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KPBICA (Rattus norvegicus) KAK OBBEKT NCCJIEAOBAHUA B MOJIEJIN
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ITocne octporo orpaBneHus ¢ochopopraHMYECcKm -
mu coeauHeHussMu (POC) B opraHu3Me MPOUCXOIUT
pa3BUTHE psia MPU3HAKOB, SIBJISIIOIIUXCS CIAEACTBUEM
“XOIMHAPTUIECKOIro Kpu3a”, B TOM YHMCJIE TOBPEXIEe-
Hue IIHC u nepudeprnyeckoit HepBHOI CUCTEMBI, 3H-
JIoTenusi, Apyrux TkaHeil u opraHos [1—3]. [TockonbKy
3HAUYMTEeJbHAsl YaCTh TOKCUKOJIOTUYECKUX UCCIeoBa-
HUI POBOIUTCS Ha IPbI3yHaX, HEOOXOAUMO YUMUTHI-
BaThb HaJMuue B KPOBU I'PHIZYHOB KapOOKCUIICTEPA3bI
(KD), xoropas, Oymyun CepMHOBOI 3CTepa3oii, CTe-
XuoMeTpudecku cBga3biBaeT @OC, Moayaupys TeM ca-
MBbIM COCTOSIHUE€ MHTOKCUKALIMU W pa3BUTHE OTCTaB-
JieHHo natosioruu. st nomasneHust KO ucnonab3yor
pa3aunuHble MHruouTopsl KD, Hamboliee M3BECTHHIM
U3 KOTOPBIX sIBJsieTcsT 2-(0-Kpe3min)-4H-1,3,2-6eH30-
mrnokcadochopun-2-okcun (CBDP). pyroii, 6onee
MPOCTON CMOCOO0 MONEJIUPOBAHUS OCTPOTO OTpaBJe-
Hust @OC Ha rpbI3yHax cocTouT B ToM, uTo ®POC BBO-
JSIT ABYKPAaTHO C MHTEpBAJIOM | 4, Mpu 3TOM TepBast
J103a UIET TIPEUMYIIIECTBEHHO Ha MOAAaBJIeHUE aKTHUB-
Hoctu KO [4]. Bropoit BapuaHT sBJIsIETCS, OQHAKO,
MeHee CcrieuM(UuIecKruM, HO CPaBHUTEIbHBINM aHAIU3
JTUHAMUKU Pa3BUTHS OCTABJIEHHOI MAaTOJOTMU TOCie
octporo otpaBiaeHuss POC Ha ¢oHe mogaBjIeHUs aK-
TuBHOCTU KD paHee He TpoOBOAUIICS.

Llens HAacTOSIIIETO NCCIIENOBAHUS — UMMYHOI'MCTO-
XUMHUYecKask uAeHTUGUKALIMSI MyCKapUHOBBIX peliell-
TopoB M, B HelipoHaxX HEOKOpTeKca, rUIrnokamIia u
cTpraTyMa M OIIpeNeIeHUEe 3CTEpa3HOil aKTMBHOCTH
TOMOT€HAaTOB T'OJIOBHOTO MO3Ta KPBIC B pa3Hble CPOKHU
MOCJIE OCTPOrO OTpPaBJICHUS I1apaOKCOHOM IIOCe
npeaBapuTeNbHOTO WHTHMOMpoBaHWg K3 mapaokco-
HoMm 1 CBDP.

B paGoTe mpuMmeHsUIM clieayloliie peakKTUBbI: Ta-
paoKcoH (0,0-gustnn-O-n-autpodeHmidocdar,

POX, Sigma); 2-(o-kpe3un)-4H-1,3,2-6eH30010KCa-
dochopun-2-okeun (2-(O-cresyl)-4H-1,3,2-benzodi-
oxaphosphorin-2-oxide, CBDP), cuHre3upoBaHn B
HWW rurnensr, npodnaToIOruy U SKOJIOTUU YeJI0-
Beka ®MBA Poccun. bybep nng UIT'X TBS THC
Wash Buffer+Tween, 20%x (Cell Marcue). IlepBuu-
HBle aHTuTena Abcam (ab180636). CucrtemMa AeTek-
uuu REVEAL-Biotin-Free Polyvalent DAB (Spring
Bioscience).

