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AHHOTanus. B MoJeIbHOM dKCIIEpHIMEHTe M3Y4EHO TOKCHYECKOe JecTBHE repOuIuia riu-
(ocara, cogeprkallerocsi B 0OCTAaTOYHbIX KOJIMYECTBAX B 3¢pHAX 3JIaKOBBIX KyJIbTYp, Ha Jabopa-
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MEHHBIX KIIETOK KPOBH M CTPYKTyp€ NMapeHXHMAaTO3HBIX OPraHOB OINBITHBIX KHBOTHBIX, IPO-
M30LICALINE [I0]] BIUSHUEM COAEpIKallerocs B X KopMe riudocaTa B pasHBIX KOHIEHTpALHU-
AX. DKCIIEPUMEHTAIbHO JI0Ka3aHa XPOHUYECKAas TOKCHYHOCTb IEPEXOMAILEro IO MUIIEBOM
1eny rMdocaTa B HU3KUX KOHIEHTPALUSX Ul OpraHM3Ma MIICKOUTAIOMINX.
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Beeoenue

W3MeHeHue KIMMATUYEeCKUX YCJIOBHMI M COCTaBa MPHUPOJHBIX COOOIIECCTB
COpDHBIX PaCTeHHH, a TaK)Ke BHEJPEHHWE TPAHCTEHHBIX KYJIBTYPHBIX PAcCTEHUH B
MPAKTUKY BO3ACIBIBAHUS MPUBEITH K MacmITAOHOMY HWCITOJNB30BAHUIO TEPOUIIH-
JIOB, PACIIMPEHUIO MX aCCOPTHUMEHTA M IMOWCKY HOBBIX AKTHBHBIX CYOCTAHIIHIA
[JTapuna, 2014; Glyphosate, 2016; ®utocanurapHslii MOHUTOPHHT ..., 2008].
Here npumeHeHne repOUIMIOB SBISETCS HEOTHEMIIEMOW CEIhCKOXO3SHCTBEH-
HoW mpaktukoil [bapanos, I'punbko, 2014; Cnupunonon, Xemuyxun, 2010;
Jlunckwii, [Tantioxos, MBuenko, 2018]. ['epbunmaamu 00padaTHIBAIOT CEIHCKO-
XO3SIICTBEHHBIE KYJIBTYPHI C IENbI0 KOHTPOIIS COPHON PACTUTEIHHOCTH, a TaKKe
B TIPeyOOpPOYHEI MepHoa B Ka4eCTBE JCCUKAHTA U JIJIS TIOJCYIITMBAHUS YPOXKas
[Ky3nenoBa, YUmunn, 2010; Glyphosate, 2016]. Mx ocrarouHble KOJIMYECTBA
HAKAIUTMBAIOT BO3JICJIBIBAEMBIC KYJIbTYPHI, OHH OOHApYyKUBAIOTCA B OOBEKTAX
OKpY’KaloIel Cpebl, KopMax, MPOAYKTax MUTAHMS, B TKAHIX KUBOTHBIX M OWO-
matepuanie Joneit [lllyouna, Cuntotuna, I[llyoun, 2009; Toxkcukosoro-
TUTHEHUYECKas OIeHKa ..., 2013; Glyphosate, 2016].



98 H. E. IIYBAJIOBA, E. A. IIPYTEHCKAS, M. I'. CYJIbMAH

OcraTouHble KOJTMYECTBA HaWOOJIee PacIpOCTPAaHEHHOTO B MHPOBOU Ipak-
THKE TPUMEHEHHUS U BBIMYCKAIOMIETOCS I10J MHOYKECTBOM TOPTOBBIX Ha3BaHHMA
repoununa rmdocara (N-(pochonomermn)-riunun, C3HgNOsP), a takxke ero
MeTabomuTa aMUHOMETHI(POCHOHOBOM KHUCIOTH HIACHTU(OUIIMPOBAHBI B 3€pHE
Pa3IMYHBIX CEJIbCKOXO35MCTBEHHBIX KyJbTyp. Kak ykaseiBaror E. M. Ky3Henosa
u B. JI. Umuns, B Kanane B 3epHe BhIpaIuBacMoro oBca repOuiu Obut 0OHapy-
xkeH B koimuectBe ot 0,70 no 4,6 mr/kr, a B Benmukobpurtanuu — 0,9-14 mr/xr.
IIpu mpomzBoactBe copro B CIIIA yposens rimdocara B 3epue mocruran 1,1-
33,0 mr/kr. [IpucyrcTBre repOuaa B KOPMax CoCOOCTBYET €ro HAKOIUICHHUIO B
TKaHSX )UBOTHBIX, MOJIOKe U siinax [Kysneunosa, Umumib, 2010]. Hecobmoaenue
MIPaBHJI MPUMEHEHHUS TePOUIINIOB CTAHOBUTCS MPUIHHOMN 3a005IeBaHUi 1 THOETH
mozei [[1lyouna, Cuntoruna, [llyoun, 2009].

