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Beenenue. DxcriepuMeHTaNbHbIE UCCICIOBAaHUS Ha MIIEKO-
MUTAIONIUX YKa3bIBAIOT HA BO3MOXKHBIA PHCK COXpaHEHHs Ha-
PYIICHUH, BEI3BAHHBIX OONyYEeHHEM POAHTENEH, y TTOTOMKOB HE
TOJIBKO IIEPBOrO, HO M BTOPOrO IMOKOJEHUs. B cBsA3u ¢ 3THM
Ba)KHOM 3aj1aueil SBISETCS OMCK CPEACTB JUIST CMSTUCHHUS JaH-
HOTO 3ddeKra.

Hean. OrieHka TPaHCTCHEPALMOHHOTO BIHUSHHS TOIU(E-
HoipHOTO TIpenapara BP-C2 na ¢dopmupoBanue omyxoneit y
pei6 Danio rerio (3ebpadumr) moxonenust F2, Bemymmux mpo-
HNCXOXKICHUEC OT 06nyquH1>1x CaMIOB.

Marepunaasl U Metoabl. Iloxonenne F2 Obuto mosydeHo
IPU CKPENIMBAHWN MHTAKTHOM CAMKH C CaMIIaMH TeHEpaluH
F1, Bemymmmu cBOE MPOUCXOXKICHUE OT CaMIIOB, MOJBEPrHY-
TBIX PEHTIEHOBCKOMY oOirydeHHIOo B J103e¢ 5 I'p m obpaboran-
HBIX WIN HeoOpaboTaHHBIX B pacTBOpe mpemapara BP-C2, a
TAKXXE€ OT KOHTPOJIbHBIX MHTAKTHBIX CaMIIOB.

Pr1661 renepanmu F2 B Bo3pacte 10 mec. Obumn momsep-
THYTHI Bo3zaeicTBri0 N-mudTunHuTpo3oamuna (100 ppm) B Te-
yenue 20 nHed. DBTaHa3MIO MPOBOJMIM 4epe3 6 Mec. Mocie
3aBEPIICHUS] HKCHO3UINH C KAHIIEPOTEHOM; MOCJIE THCTOJIOTHU-
4ecKkoll 00pabOTKH OIIEHUBATIHM YAcTOTY OITYyXOJNeH MEUeHH pas-
JIMYHOI'O THIIA.

Pesynbrarbl. YV pei6 reHepanmm F2, Bemymmx mpomcxox-
JIEHHE OT OOIYyYCHHBIX pBIO, OOHAPY)KEHO YBEIMYCHHE YaCTOTHI
BO3HHMKHOBEHHMSI TeNaToOLEIUTIOISPHBIX KapuuHOM B 2,75 pasa
(p = 0,0213), omyxomneit B nemom B 1,86 paz (p = 0,0329), a
TaKKe 3JI0KAYeCTBEHHBIX omyxoneid B 2,17 pa3z (p = 0,0128)
10 CPaBHCHUIO C INOTOMKaMH MHTAKTHBIX pbl6. Hcnons3oBanue
BP-C2 mocie obmyuenust camiioB FO mpHBOMMIIO K CHIDKEHHUIO
KOITMYECTBA 3JIOKAUYECTBEHHBIX OIyXOJeH IO yPOBHS KOHTPOI
(p = 0,7300) 1 K UBMEHEHHIO CTPYKTYPbI OITYXOJICBOM MATOJIOTHUU:
00OHapyXEHO YMEHBIICHHE YACTOTHI TeNaTONEIUIIOSPHBIX KapIiy-
HOM, a TaKKe TEHACHIMS K yBEJINUECHHIO YacCTOTHI aJCHOM IIede-
HU U XOJIAHT'MOKapUWHOM I1I0 CPAaBHECHHUIO C JAPYI'MMU IpYyIIIaMHu.

3axaouenne. OOHApPYXEHO, YTO TPAHCTEHEPALOHHBIE T10-
CIIEJICTBUSI PAAMAIIMOHHOTO BO3JIEHCTBUS y pBIO Danio rerio
COXpPaHATCA y IOTOMKOB O6J'ly'~leHHbIX CcaMLOB BO BTOPOM I10-
kosrernu. [Ipu 3TOM Hcnons30Banne MOMH()EHOIBHON KOMITO3H-
uun BP-C2 cpasy nocie oOmydeHns: pbi0 yMEHBIIAET TSKECTh
UHIYLUPOBAHHOIO AMITUIHUTPO30aMHHOM KaHLEpOreHe3a Ie-
YEHU y MTOTOMKOB.
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Introduction. Experimental studies in mammals indicate
a possible risk of inheritance of disorders caused by parental
irradiation in the offspring, not only of the first but also of the
second generation. Therefore, the search for means to mitigate
this effect is an important task.

Aim. To evaluate the transgenerational effect of the poly-
phenolic composition BP-C2 on tumor formation in F2 gen-
eration of Danio rerio (zebrafish) originated from irradiated
males.

Materials and Methods. The F2 generation was obtained
by crossing an intact female with F1 generation males originat-
ing from males exposed to 5 Gy X-rays and treated or not in
a solution of the BP-C2 composition, as well as from control
intact males.

