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BMJIUB CYBXPOHIYHOI EKCNO3ULLII MESOTPIOHY
HA FICTOMOP®OJIOTN4YHY CTPYKTYPY LUUTONOAIBEHOI
3AJI03U, HUPOK | MEYIHKU Y LLYPIB

PE3FOME. 3acmocyeanns HesiKicHUX necmuiyuoie modice npu3eo0umu 00 pO36UmKY pe3ucmeHmHoOCi WKIOHUKIB, ni0guueHHs pi6-
Hi8 3aaumKie y 20moesiii npodyKyii 3 ionosioHumu pusuxamu 0415 300pos s adeil i dosxinns. B Yipaini na ocnosi mezompiony, wiupo-
K0 3acmocosanoeo eepbiyudy cucmemnoi 0ii, 3apeecmposano nonad 20 npenapamusHux gopm, nepeeajicHo eenepuxis. omenep
yepe3 GI0CymHicMb 8ION0BIOHUX OAHUX OCMAMOYHO He BU3HAMEH PUUKU 015 N0OUHU, N08 S3AHI I3 CHOJICUBAHHAM NPOOYKMIE XapHy-
6aHHS | NUMHOT 800U i3 3aaUMKAMY Me30MPIOHY ma/abo oo Memabdoaimis.

Mema. Busuumu eicmomopgonoeiyni 3miHu, BUKAUKAHI ME30MPIOHOM 6 YMOBAX CYOXPOHIMHO20 eKCHEPUMEHMY HA WYPax-camusix
ninii Wistar Hannover.

Mamepiaau ma memoou. Iypam-camysm Wistar Hannover (n = 180) npomseom 90 0i6 nepopanbho 6600uu 00uH 3 mpbox 3paskis
mezompiony mexuiunoeo (A, B, C) y dozax 0; 0,1; 0,4 i 4 me/ke macu mira. Hanpuxinyi excnepumenmy euxonanu 2icmonoivui
00CAi0XCeHHS OCHOBHUX OPeaHi6-MileHell, CXUAbHUX 00 MOKCUYHO20 6NALBY Me30MPIOHY: NeYiHKU, HUPOK [ wumonodioHoi 3a103u.
Pesyavmamu. 3vin cmpomu ma napenximu ne4inku nio 6nau6oM Me30mpiony He cnocmepiearu. Bcmarnosneno caabkuii mupeomok-
cuMHull epexm npu excnosuyii me3ompiony 6 003i 4 me/me 0as 3paskie A i B, a makooic caabkuil Heghpomokcuunuii egpekm npu exc-
nosuuii mezompiowny 6 003i 4 me/me oas 3paska C. Hatiuacmiwumu aminamu 8 Hupkax 6yau 6HyMpiuiHb0KaHaabuesi MiKkponempugi-
Kamu, e03uHOinbHULl eMicm Y KOPMUKAAHUX KAHAAUAX, 0ecKeamayis enimenilo KOpMuKaAbHux KaHaivyie i eidponiuna ucmpo-
¢is, y wumonodioHiii 3a103i — OeeeHepamueHo-0ecKk8amamuena OUCQYHKUIS, oeHuuesull Giopos ma enimenioioui Kicmu.
Bucnosku. B ymosax cyoxponiunoeo excnepumenmy 6 ugypie-camuie Wistar Hannover dea 3pasku me30mpiory npodemorcmpysanu
cAabko supadiceHull mupeomoxcuuHuil egpekm y 003i 4 me/ke i 00uH 3pazok — cAaOKO 8UpaceHuil HeghpomokcuuHuil egekm y 003i
4 me/ke. 3a nokasnuxom HecheyudiuHux ducmpohivnux 3min y wumonodionii 3a103i (3pazku A i B) ma 6 kipkosiii peuosuni HupKu
(3pazok C) doza 0,4 me/ke moxce pozensdamucs sk NOAEL.

Karouoei croea: mezompioH, ugypu, cyOXpoHiuHUll eKchepuMenm, eicmomopgonoeiuni aminu.
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EFFECT OF SUBCHRONIC EXPOSURE TO MESOTRIONE ON HISTOMORPHOLOGICAL STRUCTURE
OF THE THYROID GLAND, KIDNEY AND LIVER IN RATS

Abstract. The use of poor-quality pesticides can lead to the development of pest resistance, increased levels of residues in finished products
with corresponding risks to human health and the environment. In Ukraine, on the basis of mesotrione, a widely used systemic herbicide,
more than 20 compounds, mainly generics, have been registered. To date, due to the lack of relevant data, the risks fo humans associated
with the consumption of food and drinking water with residues of mesotrione andy/or its metabolites have not been definitively established.
Aim. To study histomorphological changes caused by mesotrione in a sub chronic experiment on male Wistar Hannover rats.
Materials and Methods. Male Wistar Hannover rats (n = 180) were orally administered one of three technical mesotrione samples
(A, B, C) for 90 days at doses 0; 0.1; 0.4 and 4 mg/kg of body weight. At the end of the experiment, histological examinations of the
main target organs exposed to the toxic effects of mesotrione: liver, kidney and thyroid gland were performed.

Results. Changes in the stroma and parenchyma of the liver under the exposure to mesotrione were not observed. Mild thyrotoxic effect
at 4 mg/mg mesotrione exposure for samples A and B, as well as mild nephrotoxic effect at 4 mg/mg mesotrione exposure at sample C
were detected. The most common changes detected in kidney were the intratubular micro petrifications, eosinophilic content in cortical
tubules, the desquamation of the epithelium of the cortical tubules and hydropic degeneration, in the thyroid gland - degenerative-
desquamative disorder, focal fibrosis and epithelioid cysts.

Conclusions. In a sub chronic experiment in Wistar Hannover male rats, two samples of mesotrione demonstrated a mild thyrotoxic
effect at a dose of 4 mg/kg and one sample had a mild nephrotoxic effect at a dose of 4 mg/kg. According to the indicator of nonspecific
dystrophic changes in the thyroid gland (samples A and B) and in the renal cortex (sample C), the dose of 0.4 mg/kg can be considered
as NOAEL.

Key Words: mesotrione, rats, sub chronic experiment, histomorphological changes.
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TOKCHKOJIOI'TS HECTULUAIB

Bceryn. 3a nporHosamu y 2030 p. cBiTOBa
MOIyJsiLis nepeBUIuTh 8,5 Miipa [1]. 1o Toro
yacy IIpogoBoibya Ta CiIbChbKOrocnoaapchbKa
opranizauis OOH (FAO) mocrtaBuia 3a mMeTy
MOKIHYMTU 3 TOJOAOM [2], 4YOTO HEMOXJIMBO
JIOCSTTU 0€3 yIOCKOHAJIEHHS CUIbChKOTOCITO-
JapChKUX TEXHOJIOTii, BKIIOYHO 3 0€3MEeYHUM
Ta e(pEeKTUBHMM BUKOPUCTAHHSIM II€CTULIM/IIB
[3]. OcranHiMM poKaMu PHUHOK IECTULIMIIB
CTabLIbHO 3pOCTa€ y OaraTbOX perioHax CBiTYy.
Ykpaina BxoauTb 10 10 KpaiH — HaWOLIBIIMX
iMIiopTepiB Lux pe4oBuH [4]. [Ipotsirom 2015—
2019 pp. 3acTocyBaHHSI MECTULMAIB y HaILIii
KpaiHi 30inbimmnocs Ha 47 %, i L1 TeHAEHILis
3aJuinaTuMeThbes [5]. BomHouyac 3pocTae 3aHe-
MOKOEHHS 00 MOTEHLIIMHNUX PU3UKIB ITECTU-
LIUIIB UIST 3I0POB'S IIOAWHU, OCOOIMBO Ha TJIi
HOBUX BUKJIMKIB Ta 3arpo3, 3yMOBJICHUX 3Mi-
HaMH¥ KiiMaty i mangemiero COVID-19 [6].

