ moaudu-
KausiMM. VICronb30Baid MEUEHHBIH TPUTHEM TU3OLIMI-
IUH C yaenbHo# akTuBHOCTHIO 210 Kropw/mons. Mem0-
paHHBIM npenapar A pajuoIUraHAHOTO aHaju3a roTo-
BUJIH 110 MeTony [14].

B pabote ObuM HCIIONB30BAHBI CIEAYIOLINE BEIIeCTBA
(tabn. 1): coemunenus [P5051, 1P9268 u 1P9040 Gbun
CHUHTE3MPOBAHBI B JIaOOPATOPUU CHELMATBHOTO OpraHnye-
ckoro cunre3a UDAB PAH. IIpenapar numeOoH ObLI 110-
aydyen ot npousBoaurens OAO “Opranuxa” (HoBokys-
HelK). MeMaHTHH U AU30LMIIHNH 3aKyIUIEHBl B KOMIIAHUN
“Sigma”.

PE3YJNbTATbI U UX OBCYXXAOEHUE

Bbu1o M3y4eHo BIUSHHUE MPOWU3BOIHBIX AMKINYECKUX
M30THOMOYEBHH Ha aMIUIUTYyly TokoB AMPA penentopos
B HellpoHax IlypkuHbe MO3keuka KpbIC. DKCHEPUMEHTHI
MIOKA3aJIi, YTO COCIUHEHHS C PA3HOM CTEMEHBIO d(dek-
THBHOCTH NOTeHIMpoBanu Toku AMPA-penientopos.

Ha puc. 1 uzo0OpaxeHno neicteue AuMeOOHA M MIPOU3-
BOJHBIX AIUKIMYECKUX HM30THOMOUYEBUH Ha Toku AMPA-
peuentopos. JleiictBue coequnennit IP5051 u IP9268 xa-
PaKTEpU30BajIOCh PE3KO BBIPAKEHHBIM POCTOM OTBETOB

Ta6nuua 1. CprKTypbl NMPOU3BOJAHBIX AUKIHYECKUX U30THOMOUYEBHUH U MPENnapaToB CPaBHEHUA
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Puc. 1. [leiictBue nuMeO0Ha M MPOM3BOIHBIX AIIMKIMYECKUX H30-
THOMOuYEBHH Ha Tok AMPA-penentopos

a — pneiicteue coequnenuit IPS051 (/) u IP9268 (2); 6 — numebona (3) u
1P9040 (4 ) na KK-BbI3BaHHBIE TOKH B HeiipoHax [TypkuHbe MO3KeUKa KPBIC.
ITo ocu abcumce — gorapum KoHIEHTpauuii Bemects B Moisix (lg, M), no
OCH OpJMHAT — IIPOLCHT aMIUIUTY/bI OTBETOB 110 CPABHEHHIO C KOHTPOJIb-
HbIMM 3HaYeHUsAMH. KoHTposb B34T 32 100 %.

AMPA -penienitopoB Ha anmtukanuio KK, HaunHas ¢ koH-
nenTpanmu BemiectB 1| MkM (puc. 1, a).

JeiicTBue nuMeO0Ha Ha TOKM, BbI3BAHHBIE aKTUBALMEH
AMPA -petienitopoB KK, xapakrepnszoBasioch Kymmosio00-
Pa3HO 3aBUCUMOCTBIO ¢ MAKCUMYMOM (IpuMepHO 155 %
OT KOHTPOJIs) B oOacTu koHeHTparmii 0,5 — 10 MxM [1].
AHaNOTNYHYI0 KOHIIEHTPAIIMOHHYIO 3aBUCUMOCTH IPOsi-
Buio BemiectBo 1P9040, sddexkr KoTOporo Ha OTBETHI
AMPA-peLiennTopoB TakXke XapaKTepU3yeTCsl MaKCUMY-
MoM (okomo 145 %) mnpu xoHueHtpauun 0,5 MkM
(puc. 1, 0).

MeMaHTHH U AU30LMINNH HA TOKH, BbI3BAaHHbIE aKTH-
Banneit AMPA-perienTopoB, He JIeHCTBOBAJIN.