F2 generation fish at the age of 10 months were exposed
to N-diethylnitrosamine (100 ppm) for 20 days. Euthanasia was
performed 6 months after the end of exposure to the carcino-
gen and the frequency of different types of liver tumors was
assessed after histological processing.

Results. In the F2 generation progeny of irradiated fish,
the incidence of hepatocellular carcinoma increased by 2.75-
fold (p = 0.0213), total tumors by 1.86-fold (p = 0.0329) and
malignant tumors by 2.17-fold (p = 0.0128) compared with
the progeny of intact fish. The use of BP-C2 in FO males
after irradiation led to a decrease in the number of malignant
tumors to the control level (p = 0.7300) and to a change in the
structure of the tumor pathology: a decrease in the incidence
of hepatocellular carcinomas was observed, as well as a ten-
dency to an increase in the incidence of liver adenomas and
cholangiocarcinomas compared to the other groups.

Conclusion. It was found that transgenerational effects of
radiation exposure in Danio rerio fish persist in the second
generation offspring of irradiated males. At the same time,
the use of the polyphenolic composition BP-C2 immediately
after irradiation reduced the severity of DENA-induced liver
carcinogenesis in the offspring.
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BBenenue

Bompoc 0 BO3MOXXHOCTH TpaHCTE€HEpaLMOHHON
nepe/iaud MOBBIIICHHOW YyBCTBUTEIFHOCTH K KaH-
LEpOreHe3y MOTOMKaM OT OOJIyYCHHBIX POIUTEICH
BBI3BIBAET NPUCTAIBHBIM WHTEpec HccienoBaresiei
¢ xoHua 20 Beka [1-3]. Ilpu 3TOM CyIIECTBYIOT
SKCIEPUMEHTAIbHBIE JaHHbIE HAa MJICKOIUTAIOIINX,
YKa3bIBAIOIME HAa BO3MOKHOCTb COXPAaHEHMS TaKUX
3hPEKTOB KaK MUHUMYM Y BTOPOTO TIOKOJICHUS I10-
TOMKOB [4].

UccnenoBanns Ha pwidax Danio rerio (3e0pa-
¢wum) BBIBHIM, YTO MPEKOHUIENTUBHOE OO0IydYe-
HHE CaMLOB MPUBOOUT K YBEIHUYEHHUIO YPOBHS
nospexaeHHoctn JIHK u conmepxanust npomykros
MIEPEKHCHOTO OKHWCIICHUS JIMIUJOB B TKaHAX IIO-
tomcTBa nokosieHus: F1 [5], a Takke K CHUKEHHUIO
CKOPOCTH PEBEPCUH MHIYLIHNOETBHBIX OITyXOJeH Ie-
yenn y tpancreHHoro Tg (fabp10:TA; TRE:xmrk;
krt4:GFP) moromctBa F1 [6].

Panee ObUIO MMOKa3aHO, YTO IS OCJIAOJIEHUS
MPOSABJIEHUH TPAaHCTEHEPALMOHHO TEPENAIOLINXCS
HapyIIeHUH y KUBOTHBIX MOKosieHUs F1 BO3MOXKHO
UCIIOJIb30BAHUE XUMHUONPOPUIAKTUKN Y POLUTENCH,
HarpuMep, ¢ TTOMOMIBI0 TONU(EHOILHONW KOMITO3H-
unu BP-C2, o0Onanaroiieil aHTUT€HOTOKCUYECKUM U
aHTUMYyTareHHeIM JeiictBueM [7-8]. Llensro HacTo-
AIIETO MCCIIEOBaHMS SBISIACh OIEHKAa TpaHCTeHe-
PallMOHHOTO BIMSHUS MOMU(EHOIBHOIO IMpenapara
BP-C2 na ¢opmupoBanue omyxoneir y peio Danio
rerio (3e0padumr) mokoneHus: F2, momydeHHBIX MpH
CKpEIMBaHUM MHTAKTHOW CaMKH C CaMIlaMU TeHe-
pauuu F1, BeaymumMu cBoe MPOUCXOKIEHHUE OT CaM-
LIOB, TIOABEPTHYTHIX PEHTTEHOBCKOMY OOIyUCHHIO B
o3¢ 5 I'p u 00paboTaHHBIX MM HEOOPaOOTAHHBIX
npenapatoM BP-C2, a Takke OT KOHTPOJbHBIX HH-
TaKTHBIX CaMIIOB.

MarepuaJjibl M1 MeTOAbI

Kusomuuie

[Ipu npoBeneHnu uccienoBaHUS ObLIA HCITONb-
30BaHa JMHUS PBIO Danio rerio MUKOTO THMA, TOMI-
JIEp)KUBAIOMIAsACS B J1a0OpaTOpuu Ha MPOTHKEHUH
Oosnee 10 ;mer m XxapakTepusyroliascs HH3KOH 4Ya-
CTOTOM CIOHTaHHBIX omyxojed. B To xe Bpems
9Ta JIMHUSA HMEET BBICOKYI0 YYBCTBUTEIBHOCTH K
JIEHCTBUIO XUMUYECKUX KaHIIEPOTEHHBIX areHTOB W,
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B YaCTHOCTH, HUTPO3aMHHOB, BBI3BIBAIOIINX Y PHIO
OTIYXOJIM TICYCHH Pa3IUIHOTO MPOUCXOXKACHHS [9].

