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IIpoBeneHo KOMIIJIEKCHOE UCCIIEJOBaHNE TPAHCTCHEPAIIMOHHONH TeHOMHOM HECTaOMIBHOCTH Y MEPBOTO
MOKOJICHUSI MBIIIEH, OOJYYCHHBIX HHU3KOWHTCHCHBHBIM Ja3epHBIM (632,8 HM) M CBETOIUOIHBIM HH-
¢paxpacasiMm (850 HM) cBetoMm in vivo. OOHapyXeHO, YTO Yy BCEX MOTOMKOB OOJYYCHHBIX MBIMIEH
HE YBEIMYMBAIOTCA KOJIMYECTBO CHOHTAHHBIX MOBPEXACHHH B KOCTHOM MO3T€ MO MHUKPOSIACPHOMY
TECTy, YPOBEHb aKTUBHBIX (JOPM KHCIOPOJA B IEIBHOIN KPOBU M MHIEKC Macc JIUM(POUTHBIX OPTaHOB.
[Ipu momonHWUTENPHOM OONYYEHHH TMOTOMKOB PEHTTEHOBCKUM HM3IydeHHeM B nmose 1,5 I'p mo Ttecty
«paZHOYyBCTBUTEIBHOCTh» HMMEET MECTO CHIDKCHHE KOJHMYECTBAa IOBPEXKICHHH, a IO CXeMe pajua-
uroHHoro aaantuBHoro orsera (0,1 + 1,5 I'p) — oTcyTcTBUME aganTUBHOIO OTBETa MO CPaBHEHUIO
C IOTOMKaMHU HEOOIydeHHBIX MbImIed. CKOpOCTh pOCTa OMYXOJH y TOTOMKOB OOJNYIEHHBIX POAUTEIEH
HE OTJIMYACTCS OT TAKOBOU y MOTOMKOB HEOOJYUCHHBIX, B TO BPEMs KaK Y UX O0OJyUYEHHBIX POJAUTEIICH
HaOJIIOgaeTcss TOPMOKCHIE CKOPOCTH. BEikiBaeMocTh mocie o0aydeHus B go3e 6,5 I'p He oTnuyaercs
KaK OT pOAHTENeH, TaK U OT KOHTPOJIS.

Kunrouesvie cnosa: ungpakpacuwviii céem, KpacHulii céem, peHmMIeHO8CKOe U3LYHeHUe, Mbllil, MpaHceeHe-

PAYUOHHAA C€HOMHAA HeCcmabuibHOC b,

HecMoTpsd Ha mIMpPOKOE NPUMEHEHHE B MEAU-
OMHCKOW MPAaKTHKE MPHUOOPOB 3IEKTPOMATHUTHOTO
U3IydYeHUs B BUIUMOU M OymkHel mHdpaxpacHOU
00acTsIX CrIeKTpa, JaHHBIE O COMYTCTBYIOIIHNX Te-
HOTOKCHYECKHX 3(PdekTax HEMHOTOUHCICHHBI,
BecbMa NMPOTHUBOPEUYNBHI M HE CHCTEMATH3WPOBAHEI
0 KaKoOMy-Tu0OO OJAHOMY KPHUTEPHUIO HJIM HCTOY-
HUKY u3nydeHus. CymiecTByoue HCTOYHUKH (TIPU
JOCTaTOYHO BBICOKOH UX 3((EKTUBHOCTH B Jede-
HUU pa3INYHbIX 3a00JIeBaHUIl) CUIIBHO OTINYAIOT-
¢ Ipyr OT Apyra IO XapaKTEpUCTUKaM H3JIy4EHUS
(IMMHA BOJHBI, WHTEHCUBHOCTH, MOIIHOCTbH, IIH-
pHUHA CHEeKTpa), mapamMeTrpaM U pexumam oobiyde-
HUs, a Takke 0e3onmacHOCTH. B mazepHo#l Tepanun
UCIIOJIB3YIOTCd HHM3KOMHTEHCUBHBIE DIIEKTpOMAr-
HUTHBIE W3JIy4€HUS ONTHUYECKOTO U OJMKHEro HH-
¢dbpakpacHOro auama3oHa UIMH BOJIH CO CpeaHeH

Coxpamenusi: UKC — undppakpacusiii ceer, AOK — akTuBHBIE
¢dopmbl kuciopoaa, [1XD — mommxpomaToduiibHbBIE 3PUTPO-
LUTHI.

