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«MAPAJOKCAJIbHbIE» JOPEKTbl B TOKCUKOJIOIUMU,
MEXAHU3Mbl U METOAUYECKUME NOAXOAbI

K UX NMPOrHO3UMPOBAHUIO

(no gaHHBIM NUTEpPATYpPbI U COBCTBEHHbIX UCCNEe[OBAHUMN)

O.M1. Baceukasi, kaHgugat 6mon. Hayk, I.I. XXmMuHbKO, JOKTOP 6MON. HayK
[T «Hay4HbIV LIeHTP MPeBEHTUBHOW TOKCUKOOMN, MULLEBON M XMMUYEeCKov be30mnacHOCTH
MeHn akagemuka J1.M.Mensens MuHNCTepCTBa 34PaBOOXPAHEHUA YKpanHbI», I. Knes

PE3FOME. Ileav pabomot. O6o0ujeHue Aumepamyprbix 0aHHbIX U COOCMBEHHbIX UCCAC008AHUTL 0 «NAPAAOKCANbHOU» MOKCUMHOCHIU U MEXAHUSMAX <Napa-
JoKCanbHblX» IPPeKmos KceHoOUuomukos, paspadomka Memooudeckux nooxo008 K NPOSHOUPOBAHUIO «NAPAOOKCANbHOW» moKcuyHocmu. Memoobl.
Hayunoiii ananuz dannsix aumepamypol 0 «<napadokcarbiolx» aghexmax Kcenoduomukos. M3yuenue moxcuunocmu necmuyudos (mebykonazona, smun-
2ekcun06020 sgupa 2,4-J kucaomet, xnopnupugoca) 6 dozax coomeememeytouux 1 J14s5,na one 00Hokpamuoeo nepopanstoeo deticmeus usura 6 dose 13
me/ke (1/100 Jlsy), anmuxoaunscmepasHoii aKmugHOCMU XA0PRUPUPOCA NP U30AUPOBAHHOM U HOCAC008AMEAHOM B030€liCEUU HA OP2AHUSM KDbIC.
ObocHosanue memoouyeckux nooxo006 k NPOCHOUPOBAHUID «<NAPAOOKCAAbHOI» MOKcuHOCIU in vitro. Pe3yasmambt. B pabome dan nayunbiil anaaus aume-
pamypol U cOOCMBEHHbIX UCCA008AHUI 0 «NAPAOOKCANBHOU» MOKCUMHOCU XUMUMECKUX 6elecing, MEXAHUIMAx <«napadoKkcanbholx» @gexmos.
060cHO8aHbI N00X00b! K NPOCHO3UPOBAHUIO «<NAPAOOKCAAbHOI» MOKCUHHOCMU in Vitro. Boieodwt. «ITapadokcanvibie» sgghexmol 16110MCs CAOHCHOU OUONO-
2UUecKoll peakyueli opeaHu3Ma Ha 8o3delicmeue KceHOOUOMUKO8 HA YPOBHe HUSKUX 003 U 8 KANCOOM KOHKPEMHOM cayHae Moeym 0bimb 00yCA06AeHbI pa3-
AUMHBIMY MEXAHUBMAMU U 0COOCHHOCIAMU peakmusHbix cucmem opeanusma. ng PPP — npou3eoonsix N-okcuo RupuouHa 8aycryio potb 8 Mexanusme
«napacoKcanvHulx» Aggexmos uepaem moduguxavusa ouosoeuteckux memopan. llpu eviasnenuu «<napadokcanrshvix» 3pdexnos caredyem ycmanosausams
UX 3HAUMOCMb 045 OPeAHUBMA, MO eCMb UOCHMUPUUUPOBAMY HA NPeOMem — ABASIOMCA OHU NOBPENCOAIOUUMU UAU NPeOCMasAsIOm co00il a0anmayUuoH-
Hyt0 peakyuro opeanuzma. TIpoenosuposarie «napadoxcanbhoil» mokcuuHoCMY in Vitro ueaecooo0pasHo npogooums NOIMANHO ¢ UCHONL308AHUEM HPOCHIbIX

U UHGhOpMamueHblX OU0A0UHECKUX MOOenell.

Kuroueswie crosa: «<napadokcansivier dgexmot, Mexanusmbl 0elicmeus, npoeHo3uposanue, npoussoonsie N-okcud nupuuna.

B HacTosmee BpeMst B COBpEMEHHOM TOKCHKO-
JIOTMU BCe OOJIblIee BHUMAHUE YAEJISIETCS «I1apa-
IOKCAJbHOI» TOKCMYHOCTU — MPOOJIEME, pelie-
HUE KOTOPOI MOXKET MMETD BaXKHOE 3HAYEHUE TSI
PaCKpBITHSI MEXaHM3MOB MHOTMX OMOJOTMYECKUX
a¢hdeKxToB, B TOM unciie GOpMUPOBAHUS XUMUYE-
CKOM ITaTOJIOTMM TIPA BO3JACHCTBUU Pa3JIUYHBIX
COEIMHEHMI Ha HU3KMX W YPE3BbIUANHO HUBKUX
VPOBHSIX A03 WJIM afanTallid OpraHu3Ma K HX
BJIMSTHUIO.

B maHHOIT cTaTbhe MOpEeaNnpUHSITA TMOIBITKA
0000IIUTHL HEKOTOPBIE U3BECTHBIE JAaHHEIE JTUTE-
paTypbl 0 <«[apagoKCaJbHONH” TOKCUYHOCTHU
XMMMWYECKUX BEIIECTB U PE3YJIBTAaThl COOCTBEH-
HBIX UCCJIEIOBAHUI PETYISITOPOB POCTA PACTEHUIA
(PPP) — mpousBomHbiXx N-OKCUI THUPUAWHA C
LIEJIbIO BBISICHEHUSI HEKOTOPBIX CTOPOH MEXaHU3-
Ma 3TOrO SIBJEHUSI KaK 0011e0MOJI0rMUeCKOM TTpo-
OJ1EMBI.

Panee Hamu ObLIO MOKAa3aHO, YTO MPU IEPO-
pajJbHOM CYOXpOHUYECKOM ITOCTYIIEHUM B Opra-
HU3M TEIUTOKPOBHBIX XMBOTHBIX ITPOMU3BOIHBIX
N-okcua nupuavHa (MBUHA — 2,6-AUMETUITIN-
punuH-1-oKcua, TpuMaHa — akBa-N-oKcua-2-
METWINMPUINHMAapPTaHel-2-XJI0pua U TeTpaHa —
Hu(N-okcun-2-metunnupuaud) muHk (1) xmo-
pUI) HAOTIOOAIOTCS «ITapagoKcaabHBIe» 3(P(PEKTHI
— OTCYTCTBYET 4YETKAasl 3aBUCHUMOCTb «I03a-
BpeMI-3(PpheKT» IO MOKa3aTeJasIM COCTOSHUS
MeMOpaH MUTOXOHAPUI TeMaTOLUTOB U MEePEKMC-
Horo okuciaeHus mununoB (I10J1) B TKaHIX ITeue-
HU U OEJIOK-CUHTETUUYECKUX MPOLIECCOB B Opra-
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HU3MeE KphIC, ycuaeHue 3¢ (GeKTOB C YMEHbIIEHU-
€M JIEWCTBYIOIIEW 103kl BemectB  [1-3].
3HaYMMOCTh 3TUX 3(G@HEKTOB sl OpraHu3Ma
OIHO3HAYHO OLIEHUTH TPYAHO. B cBsI3M ¢ 3TUM, C
LIEJIBIO OLIEHKHU TTOBPEXIAOIIETO ACHCTBYS, ObLITU
JOTIOJTHUTESILHO TIPOBEAICHBI MCCIIEIOBAHUS 10
U3YUYCHUIO OCTPON TOKCUUYHOCTU HEKOTOPBIX
MEeCTUIIUAOB, OOJAJAIOIINX BBIPAXKEHHBIM Tera-
TOTOKCUYECKMM WJIM aHTUXOJMHACTEPA3ZHBIM
nericteueM Ha ¢oHe BozaeiictBusi PPP uBuHa,
HauoboJiee IUPOKO MCITOIB3YEMOTO B CEJIBbCKOM
XO3SIUCTBE YKpaWHBI.

B Hacrosiiiee Bpemsi B TOKCUKOJIOTUUA OTCYT-
CTBYIOT METOIWYECKUE MOOXONBI K MTPOTHO3UPO-
BAHUIO «mapanakcaabHOW» TOKCUYHOCTHU.
YuuThiBas BaXKHOCTb HAHHOU IPOOJEMBI, OBLIO
OBl 11€J1€CO00Pa3HO Pa3padboTaTh MOAXO/bI K TTPO-
THO3UPOBAHMIO MapagoKcaJbHBIX 3(POEKTOB,
MpeXJe BCEro B YCJIOBUSIX SKCIEPUMEHTA in Vitro,
MOCKOJIbKY HMCCJIEI0BaHMS Ha J1abopaTOpPHBIX
SKUBOTHBIX 3TO AOPOTOCTOSIIUUN Y TPYAOEMKHUIA
Mpoliecc.

B cBsI3U ¢ 2TUM, LIEIBI0 HACTOSIIEH PadOTHI
SBWJIOCH OOOOIIECHUE JIMTEPATYPHBIX HAHHBIX U
COOCTBEHHBIX HCCJIEA0BAHUI O <«IapamoKcaib-
HOM» TOKCMYHOCTHY M MEXaHM3MAaX «I1apa0KCab-
HBEIX» 3(h(HEKTOB KCEHOOMOTHKOB, pa3paboTKa
METOAMYECKUX TOAXOA0B K IMPOTrHO3UPOBAHUIO
«I1apagoKCaIbHON» TOKCUIHOCTH.

Marepuanasl ®W  MeTOABI  HCCJEIOBAHMIA.
[IpoBeneH HAyIHBIN aHAJIN3 TaHHBIX JIUTEPATYPHI
0 «MapagoKcaabHbIX» 3(MheEeKTax, 0COOEHHOCTIX
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BO3AEHCTBUS MAJIbIX 103 XUMUYECKUX BEIIECTB HA
OpraHm3M M OHOJOTMYECKME TECT-CHUCTEMBI in
vitro, BO3MOXKHBIX MEXaHU3MaX <«IapagoKcasb-
HOW» TOKCUYHOCTHU.

Hns  yCTaHOBJEHUSI TOKCHMKOJOIMYECKO
3HAUMMOCTU  «IMapagoKcalbHbIX» 3(PPEKTOB,
BBISIBICHHBIX PaHEe y KMBOTHBIX IIPU BO3MEii-
crBuu PPP [1 — 5], mpoBenaeHBI JOMOJIHUTEIBHBIC
HUCCIIeMOBAaHUSI OTBETHOII peakIMy OpraHM3Ma
KPbIC HA HAIPY3KY I'eNaTOTPOIMHBIMM 1 aHTUXOJIM -
HACTEPA3HBIMU MECTULMIAMHU B 03¢ COOTBET-
crBymotieit 1 JIM1sy Ha ¢oHE OMHOKPATHOTO TIEPO-
PalbHOTO BO3ICHCTBUS MBHMHA B 03¢ 13 MI/KT
(17100 JIs5p).

