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[MonuxpomaTtodusibHbie 3puTpoluThl ([TXD) sBisiioTcs monxoasiuieil MULIEHbIO IS
OLIEHKY YPOBHSI OCTPOTO M XPOHUUYECKOTO TEHOTOKCUIECKOTO CTpecca B MOJIEIISIX in Vivo.
J71sT THAYKIIMM TEHOTOKCUYECKOTO CTpecca B 3KCIEPUMEHTE IIMPOKO MPUMEHSETCs
mutoMuiH C (MMC) — anKunupylomuit areHT, TpUBOISIIMI K 00pa30BaHUIO TOTe-
pedHbIX ciBOK MoJtekyibl JIHK. MukposimepHbIii TECT B TIOTUXPOMHBIX 3PUTPOITATAX
XOPOIIO 3apEKOMEHA0BAT ce0s1 B KAYECTBE CTAHAAPTHOTO aHAIN3a 151 OLIEHKU T€HOTOK-
cnyeckux 3(hheKToB Ha XPOMOCOMHOM YPOBHE Y Mblllieil. BMecTe ¢ TeM OOJIBIIMHCTBO
VMEIONINXCST WCCIIEOBAaHUII HAMpaBJIeHO Ha WM3yYeHHE OCTPOTO T€HOTOKCUYECKOTO
cTpecca, o0yCJIOBJIEHHOTO BBICOKUMU 03aMU MYTareHoB, B TO BpeMsl KaK McceaoBa-
HUIi, HaTMIpaBJIeHHBIX HA U3yYyeHHe XpoHUUYeckoro Bo3aeiictBuss MMC, kpaiiHe maio.
Llens naHHOTO MCCIIENOBAHUST — OTIpeNeieHue TeHOTOKCUYeCcKoTo noteHnmanra MMC
0e3 HIMTOTOKCUYECKOTOo 3(heKTa MPU XPOHUIECKOM BO3ICHICTBUU Ha MBIIIIEH, HOKAYT-
HBIX I10 TeHy anojurnonporenHa E (ApoE’/ 7). B uccnenoBaHue ObUIM BKITIOYEHBI Ye-
ThIpe TpyInmbl ApoE-HOKayTHBIX MBIIIEH, TTOyYaBIINX WHBEKIIUU NBYX Pa3TUIHBIX
1103 MMC (0.1 1 0.5 Mr/Kr) B XBOCTOBYIO BEHY OJIMH Y TPU pa3a B HEIEJIO, a TAKXe IBe
KOHTpOJIbHBIE Tpynrbl. Kaxnast rpymnma cocTosijla U3 YeThIpeX CaMOK M OJHOTO caMlia.
JIJ1s1 OTIeHKY TeHOTOKCHUYeCKUX 3(h(heKTOB TOTOBUJIU TMpPeErapaThl KOCTHOTO MO3ra, Ha
Kaxnom ob6pasie noacuutbeiBanu 1000 ITXD, BeisiBasum [1XD ¢ Mukposapamu 1 pac-
CUMTBIBAJIU JOJIIO peTUKYJIOUMTOB. [Jo3a 0.5 Mr/Kr rokasasia siBHbIi IMTOTOKCUYECKUA
addeKT, BhIpaskeHHBIN B HapyIIEHUW 3PUTPOIT033a, 2 UMEHHO B YMEHBIIIEHUN TOIU
petukyaouuToB. Jo3a 0.1 Mr/kr BbI3bIBajla BbIPaXXEHHBII TEHOTOKCHYECKUil, HO He
uuTorokcuyeckuii apdexr. [NosydyeHHbIE B X0 HACTOSIILIETO UCCIEIOBAHUS PE3Yib-
TaThl MOTYT OBITH MOJIE3HBI TTPpU BeIOOpE 10361 MM C w1st mpoBeieHNsI 9KCTIEPUMEHTOB,
TpeOyOIINX MOIEIMPOBAHUSI XPOHUYECKOTO TEHOTOKCUUECKOTO cTpecca y Jaboparop-
HBIX XXUBOTHBIX.