Yenosusa coodeporcanus

B3pocinbie peIOBI, a Takke WX IMOTOMCTBO Ha-
YUHas C BO3pacTa OKOJO 3 HEN. COMECPKAINCH B
CTaHJAPTHBIX YCIOBUSAX B aKBAPMYMHOM KOMILIEKCE
HMMUILL onkosmoruu um. H.H. TlerpoBa Mun3znpasa
Poccumn 3a mckioueHHEM MepHONa KCIO3HLUHN C
KaHIeporeHoM N-IuATIIHATpo30aMuHOM ([IDHA).
Kopmnenne pbi0 Mpou3BOAMIOCH €KEAHEBHO, HC-
MOJIB30BAJIMCH TPAHYJBl CyXOro KopMa (TETpaMuH)
W KUBBIe Haymuu Artemia salina. PwiObI comep-
*anucek npu temneparype 28,5 °C u cBetoBoM pe-
xume 14/10 9 cBetr/TeMHOTA.

JluuuHKM TIepBBIE TPU JHS COJICPIKAJINCHh B
10-cantumeTrpoBbix wamkax Ilerpm, a ocramb-
HOE BpeMsi — B CTEKJISHHBIX CTakaHaX M3 pac-
geta 10 M Ha OHO XUBOTHOE MPU TEMIIEpaType
28,5 °C u cBeroBoM peskume 14/10 9 cBeT/TeMHOTA
U UMEIIM HEOTPaHWUYCHHBIH JIOCTYI K CTapTOBOMY
xopMmy — wuHGYy30pusaMm Paramecia. Tlocne mepe-
X0Jla Ha MUTaHUE HAYTUTHSIMU Artemia (MPpUMEPHBII
BO3pacT — 2-3 HeJ.) JIMYMHOK MEePEeBOAMIIN Ha CO-
JIep)KaHWe B TPOTOYHBIE CHCTEMHBIE aKBAPUYMBI.

Bewecmesa/npenapamut

Pazsenenus mpemapara BP-C2 mo paboueit koH-
neHTpanuu 50 Mr/a ObUTH BBITOJHEHBI U3 0a30BOTO
2 %-HOTO BOJHOTO pacTBOpa (MPOW3BOAUTEITH —
00O «HoGenpy, cepust M220321D33) ex tempore
JUIsl yMEHBIIICHHSI BEPOSTHOCTH pacraja npernapara B
BogHOM cpene. Kanueporen N-HUTPO30IUATUIIAMHUH,
A5HA (SIGMA-ALDRICH, Lot # 049K1613)
OBLT pa3BelleH B CHCTEMHOW BOJ€ B KOHIICHTPAIHH
100 ppm.

Hapamempul obryuenus

14 camioB peIO aukoro Tuma reHepanuu FO B
Bo3pacTe 8§ Mec. ObUIM OOIydYeHBI PEHTTEHOBCKH-
MM Jydamu B o3¢ S5 I'p Ha nuHEHHOM ycKOopHTe-
ne Novalis-TX (Varian) 8 HMUIL] oHkonoruu um.
H.H. Ilerposa. IlapameTrpsl paGOTBI YCKOPHTENS:
cKkopocTh BeImauu no3el — 400 cI'p/muH, paccTos-
HUe OT ucTouHuka m3nydenus — 1000 mm. OOmyue-
HUE TPOBOJWIIOCH B TIACTUKOBBIX KYIIBTYPaITbHBIX
(hrakoHaxX ¢ MUHHMMAJIbHBIM KOJIUYECTBOM BOJIBI.

Obpabomka BP-C2

B Teuenne 60 mMuH mocie oOydeHUs] B3POCIbIC
camibl ObIIM pas3/elieHbl Ha JIBE TPYNNIBl — 00-
Jy4eHHYI0, MOJBEPTHYTYIO BO3JEHCTBHIO Tpernapa-
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ta BP-C2 B no3ze 50 mr/n Ha mporsbkeHuH 24 9
(n = 7), n obmydeHHyro 0e3 Bo3ueiicTBus BP-C2
(n = 7). 3arem pbIObI U3 00eWX TPyHH OBUIM MO-
MEILEHbl B aKBapUYMBbI, BCTPOCHHbIE B IIPOTOYHYIO
cucTeMy, 00eCIeurBalOIIyI0 CTaHAAPTHBIC YCIOBHS
comepkanmsi. I pynma HEOOTydeHHOTO HHTAKTHOTO
KOHTPOJIS, COCTOSIBILIAsi M3 B3POCIBIX CAMLOB M-
koro tuma (n = 7), comepikanach B aHAJIOTHMYHBIX
ycinoBusX. B cucTeMHBIX akBapuymax pbIObl Ha-
XOJMJINCh Ha MPOTSDKEHHH 6 Mec. 0 MOMEHTa HX
WCTIOJIB30BAHUS B Pa3BEICHUU.

