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BBenenune

OpraHu3sM yeoBeKa U BBICIIHUX )KHBOTHBIX 00JIafaeT psAAOM creiuGpuueckux (pru3HoIorHuecKux
cucteMm, oOeCmeuuBaKOUIUX TMPUCHOCOOIeHHe (aQmanTalunio) K TOCTOSHHO W3MEHSIONIMMCS
YCIOBHUSM CYLIECTBOBAHUA. DTOT MPOLIECC TECHO CBsSI3aH C HEOOXOAMMOCTBIO 0053aTENbHOTO
COXPAHEHUs TOCTOSHCTBA CYHIECTBEHHBIX (PM3HOJIOTUYECKHX MapaMeTpOB, BHYTPEHHEH Cpejibl
OopraHu3sma, (1)H3I/IKO-XI/IMIM{€CKOI‘O COCTaBa TKaHEBOM KUIAKOCTU MEKKIECTOYHOTO MPOCTPAHCTBA.

Cpean roMeocTaTuuecKux MPHUCIOCOOUTETbHBIX MEXaHU3MOB, TIPH3BAHHBIX 3AIIUTUTH OPraHbl U
TKaHU OT UyKEPOIHBIX BELIECTB U PETYJIUPOBATh MOCTOAHCTBO COCTABA TKAHEBOW MEKKIETOYHOM
YKUAKOCTH, BEylLllee MECTO 3aHMMAET reMaTosHuedanrnyeckuii Gapsep.

Tepmun «rematosnuedanuueckuii 6appep» Obl1 npemnoxed JI.C.Ilrepn u P.I'otee B 1921 1.
I'emarosnuedanuueckuit  OGappep (I'DB) mnpuHamIekuT K YUCIy BHYTPEHHUX WU
FUCTOreMaTHYECKUX 0apbepoB KOTOPbIE OTTOPAKUBAIOT HEMOCPEACTBEHHO MUTATEJbHYIO Cpeay
OT/EIbHBIX OPraHOB OT YHHBEPCAJIbHOUW BHYTPEHHEH cpenbl — KpoBH. [ Db — 3TO0 KOMIUIEKCHBII
(bU3HOIOTHUECKUIT MEXaHH3M, HaXOJISIIMKWCA B LEHTPAJIbHON HEPBHOI CHCTEME Ha TPAHUIIE
MEXKAY KpPOBbKO M HEPBHOW TKAaHbIO, W PEryJUPYIOIIHH MOCTYIUICHME U3 KPOBU B
1epeOPOCIMHAIIBHYIO KUAKOCTh U HEPBHYIO TKaHb LHUPKYIUPYIOIIUX B KpoBH BemecTB. I Db
y4acCTBYET B PEryJIMPOBAHUU cocTaBa 1iepedpocnuHaibHoi xuakoctH (LICXK) (Aramkanss H. A.,
Topums, B. U., 2001).

B ocnoBHBIX nonoxkenusx o ['9b moauepkuBaercs cnenyroiiee:

-I'emaTosHIepannueckuii Oapbep sABIsSETCS B OOJIbIIEH CTENEHHM HE aHATOMHUYECKUM
oOpa3oBaHueM, a (QYHKIMOHAIBHBIM MOHATHEM, XapaKTePU3YIOLIUM  OMpPEACICHHBIN
(U3HOTOTHUECKHI MEXaHU3M;

-IIpoHUKHOBEHHE BEIIECTB B MO3T OCYIIECTBIISAETCA IJIaBHBIM 00pa30M He uepe3 JIUKBOPHBIE MYTH,
a yepe3 KPOBEHOCHYIO CUCTEMY Ha YPOBHE KanuIip—HEPBHas KIJIETKA;

-Kak m000i CYILIECTBYIOLLIUMA B OpraHusme (hU3HOTOTHUECKH A MEXaHU3M,
reMaTodHUedanuyeckuii Oapbep HaxXOAMTCS IOJ PEryJupylOLIUM BIMSHUEM HEPBHOH WU
T'YMOPAJIbHOM CUCTEM;

-Cpeau ynpaBnsiouux remarosHuedanuueckum OapbepoM (akTopom, BEAYLIMM SBISETCS
YPOBEHb AEATETbHOCTH U METa00IM3Ma HEPBHOW TKaHH.

1. Oco6ennocTH MOP(OJIOrHYECKOro CTPOEHHUS

Kanumuispsl MO3ra OTJIMYAKOTCSl TEM, YTO SHIAOTENIMATIbHbBIE KICTKH He 00JIaAaloT HU NOPaMH, HU
¢benecrpamu. CocenHue KIETKM YepenuieoOpa3Ho HAaKIaIbIBAlOTCs OJ1HA Ha Apyryio. B oGnactu
CTBIKOB KJIETOK HaxOJiTCs 3aMblKaTelbHblE IUIACTUHKU. basanbHas wMemOpaHa umeer
TPEXCIOHHOE CTPOEHHE M COJEPKHT MaJl0 MEePHUMTOB. [J1aBHOE OTIMYME STOM CTPYKTYpBI-
HaJlMuue INIMaJIbHBIX 3JIEMEHTOB, PACHOJIOKEHHBIX MEKIY KPOBEHOCHBIM COCYOM M HEHPOHOM.
OtpocTku acTpouuToB (HOPMUPYIOT CBOCOOpPA3HbIi GYTISP BOKPYr KAMULIAPA, 9TO MCKIIOYAET
NPOHUKHOBEHHWE BEIIECTB B MO3TOBYK) TKaHb, MHUHYS TIJIMalbHbIe 3JeMeHThl. Mmerorcs
NepUHEePOHAIbHBIE TTIMOLUTHI, HAXOAALIMECS B TECHOM KOHTaKTe ¢ HelipoHamu. B coctaB I'Db
BXOJWUT BHEKJIETOYHOE MPOCTPAHCTBO, 3alOJIHEHHOE OCHOBHBIM aMOP(HBIM BEIIECTBOM
YIJIEBOJHO-0€IKOBOM MPUPO Ikl (MYKOMOJIHUCAXaPUIbl U MYKOTIPOTEUHBI).