Kntoueswie croea: Mukposimpa, TeHOTOKCUYeCKUe 3(hGhEKThI, SPUTPOIIUTHI, PETUKYJIO-
LUTBI, MUTOMUIIUH C

DOI: 10.31857/50869813923090029, EDN: OSIMIA

BBEAEHUWE

Mutomuimy C (MMC) — mpoTHUBOOIYXOJEBbId aHTUOMOTUK, OOHAPYKEHHBIA B
1950-x rogax B (pepMEeHTUPOBAHHBIX KYJIbTypax Streptomyces caespitosus U IIAPOKO MC-
TMOJB3YIOLINICS TIPU JICYEHUU OHKOJIOTUYecKuX 3aboneBanuii [1]. Kak ankuiupyrommii
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areHT MMC oka3bIBaeT HIUTOTOKCUYECKOE U TEHOTOKCUUYECKOE BO3IeICTBUE Ha KIIETKU
miiekonuTatonmx. Ha mMoiekyjasipHOM ypoBHEe BOCCTaHOBUTEbHasi akTuBaiuss MMC
MPUBOAUT K 00pa30BaHUIO €ro TIPOU3BOJHOTO, MUTO3€HA, KOTOPbIil MOCPENCTBOM peak-
nuu N-aJKuInpoBaHus B3auMmoaeicTByet ¢ Moekyioit JIHK, mpuBons kK oOpa3oBaHmio
MOIEPEYHBIX CIMMBOK MexXay ee HUTsIMu. Kpome Toro, MMC mMoxkeT MHUIIMAPOBATh 00-
pa3oBaHMe aKTUBHBIX (DOPM KUCJIOPOA U a30Ta, BbI3bIBAIOIIMX OKUCIUTEIbHBINA U HUT-
po3uBHBIN cTpecc [2—4]. Kpome Toro, MMC B HU3KUX J03aX SIBISIETCS IIPUYNHOM TTPexK-
NIeBPEMEHHOTO KJIETOUHOTOo cTtapeHus [5]. CiaenyeT OoTMETUTh, YTO OOJILITMHCTBO UMEIO-
IIUXCS MCCJIEMOBAaHWI HaMpaBieHO Ha M3yYeHUE OCTPOTO FeHOTOKCHUYECKOTO CTpecca,
00yCIIOBIEHHOTO BhICOKMMHU Ho3amMu MMC [6, 7], B To BpeMs KaK UCClIeIOBaHUI, Ha-
MpaBJIeHHBIX Ha U3YYeHUEe XpOHUUeCcKoro Bo3aeiictBust MMC, kpaitHe maJo.

MukposinepHblit TECT in Vivo XOPOIIIO 3apeKOMEHI0BaJI B Ka4eCTBE CTAaHIAPTHOIO aHa-
JIM3a ISl OLIEHKU T€HOTOKCHMYECKUX 3((HEKTOB HA XPOMOCOMHOM YPOBHE Y Pa3TMYHBIX
JTaGOPaTOPHBIX XUBOTHBIX, IPU 3TOM MBIIIU SIBJSIIOTCS HanboJjiee MMPOKO MCTIONIb3ye-
MEBEIMU B ITOJOOHBIX SKCIECPHMMEHTAaxX BUOAMU TPBHI3YHOB [8], a moimxpomMaToduIbHbIE
spurpouutsl (I1XD) gBasgioTCS Moaxonsieil MUIIEHBIO IS OLIEHKW YPOBHSI OCTPOTO U
XPOHUYECKOTO TeHOTOKcudeckoro crpecca [9]. Ocobblit MHTepec MpencTaBIsieT u3yde-
HUE YyPOBHSI TEHOTOKCUYECKOTO CTpecca y TMIEPIUNUIEMAYECKUX MbIIEH, HOKAYTHBIX
no reHy anonunonporenHa E (ApoE "), UCMoib3yeMbIX MPU M3y4eHUM TaTOTeHe3a
Pa3IUYHbBIX CePAEYHO-COCYIUCThIX 3a0osieBaHuit [10, 11]. Psaa npoBeaeHHbBIX paHee 9KC-
MepuMeHTOB Toka3ayl, YTo MMC-UHAYLMPOBAHHBI T€HOTOKCUYECKUI CTPECC MOXKET
MPUBOAUTH K PA3BUTUIO SHAOTEINATBHON TUCHYHKUIMN (SBJISIIOLIEICS TPUTTEPOM are-
pocKiIepo3a) B KCIepUMEHTax in vitro [12, 13], mpu 3TOM ocTaeTcsl Heu3y4YeHHBIM BO-
npoc, oymet 11 MMC BeI3BaTh cxoxue 3(Pp¢eKTH y 1a00paTOPHBIX KUBOTHBIX.