XuMHUUeCcKre METO/Ibl aHAIHU3a MO3BOJISIIOT OMPEICIUTh KOIHMUYECTBEHHOE CO-
JiepKaHue TepOMIMIOB, HO He NaloT BO3MOXXHOCTH CHAENaTh BBIBOA O UX
TOKCHYHOM BO3JICHCTBHH Ha OOBEKTHI OKPYXKAIOIIEH Cpenbl, TEIIOKPOBHBIX
’KUBOTHBIX W YEJIOBEKA, TAKKE IJISI MHOTHX M3 HUX HE YCTAaHOBIICHBHI IPENEIHHO
JIOITyCTHMBIe KOHIeHTpanuu. OTpeneinTh CTEeIeHb TaKOTO BO3JEHCTBHS MO3BO-
JISTFOT METOIBI OMOTECTHPOBAHMUS, OCHOBAaHHBIC HA M3yYCHUU OTBETHBIX PEAKIIHA
TECT-OPraHU3MOB: MJICKOIIUTAIOIINX, PbIO, OECIIO3BOHOYHBIX KUBOTHBIX U PaCTe-
uuii [XKupenko, 2007; Novais, Soares, Amorim ..., 2010; Effect of different
soil ..., 2005; Miiller, Berghahn, Hilt, 2010; Bandow, Coors, Rombke, 2013;
OnbkoBa, ®okuna, 2015; History and sensitivity comparison ..., 2015;
T'onoBanoBa, AmunoB, 2016; Ky3emuna, Tapnesa, Hlentumkuii, 2017].

[lIupokoe n3yueHne OCTPON U XPOHUIECKOH TOKCUYHOCTH TePOUIIHIIOB IS
MJICKOTTUTAIONINX OOYCIIOBJICHO BO3MOXXHBIM QHAJIIOTHYHBIM BO3IECHCTBHEM KCe-
HOOMOTHKOB Ha OpraHu3M uesoBeka. [IpucyTcTBre riaudocata B OCTAaTOUYHBIX KO-
JMYECTBAX B MPOAYKTaX MUTAHHUA U KOPMaX JUIs KHUBOTHBIX OOBSCHSET aKTyallb-
HOCTh TaKUX padoT.

Cpenu neratuBHBIX 3 dexroB riamudocara pu 0cTPoil KHTOKCHKALUK J1a0o-
PaTOPHBIX >KMBOTHBIX OIMCAHO OTKJIOHEHHE T'eMAaTOJIOTHYECKHX W OHMOXMMHYE-
CKHX MoKa3zaTenei kpoBu [MupournukoBa, Kuprommn, Moranosa, 2018], ognako
BIMSHHE FepOMIIM/IA B HU3KUX KOHIICHTPALIMAX M [IPH [UTUTEIBHON HHTOKCUKAIIUU
U3Y4YEHO HeAO0CTaTO4HO. Llenb HACTOAIIEro UCCIeI0BAHUS — SKCIEPUMEHTAIBHOE
MOJIEITPHOE MCCIIEIOBAHNE XPOHUYECKON TOKCUYHOCTH TirdocaTa JUisi OpraHu3mMa
MJICKOTTUTAIONINX TTPU OMOTECTUPOBAHUH HA OCIIBIX MEIIIIAX.

