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GYHKUIOHANIbHUIA CTAH NEYIHKU 3A OAHOPA3OBOIO
NMEPOPAJIbHOTIO BMJIUBY HA OPTAHI3M
AEAKUX METUJIbHUX NOXIAHUX N-OKCUA NIPUAUHY

PE3IOME. Ilecmuyuou — nebesneuni 3a0pyoniosayi 0oskinns. Y nepeniky 8ionogioHUX pevosur 6oHu nocioaioms uilbHe Micye.
Tlopywienns cenamobiniaproi cucmemu xapakmepte 01 OLiswocmi necmuyuois. I enamomoxcuury 0iro CuHmMemuyHux pe2yiamopie
pocmy pociut (PPP) na ocHosi N-okcuo nipuouty uje Hedocmamubo eusyero. Tomy 8axcaueum HanpamKom npoQiiakmuynoi mox-
cuxonozii € 3’sacysanns xapaxmepy eenamomoxcuunoi 0ii PPP, a makooic po3pooxa npo@inakmuunux 3ax00i@ wjooo GUHUKHEHHS.
20CIMPUX THMOKCUKAYTLL.

Mema. Jlocrioumu énnue 0esxkux MemuibHUX nOXiOHuUx N-oKcuo nipuouny Ha yHKYIOHANbHUL CIAH NeYiHKU WYpPié 3a YMO8 00HO-
DA308020 NEPOPATLHO20 HAOXOOXHCEHHS 00 OP2AHIZMY.

Mamepianu ma memoou. Y pooomi eurxopucmani PPP N-oxcuo-2,6-0umemunnipuouny (Isin), 99,9 % i komnaexc N-oxcuo-2,6-oume-
muanipuouny 3 6ypumurnosoio kuciomoio (Ilomeuimin), 99,9 %. Jocniosicenns nposedeni na camysx wypie Wistar Han npu oonopa-
3060My NePOPAIbHOMY 68e0eHl y 6ueiadi 600H020 posuuny leiny 6 dosax 650 i 13 me/ke, Homeuminy — 1150 i 23 me/ke.
Ha 1, 317 000y 6 cuposamyi Kposi susznauanu akmugicme (epmenmis araninaminompancepasu (AJIT), acnapmamaminompan-
cpepasu (ACT), nyxcnoi pocpamasu (JI®), emicm 3aeanvrux npomeinis, 2nokosu, mpuiiyepudis, XoneCmepuny, ce4o8utll i Kpea-
MUHIHy 3a donomo2oro Habopie peaxmusie « Dinicim-iaenocmuxay. ¥ mxanunax nevinku eusnauany EIIP-cuenanu: g-2,25; g-2,14;
g-2,05; g-2,03; g-2,00; g-1,94 g-1,97, na padiocnexkmpogpomomempi «Varian E-109» (USA) npu memnepamypi 77 K.

Pesynomamu. 3a cocmpozo énnugy Isiny na opeanizv wypie y 003i 13 me/ke y cuposamyi Kposi 6 okpemi mepmini 00CioNCceHb 6ipo-
2I0HO nidsuwyeascs emicm ceuoguny i 2nokosu. Y 003i 650 me/ke sipoeiono niosuwyeanace akmuenicms ACT, emicm cewosunu, kpea-
MUHIKY | 21I0K03U, 3HUdCYsanacy akmusricms JID. 3a ennugy [lomeuminy 003i 23 me/ke 6 okpemi mepminu 00CHiONHCeHb Y CUpOSamyi
KpOGI 8Ip02iOH0 NiOSUWYEasCs emicm cevosunu i kpeamuriny, akmusticms JI@. V dosi 1150 me/ke usasieno ipocione 3HudiceHHs
axkmugrocmi JI®, niosuwenns emicmy cedosuni, kpeamuHiny i emoxosu. 16in i [lometiming 060X docriodcenux 003ax 8 OKpemi cmpo-
Ku docnioocenn suudcysan dinvuicmo EIIP cuznanie neuinku. 3a ennusy Isiny na 1 006y 6 003i 13 me/ke suseneno suuicenns Mo’ -
eMilyYIouUX npomeinis i Ha 7 000y — 3HudiceHHs: emicmy siibHux paoukanie (BP). ¥ dosi 650 me/ke na 1 006y 0ocrioxcens nioguugy-
sascs emicm 3anizo-cipuanux npomeinie (3CII), na 7 006y 6i0bysanoce suuscenns emicmy yumoxpomy P-450 (L{umP-450), nimpo-
sunbHux komniexcis, 3CI1, BP. ITomeimin ¢ okpemi cmpoxu docniodcerv y 003i 23 me/ke snuicyeas emicm LumP-450, BP, 3CII,
Mo’ -emiwgyrouux npomeinis, niosuuyysas emicm Cu’*-emiwgyrouux npomeinis. ¥ dosi 1150 mz/ke cnocmepizanoce suusicenns emicmy
LumP-450, BP, 3CII (na 1 i 3 006y) ma ix 36inouients Ha 7 006y.

Bucnosku. lsin i llomeiimin 3a 20cmpoeo nepopaibhoeo 6nausy npossisioms CIaOKuil 2enamompontuil eghexm, wo xapakmepusy-
EMbCSL 2INEPRNIKEMIEND, HEeSHAYHUM 3HUIICCHHAM AKMUSHOCMI TYXCHOT (pochamasu, niOBUEHHSIM DIGHS CeUOBUHI MA KPEAmuHiHy 6
cuposamyi kposi. [inepenixemia modice 6ymu nog’si3ana 3i CMpecoeentol peakyielo Ha XIMIUHUL YUHHUK, WO 3d YMO8 MPUBALoc0
BNIUBY OOCTIOHCEHUX PEUOBUH MOdHCe NPU3BECTNU 00 NOPYUEHHS 8Y21e800H020 OOMIHY MA 6UHUKHEHHA DI3HUX NAMONOTYHUX CIAHIS.
Inmencugixayis po3nady OiNKi6 | HAKONUYEHHS 6 CUPOBAMYL KPOBI CEHOBUHU | KDEAMUHIHY MOJice Npu3secmu 00 NOPYUIEHHS. (inbm-
PayitiHoi ma euoLIbHOI QYHKYIT HUPOK, Uj0 nompedye NOOAILUUX QOCTIONCEHb [ YIMOUHEHD. 3a 20CpPo20 NepopaibHo20 6nugy Isiu i
Tometimin snuxcytomo EIIP- cnexmpu neuinku wypie — LumP-450, sinvhux paouxanis, 3a1i30cipyanux npomeinis, HimposunbHux
KOMNJIEKCIB He2eM0B020 3ai3a, WO CEIOUUMb NPO ZHUIICEHHS AKMUBHOCIT MOHOOKCULEHASHOT cuchmemu, iHelOY8aHHs npoyecie okuc-
HEHHsl, NOPYWEHHsS. YMBOPEHHS 3aNi30CIDUAHUN KOMNIEKCI8 | 3MEeHUleHHs (DOpMy8aHHs NAOIIbHO20 HIMPOUTLHO20 KOMIIEKC).
Suuncenns emicmy Mo’ -emiwgyrouux npomeinis i niosuwenns emicmy Cu’* -emingyiouux npomeinis mosice 6ymu nog '3amo 3 akmu-
8aYICI0 AHMUPAOUKATLHUX NPOYECI8 Y NeUiHYT uypie.

Kniouosi cnosa: pezynamopu pocmy pociun, Iein, Ilometimin, eenamomoxcuuna 0is, EIIP-cnekmpu neyinku.
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THE FUNCTIONAL STATE OF THE LIVER DURING A SINGLE ORAL INFLUENCE
ON THE ORGANISM OF SOME OF N-OXIDE PYRIDINE METHYL DERIVATIVES

RESUME. Pesticides occupy one of the priority places among environmental pollutants. The hepatobiliary system disorder is a char-

acteristic of most pesticides. The hepatotoxic effect of synthetic plant growth regulators (PGRs) based on pyridine N-oxide isn't
explored enough. The hepatotoxic effect PGR nature finding is an important aspect of preventive toxicology.
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Aim. To study the effect of some pyridine-N-oxide methyl derivatives on the liver functional state under a single oral dosage into the
body.

Materials and Methods. For the research were used PGRs — 2.6-dimethylpyridine-N-oxide (Ivin), 99.9 % and complex 2.6-
dimethylpyridine-N-oxide with succinic acid (Poteitin), 99.9 %. During the experiment which was carried out on male Wistar Han rats,
it was a single oral administration of aqueous solution form of test substances: Ivin in doses of 650 and 13 mg/kg and Poteitin in doses
1150 and 23 mg/kg. The activity of the alanineaminotransferase (ALT), aspartateaminotransferase (AST), alkaline phosphatase
(ALP), the content of total proteins, glucose, triglycerides, cholesterol, urea and creatinine in the blood serum were determined on the
Ist, 3rd, and 7th day using “Filisit- Diagnostics” reagent kit. EPR signals (g-2.25; g-2.14; g-2.05; g-2.03; g-2.00; g-1.97; g-1.94)
were determined in liver tissue on the radio spectrophotometer “Varian E-109” (USA) at a temperature of 77 K.

