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PE3IOME

IleAr HCcCAeZOBaHHA: IIPOBECTH allpOOAIIMIO M ONTHMH3ALMIO METOAA OIPEAEACHHUS KAACTEPHBIX IOBPEXKIE-
Huil /ITHK c oIleHKO#H KOAMYECTBEHHBIX XapaKTEPHUCTHK M3MEHEHHI B II€YeHH Ha SKCIEPHUMEHTAABHOH MOIEAH OCTPOTO
TOKCHYECKOTO IeIllaTUTa.

MaTepHaa H MeTOABI. B paboTe HCIIOAB30BaAM AabOpaTOpHBIX Mblied amHuu CS57Bl/6 B Bo3pacte 10 HemeAb.
OcTpoe TOKCHYECKOe ITOBPEXACHHUE IIeYeHN MHIYIIMPOBAAK ITyTeM OQHOKPATHOIO BHYyTpUOprommHHOrO BBeaeHus 30 % pac-
TBopa CCl4 B 0AMBKOBOM Macae. BeIBox M3 3KCIIepHMeHTa IIPOBOAHAM depe3 72 daca, pe3elHupoBasu (hparMeHT IIeYeHU
IAS OIIPEIEACHUA KAACTEepHBIX noBpexaeHuit [JJHK.

PesyabTaThl. [IpenaoxkeHbl TapaMeTphbl 9AeKTPodopesa, KOTOPhIe SIBAFIOTCS HanboAee OIITHUMAABHBIMHU JAS I10-
AYYEHHUS IEPBUYHBIX JAHHBIX AT IIOCAEAYIOIIETO pacyeTa KOAMYecTBa KaacTepHbIX noBpexaenuii JJHK. KoarmdecTBo Kaa-
crepoB B obpa3siiax /JJHK KHUBOTHBIX KOHTPOABHOH T'PYIIIBI CTATUCTUYECKHU 3HAYMMO MEHBIIE, YEM B 3KCIIEPHUMEHTAABHOMN
rpyme, u cocraBageT 54,80 [37,65; 59,24] u 76,82 [60,95; 92,41] APE1-KaacTepoB Ha MHAAWOH I1.0. COOTBETCTBEHHO.

3akar4veHHe. [IpoBeneHa ycnelnHasa anpobamusa U ontumusauusa Meroga OCDL naa onpeneseHHUsT KAACTEPHBIX
noBpexaeHuit B /JHK nedenu. [lokaszaHo yBeamdeHHe KoandecTBa APE1l-kaacTepoB M ABYXHUTEBBIX pas3pbslBoB B [JHK
sabopaTopHbIX MbIed auHun C57Bl Ha doHe MHAYIHPOBAHHOTO OCTPOrO TOKCHYECKOIO IellaTHTa, YTO CBHAETEABCTBY-
€T 0 3HAYUTEABHBIX HapYIIeHUSX eAoCTHOCTH JIHK U MOBBIIIEHWM PHUCKA Pa3BUTHS IPOTPECCUPYIONINX 3a00AeBaHUMN
IIeYeHH IIPU €€ TOKCHYECKOM ITOPasKEHHUH.

Knroueesvle cnoea: ocmpulii mokcuueckuli eenamum, kaacmepHole nogpexcoerus THK.
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Study of clustered DNA lesions in the liver in acute toxic injury
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ABSTRACT

Objective: to test and optimize a method for detecting clustered DNA lesions with an assessment of the quanti-
tative characteristics of hepatic changes using an experimental model of acute toxic hepatitis.

Material and methods: Laboratory C57Bl/6 mice at the age of 10 weeks were used for the study. Acute tox-
ic liver injury was induced by means of a single intraperitoneal injection of 30 % CCIa solution in olive oil. The with-
drawal of the animals from the experiment was made after 72 hours. For the detection of clustered DNA lesions, a liver
fragment was resected.

Results. The electrophoretic parameters which are the most optimal for obtaining primary data for the subse-
quent calculation of the number of clustered DNA lesions have been proposed. The number of clusters in the DNA
samples from the animals of the control group is significantly lower than in the experimental group and amounts to
54.80 [37.65; 59.24] and 76.82 [60.95; 92.41] APE1 clusters per million bp., respectively.

Conclusion. Successful testing and optimization of the OCDL method for the detection of clustered lesions in
liver DNA have been performed. The study has shown an increase in the number of APE1 clusters and double-strand
breaks in the DNA of the C57BIl laboratory mice with induced acute toxic hepatitis, which indicates significant de-
rangement of DNA integrity and a high risk of developing progressive liver diseases in its toxic damage.
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IIpobemsl 300possbst u skonozuu, 2020, Ne 4(66) 29



KAHHHYECKAS MEJHIIHHA

CLINICAL MEDICINA

Author contributions: research concept and design, collecting material and creating a sample database, ob-
taining experimental data, statistical data processing, editing, discussing data, reviewing publications on the topic of
the article, checking critical content, approving the manuscript for publication.

Conflict of interests: authors declare no conflict of interest.

Funding: State program of scientific research «Basic and applied sciences for medicine» 2016-2020.

FOR CITATION:

Skuratov AG, Shaforost AS, Zyatskov AA, Lyzikov AN, Osipkina OV, Voropaev EV. Study of clustered DNA lesions in
the liver in acute toxic injury. Health and ecology Issues. 2020;4:29-37. (in Russ.)

