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Llukit cBeTa ¥ TEMHOTHI SIBJISIETCS] OMHUM M3 OCHOBHBIX (PaKTOPOB OKpYXKalolieit cpe-
IIbl, BIMSIIOLIMX HA PUTMUYHOCTb OMOJIOTUYECKUX MPOLIECCOB B opraHusme. Mamene-
HUE WA OTCYTCTBUE 3TON IMKJIUYHOCTHU MPUBOAUT K HAPYLIEHUIO CYTOUHBIX PUTMOB 1
HETraTUBHO BJIMSIET Ha QYHKIIMOHUPOBAHUE BCEX CUCTEM opraHu3ma. Llenbio maHHOTO
HCC/IeIOBaHUs ObUIO U3yYeHME BIUSIHUSI MOCTOSIHHON TEMHOTBI, BO3AEUCTBUE KOTO-
poii HaYMHAJIOCh C BHYTpUYTpoOHOTO repuoaa (DD/DD) wiu ¢ MoMeHTa poxXIeHUsI
(LD/DD) u mponoyxaioch B TeUeHUE BCEl XXM3HU, HA cofepXaHue O-ToKodeposia y
Kpbic JuHUM Bucrtap B mo3gHem oHtoreHese (3, 6, 12, 18 u 24 mec.). KoHTposibHBIE
JKMBOTHBIE COIEPXAJIMCh B CTAHIAPTHBIX CBETOBBIX ycioBusix (LD). YpoBeHb O-TOKO-
depona omnpenensiiu METoOOM BbICOKO3(h(MEKTUBHON XKUIKOCTHOW XpoMatorpadun.
Moaynupytoliiee BIUsIHUAE JJINTEeJIbHON CBETOBOM AeNpUBallii OOHAPYKEHO B MEYEHHU,
CKEJIESTHOI MBIIIIIIE U JIETKUX, OOJIBIIMHCTBO M3MEHEHMI Habonaioch y 12-mecsau-
HBIX KpbIC. Tak, B Me4eHN ypOBEHb BUTAMUHA CHIXKAJICSI B 00€MX SKCTIEPUMEHTATBHBIX
rpyInax, 4To CBSI3aHO, BEPOSITHO, C PETYJIMPYIOLIEN POJIbIO OpraHa B MOAAEp>KaHUU Io-
Meocra3a BuTamrHa E B opraHusme. B ckenetHoit Mbllle Kpbic u3 rpyrnmnsl DD/DD
OTMEUEHO 3HAUYUTEIbHOE TTOBBIIIIEHUE COMIEPKaHUsI O.-TOKOodepoia. DTO MOXET CBUIIE-
TEJIbCTBOBATh O HAKOIUIEHUM B MUOLIMTAX JIUMIUIOB B pe3yibTaTe HapyLIEHUsS] TOMEO-
cTa3a OCHOBHBIX JHEPreTMYECKMX CyOCTpPaTOB CKEJIETHBIX MbILIL. Y 24-MeCsSYHbIX
KPBIC 3TOH TPYIIBI YpOBEHb BUTAMUHA B TKAHU OBbLT 3HAYUTEJILHO HUXE, YeM B KOH-
TpoOJie, YTO MOXET yKa3blBaTh Ha CHMXXKEHUE aHTUOKCUIAHTHOM 3all[MThl CKEJIETHOI
MBIl BCJIEACTBUE BO3PACTHBIX UBMEHEHMIA. ¥ KPbIC, HA KOTOPBIX BO3AEUCTBUE IO~
CTOSTHHOU TEMHOTBI HAUMHAJIOCh TIOCJIE POXKACHUSI, HAOMIONATUCH OTJIMYUS IO CPaB-
HEHUIO C KOHTPOJIbHOU IpyMIioii B HAIIPpaBJIeHHOCTU UBMEHEHUI YPOBHSI O.-TOKO(DEpo-
JIa B JIETKHUX B Bo3pacte 6 1 12 Mec. Y cTaperlolyx U CTapbiX KMBOTHBIX BO3IEUCTBUE
CBETOBOW AETPUBAIIUM, BEPOSITHO, CIIAXKUBAJIOCHh BO3PACTHBIMU HAPYIICHUSIMUA B
(YHKIMOHUPOBAHUY LMPKAAHON CUCTEMBI, TO3TOMY B OOJIBILIMHCTBE UCCIEIOBAHHBIX
OpraHoB coAepKaHUe BUTAaMHWHA HE pa3jinyalioch Y KPbIC KOHTPOJbHOU U 3KCHEPU-
MEHTaJIbHBIX rpyTin. [losydeHHbIE JaHHBIE MOTYT OBITh MIOJIE3HBI TIPU OlIEHKe (hU3no-
JIOTUYECKOTO COCTOSTHUS JIIONIEeH, pabOTaOIIMUX WU MPOXUBAIOIINX B YCJIOBUSIX TTIOHU -
>KEHHOM OCBEILIEHHOCTHU.

Knroueswie crosa: oi-tokodepor, crapeHne, CBETOBast ASTTPUBAIINS, TOCTHATAIBLHBIN OH-
TOTeHe3, KPBICHI Bucrap
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ButamuH E (0-Tokodepot) BHITIONHSIET B OpraHu3Me psifl crieuduyeckux hyHKIIUM,
cpelyu KOTOPBbIX YYacTHe B KJIETOYHOI CUTHAIM3ALMU, MOMYJSLMS TPAHCKPUITLIUU Te-
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HOB, 9TOT BUTAMUH TaK:Ke SIBJISIETCSI aHTUOKCUIAHTOM, 3allMIIAIOIIMM JIUITUIHbIE KOM-
MOHEHTHI 61oJlornyeckux MmeMopat [1, 2]. OcobeHHO aKTyaIbHOI POJIb 3TOrO0 BUTAMUHA
CTAaHOBUTCS TIPU CTAPEHUU, KOT/Ia BCJIENCTBME U3MEHEHUSI COCTaBa MEMOpPaHbBI U HAKOM -
JIEHUSI B HEl MPOIYKTOB MEPEKUCHOTO OKWCIICHUS IUTIMIO0B U3MEHSsIeTCs ee (hPU3NIECcKoe
cocTositHUe W HapylraeTcs pyHknunonupoBaHue [3]. [lomaBisas okuciieHre KIIETOUHBIX
MakKpoMoJieKys, BUTaMuH E, Hapsay ¢ ApyrumMyu KOMIIOHEHTaMM CHUCTEMbl aHTUOKCH-
MAHTHOM 3alIUThI, CIOCOOCTBYET MOMAECPXKAaHUIO OajlaHCa MEXIY YPOBHSIMU CBOOOIHBIX
paarKaaoB U aHTUOKCUAAHTOB, 00ECNEeUMBAIOIIETO KJIETOYHBIN TOMEOCTa3 U 3aMeIsIIo-
mero crapeHue [1]. YcraHoBiaeHO, 4TO 60J1ee BLICOKUI YpOBEHb BUTaMuHa E B opranus-
M€ CHUXKAET PUCK Pa3BUTUSI TAKOW BO3PACTHON IMATOJOTUM CKEJIETHBIX MBI, KaK cap-
KoneHwus [4].

BaxkHy10 poJib B mpolieccax CTapeHMsI UTpaeT LUpKaaHasi CUCTeMa, CUHXPOHU3UPYIO-
11asi pa3jMyHble OMOJIOTUYECKHE MPOLIECChl B OpraHu3Me ¢ (pakropamMu OKpyKaroleit
cpelnbl, OCHOBHBIM U3 KOTOPBIX SIBJISIETCS LIMKJI CBE€TA U TEMHOTHI. [1oa nMpKagHbIM KOH-
TpoJieM HaxoauTcs (PYHKUMOHUPOBAHME SHIOKPUHHON CUCTEMbl U OOMEH OCHOBHBIX
IMUTATEILHBIX BELIECTB [5, 6], B TOM YKCIIE JTUITUIOB, C KOTOPBIMHU TECHO CBSI3aH MeTabo-
su3M ButamuHa E. HapyleHue LUMpKagHbIX PUTMOB NMPUBOAUT K IECUHXPOHU3ALMU
MHOXeCTBa (PU3MOJIOTUYECKUX MPOLIECCOB U M3MEHEHUIO TOPMOHAJILHOTO cTaTyca, B
0COOEHHOCTU 3TO KacaeTcsl MeJJaTOHUHA, CUHTE3UPYyeMOro 3MM(U30M B TEMHOE BpeMsi
cytok |7, 8]. Kak u Butamun E, MenaToHMH 1 ero MeTabOJIMTHI 001a0al0T aHTUOKCH -
NAHTHBIMU CBOMCTBAaMHU M CIIOCOOHBI HAMpsIMyIO0 B3aUMOIECHCTBOBATh CO CBOOOAHBIMU
panukagamu, a TaKXe peryJiMpoBaTh 3KCIPECCHUI0 TeHOB HEKOTOPBIX (DEPMEHTOB aHTU-
OKCHUIAHTHOM 3alllUThl U CTUMYJIMPOBATh CUHTE3 TyTatuoHa [7]. JleiicTBys yepe3 cBou
peLenTopbl, KOTOPbIE SKCIIPECCUPYIOTCS TI0 BCEMY OpraHU3MYy, MEJIAaTOHUH y4acTBYeT B
PETYJISIIIUY SHEPTeTUYECKOTO MeTaboIM3Ma, B TOM YKCJIe MOAAEPKUBAET TOMEOoCTas3 [0~
KO03Hl [9].

