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Ouenka crenenu noppeskaeausi reaomuoi JIHK nomyssiumia
o3epHoii asarymku (Pelophylax ridibundus Pallas, 1771)
Bearoponackoii arsiomepanuun Mmetoaom {HK-komer

Memooom zenv-anexmpoghopesa uszonupogannvix kiemox ([HK-xomem) oyernen
ypogenv nogpexcoenus JJTHK 6 nonynayusx oseprou aaeywxu (Pelophylax ridibundus),
obumarowux 6 2. benzopode u eco okpecmuocmsax 6 nynKmax ¢ paziuyHblM yposHem
anmponozennozo npecca. CoenacHo NONyYeHHbLIM OAHHBIM, 60 6CeX UCCLe0YeMblX
nonynayuax cpeouee 3uauenue unoexca JJHK-xomem (DDI) ne npesvicuno nepeoco
nopoea Oezpadayuu. Tem ne menee paccuumannsie 3suavenus DDI noseonunu
8bICIMPOUMb 2padayuoHHylo wkay ypoeHs paspyuienus JJHK 6 ucciedyemvix epynnax
aseywex, 20e 3Hauenuss DDI ¢ naubonee 3acpsasnenuvix pationax (om 0,416+0,031
0o 0,521£0,098) npessouinu omuocumenvho yucmoie meppumopuu (0,057+0,011).
Ommeueno, umo 6 nyHKmax, 8 KOmopwix obumarom ocobu ¢ gvicokumu 3uavenuamu DDI,
npucymcmeyem 6ulCokas KOHYEHMpayus HUmpumos, 3Ha4umensHo Npesuiulaiouux
npeoenvio 0onycmumble KOHYeHmpayuu.
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BBenenue

AHTpPOIIOTeHHOE 3arpsi3HEHHE BOAHBIX OOBEKTOB — Cepbe3Has mpobiema
YCTOWYHMBOCTH BOAHBIX 3KocUCTeM [1]. OCHOBHBIC HCTOUHHMKH 3arps3HEHHUS BOJI-
HBIX OOBEKTOB — CTOYHBIC BOJBI, CMBIBBI CEJIbCKOXO3SIMCTBEHHBIX YIOOPEHHH,
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MIECTHITUIOB M aBTOMOOWJIBHBIX JTOpor [2]. 3arps3HUTENHN, BHECCHHbIC B BOJHBIC
9KOCUCTEMBI, MPUBOAT K TEOXMMUYECKUM HM3MEHEHHUSIM, 4TO, B CBOIO Ouepesb,
CHIDKAET Ka4eCTBO (hH3UKO-XHMHUYECKUX TTApaMeTPOB BOTHBIX 00bEKTOB [3]. MHO-
r'ue U3 NOJUTIOTAHTOB, 00J1a/Jas BBICOKOM yCTOHYMBOCTBIO, IPECTABICHBI ONACHbI-
MU MyTareHaMH U KaHLeporeHaMu. BbpI3BaHHBIE MU HapylEHUs B CTPYKType U
csoiictBax JJHK u PHK opranusmMoB MOIyT UMETh OTHAJICHHBIE IIOCIEACTBUS U
CKa3bIBATHCS HA )KU3HEAESITETHLHOCTH MOCIEAYIONNX OKONIeHHH [4, 5].

Jiis 0ObeKTUBHOW M KaueCTBEHHOW OIEHKH BO3IACUCTBUS T€HOTOKCHYHBIX
MIOJUTIOTAHTOB MCIIONB3YIOTCS pa3InIHbIe BUIBI-OMOMHANKAaTOpEl. Hanboee nn-
(hOpMaTUBHBIMU CPEIM HUX SIBIISIOTCS TUAPOOMOHTHI, TAK KaK BOJHBIE OOBEKTHI
B [IEPBYIO OYEPEb IOABEPTAIOTCS BO3AEHCTBUIO IIMPOKOTO CIIEKTPa 3arps3HUTE-
neit okpykaromei cpesl [6, 7]. becxBocThle 3eMHOBOAHBIE, SIBIISISICH CBSI3YIOIUM
3BEHOM B NHIIEBHIX IICTIAX, OXBAaTHIBAIONINX BOAHBIC M Ha3eMHEBIE COOOIIECTBa,
BBICTYTAIOT B Ka4€CTBE BAYKHOTO KOMIIOHEHTa OMOTHI BOAHO-OOJOTHBIX YTrOJUi
[8]. ToHKas u MpOHHUIIAEMAs KOXKa, a TAKKe xKaOepHOE JbIXaHUE Ha JTNIHMHOYHON
CTaJIM¥ TIO3BOJISIFOT 3TON TPYIIIE KUBOTHBIX aKTUBHO HAKaIUIMBATh MOJITIOTAHTHI
B opranusme [9].