BeedeHue

AedeHre TIIaIlMEHTOB C HEOOPATHMBIMHU
IIOPazKEHUAMH IMIE€YEHH, KOTOPBhIE Pa3BHBAIOT-
Cd B pe3yAbTaTe IEPCUCTHUPYIOLIEH BUPYCHOH
UHQPEKIUY, XPOHUYECKOM AaAKOTOABHOM HWAHM
MEIUKaMEHTO3HOM MWHTOKCHKAIlUM, OCTPBIX
OTPaBACHHUIX M MPOYHUX INPHYHUH, OCTAETCH
aKTyaAbHOM IIPOOGAEMOM COBPEMEHHOM Memu-
nuabl. [lo mapaeim BO3 3a 2017 r., B mupe
TOABKO IIAITUEHTOB C XPOHHUYECKOH (PopMoOim
rertatuta B 1 C npoxkuBaeT okKoAO 325 MUA-
AUOHOB [1]. OCHOBHBIM METOOOM A€YEHHS He-
006paTUMBIX CTaOUil 5THUX IPOTPECCHPYIOIINX
3ab0AeBaHUN ABASETCS TPAHCIAAHTAIHUA IIe-
49eHH, AOCTYII K KOTOPOM OrpaHH4YeH H3-3a
HeoCTaTKa JOHOPCKHUX OPraHoB [2].

B To ke BpeMa MHorue 3aboAeBaHUS IIe-
YeHH 3a4acTyio He TPeOyIOT CPOYHOM TpaHC-
IIAQHTAIlMH, TaK KaK CTEIEHb HOPAKEHU Op-
raHa MHO3BOAGET PACCUMTBIBATH Ha €ro peEre-
Hepalyio M BOCCTAHOBA€HHE (QMYHKIUH IIPHU
KOPPEKTHOM A€YEHHH. B dacTHOCTH, IIpH
OCTPOM TOKCHYECKOM HOPaXEHHUHU IEYECHU
IIPOUCXOAUT HapyllleHHe HOPMaAbHOrO (PyHK-
IUOHUPOBAHHA OpraHa, 4TO MIPOIBAGETCd B
BUIAe OaAAOHHOM HAHM KHUPOBOM AHCTPOUH,
LIEHTPOAOOYAIPHOTO HEKpO3a TEellaTOINTOB, a
Tak>Xe HM3MEHEeHUH B COeIUMHUTEABHOM TKaHU
B BHIE HECHEIHU(PHUIECKOIO PEaKTHBHOTO Ie-
naruta [3]. B aTHxX cAydasgx moad IIPUHATHS
OIITMMAABHOI'O PEIIEeHUS HEeOOXOAHMMO HMEThb
HH(pOpMAaIlHI0 O XapaKTepe IOBPEXICHUS
IIEYEHU M €€ PEreHEPAIlOHHOM IIOTEHIIHAAE.
MexaHM3MbI KOMIIEHCAIIMHU (PYHKIIUH HHeYeHHU
IIPH €€ IMOBPEXKACHUU PEaAU3yIOTCS IIPH yda-
cruu B To¥ mam mHo# dopme JHK. MmenHo
IIO3TOMY HCCACIOBAHHE €€ OpraHHu3alldHy,
CTPYKTYPBI U ILIEAOCTHOCTH HCIIOAB3yETCHd OAS
H3y49E€HHUd IIPOLIECCOB pelapanuy Ie4eHH.

OnHo#t u3 HamnboAee ITPOCTHIX TEXHHUK SB-
AsieTcsl MopdboMeTpHUYeCKHH aHaau3 renaro-
LUTOB: IPOBOAMUTCA OIPEACACHHE pasMepa
KAETKH, pasMepa Hu IAOIIaOU fApa, AOAH
OByXsaaepHbIX ¢opM u ap. [4, S5]. Bbicokoit
UH(POPMATHUBHOCTEIO 00samaer wmeron J[IHK-
KOMET, KOTODBIM IIO3BOASIET OLIEHHUTH CTEIICHBb
dparMeHTallMy I'eHEeTHYECKOIo MaTepHasa IIo-
cae naedicTBHUA TeTOKCHYecKux pakTopoB. Ilo
mauHeIM  KpomoroBa A.B., 5-kpaTHoe exe-
OHeBHoe moakoxkHoe BBenenue 0,4 ma 50 %
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pacTBopa TeTpaxaopMeTaHa B OAHMBKOBOM
Macae BbI3bIBaeT yBeandeHue noau JJHK B xBo-
cre Komer ¢ 26,2 + 11,3 % mo 74,8 £ 16,7 % 1o
CPaBHEHUIO C JKUBOTHBIMH KOHTPOABLHOH
TPyHnnbl, KOTOPEIM BBOAHAU OAMBKOBOE MacCAO
(6e3 Terpaxaopmerana) [6]. IlepeuncaeHHEBIE
METOABI II03BOASIOT IOAYIUTE HHROPMAIIHIO O
KOAWYECTBE MOBPEXKIEHUH 6e3 YTOUHEHUH X
Buaa. B YWacTHOCTH, C IIOMOIIBIO MeToma
JHK-koMeT B 3aBHCUMOCTH OT €TI0 MOIu(U-
KAl BO3MOXKHO OIIPEOEAUTH YHCAO OIHO-
WAV OIBYXHUTEBBIX IIOBPEXKICHUH.

Kak mpaBHAO, HEOOXOOUMOCTE pa3paboT-
KU HOBBIX METOAOB HCCAE€IOBAHUS OIIOCPENO-
BaHa HEOOCTATOYHON MHQOPMATHBHOCTBHIO
cymiecTByommx MeToauk. OCHOBOH [as HX
CO3aHUS SIBASETCS IIOSIBAEHHE HOBOM Hapa-
OUTMBI, OOBSICHSOIIEH paHee H3BECTHBIE
Hay4YHbI€ MAaHHbIE O IIPUPOLE IOSIBACHUS IIO-
BPEXIEHUH T'€HEeTHUYEeCKOI'0 MaTepuasa M BBI-
OBUTAIOIIEH HOBBIE THUIIOTE3BI 0 MEXaHH3MaxX
ux (QopMHpPOBaHUd. BrlnlenepedrcaeHHbIE
IoAXO0Abl K olpeneaeHUIo nmoBpexaeHmuit JJTHK
6a3upoOBaANCEH Ha IIPEAIIOAOKEHUH O TOM, UYTO
TeHOTOKCHYECKHH areHT obpas3yeT TOABLKO Om-
HO IIOBPEXIEHNEe B OJHOM MECTe.