B yCc/oBUSIX MOCTOSTHHOM TEMHOTBI OTCYTCTBUE CBETOBBIX CUTHAJIOB IMTPUBOJIUT K ITOSIB-
JICHUIO TaK Ha3bIBaEMBIX “CBOOOMHO TEKYIIMX” ILUPKAIHBIX PUTMOB, P KOTOPBIX MO-
KEeT Hapymatbcss (YHKIMOHMPOBAHME Pa3IMYHBIX (usmosorndeckux cucrem [10, 11].
DyHKLUMOHUPOBaHWE LUPKAIHON CUCTEMBI B “CBOOOOHOM pexuMe” HabOmogaeTcs y
OOJIBIIMHCTBA ITOJTHOCTBIO CAENbIX JIoAei [12], a Takke IIUTeJIbHO padoTaIOIIUX B YCIIO-
BUSIX IOHUKEHHOU OCBEILLIEHHOCTU WJIU MpOoXUBatolux Ha Tepputopusix Kpaitnero Ce-
Bepa B nepuof nojsipHoit Houu [13]. MccnemoBaHus BOBMOXHBIX HapyIlIeHWIi, BO3HUKA-
IOIIUX TIPY BO3IAEUCTBUHU TTOCTOSIHHON TEMHOTHI HA OPTaHU3M, aKTUBHO MPOBOJISITCS Ha
MOJIEJISIX XUBOTHBIX, Y KOTOPBIX LIMPKAIHbIE PUTMBI yKe c(hOPMUPOBAHBI B YCIOBUSIX
cra"HgapTtHoro doronepuona (12 4 cBet/12 4 TeMHOTA), a IPOIO/LKUTEIBHOCTD OI€CTBUS
3TOro (pakTopa yaiie Bcero He npesbimaer 6—10 Hen. [14—16]. TIpu 3TOM 3HAYUTETBHBII
WHTEpeC MPeNCTaBJIsieT U3yYeHUE BIUSHUS CBETOBOM NeNpUBallMU B NIPOLIECCe UHAUBU-
JyaJIbHOTO Pa3BUTHSI OpraHu3Ma. BaskHbIM MOMEHTOM SIBJISIETCSI Y TO, B KaKOil Tepuosn
OHTOreHe3a HauMHaeTcs Bo3nelcTBUe. M3BEeCTHO, UTO LMpKaIHble PUTMbl HAYMHAIOT
¢dhopMupoBaThCs yXKe B TPeHATAIbHbBIN MEPUO/ ITPU YYaCTUY LIMPKATHONH CUCTEMbI MaTe-
pu, a COOCTBEHHAs CUCTeMa XpPOHOMETpaxa “co3peBaer” y rpbI3yHOB B T€UEHUE TIEPBbIX
NIBYX Helelib MOCje POXIECHUS. YCIOBUS OCBEIIEHUS, KOTOpbIE BO3AEHCTBYIOT Ha Opra-
HU3M B T€UEHME MEPBBIX TPEX HeNeIb IOCTHATAIbHOTO Pa3BUTUSI, OKa3bIBAIOT (hopMUpY-
[o111ee BJIMSTHUE HE TOJIBKO Ha (DYHKLIIMOHMPOBAHUE LIMPKAIHOW CUCTEMBbI, HO U Ha Du-
31OJIOTHIO U TTOBEIEHUE BO B3pOCJIOM Bo3pacre [16, 17]. B ¢Bs3u ¢ 3TUM BBISIBJICHUE H0JI-
ToCpoYyHbIX 2((dEKTOB TMpeHaTaaIbHONW M paHHEH IOCTHATAJIBLHOW CBETOBOW Cpeabl
MPEACTaBJISIET OCOOBIN MHTEPEC IS JIYYIIEro MTOHUMAaHMS MOTEeHIIUAIbHBIX MOCIEACTBUMN
TSI 3I0POBbSI U3MEHEHHBIX YCJIOBUM OcBelleHUsl. PaHee Mbl cooO1Iaiu, YTO TIpU Jeii-
CTBUU ITOCTOSIHHON TEMHOTBI Ha CaMOK KPBIC BO BpeMsl OepeMeHHOCTU (BHYTPUYTPOO-
HBIii TIEpUO) Y UX TIOTOMCTBA HA0II01aJ10Ch 3HAYMTEIbHOE CHUKEHUE YPOBHS O.-TOKO-
deposia Ha paHHUX 3Tanax MOCTHATAILHOTO OHTOreHe3a. bosiee mo3gHee Bo3neiicTBUe
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CBETOBOI JenmpUBalK (C pOXIEHMS) BbI3bIBAJIO MEHbIIIE U3MEHEHUM B YPOBHE BUTAMMU -
Ha [18]. Lleapo maHHOTO MUCCIIeTOBAHUS ObUIO M3yUYeHUE BIMSIHUSI IOCTOSTHHON TEMHO-
Thl, BO3IEICTBME KOTOPOl HAUMHAJIOCh C BHYTPUYTPOOHOrO MEpUoOJa MM C MOMEHTA
POXIEHUSI M MPOIOJKAJIOCh B TeUEHUE BCEM XKM3HM, Ha colepxXaHUe O-TOKodepoiia y
KpBIC B IO3HEM OHTOTEeHE3e.

METO/bl MCCIIEJOBAHUA

B akcriepruMeHTe UCIOIb30BaIM KPBIC JIMHUY BrcTap, KOTOpble HAXOOWIUCH B CTaH-
MapTHBIX YCJIOBUSIX BUBAPUS TIPU CBOOOTHOM JOCTYIE K BOIE U TuIle (TpaHyJIMpOBaH-
HbIit KOpM). Bce MaHUMYJISAIIMKM C XKUBOTHBIMU COOTBETCTBOBAJIM 3TUYECKUM CTaHIAp-
TaM, YTBEPKACHHBIM MPaBoBbIMU akTaMu P®, mpuHuumnam bazenbckoil aekiapanuu u
pEeKOMEeHAALUAM KOMUCCHUY 110 TYMaHHOMY OOpallleHUIO C XKMBOTHbIMU MIHCTUTYTa OGUO-
noruu KapHII PAH, ®UII “Kapenbckuit HaydHbI LieHTp PAH”.

Hns pa3BeneHust 4-MeCSIIHBIX CaMIIOB M CAMOK KPBIC COAECPXKalUd B YCIOBHUSIX CTaH-
napTHOro ¢pMKCUPOBAHHOIO pexxuMa ocselieHus (12 4 cer 750 nk/12 4 TemHoTa; LD)
wiu npu nocrosiHHoi TeMHote (0—0.5 1k, DD). CaMok, cogep:KaBIIMXcsl IpU CTaHIAPT -
HOM OCBEIIIEHUHU, U UX TIOTOMCTBO Cpasy I10cJie pOXACHUSI B CJIy4aiiHOM TIOpSIIKE pasie-
JIVUTM Ha JBE TPYIIBI U JIMOO OCTaBUJIM B TeX XK€ CBETOBBIX ycsioBUsX (LD, KOHTpOIIb),
b0 nepeHecsn B nocTostHHYIo TeMHOTY (LD/DD). CaMOK 1 TOTOMCTBO, pOXIEHHOE B
MOCTOSTHHOM TEMHOTE, OCTaBUIM B TeX Xe ycioBusx (DD/DD). B Bospacte 3, 6, 12, 18 u
24 Mec. y TOTOMCTBA M3 KaXIOU rpyIsl (BO Bcex TpyImax # = 6; 1o 3 camua 1 3 caMKi)
nocje AeKanuTauuu ObIIM cOOpaHbl KPOBb U 00pa3libl TKAHEN MeYeHU, MoYeK, cepalia,
CKEJICTHOM MBIIILIBI, JIETKMX U ceJie3eHKU. Bce MaHMITY/ISILUM B YCIIOBUSIX TTOCTOSIHHOM
TEMHOTBI IIPOBOIWJINCH IIPU KpacHOM cBeTe (He 6osee 0.5 1K).