The results. Ivin at a dose of 13 mg/kg in particular study periods significantly increased the content of urea and glucose. At a dose
of 650 mg/kg, the activity of AST, the content of urea, creatinine, and glucose significantly increased, and the activity of ALP decreased.
Poteitin in a dose of 23 mg/kg in particular study times significantly increased the content of urea and creatinine, and the activity of
ALP in the blood serum. At a dose of 1150 mg/kg, a significant decrease in the activity of ALP, and an increase in the content of urea,
creatinine and glucose in the blood serum were revealed.

The majority of liver EPR signals were reduced due to the influence of Ivin and Poteitin in both studied doses in different terms. Ivin
at a dose of 13 mg/kg decreased the content of Mo’ -containing proteins and free radicals (FR) on Ist and 7th days respectively. At a
dose of 650 mg/kg increased the content of iron-sulfur proteins (ISP) in Istday of experiment and there was a decrease in the content
of cytochrome P-450 (CytP-450), nitrosyl complexes, ISP and free radicals (FR) in 7 days. Poteitin at a dose of 23 mg/kg decreased
the content of cyt-P-450, FR, ISP, and Mo’ — containing proteins, and increased the content of Cu’*-containing proteins. At a dose of
1150 mg/kg, there was a decrease in the content of cyt-P-450, BP, and ISP (for 1" and 3" days) and their increase for 7 days.
Conclusions. With acute oral exposure, Ivin and Poteitin show a weak hepatotropic effect, characterized by a hyperglycemia, a slight
decrease in the activity of alkaline phosphatase and an increase in urea and creatinine levels in the blood serum. Hyperglycemia can
be associated with a stressogenic reaction to a chemical factor. This may indicate a carbohydrate metabolism disorders and various
pathological conditions with long-term exposure to the studied substances. Intensification of the protein degradation and the accumu-
lation of urea and creatinine in the blood serum can lead to a disorder of the filtering and excretory functions of the kidneys, which
requires further research and clarification. Ivin and Poteitin reduce the EPR spectra of rat liver — cyt-P-450, free radicals, iron-sulfur
proteins, nitrosyl complexes of non-heme iron, which indicates a decrease in the activity of the monooxygenase system, inhibition of
oxidation processes, the formation disruption of iron-sulfur complexes and a decrease in the labile nitrosyl complex formation. A
decrease in the content of Mo’ -containing proteins and an increase in the content of Cu>* -containing proteins may be associated with
the activation of antiradical processes in the liver of rats.

Key Words: plant growth regulators, Ivin, Poteitin, hepatotoxic effect, liver EPR spectra.

BCTyl‘[ 3a0pyaHeHHs JOBKULIS KCEHOO10TH- Introduction. Pollution of the environ-

KaMH PI3HOI MPUPOXM — INOOATbHE SIBUIIC.
OnHe 3 YUIBHMX MICIb Cepell HUX MOC1IaloTh
nectuuuau. lloTpamisitoun 10 opraHizmy,
MECTUIUIN Ta IXHI METaOOITH JIETKO PO3MO/i-
JSAIOTHCA B YCIX BHYTPIIIHIX OpraHax, aje
OCHOBHOIO MIIIEHHIO TOKCHUYHOI JIIi € MediHKa
[1, 2]. [opymenns remnaroOuIiapHOT CHUCTEMU
XapakTepHe AJis OUTBIIOCTI XIMIYHUX PEYOBUH,
OCKUIIBKH TICJIsI BCMOKTYBAaHHSI KCEHOO10THKIB Y
LTYHKOBO-KHIIKOBOMY TpaKTi, MeYiHKa — Imep-
Wil OpraH, KyIH BOHM IOTPAILIAITH i3
KpOB’10, HAKOMUYYIOThCS 1 MiAAaoThest O10-
TpaHchopMalii Ta JAEeTOKCHKalii. Y mpoieci
MeTaboI13My B MEUIHI IS JESAKUX XIMIYHHUX
pPEUOBUH, HANpHKIaa Tio- 1 autiodocdaris,
XapaKTEPHUM € YTBOPEHHS OUIbII TOKCHUYHUX
MeTaboMITIB, AKI OOyMOBIIOIOTH AHTHXOJIHE-
CTepa3Hy JIif0 Ta OCHOBHI MATOJIOT14HI €(DEKTH B
opraHismi [3, 4]. Kpim Toro, 3a BIuBy 61J1b1110-
CTI KCEHOOIOTHKIB Yy TMEUIHI[I Te€HEPYITbCS
CYNEpPOKCHJIHI paJuKalld, 110 MPU3BOAUTH [0
OKHCHOTO cTpecy Ta (OpMyBaHHS NaTOJIOTi
renaro0uIiapHoi, CEYOBHAIIBbHOI, HEPBOBOI,
CepIEeBO-CYAMHHOI, IMyHHOI, TUXaJIbHOI, €HJI0-
KPHUHHOI, penpoayKTUBHOI cucTeM. OKHUCHHN
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ment by xenobiotics of various nature is a
global phenomenon. One of the leading
places among them is occupied by pesti-
cides. Once in the body, pesticides and their
metabolites are easily distributed in all inter-
nal organs, but the main target of toxic
action is the liver [1, 2]. Violation of the
hepatobiliary system is a certain characteris-
tic of most chemical substances, since after
absorption of xenobiotics in the gastroin-
testinal tract, the liver is the first organ
where they enter the blood, accumulate and
undergo biotransformation and detoxifica-
tion. In the process of metabolism in the
liver for some chemicals, for example, thio-
and dithiophosphates, the formation of more
toxic metabolites 1s a characteristic, which
determine the anticholinesterase effect and
the main pathological effects in the body [3,
4]. In addition, under the influence of most
xenobiotics, superoxide radicals are gener-
ated in the liver, which leads to oxidative
stress and the pathology formation of the
hepatobiliary, urinary, nervous, cardiovas-
cular, immune, respiratory, endocrine, and
reproductive systems. Oxidative stress is
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CTpeC NpUTAMAaHHUN OararboM NECTUIUAAM,
30kpeMa ¢GochopopraHiuHUM, XJIOPOpraHid-
HUM, KapOamaram, MipeTpoinam, MOXiTHUM
JTUTTIPUIAIII0, HEOHIKOTUHAINaM Ta 1HImMM |1,
2, 5-8].

[Topsin 3 mectuuuaaMu JUIsl TiABUIICHHS
YPOXKaWHOCTI CLITBCHKOTOCIOJAPCHKUX KYJIBTYP
IIMPOKO 3aCTOCOBYIOTHCA PETYISATOPH POCTY
pociua (PPP) cuHTeTMYHOrO MOXOIKEHHS,
30kpeMa N-OKCUI-2,6-TUMETHINIPUIAH Ta
Horo kKomruiekcu 13 mpotoHomoHopamu (IBiH,
[Toreiitin, Kamanin, 3eactumyiiH, ArpocTu-
MyniH, beracTumynin Ta iH.), K1 B MaJIMX 033X
aKTUBHO BIIMBAIOTh Ha OOMIH PEYOBHH Y POC-
JMHAX, CTUMYJIIOIOTh POCTOBI MIPOIECH Ta PO3-
BUTOK [9]. HaykoBi jaHi 1mo10 TOKCHYHUX Bjla-
CTHBOCTEH Ta MexaHi3MiB TokcuuHoI aii PPP Ha
OCHOBI1 METHJIbHUX TOX1THHX N-OKCH]I TipHIH-
HYy Ha OpraHi3m na60paT0pH1/1x TBAPHH y3aralb-
HEHI B HAIIMX TOMEPEIHIX JO0CIIHKCHHIX [10]
BB Ha (QyHKUIIOHAIBHUN CTaH MEYIHKHU
noxiHux N-OKCHJ MpUANHY, 30Kpema IBiHy 1
[ToreliTiHy, BUCBITIICHUI B OCHOBHOMY 3a TpH-
BaJIOTO HAJXO/DKEHHS /10 opraHizmy. [lokazaHo,
110 32 XPOHIYHOTO NMEPOPATHLHOTO BIUIMBY IBiH y
BHCOKHX J103aX 301JBIITYBaB BMICT CEUOBHHU U
akTUBHICTH (hepmenTiB ruTonizy (AJIT 1 ACT) y
CHpOBATILIl KPOBi, MOPYIIYBaB 3HEUIKOKYIOUY
(YHKIIIIO TIEYiHKH, 3017bIIYBaB NEPEKUCHE OKH-
CIIIOBaHHA JIMiJIB 1 AHTHUPAIUKAIbHY aKTHUB-
HICTh IIMTO30JII0 TMEYIHKH. Y TenaTomuTax
HIypiB CIIOCTEPIraBcsi HEPIBHOMIPHHUM PO3IIOILIT
rniKoreHy, 301IbIIEHHS KOHueHTpaui'l' PHK. 3a
HiAroCTpoi il IBlHy Ha OpraHi3M HIypiB y 1031
50 MI/KT TiCTOJIOTIYHO BHSIBICHO IMOTOBIICHHS
MeMOpaH renarolyTiB, PO3POCTAHHS CITONYYHOT
TKaHWHU B 30HI OPTAJIILHUX TOJIIB, HABKOJIOCY-
JTUHHUN HAOpsIK, HE3HA4YHE 3BY)KEHHS CHHYCOi-
miB. OMHOYACHO BUSBIIIIIOCH 30UIBIIEHHS KiIb-
KOCT1 JIBOSIICPHUX TEIMaTOIMTIB Ta I1CTOTHE
30UIBIIIEHHT 00'€éMIB YAaCTHHM T'E€HATOLIMTIB Ta
iXHIX s7ep, IO CBIAYUTH MPO KOMIIEHCATOPHI
nporecu. [loTelTin y 1iil e 1031 BHKJIMKAB
3HA4HI 3aCTiiiHl SBHINA B CYIWHAX IEYIHKH.
3MiHH MleoquKyns{Topﬂoro pycia Oyau MeH-
IIMMH HIXK 32 i1 [BiHy.

