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Abstract. Aim of study is to assess different alternative approaches to acute toxicity assessment of PPP, including
calculation based on the assumption of additivity and in silico methods. Acute toxicity of eight PPP, containing from
2 to 5 active ingredients (Al) pesticides and number of co-formulants was assessed. In vivo studies of acute toxic-
ity were conducted according to OECD 425. To derive in silico prediction of LD, of active ingredients EPA Toxicity
Evaluation Software Tool (T.E.S.T.) was used. Calculation of Acute Toxicity Estimate for mixture was done using GHS
additivity formula, taking into account in vivo LD,  of only active ingredients of PPP, of all ingredients of formulation
and LD, of active ingredients predicted by T.E.S.T. On the basis of in vivo results, calculations and in silico predictions
PPP were classified according to GHS and Ukrainian Hygienic classification. Additivity coefficients were calculated to
assess extent of interaction. Results of mentioned in vivo studies, in silico modelling and calculations are presented.
Mean deviation of predicted by T.E.S.T LD, values from experimental was 62,95%. Mean deviation of calculated ATE
fromin vivo LD_, for mixture was 74,5% (based on in vivo LD, data for Al only), 21,1% (based on based on invivo LD,
data for all ingredients) and 56,4% for ATE calculated using T.E.S.T predictions. Correlation coefficients for mentioned
calculations were 0,69;0,84 and 0,60 respectively. Differences of calculated and tested values of acute toxicity esti-
mates for eight multicomponent PPP did not lead to their misclassification in up to 75% of cases according to GHS
when based on in vivo data. Differences in calculated values of acute toxicity estimates based on in silico predicted
results lead to misclassification of the half of the formulations, however it may be lower if account to variability of
experimental results and small number of mixtures tested here. Underestimation of the hazard according to GHS
classification happened only in 12,5% of the mixtures studied here. Further studies will include assessment in the
similar way as presented here of larger sample of multicomponent plant protection products and other mixtures
representing wider range of acute toxicity categories and development of the list of mixture type-specific LD, values
for active ingredients (e.g. depending on solvents) and their application in the PPPs classification and risk assess-
ment.

Key words: acute toxicity, LD, , plant protection products, structure-activity relationship, classification, mixtures.
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HAKOMUYEHHA KAAMIIKO B AEYHUKAX LLYPIB NMPU 130/IbOBAHOMY BBEAEHHI
CONEN KAOMIKO TA B KOMBIHAUII 3 UWUTPATAMMU LUEPIKO 1 TEPMAHIIO
O3 «QHinponeTpoBcbKa MmeauYHa akagemia MO3 YKkpaiHu» (m. [Hinpo)
irakolosova0405@gmail.com

38’A30K ny6niKauii 3 nNfaHOBMMM HayKOBO-A0CNIA-
HUMK poboTamu. EKcnepumeHTanbHe AOCAIAKEHH:A
BMKOHAHO Yy paMKax HayKoBO-4OCAiAHOT poboTn Kade-
apu meguyHoi bionorii, dapmakorHosii Ta 6otaHiku 43
«OMA» «BbionoriyHi ocHoBM mopdoreHesy opraHis Ta
TBAPUWH NiJ, BNJIMBOM MIKPOEeNeMeHTIiB Ta yAbTPaMikpo-
efleMeHTiB B eKcnepumeHTi» (N2 aepraBHoOi peecTpau,i
0118U006635).

Bcryn. BaxnvBoo Ta 060B’A3KOBOKO YMOBOK HOPp-
Ma/ibHOrO QYHKLIOHYBaHHA oOpraHiamy € cTabinbHicTb
noro ximiyHoro cknagy. MpoTe B cy4acHUX yMOBax BUCO-
KOro piBHA 3abpyAHEHHA HaBKO/IMLIHBOIO CepefoBMLLA
BaXXKMMW MeTasiaMM Ta MOripLlIeHHA CcoLuiaNbHO-eKo-
HOMIYHWNX, E€KONOriYHMX, BionoriuHMX GaKkTopiB KUTTA
BiAOyNMCA CyTTEBI 3MiHM B €1eMeHTHOMY CTaTyci Hace-
NIeHHA, 0cobAnBO B YMOBAxX MPOMMUCIOBO PO3BUHEHMX
Teputopin. OcobAMBO BaxKNAMBUIA AOCTATHIN BMICT Ta 6a-
NAHC MAKpOo- i MiKpoenemeHTiB Ana HOPMaibHOro ne-
pebiry BariTHOCTi, NONOriB i PO3BUTKY OpraHiamy naoAais.

Cepen, XiMIYHMX PeEYOBWH, WO 3abPYAHIOOTb Ha-
BKOJIMLLIHE CepefioBULLE, BaXKKi MeTasn Ta iX CNosyKu
YTBOPIOIOTb 3HAYHY rpyny TOKCUKAHTIB, AKi HanexaTb 0
npiopntTeTHNX 3abpyaHI0BaYiB BUPOBHMYOrO Ta HaBKO-
JIVLWHBbOrO CepesioBULLIA, TOMY NepLIOYeproBe 3Ha4YeHHA
[OCNIAMKEHb Y LLbOMY HamnpAaMKY Heo4HOPa30BO BigMi-
4Yanocb y HayKoBuMx npauax. JocnifHMKamMu BU3HAYEHO,
LLLO Y MELIKAHL,iB Cy4aCHOro mMeranoJiicy cnoctepiraeTb-
CA HAKOMWYEHHA B OPraHi3Mi pPi3HUX XiMiYHMX, Y TOMY

UYMCNi TOKCUYHUX, EIeMEHTIB, cepes, AKUX 3HaYHe MicLe
3aliMae HaKonuyeHHA Kaamito [1].