C. O. bauypun u ap.

IIpoBeneH cpaBHHUTENBHBIM aHAIM3 JECHCTBUS IPOU3-
BOJHBIX AIMKINYECKUX U30THOMOYEBHMH M psla MOJAEIb-
HBIX BEUIECTB (IM30LMINHUH, MEMaHTHH, U(EHIPOIHII, TH-
MeboH) Ha NMDA-penentopsl. beiio onpeneneHo Bius-
Hue BeuiectB Ha NMDA-akTuBUpyeMble TOKH, a B
SKCIEPUMEHTAaX 10 CBA3BIBAHMIO — BJIMSHUE BEIIECTB Ha
BbITecHeHne [*H]au301MIN1Ha U3 CHHANTHIECKUX MEMO-
paH U3 TUIIIOKAMIIA KPbIC.

Ecmu cpaBauTh Oitokamy NMDA penentopoB, KOTOPYHO
OCYIICCTBIISIFOT TU3OLMIIITAH U MEMAaHTHH, TO UX OTIINYHE
3aKJIFOYACTCS B TOM, YTO JM3OIMIITUH TIPOYHO CBSI3bIBACT-
Ci C YYacTKOM BHYTPH OTKDPBITOTO HOHHOTO KaHaja
NMDA-penientopa u 04eHb MEJJICHHO TOKHIAET €r0 He-
3aBHCHUMO OT YPOBHS MEMOPAHHOTO TIOTSHIINATA U OTKPbI-
TOTO WJIM 3aKPBITOTO COCTOSIHUSI HOHHOTO KaHasa. MeMaH-
THH TaKXe CBSI3bIBAETCS C yYACTKOM BHYTPHU HOHHOTO Ka-
Haga NMDA peuenrtopa, HO JIETKO MOKHIAET €ro MpH
JISTIONISIPU3AIH, €CIM MOHHBIA KaHasl OTKPHIT [8]. DTO
MIPOSIBIISICTCSI, B YACTHOCTH, B TOM, YTO OTMBIBKA OJIOKUPY-
JOIIEro ACHCTBUS TU30IIIIIHA TPEOyeT B 2IEeKTpOopH3no-
JIOTHYECKOM IKCIIEPUMEHTE JIECATKOB MUHYT, @ MCMaHTHH
oTMbIBaeTcsl B TedeHune 2 — 3 MuH. OTMBIBKA yCKOpPsIETCs,
€cIu ee comnpoBOXKaaTh anruinkanuer NMDA, Boi3biBaro-
IIETO OTKPBIBAaHHE MOHHOTO KaHaJa.

VYeraHnosieHo, 4To coenuaenne 1IP9040 Bo Bcex uccie-
JIOBaHHBIX HEHpPOHAX KOpbl OonblIoro mosra (n =7) Ono-
kupyer NMDA-akTuBupyemble TOKH, NPUYEM YpPOBEHb
OyoKajbl HEe 3aBHCEN OT aMIUIMTYIBI TOKOB. JTa O10Kaaa
ocymecTBisuiack coequHenreMm [P9040, naumnas ¢ HU3-
KHUX KOHIIEHTpaLWH, U JEMOHCTPUpOBaia KOHLEHTpAIH-
OHHYIO 3aBUCUMOCTb. bbuto onpeneneno 1Cy, qis coequ-
Henus I1P9040: ona cocrtasuma 0,8+0,2-10-°M. Or-
MBIBKA B TE€YeHHE 2 —3 MUH MPHUBOIUT K IOJHOMY
BOCCTAHOBJICHHIO aMIUTUTYIbl OTBETOB. B HalMx sKcre-
puMeHTax MeMaHTHH u coenuHeHue [P9040 ormbiBamuch
OJMHAKOBO OBICTPO, B TeueHue 2 — 3 MuH. CrenoBareib-
HO, MOXHO MpeanonoxuTb, uyto [P9040 Onokupyer
NMDA penentop nomoOHO MEMAaHTHHY IO MEXaHH3MY
OBICTPOI JUCCOIMALMU C BHYTPUKAHAJIBHBIM Y4YacTKOM
peuenropa.

JeiictBue mumebona Ha NMDA-penentopsl ormucano
Hamu panee [1]. B wactHocTH, ycTaHOBIE€HO, YTO qUMe-
0OOH B YacCTH HEHPOHOB KOPHI OOJBIIOTO MO3Ta KPbIC BbI-

Tabnuia 2. Meiicrue Bemects Ha NMDA-peientopsl, onpeaejeHHoe B 31eKTPOMU3HO0IOTHYECKHX IKCIIEPUMEHTAX U B ONBITAX 1O CBA3bIBA-

