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BBEJEHHE

«Ku3Hb, 10 CyTH Jiena, IpecTaBiseT coboi hopmy
YCTOMYHMBOTIO CYIIECTBOBAHHS HEYCTOMYUBBIX CTPYKTYP,
Ybsl HECTAOMJIBHOCTB €111e 0OJIbIlle BO3pacTaeT

B IIPUCYTCTBUH BOABI. HO MMEHHO nocineaHuin

(hakTop, KaKk 3TO HU MaPaIOKCAIBHO, 00ECIIeYnBaET
OCHOBY JUJIS JUIMTEJIHOTO CYLIECTBOBAHUS
HEYCTOMYMBBIX OMOJIOTUYECKUX CTPYKTYP»

(Axcenos, 2004)

AKTYyaJIbHOCTH TeMbl. [IpobnemMa kadecTBa MUTHLEBOM BOJIBI HA COBPEMEHHOM JTare
pPa3BUTHA LIUBUIIM3ALUU SIBISIIOTCS OJIHOM M3 KIIFOUEBBIX, ITOCKOJIBKY HEMOCPEICTBEHHO
CBSI3aHA C COCTOSIHMEM 37I0POBbSl KAaK HBIHE MKUBYIIUX, TaK U OyIyIIUX MOKOJIEHUN
monen. 3BeCTHO, YTO KaueCTBO MUTHEBOW BOJIbI ONPENEIISIETCS HE TOJIBKO €€ COJIEBBIM
COCTaBOM, HaJMYUEM OPTaHMYECKHX U HEOPTaHMYECKUX 3arpsi3HUTEIICH, COACPKaHUEM
MUKPOQIIOPBI, HO U PUBUKO-XUMUUYECKUMHU cBoiicTBamHu. [20, 87, 93, 119]. Tloatomy B
HACTOSIIIEE BpEeMs IIUPOKOE PACTIPOCTPAHEHUE MONTYUYUIIU PA3HOOOPa3HbIE TEXHOJIOTUU
BOJIONIOATOTOBKH, 3HAUYUTEIBHO U3MEHSIONINE (PU3HMKO-XUMUUECKHUE CBOWCTBA MUTHEBOU
BOJbl. AHAJIN3 JIOCTYIHOM JUTEpaTypbl Mokaszan, 4To npuMepHo B 80% ciiyyaeB 3Tu
TEXHOJIOTUM OCHOBAaHbI Ha SIBIICHUU DIIEKTPOXUMHUYECKOW akTtuBanuu. [Ipubopsl mis
ANEKTPOXUMHUUYECKON aKTHBALIMM BOJIbI MPOU3BOAATCS Kak B Poccuu [81, 82, 114], Tak u
B apyrux ctpanax [131, 135, 158, 179], mmupoko pekinaMuUpyrOTCs U PEKOMEHAYIOTCS
JUISL WCIIONIb30BaHUS HacelneHueM. MMeercss OoJblioe KOJIWYECTBO —ITyONUKAIIHiA,
OMUCHIBAIOIINX  TOJOXKUTEIbHBIE  PE3YJNbTAaThl MPUMEHEHHS  DJIEKTPOXUMUUYECKHU
AKTUBUPOBAHHBIX BOJI HEMOCPEJACTBEHHO [IJIsl JICYCHHS IIMPOKOIrO CIEKTPa CEPhE3HBIX
3a00JIEBaHUI Yy YeJOBEKa, TAKWX Kak JuadeT, O0Je3HU KOXKHU U OPraHoB KEIyJA0UHO-
KHIIEYHOIO TpakTa, HIIeMUYecKas OO0Je3Hb ceplaua, TUIEepTOHHYecKas OOJIe3Hb,
CTEHOKap/usi, oHKooruueckue 3adonesanus [11, 117, 123, 163, 168]. B 1o ke Bpems
IKCNEPUMEHTAJBHBIX UCCIIEIOBAHUN OUOJIOrMYECKON aKTUBHOCTHU DIIEKTPOXUMUYECKH
AKTUBUPOBAHHBIX MUATHEBBIX BOJ  SIBHO HEIOCTATOYHO [UJISi  pa3pelICHUs

OCCKOHTPOJBLHOTO MCIIOJIB30BaHUS WX HaceneHueM [87, 93]. CrnemyeT OTMETHTH, YTO



BONIPOC 00 OIlEHKE OE€30MaCHOCTH 3JIEKTPOXHUMHUYECKH AKTUBHPOBAHHBIX MMUTHEBBIX
paHee HE MOJHUMAJICS, IMOCKOJIbKY B COOTBETCTBHHM C pErIAMEHTaMU MPUMEHEHUS
AIIEKTPOXUMHUUYECKUX aKTUBATOPOB THUTHEBOM BOABI B MPUOOp TMOCTyHmaeT BOJA,
yaosiierBopsitomiast ycinoBusiMm CanllnH nmo xumuueckomy cocTaBy, M, CIEAOBATENBHO,
MOCJIe aKTUBAIMU BOJa TAKXKE JIOJKHA COOTBETCTBOBATH 3TUM YCIOBUSIM.

[Ipy KOHTAaKTHOW AJICKTPOXUMHYECKOM aKTHUBAallUM BOjAa oOoramjaeTcs HOHaMU
TSOKEIBIX METaJVIOB, UICTOYHUKOM KOTOPBIX SIBJISIETCS Marepuall dJIEKTPOJOB, a TaKkKe
MOHAMU, O0pa3yroIIMMUCS TIPU PA3TOKECHUH BOJIbI, COACPIKAIIMXCS B HEHMl coliell U B
pe3ynbrare uxX IMOCIEAYIOUIEr0 OKUCIEHUsS WM BoccTaHOBIeHus [68]. Iloatomy nms
VIIy4IIEeHUsI KayeCcTBa AKTMBUPOBAHHOW TUTHEBOM BOABI  OBLIO  MPEIOKEHO
HCIIOJIb30BaTh HEKOHTAKTHYIO AJIEKTpOXMMHUEcKyro aktuBanuio (HA), xorma Boma B
TOHKOCTEHHOM TMOJMATUJICHOBOM TAaKeTe (CTakaHe) TMOrpy»aercsi B €MKOCTh ¢
KOHTAaKTHO 3JIEKTPOXMMHYECKH AKTUBHPOBaHHOW BOJoM. [lociie 3Toro BO3aeHCTBUA
MPOUCXOIUT U3MEHEHUE (PU3NUECKUX MapaMeTPOB BOJbI, KOTOPOE HE COMPOBOXKIAACTCS
U3MEHEeHHeM xumudeckoro coctasa [50, 117]. IIpubopskl 1151 HEKOHTAKTHON aKTHUBAIL[UU
MpU3HaHbl Oosiee OE30MaCHBIMU, YeM KOHTAKTHBIEC AJIEKTposin3epbl. OIHAKO W3BECTHO,
YTO B MPOLIECCE HEKOHTAKTHOM SJIEKTPOXMMHUYECKOM aKTUBALUHU Y BOABI W3MEHSIOTCS
OKHCIIUTENbHO-BOCCTAaHOBUTENbHBIN noTeHIMan (OBII), nmonst cTpykTypupoBaHHOMI
(cBs3anHOM) (a3el B Bojae M JApyrue (Gu3MKO-XxuMuueckue cpoiictBa [60, 100], uro
OKa3blBa€T  BJIMSHUE  HA  mOpouecchl  (GopmMupoBaHus,  cTaOUIM3alMU U
(GYHKITMOHUPOBAHUS KIIETOUHBIX MeMOpaH, a Takke OenkoB u JIHK [2]. Ot nannbie
MO3BOJISIIOT TPEANOJIOKUTh Y HEKOHTAKTHO akTUBHpoBaHHBIX Boja (HAB) namuuue
F€HOTOKCUYECKOM AaKTUBHOCTH, 4YTO BBIBOJUT Ha IMEPEIHUN TIUJIaH TUTHEHUYECKUX
UCCJICIOBAaHUN  DKCIIEPUMEHTAJIBHYIO OIIEHKY O€30MacHOCTU  DIEKTPOXUMHUUYECKH
aKTUBUPOBAHHBIX BOJl, U — B OCOOCHHOCTU — aHAJIM3 OTAAJIEHHBIX (T€HOTOKCUYECKHUX)
s dexToB. becKoHTpoIBHAS MpoAaka U MPoIaralja UCIoIb30BaHUs B OBITY IpUOOPOB
JUISI. HEKOHTAKTHOM AJIGKTPOXUMHMUYECKON aKTUBAIIMKM MHUTHEBBIX BOJ JElaeT MpoodiieMy
OLICHKM O€30IaCHOCTM 3THUX BOJA — B TOM YHCIE, T€HOTOKCMYECKUX 3(PPEKTOB —

O0COOCHHO aKTyalbHOH.



Ucxons u3 3TOrO, 1Eablo padoThl SBISETCS OIICHKA T'€HETHUYECKOH 0e30MacHOCTH
MUTHEBBIX BOJ, IMOJIYYECHHBIX HEKOHTAKTHOW (RJIIEKTPOXUMUUYECKOW) aKTHBALUMEU, W
CO3/1aHME€ MUHUMAJHLHOTO Habopa TECTOB /I MPOBEJACHUS PYTHHHBIX HCCIIEIOBAHUN
AKTUBUPOBAHHBIX BOJ HA HAIMYUE TEHOTOKCUYECKOW aKTUBHOCTH.

JIist AOCTHXKEHUS ATOU 1€l TPeOOBaIOCh PELIUTh CIEAYIOUIUE 3a4a4UM:

1. Ha xuBBIX 00BEKTaX, HAXOMSIIMXCA HAa Pa3HBIX YPOBHSX OpraHU3AIlMU KHUBOTO
(OakTepusx, qpo3oduie, MbIIIAX 1N ViVvo U KyJIbTUBUPYEMbIX KJIETKaX KPOBHU YEJIOBEKA),
OLICHUTHh TOTEHIIMAJbHbIE TeHOToKcuueckue 3¢dexktsi HAB, npuroroBieHHBIX Ha
OCHOBE Pa3JINYHbIX MUTHEBBIX BOI.

2. Onpenenutsb (UBHKO-XUMUIECKHE rapameTpbl ANEKTPOXUMHUYECKU
aAKTUBUPOBAHHBIX BOJI, CYIIECTBEHHBIC /ISl 00OECIICUeHHSI TEeHETUYECKOM 0€30MaCHOCTH.

3. Ilo marepuanaMm uccleOBaHUN pa3padoTaTh METOJAUKY OLIEHKH MOTECHIIUATbHOMN
T€HOTOKCUYHOCTH aKTUBHUPOBAHHBIX MTUTHEBBIX BOJL.

Hay4ynast HOoBM3HA

- BIIEPBBIE MMOKA3aHO, YTO HEKOHTAKTHO AKTMBUPOBAHHBIE KATOJUTHI U AHOJIUTHI,
IIPUTOTOBJICHHBIE HAa OCHOBE apTE3MaHCKOM BOJbl C HU3KOW MHHEpaIU3aluei,
MOCKOBCKOW BOJIOIIPOBOJHON BOABl U OyTHJIMPOBAHHOW IMO3EMHON MNHUTHEBOW BOJbI,
WHIYIIUPOBATM TeHOTOKCHMYeckne d¢GeKThl B TMOJOBBIX KieTkax Drosophila
melanogaster, Ha KJIETKaX KPOBH YEJIOBEKAa, KYyJbTUBUPOBAHHBIX B YCIOBHUAX
UTOKMHETUYECKOro OJIOKA U KJIETKaX KOCTHOTO MO3ra MbIIIEH 1n Vivo.

- BIIEPBBIE YCTAHOBIICHO, YTO KAaTOJIUTHI U AHOJUTHI, MTOJTYUYCHHBIE HEKOHTAKTHOU
aKTUBAIMed OJHOM M TOW K€ BOJbI, MHAYLHPYIOT T'€HOTOKCHUeCKHe 3(PGEeKThl Mo
NPUHUIUNHUAIBHO PA3JIUYHBIM MEXaHU3MaM: YPOBHU TEHOTOKCHYECKUX 3 EeKToB
KAaTOJINTOB ~ ACCOLMAaTMBHO  CBS3aHBI CO  CBETOCYMMOH  JIOMUHOJI-TEMHUHOBOM
xemumroMuHectieHnu Boabl (CXJI), a anonutoB — co 3nadeHussmu OBIT u pH;

- BIEPBbIC MPOACMOHCTPUPOBAHO, UYTO XAPAKTEpPHAs IJIA JCUCTBUS paJHaldd U
XUMHYECKUX  MYTareHOB  OTPHULATEIbHAs  ACCOLMATUBHAs  CBS3b  MEXKIY
npoiudepaTuBHON aKTUBHOCTBIO M  YAaCTOTOM KIETOK C IUTOrC€HETUYECKUMU
MOBPEXJICHUAMU (KaKk B JUHAMUKE MOAOCTPOro HKCIEPUMEHTA Ha MbIIIAX, TaK U MpHU

KyJIbTUBUPDOBAaHUM KJIETOK KpPOBH B PpEKOHCTPYUpOBaHHBIX cpenax Ha HAB,
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MPUTOTOBJICHHBIX HAa OCHOBE PA3JIMYHBIX MHUTHEBBIX BOJ) COONIOANACH TOJBKO IS
aHOJIUTOB, B TO BPEMsI KaK /i1 KATOJIUTOB 3Ta CBA3b ObLIA MPSMOI;

- BIIEPBbIE YCTAHOBJICHO, 4TO TeHOTOKcHueckue 3pdextsi HAB, unaynmpoBannbie
B JKMBBIX OOBEKTaX, HAXOSAIIMXCS HA Pa3HbIX YPOBHSIX OpraHU3allMU, CBS3aHBI HE
TOJIBKO C YCJOBHUSIMH AaKTHUBAIlMM, HO M C COCTaBOM (MHUHEpaIu3alueil) HCXOMHOU
(HEaKTUBUPOBAHHOM) BOJIbI, MIO3TOMY pa3HbIC BOJIbI, HEKOHTAKTHO aKTUBUPOBAHHBIC B
OJIMHAKOBBIX  YCIIOBHMSIX, MOTYT 00JIaJiaTh pa3iuyHbIMU  (PU3UKO-XUMUYECKUMU
CBOMCTBaMU U pa3HOM OMOJIOTMYECKON aKTUBHOCTHIO;

- BIIEPBbIE JIOKA3aHO, YTO PE3Y/IbTaThl OLICHKU YPOBHS HECTaOUILHOCTH FeHOMa Ha
KyJbTYypE€ KIETOK KpPOBH YEJIOBEKA KOPPEKTHO KAYECTBEHHO IPOTHOZUPYIOT
nuroreHeTndeckuii 3pdextet HAB Ha kileTkax KOCTHOTO MO3Ta MBIIIEH, OnpeieICHHbIE
B MOJIOCTPOM 3KCIIEPUMEHTE;

- BIIEPBBIE YCTAHOBJIEHO, YTO HHU OJWH W3 HW3YYCHHBIX (PU3HKO-XHUMHYCCKUX
napaMeTpoB BOJbl (cTeneHb muHepanuzanuu, pH, momst C®, OBII, CXJI u pexum
aKTUBAIIMH) TIOJIHOCTHIO HE OTNPEENISIeT TeCHOTOKCHUYECKYI0 akTUBHOCTh HAB;

- B pe3yibTare MPOBEACHHBIX JKCIIEPUMEHTOB 0O0OOCHOBaHA HEOOXOAMMOCTD
TUTHEHUYECKON perjaMeHTalMy yCJIOBUM NMpUMEHEHUs MPUOOPOB JUIsl HEKOHTAKTHOM
AKTUBAllUM BOJIbI HA OCHOBAaHWM OLICHKH ITOTEHIIMAJIBbHOW T'€HETUYECKOM OIACHOCTH
HAB u pa3zpabotran Hab0op KpaTKOCPOYHBIX TECTOB, PUTOIAHBIN JJI €€ ONPEICTICHUS.

MeToauueckasi HOBU3HA

1. JIns OIEHKM TEeHETHYEeCKOW O€30MacHOCTH TMHUTHEBBIX BOJ, IMOJYYCHHBIX
HEKOHTAKTHOU AJIEKTPOXUMHUYECKON aKTHUBAIIMECH, BbIJICIICHBI HaunooJee
MH(pOpMAaTUBHBIE TECT-OOBEKThI: KIETKH KPOBU 4YEJIOBEKA, KYJIHTUBUPOBAHHBIC B
YCJIOBUSIX IUTOKMHETUYECKOrO OJI0Ka ¢ NMUTOT€HETUYECKUM aHAJIU30M B PACHIMPEHHOM
BApDUAHTE MHKPOSJIECPHOIO TECTa, M KIETKH KOCTHOIO MO3ra MbIIIEH C
[IUTOTEHETUYCCKUM aHAJIM30M B TECTE Ha WHIYKITUIO XPOMOCOMHBIX abeppariuii.

2. Ilo pe3ynbTataMm HccleAOBaHUs pa3padOTaH aJITOPUTM OICHKU MOTEHIIMAIbHON
T€HETUYECKOM  OMACHOCTH  NUTBEBBIX  BOJ, MOJYYEHHBIX ~ HEKOHTAKTHOMU

IEKTPOXUMHUUYECKON AKTUBALIUEH.
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3. Iloka3zaHO, YTO MUKpOSIAEPHBIM TECT Ha KIETKaX KpPOBU YEJOBEKA,
KYJIbTUBUPOBAHHBIX B YCJIOBHUSIX LIUTOKMHETUYECKOro OJIOKAa, MO YYBCTBUTEIBHOCTU K
neiicteuto HAB Onm30k TecTy Ha KI€TKaxX KOCTHOTO MO3ra MbIIIEH in Vivo U Ha
KauUeCTBEHHOM YPOBHE Ja€T YAOBJIETBOPUTEILHBIA MPOTHO3 WHIAYKUUM MyTalluid u
W3MEHEHHUS TPOon(epaTiBHON aKTUBHOCTH.

IIpakTHyeckasi 3HAYMMOCTh NMOJYYE€HHBIX Pe3yJabTATOB U (POpPMBI BHeApPeHUS
B NPAKTHUKY:

- TIOKa3aHO, YTO MUTHEBBIE BOJIbI, [TOJTYUYEHHbIC HEKOHTAKTHOMN 3JIEKTPOXUMHUYECKOM
aKTUBallUeW, HE MOTYT OBbITh PEKOMEHJIOBaHbl K MPUMEHEHHUIO HaceleHueMm 0e3
MPEIBAPUTEIHLHON OIIEHKH OTHAJICHHBIX MOCJIEICTBUNA WX TMOTPEOJICHHUS B CHCTEME
KpPaTKOCPOYHBIX TECTOB; JUIsl CKpHHHHra Oe3omacHocTH HAB B kauecTBe aKcmpecc-
METO/Aa PEKOMEHIYETCS TECT Ha KYJIBTYpE KJIIETOK KPOBHU YEJIOBEKA;

-  TOpU  BbJA4Y€  PA3PEIIUTENBHON  JOKYMEHTAlMM HA  NOpUOOpbl s
AIIEKTPOXUMHUUYECKON aKTUBAIIMM MHUTHEBBIX BOJ C ILIEJIbI0 0OECIeYeHUs] T€HETUYECKON
0€30MaCHOCTH HACeNeHUs CJleAyeT H3ydaThb M[OTEHUUAIbHbIE TI'€HOTOKCUYECKUE
3¢ (deKToB BO, MONYYSCHHBIX HA 3TUX MPUOOpax;

- s peuieHus 3aJad TeHETUKO-TOKCHKOJOTHYECKOrO0 CKPUHUHIA MPEMJIOKEH
QITOPUTM M METOMBI OMNpPENEICHUSI TEHETUYECKOW OE30MacHOCTH THTHEBBIX BOJI,
MOJIyYEHHBIX HEKOHTAKTHOM  (DIEKTPOXMMHUYECKON) aKTHBAlMEW, YTO CO3JaeT
AKCIEPUMEHTANIbHYIO 0a3y s OnpeleieHus pPHUCKa pPa3BUTHS T'€HOTOKCHYECKHUX
abdexkToB 'y moTpeOuTeNnell aKTUBUPOBAHHOW BOIBI B OBITY W MOXET OBITH
HCIT0JI30BAHO MPH BbIOOpE Oe30MacHbIX MPUOOPOB U ycinoBul nonydenus HAB;

- MO MarepuaiaM HCClelIOoBaHusl pa3paboTaHbl U yTBepxkaeHbl [lpeacenarenem
[IpoOnemMHONM KOMHCCHM I10 SKOJOTMHM 4YeJIOBEKAa M THUTHEHE OKPYKAIoIIEeH Cpelibl
akanemukoM PAH FO.A.PaxMaHUHBIM METONMYECKHE PEKOMEHIALMU 10 OLICHKE
TCHETUYECKONH  O€30MacCHOCTH  MHUTHEBBIX  BOJ, IOJYYCHHBIX  HEKOHTAKTHOU

ANEKTPOXUMHUYECKON aKTUBALIUEH.
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MeTox0JI0THSI M METOIbI HCCJIeI0BAHUS

MeTo1010THYecKOM OCHOBOW HMCCJIEAOBAHUSl SIBJSUIACH OILEHKA T€HETUYECKHX
MOBPEXKJICHUNA B KOMIUIEKCE C aHAJIM30M MUTOTHYECKOW WM MpoiudepaTHBHOM
AKTUBHOCTHU KJIETOK B KYJbTYpE KPOBU YEJIOBEKA, KJIETKaX KOCTHOIO MO3ra MBIIIEH B
pamkax 30-CyTOYHOrO OSKCHEPUMEHTA, a TAKXKE OIEHKAa 4YacTOThl JIOMHUHAHTHBIX
JeTaJbHBIX MYyTallMii B TOJOBBIX KJeTkax camioB Drosophila melanogaster,
WHYIIUPOBAHHBIX HEKOHTAKTHO (RJIEKTPOXUMUUYECKH) AaKTUBUPOBAHHBIMHU BOJIAMHU.
OCHOBHBIMHM METOJIAMHU HUCCIIEAOBAHUS SBJISUTUCH IIUTOTEHETUYECKUN aHAIIN3 KOMILIEKCa
nokasaresieil HecTaOUILHOCTU T€HOMa B MHUKPOSIEPHOM TECTE C IUTOXala3uHOM B,
aHaJIM3 YaCTOTHl XPOMOCOMHBIX abepparwii, orieHKa PEePTUILHOCTH W YaCTOT PAaHHUX U
MO3/THUX JIETAIBHBIX MyTallUil B IOTOMCTBE CaMIIOB MyX. BakTepulIMIHYI0 aKTUBHOCTh
HEKOHTAKTHO aKTUBUPOBAHHBIX BOJ OMPEACISUIM MO KU3HECIMOCOOHOCTH MY3EHHOIo
mramma E.coli 1257 u anteunoro mramma B.cereus IP 5832. Bribop TectoB, Tect-
O0OBEKTOB U JAM3aifHa MCCIIECIOBaHUS MPOBOAWIM B cooTBeTcTBUM C Test Guideline
OECD 487. In vitro mammalian cell micronucleus test, Paris, 2010, Test Guideline
OECD 475. Mammalian Bone Marrow Chromosome aberration test, Paris, 1997, MP
«CuctemMa OIEHKM HECTaOMIBHOCTH T'€HOMa YEJOBEKa B T'€HETHKO-TMTMEHUYECKHX
uccnenoBanusax» M., 2004, «PykoBOJICTBOM MO MPOBEICHHUIO JOKIMHHUYECKUX
HCCIIEIOBAaHUM JIEKApCTBEHHBIX cpeacTB», M3 PO, ®I'BY "HayuHblil IEHTp 3KCIIEPTU3BI
CpencTB MeauUMHCKOro npuMenenus", M.2012 nu PykoBOICTBOM MO KpaTKOCPOYHBIM
TecTaM ISl BBISBIICHHSI MYTar€HHbIX M KaHIIEPOT€HHBIX XWMHUYECKUX BEILECTB.
['urnennueckrue KpUTEPUM COCTOSIHUSA OKpy:katoen cpeasl 51. BO3, JKenena, 1989.

OcHOBHBIE IMOJIO’KEHU S, BLIHOCUMBIC HA 3allIUTY:

1. B mpouecce HEKOHTAKTHOW (RIIEKTPOXMMHUYECKOW) aKTUBALUU IMMHUTHEBHIE BOJbI
MOTYT NPHOOpPETaTh B PAa3HOW CTEMEHU BBIPAKEHHYIO F€HOTOKCHYECKYIO aKTHUBHOCTb,
KOTOpasi BBISBIISICTCSI HA CTAaHJIAPTHBIX KUBBIX TECT-00bEKTaX, PEKOMEHIOBAaHHBIX B PO,

ctpanax EC, CIIA u ap. ans uaeHTUUKAITMY TeHETUYECKOM OMAaCHOCTH.

2. HexonTakTHO IMMOJIYYCHHBIC aHOJINTBI U KAaTOJMUThI PA3JIMYAr0OTCsA KaYCCTBCHHO IO

BIMSIHUIO Ha TpoiudepaTuBHYI0O U MUTOTHUYECKYIO aKTHBHOCThH KJIETOK In Vitro M in
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Vivo, a TakXe IO AacCOIIMATUBHOW CBSI3U TE€HOTOKCUYECKHX 3PGPEKTOB ¢ (UBHKO-
XxuMu4IeckuMu napamerpamu HAB: mis kaTtonuToB OoCHOBHBIE 3(PEKTHI CBS3aHBI CO
CBETOCYMMOH JIFOMHUHOJI-TEMHUHOBON XEMUJIFOMHUHECIICHITNHU, a 1151 aHOJIUTOB — ¢ OBII 1
pH.

3. U3menenue gonau cBsi3aHHOW (a3pl BOABI, TMOJTYYCHHOW HEKOHTAKTHOM
ANEKTPOXMMHUUYECKONM aKTUBALIMEH, CBA3aHO C HAJIMYUEM y HEE T'€HOTOKCHYECKOMN
AKTUBHOCTH.

4. IlpemioXeHHbIH MUHUMAIBHBIM OJOK TECTOB M alrOPUTM MPOBEIACHUS
uccienoBaHui (0OObEKTHI, CXEMbl U YCIIOBHUSI TIPOBEJICHUS IKCIEPUMEHTOB) aJ€KBAaTHBI

IUTSL OLIEHKY reHeThndeckoi 0ezomacnoct HAB.

JloCTOBEPHOCTH pe3yJbTaToOB obecrieueHa OOJIBIINM KOJINYECTBOM
OKCIEPUMEHTANbHBIX JaHHBIX W WX TPaMOTHOM CTAaTUCTHYECKOM 0O0pabOTKOI.
Omnpenenenue (GU3NKO-XMMHUYECKUX MapaMeTPOB aKTMBUPOBAHHBIX BOJ MPOBEIECHO Ha
CEPTUPUIIMPOBAHHOM OOOPYIOBAaHUM C KCIIOJIB30BAHUEM CTaHAAPTU30BAHHBIX METOAUK
Y JIMIEH3MOHHBIX KOMIIBIOTEPHBIX MTporpaMM. B paboTe ncrnosb30BaHbl KOHAUIIMOHHBIE
’KUBOTHBIE, COBPEMEHHBIE METOJAMKH IUTOIEHETUYECKOrO aHaiu3a U 00paboTku
ucxoqHoi nupopmanuu. KynptuBupoBanue TMMQPOLKUTOB KPOBH YEJIOBEKA IMPOBEICHO B
PEKOHCTPYMPOBAHHBIX CPENAX, IPUTOTOBICHHBIX HA OCHOBE CTAHAAPTHON CYXOW Cpelbl
RPMI-1640, 0CHOBHBIM KOMITOHEHTOM KOTOPBIX SIBISIETCS M3ydaeMas aKTUBUPOBAHHAs

BOJIA.
JInyHblil BKJIaJ aBTOpa cocTaBisieT HE MeHee 80% M 3aKIIF0O4aeTcsl B yYaCTHH B

paboTe Ha BCeX JTarax ee MPOBEACHUS: MOJ00pEe U aHAIM3€ UMEIOLIEHCS JTUTEPaTyphI,
BBIOOpE 1I€JIM M MOCTAHOBKE 3aja4 paOoThl, MJIAHUPOBAHUU U MPOBEJICHUU M aHAIU3E
pe3yIbTaTOB 3KCIIEPUMEHTOB, H3MEPEHUH OCHOBHBIX (PM3UKO-XMMHUYECKHUX MOKa3aTesen
HAB, cratuctuueckoit 00paOOTKe MAaHHBIX, HANMUCAHUU TE3UCOB, CTAaTeH, TEKCTa
auccepTanuu U aBTopedepara. YacTh ucCleOBaHUN TPOBEAECHA COBMECTHO C
COTpYAHUKaMU J1a0OPaTOPUU F€HETUYECKOrO0 MOHUTOPHHTA, JTA00paTOPUH METOA0JIOTUN
03/I0POBUTEINIbHBIX TEXHOJOTMUA W MEAMIMHBI OKpYXarolled cpelasl U J1adopartopuu

nutbeBoro BogocHaOxkenuss ®I'bY «HUM 24 u 'OC um. A .H. Ceicuna» Munzapasa
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Poccuu.

Pabora BbImoIHeHa B J1a0OpaTOpHUsIX  T'€HETUYECKOTO  MOHUTOPHUHTA,
METOJIOJIOTUH O3/I0POBUTENIBHBIX TEXHOJIOTMHA W MEIWLMHBI OKPYKAIOIIEH Cpelpl, a
TaKxe Jadoparopuyd TUTHMEHbl MUTHEBOIO BOJOCHAOKEHUS W CAHMTAPHOM OXpaHbI
BonoeMoB DI'BY «HUM DY u I'OC um A.H.Coicuna» M3 PO B pamkax
I'ocymapcrBennbix 3anannii PI'bY «HUU 94 u ['OC um. A.H. Ceicuna» Mun3npasa
Poccun: pasgen 2 «BblnonHeHne (QyHAaMEHTaNbHBIX HAYYHBIX MCCIIEOBAHUI
«HccnenoBanus 3aKOHOMEPHOCTEN B CUCTEME "CTPYKTypa-aKTUBHOCTB' »
(MccnenoBanne  3aKOHOMEPHOCTEH  pErylupyeMoOM  CTPYKTYpPHO-IHEPreTUUYECKOU
camoopraHuzanuu ¢asbl aCCOIMUPOBAHHON BOJBI AJs (POPMUPOBAHUS MUTHEBBIX BOJ C
HaIpaBJICHHBIM OuosjorudeckuMm aerctBueM). Ne roc. peructpamuu 140319123146;
paznen S5 «OpraHuzallMOHHO€ U HWH(OpPMAlMOHHOE OOecreYeHue JCSITEIBHOCTU B
o0NacTd  3IpaBOOXpPAHEHHS M  COLHMAJIBHO-TpyHoBOW  cdepp»  «Buempenue
pekomengauuii u pemienuid OOCP B wyactu xumumyeckux BeniectB». Ne roc.
peructpauun 01201461959 mnmanoBoit Ttembl «MccnenoBanue 3aKOHOMEPHOCTEU
PETYyIUPYyEMON CTPYKTYPHO-IHEPIeTHUECKON caMOOpraHu3aiuu $pa30accomupoOBaHHON
BOJIbl JUII (OPMHUPOBAHUS NUTHEBBIX BOJ C HANpPaBICHHbIM OHOJIOTMYECKUM
nericteuem» (per.Ne 01201461961). Yacte uccnenoBanuii BeinosiHeHa B HWUUW ruruensl
Y DKOJIOTUU YesioBeka Mpu CaMapcKOM rocyapCTBEHHOM MEIUIIMHCKOM YHUBEPCHUTETE.

AnpoOauus padoThl

PaGora noxmanmpiBanack u oOcyxknmanach Ha: JxBatdk 2012 «Boma, skomorusi u
TEXHOJIOTUs» (CeKIusi «DHeprouHPopMalMOHHbIE TEXHOIOTUWY), MockBa, 5-6 HIOHS
2012; 42 Annual Meeting of European Environmental Mutagenic Society (EEMS),
[Tonpma, Bapmaa, 16-21 centsiops 2012; IV Bceepoccuiickodt HaydHO-TIPAKTHYECKON
KOH(pEpEeHIIMM MOJIOBIX YUEHBIX M clieHuanucToB «OKpysKarolas cpefa U 310pPOBbE.
Mornozplie yueHble 3a yCTOMUMBOE Pa3BUTHE CTPaHbI B ITI00aIbHOM Mupe», Mocksa, 27-
28 cents0ps 2012; VIII mexayHaApOIHOM CUMITO3UYME «KOJIOTHS YeJIOBEKAa U MEIUKO-
Ouosoruyeckas Oe30MacHOCTb HaceneHus», Benrpus-Ascrpus, 20-29 oxtsaops 2012;
IInenyme HayyHOro coBera IO 3KOJIOTHMH 4YEJIOBEKAa M T'MIMEHE OKPYXKAIOWIEW Cpenapbl

((AKTyaJ'II/ISI/IPOBaHHBIC HpO6J'I€MBI 310pOBbA YCIOBCKA W CPCbl oOuTaHusA U IMyTH HUX
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pemenus», MockBa, 12-13 nexabps 2012; XVIII Bcepoccuiickom KoHTpecce
«JKkomoruss W 3I0poBbe uyenoBeka», Camapa 8-10 oxraops 2013; IV ceesne
TokcukonoroB Poccun, MockBa 6 — 8 Hos10pss 2013; Ilnenyme Hayunoro comera mo
DKOJIOTMM 4YE€JOBEKa M TUIrMeHe OKpyxkawomeh cpeasl PO «lIpuopurerst
PO IIIAKTHYECKOTO 37]paBOOXPAHEHUS B YCTOMYMBOM PAa3BUTHUU OOIIECTBA: COCTOSHUE
U NyTH pemieHus npoodimem», MockBa 12-13 nekabpst 2013; VIII Bcepoccuiickom
dbopyme «310poBbE HAIlMUM — OCHOBa mpouBeTaHus Poccum», Mocksa, 18-20 wutonHs
2014; V Bcepoccuiickoii Hay4YHO-TPAKTHYECKOW KOH(MEPEHIIMU C MEXITYHAPOIHBIM
Y4aCTUEM MOJIOABIX YYEHBIX M clenHalIncToB «OKpyKaromas cpeiaa U 3I0POBBE.

3mopoBast cpeaa — 310poBoe Hacaeaue», Mocksa, 25-26 centsaops 2014.

Iyonukanuu. Ilo Teme nuccepranuu omyOirkoBaHo 14 pabot, B ToM yucie, 3 - B

U3JIAaHUSX, BKIIOUEHHBIX B iepeueHb BAK, u 1 B 3apyOexxHOl nevary.

O0beM M CTPYKTYpa AMCCEPTALMHA

Pabora u3noxena Ha 161 cTpaHUIBI KOMIOBIOTEPHOTO TEKCTa, COACPKUT 43
Tabmuipl, 31 pUCYHOK, M COCTOMT U3 BBEAEHHUS, 0030pa JHUTEpaTypbl, OMHCAHUA
WCIIOJIb30BAHHBIX MAaTepuajoB M METOAOB HCCIEAOBAHUS, S5 TJaB, OIMUCHIBAIOLIUX
pe3yJIbTaThl COOCTBEHHBIX HCCIEAOBAHUN, OOCYXIAEHHUS IOJYYEHHBIX PE3YJIbTATOB,
3aKJIIOYEHUS, BBIBOJOB, CIIMCKA JIUTEpATyphl, cojepxkaimiero 121 oredecTBeHHBIX U 61

WHOCTPAHHBIX UCTOYHHKA, 3 MPUJIOKEHUN Ha 75 cTpaHULaX.
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IVIABA 1. OB30P JIMTEPATYPbI

C1ioBO «BOJIa» HEpaA3AEIUMO CBS3aHO CO CIOBOM (CKM3HBY». «Boja siBiseTcs mepBoiu
HEOOXOIUMOCTBIO I TOJAJEP)KaHUs >KU3HHM, a YAOBJIECTBOPUTEIbHOE (aJIeKBaTHOE,
0e3omacHOe W B JOCTAaTOYHOM KOJMYECTBE) OOECIEUEeHUE BOJOU JIOJDKHO OBITh
JOCTYIHO JUIsl BCEX JIIoACW. VYJydllleHME KauecTBa U TOBBIIICHUE CTETEHU
0€30MacCHOCTU TUTHEBOM BOJBI MOXET MPUBECTH K OIIYTHUMOW TOJIb3€ JIJIsi 370POBbSI
yenoBeka. [losTomy cienyeT mpeanpuHUMarh BCE BO3MOXKHBIC YCUIUSA IS
oOecrieueHHs] TaKOro YpPOBHS O€30MaCHOCTH MUTHEBOM BOBI, KOTOPBIM MPAKTHYCCKH
noctxkum» [91]. CornacHo Pekomenaanusm BO3, CanlluH 1074 u CaulluH 1116 [91,
95, 96], nuThbeBas BoAa HE JOJDKHA CO3/1aBaTh HUKAKOTO JIOMOJIHUTEIBHOTO PUCKA IS
3I0POBBSl TIPH yHOTpeOJCHWH €€ B TeueHHe BCeHM >ku3HM. Boma — 3To caMblid
pPacCIpOCTPAaHEHHBIA TPOIYKT MHUTAHUS, MPOAYKT €XKEIHEBHOTO U MPaKTUUYECKU
HEKOHTpOJIMpyeMoro motpednaeHus. [1oaToMy k BoJe AOKHBI MPEABSBISATHCS CaMbIE
BBICOKME CaHUTAapHO-TUTHEHHUYecKkue TpeboBanus [25].

ITonsaTus xadyecTBa U O€30IIACHOCTH IMUTHEBOM BOJIBI CKJIAJBIBAIOTCS U3 XUMHYECKOM,
OMOJIOTHYECKON M PaAHOJIOTHYECKON 0€301acHOCTH. METO/ bl MCCIICTIOBAaHMS KauecTBa U
0€30macHOCTH BOJBI IO  BBIIIE TEPEUYUCICHHBIM TIOKa3aTelisiM pa3paboTaHBbl,
(b (HEKTHBHO HCIIONB3YIOTCS W TOCTOSHHO COBEPIICHCTBYIOTCS. TeM HE MeHee, C
pPa3BUTHEM IIUBUIIM3AIMN B BOJIe OOHAPYKHUBAIOTCS BCE HOBBIE U HOBBIC aHTPOIIOTCHHBIC
XUMUYECKUE 3arps3HUTENN, COJIEp)KaHUE HEKOTOPhIX U3 HHUX HOPMHUpYETCA U
KOHTponupyetrcsi. B Hacrosimee Bpems B Poccunm cymiecTByeT — yCTOSIBIIAsICS
3aKOHO/aTeNIbHas 0a3a /i KOHTPOJIsl KadyecTBa U 0€30MacHOCTH MUTHEBBIX BOI [26, 95,
96] u umer mpouecc rapMOHHU3ALMM OTEYECTBEHHBIX CTAaHJAPTOB KayeCTBa MHUTHEBOU
BOJIBI C 3apyOexkHbIMH [55].

[ToMmuMo 06€30macHOCTH MUTHEBON BOJBI B TOCJIECIHUE JECATUICTHS OCTPO CTOUT
BOIIPOC O €€ TIOJIE3HOCTH, KOTOPBIM paccMarpuBaeTcss C TOYKM  3pEHUS
(U3UOJIOTUYCCKON  TIOJHOIGHHOCTH -  COJICPXKAHUS  OCHOBHBIX  OHOJIOTHYCCKH
HEOOXOJUMBIX MaKpOo- M MHUKPOAJIEMEHTOB. BrepBbie MOHSTHE TMOJE3HOCTU OBLIO

BBEJICHO JJIsl TUTHEBOM BOABI, pacacoBaHHOW B eMKOCcTH [96]. Ha ocHOBaHHMH 3TOTrO
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JOKYMEHTa TPOU3BOAMTENSIM MHUTHEBOM OyTHJIMPOBAHHOW BOABI  pa3periaeTcs
KOHJAUIIMOHUPOBATh BBITYCKAEMYIO BOJY IMOJE3HBIMHU JUISI 3/I0POBbS MUHEPAIbHBIMU
KOMITOHEHTaMHU, TAKUMH Kak o, Grop, ceneH, kanuii u 1p. OcoOeHHO BaXKHBIM C TOUKU
3penust npoduiakTUku (GTop- M HomnedUIUTHBIX 3a00J€BaHUM SBIISIETCS BBIMYCK
MUTHEBON OYTWJIMPOBAHHOW BOJBI C JO0ABKAMH TAaKUX MHKPODJIEMEHTOB KaK HOI M
drop [6, 88]. B HacTosiiee BpeMsi TUTheBas OyTWIMpPOBaHHAs BOJIAa CTAHOBUTCS
albTEPHATUBOM BOJIOMPOBOJHON BOJAE, IMOCKOIBKY XJIODUPOBAHUE, 4Yalle BCEro
UCIIOJIb3yeMoe JyTsi 00e33apakMBaHuUs BOJIbI B IIEHTPAIBHBIX CUCTEMAX BOJIOCHAOKEHUS,
OPUBOIUT K OOpa30BAHMIO TOKCHUYHBIX TaJOT€HCOAEPKAIIUX XJIOPOPTaHUUECKUX
COCIMHEHUM, KOTOphIEe 00J1aat0T MyTareHHBIMU U KaHIIEPOTEHHBIMU CBOMcTBamu [127].
VYnorpebieHue XJI0pHUpOBAaHHOM BOJIBI CBS3aHO C YXYAIIICHUEM 370pOBbs HaceleHus [54,
61, 165, 120]. Iloatomy nns oOe33apaxuBaHus OyTUIMPOBAHHOW BOJABI NIPHU €€
MPOU3BOJICTBE 3aIPEIICHO MCIOIL30BaTh XJOPUPOBAHWE, K OYTWJIMPOBAHHOW BOJE
MPEABIBISAIOTCS 0oJiee JKeCTKUE TpeOoBaHUS O€30MacHOCTH, YeM K BOJOIPOBOJIHOM
Boie [96]. Tem He MeHee, OyTUIMpPOBAaHHAs BOJa HA CETOAHSIIHUN JE€Hb JOCTYIHA
JAJIEKO HE BCEM CJIOSIM HACEJEHUs CTPaHbl, J1a M IMOAYaC BO3HUKAIOT COMHEHHS B
KAayeCTBE 3TOTrO MPOAYKTA.

OTHOCUTENIBHO  HEJIABHO  IIMPOKOE  paclpOCTPaHEHWE  CTald  IOJydarh
bunbTpyronmMe M COpPOIMOHHBIE HaHOMAaTepUaldbl Pa3HOTO XHMHUYECKOTO COCTaBa,
KOTOpBIE MPEJIaratoTcs K UCIOIb30BAHUIO I 00€33apakMBaHUsI U OUMCTKU MUTHEBOU
Bonbl. CremyeT OTMETHUTh, YTO JAaHHBIE HAaHOMATepUAIbl UMEIOT (DU3UKO-XUMUUICCKUE
CBOMCTBA, OTJIMYAIOIIUECS OT CBOMCTB ATUX K€ BEIIECTB B MOJEKYISIpHOU opMme, uTo
4acTO MPUIAECT UM KaTaJTUTUUYECKYI0 aKTUBHOCTh, HA UX MOBEPXHOCTHU MPU MOTATaHUH B
BOJIy TMPOUCXOMUT 00Opa3oBaHMe aKTUBHBIX (opm kucimopopa. [66, 94]. Ilocnennue
UCCJIEIOBAaHUsl JIOKa3bIBAIOT OIMACHOCTh HCIIOJIb30BAaHUSI MOMOOHBIX (UIBTPOB IS
OYMCTKU BOJIbI, TAK KaK HAHOYACTHUIIHI U3 3THX (PWIBTPOB, MOMAaasi B BOAy U Jajee B
OpraHu3M 4YeJIoBeKa, MOTYT BBI3bIBaTh TOKcHueckue [15] u reHorokcuueckue 3¢ exTs
[143].

B mnocnegnue necsaTuneTus NPUCTATILHOE BHUMAHHME YYEHBIX MHOTHX CTpaH

HaIrpaBJICHO Ha M3Yy4YCHHUC (1)I/ISI/IIIGCKI/IX CBOMCTB BOJbI, €€ CTPYKTYPBhI, OMOJIOTHYECKOM
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AKTUBHOCTHU M MCIIOJIb30BAHUE 3TUX 3HAHUU JUIS yIIydIIEHUsS KadecTBa BoAbl. C 3TOM ke
[EIbI0 M300PETEHBI PA3IMYHBIE CIOCOOBI AKTUBAIMK BOABI, KOTOPHIE MPUBOIAT K
U3MEHEHHIO €€ (PU3UKO-XMMUYECKUX CBOMCTB, B YACTHOCTH, KJIACTEPHON MOJIEKYIISIPHOM
cTpyKTypbl [89]. Hanbonee pacnpocTpaHEHHbIMH COBPEMEHHBIMU METOAAMH (PU3UKO-
XUMUYECKOT0  (SHEepromHGOPMAIMOHHOTO)  BO3JACUCTBUS HA  BOAY  SIBIISIOTCS
TeMreparypHble,  MEXaHW4YeCKue  (BUXPEBbIC, KaBUTAIIMOHHBIC),  MarHUTHBIC,
AJIEKTPOMATrHUTHBIC (BOJHOBBIE), PJCKTPUUECKUE (B T.4. DJIEKTPOXUMHUYECKHUE), a TaKKe
BO3JICHCTBUE JaBiIeHUS (KpaTKuil 0030p 3TUX METOJIOB MPUBENICH B MPUIOKEHUH A).

OgHuM H3 caMbIX pacHpOCTPAHEHHBIX CIOCOOOB AaKTHBAIMU BOJBI SIBIISIETCS
ANEKTPOXUMHUYECKHU. HeaocTaTkoM KOHTAKTHOW 3JIEKTPOXUMHUYECKOW aKTHUBAlWM,
KOTJa 3JEKTPOJAbl MOMEMIEHbl HEMOCPEICTBEHHO B €MKOCTh C AKTUBHPYEMOM BOJIOH,
SBJISIETCSL BBICOKAsl OMACHOCTh TMOMAJIaHUsl B aKTUBUPYEMYIO BOJY HMOHOB TSXKEIBIX
METAJJIOB, MCTOUHUKOM KOTOPBIX SIBJISIETCS Marepuai 3JIeKTpoJoB. Ilpu koHTakTHOMU
AIEKTPOXUMHUUECKOM aKTHBAllUM BOAa oOOoramaercss MOHAMH, OO0pa3ymolIMMHCS B
MPOIIECCE OKHUCIUTEIBbHO-BOCCTAHOBUTENIBHBIX PEAKIUNA, MPOUCXOASIINX B BOJAE MO
JNEUCTBUEM 3JIEKTpUYECKOro Toka. [7]. IloaToMy juisi yimydilleHHs KayecTBa MUTHEBOU
BOIbI OBLIO MPEUIOKEHO HUCIONb30BaTh HEKOHTAKTHYIO  DJIEKTPOXUMHUYECKYIO
aktuBanuio (HA), nsa gero nutheBas Bojia B TOHKOCTEHHOM MOJUATUIICHOBON €MKOCTH
MOTPY’KAETCA B COCY C KOHTAKTHO AJIEKTPOXMMUUYECKH aKTUBUPOBAaHHOU Bojou [7, 108,
114]. B pesynbTare NpOUCXOAUT H3MEHEHHE (UBUYECKUX IMapaMeTpoB BOJbI 0Oe€3
M3MEHEHHUSI XUMHUUYECKOrO COCTaBa, XOTS BOJA B MOJIUAITHUICHOBOM €MKOCTH HAaXOJUTCS B
HecTaOWIbHOM TepMoauHamudeckoM coctossuuu. [50]. Kpome Toro, B mporecce
HEKOHTAKTHOM 3JIEKTPOXMUMHUYECKON aKTUBAIMU y BOJBI M3MEHSIIOTCS OKHCIUTEIHHO-
BoccTaHoBUTENbHBIN noTeHnnan (OBII), nonst cTpykTypupoBaHHOU (CBA3aHHOM) a3kl
U apyrue pusuko-xumudeckue csoricraa [60, 100].

[Ipu co3zmanuu npuOOpPOB I AKTHBALMU BOJbI CETOJHS MOXET HMCIOJIb30BAThCS
OJIMH WJIM HECKOJIbKO METOJ0B akTuBanuu. OgHako B P® B Hacrosilnee Bpems

Hau0oJIbIIee pacnpocrpaHeHUuE IOJYYUJIH IICKTPOXHMHUICCKHEC aAKTHUBATOPbLI



(MOHH3ATOPBHI) BOABI OTEYECTBEHHOr0 W HHOCTPAHHOIO mNpom3BoacTBa'. B
WuTepHere cymiecTByeT OOJbIIOE KOIWYECTBO CAWTOB, MpEJIaraloliux K IMPOJaxe
pa3IuYHbIC JIEKTPOXUMHUYECKUE aKTUBATOPHI BOJBI CTOMMOCTBIO OT HECKOJIBKHUX THICSY
10 COTEH ThICSiY pyOnei. DTH calThl mecTpsIT MHPopMauuend o jedeOHbIX 3 dexTax
MOJIy4aeMOW B aKTUBATOpax <GKUBOW» M «MEPTBOW» BOABL. «KHBYI0» BOILy (KaTOJIMT)
npeajgaraercst ynorpeomnste 6e3 OrpaHuueHUN U UCTIONb30BaTh JIs JICUEHUS Pa3IMYHbIX
3a0oneBaHMii, a MepTByH (aHOMMT) — [y oOe33apaxuBaHuss. OnHako cpeau
UMEIOINXCS, NPEUMYLIECTBEHHO, 3JEKTPOHHBIX M3JaHUN OYEHb MaJ0 HAYYHBIX
nyOnuKauui, OTCYTCTBYIOT MOAPOOHBIE OTYETHI IO TPOBEIEHHBIM HCCIEIOBAHMSM,
noka3bIBaromux A((HEKTUBHOCT, W 0OE30MACHOCTh MPUMEHEHUS 3TUX BOJ W JIaXe
JIOIyCKAETCsl HE BCErJa CTPOras TPAKTOBKAa IOJYYEHHBIX NAHHBIX. Tak, Hampumep, B
HNHTepHeTe MMEETCss MHOTO CChUIOK Ha pa0OTy SIMOHCKUX YUEHBIX, KOTOPBIE «I0Ka3aIm»
JIHK-nipoTekTOpHOE A€CTBUE pEAyLIMPOBAHHON BOABI (KAaToJMTa) MO OTHOLICHHIO K
pagukany cynepokcuaa [144]. B stoii pabote MHAYKTOPOM CBOOOJHBIX CYHEPOKCHI-
aHUOH PA/IMKAJIOB SIBJSUIACH NEPEKUCh BOJOPOJA, a 3aUUTHOE ACHCTBUE MOITYUYEHHOTO
AJIEKTPOJIM30M KaTOJIMTA OLEHUBAIM II0 CHIIKEHHUIO YHCIA OJHOHUTEBBIX DPA3pbIBOB
cynepckpyueHHo miazmugHorn JIHK in  vitro. Opnako st JAeMOHCTpaIuu
AHTUOKCHUJIAHTHOT'O JIEWCTBHSI KaTOJUTA B ATUX KCHEPHUMEHTAX €ro CHavaja J100aBIIsuIn
K IEPEKUCH BOAOPOJA, U TOJBKO 3aTEM B IOJIYYEHHBIM PacTBOP BBOJWIHM KOJIBLIEBYIO
cynepckpyueHnyto JIHK. Ilpum Takoii mnocTaHOBKE OOHapyXMBaJIOCh OoOJbllEe
KouecTBO cynepckpydyeHHor JIHK, uwemM mnpum nelcTBuM mnepekucH BOIOpOJA B
OTCYTCTBUHU Karoyiuta. Ha camom ke nene, peaynupoBaHHas Boja He 3anumiana JJHK
OT MOBPEXJICHHUS, & TPOCTO CTAOMIN3UPOBAJIAa IEPEKUCH BOJOPOAA.

Kpatkuii 0030p JOCTYIHBIX MyOnukauii o 0uosoruyeckux 3Pdekrax aKTUBHOCTHU
47 pa3IM4YHBIX aKTUBHPOBAHHBIX BOJ IIPEACTABIICH B NpuioxkeHuu b. B dacTtHOCTH, B

9TOW TaOMWIlE TPUBENCHBI JaHHbIE O OWOJIOTMYECKOM JICWCTBUHM IPOIYyKTOB

' OHM BBIYCKAKOTCS Kak IMOTPY)KHOTO, TaK M IPOTOYHOrO THMa. IIpOTOYHBIE aKTUBATOPHI, Kak
MPaBUJIO, MOHTHPYIOTCSI B CUCTEMBI BOJIOCHAOXKEHHS, C IOMOLIBIO TIOIPYKHBIX MIPOUCXOAUT 00paboTKa
onpezaeneHHOro odbema BOAbl. B akTuBaTOpax MNOTPY)KHOTO THIIA XapaKTEPUCTUKH TOJIy4aeMBbIX
KaToJIUTa U aHOJIUTa (KOKUBOW» U «MEPTBOI» BOBI) 3aBUCAT OT BpeMeHU 00paboTku. B akTuBaTopax
IIPOTOYHOTO THUNA XAPAKTEPUCTUKHM IOJYyYAa€MbIX BOJ 3aBUCAT OT IIOAABAEMOIO0 Ha 3JIEKTPOJIBI
HaIPSKEHUS U CKOPOCTH TIOTOKA BOJIBI.
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AIIEKTPOXUMHUUYECKON aKTHBAlMM 21 BOJBI, HO TOJIBKO 2 MyOJMKAI[MU MOCBSAIIEHBI
aHaiau3y  OMOJIOTMYECKOM  aKTUBHOCTHM  BOJ,  IOJIYYEHHBIX  HEKOHTAKTHOM
ANEKTPOXUMHUYECKON aKTUBALMEH.

N3 Bcex u3yuyeHHBIX BoJ, Uil 10 Box ObLia mokasaHa OakTepuUUAHAs aKTUBHOCTh
[20, 21, 49, 57, 58]. B Tecte DiiMca olieHUBaIU NPOAYKThl aKTUBAIIUU 3 BOJ, U BCE OHU
HE MPOSIBUIIM MyTareHHoW aktuBHOCTH [20, 35, 44, 98, 102, 121, 166], 4 Boabl mocie
00pabOTKH HE OKa3bIBAJIM TOKCUYECKOIrO JeHCTBUA Ha nadHuii u uHdy3opuii [98].

Ha pactutenbHbix 00BEKTaX KaTOMUTHI HAa OCHOBE 4 0Opas3IloB BOJBI MPH YIAa4HO
noI00paHHOM pekuMe (KOpOTKasi IKCIO3UIUS WM pa30aBlIeHUE KAaTOJMTAa) OKa3bIBAIH
CTUMYJIMPYIOIIIEE JIEMCTBUE HA IPOPACTAHUE CEMSH, POCT KOPHEW U YPOXKANHOCTH
pactenutii [4, 5].

[IponykTbl akTUBaIUM 2-X BOJ OBUIM HUCIBITAHBI Ha cOepMe ObIKa — BPEIHOTO
ACUCTBUS HE HAOMIOAATN M OTMEYAIHM JaXXe CTUMYIISIIUIO MOJBHMKHOCTU KIETOK [56,
81]. Ha pactymux KyabTypax KJIETOK MJICKOIMUTAIOIMIUX PaOOThl TAKXKE €AUHUYHBI. «A-
BOJIa» HE OKa3blBaJIa BIMSHUS Ha PA3MHOKEHHE HOPMAJIbHBIX KJIETOK M yrHETajga pocT
pakoBbIX KJIeTOK [80], a BOJBI C M3MEHEHHBIM COJICPKAHUEM JEHUTEpPUsSl BBHI3bIBAIU
yrHETeHHE Tpojudepalny, TOBBIIIEHHE YyBCTBUTEIBHOCTH  KYJIBTUBHPYEMBIX
TUMGOITUTOB KpOBH YyeJloBeKa K MyTareHHOMY JNENUCTBUIO
METWJIHUTPOHUTPO3OTYaHUANHA, @& B HEKOTOPBIX BAapUAHTAX OIBITOB — U TOBBIIICHUE
4acCTOTHI KJIETOK C MUKPOSJIpaMH M HyKJIeoIia3MeHHbIMU MocTtamu [44, 121]. OnxHako
yacToTa aleppaiuii XpoMOCOM B KyibType (uOpo0IacTOB KHUTAHCKOIO XOMSUKa HE
MOBBIIIAJIACK MOCHE 6- U 24-4aCOBOM AKCIIO3UIIMY B KaToauTte [166].

bonbme Bcero pa®oT OBUIO BBIMOJHEHO HA SKMBOTHBIX 1IN VIVO — H3YYEHBI
MOCJIE/ICTBUSI aKTUBAlMM (B OCHOBHOM KOHTaKTHOM DJIEKTPOXUMHUYECKOM) 23
pa3IUYHBIX BOJ, MpUYeM Oosee 4YeM /i TMOJIOBUHBI M3 HUX OICHUBAIM HE TOJBKO
COOCTBEHHO TOKCHYHOCTBH JIsl MHTAKTHBIX XUBOTHBIX, HO W BIUSHUE HA MPOTEKAHUE
pPa3TUYHBIX TATOJIOTHYECKUX IpolleccoB. BpemHoro meiicTBus He HaOmMonaiud Ha
pa3HBIX BUJAX JKUBOTHBIX IIPU OJHOKpaTtHOM mnpumeHeHuu [70, 92], moBTOpHOM B
npenenax Hegenu [22, 49], mecsma [1, 17, 56, 79, 81] u Gonee [20]. Ycunenue

MMMYHHOTO OTBE€Ta Ha BBEJICHUE OHPUTPOLUUTOB OapaHa OBLJIO OTMEYEHO TOCIIe
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BbIIaMBaHUsl MbIaM kKarosimta [56, 81], Bogsl Penopm [98, 30, 31, 32, 14, 102], a
TaK)Ke MBIIIaM M KpbicaM - Bozbl [ pauzep (Ha ocHoBe «Credanum») [20, 98, 121]. Ora
K€ BOJA MpPU BBHIMAMBAHUM KpbhICAaM B TeUE€HHE 6 MECSIIEB HE BbI3bIBAJIA MOBBIIICHHS
YacTOThl KJIETOK C MHKpPOSIpaMM B KOCTHOM MO3I€ M JIUTEIUU MpeKeNnyaKa Hu
MoueBoro my3bips [20, 98, 121]. KoHTakTHO akTUBHpOBaHHAs Boja Mocie 4-X HeAelb
BBITIAMBAHUs KpbICaM BbI3bIBAJIa YBEJIWYEHUE IPUPOCTAa MACChl TeJia, IMOBBIIICHUE
IJIOJIOBUTOCTU U MHJAEKca OepemeHHocTH [17]. HebnaronpusTHBIMU MOXXHO, MOXKATYH,
cuyecTh JBa HaOmoneHus. [Ipu BhIMaBaHWUU KaTOJMTa M AHOJMUTA CaMKaM KpBIC B
Te4eHHe 3-X MEHCTPYaJIbHbIX LIUKIIOB Mepe]l 0epeMEHHOCThIO, BO BpeMsi OEpeMEHHOCTH
¥ KOPMJICHHS Y TIOTOMKOB HaOJIO/IATM CHIDKEHUE TIPUPOCTA MACCHI TEJa, OTCTABaHUE B
(bU3UYECKOM Pa3BUTUU U YCUIIEHHE TOPMO3HBIX MporieccoB [17]. YV upiuisaT 6poiaepos
karosutel ¢ OBII -550..-700 MmB u anomut 850-950 MB BbI3BIBaNIM BBIpaKEHHOE
yTHETEHHUE MUILEBAPUTEIBHBIX (PEPMEHTOB, XOTS MPHU NOTpeOiIeHnn katonura -225..-530
MB nabmonanu, Ha060pOT, YCKOPEHHE MPUPOCTa MacChl Tella, YCBOCHUS a30Ta, KUpa,
Kanbplus, hpocdopa, NOBBILLIEHUE COIEPKAHMS B TIeUeHN BUTAaMUHOB A u B, [56, 81].
JleueOHOE NelicTBHE aKTUBUPOBAHHBIX BOJI OBLIIO TTOKA3aHO Ha pa3HbIX MoJeisaX. Tak,
HOBOPOXIEHHBIE TEJSITA U3JICYMBAJIUCh OT IMApPEU 3a 2 JAHS C MOMOUIBI0 aHoauTa [49],
AKTUBUPOBAHHBIE BObI BBI3bIBATIN KIMHUYECKOE YIYUIIECHUE Y KPbIC C AJUNIOKCAHOBBIM
nuaberom [22, 156], y mbliie ¢ reHeTudeckuM nadetoM [151], y Mblmeit u KpbIc TIpH
Hedpute u ocTpoM HUCTUTE [17], y KpbIC € MOJIEBIO CKPBITOTrO neduimTa xenesa [33,
63, 84, 85] U c TrHOIHBIM apTPUTOM (AHOJIUT - BHYTPb CyCTaBa, KaTOJMUT p.o.) [86].
Karonmut p.o. MoOBBIIMIaN BBDKUBAEMOCTh MBIIIEH TMOCIE PEHTICHOBCKOTO OOJTYUYEHHS B
cMeprenbHOn o3¢ [56, 81], «A-Boma» — mocie 3apakeHHsi BUPYCOM TpHUIIA HWIH
reprieca [80], aHOMHUT U KaTOIUT P.0. — MOcie BBeneHus cmeprenbHoit 10361 E. Coli unu
S. typhimurium [79] Karonut nosliian cTpeccoycTonunBoCTh Kpbic [16]. Karomut npu
HAaKOKHOM aIIJIMKAIlMU KpbICaM YCKOPSUI 3aKUBJIEHUE PaH, MPU 3TOM YBEJIUYMBAIOCH
BKJIIOYEHUE MEUYEHOr0 TUMHUJIMHA W YCKOpsUIaCh MUIpalMs KJIETOK SIHUIEpMUCA B
obnacte panbl [56, 81]. OgHako, ycuieHUE BKJIIOYEHUS TUMUJIMHA B DHTEPOLMUTHI U
runepTpodusi BOPCUHOK JABEHAIATUIICPCTHON KUILIKU, HAOIIOJaBIINECS IPU BBEACHUU

TOro K€ KaroJiuTa KpbICaM B KCIYIOK, BpAA JIKM MOXKHO OTHCCTH K 6J'IaI‘OHpI/I$ITHLIM
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addekTam, TOCKOIbKY CIIOCOOHOCTh YCUIIMBAThH MPOJUdepaluio sSBISETCS TeM CaMbIM
IIPU3HAKOM, 110 KOTOPOMY MPUHATO BBISBIATh KaHLEPOT€Hbl HET€HOTOKCUYECKOI0 THUIA
[134, 140].

C mnpuBieYEHHEM MPAKTUYECKH 3JI0POBBIX J0OPOBOJIBIEB ObUIM HUCHBITAHBI 7
00pa3I0B aKTUBUPOBAHHBIX BOJ, B TOM YHCIE MOCJE AIEKTPOXUMHUYECKON aKTHBAllUU
(xoHTakTHOM) — onmHa. B aToif pabore ObLIO mMOKa3zaHo, 4yTo yepe3 30 MuUH mocrne
OJTHOKpAaTHOTO mpuema | MJI/KT Macchl Tena BOJbl Y >KMBOTHBIX B JKCIIEPUMEHTE HE
M3MEHSIOCH apTepuasibHoe naBieHue [16]. Ecth gaxe uccienoBaHue, B KOTOPOM IO
nporpamMme «310pOBbe-DKCIPECcC» HAILIM YIydllleHue (QYHKIUN BbIACIUTEIBHOM,
PENPOAYKTHBHOM, IBIXaTEIHHOW M MHUIICBAPUTEIHLHON CUCTEM TOOPOBOJBIIEB, KOTOPOE
HACTYIJIO B pe3ysbTaTe KOHTAKTa PyKU UCIBITYEMOTO ¢ OyThUIbIO, HAIIOJHEHHON BOJON
«AxBarenuoc» [23, 24]. MakcumaibHasl k€ JUIMTEIbHOCTh MPUEMa aKTUBUPOBAHHOM
BOIBI p.0. cocTaBiusia 6 mecsaueB (Boma Typan). Torma y IIKONBHHUKOB OTMEYalld
MOBBIIICHUE OLEHKM KadecTBa COOCTBEHHOM KW3HM 1o ornpocHuKy Peds QL wu
cumkenue  3aboneBaemoctu  OPBU  [33]. B  OombmmHCTBE K€  paboT
IPOJOJDKUTENIBHOCTh Kypca IIpUeéMa BOJbl COCTAaBIsIa OKOJIO S5 JHEHW W aBTOPHI
COCPEIOTOUYMBAIIMCH B OCHOBHOM Ha OLIEHKE COCTOSIHUS CIIM3UCTBHIX 000JI0YEK POTOBOU
MOJIOCTH M HOCA MO0 OMOXMMHUYECKUM U IMTOJIOTHYECKUM IOKa3aTessiM, a UHOTa — U
COCTOSIHUSL JKEJIyJIOYHO-KHMIIIEYHOro TpakTa. Bo Bcex wHcciaenoBaHUsX HalUIN
YJIyUYLIEHHE CTaTyca CIU3MCTHIX U CHUXKEHUE BOCHAIUTENbHBIX peakunii B HUX [20, 75,
98].

CooOlieHusi 0 MPUMEHEHUU AKTUBUPOBAHHBIX BOJ MPH PA3IMYHBIX 3a00JEBaHUSAX
YeJIOBEKa HOCAT HECKOJIbKO pEKJIaMHbIA OTTEHOK W PEXUM UX MPUMEHEHUs B
nyOnuKanusax, Kak IpaBuilo, He yka3biBaeTca. Bcero Obuio oneneno 11 Bop, M3 HUX
OOJIBIIIMHCTBO — TMIOJYYEHHBIX C IOMOIIBI0 HEKOHTAKTHOM (1) u KoHTakTHOH (6)
AIIEKTPOXUMHUYECKON akTtuBaluu. llpuem Boxmel mociie ycraHoBkH «M3ympyn-CH»
CHW)KQJI 4YacTOTy BO3HHWKHOBEHMS IAHKPEATUTa B IOCICONEPALMOHHOM NEPUOAE Y
OHKOJIOTMYECKUX OosbHbIX [116]. KOHTaKTHO aKTUBHpPOBAaHHBIE BOJABI YCKOPSUIU
JedyeHre THOWHBIX paH [28] u Obutn naxe 3¢ ¢deKkTuBHEEe AMOKCHUANHA B JICYCHUU

THOMHOTO apTpuTta (aHOJMT - BHYTPb CyCTaBa, KaToJluT — P.0.) [86], Takxke ymydiiaiu
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COCTOSIHME OOJIbHBIX TOCJIE€ XPOHHMYECKOro remoauanuia [146], mnpu XpOHHYECKOM
MOYEYHOW HemocTtaTouyHocTH [56, 81], mpu xpoHuyeckoMm mnapaaontute [1]. Boma
«PeHopm» BbI3bIBajJa YIyYIICHHE OHMOXMMHYECKOrO CTaTyca y JIOJeH C CepAeyHo-
COCYMCTHIMU 3a00JIEBaHUSIMU U Y MAIMEHTOB C OXUPEHUEM, a TaKKe MUMMYHHOTO
cTaryca — y OHKojormdeckux OonpHBIX [31, 32, 98]. B HeBposormueckol KIMHUKE
ycremHo npumeHsuiack Bopa «Typaw» [33, 63]. IluTbeBas Bojga C TOHMKEHHBIM
coliepKaHUEM JeWTepus Ha3zHadyallach OOJBHBIM C caxapHbIM auaberoM | u 2 Tuna
[103].

[Topaskaer OOpPBHIBOUHOCTH BCEX MPUBEJICHHBIX BBINIE CBEICHUU (a Belb 3TO —
MPAKTUYECKHA BCS JOCTyIHAs JUTEpaTrypa Ha JaHHY0 Temy). Ecium B menom s dexTs
aHOJIUTOB MOKHO B KaKOW-TO CTEMEHU CBS3aTh C UX OAKTEPHUIIMIHOCTHIO, TO JIEHCTBUE
KaTOJIUTOB B OOJBIIMHCTBE  CIy4aeB  MOXKHO  KBaMPUIUpOBaTh  Kak
OMOCTUMYNHpPYIOIIIEe, HO C JIByMsI OrpaHUYEHUSIMHU. Bo-mEepBBIX, TOIBKO Yy3KUH
JIMANa30H aKTUBAIIMM CIIOCOOCH BBI3BaTh CTUMYJIALIMIO, @ BBIXOJ 3a MPEIETbl 3TOTO
auarna3oHa MOXET J1aTh MPOTHUBOMOJOXKHBIM 3()@exT (BCIOMHHUM ONBITHI Ha
PACTUTENBHBIX OOBEKTAX M Ha IBIIIIATAX). Takoi ONTUMAIBHBIN PEKUM MPOU3BOAUTETU
npUOOPOB ISl DIEKTPOXMMUUYECKON aKTHBAIIMM BOJbI HE YKa3bIBalOT B MHCTPYKIIUH,
BEPOSITHEE BCETO, MIOTOMY YTO OH HE 0TpaboTaH. Bo-BTOpHIX, Take B Ciy4yae BBIXO/a HA
ONTUMAJIbHBIA ~ PEKUM  BBI3BIBAET COMHEHHE  II€JIeCO0O0pa3HOCTh,  HANpUMED,
CTUMYJISILIMU TTpOJIM(epalii KJIETOK B pa3HbIX OpraHax 3JI0pOBOT0 YEJIOBEKA.