Mamepuansvt u memoowt

HccnenoBanue BbIMOTHEHO Ha 48 9Kk3. Oenblx J1abopaTopHbIX Mbimed (12
caMLOB U 36 caMOK B BO3pacTe 2 MECSILEB CpEeJHEH CTaHIapTHOW Maccoil 25—
30T), moMyuyeHHBIX W3 BUBApHs HUMEIOIIEH TOCYIJApCTBEHHYIO aKKpeIWUTAIHIo
TBepckoil Mex00IaCTHON BeTepUHAPHOHN J1a0OPaTOPHK M COAEPKABIINXCS B CO-
OTBETCTBHH C HOpMAaTHBAaMH' . Bce MBOTHBIE GBLIM 3I0POBEI, HX COCTOSIHHE Olle-

" TOCT 33216-2014 PykoBOACTBO 10 CONEPKAHHIO U yXOAy 3a TaGOPATOPHBIMH KHBOTHBIMH.
ITpaBuia copepaHusi U yXoJa 3a Ja00paTOPHBIMU I'PhI3yHAMH M Kpoiaukamu. M. : CTaHmapTHH-
¢dopm, 2019, 10 c.
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HUBAJIM BU3yalbHO. KopMileHHE OCYIIECTRISIIIOCH OJIMH Pa3 B CyTKH 0€3 OrpaHH-
YeHHs1, BO/Ia TI0AaBajlach U3 CTAIIMOHAPHBIX TIOMJIOK KPYTJIOCYTOYHO.

WHTOKCHKAMIO MBILIEH MOJCIMPOBAIN MYTEM CKapMIIMBAHUS >KUBOTHBIM
3epHa 0Bca, 00pabOTaHHOTO BOJHBIM pacTBOpoM mndocara. KoHmeHTpamust mim-
(hocara B 3epHe cocrapmnsna 7, 14, 28 mr/kr. ConeprkaHue repOrIuIa OnpeesiTn
METOJOM BBICOKO3((EKTUBHON KUIKOCTHOM XxpoMarorpaduu Ha npudope Agilent
1220 Infinity LC (Agilent Technologies, CLLIA).

DKCIEepUMEHT BBITIOJHSUIIM B JIBa dTarla.

ITepBbIil Tan npeaycMaTpuBai pa3felibHOE COAEPIKAHUE CAMIIOB U CAMOK.
JKuBoTHble OblIM pacmipeneneHsl Ha 16 Tpynn ¥ MOMEIIANKCh B MHAUBHY albHbIE
KJIETKH CIIEAYIONIMM 00pa3oM: YeThIpe KJICTKU MO TPH camila B KaXJIOW, JBEHa-
JIaTh KJIETOK MO TPU CAMKH B KaxIoW. [IpOJOIDKMTENBHOCTh CKapMIIMBAHMS
MBIIIaM 00pabOoTaHHOTO TMU(OCATOM 3epHa NMPH pa3feibHOM COACPKAHWU CO-
cTaBisuIa oJUH Mecsal. Cxema coJep’kaHusi M KOPMIICHHS JKHBOTHBIX IPEICTaB-
neHa B Tabu. 1.

Tabnuya 1
CxeMa cofep aHHs U KOPMIICHHS JKHBOTHBIX
B IEPBBII NEPUOJ IKCIEPUMCHTAIBHOTO HCCIICI0BAHUS
Ne kneTku Cxema conepxanns CxeMa KOpMIIeHUs

JKHUBOTHBIX
1 Camupl 3epHo oBca, He 00paboTaHHOE MIU(OCATOM
2 Camusl 3epHo oBca, oOpaboranHoe ridocaToM (7 MI/Kr)
3 Camisl 3epHo oBca, obpaboranHoe rimdocaTom (14 mr/kr)
4 Camupl 3epHo oBca, obpadoranHoe riudocaroM (28 Mr/Kr)
5-7 Camku 3epHo oBca, He 0OpaboTaHHOE I OcaTOM
8-10 Camku 3epHO oBca, 0OpaboranHOE TIH(ocaToM (7 MI/KT)
11-13 Camku 3epHo oBca, obpadoranHoe riudocaroM (14 Mr/kr)
14-16 Camku 3epHo oBca, obpaboraHHoe rimdocaToM (28 mMr/kr)

BTopoii atam nccnenoBanus BKIIOYAI (GOPMUPOBAHKE TPYIII (CEME) U3 TI0-
JIOBO3PEIIbIX KUBOTHBIX, CEMBSI COCTOsIa U3 TPEX CaMOK M OJHOTO camua. bemnbie
MBIIIY OBLIM pacrpeneieHbl Ha 12 rpymm (ceMeil) U MOMeIeHbl B HHIUBHUIYallb-
HBIE KJIETKH, CXeMa KOpPMJICHHSI ITPeJICTaBIeHa B Ta0l. 2.