HHIO C UCMOJIb30BAHMEM MEYECHHOI0 TPUTHEM AU3OLUINMAHA

Briokaga NMDA-penientopos
(y4acToK CBs3BbIBAaHUS

brnokana noHHOroO KaHaua
NMDA-peuenTopos

Bnoxaz{a WOHHOTO KaHaia

NMDA-peuentopos 1o NMDA-penentopsr,

CBA3BIBAHUC C YHYaCTKOM

Coenunenune uennpoma) 10 MEXaHU3MYy OBICTPOIi MeXaHHU3My MeJUIEHHOH IM3OLMIIHEA
ICcn. lo M (D ’ nucconuanuu, 1Csg, nucconuanuu, 1Csg, ICsp. 1o M C’

50, Ig M (30) le M (90) lg M (9) 50, 1g M (CB)

IP5051 0,4-107° - 23.10°° 21,1 - 1076
1P9268 - - >30-10°° 94 .10
IP9040 - 0,8-10°° - 0,71 - 10~°
JTume60H 7,7-10°° - 73 -10°° 90-10°
MemanTun - 1,4-10°° - 0,18 -10°°

Ipumeuanue. D — 271eKTPOGUHOTOTHICCKUE IKCIEPUMEHTBI, CB — CBA3BIBAHMKE; (-) BEILICCTBO HE ICHCTBYET.
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3bIBaeT Onokagy NMDA-peuentopoB B HU3KUX KOHLIEHT-
panMsax U BO BceX HelpoHax — OJIOKaay B BHICOKHUX KOH-
neHtpanusx. Ha xadenpe opranmdeckoit xumum MIY
OBUT MIPOBEICH CPABHUTEIBHBIN aHAJM3 PE3ylbTaToB J0-
KuHra guMmeboHa u crnenuduuecknx aurangos NMDA-
perenTopa Ha pa3IHyYHbIe YYacTKH CBsi3biBaHus. [loka3za-
HO, YTO JUMEOOH MOXKET B3aMMOJCHCTBOBATH C ABYMS
ydyactkamu cBsi3piBanuss NMDA-penienitopa, a UMEHHO, C
YYaCTKOM CBSI3bIBaHUS H(QEHIPONUIIA, PACIIOIOKESHHBIM
Ha NR2B cy6seqununie NMDA-penentopa, 1 ¢ y4acTKOM
cBs3bIBaHms au3orminuHa [3]. ComocraBineHne moiayyeH-
HBIX JaHHBIX C pe3ylbTaTaMu JOKUHIA IO3BOJIMJIO Cle-
JIaTh TPEAINOIOKEHNE, YTO B HU3KUX KOHLEHTPALHUIX U~
MeOOH CBSI3BIBAETCSI C YYACTKOM CBS3BIBAaHHUSA U(DEHIPOIH-
Ja, a B BBICOKMX KOHLEHTpalUsIX — C Y4YacTKOM
CBA3BIBAHMS AM3OLMIIMHA, PACHOJIOKEHHBIM B HOHHOM
kanaie NMDA-penenropa [1].

YeranoBneno, 4ro coeamHenne IP5051 Omokumpyer
TOKHM, BbI3bIBaeMble akTmBanmein NMDA-penentopos B
HelipoHax kopsbl. 1o crenenn uyBcTBUTENNEHOCTH NMDA -
aKTUBHPYEMBIX TOKOB K jeiictButo [PS051 u xapaxrepy
BBI3bIBAEMON MM OJIOKaJbl HCCIEIOBAaHHBIE HEUPOHBI
KOpBI OBLIHM pa3jielicHbl Ha 2 Tpymiibl. BaxkHONH 0CcOOEHHO-
creto aevictust IP5051 B Heliponax | rpynmsl (n = 5) siBu-
JIOCh TO, 4TO OHO OoJiee 3PPEKTUBHO OJIOKUPOBATIO TOKH
Oosbliel aMIUTUTY/bl. J{J1s1 MakCUMallbHBIX TOKOB B Ha-
mux skcnepumenTax 1Cgy=0,4 £ 0,15 MxM, 1 MuHU-
ManbHbIX TOKOB ICs,=2,1+0,4 MkM. Bemuuunsr 1Cy,
pa3nuyaroTcs MpUMEpHO B 5 pa3. B HelipoHax 2 rpymnisl
(n=13) coeaunenue IP5051 BBBBIBaNO OJOKATY
NMDA -akTHBHPOBaHHBIX TOKOB B 00Ji€€ BBICOKHX KOH-
nenTpanustx (IC5, ~ 23 MxM). Xapakrep Onokupyromero
JIEHCTBUSA B 9THUX HEHPOHAX TAKXKe CYIIECTBEHHO OTIINYal-
cs ot geiicrBus IP5051 B Heliponax 1 rpynnsl. Bennuuna
onokupyroniero 3 ¢dexra B HeWpoHaX 2 TPYIIbI HE 3aBH-
cena ot amruuTyibl NMDA -akTHBUPOBaHHBIX TOKOB.