[emaTtoTponHy aKTUBHICTh CHHTETHYHUX
PPP 3a yMOB rocTpux iHTOKCHKAIlIX I HEIO-
CTaTHbO BUBYEHO. TOMY OIHHM 13 BaXKIHBUX
HaIpsMKIB TPOQITaKTUUYHOI TOKCHKOJOTII €
3’sICyBaHHSl XapaKTepy TenaToOTOKCHUYHOI il
cunrernynux PPP, a takox po3poOka mpodi-
JAKTUYHUX 3aXO0JIB TOCTPUX 1HTOKCUKAIIIM.
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inherent in many pesticides, in particular
organophosphorus, organochlorine, carba-
mates, pyrethroids, dipyridyl derivatives,
neonicotinoids and others [1, 2, 5-8].

Along with pesticides, plant growth regu-
lators (PGRs) of synthetic origin are widely
used to increase the yield of agricultural
crops, in particular, 2,6-dimethylpyridine-N-
oxide and its complexes with proton donors
(Ivin, Poteitin, Kapanin, Zea-stimulin,
Agrostimulin, Betastimulin, etc.), which in
small doses actively affect the metabolism in
plants, stimulate growth processes and devel-
opment [9]. Scientific data on the toxic prop-
erties and mechanisms of the toxic effect of
PGRs based on methyl derivatives of pyri-
dine N-oxide on the organism of laboratory
animals are summarized in the paper [10].
The effect on the liver functional state of
pyridine N-oxide derivatives, in particular
Ivin and Poteitin, is highlighted mainly in the
long-term intake of the body. It was shown
that under chronic oral exposure, Ivin in high
doses increased the urea content and the
activity of cytolysis enzymes (ALT and AST)
in blood serum, impaired the liver detoxifica-
tion function, increased lipid peroxidation
and antiradical activity of the liver cytosol.
An uneven distribution of glycogen, an
increase in the concentration of RNA was
observed in rat hepatocytes. During the suba-
cute Ivin effect on the body of rats at a dose
of 50 mg/kg, thickening of hepatocyte mem-
branes, growth of connective tissue in the
area of the portal fields, perivascular edema,
and slight narrowing of the sinusoids were
histologically revealed. At the same time, an
increase in the number of binucleated hepato-
cytes and a significant expanse in the vol-
umes of some hepatocytes and their nuclei
were found, which indicates compensatory
processes. Poteitin in the same dose caused
significant congestion in the liver vessels.
Changes in the microcirculatory channel
were smaller than during Ivin activity.

The hepatotropic activity of synthetic
PGRs under conditions of acute intoxication
has not yet been sufficiently studied.
Therefore, one of the important directions of
preventive toxicology is to find out the
nature of the hepatotoxic effect of synthetic
PGRs, as well as to develop preventive
measures for acute intoxications.
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Mera. [locniautu BIUIMB ACSIKUX METUIIb-
HUX MOX1AHUX N-OKCHJ MipUANHY Ha (QyHKIIO-
HaJIbHUM CTaH MEYiHKU LIyPiB 32 YMOB OJHOPA-
30BOTO MEPOPATBHOTO HAAXOMKEHHS JI0 Opra-
HI3MY.

Marepiaju Ta MeToaM AOCHIAKEeHb. Y
poboti Bukopuctani PPP N-okcun-2,6-nume-
tunmipuauny (IBin), 99,9 % 1 wommiekc N-
OKCHJI-2,0-TUMETUIIPUINHY 3 OypIITHHOBOIO
kuciororo (ITorewrin), 99,9 %, cuHTE30BaHI B
InctutyTi 6i0opraniunoi ximii HAH VYkpainu
imeni B.II. Kyxaps.

OCKUTBbKM CTaTeBOl YyTJIMBOCTI J0 BIUIUBY
IBiny 1 IloTeliTiHy He CHOCTEepiraeThcs, TO
JOTPUMYIOUNCH TIPUHIIUIIB O10€THKH, TOCIIJI-
YKEHHS TPOBeIeHI Ha caMIrsix 1mypiB Wistar Han
31 ctarycoM SPF (BiTbHUX BiJ MTAaTOT€HHOI MiK-
podmopn). B excnepumenti Bukopuctano 108
nrypiB. TBapuH oTpumanu 3 posrutigauka 11
«HaykoBuii IeHTp MPEBEHTUBHOI TOKCHUKOJIOTI,
Xap4oBOi Ta XIMIYHOI Oe3MeKkn IMeH1 akageMika
JL.I. MenBens MO3 Ykpaiam» Ta micis m ATh-
JEHHOI aKimiMaru3amii po3auIMiau Ha 6 Tpy.
KonTponbHa rpyna (1, 2) i miggocmigHi Tpynu
(3, 4, 51 6) ckmaganmucs 3 18 tBapuH (1o 6
IIypiB Ha KOXKEH TepMiH JTociipkeHs). lypam
OJTHOPA30BO HATIIECeplie BBOAMIN AOCTIIKY-
BaHI PEYOBMHHU Y BHUIVISAI BOJHOTO PO3UMHY B
IUTYHOK 3a JOMOMOTOI0 METaJIeBOT0 30HIY B
nmo3ax, BiamoBiauX 1/2 Ta 1/100 Bimg JIs,, sSKi
CTaHOBIATH s [BiHY — 650 1 13 Mr/kr macu
tina, aus [Horedtiny — 1150 1 23 mr/kr macu
Tina. TBapuH oOcTexxyBanu moaHA. BpaxoBy-
BaJM 3MiHY TOBEIIHKH, O3HAaKH 1HTOKCHKAIIII,
3arubens TBapuH. Y nuHamimi (depes 1, 3 i
7 mib) mochimKyBanmu (QPyHKIIOHATHHUN CTaH
MEYiHKHN 32 O10XIMIYHHMH TOKa3HUKAMHU CHUPO-
BaTKH KpoBi Ta 3a nokasHukamu EITP-cnexTpo-
CKOITii TKAaHWH TICUI1HKH.

JlocniokeHHST TIPOBENEHI BiAMOBIAHO 0
MPUHIUIIB OIOCTHKA Ta BUMOT TYMaHHOTO
CTaBJIEHHS 710 TBapHH (€Bponeiicbka KOHBEHIIIS
PO 3aXUCT XpeOSTHUX TBAPHH, 1110 BUKOPUCTO-
BYIOTBCS JUIS JAOCHIAHUX Ta 1HIINX HAYKOBUX
mineit, 1986).

[Ticns 3HeOONEHHS TBAapUH BYIVIEKUCIUM
ra3oM KpoB 3a0Wpaiii i3 CTETHOBOI BEHH B IICH-
TpudyxHi mpoOipku. J{1s oTpuMaHHS CHpPOBAT-
KU KpoB LeHTpudyryBanu Ha neHTpudysi Elmi
CM-6M mnpotsarom 10 xsunus npu 3000 06/xB.
VY cupoBariii KpoBi CIEKTPOMETPUYHO BHU3HA-
YaJli: aKTUBHICTH (DEPMEHTIB LMTOJI3Yy ajaHi-
HamiHoTpaHcepasu (AJIT) 1 acmapraramino-
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Aim. To study the effect of some pyri-
dine-N-oxide methyl derivatives on the liver
functional state under a single oral dosage
into the body.

Materials and Methods. For the
research were used PGRs of 2,6-dimethyl-
pyridine-N-oxide (Ivin), 99.9 % and com-
plex of 2,6-dimethylpyridine-N-oxide with
succinic acid (Poteitin), 99.9 %, synthesized
at V.P. Kukhar Institute of Bioorganic
Chemistry of the National Academy of
Sciences of Ukraine.