Tabauya 2
CxeMa coJIep)KaHus 1 KOPMIICHHS )KUBOTHBIX
BO BTOPOU MEPUOJ HKCIIEPUMEHTAIBHOTO UCCIEA0BAaHUS
Ne knerku Cxema conepkanus Cxema KOpMIICHUS.
KHBOTHBIX
X(1) 1 camen, 3 caMku 3epHo oBca, He 00paboTaHHOE IIU¢OocaToM
X(2) 1 camer, 3 camMKu 3epHo oBca, He 00paboTaHHOE riudocaToM
X(3) 1 camen, 3 caMKu 3epHo oBca, He 00paboTaHHOE IITU(OcaTOM
7(1) 1 camen, 3 caMku 3epHo oBca, o0paboranHoe rudocatoM (7 MI/Kr)
712) 1 camer, 3 caMKu 3epHo oBca, oOpaboranHoe riudocatoM (7 Mr/Kr)
7(3) 1 camen, 3 caMku 3epHo oBca, oOpaboTanHoe raudocarom (7 MI/Kr)
14(1) 1 camen, 3 caMku 3epHo oBca, obpabdoranHoe riudocarom (14 mr/kr)
14(2) 1 camen, 3 caMKu 3epHo oBca, 0O0padoranHoe riudocatom (14 mr/kr)
14(3) 1 camen, 3 caMku 3epHo oBca, oopabdoranHoe riudocarom (14 Mr/kr)
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Oxonuanue maon. 2

Ne knerku Cxewa conepxana Cxema KOpMJICHUS.
JKHUBOTHBIX
28(1) 1 camen, 3 caMKu 3epHo oBca, 0OpaboraHHoe rimdocaToM (28 mMr/kr)
28(2) 1 camen, 3 caMku 3epHo oBca, obpaboTanHoe riudocarom (28 MI/Kr)
28(3) 1 camer, 3 caMKu 3epHo oBca, oOpaboranHoe riudocatoM (28 MI/Kr)

Jlnst HaOMroIeHUs AMHAMUMKH BO3JICHCTBHUS repOUIUIa YacTh T1a00paTOPHBIX
JKNBOTHBIX YMepIIIB.HSU[I/I METOAOM ACKAIIUTAIINUU 110 UCTCUCHUU 3 MEcC., z[pyryro
4acTh 4epe3 S5 Mec. OT Havasia omnbita o cxeme No 2.

IMpoBoaunu oT6Op KpoBH JJisi MOP(OJIOrMUECKOrO aHAIN3a, BU3YalbHBIH
OCMOTp BHYTPEHHHX OPTaHOB MpPH MATOJOTOAHATOMHYECKOM BCKPBITHH, OTOOpP
MaTCpI/IaJ'Ia JJIA HpI/IFOTOBHCHI/ISI TUCTOJIOTUYCCKHUX HpenapaTOB. HpI/IFOTOBHCHI/Ie
TUCTOJIOTMYECKUX MPENapaToB OCYIIECTBISUIN COTNIACHO METOIMYECKUM YKa3aHH-
SIM, JIJIs1 OKPAIIIMBAHUS THCTOCPE30B HMCITOJIb30BAIM M€MAaTOKCHIIMH-303UH [MeTo-
JIUYecKue yKazanus ... , 2005].

Pezynomamot u o6cyycoenue

B skcniepuMeHTe OIICHWBAIN XPOHUYECKYIO TOKCHYHOCTD IiHdocara B KOH-
neHTpauusax 7, 14 u 28 Mr/kr npu OMOTECTUPOBAHNH Ha OENbIX MBIILIAX.

B xozme sKkcmepuMeHTa OCYIIECTBIISUICS €KEAHEBHBIH BU3YalbHBIH OCMOTD
COCTOSIHMSI KHUBOTHBIX. KpuTepusMu XpoHHYECKOH TOKCUYHOCTH CITY KMITH U3Me-
HEHHE MOBEJCHYECKHX PEaKLUi, 0COOCHHOCTH BOCIIPOM3BOJICTBA IOTOMCTBA, KO-
JIMYECTBO U KU3HECIIOCOOHOCTh NETEHBIIICH, YHCIIO MABIINX XUBOTHBIX U CPOKH
UX rH0OeNH, HAINYHE MAaTOJOTHYECKNX N3MEHEHNH B TKaHIX U OpraHax MBIIIEH.