2. ®yHkuuHu remMatodHnedanndeckoro dbaprepa

['emaTosHuEehannueckuii 6apbep perynupyeT NMPOHUKHOBEHHE W3 KPOBU B MO3T OHOJIOTHYECKH
AKTUBHBIX BEIIECTB, META00IMTOB, XUMHUECKUX BEIIECTB, BO3IEHCTBYIOIIMX HA YYBCTBUTEIIbHbIE
CTPYKTYpbl ~ MO3ra, TPEMsITCTBYeT TMOCTYIUIEHHIO B MO3T  YY)XEPOJHBIX  BEILIECTB,
MHMKPOOPTraHU3MOB, TOKCHHOB. OcHOBHO#1 (byHKIHUEH, XapaKTepU3yrouieu
reMaTodHue(haTnIecKkuii 0apbep, SABISETCS MPOHULAEMOCTh KIETOYHOH cTeHkHu. HeoOxoaumsiii
YPOBEHb (PU3HOJIOTHUECKOW TNPOHHMIIAEMOCTH, ale€KBATHBIH (PYHKIMOHAIBHOMY COCTOSIHHUIO
opraHu3ma, 00yCJIOBIMBAET JUHAMHUKY MOCTYIUICHHS B HEPBHbIE KJICTKH MO3ra (PU3HOJIOTHYECKH
AKTUBHBIX BEIICCTB.

OyHKIMOHANBHAS cXxeMa reMaTtodHuedannyeckoro Oapbepa BKIOYAaeT B ceOs Hapsay C
TUCTOTEMaTHUECKUM 0apbepoM HEHPOTIIMIO U CUCTEMY JIMKBOPHBIX mpoctpaHcTB (Pocun f. A.
2000). T'mcrorematHueckuii Oapbep MMeEeT ABOMHYIO (DYHKIHMIO: PEryIsSTOPHYIO W 3alIUTHYIO.
Perynsitopras ¢yHkuus obOecrneurBaeT OTHOCHUTEIbHOE TMOCTOSHCTBO (HU3MUECKHX U (DH3UKO-
XMMHUYECKHUX CBOMCTB, XMMHUYECKOTO COCTaBa, (PU3HOJIOTMYECKOW AKTUBHOCTH MEXKKJIETOUHOM
Cpelbl OpraHa B 3aBUCHMOCTH OT €ro (hyHKIMOHAJIBHOTO COCTOSIHUSA. 3aluuTHas (yHKIH
rUCTOTeMaTHUECKOTo 0apbhepa 3aKJII0UaeTCs B 3aLMTE OPraHOB OT NOCTYIJICHUS YY)KEPOIHBIX HJIH
TOKCHUYHBIX BEIIECTB YHJ0- U SK30T€HHOU MPHPOIBI.

Benymum komnoHeHTOM Mopdosiornueckoro cy0cTpara remarosHue-daauyeckoro Oapbepa,
obecrieunBaOUM ero (QYHKIMU, SBISETCS CTeHKa Kamwuiipa Mosra. CylecTBylT [Ba
MeXaHM3Ma MPOHUKHOBEHHS BEUIECTBA B KJIETKH MO3ra: 4epe3 LepeOpoCHUHAIbHYIO KHIKOCTb,
KOTOpasi CIIY’KUT NMPOMEKYTOUHBIM 3B€HOM MEXy KPOBbIO U HEPBHOM WJIM IIMAJIBHON KIIETKOMA,
KOTOpas BBIMOJHAET MUTATEIbHYI) (YHKUHUIO (TaK Ha3bIBa€MbIM JIMKBOPHBIH IMyTh),d Uepe3
CTEHKY Kamuisipa. Y B3pOCJIOro OpraHu3Ma OCHOBHBIM ITYTE€M JIBHJKEHHUS BEILECTBA B HEPBHBIE
KJIETKH SIBJISIETCSI T€MaTOTeHHbIH (4epe3 CTEHKUKAMWUIAPOB); JUKBOPHBIM NyTh CTAaHOBHUTCA
BCIIOMOTATEIbHBIM, JAOTIOTHUTEIBHBIM.

[IponuuaemMocTs remMaTodHLepaTUYECKOro 0aphepa 3aBUCUT OT (DYHKLIMOHAJIBLHOTO COCTOSIHUSA
OpraHu3Ma, CoaepIKaHus B KPOBU MEAUATOPOB, TOPMOHOB, HOHOB. [I0BBILIIEHHE NX KOHLIEHTPALUH
B KPOBM TPHUBOJHMT K CHIDKCHHUIO MPOHHIIAEMOCTH TeMaTo3HUEe(aTHuecKoro Gapbepa i 3THX
BemiecTB. (DyHKUMOHAIbHAs CcHCTEMa remarodHuedanuyeckoro 0Oapbepa MpeaCcTaBIseTCs
BOXHBIM  KOMIIOHEHTOM  HEHpPOTYMOpalbHOW  perymsiumd. B uacTHocTH,  uepes
remMatodHuedanuueckuii Oapbep peanu3yercss NPUHLUUN OOpaTHOW XHMHYECKOW CBSI3U B
opranusme. IMeHHO TakuM 00pa3oM OCYIIECTBIISAETCS MEXaHU3M FOMEOCTaTHUECKO W Peryssiuu
COCTaBa BHYTPEHHEH Cpebl OpraHu3ma.