Since there is no sexual sensitivity to the
mfluence of Ivin and Poteitin, in accordance
with the principles of bioethics, the research
was conducted on male Wistar Han rats with
SPF status (free from pathogenic microflora).
108 rats were used in the experiment. The ani-
mals were obtained from the kennel of the
State Enterprise “L.I. Medved’s Research
Center for Preventive Toxicology, Food and
Chemical Safety, The Ministry of Health of
Ukraine” and after five days of acclimatization
were divided into 6 groups. The control group
(1, 2) and experimental groups (3, 4, 5 and 6)
consisted of 18 animals (6 rats for each period
of research). The tested substances were inject-
ed into the rats’ empty stomachs in the form of
an aqueous solution with the help of a metal
probe in doses corresponding to 1/2 and 1/100
of the DL50, which are for Ivin — 650 and 13
mg/kg of body weight, for Poteitin — 1150 and
23 mg/kg of body weight. Animals were exam-
ined daily. Changes in behavior, signs of intox-
ication, and death of animals were taken into
account. In dynamics (after 1, 3 and 7 days),
the liver functional state was studied according
to the biochemical parameters of the blood
serum and according to the parameters of the
EPR spectroscopy of the liver tissues.

The study was conducted in accordance
with the principles of bioethics and the
humane treatment requirements for animals
(European Convention for the Protection of
Vertebrate Animals Used for Research and
Other Scientific Purposes, 1986).

After anesthetizing the animals with car-
bon dioxide, blood was taken from the
femoral vein into centrifuge tubes. To obtain
serum, the blood was centrifuged on an Elmi
CM-6M centrifuge for 10 minutes at 3000
rpm. In the blood serum, the activity of the
cytolysis enzymes alanine aminotransferase
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tpancdepaszu (ACT), myxnoi pocdarazu (JID),
BMICT 3arajlbHOTO MPOTEiHY, IIIIOKO3U, TPUIJIi-
LEPHIIB, XOJIECTEPHHY, CEYOBHHU Ta KpeaTHHi-
HY 3a JIOTIOMOTOI0 HaOOpiB peaKkTHUBIB IS KJIi-
Hivnoi Oioximii TOB HBII «®imicit-
JiarHocTukay, Ykpaina.

EITP-ciekTpocKomito TKaHWH TEYiHKH IPO-
BOAWIN Ha pajiocnekrpodoroMeTpi (ipmu
«Varian E-109» (USA) [11]. [Inst uporo B aexa-
MITOBAHUX TBAapPUH BHUMMAJIM MEYIHKY, TKAHUHU
MEYIHKK 3aMOPOXKYBaJld 3a JIOTIOMOTOI0 TIpe-
chopmu B pigkoMmy a3oTi. OTpuMaHi 3pa3Ku
nocnipkyBanu Ha EIIP-pagiocnexkrpomertpi
IpU HACTYMHUX yMOBAaxX: HAlpyra MarHiTHOTO
nosist — 2500-3500 Gs, noryxnicte HBY — 5
MBT (U1 peectpariii curHany BiTbHUX paJHKa-
aiB — 0,2 MBT), Temneparypa piakoro azory —
77 K. KinpkicHa OIliHKa HajJaHa IO aMILTITYI
EIIP-curnany 3 neBHUM g-(aKTOpOM TKAaHUHU
nedinku: g-2,25 — uuroxpom P-450 (LutP-450)
3 TEMOBUM 3aJ1130M Y HU3BKOCIIMHOBIN OKHCIIE-
Hiii popmi; g-2,14 — Mn?*-Bminryrodi nporeinn
€HJIOIIa3MAaTUYHOIO peTuKyayma; g-2,05 —
Cu?*-Bmillyroui OPOTETHU: CYNEPOKCHIICMY-
Tasa, MUTOXpoMoKcHuaasa; g-2,03 — Fe-No (HiT-
PO3UIIbHI KOMIUIEKCH HETeMOBOTO 3ajiza 3 SH-
rpynamMu npoteiniB); g-2,00 — BUTbHI pagukain
(BP) — mitoxonapianeHi yOiXiHOHH Ta (praBo-
MPOTEIHU y BUIbHOpaAUKaNbHIA (popmi; g-1,97
— MITOXOHJIp1aJIbHUN €H3UM CYIb(ITOKCHIa3a Y
BiJHOBIIEHOMY CTaHi 3 aToMOM Mo’" B aKTUBHO-
My IEHTPi, KCAaHTHHOKCHIa3a; g-1,94 — 3ami3o-
cipyaHi MPOTEIHW MITOXOHJAPIATHHUX JUXAJTb-
HUX JaHIIOTIB 3 HeremoBuM 3amizom (3CII) y
BIIHOBJIEHOMY CTaHi. B SKOCTI BHYTpIIIHBOTO
CTaH/JapTy BUKOPUCTOBYBAIH PYOiH, KUl PO3-
MIITYBaJIM y CEpeaNHI pe30HaTOpa, 10 TeHEPYE
EITP-cniekTp 1eBHOI IHTEHCUBHOCTI B 3aJIEKHO-
CT1 Bl yMOB 3aIlUCy 1 PE30HAHCHUX BIIACTHUBO-
CTeW IOCHiKyBaHOTO 3pa3ka. Pesymbprarn
BHUPaXXaJIM y BITHOCHUX OJIMHUIISX.

Cratuctnuny oOpoOKy pe3ynbTaTiB JOCIiI-
JK€Hb TPOBOAWIIM CTAaHAAPTHHUMHU METOJAMHU
BapiaiiiiHOI CTaTUCTUKU 3 BUKOPHUCTAHHIM
t-kputepito CThIOICHTA, BIIMIHHOCTI BBa)KaJU-
cst gocroBipaumu npu P < 0,05.

Pe3yabraTn gociigkeHb Ta X 00roBopeH-
Hel. BcTaHoBieHO, 1O TpU OJHOPA30BOMY
NepopayibHOMY BIUIMBOBI [BiHYy Ha Oprasizm
cammiB mrypiB Wistar Han y mozax 13 i
650 MI/Kr KJIIHIYHHX CHMIITOMIB 1HTOKCHKAIIIT,
3aru0eni TBapUH HE CIOCTEPIrajoch y BCi Tep-
MIHU JOCIIHKEHHS.
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(ALT) and aspartate aminotransferase
(AST), alkaline phosphatase (ALP), the
content of total protein, glucose, triglyc-
erides, cholesterol, urea, and creatinine were
determined spectrometrically, using reagent
sets for clinical biochemistry of LLC RPE
“Filicit — Diagnostics”, Ukraine.

EPR spectroscopy of liver tissues was
performed on a Varian E-109 radio spec-
trophotometer (USA) [11]. For this, the liver
was removed from the decapitated animals,
and the liver tissue was frozen using a mold
in liquid nitrogen. The obtained samples
were studied on an EPR radio spectrometer
under the following conditions: magnetic
field voltage — 2500-3500 Gs, microwave
power — 5 mW (for free radical signal regis-
tration — 0.2 mW), liquid nitrogen tempera-
ture — 77 K. Quantitative assessment is given
by amplitude EPR signal with a certain g-
factor of liver tissue: g-2.25 — cytochrome P-
450 (cyt-P-450) with heme iron in a low-spin
oxidized form; g-2,14 — Mn?*'-containing
proteins of the endoplasmic reticulum; g-
2.05 — Cu**-containing proteins: superoxide
dismutase, cytochrome oxidase; g-2.03 — Fe-
No (nitrosyl complexes of non-heme iron
with SH-groups of proteins); g-2.00 — free
radicals (FR) — mitochondrial ubiqui-nones
and flavoproteins in free radical form; g-1.97
— mitochondrial enzyme sulfite oxidase in
the reduced state with a Mo’ atom in the
active center, xanthine oxidase; g-1.94 —
iron-sulfur proteins of mitochondrial respira-
tory chains with non-heme iron (ISP) in the
reduced state. As an internal standard, a ruby
was used, which was placed in the middle of
the resonator, which generates an EPR spec-
trum of a certain intensity depending on the
recording conditions and resonance proper-
ties of the sample under study. The results
were expressed in relative units.

Statistical processing of research results
was carried out by standard methods of vari-
ational statistics using Student’s t-test, differ-
ences were considered significant at P <0.05.

Research results and their discussion.
It was established that with a single oral Ivin
exposure into the body of male Wistar Han
rats in doses of 13 and 650 mg/kg clinical
symptoms of intoxication, the death of ani-
mals was not observed during all periods of
the study.
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As can be seen from Table 1, under the Ivin
influence at a dose of 13 mg/kg, there was a
probable increase in the content of urea in the
blood serum by 10.2 %, 20.1 % and 15.3 % after
1st, 3™ and 7™ days of research, an increase in
the content glucose by 19.8 % for 1 day, and
there was also a tendency to increase the crea-
tinine content in all research periods.

Sx BuaHO 13 Tab6m. 1, 3a BBy IBiHY B 11031
13 Mr/kr maio Micie BipOTiAHE TiABUIICHHS
BMICTY CEYOBHMHU B cupoBaTii kpoBi Ha 10,2 %,
20,1 % 1 15,3 % gepe3 1, 3 1 7 noby mocmifa-
JKEHb, TIBUIIICHHS BMICTY TJTFOK03U Ha 19,8 %
Ha 1 700y, a TakOXK criocTepiranacs TEHACHIIISA
710 MiJBUILEHHS BMICTY KPEaTHHIHY B yCi CTPO-
KA TOCIIKEHbD.