Knunnueckas xapTuHa y MBIIIEH HE MMeJa MPU3HAKOB OTPABIEHUS, HU3Me-
HEHUH B [TOBEJICHUHU >KUBOTHBIX HE HAOIIOAAJIOCH.

OcoOGeHHOCTH BOCIPOM3BOACTBA MOTOMCTBA B KOHTPOJBHBIX M OIBITHBIX
MOJrpyNINax >KMUBOTHBIX CYIIECTBEHHO pasinyanuch. [losBieHue mepBoro mpu-
IUIOAAa B KOHTPOJIBHBIX MOATrPYMIax 3aperucTpUpoBaHo B nepuon ot 20-23 nHeit
1OCJIe Hayaia BTOPOTO 3Tara KCIepuMeHTa. Yucno neTéHbIeld BapbupoBajo OT
6 10 9 ocobeii, BBDKHBAeMOCTh IToToMcTBa coctaBisuia 100 %, 3a UCKITIOUeHHEM
HECKOJIBKHMX CllyyaeB MH(aHTULHA, KOTOPBIH sBIsETCS OOBIYHBIM THUIIOM IMOBE-
JICHUS B CTPECCOBOM CUTyalllu, B KOTOPOM HaXOIUTCS CaMKa.

B xone nccienoBanust OBIJIO OTMEYEHO CHIDKEHHE (DEPTHIBHOCTH W KH3HE-
CIOCOOHOCTH MOTOMCTBA OTBITHBIX KHBOTHBIX 110 CPAaBHEHHIO C KOHTPOJBHBIMU.
B nmoarpymmne nabopaTOpHBIX KMBOTHBIX, KOPMJIEHHE KOTOPBIX OCYILECTBISLIOCH
3epHOM OBCa, COAEPIKAIIET0 TepOntina 7 MI/KT, TOTOMCTBO BOCIPOH3BEIa TOJIBKO
onHa caMka. [lepros 10 MOSBIEHHS MOTOMCTBA COCTAaBUI 68 JIHEH C 3a1ep>KKOi
oT 46 10 48 nHEl 1o CPaBHEHHUIO C KOHTPOJbHOU moArpymnmnoi. B nomére Hacuu-
TBIBAJIOCH 6 HETEHBINIEH, MPOAOJIKUTENIFHOCTh MX JKU3HM COCTaBWiIa OT 1 10
3 nueit.

B moarpynme *HBOTHBIX, KOPMJIEHHE KOTOPBIX OCYIIECTBIISIOCH 3€PHOM
0Bca, cozeprkamero rimdocar 14 MI/Kr, IOTOMCTBO TaK)Xe BOCHPOM3BENa €IUH-
CTBEHHAs caMKa, MEpPHOa A0 BOCIPOM3BOACTBA MOTOMCTBA cocTaBmi 80 mHEH ¢

M3ssectus MpkyTcKOro rocy1apcTBeHHOr0 yHUBEPCUTETA
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3aepxkKkoit oT 60 10 58 mHEH o0 CpaBHEHHIO ¢ KOHTPOJIBHOM MOATPYIIITOHN, YHCIIO
JETEHBINIEH COCTABIIIO 7, IPOJOIKUTEIBHOCT X XKU3HU OT 1 10 4 nHei.

CaMKH U3 TpeTbel ONBITHOW MOATPYMIIbI, KOPMJIEHHE B KOTOPOM OCYIIECTB-
JISUTOCH 3€PHOM OBCa, cojeprkamiero riaudocat 28 MI/Kr, He MPUHECTH TIOTOMCTBa
3a BpeMs sKcnepuMenTa. [Ipu maTtomoroaHaToOMHIeCKOM BCKPBITHH 10 HCTEYCHUN
5 MecsieB Mocie Hadana BTOPOTO ATama SKCIEPUMEHTa Y €AMHCTBEHHOW CaMKH
13 MTOATPYIIBI B pOrax MaTK OOHApYy>KeHbI 7 SMOPHUOHOB.