Ha cMmeHy 3TOMYy yTBEPKAEHHUIO IIPHUIIIAA
KOHIleNUs (POPMUPOBAHUSA KOMIIAEKCA IIO-
BpexaeHuii. BrepBrle 3Ta Haesa Oblaa Tpemn-
aoxeHa [IxxoHOM Bopaom B 1981 r. OH BBea
IOHSTHE «AOKAABHOI'O MHOXKECTBEHHO IIOBpE-
KOeHHoro ydacTkar (locally multiply damaged
site — LMDS) [7]. Ilo ero MHeEHHIO, ITOMHMO
noppexnaeHuii [JJHK npu npamoMm aelcTBHU
HOBpeXKaarouero gakropa o0pasyloTcs mo-
IOAHUTEABHBIE 33 CUET TOrO, YTO IIPH €ro B3a-
UMOIEHCTBUU C KAETOYHOH CpEemol B O4YEHB
MaAOM OOBEME CO3IAETCsS BBICOKAsl KOHIIEH-
Tpalusg CBOOOAHBIX PamgHMKaAOB. B Hacrogiiee
BpeMs OAS OIIPEIEACHUS BCEro KOMIIAEKCA II0-
BPEXKIAECHUMN, BO3HHUKAIOIUX IIPpU AeHCTBUH
TeHOTOKCHYECKOTO (haKTopa, IPUMEHSIOT Tep-
muH «Oxidative induced clustered DNA lesions
(OCDL)» — OKHCAWUTEABHO WHAYILIMPOBAHHBIE
kaacrepHble noBpexzaeHus [IHK. B pamkax
OaHHOM KOHIENIIUU HCIOAB3YVIOTCS CAEIYIO-
Iye TEPMUHBI:

— oaguHOYHBIe mnoBpexaeHua J[IHK —
OTIEABHBIE YYACTKH C U3MEHHEHHON CTPYKTYPOH
JHK (oguHOYHBIE pPa3pbIBBI, OKHUCAEHHEBIE
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OCHOBaHHUH,
OCHOBaHHEM);
— KAacTepHbIe IIOBpexXIeHus — 2 1 0oaee
ONMHOYHBIX IIOBPEXKAEHUM, pPaCIIOAOKEHHBIX
Ha IIPOTHUBOIOAOXKHEIX Llenax /[IHK Ha ydacTke
navHOM 1-10 map ocHoBaHu# (m.o.) [8]. IIpu-
MEpPOM KAACTEPHOIO IIOBPEXKAEHUS MOKET
OBITH ABYXHUTEBOU pa3pbIlB, KOMIIAEKC U3 O[-
HOHUTEBOTO pas3pblBa M OKHCAEHHOIO OCHOBAa-
HUS HAM OKMCAEHHOTO OCHOBAHHHA M HYKAEO-
THUZA C yTpadye€HHBIM OCHOBAHHEM.
KaacrepHble noBpexkaeHHUd o6pasyroTcs
Opyu AeMCTBUM MaAbIX /103 HOHH3HUPYIOILIETO
U3AY4EHUs, BO3AEHCTBHUH IIperapaToB-paauo-
MHMETHKOB, XHMHYECKHX areHToB U, B
MEHBIIEH CTENEeHH, B Pe3yAbTaTe ITPOTEeKaHHUs
MeTaboANYeCKHX IIporeccos [9].

HYKA€OTHObI C YTEPAHHBIM

CLINICAL MEDICINA

Jag ompeneseHHs KAACTEPHBIX IIOBpe-
KIACHUN HCIOAB3YIOT IIOAXOM, ITO3BOASIOINUN
UOEHTU(PUIUPOBATE Pa3AWYHBIE HX BHIBI C
oMo 06paboTKH (hepMeHTaMH, KOTOPbIe
y4acTBYIOT B Ipolecce penapanuu JIHK —
S5KCIIM3HOHHOM penapaliyyd OCHOBaHHUNU HAU
SKCIIM3HOHHOHN pelnapalii HyKA€OTHIO0B. [Iasa
BBIIBAEHUS KAQCTE€PHBIX IIOBPEXIEHUM HC-
IIOAB3YVIOT (PEPMEHTHI, BBIIEACHHBIE W3 MUK-
poopranusMoB (E. coli) nau TKaHel yearoBeKa.

Ha pucynke 1 cxeMaTH4eCKH IIOKa3aHBI
pasanyHble BUAbl noBpexaeHud [IHK, npun-
nurnn paborsl (PEepMEHTOB, Y4YACTBYIOUIUX B
penapaiuy MHOBPeXIEHHH, a TakKe PEe3yAb-
TaT A€KTPOPOPETUIECKOr0 Pa3ieAeHHUs IIPob
uHTaKTHOH m o0aydennHoil [IHK c/6e3 obGpa-
6oTku chepmenToMm [10].

