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ONuaeMUOIOTNIEeCKUE HCCICAOBAHUS CBHACTEIBCTBYIOT O TOM, UTO 3a00JI€BaHMs JETCKOTO BO3PAcTa Io-
BEIITAIOT BEPOSITHOCTh BO3HUKHOBEHUS B OTAAICHHOM OyAyIIeM HaTOJOTHi CepledHO-COCYTUCTOH CHCTEMBI.
OCHOBBIBasICh Ha JAHHBIX O TOM, YTO CAMOIl 4acTOW MPHUYMHON HETOMOTAHHU y AeTeH SBISIOTCS MH(EKIIHOH-
HBIE TaCTOPIHTEPUTHI, MBI HCCIIEI0BATH BIUAHIE KPUNTOCHOPHUANO3a HA PEMOJIETNPOBAHNE KapJHOMHUOLUTOB
1 cepana B 18 BO3pacTHBIX rpymmax Kpbeic 1-ro mec xu3HU. 3a0oneBaHie, HHAYLIHIPOBAHHOE IIUPOKO PaCcCIpo-
CTpaHEHHBIM MTPOTO30HHBIM SHTEPOIATOTEHOM YeIoBeKa 1 JKUBOTHBIX Cryptosporidium parvum, IposBISIOCH
B 3aMEJIEHUU POCTa U YMEPEHHOH auapee. MeTogamMu NOJAMMEPAa3HON LEMHON peaklM B peajJbHOM BPEMEHH,
IUTO(GOTOMETPUU U aHATIHM3a M300paKEHUH MbI YCTAHOBMIIM, YTO KPUITOCIOPHINO3 ACCOIMUPOBAH C aTpPO-
¢ueit cepana, a Tak)Ke CO CHIDKCHHEM KOJIMYeCTBa 0011ero 6eika B KapAHNOMHUOIUTAX U UX UCTOHYEHUEM, U3-
OBITOYHOI MOTHUIIONIU3ALNEH U TUIIePIKCIPEcCHei HHIyupyeMoro runokcueii gpakropa (HIF-1a). Pemone-
JIUpOBaHUE KapAMOMHOLMTOB U aTpo(us cepAaLa NposSBIINCh, BO BecexX 18 Bo3pacTHbIX rpynnax. OgHako pas-
JIM4ajlaCb HMHTCHCHBHOCTBH JOTHX HSMCHGHHﬁ, KOTOpasg yMEHbIIAJIACh OT MIAQAIIMX TIpynr K CTapuiuMm.
M36bITOUHAs MOJUIUIOANU3ALUS U TUIepIkcnpeccus HIF-1o ObLTH 3aperuCTpUPOBaHBl MPUEMYIIICCTBEHHO Y
JKMBOTHBIX 6—13-CyTOYHOIr0 BO3pacTa, B TO BpeMsi KaK y OoJiee CTaplIiX )KHUBOTHBIX OHH IPOSIBIISIIUCH C1abo 1
OBUTH CTAaTHCTHYECKU HeOCTOBEpHBIMU. [leprosa pa3BuTHs KpbICH ¢ 6-X 10 13-e CyT COBIaaeT ¢ yCHICHHOI
MOJIUIUIONIN3aNeH KapJHOMUOLUTOB U C UX MEPEKIIOYEHHEM C MpoiudepaTHBHOrO pocTa Ha TUIEPTPOH-
yecknil. Takum 00pa3om, HaIIM AAaHHBIE ITOKAa3aJly, YTO KPHITOCIIOPUANO3HBIH IaCTPOIHTEPUT MOXKET OBITh
MOTEHIMAIBHBIM (PaKTOPOM PUCKA CEPJEYHO-COCYIUCTHIX 3a00JIEBAaHUI M UTO MEPUO MOTHIUIONIU3AIUH Kap-

JAAOMHUOLUTOB SIBJISICTCA OAHUM M3 KPUTHYCCKUX MIEPUOJOB B ITOCTHATAJILHOM PAa3BUTUU CEpALA.

KnioueBble cl0Ba: HEOHATATbHBIE KapAWOMHOIWTSHI, MOJUIUIONINS, aTpodus, yIIHHEHNE, KPUITO-
CIIOPUINO3HBIN TaCTPOIHTEPUT, KPUTHUECKUH TIEpHO]] B pa3BUTUH cepaua, HIF-1a.

JlaHHBIE PETPOCIIEKTHUBHBIX SIUIEMHOJOIMYECKUX HC-
CJIC/IOBAHUH CBUCTEIHCTBYIOT O TOM, YTO MHOTHE HEHH(EK-
[HOHHBIE 3a00JIEBAHUsI B3POCIIBIX JIIOJCH MPOUCXOMIAT H3-32
3aMEJICHHUS POCTAa, HEAOCTATOYHOIO MUTAHUS W BOCIAIHU-
TEJBHBIX MPOIECCOB B JIETCTBE. DTy B3aMMOCBSI3b BIICPBBIC
orrcai B 1989 r. npodeccop IlopTinanackoro yHUBepcUTETa
(CHIA) [»Bun bapkep ¢ coTpyaHHKaMH, Ha3BaB €€ «OHTOTe-
HETHYEeCKNM TporpammupoBanuem» (Barker etal., 1989).
Ceiiuac OHTOTEHETHYECKOE MPOrPAMMHPOBAHUE TPHUBIICKA-
eT OO0JIBIIIOE BHUMAHHUE UCCIICIOBATENICH: CO3/IaHO HECKOJIBKO
WHCTUTYTOB WM KPYIHBIX ICHTPOB, 3aHHMAFOIIMXCS TOJIEKO
3TOl mpobaemoii (wWww.mrc.soton.ac.uk, www.geneim-
print.com, www.nida.nih.gov, www.nationalchildrensstudy.
gov). B pesynprare ux paboThI CTAI0 U3BECTHO, YTO HIEMU-
yeckasi 00JIe3Hb Cep/Ilia, TUIIEPTOHUS U MH(PAPKT MHOKAp/ia B
3HAYHUTEIIBHOW CTEIICHH SIBJISIFOTCS CIICACTBHEM HEIOMOTa-
Huil, nmepeHeceHHbIX B netctBe (Gluckman, Hanson, 2004;
Crimmins, Finch, 2006; Nuyt, Szyf, 2007; Finch, 2010).
B T0 ke Bpemsi, HECMOTpSI Ha MHOTOYHMCIICHHbBIE CTATHCTHYE-
CKHE JJaHHBIC, MEXaHM3MbI U TIPUYUHBI B3aUMOCBSI3U MEXKY
HEJIOMOTaHUSIMU JIETCKOTO BO3pacTa M HapylieHHeM paboTh
Cep/Iia y B3pOCIBIX JIFOJICH 0 KOHIIA HESCHBI.
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OCHOBBIBasICh HA JAHHBIX MEIULIMHCKOH CTaTUCTUKH O
TOM, YTO HanOOJIee 4acTOM MPUIWHOW 3a00NIeBaHMA y MIa-
JICHLIEB, JIETEH W TOAPOCTKOB SIBIISIOTCS MH(EKIIMOHHBIE 3a-
OosieBaHMSI KHIIEYHHKA, KOTOPHIC BBI3BIBAIOT BOCIAJICHUE,
MasibabCOPOINIO, TAXUKAPJIUIO U OTTOK PECYPCOB OT (OpPMHU-
pytomrerocs cepaua (Finch, Crimmins, 2004; Curione et al.,
2010; Alter et al., 2011; Rodriguez et al., 2011), msI pa3paboTa-
JIM MOJIENb KPUITOCTIOPUIMO3HOTO TaCTPOIHTEPUTA Y HEOHa-
TaJIbHBIX KPBIC, BBI3BAHHOTO SHTEPONATOI€HOM ITPOTO30HHOM
npupozsl Cryptosporidium parvum (Apicomplexa, Sporozoa).

KpunTocropuino3Hblil TaCTPOIHTEPUT — LIMPOKO pac-
MPOCTpaHeHHOe 3a00JIeBaHUE YENIOBEKA M JKUBOTHBIX, MPE/-
CTaBIISIIONIEE OCOOEHHYIO OMACHOCTH JUIA JETel, Yy KOTOPBIX
OHO MPHUBOJUT K JUTUTEIBEHOHN (JJO HECKOJIBKUX MECSIICB) Ana-
pee u pe3xomy 3amemieHuto pocta (beftep u np., 2002, 2006;
Chalmers, Davies, 2010). B crpaHax ¢ »apKuM KIHMaToM
(Takux, HampuMmep, kak 3ambus, Munus u bpasunus) xpun-
TOCHOPH/IMO3 ACCOLMUPOBAH C MOBBIIIEHUEM CMEPTHOCTH I1a-
UEHTOB Bcex Bo3pacToB (Meireles, 2010; Kelly, 2011), a B
pa3BUTHIX CTpaHaX, Takux kak AHrmws, ['epmanns n CILA,
3apernCTPUPOBAHBI €KETOAHBIC JICTHUE BCIIBIIIKH AIIHAESMHUH
kpunrocrniopuanosa (Chako et al., 2010).
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3apaXeHUE OOLMCTAMH KPHIITOCIIOPUANIN TPOUCXOMUT,
Kak IPaBUJIO, Yepe3 3arpsi3HEHHYI0 BOAY, IHIILY WM [TPU KOH-
TakTe ¢ nfomMarHuMu kuBoTHEIMHE (Fayer, 2004; Neira-Munoz
et al., 2007; Fayer et al., 2010). DamoreHHOe pa3BUTHE Mapa-
3UTA MPOTEKAET B KJIETKAX AIUTEIHAIbHONU BBICTHIKU HIXK-
HUX OT/AeN0B ToHKoro kumeuHuka (Fayer, 2004; Fayer et al.,
2010). [Mocensisick B AKCTPALUTOIIIA3MAaTHYECKOM 30HE DHTE-
POLUTOB, KPHUITOCIIOPUAUN HAPYIIarOT BCACbIBAHWUE IIATA-
TEJIbHBIX BEIECTB BOPCUHKAMH ITHX KIIETOK, BBI3BIBAIOT BOC-
MaJIeHUe U TUapero cekpeTopHo-ocMotndeckoro tumna (Chal-
mer, Davis, 2010).