Kaamiin He € XUTTEBO HEOOXiAHUM XiMiYHMM ene-
MEHTOM AN1A OpraHiamy N4MHU, BiH NPAKTUYHO BiA-
CYTHi/A B OpraHi3mi HOBOHapOAKEHUX, 3 BIKOM aKymy-
NoETbCA, | A0 50 poKiB MOro 3arasbHUA BMICT MOXe
pocarati 20-30 mr [2,3]. Y npupoai Kagmild NpUcyTHIn y
IPYHTI, pyAax, MOPCbKi BoAi, B aTmocdepy HaaXxoaUTb
Yy pe3ynbTati BYJKAHIYHMX BUBEPXKEHD | BUBIIbHEHHA 3
pocavH [4]. Kagmili € No6iYHUM NPOAYKTOM MIaBAEHHA
LLMHKY i CBUHLIO, BUKOPUCTOBYETLCA B rasibBaHi3aLii, BU-
rOTOBJ/IEHHI HiKENb-KaAMIEBMX aKyMYIATOPIB, @ TaKOX B
AKOCTI nirmeHTy ¢hapb i naacTuky.

Kagmili HaaxoaMTb B OPraHiam Il0AMHU Yepes LWYH-
KOBO-KMLLIKOBMIA TPaKT (3a Aoby B cepeaHbomy 20-50
MKF 3 Xap4YOBMMM NPOAYKTamMMK (M'ACO, MOPENPOAYKTH,
0BoMi i 3n1aKuM) Ta 0,1 MKr 3 NUTHOI BOAOK) i AMXasb-
Hi wnaxu (0,02 mkr) [5,6]. OcobnusicTio GionoriyHol
Aii Kagmito € Moro 34aTHICTb HeraTMBHO BMNAMBATM Ha
30,0POB’A IOAMHU NPU TPUBANOMY BMAUBI HU3bKUX piB-
HiB 3abpyaHeHHA y 3B’A3KY 3 BMCOKMM KoedilieHTOM
6ionoriyHoi Kymynauji. Biaomo, Lo HagAMLWOoK Kagmito
iHrioye cuHtes AHK, 6inkiB i HyKNEIHOBMX KMUCNOT, 3Ha-
YHOI MipOt0 3MiHIOE MeTaboi3M i PpYHKLT TaKMX ecceH-
Lia/IbHUX eNeMeHTIB, AIK UMHK, 3aNi30, Mifb, MapraHeLpb,
KanbLil, ceneH. HegocTaTHA KiNbKicTb LMX €/1eMEHTIB, a
TaKOXK BifKiB i BiTamiHiB 36i/blUYE TOKCMYHICTb KagMito
[2,3,6,7]. BBarkatoTb, WO HAWBAXKAMUBILLMM MeXaHi3MOM
TOKCUYHOI Ail Kaamito € 6aoKyBaHHA rpyn SH depmeHTiB.
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Kaamiin Bonogie Takox emMbpioTOKCUYHOK Ta OHKOTeH-
Hoto aieto [1,8].

LIMHK € He3aMiHHMM MiKpoenemeHTOM B npoLecax
cuHTe3sy i penapauii AHK, embpioreHesy, penpoaykuii,
pereHepaLiii TKAHWH, iIMyHOreHesy, NOBeAiHKOBUX peakK-
Ui, pO3BMTKY MO3KY i T. 4., NoTpeba B AKOMY iCTOTHO
3pocCTa€ nig, 4ac BariTHocTi. Jediunt UMHKY BMAMBaE
Ha penpoayKTUBHY QYHKLiO: NOPYLLIYETLCA OBOreHes —
npouec noainy i gospisaHHA oBoumTiB [9]. MpK BUHUK-
HEeHHi BignNoBigHMX 3MiH OpraHi3m BK/IOYAE aganTaLiiHi
MexaHi3mK, a Npu iXx HENOBHIN PO6OTi BUHWMKaOTb NaTo-
NIOTiYHi 3MiHM. AgeKBaTHe OLiHIOBAHHSA 3abe3neyeHocTi
MIKPOHYTPIEHTAMM i PiBHA HABAHTAXEHHA TOKCUYHUMU
enemeHTamun notpebye 3acTocyBaHHA cydyacHuUx edek-
TUBHUX QHANITUYHUX METOLIB, 30Kpema aTOMHO-eMi-
CiiHOrO CNeKTpasbHOro aHanisy, AKMN 06YMOBOETLCA
BUCOKOK YYTAMBICTIO, LUBUAKOAIED, NPOCTOTOK MNpaK-
TUYHOI peanizauii [10].

Meta pgocnig)KeHHA nonsarana y nopiBHAHHI HaKo-
NUYEHHA KagMito Ta LUMHKY B AEYHUKAX BariTHUX CaMuLb
LLYpiB NpW i30/1bOBAHOMY BBEAEHHI CONel Kaamito (x0-
puay Ta uMTpaTy) Ta B KOMbiHauji 3 uMTpaTamn repma-
Hito Ta uepito.

O6’ekT i meToau Aocnig)KeHHA. [nA BU3HAYEHHSA
HAKOMWYEHHS KaaMmito B AeYHMKax 70 6inmx BariTHMX
caMuub WypiB NiHiT Bictap, AKX yTpumyBanu y BiBapii