Llenblo nTaHHOTO UCCIeIOBaHMS SIBUJIOCH ONpeeieHe TeHOTOKCUYECKOTo MOTeHIINA -
na MMC 6e3 uuTtoToKcnmdeckoro 3d@deKra Npu XpOHUIECKOM BO3IEUCTBUM Ha Apoe-
HOKayTHBIX MBIIIaX.

METOAbI MCCIEJOBAHUA

ManﬂHPOSCIHue CeHOMOKCU41eCcKoeo cmpecca

B uccnenoBanue 6pu1M Mcnoib3oBaHbl ApoE-HOKayTHBIE MBIILIM B Bo3pacTe 1.5 rona,
MOJIyYeHHBIC U3 BUBApUsI OT/EJIa SKCTIepUMeHTaIbHOM MenuuuHbl HYUU KoMIIeKCHBIX
npobJsieM cepiedHo-cocyarcThix 3aboneBanuit (KemepoBo, Poccust). beutn chopmupo-
BaHbl YEThIpE 3KCIEPUMEHTAJIbHBIE TPYIIMbI, BKJIIOUABIIME MO MATh MbIlIEH (YeThIpe
CaMKU M OOMH caMell), TTOJIy4YaBIINX MHBbEKIIK IBYX pa3audHbix 103 MMC (AppliChem,
Wcnanus, 0.1 1 0.5 MI/Kr) B XBOCTOBYIO BEHY OIMH U TPU pa3a B HEIEJIIO B TEUEHUE Me-
csla, a TakKe IBe KOHTPOJIbHbIE TPYIIIbI (MojydaBiinne nHbeKuuu 0.9%-Horo pacrsopa
NaCl oguH ¥ TpHY pas3a B HeIeJII0 Ha MPOTSKEHU U BCero aKcnepuMeHTa). Pactsop MMC
TOTOBWJIM HETIOCPEICTBEHHO MNepe UCToib3oBaHueM (ex tempore). [lo3srt MMC omnpene-
JISUTH SMIOIUPUYECKH C YIeTOM JINTepaTypHBIX TaHHLIX |14, 15]. Jlo3y nmpenapara, paccuu-
TaHHYIO IUIST KaXKIOTO XUBOTHOTO, pa3Boauiau B 0.9%-Hom pactBope NaCl. B xone akc-
NeprMMeEHTa XUBOTHBIX Mepeld BBEACHUEM Iperapara B3BELIMBaIM U KOPPEKTUPOBAIU
no3bl nipenapata. Eqa u Boga 6011 1OCTYMHBI HA TIPOTSIKEHUU BCETO IKCIEPUMEHTA.

IIpeumyniecTBO B KOJMYECTBE CAMOK B MCCJIEAYEMbIX I'pyIax Obuio 000CHOBAaHO
TeM, UTO CAaMKM TAaHHOU JIMHWUM XapaKTepus3yroTcs 6osiee MeIJIeHHBIM pPa3BUTHEM aTe-
pockJiepo3a.

H3eneuenue kocmnozo mozea

DBTaHa3Msl XKNBOTHBIX ocylmieCTBJidjiacb C IPpUMCHCHUEM JIBYOKUCH YyIJjiI€poJa. BCKpBI—
THUE MMPOBOAUJIN YEPE3 CEMb nHeit ot mociaenHero BBeaeHuss MMC. Ilocne BeiaeaeHUS
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10 MKM

Puc. 1. [Ipenapar cMbIBa KOCTHOTO MO3Ta M3 OENPEHHOI KOCTU MBIIIIel (2 — HOpMaxpoMaTOMUIbHBIN 9PUT-
pouHuT; b — MOAMXPOMATODMIBHBIN SPUTPOLIUT C MUKPOSIIPOM; C — MOJTUXPOMATOMDUIBHBINA SPUTPOLIUT Oe3
aHOMaJIuit).