B HayuHOI! tuTeparype onucaH psii METOJOB OLIEHKH CTCIIEHU MOBPEXKICHUS
JHK: ananu3 xpomocoMHBIX abeppanmii [10], 0OMEH CEeCTpUHCKUX XpOMAaTHJI
[11], menouHast smrorus [12], ananus mukposiaep [13] u ap. OnHako B mocieaHue
rozbl Hanboliee BOCTPEOOBAaHHBIM I ATHUX Tesied siBisieTcs meton JJHK-komet
(Comet assay), KOTOPbIi IO3BOJISIET OLIEHUBATH IIOBPEXK/ICHUS TEHETUIECKOTO Ma-
TepHajga B pe3ylbTare JercTBUs OONBIIOro criekTpa MyrareHoB [14—16]. Tlpe-
UMYIIECTBAMU METOJA SIBIISIOTCSI €0 JAOCTYIHOCTh M CIIOCOOHOCTh OOHAPYKU-
BaTh HavdaJbHEIC U Hecrenudraeckue noBpexaeans JJHK B pa3nuuHbIX TKaHAX.
[Ipu 5TOM MOBpEXACHUS SIIEPHBIX HYKIEHHOBBIX KHUCIIOT MPOCMATPUBAIOTCSA Ha
YpOBHE OTHENBHBIX KJIETOK, YTO AETAaeT €T IPHTOMHBIM IS OONBIINHCTBA TH-
OB HYKapUOTHUECKUX OpraHu3MoB. KpoMe Toro, MeTon 061a1aeT BEICOKON dyB-
CTBHUTEIFHOCTHIO, UTO ITO3BOIIET OOHAPYKUBATH PEAKIINH OPTAaHI3MOB Ha CaMbIX
PaHHUX ATanax BO3JACUCTBUS FeéHOTOKCUKAHTOB [17]. I'enb-anexrpodopes usonu-
POBAHHBIX KJIETOK' MPUMEHSIOT B PA3IMYHBIX O0IACTSAX HCCIIEIOBAHHU, TIIABHBIM
00pa3oM, IpU OIEHKE 0E30MACHOCTH XUMHUECKUX BEIIECTB U JICKAPCTBEHHBIX
CPENCTB, I BBIBIICHUA cTernieHu dddekruBHocTH pemapanun JJHK, a Taxke B
OMOMOHUTOPUHIE MIPUPOIHBIX Momyssinuit [18]. JlaHHbI MeTOX TO3BOMISIET OOHA-
pyxuTth pa3pbiBel nenei [IHK, koTopbie mpu MPOBEISHUH Tellb-3JIeKTpodope3sa
00pa3yIoT TaKk Ha3bIBAEMBIC XBOCTHI, MIIM «KOMETb. [Ipu 3TOM pa3Mep Habmo1a-
€MOTO0 XBOCTa YKa3bIBa€T Ha cTeneHb nmoBpexaenus JJHK [19].

B npoBezieHHOM HaMU paHee NpeBapUTEILHOM UCCIIEAOBAHUH C TOMOIIBIO METO-
na JIHK-komeT BbIsSIBIICHO cTarucTidecky 3Hadnmoe (p < 0,05) yBernueHne nHIeKca
JHK-koMeT B 0[]HOI OMYJISIIUY 03€pHOMN JATYIIKHY, OOHTAIOIIEH B YCIOBUSIX aHTPO-
rioreHHoro 3arpsiHenws [20]. B nansHelemM 3T uecieTIoBaHuS IPOIOIKEHBI.

! Tenp-amexTpohope3 U30JHMPOBAHHBIX KIETOK SIBIsIETCSE cHHOHUMOM Metona JTHK-komer.
[The Comet Assay also called single cell gel electrophoresis].
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Lenp manHOM paboOTHl — OMEHUTH ¢ MmoMoInkio MeTona JIHK-komer ypoBeHb
nospexaenus JJHK B nonymsauusx P. ridibundus, oburaromux B I. benropozae u
€ro OKPECTHOCTSIX.

Marepuajbl 1 METOAUKH HCCJIET0BAHUS

OOmnekT mccnenoBanus — o3epHas nsarymka (Pelophylax ridibundus Pallas,
1771). NanHbli BUA afalTUPOBAH K XH3HU B YCIOBUSIX aHTPOIIOTEHHOTO BIIUS-
HUS ¥ aKTUBHO 3acenseT TpaHnchopMupoBaHHbIe OHOTOITBI [8]. OTOOD KUBOTHBIX
mpoBoJieH B 6 Toukax I. benropona u ero oxpectHoctelt (puc. 1, Tabm. 1). [pu
OIMMCAaHNH OMOTOIOB MCIIONB30BaHa KIIACCH(UKAMOHHAS CXeMa, MPEATIOKEeHHAS
B.JI. Bepmuununsim [21].

Bce paboThl ¢ MOMOMBITHEIME XUBOTHBIMH B HCCIICIOBAaHHH IPOBEACHBI B
COOTBETCTBUH C MEXJIYHapOJHBIMU ITHYECKMMHU CTaHAapTamu [22]. U3 kax-
JOH TOYKM HCCIEIOBaHMS OTOOPAHO MO 5 TOJIOBO3PENBIX 0CO0eH, 94To cocTas-
JISU10 HEOONBIIYIO YacTh HOMyISUU. JKUBOTHBIX Iepe] BCKPhITHEM HAPKOTU3U-
pOBaNN AUATHIOBBHIM 3(UpoM. BBHUIY BBICOKOW TyBCTBUTEIHHOCTH METOAA IS
MPEAOTBPALICHUS MOTY4YEHUs JOKHOIOIOKHUTENBHBIX U JOKHOOTPULATEIbHBIX
Pe3yIBTaTOB aHAJIN3 TPOBOIIUIN B JeHE cOopa. B kadecTBe marepmana mis wc-
CJICIOBAHUSI UCIIOIB30BAIN II€4E€Hb KUBOTHOTO: JAHHBIN OpraH 00nagaeT BHICO-
KOW YyBCTBHUTEIBHOCTBIO K JICHCTBUIO T€HOTOKCHKAHTOB H SIBISIETCS OCHOBHBIM
MeCTOM OHOTpaHC(hOpMaIMK KCEHOOHOTUKOB [23].