WccnenoBaHust BBINOJHEHBI ¢ HCIIOJIb30BAaHMEM HaydyHoOro obopymoBaHus lLleHTpa
KOJIJIEKTMBHOIO mojb3oBaHus MdemepanbHOro McciemoBaTelbcKoro lieHTpa “Kapeib-
ckuii HayuyHblii HeHTp Poccwmiickoii akamemun Hayk”. ConpepkaHue O-ToKodepoiia
OTpPEACIISIIN METOAOM BBICOKOR(MD (M EKTUBHOM KUIKOCTHOM Xpomartorpaduu. st aHanm-
3a colepKaHUsI BATAMUHOB B TKaHSX XKMBOTHBIX TOTOBWIN 10%-HbIi1 TOMOTeHaT: HaBeC-
Ky TkaHu (100 mr) romorenusupoBaiu B 0.9 M 0.25 M pacrBopa caxapo3ssl (pH 7.4), co-
nepxareit 0.001 M stuneHInaMIHTETPayKCYCHOM KMCIIOTHI. B KOoHMYecKue moauatuie-
HOBBIE MPOOMPKU BHOCKIU (.25 MJI roMOreHaTa Uil ChIBOPOTKU KPOBU, 100aBsumm 0.25 M
0.025%-Horo pacTBopa OYTUJIOKCHUTOJyOJIa B 3TaHOJIE, TLIATEIbHO CMEIIMBAIN COIEP-
XXKMMOe TIPOOUPKHM IIJIsT ocaxkaeHus 6eJKoB, 3ateM mobasisuin 0.5 mu 0.0125%-Horo pac-
TBOpa OYTUJIOKCUTOJIYOJIa B H-TeKCaHe, BCTPSIXUBAJIU B TEUCHUE 5 MUH, 3aTeM LIEHTPU-
¢yrupoBanu 10 MmuH npu 3000 06./MUH 1 oCTaB/IsUI 00pa3ubl Ha xonone Ha 40 MmuH. KoH-
LIEHTpallI0 BUTAMMHA OIPENesUIM B TE€KCAaHOBOM CJI0O€ Ha MUKPOKOJOHOYHOM
KUIKOCTHOM XpoMarorpade Mumxpom 6 (Poccust) ¢ ynbTpachUroIeTOBBIM IETEKTOPOM P
JIJIMHE BOJIHBI 292 HM. DIIIOEHTOM CJIyXKHjla CMeCh rekcaHa ¢ u3orporaHoyioM (98.5 : 1.5).
KoiimyecTBEHHYI0 OLIEHKY COJlep>KaHUsT OL-ToOKodeposia MPOBOIUIN METOIOM BHEIITHETO
cragaapra (Sigma, CIIIA) ¢ ucIIo/Ib30BaHUEM CUCTEMEI PETUCTPaLIMU 1 00pabOTKM XpO-
martorpadpmaeckux naHHbeIXx UniChrom 4.x-5.

TTonydyeHHBIE JaHHBIE 00padaThIBAJIMCh C MCIIOJb30BaHUEM ITaKETOB MporpamMm MS
Exel 2007 u Statgraphics 5.0 oOLIENPUHATHIMA METOOAMU BapUaIllMOHHON CTATUCTUKU U
npenctasisiivd B Bune M = m. OLEHKY TOCTOBEPHOCTH Pa3IMuMii MeXay rpyrrnaMu v
KpbICaMU pa3HOTO BO3pacTa MPOBOAWIN C TPpUMEeHeHUEeM Kputepusi Busikokcona—Mas-
Ha—YutHHU. JIJIs BBISIBIGHUS 3aBUCUMOCTEN M MX XapaKTepa MeXIy U3ydaeMbIMU TTOKa-
3aTeISIMU B KaXKJIOM CBETOBOM PEXMMeE MCIOJIb30BAIM KOPPEJISIIMOHHbBIN aHanu3. Biausi-
Hue (pakTopoB “Bo3pacT”, “CBETOBOM peXUM” U “I0oa” OLEHUBAIU C TOMOIIbIO MHOI'O-
dakTopHoro aucnepcuoHHoro aHaiau3za (MANOVA). CraTUCTUYeCKU 3HAYMMbIMU
cuntanu pasnuuus npu p < 0.05.
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Puc. 1. Bo3zpacTHble U3BMEHEHMS COEPXKAHUS O-TOKOGEPOIIa B CBIBOPOTKE KPOBU KPBIC MPU Pa3HBIX CBETOBBIX
pexXMUMax.

31ech ¥ Ha puC. 2: pa3Inydusi JOCTOBEPHBI 1O CpaBHEHMIO * — ¢ rpymmoit LD, o — ¢ Bodpactom 3 mec., X — 6 mec.,
# — 12 mec., & — 18 mec. (p <0.05).

PE3VIIBTATBI UCCIIEAOBAHHNA

B uccnenoBaHHbIe TepUOAbl OHTOTEHE3a B CHIBOPOTKE KPOBU Y 24-MECSIYHBIX KPBIC B
rpynnax LD u LD/DD oGHapyXeHO NOBbIIIEHUE colepXaHus o-ToKodepona (puc. 1).
Y KOHTPOJIBHBIX XKUBOTHBIX B 9TOM BO3pacTe YPOBEHb BUTAMUHA ObLJ1 3HAYUTEIbHO BbI-
ure, yeM y 18-mecauHbIx, Torma Kak B rpynme LD/DD pa3Hulia Obljla JOCTOBEPHOM 110
CpPaBHEHUIO CO BCEMM MpeabIayIIMMU Bo3pacTHbIMU nepuogamu (p < 0.05). B 3-mecsy-
HOM Bo3pacTe y Kpoic rpyrnbl DD/DD koHueHTpanusi BUTaMruHa Obljla 3HAYUTEJIbHO
HIUXe, 4eM Y KOHTpoabHBIX (p < 0.05).

B neyeHu conepkaHue o.-Tokodeposa y KOHTPOJIbHBIX KPbIC C BO3PACTOM YBeJIUUMBa-
JIoCh (pUC. 2a), 3HAYUTEJIbHBIC pa3IMYusi OOHAPYKeHbI Y 12- 1 24-MeCSIUHBIX XXMBOTHBIX
no cpaBHeHUIO ¢ 3-MecauHbIMU (p < 0.05). B ycoBuUsIX TOCTOSIHHOM TEMHOTBI YPOBEHbD
BUTaMMHA Y JXUBOTHBIX TTOBBIIIIAJICS B 6-MeCSIYHOM Bo3pacTte, a B 12 MecsilieB Habona-
JIOCh €ro CyIlIeCTBeHHOe cHuXeHue, B rpymniie LD/DD stu uameHeHust 6611 1OCTOBEP-
HbMU (p < 0.05). B 18- u 24-mecsiyHOM Bo3pacTe coiepkaHue O.-Tokodeposa B 00enx 3Kc-
MEePUMEHTAJIbHBIX TPYINax YBEIUMUYMBaJIOCh, MO cpaBHeHUIO ¢ 12-MecstyHbIM (p < 0.05).
B rpynmnax LD/DD u DD/DD ypoBeHb BuTaMuHa B 12 MecsilieB ObLI 3HAYUTEJIbHO HU-
Ke, yeM B KoHTpoJe (p < 0.05).

B nmoukax Bo Bcex Tpex rpyrax HaOJIoqaaoch MOBbIIEHUE YPOBHS O-TOKOdeposa B
12-MecauHoM Bo3pacte (puc. 2b). 3aTeM B 3KCIEePUMEHTAILHBIX I'PYIINax coaepxKaHue
BUTaMUHA CHUXAJIOCh, OMHAKO CTATUCTUYECKM 3HAYMMO Juiib B rpynne LD/DD, roe y
KpPBIC CaMOro CTaplllero Bo3pacTa pa3jinyust ObUIM JOCTOBEPHBIMU ITO CPAaBHEHMIO C 6-,
12- u 18-mecsaunbiMu (p < 0.05). YpoBeHb (i-ToKodepoa B ceplle Y )KUBOTHBIX BCEX UC-
CJIeAOBAHHBIX TPYMII B 3-MECSTIHOM BO3pacTe ObLUI caMbIM HU3KUM (pHc. 2¢). B KoHTpoabHOMI
IpyIIie coaepKaHue BUTAMUHA MOBBILLIATIOCH B 6-MecsasuHOM Bo3pacTe (p < 0.05), a 3aTeM u3-
MEHSIJIOCh He3HauuTeAbHO. B rpynne DD/DD ypoBeHb BUTaMMHA YBEJIUYUBAJICS B T€UEC-
HUE BCEH XM3HU U y 24-MECSYHBIX KPbIC ObLI 3HAYMTEIBHO BBIIIE, YeM Y 6-MECSTIHBIX
(p < 0.05). ¥ kpbic LD/DD noctoBepHO€ IMOBBIIIEHNE 110 CPABHEHUIO C 3-MECSUYHBIM
BO3pacToM BbIsiBJIeHO B 12 u 18 mecsieB. B cenesenke kpbic u3 rpynn LD u LD/DD nHe
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Puc. 2. Bo3pacTtHble u3MeHeHUsI cofepxkaHusl O-Tokodepona B neueHu (a), noukax (b), cepate (c), cKeJeTHOM

Mmble (d), 1erkux (e) u cene3eHke (f) KpbIC MPU pa3HbIX CBETOBBIX PeXUMaXx.