GenpeHHOM KOCTU U €€ TOJHOTO OYMIIEHUsI OT MBIIIEYHON TKaHW, YAAJSIA SNU(MU3HI,
MPOBOIWIM CMBIB KOCTHOTO MO3ra 1 M1 SMOpHOHAJILHOM TeaIYbeil CHIBOPOTKH (Sigma-
Aldrich, CIIIA). ITonyyeHHyl0o cycrieH3uio LeHTpudyrupobaau npu 1000 06./MuH Ha
MPOTSKEHUN 5 MUH, HAAOCATOYHYIO XUJIKOCTh ynansuiu u goodasistiv 500 MK cBexXeit
CBIBOPOTKM, T1OCJI€ YEro CHOBA LIEHTPUMYTrMPOBaId U YaCTUYHO YIAJISUIM HA0CAT0UYHYIO
XKUIKOCTb, OcTaBJsis mpuMepHO 50—100 MKII.

ITlodzomoska yumoeeHemuvecKkux npenapamoe

He6ounpliiryto Karuio MoJydeHHON CYCIIeH3MU ¢ TOMOIIBIO T03aTopa MoMeIllaad Ha
Kpaii 00e33KMPEeHHOTO MPEIMETHOTO CTEKJIa U PACTITUBAIN KaTUTIo 10 BCEil ero moBepx-
HOCTH C TTOMOIIIBIO IPYTOTO MTPENMETHOTO cTekita. I1ocie BRICYIITMBaHUS Ha BO3OyXe TIpe-
napaTbl GUKCUPOBAJIM METAHOJIOM B TedueHUe 5 MuH. [Ipemapatsl okpammBanu 2% -HbIM
pacTBopoM Kpacuteist [mMm3a B TedeHre 10 MUH, TIpOMBIBAIV IIPOTOYHOM BOIOM M BBICY-
IIWBAJIA Ha BO3AYyXE.

Ananuz yumoeenemuuecKux npenapamos
Ilpenapatel aHanu3MpoBaiu Ha MHKpockore Axiostar Plus (Zeiss, ['epmanus) npu
yBenmyeHuu B 1000 pas. Ha kaxknom npenapare noacuyutbiBagv 200 spUTpOILIUTOB, OIpe-
NeJISITA KOJTMYeCTBO HoOpMaxpoMaTohWIbHBIX 3puTpoiiuToB 1 [1XD, mocie yero paccum-
ThIBasIK nouo I1XD. [ olleHKM YPOBHSI TeHOTOKCUYECKOTO CTpecca Ha KaskIoM MpeTia-
pate noncuuthbiBaiu emie 1000 I1XD u ormevanu [1XD ¢ mukposapamu (M£) (puc. 1).

Cmamucmuueckuii anaaus

CraTHCTUYECKUIT aHAJIN3 MIPOBOIMIN C MCIOJIb30BaHUEM IIPOrpaMMHOI0 obecreye-
Husa StatSoft STATISTICA 10.0. OueHka HOPMaJLHOCTH pacIipefeieHUs] MO METOIy
Konmoroposa—CMupHOBa MOKa3ajo0, YTO paclipeaesieHre JaHHBIX 110 BCEM U3YyYEHHBIM
MoKa3aresisiM He COOTBETCTBYET HOpMajibHOMY. ClieIoBaTebHO, I CPABHEHUS TPYIII
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npumeHsiin H-xpurepuit Kpackena—Yoyuuca. Paznuuust Mexay rpynnaMu CUUTaIv
3HaYMMbIMU T1pu p < 0.05.

PE3VJIBTATBI UCCIEQOBAHHNA

B pesynbrare mpoBeneHHOTO UCCIeNOBaHMs ObLIO TTOKa3aHO HECKOIBKO TOCTOBEPHBIX
pazauuuii o ypoBHIO IIXD ¢ MS Mexmy skcnepuMeHTaJbHBIMU M KOHTPOJbHBIMU
rpynnamu (puc. 2a). Ilpu onHokpaTtHOM BBeaeHurn MMC I1XD ¢ XpOMOCOMHBIMHU I10-
BPEXIEHUSIMU OoJiee YeM B JIBa pa3a 4yalle BCTpeYaIuch B IpynIiax MblilIei, 3KCIIOHUPO-
BaHHbBIX 06ermu fo3aMu MMC (0.1 u 0.5 Mr/Kr) 110 CpaBHEHUIO C KOHTPOJIbHBIMU IPYIT-
namMu. DKCrepuMeHTaIbHbIEe TPYMITBl KaK IMPY OMHOKPATHOM, TaK M IPU TPEXKPATHOM
BBegeHn MMC He MMeNIn CTaTUCTUYECKU ITOATBepXKIeHHbIe paszmumuusd (p > 0.05) mo
KOJIMYECTBY KJIETOK C IIMTOTEHETUYECKUMM aHOMAJISIMH.