Tabnuna 1 [Table 1]
IIynkTsl cOopa
[Collection sites]

HasBanue
No VHKTA Onucanne 6uoromna Koopaunarsl
[ Collgction site] [Description of the biotope] [Coordinates]
Cesepckuit p. Cesepckuii [lonen, r. bexropon. 50°3531.5"N
1 Jloner IpombllLIeHHAs 3aCTPOIKa 36°3613 5' 6'E
[Seversky Donets] [Seversky Donets river, Belgorod. Industrial buildings] i

e M e oot v

O k h o 1 n
[Oskochnoc] [Oskochnoye pond, Belgorod. Low-rise development] 36°3329.6"E
| o [ et s o s o

. (e} U n
[Yachnevskiy] [Yachnevskiy pond, Belgorod. Low-rise development] 36°34'48.2"E

p. Pazymnas, benroponckuii paiion. OkpecTHOCTb
4 CeBprokoBo c. CeBprokoBo. 3eieHast 30Ha 50°36'55.3"N
[Sevrukovo] [Razumnaya river, Belgorod municipal district. 36°46'21.9"E
The vicinity of Sevrukovo village. Green area]

R pr— R I EETET

R o ' "n
[Razumnoc] [Razumnaya river mouth, Belgorod. Low-rise development] 36°38'57.5"E
6 Besenka p. Besenka, . Benropoa. MuorostaxHas 3actpoiika | 50°35'36.8"N
[Vezelka] [Vezelka river, Belgorod. High-rise development] 36°34'09.1"E
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Puc. 1. Ilynxret c6opa Pelophylax ridibundus: 1 — CeBepckuii Jonern; 2 — OckodHOE;
3 — SluneBckuii; 4 — CeBprokoBo; 5 — PazymHoe; 6 — Besenka
[Fig. 1. Collection sites Pelophylax ridibundus: 1 - Seversky Donets; 2 - Oskochnoe;
3 - Yachnevskiy; 4 - Sevrukovo; 5 - Razumnoe; 6 - Vezelka]

[lo 3aBepmeHNN YBTaHA3MH JKUBOTHOTO HE3aMEUTUTEIHHO IIPOBOIIIIN BCKPHI-
THE U BBIJENICHNE aHanu3upyemMoro oprana. Tkans (150-200 mMr) romoreHu3upo-
BaJIA HAa JIbJY, 3aT€M ICPEHOCHIH B MPOOUPKH ¢ 2 MIJI CBEKEIPUTOTOBICHHOTO
oxnaxnaeHHoro a0 +4 °C ¢ocdarno-coneBoro oydepa (pH 7,5), conepxariero
20 mM 1MHATPHEBOM COJM STHIICHAMAMHUHTETpayKCycHOM kucnoTel (EDTA-Na,)
u 10% mumeruncynsdpoxeus (JAMCO), nBaxkasl OTMBIBAIN OT KIETOK KPOBH U
pacTHpalii CTEKIISTHHOHN MaJoukol B cBexeM Oydepe. g ocaxaeHus: KPYIMHBIX
(parMeHTOB TKaHH MTPOOUPKH BHIICPKUBAIN 5 MUH IIPU KOMHATHOM TEMITEpaTy-
pe, TocIIe Yero NepeHoCiIy 1,5 MII BEpXHETO CIIOoSI B MUKPOIIEHTPU(YKHBIE TIPO-
6upxu u HeHTpudyruposanu B MukpoueHtpudyre 5415 R («Eppendort», I'epma-
aus) ipu 1000 g B Teuenue 10 mun nipu +4 °C. CynepHaTaHT YIS, 0Ca0K
KJIETOK pa3Boauiu B 1 My oxnaxkaerHoro 1o +4 °C gocdarHoro coneroro Oydepa.
st momy4yenust MukponpenaparoB 60 MK KJIETOYHOH CYCIIEH3UH CMEIINBAIN C
240 mxn 1% pactsopa serkomnaskoi arapossl (T <42 °C) B pocparHo-coneBom
Oytepe. 3aTteM B IEHTPAIBHYIO 9aCTh IPEIMETHOTO CTEKIIA C TOHKHM CJIOEM ara-
Po3bI HaHOCHIIH 60 MKJI arapo3HOTO TeJisl C KJIETOYHOM CYCIeH3UeH U HaKpbIBAIN
MTOKPOBHBIM CTEKJIOM, HE JTOITycKasi 00pa3oBaHus my3bIpeil. [IpenmeTHbIe cTekTa
oxjaxkaanu 10 MuH, Imocje 4ero akKypaTHO CHHUMAjJM MOKpPOBHBIE cTekia. [lo-
CJIC/TYTOIITIIE OTEPALHH TPOBOAMIN B 3aTEMHEHHOM IoMereHnr. CTekia 3aiu-
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Balll OXJXKACHHBIM 70 +4 °C MM3upyIonM pacTBopoM, coaepxamum 10 MM
tpuc-HCl (pH 10), 2,5 M NaCl, 100 MM SITA-Na, u 1% Tpuron X-100 ¢ 10%
JAMCO, KoTOpHIif T0OABISITH HEMOCPENCTBEHHO Mepe] UCIIONIb30BaHueM. JIn3uc
npoBoawiid He MeHee | 4. [1o okoOH4YaHWU JM3HCa MPOBOIWIN AIEKTPodopes B
tpuc-JITA-GoparHom annekrpoarom Oydepe (TBE) B Tedenne 20 MuH ¢ Hanps-
xeHueM u3 pacuera 1 B/cm. o okonuanuu snekrpodopesa npenaparsl GUKCH-
poBamm 70% 3tanonom B TedeHue 15 mun [23, 24].

