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AHHOTauMA: AyTIKOJIOTMYECKMEe MCCneaoBaHMA Heobxoaumbl ANA NOayYeHus
XapaKTePUCTMK nonynauuii, obecneynmBatoWMxX YCTOMYMBOE CyLLECTBOBaHME
YMBOTHbIX B YC/IOBUAX aHTPOMOreHHOro CTpecca, M MMerT NPaKTUYECKYo 3Ha-
YMMOCTb, CBA3AHHYIO C OLEHKOW KadyecTBa cpeabl nytem buonHamkaumu. Lenb
paboTbl — ayTaKoNOrMYeckoe MccaeaoBaHue NeKouUTapHOro CoCTaBa KPoBuU U
dopmMUpoBaHME MUKpPOAAEP B 3pUTPOLUTAX KpoBU amdpunbuin. O6beKT nccneno-
BaHUA — o3epHble (70 ocobeit) u npyaosble (35 ocobeli) NArywKM BoAHbIX 06b-
eKToB Hukeropoackoi obiactu B TeyeHue AByx neT HabaogeHuin. OCHOBHbIe
METOZbl: KAYeCTBEHHbIV M KONIMYECTBEHHbIM aHAM3 NENKOLUTOB U 3PUTPOLLUTOB
KPOBM, TMAPOXMMUYECKMI aHAM3 METOAOM cnekTpodoTomeTpmun. CTaTuctmye-
CKYl0 06paboTKy NpoBOAUAN METOAaMKN HENAapPaMETPUUYECKOM CTAaTUCTUKU, KOp-
penAaunoHHbIM, ANCNEPCMOHHbIM aHannsom (R-studio, Statistica). OnpegeneHsl
NPUOPUTETHbLIE 3arPA3HUTENN BOAHbIX 0OBEKTOB U PaCCUMTaH yAe/IbHbI KOMOU-
HATOPHbIN MHAEKC 3arpA3HEHHOCTM BOAbl. YCTAHOBNEHO CHUMKEHME KOJIMYecTsa
NIeAKOUNTOB M 3pUTPOLIUTOB B KPOBM amdrbuit. BbisBaeHbl MeXXBUA0BbIE Pa3au-
4yMA No coaepaHuo mmenounTos, 6azodunnos, 303mHodmUN0B UAMMPOLNTOB. MNa-
pamMeTpbl NENKOLMUTAPHOW CUCTEMbI KPOBU NPYAO0BbIX AryLWEK B Cneunduyeckmx
YyCNOBUAX cpeapbl 06MTaHMA B bonbluen cteneHn obycnaBaMBaIUCh ANHAMMUKON
NMMoouMTOB. JIeiKorpaMmbl 03EPHbIX NATYLLIEK XapaKTepM3oBaancb Bo3pacTa-
HMeMm A0/M He3pesbix GOpM HEMTPODU/IbHBIX FPAHYIOLMTOB Y U3MEHEHNEM CO-
OTHOLUEHMSA B KPOBU [0/11 60bWNX U Manbix ainmdountos. NoKasaTenm Kposu
6bI2IN CKOPPENUPOBaHbI C CoAeprKaHMeM B Bogoeme enesa (r=0.85, p = 0.029)
n xnopmngos (r = -0.87, p = 0.021). YcTaHOBNEHO, YTO NpPM NOBbILIEHUN YPOBHA
3arpsAsHeHuA BogoemMa B nepuog AByXNeTHUX HabnoaeHU B KpoBu amdpubmii
BO3pacTasia AoNA 3PUTPOLMUTOB C MUKPOAAPAMU MPUKPENIEHHOTO M Paspbix-
JIEHHOro BMAOB Ha GOHE CHUKEHMA 40N 0POPMAEHHbIX MUKpoaaep. Bnepsble
NpoBeAeHO M3MepPeHMe pasMmepa MUKPOAAep PasHOro TUMa, BCTPEYatoLMXCa B
apuTpounTax ampubuit. MokasaHo, YTo NIoOWAAb Pa3PbIXAEHHbIX MUKpPOAAEpP
npesocxoauna naoulagb opopMAEHHbIX U NPUKPENIEHHbIX MUKpoagep. Mony-
YeHHble pe3ynbTaTbl BbIABAAAIM 0COBEHHOCTU NEeNKOLUTAPHOrO COCTaBa KPOBM
M LMTOreHeTUYecKoro romeocTasa nonynaumnii 03epHbiX U NPYLAOBbIX NATYLIEK B
cneundunyYecknx 6MOTONMYECKMX YCIOBUAX.
© MeTpo3aBOACKNI rOCYAAPCTBEHHDbIN YHUBEPCUTET
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BsegeHue

NccnepoBaHue BAMAHMA abnoTUYeckux dpak-
TOPOB Ha *KMBble OPraHNU3Mbl B COBPEMEHHbIX
YC/IOBUAX C L,e/IbI0 OLEHKM YCTOMYMBOCTM Opra-
HM3MOB K BHELUHWUM BO3AENCTBUAM — OAHA U3
BaXKHEMLIMX 33434 GaKTOPMANbHOM 3KONOTUN.
Y ampumbuii, NoCTOAHHO obuTatoWMX B 3arpss-
HEHHOW BOAHOW cpeae, BbISBNAAOTCA Pa3HOO-
6pa3Hble aganTUBHbIE UBMEHEHUA, NPOABAALD-
L Meca B TOM YNC/IE M HA YPOBHE KPOBMU, K/toue-
BOW rOMeoCTaTUYeCKOM CTPYKTYpPbl OpraHM3ma
(YepHbiwosa, CtapocTuH, 1994; MeckoBa, 2004;
Cunc, 2008; Davis et al., 2008 n gap.). Agantmns-
Hble peakuun cuctembl KpoBu amdumbuii npo-
TEKAlT HEOAMHAKOBO HE TONIbKO B Pa3/IMYHbIX
CUCTEMATMYECKUX Tpynnax, HO U y 6AU3KKX
BnaoB (BepwwnHuH, 2004). B cBA3M C 3TUM UC-
cnegoBaHMA MMMYHOFeMaTOIOMMYECKMX MOKa-
3aTeniell He TONIbKO MMEIOT NPAKTUYECKYHO 3Ha-
YMMOCTb, CBA3AHHYIO C OLLEHKOM KayecTBa cpe-
Abl NyTem 6BMONHANKALMKM, HO U CNOCOBCTBYIOT
NOJIYH4EHUIO XaPaKTEPUCTUK MONYAALMOHHOIO
romeocrtasa, o6ecneuynBatoLLero BbiXXMBaHMe U
CyLLEeCTBOBAHME KMBOTHbIX B YC/IOBMAX aHTPO-
NoreHHoro cpesoBoro cTpecca.