BMPOAOBIK BCi€l BariTHOCTI. Iig, Yac BBEAEHHA PO34YMHIB
PEECTPYBANN CTaH Ta NOBEAiHKY CaMOK, AMHAMIKY MacK
Tina, pektanbHy TemnepaTypy, TPMBANICTb BariTHOCTI. Ha
20- geHb BariTHOCTI NPOBOAUAN OnepaTUBHUI 3a6ii.
Mpy poO3TUHI camuub LLYPAT BUIYyYaAN 3 MATKK, nepe-
BipAZIN HA TeCT «KMBI-MepPTBi», 3BaXKyBa/n, BU3HaAYaAU
BiAMOBIAHICTb PO3BUTKY MNOAIB A0 CTafdii pO3BUTKY B
HOPMi, MPOBOAMAN MAKPOCKOMNIYHUI ornsg embpioHiB
ONA BUABNEHHA 30BHIilWHIX aHOMani, ¢oTtorpadysanm
Ta dikcyBanu y 10% — po3unHi popmaniHy ana nogans-
LIOrO FiCTONOrYHOro AOCAIAMKEHHA. Y AEYHUKAX BU3HA-
Yasin KiNbKiCTb KOBTUX TiN BAriTHOCTi, Macy Ta pPO3Mipu.
YacTuHa AEYHUKIB 3aMOpPOXKYBanacb ANA BUMIPIOBAHHA
BMICTy KagMmilo B npobax mMeTogom MonienemeHTHOro
aHanisy. MonienemeHTHUN aHani3 GionoriyHMXx maTepi-
aniB MeTog0M aTOMHOI eMmicii 3 eneKTpoAyroBot aTo-
Mmi3auieo nposoanBsca B [eprkaBHOMY NignpUEMCTBI
«YKpaiHCbKUI HAYKOBO-A0CAIAHUN IHCTUTYT MeAULNHN
TpaHcnopTy» MiHicTepcTBa OXOPOHM 340p0B’s YKpaiHu
(m. Opeca) 3rigHO 3 4OroBOPOM MPO HAyKOBO-TBOPYE
cnispobiTHMuTBO (2018 p.). MNigrotoBka npob i BUMI-
pPrOBaHHA BMICTY meTaniB NpoBogMA0CA BigNoBigHO A0
LECT 30823-2002 gnAa OUiHKM HAKONMYEHHSA Kagmito Ta
LMHKY B AEYHMKAX LLypiB NpPW i301bOBAaHOMY BBEAEHHI
XI0pUAY KagMito i uMTpaTty Kagmito Ta B KOMbiHauii 3
uMTpaTaMn Lepito Ta repmanito. LUudbposuit matepian,
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PucyHOK 1 — MoKa3HUKM PiBHIO HAaKONUYEHHA Kagmito (A) Ta LMHKY (B) B se4HMKaX LYypiB B rpynax i30/1boBaHOro BBEAEHHA coseil Kagmito
Ha 20-Ty Aoby recTauiji.

Ha CTaHAapPTHOMY paLioHi, byno posgineHo Ha 7 rpym,
B AKUX TBAPUHM OTPUMYBAAM TaKi po3umHu: 1 rpyna —
[ONel (n=10) — xnopua, Kagmito y Ao3i 1,0 mr/kr; 2 rpyna
— [INe2 (n= 10) — umTpat Kagmito y gosi 1,0 mr/kr; 3
rpyna — ANe3 (n=10) — xnopua Kagmito y gosi 1,0 mr/
Kr 3 umTtpatom repmaHito (0,1 mr/kr), 4 rpyna — [Ne4
(n=10) — uuTpat Kaamio y Ao3i 1,0 mr/Kkr 3 uuTpaTom
repmanito (0,1 mr/kr), 5 rpyna — INe5 (n=10) — xnopua,
Kaamito y ao3i 1,0 mr/kr 3 umutpatom uepito (1,3 mr/Kr),
6 rpyna — [IN26 (n=10) — uutpaT Kagmito y ao3i 1,0 mr/
KT 3 umMTpaTom uepito (1,3 mr/Kr), 7 rpyna — KOHTPOJ/IbHa
(n=10) - 0,5 mn 0,9% NaCl. Po3umHM foCNigxyBaHUX pe-
YOBWH BBOAW/IM CAMKaM LLOAEHHO BHYTPILWHbOLWAYHKO-
BO Yepes 30H4, OAMH pa3 Ha f06y, B OAMH i TOM e 4yac

OTPMMaHUI B EKCNEPUMEHTANbHUX AOCNIAKEHHAX, OyB
niagaHui CcTaTUCTUYHIN 0bpobui 3a 3aranbHONPUIAHA-
TUMU METOANKAMM 3 BUKOPUCTAHHAM NiLeH3iMHUX Npo-
rpam cTaTUCTMYHOro aHanisy Statistica v.6.1 (StatSoft
Inc., cepiHnii No AGAR909E415822FA) Ta Microsoft
Excel. OujiHKy BipOrigHOCTI CTAaTUCTUYHUX AOCHiKEHb
npoBoAMAM 3a Aonomoroto t-kputepito CTblogeHTa.

Mpn NpoBeAeHHi eKCNepuMeHTYy Ha JlabopaTopHUX
TBapWHaxX MU KepyBa/iMcA 3ara/ibHOBU3HAHMMM BioeTnu-
HUMU NPUHUMNAMKN «KTPbOX R», @ TaKOX MOJIOXKEHHAMM
lenbciHCbKOT AeKknapalii BcecBiTHbOI meanyHOI acouia-
Lii (2000), KoHBeHLii Pagu EBponu y npaBax Nt0AWHU Ta
b6iomeguumum (1997 p.), BianosiaHux nonoxeHos BOO3,
MiXXHapOoaHOI pagM MeANYHUX HAYKOBUX TOBAPWUCTB,
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PucyHOK 2 — MoKa3HUKK piBHIO HaKONUYEHHA Kaamito (A) Ta UMHKY (B) B A€UHMKaX LypiB B rpynax BBEAEHHA X0puay Kagmito
Ha 20-Ty goby recrauii.