[Tomumo BOJ, IPECTABICHHBIX B MPUJIOKEHUH b, CymecTByeT O0IbII0e KOINYECTBO
JIPYTUX KOMMEPYECKMX SHEProMH(POPMAIIMOHHBIX BOJ POCCHUUCKOIO U 3apyOeKHOTO
MPOU3BOJICTBA, CIOCOO AaKTUBAIMU W (DU3UKO-XMMHUYECKHUE CBOMCTBA KOTOPHIX B

OUTUPYCMBIX HMCTOYHHKAX HC IIPHUBOJATCA, HO HC IOATBCPKICHHLIC HAYYHBIMU

HCCICIOBAHUSIMHU JICUCOHBIE CBOMCTBA PCKIIAMUPYIOTCA Ha caurTax HpOHSBOHHTGJ’IGﬁ.

Heckonbko mpumepoB (LIUTUPYEM C CANTOB MPOW3BOAUTEIICH): CTPYKTypUpOBaHHAas
Bo/la ¢ jo0aBkamMu coeauHeHud kene3a (koHieHtpar) «[lu-Boma «Taramay» (Kopes),
HECKOJIBKO Kallelb KOTOPOTO «JENaloT JIIo0yr0 BOJIY CTpyKTypupoBaHHOW» [171];
aKTUBUPOBAHHAs JCCTPYKTypPUPOBAHHAs, HU3KOMUHEPAIM30BAHHAs NMTbEBass BOJA

«boxbs poca» (Poccusa, Mockpa) [74]; KOHIIEHTpAaT HAMarHWYEHHON KJIACTEPHON BOJIbI
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«Cluster X2» (CILIA) ¢ romeonaTnuecKUMH pacTUTEIbLHBIMU I0OaBKamu [51] u MHOTHE
npyrue. K coxanenuto, 6osiee moapoOHOTO OMUCAHUS CBOWCTB 3THX BOJ B JOCTYITHOM
JIUTEPATYPE HAUTHU HE YAAIOCH.

BaxkHo, 4TO TONBKO JJISI 5 TEXHOJIOTMI aKTUBAIMK BOJbI (CpEau KOTOPBIX HET HU
OJIHOM, OCHOBAaHHOM Ha HIICKTPOXMMHUUYECKOW AaKTHBALMM) ObUla MPOBEJCHA OIICHKA
ouosornueckux 3QPEKToB 0 UX UCIOIL30BAHMS JJIS JICUCHUS JTOJCH. DTO aKTUBAIIMS
BOJIbl CHUJIOBBIMU MOJISIMH C TIOMOIIbIO MPUOOpa «AKBAJIUCK», aKTUBALMS C MOMOIIIBIO
npubdopa ﬁ.FpaHﬂepa, TEXHOJIOTHSI MOATNOTOBKHM INMHUTHEBOW BOIbI «PeHopm», a Takxke
ouorenHas Boaa «Typan» u Boma «CredaHusi», akTUBUPOBAaHHAsI C HMCIOJIb30BaHUEM
TEXHOJIOTUU P'I.FpaHz:epa.

IIpencraBneHHble B NPWIOKEHUU b JaHHBIE 110 OLIEHKE N'€HOTOKCHYECKUX CBOMCTB
MPOTUBOPEUUBHI. MBI UMEEM:

- oTpHIIaTeJIbHbIE OTBETHI B TecTe DiiMca (IpoayKThl akTUBauuu 3-x Box) [20, 98],
B TECTE Ha HMHIAYKIMIO abeppaluii XpOMOCOM Ha KyJIbType KJIeTOoK (pubpobiiacToB
kuTanckoro xomsiuka (1 o6pasen) [166] U B MOIMOPraHHOM MUKPOSJIEPHOM TECTE Ha
KpbICax B yCJIOBHsIX 6- mecsiuHOTro BhimauBanus (1 oOpaszen) [14, 20, 98, 102];

- II0JIOKUTEJIbHBbIN OTBET (I/IHIIYKI_II/IH MUKPOAACP U HYKIICOILNIA3MCHHBIX MOCTOB,

TOBBIIICHUE YyBCTBUTEIIbHOCTH K MyTareéHHOMY NENUCTBUIO
METWIHUTPOHUTPO30TYaHUANHA) B MUKPOSJEPHOM TECTE Ha KYJIbType KPOBHU YEJIOBEKa
(BOZIBI C MIBMEHEHHBIM coziepKaHueM neitepust) [44, 121].

Kak BugHO M3 mpuioxeHus b, OONBIIMHCTBO U3 MUMEIOLIUXCS UCCIEIOBAHUN OBLIN
HalpaBJieHbl Ha HW3YYE€HHUE TOKCUKOJOTUYECKHUX CBOWCTB aKTHUBUPOBAHHBIX BOJ, a
reHOTOKcHYecKre 3(HEKThl U3yHaJIUCh B OYEHb HEOONIBIIIOM KOJIMYECTBE UCCIIEIOBAHUM.
Tak, 18 NHUTBEBBIX BOA C Pa3IMYHBIM COJCP)KAHUEM JICUTEpUsl OMOJIOTHMYECKast
aKTUBHOCTh ObLIa HW3y4Y€HAa B MHUKPOSJACPHOM TECTE€ Ha KJIETKaX KPOBH YEJIOBEKa,
KYJIbTABUPOBAHHBIX B YCIOBHUSAX IUTOKMHETHYECKOro Onoka [44]. B »toii pabote
MOKA3aHO, YTO HM3MEHEHHUE COACpKaHMS IEUTEpPHUs COMPOBOKAAIOCH TOPMOKEHUEM
npoaudepaluu KJIE€TOK M TOBBIIICHUEM YYBCTBUTEIBHOCTH T€HOMA K JCHCTBUIO
CTaHAAPTHOTO MyTareHa, MNpUYeM MHUHUMAIbHBIE J(PQEKThl ObBUIM OOHAPYXKEHBI B

KOHTpOJ’IBHOﬁ BOJC. Oco60 CIeayCeT OTMCTHUTL, YTO B KOMIIJICKCHBIX HCCICOOBAHUAX
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sHeprouHpopMamoHHbIX BoJ «I'panaep» u «PeHopM» ObUT MPOBEACH MOJIUOTPAHHBIN
MHUKPOSIJIEPHBIA TECT B XPOHUYECKOM (6 MecsleB) 3KCIEepUMeHTe Ha Kpbicax [98]. B
TON paboTe M3y4dain W HE OOHAPYKUIM TEeHOTOKCcHYeckne dS(P(EeKTh B KIETKax
KOCTHOTO MO3TI'a, SMHUTEINAIbHBIX KIETKaX >KeNyJIKa U MOYEBOro My3bIps KpbIc. B To xe
BpeMs, TIPH OIICHKE TEHOTOKCHYECKNX A(()EKTOB aKTHBUPOBAHHBIX MHUTHEBBIX BOJ C
pa3HOM JoJIe CTPYKTYpUpPOBAaHHOM (CBsi3aHHOM) a3kl Ha KJIETKaX AIUTEIUs
npepKeNyaKa Kpeic uepe3 6 u 12 mecsieB BbilauBaHus B pexxkume ad libitum Obutn
OOHapy>KeHbI CIEAYIOIINE TUTOTEHETUYECKUE HAPYIIECHUS: MPU BhIMIAMBAHUU BOJOU C
HU3KOM U BBICOKOM JOIsIMU CTpyKTypupoBaHHOW da3el (0, 553% wu 0,746%) —
MOBBIMNICHUE JIOJM KJICTOK C AaTWUNmUYHOW ¢GopMoil siapa, y BOI C  JIOJIeH
ctpykrypupoBanHoi ¢azbl 0,631% u 0,701% yepes 12 Mecs1eB — YBEIMUYCHUE YaCTOThI
KJIIETOK C TEHETMYECKHMMH mnoBpexacHusMu [94]. Cnemyer OTMETUTh, YTO OTH
uccienoBanus Obutn TpoBeneHbl B OI'BY «HUU skonorum denmoBeka W THTHCHBI
okpy>xatotieit cpeasl uM A.H.Coicuna» M3 PO.

AHanu3 3apyOeXHOU JIUTepaTypbl TAKkKe 0OHAPYKUJT OYE€Hb HEOOJbILIOE KOIUYECTBO
MCCJIeIOBAaHUN TE€HOTOKCUYHOCTH aKTUBHUPOBAHHBIX BOJ. Tak B padote [166] mzyyann
BOJY, DJIEKTPOXUMUUYECKH HACBHIIIEHHYI0 BojoposoM (Heutpanbhbii pH, OBII = -150
MB). Pe3ynbTarhl 3TOro MccliieoBaHUs MOKa3alau, YTO MpU 6-4aCOBOM 3KCHO3UIIMMU B
Tecte OWMca M B TECT€ HA HHIAYKIMIO XPOMOCOMHBIX abeppamuii B KyJIbType
(¢ubpoOIaCTOB JIETKUX KUTAHCKOrO XOMSYKAa MyTareHHasi akTUBHOCTb OOHapy’KeHa He
Obuta. OpHako ciieqyeT MOHHMMAarh, YTO TECT OiiMca B CTaHAAPTHOM IOCTAaHOBKE
MO3BOJISIET BBOAMTH M3y4aeMyIO BOAY B KOHTAKT C OakTepusiMu TOJbko B 00beme 100
MKJ B 2,5 M1 arapa (pa3BefieHue B 25 pa3s), U, KpoMe TOro, TpeOyeT HarpeBaHus Cpebl
10 47°C, 4To He MOXKET HE OTPA3UThLCS Ha COIEPIKAHUM BOAOPOJA B M3y4aeMOMU BOJE, a
TaKXe Ha €€ CTPYKTYpe, U3MEHEHHUE KOTOPOH BO3MOYKHO IIPU HACBIILIEHUU BOJOPOJIOM.

YuuteiBasi Bce pa3HOoOpa3ue CHocoOOB aKTHUBALMU BOJBI, OOJBIIOE KOIMYECTBO
npuObOpOB ¥ MPOAYKTOB AaKTHUBAIMM, CJIEAYeT 3aKIIOUUTh, YTO HWMEIOIIUXCS
UCCJIEIOBaHUN M0 OLICHKE MYTAareHHOMN/KAHIIEPOT€HHOM O0€30MacHOCTH NPUMEHEHUS
aKTUBHPOBAaHHBIX BOJI Ha yauBiaeHHWe Mayo. OIlLlEHKa 3THUX [OKa3aTesield SBISETCS

00s13aTeNIbHON 11711 BCeX (PAKTOPOB, BBOJMMBIX B OKPYXKAIOIIYyIO0 YEJIOBEKA Cpely, U
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OCOOEHHO aKTyaJdbHa B Cly4yae IIMPOKOTO M HEMOCPEJACTBEHHOTO KOHTaKTa ¢
OpraHU3MOM YEJIOBEKA.

AHaJIN3 IUTEpaTyphl NO3BOJISIET CAENATh TPU OYEHBb BayKHBIX BBIBOJA:

1. UccnenoBanusi  OWMOJOTMYECKOM  AKTUBHOCTH  AKTUBUPOBAHHBIX  BOJ B
OOJBIIMHCTBE CIIy4aeB HOCAT (PparMeHTapHBIA XapakTep, HaA0Op TECTOBHIX CHCTEM H
KUBBIX OPraHU3MOB, HCIIOJIb30BAHHBIX B OOJBIITUHCTBE PaOOT, SBISETCS CIy4allHBIM;
CIIy4aiHbIM TPEJICTABISIETCS W BHIOOP MEIUIIMHCKUX MOKA3aHWM JUIsl MCIOJIb30BaHMS
AKTUBUPOBAHHBIX BO/I;

2. Bompoc 0 CHCTEeMATHYECKOM M3YYeHHMH OTIAJEHHBIX MOCJIeICTBHI
NPUMEHEeHNs] AKTUBUPOBAHHBIX BOJ PaHee He MOAHUMAJICS.

3. IIpeacraBiieHHbIE JaHHBIE TOBOPAT O TOM, YTO B COBPEMEHHOM JMTepaTrype 10
CUX MOp He C(HOPMHUPOBAIOCH NMOHUMAHUE HEOOXOAUMOCTH CHCTEMATHYECKOM
OlleHKH 0€e30MACHOCTH AKTHUBHPOBAHHBIX BO/ 10 X IPMMEHEHUS Y€JT0BEKOM.

[IpyynHa Takoro IJIAYEBHOTO COCTOSHUS STUX HCCIICIOBAaHUM, HA HAIl B3I,
3aKJTIOYAETCSd B MMEIOIIUXCS PErjaMeHTax UCIOIb30BaHUSI AKTUBATOPOB MHUTHEBOM
BOJIbI, B COOTBETCTBMHM C KOTOPHIMHM B TMpPHOOpP MOCTyHaeT MUTbEBas BOjAa, IO
KOMIIOHEHTaM XUMHUYECKOr0 COCTaBa W/MIM MHUKPOOHOJIOTHYECKUM I1OKa3aTeIsIM
YIOBJIETBOPSIOIIAS YCJOBUSIM HOPMaTHUBHOMN JIOKYMEHTAINU (xots
PETTIaMEHTHPOBAHHBIMU TSI KaXKJOTO MpUOOpa SIBISIIOTCS JIMIIbL OY€Hb HEMHOTHE U3
MoKa3aTesie, HOPMUPOBAHHBIX NJI1 MUTHEBBIX BOJ). ECTECTBEHHO, YTO Ha BBIXOJE W3
npudopa Bojia TAKKE COOTBETCTBYET HOPMAaTUBHOM JOKyMEHTalMU. B pa3pemmrenbHoi
JOKyMEHTAllMM,  Halpumep,  AJICKTPOXUMHUUECKUE  aKTHUBATOPbl  Ha3bIBAIOTCS
«MOHM3AaTOpaMH  BOJIbI, COy>KalllUMH  JJIst OUYHUCTKH, o0e33apaKrBaHus,
KOHJIMIIMOHUPOBAHMS BOJIbI M TIPUJAHMUSI € aHTHOKCUAAHTHBIX CBOMCTB» [106] wim
MIPOCTO «MOHU3ATOPAMU [JIsi BOJBD», KOTOPBIE MOTYT IMPUMEHSITBHCA B XO3AMCTBEHHO-
ObITOBOM BomocHaOkeHun [72, 118], uyto WO yMOMYaHWIO HE MpeAnoaaraet
BO3MOXXHOCTh KaKUX-THOO HEraTUBHBIX 3((EKTOB M He MOOyXIaeT MoTpeOuTenei
TpeOoBaTh JOKYMEHTBI, MOATBEPKIAIOIINE OE30MaCHOCTh AKTUBUPOBAHHBIX BO/I.
[TockonbKy ~ HEKOHTAKTHBIE DJJIEKTPOJIU3EPbl NPU3HAHBI MEHEE OIACHBIMH, YeM

ANEKTPOJIM3EPBI  JUISl  KOHTAKTHOM  DJIEKTPOXMMHUYECKOM  aktuBaiuu [50], vy
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HenpodecCuoHaIbHON  aymuTopun (@ 9TO -  OOJBIIMHCTBO  MOTpeOUTeNei
AIIEKTPOXUMHUUYECKH AaKTUBUPOBAHHBIX BOJ) 3TO 3aKIIOYEHHE MOXKET CO37aBaTh
WUTIO3UIO JIOKa3aHHOCTH MX 0e30MmacHOCTH. YacTo MpOU3BOAUTENN AaKTUBHUPOBAHHBIX
BOJ WJIM TPUOOPOB JUIsl aKTHBAIIMM CCHUIAIOTCS HA 3allaTeHTOBAHHBIE TEXHOJIOTHH,
IIPUYEM NPOAYKT TaKOH BOJOMOArOTOBKY MO3ULMOHUPYIOT KaK JI€YE€OHBIN WK Je4eOHO-
npoQUIaKTUYECKUH, YTO, MO CYTH, IPUPABHUBAET €r0 K JICKAPCTBEHHBIM Iperaparam.
Tem He MeHee, B pa3pelIMTENIbHOM JOKYMEHTAalluu Ha 3TH 3HEProuH(OpManMOHHbIE
BO/IbI (DUTYPUPYET OIpEAeNieHue «IHUThEeBasi BOJIA», U HE MPHUBOIUTCS WHOOpMAIHs,
MOJTBEP:KIAI0IIast UX JieueOHbIe CBOMCTRA.

B T0 e Bpemsa, XOpomo M3BECTHO, YTO B MPOILECCE HEKOHTAKTHOU
AIIEKTPOXUMHUUYECKOW akTMBanuu y Boael wu3MeHsitorcss OBII, pH, crenens
CTPYKTYPUPOBAHHOCTH M JApyrue (¢usuko-xumudeckue coictea [60, 100], uro
OKa3plBa€T  BIUSHHE Ha  mpomecchl  (OpPMUPOBaHHWSA,  CTAOMIM3aLMU U
(GYHKIMOHUPOBAHUS KJIETOYHBIX MeMOpaH, a Takxe OenkoB u JIHK [2]. C.1.AkceHoB B
kaure «Boma u ee ponp B perynsiuuu OHOJOTMYECKUX MPOIECCOB)» MUIIET «...
YHUKAJIBHOCTh POJIM BOJBI TMPOSIBISETCS HE TOJIBKO B TOM, YTO OHA CIIYXKHUT
cnenupuyecKoil cpeoi sl MPOXOKIEeHNs OMOJIOTUYECKUX PEeaKIfii, HO U B TOM, YTO
OHa HETOCPEJICTBEHHO BO3AEHUCTBYET Ha (OPMHUPOBAHHE U CTAOMIM3ALMIO HATUBHOMN
CTPYKTYpPbl MaKpPOMOJIEKYJT OHOMOJUMEpPOB, OMOJOTHUECKHX MEMOpaH W Pa3IUYHBIX
0osiee CIIOXKHBIX OHMOJNOrMYecKUX oOpa3zoBaHuM. ...Bojga HemocpeacTBEHHO BIMSIET Ha
3pPEKTUBHOCTh OHMOJIOTMYECKHX pEaKUud, NpUYeM pPEe3yIbTHPYIOIIee H3MEHEHHE
KOH(popManuu OEJKOB U CBOOOJHOM JHEPrMM CUCTEMBI CBSI3aHO C OJIHOBPEMEHHBIM
U3MEHEHHEM CTPYKTYpPhl BOJHOIO KOMIIOHEHTa (M3MEHEHHEM COCTOSHHUS BOJBI), ...
co3/aBasi MPEANOCHUIKK JJIsi UX H30UPATEIbHOCTH, ...MPUYEM HE TOJIBKO Ha ypPOBHE
MaKpOMOJIEKYJI OHOIOJIMMEpPOB, HO M Ha MEMOpaHHOM, a TaKKe€ M Ha KJIETOYHOM
YPOBHSX» [2].

OTH co0OpakeHUs MO3BOJISIOT MPEIOJIOKUTh Y HEKOHTAKTHO aKTUBUPOBAHHBIX BOJ
HaJIM4YM€ TIEHOTOKCMYECKOM AaKTUBHOCTH, 4YTO BBIBOAMT Ha TMepeAHUl IUIaH
THTHEHNYEeCKUX HMCCIeJOBAHMN CO3IaHHE CHCTEMbl IKCIEPHUMEHTAJbHONH OLEHKH

0€30MacHOCTH AKTUBHPOBAHHLIX BOJd, 1 — B 0CO0EHHOCTH — H3YyYCHUEC OTAAJCHHBIX
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(reHoTokcn4eckux) 3pPpekToB, OPUEHTHPOBAHHOE HA 0€30MACHOCTDH KaK VISl HbIHE
JKMBYIIMX, TAK M OYIyIIMX MOKOJICHHIA.

beckoHTponbHas Tpojaka M TpoIaraHja HCIOJIb30BaHUS B OBITY MPUOOPOB IS
HEKOHTAKTHOM SJIEKTPOXUMHUYECKON aKTHUBAIlMM MHUTHEBBIX BOJ JEJIACT MPOOJeMy
OLICHKM O€30MacHOCTHM A3TUX BOJA U TEXHOJIOTMH BOJOIMOATOTOBKM — B TOM YHCIIE,

IF€HOTOKCHYECKUX 3PPEKTOB — 0OCOOEHHO aKTyaIbHOM.
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IJIABA 2. MATEPUAJIBI U METO/IbI HCCJEJTOBAHUI

2.1. XapakTepuCcTHKA NUThEBbIX BOJ, HCIOJIb30BAHHBIX /ISl HEKOHTAKTHOM
aKTUBAIlUM

[lockonmpky B HMHCTPYKIMSIX K nOpuOOpaM JUisl MOJY4YEHUS] HEKOHTAaKTHO
AKTUBUPOBAHHBIX BOJ HET YKa3aHHWl HAa Ka4eCTBO M MCTOYHHUK BOJIbI, MOJABEPraeMoi
aKTUBalUH, B padbote A nonydeHuss HAB ncnonbs3oBany HECKOIBKO MUTHEBBIX BOI:

- MOCKOBCKYIO BOAOIpPOBOAHYIO Boay (PyOnmeBckass BOmONpOBOAHAS CTaHUUA,
p.Mocksa),

- OCMOTHYECKYIO0 (00ECCONICHHYIO0 Ha YCTaHOBKE 0OpaTHOTO OCMOCA) apTE€3UaHCKYIO
Bony 13 ckBakuHBI Nel11-99 (BAO «Ywucras Boga» r.Camapa; 3Ta Boga CIIyKUT OCHOBOM
LISl POU3BOACTBA MUTHEBOM Boabl "Kpucranbhuas" (BblTycKaeTcs B COOTBETCTBUU ¢ TY
0131-002-43869381-11 "Boma nuteeBas "Kpucranpnaga" wu CanlluH 2.1.4.1116-02
"I[lutbeBast Boja. I'mruenndeckue TpeOOBaHMSI K KAa4deCTBY BObI, pachacoBaHHON B
emkocTH. KoHTposab kauecTBa"),

- MHUHEpaJIbHYIO CTOJIOBYI0 HEra3sMpOBAHHYIO OyTUIMpOBaHHYIO Boay «llumurpum»
(OO0 «Mepkypuity. TY 9185-008-02701706-05 "Boma MuHepandbHas TUTbEBas
cromoBasg "[lmmmrpum" m I'OCT P 54316-2011 "Boael mMuHEpanbHbIE NPUPOIHBIE
nuTheBble. OOIIHEe TEXHUUECKUE YCIOBUA").

- caMapCKylo BOJOIPOBOIHYIO Boay (p.Bosnra)

[lepen akTuBanuen BoJbl TOTOBUIIN CIAEAYIOLUIUM 00pa3oMm:

- MOCKOBCKYIO W CaMapCKyI BOJIOIMPOBOIHBIE BOJBI MPOIYCKAJIM 4YEpe3 CHUCTEMY
(GUIBTPOB: MEXAaHWYECKUA MOJUIPONMUICHOBBIN (UIBTP NPEIBAPUTEIHHONM OYHCTKH,
YTOJIbHBIA (DUIBTP M MEXaHWYECKHM MOJUIPONUIECHOBBIM (UIBTP TOHKOM OYMCTKH;
OT(GUIBTPOBAHHYIO BOJY KHUIATUIM B Te€YeHHE |5 MHUHYT W 3areM OTCTauBajid B

3aKpBITOM €MKOCTH B Te4eHHe CcyTOK. CamapcKylo BOJONPOBOAHYIO BOIY THEpen

HavyaJIoM 00pabOTKH OTCTauBaIu 3 JTHS;

- APTC3UAHCKYIO BOJAY OYHINAIN Ha YCTAHOBKC 06paTHOF0 OoCMOCa, 15 MUH KUIISTHIN

H OTCTauBaJIu B 3aKpBITOﬁ CMKOCTH B TCUHCHHC CYTOK;
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- 6y!I/IJ'II/I[20BaHHyIO BOlY «Iunwmr pumM» CTCPUIN30BAJIM IIPOIIYCKAHHUCM YCPC3

omHOpaszoBbie MeMmOpanubie GuIbTphl «GE Infrastructure Water & Process Technologies

Life Science Microseparations PES ¢ nuamerpom mop 0,22 MKMm.

XUMUYECKUN COCTAB UCXOIHBIX (HEAKTUBUPOBAHHBIX) BOJI, UCIIOJIH30BAHHBIX JJISI

npuroroBieHuss HAB, noka3zan B Ta6mn.2.1.

Tabmuna 2.1 XuMHYEeCKUH COCTaB BO/I,
MCIIOJIb30BAHHBIX JJISI HEKOHTAKTHOM (2JIEKTPOXUMHYECKOMN) aKTUBAIIUU

MunepanbHas
MockoBckas Apre3naHnckas
Enununiisr OyTHIUpOBaHHAS
[Tokazarenn BOJIOTIPOBO/I- OCMOTHYECKas
U3MEPEeHUS BOJA -
Has BOJIa BOJIA
«ITnmurpum»

pH e/l. 7,93 7,43 6,68

Obmas M/ 2340 155,37 18,71
MUHEpaTu3aIus

Okmncaiemocts M/ 0.4 1,56 <0,02
MepMaHTaHaTHas

XecTkocThb 061IAst K 4,0 1,35 0,18

Kanpimii MI/IT 48,0 23,05 2,64

Marnuii MI/JT 19,0 2,43 0,73

Harpuii+Kamuii MI/n 4,0 18,06 1,6

JKeneso obiee MI/IT 0,1 <0,1 <0,1

Keneso 3+ MI/JT 0,1 <0,1 <0,1

Keneso 2+ MI/IT <0,1 <0,1 <0,1

Maprasnen oommii MI/II <0,03 <0,03

HuTtpats! (mo NO;) MT/JT 5,7 <0,1

Hutputsl (NO,) MI/JT <0,003 <0,003

Cynsdarsl (SO4)* MT/JT 11,7 23,28 8,71

®ropunsl (F-) MI/JT 11,7 <0,1
[Tormdocdats

(PO4)* MI/n <0,01 <0,01

A30T aMMOHHUHBIN MI/JT 0,64 <0,1

Kpemuuii MT/JT 4,0 <0,5

IenoyHOCTH MTI-DKB/JI 3,6 1,45 323

bukapboHaTsl MI/JT 219,6 88,45 0,05

2.2. HeKOHTAKTHasl aKTHUBAIIUA BOALI

]_—[J'IH MOJIYUYCHUA HAB roroBumm KOHmMAaKkmHO-aKmueupoeaHHble 6000bl - KaTOJIUT U

AHOJINUT, H€O6XOIII/IMBI€ AJI1 IIPOBCACHUA HEKOHTAaKTHOM AKTHUBaIluH. Nx IoJiy4dajad Ha

? Pe3ynbTaThl COOCTBEHHBIX UCCIIEOBAHUN



30

MOJU(DUIIMPOBAHHOM  BJIEKTPOXUMUYECKOM aKTUBATOPE «M3ympym» (C23
No77.99.34.485./1.010314.06.10 ot 29.06 2010) unu ero aHanore 3M€KTPOXUMHUUECKOM
aktuBarope AIl-2 npu cune Toka 20-60 MA 1 Hanpsbkenun 60 MB. TlonmydyeHHble TakKUM
0o0pa3oM KaToJIUT U aHOJMUT HaOUpaiu B JBE EMKOCTHU IO S5 JUTPOB Kaxkzasi, B KOTOPHIX
3aTeM MPOBOIIIA OECKOHTAKTHYIO AKTUBAIIMIO TIOJITOTOBJICHHBIX BOI.

s 6eckonmaxmuou akmueayuu (puc. 2.1) Kaxay0 U3 3apaHee MoAr0TOBICHHBIX
NUTHEBBIX BOA pa3nuBad 1o 300 M1 B 4 CTEPUIBHBIX MOJUAITUIEHOBBIX T€PMETUUHO
3akpbiBaromuxcs nakera (Nasco WHIRL-PAK, USA, tonmuna crenok 120 mxm). Tpu
MaKeTa ¢ BOJOM IMOMENIAIN B €MKOCTh C KOHTAKTHO—AKTUBUPOBAHHOW KamOAUMHOU
Bogou Ha 5, 20, 40, 60, 120 munyT, 24 yaca, 4YETBEPThI - B €EMKOCTh C KOHTaKTHO-

aKTUBUPOBAHHON anoaumnou Bojoi Ha 40, 120 munyT, 24 yaca.

DIEeKTPOXUMAYIECKUIT
Mo (pUIIPOBaHHBII
aktuBarop «V3ympym»

BononpoBoanas Boja
JIOTIPOBOR A Pabouas cuna Toka 60MA

» nuadparma

—»  xaros
L—»  aHOI

Brixon
KaToJuTa 5 '

Brixon
T8 aHOJIATA

B TINPO-TLAGH

EMKOCTb, 3aII0/THEHHAs CBEXKeil KOHTAKTHO
3JIEKTPOXUMHUECKU AKTUBUPOBAHHON BOJOH
(aHONMHTOM). BHYTpPH €MKOCTH ITONMMMEPHEII

MAaKeT C MUThEBOU BOJOI (HEKOHTAKTHBIN
AHOIINT)
40 MuH. — BpeMs BBIICPKKH TTaKeTa
C BOJIOM B EMKOCTH

EMKOCTb, 3aII0JIHEHHASI CBE)KEH KOHTAKTHO
9IEKTPOXUMHUYECKH aKTUBUPOBAHHON BOAOM
(xatosmutoMm). BHYTpH €MKOCTH MOJIMMEPHBIE TTAaKEThI C
MUTHEBOI BOJIOH (HEKOHTAKTHBIE KATOIUTHI)

5, 20, 40 MuH. — BpeMsl BBIICP)KKH MTAKETOB C BOAOU
B EMKOCTH

Pucynok 2.1 CxeMa HEKOHTAKTHOM aKTHUBAIlMU MUTHEBBIX BOJ
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IIo oxoHuyaHuu OKCIIO3UIHNHN ITaKCThl BBIHUMAJIN M3 CMKOCTH, BOAY IICPCIIMBAJIA B
CTCKILIHHYIO IOCYAYy Uit OIIPCACICHHA (I)I/ISI/IKO—XI/IMI/I‘-ICCKI/IX CBOMCTB M HMCHOJb30BaJIN

B OroTecTax.

2.3. Onpezle.ﬂeHne (l)I/I3I/IKO-XI/IMl/I‘IeCKI/IX noxkasareJjeu AKTUBUPOBAHHBLIX BOJ

2.3.1. OnpeneseHue BOAOPOAHOIO MOKA3aTEs,
OKHCJIUTEIbHO-BOCCTAHOBUTEIBHOI0 MOTEHMAJIA U 3JIEKTPONPOBOAHOCTH

HCCJIECAYEMbIX BOJ

BonoponHblii IOKa3aTellb, OKHUCJINTEIbHO-BOCCTAHOBUTEILHBIN IOTEHIIHU A

UCCJIENYEMBIX BOJ ONPEIEISUIM 3JIEKTPOXUMHUYECKH € Momolpo pH-Merpa-uonomepa
«Qrorect-120»  (TY  4215-004-41541647-2003, BTOPUYHBIA  H3MEPUTEIBHBIN
npeodpazoBatenb - KJ[1[T.414338.001, snexkrpoast — TY 4215-002-41541647-95 u TY
25.05.2181-77, temneparypusiii gatuuk — KII[T.418424.001). DaeKTpOIpPOBOIHOCTD

BOJBl oOmpenesuin Ha JiadbopatropHoMm koHayktomerpe WTW inoLab Cond 740 ¢
naruukoMm TetraCon 325 Ne06120167 wiu nopratuBHOM kKoHAykToMeTpe WTW Cond
3301 ¢ TEM KE TATYUKOM.

N3mepenus OBII npoBoaunu npu KOMHATHOM Temneparype B 5-6 moBTOpHOCTSX. B
TOM k€ 00BeMeE BOJIbI M3MeEPsUIH pH U 371EKTPONPOBOAHOCTb.

2.3.2. OnpenesieHue 10J14 CBS3aHHOM (CTPYKTYPHPOBaHHOI1) (a3bl B Boae

CyIIHOCTh METO/la COCTOMT B OINPEACIICHHMH O00beMa BBIICIMBILErOCsS rasza IpHu
OXJIXKIEHUU BOJABI 10 HU3KUX Temriepatyp [93]. B Mopo3miibHy0 Kamepy ¢ MOCTOSSTHHOM
temmneparypoit (-21°C) momemaii cTakaH C 3THIOBBIM CIHUPTOM M BBIICPKUBAIH JI0
YCTaHOBJIEHHsI MOCTOSAHHOM Temmeparypbl. OOpaszer] BOJAbl HaIMBAJIW B CTEKJISTHHBIN
UWJIWMHIP W BBIIEPKUBAJIM TIE€pE] aHAIU30M HE MEHEe 7 4YacoB MPHU KOMHATHOM
TEMIIEpPATYypPE B TEMHOTE. 3aTeM B 3Ty Boay norpyxamm 20 xkammuisapoB [lanuenko
oobemom 0,1 cm® (TY 9443-005-52876351-02). [Ipubnusutenso yepes 15 MUHYT u3

UWIMHAPAa BBIHUMAJIM [0 OAHOMY KamWUISIpy W YCTaHABIMBAJIM BBICOTY CTOJI0A
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KUJKOCTU B HEM HA ypoBHE 87-90 MM, (UTOOBI IPU KPUCTAJUTH3ALUU O0BEM KUJKOCTH
HE BBIXOWJI 32 MPEJCINbI MKaIbl) U (PUKCHUPOBAIN B JMIATOMETPUYECKOM yCTPONCTBE

(puc. 2.2).

Pucynoxk 2.2 Jlunatomerpudeckoe ycrpoiictBo (1 — kanuwmisap [langenko;
2 — METAJTTMYECKUM AeprKaTelb; 3 — BEpXHSs IIOMIaKa AepKaTelis; 4 - HUKHSISA
IJIOIIAJIKA JIepIKaTeNIsl; 5 — pe3nHOBas MPOKIIaIKa; 6 — BUHT I (PUKCAIMHU KalmuJuspa;
7 — METAJUTUYECKUN 30H.T)

JlunatoMeTpuyecKoe yCTPOMCTBO C 3aKPEIUICHHBIM B HEM KAMWIISPOM MOMEIAIN
noa otcueTHbld Mukpockon MIIB-2 (ABt.cBuaetensctBo Neld442186, 8.08.1988) u
perucTpupoBasid HavanbHbId 00beM (V1) mpoObl Boabl ¢ ToUHOCThIO +0,05 MMm. [lanee
KQKJI0€ YCTPOWCTBO C KAaNWUIAPOM OIyCKalIW B CTaKaH CO CHUPTOM, HaXOISIIUICS B
MOpo3uibHOM Kamepe. Ilociie NATHAAUATUMUHYTHOTO —OXJIQXKIEHUSI YCTPOMCTBO
U3BJIEKATM M3 MOPO3WIBHOM KamMephl M B BEPXHHUM KOHEIl Kanuiuisipa BBOAWIIU
METaJUIMYEeCKUN 30HJ, MPOJBUTas €ro J0 ymopa B 3amepsiiyio mpoOy. IloodepeaHo
YCTPOWCTBA CHOBA MOMEIIAN 0T MUKPOCKOI M TI0 HIYKHEMY Cpe3y 3aUKCHPOBAHHOTO
30HJa PErUCTpHpoBaIM o00beM 3amep3miedr npoosl (V). UyBCTBUTETBHOCTH
onpenenenus - 0,001%, norpemnocts u3mMmepenus - He 6oiee 0,001%.

ITo I[MOJIYYCHHBIM 3HAYCHUAM BCIMYMHBI HAYaJIbHOI'O U KOHCYHOTI'O 00BEMOB HpO6BI,

PACCUUTHIBAIOT JIOJIO CTPYKTypUpoBaHHOW (a3l B Boge (9« ), B H3MEPUTECIHLHOM

KaluJuisipe:

s _V,-V,/0.93
Te Ty s g *K. (1)

b

rae V; - ucxoaHbli 00bEM BOJIbI B KATWJUIAPE C YUYETOM TEMIIEpAaTYpPHOU MOIpaBKH;
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V>, — cymmapHbIii 00BEM JIb/Ia ¢ TA30BBIMU BKIIIOUCHUSIMU;
K, — koappurimenT cxatust Bo3ayxa B CTPyKTypUPOBAHHOM (pa3e BOJIBI
(K:»c: I/zaaa npu 1 am,u/ I/zasa npu 2000 amm :2 4; 2 8),

K,"=0,21 — nonsa nycTot B 00beMe CBSI3aHHOU BOJIBI.

Jlsis pacueTra MpoLEeHTa CTPYKTYpUPOBaHHOU (a3bl B 00bEME OMPEACIAIOT CpeIHee

apu(pMeTHYecKoe 3HaAYCHHUE JJOJU CTPYKTYPUPOBAHHOU (a3bl B BOjE, HaXosIIeics B 10

HU3MCPUTCIIBHBIX KallWJJIgpax:

Ly get
M =—° ac 2
"on n%q i @)
II€ N — KOJIWYECTBO HU3MEPEHUN MONM CTPYKTypUpoBaHHOW (a3bl B BoOje,

Haxojmiencs B 10 u3MepUTeNbHBIX Kanuuisipax ()11 Kax 0¥ MOBTOPHOCTH).

Hanee omnpenensitoT cpenHeapuPMETHUECKOE 3HAYEHHWE JOIH CTPYKTYPUPOBAHHOU
¢da3pl B BoAE€ Ha OCHOBaHMM 3-X NoBTOpHOCTEH. CpeaHeapupMeTnuyeckoe 3HaYECHUE
CTPYKTYPUPOBAaHHOCTH BOJABI HCIIOJIB3YIOT JUII pacdera CpeIHEKBaApaTHYECKOro
OTKJIOHEHUS (o).

BapI/Ia6eJ'IBHOCTL HOKa3aHI/II71, onpeaciaeMas Kak OTHOIICHHUE CPCAHC-KBAAPATHUIHOI'O OTKJIIOHCHHUA

K CpEeIHEMY COJICPKaHUIO CBS3aHHOW BOJIBI B ITPOOE, PACCUMTHIBACTCS KaK:

Var=c/9a (3)
)
rae: Var- BapuabeabHOCTD MMOKa3aHUM;
0 - CTAaHJAPTHOE OTKIIOHEHUE.

Pacuer NpOIEHTHOrO COAEPKAHMs CTPYKTYpUpOBaHHOU (asbl B 00beme ot 0,lcm’
npoObl MpoBOAAT 1O (GOpMyJE€ C MCIONb30BAHUEM pPAaCUETHBIX KO3((ULIMEHTOB
KBaJIpaTUYHOTO ypaBHeHUs - a=267; b=0.186, c=0,00012:

g0 =(a*(q’. ) - b*q2 +c)*100, % 4)
[lonyyeHHble 3HAUEHUsT MPUBOAAT K HOPMAIbHBIM TEMIIEPATYPHBIM YCIOBUSM,

YUYUTLIBAIOIIHM 3aBUCHUMOCTD CTPYKTYPHPOBAHHOCTHU BOALI OT TCMIICPATYPbI qt:

q'=q*[1+ 0,197 (t -20)], (5)
e q°°— CTPYKTypUpOBaHHOCTH Boabl mpu 20°C.



34

3a OKOHYATEJbHBIA pe3ylIbTaT H3MEpPEHHUs MPUHUMAIOT cpenHee apudmMeTrndyeckoe 3HAYCHUE
pe3yJIbTaTOB TpeX MAapajuIeNIbHbIX HM3MEPEHHH, BBIMOIHAEMOE /0 TPEThEro JAECATUYHOIO 3HAaKa.

Brraucinsior cpenee 3Ha4eHUE CTPYKTYPUPOBAaHHOMU (hasbl B 00beMe (B MPOLEHTAX):
o 1 e,
M =l g (6)

IJIe N — KOJMYECTBO U3MEPECHUI CTPYKTYPUPOBAHHOH (ha3bl B 00bEME BOJIbI;

o

9e _ cpenHee 3HAYEHHWE IPOIEHTHOTO COJEPIKAHHs CTPYKTYPHPOBAHHOHM (hassl B

00BEME BOJIBI.

PaccunThpIBalOT OTHOCHUTENBHYIO Pa3HMIYy PE3YJIbTaTOB TPEX NapaJUICIbHBIX H3MEPEHHM OJHOU
POOBL:

M, - M,| <0.01*%d * M (7)
,

rae d — onepaTUBHBIN KOHTPOJIb CXOOAUMOCTH, S % A .

[To nmanubiM u3Mepenuil 10 kKanmwiIsspoB HA OCHOBAHUM YHUCJIEHHBIX 3HAYEHUUN
CTPYKTYPUPOBAHHOCTH JJIsl KaXJAO0r0 KalWJUISIpa 3aMONHSIOT TaOIUIly SHEPreTUYECKOro
COCTOSIHUSI 00pa3iia Bojbl (Tab1.2.2).

Tabnuna 2.2 DHepreTHdeckoe pacupeiesieHne CTPYKTYPUPOBAHHOM (CBA3aHHOM)
(da3sl B BOJIE

loist CEASAHKOM (CTPYKTYpHPORAHHOH) KonmudecTBo KanmsipoB B
¢a3sl B BOJIE,
Aq, % Ka)XJIOM JIHara3oHe
0,0...0,1
0,101...0,2
0,201...0,3
0,301...0,4
0,401...0,5
0,501...0,6
0,601...0,7
0,701...0,8
0,801...0,9
0,901...1,0
bonee 1,01

2.3.3. OnpenesieHne CBETOCYMMBbI JJIOMUHOJI-TEMHUHOBOI XeMUJIIOMUHECHEHIIUU

Merton OCHOBaH Ha perucrpauuu 3a/1ep>KaHHOTO BO BPEMEHU
XEeMUJIIOMUHECIIEHTHOTO CBEUCHUSI TEMHUH — JIIOMUHOJIBHOTO peareHta npu J00aBiIeHUN

B HEro aHajmsupyemoro oOpasia Boapl. CyIIHOCTh METOJAa COCTOMT B pa3AeiIbHOM
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ONpEIEICHUH AKTHBHBIX CBOOOJHO—PAIUKAIBHBIX U  HOH-pAJUKaIbHBIX  (opM
KHCIIOPOa B BOJIE M BO3MOXKHOCTH OIIEHKH CTaOUIILHOCTH €€ CTPYKTYPHUPOBAHHOU (ha3bl
10 KHHETUYECKUM 3aBUCHMOCTSIM XEMIUTFOMUHECIIEHIIUH oOpa3ma [19].

YyBCTBUTENBHOCT, MeToAa cocraBiuger 107 1/ 1Mo mepekucu  BOXOPOJA.
OnpeneneHuio He MeENIAeT HaJIU4YMEe B BOJIE XUMHUYECKUX 3arpsizHutenieid. Meronuka
o0ecreynBaeT BhIMOJHEHUE U3MEPEHUH ¢ morpemHocThio +10%.

N3mepenus mpoBOAMIM TIPU KOMHATHOW  Temmeparype. XEeMUITIOMHUHOMETP
(XeMWJIIOMUHECIIGHTHBIH  aHanu3atop  kuakux 1npod  JIMK-2)  kanmuGposanu
pa30aBiIeHHBIMHU B JIMCTUJUIMPOBAHHOM BOZE pacTBOpaMM mepekucu Bopopona. Ilepen
M3MEpPEHUSMH pPACTBOPHI CJIETKA IMEPEMEITUBAaIN 0€3 BCTPSIXWBAHHS W OCTABISUIM B
3aTeMHEHHOM (HO HE B TEMHOTe) MecTe Ha 2() 4acos.

100 MKJI reMHH — JIFOMUHOJIBHOTO peareHTta (8 Mr/J reMuHa B IEJIOYHOM PacTBOpE
momuHosa, 'O 33.10.000.01) He pa3Oph3ruBas MO CTEHKAM KIOBETHI, IMOMEIIAIN B
U3MEPUTENIbHYIO KIOBeTy mnpubopa. KroBeTHOE oOTleNeHrne 3aKpbhIBaId KPBIIIKON
703aTopa, B KOTOPYIO BHOCHIM 50 MKIJI aHanM3upyeMOH BOAbI WM KalHMOpPOBOYHOTO
pacTBOpa Tak, YTOOBI Kallii HE Kacaiach OOKOBBIX CTEHOK [103aTOpa, 3aKpbIBaJU
BBIJIBUKHYIO KPBIIIKY KIOBETHOTO OTIEJICHUS M PE3KO HAKUMAIM HA KPBIIIKY JUIs
ObICTpOrO0 BBOJIAa TPOOBI B peareHT (YTOOBI HE MCKAXKAaTh KUHETHYECKYIO KPHUBYIO
XEMUWIIOMUHECIICHIINM BpeMsl HaxaTusi He mnpesbimanio 0,2 cek). Ilocrme okoHwyaHus
cyeta (PUKCUPOBAIU CBETOCYMMY JIFOMUHECHECHIMU (), amruuTydy (Am) U Bpems
BBIXOJ[a MakCcUMyMma XeMuiroMuHecleHuuu (tm). Yepes 10 cexyHa mocie OKOHYaHMS
OCHOBHOTI'O CU€Ta BHOBb HAXKMMAJIU Ha KPBIIIKY U PETUCTPUPOBAIIN MOKA3aHUs Mprudopa

2-ro nukia u3mepenuit. Kaxmyro npoOy nzmepsiiu 3-5 pas.

2.3.4. OnpeneseHue XMMHYECKOT0 COCTABA UCXOAHBIX H HEKOHTAKTHO

AKTUBHPOBAHHbLIX BOJ

]_—[J'UI OLCHKH BO3MOKHOU MUT'palIA HpHMCCCﬁ, COACPIKAIMUXCA B KOHTAKTHO

AKTUBHUPOBAHHBIX BOAAaX BHYTPb IIdK€Td, B KOTOPOM BOAbI IIOJIYYaJHUCh
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HEKOHTAKTHOM akTUBalMed, paBHO KaK M MHUIpallid MOHOMEpa, Iiactudukaropa u
Ip. BEILECTB, SBISIOMIUXCA KOMIIOHEHTaMU Marepualia TMakera 3a BpeMs
HEKOHTAKTHOW akTtuBanuu (5-40 MuH) ObUIM TPOBEAEHBI XHUMHKO-aHATUTHYECKUE
UCCJIEIOBAaHUsA, OpPUEHTUPOBAHHBIE HAa HWJICHTU(MUKALUIO M KOJIUYECTBEHHOE
orpenesieHre MeToJaMu HOHHOM xpomarorpaduu B coorBerctBuu ¢ ['OCT 31867-
2012 «Boma nurtbeBas. OmnpeneneHue  COACpPkKaHUS  AHUOHOB  METOJIOM
xpomarorpadpun M KanwusipHoro snekrtpodopesa», [MH @ 14.2:4.176-2000
(m3manme 2014 1) «Meromuka ompeneseHUsi COACp>KaHUS AHUOHOB (XJIOPHI-,
cyibdar-, HUTpaT-, OPOMUJI- U HOAUJ-UOHOB) B NPUPOJHBIX U MUTHEBBIX BOAAX
MeTO/IOM HOHHOM Xpomarorpadun», MBU 3A0 «Aksunon» (art. Ceua. Ne 18-08 ot
04.03.2008 r.). AHanmu3 Ha coJepKaHUE KAaTHOHOB IPOBOJMIU B COOTBECTBHM C
I'OCT 31869-2012 «Boma. Meronpl onpeneyeHuss COACPKAHUSA KAaTHOHOB
(amMmMoHUs, Oapusi, Kajausi, KajablUs, JUTUSA, MarHus, HATPUs, CTPOHIMS) C
MCIIOJIb30BAaHUEM  KaMMJUISIPHOTO  3JeKTpodope3a». AHaIM3 Ha CoJep)KaHue
OpraHMYECKUX BEIIECTB B BOJAE BBIMNOJHEHBI XPOMATO-MACC-CIIEKTPOMETPUUECKUM
METOJIOM, TIO3BOJISIFOIIMM  HAJIEKHO HWIACHTU(UUIUPOBATH W  KOJIMYECTBEHHO
ONPENENATh C YyBCTBUTEIBHOCTHIO HA YPOBHE U HM)KE TUTHEHUYECKUX HOPMAaTHBOB
UPOKUN criekTp oprannueckux BemiecTB C1-C40 B Bojie ¢ HEM3BECTHBIM COCTABOM
3arpsI3HSAIONIMX BEIIECTB Ha - XpomaTto-macc-crnekrpomerpe Focus GC ¢ DSQ II
(CIIA) (CBuperensctBo o moBepke Ne 5345-10 ot 08.07.2010 1.). U3mepenus
BBINIOJIHEHBI B Jaboparopun puznko-xumuueckux uccienoanuii HUM 9Uul OC
uM. A.H Ceicuna (pyk. npod. A. I'. MansliiieBa) B COOTBETCTBUU C JEHCTBYIOIIMMHU
METOAMYECKUMHU JOKYMEHTAMH IO KOHTpOJIO opranudeckux Bemects: ['OCT P

NCO 16000-6-2007.

2.4. OneHka HecTa0MJIBLHOCTH I'€HOMA HA KYJIbTYpPe KJIeTOK KPOBH 4eI0BeKa
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[lon HecTaOMIBHOCTHIO T€HOMA MPHUHSATO MOHMMATh «BECh KOMIUIEKC M3MEHEHUH,
XapaKTepU3YIOMUX TpaHCPOpMaAIMI0O TEHOMAa HOPMAJbHOW KJIETKA  3I0POBOTO
OopraHvM3Ma B T€HOM, XapaKTepHbIA Uil KIETOK omyxonw» [169], 4Tto BkiItOYaeT
TeHETUYECKUE TOBPEKIACHUS, U3MEHEHHUE Npoiudepalnu, 4acTOThl aronTo3a U Jpyrue
MPOSIBIICHUS.

MukposiiepHbIii TECT in Vitro OCHOBaH Ha KYyJIbTUBUPOBAHMHM JUMQOIMTOB WU
1[EJTbHOM BEHO3HOM KPOBH YEJIOBEKA M/UJIN KUBOTHBIX B MPUCYTCTBUU IUTOXala3uHa B,

CO3/IAIOIIETO YCIOBUS JiJis Oioka ruTokruHe3a [160].

2.4.1. IIpoBeneHue uccaeI0BAHNS B PEKOHCTPYMPOBAHHBIX Cpeaax

BeHo3HyI0 KpOBb MOJIOAOTO 3I0POBOTO HEKYpsIlero JoHopa (2-5 mur) oTOupanu B
remapuHnzupoBannbie (5000 ME/Mi) ogHOpa3oBbIe MIMPHUITEI, KOTOPBIE MOCIE CMEHBI
UTJIBI XPAHWIN B XOJOAMIBHUKE B TCUCHUE CYTOK.

Pexoncmpyuposannvie cpedvt 014 Kyibmueuposanus TOTOBUIU B CTEPUIBHBIX

YCIOBUSX CIEAYIOITUM 00pa3oM: B CTaHJApTHYIO HaBecKy cyxoi cpeapl RPMI-1640
(ITanDxko, PD), paccuntanHyro Ha mpurotorieHue 2,0 1 KUIKOU cpeibl, T00aBISIU
CTepWIbHBIN pacTBOp 7,5% OukapOoHaTa HATPHUS B COOTBETCTBUU C MPOIMUCHIO (DUPMBI.
3arem 0,13 mu1 3TOrO pacTBOpa NOBOAWIIM TecTUpyemon Bojou a0 5,0 mu (pusuko-
XUMUYECKUE CBOMCTBa BO/JI, MCIIOJIb30BAHHBIX TSt MIPUTOTOBJICHUS
PEKOHCTPYUPOBAHHBIX CpPEJl, ONPEIEISUIM HENOCPEICTBEHHO IE€pe]] MPUTOTOBICHUEM
Cpell AJi KyJIbTUBUPOBAHUS KIIETOK).

CocraB cpenpl 11 KyIbTUBUPOBAHUA KIETOK: 3,0 MJI pEKOHCTPYMPOBAHHOW CpEIbI,
MIPUTOTOBJICHHON Ha M3y4aeMOM BOJE, MOMEMIAIN B CTEPUJIbHBIA NEHULWIJIMHOBBIN
¢dnakon oovemom 10 mui, nobapmnsiin 0,8 MJI HHAKTUBUPOBAHHOW CHIBOPOTKU KPYMHOTO
poratoro ckora, 0,2 mMn 1enbHONW BeHO3HOW KpoBu, 30 mMxa ®PI'A (1,0 mr/mi) B
cTepusibHOM (uzmonoruueckom pactBope u 10 EJI/Mn cMecn nNeHUIIMIUIMHA CO
CTPENTOMULMHOM, IPUTOTOBJIEHHOM Ha CTEPUIBHOM (DU3UOJIOTUYECKOM PacTBOPE.

[TapamnensHbIe MPOOBI KPOBU KYJIHTUBUPOBAIIN B:

- PEKOHCTPYUPOBAHHOW CpE/le HA UCXOJHON HEAKTUBUPOBAHHOMU BOJE;
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- crangapTHoi xxujkoi cpeae RPMI-1640 (ITanDOko, PD).

JIisi UCKITFOUeHUsT SHEPromH()OPMAIIMOHHOTO BIIMSHUS BOABI OIHON KyJIbTYpHl Ha
Ipyrue, KyJbTypbl, IMPUTOTOBIEHHbIE U3 pa3Hbix HAB, pacnonaranu B pa3HbIX
tepmocTtarax (t=37 °C).

Ha 44 yacy B KynbTypy BBOAWJIM pacTBOp uuroxaiazuHa B (ITanDko, PD) B
JIMCO (xoneunas koHueHTparust 6 mxr/mi) [40, 138].

JIns ka0l cepuu OmbITa M KOHTPOJSI CTABWIM MapalijieibHbIE KYJBTYpHI, B
KOTOpbIE Ha 24 yacy OT HayaJjia KyJIbTUBUPOBAHUS JOOABISIIN CTAHIAPTHBIN MyTareH N-
MeTuwI-N-HUTpO-N-HUuTpo3zoryanuand (MHHI') B koHeuHBIX KOHIIEHTpamusx 3 u 6
MKT/Mi1 [69].

2.4.2. dDukcanus KJIE€TOK

@ukcaluio MNPOBOAWIM Ha 72 4acy OT Hauajda KyJbTUBUpoBaHUs. KiieTku
MEPEHOCUIIM B CTEKJISTHHbIE KOHMYECKHE IEeHTpUPy)HbIe TpoOupku oobemoM 10 Mi u
ueHtpudyruposaiv 10 MuH Ha Gaker-potope npu ckopoctu 1000 06/muH. Hagocanok
OTCaChIBAJIM C TIOMOIIBIO BOAOCTPYHHOTO HAacoca, OCaJOK OCTOPOXKHO B30aiIThIBAIU
MSATKUMH yJiapamMu Hajblia 0 MPOOUPKY U B ATy MPOOUPKY MPUIUBAIH 5 MJI XOJOJIHOTO
pactBopa xjopuaa kamus (0,93 r/100 mm). [TpoOupky 3akpbiBagu MPOOKOH W MSTKO
MOBOpavYMBaJId BOKPYT ocu B TeueHue 40-45 cex. Ilocie sToro B mpobupky akKypaTHO
no creHke npuiauBanu 1,0 Ma xomoaHoro (Qukcaropa (MeTaHOJ-JIeAsiHAas YKCycHas
kucnota 3:1 v/v), 3akpeIBai TTPOOKOM, HECKOJIBKO pa3 aKKypaTHO TMEPEeBOPAYMBAIIN U
MOMENIaIN B XONoauiIbHUK. Yepe3 20 MUHYT mpolieypy MOBTOPSIIA B TOM K€ PEKHUME,
B CYCHEH3MIO KJIETOK MO CTeHKE NmpriinBayiu 5,0 MJI XOJIOJHOTO (PrUKcaTopa U OCTABIISUIH
B xononuibHuke. He Menee yem yepe3 20 MUHYT BCIO IPOLEAYPY CMEHBI (pukcaTopa
MOBTOPSUIA €IIIe pa3, MOCJe Yero KJIETKU OCTAaBJISUIM B CBEXEW mopiuu dukcatopa Ha
HOYb B xonoawibHuke. [locneaHio cMeHy (ukcatopa MpOBOIUIN YTPOM, MOCIE Yero
KJIETKH cycrneHaupoBaiu B 0,5 Mi xonogHoro ¢ukcaropa, TIIAaTeIbHO MUIIETUPOBAIA U
no 5-7 Kamedab HAaHOCWIM Ha XOJOJHBIE MpeaMeTHble cTekna. CTekna Cylwid Ha
BO3/yXe, OKpamuBainu kpacutenem Pomanosckoro ([TanDOko, P®) u mudposanm.

2.4.3. IluToreHeTH4eCKUii aHAJIU3
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[utorenernyeckuii ananus [41, 42, 128, 137, 138] npoBoauiu ¢ MOMOIIBIO
cBeToBbIX MuKpockornoB Leica 1000 u Carl Zeiss Yenaval B mpoxozsiiemM cBeTe INpu
yBenuaenun 10 x 100 (MacnsHass UMMepCHsi, MaTOBBIN CBETODUIIBTD).

Jlns aHanu3a Ha mpenaparax BbIOMpANd MOJs 3pEHUs, Ha KOTOPBIX BCE KIIETKU
JIeXKAIIA OTACIBHO, UMEU HUTOIIA3MY C YETKOM TPAHULEH, U B KaXKJIOW KIIETKE MOXKHO
OBLJIO TOACYMTATh KOJMYECTBO SIJIEP U OMNPENSTUTh sAepHble aHoOManuu. Bce moms
3peHMs], HE COOTBETCTBYIOIIHNE ITUM KPUTEpUsM, nponyckanu. Kinetku 6e3 nuromnia3Mbl
HE aHAIIM3UPOBAIIH.

Mukposiipa UAeHTUGUIMPOBAIM KaK JIeXKAIUe B IIUTOIJIA3ME YETKO OTAEIbHBIE OT
AJIep OKPYIJIbIE XPOMATUHOBBIE TE€Ja C HEMPEPBHIBHBIM INAJKUM KpaeM pa3MepoM He
Oonee 1/4 nmametpa siapa.

MUKpPOCKONMMYECKUI aHAJIU3 MPOBOAWIM CIAEAYIOIUM oOpa3oM: mpu nojcuere 500
KJIETOK OIPEIEISIN CHEKTP KJIETOYHBIX MOIMYJISIUNA: KOJIMYECTBO KIETOK B MHUTO3E,
kietok ¢ 1, 2, 3, 4 u Oonee sapamu. [lpm 3TOM yUYUTHIBAIM TOBPEKICHUS
(mykneoriazmennbie MocThl - HIIM u Mukposapa - M) B HUX, a TakKe KIETKH B
COCTOSIHUM arolTo3a. 3aTeéM Ha JPYTrMX y4acTKax CTeKJa aHaJM3UPOBAIH TOJIBKO
IBYSIIEPHBIE KIETKM C YETKOM LMUTOIUIa3MOM W OTAENBHO JEXKAIIUMU SApamu, B
KOTOPBIX OoTMevanu KoiaudecTBO W Tl MS, HIIM, a takxke KIETKH, B KOTOPBIX siapa
HaXOJWJINCh B Pa3HBIX CTAAUSAX KJIETOYHOTO IUKJIA. B COBOKYIHOCTH ABYX MPOCMOTPOB
Ha Kax oM crekie HacuuTbiBasin 1000 nBysA€pHBIX KIIETOK.

Takoi aHaJIM3 MO3BOJIUI ONPEAEIATH MOKA3aTENH, XapAKTEPU3YIOIIHE:

- TeHOTOKcHYeckue 3(EeKThl: YacTOThl 2-epHbIX KIIeTOK ¢ M (oTnensHo ¢ 1-, 2-,

3- u OonbmuM yuciaoMm MS, a Takxke kinetok ¢ M tuna «pazbutoe siino» u ¢ HIIM),
4acTOThl 3-SAEPHBIX KJIETOK ¢ MUKposaapaMu u ¢ HIIM, yacTtoTsl 4-g/1€pHBIX KJIETOK C

MS u ¢ HIIM, 4acToThl OTUSAEPHBIX KIETOK ¢ MUKposiapaMu U ¢ HIIM;

- nponndepaTuBHYIO  aKTUBHOCTh _ KJIETOK: CHEKTp  JCJSIIHUXCS  KIETOK,
nponudepaTUBHBIA IyJI, WHAECKC PEIUIMKAllMU SAep, MHIEKC Mpoiudepaluu, 00
YCKOPEHHO JEJAIINXCS KJIETOK (MMEBIIUX Ha MOMEHT (uKcaiuu Oosiee 2 snep), A0JI0
ACUMMETPUYHO JEJSIIMUXCS KIETOK BO BTOPOM MHTO3€ (IO COOTHOIIECHUIO YacTOT

KJIETOK C 3 U 4 siapamu);
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- MUTOTUYECKUMN HHICKC,

- 4aCTOTY aIioITo34a,

JIOTTOTHUTENBHO [T KaXKJI0M KYJIbTYPbl PACCUUTHIBAJIN:

- Iponu(epaTuBHBIN IyJI - KAK CYMMY KJIETOK B COCTOSIHUM MUTO3a U KIJIETOK C 2-,3-,
4- 1 GOJBITTUM YHCIIOM SIZIED,

- nomo (%) aenaumxcst KIETOK ¢ TeHETUYECKUMHU TIOBPEXKICHUSIMU - MUKPOSIIPaAMHU
(M) u nykieomnasmenubiMu Moctamu (HIIM),

- 00beM (PpaKIuu YCKOPEHHO JEIISIIIUXCS KIETOK B CIIEKTPE KICTOYHBIX MOIMYJISIINM -
KaK CyMMY KJIETOK, 0Opa30BaBIIUXCS B pe3ysbTaTe 2 U OOJIbIIEro YUCIa MUTOTUYECKHUX
ITUKJIOB (KJIETOK C 3-, 4- m Gonbimum gucioM saep) (%),

- o0peM dpakiuu YCKOPEHHO  JICNISIIIMXCS  KIETOK C T'€HETUYECKUMU
MOBPEXICHUAMH (MUKPOSAPAMH U HYKJIEOIUIa3MEHHBIMU MocTamu) (%),

- CTENEHb ACUMMETPHUH JCJICHUS KJIETOK BO BTOPOM MHTOTHYECKOM ITMKJIE — KakK
COOTHOIIICHHUE YacTOT 3-sICPHBIX U 4-sIIEPHBIX KIECTOK;

OCHOBHBIMM ~ TOKa3aTeIISIMU  YUMOMOKCUYECKO20 JICUCTBUS CUUTAIA HHJIEKC

peIUIMKalm, Xapakrepusyromui rnpoueccs! ynsoenus JJHK [172]:

HP = [(1 x % oonoadepnuix k1) + (2 x % 08yadepuvix k) +

(3 x % 3-a0epuvix kn) + (4 X % 4-a0epnvix k)] / 100) (®)
U uHAeKc nponudepanyu [164]:
HUII = [(1 x % oonoadepuvix k1) + (2 x % 08yadepuwvix k1) + 9)

{3 x % 3-a0epuvix k1+% 4-a0epuvix knemoxk+% nonusadepnuvix

kaemox}] / 100)

N 4yBCTBUTENBHOCTh K JIEWCTBUIO MyTareHa Mo BCEM IOKAa3aTesisIM OIEHUBAIA KakK
otHomieHne »H@dekra MyrareHa K (HOHOBOMY ypoBHIO. Bcero Ha Kaxaom

LATOreHeTHYEeCKOM npenapare ananusnposanu 1300-1500 kneToxk.

2.4.4. CratucTtuyeckasi 00padoTKa JaHHBIX
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Cratuctuyeckyro 00paOOTKy JaHHBIX [0 BCEM IIapaMeTrpaM B 3TOM TECTE
NPOBOJMJIM B CTAaHJApTHOM I[AKeTe KOMIBIOTEPHBIX MporpamMm Statistica 6.1 ¢
MCIIOJb30BAaHUEM OJHOCTOPOHHErO KpUTEpHUst X C UCIONB30BAHUEM KOPPEJALIMOHHOTO
U PErpeCcCHBHOIO AHAIN30B. 3HAYMMBbIMU Ipu3HaBanu pasznuuus npu p<0,05. Ilo
BO3MOKHOCTH  HCIIOJB30BAJIM  OJHOCTOPOHHUM  KPUTEPUM KAk  HauMEHee
KOHCEPBATUBHbBIN, UMEIOIINIA HAMHOIO MEHBIIYIO BEPOSITHOCTh OLIMOKHA BTOPOTO Poja,

YeM COOTBETCTBYIOIIMI ABYCTOPOHHUN M OOJETYAIOIIMI yCTAaHOBJIEHHE 3aBUCUMOCTHU

[36].

3akioueHue O Hajauyuu (OTCYTCTBUHM) BIMSIHUS AKTUBUPOBAHHBIX BOJ Ha
MOKa3aTeau HECTAOMIIBHOCTH F€HOMA KJIETOK KPOBU YEJIOBEKa JeNalld T0:

- pe3yiapTaTaM CpaBHEHHUSI C MHTAKTHbIM KOHTPOJEM II0 BCEM YyKa3aHHBIM
napamerpam (tumy — yactore M w/unmu HIIM MOCTOB M cTE€NEHU BBIPAKEHHOCTH
s dexra);

- HAJIMYMIO U XapaKTepy 3aBUCUMOCTH d(PPeKTa OT Mpoa0KUTEILHOCTH aKTHBAIIUU
BOJIBL;

- xod(dunmentaM [ PErpecCHOHHBIX YPaBHEHUW, KOTOPBIE XapaKTEPU3YIOT
HapacTanue dS(dexTta Ha eTUHUILy BO3JAEHCTBUA (M3MEHEHUS MPOJOIIKUTEIBHOCTU
aKTUBAIlMM BObI, IAapaMETPOB CTPYKTypupoBaHHOCTH Boiabl, OBII, cBeTOoCyMMBI

XCMUITIOMHHCCICHIINHN.

2.5. OueHka 4acToThl adeppanuii XpoMocoM

B KJIETKAaX KOCTHOI'0 M0O3ra MbIIlIeH

XpOMOCOMHBIC a6eppau1/n/1 141 CO6I>ITI/I}I, C HHMMH CBA3aHHBIC, ABIAIOTCS HpHQHHOﬁ

MHOTHX T'€HEeTHYeCKux 3aboJjieBaHui udenoBeka. Kpome Toro, jokazaHo, 4To MyTalluu,
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MPOSBISIIOIIMECS Kak adeppallid XpOMOCOM, CBSI3aHbI C U3MEHEHUSIMH B OHKOI€HaX U
reHax-CylpeccopoB  OMYyXOJIEH, CIIEIOBAaTEIbHO, SBISIOTCS OAHOW W3 MPUYUH
BO3HUKHOBEHHS OIMYXOJIEH KaK y YeJIOBEeKa, TaK U y TaOOPATOPHBIX KUBOTHBIX.

TecT Ha HUHIYKIMIO XPOMOCOMHBIX aleppanuii B KJIETKax KOCTHOTO MO3ra
1a0b0paTOPHBIX TPHIBYHOB 1n Vivo pekomeHaoBaH B Poccun u ctparax ODCP [161] mns
OIICHKM T€HETHYECKOM O€30MacHOCTU XUMHYECKHX COCJIMHEHHN W UX cMeceil (B ToOM
qucie, JEKAPCTBEHHBIX IpenaparoB), paavaluud U JIpYrux (PakTopoB OKpysKarouien
Cpelpbl.

B ocHOBe MeTOAa JIEKUT perucrpauus BUIAUMBIX CTPYKTYPHBIX HapylIeHUN

XPOMOCOM B KJICTKAX Ha CTaaAuH MeTa(i)aBBI.

2.5.1. ’ZKuBorHbIe

B oskcmepumenTe ObUIM WCIMOJIB30BAHBI KOHBEHIIMOHAJIBHBIC JKUBOTHBIE - 120
nByxmecsuHbix camioB Mbimeit F1 (CBAxC57Bl1/6) ¢ maccoii tena 20-24 1., mo 6
ocobeii B rpymme. [IpousBoauTens >KUBOTHBIX: HayuHbIi LIEHTp OUOMETUIIMHCKUX
texnosoruii PAMH, ¢umman «AnapeeBka». JKUBOTHBIC pa3BeJeHbI CIEHHUAIBHO H
paHee HE YYacTBOBAJIM B HCCIENOBaHUAX. [Ipom3BoauTens MNPENOCTABWII JIaHHbBIC
(BeTepuHApHOE CBUJETEIHCTBO) MOCIEIHETO KOHTPOJISI COCTOSIHUS 3/I0POBbS JKUBOTHBIX
u ceprudukar Ha napturo rTuOpuaHbIXx Mbimeln F1(CBAxC57Bl/6) nns mpoBeneHus
JAHHOTO UCCIIENOBAHUS.