[ okpalivBaHUs MpenapaToB MCIOJIb30BANIA BOAHBIN PacTBOpP KpacUTENs
SYBR Green I B coornomennn 1:10 000. OkpamieHnasie npenaparsl aHAIH3HU-
poBany Ha JIOMUHECLIEHTHOM TPUHOKYIApHOM Mukpockone MUKME]I-2 AO
(«JIomoy, Poccus).

[onyuyennsie M300paskeHUS aHAJIM3UPOBAIM B MPOrPaMMHOM OOECTIEYeHUH
CometScore V. 2.0. Ha xaxkxmom mpenapare ananuzupoBanu He meHee 100 xire-
TOYHBIX AJep, KOTOPbIE MOAPA3ACIsUTN HAa 5 THUIOB B 3aBUCHUMOCTU OT CTEIIEHH
paspymenus JJHK: 0 — 6e3 moBpexnenus (<5%); 1 — HeCymecTBEHHOE TTOBPEK-
nenue (5-20%), 2 — ymepenHoe nospexaenue (20-40%); 3 — BbICOKOE TOBpexIe-
aue (40-80%); 4 — makcumanbHOE oBpekaeHue (>80%). OTAETBHO YIUTHIBAIH
KIIETKH, HaxXoAsAuuecs B cocTosHuu anontosa. Crenenp nospexaennoctu JJTHK
OIICHHMBAJIN C UCIIONB30BaHueM Kputepus Kpackemna—Yoiica, KOTOPBIA B JaHHOK
MeTonuke HazbiBaeTcs «uHneke JHK-komet» (DDI), o popmyne [24, 25]

(Ong + 1ng + 2n, 4+ 3n3 + 4n,)

3 )
e n, — n, — aucino «JIHK-komer» kaxmoro tuma [The number of “DNA comets” of
each type]; £ — cyMMa MOICYUTAHHBIX KJIETOK [Total of cells counted].

Jia pacuera 3Hayenuit DDI, cpennux nokasareneir DDI u ux morpemso-
CTEM, CTAaTHCTUYECKOW 00pabOTKU JaHHBIX McHonb3oBam MS Excel 2010. Jlan-
Heie DDI nmpencrapneHsl B BUIE CPETHUX 3HAYEHUH U UX CTaHIAPTHBIX OMIMOOK
(M=£m,,). /lng onpenenenus CTaTUCTUMECKOH 3HAYMMOCTH Pa3IMIMi H3y9aeMbIX
HOIMYNALUN UCTIONB30BaIN OAHO(DAKTOPHBIN AUcHepcHOoHHbIH aHamu3 (ANOVA),
OTIMYMSI CYUTAIM CTATUCTUYECKH 3HaUnMbIMU Tipu p < 0,05.

DDI

Pe3ynbTaThl HcciieqoBaHus U 00CY:KIeHIe

JIJIs OLIEHKH COCTOSIHHSI €CTECTBEHHBIX COOOIIECTB B Pa3IMYHBIX JaHIIagd-
Tax HEOOXOAUMO OCYIIECTBIISTh MOHUTOPHHT HACEISIOMINX WX nomyssuii. Oco-
OCHHO 3TO KacaeTcs BHIOB OMOMHIUKATOPOB aHTPOIIOTEHHOTO BO3ICHCTBHS, KO-
TOPBIMHU ce0s1 XOPOIIO 3apPEKOMEHI0BAJIN OECXBOCTHIE 36MHOBOIHBIE.

[Tomy4yeHHBIE B pe3yJIbTaTe UCCIICIOBAHHMS TaHHBIC ITPECTABICHBI B Ta0I. 2—4.
B u3yuyaeMbIX monyssusx OTMEUYEHBI pa ¢ pa3IUuHBIM YPOBHEM MOBPEKICHHS
JHK (puc. 2, 3). HanGonpmee 3nauenue DDI orMedeHo B myHKTE «Pa3zymHOe», a
HauMeHbllee — B MyHKTe «CeBproKOBO». CTOUT OTMETUTH, YTO B MyHKTe «Pa3ym-
HOE» HaIllM MPeIbIIyIIne UccieqoBanns BeIsiBUIN ypoeHb DDI = 0,141+0,021
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[20]. CToyb HHM3KHE 3HAYCHWSI, BEPOSTHO, CBA3aHBI C METOIUYECKOW ONMIMOKOH,
TaKk Kak B Npensiayliel pabore B JaHHOM IyHKTE MPOaHATU3WPOBAHBI HETo-
JIOBO3pEIIbIC KUBOTHBIE (CETOJIETKH). B HacTosimeM mccinenqoBaHuu 3Ta onmbka
yCTpaHeHa M 1715l aHaJIM3a UCIIOJIb30BaHbI TOJIBKO TIOJIOBO3pEble 0COOH. DTH 1aH-
HBIC TTOJTBEPIKIAIOT BHIBOJIBI, COTIACHO KOTOPBIM C BO3PACTOM B TEJI€ JKUBOTHBIX
HaOIoMaeTcsd yBeUYEeHHUE KOHIIEHTPALWU TOKCHYHBIX BEIIECTB, YTO COMPOBO-
JKTACTCS U3MEHEHHUSMH B CTPYKTYpe (DYHKIIMOHHPOBAHUS KIETOK U pa3pyIlIeHH-
em sinepnoit JIHK [26].

