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OuneHka aKTUBHOCTH AHTHOKCUAAHTHBIX (DEPMEHTOB B OPraHu3Me KPbIC
IPY XPOHMYECKOM NEePOPAJIbHOM BBeIeHUU TEXHUYECKOI0 MPOAYyKTa —
MPOU3BOXHOI0 TPHA30JI0B

OBVYH «Denepanbublii Hay4uHbli neHTp rurueHs! uM. ©.@. Dpucmana» Pocniorpebnanzopa, 141014, Mertummy,
MockoBckas obnacts, Poccus

Beenenue. IlocTynas B opraHu3M pa3iM4HbIMH ITyTSAMH, HECTULN/IBI, SBISASACH OHOJOTHYECKH BBICOKOAKTHB-
HBIMH COEIIMHEHMSIMH, MOTYT HPEJCTaBISTh PEAIBHYIO OIIACHOCTH ISl 3[0POBbsI HACEJICHMSI, BHI3BIBAST H3Me-
HEHMs HecTeln(puIecKnX OMOXUMHYECKHX peakiuii 0OMeHa BElecTB BO BceX KieTkax. OfHUM U3 peryisTop-
HbIX MeTa0OIMYECKUX MEXaHH3MOB THUX PEaKLMi ABIACTCS aHTHOKCHAAHTHAS CHCTEMA, NPEACTABICHHAS B
BHJIe OajaHca IepeKUCHOTO OKUCIICHUS JINTIMA0B U aHTHOKCHAAHTHOM 3aIUTEL.

Iesnbio Mccie 0BaHusl SBISUIOCH M3YYCHHE BIMSHUS TPOU3BOIHOTO TPUA30JI0B — TEXHHYECKOTO MPOIYKTA
(TII) Ha aKTMBHOCTb AHTHMOKCH/IAHTHBIX (JEPMEHTOB B OPraHU3ME KPBIC IPH €0 MHOTOKPATHOM IIE€POPaIbHOM
MOCTYIUIEHHU B XPOHUYECKOM 12-MEeCSIMHOM JKCIIEpUMEHTE.

Marepuaj U MeTObl. DKCIIEPHUMEHT MpoBe/ieH Ha 80 KphIcax-camiax ¢ Maccoil Tena B Havalie UCCiel0BaH s
200-210 . Ucobrtanst no3s! TII 5, 16 u 55 mr/kr maccsl Tena. Uepes 1, 3, 6 u 12 Mec olleHUBAIN COCTOSIHUE
U TIOBE/ICHHE JKUBOTHBIX, MOTPEOICHNE UMH BOABI U IHIIU, PETHCTPUPOBAIHM U3MEHEHHs (hepMEHTATUBHBIX
HoKasaresieil CHCTeMbl aHTHOKCHIAHTHOMW 3alllUThI OpraHu3ma: cynepokcuaucmytassl (COM), katanassl, TIy-
TaTHOHIIEPOKCUa3bl ¥ NIy TaTHOHPEILYKTa3bl.

Pesyabrarsl. TII B 103e 5 MI/KT He BBI3BIBAET JJOCTOBEPHBIX H3MEHCHNI aKTUBHOCTH AaHTHOKCHUIAHTHBIX (ep-
MEHTOB, a B 103aX 16 1 55 MI/Kr MPpUBOAUT K MOBbIeHHIO akTHBHOCTH COJI M CHIIKEHUIO aKTHBHOCTH Kara-
J1a3bl Y OIIBITHBIX )KUBOTHBIX T10 CPABHEHHIO C KOHTPOJILHBIMH.

Obcyxnaenne. [loryueHHbIe HAMH Pe3yIbTaThl CONIACYIOTCS C JAHHBIMH JINTEPATYpPbl, B COOTBETCTBHU C KO-
TOPBIMH KJIETKa OBICTPO pearupyeT Ha OKMCIUTENbHBIN cTpecc moBbieHneM aktusHoctn COJl, m COJl pac-
CMaTpPUBAETCA KAaK CTPecC-0esIOK, CHHTE3UPYeMblil B OTBET Ha OKHCIIUTEIbHBIH cTpecc.