MiXKHapoAHOro Kogekcy mMeamyHoi eTukn (1983 p.),
«3aranbHMM eTUYHUM NMPUHLMNAM EKCMEPUMEHTIB Haj,
TBApPMHAMW», LWLO 3aTBEPAKeHi | HauioHanbHMM KoHrpe-
com 3 bioeTnkun (Kuis, 2001 p.) 3rigHO 3 NONOKEHHAMM
«EBPOMENCbKOi KOHBEHLi NO 3axucTy xpebeTHUx TBa-
PWH, WO BUKOPUCTOBYIOTHCA B EKCMEPUMEHTAX Ta iHLLMX
HaBYaNbHUX Linax» (Ctpacbypr, 18.03.1986 p.).
Pe3ynbrati gocnipyeHHs Ta ix o6rosopeHHs. Mpo-
BEAEHUMW [OCNIAXKEHHAMM BU3HAYEHO, WO B 060X [0-
CNifHWX rpynax i30/1bOBAaHOrO BBEAEHHA COMEeN KaaMmito
NMOKa3HMKN HAaKOMMYEHHA pPiBHA Kaamito Ha 20-Ty goby
rectauii goctoipHo (p <0,001) 36inbwmanca B 2,7 pasa
(xnopua kKagmito — 1Ne1) Ta 2,2 pasa (uMTpaT Kagmito —
[No2) BigHOCHO KOHTpobHOI rpynu (puc. 1 A).
BoaHo4ac, HAKOMMYEHHSA LMHKY B AOCAIAHWX rpynax
i301b0BaHOro BBEAEHHA COMEN KagMito BiapisHANUCA: B

rpyni BNAMBY X10pMAY KaZMito piBeHb LIMHKY AOCTOBIp-
Ho 36inbwmeces B 1,7 pasa (p <0,001), a npu Aaii untpaty
KaZMmito 3meHwWwmBcA Ha 46,7% (p <0,001) nopiBHAHO 3
KOHTpOAbHO'O rpynoto (puc. 1 B).

B rpynax KombiHOBaHOro BBeAEHHA X10PUAY KagMito
3 UMTPaTammM MeTaniB MOKa3HUKM HAaKOMUYEHHA KagMmito
pO3TallyBaNMUCA TaKUM YMHOM B NOPAAKY 36iNblIEHHSA:
[No5 (+96,6 % (p <0,001)) < IN21 (+169,0 % (p <0,001))
< ONe3 (+651,7 % (p <0,001)) BiAHOCHO KOHTPONbHOI
rpynu. HavBuwmMiA NOKa3HUK HAKOMUYEHHA Kagmiio B
AEYHMKaAX LWypiB Ha 20-Ty goby recrtauii cnocrepiranu B
rpyni CymicHOI 4ii xnopmay Kagmito 3 LUTpaToOM repma-
Hito (ANe 3), aKkuii 36inbwmeca B 7,5 pasa (p <0,001) no-
PiBHAHO 3 KOHTPO/ILHOO rpynoto i B 2,8 pasa p <0,001)
(puc. 2 A).
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PucyHoK 3 — MoKa3HMUKM piBHIO HaKONUYEeHHA Kagmito (A) Ta uMHKY (B) B A€UHMKAX LypiB B rpynax BBEAEHHA LUTPATy Kagmito
Ha 20-Ty goby recrauii.
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BogHo4Yac MOKa3HUKM HAaKOMUYEHHSA LIMHKY B rpynax
KOMbiHOBaHOI il xAopuay Kagmilo 3 uutTpatamu me-
TaniB po3TallyBasMCA TaKMM YMHOM B MOPSAAKY 36inb-
weHHa: AANe3 (- 18,8 % (p <0,001)) < ANe5 (- 14,9 % (p
<0,001)) < ANel (+72,3 % (p <0,001)) BiAHOCHO KOHTp-
ONbHOI rpynun. NMOKasHMK HAaKOMUYEHHA UWHKY B AEY-
HUKax Wypis Ha 20-Ty Aoby recrauii 4OCTOBIPHO 3MeH-
WKMBCA B 060X rpynax cymicHoi Aii xnopuay Kaamio 3
uuTpatamu repmaHito/uepito (p <0,001) (puc. 2 B).

B rpynax KombiHOBaHOro BBeAEHHA UUTPATY KaaMito
3 UMTpPaTaMM MeTaniB MOKA3HMKN HAKOMUYEHHA KagMito
pO3MicTUAMCA B TakMil cnocib B nopAaaKy 36inblweHHA:
ONe4 (- 65,5 % (p <0,001)) < N6 (+6,9 % (p <0,001))
< ONe2 (+120,7 % (p <0,001)) BiAHOCHO KOHTPOJIbHOI
rpynu (puc. 3 A).

MOKa3HMK HaKOMUYEHHA LMHKY B AEYHMKAX LLYypiB
Ha 20-Ty goby recrauii AOCTOBIPHO 3MeHLWKUBCA B 060X
rpynax CyMiCHOI 4ii uMTpaTy KagMmito 3 uMTpaTamm rep-
maHito/uepito (p <0,001) (puc. 3 B).

BucHoBKuU. OaeprKaHi B Xo4i eKcnepumeHTanbHOro
OOCNiAXKEHHA pe3yabTaT CBiAYaTh, WO:

1. TOKa3HUKM PiBHA HAKOMWYEHHA KagMitlo B AEY-
HUWKaxX € HaMBULLMMM NPU i301bOBAHOMY BBELEHHI XN10-
puay Kaamito (y 2,7 pasa BULLE Bif, rpynu KOHTposto (p
<0,001)), npu KombiHOBaHIW Aji 3 UMTPaTaMn MeTanis —
B rpyni CyMiCHOro BNAvBY X/10pUAY KagMito 3 LUTPaTOM
repmanito (y 7,5 pasa 36inblmamnca BigHOCHO KOHTPO/b-
Hoi rpynu (p <0,001));

2. NMoKa3HMKN PiBHA HAaKOMUYEHHA LWHKY B AEYHU-

HaliBULLMIA NOKA3HMK HAKOMUYEHHA KagMilo B AEY-
HMKax LWypiB Ha 20-Ty poby recrauii cnocrepirann B
rpyni CymicHoOi Aji umMTpaTy Kagmito 3 LMTPATOM Lepito
(ANe 3), akuii 36inbwmeca B 1,1 pasu (p <0,001) nopis-
HAHO 3 KOHTPO/IbHOIO PYMOto.