JInst ToHMMaHUSI U3MEHEHMS TeMOTI033a, a UMEHHO 3pUTPOITo33a, B oTBeT Ha MMC-uH-
IyIIMPOBAaHHBIN T€HOTOKCUYECKUU CTpecc, MOIMOTHUTEIbHO ObUIO MPOaHATM3UPOBAHO
200 3puTpouMTOB M TMoacuuTaHa noJist I1XD oT ob1iiero yucia aputpouToB. beuio ycra-
HOBJIEHO, YTO Y MBIIIEH U3 9KCITEPUMEHTATBHBIX rpyIin AoJist ITXD 6bl1a Ha 10% u Gosee
HIUKE, YeM Y MBIIIEi U3 KOHTPOJIbHBIX TPYIIIT, OMHAKO CTATUCTUYECKU 3HAYMMBbIE pa3jiv-
YMsI ¢ KOHTpOJIEM ObLJIM OTMEUEHBI TOJBKO Y XXKMBOTHBIX, TMOJYYaBIIUX TPEXKPATHYIO
unabeknio MMC B nosuposke 0.5 mr/kr (puc. 2b). Cienyet orMeTuTh, 4yto nois [1XO B
KOHTPOJILHBIX TPYIIIIax cocTaBisia mpuMepHo 50%.

OBCYXIEHMUE PE3VIIbTATOB

[eHOTOKCUYECKUIA CTpECC MPUBOIUT K CEPbE3HBIM MOCJENCTBUSIM ISl 3OPOBbSI Ye-
JIOBEKa, CBSI3aHHBIM C TePATOTEeHHBIMU, MyTareHHBIMU M KaHIIEpOTeHHBIMUY 3 deKTaMu,
BO3HUKAIOIIUMU B PE3y/IbTaTe XPOMOCOMHBIX HAPYIIEHNI B COOTBETCTBYIOIIMUX TKAHSIX.
I1pu aHanM3e cnocoOOHOCTH TOTO WJIM MHOTO areHTa MHUIUMUPOoBaTh noBpexaeHue JJHK,
WJIM TIPU OLIEHKE CYILIECTBYIOLIMX MOBPEXKIAEHUI, MOTYT ObITh UCIIOJIb30BaHbI Pa3JIMYHbIE
LMUTOreHeTnYeckue Tectbl. OHU MPUMEHUMBI KaK K KJIE€TKaM B 3KCIEPUMEHTAaX in Vitro,
TaK ¥ K MOJIEJISIM i1 Vivo C ydacTUeM MeIKUX miekornuTaoiux. [IpenMyiiecTBo uurore-
HETUYECKHUX TeCTOB 3aKJII0UAETCSI B BO3SMOXHOCTH YYeTa FeHeTUYECKMX TTOBPEXACHUI Ha
YPOBHE OTAEJIbHOU KJIETKU, YTO MO3BOJISIET OTIPEASIATh KIETOUHYIO KUHETUKY KJIaCTOre-
Ha ¥ yCTaHaBJIMBAaTh 3aBUCUMOCTD “mo3a—addexr”. OueHka “mo3za—a3ddexr” apisercsa
OIHUM U3 3TaroB B OLIEHKE PUCKOB, CBSI3aHHBIX C BO3/I€ICTBMEM XMMUYECKHUX BELLIECTB U
(haKTOpOB OKpyKalollleil cpenbl, UHAYLUPYIOIINX OOpaTUMble 1 HEOOpaTUMbIe U3MEHE-
HUs B opranusme [16].