[TonGop >KMBOTHBIX B TPYMIBl OCYIMICCTBISUIA METOAOM «CIIYYaHBIX YHCEI,
HCIOJIb3ysl B KAYECTBE KpUTEpUs Maccy Tesia. MHIMBUyanbHOE 3HAYEHHE MACChI TEja
HE OTKJIOHSIJIOCH OT CPEIHETo 3HAYeHUs B rpyre 6osee yem Ha 10%.

Mpimieli  comepkanu B MOJMMKapOOHATHBIX KIeTKax mo 6 ocobeil. B kauecTBe
MOJICTHJIA MCIOJIB30BAIM CTEPUIIM30BAHHBIE APEBECHBIC OMUIIKU. MBIIIE comepxanu
OTJICJILHO OT JIPYTUX BHUJIOB JKMBOTHBIX B MHJMBUIYAIIbHOM KOMHATE MPU TEMIIEPATYpPE
Bo3ayxa 18-22°C, orHocuTenbHOM BiaaxHOCTH 40-60% 1M €CTeCTBEHHO-UCKYCCTBEHHOM
OCBEILECHUH.

PanyoH >KMBOTHBIX COCTABJIAJI CTAHIAPTHBIN T'PAHYJIUPOBAHHBIA IMOTHOPALMOHHBIN

KOMOUKOpM 151 J1abopaTopHbIX KUBOTHBIX [1IK-120 TOCT
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P 51849-2001 P.5 (OOO «JlaGoparopkopm», Poccust), kotopeiit naBanu ad libitum B
KOPMOBOE yTiTyOJeHne KIETKH.

EsxenHeBHO KaXk/as rpyIina >KMBOTHBIX Mojydana ad libitum CBeXenpUroToBICHHbIC
IKCIIEPUMEHTAIbHBIE M KOHTPOJbHBIE BOJBl HA OCHOBE MOCKOBCKOH BOJOMPOBOTHOMN
BOJIbI, OYMILIEHHOW C HUCIIOJIb30BAaHUEM CHUCTEMBI (GMIBTPOB (YTOMbHBIN (PUIBTP, PUIBTP
TOHKOM OYHCTKH) U HEKOHTAKTHO (JIEKTPOXUMHUUYECKH) aKTUBUPOBaHHOUN. KOHTpONbHBIE
TpyNIbl  TOTPEeOSIA  OTCTOSIHHYIO U CBeXee NPOPUIBTPOBAHHYI0 MOCKOBCKYIO
BOJIONIPOBOAHYIO BOy. OOBEM BBIMUTON BOJIBI B KaXK0M MOMIKE (PUKCUPOBAIH TOCTIE €€
CMEHBI B MIOUJIKE.

Ou3NKO-XMMUYECKHUE CBOMCTBA BOJI, HCIIOJIBb30BAHHBIX /ISl BHIMAUBAHUS KUBOTHBIX,
OTIpENEsUINA JBAX/IbI - B HAaUaJle U B KOHLIE IKCIIEPUMEHTA.

OBTaHA3MI0 XWUBOTHBIX OCYLIECTBIBUIM LIEPBUKAIIBHONW IUCIOKALMEN 4Yepe3 CYTKHU

MOCJIC Havalla BbINIauBaHus, a 3arem vepe3 8, 15 u 30 cyTok.

2.5.2. [luToreHeTHYeCKHUii aHAIN3

[utoreHeTnyeckuii aHaliM3 4acTOThl abeppaluii XpPOMOCOM OCHOBaH Ha
pErucTpaly BUJUMBIX CTPYKTYPHBIX HAPYIICHUH XPOMOCOM B KJIETKAX, HAXOAAIIUXCS
Ha cTaauu MeTadassbl.

Jlist HakorieHus: KJIETOK B cTaguu Meradasel 3a 1 wac 45 MHH 70 9BTaHAa3UU
HEPBUKAILHON TUCIOKAIMEel MbIIaM BHYTPUOpIOMUHHO BBOIMWIM KomxuiuH (0,025%
paboumii pactBop) mo 0,01 mu/r maccel kuBOTHOTO. KOCTHBI MO3r M3 O€IpPEHHBIX
KOCTE€H TOJBKO YTO 3a0WUTHIX MBIIICH BHIMBIBAIM B HEHTPUDYKHYIO MpoOHpKy 1 mi
runioroandeckoro  (0,555%) pactBopa KCl, mporperoro mo 37°C. KocTHbI MO3T
unkyoupoBamu 10 munyt B npucyrcreun KCl mpu 37°C, uenrpudyrupoBand B
teueHue 5 munyT nipu 1000 06/mMun Ha uentpudyre [IJIH. Hagocamounyro KuIKOCTh
OCTOPOYKHO CJIMBAJIM, HA OCAJOK HACJauBajid | MJI CBEKEMPUTOTOBIEHHOTO XOJIOJHOTO
¢dukcaropa (3 yacTu MeTaHosa U | 4acTh JIETHON YKCYCHOM KUCIIOTHI) M TIOMEIIAIN Ha
20 muHyT B XonoauiasHUK. [locne saToro, He B30aNThIBask 0CaA0K, (PUKCATOP CIAMBAIH, B

npoOHPKH J00ABISIIM HOBYIO TOPLMIO XOJMOJHOTO (PHKcatopa TOro ke obdbema u
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BBIJICP)KMBAJIM B XoJoaujibHHKE He MeHee 20 MuHyT. Kietkn B Tperbedl mopuuu
CBeXero (hUKcaTopa OCTaBISIM B XOJOMWIBHHUKE HA HOYb.  3aTeM MPOOUPKHU
nentpudyrupoBasin 5 muHyT npu 1000 o6/mun Ha uentpudyre LIJIH, duxcartop
CIMBAJIU, OCAJIOK pa30MBalii MSTKUMH yJIapamu Majblia o mpoOupky u aodasisiu 0,5
M ¢ukcatopa. [lodyyeHHy 0 CyCleH31I0 aKKypaTHO MUMETUPOBAIIM U pacKaIlbIBad Ha
YUCTBbIE MOKpBIE€ (XOJIOJIHAS BOJIA) MPEAMETHBIE CTEKJIA, KOTOpbIE MOJCYIIUBAINA Haj
MJIaMEHEM CIIUPTOBKH.

[Ipenapatsl OkpaiuBamu a3yp-303uHOM 110 PomaHoBCckOMY M IM(POBAIH.

Ha kaxnoe xuBoTHOe aHanu3upoBain mo 100 meTtada3HbIX MIACTUHOK HA KaXKI0€
*uBOTHOE. [ aHanmm3a orOupanu meradasHbie TIACTUHKUA TPABWIBHOU (OPMBI, C
XOpOIIUM PpazdopoCcoM XPOMOCOM U YUCIOM XpomocoM 40+2. YUuThIBaIu CIEAyIOIINe
TUIBI al0eppaluii  XpoMOCOM: (parMeHThl (OJMHOYHBIE, TApHbBIE M KIETKH C
MHOXKECTBEHHBIMH a0epparusMu), XpOMaTHIAHBIE M XPOMOCOMHBIE OOMeHBI. [lpu
HaJIMYUM B KJIETKe OoJjiee msTv abeppaluil ee KiacCU(UUUPOBAIA KaK HMEIOIIYIO
MHOXECTBEHHBIC alepparuu. AxpoMaTtudeckue mpoOesbl (Tembl - OJHOHUTYATHIC
yyactku B JByHUTeBOM Moinekyne JIHK), ompenensembie Bu3yanbHO HapylIeHUS
LEJTOCTHOCTA OKPACKU XPOMAaTHbl, HE MPEBBIIIAIONIME IO Pa3MEPY €€ IIHPUHBI U HE
COMPOBOXIAIOIIUECS CIIBUTOM JUCTAIbHOIO Y4YacTKa OTHOCHUTENBHO €€ ocu [9]

OIICHUBAJIA OT/ICTLHO M HE BKJIIOYAJIM B 0011I€€ YUCIIO abepparuii.

2.5.3. CtarucTnuyecKuii aHajaus

CraTtucTuyeckuil aHaJlu3 MOJYYSHHBIX JAHHBIX MPOBOAMINA HA KaXJbIH CPOK 32005
KUBOTHBIX OTJEJIBHO ITyTEM CPABHEHUS MEXIY ONBITHBIMU M KOHTPOJbHBIMHU CEPUSIMHU
[0 KPUTEPHIO COOTBETCTBHMs )°. 3HAUMMBIMH IIpHM3HaBanu pazauums mpu p<0,05.
Hcnonb30Baiii ONHOCTOPOHHUN KPUTEPUNM KAK HAMMEHEE KOHCEPBATUBHBIN, UMEIOIIHNI
HAMHOTO MEHBIIIYI0 BEPOSTHOCTh OIIMOKHM BTOPOTO pOAA, YEM COOTBETCTBYIOLIUN

JBYCTOPOHHUI M 00JIeryarouii yCTaHOBJIIEHHE 3aBUCUMOCTH [36].

2.5.4. Ouenka pe3yJIbTaTOB
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OneHky  pe3yiapTaToB  LUTOTEHETUYECKOTO  aHaJW3a  IPOBOAWIN  IIyTEM
COIMOCTABIICHUS JOJIEd KJIETOK C XPOMOCOMHBIMH abOeppalusiMd B KOHTPOJIBHBIX W
OINBITHBIX CEPUAX IKCIEpUMEHTA. HacTOTy KIIETOK C IellaMH MCIOJIb30BAIM B KAYECTBE

AOIMOJIHUTCIbHOTO KPUTCPU HHTOFCHGTH‘I@CKOﬁ AKTHBHOCTH.

2.6. OneHKa 4acToThbI AOMMHAHTHBIX JI€CTAJIbHBIX MyTaHHﬁ B MMOJIOBBIX KJIETKAaX

AP030pHJIbI

B skcnepumMenTtax ucnonb3oBanm Myx Buga Drosophila melanogaster nunuun [1-32 u3
koiutekimu Muctutyra 6uonorun passutusi uMm. H.KonbmoBa PAH, koropas o6nmamgaet
HU3KOM CIOHTAaHHOM MYTaOWIbHOCTBIO [59]. JIuHMIO mopzep:XuBaiu B J1a0OpaTopuu
reHetuyeckoro Monuropunra ®I'bY «HUM 2Uul'OC um A.H.Ceicuna»y M3 PO B
COOTBETCTBUH C [62].

PaGoty mpoBoauiaM B TeCT€ HAa MHAYKIHUIO JOMHHAHTHBIX JIE€TaIbHBIX MYyTallUi
(JIJIM) B monoBBIX KJIeTKax caMiioB japo3oduisl [39, 59, 64, 83, 126].

MeTo/1 OCHOBaH Ha y4yeTe TeHETUYECKHX MOBPEXKICHUN B CIIEpMAaTo30MaaX CaMIIOB-
POIUTENEH, KOTOPhIE MPUBOIAT K THOETH MOTOMKA Ha CTaauU SIla, Pa3BUBAIOIIETOCS
U3 3UTOTHI, OTUIOOTBOPEHHON TakuM criepmaro3ouaom [176, 177]. bonee 50% OGenkos
IpO30(QuIbl TOMOJIOTUYHBI COOTBETCTBYIOIIMM Oenkam wmuiekonurtaromux [53]. Tect
3ameyvaresieH BBICOKOM YyBCTBUTEJIbHOCTHIO, MIPOCTOTOM UCIIOJTHEHUS,
AKOHOMHYHOCTHIO, YHUKAJIBHON BO3MOXXHOCTBIO H3Yy4yaTh OYEHb OOJBIINE BBIOOPKHU
YKapHUOTUYECKUX OPraHu3MOB, YTO BBIFTOJHO OTJIMYAET €ro OT OOJbIIMHCTBA
TOKCHUKOJIOTMYECKUX TECTOB U PEKOMEHAOBAH JJIsl IPOrHO3a KaHIEpOreHoB [90].

OcuHoBubiMH niokazatensiMu JIJIT siBnsitorest npeBbiienre yactor panneut (POJI) u
no3aaer (I19JI) rubenn >MOPHOHOB HaJ KOHTPOJEM. | €HOTOKCHYECKYHO aKTUBHOCTH
YUYHUTHIBAIOT TO TMPEBBIIICHUIO HaJl KoHTpojem dvacToTel [IDJI. OO6pazoBanue POJI
MPOUCXOIUT HE TOJBKO B pe3yJbTaTe MyTallMii, HO U MPU BOZHUKHOBEHUU HEKOTOPHIX
ToKCcM4ecKux dpdexrax, Takux Kak S()PEKTUBHOCTH CHAPUBAHHUS W TOBPEKIACHUS

CIIEPMATO30MJIOB B PE3yJbTaTe€ HEYUUTHIBAEMBIX (PU3UOIOTHYECKUX U3MeHeHul. Kpome
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TOr0, K HapYyLIEHUIO Pa3BUTUA 3UTOThI IPUBOAAT IMOBPEKICHUS XPOMOCOM WIIA HUX
yTpara, a TakKXe TOYKOBble MyTauuu. Jlis omnpeneneHuss STUX NOBPEKICHUHN

onpenenstoT 1010 (%) MOruOIMIMX 3UTOT CPEAH OTIOKEHHBIX SHII.

2.6.1. [locTaHOBKA IKCIIEPUMEHTA M AHAJIU3 Pe3yJIbTATOB

Bce uccnegoanus npoBoauiiv B 3a1Ii(pOBAHHOM BUJIE.

B  bskcnepumeHTE  MCHOJIB30BajIM  HEKOHTAKTHO  aKTUBUPOBAHHBIE  BO/IBI,
MPUTOTOBJICHHBIE HA OTCTOSIHHOW M (UIBTPOBAHHON MOCKOBCKOM BOJONPOBOHOM BOJE
cpa3y HocJie aKTUBall1u.

B xaxmaoM o0pasiie akTHBUPOBAHHOM U KOHTPOJIBHON BOJIbI HETIOCPEIACTBEHHO TIEPET
AKCHO3UILIMEN CaMIIOB PACTBOPSIM caxapo3y 10 mnoiiydeHus 5% pactBopa. Momonabix
cam1ioB Jipo3o¢puisl (50 ocobeit Ha rpymnmy), moMemiany B crekisiHHabie GunbTpel [lorTa,
3aKpBIThIC TPOOKOH, MTPOMYyCKaIOIIeH BO3IyX. OWIBTPHI MOTPYk AU B U3ydaeMble BOJIbI,
KOTOpBIE CMEHSTU Kaxasle 24 yaca. [IpomomkuTeNnbHOCTh IKCMO3UIMU — 48 4Yacos.
[Tocne OKOHYaHWSA JKCIO3UIMU CaMIOB MAacCOBO CKPEUIMBAIIA C MOJOJbIMU
JIEBCTBEHHBIMU caMKamu JuHuM [1-32 B cooTHomieHuu 1 camerr : 2 camku (B TeueHue 6
yacoB). Ilociie ckpemuBaHUS CaMOK OTCAXUBajlu B CIHEUUAIbHBIC JOMHUKH JIs
OTKJIQJIKHU SIMII, THOM KOTOPBIX CIIY>KUJIM CMEHHBIE KIOBETBI C «TOJIOAHBIM» KOpMOM [ 62].
B HOpMe nMUYMHKHM po30(HIibl BBUTYIUIMBAIOTCS U3 SUL HE Oojee yeM uepe3 12 yacos,
YTO OOYCJIaBIMBAET PEIVIAMEHT IMOCTAHOBKHM 3KCIEPUMEHTA: KIOBETHI MOJ JIOMUKaMU
CMEHSUIM KaxJble 12 wyacoB (siflla, OTIOKEHHBIE 3a TIepBble 12 YacoB, He
aHAJTU3UPOBAJIU, MMOCKOIBKY CPEAN HUX MOIJIO OBITh MHOTO HEOIUIOAOTBOPEHHBIX SUIL).
[Tocne cMeHBI KIOBET B HUX Cpa3y MOACUMTHIBAIIA KOJUYECTBO OTIOKEHHBIX SIUII, TIOCIIE
Yero IMOMEIAIN BO BIaXKHEIE Kamephl (24°C), B KOTOPBIX BBUIYIUISUIMCH THYMHKH. Ha 48
yacy OT Hayaljla KJIaJKU KIOBETHI €IIe pa3 MpOoCMaTpUBAIU JJis yuyeTa HEpPa3BUBIIUXCS
aull. Siina, He W3MEHHUBIIME NEPBOHAYAIBLHOIO BHJAA, perucTpupoBanu, kak POJL a
Aiilla, NpUOOpPETIIME BCE OTTEHKHU >KEITOM WM KOpUYHEBOM OKpacku — kak [19JL
Pe3ynbTatsl pactimpoBbIBaIu MOCIE OKOHUYAHUS BCETO SKCIIEPUMEHTA.

Bcero Obu10 IpoBeIeHO 5 MOBTOPHOCTEH SKCIEPUMEHTA.
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2.6.2. CtaTucTH4ecKas OlleHKA pe3yJIbTATOB

CraTncTHUYeCKy0 OLEHKY pE3yJbTaTOB NMPOBOAWIIA Ui KaKIOW TPYIIIBI OTAEIBHO
IIyTEM CpPABHEHUS MEKIY OIBITHBIMA M KOHTPOJIBHBIMM CEPUSAMHU IO KPUTEPHUIO
COOTBETCTBHS X’. 3HAUMMbIMU Npu3HaBamd pasnuuus npu p<0,05. ITo BO3MOKHOCTH
UCIIOJIB30BAJIM OJHOCTOPOHHHMM KPUTEPHUM KaK HaMEHEE KOHCEpPBAaTUBHBIN, UMEIOIINN
HAMHOTO MEHBIIYI0 BEPOATHOCTh OIIMOKKM BTOPOTO pPOAA, YEM COOTBETCTBYIOIIUN

JIBYCTOPOHHUH 1 00JIeTYaIOMUi yCTAaHOBJICHUE 3aBUCUMOCTH [36].

2.7. O]_leHKa BJIMAHUA HCKOHTAKTHO aKTUBUPOBAHHBLIX BO/I Ha

JKU3HECTIOCOOHOCTH DaKTepuid

s onenku Biusiausg HAB Ha *Ku3HECIIOCOOHOCTh OaKTepHii OB UCIIOIB30BAHBI 2
BUJIA TECT-KyJbTyp: nuodmiusupoBanHbie Oaktepuu E.Coli (My3eiinbiii mramm No
1257, ®I'BY «I'MCK wum. JI.A.TapaceBuua») u IHO(HUILHO-BBHICYLIICHHBIE CIIOPHI
B.cereus [P 5832 (6akTepum BXOAAT B COCTaB Karcyn mpemnapaTta «bakTucyoTumy,
peructpanumonnbii Homep I NO12671/01 or 18.02.2008, Jlabopatopus ABEHTHC,
OpanHius).

B oskcnepumeHTe OBLIM HCIIOJNB30BAHbl CIEAYIONIME MUTATENIbHbIE CpeAbl IS
KYJIbTUBUPOBAHUSI MUKPOOPTaHU3MOB:

- 'M®-arap - nurarenbHbId arap il KyJbTUBUPOBAHUS MUKPOOPTaHU3MOB CYXOU
HA OCHOBE THUJpOJM3aTa TOBKbero Msica depmeHtupoBanHoro (PY Ne OCP
2010/06966, mpousBoautens «HayuHo-ncciaenoBaTenbCKuil HEHTP (PapMaKoTEparum,
r.Cankr-IletepOypr);

- Cpena BHT-DHpo-arap 1uist BelAeNEHUs SHTEPOOAKTEpUd U UX AU depeHInanuu
no npusHaky (epMmeHtauuu J1akTo3bl, cyxas (PY Ne P3H 2013/699, npousBoauresnsb

00O «buotexHoBalum», I.IJEKTPOTOPCK);
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- 'PM-0ynb0H - MUTATENbHBIA OYJIBOH AJIsI KYJBTUBUPOBAHUS MHUKPOOPTaHU3MOB
cyxoi (PY Ne ®CP 2007/00002, ®I'YH TocymapCTBeHHBId HAy4dHBINM IICHTP
MPUKIIATHON MUKPOOHOJIOTUN U OMOTEXHOJIOTHH, T.O00JIEHCK);

- CenexkTUBHAsI IMAarHOCTUYECKas cpena AJis BhlAeNeHus U uaeHtudukanuu B.cereus
B mnpoaykrax mnutanus Bacillus cereus Medium PEMBA (PerNe 126339/135,
npousBoautens Lab M Limited, UK).

JUiss mpUroToBIIEHUS Pa3BEACHUN OakTEepHAbHONW CyCHEH3UHM ObUI HMCHOJIb30BaH
orpacieBoid cranaapt myTHocth OCO 42-28-85 (10ME) (mpousBomutens PI'BY
«I'NCK um. JI.A.TapaceBuuay).

bakTtepuanbHble KyJIbTypbl BOCCTAHABIUBAIN U3 JIMOPUIU3UPOBAHHOIO COCTOSHUS C
MOMOIIBIO MUTATENbHOTO OynboHA. CyTOUHYIO KYJNbTYpy IME€peceBald Ha CEJEKTHBHbBIC
cpensl (E.Coli Ha arap Duno, B.cereus nHa PEMBA), uepe3 cyTKu BbIpoCIINE KOJOHHUH
uaeHTuGuurupoBayid. OJIMHOYHYIO TUIMYHYIO KOJIOHHUIO MEpPEeCcEeBaJM Ha CKOLUIECHHBIN
MATATEIbHBIA arap Il TodydeHus pabouei KyiabTypbl. M3 cyTrouHol paboueit

KyJbTypbl TOTOBUJIM CTaHIApTHBIE pa3BencHus [48].

PasBeiennst GakrTepuanbHOM KyibTypbl g0 10° BKIIOYMTENBHO TOTOBHJIA B
(U3MOIOTUYECKOM PACTBOPE MPH COOTHECEHUHU CO CTaHAAPTHBIM 00pa3LOM MYTHOCTH.
v 4 2
Hanpueiimee paseaenue (10° -10°) kimetok B 1 M TOTOBWIM B CTEPHIbHBIX
HEKOHTAKTHO (JEKTPOXUMUYECKH) OO0pabOTaHHBIX OCMOTHYECKOW apTEe3HMaHCKOM u
BojonpoBoAHoi Boaax (r.Camapa). s HpUTrOTOBIEHUS pa3BElEHUN B KOHTpOJIE
UCIIOJIb30BAJIM  CTEPUIIBHYIO HEOOpaOOTaHHYI0 OCMOTHMYECKYIO apTe3UaHCKYI0 H

BOJIOIIPOBOJIHYIO BOJY.

[TonmyueHHble OakTepuanbHbIE pa3BelCHUS B T€UeHUE 2 U 24 4acOB BbLIEPKUBAIU
npu 37 °C u BbiceBaiuM Ha 2 TapauleibHble 4Yallkk IleTpu ¢ HeCeneKTHMBHBIM
nmuTaTreabHpIM arapoM B obObeme 0,1 u 0,05M1 METOIOM IPSAMOIO IMOBEPXHOCTHOIO

nocesa. [loacyeT BRIpOCIIMX TUMTUYHBIX KOJIOHUI MPOBOAMIMN Yepe3 24 yaca MHKyOaluu



49

npu 37 °C. 3a pesyibrar NpPUHHMMAIU CPENHEE 3HAYEHME HA JBYX IapalledbHBIX
Jarmkax.

2.8. OO0bem npoBeeHHBIX UCCJIEI0BAHUN

OO6muit 06beM MPOBECHHBIX UCCIICI0OBAHUH ITOKa3aH B Ta0ml. 2.3.

Tabmuna 2.3. O6beM NPOBEICHHBIX UCCIIEA0BAHUN

N3yuensl 6uonorndeckue 3 HEeKToI 53 obOpa3sna Bojpbl

N3mepennii pU3NKo-XUMUYECKHUX MTapaMeTPOB 6onee 280

KonnuecTBeHHBIN aHANW3 COCTaBa MOCKOBCKOM
BOZONPOBOIHOM BOJIbI U AKTUBUPOBAHHBIX BO/I, 13 06pa31i0B BOJIbI
MOJTYYEHHBIX HA €€ OCHOBE

B mMukposiiepHOM TecTe Ha KyJIbType KJIETOK KPOBH 19 06pa31oB BObI,
yesoBeKa 1o 33 nmokaszaTessiM TpoaHaJIu3upOBaHO 6omee 42 000 kieTok
B TecTe Ha MHIYKIMIO IOMUHAHTHBIX JIETAIbHBIX 5 06pa3moB BOJIBI,
MyTAaIui B TIOJIOBBIX KJIETKAX CaMIIOB JPO30(UITBI ooiee 6 000 surx
POAHATN3UPOBAHO IpO30(PUIIBI

B Tecte Ha MHIYKIIMIO XPOMOCOMHBIX abeppaluii B

KJIETKaX KOCTHOTO MO3Ta MBIIIEH MpOoaHaIUu3uPOBAHO: 5 00pa31oB BO/IBI,
- MeTada3HbIX TACTUHOK 60mee 10000
- SI7Iep TS OPENESTICHUS MUTOTHYECKOrO NHAEKCA ooiree 130000

MukpoOnoIoTHYecKue IKCIEPUMEHTHI TPOBEACHBI Ha
E.Coli 1257 (nnoduin3upoBaHHbIN ITAMM) U
B.Cereus IP 5832

24 o6pasia BOJIbI,
540 onpeneneHuit

ooiree 188000 exuuuIL

Bcero mpoananu3upoBaHo
uHbopMaIH
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IVIABA 3. AHAJIN3 BJIMAAHNUSA HEKOHTAKTHO AKTUBUPOBAHHDBIX
BOJI HA OCHOBE OCMOTHYECKOM BOJIbl HA ITIOKA3ATEJIN
HECTABMWJIBHOCTHU KJIETOK KPOBH YEJIOBEKA IN VITRO

3.1. Cnonrannbie 3¢ PeKkTbl

OTpaboTKy pexuma aKTUBAIlMM TPOBOJMIM Ha KIETKAaX KpPOBU 4YEJIOBEKa,
KYJIbTUBUPOBAHHBIX B PEKOHCTPYUPOBAHHBIX CpeAax, YTO IMO3BOJIMIO CYIIECTBEHHO
YCKOPUTH U YJCIIEBUTh AHAJIN3 110 CPABHEHUIO C IKCIIEPUMEHTAMHU Ha KUBOTHBIX.

[ToAroToBIEHHYIO CTEPUIBLHYIO BOJTy SKCIIOHUPOBAJIM B KOHTAKTHO aKTUBUPOBAHHBIX
Bomax 60 muH u 24 yaca. OOmas xapakTepucTuka (PU3UKO-XUMHUYECKUX CBOWCTB

ncxoxuou Boasl 1 HAB mokasana B Ta0i. 3.1.

Tabnuna 3.1. O0mast XxapakTepucTrKa (PU3NKO-XUMUYECKUX CBONCTB HEKOHTAKTHO
AKTUBUPOBAHHBIX BOJI HA OCHOBE OCMOTHYECKOMN BOJIBI

Ycnosug Jloms
aKTHUBAIINH: CTPYKTYpUPOBAHHOM
cuIia Toka (rmpu (cBsi3aHHOI) a3kl B
MOJIy4CHUH Oxucnu- Eomenen SR BOZE, q
KOHTAKTHO TEIBHO- 9 Cerocymma
HBII MIPOBO/I-
AKTUBHPOBAHHBIX [BOCCTAHOBH- XEMITIOMHUHE-
. | Tokasza- HOCTh
BOJI) ¥ BpeMsi TEIbHBIN CIIEHITUHN
tens pH, S, oy el
aKTUBALMH (MPU | MOTSHIHAIT Lo MKC /oM 10%, ycn.en | Cpennee, | Bapuanus
MIOJIy4EHUH OBII, MmB yELER % Var
HEKOHTaKTHO
AKTUBUPOBAHHBIX
BOJ)
KonTpoab 325,9 6,70 23,0 5,46 0,088 0,235
60 MA 4ac -61,7 7,20 25,1 1,58 0,234 0,038
4 40 MA 4ac -39,9 7,20 25,1 2,47 0,202 0,053
g 20mMA yac 9,6 7,07 25,3 3,67 0,175 0,051
E 40 MA cyTKH 113,7 7,00 22,1 2,64 0,168 0,052
20 MA cyTKH 149,2 6,81 24,2 4,25 0,124 0,202
60 MA  cyTKH 206,0 7,19 22,0 1,72 0,143 0,062
2 60MA  uac 346,4 6,40 26,7 2,85 0,11 0,178
% 60 MA  cyTkn 360,8 6,19 22,2 1,91 0,226 | 0,446
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Pesynbrarel orneHKH 3(PQPEKTOB HECTAOMIBHOCTH T€HOMAa B PEKOHCTPYHPOBAHHBIX
cpenax, MpUroToBiieHHbIX HAa 3TuX HAB, mpuBeaens B Tadim. 3.2 -3.5 u Ha puc. 3.1-3.3.

Tabnuma 3.2. CnexTp KISCTOYHBIX MOMYJISAINHA B KyJIbTypax KJIETOK KPOBH YETIOBEKA,
MIPUTOTOBJICHHBIX HA HEKOHTAKTHO AaKTUBUPOBAHHBIX BOJIaX HA OCHOBE OCMOTHUYECKOU

BOJIBI
Bl % 1- % 2- % 3- % 4- %
TSI S R }1;[6pr1§( }I,HepHBIi( }Iz[epHHz( ﬂ,[[epHBIZ( nonmmepljmx
KJICTOK KJICTOK KJICTOK KJICTOK KJICTOK
KonTpoin 21,47 31,97 7,05 29,49 1,89
Karomut 20 MA yac 42,09*** | 30 36%** 6,28 7,46%** 0,20%**
Karonut 20 MA cyTku 32,19%** | 4], 06%** 8,49 13,23%** 0,49%*
Karomut 40 MA gac 53,54%** | 37 50* 1,26%%*% | 3 BQ*** 0,39%*
Karonut 40 MA cyTku 66,04 *** 29,72 0,48%** | ] 44%** 0,19%**
Katomut 60 MA gac 61,55%** 33,12 0,69*** | 2 57*** 0,29**
Karonut 60 MA cyTku 60,20%** 32,22 1,80%** | ] ,90*** 0,0%**
Amnomut 60 MA 4gac 67,98*** | 24 44%* | (,10*** | (,10*** 0,0%**
Anommut 60 MA CyTKH 67,67*** | 1223%** | () (*** 0,0%** 0,0%**
IIpumevanue:

*) — 3HQUMMO TI0 CPAaBHEHHIO ¢ KOHTpoJieM, p<0,05;
**) — 3HAUUMO IO CpaBHEHHIO ¢ KOHTposieM, p<0,01;
*%¥) — 3HAYMMO 10 CpaBHEHUIO ¢ KOHTposeM, p<0,001

B tabn. 3.2 BugHO, YTO BCE M3YYEHHBIEC BOJBI TOPMO3MIN MPOJIUEpaIuio KIETOK B
KyJbTyp€ OTHOCHUTEIBHO KOHTPOJIS, UYTO OCOOCHHO 3aMETHO IO YBEIHYEHHUIO
YUCJIICHHOCTH (PaKIUU OJHOSIICPHBIX KJIETOK W YMEHBIICHHIO JIOJIM YCKOPEHHO
nensuxest (puc. 3.1.). MHTEpEecHO0, YTO ¢ YBEIMUEHUEM CUJIbI TOKA, TPU KOTOPOM ObLITH
MOJIyYCHBl KOHTAKTHO AaKTHBUPOBAHHBIC BOJBI, HCIOJB30BaHHBIE 3aTeM IS
HEKOHTAKTHOW aKTUBAIIMH, YaCTOTHI OTHOSJICPHBIX KJIETOK BO BCEX KYJIBTypax J1030-
3aBUCUMO BO3pacTaidi OJHOBPEMECHHO CO CHIDKCHHEM YHCICHHOCTH (paKIuH
YCKOPEHHO JETSIINXCS KIETOK.

Ha puc. 3.1 nerko 3amMeTuTh, YTO CIHEKTPHI MACNAIIMXCS KIETOK B KYJIbTypaXx,
MPUTOTOBJICHHBIX HA AHOJUTAX W KATOJMTAX, Pa3IUdyaioCch Ka4eCTBEHHO: TOJHKO B

KyJIETypax Ha aHOJIMTaX TOPMOKEHHE TTpoudeparuu ObII0 CTOJb BETUKO, YTO (DpaKIuu

3neck u ganee:

KIeTku, KOTOpble He IeMINCh II0CIE BBEAEHHU B KY/IbTYpy [MTOXala3uHa B.

* K11eTky, KOTOpBIE ¢ MOMEHTA BBEICHHS B KyIbTypy HUTOXaTa3HHa B mpoiy 1 KIeToYHbIH UK.

3 KiieTkH, KOTOpble C MOMEHTA BBEJIEHUS B KY/IbTYpY [IMTOXaNa3uHa B mponiu 2 KIeTOYHbIX LUKIIA, YTO COIPOBOMKIANOCE
acMMMETPHYHEIM pacIpejielleHieM reHeTHYEeCKOro MaTepuara.

6 KneTku, KOTOpble ¢ MOMEHTA BBEJICHHUS B KyJIbTYPY LIUTOXaIa3uHa B POy 2 KJIETOYHBIX UKIA.

"KJ1eTKM, KOTOpbIE C MOMEHTA BBEJIEHHs B KYJIbTYPY LUTOXaNa3uHa B npouwtu 6osee 2 KIETOUHbIX LIUKIIA.
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YCKOPEHHO JEJSIIUXCSA KJIETOK B CHEKTPE KIETOUYHBIX IIOMYJSALUM OTCYTCTBOBAJIU.
Kpome Toro, B KynbTypax Ha KaTOMWUTaX YUCICHHOCTH (Dpakimuu 2-sIePHBIX KIETOK B
3aBUCUMOCTH OT YCJIOBHM aKTHBallMM M3MEHSJIACh Majlo, a B KyJbTypax Ha aHOJIUTax

OHa OblIa 3HAYUTEIILHO MCHbBIIIC, YCM B KOHTPOJIC.

100%
80%
60%
40%
B % nonuAaepHbIX KNeTok
20%
B %1-apepHBLIX KNEToK

0O % 4-apepHLIX KNETOK
B % 3-A0epHbIX KNEToK
i oy ey
Kontpone K20uac Kd40uac Ké0uac K20cyr K40cyr K60cyT AB0uac ABOcyT

0O %2-spepHbIX KNETOK

Pucynok 3.1. CriekTp KJI€TOYHBIX MOMYJISIINI B peKOHCTPYUPOBAHHBIX CpeJiax,

IMPUTOTOBJICHHBIX Hd AKTUBUPOBAHHBIX BOAAX HAa OCHOBC OCMOTHYECKON BOABI.
O06o03HaYCHHUS:
KonTpons — ocMoTHueckas apre3nanckas Boaa 6e3 oopadorku, OBII=325,9mB;
K204yac — karonuT, nosyueH npu cuie Toka = 20 MA, Bpems aktuBauuu 60 mun, OBI1=9,6mB;
K404ac — karonuT, momydeH npu cuie Toka = 40 MA, Bpemst aktuBaiuu 60 mun, OBI1=-39,9MB;
K60uac — karonuT, nosyueH npu cuie Toka = 60 MA, Bpems aktuBauuu 60 mun, OBII=-61,7mB;
K20cyt — xatonut, momy4eH mpu cuie Toka = 20 MA, Bpems aktuBaiuu 24 yac, OBI1=149,2mB;
K40cyt — xatonut, noay4eH npu cuie Toka = 40 MA, Bpemst aktuBauuu 24 yac, OBII=113,7mB;
K60cyT — xaTonut, momydeH mpu cuie Toka = 60 MA, Bpems aktuBaiuu 24 yac, OBI1=206,0mB;
A60u4ac — aHOJUT, TIOJIy4€eH Npu cuie Toka = 60 MA, Bpems aktuBauuu 60 mun, OBI1=346,4MB;
A60cyT — aHonuT, osTy4yeH npu cuiie Toka = 60 MA, Bpems aktuauuu 60 yac, OBII=360,8MmB.

Ciienyer OTMETUTD, UTO B LIEJIOM MOJYYEHHBIC TAHHBIE CBUJICTEIILCTBYIOT O HAJTMUNH
HE OJHOM, a JBYX MOXOXKHUX JO30BBIX 3aBUCUMOCTEH, COOTBETCTBYIOUIMX PA3IAYHOU
MPOAOJIKUTEIIbHOCTA HEKOHTAKTHOW aKTHBALIMM OCMOTHYECKOW BOJIbI, PUYEM HA PUC.
3.1 BUHO, YTO aKTUBAILMS BOJBI B TEUEHHUE CYTOK HE MHAYLHUPYET O0Jiee BhIpaKEHHOE

TOPMOKCHHUC Hponmbepam/m, YCM 4JaCoBas aKTHUBaALIH.

B nureparype topmoxenuwe mnponudepanuu OOBIYHO CBS3BIBAIOT C peraparuei

WHIyLUMPOBAaHHBIX N'€HETUUECKUX MoBpexaeHuu [ 141, 147, 159, 162].
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Tabnuua 3.3. HTErpaibHble TOKa3aTeNny Npoin(epaTuBHON aKTUBHOCTH B
KYJIBTypax KJIETOK KPOBU YEJIOBEKA, IPUTOTOBJIEHHBIX HA HEKOHTAKTHO
AKTUBHPOBAHHBIX BOAAX HA OCHOBE OCMOTHUYECKOW BOJIbI

% %
MuTtotuyec Nunexc | Uanexc
JEINSAIUXC | YCKOpeH- Acummetpus
Bona, Kast peruk | mponud
sl KJICTOK B HO JICJICHUS BO 2-
YCIIOBUS aKTUBAI[MM | AKTUBHOCTb, a-IH, | e-parum,
o TOMYJISIU | JEISIUXC M MHTO3€, €]I.
0 e/l el
u sl KJICTOK
KonTtpoin 5,46 70,4 38,43 2,24 2,01 0,24
Kartomut 20MA dyac 3,83 53,20%** | 13 04%** 1,69 1,63 0,83***
Karonmut 20MA cytku | 4,15 63,27%* 22.21%** 1,93 1,81 0,64%**
Kartomut 40MA uyac 3,41%* 43,05%** | 5 55%%* 1,48 1,45 0,33
Karomut 40MA cytkm | 2,13%** 31,83*#* | D ]]*** 1,33 1,32 0,31
Katomut 60MA gac 1,78%** 36,67*** | 3 56%** 1,4 1,38 0,26
Karomut 60MA cytkn | 3,59* 35,91*** | 3 69*** 1,38 1,36 0,99**
Anomut 60MA yac 1,48%** 24,64%** | (,20%** 1,18 1,17 0,00
Anomut 60MA cytku | 1,43%*** 12,23%%** | (), 00%** 0,92 0,92 0,00

[Ipumeuanue:

*) — 3HAUMMO 10 CpaBHEHHUIO ¢ KOHTpoJeMm, p<0,05
*¥) — 3HaYMMO MO CpaBHEHUIO ¢ KOHTpoJeM, p<0,01
*#%) — 3HAUMMO 110 CpaBHEHUIO ¢ KOHTpojeM, p<0,001

3HaueHus1 MHTErPATbHBIX MMOKa3arenel mponudeparuu (tadmn. 3.3) Takke CHIKAIUCh
II0 CPABHEHHUIO C KOHTPOJIEM IIPAKTUUECKU BO BCEX DKCIEPUMEHTAIBHBIX KyIbTypax (X*
= 2,22 - 122,00). Camasa Hu3Kas aKTHUBHOCTb pEIUIMKAUUU U MOpoaudepannu
HaOmoanach B KyJbTypaX, IPUTOTOBIEHHBIX HAa HEKOHTAKTHO-aKTMBHUPOBAHHBIX
aHonutax (tabm. 3.3). Muaekcel pemukanuu sjaep v npoiudepaluu KIeTOK TaKke
3aKOHOMEPHO CHWXKAJIKNCh C YBEJIMYEHHEM CHJIBI TOKA IMPU IOJTYYEHUU KOHTAKTHO
aKTUBUPOBAaHHBIX BOJA. MHTepecHa M MOKa HE HAXOIUT OOBSICHEHHUS MapajlIebHOCTh
JUHENUHBIX TPEHJIOB JUIsl KaTOJIMTOB, MOJYYEHHBIX IMPU PA3HON MPOJOIIKUTEIBHOCTH
AKCMO3UIINH, & TAK)KE OTIIMYME ATUX TPEHJIOB OT JIAHHBIX /I aHOJIUTOB (puc. 3.2).

BaxxHo, 4Tro0 BO BCEX KyJbTypaX Ha OCHOBE HEKOHTAaKTHO-aKTMBHPOBAaHHBIX
KAaTOJINTOB, IOJYYECHHBIX NPU CHJIE TOKA KOHTAaKTHOW akthBaruu 20MA m 60MA mnpu
HKCHO3UIIMM B TEYEHUE CYTOK, HAONIOJAIOCH CYUIECTBEHHOE MOBBILIEHUE YacCTOThI
KJIETOK, 00pa30BaBIIMXCSA B PE3yJbTaTe€ aCUMMETPUYHOIO JIEJIEHUS KIETOK BO BTOPOM
muroze (X* = 7,71- 17,68, tabm. 3.3), 4TO CBHIETEILCTBYET O 3HAYMTEIHLHOM

YBCIMYCHUU CTCIICHH HECTaOMIBLHOCTH I'€HOMa KJIETOK KpOBH, KYJIbTUBUPOBAHHBIX B
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KOHTaKTe C STUMH BoJaMH. BO BceX OCTalbHBIX CEpPHSIX SKCIIEPUMEHTa Ha0IIoaanach Ta
K€ 3aKOHOMEPHOCTh, HO OYE€Hb HHU3KHE YaCTOThl KIETOK BTOPOTO MMTO3a,
oOHapy>keHHbIe B HUX (Tabn. 3.2), HE MO3BOJHWIN BBISIBUTH 3HAUUMOCTH Pa3UYHil C

KOHTPOJIEM.

2,5
3 Konmpons Konmpons Konmponb
S “\@
1)
& 20mA
3
2
3 20mA ﬁ
;7 &
2 40mA
B GOMA Sk 'ny 2 soma
: Q 60MA uac
& 1 Kamonumebi Kamonumsi
: yac cymku
3 60MA cyTKK
>
b AHonumeli
3 05
f{ ¢ UHgekc pennukauuum, eq.

O Unpekc nponudepauuum, ea.
0

PucyHok 3.2. 3aKOHOMEPHOCTH W3MEHEHUS UHAEKCOB PEIIUKALIMU SAEP U
npoaudepari KJIeTOK KPOBH YEJIOBEKa B PEKOHCTPYUPOBAHHBIX CpEIax,
PUTOTOBJICHHBIX Ha HEKOHTAKTHO aKTUBUPOBAHHBIX BOJAX HA OCHOBE OCMOTHYECKOMN
BOJIbI (JIMHEHHBIE TPEH/IBI).

M3BecTHO, YTO caMble BBICOKHE YaCTOTHI KJIETOK C MOBPEKICHUSIMHM, KaK TPaBHUIIO,
HaOMIOMAI0TCA BO (DpaKkiugaX YCKOPEHHO Jeisiiuxcs kieTok [41], HO Tak Kak mpu
aHAIM3UPYEMbIX BO3JCUCTBUAX YACTOThI TaKWX KJIETOK HCUE3alolee Mallbl,
CIMHCTBCHHOW (pakiyeld NesAnIuXxcs KJICTOK, B KOTOPOW BO3MOXKHO BBISBIICHHC

IFCHCTUYCCKHX HOBpe)I(,Z[eHI/IfI, ABJIAKOTCA ABYAACPHBIC KIICTKH.
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Tabnuia 3.4. YacToThl KJIETOK C TOBPEXKICHUAMH B KYJIbTYpaX KpOBU YeJIOBEKaA,
IPUTOTOBJICHHBIX HA HEKOHTAKTHO aKTUBUPOBAHHBIX BOJAX Ha OCHOBE OCMOTHUYECKOM

BOJIBI
% 2- %2- | %3 | %3 | %4 | %4 7 %
Boxa, SIEPHBIX | AAEPHBIX | AAEPHBIX | SAEPHBIX | SAEPHBIX | SAEPHBIX TOmHA- TOMmHA-
YCIIOBUSI aKTHBAIMN KIIETOK C | KJIETOK C | KJIETOK C | KIIETOK C | KJIETOK C | KJIETOK C If[;el:::gzxc i?:zz
MA HIIM M HIIM M HIIM M  HIIM
KonTposnb 1,09 0,14 9,86 8,45 17,85 10,10 10,53 10,53
Karomut 20MA yac 2,30* 0,70* 9,38 9,38 25,0 6,58 0,0 0,0
Karomut 20MA cyTku 1,1 0,35 23,26* 9,30 22,39 6,72 0,0 20,0
Karomur 40MA dyac 0,45% 0,1 0,0 0,0 22.50 0,00 0,0 0,0
Karomut 40MA cyTku 1,58 0,59 0,0 0,0 6,67 6,67 50,00 0,0
Karomur 60MA uyac 1,09 0,3 0,0 0,0 15,38 0,0 33,33 66,67
Karonut 60MA cyTku 0,9 0,35 16,67 0,0 15,79 5,26 0,0 0,0
Anonut 60MA dac 4,55%** 1,65%%* 0,0 0,0 0,0 0,0 0,0 0,0
Anomut 60MA cyTKH 10,57%** | 8,61*** 0,0 0,0 0,0 0,0 0,0 0,0

[Ipumeuanue:

*) — 3HAUMMO I10 CPaBHEHHUIO C KOHTpoJeM, p<0,05;
*¥) — 3HaYMMO IO CpaBHEHUIO ¢ KOHTpojeMm, p<0,01;
*#%) — 3HAUMMO 110 CpaBHEHUIO ¢ KOHTpojeM, p<0,001

JIeiCTBUTENBHO, B JAHHOW MOCTAHOBKE, 3HAYMMOE IOBBIIIEHUE YaCTOTHI KIIETOK C
MUKPOSIIpAaMU Y HYKJIEOTIJIa3MEHHBIMU MOCTaMH HaJl YPOBHEM KOHTPOJI HAOI0JaI0Ch
MPEUMYIIIECTBEHHO B JABYSJIEPHBIX KIJIETKaX BO BCEX KYyJIbTypax, BBIPAIlIEHHBIX Ha
aHonmutax (Tabm. 3.4), a Takke B KyJIbTypax Ha KaTOJHMTaX, IOJYYEHHBIX MpHU
MHMHMMAaJIbHOM sKkcrosummu (X* = 2,65 — 16,39).

JaneHenmmin aHAJIN3 MOJIyYEHHBbIX  JaHHBIX (Tabm. 3.5) BBISIBUII
Pa3HOHANPABICHHOCTh CABUIOB YPOBHS alloNTO3a, KOTOPBIA B KyJIbTypaxX Ha KaTOJUTaX
YMEHBIIAJICA C YBEIMYCHUEM OKCIO3WIHUM, M YaCTOTaMH JCJSIIMXCS KIETOK C
MOBpEXJEHUAMU. B TO ke Bpems, B KyJbTypax Ha aHOJUTaX YacTOThl AESAIIUXCS
KJIETOK C TMOBPEXICHUSMU ObUIM COTJIACOBAaHBI C YacTOTOM amomnTo3a, mpuyeM oba
napaMeTpa 3HauMTeSIbHO MPEBBIIIAIN YPOBEHb KOHTPOsl. Ha OCHOBaHUU ATUX JTaHHBIX
MOXKHO TIPEIOJIOKHUTh, YTO B CpellaX Ha KaTOJIUTAX aromnTo3 OJOKUPYETCS U KIETKH C

MOBPCKACHUAMUN BbIKUBAIOT U IIPOAOJDKAIOT ABUKCHHUC 110 LIUKITY.
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Tabmuna 3.5. IHTerpanbHbple MoKa3aTeIn TeHETUHYECKUX IMMOBPEKICHUHN B KyJIbTypax
KJIETOK KPOBH Y€JI0BEKa, MIPUTOTOBJICHHBIX HA HEKOHTAKTHO aKTUBUPOBAHHBIX BOJIAX Ha
OCHOBE OCMOTHYECKON BOJBI

% % % yCKOpEHHO
Bona, JIBYSITICPHBIX JIETISIIAXCS JETSAIAXCS MG
aroITo3a,
YCIOBUS aKTHBAIIMH KJIETOK C KIJIETOK C KIIETOK C o,
MOBPEIKICHUSIME | TIOBPSKJICHUSIMU | TTOBPEIKICHUSIMH
KonTpons 1,09 4,61 25,84 2,68

Karomut 20MA uyac 2,30%** 3,78 25,35 0,79**
Karonut 20MA cyTkH 1,10 4,00 30,22 0,39%**
Katomut 40MA dac 0,45* 0,87*** 15,79 0,0%**
Karonut 40MA cyTku 1,58 1,88*** 13,64 0,0%**
Karomut 60MA dac 1,09 1,37%%** 19,44 0,0%**
Karomut 60MA cyTku 0,90 1,23%%%* 18,92 0,30%***
Amnomut 60MA gac 4 55%%* 4,52 0,0 5,93 %**
AHomut 60MA CyTKH 10,57%** 10,57%** 0,0 6,44%**

IIpumeuanue:

*) — 3HAUMMO TI0 CpaBHEHHIO ¢ KOHTposieM, p<0,05
*¥) — 3HAUUMO 110 CpaBHEHUIO ¢ KoHTposem, p<0,01
*%%) — 3HAYMMO IO CpaBHEHUIO ¢ KOoHTposeM, p<0,001

100% [ |
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60%

|

40% H % nonuapepHbIX KNeToK
0O % 4-anepHbIX KNeToK

W % 3-aaepHbIX KNeTokK

O %2-Aap0epHbLIX KNeToK

B %1-ap0epHbIX KNeTok

20%

0%

"-61,7 -39,90 9,60 113,7 149,2 206 325,99 346,40 360,8
OKMCNUTENBHO-BOCCTAHOBUTENBHLIA NoTeHUKMan, mB

KaTtonurtol AHONMUTLI

Pucynok 3.3. AHain3 CBSI3U CIIEKTPa KJIETOYHBIX MOMYJISIIAN C OKUCIUTEIBHO-
BOCCTAHOBUTEIBHBIM MOTEHIIMAIOM BOJI, Ha KOTOPBIX OBLIN MIPUTOTOBJICHBI
PEKOHCTPYUPOBAHHBIE CPEJIbI ISl KYJIbTUBUPOBAHUS KJIETOK KPOBH.
OBaJIOM BBIJIEJIEH CTIEKTP KJIETOUYHBIX MOIMYJISIUN B KOHTPOJIE.
[IpyHIMOMANTBHBIE PA3IMYUS MEXKTY KaTOJIUTAMH U aHOJIUTAMU BBISIBUIIUCH TAKXKE U

Opu aHanu3e CBs3eil mponudepaTuBHON AKTUBHOCTH KJIETOK KPOBHU 4YEJIOBEKa C

YacTOTaMM KJIETOK, HECYIIIMX F'€HeTUYECKUE MOBpexaeHUs (puc. 3.4).
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Pucynok 3.4. Cs3b nponudepaTUBHONM aKTUBHOCTH KJIETOK KPOBH UeJIOBEKa C
4acTOTaMU KJIETOK, HECYIIIUX T€HETUYECKHE MOBPEKICHUS, B PEKOHCTPYUPOBAHHBIX
cpeliax, MPUroTOBIEHHBIX HA pa3nuyHbix HAB

KoppensunoHHsIil aHamnu3, TPOBEACHHBIN JJIsI BCETO MAaCCHBA JAHHBIX CBSI3U MEXKIY
3TUMU mokazarensiMu He BbisiBHI (r = - 0,08; p=0,78). OgHako Takas CBsi3b ObLIa
oOHapyKeHa TpH PacCCMOTPEHHUH TOJbKO 3(dekroB katomutoB (r = 0,63; p=0,035).
[TockonbKy B SKCHEpUMEHTE OBLIM MCIOJb30BaHBI BCEro 2 MpOoObI Ha aHOJUTAX,
3HAYMMOCTH KOPPEJSLUMOHHBIX CBSA3€M B HHUX BBISBICHO ObITh He morio. Ha puc. 3.4
BUJTHO, YTO JJIsl KaTOJMTOB CBSI3b MEXIy IMOKa3zaTelasiMu mposddepanuud U 4acTOTOU
KJIETOK C MOBPEXKJACHUSIMHU ObLja MPSMO: 4acToTa MOBPEXKICHHBIX KJIETOK CHH)XKaJlach

CO CHIDKEHUEM TpoiudepaTUBHON aKTUBHOCTH KYJIBTYPBI, a i1 aHOJIUTOB - HA00OPOT.

3.2. OIIeHKa YYBCTBUTEJIbHOCTH T€HOMA K IlCﬁCTBPIIO CTAaHAAPTHOIO MyTaretHa

Jlis oueHkn 0e30macHOCTH (PaKTOpa BaKHO M3YyYUTh HE TOJBKO €ro COOCTBEHHbIE
IF€HOTOKCHUYECKHE CBOMCTBA, HO W BO3MOXKHOE BIIMSHHE HA YyBCTBUTEIHLHOCTH T'€HOMA
KJIETOK K MYTareHHOMYy BoO3jeicTBHIO. J[JIT 3TOr0 B TOM K€ OKCIIEPUMEHTE B

MapauiCJIbHBIC KYJIbTYPbl BBOAWJIN PA3HBIC KOHLCHTPAIHMHK CTAHIAPTHOI'O MYTarcHa

MHHI" (Ta6:n. 3.6-3.10 u puc. 3.5 u 3.6).
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Tabnuia 3.6. CnexTp KJICTOYHBIX MOMYJIALMHA B KYJIbTypaxX KJIETOK KPOBH YEJIOBEKA,
IPUTOTOBJICHHBIX HA HEKOHTAKTHO aKTUBUPOBAHHBIX BOJAX Ha OCHOBE OCMOTHUYECKOM

BOJIbI M SKCIIOHUPOBAHHBIX
3 MKr/mJu cranaaptaoro myrarena MHHI

Boa, % 1- % 2- % 3- % 4- %
T T SJICPHBIX | SACPHBIX | SICPHBIX | SACPHBIX | TMOJHSICPHBIX
KIJIETOK KIJIETOK KJIETOK KJIETOK KJIETOK
KonTpomns 33,23 40,14 5,67 14,21 1,80
Karoaut 20MA yac 40,22%* | 33 23%* 6,61 13,12 1,06
Katonut 20MA cyTtku 34,964 40,81 7,15 11,12%* 0,80
Katonut 40MA uyac 53,07*** | 38,02 2,08*** 3,47*** 10,10
Karonut 40MA cyTku 44 81%** | 3732 433 8,31%** | (0,58
Katomut 60MA gac 56,04%** | 34 43* 2,35%%* 3,43%* 0,19
Karonut 60MA cyTku 70,3*** | 26 3*** 0,4%** 0,7%** 0,0
Anomut 60MA yac 86,4%** | 4 6*** 0,0%** 0,0%** 0,0
Anomut 60MA cyTKH 87, 4%** | 3 JHA® 0,17*%** 0,0%** 0,0
[Ipumeuanue:

*) — 3HAUMMO IO CPABHEHHIO ¢ KOHTposieM, p<0,05
*¥) — 3HaUMMO 1O cpaBHEHUIO ¢ KoHTposiem, p<0,01
*¥¥) — 3HAYMMO 1O CpaBHEHUIO ¢ KOHTposeM, p<0,001

N3 nanHbIX, npuBeACHHBIX B Ta0. 3.6, cienyer, uro neiictBue 3 Mxr/ma MHHI™ o

CPaBHEHHIO C COOCTBEHHBIM KOHTPOJIEM MPAKTUYECKH MPU BCEX YCIOBUSIX aKTHBAIUU
BOJIbl BBI3BIBAJIO TOJBKO TOPMOKEHHE Tposiudepariuu KJIETOK, O 4eM, MPEkKJIe BCETo,
CBUJICTEJILCTBYET YBEJIIMUCHHUE JOJIM HEACNAIIUXCS OTHOSIICPHBIX KIETOK B CIEKTpE
KJIETOUYHBIX MOMyJsAlMi. B NIByX cilyyasx W3 8 — U TOJBKO JI1 AHOJUTOB - YaCTOTHI
OJTHOSIZICPHBIX KJIETOK B KyJnbTypax ¢ MHHI Obun 3HauMMO BbIIIE, YeM B KYJbTypax
0e3 myrarena (X*=23,51 u 3,41 mna aktuBaumu B TeueHue 120 MuHyT U 24 4acos,
COOTBETCTBEHHO).

CpaBHeHue ¢ JaHHBIMHU Tabj. 3.2. MOKa3ajgo, YTO BCE KATOJIMUThI, aKTUBUPOBAHHBIC
npu 20 MA, Takke Kak KaTroJlUThbl, akTuBUpoBaHHbIE npu 40 MA n 60 MA B TeueHue
gyaca BBI3bIBAJIM TAKOE )K€ TOPMOXKEHHE Tposiudepaluy KIETOK, KaK U MOJ JeHCTBUEM
myTareHa. To ecTb, B cCpelax Ha OCHOBE 3THUX BOJ Bce 3(PPEKThl TOPMOKEHHUS
nponudepanuu KieTtok Obut oOyciosiensl umeHHo HAB. B 1o ke Bpems, mnpu
akTUBalMKU KatosuToB npu 40 MA u 60 MA B T€UeHHE CYTOK, TaKX€ KakK JJIsl aHOJUTOB
TopMOkeHrne mpoiudepanuun B mpucyrctBun MHHIT Oputo  Gonpmmmm, dem  6e3
MyTareHa. OTOT (EHOMEH CBHUJETEIbCTBYET O

TOM, 4YTO YYBCTBUTCJIBbHOCTDH
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TFEHETUYECKUX CTPYKTYp KJIETOK K JEWCTBHIO MyTarcHa 3aBHCEla OT YCJIOBUH
npurorosienuss HAB.

BaxxHo, dro »skcmo3uius Oombimor go3zor MHHIT (6 Mkr/mi) He BbI3Baja
KAUECTBCHHBbIE W3MEHEHUSI CIIEKTpa KJIETOUHBIX MOMYJSIUA HU IO CPAaBHEHUIO C
MEHBINIEH 1030 MyTareHa, HHU 10 CpaBHEHHIO C OdddexTamMun B KylbTypax,
HEOOpaOOTaHHBIX MYTareHOM — HW3MEHEHHS OBLIM TOJIBKO KOJIMYECTBEHHBIMU (I10
CpPaBHEHMIO C JJaHHBIMU Ha puc. 3.1.).

B 1o xe Bpems, mnpu skcno3uiuud pasHbiMu go3amu MHHI' Obutn BhIsSIBIEHBI
3aKOHOMEPHOCTH, CBHUJCTENBbCTBYIOIIME O KAUECTBEHHO PAa3JUYHOM  BIHMSHUU
HEKOHTAKTHO TOJIYYEHHBIX KATOJMUTOB M AHOJMTOB HA YYyBCTBUTEIBHOCTh KJIETOK K
MyTareHy, mpu4eM 3TH pa3iudusi ObLIU ONU3KU K TE€M, KOTOpPhI€ OBLIM BBISBICHBI B
KynbTypax 0e3 myrtareHa. Kpatkoe 00001eHre 3TUX 3aKOHOMEPHOCTEN MPUBEACHO Ha
puc. 3.6. Hampumep, B Karoimrax ©W OCOOCHHO B aHOJHWTAX 3aKOHOMEPHO C
YBEJIMYEHUEM WHTEHCUBHOCTH U MPOAOKUTEILHOCTA AaKTUBAIIMM  yMEHBINIAJCS
nponaudepaTuBHbIA MyJd KJIETOK B KyabType (puc. 3.6.A). Ilpm sToM uyacrora
IBYSJICPHBIX KIETOK C TEHETUYECKHUMHU TOBpexJeHusMHu (puc. 3.6.5) Oblia Beiiie
ypoBHs (hOoHA BO BCEX KyJIbTypax, IKCIIOHUPOBAHHBIX Mayioi koHleHTpanueit MHHI, a
TaKke B KyJIbTypaX Ha KaroJIMTaX, MOJYYEHHBIX C HCHOJb30BAHUEM KOHTAKTHO
akTUBUpOBaHHbIX Boja mpu cwie Toka 20 u 40 MA B TeueHue 120 muH. Bo Bcex
OCTaJbHBIX BapUaHTaX aKTUBALIUM BOJbI HKCIO3UIUS O00JbII0N KoHLleHTpamein MHHI
MPUBOMIA K TOPMOXKECHHIO Tpojudepanuu W, CIeI0BaTeIIbHO, CHIIKEHUIO YaCTOTHI
MOBPEXJCHHBIX KJIETOK. OueHb MOXO0XKHE PE3yJIbTaThl Jlajl CPAaBHUTEIIBHBIN aHaIU3
CTENEHU CHUMMETPUU JEJICHUs KIEeTOK BO BTopoM Mutosze (puc. 3.6.B). Taxk,
MHUHUMaJIbHAA KoHUeHTpauusas MHHI unaynupoBana 3HauMMoe IpEBBILICHUE YPOBHS
¢dboHa BO Bcex KylbTypax, a MaKCUMaJlbHasi — MEHBIIME IO CTENEHU BBIPAKEHHOCTU
3bGdeKThl U TONBKO B KyJbTypax Ha KaTOJNMTAX, MOJMy4YeHHbIX mpu 60 MA, T.e. B
HamOoJiee KECTKUX yCIoBHsX. M, HaKOHEIl, YacToTa aronTo3a — MoKa3aTellb, KOTOPBIM
OIICHUBAET TUOeNb KJIETOK B pe3ysbTare 00pa30BaHUsI HEPENapUpPyEeMbIX MOBPEXKICHUN

(puc. 3.6.I'), Obuta JOCTOBEPHO BHINIE YpPOBHA (OHA BO BCEX KYNIbTypax,
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AKCIIOHUPOBAaHHBIX Majiol koHIeHTpauuert MHHI, HO He ornmyamace or ¢oHa B

KyJIETypax Ha KaToJINTax, SKCIIOHUPOBAHHBIX OOJIBINION KoHIIeHTparreit MHHI'.
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Pucynok 3.5. CniekTp KJIe€TOYHBIX TOMYJISILHI, 0OHapyKEHHBI TPU MHKYOauu
KJIETOK KPOBH Y€JIOBEKA B PEKOHCTPYHUPOBAHHEIX Cpeaax, IPUTOTOBICHHBIX Ha
AKTUBHUPOBAHHLIX BOAAaX Ha OCHOBC OCMOTHYECKOU BOJBI B ITIPUCYTCTBUHU 3MKI/MII
MHHI (BepxHsist ructorpamma) u 6 mxr/mut MHHIT (HroxHsis ructorpamma). B
KOHTPOJIbHBIX KYJIbTypaX HMCIIOJIb30BaHa HCAKTHBHUPOBAHHAA OCMOTHYCCKAA BOJA,
skcrtonnpoBanHass MHHI' B cooTBeTCTBYIO1IEN KOHIICHTPALIUH.

Qobo3Hnauenus:

KoHTpons — ocMoTH4eckas apTe3nanckas Bojaa 6e3 oopadorku, OBII=325,9MmB;

K204ac — karonuT, nosyueH npu cuie Toka = 20 MA, Bpems aktuBauuu 60 mus, OBI1=9,6mB;
K404ac — karonuT, momyueH npu cuie Toka = 40 MA, Bpemst aktuBanuu 60 mun, OBI1=-39,9MmB;
K60uac — karonuT, nomyueH npu cuie Toka = 60 MA, Bpems aktuBauuu 60 mun, OBII=-61,7mB;
K20cyt — xatonut, nomy4en npu cuiie Toka = 20 MA, Bpems aktuBaiuu 24 yac, OBI1=149,2mB;
K40cyt — xaTonut, nonayueH npu cuie Toka = 40 MA, Bpemst aktuBauuu 24 yac, OBII=113,7mB;
K60cyT — xatonut, momy4eH mpu cuiie Toka = 60 MA, Bpems aktuBaiuu 24 yac, OBI1=206,0mB;
A60uac — aHOJUT, TOJTy4€eH npu cuie Toka = 60 MA, Bpems aktuBauuu 60 mun, OBI1=346,4MB;
A60cyT — aHOJUT, TOTy4YeH Tpu cuie Toka = 60 MA, Bpemst aktuBanuu 24 yac, OBIT1=360,8mB.
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Pucynok 3.6. 3ameHeHne o0beMa mposmepaTiBHOTO Imyiia (A), 9acTOThI IBYSICPHBIX KIETOK ¢ TeHeTHIeCKUMU ToBpexaeHusMu (b), crenenn
CUMMETPUH JeNIeHus KJIETOK BO BTopoM muto3e (B) u gacrora amonro3a (I') B KJ1eTkax KpOBH YelIOBEKA, KYTbTUBUPOBAHHBIX B PEKOHCTPYHPOBAHHBIX

7’ MHHI 6,0 mxr/san
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cpellax Ha OCHOBE OCMOTHYECKOM BOJBI B IPUCYTCTBHH 3 MKT/MJI U 6 Mkr/mMit MHHI'.

Obosnauenus:

Kontpons — ocMoTHueckas apTe3nanckas Boga 6e3 oopadorku, OBII=325,9MB;

K20uyac — karonut, nonydex npu cuie Toka = 20 MA, Bpems aktuauuu 60 mun, OBII1=9,6MB;
K404ac — karonuT, momyueH npu cuie Toka = 40 MA, Bpemst aktuBanuu 60 mun, OBI1=-39,9MmB;
K60uac — karonut, nonydex npu cuie Toka = 60 MA, Bpems aktuauuu 60 mun, OBI1=-61,7MB;
K20cyt — xatonut, momy4en npu cuiie Toka = 20 MA, Bpems aktuBaiuu 24 gac, OBI1=149,2mB;
K40cyt — xaronut, nomyuen npu cuie Toka = 40 MA, Bpems aktuBauuu 24 yac, OBII=113,7mB;
K60cyT — xatonut, momy4eH npu cuiie Toka = 60 MA, Bpems aktuBaiuu 24 gac, OBI1=206,0mB;
A604ac — aHONUT, IOJTy4€eH Tpu cuiie Toka = 60 MA, Bpems aktuBauuu 60 mun, OBI1=346,4MB;
A60cyT — aHOJHUT, TOTy4YeH MpH cuie Toka = 60 MA, Bpemst aktuBaiuu 24 yac, OBIT1=360,8mB.
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BaxHo OTMETHTH, UTO MPW aHAIM3E BCEX JITHX JaHHBIX, TAKXKE KaK U BO BCEX
OCTIBHBIX CiTy4asX, dQ(PEeKTh aHOIUTOB KAYECTBEHHO OTIMYAIUCH OT 3(PQeKToB
KaTtonuToB. [IJs1 cpaBHEHHUS TPUBEIAEM 3aBUCUMOCTb YaCTOTHI JEJSIIMXCS KIETOK C

MOBPEXKICHUAMH OT IPOIUPEPATUBHOIO ITyJia B KyJbTypax 6e3 MHHI (puc. 3.7).
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Pucynok 3.7. 3aBUCUMOCTb YaCTOThI JACIISIIUXCS KIETOK C MOBPEXACHUSIMU OT
nposi(epaTuBHOTO MyJia IPU KyJIGTUBUPOBAHUM KPOBHU YEIOBEKA B
peKoHCTpyHpoBaHHBIX cpefax Ha HAB: JleBswiil rpaduk — a1t aHOJTUTOB, TTpaBbIN
rpaduk - 7151 KaTOJIUTOB.

3.3. 3aki104eHHe 110 IJIaBe

Pe3ynbTarhl 3KCEPUMEHTA MOKA3ald, YTO BCE M3YUYECHHBIE YCIIOBUS IOIYYECHHS
HEKOHTAKTHO aKTUBUPOBAHHBIX BOJ Ha OCHOBE OCMOTHYECKOM BOJbl HETATUBHO
OTpaXaINCh Ha TMOKa3aTeNIX HECTaOWJILHOCTH TEHOMa KJIETOK KPOBH YETOBEKa,
KYyJIbTUBUPOBAaHHBIX B PEKOHCTPYMPOBAHHBIX CpEJaX HAa HX OCHOBE, IPUYEM
OCHOBHBIM 3 (eKTOM ObLIIO TOpMOKEHUE Tposudepanuu kiaeTok. Ha stom doune nms
KaTOJINTOB, aKTHUBUPOBAHHBIX C MOMOIIBIO BOJl, KOHTAKTHO MOJYYEHHBIX MpPHU CHUJIE
Toka 40 u 60MA, He yaanoch OOHAPYXHUTh IPYrHMX HPOSBIECHUN HECTAOMJIBHOCTU
reHoma. HauMmeHbIlMe OTKJIOHEHHSI CHEKTpa KJICTOYHBIX MOMYJALUN OT KOHTPOJIS
OblTM OOHApYKEHBI B BOJIE, aKTUBUPOBAHHOW npu cuje Toka 20 MA B TeueHue 24
gacoB (OBII 149,2 mB).