Hcnone3yst Mozenb KPHIITOCIIOPUINO03a, MBI H3YUHIH
BJIMSIHUE JJAHHOTO 3a00JIeBaHMs Ha CICIYIOIINE MapaMmeTpbl
cep/lla HEOHATANILHBIX KPbIC: OTHOCUTEJIbHAS Macca cep/ia
(oTHONIEHWE MacChl cepila K macce Teja), COOTHOIIECHUE
JUTMHBI ¥ ITUPUHBI KApJAMOMHUOIIMTOB, COJICPIKaHKHEe B HUX 00-
mero Oenka, ypoBeHb IUIOMIHOCTH, & TAK)KE YPOBEHb JKCII-
peccun MHAYynHupyeMoro runokcueit gpakropa (HIF-1a).

W3BecTHO, YTO OTHOCHUTEINIbHASI Macca Cep/Iiia MpsiMO TPo-
MOPLIMOHANIbHA 00bEMY CEpACYHOr0 BHIOPOCa U HHTECHCHBHO-
ctu 0a3anpHOTO MeTadoaM3Ma M 00paTHO MPOMOPITMOHATBLHA
gactoTe myibea (Bishop, Butler, 1995; Bishop, 1999, 2005).
Kpome toro, 3T0T napamerp sBJISIETCSI OCHOBHBIM (DAKTOPOM,
JVMUTHPYIOIUM (DYHKIMOHAJIBHYIO CHOCOOHOCTh Ccep/la
(cm. 0030p: Bishop, 1999).

CooTHolIeHne JJIMHBI U IUPUHBI KApAUOMHUOIUTOB, KaK
U cojepkaHue o0mero Oenka, XapakTepu3yIOT CHIy COKpa-
HIEHUsI JKEeNTy104Ka cep/iia. JmnHa Ki1eToK mponopiuuoHaibHa
00beMY JKENy0YKa, a IMUPUHA — TOIIINHE CTEHKH JKEIy-
mouka (Li et al., 2004; Chen et al., 2010). Conepxanue od1ie-
ro Oeika OTpakaeT KOJIMYECTBO COKPATUTEIBbHBIX OEIKOB B
kapauomuonmtax (Schliiter et al., 1995).

W36bITOUHAS MTOTUILIONIU3AMNS KaPJHOMUOLIUTOB SIBJISI-
€TCsl OJTHUM M3 XOPOIIIO YCTaHOBJICHHBIX MaPKEPOB OTBETA Ha
ctpecc (Rumyantsev, 1977). [IposBisist npu3HAKKA OMOIOTH-
YEeCKOW TIACTUYHOCTH, ITOJIUIUION S U3MEHSIETCS B OTBET Ha
M3MEHEHHE CKOPOCTH U YCJIOBHU pOCTa, (MIOreHETHUECKHE
0COOCHHOCTH, (PU3UOJOTMUYCCKYIO M MATOJIOTHYECKYIO IMepe-
I'Py3KY, TOPMOHAQJIBHBIN 1 MeTaO0IMYECKUH TucOaiane u pas3-
Horo poxa uHpekmmu (Rumyantsev, 1977; MapteHoBa 1 ap.,
1983, 2002; Brodsky et al., 1985, 1991; Rumyantsev et al.,
1990; Kellerman et al., 1992; Anatskaya, Vinogradov, 2002,
2004a, 2004b; Amnankasi, Bunorpamos, 2004; Anatskaya
etal., 2007, 2010; Walsh et al., 2010). Hauu HenaBaue cpas-
HUTEJbHBIE HMCCIIEOBAHUSI TPAHCKPUIITOMOB I0KA3aJH, YTO
MOJIUIUION/IM3ALUSI MOXKET MIPUHUMATh YIacTHE B PEryJIsIHU
OCHOBHBIX JKU3HEHHBIX MTPOIIECCOB KJIETKH, BKIIFOUAsl YHEPre-
THUYECKMH OOMEH, Iu(QepeHIPOBKY, perapanuio, TpaHc-
KPHITLHIO, TOJIep)KaHHe [IUTOCKENeTa U JJaKe BHEKIETOYHO-
ro matpukca (Anatskaya, Vinogradov, 2007, 2010; Anarkas,
Bunorpanos, 2010).

TpauckpunuoHHbIH GakTop HIF-1a perynmupyer mmpo-
KU CMEKTP BHYTPUKICTOYHBIX M CUCTEMHBIX OTBETOB Ha T'H-
MIOKCHUIO M Apyrue (akTopsl cTpecca, BKIIOYAs BO3JCHCTBHE
CBOOOIHBIX pajMKaioB, (aKTOPOB pocTa, METabOJHUTOB,
HOHOB, HUTOKMHOB M JaX€ MCXaHHYCCKOT'O pPaCTIKCHUA
(Gorlach, 2009; Semenza, 2011, 2012). B ¢Bsi3u ¢ 3TUM ypo-
BeHb HIF-lo cUMTalOT Ba)XXHbIM MHAMKATOPOM MaTOJIOIMYe-
cknx m3menenwmit (Gorlach, 2009).

Ienpro Hameil paboTsl OBLIO HCCIIEIOBATH MEXaHHU3MBI
B3aUMOCBSI3H MEXY TaCTPOIHETEPUTOM M BO3HHMKHOBEHHEM
MaTOJOTUH CEepAEHYHO-COCYIUCTOM cUcTeMbl. JJis1 3TOro Mbl
M3YYHJIM BJIMSHUE KPUITOCIOPHUIMO3HOTO TaCTPOIHTEPUTA
Ha PEMOJCIMPOBAHHE CepAlda U KapIUOMHOIIUTOB KpPbIC
1-ro Mec *H3HHU, COMOCTABUB OTHOCHTEIILHYIO MAcCy Cep/Ila,

OTHONICHUE JIJIMHBI U MHUPUHBI KaApTUOMHOIIUTOB, COJEpiKa-
HUE B HUX 00IIEro Oeiika, yPOBHU IUIOWAHOCTH M IKCIIPEC-
cuto HIF-1o0 y nepeboneBInX U KOHTPOJIBHBIX KUBOTHBIX.

Marepuaj U MeTOAUKA

KuBoTHBbIe. OOUUCTH KPUIITOCHOPUANH MOTYyYaIN OT
7—14-CyTOYHBIX TEIST U3 )KUBOTHOBOAUYECKUX (epM JIeHuH-
rpazckoi 00, Ma3sku, MPUTOTOBICHHBIE M3 MPOO comep-
KHMMOTO KHUILIEYHHUKA TEIST, OKPAIIUBaId KapOOIOBbIM (DyK-
cuaoM 1o mmro—Humscony. IIpo6sr Opamu ot Hambomee
3apaXCHHBIX >KMBOTHBIX, cojaepkaBliux 25—40 oouuct u
OoJiee B OZHOM II0JI€ 3PEHUSI MUKPOCKOIIA IIPH YBEJIMYCHUN
600X%.

BolaeneHue 4ncTol KyJbTypbl OOLIMCT IIPOBOAUIM C I1O-
MOIIBIO TIPEPHIBUCTOrO TPAJUEHTa IUIOTHOCTH IEPKOJLIA
(Waldman et al., 1986). CHagana cycreH3nI0 OOIHCT U3 CO-
nepxuMoro kumeyHnka B PBS (1 :9) menTpudyrupoamm
npu 500 g B Teuenue 15 MuH; 3aTeM CynepHATaHT CIIUBAIH,
mobapisin 15 M PBS u 3 M aTokcudTaHa M, THIATEIBHO
BCTPSIXHYB, OCaX/JaJu LieHTpudyruposanuem mnpu 500 g B Te-
yeHue 5 MuH. HeounieHHbIe OOMMCTHI OCTOPOXKHO COOMpa-
JIM €O JTHa TpOOHpKH. [ mosryueHnst HeoOXOaUMOTO KOJH-
YecTBa OOLMCT IPOLEAYpPY IOBTOPSUIM MHOTOKPAaTHO (J10
15 pa3).

3aTeM OOLMCTHI TINATEIBHO OUHUINAIU OT JETPUTA U MUK-
POOPTaHU3MOB C MTOMOIIBIO EHTPU(PYTHPOBAHNUS B IPEPHIBU-
CTOM TPagHeHTE IMepKouia ¢ mIOTHOCThIO 1.04—1.08 r/mur.
Ha BepxHwuii cioit mepkosma ¢ miotHocThio 1.04 T/Mi mome-
IIAJIM 0CAJO0K OONMCT, MOJTYYCHHBIH Ha TIEPBOM STare OYHCT-
K1 (HIDKHMH cJ10# nepkoJuia ¢ motHocThio 1.08 r/mi). [Tomy-
YEHHYI0 cMech HeHTpudyruposain npu 250 g B TedeHue
10 muH. TTocne neHTpU(YrupoBaHUs OCEBIINE HA JTHO OOIIH-
CThI aKKypaTHO coOmpanu numeTkod. C TMOMOIIBI0 KaMepbl
l'opsieBa moacuuThIBaJIM KOHLEHTpaLM0 oouuct. s 3apa-
YKEHUSI NCTIOJIB30BAIM 00pas3Ibl, KOTOphIe coaepxkanu 106 nmm
OoJiee KMBBIX OOLMCT Kpunrocnopuanii B 1 mu B3Becu. [lo-
JIy4eHHbIe OOLUCTHI XpaHwii B ouxpomare kaius (K,Cr,0;).
[lepen 3apakeHneM cMech TPl oTMbIBaIM PBS ¢ mocie-
nyomuM 1eHTpudyrupoBanneM npu 500 g B TeueHue
15 MuH.