Tabauma 2 [Table 2]

Cpennue 3nayenust DDI B ucciienyeMbIX myHKTax
[Mean values of DNA damage index (comet assay) at the studied sites] (M=m,)

Cesepckuit Slanes- Cespro-
OckouHoe . Pa-3ymuoe | Besenka
ITynkr Jonen CKUH KOBO
. [Osko- [Razum- [Vezel-
[Site] [Seversky chnoe] [Yach- [Sevru- noe] ka]
Donets] nevskiy] kovo]
DDI 0,454 0,472 0,186 0,057 0,521 0,416
+0,049 +0,061 +0,038 +0,011 +0,098 +0,031
N 512 520 506 585 521 523
Na 7 4 - - 9 6

Ipumeuanue. DDI — unnexkc JITHK xomer, N — konu4ecTBO IpOaHAIU3UPOBAHHBIX KIIETOK;

Na — KOJIM4eCTBO KJIETOK B COCTOSIHUM aIloITo3a.
[Note. DDI - DNA damage index (comet assay); N - Number of cells analysed; Na - Number of cells in the
state of apoptosis].

OnnodakropHbIii quciepcronHbIi aHam3 (ANOVA) BBISIBUIT CTaTHCTHYSCKHU 3Ha-
ynMble omyust (p < 0,05) n3yueHHsIx rpymmn no uaaexcy JHK-komer (cm. Tab. 3).

Tabauma 3 [Table 3]
Pesyabrarsl ogHOpaKTOPHOrO JucnepcoHHOro ananauza (ANOVA) 3navenunii DDI
[Results of one-way analysis of variance (ANOVA) of DNA damage index values]

Hcrounuk Bapuanuu F-kputnueckoe
[Source of variation] 88 df MS F P [F-critical]
Mezcny rpynnamu 0865 | 5 |0173
[Between groups]
B 9,876 | <0,001 2,621
HYTPH TPYIIIT
[Within groups] 0,421 24 0,017

Ipumeuanue. SS — cymma KBaipaToB oTkiIoHeHuit; df — crenens cBobobl; MS — aucnepcus;
F — kpurepuit ®umiepa; p — ypoBeHb 3HaUUMOCTH; F-KpuTHUECKOE — CTAaHAAPTHOE 3HAYECHUE
xputepus Gumepa npu p = 0,05.

[Note. SS - Sum of squares; df - Degrees of freedom; MS - Mean square; F - Fisher criterion; p - significance
level; F-critical - Standard value of Fisher’s criterion at p = 0.05].

B Tabn. 4 npencrapieHsl NOMapHbIe CpaBHEHUs cpenHux 3HaueHuit DDI uc-
CJIEAyEMBIX HOIYJSIIUI C TOMOIIBIO KpuTepus dumepa.
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Tabnuna 4 [Table 4]
Honapusblie cpaBHenus cpenHux 3Hayenunii DDI ucciaenyembix nomynsuui
[Pairwise comparisons of the mean DNA comet assay values of the populations studied]

Hassanue Cenepexnii OckouHoe | SluneBcKuit Cenpio- Pazymnoe B "
MYHKTa Honen [Oskoch- | [Yachnev- KOBO [Razum- eseika
[Site] [Seversky noe] skiy] [Sevru- noe] [Vezelka]

Donets] kovo]
Cesepckuit
Honer
[Seversky Donets]
OckouHOE
[Oskochnoe] 0,125
SuneBckuit « %
[Yachnevskiy] 14,609 15,884
Cesprokoso 47332¢ | 45,642% | 10,555+
[Sevrukovo]
Pasymroe 0,503 0,198 | 9,964* | 21,688*
[Razumnoe]
Besenka 0,147 0,611 | 21,115% |120,076% | 1,011
[Vezelka]

Tpumeuenue.™ — cTaTHCTUUECKH 3HaYNMEBIe pa3mmaus (p < 0,05).
[Note. *The differences are significant (p < 0.05)].

CornacHO MOJXYYEHHBIM JaHHBIM, BO BCEX HCCIETYEMBIX MOITYISIIIX Cpell-
Hue 3HaueHHss DDI He mpeBBIIIAIOT IEPBOTO YPOBHS pa3pyLIeHUs. DTO MOXKET
CBHUIIETEIHCTBOBATD, C OJHOM CTOPOHBI, 00 OTCYTCTBUH 3/1€Ch OOJBIINX KOHIICH-
TpaLUii FTeHOTOKCHYHBIX MOJITFOTAHTOB (UTO BEChbMa COMHUTENBHO), @ C APYroi —
00 3¢ hexkTuBHOI paboTe permapaTiBHON CHCTEMBI 03EpHBIX JIATYIICK. TeM He Me-
Hee paccunTaHHble 3HadueHus: DDI mo3BoIuIN BEICTPOUTE IPAIAMOHHYIO LKAy
yposus paspymenust JJHK B ucciemyeMbIx rpymmnax JITyIIeK B 3aBUCHMOCTH OT
CTETCHHU 3arpsI3HEHUS U ONM30CTHU JKWIIBIX U IPOMBIIIICHHBIX ocTpoek. [Ipume-
4aTeNbHO, YTO BCE UCCIENYEMBIE ITYHKTHI IO cpeaHeMy 3HadeHuro DDI crartuctu-
yecku 3Ha4uMO (p < 0,05) mpeB30ILIM HaMEHee 3arpsa3HeHHbIH ydacTok «CeB-
PIOKOBO», KOTOPBIH HAXOMUTCS B 3€JI€HON 30HE M HA 3HAYUTEIFHOM YOaJICHUN OT
ypOaHU3UPOBAHHBIX TEPPUTOPHIA.