MOIITHOCTBIO M3dydenus Ao 150 mBt, ammnutynoit
moiHoct 10 20 BT M mo3amu BO3JEHCTBHUS, Kak
npasuno, He Gonee 10 [x/cm2. TlposeneHnbie B
MOCJENHEE BpEMsl HCCIEAOBaHUSA IMOKAa3alld, 4YTO
UCIIOJIb3yeMbIe MapaMeTphl U3JIYUeHHUS HE SIBIAIOT-
cs onTuManbHBIMH. OCHOBHBIM ITOKa3aTelieM Te-
HETUYECKOW O0e30MacHOCTH MOMO0O0HBIX NPUOOpPOB
SIBIIIETCA OLIEHKA T'€HOTOKCHYHOCTH, KOTOpas OI-
penensieTcss ¢ MOMOINBI0 PEruCTPaIu TTOBPEXIe-
HUI B SJIEPHOM amnnapare KJIETKU (XpOMOCOMHBIE
abeppaluy, MUKPOSIEPHBIH TECT, «KOMETa»-TECT)
U KaHIEpOreHHOro pucka. M3yueHHble paHee HAMU
UCTOYHUKU HEHMOHU3HMPYIOIIUX H3JIydyeHUuU (MHPpa-
KpacHbIi cBeT ¢ mnuHO# BoiHEI 850 HM (MKC) n
kpacHelii cBer He-Ne-nmazepa ¢ JOIMHON BOJHBI
632,8 HM) TIpH BCEX J03aX HE BBI3BIBAIHN YBEIHU-
YEHHUs €CTECTBEHHOTO CIHOHTAHHOTO (OHA MOJIEKY-
JISPHBIX U LHUTOTCHETHYECKUX MOBPEKICHUU, UTO
KOCBEHHO YKa3bIBaj0 Ha HMX TCHETHYECKyl Oe3-
onacHocTb. OJHAKO TP JOTOJHHUTEILHOM O0JIy-
YEHUN DJTUX JXUBOTHBIX B IOBPEXKIAIOIIEH [03€
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1,5 I'p peHTreHOBCKOTO H3NMydeHHs Oblia oOHapy-
JKeHa WHAYKIMA aJalTHBHOTO OTBETa, KOTopas
3aBHCeNa OT BETMYMHBI aJlallTUPYIONIEH 103bI, Bpe-
MEHHU MEXJy aJalTUPYIOLed M BBIABISIONENH N10-
3aMHM ¥ KOppenupoBajia MO JWUHAMHKE C YPOBHEM
MPOIYKIMN aKTHBHBIX ¢opM kucimopona (ADK).
3amuTHBIA 3(PPEeKT WMenT MecTo TOJIbKO B TOM
cily4ae, eciy /103a JIa3epHOTO CBETa He MpeBhIaia
16 m/Ix, uto coorBercTByeT no3e 0,4 I'p monu-
3UPYIOLIEN paJualliy, BbIIIE KOTOPOUM agalTUBHBIN
oTBeT He umHayuuposajcsa [1-4]. B nocnennue ne-
CATHJIETHS B CBSI3M C OBICTPO M3MEHSIOMHUMCS KO-
JIOTUYECKUM COCTOSTHUEM OKPY’Karomiei cpenbl Kpo-
Me 3ajiay, CBA3AHHBIX C M3y4YEHHEM MYTaIllHOHHBIX
IPOIECCOB, BBI3BAHHBIX Pa3IMYHBIMH (DU3UUECKU-
MU U XUMHYECKUMH (paKkTopamu, oOcykaaercs mpo-
0jeMa M3MEHYMBOCTH MIJIM HECTAOMIIBHOCTH TEHO-
Ma, IPOSBIISAIONIAsACS BO MHOTHX MOKoJeHusx. Hawn-
0ojee WMHTEHCHBHO WCCIENOBAJINUCh ITOCIEACTBHS
JOeHCcTBUSL paauanuu — (QakTopa, OTINYAIOIIEroCcs
rino0anbHON pPacHpoOCTPaHEHHOCTHIO U BBICOKHM
YpOBHEM TIpeArnojiaraeMoil omacHocTH. PaboTsl,
MTOCBSIIIIEHHBIE WCCIENOBAHUIO BO3SMOXKHOCTH TIepe-
a4yl TeHOMHOW HECTaOWJIIBHOCTH in vivo OT POJH-
Tenel, OOJYy4eHHBIX HEHOHU3UPYIOIUMH H3Iyde-
HUSMH B MajblX 103aX, B JUTEPAaType BCTPEUAIOTCS
KpaliHe penko. B mocimeaHue roasl MoJydeHsl pe-
3yJAbTaThl, CBHIETEIHCTBYIOIINE O BO3MOXHOCTH
rnepegayd HeCTaOMIIBHOCTH Te€HOMa MOTOMKaM OT
00Jy4eHHBIX pOJuTENell, MONy4eHHBIE C HCIOJb-
30BaHUEM UYYBCTBUTEIBHOIO METOJAA OMNpENEICHUS
MyTali B THUIEpBApHa0CIbHBIX MHHUCATEIIUT-
HbIX JoKycax [5]. MHTepecHO OTMETUTH, 4YTO B
auTepaType He copMHUPOBATIOCh €IUHOTO MHEHUS
0 TOM, Ha KaKO¥ CTaJlnM cliepMaToreHeza Hanboiee
3 PEeKTHBHO TPOUCXOAUT Tepeadya HecTaOUIbHO-
CTH TeHOMa OT pojauTened moromMcTBy. Tak, B
paborte [6] nocToBepHO MOBHIIIEHHAS! (POHOBAs Yac-
TOTa MHKPOSIEP B DPHUTPOIUTAX KOCTHOTO MO3ra
Obla 0OHApyXeHa y TOTOMKOB OT CaMIIOB MBITIIEH,
00JydeHHBIX Ha CTaJWH TepexoJa CHepMaTuia B
CIepMaTo30HAbl, MPHYEM 4YeM BbIIIe OblIa 032
00JIy4eHHs «OTLOB», TeM OoJiee BrIcOKas (poHOBas
4acTOTa MHUKPOSIAEP PETUCTPUPOBANIACH Y HUX MO-
TOMKOB. ['éHOMHas HECTaOMIBHOCTH XapaKTepHu3y-
eTCsl YBEIWYEHHOW CKOPOCTHIO WHAYKIUH TOBpeE-
XKJEHUNH TeHOMa M TMO3TOMY SBIsE€TCd OJHUM U3
HauboJiee BaXKHBIX aCIEKTOB KaHIeporeHesa |[7].
OaHako 10 cMX MOP BOIPOC O TOM, CIIOCOOHO JiK
HEWOHHU3UPYIOIIee M3TydeHHEe C TaKHMH IapaMer-
paMu BBI3BIBATh I'€HOTOKCHYHOCTh M YMEHBIIATh
nopaxarolee JeHCTBUE Pa3NHYHBIX (AKTOPOB HE
TOJIBKO Ha caM OpPTraHM3M, HO M Ha HACJEJCTBEH-
HOCTb, OCTAaeTCs OTKPBITHIM. B nurepatype mpak-
TUYECKHU HET PE3yJbTATOB 3KCIEPUMEHTAIBHBIX HC-
CJIemOBaHWI Ha MOTOMKAaX XKWBOTHBIX, TOJBEPTHY-
THIX JEHCTBHIO HHU3KOWHTEHCHBHOTO WH(paxKpac-
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Horo uin He-Ne-nazepHoro wusnydeHuil in vivo.
BonbmuHCTBO 3KCHEPUMEHTAIBHBIX PE3YyIbTAaTOB
MMOJIy4eHO Ha IOTOMKax MbImeH, OOIydeHHBIX
WOHM3UPYIONUM H3JIydeHUEM MM 00padoTaHHBIX
XUMHUYECKMMHU BemiecTBaMu. lloaTomMy KomIiekc-
HBII MOJXOJl K UCCIIEIOBAHUIO KJIIETOUYHBIX PEaKLIUH
y MOTOMKOB KHBOTHBIX, O0JYYCHHBIX HU3KOUHTCH-
cuBHbiM He-Ne-na3zepHbiM ¥ WHQpaKpacHBIM W3-
JTy4eHUSAMU, MPEACTABIACTCS HAM BEChbMa aKTyallb-
HBIM.