ZKMBOTHBIM CHayaja BBOIWJIM IEPOPaIbHO
WBMH B yKa3aHHOW m03e, 3aTeM uepe3 24 daca
ucceayeMble IECTULIMIBI B J103aX COOTBETCTBYIO-
mmx 1 JI1s5, (remaroTpornHble BelecTBa — TeOyKo-
Ha30J1 B 103¢ 2375 MI/KI, 3TUI-ITeKCUIOBbIIA 3hup
2,4-11 xucnoTbl — 540 MTI/KI, aHTUXOJIMHICTEPa3-
HO€ BELIeCTBO — xjopnupudoc — 75 mr/kr). 3a
KMBOTHBIMU HaOJOAand B TedeHue 14 cyTok,
VUUTHIBAIM KJIMHUYECKHUE NTPU3HAKM MHTOKCUKA-
MU, BPEeMSI TOSBIISTHUS, MPOAOKUTEIBHOCTA 1
XapakTep MHTOKCUKAILINI, TUOEIb KMBOTHBIX.

HccnenoBanus BRIITOTHEHBI HA 66 TTOIOBO3pE-
JIbIX Kpbicax camuax Wistar Han (macca tena 180-
200 1), B COOTBETCTBHM C MIPUHIIUIIAMH HaJjIexKa-
et 1adopatopHoii npaktuku (GLP).

[Tpu aeiictBrun pochopopraHUYECKOTO MECTU-
nuuaa xjopnupudoca U3ydyeHa aHTUXOJIUMHICTE-
pa3Has aKTUBHOCTb B CBIBOPOTKE KPOBU, 3PUTPO-
LIUTaX ¥ TOJIOBHOM MO3Te KpbIC uepe3 4 u 18 yacos
(B MOMEHT HauOOJIbLICTO MPOSBACHUS aHTUXOJIU -
HICTEPA3HOro ACHCTBUS BEIIECTBA MPU U30JUPO-
BAaHHOM IIOCTYILICHUM B OPTaHU3M) IO METOIY
Hestrin S. [6].

Ha ocHoBaHMM aHaIM3a JUTEPATYPhl U COOCT-
BEHHBIX MCCJICHOBAHUN O <«IIapagoKCaIbHBIX»
3¢ dexTax, MOJYUYEHHBIX HAa Pas3jUYHBIX TECT-
CHACTEMAaX, 000CHOBAHBI MOAXOIbI K IPOTHO3UPO-
BAHWIO «TTAPATOKCATBbHOW» TOKCUYHOCTH in Vitro.

PesyabTaTthl uccienoBaHuii 1 MX 00CYKIeHue.
LllapagokcaabHas” TOKCHYHOCTh. McTOopus ucce-
JIyeMOro BONpOoCca, 0COOEHHOCTH JeiCTBUSA CBEpXMa-
aeix 103 (CMJI). Brnepsbie «mmapagokcajibHBIC»
3¢ PEeKTh XMMUYECKNX BEIIECTB (CHMXKEHME TOK-
CMYECKOro NEMCTBUSI KCEHOOMOTUKA TPU MOBbI-
LLICHUU J03bl WK yBeaudycHue d3P@PeKkTa HA HU3-
KUX YPOBHSIX 103, OM- WU ITOJIMMONAIbHAS 3aBU -
CUMOCTb «/103a — e(pdeKT») ObLIN BbISIBICHbI E111e
B Hayvasie 20 cToseTusi, HO TOKCUKOJIOTY CYMUTAIU
3TO KaK apredakT U He YAENsUIA TOJKHOTO BHU-
MaHUs 3TUM HCClenoBaHusIM. [1o 3TOMy TIOBOIY
A. Albert (1958) ormerun (ITo: C.B.Kpui- ToneH-
ko u ap. 2001): «Pa3Be KTo-HUOYIb TOJLKEH OXI-
JaThb YMEHbLIEHUS TOKCHUUecKoro 3addekra
JII0001 OMOJOTUYECKN aKTUBHOM CyOCTAaHIIAM I10
Mepe TOro KakK KOHILIEHTpaLus MoBbIIaeTcs? TeM
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HE MEHEE HECKOJIbKO MPUMEPOB OOHAPYXMBACT-
s, TIe 3TO IIpoucxoaut» |7, 8].

TepMuH «mapagokcajibHasi» TOKCUYHOCTD
BriepBeic mosiBuicss B 1964 romy B pabdorax
A.Schatz. CyllleCTBEeHHbIE OTKJIOHEHUsI OT Kjac-
CUYECKOM 3aBUCUMOCTH «A103a-3(PPeKT», «103a-
BpeMsi-2((eKT», BBISIBACHHBIE B DKCTIEPUMEHTAX
Ha XXMBOTHBIX IIPU UCCIIEAOBAHNM PA3HBIX KCEHO-
OMOTHKOB, OBIIM Ha3BaHBI A.Schatz 1 coaBTOpa-
MU «IIapafoKCajbHOM» TOKCUYHOCTBIO [9]. Tloxn
TEPMUHOM  «IapagoKcajbHass» TOKCUYHOCTH
OOBIYHO TIOHMMAETCSI YMEHBIIeHNE TOKCUIECKO-
TO JIEVCTBUS UCCIEAYEMOTO BEIIECTBA TP MOCe-
JIOBATEJIbHOM YBEJIMYEHUU T03bl WJIM MOBBIILIEHUE
TOKCUYHOCTH MPHU CHUKEHUE ACHCTBYIOLIMX J03.
Takast TpakKTOBKa «IapamoKCaJbHO» TOKCUYHO-
CTU SIBJIIETCSI IIPUEMIIEMOM, TTOCKOJIBKY OTPaKaeT
CYTbh 3TOTO SIBJIEHUS U COIJIacyeTcsl C IpeacTaBie-
HUSIMU O «I1apaJ0KCaIbHOI» TOKCUYHOCTA MHO-
rux ydeHoix (H.B.Jlazapea, H.C.I[lpaBmuHa,
A.A.Tony6eBa, B.A.®unosa, E.N.JT106auHOI 1
np.). bojgee TOYHO 3TO SIBIEHHME MOXET OBITh
OIpelie/ICeHO KaK <«IlapaaoKcaibHas» (HEeJIUHEH-
Hasg) 3aBHUCHUMOCTL «I03a—>A(PdEKT», «I03a-
BpeMsT — 3(PPeKT» WIS ONpeneeHHOrO A1ara3o-
Ha J103.

B xiaccuueckoit TOKCMKOJIOTUM MPUHSITO CUK-
TaTh, 4YTO 3(PMEKT YBEIMYMBACTCSI ITPOMOPIIHO-
HaJIbHO TIOBBIIICHUIO O3Bl BellIecTBa. B aTOM
cllygae OOJBIIMHCTBO 3aBUCHUMOCTEN «I103a-
3¢ ¢eKT» UMEIT B apUPMETUIECKOI CEeTKE KOOP-
IWHAT S-00pasHbIii BUI, B JOorapuMUUYECKON —
npsiMoii. B cirydae «mmapamoxcanbHBIX» 9(D(HEKTOB
KpWBasg MMEET OMMOAANbHBIN WJIM TTOJMMONAJb-
HBII BUA. Mexny KaxabM MUKoM 3P dekra nme-
€TCSl 30Ha «IIpoBajia» WIM «MEPTBas 30Ha», TIe
Kakoii-1160 3¢pdekT orcyrcryer [10, 11].

O6CyxIass BOIIPOCHl «I1apaJoKCAIbHOM» TOK-
CUYHOCTUA HEJB3SI OOOMTH TaKoe SIBJICHME Kak
ropMesuc, rae 3P@EeKThI MPOSIBISIOTCS HA YPOBHE
HU3KMX 103. [opMe3nc ObIT M3BECTEH Ha CTOJIETHE
paHblIe, YeM <«IlapagoKCalibHas» TOKCHYHOCTD.
IlepBBIe IPEONONIOKEHHUS O CYLIECTBOBAHIU TOP-
Mesuca obuir BeIABMHYTH Hugo Schulz 1 Rudolf
Arndt B 1880 romy npu ucciaenoBaHUN AEHCTBUS
TOKCUHOB Ha JPOXCKU. TepMUH <«TOPME3UC»
MPOUCXOOUT OT IPeUyecKoro cjiopa ,,hyrmeésis”,
YTO O3HayaeT «ObicTpoe mepemelneHue». Ilo C.
3ont™any u J.9pauxy (1943 r) «<ropme3uc — ato
CTUMYJISLNST KaKOM-TUOO CHUCTEMBl OpraHu3Ma
BHEIIHUMHU BO3IEHCTBUSIMU, MMEIOIIMMM CUILY,
HEIOCTATOYHYIO IS TMPOSIBJIEHUS BPEIHBIX
addekToB». TlposBieHne ropMe3nca UMeeT 2-X
(ha3HEI XapaKTep — MHTMOMPOBAHNE U CTUMYJISI-
uuo, U Ha rpaduke mmeer U-00pa3HBIl BUI.
Topme3suc mposiBisieTcs: MPU BO3ACHCTBUN MAaJIBIX
03 panvalvMv, HEKOTOPBIX SIA0B, JEKApCTB U
XUMUYECKUX BemecTB [12 — 14]. SIBneHue ropme-
31Ca HAIUIO IIMPOKOE IIPMMEHEHNE B TOMEOIa-
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TUU, KaK CaMOCTOSITEJIbHOM HampaBIeHUU M-
LIMHbBL. BMecTe ¢ TeM, 5TO HaNpaBJIeHUE MEAULIM-
HBbI IM€ET MHOI'0 KaK CTOPOHHMKOB, TaK M IIPO-
TUBHUKOB. [JITaBHBIM apryMEHTOB KPUTHUKOB TOp-
Me3Hca, KaK U «IapagoKcalbHOW» TOKCUYHOCTH,
SIBJISIETCS OTCYTCTBUE OOCTAaTOYHON KIMHUYECKU
MOATBEPKIAECHHOW 0a3bl JAHHBIX, MEXaHU3MOB
JIEUCTBUS Y MMOAXOA0B K OLICHKE 3HAUYMMOCTH 3THX
3¢ ¢exkToB. OCHOBHBIE aCHEKTHI IIPOOIEMBI TOP-
Me€3HCa JOBOJIbHO IUPOKO OCBEIIEHBI BO MHOTMX
MyOJIUKaALMSIX M 00001IeHBI B padotax [15 — 19] u
np. B nmoxmanme LleHTpaibHON TOKCUKOJIOTHUYE-
ckoii ymaboparopunu Bemukoopuranum (1998 r)
YKa3bIBAE€TCsI, YTO TOPME3UC MOXET MMETh pa3-
JINYHbBIC TIPOSIBJICHUS U MO XapaKTepy 3aBUCUMO-
CTH «103a-3(PPeKT» COMnocTaBUM ¢ KPUBLIMU TSI
«I1apagoKcanbHOM» TokcnuHocTu [20]. B HacTos-
1ee BpeMsi TOPME3UC paccMaTpUBaeTCs Kak
HEMOHOTOHHAs1 (MapagoKcaabHAasl) 3aBUCHMOCTD
«1032-0TBET» Ha pa3IMUHbIC HEOIATOMPUSITHBIC
BO3IeiCTBUS (DaKTOPOB OKPYXKaAWOIIEeH Cpebl.
[TosTOMy TEpMUHBI «IapagoKcajbHas» TOKCUY-
HOCTb U «TOPME3MC» MOTYT pacCMaTPUBAThCS KaK
CMHOHUMEI [20, 21].