W3BecTHO, UTO T€HOTOKCHYHBIM BO3/ICHCTBHEM OONANAIOT Pa3IHMIHbIC XUMH-
YeCKHE COCTUHEHHsI, KOTOpbIE 00Pa3yroTCs IPU MPOMBIIITIEHHOM MPOU3BOJICTBE
[27]. K HUM OTHOCST psii MOMUIUKINIECKAX apOMATHYECKUX YIIIEBOAOPOIOB,
TSDKEJIbIE METaJUIBl, & TaKXKe OKCUABI Cephl, yrepona u asota [28-30]. Bruny
OTCYTCTBHUSI Y aBTOPOB BO3MOXKHOCTH IIPOBEICHUS XUMHUYECKOTO aHAJIM3a BOIBI
JUISL BBISIBIICHUS KOHLIEHTPAIlMU T€HOTOKCHUYHBIX 3arpsi3HUTENEH (B YaCTHOCTH,
COCIMHEHNH a30Ta), MBI IPOAHAIM3UPOBAIIN JTAHHEIC IO 3arPsA3HCHUIO MOBEPX-
HOCTHBIX BOJI B HEKOTOPBIX MCCIIEYEMBIX IIYHKTaX U3 OTKPBITHIX JTUTEPATypPHBIX
ncrouHukoB [31-35]. B pe3ynbrare aHanu3a TUTEpaTypHBIX TaHHBIX THAPOXHMH-
YEeCKOTO0 MOHUTOPHHIA HaMHU YCTAHOBJICHA CTEIEHb a30THOTO 3arpsi3HEHUS PeK
Cesepckuit J{onern, Besenka u Pazymnas B npenenax benropoackoro paiioHa.
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Puc. 2. Knerku ¢ pasnuuHoii crenensto nospexaenus JHK:
1 — Hepa3pyeHHoe apo; 2 — BTOpast cTaaus paspymenus. ABrop poro D.A. CHernn
[Fig. 2. Cells with varying degrees of DNA damage:
1 - Cells with no DNA fragmentation - Undestroyed nucleus.
2 - The second stage of destruction of the nucleus. Photo by Eduard A Snegin]

Puc. 3. Slapo kneTku B COCTOSHUHU anonTosa: / — siApo KIETKH
B COCTOSTHMH arloINTo3a; 2 — HepaspyuieHHoe s1apo. Arop ¢goto A.C. bapxaros
[Fig. 3. Cell nucleus in a state of apoptosis.
1 - Cell nucleus in the state of apoptosis; 2. Cells with no DNA fragmentation -
Undestroyed nucleus. Photo by Anatoliy S Barkhatov]
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Tak, HanpuMep, B POMBIIIJICHHOM paiioHe Topoja (myHKT «CeBepckuii Jlo-
Hel») oOHapyxeHo Bbicokoe 3HadeHue DDI — 0,454, mpu 3ToM conepkaHue HU-
tparos (NO,") coctanser B cpenneM 1,61 MI/i, 4T0 He MPEBBINIAET MPENETHHO
nomyctumyto koHteHtpanuio (IIJJK — 40 mr/m). OgHako conepkaHue HUTPUTOB
(NO,) xonebanocs or 0,654 no 0,695 mr/m, uro npesbicuio ITJIK (0,08 mr/m) B
8 pa3. Caenyer OTMETUTh, UTO B JaHHOM peke B ceBepHOIl uactu benropoackoro
paiiona 3a nocneanue 8—10 et HabmonaeTcs pocT coaepxanus HUTparos (NO,")
U cyMMBI 00111ero azora Ha 50—-60%, 4To CBA3aHO C aKTUBHBIM PA3BUTHEM SKUBOT-
HOBOJTYECKOH OTPACIIH B BEPXOBBSIX PEKH.

B nynkre «Besenka», rae 3nadeHrne DDI onno u3 cambix Beicokux (0,416),
B OJIHOMMEHHOW peKe HaOII0qasoch BapbHPOBAaHWE KOHIICHTPALUH HHUTPHUTOB
(NO,) ot 0,483 5o 1,583 mr/i1, uro npakTuyecku B 20 pas NpeBbIIAECT 3HAYECHUE
ITAK. Ipu stom comeprxanne Hurparos (NO,") IIJK He npeBbicuio (3Ha4eHUs
BapbupoBaiu ot 1,144 1o 6,349 mr/m).

Hau6onemee 3nadenne DDI 3adukcupoBano B ycthe p. Pasymnas (IyHKT
«PazymHuoey) (DDI = 0,521). Ilo jaHHBIM IHUTEpaTyphl, B 3TON TOUKE, TAKXKE U B
pexax Cesepckuii JloHen 1 Be3enka, HaOIIOMAIOTCSI CHCTEMAaTHYECKUE MTPEBBITIIS-
aust [JIK o conepxanuto uurputos B Tpu pasa (NO,, ot 0,124 1o 0,259 mr/n).
B mocrarouno 6oipmoM konmdecTBe HAOMIONAIOTCS 31€Ch W KOHIICHTPALUS HU-
tparos (NO,-, ot 5,021 no 5,743 mr/n), onnako npesbimenus I1JIK mo aum ne
BEISIBJICHO.