Y kpaiHax, 110 pO3BUBAIOTLCSI, OUiKyBaHa
yacTKa HEIKICHMX TEeCTULIUAIB CTAaHOBUTb
npubausHo 30 % [3]. 3HauHOIO Mipolo 1ie
MOB'sI3aHE 3 JOCTYMHICTIO OiJbII JEIIeBUX
TeHepUYHMX TTeCTULIMAIB, SIKi 3aCTOCOBYIOThCS
y BiZHOCHO BEJMKUX KiJbKOCTSIX Ha TeKTap.
Kpim Toro, y 6aratbox KpaiHax reHepuuHi Ipo-
JIYKTA BUPOOJSIIOTHCS 3a BiICYTHOCTI HaJleX-
HOT'O0 KOHTPOJIIO SIKOCTi Ta MporpaMm HarJjsimy.
3HuXeHa e(EeKTUBHICTh TaKMX MNEeCTULMIIB
MPU3BOAUTH 10 PO3BUTKY PE3UCTEHTHOCTI
LIKIAHUKIB i MiABUIIYE PiBHI 3aJMILIKIB Y TOTO-
Bili MpOAYKIIii, 1110 HeCe PU3UKU IJIs1 3A0POB's
JIIoJleid 1 HaBKOJIMIIHBOIO CepeaoBUILA, a
TaKOX OO0 BTpaT HaliOHAJIbLHUX pecypciB [3].
OnaHUM i3 HIMPOKO 3aCTOCOBYBAHUX MECTUIIM-
IiB € Me30TpioH (2-(4-Me3WiI-2-HIiTpOEeHXO01T)
HukKJiorekcaH-1,3-1ioH) — repOilua cUcTeM-
HOI JIii, SIKMIA BAKOPUCTOBYIOTh I€PEBaXKHO 151
3aXUCTy KYKYpYA3U Bil OJHOPIYHUX ABOMOJb-
HUX Ta JeSIKMX 3JJaKOBUX Oyp’siHiB. Me3oTpioH
MPUTHiIYY€e 4-TinpoKcUdEeHIImipyBaTAiOKCUTE-
Hazy (HPPD), xmoudoBuii epMeHT KaTabo-
JIIYHOTO LIJIAXY TUPO3UHY, 1O MPU3BOAUTH J0
301JIbIIEHHSI KOHILIEHTpalil 4-rinpokcudeHin-
mipyBaTy Ta BiAIIOBiIHO — A0 TiMEPTUPO3UHE-
mii. Lleit MexaHi3M Aii € 3araJbHUM JJISI TepOi-
LIMIIB CiMEMCTBA TPUKETOHIB, SIK CYJIKOTPIOH
Ta TeMOOTpiOH, a TaKoX (GapMaleBTUUYHOTO
rnpernapary HITU3MHOHY, LIO BUKOPUCTOBY-
€Tbecs B MeauLuHi [7]. JIxonu MoXyTh miggaBa-
TUCS il ME30TPIOHY, SIKUIA y 3aJTMIIKOBUX Kilb-
KOCTSIX MICTUTBhCSI B IXKi Ta IWTHINX BOIi, a
TaKOX IiJ 4ac poOOTHU 3 UMM MEeCTULIIOM [8].

Cranom Ha 1 motoro 2021 p. B YKpaiHi Ha
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Introduction. According to forecasts, in
2030 the world population will exceed 8,5
billion [1]. By then, the Food and
Agriculture Organization of the United
Nations (FAO) has set itself the goal of elim-
inating hunger [2], which cannot be
achieved without improved agricultural
technologies, including the safe and effec-
tive use of pesticides [3]. In recent years, the
pesticides market has been growing steadily
in many parts of the world. Ukraine is one of
the 10 countries — the largest importers of
these substances [4]. During 2015-2019, the
use of pesticides in our country increased by
47 %, and this trend will continue [5]. At the
same time, there is a growing concern about
the potential risks of pesticides to human
health, especially in the face of new chal-
lenges and threats posed by climate change
and the COVID-n 19 pandemic [6].

In developing countries, the expected
share of poor quality pesticides is about 30 %
[3]. This is largely due to the availability of
cheaper generic pesticides, which are used
in relatively large quantities per hectare. In
addition, in many countries, generic prod-
ucts are manufactured without proper qual-
ity control and supervision programmes.
Reduced effectiveness of such pesticides
leads to the development of pest resistance
and increases the levels of residues in fin-
ished products, which poses risks to human
health and the environment, as well as the
loss of national resources [3]. One of the
most widely used pesticides is mesotrione 2-
(4-(Methylsulfonyl)-2-nitrobenzoyl) cyclo-
hexane-1,3-dione, a systemic herbicide used
primarily to protect maize from annual
dicotyledons and some cereal weeds.
Mesotrione inhibits 4-hydroxyphenylpyru-
vate dioxygenase (HPPD), a key enzyme in
the catabolic pathway of tyrosine, which
leads to increased concentrations of 4-
hydroxyphenylpyruvate and, consequently,
to hypertyrosinemia. This mechanism of
action is common to herbicides of the trike-
tone family, such as sulcotrione and tem-
botrione, as well as the pharmaceutical com-
pound nitisinone used in medicine [7].
Humans can be exposed to mesotrione,
which is found in residual amounts in food
and drinking water, as well as when working
with this pesticide [8].

As of February 1, 2021, more than 20 her-
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OCHOBiI ME30TpioHY 3apeecTpoBaHO moHan 20
npenapaTuBHUX (popM repOilinaiB, TepeBakHO
reHepukiB [9]. fK 3azHayeHO B Ol
€BponeicbKol areHl1Iii 0e31meKu Xap4yoBoi Ipo-
nykuii (EFSA), me3oTpioH "Moxe BBaxkaTucs
TakKuM, 110 Ma€ €HAOKPUHAM3PAIITOPHi Bja-
CTUBOCTI", a TEHOTOKCHMYHUN TIOTEHIial
AMBA (omuH i3 mpoayKTiB aerpagaiii Me30-
TpioHY) "He Moxe OyTu BUKJIOUeHMii". [Ipu
LIbOMY (piHaIbHA OLIiHKA PU3MKIB JIS JIIOJWHMU,
MOB'SI3aHMX 13 BXKMBAHHSIM MPOAYKTIB Xapuy-
BaHHS 1 MUTHOI BOJM 13 3aJIMIIKAMU ME30Tpio-
Hy Ta/ab0 1ioro mMeTaboJiTiB, Ha CbOTOIHI HE
MOXe OyTHM MpOBeIeHa Yepe3 BiICYTHICTh Bill-
noBigHuUX AaHux [7]. OTxe, icHye moTpeda B
MOJAJIBIIMX TOKCUKOJIOTIYHUX MOCIiIKEHHSIX
ME30TpPioHY i MpernapaTiB Ha Oro OCHOBI.

MeTo10 LILOTO JOCTIIKEHHSI OyJ10 BUBYUTU
ricroMop@oJIOTiuHi 3MiHU, CIPUYMHEHI Me30-
TPIOHOM B YMOBaX CYOXpPOHIYHOIO €KCIIepu-
MEHTY Ha Iiypax-caMIisx JiHii Wistar Hannover.

Marepiam Ta Meromm. JlocigkeHHs Tpo-
Bonuau Ha 0a3i JII1 «HaykoBuit ieHTp npeBeH-
TUBHOI TOKCHUKOJOTIII, XapyoBOl Ta XiMi4HOI
Oesneku iMeHi akanemika JI.I. Menseng MO3
Ykpainn» (M. KriB) y paMKax HayKOBO-IOCJTiI-
HHUX POOIT i3 BUBUEHHSI TOKCUYHUX BJIACTUBO-
CTE TpbOX 3pa3KiB MperapaTiB-reHepUKiB
Me30TpioHY TexHiuHoro (3pa3ku A, B i C) 3ria-
Ho 3 Ilnanamu pocnimxkeHHs i CTaHZapTHOIO
onepauiitHoro npouenyporo SOP/LET/M-080,
CKJIaJeHMMM BIAIIOBIZHO 10 pPEeKOMEHOalliil
OECD 408 [10]. 1151 BUBYEHHSI AUMHAMIKM TOK-
CUYHOI il JOCIiIXyBaHUX 3pa3KiB KIIiHiUHE
00CTEXEeHHSI, OLIIHKY 3MiH MacH Tijia i Makpo-
CKOMIYHMX ITapaMeTpiB BHYTPIlLIHIX OpraHiB
TBapyH TIpOBeneHO B 3 eramu: Ha 4-y, 9-y i
13-y TUXXHSIX €KCIEPUMEHTY.

HocnigxyBaHa pe4oBMHA € TeHEPpUUYHUM
MMPOAYKTOM, TOMY YpaxOBYIOUM BiICYTHiCTb
CTaTeBOI UYTJIMBOCTI 10 ME30TPiOHY Ta BiIMo-
BiIHO 10 NPUHUMIIB OI0€TUKM i TYMaAHHOIO
CTaBJICHHSI OO TBapWH, CYOXpPOHIYHY Mepo-
paJibHy TOKCUYHICTh BUBYAJIM Ha ILIIypax OJHIET
crati (camugx). s KOXHOro 3 JOCIiIKEHb
Oynm BimiOpani mo 60 camuiB nrypiB Wistar
Hannover. TBapuHu Oy po3aijieHi Ha 4 rpynu
1o 15 TBapuH y KOXHil. Y X0/li eKCIEPpUMEHTY
MiIIOCTIAHI TBApUHU IIOAHS (KpiM BUXITHUX
JTHIB) BIPOoa0BXK 90 1i0 oTprMyBalv ME30OTPIOH
(3pasku A, BiC) y nozax: 0; 0,1; 0,4 i 4 mr/kr
macu tina (rpynu I, II, III ta IV BinnoBigHO).
3rigHo 3 cepTudikaTamMu aHalli3y Bil BUpPOOHU-
KiB 4yucToTa 3paskiB craHosmia: A — 97,9 %,
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bicide compounds on the basis of mesotri-
one, mostly generics, have been registered in
Ukraine [9]. According to a review by the
European Food Safety Authority (EFSA),
mesotrione “can be considered to have
endocrine-disrupting properties” and the
genotoxic potential of AMBA (one of the
products of mesotrione degradation) “can-
not be ruled out”. However, the final assess-
ment of human risks associated with the
consumption of food and drinking water
with residues of mesotrione and/or its
metabolites, currently cannot be conducted
due to lack of relevant data [7]. Therefore,
there is a need for further toxicological stud-
ies of mesotrione and drugs based on it.