Hckyccmeennoe onnooomeopenue

[pu paszBenennn peId BCeX TeHEepannii HCIONb30-
BaJIOCh UCKYCCTBEHHOE OILUIOAOTBOpeHHe. st 3Toro
criepMa OT 4YeThIpex camuoB renepanuu FO mmm (Ha
ciemyroriemM dTare) F1 u3 Kakmoi TpyIimsl ToMera-
Jlachb Ha OT/AEIBHOE YacOBOE CTEKJIO, COneprKallee
100 mxn pactBopa Punrepa, n TmiarenbHO mepeme-
HIMBAJIaCch. 3aTeM Ha KaKAoe CTEKJIO N00aBisiiach
MOpLUsSL UKpPBI, IOJNy4YEHHass OT OJHOW U TOH XKe
CaMKH, YTOObI M30€KaTh JOIOJIHUTEIBHOIO BIUSHUS
TEHETHYECKUX DPazIMyuii MEXIy caMKaMH Ha pas-
BUTHE TIoTOMCTBa. [locne mepememmBanusa K CMeCH
MOJIOBBIX TPOMYKTOB 00aBisuioch 200 MK BOJBI
JUTSL aKTHBALIMU TTOJIBUKHOCTH CIIepMaro30u10B. Ye-
pe3 5 MUH SIMLEKICTKH ObUIN MEPEHECEHBl B YaIIKH
Ilerpu mus gaibHENHIIETO KyJIBTUBUPOBAHUS B TEp-
Moctate mpu temmeparype 28 °C. Uepes 3 4 mocie
OIJIOIOTBOPEHUSI COCTOSTHHE 3MOPHOHOB aHAIU3M-
pOBaJOCh IO CTEPEOCKONMNYECKHIM MHKPOCKOTIOM
Nikon SMZ 1500 (Nikon, Japan) u HeoruiomoTBo-
pEeHHbIE AWIEKIETKH YIAIsUTNCh U3 KYJIbTYypalbHBIX
gamrek. CIocoOHbIE K Pa3BUTHIO SMOPHOHBI OBLIH
MOMEIIEHbl B TEPMOCTAT ISl JaJbHEUIIEro KyJabTH-
BrupoBaHus. Yepe3 54 u Obuta MpoBeneHa OIEHKA
TEMIIOB BBIXOJa SMOPHOHOB U3 SHLEBBIX 00OJIOYEK,
a B Bo3pacte 72 4 cBOOOJHBIE OT 000JIOUEK IMOpH-
OHBl OBIIM M3y4YEHbI IOJ CTEPEOMUKPOCKOIIOM Ha
NpeAMET HaJH4YHs aHOMAaJIUH Pa3BUTHIL

Obpabomka JIDHA

Pri6b1 renepanuu F2, Bemymiye mpoucxoxaeHHe
oT 00IydYeHHBIX M 00paboTaHHBIX mpenaparoM BP-
C2 (rpynma 1, n = 16), TonpKo 00My4YeHHBIX (TpyTI-
na 2, n = 14), koHTponbHEIX (Tpynna 3, n = 14) cam-
oB F1, ObUIH BBIpAIIEHBI JO B3POCIIOTO COCTOSHHUS
n B Bo3pacte 10 Mec. MOABEPTHYTHI BO3/EHCTBHIO
kanneporera J[OHA (100 ppm) B HHAUBUAYATBHBIX
HEMPOTOYHBIX aKBapuymax B TeueHue 20 gHeil mpu
temneparype 26 + 1 °C. Dkcno3unyst ¢ KaHuepore-
HOM TIpoBoAMIachk B 00beme 10 11 cucTeMHON BOIbI,
cMmeHsieMoil exxeHenenpHo. Ilocne oxkoHuaHMs 3Kc-
MO3ULUK PBIOBI COAEP)KAINCh B CTaHJAPTHBIX YC-
JIOBUSIX B CHUCTEMHBIX aKBapHyMmax Ha MPOTSHKEHHH
6 Mec. U 3areM OBUIM MOABEPTHYTHI IBTAHA3UU IIO-
cpezacTBOM nomeuieHust Ha 30 MUH B JIEASIHYIO BOZLY.

Tucmonozuuecxas obpabomra

[Tocne »BTaHazmm pHIOBI CO BCKPBITOW OprOII-
HOW MoJIOCThIO TMoMmeranuch Ha 48 1 B 4 % Hel-
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TpaJbHBIA (OpMaNiH, TIOCIE Yero IoJi KOHTPOJIeM
CTEPEOMMKPOCKOIa B 00pa3uax OTAessIach IeUeHb
BMECTE C NPWJICTAIOUIMMHU OpraHaMy (KUIICUHHKOM,
TTOKEITYTIOYHOM JKEIe30H, CeIe3eHKOH, TOHaTaMm).
[Honmy4yennsle 00pa3bl YKIAABIBAINCH B THCTONO-
THYECKHE KacCeThl M XpaHWINCh B 4 %-HOM HeEH-
TpaJbHOM (hopManuHe A0 Havaja FMCTOIOTHYECKON
00paboTku, HO He Oonee 7 nueil. [lapaduHOBBIC
Cpe3bl TONIIUHON 5 MKM ObUTH AemapaHHHPOBAHBI
1 OKpallleHbl TeMaTOKCHIIMH-203MHOM 0 CTaHIapT-
HOUW METOIUKE.