BogHo4ac, NOKa3HMKM HAaKOMUYEHHA LIMHKY B rpynax
KOMbBiHOBAHOI Ail UMTpaTy KaAMito 3 LMTpaTaMmn MmeTanis
po3TallyBannUCA TaKUM YMHOM B NOPAAKY 36iNblIeHHS:
ONe2 (- 46,7 % (p <0,001)) < 1Ne6 (- 65,8 % (p <0,001)) <
[ONe4 (+72,3 % (p <0,001)) BigHOCHO KOHTPO/IbHOI rpynu.
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Kax € HaMBULLMMM NPU i301bOBAHOMY BBEAEHHI B rpyni
BNAMBY xnopuay Kaamito (y 1,7 pasa suie Big rpynu
KoHTposto (p <0,001)), npn KombiHOBaHIn Aji 3 unTpa-
TaMU MeTaniB 3HU3UAUCA Y BCiX rpynax MOPIBHAHO 3
KOHTpoO/IbHOLO rpynoto (p <0,001).

MepcnekTMBM NopanblunX AocAigKeHb. lNepcnek-
TUBHWM, Ha Hal MNOrNAf, € BUBYEHHA MOPDONOTiYHUX
3MiH B A€YHMKAX LLYPIB Mig BNJIMBOM CNOAYK KagMmito 3
LMTpaTaMmn meTanis.
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HAKOMWUYEHHA KAAMIIO B AEYHUKAX LLLYPIB MPU 130/IbOBAHOMY BBEJEHHI CO/IEA KAOMIIO TA B KOM-
BIHALLIT 3 LUTPATAMM LLEPIO 1 TEPMAHIO

Konocosa I. I.

Pe3stome. Bisomo, WO Kaamiin HeraTUBHO BM/IMBAE Ha 340POB’S NOAUHM, BONOAIE eMOPIOTOKCMYHO Ta OHKO-
reHHoto gi€to, iHribye cuHTe3s [AHK, 6inKiB i HYKNEIHOBUX KMCNOT, 3MiHIOE MeTaboi3M i GYHKLIT TaKMX ecceHuiaibHUX
e/leMeHTIB, fIK UMHK, 3a/1i30, Miab, MapraHelp, KanbLii, ceneH. B poboTi npeactaBneHo pesynbTaTi aHanisy Hako-
NUYEHHA KaAMito Ta LIMHKY B AEYHUKAX LLYPiB NPY i30/1bOBAHOMY BHYTPILIHbOLLTYHKOBOMY BBEZEHHI X/10pnay Ta Un-
TpaTy Kaamito B £03i 1,0 Mr/Kr Ta npu KombiHaLii 3 uutpatom repmatito (0,1 mr/Kr) Ta 3 uutpaTtom uepito (1,3 mr/Kr),
npoBeAeHOro MeETOA0M aTOMHOI eMicii 3 eneKkTpoayrosoto aTomisauieto. s uporo 70 6inanx BariTHUX camMuub LWypiB
NiHii BicTap, AKMX yTpMmyBanu y BiBapii Ha cTaHAAPTHOMY paLioHi, 6yno po3gineHo Ha 7 rpyn (n=10), B 3aneXHOCTI
BiZL pPO34MHiB AOCNiAKYBaHMX pedyoBuH. Ha 20-1i AeHb BariTHOCTI MPOBOAUAN onepaTUBHUIA 3a6iil. Y AeYHMKax BU-
3HaYaNM KiNbKiCTb }KOBTUX Tia BAriTHOCTI, Macy Ta PO3Mipn. HYacTMHa AEYHMKIB 3aMOPOXKYBanach 417 BUMIPIOBAHHA
BMICTY KaaMmito B Npobax MeToaoM nosienemeHTHOro aHanisy. Linbposuii matepian, oTpMmaHuii B eKCnepumeHTanb-
HUX OOCAIAMKEHHSX, OYB NigAaHUIA CTaTUCTUYHIN 06po6L 3@ 3araIbHONMPUNHATUMU METOANKAMM 3 BUKOPUCTAHHAM
NiUEeHsiMHMX Nporpam CTaTUCTMYHOrO aHanisy Statistica v.6.1 (StatSoft Inc., cepiltHmii No AGAR909E415822FA) Ta
Microsoft Excel. OujiHKy BiporigHOCTi CTaTUCTUYHUX AOCAIAKEHDb NPOBOAMAM 33 AONOMOroto t-KpuTtepito CTblogeHTa.

36inblIEHHA PiBHIO HAKOMMYEHHA KaZiMito BCTAHOB/IEHO Y BCiX EKCMEepPUMEHTA/IbHUX Fpynax: HalBuLLi — Npwu i3o-
/IbOBAHOMY BBeAEHHI xnopuay Kaamito (y 2,7 pasa BulLe Big rpynu KoHTposto (p <0,001)), npu KombiHoBaHiI 4ji 3
LMTpaTaMm MeTanis — B rpymni CyMiCHOTO BMJ/IMBY X/I0pUAY KaAMito 3 LUTPATOM repmaHito (y 7,5 pasa 36inbwmnnmcsa
BiZlHOCHO KOHTpOAbHOI rpynu (p <0,001)).
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BogHouac HaliBULLL MOKa3HWUKM piBHA LIMHKY BiA3Ha4yeHo B rpyni i30/1b0BaHOro BBeAEHHS xopuay Kagmito (y 1,7
pasa BuLie Big rpynu KoHTpoato (p <0,001)), npu KombiHOBaHIN Aji 3 uMTpaTaMK MeTaniB 3HU3UANUCA Y BCiX rpynax
NOpPiBHAHO 3 KOHTPO/IbHOLO rpynoto (p <0,001).

Knwuosi cnoBa: xnopua Kagmito, UMTPAT Kaamito, UMTpaT repmaHito, UMTpaT Lepito, eKCnepumMeHT, noniene-
MEHTHUI aHanis.