Perynsinust pyHkuuid remMatosHIealnyeckoro 0apbepa OCYIIECTBIISIETCS BBICIIUMH OTIEIaMHU
IIHC u rymopanbHbIMU (akTOpamMH. 3HAYUTEIbHAS POJIb B PETYJISALUM OTBOIUTCS THIIOTAIaMO-
runou3apHoi aJpEeHaJI0OBOM CUCTEME. B HEWpPOTyMOpasbHO U peryisiuuu
remMatosHuedanueckoro 6aprepa Ba)kHOE 3HAYCHHE UMEKOT 0OMEHHBIE TPOLIECCHI, B YACTHOCTH
B TKaHM Mmosra. [Ipy pasnuuHbIX BUAax LepeOpajbHOW MATOJOrM: TpaBMaX, Pa3IMYHbIX
BOCHAJIUTENIbHBIX TOPAKEHUAX TKAHM MO3ra, BO3HHKAET HEOOXOAMMOCTh HMCKYCCTBEHHOTO
CHIDKEHHSI YPOBHSI TIPOHULIAEMOCTH remartodHiedanuyeckoro Oapbepa. dapmakosoruuecKuMu
BO3JCHCTBUSMH MOYKHO YBEJTUUUTD UM YMEHBIIUTH TPOHUKHOBEHHE B MO3T PA3JIUYHBIX BELIECTB,
BBOJMMBIX M3BHE WM LUPKynupyomux B kpoH ([Tokposckoro B.M., Kopotsko I".®., 2003).



3. TpancnopT BeuwecTB 4epe3 remaTo3Hueda nyeckuii dapsep

I'emarosHueanuyeckuii 6apbep HE TOJBKO 3a/EPXKUBAECT U HE MPOIYCKAET LIEJbIH Psi/i BELECTB
13 KPOBH B BELIECTBO MO3ra, HO M BBINOJIHSAET MPOTUBOMOJIOKHYIO (DYHKLHUIO - TPAHCIIOPTUPYET
HEeoOXoiMMble 1151 MeTaboJIM3Ma TKaHUW Mo3ra BeulecTBa. I'uapodoOHbie BemecTa U MenTHIbI
MPOHUKAIOT B MO3T JIM0O C MOMOUIBIO CMELMAIbHBIX TPAHCIIOPTHBIX CUCTEM, TM00 Yepe3 KaHalbl
KJI€TOYHOU MeMOpaHnbl. 1t G0JIbIIMHCTBA APYTUX BEIIECTB BO3ZMOIKHA MaccuBHas AUPPy3us.

CylecTByeT HECKOJIBKO BUIOB TPAHCHOPTA BEeIECTB uepe3 ' Ob MexKIeTOuHbIH TPaHCHOPT.

B kanunnsipax nepupepuyeckux OpraHoB M TKaHEH, TPAHCMOPT BEILECTB OCYLIECTBISETCS B
OCHOBHOM 4epe3 ()eHeCTpaluu COCYAUCTONH CTEHKM W MEKKIETOUHBbIE MPOMEXYTKH. B HOpMeE
MEKIY KIETKaMU SHAOTEINs COCYI0B MO3ra TaKHe NMPOMEXKYTKH OTCYTCTBYIOT. B CBs3M ¢ 3TUM
MUTATEIbHBIE BEIECTBA MPOHUKAET B MO3T JIMILIb Yepe3 KJIETOUYHYIO CTeHKY. Boja, riuuepus u
MOYEBMHA MOTYyT €BOOOAHO AU((OYHIAMPOBATb uepe3 IUIOTHBIE KOHTAKTBl  MEXKAY
3HAOTeNHanbHbIMU  knetkamMu ['DB. KananmeueBas npoHunaeMocts. Hebousipline mnonsipHsie
BELLECTBA, HAIPUMEP MOJIEKYIIbl BOJBI, ¢ TPYAOM MOIyT Au((yHAMpOBaTh yepe3 ruapodoOHbie
OTIENbl KJIETOYHOW MeMOpaHbl JHOOTENMOLMTa. HecMoTps Ha 3TO J0Ka3aHa BBICOKAS
npoHunaemocts I'S6 mis Boabl. B kinetouHoit MeMOpaHe SHAOTENMOLMUTA PACIOIararoTcs
crieuasbHble THAPO(UIbHBIE KaHAIbl — aKBaNopbl. B aHx0TEMMM nepudepuueckux cocy10B OHU
oOpa3zoBanbl  OenkoM akBamopuHoM-1 (AQPI), okcnpeccust KOTOpPOro  MHrHOMpYeTCs
acTpOLUTaMU B KJIETKax cocyqoB Mo3ra. Ha moBepxHoCTH MeMOpaH KJIETOK KanmuJUIIPHOW CeTH
MO3ra pecTaBieHbl BOCHOBHOM akBanopuH-4 (AQP4) u aksanopun-9 (AQP9). Uepes akBanopsl
NPOMCXOAUT PEryJsilMs COJAepKaHUsl BOABI B BemecTBe Mo3ra. OHM AENaloT BO3MOKHBIM
ObicTpyto 1M Py3uI0 BObI KaK B HAIMPaBJIEHUM MO3ra TaK ¥ B HalpaBJIeHUH COCYAUCTOTO pycia
B 3aBUCHMOCTH OT OCMOTMYECKOTO I'PaJMEHTAa KOHLEHTPALMH 3/1eKTPOauTOB. s riuuepuHa,
MOYEBUHbI M psjia APYTMX BEIIECTB HA MOBEPXHOCTH KIETOYHBIX MeMOpaH (opmupyroTcs
COOCTBEHHBIE KaHAJIbl— AaKBarauLeponopuusl. B 'Db oM npeacTaBaeHsl B OCHOBHOM O€IKOM
aKBaNlOPMHOM-9, KOTOPBIM Takke oOpasyeT akBamopsl. [Ipomecc TpaHcmopTra MOJIEKYJ 4depes
CHELMAIN3UPOBAHHbBIE KaHANbl OCYLIECTBISETCS ObICTpEE AaKTUBHOTO NEPEHOCa C MOMOLIBIO
crelMaNbHbIX OENKOB TPaHCHOPTEPOB. B ToO e Bpemsi pa3nuyHble OMOJIOTMYECKH AKTHUBHBIE
BEILIECTBA MOT'YT aKTUBUPOBATh WM MHAKTUBUPOBATH TPAHCIIOPTHBIE KAHAbI, PACIOJIOKEHHbIE
Ha KJIeTouHbIX MeMOpaHax. CBoboaHas quddy3us. Camoit nmpocToit (opmMoit TpaHCTIOpTa Yepes
I'Db sBnsiercs cBoOoaHas (mnunaccuBHas) Aup@y3us. OHa MOXKET OCYLIECTBIATHCS KaK 4yepes3
KJIETOYHbIE MEMOpPaHbI YHIOTEIHOLUTOB, TAK U YEPE3 MJIOTHbIE MEKKJIETOUHbIE KOHTAKThI. [l
middy3un BelecTs, ABMKYIIEH CUIION ABiISETCs pa3HULAa KOHUeHTpauuit. nddy3us BeuecTs
NPONOPLUOHAIBHA TPAMEHTY KOHLEHTPALMI B KPOBEHOCHOM pycClle M TKaHU Mo3ra. Jlis He€ He
TpeOyeTcs 3aTpaT KJIETOYHON SHepruu. JIMmoQuibHble CTPYKTYpHBIE SIEMEHTHI KJIETOYHOM
MeMOpaHbl, a TaKXe IJIOTHbIE MEXKKJIETOYHbIE KOHTAKTHI CHH)KAIOT KOJIMUECTBO BEILECTB,
KOTOpbIE MOTYT cBOGOaHO AnpdynaupoBath uepe3 ['Db. Ilponunaemocts I'Db Hanpsamy:o
3aBUCHUT OT JIMNO(UIBHOCTH KaXKA0TO KOHKPETHOTO BELIECTBA.