DNA in Cells
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PucyHok 1 — OnpezneaeHHe KAACTEPHBIX NMOBPEXAECHHH IIPH NMOMOIIH (hepMEHTOB, 00AALAIOIIHX
TAHKO3HAA3HOMN /AHA3HOH aKTHBHOCTBIO, H 3AeKTpodopesa B araposHoM reae (mo Sutherland B. M. et al., 2003),
rae SSB — onHOHHTEBOMH pa3pbiB; DSB — ABYyXHHTEBOMH pa3pbiB; ML — MOAeKYAsIPHBIH cTaHZapT Beca JTHK

BcaencTBue oTCyTCTBHA MOBPEXICHUN B
obpasnax wmHTakTHOM [IHK obGpaboTka dep-
MEHTOM He IPHUBOOUT K YBEAWYEHHIO (par-
mentaunu JHK. ITpu obayuenun [JHK (mpoba
Ne 3) BOZHUKAIOT ABYXHUTEBBIE PA3PBIBBI, YTO
Ha 32AeKTpodoperpaMMe OTpazkaeTrcad B yBe-
AWYEeHHUH pasMepa OeHaa 3a CUeT YBEAHYEeHUST
grucaa pparmernToB [JHK u ymeHbIneHUs HxX
pasMmepa. Ilocae pepMeHTATUBHON 06paboTKU
obpasna obaydernHo#t [HK (Ne4) xoamdecTBO
hparMeHTOB YBEAUYHUBAETCS II0 CPABHEHUIO C
npoboif Ne3 3a cuer ob6pazoBaHUA OBYXHUTE-
BBIX Pa3pbIBOB B MECTaxX KAACTEPHBIX IIOBpeE-
xkaenui [10].

DaekTpodoperpaMMa  II03BOASET  IIOAY-
YUTbH AHUII KAYECTBEHHYIO OLIEHKY II€AOCTHOCTH
JHK. [Iag KOAMYECTBEHHOIO IIOZICUETa IIOBpe-
xkneanit [THK wmcooab3yercs meroxm NALA (ot
aura. Number Average Length Analisys — ana-
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AV3 KOAWYECTBa W CPEAHEH OAMHBI (pparMeH-
TOB). [laHHBI METOZ OCHOBAaH Ha IIOAXOAE II0
OIIPENEACHUIO CPEAHEN NAMHBI MOAEKYA B IIOILy-
ASIITUH TIOAMMEPOB, KOTOPBIM ObIA amanTHpPOBaH
nas 6uornoanmepoB J.C. Sutherland [10].

sl 5KCIIEPUMEHTAABPHON ¥ KAMHHUYECKOH
MEOUIIMHBI OIIPENEACHHE KOAMYECTBA KAa-
CTEPHBIX IIOBPEXAEHUH y 53KCIEPHMEHTAAB-
HBIX KWBOTHBIX U IAIMEHTOB C Pa3AUYHOM
IIaTOAOTUEH II€YEeHH HBASIETCH Ba’KHBIM IIla-
roM B IIOHHMAaHWUH MEXaHU3MOB IIaTOoreHe3a Hu
TIOMCKA HOBBIX KOHIIEITIIUHY B ACUYECHUH.

Ilenv uccnedoseaHus
IIpoBecTH ampoballMi0 W OITHMH3ALIHAIO
METOa OIIPENEAEHHS] KAACTEPHBIX II0BpPE-

xkaeHui JJHK ¢ oOlleHKOH KOAMYECTBEHHBIX
XapaKTEepPUCTUK W3MEHEHUIl B IIeYeHU Ha
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SKCHepI/IMCHTaABHOﬁ MOAEAH OCTPOI'0 TOKCH-
YECKOI'0O rerratvura.

Mamepuan u memoowut

Moodenuposarue ocmpozo mokcuueckozo
zenamuma

[lag SKCIepHMEHTA HCIIOAL30BaAKM Aabo-
paropHbIX MbImle#i amHHu CS57Bl/6 B BO3-
pacte 10 Hemeab. 2KHMBOTHBIX COAEpPKaAAU
rpynnaMu mo 5-6 ocobeit B kaeTke. MBI 10
U IIOCA€ SKCIIEPUMEHTAABHOTO BO3AeHCTBHUA
COZlePKaAUCh B CTAaHAAPTHBIX YCAOBHSX BHBA-
pug yupexneHud obpaszoBaHus «T'oMeAbCKHH
TOCYyIapCTBEHHBIA MEOULIMHCKUN YHHUBEPCH-
TeT» U IIOAY4YaAH CTaHOAPTHBIH palloH U BOLY
ad libitum. Bce paboThl ObIAM BBITIOAHEHBI B
COOTBETCTBHUH C IIpaBHAAMM IIPOBEIEHUS pa-
6OT C HCIIOAB30BaHUEM AA0OPATOPHBIX KHUBOT-
HBIX B HAayYHBIX MCCAeMOBaHUugX [11].

OcTpoe TOKCHYECKOe ITOBPexkKIeHNE IIeYeHH
HHAYLMPOBaAH IIyTEM OJHOKPATHOTO BHYTPH-
6proiraHOTO BBeameHua 30 % pactBopa CCli B
oauBKoBoM Macae (La Espanola, Hcnanwms) B
KoAmdecTBe 3 MKA/T Beca JKUBOTHOTO.

Brian chopMHpPOBaHBI CAELyIOIIINE 3SKC-
IIepUMEHTaAbHBIE€ I'PYIIIIbIL:

rpynna 1 (n = 10) — WHTAKTHBIA KOH-
Tpoab (10 Henmeaw), Macca Teaa = 34,32 £ 2,94 1,
nabeking 1xPBS 3 MkA/T Beca JKUBOTHOTO;

rpynna 2 (n = 10) — 3KCOEpHMEHT
(10 memeas), macca Teaa = 34,52 = 3,69 T,
unabekimga 30 % pacrBopa CCls 3 MKA/T Beca
KUBOTHOTO.