MepcnekTUBHbIM HanpaBAeHMEM B U3yye-
HUWU BAUAHMA AKTOPOB OKPYXKaloLWeEN cpeabl
Ha reHeTUYeCcKUi annapaT KAEeToK opraHM3ma
ABNAETCA UMUTOreHeTUYeCcKMn aHanm3 (MUKpo-
A0EePHbIN TecT). AHaM3 OCHOBaH Ha 0cobeH-
HOCTU KNneTok nponudepupyrolen (B nepsyto
oyepenb 3PUTPOLIMTOB PaA3HOM CTENEHU co3pe-
BaHWA) TKAHM Nog, BO34ENCTBMEM MyTareHoB
06pa3oBbiBaTb 0cobble AAepHble CTPYKTYpbI,
KOTopble Ha3biBalOTCA MUKposapamu (HKynesa,
AybuHunH, 1994; MaHckux, 2006; Ky3nHa, 2010;
Luzhna et al., 2013; Mansi et al., 2014 n gp.).
HecmoTpa Ha OTHOCUTENbHYH W3YYEHHOCTb
MEXaHWU3MOB  BO3HWMKHOBEHWA  MUKpPoOAZep
(KBacos u gp., 2000; MaHckux, 2006; MpoLuunH,
2007; KosaneBa, 2008; Woznicki et al., 2004;
Koh-ichi et al., 2011), pa3Hble xapakTepucTu-
KM XPOMOCOMHbIX HapyLWeHU, U3MEHYNBOCTH
reHomMa M B3aMMOCBSA3b UX C paKTopamm OKpy-
Xawowen cpegbl 40 CUX MOP OCTAKOTCA HECUCTe-
MaTU3NPOBAHHbIMMU.

Lenb paboTtbl — ayTakonornyeckoe uccne-
AOBaHWEe NIEMKOLMUTApPHOro COCTaBa KPOBU U
dbopmMpoBaHME MUKpOAZEP B 3pUTPOLMUTAX
o3epHbIx Pelophylax ridibundus (Pallas, 1771)
n npygosbix narywek Pelophylax lessonae
(Camerano, 1882), obuTatowmx B BOAHbIX 06b-
eKTax Hwukeropoackoi obnactu, B TeyeHue
ABYX NeT HabnaeHUN.

MopnucaHa K neyatu: 30 noHa 2018 roaa
Marepuanbi

MaTtepunanom paboTbl NOCAYXUAW  03ep-
Hble Pelophylax ridibundus (Pallas, 1771) n npy-
posble Pelophylax lessonae (Camerano, 1882)
NATYWKKW, cObpaHHble B TeYeHMEe NONeBbixX ce-
30HO0B 2016-2017 rr. B Tpex BogHbIX 06beKTax
HuKkeropoacko obnactn, B pasHOM CTeneHwu
NoABEPKEHHbIX MNpeccy aHTPOMOreHHOW Ha-
rpy3ku (tabn. 1). OnpegeneHne BMAOBOro Co-
cTaBa ampumbuii NpoBOANAM NO BHELLHUM MOP-
donormyeckum npmMsHakam npu NomoLm onpe-
nenvtena (baHHukos u ap., 1977). Onpeaene-
HWe NoJsia M BO3pacTa JIArylweK NpoBoAUAN MO
CTaHAapTHOM meToauKe (LLnaxTtuH, fonnkosa,
1986). CpaBHMBaemble BblOOPKM noabupanm
N3 }KMBOTHbIX CXOA4HOrO pa3mepa, oboero nona,
CTaplue AByX /eT.

MeTtoabl

B nccnepoBaHHbIX Bogoemax B npubpexHom
30He 6b11in 0To6paHbI NPO6bI BOAbI, B KOTOPbIX
¢ nomoubto cnektpodpoTomeTpa Hach DR-2800
onpegeneHbl XMMUYECKME 3arPASHUTENN: XKe-
neso obuiee, mapraHey, megb, XPOM, HATPAT-
noHbl (NO,), HuTpUT-MoHbI (NO,), cBUHeL, HU-
KeNb, UMHK, xnopuabl, cynbdaTtbl, cynbduabl,
HedTenpoayKTbl M BOAOPOAHbLIN MNOKa3aTesb
(pH). Mo pesynbTaTam aHanu3a 6bIN Npousse-
AEH pacyeT yaAenbHOro KOMOWHATOPHOro WH-
AeKca 3arpssHeHHocTu Bogbl YKMU3B (Cmup-
HoBa u Aap., 2011; lrenawsuam u ap., 2016) no
dopmyne:

1
5 = Sm,

rae s, — KOMOUHATOPHbIM MHAEKC 3arpA3HeH-
HOCTW BO/AbI B j-M CTBOPE; N, — 4NC/IO yunTbIBaE-
MbIX B OLLEHKE UHIPeaNeHTOB;

S, ' — yaenbHbli KOMOMHATOPHbIN MHAEKC 3a-
rPA3HEHHOCTU BOAbI B j-CTBOpE.

Y Bcex ocoben H6bina B3ATa KPOBb U3 Cepa-
ua 4na onpeaeneHus KONUYECTBEHHOrO CO-
AepxaHua sputpountos (Tbic./mm3), neiko-
unToB (Tbic./mMmM3), NelikounTapHon dopmybl
KPOBM W MPUrOTOB/AIEHUA MA3KOB A5 OLEHKM
MUKpOSAEPHOro TecTa. JlenkouuTapHyto ¢op-
MyNly ONpeaensnnM no OKpalleHHbIM npena-
patam KpoBu (no PomaHoBCKOMYy — [Mm3e) Ha
100 KNeToK 1 BbipaXanu B BUAE NPOLEHTHOrO
COOTHOLLEHMA OTAEeNbHbIX BUAOB JIEAKOLMUTOB
(MeHbwwuKoB 1 ap., 1981). MoacyeT MUKpOS-
aep (Mynesa, ybuHuH, 1994) ocyuwiectBnsanm
Ha mukpockone «Meiji Techno» ¢ ucnoneso-
BaHMEM MMMEPCUOHHOTO 06beEKTMBA NpKU 06-
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Tabnnua 1. Ikonoro-reorpadmyeckan xapakTepUCTMKa Uccnesyembix BOAOEMOB U 06bem cObpaHHOro

maTepuana
Ne n/n Bomoem XapaKTepucTnka sogoema Ronuuectso
B & P P A ocobem
O3epHble narywku Pelophylax ridibundus
TopdoKapbep CUTHMKOBCKOTO MNCcKycCTBEHHbIM BOAOEM, CO34aHHbIN
3aKa3HuMKa (Hukeropoackan o6s.,  Ha mecTe Topdoaobbiun. Haxogumrces
1 Bopckuii p-H); reorpadumyeckme  pAagom c Tepputopmnein CUTHUKOBCKOrO 35
KoopAuHaTbl: wunpoTa 56°43°42.937, OPHUTONIOTMYECKOTrO 3aKa3HMKa.
ponrota 44°07°17.99” AHTpoOnoreHHas HarpysKka cnabas
McKycCTBEHHbIN BOg0EM,
03. CununkatHoe (r. H. Hosropog, QHTPOMOreHHasa Harpyska
) COpMOBCKUI4 p-H); reorpadmyeckne 3HauyuTe/ibHan. 30Ha MHOTO3TaXKHOM 35
KoopAauHaTbl: WKpoTa 56°36°83.89°°, 3acTpoliku, BbiICOKasA peKpeaunoHHas
ponrota 43°78°12.47" HarpysKa, aBTOTPAHCNOPTHOE U
X03AMCTBEHHO-ObITOBOE 3arpA3HEHne
Mpyaosble narywkn Pelophylax lessonae
MNCcKycCTBEHHbIN BOA0EM.
03. Bropuepmer (r. H. Hosropoga, AHTpONOreHHan HarpyskKa
3 KaHaBWHCKUI p-H); reorpadpuyeckmne 3HauYMTeNIbHAA, HaXoAUTCA B 35