HAKON/IEHUE KAOMMA B ANYHUKAX KPbIC MPU U30/IMPOBAHHOM BBELEHWW COMEN KAOMWA U B
KOMBUHALUUU C UUTPATAMU LEEPUA U TEPMAHUA

Konocosa W. U.

Pe3stome. M3BECTHO, YTO KagMWI HEraTUBHO BAMAET HA 3[40POBbE YenoBeka, 06nagaeT IMBPUOTOKCUYECKUM
M OHKOreHHbIM AencTBUEM, UHIMBUpPYeT cuHTe3 JHK, 6eN1KOB M HYKNEMHOBbIX KUCAOT, MeHseT meTabonnsm u
bYHKLMM TaKMX 3CCEHLMANbHBIX 3/IEMEHTOB, KaK LIMHK, Xene3o, mefb, MapraHel, Kanbuui, ceneH. B pabote
npeacTaBNeHbl Pe3ynbTaTbl aHA/IM3a HAKOMNEHUS KagMUA U LIMHKA B AMYHUKAX KPbIC MPU U30/IMPOBAaHHOM BHYTPU-
YeNyA04HOM BBEAEHUM XN0opuaa U uMTpaTta Kagmua B gose 1,0 Mr/Kr v npu KOMBUHaLMM C LMTPATOM repMmaHua
(0,1 mr/kr) u c uutpatom uepusa (1,3 mr/Kr), NpoBegEHHOrO METOA0M aTOMHOM 3MUCCUN C 3NEKTPOAYroBOM aTo-
Musaument. na storo 70 6enbix 6epemMeHHbIX CaMOK KpbIC IMHUKM BUCTap, COAEpP’KaBLUMXCA B BUBAPUM HA CTaH-
OAapTHOM paunoHe, 6blam pasgeneHsl Ha 7 rpynn (n=10), B 3aBUCMMOCTM OT PAaCTBOPOB MUCCeAyeMblX BeLlecTs. Ha
20-1 AeHb 6epeMeHHOCTM NPOBOAMUM ONEPATUBHBIN YOOI, B AMYHMKaX onpesensin KoNNYeCcTBO XKenTbix Ten bepe-
MEHHOCTM, MAccy U pasmepbl. YacTb AMYHMKOB 3aMOpPaXKMBaANACh A1 U3MEPEHUA COAEPKAHNA KagMus B npobax
METOL0M MOAN3NEMEHTHOTO aHanm3a. Llndposoi matepuman, NosyYeHHbIN B SIKCMEPUMEHTANIbHbIX UCCNEL0BAHUAX,
6blN NOABEPTHYT CTAaTUCTMYECKOW 06paboTKe Mo 0BLWENPUHATEIM METOAMKAM C UCNOIb30BAHNEM JINLEH3NOHHbIX
nporpamm CTaTUCTUYECKOro aHa/sm3a Statistica v.6.1 (StatSoft Inc., cepuitHbit Ne AGAR909E415822FA) n Microsoft
Excel. OLeHKy AOCTOBEPHOCTM CTAaTUCTUYECKUX UCCNEA0BaHNIA NPOBOANAM C NOMOLLbIO t-KpuTepua CTblodeHTa.

YBeNMYeHME YPOBHA HAKOMIEHUA KalMWUA YCTaHOB/IEHO BO BCEX IKCMEPUMEHTA/IbHbIX rPynnax: Haumsbicwue —
npu 1U30/MPOBaHHOM BBeAeHUN xaopuaa Kaamusa (B 2,7 pasa Bbilwe rpynnbl KoHTpons (p <0,001)), npn Kombu-
HMPOBAHHOM AENCTBMM C UMTPATaMWU METANNOB — B FPYMne COBMECTHOMO BAMSHUA XJ0pMAa KagMuUA C LUTPATOM
repmanms (B 7,5 pasa yBe/MYNANCL OTHOCUTENIbHO KOHTPOJIbHOM rpynnbl (p <0,001)).

B TO ke BpemA BbICOKMe MOKa3aTes/In YPOBHA LIMHKA OTMEYEHO B rpynne M30/JMPOBAHHOMO BBEAEHWE X10puaa
Kagmus (B 1,7 pasa Bbile KOHTPosIbHOM rpynnbi (p <0,001)), npy KOMBUHUPOBAHHOM AENCTBUM C LUTPATaMK MeTa-
NI0B CHMU3MIMCL BO BCEX FPYMNnax no CpaBHEHUIO C KOHTPOJIbHOM rpynnoli (p <0,001).

KnioueBble cnoBa: Xx/0puA KagMua, UMTPAT KagMMs, LUTPAT TepMaHua, LUTPAT UEepus, SKCNEPUMEHT,
NMOIN3NEMEHTHbIW aHaNu3.

ACCUMULATION CADMIUM IN RATS WITH OVARIAN APPLICATION CADMIUM SALTS IN ISOLATION AND IN
COMBINATION WITH CITRATE AND GERMANY CERIUM

Kolosova I. I.

Abstract. Researchers have determined that the inhabitants of the modern metropolis have an accumulation of
various chemical in the body, including toxic elements. Significant place among which is occupied by the accumula-
tion of cadmium that disrupts the disposal of essential elements in the body: Ca, Zn, Se, Cr, Fe.

Zinc is an essential trace element in the processes of DNA synthesis and repair, embryogenesis, reproduction,
tissue regeneration, immunogenesis, behavioral responses, brain development, etc., the need for which increases
significantly during pregnancy. Zinc deficiency affects reproductive function: impaired ovogenesis — the process of
division and maturation of oocytes.

The aim of the study was to compare the accumulation of cadmium and zinc in the ovaries of pregnant female
rats with the isolated introduction of cadmium salts (chloride and citrate) and in combination with germanium and
cerium citrates.

