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TOKCUKOJIOIO-TIr€EHIYHA OLUIHKA
HOBOIO ®YHriunay oJjyokCANInPOJIHY
(ornag NITEPATYPM)

PE3FOME. 06 ’exmom docniddicennst € noga ditoua pevosura 33P, wo sonodic Qyneiyuonoo axmugHicmio ma pekomenoosana ons
3aCMOCYBAHHSA 6 CIIbCOKOMY 20Cn00apcmel Ykpainu 3 memoio 60pomuvou 3 00MiyemHuMy 2pUdKoUMIU 3aX60PIOBAHHAMU CilbCbKO20C-
nooapcvkux Kymyp: Qimogpmoposom Ha nocisax nomioopie i Kapmonii ma nepoHOCHOpo3oM HA YubdYi ma BUHOSPAOHUKAX.
JlimepamypHi 0ani wodo enacmugocmeti yiei cnoiyku € Heuuciennumu. Pisui acnexmu éracmueocmelt yiei peuosuHu we UgUeHi He
ROBHICIIO | AKMUBHO QOCTIONCYIOMbCSL.

Mema. Y3acanvhenna ma HayKoguil A3 OGHUX U000 MOKCUKOTOIUHUX [ 2I2IEHIYHUX 81acmusocmell (yoKcaninponiny.
Mamepianu ma memoou. IIposedeno ananimuynuil 02150 Cy4aCHUX HAYKOBUX NyOniKayitl 3a memolo 00CHiddNcenHs: 32I0H0 3 bazamu
oanux PubMed ma Google Scholar.

Pe3ynomamu. 3a pesynomamamu nposedeH020 anaizy OaHUX Jimepamypu 3 MoKCUKON020-2i2iEHTUHOT OYiHKU (hTyoKcaninponiny 32io-
Ho 3 lieieniunoio knacugirayicro necmuyudie 3a cmynenem nebesneunocmi (JCanlliH 8.8.1.002-98) 3a cocmpoio nepopanshoio ma
0epMANbHOK MOKCUYHICMIO BIOHOCUMbCS 00 4 KIacy Hebe3sneuHocmi, iHealsyiuHolo MOKCUUHICIIO — 00 2, NOOPA3HIoIU0I0 i€l HA
wkipy — 00 4 i na cauz08i 0bononKu oueti — 00 3, anepeentoio 0i€lo — 00 4, 3a MymazenHolo i KaHYepo2eHHOI0 AKMUBHICINIO M penpo-
OYKMUBHOK MOKCUUHICMIO — 00 4 kiacy nebesneurocmi. DIyoKcaninponin 3a yMog mpusaiozo eniusy Ha OpeaHiav wypie, muuell i
CO0AK YUHUMYb 3a2aTbHOMOKCUYHY OT10, KA NPOABTAECMbCA SHUHCCHHAM CONCUBAHHA KopMY | npupocmy macu mina. Jocrioxcysana
0il0ua peuoguHa 3a Kpumepiem «cmadinbHicms y 800iy Hatexcums 00 necmuyudie 1 knacy Hebesneurnocmi, 3a kpumepiem "cmaoine-
nicmo y pynmi™ 0o 2 knacy neoesneunocmi ([{CanlliH 8.8.1.002-98).

Bucnosku. Taxum uunom, 3a cykynuicmio mokcuKoa02iunux ma 2ieicHiynux enacmugocmeti MOJCHA 3p00Umu 8UCHOBOK, WO iHmez-
PanbHUll K1AC Hebe3neyHocmi Ho8oi itoyoi pedosunu necmuyudy ryoKcaninporiny 3a JiMimyoyum napamempom iH2anayitiHoi mox-
cuynocmi 2 3 npuMimKoio «gucokocmitikuil y 600iy. IIpogedena namu excnepmno-ananimuuna poooma UKOpUCHosy8amumMemscs 6
NOOATLUUX OOCTIONHCEHHAX OO0 OOIPYHIYEAHHS 8UMO2 De3neky ma po3poOKu MeOUKO-CAHIMAapHux HOpMAMUEIe npu 3acmocyanti
(yHeiyudie Ha 0CcHOSI ryoKcaninponiny 6 cinbcbkomy 2ocnodapcmsi Ykpainu.

Kntouoei cnosa: 3acodu 3axucny pociut, 3a1uuikosi KitbKocmi, necmuytou, (uyokcaninponi.

L. Ivanova, P. Zhminko, O. Lysenko, T. Khilkevych
LI Medved's Research Center of Preventive Toxicology, Food and Chemical Safety, Ministry of Health,
Ukraine (State Enterprise), Kyiv, Ukraine

TOXICOLOGICAL AND HYGIENIC ASSESSMENT OF THE NEW FUNGICIDE FLUOXAPIPROLINE
(Review Literature)

ABSTRACT. Fluoxapiproline is a new active substance of pesticides from the chemical class of piperidinyle thiazole isoxazoline.
Fluoxapiproline demonstrates biological activity against plant pathogenic oomycetes with mechanisms of action involving oxysterol
binding protein inhibition. It is proposed to control late blight in tomato and potato, downy mildew in onions and grapes crops.
Aim. Generalization and analysis of data on the toxic and hygienic properties of fluoxapiproline.

Materials and Methods. Systematization and evaluation of scientific literature according to the PubMed and Google Scholar databases.
Results. Results of our analysis of literature data showed that in according to accepted in Ukraine approaches (the Hygienic classi-
fication of pesticides by hazard) fluoxapiproline belongs to the pesticides of hazard class 4 (acute oral and dermal toxicity, primary
skin irritation, sensitization effect, mutagenicity, carcinogenicity and reproductive toxicity). to pesticides hazard class 3 (primary eye
irritation), to pesticides hazard class 2 (acute inhalation toxicity). Toxicity class limit for fluoxapiproline — 2. Fluoxapiproline (repeat-
ed dose toxicity: rats, mice and dogs) has a general toxic effect (by a decrease in feed consumption and body weight gain.).
Conclusions. According to stability in water fluoxapiproline belongs to the hazard class 1, stability in soil to the pesticides hazard
class 2. Based on the conducted research, the health standards of fluoxapiproline (maximum residue limits (MRLs) preharvest interval
(PHI) etc.) for safety use in Ukraine will be set and recommended.

Keywords: Fluoxapiproline, plant protection products, toxic and hygienic properties
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TOKCHUKOJIOI'TS HECTULU/IB

Beryn. [lns peectpariii HOBUX 3ac00iB 3aXH-
cry pociuH (33P) B Vkpaini H606X1,I[He npoBe-
JICHHSI iXHBOI BCEOIYHOT TOKCHKOMOTO-Tiri€HIYHOT
OLIHKH. OZIHMM 13 BaXKIMBHX CTICMCHTIB € XapaK-
TEPUCTHKA JIIOYMX PEHUOBHH JOCIIDKYBAHHX
TMCCTULH/IB 33 CTYNICHEM IXHBOI HEOC3IEeIHOCTI.

OO0’eKT HOCHiIKEHHS] — HOBA Jif04a PEYOBH-
Ha 33P dayokcanminpomin, mo Bojogie QyHTI-
IIUTHOI0 aKTUBHICTIO Ta PEKOMEHIOBaHA JUIs
3aCTOCYBaHHS B CIJIbCBKOMY TOCHOJapCTBi
VYkpainn 3 MeTor OOpOTHOM 3 OOMIICTHHUMH
IpUOKOBUMH 3aXBOPIOBAaHHSIMHU CLTBCHKOTOCIIO-
JTapChbKUX KyIbTyp: ¢iTopTopo3omM Ha mociBax
MOMIJIOPIB 1 KapTOIUIi Ta MEPOHOCIOPO30M Ha
Oyl Ta BUHOTpagHuKax [1, 2].

dyoKcaminpoIiH BOJIOIE 3MaTHICTIO IIBH/I-
KO BCMOKTYBAaTHUCh 1 MEPECyBaTUCh KCHIEMHO-
CHCTEMHHM 1 TpaHCIaMiHAPHUM ILIUIIXOM Y pOC-
nuHi. MexaHni3m nii GyHrinuIy Mmosrae B iHTI-
OyBaHHI  OKCHCTEpOJ-3B’S3yHOUOro  Oijka
(OSBP) y kmiTuHHIA MeMOpaHi OOMIIIETIB, IO
IPUTHIYYE PICT Ta TPAHCIOPTYBAHHS CTEPOIIO-
BUX OLIKIB 1 JIIMIOIB.

Ha temnepimiii yac ¢uryokcaminposil 3ape-
€CTPOBAHO IS 3aCTOCYBAHHS 32 MPU3HAYCHHIM
B Agctpanii Ta Hosiit 3emannii [3-7], 3Haxo-
muThcsl B Tiporieci peectparii B8 €C, CIIA Ta
IHIIMX KpaiHax CBiTy [8-10].