Pesynprarel ompiTa MOKazanM KOJNWYECTBEHHOE HW3MEHEHHE COJepKaHHS
(hOpMEHHBIX KIIETOK mepudepryecKoil KpOBH y ONBITHBIX XKHBOTHBIX 110 CpaBHE-
HUIO C KOHTPOJIbHBIMH. TOKCHUYECKOe BO3JEHCTBHE TrepOMIHIa BBIPAXKaloch B
nogaBieHnn TuMdoruToodpazoBanus (puc. 1). KonmaecTBo TEHKOMTOB B KPOBH
B MOJATPYNIE XUBOTHBIX, KOPMIICHHE KOTOPBHIX OCYILIECTBIISZIOCH 3€PHOM C CO-
JiepKaHueM repounuaa 7 MI/Kr, CHU3WIOCh B cpenHeM Ha 30 u 66 % criycts 4 u 6
MECSIEB COOTBETCTBEHHO; B TPYIIE KUBOTHBIX, KOTOPBIX KOPMUIIA 3€PHOM C CO-
JepkanueM repounuaa 14 mr/kr, camkenue coctaBmio 30 u 62 % depe3 4 u 6
MECSIIEB COOTBETCTBEHHO; y JKMBOTHBIX K€, MMOMYYaBIINX KOPM C COJAEPKAHUEM
repbunzaa 28 MI/Kr, 4ucio JeHKOUUTOB ynano Ha 38 u 73 % COOTBETCTBEHHO.
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Puc. 1. KonndecTBo JEUKOIMTOB B KPOBH JJA0OPATOPHBIX MBIIICH, MUTABIIMXCS B IKCIIE-
PpUMEHTE 3epHOM OBca, 00pabOTaHHBIM TIIU(OCATOM B Pa3HOI KOHIIEHTPAllMH, B TeYEeHUE: a — 4
MECSIEB; 6 — 6 MECSIIEB.
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B xoze Bcero omneiTa y ONBITHBIX JKUBOTHBIX TAaKXKe HA0J0Aa]I0Ch CHUKEHHE
YHCIla SpUTPOIUTOB KpoBHU (puc. 2). CpeaHee yMEHbIIEHHE KOJIMYECTBA dPUTPO-
LIUTOB B NepBOH noarpymme coctaBuio 23 u 38 % udepe3 4 u 6 Mecs1eB COOTBET-
CTBEHHO, BO BTOpOi — 36 1 47 %, a B TpeTheil — 43 u 59 % cooTBETCTBEHHO.
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Puc. 2. Konu4ecTBO 3pUTPOLUTOB B KPOBU JTa0OPATOPHBIX MBIIIEH, TUTABIIMXCS B JKC-
TIEpUMEHTE 3epHOM OBca, 00paboTaHHBIM MIM(GOCATOM B Pa3HON KOHIICHTPAIMH, B TEYCHHUE:
a — 4 Mecs1eB; 6 — 6 MecCsIICB.

ITpu mccnenoBaHuM LUTOJIOIMYECKUX NPENAPAaTOB KPOBU MOJIYUEHBI CIEIY-
IOIIME pPe3ybTaThl. BONMBIIMHCTBO 3PUTPOIIMTOB HOPMOXPOMHBIE, UMEIOT OJMHA-
KOBYIO ()OpMy, LIEHTPAJIbHYIO 30HY IIPOCBETICHUS. B TO e Bpems B Ma3kax Kpo-
BU BCEX OIBITHBIX )XMBOTHBIX HAOIIOJAINCh KAUECTBEHHbIE M3MEHEHUS] IPUTPO-
UTOB. AHM30IIMTO3 U TMONKMIIOIMTO3 BBIPAXKAJINCh B U3MEHEHHUAX BEIUYMHBI U
(hOpMBI 3PUTPOLIUTOB.