AHanu3 OaHHBIX JUTEpaTypbl I1OKa3aja, 4TO
,TapamoKcaabHble» 3(P(EKThI BBISIBIACHBI IS
(pakTOPOB KaK XMMUYECKOM, TaK U (PU3UUYECKOI
OpUpOIbl: (PAPMAKOJIOTUIECKUX CPEACTB — IIPO-
TUBOOITYXOJIEBBIX, AHTUMETACTATUIECKUX, HEUPO-
TPOITHBIX MPETNapaToB, PAIMOIIPOTEKTOPOB, HEli-
POIENTUI0B, TOPMOHOB, aJalNTOTCHOB, UMMYHO-
MOJIYJSITOPOB, AHTUOKCUAAHTOB, XMMMYECKUX
BEIIECTB Pa3JIMYHOIO XMMHUUYECKOTO CTPOCHUS U
Ha3HA4YCHMST — 0JIC(PMHOB, OM(ECHUIIOB, TUOKCH-
HOB, TSDKEJbIX METaJJIOB (0JIOBO, CBUHEL, Kas-
MM, PTYTh, LIMHK), HEKOTOPBIX PEryJasTOPOB
pocTa pacTteHuil (IIPOM3BOAHBIE MOYEBUHEI,
MUPUAVHA M aCTIapariHOBOI KMCJIOTBI, CTEPOUI-
HBIE TJIMKO3UALI U 1p.) [22 — 28].

B HacTosiiee BpeMsi HAKOMUIOCh MHOXECTBO
(paxToB 0 <«IapamoOKCaIbHOI” TOKCHUIHOCTHU
XMMMYECKUX BEIIECTB. B KauecTBe IpKuUX IMpume-
pPOB IIpHUBEIEM HECKOJbKO M3 HHUX, HauboJjee
LIMTUPYEMBIX B OT€YECTBEHHOM TOKCUKOJOTUU.

A.E.Tony6es (1956-1957 rr) npy MHTaiasiLiMoOH-
HOM BO3IEICTBUM CIOXHBIX 3(UPOB BUHUIIOBOIO
CIIMpTa YCTAaHOBUJI MapPamoKCaabHOE I€HCTBHUE I10
TOKCUUYECKOMY OTeKY Jerkux. B aTom uccienona-
HUMU YCTAHOBJICHA MTOPOroBasi KOHLCHTpaLMs yKa-
3aHHOTO BEIIECTBA HA YPOBHE 2 MT/J1. B KOHIIEHT-
pauusix 4, 6 u 8§ Mr/a oTMevyasoch MPOTNOPIIMO-
HaJIbHOE YBEJIMYEHUE OTeKa JIeTKUX. B KOHLIEHT-
panuu 10 Mr/n HaGmoganoch cHUXKeHne >hdex-
ta. C yBeIMmUeHNEM KOHIICHTpaluy 10 48 Mr/1
SIBJIEHUSI OTE€Ka JIETKMX 3HAYMTEIHLHO YMEHbIIA-
JINCh, W 3TO CBS3BIBAIOT C TEM, YTO BEIIECTBO
HauuHas ¢ KOHUEHTpauu 10 Mr/a 1 BblLIE TIPO-
SIBJSII0 HapkKoTtuyeckuii 3dpdexrt. IlpenBapu-
TeJIbHAas HAapKOTU3alLMs KMBOTHBIX aMUTAJIOM
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HaTpUsl MPUBOJAMIA K ITOJHOW 3alIMTe OT 3TOrO
nopaxenus [29, 30].

ITo nanneM J1.C.Capkucona (1969) ipu BBene-
Hun MbimaMm 0,2 mit 40 % pacTBOpa YEThIPEXXIIO-
PUCTOTO yrjepojaa yepe3 AeHb ITOruodjio B 2 pasa
MEHBIIIE MBIIIIEN, YEM TIPU BBEAEHUM €r0 B TOM XKe
nmo3e 1 pa3 B 2 Hemenu. [Ipu 3TOM, B IEPBOM CITy-
yae MoJydeHHAas1 00IIast 103a YEThIPEXXIIOPUCTOTO
yraepona 6n1a B 6 pa3 BBIINIE. ABTOPEI CUMTAIOT,
YTO TMPU BBEACHUU YETHIPEXXJOPUCTOTO yIjieponaa
1 pa3 B 2 HeIeMM TMHTEHCUBHOCTD PENIapaTUBHOTO
Ipoliecca OblIa HIDKE, YeM IIPA BBEACHMU 4Yepe3
IeHb, U He KOMIICHCHpOBaJa IIOBPEXIAIOIIETO
nelicTBus BelecTna [31].

BriocaenctBuu ObLIO MOKa3aHO, UYTO ,,Mapa-
JOKcaabHbIe” 3(D(MEKTH B OOJIBIINHCTBE CIIydaeB
BBISIBJIIIOTCS] HA HU3KUX M CBEPXHU3KUX HO3aX.
CIoCOOHOCTh psila XMMUYECKMX BEIIECTB IPO-
SIBJISITh OMOJIOTMYECKYI0 aKTMBHOCTb B CBEpXMa-
JIBIX [03aX OBUIO TOKAa3aHO COTPYAHUKAMU
MOCKOBCKOW BETEPUHAPHOW AaAKAAEMUU UM.
K.N.Ckpsiouna, a peHomen CM/I moHavany Boc-
NpUHUMAJICA Kak apTedakT W J0Jroe BpeMs Y
TOKCHUKOJOTOB BBI3BIBal Hemoepue. OmHAKO
(akThl 0 «MmapagoKcanbHbIX» 3(PdexTax XxuMuue-
CKUX BEIIECTB IIpU ACHCTBUU B MAJIBIX 1 CBEpXMa-
JIBIX 103aX HAKaIJIMBAJIUCh U MOCTEIIEHHO MEHSI-
JIOCh OTHOIIIEHNE MHOTMX aBTOPUTETHBIX YUECHBIX
K 3TOMY SIBJIeHHIO [32].

M3yuast BausiHIE HEKOTOPBIX aHTUOKCHIAHTOB
Ha 3JIEKTPUYECKYIO aKTUBHOCTb M30JMPOBAHHOIO
HEMpPOHA BUHOTPAAHON YJIMTKH, ObLIO MOKA3aHO,
4TO KOHLIEHTpaUus aHTUOKCUaaHToB 1073 M
ObL1a 9((HEKTUBHON 1 B TOXKE BPEMSI TOKCUIHOM.
B xoHueHTpauuu MeHplieit B 10000 pa3 oHu oka-
3bIBAJIM MEHEE BBIPAXKEHHOE TOKCUYECKOE Jeli-
CTBUE, HO TIPOSIBJISLIN OOJIBIINIA CIIeI(brIeCKUiA
addexT. Ilpn ganpHeIeM CHIKEHNN KOHLIEHT-
palld aHTUOKCUIAHTOB OTMEUAIOCh ITIOBBIIICHUE
sddeKTa ¢ MAKCUMYMOM B KoHLeHTpaumu 10715 M
W HUBEIMPOBaHMEM 3(P@deKTa B KOHICHTPALIUN
10717 M [25, 33, 34].

HWHTepecHble OaHHBIE OBUIM  IIOJYyUEHBI
JI.LA.OcTpoBCKOIT U coaBTOpaMU TMPU UCCeN0Ba-
HUM 3(pPeKTUBHOCTH AokcopyouHa. ITokaszaHo,
YTO MPOTUBOOITYX0JIeBasl aKTUBHOCTD IOKCOPYOu-
Ha 3aBHCEJA OT €ro JEWCTBYIOLIEH KOHIIEHTpa-
uun. B konuenTpaumax 107 M u 10-2° M ormeua-
JIOCh TOPMOXCHUE pa3BUTHs MesaHombl B16, 10710 M
— crumynauua. B konuentpauuu 1020 M —
BBISIBJIEHO TOPMOXKEHME Pa3BUTUS KapIIMHOMbBI
755, 102 wu 100 M — crumynasums[35].
BroisiBieHHbIEe «IapamokcaiabHbie» 3P(HEKThl Y
JIOKCOpYOMHA CBUIECTEIBCTBYIOT O BAXKHOU 3HAYM -
MOCTH 3TOTO SIBJIEHUS, IIOCKOJIbKY HEIPaBUILHO
nomoOpaHas 103a JIEKapCTBEHHOTO CpEeNCTBa
MOXET UMETh O0pPaTHbIN 3(PPEeKT oxXrmaemMomy.

IToxoxxue pe3ynsraThl HAOMIOAAAU U TIPU Jeii-
CTBUM JIPYTMX KCEHOOMOTUKOB KAaK B OIbITAX in
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Vitro, TakK 1 in vivo Ha pa3inyHbIX OMOJIOTUYECKUX
00BEKTaX — MaKpOMOJIEKYJaX, KJIETKax, opra-
HaX, TKaHSIX, OpraHM3MaxX M NaxKe IOITYJISIILIMSIX.
MoXHO yTBEpXIaTb, YTO 3TO HE OCOOCHHOCTb
Kakoro-iau0o BEIIECTBa, a €Ille HEeI0CTaTOYHO
M3YyYEHHBIM TUIT B3aMMOIECUCTBUS OUOJIOTUYE-
CKUX CHCTEM C (PM3MOJOTMUECKU AKTHUBHBIMU
BelllecTBaMU B cBepxmaibix go3ax (CM/JI).

IIo muenuto E.b.bypnakoBoii u psma Ipyrux
uccaenonateneit, rpanuua CMJI onpenensiercs
YUCJIOM MOJEKYJI OHOJOTUYECKA aAKTUBHBIX
BeuiecTB (BAB) Ha kneTky. B omHOM Mornie Benne-
CTBA HaXOOUTCS OKoJIOo 6+ 1023 Monexys, a 4ucio
KJIETOK B JIIOOOM MHOTOKJIETOUHOM OpraHM3Me
(HarpuMep, >KMBOTHOI'O) COCTABJISIET MPUMEPHO
10'°, Tak uto npu BBeneHuu BAB B opraHusm B
no3ax 10~12—10~'3 M Ha oHy KJIETKY IIPUXOAUTCS
ot 10 no oaHoit mosekysbsl BAB. TToatomy CM/]
oTBeyaloT KoHueHTpauuu 102 M u Huxe. B
Hactosiiiee Bpems E.B.bypnakoBa u coaBTOpPBI
BBIIEJIIIOT 0601e ocobeHHocTr neiictsusg CM/]
XapaKTepHbIE KaK 11 XUMUYECKUX, TaK U PU3u-
yeckmx akropos [33]:

1. AHoMmanbHasg (HEMOHOTOHHAS, HEJIMHEHAS,
TOJMMO/IAJIbHAS) 3aBUCUMOCTD «J103a— (P DeKT».

B OoablIMHCTBE CiIy4yaeB, MaKCUMaJIbHBIE
3¢ @eKThl HAOIIOMAOTCS B ONPEACICHHBIX MHTEP-
Bajiax 103 U Pa3leeHbl «<MEPTBOM 30HOI», B KOTO-
PO MPaKTUYECKN U3MEHEHN I HE OTMEYAETCH.