JliteparypHi gaHi mozo miei CIIOJTYKH HEUHC-
nenHi. Pi3Hi acnexTH BnacTuBOCTeH (ryokcarti-
IOpOJTiHY M€ BUBYEHI HEMOBHICTIO, AKTHUBHO
JTOCHTIKYIOThCs [11-23].

Meta nanoi poGoTu nonsrae B y3arajabHEeHHI
Ta HayKOBOMY aHaJIi3i JaHUX MO0 TOKCHUKOJIO-
TYHUX 1 TIFE€HIYHUX BIIACTUBOCTEH (hrryoxcarri-
MIPOJTiHY.

MaTepiaJm Ta MeToau. IIpoBeneHo anami-
THYHHIA OTMIAN CyYaCHHUX HAYKOBHX IMyOmiKariiii
3a TEMOIO JIOCIHIKeHHS 3TiAHO 3 0a3aMu JaHUX
PubMed Ta Google Scholar.

30Kkpema, BCTAaHOBIEHO KJIac HEeOe3MeyHOCTI
(uTyoKcamminpoiHy BiAMOBITHO MO 3arajibHO-
npuiHITOT B YKpaiHi [irieHiunoi kmacudikarii
NeCTUIHAIB 3a CTymeHeM HeOe3MeuHoCTi
(ACanlliH 8.8.1.002-98) [24].

PesyabTaTén Ta 00roBopenHs. IHdopmarris
I00 XIMIYHOI CTPYKTYpH Ta (Pi3UKO-XIMIYHUX
BJIACTUBOCTEH HaBejeHa B Tadmuix 1, 2 [25].

JlocnimxyBaHa pedoBHHA — 1€ HOBA MiMepu-
JIUH1T-T1a30/1-130KCa30J1iHOBa XIMIYHA CIIOJyKa
(Tabm. 1). AHami3 (i3uKO-XIMIYHHX BIACTHBO-
cTel (Tabi. 2) cBIAUUTH, MO (DIyOKCAIimpoIIiH
BOJIOJII€ HU3HKOKO PO3UMHHICTIO Y BOJI Ta Bif-

TOXICOLOGY OF PESTICIDES

VKPATHCBKHI )XYPHAJT CYYACHHX TTPOBJIEM TOKCHUKOJIOTTT /
UKRAINIAN JOURNAL OF MODERN PROBLEMS OF TOXICOLOGY 1/2025

Introduction. For the registration of new
plant protection products (PPPs) in Ukraine,
a comprehensive toxicological and hygienic
assessment is required. One of the key ele-
ments is the characterization of the active
ingredients of the studied pesticides based on
their hazard level.

The object of the study is a new active
ingredient in PPP, fluoxapiproline, which
exhibits fungicidal activity and is recom-
mended for use in Ukrainian agriculture to
combat oomycete fungal diseases of crops:
late blight in tomato and potato fields and
downy mildew in onions and vineyards [1, 2].

Fluoxapiproline has the ability to be rap-
idly absorbed and transported through the
plant via the xylem system and translaminar
pathways. The fungicide's mechanism of
action involves inhibiting the oxysterol-bind-
ing protein (OSBP) in the cell membrane of
oomycetes, which suppresses the growth and
transport of sterol proteins and lipids.

Currently, fluoxapiproline is registered for
use in Australia and New Zealand [3-7] and
is undergoing registration in the EU, the
USA, and other countries worldwide [8-10].

The available literature on this compound
is limited. Various aspects of fluoxapipro-
line's properties have not yet been fully
studied and are actively being researched
[11-23].

The Aim of this work is to summarize
and scientifically analyse data on the toxico-
logical and hygienic properties of flu-
oxapiproline.

Materials and Methods. An analytical
review of current scientific publications on
the research topic was conducted using the
PubMed and Google Scholar databases. In
particular, the hazard class of fluoxapiproline
was determined according to the generally
accepted Hygienic Classification of
Pesticides by Hazard Level in Ukraine
(DSanPiN 8.8.1.002-98) [24].

Results and discussion. Information
regarding the chemical structure and physic-
ochemical properties is presented in Tables 1
and 2 [25].

The substance under research is a new
piperidinyl-thiazole-isoxazoline chemical
compound (Table 1). The analysis of its
physicochemical properties (Table 2) indi-
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Tabmung 1 / Table 1

Ximiuna cTpykrypa ¢ayokcaminposiny / Chemical structure of fluoxapiproline

XimivuHa Ha3Ba Jif090i pEIOBUHHU /
Chemical name of the active ingredient

- 2-{-[2-(1-{[3,5-6ic(mudTopmeTIur)- 1 H-mripazosn-1-

i1]amernn jminepuain-4-in)-1,3-tiazon-4-in]-4,5-mqurigpo-1,2-
okcazon-5-ir}-3-xmopdenin merancynshonar, (IUPAC) /2-{-[2-
(1-{[3,5-bis(difluoromethyl)-1H-pyrazol-1-yl]acetyl} piperidin-
4-yl)-1,3-thiazol-4-yl]-4,5-dihydro-1,2-oxazol-5-yl}-3-
chlorophenyl methanesulfonate, (IUPAC);

- Eranon, 2-[3,5-6ic(nudropmernn)-1H-mipazon-1-in]-1-[4-[4-
[5-[2-xm0p-6-[(MeTHIICY B (M OHLT)OKCH |deHin]|-4,5-auriapo-3-
130kcazoin|-2-riazomnin]- 1 -mmepuaunin]-, (CA).
Oyokcaminpodid € pamemaroM, (R)- ta (S)-emanriomepu
MaroTh Maike OIHAKOBY OioyoTiuHy akTHBHICTH / Ethanone, 2-
[3,5-bis(difluoromethyl)-1H-pyrazol-1-yl]-1-[4-[4-[5-[2-chloro-
6-[(methylsulfonyl)oxy]|phenyl]-4,5-dihydro-3-isoxazolyl]-2-thi-
azolyl]-1-piperidyl]-, (CA)

Fluoxapiproline is a racemate, with (R)- and (S)-enantiomers
having almost identical biological activity.

CrpykrypHa ¢opmyina /
Structural formula

E
F a

@ o

E = il

N ,N\)L N
N = % O ]
Pl O\( / e o
s

O—S—cy,

CAS RN

1360819-11-9

XiMIYHHN KJTac CTIONYK /
Chemical class of compounds

[TimepuauHiI-Tia301-130KCa30IIiH /
Piperidinyl-thiazole-isoxazoline

Emnipuuna ¢popmyina /
Empirical formula

C,5sH,4CIFN;5O5S,

HOCHO BHCOKOIO YKHPOPO3YMHHICTIO, SIKY Xapak-
Tepu3ye 3HaYeHHsS Beanuunu log P, mo nepe-
Buiye 3,0. OTxe, croiyka BOJIOJI€ 3aTHICTIO
110 010aKyMyJIAIIi B )KUPOBIH (asi Ta MOXKE KOH-
HEHTpyBaTHCs B oii [26, 27].

3a manumu miteparypu [3, 25, 28] mocmin-
KCHHsSI TOKCHKOJIOTIYHUX BIIACTUBOCTEH qury-
OKCAITINPOJIIHYy BHKOHAHI 3 JIOTPUMAHHSIM
BuMor GLP i pekomenmanizi OECD [29].

[ocTpy TOKCHYHICTD (DITyOKCAIIMPONTiHy TeX-
HIYHOTO BUBYCHO B CKCIICPUMEHTI Ha CaMHIIX 1
caMIlIX IIypiB IPH NEPOPpaTbHOMY HaIXOKCHHI
peuoBuHM y BianmoBigHocTi 10 OECD 425 Ta
JIepMaabHOMY HaaxomkeHHi 3rigHo 3 OECD
402. 3a pesynaprataMu JOCIIHKCHb 3aruOeni
TBapWH, KIIHIYHUX O3HAK IHTOKCHKAIl, 3MiH
MacH Tijla Ta MaKpOCKOMIYHUX ITOKAa3HUKIB
BHYTpIIIHIX OpraHiB HE CIOCTEpIragochk.
Bcranornena JI /15, st mypiB ckinamgae > 2000
MT/KT 32 000X IUISIXIB HAJIXOKCHHSI B OPTaHi3M.