Object and methods of research. To determine the accumulation of cadmium in the ovaries of 70 white female
females of Wistar rats, which were kept in the vivarium on a standard diet, were divided into 7 groups in which the
animals received the following solutions: 1 group — E#1 (n = 10) — cadmium chloride in dose of 1.0 mg/kg; Group
2 — E#2 (n = 10) — cadmium citrate at a dose of 1.0 mg/kg; Group 3 — E#3 (n = 10) — cadmium chloride at a dose of
1.0 mg/kg with germanium citrate (0.1 mg/kg), Group 4 — E#4 (n = 10) — cadmium citrate at a dose of 1.0 mg/kg with
germanium citrate (0.1 mg/kg), group 5— E#5 (n = 10) — cadmium chloride at a dose of 1.0 mg/kg with cerium citrate
(1.3 mg/kg), Group 6 — E#6 (n = 10) — cadmium citrate at a dose of 1.0 mg/kg with cerium citrate (1.3 mg/kg), group
7 — control (n = 10) — 0.5 ml 0.9% NaCl.

Solutions of test substances were administered to females daily intragastrically through a tube once a day, at
the same time throughout their pregnancy. During the administration of solutions recorded the condition and be-
havior of females, the dynamics of body weight, rectal temperature, duration of pregnancy. On the 20th day of
pregnancy operative slaughter was carried out an. Baby-rats were removed from the females rats uterus during
autopsy. Baby-rats were checked for the test “living-dead”, weighed, conformity of fetal development to the stage
of normal development was determined, it was performed macroscopic examination of embryos to detect external
abnormalities, photographed and fixated in 10% formalin solution for further histology research. In the females ova-
ries were determined the number of corpora lutea of pregnancy, their weight and size. The part of the ovaries was
frozen to measure the cadmium content in the samples by multi-element analysis. The frozening was performed by
the method of atomic radiation with electric arc atomization.
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Analysis of the results showed an increase in the level of cadmium accumulation in all experimental groups. The
highest changes were observed during isolated administration of cadmium chloride in the group of influence of
cadmium chloride (by 2.7 times higher than the control group) (p<0.001). During combination with metal citrates in
the group of combined exposure of cadmium chloride with germanium citrate the level was increased (by 7.5 times

compared to the control group (p <0.001).

Indicators of zinc accumulation level in the ovaries were the highest in the group of isolated exposure of cad-
mium chloride (1.7 times higher than the control group (p <0,001)). During combination with metal citrates levels
were decreased in all groups compared to the control group (p < 0.001).

Key words: cadmium chloride, cadmium citrate, germanium citrate, cerium citrate, experiment, polyelement

analysis.
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Mpucmanoe A. I., ‘Kynewoea /. I, ‘bobpoea O. M., 3eneHsAHcbka H. M.
E®EKTUBHICTb METOOA BAKWM-IHCDIﬂbTPALI,I'I' AnAa HACUMEHHA PIBHUMMU
PO3YUNHAMU POC/TIUHHUX OB’EKTIB TPYBYACTO-KAMINIAPHOI CTPYKTYPU
YIHcTUTYT Npobnem Kpiobionorii i KpiomeguunHu HAH YKpaiHu (m. XapkiBs)
2HauioHanbHUii HayKOBMIA LLEeHTP «IHCTUTYT BUHOrpagapcTBa i BUHOpo6cTBa imeHi B. €. Taiposa»
HAAH Ykpainu (m. Ogeca)

38’A30K ny6niKaujii 3 n1aHOBMMM HayKOBO-g0CNiIA-
HUMMU poboTamu. PoboTa € pparmeHTom HAP «Po3pobka
TEOPEeTUYHO-06rPYHTOBAHMX MiAXOAIB A0 KPIOKOHCepBY-
BaHHSA POC/IMHHWX 06’€KTIB Pi3HOro piBHA opraHisaLii» Ne
JepKaBHoi peectpauii 0116U003496.

Bctyn. B pOCAMHHWUTBI 3aroTiBnA i BMKOPUCTaHHA
YKUBLIB Pi3HMX NJIOAOBUX KynbTyp nepenbayae ix Hacu-
YeHHA PiISHUMK cepesoBULLAMUN METOLOM BUMOYYBAHHA.
Taka npoueaypa, AK Npasuao, HeobxigHa, Wob npoctu-
MY/ItOBaTM KMBLi Nepes nNpopoLlyBaHHAM abo nigsu-
LLMTKN BOSIOTICTb 0 NOTPi6HOro piBHA [1-3]. OCKiNbKK Ha-
CUYEHHA METOAOM BUMOYYBaHHS BiAbOyBa€ETbCA NOBIILHO
Lei NpoLec MOXKe TPMBATU KiflbKa A4i6 B 3a/1€XKHOCTI Bif,
BUAY, BiKY, KiNbKOCTi B6pyHbOK, MOYaTKOBOI BO/IOrOCTi i
QHATOMIYHUX XapaKTePUCTUK KumBLiB. OgHaK npu TpmBa-
IOMy BMMOYYBaHHI YKMBLLiB 3pOCTa€ MMOBIPHICTb BNANBY
TOKCMYHOCTI PO34MHIB, 36i/bLUYETLCA PU3MK TiNOKCIT Bpy-
HbOK, L0 NPU3BOANTb A0 3MEHLLEHHA aKTUBHOCTI iX Npo-
pOoCTaHHA ax o 3arnbeni [4,5].