2. M3MeHeHue 4yBCTBUTEIBHOCTUA TECT-00b-
eKTa K pa3HO0Opa3HbIM (pakTOpaM: BHYTPEHHUM
M BHELIHUM Pa3HOU MPUPOIBI B 3aBUCUMOCTH OT
JI03bl U KOHLCHTPALIUA.

YyBCTBUTEJIBHOCTb TECT-O0BEKTA K JICHCTBUIO
pa3HbIX (haKTOPOB B TOKCUYECKUX, CYOTOKCHUYE-
ckux go3ax 1 B CMJl 3HAYUTEJIPHO MEHSIETCH.
Hanpumep, ycTaHOBIEH CMHEPTU3M (MHOTOKpaT-
HOE yCWJIEHHE) AEHCTBUS ABYX IIPOTUBOOITYXOJIe-
BBIX IIPEIIapaToB, IIPX BBEACHUHN OMHOIO U3 HUX B
CM/I. O6uasg akTMBHOCTb TE€POMILIMAOB TaKXKe
TOBBIIIANIACH, €CIN XOTS OBl ONVH M3 HUX BBOOM-
gu B CMJI. Onucan ¢eHOMEH MHOXECTBEHHO
XAMMWYECKOM  4yBCTBUTEAbHOCTH  (Multiple
Chemical Sensitivity, MCS) unu ,,007€3Hb OKpY-
xaromeit cpeabl” ((Environmental illness), Koto-
pBIil ABIISIETCS CAEACTBUEM CBEPXMAaJbIX 03
XuMMIeCKuX BemecTs [36]. Ocobyro poib B op-
mupoBaHuu MCS OTBOAST MECTUIIMAAM, IPO-
MBIIIUIEHHBIM XUMHUKaTaM, OOEBBIM OTPAaBJSIIO-
IIMM BEILIECTBAM.

3. «3Hak» (HampaBJIeHHOCTb) 3 PeKra 3aBu-
CUT OT T€X XapaKTEPUCTUK, KOTOPHIMU OOBEKT
00J1aman 10 TOro, Kak rMmoaBeprcst BO3AEHCTBUIO.

IIpumepamu 3aBUCUMOCTH “3HakKa” 3ddexra
OT HAYaJbHBIX XapaKTEPUCTUK OMOIOTUYECKUX
00BEKTOB MOXKET CIYXKUTh pa3HOHAIIPABICHHOE
NENCTBUE AaHTUOKCUJIAHTOB HA TTOTEHIUAJIBI U30-
JIMPOBAaHHBIX HEMPOHOB (BBICOKUI — IMOHWXAET
addexT, HU3KU — MoBbIIAET IPGHEKT).
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4. CroiictBa BAB ¢ ymMeHbIIEeHUEM KOHIIEHT-
palMu MEHSIOTCS, B YACTHOCTU MPU COXPaHEHUU
AKTUBHOCTH JIEKAPCTBEHHBIX TPENapaToB UCYe-
3a10T MOO0YHbIE IPPEKThI OT UX TPUMEHEHUS.

Hanpumep, ¢ yMeHbllIeHHEM KOHUEHTpaLUuU
LIHAPOKO UCIOIb3yeMOr0 TpaHKBUIM3aTopa (heHa-
3ernama, mOO00YHbIE B(PGEKTh (COHIUBOCTD,
MbIIIEYHast CJ1ab0CTh, OJOBOKPYXKEHUE W TOIII-
HOTa) HE HAOII0JAI0TCsI, HO €ro 3((HEKTUBHOCTh
He CHMXaeTcs. B cBA3M ¢ 3TUM B HM3KHUX J03U-
POBKax €ro peKOMEHIYIOT IPUHUMATh B THEBHOE
Bpems [37].

5. dns ¢puszndeckux (hakTopoB (HATIpUMeEp,
panyMakTUBHOTO 00JyYeHUs ) 3(PHEKT yCUIMBACT-
¢Sl C TIOHMKEHMEM MHTEHCHUBHOCTU BO3ICHCTBUS
B OTPE/ICICHHBIX Mpeaesax.

IlokazaHo, UYTO MWUHHMMAJIBHBIC 3HAYEHUS
ToKa3aTeJiell OHKOJIOTMUYECKON 3a00JIEBAEMOCTH U
MoKa3zaTeJicii CMEPTHOCTU B YUACTHUKOB JIMKBUA-
UK TOCNEACTBUIT YepHOOBUIBCKOW aBapuu Mpu-
XOITCS Ha 703y OKoJio 25 clp, B TO Bpemsi Kak
MaKCUMaIbHbIE 3HaUeHnst — Ha 103y 1071 cIp [38].

«ITapagokcaiabubie” 3((eKThl NPOU3BOTHBIX
N-okcua nupuauHa. HaMu Ha OpoTsSDKeHMU psiaa
JIET U3y4yaJnchb TOKCUKOJOTMYECKUE CBOMCTBA
PPP — mpousBomHbix N-oKcui IHpUIMHA
(MBUHa, TpMMaHa, TETpaHa U KOMILUIECOB UBMHA C
OpPraHMYECKMMM KHUCIOTAaMU) KaK B YCIOBHUSIX in
vivo, Tak u in vitro. MccnemnoBaHus in vivo IpoBe-
JIEHbI HA KPbICAX TIPU MEPOPATILHOM CyOXpOHUYE-
CKOM BO3/ICIICTBMU HAa OPraHM3M B J103aX COOTBET-
crByrommx 1/100, 1/1000, 1/10000 u 1/100000
JIA50, nnsa mBrHa 910 Mo3w! 13,0; 1,3; 0,13 10,013
MTI/KT COOTBETCTBEHHO [1-3, 5, 39].

YcTaHOBIIEHO, YTO MPU CYOXPOHUYECKOM NIEHi-
CTBMM UBMH B 103ax OT 13 10 0,013 Mr/KT BbI3bI-
BaeT (pazoBbie u3meHeHus [1OJI (1o coaepkaHuio
MJIA) B MUTOXOHAPUSIX TeMAaTOUUTOB KpbIC. Kak
BUIHO U3 puc. 1, Haubojee BbIpaKEHHBIE U3ME-
HeHus ypoBHs MJIA Ha0I0AaI0TCS B 2-X HAaUMe-
HBIIMX U3 M3y4eHHBIX 103 (0,13 Mr/kr — 22 % —
55 %; 0,013 mr/xr — 33 % — 45 %) uepe3 1 u 3
Mecsa ucciaenopaHuii. C yMEHBIIEHUEM T03bI
addekT uepe3 1 Mmecsau ycunusaics Ha 11 % u
cHmkancst Ha 10 % uepes 3 mecsina.

3aBuCUMOCTb ypoBHSI M/IA OT 103bI 1 BpeMe-
HU Ie¥cTBUS UBMHA B 103ax 13 u 1,3 Mr/Kr umena
MOHOMO/JIAJIbHBII XapaKTep ¢ MTPOTUBOMOJIOKHBIM
3HakoM. B Menbmmx mo3ax (0,13 u 0,013 mr/kr)
BbISIBJICHA OMMOAa/ibHAs 3aBUCUMOCTh. Ha Bcex
YPOBHSIX /103 MPOCJIEKUBAETCSI CMEHA HATIPABJICH-
HOCTHU JENCTBUSI.

ITpu Bo3neiicTBMM MBMHA (pHC.2) 3HAUYUTEIIb-
HBIX U3MEHEHU COMEPXKaHNS HYKJICMHOBBIX KUC-
Jgor (HK) u 6enka B medyeHM KpbIC B OOJIBILIMX
033X HE OTMEYaJoCh, 32 UCKIIOUEHUEM JOCTO-
BepHOro nosbiieHus cogepxanusa PHK (1a 35 %)
u Oenka B reyeHu (Ha 46 %) B mose 1,3 Mr/KT
yepe3 2 Mecsua. Yepe3 6 MecsiieB BBISIBICHO
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Mprmeyanne: * = P < 0,05

JOCTOBEPHOE CHIDKEHME OesTka B TieueHu (Ha 45 %). ITpu nelicTBUM WMBUHA B HAaUMEHBIIEH T0O3€
B makcumanbHO#il mo3e (13 mr/kr) ormeuanoch 0,013 mr/Kr Hamboiee 3HAUMMBbIE W3MEHEHUS
pa3HoHarnpaBieHHoe conepxaHue JIHK B meuye- BbISIBIEHBI TOJIBKO Yepe3 1 MECSIL UCCAeTOBaHUIA —
HU, UMEIONIEE OMMOJAIbHBINA XapakTep, OAHAKO, ITOBBIIICHUE YPOBHS O€JIKAa W CHWXEHMSI COAEp-
n3meHeHus JJHK He ObLiv 10CTOBEPHBIMU. xanusg JJHK B medyenu. KpuBble 3aBUCHMOCTU
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HK u Gesika B ImeUeHU TakKe UMEJIM MPEeUMYyIIe-

CTBEHHO MOHO- Y GMMOJAJIbHbII XapaKTep.

IIpu Bcex M3yYeHHBIX O03aX MBMHA OTMEUa-
JIUCh Pa3HOHAIIPABICHHBIC M3MCHEHHUS COMEpKa-
HUSI MOYEBMHBI U KpEaTMHMHA KaK B CHIBOPOTKE
KpoBM, TakK M B Mode. KpuBbie 3aBUCMMOCTHU
«103a-3¢dekT> umenu U-oOpa3Hbiil, MOHO- U
ouMonanbHbiii xapaktep. Ilo COBOKymHOCTHM
MIOJIYYEHHBIX PE3YJIbTaTOB OBLI CIeJIaH BBIBOI, UTO
MBUH OKAa3bIBAa€T BJIMSIHUE HA OEJTOKCUHTETUYE-
CKH€ TIPOLIECCH, MPH 3TOM MHTEHCUDUKAIIMS
CUHTE3a OeJiKa MpeBaIupyeT Hajl pacraioMm.

AHaJIOTUYHBIE TAHHBIE ITOJYYEHBI TAKKe IS
TprvMaHa u tetpaHa [ 1, 4, 39]. [TokazaHo, 4yTo Tpu-
MaH U TeTpaH MPU CYOXPOHMUUYECKOM TOCTYILIE-
HUUW B OPTAaHU3M KPBIC B 032X COOTBETCTBYIOIIUX
1/10000 n 17100000 JI[s, mposiBasitoT MemoOpa-
HOTPOITHYIO aKTUBHOCTb, O YEM CBUJETEJILCTBYET
JOCTOBEPHOE CHMXEHUE coaepxaHus MJIA,
MOBBIIIEHNE MACCUBHOTO HAOYXaHUSI MUTOXOH/I-
puii, yrHeTeHHe WM MHAYKIUS aKTUBHOCTH MEM-
OpaHOCBSI3aHHBIX (DEPMEHTOB —CYKIIMHATIETUI-
poreHassl M ULMTOXpOoMOKcuaadbl. Haubosee
BBIPAKEHHBI MEMOPAaHOTPOITHEIN 3(M(hEKT IIpo-
SABJISLT TPUMAH, YeM TeTpaH. MeMOpaHOTponHas
aKTUBHOCTh TPMMaHa M TE€TpaHAa HE 3aBHCENIa OT
J03bl U BpEMEHU BO3aeicTBUs. [lectabunusamnus
MEMOpaH HOCWJIA TPAH3UTOPHBIN XapakTep.