B npucyrctBum Manon KoHueHTpauuu craHgaptHoro myrarena MHHI Bo Bcex
KYJITypax JIUMQOIMTOB KPOBH YEJIOBEKa MPUTOTOBIEHHBIX HA OCMOTUYECKON BOJE,
HEKOHTAKTHO aKTUBHUPOBAHHOW B PA3JIUYHBIX YCJIOBUSX, HAOIIONATUCH CXOIHbBIC
W3MCHCHHS: TOPMOXXCHHE, a TMPH HWCIOJIb30BAaHUU OONbBINCH CHJIBI TOKa IS

MMOJIYYCHHSA KOHTAKTHO AaKTHUBHPOBAHHLIX BOJ — CTHMYJIALUA Hponn(bepaulm,
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MOBBIIIEHUE CTENEHW ACUMMETPHUM AEJNEHUS T€HETHUYECKOro MaTrepuana BO BTOPOM
MHUTOTHYECKOM LHKJIE U TMOBBILIEHUE YaCTOThI aronro3a. B KyJlpTypax Ha aHOJIMUTAX,
JKCIIOHUPOBAHHBIX oonpmiol  konmeHtpauueir MHHI, npomudeparuBnas
AKTUBHOCTh W 4YaCTOTa JBYAJICPHBIX KIJIETOK C IMOBPEXKIACHUSIMHU, Kak MPABUIIO,
CHUYKAJMCh WHOTJA HUXE YPOBHS KOHTPOJIA, YTO MOIJIO ObITh OOYCIIOBJIEHO HE
TOJIBKO TIOBBIIIEHUEM YacCTOThl alloNTO3a, HO 3HAYUTEIBHBIM TOPMOKECHUEM
nposiudepaTUBHON aKTUBHOCTHU.

Kak 6e3, Tak u B npucyrctBun MHHI" katonuTel 1 aHOMUTHI, MPUTOTOBJICHHBIE U3
OJTHOM M TOH K€ BOJbI, Pa3IUYaIUCh KAuyeCTBEHHO, NpUueM O0oJiee BBIPAKEHHbIE
HEraTWBHbBIC U3MEHEHUS OB OTMEYEHBI B KYJIBTYpax Ha aHOJIHTAX.

Hcnonb3oBaHne ABYyX KOHIIEHTPALMM CTAaHJAPTHOIO MyTareHa II0Ka3ajlo, 4To
MOPOTrOM aJanTallii B YCIOBHSX JAHHOTO SKCIEPUMEHTA SIBJIUICS OTBET F€HOMA Ha
nercrteue Mason koHueHtpauuu MHHI, mockoneKy B NMpHUCYTCTBUM MAaKCUMAaJbHOU
koHIeHTpauun MHHI Ot BBISIBIIGHBI MHBEPTUPOBAHHBIE 3(PGhEKThI, CBI3aHHBIE C
rUOeNbI0 KJIETOK. DTO O3HAYaeT, YTO CaMO NpeObIBaHME KJIETOK B CTaHJIapTHBIX
cpenax, IPUTOTOBICHHBIX HA HEKOHTAKTHO AKTUBUPOBAHHBIX BOJAX, SBIBIETCS
(GbakTopoM, aKTHUBU3HUPYIOIIMM CHUCTEMY KIETOYHOM  ajanTaluu, TO  €CTh,
MOTCHIIMAIBHO HEOE30TIaCHBIM.

Ananmu3z  cBs3u AG(HEKTOB  HECTaOMJIBHOCTH TE€HOMAa C  OKUCIUTENIBHO-
BOCCTAHOBUTEIbHBIM  TOTCHIIMAJIOM  AaKTUBUPOBAaHHBIX  BOJ  IOKa3ajl, 4TO
MUHUMAJIBHBIE OTJIMYUS OT KOHTPOJsSI IO BCEM TMapamMeTpaM HaOIIomaInuch B
nuana3one ot 113 no 149 MmB, 4Tto mO3BOJSET CYMTATh ATOT JMANa30H CaMbBIM
0€30macHbIM U3 BCEX HCCleqoBaHHBIX. OHAKO B DKCIIEPUMEHTaX MO JajlbHEHIIeMy
W3YYCHHIO TEHOTOKCHYECKUX I(P(EKTOB HEKOHTAKTHOM AaKTHUBALIUU BOJIBl HMEET
CMBICJI HICTIOJIb30BaTh OoJjiee mupokuii quana3zon OBII.

[lony4yeHHbIE [aHHBIE TAaKXKE CBUIETEIBCTBYIOT O TOM, YTO HEKOHTAKTHAS
aKTUBAllUS BOJBI B TEUEHHWE CYTOK BbI3bIBala 00Jee BBIPAKEHHOE TOPMOKEHUE
nposiudepaluu KJIeTOK, YeM 4YacoBasi aKTUBALIMS, YTO COITPOBOK/IATIOCH YBEITUYECHUEM
CTEIIEHU aCUMMETPHUH PACTPENCIICHUS TEHETUUECKOrO MaTepraia BO BTOPOM MHTO3E.

B 10 xe BpEMs, C YBCIIMYCHUCM HPOAOJDKHUTCIIBHOCTH aKTHBAllMKW BOJbI BO3pacTalia
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BEPOSATHOCTh pENlaKcalluul 3apsioB M, CIENOBATEIbHO, CHIKEHUS YpPOBHEU
HEraTUBHBIX A(PHEKTOB, YTO HAOIIOJATOCH MPU aHAIHM3E YaCTOTHI JIBYSIIEPHBIX KIETOK
C TEHETUYECKUMU MTOBPEKICHUSIMHU.

Bce wu3yuyeHHbIEe YCIOBHS HEKOHTAKTHOM aKTUBAIlMA OCMOTHYECKOM BOJIbI
YBEIIMYUBAJIA CTENEHb HECTAOMJIBHOCTH I'€HOMAa KJIETOK KPOBHU YEJIOBEKA, MpPUYEM
OCHOBHBIM 3 (})EKTOM ObUIO TOPMOXKEHHE MposHdepaluu KIeToK, Ha (OHE KOTOPOTo
JUISL  KaTOJUTOB,  TMOJYYEHHBIX C  HUCIIOJIB30BAHUEM  KOHTAKTHBIX  BOJ,
AIIEKTPOXMMHUUYECKH aKTUBUPOBAHHBIX npu cuie Toka 40 MA u 60 MA, He yaanock
OOHapy>KUThb JIpYTUX TNpPOSBIECHUN HECTaOMJIBHOCTH TreHoma. Haumenbiue
OTKJIOHEHUSI CIIEKTPa KJICTOYHBIX MOMYJSIHA OT KOHTPOJIsS ObLIM OOHapy>KEHBI B
BOJIC, AKTUBHPOBAHHOW B Te4YeHHE 24 4acOB B KOHTAKTHO MOJYYEHHBIX BOJAaX MpH
cuie Toka 20MA  (OBII 149,2 mB). Kpome TOro, Mbl He OOHapyX WM Pa3IUuuid B
addexTax BoJ, aKTUBHPOBAHHBIX B TeueHHe 60 MUH W 24 9acoB B OJHHMX M TEX XKe
BO/JaX, KOHTAaKTHO MOJIYYEHHBIX IMPU OJHOM M TOM K€ CHJIE TOKa, YTO IO3BOJISET
COKpaTUTh BpeMsl aKTHUBAIIUH.

B 3akmroucHue CICAYCT OTMCTUTb, YTO B J3TOM JKCIICPHUMCHTC HC VJIAJIO0Ch

O6Hapy}KI/ITB MOHOTOHHOM 3aBUCHMOCTH IIUTOT€HETHYECKUX ToKazarenei ot OBIL

JIna  Oanvneinimeco u3zyuenus IQPPexkmos HEKOHMAKMHOU  aKmueauuu
npeocmaeiaemcs yenecooopazHvim:

1. Ucnonw3oBars mmpokuii auana3zon 3HadeHuit OBII (ot — 60 go +360 mB);

2. JIJIst TIONyYCHUS! HeKOHMAKMHO aKTUBUPOBAHHBIX KaTOJIUTOB 3P hEeKTUBHA
KopoTkast (He Oosnee 60 MUH) SKCHO3UIUS B BOJAX, IMOJYYEHHBIX KOHTAKTHBIM
cnoc6oM 1pu cuiie Toka 60 MA.

3. M3yunts reHoTokcMueckue IPGEKTbl HEKOHTAKTHO AaKTUBUPOBAHHOU
BOJIONIPOBOAHOM  BOABI, IOCKOJIBKY WMEHHO 0JTa BOJAa HWMEET HauOOJBIIYIO

BCPOATHOCTD OBITH MCITOJIE30BAHHON B OBLITOBBIX AKTHBATOpax.
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IJIABA 4. ©3YUEHUE TEHOTOKCUYECKUX D®PEKTOB
HEKOHTAKTHO AKTUBUPOBAHHBIX BOJ HA OCHOBE
BOJOMPOBOJHOM BOJBI

B omnmcaHHBIX BbIIIE SKCIIEPUMEHTAX HAa KyJIbType KpPOBH UEJIOBEKa Mbl M3yYalH
T€HOTOKCHYECKOE JIEMCTBHE HEKOHTAKTHO AaKTUBUPOBAHHBIX BOJI, TPUTOTOBJICHHBIX HA
OCHOBE OCMOTHMYECKOW BOJBI C HU3KOM MUHepanuzauuen. I[lockoibKy HU B OZHOM
PYKOBOJICTBE K MpUOOpaM JJisl MOJYyUYEHUS] HEKOHTAKTHO aKTUBUPOBAHHBIX BOJ MBI HE
HaIlUTM YKa3aHUs, KaKyl0 UIMEHHO BOJAY CJEAYeT aKTUBUPOBATh, BEJIUKA BEPOSTHOCTD
TOTO, 4YTO B OBITY JIsI JJCKTPOXUMHUYECKOM  aKTHUBAIlMU OyIeT HCIOJIb30BaHA
BOZIONIpOBOIHAs Boga. OOHapyxkeHue d>PEGEeKTOB HECTAOWIBHOCTH TeHOMa Y
AKTUBUPOBAaHHOM OCMOTHMYECKOW BOJIbI MPEANOJAracT BBICOKYIO BEpPOSITHOCTh MX
HaJIM4YMs U Y HEKOHTAKTHO aKTUBHUPOBAHHBIX BOJ Ha OCHOBE BOJIOTPOBOJHON BOJBI.
[ToaToMy Ha criemyromeM dTare padoThl  Mbl U3ydaiud d()QPEKTl HEKOHTAKTHO

AKTHBHUPOBAHHBIX BO/, ITIOJYYCHHBIX Ha OCHOBC MOCKOBCKOH BOI[OHpOBOI[HOﬁ BOJbI.

Tabnuna 4.1. O01as xapakrepucTrka Gu3nKo-xumMudeckux cBoiicts HAB,
MIPUTOTOBJICHHBIX HA OCHOBE MOCKOBCKOH BOJIOTIPOBOTHOM BOJIBI.

VCI10BHS aKTUBALIUK: e (e T o o T
TIOJT CHejII:;IOII:gH(ffKiHo Ol Csetocymma (cBAsarmoi) pasl B BOAC, q
aKTI/}II];II/I OBAHHLIX BO ) BOCCTAHOBH- XeMI/IHeZMeH-
u Bpel\I/)I}I aKTI/IBaLII/II/II[ I nuu * 1184
2 B
(TIpH TTONTyYeHUN HOTeHHﬁaBH OBIL, yCIL.ell. Cpennee,% apgz;mﬂ,
HEKOHTAKTHO
aKTI/IBI/IpOBaHHI)IX BOI[)
KonTpoJasn 226,72 7,33 0,188 0,049
3 60 MA 5 MuH 173,71 8,95 0,202 0,044
=
=
g 60 mA 20 mun 73,95 721 0,201 0,044
Z
60 MA 40 mun 40,69 6,59 0,181 0,057
=
=
E 60 MA 40 MuH 259,96 7,29 0,173 0,051
<
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4.1. XumMn4ecKkuii COCTAaB MOCKOBCKOI BOJONPOBOIHOM BOIbI 1 HEKOHTAKTHO
AKTUBHPOBAHHBIX BOJ, OJYYECHHBIX HA e¢ OCHOBE

XOTsl TOJIMATUIIEHOBBIE IMAKETHI, UCIIOJIB30BAHHBIE B HAIIMX JKCIIEPUMEHTAX IS
nonyuennss HAB, pazpemiensl 11 XpaHeHUS ¥ 3aMOPaKMBaHUs TPYAHOTO MOJIOKA, B
B JaHHON paboTe OblIa MpoBeIEHA OIEHKAa BO3MOXKHOIO BIHMSHHUS TIpoliecca
aKTUBALUU BOJIBI HA MU (Py31UI0 XUMUYECKUX BEILIECTB U3 MaTepuasa IJIEHKU B BOAY.
MOCKOBCKYI0  BOJONPOBOJHYIO BOJY AaKTUBUPOBAaJUM B BBIOPAHHBIX TUISt
nocyenyomel padboTsl pexxumax. B tadn. 4.2 u 4.3 npuBeneHbl

Tabmuna 4.2.ConepxaHrue HEOPraHUIECKUX HOHOB B HAB, NpUroToBIEHHBIX Ha

MOCKOBCKOM BOJAOIPOBOAHOM BOJIE

Ucxognas | Karomur | Karoaut | Karoaut | Anomut K 5 o
BOJa 5 muH 20 muH | 40 mun | 40 muH [TTHCBOH

BOJIC

MIEPOKCH T, MKT/JT 16,4 19,9 18,9 15,7 14,1 100,0
PaCTB.KUCIOPOA, MT/JI 10,17 9,86 9,88 9,7 11,16 H/IT
AKTUBHBIN XJIOP, MI/JI 0,04 H/0 H/O H/0 0,0961 0,5

KaTtuonsl, Mr/i

Li" 0,007 0,007 0,007 0,007 0,007 0,03

Na' 14,1 14,1 14,1 14,1 14,1 200,0
NH4" 0,12 0,12 0,12 0,12 0,12 2,0

K" 2,8 2,8 2,8 2,8 2,8 H/IT

Mg** 14 14 14 14 14 50,0

Ca* 64 64 64 64 64 H/II
Sr** <0,5 <0,5 <0,5 <0,5 <0,5 7,0
Ba* <0,5 <0,5 <0,5 <0,5 <0,5 0,1
Zn** 0,8 0,8 0,8 0,8 0,8 5,0
Mn?* <0,1 <0,1 <0,1 <0,1 <0,1 0,1

AHHWOHBL, MI/1

F 0,17 0,17 0,17 0,17 0,17 1,5

Cr 24 24 24 24 24 350,0
NO* <0,01 <0,01 <0,01 <0,01 <0,01 3,0
Br 0,06 0,06 0,06 0,06 0,06 0,2

NO5 6,2 6,2 6,2 6,2 6,2 45,0
PO.* <0,5 <0,5 <0,5 <0,5 <0,5 3,5

SO.* 42 42 42 42 42 500,0
BrO5 <0,002 <0,002 <0,002 | <0,002 | <0,002 H/IT
ClOy <0,01 <0,01 <0,01 <0,01 <0,01 0,2
CIOy <0,01 <0,01 <0,01 <0,01 <0,01 20,0

Ta6muma 4.3. Conep:xanue opranuueckux coequHennii B HAB, IpUroToBIeHHBIX HA

MOCKOBCKOW BOJIOITPOBOJIHOM BOJIE
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IJK B
Hcxonnas | KarolWT | KaTONMT- | KaTOJMT- | aHOJUT .
Y% dopmvia BOJIa 5 MuH 20 MuH 40 MuH 40 MuH TTHTECBOM
TIICBOOPO/IBI pMY. BOJIe
KonrieHTpanus, Mr/a
Jlonekan C2Has 0,003 H/0 H/0 0,003 0,002 H/7
Terpanekan Ci4Hzo 0,003 0,003 0,002 H/1
1-T'ekcazexanomn CisH3,0 H/O - H/0 H/0 H/O - 0,003 H/I
2 lnrper-oymun- | b6 | 0,008 0,08 0,028 0,004 | 0,045 H/1
¢benon
JonexanoBas C2H»40, 0,003 H/0 H/0 H/0 - H/0 - H/I
TerpanexanoBas C14H»0, 0,004 H/0 H/0 0,008 0,005 H/7
JlnokcaneHTagekaxn C13Hx0, 0,005 H/0 H/0 0,005 H/O - H/II
2-Merun-1(1,1-
JTAMETHITITHI )-2-
metmi) 1,3- C16H3004 0,051 u/o H/0 0,053 0,004 H/1
MPONaHAUUIOBBIN 3Up
[PONHOHOBOM KUCIIOTBI
MeTunoBeli 2¢up 3-
OKCO-2-MEHTHI | o py 3 [ 0,007 /o wo 0,005 | wlo- s/
LUKJIOTICHTaH YKCYCHOU
KHCITOTBI
Byrunmurpar CisH3,04 0,011 u/o H/0 0,013 0,01 H/1
Jumerundranar Ci0H1004 0,004 0,005 0,001 0,005 H/O - 0,3
JvTndranar C2H1404 0,003 H/0 H/0 0,002 H/0O - H/7
Juuzo0yrundranar C16H204 0,02 0,008 0,002 0,011 0,006 H/1T
Hdubyrundranar Ci6H204 0,043 0,006 0,005 0,003 0,006 H/71
Heunentudunuposan-
Hbie (ranato (3) 10 Cp, 0,018 0,012 0,015 0,077 0,101 H/1I
7,9-In-TpeT-OyTun-1-
okcacrupo (4,5) neka C17H2403 0,005 0,003 0,002 0,003 0,017 H/1

6,9-nnen-2,8-1MoH

B Ta6n4.2 m 4.3 BugHo,

YTO 1O a0CONIOTHOMY OOJIBIIUHCTBY

MoKazaTeneu Bce O6p&3HBI HCKOHTAKTHO aKTHBHPOBaHHOﬁ BOAbI HC OTINMYAJIMCH OT

HWCXOIHOM, B KOTOPOW COAEPIAHUE BCEX BBISABJICHHBIX COCAUHEHUM HE MPEBBIIIAIO

IIJK nmsa nuteeBbIX BoA.  VICKIIFOYEHHWE COCTaBWIM HEHACHTHU(UIIMPOBAHHBIC

(1)TaﬂaTI>I, COACPIKAHNEC KOTOPBIX B KATOJIMTC, AKTUBUPOBAHHOM IIPpHU MaKCHUMaJIbHOM

OKCIIO3HIIMH, U B aHOJIUTC, OBLIO 3HAYMTEIBHO BBIIIIE KOHTPOJIA.

4.2. OueHkKa HecTaOMJIBLHOCTH T€HOMA HA KYJbTYpe KJIETOK KPOBH YeJI0BeKa

4.2.1. CnionTanublie 3¢ eKThI




68

Pe3ynbraThl HUTOr€HETUYECKOrO aHaIM3a MoKa3aHbl B Ta0m. 4.4-4.7.

AHanmu3 CHOeKTpa KIETOYHbIX mnomymsuuii (tadn. 4.4 wu puc. 4.1) yerko

CBHUJIETEIBCTBYIOT O TOM, YTO B KYJbTYpax, BBIPAIICHHBIX HAa PEKOHCTPYHPOBAHHBIX

cpc€dax Ha OCHOBC BOA C pPa3HbIM THUIIOM (aHOJII/IT u KaTOJ'II/ITI)I) u

MMPOAOJLKUTCIIBHOCTBIO AKTHBAIlluH, Ha6J'IIOI[aJIOCB pa3In4HOC COOTHOLICHUC

YUCJICHHOCTH KJIETOYHBIX MOMYJISIIUNA, CBA3aHHOE ¢ BiausHueM HAB Ha mporecchl
KJIETOYHOIO JejieHus. Tak, 10 CpaBHEHUIO C JIOCTaTOYHO TapMOHUYHBIM
pacmpeneieHueM KIETOYHBIX (pakiuii B KOHTPOJE (OTIMYABIIEMCS OT KYJIBTYpHI,
BbIpallleHHON Ha pupMeHHoi xxunkoil cpene RPMI-1640 Tonbko HECKOIBKO OOJbILIEH
YaCTOTOM KJIETOK, MPOIIEAIMNX 2 [HUKJIA ACIEHUS, U, COOTBETCTBEHHO, MECHBIIECH
4acTOTON 2-AJIEPHBIX KIJIETOK) B S5—MHUHYTHOM KATOJIMTE TMPAKTUYECKH BJIBOC

YBCIMYWIACh YaCTOTA 2-}I,Z[epHBIX KJICTOK.

Tabmuua 4.4. CexTp KJIETOYHBIX MOMYJISAINNA B KyJIbTypax KIETOK KPOBH
YEJI0BEKA, IPUTOTOBIEHHBIX HA HEKOHTAKTHO AaKTUBUPOBAHHBIX BOJIaX HA OCHOBE
MOCKOBCKOW BOJONPOBOJHOM BOJIBI

0
Bona, % 1- 0 2- % 3- 70 4- nonnﬁ)z[ep- MutoTuyeckas
YCIIOBUS SIIEPHBIX | SIACPHBIX | SOCPHBIX | SAEPHBIX HEX AKTHBHOCTE. Y%
aKTUBAIUN KJIETOK KJIETOK KJIETOK KJIETOK ’
KJICTOK
Kontpons
CTaHJapTHAs 30,85 39,56 10,53 13,97 1,27 3,45
cpena RPMI 1640
KonTpons
BOAOTIPOBOIIHAL 33,40 25,80 3,80 27,60 3,20 3,80
Boza 0e3
aKTHUBAIUU
Karonut 5 Mmun 21,39%** | 54 A6*** | 504%** | 1] 68*** | (,79%*** 3,96
Karonut 20 mun 32,03 38,14%** 4,75% 16,95%** 1,36%* 3,39
Katomut 40 Mmun 32,87 35,86%** 4,18 20,12%** 2,59 3,39
Anonur 45,58 26,15 6,53** 12,31%%* 1,54%* 4,04
IIpumeuanue:

*) — 3HaYMMO 1O CPABHEHUIO ¢ KOHTpoJeM, p<0,05
**) — 3HAUUMO O CpaBHEHHIO ¢ KOHTposieM, p<0,01

*%¥) — 3HAYMMO IO CpaBHEHUIO ¢ KOHTposeMm, p<0,001

Kak BumHO B Tabm. 4.4. m ocoOEHHO HATAIHO Ha puc. 4.1., B pAIy KaTOIHUTOB C

YBCIIMYCHUEM  IIPOAOJIKUTCIbHOCTH

dKTUBallUK  IJIA

5-MUHYTHOTO

KaToJIuTa
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Ha6J'IIO,ZIaeTCH aKTHUBalysg IICPBOIr0 MHTO3a II0 CPABHCHHUIO C KOHTPOJICM, YTO

peanu3yercsi B yBeNWUCHUU (pakiuu 2-gIepHBIX KIETOK. B TO ke Bpems,

PEKOHCTPYHPOBAHHBIE CPEIbl HA KATOJIHUTAaX, MOMy4YeHHbIX npu 20- u 40-MUHYTHOM

9KCIIO3UIHUH, IPAKTUUCCKHU HC PA3IUYAINCh MCKIY coboit 1o CIICKTPY KJIICTOYHBIX

HOHYHHHHﬁ, HO B 000HX ClIydadax 4acCToTa ABYSAJACPHBIX KIJICTOK TAKIKC ObLIa BBIIIIE

ypoBHs kouTposs (X* = 18,78 u 11,88, coorsercTBeHHO0). OHAKO M B 3THX KYJIbTypax

HaOJII0NAI0Ch MEHBIIEE KOIMUYECTBO 4-SIEPHBIX KIETOK, 4eM B KOoHTpoe (X* = 17,99

u 7,71, coorBercTBeHHO). TO €CTh, B KyJIbTypax Ha BCEX KaTOJIUTaX CTUMYJIUPOBaH

NEepBbI MUTO3 (2-SAEpHBIX KIETOK OOJbIINE, YeM B KOHTPOJIE), a BTOPOMl MHUTO3

IIOAaBJICH.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

"
o

KOHTPOMNb KOHTPONME KaTONMWT KaTonur KaTonuTt AHOMMUT

cTaHa,.

B % nonuangepHBIX KNeToK
0O % 4-A0e pPHBLIX KNeToK
M % 3-Aa0epPHLIX KNeTOK
0O %2-Aa0e PHbLIX KNeTOK
" @ %1-a0epHbIX KNeTokK

5 MuH 20 muH 40 MuH

Pucynox 4.1. Crniextp KJIETOYHBIX TOMYJISINN, OOHAPYKEHHBIA MPU WHKYyOAIuu
KJIIETOK KPOBU YEJIIOBEKA B PEKOHCTPYMPOBAHHBIX CpeAax, MPUTOTOBICHHBIX Ha

HCKOHTAKTHO aKTUBHPOBAHHLIX BOJAaX HAa OCHOBC MOCKOBCKOM BOZ[OHpOBOI[HOﬁ BOJbI
0bo3nauenus:
KonTtpons crana. — cranaapthasa cpena RPMI 1640;

KoHTpois — MOCKOBCKasi BOAOIIPOBOIHAS Bosia 6e3 o0padorku, OBI1=226,7MB;

Karonut 5 muH - nonyden npu cuiue Toka = 60 MA, Bpems aktuauuu 5 muH, OBII=173,7mB;
Karonmut 20 MuH - monmyueH nipu cuie Toka =60MA, Bpemst aktuBamu 20 mun, OBI1=74,0mB;
Karonut 40 MuH — nonyuen npu cuie Toka =60MA, Bpems aktuBauuu 40 mun, OBI1=40,7MB;
AHonuT — nosry4yeH npu cuie Toka =60MA, Bpems aktuBanuu 40 mun, OBI1=260,0mB

AHonut B O6IJ_IYIO TCHACHIIMIO OJISA KaTOJIHWTOB HE BIIMCHIBAJICA — €TI0 BIIMAHHUC HA

nponudepaIuio KIETOK B KyJIbType XapaKTepU30BajIoCh 3HAYUTEIIHLHBIM CHIKEHUEM

YacTOTHl Jensnmxcs Kietok (X* = 5,00), 4To CBHAETENHLCTBYET O TOPMOXKEHUH

npoaudepaTUBHOM AKTUBHOCTH KaK Ha YpPOBHE NEPBOro, TaK M BTOPOrO MHTO3a.
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Ba}KHO, qTO OTOT 3(1)(1)CKT KaueCTBCHHO OYCHb OJIM30K K I[GﬁCTBI’IIO AHOJIUTOB,

IIPUTOTOBJICHHLIX HA OCMOTHYECCKOM BOAC.

Tabnuua 4.5. IHTerpajibHble MOKa3aTean Npoiu@epaTuBHON aKTUBHOCTH B
KyJITypax KJIETOK KPOBU YEJIOBEKA, PUTOTOBJIEHHBIX HA HEKOHTAKTHO
aKTUBUPOBAHHBIX BO/IaX HA OCHOBE MOCKOBCKOM BOJOTPOBOIHOM BOJIBI

% %
Bona, Nuneke Nuneke Acummerpus
JENSAIUXCS [ YCKOPEHHO
YCIIOBHSI peruukaiuy, | nponudepa- | aAeneHus Bo 2-M
KJIETOK B JCTISIIMXCS
AKTUBAILMH efl. IIUH, €]I. MHUTO3€, €]I.
MOMYJISIIUN KIJIETOK
KonTpomns
CTaHJapTHas cpeaa 65,34 25,77 1,97 1,87 0,75
RPMI 1640
Kontpons
BOHOTIPOBOAHAL 60,4 34,6 2,07 1,89 0,14
Boja Oe3
AKTUBAIMH
Katomut 5 mun 72,87F** 18,42* 1,95 1,86 | 0,51***
Karomut 20 mun 61,19 23,05 1,90 1,77 | 0,28%**
Karonut 40 mun 62,75 26,89 1,98 1,85 0,21
Amnomur 46,54* 20,38 1,66 1,59 | 0,53%**
IIpumeuanue:

*) — 3HQUMMO IO CPABHEHHIO C KOHTPOJIEM Ha BOJONPOBOIHOM Boe, p<0,05
*¥) — 3HQUMMO MO CPABHEHUIO C KOHTPOJIEM Ha BOJIOMPOBOAHOM Boze, p<0,01
***) — 3HAYMMO T10 CPaBHEHUIO ¢ KOHTPOJIEM Ha BOJOMPOBOAHOM Boae, p<0,001

Kak cnemyer u3 maHHBIX Tabd. 4.4, HEKOHTAKTHAS aKTUBAIUS BOJLI HU B OJTHOM
claydae HE OTpa3wjach Ha MUTOTHYECKOM aKTHUBHOCTH KJIETOK. B TO ke Bpems, B
KyJbTyp€, MPUTOTOBJICHHON Ha 5-MHUH KaTOJIMTE, YacTOTa NEJAIIUXCS KIETOK ObLia
BBIIIE, YeM B KOHTpoue (Tadm. 4.5; X* = 12,91), uro HaOmomanock Ha (GOHE CHUKEHUS
YacTOTHl YCKOPEHHO gensamuxcs kietok (X* = 2,03) ¥ CcOmpoBOXKIAIOCKH
3HAUMTEBLHBIM yYBEIMYEHHEM CTENEHH aCUMMETPUM BToporo muto3a (X* = 16,62). B
pabore H.E.MomkoBa [69] OblI0 J0Ka3aHO, 4YTO dYacToTa OOpa30OBaHHS
ACUMMETPHUYHBIX  3-SICPHBIX  KJIETOK 3HAYUMO W C OYE€Hb  BBICOKUMHU
K03 PUIMEHTaMHU KOPPETSAIUNA acCOIMMPOBaHA C aCUMMETPHUEH TIIomaneh saep B

ABYAACPHBIX KIICTKaX. Ha ocHoBanum »THX JaHHBIX MOXHO IIPCAIIOIOXKHUTb, 4YTO
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YBEIMYECHHUE MyJla JeNSAIIMXCi KIETOK Ha (OHE YMEHbIIeHUs o0bema (pakiuu
YCKOPEHHO JESIIUXCS KIETOK B KYyJIbTypax, MpurotoBieHHbIx Ha HAB, cBs3aHo ¢
BO3HUKHOBEHUEM I'€HETHUECKHUX MOBPEKICHUI yKe Ha YPOBHE MEPBOro MUTO3a (B 2-
AJIEpHBIX KieTKax). B KynbType, IpuUroroBaeHHOM Ha 20-MHUHYTHOM KaTOJIUTE, TAKKE
HaOJIIOIAIOCh JBYKPATHOE 110 CPAaBHEHHIO ¢ KOHTpojeM Oe3 akrtupauuu (X* = 4,89)
YBEJIMYEHUE CTEIEHU aCUMMETPUU KJIETOK BO BTOPOM MHUTO3€, OJTHAKO MPU OOJIbIIIEH
MPOJIOJDKUTEIIBHOCTH akTUBalu — B 40 MHH KaTOJMTE - TMOBBIIIEHUWE YaCTOTHI 3-
AJIEPHBIX KJIETOK OOHAPYKEHO HE OBLIO.

Jlns aHonuTa OBLIO OTMEYEHO CHUKEHHE NPOJM(EPATUBHON akTUBHOCTH (X° =
5,00), conpoBoxaaBiIeecs] 3HAUUTEIIbHBIM YBEIUYEHUEM YacCTOThl AaCUMMETPHUYHOIO
PACXOKIEHHU XPOMOCOM BO BTOpoM Mutose (X*> = 18,71).

BaxxHo otMeTutb, 4To BO (pakivul 2-sJIEPHBIX KJIETOK OBLUIO BBISIBIEHO TOJBKO
CHUXEHUE 4acToThl KiIeTok ¢ MA (mis 20- u 40-MHUHYTHBIX KaTOJUTOB, X*=5,37 u
7,11, COOTBETCTBEHHO), B TO BpeMsl KaK 4acTOThI 2-sjepHbIX kieTok ¢ HIIM Hu B
OJTHOM CJIyyae HE OTJIMYAIUCh OT KOHTPOJISl. AHAIN3 JAHHBIX MO YaCTOTaM KJIETOK C
MUKpOSIIpAMH M MOCTaMU BO BCeX (pakuMsIX KIETOK OOHApY>KWJ YyBEJIMUYCHUE
YaCTOThl KIIETOK C MOBPEXACHUSMH TOJIBKO B KyJIbTypaX, MPUTOTOBIEHHBIX Ha 5
MMHYTHOM Katonure (10 4acToTe MOoIMsAAepHbIX Kietok ¢ HIIM, X* = 2,81) u 40-
MHMHYTHOM Karomure (1o uactore 3-saaepHbIXx Kietok ¢ HIIM, X* = 2,93 u
nonuanaepusix kiaetok ¢ HIIM, X?=2,64). B kynsType Ha aHOIUTE ObLIIO OOHAPYKEHO
THOBBILIEHUE YACTOTHI 3-SAepPHBIX KIeTok ¢ MST (X?=2,88).

AHanu3 CyMMapHbIX IIOKa3aTejled TIeHEeTUYECKUX NOoBpexaeHur (Tabdn. 4.7)
OOHApYXWJI CHUKEHUE IO CPaBHEHUIO C KOHTPOJIEM YaCTOT ABYSIEPHBIX KJIETOK C
noBpexaenusamu (M u HIIM) B kyneTypax, mpurotoBieHHbIX Ha 20- u 40-muH
karonntax. [[OBBIIEHHE YACTOT YCKOPEHHO NEIAIIUXCS KIETOK C MOBPEXKICHUSIMHU
OBLJI0O OTMEUEHO TOJIBKO TSl KyJBTYP Ha S-MUH KaTOJMTE U HAa aHOJIUTE.

Tabmuia 4.6. YacToThl KJIETOK C TOBPEKICHUSAMHU B KYJIbTypaX KPOBHU YEJIOBEKA,
IIPUTOTOBJICHHBIX HA HEKOHTAKTHO AKTUBUPOBAHHBIX BOJIaX HA OCHOBE MOCKOBCKOU
BOZONPOBOHON BOJBI
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0 o,
% 2- % 2- % 3- % 3- % 4- % 4- % 7
nonnﬂz[ep— nonn;{z[ep—
BOH&, YCJ'IOBI/ISI H,HepHI)IX HﬂepHLIX SIHCPHLIX ﬂ[[epHBIX HﬂepHLIX H,HepHLIX . T
AKTHUBAIlUN KJICTOK C KJICTOK C KJICTOK C KJICTOK C KJICTOK C KJICTOK C T © FTEE ©
M HIIM M HIIM M HIIM s LM
Kontpons
¢cTanjiaprHad 0,29 0,19 1,38 1,03 0,52 2.20 0,0 0,0
cpena
RPMI 1640
KonTpons
BOZIOTIPOBOMHAA 1,19 0,69 5.6 0,0 7.97 17,39 18,75 12,50
Boxa 0e3
aKTHUBalluUHu
Karonut 5 Mun 0,77 0,38 20,0 333 16,95 20,34 50,0 | 50,0%
Karomur 20 mun | 0,3% 0,20 7,14 7,14 7,0 | 8,0% 0,0 0,0
Kartonut 40 Mum | 0,2%* 0,20 4,76 | 14,20% 396 | 14,85% 15,38 | 38,46*
AHOUT 1,48 030 | 23,53* 8,82 14,06 18,75 37,50 12,50
IIpumeuanue:

*) — 3HQUMMO IO CPABHEHHIO C KOHTPOJIEM Ha BoAOIp. Boje, p<0,05
*¥) — 3HAUMMO 1O CPAaBHEHUIO C KOHTPOJIEM Ha Bojorp. Boze , p<0,01

Tabmuia 4.7. CymMapHbI€ MOKa3aTeu TeHETUYECKUX MOBPEKIACHUHN B KYJIbTypax
KJIETOK KPOBH YEJI0BEKA, IPUTOTOBIICHHBIX HA HEKOHTAKTHO aKTUBUPOBAaHHBIX BOJIAX
Ha OCHOBE MOCKOBCKOM BOJIOITPOBOAHOM BOJBI

% % % YCKOPEHHO
Bopna, ycioBus JBYSIEPHBIX JENSIIUXCS JENSAIUXCS ArmnonTos,
AKTUBAIIH KJIICTOK C KJIETOK C KJIETOK C %
MOBPEKACHUSIMH | TOBPEXKJICHUSIMU | TOBPEKACHUSIMHU
KonTtponb ctangapTHas
cpena RPMI 1640 0,50 3,49 24,60 0,36
KonTposb
BOJIONPOBO/IHASI BOJa 0€3
aKTUBAIIUH 1,88 5,08 23,69 2,4
Karonur 5 mun 1,15 3,95 | 35,48** 1,78
Katomut 20 Mun 0,5%** 2,11 | 13,97** 3,39
Katomut 40 Mmun 0,4%** 2,99 22,22 | 0,99*
AHOJIUT 1,78 4,82 | 33,96* 3,85
IIpumeuanue:

*) — 3HQUMMO TI0 CPABHEHMIO C KOHTPOJIeM Bojomp.Boaa, p<0,05;
**) —3HAUMMO 1O CPAaBHEHMIO C KOHTPOJIEM Bojomp.Boaa , p<0,01;
*%¥) — 3HAYMMO IO CPABHEHUIO ¢ KOHTPOJIEM Boxonp.Boaa, p<0,001

4.2.2. OneHka 4yBCTBUTEIbHOCTH F'¢€HOMA
K 1eliCTBHIO CTAHJIAPTHOI0 MyTareHa

Pesynbrarel aHanmn3a mapasuleNIbHbIX KyJbTyp C BBEICHHEM MyTareHa Ha KIIETKax

KpOBH TOT'O e JOHOpa, ToKa3aHbl B Ta0J. 4.8-4.12 u puc. 4.2-4.3.
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Tabnuma 4.8. CrnexTp KIECTOYHBIX MOMYJISIIUN B KyJIbTypaX KPOBU YeJIOBEKa,
MPUTOTOBJICHHBIX HA HEKOHTAKTHO aKTUBUPOBAHHBIX BOJaX Ha OCHOBE MOCKOBCKOM
BOJIOIIPOBOJIHOM BOJbI U SKCLIOHUPOBAHHBIX

3 MKr/mJu cranaaptaoro myrarena MHHI

0
% 1- % 2- % 3- % 4- .
[Efouel, yeu @zl SAIEPHBIX SIIEPHBIX SIEPHBIX spepHBIx | [OTAAACD
AKTUBALIUU sep AP A2 A2 HBIX
KJIETOK KJIETOK KJIETOK KJIETOK

KJIETOK
KouTposib 14,85 38,61 8,32 26,73 3,56
Karoaut 5 mun 18,53* 32,07* 5,98 33,07* 2,39
Karomur 20 Mun 37,72%** 33,85 6,38 14,51 %** 2,32
Karomut 40 mun 33,53 %** 39,29 7,14 14,48%** 1,786*

AHoUT 18,98 24.,46%** 7,83 31,31%* 6,26*

[Tpumeuanue:

*) — 3HAYUMMO T10 CPABHEHUIO C KOHTpoJeM, oopadotanubM 3 Mxr/min MHHI, p<0,05
**) — 3HaYMMO IO CPaBHEHUIO ¢ KOHTposeM, oopadotanubM 3 Mkxr/mut MHHI p<0,01
*#%) — 3HAYMMO 110 CPABHEHUIO C KOHTpoJeM, o0padoranubM 3 Mxr/mMia MHHI p<0,001

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0% /

koHTponb KoHTponk Katonut 5 Katonut Katonutr AHonut
6e3 MHHI MWH 20 MuH 40 muH

3 % nonuaaepHbIX KNeToK
0O %4-apepHbIX KNEToK

B % 3-anepHbIX KNeToK

0 %2-apepHbIX KNeToK

B %1-apepHbIX KNEToK

Pucynok 4.2. CnexkTp KJIETOYHBIX NOMYJISILHI, OOHApYyKEHHBIA MPU HMHKyOaIuu
KJIIETOK KPOBU YEJIOBEKAa B PEKOHCTPYUPOBAHHBIX Cpelax, INPUTOTOBJIICHHBIX Ha
AKTUBUPOBAHHBIX BOJAX HA OCHOBE MOCKOBCKOW BOJOIPOBOJHOW BOIBI, B
npucytctBuu 3 Mxr/mi1 MHHI'. JInst cpaBHEHUs B JIEBOM CTOJIOMKE MTOKa3aHbI JAHHbIE
KJIETOK, KyJIbTUBUpOBaHHbIX 0e3 MHHI.

Kak xopomo BugHo B Tabn. 4.8 u Ha puc. 4.2, B npucyrcteBun MHHI' kak B
PEKOHCTPYMPOBAaHHBIX CpEAax, MPUTOTOBICHHBIX HEAKTUBUPOBAHHOM BOJE, TaK U Ha
5-MUHYTHOM  KaTOJIUTE  HAOJIOAAJIOCh  YCKOpEHUE Mpojudepaluu  KIETOK,

BbIpaXaBIICCCA B CHHMIKCHHMU YaCTOTbl HEACIIAAIINXCA OJHOAACPHBIX KIICTOK (X2:
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49,97 u 2,45, COOTBETCTBEHHO) W YBEIMYCHUU YaCTOT JBYSJICPHBIX M YCKOPEHHO
pensmpmxcs kiuetok (X*=4,71 u 2,51, coorBercTtBeHH0). OOpamiaer Ha ceOs BHUMAHUE
YBEJIIMYEHUE YacTOThl 3-s/IEPHBIX KIETOK, O0Opa3oBaBIIMXCSI B  peE3yibTaTe
ACUMMETPUYHOIO PACMPEACIICHUs] TE€HETUYECKOro MaTepuaja MO0 CPaBHEHUIO C
KJIETKaMM, BBIPAIIEHHBIMM HAa  HEaKTUBUPOBaHHOM Bome (X’=8,99), wuto
BOCITPOM3BOAUT onucaHHble paHee 3ppextet MHHI™ [69]. UHTepecHo, uTO B cpeaax
Ha KaToJINTax, MOJyYEHHBIX IpH OoJiee MPOAOIKUTENbHON aKTUBALIMK, HAOII0AaI0Ch
HOBBILIEHUE YaCTOTHI OAHOSAIEPHBIX KIETOK (X*=68,38 u 48,01) u cHmkeHne o0beMa
(paKkLUK YCKOPEHHO AEAMMXCs KIeTOK (X*=28,42 u 26,41, coorBeTcTBEHHO 1181 20-
u 40-MUHYTHBIX KaTOJIMTOB), YTO CBHUJETEIBCTBYET O TOPMOXEHHH IPOLECCOB
JIEJICHHS] KIIETOK.

B KynbType, BBIpalllCHHOM Ha aHOJUTE, HAOMIOAAIMCh KAayeCTBEHHO WHBIE
5>hexThl: HeOOJNBINOE YBEIWYEHHME MyJa OAHOSIEPHBIX KIeTok (X*=3,08),
3HAYUTENILHOE YMEHBIIECHUE YUCIEHHOCTH (QpaKIMu 2-aAepHBIX KIeToK (X*=23,56) u
HEKOTOpOE  yCKOpeHHEe MpoiudepaTUBHON  aKTUBHOCTH, OMpEIENIsieMoe IO
YBEJIMYEHUIO YUCIEHHOCTU (PpaKiuu 4-saepHbIX KieTok (X°=3,95).

VYckopenue mnponudepanud B KOHTPOJIE M S5-MHH. KaTOJHMTE IO CPABHEHUIO C
KJIETKaMM, KyJbTHBUpoBaHHbIMM 0Oe3 MHHI, wu cymecTBeHHOe CHM)KEHHE
nponudepaTUBHOW AaKTHUBHOCTU MpU 0Oojiee JIUTENbHON aKTUBALlMU KaTOJIUTOB
MOJIHOCTBIO MOATBEPKAAIOT PE3YNIbTaThl aHAIN3a, ClleJaHHbIe 110 Taou. 4.8 u puc. 4.2.

Wutepecno, uto B MHHI-06paboTanHoii KynpType Ha S5-MHUH. KaTOJUTE
YUCJICHHOCTh (Ppakiuu 3-sepHBIX KIETOK ObLIa HECKOIBKO MEHbIIIE, Y4EM B KOHTPOJIE
(X*=2,08), a mpu Gosee MPOIOILKUTENLHOM 00paboTKe dPPEKTH HE OTIMYAIUCH OT
koHTpousid. [lomoOHbie >(D@eKT BO3MOXKHBI TMPU CHIKEHUU MPOIH(PEPATUBHON

AKTHUBHOCTH, B PE3YJIbTATC YCI'O KJICTKH IIPOCTO HC AOXOAAT JO BTOPOTO MHUTO34A.

Tabnuua 4.9. HTEerpasibHble MOKA3aTeNN NPOIH(PEPATUBHON AKTUBHOCTH B
KYJITypax KJIETOK KPOBU YEJIOBEKA, IPUTOTOBJIEHHBIX HA HEKOHTAKTHO
aKTUBUPOBAHHBIX BO/IaX HA OCHOBE MOCKOBCKOI BOJIOIPOBOJIHOM BOJIBI B
npucytctBuu 3 Mxr/ma MHHIT
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%
o Acummer-
Murortn- Jiens- %
Nuanekc Nanexc pust
Boga, ycnoBus yecKast IIHAXCS YCKOPEHHO
peruika- | mposmde- TICTICHHS
aKTUBaIUH AKTUBHOCTD, | KJICTOK B | JCISIIMXCS
o ITUH, ]I, pauuu, en. BO 2-M
% TIOIYJIALL KJIETOK
MHTO3¢€, €]I.
13041
KonTposns 6e3
MHHI 3,80 60,4 34,6 2,068 1,888 0,14
Kontpons
MHHI 5,54 77,23 38,61 2,24 2,08 0,31
Karonut 5 mun 4,78 73,51 41,43 2,33 2,07 | 0,18*
Karomut 20 mun | 2,71%* 57,06%* | 232]%*** 1,83 1,75 | 0,44*
Karomut 40 mun | 3,17* 62,70%* | 23 4]%** 1,91 1,82 | 0,49*
Anonut 4,31 | 69,86%* 454 2,17 2,04 0,25
[Ipumeuanue:

Jlis obneryeHus: cpaBHEHHUS B IEpBOW CTPOKE TaONUIIBI MOKa3aHbl JaHHbIE, MOJyYCHHbIE B
HEaKTMBUPOBAHHOM Boze B orcyrcrBun MHHI

*) — 3HAUMMO 10 CPABHEHUIO C KOHTpoJeM, oopadotanubM 3 Mxr/min MHHI, p<0,05

**) — 3HaYMMO IO CPABHEHUIO ¢ KOHTposeM, oOpadotanubM 3 Mxr/mut MHHI™ p<0,01

*#%) — 3HAUMMO 110 CPABHEHUIO C KOHTpoJeM, oopadotanHbM 3 Mxr/mMia MHHI p<0,001

BaxHno, yrto B npucyrcteun MHHI' cHmxanmnce MuTOTHYECKash aKTUBHOCTH M
CTEIEHb aCUMMETPHUM JEIEHUS KJIETOK BO 2 MHUTO3€, & TAKXKE YMEHbIIAJIACh AOJS
YCKOPEHHO AENSAIINUXCA KIETOK B CHEKTPE KJIETOYHBIX MOMYJSUA. JlJisi MOHMMaHUs
X 3(PEKTOB CliemyeT MPUHATH BO BHUMaHHe coobpaxkeHus JI.M.CHHTKOBCKOTo
OTHOCHUTEJIBHO TOTO, YTO AJANTUBHBIA OTBET KJIETOK MPOSABIISETCS 0 TEX IMOp, MOKa
HE MCUepIlaH X afganTaluoHHbIA noteHiman [99]. [loaToMy MOXKHO IPEANOIOKHUTD,
YTO B TE€X CIy4YasiX, KOrja KyJbTUBUPOBAHKHE B PEKOHCTPYUPOBAHHBIX Cpelax TpeOyeT
HAMpsHKEHUS CHCTEM aJanTalluy KIIETOK, MOCIEAYIOIIEe BO3JICHCTBHE — B JTAHHOM
cnyqyae MHHI" - MoxeT He NpOosBIATHCA B BUAE NPUBBIYHOTO MOBBIIIEHUS] YACTOTHI
ACUMMETPUYHO JEJISIIUXCS KJIETOK, a TOJBKO 3aMelUIsTh Hpoiudepaiuo u/uiu
MIPUBOJIUTH KJIETKH K THOENH JI0 MX BCTYIUICHHS BO BTOPOH MUTOTHYECKHUH ITUKJI.

DTO NpEeanoyoKEHUE MOATBEPKAACTCS pe3yIbTaTaMU aHAIM3a YacTOT KIIETOK C
MOBPEXKJICHUAMH, MPUHAICKAIMNX K Pa3HbIM KJIETOYHBIM (pakiusm (1adn. 4.10).
Opdextst MHHI" Hemuoroumcnenusl. [Ipexkme Bcero, 3TO - 3HAYUTEITHHOE
MOBBIIICHUE YaCTOT YCKOPEHHO JIEIISIIIUXCS KJIETOK C MOBPEXKACHUSIMU B KOHTPOJIE T10
CPaBHEHUIO C KyJbTYypaMH, BBIPAIICHHBIMH B CPEaX HA HEAKTUBUPOBAHHOM BOJIE, HO

6e3 MHHI (X?=9,86). Ilox neiicteBuem MHHI Ha KynbsTypsl, BelpanieHHbie Ha HAB,
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HAOJIIOJJAJIOCh  TOJIBKO ~ TIOBBIIIEHWE  YacTOThl  2-SIGPHBIX  KJIETOK €
2__
HYKJICOIJIa3MEHHBIMU MOCTaMH (cpena Ha S5-MuH. Karonute, X=4,53), a Takxe
CHI)KCHHE YacTOThl TaKMX KJIETOK B cpene Ha 20- MUH. KaroauTe BO ¢pakuuud 3-
ANEPHBIX KIeTOK (X*=2,79) m mon neiictBueM 40-muH Karomura BO (pakuus 4-x

(X*=2,34) nu momusanepHbIX K1eToK (X°=3,00).

Tabmuna 4.10. YacToThI KJIETOK € MMOBPEKICHUSIMU B KYJIbTypaxX KPOBHU YEJIOBEKA,

IIPUTOTOBJICHHBIX HA HEKOHTAKTHO AKTUBUPOBAHHBIX BOJAAX HA OCHOBE MOCKOBCKOM
BOJIOIIPOBOIHOM BOJIbI B IPUCYTCTBUU 3 MKr/Mi1 MHHI

0 0
%2- | %2 | %3 | w3 | w4 | wa % %
Boza, SITEPHBIX | AAEPHBIX | INEPHBIX | SAEPHBIX | IAEPHBIX | SIEpPHBIX TOMMAACD- | TOMHAACD-
YCJ'IOBPISI A p p p p p p HBIX HBIX
AKTHBAIHH KIJIETOK C KIJIIECTOK C KJIETOK C KIJIIECTOK C KJICTOK C KIJICTOK C T T
M HITM M HIIM M HITM " HIIM
Kontponp
6e3 1,19 0,69 526 0 7.97 17,39 18,75 12,5
MHHT
KonTtpons
MU 1,19 0,19 14,29 23,81 10,37 25,19 22,22 44,44
Karomur 1,19 | 0,89%* 10,0 23,33 7.83 18,67 8,33 25,00
5 MuH
Karomar 1,00 0,3 6,06 | 9,09% 9,33 20,0 8,33 25,00
20 MuH
Karomr 0,79 0,29 555 | 833% 822 | 10,95%* | 0% 11,11%
40 MuH
AHOIUT 0,85 0,09 7.5 10,0 5.63 19,38 6.25 37,50
IIpumeyanue:
JIJ'UI O6J'ICF‘—I€HI/I$I CpaBHeHI/ISI B HepBOﬁ CTpOKe Ta6J'II/IHBI TTOKa3aHbI )IaHHI)Ie, HOJ'Iy‘-IeHHBIe B
orcyrcteurn MHHI

*) — 3HaYMMO 10 CPABHEHUIO C KOHTpoJieM, oOpabdoranHsiM 3 Mkxr/mi MHHI, p<0,05
**) —3HAUMMO MO CPAaBHEHMIO ¢ KOHTpoJeM, oOpadoranHsM 3 Mkr/Mia MHHI p<0,01

TpakToBaTh 3TO CHUIKEHHUE YACTOT KJIETOK C IMOBPEXKICHUSIMHU IPEACTABISAETCS
PEJICBAaHTHBIM C YYE€TOM YMCIEHHOCTH COOTBETCTBYIOLIUMX (pPaKIUNA B CIEKTpe
KJIETOYHBIX TMOMYJSIIUNA (M0 CPAaBHEHHWIO C JaHHBIMU Tabn. 4.8 u puc. 4.2) — ueMm
MEHBIIIE 00beM caMoi (PpaKIuy, TEM MEHBIIEC B HEH KIETOK ¢ MOBpekKIeHUIMU. To,
YTO CHUXKEHHE 4YaCTOThl KJIETOK C TMOBPEKJICHUSIMU HAOIIOJAIOCh HWMEHHO BO
dpaknusx kirerok ¢ HITM, MoxkeT OBITh MOHATO C TO3UITNH, BhICKa3aHHBIX M. Fenech
c coaropamu [128], o Tom, uto HIIM sBusoTCs OoJjiee Ccepbe3HBIMU
MOBPEXKJCHUSAMHU U JIOJTOKUBYIIMMH MOBPEXKICHUSIMHU, 4yeM M, u mod3ToMy Takue

KJICTKH 4allC BCCTO FI/I6HYT ITyTCM aIlOIITO3ad WJIN HCKPO34d.
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CJ'IC,Z[yeT OTMCTHUTD, UYTO BJIMAHUC aHOJINTA HAa HHAWBUAYAJIBHBIC YaCTOTBI KJIICTOK C
MOBPCKACHUSAMN HC OTIIMYAJIaChb OT KOHTPOJIA HHU JII OJHOI0O M3 H3YYCHHBIX

nokasareneit (tadm. 4.10).

Tabmuua 4.11. UaTerpaibHble MOKa3aTeId FTeHETUYECKUX TTOBPEXKICHUN B
KyJbTypax KJIETOK KPOBH YEJIOBEKA, TPUTOTOBICHHBIX HA HEKOHTAKTHO
AKTUBHPOBAHHBIX BOJAAX HA OCHOBE MOCKOBCKOM BOAONPOBOIHON BOJIbI

B npucytctBuu 3 Mxr/mia MHHIT

% % % yCKOpEHHO
Bona, ycnosus JABYSIEPHBIX JEIALIUXCS JEIIAIIUXCS Arnonros,
aKTHBALUU KJIETOK C KJIETOK C KJIETOK C %

MOBPCIKACHUAMU | TIOBPCIKIACHUAMU | ITOBPCIKICHUAMUN

KonTpons 6e3

MHHI' 1,88 5,08 23,69 2,4
KonTpoas MHHI' 1,39 7,48 38,97 2,33
Kartonut 5 Mmun 2,10 6,53 | 27,88%* 1,5
Karoaut 20 Mun 1,3 3,93 | 25,83** 1,08
Kartomut 40 mun 1,09 2,74 | 16,95%* 5,33%*
AHOIIUT 0,94 5,48 | 26,29** 0,63**
[Ipumeuanue:
C nenpro 00JIerYeHrsl CPaBHEHUS B TMIEPBOM CTPOKE TAOMITBI TTOKA3aHbI JJAHHBIC, TTOJTyYCHHBIC B
orcyrcteurn MHHI

*¥) — 3HAYMMO IO CPABHEHUIO ¢ KOHTposeM, oopadotanubiM 3 Mkr/mut MHHI p<0,01

AHanu3 UHTETPpaAJIbHBIX TIOKAa3aTeNel MOBpexACHUS KIeToK (Tadmn. 4.11) Takxke Kak
u naHHele Tab6n. 4.10, ceuaerenscTByeT 0 ToMm, uro BBeaeHne MHHI' B kynbTypy
SBJISIETCSl CYIECTBEHHBIM (PAKTOPOM, H3MEHSIOUIMX 4YacTOTy MOBPEXICHUM, B
OCHOBHOM, B KJIETKaX BTOPOrO M TOCIEAYIOIIMX MHUTO30B. B COOTBETCTBUHU €O
CHIDKEHHEM  Mpoiu(epaTuBHON  aKTMBHOCTM BO BCEX  KYJIbTypaX, Kpome
IPUTOTOBJICHHBIX Ha S5-MUH. KarojuTe, HAOMIOJAIOCh TOJBKO CHUIKEHHE YacTOTbI
YCKOPEHHO AEIIAIIMXCS KJIETOK C TeHETHUYECKUMU MOBPEXACHUSIMU. B TO ke Bpems, B
KyJbTypax Ha 40-MHUH. KaToJMTe HAOMI0OAAIOCh MOBBIIIEHHE YAaCTOThI alonTo3a, a B
KYJIbTYp€ Ha aHOJIUTE — €r0 CYLIECTBEHHOE CHWXEHHE. DTH Pa3audusi MOTYT OBITh
CBSI3aHbl C HEPaBHBIM BKJIAJI0M IIPOLIECCOB ANlONTO3a U HEKPO3a B THOEb KIETOK. To
€CTh, aKTHBALU BOZABI C IOJYYECHHEM KaK KaTOJIMTOB, TAK M aHOJUTA IPUBOJAWIA K
MOBBIIICHUIO YYBCTBUTEIBHOCTH T€HOMA KJIETOK KPOBU YEJIOBEKA K JOMOJIHUTEIbHON

T€HOTOKCUYECKON Harpy3ke cTaHaapTHeiM MmyrarenoM MHHI'.
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NuTepecHo, YTO B YCIOBHUSX JIONOJHUTEIBHOM T'€HOTOKCHYECKOMW Harpy3Ku
HAaWMEHBIIINE OTIMYUSA OT KOHTPOJISI 10 YacTOTaM KJIETOK C TOBPEKICHUSIMU OBLITU
oOHapy>keHbl B PEKOHCTPYUPOBAHHOW Cpele, NPHUTOTOBICHHOW Ha aHOJIUTE.
[Tockonbky MHHI' B kxyneTypy Bcernma BBoauiau 3a 20 yacoB 10 ee o0OpabOTKu
ATOXaJa3uHOM B, MOXHO MNpeanoNoKUTh, YTO KJIETKH, HECYIIUE TECHETHYECKUE
MOBPEXJICHUSA, B 3THUX YCJIOBHUSAX MNOTHOaNM IMyTEM HEKpo3a euie J0 CO3JaHus
[IUTOKUHETUYECKOrO OJI0KA.

Kak BuaHOo B Tabn. 4.12, apdextsl S-MUH. KaTolnMTa CBOAWIUCH K YBEIUYEHUIO
nponudepaTUBHOM aKTUBHOCTH 3a CYET YBEJIMYEHUS KOJUYECTBA  KIETOK,
npomeuux 2 u 6onee MUTOTHYECKHMX KA (X=4,03). B T0 ke BpeMs, yBelIuueHUe
MPOJIOJKUTEIIBHOCTH  aKTUBAllMM KaTOJIMTOB XapaKTEpHU30BaJIOCh TOPMOKEHUEM
npomepalyu yxKe Ha ypoBHE HepBoro Muto3a (X = 8,38 u 8,73, COOTBETCTBEHHO).

HNHTtepecHo, 4TO AecTBUE aHOJIUTA ObLIO OJMKE BCETO K KOHTPOJIBHOM cpefe 0e3
MHHI', HO OmIMYaNOCh MEHBINEH 4YacTOTOM 4-snepHbIX KieTtok (X*=8,34), uro
TOBOPUT O CHIDKCHUU TNPOJU(EpaTUBHOM aKTUBHOCTH. AHAIN3 HWHTETPaIbHBIX
nokasaresneil mnponudepaTUBHON akTUBHOCTH (Tabn. 4.13) mnoaTBepKgaeT 3Tu

3aKJIIOYCHU .

Ta6muua 4.12 CriekTp KJIETOUHBIX MOMYJSALUN B KyJIbTypax KJIETOK KPOBH
YeJIOBEKA, MPUTOTOBJIEHHBIX HA HEKOHTAKTHO AKTUBUPOBAHHBIX BOJIaX HA OCHOBE
MOCKOBCKOW BOJOIPOBOIHOM BOJBI U SKCIIOHUPOBAHHBIX

6 MKr/mu1 crangaptHoro myrarena MHHT

0 -
%l- | %2- | %3 | %4 o Murror
Bona, ycnoBust HOJUsAEP- YyecKast
SJCPHBIX | SIIEPHBIX | SAEPHBIX | SACPHBIX
AKTUBalInn HBIX AKTUBHOCTbD,
KIETOK | KIIETOK | KJIETOK | KJIETOK o
KJIETOK o
Kontpons 6e3
MUEHT 30,85 39,56 10,53 13,97 1,27 3,80
KonTpoib
MEHL 23,32 29,64 9,68 25,69 3,16 5,54
Kartomut 5 mun | 15,8%%* 29,4 7,8 | 31,60%* | 6,20%* 5,14
KaT;ﬁiT 2001 4y 8g%x | 34.00% | 415%% | 1047 2,89 4,6
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0 -
%l- | %2 | %3 | %4 o Murrorn
Bona, ycnosust oIS Iep- yeckas
HI[CpHBIX SIIICPHBIX HI[CpHBIX SII[epHLIX
AdKTHUBAIInnu HBIX AKTUBHOCTB,
KIJIICTOK KIJIICTOK KIJIICTOK KIJICTOK 0
KJIETOK %
Karomt 40| 36 ggux | 36 624+ | 520 14,68%* | 0,74 4,15
MUH
AHOJTHT 25,58 32,95 795 | 18,22%* 426 3,53
IIpumeuanue:

*) — 3HQUMMO TI0 CPAaBHEHHIO C KOHTpoJieM, oopadoranasiM 6 mxkr/mMa MHHI, p<0,05
**) —3HAUMMO MO CPAaBHEHMIO C KOHTpoJieM, oOpadoranubM 6 Mxr/mMia MHHI p<0,01
**¥) — 3HAYMMO T10 CPaBHEHUIO ¢ KOHTposieM, oopadoTanuasiM 6 Mkr/Mmi1 MHHI p<0,001

100%
90%
80%
70%
60%
50%
40%
30%
B % nonusae pHBIX KNEeTOK
20% 0% 4-Ane pHBIX KNETOK
B % 3-AgepHLIX KNETOK
10% 0 %2-a8e pHbIX KNeTOK
0% @ %1-Ape pHbIX KNETOK
koHTpone Kontpone Kontpone Katonut 5 Katonut Katonur  Anonut
B6e3sMHHT MHHIM3 MHHI 6 MWH 20 muH 40 MKuH
MEr/imn MKrimn

Pucynok 4.3. CriekTp KJIETOYHBIX MOMYJISAIUI, 0OHAPYKEHHBINA MTPU MHKYOalUu
KJIETOK KPOBH YEJIOBEKA B PEKOHCTPYUPOBAHHBIX CpElaX, IPUTOTOBJIEHHBIX Ha
AKTUBUPOBAHHBIX BOAAX HA OCHOBE MOCKOBCKOM BOJAOIPOBOJIHOW BOJBL, B
npucyrctBun 6 Mxr/mMia MHHI'. 51 cpaBHEeHuUs B JIEBBIX CTOJIOMKAX MOKa3aHbI
JAHHBIE JIJIS1 KJIETOK, KyIbTUBHpOoBaHHBIX 6e3 MHHI™ u B mpucyTcTBum 3 MKr/™Mi
MHHI".

Bonee Toro, cpaBHEHHE C KyJlbTypamH, BbIPAlllCHHbBIMHU Ha Cpelax Ha OCHOBE
HEAKTUBUPOBAHHOW BOJBI, HO B mnpucyrctBuu 3 wmkr/mn MHHI (tabn. 4.10),
MOKA3bIBAET, YTO YACTOTHl KJIETOK C TMOBPEXKICHUSIMU ObUIM HHUXE MO0 HE
npeBbimany dddextsr 6ombmon 10361 MHHI'. B 1o ke Bpemsi, Beicokas mo3a MHHI
B Ccpejie, MPUTOTOBJICHHOW HA 5-MUHYTHOM KaTOJUTE, WHAYIHPOBAJa yBEIUYEHUE

4acTOTHI 3-A1epHBIX Ki1eTok ¢ HIIM (X*=3,84).
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OpmHako BO BceX KyJbTypaxX Ha KaToJIUTaX B MPUCYTCTBUM OoubInon 10361 MHHI
OOHAPYKUBAIOCH CHIKEHUE YaCTOThI 4-sepHbIX KieTok ¢ M (X? = 3,28; 3,64 u

5,98 nns 5-, 20- 1 40 MUH KaTOJIUTOB, COOTBETCTBEHHO).

Tabmuua 4.13. MaTerpaibHble MoKa3aTeau NpoaudepaTiBHON aKTUBHOCTH B
KyJIbTypax KJIETOK KPOBH YEJIOBEKA, IPUTOTOBJICHHBIX HA HEKOHTAKTHO
aKTUBUPOBAHHBIX BOJAX HA OCHOBE MOCKOBCKOW BOJOIPOBOJHOM BOJBI B
npucytctBuu 6 Mxr/ma MHHIT

% % Miexe Mrnexe AcummeTpust
Bona, ycnosus JESAIMXCS | YCKOPEHHO JICIICHUS BO
aKTUBALIUH KJIETOK B JEIAIAXCS PEATEEILT, | BETE G- 2-M MHTO3€,
MOMYJISILIUU KIIETOK o b ik el
KonTpons 6e3
MHHI' 60,4 34,6 2,07 1,89 0,14
KonTpoib
6 mxr/mu MHHIT 68,18 38,54 2,14 1,98 0,38
Katoymut 5 MuH 75 45,60* 2,24 2,11 0,25*
KaTomut 20 MuH 51,62 17,51%%* 1,64 1,67 0,39
Karomut 40 mun 57,25 20,63%** 1,85 1,72 0,35
Anonut 63,37 30,43** 1,88 1,83 0,44
IIpumeuanue:

*) — 3HQUMMO TI0 CPABHEHHIO C KOHTpoJieM, oopadoranasiM 6 mxkr/mMa MHHI, p<0,05
**) — 3HAUMMO MO CPAaBHEHMIO C KOHTpoJieM, oOpadoranHbM 6 Mkr/Mia MHHI p<0,01
*%¥) — 3HAYMMO T10 CPaBHEHUIO ¢ KOHTposieM, oopadoTanuasiM 6 Mkr/Mmi1 MHHI p<0,001

Cnenyer OTMETUTh, YTO YaCTOTHl KJIETOK C HYKJICOIUIa3MEHHBIMH MOCTaMH B
KYJIBTYPE Ha aHOJIUTE BCErja ObLIM BBIIIE, YEM B COOTBETCTBYIOIEM KOHTpoie (X =
7,41; 448 u 6,97 nna 2-, 3- u 4-sA€pHBIX KJIETOK, COOTBETCTBEHHO), YErO HE
HaOJII0/IaIK B KYJIBTYpax Ha KaToJUTaXx.

AHaM3 MHTETpajbHBIX I[IOKa3aTelell MOBpeXIeHUs KIeTok (Tabm. 4.15)
CBUJICTEIILCTBYET O IMPOTHUBOMOJIOKHBIX 3(dekTax s KaToJuToB M aHoimTa. M B
TOM CPAaBHEHUHU BAXHYIO POJIb WMIPaeT MOKa3aTedb 4YacTOThl aIoITo3a, KOTOPBIN
cornacyercsi ¢ 3ddexrTamu, OMUCAHHBIMU BBIIIE, HE OTIMYACTCS OT KOHTPOJS IS

KaTOJIMTOB M IPEBBIIIACT KOHTPOJIb B cpejie Ha anojute (X° =4,52).

Tabnuna 4.14.YacToThl KJIETOK C MOBPEKICHUSIMU B KYJIbTypaX KPOBHU YEJIOBEKA,
MIPUTOTOBJICHHBIX HA HEKOHTAKTHO AKTUBMPOBAHHBIX BOJIaX HA OCHOBE MOCKOBCKOM
BOJIOIIPOBOIHOM BOJIbI B IPUCYTCTBUU 6 MKr/Mi1 MHHI
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1) 0,
% 2- % 2- % 3- % 3- % 4- % 4- ¢ ¢
Bona, SNEPHBIX | SANEPHBIX | SAEPHBIX | SAEPHBIX | SOEPHBIX | SAEPHBIX s s
YCIIOBHS AEY P P P P p HBIX HBIX
AKTHBALIN KJIETOK C KJIETOK C KJIETOK C KJIETOK C KJIETOK C KJIETOK C KICTOK CICTOK ¢
M HIIM M HITM M HITIM MST HITM
KonTpons
6e3
MHHT 1,19 0,69 5,26 0,00 7,97 17,39 18,75 12,5
KonTpons
MHHT
6 MKI/MJI 0,70 0,10 14,29 8,16 12,31 17,69 37,5 12,5
Karonut
5 MUH 1,09 0,20 7,69 | 23,08*** | 5 70** 17,72 25,81 9,68
Kartomur
20 MuH 1,21 | 0,50* 4,35 17,39 | 3,45** 17,24 43,75 12,5
Karomur
40 muH 0,20%* 0,10 | 0,0%* 7,14 | 253%* 13,92 | 0,0* 0,0
Anout 0,9 | 1,00%** 14,63 | 24 39*** 14,89 | 32,98%*** 22,73 27,27
IIpumeuanue:

*) — 3HAUMMO TI0 CPAaBHEHHIO C KOHTpoJieM, oopadoranasiM 6 mxkr/mMa MHHI, p<0,05
**) — 3HAUMMO MO CPAaBHEHMIO C KOHTpoJieM, oOpadoranHsM 6 Mkr/mia MHHI p<0,01
*%¥) — 3HAYMMO IO CPaBHEHUIO ¢ KOHTposieM, oopadoTanHbiM 6 Mkr/Mi1 MHHI p<0,001

Takum 06pa30M, PE3YIbTATBI 3TOI'0 CJIIOXKHOI'O 3SKCIICPUMCHTA IIOKa3aJlh, YTO

HCKOHTAKTHO AaKTHBHUPOBAHHLIC BOAOIIPOBOAHLIC BOJbI MHAYLUPOBAIN CJIICAYIOIINC

3¢ PeKxTh HecTaOMIBHOCTH TeHOMA KJIETOK KPOBH YEJIOBEKA!