Tokcukonornyeckre WCCASAOBAaHUS IIPOBOIMIIN
Ha Kpblcax-camliax Rattus norvegicus ayTOpenTHON JTH-
arn Buctap maccoit 200—240 T B COOTBETCTBUM C TTpa-
BUJIAMU, pPEKOMEHAOBaHHBIMU MOU3NOJIOTNYECKO
cekiueil Poccuiickoro HallmoHaJIbHOIO KOMUTETA MO
OMOJIOTUYECKOI 3TUKE U TMOJOXeHUsIMU “PyKoBon-
CTBa IIO0 3KCIIEPUMEHTAIbHOMY (JOKIMHUYECKOMY)
M3YyYCHUIO HOBBIX (PAapMaKOJIOIMYECKMX BEIIECTB”.
Tokcukomornyeckasi MoAeidb MHOAPOOHO OMUCaHa B
MEPBOM ITyOIMKAIIUY MO pe3yJibTaTaM CEPUU UCCIEO0-
BaHMi1 [4]. DKcnepMeHT BKJTIOYAJI TPU TPYIIIHI CPaB-
HeHMs: 1 — MHTaKTHBIM KOHTPOJIb; 2 — MHTOKCUKAIIUS
napaokcoHoMm B n1o03e 0.6JI[150 uepes yac mocne BBene-
Hus napaokcoHa B go3e 0.45J150 (POX2x); 3 — un-
TOKCUKalLus IapaokcoHoM B go3e 0.6J1/150 ugepes
yac nocie BBeaeHus CBDP B moze 3.3 mr/kr B/0
(CBPOX). HabGmtogeHust 3a XXMBOTHBIMU TIPOAOJIKA-
JIMCh B TedyeHMe 6 Hen Iocie oTpaBieHust. Yepes
1, 3cyr, 1, 2, 4 1 6 Hex TTOC/IE OTPABIICHKST TPOBOIVIIN
BBIOOPOYHYIO 9BTaHA3UIO SKMBOTHEIX B KaXKI0M TpyMIIe
1 0TOOp MaTepuana Ijasi UMMYHOTUCTOXUMUUECKOTO
uccinegoBanus (MI'X). I[Mocie gekanuranum rojioB-
HOI1 MO3T XXMBOTHBIX U3BJI€KaJIU U BbIpe3aau TKaHe-
Bble OOpa3lbl CEerMEHTaJbHOI IJIOCKOCTH JIEBOTO
HoJIylmiapusi B CTEPEOTAaKCUYECKUX KOOpAMHAaTax:
—1.13 mo —2.07 mmant. Bregma. Cpe3bl TOJIIMHOMK
7 MKM (UKCHUPOBaIA B alleTOHE 5 MUH, IIOCJIE 4Eero
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Puc. 1. M;-11o3nTMBHEIE HEPOHEI B PAa3JIMYHBIX OTHEIAX
Mo3ra KpbiC. MIMMyHOTrMCTOXMMMYECKOE WCCIIENOBAHNUE.
XpomoreH: 3,3 auamuHo6en3suauH (DAB). (a) Heokop-
TEeKC KPbIC KOHTPOJIbHOM Irpymniibl; (6) HEOKOPTEKC KPBIC
2-1i rpyrmmbl (POX2x) yepe3 2 Hem Iociie OTpaBJICHUS;
(B) runmokamiIl Kpeic 2-i1 rpynmnsl (POX2x) yepe3 24 4 no-
cJie OTpaBJieHUs; (T) CTPUATYM KPbIC KOHTPOJIBHOM TPYTITIBI.