[Ipu meiicTBUM TpUMaHA, TAKXKe KaK U UBUHA,
HaO/I0na1ach MHTEHCU(MUKALIMS 0€TIOK-CUHTETH -
YECKMX IMPOILIECCOB B OPTAaHU3ME KPHIC (B OTAEb-
HbI€ CPOKM MCCJIEI0BAHUI TTOBBIIIAINCH YPOBEHD
oenka B neyeHu, coaepxkanue PHK, coorHome-
nue PHK/IIHK, copepxanue mpoaykTos mpe-
BpallleHUsI OejlKa — MOYEBMHBI U KpEeaTMHUHA).
TerpaH He OKa3bIBa BAWSHUS Ha OETOKCUHTETH -
YeCKMe TIPOLIECChl B OpraHu3mMe Kpeic [4, 39].

HMcxonss w3  pe3yabTaToB  MCCJIEIOBAHUM,
MOHO OXapaKTepU30BaTh HEKOTOPbIE OCOOEHHO-
ctu aericteus PPP  (nmpousBomHbix N-oKcHA
MUPUANHA) TIPU JIMTEJIbHOM TMOCTYIUICHUU B
OpraHu3M:

1) OcHOBHBHIMH 3(P@peKTaMM M3YYECHHBIX IIPO-
M3BOJAHBIX N-OKCUJ MUPUAMHA TIPUA IIUTEIb-
HOM ITOCTYIUIEHUH B OPraHu3M KPbIC Ha HU3KUX
YPOBHSIX 103 SIBJIIETCS BIUSIHUE UX HA MEeMOpa-
HBI ¥ 0€JI0K-CUHTETUIECKIE TTPOIICCCHI.

2) OTcyTcTBYeT KJjaccuyeckasi 3aBUCUMOCTD
«1032-3(PpPpeKT», «103a-BpeMI-3(PPEKT».

3) C ymeHblIeHNE T03bI HAOIIOOAETCS YCUIICHUE
BBISIBIEHHBIX (D (EKTOB.

4) OtmMmevaeTcs cMeHa HampaBJICHHOCTH Heii-
CTBUSL.

5) KpuBrie 3aBUCUMOCTEM TOKCHMIECKUX 3(Pdek-
TOB OT JO3bI UMEIOT IPEUMYIIECTBEHHO HEIM-
HeliHbIll — U 1 OMMOIalbHBIN XapaKTep.

B Hacrosiiee BpeMst TpYJHO OJJHO3HAUYHO Ol1e-
HUTb TOKCUKOJIOTUYECKYIO 3HAUMMOCTD BBISIBJICH-
HBIX ,,lTapafokcaabHuX”’ 3(PHEKTOB Mpu AeHCTBUN
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n3ydyeHHbIX PPP — nipou3zBoaHbix N-oKCcua nupu-
JIMHA. YUUTHIBAsI HEBBIPAXKEHHOCTh M HECTAOUJIb-
HOCTb BBISIBJIEHHBIX MEMOPaHOTPOTHBIX 2 deK-
TOB 1 U3BMCHCHMI 0CJIOKCMHTETUYECKMX MPOIIEC-
COB B OpraHU3Me KphIC MPpU ACHCTBUU YKa3aHHBIX
BEIIECTB, MOXHO TPEANOJOXUTh, YTO OOHApy-
JKeHHbBIC U3MEHEHMSI HaImpaBiIeHBI IIPEXKIE BCETO
Ha aganTalnunio OpraHu3ma.

Tak, cHmxenune mHTeHcuBHOCTU I1OJI TIpmM
JNeNCTBUM n3ydeHbIX PPP MoxeT ObITh CBSI3aHO C
W3MEHEHUEM BSI3KOCTM MEMOpaH B PE3YIbTaTe
MoauduKauuu MxX JUNUAHON (Pasbl. DTO HALIO
MOATBEpXIeHUEe B pabotax A.B.beluko u
B.K.Pri6anpuenko [40-42]. Beuio mokasaHo, 4ToO
MBUH B BBICOKMX KOHLEHTPALMAX BPEMEHHO
JECTAOMJIU3UPOBAT JIMTTIOCOMHBIE U OUCIONHbBIE
MCKYCCTBEHHbIE JUIMUIHbIE MeMOpaHbl. Huzkue
koHueHTpaumu (1x10° — 1x10-> M) uBMHA BbI3bI-
BaJIM YIIOTHEHUE MOJIEKYJ JIMITUIOB MEMOpPAH U
VIIOPSIIOYEHHOCTH YIJIEBOOHBIX IENei, 4YTO
MOXET OOYCJIOBIMBATh YMEHBIUIEHNE WX IPOHU-
1IaEMOCTH M TIPOHMKHOBEHUE Yepe3 MeMOpaHbI
JIPYTUX BELIECTB, UTO B CBOIO OYEPEL MOXET CITO-
COOCTBOBATh CHIDKEHUIO TOKCHUECKMNX 3(P(PEKTOB
KCEHOOMOTUKOB.

YToOBI IIPOBEPUTH 3HAUMMOCTDH BBISIBICHHBIX
3¢ (PEeKTOB MBHUHA, HAMMU IIPOBEIEHBI JOIOJIHM-
TEJIbHBIE UCCIEIOBAHNS OTBETHOW PeaKIIMy Opra-
HM3Ma KPbIC HAa HATPY3Ky HEKOTOPBIX ITECTULIMIOB
B 103ax, cootBercTBytomux 1 JIs,) Ha (poHe onHoO-
KpPaTHOro MEPOPaIbHOIO BO3AECHCTBUSI MBUHA B
no3e 13 mr/kr (1/100 J1/5p).

YcraHoBiieHo (TabJj.1), 4TO MBWUH CHMXKAET
TOKCUYHOCTb M30MPATEJIbHO ACUCTBYIOIIMX Ha
TeYEHb MECTUIIUIOB — TEOYKOHA30J1a U OTUI-TEK-
cunoporo adupa 2,4-J1 xucnotel. [lpu s3TOM
JIETAbHBIX UCXOM0B HE HAOII0Aa0Ch, KIMHUYE-
CKME IPOSIBJICHUS] MTHTOKCUKAIIUMY OBLIY HE BBIpa-
KEHHBIMU, HOpMaJIM3allisl COCTOSIHUSI OpTaHU3Ma
MPOUCXOAUIA 3HAYUTEILHO OBbICTpEe, YeM IIpU
W30JIMPOBAHHOM BBEICHUM MCCIEAYEMBIX TOKCH-
kaHTOB. [TonoxurenbHbIi 3¢ GeKT nBUHA HAOJI0-
JAJICS U IIPY BO3IEMCTBUM aHTUXOJIMHACTEPa3HO-
ro BelecTBa — xiopnupudoca. I[lo cpaBHEHMIO €
M30JIMPOBAHHBIM JIEUCTBUEM Xjoprupudoca
OTMEYajIach r’OesIb TONLKO | XXMBOTHOTO 13 6, 4TO
cocraysieT 16,7 %. I1pu 3TOM XOJTMHIPIUYECKUX
CUMNTOMOB WHTOKCHUKALIMW HE HaOJII01al10Ch,
MHTUMOMPOBAHUE AKTUBHOCTU XOJMHACTEpas3bl B
CBIBOPOTKE KPOBH, DPUTPOLIMTAX M TOJIOBHOM
MO3re ObLIO MEHEE BBIPAKEHO, UEM TTPU U30JUPO-
BaHHOM JeicTBUM xJiopnupudoca. BoccraHo-
BJIEHWE AKTUBHOCTU (DEPMEHTA XOJIMHACTEPa3bl
yepe3 18 yacoB mociie BO3ACHCTBUS XJIOPITUPH-
¢oca Ha (poHE MBMHA OTMEYAIOCh OBICTPEE, YeM
IIPU €T0 U30JIMPOBAHHOM IEHCTBUM (TA0JI.2).

Ha ocHoBaHMM pe3ynbTaTOB MCCIEA0BaHUI
MOXHO CIENaTh BBIBOI, YTO MBUH CHOCOOCTBYET
CHIDKEHUIO TOKCHMYECKOTO OEMCTBUS IPYTUX KCe-
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Ta6nuuna 1

Knvnnyeckue MPU3HAKM MHTOKCHKAIMH H JIETAIBHOCTD KPbIC CAMIIOB NPH H30JIMPOBAHHOM M MOCJIEI0BATEIHHOM
NIeiiCTBIM HEKOTOPbIX MECTUIHIOB B 103aX cooTBeTcTBYIOMMX 1J1/15, Ha done nBuHA B 103e 13 mMr/Kr

I501HDOBAHH — IlocnenoBatenbHoe aeiictBue (MBUH — 13
30/HpoO 0¢ JelicTBHE Mr/Kr + ucciaenyemblii nectunun — 1 JI/5)
Has3spanue Jle Jnurenn- Jle Jlurenn-
J i HOCTb HHTOK- ) HOCTh HHTOK-
BEWECTB Msos TaJlb- CuMnToMbI TaJlb- CuMnToMbI
MT /KT CHKAIH CHKALH
HOCTb, HHTOKCHKAIHU HOCTb, HHTOKCHKAIMH
% (Hagamo — % (Havamo —
OKOHYaHHe) OKOHYaHHe)
YrHeTeHue, MaJioIoI-
BMKHOCTB, B3bEPO-
Tebyko- ’ p 4 gaca — ManonoaBUKHOCTb,
2375 50 IIEHHAS TICPCTh, 0 1 —4ygaca
Ha30J1 8 cyTok IIYMHOE JBIXaHUE
CaJIMBaLIUS,
Crop06JICHHOCTh
VruereHue, Majionosm-
BIDKHOCTbD, B3BEPO-
IIeHHasI ePCTh,
DTUIreK- caJlMBalusl, CyKpo-
. - CYKD ManonoaBUKHOCTb,
CHJIOBBIA BUYHBIC BBIIEICHUS 1 gac —
540 50 0 B3bEPOIIICHHAS 1—24 gaca
a¢up 2,4—/1 W3 HOCAa, YTUHAS 9 cytok
IIepPCTh, DHYPE3
KHUCJIOThI TOXO/IKA, aTaKCusl,
PUTUIHOCTb XBOCTA,
rape3 3aJHUX KOHEeu-
HOCTEH, 3HYype3
CHIDKCHUE aKTUBHO-
ManonoaBUKHOCTb,
CTH, B3bEPOIICHHAS
Crop0JIeHHOCTb,
XJop- 1IEPCTh, CaluBaLIus, 1 yac — 3 gaca —
mmpudoc 5 >0 TpeMOp, 3aTPYAHEH 4 cyToK 16,7 B3bCPOLICHHA 2 CYyTOK
P PEMOD, 321Dy, e 1IEPCTh, SHYPE3 .
HOE AbIXaHUS, SHYPE3,
CropOJIEHHOCTh
Tabauua 2