BriBonbl. [IpoBenéHHbIC HCCIeIOBaHNS CBHICTEIBCTBYIOT O LEJIECO00Pa3HOCTH U3yUeHHUs] aKTHBHOCTH aHTH-
OKCH/IQHTHBIX (DEPMEHTOB B OPraHM3Me MIICKOITUTAIOIINX B CAHUTAPHO-TOKCUKOJIOTHYECKHUX MCCIIEIOBAHUSAX C
LIEJIbIO OBBILICHUS HAJGKHOCTH pa3padaThiBACMbIX THTMEHUYECKHX HOPMaTHBOB KCEHOOMOTHKOB B 00bEKTaX
OKpY’Karollei cpeibl ¥ IPOIYKTax MUTAHHMSL.

Knwuesvie cnosa: mexnuueckuii npoOykm, npou3eo0Hvle Mpudazoios;, NepekucHoe OKUCIeHUe TUNUO08,
AHMUOKCUOAHMBL, CYNEPOKCUOOUCMYMA3d; 2TYMAMUOHNEPOKCUOA3d, 2AYMAmMUOHpedyKkmasa, Kamaniasd;
1abopamopuble HCUBOMHBIE, NEPOPATLLHOE 86C0CHUE; MOKCUUHOCHb
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Toxicology (preventive, clinical, ecological)

Valery N. Rakitskii, Elena G. Chkhvirkiya, Tatiana M. Epishina

Evaluation of the activity of antioxidant enzymes during chronic oral
administration of a technical product derived from triazoles in the rats

F.F. Erisman Federal Scientific Center of Hygiene, Mytishchi, Moscow Region, 141014,
Russian Federation

Introduction. Entering the body in various ways, pesticides, being biologically highly active compounds, can
pose a real danger to public health, causing changes in non-specific biochemical reactions of metabolism oc-
curring in all living cells. The antioxidant system, represented as a balance of lipid peroxidation and antioxidant
protection (POL — AOZ), is one of the metabolic regulatory mechanisms of these responses.

The aim of the study was to study the effect of a technical product (TP), a derivative of triazoles, on the acti-
vity of antioxidant enzymes in the rat body, under its repeated oral intake in a chronic 12-month experiment.
Material and methods. A chronic (12 months) experiment was performed on male rats with a bodyweight of
200-210 g at the beginning of the study. Tested doses: 5.0, 16.0 and 55.0 mg/kg of body weight (1 control and
3 experimental groups, 20 individuals each). In the dynamics of the experiment, after 1, 3, 6 and 12 months, the
state and behavior of animals, water and food consumption were observed. Changes in the enzymatic indices of
the body’s antioxidant defense system (superoxide dismutase, catalase, glutathione peroxidase and glutathione
reductase) were registered.

Results. It was found that TP at a dose of 5.0 mg/kg of body weight does not cause significant changes in the
activity of antioxidant enzymes, doses of 16.0 and 55.0 mg/kg of body weight cause an increase in the activity
of superoxide dismutase (SOD) and a decrease in the activity of catalase in the body of experimental animals
compared to control animals.

Discussion. In the conducted chronic experiment, it was found that the studied TP at a dose of 5.0 mg/kg of
body weight does not cause significant changes in the activity of the studied antioxidant enzymes in the body of
rats. The introduction of TP at doses of 16.0 and 55.0 mg/kg of body weight causes a significant change in the
activity of such antioxidant enzymes as SOD and catalase. Our results are consistent with the literature data,
according to which the cell quickly reacts to oxidative stress by increasing the activity of SOD, and SOD is
considered even as a stress protein synthesized in response to oxidative stress.

Conclusions. The conducted research shows the feasibility of studying antioxidant enzymes’ activity in the
mammalian body in sanitary and toxicological studies to increase the reliability of the developed hygienic
standards of xenobiotics in environmental objects and food products.