[IponuniaemMocts ['96 Takke 3aBUCUT OT MOJISIPHON Macchl BeuiecTBa. MoJieKyibl ¢ Maccoit 0oiee
500 r/monb He Mmoryr aubdynaupoBath ueped I'Db. B 1o ke Bpems I'Db He sBisercs
MEXaHUUYECKUM 0apbepoM, KOTOPbIH CBOOOAHO MPOMYCKAET MOJEKYIbl MEHBLIETO pa3Mepa U He
nponyckaetr 6osbiuero. [Ipouece knetouHoit AupPy3un sBASETCS AUHAMUYECKUM, TTPU ITOM OH
Jierye JUis BEUIECTB C MOJIsipHOM Maccoit 200 r/monb, yem ans BewectB ¢ 450 r/mousib. Uem
JUno (uIIbHEE U MEHbLIIE BEIIECTBO, TEM Jierye oHO AU GyHAUPYET Yepe3 KIETOYHYI0 MeMOpaHy.
Hemeukum Ouoduszuxkom Tpoitbne I'. B 1971 roay Oblia BbICKa3aHa TMIOTE3a O TPAHCIOPTE
MOJIEKYJI C HU3KO# Maccoit uepes KiaeTouHyto MmemOpany. COorylacHO € OHUM ITPOHUKAIOT B KIETKY



yepe3 HeOOJIbIINE MTPOMEKYTKH MEXKAY LIETSIMHU JKUPHBIX KUCIOT JBOMHOTO €0 MEMOpPaHbl. DTH
NPOMEXYTKA U3MEHUHUBBI, MX 00pa3oBaHue He TpeOyeT kieTouHou anepruu. Teopus Tpoitbne
ObLIa CHIEKTPOCKOTHYECKH JIoka3aHa B 1974 roxay. JlunodunbHOCTh 1 HEOOJIBIIAS MOJIEKYISIPHAS
Macca He SIBJISIFOTCS rapaHTueil nponunaemMoctd DB Juis KaXa0ro KOHKPETHOTO BEIECTBa.
BeicokomonekynspHble cOeMHEHHsI (MOHOKJIOHAIbHBIE AHTUTENA, PEKOMOMHAHTHBIE OENKU U
npyrue) yaepkuparores ['Db.

Ob6neruénnas quddysus.

Oco6oii popmoit nuddy3un yepes KICTOUHYHO MeMOpaHy sBisercs obnerdéHHas auddysus.
Llenbiii psinq HEOOXOMMMBIX [JIsi MO3ra BEIIeCTB, KaK HarpuMep, TJII0KO3a W MHOTHE
AMUHOKHCJIOTBI, TOJISIPHBI M CIHMIIKOM BEJMKH JUIs HENocpeACTBeHHOW nuddy3uu uepes
KJIETOUHYI0 MeMOpaHy. [Iis HMX Ha MOBEPXHOCTH KJIETOYHBIX MEeMOpaH 3HIOTETHOLMTOB
pacnojlararoTcsi  CrielMajbHbIe TPAHCIOPTHBIE cHcTeMbl. Hampumep, Ans TIIIOKO3bI U
ackopOuHoBo# kucaoTel 310 GLUT-1-Tpancmoprép. MX KkONMMUYECTBO HAa TMOBEPXHOCTH
oOpaméHHOi B TMOJOCTh cocyna B 4 pasa Oosblie, yeM Ha oOpaméHHOH kK Mo3ry. Kpome
TPAHCIOPTEPOB TUIOKO3bl HA MOBEPXHOCTH JHAOTENHsS PACMOJIAraroTCsi MHOXKECTBO OENKOBBIX
MOJIEKYJT BBITIOJIHSIOMIKX T0100HYI0 QyHKIHMIO uisi Apyrux Bemiects. Tak, Hanpumep, MCT-1 u
MCT-2 OTBETCTBEHHBI 3a MEPEHOC JlaKTaTa, MUpyBaTa, MEBAJOHOBON KHUCIOTHI, OYyTHPAaTOB H
anieratoB. SLC-7 TpaHCOPTUPYET apTUHUH, JTU3UH U OPHUTHH. B reHoMe mbIu BeisiBiaeHO 307
reHOB OTBevaroKx 3a cuHTe3 SLC-0eaK0B, OTBETCTBEHHBIX 3a 00nerdéHuyo auddysuio yepes
KJIETOUHYI0 MeMOpaHy pas3JIHuHbIX BeEIIeCTB. TPaHCIOPTEPHI MOTYT OCYIIECTBIISATH MEPEHOC
BEILIECTB B OJJTHOM JI0O JIByX HanpaBjIeHUsX. B OTaHuKe OT aKTUBHOTO TPAHCIIOPTA OOJIErYEHHAs
nuddy3ust MPOXOAUT MO TPAAHEHTY KOHLIEHTPALKi 1 He TpeOyeT 3aTpaT KJAETOUHOM IHEPTHH.