KoopAuHaTbl: wunpoTa 56°31°21.147,
ponrota 43°84°89.36”

30HEe MHOTO3TaXHOW 3aCTPOMKM,

mncnbiTbiBaeT BanaHue OAO
«BTopuepmeT»

wem ysenndeHnn x1500, npocmaTtpusaa Ansa
Kaxaor ocobum no 2 npenaparta U aHaNU3npys
1000 sputpoumnToB Ha npenapat (40000 kne-
TOK Ha BbIOOpPKY). AnddepeHunpoBanm yeTbipe
BMAA MUKposaaep: 1 — odopmneHHble; 2 — npu-
KpenaeHHble; 3 — najsoyvykoBuAHble; 4 — pas-
pbixneHHble (PomaHoBa 1 ap., 2018). Okynsap-
MWKPOMETPOM MPOBOAUAN n3MepeHune 60onb-
won (2a) u manoi (2b) ocn Kaxkaoro MmUKpos-
Apa U paccymTbiBaAn ero naowagb (MKm?) no
dopmyne annunca: S = nab, rae a — 6onblIan
noayocb 3nMnca, b — manaa noayoch 3MUMCa,
m=3.14.

Cratuctnyeckyto 06paboTky nposoauamn
HenapameTpPUYECKMMN METOAaMM B cpege
R-studio n nporpamme STATISTICA 10.0 c pacue-
TOM Kputepues: YuUnkokcoHa (W), Kpackena m
Yonnuca (H), OaHa (D), Kputepusa z — npu cpas-
HEHWUM [0NEeN, KOPPENnAUMOHHbIM WU auchep-
CMOHHbIM aHanM3oMm. KpuTUYecKuit ypoBeHb
3HaunmocTu (a) npMHUManu pasHbim 0.05. Mpwu
npoBeAeHMN MHOXEeCTBEHHbIX CPAaBHEHUI NPO-
N3BOANNACH KOPPEKLUMA KPUTUYECKOTO YPOBHA
3HAYMMOCTU C MOMOLLLIO MOMNPABKM XOAMa.

Pe3ynbTatbl

CnekTpodOTOMETPUYECKUI AHANU3 XMMU-
4YeCKOro coctaBa BOA UCCeA0BaHHbIX BOAHbIX
06BbEKTOB NOKA3an, YTO OCHOBHbIMW 3arpA3HuU-
TeNAMMU ABAANNUCH: XKenes3o, MmapraHew, meab,
XPOM 1 HedTenpoayKTbl, COAEPHKAHME KOTOPbIX
B Habnogaemblit nepnog, BpemMeHu BapbUpo-
Bano. KayectBo BOAbl, COMMAcHO yaenbHOMY
KOMOWHATOPHOMY WHAEKCY 3arpA3HEHHOCTH
Boabl (YKMU3B), yxyawmnocb Bo BCeEX BOAOEMAX
(tabn. 2).

TaK, B 2016 r. BoAbl TOPPOKapbepa xapaKTe-
PU30BaNNCb KaK cnabo 3arpasHeHHble, || Knacc
KayecTBa BoAbl; BOAbl 03. CMAMKATHOEe U 03.
BTopuepmeT oTHOCUAKUCH K Il Knaccy KayecTsa,
YMepeHHO 3arpA3HeHHble. Pe3ynbTaTbl rmapo-
XUMMYecKkoro aHanmsa 8 2017 r. nokasanun co-
otBetcTBue BoA IV Knaccy KayecTtBa, O4YeHb
rpsA3Han BO BCEX BOAHbIX OObEKTaX.

B TeyeHue ABYXNeTHUX HabAwAEHUN WU3-
MEHAINCb U UMMYHOTemMaTo/IorMYyecKkme nokKa-
3aTeNI UHOMKATOPHbIX BUAOB. TaK, y 03epHbIX
(TopdoKkapbep) u npyaosbix (03. Bropuepmer)
nArywek B nepudepuyeckon Kposu Npouc-
XOAMNO CHUXKEHWE KONMYecTBa JIEMKOLMTOB.
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Tabnnua 2. MAPOXMMUYECKUIA aHAIM3 3arpA3SHEHHOCTM BOAbI UCC/leAyeMblX BOAOEMOB

Knacc KayecTtBa

B B . en.
opoem loa YKW3B, oTH. ef, Bo/bl
Il, chabo
2016 2.06 3arpAsHeHHasn
Topdokapbe
pdoKapoep IV, oueHb
2017 9.5 rpAsHas
[ll, ymepeHHO
2016 4.87 3arpA3HeHHas
03. CuaunkatHoe
IV, oueHb
2017 7.2 rpAsHas
[ll, ymepeHHO
2016 4.51 3arpAsHeHHasn
03. Bropuepme
TOPHepmeT IV, oueHb
2017 9.1 rpssHas

MoHUKEeHHOEe coaeprKaHne NenKkoumToB B Kpo- B 2017 r. y 03epHbIX narywek TopdoKapbepa
BM 03epHbIX Aarywek 03. CUAMKaTHoe Habnwo- BbIABAEHO CHUMXKEHME Yncia spuTpountos B 1.3
[anocb B TeYEeHMe Bcero nepuoaa mccnegosa- pasa (W =2.59; p =0.009); y ocobei 03. Cunm-
HUN. KaTHoe — B 1.25 pasa (W = 3.41; p = 0.0006);

CynpeccopHoe pgeicTBMe KOMMIEKca 3a- Y NpyAoBbix nArywek (03. Bropyepmet) —8 1.9
rpsasHMTENen BOAHOM cpeabl 0buTaHuAa npoas- pasa (W = 3.4; p = 0.0006) no cpaBHEHUIO C
NANOCb U B CHUXEHUM KosnyecTBa aputpoun- 2016 r. (Tabn. 3).

TOB B nepudepnyeckon Kposn amdunbui. Tak,

Tabnnua 3. Obuiee coaeprkaHue nekountos (M + m) n aputpountos (M £ m) B KpoBU AAryLIEK

CopepaHue CopepaHue
Ne n/n Bogoem lopg, NenKoumnToB, TbiC.,/ 3pUTPOLUTOB, ThiC./
MMm3 Mm3
OsepHble narywku Pelophylax ridibundus
2016 22.10+1.22* 215.50 + 4.67*
1 TopdoKapbep
2017 8.30 £ 3.48* 163.55 £ 2.99*
2016 15.40+£0.42 216.86 + 1.79*
2 03. CnnunkatHoe
2017 13.85+4.48 172.22 +2.15%*
Mpyaosble narywku Pelophylax lessonae
2016 34.33 +£2.51* 191.80 * 3.66*
3 03. Bropuepmet
2017 14.35 + 6.25* 99.25 +2.81*

MpumeyaHune. M — cpegHee apudmeTnyeckoe; m —owmnbKa cpeaHero apupmeTmyeckoro. * — ctatucTmye-