Hacrosmas paGota HampaBieHa Ha OIpeselne-
HHUE CBOWCTB IMOTOMKOB IIEPBOTO IOKOJIEHUS OT
caMuoB, OOJy4YeHHBIX HU3KOWHTCHCUBHBIMU He-
WOHM3UPYIOLIUMH U3ITYy4EHUSIMHU, TIO TECTY «Pajno-
YyBCTBUTEJIBHOCTb» M IO CXEME€ paJuallMOHHOTO
aJlaliTUBHOTO OTBETa B LEIBHOM KPOBH, KOCTHOM
MoO3re M JUM(OUIHBIX OpraHax, CKOPOCTH pocTa
OMYyXOJW M BBIXKUBAEMOCTH >KMBOTHBIX ISl BBISB-
JIEHUS BO3MOJKHON TpPaHCr€HEPAallMOHHOW TI'€HOM-
HOW HecTaOMIBLHOCTH.

MATEPUAJIBI 1 METOJbI

B »skcmepuMeHTax HMCMOIB30BAld JIBYXMECTU-
HBIX caMI[0B Oenbix Mbrmed nuann SHK, koTophix
collepKalu B CTAaHAAPTHBIX YCIOBHUSIX BHUBApHs
UTOb PAH. OkciepuMeHTHl MPOBOIUIIN COTIACHO
pekomennanusM Komuccun mo OMOMEIUIIMHCKOU
stuke UTOb PAH. [Ing u3zydeHus BO3MOMXKHOCTHU
WHIyKIIMM TPAHCTCHEPAIMOHHON I'eHOMHOW HecTa-
OMIBHOCTH B TIEPBOM IOKOJICHHH XHBOTHBIE OBLITH
paszeneHsl Ha JBE TPYIIBI. DKCHEPUMEHTAIHHYIO
rpynny  oOxydanu ~ WHQpPaKpacHBIM  CBETOM
(850 umMm, 22 MBt1/cM?) B Teuenue 10 mun, He-Ne-
Ja3epHBIM CBETOM B o0macth Hoca (632,8 HM,
0,16 MBr/cM2) 5 ¢ (2 MJIx) u 100 ¢ (40 mJIx)
UM PEHTTeHOBCKUM wu3nydenuem B nosze 0,1 T'p
(4 mJIx) HA PEHTTEHOBCKOW TepameBTHYECKON yc-
tanoBke PVYT-15 («Mocpentren», Poccus)
(0,1 I'p/mun, 200 kB, 8 MA) B KaduecTBE MOJOXKHU-
TEIBHOTO KOHTpOJsl. Bropas rpymnma HeoOnyueH-
HBIX JKHBOTHBIX Obllla B35iTa B Ka4eCTBE KOHTPOJIS.
Jng monmydeHHWs TEepBOTO TOKOJIEHHS ITOTOMCTBA
B KJIETKU K OOJIy4eHHBIM caMIlaM 4epe3 Be Hellelu
MMOICAKUBAJIA HEOOITYyYEHHBIX CaMOK. DTOT CpPOK
OBIT BBIOpAaH C Y4E€TOM BpPEMEHH, HEOOXOIUMOTO
U1 TTOCTMEHOTHYECKOT0 CO3pEBaHUsI TaMeT, KO-
TOpBIE€ BIOCHEICTBUU yYacTBYIOT B OIIJIOJOTBOpE-
HUU HEOOJTYyYEHHBIX AHIEeKIeTOK. [10CKONbKyY Kier-
KM Ha MOCTMEHOTHYECKOH CTaJuM CliepMaToreHesa
XapaKTepHU3yITCs HU3KOH 3 (PEeKTUBHOCTHIO (yHK-
nuoHupoBaHus cucreM penapanuu JHK, To Mox-
HO TI0JIaraTh, YTO ATO OY/ET criocoOCTBOBATH 0OJb-
IeMy HaKOIUIEHHIO WHAYIHPOBAaHHBIX pajualueit
HEJIeTAJbHBIX MOBPEXJEHUNA T€HOMa B CO3peBalo-
mux cnepmarozoungax [8]. [lonydyeHHOE MOTOMCTBO
OT OOJYYEHHBIX M HEOOITYyYCHHBIX CaMIIOB B BO3-
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KonmnuecrBo I1XD ¢ MukposapaMu B KJIETKaXx KOCTHOTO MO3ra MOTOMKOB IEPBOr0 IMOKOJEHHS OT OOJyYEHHBIX
nHppakpacHbM, He-Ne-ma3epHBIM M pEHTTEHOBCKHM H3nydeHHsMH B no3e 0,1 I'p mbimeidt mpu obOiydeHHN uX