- HN3MCHCHHC nponmbepaunn KIICTOK — B PpPa3HbIX BapHaHTAaX aKTHBAllUK

Ha6J'IIOI[aJ'IOCB KaK YCKOPCHHUC, TaK MW 3aMCIAJICHHUC IICPBOrO MHTO3d, MU BO BCEX

BapHaHTaX — TOPMOKCHHUC BTOPOI'O MHUTO34,

- YBCJIIMYCHUEC YaCTOTbI ACUMMETPHUYIHO ACIIAIINXCS KIICTOK;

- YBCIHMYCHUC YaCTOTHI

IMMOBPCKACHUAMMU

YCKOPCHHO ACJAININUXCA KIICTOK € TI'CHCTHYCCKHMU

Tabnuua 4.15. UaTerpanbHble MOKa3aTesd TeHETUYECKUX MTOBPEKICHUN B
KyJbTypax KJIETOK KPOBH YEJIOBEKA, TPUTOTOBICHHBIX HA HEKOHTAKTHO
AKTUBHPOBAHHBIX BOJAAX HA OCHOBE MOCKOBCKOM BOAONPOBOIHON BOJIbI

B npucytctBuu 6 Mmxr/mia MHHIT

% % % yCKOpEHHO
Bopna, ycroBust JIBYSIIEPHBIX TETSIIAXCS TETSIIIAXCS AmnonTos,
aKTHBAIIUU KJIETOK C KJIETOK C KJIETOK C %
MOBPEWICHUSMH | MOBPEKJICHUSIMH | TOBPEKICHUIMHU

KonTposs 6e3

MHHT 1,88 5,08 23,69 2,4

KonTpoins 6 MKr/mi
MUHT 0,80 5,52 29,74 3,36
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% % % YCKOpEHHO
Bopna, ycioBus JIBYSITICPHBIX JCTISIIAXCS JSTISIIAXCS ArmonTo3,
aAKTHBAIlUH KIIETOK C KJIETOK C KJIETOK C %
MOBPEIKIACHUSIMH | TIOBPSKICHUSIMU | TOBPEIKACHUSIMH
Kartomut 5 Mmuna 1,29 5,91 26,32 4,60
Katomut 20 MuH 1,71%* 3,95% 26,80 2,35
Karomut 40 Mmun 0,30%* 1,62%** 13,51%* 2,23
AHOIUT 1,90* 7,87%* 45,86** 6,20*
IIpumeuanue:

*) — 3HaYMMO 1O CPABHEHUIO C KOHTpoJieM, oOpabdoranHeiM 6 Mkr/mi MHHI, p<0,05
**) —3HaUMMO MO CPABHEHMIO C KOHTpoJieM, oOpadortanHbM 6 Mkr/Mia MHHI™ p<0,01
*#%*) — 3HAYMMO IO CPABHEHMIO C KOHTpoJieM, oopadortanubiM 6 Mkr/mu1 MHHI™ p<0,001

- TIOBBINICHWE YYyBCTBHUTEIHLHOCTH T€HOMA KJIETOK K MyTareHHOMY IEHCTBUIO 3
MKT/MJT (MHHUMQJIBHOW W3 WM3YyYEHHBIX KOHIICHTpAIlMi) CTaHIAPTHOTO MyTareHa
MHHI" u Tokcndeckoe nercTBue MaKCUMaIbHOW KOHLICHTPALWH;

- Tpu A00aBIIEHWU [BYX 03 CTAaHAApTHOTO MyTareHa K CpeAe Ha OCHOBE
HEAKTUBUPOBAHHOW BOJbI HabOmoAanuch 3(G(EKThl, Ka4eCTBEHHO HANOMUHAIOIINE
BbIIIeTIepEeYHCIIeHHbIE AP (EKThl aKTUBALIMH BOIbL;

- B NPUCYTCTBMM JBYX 103 cranpaptHoro myrarena MHHI' u 6e3 nHero B
KyJIETypax Ha BOJOTPOBOIHOM BOJIe HAOMIOMAIUCh 3P (HEKThI, KaYeCTBEHHO CXOHBIC C
JCHCTBUEM aKTUBUPOBAHHBIX BOJ] HA OCHOBE OCMOTHYECKOW BOJIBI;

IIpu sTOM:

- cootHomieHue d3PdexkToB mnpommdepanved W YaCTOTaMH  KJIETOK C
MOBPEIKICHUSIMH JIJIs1 KATOJTUTOB M aHOJIMTA ObUTH pa3HOHAIIPABICHHBIMU;

- MOHOTOHHBIX JIO30BBIX 3aBUCHMOCTEH OT BPEMEHM aKTUBALUUA B IPOSIBICHUU
3¢ (PEKTOB KAaTOIMTOB BBISBICHO HE OBLIO.

[Tomy4yeHHble JaHHBICE TIO3BOJITIOT C  BBICOKOM  BEPOSTHOCTBIO  OXKUJAThH
BO3HUKHOBEHHSI TeHOTOKCHUYECKUX 3 (exToB in vivo. [ mpoBepKku 3TOW THIOTE3bI
BBITIAUBAHUIO  MBIIICH HEKOHTAKTHO

ObLIH MNPOBCACHBI  OKCIICPUMCHTBI 110

AKTUBHUPOBAHHBIMU BOAaMu, IMPUTOTOBJICHHBIMHA Ha OCHOBC MOCKOBCKOM

BOJIOIIPOBOTHOM BO/IBI.

4.3. OueHka reHoTokcn4ecknx 3pPeKToB B KIeTKAX KOCTHOI0 MO3ra MbIIIei
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HAB, u3ydeHHble B SKCIIEPUMEHTE Ha KYyJbType KpPOBH YE€JIOBEKa TAKXKE ObLIH
MCIIOIb30BAHBI JIJIS1 3alIaMBAHUSI MBIILICH B IEPBBIE CYTKHU ONBITA.
WCIIOJIb30BAHHBIX B

duszuko-xumMuueckue cBoiictea HAB, JKCIIEPUMEHTE,

npencTaBiieHbl B Taom. 4.16.

Tabmuia 4.16. duszuko-xumuyeckue csoiictea HAB Ha 0cHOBE MOCKOBCKOIA
BOJIOIIPOBOIHOM BOJIbI, UCTIOJL30BAHHBIC JIJISI BHIMTAMBAHUS MBIIIICH

YcioBus akTUBALIUK: Jomst
cuia Toka (mpu CTPYKTYpUPOBAHHOM
MOJIy4eHUH (cBsi3aHHOIA) (hazbl B
KOHTAKTHO OKUCIHTEIEHO- Caetocymma BOJIE, q
AKTUBUPOBAHHBIX XEMUITIOMH-
BOCCTAHOBUTEIb-
BOJI) ¥ BpeMs N HECIICHIINU
aKTUBAIMHU (IPU BT HOTCHIHALT, *10*
OBII,MB ’ Cpennee, | Bapuanus,
MTOJTYICHUH YCILE]I. o Var
HEKOHTAKTHO °
AKTUBUPOBAHHBIX
BOJI)
KonTpoab 226,7 7,33 0,188 0,049
E 60MA.....5 MuH 173,7 8,95 0,202 0,044
é 60MA.....20 MuH 73,95 7,21 0,201 0,044
=<
60MA.....40 MuH 40,7 6,59 0,181 0,057
E 60MA.....40 MuH 259,96 7,29 0,173 0,051
=]
=
<

BrimanBanue KMBOTHBIX ad

sKcepuMeHTa B TeueHue 30 CyToK.

libitum mnpoBomuIu B

paMKax II0aO0CTpOro

CpeI[HeryrIHOBBIe JAaHHBIC I10 BCCM M3YUCHHBIM ITOKA3aTCIIAIM IIPUBCICHLI B TaomI.

4.17.
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Tabmuna 4.17. CpeHerpynmnoBbie 3Ha4eHUsT YaCTOT KJIETOK C pa3HbIMU TUIIAMU a0eppalivii XpOMOCOM M U3MEHEHUE
MUTOTHYECKON aKTUBHOCTH, UHIYIITUPOBAHHBIX HEKOHTAKTHO aKTUBUPOBAHHBIMU BOJIAMU B KJIETKaX KOCTHOT'O MO3Ta MbIIIEH

[Ipocmotpen Knerok ¢ ¢pparmenramu, | Beero kieTok MU / 3nauenre X (10 CPaBHEHMIO C
I'pymma/ o Kierox ¢
[Toka- 0 KJIETOK %o c 1000 KOHTPOJIEM TOTO K€ CPOKa)
TIpofIomKHTENLHOCTS 3areib abeppanusamMu TeraMH, KJIETOK Abe Knerku
9KCIIO3ULINHN n=40+2 OJWH. | MIapHbIE | MHOX. PP o ’ % PP M1
0 KIIETKH | C TAmamMu
KOHTPOJIb / 10 Cp 600 | 1,67 0,00 0,50 2,17 0,50 13,67
Havana
9KCIICpUMEHTA CtOm 0,56 0,00 0,50 1,06 0,22 3,28
Cp 500 | 1,00 0,20 0,00 1,20 0,60 14,60
KOHTPOJb /CYyTKH
CtOm 0,63 0,20 0,00 0,83 0,60 2,96
5-MUH KaToJUT Cp 500 | 2,40 0,00 0,00 2,40 1,40 12,00 2,93 2,81 | 0,60
/CyTKH CrOm 1,08 0,00 0,00 1,08 0,51 2,17
20 MUH KaTOJIHT Cp 495 | 1,60 0,00 0,00 1,60 1,60 12,80 0,31 2,35 | 0,00
/CyTKH CrOm 0,75 0,00 0,00 0,75 0,68 2,96
40 MuH KaToIuT/ Cp 500 | 0,80 0,00 0,20 1,20 0,00 29,20 0,00 3,01 | 24,80
CYTKH CrOm 0,49 0,00 0,20 0,89 0,00 3,64
Cp 500 | 0,20 0,00 0,00 0,20 0,40 22,00 3,60 0,20 | 7,62
AHOJUT/ CyTKU
CrOm 0,20 0,00 0,00 0,20 0,40 3,62
Cp 500 | 0,60 0,00 0,00 0,60 1,00 20,50
Kontpons/ 8 cyrok
CrOm 0,40 0,00 0,00 0,40 0,55 2,14
5-MUH KaToJINUT/ Cp 600 | 1,17 0,00 0,17 1,33 1,17 19,00 1,48 0,07 | 1,05
8 cyTok CtOm 0,44 0,00 0,18 0,62 0,44 2,42
20 MUH KaToJuT / Cp 600 | 0,33 0,00 0,00 1,17 0,50 28,50 0,97 0,94 | 17,70
8 cyTok CtOm 0,23 0,00 0,00 1,14 0,24 1,91
40 MuH KaToauT/ Cp 609 | 2,17 0,00 0,00 2,17 0,83 26,33 4,55 0,00 | 12,60
8 cyToK CrOm 0,96 0,00 0,00 0,96 0,34 5,90
aHoJwT / Cp 600 | 0,50 0,00 0,00 0,50 0,33 27,00 0,00 1,91 | 14,10
8 cyToK CrOm 0,22 0,00 0,00 0,22 0,33 3,67
KOHTPOJIb / Cp 398 | 1,80 0,00 0,00 1,80 0,80 8,10
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[Ipocmotpen Krnetok ¢ ¢pparmenrtamu, | Bceero kierok MU/ 3nauenne X (M0 CPaBHEHMIO C
I'pymma/ H Kiretok ¢
[oxa- 0 KJIETOK %o c 1000 KOHTPOJIEM TOT'0 e CPOKa)
TpoztomkHTeNLHOCTS 3areib abeppanusamMu TeTIaMH, KIeTOK | AGepp | Knerku
9KCITO3UIINN n=40+2 OIIUH. | MapHbIE | MHOX. o ’ % MU
0 KJIETKH | C IomamMu

15 cyrok CrOrm 1,07 0,00 0,00 1,07 0,37 2,62

5-MUH KaToJuT / Cp 263 | 1,17 0,00 0,00 1,17 0,50 11,67 3,92 0,03 | 0,63
15 cyrok CrOm 0,48 0,00 0,00 0,48 0,34 6,26

20 MUH KaToJHUT / Cp 141 0,80 0,00 0,00 0,80 0,60 11,60 3,48 1,02 | 0,52
15 cyrok CtOr 0,80 0,00 0,00 0,80 0,24 6,28

40 MUH KaTtoaut/ Cp 355 0,67 0,00 0,00 0,67 1,33 5,67 0,28 1,86 | 2,79
15 cyrok CrOm 0,37 0,00 0,00 0,37 0,46 1,46
AHOJINT / Cp 486 | 2,83 0,00 0,17 3,00 0,83 16,73 8,20 0,41 | 14,50
15 cyrok CtOr 0,83 0,00 0,17 1,00 0,31 2,75

KonTpomns/ Cp 500 | 1,20 0,20 0,20 2,60 0,40 24,00

30 cyroxk CtOm 0,58 0,20 0,20 1,98 0,40 3,08

5-MUH KaToJuT / Cp 600 | 1,17 11,67 0,00 1,30 0,17 35,50 0,12 0,55 | 8,62
30 cyrok CtOm 0,40 11,66 0,00 1,23 0,17 3,77

20 MUH KaToJuT / Cp 600 | 1,00 0,00 0,50 1,50 0,17 32,83 1,68 0,55 | 7,60
30 cyrok CtOm 0,52 0,00 0,50 1,02 0,17 2,84

40 MUH KaToauT/ Cp 600 | 0,67 0,00 0,67 1,50 0,17 30,33 1,68 0,55 | 4,10
30 cyrox CrOrm 0,33 0,00 0,42 0,56 0,17 2,59
aHoJuT / Cp 600 | 1,17 0,00 0,33 1,33 0,50 26,50 1,16 0,06 | 0,69
30 cyrox C1Om 0,40 0,00 0,33 0,90 0,22 4,69

[Ipumeuanue:

- pasnuuus 3HA9UMBI ipr X- > 1,96 (p<0,05) 1o 0aHOCTOPOHHEMY KPUTEPHIO [36]
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HOCKOJILKy OKCIICPHUMCHTHI 110 KYJIbTUBUPOBAHHUIO KJIICTOK KPOBH YCJIOBCKA ITIOKA3aJIH,
4YTO aKTMBHPOBAHHBIC BOABLI, ITPCKAC BCCTO, OKA3bIBAJIM BJIMAHHKUC HA nponu(l)epaTHBHon
AKTHUBHOCTB, IIPpH aHAJIN3C PC3YJIbTATOB, IIOJNYYCHHBIX B J3KCIICPUMCHTC Ha MBbIIIAX,

MpEeXkE BCET0, Mbl OIEHUBAIM U3MEHEHUSI MUTOTHYECKOTO MHJIekca (puc. 4.4.).

45
40

35 i * *
30 *
JI: B 1 cytkm

25 0 8 cyTok

20 M 15 cyToK
0O 30 cyTok

*

VUV ARG

15
10 =
5
0 |

KOHTPONb AHONMUT KaToNMMT5 Katonut  Kartonur
MWH 20 MmuH 40 MuH

B KoHTpONbL
OaHonur

B kaTonuTt 5 MuH
OkaTtonut 20 MUH

U IVUY TGN

B kaTonuT 40 MHUH

1 cyTKM 8 cyTok 15 cyTok 30 cyTok

PI/ICYHOK 4.4. MutoThyeckasd aKkTUBHOCTb KJIETOK KOCTHOI'O MO3Ta MBIIIEH B
AUHAMHUKC ITOOAOCTPOTO SKCIICPUMCHTA (BerHSIH z[HarpaMMa) N CPAaBHCHHC
MHUTOTHYECKON aKTUBHOCTHU Pa3HbIX BOI HAa Ka}KI[BIf;I CPOK OKCIICPUMCHTA (HI/I)KHSIH
auarpaMmma).

QbosHnauenus:

KonTpons — MockoBCcKkast BoonpoBoiHas Boja 6e3 oopabotku, OBI1=226,7mB;

Karonut 5 muH - nonydex npu cuiue Toka = 60 MA, Bpems aktuauuu 5 muH, OBII=173,7MB;
Karonut 20 MuH - nonyuyeH npu cuie Toka =60MA, Bpems aktuBaiuu 20 mun, OBI1=74,0mB;
Karonut 40 MuH — nonyuen npu cuiie Toka =60MA, Bpems aktuBauuu 40 mun, OBI1=40,7MB;
AHOIUT — noJty4yeH npu cuie Toka =60MA, Bpems aktuBaiuu 40 mun, OBI1=260,0mB
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[Ipu paccMOTpeHHMH STUX JAHHBIX, MPEXJe Bcero, OpocaeTcs B Iya3a, yTo Ha 15
CYTKH SKCIIEPUMEHTAa MUTOTUYECKAsl aKTHBHOCTh BO BCEX TPYIINax >KWBOTHBIX ObLIa
HU3KOM MO CpPaBHEHUIO C APYTMMHU CpPOKAaMH, a JJii KOHTpOJist, aHoiauTa u 40-MuH.
KaTOJIUTa - HMXKE, YEM B JPYTHE CPOKM IKCIEpUMEHTa. B To ke Bpems, BaXHO, YTO
MPOTUB KOHTPOJISI HA JAHHBIN CPOK (BpeMeHHOM) cHrkeHust MU He HaOr01anoch HU B
OJIHOM TPYIIIe JKUBOTHBIX, a HAa KaXJbIM CPOK DJKCIEPUMEHTA IS Pa3HbIX BOJI
HAOJIIOJAJIOCh  CTATUCTHMYECKU 3HAUYMMOE TMIOBBIINIEHHE MUTOTUYECKOHM aKTHUBHOCTH
KJIETOK KOCTHOTO Mo3ra Mblmei (puc. 4.5). Tak, karonuT, nonydeHHbId 40-MuH.
AKCHO3UILMEN, MHAyUupoBasl moBbilieHMe MU Ha 1, 8 u 30 CyTKHM 3KCIIEpUMEHTA,
aHOJIUT — Ha Bce CpokH, kpoMe 30 cyTok, 20-MHH. KaToJuT — TOJIbKO Ha 8 1 30 cyTku, a

5-MuH. KaToauT — ToibKo Ha 30 cyTku (puc. 4.5, tadm. 4.13).

2,5
*
2 *
B 1 cyrku
1
3 * *
;. 1,5 * * * = 0 8 cyrok
: M 15 cyTok
1 0O 30 cyrok
" 05
0
KOHTpONb  aHonut  Katonut5 kKatonut 20 katonut40
MWHYT MUWHYT MWHYT

Pucynok 4.5. VI3MeHeHHE€ MHUTOTHYECKOM AaKTUBHOCTH KJIETOK KOCTHOIO MO3ra B

JUHAMHUKE SKCIICPUMCHTA - KPATHOCTD IIPCBLIMNICHUSA HAJI KOHTPOJICM.
Obo3nauenus:
KonTpons — MOCKOBCKast BOIopoBoIHAs Boja 6e3 oOpabotku, OBI1=226,7MB;
Karonut 5 muH - nonyden npu cusue Toka = 60 MA, Bpems aktuBauuu 5 mun, OBI1=173,7mB;
Karomut 20 MuH - nomydeH nipu cuie Toka =60MA, Bpems aktuauuu 20 mun, OBII=74,0mMB;
Karonut 40 MuH — nonyuen nipu cuiie Toka =60MA, Bpems aktuBauuu 40 mun, OBI1=40,7MB;
AHoONUT — noy4eH npu cuiie Toka =60MA, Bpems axtuauuu 40 mun, OBI1=260,0mMB

AHanu3 aleppauuii XpoMOCOM IIOKa3asl, 4TO 4epe3 24 wyaca Imocie Hayaia
BbIIIAaMBaHUs >KUBOTHBIX (puc. 4.6.) TONBKO MJIE S-MHUHYTHOrO KaTojuTa OBLIO
OOHapy>XeHO TOBBIIIEHHE YAaCTOThl KJIETOK C abeppalusMd, a y IKUBOTHBIX,

NOTPEONIABIIMX aHOJUT, YaCTOTa a0EpPAHTHBIX KJIETOK Oblla HUXKE YPOBHS KOHTPOJIS.



88

Ha 8 cyTku ombiTa NOBBINIEHHWE YacTOThI KIETOK ¢ adeppalusMu ObLIO OTMEUYEHO
TOJILKO B rpytie, norpedissiiei 40-muH. katonuT. Ha 15 cyTku mpeBbilieHne ypoBHS
KOHTPOJISI OBLII0 0OHAPYKEHO y KUBOTHBIX, TOTPEOIABIINX AHOJIUT M S-MHUH. KaTOJIMT, a
y JKUBOTHBIX, NOTpeONsBIIMX 20-MUH. KaTOJUT HAONIONANOCh TOJNBKO CHUXKEHUE
4acTOThl aOeppaHTHBIX KIETOK OTHOCHTEIBHO YPOBHSA BpeMeHHoro koHTpois. Ha 30
CYTKH BO BCEX AKCIIEPUMEHTAIIbHBIX CEPUSX HAOII0IaT0Ch TOJIBKO U3MEHEHHE YaCTOThI
abeppaHTHBIX KJIETOK B MPEJEIaX BPEMEHHOTO KOHTPOJIsI, IOCKOIbKY HU B OJHOW CepUu
3HAYMMBIX Pa3IU4Mid C KOHTPOJEM OOHApY»KEHO He ObLIO. AHAJIOTMYHBIE JaHHBIE 00
OTCYTCTBUU T€HOTOKCHUYECKUX d(D(PEKTOB B MUKPOSIECPHOM TECTE HA KJIETKaX KOCTHOIO
mo3ra wmbimeit CBA dyepe3 30 cyTok mociie Hayajga BbIIAUBaHHUsS ObUIM TOTYyYEHbI
JLIL.CprueBoi mpu aHanu3e dS(PQPEKTOB KaTONMTA, TOJYUYEHHOTO Ha AaKTUBaTOpeE
«M3ympym». IT0 mOATBEpKIAAET NOJIOKEHUE, IPUHATOE HE TONBKO B PD, HO 1 BO Bcem
MUpE, O TOM, 4YTO B DOKCIEPUMEHTaX 1In VIVO HEOOXOAUMO aHaJU3UPOBAThH

reHoTokcuueckue 3(HeKTsl B paHHUE CPOKH MOCTIE Hayasa SKCIO3UIUH.

B KOHTpOSb

O aHonuT

B KaTonuT 5 MMH
O kaTtonut 20 MUH

B katonut 40 MMH

MW WIS NI IV W AW LISV FLy  SU

1 cyTKH 8 cyToK 15 cyToK 30 cyToK

PI/IC}/HOK 4.6. YacToThl a6eppaHTHBIX KJIETOK KOCTHOI'O MO3Ta MBIIIICH B JUHAMHKC

30-CyTOYHOrO KCIIEPUMEHTA.
Qbosnauenus:
KonTpons — MOCKOBCKast BoonpoBoiHas Boja 6e3 oopabotku, OBI1=226,7mB;
Karonut 5 muH - nonydex npu cuiue Toka = 60 MA, Bpems aktuBauuu 5 mun, OBII=173,7mB;
Karonmut 20 MuH - momyueH nipu cuiie Toka =60MA, Bpemst aktuBanuu 20 muH, OBI1=74,0mB;
Karonut 40 MuH — nonyuen npu cuie Toka =60MA, Bpems aktuBauuu 40 mun, OBI1=40,7MB;
AHOIUT — noJry4yeH npu cuie Toka =60MA, Bpems aktuBaiuu 40 mun, OBI1=260,0mB



89

Knerkun ¢ axpomatudeckumu mpooOenamu (remamMy) OOBIYHO HE BXOJAT B YHCIIO
XPOMOCOMHBIX a0eppalidii, XOTsS MPEJCTaBISIOT co00M oaHOHUTEBBIC pa3peiBel JIHK,
KOTOpbIE MOTYT BO3HHMKaTh B pe3ylbrare oOpa30BaHHMS allypUHOBBIX /WU
aNMPUMUIMHOBBIX CAUTOB, MHIYLIUPOBAHHBIX JIEUCTBUEM PA3JIUYHBIX T€HOTOKCUYECKHUX

(bakTOpOB U - B YaCTHOCTH — HOHU3UpYIOIen paguaruu [129, 132, 154, 180]

HOC—)TOMy B JaHHOM OJKCIICPUMCHTC MbI HOIIOJIHUTCIIBHO K YaCTOTaAM a6€ppaHTHI>IX

KJICTOK OTACJIbHO ITPOAHAIIN3UPOBAIN YaCTOTY 06pa3013aH1/151 C FeHaMI/I.I

AHanu3 3TuX JaHHbIX (Ta0n. 4.14) mokasal, 4To 4acToTa KJIETOK C TelaMu 3HAaYlMO
MpeBbIlIaja YPOBEHb KOHTPOJIS TOJIBKO B TEUEHUE NEPBBIX CYTOK IOCJIE Haudaja
BBITIAUBAHUS W TOJBKO B TPYINAaX MbIIIEH, MOTPEOSBIIMX KATOJIUTHI, HEKOHTAKTHO

AKTUBUPOBAHHBIE B TeUeHUE 5 U 20 MUHYT.

Takum oOpa3om, uepe3 CyTKM NOCJI€ Hayajla 3KCIIEpUMEHTa BO BCEX TIpyIax
KUBOTHBIX, TIOTPEONSBIIMX  KaTOJUTHI, HAONIONATOCHh  TOBBIIIEHWE  YACTOTHI
a0eppaHTHBIX KJIETOK JIMOO KJIETOK C relaMu, 4TO B JIBYX IpyIax — notpeosspimx 40-
MHUH. KaTOJUT WU aHOJUT - COMPOBOXKAAIOCH MOBBIIIIEHUEM MUTOTHUYECKOW aKTUBHOCTH.
UYepe3 8 cyTok reHoTokcuueckue d(PpdekTsl Obut 0OHApPYKEHBI TOJBKO Y YKUBOTHBIX,
notpetnaBmnx 40-MUH. KaTOJIUT, HO CTUMYJISALIMS nposrdepanny Hadmoanach yxe B 3
cioydasix — aist 20- u 40-mMuH. KaronuToB U s aHonuta. Ha 15 cyTku moBbIlieHUE
YacTOThl a0EPPAHTHBIX KJIETOK OTHOCHUTEIBHO BPEMEHHOTO KOHTPOJS ObUIO OTMEYEHO
TOJIBKO y JKUBOTHBIX, MOTPEOSIBIINX AHOJUT, MPUYEM 3TOT 3PGPEKT COMPOBOKIAICS
YBEIIMYEHUEM MUTOTHYECKOM akTMBHOCTU. Ha 30 cyTku BO Bcex TIpyIlax MbIIIEH,
MOTPEOJISABIINX KATOMUTHI, ObUIO OTMEUEHO MOBBIIIEHUE MUTOTUYECKON aKTUBHOCTH, HE
CONPOBOXIABIIIEECS] ~ M3MEHEHHMEM  YacTOThl  TEHETUYECKUX  IMOBPEKICHUHU.
MurtoTudeckass akTUBHOCTh BO BCEX TpyIINax, MOTPEOSBIIMX KATOJUT, ObLIA BBIIIE
BPEMEHHOTO KOHTPOJI, YTO TOBOPUT O CTUMYJSIMU Tpofudepanuu, 4yto Ha (¢HoHE
OOHapy>KeHUsl TMOBBIIMICHHOW YacTOThI KJIETOK C albeppalMsiMd U TelmaMH TOBOPUT O
BO3MOXKHOCTH ~ 3aKpEIUICHHsS]  CYHIECTBYIOIIMX TE€HETHMYECKUX TOBPEXKACHUN B

ITOKOJICHUAX ACIAINXCA KIICTOK. HGCMOTpH Ha TO, YTO TaKHX KJICTOK C TCHCTHYCCKHMMMU
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MOBPCKACHUAMHA, IIpOICANNMUA MHUTO3, MaJIO, KaXIad HW3 HHUX MOXCT CTaTb

HMCTOYHUKOM OITyXOJIEBOUM TpaHC(HOpMaIly TeHOMA.

HecmoTpss Ha TO, 4TO BCe OOHapyKEHHbIE T'€HOTOKCHYECKHE 3()(PEKThl ObLIU B
npenenax KojaeOaHus HMCTOPUYECKOTO KOHTPOJIA, OIPENENICHHOIO IO pe3ysbTaraM
aHanu3a OOJIBLLIOTO YHCJIa SKCHEPUMEHTOB, OHM ObUIM 3HAYUMbl 10 OTHOILEHHUIO K

BPEMCHHBIM KOHTPOJISIM AAHHOI'O SKCIICPUMCHTA.

BaxxHo, yTO0 00EM BOJIBI, BHITUTON KUBOTHBIMH, MPSMO KOPPEIHPOBAI C YACTOTAMHU
abeppaHTHBIX KIETOK M KJIETOK ¢ remamu (B oboux ciayyasx 1r=0,78; p=0,013). Oto
MO3BOJISIET OTHECTH YyKa3zaHHble 3¢@dexkTsl K uHaynupoBaHHbiM HAB. IloaTomy
CUTYyalHIo, MoA00HYI0 3adukcupoBaHHOM Ha 15 u 30 CyTKM, Henb3s TPaKTOBaTh Kak
MO3UTUBHBIN AP (DEKT MOTpeOIeHUST HEKOHTAKTHO aKTUBUPOBAHHBIX BOJI.

Kpowme Toro, ciemyer OTMETUTD, YTO BOJONIOTPEOIEHUE BO BCEX OMBITHBIX IPYIIax B
Hayaje SKCIEpUMEHTa ObUIO BBIIE, Y€M B KOHTPOJIE, HO 3aMETHO CHHXXaJOCh B
nociuenytomue cpoku (puc. 4.7). B To xe Bpems, B KOHTPOJIBHOW Tpynie MbIIIEH

BOI[OHOTpGGJ'IeHI/Ie BapbHUPOBAJIO HC3HAYUTCIIBHO U HC UMCJI0 BLIpa)KCHHOﬁ JUHAMHUKH.

m8 cyTokK
015 cyTok

m30 cyTok

KOHTpO/b aHONMUT KaTtoaut 5 Katonut 20  Katoaut 40
MWH MWH MWH

PI/IcyHOK 4.7. JII/IHaMI/IKa BO)IOHOTp€6J'ICHI/I$I MbIIIIaMH HEKOHTAKTHO

AKTHBHUPOBAHHLIX BOJ, IIPUT'OTOBJICHHLIX HA MOCKOBCKOMH BOI[OI'IpOBOI[HOﬁ BOJIC
Obos3nauenua.
KoHTpombs — MOCKOBCKast BOAOMIPOBOIHAS Bosia 6e3 o0paborku, OBI1=226,7MB;
Karonut 5 mun - nonyden nipu cuiie Toka = 60 MA, Bpems aktuBauuu 5 muH, OBII=173,7mB;
Karonut 20 MuH - nonyueH npu cuie Toka =60MA, Bpemst aktuBanuu 20 mun, OBI1=74,0mB;
Karonut 40 MuH — nonyyen nipu cuiie Toka =60MA, Bpems aktuBauuu 40 mun, OBI1=40,7MB;
AHoUT — nosry4yeH npu cuie Toka =60MA, Bpems aktuBaiuu 40 mun, OBI1=260,0mB
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To ecTb, B ONbITE HAa MBIIIAX KaK M B AKCIIEPUMEHTAX Ha KYJbType KIETOK KPOBU
4eJioBeKa, B Mbl HAOMIOAANM KaK TMOBBIMICHUE MUTOTUYECKOM AaKTHMBHOCTH, TaK U €€
CHUKEHHUE, PABHO KaK U MOBBIIIEHUE U CHH)KEHHUE YaCTOT KIIETOK C MOBPEKICHUSIMU.

OdeHb BaXKHO, YTO B IPYyIIaxX *KUBOTHBIX, MOTpeOsBiire pazubie HAB nposiBunach
pasinyHasi JTMHAMUKa COOTHOIIICHUSI OCHOBHBIX IIUTOTCHETUYECKHUX MOKa3aTesel TecTa -
4acToT abepparii XpoMOCOM U MUTOTHYECKOM aKTUBHOCTH (puc. 4.8).

3,5 1

R?’=0,72
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2,5 1
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2
KOHTponb R"=0,003
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0.5 JxaronuT 40 MuHyT

BLIYIA MG VR b UG AL

0 5 10 15 20 25 30 35 40

MuTOTHU4ECKMA MHAeKC Ha 100 KNeTok

Pucynok 4.8. CooTHOIIIEHHE YacTOThI abeppaliiii XpOMOCOM U MHUTOTHYECKON
aKTUBHOCTH B IpyMIax >KMBOTHBIX, TOTpeOIIBIINX paznuunbie HAB - nuHeiHbIe
TPEH/IBI

AHanu3 3TUX JIaHHBIX MOKa3aj, YTO MPH BHITAMBAHUU MBIIICH HEAKTUBUPOBAHHOM
BOJION (KOHTPOJIB), 3aBUCUMOCTH MEKy YaCTOTON a0eppaHTHBIX KIETOK M M3MCHCHHUEM
MUTOTHYECKON aKTUBHOCTH OOHapy>KeHO He ObLI0. B TO ke Bpems, ajis aHoiuTa u 5-
MUH. KaTOJUTa YBEJIMYECHHE YacCTOThl KJIETOK ¢ abeppalusMu COMPOBOXKIAIOCH
CHIOKEHHEM MHTOTHYECKONM aKTUBHOCTH, YTO OOBIYHO HAOJIOZAeTCs II0J JEHCTBHEM
T€HOTOKCUKAHTOB (IIPU 3aIyCKe IMPOIECCOB perapaii TeHETHYSCKUX MOBPEKICHUH,
WHIYIUPOBAHHBIX XMMHMYECKUMHM MyTareHaMHM ¢ HOHM3UPYIOIIEH paauaiue,
MIPOMCXOJUT 3aJIepKKa MPOJABUIKCHUS KJIETKM B MUTOTHYeCcKoM Iukie [139, 145, 173].
s 20- 1 40-MuH. KaTOJIMTOB HaOJOIAIach MPOTUBOIIOIOKHAS 3aKOHOMEPHOCTh — C

YBCIIMYCHUCM YaCTOTbI a6eppaHTHI>IX KIICTOK MHUTOTHYCCKAA aKTHUBHOCTb KIICTOK
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KOCTHOTO MO3ra yBEIMYMBAaJach, YTO ONUCAHO s KaHueporeHoB [170]. ®deHomeH
YBEIIMYCHHUS] MUTOTUYECKOM aKTUBHOCTH Ha ()OHE TOBBIIICHUS YPOBHS T€HETHUYECKUX
MOBPEXKJICHUNA HAa Pa3HBIX DKCIIEPUMEHTAJIBHBIX MOJENSAX U TPYyIIax J0OpOBOJIBIEB
OmMCaH Jyisi a3pouoHOB [29, 43] u nys Hanouactuil [133, 142], a Takxke HaOMonaICs B
MONYJISIIIMOHHBIX IUTOT€HETUYECKUX O0CIEIOBAHUSAX PA3HBIX IPYIIN JAETEH U B3POCIbIX,
KUBYILIUX B COCTOSTHUM HEAJIANITUBHOTO 3MOIMOHAJIBHOTO cTpecca [45, 148].

AHanu3 BIMSHUS (DU3MKO-XUMUYECKUX CBOMCTB HAB, mNpurotoBieHHBIX Ha
MOCKOBCKOW BOJIOIIPOBOJTHOM BOJIE, HAa HHIYKIHIO TE€HOTOKCHYECKHX 3(P(HEKTOB B
KyJbType KPOBHM YEJIOBEKAa M B KIIETKaXx KOCTHOTO MO3Ta MbIIIEH IMOKa3al, YTo MpHU
UCIIOJIb30BAHUM B OJHOM Marpuile BceX BOJ (KAaTOJIMUTOB W AHOJIMTA), MOKa3areiu
nponudepaTUBHOM aKTUBHOCTU KJIETOK B KYJIbType HE KOPPEIHUPOBAIA C YaCTOTOU
NMoBpexJeHHbIX KieTok (r = - 0,29; p=0,63). OnHako MEXIy STHUMHU TOKa3aTelIsIMU
MMEETCsl JIOTMYeCKas CBSA3b: B KAaTOJIUTaX C YBEJIMYCHHEM 4YacTOThbl MOBPEXKICHHBIX
KJIETOK MposrdepaTuBHAS aKTUBHOCTD KYJIBTYPhI CHI)KAJIACh, YTO MOXKET OBITh BHI3BAHO
aKTUBU3AIlMEH CHUCTEM penapaludd KIETOK W CBA3aHHBIM C O3THUM  OJOKOM
nponudepatuBHoOi akTuBHOCTH (puc. 4.9). B To *xe BpeMs, A KyJIbTyp, BbIPAIIEHHBIX
B PEKOHCTPYHMPOBAHHBIX Cpelax Ha HEAaKTMBUPOBAHHON BOJE (KOHTPOJIb) U HA aHOJIMTE,

MEXIy STUMU Ke MOoKa3aTesIMu Obuta 0OHApy>KeHa 00paTHas CBA3b.
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PucyHnok 4.9. Csi3b MexX1y MOKa3aTeIsIMU NPoHQepanuy U MOBPEKIACHUS KJIETOK
KpPOBH Y€JIOBEKA, KyJbTUBUPOBAHHBIX B PEKOHCTPYUPOBAaHHBIX cpenax Ha HAB,
IIPUTOTOBJIEHHBIX HA OCHOBE MOCKOBCKOM BOJIOIIPOBOJIHOM BOABI
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Pe3ynbTathl, moiydeHHbIE B pe3ysibTaTe MOJAOOHOTO aHajlv3a B SKCIEPUMEHTAaX Ha
MBIIIAaX MOKa3aHbl HA pUC. 4.8, TJIe XOPOIIO BUAHO BOCIIPOU3BOIMMbIC 3aKOHOMEPHOCTH
CHIDKEHHE YacTOThl aOeppaHTHBIX KIIETOK C YBEIMYCHHUEM MHUTOTHYECKOM aKTHBHOCTH
MIPU BHITAMBAHUU MBIIICH AHOJUTOM M YBEIMYEHUE YACTOTHhI a0EppaHTHBIX KIIETOK C
YBEJIIMYEHUEM MUTOTHYECKON aKTUBHOCTH NpU BbinauBaHuu 20- u 40 MUH. KaTOJUTAMMU.
N ananoruyHbpie 3aBUCUMOCTH MbI HAOMIOAAIN MPU KYJIbTUBUPOBAHUM KJIETOK KPOBHU
YEeJIOBEKAa B PEKOHCTPYMPOBAHHBIX CpeAax, NpuroroBiieHHbIXx Ha HAB Ha ocHoBe
OCMOTHUYECKOM BOABI (PUCYHOK 3.4), UTO TOMYEPKUBACT HECIyYalHBIA XapakTep

O0OHapy>KEHHBIX CBSI3EH.

O6o00u1as moNIy4eHHbIE JIaHHBIE, CIEAYyeT OTMETUTh, YTO TMpPU JIUTEIbHOM
BBITTAMBAHUU MBbIIIaM HEKOHTAKTHO aKTHBUPOBAHHBIX BOJ, MIPUTOTOBJICHHBIX HA OCHOBE
MOCKOBCKOW BOJOIPOBOJHONM BOABI, B KOCTHOM MO3I€ XHBOTHBIX HaOIIOAANOCh Kak
CHW)KEeHHE (5-MHH. KaroiuT Ha 15 cyTku skcnepuMeHta W 20-MUH. KaToiauT Ha 15
CYyTKH), TaK W MOBbIIIEHUE (5-MHUH. KaToauT 1 cyTku, 40-MUH. KaTOIUT Ha § CYTKH,
aHonmuT Ha 1 u 15 cyTkm) yactotel Metadas ¢ abeppauusmu xpomocoMm. Kpome Toro, B
OOJIBIIMHCTBE HKCIEPUMEHTAIBHBIX TPyl ObUIO OTMEYEHO IMPEBBIINICHHE YPOBHS
BPEMEHHOT'0 KOHTPOJISL IO MUTOTUYECKOW aKTUBHOCTH.

IIpy BpIMaviBaHWM MBIIIEN BOJOW, HE IIOABEPraBIICUCS aKTUBALMUHU, YACTOTHI
abeppaHTHBIX KIJIETOK HE M3MEHSUIMCh C M3MEHEHMEM MUTOTHYECKOM aKTHUBHOCTH. Jliis
AQHOJINTA W B CYIIECTBEHHO MEHBIIEH CTENEHHU I S5-MHUH. KATOJIUTA YBEJIMYCHHE
YacTOThl KJETOK ¢ aleppalusiMd CONPOBOXKIAIOCh CHH)KEHUEM MHUTOTUYECKOU
AKTUBHOCTHU, XapaKTEpHOE MJisl JEUCTBUS T€HOTOKCUKAHTOB, a nnsi 20- u 40-muH.
KaTOJUTOB HAOJIOJAIach MPOTUBOMOJIOXKHAS 3aKOHOMEPHOCTh — C YBEITUYCHHEM
YacTOThl a0EppPaHTHBIX KIETOK MUTOTHYECKAas aKTHUBHOCTh KJIETOK KOCTHOTO MO3Tra
yBenuuuBanach. llocnennee  HaOmoJeHHE  CBUACTEIBCTBYET O  3aKpEIJICHUH
TeHETUYECKUX MOBPEXKACHUIN B TOKOJICHUSX JENSIIUXCS KIETOK.

To ecTp, pe3ynbTaTbl CyOXpOHHYECKOrO SKCIEPUMEHTA HA MBIIIAX IMOKa3aJld, YTO
ajanTanys KUBOTHBIX K HEKOHTAKTHO AaKTHBUPOBAHHBIM BOJAaM COINPOBOXKAAIACH

HHI[YKHHCﬁ TCHECTUYCCKUX HOBpe)K,Z[eHI/If/'I B KIICTKax KOCTHOroO mMo3ra, IpuiycM B
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OOJIBIIMHCTBE TPYII >KUBOTHBIX H3TH TMPOLECCHl COMPOBOXKIAAINCH MOBBIIICHUEM
MHUTOTHYECKON aKTUBHOCTH.

[Tockonpky renotokcuueckue rddextsi HAB B skcnepuMeHTe Ha MbIIax ObLTH
oOHapy>KeHbI TOJBKO Yepe3 CYTKU M 8 CYTOK IOCJIe Hayala BbIIIauBaHUd, a He uepe3 15
nu 30 cyToK, cleayeT 3aKJIIOUWTh, YTO MPOJOKUTEIBHOCTh JKCIEPUMEHTOB IO
M3Y4YEHUIO TeHOTOKcHueckoro AeiictBus HAB Ha MbIax in vivo cieAayeT COKpPaTUTh J0
5-8 CyTOK, 4TO cOrnacyercs ¢ peKkoMeHaauusIMu, npuHATbiIMU B PO u ctpanax OOCP.

[{urorenernyeckue »GGEKTH OJHOM W TOM K€ BOJbI, M3yUYEHHBIE Ha PAa3HBIX
o0beKkTax (MBIIIK IN VIVO U JUMQOIUTHE KPOBH YEJOBEKa in Vitro), Aaiu OIu3KHe
pe3yNbTaThl, YTO MO3BOJSECT CAENAaTh 3aKJIIOUEHHUE O TOM, YTO KYJIbTypa KIJIETOK KPOBH
YeJIoBeKa SIBIISIETCSA aJeKBaTHON MOJICNIBIO JIJISl MPOTHO3a TEHOTOKCHYECKUX 3(PPEeKTOB B

9KCIICPUMCHTAX Ha KNBOTHBIX.

4.4. OueHkKa reHoTOKCH4YeCKUX 3PPEeKTOB B MOJOBBIX KJIETKAX
Drosophila melanogaster

OGHnapyxeHne TreHoToKcuueckoro gneiictBus HAB B akcnepuMeHTax  Ha
COMAaTHYECKHUX KJIETKaxX In Vitro ¥ in Vivo MO3BOJWJIO MPEANOJIOKHUTh BO3MOXKHOCTD
WHIYKIIMM TEHETHYECKUX IMOBPEXKJICHUM M B TOJIOBBIX KJeTkax. [loporue u monrue
HKCIIEPUMEHTHI Ha JTa0OPATOPHBIX TPBHI3yHAX, MBI 3aMEHWIM omnbITaMu Ha Drosophila
melanogaster — ogHOM u3 HaumboJee M3YyYEHHBIX OOBEKTOB TI'C€HETHYECKUX
uccinenoBanuid. TecT Ha MHAYKIUMIO JOMHUHAHTHBIX JIETAJIbHBIX MYyTaluid B TOJIOBBIX
KkieTkax camioB japo3oduisl ([JIT) sBaseTcs aHamoroMm COOTBETCTBYIOIIETO TECTa HA
71a00paTOPHBIX TPhI3YHAX U oOsanaeT Oau3KoW uyBCTBUTENBHOCTHIO [12, 97, 101, 105,
109, 110, 111, 113, 178]. DTOT METOA OCHOBaH HA YYE€TE TAaKUX TE€HETHYECKUX
MOBPEXKJICHUNA B CIEPMATO30UJIaX CaMIIOB-POJUTENICH, KOTOpbIe MPUBOIAT K THOENH
MMOTOMKA, Pa3BUBAIOIIETOCS U3 3UTOTHI, OTJIOJJOTBOPEHHOM TAKUM CIIEPMATO30UJIOM, YiKe
HAa CTaaud sSUIa. ODTO MOTYT OBITh TOYKOBBIE MYTalldd, [EJICIUU WU TOTeps
XpomMocoMbl. Hepoctatkom MeTon sIBIsSieTCS YKa3aHHAs MHOXECTBEHHOCTh TMPUYUH
oOpa3oBaHUsl paHHUX JIeTajed, 4To, OJHAKO, HE MemaeT OOHAPYKEHUIO

IeHOTOKCHMYECKON aKTMBHOCTH. Bricokas npcaAcCKa3arciibHasd Cujla TCCTOB Ha z[p030(131/me
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obecnieunBaeTcsa He MeHee yeM 60% ypoBHEM IOMOJIOTHH C TeHamMHu uesioBeka. Kpome
TOTO, B TEHOME AP030(dHUIIBI UMEIOTCS OKOIO 75% TeHOB OoJyie3HEl YenoBeka, a Oolee
50% ©OenkoB Jp030(HIBI TOMOJIOTHYHBI COOTBETCTBYIOIIMM OCIKaM MJICKOITUTAOITHUX
[53]. AJIT obnagaeT BHICOKOM 4yBCTBUTEIBHOCTHIO, MPOCT B UCIIOJIHEHUHU, YKOHOMUYEH,
o0aiaeT YHUKaIIbHON BO3MOXKHOCTBIO M3y4aTh d()PEKThI HA 0OYCHB OOJBINX BHIOOPKAX
DYKApPHOTUYCCKUX OPTaHU3MOB, YTO BBITOJHO OTJIMYACT €r0 OT aHAJIOTMYHOTO TeCTa Ha
MJICKOITUTAIOIIMX. BaXHO, 4TO 3TOT TECT PEKOMEHIOBAH IS MTPOTHO3a KaHIIEPOTECHHOM
aktuBHoCcTH [39,174, 177].®uszuko-xumuueckue cBoiictBa HAB, HCIIOIb30BaHHBIX B

AKCIIEpUMEHTE, IPUBECHBI B Ta0. 4.18.

Tab6muia 4.18. ®duszuko-xumnueckue ceoiictea HAB Ha 0cHOBE MOCKOBCKOI
BOJIONIPOBOIHOM BOJIbI, UCTIOJIL30BaHHBIE JJIs dKCHo3unK camiioB Drosophila

melanogaster
Yci1oBus akTUBAILIN:
cuia Toka (mpu
aﬁgE}B’;eI;;l:HI;II{;E;;TH)OH QLTI DIeKTPONPOBOJI-
P a BOCCTaHOBUTEJIbHBIN TPOTIPOBOZ
BpEMs aKTUBaLMH (IIpH notetman OBIL MB HOCTh S, MKCM/cM
MOJTYYEHUH ’
HEKOHTAKTHO
AKTUBUPOBAHHBIX BOJ)
KonTtpoJsb 322,00 391,5
=
=
E 60MA...40 mun 274,95 390,5
<
. 60MA...5 MuH 58,765 379,5
=
=
E 60MA...20 MuH -16,55 385,5
<
=
60MA...40 mun -62,90 384,0

PesynbraTel skcriepumenToB Ha npo3oduiie (puc. 4.10) mokazanu, 4To GepTUILHOCTh
CaMIIOB M3MEHSUIACh B JWHAMHMKE JKCIIEPUMEHTA, a TaKKE MEXAy TpyIHIaMu IO
00IIIeMy KOTMYECTBY OTIOXKEHHBIX SUIT (Tabm. 4.19). [Ipu 3TOM OT KOHTPOJIS OTIANYATIACH
TOJIBKO OJIHA TPYIIA — caMIlbl KOTOPOM MOTPEOSIN KATOJIUT, MOJIYYEHHBIN NPU S-MUH.

JIINTCIIPHOCTH OKCIIO3HUIIHNH.
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Pucynok 4.10. lunamuka otknaaku siuil caMmkamu Drosophila melanogaster mocie
CKpENIMBaHUs ¢ caMllaMU, SYKCITIOHUPOBaHHBIMU pa3innuHbiMu BAB. Tlo ocu abcruce —
MMOBTOPHOCTH OMbITA, 10 OCU OPJIMHAT — KOJIMYECTBO OTIIOKEHHBIX SIHII.

AHanuzupys 3TU JaHHbIE, IPEXKE BCErO, CIEAYET OTMETUTh, YTO BO BCEX Ipymmax,
KpOMeE TOM, camIlbl B KOTOPOW ObUTH 3KCIIOHUPOBAHBI KATOJIUTOM, MOTyUYeHHBIM mpu 20-
MUHYTHOM 3KCHO3ULMH, KOJIWYECTBO OTIOKEHHBIX SHUI[ 3HAYUTEIBHO IPEBBILIAIIO
ypoBeHb KOHTpois. Ho 3To moBbllieHHE (QEpTUILHOCTH HHUKAaK HE OTPa3WiioCh Ha
yactotrax paHHux (POJI) u mo3mguux (I13J1) smOpuoHanbHbIX jeTaneil. B To ke Bpems,
Ha QoHe 15% cHuxeHus (GepTHUIBHOCTH caMIOB, NOTpeOIsBIIMX 20-MHMH. KaTOJMT,
HaO0JII0]AJIOCH CYIIECTBEHHOE YyBenuueHue 4acToThl [13J] mo cpaBHEHHUIO ¢ KOHTpOJIEM
U €ro JI0JM B CIEKTPE MYTAIMOHHBIX COOBITH, YTO CBHUJAETEIbCTBYET O HAJIUYUU
MYyTareHHOro JedcTBUs y 93Toil Boxpl. W 310 HabmroneHue mMO3BONISET CliENaTh
3aKJIFOYEHHE O BBICOKOW BEPOSTHOCTU MHIYKIMU aHAJOTHYHBIX 3(PQPEKTOB B MOIOBBIX

KJICTKaX )XMBOTHBIX W 4YCJIOBCKA.
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Ta6JII/II_Ia 4.19. BnusiHue HEKOHTAKTHO QJICKTPOXUMHUUYCCKHN AKTUBUPOBAHHBIX BOJ HA
(bepTI/IJ'II)HOCTB CaMIIOB I[pOBO(i)I/IJILI N 9aCTOTBI JOMHWHAHTHBIX JICTAJIBHBIX MYTaHI/Iﬁ B UX
ITOJIOBBIX KJICTKax

K o YactoThl Honst
OBI1 oI~ CpTHIIb- JIOMUHAHTHBIX B 001Ieit
Bona, ycioBus JeCTBO HOCTB, o
BOJIBI, JIeTaJIbHBIX MYTAIlHA, JacToTe
AKTUBALUA OTJIOXKEH- % ot -
e HBIX SUI[ | KOHTPOJIS MY
P POJI T PO | 1D
KonTtpois 3220 776 100 8,38+0,10 | 0,52+0,10 0,94 0,06
AHonut 275,0 1029 132,60** | 894+0,10 | 0,58+0,10 0,94 0,06
Karonut 5 mun 58,8 1425 183,63** | 6,67+0,16 | 0,63+0,16 0,91 0,09
Karoaut 20 mun -16,6 663 85,44* 3,62+0,20 | 0,90%+0,20 0,80 0,2*
Karomut 40 mun -62,9 1179 151,93** | 5,00+0,20 | 0,25+0, 20 0,95 0,05

IIpumeuanue:

*) pa3znuuus ¢ KOHTpoJeM 3HauuMbl, p< 0,05
**) paznuuus ¢ KOHTposieM 3HauuMbl, p< 0,01

KOppCHSIHHOHHBIﬁ aHaJlIn3 HC BLISIBUJI CBA3HU MCKIAY KOJIMYCCTBOM OTIOKCHHBIX SAHIT

u yactoramu POJI, B To Bpems kak st yactot [13JI ¢ pepTuiabHOCTBIO camIloB Oblia

oOHapyxeHa oOpaTtHas koppessnus (r=- 0,74; p < 0,05).

LT PRt
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Pucynok 4.11. CBsi3b Mex1y (epTHILHOCTHIO CaMIIOB MyX U yacTtotamu [19J1

Takum oOpa3om, pe3yiabTaThl SKCIEPUMEHTa IOKa3ald, YTO MPHU MOTPEOICHUU

camuamu Drosophila melanogaster Bcex u3zyuennsix HAB, 3a uckmouenuem 20-mMuH.
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KaToJuTa, HaOII01aJI0Ch MOBBIIIEHUE (PEPTUILHOCTH, YTO, TEM HE MEHEe, HEe BIEKIIO 3a
co00ll M3MEHEHHE YacTOTHhl JIOMHUHAHTHBIX JICTAIBHBIX MYyTAIlMi B TIOJOBBIX KIJIETKAaX
MyX. B TO ke Bpemsi, motpebieHne 20-MUH. KaToJIMTa caMIlaMUd MyX COIPOBOXKIAIOCH
CTaTUCTUYECKU 3HAYUMBIM  CHIDKCHUEM (EepPTUIBHOCTH, TOBBIIMICHUEM YacTOThI
MO3JHUX SMOPUOHAIIBHBIX JICTAJICH B MOJIOBBIX KJIETKAX MyX U YBEITUUCHUEM JIOJIA dTUX
MyTalliii B CHEKTPE MYTAIIMOHHBIX COOBITHI, YTO TO3BOJSET KIIACCU(PUIIMPOBATH

oOHapy>KeHHBIN 3(PPEKT KaKk TeHOTOKCUYECKHIA.

4.5. 3ak/0ueHue mo riiase

OKCHEepUMEHThl 10 u3yueHuro BiausiHuS HAB, TpUTOTOBICHHBIX Ha OCHOBE
MOCKOBCKOM  BOJONPOBOJHOW BOJIbI, BBISIBUJIM IOBPEXKIAIOIIECE JCHCTBUE Ha
TEHETUYECKUE CTPYKTYpbl JTUM(OIMTOB KPOBH YEJIOBEKA, KYyJIbTUBUPOBAHHBIX B
YCJIOBHSIX IMTOKMHETUYECKOrO OJIOKA, KJIETKH KOCTHOTO Mo3ra Mbimed mpu 30-
CyTOYHOM BhInauBaHuM ad libitum u mosioBBIE KJIETKH caMIoB Apo3oduisl. Kpome Toro,
OblJla JI0Ka3aHa PEJICBAHTHOCTh MCIIOJIb30BAaHUS PE3YJIbTATOB OLICHKU HECTAOMIIBHOCTH
IreHOMAa KJIETOK KPOBH YEJIOBEKAa B PEKOHCTPYHMPOBAaHHBIX cpenax Ha ocHoBe HAB B
pacIIMPEHHOM BapUaHTE€ MUKPOSIEPHOTO TeCTa JId KadeCTBEHHOrO0 IPOTHO3a
PE3YJIBTATOB MOJOCTPOrO SKCIEPUMEHTA Ha MBIIIAX 1N VIVO.

Takum  oOpaszom, Bce wu3yueHHoie HAB  uHaynupoBasii  MyTareHHbIE,
TeHOTOKCHYECKHe W/win Jipyrue 3((exTsl HeCTaOMIBHOCTH T€HOMa Ha OJHOM WM
HECKOJIbKUX TECT-00hEeKTaX, pekKoMeH10BaHHbIX B PD u crpanax ODCP nns BoIsBIeHUS
T€HOTOKCHYECKOW  aKTHBHOCTHM XHUMHYECKHUX COCJAMHEHHM, (PapMaKoIOTHUeCKUX
MpenapaToB, MPOIYKTOB MUTAHUS U MP., XOTS CTENEHb BBIPAXKEHHOCTHU 3TUX A (PEeKToB

OTHOCHTCJIIbHO KOHTPOJIA ObL1a pa:quHoﬁ AJIS1 pa3HbIX BOA U B PA3HBIX TCCTAX.
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IVIABA 5. UTHAYKIOUSA DOPEKTOB HECTABUJIBHOCTHU 'EHOMA
KVIETOK KPOBH YEJIOBEKA HEKOHTAKTHO AKTUBUPOBAHHBIMUA
BOJAMHU HA OCHOBE BYTUWJIMPOBAHHOM BOJIbI «(ITAJTAT PUM»

B npenpiaymux miaBax Mbl moka3zand, 4yTo HAB Ha oOCHOBE BOJbI C HU3KOM
CTEMEHbI0 MUHEpaIu3aluu (OCMOTHYECKON) WM BOJOMPOBOJHON BOJbI, KOTOPHIE C
BBICOKOM BEPOSTHOCTHIO MOTYT OBITh MCHOJIB30BaHbI sl mpurotosienus HAB B Obity,
WHIyIIUPOBAIM T€HOTOKCHUYECKHEe (P PEKThl Ha )KUBBIX TECT-00bEKTaX in Vitro U in vivo.
B Hacrosimiee Bpemsi cpeau HacelleHHs Bce OOJbIIee PacnpoCTpaHEHHE MOTydaroT
OyTWJIMPOBAaHHBIC TMHUTHEBBIC BOJBI C PA3IUYHON MUHEpaAIU3AIUEl, KOTOPbIE TaKXKe
MOTYT OBITh MCNOJIb30BaHbl il ipurotosienuss HAB. [ToaToMmy Ha crnenyrouiem 3rare
paboOThI MBI TIPOAHATTU3UPOBATN BO3ZMOKHOCTh WHIAYKIIUU T€HOTOKCHYECKHUX d(DPeKToB
HAB, npurotoBiieHHbIX HA OCHOBE MUHEPAJIbHON OyTHIMPOBAaHHOM BOJbI «IIumurpumy.
AKTHBAIIAIO TTPOBOAWIIM B TEX K€ YCIOBHSAX, UTO U JJISI MOCKOBCKOW BOJIOIPOBOJHOM
BO/IBI ((DM3UKO-XMMUYECKUE CBOMCTBA 3TOM BOBI ITOKa3aHbl B Tab. 5.1.

Tabmumna 5.1. dusuko-xumudeckue ceoricrea HAB,
IIPUTOTOBJICHHBIX Ha OCHOBE OyTHIIMPOBAHHOU BOJIBI «IIvymUrprum»»

YcinoBug akTUBALUU: Jlons
cuia Toka (Tpu ) CTPYKTYpHUPOBAHHOM
MOJTyYeHUH KOHTAKTHO O:CI;IESTP;IC(J)I;;I{—O Bomopon- CBerocymma | (cBsi3aHHOW) (a3bl B BOJE,
s )| M| | semomne q
(pu ToITyYeHUH H(())TB%IH;EH pH, ycn.en *10%, yen.en Cpennee, Bapuanus
HEKOHTaKTHO ’ % Var.
AKTHBHUPOBAHHBIX BOJ)
Kourpoun 356,02 7,79 0,32 0,269 0,071
e
=| o0mA - Swm 275,25 7,63 0,098 0,326 0,086
=
[=)
5 00 MA 20w 168,90 7,61 0,014 0,293 0,035
60MA 40 i 105,0 7,55 0,012 0,286 0,116
h
=
=]
= 60 MA 40 MuH 224,40 7,35 0,015 0,429 0,024




100

[IpoBepky renorokcuyHoctt HAB Ha ocHoBe Bombl «Ilumurpum» mnpoBOIMIN B
HanOoJiee OBICTPOM TECTE Ha MHAYKITUIO MHUKPOSIACP Ha KyJIbType JTUM(OIHUTOB KPOBU
YeJioBeKa.

Pe3ynbraThl 3TOr0 3KCIIEpUMEHTa IMOKa3aHbl B Tabm. 5.2-5.5. Jlns ux aJekBaTHOro
MOHUMAaHUS CJEIyeT YUYUTHIBATh, YTO CIIEKTP KJIETOYHBIX MOMYJISIIUIA CBUETEIbCTBYET
O CKOPOCTH JICJICHHSI KJIETOK — YeM OOJIbIIIee KOMUYECTBO KJIETOK, MPOIIEAIINX 32 BPEeMsI
KyJbTUBHPOBAHHUS C IMTOXAJa3MHOM B oauH (IBysnepHble KIETKH), aBa (Tpex- U
YEeThIPEXAJIEPHBIE KJIETKH) W 00Jiee MUTOTHUYECKUX IUKIOB (TOJMUSIEPHBIC KIIETKH),
oOHapy>KMBaeTcs B KyJlbType, TeM Bbllle NpoiudeparuBHbid mys. KocBeHHast olieHka
CKOPOCTH TPOXOXJCHUS KJIETKH MO IUKIY OIpPEAesieTCs] COOTHOIIEHHWEM YacTOT
KJIETOK, MPOILEIIINX OJUH U Oojiee LHUKIOB JEJIEeHHUs — ueM OoJbllIe KJIETOK,
OpoIIeIINX JaBa W Ooyiee IMKIOB JENeHHUs, TeM Oojblnas A0is KIETOK HMEET

YKOPOUCHHBIN KJIETOYHBIN UK.

Tabmuua 5.2. CexTp KJIETOYHbIX MOMYJSALMNA B KYJIbTypaxX KJIE€TOK KPOBHU YEJIOBEKA B
PEKOHCTPYHMPOBAHHBIX cpefax ¢ ucnoib3doBanueM HAB Ha ocHOBe OyTHUIMpOBaHHOM
BOJIbI «IInmurpum»

%3-
% 1- SITIEPHBIX o
Boga, SIAEPHBIX % 2- % 3- % 4- KJIETOK 0
MOJIAsIEP-
YCIIOBHS KJIETOK B | SIEPHBIX | SIEPHBIX | SAEPHBIX / HBIX
AdKTHUBaInuu HOHy.]'IH- KIIETOK KJIICTOK KIIETOK % 4- TR
1n SII[epHBIX
KIJICTOK
KoHTpors 58,67 30,41 2,53 2,92 0.87 0,19
Karomnt 51 59 jgusx | 14,85 2,03 | 0,37%* 548 0,18
MHUH
Karoxnt 20 |55 5o 26,20 5,20 4,20 1,24 0,40
MHUH
Karomr 40 1 4 gis 35,80 340 | 6,20%* 0,55 0,80
MHUH
AHOTHT 48.43%* 29,22 510 7250 | 0o 1,37*
[Ipumeuanue:

*) 3HAYMMO T10 CPaBHEHUIO ¢ KOHTpoieM, p<0,05
**) 3HAaUMMO 10 CpaBHEHHIO ¢ KOHTposieM, p<0,01
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Kak BUIHO, IPOJOJKATENBHOCTh AKTUBALMKA BOJ MO-PAa3HOMY BIIMSUIA HA CKOPOCTh
nponudepanuu KJICTOK: S5-MUHYTHBIM KaTOJNWT 3HAYMTENIHO CHIDKAI JOJI0 KJIETOK,
BCTYIMBIIKNX B JEJIEHUE, O YEM CBUJIETEICTBYET CYIIECTBEHHOE MOBBIIMIEHUE YACTOTHI
OHOSIIEPHBIX KIIETOK IO CPaBHEHHIO ¢ KoHTposeM (X = 52,11). COOTBETCTBEHHO, B
ATOM KyJIbType€ HACUUTHIBAIIOCH MEHBIIEE, Y€M B KOHTPOJIE KOJUYECTBO KIETOK,
MPOIICANINX OJUH M 2 MHUTOTUYECKUX IHUKJIa, YTO TOBOPUT O CHMIKEHHUHM CKOPOCTH
JeNieHusl KJIETOK. B TO ke Bpems, KaTOJMTHI, MOJTYUYEHHbIC MpU 0oJiee IITUTETbHOU
MPOJOHKUTEIIBHOCTH JKCIO3UIIMU K aKTUBHpOBaHHOW Bozae (20 mMunyT u 40 MUHYT)
CTUMYJUPOBAIU KIETKM K JeseHuto (OoJblnas, 4eM B KOHTPOJIE YacTh KJIETOYHOM
MONYJISILMKM BCTYINUJIA B JIEJICHUE, & JIOJIsl OAHOSJIEPHBIX KIIETOK OblIa MEHbIIIE, YEM B
xkoHTtpose (X* = 4,30 u 64,22, cooTBeTcTBEHHO). KpoMe TOro, B 3THX KyJIbTypax Ml
HaOIoad JIBYKPATHOE YBEJIWYEHUE YaCTOThI 4-sIICPHBIX KIETOK IO CPABHEHUIO C
KOHTPOJIEM, YTO JOKAa3bIBAET COKpAIICHUE MPOJOKUTEIHHOCTH KIETOYHOTO IUKJIA Y
OOJIBIIIET0, YEM B KOHTPOJIC KOJIMYECTBA KIICTOK.

BaxxHbiM TmOKa3zaTelieM TOYHOCTH paclpeelieHuss TEeHETHYEeCKOro Marepuana B
MHUTO3€ SIBJISICTCSI COOTHOIIIEHHUE YacTOT 3- U 4-s7epHbIX KieTok. Kak BuaHO B Tabmd. 5.3,
B PEKOHCTPYUPOBAHHOM Cpele, MPUTOTOBIEHHOM Ha S-MHH. KaroJIUTE, CTENEHb
aCHMMETPHH PACXOXKISCHHUS XPOMOCOM B MHUTO3¢ Obuia B 6,8 pa3 Oonbllne, 4yeMm B
KOHTpoJie, B 20-MHH. KaTOJUTE 3TO COOTHOIIEHHE B 1,5 pa3za mHpeBbIIAIIO YPOBEHBb
KOHTPOJIS, @ B OCTaJbHBIX BOJAX OTIMYMS OT KOHTPOJS MO 3TOMY ITOKa3aTelto
oOHapy>XeHO He ObLI0. DTH JaHHBIE CBUIECTEIBCTBYIOT O TOM, UYTO B cpeAax Ha 5- u 20-
MHUH. KaTOJUTaX PHUCK OMyXOJieBOM TpaHCchOpMaIluu KJIETOK, ISl KOTOPBIX OCOOCHHO
XapaKTEPHO ACMMMETPUYHOE paCHpe/iesieHHe TEeHETUYECKOro Marepuaja B MHUTO3E,
3HAUMTEIIBLHO MPEBBIIIAT YPOBEHb KOHTPOJIS.