AKTHBHOCTb X0JIMH3CTEpa3bl (MM /4.1.) B 6MOCYOCTpaTaX KPbIC CAMIIOB NPH NEPOPAJIbHOM H30JIMPOBAHHOM
1 TOCJIeI0BATEILHOM JIeiicTBIM Xjiopmupudoca B 103e 75 mMr/Kr
nocJie 24 yacosoro Bo3aeiicTeus upuna B 103e 13 mr/kr (M=tm)

Yepes 4 yaca
Ipynna xusotHbix | /lo3a, ChIBODOTK Crenenn CreneHn Crenenb
(n=6) Mr/KF p UHruoupo- | Dpurpouutsl | HHrHoupo- | FojoBHOM MO3r | MHIHOM-
KPOBH
panus, % Banus, % poBanus, %
KonTposb 0 46,57£1,93 — 53,83£2,02 — 334.70+9.66 —
Xnopnupudoc 75 24,9312, 34* 46,48 18,77+2,37* 65,13 289.07+21.75% 13,64
Mpnict 13+75 [25,80+2,63*| 44,60 |21,75+2,37%| 59,59 |313.05+28.27%| 6,48
Xnopnupudoc
Yepes 18 yacos
KonTposb 0 41,63£2,82 — 44,66%2,05 — 335.39%+16,15 —
Xioprmmmpudoc 75 23,87+2,49*% 42,66 24,2942 49* 45,61 275,64%20,58 17,81
st 13+75 | 33,36+3,24 | 19,87 |30,25+3,28%| 32,27 | 300,30£17,05| 10,46
Xiaoprmmpudoc
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HOOMOTUKOB 1 3TO MOXKET OBITH CBSI3aHO CO CTa-
OMIM3alMEN OMOJIOTUYECKUX MEMOpaH.

Takum 00pa3oMm, MOXHA 3aKIIOYUTH, UYTO
BBISIBJICHHBIC «I1apajioKcaibHbie» 3(PPEKTh Tpu
CYOXpPOHUUYECKOM AENCTBUM MPOU3BOAHBIX N-
OKCHUJ NMMPUAMHA — MBHMHA, TPMMaHa W TeTpaHa
HE HOCAT MOBPEXAAIOIIETO XapaKTepa, a Harnpas-
JIEHBI TIPEXIE BCEro Ha amanTalMi0 OpTaHM3Ma K
XUMUYECKOMY CTPECCY.

MexaHu3Mbl «napagokcaabHbix» 3(dexkToB. B
HACTOSIIEE BPEMS HET OOIINX MEXAaHU3MOB, 00b-
SICHSIIOIIIX BO3HMKHOBEHME «ITapamOKCaTbHBIX»
a¢ppekToB. CylrecTByeT HECKOJIbKO Hambojee
LIUTUPYEMBIX B HAy4YHOI JUTEepaType TUITOTE3
MEXaHMU3MOB «MapagoKCaJbHbIX» HEJIMHEHHBIX
3¢ PeKTOB, BO3ZHUKAIOIIMX Ha YPOBHE HU3KHUX U
0YEHb HU3KUX KOHIEHTPALUH (103).

1. Tunomesa xackadunoco deiicmeus eeujecmea
Ha Ouoxumudeckue peaKuyuu 6 Kaemkge.

HOng MHALIMAIUM KacKaga OMOXMMHMYECKUX
MPEeBpalleHNt J10CTaTOYHO HEOOJBbIIOT0 Yucjia
MOJIEKYJI, CIIOCOOHBIX CIEUM(MUIECKHU CBI3bIBATh-
¢S ¢ OompeleeHHBIM CaiiTOM Ha MEMOpaHe KJIeT-
KM, HampuMmep, peuentopoM. Hammuume naxke
OOHOI <«CUTHAJIBHOI» MOJIEKYJIBI IIPUBOAUT K
MMOSIBICHUI0O MHOXECTBA MOJEKYJI—IIPOIYKTOB
nepBoii (pepMEHTAaTUBHOI peaklUMM, KOTOpbIe
AKTUBUPYIOT CICAYIOIINE ATalbl Kackana. Takum
00pa3oM, MPOUCXOAUT «yCUJIEHHUE» BXOIHOTO CUT-
Hala YU 3HAaYUMBbIK Ouojormyeckuii apdexr
MOXET ObITh 0OECIIEUEH MEPBOHAYAIBLHO HEOOJIb-
MM KOJIMYECTBOM CHTHAIbHBIX MOJIEKYJ [43].

2. Tunomesa aueano-peyenmopHoeo 83aumooeii-
cmeusl.

@epMEHT WM PELENTOP MOXET COAEPXKaTh
HECKOJIbKO Pa3HbIX [0 aKTUBHOCTMU IIEHTPOB. B
HU3KUX KOHLUEHTPALMSX TUraHa (MOJIeKyJia Belle-
CTBa) CBS3BIBAETCS C HaMOOJIee aKTUBHBIM LIEHT-
poM petieriropa. I1pu yBenuueHNN KOHLIEHTPaIlluu
JIMTAH[L CBA3BIBACTCA C APYTMMU MEHEE aKTUBHbBI-
MM LIEHTpaMU, a ¢ TIEPBBIM LIEHTPOM aJUIOCTepU-
YECKU, MPU 3TOM CHUKasl €ro CPOJCTBO K CyOCTpa-
Ty U TOIIA JUTaHI, KOTOPHIN ObUI CBS3aH C IIep-
BBIM IIEHTPOM, OCBOOOXIAET €ro W B3aWMOJEN-
CTBUE C HMM MOXET MPOM30UTH TOJBKO TOTAA,
KOT/Ia KOHIICHTPALIUSI BEIEeCTBA MPUOIUZUTCST K
3HAYECHMIO KOHCTAHTHI AMCCOLMAIIMM KOMILIEKCA
JIUTaHJa C 3TUM LIEHTPOM perienTopa [34].

3. Tunomesa, césa3annas ¢ 0COOEHHOCMAMU KUHe-
MUKU U HAKONJAEeHUeM 8eujecmaa.

[Tpumepom MoOKeET ObITH hymMap (MTPOU3BOIHOE
(ymMapoBOii KMCIOTHI), 1IJI1 KOTOPOIO YCTAHOBJIE-
Ha BbIpaK€HHAas MaTepuaibHas KyMYJISILIMS B TKa-
HSIX KPBIC.

IIpu ocTpoMm mepopaabHOM AEHCTBUU HAKOII-
JIEHHE €T0 BO BHYTPEHHHUX OpraHax HMMEeT IBYX-
ropObIii XapakTep. B yci1oBusIX CyOXpOHUUYECKOTO
NEeHCTBUS HAOIOAAICS JTUIITb OAMH MAaKCUMYM, HO
3HAYUTEIbHO BBIIIE, YeM IIPU OMXHOKPATHOM.
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HecMmoTpst Ha BbIpak€HHYH MaTepHaIbHYIO
KYMYJISILIMUIO €70 B TKAHSIX, TMOEJIM XKUBOTHBIX HE
HaO0JIOIAIOCH.

JIByropOBIii xapakTep TOKCUKOKMHECTUYCCKOU
KPMBO B OCTPOM 3KCMEPUMEHTE OOYCJIOBJIECH
TEM, 4TO MEPBbIA MAKCUMYM CBSI3aH C HAKOILIE-
HueM (QymMmapa, a BTOpOM — HAKOIUIEHHEM ero
METab0aMTOB. MaKCUMyM HAKOILJICHHUS BELIECTBA
MpU CYOXPOHMUYECKOM IEMCTBUU OBLT OOYCIIOBICH
MOBBIIIIEHHBIM COAEPKAHUEM MaJTOTOKCUUHBIX
TIPOIYKTOB €ro MeTaboam3Ma [28].

4. [unomesa o0 «CMpyKmypHOU NAMAMU» 800bL.

CorjacHO TUIOTE3hl «CTPYKTYPHOU HaMSITH»
BOJIbI, PACTBOPEHHOE B BOJI€ BEIIECTBO 00pa3yeT
«(paHTOM» CTPYKTYpbl 3TOTO BELIECTBA, a IpHU
JaJibHe#IIeM pa3BeAeHUM BO3HMKAET IIPOILECC
KOMUPOBAHUS 3TUX CTPYKTYPHBIX «(PaHTOMOB»
[11]. K naHHOIt rumore3e MHOTME YY€HbIE OTHO-
CATCSI CKENTUYECKM, OJHAKO, HA HAIll B3MJISIA, HE
cJemyeT €10 mpeHeOperaTh, MOCKOIBKY 3((EKTHI,
YCTAHOBJIEHHBIE Ha YPOBHSIX KOHLIEHTPALIUiA
1x10-40 M u HuUXe, KOTAAa B pacTBOPE HE MOKET
OBITh MPUCYTCTBUS MCCIEAYEMOIO BEIIECTBA, 00b-
SICHUTb MHAYE HE MPEICTABISIETCS BO3MOXHBIM.

He uckinioueHo, 4T0 BOBHMKHOBEHHUE «Iapa-
IOKCAJIbHBIX» 3(P(PEKTOB MOXKET OBITH 00YCIOBIIE-
HO WHAMBMIYAJIBHBIMM W TE€HETUYECKUMHU OCO-
OCHHOCTSIMU OpTaHM3Ma, TPYTUMHU €I HEU3BECT-
HBIMUA MEXaHU3MaMMU.

Hcxonst m3 COOCTBEHHBIX MCCIEIOBAHUI,
MEXaHU3Mbl BBISIBIEHHBIX <«IIapagoKCalIbHbBIX»
3 PeKTOB MPOU3BOAHBIX N-OKCHI MUPUANHA (Ha
npuMepe MBUHA) MOXHO IIPEACTaBUTH CJEMYIO-
M oopazoM (puc.3).

ITo nanusiMm C.I1.IToHoMapeHKo u A.B.Bb1uko
[40, 41, 44 — 47], UBUH MOXET HaXOJUThCS B THI-
paTUPOBAaHHOM W AETMAPATUPOBAHHOM COCTOSI-
Huu. Ilpy BBICOKMX KOHIIEHTpaLUsIX C MeMOpa-
HOI B3aMOIEICTBYIOT TUAPAaTUPOBAHHBIE MOJIE-
KyJbl. B pesynbrate momudukanum memOpaH
HAOJIIOMACTCSI WX NOeCTaOWIM3anus (HapylICHUE
CTPYKTYPHOI UEJIOCTHOCTU JMUIIMAHOTO CJOS),
YTO BeleT K U3MEHEHMIO KJIETOUYHOM CUTHATbHOM
TPAHCIYKIIMM, CHWXEHUIO OCTOKCUHTETUYECKUX
MPOLECCOB M (DYHKIMU PEMAPATUBHBIX CUCTEM,
YCUJIEHUIO TOKCUUYECKOTO 3 deKTa.