Aim of this research was to examine the
histomorphological changes caused by
mesotrione in a sub chronic experiment in
male Wistar Hannover rats.

Materials and Methods. The research was
conducted on the basis of the SE “Research
Centre of Preventive Toxicology, Food and
Chemical Safety named after L. I. Medved,
Ministry of Healthcare of Ukraine” (Kyiv),
in the framework of research project on the
study of toxic properties of three samples of
generic drugs of technical mesotrione (sam-
ples A, B and C) in accordance with
Research Plans and Standard Operating
Procedure SOP/LET/M-080, compiled in
accordance with OECD Recommendation
408 [10]. To study the dynamics of toxic
effects of the studied samples, clinical exam-
ination, assessment of changes in body
weight and macroscopic parameters of the
internal organs of animals were conducted
in 3 stages: at the 4th, 9th and 13th weeks of
the experiment.

The test substance is a generic product, so
given the lack of sexual sensitivity to mesotri-
one and in accordance with the principles of
bioethics and humane treatment of animals;
sub chronic oral toxicity was studied in
same-sex rats (males). 60 male Wistar
Hannover rats were selected for each study.
The animals were divided into 4 groups of 15
animals each. During the experiment, the
experimental animals daily (except week-
ends) during the 90 days period received
mesotrione (samples A, B and C) in doses: 0;
0.1; 0.4 and 4 mg/kg of body weight (groups
I, II, III and IV, respectively). According to
the certificates of analysis from the manufac-
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B—-98,03%iC—99,11 %.

TecToBi cyOcTaHLIil BBOOWINA Y BUIJISIAL PiB-
HOMIpHO1 BOJIHOI €MYJIbCil MEPOPATIBHO HATIIE
3a JTOMOMOIOK0 METaJIeBOTO 30HJa 3 aTpaBMa-
TUYHUM KiHLeM. SIK pO3UYMHHUK BUKOPUCTO-
BYBaJld IUCTUJIbOBAHY BOAY 3 AOAAaBaHHSAM
emyiabratopa OII-10 (IF'OCT 8433-81).
OOcTeXeHHsI TBapUH Ha MpeaMeT TOKCUYHOIL
Nlii peYOBMHM, 3aXBOPIOBAHOCTI ab0 3armoOei
MPOBOAMJIM IIOAHS (KpiM BHUXiIIHUX JHIB).
InauBinyanbHy Macy Tijla peeCTpyBaIU IIOTHXK-
Hs 3 piBHUMU iHTepBanaMmu. [1pupict Mmacu Tina
peectpyBaiu yepe3 4, 9 ta 13 TUXHIB eKcniepu-
MmeHTy. Hamnpukinui excnepumeHnty (13 Tumk-
JIeHb, Y 5 TBapWMH KOXHOI Tpynu) BUKOHAIU
TiCTOJIOTIYHI JOCJIIXKEHHSI OCHOBHUX OpraHiB-
MillleHE TOKCUYHOIO BIUIMBY ME30TPiOHY —
MEeYiHKM, HUPOK i IUTONoAiOHO1 3am03u (1113),
3BaXKarOUM Ha BiJICYTHICTb JOCTOBIPHUX JAHUX
PO TICTOJIOTIYHI 3MIHM B IHIIMX BHYTPILIHIX
opraHax Ipu CyOXpOHIYHOMY BIUIMBi JaHOI
pevoBunu [7, 8, 12]. 3pasku dikcyBamm B 10 %
¢dopmMatiHi, 3HeBOJHIOBaJIM B OaTapel CIIMPTiB
3pOCTaloy0il KOHIEHTpAallil i 3aJiuBajid B Iapa-
¢iHOBi OJIOKM 32 TOMOMOIOI0 LEHTPY 3aIMBKU
rictonoriunux 3paskiB (SOP/LET/E-08). 3a
JIOTIOMOT0I0 MiKpOTOMY pOOWMJIM 3pi3d TKAaHWUH
toBMHOWO 5—7 MkM (SOP/LET/E-038).
HemnapadiHizoBaHi 3pi3u 3a0apBJIOBaIN 3TiTHO
i3 CTaHAAPTHOIO METOAMKOIO F€MaTOKCUJIiHOM
1 €03MHOM 3arajbHONPUUHSATUMU B MOP(OJI0-
TYHUX JOCHiIKeHHsIX MeTogaMu. JlocmimkeH-
Hs TKAHWH IIPOBOAWIN i CBITJIOBUM MiKpO-
ckorom Zeiss Primo Star (SOP/TLM/E-005).
OLiHKY riCTOJOT YHUX 3MiH, 1110 Oy/I1 BUSIBJIEHI
M Yac MOCiIKeHHSI TKAaHWH TBapuH, 3[iii-
CHIOBAJIM 3a YOTUPHUPIBHEBOKO TpaJalli€lo CTy-
neHs ypaxeHHs [11].

Pe3ynbratn Ta oOrosopenHs. KiiHiuHe
00CTEXEHHS, 1110 TTPOBOAMJIM BIIPOJOBX TPhOX
CYOXpOHIYHMX €KCIIEPUMEHTIB, HE BUSIBUJIO
nopyileHb ¢i3ioJOriYyHOro CTaHy IIypiB eKC-
MEePUMEHTAJIbHUX TPYN MOPiBHSIHO 3 TBapUHa-
MU KOHTPOJIbHOI TPYIIY: HE BUSIBJIIEHO BiIMiH-
HOCTEMN y TTOBEIiHIIi, PyXOBiii aKTUBHOCTI, ame-
TUTi, AMXaHHIi, CTaHi WIKipU Ta MTIOKPUBIB, CJIM-
30BUX 000JIOHOK. Maca Tijla caM1IiB, SIKi OTpU-
MYBAJIM MpeTapar y pi3HUX 103axX, He 3MiHIOBa-
Jlacdl SK TIPY TOPIBHSIHHI IMITOCTIAHUX TPYIl
MiX C00010, TaK i BITHOCHO KOHTPOJIbHUX TBa-
puH. BuxXwuBaHICTh MNiAAOCTIAHUX TBApUH
TaKOX JOCTOBIpHO HE€ BiApi3HSIACs Bil Takoi
KOHTpOJbHUX 1IypiB. IlaTojiloroaHaTOMiYHUM
TOCJIIXKEHHSIM TKAaHUH YCiX eKCIIepUMEHTaIb-
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turers, the purity of the samples was: A —
97,9 %, B — 98,03 % and C — 99,11 %.

Test substances were administered in the
form of a uniform aqueous emulsion orally
on an empty stomach using a metal probe
with an atraumatic end. Distilled water with
the addition of emulsifier OP-10 (GOST
8433-81) was used as a solvent. Examination
of animals for toxic effects, morbidity or
mortality was performed daily (except week-
ends). Individual body weight was recorded
weekly at regular intervals. Weight gain was
recorded after 4, 9 and 13 weeks of the
experiment. At the end of the experiment
(13 weeks, in 5 animals of each group) his-
tological examination of the main target
organs of toxic effects of mesotrione - liver,
kidney and thyroid gland (thyroid) was per-
formed, due to lack of reliable data on his-
tological changes in other internal organs
under sub chronic exposure to this sub-
stance [7, 8, 12]. The samples were fixed in
10% formalin, dehydrated in a battery of
alcohols of increasing concentration and
poured into paraffin blocks using the centre
for filling histological samples
(SOP/LET/E-08). Tissue sections 5—7 pm
thick were made using a microtome
(SOP/LET/E-038). Deparaffinised sec-
tions were stained according to standard
methods with haematoxylin and eosin by
conventional methods in morphological
studies. Tissue studies were performed
under a Zeiss Primo Star light microscope
(SOP/TLM/E-005). Assessment of histo-
logical changes detected during the study of
animal tissues was performed on a four-
level gradation of the degree of lesion [11].