Keywords: technical product, triazole derivatives; lipids oxidation, antioxidants; superoxiddismutasa;
glutationperoxidasa, glutationreductasa and catalase; laboratory animals; peroral entry; toxicity
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BBenenue

[Mectuiwapl, SBIAACH OHOMOTHYECKH BBICOKOAKTUBHBIMHU
COCJIMHEHUSIMH, MOTYT ITPE/ICTABIISITH PEaIbHYIO OIIACHOCTD TSI
37I0pOBbSI HACEJICHHSI, BBI3bIBAsI PEAKTHBHOCTH OpPraHU3Ma C H3-
MCHEHHEM HECTICITU(DUUCCKIX OMOXHUMHUYCCKUX PEaKIHiA 0OMe-
Ha BEIIECTB BO BCEX JKUBBIX KieTkax. OHUM M3 PEry/IsTOPHBIX
MeTabOoJIMYECKUX MEXaHU3MOB THX PEAKIINHL SIBISETCS] aHTHOK-
CHJIaHTHasl CUCTeMa B BHJE OaslaHCa MEPEKHUCHOTO OKHCIICHUS
yrmioB (I1OJT) n anTrokcHmanTHOM 3amuTel (AO3) [1-3].

[TOJI mpencraBisieT co60if MHOTOCTYIEHUYATHIA TPOIIECC
OKHCJIMTEIbHBIX CBOOOJHOPAIUKAIBHBIX PEaKLHUil, B IMpO-
1ecce KOTOpbIX 00pa3yloTcst CBOOOHBIE PaIiKabl, TEPEKUCH

JUMAJOB U UX MeTa0oIuThl. OCHOBHBIMU TIOBPEIKIAFOIIIMHI
areHTaMH SIBIISTIOTCSI CBOOOJHBIC PaJUKAIbl KaK MOJCKYIIEI,
MMEIOINE HECHMapeHHBIN AMIEKTPOH U TOTOMY JIETKO BCTY-
MarolrMe B XUMUYCCKUE B3auMopaencTBus. [IpoaykTel Oonee
DIyOOKOTO OKHCIICHHS JIUTIONICPEKUCEH (allbACTHIbI, KCTOHEI,
KHCJIOTBI) TaK)KE€ MOTYT OBITh TOKCHYHBIMH [UTSI OPTaHU3Ma H
TpeOyIOT CBOEBpEMEHHOI HelTpamm3annu [4—6].
ITocpenctrom ITOJI B opranusme moCTOSTHHO OCYIIECTBIISI-
FOTCS PYHKIIMOHAILHBIC MOTU(PUKAIINY KIICTOYHBIX MEMOpaH:
oOHOBIsIeTCs cocTaB HX (pochomUmHUIoB, M3MEHSIOTCS JIH-
MUHO-0ETTKOBBIE OTHOIIEHUS MeMOpaH. B HopMe B miporiecce
MeTabomu3ma npoayktos [10JI oOpa3yrorcst huznosornuecKu
AKTUBHBIC COCIMHCHHUS, BHITOIHSIIOIINE OMPEICICHHBIC PETy-
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JSITOpHBbIE (PYHKIUKM B OpraHu3Me, HalpuUMep MpOCTarIaHIn-
HBI, TPOMOOKCaHBI, CTCPOUIHBIC TOPMOHBI U 1p. [7-9].

[pouecc ITOJI kak MexaHm3M (YHKIMOHAJIBHOW IIepe-
CTPOWKH MeMOpaH aKTHBHPYETCS B pe3ylbTraTe JIOOBIX
BO3/ICHCTBUI Ha OpraHu3M (KCEHOOMOTHMKOB, MYTarcHOB,
HOHM3UPYIOIIUX paJaIiii, cTpecca, MaTOreHHbIX MHUKPOOP-
ranu3moB) [10—12]. [TosToMy M3ydeHHE COCTOSHHSI CHCTEMBI
AQO3 opranmsma, peryaupytomiei xapakrep peaxmuid [10JI B
YCIIOBUSIX JICUCTBUSI HA OPTaHW3M KCEHOOMOTHKOB (IIECTHUIIN-
JIOB, JIETEPTEHTOB, CHHTETUYECKUX KpacuTeaeu u T.1.), sBIIs-
€Tcsl BaYKHBIM ATAIIOM HCCIIECAOBAHUH.