Cmamucmuueckas odopabomxa

KonnyecTBO >KMBOTHBIX, BKJIIOYEHHBIX B HCCIIE-
JIOBaHHE, ObUIO TOCTATOYHO JUIsl MOJHOM perucrpa-
UM U3y4aeMbIX d(QQEKTOB M MOCIECAYIOUIeH KOM-
MMBIOTEPHON 00pabOTKU pPEe3yNIbTaToB.

Paznuuust Mexay TpynmaMu OLIEHHBAIHCH B CO-
OTBETCTBUU C TOYHBIM Kputepuem Durmiepa c uc-
NoJib30BaHMEM IporpamMMHoro mnakera GraphPad
Prism 8.0.1 (GraphPad Software, LLC). BrisiBien-
HBIE Pa3jIMuusl CUMTAIU 3HAYMMBIMU IIPU YpPOBHE
noctoBepHoctu p < 0,05.

Pe3yabTarsl

Ombpuonanvhoe passumue puibo eenepayuu F2

IIpm aHanm3e pa3BUBAIIUXCA AMOPHOHOB
HEe OBUIO BBISABICHO KAaKHX-THOO pa3muuuii Mex-
Iy TpyHIaMH 1O TaKUM KPUTEpPUSAM, KakK MPOILEHT
OIJIOJIOTBOPEHMSI, KOJIMYECTBO AHOMAJINNH W TEMII
BBIXOJIa JTMYMHOK W3 SIHIEBBIX 00O0JIOYEK.

Bowicusaemocms poib cenepayuu F2 nocne sxc-
nosuyuu ¢ J{OHA

CybOxponudeckas skcro3uiis peio ¢ JIOHA na
nporspkeHun 20 gnelt (n = 44) BbISIBUIIA HEBbI-
COKYI0O TOKCHYHOCTH AITOTO COEOUHEHHS IJsI PBIO
o0oero mojia W HE BbI3bIBaja THOETH BO BpeMs
U T1ocne okcrno3uiuu. IlepBble Makpockomuue-
CKM pa3NIUYAMBbIe OITyXOJMH OBITHM OOHApyXeHBI BO
BCEX TpyImax NMPUMEpHO depe3 3 Mec. Mocie OT-
MEHBI KaHIleporeHa. Bcero K MOMEHTY 3BTaHa3uu
noxunn Bce 44 peiObl mokonenust F2. Ux pac-
mpeneseHue mo TrpynmaMm coctasmwio 16, 14 u 14
ocobeit B I'p. 1, I'p. 2 u I'p. 3 cooTBeTcCTBEHHO.
Ha aytoncuu B OGONBIIMHCTBE CiydaeB HaONonanu
3HAYATEIbHOE yBenn4eHrne medeHu. Opran wumen
IaJKyl0 WM OyrpHCTYIO TIOBEPXHOCTb, B psije
cilydaeB ObUIH BUIHBI OOIIMPHBIE HEKPOTHYECKHE
W3MEHEHUsI WJIM KHCTHI, 3all0JTHEHHBIC MPO3PavyHbIM
COJZIEPKUMBIM.

Tucmonocuyeckuii ananuz mxanei neueHu

OcHOBHBIE Pe3yabTaThl MO YaCTOTE BO3HUKHO-
BEHHS PA3JIMYHBIX THUIIOB OITyXOJIEeH MpeacTaBie-
Hbl B TaOmuue. [Ipu rucToiormuyeckoMm aHaiause
B TI€YeHH pPBIO, TOJABEPTHYTHIX OSKCIO3UIUU C
JADOHA, Obuti BBISBIICHBI MHOTOYHCIIEHHEIE OITY-
XOJHM, TUINWUYHBIE s JEWCTBUSA 3TOTO KaHIEpo-
rena [9-10].
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Taonnna. Yactora omyxoseil pa3juYHBIX THNOB, MHAYLUPOBaHHBIX JIDHA y pbi0 nokosenusi F2

HCC ChC HCA Bceero omyxoneit (B Tom
Ipynmst | Bosneiicreue na FO | Kon-so F2 HCIIe 370KAYCCTBCHHBIX)
CIL. % CIL. % CIL. % CIL. %
1 O6nyuenne + BP-C2 16 44 25 25 5t 31 13 (8%) 81 (50)
2 O6iyueHue 14 11" 79 14 0 0 13" (139 93 (93)
3 be3 obmyuenus 14 4 29 1 7 2 14 7 (6) 50 (43)

Ipumevanue: * — p < 0,05 no cpasnenuio ¢ xowmponem (epynna 3);

£ —p <005 p <001 o cpaBHeHno ¢ NOTOMKaMi 00IydeHHbIX PbIO (rpyrma 2), TouHbli Kputepuii Ouiuepa.

Coxpawenus. cn. — cayyaes; HCC — eNTIONAD Y ; ChC —

: HCA — 2enamoyennionapnan adenoma.

' ‘PY

Table. Incidence of different types of tumors induced by DENA in F2 generation fish

Total tumors (includin
Group Treatment of FO N(;mell); r Hee che Hea ° tflilaﬁg»ném) e
inc. % inc. % inc. % inc. %
1 Irradiation + BP-C2 16 4 25 25 5* 31 13 (8% 81 (50)
2 Irradiation 14 1" 79 14 0 0 13" (137) 93 (93)
3 Non-irradiated 14 4 29 1 7 2 14 7 (6) 50 (43)

Note: * — p < 0.05 vs. non-irradiated control group (3);
#, ## — p < 0.05, p < 0.01 vs. progeny of irradiated fish (group 2); Fisher’s exact test.