IlomyyeHHble pe3yabraTbl YKas3blBalOT Ha TO, 4YTO
IP5051 narndupyer NMDA-penentops! B Heliponax 1 u 2
IPYNIBl 0 Pa3inYHbIM MexaHu3MaM. CpaBHHUTENbHBIN
aHanm3 gaedctBus [IP5051 m nurepaTypHbIX JaHHBIX IO
JieficTBUIO psifa aHTaronnctoB NMDA-penentopos mnoka-
3p1BaeT, 4to 3¢dext IP5051 Ha Helipons! 1-# rpynms! ana-
JIOTHYEH JICHCTBUIO M(EHITPOINIIA, KOTOPBIN, KaK U3BECT-
HO, OJIOKHPYET Y4aCTOK CBSI3BIBAHHSI, PACIIONIOKCHHEIN Ha
NR2B cyobenunuiie NMDA-penentopa [11]. Paznuna B
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Puc. 2. CpaBaenue Onokupyromero aeictsust coenuaenust [P5051
Ha Toku NMDA-penientopos B HeiipoHax 1 rpymnisl 1 npeHnpoania
Ha Toku NR2B-conepxanmmx NMDA-penentopos (u3 [11]).

1 — manbie Toku (BeI3bIBacMbIe anrtukaipeid 50 MkM NMDA st
au 10 MkM s 6 ); 2 — Ooublne TOKH (BBI3bIBAEMBIC ATIIIHKA-
nueit 10 MM NMDA st @ u 100 MxM muis1 6 ). ITo ocu abciuce —
norapudm koHIeHTpaun Betects — [P5051 (a ) u ndpenmpomuna
(6) B MKM, 10 OCH OpAMHAT — BEIMYHHA OJOKUPYIOLIETO ICHCTBHS
coeaMHeHMs B porieHTax. [lomHas 6imokana — 100 %.

3HaueHusX ICs), MoiydeHHass NpU H3Yy4YEHUM OJ0KaJbl
UGEHIPOIUIOM OOJBIINX M MAJbIX TOKOB, TAKXKE OKa3a-
nacb paBHa 5 (0,17 u 0,85 MmxM, coorBercTBeHHO) [11],
KaK ¥ B HalllUX HKCIIEPUMEHTaX. DTO JaeT OCHOBAHUE CUM-
tarhb, 4yTo IP5051 B Heliponax | rpymnmsl Taxke AeHCTByeT
Ha YYaCTOK CBSI3BIBaHUS H(DEHIIPOIMIIA, PACIIOIOKCHHBIN
Ha NR2B cyowenununie NMDA -petienitopa (puc. 2).

B neiiponax 2 rpynmsr IP5051 cBsizpiBaeTcs, mo-Bun-
MOMY, TOJBKO C YYAaCTKOM CBSI3bIBAHMS IH3OIMIINHMHA B
nonHoM kanaie NMDA-penentopa. B nonb3y mgaHHoro
MIPEITOJIOKECHHS TOBOPHUT JUTHTENIbHOE Bpems (12 — 17 mu-
HYT) OTMBIBKH, HEOOXOIUMOE I BOCCTAHOBJICHUS aMII-

Tabnuua 3. BansiHue BeliecTB HA MAMATb JKUBOTHBIX B TeCTe “y3HABaHUS 00bEKTa B HOBOI1 JIOKaau3anuu”’

IP5051 1P9268

1P9040

JlumeOoH MemaHTuH

Hosa, mr/kr tHin > tha (p) Jo3za, mr/kr tHa > tWn (p) Josa, mr/kr tHu > thn (p) Hosa, mr/kr tHin > thn (p) [losa, mr/kr tHa > tWin (p)

0,05 p=0,02 0,1 p>0,08 0,1
0,1 p=0,01 0,5 p>0,07 1
0,5 p=0,051 1,0 p>0,05 2
1,0 p>0,07 5,0 p =0,004 5
- - 10,0 aTakcus -

p=10,048 0,01 p <0,04 0,1 p>0,05

p=10,003 0,05 p=10,008 0,5 p>0,05

p>0,07 0,1 p =0,002 1 p>0,05

p>0,09 0,15 p <0,05 2,5 p<0,05
- 0,25 p>0,06 - -

Ipumeuanne. J0CTOBEPHOCTh Pa3IMuii MEX Ly BpeMeHeM o0ciieioBaHus 00bekTa B n3BecTHO# (Mo1) u HoBoit (Hot) nokann3anmsx He TeCTHPOBAJIOCh.