CKM 3HaYMMble Pa3nymna No KpuTepuio YuakokcoHa (W).
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MeTogomM MHOrOMEpHOro AUCNEePCUOHHOIO
aHanusa ¢ pacyetom A Yunkca (A, = 0.209,
p < 0.001) noaTBeprKAEHA 3HAYMMOCTb Pa3Nu-
YMIA MO COBOKYMHOCTM MOKasaTenemn nemkoumn-
TAPHOTro COCTaBa KPOBU MexAay BblIbOpKamu 3e-
neHbix narywek 8 2016 n 2017 rr. YCTaHOBAEHO,
4To Ha 79 % (KoaddumumeHT n?=0.791) gucnep-
CMA 3aBUCUMbIX MEepeMeHHbIX, MOoKasaTene
nekoumnTapHom Gopmysnbl KPOBK, MOXKET HbITb
0b6bACHEHA MEeXrogoBOM  M3MEHYMBOCTHIO.
3HaveHne A Yunkca (A, = 0.614, p < 0.001)
NOATBEP!KAANO W 3HAYUMOCTb MENKBUAOBBIX
Pa3/IN4Min NO COBOKYMHOCTM NOKa3aTenen nen-
KOLMTAPHOro COCTaBa KPOBM MeXay BblbOpKa-
MW O3epHbIX U NPyAoBbIX Narywek. MokasaHo,
4TO Ha 64 % (KoadduumeHT n?=0.647) gucnep-
CMA 3aBUCUMbIX MEepeMeHHbIX, MOoKasaTenen
NerKounTapHoi GopmMysibl KPOBK, MOMKET ObITb
06bACHEHA KNaccom KayecTBa BOoApl, onpeae-
JIEHHOro No yAeNbHOMY KOMBUHATOPHOMY WH-
AeKcy 3arpA3HEHHOCTMU.

B TeueHne AByx net HabawoaeHU Hambonee
cTabunbHble NOKa3aTenu nemkoumTapHoi ¢op-
MY/Ibl KPOBM COXPAHAINUCL Y 03EPHbIX NATYyLEeK
TopdoKapbepa. Y 3Tux ocoben Habnoganoch
CHU)KEHME B KPOBM [0AM MAN0OYKOALEPHbIX
HenTpodmnnos, 303MHOPUNOB M MNOBbIWEHUE
A0 MOHOUMTOB NPWU OTCYTCTBUWU CTAaTUCTUYe-
CKM 3HAYMMbIX Pa3NYMA B KOIMYECTBE APYIUX
nokasartenen. Cnegyetr OTMETUTb, YTO 3TOT BO-
AHbIN 0OBEKT XapaKTepusoBancs cnabbiM aH-
TPOMOreHHbIM BAUSHUEM U U3MEHEHME KOM-
NJIEKCHOro MHAEKca KadyecTBa Boabl (cnabo
3arpasHeHHasn, |l Knacc, 2016; oyeHb rpAsHasn,
IV knacc, 2017) onpenensnocb NOBbIWEHNEM
$OHOBOrO coAep’kaHMA  3nemMeHTa NpUpoa-
HOrO NPOMUCXOXKAEHUA (MapraHua). Y o3epHbIx
nArywek o3. CUANKATHOE M3MEHWUINCH BCE 3Ha-
YeHUA NeNKoUMTAPHOM GOpPMY/bl KPOBU, KPO-
Me CcoAepXKaHWs MUenouMToB, AONA KOTOPbIX
OCTaBaNacb BbICOKOW B TeYeHWe BCEro nepmosaa
HabnoaeHwnin. MNpyaoBblie NATYWKM XapaKTepu-
30Ba/IMCb CHUXKEHMEM B KPOBM 40NN MUENOLU-
TOB, 60MbWNX NMMPOLUTOB M BO3pPACTAHMEM
KOZIMYECTBA K/IETOK FpPaHynoLMTapHOro pasaa
(Tabn. 4).

NerikounTtapHbie GopmMyabl KPOBU NPYAOBbIX
N 03epHbIX NAryLleK, ycpeaHeHHble Mo BCEM
nccnefoBaHHbIM  0cobAM, aHANM3UPOBANMUCH
KaK MeXAay BblAeNeHHbIMU rpynnammn ¢ Nomo-
Wb MHOXeCTBEHHOro Kputepua Kpackena —
Yonnuca, Tak U BHYTPU rpynn ¢ NpUMeHeHnem
Kputepusa JaHa. CpaBHeHMe NeMKOLMTAPHOro
COCTaBa KPOBW O3epHbIX M NPYAO0BbIX NAryLWeEK
no kKputeputo Kpackena — Yonnuca BblABUAO
MeXKBU0BbIE PA3/INYMA NO COAEPKAHMIO MUNe-
nouutos, 6a3odnnos, 303MHOGUNOB U NUM-

dountoB. MI3MeHYMBOCTb NapameTpoB NieKo-
LUMTAapHOW CUCTEMbI KPOBWU MPYAOBbIX NATyLIEK
B cneunduryecknx ycnosuax cpegbl obutaHua
3aTparmBana nMmooumnTapHble KNeTKKU, oTee-
Yatowme 3a GopmMMpoBaHME aZaNTUBHOIO M-
MyHUTETA. B KpOBM Npya0BbIX NAryLweK npeob-
Nnaganu HekpynHble aMmoounTsl (H=39.16, p <
0.001, 2016; H = 24.02, p < 0.001, 2017). Oons
KPYMHbIX, 3pe/biX NMMPOLMUTOB Yy NPYAOBbLIX 18-
ryLwekK, N0 CPaBHEHMUIO C 03epPHbIMM, OKa3anacb
noHm»keHHoun (H = 36.62, p < 0.001, 2016; H =
24.94, p < 0.001, 2017). NMpwn cHUKeHUKn B 2017
r. No cpaBHeHuto ¢ 2016 r. B KPOBU NPY[OBbIX
NAryweK Ko/sn4yectTBa NeMKouMToB (Nnelikone-
HWUM) TAKOW XapaKTep NenKouUTapHoM dpopmy-
Nbl CBMAETENbCTBOBAN 0O UCTOLLEHUN KOCTHO-
MO3roBblX pe3epBoB OpraHn3ma. B oTHoweHuu
KNEeTOK rpaHyaoumntapHoro paga 8 2016 r. Bbl-
ABNEHbI 3HAYMMbIE PA3NNYNA MEXKOY 03ePHbI-
MW NAryWwKamu Topdokapbepa M NpyaosbiMu
Nno BCeM NoOKasaTensm, Kpome mumenoumtos. B
2017 r. yCTaHOBJIEHbI PA3INUYMNA MeXay STUMKU
BbIOOPKaMK MO coAeprKaHuo: muenouuTos (Z
= 3.68, p = 0.0006), cymme Heutpodunos (Z
= 3.39, p = 0.002) n 303nHodunos (Z = 4.10,
p = 0.0001). NlerikoumTapHble GOPMYbl KPO-
BM 03epHbIX NAryweKk o3. CUAnMKaTHoe oTanya-
JIMCb OT NPYAO0BbIX NOBbIWEHHOM aonen 6aso-
¢unos (Z = 2.54, p = 0.03). fugpoxmmuyeckme
0cobeHHOCTU cpeapl 06UTAHUA HaKNa4blBaNM
OoTNeYyaToK M Ha ¢M3MONOrMyeckoe CcocTos-
HWEe O3epHbIX NAryLWeK, YTO OTParkasocb B No-
BbILLEHHOM COAEpPXaHUU B KPOBWU HeE3penbix
dbopM HEUTPOPUIbHBIX FPAHYIOLUTOB U U3Me-
HEHWM COOTHOLIEHUA A0 BONbLIMX U MaNbIX
nmméoumToB. MoBblWEHHaA 4014 B KPOBAHOM
pycne amomnbuin monoaplix, He3pesnbix rPaHyno-
LUUTOB, KOppPeanpoBana C CoAepXKaHNem B BO-
AHbIX 06beKTax xenesa (r = 0.85, p = 0.029) n
xnopuaos (r=-0.87, p =0.021).