[MomoOHbIe 3HAYEHUs 3arpsI3HAIONINX BEMIECTB B p. PasyMHas Hampsmyro
CBSI3aHBI C TEM, YTO IpeodIamaromas 9acTb BOZ0COOpHOI TeppuTOpHun ITOU
PEKHU 3aHsATa «HEKAHAJIM30BAHHOM» YacTHOM 3acTpOMKOM, a Takke MallHEew,
KyZa €KEroJHO BHOCSTCS a30THBIC YAOOPEHUs, TIOITOMY ITOKa3aTeH 3arpsi3-
HEHHsI 3]IeCh BO3PACTAIOT MO Mepe MPOABUIKEHHUS OT MCTOKA PEKU K YCThIO,
rne oHa Buagaet B p. CeBepckuii [lonen. B BepxoBne pexn (myHKT «CeBpIOKO-
BO»), IJIe OTCYTCTBYIOT SIBHBIE 3arpA3HUTENH, HaOII0MaeTCst OBICTpOE TeUeHHUE,
YTO CIIOCOOCTBYET IIPOIIECCY CAMOOYHIIECHUS peku. B nampHeifmeM, koraa Te-
YEHHE PEKU CTAHOBUTCS CIOKOMHBIM, OHA MEPEXOJUT B 30HY WHTCHCHBHOMW
TOPOJICKOM 3aCTPOMKHU C BBICOKOM JOJEW MPOMBINUIEHHBIX NMPEANPUITHN, T
TOPOJICKHE TEPPUTOPUHU BHOCSIT CBOM BKJIaJ B a30THOE 3arps3HEHUE BOJHOMU
Cpelbl BIUIOTh 10 yCThs. JJaHHBIN (haKT oTY4acTH OOBACHICT HanOOIbIIee KO-
JIUYECTBO TMOBPEKIACHHBIX fAJIep y HCCIENOBaHHBIX oco0eil B myHkTe «Pa3-
YMHOE», HECMOTPS Ha €T0 yAaJeHHOCTh OT IPOMEBIIIJICHHOTO paiioHa ropofa.
Kpome Toro, B obpasnax u3 JaHHOrO0 MyHKTa OTMEUYEHO HauWOOJbIIee KOJIH-
YeCTBO KJIETOK B COCTOSHHUM amomnTo3a. [1o panee onmyOIMKOBaHHBIM JTaHHBIM
[36], ocobu, oOuTaIKe B yKa3aHHOM JIOKAJIUTETE, UMEIOT HU3KKE IToKa3aTe-
JU WHIEKCA MEYCHU. DTO COOTBETCTBYET KOHIICTIIINH, ITOTYIHBIICH pa3BUTHE
B paborax C.C. [lIpapua, cornacHO KOTOPOH B yCIOBUSX 3arpsI3HEHHBIX BOJIO-
€MOB HaONIOaeTCs MOBHIIICHNE DHEPTETHUECKUX 3aTpar («IHepreTHiecKas
myara») IJs aJanTUBHOM peakIMyu OPraHU3MOB B M3MEHSIOUIMXCS YCIOBHUIX
cpenbl oobutanus [37-39].
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CTOUT OTMETHTH, UTO TTONyYCHHBIC HAMH JTaHHBIE COTIOCTABUMEI C pe3yJIbTa-
TaMH JIPyTUX HUCCIENOBAHHI KOMIUIEKCA CPETHECBPOICHCKUX 3EJCHBIX JIATYIICK
(P. esculentus complex), KOTOpbIe 3apeKOMEHIOBAIH ce0s Kak OTIIMYHBIC OHO-
WH/INKATOPBI BBUY MX BBICOKON UYBCTBHUTEIHLHOCTH K (DaKTOpaM OKpYKArOIIeH
cpenpl [40]. Tak, ucciaenoanus B LlenTpansHoit AHaronuu (Typius) mokasan,
uyto y P. ridibundus Habnrogaercsi JOCTOBEpHOE YBEIUYECHHUE YPOBHS MOBpEXKIe-
Hus JIHK B uzydaeMbIx rpymax mo cpaBHEHHUIO ¢ KOHTponeM [41]. Ananorudanoe
uccienoBanmne Ha npumepe P. esculentus L., 1758 npoBeneno B 1. Heanone (MUta-
TIUs1), B KOTOPOM OTOOP TTPO0 TIPOBOMIIN BOJIM3H HE3aKOHHBIX CBAJIIOK M YYACTKOB
C UHTCHCHUBHBIM 3€MJIC/ICIIHEM, B KQ4ECTBE KOHTPOJISI HCIIOIh30BAIN KUBOTHBIX,
coziepKanxcs B JabopaTtopuy Ipu ONTHMANBHBIX YCIOBUSAX. B cBoelt pabote
ABTOPBI OTMEUAIOT, YTO HPUPOIHBIC MOMYJISIIAN TOABEPIKSHBI BO3JCHCTBHIO TCHO-
TOKCHYHBIX 3arpsi3HUTENICH, CBA3aHHOMY C TIPOOJIEMOM OTXOI0B, C OJHOM CTOPO-
HBI, U FHTEHCUBHBIM CEJIbCKUM X03UCTBOM — C Ipyroi [42].

3akirouenne

Takum 00pa3oM, B HACTOSIIEM UCCIICIOBAHUHU BBISBICHO MOBBIIICHHE CTEIIe-
uu pazpymenust JJHK B momymsinusx 03epHbIX JISTYHIEK Ha aHTPOIIOT€HHO-U3Me-
HEHHBIX TEPPUTOPHSIX T. benropona u ero okpectHoctei. [Ipu 3TOM MOBHIICHHE
YPOBHSI TOKCHYHBIX BELIECTB MOXET CIIOCOOCTBOBATh CHIKCHHUIO JKH3HECIIOCO0-
HOCTH 0CO0el KaKk aHaIH3UPYeMOTo BUJIA, TAK M JAPYTUX BUIOB IHIPOOHOHTOB,
YTO HETAaTUBHO CKaXETCs B IEJIOM Ha OMopa3HO00pa3uu peruoHa.
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Estimation of genomic DNA damage in populations of the marsh frog
(Pelophylax ridibundus Pallas, 1771) of the Belgorod agglomeration by DNA comet assay