B no3e 1,5 I'p u mo cxeme aganTUBHOTO OTBeETa

Bapuants o61yucHis qHCH(?' Uucno mpoananusu-| Ywucno I1XD [IX3D ¢ mukposapamu,
Mbliel |  posaHHBIX IIXD | c mukposapamu %
0 5 20000 53 0,26 £ 0,06
1,5 T'p 30 54000 4299 7,81 £ 0,36
0,1 ITp + 1,5Tp 5 20000 837 4,19 £ 0,72%*
F1 (5§ ¢ He-Ne) + 0 5 20000 53 0,27 £ 0,06
F1 (§ ¢ He-Ne) + 1,5 I'p 5 20000 1027 5,14 £ 0,52%*
F1 (§ c He-Ne) + 0,1 I'p + 1,5 T'p 5 20000 870 4,35 £ 0,66
F1 (100 ¢ He-Ne) + 0 5 20000 40 0,20 £ 0,08
F1 (100 ¢ He-Ne) + 1,5 I'p 5 20000 1126 5,63 £ 0,27*
F1 (100 ¢ He-Ne) + 0,1 I'p + 1,5 T'p 5 20000 996 4,98 = 0,46
F1 (10 mua UKC) + 0O 5 20000 51 0,25 £ 0,04
F1 (10 mua UKC) + 1,5 Tp 5 20000 1143 5,70 £ 0,26%*
F1 (10 mun UKC) + 0,1 I'p + 1,5 Tp 5 20000 960 4,80 £ 0,42
F1 (0,1 I'p) + O 5 20000 68 0,34 £ 0,06
F1 (0,1 IT'p) + 1,5 Tp 5 20000 1136 5,68 £ 0,41%*
F1 (0,1 T'p) + 0,1 Tp + 1,5 TIp 5 20000 1364 6,80 £ 0,36

[Ipumeuanne. * — p < 0,05 Mo cpaBHEHHWIO C TPyNIOW MBIIIEH, 00TydeHHBIX TOJNBKO B no3e 1,5 I'p.

pacre IBYX MecsLeB ObUIO MOABEPTHYTO 0OIyde-
HHuto B no3e 1,5 I'p mna ompeneneHus pagmodys-
CTBUTEINBHOCTH WM TO CX€M€ HWHAYKIMWA paaua-
nuoHHOTO agantuBHoro oteera (0,1 + 1,5 I'p) [1].
JKVMBOTHBIX BBIBOAMIN M3 DKCIIEPUMEHTa METOJOM
JMeKamuTaIuy depe3 28 9 1mociie BO3JACHCTBUS PEHT-
TEHOBCKUM H3iydeHueMm B no3e 1,5 I'p u roToBunu
mpenapaTtsl KOCTHOTO MO3Tra JUIsl MOJcYeTa MOJIH-
xpoMmaTtopuiabHBIX 3puTporuToB (I1XJ) ¢ Mukpo-
sApaMu MO cTaHgapTHOW Meroauke [9]. Ha skc-
MEePUMEHTAIbHYI0 TOYKY HCIOJb30BAIH MATH MBI-
meil u anamusupoBanu He MeHee 20000 I1X3.
OTHOCHTEIBHBIE MACChl TUMYCa M CEJIE3CHKH OBLIN
paccuuTaHbl MO OTHOIIEHUIO CPEAHET0 abCOJIOT-
HOI'O0 Beca OpraHa K CpelIHEMY BeCy *HBOTHOTO B
rpynne (MHJAEKC Maccel OpraHa). YpoBeHb NMPOAYK-
nun A®K wusMepsann B 1ebHOW KPOBU METOAOM
JIOMHUHOJ-3aBUCUMON  3MMO3aH-MHIYLMPOBAaHHOU
XEMIITIOMUHECIIEHIIMN C MOMOIIBIO 12-KaHaJIbHOTO
npubopa CHEMILUM-12 (Poccus). Onpenensnu
3HAYEHHUs CBETOIUIOMAAN IO KPUBOW IpPHU CIOH-
TaHHOW M MHAYLUPOBAHHON XEMUIIOMHHECICHIIUN
S,u Smm)’ a Tak)Xe MHAEKC aKTUBALMHU, KOTOPBIH
npejcTaBiser co00i oTHoweHue S, /S 1 Xapak-
TEpHU3yeT YCUIIEHHE XeMUIIOMUHecHeHUHnHu. HM3me-
peHre XEeMUIIOMUHECHEHIINH B KPOBU KOHTPOIIb-
HBIX ¥ OOJy4E€HHBIX )XMUBOTHBIX IPOBOJIWIM Mapa-
nenpbHO. MOJensio OMyXOJdW CIYXKWJa COJIHIHAS
(hopmMa acIUTHOW KapUMHOMBI DpiHXa, NEpPEeBU-

BaeMas B Konudectse 2-100 KJ1eTOK BHYTpHMBILIEY-
HO B Oenpo JeBoil 3agHel nambl. JluHAaMHUKY pocTa
KapUUHOMBI PETUCTPUPOBAIIN 110 00BEMY OIYXOJIH
€XKEHENENbHO B TedueHue Mmecsna. [nd usydeHus
BBIKHBAEMOCTH ITOTOMKOB IEPBOTO MOKOJEHUS OT
00JIy4CHHBIX U HE OOJY4YCHHBIX MBILIECH, MOABEPT-
HYTBIX PEHTT€HOBCKOMY M3Iy4eHHIO B fo3e 6,5 I'p,
WCIIONIb30BaM CTaHAAPTHYIO MeToAuKy. Ha xax-
IyI0 SKCIEPUMEHTAIBHYIO TOYKY Opajii He MeHee
15 mprmeit. JInsg ONEHKH CTAaTUCTHYECKOH JOCTO-
BEPHOCTH pa3lWYUi MEXJy TI'pyNIaMH HCIOJb30-
Banu t-kputrepuil CThIOJEHTA.