Results and Discussion. Clinical exami-
nation conducted in three sub chronic
experiments did not reveal abnormalities in
the physiological condition of experimental
rats compared to animals in the control
group: no differences in behaviour, motor
activity, appetite, respiration, skin and cov-
erings, mucous membranes. The body
weight of males receiving the drug in differ-
ent doses did not change both when com-
paring the experimental groups to each
other and to control animals. The survival of
experimental animals also did not differ sig-
nificantly from that of control rats.
Pathological examination of tissues of all
experimental animals did not reveal specific
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HUX TBAapWH HE BUSBJICHO cOeUM(piYHUX MaK-
POCKOMIYHMX 3MiH.

VY 1abn. 1-3 HaBeAeHa KiJIbKiCTh TBapUH 3
ricroMmopoJ0riYHMMMU 3MiHAMU B HHUPKaXx,
neviHui ¥ I3 y KoxHill rpymi 3a71eXHO Big
103U ME30TPiOHY.

TOXICOLOGY OF PESTICIDES

macroscopic changes.

In the Tab. 1-3 the number of animals
with histomorphological changes in the kid-
neys, liver and thyroid gland in each group
depending on the dose of mesotrione is
shown.

Tabnuus 1/Table 1

KinskicTs TBapuH 3 ricromopdoJioriyHMMI 3MiHAMM B HUPKAX Y KOKHiil rpymi 3a/1€e2KHO Bi 1031 TPhOX
3pa3kiB me3oTpioHy / The number of animals with histomorphological changes in the kidneys in each
group depending on the dose of three samples of mesotrione

3pa3ok mMe30TpioHy /

Sample mesotrione A

B C

Jlo3a me3oTpiony, mr/Kr /

Mesotrione dose, mg/kg 0 |01 04| 4

0 (01|04 4 | 0 |01]|04]| 4

Koptuko-Ty0yaspHi HeK-
posu / Cortico-tubular — — 3 1
necrosis

BHyTpilnHbOKaHaIbLEBI
MikponeTpudikatu /
Intratubular micro
petrifiers

Eo3uHodinbHMA BMicT y
YHUCJIEHHUX KOPTUKAJIb-
HUX KaHaJIbLSIX / — — — —
Eosinophilic content in
numerous cortical tubules

JleckBamallist emiTesito
KOPTUKAJIbHUX KaHAJIbIIIB
/ Desquamation 2 1 1 1
of the epithelium

of the cortical tubules

InTepcTuliinuit HepUT
/ Interstitial nephritis

TianiHoBi HuaiHAPU
B MPOCBITI KAHAIBIIIB /
Hyaline cylinders in the
lumen of the tubules

Bornuiiesa rinepruiazis
TyOyJISIPHOTO eTiTeito /
Focal hyperplasia of the
tubular epithelium

lopomniuna nuctpodis /
Hydropic degeneration

JleckBaMallist ermiTesio
KaHaJblliB MO3KOBOI
peyoBUHU /
Desquamation of the
epithelium of the tubules
of the medulla renalis

[TpumiTKa: KiIBKiCTh TBAPUH Y KOXHIM Tpymmi = 5. / Note: number of animals in each group = 5.
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TOXICOLOGY OF PESTICIDES

Ta6auus 2/Table 2

KinskicTs TBapuH 3 ricromopgoJioriyHMMu 3MiHAMM B NIEYiHIli Y KOXKHili TPymi 3a/1€2KHO Bill 103U TPbOX
3paskiB Me30TpioHy / The number of animals with histomorphological changes in the liver in each group
depending on the dose of three samples of mesotrione

3pa3ok Me30TpioHy /

Sample mesotrione A

B C

o3a me3oTpiony, Mr/Kr /

Mesotrione dose, mg/kg 0 01 04| 4

o0 (0,1 04| 4 o (0,104 4

BeHosHa rinepemis /
Venous hyperemia

MikpoBe3ukyJsipHa
KUpoBa gucTpodis /
Microvesicular fatty
degeneration

Hexpo3s / Necrosis — — 1 —

lNineprnazist >KOBUHUX
nporokiB / Hyperplasia of] — — — —
the bile ducts

[emarouemonsipHa
MiKpoaaeHoma /
Hepatocellular
microadenoma

ITpumiTKa: KibKiCTh TBAPUH Y KOXHIM Tpymi = 5. / Note: number of animals in each group = 5.

Tabmumg 3/Table 3

KinbkicTs TBapuH 3 ricromopdosoriuanvu 3minamu B 1113 y KoxKHiii rpymi 3a1€KHo Bix 1031 TPhOX
3paskiB Me3o0TpioHy / The number of animals with histomorphological changes in the thyroid gland
in each group depending on the dose of three samples of mesotrione

3pa3ok Me30TpioHy /

Sample mesotrione A

B C

Jlo3a me3oTpiony, Mr/Kr /

Mesotrione dose, mg/kg 0 (0,1 04| 4

0 [01/04| 4 | 0 01|04 4

JlereHepaTuBHO-AECKBa-
MaTUBHA AUCHYHKILISA /
Degenerative-desquama-
tive disorder

Borummesunii ¢piopo3/
Focal fibrosis

Enirenioinxi xictu /
Epithelioid cysts

1 0 0 1 0 1 0 2

[Ipumirka: KiTbKiCTh TBApUH Y KOXHil rpymi = 5. / Note: number of animals in each group = 5.

MopdonoriuHe OOCHiAXKEeHHSI MeYiHKU
LYPiB CaMIIiB 3a [il TPbOX 3pa3KiB ME30TPiOHY
HE MPOAEMOHCTPYBAJIO CYTTEBUX BIIMIHHOCTEM
y TiCTOCTPYKTYpPi CTPOMU Ta MAapeHXiMU OpraHa
MiIOCTiITHUX TBAPUH MOPIBHSIHO 3 KOHTPOJIb-
HUMU. BorHuiuesi reMoamMHaMiyHi MOpyIIeH-
Hs B MEYiHLI Y BUIJISAL BiJ CJ1aOKOro A0 BUpa-
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Morphological examination of the liver of
male rats exposed to three samples of
mesotrione did not show significant differ-
ences in the histostructure of the stroma and
parenchyma of the organ of experimental
animals compared to controls. Focal hemo-
dynamic disorders in the liver in the form of
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JKEHOTO TMOBHOKPIB'Sl LIECHTpaJbHUX BEH i BEeH
MOPTAJIbHUX TPAKTiB, a TaKOX OCEPEIKOBOIO
MMOBHOKPIB'Sl CUHYCOITHUX KamiJIsIpiB 3ycTpiva-
JIMCS Yy TBAPMH YCiX TPy HE3aJIeXKHO BiJl T103M.
Jwndy3Hi mopyuieHHs reMOJAMHAMIKU Yy BUTJISII
CJIaOKO BMpPaXXEHOI BEHO3HOI Tinepemii Oyau
BiA3HAYeHI 3a il JIMILIE OAHOIO 3 TPHOX 3pa3KiB
(A) mezotpiony y 1/5, 3/5,2/5u 2/5 tBapuH I,
II, IIT u IV rpyn BinnosinHo. C1abKo BUpaxKeHi
IUCTpodiuHi MOPYILIEHHs B MEYiHLi IIypiB Y
BUIJISIII HEeperyIsipHOi a00 nudy3HOI MiKpoBe-
3UKYJISIPHOI XXKUPOBOI AUCTPO@ii rernaTouuTiB
CIIOCTEpiraiu SK y HigaoCHiIHUX TBAPUH, TaK i
B KOHTpoJi: y 1/5, 2/5, 1/51 1/5 TBapuH 3a nii
3pazka ATtay2/5,1/5,0/5u 2/5 TBapuH 3a nii
3pazka B y I, II, III u IV rpynax BiamoBigHO
(puc. a). BusBieHe 3a 1ii 0qHOTO 3 TPbOX 3pa3-
KiB Me30TpioHY (A) MiKpOBOTHMUILE HEKPO3Y B
OJHI€El TBapMHWU, sIKa OTpUMYyBaja CepeaHIO
03y PEYOBMHM, i TemaTOLICNIOJISIpHA MIKpO-
ageHoma (puc. 0) B OJIHIET TBAPUHU, sIKA OTPU-
MyBaja BUCOKY 103y 0e3 momnepeaHix OIHO-
COpSIMOBAHMX 3MiH y MEYiHLi iHLIMX TBapuWH,
JI03BOJISIIOTh OLIIHUTU 1X SIK BUNAAKOBI 1 Taki,
1110 HE IMOB'g43aHi 3 EKCITO3ULIICIO.