Ha ¢oHe cHMKeHMA ymcna 3puTpoumTOoB B
KPOBWM 03EPHbIX U MPYAOBbIX NATYWEK B Teye-
HUe ABYX/NETHUX HabntoaeHW BbiABNEHbI Kak
KONIMYECTBEHHbIE, TaK U KayeCTBEHHble U3Me-
HEeHWA LMTOreHeTUYeCcKoro romeocTasa. BHaya-
Nle OTMEeTMM BO3pacTaHWe A0/IU 3PUTPOLUTOB
C MUKPOAZPAMMU B KPOBU NATYLIEK NPU NOBbI-
LWEHUWN YPOBHA 3arpA3HeHUA Bogoema (puc. 1).
Tak, y 03epHbIx narywek o03. CunmkaTHoe aons
MUKposaep Bo3pacTana B 4.3 pasa (W = 3.82;
p = 0.0001), y npyaosbix nsrywek 03. Btop-
yepmet — B 2.3 pasa (W = 3.65; p = 0.00025).
YcpeaHeHHbI NoKasaTeslb AO/N 3PUTPOLUTOB
C MUKpOAZPaMM 03epHbIX Aarywek Topdoka-
pbepa B TeYeHMe ABYX JIeT OCTaBa/iCA BbICO-
Kum (Tabn. 5). Mo-Bugmmomy, cneunduyeckmne
ycnosus 06BogHEHHOro TopdoKapbepa € BbICO-
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Tabnuua 4. NNenkoumTapHblie GopmMy/bl KPOBM 3€EHBIX NATYLLIEK

MoKkasaTtenu nerikorpammel, %

] 2 % = : = - i = 5
t & 3% 3F § 3 B EY Eo
MNokasatenb :Ur e 6 % _3_ 'E' §- =n|' 3 :ur E
5 % oEf B 2 f % g5 %%
: g 3% 312 & 2 2 86 §
= z E g ] = =
OsepHble narywku (Pelophylax ridibundus), TopdoKapbep, 2016 r.
M 8.0 22 327 427 333 4.26 1.6 2393 49.13
m 0.2 0.14 0.15 0.23 0.25 0.18 0.13 0.5 0.39
OsepHble narywku (Pelophylax ridibundus), TopdoKkapbep, 2017 r.
M 9.40 326 260 505 290 3.00 290 25.00 45.40
m 0.89 0.76 054 107 033 035 037 1.68 2.24
w 1.82 142 241 036 0.50 262 248 173 1.82
p 0.07 0.15 0.02 0.72 0.62 0.01 0.01 0.08 0.07
OsepHble narywku (Pelophylax ridibundus), 03. CunnkatHoe, 2016 T.
M 8.00 0.87 0.6 0.6 1.93 4.73 1.4 63.2  19.33
m 0.81 024 0.16 0.16 0.21 0.5 0.21 1.27 1.38
OsepHble narywku (Pelophylax ridibundus), 03. CunnkatHoe, 2017 T.
M 6.00 3.7 185 3.60 6.75 730 2.65 19.25 48.70
m 0.74 087 040 070 0.74 0.84 034 1.02 1.22
w 139 3.13 2.22 3.23 340 222 220 341 3.41
p 0.16 0.001 0.002 0.001 0.0006 0.02 0.027 0.001 0.001
Mpyanosble narywku (Pelophylax lessonae), 03. Bropuepmert, 2016 r.
M 8.4 073 08 107 253 6.73 247 1753 60.13
m 1.1 0.18 0.28 0,3 0.22 0.37 0.26 1.0 1.43
Mpyanosble narywku (Pelophylax lessonae), 03. Bropuepmert, 2017 r.
M 470 2.65 240 315 430 7.70 2.60 13.80 58.85
m 0.60 059 0.26 057 0.44 0.85 041 0.80 1.37
w 238 259 264 185 2.65 0.71 038 247 0.14
p 0.017 0.01 0.008 0.064 0.008 0.477 0.7 0.013 0.887

MpumeyaHune. M — cpeaHee apnudmeTnyeckoe; m — owmbKka cpeaHero apupmeTtnyeckoro; W — Kputepuit
YWUNKOKCOHA; p — yYpPOBEHb 3HAYMMOCTU. MPHbBIM TEKCTOM BblAENEeHbl CTAaTUCTUYECKM 3HAYMMbIE Pa3/n-

umsa, a = 0.05.
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KOM KMUC/NIOTHOCTbIO, HU3KOM MUHEpPanm3aLmen,
3HAUYUTENIbHBbIM COAEPXKAHUEM OpPraHUYECKUX
coegmHeHnit (MypasbeBa n ap., 2010), npe-
BbiweHnem MNAK . 1o cogepaHuio xenesa
(18.3MA4K, 2016; 14 I'ILI,K 2017), mapraHua (375
NAK, 2017), HedTtenpoaykToB (6 NAK, 2016;
2.62 NAK, 2017) v apyrux 3arpasHuTenen cno-
cobcTBOBaNM GOPMUPOBAHUIO MUKPOSAEP B
3PUTPOLUTAX KPOBU O3E€PHbIX NATYLLIEK.
Pe3ynbTaTbl  AMCMNEPCUMOHHOIO  aHanu3a

BbIABUAMN BAMAHME daKTopa (KNacc KayecTsa
Bogbl) (A, = 0.926, p = 0.009) Ha MHAYKLWMIO
MWKPOSAEP B 3pUTpoOLUTax nepudepuyeckon
KPOBM NAryWeEK U NOATBEPKAANN 3HAYMMOCTb
mexenaosbix (A, = 0.917, p = 0.003) 1 mex-
ropgosbix (A, .= 0.850, p < 0.001) pasnmnumii no
COBOKYMHOCTM MNOKasaTtenei MUKpOAAEepPHOro
TecTa Mexay 03epHbIMU U NPYA0BbIMU NATYLL-
Kamu B 2016 n 2017 rr.

w1 m2

CpeaHas AonA Mukposaaepf1000 kneTok
=

I

3. CHNHEaTHOS

a3. Bropuepier

Puc. 1. lameHeHMe A0NN 3PUTPOLUTOB C MUKPOAAPaMKN B KPOBU 03epHbIX (03. CUNMKATHOE) U NPYyAoBbIX
(03. Bropuepmer) narywek B nepmog ¢ 2016 no 2017 r. 1 -2016r.; 2 - 2017 r. No ocu abcuuncc — nccnenoBaH-
Hble BOAOEMbI; N0 OCY OPAMHAT — CPeAHAA 40N MUKPOAAEp B apuTpoumuTax Kposu/1000 KneTok

Fig. 1. Change of the share of erythrocytes with micronuclei in the blood of lake frogs (lake. Silicate) and pond
frogs (lake Vtorchermet) during the period from 2016 to 2017. 1 — 2016 year; 2 — 2017 year. x-axis — studied
reservoirs; y-axis — average share of micronuclei in red blood cells/1000 cells

Mpwn 3TOM BO BCEX MCCnenoBaHHbIX BblboOp-
Kax He TO/IbKO BO3pacTano cpeaHee coaepKa-
HUE 3PUTPOLMUTOB C MUKPOAAPAMU, HO U U3-
MEHANOCb COOTHOLEHWE BUAOB MUKpPOALEP B
apuTpounTax. Hanbonee BbipakeHHble U3Me-
HEHWUA OTMeYeHbl B BbIDOPKAX O3epHbIX NAry-
wek 03. CMAMKaTHOE M NPYAOoBbIX NArYLWEK 03.
Bropuepmert. [lons spuTpouUTOB C 0POpPM/IEH-
HbIMU MUKPOSAPAMK Y 3TUX ocobelt ymeHbLua-
Nacb, U BO3pacTana AoNa 3pUTPOLMUTOB C NpU-
KpenieHHbIMKU MUKposgpamu (puc. 2).