npombiBanu 0.01 M 6ydepom TBSIHC Wash Buffer +
+ Tween, 20X (Cell Marque). /115 oKpamnnBaHUs cpe-
30B MCITOJB30BaI MYJIbTUMEPHYIO 0Ge30MOTUHOBYIO
cuctemy nerekuun REVEAL-Biotin-Free Polyvalent
DAB (SpringBio). OkpaillieHHbI€ Cpe3bl IpocMaTpUBa-
JIY TI0A MUKPOCKOIIOM TIpu yBeandeHuu 103%; 247X u
413x. MeTtomoMm citydaitHoro orbopa ¢gororpacdupona-
JIM 06JTACTU HeOKOPTeKca, THIIoKaMIIa U CTpUaTyMa 1
B 1porpamme Videotest Size 5.0 ompepensiin 1IoT-
HOCTb pacIpele/ieHUs] TMTO3UTUBHBIX KJIETOK Ha IJIO-
manu cpesa (KOJIUYECTBO KIETOK Ha MM2, N/MM?).

ALICTHIXOJIMHACTEPa3HyI0,  OYTUPMIXOJIUHACTE-
Pa3HyIO M KapOOKCUIIZCTEPA3HYIO aKTUBHOCTH TOMOTE -
HATOB TOJIOBHOTO MO3ra OIpPEIE/IssIA B CyllepHATAHTE
IPY MIOMOIIM METOINK, afanTUPOBAHHBIX IJ1s 96-1y-
HOYHBIX MUKPOIUTAHIIIETOB, C ITOCAEAYIOIINM U3Mepe-
HUEM Ha MUKPOIUIAHIIETHOM CIIEKTPO(DOTOMETPE
Multiskan FC (Thermo Fischer Scientific) [5].

CTaTUCTUYECKYI0O M MaTeMaTUYEeCKylo 00paboTKy
IaHHBIX BBIMOJHsIN B Iporpamme GraphPad Prizm
5.0 meromom One-Way Anova, ¢ HCIIOJIb30BaHUEM
kputepust Kpackena-Yomnuca. Cratuctuyeckn oopa-
OoTaHHbBIE TaHHbIC MPEACTAaBICHBI Kak cpeaHee apud-
MeTUYeCKoe * cTaHmapTHas olunoka. Pasmuuus mex-
Iy TpyIIlaMu CYMTAJIM CTAaTUCTUYECKU 3HAYMMBIMU
npu p < 0.05.

Ha pasHbIX cpokax I10Cjie OTpaBieHUSI apaoKCo-
HOM YCTaHOBJICHBI M3MEHEHMSI IIOTHOCTU pacIpeme-
JICHUSI HEUPOHOB, ITO3UTUBHBIX It M,-XOJIMHOpE-
LIENTOPOB B HEOKOPTEKCE, TMIIIOKAMIIE M CTpUaTyMe
Kpbic (puc. 1). Yepes 24 4 mocse orpaBieHUsT HaOJO-
NAeTCsl YBEIMYEeHNE TUTOTHOCTU M |-TIO3UTUBHBIX KJIe-
ToK Ha 40% B TMIIIOKaMIIe KpEIC 2-it rpyrmsl (4.27 +

+ 0.11*") u na 10% B runmoxkamIie KpbiC 3-i TPyIIIbI
(3.38 £ 0.12) mo cpaBHeHMIO ¢ KOHTpoJieM (3.04 = 0.15)
(puc. la, B). Uepe3 Tpoe CYTOK ITOCJIE€ OTPaBICHUS Ha-
OmonaeTcss yMeHbllleHue M ;-MO3UTUBHBIX KJIETOK B
HEOKOpTEKCe KpHIC 2-# m 3-it rpynm Ha 25 u 30%
(3.24 £ 0.11 1 3.04 £ 0.18* COOTBETCTBEHHO) TI0 CpaBHE-
HUIO ¢ KoHTpoiieM (4.28 * 0.42), Ho ere 6oyiee MOBBI-
maetcst (o 35%) pasHuiia B TUIOTHOCTH M |-TTIO3UTHUB-
HBIX KJIETOK B TUITIIOKAMIIE KPBIC 3-1 TPYITITBEI OTHOCH -
TeIbHO KOHTpoJsa. Yepes 1 Henm IIociie OTpaBiICHUS
BBISIBJIEHO YBEJIIMUYCHUE IUIOTHOCTH M-TIO3UTUBHBIX

KJIeToK Ha 45% B runmokamme (3.24 £ 0.11%2) u nourn

1% _ Pasnuumst craTMCTHUECKY 3HAYMMEI IO CPABHEHMIO C [aH-
HBIMU KOHTPOJIbHO TPYIIITBI.