TocTpy iHrajsAIiiHy TOKCHYHICTH (UIyOKCa-
HIMPOJIIHY MOCTI/KEHO Ha IIypax BiAMOBITHO

VKPATHCBKUIA )KYPHAJT CYYACHUX TTPOBJIEM TOKCHUKOJIOTTT /
UKRAINIAN JOURNAL OF MODERN PROBLEMS OF TOXICOLOGY 1/2025

cates that fluoxapiproline has low solubility
in water and relatively high fat solubility,
characterized by a Log Pow value greater
than 3.0. Therefore, the compound has the
potential for bioaccumulation in the fatty
phase and may concentrate in oils [26, 27].

According to the literature data [3, 25,
28], the toxicological properties of flu-
oxapyprolin have been studied in compliance
with GLP requirements and OECD recom-
mendations [29].

The acute toxicity of technical flu-
oxapiproline was studied in an experiment on
female and male rats through oral and dermal
administration according to OECD 425 and
OECD 402 guidelines, respectively.
According to the research results, no fatali-
ties, clinical signs of intoxication, changes in
body weight, or macroscopic changes in
internal organs were observed. The LDs, for
rats was established as > 2000 mg/kg for
both routes of administration.
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Tabmung 2 / Table 2

®di3zuko-ximiuni BaacTuBocti uryokcaminpodtiny / Physicochemical properties of fluoxapiproline

Ioka3uuku (oxMHMLI BUMipIOBaHHS) /
Parameter (units of measurement)

3Hnauenns / Value

BinnocHa monexymsipaa maca (r/Moib) /
Relative molecular mass (g/mol)

650,07

Temneparypa, mnasnenus (°C) /
Melting temperature (°C)

143,7-146,4

Tuck mapu (I1a) / Vapour pressure (Pa)

3,0 x 107 npu 20°C; 4,5 x 107 pm 25°C;
2,9 x 10" mpu 50°C / 3.0 x 107 at 20°C;
4.5 x 107 at 25°C; 2.9 x 10~ at 50°C

Po3uunnicts y Boui ipu 20°C, pH 5,9 (mr/n) /
Solubility in water at 20°C, pH 5.9 (mg/L)

0,08

PozunnHicTE B opranivaux pozuunHHUKaX mpu 20 °C
(t/m) / Solubility in organic solvents at 20°C (g/L)

Erunanerari — 15, renrani — 0,061, muxiiopmerani —
143, auneroni — 84, aumeruicyiabdokreuai — > 270,
xsopodopmi — 678, Tomyoui — 1,1, meranoni — 1,3 /
Ethyl acetate — 15, heptane — 0.061,
dichloromethane — 143, acetone — 84, dimethyl sul-
foxide — > 270, chloroform — 678, toluene — 1.1,
methanol — 1.3

KoedimieHT po3moiiay B CHCTEMi H-OKTaHOI-BOAA
(LogP,,,) ipu 20 °C, pH 4-9) /

Henry’s law constant at 20 °C (Pa-m3-mol™")

Partition coefficient in the n-octanol-water system 34
(LogP,,,) at 20 °C, pH 4-9

HIiJIB.HiCTI) npu 20°C (r/mo) / 151
Density at 20°C (g/ml) ’
Koncranra I'enpi npu 20°C (ITa m*monp™!) / 0.24

Arperatauit ctan (komip) /
Aggregation state (colour)

Teepauii (CBITIIO-O€XKEBHUH MTOPOIIIOK) /
Solid (light beige powder)

1o pexomenaaniit OECD 403. Bnponosx exc-
no3utlii (4 roauHM) y TOCIITHUX TBAPUH 3ape-
€CTPOBAaHO yTPYAHEHE Ta IIYMHE JIUXaHHS,
JeKade TOJI0KEHHS T1J1a, 3SHIKEHHS aKTUBHOCTI.
Cran ycix TBapuH HopMali3yBaBcs Ha 3 100y
CIOCTEpEKEeHb. 3arubeni He CIOCTEepIranocs.
Bceranosnena JIKs, muist camiliB 1 caMuiib IypiB
CTaHOBHUTH > 2,11 Mr/II.

Takum umHOM, 3rigHOo 3 ['Iri€HIYHOIO KiIacH-
¢ikaliero MecTULUIIB 32 CTylIeHeM HeOe3red-
HocTi JICaunlliH 8.8.1.002-98) [24] dayoxcami-
MPOJIH 32 MEPOPAILHOIO Ta JEPMajbHOIO TOK-
CUYHICTIO BIIHOCHUTHCS J10 4 Kilacy HeOe3meuHo-
CTl, IHTAJSALIMHOK TOKCHYHICTIO — JI0 2 KJIacy
HEOEe3MeYHOCTI.

[lopgpaznuBa xis  QayokcaminposiiHy Ha
HIKIpY Ta CJIM30B1 OOOJIOHKM OYel BHMBUEHA HA
caMIIsSIX KpOJUKiB. JloCTiKeHHST POBOIUIOCS
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The acute inhalation toxicity of flu-
oxapiproline was studied in rats according to
the OECD 403 guidelines. During the expo-
sure (4 hours), the animals exhibited labored
and noisy breathing, a prone body position,
and reduced activity. All animals returned to
normal conditions by the third day of obser-
vation. No fatalities were observed. The LCs
for both male and female rats was found to
be > 2.11 mg/l.

Thus, according to the Hygienic
Classification of Pesticides by Hazard Level
(DSanPiN 8.8.1.002-98) [24], fluoxapipro-
line is classified as hazard class 4 for oral and
dermal toxicity and as hazard class 2 for
inhalation toxicity.

The irritant effect of fluoxapiproline on
skin and mucous membranes of the eyes was
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BianoBinHo 10 OECD 404 ta OECD 405. 3a
pe3yibTaTaMM MPOBEACHUX EKCIEPUMEHTIB
3p00JI€HO BHCHOBOK, HIO (PIyOKCAminmposiH He
YUHUTH TOAPA3JIMBOI J1i HA MIKIPY Ta BUKIUKAE
MIHIMaJIbHY IOJpa3juBy Ail0 Ha CIM30BI 000-
JIOHKU o4ed KposiiB. TakuM 4UHOM, JOCIIIKY-
BaHa Jiifoua peyoBuHa BianosigHo a0 JCanlliH
8.8.1.002-98 3a moapasznuBOIO JI€I0 Ha MIKIPY
BIIHOCUTBCS 10 4 Kjacy HeOe3MeuHOCTi, Ha
CIIM30B1 000JIOHKHU o4el — 10 3 Kiacy Hebe3meu-
HOCTI.

Cencuobinizyrouy ait0 (yokcarinposiHy BUB-
YEHO Ha caMKaX MHUILEH 3a JIOTIOMOIOK0 aHaji3y
nokanbHUX JiMparnunux By3miB (LLNA) Biamno-
BiiHO 110 pexomennaiiii OECD 429. Tloka3zano,
110 (IIyOKCamipoiiH He YUHUTh CEHCUOLTIZYIO-
4oi Jii Ha OpraHi3M JOCIIIHMX TBapuH Ta 3a
aJIepreHHoI0 JII€I0 BIJHOCUTBHCA 10 4 Kiacy
Heo6e3neunocTi (JJCanlliH 8.8.1.002-98).

@dnyokcaminpoiiiH HE crpasisie BUOIPKOBOI
HelpoTokcnyHoi aii BianosinHo 10 OECD 424.
3a roctporo BBy NOEL mis nrypiB 3a
MOKa3HUKAMHU HEHPOTOKCHUYHOCTI CTAaHOBHUTH >
2000 mr/kr.

3a MiAroCTpOro JAepMalbHOIO BIUIUBY IPHU
HAIIKIpHOMY HaHECEHH1 (IyoKcaminposiHy
urypam npotsrom 28 nHiB (OECD 410) ue 3ape-
€CTPOBAHO CMEPTHOCTI Ta JKOJHUX KIIHIYHUX
3MiH, OB S3aHHUX 3 BIJIUBOM (bnyOKcaninoni-
HY. NOAEL ¢yokcaninpoiiny st myplB caMm-
iB 1 camHIlb 3a 3arajJbHOTOKCUKOJIOTTYHUMHU
noka3zHukamu — 1000 mr/kr.

[Ipun cyOxpoHIYHOMY (npOT;IFOM 90 nHiB)
NepopaibHOMY BIUIMBOBI JOCTIIKEHOMY (3Tif-
Ho 3 OECD 408 Ta 409) NOEL ¢mnyoxcamimnpo-
JiHY Ui camiiB mrypiB — 891 Mmr/kr macu
tina/nenp, NOEL mnst cammiB mumrein — 882
Mmr/kr Macu Tina/nenb, NOAEL dumyokcamimnpo-
JHY JUIsl caMIIiB co6ak — 892 Mr/Kr//ieHsb.