Cawmku kpblc TuHAN Wistar ObIITH B3SITHI U3 BUBApHs Ha-
mrero nHCTUTYTa. Kakayto camky ¢ kpbicstamu (6—10 nere-
HBIIIEH) cofepxalu B OTHACJIbHOW KieTke. J[ns 3apaxeHus
HCIOJB30BATH KPBICAT 1—22-cyTodHOro Bo3pacrta. Bekphl-
THE MPOBOJMIH depe3 4 cyT (T. €. Ha 5-¢ CyT) Tocle 3apaxe-
HUS, T. €. B Bo3pacte 5—26 cyT. Ot xaxmoi u3 18 Bo3pact-
HBIX TPYMIT OBLIO MUCCIIE0BAHO MO 5—O6 OIMBITHBIX U 3 KOHT-
posbHBIE 0ocobu. Kaknoe »KMBOTHOE IMOJIy4aio IMepopabHO
pactBop, conepsxkauuii npumepso 2 - 10° oouuct C. parvum B
PBS. KoHTponbHbIE KUBOTHBIE TOJIy4all TaKOW K€ 00beM
PBS 6e3 mapa3utoB. 3apakeHHbIE ¥ MHTAKTHbBIE YKUBOTHbHIE
HaXOJWJINCh B Pa3HBIX KJIETKaX, Al TOTO YTOOBI MIPENOTBpa-
TUTDH 3apaKCHUE TTOCIICTHHX.

OunmeHKka HWHTEHCHBHOCTH 3apaxenwus. /s
OIIpeJIeJIEHUs CTENEeHU Mapa3sUTUYEeCKOl Harpy3Kku Ma3Ku co-
JEPKUMOTO KUIICYHUKA aHATTM3UPOBAIH C TIOMOIIBIO MUKPO-
CKOIIa TI0CJIe OKPacKH 1%-HbIM I'eHInaH-(pUOIEeTOBBIM B BOJ-
HOM pacTBOpe B Te4eHHe 15 ¢ m modukcarum MeTaHOJIOM
(Cunmopenko u ap., 2004). JXuBOTHBIX, Ma3Kd KOTOPBIX CO-
nepxan 11—20 3HI0reHHBIX cTaauil B OAHOM IOJ€ 3pEHUs
MuKpockorna (00. 40X, ok. 15X), oroupanu Juist SKCIICPUMEH-
Ta. OTH >KUBOTHBIE OBUIM OTHECEHBI K CpPEIHE3apaKCHHBIM.
JKMBOTHBIE C TAaKOH CTEMEHBIO 3apakeHHsl ObUIM BBIOPAHBI
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Tadonuma 1

IHocnenoBaTesiIbHOCTH HCIIOIB30BAHHBIX NPaiiMepoB

HaBBaHI/Ie TreHa HOCHGHOB&TGHBHOCTB H'];Ieal\énglilzypoé
B-akThH Tpsamas: 5-CCACACCCGCCACCAGTTCG-3' 64
O6pathas: 5'-ACATGCCGGAGCCGTTGTCG-3' 64
Inunepansaerna-3-docedar- | [psamas: 5'-GGGGGCTCTCTGCTCCTCCC-3’ 66
neruaporenasa (GPDH) | Ogparnas: 5-CAGGCGTCCGATACGGCCAA-3’ 63
Wunyuupyemsiii runokcueii | [psmas: 5'-CCCATCCATGTGACCATGAGG-3’ 64
daxrop (HIF-1a) O6parnas: 5-TCAGCACCAAGCACGTCATAGG-3' 64

MOTOMY, YTO KPHITOCHOPHUANO3 MMEHHO CpPEIHEH TSHKECTH
npeobnanaer y neret (Zu et al., 1994).

OneHka QGYHKOIMOHAJIBHOTO TIOTEHIHAlA
cepauna. ust Toro 4ToObI NOHSATH, KaK MEHSETCS (PYHKIHO-
HaJIbHBIM MMOTEHIMA CepJIa, Mbl U3MEPHIIHM JIOJI0 OTHOIIE-
HHsI MacChl Tella K Macce cepiana — HHIEKC cepiana. XoTs
3TOT METOJ] HE MTO3BOJISIET OLICHUTh BCE HEOOXOANMBIE (YHK-
IIMOHAJBHBIC XapaKTEPUCTHKH (BKIIIOYAsi apTepPUAIbHOE J1aB-
JIeHue), OH IpuoOpeTaeT Bce OoJbliee perpocTpaHenue. He-
JIaBHUE UCCJICOBAHMS TTOKA3aJIH, YTO MHJEKC Cepila MpsMo
MPOTIOPIIMOHATICH 00BEMY CEPICYHOr0 BHIOpPOCA M MHTCHCHB-
HOCTH MeTabonu3mMa M OOpaTHO MPOTMOPIIMOHATICH YacTOTe
mynsca (Bishop, Butler, 1995). [Toka3zaHo Takke, 9TO OTHOCH-
TeJIbHAsE Macca Cep/Ia SBISETCS OCHOBHBIM (pakTOpOM, orpa-
HUYUBAIONINM (QYHKIMOHAIBHYIO CriocoOHOCTh oprana (Bi-
shop, 1999).

[TonyueHune M UcciaelOBaHUE HU30JUPOBAH-
HBIX KapJIMOMHUOIUTOB. M301upoBaHHbIE KapIHOMHO-
IUTHl MOJyYald W3 ANHMKAJIbHOW YaCTH JIEBOTO JKEIyIO0YKa
METOOM IIeNouHoi aucconuarmu (Anatskaya, Vinogradov,
2004a, 2004b). Jlnst 3T0¥ e KyCOYKH, B3STHIC H3 allUKalb-
HOW YaCTH JICBOTO JKEITy10uka, Maccoit 25—30 mr ¢ukcupo-
Bayn 10%-HpIM hopmasbaeruioM B TedeHue 12 4, mpombiBa-
JIY TI0JT IPOTOYHOW BOJIOW B TedeHHWe 24 4 W MOMEIIalu Ha
25 muH B 50%-u6111 KOH mpu 56 °C. Ilocne menoyHoit auc-
COIIMAIINK KYyCOUYKH TKaHW aKKyPaTHO MPOMBIBAIH B 3 CMEHaxX
JICTHJUINPOBAHHOM BOJBI M MUINETHpOBaIH B 10 M1 qucTHII-
JMPOBAHHOW BOABI 0 TEX IOp, IOKA HE MOJIyYad FTOMOTEH-
HYIO cycrieH3ui0. KOHIIEHTpaluio KJIETOK W CTENEeHb UX I10-
BPEXJICHUSI OLIEHHBAIM C IOMOIIBIO (ha30BO-KOHTPACTHOTO
MHKpPOCKOTIa. 3aTeM 5 Kamenb CYCHECH3WH IOMEINAIN Ha
MPEZIMETHOE CTEKIIO, CYIIMIIN Ha BO3/TyXe U (PUKCHPOBAIHN a0-
COJIFOTHBIM METaHOJIOM. OT Ka)10r0 )KHBOTHOT'O OBLIO Ipoa-
HaJIM3UpoBaHO He MeHee 500 KapAMOMMOIUTOB.

[T1onaHOCTh KJIETOK OLEHMBAIIM MOCJE OKpPAIIUBAHUS
Hoechst 33258 B xonmentpanuu 20 MKI/MJI B TEYCHHE
15 mus. KonmdecTBeHHBI aHaIH3 W300pakeHUH, TMOTYICH-
HBIX C TIOMOIIBI0 MUKpOCKoTa Zeiss Axioskop, cHaOKeHHOTO
Busieokameporr VarioCam (PCO Computer Optics GMBH),
MPOBOJIMIIM C HCHOJIb30BaHUEeM rporpammbl VideoTest. W3-
MeHeHHE (OPMBI KapAMOMHUOLIUTOB (T. €. OTHOILICHHUE UX JUTH-
HBl K HIMPUHE) TAKXK€ OLCHUBAIHM C MOMOUIBIO IPOrPaMMBI
VideoTest.

Cpenuuii ypoBeHb IJIOMIHOCTH KapJIHOMHOIIMTOB pac-
CUUTBHIBAJIM 110 (OpMYyJIe

PLD=Z3i ni,

rae PLD — cpenHee 4nciio reHOMOB Ha KJIETKY, Ni — YHCI0
KapAHMOMHUOIIUTOB i-TOT'0 KJIacca IUIOUTHOCTH.

OranonoMm aumongHoro comepkanus JIHK ey
CIUICHOITUTHI TOTO JK€ JKUBOTHOTO. Tak Kak y 2-HeIelbHBIX
KpbIC TPONOPLHS KapAHOMUOIMTOB B S-(haze cocrapiser
1.5—2 % (Rumyantsev, 1977), MbI HCKJIFOUIIU Si/Ipa ¢ KOJIMYE-
crBom JIHK, oTjMyarommmmMcsi OT KpaTHOrO 3TaJOHHOMY Ooliee
geM Ha 10 %, paccmarpuBast X Kak Haxozmsamuecs B S-dase.

Jns onpeneneHus comepikaHUs Oelka B KapIHOMHOIH-
Tax Ma3Kd M30JIMPOBAHHBIX KIETOK okpammBaiu 0.1%-HbM
pactBopoM HadTos0BOrO *Kenroro B 1%-HOH yKkcycHOU KHc-
jote B TedeHue 30 MUH U IPOMBIBAIM B TpeX cMeHax 1%-Holt
YKCYCHOM KHCJIOTHI M B TpeX cMeHax 100%-Horo n3o0yTaHo-
Jla B TedeHWe 3 ¢ Mpu KOMHATHOW Temmeparype (Anatskaya
et al., 2010). Comeprxanue 6enKa OICHUBAIHA Ha N300paKeHU-
SIX KapJIMOMHUOIINTOB, ITONyYCHHBIX C IOMOMIBIO CBETOBOTO
Mukpockorna Axio Scope (Carl Zeiss, Germany) u nporpam-
mbl Image] 1.40g (National Institute of Health, Maryland,
CIIIA). Jlnst xaXIoro S>KMBOTHOTO OIEHMBAJIM HE MEHee
200 xnerok. Kaxxayro kieTky oOpabaTsiBany 3 pasa 1o napa-
MeTpy «Mean Grey Value». JlaHHBIC TIpeACTaBICHBI B BHIE
CpeTHHX 3HAYCHUH U WX CTaHHAPTHOH OIIHOKH.