ITpy HU3KKMX KOHUEHTPALMSIX C MEMOPaHAMU
B3aMMOJIEMCTBYET JAETMIPAaTUPOBAHHBIN MBUH. B
pe3ynbrate MOAU(pUKALIMU MTPOUCXOAUT CTAOMIH -
3alMsg MeMmMOpaH (YMJIOTHEHUE JUIMUAOB), MpPU
3TOM TaKKe HAOJIIOIAETCSI U3MEHEHWE KJIETOUHOM
CUTHAJbHOM TpaHCIYKIMU, TMOBBIIEHUE OEI0-
KCHMHTETUYECKMX MPOLIECCOB U (PYHKIIMM pernapa-
TUBHBIX CUCTEM, UTO BEAET K adalTallH.

IIpu paBHOBECHOM COIEpPXAHUU TUAPATUPO-
BaHHBIX U JIETMAPAaTUPOBAHHBLIX MOJEKYJ]1 MBUHA
Ha MeMOpaHax, MOAU@UKAIIMS UX HE TIPOUCXOIUT
(HuBenupyeTrcsd uUX AciictBue) U 3ddekra He
HaO0JIIOIACTCA.
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Puc. 3. BO3MOXHbIN MeXaHM3M HeNMHENHBIX 3MEKTOB PerynsTopoB pocTa PacTeHn — Npon3BoaHbIX N—okcua nupuamHa

TakrM 00pa3oM, COCTOSTHUE OMOJIOTUYECKIX MEM- J11s1 UBMHA U arpOCTUMYJIMHA BBISIBJICHA OUMO-
OpaH U UX PoJib B (GOPMUPOBAHUY «TIAPANOKCAIbHBIX  JajibHAasl KPUBasi 3aBUCUMOCTH POCTa IPOPOCTKOB
(D heKTOB» MOKET UMETh BAKHOE 3HAYCHUE, MILIEHUIIbI, BOAOPOCAN U UUCACHHOCTU AachHUIA.

IIporHo3upoBanue «mapamokcajibHbIXx» 3(dek- Kpupbic npoandepaTuBHON aKTUBHOCTU (PUOPO-
ToB. [lOCKONBKY YCTAaHOBJEHUE 3aBMCUMOCTU 0JaCTOB SMOpPHMOHA YEJNOBEKA, MUTOTUYECKOU
«103a-BpeMs-3(pdeKkT», XxapakTepa U3MEHEHU U AKTMBHOCTH KJIETOK TOHKOIO KHWIIEYHMKA KPBIC
BO3MOXHBIX MEXaHU3MOB HEIMHEMHBIX 3¢p@eK- IpU AeHCTBUM DKocTuMa U mHTeHcuBHOCTU ITOJI
TOB TPEOYET CAOXKHBIX M JUTUTEIbHBIX UCCIenoBa- (1o comepxkaHuio MJIA) B MUTOXOHIPUSIX TeraTo-
HUI Ha JJA0OPATOPHBIX JKUBOTHBIX, OTIPABIAHHBIM LIMTOB KPBIC TIPW ACUCTBMM WBWHA W TPUMAaHa
SBJISIETCS MPOTHO3UPOBAHUE <«IIAPAJOKCAIbHBIX> HMMEJIU MOHO- U OMMOIAIbHBII XapaKTep.
HENMHEMHBIX 3(@EKTOB Ha TEeCT-CUCTeMaX B Hammume «mmapamokcanbHEIX» 3¢G(EKTOB IIpU
YCJIOBMSIX in Vitro. neiicteur PPP Ha pas3inyHbIX OMOJOTAYECKUX

B Hacrosiiiee BpeMsi He CYILIECTBYET OOIIMX TECT-CMCTEMax KakK B YCJIOBUSX N Vitro, Tak W in
METOJIMYECKHUX TIOJXOJI0B KaK K M3YUEHUIO «Tlapa- Vivo, CBUIETEILCTBYET, BO-TIEPBBIX, YTO 3TO HE
JIOKCATTbHOM» TOKCUYHOCTHU, TaK M €€ MPOTHO3UPO-  apTedakT, a 3@PEeKT BbI3BAHHBIN BO3/IEUCTBUEM
BaHWI0. Ha OCHOBaHUM COOCTBEHHBIX MCC/IEN0BAa- KCEHOOMOTMKOB, BO-BTOPBIX, OTOT 3(PdeKT
HUI Y JAHHBIX JUTEPATypbl Mbl MOMBITAEMCS MOXHO BOCHPOM3BECTM BKCIEPUMEHTAIbHO, a
000CHOBATh HEKOTOPBIE METOIMYECKUE TTOAXOAbI K CIEA0BATEIILHO M CIIPOTHO3UPOBATD.
IMPOTHO3MPOBAHMIO «ITAPATOKCATIBLHBIX» 3 (PEKTOB. Tecr-cuctembl — ceMeHa U Boaopocan Oosiee

Hamu mpoaHanu3upoBaHbBl HEKOTOPBIE TECT- OMNpaBAaHO MCIIOJb30BaTh JISI MCCIEAOBAHUMA
CHCTEMBI Ha KOTOPBIX ObLIM MOJYYEHBI Mapagok- 3AddektuBHocty PPP 1 BhIsIBIEHUS <«Iapagok-
canpHble 3¢ dekTsl pu Bo3dneiictBun PPP [39, cambHBIX» 3(D(HEKTOB, BRI3BAHHBIX XUMUYECKUMU
45, 48]: cemena miueHuubl, Bogopocau CleHe- BEIIeCTBAMM B PACTUTEIbHBIX 9KOCUCTEMAX.

mecmyc, nmagHuU, UHOY30puHu, (GUOPOOIACTEI Hadaun MOXHO OBIJIO OBl MCHOJB30BaTh,
YyeJIOBEKa, SMUTENUI TOHKOrO KMUIIIEYHUKA KPhIC, OAHAKO MPU UX HCMIOJb30BAHUU MOTYT ObITh
MUTOXOHIPHUH TEIIaTOLUTOB U IPYTHE. OIIpeAeIEeHHBIE TPYIHOCTH B OIMATHOCTHUPOBAHUU
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TOKCHUYECKMX 2(P(HEKTOB, a yuyeT a(pdekTa TOIbKO
M0 UX YUCJIEHHOCTHU YCTYIIAET APYTUM OUOOOBEK-
TaM, B YaCTHOCTU UH(PY3O0PUSIM.

KynbTyphl KJIETOK 1 XKMBOTHBIC SIBJISIIOTCSI HAWI-
OoJiee uAcaTbHBIMU [JISI TaKWUX HWCCIIEI0BaHUIA,
MOCKOJIbKY JIer4e MOXKHO 3KCTpamnoJupoBaTh
MMOJIy4eHHbIe OaHHBIE Ha 4ejoBeka. OOHAKO
TaKOil CKPMHHMHI BEIIECTB Ha BO3MOXHOCTH
«I1apagoKCaJIbHOK» TOKCHUYHOCTH OyIeT OoJjee
TPYAOEMKUM, JUTUTEJIbHBIM U JOPOTOCTOSILIIUM.

B cBs3M ¢ 5TMM B Ka4ecTBE OMOJIOTMYECKON
MOIENIU IJIsI IPOTHO3MPOBAHUS «IIapagoKcasb-
HBIX» 3(D(HEKTOB HAMU UCIOJIB30BaHbl MH(QY30-
puu Tetrahymena pyriformis W. 9T0oT 00BEKT
YIOOHBIN TeM, 4TO MH(Y30PUU JIETKO KYJIbTUBU-
PYIOTCSI, YIOOHBI B 00pallleHUH, JUIST NX COMepKa-
HUS HE TpeOyeTcs OONBIIUX MATEPUATbHBIX
3aTpat, ObICTPO PA3MHOXKAIOTCS, YTO MO3BOJISIET B
KOPOTKOE BpeMsl TOJIyduTh pesyibrar. C 61uoso-
TMYECKUX MO3UIUI TaAKKE UMEETCST PSII IIPEUMYy-
1LIECTB UCI0JIb30BAHUS 3TOr0 OMOOOBEKTA:

— 3TO OJHOKJETOUHBIA OpPraHM3M U MpPEICTaB-
JISIETCSl BO3MOXKHBIM JIETKO COCYMTAaTh OTBET-
HYIO PeaKIIMIO Ha BO3IEHCTBUE BHENTHETO (DaKk-
TOpA;

— KJIeTKa MH(Y30pu1 B OCHOBHOM YCTPOE€HA TaK
K€, KaK U JII00Oble 9YKapUOTUYECKUE KIIETKH;

— cocTaB U (popMa KIJIETOYHBIX OpraHe/lT y UH(PY-
30puii 0JIM30K K TAKWAM Y KIETOK MHOTOKJIETOY -
HBIX OPTaHU3MOB;

— KJIeTKa MH(Y30pUr OKPYKEeHA KJIETOUHOM MEM-
OpaHOM, MMEIOIEH TUNMYHOE TPEXCIOMHOE
CTPOEHUE;

— y uH}py30puii UMEIOTCI MEMOpaHHBIC (9HIO-
mia3MaTuyeckast CeTh, KOMIIEKC [OabaKu,
MUTOXOHAPUU) U (PEpPMEHTHbIE CUCTEMBI, B
yacTHocTH LHUKI Kpebca.

Bce 5TO0 maer BO3MOXHOCTb MPEATOIOXUTH
cxonHbIE 3(DGEKTHI C IPYTUMU TECT-CUCTEMAMU U
HCITOJIb30BaTh UX JISI MIPOTHO3MPOBAHMS TOKCHY -
HOCTU XMMUYECKUX BEIICCTB.

Hamu m3yueHa xpoHMYecKass TOKCMYHOCTb 6
MIPOM3BOIHEIX N-OKCHUI MUPUINHA B KOHIIEHTPA-
g ot 1x102 M mo 1x102 M B pasHbIX (aszax
pa3Butus nonyasiuuu uH@y3opuii Tetrahymena
pyriformis W. — nar-da3se wiu B ¢a3e 3aMenieHus
pocra (24 uyaca), norapudpmuyeckoii ¢asze (48
4yacoB), CTallMoOHapHOI ¢a3e pocTa (72-96 yacos)
[39, 49-51].

Ha mpuMepe mBMHA ITOKAa3aHO, YTO IIPU XPO-
HUYECKOM BO3IEHCTBMM HAa OpraHM3M HH(Y30-
puii, OH OKa3bIBal HaubOJIee BhIPa)KEHHbBI MHTH -
oupyromuit 3pdexr B (¢asze CTalmOHAPHOIO
pocTa, MPEUMYIIECTBEHHO BO BCEX MCCIIECIOBAH-
HBIX KOHIEHTPAUMSIX. 3HAYMTEIbHBIN WHIYLIM-
pyomuii 3p@exT BBIIBIECH B KOHIICHTpaIlUU
1x10°1° M B nar ¢ase ¥ B Upe3BLIYANHO HU3KOI
KoHueHTpaumu 1x1028 M B norapudpmmdeckoit u
cralMoHapHON (hazax pocra.
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AHaIoOrMYHbI€ 3aBUCUMOCTHU «KOHIIEHTpaLIMsI-
3 PeKT» ObLIM BBISIBJICHBI W TSI IPYTUX U3YyYEH-
Heix PPP (tpumana, terpana, JAu(N-okcum-2-
metuanupuauH)uuMHK(ID)ionuaa, Jdu(N-okcua-
2-METWINHUPUINH) SIHTAPHON KUCJIOTHI U OCHOB-
HOro ux Metabosuta N-oKCua METWINUPUANHA).