Tabmung 1

BioximMiuHi noka3HMKHM (PYHKIIOHAJIBLHOIO CTAHY NEeYiHKH LIypiB-caMuUiB
NP 0JTHOPA30BOMY IepopajibHOMY BBeldeHHi IBiny B 103ax 13 i 650 mr/kr (M £ m)

Table 1
Biochemical indicators of the liver functional state of male rats after
a single oral administration of Ivin in doses of 13 and 650 mg/kg (M = m)
Ioxka3znukn/ C;(gggwin)})%czgizll- ; flosa, mr/kr / Dose, mg/kg
Indi Terms of research Kounrtpous
ndicators (day) Control 13 650
1 2139,34+ 68,09 | 2107,17 £ 102,13 | 1672,87 +85,11*
JID, Hvonb/cn 3 213429 = 76,68 | 193337 +94.10 | 1739,05 + 94.10%
ALP, nmol/c:1
7 2189,13 + 87,83 1919,38 91,49 | 1711,88 = 109,79*
AJIT, 1 0,47 0,02 0,52 + 0,02 0,45 + 0,02
MKMOg‘i/{Oﬂ‘ MII 3 0,43 £ 0,02 0,48 £ 0,03 0,40 £ 0,04
umol/hour-ml 7 0,46 + 0,03 0,52 +0,03 0,42 + 0,03
ACT 1 0,66 % 0,03 0,70 + 0,04 0,81 +0,03*
MKMOJIB/TO: MJI / 3 0,72 £ 0,03 0,76 + 0,04 0,79 + 0,04
AST, pmol /hour ml 7 0.74 £ 0.03 0.77 £ 0,02 0.74 £ 0,04
1 8,96 + 0,19 9,87 + 0,19* 10,29 + 0,23*
CedoBHHa, MMOITB/1 3 8,82 = 0,14 10,59 + 0,20% 8,69 % 0,16
/Urea, mmol /1
7 8,91 +0,19 10,27 £ 0,25* 9,38 £0,19
Kpeatunis, 1 110,62 + 3,35 127,48 + 8,92 159,09 + 11,15*
MKMOJIB/JT / 3 112,23 + 5,65 133,61 + 7,92 136,81 + 7,92*
Creatinine, pmol /1 7 118,07 + 4,52 134,68 + 7,92 150,71 + 7,92%
XornecTepH, 1 2,40+ 0,12 2,38 + 0,09 2,74 + 0,23
mmok/11 Cholesterol, 3 1,84 + 0,39 2,19+ 0,31 1,83 +£0,25
mmol/i 7 2,32+0,16 2,18 £0,15 2,04 + 0,10
Tpuriiuepuy, 1 0,63 + 0,08 0,69 + 0,07 0,68 = 0,08
T MMOIIB/ T 3 0,68 % 0,02 0,73 + 0,06 0,72 + 0,04
riglycerides,
mmol/i / 7 0,75 + 0,06 0,76 + 0,06 0,74 + 0,07
SaranbHi mpoTeinm, 1 65,91 £ 1,09 69,18 + 2,46 67,85 = 2,78
/0 3 62,12 + 2,05 62,30 + 2,18 65,43 + 1,73
Total protains, g/l / 7 66,81 + 2,70 64,30 + 1,98 64,69 + 1,48
1 6,58 + 0,14 7,88 + 0,32* 9,22 +0,51*
Tmoxosa, mmonb/n 3 4,10 £ 0,86 4,18 + 0,49 5,02+ 0,72
Glucose, mmol/l
7 6,33 + 0,24 6,71 0,3 6,82 + 0,29

Ipmmitka:* — P < 0,05
Note:* — P £ 0,05
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3a rocTporo mepopaibHOTO BIUIMBY I[BIHY Yy
71031 650 MT/KT y miIIOCTITHAX TBAPUH MOPIBHS-
HO 3 KOHTPOJILHUMU Ha 1, 3 17 100y 1OCIIIKSHD
CTOCTEPIrasiocsi BIpOTiIHE 3HMKEHHS aKTUBHO-
cti JI® Ha 21,8 %, 18,5 %, 21,8 %, a Takox -
BUIIIEHHS BMICTY KpeaTuHiHy Ha 43,8 %, 21,9 %,
27,6 % BinnmosimHo. Ha 1 moOy mociimkeHp y
CHpOBATIIl KPOB1 BHUSBIEHO BIPOTIAHE IIiIBH-
menHs aktuBHOCTi ACT Ha 22,7 %, BMICTY
ceuoBunu Ha 14,8 % Ta nmroko3u Ha 40,0 %. Ha
3 1 7 noOy 30epiranach TEHIEHIIIS O ITiJ(BH-
IIIEHHS PIBHIB ITIOKO3H Ha 22,4 %. 3MiH 1HIINX
BHUBYCHHX MMOKA3HHUKIB HE BCTAHOBJICHO.

VY Tabn. 2 Bimobpaxeno mani EITP-crekTpo-
CKOMii 3a OIHOPA30BOrO MEPOPAIBLHOTO BILTUBY
IBiny. Sk BWAHO, 3a BIUIMBY IBiHY B 103i
13 mr/kr Ha 1 700y AOCHIIKEHb CIIOCTEPIragoch
BiporigHe 3HwwkeHHs EIIP-curnamy g-1,97 —
Mo’*-pmintyrounx nporeinis Ha 23,0 %, 3MiH
inmux crnektpiB EIIP ne BusBiaeno. Ha
3 nob6y mani EIIP cnekrpockomii 3a BIUIUBY
IBiHY HE BIJIPI3HSIUCH BiJ] KOHTPOJIO, aJie CTIO-
cTepiragoch He3HauHe 30uibineHHs (Ha 14,0 %)
EINIP-curnany g-2,03 HITpO3WJIBHUX KOMILIEK-
ciB i 3Hmxenns EITP-curnany g-1,97 — Mo’*-
BMIIIyFouuX npoTeiniB Ha 25,0 %. Ha 7 moOy
BUsABIIEHO BiporinHe 3HmxkeHHs EIIP-curmamy
g-2,00 BP na 22,0 % 1 He3Ha4YHE 3HIKEHHS (Ha
10,0 %) EIIP-curnany g-2,25 — LlutP-450.

3a BrummBy IBiHy B 1031 650 Mr/kr Ha 1 100y
JIOCHIPKEHDb CIOCTEPITAIIOCh BIPOTiIHE 30171b-
menns Bmicty 3CII Ha 16 %, BiporiiHUX 3MiH
inmmx crekrpiB EIIP He BusiBieHo, ane majo
Micrie HesHauHe 3HWkeHHs (p > 0,05) HiTpo-
3mIIbHUX KOMIUTeKCiB Ha 23,0 % 1 EITP-curnany
Cu?*-Bmimyrounx mpoteinis Ha 18,0 %. Ha 3
no0y nani EINP ciekrpockomii 3a BruBy IBiny
HE BIIPI3HSUIMCH BiJ KoHTponto. Ha 7 mo-Oy
BUSBIICHO BIpOTiHE 3HWKEHHsA BMicTy LluTP-
450 na 23,0 %, HITPO3WIBHHX KOMIUIEKCIB HA
27,0 %, BP na 23 % 1 3CII Ha 16 %.

[Ipu ogHOpa30BOMY MEPOPATHHOMY BILUIHBO-
Bi [loreiiTiHy Ha opraHi3M camIliB IHIypiB Yy
no3ax 23 1 1150 mr/kr 3arubens TBapUH HE Biji-
OyBajach y BCi TepMiHH gociikeHHs. [licms
BBeneHHs [loreiitiny B 1031 1150 Mr/kr y TBa-
pUH 3’SIBUWIKCH KIIIHIYHI CUMITOMHU 1HTOKCHKa-
ii y BUDVISIII IPUTHIYEHHS] aKTUBHOCTI Ta CKY-
HOBIKEHOT MIEPCT1 YIPOAOBK 24 TOAMH.

3a BmuBy [loTteiiTiHy Ha OpraHi3M IIypiB y
71031 23 MI/KT CIOCTEPITaioch BIPOTiHE ITi/IBU-
IIICHHST BMICTY CEYOBHWHU B CHPOBATIII KPOBI HA
11 % 18,0 % na 1 13 moOy goCIiIKEHb, ITi/IBH-
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During the acute oral Ivin exposure at a
dose of 650 mg/kg, compared to control ani-
mals, on the 1%, 3™ and 7™ days of the study,
a significant decrease in the activity of ALP by
21.8 %, 18.5 %, 21.8 %, as well as an increase
in the content of creatinine by 43.8 %, 21.9 %,
27.6 %, respectively. On the Ist day of
research, a significant increase in AST activity
by 22.7 %, urea content by 14.8 %, and glu-
cose b(?/ 40.0 % was found in blood serum. On
the 3" and 7% day, there was a tendency to
increase glucose levels by 22.4 %. No changes
in other studied indicators were found.