B ekcnepuMeHTax BHKOHAaHHUX 3TIJHO 3
OECD 453 (mpotsirom 2 poKiB) 1110/10 BUBUEHHS
XPOHIYHOI TOKCHUYHOCTI Ta KaHIEPOTCHHOCTI
BcraHoBiieHO NOAEL duyokcamninposiny uist
IIypiB 32 CUMIITOMAaMU CUCTEMHOT TOKCUYHOCTI
— 288 MI/Kr 1t caMIliB 1 374 MI/KT ISl CAMHUILIb.
VY JocnipKeHHs KaHIEPOT€HHOCTI Ha MHIIaX
srigHo 3 OECD 451 (mpotsirom 18 Mmics1iiB)
NOAEL 3a 3araabHOTOKCHUKOJIOTTYHUMHU TOKa3-
HukamMu — 278 wmr/kr (camuiB) 1 317 wr/kr
(camuiib). OHKOT€HHOTo €(eKTy B MHILEH 1
IIypiB HE BCTAHOBJICHO.

@yokcaminpoiiH 3a TPUBAJIOrO BIUIMBY Ha
Oprasi3Mm UIypiB, MULIEH 1 COOAK YNHUTH 3arajb-
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studied in male rabbits. The research was
conducted in accordance with OECD 404
and OECD 405 guidelines. Based on the
experimental results, it was concluded that
fluoxapiproline does not cause an irritant
effect on the skin and causes minimal irrita-
tion to the mucous membranes of the eyes in
rabbits. Thus, according to the Hygienic
Classification of Pesticides by Hazard Level
(DSanPiN 8.8.1.002-98), the substance is
classified as hazard class 4 for skin irritation
and hazard class 3 for eye irritation.

The sensitizing effect of fluoxapiproline
was studied in female mice using the local
lymph node assay (LLNA) according to
OECD 429 recommendations. It was shown
that fluoxapiproline does not have a sensitiz-
ing effect on the organisms of the test ani-
mals and is classified as hazard class 4 for
allergenic action (DSanPiN 8.8.1.002-98).

Fluoxapiproline does not exhibit selective
neurotoxic effects according to OECD 424.
In acute exposure, the NOEL for rats in terms
of neurotoxicity is > 2000 mg/kg.

In subacute dermal exposure, where flu-
oxapiproline was applied to rats for 28 days
(OECD 410), no mortality or clinical changes
related to fluoxapiproline exposure were
recorded. The NOAEL of fluoxapiproline for
male and female rats in terms of general tox-
icological indicators was 1000 mg/kg.

In sub-chronic (90-day) oral exposure
(according to OECD 408 and 409), the flu-
oxapiproline NOEL for male rats was
891 mg/kg body weight/day, the NOEL for
male mice was 882 mg/kg body weight/day,
and the fluoxapiproline NOAEL for male
dogs was 892 mg/kg/day.

In experiments conducted according to
OECD 453 guidelines (over 2 years) to study
chronic toxicity and carcinogenicity, the
NOAEL of fluoxapiproline for rats based on
symptoms of systemic toxicity was 288
mg/kg for males and 374 mg/kg for females.
In carcinogenicity studies in mice according
to OECD 451 (18 months), the NOAEL
based on general toxicological indicators was
278 mg/kg (males) and 317 mg/kg (females).
No oncogenic effects were observed in mice
and rats.

Fluoxapiproline, upon prolonged expo-
sure to the bodies of rats, mice, and dogs,
exerts a general toxic effect, which manifests
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HOTOKCHYHY JIi0, sIKa MPOSBIISETHCS 3HIKCHHIM

CTIO)KMBAHHS KOPMY 1 IPUPOCTY MAaCH TiJa.
JlocmiIKeHHS] TeHOTOKCUYHOI Ta MyTareHHO1

AKTHUBHOCTI (PIIyOKCAIIMpOiHy TPOBEACHI B

HACTYITHUX TECTaX Ha 1HAYKIIIO:

— reHHUX MyTamii y Salmonella typhimurium
(tect Eiimca) in vitro (OECD 471);

— abepariiii XpoMOCcoM y JTiMpOIHUTAPHIN KITi-
THHHIH TiHIT (V79) KHTalChbKOTO XOM'sUKa in
vitro (OECD 476);

— MleO}I,Zlep (OECD 487) 1 XPOMOCOMHHX abe-
pamiii y miMmdonurax JTIOAWHU in  Vitro
(OECD 473),

—  MIKposiiep y KIITHHaX KiCTKOBOTO MO3KY
muieit in vivo (OECD 474).

B ymoBax mpoBeneHUX TOCIHIKEHb, TE€HO-
TOKCHYHOI Ta MyTareHHoi Aii (uIyoKcaminposti-
HY HE BUSBJICHO.

JlocTimKeHHST BILUIMBY (bHyOKcaninponiHy Ha
PETIPOAYKTHBHY (DYHKIIIFO HpOBeI[CHl BlI[HOBl,Z[HO
1o OECD 416 y tecT-cucteMi 2-0X MOKOJIiHb Ha
IIypax Mpy HaIXOPKEHHI 3 KOPMOM. 3a pe3yJibra-
TaMH TMPOBEICHOI p060TI/I GiyoKcaminposiH He
YUHUTH TOKCUYHOT 1[11 Ha PENPOyKTHBHY byHK-
1it0 caMuIh i camiiB mrypiB. NOAEL st pempo-
,Z[yKTI/IBHOI ¢bynukuii mopociux camiiB FO- 1 F1-
MMOKOJIIHb, a Takok NOAEL st ?,IlaTHOCTl BIDKU-
BaHHS, POCTYy Ta PO3BUTKY HamiankiB F1- 1 F2-
MOKOJIIHB (CaMIliB) CTAaHOBHTH TICIsI CIIAapIOBaH-
Hs: 262 mr/kr/ness st FO ta 318 Mr/kr/nens s
F1 Ta mis nopocnux camuilb 1 iXHIX HallaJKiB
(micns cmaproBanss: 302 mr/kr/menp aus FO ta
334 wmr/kr/mens mst F1; mpotsirom recrarii: 292
mr/kr/nens s FO ta 289 wmr/kr/nens mns Fl;
npotsiroMm JakTamii: 310 mr/kr/mens s FO ta
297 mr/xr/nens g F1).

BuBueHHs BIUITUBY (bnyOKcamnpomHy Ha
OpraHi3M BariTHHUX CaMHIb 1 PO3BHTOK ILJIOIY
npoBeneHo 3rigao 3 OECD 414 Ha nBoX BHaax
na0opaTOpHUX TBAapUH: MIypax 1 KpOJsX.
NOAEL a5 BariTHUX caMHIlb KPOJIIB Ta IIyPiB
— 1000 wmr/kr. Sk BKa3ymTh €KCHEPTH 3
ABctpaii [3] B mrypiB Oyima migBUIICHA YacTOTa
HEMOBHOTO OKOCTCHIHHS [ESKHX YepPEIHUX
KICTOK, SIK1 BBaJKaIOTHCS BITHOBIIOBAHMMU Ta HE
MPU3BOIATE IO OCTAaTOYHOI BTPATH OyIb-SKOI
dopmu abo ¢dynkmii. YactoTa mux crocrepe-
KCHb JIMIIE 3pOCiia MOPIBHSIHO 3 OJHOYACHHUM
KOHTPOJIEM Ha HH3bKIH 1 CepemHiil mo03ax.
BusiBiieni edexru 6me B Mexax, a0o TPOXH
BUIIE Jiana3oHy, SKUH CHOCTGplFaBC}I B ICTO-
pUYHOMY KOHTpOJi. ToMy, Ili CHOCTEepEKCHHS
BBaYKAJIUCS, MOKJIMBO, OB’ I3aHUMH 3 BIUTHBOM
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as reduced feed consumption and body

weight gain.

Genotoxic and mutagenic activity studies
of fluoxapiproline were conducted using the
following tests to induce:

— gene mutations in Salmonella typhimuri-
um (Ames test) in vitro (OECD 471);

— chromosomal aberrations in a lymphocyt-
ic cell line (V79) of Chinese hamster in
vitro (OECD 476);

— micronuclei (OECD 487) and chromoso-
mal aberrations in human lymphocytes in
vitro (OECD 473);

— micronuclei in bone marrow cells of mice
in vivo (OECD 474).

Under the conditions of the conducted
studies, no genotoxic or mutagenic effects of
fluoxapiproline were detected.

Studies on the effect of fluoxapiproline on
reproductive function were carried out
according to OECD 416 guidelines in a two-
generation test system in rats with exposure
through food. The results showed that flu-
oxapiproline does not exert toxic effects on
the reproductive function of male and female
rats. The NOAEL for reproductive function
in adult males of FO and F1 generations, as
well as NOAEL for the survival, growth, and
development of F1 and F2 generation off-
spring (males), after mating, were as follows:
262 mg/kg/day for FO and 318 mg/kg/day for
F1. For adult females and their offspring,
after mating: 302 mg/kg/day for FO and 334
mg/kg/day for F1; during gestation: 292
mg/kg/day for FO and 289 mg/kg/day for F1;
during lactation: 310 mg/kg/day for FO and
297 mg/kg/day for F1.