IIpy maTon0roaHaTOMHYECKOM HCCIENOBAaHUU J1AOOPATOPHBIX KHUBOTHBIX W3
KOHTPOJIBHOI'O OIIBITa COCTOSHUE NAapEHXWMAaTO3HBIX OPraHOB COOTBETCTBOBAJIO
HOpMeE. Y OIBITHBIX KUBOTHBIX BBIpa)KEHHBIE H3MEHEHHS 0OHAPYKEHBI B ICUCHH,
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TOHKOM W TOJICTOM OT/IeJIe KUIIICYHNUKA, TIPH BU3yaIbHOM OCMOTpE HaOJI01a10Ch
W3MCHCHHE UX IIBETa M KOHCUCTCHIIMH. B pe3ynpTare XpOHMUECKOW MHTOKCHKA-
MU TICYCHb CIlIeTKa yBEIIMYCHa B pa3Mmepax, APSOJIO KOHCHCTEHIMH, CBETIIO-
KopuyHeBOro IBeTa. CTEHKH TOHKOTO M TOJICTOTO OTAENIOB KHIIEYHHKA CEPOTO
1[BeTa, KOHCUCTEHITUS NIPSA0JIasi, CIM3NUCTast 000JI0UKa CBETIIO-KOPHIHEBOTO IIBETA,
UPKYJSPHO PACIIOIOKEHHBIC CKIIAJKA HE MPOCMATPUBAIOTCS, CIM3KCTas 000-
JOYKa MecTaMH ciymmBaercs. Hambonee spko mMaToJIOrMYecKne H3MEHEHUS
CTEHKH KUIIECYHWKA BBIPAKCHBI Y MBIIICH, MOSTABIINX 3E€PHO ¢ KOHIICHTPAITHCH
repouruaa 28 Mr/kr. Y KMBOTHBIX TOSBISIOTCS 00Jice TSDKEIbIC MOBPEKICHUS:
TOYCYHBIE KPOBOM3JIUSHUS TI0]] CITU3UCTON 000JI0YKOH TOHKOTO KHIIIEYHUKA.

[Ipy MUKPOCKOITMYIECKOM HCCIICIOBAHUU THCTOJIOTHYECKUX TIPENapaToB Tie-
YeHH HauboJiee CHIIbHBIC M3MEHECHUS OOHAPYKCHbI y ONBITHBIX MKHBOTHBIX, IO-
€ar0IIUX 3€PHO C KOHIICHTpanuel repounmaa 28 Mr/kr. Y KMBOTHBIX M3 NIEPBOH
¥ BTOPOM OIBITHBIX MOATPYIIT HaOIIOAANOCh pacuIMpeHre CHHYCOUIHBIX KaIluil-
JSPOB, B TMPOTOKAX MPOCMATPUBAIKNCH CIUHUYIHBICE JTUMGOIUTEL bamodHo-
pamuanbHOE CTPOSHHE MEUYEHOYHBIX JIOJEK COXPAHEHO, MPOCIIEKUBACTCS YETKO,
MOJIUTOHANIbHAS (pOpMa KIIETOK €CTECTBEHHOTO pa3Mepa. Y MBIIIeH U3 TpeThei
MOATPYIITE HAOIOAAIOCH 3HAYUTEIHLHOE KOJHMYECTBO JICHKOIIMTOB B TPOTOKAX
KammUISIPOB, 0aI0YHO-paAralIbHOE CTPOCHUE MTEUYCHOYHBIX JTOJIEK MPOCTICKIUBACT-
csl HEeu€TKO, MOJIMTOHANIBHAS (hOpMa TEMaTOLMTOB BBITSHYTA, KICTKH YBEINYCHBI
B pa3Mepax.

Buoieoowt

B pesynpTare BBHINOJHEHHBIX WCCIENIOBAHWUH yCTAHOBJIEHO, YTO IinMdocaT
npu KOHIEHTparusax 7, 14, 28 MI/KT BbI3bIBaeT yrHETeHHE (YHKIIMH PEIpPOAYK-
TUBHOW CHCTEMBI ONBITHBIX XUBOTHBIX W HETaTHBHO BO3/IEUCTBYET HA JKU3HECIIO-
COOHOCTh TOTOMCTBA.

[Ipu ananu3e HUTOJIOTMUECKUX MPENAPATOB KPOBU OMNBITHBIX KUBOTHBIX 3a-
(hMKcHpOBaHO CHIDKEHHE KOJMMYecTBa (POPMEHHBIX KIIETOK: JIGHKOIUTOB W JPHT-
pouuToB. B X01€ XpOHMYECKOM MHTOKCHKALMU BBISBICHO HETaTUBHOE BO3JEH-
cTBHe Tardocara Ha MOPPOIOTUIECKUE TOKA3ATENN KPOBH.