10

Tyl NMDA-akTUBHPYEMBIX TOKOB IPH NPUMEHEHUU
IP5051 B 6onpmx koHueHTpanusx (20 — 30 MxM), nmoutu
TaKoe e, KaK U B Cllyyae MpuMeHeHHs qu3ouminuHa. He-
cMoTpst Ha sddexTuBHyt0 6mokaxy NMDA-penentopos,
coeaunenue IP5051 B mo3ax mo 5 MI/KT, Kak OBLIO ITOKa3a-
HO paHee, yiyuliaeT o0y4eHHe U MaMATh Y SKCIIepUMEHTa-
JILHBIX JKUBOTHBIX, HE BBI3bIBast MOOOYHBIX 3PdekToB [S].

ITomyuyeHHble pe3yabTaThl 0 AEUCTBUIO CUHTE3UPOBaH-
HBIX TIPOM3BOIHBIX M30THUOMOYEBHHBI U MOJICIIBHBIX TIpe-
napatoB Ha NMDA perenitops! ipuBe/ieHb! B Ta0II. 2.

Bce mpousBonHBIE AlMKIMYECKUX H30THOMOYEBUH, a
Tak)ke TUMEOOH U MEMaHTHH M3YYCHBI B MOBEJICHYECKOM
TecTe “‘y3HaBaHHUS HOBOM JIOKAIM3alMU O0BEKTa .

YcTaHOBIEHO, YTO MPHU TECTUPOBAHUM depe3 48 4 1mo-
Clle€ TPEHUPOBKHM KOHTPOJIbHBIE KMBOTHBIE 3aTpauydBaroT
Ha o0ciieqoBaHue 00BEKTA B U3BECTHON UM HOBOM JIOKAJIM-
3alUU OJMHAKOBOE KOJIMYECTBO BPEMEHH, T.€. OHU BOC-
MIPUHAMAIOT OOBEKTHI B 000MX MecTaxX Kak HOBBIE. Pe3ymb-
Tarel BaUsHHUSA coeauHeHuin IP5051, 1P9268, 1P9040 u
MpenapaToB CpaBHEHUS Ha yBEIWYCHHE BPEMEHH 00cCie-
JoBaHME OOBEKTa B HOBOH JIOKAJIM3AIIMU IMPHUBEICHHI B
Tabn. 3. XOTsl Bce MCCIENOBAHHBIC BEIIECTBA TPOSBUIH
CIOCOOHOCTH CTUMYJIHPOBATh MTaMSTh B TECTE “‘y3HABAHUS
HOBOH JoKanmu3anuu o0bekTa”, uX 3(PQeKTHBHBIC O3B
pasnmuyanuck 6onee yem B 200 pas.

AHanmu3 TaHHBIX, PEICTABICHHBIX B Ta0M. 4, MOKa3bI-
BAET, YTO BJIMSHME BELECTBA HA NMaMSATh )KUBOTHBIX TPYI-
HO OOBSICHUTB, €CIIM YUUTHIBATH TOJIBKO €r0 JCHCTBHE Ha
OJUH U3 NOATUIIOB MOHOTPOIHBIX IIyTaMaTHBIX PELENnTo-
poB. Jume6on, IP5051 u [IP9040 He TONBKO TOTEHIUPYIOT
AMPA-penieniTopsl, HO  OJHOBPEMEHHO  OJIOKHUPYIOT
NMDA -penientopsl 1o 0JHOMY U3 AByX MexaHu3moB. Co-
enuaenne [P9268 B Tex jke KOHIEHTpAlMsX, YTO H
IP5051, outu cTob ke 3PPEKTUBHO MOTECHIIUPYET TOKH
AMPA-penientopoB. OnHako oHO He OiokupyeT NMDA-
peLenTopsl B HU3KUX KOHLEHTPALMX, a TOJIBKO Y4acCTOK
CBA3BIBAHMS JM3OLMINMHA B BBICOKMX KOHIIEHTPALUAX.
Ero >(pQeKkTHBHOCTP KaK CTUMYJSITOpPa KOTHHUTHBHBIX
¢GbyHkui cymectBeHHo Hike, yeM IP5051. CoenuHenne
[P9040 morennmpyer Toku AMPA-penenTopoB HE OYCHb
CYLIECTBEHHO — MakcuMyM 150 % OT KOHTpoJIsi, HO IIpH