CLINICAL MEDICINA

BriBox u3 sKCIepHUMeHTa IIPOBOAHAH He-
pe3 72 dyaca IyTeM I€pPeao3UPOBKH XAOPO-
¢GOpMHBIM HapKo30M. [IAs oIpeneseHUs Kaa-
CTEPHBIX IOBPEXAEHUH oTbupasu pparmMeHT
cpenHel MoAM IedeHH Macco¥ okoao 100 wmr.
Buorrrare! mocae B3gTHA noMelaa B 50 MM
pactBop anTHmokcugaHta TEMPOL (Sigma
Aldrich, CIIA), npuroroBaeHHBIH Ha 1x PBS.
[To 3aBepIeHNH 3KCIIEpUMeHTa 00pa3Ibl 3a-
MoOpaxKuBaAHu U XpaHuau npu -80 °C.

Boioenerue /THK

[Tepen BeimeaeHueMm [IHK o6paserr nedeHu
IIpeaBapUTEAbHO H3MEABYAAHM C IIOMOIIIBIO
CTEKAGHHOTO ITecTuKa. Brimeaenume [IHK mu3
6roMaTeprasa IIPOBOAUAM C IIOMOIIBIO KOM-
Mepueckoro Habopa Fermentas Genomic DNA
Purification Kit (Thermo Scientific, AwutBa)
coraacHO mMHCTpyKnuu. Konnenrtpamuio [IHK
usMepsAn Ha Oe3KIOBETHOM CIEKTPOgOTO-
metpe NanoDrop ND-1000.

Memoouxa onpedeneHusi KaacmepHbslx
nospexxoderuil /IHK (OCDL)

MeTroayka ydeTa KAaCTEPHBIX IIOBpeXIe-
HHUHM OCHOBaHa Ha cpaBHeHUH murpaiyu JHK
B TeAe Oad IIpob, momBepruruxcs obpaborke
depMeHTaMHU-3HA0OHYKA€A3aMH, U UHTAKTHBIX
npob. Hamboaee 4acTo HCIIOAB3YIOTCHA CAEMdY-
rome sHAoHykKAaeaspl: APE1 (Nfol), OGG1
(Fpg), NTH1 (Endolll).

ITpomoxosn memooda

[as1 ompeneseHUs CKPBITBIX IIOBpEXIIe-
HUH TOTOBHAM PEaKIIMOHHYIO CMECh, COIEP-
xkamyo 4 mra JHK (100 =r). [Januble o ee
cocTaBe IpUBEAEHbI B Tabaurie 1.

Tabauia 1 — CocTaB peakKIIMOHHOM CMECH [IAS OIIPEAEACHHS KAACTEPHBIX ITIOBPEeXKACHUH

PearenTt/npoba APE1+ APE1-
Bopga, MKA 4.8 5
10x pepmeHTATUBHBIH 6ydep, MKA 1 1
DNA, MKA 4 4
®PepmerT (10000 U/ml), mxa 0,2 0
O0BeEM CMECH, MKA 10 10

KOoMITOHEHTBI CMEINIMBaAW Ha AbMY, (ep-
MEHT O00aBASAM B IIOCAEIHIOIO odepenb. [o-
TOBYIO CMECh HHKyOHpOBaAHW Ha ABAY 15 MUH,
a 3areM 1 gac nipu Temmieparype 37 °C.

Jlag TmpekpallleHus PeakInu ao0aBATAN
S MKA oxaaxpaeHHoro Crom-pactrBopa (50 %
rautepoa (v/v), 100 MM S/TA, 0,025 % 6pom-
heHoAOBEIH roay6oit (w/v), 0,025 % kcuaeH-
OuaHoA (W/V)), KOTOPBIH OLHOBPEMEHHO SB-
AfIeTCs 3arpy304YHBIM OyhepoM OAsl BHECEHHUST
B arapo3Hbi¥ reab. MHKyOupoBasm 30 MuH
Ha ABLY.

[Ipobbr 3arpyxasu B 1,0% arapo3Hbri
reAb U ocTaBagAr Ha 10 MHH OA9 ypaBHOBEIIH-
BaHHA. B KadecTBe MapKepa HCIIOAB30BaAM A
DNA HindIIl (Thermo Fisher Scientific, CIIIA),
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KOTOPBIH I103BOASIET UAEHTU(MPUIIMPOBATE MaCCy
¢dpparmenToB [IHK ot 23130 go 564 m.o.

OaekTpodoperrdeckoe pasneseHre [JHK mpo-
Bommau B 0,5x TBE (44,5 MM Tris-ocHOBaHwue,
44,5 MM H3BO3, 1 MM 3ATA, pH = 7,6) B
TedeHHe 3 Y IIPU I[OCTOSTHHOM HaIIpI:KEeHHH
2,5 V/cm. T'eap okpammmuBasu 10 MHH C IIOMO-
mpio 0,0001 % pactBopa 3THAUYM GpoMuzma.

H3obpazkeHus pes3yAbTATOB 3AeKTpodope-
Trdeckoro pasneaeHud /IHK moaydaau ¢ momo-
OIbI0 CHUCTeMBI reab-flokyMeHTarmn ChemiDoc
XR (Bio-Rad, CIIIA).

AHOU3 NONYUeHHbLX U300parkeHull

1. Barpyzxaau uzobpaxkenue (popmart jpg),
IIOAyYE€HHOE C IIOMOIIBI0O CHCTEMBI T'€Ab-
OOKyMEHTaIuy, B IporpamMmmy Imaged.
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2. Belmeadan AVHHUM TeAs IIPH I[IOMOIIH
nHcTpyMeHTa «[IpssMOyroapHOe BBIOEACHUEY,
CTpOUAHM [Ad Kaxkmoit «IIpopuab B BepTH-
KaAbHOM HampaBaeHUM» (Analyze — Plot
Profile (Alt+K)) 1 moay4aau maHHBIE 00 H3Me-
HEHUH HHTEHCHBHOCTH CBeYEeHHS B 3aBHUCH-
MOCTH OT AUCTAHIINHU ITpobera B ITHKCEASIX.