Y Hupkax OUIbIIOCTI AOCTIIXXEHUX TBApUH
3a JIil BCiX 3pa3KiB peYOBUHU CIIOCTEPIrain pi3-
HOHAIIPaBJICHI TeMOJWHAMIYHi IMTOPYIIEHHS Y
BUTJISIAL TU(PY3HO-OCEPEIKOBOTO BEHO3HO-
KaMiJIsSIpHOTO TMOBHOKPIB'sSl KipKOBOI peUOBUHU
3 JIOKaJbHUMM MiKporeMoparisiMmu 6e3 KJIiTUH-
HOI peaklilii. ¥ KOpTUKaJIbHUX KaHAJbLSIX Oi1b-
IIOCTi €KCIepUMEHTAJbHUX TBapUH 3MiHU
OyJIM TIepeBaXXHO CJIa0KO BUpaXeHUMHM. Tak,
KaHaJIbLlI i3 cyOeriTeadialbHUM HaOpsIKOM,
JIeCKBAMOBAHUM €ITiTeJliEM B IXHiX MpOCBiTax, 3
JleTeHepaTUBHUMU Ta/ab0 AUCTpoiYyHUMU
3MiHaMM €IIiTeNil0, CJ1abKo BUpaKeHUMU i 3
MPaKTUYHO ITOPIiBHSHOK YaCTOTOIO 3a BIICYT-
HOCTI JTO30BO1 3aJIEXKHOCTi, MaJii MicClle SK Y
MiIIOCHiAHUX TBAPUH, TaK i B KOHTPOJIi (3pa3-
ku A, B i C), 110 103BoJisie BBaXKaTH iX CTOXa-
CTUYHUMU. 3MiHA TiCTOCTPYKTYPU KipKOBOI
PEYOBUHM y BUIJISIAI MOOIMHOKMX MiKPOBOT-
HUIIEBUX KOPTUKO-TYOYJSIPHUX HEKPO3iB
BUSIBJIEHI 3a il OJHOTO 3 TPbOX 3pa3KiB (A)
M€30TpioHY B 103i 0,4 MI/KI Macu Tijia 3a iXHb-
0l HasIBHOCTI JIM1lIe B OJHOMY BUITAAKy B 1031 4
MT/KI MacH Tijla, 110 Ma€ Mayly MMOBIPHICTh
3B'SI3KY 3 BIUIMBOM PEYOBMHMU (pUC. T). 3pa3oK
C Me30TpioHY 3a CYKYITHICTIO HecnelnpiyHuX
3MiH OpPOAEMOHCTPYBaB CJIa0KMii HE(PPOTOK-
CUYHUI edeKT y MaKcuMalibHii no3i. Tak,
MiHUCTUI €03MHOMIILHUI BMICT y MPOCBITAx
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weak to severe plethora of central veins and
veins of the portal tract, as well as focal
plethora of sinusoidal capillaries were found
in animals of all groups regardless of dose.
Diffuse hemodynamic abnormalities in the
form of mild venous hyperaemia were
observed in only one of three samples (A) of
mesotrione in 1/5, 3/5, 2/5 and 2/5 of ani-
mals of groups I, 11, III and IV, respectively.
Mild dystrophic disorders in the liver of rats
in the form of irregular or diffuse micro
vesicular fatty degeneration of hepatocytes
were observed in both experimental animals
and in controls: in 1/5, 2/5, 1/5 and 1/5 ani-
mals exposed to sample A and in 2/5, 1/5,
0/5 and 2/5 animals which were adminis-
tered sample B in groups I, II, III and IV,
respectively (Fig. a). The microcenter of
necrosis detected in in one animal receiving
one of the three mesotrione samples (A) at
the average dose and hepatocellular micro
adenoma (Fig. b) detected in one animal
receiving the high dose without previous
unidirectional changes in the liver of other
animals allow us to assess them as accidental
and unrelated to exposure.

In the kidneys of most of the studied ani-
mals, different hemodynamic disturbances
in the form of diffuse-focal venous-capillary
plethora of cortical substance with local
microhemorrhages without cellular reaction
were observed under the exposure to all sam-
ples of the substance. In the cortical tubules
of most experimental animals the changes
were mostly mild. Thus, tubules with subep-
ithelial edema, desquamated epithelium in
their lumens, with degenerative and/or dys-
trophic changes of the epithelium, mildly
expressed and with almost comparable fre-
quency in the absence of dose dependence,
occurred in both experimental animals and
controls (samples A, B and C), which allows
us to consider them stochastic. Changes in
the histostructure of the cortical substance in
the form of single micro focal cortico-tubu-
lar necrosis were detected under the exposure
to one of the three samples (A) of mesotrione
at a dose of 0,4 mg/kg of body weight in their
presence only in one case at a dose of 4
mg/kg of body weight have a low probability
of connection with the influence of the sub-
stance (Fig. d). Sample C of mesotrione with
a set of nonspecific changes showed a mild
nephrotoxic effect at the maximum dose.




TOKCHUKOJIOTI'TA NECTUIIUAIB

YUCJAEHHUX KaHAIbLIB TJIMOOKOI 30HU KOpU
3yctpivaBcd B 1/5, 1/5, 2/514/5 tBapun I, 11,
I1I i IV rpyn BignosigHo. Cnabko BUpaxkeHUM
iHTepCTULIiIiHUI HedpuT, BindHaueHuit B 1/5
(puc. o) , BOrHMIIEBA Tinepruiasis TyOyasipHO-
ro emitenito — B 1/5, MOOAMHOKI TriajgiHOBI
UWIiHApU — B 1/5, MOOAUHOKI BHYTPillITHbOKA-
HajbleBi neTpudikat —y 4/5 (puc. €) excre-
pUMEHTaIbHUX TBapuH IV rpymnm BiAIOBiIHO.
IeMonuHaMiyHi MOpyYIIEHHSI B KOPTUKO-MEIy-
JISIpHi 30HI1 y BUIJISIAL Bid caabKoro 10 BUpa-
JKeHOTO M(Y3HO-0CEPEAKOBOTO TTOBHOKPIB'S
MNEePUKAHATIKYJISIPHUX KaIuIsIpiB BiA3HAYEHI B
YCiX KOHTPOJBbHUX Ta €KCHEePUMEHTAJIbHUX
TBapuH 3a fii 3pa3kiB A, B i C. T'icrocTpyk-
TYpPHi 3MiHM MO3KOBOI P€YOBUHU HUPKU Oilb-
LIOCTi TBapuH OyaM CJabKO BUpPaXEeHUMH,
HecneludiYHMMU i pizHOCTTIpSIMOBaHUMM. Tak,
rigporiiyHa aucTpodis emiTesilo OKpeMHuX
KaHaJIbliB KipKOBOi PEYOBMHU Ta/ab0 OKpe-
MUX KaHAaJIbIIIB 1 30ipHUX TPYOOYOK MO3KOBOI
pPEUYOBUMHU HUPKU Bi3HauyeHa 3a Aii 3pa3ka A B
1/5,2/5,2/510/5 tBapun; B — B 1/5, 1/5, 1/5
ta 2/5 tBapuH; C —y 2/5,2/5, 1/5 1a 0/5 tBa-
puH I, I1, III u IV rpyn BinnoBigHO (puc. X).
Heperynsapua 4yactora ui€i HecneuudigyHOI
3HaXiJKM 3a BiICYTHOCTI J1030BOi 3aJIEXKHOCTI,
SIK 1 HASIBHICTb Y TPy KOHTPOJIIO, BKa3ylOTh Ha
BUMNAAKOBUI XapakTep ii pO3BUTKY.

I3 OinpLIOCTI eKCIepMMEHTaJIbHUX TBa-
PUH Majla HEe3MiHEHY TiCTOapXiTEeKTOHIiKy, 3a
MOpP(OJOriYHUMU XapaKTEPpUCTUKAMU Bigo0-
paxayua eyTUpeoinHuii ab0 KOMIEHCOBaHUA
TiMOTUPEOITHUN CTaH i3 HU3KOI TUX YU
IHIIKUX iHAMBiAyaabHUX ocobiuBocTeit. Tak,
MOOAMHOKI eIiTeNi0iAHI KiCTH CITOCTepiraaucs
3a nmii 3pazka By 1/5,0/5,0/5T1a 1/5; C —y
0/5, 1/5,0/5 Ta 2/5 tBapun I, II, 11 i IV rpyn
BianosigHO (puc. 3). HeperyasipHa uacrora
BUSIBJIEHHS 1i€l Hecneuu@iyHOi 3MiHM, Bil-
CYTHICTb UiTKOI 3aJI€XKHOCTI BiJl 103U, a TAKOX
MopdoreHe3 KiCT y CYKYNHOCTi CBigyaTb,
HaiiMOBipHillle, MPO HEOOYMOBJIEHUIA €KCIO-
3ULIIEI0 XapaKTep IXHbOTO BUHUKHEHHSI.