2 # — Pasauuust CTATUCTMMECKH 3HAYMMBI [IPY CPABHEHUH TAHHbIX
2 u 3 rpyrim.
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Ha 60% B crpuatyme (2.43 £ 0.11%) kpbIc 3-i1 rpymiIbl
(CBPOX) no cpaBHEHUIO C MoKa3aTeJISIMU KMBOTHBIX
rpynibl 2 (POX2x) (2.24 +0.20 u 1.54 = 0.08 cooTBeT-
ctBeHHO). CITyCTS 2 Hel Tocye OTpaBICHUST OTMedeHa
YBeJIWYEeHHAs TIJIOTHOCTh M -TIO3UTUBHBIX KJIETOK B
HEOKOPTeKCe KphIC 2-i1 rpymiiel Ha 60% (273 = + 025%)
(puc. 16) u 3-i1 rpyrmbl HAa 75% (3.01 £+ 0.21*) no cpas-
HEHUIO C IToKa3aTeJsIMU KOHTpOJIbHO rpymmbl (1.7 £
£ 0.16), a TakKe X yMeHbIIeHUe Ha 24% B cTpuatyme
y XUBOTHBIX 3-#1 rpynmsl (1.43 £ 0.08%) mo cpaBHe-
HUIO ¢ Kpbicamu 2-# rpynmsl (1.87 + 0.07). YUepes
4 Hen mocie OTpaBlieHUs Y Kpbic 2-Ii TpyMIibl Ha-
6momaercs cHmkeHne Ha 20% (2.77 £ 0.1%) mioTHO-
cTM M ,|-TIO3UTUBHBIX KJIETOK B HEOKOPTEeKCe II0
cpaBHeHMIO ¢ KoHTpojaeM (3.5 = 0.22), Torma KaK y
KMBOTHBIX 3-U TPYIIBl B TUMIIOKAMIIE OTMEYEeHO
yBeandyeHue Ha 40% KoaudyecTBa CMHAIITUYECKU aK-
TUBHBIX IO M,-XoJMHOpeLeNnTopy KieTok (2.52 *

+ 0.21%) o cpaBHenuro ¢ rpymmoii 2 (1.8 £ 0.08). Ye-
pe3 6 Hen Iocje MHTOKCHKAIMKM BO BCEX U3ydaeMbIX
OTAeJIaX MO3Ta KPbIC CTATUCTUYECKU 3HAUYMMBIX OTJIU -
YUl TUIOTHOCTU pachpeneieHus M,-TTO3UTUBHBIX
HEIpOHOB B CpaBHEHWM C ITOKA3aTeIIMU KOHTPOJIS
HE BBISIBJICHO.

PestoMupyst pe3yabTarhl OLIEHKU TJIOTHOCTU pac-
npeaeneHus: M,;-MIO3UTUBHBIX KJIETOK B OTAeNaX To-
JIOBHOTO MO3Ta KPhIC MTOCJIE OTPABJIEHUS MAPAOKCOHOM
no aBymM cxemam — POX2x (rpymma 2) m CBPOX
(rpynmna 3) — ciaeayeT OTMETUTh, YTO HAauOOJIbIINE U3-
MEHEHMUSI BBISIBJIEHBI B TUMIIIOKAMIIEe KPbIC 3-ii TPYMIThI
B NIEPUMOJI OT MEPBBIX CYTOK A0 4 Head mocjie oTpase-
Husl. B HeokopTeKce oTpaBJIeHHBIX KpbIC Uyepe3 3 CyT
OTMEUEHO YMEHbIIEHUE MIOTHOCTU M;-MO3UTUBHBIX
KJIETOK, C TIOCJIeIYIOIIMM UX YBETUUEHUEM Yepe3 2 Hell
nocJie orpabieHus. CTpruaTyM KpbIC OKa3ajicsd HauMe-
Hee MOIBEPXEH WU3MEHEHUSIM IIOTHOCTU M, -Mo3u-
TUBHBIX KJIETOK BCJIEACTBUE OTpaBJIEHUsI TapaoKco-
HOM B 00€uX 3KCHepUMEHTAJILHBIX TpyIiax (puc. 1r).
HesnauuTenbHOEe yBeIWYEHUE TUIOTHOCTU KIJIETOK B
cTpuaTyMe OTMeYeHO TOJIbKO uepe3 1 Hen Toclie
OTpaBJIEHUS.