The study of the effect of fluoxapiproline
on pregnant females and fetal development
was carried out in accordance with OECD
414 on two species of laboratory animals:
rats and rabbits. The NOAEL for pregnant
female rabbits and rats was 1000 mg/kg. As
noted by experts from Australia [3], there
was an increased frequency of incomplete
ossification of some cranial bones in rats,
which are considered reversible and do not
lead to the permanent loss of any form or
function. The frequency of these observa-
tions was only slightly higher than the con-
trol group at low and medium doses. These
effects were within or slightly above the
range observed in historical controls.
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pEUYOBUHHU, ajie He Oyau HECHpPUSITIMBUMH.
KomeHTapiB 111010 eMOpPIOTOKCUYHOCTI Ta Tepa-
TOTEHHOCTI Y KpOJIIB HE HaBE/ICHO.

Orxe, 3rigHo 3 JCanlliH 8.8.1.002-98 [24]
¢uryokcaminposin 3a BiJaJeHUMHU edeKTaMu
Jii: MyTareHHOo 1 KaHIIEPOT'€HHOIO aKTUBHICTIO
Ta PENPOTYKTUBHOIO TOKCUYHICTIO BITHOCUTHCS
10 4 xjacy HeOe3MeYHOCTI.

OcHOBHUMHM HUIAIXaMu MeTadounizmy ¢ury-
OKCAMINpOJIiHYy €: T1IPOKCUIIIOBAHHS (PEHUIBHO-
ro KUIbIIS, KapOOKCWIIFOBAHHS TTICIISI L[e(bTopy-
BaHHs z[I/I(bTopMeTI/mLHHX (¢parMeHTiB y mipa-
30JIbHIM TpyIll, KOHIOrauis 3 DIIOKYpPOHOBOIO
KHCJIOTOIO, IIUCTETHOM Ta METHICYIb(1HIIOBOIO
KHCIIOTOIO.

JlociikeHHs] TOKCHUKOKIHETHKH B IIypiB
MoKa3ajo, M0 Pall0aKTUBHO MiueHU# (iryokca-
HnpoJtiH (Mipa30JIbHOI0 MITKOIO) IIBUKO a0COp-
OyeThCsl Ta BUBOAUTHCS 3 OpraHi3My IIypiB 000X
crareit. Uepes 48 roguH OCHOBHY YaCTUHY paJIio-
aKTUBHOI MITKU OyJI0 €KCKPETOBAHO MEPEBAKHO 3
dekamsmu (80-90 %) Ta ceuero (2-6 %).
Mertabomnizm ¢uryokcaminpoiiny OyB HOPIBHSH-
HUM Yy caMmIiB 1 camuilb IIypiB. OCHOBHUMU
MeTabomiTamMu Oyau — (pyokcaminposiH-mipa-
3o5-aneramia (IiasmMa Ta HUpPKH), (iyokcari-
MPOJIIH-TIIPA30JIOIITOBA KHUCJIOTa (TU1a3mMa Ta
HUPKH), (IIyOKCAMNPOIiH-INepUANH-KapOOHO-
Ba Kkuciora (HUpKH), ¢uyokcamninponin-4-OH
ninepuaAuH (MediHKa Ta HUPKHU) Ta (iryokcari-
NpoJIiH-3-KapOOHOBA KHCIIOTA (TediHka) [25].

[IpoBenaeHo psia AOCHIKEHb METa0oJIITYy
(bnyoxcamnpomﬂy 3,5-0ic (/:mq)nyopOMeTHn)
Mipa30JI0UTOBOI KUCIOTH, KU € MeTaboIiToM
(uryokcaminposiny y BoJl Ta 'pyHTIi. 3a MiAro-
ctporo nepopainbHoro BBy NOAEL s
urypiB — 1032 mr/kr macu Tina; B yMOBax Mpo-
BEJICHUX JOCIIIKEHb HE MPOSIBUB T'€HOTOKCHY-
HOI Ta MyTareHHOi akTUBHOCTI. TakuM 4uMHOM,
el MeTaboJIiT 32 MyTareHHOK aKTUBHICTIO BijI-
HocuThCs 110 4 kinacy HebesneuHocTi (JICanlliH
8.8.1.002-98).

3a nmanuMu excrnepTiB 3 Abctpanii [3],
OCKUIIBKM 010J10T1YH1 €()eKTH, SKI BHSBICHI B
MPOIIeCl TOKCUKOJIOTTYHHMX JTOCTIHKeHb, HE BBa-
JKaJIKUCsl HECHPUSTIMBUMH, TO 0a3yruuch Ha
TOKCUKOKIHETUYHOMY (PEHOMEH1, IOB'A3aHOMY
13 HAaCHYEHICTIO MpH MepopajbHiil adcopOuii
PEYOBHHM, aBTOpHU 06rpyHTyBaJm JJ (ADI)
¢diyokcaninpoiiHy Ha piBHI 3 MI/KI Macu
Ti1a/100y, BUXOASYM 3 OTPUMAHOI KIHETHYHOI
MakcumanbHO1 1031 300 Mr/Kr Macu Tina/go0y 1
koedimienTa 3anacy 100.
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Therefore, these observations were consid-
ered possibly related to the substance but
were not deemed adverse. No comments on
embryotoxicity or teratogenicity in rabbits
were provided.

Thus, according to DSanPiN 8.8.1.002-98
[24], fluoxapiproline, based on its remote
effects of action: mutagenic and carcinogenic
activity, and reproductive toxicity, is classi-
fied as hazard class 4.

The primary metabolic pathways of flu-
oxapiproline include hydroxylation of the
phenyl ring, carboxylation following defluori-
nation of difluoromethyl fragments in the
pyrazole group, and conjugation with glu-
curonic acid, cysteine, and methylsulfinic acid.

Toxicokinetic studies in rats showed that
radiolabelled fluoxapiproline (with a pyra-
zole label) is rapidly absorbed and excreted
from the bodies of both male and female rats.
Within 48 hours, the majority of the radioac-
tive label was excreted primarily through
feces (80-90%) and urine (2-6 %). The
metabolism of fluoxapiproline was compara-
ble between male and female rats. The main
metabolites were fluoxapiproline-pyrazole-
acetamide (plasma and kidneys), flu-
oxapiproline-pyrazoloacetic acid (plasma
and kidneys), fluoxapiproline-piperidine-car-
boxylic acid (kidneys), fluoxapiproline-4-
OH piperidine (liver and kidneys), and flu-
oxapiproline-3-carboxylic acid (liver) [25].

A series of studies were conducted on the
fluoxapiproline metabolite, 3,5-bis(difluo-
romethyl)-pyrazoloacetic acid, which is a
metabolite of fluoxapiproline in water and
soil. Under subacute oral exposure, the
NOAEL for rats was 1032 mg/kg body
weight. In the conditions of the conducted
studies, this metabolite did not exhibit geno-
toxic or mutagenic activity. Therefore,
according to its mutagenic activity, this
metabolite belongs to hazard class 4
(DSanPiN 8.8.1.002-98).

According to Australian experts [3], since
the biological effects identified during toxi-
cological studies were not considered
adverse, the authors justified the Acceptable
Daily Intake (ADI) of fluoxapiproline at 3
mg/kg body weight/day, based on the kinetic
maximum dose of 300 mg/kg body
weight/day and a safety factor of 100.




Jerpanaunis pryokcaninposiny

B 00’ €KTaX HABKOJHMIIHBOIO CepeloBHUINA

Pesynpratu omisiy JaHUX BIJIHOCHO Jerpa-
jauii uryokcaminposiny y Boai [3, 28] moka-
3yI0Th, II0 IIPU BUBYEHHI IPOLECIB T'IPOIII3Y B
CTepuibHUX Oy(epHUX po3uuMHaAX y TeMpsBI
npu 25°C ycTaHOBIIEHO, IO PEYOBHHA CTiiiKa B
KHCIIOMY Ta HelTpanbHOMY cepenosuiax (pH 4
1 7), ajie MOBUILHO T1APOJIZYETHCS B JIY)KHOMY
cepenosuiui (pH 9).

CepenHs BenMuMHA TEPIOy HaIIBpPO3MaLy
(Tso) ¢myoxkcaminmponiny (¢peHin- Ta mipas3on-
panioaktuBHO MiueHoro [14C]) mpu BogHOMY
¢doronizi (1aboparopHi aepoOHi yMOBI/I) CTaHO-
BUTh 38,5 110. Cepenni po3paxyHK0131 T50 pedo-
BHHH B HATYPHUX YMOBAX I1i/{ BILIUBOM JIITHHOIO
COHSIYHOrO BUNpOMiHIOBaHHS (Apizona, CIIA
ta ['pentist) cranoBisTh Bix 87 10 136 nid.