Tortanpuyw PHK Breigensnu u3 3aMOpOKEHHBIX
(parMeHTOB anuKaIbHON YacTH JICBOTO KEIyJouka cepila
Maccoit 10—15 mr ¢ momormnipto pearenra Trizol (Invitrogene,
CIIIA) B COOTBETCTBHH C MHCTPYKIHMEH (DUPMBI-H3TOTOBUTE-
JIS. WM TIPOTOKOJIA C UCTIOIH30BAHNEM TYaHHIUHTHOIMAHATA
(Chomczynski, Sacchi, 1987) ¢ momuduxanueii (MaTsees,
2005; Matveev et al., 2007). KauectBo BbImenenHoir PHK
OIICHUBAJIY TPH TOMOIIH 1ekTpodopesa B 1.5%-HoM arapos-
HOM TeJie, COJep)KalieM 5 MKI/MII OpOMHCTOTO STHIHS B
TAE-6ydepe (Sambrook et al., 1989). UuctoTy u coxpaH-
Hocts PHK ornennBanm no getkoctu momnoc 18 u 28S puboco-
ManbpHEIX PHK, HaOmromaemMpIX B yIbTpadHOIETOBOM CBETE.
KommgectBo BeImenenHoit PHK onenuBamu cnekTpodoTo-
METPHYECKU TI0 TOIJIOIICHUIO YJIbTPadHOIETOBOIO CBETa C
JutrHOM BostHbI 260 HM (Sambrook et al., 1989). JIHK ynxassi-
mu n3 npernapara PHK, oOpabateiBas mpenapar JIHKaszoid,
cobonuoi or PHKa3sr. Kaxknast peakmmonHast cMech 00be-
MoM 40 mka coneprkana okono 10 mxr PHK u 1 Ex. IHKa3s1
(DNase RNase-free; Roche-Boehringer-Mannheim, ®pan-
1ust). Peakiuro nmpoBOIMIIM NIPH KOMHATHOM TemIepaTtype B
teyeHne 30 MuH. PeaklinoHHYI0 CMeCh IEMPOTEHHU3UPOBATIN
¢denon-xmopodopmom, PHK ocaxxaamu sranonom (Sambrook
etal., 1989). dnsa momyuenns kIHK mpoBommimm obpaTHyIO
tparckpurmuio PHK ¢ momomsio Habopa peakTHBOB IS
cunresa nepoit nenu kIHK Revert Aid ™ (Fermentas, JIut-
Ba). KauectBo cuntesupoBannoii k/IHK mposepsuin metonom
[TLIP. O6pa3up! xpanuiu npu —20 °C.

Ananui3 skcupeccuun HIF-lo ¢ mOMOIIbIO
IIIIP B peanbHOM BpeMeHHU. IlpaliMepsl KOHCTPYUpPO-
BaJgHM C moMmompio mporpamm Primer3 u Primer designing
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Puc. 1. CHkeHHEe Macchl Tella M WHJAEKCa Cepjia KPhIC pa3HOro Bo3pacTta Ha S5-¢ cyT mociie 3apaxenus: Cryptosporidium parvum.

@ — CHIYKEHHE MaCCHI TeJIa KPBIC, O — CHI)KECHNE OTHOCHTEIBHON MacChl cep/La KpbIc, B % oT Macchl Tena. Ceemible cumM80.1bl — KOHTPOIIb, MeMHble — OTIBIT.
Ipencrasnens 3Hauenust X £ Sx i 3—6 )KUBOTHBIX.

(NCBI; http:/primer3.sourceforge.net/releases.php). Cunre3
npaiiMepoB 3akasbiBaiy B (hupme CHHTON (IOCIIENOBaTEIbHO-
CTH TIpaiiMepoB yka3aHsl B Ta0u. 1). KonmnuecTBeHHyIO OLICHK
tpanckpunmmu MPHK mipoBoanmm Ha cucreme ABI PRISMO
7700 Sequence Detection System (Applied Biosystems, Foster-
City, CIIIA) mocne mpoBepku dddekraBHocTH [ILP. Dddek-
THUBHOCTH OLIEHUBAJIN C IIOMOIIBIO ITIOCTPOSHHUS KAJTMOPOBOYHBIX
KpUBBIX JUIsi TeHOB HIF-lo, P-akTMHAa WM TiMLEpabaeru-3-
docdarneruaporenassr (Bustin et al., 2005). [l 31oit e ne-
nanmu cepuro passezennit MPHK, poBomuimm oOpaTHyro TpaHc-
kpurmmto, a 3ateM [II[P B peamsroM Bpemenu (Bustin et al.,
2005; Huggett et al., 2005). [ToydeHHBIC KaMMOPOBOYHEBIC KPH-
BBI€ OKa3aJIMCh NPAKTHYECKU MapaJUIeTIbHBIMU JUISI BCEX TEHOB,
YTO MOATBEP)KAAET HMPUMEPHO OJMHAKOBYIO 3((EeKTHBHOCTH
[P u no3Bomsier mpumenuts meton ACt (Schmittgen, Livak,
2008) 15 OIIEHKH Pa3IM4Hid B IKCIIPECCHH.

Peakunonnas cmech (25 mki) comepxkana 0.5 MK mps-
Moro mpaiitmepa, 0.5 Mki oOpaTHOrOo mpaiiMepa, 1 MK
k-JIHK-maTtpunsr u 10 mxn 10-xpatHoro kpacurens Power
SYBR green (Applied Biosystems, CILIA). Kaxnyro peak-
LU0 TPOBOJIMIIM 3 pasa B CIEAYIOIIUX YCIOBHUIX: 5 MUH MpH
95 °C (mns aktuBanuu JJHK-nomumepassr), 3atem S50 IUKIOB
mpu 95 °C B Teuenne 15 ¢, mpu 60 °C B Teuenne 15 cu 72 °C
B TeueHne 50 c. YpoBens skcnpeccun reHa HIF-1o (NCBI
Gene ID 29560) HOpMaJTH30Bay MO YPOBHIO SKCIPECCUH Te-
HOB JIOMaIIHero xo3siictBa — B-akruHa (4k#f3, NCBI Gene
ID 81822) wu rmumuepanbaerua-3-pocdaraeruaporeHaspt
(GABDH, NCBI Gene 1D 24383) ¢ momomsto Metona AACt
(Schmittgen, Livak, 2008).

Pe3yabTarsl
Kpunrtocnopuauos HOpPUBOAUT K 3aMejie-

HHUIO pOCTa M CHUXKEHHUIO MHAEKca cepana. Ha
5-e cyT mocie 3apaXKeHHus KPUIITOCIIOPUINO030M KphIcATa Jie-

MOHCTPHpPOBAJIM HeOoJbIIOE 3aMeyieHne pocta (puc. 1, a) u
3HAYUTENbHYIO0 aTpoduto cepaua (puc. 1, 6). Hanbomnee cuib-
HO BIIMSIHME 3a00JICBaHUSI TIPOSIBIISIIOCH B MIIQJILIMX TPYIIax
C ellle He yCTaHOBUBILEHCS UMMYHHOU cucteMoit. [loctosep-
HBIE PA3INYMs B Macce Tela MEKAY 3KCICPUMEHTAIbHBIMU U
KOHTPOJIHBIMH JKHBOTHBIMH OJTHOTO BO3pacTa OBIIH 3aperH-
cTpupoBaHbl Toabko st 10 muammux rpynn (Mann—Whit-
ney, P <0.03). B To xe BpeMs pa3yinuus B UHICKCE Cepla
OKa3aJIMCh BBICOKO JJOCTOBEPHBIMHU JUISl JKUBOTHBIX BCEX BO3-
pactos. [Ipu 3ToM OoT MiIaj1Iel rpymnbl K cTapiiieid pa3Hulia B
MHJIEKCE CEPALIAa MEX/Ly OIBITOM M KOHTPOJIEM YMEHBIINIACh
ot 49 (Mann—Whitney, P <0.001) no 6 (P <0.01) %.

Kpuntocnmopunuos cBsizaH ¢ HU30BITOYHOH
MOJMNJIOUAU3ANUECH KAPAUOMHUOLKMTOB. B pazHbIx
BO3PACTHBIX TPYIIaX BIUSIHUE KPUIITOCIIOPUIN032 HA TLIOH/I-
HOCTh KapAMOMHUOLMTOB MPOSBIISIOCH HO-pasHOMY. Y IKH-
BOTHBIX IISITW MIAQIINX TPYMI, 3apaKCHHBIX B BO3pacCTe
1—5 cyT 1 B3ATHIX B ONBIT B Bo3pacTe 5—9 cyT, Obu1a 0T™e-
yeHa Oojiee ciabasi MOJIMIUIOMIU3ALMS, YEM Y KOHTPOJIBHBIX
kpbicsT. Takxke ObUIO 3aperMcTPUPOBAHO 3aMETHOE KOJIMYe-
CTBO KJIETOK C NMUKHOTHYHBIMU WM (pparMeHTHPOBAHHBIMHU
aapamu (0T 3 10 6 %), 9TO CBUAETEIECTBOBAJIO O THOCIH Kap-
JMOMHOLUTOB IyTEM alloNTo3a MM HEKPO3a.