AQO3 oprann3Ma BKIIOYACT HI3KOMOJICKYIISIPHBIC aHTHOK-
CHJIaHTBl U CHCTEMY aHTHOKCHIAHTHBIX (pepmeHToB (AOD).
Cpenu AOD OCHOBHBIMHU SIBISIOTCS CYHNEPOKCHIANCMYTa3a
(COO), xaramaza, mepokcuaaza (TIyTaTHOH-TICPOKCHIA3a),
IIyTaTHOH-PEyKTa3a, CeJCHOBas IIIyTaTHOHTpaHc(epasa
u T [13-15].

Jannbix mo onenke cuctembl AO3 opraHuzMa TeEIUIO-
KPOBHBIX NP BO3/ICHCTBUH MECTUIM/IOB HEAOCTATOUHO, MTPHU-
YeM 3TO KacaeTcsl, TIPEKAE BCETO, UCCIEIOBAHNI aKTHBHOCTH
AO®. OtcyTcTBHE JAHHBIX O XapakTepe OMOJIOTHYECKOTO
JIefcTBUS MPOU3BOIHOTO TPHA30JIOB — TEXHUYECKOTO MPOTYK-
ta (TIT) na aktuBHOCTE AOP TEMIOKPOBHBIX (KPBICHI-CAM-
1161) P JUTUTEIEHOM BBEICHHH MTOCTY>KHJIO OCHOBAaHHUEM ISt
MIPOBEICHHSI HACTOSIIIINX MCCICIOBAHHUII.

Ieabio uccjie0BaHus SBISUIOCH U3ydeHUe BiuusgHus T1I
Ha akTUBHOCTE AO®D B opraHu3Me KpbIC IIPH €ro MHOTOKpar-
HOM II€POPAIIEHOM IMOCTYIUICHHN B XPOHHWYECKOM |2-Mecsd-
HOM JKCIIEpUMEHTE.

MarepuaJj 1 MeTOIBI

HUccnenoBanus nposezaensl B BuBapun @bYH «Denepans-
HbII Hay4HbIA LeHTp rurueHsl uMm. O.d. Dpucmana». Xpo-
Hudeckuid (12-Mecs9YHBI) SKCIEPHUMEHT* TMPOBOIIICS Ha
80 OenbIX KpbICax-camilax Maccoil Teja B Hadaje HCCICIO-
Banus 200-210 1, koTopble ObUIM pa3zesieHbl Ha 4 TPYIIIBI
(10 20 XWBOTHBIX B K&KAOH TpyIIe). |- rpymma )KHBOTHBIX
(xonTpomnbHas) TII He nomyyana, B ONBITHBIX IPYIIIAaX UCIIbI-
teiBasu aekicteue TII B 3 mo3ax: 2-s rpyrimna — 5 MI/KT MacChl
tena; 3-s1 — 16 Mr/kr; 4-s1 — 55 mr/kr. [To1OIBITHBIE YKUBOTHBIE
Ha npotskeHuu 12 mec nonyvanu TII ¢ kopmom. Kpbickl koH-
TPOJILHOM I'PYIIBI MOMyYaad KOPM B aHAJOTUYHOM C OIIBIT-
HBIMH TpyHIamu oobeme 0e3 100aBIeHNs BEIIeCTRa.

Uepes 1, 3, 6 u 12 Mec olleHHBalU COCTOSIHUE U IOBe-
JICHUE KUBOTHBIX, MOTPEOIEHNE MMM BOJABI M MHIIH. YpPO-
BeHp AO® (CO/l, mryTaTHOHNEpPOKCHAA3bl W TIyTaTHOH-
penyKTas3bl) BBIABISUIM Ha OHOXMMHYECKOM aHAIHU3aTope
«Chem Well» («Awareness Technology») ¢ ucronb3oBannem
JUArHOCTHYECKNX HaOOpOB PEaKTHUBOB IIPOM3BOACTBA
«Randox Laboratories Ltd».