[Ipy BHeCeHH1 3 BUKOPUCTaHHSIM (eHUI- Ta
nipa3oii- pajloakTUBHO MidyeHOro (yokcami-
IPOJTIHY B IOCII1/IHI MIKPOEKOCHUCTEMH JIBOX Pi3-
HOBU/IIB (CEAMMEHT-MICOK Ta MIIIAaHUN CyIJIH-
HOK) BCTaHOBIEHO Tsq A BOIHOI a3y mpu-
O6nmu3HO 2 nolu; misg celuMeHTapHoi (a3zu —
23,4,7-55,7 nobu; st MOACNBHUX CHUCTEM Y
oMy — 15,8-42,3 no0wu.

3a 1MX YMOB BUBYEHO IUIAX Ta OCHOBHI IIPO-
OyKTH Jerpajauii  ¢uyokcaminpoyiHy MOpH
3aCTOCYBaHHI Mipa3oyibHOIT MiTKU. [Ipouec pos-
najy MOJIEKYJIM B1JIOYBA€ETHCS IIISAXOM PO3LIEI-
JICHHS aM1JHOTO 3B’SI3Ky 1 yTBOPEHHSIM MeTabo-
mity 3,5-6ic (quduryopoMeTi)-nipa3zononToBoi
kuciotu — 39,1 % s cucremu B 1iiomy, 32,2
% y BonmHIM ¢a3i ta 13,8 % y cegumeHTapHii
¢azi. KinbKicTh IbOro MeTabodiTy B MOBEPXHE-
Bi Bomi csarae 1o 70 %. Ilomampinuii Metabo-
J3M BiJI0YBa€TbCSI HACTYIMHUM BiAIIEIIIICHHAM
YaCTUHU OLITOBOI KUCIIOTH, T1IPOKCUIIIOBAHHSIM
Ta OKHUCJIEHHSAM JAUPTOPMETHIBHOI Tpynu 3
YTBOpPEHHSAM 3-(1u(ryopoMeTun)-mipas3on-5-
Kap60HOBo'1' KHCIIOTH) y KuibkocTi 18,3 % B
CUCTEMI B ulJIOMy ta 14,7 % y BonHIN (I)a31 npu
3aCTOCYBaHHI cpeHmLHm MITKH — OKUCJICHHSM 1
YTBOPEHHSIM MeTabomiTy 1 3-xio0po-2-3-[2-(2-
okconinepuain-4-i1)-1,3-riazon-4-11-14,5-
aurinpo-1,2-okcazon-5-1 (eHu1 MeTaHecysb-
¢donary B kuibkoci 17,2 % st cucteMu B LLJIO0-
My Ta 16 % y ceaumenTtapHii asi.

[BuakicTs MiHepamizauli (uryokcaminposi-
HY JOCIIJPKYBaJd B 3pa3Kax MOBEPXHEBOI BOAU
3 IOJATKOM CEIUMEHTY 3 BHECEHUMH KOHIICHT-
pauisimu 8 140 mMxr/it. Ts, (BpaxoByroun cyMapHi
3aJIMIIKOBI KIJIBKOCTI PEYOBUHHU 3 BOJIHOI (hazu
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Degradation of fluoxapiproline

in environmental objects

The review of data on fluoxapiproline
degradation in water [3, 28] shows that dur-
ing hydrolysis studies in sterile buffer solu-
tions in the dark at 25°C, the substance was
stable in acidic and neutral environments (pH
4 and 7) but slowly hydrolysed in an alkaline
environment (pH 9).

The average half-life (Ts,) of fluoxapipro-
line (phenyl- and pyrazole-labelled [14C])
during aqueous photolysis under laboratory
aerobic conditions was 38.5 days. The aver-
age calculated Ts, in natural conditions
under summer sunlight exposure (Arizona,
USA, and Greece) ranged from 87 to 136
days.

When fluoxapiproline, labelled with
phenyl- and pyrazole-radioactive markers,
was introduced into two types of experimen-
tal micro-ecosystems (sediment-sand and
sandy loam), the T, for the aqueous phase
was approximately 2 days; for the sediment
phase — 23.4-55.7 days; and for the entire
model system — 15.8-42.3 days.

Under these conditions, the degradation
pathway and main degradation products of
fluoxapiproline were studied using a pyra-
zole marker. The molecule breaks down
through the cleavage of the amide bond,
forming the metabolite 3,5-bis(difluo-
romethyl)-pyrazoloacetic  acid, which
accounted for 39.1 % of the total system,
32.2 % in the aqueous phase, and 13.8% in
the sediment phase. The concentration of this
metabolite in surface water reached up to
70%. Further metabolism occurs through the
cleavage of part of the acetic acid, hydroxy-
lation, and oxidation of the difluoromethyl
group, forming 3-(difluoromethyl)-pyrazole-
S5-carboxylic acid, which accounted for
18.3% of the total system and 14.7% in the
aqueous phase; when using the phenyl mark-
er — through the oxidation and the formation
of the metabolite 3-chloro-2-3-[2-(2-
oxopiperidin-4-yl)-1,3-thiazol-4-yl]-4,5-
dihydro-1,2-oxazole-5-yl phenyl methane-
sulfonate, which accounted for 17.2% in the
total system and 16% in the sediment phase.

The mineralization rate of fluoxapiproline
was studied in samples of surface water with
sediment added at concentrations of 8 and

31
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3a CeUMMEHTY) cTaHOBUB 2,8 1 41 mi6 aysa HUX-
4Oi Ta BUILOT KOHIIEHTpPAIil B1IMTOBIIHO.

[IpencraBneni naHi AO3BOJISIIOTH BIJHECTH
¢uryokcarinposin A0 1-ro kiacy HeGe3neuHOCT1
3a TOKa3HUKOM «CTaOUIBHICTH Yy BOJII»
(JACanlliH 8.8.1.002-98).

3a BigomocTsiMu [3] OO MOBERIHKU (IIy-
OKCAITIIPOJIIHY B MOBITP1 BiH KIaCU(DIKY€ETHCS 5K
HeJIeTKa PEUOBUHA, 3 HU3bKUM THCKOM MapiB (4,5
x 107 Ia ipu 25 °C) Ta xoHcTanTOoI0 L'enpi (0,24
Pa-m>/Monb). BeranoBineno Ts, pedOBMHM B
armocgepnomy moBitpi — 0,14 nHi (peakuist 3
'JIPOKCHIIBHUMU paJiuKaniaMu) 3a yMOB 12 roaun
COHSYHOTO CBiTIa/100y. OCHOBHUH TIPYHTOBHIA
MeTa0oMT (DITyoKCaminposIiHy, Ma€ JETKI BIAaCTH-
BocTi (tuck mapu 1,2 Ila npu 25°C), ane iioro
po3paxyHkoBuii Ts, B moBiTpi ckianae 0,28 aHi.

Herpanariis ¢ayokcaninpomniny B IpyHTI [3]
BHUBYAJIaCh Yy JAOOPATOPHOMY EKCIIEPUMEHTI 3a
aepoonux ymoB (pH 5,5-7,5; % opraniunoro
Byniento 0,7-4,7), 6€3 nocTymny CBiT/a Ha IIECTH
TUMNAX IPYHTIB (MILIAHUH CYIJIMHOK, MYJIUCTHM
CYIJIMHOK, TJIMHUCTUN CYTJIMHOK, CYIICOK) pi3-
HUMH 32 MEXaHIYHUM CKJIaJIOM Ta (Pi3UKO-XiMi4-
HUMU BJIACTUBOCTSMHU 3 BUKOPUCTAHHIM TPbOX
MO3ULIN pagloaKTUBHOI MITKU ((peHin, mipas3on,
tiazonin). Ilepion HamiBpo3maay AOCTiIKyBa-
HOI PEYOBHMHHU 3aJIEKHO BiJ TUILY IPYHTY CTaHO-
BuB Bija 13 no 81 ni6. [Ipu npomy cepemus reo-
MeTpuuHa BennuuHa Tsy y TpyHTI B aepoOHUX
1abopaTopHUX yMOBax cTaHoBHJA Oiau3bko 30
ni6. Jlerpanauis ¢uryokcaninpoiiHy B OUIbIIO-
CT1 JOCII/PKEHb OMUCYBaJIach JBO(A3HOIO KiHe-
tukoto (DFOP) [3, 28, 30].