3a nii 3pa3ka A JereHepaTuBHO-AeCKBaMa-
tuBHA auchyHkuisa 113 BinzHaueHnay 4/5, 1/5,
2/5t1a3/5;B—-y0/5,0/5,0/514/5;C—y0/5,
0/5,0/512/5 tBapun I, 11, 111 i IV rpyn Biamo-
BimHO (puc. i). BigcyTHicTh LIUX 3MiH Y KOHT-
poiabHux TBapuH (3pasku B i C), ix Bucoka
yacToTa BUSIBJICHHS Y TBapuH [V rpymnu (3pazok
B) He BUKIIIOYAIOTH BILIMBY PEYOBUHU Ha MOP-
doJioriio oprany.
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Thus, foamy eosinophilic content in the
lumens of numerous tubules of the deep zone
of the cortex was found in 1/5, 1/5, 2/5 and
4/5 of animals of groups I, II, III and IV,
respectively. Mild interstitial nephritis was
detected in 1/5 (Fig. e), focal hyperplasia of
the tubular epithelium - in 1/5, single hyaline
cylinders — in 1/5, single intratubular petrifi-
cations — in 4/5 (Fig. g) in experimental ani-
mals group IV, respectively. Hemodynamic
disorders in the cortico-medullary zone in the
form of mild to pronounced diffuse focal
plethora of pericanalicular capillaries were
observed in all control and experimental ani-
mals under the exposure to samples A, B and
C. Histostructural changes in the medulla
renalis were mild, nonspecific and multidirec-
tional. Thus, hydropic degeneration of the
epithelium of individual tubules of the cortical
substance and/or individual tubules and col-
lecting tubules of the medulla renalis of the
kidney was noted under the influence of sam-
ple Ain 1/5, 2/5, 2/5 and 0/5 of animals; B -
in 1/5, 1/5, 1/5 and 2/5 animals; C - in 2/5,
2/5, 1/5 and 0/5 animals of I, 11, IIT and IV
groups, respectively (Fig. h). The irregular fre-
quency of this nonspecific finding in the
absence of dose dependence, as well as the
presence in the control group, indicate the
random nature of its development.

The thyroid gland of most experimental
animals had unchanged histoarchitectonics,
morphological characteristics reflected
euthyroid or compensated hypothyroid state
with a number of individual characteristics.
Thus, single epithelioid cysts were observed
under the exposure to sample B in 1/5, 0/5,
0/5and 1/5; C - in 0/5, 1/5, 0/5 and 2/5
animals of I, II, III and IV groups, respec-
tively (Fig. i). The irregular frequency of
detection of this nonspecific change, the
lack of a clear dose dependence, as well as
the morphogenesis of cysts in the aggregate,
most likely indicate the unconditional
nature of their occurrence.

Under the exposure to sample A degener-
ative-desquamative thyroid disorder was
noted in 4/5, 1/5, 2/5 and 3/5; In — in 0/5,
0/5, 0/5 and 4/5; C — in 0/5, 0/5, 0/5 and
2/5 animals of I, II, III and IV groups,
respectively (Fig. j). The absence of these
changes in control animals (samples B and
C), their high frequency of detection in ani-
mals of group IV (sample B) do not exclude
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Puc. a. Heperynsipna mikpoBe-
3UKYJIIpPHA JXUPOBA TUCTPOQist
MEePUTIOPTATBLHUX Ta iHTepMeTi-
aJIbHUX 30H MEYiHKU CJTa0KO
BUpaxeHa, no3a 0,4 mr/kr, x 100.
Fig. a. Mild irregular
microvesicular fatty degenera-
tion of periportal and intermedi-
ate zones of the liver,

dose 0,4 mg/kg, x 100.

Puc. r. MikpoBoTHUIIIEBUA
KOPTUKO-TYOYJISIPHUNA MiKpO-
HEKpOo3 y IIMOOKIiH 30Hi KipKo-
BOI peYOBUHU HUPKMU,

nmo3a 0,4 mr/kT, x 100.

Fig. d. Microfocal cortico-tubu-
lar micronecrosis in the deep
zone of the renal cortex,

dose 0,4 mg/kg, x 100.

e Yy

s a0 0t

Puc. €. BHyTpilltHbOKaHaIbLIEBi
neTpudikaTi B KipKOBIill pedo-
BUHI HUPKU,

no3a 4 mr/kr, x 200.

Fig. g. Intratubular petrifica-
tions in the cortical substance of
the kidney, dose 4 mg/kg, x 200.

Puc. 6. [enaTouemtosipHa Mik-
poaneHoMma,

no3a 4 mr/krT, x 100.

Fig. b. Hepatocellular
microadenoma,

dose 4 mg/kg, x 100.

THF

Puc. a. IntepcTuiitinuii Heg-
PUT C1a0KO BUPAXKEHMIA,

nmo3a 4 mr/krT, x 100.

Fig. e. Mild interstitial nephritis,
dose 4 mg/kg, x 100.

(

Puc. x. TI'igporiyna nuctpodist
SITei10 OKPEMUX KaHAJIBIIIB i
30ipHUX TPyOOUOK MO3KOBOL
PEYOBUHU HUPKU CIaOKO BUpa-
>keHa, no3a 0,4 mr/kr, x 200.
Fig. h. Mild hydropic degenera-
tion of the epithelium of indi-
vidual tubules and collecting
tubules of the medulla renalis,
dose 0,4 mg/kg, x 200.

=3

HC. B. [enaTouentoasspHa Mik-
poaneHoma, 30iJTbIIeHHS (OTO-
rpadii 6, x 200.

Fig. c. Hepatocellular icroade-
noma, photo b enlarged, x 200.

Puc. e. InTepcTuniiinumii Hed-
pUT c1abKO BUpaXKEHU, 30i1b-
meHHs ¢otorpadii a, x 200.
Fig. f. Mild interstitial nephritis,
photo e magnified, x 200.

Puc. 3. EnitenioigHa Kicta
B 1113, mo3a 0,4 mr/xt, x 200.
Fig. i. Epithelioid cyst in the thy-
roid gland, dose 0,4 mg/kg, x 200.

Puc. i. [IereHepaTBHO-IeCKBaMa-
tuBHA aucdyHKs 113 ciadko
BUpaxeHa, no3a 0,4 mr/kt, x 200.
Fig. j. Mild degenerative-
desquamative thyroid disorder,
dose 0,4 mg/kg, x 200.

Puc. a—i. 3miHu opraHiB Ta TKaHUH JIabopaTOPHUX LypiB-caMiiiB JiHii Wistar Hannover 3a ymoB cy0-
XpOHIYHOI iHTOKCHKaIii Mme3oTpioHoM / Fig. a — j. Changes in organs and tissues of Wistar Hannover
male laboratory rats under sub chronic mesotrione intoxication
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Boruumesuit ¢iOpo3 BuUsIBIEHMN 3a nii
3pa3ka A Me30TpioHy B 103i 4 mr/kry 0/5, 1/5,
1/5 ta 4/5 Bapun I, 11, I11 i IV rpyn Bianosia-
Ho. OgHAaK OCepeaKOBICTh XapaKTepy HdaHOIl
3HaxXiAKU, 11 HAsSIBHICTh JIMIE B OJHil 3 4aCTOK
3aJ103U MOXYTb CBITUUTHU MPO CIAOKO BUpaXKe-
HY TUPEOTOKCUYHY JIil0 peYOBUHU (3pa3ku A i
B) y MakcuManbHiii 103i.

TakyM 4YMHOM, pE3yJbTaTU IPOBEIEHOTO
MopdooriyHoro gociigkeHHs 180 mrypiB-
CaMIIiB HE BUSIBUJIO 3MiH CTPOMH Ta MapeHXiMU
MEYiHKU ITiJ BILIMBOM TPbOX 3pa3KiB Me€30Tpio-
HY MOPiBHSIHO 3 KOHTPOJBLHUMM TBapUHAMMU.
BonHouac 0OyJio BCTAaHOBJIEHO CJIa0OKUil TUPEO-
TOKCUYHUI €(EeKT MPU €KCIMO3UILiT ME30TPIOHY
B 103i 4 Mr/MT 1715 3pa3KiB A i B, a Takox ci1a6-
KMIA He(POTOKCUYHUNA edEKT MpU eKCITO3UILIil
Me30TpioHy B n03i 4 mr/mr mist 3paska C.
HaityactimmmMu 3MiHaMu B HUpKax OyJiv BHYT-
pillIHbOKAHAJIbLIEBI MiKporeTpudikaT, eo3u-
HO(MIIbHUIA BMICT Y YUCIEHHUX KOPTUKATBHUX
KaHaJIbLISIX, JecKBamallisd emiTellilo KOPTH-
KaJIbHUX KaHAJIBLIB i rigpomniyHa guctpodis, y
I3 — nereHepaTMBHO-AeCKBaMaTUMBHA OUC-
¢ yHK1Iis1, BOTHUILEBUI (iOpo3 Ta erniTenioigHi
Kictiu. Xoya Li 3MiHM MaJu HecneuudiyHuii
XapakTep, Maja BUOipKa TBapyMH y KOXHIN 3
rpyn He [03BOJISIE IOBHICTIO BUKIIOUYUTHU
LIMTOTOKCUYHUM €(PEKT ME30TPiOHY.