HaubGosnee BbIpakeHHOE CHMKEHUE AaKTUBHOCTU
AXD B roMoreHaTax roJJOBHOI'O MO3Ta KPbIC BBISIBJICHO
yepe3 1 cyT mocie oTpaBaeHMS y KpbIC 2-i Tpynnbl (Ha
30%) u yepe3 3 cyT — y KpbIC 3-ii rpyniisl (Ha 55%)
(puc. 2a). CHuxeHue aktuBHocTU BXD Ha 10-15% ort-
MEUYeHO y KpbICc 3-¥ rpymisl yepe3 1 u 3 cyT 1ocie
otpasiieHus (puc. 260). CTaTUCTUYECKU 3HAYMMBIX OT-
JIMYMii B aKTUBHOCTU KapOOKCHIACTEpa3hbl Y KMBOT-
HBIX Tpynn 2 U 3 He BBISIBJIEHO, XOTS CIEAYyET OTME-
TUTb TEHAESHIINIO K YMEHbBILIEHUIO aKTUBHOCTHU Y KPBIC
3-if TpyIIIBI Yepe3 CYTKU U 2 HelleJIu MOCJIe OTpaBIie-
Hus (puc. 2B).

M3BecTHO, 4YTO TapaoKCOH CIOCOOEH BHI3bIBATH
pa3BUTHE HelpomereHepaTUBHBIX U3MEHEHUI B HE-
pOHax Kak TIpM HETOCPENCTBEHHOM BBEICHUM B pas-
JIMYHBIE OTIEJbI TOJIOBHOTO MO3Ta (TUIITOKaMI), TaK U
TIpH ITapeHTepaTbHOM IMMOCTYIIEHNH B opraHmn3M. Kac-
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Puc. 2. a) ALeTWIXOJIMHACTEpa3Hast akTUBHOCTb (MKMOJIb X
x mun ! x 1) B romoreHarax ronoBHOro Mosra Kpbic B pas-
HbIE CPOKU T10CJIE OTPaBJIEHUSI MapaoKCoOHOM. * — p < 0.05 o
CPaBHEHMIO C KOHTPOJbHOU rpynmoii. [lo ocu abcyucc:
rpyrnmna, no ocu opouram: (a) aKkTUBHOCTb AXD B rTOMOTeHa-
TaxX TOJIOBHOTO MO3ra (MKMOJ‘[I;XMI/IH_I X n_l). (6) byru-
PYIXOTMHACTePasHast aKTUBHOCTb (MKMOMbXMHIH ' X ;1))
B TOMOreHaTax rOJJIOBHOTO MO3ra KpPbIC B pa3Hble CPOKU
rocJie oTpaBeHUs TapaokcoHoM. * — p <0.05 o cpaBHe-
HUIO C KOHTPOJIbHOM rpymnmoii. /1o ocu abcyucc: rpynna, no
ocu opdunam: akTUBHOCTh bX® B roMoreHaTax roJoBHOTO
Mo3ra (MKMOJIb X MuH ! X n_l), (B) Kapb6okcuiacrepas-
Hast aKTHBHOCTb (MKMOJIb X MUH ' X 17!) B roMorenarax
TOJIOBHOTO MO3Ta KPbIC B pa3Hble CPOKH TTOCJIE OTpaBJIe-
HUS apaokcoHoM. [lo ocu abcyucc: TpynIia, no ocu opou-
Ham: akTMBHOCTb KD B romoreHarax roJIoOBHOro Mo3sra

(MKMOJIb X Mun " x n_l).