Table 2 shows the data of EPR spec-
troscopy after a single oral Ivin exposure. As
can be seen, under the Ivin influence at a dose
of 13 mg/kg for the 1st day of research, a sig-
nificant decrease in the EPR signal of
g-1.97 — Mo’*-containing proteins by 23.0 %
was observed, no changes in other EPR
spectra were detected. On the 3rd day, EPR
spectroscopy data under the Ivin influence
did not differ from the control, but a slight
increase (by 14.0 %) in the EPR signal g-
2.03 of nitrosyl complexes and a decrease in
the EPR signal g-1.97 of Mo’*-containing
proteins was observed by 25.0 %. On the 7*h
day, a significant decrease in the EPR signal
of g-2.00 FR by 22.0 % and a slight decrease
(by 10.0 %) in the EPR signal of g-2.25 —
cyt-P-450 was revealed.

Under the Ivin influence in a dose of
650 mg/kg for the 1st day of research, a sig-
nificant increase in the content of ISP by
16 % was observed, significant changes in
other EPR spectra were not detected, but
there was a slight decrease (p > 0.05) of
nitrosyl complexes by 23.0 % and of the
EPR signal of Cu?'-containing proteins by
18.0 %. On the 3rd day, EPR spectroscopy
data under the Ivin influence did not differ
from the control. On the 7th day, a probable
decrease in the content of cyt-P-450 by
23.0 %, nitrosyl complexes by 27.0 %, FR
by 23 % and ISP by 16 % was found.

With a single oral exposure of Poteitin
into the body of male rats in doses of 23 and
1150 mg/kg, the animals did not die during
all periods of the study. After administration
of Poteitin at a dose of 1150 mg/kg, the ani-
mals showed clinical symptoms of intoxica-
tion in the form of activity inhibition and
disheveled fur within 24 hours.

Under the influence of Poteitin on the
body of rats at a dose of 23 mg/kg, a signifi-
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IICHHS BMICTy KpeaTuHiHy Ha 22,7 % 1 16,5 %
Ha 1 1 3 100y, BIMOBITHO, @ TAKOXK ITiABUIICH-
Hs aktuBHOCTI JI® Ha 1 100y mociimkeHb HA
19,9 % (Tabm. 3).

3a roctpoi aii [loreiriny B 1031 1150 mr/kT,
y MiAO0CIITHUX TBAPUH MOPIBHIHO 3 KOHTPOJIb-
HUMH CIIOCTEPIrajocs BIpPOTiHE 3HMKECHHS
aktuBHOCTI JI® Ha 14,0 % 1 20,0 % Ha 1 1
7 noOy MOCIIIKEHb, & TAKOX ITiIBUIIICHHS BMi-
cty cedoBunu Ha 28,0 % 1 12,0 % na 1 1 3 g00y,
MiJBUIICHHS BMICTY KpeatuHiny Ha 27,6 % 1

TOXICOLOGY OF PLANT GROWTH STIMULATORS

cant increase in the content of urea in the
blood serum by 11 % and 8.0% was observed
on the 1*t and 3™ days of the study, an increase
in the creatinine content by 22.7 % and 16.5
% on the 1st and 3™ days, respectively, as
well as an increase in ALP activity on the 1st
day of research by 19.9 % (table 3).

Under the acute action of Poteitin at a dose
of 1150 mg/kg, experimental animals com-
pared to control animals showed a significant
decrease in ALP activity by 14.0 % and 20.0 %

Tabnug 3
BioximMiuHi noka3zHNKkH (yHKIIOHAJIBHOIO CTAHY NMEYiHKH IYpiB-caMIiB
NPH OTHOPa30BOMY IepopajibHOMY BBeldeHHi IloTeiiTiny B 1o3ax 23 i 1150 mr/kr
Table 3
Biochemical indicators of the liver functional state of male rats after
a single oral administration of Poteitin in doses of 23 and 1150 mg/kg (M = m)
MokazauKu/ . e?{zp&n(c)g So/cg;::z;n . Jo3a, mr/kr / Dose, mg/kg
Indicators of research (day) Koutpoas / Control 23 1150
1 2152,21 £ 68,09 | 2580,08 £ 102,13* | 1849,81 + 112,34*
JI®, rvoms/c 1/ 3 212928 92,65 | 279,88+74,12 | 1842,11 + 88,94
ALP, nmol/c-1
7 2169,32 £ 99,81 2065,57 £ 106,46 | 1726,02 + 66,54*
AJIT, MKMOJTB/FOz: MiT 1 0,43 £0,02 0,50 £ 0,03 0,47 £0,02
ALT, 3 0,44 + 0,03 0,48 + 0,04 0,45 +0,03
wmol/hour-ml 7 0,42 = 0,02 0,47 £ 0,02 0,39 + 0,03
ACT, 1 0,85+ 0,03 0,94 + 0,04 0,91 + 0,04
MKMOJIB/TOI: MJI / 3 0,88 + 0,03 0,95 + 0,03 0,91 + 0,04
AST, pmol /hour-ml 7 0,87 + 0,02 0,89 + 0,03 0,84 + 0,04
CeuoBuHa, 1 7,94 + 0,19 8,84 +0,22%* 10,17 £ 0,23*
MMOJIB/T / 3 7,99 +£0,19 8,66 + 0,19%* 8,93 +£0,23*
Urea, mmol /1 7 7,90 £ 0,17 7,66 £ 0,20 8,33 +£0,22
Creatinine, pmol /1 1 117,27 + 3,32 143,83 + 5,54* 149,59 + 6,64*
Kpearunin, 3 119,41 + 3,44 139,15 £ 5,74* 152,38 £ 8,04*
MKMOJIb/JT 7 120,23 + 7,48 141,44 £ 9,68 151,54 + 12,83
Xonecrepus, 1 2,33+0,14 2,46 + 0,29 2,56 + 0,45
mmoik/11 Cholesterol, 3 1,81 = 0,34 2,04 +0,17 2,54 £0,26
mmol/n 7 1,94 £ 0,12 1,88 +£ 0,34 2,30 £ 0,29
Tpurninepuy, 1 0,60 + 0,09 0,66 + 0,07 0,62 + 0,07
MMOIIB/ T 3 0,67 = 0,06 0,66 = 0,05 0,76 % 0,05
Triglycerides,
mmol/i 7 0,76 0,07 0,74 £ 0,07 0,59 £ 0,05
3aranbHi mpoTeiny, 1 64,42 + 1,60 63,30 + 1,31 61,70 + 4,10
r/n 3 63,12+ 1,24 62,04 + 0,85 63,57 + 2,68
Total protains, g/l 7 62,06 £ 1,77 61,91 + 1,05 62,52 + 1,73
1 4,14 £ 0,30 4,57 +0,33 11,10 £0,63*
Timoxoa, mumons/x 3 5,89 + 0,42 6,37 + 0,20 6,99 + 0,37
Glucose, mmol/l
7 4,74 £ 0,24 5,08 £0,42 4,71 £ 0,59

Ipmmitka:* — P < 0,05
Note:* — P < 0,05
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27,6 % na 113 moOy gociipKeHb, BIIOBIIHO.
Ha 1 no0y mocaiimkeHs y CHpOBaTIIi KpOBi BifI-
OyBaJIOCSIBIPOTiIHE MIABUIICHHS BMICTY TJIO-
ko3u Ha 168,0 %. 3MiH IHIIMX BUBYEHUX
MOKA3HHUKIB HE BCTAHOBJICHO.

Sk BuaHO 13 Tabn. 4, 3a BBy IloTeiiTiny
B 1031 23 mr/kr Ha | 700y moCHiKeHb crocTe-
piraioce BiporigHe 3umwxkeHHs EINP-curnanis
BP i Mn’*-Bmimyrounx nporeinis na 12,0 % i
49,0 % BiAMOBIAHO, BIPOTITHUX 3MIiH IHIIHAX
cnektpiB EIIP He BusBieHo, ane BinOyBaIoch
3HmkeHHs1 EIIP-curnasiB HITPO3WIBHUX KOM-
miekciB Ha 29,0 %. Ha 3 noOy BiporimHo mif-
BuIyBaBcs BMicT Cu?-BMilyrounx npoTeinis
(ma 23,0 %) Ta cnocrepiraiacs TEHACHIIIS 110
3HmkeHHs1 EIIP-curnasiB HITPO3WIBHUX KOM-
wiekciB i Mo’*-Bmimyrounx nporeinis. Ha
7 noOy BUSBICHO BipOTiHE 3HIKEHHS BMICTY
uuT-P-450, BP na 14,0 % 1 3CIT na 12,0 % Ta
HEBIpOTiAHE, aje 3HadyuMe 301JTbIICHHS
EITP-curnany Mo’ -Bmingyrounx mporeinis
(1a 41,0 %).