VY npoueci MerabonizMy B IpyHTI (uryoKcarti-
NPOJIIH TIAPOKCHIIIOETbCA 3 YTBOPEHHSAM DSy
METa0OITIB Y Pe3yJIbTaTl PO3LICTICHHS aM1IHO-
ro 3B’s3Ky Ta (hopMyBaHHSIM MeTabomiTy 3,5-01c
(nudmyopoMeTni)-mipa3onouTroBoi  KUCIOTU
(makc. 24 % B aepoOHMX Ta Makc. 25 % B aHae-
pPOOHUX yMOBax) 3 TOHAJIBIIMM METa0O0I3MOM
YaCTHUHU OITOBOI KUCIIOTH 110 3,5-0ic (audmyopo-
metuin)- 1 H-nipazony (make. 22 %). OcHOBHI Me-
TaOOJIITH, SIKI YTBOPIOIOTHCS 3 MITKaMH 3a (peHi-
JIOM 1 TIa30JIUJI0M, MICIsl PO3ILEIUIEHHS aMily B
aepoOHMUX yMOBax — 3-xJ10po-2-3-[2-(minepuin-
4-im)-1,3-t1a30n-4-111- 14,5 turiapo (make. 17 %) 1
3-x510p0-2-3-[2-(2-okcominepuain-4-in)-1,3-tia-
3071-4-111- |4,5-nuriapo-1,2-okcazon-5-i1  deHin
Metanecynbdonar (makc. 14,7 %).

Yepes 120-125 ni6 minepamnizamist ¢uiyokca-
ninponiny Oyna 3HayHowo (1o 11-33 %), a 3B's-
3aH1 3aJuInKu ctaHoBian Bix 21 no 38 %. Kin-
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40 pg/L. The T, (considering the total resid-
ual amounts of the substance from the aque-
ous phase and sediment) was 2.8 and 41 days
for the lower and higher concentrations,
respectively.

The presented data allow fluoxapiproline
to be classified as hazard class 1 for the indi-
cator ‘"stability in water" (DSanPiN
8.8.1.002-98).

According to the data [3] on the behaviour
of fluoxapiproline in the air, it is classified as
a non-volatile substance with low vapour
pressure (4.5 x 10”Pa at 25°C) and a Henry's
constant of 0.24 Pa-m*mol. The Ts, of the
substance in atmospheric air is 0.14 days
(reaction with hydroxyl radicals) under 12
hours of sunlight per day. The main soil
metabolite of fluoxapiproline exhibits volatile
properties (vapour pressure of 1.2 Pa at 25°C),
but its calculated Ts in air is 0.28 days.

Fluoxapiproline degradation in soil [3]
was studied in a laboratory experiment under
aerobic conditions (pH 5.5-7.5; organic car-
bon content 0.7-4.7 %), without light expo-
sure, on six soil types (sandy loam, silty loam,
clay loam, and loamy sand) with different
mechanical compositions and physicochemi-
cal properties. Three positions of radioactive
labelling (phenyl, pyrazole, thiazole) were
used. The half-life of fluoxapiproline varied
from 13 to 81 days, depending on the soil
type. The geometric mean T, in soil under
aerobic laboratory conditions was approxi-
mately 30 days. Most studies described flu-
oxapiproline degradation using two-phase
degradation kinetics (DFOP) [3, 28, 30].

In soil metabolism, fluoxapiproline under-
goes hydroxylation, leading to the formation
of several metabolites through the cleavage
of the amide bond and the formation of 3,5-
bis(difluoromethyl)-pyrazoloacetic acid (up
to 24 % in aerobic and 25 % in anaerobic con-
ditions), followed by the metabolism of part
of the acetic acid to 3,5-bis(difluoromethyl)-
1H-pyrazole (up to 22 %). The main metabo-
lites formed from the phenyl and thiazole
labels after amide bond cleavage under aero-
bic conditions include 3-chloro-2-3-[2-
(piperidin-4-yl)-1,3-thiazol-4-yl1]-4,5-dihy-
dro compound (up to 17 %) and 3-chloro-2-
3-[2-(2-oxopiperidin-4-yl)-1,3-thiazol-4-yl]-
4,5-dihydro-1,2-oxazole-5-yl phenyl metha-
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IEB1 MMPOYKTHU PO3MaaTy — HE eKCTPAaroBaHi 3aJIMIII-
ku ta CO, .

[Tpu BuBYeHHI (OTOIIZY MiIFOUOI PEUOBHUHU B
IPYHTI MIBUAKICTh PO3MAay NMPAKTHYHO HE Bif-
PI3HSJIACH BiJI KOHTPOJIBHUX 3pa3KiB 0€3 MOCTY-
Iy CBiTJIa, TOMY MOYKHA IepeadadnTH, 1o (HoTo-
Jerpajaris B IpyHTI He Oy/ie iICTOTHIM MEXaHi3-
MOM posnany (IyoKCamimpomiHy. Cepenns
BenmnumnHa Ts, (ayokcaminponiny npu BUBYCHHI
¢doromizy B n1abOpaToOpHUX yMOBaxX CTAHOBUTH
50 mi6. Po3anOBaH1 Tso PEYOBHHH B HATYPHUX
yMOBax MiJ BIUIMBOM JITHBOTO COHSYHOTO
BI/IHpOMlHIOBaHHﬁ (Apizona, CIIIA Tta I'perisn)
cTaHOBJIATH Big 133-205 mi6 [28].

3a mannmu cepn MOJIbOBHX ILOCJ‘II,Z[)KGHB
,Z[I/ICI/IHaLlll (y miBHIYHIN Ta TiBACHHIN €BpOI)
z[erpaz[amﬂ (bnyoxcamnpomHy B IPYHTI, y OiJIb-
IIOCTI 3 HUX, Maja TGHI[GHHIIO 1o aBodaszHoi
KIHETHKH Ta OnmucyBajiach KiHeTukoro SFO y 2
nocmimkerasx [30]. Herpanmamist BimOyBamacs
MIBUAIIE B TIBACHHUX pErioHaxX IMOPIBHSIHO 3
niBHiYHUMU. bymu Bctanosneni Ty, Bim 30 mo
209 nib6 [3].

BpaxoByroumn, 1m0 3rigHo 3 npuHiunamMu €C
MEPCUCTEHTHICTh PEUYOBHHH OIIHIOETHCS 3a
BeMYUMHAMHU Ts,, OTpUMaHUMU TPY TPOBEACHHI
J'Ia60paT0pHI/IX pociimkenb [31], 3a mokasHH-
KOM '"CTaOlLIBHICTH y TPYHTI" BIAMOBIIHO [0
I[CaHH1H 8.8.1.002-98 (bnyOKcarnnpomH MOJXKE
OyTH BiAHECEHHMH OO0 MECTUUHUIIB 2 Kjacy
HeOe3MeYHOCT] (CTIHKUX PEedOBHUH).

Hpouecn az[cop6u11 Ta z[ecop6u11 (bHyOKcam-
npomHy JOCTIIKeH] Ha p13HI/IX TUIaX rpyHTlB
10 BiJPi3HSUIUCS MEXaHIYHUM CKJIAZIOM Ta BMi-
CTOM OpraHiyHoi peuoBuHH. HaitHmkua reomeT-
pUYHA KOHCTaHTa COpOIi OpraHIYHHM BYTIIe-
nem (K,.) ckmamgae 279 Mi/t, o CBITYHTH MPO
CEpeIHI0 MOOUTBHICTh PEYOBHHH B IPYHTI [26,
28]. Mirpariii pe4oBHHH 3a IPYHTOBUM Mpodi-
JIeM He CIIOCTepiranoch, a itoua peuoBHHA KOH-
HeHTpyBaiacs y Bepxapomy (10 cm) mapi rpyH-
Ty TIPY BCIX JOCIIKCHHSIX.

OmiHka pU3UKY 3 BUKOPUCTAHHSIM MOJEINIO-
Ba"Hs FOCUS [30] moka3ana, 1mo He3Ba)Karouu
Ha JIOCUTh HU3bKi 3HaueHHs K, . merabomiTiB
PEUOBUHU, Mirparlis 3a IpyHTOBUM TpodisieM Ta
B IPYHTOB1 BOAM HE MPOTHO3YETHCS BHACIHITOK
MIBUJIKOI pyiHALi B TPYHTI (B KOIHOMY 3 BHB-
YeHHX ciieHapiiB koHneHnTpailii PECGW y rpyn-
TOBMX BOJIaX HE IIEPEBHIILYBAIU 0,1 mxr/m) [28].