MuKposiAepHBbIil TECT IIUPOKO MCIIOJIb3YETCSI B TEHETUYECKON TOKCUKOJIOTUM U TIpU-
MEHSIETCSI, B TOM YMCJIe, TPY pa3paboTKe U TECTUPOBAHUM JIEKAPCTBEHHBIX MTPernaparos.
MuxkposinepHslii Tect 1 FISH meron (bayopecuieHTHast TuOpuan3anus in situ) oCTaroTcst
OJTHUMM U3 OCHOBHBIX METOIOB OLIEHKHU BJIUSHUSI MyTareHHbIX (h)aKTOPOB HA TEHOMHYIO
HecTabmiabHOCTH [15]. Takue muTOreHeTMYEeCKNe aHOMAJIMM, KaK MUKPOSIIPO, MPOTPY-
31s1 U HYKJIEOTUIa3MEHHBI MOCT YYUTHIBAIOTCS B AHAJIM3E SPUTPOLIMTOB PHIO U TITULL IS
oOHapyXeHMsI TeHOTOKCUYECKUX (paKTOPOB B OKpy:Kaloleit cpene [22, 23]. In vivo aHa-
M3 ypoBHST MS1 B apuTpoiuTax MIeKOTUTAIONIMX (TJIaBHBIM 00pa3oM KpPbIC U MBIIIIEit),
MOJIYyYEHHBIX M3 MeprudepruuecKoil KpOBU MM KOCTHOTO MO3Ta, IIIMPOKO MCITOIb3YeTCsI
IUUISI BBISIBJIEHUST TIOBPEXIEHWIT XPOMOCOM WJIM MUTOTMYECKOTO arirmapara 3puTpoosia-
CTOB, BBI3BAaHHBIX UCCIIEAyeMbIM XUMUUYECKUM BeIIeCTBOM [17], B OCHOBHOM OIpeaesist
4acTOTy BCTpeyaeMOCTU MUKposiaep [24, 25]. B npoliecce npeBpallieHUsI 3puTpodiacta
KOCTHOTI'O MO3Ta B He3peJiblii 3pUTPOLMT (MHOTAA TakKe HaszbiBaeMblid [1XD mim peTuky-
JIOIUTOM) B LIMTOIUIa3Me BO3MOXKHO MosiBJieHWe MSI, sIBIsIIOIIMXCST MapKepoB IOBpe-
KIEeHUST TeHETUYeCKOoTo anmnapara kiaetku [17, 18]. Busyanuzauus MS B Takux KiieTkax
obJieryaeTcs TeM, YTO Y HUX OTCYTCTBYET OCHOBHOE SITIPO.
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PaznuyHblie mo cBOeMyY TUIY U MEXaHU3MY JICCTBUSI MyTareHHbIE areHThI 110 Pa3HOMY
Biusitor Ha obpazoBanue MS B ITXD. IMoBpexknenus JJTHK, BbI3BaHHBIE pa3IuyHbIMU
9K30T€HHBIMM U 3HAOTeHHBIMM (paKTOpaMM, HaKaruIMBalOTCS B KJIETKE 10 TeX Mop, MoKa
HEe TIPUBBICAT BO3MOXHOCTU cucTeM penapanuu nospexnaeHuit JJHK. B aTtom koHTekcTe
BaXKHO MOHUMATh MEXAaHU3MBbI U MOCJEACTBUSI TEHOTOKCUYECKOTO CTPecca, BBI3BAHHOTO
XPOHUYECKUM HU3KOI030BbIM BO3JCHCTBUEM Pa3IUUYHBIX MYTAar€HHbIX ar€HTOB Ha KU-
BbIe OpraHu3Mbl. B HallleMm rccienoBaHum 6bU10 TToKa3aHo, uTo MMC B KOHLICHTpaluU
0.1 Mr/Kr BBI3BIBACT BBIPAXKEHHBIII TEHOTOKCUUECKHWI, HO HE IIMTOTOKCUYECKUiT apdekT
Yy TUNEPJIUTNUIEMUYECKIX MBIIIEH (4TO BhIpaXKaeTcs B 3HAYMMOM YBEJIMYEHUN YaCTOTHI
I1XD ¢ M4, ¢ omHOBpeMEeHHBIM OTCYTCTBHMEeM m3MeHeHUs moim [1XD). B To ke camoe
Bpems mo3a 0.5 Mr/Kr o6J1amaia BeIpaXKeHHBIMU IIMTOTOKCUIECKMMU 3(hheKTaMu, BBI3HI-
Basi HapylI€HUE 3PUTPOII033a (a2 UMEHHO CHUXXEHUE NOJIM PETUKYJOLIMTOB), IIPU 3TOM
ypoBeHb [1XD ¢ M4 cTtatTMcTuyecKy 3HAYMMO HE pas3indayics ¢ JaHHBIM MoKa3aTeJeM
st 1o3bl 0.1 Mr/kr. [TonyyeHHBIE HAMU Pe3yabTaThl OTJUYAIOTCS OT JAHHBIX, TTOJTyYeH-
HBIX B XOJI¢ 9KCIIEPUMEHTOB 10 MOJEJIMPOBAHNIO OCTPOTO T€HOTOKCUYECKOTO CTpecca,
BEITIOJTHEHHBIX PSIIOM HCcienoBareneii. B yactHocTr, 6bu1 m3ydeH ypoBeHb [1XD ¢ MA y
KpbIc TuHuM Wistar, nony4aBimux uHbeKuuu MMC B koHueHTpauuu 0.5, 1 1 2 Mr/Kr
BHYTPUOPIOIIMHHO, C TIEPUOANYHOCTBIO OIMH pa3 B CYyTKHU (BCEro ObLJIO BBHIMIOJIHEHO JIBE
WHBEKIIMN). BbUTIO MOKa3HO, YTO TOJIBKO KOHIIEHTPAIMU 1 U 2 MT/KT BbI3BABJIU 3HAYNMOE
noBbllIeHUe ypoBHs noBpexaeHuss JJHK mo cpaBHeHUIO ¢ HEAKCMTOHUPYEMbBIM KOHTPO-
JieM, B TO BpeMs KakK KoHueHTpauuu 0.5 Mr/Kr Mpu IByKpPaTHOM BHYTPUOPIOIIMHHOM
BBEIICHUM HE BbI3Bajia pa3BUTHUSI TEHOTOKCUYECKOTO CTpecca y KMBOTHBIX. boljiee Toro,
eXeIHeBHEIe (Ha MPOTskeHUU 13 mHei) BHyTpuOpIomnHHbIe nHbeKInu MMC B KoHI1Ie-
tpauuu 0.1 Mr/Kr (c 3a6opom nepudepruuecKoit KpoBU Kaxkablie 24 4) TaKKe He TIPUBOIU-
JIM K U3MEHEeHMI0 Kak ypoBHs [1XO ¢ M4, tak u nonu I1XD [19].