AKTHBHBIN TPaHCTIOPT

B oTnauume OT macCHBHOTO TPAaHCMOPTA, HE TPEOYIOLIEro 3aTpaT SHEPrHMHU M MPOXOISILEro IO
rpajMeHTy KOHLEHTpPALUid, aKTUBHbIM 3aK/II0YaeTCsl B MEPEHOCE BELLECTB MPOTHB IpaJveHTa
KOHIIEHTpauuit 1 TpebyeT OOMpIIMX 3aTpaT KIETOYHOM SHEPruu, MOJydaeMOW MpH pacmane
mojekyn AT®. Ilpy akTUBHOM TpaHCHOPTE BELIECTB, U3 KPOBEHOCHOIO pycia B TKaHb MO3Ia,
roBOpAT O mpuToke BemecTBa (auri. Influx), B oO6parHoM HampaBieHHM — 00 OTTOKe (@HTJI.
Efflux). B I'Db pacmosararoTcss akTHBHBIE TPAHCHOPTEPHI dHKe(halInHA, aHTHAUYPETHUECKOTO
rOpMOHa, [D-TIenuumnnamun2, D-Ilenummnamuns |-3HKkedannHa (DPDPE). [lepBbIM
unaeHTuuuupoBanieiM Efflux-rpancrnoprépom I'DB sBnsercs P-rimmkonpoTenH, KOTOpPbIi
3akoaupoBan reHom MDRI.BrnocnenctBuu Oblmv OTKPBITHI, OTHOCsmMics Kk kmaccy ABC-
TpaHcmoptépoB aHra. Multidrug Resistance-Related Proteine (MRP1),anrn. Breast Cancer
Resistance Proteine (BCRP) pacnonoxeHHbIANIPENMyYIIECTBEHHO HAa OOpaLIEHHONW B MPOCBET
cocyza nosepxHoctu.Hexotopsie Efflux- u Influx-TpancnopTépsi
SBJISIOTCACTEPEOCENEKTUBHBIMM, TO €CTh MEPEHOCAT JIMIIb OTMPEACNEHHbIH CTEPEon30Mep
(HaHTHOMEP) TOTO WJIM MHOTO BeuiecTa. Tak, Hampumep, D-uzomep acrnaparmHOBO#M KHCIIOTHI
spisieTcst npekypcopoM N-metun-D-acmapratra (NMDA), koTOpblii BiIHSET Ha CEKpEIUIO
Pa3NUYHBIX TOPMOHOB: JIIOTEMHU3UPYIOIIETO TOPMOHA, TECTOCTEPOHA WM OKCHTOLMHA. L-
M30Mepbl  ACMaparMHOBOM W TJIYTAMHUHOBOW  KHCIOTBI  SBJISAIOTCS  CTUMYJIMPYIOLIMMU
aMHUHOKHMCIOTAaMH M MX HM30BITOK TOKcHueH aiasi TkaHu Mmo3sra. Efflux-tpancmoprép ASCT2
(amanuHCcepuHIMCTENH-TpaHCOpTéP) ['Db  BBIBOAMT B  KpOBEHOCHOE pycio L-uzomep
acrnaparMHOBOW KHCIJIOTBI, Yb& HAKOIUIEHHE HMeeT Tokcuueckui 3¢dexr. HeoOxoaumplid s
¢dopmupoBaruss NMDA D-u3omep noctynaer B MO3I € IOMOIIBIO IPYTUX TPAHCTIOPTHBIX OEJTKOB
(EAAT, SLC1A3,SLC1A2, SLC1A6).B snunentoreHHOW TKaHW B SHIOOTEIMHM M aCTPOLUTAX
NpeaCTaBiIeHo OoJblliee KOJIMYECTBO Oesika P-rimkompoTerHa Mo CpaBHEHHIO C HOPMAJIbHOM



TKaHp0 Mo3ra. Ha kieTouHelx MeMmOpaHax »JHIOTENMOLMTOB PACMOJIArarOTCs  TaKKe
Tpancnoptépsl aHMOHOB (OAT u OATP). bosbioe konuuectBo Efflux-TpaHcnoprépos BbIBOIAT
U3 SHAOTEIMOLIMTOB LIEbIA PsJ BEIECTB B KPOBEHOCHOE PYCI0. [l MHOTUX MOJIEKYI 10 CUX IOP
HE SICHO BBIBOZSATCS JIM OHU IIyTEM aKTMBHOTO TPAHCIIOPTA (C 3aTpaTaMy KJIETOYHOM SHEPIUH) UIIU
nyTéM 00aer4yéHHO N T Py3un.

Be3ukynspHbIit TPaHCTIOPT

Peuentop-onocpenoBanHblit TpaHCIMTO3. C MOMOIIBIO PELENTOP-0MOCPEA0BAHHOTO TPAHCLIUTO3a
MPOMCXOUT TepeHoc Oonbiux Mojekyn. Ha oOpaméHHO#M B mpocBeT cocyna MOBEPXHOCTH
KJIETKM PACIIOJI0KEHbI CHIELHAIbHbIE PELENTOPBI 115 ONI0O3HABAHUS M CBSI3bIBAHUS OTIPEIENIEHHBIX
BemecTB. [locne KOHTaKTa pelentopa ¢ BEIIECTBOM-MUIICHBIO MPOMCXOAUT MX CBS3bIBAHME,
y4acTOK MeMOpaHbl WHBAarMHUPYETCS B MOJOCTb KJIETKM M 00pa3yercsi BHYTPUKIETOYHbIH
Ny3bIPEK — BE3UKYJa. 3aT€M OHA MepeMeraeTcs K 00paéHHON K HEpBHON TKaHH MOBEPXHOCTH
OHAOTENHANBHON KIIETKH, CIMBAETCS C HEe M BBICBOOOXKIAET CBSA3aHHBIC BEIECTBA. TaKuM
00pa3oM BO BHEKJIETOYHOE MPOCTPAHCTBO MO3ra MEPEHOCATCS COCTOALIUI 13 679 aMUHOKHUCIIOT
Oenok TpaHcheppuH Maccoit 75,2 k/la, NMNONPOTEMHBI HHU3KOM IJIOTHOCTH M3 KOTOPBIX
oOpa3zyeTcst X0JeCTePUH, MHCYJIUH MENTH/HbIE TOPMOHBI.