Ha croroaHi ekcrieptv MpornoHyTh KJlacu-
¢ikyBatn me3zorpioH sk STOT-RE 2-H373 —
TaKWii, 1110 MOX€ 3aBIaTU LIKOAU OpraHam Ipu
TpUBajJoOMy OaraTopa3oBOMY BIUIMBiI (opraH
3opy), Ta Repr. 2-H361d — Takwmii, 1mo Moxe
3aIOMISITU IIKOMY 111 HEHAPOMXKEHIM AUTHHI [7].
Me30TpioH HE BOJIOAIE KaHLIEPOTeHHVMMU Bia-
CTUBOCTSIMU (3TiAHO 3 JAaHUMU €KCIEPUMEHTIB
1IO0 BUBYEHHSI XPOHIYHOI TOKCUYHOCTI/KaH-
LIEPOTE€HHOCTI SIK y LIIYpiB, TaK i B MUIILIEI) i HE €
MyTareHoM [12]. YTiM icHYIOTH JOCTiIKEHHSI,
IO TOBOMSATh 3JAaTHICTh ME30TPIOHY B HU3BKUX
KOHILEHTpAllisIX BUCTYIIaTH B SIKOCTi KOMyTareHa
B KOMOIHALIiSIX 3 IHIIMMMU TTecTiuiuaamu [13].

OCHOBHUMHU CIPUYMHEHUMHU BILUIMBOM
ME30TPIOHY TiCTOINATOJIOTIYHMMU 3MiHAMU B
MeyviHLi € 301IbIIEHHS] Macu OpraHy, TirnepTpo-
¢ig Ta npoJtidepaliisa renaToLuUTiB, iHTIOyBaH-
HS1 aIlONTO3Y, XKMPpoBa AUCTPOdis Ta 3anaJeHHs
[27]. i edpexT peanizyroThbCs LUISIXOM iHIYK-
wii meuinkoBux uutoxpomiB CYPIA, CYP2B,
CYP3A. JloBeaeHo, 1110 aOCOIIOTHE 301/IbILIEH -
Hs KinbKocTi Ta akTuBHOCTI CYP-(depmeHTiB y
JIIOAMHU MOX€ MPU3BECTU A0 ITOCUJIEHOTO
MeTaboJ1i3My (DOJIIEBOT KMCIOTU, CTEPOITHUX
TOPMOHIB, TIpOCTarIaHANHIB, XXUPHUX KUCJIOT,
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the influence of the substance on the mor-
phology of the organ.

Focal fibrosis was detected under the
exposure to sample A mesotrione at a dose of
4 mg/kg in 0/5, 1/5, 1/5 and 4/5 animals of
groups I, 11, IIT and 1V, respectively. However,
the focus of the nature of this finding, its pres-
ence in only one part of the gland may indi-
cate a mild thyrotoxic effect of the substance
(samples A and B) at the maximum dose.

Thus, the results of the morphological
study of 180 male rats did not reveal changes
in the stroma and parenchyma of the liver
under the exposure to three samples of
mesotrione compared to control animals. At
the same time, a mild thyrotoxic effect was
found under mesotrione exposure at a dose
of 4 mg/mg for samples A and B, as well as a
mild nephrotoxic effect at mesotrione expo-
sure at a dose of 4 mg/mg for sample C. The
most common changes in the kidneys were
numerous intratubular petrifications,
desquamation of the epithelium of the corti-
cal tubules and hydropic degeneration, in
the thyroid gland — degenerative-desquama-
tive disorder, focal fibrosis and epithelioid
cysts. Although these changes were nonspe-
cific, the small sample of animals in each
group did not completely rule out the cyto-
toxic effect of mesotrione.

Today, experts propose to classify
mesotrione as STOT-RE 2-H373 — one that
can damage organs under prolonged repeat-
ed exposure (organ of vision), and Repr. 2-
H361d — such that can harm an unborn
child [7]. Mesotrione does not have carcino-
genic properties (according to experiments
on chronic toxicity/carcinogenicity in both
rats and mice) and is not a mutagen [12].
However, there are studies proving the abili-
ty of mesotrione in low concentrations to act
as a comutagen in combination with other
pesticides [13].

The main histopathological changes
caused by mesotrione in the liver are
increased body mass, hypertrophy and pro-
liferation of hepatocytes, inhibition of apop-
tosis, fatty degeneration and inflammation
[27]. These effects are realized by induction
of hepatic cytochromes CYPIA, CYP2B,
CYP3A. It has been shown that an absolute
increase in the amount and activity of CYP
enzymes in humans can lead to increased
metabolism of folic acid, steroid hormones,
prostaglandins, fatty acids, bile acids, cho-
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JKOBYHMX KHUCJIOT, XOJIECTepUHY I BiTaMiHy D 3
HACTYMHUM MOPYILIEHHSIM E€HIOTEHHMX pEery-
JIITOPHUX JIAaHLIOTIB i3 CynmyTHIMU MaTodi3io-
JIOTIYHMMM HACJIIIKAMU B IHIIMUX, OKPiM TTediH-
KM, opraHax i TkanuHax [14, 27]. ¥ Hupkax
cepen edeKTiB, SIKi MPSIMO KOPEIIOIOTh 3 PiB-
HEM THUPO3MHY B ILJIa3Mi KpPOBi, BUSIBJIEHO
30iabplIeHHS Macu oprany. Illomo xpoHiyHOI1
nporpecyrodoi Hedpomnarii Ta Kpareiab riajliHy
B TYOYJISIDHOMY €ITiTeJlil, BUHUKHEHHS SIKUX
MOB’SI3yI0Th 3 Ji€I0 ME30TpiOHY, JOTernep He
MOBEACHUN iXHill 3B’SI30K 3 TiMEepTUPO3UHEMI-
€1o. Lle 3ymoBIIO€E HEOOXigHICTH 3’SICYyBaHHS
IHIIMX IPUYMH 1X pO3BUTKY [15].

Cepen MopdOJIOTiYHUX 3MiH B €HIOKPUH-
HUX OpraHax, 110 IOB’sI3aHi 3 BILIMBOM Me€30-
TPIOHY Ta MOXYTb XapaKTepu3yBaTU MOTO SK
MOTEHILIIMOro €HAOKPUHHOIO Ju3parnTopa,
BapTO BUAIIUTHU Taki, IK 3MiHa Baru CiMm’stHU-
KiB Ta TIpUAATKIB si€uka, POMiKyJIsipHa aaeHO-
ma I3 y camok [7, 27]. IIpotre omHOCTaitHOI
OIYMKW  II0JAO0  €HJAOKPMHAM3PANTOPHOIO
MOTEHILiay Me30TPiOHY He icHYE [7].

B excniepuMeHTaIbHUX JOCTIIKEHHSIX ITPO-
JNIEMOHCTPOBAHO, 110 ME30TPiOH CHPUYMUHSIE
OKHWCJIIOBAIbHUI CTPEC IUISIXOM ITiBUILIEHHS
MPOAYKIii aKTUBHUX (POPM KMCHIO i 3MiHU
aKTMBHOCTI aHTUOKCUIAHTHUX (DEPMEHTIB, 1110
MOX€ TMPU3BOAUTU A0 HEPIBHOMIPHOTO POCTY
KJIITUH, MOPYIIEHHS WLiJICHOCTI KJIITUHHUX
MeMOpaH i nomkomxkeHHs JJHK i3 HacTynmHuUM
PO3BUTKOM TicTOMOP@OJOTIYHUX 3MiH BHYTpI-
IIHIiX opraHiB [16, 17]. 3 iHmoro OOKy, mesKi
eKCIIEpTU BBaXalTh, 110 MNECTULUAU-TIPO-
OKCHUJAQHTU MOXYTb 3HMXKYBaTU 3AaTHICTb
OpraHi3My JIOAWHU MOPOTUAISITU iHGEKIil
SARS-CoV-2 BHac1inoK MOCUIEHHS OKMUCIIO-
BaJIbHOTO cTpecy [6, 18]. I3 okucIoBaIbHUM
CTPECOM AaCOLIIITLCSI OCHOBHI (PakKTOpu
pu3uKy Tskkoro nepediry COVID-19 — crap-
LM BiK, 4OJIOBiYa CTaTh, OKMPIHHS i IIYKPO-
BuUii giabdet 2 Tumy [19, 20], a TakoX pO3BUTOK
no3ajereHeBux yckiaagHeHb COVID-19,
30KpeMa IOIIKOMXKEHHS MediHKu, HUpoK i 113
[21, 22]. 3 ornsimy Ha BCTAHOBJIEHY IMTPOOKCH-
JAHTHY aKTMBHICTb ME30TPiOHY iMOBIpHOIO €
oro cMHepriyHa naroreHeTu4yHa mis 3 SARS-
CoV-2 i1 iHIIMMU Bipycamu, 1110 MOKe TOTJIn0-
JIIOBATH ypaxkeHHS BHYTPIIIHIX OpraHiB, Hera-
TUBHO BIUIMBAaTU HA 3aXBOPIOBAHICTb i CMEPT-
HICTb YHACJIZOK TOCTPUX peCIHipaTOPHUX
iHpekiii. Cnabko BUpaxkeHi HecmenuiuHi
ricromopoJoriyHi 3MiHu B HUpKax i 113, Bia-
3HaYeHi B MPOBEACHOMY JOCIiIKEeHHi, 0CO0-
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lesterol and vitamin D, followed by disrup-
tion of endogenous regulatory chains with
concomitant pathologies in other than liver
organs and tissues [14, 27]. In the kidneys,
among the effects that directly correlate with
the level of tyrosine in blood plasma, an
increase in organ mass was found.
Concerning chronic progressive nephropa-
thy and hyaline drops in the tubular epithe-
lium, the occurrence of which is associated
with the exposure to mesotrione, their asso-
ciation with hypertyrosinemia has not been
proven. This necessitates finding out other
reasons for their development [15].