Abbreviations: inc. — incidence; HCC — hepatocellular carcinoma; ChC — cholangiocarcinoma; HCA — hepatocellular adenoma.

Puc. BapuaHTHI maTonoruii nedeHy, BO3HUKABIIHNX y PBIO mocie oskcrosunuu ¢ JJOHA.
A. T'enarouemmonapHas kapuuHoma, x 40; B. I'enaronemmonspras ageHoma, x 40; C. Xonanruokapuusoma, x 20: D. Hekpos, x 40
Fig. Variants of liver pathologies induced by DENA in F2 generation fish
A. Hepatocellular carcinoma, x 40; B. Hepatocellular adenoma, x 40; C. Cholangiocarcinoma, x 20: D. Necrosis, * 40

Haubonee yacTbiMu HOBOOOpPA30BaHUSMHU OBLIH
renatoneutionsipapie  kapuuaoMbl (HCC) pasnny-
HOM CTENEeHU 3penocTd. Y IMOTOMKOB HHTAaKTHBIX
peIO (rpymma 3) TakMe OMYyXOJM BCTPEYAIUCH C
yactotoil 25 %, TOrma Kak y MOTOMKOB OOJIyuYeH-
HBIX caMmIoB (Tpynma 2) dvactoTa OOHapyXEeHHUs
HCC 6p1ma B Tpu pasa Bbime u coctaBuna 79 %
(p = 0,0213). V pui6 rpynmsl 1 (moToMKOB, 00y-

VOPROSY ONKOLOGII = PROBLEMS IN ONCOLOGY. 2025;71(2)

YEHHBIX W MONy4HBIIMX npenapar BP-C2 camios)
HCC o6napyxensr y 25 % oco0eii, 4To He OTIH-
4aJIoCh OT MOKa3aress JUIsl KOHTPOJIBHOM IpyIIbl U
ObuTO HIDKE 3HaueHus aus rpymmsl 2 (p = 0,0092)
(Tabsn.). T HOBOOOpA30BaHUS B PsiiE CIydaeB J0-
cTUrand OOJBIIOTO pa3Mepa, 3aHUMas IMpaKTHYe-
CKM Becb 00bEM OpraHa, MHOIZA MHBA3UPYs OKpY-
karomue TkaHu. Mopdonoruueckn HCC B jannom
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IKCIIEPUMEHTE TPEACTABISUTA COOON TIIaBHBIM 00-
pa3oM BBICOKO- M yMepeHHOoAndepeHIUpOBaHHbIC
OIyXOJH, OTIUYAIOUIMXCS OT HOPMAaJIBHOW TKaHU
Oosiee MEJIKUMM pa3MepaMy KJIETOK, HHTEHCHUBHON
OKpPACKOW IHMTOIIa3Mbl, OKPYTJIBIMHU, 0€3 BBIPasKCH-
HOTrO monuMopdusMa, sapaMu ¢ 4eTKO 0003HAYCH-
HBIMU YBEJIMYEHHbIMU siApbiikamu (puc. A). ba-
JIOYHasi CTPYKTypa, XapakTepHas Al HOpMaJbHOMN
MeYCHU pBIO, B OOJBITMHCTBE CIIy9acB pPa3BUTHS
HCC 0buta monHOCTBIO TIOTEpsHA.

BropeiMu 1o dactoTe OOHapyKEHHs 3JI0Kade-
CTBEHHBIMH OIYXOJISIMM OBUIM XOJAaHTMOKAapLMHO-
Mbl (ChC), pa3zBuBaromyecs U3 SMHUTENUS KEITIHBIX
MIPOTOKOB U MMEIOLIME TUIIMYHYIO Ul 3TUX HOBO-
o0Opa3oBaHuii MOPQOIOTHI0. XOJAHTUOKAPIUHOMBI
(bopMHpOBaIIN KEJIE3UCTBIE CTPYKTYPbl HEPEryJsip-
HOW (hOpMBI, CTEHKH KOTOPBIX COCTOSUIM U3 PE3KO
MOTUMOP(HBIX KIETOK, PACHOJIMKEHHBIX B OIUH
Wi Heckodbko cioeB (puc. C). B tunuynom ciy-
Yyae OIyXOJU HE OO0pa30oBBIBAIIM KPYMHBIX Y3JIOB,
OJHAKO MX IIOSIBIICHHE HEPEAKO HOCWIO MHOXKe-
CTBEHHBIH XapakxTep.

Haubonpmiee 4ncno XOJTaHTHOKAPIIMHOM C dYa-
cTotoif 25 % Obuio oOHapyxeHo B rpynme .
B rpymmax 2 u 3 yacrora 3THX HOBOOOpa3oBaHHIA
coctaBmia 14 m 7 % cooTBeTCTBEHHO. TeHAEHIIHS
K yBennuenuto konndectsa ChC y )KHBOTHBIX TPYII-
nbl | He JocTurana ypoBHS CTaTUCTHYECKON 3HAYM-
MOCTH II0 CPAaBHEHHIO C APYTMMH TIPYIIaMH.