Morales-Ramirez u coaBt. [20] B cBoeM 00630pe CpaBHUBAJIM Pa3INuus B KUHETUKE U
MexaHu3Mmax obpazoBaHus [TXD ¢ M 1 HTUTOTOKCUYHOCTU Pa3IMYHBIX TPOTUBOOITYXO-
JIEBBIX U TEHOTOKCUYECKUX areHTOB B Mepudepruieckoit KpoBu Mbliiieit in vivo. MUHM-
MajipHO#T mo3oit MMC, mpu KoTopoil HaOII0daJIoCh MAaKCHMMaIbHOE CHIDKCHHUE HOJIU
T1XD, aBuitack KoHneHTpawwus 1.5 MKM /KT, a Takke ObL1a IoKa3aHa KOPPEeJISIIUS MEXKIY
TeHOTOKCUYECKUM M LIMTOTOKcHMYecKuM naeiictBueM MMC. Takke ycTaHOBJIEHO, 4TO
BHYTpUOpIOIIMHHBIE MHbeKIMM MMC B KOHLIEHTpauuu 1 Mr/Kr (ITh UHbEKIUI B Te-
YeHUE HeAeIN) HE BhI3BIBAIOT U3BMEHEHWI B OMOXUMUUECKHUX U LIMTOJIOTMYECKMX TTOKa3a-
Tensix mepudepnueckoit kpou NQO1~/~, NQO1%/~ u NQO2~/~ Mblueii, a Takxe T-
CTOJIOTMYECKOM XapaKTepUCTUKU X KOCTHOTO Mo3ra [21].

Takum o6pa3oM, B pe3yJibTaTe MMPOBEICHHOTO NCCIEIOBAaHMS TTOKAa3aHO, YTO T03UPOB-
ka MMC B koHueHtpauuu 0.1 Mr/Kr siBJISIETCSI ONITUMAJILHOM JUISI MOJIETMPOBAHUS XPO-
HUYECKOTO TeHOTOKCHMYECKOIO CTpecca y Mbleit. Bercokux mo3 (6oiee 0.5 Mr/Kr) ciaenyer,
110 BUIMMOMY, N30eraTh, TaK KaK OHU MOTYT BbI3BaTh LIMTOTOKCHYECKUE I(hHEKTH 1 Ha-
pyiieHue sputponoasa. CBepxHuskue no3bl (MeHee 0.1 Mr/Kr), BeposTHO, Jaxe Oe3-
oracHee, U UX 9(GEKT B KOHTEKCTE MOIEIUPOBAHUSI TeHOTOKCHUYECKOTO addekTa criemyer
W3YyYUTh B OYIyIIUX UccienoBaHMsIX. [1ojlydeHHBIE B XOle HACTOSIIIIETO WUCCAeIOBaHUS
pe3yabTaThl MOTYT OBITH IOJIE3HBI IIpU BeIOOpEe 10361 MMC miIst mpoBeaeHMsI SKCIIepr-
MEHTOB, TPEOYIOIINX MOACIMPOBAHUS XPOHUUECKOTO TeHOTOKCUYECKOTO cTpecca y Jia-
6OpaTOPHBIX XKMBOTHBIX.