KaJ MaTOJOTMYECKMX WH3MEHEHMI B TKaHSIX MO3ra
BKJIIOUAET B ce0sI pa3BUTHUE KJIETOYHOIO OTeKa, MOBbI-
[IEHWE YPOBHSI LUTOIUIA3MATUYECKOIO KaJIbIIU, UH-
OYKIIAIO artornro3a, aKCOHAJIIbHYIO IETEHEPALIUIO U TU-
Ne 3
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Genb HelipoHoB [6]. [TapaokcoH, KakK U Apyrue BBICO-
KoTokcuyHble DOC, yBean4yuBaeT KOHLEHTPALIMIO
aleTUJIXOJIHA B TOJIOBHOM MO3Te C TOCeayIoei ak-
TUBalLIME MYCKapWHOBBIX 1 HUKOTUHOBBIX PELENTO-
poB B runmnokamIe [7]. YBennueHue mioTHOCTU M-
MO3UTUBHBIX HEWPOHOB HAOMIOZACTCS TperuMylle-
crBeHHO B rpyrne CBPOX, uTo cBUAETEIbCTBYET O CY-
IIECTBEHHOM PO KapOOKCWIACTEPa3 B MOAYISILIUU
TOKCUKOJIMHAMMWYECKOTO OTBeTa MPU OCTPOIl MHTOK-
CUKalluY MapaokKCOHOM M, BeposiTHO, apyrux POC. B
JuTepartype onvcaHa down-peryiasiuus cyotTunoB M, u
M,-XOJIMHOPELIENITOPOB B TOJIOBHOM MO3I€ KpbIC MPU
BozaeiicTBuu POC: MOHMXKEHUE UX TNIOTHOCTU B KOpe
Ha 21.7%, runmokamtre Ha 11% v ctpuatyme Ha 30.2%
[8]. MBI Takke HaOIIODANMM yMEHBIIEHWE TIJIOTHOCTHA
M, -TIO3UTUBHBIX KJIETOK B HEOKOPTEKCE KPbIC Uepe3
3cyT u 4 Hen nmocie orpaBieHusi. B To ke Bpewms
B TUNMNOKaMIl€ Mbl BbISIBUJIU MOBBIIIEHUE MJIOTHO-
CTU M |-TI03UTUBHBIX KJIETOK yepe3 1, 3 u 7 cyT, a B
HeoKopTeKce — uepes 2 Hell Tocjie OTpaBIeHus Tapa-
okcoHoM. CTeTieHb OTKJIOHEHU A OT KOHTPOJISI OTJINYa-
eTcsl B IBYX MPEIJIOKEHHBIX HAMU MOJIEISIX UHTOKCU -
Kaluu ¢ nmpuMmeHeHuem crnenuduyeckoro (CBDP) u
Hecnelpuyeckoro (Majas n1o3a nmapaokcoHa) UHTU-
OMTOPOB KapOOKCUIACTEpa3, HO HAIIPaBJIEHHOCTb 13-
MeHeHUil coBnagaeTr. Bo3MmoxHasi B3auMMOCBSI3b
KapOOKCUJIICTEpa3HOUM aKTUBHOCTM W BKCIIPEeCCUU
M, -peuienTopoB TpeOyeT NajbHEe111eTo N3yYeHUS.

OUHAHCUPOBAHUWE PABOTHI

Pabora BeITTONIHEHA TTpU TIoAiepkke Poccuiickoro
HayuHoro doHzaa (rpaHT Ne16-15-00199).

COBJIIOAEHUE OTUYECKHWX CTAHIAPTOB

Bce nmpuMeHUMBIE MeEXXIyHApOAHBIE, HAIlMOHAJb-
HBIE Y/WIN UHCTUTYLIMOHAJbHBIEC TTPUHIIMUITEI YX0Ia U
VCIIOJIb30BaHMS XKUBOTHBIX OBIJIU COOJTIONEHHI.

Hacrosias ctatbst He COOCPXKUT KaKuX-JI100 uc-
CJIEOBAHUMA C yqaCTuemMm JIIONIE B KA4ECTBE 00BEKTOB
N3Yy4YCHUA.
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