[loBeaeHue KIETOK B cpejie, MPUTOTOBICHHOM Ha aHOIHUTE, ObLI0 Onmxke K 20- u 40-
MHUH. KaTOJIMTaM U XapaKTepU30BaJIOCh 3HAYMMO MEHBIIMUM, YEM B KOHTPOJIE UKUCIOM
OJTHOSIAEPHBIX KJIETOK M JBYKPATHBIM MOBBIIIEHUEM JOJIA 4-SI€PHBIX KIETOK B CIIEKTpPE

KJIICTOYHBIX HOHyHHHHﬁ.
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Tabnuua 5.3. Xapakrepuctuka rnpoiudepaTUBHON aKTUBHOCTH B KYJIBTypax KJIETOK
KpPOBH Y€JIOBEKA, IPUTOTOBJIEHHBIX HA HEKOHTAKTHO aKTUBUPOBAHHBIX BOJIaX HA OCHOBE
OyTrmiMpoBaHHOM BOJbI «ITumurpum»»

Murotnuec- % % AcummeTpus
Bona, Nunexc Wnunexc
Kas JCIISIINXCA YCKOpeHHO JCJIICHUA BO 2-
YCIIOBHUS peruIMKaruy, | npoiudepa- .
aKTUBHOCTh, | KIIETOK B | HEIALIUXCS M MHUTO3€,
AKTUBALIUU o el 1Y, e]l.
Z MOMYJISITUN KIIETOK enl.
KonTtpois 3,12 36,06 5,65 1,39 1,36 0,87
Karomar |- o 16,76%% | 2.58* 1,15 1,15 5.50
5 MuH
Katomur |5 5. 36,00 | 9,80% 1,37 1,34 1,24
20 MuH
Karomt 3,00 | 46,20%* 10,40%* 1,48 1,44 0,55
40 muH
AH”onur 4,31 | 42,94** 13,73%* 1,51 1,48 0,70
[Ipumeuanue:

%) COOTHOIIEHHE YaCTOT 3-X U 4-X SAJEPHBIX KICTOK
*) 3HAYMMO IO CpaBHEHUIO ¢ KOHTpojeM, p<0,05
*¥) 3HAUMMO TIO0 CpaBHEHHIO C KOHTpoieM, p<0,01

MuroTnueckass aKTUBHOCTb KJIETOK B KYJbType, IPUIOTOBJIEHHOM Ha S-MHH.
KaTonuTe ObLIa HUKE, 9eM B KoHTpone (X*=4,65), a B 20-MHMH. — BJIBOE BBIIIEC, YEM B
KoHTpojie (X’=7,98), 4TO KaueCTBEHHO BOCIIPOM3BOAMT PE3YJBTATHI, MOJTyYEHHEBIE IPU
aHaJIM3€ CIEKTPa KIETOYHBIX MOMyJsinuil. Ta ke 3aKOHOMEpPHOCTD CIIEyeT U U3 aHaIn3a
YUCJICHHOCTU (DpaKuil YCKOPEHHO JENSIINXCS KJIETOK, KOTOphIEe B KyJibTypax Ha 20- u
40-MUH. KaTOJUTaX, a TAK)KE HA aHOJIUTE ObUTH B 3HAYUTEIHLHO OOJIBINE, YeM B KOHTPOJIC
(X*=5,13, 6,39 u 16,38, COOTBETCTBEHHO).

Taxum 0Opa3oM, MOTyUYECHHBIC TaHHBIE CBUIETEILCTBYIOT O TOM, YTO 5-MHH. KaTOJIUT
3HAYUTENIbHO CHUXKAJ MPOIU(EepaTUBHYIO aKTUBHOCTH KJIETOK B KYJIbTYPE U YBEITUUMBAI
MIPOJIOJKUTENIBHOCTh KJIETOYHOTO IUKIIA, B TO BPEMS KaK KaTOJIUTHI, MTOJYYEHHBIE MPU
0ojiee NIUTENHHONW aKTHBAIMH, KAaK W AHOJUT, CTUMYJIUPOBATIN KJIETKHU K JICJICHUIO U
COKpaljajau MPOJOJIKUTEIBHOCTh KJIETOYHOTO IHWKJIA. YMEHBIICHHE JUIMTEIbHOCTH
KJICTOYHOTO IMKJIA MPU AKCTPAIOJISIIIUU MOTYUYECHHBIX JAHHBIX HAa OPraHU3M IO3BOJISET

IPEIOJIOKUTH €T0 paHee CTapeHUE.
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Tabnuma 5.4. YacToThl KJIIETOK € TOBPEXKICHUSAMH B KYJIbTYpaX KPOBHU YeJIOBEKa
HA HEKOHTAKTHO aKTMBUPOBAHHBIX BOJIaX Ha OCHOBE OYTHJIMPOBAHHOM BOJIbI

«I Tamurpum»
0, 0,
% 2- % 2- % 3- % 3- % 4- % 4- & &
oA aep- oA aep-
Boga, ycnoBust | simepHBIX | SOEPHBIX | AIEpHBIX | SIAEPHBIX | SACPHBIX | SIAEPHBIX HEIX HBIX
AKTHBaIlMH KJICTOK C KJICTOK C KJICTOK C KJICTOK C KJICTOK C KJICTOK C CTORIC CTORIC
M HIIM MA HIIM M HIIM M HIIM
KonTpons 2,38 0,30 7,69 0,00 6,67 13,33 0,00 0,00
Karomur 5 Mmun 2,30 0,50 18,18 0,00 0,00 0,00 0,00 0,00
Katomut 20 Mun 3,30 | 1,00** 11,54 7,69 28,57 19,05 1,00 0,00
Karomut 40 Mun 2,19 0,80 23,53 0,00 19,35 9,68 0,00 0,00
AHonut 3,08 | 1,49%* 30,77 7,69 29,73 27,03 4,00 28,57
[Ipumeuanue:

*) 3HAUUMO T10 CpaBHEHUIO ¢ KOHTpojem, p<0,05
**) 3HaUMMO 10 CpaBHEHUIO ¢ KOHTposieM, p<0,01

ITockonbky B pekOHCTpyupoBaHHBIX cpenax Ha HAB Ha ocHoBe Boawl «IIumurpum»
OTHOCUTEIBHO HEOOJBIIOE KOIWYECTBO KIETOK 332 BpPEMs KYJbTHBUPOBAHUS IPOILIO
Oojiee OJHOTO LMKJIA JAENEHUs, MpU aHaIM3€ JaHHBIX 0c000€ BHUMAaHHUE ClEIyeT
YAEIUTh TOBPEXKACHUSIM, OOHAPY)KCHHBIM B 2-sICPHBIX KJIETKaX (pa3IeluBIIUXCS 32
BpeMs KyJbTuBHpoBaHus 1 pa3). Kak BumHo B Ta0d. 5.3, B KyJlbTypax, MPUTOTOBIICHHBIX
Ha 20-MUH. KaTooMTE W HA AHOJMTE, YacTOThl 2-SJEPHBIX KJIETOK C
HYKJIEOILIa3MEHHBIMU MOCTAMU B 3 M 5 pa3 NpeBbIlaid YpoBeHb KOHTpous (X*= 3,86 u
8,13, cooTBeTCTBEHHO). Ba)xHO MOHMMATh, YTO HYKJICOIUIA3MEHHBIH MOCT SIBJISETCS
JIOJITOYKUBYIIIUM TIOBPEXKJACHUEM — Takas KJeTka (B OTJIMUKE OT KJIETKHU, colepiKariei
MHUKPOSIJIPO) MOXET MPOWTH JOCTATOYHOE KOJUYECTBO KIIETOUYHBIX I[MKIIOB, a
uMeroIascss B Hed Myrauus (MyTalMu), NpuBeias K o00pa3oBaHHI0 abeppauuid
0OMEHHOTO THUIIa - OIIMOOYHAs penapanus ABYHUTEBbIX pa3pbiBoB JIHK, Moxer ctaTh

NPUYIHHON cephe3HBIX OMoXxuMuiecknx nzmenenuit [104].

Cnegyer OTMETHTb, 4YTO, KpOME YyKa3aHHBIX TMOBPEXJIEHUW, B  Cpele,
MPUTOTOBJICHHON Ha 20-MHH. KaToJguTe, Mbl HaOmomanu Oosiee uyeM 4-KpaTHOE
HOBBINIEHUE YACTOThI KIETOK C MHOXECTBEHHBIMH MuUKposapamu (X°= 4,55), uro

CBUACTCIILCTBYCT O HAJIMYNHU MHOKXCCTBCHHBIX I'CHCTHYCCKHUX HOBpe}KI[eHI/II\/JI.
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Tabmuna 5.5. IHTerpanbHble MoKa3aTeIu TeHETUYECKUX IMOBPEKICHUHN B KyJIbTypax
KJIETOK KPOBH Y€JIOBEKA, IPUTOTOBJICHHBIX HA HEKOHTAKTHO aKTHUBUPOBAHHBIX BOJAX HA

OCHOBE OyTHJIMPOBaHHOM BOABI «I umurpum»

% % % YyCKOpPEHHO

Bona, BYSZIEPHBIX JIEIISIIUXCS TEIISIIIUXCS SR

YCIIOBUS AIBYAACP aroIrosa,
KJIETOK C KJIETOK C KJIETOK C o
AKTHUBAILIIU %
MOBPEKICHUSIMU | TOBPEKICHUSIMHU | TOBPEKICHUSIMU

Kontpomns 2,67 2,98 13,79 2,14
Karommr 2,79 2,95 14,29 2,95

5 MuH

Karomr | 5, 5,62%% 32,65 4,80
20 muH

Karosur 2,99 4,07 25,00 | 9,20%*
40 muH

AHOIUAT 4,58%* 7,72%* 52,86%* 431

[Ipumeuanue:

*) 3HAUUMO I10 CpaBHEHUIO ¢ KOHTpojeMm, p<0,05
**) 3HAaUMMO 110 CpaBHEHHIO ¢ KOHTposieM, p<0,01

O neratuBHOM BiusiHun HAB Ha ocHoBe OyTunupoBaHHOM Boabl «Ilumurpum» Ha
TEeHETUYECKUE CTPYKTYpPbl KYJIbTUBUPOBAHHBIX KJIETOK YE€JIOBEKa CBUAETEIHCTBYIOT U
naHHble Tabn. 5.5, rne MpuBEACHBI CBEIECHHS O HAJUYMHM B KIETKAX T€HETHYECKUX
noBpexaeHui. Tak, KaToJMuT, MOTYyUYEeHHBINH Mpu 20-MUHYTHON SKCIO3UIIMU, BHI3bIBAT HE
TOJIBKO TOBBIIIEHUE YACTOTHI JBYSJAEPHBIX KJIETOK C T€HETHYECKHUMHU MOBPEXKICHUSIMHU
(MEKpOsApaMH M HYKJIEOIUIA3MEHHBLIMH MOCTaMM, X°=3,96), HO U IOBBIIICHHE
CYMMAapHOM YacTOTHI JEISMIMXCS KIETOK ¢ IMoBpexaeHusaMu (X°=7,30). B To xe BpeMms,
JUTSL KaTOJIUTA, MOMy4eHHOro 40-MHUH. SKCIO3ULIMEHN, OTCYTCTBUE PA3IUUUNA C KOHTPOJIEM
MO0 YacTOTE KJIETOK C T€HETUYECKUMU MOBPEKACHUSIMHU COYETAIOCh MOYTH S-KPaTHBIM
MOBBIILIEHUEM YacTOThI anonTto3a. IlockoiabKy anonTo3 B OOJILIIMHCTBE CIIy4YaeB CBSI3aH
C MHAYKUMEW Hepenapupyembix nopexacHui JHK, moBbllieHHE €ro 4acTtoThl, Kak
MPaBUIIO, XapAKTEPU3YET HATMYUE TAKUX MOBPEXKICHUN.

[Ipu 0000mIeHnN NaHHBIX, MPEACTABICHHBIX B TaOmuIle 5.5, ¢ y4eToM IMoKaszaresei
npoaudepauu KIEToK B KyJIbType MOXKHO CKa3aTh, YTO HAOIIOZeHHE OOJIBIIOTO Yuciaa
KJIETOK C T€HETUYECKUMH MOBPEXKACHUIMU 17151 20-MUH. KaTOJIUTA U BBICOKOM YaCTOTHI

aliorro3a i 40-MHUH. KaToIUTa CYThb IIPOABJICHUA CAMHOTO IIponccca CTAHOBJICHUA U
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DIIUMUHAIIMN TEHETHYECKUX TIOBPEXKICHUH, TONBKO 3aQUKCHPOBAHHBIE Ha pa3HBIX
CTaJMsIX Pa3BUTHS MpoIecca.

Takum oOpa3zoMm, WHKyOalusi KJIETOK KpPOBU YEJIOBEKa B PEKOHCTPYUPOBAHHBIX
cpelax Ha OCHOBE MHHEpaNbHON BOIbI «lIunmurpum» BhI3BIBAJIa MHOKECTBEHHBIC
W3MCHCHHS, XapaKTepu3ylomue WHAYKINI d3(PQPeKkToB HECTAOWIBHOCTH TEHOMA,
MpUYEeM JICHCTBHE KaTOJIMTOB W aHOJUTA CYMIECTBEHHO pa3iudyaliuch (YTO OBLIO
oOHapy)KEHO TIpM aHaJIW3e JaHHBIX BCEX paHEe ITOCTaBICHHBIX JKCIICPUMEHTOR).
Crnenyer Takke OTMETHTb, YTO JI030BBIX 3aBUCHMOCTEN 3(D(PEKTOB HECTAOMIBHOCTU
T€HOMa OT OKHCITUTEIIbHO-BOCCTAHOBUTEILHOTO MOTCHIIMATIA KaTOJIUTOB OOHAPYKEHO HE

OBLIIO.
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IVIABA 6. AHAJIN3 BJIMAHUSA HEKOHTAKTHO AKTUBUPOBAHHDBIX
BO/JI HA ’KU3HECITIOCOBHOCTD E.Coli U B.Sereus

bakrepuniuiHasi akTUBHOCTh KOHTAKTHO AJIEKTPOXMMHYECKH AKTHBUPOBAHHBIX BOJI
Oblma HeogHOKpaTHO omucana [11, 49, 56, 82, 153]. Jlns HAB Takume cBenacHus B
JUTEPATYpE OTCYTCTBYIOT, IOATOMY Ha CJEAYIOLIEM 3Tane paboThl M3y4yaiad BIUSHUE
HAB na »u3HecrmocoOHOCTh OakTepuii KuiieuHo ¢(iopsl uenoBeka. s paboTs
UCIIOJIb30BAJIM OaKTEpUH C PA3HOHAMPABIECHHON AaKTUBHOCTBIO: MY3EMHBIA IITaMM
E.coli 1257 wu B.cereus I[P 5832 (anreunsiii mnpenapar «baktucyOoTumny).
KynetuBupyemsie — ycioBHo-matoreHHbie mrammbl  E.Coli  xopomo pactyt B
71a00paTOPHBIX YCIOBUAX W MOATOMY IIMPOKO HCHOJIB3YyEeTCs B KauyeCTBE MOEIBbHOIO
OpraHu3Ma B MHKPOOMOJIOTHUECKUX wuccienoBanusx [155]. Henatorenslii mrTamMm
B.cereus IP 5832 (ATCC 14893) nmpuMeHsieTcss KaK aHTUAUAPEHHBI MUKPOOPTraHU3M
IUIsL BOCCTAHOBJIEHUS KHIIEYHONM MHKPOQIIOPHI, SBIAETCS MOUIHBIM aHTAarOHUCTOM
HEPOJICTBEHHBIX MATOTEHHBIX M YCIOBHO-MATOT€HHBIX OaKTEpUil 3a CYET MPOAYKLIUU
JU301[UMa, IPOTEOTUTUUECKUX (PEPMEHTOB U OAKTEpUOLIMHOB [73].

B kaxnom skcnepuMeHTe MOAOHMpaiv YCIOBUS HEKOHTAKTHOM aKTUBAaLMU TaKUM
00pa3oMm, 4TOObI TIOJTyYEeHHBIE BOJIBI UMENIH (PU3UKO-XUMUYECKHE MTapaMeTphl, OJM3KHUE K
HAB, ucnonbp30BaHHBIX B 3KCIIEPUMEHTAX HA KyJIbTYpE KJIETOK KPOBH YEJIOBEKA W IS
BbI[TAUBAHUS MbIIIEH.

N3mepenus ¢usnko-xumMudeckux mnapametrpoB HAB, mpuroroBiieHHBIX Ha OCHOBE
OCMOTHYECKOM BoAbI I.CaMmapa, BBISIBUIIM CyLIECTBEHHBIE pa3innuus B 3HaueHusx OBII B
MOBTOPHBIX 3KCIIEPUMEHTAX, MOCTABJIEHHBIX B TEYEHHE HEOOJBIIOrO MEpHUOoia BPEMEHH,
XOTsI aKTUBALUSI M BCE M3MEPEHMs MPOBOAWIUCH B OJWHAKOBBIX YCIOBUSIX. B TO ke
BpeMs, 3HaYeHUs pH U 31eKTponpoBOJHOCTh U3MEHSIUCH Majio (Tadu. 6.1).

[Ipu 2-yacoBoii 3xcno3unuu kK HAB sxu3HecrnocoOHOCTh OaKTepHii yMEHbINAIach CO
camkenrem OBII Bog. bin3kas quHaMuka BBKMBAEMOCTH OakTepuil Obuia 0OOHapyKeHa

NP KYJIETUBUPOBAHUM OaKkTepuil B TeueHHne 24-4acoB, 3a UCKIOYeHHEM 2(0-MUHYTHOTO
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KaToJInTa, IIpU KYJIbTUBUPOBAHHMU B KOTOPOM Ha6JIIO,IIaJ'IOCB 3HAaYMMOC ITOBBLIINICHHUC

BRDKHMBaeMocTH (X*=8,05).

Tabnmuua 6.1. U3Menenune Gpuzuko-xuMudeckux nokazareneiit HAB Ha ocHOBe
OCMOTHYECKOM BOJBI B SKCIIEPUMEHTAX, ITOCTABJICHHBIX B OJIM3KUE CPOKU

O6paszer, OBII, MB 8L e, ONEKTPONPOBOJHOCTD S,
MIPOJIOIKUTEITb- MKCM/cM
HCKO};‘;;?’T o | 2607 7.08. | 1408 | 2607 | 7.08 | 1408 | 26.07.| 7.08. | 14.08,
2013 2013 2013 2013 2013 2013 2013 2013 2013
AKTUBAINN
Kontponb 191,72 | 220,1 237,43 7,50 7,48 7,48 26 20,6 18,7
Karomut 20 Mun - - 46,97 - - 7,80 - - 21,2
Karomut 40 mun -3,86 110,35 0,21 7,36 7,27 7,52 23,2 24,47 18,45
Karomut 60 Mmun - - -10,48 - 7,35 - - 18,4

[Ipu npoBenenuu sxcrepumMenToB 1o BekuBaemoctu E.Coli 1257 B HAB Ha ocHoBe
BozonpoBoAHOM Boabl (r.Camapa) Takke HaOmoIanach aHAJIOTMYHAs 3HAYUTENIbHAs
BapraleIbHOCTh (PM3MKO-XMMHYECKUX Mokazareied (Tadn. 6.2) 4To COMpOBOXKIAIOCH

3HAUMTEILHBIM U3MEHEHHEM Ku3HecrocoOHocTn Oakrepuii E.Coli 1257.

Tabnuua 6.2. BapuabenbHocTh (puznko-xumuyeckux nokasareneidr HAB ocHoBe
BOJIONIPOBOAHOM BOIBI T.CaMapa B SKCIIEPUMEHTAX, MOCTABIICHHBIX B OJIM3KHE CPOKU

Oo6paszer, ONeKTpOnpOBOAHOCTD
TPOJIOTKUTENb- (GIEALG, S ELEL, e S, MxCm/cM
HeKO‘I‘:ﬁ‘;HOﬁ 04.09. | 12.09. | 20.09. | 04.09. | 12.09. | 20.09. | 04.09. | 12.09. | 20.09.
2013 | 2013 2013 | 2013 | 2013 | 2013 | 2013 | 2013 | 2013
AKTUBAIIUN
Konrpor 192,09 | 247,48 | 16633 | 8.89 | 84 | 9,19 |437,75 | 457,75 | 440
(6e3 akTHBAIINN)
AHOJHT 187,20 | 277,86 | 154,79 | 8.66 | 817 | 9,01 | 440,5 | 476 | 4364

Karonut 5 mun 94,71 78,84 64,97 8,83 8,33 9,19 | 444,6 | 461,2 433

Karomut 20 mun 5,02 -7,68 12,42 8,75 8,38 9,14 | 443,75 | 470,4 431

Karomur 40 mun | -39,69 | -36,19 -23,12 8,77 8,23 9,16 | 434,5 | 456,25 | 435

PGSYJILTaTBI TpECX IIOCJIACA0BATCIILHBIX OKCIICPUMCHTOB BBIXIBUJIA IIJIOXYIO

BOCIIPOU3BOJIUMOCTH Pe3ysibTaToB (puc.6.1)
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E.coli 1257 passegexune 10000 kneTok/mn
BogonposogHas Boga, r.Camapa 2 yaca
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OKkMcnNUTENbHO-BOCCTAHOBUTENbHbLIA NOoTeHUMan, vB

Pucynox 6.1. BeokuBaemocts E.coli 1257 npu 2-yacoBoit nHKyOanuu
10* kretox/mMa B HAB Ha ocHOBe BOJIONIPOBOIHOM BOJIbI I.CaMapa - pe3ysbTaThl TPeX
MOCJIE0BATEeNIbHBIX AKCIIEPUMEHTOB.

Jlanee ObLIM TIPOBEACHBI JIBA MOCIEAOBATENIbHBIX dKcIiepuMenTa ¢ B.cereus [P 5832
Ha ocMmorudeckoil Bozae (r.Camapa). Dxcnosuuuio Oaktepuii B HAB mnpoBomunu B
teueHue S5, 15 u 45 munyt. Kak BugHo u3 1a0:1.6.3, PU3MKO-XMMHUYECKUE MOKa3aTeau
HAB B »Tux nskcrnepuMmeHTa ObUIM OJIM3KU, TE€M HE MEHEee, 3aBUCHUMOCTH MEXIY
BPEMEHEM DKCMO3UIIMU U KOJIMYECTBOM BBDKMBIIMX OaKTepUN BBISBICHO HE OBLIO H
BOCITPOM3BOIMMOCTD PE3YJILTATOB TAKXKE ObLiIa HEYJOBIETBOPUTEILHOM (puC.6.2).

Tabmuia 6.3. dusuko-xumnueckue csorictsa HAB Ha ocHOBE 0CMOTHYECKON BOJIBI
r.Camapa, UCIIOJIB30BAaHHBIX JJIs1 KyJIbTUBUpOBaHUs B.cereus [P 5832, BbIieeHHBIX U3
npenapata «bakTucyOTHI

O6paszer, OBII, MB 8L e ONEKTPONPOBOAHOCTD S,
MIPOJOIKUTEITLHOCTh MKCMm/cm
HEKOHTAKTHOH 16.10. 25.10. 16.10. 25.10. 16.10. 25.10.
4KTHBAIMH 2013 2013 2013 2013 2013 2013
Kowrrpos 321,07 | 34341 | 7,12 6,78 19,8 16,37
(6e3 akTuBaIMK)
AHonut 307,16 358,43 6,63 6,59 19,4 15,7
Karonur 5 Mun 124,63 152,49 7,04 6,86 19,43 15,8
Karomut 20 Mun 77,01 28,51 7,11 6,86 18,97 15,4
Karomut 40 mun 3,14 4,01 7,03 6,87 19,6 15,8
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B.cereus passegexue 10000 knetok/mn
Ocmommueckas Boaa, r.Camapa, 5 MuH
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Pucynok 6.2. Benkuaemocts B.cereus IP 5832 npu S-MuHyTHOM MHKYOAIuu
10* knerox/mn 8 HAB Ha ocHOBe ocMoTHYECKOH BObI I.Camapa - pe3ylIbTaThl ABYX
IIOCJIEIOBATEIIbHBIX SKCIIEPUMEHTOB
s xynetuBupoBanuu B.cereus IP 5832 na HAB, mpuroroBieHHBIX Ha OCHOBE
BOIONPOBOAHOM BoAbl (T.Camapa) mpH TeX K€ pekuMax aKTUBAUU ObLIM MOJyYEHbI
ornuHble OT npeapinynmx 3HadeHuss OBII HAB (1a01.6.4), HO Takxke He ObLIO

06Hapy>KeH0 3aBUCHUMOCTH BBEDKHMBACMOCTHU 6aKT€pPII>'I OT BPCMCHHU DKCITO3UITNH.

Tabmuna 6.4. ®uzuko-xumuieckue cBoiictea HAB Ha 0cHOBE BOJIOITPOBOIHOM BOBI
r.Camapa, UCIIOJIBb30BAaHHBIX JJIs1 KyJbTUBUpOBaHuUs B.cereus [P 5832, BbIIeIeHHBIX U3
npenapata «baktucyotum» 13.11.2013r.

O6pazserl,
POZIOIVKATENILHOCTS OBIL MB 8L, e DNEKTPONPOBOTHOCT
HEKOHTAKTHOM b S, MKCM/cM
AKTHUBALIH
Kowrrpons 234,55 9,12 403
(0e3 akTHBaLUN)
AHOIHT 187,80 8,84 402,5
Karonaur 5 mun 15,85 9,14 404,67
Karomut 20 muna -39,59 8,68 406,3
Karonut 40 Mmun -71,81 8,62 404,3

Ha puc. 6.3 npencraBieHsl 00001IeHHBIE TaHHBIE MO 3aBUCUMOCTH BBDKUBAEMOCTHU

oakrepuanbubix mramMmmoB E.Coli u B.Cereus ot OBIT HAB.



110

E.coli passeaetue 10000 kn/mn E.coli pazsepenue 10 000 kn/mn
OcmoTHuecKana Boga BogonpoBogHas soga r.Camapa
1400 250 ® —T | 5000
1200 -0 =3 yaca KOBT PO uyaca
200 @ 24vaca | 4000
1000 —@—24 yaca _ O\ o] 5
oo . 8 » o @ O | 3000 §
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3 i = =0 = @~ — —0~0 0| lo 3
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OKMCNUTENLHO-BOCCTAHOBUTENbLHBIN -39,7 £,19 5,02 64,97 94,71 192,1
noveHuuwan, mB OKMCNUTENLHO-BOCCTAHOBMTENBHLIA NOTEHUKan, MB
B 10000 niun| O ™
B.Cereus passeaenue 10000 kn/mn [coreus paseeneHue KM & 15w
Ocmomueckas Boaa i BogonpoeoaHas Boga r.Camapa ® 45mm
70 MHH 3 30— MonMHOMMANBHBIF (5 MAH)
» 60 —0—15 MuH O — — lMonuHomMansHbIi (15 man)
; 50 ™ - -k -45MMH | | 25 - = - MonuHomuanHbIif (45 MuH)
g £
roo40 3
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E E _——
t £ 33
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noTeHuywan, MB OKMNMTENBHO-BOCCTAHOBMTENBHBLIA notesyuan, mB

Pucynok 6.3. BiusiHue OKUCIUTEIbHO-BOCCTAaHOBUTENBHOTO noTeHIMana HAB Ha
AKHU3HECIIOCOOHOCTh OaKTEepHil B SKCIIEPUMEHTAX.

Cnenyer ormeruth, uyto ToibkOo st B.Cereus, kynpruBupyemoii Ha HAB wu3
OCMOTHYECKOI BOjIbI Obl71a 0OHapyskeHa 3aBucuMoctb or OBIT HAB. Iloatomy, Tak kak
ocMoTHYecKass Boja Oosiee cTaOWiIbHAa MO COCTaBy, Y€M BOJIONPOBOJAHAS, CIEIYET
MPEANONIOKUTh, YTO Ha (PUIUKO-XUMUYECKHE CBOWCTBA AKTHBUPOBAHHBIX BOJ M
KOHTPOJISL, U, CJIEOBATEIbHO, Ha )KMU3HECTIOCOOHOCTh OaKTEPHil, OKa3bIBAJIO BIUSHUE HE
tosibko OBII, HO KakHe-TO Ipyrue HeyYTEeHHbIE CBOKWCTBA aKTUBUPOBAHHOW BOJIBI.

O060011as JaHHBIE, TOTYYEHHBIE B OKCIIEPUMEHTAX Ha OAKTEpHsIX, CIEAYET OTMETHUTD
OYEHb HM3KYI0 BOCIPOM3BOJMMOCTh Kak 3HauyeHud OBII, Tak u pe3ynpTaToB
sKcriepuMeHTa. Bo3MokHO, 3TO 00yCIIOBICHO HECTAOMIBHOCTHIO (PU3UKO-XUMHUCCKUX
xapakrepuctuk HAB, CBsI3aHHBIX C OCOOCHHOCTSMM aKTHBAlMd M peJlakcaluu BO
BPEMEHH.

B  pesyaprare  skcmepumenTtoB  Ha  E.Coli  Takke  ObUIM  BBISBJICHBI

paszHoHanpasieHHble 3¢ dexTsl HAB (kak aHONUTOB, Tak U KaTOJMTOB) HA MUCCIIETYEMbIE
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Oaktepun. Tak KaTolWThI, MONy4YeHHbIC MpU akTUBauuu B TeueHue 20 u 40 MUHYT,
IIPUTOTOBIICHHBIE HA OCMOTHMYECKOM BOJE, KAaK M KaTOJIUTBI, ITOJYYEHHBIE NPU
aKTUBAIMU B TeueHHe 5-40 MUH Ha BOJIOIIPOBOIHOM BOJIE, TOJIABIISIIA POCT OAKTEpHU BO
Bce cpoku okcno3duumn kK HAB. B Toxe BpeMs aHONMT, NPUTOTOBIEHHBIA Ha
BOJIOTIPOBOJHOM Bojie, ctuMynupoBai poct E.Coli mpu sxcno3urnuu 2 u 24 yaca.

IIpu sxcno3unnnu B.Cereus aHOINUT, TPUTOTOBIICHHBIM HA OCMOTHYECKOW BOJE, MPH
15  MUHYTHOM  SKCHO3WIMA  OKa3blBAJl  CTUMYJIMpPYIOLIEEe  JICMCTBHE  Ha
KU3HECTIOCOOHOCTh OaKTEPHii, a aHOJIUT Ha BOJOMPOBOIHOM BOJIE YKE MPU 5 MUHYTHOU
HKCMO3UIIMK BBI3BIBANl OakTepuocTaThueckuil 3¢ddext. B To ke Bpems, KaTOJIUT Ha
OCMOTHYECKOIN BOJIE, NOJy4eHHbIN 1Tpu 40 MUHYTHOM akTUBaUWU, IpH 45 3KCIO3ULUA
OakTepuii crumynupoBan poct B.Cereus, a kaToiuT, moiayueHHbId npu 40 MUHYTHOM
aKTUBALIMM BOJIONIPOBOAHOM BOJbI, yrHeTaln poct B.Cereus naxke mpu HAXOXICHUU B
HEM OaKTepHil B TCUCHUE 5 MUH.

Takum 00pa3om, B pe3ysibTaTe MPOBEACHHBIX HCCIIEOBAaHUI HE ObLIO OOHApPYKEHO
HU SIPKO BBIPAKEHHOTrO OaKTepuocTaTHUecKoro naeunctBus anonmutoB HAB
cTumynupytoiero Biusaus karonutoB HAB. HaoGoport, Bce uccinenyembie HAB B Toi
WIM WHOM CTENEHHM — U B 3aBHCHUMOCTH OT YCJIOBMM aKTUBAIlMM - OOJajainu Kak
OAKTEpUOCTATUYECKUM, TaK W CTHUMYJIHPYIOIUM 3(QQeKkroM Kak Ha YCIOBHO-
natoreHHbid mramMMm E.Coli, Tak u Ha mTamm B.cereus IP 5832, ucnons3yemsbrit s
JeYeHUd W TNPOPUIAKTUKH CEPbE3HbIX 3a0o0jieBaHMi Yy 4enoBeka. llomydeHHble
pe3yJIbTaThl CIyXaT OOOCHOBaHWEM Ui MPOBEACHHS NANBbHEUIIUX HCCIEIOBAaHUI
6e3onacHoct HAB 1 yka3bpIBaloT Ha HEBO3MOXHOCTh OECKOHTPOJILHOTO YHOTPEOIeHUs

HAB uenoBexom.
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IJIABA 7. CHCTEMA OIIEHKU TEHETHYECKOM BE3OIACHOCTH
AKTUBHUPOBAHHBIX MU THEBBIX BOJI 1 TEXHOJIOT U X
INPUT'OTOBJIEHUA

Pe3ynbTaThl MpPOBEACHHBIX SKCHEPUMEHTOB IIOKa3aldd, YTO TECT HA HWHIYKIHIO
XPOMOCOMHBIX a0eppaluii B KJIeTKaX KOCTHOIO MO3ra MBIIIEH, TeCT Ha UHAYKIUIO M
B KJICTKaX KPOBH YEJIOBEKA, KYJTbTUBUPOBAHHBIX B YCIOBHUSIX ITUTOKUHETUICCKOTO OJI0Ka
M TECT Ha HWHIYKIMUIO JIOMUHAHTHBIX JIETAJIbHBIX MYyTallMii B TOJOBBIX KJIETKaX
JpO30( MBI OKa3aIUCh MPUTOIHBIMU JIJIsl OIIEHKH reHoTokcudeckux 3¢ dextoB HAB.

[lony4yeHHble MaHHBIE MO3BOJWIM CO37aTh MHUHUMAIBHYIO Oarapero i OILICHKHU
MOTEHIIMAIbHOM TE€HOTOKCUYHOCTH JIIOOBIX 3IHEProMH(MOPMAIMOHHBIX BOJ, KOTOPYIO
Tak)k€ MOXHO HCIIONB30BaTh © I THTHCHUYECKOM OIICHKH O€30MacHOCTH
000OpymoBaHUS ISl TIPUTOTOBJICHUS! aKTUBUPOBAHHBIX BOJ. AJTOPUTM 3TOTO IMOAXOJA

MoKa3aH Ha puc. 7.1.

Kposb IHonoBbIe I'enoTokcuyeckue
YeJI0BeKa HeT KJIEeTKH HeT 3P PexTHI HEe 00HAPYKEHBI
in vitro Ap030¢uIbI
aa aa
Knerkn HET
KOCTHOI'O Paspemenue
Mo3ra K IIPUMEHCHUIO
MbIIIe
aa
3anpenieHue
IpPUMEHEHUS

Pucynok 7.1. Anroputm aHnanuza renetudeckoit 6e3onacnoctu HAB u TexHonoruii
JUTSL MX TTOJTydeHus (OJI0K-cxema)

3 Pemenue mo 3aIlIpCIICHUIO TIPUMCHCHHA BOJbl HMJIM TCXHOJIOTHH €€ IIOJYUYCHHA IMPHHUMACTCA

YUeTOM BCeM COBOKYITHOCTH PE3YJIbTATOB TOKCHKOJIOTHYCCKUX HCCIeIOBaHUM
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JInsi MOCTaHOBKM KPaTKOCPOYHBIX SKCIEPHUMEHTOB IO OlLeHKe BiausHus HAB Ha
TCHETUYECKUE CTPYKTYpPHl XKUBBIX OOBEKTOB in Vvitro W in vivo MBI pa3paboranu
METOIMYECKUE peKOMeHaanuu (mpwiokeHnne B), KoTopele  OTIIMYAIOTCA  OT
nevctyromiux B P® wu crpanax ODCP 1OKyMEHTOB MO OIIEHKE TE€HETHYECKOU
0€30MaCHOCTH JIEKAPCTBEHHBIX IPENapaToB, XWMHYECKUX COCIUHEHHM, MPOIYKTOB
MATAHUS, PAJUAIMOHHOTO M3JIy4YeHHS U TMp. HE TOJbKO HAOOpOM METOA0B, HO M

MNEPEHYHEM PCKOMCHAYCMBIX TC CT-0OBEKTOB.



114

IVIABA 8. OBCY/KJIEHUE PE3YJ/IbTATOB. CBA3b DPPEKTOB
HECTABUWJIBHOCTHU 'EHOMA C PU3UNKO-XUMHNYECKUMU
CBOMCTBAMU HEKOHTAKTHO AKTUBUPOBAHHBIX BOJ]

[Ipuctynas k 00OOIICHHIO TOTYYEHHBIX JaHHBIX, CIEAyeT TMOHMMAaTh, YTO B
pE3yNIbTaTe SKCIO3UITUU B €MKOCTSX, COJIEPIKAMNUX KOHTAKTHO aKTHBHUPOBAHHBIC aHOJIUT
U KaTOJIUT, aKTUBHpyeMas BOJA IEPEXOIUT B METACTAOMIILHOE COCTOSIHHE, KOTOPOE
XapaKTepU3YEeTCsl U3MECHSIONMMUCS BO BPEMEHH aHOMAJIbHBIMHU (DU3UKO-XUMUYCCKUMH
CBOMCTBaMU. B mporiecce akTUBaIMK U3MEHSIETCS €€ SHEPTeTUUECKOE COCTOSHUC U JIOJIS
CBsi3aHHOU (a3bl (cTpykTypa). Takoe COCTOSIHHE BOJIbI SIBISIETCS HECTAOWJIBLHBIM, T.€.
aKTUBUPOBaHHAs BOJa IOCTETICHHO pEJIaKCUPYEeT, BOCCTAHABIMBAsS CBOU HCXOTHBIC
CBOMCTBA M XapaKTepUCTUKH. [Ipu 3TOM MpOMCXOMUT Tepenayda dHEpruu (3apsga) Ha
OOBEKTHI, KOHTAKTUPYIOIINE C aKTUBUPOBAHHOM BOJION (B HAIIEM Clly4ae — 3TO KJIETKU

’KUBBIX OPraHU3MOB).

Kak mokazanu pe3ynabTaThl SKCIEPUMEHTOB, aJanTaius KJIETOK in Vitro Kak u
OpPraHu3MOB HyKApUOT K JCHCTBUIO Bcex HccienoBaHHbix HAB comnpoBokianach
uHAayKuen 3(QexToB HecTaOWILHOCTH TreHoMa. [lodToMy MBI MpoaHATM3UPOBAIIU
BausiHue cBoiicTB HAB Ha mposBinenue reHoTokcmueckuxX 3PdekToB u 3¢ (HeKToB
HECTaOMJILHOCTH T€HOMA Ha Pa3HBIX TECT-00bEKTaX.

AHanmu3  3aBUCHUMOCTH  TreHOoTokcuueckux 3pdexroB HAB or crenenu
MUHEpAIU3allMd  BOJIbI, MCIOJB30BaHHOW it  akTuBaumu (puc. 8.1), BBISBUI
CYILLIECTBEHHOE BIIMSIHUE STOr0 IOKa3aTelii Ha CKOPOCTh Mpojudepanuy KIETOK B
KYJbType, IPUYEM TOJIBKO ISl KaTOJUTOB, MONy4YeHHbIX 20- u 40 MHH. akTUBanueu
(OBII = - 61,7 ..206 mB) u anonuroB (OBII = 224,4...360,8 MB), B TO Bpems kak st
HEAKTHUBUPOBAHHBIX BOJ (KOHTPOJb) W BOJ, AKTUBHUPOBAHHBIX B TEUEHUE 5 MHUH,
0I00HOM CBsI3U BbIsIBJIEHO He ObuT0. Kak BUIHO Ha pucyHke 8.1, Boa ¢ MakCHMalIbHOM
MUHEpalu3anued  (MOCKOBCKas  BOJIONPOBOJHAs)  MEHEE  BCEro  TOPMO3HIIA
npoiudepaTuBHyI0 AaKTUBHOCTh KJIETOK B KyJIbType. AHAJIN3 KOPPEISUUA MEXITy

CTEMEHbI0 MUHEPATIU3AIMN UCXOJHOMN (HEAKTUBUPOBAHHOM ) BOJIbI
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Pucynok

8.1.

N3menenune crnekrpa
PEKOHCTPYUPOBAHHBIX cpefiax Ha ocHoBe HAB, B 3aBUCMMOCTH OT CTENIEHH MUHEPAIU3AIMN UCXOAHON (HEaKTUBUPOBAHHOM ) BOJIBI.
[To ocu abcruce — MuHepanu3anus (Mr/1), o OCH OPAMHAT — JIOJIS KaXKA0W (PpaKIUU KIETOK B CIIEKTPE KJIETOUHBIX MOMYJISIUAN

KJIICTOYHBIX HOHy.TIfIHHfI

TUMQOITUTOB

KpOBU  YEJIOBEKa,

KYJIbTUBUPOBAHHBIX

B
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M TIO0Ka3aTeNsIMU YacTOThl TEHETUYECKHX TMOBPEKICHUN JTUMOOIUTOB KpOBU
YeJIOBeKa, KYJIbTUBUPOBAHHBIX B PEKOHCTPYHPOBAHHBIX Cpelax, OOHApYKHII
3HaunMble cBs3H (p < 0,05, kputepuit CnupmMeHa) TOJIBKO JIJIsl KATOJIUTOB: C YaCTOTOM
anonTo3a (r = 0,74), ¥ ¢ 4acTOTOM YCKOPEHHO ACIISIIMNXCSA KJIETOK C MOBPEKICHUSIMU
( r = -0,92). CornacoBaHHOCTh 3THX IIOKa3aTelell B MexaHu3Me O0Opa3oBaHUs
3¢ (eKTOB HECTAOUILHOCTH T€HOMA UCKITIOYAET CIIy4alHOCTh OOHAPY>KEHHbBIX CBSI3EH.
Crnenyer OTMETHUTB, YTO TSI aHOJIMTOB TOT00HBIE KOPPEIISAIIMOHHBIC CBSA3H BBISBICHBI
He ObUIH, 4TO 00YCIIOBJICHO, BEPOSITHEE BCETO, HEOOIBIITUM KOJIMYECTBOM PA3JIMYHBIX
aHOJIUTOB, M3yYEHHbIX B JaHHOW padore. To ecTb, COCTaB HCXOAHOU
(HEaKTUBUPOBAHHOW) BOJBI M YCIIOBUS aKTHBAIIMU WTPAIOT CYIIECTBEHHYIO POJb B
MPUOOPETEHUH €0 TeHOTOKCUUECKON aKTHUBHOCTH.

Jlo cux mop OBUIO TPHUHATO CUWTATh, YTO OCHOBHBIM TIAPAaMETPOM BOJHI,
OTPKAIONIUM €€ CTPYKTypYy U OHOJOTHYECKYH aKTUBHOCTb, siBisiercss OBII [4].
[ToaTomy Ha cnemyromiem sTane padOThl MBI MPOAHATH3UPOBAIH CBS3h OCHOBHBIX
TCeHOTOKCHYECKUX d((PEKTOB ¢ 3THUM ToKazareneM. Tak Kak JaHHBIX, MOJYYCHHBIX HA
KYJIETYpe KJIETOK KPOBH 4YeJIOBEKa, ObUIO OOJIbIIIE BCETo, /I Hayala MCIOJIb30Bau
uMeHHO uX (puc. 8.2). Ha 3ToM pucyHKe XOpOIIO BHUIHO, YTO YacTOTa AETSAUIUXCA
KJIETOK C TOBPEXICHUSMHU CBsi3aHA C MUTOTHYECKHM HWHIEKCOM KYJBTYp KIETOK
KpoBU uyenoBeka (koddduiment koppemsiuun Cnupmena = 0,59; p < 0,05), uro
€CTECTBEHHO — MOBPEKIACHUE B ATOM TE€CTE, MOXXHO YBHJIETh TOJIBKO MOCJE JCICHUS
KJIETKH, TaKK€ KaK B TECTE HA WHAYKIIMIO XPOMOCOMHBEIX a0eppanuyd — TOJIBKO Ha
MeradasHoi 1acTuHKe. HO Takke OYEBHUIHO OTCYTCTBHE 3aBHCHMOCTH JTHX

nokazaresiei ot OBII.

[TockombKy HamM OSKCIEPUMEHTHI BBISIBUJIM KAYECTBEHHBIC DPA3INYds BO
B3aMMOCBSI3M Mexay dddekramu mnpoiudeparud ¥ YacToTaMu TOBPEKIEHHBIX
KJIETOK B cpeJaX Ha KaTOJMTaX M aHOJHWTAaX, MBI TPOCICAWIN YyKa3aHHBIE

B3aMMOCBSI3M OTIENBHO JJIs HEAKTUBUPOBAHHBIX BOA M Kaxzaoro tuna HAB (puc.

8.3).
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Pucynok 8.2. MI3MeHeHne MUTOTUYECKOr0 MHAEKCA U YaCTOThI IETSAINXCS KIETOK
c mnoBpexaeHusMu B 3aBucumoctd oT OBII Bcex wusyuennsix HAB B
PEKOHCTPYMPOBAHHBIX CPENAX, HCIIONb30BAHHBIX I KYJbTUBUPOBAHUSA KIETOK
BEHO3HOU KPOBH YEIOBEKA

Kak BUAHO, pa3lenbHbId aHAIW3 TOJBKO B OJHOM CIy4ae BbIIBHII 3HAYUMYIO
cBs3b ¢ OBII - 3TO U3MEHEeHHe MUTOTHYECKOW aKTUBHOCTH aHOJIUTOB (1= - 0,71).

MuroTndeckass akTUBHOCTh — HE €AMHCTBEHHBIM MOKA3aTellb, XapaKTepU3yIOIINi
npoliecc JeleHusl KIETOK B KyinbType. He menee, a, Moxer ObITh, Jaxe Oojee
BXHBIM SBJIAECTCS 00beM NpoJaudepaTUBHOTO TyJia, BKIIOYAOIIMA B ce0sS U
KOJTMYECTBO KIJIETOK, PA3ACTUBIIUXCS B KYJIbTYpe Ha MOMEHT (DUKCAIIUU, U YaCTOTY
KJIETOK B cTaauu MuTo3a. Ha puc. 8.4 mokasaHbl pe3ysbTaThl aHAIN3a CBSI3H MEXKIY
00bEMOM TMPOJIU(PEPaTUBHOIO IMyJa B KYJIbTypax KIETOK Ha PEKOHCTPYHUPOBAHHBIX

cpenax ¢ OBII HAB.
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Pucynok 8.3. PaznenbHblii (B 3aBUcuMoOcTH OT Thna HAB) ananu3 usmeHeHus
MHUTOTHYECKOIO UHAEKCA U YaCTOThI JEIISIIIUXCS KIIETOK C ITOBPEXKACHUSAMU B
3aBucumocT oT OBII Bcex nzyuenHsix HAB B peKOHCTpyHpOBaHHBIX cpeaax,
WCMOJIb30BAHHBIX I KYJIbTUBUPOBAHHS KIIETOK BEHO3HOW KPOBH YEJIOBEKA:

A — KOHTpOJb, b - KaTonmuTel, B - aHONMUTHI
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Pucynok 8.4. PaznenbHblii (B 3aBucuMocTH OT Thna HAB) ananus usmenenus
npoaudepaTuBHOIO IyJia B KyJIbTypax KJIETOK KPOBU YEJIOBEKa B 3aBUCUMOCTH OT
OBII pexoHCTpYyHPOBaHHBIX CPE/I.
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Kak BunHo Ha »TOoM pucyske, BausHue OBII Ha nmponudepaTuBHy0 aKTUBHOCTD
KJIETOK, TaK)Xe€ KaK IpPU aHAJIU3€ MUTOTUYECKOHM AKTUBHOCTH, MPOCIEKUBAIOCH

TOJIBKO AJIsI aHOJIUTOB.

3areM MBI IIPOBENIM KOPPEJALMOHHBIN aHAIN3 MEKIY BCEMH LIUTOT€HETUYECKUMHU
MTOKA3aTEISIMU, ONPENEIIEMBbIMU B MUKPOSIEPHOM TECTE HA KYJIbTyPE KIETOK KPOBU
YeJloBeKa, M BCEMHM M3YYCHHBIMU (PU3MKO-XUMUYECKUMHU Nokazatensimu HAB, Ha
KOTOPBIX OBUIM MPUIOTOBJIEHBI PEKOHCTPYUPOBAHHBIE CPEIBI, I BCEX BOA®, @ TAKKE
OTJICJIbHO JJIsI KaTOJIMTOB M aHOJUTOB (Tab. 8.1 - 8.4).

Koppensunonnsiil aHain3, NPOBENCHHBIN B €AMHON MATPHULIE ISl BCEX U3YUYEHHBIX
BOJ, HE BBIIBUJ KaKOM-IMOO JIOTUKM BO B3aUMOCBS3U (DU3UKO-XUMUYECKHUX
napameTpoB u3yueHHbIXx HAB u mokasareneil HECTaOMIIBHOCTH T'€HOMa B KYJbTYpeE
IUM(POLUTOB KpOBU uelOBeKa. B TO ke BpeMs, KOPpEISIIMOHHBIA aHalu3,
MIPOBEJICHHBIN MO0 TOMY K€ KPUTEPUI0, HO pa3/ieibHO A KaronuToB (Tadi. 8.1 u 8.2)

u aHomuToB (Tabn. 8.3 wm 8.4) mokazand, UYTO MOPAKTHYECKU Bce D EKTh

HECTAaOMIBLHOCTH I'€HOMA B AHOJMTAX OBbUIN ACCONMNHUPOBAHBI C OBIluc [)H BOJbI, a
B KaTtoJIMTrax — c¢O CBCTOC&MMOI‘/JI JIIOMUHOJI-TEMUHOBON XEMUJIFOMHHECIICHITUH.

OOHapyXeHHE ASTHUX CBA3€H O3HAYaeT HE TOJBKO TO, YTO AHOJUTHI M KATOJUTHI
yrHeTanau (OoTpuIlaTesIbHasT KOppeJsius) npoaudepaTuBHY0 aKTUBHOCTh KJIETOK, HO
JEMOHCTPUPYET MEXaHU3M ATOro (heHoOMEHa: JJIsl AHOJMTOB — 4Yepe3 U3MEHEeHHUe
OBII u pH HAB, a uisi KATOJMTOB — MMyT€M AKTHUBALMHU CBOOOTHOPAAMKAIBHBIX
peaxkumi.

Kpome oTrmeudenHbIx 3¢ (deKToB, i1 aHOJIUTOB Oblia BhisBiIeHa cB3b OBIT u pH

C YaCTOTAMH YCKOPEHHO JNEJAIIUXCSA KIETOK, HECYIIUX TE€HETUYECKHE MOBPEKIACHUS
U _KIJIETOK B COCTOSHMM anontosa. Jlis karonurToB nonoduHsie cBsizu ¢ OBII u pH
BBISIBJICHBI HE OBLIM, YTO MOXXET TOBOPUTH 00 OTCYTCTBUU OTUX BIUSHUN B
MexaHu3Max UHAYKIUU 3PDEKTOB HECTaOMJIBHOCTM TE€HOMa B MPUCYTCTBUU

KaToauToB. To ecTh, B MEXaHU3MaX BO3HUKHOBEHHUS 3(PPEKTOB HECTAOMIBHOCTH

* B Tabmn. 8.1- 8.6 mpeacTaBIeHbl TOJIBKO T€ IIMTOTEHETHUECKHE MMOKA3aTeN, IO KOTOPHIM ObLiia
oOHapy>keHa XOTs Obl 0JIHA 3HAYMMAsT KOPPEJSIITMOHHAS CBS3b C YKa3aHHBIMH (DPHU3HKO-XUMUYECKUMHU
cBoiictBamu HAB.
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Ta6muna 8.1. Koppensiuu Mex 1ty mokazaTesiMy Mpoiaudepanny KyJIbTHBUPOBAHHBIX KJIETOK KPOBHU YEJIOBEKA B
PEKOHCTPYUPOBAHHBIX CPEAAX HA KATOJAUTAX, IPUTOTOBIEHHBIX HA OCHOBE OCMOTHYECKOW, MOCKOBCKOM BOJOIPOBOIHOM
u OyTripoBaHHOM Bobl «lIunurpum» (koaddunments! koppenauuu CnupmeHa)

Crektp pensimuxcst Kietok (%) Acum-
[Tpomuge- | merpu | Unneke | Uunexc
[Toka3arens 1- 2- 3- 4- [Tonu- | YckopeHHO- | paTUBHBIN Py pemiu- | TpoJiu-
SIEPHBIC | SIICPHBIC | SIICPHBIC | SAEPHBIC | SIACPHBIC | JETSAIIHecs Iy 2-ro Kaiuu | depanuu
MHUTO3a
Ceerocymma
xeMUIroMuHecneHuuu* 1 0%, -0,76 0,67 0,62 0,75 0,53 0,73 0,77 -0,31 0,71 0,75
yCIL.EJl.
OBII, MB 0,07 -0,31 0,18 -0,29 -0,29 -0,18 -0,12 0,69 -0,31 -0,29
pH, ycn.en. -0,02 -0,16 0,05 -0,23 0,00 -0,18 -0,12 0,38 -0,26 -0,20

[Tpumeuanwue: 3HaunMbIe Koppemsauuu (p<0,05) BbIreneHb IPUPTOM

Tabmuia 8.2. Koppensiuu Mexay mokazareasiMi TeHETUUECKUX MOBPEXACHUN B KyJTbTUBUPOBAHHBIX KJIETKaX KPOBU YEJIOBEKa B
PEKOHCTPYHPOBAHHBIX CpeAaxX Ha KATOJAUTAX, IPUTOTOBIEHHBIX HA OCHOBE OCMOTHUYECKOM, MOCKOBCKOW BOJOIPOBOAHON U

OyTmpoBaHHOM Bojbl «ITumurpum» (kodddunments! koppensaun CrupMeHa)

Knetku ¢ nospexaenusmu (%)
Jensmmec
Ilokazarenn 1- A= 4- s Hensimuecst oD e
SIIEPHBIC | SIAEPHBIE | sIIEpHBIE KJIETKHA kietku ¢ HIIM
c MiA
Ceerocymma
XeMmItoMuHectieHnuu* 104, -0,50 -0,35 0,86 -0,13 0,62 -0,31
YCIL.EJ.
OBII, MB 0,40 0,42 -0,06 0,39 0,16 -0,13
pH, ycn.en. 0,26 0,42 -0,10 0,32 -0,06 -0,36
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[Tpumeuanwue: 3HaunMbIe Koppemsauuu (p<0,05) BbiieneHsl mpupTOM

Tabmuma 8.3 Koppensiiun Mexay mokazareiasMu mpoiudepaluu KyJIbTHBUPOBAHHBIX KIETOK KPOBH YEIOBEKa B

PEKOHCTPYMPOBAHHBIX CPEAAX HA AHOJUTAX, IPUTOTOBICHHBIX HA OCHOBE OCMOTHYECKOW, MOCKOBCKOW BOJOIPOBOIHON H
OytunupoBanHoi Boabl «[Iumurpum» (kordduiuenTs! koppensuuun CrnupMeHa)

Crnektp aensimumxcst kineTok (%) Acnm- Wnneke | WHmexc
Yacrora i METpHUs
ITokasarens ATIONTO3a s [Tpomm . | Vckopermo 210 pemiu- | IpOIHu-

ASEPEEIE AZIepHBIE Alzuscssu (bepa;;;m’m memsmmecs | oo Kanuu | depanuu
Ceerocymma
XeMutoMuHeceHnun* 10, -0,40 0,40 0,32 0,40 0,40 0,40 -0,32 0,40 0,40
yCIL.eJl.
OBII, MB 0,80 -0,80 -0,77 -0,80 -0,80 -0,80 -0,95 -0,80 -0,80
pH, yci.en. -0,80 0,80 0,77 0,80 0,80 0,80 0,95 0,80 0,80

[Tpumevanwne: 3HaunMbie koppensaiuu (p<0,05) BeiaeneHs! mpudTom

Tabmuma 8.4. Koppernsiuy MexX Iy MoKa3aTesiIMi TeHETHYECKUX TIOBPEXKICHNH B KyJIbTHBUPOBAHHBIX KIIETKAaX KPOBHU YeJIOBEKA B
PEKOHCTPYUPOBAHHBIX CpelaXx Ha AHOJMTAX, IPUTOTOBJICHHBIX HA OCHOBE OCMOTHUYECKOM, MOCKOBCKOIM BOJIOMPOBOIHOMN U
OyTmrpoBaHHOM Bojbl «[Tumurpum» (koaddunmrents! koppensuuu CrupMeHa)

I[eﬂsmmeca KJICTKH C IMOBPCIKIACHUAMUA

YckopeHHO
oKasaTess 2- 2- 4-spepubie | [lonu- Jens- I[CJ'ISHI_I)H/IGCH
SIIEPHBIC | sIIEpPHBIC c SIIEPHBIC | IIUECS c
¢ HIIM c Ms MSA+HIIM | c HIIM | ¢ M4 MSL-HTIM
Ceerocymma
XeMUIIoMuHecneHuuu* 10%, -0,40 -0,80 -0,32 -0,32 -0,20 | -0,32
YCIL.e]I.
OBII, mB 0,80 -0,40 -0,95 -0,95 -0,98 | -0,95
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pH, ycn.en.

-0,80

0,40

0,95

0,95

0,98

0,95

IIpumeuanue: 3HaunMble Koppenauuu (p<0,05) BbireneHsl HpUhTOM
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r€HOMa, UHAYLUHUPOBAHHBIX KaTOJUTAMHU M AHOJIMTAMH HA KYJBTYpPE KIIETOK, UTPAIOT
poiib pasHble (pusznko-xumuueckue cBoiictBa HAB. IlonsATHO, 4TO KO3(HUIMEHTHI
KOppEJSIHMA  MOTYT M3MEHAThCA C yBenumueHuem uncia HAB B marpunax
KOPPEJISIIINKM, HO OCHOBHOW MPUHITUI — CBsI3b d(PPEKTOB KATOIUTOB C aKTUBHOCTHIO
cBoOOTHOpaauKanbHbIX peakinii HAB, a anonutoB ¢ OBII u pH Boabsl u3MeHUThCS
HE JIOJDKEH (9TO MOATBEPKJIAIOT PE3YJIbTAaThl YUCICHHOTO MOJACIUPOBAHUS B paMKax
CTaTUCTHYECKOTO aHAIMN3a).

AHaJIOTUYHBIN aHAJIU3 MBI MPOBEJIM MO pe3yjbTaTaM IMOAOCTPOTO IKCICPUMEHTA
Ha Mbimax. M B atom ciydae st OBII craTtucTMUecKkrM 3HAUYMMBIE CBSA3M C
[IUTOTeHETHYeCKUMH d((PeKTaMu BBISBICHBI HE ObUTH. MOXHO TPEANONIOKUTH, YTO
MpYU 3HAYUTEIBHOM YyBeIWYeHHM KonmndectBa HAB, wu3ydyaeMbIXx B OJHOM
AKCIIEPUMEHTE, YIACTCS BBISIBUTh 3T B3aMMOCBS3U 3a CYET yBENWYEHUS oObeMa
BBIOOPKH, OJTHAKO ATO CTOJIb 3HAUUTEIBLHO YBEIIMUUBAET 00HEM IKCIIEPUMEHTAIBHOTO
Marepuasia, 4TO MPOAHATU3UPOBATH €r0 B Pa3yMHBIE CPOKH HE MPEICTABISACTCS
BO3MOXKHBIM.

[IpyHumass BO BHHMMaHUE TOT (paKT, YTO YACTOTa aOEpPpaHTHBIX KIETOK HE
koppemmpoBana ¢ comepkanrem CXJI, a cBa3p ¢ OBII y xkaronmutoB Obina
CYIIECTBEHHO HEJIMHEWHOM, MOXHO NPEANOJIOKUTH HaJW4he€ B AKTUBUPOBAHHBIX
BOJAaX, MpPUYEM, MPEUMYILIECTBEHHO, B KaroiuTax (AJis 3aKIIOYEHHUS IO aHOJIUTaM
HEJIOCTATOYHO JIaHHBIX) T€HOTOKCHYECKHX (DAaKTOPOB, KOTOPHIE HE YUYUTHIBAJIUCH B
JaHHOM pabore.

OtcyrtctBue cBs3u ¢ OBII HAB Mbl 00HapyXuiiu ¥ B SKCIEPUMEHTAX IO OLEHKE

KHU3HECTIOCOOHOCTH OakTepuii (puc. 8.5 u 8.6)
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Pucynoxk 8.5. XKuznecnoco6nocts E.coli 1257 mpu 2-yacoBoii nHKyOammm
Oaxrepuii B HAB Ha Bomonposoanoi Boge (moces 10° ki/ mi)
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Pucynok 8.6. XKXuznecroco6nocts E.coli 1257 npu 2-yacoBoii uHKyOariuu
oaxrepuii B HAB Ha Bomonposoanoi Boje (moces 10 kn/ mi)

NHTepecHO, 4TO B IKCIIEPUMEHTAX Ha MOJOBBIX KJIETKAaX CaMIIOB JAPO30(UIIbI MbI
OOHapY>KUJIM BBICOKOYPOBHEBYIO aCCOIMATUBHYIO CBsi3b Mexay 3HaueHusmu OBII
BOJI, KOTOPLIMU OBUIM 3KCIOHUPOBAHBI caMIlbl MyX, U dactotamMmu POJI B momoBbIX
KJIETKaxX camIIoB, ee norpedispmux (r=0,90; p=0,006, puc. 8.7.).

Baxno orMmeTuth, uto ¢ ymenbiieHuem OBII Boabsl yactotel POJI cHukanuce,
MpUYeM caMble BbICOKHME YacToThbl PDJI Obuin oTMedeHbl B KOHTpoJe. Ilockombky
cBsi3u Mexxy OBII u3zydyennbix HAB 1 KoMuecTBOM OTJI0’KEHHBIX SIUII BBISBICHO HE
owuo (r=0,1; p = 0,82), camxenue yactotel POJI co camkennem OBII Boasl Mmoxker

TOBOPHUTH HE 00 YMEHbIIEHUU TMOeIu 3MOPHUOHOB, a O THOENH CIIEpMaTO30U/I0B,
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Pucynoxk 8.7. VI3amenenune gactoTsl POJI B MOMOBBIX KIIETKaX CaMIIOB JPO30(DHIIBI
B 3aBucuMocTu oT OBII HAB Ha ocHOBE MOCKOBCKOM BOJOTIPOBOAHOM BO/IBI,
KOTOPYIO OHU HOTPEOIISIIN.

HECYIIMX MYTAllMU WU IPyTHE MOBPEKACHUS (aHATOTUYHO TOMY, KaK U3MEHEHHE
YaCTOTHI aroITO3a CBUJIETEILCTBYET O THOCIM KJIETOK, HECYIIMX TIe€HETUYECKHE
noBpexeHus, cp. ¢ pesynbratamu 11.4). Ceszu mexay OBII HAB u wacroramu
[12J1 BeisiBiieHO He 66110 (1 = 0,090; p > 0,05).

B okcnepumente Ha gpo3oduiie ObuUia BbISIBIEHA CBA3b 4YacToThl POJI ¢
anekTponpoBogHocThi0 HAB (puc. 8.8), BocnpousBozsiias KapTUHY CBSI3U YaCTOThI

P3JI ¢ OBIL.
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Pucynok 8.8. M3menenue yactorsl POJI B MONOBBIX KJIETKaX CaMIlOB JPO30(UIIbI
B 3aBUCHMOCTH OT 3JeKTpornpoBoHocTH HAB Ha 0cHOBE MOCKOBCKOM
BOJIOIPOBO/IHOM BOJIbI, KOTOPYIO OHU MOTPEOIsIIN
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Kak BHIHO, 3aKOHOMEpPHOCTH, BBISIBICHHBIE B OINBITE HA IMOJOBBIX KIETKAX
Ipo30(uIbl, Ka4eCTBEHHO OTIMYAIOTCS OT TEX, KOTOpble ObutM OOHApYy>KEHBI B
HKCIEPUMEHTAX, ONMpPEAEAIONINX UToreHeTnueckue 3¢ ¢pextel. CyTh 3TUX pazauuuid
3aKJII0YaeTCs B crielu(UKe TeCTa Ha MHAYKIMIO JOMUHAHTHBIX JETAJIbHBIX MyTalluH,
KOTOPbIA HE IMO3BOJISIET WACHTH(PUUUPOBATH U YYECThb TOJBKO TIE€HETUYECKYIO
npuunHy 3¢dekra (KaKk TeCTbl, OCHOBaHHbIE HAa IUTOTEHETUYECKOM aHaIu3e), HO
BBISIBJISIET BCIO CJIOXHYI0 KOMOMHALIMIO T€HOTOKCHMUECKUX M TOKCHUECKUX 3(P(HEKTOB
uzydaemoro axropa. [Toaromy mbl 06Hapy)uiu cBsa3b OBII 1 anexkTponpoBogHOCTH
HAB c¢ uacroramu PDJI, xapakTepusyromuMu KOMIUIEKC 3((EKToB, HO HE C
yactoramu [19J], onpeaensonmmMn UICTUHHBIE MyTaIllHOHHBIE COOBITHSL.

Crnenyer TakXe OTMETUTh, YTO IIOCKOJIbKY ObUIa BBISBIIEHA CBSI3b MEXKIY
3HaueHusiMu OBIT HAB, xoTopbiMu ObUTH 3KCIIOHUPOBAHBI CaMIIbl MyX, U YaCTOTaMH
POJI B moJIOBBIX KIIETKax CaMIlOB, €€ yHOTpPEOJSBIIMX, B TO BpeMs Kak MOAOOHas
cBs3b it [1DJI oOnapyxkeHa He Oblla, MOXHO MPEINOJIOXKUTh BIUSHHUE APYTUX
ceoiictB HAB wiu wuHBIX (QakTopoB, HEYYTEHHBIX B JaHHOW paboTe, Ha
BO3HUKHOBeHHE [1DJ1.

Ha cnegyromem »stame aHanu3a BIUMSHUS (U3UKO-XUMHUYECKUX CBOMCTB Ha
UHAYKIHIO TeHOTOKcHMueckux 3(pdextoB HAB Mbl u3yuanu BIMSHHE CTENECHU
cTpykTypupoBaHHocTHd HAB, npuHuMasi BO BHUMaHWe, YTO BCE U3yYEHHbBIC B JAHHOM
pabote HU3UKO-XUMHUUECKHUE TTOKA3aTeNId MOTJIA ObITh CBSI3aHBI MEXKIAY COO0M. UTOORI
B 9TOM pa3o0paThCsi Mbl MPOBENN KOPPENALMOHHBINA aHaIN3, B KOTOPOM HCCIIEI0BATU
cBa3p nokazarened OBII, pH u CXJI co crenensto crpykrypupoBanHoctu HAB
(Tabm. 8.5).

Kak BumHO B 2TOHM TaOmuile, B PEKOHCTPYMPOBAHHBIX CpellaXx Ha KaTOJMTAX
sHaueHuss OBII He koppenupoBanu ¢ nojieil cTpykTypupoBaHHoW ¢da3el B HAB,
npuuem CXJI Obl1a acconnupoBaHa TOJNBKO C OJHUM JTMANa30HOM B DHEPIETUUYECKOM
pacnpeneieHun cTpykTypupoBanHoi ¢asel Boabl (0,301-0,4), a 3nauenuss pH — ¢
IpyruM, HO OJM3KUM AuanazoHoMm 3toro pacupenenenust 0,1 — 0,3. B cpenax Ha
aHOJMTAX Mbl HAOMIOJAIM MHOM XapaKTep CBSA3EH, XOTS OHH ObUIM peaju30BaHbl B

TOM € Mana3oHe »HepreTuyeckoro pacnpeaeneHus HAB.
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Tabmuua 8.5. CBs3b MeXAy pa3iuIHbIMU (GU3UKO-XUMHUYECKIMHU TTOKA3aTEISIMHU U
CTEINEHBIO CTPYKTypHupoBaHHOCcTH HAB
(pa3znenbHO ISl KATOJIUTOB U @HOJIUTOB, IPUTOTOBJICHHBIX HA BCEX M3YUYEHHBIX
Bojax; kpurepuil CriupmeHa)

Karoautnl AHOJIHTHI
CBETOCYMMa CBETOCYMMa
XEMUIIIO- OBI]I, pH, XEMHUJIIO- OBII, pH,
MUHHUCIICHIIMKA | MB | yci.en. | MUHeCIICHIIMH MB YCIL.e]I.

*10%, yemen. *10%, yem.en.
Pacnpenenenne
CTPYKTYpHpPOBaHHOM (ha3sl
B Bozie, %
0,00 -0,1 -0,05] -0,04| -0,13 0,40 0,80 | -0,80
0,101-0,2 0,61 -029| -0,78 0,95 0,32 -0,32
0,201-0,3 0,01 0,10 0,76 0,80 0,40 -040
0,301-0,4 -0,70 0,17 0,56 -0,32 | -095 0,95
0,401-0,5 - 0,57 0,53 0,57 -0,77 | -0,77 0,77
0,501-0,6 - 0,58 0,49 0,56 -0,77 | -0,77 0,77
0,601-0,7
0,701-0,8 -0,77 | -0,77 0,77
0,801-0,9
0,901-1,0 -041 0,52 0,41
oomee 1,0

[Tpumeuanwue: mpudToM BbIAEICHBI KOAPGUITMEHTH 3HAUMMBIX Koppemnsuit (p< 0,05)

Tabn. 8.5. ocraBisier MHOrO BONPOCOB, B YACTHOCTH, MOYEMY JJisi KaTOJUTOB B
caMOM HayaJile SHEPreTUYECKOro pacrnpesiesieHus CcTpykTypupoBaHHou (a3zsi HAB
k03¢ punmeHT xoppensiuuu ¢ pH - oTpunarenbHbli, a yKe B CIEIYIOIIEM AUAra3oHe
— TOJOXKUTENbHBIA. OQHAKO aHaIW3 MPUBEACHHBIX JAaHHBIX IO3BOJSET CAENaTh U
HEKOTOPBIE NEPCIEKTUBHBIE 3aKITOYECHU:

- CBA3b MEX]y IMOKa3aTelsIMU CTPYKTYPHUPOBAHHOCTH BOJbI U JIPYTUMHU (PU3ZHKO-
XUMHAYECKUMH CBOWCTBAMH JEUCTBUTEIBHO CYIIECTBYET, YTO IOATBEPKAAECT
U3MEHEHUE NapaMeTpPOB CTPYKTYPUPOBAHHOCTU IPU U3MEHEHUHM JAPYTUX (PU3UKO-
XUMHUYECKUX TOKa3arejaeil, B YaCTHOCTH MPHU HEKOHTAKTHOU (DIEKTPOXUMHUYECKOMN)
aKTUBALUU;

- KarOJIUTBl M AHOJUTBI UMEKT KPOME paHee YCTAHOBJICHHBIX pa3JIMuUi BO

B3aMMOCBSI3M MEX]y LIMTOIeHEeTHYEeCKUMU napameTrpamu (puc. 3.7, 4.8), eme U 1o
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XapakTepy B3aMMOCBSI3M MeEXay (usuko-xumuyeckumu cBoiictBamu HAB u

rapaMmeTpaMu CTPYKTYPUPOBAHHOCTH.