HenapameTpuyeckMM pPaHroBbIM Koppens-
LMOHHbIM aHanu3om no Cnupmaxy (r) nokasa-
HO CyLL,eCTBOBaHME CTAaTUCTUYECKM 3HAYMMOW
NOJIOKUTENbHOW YMEPEHHOW B3aMMOCBA3U
MeXAy MHAYKLMEN MUKPOAAEP Pa3pbIX1eHHO-

ro TUNa 1 CoAEepP*KaHNEM B BOAOEME MapraHLua
(r=0.69; p =0.01); mexxay MUKpOAApPaMMN NpU-
KPEeNNeHHOro TUNa 1 COAEpPKaHMEM B BOAOEME
xnopnpos (r = 0.64; p = 0.02). Takum obpasom,
NPU NOBbIWEHUM B BOAOEME KOHLEHTpaLmu
MapraHua (mr/n) Habnopganocb yBennuyeHue
[0/ pPa3pbIXNEHHbIX, @ NPY MNOBbILEHUN B BO-
Aoeme KOHLeHTPauumn x10puaos — 40N Npu-
KpenaeHHbIX MUKPOALEP B 3PUTPOLMTAX KPO-
BM NArywexk obonx BUA0B.

CpaBHWUTENbHbIM aHAaNN3 Pa3MepoB MUKPO-
A4ep NOKaszan, YTo NAoWaAb PaspbIX/EHHbIX
(6.99 + 0.32 mKm?) npeBocxoauna naowanb
odopmneHHbix (D = 3.10, p = 0.01) n npukpe-
nneHHbIx (D = 24.19, p < 0.001) muKpoagep B
2-3 pasa (1abn. 6).
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Tabnnua 5. CpaBHeHWE BbIGOPOK U3 MONYNAALNI 3E1EHbIX NATYLIEK N0 COAEPKAHNIO MUKPOAAEP

O3epHble NArywKm

MpygoBble NAryLWKK

MokasaTenb TopdoKapbep 03. CunmkatHoe 03. Bropuepmert

2016 2017 2016 2017 2016 2017

Cymma MmuKponazep B BbibopKe 114 145 29 169 91 274
27/0.9 14/0.35  4/0.13* 1/0.02 29/0.97 3/0.07

B Tom uuncne:

OdopmneHHbIE MUKPOAAPA  |1/= ) 69 p=0.0069 W =1.82, p =0.06789

W =3.15, p = 0.0016

4/0.13 132/3.3

32/1.07  49/1.22

24/0.80  213/5.32

NPUKpenaeHHble MUKPOSAPa
W =0.59, p =0.5502

W=4.07, p=0.00005 W=4.11, p=0.00004

6/0.2 4/0.1 1/0.03 - 6/0.2 3/0.07
NasioyKoBUAHbIE MUKPOAAPA
W=0.94, p = 0.3454 - W=1.15, p = 0.2488
49/1.63 82/2.05 20/0.67 36/0.9 32/1.06 68/1.7

pa3pbIXNeHHble MUKpOAApa

W=0.65,p=0.5097 W=0.51, p=0.06051

W =1.007, p =0.3134

3.8+£0.69 3.7+0.49 0.97+0.18 4.2+0.54 3.03+0.53 7.17+0.85

CpeaHsaa nona spuTpoumToB

¢ mukposapamu /1000 KNeTok \y — 28 p=0.7759 W =3.82, p = 0.0001

W =3.65, p =0.00025

MokasaTenb O3epHble NAryLwKu nnzyr%?uBKb;e
Topdokapbep 03. CunukatHoe  03. BTopuepmet
2016 2017 2016 2017 2016 2017
Cymma mukposaep B BbiIbopke 114 145 29 169 91 274

B Tom yncne:
opOpMIEeHHbIE MUKPOSAAPA

27/0.9 14/0.35 4/0.13*

1/0.02 29/0.97 3/0.07

W =2.69,p = W=1.82,p= W =3.15, p =
0.0069 0.06789 0.0016
npuUKpenaeHHble MMKpoAapa 32/1.07 49/1.22 4/0.13 132/3.3 24/0.80 213/5.32
W =0.59, p = W =4.07,p = W=4.11,p=
0.5502 0.00005 0.00004
Naso4KOBUAHbIE MMKPOAAPa 6/0.2 4/0.1 1/0.03 - 6/0.2  3/0.07
W=0.94, p= W=1.15p=
0.3454 0.2488
pa3pbixneHHble MUKpoAApa 49/1.63 82/2.05 20/0.67 36/0.9 32/1.06 68/1.7
W =0.65, p = W =0.51,p = W = 1.007, p =
0.5097 0.06051 0.3134
CpegHsaa gona spuTpoumnTos 3.8+ 3.7t 0.97 42+ 303+ 717+
c MuKposapamu /1000 KneTok 0.69 0.49 0.18 0.54 0.53 0.85
W =0.28, p = W =3.82,p= W =3.65, p =
0.7759 0.0001 0.00025

MpumeyaHune. W —Kputepuit YMIKOKCOHA, p — YyPOBEHb 3HAYMMOCTU. * — B UMcanTene: 4yucio spuTpoLmToB
C MUKpOSApPamM B BbIDOPKe, LWIT.; B 3HAMEHaTe e: 4015 KNeTOK C MUKposapamm Ha 1000 spuTpoumTOB.
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Puc. 2. lameHeHMe COOTHOLLIEHMA BUAOB MUKPOSAEP B 3pUTPOLMTAX KPOBU 03epHbIX (03. CUnMKaTHOe, TOp-
doKapbep) 1 npyaosbix (03. BropuepmeT) nsarywek, 0buTatoLmx B 3arpasHeHHbIX Bogoemax. 1 — odpopmneH-
Hble MUKpPOAAPA, 2 — NPUKPENIeHHbIe MUKPOSAAPA, 3 — Na/IOYKOBUAHbBIE MUKPOSAPA, 4 — Pa3pbIX/IeHHble
MUKpoAaapa
Fig. 2. Change of the ratio of types of micronuclei in erythrocytes in the blood of marsh frogs (lake Silicate,
a peat bog) and pool frogs (lake Vtorchermet) dwelling in polluted reservoirs. 1 — rounded micronuclei, 2 —
attached micronuclei, 3 — rod-shaped micronuclei, 4 — disintegrated micronuclei