OBLIIO OOHAPYKEHO CTATUCTUUYECKU 3HAYMMBIX BO3PACTHBIX U3BMEHEHUI YPOBHST OL-TOKO-
depona (puc. 2f). Y 18-mecssunbix kpbic rpyniisl DD/DD conepkaHue BUTaMuHa ObLIO
3HAYUTENLHO BBIIIE, 9eM Y 6-MecstaHbIX (p < 0.05). BiaustHus ycioBrit OCBEIIeHUS Ha CO-
nepxkaHue Oi-ToKodepoiia B MOYKax, Ceplle U ceJie3eHKe B UCCIeIOBaHHbBIC BO3PACTHBIE
TepUOIbI BBISIBICHO He OBLIO.

B ckeneTHOI MBIIIIe KOHTPOJIBHBIX KPBIC COMEpKaHUe O.-TOKOGheposa 3HAYMTEIIbHO
MOBBIIIANOCH TTociie 12-MecstuHoro Bo3pacTta (p < 0.05, puc. 2d). Y kpeic DD/DD conep-
KaHUe O.-ToKo@deposia CylleCTBEHHO YBEIUYMBaIOCh yKe B 12 mec. (p < 0.05) 1 66110 BbI-
1ie, yeMm B KoHTpoJe (p < 0.05). B 18 u 24 Mec. ypoBeHb BUTAaMUHA CHUXKAJICS IO CpaBHEe-
HuUto ¢ 12-mecssuHbiMU (p < 0.05) 1 y KpbIC caMOT0 CTaplliero Bo3pacTa ObUT HUXE, YeM Y
koHTposbHBIX (p < 0.05). B rpynne LD/DD cyiecTBeHHbIX BO3paCTHBIX U3MEHEHUIt
YPOBHSI O.-ToKOGeposia 0OHAPY>KEHO He ObLIO.

B nerkux KOHTPOJIBHBIX KPBIC COEepyKaHKe O-TOKO(Mepoia yBETMINBAIOCH MOCIE 6-Mecsd-
HOro Bo3pacTta U B 18 MecsiieB GbUIO 3HAYUTENBHO BbIlIe, yeM B 6 (p < 0.05, puc. 2e).
B rpyrie LD/DD noBbIliIeHIE YPOBHS BUTAMMWHA HAOITIOAAIOCH YK€ B 6-MECIYHOM BO3-
pacre, a K 12 Mecsiliam ero coaepxaHue pe3ko cHukaioch (p < 0.05). B atu Bo3pacTHbIe
nepuobl 3aUKCUPOBAHbBI TOCTOBEPHBIE PA3iNyKsl B ypOBHE (l-TOKOdEpoIIa Mo cpaBHe-
HUIO ¢ KOHTpOoJbHOI rpymnmnoii (p < 0.05). B 18 u 24 mec. coaepkaHue BUTaMUHA OBLIO
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Tao6auma 1. Pe3ynbraThl AMCNIEPCUOHHOIO aHAIM3a I10 BIUSIHUIO (PaKTOPOB “Bo3pact”, “cBETOBOIt
pexum” 1 “non” Ha copepxkaHue o-Tokodeposa B OpraHax U TKaHsIX KpbIC

daxtopsl (N%, F, p)

OpraH/TKaHb CBETOBOM

pexum (B) non (B) Ab AB bB

Bo3pact (A)

ChIBOPOTKA KPOBU 23.6%, 8.3%,
7.7, 2.7,
p<0.001 p<0.05
TTeueHn 14.3%,
3.2,
»<0.05
IMouku 17.2%,
4.1,
p<0.01
Cepnue 15.0%, 11.6%,
4.0, 3.1,

2 <0.01 p<0.05
CkeJieTHast MbILLILA 3.8%, 25.7%,
p<0.05 <001
Cee3eHka 13.8%, 7.9%,

3.7, 4.3,
p<0.01 <0.05

3HAYMTEIbHO BHILIE, YeM B 12-MecssuHoM Bo3pacte (p < 0.05) u nmpakTuyeckKu COBNaaaio
C ToKazaTeIsIMU KOHTPOJIbHOM rpymmbl. ¥ kpbic DD/DD He 0bUIO 0GHaApyKeHO BO3-
pacTHBIX U3BMEHEHMIT cofepkaHusl O.-ToKodeposia B JIETKUX.

MHorogakTopHbIii AUCIEPCUOHHBIM aHaiu3 (Taba. 1) moxkasaj, YTO BO3pacT U IIOJ
JKMBOTHBIX, a TAKXKE CBETOBOM PEXKMM OKa3bIBaJX B Pa3HOM CTEIIEHU BRIpaXKeHHOE BIIMSI -
HUE Ha colepXaHHe O-ToKodeposa B CBIBOPOTKE KPOBU M TKAHSIX OpraHoOB. BobimH-
CTBO U3MEHEHUI ObLJIO BEI3BAHO BO3PACTOM, B TO BpeMsI KAK CBETOBOM PEXXUM OKa3bIBAJl MO-
MyJMpylolliee BIUSHUE Ha COmepXXaHWe BUTAMUHA TOJLKO B CKEJIETHON MblIiie. B jerkux
CTaTUCTUYECKU 3HAYMMOTO BJIMSIHUSI MCCeoyeMbIX (DaKTOPOB Ha YPOBEHb O-TOKOdepoJia
BBISIBJIEHO He ObLI0. B pesynbraTe KoppesiliMoOHHOro aHanu3a (puc. 3) oOHapyXeHO cpaB-
HUTEIBHO BBICOKOE KOJMYECTBO 3aBMCHUMOCTEN MEXIY M3y4aeMbIMU TTOKa3aTeasIMU Y
KPBIC, KOTOPBIX TOMECTUJIM B YCJIOBUSI IIOCTOSTHHOM TEMHOTHI MOCJIE poXAeHUs. B 3T0it
rpyIine HanbosIbllee YUCIIO CBsI3eil BBISIBIIEHO C OCHOBHBIM JECHOHUPYIOIIUM U PETyIr-
pyIoluM craTyc ButammuHa E opraHoM — IedeHblo.

OBCYXIEHMUE PE3VJIbTATOB

M3yueHuno BO3pacTHOM AMHAMUKM CoAepKaHUsl BUTaMuHa E B ¢BsI31 ¢ ero criocobHo-
CThIO TIOJ/IEPXKUBATh KJIETOUHYIO (DYHKIMIO TIPU CTApEHUU yreJisieTcsl 00JIbIIoe BHUMA-
Hue. [laHHbIE TUTEepaTypbl, KacamolMecss BO3PACTHBIX U3MEHEHUI YPOBHS Ol-TOKO(DEPO-
Jla B TKaHSIX MPOTUBOpEYUBbl. BO MHOTMX MCCIeAOBaHUSX COOOIIAETCS O BO3PACTHOM
YBEJIMYEHUM KOHIIEHTpallU1 BUTaMUHa B KpoBH [19, 20], 4To B OCHOBHOM CBsI3aHO C Me-
XaHU3MaMU, KOHTPOJUPYIOIIMMHU LIMPKYJIUpPYIOIIe TUnuasl [21], cogepkaHue KOTOPbIX
B KPOBM MOBBIIIAETCS ¢ Bo3pacToMm [22]. B HallleM ucciieqoBaHUU coiepXaHue O.-TOKO-
¢eposia B ChIBOPOTKE KPOBU YBEJIMUUBAIIOCH Y 24-MECSIUHBIX KPbIC B KOHTPOJIBHOM IPYyII-
1€ U HAXOAMBIIMXCS B YCIOBUSIX CBETOBOI NEMPUBALIMM C MOMEHTA poxneHus. B 3-me-
CSYHOM BO3pacTe ypOBEeHb BUTAMMHA B KpoBU Kpbic rpymn LD/DD u DD/DD 6511 Hu-
K€, YEM Y KOHTPOJIbHBIX, UYTO MOIJIO SIBJISITbCS CIEACTBMEM CHUXKEHUS Y HUX COJEPKAHUS
o-ToKo(eposa Ha paHHUX 3Tafnax MOCTHATAIbHOTO OHTOTeHE3a IO/ BIMSTHUEM TTOCTOSTH -
HOM TeMHOTHI [18].
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7® °4

6 5 6 5 6 5
LD LD/DD DD/DD

Puc. 3. BausiHue cBETOBBIX PEXXMMOB Ha KOPPEJISILLMOHHBIE 3aBUCUMOCTU MEXIY U3YYEHHBIMU MTOKa3aTesIsIMU.
1 — Bo3pacT XMBOTHBIX, 2 — TOJI XKMBOTHBIX; COIEpXKaHUE O.-ToKodeposa B: 3 —MeueHu, 4 — Mmovkax, 5 — cepi-
ue, 6 — yierkux, 7 — ceje3eHkKe, 8 — CKeJIETHOI MblIllILe, 9 — CBIBOPOTKE KPOBU; CIUIOLIHAS JIMHUS — TOJIOXU-
TeJbHasl KOPPEJsILMSI, TYHKTUPHAsI JIMHUS — oTpuuaTenbHas Koppeisinusi; LD, LD/DD, DD/DD — rpynnst
KUBOTHBIX. OTpaxkeHbI TOJIbKO 3HaUYMMBbIe 3aBucuMocTH (p < 0.05).