PE3VIJIBTATBI N1 OBCYXIAEHUE

B Tabnume mpencraBieHbl pe3yibTAaThl OIpe-
JeJIeHUsI KOJHWYECTBA ITUTOTEHETHYECKUX ITOBPEK-
JICHU# y TOTOMKOB TEPBOTO TTOKOJIEHUS OT CaMIIOB,
o6xyuennsix UKC, kpacusim cBetom He-Ne-maze-
pa, peHTreHOBCKUM wu3iydeHuem B no3e 0,1 I'p u
HeoOJIydeHHBIX, TpH 00iydeHnn ux B pose 1,5 ['p
MO0 TECTy «PaJUOUYYBCTBUTEIBHOCTb» U IO CXEME
aJanTUBHOTO OTBeTa. BHIHO, YTO Yy NOTOMKOB
00JyYeHHBIX POJHTENCH IO TECTy «PaJHuOdyBCT-
BUTEIBHOCTb» KoauyecTBo IIXD ¢ Mukposapamu
B KJIETKaX KOCTHOTO MO3Tra MEHbIIIE IO CPaBHEHHIO
C TIOTOMKaM{ OT HEOONYYEHHBIX POIUTENEH, T.e.
MIOTOMKH OOJIYdEHHBIX poauTeneii 6oiee pagnoyc-
ToiuuBHl. [Ipu 00TydeHNN TOTOMKOB OOJTydEeHHBIX
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Puc. 1. agekc akTHBaIUM XEMHIIOMHHECIECHIIUM IOTOMKOB IIEPBOTO MOKOJIEHHS OT OONy4eHHBIX HH(pPaKpacHBIM,
He-Ne-na3epHsIM ¥ peHTTeHOBCKMM u3iydeHusMu B no3e 0,1 I'p wmbrmedt, npu oGmydennn ux B npo3e 1,5 I'p m mo
cXeMe aJanTUBHOTO oTBera. * — OTiaWYMe OT TPyMIbl MbIlIed, o0aydeHHsIX B 103e 1,5 I'p, p < 0,05.

poauTened MO CXEMe aJalnTHBHOIO OTBETa 3TOT
(deHoMeHn He OoOHapyKeH, B TO BpeMsl Kak y TO-
TOMKOB HEOOJIyYCHHBIX pOIUTENEeH aJalTUBHBIN
oTBeT HaOmionaerca. [Ipu >ToM BeIWMYMHA CIOH-
TaHHOTO (OHA OJMHAKOBAas KaK y MOTOMKOB OT
0OJIy4CHHBIX, TaK U HeoONydeHHBIX caMmioB. W3y-
YeHHbIe HAMH paHee 3TH K€ MCTOYHHKH HEHOHH-
3UPYIOUIUX W3JIYYEeHUN HE BBI3BIBAIN Yy pOAMUTENEH
IPH BCEX [103aX YBEIMYECHHS €CTECTBEHHOTO CITOH-
TaHHOTO (OHA MOJIEKYISPHBIX W LUTOrEHETHYe-
CKUX TMOBPEXJIEHUU, YTO HE HCKII0YAaIO0 BO3MOXK-
HOCTh WX TeHeTW4Yeckor OeszomacHoctH. OmgHaKo
MpU AOTOJHUTEIBHOM 00IY4YeHHH KUBOTHBIX PEHT-
TEHOBCKHM W3JIyYE€HHEM B TOBPEXIAIOMIEH 103e
1,5 I'p Obimo oOHapyXeHO yMEHbIIEHHE LUTOTe-
HETHYECKUX MOBPEXKICHWH MO CPaBHEHUIO C T'PYII-
MO KUBOTHBIX, 00JIy4eHHBIX TOJIBKO B 03¢ 1,5 I'p,
T.e. HaOmoJalics aJanTUBHBIA OTBeT. MHAyKIUS
aJlaliTUBHOTO OTBETA 3aBHCENA OT BEIUYUHBI afall-
TUPYIOIIEH 103bl, BpEMEHN MEXAY aJalTHpYyIomen
Y BBISABIAIONIEH A03aMU W KOPpEIMpoBaia ¢ ypoB-
Hem nponykuun A®K [10,11]. Takum obpasom,
Ipe/ICTaBICHHBIE B Ta0NHIE dKCIEPUMEHTAIbHBIC
JaHHBIE, TMOJydYeHHbIE HAa TOTOMKaX OOJIY4eHHBIX
poauTened, ¢ MOMOIIBI0 MHKpPOSJIEPHOTO TecTa,
OTJIMYAIOTCA OT TaKOBBIX Ha IMOTOMKax HeoOury-
YEHHBIX pOJUTENEH, YTO MOXKET CBU/IETEIHCTBOBATH
0 HAJUYUU Yy HUX TEHOMHOW HECTaOHMIIBHOCTH.
[TockonbKy W3BECTHO, YTO NPHU MOBPEXKIAIO-
eM BO3ICHCTBUM pa3IWYHBIX BUIOB HW3JIYUCHUS
B OMOJOTHMYECKHX MpOIeccax OCHOBHYIO CHTHAJb-
HO-PEryiasiTopHyto poib urparoT A®K, BaxxHO BbI-
SACHUTh, HACKOJBKO H3MEHEHHE HX NPOJYKIHUHU B
OpPraHM3Me€ BJIMSIET Ha TPAHCTCHEPALlHOHHYIO Te-
HOMHYIO HECTaOMJIBHOCTH y MOTOMKOB IIEPBOTO
nokoJienus. Ha puc. 1 npencraBieHbl JaHHBIE 110
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ounenke ypoBHs npoaykuuun ADK wHeiiTpodunamu
B LETbHOU KPOBH y MOTOMKOB MBINIIEH, 00Iy4YeH-
Heix UKC, He-Ne-nazepoM uiaM peHTI€HOBCKUM
uznydenuem B go3ze 0,1 I'p, mpu oOnyueHun ux B
mo3e 1,5 I'p m mo cxeme amganTUBHOTO OTBETA.
N3Mepsinu BeIMYMHY CIIOHTAHHON XEMUJIIOMHUHEC-
HEeHINH HeHTpoPHIoB, KOTOpas XxapaKkTepusyer Oa-
3aJbHBIH YPOBEHb aKTHUBAIMU ITUX KJIETOK, a JJIA
OTIpEJICIICHHS] PE3EPBHBIX BO3MOXKHOCTEH aKTHBa-
LN HEUTPO(DUIIOB OCYLIECTBISUIM CTUMYJISILIUIO KH-
CIOpOoIHOTO MeTabosin3Ma ¢ MOMOMIBI0 JTo0aBie-
HUS OIICOHM3UMPOBAaHHOro 3uMo3aHa. M3 puc. 1
BHUJIHO, 4TO (POHOBOE 3HAUCHHE HHJEKCA aKTHUBALUU
y 00Jy4EeHHBIX MTOTOMKOB B HECKOJIbKO pa3 BBIIIE,
4YeM y KOHTPOJBHBIX MOTOMKOB. IIpu o0nydenun
BCEX MOTOMKOB B o3¢ 1,5 ['p mHACKC aKTHBAIUHU
OBl OAMHAKOBBIM, a NPH OOJYYEHHH IO CXEMe
paIuManroHHOTO aJanTUBHOTO OTBETa HalOmroAa-
JIOCh 3HAUHUTEIBHOE MOBBIIIECHNE MHIEKCAa aKTHBa-
MU Yy MOTOMKOB OOJIy4eHHBIX poauTeneil. B pa-
6ote [12] Takke Oblia BBISIBJIICHA CIIOXKHAs B3au-
MOCBSI3b MEXAY NOBPEXKIEHHOCTHIO F'€HOMA U MPO-
nykuueir AOK B mokoneHUaX 00JIydeHHBIX KJIETOK
sSUYHUKa KuTaickoro xomsauka CHO-KI.