3a BrmuBy Iloteittiny B 1031 1150 mr/kr Ha
1 noOy BusiBieHO BiporinHe 3HWkeHHS EIIP-
currainiB BP na 15,0 % ta 3CII Ha 16 %, Bipo-
rigHux 3MiH iHmuXx ETIP-curnamiiB y TkaHuHax
MEYiHKN HE BCTAHOBJICHO, aJI€ CIIOCTEPIrajoch
3umkeHHs (p > 0,05) EIIP-curnaniB HiTpo-
3WJIBHUX KOMITIEKCiB 1 Mo’ - BMIIITYIOUMX
nporteiniB Ha 21,0 %, 24,0 % BigmosigHo. Ha
3 moOy BiporimHo 3uHmXKyBaBcst EITP-curman
3CII na 10,0 %, iHIII TOKA3HUKHU HE BIAPi3HS-
JUCH BiJl KOHTPOITIO, aJie CIIOCTEPIraJoch 3HU-
xeHHs (p > 0,05) smicty LlutP-450 Ha 10,0 %
1 HITpO3WJIbHUX KoMILIekciB Ha 22,0 %. Ha 7
00y BCTAHOBIIEHO BIpOTiHE 3HWKCHHS BMi-
cty HutP-450 na 10,0 % 1 36impmennst 3CI1T
Ha 6,0 %, cmocTepiraJiock HEBIpOTiIHE, aje
sHaunMe 36inbmenns EIIP-curmamy Mo’'-
BMilIytounx npoteiniB (Ha 43,0 %).

TakuM 9YMHOM, BUXOJSYU 3 TOKCUKOANHAMI-
K{, BUPaXXEHOCTI Ta 3HAYYLIOCTI BHSBICHUX
3MIH JIOCHIJPKEHUX MOKa3HHMKIB, MO)KHA BBa-
’KaTu, 110 OCHOBHUM €(eKTOM 3a roctpoi ii
nocnikenux PPP (IBinmy 1 IloteiiTiny) €
rineprimikeMis. OCKUNbKHM MiJBUILEHHS PIBHSA
[JIIOKO3U B KPOBI Ma€ J1030BY 3aJICKHICTh, HE
nepesuirye Benuuuny 11,1 MMonb/i 1 criocte-
piraeTbcs TUTbKK Ha 1 100y mocHimKeHb, TO
BUSIBICHUN e(eKT Moke OyTH IMOB’SA3aHUM 13
CTPECOTEHHOIO PEaKIi€l0 OpraHi3My Ha XiMid-
Hul ynHHUK [12, 13]. OgHak, HE BUKIIOYEHO,
10 32 TPUBAJIOTO BIUIMBY CTIMKE ITiBUIIICHHS
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on the 1%'and 7™ day of the study, as well as an
increase in urea content by 28.0 % and 12.0 % on
the 1% and 3™ days, increase in creatinine content
by 27.6 % and 27.6 % on the 1%and 3™ days of
research, respectively. On the 1st day of
research, there was a significant increase in
glucose content by 168.0 % in blood serum. No
changes in other studied indicators were found.

As 1t can be seen from the table 4, under
the influence of Poteitin in a dose of 23 mg/kg
for a day of research, a significant decrease in
the EPR signals of FR and Mn’"-containing
proteins was observed by 12.0 % and 49.0%,
respectively, no significant changes in other
EPR spectra were detected, but there was a
decrease EPR signals of nitrosyl complexes
by 29.0 %. On the 3 day, the content of Cu?*-
containing proteins significant increased (by
23.0 %), and a tendency to decrease EPR sig-
nals of nitrosyl complexes and Mo’*-contain-
ing proteins was observed. On the 7% day, a
significant decrease in the content of cyt-P-
450, FR by 14.0 % and ISP by 12.0 % and an
improbable but significant increase in the
EPR signal of Mo’*-containing proteins (by
41.0 %) were found.

Under the influence of Poteitin in a dose of
1150 mg/kg for a day, a significant decrease of
EPR signals of FR by 15.0 % and ISP by
16 % was found, significant changes of other
EPR signals in liver tissues were not estab-
lished, but a decrease was observed (p > 0,05)
EPR signals of nitrosyl complexes and Mo’"-
containing proteins by 21.0 %, 24.0 %, respec-
tively. On the 3™ day, the EPR signal of the
ISP probably decreased by 10.0 %, other
parameters did not differ from the control, but
there was a decrease (p > 0.05) in the content
of cyt-P-450 by 10.0 % and nitrosyl complex-
es by 22.0 %. On the 7" day, a probable
decrease in the content of cyt-P-450 by 10.0 %
and an increase in ISP by 6.0 % were estab-
lished, an improbable but significant increase
in the EPR signal of Mo’*-containing proteins
was observed (by 43.0 %).

Thus, based on the toxicodynamics, severity
and significance of the detected changes in the
investigated parameters, it can be assumed that
the main effect of the acute action of the inves-
tigated PGRs (Ivin and Poteitin) is hyper-
glycemia. Since the increase in the level of glu-
cose in the blood is dose-dependent, does not
exceed the value of 11.1 mmol/l and is observed
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PiBHS IJIIOKO3M B CHPOBATIl KPOBI MOXKE MpU-
3BECTHU JI0 MOPYLICHHS BYIJIEBOJHOTO OOMIHY 1
BUHUKHEHHS PI3HUX I[aTOJOTIYHUX CTaHIB.
[TigBuIIEHHS PIBHS CEYOBUHU Ta KpEaTHHIHY B
CUpOBATI KpOBi (KIHIIEBUX IPOIYKTIB KaTabo-
Ji3My O11Ka) MOKHA OB’ S13aTH 3 IHTeHCUIKa-
€0 PO3KJIamy OlKa, M0 Y3TOMKYETHCS 3
paHilie OTpUMaHUMU JTAHUMH TIPH IO CJTi KESH-
Hi CyOXpOHIYHOT TOKCHYHOCTI METHJIbHUX
noxigaux N-okcun mipuauny [10, 14]. Pazom 3
TUM, MiJBUIICHHS BMICTY B CHpOBATL KpOBi
CEUOBHMHH 1 KPEaTHHIHY MOXE TaKOX CBILAYUTH
PO TOPYIICHHS (QUIBTPAIiiftHOI 1 BUAUIBHOT
¢GyHKLIH HUPOK, MO0 NOTpedye MOoJabIINX
JOCIIKEHb B I[bOMY HAIPSMKY.

OTtpumani nani EITP-criekrpockormii TkaHWH
MEYiHKU CB114aTh, 10 32 TOCTPOTO BIUIMBY IBiH
y BUCOKI# 1031 (650 mr/kr) 1 [ToTelTiH y q03ax
23 mr/kr 1 1150 mr/kr 3amxkyroTs BMicT L{utP-
450, mo Moke OyTH OB’ s13aHO 3 1HT10yBaHHAM
aKTUBHOCTI MOHOOKCUTEHA3HOI CHC-TEMHU
(MOTI'C) mneuinku. Pe3ymbraTét mocii-mKeHb
CHIBBITHOCATHCS 3 paHille OTPUMAHUMU JTaHU-
MU Tpo Te, 1o IBiH € cmabkum iHriGiTopom
dbepmentiB MOI'C, OCKITbKH 3HIKYE aKTHB-
HicTh N-aMiHOTI pHHIEMETHIIAa3H 1 P-aHUTIHT1/1-
POKCHJIa3M B TKAHWHAX MEYiHKHU nrypis [15].

OOwuBi pedoBHHM 3HMXKYIOTh BP y meuinti
IOPAaKTUYHO B yCi TEPMIHH AOCITIIKEHb, aje
OLTBII BUpAXKEHUH 1 BIpOTiIHUI e(heKT crocTe-
piraeTbcs 3a BIUIMBY IBiHY B 000X 103ax Ha
7 noOy. 3a BBy Iloteiitiny 3HmkeHHs BP
BiZI0yBa€THCS TAKOXK y BC1 CTPOKH JJOCIIIKEHb,
asie BIporiiHUi edekT crocrepiraerbes Ha 1
n00y B 000X m03ax 1 Ha 7 700y B MEHIIIN 1031
(23 wmr/kr). 3amkenns EIIP-curnamy BiTbHUX
panuKaiiB CBIJUUTH MPO MPHUTHIYECHHS EJIeK-
TPOHOTPAHCIIOPTHHUX MPOILECIB Y AUXATLHOMY
JAHIIIOKKY MITOXOHApPIN Ta i1HriOyBaHHS IMpPO-
IECiB OKUCHEHHS.