3. Onpeneadgan COOTBETCTBUE OUCTAHIINHU
npobera (B ITHKCEASIX) MOAEKYASPHOMY BECY
¢dparmentoB [AHK (B 11.0.) 10 00pa3iy Mapke-
Pa MOAEKYASIPHOTO Beca.

4. Crpouan rpadUK 3aBUCHMOCTH [IH-
CTAHIIMKM IIpobera OT MOAEKYASPHOIO Beca
JHK. B kadecTBe aIlIpOKCHUMHUPYIOIIEH
dyHKIIIH HCIIOAB30BaAU two phase
exponential decay (ypaBueHue 1):

Y = Spanl * exp(-K1*X) + Span2 *
* exp (-K2*X) + Plateau (1)

5. C ero moMmoIip0 pacCYUThIBAAU 3HAUEe-
HUS MOAEKYASIPHOTO Beca Al KaxKI0TO ITMKCEAS
MuUrpanuu. 3HadeHUs HeOOXOMUMBIX IIepeMEH-
HBIX HaXOIHAHW BO BKAgnke Results/Nonlinfit of
Data, pacCroAOK€HHOM B A€BOH 4acCTU HHTEP-
cpetica riporpammel Graph Pad Prism 5.00.

6. OrpaHnuyuBasu 06AACTb aHAAH3A IIyTEM
HCKAIOUEHUS MAHHBIX M0 Hadasa MMHKAa, COOT-
BercTByIolero HatuBHo# JJHK (23 000 m.1H.).

7. B MS Excel Haxoawan MHHHMAABHOE
3Ha4YEeHUE MHTEHCUBHOCTH CEPOTO JAST KaXKI0-
ro pdaa, COOTBETCTBYIONIIETO AWHUU TeAS.
[IpoBomguAu ymaseHHe (POHOBOTO CBEYEHUS
IAST KQSKOOW AUHUU TeAS BbIUYUTAHUEM MUHH-
MaABHOTO 3HA4YeHUs WHTEHCHUBHOCTH CBeYe-
HUS U3 KaXKI0ro 3Ha4YeHUs pdaa.

8. U3-3a oramumii B KoamdectBe [JHK B
Pa3HBIX AWHUAX TeAd HEeOOXOOUMO IIpUBeme-
HHUE JAHHOTO IIOKa3aTeAs K €IMHOMY 3Hade-
HHUI. OTO OOCTHUraeTcs 3a CYeT HopMaau3a-
oUW [JAHHBIX (ZEA€HHS WHTEHCUBHOCTH B
OaHHOM TOYKE Ha CyMMAapHYI WHTEHCHB-
HOCTH CBE€YEHUH PAaa).

a
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9. PaccuuTbIBaAHl CPEAHIOIO IOAHMHY MOAE-
Kya [JHK nas kaskaoro psiia 1o ypaBHEHHUIO 2:

L = [f(x)dx/ ([f(x)dx/L(x)dx) 2),

rae f(Xx)dx — MHTEHCHBHOCTH CBEYEHUS B
JaHHOM Touke mpobera, f(x)dx/L(x)dx — ort-
HOIIIEHNEe HHTEHCHBHOCTH CBEYEHUS K MOAE-
KyadapHoMy Becy (L) B maHHO Touke mpobera.

YacToTy BCTPEYaeMOCTH KAACTEPOB PaCCUH-
TBIBAAU CAEIYIOIIUMM 00pa3oM (ypaBHEHUE 3):

&c = 1/L(enzyme+)-1/L(enzyme-) (3).

YacToTy [ABYXHHUTEBBIX pPa3pbIBOB pac-
CYHTBHIBAAU 110 yPaBHEHHUIO 4:

®DSB = 1/L(Bo3neticTBue+)
-1/L (Bo3meticTBHE -) (4)-

Cmamucmuueckue mMemoobl UCC/1e008aHUSL

CraTUCTHYeCKIH aHaAN3 JAHHBIX [IPOBOIUA-
Cs1 TIPH TTOMOLTY ITakeTa «Statisticar, 10 (StatSoft).
[IpoBepKa COOTBETCTBUA PACIIPENEACHHS KOAH-
YEeCTBEHHBIX [AHHBIX 3aKOHYy HOPMAaABHOTO
pacupeneAeHHus BBIIIOAHSAAChE C  IIOMOIIBIO
kpurepus lanupo-Yuaka (W-xpureputi). Ko-
AWYECTBEHHbIE JAaHHBIE, PaCIpeneA€HHUEe KOTO-
PBIX HE SBASAOCH HOPMAaABHBIM, OIIUCHIBAAUCH C
IIOMOIIBI0 MEAHAaHBbl M MEXKKBAPTHUABHOTO pPas-
Maxa. CpaBHEHHE IBYX BBIOOPOK KOAMYECTBEH-
HBIX IIPH3HAKOB IIPOBOAMAM C Iomonibio U-
Tecra ManHa-YutHu. CTaTHUCTHYECKU 3Ha4U-
MBIM CYHUTAAH PE3YALTAT, €CAHM BEPOSTHOCTD
OTBEPTHYTH HYAEBYIO THIIOTE€3y 00 OTCYTCTBHH
paszauyuii He 1peBbiIasa S % (p < 0,03).

Pesynoemameot u ob6cyxodenue

Mopdgonoeuueckas xapakmepucmuxka ne-
UEeHU IKUBOMHDBLX

[Ipu oTbope 06pa3lOB IIPOBOAHAH (POTO-
CBEMKY II€YeHHU (PUCYHOK 2).