Among the morphological changes in
endocrine organs associated with the influ-
ence of mesotrione which can characterize it
as a potential endocrine disruptor, it is worth
noting as such changes in testicular and tes-
ticular appendages, follicular thyroid adeno-
ma in females [7, 27]. However, there is no
unanimous opinion about the endocrine dis-
ruptor potential of mesotrione [7].

Experimental studies have shown that
mesotrione causes oxidative stress by
increasing the production of reactive oxygen
species and altering the activity of antioxi-
dant enzymes, which can lead to uneven cell
growth, disruption of cell membrane integri-
ty and DNA damage with subsequent devel-
opment of histomorphological changes. On
the other hand, some experts believe that
prooxidant pesticides may reduce the
human body’s ability to fight SARS-CoV-2
infection due to increased oxidative stress [0,
18]. Oxidative stress is associated with the
main risk factors for severe COVID-19 — old
age, male gender, obesity and type 2 diabetes
[19, 20], as well as the development of extra
pulmonary complications of COVID-19,
including liver, kidney and thyroid damage
[21, 22]. Due to the established prooxidant
activity of mesotrione, its synergistic patho-
genetic action with SARS-CoV-2 and other
viruses is probable, which may aggravate
internal organ damage, adversely affect
morbidity and mortality due to acute respi-
ratory infections. Mildly expressed nonspe-
cific histomorphological changes in the kid-
neys and thyroid gland, noted in the study,
especially desquamation of the epithelium
and fibrosis may also be a manifestation of
oxidative damage [23, 24].

Histomorphological changes in target
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JIMBO JeCKBaMallisl emiteliito i ¢idpo3, Takoxk
MOXYTb OYTM TIpOSIBOM OKMCJIIOBaJbHOIO
MOIIKOKeHHS [23, 24].

I'icromopdooriyHi 3MiHM TapreTHUX opra-
HiB, sIKi CLIOCTEPIraarch y MONEPeaHiX eKCIepu-
MEHTaX Ha IIypax i MOB'sI3aHi i3 TUPO3MHEMIEIO
(Bakyomizaliist remarouuTi; aneHomu 1113) [25],
BiApI3HSIOTLCS Big TaKMX Yy IIPOBEICHOMY
JocimkeHHi. BimoMo, 110 Me30TpioH Ma€ Tpu
peJieBaHTHUX JTOMIIIKU: 1-11iaHO-6-(METUIICYITb-
(onin)-7-niTpo-9H-kcanteH-9-oH, 6-(MeTHI-
cyJiboHiN)-9-0kco-9H-KkcaHTeH- 1 -KapOOHIT-
pui Ta 1,2-auxjaopeTaH, KOHLEHTpALlisl IKUX Y
rOTOBOMY IPOAYKTi He OBMHHA IIePEBUIIyBaTH
0,0002, 0,2 ta 0,1 % sBinnosimHO [26]. Hocmi-
JIKEHi 3pa3Ky ME30TPiOHY MaJI YMCTOTY Bix 97,9
10 99,11 %, ToMy IPUCYTHICTh LINX TOMIIIIOK Ta
iXHii BHECOK y PO3BUTOK BiA3HAYEHMX TiCTO-
MOPGOJIOTIYHUX 3MiH € IMOBIPHUMM.

IlepcrieKTUBHMMM € MOJaiblli €KCIIEpU-
MEHTaIbHI HOCIIIKEHHS TOKCUYHOI il Me30-
TPiOHY, KOro MeTabOIiTIB i 3HAYMMMUX TOMILLIOK
i3 MOeAHAHHSM TiCTOMOPQOJOTiYHUX, XpOoMa-
TorpadiyHuX Ta 0iOXIMIYHMX METO/IiB, a TAKOXK
IOCJIIXKEHHS Ha KIITUHHUX KyJbTypax s
OLIHKM IOTEHLIMHOr0 CUHEPriYHOrO BILJIUBY
Me30TpioHy Ha iHpexk1iro SARS-CoV-2.

BucHoBku

1. 3a pesyasrataMu MOPQOJIOTIYHUX JOCTI/I-
KE€Hb MEYiHKU LIYypiB-CaMILIiB 3a il TPhOX 3pa3-
KiB (A, B i C) Me30TpioHy TEXHIYHOro He
BUSIBJICHO CYTTEBUX BiIMiHHOCTEH Y TiCTOCTPYK-
Typi CTPOMU Ta MApEeHXIMU OpraHa y MiIaocCi-
HUX TBapUH MOPIiBHSIHO 3 KOHTPOJIbHUMMU.

2. Cinabko BUpaxKeHU TUPEOTOKCUYHUIA
e(eKT Me30TPiOHY TEXHIYHOIO IPU BBEJICHHI B
031 4 MI/Kr Macu TiJla crocTepiraju 3a il
3pas3kiB A i B (uncrora pewoBunu 97,9 % i
98,03 % BiAIOBIIHO).

3. 3pazok C (uucrora 99,11%) pedyoBUHU
MPOJEMOHCTPYBAB CJ1a0KMiA HE(DPOTOKCUUHUIA
eeKT y MaKCuMaJbHii 103i.

4. Hedpo- i1 TMPEOTOKCHUYHA Jisl JOCIiIKe-
HUX 3pa3KiB MOXe OyTU CIpUUYMHEHa K Tpsi-
MMM TMOLIKOIXKYIOUMM BIUIMBOM ME30TPiOHY,
TaK i ioro JOMilIKamu.

5. 3a MOKa3HUKOM HecreuuiyHuX TUCTPO-
¢iunmx 3miH y I3 (3pa3ku A i B) Ta B Kipko-
Bili peuoBMHI HUPKHU (3pa3ok C) no3a 0,4 Mr/Kr
Moxe posrisaatucs sk NOAEL B ymoBax mpo-
BEJIEHOI'0 €KCIIEPUMEHTY.

Kl nduikr inTepeciB. ABropy 3asBisI0Th PO BIJCYTHICTH KOHGIIKTY
HTEpeCiB.
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organs observed in previous experiments on
rats and associated with tyrosinemia (vacuo-
lation of hepatocytes; thyroid adenomas)
[25] differ from those in the study. It is
known that mesotrione has three relevant
impurities: 1-cyano-6-(methylsulfonyl)-7-
nitro-9H-xanthen-9-one, 6-(methylsul-
fonyl) -9-oxo-9H-xanthene-1-carbonitrile
and 1,2-dichloroethane, concentration of
which in the finished product should not
exceed 0.0002, 0,2 and 0,1%, respectively
[26]. The studied mesotrione samples had a
purity of 97,9 to 99,11%, so the presence of
these impurities and their contribution to
the development of these histomorphologi-
cal changes are likely.

Further experimental studies of the toxic
effects of mesotrione, its metabolites and
significant impurities with a combination of
histomorphological, chromatographic and
biochemical methods, as well as cell culture
studies to assess the potential synergistic
effect of mesotrione on SARS-CoV-2 infec-
tion are promising.

Conclusions

1. According to the results of morpholog-
ical studies of the liver of male rats under the
exposure to three samples (A, B and C) of
technical mesotrione no significant differ-
ences in the histostructure of the stroma and
parenchyma of the organ in experimental
animals compared to controls were detected.

2. Mildly expressed thyrotoxic effect of
technical mesotrione when administered at
a dose of 4 mg/kg of body weight was
observed under the exposure to samples A
and B (purity of 97,9 % and 98,03 %,
respectively).

3. Sample C (purity 99,11 %) of the sub-
stance showed a mild nephrotoxic effect at
the maximum dose.

4. Nephro- and thyrotoxic effects of the
studied samples can be caused by both direct
damaging effects of mesotrione and its
impurities.

5. According to the indicator of nonspe-
cific dystrophic changes in the thyroid gland
(samples A and B) and in the renal cortex
(sample C), the dose of 0,4 mg/kg can be
considered as NOAEL in the conditions of
the experiment.
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