C. O. bauypun u ap.

atoMm Onokupyer NMDA-penentopsl moJo0HO MEMaHTH-
HY — 10 MEXaHU3MY OBICTPON JUCCOLMALMH C BHYTPHKA-
HaJIbHBIM y4yacTkoM penenrtopa. [P9040 ymydmaer namMars
JKUBOTHBIX B HU3KHX J103aX. J{UMeOOH MOTeHIUpYyeT OTBe-
Tl AMPA-penientopoB He 04eHb 3HAYUTEIBHO U OIHOBpE-
MeHHO Onokupyer NR2B coxpepkamue NMDA-penento-
PBl B HU3KHX KOHIIEHTpaUUsAX. MEMaHTHUH TOJIbKO OJIOKH-
pyer NMDA-peuentopsl MO MEXaHU3MY OBICTPOM
JIUCCOLIMALIMU C PELEITOPOM B HHU3KHX KOHIEHTPALUAX.
TeM He MeHee B TOBEJACHYECKUX IKCIIEPUMEHTAX TUMEOOH
VAyYIIaeT MaMsATh B OUY€Hb HU3KHX J/103aX, TOI/Ia KaKk Me-
MaHTHH JIEHCTBYET TOJBKO B CYIIECTBEHHO OoJiee BBICO-
KHX J103aX.

Taknum 06pa3oM, MOJKHO 3aMETHTh, YTO €CIIH BEIIECTBO
TOIbKO  noreHuupyer  orsetel  AMPA-penenropos
(IP9268) mnu tonmpko OnokupyeT Toku NMDA-penento-
POB (MEMaHTHH) MO0 MEXaHU3MY OBICTPOH AMCCOIHAITIH C
BHYTPHUKAHAIBHBIM YYaCTKOM PEIeNTopa, TO OHO yITydIIa-
€T TIaMATh KUBOTHBIX, HO €T0 JCHCTBYIOIIHE T03bI JOCTa-
TOYHO BeJIMKH. EciM BelecTBo NoTeHIUpyeT oTBeThl AM-
PA-penienitopoB  (IP9040) u omHOBpeMeHHO OIOKHpYyeET
Tokn NMDA-penenTopoB 1o MeXaHU3My OBICTPOH TUCCO-
[IUAIMH, OHO YITy4IlIaeT MaMsTh KUBOTHBIX B HU3KHX JI0-
3aX ¥ B UIMPOKOM JMana3oHe /103. Takylo K€ KapTHHY Mbl
HaOJIFoaeM, €M BEIIECTBO MOTEHIUPYeT oTBeThl AMPA-
pELenTOPOB U OJHOBPEMEHHO ONoKHpyeT Toku NMDA-
perenTopoB, KoTopble coaepkar NR2B cyObenuHHIbD
(IP5051, nume6oHn).

OTH pe3ynbTarhl COIIACYIOTCA C MPHUHATOW Ha Cerof-
HSIITHAN TeHb KOHIETIIIUEH O PONU Pa3IHIHBIX TUIIOB OI10-
kajel NMDA-penientopoB B MexaHu3max mamstu. M3Be-
CTHO, 4TO Onokaga NMDA-penenTopoB KOHKYpESHTHBIMA
antaronucramu tuna APS, AP7, CPP unu HekoHKypeHT-
HBIMH aHTaroHHCTaMU — IH3OIMIITHHOM, (hEeHIUKIHIH-
HOM, KOTOpBIE JEHCTBYIOT Ha YYacTOK CBSI3bIBAaHUS JTU30-
LWINKMHA, BBI3BIBAIOT CYLIECTBEHHOE YXYyIIIEHHE KOTHH-
TUBHBIX (yHKIMA W mamata [17]. B To ke Bpewms
CpPaBHHUTENHLHO HENABHO IMOKa3aHO, 4yTo Omokama NMDA-
PELENTOPOB O THITY OBICTPOI THCCOMUANINH C BHYTPHUKA-
HaJIbHBIM Y4YacTKOM perenrtopa (Kak 3TO JIelaeT MeMaH-
THH) BBI3bIBAET yiyulleHue namstu. HemaBHO mokasaHo,