PucyHok 2 — Ileuens mbimeii-camuoB C57Bl1 Ha 3-H CYTKH IIOCA€ BBEAEHHS:
a) pacTBopa PBS (3 MkrA/r Beca); 6) 30 % p-pa TXM Ha 0OAHBKOBOM MacAe (3 MKA/r Beca)
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[Tewenp wmebrneii-camnos C57Bl m3 koH-
TPOABHOM T'PYIIbl UMEET TASHIIEBYIO IIOBEPX-
HOCTh, OJHOPOJHYIO CTPYKTYPY U HAaCBIIIEH-
HbIH 11BET. [IAd 3I0POBOTO OpraHa XapaKTepHO
OTCyTCTBHE YIIAOTHEHUH, [OAW CBOOOIHO IBU-
JKyTCS OTHOCHUTEABHO APYT Apyra. Y SKCIEepH-
MEHTAABHBIX KHWBOTHBIX ITocae BBezeHUsa TXM
IIOBEPXHOCTh II€YEHH CTAHOBUTCH BU3YaABHO
LIepOXOBaTOH, 3epHUCTOH. Ilo cpaBHEHHIO CO
3/IOPOBBIM OPraHOM IIOBEPXHOCTbL MaToBasl.
HabaromaeTcs yBeandeHue pasMepa opraHa.

Onmumu3sayust mMemoouKu onpeoesieHus
riacmepHblx nospexoeHuil /THK

A ompeneseHUsT KAACTEPHBIX IIOBpe-
XKOEeHUH ucroab3oBaan obpasns! [JHK c BbI-
COKOM cTeleHbl0 4YHCTOTHI (oTHomieHHe OII
260/280 se meHee 1,9).

A TIOBBIIIEHMSA KadecTBa Pe3yAbLTATOB
HCCAE€NOBAHUA OBIAO IIPOBENEHO 3AEKTPOdO-
peTHYecKoe pas3geAeHHe OLHOIO M3 00pa3slloB
JHK npu caeayroommx ycaoBuax: 1,0 % ara-

26
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po3HEIl reab, 0,5x TBE Oydep, HanpszkeHe —
10 V/cwm, Bpemsa = 60 MuH. Pe3yabTaths! IIpen-
CTaBAE€HBI Ha PUCYHKe 3.

[IpenBapuTeAbHBIH 3AeKTPOdOpe3 aHaAAU-
3upyeMoro obpasna CBHAETEABCTBYET O HAAHU-
YHH SCHO PA3ANYHNMOIO BBICOKOMOAEKYASIPHO-
ro ¢pparmentTa JJHK u GoabIlloro KoAndecTBa
HHU3KOMOAEKYASIPHBIX (PparMeHTOB pasMepoM
or 50 mo 1000 m.o. OcHOBHBIE AMHUU Map-
Kepa dYeTKO pa3anduMbl. lcrooap3yemble
YCAOBHS A€KTPOPOPETHIECKOTO Pa3aEACHHUS
IIPEKpPacHO IOAXOAST OAS OLIEHKH KadecTBa
o0pa3sla, OAHAKO MEeTOAUKAa OIIPEeIeACHUS
KAACTEepPHBIX IIOBpeXAeHUE Tpebyer Ooaee
Ka4uyeCTBEHHOT'O PAa3eA€HUS HHU3KOMOAEKY-
ASIPHBIX (pparMeHToB. B cBg3u ¢ sTuUM OBlAM
U3MEHEeHbl HaIlpsiKeHHEe M BpeMs paslese-
Hug — 3 V/cMm 1 180 MHH COOTBETCTBEHHO.
[asa asaerTpodopesa wucroosp3oBasan 80 Hr
JHK Ha 1 AyHKy. Pe3yabTaThl IpeaCcTaBACHBI
Ha PUCYHKE 4.

M 26 26

PucyHoxk 3 — 9aekrpodoperpamma ob6pasua JHK Ne 26 u3 neyenu meimu C57B1/6,
mapkep Low Range DNA Ladder 50-1000 m.o. (Jena Bioscience GmbH, I'epmauusn)

205 920 M5 9 20 5 920 M

PucyHoxk 4 — 9aekrpodoperpamma o6pasuos JHK Ne 5, 9, 20 u3 neuenu meimu C57B1/6,
mapkep Low Range DNA Ladder 50-1000 m.o. (Jena Bioscience GmbH, 'epmauus)
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AHaAu3 TIOAYYEHHOTO H300pa’keHUsd IM03-
BOASIET CHAEAATh BBIBOJ, O XOPOIIEM pas3aeAe-
HUU HHU3KOMOAEKYASIPHBIX (pparmeHToB [JHK.
OmgHako O0AM3KOE pacHoAOXKeHUe Hauboasee
AETKUX U3 HUX K HUXKHEMY KpPalo I'eAd MOXKET
IIPUBECTH K UCKaXKEHUIO II0OAYYaEMBIX PE3YAb-
TaTOB H3-3a OOABIIIEH SPKOCTU KPAEB TeAs.
HNuTeHCcUBHOCTEL cBedeHus obpasronB [JHK ne-
CKOABKO HHXKE, 4eM y Mapkepa. [aa yaydie-

CLINICAL MEDICINA

HUS  KadecTBa  PE3yAbTaTOB  HEOOXOIHMO
YMEHBIIUThE KOAMYECTBO MapKepa M Halps-
JKeHHe dAeKTpodopesa.

Ha pucynke 5 mnokasaHbl pPE3yAbBTAThHI
SAEKTPOPOPETHIECKOI0 pa3ieAeHUs 00pas3IoB
JHK B 1% arapo3HOM IeA€ C HCIIOAB30BaHHUEM
0,5x TBE, nipu Hanpsxkenuu 2,5 V/cM B Te-
gyeHue 180 muHyT. [Jagd aHaau3a HCIIOAB30BAa-
au 100 ur o6pasua JHK.