AKTHBHOCTB Karanasbl (E, MKaT/J) ONpeaessuii KOJIOpH-
METPUYCCKUM METOIOM [16], paccunTthiBaimu mo gopmyie:

E=(Axon—Aon) ¥ V x 1 XK,

e Ayon M Aoy — SKCTUHKIMS XOJIOCTOH 1 OMBITHOH 1Tpo0 co-
OTBETCTBEHHO; J — 00beM BHOCHMOH 1po6sI (0,1 MiT); £ — Bpe-
Ms1 MHKyOa1mu; K — KodpGHUIUEHT MUJUTUMOJISIPHON SKCTHHK-
LUK OKpalleHHoro komiuiekca H,O, ¢ MonubnatoM aMMOHUS
(22,2 x 10° MM x em™).

* MeTonnUYecKie yKa3aHHs [0 THIHCHHYECKOH OICHKE HOBBIX
nectunuaoB. Kues, 1988; 210 c.

Pe3ysbrarhl MCCIeI0BaHHE 00pabOTaHbl CTATHCTHUCCKU-
MU METOJIaMU C KCIONIb30BaHUEM f-kputepus CThIOJEHTa B
nporpamme Microsoft Excel.

Pesynbrarsl

B nunamuke ucciieioBaHus YCTaHOBJIEHO, YTO M3MEHEHUH
B INOBCACHHUHN KHBOTHBIX U HOTpeGJ’ICHI/II/I BOJbI U IIHUIIIHN HE
BbIsBIIeHO. KonmmuecTBo morudmmx ocobeil B KOHTPOJIILHOH |
OTIBITHBIX TPYIIIaX HE 3apPETUCTPUPOBAHO.

[Ipu anannze OMOXMMHYECKHX TOKa3aTeNeH CHIBOPOTKH
KpOBH y Kpbic, noy4dasiux TI1 B no3ax 16 u 55 Mr/kr Maccel
TeJa, BBISBICHBI CIEAYIOIINE CTaTUCTHYECKH JIOCTOBEPHBIC
N3MEHEHHS:

* yepe3 3 mec BozaericTBus TI1 B mo3e 55 MI/kr — CHIKEHHE
aKTUBHOCTH Katayassl (p < 0,05);

* uepe3 6 mec BozneiictBust TI1 B no3e 55 mr/kr — yBenuue-
uue aktuBHOCTH COJI (p < 0,05);

* yepe3 12 mec Bo3zueiictBus TII B mo3e 16 mr/kr — yBe-
muuenue aktuBaocTr COJl (p < 0,05); B mo3e 55 Mr/kr —
yBenmuenne aktuBHocTH COJ] m cHMKEHHE aKTHBHOCTH
katanassl (p < 0,05).

VY kpsic, noxygaBmux TII B go3e 5 MI/KT, CTaTHCTHYECKA
JIOCTOBEPHBIX U3MEHEHMM 10Ka3aTesield aKTUBHOCTH U3Y4CH-
HBIX HaMu AO®D 10 CpaBHEHUIO C KOHTPOJILHBIMU KHBOTHBI-
MU He BbIsgBIeHO (p < 0,05).

O6cy:xxnenue

CO/l — oauH U3 caMbIX MOIIHBIX TPUPOTHBIX 3AITUTHBIX
AO®. COJl nmpucyTCTBYeT Kak BHYTPH, TaK U CHapy>Ku Kiie-
TOYHOW MEMOpaHBI, UrPaeT PEHIAIOIIyI0 POJIb B CHIKCHUH
OKHUCTUTENHHOTO cTpecca. CO/l xatanm3upyeT peaxiuio Jic-
MyTalun CynCpOKCUAHBIX aHUOH-PAaINKaJIOB B IICPOKCHU BO-
JIOpoJia, KOTOPBIH y)Ke MEHEee aKTUBEH U pasiiaraceTcsi IpH yda-
CTHH KaTajiasbl M JpYrux GepMeHToB. Peaknunio aucMyTanuu
MOYXHO pa30HTh Ha JIBE YaCTH CIICAYIOMIAM 00pa3oM:

1) M "~ COJ1 + O, — M"'— COJl + O;;

2) M"— COJl + O, + 2H* — M+ "~ COJ] + H,0,,
rne M (nmepexonusrii meramun) = Cu (n = 1), Mn (n = 2),
Fe (n=2),Ni (n=2).