BpaxoByroun (1)13HK0 -XiMI4HI BJIaCTUBOCTI
(HI/ISI)Ky pOS‘-IPIHHlCTB y 130)11 0,08 MF/J'I) ririe-
HIYHY OIIHKY (CTIMKICTh 1 MirpamuiiiHy 37at-

TOXICOLOGY OF PESTICIDES

VKPATHCBKHI )XYPHAJT CYYACHHX TTPOBJIEM TOKCHUKOJIOTTT /
UKRAINIAN JOURNAL OF MODERN PROBLEMS OF TOXICOLOGY 1/2025

nesulfonate (up to 14.7 %)

After 120-125 days, fluoxapiproline min-
eralization was significant (up to 11-33 %),
while bound residues accounted for 21-38 %.
The final degradation products were non-
extractable residues and CO,.

When studying the photolysis of flu-
oxapiproline in soil, the degradation rate was
nearly identical to control samples without
light exposure, indicating that photodegrada-
tion in soil is not a significant degradation
mechanism. The average Ts, for fluoxapipro-
line photolysis under laboratory conditions is
50 days, while the calculated Ts, under natu-
ral summer sunlight (Arizona, USA, and
Greece) is 133-205 days [28].

According to a series of field dissipation
studies (conducted in northern and southern
Europe), the degradation of fluoxapiproline
in soil mostly followed a two-phase kinetic
pattern and was described by SFO kinetics in
two studies [30]. Degradation occurred faster
in southern regions compared to northern
ones, with Ts, values ranging from 30 to 209
days [3].

Considering that, according to the EU
principles, the persistence of a substance is
assessed based on Ts, values obtained from
laboratory studies [31], fluoxapiproline can
be classified as hazard class 2 pesticide (per-
sistent substance) according to the sanitary
regulations DSanPiN 8.8.1.002-98 based on
the "stability in soil" indicator.

The adsorption and desorption processes of
fluoxapiproline were studied on various soil
types with different mechanical compositions
and organic matter content. The lowest geo-
metric organic carbon sorption constant (K,.)
was 279 ml/g, indicating moderate mobility of
the substance in soil [26, 28]. No migration
through the soil profile was observed, as the
active ingredient concentrated in the upper
(10 cm) soil layer in all studies.

The risk assessment using FOCUS [30]
modelling showed that, despite the relatively
low K. values of the substance's metabo-
lites, migration through the soil profile and
into groundwater is not expected due to rapid
degradation in the soil (in none of the studied
scenarios did the PECGW concentrations in
groundwater exceed 0.1 ug/L) [28].

Considering the physicochemical proper-
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HICTb) Ta HU3bKI PEKOMEHJIOBaHI €(EeKTHUBHI
HOpPMU BUTpATH J11t04o0i peuoBuHH (60 T 1.p/ra)
il Mirpaiist 3a IpyHTOBUM Ipo(disieM, y IpyHTOBI
Ta IOBEPXHEBI BOAM B HATypPHUX YyMOBax €
MaJIOMOBIPHOIO.

BucHoBku

3a pe3yiapTaTaMH MPOBEICHOrO aHali3y
JAHUX JITepaTypud 3 TOKCHUKOJIOTO-Tir1€HIYHOI
OILIHKHU (pryoKcaminposiH 3riiHo 3 ['irieHigyHoro
KJIacu(iKali€eo MNEeCTULUUIIB 3a CTyIEHEM
Hebesneunocti ([JCanlliH 8.8.1.002-98) 3a
rOCTPOI0 MEpPOPATIBHOI0 Ta JIEPMAIBbHOIO TOK-
CHUYHICTIO BIZITHOCUTHCS J10 4 KJlacy HeOe3MeuHo-
CT1, IHTAJIALIIITHOK TOKCUYHICTIO — JI0 2, TO/Ipa3-
JIMBOIO JI€10 HAa MIKIpY — A0 4 1 Ha CIU30B1 000-
JIOHKHU 04el — 710 3, aJIepreHHo0 €0 — 110 4; 3a
MYTareHHOIO 1 KaHLIEPOTEHHOIO aKTUBHICTIO Ta
PENpPOIYKTUBHOIO TOKCHYHICTIO — A0 4 Kiacy
HEOe3MeYHOCTI.

@iryokcamnirnposiiH 32 YMOB TPUBAJIOTO BILIUBY
Ha OpraHi3M IIypiB, MUIIEH 1 cOOAK YMHUTH 3a-
raJIbHOTOKCUYHY 110, sIKa TIPOSIBIISIETHCSI 3HIKEH-
HSIM CIIOXKUBAHHS KOPMY Ta IPUPOCTY MacH Tia.

JocnipkyBaHa Jilo4a peuoBUHA 32 KPUTeEpi-
€M «CTaOUIBbHICTh Y BOJ1» HAJICKUTH JO MECTH-
uuaiB 1 kmacy HeOe3MeuHOCTi, 3a KpUTEpieM
"cTaOUIBbHICTD Yy IPYHTI"— 70 2 KJacy HeOe3med-
HocTi (JICaunlliH 8.8.1.002-98).

TakuMm UMHOM, 32 CYKYITHICTIO TOKCHKOJIOT14-
HUX Ta TIr€HIYHUX BJIACTUBOCTEH MOXKHA 3pO-
OUTHU BUCHOBOK, IO 1HTETpaJbHUM Kilac HeOe3-
MEYHOCTI HOBOI J1IF0UOT PEUOBHMHU IMECTHUIUIIB
¢uryoKcaminposiny 3a JIMITYIOYUM IapaMeTpoM
IHTQJSIIIIAHOT TOKCUYHOCTI — 2 3 TPUMITKOIO
«BHCOKOCTIUKUN y BOID.

[IpoBeneHa HaMM €KCIEPTHO-aHAIITHYHA
poboTa Oy/ie BUKOPUCTaHA B TTOJAJIBIIHNX JTOCTI-
KEHHSIX 3 OOIPYHTYBaHHS BUMOT O€3NeKH Ta
pO3pOOKH MEIHMKO-CAHITApPHUX HOPMATHUBIB
(I’AK (rpaHn4HO JOMYyCTUMMX KOHIIEHTpAIiil) y
BOJIl, IPYHTI, MOBITP1I poOOYOi 30HM Ta aTMo-
c(hepHOMY HOBITPl, MAKCHUMAJbHO JIOMYCTUMHUX
PIBHIB, TEPMIHIB O4iIKYBaHHS /10 300py BpOXKaro
00po06IeHUX CUIbCHKOTOCTIONAPCHKUX KYJIBTYP, a
TaKOX TEPMIHIB BUXOAY (B1IHOBIIEHHS pOoOIT Ha
00po06ieHUX MI0IAaX) MPH 3aCTOCYBaHHI (QyHTi-
LU/I1B HA OCHOBI ()JIyOKCAMINpPOJIIHY B CLIBCHKO-
My TrOoCIoapcTBl YKpaiHu.

Konduikr inTepeciB. ABTOpH 3asBISAIOTH
PO BIJICYTHICTh KOH(IIKTY 1IHTEPECIB.
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ties (low water solubility — 0.08 mg/L),
hygienic assessment (stability and migration
potential), and the low recommended effec-
tive application rate of the active ingredient
(60 g a.i./ha), its migration through the soil
profile and into groundwater and surface
water under natural conditions is unlikely.

Conclusions

Based on the analysis of literature data on
the toxicological and hygienic assessment of
fluoxapiproline, according to the Hygienic
Classification of Pesticides by Hazard Level
(DSanPiN 8.8.1.002-98), fluoxapiproline is
classified as follows: acute oral and dermal
toxicity — hazard class 4, inhalation toxicity —
hazard class 2, irritant effect on skin — hazard
class 4, irritant effect on eye mucous mem-
branes — hazard class 3, allergenic effect —
hazard class 4, mutagenic, carcinogenic
activity, and reproductive toxicity — hazard
class 4.

Fluoxapiproline, under prolonged expo-
sure to the bodies of rats, mice, and dogs,
exhibits general toxic effects, manifested by
reduced feed consumption and body weight
gain.

By the criterion of "stability in water", flu-
oxapiproline belongs to hazard class 1 pesti-
cides, by the criterion of "stability in soil", it
belongs to hazard class 2 pesticides
(DSanPiN 8.8.1.002-98).

Therefore, based on the toxicological and
hygienic properties, it can be concluded that
the integrated hazard class of fluoxapiproline
is class 2, with a note indicating its high sta-
bility in water.

The expert-analytical work conducted will
be used in further research to justify safety
requirements and develop sanitary and
hygienic standards (MAC — Maximum
Allowable Concentrations in water, soil,
workplace air, and atmospheric air;
Maximum Residue Levels), pre-harvest
intervals for treated crops, and re-entry peri-
ods for agricultural areas treated with flu-
oxapiproline-based fungicides in Ukrainian
agriculture.

Conflict of interest. The authors declare
no conflict of interest.
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