Cnepyromuidi 3Tanm  aHaiu3a BIUSHUA  (PU3HKO-XMMHYECKHMX CBOWCTB Ha
reHoTokcuueckue 3pdextei HAB mnocBsimieH u3ydeHHio CBS3€d € aKTUBHOCTBIO
CBOOOJTHOPAJAMKAIBHBIX peakuuil. 3Aech, MPEXKAE BCEro, CIEAyeT OTMETUTh, YTO
HEKOHTAKTHAas  aKTUBAlUs  MUHEpaIbHOW  BOoAbpl  «llwmurpum»,  uMeBIIEH
MUHUMAJIBHBI W3 BCEX BOJ, M3YyYEHHBIX B JIaHHOW paboTe, ypOBEHb JHOMHUHOJ-
FeMUHOBOM XEMUJIFOMUHECLICHIIMU, BOIPEKU OXHUIAHUIO, MpHUBENa K HWHIYKIHUH
MaKCUMaJIbHOTO M3 BCEX OOHApPYKEHHBIX YypOBHEW HECTAOWIHHOCTH T'e€HOMa
JTUM@OIMTOB  KpPOBM  4YeJoOBeKa. IJTO  O3HA4aeT, 4YTO IS HOPMAJIBHOTO
(YHKIIMOHUPOBAHUST JKUBOTO OpPTraHU3Ma HEOOXOJUMO TMPUCYTCTBUE HEKOTOPOIO
KOJTMYECTBA CBOOOHBIX PAIMKAIIOB (MJIM UX MHIYKTOPOB).

A.A.CrexuH mnpeamnosiaraer, 4YTO OCHOBHOW BKJIAJ B JIIOMHUHOJ-TEMHUHOBYIO
xemuiitoMuHecueHiio HAB BHoOCUT copaepkaHue TEpeKHucH BOAOpOa, C KOTOpOM
MOTYT ObITh CBsi3aHbl Bce reHoTokcuueckue apdextst HAB [100]. C M MOXHO
ObLIO OBl COTMACUTBCS, MOCKOJIBKY XOpPOIIO HU3BECTHO, YTO MEPEKHCh BOAOPOAA
obnagaeT MytareHHoi akTuBHOCTBIO [71, 130, 136, 150]. OnHako TakKe H3BECTHO,
YTO TIEPEKUCh BOAOPOJA BCETAa MPUCYTCTBYET B MEXKKIETOYHOM MPOCTPAHCTBE (B
HOpME y Miekonurarommx A0 10 HM), B JIerKMX MIIEKONUTAIOIIUX OHA
HapaOaTbIBaeTCsd co ckopocThio 10 50 HM/MuH Ha 1 1T Tkanu [167]. OTKpbITHE
(GYHKIMU TEpPEeKUCH BOAOPOJAa Kak CUTHaIbHOW Monekynsl [13, 167] u HenaBHee
oOHapyXeHHE y Hee CBOMCTB (hakTopa TpaHCKpumnuuu [157], a Takke COOCTBEHHBIC
JaHHbIE, CBUICTEIBCTBYIOIIME O MAaKCHUMAJIbHBIX T€HOTOKCHYECKUX H(Pdekrax B
PEKOHCTPYMPOBAHHBIX cpenax uMeHHO Ha HAB, npuroroBiieHHBIX Ha OCHOBE
MHHEPaJIbHOU BO/JIbI « Tumuarpum» c MHUHUMAJIBHON AKTUBHOCTBIO
CBOOOTHOPAANKATIbHBIX peakiui (MUHUMAJTBHOM CBETOCYMMOM
XEeMUWIIOMUHECIIEHIIMM), J0Ka3biBaeT HeoOxomumocTh H,O, namsa  HOpMallbHOTO
(GYHKIIMOHUPOBAHUS KUBOTO. B 4acTHOCTH, 3TO 03HAYAET, YTO MEPEKUCHh BOJOPO/IA HE
MOXET OBbITh KaK €IWHCTBEHHBIM, TaK M OCHOBHBIM HHJIYKTOPOM T'€HETHYECKOM

HectaouipHOCTH HAB.
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becciopHo, 4TO s JAETANbHOTO TOHUMAaHUS  MEXaHW3Ma  HMHAYKIHUH
TCHOTOKCHUYCCKHUX 3(P(}EKTOB B KMBOM KieTke 1moja aehictBueM HAB HeoOXxoauMbl
CIIEIUAJIbHBIE KCCIIEIOBAHMS, MPOBEACHUE KOTOPBIX HE BXOAWT B 3aJa4d JAHHOMU
pabotel. OgHAaKO MOMKHO BBICKa3aTh HEKOTOpble cooOpaxkeHus. Tak,  aHamu3
JUTEpaTyphbl MOKa3all, YTO COBPEMEHHBIC MPEACTABICHUS O TPAHCIOPTE BOJIBI B
KJIETKY BKJIIOYAIOT JBAa OCHOBHBIX MEXaHHM3Ma, OJIMH U3 KOTOPhIX OCHOBaH Ha
muhPy3HOM MPOHUKHOBEHUU OTACIIBHBIX MOJIEKYJ BOJIbI Uepe3 MeMOpaHy KJIETKU 3a
CUeT pa3HMIBI B OCMOTHYECKOM jaBieHHH. COTIacHO BTOPOMY MEXaHHU3MY BOJA
MIPOHUKAET B KJIETKY U€pe3 CEJICKTUBHbBIC KaHAJbl, «OPTaHU30BAHHbBIE» CEMEUCTBOM
OENTKOB aKBallOPMHOB, DHEPIHS AKTHUBAIMU KOTOPHIX B 2-3 pa3a MEHbINE, YeM IS
muddy3noro Tpancnoprta Boasl [112, 125, 149,]. To ecTh, TpaHCIOPT BOJBI uepe3
KaHall, 10 KpailHell Mepe, B 2 pa3za 0oJiee 3HEPreTUUECKH BBITOJEH, YeM U Py3HbINA
ocMOC. Y 4eloBeKa akBamopuHbl (ceiluac u3BecTHO 11 BHIOB) ObUIM HaliJIEHBI B
Pa3HBIX TKaHSX, BKJIFOYAsi SPUTPOIIUTHI KPOBH, KJIETKU MOYEK, MO3Ta, U JIp.; TUAMETP
nop cocrapisieT 3A, 4To MMIIL HEMHOTO GOJIBIIE AMAMETPA MOJEKY/Ibl BOILI (cCamast
y3Kas 4acTh MOPBI UMeeT quaMeTp 2,8A 1 MoKeT poIyCTUTh TOJIBKO OJHY MOJIEKYTy
BOJIbI). AKBallOpUHBI MPOMYCKAIOT B KJIETKY TOJIbKO OT/AeJdbHbIe MOJIEKYJIbI BOAbI,
MPENATCTBYS IPOXOXKACHUIO Ja)XXe HOHOB THAPOKCOHHUS. BaxHo, 4ro mnpu
MIPOXOKIEHUH 110 KaHaJaM UMEIOIIUECS B BOJIE BOJOPOIHbBIE CBSI3U Pa3phIBAIOTCS, U B
KJIIETKM TIONAJaloT TOJIbKO OTHAeJbHbIE MOJIEKYJbl BOAbL.  [loaTOMy MOXHO
MIPEATIONIOKHUTH, YTO YBEITUUCHHUE JIOJIA CTPYKTYPUPOBAHHOU (CBS3aHHOM) (ha3bl BOIBI
B TIpoIleCCe€ AaKTHBAIMU, COMPOBOXIAIONIECECS JEJOKATMU3alMed JJIEKTPOHOB Ha
CynpamoJieKynax BOJIbI, 4TO MpeArnoiaraeTcs npu HEKOHTaKTHOM
ANEKTPOXUMHUUYECKON akTuBauuu BoJbl [100], MOXET HEraTMBHO OTpakaTbCid Ha
CTaOWJILHOCTH TE€HOMa W JKU3HECIIOCOOHOCTH KJIIETOK. B Ta0m. 8.6. 0000IIeHbI
PE3yNbTAThl  KOPPESIMOHHOTO aHajdn3a ToKa3aTeie HeCcTaOMILHOCTH TeHOMA
TUM(OITUTOB KPOBHU YEJIOBEKA, KyJbTUBUPOBAHHBIX B PEKOHCTPYHPOBAHHBIX Cpefiax C
UCIONb30BaHNEM Bcex wu3ydeHHbix HAB. Kak BujgHo, 11 aHOJIMUTOB ObLIO
XapaKTepHO TOpMOXKeHHE mposmdepannu, mpudeM 3TOT (EHOMEH HaOMomaiIcs B

Bojax ¢ Mmaioiu nonei (0,0 + 0,1%) csazanHoi das3bl. B To xe Bpems, 3ddexTsl,
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WHAYIIUPOBAaHHBIC  KATOJIMTAMH, TIPOSBISUIUCH TpU  OOJNbIIEH  CTEIEeHH
ctpykrypupoBanHoctd (0,3 + 0,6%) U XapakTepu30BaIUCh MOBBIIIEHUEM YaCTOTbI
KJIETOK C TOBPSXKACHUSIMH, KJIETOK C AaCHMMETPUYHBIM paclpeielieHueM
TeHETHYECKOro MaTeprajia U YacTOThI alloNTo3a. ITU JaHHBIC ITO3BOJISIOT 3aKITFOUYUTD,
9TO CTENEHb CTPYKTYPHPOBAHHOCTH BOJBI MOXET OBITh HOBBIM (haKTOpOM
TCHETHYECKOTO pPHUCKa IS DJJICKTPOXUMHUYCCKH aKTUBHUPOBAHHBIX Bojx (0oOmias
JaHHBIC, MPEJCTaBICHHBIC B TOM pasjieie paboThI, CIEAYET MPEANOI0KUTh, YTO MPU
HEKOHTAKTHOM (JIEKTPOXUMHUYECKON) aKTUBALIUU BOJIBI MOXKET PEaM30BBIBATHCS HE

OINH, a HCCKOJIBKO MCXaHN3MOB MHAYKIINH IrCHETHYECKON HECTAaOMIIBHOCTH:

A) mon ACMCTBUEM aKTUBHBIX PAIUKATIOB (CYHIECTBYIOIIUX WM 00Pa3yrOIIUXCS B
KaTOJINTaX B MPUCYTCTBUU 3JEKTPOHOB), KOTOpPbIC MOBPEKAAIOT MEMOpPaHBI KJIETOK
[0 MEXAHU3MY UHIYKIHNH ITEPEKUCHOTO OKUCIICHUS JIMITUIOB;

b) mon peiicTBHEM BIEKTPOHOB, ACIOKAIM30BaHHBIX Ha cyrnpamoiekynax HAB,
IpU B3aUMOJCHCTBUU KOTOPHIX C KIETOYHOM MEeMOpaHON MOXKET MPOUCXOIUTH
JIOKAQJIbHOE €€ TOBPEXKJICHHE (BEpOSITHEE BCETo, TAKXKE MO0 MEXaHU3My HWHIYKIIHH
MEPEKUCHOTO OKHUCJICHWs) W JalbHEWIIee paspyiieHne (parMeHTOB KIETOYHBIX
MeMOpaH;

B) o aeiicTBeM reHOTOKCUYHBIX COSAMHEHUN, 00OPa3yIOMMXCs U MOMa arolux
B HAB B mpoiiecce ee HEKOHTAKTHOM aKTHBAllUM B IJIACTUKOBOW Tape (Hampumep,
MIPU BBIXO/IE HEOOJIBIIOTO KOJMYECTBA MOHOMEpa W/WiW TutacTU(UKATOpa B BOIY, B
KOTOpOM  MPHUCYTCTBYIOT DJICKTPOHBI, MOHBI, paJUKadbl W  HOH-PAJAUKAIIBI,
oOpasoBaBIIecss B IPOIECCe HEKOHTAKTHOM aKTHBAIlMH). XUMHUYECKUU aHaIu3,
npoBeAeHHBIN s 13 00pa3iioB MOCKOBCKOM BoAoNpoBoaAHONM Bojabl 1 HAB Ha ee
OCHOBE, TOJBKO B 2 CiydasX MOKa3ajl yBEJIMYECHUE KOHLIEHTPAUHMW BEIIECTB IO

CPAaBHCHHIO C HCXOAHBIMH BOAAMHU: B KATOJINUTC, IIOJIYYCHHOM IIpU MaKCHUMaJIbHOM .
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Tabnwuma 8.6. CBs3b HHTETPANHHBIX TTOKA3aTENICH HECTAOMILHOCTH T€HOMA B KJIETKaX KPOBHU YEJIOBEKA CO CTETICHBIO

CTPYKTYPHUPOBAHHOCTHU BOI, NCITIOJIb30BAHHBIX IJI ITPUTOTOBJICHHA PCKOHCTPYUPOBAHHLBIX CPCA

(KaTOMUThI, aHOJIUTHI U KOHTPOJIb aHAJTM3UPOBAIM OTICIBHO, KpuTepuit CnupmeHa)

% nens- % YCKOpEeHHO
% 1- & % nemnd- yeKop CummeTtpus
o o [IUXCSA JEIISAIIXCSA
Yacro- SIAEPHBIX % 1- % neis- UXCS pacxoxacHus
DHEpPreTUYeCcKue Yacrora KJIETOK C [Mpomude- KJIETOK C
Ta KJIETOK B SITEPHBIX IIUXCS KJIETOK B N T€HETHYECKOTO
YPOBHH (IMara3oH arnonTo- reHeTH4Yec- paTUBHBIMA reHeTH4ec-
N MHTO- sa CIIEKTpe KJIETOK C | KJIETOK UM CIIEKTpE i ML Martepuana B
PaCTIpes . 3a KJIETOYHBIX MA c MA KJIETOYHBIX ¥ KJIETKaxX 2-TO
CTPYKTYpUPOBAHHOM " TTOBPEXK- N MTOBPEKIE-
o MO YJALINM OIS MHTO3a
¢assl B Boze, Ag, % JeHUsAMU HUSIMHU
0,0 0,1 - + - -
0,101+ 0,2 - -+
0,201+ 0,3
0,301+ 0,4 -+ +
0,401 0,5 + + +
0,501+ 0,6 + + + +
Honst cTpyKTypUpOBaHHOM

(cBsi3aHHOIT) a3kl B Bozie
(cpennee 3Ha4YeHue), q, %

+| -

[Tpumeuanue: B TabmuIle MOKa3aHbl TOIHKO 3HAYUMBbIE KOPPEISIUH (T Bo Beex ciydasx > 0,5 p<0,05).

O0o03HaueHUA:

oOpaTHast KOppeIIsIus

+

npsiMasi KOppesus

AHonuT

Karonut

KonTpons
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IPOAOJDKUTENIBHOCTH  3KCIIO3ULMK, M B  aHOJWTE ObuIM  OOHapyXeHbl 3
HeUICHTU(UUMPOBaHHBIX (Tanara. OTCYyTCTBHE HOPMAaTUBOB HE MO3BOJISIET OIICHHUTH
Mepy ONaCHOCTH MPUCYCTBUS 3TUX COEAUHEHUH B Boie. OTHAKO MOXHO MPEATIONIOKHTH,
yTo camM (ranaTel, KaKk U OpPOAYKTbl uUx TpaHchopmauuun B HAB, KoHIEHTpauuu
KOTOPBIX HIKE IMpezeia OTHPEAeICHHUs] TpUOopa U MOAITOMY HE ONPENEIISIFOTCS, MOTYT,
TEM HE MEHEE, OKa3blBATh BIIMSIHUE HA COCTOSIHUE T'€HETHMYECKOrO ammapara >KHBBIX

OpraHU3MOB.

3AK/IIOYEHHUE

HoBble TeXHOMOTUM BOAOMOATOTOBKU MyTEM MW3MEHEHUs (HU3UKO-XUMUYECKUX
CBOWMCTBA MHUTHEBOM  BOABL, MOJYYMBIIME B  HACTOSIIEE BPEMSA  IIMPOKOE
pacnpoctpanenue B PD u 3a pybexxom, TpeOylOT AOMOJHUTENbHBIX HCCIEIOBAaHUMN
0€30MacHOCTH TakuX BOJ. DTO TpeOoBaHHWE OOOCHOBAHO, B YAaCTHOCTH, TEM, YTO B
MpolIecce AIEKTPOXUMHUUYECKON aKTUBAIMHM, B TOM YHCIIE, HEKOHTAKTHOM (TEXHOJIOTHH,
MpU3HAHHON Hanbosiee 6e30macHOM cpeAr BCEX OCHOBAHHBIX HA AIIEKTPOXHMHUYECKHUX
peaknmsx), TUThEBas BOJa TNPUOOPETAET HOBBHIE CBOMCTBA - HW3MEHEHHBIN
OKHCJIUTEIBHO-BOCCTAHOBUTEIIbHBIN TMOTEHIMAJ, B BOAE M3MEHSETCS JI0JS CBA3AHHOU
(cTpykTypupoBaHHOM) (a3l W Mp., YTO BIMSIET Ha MPoOUEcChl (POPMHUPOBAHMUS,
cTabuan3anuu 1 PyHKIMOHUPOBAHMS KJIETOUHBIX MeMOpaH, 6enkos u JJTHK.

[TosToMy MBI  MPEANONIOKHIM, UYTO  HEKOHTAKTHO  (DJICKTPOXUMHYECKH )
aKTUBUPOBAHHBIE BOJBI MOTYT 00J1aJ1aTh FT€HOTOKCHYECKON aKTUBHOCTBIO.

Bepuduxkarust 3ol runoTessl craja 1eNibio JaHHOU paOdoThI.

B pesynbrate mNpOBEACHHBIX MCCIEAOBAHUM ObUIM MOJYyYEeHBI CJEAYIOLIUE
pE3yJIbTaThI:

- aHAJIM3 BBDKUBAEMOCTH OaKTepUid, SKCIIOHUPOBAHHBIX K PA3IMYHBIM HEKOHTAKTHO
aKTUBUPOBAaHHBIM BOJIaM, BBISIBUJ JIBA OCHOBHBIX (DEHOMEHA: HECTaOUIILHOCTD
abdextoB or OBII u OakrtepunugHOoe JEHCTBHUE, KOTOPOE TMPOSIBISIETCS BHE
3aBUCUMOCTH OT TOTO MYy3€WHBIM Jin 3T0 mtamMm E.coli 1257 (ycnoBHO maTOreHHBIN)

WJIN alTeuYHBIN mTaMMm B.cereus;
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- Ha >KUBBIX MOJEJAX Pa3HOIO YPOBHS — KyJIBTYpE KJIETOK KPOBU UYEJIOBEKA, MBIIIAX
N Vivo ¥ MOJIOBBIX KJIETKAX CaMmIIOB AP030(HIIbI OBIJIO TTIOKA3aHO, YTO AKTUBUPOBAHHBIC
BOJAbl — KAaTOJIUTBl W AQHOJIUTHI, IMOJIyYEHHBIE MPHU Pa3HBIX YCIOBHUSAX AaKTUBALIWHU,
OKa3bIBAJIM BIUSHHE HAa CKOPOCTH Mposiudeparnud u/uil MUTOTUYECKYH0 aKTUBHOCTh
KJIETOK M YaCTOTYy TE€HETHUYECKUX TIOBPEXKIACHUM B HUX; aJaNTalus MXHUBOTHBIX K
HEKOHTAaKTHO AaKTMBUPOBAHHBIM BOJIaM COIPOBOXIANACh HMHAYKIHMEH TE€HETUYECKUX
MOBPEXKJICHUN B KJIETKAX KOCTHOIO MO3ra, MpU4eM B OOJBIIMHCTBE T'PYII KUBOTHBIX,
NOTPEONIABIIMX  KAaTOJNWTBI, OTH  MPOIECChl  COMPOBOXIAIWCH  IOBBIIICHUEM
MUTOTHYECKONM aKTUBHOCTH; TOCKOJIbKY TeHoTokcuueckue »d>Ppdextsi HAB B
HKCIIEPUMEHTE Ha MBIMIAX ObUTH OOHAPYKEHBI TOJBKO Yepe3 CYTKH U § CYTOK TOCIIE
Hayaja BbIMAaMBaHUs, a HE B Ooyiee TMO3JHUE CPOKHU, MPOJOIIKUTEIBHOCTD
AKCIIEPUMEHTOB O M3YYEHUIO TeHOTOKcHuYeckoro nedctBusi HAB Ha mblmax in vivo
CHEAYET COKPATUTH O 5-8 CYTOK, YTO COIVIACYETCS C PEKOMEHIAUMSIMHU, TPUHATHIMU B
P® u ctpanax OOCP nig XUMHUYECKUX COCIMHEHUM U JIEKAPCTBEHHBIX PEIapaToB.

- TeHOTOKcHueckue A(p(PEeKThl HEKOHTAKTHO AKTUBHPOBAHHBIX BOJI OBLIU CBSI3aHBI C
cocTaBOM (MHUHEpaiu3alMel) caMuX BOJ M C YCIOBUSAMH IOJTYYEHHUS KOHTAKTHO
AKTUBUPOBAHHBIX BOJI, 3aTEM HUCMOJb30BaHHBIX 17151 onyuyeHus HAB;

- TIOJT IECTBHEM JOTIOTHUTEIIbHOW MYTareHHOW Harpy3ku (3 Mr/mil cTaHIapTHOTO
myTtarena MHHI') Bo Bcex KynbTypax JTUMQOIMTOB KPOBU YEJIOBEKA MPUTOTOBIIEHHBIX
KaK Ha OCMOTHYECKOM, TaK U HA BOJOIIPOBOJAHON BOJE, HCKOHTAKTHO aKTUBUPOBAHHOM B
Pa3JIMYHBIX YCIOBUSIX, HAOMIOAAIUCh CXOJHBIE HW3MEHEHHUS: TOPMOXKEHHE, a IMpHU
WCIIOJIb30BAaHUM OOJBIIEH CUJIBI TOKAa (MPU TMOJYYEHUH KOHTAKTHO AKTHBHPOBAHHBIX
BOA) — CTUMYJSIIUs mponudepanuu, MOBBIIIEHUE CTENEHU aCUMMETPUU JeICHUs
F€HETUYECKOI0 Marepuajia BO BTOPOM MHUTOTMYECKOM LIMKJIE W IOBBIIIEHUE YaCTOTHI
arornTo3a; B KyJIbTypax Ha aHOJMTaX, KCMOHUpPOBaHHBIX K 6 Mkr/mia MHHI, yactora
JBYSIIEPHBIX KIIETOK C MTOBPEXKIACHUAMM, KaK IMPABUJIIO, CHIKAIMCh HHOTJA HAYXKE YPOBHS
KOHTPOJISI, YTO OBUIO CBA3aHO HE TOJILKO C TIOBBIIIEHWEM YacCTOTHI arorrTo3a, HO C
HaOJIOMABIIMMCS  3HAUUTEIBHBIM  TOPMOXXEHHEM MpOiaudepaTUBHOM aKTHUBHOCTH.
Hcnonb3oBaHue NBYX KOHIIEHTPALMK CTAHJAPTHOIO MyTareHa Mmokas3ajao, YTO MOPOroM

aganTranyn B YCIOBUAX JAaHHOT'O SKCIIEPUMCHTA SBJIAJICSA OTBCT I'€HOMa Ha }ICﬁCTBI/IC 3
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Mkr/mi MHHT', mockonbky B IpUCYTCTBUM MakcuMaabHOU KoHIleHTpanu MHHI™ 6bu1n
BBISIBJICHBI HHBEPTUPOBAHHBIC d(D(PEKTHI, CBSI3aHHBIE C THOENBIO KJIETOK. JTO O3HAYAET,
YTO caMO TpeObIBaHWE KIETOK B CTAaHJIAPTHBIX Cpelax, IMPUTOTOBIICHHBIX Ha
HEKOHTAaKTHO aKTUBUPOBAHHBIX BOJAX, SIBJISIETCA (PAKTOPOM, aKTUBU3UPYIOIIUM CUCTEMY
KJICTOYHOMW aJlalTallu, TO €CTh, HOTCHIIMATbLHO HEOE30MACHBIM.

- kak 0e3, Tak u B mpucyrctBun MHHI' in vitro, a Take B dKCliepUMEHTax Ha
MBIIIaX N VIVO KaTOJUTHI U aHOJIUTHI, OJyYCHHBIC aKTUBAIIMEH OJTHOM U TOM K€ BOJIBI,
pa3IUYaIUCh KQYECTBEHHO MO COOTHOIIEHUIO OCHOBHBIX IIMTOT€HETUYECKUX d(PPEeKTOoB
— mpoaudepalii 1 TOBPEKICHUS: JEHCTBUE aHOJIUTOB COOTBETCTBOBAJIO ONMMCAHHOMY
B JIUTEpaType IJIsi MyTareHoB, a KaTOJUTOB — JUIsl KaHUEPOT€HOB; F€HOTOKCHUYECKHE
3¢ (dEeKThl KaTONUTOB OBLIM aCCOIMUPOBAHBI CO CBETOCYMMOM JIFOMHHOJ-TEMHUHOBOM
XEMUJIFOMAHECLICHIIMEW aKTHBUPOBAHHOM BOJIbI, 4 aHOJIUTOB — ¢ €€ pH 1 okucnurensHo-
BOCCTAHOBUTEIBHBIM TOTEHIIMAJIOM; TIOCJIEIHEE CBHUJIETEIILCTBYET O peaau3aluu
F€HOTOKCHYECKUX A(DPEKTOB KATOJIUTOB U AHOJIMTOB C MPEUMYIIIECTBEHHBIM BKJIQJIOM
Pa3HBIX MEXaHU3MOB.

- uToreHeTnueckue 3 EKThl OHON U TOM K€ BOJIbI, M3yUYECHHBIE HA PA3HBIX KUBBIX
00BEKTaX, Jall KAyeCTBEHHO OJM3KHE pPE3yJbTaTbl, YTO JOKa3bIBAaCT aJ€KBAaTHOCTH
UCIIOJIb30BAHUS KYJIBTYpbl KJIETOK KPOBU YEJIOBEKA MJIs MPOrHO3a T€HOTOKCHYECKHUX
3¢ (PEKTOB B IKCTIEPUMEHTAX Ha KUBOTHBIX.

O06o0uias moJlydeHHbIE JIaHHBIE, CIIEAYET OTMETUTh, YTO YK€ TOJBKO OJHO
oOHapy>KeHue HECEJICKTUBHOTO OAKTEePUIIUTHOTO NENUCTBUS HEKOHTAKTHO
aKTUBUPOBAHHBIX BOJI HE TMO3BOJISET OECKOHTPOJIBHO MCIIOJIb30BaTh WX HacelieHHueM. B
ATOM KOHTEKCTE BBISBICHHUE MHOXECTBEHHBIX reHOTOKcHueckux 3pdexkroB HAB Tonbko
YCWJIMBAET WCXOMHO HEOJaronpusTHHIA BBIBOJ O TOM, YTO 3TH BOJABI MOTEHIIMAILHO
OMAacHbI, MPUYEM 3TA OMACHOCTh — MYTAr€HHAS U KaHLIEPOT€HHAS.

Crnenyer OTMETHTb, 4TO OOHAPY)EHHBIC 3(PPEKTH KAYECTBEHHO COTJIACYIOTCS C TEMU
HEMHOTHMH JTaHHBIMU TI0 M3yYEHUI0 OMOIOTHYeCcKUX I(P(HEKTOB aKTUBUPOBAHHBIX BOJ,
UMeEroIrecss B JOCTYNMHOM nureparype. Tak, B 4YacTHOCTH, ObUIO OOHApPyXEHO
Oakrepunuanoe aevicteue HAB (HakoxHbIe MPOOBI), XOTS aBTOPBI COWIH 3TOT 3PPEKT

IIO3UTUBHBIM. Ommcano — K COXaJICHUIO, B  pPa3HbIX Hy6J'II/IKaIII/I$IX - H
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pasHoHamnpaieHHoe AeiictBue HAB Ha xuBbie 00beKTHI B quHaMuKke u3menenus: OBII,
CBA3aHHOE HE TOJIbKO C Xapaktepuctukamu camux HAB, HO u ¢ ycioBusiMu
DKCIIO3UIMK. B cuTyamuu, Korga CHCTEeMarTMuecKoe U3ydeHHe OHOJIOTHYeCcKon
aKTUBHOCTH HE MPEINPUHUMAIOCH BOOOIE HHUKOI/A, KAaueCTBEHHOE COBIMAJICHUE
COOCTBEHHBIX JAHHBIX C JUTEPATypod — OOJbIIasl yaada, CBUACTEIbCTBYIOMIAS O
KOPPEKTHOCTH MPOBEJACHHBIX HCCIICIOBAHUIN U HAJCKHOCTHU CJIeJIaHHBIX BHIBOJIOB.

W, HakoHell, X04eTCs CHOBa MPOLMTUPOBaTh 3aMeuaTeibHyto kHury C.M.AkceHoBa:
«..TIPEJICTABIICHUSI O PETYJIATOPHOW POJM BOABI B OMOJOTHYECKHUX CHCTEMaxX HaxOJIT
HETIOCPEJICTBEHHOE MOATBEPKACHUE MPU M3YYCHUU OCOOCHHOCTEH BO3JCHCTBHS BOJBI
Ha COCTOSIHME W (DYHKIIMOHAJIBHBIC XapaKTEPUCTHUKU PAa3HOOOPA3HBIX OMOIIOTHUECKUX
CTPYKTYp, HadyWHasi OT MOJIeKyJd OEJIKOB, OHOJIOTMYECKMX MEMOpaH | KOHYas
KJICTOYHBIMHU U 00Jie€ BRICOKUMHU YPOBHSIMH OpPraHU3aIMU XKUBBIX cUCTeM. boree Toro,
MMEHHO Ha 0a3e TaKuUX MPEJICTABICHUIN MOSBWIACH BO3MOXKHOCTh ISl MOCTPOCHHS
B3aMMOCBSI3aHHON KapTHUHBI, IMO3BOJIAIONIEH C €AMHOM TOUYKH 3PEHHS PacCMOTPETh
OCHOBHBIE OCOOCHHOCTH CTPYKTYphl, a TakXke (PUIHKO-XUMUUYECKUE MEXaHU3MBI,
o0ecTieunBaroNIie BO3MOXKHOCTh (DYHKIIMOHHUPOBAHKS U YCTOWYHMBOCTH JKMBBIX CHCTEM,
BKJIIOYAas BO3MOXKHOCTh HWX DJBOJIOIMH, T.€. TIJIABHBIC XapaKTEPUCTHUKHU, KOTOPHIC
OTJIMYAIOT XKU3Hb OT HEXKUBOTO BellecTBay [2].

N wMmeHHO MOATOMY HEOOXOAMMO HEOOBIKHOBEHHO OCTOPOKHO M BHHMATEIIBHO
OTHOCHUTBCSI KO BCEM BO3JICUCTBUSM, MPUBOJAIIMM K U3MEHEHHUIO (DU3UKO-XUMUUYECKUX
CBOMCTB BOJIbl. DTO OCOOEHHO Ba)KHO MOHHMMATh MPU U3TOTOBJICHUHM AKTUBUPOBAHHBIX
MUTHEBBIX BOJ, MOTOMY YTO, KaK Mbl IOKa3aJM, WX BJIUSHUE HA >XUBYIO CHUCTEMY

3aTparuBacT CaMbIC I'TY OMHHBIE MEXaHU3MBI IMPOAOJIDKCHUA U PETYJIALIUU JKU3HU.
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INPAKTUYECKHUE PEKOMEH AU

1. ITuTheBbIE BOJBI, OJYYCHHbIE HEKOHTAKTHOW AJIEKTPOXMMUYECKON aKTHUBAIUEH,
HE MOryT OBITb pEKOMEHJOBAaHbl HACENEeHUI0 0e3 MpenBapUTEIbHOW OIECHKU
OTAAJICHHBIX MOCJEACTBUN UX MOTPEOJICHUS B CUCTEME KPATKOCPOUYHBIX TECTOB.

2. Tlpu Bblgaue pa3pelIuTeNIbHON JOKYMEHTAIMM Ha NpuOOpbl JUIsl aKTUBaLUU
MUTHEBBIX BOJ C LIEIbI0 00€CIIEYeHNs TeHETUUYECKON 0€30MacHOCTH HACETICHHsI CIeAyeT
OILICHWBATh TMOTCHIIMAIbHBICE TEHOTOKCHYECKHE I(PQPEKTOB BOJA, MOIYUYEHHBIX HA ITHX
npubdopax.

3. Haubonee wuH(}OpMATUBHBIMU TECT-OOBEKTAMU JJIsi OLIEHKH T€HETHYECKON
0€30MacHOCTH TUTHEBBIX BOJ, IMOJYYEHHBIX HEKOHTAKTHOM 3JIEKTPOXUMHUYECKOU
aKTUBAIMEH, SBISAIOTCA: KIETKH KPOBU YENIOBEKa, KyJbTUBHPOBAHHBIE B YCIOBHIX
UTOKMHETUYECKOrO OJI0OKa C LIUTOT€HETUYECKUM aHaJU30M B PAaCUIMPEHHOM BapHaHTE
MUKPOSJIEPHOTO TeCTa, M KIETKH KOCTHOTO MO3Ta MBIIIEH € IMTOr€HETUYECKUM
aHaJIM30M B TECTE Ha HMHIYKIUIO XPOMOCOMHBIX abepparuii. B kadectBe skcmpecc-
METOZIa PEKOMEHAYETCSl MHKpOSJICPHBIH TECT Ha KJIETKaX KpPOBH 4YEIIOBEKa;
KyJbTUBUPOBAHHBIX B PEKOHCTPYMPOBAHHBIX CpElax Ha OCHOBE H3yYaeMbIX
aKTUBUPOBAHHBIX BOI.

4. Jlns mpoBeneHUs YIIyOJIEHHBIX HCCIIEIOBAaHUN TEHETUYECKOM Oe30MacHOCTH
aKTUBUPOBAHHBIX BOJA W MPUOOPOB Il MX TMOJIYYCHHS] PEKOMEHIYETCs MPOBOAUTH
UCCIIEJIOBaHUA B 3 TeCcTax: TeCTEe Ha MHIYKIUIO MUKPOsIEp B KJIETKaX KPOBH YEJIOBEKa,;
KyJbTUBUPOBAHHBIX B PEKOHCTPYMPOBAHHBIX CpElax Ha OCHOBE H3yYaeMbIX
aKTUBUPOBAHHBIX BOJ, TECT€ HA WHIYKIMIO JOMUHAHTHBIX JIETAJIbHBIX MYTalWd B
noJIoBBIX KieTkax Drosophila melanogaster m TecTte Ha HHIYKIMIO XPOMOCOMHBIX
abeppanuii B KIJIETKaXx KOCTHOTO MO3ra MbIed (Mpu MOTPeOIeHUU KUBOTHBIMU
u3zydyaembix Boj ad libitum B Teuenue 5-8 cyTok).

5. Tect Ha UHAYKIUIO MUKpOsiiep B AUMQOIMTaX KPOBU YeJIOBEKA MPUTOACH IS
Ka4eCTBEHHOT'O MPOrHO3a T€HOTOKCHYECKUX I(P(HEKTOB y MIEKOMUTAIONIUX HE TOJIBKO B

OCTPOM, HO U B PA3HLBIC IICPHUOJALI IIOJOCTPOI'O SKCIICPUMCHTA.
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BBIBO/IbI

1. IIpy HEKOHTAKTHOM (PIIEKTPOXUMUYECKOIN) aKTUBALIUU TTUTHEBAsI BOJA PA3ITHMUYHOTO
MPOUCXOXKJICHUSI M COJIEBOTO COCTaBa MOXET MPUOOpeTaTb T'€HOTOKCHUYECKYIO
aKTUBHOCTb, KOTOpasi MPOSBIISIETCS HA PA3IUYHBIX KUBBIX T€CT-00BEKTAX, B OCHOBHOM,
KaK M3MEHEHHWE MUTOTHUYECKOM / mponudepaTUBHON aKTUBHOCTH, a TaK)Ke M3MEHEHUE
YaCTOThI KJIETOK C T€HETUYECKUMHU MOBPEKICHUSIMHU U KIETOK B COCTOSHUM aronTo3a.
Kpome ToOro, KyapTMBUpPOBAaHHE B PEKOHCTPYUPOBAHHBIX cpemax Ha ocHoBe HAB
MOBBIIIATIO YYBCTBUTEIBHOCTh TI'€HOMa JUM(MOIMTOB KPOBU YeEJIOBEKA K JCHCTBUIO
cragaaptHoro myrarena MHHI', yTo, npenmyiiecTBeHHO, MPOSABISIOCh B YBEJIMYEHUH
YacTOThl KJIETOK B COCTOSIHMM aroITO3a U JOJU KJIETOK 2 MUT03a C aCUMMETPUYHBIM
pacrpeneNeHueM reHETHYECKOro Marepuarna.

2. CocTaB MCXOQHOW (HEAKTUBHPOBAHHOW) BOJBI M YCIOBHUS AKTHUBALMU WIPAKOT
CYIIECTBEHHYIO POJib B NMPUOOPETEHHH €10 TEeHOTOKCHYecKod akTuBHOCTH. HAB wu3
MOCKOBCKOW BOJIONIPOBOJHOM BOABI € MUHepanuzamuedn 234 wMr/m MeHee BCEro
TOPMO3UIIM  TPOJIUGEPaTUBHYI0  aKTUBHOCTH  JUM(OIMTOB  KPOBH  YEJIOBEKA,
KYyJIbTUBUPOBAHHBIX B PEKOHCTPYHUPOBAHHBIX CpENaxX, MMPUTOTOBICHHBIX HA UX OCHOBE.
BiusitHue MuHepanu3anuy Ha 4YaCcTOTY T€HETUYECKUX MOBPEXKICHUM, MHAYLIMPOBAHHBIX
HAB na xynpType TUMQOIHUTOB KPOBU YEJIOBEKA (TIOBBIIIICHUE YaCTOTHI alloNTo3a, I =
0,74 n CHMXXEHHE YaCTOThl YCKOPEHHO NEJISIIIUXCS KJIETOK C MOBPEXKIACHUSIMHU, T = -
0,92) BBISIBJIEHO TOJBKO y KATOJIHUTOB.

3. C yBeJIMYEHUEM NPOJOHKUTEIPHOCTH HEKOHTAKTHON aKTHUBAIlMK 3HAYMTEIBHO
CHWXajach  mnponudepaTUBHAs  aKTUBHOCTh  JUM(OLMTOB  KPOBU  YEJIOBEKA,
KyJIbTUBUPOBAHHBIX B PEKOHCTPYHPOBAHHBIX cpefax Ha ocHoBe HAB: kak B kaTonuTax,
TaK M B aHOJUTaX YBeJIWYUBaAjIach JA0ds8 Henensmmxcss (1-saepHbIX) KIETOK U
YMEHBIIAIACh YUCICHHOCTh (PpaKIuil JENSIMUXCS KIETOK, dTH U3MEHEHHS] OCOOEHHO
ObUTM SIPKO BBIPAXKEHBI B KyJIbTypax Ha aHoJIuTax. Bo Bcex KylbTypaxX yKa3aHHBIC
W3MEHEHUSA  CONPOBOXKAAIUCH  CHKEHHUEM  YacTOThl  ACJSAIIMXCA  KIETOK  C

MMOBPCIKACHUSAMMU. B KyJIbTypax Ha KaTOJIUTaxX YKa3aHHBIC NU3MCHCHUA COIIPOBOKAAINCD,
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KpOME TOro, MOBBIIIEHUEM CTEIIEHH AaCHUMMETPUU PACHPENEIICHUS] TE€HETUYECKOro
MaTtepraga BO BTOPOM MUTOTHYECKOM LIUKJIE.

4. B nuHaMuKe OJOCTPOro 3KCHEPUMEHTA Ha MBIIIAX [TOKAa3aHO, YTO YEPE3 CYTKU
MOCJIE HayaJla BbIIAUBaHUS KaTOJIUTaMHM, HPUTOTOBICHHBIMA Ha MOCKOBCKOM
BOJIOIPOBOAHOM BOJIE, B KOCTHOM MO3r€ >KMBOTHBIX OOHAapy>KMBAJIOCH IOBBIIICHHUE
4acTOThl KJIETOK ¢ XA (MakCUMalbHO ISl KaTOJIUTa, aKTUBUPOBAHHOTO B TEUEHHUE 5
MUH — B 2,4 pa3a MO CpaBHEHHUIO C KOHTPOJIEM) M C TenaMu (MakCUMaiabHO IS
KaToJuTa, akTMBUPOBaHHOTO 20 MUH - B 2,6 pa3a Mo CpaBHEHMIO C KOHTposieM). Yepes 8
CYTOK MOBBIIIEHUE YacTOThl XA (MakcMMalbHO B 3,6 pa3a MpeBBIIIAIONIEE YPOBEHb
KOHTPOJIsI) HAOMIOAAI0Ch y KUBOTHBIX, MOTPEONISBIINX KaTOJIMUT, aKTUBUPOBAHHBIA B
teueHue 40 muH, a yepe3 15 u 30 cyTok 4acToTa MOBPEKICHHBIX KIETOK HE OTINYAIACh
oT KoHTpoJiA. IIpu BbIIaMuBaHWM aHOJIMTA B MEpPBbIE CYTKM HAONIONAIOCh CHHIKEHUE
4acTOThl XA 1O CpaBHEHHIO C KOHTPOJEM, a Ha 15 CyTkm - ee JOCTOBEPHOE
MPEBBIILICHHUE.

5. B wMexaHM3mMax BO3HUKHOBEHHS 3(PPEKTOB HECTAOMJIBHOCTH TE€HOMA,
WHyUMPOBAHHBIX KaTOJIMTAaMU M aHOJUTAMH, ITOJYUYEHHBIMU U3 OJIHOW M TOM K€ BOJBI,
UTPAIOT POJIb pa3Hble PU3HKO-XUMHUUecKkue cBoiicTBa HAB:

- B QAHOJMTaX MUTOTUYECKAs] AKTUBHOCTb KYJBTYpbl, 4YacTOTa YCKOPEHHO
JEJSIINAXCS  KIETOK € TEHETHYECKMMHU IOBPEXKJCHMSIMHU M 4acToTa alonTo3a
accounupoBansbl ¢ ypoBHsmu OBII u pH, a B karonurtax — co CBETOCYyMMOM JTFOMUHOJI-
IréMUHOBOW XEMIIFOMUHECUEHLINN;

- B @HOJIMTAX YacToTa JAEJAIIUXCS KIETOK C MOBPEXKIACHUSIMHU B KYJIbType KPOBH,
TaK)KE€ KaKk YacToTa KJIETOK C abeppaiusiMd XpOMOCOM B KOCTHOM MO3T€ MbILIEH
YMEHBILIAINCH C YBEJIIMYECHUEM MPOIUPEPATUBHOIO ITyJia (YTO XapaKTEPHO /s IEUCTBUS
MyTareHoB), B TO BpeMs KaK JJisl KATOJIMTOB B 3TUX YCJOBHUSX — YBEIMYUBAIUCH ( YTO
OMHUCAHO JIJIsI KAHIIEPOTECHOB).

Kpome Toro, reHOTOKCHUHBbIE COETUHEHHSI MOTYT 00pa30BbIBaTbCS M/WIIN MOMNaaTh
B HAB B npouecce ee HEeKOHTaKTHOM aKTUBALMU B IJIACTUKOBOM Tape.

6. HekoHTakTHas (3JMEKTPOXMMUYECKAS]) aKTHBALMS BbI3bIBAJIA U3MEHEHUE JOJIH

CBsI3aHHOW (Da3bl BOABI, UTO B KYJIbType KJIETOK KPOBH YEJIOBEKa AaCCOLIMUPOBAHO C
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UHAYKIHeH JPQPEKTOB HECTaOMWIBHOCTH TeHoMa. [lodToMy W3MEHEHHE CTPYKTYpPBI
HEKOHTAKTHO JJICKTPOXMUMHUYECKHA AKTUBHUPOBAHHON BOJBI MOXKET SIBJISTHCS HOBBIM
MEXaHU3MOM UHAYKITUU T€HOTOKCHYECKUX I(h(PEKTOB B )KUBOM OpraHu3Me, a CTPYKTypa
BOJIBI - HOBBIM (haKTOPOM T€HETHYECKOTO PHUCKa, TPEOYIOIUM CePhEe3HOTO N3YUCHHUS.

7.  Pa3paboTaHHBIA  aNrOpUTM  OICHKA  OE30MACHOCTH  HEKOHTAKTHO
(9NEKTPOXUMHUYCCKHA) AKTUBHPOBAHHBIX BOJ, BKIIOYAIONIUH aHaIN3 HECTAOMIIBHOCTH
reHoMa JHUMQOIWTOB KPOBH  YEIIOBEKa, KYJIGTUBUPOBAHHBIX B  YCIOBHUAX
[IUTOKUHETUYECKOTO0 OJIOKa B PEKOHCTPYUPOBAHHBIX CpEAaxX Ha OCHOBE H3y4aeMbIX
HAB, aHann3 JOMWHAHTHBIX JIETaJbHBIX MYTallMid B TOJOBBIX KieTkax Drosophila
melanogaster u (B ciiydae MOJIOKHTEILHOTO OTBETAa B OJHOM M3 ATHUX TECTOB) aHAIU3
4acTOThl XPOMOCOMHBIX a0eppaiuii B KJIETKaX KOCTHOTO MO3ra CamIlOB MBIIIEH B
KPaTKOCPOYHOM  DKCIIEPUMEHTE, I03BOJIIET OIICHMBATh OE30MacCHOCTh  JIFOOBIX
TEXHOJIOTUH IS TIOTYUYEHUSI aKTUBUPOBAHHBIX MUTHEBBIX BO/I.

8. IIpoBeneHHBIC HMCCIEIOBAHUS CBHUJCTEILCTBYIOT O TOM, YTO HCIOJB30BaHUE
AIIEKTPOXUMHYECKOTO METO/a aKTUBAIUW BOJBI IS TIOCTOSHHOTO W HEOTPAaHUYEHHOTO
no oobeMy ymnoTpeOieHusi HaceleHueM HepomycTumo. [loaTomy mepen monydeHuem
pa3peIIuTeIbHON TOKYMEHTAIllMd Ha TPHUOOPHI, U3MEHSIONUE (PU3UKO-XUMHUECKHE
CBOWMCTBA MHUTHEBOW BOJBI, CIEAYET MPOBOJIUTH JIOMOJHUTEIHHBIC WCCICAOBAHUS IS

OLCHKH HUX reHEeTUYeCKOM 0e30ITacHOCTH.
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HHPUJIOKEHU A

Ipuioxenue A

Cnoco0bI ¥ yCTPOMCTBA VISl AKTUBALMU MU THEBOH BO/IbI

IIpyuHuMn co3nanus,

DU3UKO-XUMHYECKHE XaPAKTEePUCTHKHI

IIpudop . Ccebuika
MeXaHu3M 3P dexTa MOJYYEHHOI BOAbI
KOHTAKTHAS 351ekTpoXuMu4ecKkasi aAKTHBAIUS BOAbI

DIEKTPOXUMHUIECKAS aKTHUBaNUA | YCTPOWCTBO A aKTUBAUU XUAKocTed, comepxkariee | I[lpu momaoctu 6 Bt OBII B katonure ot -390 | [115, 81,
JKUIKOCTEH — TMEPEBOJ KUIKOCTEH B | eMKOCTh I aKTUBHPYEMOHN KHUAKOCTH W 3MEKTpojsl, | A0 -750 mB; mpu momuoctu 2,5 Bt OBII B | 65]
TEPMOJUHAMUYECKA  HEPABHOBECHOE | OIMH M3 KOTOPBIX PACIOJIOKEH BHYTPH €MKOCTH AJiA | Katonute oT -360 mo -770 mMB.
(axTHBHPOBaHHOE) COCTOSIHHE, | aKTUBUPYEMOH >KHIKOCTH, a BHYTPH HETO pa3MEIeHBI
XapaKTepU3YIOIIeecs MOBBIICHHOM | IPYTUe 3JEKTPOJIbl — OJIMH WM O0Jiee, IPHU 3TOM ITOJIbIH
(PUBUKO-XMMHYECKOH  aKTUBHOCTBIO. | AJIEKTPOJ BBIMOJIHEH U3 MMOJYIPOHUIIAEMOTO MaTepraa.
ITponece pazIoKEHUs BoJbl | IlaTeHT Ha JaHHOE YCTPOMCTBO JIET B OCHOBY CO3/JIaHUS
DNEKTPUIECKAM TOKOM TIPEICTABISAET | KOHTAKTHBIX AIEKTPOXUMHIECKIX aKTHBAaTOPOB
co0oii ¢usnko-xuMuyeckyr | (normzaropon) «M3ympya-CH»
MOAU(UKALMIO COCTaBa BOAHOU cpefbl | YCTPONCTBO st 3JEKTPOXUMHUYECKON aKTHBAIMU BOJBI, | B 3aBUCHMOCTH OT BpeMEHH aKTHBAIMU BOALI B | [3, 47]

C HNOBBIIICHUCM KOHHCHTpaHI/IH NOHOB
H*, OH.

COCTOSIIEE M3 €MKOCTH ISl aKTHBHUPYEMOW JKHUIKOCTH,
pasmeneHHOW HA  JABE  YACTH  HEIPOHHUIIAEMOM
Meperopoakoil. B KpbIIIKy eMKOCTH BMOHTHPOBAHBI JIBa
anekTpoza (aHoA W Kartoxn). MaTepual kaTosia — MUIieBast
CTallb, AHOJ BBIINOJHEH M3 THTAaHA C IUIATHHOBBIM
nokpeiTueM. CepuifHbIe MOICTH — DIIEKTPOIU3EPHI BOJIBI
«PTV» n «MBa-1»

karomute pH ot 8 mo 10,5, OBII mo -900MmB; B
anonute pH ot 2,5 m0 5,5, OBII mo 1120 MB.
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Ipunuun co3nanus,

Du3NKO-XUMHUYECKHE XapaKTEePUCTUKHA

ITpuoop . Ccbuika
MexaHu3M 3pdexra MOJTy4eHHOH BOJbI
YCTpoHCTBO IS DTIEKTPOXUMHUYECKON aKTUBAITMK BOIBI, | B 3aBUCHMMOCTH OT BpeMeHW akThBamuu u | [18]
COCTOSIIIEE M3 OCHOBHOH €MKOCTH M KEpaMHYECKOrO | CTCIIEHH MHHEpPaNIM3alii HCXOOHOH BOIBI B
CTaKaHa, BCTaBISIEMOr0 B OCHOBHYIO eMKocTb. B | anomute pH ot 2,1 no 6,2; B katonmute pH ot
HWKHEH dYacTW KpBIMKK mpubopa ycraHosieHs! | 9,4 mo 11,0
ANIEKTPOJBI: JIBA XMMHYECKA CTOMKHX aHOJa M JBa
KaToza M3 Hepxaserolel crtaiu. Bo Bpems akTuBanuu
AHOJBI HAXOISITCS B KEPAMUYECKOM CTaKaHe, a KaToAbl B
OCHOBHOM €MKOCTH. Cepuiinas MOZEIb
AIIEKTPOAKTUBATOP BOJBI OBITOBOM «ATll-1».
YerpoiicTBO A monydeHust HelTpanbHoro aHonuta u3 | Jns npuroroBnenus 200 51 HeWTpanbHOrO | [46]
BoIbl ¢ nobOasieHueM B Hee xyopuna Harpust (0,3% | aHonmTa TpeOyercs 1 Kr moOBapeHHOHM coOnM H
pactBop). Ilpm  snekTpoxumuyeckoM  aHomHoM | 1kBT ANIEKTPOIHEPTHH. Konnenrparust
OKHCJICHMH  BOABI  oOpa3yeTrcs  MeTacTaOWIBHBINA | aKTHBHOTO XJIOpa B MOJYy4aeMOM HEHTpalibHOM
nesuHbunupytonmii  pacteop. CepwuitHas wmomens — | anomute 0,02-0,04%
yCTaHOBKa «AKBaMeI».
[IpoTounble  snekTpoxuMmHuueckue  akTtuBaropel ¢ | B xaromute pH ot 8,5 mo 11,5; B anomure pH | [67]
JNIEKTPOJaMU M3 THTaHa C IUIATUHOBBIM MOKpBITHEM. | OT 2,5 10 6,0
Cepuiinbie Monenu - noHu3atopsl «Leveluky (SImoxuns)
OOpaboTka BOABI €  IOMOIIBIO | YCTaHOBKA COCTOWT M3 T€HEpaTopa XOJMOMHON IIa3Mbl U | Pazioxenwme TOKCHYHBIX opraamdeckux | [10]
reHeparopa XOJIOAHOU IUIa3MBl. | yroJpHOro ¢uibTpa. ['a3oBas cMeck mocie reHeparopa | coenMHeHWit B oOpabaTbiBaeMoil  BOJE,

[Inaszma oOpasyercss B ra3oBoil (asze
IIPA BCIBIIEYHOM KOPOHHOM paspsilie
Ha JJICKTPOAaX B HACBIMICHHBIX ITapax

MO/AETCsl Ha KEKTOP, IJIE MPOUCXOAUT CMEUIMBAHUE C
Bozo# 1:1. [locie koHTakTa B TeueHHe 2-3 MUHYT BOJA
MofaeTCs Ha YrOMbHBIM  QWIBTp IS yAaleHUs

BOJIBL. Obpasyrorcs aKTUBHbBIC | akTUBHBIX Yactui. [lpubopsr cepum "Ilumumun"
YaCTHIBI: O030H M THAPOKCUIBHBIC | Mapku BOP-49-M.
pafUKAJIbL.

yaajieHne OaKTEPUOJOTHYCCKOTO 3arps3HCHUSI.
Haceplmmenre BOIBI KHCIOPOIOM B JIHaIa3oHe 9-
70 mr/m.

HEKOHTAKTHASI akTuBanus BoabI
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HexonTakTHash akTWUBAIlMsS pPAcTBOPOB | YCTPOMCTBO  UIsi KOHTAKTHOWM W HEKOHTAaKTHOW | McxXomHple xapaktepucTukd ¢u3. pactBopa: | [114]
(Bompl) € TIOMOIIBIO  KOHTAKTHO | aKTUBALMU  JKUAKOCTH:  colepkuT emkocts ans | pH=7,0; OBII= 281 wmB, Xapaxrepuctuku
ANIEKTPOXMMHUYECKA AKTHBHPOBAHHBIX | 3JEKTPOXUMHYECKH  aKTUBHPYEMOH  JKHIKOCTH  C | HEKOHTaKTHO aKTHBHPOBAaHHOTO (hM3.pacTBopa:
pacTBOpPOB. HexonTakTHas | pa3MelnieHHBIMA B HEH 3eKTpomgamMu W ToHKOcTeHHOU | pH=7,2, OBII= - 107MB.
NMEKTPOXUMHUIECKAs AKTHBAINA | EeMKOCTBIO JUII OECKOHTAKTHO aKTHBHPYEMOW KHUIKOCTH
OCYUIIECTBJISIETCS. Ha HJHepreruyeckoM | IlaTeHT Ha naHHOE YCTPOWCTBO JIET B OCHOBY CO3IAHUS
YpOBHE 0e3 COITYTCTBYIOILIETO | AIIEKTPOXUMHUYECKOTO aKTWBaropa (MOHHW3aTopa) s
TpaHCIopTa (MacCONEPEHOCa) WOHOB | KOHTAKTHOM M HEKOHTAaKTHON akTuBanuu «3ympyn-
yepe3 cTeHKU eMKocTH. [lpu atom Boga | CU» (moaenu 04) u «Bnamgay
WM BOIHBIA pacTBOp MPUOOPETAIOT | YCTPOMCTBO  JUIi  KOHTAKTHOM WM HEKOHTakTHO# | JluctwumpoBannas Boma (OBIT=280+15MB), | [108]
AHOMAJIbHBIE METacTaOUIIbHBIE | aKTHBAIMK  JKHIKOCTH, BKJIIOUAKOLlee  Kamepy- | Harpetas a0 42°C, nomemianack B KaTOJUT
CBOMCTBA aKTHBUPOBAHHOM JKMJIKOCTH | 3JIEKTPOJM3Ep LMIHHApHYecKo (opmbl ¢ kartogoM u | (OBII=-890+20MB) B TOHKOCTCHHOM
0e3 M3MEHEHUs MX MEPBOHAYAIBHOIO | aHOMOM Uil OOpa3oBaHHs  JJNIEKTPOXUMHYECKH | TIACTUKOBOM CTakane Ha 60 munyt. Yepes 5,
XUMHYECKOTO COCTaBa. AKTUBUPOBAHHOH cpeabl M pazMmemaeMyro B 3toit cpene | 10, 20, 30 u 60 mun 3radenus OBII cHuznimch
MMePUOTUIECKA WM  TIOCTOSHHO  TOHKOCTCHHYIO | COOTBeTCTBeHHO Ha 104+5 MB; 150+£10 wmB;
JUBIIEKTPUYECKYIO €MKOCTb c aktuBupyeMoil | 250+15 mMB; 280+15 MB; 320+20 MmB.
YKUJIKOCTBIO CTallMOHAPHOTO MM TMPOTOYHOIO THUIIA, B
KOTOpOM KaMepa-3JIeKTPoIn3ep cHaOxeHa
HarpeBaTesieM C TePMOPETYIATOPOM U TOCTOSTHHOTO
MOIOTPEBA AIEKTPOXUMUYECKH aKTUBUPOBAHHOM CPEIbL.
Bona U paHIepa UMeeT CIOCOOHOCTh | YCTpOHCTBO  Juii  aktuBaimu  Boael  M.I'pangepa | B BOZOIPOBOAHOM BOJIE npoucxoaut | [20]

OKa3bIBaTh I/IH(bOpMaI_[I/IOHHOC BJIUSAHUC

(ABcTpHs) — «OXKMBHTEND BOJBI» - MPOTOYHBIA IPUOOP

yBEIMYCHHE BOJOpOoaHOTO mokazarens (pH) mo

Ha HeoOpabOTaHHYIO BOJY | U3 HEp)KaBEWINEH CTald, WUMEIIMUA BHYTpH ce0s | 7,2...8,5 W  yMEHBIIEHHWE OKHCIUTEIHHO-
JUCTAHIMOHHO - yepe3 | OTCeKH, 3alloJHeHHble  WHGOPMAMOHHONM  BOMOW | BoccraHoBHTENbHOro mnoreHnmana (OBII) mo
METaJUIMUECKYI0 CTeHKy. B mpouecce | I'pannepa. +100...+300 mB.

MPOTEKAHUS 4yepes pubop

uHpOpMAaIHs nepegaercs

BOJIOTIDOBO/IHOW  BOZAE,  BCIEICTBHE

3TOTO BOJIOTIPOBOHAS BOZIA

«0oCcBOOOXKIAETCS oT BPEIHOM

HHPOPMALIHNY.

MexaHuuyeckasi aKTHUBAIMS BOJbI

AKTHBaIMsi BOABI C IYTEM H3MEHEHH | OnbITHAA

YCTaHOBKa  «YCTpPOMCTBO

HOJIyYEHUS | Bpemsi pemakcarmu  Bombl  He MeHee  2-X | [107]
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Du3NKO-XUMHUYECKHE XaPAKTEPUCTHKH
MOJTy4eHHOH BOJbI

CcbLika

ee CTPYKTYpsl B BBICOKOHAIIOPHOM
BpalaromemMcs HOTOKE noza
THIPOMEXaHHUYECKUM  BO3ACHCTBHEM:
o0paboTka BOABI  BHUOPAITMOHHBIMU
HYaCTOTHBIMHU KoJre0aHusIMU o4
JCCTBHEM BHEIIHETO JIaBJICHHS.

aktuBupoBaHHoW Bomel» (YIIAB) OOO «O3epckuit
PUOOPHBIN 3aBOIY.

MECSIICB, OBII=-163MB (ucx.+86MB),
pH=9,22 (ucx. 7,98), comepxanue comeri 95
Mmr/n  (ucx. 155 w™r/m), u3MEHEHHE TOKOB
MpoBOAMMOCTH 6,5-7,0 MKA.

AxTuBaus BOJIBI yTeM ee
pacIbUIMBAHUSA, COTPOBOXKIAIOMIETOCS
HM3MEHEHUEM HaHOCTPYKTYpPHOTO
COCTOSIHHSL BOJIBI B KAIUISAX JHAMETPOM
ot 40 mo 10 mxm u menee. [Ipu pabore
pacmbUIATENsT Ha BOLy JICHCTBYIOT
OJTHOBPEMEHHO HECKOJIbKO (DaKTOpOB:
BBICOKOAMIUIUTYIHbIE MYyTbCAIIUN Aapa
BHUXpA, TYypOYJICHTHOCTh B TIIOTOKE C
HHTEHCUBHOCTBIO  80%, o0oOBeMHas
BHUXpEBas KaBUTAIVS,
CaMOTIPOM3BOIBHOE  HKEKTUPOBAHHE
BO31yXa B 001aCTh s/Ipa BUXPSL.

Jym-maccaxHplii anmapaT COIACP)KUT COCIUHEHHBIN C
BOJIOTIPOBOAHOM  CEThIO  KOPIYC, 3aBUXPUTENb H
BUXPEBYIO KaMepy, YCTaHOBJIEHHBIE B KOPITYCE.

IToBeienne pH na 0,18 en., camxenune OBII
Ha 9,6MB, MOBEepXHOCTHOE HATSKEHHUE BOJBI
OCTaeTCsd HEU3MEHHBIM.

[52]

AxTUBaIMs MMUTHEBOU
HETOCPEICTBEHHO

yrnoTtpeOieHneM c MTOMOIIIBIO
MEePEeMEIIHBAIOIIETO yCTpOiicTBa
BEITIOJTHEHHOTO B BHUJIE€ KEepaMHUYECKOU
TUH3BI ¢ AepxkarerneM. Kepamudeckuid
MaTepHa nepesaet BOJIE
MOJIOKHUTEIBHYIO uH(pOpMAIIHUIO,
MepEeMEIITHBAIOIINE JIBUKCHUS
COOOMIaroT  BOE KHHETHIECKYIO
SHEPIHIO B BUJIE MYJbCUPYIOIIUX BOJIH.

BOJIBI
nepe;

AxtuBatop mmTheBOM Bombl  «3Quellen Pulsator»

(I'epmanmus)

B mporecce aKTUBaLUU
«OKUBJIEHHE»  BoAbl. Boma
IIPUSATHON Ha BKYC.

MMPOUCXOAUT
CTaHOBHUTCA

[124]

3HeKTp0MaFHI/ITHaH AKTHUBalludA BOAbI

AKTHUBanMsA  BOOLI C  IIOMOIIBIO
o0pabotku cuioBbiMU mossiMu.  [lox

YerpolicTBO AN IOOYMCTKA — MUTHEBOM  BOJIBI
«AxBanucky. IlpencraBnser co0OW TONBIH TUCK W3

Coneprkanue 0OLIEro xejae3a yMEHbLIAETCS B
3-5 pa3, amMMoHMiiHOro azora - B 3 pa3sa,

[38]
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BO3MYIIAOIIAM BO3/ICHICTBUEM | JIepeBa, B MOJOCTH KOTOPOTO pa3MEMIeHbl HOCHTENh | aKTHBHOTO XJIOpa M CEpOBOJOPOAa - B 2 pasa,
AxBagucka nepepacnpeeicHue | nHpopManuu (XBOiHasE CMOJIa), TOCTOSHHBIA MAarHUT W | COJACPKAHHUE KAJIBIUS U OPraHUYCCKUX KUCIIOT
MOTEHIMANIa B 00beMe BOJBI MPUBOAMT | CIIUPAJICBUIHAS KATYIIKa WHAYKTUBHOCTH. HE U3MEHAETCA
K W3MCHCHHUIO KHHETHKH XUMUYICCKUX
peakuuid, 4YTOo, B CBOIO Ou€pelb,
MPUBOAUT CUCTEMY «AKBaJHCK —
o0beM BOJIBD» B COCTOSIHHE
JTUHAMUYIECKOTO paBHOBeCHs a
XMMHUYECKHMH CcOCcTaB BOJOBI — K
cootBeTcTBUIO HOpMam TIJIK.
[Honyuenue HaMarHudeHHoH | [loBbllIeHHE HHAYKIIMOHHOTO MOTEHMANA KUJKOCTH B [Ipoucxoaur U3MEHEHUE KpuBo# | [58]
JKHUJKOCTH TIPpU 00pabOTKE KUJKOCTH | IEKTPOMArHUTHOM YCTPOHCTBE, COJIEpKAIIEM TEMIIEPaTypHOH  3aBUCHMOCTH  HM3MCHEHUS
HU3KOYACTOTHBIM MAarHUTHBIM TIOJIEM U | COJICHOHI, MUTAIOLIUICS IEPEMEHHBIM TOKOM OT CIIEKTPaJIbHOTO TOJIOKeHus: Makcumyma WK
HCIIOJIBL30BaHUE ee JUIS | HU3KOYACTOTHOTO T€HEepaTopa U CO3Aar0IIui TOJIOCHI TOTJIONICHUS (5180 cm™)
OTIOCPEOBAaHHOTO  HAMAarHWYMBaHWS | HU3KOYACTOTHOE MAarHUTHOE TIOJIE. BOJIOCOZICPIKAINX PACTBOPOB TPH BHECEHHH
JIPYTOl 5KUJIKOCTH. Jlake MaJloro KOJIMYeCTBa HaMarHUYeHHOH
SKUJKOCTH.
Bo3znetictue Ha JKUIKOCTH | YCTPOWCTBO IS pealm3alldy IMpeajaraeMoro crocoba | I3MeHeHns  BOIOPOAHOTO  TMoKasatens | | [§]
MIPOJIOMBHBIMKA ~ JJICKTPOMArHUTHBIMHU | COCTOUT U3 CMOTAHHOTO B OYXTy IIIJIaHTA (B OTBEPCTHE B | JCKTPOIPOBOAHOCTH: IIo 00paboTKH:
BOJIHAMH, aKyCTHYCCKMMH BOJHAMH | cepenuHe  OyXThl  ycTaHaBiuBaeTcs  cocyd ¢ | pH=5,51, sanekrponpoBogHocth= 168MKCM/CM;
JOYJBETPa3BYKOBBIX M YJIBTPa3BYKOBBIX | 00paOaThiBaeMON  JKHUIKOCTBIO HJIM  TPYOONPOBOM), | IOCIHE 00paboTku: pH=6.40,
4acToT. 3JIEKTpOHAcOca,  IUIATPOPMBI M COCAMHMTENIBHBIX | JIEKTPOIPOBOAHOCTH=145MKCM/CM.
IITAHTOB.
BosneiictBue Ha Boay | KuakocTh MOMEMIAIOT B COCYI M BO3ACUCTBYIOT Ha Hee | [[oBepXHOCTHOE HATSXKEHUE BOJIBI [34]
yIbTPaUOIETOBOTO HW3IYYCHHUS JUIS | YABTPaHOIETOBBIM M3ITYYEHHUEM C IUIOTHOCTHIO MOTOKA | YBEIHYUBAETCA B 3 pa3a M0 CPaBHEHUIO C
MOBBIIICHUS 5} (GEKTHBHOCTH | MOLIHOCTH Ha TOBepXHOCTH He Menee 0,4 Br/cm?. ucxomHbM (70-76 x10° v/m)
BO3/ICHCTBUS BOJBI HA OHOJOTHUYECKUC
CTPYKTYpHI (3aMaunBaHHUE CEMSH s
YBEJIMYCHUS BCXOXKECTH, 3aMadnBaHHE
KOPMOB JIJIl YBEJIMUEHHUS HAJIOCB)
Buope3onancHas akTuBanus KpacHbIM | AmmapaT OWope3oHaHacHOW akTuBauuu BoAbsl BM-2M | Ilocie 00paboTku He MPOMCXOOUT U3MEHEHHE [63]

MOJIIPU30BaHHBIM cBeToM (A = 650

HM).

TIpeTHa3HAuYCH 00paboTKH BOJIBI
MOHOXPOMAaTHYECKUM  KpPacHBIM  TIOJSIPU30BAHHBIM
CBETOM TeJIMH-HEOHOBOTO MCTOYHHUKA C JUTMHOW BOJHBI
650HM.