OIHOBPEMEHHO C OLIEHKOW HUTOrE€HETHYECKHX
MOBPEXJIEHUH B KOCTHOM MO3Te TOTOMKOB IIEPBOTO
MMOKOJIEHUS OOJYyYEHHBIX U HEOOJNyIeHHBIX MBIIIEH
ONpEnesUI OTHOCUTEIBHYI0O MacCy JTUMQOUIHBIX
opraHoB. TuMyc W ceile3eHKa Hapsay C KOCTHBIM
MO3TOM SIBISIIOTCSI KPOBETBOPHBIMH OpraHaMu C
aKTHBHO TNponudepupymonmei TkaHbplo, T.e. 0o0la-
JAIOT BBICOKOW paauovdyBCTBUTENbHOCTBIO. W3
puc. 2 BUAHO, YTO Macca TUMYCOB Yy INOTOMKOB
HEOOJIy4eHHBIX MBIIIEH NMpH 0OJIydeHHH HX B J03€
1,5 I'p Oputa MeHbLIE MO CPAaBHEHHIO C HYJIEBBIM
KOHTpOJIEM, a TIPU OOJy4eHHH HX IO CXEeMe ajarl-
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Puc. 2. 3HaueHUs Maccbl THMYCOB HEPBOTO IOKOJICHHS OT OOJy4eHHBIX MHOpakpacHbiM, He-Ne-ma3epHbIM U peHTre-
HOBCKMM wn3nydeHusiMd B nose 0,1 I'p mpimedd mpu obmydenun ux B go3e 1,5 ['p m mo cxeme afganmTHBHOTO OTBETA.
* — Ornuume OT TPYNIBI MbImIed, oOmydeHHBIX B no3e 1,5 I'p, p < 0,05.
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Puc. 3. lunamMuka pocra conuaHoi GpopMbl acUTHOH
KapUMHOMBI Opiiuxa y HEpBOTo INOKOJIEHHS MbIIIEH,
oOnyuenHsix uH(ppakpacHeiM, He-Ne-nasepusiM u
PEHTTeHOBCKUM n3mydeHusmu B go3ze 0,1 I'p.

THBHOTO OTBETa — BOCCTAaHABJIWBalach JO KOH-
TPOJIHOTO YPOBHS, T.e. HAOJIOIaNach WHAYKIUS
aJlaliTUBHOTO OTBeTa. Y TOTOMKOB OOJIY4eHHBIX
ponuTened, B OTIAWYHWE OT HEOONYYEHHBIX, TpPHU
O0JIyICHUH IO CXEME€ aJallTUBHOTO OTBETAa HE Ha-
Or0aIoCh 3alIUTHI OT ONYCTOIIEHHS THMYCA.
Macca cene3eHKM B 3THUX K€ YCIOBHUAX DKCIEPHU-
MEHTa JOCTOBEPHO HE M3MEHSJIACh, HO UMeNla TEH-
NEHIIUI0 K CHIKeHuro. Takum oOpa3om, y mepBoro
MMOKOJICHUSI TIOTOMKOB OT OOJIY4EHHBIX CaMIIOB, B
OTJIMYHE OT MOKOJEHUSI HEOOTyIEHHBIX KUBOTHBIX,
[0 3TOMY KPUTEpPHUIO HE HAONIJaeTcs WHAYKIUS
aIanTUBHOTO OTBETA.