M 5+ 5- 9+ 9- 20+ 20- 5+ 5- 9+ 9- 20+ 20-

PucyHok 5 — DaekTpodoperpamma ob6pasuo THK Ne 5, 9, 20 aasa moCAeAyIOLIEr0 aHAAH3A
KAQCTEPHBIX MOBPEXRAECHHH, «+» H «—» — 006pa3isl, o6paboTaHHbIe H HeOOpaboTaHHbBIE SHAOHYKAeB30i# APE1,

mapkep A DNA Hind III Digest 23130-564

[ToaygyeHHass saekTpodoperpaMma HMeEeT
BBICOKO€ KadeCTBO: AMHHM TeAd, BBICOKO- U
HHU3KOMOAEKYASIpPHbIe (pparMeHThI XOPOIIO pas-
AWYHMBI, OTCYTCTBYET 3acBeTKa OT MapKepa U
nepuepruecKUxX 30H arapo3HOro reas. Takum
00pa3oM, HCIIOAB3yeMble ITapaMeTpPhl SIBASTFOTCS
Hanboaee ONTUMAABHBIMU JIAS IIOAYYEHHS IIep-
BUYHBIX JAHHBIX [AS IIOCAEAYIOILIETO pacdeTa
KOAWYECTBa KAACTEPHBIX moBpexaeHu /IHK.

Onpeodenerue wonuuecmea APE]l-knacme-
pos & obpazuyax /[HK u3 neueHU UHMAKMHbLX U
SKCNepuMeHmatbHblX ZKUBOMHBLX

[Tocae mpoBemeHUI SAeKTPoOpeTHde-
CKOro pasgeseHHsd 00paboTaHHBIX U HeoO-

100

mn.o. (Thermo Fisher Scientific, CIIIA)

paboTaHHBIX SHAOHYKAeazol APE1l obpas-
noB JHK 13 mnedyeHH KOHTPOABHBIX KHBOT-
HbIX U MbINIed nocae BBeneHuda 30 % p-pa
TXM ObplAM IOAyYEHBI OaHHBIE O CpenHed
nanHe MoaekyAa [JHK B ykaszaHHBIX mpobax.
B KOHTpoA€ BeaAHMdYHHa 3TOro IapaMeTpa Ko-
Aebanack B mpemeaax 760-1187 m.o., B TO
BpeM4d KakK B 3KCIHEPUMEHTAABHON I'pyIlie —
787-1278 11.0.

Yacroty APEl-KaacTepoB pacCUYHUTBIBAAU
no dopmyae 3. KoamdectBo Ha 1 MHAAHMOH
I1.0. BBIYHUCAWAM IIyTEM YMHOXKEHUSI IIOAYUEH-
Horo 3HaueHUd Ha 1x106. [laHHbIE IIpeacTaB-
A€HBI Ha PUCYHKE 6.

90

BO

o

60 ==

50

40

30

Kommeteo APE]-K1acTepoR Ha 1 MEUTHOH ILO.
C

20

o Median
[ 25%-75%

_T_ Mon-Dutlier Range

KoHtpons oTr

Tpynib: XMBOTH bX

Cutliers
= Exlremes

PucyHok 6 — KoanuecTBo APEl-kaacTepoB B o6pasuax JHK H3 nNe4eHH KOHTPOABHBIX KHBOTHBIX
H MbILIeH ¢ HHAYIHPOBAHHLIM OCTPBIM TOKCHYECKHM IrellaTHTOM
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KoangecTBO KAaCTEpPHBIX [IOBPEKIEHUH,
KOTOpBbIEe MOXKHO BBISBHTH C IIOMOIIBIO 3HIIO-
Hykaeasbl APE1, B obpasnax [JHK MHTaKTHBIX
JKUBOTHBIX CTAQTUCTUYECKH 3HAYHMMO MEHBIIIE,
4eM B 9KCIEPUMEHTAABHOH TPYyIIIIe, M COCTaB-
ager 54,80 [37,65; 59,24] APE1 kaacrepa/
MUAAMOH I1.0. (Mann-Whitney U-Test: Z = -2,02;
p = 0,043). KoandecTBO ABYXHUTEBBIX Pa3PhI-
BoB B JIHK 3XHMBOTHBIX, KOTOPBIM BBOJAHAU
rerraToTOKCHUH, cocraBadger 76,82 [60,95;
92,41] Ha MHAAWOH II.0.

3akxnrmueHue

[IpoBeneHa ycremrHasg amnpoballus U OIl-
Tumnsanuga Merona OCDL pgas ompeneaeHUd
KaacTepHbIX noBpexaeHui B JJTHK neyenu Ha
¢doHE WHAYIIUPOBAHHOTO OCTPOTO TOKCHYE-
CKOTI'O reraTuTa.

IToxazano yBeandeHue KoandecrBa APE1-
KAQCTE€POB U ABYXHUTEBBIX pa3pbIiBoB B [JHK
AabopaTopHBIX MbIed auHuu C57Bl u3 skc-
IePUMEHTAABHOM TPyl II0 CPaBHEHUIO C
KOHTPOAEM, YTO CBHAETEABCTBYET O 3HAYU-
TEABHBIX HapylleHusx IeaoctHoctu [IHK u
OBBIIIIEHUHN PHCKA Pa3BUTHUS IIPOTPECCHUPY-
oImx 3aboaeBaHU TIEYEHU IIPU €€ TOKCHUEe-
CKOM IHopaxeHuHu. [loAydeHHBIe [JaHHBIE
BaXKHbI OAd Pa3paboTKU Au3aiiHa IT0CAEAYIO-
X SKCIIEPUMEHTOB, IIOHUMAaHUS POAM KAa-
CTEepHBIX IOBpeXKAeHU B maToreHese Goaes-
HEN U perapaTUBHOMN pPEreHepalyuy II€YeHH, a
TaK¥Ke JIAS OLIeHKU 3(PPEKTUBHOCTU ACUYEHUSI.
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