CTaHAapTHE HACUMYEHHA KMBLIB METOAOM BUMOYY-
BaHHA He 103BO/IAE BUKOPMUCTOBYBATW CepeoBULLA 3 BU-
COKOM TOKCMYHICTIO i B'A3KICTIO, TaK K Yy LLbOMYy BMNaA-
KY OOMYCKAETbCA /INLLIE HEBEAUKUN TEpPMiH eKcnosumuil
NPOTArOM AKOro cepefoBuLLEe He MPOHUKHE BCepeauHy
XMBUA. A BiNblU TPMBAAMIA YaC BUMOUYBaAHHA MOXKe Npu-
3BOAUTU A0 3armbeni KOHTAKTYHOUOro 3 cepefoBULLEM
NOBEPXHEBOro APy KAITUH XMBL,B, Y TOM Yac AK BHY-
TPILWHI WapW 3aAMWATLCA LWe He Hacu4yeHUMU. Tomy na-
CMBHE HACUMYEHHA CepefoBULLEM POCAMHHUX O6’€EKTIB,
AKi MatoTb TpybYaCTO-KaniNApHY CTPYKTYpY, He € edek-
TUBHUM, LLO OBMEXKYE MOMKIMBOCTI 3aCTOCYBaHHA A/1A
HUX Pi3HUX METOAMYHUX MiAXOAIB, A€ HACUYEHHA BUCTY-
Ma€ NOCNiLOBHOI NAaHKOK B CKAALHOMY HioTexHoNoriy-
HOoMy npoueci [6,7].

HaBecHi, nig Yac cokopyxy y poc/vH icHye cnocib no-
Oadi pigMHM 0O HaA3eMHOI YaCTUMHM, WO [03BOAAE NiA-
roTyBaTM OPYHbKM A0 aKTMBHOI BereTaujii, HACUTUTK iX
NPUPOAHUM CTUMYIIOYUM BUAOCNELUbIYHHUM PO3Un-
HOM, iHAKTUBYBATU MPOAYKTU OKUCNEHHA, 3HU3UTU PAL,
$aKTOpiB, HAKOMMYEHMX Y MArOHaXx Ta y /103i 3a Yac 3MMmiB-
ni [8]. OgHak i301bOBaHi MaroHW, 3aroToBMEHI y BUMNAAI
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KMBLIB N4 LWenieHb, OKKYNIPOBOK i A1 BUPOLLYBaHHA
KOpPEHEeBNACHUX CaZKaHLiB No3baBneHi Takoi NpUpoaHoi
npoueaypu.

Brneplue, akTMBHUI cnoCi6 HaCUMYEHHA KUBLIB MJO-
O0BUX KynbTyp 6yB 3anponoHoBaHuii B 1939 poui [9].
MpucTpii ANA aKTUBHOTO HacMyeHHa 6yno obnagHa-
HO Kamepoto, B AKili CTBOPIOBA/IUCL YMOBU 3HUMKEHOTO
TUCKY, | pe3epByapoM 3 NOBHICTIO 3aHYPEHVMMW B PiANHY
XuUBUAMM. Hagani bynm 3anponoHoBaHi cxoxi cnocobu
aKTMBHOrO HacuyeHHs [10-12]. OgHaK 6inbl geTanbHe
OOCNIAYKEHHA BUABMAO MOLIKOAMXKYIOUY Ait0 AaHUX MEeTO-
4iB Ha 36eperkeHHA bpyHbOK. Hagani 3a3HauyeHuin metos,
6yB peKoMeHA0BaHUIN fnLLE ANA HACUYEHHA NiALWenHUX
YaCTWH, 3 ANA Wenu 3 6pyHbKaMM NUTAHHA TaK | 3anULWK-
noca sigkputum [13].

MeTta gocnigykeHHs. CTBOpeHHA epeKTUBHOrO Cro-
coby aKTMBHOrO HACMYEHHSI POC/IMHHUX 06’€KTiB Tpyb-
YaCTO-KaNiNAPHOI CTPYKTYPU PISHMMMK cepenoBuLLLamm,
AKMA B MoaentoBaB NPUPOAHUI deHOMEH MiAroTOBKM
6pPYHbOK A0 aKTUBHOI BereTalli.

O6’ekT i metogm pocniaKeHHa. MaTtepiasiom fgo-
CNiiXKeHb CNYKUAM OAHOPIYHI uBLi A6yHI copT binui
HanmBe, abpuKkocy copT MeniTononbCbKni, BUHOrpaay
copt LleByeHKo, 3ibpaHi B OCIHHbO-3MMOBWMI Nepiog,
nepes, ekcnepumeHTOM. Y eKcnepumeHTax 6y BUKO-
PUCTaHI XMUBL 3 BIAKPUTUMM 3pizamu. [LOBXKMHA OfHO-
BY3/I0BMX KMBLLIB KOAMBAMAcA B MexKax 55-70 mm, ago-
By37108Mx 90-120 mm, Tpusy3snosmx 140-170 mm. iameTtp
YKMBL,iB CTaHOBMB 6 Ta 9 MM. KiNbKiCTb *KMUBLLIB B KOXKHOMY
ekcnepumeHTi ctaHosmaa 10 wr. BignpautoBaHHA MmeTo-
Ay 34iicHioBann Ha po3pobneHit B IMKIK HAHY nabo-
paTOpHIN BakyyM-iHiNbTPaLiiHIK ycTaHoBLi (puc. 1).
MpoAYKTUBHICTb A@HOTO MeToAy CKaagae He binblwe 60
OHOBY3/10BUX XKMBLLiB Ha roanHy [14].

MeToamKa BakyyM-iHQiNbTpaLii nonarae B HaCcTynHo-
My. AniKanbHi YaCTUHU }KMBUA diKcyBann B CUIIKOHOBOMY
wnaHry (puc. 1), akuii 6ys 3’eaHaHnii 3 rpasyioBaHUM
pe3sepByapom Ana oujiHKK obcary npoiHdinbTpoBaHoi pi-
OVHW. MNigrotToBAeHy KOHCTPYKLIKO OMyCKasv BHM3 MO Ha-
NpaBAAOYIN | NOMILLAAN B EMHICTb 3 PO3YMHOM 3 TaKUM
po3paxyHKoM, Wwob nig vac noAayi TUCKY BCA NMOBEPXHSA
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