WM3BecTHO, uTO ypoBeHb BUTaMruHa E B TKaHSAX TakKe 3aBUCHUT OT COJAEPKaHUS B HUX
aunuaoB [23], a Ipu cTapeHUM BCAEACTBUE HapylleHUsI TuddepeHIIMpOBKY Npeaanuo-
LIMTOB 0O€JI0¥i XKUPOBOU TKAHU B OpraHU3Me IMPOMCXOIUT MepepacrpeneieHue JUMUA0B U
HaKOIUICHME MX B OpraHax, TaKMX Kak Me4yeHb, Ceplle U CKeJeTHbIe MBILILbI [24, 25].
PsimoM aBTOPOB OBUIO YCTAHOBJIEHO 3HAYMTEIbHOE yBEJMYEHUE YPOBHSI BUTaMuHa E B
MeYeHu, MoYKax 1 ceplie CTapbiX KPbIC 1 Mblieit [26—28]. B cBoeit paGote Linard ¢ co-
aBT. [28] mpuIILIK K BEIBOAY, YTO MOBBIIIIEHNE cofepKaHUsI ButTaMruHa E B Mukpocomaiib-
HOIi MeMOpaHe TMeYeHU CBSI3aHO CO CHUXXEHUEM TMEePEKUCHBIX MPOLIECCOB B CBSI3U C BO3-
PacCTHBIM YMEHBIICHUEM 01 N-6 MOJMHEHACHIIICHHBIX XUPHBIX KUCJIOT B MEMOpaH-
HbIX pochonunuaax U HabogaaI0Ch NpU COAJITAaHCUPOBAHHOM COJEpP>XKaHUM B KOpMeE
KDBIC JIUHOJIEBOW U O.-IMHOJICHOBOI KUCIOT. B Apyrom ucciiemnoBaHuu B TieyeHU 12- u
24-MecaUHBIX KPbIC MOKa3aTeJIM MepPeKUCHOTO OKWCIEHUS JTUMUAOB ObUTM 3HAUYMTEIBHO
BBIIIIE, 2 YPOBEHb 9HIOTEHHBIX aHTUOKCUIAHTOB HUXKE, YeM y 3-MecsiuHbIX [29]. B cepneu-
HO MBIILILE KPBIC ObLJIO 3aPETUCTPUPOBAHO BO3PACTHOE CHUXKEHUE COAEPKAHUS Ol-TOKO-
deposa, YTO CONMPOBOXIATOCH MOBBILIEHUEM OKUCIUTENbHBIX MOBPEXIEHUIN MUTOXOH-
npuii [30]. B meueHu M cepaie MBIIIEH Mociae 6-MeCcSYHOro BO3pacTa ObLIO BBISIBIIEHO
YMEHbILIEHUE YPOBHSI Ol-TOKOGEeposia, HOPMAIU30BAHHOTO MO COAEP>KAHUIO TPUTIULIEPU-
noB [31]. IpyruMu aBTOpaMM He OBLIO OOHApYKeHO pa3Iuduii B ypoBHe BuTamuHa E B me-
YeHM U CepALe MEXITY MOJIOIBIMHU (3-MEeCSIHBIMU) U CTapbIMU (20-MeCSIIHBIMI) KpbICAaMU
[32]. BepositTHO, OMHUM M3 BaxKHEUIIMX (DAKTOPOB, ONPEACIISIIONINX COAePKaHNE BATA-
MuHa E B TKaHsIX SIB/IsIeTCSI MHTEHCUBHOCTD MEPEKUCHBIX MPOLECCOB, KOTOpasi BO MHO-
T'OM 3aBUCHUT OT MPUPOJIbI XKUPHBIX KMCJIOT, MOCTYIAIOIIMX B OpraHu3M ¢ nuiieii [28, 33].

B Haiem ucciienoBaHUM B CTaHAAPTHBIX YCIIOBUSIX OCBEIIIEHUSI COAEPXaHUEe O.-TOKO-
deposia y B3pOCTBIX U CTAPbIX KPbIC OBUIO BHIIIE, YEM Y MOJIOABIX B TEUYEHU, TTOYKAX U
cepaue. B ckeneTHoit Mbllilie ypOBEHb BUTAMMHA YBEJIUUMBAJICS TOce 12-MecsIyHOTo
BO3pacTa, a B JIETKKMX y KPbIC cTapiie 6 MecsieB. JinTebHas CBeToBas ASIPUBAIIUs MO-
yJIMpoBaja BO3pacTHbIE U3BMEHEHUS ColepKaHusl O.-ToKodepoJsia B IeYeHU, CKEJIETHOM
MblIlILe u Jierkux. [Tpy a3ToM y 12-MecsTYHBIX KPbIC pa3jIMuusl ¢ KOHTPOJIBHOI TpynIioit
HaOII0aTUCh B TKAHSIX BCEX 3TUX OPraHOB: 00Jiee HU3KME 3HAUCHUS B TIEUEHU B 00emnX
9KCIIePUMEHTAIBHBIX TPYINax U B Jierkux B rpynre LD/DD, 6onee BbicokOe 3HaUEHUE B
CcKesJeTHOM Mpliie B rpyrie DD/DD.

PerynsipHo uepenyromecs LIUKIbl CBETa M TEMHOTHI CUHXPOHU3UPYIOT IMPKATHbIC YACHI
OopraHu3ma, KOTOpble TeHEPUPYIOT MPUMEPHO 24-4acoBble CyTOYHBIE PUTMBbI MTOBEICHUS,
GbU3MOIOrMYeCcKNX U OOMEHHBIX TTPOLIECCOB. B yclIoBUSIX MOCTOSIHHOI TEMHOTHI LIMPKa-
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HbI€ PUTMBbI COXPAHSIIOTCSI, OHAKO B OTCYTCTBME CBETOBBIX CTUMYJIOB SIBJISTIOTCS “CBOOOIHO
TeKyIIMMU” U OTIMYatoTcst ot 24-yacoBoro putMa [ 10, 12]. B meyeHu upKaaHble pUTMbI B
TIEPBYIO OUepe/Ib OTpeesTtoTes rpadukomM KopMiteH s [34], omHaKO IMKIT CBETa Y TEMHO-
THI SIBJISIETCSI HEOOXOAMMBIM YCIIOBHEM 711 aBBTOHOMHOTO (DYHKIIMOHUPOBAHUS LIMPKAIHbBIX
JacoB opraHa [35]. YcTaHOBI€HO, YTO Y MBIIIIeH, HAXOOUBIIMXCS B YCJIOBUSIX ITOCTOSTHHOM
TEMHOTBI B TeUeHUe 6 HelleNb, B TIeYeHU 9HIOTEHHbBINM [IMPKAIHBIM PUTM YACOBBIX TEHOB, Te-
HOB cucTeMbI HUTOXpoMa P 450 1 MeTaGoM3Ma JIUTTUAOB YCTOMUMBO COXPAHSIETCS, OMHAKO
HEMHOTO U3MeHsIEeTCs TTIEPUOI U aMIIUTYAa UX KoyiebaHuii [ 14]. Ha ypoBHe opranusmMa, Ha-
pylIeHWEe CUHXPOHHOCTU B (DYHKIIMOHUPOBAHUYN LIEHTPAJIbHBIX U TIepUdEepUIECKUX LIMP-
KaIHbBIX YaCOB MOXKET HapyIlIaTh MeTaboIMUYeCcKUit romeocTas |14, 36].