A6copOLMO-0TIOCPEIOBAHHBIN TPAHCLIUTO3

OauH M3 TNOABUAOB  BE3MKYIAPHOro TpaHcnopra. OTMeyaeTcs «IpUIMIAHME»  psja
MOJIOJKUTENIBHO 3aPSUKEHHBIX BEILECTB (KATHOHOB) K OTPULATENIBHO 3aPSKEHHOW KIIETOUHOM
MeMOpaHe ¢ nocieayroleM 00pa3’0BaHMEM BE3UKYIIIPHOIO Iy3bIpbKa M €ro MEPEHOCOM K
NPOTUBOTIOJNIOKHOM TOBEPXHOCTH KJIETKH. JIaHHBIA BMI TpPaHCHOPTa TaKKE HA3bIBAETCH
KaTUOHHBIM. OH MPOXOIUT OTHOCUTEIBHO OBICTPEE PELENTOP-0NOCPEAOBAHHOIO TPAHCLIUTO3A.

4. ObnacTu mo3ra 0e3 remaTodHIe(aTHIECKOr0 Dapbepa

['S5b umeetcs B kamwuispax OOJIBIIMHCTBA, HO HE BCeX o0macTsax mo3ra. B 6 aHatoMuueckux
oOpasoBanusx Mo3ra ['Db orcyrcTByer:

1. Camoe 3agHee mojie pomMOOBHAHON sMkM (aHA IV Kenmymouka)—pacronaraercst Mexay
TPEYroJIbHUKOM OJIY’KJal0LIero HEpBa ¢ OKAWMIISIOLIMM €ro CaMOCTOSITENbHBIM KaHATUKOM M
OYropkom TOHKOTO siIpa.

2. IIMmKoBUAHOE TEJIO .
3. Heiiporunogus.

4. TlpukpenjéHHas TJaCTMHKA — ASMOpPHOHAJBHBIM OCTATOK CTEHKH KOHEYHOTO MO3ra,
MOKPBIBAIOIIMI BEPXHIOK MOBEPXHOCTh TajaMyca. MeaualbHO OHAa HMCTOHYAeTCs, 00pasyer
M3BHUTYIO MIIACTUHKY — COCYAUCTYIO JICHTY.

5. CyOdopHuKaJibHBIi OpraH.
6. CybOxoMuccypanbHblii Opras.

JlaHHas rucrojoruyeckas 0coOeHHOCTh MIMEET CBOE 000cHOBaHUe. TakHanmpumep, Heiiporunodus
BBIJIEJISIET B KPOBb TOPMOHBI, KOTOPbIE HE MOTYT MpoiiTu yepe3 I'Db, a HEHPOHBI yIaBAMBAIOT B
KPOBM HAJIMYME TOKCUYECKHMX BEILECTB M CTUMYJIMPYIOT PBOTHBIN LEHTP. 3alMTHBIM Oapbepom
COCE/IHEl € JaHHBIMU 00pa30BaHUSIMU MO3TOBON TKAHU SIBJISETCS CKOIUICHHWE TAHULMTOB. OHU
MPEICTaBISAIOT CO00 KIETKU SNEHIUMBI C TNIOTHBIMU KOHTAKTaAMHU.



5. lloBpe:xxaenusi remaTodHuedamyeckoro Gaporepa
[Tospexnenus ['Db y uenoseka HabMOAAETCA IPU LEJIOM psijie 3a001€BaHU.
1. Cunapom nedunura 6enka GLUT-1

Cunagpom pedpumura Oenxka GLUT-1 - pemkoe ayroCOMHO-IOMHHAHTHOE HAaCAEACTBEHHOE
3a0oieBaHUE, TP KOTOPOM OTMedYaeTrcs Hapymenwe cuHTe3a Oenka GLUT-1, kotopsrit
OTBETCTBEHEH 3a NMpoHuuaeMoctb ['Db Ui riaroko3sl U ackopOMHOBOM KHUCIOTHI. 3aboieBaHue
NPOSIBIISIETCS B PaHHEM IETCKOM Bo3pacte. HemoctaTok MOCTYMIEHHS B TKaHb MO3Ta TIIFOKO3bI
BBI3BIBAET Pa3BUTHE MHUKpoledanuu, MCUXOMOTOPHBIX HApPyLICEHWH, aTakCHH W LEJOTO psijia
JAPYTUX HEBPOJOTHYECKHX PACCTPOMCTB.

2. HacnexncrBeHHas ManbadCcopOLus GOJUEBOM KMCIOTHI

HacnenctBenHnass manpaOcopOuusi ()OJIMEBOM KHUCIOTHI — PEIKOE ayTOCOMHO-PELIECCHBHOE
HacleACTBEHHOe 3al0oJyieBaHME, NP KOTOPOM OTMEYaeTcsi HENOCTaTOK CHUHTe3a Oeka,
obOecneunBaroero npoHuaeMocts ['Ob s GoaueBoii KMCIOTHI.

3. CaxapHblit madet

Caxapublii  auaber siBiasercss  3a0oJieBaHMEM, MPU  KOTOPOM  BO3HHMKAeT LENbIA  PsiX
(GYHKLMOHANBHBIX ¥ CTPYKTYPHBIX U3MEHEHHUIT Pa3IMYHBIX OPraHOB M TKaHel opranusma. Takoke
OTMEUAIOTCsl 3HauuTeNbHbie u3MeHeHus [Db, koTopsle NposBIAOTCS B (PU3NKO-XUMHUYECKOM
nepecTpoiike MeMOpaHbl SHAOTENHATBHBIX KIETOK U MUIOTHBIX KOHTAKTOB MEX1y HUMHU.