B kapamoMmonuTax >KMBOTHBIX CICOYIOIINX YETBIPEX
BO3pacTHBIX Tpyni (T. e. 10—13-cyTouHoro Bo3pacra) B OT-
BET Ha KPUNTOCIIOPH/INO3, HANPOTHUB, MPOMCXOAWIA N30bI-
TOYHas nonuiuionan3anus (tadi. 2; puc. 2). Y 3TUX KUBOT-
HBIX CpEIHSS IUIOMIHOCTh KJIETOK COCTaBisula OKOJIo 5.5 re-
HOMa Ha KJIETKY, B TO BpeMs KaK B KOHTPOJIE 3Ta BEJINUYNHA HE
npeBbimana 3.5 reHoma. Takoe WHTEHCHBHOE HAKOIUICHHE
MIPOMCXO/IMIIO B OCHOBHOM WM3-3a TIOSIBJICHUSI OKTAIZIOMTHBIX
KJIETOK C OJIHUM OKTAIUIOMJHBIM, ABYMsI TETParjIOUIHBIMH
WM YEeTBHIPbMS UIUIOWAHBIMU siipamu  (Tabi. 2; puc. 2).
CyMmapHasi 105151 OKTAIUIOM/HBIX KJIETOK Y MHOTHX YKHBOT-
HbIX npeBbimana 20 % (tadi. 2). Mbl Takke 0OHAPYKUIN He-
6onpmoe xKonmuecTBO (okono 1 %) ximertok ¢ 16 reHOMamu
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Tabnuma 2

IIpouenTHOE COOTHOIIEHNE KAPAHOMUOIMTOB PA3HBIX KJIACCOB MVIOMTHOCTH Y 3apa:KeHHbIX
H KOHTPOJILHBIX }KMBOTHBIX (CpeJHee = OMIMOKHU cpeIHero)

Bospact Bospact Kiaccesl miouiHocTH KapAMOMUOLIUTOB
mpH 3apa- | IpH 9KCIe- N
JKEHHH, CYT | PUMEHTE, CYT 2¢ (2cX2)+4c (2cX4)+(4cX2)+8¢ (8cX2)+16c2
KoHTpoabHBIE KUBOTHBIE
1 5 4 649 + 0.8 351 +£19 — —
2 6 4 585+09 41.5 £ 1.1 — —
3 7 4 545+ 13 455+ 2.2 — —
4 8 4 533 +1.0 46.7 = 3.2 — —
5 9 4 357+1.2 643 £ 28 — —
6 10 4 323+ 1.1 675+ 1.8 02=+0 —
7 11 3 25.7+0.9 73.8 £3.2 05=+0 —
8 12 4 234 +09 754 +£29 1.2 +0.2 —
9 13 3 21.8 £ 1.1 75.8 £2.7 24+04 —
10 14 4 194 1.0 77.0 £ 1.6 36+03 —
11 15 4 19112 773 £ 1.9 3604 —
12 16 4 183 = 0.7 77.8 £3.0 39+05 —
14 18 3 17.1 = 0.9 78.8 £ 1.7 4104 —
16 20 3 16714 79 £ 1.8 43 +£0.7 —
18 22 3 14513 81.1 £23 4.0 0.6 —
20 24 3 154 = 1.7 804 £2.1 42 +03 —
22 26 3 147 =15 81219 41x02 —
3apaXeHHBIC )KUBOTHBIE
1 5 5 89.7 £ 3.8 11314 — —
2 6 5 81.7 £ 43 183 £1.8 — —
3 7 5 733 £4.6 26.7 £ 1.7 — —
4 8 6 66.7 £2.3 333£1.5 — —
5 9 6 543 £ 2.1 457 = 2.6 — —
6 10 5 10.7 = 0.9 67.6 =19 214+ 14 0.30 = 0.01
7 11 6 5404 642 £23 295 £ 1.1 0.90 = 0.04
8 12 5 72+0.2 64.8 £2.8 274 1.0 0.60 = 0.02
9 13 6 105+ 1.1 649 + 2.1 241 £ 1.2 0.50 = 0.01
10 14 6 11.2+12 693 +£23 195+1.2 —
11 15 5 123+ 1.4 69.7 £3.2 18.0 = 0.5 —
12 16 6 152 +09 71.4+24 134 +0.9 —
14 18 6 157+ 13 73.0 = 3.7 11.3+1.3 —
16 20 5 158+1.4 74.4 =43 9.8 £ 1.1 —
18 22 6 165+ 1.5 779 = 3.1 5.6 £0.5 —
20 24 5 153 +18 79.8 £3.9 39+ 0.6 —
22 26 5 141 +£1.6 814+ 1.9 45+0.5 —

IIpumedanume. N — YHCIO UCCIIETOBAHHBIX KHBOTHBIX. ¢ BRICOKOMONUIUIONIHBIE KIETKH 3apPaKCHHBIX JKUBOTHBIX,
OTCYTCTBYIOLINE B KOHTpOJIE (2¢X4)+(4cX2)+8 n (8cX2)+16¢.

(puc. 2, 3). Y KOHTPOJBHBIX XHUBOTHBIX H3 COOTBETCTBYIO-
IIMX BO3PACTHBIX TPYIIIT JOJSI KJICTOK C TETPATUIOMTHBIMU SIIT-
pamu He npeBbimana 2 %, a kietok ¢ 8 u 16 reHoMaMu Haii-
JIEHO HE OBIIO.

YV KHUBOTHBIX, B3STHIX B OIBIT Ha 14-e cyT mocne poxie-
HUS, HAONMIOJANoCh 3HAYMTENBEHOE OcialJeHHe BIUSHUSL
KPHUITOCTIOPUANO3a Ha THIOUIHOCTH KIIeTOK (puc. 2). C yBe-
JUYCHUEM BO3pacTa dTa TCHJCHIIHS yCUIMBAJIACh, TaK 4TO Y
KPBICAT W3 CaMbIX CTApIIAX BO3PACTHBIX TPYIII, B3STHIX B
OMBIT Ha 22—26-¢ CYT, IUIOUAHOCTh KapJHOMHOIIUTOB ObLIa
TaKOM e, Kak B KOHTPOJIE, U COCTaBHIIa 0KOJIo 3.8 reHoMa Ha
KIETKY (pHuc. 2).

OTu aHHbIE NOKA3bIBAIOT, YTO KPUIITOCIIOPUANO3 OKA3bI-
BeT HanboJiee CHIIbHOE BIMSIHUE HA MJIOUIHOCTD KapIHOMHO-
LUTOB y JKUBOTHBIX 10—13-cyTouHOro BO3pacrta, KOTOPHIE
ObUIN 3apayKeHbI OOIMCTAMHU KPUIITOCIIOPUIANN Ha 6—9-¢ CyT
IoCIIe POXKICHUSI COOTBETCTBEHHO. B Gosee crapmmx Bo3pa-
CTHBIX TPYyINIaxX BIMSHUE 3a00J1€BaHMS Ha IUIOMIHOCTH Kile-
TOK pe3Ko ocyiabeBaer, nporazias Bosce K 18 cyT.

Kpunrtocnopuanuos acCOUUPOBAH C yCUIIE-
HueM 3kcnpeccuu HIF-1a nayposae MmPHK. Jlna
TOT'O YTOOBI BBISICHHUTB, COIIPOBOXKAACTCA JIM KPUIITOCIIOPpHUIU-
03 YCHJIGHHEM aKTUBHOCTH OCHOBHOTO PETYJISITOpa KIETOY-
HOTO OTBETa Ha THIIOKCHYECKUil ctpecc — HIF-1a, MBI otie-
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Puc. 2. YBennueHue cpeHeil IIONAHOCTH KapJUOMHOLUTOB KPBIC
pasHoOro Bo3pacTa Ha 5-¢ CYT Mocje 3apakeHHs KPUITOCIIOPHINO-
30M.

BuHb1 0c06GEHHO CHIBbHOE NOBbIIEHHE utouaHocTu y 10-, 11-, 12- 1 13-cy-
TOYHBIX )KMUBOTHBIX (T. €. 3apa’KEHHBIX Ha 6, 7, 8 1 9-€ cyT 1oce poKACHUs) U
peskoe ocnabiieHre OTBETa y )KUBOTHBIX, B3STHIX B OIBIT Ha 14-e CyT mocie
poxJaeHus (T. €. 3apakeHHbIX B 10-cyTounom Bospacte). Ceem.ibie cumeo-
Jibl — KOHTPOIb, memuble — onbIT. IIpencraBnens! 3nadenus X + Sx st
3—06 KUBOTHBIX.

HWJIM 3KCIIPECCHIO0 3TOTO TPAHCKPUIIMOHHOTO (hakropa Ha
ypoBHe MPHK y 10-, 13- 1 18-cyTOYHBIX KHUBOTHBIX.

Pesynbrarsl, nmomyuennsie metoaoM [P B peanbHOM
BPEMEHH C HCIIOIb30BAHMEM JIByX BHYTPEHHHUX KOHTPOJEH
(B-axTuHa ¥ TIUNEpaNBACTHA-3-hochaTaeTHIAPOTeHA3HI), TT0-
KazaJ, 4TO KPUITOCIIOPHINO3 ACCOINUPOBAH C YMEPEHHBIM
MOBBbIIIEHUEM JKcnpeccun HIF-loo BO BceX BO3PACTHBIX
IpyIIax U 4TO BIMSHHUE 3a00J€BaHMS CHMXKACTCS C YBEIH-
YeHHEeM BO3pacTa KUBOTHBIX (puc. 5, a, 6). Camble cymiecT-
BeHHBIE m3MeHeHUs — Ha 31—58 % — Obutn 00HAPYKEHBI y
10- u 13-cyrounsix kpeic (Mann—Whitney, P <0.01 mo
CpPaBHEHUIO C 00OMMH KOHTPOISIMU) (pHC. 5, —86), B TO Bpe-
Ms KaK y CaMbIX CTapIlUX *KUBOTHBIX 18-cyTodHOro Bo3pacTa
nosbimieHne  ypoBHs MPHK cocraBuno Bcero 7—9 %
(Mann—Whitney, P < 0.05 mo cpaBHEHHIO C 0OOMMH BHYT-
PEHHUMHU KOHTPOJISIMK). VIHTEpeCHO OTMETHTH, YTO M3MEHe-
HUSI TUIOWAHOCTH KapJHOMHOLUTOB, BBI3BAHHBIE KPHUIITOCIIO-
PHIMO30M, TaKKe 3HAUUTEIHHO CHIbHEE BBIPAXKEHBI B MJIaJl-
IIMX BO3PACTHBIX TpyINIax I10 CPaBHEHHIO CO CTapIIUMHU
(puc. 2; 4, g).