Crnenyromasi cepusi OMBITOB OBINa IOCBSIIIEHA
W3YICHUIO BIHUSHHUS OOJYUCHHUSI CaMIIOB Ha 00BeM
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Puc. 4. BeixuBaeMoCTh MEpBOTO MOKOJIEHHS MBILIEH,
00my4eHHBIX HHppakpacHbIM, He-Ne-ma3epHbIM U peHT-
TeHOBCKMM u3ydeHussMH B no3e 0,1 ['p, mpu oOiryueHUn
UX PEHTIeHOBCKMM H3IyueHueM B jo3e 6,5 I'p.

comuaHON (POPMBI aCHUTHON KapIMUHOMBI Dpiuxa
y UX MOTOMKOB. Pe3ynbpTaThl, IpEACTaBICHHBIC HA
puc. 3, IEMOHCTPUPYIOT, YTO y MOTOMKOB OT 00-
Jy4EeHHBIX CAMIIOB CKOPOCTh POCTa OIYXOJIH He
OTJIMYAJIaCh OT CKOPOCTH POCTa OIYyXOJH MOTOM-
KOB HEOOJyJYEHHBIX CaMIIOB.

Ha puc. 4 nmpencraBieHa BBIXKUBAEMOCTH IIO-
TOMKOB OOJIYydEHHBIX W HEOOJIYyYEHHBIX KUBOTHBIX
nocne obmydeHus ux B gose 6,5 I'p. Bugno, 4uro
BBKUBAEMOCTh y TTOTOMKOB OOJIYIEHHBIX CaMIIOB
HE OTJIHUYaNach OT KOHTPOJIS. B oTnuyue oT Hamux
JNAHHBIX TI0 BBDKMUBAaeMOCTH, B paborte [13] moka-
3aHO, 4To npenoOpaborka He-Ne-mazepom MoHO-
cnost HelLa kieToK yBeJIMYHUBAET UX BHIXKUBAEMOCTD
mocine ramma-obmydernuss B gose 5,0 I'p mpu wuH-
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TepBayie Mexy Bo3AeiicTBusMuU 1 u 3 4, a B ciiyyae
NATUMUHYTHOTO HMHTEpBaJla KPHUBbIE BBIKHBAEMO-
CTH COBHNAaJaloT. ABTOPHI MPEANOJIaraloT, 4To 00-
nyuyenue He-Ne-mazepoM akTUBU3UPYET MPOLECCHI
penapamuu, ¥ 3TOT (EHOMEH MOXKET SBIATHCS
aJlalTUBHBIM OTBETOM. UTO Kacaercs BO3MOXKHBIX
MEXaHU3MOB TpPaHCIE€HEPAalMOHHONW T€HOMHOW He-
CTabMIBHOCTH, TO COBpPEMEHHBIE NaHHBIE CBUJE-
TEIbCTBYIOT O TOM, YTO HHU3KOMHTEHCHBHOE H3IY-
YeHHe B KPAacHOM M HMH(PaKpacHOM AMana3oHax
JEHCTBYeT Ha KJIETKH depe3 (hOTOaKIeNTOPHBIE MO-
JEKyJIbl HUTOXPOM C-OKCHUJA3bl — TEPMHHAJIBHOTO
(depMeHTa BNEKTPOH-TPAHCHOPTHON ILeNMH MHTO-
xoHapuii [14-17]. B wmccrmemoBaHWsIX Ha KIETKax
YyeloBeKa M KPBICH MOKAa3aHO Y4YacTHE MHUTOXOH-
JpUi B BOCCTAHOBJICHHUM BHYTPHKIETOYHBIX Opra-
HOHJIOB, UX MeMOpan u pernapanuu JHK, B cBa3u
C 3TUM NIPEAJIOKEHA TUNOTE3a EAUHOI0 MEXaHU3Ma
paaAMO3aIMUTHOTO JEHCTBUS, 3aKJIIOYaroUierocs B
AKTHBAIIMU OKHUCIHUTENBHOTO (ochopuiInpoBaHHS
u OMoTeHe3a MUTOXOHPUH, 4TO 00ecIeYnBaeT yBe-
JUYEHUE CKOPOCTH BOCCTaHOBIEHUS KkieTku. [Ipen-
rmoJjiaraeTcs, YT0 aKTUBANH OKHCIUTENBHOTO (oc-
(dbopuIMpOBaHHUS MUTOXOHJAPUN 3aIUAIIAET KIETKU
OT JKCTPEMAJBHBIX COCTOSIHHM, B TOM YHCIE OT
Jy4eBOTO BO3JIEHCTBHUS M OIYXOJEBOTO MEPEPOK-
nenus [18]. Hu3KOWMHTEHCHBHOE JIa3epHOE H3ITyUe-
HUE€ MOKET BIHITH HA UMMYHHUTET KaK 4epe3 Hel-
POSHIOKPUHHYIO PErysiiuio, TaK M Yepe3 UMMY-
HOKOMIIETEHTHBIE KJIETKH, a TakK)Xe 3HAYUTEITHHO
YCWJIMBATh MpPOLECC penapanuu CTPYKTYpHI MOBpe-
XKIeHHbIX kierok [19,20]. B paGore [21] Ovuio
MMOKa3aHO, YTO HWHAKTHBAIUSA OEITKOB TEMIOBOTO
[I0Ka YMEHbBIIAeT KJETOYHBIH POCT M BBIXKHMBae-
MOCTh IOocie OOJydyeHHsT MOHM3UPYIOIIEeH panua-
HUel Kak in vitro, Tak U in vivo, U 4TO DTHU OEJIKH
UTPalOT OCHOBHYIO pPOJb B SBJICHUH TE€HOMHOU
HECTaOMJIBHOCTH B CTPECCOBBIX YCIOBHsX. B To
K€ BpeMs MOKa3aHO, YTO HpHU JEeHCTBUU HOHU3H-
pyrolel paaalui Ha OpraHU3M HEMOCPEACTBEHHO
B TOJIOBBIX KJIETKax MOBPEXKIEHUS 4acTo HE Ha-
OOAIOTCSI, HO Y HEOOJNYYECHHBIX TTOTOMKOB OHH
MPOSABIAIOTCS B YBEJIHMYEHHH CKOPOCTH MYTHpOBa-
HHSI, 4aCTOTHI XPOMOCOMHBIX MOBPEKIECHUNA U BO3-
HUKHOBEHUS NPEAPAKOBBIX COCTOSIHUI. M exaHusm,
JeXaluuid B OCHOBE JTHUX TpPaHCreHepalMOHHBIX
U3MEHEHUH, N0 CHX IOp OCTAaeTCsl HE BBIICHEH-
HBIM [22].