IIpy nmaromOroaHaTOMUYECKOM BCKPBITHM JIA0OOPATOPHBIX JKUBOTHBIX
HAOIOa U3MEHEHHUS TIEYeHH, TOHKOTO W TOJICTOI'O OT/AEJIOB KHUIIeYHHKa. Mc-
CJIEZIOBAaHHME TMCTOJOTMYECKHUX MPenapaToB MEYeHH O0Ka3aio, 4To TepOruu Ipu
pa3IMYHBIX KOHLIEHTPALUAX BBI3bIBAECT HAPYIIEHUE CTPYKTYPbI TKAHH OpraHa.
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Assessment of the Effect of Low Glyphosate Concentrations
in Forage Cereal Crops on the Biochemical Parameters
of Blood and Organs of Laboratory Mise

N. E. Shuvalova, E. A. Prutenskaya, M. G. Sulman

Tver State Technical University, Tver, Russian Federation

Abstract. Chemical methods for managing invasive plants in agriculture are dominant at pre-
sent. Glyphosate-containing preparations are used as a desiccant and for drying of crops during
pre-harvest period. Residual quantity of glyphosate founded in the grains of different crops
was between 0.70 and 33.0 mg/kg. For example, the herbicide concentration in oats grown in
the UK was about 0.9-14 mg/kg. As the result, herbicide is found in the environment, forage,
food staff, animal tissues and human biomaterial. Chemical methods of analysis cannot con-
clude the toxic effects of herbicides on the environment, warm-blooded animals and humans.
The purpose of the study was to examine the toxic effect of glyphosate on biochemical blood
assays and organs of the laboratory rodents. The evaluation of influence of glyphosate was
based on studies using 48 rodents. Chronic toxicity effects were determined by feeding rodents
with grains containing 7, 14, 28 mg/kg of glyphosate. The exposure time was more than 4
months. The criteria for toxicity were based on biochemical changes of blood cells and tissues
of rodents. Significant deviations of laboratory rodents’ physiological standards of blood indi-
cators were determined during the study. The results of laboratory researches demonstrate
quantitative and qualitative changes of blood cells. Glyphosate intoxication in concentration of
7, 14, 28 mg/kg caused leukopenia, anemia, by reducing the number of leukocytes and eryth-
rocytes. As it was intimated, the average reduction of number of leukocytes in blood by 30%
and 66 % was founded in the group of rodents fed with grains containing 7 mg/kg of glypho-
sate after 4 and 6 months of the experiment; in the group of rodents fed with grains containing
14 mg/kg of glyphosate after 4 and 6 months of the experiment the average reduction reached
30% and 62 %; in the group of rodents fed with grains containing 28 mg/kg of glyphosate after
4 and 6 months of the experiment the average reduction reached 38 % and 73 %. The decrease
of erythrocytes in blood of laboratory rodents demonstrates a greater dose-effect relationship in
comparison with leukocytes. The average reduction of number of erythrocytes in blood by
23% and 28 % was founded in the group of rodents fed with grains containing 7 mg/kg of
glyphosate after 4 and 6 months of the experiment; in the group of rodents fed with grains con-
taining 14 mg/kg of glyphosate after 4 and 6 months of the experiment the average reduction
reached 36% and 47%; in the group of rodents fed with grains containing 28 mg/kg of glypho-
sate after 4 and 6 months of the experiment the average reduction reached 43% and 59%. Qual-
itative changes in erythrocytes were determined by changes in size and shape of cells. Post-
mortem examination of laboratory rodents founded changes in the liver, small and large intes-
tine. The hepatotoxicity of glyphosate was expressed by changes in liver size, consistency and
color. Negative influence of herbicide on the gut walls of small and large intestine was also
expressed by the changes of intestinal mucosa color, consistency. A group of rodents fed with
grains containing 28 mg/kg of glyphosate faced more abnormal changes of gut walls of small and
large intestine, being reflected by the appearance of splinter hemorrhages under the intestinal
mucosa of small intestine. The study also determined the negative effects of glyphosate on
mammalian reproductive function and the viability of the posterity of laboratory rodents. The
results demonstrate that chronic toxicity of herbicides contributes to the deviation of hematologi-
cal and biochemical indices of blood, negatively affects differentiative state of liver, gut walls.

Keywords: glyphosate, chronic toxicity, bioassay, laboratory rodents.
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