Kpuntocnopuauo3 BeI3BIBAET PEMOJCIHUPO-
BaHWe (GOpMBI M aTpPpOPHI0 KApAUOMHUOIIHUTOB.
MopdomeTrpuueckuii aHaIN3 TI0Ka3al, 4TO KPHUITOCIIOPH-
JIN03 aCCOLMHMPOBAH C YAJIMHECHHEM U CY)KEHHEM Kap/IHOMHO-
LIUTOB, & TAK)KE CO CHIDKEHWEM B HUX KOJMYeCTBa Oenka
(puc. 4—6). BnusHue KpUNTOCIOPUAMO3a HA H3MECHEHHE
(GOpMBI  KapJMOMHOIMTOB CTAHOBUIIOCH MEHEE BBIPaKEH-
HBIM C YBEIMUCHHEM BO3PACTa KXUBOTHBIX. [Ipn 3TOM yMeHb-
IIEHNE WHTCHCUBHOCTH M3MEHEHUI MPOUCXOIMIIO ITOCTETICH-
HO. COOTHOIICHWE UIMHBI M IIMPHHBI KapJANOMHOIIUTOB Y
KPBICST U3 caMOM MJI/ILIeH IPYIIIBI OYTH BABOE IPEBbIIIA-
70 KoHTposibHOe 3HaueHue (8.81 = 0.11 B skcmepumeHte u

4.57 £ 0.08 B xonrpone; Mann—Whitney, P < 0.005), a co-
nepkaHue odmiero Oeika CHH3WIOCH Oosee dyem Ha 40 %
(puc. 4—06). B 10 ke Bpems y )KHBOTHBIX U3 CAMOM CTapieit
TPYNITEl OTHOIIEHHUE UIMHBI M IIUPUHBI KIETOK OBITO TpH-
MepHO Ha 25 % Oombie, uem B koutpose (7.1 = 0.13 B skc-
nepumente u 5.4 = 0.04 B konrtpone; Mann—Whitney,
P <0.01), a conepkanue o0mIero O6eKa CHU3MIOCh BCErO Ha
12 % (Mann—Whitney, P < 0.01) (puc. 4—6).

CHIDKeHHe KoJiMyecTBa Oelka B KapAMOMHOLUTAX MPH-
Beno K yBemmdeHHIo coortHommeHus JJHK : Oemok B kierke.
lumeprionuIuionIus 3HAYUTENBFHO yCHIMIA 3TOT 3(deKT.
Haubonee cuibHbIE M3MEHEHHs IPOU3OLLIM Y YKHBOTHBIX
W3 ITH MJIQJIIMX TPYNIL. Y DTHUX JKMBOTHBIX KOJMYECT-
BO OejKka B pacueTe Ha I€HOM yMEHbBIIMJIOCH Oosee 4eM B
2 paza (puc.3). PazHuma B kojudecTBe Oeika, MPUXOJIs-
merocs Ha TEHOM, Y KpBICAT W3 MIAaIied ¥ CcTapiiei
rpymn  BapeupoBasia ot 280 mo 18 % (Mann—Whitney,
P <0.0001 pgns nsatu maaamux rpyn, P < 0.001 ans ocranb-
HBIX TPYII).

Obcyxaenue

HccnenoBanne B3aMMOCBSA3M TaCTPOSHTEPUTA M MATOJIO-
THYECKUX W3MEHEHHH B CEp/Ile MOXKET CIIOCOOCTBOBATH BBI-
SICHEHHIO HOBBIX (DAaKTOpPOB MAaToreHesa CepiedHO-COCYAHu-
CTBIX 3a00s1eBaHuil. [0 HACTOSIIETO BpeMEHHU 3TOMY BOIIPOCY
MpaKkTUYeCKH He ObUIO yJeneHo BHuMaHuA. bonee Toro, naH-
HbIE MEJMIIMHCKON CTATUCTUKH, MOJTBEPIKAAIOIINE CYIIEeCT-
BOBAaHHE B3aMMOCBA3M MEXKIY IATOJIOTHEH >KEIyIOYHO-KH-
IIeYHON U cepIieuHo-cocymucToii cucrem (Segall, 2008), BBI-
3bIBaJIM JIMINb cKenTudeckue kommeHTapun (Al-Delaimy,
2008; Elwood, 2008). ®u3no10ru 0TKa3bIBAIUCH BOCIIPHHH-

Puc. 3. U30wITOuHAS NOJIUITIONnAn3alss KapAUuOMHUOIIUTOB IOCJIE
HEOHATAJIbHOTO KPUITOCIIOPHUANO3a Y JKHUBOTHOI'O, 3apaXCHHOTO
Ha 8-¢ CyYT M B34ATOI'0 B OIBIT Ha 12-¢ CYT TIOCJIE POXKACHUS.

@ — KJIETKH 3apa)KEHHOT'0 )KUBOTHOT'O; BUHBI KAPJAUOMHUOLUTHI C IBYMs OK-

TalJIOUIHBIMHA fl[lpaMl/l. 6, 68 — KapILMOMI/IO[[HTbI KOHTpOJ’leOFO JKHUBOTHOI'O

TaKOT0 JKe BO3pacTa; KICTKH C TUILIOUAHBIME siipamu. Okpacka siaep — Ho-

echst 33258, noacBeTka — MPOXOIAIINI CBET U JIIOMUHECLIEHIMSA, (a30oBbIil
KOHTpacT. YBei. 400X.
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MaTh BCEpbhEe3 SMUAEMHUOJOTMYECKHE HCCIEeOBAaHUSA 10 TeX
Mop, TOKa He OyAyT BBISABICHBI MEXaHU3MBbI B3aMOCBs3H (El-
wood, 2008).

IlepBrie ycriexu B M3Y4YeHHH BIHUSHUS TaCTPOIHETEPUTA
Ha cepre ObUTH JOCTHTHYTH HegaBHo — B 2010—2011 rr.,
Korjaa ObuTa OOHapyKeHa YeTKasi B3aMMOCBSI3b MEXK/y BOCIa-
JICHWEeM KHILIEYHHMKA, HE 3aTparuBaroiuM cepaue (T.e. 0e3
MHOKap/AnTa), ¥ HapyiieHueMm Q- u T-IIMKOB AIIeKTpoKapIuo-
TrpaMMBI, yKa3blBalommx Ha Taxuaputmuio (Curione et al.,
2010). beuto Takke moka3aHo, 9TO COCTaB KUIIEYHOH MUKPO-
(hI0pEI U ee METa0OIUTOB BIUSCT Ha PUCK PA3BUTHS aTEPOCK-
nepo3a (Wang et al., 2011). Tem He MeHee KJICTOYHBIC U MO-
JIEKYJISIPHBIE MEXaHU3MbI BIUSHUS FaCTPOIHTEPUTA HA CepA-
1€ 0 CHX MOP OCTAIOTCS HEBBIICHEHHBIMH.

OxHOM U3 BaKHBIX MPUYHH CIa00N N3YYEHHOCTH ITyCKO-
BBIX (PaKTOPOB MUC(YHKINH CepAla, CBI3aHHOW C TaCTPOIH-
TEPUTOM, SIBIIICTCSI TPYIHOCTB IPH BEIOOPE SKCIICPUMCHTAIb-
HOW MOJIENH, TIO3BOJISIIONIEH YIPaBISTh TSHKECTHIO 3a00JeBa-
HUSI ¥ TOYHO yCTaHaBJIMBaTh Bpems ero okoHuanwus (Curione
etal., 2010). Pa3paboranHass HaMH MOJC]Ib HCOHATAIHHOIO
KPUITOCTIOPUANO3a JTAeT BO3MOKHOCTD PEryInpOBaTh HHTECH-
CHUBHOCTh 3apakeHHs (BapbHPOBAaHHEM KOJMYECTBA BBOJMU-

BOTHBIX. * P <0.01, ** P <0.001 o cpaBHe-
HHIO C KOHTPOJIEM.

MBIX B OpraHuim OOLII/ICT) U TOYHO YCTaHaBJIMBATL BPEMA
MOJTHOTO BBI3OPOBICHUs KUBOTHBIX (beiiep u ap., 2002;
Amnarkas u 1ip., 2010).

OCHOBHBIM pe3yJbTaTOM HaIleH pabOTHl ABISAETCA 00-
Hapy>XCHHUE CBSI3M HEOHATAILHOTO KPHUIITOCTIOPUIMO3HOTO Ta-
CTpOPHTEpUTAa C arpoduel cepiua W peMOACINPOBAHUEM
KapaAuOMHUOUUTOB, 3aTparuBaroiiuM U aApO, U HUTOIIa3My.
PeMO}IeHI/IpOBaHI/Ie AApa OposABIIACTCA B T'HIICPIOIUITIIIONIN-
3aIliM, @ PEMOJICTMPOBAHNE [IUTOIIA3Mbl — B CY)KEHHH, Y-
JMHEHWHN U aTpo(uu KIETOK. B pe3ynbpTrare nuroruiazma, Ko-
TOpast B KJIETKaX 3[0POBBIX KMBOTHBIX 3aIlOJHEHa MHUO(pHO-
pwulaMH, B KIETKaX INepeOoNIeBIINX OCO0eH COAepKUT
JIOTIOJTHUTEJIbHBIC WIIN YBEIWYEHHBIE spa BMECTO MHUOpHO-
pwut. Kpome Toro, Mbl 1okasaiu, 4To Mpu KPUITOCIIOPHIHO-
3€ TOBBIMIACTCS AKCIPECCHS TPAHCKPUIIIMOHHOTO (hakTopa
HIF-10. BeisiBleHHbIE U3MEHEHHS SBISFOTCS OOIIETPUHSTHI-
MH MapKepaMmy MaToJIOTHH cepALa.