Ta6nuua 4. Bausinue BemectB Ha AMPA- 1 NMDA-penentops! 1 Ha NaMaTh JKMBOTHBIX B TeCTe Y3HABAHUS 00BHEKTA B HOBOM JIOKAIM3AIMI

(YHJIO)
ITorenuunanus AMPA-penentopos DddexTuBHbIC 1035,
Coenunenue (Maxc % K KOHTPOJIIO), %K}EEXI?M 6)1110T1<a111>}13 ylIyullarolue naMsaTh
B KoHIeHTp. (Ig M) pemnenTopo B Tecte YHJIO, mr/xr
IP5051 5-1077=5-1073% (1050 %) Heiicteue Ha yuacTok NR2B cy6s- 0,05-0,5*
E€IMHHUIIBI
1P9268 1-10°6=3-103(770 %) He neiictByer 5,0
1P9040 3-1078-107°(148 %) BricTpas auccoumnanus ¢ BHyTpHKa- 0,1 -1,0
HaJIBLHBIM yYaCTKOM
JlumeboH 2.10°7=2-.10°53 (170 %) [etictBue Ha yuyacTok NR2B cy6sb- 0,01 - 0,15
€JIMHUIBI
MemaHnTuH He neiictByet bricTpas quccouunanus ¢ BHyTpUKa- 2,5

HaJIbHBIM Y4aCTKOM
Ipumevanun. J{o3a 0,5 Mr/Kr HaXOAWTCsS Ha TpaHuue gocrosepHocTH (p =0,51). BeimencHs! coenuneHns, Gonee >GQEKTHBHO BIMAMOMINC HA [aMSTh

JKMBOTHBIX.
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Puc. 3. Coenunenus ¢ “IBOHHBIM~ MEXaHU3MOM JACHCTBUS HA IIyTaMaTHBIE PELIENITOPHI B YCIOBUAX 00Je3HH AJblreiiMepa WiK APyroro
CHIDKCHUSI KOTHUTHBHBIX (DYHKIIMH TPH YBEJINYCHUH CHHANITHYCCKOTO “IIyMa’ M CHIDKCHUU OTHOCHTELHOU BEJIMYMHBI “TIOJIE3HOTO CHIHA-

i)

jJa-.

1 — Gnokazia “nryma” MEMaHTHHOM, 2 — MOTEHIMAINS OTBETa “4uCThIM” moTeHuuaTopom AMPA-penienTopoB (+ noreHmanus “uryma’”), 3 — BIUSHUE Be-
mects [P9040, IP5051 wnn numeboHa: noreHnuanus orsera AMPAP + Grokaza “nryma” NMDAP. [Ipe — npecunantidecknii Heiipor, [Toct — nocTcuHan-
THYeCcKuid HelpoH. [y — meaunarop nryramar. AMPAP u NMDAP — coOTBETCTBYIOIINE PELETITOPHI.

yTo W aHTaroHucTel NR2B peuentopoB Takke MOTyT
yITydIIarh MaMsTh )XUBOTHBIX [ 10].

MexaHu3M JBOHHOTO (MYJIBTUTAPTE€THOIO) AECUCTBUS
Ha DIyTaMmaT-HeHpoMeaMaTOpHyI0 Iepenadyy MOXKHO Ipo-
WJUTIOCTPUPOBATh CXEMOW, TpEACTaBIeHHOW Ha puc. 3.
Kak 0but0 mpemnonoxeHo B padorax C. G. Parsons u co-
aBT. [15], KOTHUTUBHO-CTUMYNUpyOIWi dpdexT Meman-
THHA OOBSICHACTCS €r0 CIIOCOOHOCTHIO CHUKATh ‘‘IIyMO-
BON” CUTHaJ, UMEIOIIMNA TEHJEHINIO K HEYNpaBIsIeMOMY
pocTy mpH HEeWpoaereHepaTHBHbBIX 3a00JeBaHUsX, CTape-
HUM U TPU PaA3IUYHBIX MAaTOJOTHMYECKUX COCTOSHHUSX
IHC, cBsi3aHHBIX CO CHHYKEHHEM dHEPreTUYECKOTo CTarTy-
ca HelpoHoB. Ha puc. 3 3TOT MEXaHW3M WILTIOCTPUPYET
cxema 1.