JloOpokavecTBeHHbIC TeNaToleILIIoNSIPHbIC ajie-
HoMbl (HCA) BcTpeuanmch 3HaYMTENBHO pEXe,
yem HCC, u Obutn BbIsIBICHBI TONBKO y 31 % xKu-
BOTHBIX W3 Tpynmnsl 1 (p = 0,0447 vs. 1p. 2) u' y
14 % w3 rpynnsl 3. Mopdonoruyecku aneHOMbI
TIPEJCTABIISIIN COOOM Y3J7IBI C YETKMMH TPAHHIIAMH,
OOBIYHO COCTOSILIME W3 KJIETOK HOPMAaJIBHOIO pa3-
Mepa, UMEIOIINX HHTEHCUBHO OKPAIIEHHYIO S03MHO-
(GWIBHYI0 IMTOIUIa3My U MOHOMOpP(HBIC OKpPYIJIbIC
aapa. AJIeHOMBbl (OPMHUPOBAIM XOPOIIO Pa3Iu-
quMble TpaOeKyJIsIpHbIE CTPYKTYpPbI, HacToO pasfe-
JICHHBIE TIPOAOJILHO PACIOJIOKCHHBIMU KaHAJIaMH,
HaIlOMUHAIOIIMMH KPOBEHOCHBIE COCYIBI, HO 0e3
KJIETOK KpOBH BHYTpH (puc. B).

Ha mHekoTophIx mnpemaparax, INIaBHBIM 00pa-
30M B Tpymme 2, ObUTH OOHApY)KEHBI HEKPOTHUE-
CKHE YYacTKHM Pa3lWYHOTO pas3Mmepa, 3aroIHEeHHBIC
aMop(HOM OECKICTOYHOW Maccoi 0e3 MPHU3HAKOB
ocTtporo BocnayieHusi (puc. D).

B wmemom y 50 % poi0 KOHTpOIBHOM TpyIm-
MBI Pa3BUBAIINCH OIYXONH, KOoTopsle B 43 % ciy-
yaeB ObLIM MPEICTAaBICHbI 3J0KAYeCTBEHHBIMH Ba-
puantamd. Y 93 % MOTOMKOB OONYYEHHBIX PBIO
U3 Tpynmbl 2 OBUIM BBISABICHBI HCKIIOYUTEIBHO
37I0Ka4eCTBEHHBIE OITyXOJH, YTO CTaTHCTHYECKH
3HAUUMO IPEBBIMIAIIO0 YAaCTOTYy ITOTO THUIIA HOBOOO-
pa3oBaHMi y JKMBOTHBIX W3 rpynnsl 1 (p = 0,0329)
u rpyrmmsl 3 (p = 0,0128). Yacrora Becex omyxodeit
y KMBOTHBIX Ipymnmbl | Takxke ObLia BBIIE, YEM B
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koHtpoie (81 vs 50 %, p = 0,0502), onnako pa3s-
JTUYUN B 9acCTOTE 3JIOKaYECTBEHHBIX OITyXOJeH, KO-
Topble BO3HUKIN y 50 % pbIO MaHHOW TpymIbl, IO
cpaBHeHuto ¢ 43 % B rpymme 3, He HaONIOAAIOCH.
IIpy sTOM wyacToTa pa3BUTUS 3J0KAYE€CTBEHHBIX
OMyXOJeH y pbl0 rpymmbl 1 OblIa CTAaTUCTUYCCKH
3HAYMMO HHW)KE, YeM Yy TIOTOMKOB OOJy4eHHBIX H
He noiydaBmux BP-C2 xMBOTHBIX W3 rpynmsl 2

(p = 0,0169).

Oo6cy:xneHue

Jlo HacTosIero BpeMeHH TpaHCTEeHEPaIMOHHON
nepeiade YyBCTBUTEIBHOCTH K KaHLEPOTEHE3y Y
JKUBOTHBIX BTOPOTO M IOCIEAYIONNX MOKOJIEHUI
MOCBSIIEHO HEMHOTO HCCIIEOBAHUH.

B pabore Nomura u coastr. (1982) ommcano,
YTO NpH OOIYYEHUH PEHTICHOBCKUM H3ITyuYeHHEM
(36 504 pan, Toshiba KC-18-2A, 180 KVp, 72 pan/
muH) Meimeil ICR nokonenns FO u ux cnapuBanum
yepe3 1 Hex. mociie 00yueHUs], HAOIOAIH YBEIHU-
YeHHE YacTOTHl JIOMHHAHTHBIX MYTAI[Ui, YacTOTHI
MOp(OJIOTUIECKHX aHOMAaJIMid W Pa3BUTHUS OIYXO-
neit y mokonennst F1. Tak, gactora CHOHTaHHBIX
aJICHOM JIETKOTO yBeauuuBayiach Ha 4,7 % B ciiydae
NPEKOHIICTITUBHOTO OOIy4eHHsI pOAUTEINEii-caMIIOB
u Ha 3.4 % npu obnydyernn pomuteneii-camok. [Ipu
HaOMIoIeHNH 3a TIOKoJleHueM F2, momydeHHBIM OT
)KUBOTHBIX F1, y KOTOpBIX C TeUeHHE KWU3HU pas-
BHBAJIMCh aJICHOMBI JIETKOTO, TakXke (UKCHPOBAIN
MOBBIIICHUE YacTOThl OIyXoJied HaJg (OHOBBIMU
3HaYEHUsIMU; OAHAaKO moTtoMcTBO F2, y pomuteneit
KOTOPBIX aJIEHOMBI HE pa3BUBAJHICh, HE OTINYAIOCH
OT KOHTPOJIBHBIX JKUBOTHBIX [3].