Ha ocHoBaHMM pe3ynbTaTOB MCCIeIOBaHUIA
YCTAHOBJICHO, UTO MPUPOCT YUCICHHOCTH UHPY-
30pUil HE 3aBUCUT OT ACUCTBYIOIIECH KOHIIEHTpA-
AW, HE UMEET JIMHEWHOMN 3aBUCUMOCTU, OTMEYa-
eTcsI CMeHa HampaBlIeHHOCTH 3(@deKTa, KpUBBIC
3aBUCUMOCTH POCTa MH(Y30pUil OT KOHIIEHTpa-
LI ¥ BpEMEHU JEUCTBUS UMEIOT MOHO- ¥ OMMO-
JNadbHbIA BUA. XapaKTep KPUBBIX COMOCTaBUM C
NaHHBIMHU, TMOJYYEHHBIMU B OKCIEPUMEHTE Ha
KMBOTHBIX. DTO CBHUAETEJIBCTBYET O TOM, 4TO
uHoy3zopun Tetrahymena pyriformis W. moryt
OBITh MCHOJB30BaHbl JJISI MPOTHO3UPOBAHUS
«MapagoKcaabHbIX» 3(PMEKTOB y KUBOTHBIX.

[Ipy mpOrHO3UPOBAHUU <«HAPAAOKCATbLHON»
TOKCAYHOCTH MOXET OBITh PEKOMEHIOBAH I103-
TAIHBIN TTOAXO.

1 aTan. MccnenoBaHus in vitro Ha UHQPY30pUsIX
Tetrahymena pyriformis W., kak Haub6ojee
npocToir U MH(POPMATUBHON OMOJIOTUUECKON
MOJIEJIN.

2 aran. MccaenoBaHus in Vitro Ha KJIETOUHOM
YPOBHE (3TO MOTYT OBITh (PMOPOOJIACTHI SMOPUO-
HOB XXMBOTHBIX WJIN YEJIOBEKaA, IPYTre KIETOUYHbIC
KYJIBTYPbl), @ TAKXE Ha CYOKJIETOYHOM YPOBHE
(HampuMep, Ha MUTOXOJIPUSIX).

IIpu ycnoBuu BbISIBACHUS «MMapagoKCaabHOM»
TOKCUYHOCTH MOTYT OBITh PEKOMEHIOBAHEI OoJiee
YIIyOJICHHBIC MCCICIOBAHMS HA XKMBOTHBIX.

3 sran. MccrnemoBaHug in vivo Ha 1abopatop-
HBIX XXUBOTHBIX.

B uccrnenoBaHusSIX Ha KUBOTHBIX CIICAYET U3Y-
YyaTh IIMPOKUI AUana3aH 103, OTpaXKalolInii TOK-
CUYECKOE, CYOTOKCUYECKOE AEVCTBUE BEIIECTBA U
YPOBHM J103, KOTOPHIE SIBJISIIOTCS HEAEUCTBYIOIIIM -
MU W pEalbHO MOTYT HaXOOUTBhCI B OOBEKTAX
OKpYXalolleil cpeabl M IIOCTyNaTb B OPraHU3M
YyeJI0BeKa C IIPOIyKTaMU IMIUTAaHUSI, BOIOI 1 aTMO-
cepHbIM Bo3ayxoM. J1ist uccaenoBaHuit, Hapsay
C JIMMHUTUPYIOIIMMM TMOKA3aTeasIMU, LIEJIeCO00-
pa3HO TakXe BKIIOUAaTh T€, KOTOPHIE MOTIYT
OTpaxaThb MpEAIoJaraéMble OMOXUMHYECKUE
U (PU3MOJOTMYECKUE MEXaHU3Mbl JeiCTBUS
BEIIECTBA.

HecoMHEHHO, UYTO JAHHBIN MOAXOM K BBHISIBIIC-
HUIO <«I1apafoKCalbHbIX» 2(G@PEKTOB HE MOXET
OBbITh YHUBEPCAJbHBIM, B KaxKIOM KOHKPETHOM
cllyyae, MCXOMsl M3 CTPYKTYpbl BEILECTBA, €ro
(pMBUKO-XMMUIECKUX CBOMCTB, MPEAIIOIaracMbIX
MEXaHU3MOB OMOJIOTUYECKOTO MEHCTBUSA MIJIS
WMCCIEOI0BAHUIA MOTYT OBITh OOOCHOBAHBI APYIHUe
TECT-CUCTEMBI in Vitro, raBHOE, YTOObI M30paH-
HBII GUOJIOTUYECKUU OOBEKT MAKCUMAJIBHO COOT-
BETCTBOBAJI ITIOCTABJICHHBIM 3aadaM.
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JIAPATOKCAIbHD> EOEKTH B TOKCHKOJIOII, MEXAHI3MH I METOIHUYHI ITIIXOQH
IITOJIO0 IX ITPOTHO3YBAHHA (3a danumu aimepamypu ma éaacnux 0ocaioxcens)
O.11. Baceyvka, I1.T. Kuinvko

PE3FOME. Mema po6omu. Y3azanvherns AimepamypHux 0aHux i 62acHuX 00cAi0xceHb w000 «<napadokcatbHoi» MoKCUHHOCHE Ma MeXaniamie «napacox-
CANbHUX» egheKmie KCeHoOiomuKie, po3pooKa MemooudHux nioxodie 0o npoHO3YBAHHA «NAPAOOKCANLHON MOKCUYHOCHII.

Memoou. Hayxosuit ananiz danux aimepamypu w000 <napadoxcanbHux» eghexmie kceHodiomuxie. Busuenns moxcuunocmi necmuyudie (medykonazony,
emun—eexcun06020 eqpipy 2,4—J1 kucaomu, xaopnipughocy) 6 dosax ionosionux 11115y Ha gori 00H0paz06020 nepopanso2o enaugy ieina @ 003i 13 me/ke
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(1/100 J155), anmuxoninecmepasroi akmugHoCHi XA0pnipugocy npu i304v08aHii i nocaiooskit 0ii Ha opearizm ugypie. Q0pyHMYBaHHI MeMOOUMHUX Ni0-
X00i8 w000 NPOCHO3YBAHHS «NAPAOOKCANLHOD MOKCUMHOCHI i Vilro.

Pezyavmamu. Y pobomi Hadano naykosuii ananiz Aimepamypu ma eAacHux 00caioNceHs U000 «<napadoKcanbHiux» eeKmis XiMiMHUX PeHoBUH, MEXAHI3MI6
«napadokcanvhoi» moxkcuurocmi. O6epyHmMoBano nioxodu 00 NPoHO3YEaHHA «NAPAOOKCAABHOI» MOKCUMHOCI iN Vitro.

Bucnoeku. «[lapadokcanshi» egpekmi € cKAAOHOK 0i0A02IYHON PEAKUIE OP2AHIZMY HA BNAUE KCEHOOIOMUKIE HA PIBHI HU3BKUX 003 | 8 KOJCHOMY KOH-
KPEMHOMY 8UNAOKY MONCYMb OYMU 00yMO6ACHI PI3HUMU MEXAHIZMAMU Ma 0COOAUBOCIAMU PeakmugHux cucmem opeanizmy. Jlns PPP —noxionux N—okcuo
nipUOUHy 8aNCAUBY PONb 8 MEXAHIZMI «NAPAAOKCANbHUX»> ehekmis sidiepae modugikayis Gionoeiunux membpan. Ilpu eusneenti «<napadokcarvhux» egex-
mig cAi0 YCMaHo8ABAMU iX 3HAHYWICMb 045 0PeaHi3MY, MOOMO idenmudikysamu Ha npeomem — € 80HU YUKOONCYBAAbHUMYU a00 364510Mb c000t0 adan-
mayiiiny peakuyiro opeanizmy. IIpoeno3ysanns «napadokcaisioi» MOKCUMHOCHI in Vitro JouinbHo NPo8oOUMY NOEMANHO 3 UKOPUCTIAHHIM NPOCIUX MA
ingopmamusrux 6ionoeiunux modeaeil.
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"PARADOXICAL” EFFECTS IN TOXICOLOGY, MECHANISMS AND METHODOLOGICAL APPROACHES TO PREDICTION
(according to the literature and our own research)
0. Vasetskay, P. Zhminko

SUMMARY. The purpose of the work: Generalization of literary data and own research about the "paradoxical” toxicity and mechanisms "paradoxical effects
of xenobiotics, development of methodological approaches to prediction "paradoxical” toxicity.

Methods. Scientific analysis of the literature about the "paradoxical” the effects of xenobiotics. The study of the toxicity of pesticides (tebuconazole,
ethyl—hexyl esther 2,4—D acid, chlorpyrifos) in doses appropriate 1 DL, on the background of a single oral action Ivin at a dose of 13 mg/kg (1/100 DLs,),
anticholinesterase activity of chlorpyrifos at isolated and consistent effect on the organism of rats. Substantiation of methodical approaches to prediction "para-
doxical" toxicity in vitro.

Results. The paper presents the scientific analysis of literature and own research about the "paradoxical” toxicity of chemicals, mechanisms of the "paradox-
ical” effects. The approaches to prediction "paradoxical " toxicity in vitro.

For the studied plant growth regulators — derived oxide—N—pyridine, it’s established the main features of their influence at sub—chronic intake of rats of low
doses: the impact on membranes and protein—synthetic processes; lack classical dependence of "dose—effect”, the “dose—time—effect”; with dose reduction is
observed strengthening of the identified effects or change orientation; dependence effects of the dose is mostly nonlinear — U and bimodal type.

For example Ivin, it's shown that changes in the status of the membranes of mitochondria hepatocytes and protein—synthetic processes in the rats organism
Socused primarily on adaptation to chemical stress. The evidence is that the preliminarily single oral exposure Ivin at a dose of 13 mg/kg (1/100 DLsp) sig-
nificantly reduce toxicity of hepatotropic pesticides — tebuconazole, ethyl—hexyl ether 2,4—D acid and anticholinesterase agents — chlorpyrifos. In consecu-
tive oral introduction chlorpyrifos 24 hours after the action Ivin was down anticholinesterase activity, cholinergic symptoms of intoxication were observed,
compared with isolated action chlorpyrifos. On the background of Ivin activity of the enzyme cholinesterase 18 hours after exposure to chlorpyrifos was recov-
ering faster than its stand—alone action. On the basis of literature data and own research approaches to prediction the "paradoxical” toxicity of chemicals in
vitro is justified.

The conclusions. "Paradoxical” effects are complex biological reaction to the effects of xenobiotics on the level of low doses and, in each case, may be due to
different mechanisms and peculiarities of reactive systems of the body. For PGR — derived oxide—N—pyridine is the main modification of biological mem-
branes. When identifying a "paradoxical” effects, should establish their significance for the body, that is, identify they are harmful or this are adaptive reac-
tion of an organism.

Prediction of "paradoxical” toxicity in vitro should be carried out in stages using a simple and informative biological models (unicellular organisms, cellular
and sub—cellular cultures of animals and humans). The animal studies may be recommended, when in vitro "paradoxical” effects were identified.
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