Takum 00pa3om, B pe3ysibTaTe KOMIJIEKCHOTO
UCCIIEOBAHNS TOTOMKOB IEPBOr0 MOKOJIEHUS MBI-
ureid, o0nyueHHbIX WHQpakpacHeiM, He-Ne-nma3zep-
HbIM W PEHTIEHOBCKHM H3Iy4eHHUsIMU, OBLIO 00-
Hapy»XeHO IO TeCTy «PaAHMOYYBCTBUTEIBHOCTH» U
CXeMe paJHalMOHHOTO aJalnTHBHOTO OTBETa, YTO
OHU OTJIMYAIOTCA OT OOJYYEHHBIX pOJUTENeH H
NOTOMKOB HEOOJyYEHHBIX CaMLOB IPHU OJMHAKO-
BOM ypOBHE€ CIIOHTaHHBIX MOBPEXIECHUUA. DTO TO-
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3BOJISIET TOBOPUTh O HAJIUYUU Y HHUX TPaHCrEHE-
pallMOHHOW TEHOMHOW HECTAOWIILHOCTH W MOYXKET
UMETh 3HAYEHHUE NPU OLIEHKE PUCKOB OTJAJIEHHBIX
MOCJIEACTBUN y TOKOJIEHUHN ISl BBISIBJICHUSA MOBpeE-
KJECHUN OT Pa3IUYHBIX IKOJOTHYECKHX (DAKTOPOB.
ITomoOHBIE KOMILJIEKCHBIE HCCIEOOBAHUS HA II0-
TOMKax Ba)XHO NPOBOJUTH NPU TECTUPOBAHUM HO-
BBIX TPUOOPOB DJIGKTPOMATHUTHOTO M3IYYCHHS
OMOMEIUIIMHCKOTO0 Ha3HAYEHH.

PaGora BeimomHeHa mnpu moamepixkke Poccuii-
ckoro ¢doHAa (yHIaMEHTAIbHBIX HWCCICIOBAHUH,
rpanT Ne 14-02-00808 (B wacTh MpPOBENCHHS DKC-
nepuMeHToB) M Poccuiickoro Hay4HOTO (QOHA,
rpa"T Ne 14-25-00055 (B wacTu oTpabOTKM METO-
UK OOJIy4eHHS M JO3UMETPHUH).
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Transgenerational Genomic Instability in the First Generation
Offspring of Mice Exposed to Low-Intensity Red
and Near-Infrared Irradiation in vivo

S.I. Zaichkina*, A.R. Dyukina*, O.M. Rozanova*, S.P. Romanchenko*, N.B. Simonova*,
S.S. Sorokina*, V.I. Yusupov**, and V.N. Bagratashvili**

*Institute of Theoretical and Experimental Biophysics, Russian A cademy of S ciences,
ul. Institutskaya 3, Pushchino, M oscow Region, 142290 Russia

**[nstitute of Photon Technologies, Federal S cientific Research Center «Crystallography and Photonics»,
Russian A cademy of Sciences, ul. Pionerskaya 2, Troitsk, M oscow, 142190 Russia

Transgenerational genomic instability in the first generation offspring of mice exposed to low-intensity
infrared laser (632,8 nm) and light-emitting-diode irradiation (850 nm) in vivo was investigated. It
was found that the level of spontaneous damage in bone marrow cells according to the micronucleus
test, the level of reactive oxygen species in whole blood and the index of lymphoid organs in all
descendants of irradiated mice do not increase. After additional X-ray exposure of the progeny at
a dose rate of 1.5 Gy when using “radiosensitivity” testing a decrease in the level of damages and
by the scheme of radiation-induced adaptive response (0,1 + 1,5 Gy) the absence of adaptive
response were revealed as compared to the descendants of unirradiated mice. The rate of tumor
growth in the offspring of irradiated mice did not differ from that in the descendants of unirradiated
mice, though an inhibition in the tumor growth rate was observed in their irradiated parents. The
survival rate after irradiation at a dose rate of 6,5 Gy was the same, as their parents have and
it did not differ from control.

Keywords: infrared light, red light, X-rays, mice, transgenerational genomic instability

BUUO®U3UKA Tom 62 BBII. 5 2017