['pynmna y4eHsIx 1oz pykoBoacTBoM BopoOroBoii
W.E. B 1993 1. ony0OnukoBaia pe3yabTaThl UCCIIEHO-
BaHUS, B KOTOPOM 0O0Illee PEHTICHOBCKOE O0Iyde-
Hue camioB Meimelr SHR B mosze 4,2 I'p (ycTanoBka
PYM-17, 220 kV, 15 mA, 0,5 mm Cu u 1 mm Al,
1,17 £ 0,02 I'p/mMun) nepen ciapuBaHUEM MOBBICHIIO
BOCIIPUAMYHBOCTh TTOTOMCTBA B JIBYX ITOKOJICHHUSX
K Bo3ueiictBuio 12-O-tetpanexkanoundopodon-13-
arierara. KonmuyecTBo mammiijioM KOXKH, pa3BUBaB-
IMXCSL Y caMIOB U camMok F1, ObIIO BBIIIE MMOKa-
3arenell y KOHTPOJBHBIX XKHUBOTHBIX Ha 56 u 27 %
COOTBETCTBEHHO M J€MOHCTPHUPOBAJIO JIUIIH HE3Ha-
YHUTENbHOE CHIDKEHHE B MoKosieHnH F2, y kotoporo
MoJy4YeHo mpeBblmenne Ha 42 % y caMmioB W Ha
21 % y camok [11].

B namewm wuccrienoBannn o0paboTKa 0OITyUeHHBIX
camioB pei6 FO mpenmaparom BP-C2 oxkazama cratu-
CTUYECKH 3HAYMMOE BIMSIHUE HA YyBCTBHTEIBHOCTH
peI0 mokoneHwst F2 (rpymma 1) x meicTBHIO XUMU-
yeckoro kanueporeHa JIOHA. V pbi0 3T0if Tpynimbl
OBUTH BBISIBJIICHBI TE€ K€ THIBI OMYXOJICH, YTO W Y
MOTOMKOB OOJYYeHHBIX (Tpyrnma 2) W WHTaKTHBIX
(rpynma 3) xuBOTHBIX. Tem He MeHee, 4acToTa pas-
Butnst HCC B rpymre 1 Obl1a JOCTOBEPHO HIDKE, YEM

BOMNPOCbI OHKOJIOTUWN. 2025;71(2)
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B Ipymme 2, U COOTBETCTBOBajJa YPOBHIO HHTAKT-
HBIX PBIO, @ YacTOTa TemaTOIEIUTIONAPHBIX aJeHOM
uMesia TEHJICHILUIO K IOBBIIIEHUIO IO CPABHEHHIO
C OCTAJBHBIMH TPyIIIaMH. ITOT (PAKT TO3BONISIET
C/IeNaTh MPEAIONIOKEHUE, YTO TPAHCTEHEPALIMOHHOE
Bo3zelicTBre mpemnapata BP-C2 m3MeHWIO COOTHO-
IIEHUE TeMaTOIEIUTIONAPHBIX OIyXOJeH (KapIMHOMBI
+ aneHoMBI) B Tpymme | B CTOPOHY CHMKCHHS Ya-
CTOTHI 3JI0KQUYECTBEHHBIX BapHaHTOB. B wrore maH-
HOE UCCIIEA0BaHUE MOATBEPAMIO NPOTEKTUBHBIN
TpaHCTeHepanMoHHBIH 3¢ dexr mnpenapata BP-C2,
OOHapyXeHHBIM Ha Ipyrux mozaeisx [6]. C apyroi
CTOPOHBI, BhIsIBICHHAs TeHaeHus (p > 0.05) x yBe-
JMYEHUI0 YacTOTHI XOJAHTHOKAPIIMHOM Y TIOTOMKOB
00nmy4eHHbIX 1 00paboTaHHbIX mpenaparom BP-C2,
10 CPaBHEHUIO C APYTHMH TPYIIaMH, He sICHA U Tpe-
OyeT JanbHEWIIero M3y4eHusl.

3akjoueHue

OO6HapyXeHO, 4YTO TpaHCTeHEepallMOHHbIE I10-
CIIEACTBUSL PAaJUALMOHHOTO BO3ICHCTBUS y PbIO
Danio rerio cOXpaHSIOTCS BO BTOPOM IOKOJIEHHUU
MMOTOMKOB OONlydeHHBIX camioB. [Ipm sToM wmc-
MOJIb30BaHUE MOMU(PEHONBHON Kommosuiiuu BP-C2
cpazy mocie oOyuyeHHUs] pbl0 YMEHbIIAeT TAKECTb
uHaynpoBaHHoro JIDHA kaHueporeHesa neyeHu y
MTOTOMKOB.
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