[MeyeHb U CKeJIETHBIE MBILILBI CYMTAIOTCSI OCHOBHBIMU METa00JIMYECKUMU TKAHSIMM,
MO3TOMY UX CKOOPIMHUPOBAHHOE (DYHKIIMOHUPOBAHUE SIBJISIETCSI PELIAIOIIUM YCI0BUEM
HOPMAaJIBHOTO IMPOTEeKaHUSI 0OMEeHHBIX IIpolieccoB [37]. B meyeHn YacOBEIMU r'eHAMHU pe-
TYJUPYETCS MHOXECTBO METAOOJIMIECKUX ITyTe — OT AbIXaHWSI MUTOXOHIpUii, GOTeHe-
3a pOOCOM U CeKpelru OEIKOB M0 CIIeHU(UISCKUX I TelaTOLUTOB (DYHKIIMI, TaKUX
Kak JIMIIOreHe3, NeTOKCUKAIMsI KCeHOOMOTUKOB, CUHTE3 XOJIeCTepUHA 1 XETYHbIX KUC-
JioT [6]. LlupKamgHble Yachl CKEJETHBIX MBbIIIL, PEryIupyIole MPoLecChl TPaHCKPHUII-
LMK, OOMEH BEILEeCTB, B TOM YUCJIe TOMEOCTa3 JIMIIUIOB, a TAKXKE MUOTEHHYIO CIOCO0-
HOCTb MOIYJUPYIOTCST YCJIOBUSIMU OCBEILIEHUSI TTOCPENCTBOM HEMPOTYMOPAIbHBIX U TEM-
nepaTypHbeix curHaiioB [37, 38]. B skcmepuMmeHTax Ha MOACISIX C HapyLICHUSIMU
MOJIEKYJIIPHBIX YacOB Yallle BCEro MaToJOrMy BO3HUKAIOT UMEHHO B CKEJIETHBIX MBIIII-
uax [39]. YcraHoBeHO, YTO y Mblllel ¢ 1e(ULIMTOM B CKEJIETHBIX MblLILAX TeHa Bmal 1
CHMXKAETCSl YTUJIM3ALMsl TKAHbIO TNIIOKO3bl U aKTUBMPYETCsSl 0oJiee SHEProeMKUil IyTh
OKMCJICHUS XUPHBIX KUCJIOT, UTO MPUBOAUT K YMEHBIICHUIO YPOBHSI LIUPKYIUPYIOLINX
JIMIIMAOB U UX 3ariaca B reueHu [36, 38].

IleyeHb UrpaeT LEHTPATBHYIO POJIb B PETYJISILIMU paclpeneeHus] 1 SKCKPELUU pa3-
JIMYHBIX (popM BUuTamuHa E, KOTOpHIil MeTaboIu3upyeTcs MMoJ0OHO KCeHOOMOoTHKaM |[2].
3HaYUTENIbHOE CHIDKEHUE COMepKaHUs O.-TOKodeposa B MeYeHW 12-MeCSTYHBIX KpPHhIC,
COIEPKABIIMXCS B IIOCTOSTHHOM TEMHOTE, MOXKET OBITh CBSI3aHO JIMOO CO CHUKEHHUEM €TO
BCAChIBaHMS B KMIIIEYHUKE M TIOIIONICHUS TTIEUYEeHBIO, JIN0O ¢ YCUIEHHBIM PAacXOIOBaHM-
eM. M3BecTHO, 4TO B pery/siiuu IIpoleccoB abcopOLMU U TpaHCOOPTA JUIIMIOB, B TOM
yucje BuTamMyuHa E, mprMHUMalOT ydyacTue yacoBble reHbl [5]. BmecTe ¢ TeM oTcyTcTBUE
pas3Inyurii MeXay rpyriaMyd B YpOBHE BUTAMMHA B CHIBOPOTKE KPOBM U 3HAYWTEJIbHOE
MOBBIIIEHUE €T0 COEPXaHUsI B CKEeJIETHOU Mbllie Y Kpbic Tpyniisl DD/DD Moxer cBu-
JIeTEeILCTBOBATh O Tiepepacrpene/ieHn O-ToKodepoiaa MeXIy MeYeHbIo M CKeJIeTHOM
Mblei. Y 12-mMecaaHbix Kpoic rpyraisl LD/DD ypoBeHbs BuTaMuHa B 3TOi TKAHU TaK-
ke ObLT BbIIIe, YeM B KOHTPOJIE, OMHAKO pa3HUIla He OblIa CTAaTUCTUYECKU 3HAYMMOIA.
VYBenuueHue coaepkaHusl O-TOKogepoia B CKEJIETHOM MBIIILE MOXET ObITh CBSI3aHO C
HaKOIUICHUEM B MMOLIMTAX JIMITUAOB, KOTIa MONIOIICHUE KUPHBIX KUCIOT MPEBbIIIAET
ckopocTb ux okuciaeHus [40]. BaxxHyto poib B mocTaBKe O.-ToKodeposia B nepudepuye-
CKME TKaHUW W3 JIMIIONPOTEHMHOB Y XUJIOMUKPOHOB MTPAaeT JIMITOIPOTEMHOBAS JINIIa3a,
KOHTPOJIMPYIOIIAs MOMIOIIeHUE XXKUPHBIX KUCITIOT TKAHSIMU B COOTBETCTBUU C UX TIOTPeO-
HocTsiMU. CKeJleTHbIE MBI SIBJISTIOTCSI OMHUM M3 OCHOBHBIX MECT 9KCIIPECCUU ITOTO
¢depMeHTa, aKTUBHOCTb KOTOPOTO PETYJIUPYETCs] MHOXECTBOM (haKTOPOB, B TOM UMCIIe
HUpKanHbIM putMoM [40, 41]. UpeamepHoe MOCTYIUIEHUE JUITUA0B MOXET IMIPUBOJIUTH K
MeTaboInUecKOoil NUCGhYHKIIUM CKEJIETHBIX MBIIIL, HApPYIIEHUI0 SHEPreTUYecKoro Oa-
JIaHCa B OpraHM3Me, YTO SBJISICTCS MOTEHIIMAIbHON MPUYMHON MeTaboINIeCKOTO CUH-
npoma [41, 42]. I1pu 3TOM BO3HMKHOBEHNE B MBIIIIEYHOM TKAHU PE3UCTEHTHOCTU K MHCY-
JIVHY, SIBJISIIOLIEICS TIEPBONMPUYMHOMN Pa3BUTUS ITOTO 3a00JieBaHMSI, CBSI3BIBAIOT C Ha-
KOIJIECHUEM B MUOILIMTAX BHYTPUKJIETOUYHBIX METaOOJUTOB KUPHBIX KHUCIOT U
HapylIeHUeM OKMCJIMTEJIbHO-BOCCTAaHOBUTEbHOTO OanaHca [43, 44]. BepositHO, 3TO
MOTJIO OBITh MPUYMHOI 3HAYMTEIBHOTO CHUXXEHUS COOepKaHUs O-TOKodeposa B cKe-
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JIETHOM MBlIlIIEe KpbIC B Tpyniie DD/DD k 18-MecssuHOMY BO3pacTy, KOTOPbIit OCTaBajCs
TMIPUMEPHO Ha TOM K€ YPOBHE Y 24-MeCSYHbBIX (KMBOTHBIX Y ObLII CYIIIECTBEHHO HUXE, YeM
B KOHTpoJie. Y 24-MecsuHbIx Kpbic Tpynimbl LD/DD ypoBeHb 0i-TOKO(depoia B CKeJIeTHOM
MBIIIIIE TaKXKe CHUXKAJICS A0 3HaYeHUi, conocTaBuMbIX ¢ rpymmoit DD/DD, onHako cy-
1LIECTBEHHBIX pa3IUUUil C KOHTPOJIEM OOHapYKeHO He Obu10. ClieayeT OTMETUTh, YTO MeTa-
0OJIMYECKKE HAPYIIIEHUST YACTO COMPOBOXIAIOTCS M3MEHEHUSIMU Macchl Tena [44]. B ipo-
11ecce MCCieIoBaHUsI HAMU He ObLI0 3aDMKCUPOBAHO 3HAYMMBIX pa3JIMYMil Macchl Teja
MEXIy KpbICAMU KOHTPOJIbHOI U 9KCIIEPUMEHTAIBHBIX TPYIIN (IaHHbIE HE TPUBOASTCS).