4. PaccesiHHBIH CKIIEpO3

PaccesiHHBIN CKIEpO3 - XPOHUYECKOE Mporpeccupymoliee 3a001eBaHue HEPBHON CUCTEMBI, IPU
KOTOPOM OTMEUaeTcsl MPEeUMyIIECTBEHHOE NnopakeHue Oenka MuenauHa TkaHu Mosra. Cocysel
MO3ra 370POBBIX JIIOJAEH HEMPOHULAEMBI AJS KJIETOK KPOBH, B TOM UHCJI€ UMMYHHBIX KIETOK. Y
OO0JIBHBIX PACCESTHHBIM CKJIEPO30M MPOMCXOJUT MUTPAlMs aKTHBUPOBAaHHBIX T-muMdouuToB B
napeHxumy mosra uepe3 ['Db, moBbllIaeTcst ypoBeHb MPOBOCHAIUTENbHBIX LUTOKUHOB — g-
unrepdepona, ®HO-a, NJI-1 u apyrux; aktusupyrorcs B-mumdouutel. B pesynbrare HaunHaoT
CHHTE3MPOBATbCS aHTUTENA K O€NKy MHUENNHY, 4YTO NPHUBOAUT K (HOPMHPOBAHUIO 0YAros
BOCHAJIUTENIBHOM JeMUEeTUHU3AIHH.

5. Vmemuyeckuit MHCYNbT

Niemuueckuii MHCYIBT - OCTPOE HApyIIEHHE MO3TOBOTO KPOBOOOpALEHHUs,00yCIOBIEHHOE
HEIOCTATOYHOCTHIO TOCTYIUICEHUSI KPOBM K YYacTKaM IEHTPAJbHON HEPBHOW CHUCTEMBI.
Nmiemuueckuii MHCYJIBT TPHUBOJUT K BBICBOOOXKIEHHWIO OKCHUIAHTOB, MPOTEOJMTUYECKUX
(hepMEHTOB ¥ IUTOKMHOB B TKaHWU MO3ra, YTO B UTOTE BBI3BIBAET PA3BUTHE LIUTOTOKCUYECKOTO
oTéka ¥ wu3MeHeHHWe mpoHumaemoctd [Db. B  pe3yapTaTe 3amyckaercs mpolecc
TPAHCIHIOTENIUAIBHONW MHUTPALIUU JIEHKOIIMTOB B TKaHb MO3ra, KOTOPbIE BBI3BIBAIOT MOPAKEHUE
3/I0POBBIX KJIETOK HEPBHOM TKaHH.

6. BaktepuanbHas HH(EKIUA LHEHTPAILHOW HEPBHOM CHCTEMBI

JIuuib HEMHOTHE TMOTAJAOIIHe B KPOBb MAaTOT€HHBIE MHUKPOOPraHM3MbI CMIOCOOHBI MPOHUKATH
yepe3 ['D6. K HUM OTHOCATCS MeHHHTOKOKkM (7at. Neisseria meningitidis), HEKOTOpbIE BHIbI
CTPENTOKOKKOB - B TOM 4HCJI€ TTHEBMOKOKKH (naT. Streptococcus pneumoniae), reModunbHas
najouka (n1at. Haemophilus influenzae), nucrepun, kumeunsie nagouku (nat. Escherichia coli)



U psia apyruXx. Bce oHM MOTYT BBI3BIBATh BOCHAIMTENbHBIE M3MEHEHHS Kak MO3ra -3HIedanur,
TaK ¥ ero 000J04eK - MCHUHTUT. TOUHBIN MEXaHU3M MPOHUKHOBEHHS ITHX MaTtoreHoB uepe3 [ Db
JI0 KOHILIa HE U3YY€H, OJIHAKO, IOKa3aHO, YTO BOCHAIUTENbHbIE MMPOIIECCHl OKA3bIBAIOT BIMUSHHUE HA
9TOT MeXaHHU3M. Tak, BOCMaJeHHEe, BbI3BAHHOE JIUCTEPUSIMH, MOXKET MPUBECTH K TOMY, uTo [ Db
CTAHOBUTCS TPOHMLIAEMBIM JUIs JAaHHBIX Oaktepuil. [IpuKpenuBIIMCH K 3HIOTEITHOIMTAM
KamWJIISIPOB MO3Ta, JIMCTEPUH BBIACISAIOT LENbIA s/l TUMONOINCAXaPUIOB U TOKCHHOB, KOTOPBIE
B CBOIO 0Uepe/b BO3eicTBYIOT Ha [ Db u nenas ero nmpoHuiaeMbiM [uis JiedkoutoB. [IpoHukime
B TKaHb MO3ra JIEHKOLUTHI 3aMyCKAIOT BOCIAJIUTEIbHBIN Mpolece B pe3yibTate kotoporo I'Db
npornyckaet u 6akrepuu. [[HEeBMOKOKKH CEKPETHPYIOT ()epPMEHT TPYIIbI FeMOJIM3UHOB, KOTOPBIi
o0Opa3yeT nopbl B YHAOTENHHU, YEPE3 KOTOPBIE ¥ MPOHUKAET OaKTepUaNbHBII areHT.

7. Bupycsl

Kpome Oakrepuit uepe3 I'Db B TkaHb MO3ra MOryT NPOHUKaTb HEKOTOpble BUpYChbl. K HuUM
OTHOCSTCSI IIATOMETAJIOBUPYC, BUpyc uMmyHoneduuura yenoeka (BUY) u T-numdoTpomnHsiit
Bupyc uenoseka (HTLV-1).