Sk IBiH, Tak 1 [ToTelTiH mepeBakHO 3HUKY-
Banu EIIP-curnan 3CIl y BHCOKHX J03ax.
3menmenss Bmicty 3CII, 1o 31aTHI akuenry-
Batu NO, MOXe€ CIIPHUITH 3MEHIICHHIO (popMy-
BaHHs JIJAOUTBHOTO HITPO3UJIBHOTO KOMILIEKCY.
Onuouacue 3HWxkeHHsa EIIP-curmanis BP 1
3CII cBiguuTh MPO 3HWKEHHS TPAHCIOPTY
€JIEKTPOHIB Y MITOXOHJPIaJIbHOMY IHXaJIbHO-
MY JIaHLIOXKKY, 1110 MOXe OyTH IPUYHHOIO 3HU-
YKEHHS YTBOPEHHS aKTUBHUX (OPM KHCHIO Ta
MEePEeKUCHOTO  OKHCIeHHs mimiaiB  [16].
BiporigHux 3MiH piBHA HITPO3WJIBHUX KOM-
IUIEKCIB HETeMOBOIO 3ali3a 3a BIUIMBY
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only for 1 day of research, the detected effect
may be related to the body stressogenic reaction
to a chemical factor [12, 13]. However, it is pos-
sible that with long-term exposure, a persistent
increase in the level of glucose in the blood
serum can lead to a violation of carbohydrate
metabolism and the emergence of various
pathological conditions. An increase in the level
of urea and creatinine in blood serum (the end
products of protein catabolism) can be associat-
ed with the intensification of protein break-
down, which is consistent with previously
obtained data in the study of subchronic toxicity
of methyl derivatives of pyridine N-oxide [10,
14]. At the same time, an increase in the content
of urea and creatinine in the blood serum may
also indicate a violation of the filtering and
excretory functions of the kidneys, which
requires further research in this direction.

The obtained data of EPR-spectroscopy of
liver tissues indicate that under acute Ivin
exposure in a high dose (650 mg/kg) and
Poteitin in doses of 23 mg/kg and 1150 mg/kg
reduce the content of cyt-P-450, which may be
associated with inhibition activity of the
monooxygenase system (MOGS) of the liver.
The research results correlate with the previ-
ously obtained data that Ivin is a weak inhibitor
of MOGS enzymes, as it reduces the activity of
N-aminopyrine demethylase and p-aniline
hydroxylase in rat liver tissues [15].

Both substances reduce FR in the liver at
almost all times of research, but a more pro-
nounced and probable effect is observed when
exposed to Ivin in both doses for 7 days. Under
the influence of Poteitin, FR reduction also
occurs in all study periods, but the probable
effect is observed for 1 day in both doses and
for 7 days in a smaller dose (23 mg/kg). A
decrease in the EPR signal of free radicals indi-
cates inhibition of electron transport processes
in the respiratory chain of mitochondria and
inhibition of oxidation processes.

Both Ivin and Poteitin mainly reduced the
EPR signal of ISP in high doses. Reducing the
content of ISP, capable of accepting NO, can
help reduce the formation of a labile nitrosyl
complex. A simultaneous decrease in the EPR
signals of FR and ISP indicates a decrease in
electron transport in the mitochondrial respira-
tory chain, which may be the reason for a
decrease in the formation of reactive oxygen
species and lipid peroxidation [16]. Probable
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[ToTeiiTiny He BusiBIeHO. IBIH y 1031 650 Mr/KT
Ha 7 mo0y JOCIIDKEHb 3MEHIITYBaB iX BMICT y
TKaHWHAX TEYIHKH, 110 CBIIYUTH MPO 3HUKECH-
HS ITyJ1a BITBHOTO OKCHIY B OpPTaHi3Mi TBapHH.

SIK BiJOMO, KCAaHTHHOKCHJAa3a HaWaKTHBHI-
ma B IMTO30J1 TEYIHKH 1 BIIIrpa€e BaKIUBY
pOJIb TeHepaTopa akTUBHUX (POPM KUCHIO B 010-
ximiyaux npouecax [17, 18]. Tomy 3HM*KEHHS
Mo’*-BMimyrounx MmpoTeiHiB (KaTamiTH4Hi
IEHTPU KCAHTUHOKCHIA3W) 3a BIUIMBY IBiHY B
no3i 13 mr/kr i [oreliTiny B 1031 23 Mr/kr Ha 1
100y, Ta MiIBUIIICHHS BMICTY Cu2+-BMiH1yI0qI/Ix
NpoTeiHIB (KAaTaXiTU4YHI LEHTPU CYNEPOKCH-
aucMmyTasu) 3a BIUMBY lloTeiTiHy B 1031
23 mr/kr Ha 3 100y TOCIIHKEHb MOXKE CBIIUATH
PO aKTHUBAIIO AHTUPATUKATILHUX MPOIIECIB.

BucnoBku

1. Isin 1 [loTeiiTiH 3a TOCTPOTO MTEPOPATHHO-
ro BIUIMBY MPOSBISAIOTH CIAOKUIl renaroTpon-
HUN e(eKT, M0 XapaKTepU3yeThCs Tinepriike-
Mi€l0, HE3HAYHUM 3HUKEHHSM aKTUBHOCTI
Ty’)HOT ocdarasu, MiABUIEHHSM PiBHS CEY0-
BHHU Ta KpEaTWHIHYy B CHpPOBATII KpPOBI.
[Nneprikemiss Mo)ke OyTH TIOB’si3aHa 31 CTpe-
COTEHHOIO PEAKINE€0 Ha XIMIYHUIA YMHHHK, 10
32 YMOB TPHBAJOTO BIUIMBY JOCIIIKEHUX
PEUYOBUH MOXE MPU3BECTH J0 MOPYIICHHS BYT-
JIEBOJTHOTO OOMIHY 1 BAHMKHEHHS PI3HHUX MaTO-
JOTIYHUX CTaHiB. [HTeHCcUiKamis po3maxy
OUIKIB 1 HAKOTMYEHHS B CUPOBATLII KPOB1 CEYO-
BUHHU Ta KPEATUHIHY MOXE IIPU3BECTH JI0 MOPY-
nieHHs: (QUIBTPALiftHOI Ta BUAUIBHOLI (QYyHKIIIHI
HUPOK, 1110 TOTpeOy€e MOAAIBIINX AOCHTIIKEHD 1
YTOYHEHb.

2. 3a rocTporo nepopagbHOro BIUIMBY IBiH 1
[ToretiTin3zanxkyoTh EITP-criekTpu mnedinku
mrypiB — L{utP-450, BimbHUX paauKaiB, 3aii30-
CipyaHUX TMPOTETHIB, HITPO3UILHUX KOMITJIEKCIB
HEreMOBOTO 3aJli3a, 10 CBIIYUTH MPO 3HIKEH-
HS aKTHBHOCTI MOHOOKCHIE€HA3HOI CHCTEMH,
1HT10yBaHHS TIPOLIECIB OKUCHEHHS, TOPYIICHHS
YTBOPEHHS 3aJ1130CIpYaHUX KOMILIEKCIB 1 3MEH-
nieHHs: popMyBaHHS J1a0UTBHOTO HITPO3WIBHO-
r0 KOMIUIEKCY. 3HMKEHHS BMicTy Mo’'-BMmi-
IIYIOUUX MPOTETHIB 1 MBUILIEHHS BMICTY Cu?t-
BMIIIYFOUMX TIPOTETHIB MOKe OyTH TIOB’sI3aHE 3
aKTHUBAIlI€I0 AHTUPAJAMKAIBHUX IMPOIECIB Yy
TIEYiHIIl IIyPiB.

Konduikr inTepeciB. ABTOopu 3asBISAIOTH
PO BiICYTHICTHh KOH(ITIKTY 1HTEPECIB.
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changes in the level of nitrosyl complexes of
non-heme iron under the influence of
Poteitin were not detected. Ivin at a dose of
650 mg/kg on the 7th day of the study
reduced their content in the liver tissues,
which indicates a decrease in the pool of free
oxide in the animals’ bodies.

As is known, xanthine oxidase is most
active in the liver cytosol and plays an
important role as a generator of reactive oxy-
gen species in biochemical processes [17,
18]. Therefore, a decrease in Mo’ -contain-
ing proteins (catalytic centers of xanthine
oxidase) under the influence of Ivin in a dose
of 13 mg/kg and Poteitin in a dose of 23
mg/kg for 1 day, and an increase in the con-
tent of Cu?"-containing proteins (catalytic
centers of superoxide dismutase) under the
influence of Poteitin in a dose of 23 mg/kg
on the 3rd day of research may indicate the
activation of anti-radical processes.

Conclusions

1. Ivin and Poteitin under acute oral expo-
sure have a weak hepatotropic effect, charac-
terized by hyperglycemia, a slight decrease in
the activity of alkaline phosphatase, an
increase in the level of urea and creatinine in
blood serum. Hyperglycemia can be associat-
ed with a stressogenic reaction to a chemical
factor, which under the conditions of long-
term exposure to the studied substances can
lead to a violation of carbohydrate metabo-
lism and the emergence of various pathologi-
cal conditions. Intensification of the break-
down of proteins and the accumulation of
urea and creatinine in the blood serum can
lead to a violation of the filtering and excre-
tory functions of the kidneys, which requires
further research and clarification.

2. Under acute oral exposure, Ivin and
Poteitin reduce the EPR spectra of rat liver —
cyt-450, free radicals, iron-sulfur proteins,
nitrosyl complexes of non-heme iron, which
indicates a decrease in the activity of the
monooxygenase system, inhibition of oxida-
tion processes, disruption of the formation of
iron-sulfur complexes and a reduction in the
formation labile nitrosyl complex. A decrease
in the content of Mo’*-containing proteins and
an increase in the content of Cu?*-containing
proteins may be associated with the activation
of antiradical processes in the liver of rats.
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