IToMuyMO TIeYeHU 1 CKEJIETHOM MBIIIILBI, MOAYJIMpYlIOllee AeAICTBUE IJTUTEILHOIR CBETO-
BOI JeTpuBaIlMM Ha colepKaHue O-ToKodeposia ObUI0 OOHAPYXXEHO B JIETKUX Y KPbIC
rpynnsl LD/DD B Bo3pacre 6 1 12 Mec. B paHHeM oHTOreHe3e ypoBeHb BUTAMUHA B JISTKUX
Y XKMBOTHBIX 00€UX 3KCIIEPUMEHTAIbHBIX TPYITI ObLT HUKE, YeM Y KOHTPOJIbHBIX [18]. B 3
Mec. 9Ta pa3HMIIa HUBEJIMPOBAJach, a B Bo3pacte 6 1 12 Mec. HabItoIaIMCh OTJINYMS B Ha-
MpaBJICHHOCTU U3MEHEHUI YPOBHS (i-TOKO(depoia Mexay KOHTpoJbHO# 1 LD/DD rpyr-
namu. To, 4yToO BIMSTHUE CBETOBOI AEMPUBAIIAM Ha colepxkaHue BuTaMuHa E B mo3mHeM
OHTOTEHE3€e MPOSIBUIIOCH B TPYIITE, MOMEIIEHHON B 9KCTIEPMMEHTAIbHBIE YCJIOBUS TTOCTIE
POXIIEHUSI, CBSI3aHO, BEPOSITHO, C OCOOEHHOCTSIMU TTOCTHATAJILHOTO PAa3BUTUS JIETKUX. Y
KpPBIC aJIbBEOJISIpU3aLIMsI 3TOTO OpraHa npogoskaeTcst 10 60-ro nHs [45], a KoHel BTopoii
TMOCTHATAJIbHOW HEJEIM CUUTAETCsl HanboJiee ysI3BUMbIM ITEPUOIOM B Pa3BUTHMU bIXaTeIb-
HOI CUCTEMBI, KOT/Ia TIPOUCXOAUT CTPYKTYPHO-(DYHKIIMOHAJIbHOE CTAHOBJIEHUE CUCTEM,
KOHTPOJIUPYIOIINX IbixaHue [46]. HapyieHue B 3TOT mepro B3aMMOCBSI3aHHBIX HEMPOIH-
NOKPUHHOM, BET€TaTUBHOM 1 UMMYHHOM CUCTEM MOXET IPUBECTHU K MOBBIIIEHHOI peak-
TUBHOCTH Y YyBCTBUTEJIbHOCTH JIbIXaTeJIbHBIX MYTE K BOCTIAJICHUIO, a TAKKE K CHUXKEHUIO
(YHKIINY JIETKMX BO B3pocyioM Bo3pacTte [47]. B TedeHMe mepBbIX ABYX HEOEIb MOCJIE POXK-
NIeHUs] 3aKaH4YMBaeTcsl (popMrUpoBaHrie COOCTBEHHOM LIMPKATHOM cucTeMbl. BaxkHyto poib
B BTOM TIPOIIECCE UTPAIOT MATEPUHCKUI MEJTaTOHWH, TTOCTYTIAIOLINI C MOJIOKOM, a C Haya-
JIoM QPYHKLIMOHUPOBaHUS (POTOPELICNITOPOB CETYATKM BaXKHbBI U YCJIOBUS ocBelleHus [17].
B cB$131 ¢ MJIaCTUYHOCTBIO IIUPKATHOM CUCTEMbI B TAHHOM BO3pacTe BO3/IEICTBYIOIIIUE Ha
opraHusMm (akTopbl, TaKMe Kak YPOBEHb MEJIATOHWHA U CBETOBBIE YCJIOBUSI, MOTYT OKa3bl-
BaThb A0JTOCPOUYHBIE 3hheKThl HA pa3IMYHbIe (PU3UOJIOTUUECKUE CUCTEMBI. B rutogHbIil 1
pPaHHU TTOCTHATATIbHBIH MTEPUOIbI METATOHUH JEHCTBYET KaK HEMPOSIHIOKPUHHBI MOJIU-
¢duKaTop HEPBHOM, CEPACYHO-COCYAUCTON, UMMYHHOI CUCTEM, a TAaKXKe SHEPIreTUYeCKOro
MetabosmaMa [48]. DKcreprMeHTalbHO MOKa3aHO, YTO TPU OTCYTCTBUY CBETOBBIX UMITYJIb-
coB B TeueHue 10 gHell KOHUEHTpalus MeJaTOHWHA B KPOBU KpbIC yBennuuBaercs [49].
MoXHO TIpeanoa0XUTh, YTO B HAIIIEM MCCIEIOBAHUU U3MEHEHUS B CONEPKaHUU O-TOKO-
¢epona B nerkux B MO3AHEM OHTOTEHE3E y KPBIC, MTOMEIIEHHBIX B MTOCTOSIHHYIO TEMHOTY
TocJie pOXACHMSI, CBSI3aHbI C BJIMSIHUEM TTOBBIILIEHHOTO YPOBHS MEJIATOHWHA, MOCTYyMalo-
11IeTO ¢ MOJIOKOM MaTepH, 1 Monudurkaiueit B QyHKIIMOHUPOBAHWUY LIMPKATHONW CUCTEMBI,
BBI3BAHHOM OTCyTCTBUEM cBeTa. MI3BecTHO, YTO aHTUOKCUAaHTHas DyHKIMS BUTaMuHa E B
3aIUTe MEMOPaHHBIX JUIMMUAOB OT OKMCIUTEIbHBIX MOBPEXKACHNI CTAHOBUTCS ellle boJiee
aKTyaJIbHOM B JIETKUX, KOTOPbIE HETIOCPEICTBEHHO MONBEPTAIOTCS BO3NEHCTBIIO KUCIOPO-
Jla, a TakXXe Pa3IMYHbIX OKCUIAHTOB U MUKPOOPTaHU3MOB, COAEPXKAIIUXCS B BO3IyXe.
TxaHb JIETKMX U aTbBEOJISIPHBIN CypdaKkTaHT coepkaT O0JIbIIIOE KOJIMYECTBO HEHACKIIIIEH-
HBIX JKUPHBIX KUCJIOT, KOTOPBIE SIBJISIIOTCS CYOCTPaTOM JJIs1 TIEPEKUCHOTO OKWCIICHUS JTU-
nuaoB [50]. Y KpbIC KOHTPOJILHOI TPYMIThI YpOBEHBb OL-TOKO(MEPOJIa B JIETKMX MOBBIIIAJICS C
BO3pACTOM, UTO COIJIACyeTCsl C MJaHHBIMU JIuTepaTyphl [51]. Pe3kue usmeHeHus comepxka-
HUS BUTaMMHa Yy 6- 11 12-MecsTaHBIX KpbIC rpyIinbl LD/DD SBISII0TCS, BEpOSITHO, PE3yJIbTa-
TOM peaKINy aHTUOKCUTAHTHOM CUCTEMBI JIETKUX, CBUIETEILCTBYIOIIM O HAPYIIEHUSIX B
(YHKIIMOHMPOBAHWUY JIBIXaTEIbHON CUCTEMBI B 3TOM Bo3pacte. [Ipuuem yBeanyeHue ypoB-
Hs O-ToKOodepoia MOXKET HaOII0AaThCS B pe3y/ibTaTe ero MOOWIM3alM U3 IPYTUX TKaHen
B CJTyyae MOBBIILIEHHOM MTOTPEOHOCTY MPU KaKUX-TNO0 9KCTpEeMalIbHBIX Bo3ieiicTBUsIX [50].
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B namem uccienoBaHuM OOJILIIMHCTBO Pa3indUii ¢ KOHTPOJIBbHOM I'pyIINoii B comep-
KaHUM O.-ToKodepoa Ob10 0OHapykeHO y 12-MecssyHbIX Kpbic. C Bo3pacToM B opra-
HU3ME TIPOUCXOIUT Pl META0OJIMYECKUX U3MEHEHMI, OOJbIIIMHCTBO KOTOPBIX Y KPBIC
HabI01aeTcsl K KOHILY MepBOro roja XXW3HU, a HapylIeHUs] IMPKagHON PUTMUYHOCTH,
BEPOSITHO, CIIOCOOCTBYIOT ONPEAEICHHBIM TIpoLieccaM, YCyryOJIsIIOIIUM 3TH U3MEHEHUSI.
B neyeHu oGHapykeHO CHIKEHUE YPOBHSI TPAHCKPUIITOB F€HOB, KONUPYIOIINX (DEPMEHTBI
cemeiictBa muToxpomMa P 450 [52]. B kxpoBu cam11oB Kpbic BrcTap BBISIBIIEHO 3HAYUTEIIHFHOE
YCWJIEHHE OKHCIUTEIBHOIO CTpecca B BO3pacTHOM mnepuone Mexay 8 u 12 mec. [53]. V 12-
MECSYHBIX CAMOK KpPBIC B TIEUEHHM, MOYKaX, CEPIILIE U JIETKMX HAaOII01aTuCh O00Jiee BbICO-
KV€ YPOBHM BBI3BAHHOTO OKHCJIMTEIbHBIM CTPECCOM MOBPEXICHMST OCIKOB, JIUMUIOB U
JIHK u Hu3kas aHTuoKcumaHTHas1 3¢(QEKTUBHOCTh 0 CPABHEHUIO C MOJIOALIMU 3-Me-
CSIYHBIMU XKUBOTHBIMU [54]. MBI He 0OHaPYKWIN BIMSIHUS YCIOBUI OCBEIIEHUS Ha YPO-
BEHb O.-TOKO(depoJia B OOJILITUHCTBE UCCIIeIOBAHHBIX OPTAaHOB Y KPBIC CTapIliero Bo3pac-
Ta (18 u 24 mec.). CrapeHue CBSI3aHO C HAPYIICHUSIMU B (DYHKIIMOHUPOBAHUU LIMPKATHOM
CUCTEMBI, YTO TIPOSIBIISIETCS. B YMEHbBIICHUW aMIUIUTYAbI, (ha3bl U MPOIOKUTEIbHOCTH T1e-
pyonia IMPKATHbIX PUTMOB, TTOBBILLIEHUN TEHIEHLIMN K BHYTPEHHEN NECUHXPOHU3ALMU U
HapyIIeHNY CUHXpOHM3ALMK ¢ OKpyxXKalomiei cpemnoit [34]. Kak coobmaior Nakamura u
COaBT. [55], peryasipHO MOBTOPSIOIIUECS LIMKJIBI CBETAa U TEMHOTBI MaCKUPYIOT HEKOTO-
pble BO3pacTHbIE HApYILLICHUS [IUPKAIHBIX KOJeOaHW1 YaCOBBIX TEHOB B Cylipaxyua3MaTh-
YECKMX s1Ipax MblllIeil, KOTOpbIE MPOSIBJISIIOTCSI B YCJIOBUSIX CBETOBOM AernpuBauuu. Pe-
3yJIbTaThl HAILIETO MCCIIeNOBAaHUS CBUNIETENIBCTBYIOT O TOM, UTO y CTapbIX KPbIC coaepKa-
HUE B YCJIOBUSIX TIOCTOSIHHOW TEMHOTHI TIOBJIMSUIO Ha YPOBEHb O-ToKodeposia B
CKEJIETHOM MBIIIILIE, YTO MOXKET ObITh CBSI3aHO C POJIBIO MBIIIII B OOMEHE OCHOBHBIX METa-
0OJIMYECKUX CyOCTPaTOB B OpTraHU3ME.