VYMHeHne, Cy)KeHHE W THICPHOIHIUIONAM3AIMS Kap-
JIMOMHOIIMTOB YacTO COIPOBOXK/IAIOT TUIIEPTOHUIO, HH(APKT
MHOKap/ia, HIIEMHYECKYI0 00JIe3Hb Cep/llia, TAXUAPUTMHUIO U
HEKOTOPbIE BPOXKICHHBIC TATOJIOTHH, CBSI3aHHBIE C TIEPETPY3-
kot cepama (MapteiHOBa u 1p., 1983; Rumyantsev et al.,
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Puc. 5. Yuinnenue, cy>xeHue u aTpoQHs KapJHOMHOLIUTOB KPBIC Pa3HOTO BO3pacTa Ha 5-¢ CyT MOCIIe 3apaskeHHs] KPUIITOCTIOPHIHO30M.

a— OTHOIICHHE JUIMHbI KapIHOMHOLUTOB K IIUPHHE (MeMHble CUMBOIbl — KOHTPOJIb, C8enible CUME01bl — OIIBIT); 6 — OTHOIICHHE COACPIKaHHs 001ero oe-
Ka B Kap/IMOMHOLIMTAX KOHTPOJILHBIX M [IEPeOOIICBIINX )UBOTHBIX; 6 — COJEPXKaHUE OelIKa B pacyeTe Ha JUILIOUIHBINA TeHOM Y KOHTPOJIBHBIX (memHbie cmonb-
Ybl) U 3aPAKCHHBIX (cgem.ible cmobysl) )KUBOTHBIX. [IpencraBiensl 3HaueHns X £ Sx 11t 3—6 KUBOTHBIX.

1990; Kellerman et al., 1992; Epoxuna u ap., 1995, 1997,  Hble Hamu pa3nu4us B 3xcrpeccuu HIF-1o Mexay OOTbHBIMEI
HInsxto u ap., 2007). U 3/10pPOBBIMH JKUBOTHBIMHU COCTABIISIFOT Bcero 9—58 % (B 3a-

IToBsimenue ypoBHs MPHK rena HIF-lo B KapAMOMHO-  BHCHMOCTH OT BO3pPAacTa >KHBOTHBIX MPU 3apakeHUH), BCE Ke
[IUTaX XapaKTepHO IJIsL JIIMTEIbHOM, 0 KpaiiHel Mepe Ooiee  OHM MOTYT OBITh CYIIECTBEHHBIMHU, IOTOMY YTO TPAHCKPHII-
1 cyT, rHIIOKCHH, CBSI3aHHOW C MWIIEMHEH, TaXMapUTMHEH  IMOHHBIE (DAKTOPBI IKCIPECCHPYIOTCS €1abo M TPHUCYTCT-
wm arpoduei cepaua (Gorlach, 2009). I xorst HaiiieH-  ByIOT B KIETKaX B KOJHYECTBE BCEr0 HECKOJBKHX COTEH

Puc. 6. PemonenupoBanue KapAHOMHOLIUTOB ITOCIE HEOHATAIHHOTO KPHUIITOCIIOPUANO3a Y KPHICHI, 3apakKeHHOHW Ha 8- CyT M B3ATOH B
OCTpBIH OMBIT Ha 12-¢ CyT mocie POKACHHS.

a— KIIeTKH 3aPa)KeHHOT'0 )KUBOTHOTO (BUIHEI y3KHE U YATMHEHHbIE KaPJHOMUOIHTHI); O, 6 — Kap JHOMUOLHUTHI KOHTPOILHOT0 )KUBOTHOT'O TAKOT'0 XK€ BO3pacTa
(BHIHBI O0JICE MIMPOKHE U KOPOTKHE KIIeTKH ). OKpacka — Ha(TOIOBBI HKENTHIH, MPOXOAAIINii cBeT. YBen. 200X.
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WIA JaXe HECKOJNbKHUX JnecsatkoB moiekyn (Ideker et al.,
2011). D10 0O3HAYAET, YTO OTHOCUTEIHHO HEOOJBIIOE TIOBBI-
menne koauaectBa MPHK HIF-10 MoeT puBeCcTH K JUcpe-
rymsmun moutn 200 ero reHoB-murmieHeit (Semenza, 2011,
2012).

PesynbraThl HAIMX HEJJABHUX HCCIICOBAHUI TaKXKE CBU-
JICTEIBCTBYIOT O TOM, YTO TPU KPUITOCIIOPUINO3EC TPOUCXO-
JAT (PU3HOIOTUYECKUE U3MCHEHUS, XapaKTEePHBIC ISl TIOBbI-
meHou sxcnpeccuu HIF-1o0 B KapIUOMHUOIIUTAX. DTO MPOSB-
JSeTCS B 3aMEIICHUH IIeT OBICTPOTO OL.-MHO3MHA C BBICOKON
AT®a3HOi aKTUBHOCTBIO TSDKEJIONW LENbI0 MEIIEHHOIO
B-muo3unHa ¢ Hu3koi AT®da3zHON aKTHBHOCTHIO (AHaIKas
u 1p., 2011). Takoe 3amerieHue He TONBKO MOATBEPXkKAAET
TOT (hakT, 4T0 MHOGUOPHIIAM MPUXOIUTCS OOCCIIEYMBATH
cokpamenue B ycnoBusix runokcnu (Lowes et al., 1997; Had-
dad et al., 2006), HO U CBHAETEIHCTBYET O MOHMKEHHON aK-
TUBHOCTH KanbliieBod ATda3bl capKoILUIa3MaTHYECKOTO pe-
tukyiayma (SERCA), mist koropoit HIF-1o siBisieTcst psiMbIM
cynpeccopom (Bekeredjian et al., 2010; Kuschel et al., 2012).
Taroke Mbl IOKA3aJIH, YTO KPUIITOCIIOPHINO3 ACCOIUMPOBAH C
YBEIMYECHHUEM SKCIpeccuu Oenka TeruioBoro moka Hsp70
(Anankas u np., 2004), st kotoporo HIF-1o BRICTYHaeT Mo-
3UTUBHBIM peryisatopoM (Horowitz, 2010).

CrBurast BpeMsl 3apaskeHUsI O0IICTAMH KPUITTOCTIOPUIHN
MOCYTOYHO HA MPOTSHKEHUM 1-T0 MEC KHU3HH KPBICHI (COCTaB-
JISIFOIIEr0 IPUMEPHO IMOJOBHHY IMEpUOJa MMOCTHATAIBLHOIO
OHTOTEHE3a N0 JOCTIKCHHUS TOJOBO3PEIOCTH), MBI yCTAaHO-
BIJIM, YTO BISTHUE KPHUIITOCIIOPUINO03a HA pa3HbIe MOP(OII0-
THYECKUE U (PH3MONIOTHICCKHAE XapaKTEPUCTHKH KapIHOMHUO-
IIUTOB 3aBHCHUT OT BO3PAacTa YKMBOTHBIX IPH 3apakeHnH. Ko-
auyecTBO oOmero Oenka, Gopma KIETOK M COOTHOLICHHUE
SKCHPECCUM TSKEIBIX 1IeTe MHUO3MHa, HallZIeHHOe HAaMU pa-
Hee y 3apaKeHHBIX KpbIc (AHarkas u ap., 2011), MeHsroTCs
BO BCEX BO3PACTHBIX TPYIIAX, MPOSBISIS JIUIIH HEOOIBIIOE
ocnmabJeHrne OTBETa Ha 3a00JIeBaHUE OT MIAMIINX TPYII K
crapmuM. B To ke BpeMs OBBIIICHHAS TUIOUTHOCTb sICp Ha-
Osro1aeTcsl TONMBKO Y 9—14-CyTOYHBIX KUBOTHBIX, 3apaXKCH-
HBIX Ha 5—10-e cyT mocine poxaeHus. MHTepecHo, 4To ycu-
neHHas sxcnpeccust HIF-1o Takxe Hanboliee OTYETIUBO MPO-
SBIISICTCS MMEHHO B ATHX BO3PACTHBIX T'PYMIIaX, YTO MOXKET
YKa3bIBaTh Ha CYIIECTBOBAHHE B3aMMOCBS3U MEXKIy TOJH-
IUIoNIn3anue u uHaykuen ¢akropa HIF-la. Hamm cpas-
HUTEIIBHBIC UCCIICIOBAHUSI TOJTHOTCHOMHBIX MHUKPOUHUIIOB TI0-
Ka3aJik, YTO BIUSHHEC TOJHMIUIONAU3ANNN HA TPAHCKPUIITOM
KapMOMHOIINTOB U TeTaTONUTOB MPOSIBISETCS B MOBBIIIICHUT
ypoBHS 3kcnipeccuul HIF-1o M OONBIIMHCTBA €TO TEHOB-MH-
meneit (Anatskaya, Vinogradov, 2007). Kpome Toro, Ha TeT-
PAIUTOUIHBIX M OKOJIOTETPAIUIOMIHBIX KJICTOYHBIX JIMHUSIX
OBLIO TMOKA3aHO, YTO YBEIMYCHHUE KOIMUI I'CHOB — OJMH W3
MEXaHU3MOB TunepaIKcnpeccuu HIF-1a, KOTOPBIA MOMOraeT
KJIETKE aJanTHPOBAThCS K YCIOBHsIM Turokcuu (Secades
et al., 2009).

W3BecTHO, YTO KapIHOMHOITUTHEI KpPBICKI C 9-X 110
14-e cyT mocie poKICHUS MEPEXOIAT OT IPOTUPEPATHBHOTO
pocra k runeprpodpuyeckomy (Li et al., 1997). nst kapauo-
MHOLUTOB YEJIOBEKAa AaHAJIOTHYHBI BpPEMEHHOW HWHTEpBaI
MPUXOANUTCS Ha mepuoA ¢ 7-ro mo 14-ii roas! xu3nu (Taka-
matsu et al., 1983). [Tocie okoHYaHHS IEPEXOTHOTO ITEPHOIA
TUTOMTHOCTB KapIHOMHOITUTOB IIEPECTACT BO3PACTATh B OTBET
HA Ieperpy3Ky cepama (puc. 2), CBA3aHHYI C KPUITOCIIOPHU-
JTM030M, a u30bITouHas 3Kcnpeccust HIF-1o pe3ko ociabena-
et (puc. 4). B T0 5xe BpeMs CIIBUT COOTHOIICHUS U30(OPM Tsi-
JKEJTBIX IIeTel ol- U 3-MHO31HAa B CTOPOHY [3-MHO3UHA W pe-
MOJICIIMPOBaHIE (POPMBI KICTOK, HANIPOTHB, IPOJOIIKAIOTCS
(Anankas u ap., 2011).