COBJIIOAEHUE 5TUYECKHUX CTAHIAPTOB

HccnenoBanue IMMPpOBOAMNJIOCH B COOTBETCTBMU C PEKOMCHAALIUSMU XeJTbCUHKCKOI Jie-
Kiiapauu M ipyHOUInaMmu ryMaHHOCTH, U3JTOKEHHBIMU B l'[paBI/maX ITPpOBCIACHUSA pa60T
C UCITOJIb30BAHUEM SKCIICPUMCHTAJIbHBIX 2KWBOTHBIX. npOTOKOJ'I HCCICa0BaHUA OI[O6p€H
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JIOKaJIbHBIM 3THYeckuM KomutetoM HUMM KoMIuieKCHBIX MpoOjeM cepaeuyHO-COCyar-
CTBIX 3a00JIEBaHUIA.
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Dose-Response of the Mitomycin C Genotoxic Effect on the ApoE Knockout Mice

M. A. Asanov” *, D. K. Shishkova?, A. O. Poddubnyak?, M. Y. Sinitsky?, A. V. Sinitskaya?,
M. V. Khutornaya“, and A. V. Ponasenko”

4 Research Institute for Complex Issues of Cardiovascular Diseases, Kemerovo, Russia
*e-mail: asmaks988@gmail.com

Polychromic erythrocytes have been accepted as a suitable target for micronucleus (MN)
evaluation in both acute and cumulative injury. Mitomycin C (MMC) also has a wide
range of genotoxicity, including inhibition of DNA synthesis, clastogenesis and muta-
genesis. As an immediate clastogen requiring exclusively intracellular reductive activa-
tion, MMS initiates efficient DNA crosslinking. The in vivo micronucleus assay has es-
tablished itself as a standard assay for evaluating chromosomal genotoxicity in mouse
erythrocytes. Most of the studies are focused on the study of acute acute effects, which is
caused by high doses of the mutagen. In turn, there are no or very few studies aimed at
studying the chronic effects of MMS. The aim of the study is to create a chronic geno-
toxic effect of MMS without lethal outcome in ApoE’/ ~ mice when selecting the opti-
mal dose of MMS. The design of the study included 6 groups of ApoE_/_ mice, two
doses of MMC at a concentration of 0.1 and 0.5 mg/kg, single and three doses. Each
group consisted of four females and one male. To assess genotoxicity, 1000 polychromic
erythrocytes (PChE) extracted from the femoral bone marrow were counted on each
sample, PChE with micronuclei were detected, and the proportion of reticulocytes was
counted. A dose of 0.5 mg/kg showed a clear cytotoxic effect, expressed in a violation of
erythropoiesis, and more precisely in a decrease in the proportion of reticulocytes. In
our study, the concentration of the mutagen, namely 0.1 mg/kg, was shown to cause a
clear genotoxic effect without reaching the threshold of cytotoxicity. Dose-response
studies in rodents can provide useful information on the mechanisms of toxicity and
dose selection for long-term toxicity studies.

Keywords: micronucleus, genotoxicity, erythrocyte, mitomycin, reticulocyte



	ВВЕДЕНИЕ
	МЕТОДЫ ИССЛЕДОВАНИЯ
	Моделирование генотоксического стресса
	Извлечение костного мозга
	Подготовка цитогенетических препаратов
	Анализ цитогенетических препаратов
	Статистический анализ

	РЕЗУЛЬТАТЫ ИССЛЕДОВАНИЯ
	ОБСУЖДЕНИЕ РЕЗУЛЬТАТОВ
	СОБЛЮДЕНИЕ ЭТИЧЕСКИХ СТАНДАРТОВ
	СПИСОК ЛИТЕРАТУРЫ