JleticTBrE MO3UTUBHBIX MOIYISITOpOB AMPA -pererito-
poB (Hampumep, AMPAKHHOB), CIIOCOOHBIX TOTCHIIUPO-
BaTh OTBEThl Ha IUIyTamarl, YCHWJIMBAET I1OJIE3HBIH CUTHAI,
HO TaK)Xe IIPU 3TOM, BEPOSITHO, YBEIUUUBAET U aMIUIUTYLY
“nryma”. Bo3MOXKHO, IMEHHO C 3TOW NPUYUHOMN CBSI3aHO
OTCYTCTBHE 3aMETHOTO TeparneBTHYeckoro 3¢pdexra AM-
PAKMHOB B KIMHUYECKHUX HCIBITAHHUIX. DTOT CIlydail Wi-
mocTpupyer cxema 2 (puc. 3).

Bo3moxxHBIN MexaHu3M JeictBus coeaqunenuii [IP9040,
IP5051 nnu aumeboHa WLTIOCTpUpYeT cxema 3 (puc. 3).
OTH BeleCTBa YMEHBIIAIOT YPOBEHb “IiIymMa’ 3a cueT 0J10-
KaJapl MOHHOro kaHama NMDA-penenropa win 3a cyet
omoxanel NRZB CyOBEIMHUI], HO TaKXe yCHUJIMBAIOT TIO-

JIE3HBIN curHanm 3a cueT noreHuuaruu AMPA-penenTo-
poB. B pesynasrare 3(PQEKTHBHOCTh  COCAMHEHUM
“IBOMHOrO” EHCTBUA B YIyUIIEHUH KOTHUTHBHBIX (DYHK-
Ui, 0COOCHHO TIPU HEHpOJereHepaTHBHBIX 3a00JICBAHH-
SIX, OKa3bIBAETCsI CYLIECTBEHHO BBIIIE, YeM JCHCTBUE Me-
MaHTHUHA WU JIPYroro ‘‘dumctoro” moreHimaropa AM-
PA-peuenTopos.

BblBOA

Tlouck u co3naHue BEILIECTB, COYETAIOIINX CBONCTBA
noreHnmatropa AMPA-penienitopoB 1 6iokatopa NMDA-
penentopoB (neiicTByromero Ha NR2B cyObemuHHIIbI WiH
Ha MOHHBINA KaHaJ [0 MEXaHU3MY OBICTPOH AHUCCOLUAINN
C BHYTpHKaHAJIBHBIM ydacTkom NMDA-perenTtopa), siB-
JsIeTCsl HOBOU cTparerueil cosnanus 3¢ ¢eKTUBHBIX HEil-
POIPOTEKTOPOB M CTHMYIISITOPOB KOTHUTHBHBIX (DYHKITHIA
MIPU HEUPOJIETeHEPATUBHBIX 3a00JICBaHUSIX.

Pabora BBIMONHEHAa YaCTUYHO MPU (PHHAHCOBOH MOJ-
nepxke rpanta POOU 07-03-00700 u Ilporpammer PAH
“DyHIaMEHTaIbHBIC HAYKU — MEIUITUHE .
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SIMULTANEOUS AMPA RECEPTOR POTENTIATION AND NMDA
RECEPTOR BLOCKADE AS STRATEGY FOR CREATING EFFECTIVE
STIMULANTS OF COGNITIVE FUNCTIONS

S. 0. Bachurin', V. V. Grigor’ev1, B. K. Beznosko', A. V. Bolkunov',
G. I. Kovalev?, and A. N. Proshin’

! Institute of Physiologically Active Compounds, Russian Academy of Sciences, Chernogolovka,
Moscow oblast, 142432, Russia

2 Zakusov Institute of Pharmacology, Russian Academy of Medical Sciences, ul. Baltiiskaya 8,
Moscow, 125315, Russia

New compounds representing derivatives of acyclic isothioureas have been synthesized, which are capable of simultaneously activating AMPA receptors and
blocking NMDA receptors. In order to produce cognitive-stimulating effect, of principal importance is the pathway of NMDA receptor blockade produced by
the drug. Positive influence is due to the blockade of NMDA receptors either by mechanism of rapid dissociation of intrachannel site or by inhibition of NR2B
subunit of NMDA receptor. Substances that only potentiate AMPA receptor currents or only block NMDA receptors have less pronounced effect on memory
than substances with ability to simultaneously potentiate AMPA receptor currents and block NMDA receptor currents. Based on these results, it is concluded
that the simultaneous potentiation of AMPA receptors and blockade of NMDA receptors may be a new approach to the stimulation of cognitive functions.

Key words: Neurodegenerative disorders, cognitive stimulants, AMPA receptor activator, NMDA receptor blocker