Tabnuua 6. Nnowaab pasHbiXx BUAOB MUKPOAAEP (MKM?) B 3pUTPOLMUTAX 3€1EHbIX NATYLLEK
yp6aHM3nMpPOBaHHOW TEpPUTOPUU

Buabl MUKpOSAEpP B 3pUTPOLMUTAX

MNoka3zaTtenb
1. OdopmneHHble 2. MpukpenneHHbie 3. ManoykosuaHble 4. PaspbixieHHble
M 3.06 1.48 3.80 6.99
m 0.34 0.03 0.79 0.32
H p H=620.22, p < 0.001
D, ,=5.07,p<0.001; D, ,=0.56, p=1.00; D, ,=3.10, p = 0.01;
D p D,.=3.18,p=0.008; D, =24.19,p <0.001; D_ =0.98, p=1.00

MpumeyaHne. M — cpegHee apudmeTnyeckoe; m — olWMbBKa cpegHero apudmeTmyeckoro; H — Kputepuii
Kpackena — Yonnuca; D — kputepuit [aHa, p — ypoOBeHb 3HAYMMOCTWU. KUPHbIM TEKCTOM BblAENEHDI
CTAaTUCTUYECKM 3HaUYMMble pa3nmyma, a = 0.05.
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O6cyxpeHue

AMPNOUN ABNAIOTCA CBA3YIOLWMM 3BEHOM
MeXay BOAHbIMM M Ha3eMHbIMW 3KOCUCTEMA-
MU, pPearnpyrT akTUBHbIMW aganTUBHbIMU U
MWKPO3BONOUMOHHbIMM  NPeobpa3oBaHMAMM
Ha BeCb CMEKTP 3KOIOTMYEeCKUX PpaKTopoB, Xa-
PaKTEPHbIX ANA JIOKAaNAbHOIO MecToobuTaHuA
(BepwnHuMH, 2004). CornacHo AaHHbIM NUTEpPa-
Typbl (fenawsunu n gp., 2005, 2012), noaasns-
towee 60NbLIMHCTBO BOAOEMOB B FOPOACKMUX
oKpyrax HuxHero HoBropoga xapakrepuayercsa
CMELLaHHbIM aHTPOMOreHHo-NPUPOAHbIM 3a-
rpA3HEHUEeM, Npu 3TOM NPUCYTCTBYIOLWME B BO-
A0eMe MUKPO3NEMEHTblI — MapraHeL, 1 }eneso
— MMET NPUPOAHOE NPOUCXOKAEHME, @ MEAb,
LMHK, XPOM, X/1OpPUAbl — TEXHOrEHHOE.

CeTeBoe npeacTaBieHMe O 3aKOHax QyHK-
LMOHMPOBAHMA OpPraHnM3mMa U KONMYeCTBEHHO-
KaQYeCTBEHHbIN NPUHUMN Pa3BUTUA adanTaummn
B OTBET Ha AENCTBUE pa3aparkutener nosso-
NAOT 3aKN04YUTb, YTO B 3aBUCUMMOCTU OT WH-
TEHCMBHOCTM CTpecc-pakToOpoB B OpraHu3sme
NPOUCXOAAT M3MEHEHUA TeMaTONOrMYECKnX
napameTpoB, HanpaB/eHHble Ha obecneyeHune
ONTUMA/IbHOTO YPOBHA KU3HEAEATEeNbHOCTU
(YepHblwosa, CrapoctnH, 1998; Cunc, 2008;
Davis et al., 2008 u ap.). U3BeCTHO, YTO y 3eMm-
HOBOAHbIX BbIsIBNEHblI pPa3HOObpa3sHble agan-
TUBHbIE U3MEHEHMUA K YCIOBUAM 3arpA3HEHHOMN
BOAHOM cpeabl NecTUUMAaMm, TAXKENbIMU Me-
Tannamu u Hedptenpoayktamu (Meckosa, 2004).
Pa3nnMyHble XMMUYECKME COEAMHEHUA Meau,
MapraHua v cynb@atbl NPUBOAAT K PA3BUTUIO
XPOHWYECKOTrO CTpecca y NAryweK n nosblllie-
HUIO MHAEKCa caBura nerkouuToB (MuHeesa,
MwuHees, 2011). B Hawux nccneaoBaHUAX re-
MaTOKCUYECKOe BO3AENCTBME MPUOPUTETHBIX
3arpAsHUTENEeN BOAHbIX OOBEKTOB, TAKMX KakK
meab, HedTenpoayKTbl U Ap., NOATBepXKAa-
IOCb NeMKOUMTO30M M CBUAETENbCTBOBANO O
NPOTEKAHUM BOCMAINTENbHBIX MPOLECCOB B
OpraHM3me NpyaoBbIX U 03EPHbIX NATYyLWEK. U3-
BECTHO, YTO 3PUTPOMNOITUYECKAA AKTUBHOCTb
KOCTHOro mo3ra am¢ubuit Koppenmpyer c co-
AeprkaHMemM B Bogoemax xenesa (r = -0.81, p
=0.04), HedTenpoayKkTos (r=0.89, p =0.015) n
Apyrux nonntotaHtoB (PomaHoBsa u ap. 2017).
B ycnoBusx nocTosiHHOro obutaHus B 3arpsas-
HeHHbIX Bogoemax (ocobeHHO HedTenpoayKTa-
MW) yBEIMYEHWNE YMC/IA SPUTPOLMUTOB B KPOBMU
ABNAETCA, NO-BUAMMOMY, KOMMNEHCAaTOPHOM pe-
aKkuMen, NOCKobKy obecneymBaeT NoBbILEHUE
KMCNOPOAHON eMKOCTU KPOBM U crnocobcTeyeT
BbIXKMBaHMIO aMpubuin. Mpm sTom B cmecu 3a-
rPA3HUTENIEN MOXKET MPOUCXOANTL U YyCUSIEHNE
TOKCUYECKOTO AENCTBMA OTAENbHbIX NONMOTAH-

TOB Ha 3pMUTPOMNO33, YTO NPUBEAET, HANPOTUB,
K CHUXXEHWIO Yncna 3pUTPOLUTOB B Nepudpepu-
yeckor Kposu amdpunbuin. Habnrogaemyo npu
3TOM CTUMYIALMIO TPaHYN0LUTONO33a MOXHO
paccMmaTpuBaTb Kak CBOEOOPA3HYHO 3aLMUTHYHO
(QHTUMMKPOOHYIO M aHTUTOKCUYECKYID) pe-
akumto. MNokasaHo, YTO rMNep3o3nHOGUAMA U
6asopunma cBMAETENbCTBYIOT O MOMbITKE Op-
raHMama amdubuii cnpaBUTbCA C BbICOKMMM
[03aMM TOKCMYECKMX BeluecTB (YepHbiwesa,
CrapoctuH, 1994).

XopoLLOo N3BECTHbI UMMYHOTOKCUYECKUNE 3-
dekTbl pTyT (Nepomuceno et al., 1997; Kour
et al., 2016), xnopmuaa Kagmusa (Kasuba et al.,
2003), 6eH30(a)nmpeHa (Woznicki et al., 2004),
CUHepPruyeckmm apdeKT KagMmusa, Xpoma n meam
(Zhu, Zhang, 1999). Mo Bcel BUAMMOCTH, NPU-
CYTCTBYHOLLME B UCCEA0BAHHbIX BOAHbIX 06b-
eKTax 3arpssHUTeNn NPUPOAHOro (mapraHed)
N TEXHOTeHHOro (meapb, XPOM, XN0puabl) Npo-
NCXOXAEHUA, ABNAACb FEMOTOKCMHAMMK, NpU-
BOAMNM K BO3PACTAHWUIO A0/ 3PUTPOLUTOB C
MUWKpOAApPamM B KpoBM amPpuobmi.