8. OnyxoJsu roJoBHOTO MO3ra

BHyTprMO3roBble OMyXOJM TOJOBHOTO Mo3ra (TJMOOJIaCTOMBI, METacTa3bl B MO3re W Jp.)
BBIJICJISIIOT LIEJIBIA PsAJl BEIIECTB, KOTOpPbIe JAe3UHTEerpupyot pabdoty I'Db u Hapymaior ero
U30MpaTENbHYIO MPOHHUIIAEMOCTh. Takoe MoBPexICHHUS reMaTo3HIe(PaTnIecKoro Oapbepa BOKPYT
OTYXOJIM MOJKET BbI3BAaTh Ba30TE€HHBINH OTEK MO3ra.

6. IlponumaemocTs remarodHuedannyeckoro Oapbepa I AHTHOAKTEPHAIbHBIX
npenaparos

['SB u30upatenbHO MPOHUIIAEM Uil Pa3IMUHBIX JICKAPCTBEHHBIX BEIIECTB, UTO YUUTHIBAETCS B
MEIMLIMHE MPU HA3HAUEHUHW TMPEenaparoB I JieYeHUsi 3a00JIeBaHUM LIEHTPAJIbHON HEPBHOM
cuctrems! (IIHC). Takue npenaparsl 10JHKHBI MPOHUKATh B TKAHb MO3ra K KJIETKAM-MHIIEHSIM.
Taxke HMMeeT 3HAaYeHHE TO, YTO MPU HMH(PEKIMOHHO-BOCHAIUTENbHBIX 3aboseBanusx [IHC
npoHuLaeMocts ['Ob nmoBbILIaeTCs, ¥ Yepe3 Hero MOryT MPOXOAMTh TE€ BEUIECTBA, Ul KOTOPBIX
OH B HOPMAJIbHOM COCTOSIHUM CITY>KWJI HENTPeo10JIMMOi nperpanoil. OcoOeHHO akTyalbHO 3TO IS
aHTHOAKTEpUAIbHBIX MTPENapaToB.

7. I'emaTO-IMKBOPHBIi 0apbep

Kpome remato-sHuedamunyeckoro Oapbepa CyIIECTBYET TAKKE TIeMaTO-JTMKBOPHBIM, KOTOPbIi
OTrpaHUYMBAET LEHTPAJIbHYI0 HEPBHYIO CHCTEMY OT KpoBeHocHoro pycina. O o0Opa3oBaH
SMUTEIHAIBHBIMU KJIETKAMH C TUIOTHBIMM KOHTAKTaMU BBICTHJIAIOLIMMHU COCYIUCTOE CIIJIETEHUE
YKEIyI0YKOB MO3Ta.

['emaTO-1MKBOPHBIN Gaphep TaKKe UMEET CBOIO POJIb B MOJAEP/KaHUHM roMeocTa3a Mo3ra. Yepes
HEr0 M3 KPOBM B OMBIBAIOLIYI0O MO3I CIMHHOMO3TOBYHO JKMAKOCTH TOCTYNAalOT BUTaMHHBI,
HYKJICOTHbI U ITI0K03a. OO1Mii BKJIaJ reMaTo-JIMKBOPHOTO 0apbepa B MPOLIECChl 00MEHa MEX 1y
MO3roM M KpoBbIO HeBeMUK. CyMMapHasi NOBEPXHOCTb T'€MAaTO-TUKBOPHOTO Gapbepa CoCyaUCThIX
CIUIETEHUH Keny0ukoB Mo3ra npubnusutensao B 5000 pa3 MeHble B CPABHEHUH C IUIOLIA/IBIO
remarto-3Huedannueckoro. Kpome remarosnuedannueckoro M reMaTtoJMKBOPHOTO 0apbepoB
BOPraHM3M€ YEJIOBEKa CYIIECTBYIOT Ie€MaTOIUIALEHTApHBINA, IeéMaTO-TECTUKYISAPHBIN, TeMaTo-
KJTyOOYKOBBIH, TEMATO-PETUHAIIBHBIN, TEMATO-TUMYCHBIH M TeMaTO-JIETOYHbIN OapbepHI.
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Peniensus

Ha pedepatuBnyio padoty OuupoBa Annapa AHIpeeBAYA
«emaTosHIIEhaTHIECKUH Gapsepy

emaTosHIIEDANTHUECKI Oapbep — 3TO KOMIUIEKCHBIN (PU3HOIOTHIECKUN MEXaHU3M,
HaXOAIIMNCS B IEHTPAILHON HEPBHOM CUCTEME Ha TPaHMILIE MEXKY KPOBBIO M HEPBHOHU TKAHBIO,
U PETYJIUPYIONIHH MOCTYIUIEHHE U3 KPOBU B LIEPEOPOCIMHANBHYIO YKUAKOCTh U HEPBHYIO TKaHb
IUPKYJIMPYIONIMX B KPOBH BEINECTB. I eMaTosHIepanndeckuii 6apbep y4acTByeT B
peryJIMpOBaHHHU COCTaBa [epeOPOCIMHATLHOM XKUAKOCTH. B pedepare paccmarpuBaeTes
mopdonorus, GyHKI¥Y, GU3nonorus remarosHuedanndeckoro 6appepa u HCIOIb30BaHIEe
JAHHBIX 3HAHUHN B MEJMIUHCKOMN mpakTHKe. [loHIMaHie QyHKIIMOHMPOBAHUS
reMaTosHIehaTMIecKoro 6apbepa SBISETCS BRXKHEHIITMM 3BEHOM B IIEJIOCTHOM IIOHUMAHUH
HelpodapMaKoIOTHH, MTOCKOIBKY HOPMATbHOE (QYHKIIMOHMPOBAHUE MO3ra BO3MOJXKHO JIUIIB B
YCIIOBHUSX 3JIEKTPOJMTHOrO U Oroxumudeckoro romeocrasa. Konebanus pH, KoHIEeHTparus

KaJIysi KPOBH M JIPYTUX MOKa3aTeNell He JOJDKHEI BIUATH Ha COCTOSHHE HEPBHOU TKaHH. Tema
pedepara packphiTa 10CTaTOYHO, paboTa MOXKET OBITh OLIEHEHA ITOJIOKUTEIBHO.

AccucTeHT Kadeapsl
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