TakuMm oOpaszom, Momynaupyolllee BIWSHUE IJIUTEIbHOW CBETOBOU NeNpuBallMM Ha
BO3PACTHYIO IMHAMUKY COJiepXaHUsl O.-ToKodeposia ObIJI0 0OHAPYKEHO B MeUYeHU, CKe-
JISTHOM MBIIIILIE U JIETKUX, IIpUYeM OOJIBIIMHCTBO U3MEeHEeHM I HaOII0aaaoch y 12-Mecsau-
HBIX KpbIC. B 00enx aKcriepuMeHTaIbHBIX TPYyTIaxX B 3TOM BO3pacTe ypOBeHb BUTAMUHA
3HAYUTEIHLHO CHIDKAJICS B IIeUeHM, a B rpyiie DD/DD yBenmuBaics B CKeJIETHOI MBIIIIIIE.
BeposiTHO, nTeIbHOe HaXOXKIEHUE B YCJIOBUSIX TIOCTOSTHHOI TEMHOTBI MPUBEJIO K HapyIlie-
HUIO TOMEOCTa3a OCHOBHBIX SHEPTeTUUYECKUX CyOCTPAaTOB CKEJIETHBIX MBIIIIL, YTO BbI3BAJIO
HaKoOIUUIEHHEe B MUOLIMTAX JUIIMIOB U O/-TOKOdeposa. DTU MeTaboJIndecKre HapyIleHUs
MOTJIA SIBJISIThCSI MPUYMHOM BO3PACTHBIX U3MEHEHUI B MBIIIIEYHON (PYHKIIMU y CTapbIX
SKMBOTHBIX, KOTOPBIC TTPUBEIN K 3HAYUTEJIbHOMY CHUKEHUIO YPOBHSI BUTAMUHA y 24-Me-
csyHbIX Kpbic B rpynrne DD/DD. BosmeiicTBue cBeTOBOI aenpuBallMM C MOMEHTa
POXIEHUsI MOBJIMUSIO HAa BO3PACTHBIC U3MEHEHMS YPOBHS (-TOKO(dEpoJia B JIETKUX 6- 1
12-MeCSIYHBIX KPBIC, UYTO MOXKET OBITh CBSI3aHO C OCOOEHHOCTSIMU TTOCTHATAJIBHOTO Pa3BU-
THSI TUX OPTAaHOB. Y CTapeIoIIMX U CTAPbIX JKUBOTHBIX BO3/IEMCTBUE TTIOCTOSTHHOM TEMHOTHI,
BEPOSITHO, CITIAXKMBAETCSl BO3PACTHBIMU HApYIIEHUSIMU B (YHKIIMOHUPOBAHUY LIMPKATHOM
CHUCTEMBI, TIO3TOMY B OOJIBIIMHCTBE UCCIEIOBAaHHBIX OPraHOB M3MEHEHUs B COMEpPKaHUU
BUTaMMHA OTCYTCTBOB&IU. BbISIBIEHHBbIE B pe3ysbTaTe MUCCIENOBAHUS OCOOEHHOCTU BO3-
pacTHOI TMHAMUWKU YPOBHS O-TOKOdeposa B OpraHu3Me KpbIC, CONEPKaBIIMXCS B TTOCTO-
SIHHOW TeMHOTE, TTOATBEP>KAAIOT BAXKHYIO POJIb IIUPKATHBIX PUTMOB B OOMEHHBIX MPOIIEC-
cax. [TosyyeHHBbIE JaHHBIE MOTYT OBITH MOJIE3HBI MPU OLIEHKE (PM3NOJIOTUYECKOTO COCTOSI-
HUS JIIOJIeid, paboTaIOIIUX WIN MPOXUBAIOIINX B YCIOBUSIX MOHMXXEHHOMN OCBEIIEHHOCTH.

NCTOYHUKHU OPUUHAHCHUPOBAHU A

duHaHCOBOE 0OeCceueHUE UCCIIeIOBAHUIA OCYIIECTBIISIIIOCH U3 CPENCTB henepaabHOro Glomke-
Ta Ha BbINOJIHeHUe TocyaapcTBeHHoro 3ananusi KapHII PAH (tema FMEN-2022-0003).
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Prolonged Light Deprivation Modulates the Age-Related Changes
in a-Tocopherol Level in Rats

I. V. Baishnikova® *, T. N. Ilyina?, E. A. Khizhkin?, and V. A. Ilyukha®

4 Institute of Biology of the Karelian Research Centre of the Russian Academy of Sciences,
Petrozavodsk, Russia

*e-mail: iravbai@mail.ru

The light-dark cycle is one of the main environmental factors affecting the rhythm of bi-
ological processes in the body. A change or absence of this cyclicity leads to disruption of
circadian rhythms and negatively affects the functioning of all body systems. The aim of
the study was to investigate the effect of constant darkness, which began from the prena-
tal period (DD/DD) or from the moment of birth (LD/DD) and continued throughout
life, on the content of o.-tocopherol in Wistar rats in late ontogenesis (3, 6, 12, 18 and
24 months). Control animals were kept under standard light conditions (LD). The level
of o-tocopherol was determined by HPLC. The modulating effect of long-term light
deprivation was found in the liver, skeletal muscle and lungs, most of the changes were
observed in 12-month-old rats. Thus, in the liver the level of vitamin decreased in both
experimental groups, which is probably due to the regulatory role of the organ in main-
taining vitamin E homeostasis in the body. In the skeletal muscle of rats from the
DD/DD group, a significant increase in the content of o-tocopherol was found. This
may show the accumulation of lipids in myocytes as a result of disorder of homeostasis of
the main energy substrates of skeletal muscles. In 24-month-old rats of this group, the
vitamin level in the tissue was significantly lower than in the control, which may indicate
a decrease in the antioxidant protection of the skeletal muscle due to age-related changes.
In rats, exposed to constant darkness after birth, there were differences in the direction
of changes in the lungs a-tocopherol level compared with the control group at the age of
6 and 12 months. In aging and old animals, the effect of light deprivation was probably
smoothed out by age-related disturbances of the circadian system thus in most of the
studied tissues the vitamin content did not differ in rats of the control and both experi-
mental groups. The results can be useful in assessing the physiological state of people
working or living under poor lighting conditions.

Keywords: a-tocopherol, aging, light deprivation, postnatal ontogeny, Wistar rats
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