B xone peakmun H,0,, ciocoben nnaktuBupoBars COJI,
no3tomy COJI Bcerma «pabotaeT» B mape ¢ Karaiasoil, KOoTo-
past 6picTpo 1 3ddektuBHO pacimenusier H,O, Ha HeWTpaib-
HBIE COCIMHECHNS.

Karaiasza — reMonpoTenH, KOTOPbI KaTajJu3upyeT peak-
o obesBpexxuBanus H,O,, obpasyromierocs B pe3yibrare
JICMYTAIlMN CYTICPOKCHIHOTO pPajHKaia, IMPEpbIBacT ATOT
nporecc, pacmemis H,O, va Boxy u kuciopon: 2H,0, —
2H,0 + O,. B kneTkax karajiaza B OCHOBHOM COCPEI0TOYEHA
B IIEPOKCHUCOMAX, B KOTOPBIX COJEpKATCS M (PEPMEHTEI, MPO-
nymupytomue H,O,, HeoOXomuMble B psisie MPOLECCOB KU3HE-
JIESITEIFHOCTH OPTaHU3Ma, B YACTHOCTH, B CHCTEMax HECHeIl-
nduryeckoil MIMMYHHO#H 3amuThl [17-20].

B mpoBeneHHOM XpPOHMYECKOM AKCIIEPUMEHTE yCTaHOB-
neno, uro TII B m03e 5 MI/KT HE BBI3BIBACT IOCTOBEPHBIX
W3MEHEHHUH aKTHBHOCTH M3y4deHHBIX HaMu AO® B opraHmsme
kpbic, BBegenune TII B mozax 16 m 55 Mr/kr aocToBepHO
n3MmeHs10 akTuBHOCTh COJI 1 karanasbl.

[TomyueHHBIE HAMU PE3YJIBTATH COTNIACYIOTCS C JaHHbI-
MU JINTEPATYPHI, B COOTBETCTBUU C KOTOPBIMH KJIETKa ObI-
CTPO pearupyer Ha OKHUCIUTENIbHbIA CTPECC MOBBIIICHUEM
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aktuBHoctu COJl, u COJl paccmarpuBaeTcs Jaxe Kak
cTpecc-0eNoK, CHHTE3UPYEMbIid B OTBET Ha OKUCIUTCIIbHBIN
ctpecc [21-23].

BsanmoneiictBue pazmmaasix AO® B opraHn3Me MIIEKO-
MMUTaroIIMX 1 4€JIOBEKa IIpU BOBHeﬁCTBHH KCQH06I/IOTI/IKOB, B
TOM YHCJIe IECTUIINAOB, TPeOyeT AaabHEHIIero H3yueHusl.

BriBoABI

1. MsaorokparHoe noctymieHue TII B XpoHuueckom
SKCTIEPIMEHTE B 03aX 16 U 55 MI/KT BBI3BIBAET CTATUCTHYC-
ck# ocToBepHOe n3MeHeHue aktuBHocTH COJI 1 kaTanassl B
OpraHu3Me KPbIC-CaMIIOB.

2. Jlo3a 5 MI/Kr HE BBI3BIBACT OCTOBEPHOTO MU3MCHE-
Hus akTuBHOCTH AO® B OpraHu3Me KpEIC.

3. llemecoobpa3Ho wusydenume axtuBHOCTH AOD B
OpraHnu3Me MJICKOIMUTAIOIIHUX B CAHUTAPHO-TOKCUKOJIOTHYC-
CKHX WCCIICJIOBAaHUSIX, C IEJbI0 IOBBINICHUS HAJCKHOCTH
pa3pabaTeiBaéMbIX THTHEHHYECKHX HOPMATHBOB COJIEpIKa-
HUSI KCEHOOMOTHKOB B 00BEKTaX OKPYKAIOIIEH CPeIbl B ITPO-
JAYKTax MATaHus.
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