3aknouyeHue

AHanu3 [JaHHbIX NUTEpPaTypbl U MONYyYeH-
Hble pe3y/nbTaTbl MO3BOAAKT 3aK/IUYUTb, YTO
obuTaHWe B 3arpA3HEHHON cpese MOXKeT npu-
BOAMTb K MOABMEHMIO a4aNTaALMOHHbIX U NaTo-
NIOTUYECKUX M3MEHEHWUM B opraHmame amdwu-
6un. dopmmpoBaHMe aaanTUBHOM peakuuu
Ha NOMNy/NALMOHHOM YPOBHE ONpPeaensanochb
Pa3HOKAYeCTBEHHOCTbIO 0cobeit N0 OCHOBHbIM
dur3mnonornyeckMm CBOMCTBaM, NOSTOMY UX Bbl-
H6OpKM NO-pasHOMY pearMpoBain Ha YPOBEHb U
cneunduKy 3arpasHeHMA BOAHOW cpebl. B Kpo-
BM O3€ePHbIX M NPYA0BbIX IATYLLIEK YCTAaHOBNEHO
CHUXKEHME KONYeCTBA NEMKOLUTOB U 3pUTPO-
unToB. CpaBHEHME NEeNKOLMUTAPHbIX NOKasaTe-
Nnen Kposn amdpunbuit 3arps3sHEHHbIX BOAOEMOB
BbISIBU10 MEXBWUA0BbIE Pa3/INYMA NO CoaepKa-
HUIO MuenouyumTos, 6azoduios, 303MHOGUNOB
n numdoumnTos. JleMKoumuTapHble dopmynbl
KPOBWM MNPYAOBbIX NATYWEK MO CPaBHEHUID C
03epPHbIMWN XapaKTepPM30BaNCb NOBbILEHHbIM
KONMYeCcTBOM Manbix nmmooumnTos. Jlenko-
rPamMmbl O3epHbIX NATYWEK OTPaXKaaM Bo3pac-
TaHMe A0/n He3penbix GopM HENTPOPUNbHDBIX
rPaHyN0LMUTOB, CKOPPENMPOBAHHOE C COAEepKa-
Huem B Bogoeme xenesa (r = 0.85, p = 0.029),
xnopuaos (r = -0.87, p = 0.021), u usmeHeHne
COOTHOLWeEeHMA Aonn BoNbWKX U ManbIX TUM-
¢dountoB. MuKpoaaepHbIM TECTOM BbIABNEHO
yXyALlWeHMe COCTOSIHUA KadecTBa cpeabl obu-
TaHWA, cTUmynupytowee GopmmnpoBaHue mMu-
Kpoagep NPUKPENSIEHHOTO U Pa3pbIXJIEHHOTO
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BMAA Ha POHEe CHUKeHUA [0/1M 0POPMAEHHbIX
MUKPOAZEP B 3pUTPOLMTAX KPoBU amdpubuii.
NHAYKLMA MUKpoAaaep NMPUKPEnIeHHOro Tmuna
KOoppennpoBana C COAEP)KaHMEM B BOAOEME
xnopungos (r = 0.64; p = 0.02), pa3pbIx€HHOrO
TMMA — C COAepKaHnem B BOgOeMe mapraHua (r
=0.69; p=0.01). Onpeaenarowmmmn pakTopamu
06pa3oBaHMA MUKPOSAEP B 3PUTPOLMTAX OCO-
6el pasHbIX BbIOBOPOK ABAANUCL KaK XMMMUYe-
CKas NpMpoaa KOHKPETHOro 3arpaAsHUTeNs, Tak,
no-BUAMMOMY, U UX COBOKYNMHOE BO3AENCTBME.
BnepBble npoBeaeH CPaBHUTENbHbLIM aHaNW3
NAOWaAM MUKPOAAEp B KPOBU MHAMKATOPHbBIX

BMA0B amonbumit. MokasaHo, YTO Naowaab pas-
PbIX/IEHHbIX MUKPOSAAEP B 3PUTPOLMUTAX KPOBMU
amounbuir npesocxogmaa naowaab obpopmaeH-
HbIX M NPUKPENNEHHbIX MUKPOAAEP.

Ncnonb3oBaHHble B paboTe meTtoapl 6uo-
NIOTMYECcKoM MHAMKAUMKU (remaToNorMyeckmi
noaxod, U MMUKPOAZEPHbIA TecT), NO3BOAAD-
WMe AaTb MHTErPasibHYH OLLEHKY COCTOAHMA
OKpY*KatloLWwen cpeabl, yKasblBaiM Ha 3KONOIU-
yeckoe Hebnarononyuyme BOAHbLIX OOBEKTOB U
BbISIBNIANIM  3KOJIOrO-reHeTUYeckne 0CobeHHOo-
CTU OPraHMU3MoB-6MONHANKATOPOB B YC/0BUAX
NOBbILWEHHOTO 3arpsA3HeHus.
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Summary: Autecological researches are necessary to obtain populations
characteristics providing steady existence of animals in the conditions of an
anthropogenic stress; they have practical significance connected with the
assessment of the environment quality by bioindication. The purpose of this
work was the autecological investigation of leukocyte composition and the
micronucleation in red blood cells of amphibians. The object of the research was
marsh frogs (70 specimens) and pool ones (35 specimens) in the water bodies
of Nizhni Novgorod region. The duration of the observation was two years. The
main methods were qualitative and quantitative analysis of leukocytes and red
blood cells, hydrochemical analysis by spectrophotometry. Statistical processing
was carried out by the methods of nonparametric statistics, correlation
method, dispersive analysis (R-studio, Statictica). The main pollutants of water
bodies were defined and the specific combinatory index of water impurity was
calculated. It was established that the number of leukocytes and erythrocytes in
the blood of amphibians was decreased. Interspecies distinctions were revealed
in the content of myelocytes, basophiles, eosinophils and lymphocytes. The
parameters of leukocytal blood system of pool frogs in specific conditions of
their habitat were mostly caused by the dynamics of lymphocytes. WBCs of
marsh frogs were characterized by the increase in the share of immature forms
of neutrophilic granulocytes and the change of the ratio between the share
of big and small lymphocytes. Indicators of blood correlated with the content
of iron (r = 0.85, p = 0.029) and chlorides (r = -0.87, p = 0.021) in a reservoir.
It was found that at higher levels of water pollution for two years, the shares
of the erythrocytes containing the micronuclei of attached and disintegrated
types increased. It occurred on the background of the decrease in the share of
rounded micronuclei. For the first time the size of micronuclei of different types
occurring in erythrocytes of amphibians was measured. It was shown that the
area of the disintegrated micronuclei surpassed that of rounded and attached
micronuclei. The results revealed the features of leukocytal blood composition
and cytogenetic homeostasis in the populations of marsh and pool frogs in the
specific biotopical conditions.
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