Tor ¢dakr, 9TO TIOMIHOCTH KapIUOMHUOIIUTOB TOBBIIIA-
€TCA TIOCJIE€ TAaCTPOSHTEPpUTA JIUIIb Y KHUBOTHBIX M3 HEKO-
TOPBIX BO3PACTHBIX T'PYIII, TO3BOJSIET MPEAIOI0KUTh, YTO
TEHOMHbIE JYTUIMKAIIMM MOTYT OBbITh OJHUM U3 MEXaHU3MOB
OHTOT€HETUYECKOr0 MPOrPAMMHUPOBAHUS (PYHKIIMOHAIBHBIX
BO3MOKHOCTCH B3pPOCIIOTo cepia, a MepHoI U3MCHEHUS TLI0-
UIHOCTH — YYBCTBUTCIBHBIM (WM KPUTUYCCKUM) TIEPHOIOM
B Pa3BUTHH CEP/LA.

OCHOBaHHUI1 ISl ATOTO MPE/IIIONIOKEHHUS €CTh HECKOJIBKO.
C ofHOM CTOpPOHBI, U3BECTHO, YTO MOJUILUIOUAM3AIMS Kap-
JIMOMHOIIUTOB HeoOpaTtuma. DKCIEePUMEHTAIIbHbBIC JaHHbIE,
ITOJTYYCHHBIC HA MBIIIAX ¥ KPBICAX C M3MEHECHHON CKOPOCTHIO
pocrta, a TaKXKe pe3yJbTaThl HCCICTIOBAHUIN KapJHOMUOIIUTOB
JIFOZICH, MEPEHECIINX MMaTOJOTHH CePLa B ICTCTBE HJIH UME-
IOIUX BPOXKIACHHBIE 3a005IeBaHus cepana (TOPOKU MUTPAITb-
HOTO KJIanaHa win Terpanay Dano), moaTBepIKAAI0T, YTO H3-
ObITOYHASI TTOJUILIOUIN3AIINSI, 3aPETUCTPUPOBAHHAS B JISTCT-
Be, COXpaHseTCs U BO B3pociioMm coctosiHuu (Brodsky et al.,
1985; Campbell et al., 1991; Erokhina et al., 1992; Epoxuna
u ap., 1995, 1997).

C ipyroii CTOpOHbI, CPAaBHUTEIILHBIC UCCIICAOBAHMUS, TIPO-
BeZieHHBIe TToUTH Ha 100 BUIaX TETTOKPOBHBIX, CBHICTEIBCT-
BYIOT O TOM, YTO W30BITOYHAS MOJUIUIONIU3ALUS KapP/IHO-
MHOIIUTOB ACCOI[MMPOBAHA CO CHIKCHHUEM adpOOHOIT crtocod-
HOCTH Cep/lla U C YMCHBIICHUEM ITOJIBUKHOCTH JKUBOTHBIX
(Anatskaya, Vinogradov, 2002, 2004a). Ha miiekonuTtarommx
U NTHIAX [10Ka3aHO, YTO KapJAMOMHOIMTHI «ATIETHUYECKHX»
BUJIOB COJIEPXKAT MPUMEPHO B 2 pa3a MEHbIIE T€HOMOB, YeM
KJIETKH MAaJIOTIO/IBYKHBIX BUIOB CXO/IHON Macchl (Anatskaya,
Vinogradov, 2002, 2004b). Kimauueckue wuccieqoBaHus
CBUJICTCIILCTBYIOT O TOM, YTO Y 4YEJOBEKa BBICOKAs ILIOH]I-
HOCTh KapIHOMHOIIUTOB aCCOI[MMPOBAHA ¢ UIIIEMUYECKOM 00-
JIE3HBIO cep/ia U ¢ HHPApKTOM MUOKap/Ia. ITa B3aUMOCBSI3b
MOXeET ObITh OOYCIIOBJICHA TEM, YTO MOJUILIONINST MEHSET
PO HITb IKCIPECCUH Y3KO- U MIHUPOKOIKCIPECCUPYEMBIX T'e-
HOB, BBI3BIBAsI IIEPECTPOHKY META0OIM3Ma H 3aIyCK 3allHT-
HBIX MexaHu3MoB (Anatskaya, Vinogradov, 2007, 2010).

TakuM 00pa3oM, HUCHONB3YsI MYyJIbTUMETOANYCCKUI TIO/1-
XOJ1 M HOBYIO KCIIEPUMEHTAIBHYIO MOJIENb, MBI CMOTJIU CJie-
JIaTh TEPBbIC AT K MOHUMAHHUIO (DU3UOIOTHUECKHX, MOJIe-
KYJISIPHBIX U KJIETOYHBIX MEXaHM3MOB B3aMMOCBSI3U MEXKIY
TacTPO’HTEPUTOM M BO3HUKHOBEHHEM MATOJIOTHH CepIey-
HO-COCYJIUCTOM cucTeMbl. Hatu TaHHbBIC TOKa3aliu, 94T0 ract-
POSHTEPHUT aCCOIMUPOBAH C HM3MCHCHUSIMH, XapaKTCPHBIMU
JUISl CHUDKEHHSI SHEPTeTHKHU M COKPATHTEILHON CIIOCOOHOCTH
cepaua, npeacTaBiisisi (BMECTE C JIMTEPATYPHBIMHU JIAHHBIMHU O
B3aUMOCBSI3H MEXK/Ty TACTPOIHTEPUTOM U Taxuaputmueii; Cu-
rione, 2010) TOT KOMIUIEKC HAapyLIEHUH, KOTOPHIH COOTBETCT-
BYCT MEKIYHAPOIHOMY OIPCICIICHUIO KapJAXOMUOIIATHH:
«KapIUOMHUONIATUEH HA3bIBAIOT T€TEPOreHHYI0 TPYIIy HaTo-
JIOTMYECKUX COCTOSIHUI MHOKap/ia, aCCOIMUPOBAHHYIO C Me-
XaHWYECKOH W/MIN DIEKTPUIECKOH AuchyHKIMEH, COompo-
BOXKIaroIeiics taxuaputmuein» (Maron et al., 2006). 3o mo-
3BOJISICT TOBOPUTH O HOBOM THIIE KapIHOMHUOIIATHU, KOTOPYIO
MOJKHO Ha3BaTh rAaCTPOIHTEPUTHASI HIIH, TOYHEE, KPUIITOCIIO-
puano3Has Kapauomuomnatus. Kpome Toro, Ham yaanock 00-
HapYXHUTh KPUTHYECKUH TIEPHOJ] B IOCTHATAJIBHOM Pa3BUTHH
CepAIa M OIucaTh ero (pU3HOIOTHIECKHE OCOOCHHOCTH.

ABTOpBI NMPHU3HATENBHBI 32 MMOMOIIL B paboTe M PEeKo-
mennauuun O. W. [Mogropnoit, C. O. Ckapnato, A. H. To-
MuinHy, H. M. Ycemanosoit u I'. U. lreiiny. Taxoke aBTO-
pBI BBIpaXxaroT oco0yio OmarogapHocth MU. A. I'amaneid,
M. I'. MapteinoBoit u U. U. TropsieBoil 3a 1leHHbIE 3aMeya-
HUS ¥ TI0JIE3HOE 00CYKICHUE.
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PabGotra BbInosiHeHa npu (uHAHCOBOM Tozauepxkke Poc-
cuiickoro (oHma (QyHIAMEHTAIBHBIX HCCIECIOBAHHUU (IIpPO-
exT 12-04-01199) u nporpammsl npesuauyma PAH «Mexa-
HU3MBl MHTETPAIlMM MOJECKYJSIPHBIX CHCTEM IIPHU peaju3a-
IUU QU3HOTOTHICCKUAX DYHKITHID.
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RAT CARDIOMYOCYTE REMODELING AFTER NEONATAL CRYPTOSPORIDIOSIS.
II. ELONGATION, EXCESSIVE POLYPLOIDIZATION AND HIF-1a. OVEREXPRESSION
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Retrospective epidemyological studies evidence that infant diseases leave survivors with an increased sus-
ceptibility to cardiovascular diseases in later life. At the same time, the mechanisms of this link remain poorly
understood. Based on medical statistics reporting that infectious gastroenteritis is the most common cause of
maladies in babies, infants and children, we analysed the effects of moderate cryptosporidial gastroenteritis on
the heart and ventricular cardiomyocyte remodelling in rats of the first month of life. The disease was challen-
ged by a worldwide human protozoic pathogen Cryptosporidium parvum (Apicomplexa, Sporozoa). The main
symptoms manifested in the growth retardation moderate diarrhea. Using real-time PCR, cytophotometry, con-
focal microscopy and image analysis, we indicated that cryptosporidiosis was associated, with the atrophy heart
and the elongation, narrowing, protein content decrease and hyperpolyploidization of cardiomyocytes and the
moderate overexpression of hypoxia inducible factor la (HI/F-10) mRNA. Cardiomyocyte shape remodeling
and heart atrophy presented in all age groups. The severity of these changes, hovewer, declined gradually from
younger to older groups. In contrast, hyperpolyploidization and HIF-1a mRNA overexpression were registered
mainly among animals aged between 6 and 13 days, and were barely detected and non-significant in older age
groups. In the rat the time period covering 6—13 days after birth is known to coincide with the intensive cardio-
myocyte polyploidization and the switch from proliferation to hypertrophy. Thus, our data indicate that neona-
tal cryptosporidiosis may be potential cardiovascular diseases risk factor and that one of the critical time win-
dows for the growing heart covers the time period when cardiomyocyte undergo polyploidization.

Key words: neonatal cardiomyocytes, polyploidy, atrophy, elongation, cryptosporidial gastroenteritis,
criticlal period in heart formation, HIF-1a.