Anthropogenic pollution of water bodies is a serious problem for the sustainability
of aquatic ecosystems. The main sources of pollution of water bodies are wastewater,
washouts from agricultural fertilizers, pesticides and roads. Many of highly persistent
pollutants are dangerous mutagens and carcinogens. The disruption they cause to the
DNA and RNA structure and properties of organisms can have long-term consequences
and can affect the livelihood of future generations. Among existing DNA damage
estimation methods, DNA comet assay is the most widespread due to its accuracy and
reliability. In our study, the marsh frog (Pelophylax ridibundus Pallas, 1771) was chosen
as an object of study. This species is adapted to life under anthropogenic influence and
actively inhabits transformed biotopes. The aim of our work was to estimate the level
of DNA damage by DNA comet assay of P. ridibundus inhabiting Belgorod city and
its suburbs.

We studied a total of 6 marsh frog populations, with collection sites differing
in the degree of anthropogenic pressure (See Table I and Fig. 1), and we selected
5 individuals of P. ridibundus from each locality. The experimental animals were
handled in accordance with international ethical standards. Animal liver was used
as the material for the study and analysis was performed on the day of collection.
Tissue was homogenized in phosphate-salt buffer (pH 7.5) containing 20 mM EDTA-
Na2 and 10% dimethyl sulfoxide (DMSO) at +4 °C. To precipitate large fragments,
tubes were incubated for 5 min at room temperature before transferring 1.5 ml
of the top layer to microcentrifuge tubes and centrifuged in a 5415 R Eppendorf
microcentrifuge (Germany) at 1000 g for 10 min at +4 °C. The supernatant was
removed and the cell precipitate was diluted in 1 ml of phosphate salt buffer cooled
to +4 °C. To obtain microarrays, 60 pl of cell suspension was mixed with 240 ul
of 1% fusible agarose solution (t<42 °C). The lysis was performed for at least one
hour at +4 °C (lysis buffer: 10mM Tris-HCI (pH 10) 2.5M NaCl, 100 mM EDTA-
Na2 and 1% Triton X-100 with 10% DMSO). Electrophoresis was performed
in a darkened room in Tris-EDTA-borate electrode buffer (TBE) for 20 min at a
voltage of 1V/cm. At the end of electrophoresis, the preparations were fixed with
70% ethanol for 15 min. The preparations were stained with SYBR Creen I dye,
with subsequent analysis using a luminescent trinocular microscope MIKMED-2 of
Lomo (Russia), with at least 100 cells analyzed from each preparation, which were
divided into 5 types; cells in the state of apoptosis were counted separately (Durnev,
et al., 2006). The degree of DNA damage was estimated using the Kruskel-Wallis
criterion (“DNA comet index”) (Struwe et al., 2007; Filippov, 2014). To determine
the statistical significance of differences between the studied populations we used
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one-way analysis of variance (ANOVA); statistically significant differences were
considered at p < 0.05.

According to the data obtained, in all studied populations, the mean value of the
DNA damage index (DDI) did not exceed the first threshold of DNA degradation
(See Table 2). This may indicate, on the one hand, the absence of high concentrations
of genotoxic pollutants here (which is highly doubtful) and, on the other hand,
the efficient operation of the reparative system of marsh frog. Nevertheless, the
calculated DDI values made it possible to construct a gradational scale of DNA
destruction level in the studied groups of frogs depending on the degree of pollution
and proximity of residential and industrial buildings (See Table 2-4). Various
chemical compounds from industrial production, particularly nitrogen compounds,
are known to have genotoxic effects. Due to the lack of possibility to perform
chemical analysis of water to identify concentrations of genotoxic pollutants, we
analysed data on surface water pollution in some of the investigated locations from
open literature sources. As a result of this analysis, we revealed the dynamics of
surface water pollution. All investigated points by the mean value of the statistical
DDI surpassed reliably the least polluted site “Sevrukovo”, which is located in the
green zone and at a considerable distance from urbanized areas (See Table 2-4).
High values of DDI were fixed in a zone of industrial and multi-storey buildings,
localities “Seversky Donets” (DDI = 0.454) and “Veselka” (DDI =0.416). Exceeding
maximum permissible concentration of nitrogen compounds is observed in the above
mentioned rivers. Noteworthy is the fact that the highest value of the DDI (0.521)
was recorded in the estuary of the Razumnaya River remote from the industrial
part of the city (“Razumnoye”). It should be noted that in this locality there is the
greatest number of damaged cells, including apoptosis (See Table 2, Fig. 2 and 3).
The highest DDI value is due to the high level of pollutants, since the predominant
part of the river is occupied by “non-sewered” private low-rise buildings, as well as
arable land. At the same time in the upper part of the river (“Sevryukovo”) due to the
lack of obvious pollutants and the intensive current contributing to self-purification
of the river, we recorded the minimum value of the DDI (0.057) and the absence of
cells in the state of apoptosis.

Thus, the present study revealed an increase in the degree of DNA destruction
in populations of marsh frogs in the impacted areas of the city of Belgorod and its
surroundings. At the same time, increased levels of toxic substances may contribute to
a decrease in the viability of individuals of both analyzed species and other hydrobiont
species, which will negatively affect the biodiversity of the region as a whole.

The paper contains 3 Figures, 4 Tables and 42 References.

Key words: Pelophylax ridibundus; comet assay; urbanized area; genotoxic
pollutants; bioindicator

Abbreviations: DDI - DNA damage index (comet assay)]; MPC - Maximum
permissible concentration [IT/IK In Russian].
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