TS

XMMUYECKOI'0 COCTaBa UCXOJHOM BOJIBI,
AKTHBAIMS HE BIMSIET HA )KU3HECIIOCOOHOCTb
AYTOXTOHHON MHKPO(]IOPHI HCXOAHON BOABL.
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XuMHnyeckasi aKTUBAIMA BOABI

Hacermenmne BOJIBI BOJIOPOAOM. | YCTPOMCTBO Ui TIONIYYCHHUS  KUAKOH  cpembl, | OKUCIUTEIbHO-BOCCTAHOBUTEILHBIMA [76-78]
PactBopenue MOJIEKYJIIPHOTO | HACBHIIICHHOM BOZOPOJIOM, HaXOASIIUMCS MOJ | MOTEHIMAN BOJBI, HACHIIICHHONW BOJOPOIOM,
BOJIOPOJIa B BOJIE BEJIET K YBEIUYCHUIO | MABICHUEM, COJCPXKHT €MKOCTh JUIs coeauHeHus | mocturaer mmHyc (500 = 700) mB. Bpews
pH H pE3KOMY YMEHBIIICHHUIO | KHUAKOW Cpeapl C BOJOPOIOM, HMCTOYHHK BOAOPOAA, | YCTAHOBJICHHS MOTEHIAaJIa COCTaBJIsIET
OKMCIIUTEJIbHO-BOCCTAHOBUTEILHOIO cpencTBa I TOABOJA Ta3000pa3HOTO BOAOpOAa U | mpuMepHO 24 gaca.
MOTCHIMATIA. JKUJIKOH CpEeJIbL.
Haceimenne  (miepechilieHrne) BOIBI | YCTPOWCTBO Il TONYYECHHS KHCIOopojocozaepxkaniei | KoHnenTpanus pactBopeHHOro kuciopoma B | [37]
KHCIIOPOAOM B pe3yabTaTe | mapora3oBOi CMECH C TIOMOIIBI0 XUMOTPOHHOM IIa3Mbl | BOJE B TEPECHINICHHOM COCTOSHHHM TP
CMCIIMBAaHUS  HMCXOMHOW  BOIBI  C | MOJAy4YaeMOM B IUIa3MOXMMOTPOHE IMPH Pa3HOCTH | HOPMaNbHBIX yciioBusax 10-40 mr/a
KUCIIOpOoAcoAepKaleld  maporazoBoil | morenuuanoB 140 u 220B. IlaporasoBasi cMecb COCTOUT
CMECEIO, CHHTE3UPOBAHHOHN | 13  KOMIUIEKCHBIX  Ta30KUAKOCTHBIX  COCIMHEHWH

MJIa3SMOXUMOTPOHHBIM METO/IOM.

KHCIIOpOoJia, BojopoAa U Boabl. Jlanmee monmydeHHas
CMECh BBOJIUTCS B THMTHEBYIO BOAY C IIOMOIIBIO
KeKTopa. JlaHHOE YCTpPOHWCTBO HCHOJB3YETCS IpU
IIPOM3BOACTBE OyTHIINPOBAHHBIX
KHCIIOPOJOCO/EPKAIINX IMUTHEBBIX BOJA C TOPTOBBIMU
mapkamu «Cynepsoaa — O2», «OKCH»
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IHpuiaoxenune b

buosiornyeckue 3¢ ¢eKTsl AKTUBUPOBAHHBIX BOJ

ekt CebLr-
Ka
HaumeHoBanue BoabI, -
NPUHIUI CO3TAHUSA KJIETKH JKHBOTHBIX BAKTEDHM TUAPO- ACTCHMS JKHBOTHBIE
H 4YeJioBeKa in vitro P OHMOHTBI P in vivo 5 5 .
3A0POBbLIN O0JIbHOU
HexkoHTaKTHASA Het manHbIX Het manHbIX Het manHbIX Het manHbIX Het manHbIX Het manHbpIX

JIEKTPOXMMHYECKAs (+)9 Texapcke [50]

akTuBanua: Katomur
JIUCTUIIITUPOBAHHOM BOJIBI
(OBI1=-270...-400MB)

TPOOKH
Saccharomyces
cerevisiae
(cycniensus
KJIETOK B Bojie 1T
Ha 1m): MmeTon
TIPUKU3HEHHOT'O
JHAKOIEPEMEH-
HOTO KJIETOYHOTO
MHUKPOIJICKTPO-
dopesa
(13mepenue
AMILTUTYIBI
KoJieOaHus
KJICTOK B TI0JIC
3peHws
MHKPOCKOIIA).
YMeHbLIeHNE
ko3 durreHTa
BapUaIiu

AMIUIUTYIbI

? 31€Ch M Janee - 3QPEKT B TPAKTOBKE aBTOPOB [IUTUPOBAHHOTO HMCCIIEAOBAHUS: TIONOKUTENBHBIN 3QQeKT (+), oTpunarensHbiii 3GQekT (-), (£) — npu pasHoH SKCIIO3UIMH TTOTYIEHbBI

ITPOTHUBOIIOJIOKHBIC JaHHBIC
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HaumeHnoBaHnue BOJbI,
NMPUHIMIT CO3TaHUA

KJIETKH )KMBOTHBIX
M 4YeJI0OBeKa in vitro

0axTepun

THAPO-

T pacTrenus

JKHBOTHBIE
in vivo

YECJI0BCK

310POBbIN

00JILHOII

CcbLI-
Ka

KOJIeOaHMsI
KJeToK Ha 5-17%
10 CPAaBHEHHIO C
CyCIIEH3HEH B
HEaKTUBHPOBAH-
HOM JIUCTHILISATE,
YTO yKa3bIBaeT
Ha MOBBILICHUE
a/IaliTUBHOCTH
KJIETOK.

Her mannbix

Her mannbix

Her manabIX

()

HexonrakrTHas

IJCKTPOXUMUYIECKAA
AKTUBAIUA:

HexontaktHO
aKTUBHPOBAHHBIC HA
yctaHoBke «M3ymMpyn-
CW» (monensb 4)
MH(Y3UOHHBIE PACTBOPHI
¢ orpunarensHbiM OBIIT

0e3 U3MEHEHUS
XUMHUYECKOrO COCTaBa.

Her mannbix

Her manHbIX

Het mannbix

OHKOOOJIbHEIE
nocie
paIMKATBEHBIX
omnepauui Ha
KETYIOIHO-
KHIIIEYHOM
TpaKTe: U3y4eHBI
H3MEHEHUS

rokasaresnei
JIMacTa3bl MOYH
U OTJICTISAEMOTO
U3 IpeHaxkel y
314 GONBHBIX.
Yacrora
OCJIOKHEHUH
nocJyeonepanm-
OHHOTO

[116]

MaHKpeaTHTa




170

AP dexr CcebLI-
Ka
HaumeHoBanue BoOabI,
YEJ0BECK
NPUHIMIT CO3XaHUSA KJIETKH 'KMBOTHBIX TUApO- JKUBOTHbIE
o 0axTepun pacTeHus -
H YeJI0BeKa in vitro OMOHTBI in vivo . .
310POBbIN 00J1LHOI
YMEHBIIHUIIACh
c71%B
KOHTPOJIBHOM
rpynre 10 26%
B TpymIIe ¢
IIPUMEHCHHUEM
OECKOHTaKTHO-
AKTHBUPOBAaH-
HBIX
WH(Y3NOHHBIX
pacTBOpOB.
KoHnTakTHas Her nannbix Her nannbsix Her nannbix Her nannsix Her nannbix
JIEKTPOXUMHYECKAS (+) (%) [4, 5]
akTuBanms: Karomur Karonut u ero Bomopocib
(OBH=-600MB, pa30aBICHHBIC Cuenenecmyc
pH=10) u ero pacTBOpEI HE HETHIPEXXBOCT-
oKazaiu HBI :TpU
pa30aBiieHHBIE
0CTPOTO 9KCITO3HLIIH B
pacTBOpHI Ha TOKCHYECKOro | 2-8% KatonmTe
BOZ[OHpOBO,HHOﬁ BOJC. IEUCTBUS Ha - CTUMYIIAIUSA
KHU3HECToco0- | pocra Ha 27%,
HOCTh JadHuit B 30-50%
KaToJINTE -
CHIDKEHHE
npupocra
KJIETOK IO
CPaBHEHHIO C
KOHTpOJIEM
KouTaktHast Hert nannbix Her nannbix Hert nannbix Hert nannbix Her nannbix Het nannbix
DJIEKTPOXUMHUYECKAS (+) [92]
AKTUBaNMA: KaTOJIUT KprCH )4
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dddekT Ccebli-
Ka
HaumeHoBanue BoOabI, N
NPUHIMIT CO3XaHUSA KJIETKH 'KMBOTHBIX TUApO- JKUBOTHBIE
o 0axTepun pacTeHus -
M YeJIOBeKa in vitro OHMOHTBI in vivo 5 .
310POBbIN 00J1LHOI
(pH=9,2+0,5; OBII=-
615+55MB), aHOTTUT KPOJIMKH -
(pH=6,9+0,5; ocTpast
OBII=+720+1 5MB) TOKCUYHOCTb
HE BBISIBJIICHA
KoHTakTHAas Her nannpix Het nannbix Hert nannpix Her nannpix Het mannbix Her nannpix
() [22]

3JEKTPOXUMUYecKas
akTuBanusa: Karomur

(BBP-K), anomut
(OBP-A).

OKCIEepUMEHT
1,3,6 cyrox
nipu npueme ad
libitum:
3I0pOBBIE
KpBICHI —HET
HU3MEHEHUN
BOZHO-
COJIEBOTO
oOMeHa 1
GyHKITHH
noyex. Y KpbIC
C aJToKCa-
HOBBIM
adbeToM
AHOJIAT
CHoco0cTByeT
3aJepKKe
pa3BUTHS
3a0oneBaHUs
(6omee HU3KHME
KOHIICHTPAIHU
TJIFOKO3BI B
KPOBH).
Perenepupyro
mmee IeUCTBUE
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MPUHINAT CO3AHUS

KJIETKH }KHUBOTHBIX

dddekT

M 4YeJI0OBeKa in vitro

0axTepun

THPO-
OMOHTBI

pacreHust

JKHBOTHBIE
in vivo

YECJI0BCK

CcbLI-
Ka

310POBbIN

00JILHOII

KonrakrHasa
3J1eKTPOXMMHYecKasi
AKTHBAIUA: KAaTOIUT

0,1% BogHOTO pacTBOpa

Het manHpIx

Her nanHpIx

Het nannpIx

Het manHpIx

KaToJMTa Ha
MOYKH HE
BEISIBJIEHO,
pueM
aHOJINTA Ha
(dhone nuabera
MIPUBOIUT K
MHHHMAJIbHBIM
CTPYKTYPHBIM
HM3MEHEHHUSIM
MOJKETyI0Y-
HOH JKeJIC3BI
IO CPaBHEHHIO
C KaTOJINTOM.

Her nanubIX

XJIOPUCTOTO HATPHSA
(OBII=60 MB)

SPUTPOIUTOB B

CTUMYJIUPOBa-

(+)
Kpommxmu:
yepes 48
4acoB
BBITTABaHMS -
AKTHBAINS
(dbepMeHTOB
AQHTHOKCH-
JAHTHOM
CHCTEMBI, B
reMoJIn3aTe

nepBble 5
MUHYT -

HUC

AKTUBHOCTHU

Het nannpIx

[70]
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dddekT Ccebli-
Ka
HaumeHoBanue BoOabI,
YEJ0BECK
NPUHIMIT CO3XaHUSA KJIETKH 'KMBOTHBIX TUApO- JKUBOTHbIE
o 0axTepun pacTeHus -
H YeJI0BeKa in vitro OMOHTBI in vivo . .
310POBbIH 00JIbHOM
COJ, nanee
JyBCTBUTEIb-
HOCTb
(depmenTa
CHMXXAJIACh
KonrakTHan (+) (-|—)
AJIEKTPOXUMHUYECKAA Her nanubix BaxrepumuHoe Her nannbix Her nannbIx Be3BpenHoCTh Her nannbIx Her nannbix [49]
AKTUBANIUA: AaHOJIUT JIeMCTBHE: aHOJIUTA MPHU
(pH=7,0, MOJIEBBIE BELITAUBAHUU
OBII=+900MB), mrammsl (E.Coli, TeNsATaM
TIOJTy4EHHBIH Ha Proteus vulgaris, TIEPBBIX JHEH
yeranoBke «CTDJ» P.mirabilis, JKHU3HH (110
Salmonella 300-400 M HA
Dublin, TIpHUeM B
S.enteritidis, TE4eHHe JABYX
Morganella JHel) — B
morganii, TEUYEHHE TPeX
Ps.aeruginosa) JIHEH 1ocie
DKCITO3UIHSA npremMa — HeT

1,3,5,7,10 munyT
— rubernb Beex
Oakrepuil uepe3
7 MUHYT.

OTKJIOHCHH B
KJIIMHAYECKOM
COCTOSIHHH.
19 tenar,00ib-
HBIX Juapeeit
MIPUHUMAITH
aHOJHT 2 pasa
B CYTKH TI0
300mx B
TEUCHHE 2-X
IHEN — IOJIHOE
BBI3/IOPOBJIC-
HUE
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HaumeHnoBaHnue BOJbI,
NMPUHIMIT CO3TaHUA

dddekT

KJIETKH )KMBOTHBIX
M 4YeJI0OBeKa in vitro

0axTepun

THPO-
OMOHTBI

pacreHust

JKHBOTHBIE
in vivo

YECJI0BCK

310POBbIN

00JILHOII

CcbLI-
Ka

(mpexpamenne
TIOHOCA,
BOCCTaHOBJIE-
HHE aImneTuTa,
yiay4lleHne
00111eTO
COCTOSTHHS).

KonrakTHas
3JEeKTPOXMMHUYeCKasi
AKTUBAIMA: KATOJIUT
(pH 9,2+0,5, OBII=-

615+55 MB), anomut (pH
6,9+0,5, OBII=+720=+15
MB) BogompoBoaHOM
BOJIbI

Her manHbIx

Her nanHbIx

Het manHbix

Her manHbix

(+)
[Tpu
Pa3IMYHBIX
criocobax
BBCIACHUS
KpBICaM B
Teuenue 30
CYTOK —
KaToJIUT U
aHOJINT HE
OKa3bIBAJIN
TOKCHYECKOTO
JIeicTBUs.
IIpu
JITUTEILHOM
IHThE
TIPOUCXOIUT
YBEIUYCHUC
MAacCHI TeNa y
caMIIOB ¢ 4 110
9 Hemenio,
AHOJIUT
BBI3BIBACT
IIOBBIIICHUE
HHJIEKCa
[JIOJIOBUTOCTHU

Her nanHbIx

Het mannbix

[17]
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HaumeHnoBaHnue BOJbI,
NMPUHIMIT CO3TaHUA

dddekT

KJIETKH )KMBOTHBIX
M 4YeJI0OBeKa in vitro

0axTepun

THPO-
OMOHTBI

pacreHust

JKHBOTHBIE
in vivo

YECJI0BCK

310POBbIN

00JILHOII

CcbLI-
Ka

Ha 33,3% n
HHJICKCa
OepeMeHHOCTH
Ha 31%.
Beeaenue ad
libitum
KaToNNTa ’
aHOJINTA B
TeueHue 3-x
TTOJIOBBIX
IUKJIOB HE
BJIMACT HaA
penponyKTUB-
HYyI0 (QyHKIHIO
u 6epeMeH-
HOCTB, HE
OKa3bIBacT
IMOPHOTOKCH-
YECKOro
neucrsus. [lpu
npueme
caMKaMH#
KaToNNTa ’
aHoymra 3
UKIIa 10
OepemMeH-
HOCTH, BO
BpeMs
OepeMEeHHOCTH
1 BO BpeMs
KOPMJICHHS
BEI3BIBACT Y
ITOTOMCTBA

CHHMKCHHUC
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dddekT Ccebli-
Ka
HaumeHoBanue BoOabI,
YEJ0BECK
NPUHIMIT CO3XaHUSA KJIETKH 'KMBOTHBIX TUApO- JKUBOTHbIE
o 0axTepun pacTeHus -
H YeJI0BeKa in vitro OMOHTBI in vivo . .
310POBbIN 00J1LHOI
TEMITOB
pUpocTa
Macchl 1
JUIMHBI TeJa,
OTCTaBaHHE
(huzngeckoro
pas3BuTHS,
yCHIICHHE
TOPMO3HBIX
MIPOIIECCOB Y
UX KPBICAT B
2-X MECSYHOM
BO3pacTe.

KonTakTHasg Her mannbix (:I:) Het mannbix Her mannbix (_|_) Het manabIx Het mannbix
JIEKTPOXUMHYECKASA Ilpu aeiicTBam Benbim [79]
AKTUBAINA: KATOJIUT AHOJIUTA MBIIIaM per 0S

(pH= 11,5-11,0) u anomuT BO30yIUTENH BBOJHIIA

(pH =2,5-3,5) SINEPUXMO032A U CMEpPTENBHYIO

BOILOHpOBOILHOﬁ BOJIBI. CaJbMOHEIIC3a 103y KyIbTyp
MOTHOAIOT Yepes E.Colin
30 MuHYT S.typhimurium
KOHTaKTa in B 00beMe 1Mt
vitro. 1-s1 Tpymma -
JlobGaBnenue yepe3 | gac —
KaToJIMTa B AHOJIUT
KOJTM4eCcTBe 4- BHYTpHUOPIO-
5% cTumynmupyet IIMHHO
poCT dIepuxuit (moru6mm B
M CaJIbMOHEJI, Teuenue 2-3
CTUMYJIUPYET ITHe), 2-0i
Tpomecc rpynme — 1M
JPOMOKEBAHHS aHOJIUTA per 0s
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dddekT

CcbLI-
Ka

HaunMeHoBaHMe BOABI,
NPUHIMIT CO3TAHUS KJIETKH KHBOTHBIX

YeJ10BeK
THIPO-
M 4YeJI0OBeKa in vitro

ACTEHMSE JKHBOTHBIE
p in vivo

oaKTepuu
p OMOHTBI

310POBbIN 00J1LHOI

KOpMOB (BCE BBDKHUIIN).

He
00OHapyKEeHO
TOKCHYECKOTO
JICHCTBHS Ha
MBIIIICH
(pazoBoe
BBeaeHHE 1 M
KaToJHuTa U
AHOJIUTA),
OeNbIX KPBIC U
nopocHr (2,
20MI/KT Macchl
Tena
€KCITHEBHO B
TeueHue 21
JTHS).
Haznauenue
BHYTPh
aHOJINTA
MPeAYIPExK-
JTaeT pa3BUTHE
SIIEPUXHUO3-
HOH B
caJlbMOHEJLI-
JIe3HOM
CEMNTHUIIEMUH.
Buytpubpro-
[IHHHOE
MIpUMEHEHNE
aHOJINTA
TOPMO3HUT
MIPOIIECCHI
MIEPEKUCHOTO
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AP dexr CcebLI-
Ka
HaumeHoBaHue BOAbI,
YeJI0BECK
NPUHIMIT CO3TaAHUS KJIETKH KHBOTHBIX TUApO- JKHBOTHbIE
o 0axTepun pacTeHus -
M YeJioBeKa in vitro OMOHTBI in vivo . .
310POBbIN 00J1LHOI
OKHCJIEHHS
JIATIHAJIOB.
Jleuenne
SIICPUXHO03a U
CaJbMOHEI-
ne3a ¢
ITOMOIIIBIO
mpreMa
BHYTPb
aHOJIUTA U
KaroJINTa B
1,5-2 paza
s¢dekruBHee,
qeMm
TPaAUIOHHAS
Tepanus
KoHnTakTHas Het manHpIx Her nanHBIX Het nannpIx Het manHpIx Het manHpIx Her nanHBIX (_|_)
DJIeKTPOXHMHYECKAs KoMGHHUPOBAH- [28]
aAKTHUBaNMs: KaTOJIUT Hoe
(pH=7,8-8,7, OBII=-680- UCIIOIb30BAHUE
720MB) u aHOIHT AHOJIUTA U
(pH=5,8-6,2, KaToJIMTa
OBII=+750-920MmB) (MecTHO H
BOZIOTIPOBO/IHOH BOJIBI, BHYTPB) A4
TIOJTy4E€HHBIE HA JICUEHHS
OOJILHBIX C
yctanoBke «CTOJI-40» .
THOMHO-
BOCIAJIUTEILHEI
MH POLIECCaMU
rmociie
XHPYPTUUECKOr0
BMEIIIATENECTBA

IIO3BOJIAICT
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HaumeHnoBaHnue BOJbI,
NMPUHIMIT CO3TaHUA

dddekT

KJIETKH )KMBOTHBIX
M 4YeJI0OBeKa in vitro

0axTepun

THPO-
OMOHTBI

pacreHust

JKHBOTHBIE
in vivo

YECJI0BCK

CcbLI-
Ka

310POBbIN

00JILHOII

Kourakrnas
JIEKTPOXMMHUYECKast

Her mannbix

Her nannabIX

Het mannbix

OBICTPO
CaHUPOBATh
THOMHYIO paHy,
YMEHBIIUTh
MHTOKCHUKAIUIO,
CTHMYJIIPOBaTh
obpa3oBaHme
TpaHyJIALIOH-
HOM TKaHU (Ha
cellbMOH JIeHb
JIeYEeH U
KOJINYECTBO
¢hubdpoOIacToB B
5 pa3 GopIe,
4eM TpH
CTaHAAPTHOM
KOMIIJIEKCHOM
neuenun). [lpu
KOMIIJIEKCHOM
UCIIONIb30BAaHUHU
MECTHO ¥ BHYTpb
KaTOJINTA
aHOJIUTA
BBISIBJICHO
COKpalleHHe
AHTUOMOTHUKO-
Tepanuu Ha 65%,
AIJIEPTHYECKUX
OCJIO)KHEHUH C

akTuBanus: Karomur

Her mannbix

()

Mg ¢

T'CHCTUYCCKUM

Her nanaBIX

1,4 10 0,15%
Het mannbix

[151]
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HaumeHnoBaHnue BOJbI,
NMPUHIMIT CO3TaHUA

dddekT

KJIETKH )KMBOTHBIX
M 4YeJI0OBeKa in vitro

0axTepun

THPO-
OMOHTBI

pacreHust

JKHBOTHBIE
in vivo

YECJI0BCK

310POBbIN

00JILHOII

CcbLI-
Ka

BOJIOTIPOBOJHOM BOJIBI
(pH=10,24+0,03; OBII=-
400+17,3mB),
MIOJTyYEHHBIN B
anekTpomsepe AK-3000
(Nexus, Kopes)

abeToM
(db/db) u Ge3
nuadera
(db/-): 4-x
HEJECJIbHBIN
IKCHEPUMEHT
(3KcnepuMeH-
TaNbHas BOZAA
ad libitum,
HOYBIO —
BHYTPUOPIOIIN
HHOE BBE/ICHHE
TJTFOKO3BI
Ir/xr). Ipu
ynoTtpebneHnn
KaToJnTa
HPOUCXOAUT
CHIDKEHHE
YPOBHS
[JTIOKO3BI B
kpoBu Ha 41%,
MOBBILICHUE
WHCYIIHHA B 2
pasa no
CpaBHEHUIO C
KOHTPOJIEM,
YMEHBIIEHHUE
MOTEpH
OCTPOBHBIX
KIIETOK.

Kourakrnas

IAJCKTPOXUMHUIECKANA
AKTUBAIIUA: KaTOJIMUT C

()
B TCCTC HAa MHAYKIIUIO
XPOMOCOMHBIX

()
B TecTe Dimca
Ha ITaMMax

Het mannbix

Her mannbix

()
Buyrpuxeny-
JIOYHBIE

Her nananIx

Het mannbix

[166]




181

dddekT

CcbLa-
Ka
HauMeHnoBaHue BOABI,
YEJ0BECK
NPUHIMI CO3JAHUS KJICTKHU KMBOTHbIX TUApO- JKUBOTHBIE
A O0akTepuu pacTeHusn ..
M YeJIOBeKa in vitro OHMOHTBI in vivo 5 .
310POBbIN 00J1LHOI
HeHTpabHBIM pH abeppanuii B KyIbType Salmonella BIIMBaHMS
(OBII=-80-150MB, (udpoOIACTOB JIETKUX Typhimurium KaToJIuTa
KOHIICHTPAIAS KHUTAHCKOro ngﬂqKa TA100, TA1535, KpbIcaM
PaCTBOPEHHOT0 BOAOPO/A npu 6-11a001301/1 u 24- TA98, TA1537 u 20Ma/kr
YaCOBOMU IKCITO3UIIUU raMmme Macchl Tea B
0,9-1,14mr/m) e
MyTareHHas Escherichia TEUYCHHE
aKTHUBHOCTH HE WP2uvrA 28 mHeit —
oOHapyXcHa MyTareHHas TOKCHUIHOCTH
AKTUBHOCTH HE HE
oOHapyxeHa 00OHapy>KeHO
(Onoxumus
KpOBH, aHAJIU3
MOYH,
KITMHAYECKHE
CHUMIITOMBI,
THCTOJIOTHSI)
KoHnTakTHas Het manHpIX Her nanHBIX Het nannpIx Het manHpIX Het manHpIx Her nanHBIX (_|_)
2JIEKTPOXUMHYecKas TlamuenTsi, [146]
AKTUBAIMA: KATOJIUT C TepeHecne
pH=9,8 XPOHHYECKHH
TeMOINaIN3
TTOJTyIajIn
KaTOJIUT B
TeueHue 6
Mecses. [Ipuem
KaToJMTa
MIPUBOIHIT K
VAYYIICHUIO
IIUTOKAHOBOTO
npodus,
YBEITMYCHUIO
TeMaTOKpHTA
(0e3 yBenmueHus
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AP dexr CcebLI-
Ka
HaumeHoBanue BoOabI,
YECJI0BCK
NPUHIMIT CO3XaHUSA KJIETKH 'KMBOTHBIX TUApO- JKUBOTHbIE
o 0axTepun pacTeHus -
H YeJI0BeKa in vitro OMOHTBI in vivo . .
310POBbIN 00J1LHOI
SPUTPOIIOITHHA).
CHuxeHne
ypoBHa ADK B
KPOBH,
CHMYKAJIOCh
MEPEKUCHOE
OKHCIJICHHE
JIMITUIOB B
SPUTPOLUTAX,
CHIKAJICS
reMOJIH3.
KonTakTHas (+) Her nannbIx Her nannbix Her nannbix Her nannbix Her nannbIx Her nannbix
JIEKTPOXMMUY ECKAS KynbTHBHpOBaHHE [152]
AKTUBAIINA: KAaTOJIUT JIMHUU KJIETOK
CBEPXUYHUCTOU BOJBI, (bubpocapKoMbI
conepskamieit 2MM NaOH yenoseka HT1080:
HoﬂyquH],Iﬁ B KaTroJIMT IlO6aBJ'I5UII/I B
3IIEKTPOIIM3EPE Ha KaTOze Cpeay A
C IUIATHHOBO-TUTAHOBBIM KyIbTHBHPOBAHHA

MOKPBITHEM TIPU
Hanpsbxkerun 100V B
TeueHue 60 MUHYT.
Konnenrpanus Boropozaa
0,76mr/m (aepe3 3 yaca -
0,22 mr/m),
KOHIICHTPAIHSI
HAHOYACTUI] IUTATHHBI —
0,1-2,5x107 mr/m. Ilepen
HavyayoM HCCIIEIO0BaHMUS
BOJY BBIICP)KUBAIH B
aBTokiaBe mipu 120°C B

COBMECTHO U 0e3
MEPEKUCH BOIOPO/IA.
Uepes 24 gaca
WHKYOAIInu
OTIpeICIISLIH
KOHLICHTPAIHIO
MIEPEKUCH BOAOPO/IA B
KIIETKaX: KaTOJIUT
CHIKAEeT
KOHIICHTPAIIHIO
MEPEKHCH BOAOPOIa
BHYTpPH KJIETOK.
Karonut unrubupyer
IKCIPECCHIO TCHOB
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HaumeHnoBaHnue BOJbI,
NMPUHIMIT CO3TaHUA

dddekT

KJIETKH )KMBOTHBIX
M 4YeJI0OBeKa in vitro

0axTepun

THPO-
OMOHTBI

pacreHust

JKHBOTHBIE
in vivo

YECJI0BCK

310POBbIN

00JILHOII

CcbLI-
Ka

TeyeHue 20 MUHYT.

MMP-2 u MT1-MMP
OTBETCTBEHHBIX 3a
UHBA3HUI0 OIIYXOJIH, HO
HE OKa3bIBaeT
CYILIECTBEHHOTO
BIIMSTHHSA HA
9KCIIPECCHIO T'eHa
TIMP2 B HOpManbHBIX
KJIETKaX, YTO IIPUBOAUT
K [TOJABJICHUIO
Jerpajganuu
BHEKJICTOYHOT'O
MaTpHKca U
MIPEKPAIICHUIO HHBA3HU
OITyXOJIH KIIETKH.

KonrTakTHas
3JeKTPOXMMHYecKast
AKTHBAIMSA: KaTOJIUT

CBEPXUYHUCTOH BOJBI,
cozaepxaieid 2MM NaOH
B QJIEKTPOJIM3EpE HA
KaTo/ie C MIaTHHOBO-
TUTAHOBBIM ITOKPBITHEM
nipu Hanpspkerann 100V B
TeyeHue 60 MUHYT.
[Tonydennas Boga
MpomycKazach 4epes
CTEPUITU3ALIMOHHBIN
¢uneTp 0,22MKH.

(H)

JInHus KIeTok
MOKEITYJOUHON
)kene3nl xomsika HIT-
T15: xaronut
JOOABIISUIH B CPEAY LIS
KYJIbTHBUPOBAHHS
(wHKYOArs - 18
4acoB), AaJiee YacoBast
00paboTKa KIIETOK
AJJIOKCAHOM M BHOBB 24
4acoBasi HHKYOaIysl.
Karonut unrndupyer
LIMTOTOKCHYECKHE
3¢ ekt aIoKcana,
MIPOUCXOIUT
YMEHBIIICHUE
BHYTPHKJIETOYHOTO

Her nanupIX

Het nannpIx

Het manHpIX

Het manHbpIxX

Her nanHbIX

Het nannpIx

[156]
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HaumeHnoBaHnue BOJbI,
NMPUHIMIT CO3TaHUA

dddekT

KJIETKH )KMBOTHBIX
M 4YeJI0OBeKa in vitro

0axTepun

THPO-
OMOHTBI

pacreHust

JKHBOTHBIE
in vivo

YECJI0BCK

310POBbIN

00JILHOII

CcbLI-
Ka

ADK,
ITIOKO30CTUMYIHPO-
BaHHOE YBEJIUYCHUE

ypoBHs ATO,
CTHUMYJIMPOBaHUE
BBIPAOOTKY HHCYIIMHA B
KIIETKaX.

KonrakTHan
3JEeKTPOXMMHUYeCKasi
AKTHBAIINSA: KaTOJIUT

CBEPXUYHUCTOH BOJBI,
coaepxaieid 2MM NaOH

(pH=11,6+0,1;

KOHIIEHTpalus BOAOPOIa
0,4-0,9mr/11; comeprkanue
HAHOYACTHI] TJIATHHBI
0,1-2,5x107 mr/m) n
KaTOJIMT BOJIOTIPOBOIHOM
BOJIBI, IPEABAPUTEIHLHO
OUMIIEHHON Ha YyrOJIbHOM
¢unpTpe (pH=9,6+0,2;
KOHIICHTpAIIKs BOJOPOa
0,2-0,5Mmr/11; conepxanue
HAaHOYACTHII IUIATHHBI
0-0,7x107 mr/m)

TIOJTy9ICHHEIE B

AIEKTPOJIU3EPE HA KATOJIE
C IUTATHHOBO-TUTAHOBBIM
MOKPBITHEM TIPH
Hanpsbkeruu 100V B
teyeHue 60 MUHYT.

Het manHpIx

Her nanHbIX

Het nannpIx

Het manHpIx

)
Hematonpr
Caenorhabditis
elegans:
yBEIMUEHUE
MIPOIOIDKUTEI
HOCTH KHU3HH
B KaTOJIMTE
CBEPXUMCTON
BOJBI Ha 7-
41% usB
KaToJIUTE
BOJIOTIPOBO/I-
HOM BOJIBI HA
30% mmo
CpaBHEHHIO C
HeoOpaboTaH-
HBIMH BOJIaMHU.
Karommter
CHIDKAIOT
YpOBEHb
HAKOILJICHUS
HEMaToIaMH
ADK.

Her nanHbIX

Het nannpIx

[181]
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AP dexr CcebLI-
Ka
HauMeHnoBaHue BOABI,
YEJ0BECK
NPUHIMI CO3JAHUS KJICTKHU KMBOTHbIX TUApO- JKUBOTHBIE
o 0axTepun pacTeHus -
M YeJIOBeKa in vitro OHMOHTBI in vivo 5 .
310POBbIN 00J1LHOI
KoHTakTHas (+) Her manabIX Het mannbix Her mannbix Her mannbix Her manHbIX Het mannbix
IJACKTPOXUMHYECCKAA Knerku [ 1 82]
akTuBanug: Karonur aJIeHOKapIMHOMBI
CBEPXYUCTOMN BOJBI, JICTKUX YEIIOBEKA
coneprkamieit 2MM NaOH (A549): xaronut
(OBII=-600mB, pH=11, | CHWXaeT coaepx anne n
COZep’KaHNEe HAHOYACTHULI TPOM3BOACTBO
mnatussl 0,2x107 mr/ i) I(J)];TOqHOFO ADK na
IOy YEHHbI B 0 TI0 CPABHEHHUIO C
KOHTPOJIEM,
SJICKTPOJIM3CPE HA KATOAC
MPOUCXOTUT
C IIATHHOBO-THTAHOBEIM | 10 1ap nenmre cexpermin
HOKPBITHEM IIPUA dakTopa pocTa
HaIps>KCHUU 100V B SHIOTENHS COCYIOB
TeueHne 60 MUHYT. VEGEF.
KonTakTHast (:I:) Her nannsix Hert nannbix Hert nannbix Hert nannbix Her nannsix Hert nannbix
IJNEKTPOXUMHUYECCKAA Onpenenenue [S6,
AKTUBALUS: KATOJIUTHI TIOJIBHKHOCTH 81]
(pH=9-9,5; OBII- CHepMaTOBOI/IL[(OOB B6r1,1n<a:
B KaTOJIUTAaX =-
150...-700mMB) u 150...-200MB) 1
aHosthl (pH<S, anomuTax (OBIT=200-
OBII=200-650MB) 600MB, KOHIIEHTpaIHs
YIBTPANPECHOM BOJBI. | TMIOXIOpHTa 5X1 0°-10
4 Mr/11): HeT U3MEHEHUI
IO CPABHEHUIO C
KOHTPOJIEM; B
KaTOJIUTAx C
OBII<200MmB, B
aHOJIUTAaX C
OBIT>650MB monHOE
OTCYTCTBHE
TTOJIBIDKHOCTH
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dddekT Ccebli-
Ka
HauMeHnoBaHue BOABI,
YEJ0BECK
NPUHIMI CO3JAHUS KJICTKHU KMBOTHbIX TUApO- JKUBOTHBIE
o 0axTepun pacTeHus -
M YeJIOBeKa in vitro OHMOHTBI in vivo 5 .
310POBbIN 00J1LHOI
KoHTakTHast (:|:) Her nanubix Her nannbix Her nannbix Her nannbix Her nanubix Her nannbix
JIEKTPOXUMHUYECKAS OpUTPOLUTHI KPOBU [56,
AKTHBAIIMS YeJI0BeKa — HHKyOarus 81]
H30TOHHYECKHE 24 gaca: 3;aanenLHa;1
o Mo duKanus
pactBopsl NaCl (0,8%), reMOIOGHHA,
TIPUTOTOBJICHHBIC HA CHM>KEHHE MOKa3aTells
KaToJIUTEC BPEMEHHU KHUCJIOTHOI'O
BOJOTIPOBOTHON BOJIbI reMOJIU3a 10 2ZMUH,
(pH=7,5-8; OBII=0- ] YCTOHYMBOCTH
000J109eK IPUTPOIIUTOB
100MB) pirTpon
K OCMOTHYECKOMY
oKy He MeHee 60% (B
koHTpose 50%)
KonTakTHAaa Her nannbix Her nannsix Her gannbix Her nannbix (:I:) Her nannsix Her gannbix
DJIEKTPOXMMHUYECKASE Henureiinbie [56,81]
AKTHBANMS: KAaTOJINUThI 0erble KPBICHL:
(OBIT=-400...-820MB) 1 Bato
AHOJIUT (OBH—7001\V/1B) (7400MB)
1 BOJOIIPOBOAHOMN BHYTDHIKENY-

BO/JIbI, TOJTyYEHHBIC HA
oe3auadparMeHHOM
ANIEKTPOAKTUBATOPE

DJIXA-038.

JIOYHO 10 2MJT
3 paza B eHb
B TCUCHHE
MecsIa:
YBEIUYCHUC
MAaccHl Tena,
runepTpous
BOPCHHOK U
yrITyOJIeHHe




187

HaumeHnoBaHnue BOJbI,
NMPUHIMIT CO3TaHUA

dddekT

KJIETKH )KMBOTHBIX
M 4YeJI0OBeKa in vitro

0axTepun

THPO-
OMOHTBI

pacreHust

JKHBOTHBIE
in vivo

YECJI0BCK

310POBbIN

00JILHOII

CcbLI-
Ka

KPHIIT
causucton 12-
MIepPCTHOM
KHILKH,
YBEIUYCHUE
HHIEKCA
MEYEHHUs
THMHIAHOM
H?, aktuBanus
TKaHEBBIX
(epmeHTOB,
YMEpEeHHOE
YBEIUYCHUE
coziepKaHust
¢dochomumu-
JIOB B TKAHSX
MHUOKap/a u
MEYEHH.
2.Karonut
(OBII=-

— obpaboTka
CTaH/IapPTHBIX
KOKHBIX PaH:
YCKOpEHUe
3aKUBJICHHS
paH,
YBEIHUYCHUE
HMHIEKCA
MEYEHHUs
tumuarHOM H>
B 30HE
nponudepa-
LHH,
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HaumeHnoBaHnue BOJbI,
NMPUHIMIT CO3TaHUA

dddekT

KJIETKH )KMBOTHBIX
M 4YeJI0OBeKa in vitro

0axTepun

THPO-
OMOHTBI

pacreHust

YECJI0BCK

JKHBOTHBIE
in vivo

310POBbIN

00JILHOII

CcbLI-
Ka

YCKOpEHUE
MUTpaIuu
KJIETOK
SMUJIEPMUCA B
001acThb
paHeBoro
nedexTa.
3.AHoaut
(OBII=
700mB)
BHYTpPHOpIO-
LIAHHO 110 2
MJ B I€Hb B
TeueHue 1
MecsIa:
MO/IaBJICHHE Ha
24%
aKTHBHOCTH
(hepMeHTOB B
CBIBOPOTKE
KpOBH, B
JKCTpaKTax
TKaHH
MHOKapJa u
[EYEHH.
IlonaBnenue
OKHUCJIUTE b~
HOTO
bochommpo-
BaHU.

Kourakruas

IAJCKTPOXUMHUIECKANA
AKTUBAIIUA: KaTOJIUT U

Her mannbix

Her nannabIX

Het mannbix

Her mannbix

&)

Memueit CBA

o0Jryyanu

Her nanaBIX

Het mannbix

[56,
81]
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HaumeHnoBaHnue BOJbI,
NMPUHIMIT CO3TaHUA

dddekT

KJIETKH )KMBOTHBIX
M 4YeJI0OBeKa in vitro

0axTepun

THPO-
OMOHTBI

pacreHust

JKHBOTHBIE
in vivo

YECJI0BCK

310POBbIN

00JILHOII

CcbLI-
Ka

AHOJIUT HAa OCHOBE
HU3KOMUHEPaIU30BaH-
HOU BOJBI

JIETaIbHOU
11030# (DLos)
PEHTTCHOBC-

KOTO

U3JTyYCHUS.
BrmaunBanue
KaTOJINTOM U
aHonuToM ad

libitum: B

KOHTpOJIC
CMEPTHOCTb

96%, ipu

yInoTpedIeHu

aHOJIMTA B

ooiee

KOPOTKHE

CpOKHU
CMEPTHOCTH
100%,
KaToJuTa —

10%

KonTaktHas
IEKTPOXMMHYECKAS
AKTUBAIMA: KATOJIUTEI U
AHOJIUTEI IUTHEBOU BOIObI
C MUHEpAIU3ALKEN 10
0,7mr/1.

Her mannbIx

Her nanspIX

Het mannbix

Her mannbIx

()
BrmanBanmne
LBIILIST-
Opoiinepos:
1.KaTonut
(pH=8-9,
OBII=-225-
530mB) —
3aMETHBIN
MIPUPOCT
JKHBOHM MacCCHI,
YBEIUYCHUE

Her nannapIx

Het mannbix

[56,
81]
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dddekT

HaumeHnoBaHnue BOJbI,
NMPUHIMIT CO3TaHUA

KJIETKH )KMBOTHBIX
M 4YeJI0OBeKa in vitro

0axTepun

THPO-
OMOHTBI

pacreHust

JKHBOTHBIE
in vivo

YECJI0BCK

310POBbIN

00JILHOII

CcbLI-
Ka

cofiep KaHus B
MeYeHH
BUTAaMHHOB A
u B, Ha 20,4 n
9,7%,
ITOBBIIIICHUE
YCBOGHHS
a30Ta, XUpa,
KaJlbIIMS,
bocdopa.

2. Karonur
(pH=9-12,
OBII=-550-
700MB) u

AHOJINT
(pH=2-3,
OBII=850-
950MmB) —
pe3koe
yTHETEHUE

HBIX
(hepMeHTOB.

NULIEBAPUTEIID

KonrakTHas
JIEKTPOXMMHUYECKas
AKTUBALMS: TUATU3HBIN
PacTBOp Ha OCHOBE

KaToauTa
JIEMOHU3UPOBAHHOM BOJIbI
(pH=7,47, OBII=-135...-
170mB)

(+)
CTHMYJISIIIHS
MOJIBIDKHOCTHU
CIIEpPMATO30HI0B ObIKa
B JIMAJIM3HOM PacTBOpE
Ha OCHOBE KaTOJIUTA.

Her nanubIx

Het nannpIx

Het manHpIx

Het manHpIxX

Her nannbIX

(H)

22 GOJIbHBIX C
XPOHUYECKON
MMOYCYHOM
HEJI0CTaTOu-
HOCTBIO, KypC
areTaTHOIo
nuanuza 2-3
MecsIa:
CHIDKCHHUEC Y

[56,
81]
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AP dexr CcebLI-
Ka
HauMeHnoBaHue BOABI,
YeJI0BEK
NPUHIMI CO3XAHUA KJIETKH KNBOTHBIX TUApO- JKMBOTHbIE
o 0axTepun pacTeHus -
M YeJIoBeKa in vitro OMOHTBI in vivo . .
310POBbIN 00J1LHOI
OOJIBHBIX,
CKJIOHHBIX K
TUIEPTEH3UH,
apTepHaIbHOTO
nasiieHus Ha 30-
40 MM.pT.CT,;
yBenuueHue pH
apTepualbHON
kpoBu Ha 0,02-
0,05 en.,
YIYYIICHHE
00111€ero
CaMOYyBCTBHS,
YMEHBIIICHUE
BOZOTIOTpEOITE-
HUS, ocllabJicHHe
CHUMIITOMOB
KOXKHOTO
JiepMaruTa.
KoHnTakTHas Her manHbIX Her nanHbIX Het mannbix Her manHbIx (+) Her nanHbIX Het mannbix
W Bnusuaue [5 6,
AKTHBANUS: KaToJNTA HA 81]
N3oToHnueckuil pacTBOp ToKa3aTeNn
KaToJINTAa Ha OCHOBE MMMYHOT€He3a
NaCl (OBII=-800MB) y mbieii CBA
(omHOKpATHO
BHYTPHMBI-
EYHO
BBOIUITH
B3BECh
SPUTPOIINTOB
KpoBu OapaHa
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HaumeHnoBaHnue BOJbI,
NMPUHIMIT CO3TaHUA

dddekT

KJIETKH )KMBOTHBIX
M 4YeJI0OBeKa in vitro

0axTepun

THPO-
OMOHTBI

pacreHust

JKHBOTHBIE
in vivo

YECJI0BCK

310POBbIN

00JILHOII

CcbLI-
Ka

B KaroJIMTe Ha
ocunose NaCl):
YBEIUYCHUC
KOJIMYCCTBA
AHTHUTEI-
00pa3yromux
KIIETOK B
cene3eHke B 4-
6 pas,
YBEIUYCHUC
coJIepIKaHUSHE
HACBIIMICHHBIX
JKAPHBIX
KHCIIOT B
KJICTOYHOM
000JI04Ke
CIUJIEHOI[UTOB
Ha 15-30%,
OTCYTCTBHE
MIPU3HAKOB
JMECTPYKIIUU
JIMTIUTHOM
(azsr
KJIETOYHBIX
MeMOpaH
CIIJICHOITUTOB.

KonTakTHas
DJIEKTPOXUMHUYeCKast
akruBanma: 0,9%
BOJIHBIN PacTBOP
XJIOPUCTOTO HATPUS
(NaCl) — xaTonut u

Her nannbix

Her nanHbix

Het nmannbix

Her nannbix

(-)
Kponuku:
OJIHOKPATHOE
BHYTPHBEHHOE
BBEJICHUE U3
pacuera 1,2,3

(+)
OnHOKpaTHBIN
IpreM per os (13
pacuera 1mMi/kr
MAacChI TeNa) He
BBI3BIBA
3HAUUTENILHBIX

Het nmannbix

[16]
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HaumeHnoBaHnue BOJbI,
NMPUHIMIT CO3TaHUA

dddekT

KJIETKH )KMBOTHBIX
M 4YeJI0OBeKa in vitro

0axTepun

THPO-
OMOHTBI

pacreHust

JKHBOTHBIE
in vivo

YECJI0BCK

310POBbIN

00JILHOII

CcbLI-
Ka

AHOJIUT

MI/KT
JI0303aBUCHMO
noBbIano AJl
(m3MepeHue B
TE4eHHe Jaca ¢

MHTEPBAJIOM
10 MuHYT).
Kpeicer:
1.OxHOKDpAT-
HOE
BHYTpHOpIO-
IIMHHOE
BBEJICHUC
KaToJINTA MPH
CTpEeCcCOBO
CHUTYallNU
MOBBIIIAET
ypoBeHb AJl;
2.IIpuem per
0S B TCUCHHE
MecsIa 10
OITbITa HE
OKa3bIBaeT
HOpMaJIH3yIo-
IIETO BIMSHUA
Ha YpOBEHb
AJlB
CTpECCOBOI
CHUTYyaITUN

C/IBUTOB B
nokazarensix AJl
U IIyJbca
(m3mepenne
gyepe3 30 MUHYT
TOCTIe TIPHEMa)

KonTakTHasa

IJCKTPOXUMHUIECKANA

AKTUBAalIUA: KaTOJINT U

Het mannpIx

Het mannbpIx

Het nanneix

Het mannpIx

(H)
Karomurt:
CHCTEMHOE

Het mannbpIx

Het nanneix

[27]
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AP dexr CcebLI-
Ka
HaumMeHoBaHue BOIbI,

YeJIOBEK
NPUHIUI CO3IaHUS KJIETKH KMBOTHBIX TUApo-

JKHBOTHbIE
o 0axTepun pacTeHus -
M YeJIoBeKa in vitro in vivo

OMOHTBI . .
310POBbIN 00J1LHOI

aosuT pactBopa NaCl neiicTBue Ha
(0,1-0,5%) OpraHu3m

(™Mb,
KPBICHI,
KOILIKH,
KOPOBHI,
TENnATa,
TIepEeTIeNKH,
KypHI 1
LBITLISATA):
U3MEHEHUe
AIIEKTPOITUT-
HOT'O COCTaBa
CBIBOPOTKH
KpOBH,
yBEJIHYEHNE
pe3epBHOit
IEJI04YHOCTH,
COZIePIKaHUs
KaJIbIHsL,
YMEHBLICHHUE
KOJINYECTBA
TUMQOIUTOB U
yBEIHYECHNE
KOJINYECTBA
MIa3MOIIUTOB
B CIIM3UCTOMN
oborouke
KHIIICYHHKA,
MO
HUMMYHHOTO
OTBETA,
muddepeHnu-
aIst KJIETOK
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HaumeHnoBaHnue BOJbI,
NMPUHIMIT CO3TaHUA

dddekT

KJIETKH )KMBOTHBIX
M 4YeJI0OBeKa in vitro

0axTepun

THPO-
OMOHTBI

pacreHust

JKHBOTHBIE
in vivo

YECJI0BCK

310POBbIN

00JILHOII

CcbLI-
Ka

JTUMQOUTHOTO
pOCTKa, pe3koe
CHH)KEHUE
KOITUYECTBA
903UHO(DHIIOB
U TYYHBIX
KJIETOK,
YBEITUYCHUC
yucia
Makpo(aros B
CBIBOPOTKHU
KPOBH IpU
BBEJICHUH
aHTHOHMOTHKOB.
Amnomut —
HCIIOJTb30Ba-
HHE IS
JC3UH(PCKIIH
IIOMEIICHUI
TSt
JKABOTHEIX,
JIe3UHPEKITHS
KOCTHOTO
CBIPBS U
SIMYHOU
CKODJIYTIBI.

KonTakTHas
JIeKTPOXUMHUYeCKasi
AKTHBANUSA: BOIHEIC

pacTBOPHI XJIOpUJA
HATpUA: KaTOJIUT
(pH=9,2+0,5, OBII=-

Her manHpIX

Het manHpIx

Het mannbix

Her manHpIX

(+)
Kpricel, MpIm
(30 gueit npu
Pa3IMYHBIX
crocobax
BBEIICHU ):
HET

Het manHpIxX

(H)
34 namueHTa c
MOYEKaMECHHOM
00Je3HBI0: TIPH
BKJIFOUEHH U
KaTOJIUTa B
KOMILJIEKCHOE

[17]




196

dddekT Ccebli-
Ka
HaumeHoBaHue BOAbI,
YeJI0BEK
NPUHIMIT CO3TAHUS KJIETKHU KMBOTHBIX TUApO- JKMBOTHbIE
o 0axTepun pacTeHus -
M 4YeJI0BeKa in vitro OMOHTBI in vivo . .
310POBbIH 00JbHOI
615+55MB) 1 aHOIHT TOKCHYECKOTO nedenue (1 Mi/kr
(pH=6,9i0, 5, nefcTBUS Macchbl Tena 3
OBH:+72(H:15MB) KaToJiuTa u pa3a B L[eH.I) 14
aHOJTUTA, CyTOK):
oOHapyxeHo MIPOUCXONTUT
TTOJIOKUTEITb- HEOOJBIIOe
HOE JIENCTBUE oI eJIaurBa-
Ha COCTOSTHHE HUE MOYH,
BOJIHO- YMEHbIICHUE
AIICKTPOITUT- BBIPAKEHHOCTHU
HOTo 0OMeHa U 60mH u
(hyHKIIHO- YCKOpEHHE
HaJIbHYIO OTXOXKIACHUA
CrocoOHOCTH KOHKPEMEHTOB.
MOYEBBIIEIN- 30 mmanueHToB
TEILHOMN (PKEeHTIIH) ¢
CHCTEMBI [TpU LUCTHTOM Ha
0CTpOM ¢one 6a30BOI
Hegpure. [pu Tepanuu —
OCTpOM HUHCTAJUISAIIN U
LIUCTUTE 20MI1 aHOJIATA B
BBISIBIICHBI MOYEBOH My3bIPh
TTOJIOKHUTEIb- B TeueHue 7
HBIE CyTOK —
HU3MEHEHUS YMEHbIICHUE
nokasareneit JIEHKOIUTYpHUH B
MOYH 'y 18 pa3 no
JKUBOTHBIX CpaBHCHHUIO C
[IpU IIpUEME KOHTPOJIbHBIMU
KaToJIuTa U rpyIITaMH.
AHOJINTA,
aHoOJUT OoJiee
HHTEHCHUBHO
YEeM KaTOJIUT
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dddekT Ccebli-
Ka
HaumeHoBanue BoOabI,
4eJ0BeK
NPUHIUI CO3AAHMSA KJIETKH KMBOTHBIX THAPO- JKUBOTHBIE
o 0axTepun pacTeHus -
U YeJIoBeKa in vitro OMOHTBI in vivo . .
310POBbIN 00J1LHOI
CHH)KAeT
KOJIHYECTBO
JIEHKOLMTOB B
Moue.
KonTakTHas (+) (_|_)
Her nannbix Her nannsix 86 GOJIBHBIX C [86]

IJAECKTPOXUMHUYECKaAA

Hert mannbIx

Her nansapIX

Het mannbix

10 310pOBBIX

akruBanus: 0,3% KpBIC: IIPH THOMHBIMU
BOJIHBIE€ PAaCTBOPBI BHYTPHUCYC- apTpUTaMH
XJIOpHAa HaTpHUs: KaTOJIUT TaBHOM (axcnepumeHT 7-
(pH=8,2-9,5; OBII=-450- BBEIICHUH 12 nueit): 1-2
600MB) 1 HelTpanbHbIH 0,2mn rpyna (43
anonut (pH=7,3-7,7; aHOJIUTA! YeNOBEeKa) —
OBIT=+700-1100MB) OTCYTCTBHE MEIUKaMEeHThI+
MOBPEXIAf0- BHYTPHCYCTaBHO
hIero 1% pactBop
IEUCTBUS Ha JTMOKCHINHA, 2-5
TKaHU rpymnma (43
CYCTaBOB. YeJoBeKa) —
90 xpsIC C MEIUKAaMEHThI+
THOMHBIM BHYTPHCYCTAaBHO
apTPUTOM: agomut (10-
BHYTpPHCYC- 500MI1 B CYyTKH)
TaBHOE U TIPHEM BHYTPb
BBE/ICHHE KaronuTa 3 pasza
aHOJINTA U B AeHb o 100-
nipuem ad 200 m1. Bo
libitum BTOPOM rpyrime
KaToJINTa B BBIPAXKCHHBIN
TeueHue 7 OGaKTepULINAHBIH
JHEH. AHOHT ekt B
OKa3bIBaeT HIepBbIE TPH JHS
IIPOTUBOBOC- JIeYEHUS,
MAJTUTENbHOE COKpallleHHe
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dddekT Ccebli-
Ka
HauMeHnoBaHue BOABI,
YeJI0BEK
NPUHIMI CO3XAHUA KJICTKHU KMBOTHbIX TUApO- JKUBOTHBIE
o 0axTepun pacTeHus -
M YeJIoBeKa in vitro OMOHTBI in vivo . .
310POBbIN 00J1LHOI
JIeHCTBHE, JUTUTEILHOCTH
KaTOJIUT AHTHOUOTHKOTEP
YCUJIUBAET aruu Ha 50%,
penapanuoH- COKpaIleHne
HBIE MTPOIIECCHI cpoka
B HMMOOHIIA3AINA
BOCTIAJICHHBIX cyctasa Ha 7-10
TKaHSIX JTHEMN..
CycTaBa.
KoHTakTHas Het manHbIX Het manHbIX Het manHbpIX Het manHbpIX (+) Het manHbIX (_|_)
IEKTPOXHMHUIECKANA KDBICHI B BosnbHble ¢ [1]
AKTUBANNSI: TeueHue 30 XPOHUYECKHM
3JIEKTPOAKTUBUPOBAHHBIE mHel ad TeHEpaIH30BaH-
BOJIHBIE€ PaCTBOPBLI libitum HBIM
(3 ABP); KaTOJIUT Ha KaTOJIUT 1 apOJIOHTUTOM:
OCHOBE TUpOKapOOHaTa AHOJIUT: HET 3¢ PEeKTHBHOCTH
narpust (OBII=-480- OTpHULIATENb- npnaMl:geIc)Hnﬁ
HOT!
520mB, pH=8,2-9,3), oro
BO3ICUCTBHUS COBMECTHO C
AHOJIUT Ha OCHOBE o o
Ha CJIM3UCTYIO o01weit Teparuet
XJIOpHAA HaTpus 000J104Ky u 6e3. Ilpu
(OBII=+700+750mB, MIOJIOCTH pTa HCIIOJIb30BaHUH
pH=6,6-7.2) SABP -
VIyqIIeHHE
rokKazaresein
gyepe3 6 MecsleB
nocJie
OKOHYaHMsI
JICUCHUSI.
BononpoBosHas Boja,
O6pa60TaHHa$I Her mannbix (_|_) Het nannpIx Het manHpIxX Her manHpIX Her nanHBIX Het nannpIx [57]
CBEpXCIIA0BIM 10-20- kpaTHbIi
% -6
(mamykmwst 5*10°Tm)
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Het mannpIx

AxTtuBanusa soasl YO
HU3JIy4E€HUEM C Hert nannbix Hert nannbix Hert nannbix yBeJTHUCHHE
IJIOTHOCTBIO TIOTOKA BCXOXECTHU
MOIIHOCTH Ha CeMsH IpH
TIOBEPXHOCTH KUJIKOCTH 3aMaYvBaHUU

dddekT Ccebli-
Ka
HauMeHnoBaHue BOABI,
YEJ0BECK
NPUHIMI CO3JAHUS KJICTKHU KMBOTHbIX TUApO- JKUBOTHBIE
o 0axTepun pacTeHus -
M YeJIOBeKa in vitro OHMOHTBI in vivo 5 .
310POBbIN 00J1LHOI
3JIEKTPOMAarHUTHBIM
II0JIEM HU3KOH 4aCTOTHI GaKTEPHUIIUAHBINA
(4 I'n) HampsiMyto U adext
ONOCPEIOBAaHHO (yruerenue
pocra) B
OTHOIICHUU
St.aureus npu
skcro3uuu 180
MHUHYT 110
CPaBHEHHIO C
KOHTPOJIbHOM
HeoOpaboTaHHOK
BOJIOH
AKTHBAaIUA BOObI Het mannpIx (_|_) Het nannpix Het mannbpIx Het mannpIx (_|_) Het nannpix [21,
CHIIOBBIMH IIOJIAMM - CHIDKCHHUE yIIydIICHUE 5]
[Mpubop AxBaauck MHKpPOOHOTO OMOXUMIYECKUX
(TomBIiA TUCK U3 JIepeBa B quclia u moKaszareneit
IOJIOCTH KOTOPOTO OTCYTCTBHUE POTOBOIA
pa3MenIeHbl HOCUTED ITaTOr€HHBIX I10JIOCTH,
uadopMaIHH (XBOHHAS OakTepwii B BoJIC OIITUYCCKUX
CMOJ1a), MTOCTOSHHBIN Cpea JIeBOro
L
MarHuT ¥ coupajieBUAHAS f1asa,
YIAy4IICHAC
KaTylka
TICUX03MOITHO-
WHIYKTUBHOCTH) HATBHOTO
COCTOSTHUS
()
Het mannbpIx Het nanneix [34]
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AP dexr CcebLI-
Ka
HauMeHnoBaHue BOABI,
YEJ0BECK
NPUHIUI CO3IaHUS KJIETKH KMBOTHBIX THAPO- JKUBOTHbBIE
o 0axTepun pacTeHus -
M YeJI0BeKa in vitro OHMOHTBI in vivo 5 5
310POBbIN 00J1LHOI

He meHee 0,4 Br/cm® u Ha 26%

BPEMEHEM SKCHO3UIUN

He meHee 1 muH. [Ipu
TOJIIIUHE CJIOS JKUIKOCTH

He Oosee 1 cMm.
MockoBckast (+) (.,.)

BOJIONIPOBOJIHAS BOJA, OtcyrcTBHE (+) (_|_) (_|_) (_|_) BonoHTeps! Hert nannbix [20,
Tpornieaiiai 006pabOTKY | ToKcHueckoro aelicTaus CHxeHne WNudyszopuu u B pasBenennu | bBesbie Mbliu IpUHUMAIH B 35]
npudopom U.I'parnepa. Ha criepMy ObIKa KOHLICHTPALHHY U napHuy - 1:1 ue (14,30,45 TeYeHue 5 qHer

YerpoiicTBo A CpOKa KH3HH OTCYTCTBHE OOHApYKEHO nueit) ad 110 200 M.
AKTHUBAllMX BOIbI OaxTepuanbHON OCTpOTO YTHETAIOIIETro libitum — BOZBL. Pesynprar:
W.I'pannepa (ABcTpus) — MHKPOQIIOPHI TOKCHYECKOTO JEeNCTBYS Ha 3HAYUMOE 3HaIUMOC
«OXXUBUTEJb BOJBI» - Bonel (OKB, JIeUCTBUS KOPHEBYIO YBeITHYECHUE yBeIHICHNE
IIPOTOYHKI TPUGOP U3 TKB, CHCTEMY CEMSH | BOIOIOTPeO- KOIIM4eCTBa
o . MAIKUEHTOB C
HEpIKABEIOWIEH CTaH, CaJIleIOHeJIH), OBca, pu JICHUSI, HET nonoL:KHTenLHLIM
UMerouHii BHYTpH cebst BO3JICHCTBHS HA pas3Beaenun 1:5 BIIMSTHHS HA
BUpYC - YCKOpEeHHUe COCTaB KpOBH, BIINAHUCM
OTCEKH, 3al0THEHHBIE N ean N
dbopMAIHORHOH Bono# HOJIMOMUENNTA U pocTa KOpHEH U | MMMyHOpeak- CICIOBAHHOH
H? OpMall B A0 Konudaru He yBeJTHYEHUE THUBHOCTb. BOJIbI HA
aHacpa. aporecce .
paHiep pon BBISIBJICHO; BCXOKECTHU COCTOSIHHE
MPOTEKAaHUS yepe3 OTCYTCTBHE CEMSIEL KEITYI0UHO-
pubop «uHbOpMAIHS TOKCHYECKOrO KHILIEYHOTO
IIEPEIAECTC» IEUCTBUS Ha TpaKTa,
BOJIOIPOBOJIHO BOJIE. Oaxrepun TIOBBILICHUE
«IKOIIOMY; 3alUTHOU
CHIDKCHHE hyHKIIIH
CyMMapHOfI CJIM3HUCTBIX HOCA
MyTaFeHHOﬁ " pTa, CHUKCHHUC
AKTUBHOCTHU BOCHIAJIUTCIIBHBIX
BOJIOIIPOBOHOM peaxuui B 5TUX
XJIOPUPOBAHHOU opraHax.
MUTHEBOH BOJIBI
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AP dexr CcebLI-
Ka
HauMeHnoBaHue BOABI,
YEJ0BECK
IPUHIHNI CO3JaHHUA KJIETKH KUBOTHBIX ruapo- JKUBOTHBIE
o 0axTepun pacTeHus -
M YeJI0BeKa in vitro OHMOHTBI in vivo 5 5
310POBbIH 00J1LHOI
mocie npubopa
Ha [ITaMMe
TA 100 Ge3
MeTabOIMIeCKON
aktuBanun; Ha
mramme TA 98 —
s dekTa HeT
ApTte3naHckas BoJa (_|_) ( +)
nctounnka «Credanusy, (:I:) (+) uH(y30pHH, Her nanubIx €3 BononTepsI Her nannbx [20, 44,
npomez[maﬂUoGpa60TKy JlmmoruTer KpoBH TecT DiiMca naguum, Benple MpImm IIpHHUAMAIIN B 98,
npubopom U.I'pangepa yenoBeka, (Salmonella OroceHceps (14.30.45 TedeHue 5 JHeH 121]
KYJIBTHBHPYEMBIC B Typhimurium «DKOIIOM» - HET nueit) ad 110 200 M.
YCIIOBUSX mraMmbel TA100 TOKCHYCCKOTO libitum — BOJbI. Pesynbrat:
LUTOKUHETHYECKOrO u TA98) — AeHCTBH 3HAYMMOE 3HAYUMOC
OJtoKa: TeHOTOKCHY- yBEITHYEHHE YBEJIHYEHUE
pa3HOHaNpaBICHHBIE HOCTbH HE BOIOTIOTPEO- KOIIM4eCTBa
3¢ GEeKThI AT pa3HbIX oOHapyxeHa JIEHHUSI, HET MalUEHTOB C
JIOHOPOB (moHop 1 — BIMSHHA Ha HOJIOXKUTENILHBIM
HET T'€HOTOKCHYECKUX COCTaB KPOBH, BIMSTHUEM
3¢ ¢deKxToB, TOHOp 2 — UMMYHOPEaK- HCCIENOBaHHON
o1 ieficTBHEM TUBHOCTb. BOZIbI Ha
CTaHAapTHOT'O I/IMMXHI/I3I/I- COCTOSAHHUE
MyTarcHa — pOBaHHbIE KEITYJIOYHO-
MOBBILIICHUE GeJlble MBIIIU KUILIEYHOTO
JIBYSIIEPHBIX KIIETOK C 3 mecsina ad TpaKTa,
MHUKPOSAPAMH, libitum: MOBBILLIECHUE
CHIIKEHHE YaCTOTBI CTEMYJIPYIO- 3aIUTHOM
YCKOPEHHO JIETIAIMXCS it S ekt bynknnn
BHIPAGOTKH CIIM3UCTBIX HOCA

KJIETOK Ha (oHe 3-X
KpaTHOTO yBEJIINYCHHS
YaCTOTBHI
HECHMMETPHUYHBIX 3-

LgG. Kpsichr:
ad libitum 6

MCECAIICB:

U pTa, CHIDKCHHE
BOCTIATUTENbHBIX
peakuui B 3TUX
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dddekT Ccebli-
Ka
HauMeHnoBaHue BOABI,
YEJ0BECK
NPUHIMI CO3JAHUS KJICTKHU KMBOTHbIX TUApO- JKUBOTHBIE
o 0axTepun pacTeHus -
M YeJIOBeKa in vitro OHMOHTBI in vivo 5 .
310POBbIN 00J1LHOI
OpraHax.
SITEPHBIX KJIETOK U MOJIMOPTaH-
CHUXXEHHUS yPOBHS HBIN
TOKCUYHOCTH). MUKpOsIIEp-
HBIN TECT —HET
TEeHOTOKCH-
YECKHX
3¢ deKTOB B
KeENMyJKe,
KOCTHOM MO3Te
1 MOYEBOM
Ty3BIpe.
KonTakTHas u Her mannbix (_|_) Het mannbix Her mannbix Her mannbix Her manHbIX Het mannbix
OMOCpE0BaHHAA OaKTepHINHEIN [58]
00paboTKa KUJIKOCTU sdexT Ha
(BOIIBI ¥ BOIHBIX 6axrepuu E.Coli,
pacTBOpOB) St. aureus
HU3KOYACTOTHBIM
MArHUTHBIM IIOJIEM.
O6paboTtka (B TeueHue 3
4acOB) MMPOUCXOIUT B
3JIEKTPOMArHUTHOM
YCTPOMCTBE, KOTOPOE
COCTOMUT M3 COJICHOH/IA,
MIUTAEMOTO TIEPEMEHHBIM
TOKOM HU3KOYaCTOTHOT'O
reHeparopa.
A-Boja - 3Bneuenue us (+) Her nanHbIx Het mannbix Her mannbix Her nanHbIx Het mannbix
BOJIbI IOTPAHUYHOTO CJOSI | M3yueHre TOKCUYHOCTH (+) [80]

Ha rPaHULE C
MTOBEPXHOCTHIO (BBICOTA

ceiBopotok KPC u
OTC: npu nodasieHUn
K CBIBOPOTKaM A-BOJIBI

VYBenuuenue
BBIKHMBA-
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OeJible MBIIIN

IIOJIOCTH I1OCJIC

AP dexr CcebLI-
Ka
HaumeHoBanue BoOabI,
YyeJIOBeK
NPUHIUI CO3AAHMSA KJIETKH KMBOTHBIX THAPO- JKUBOTHBIE
o 0axTepun pacTeHus -
U Yes10BeKa in vitro OMOHTBI in vivo . .
310POBbIN 00J1LHOI
rorpasugHoro cios 300 (1:8) ymenpmenue
MKM): TIOI00paH TOKCUYHOCTH, y 5 U3 9 €MOCTH
SKCIIEPUMEHTAIBHBIN ChIBOPOTOK — MblLiei Ha 35-
PEXKUM, TIO3BOJISIFOLIUI YITyHmeHmne 40% mpu
COGHPATH JAHHYIO BOY B MOPQOJIOrHHU 3I0POBBIX TICYCHHHN
oBBeME. KJICTOK 4eJIOBeKa. Y MHbeKImii
3IOPOBBIX KJIETOK HET rpunmna u
W3MEHECHHI repreca
nponudepaniu u
KU3HECTIOCOOHOCTH, Y
PaKOBBIX KIIETOK —
yYTHETCHUE
nposudeparn. B
KYyIBType
[ePEBUBAEMBIX KIICTOK
YenoBeKa —
MOJYJIUPOBaHHE
[UTOKHHOBOTO OTBETA
npy THOUIUPOBAHUH
KJIETOK BUPYCOM
rpuUlllla ¥ repreca
IInTeeBas Bona Her mannbIX ( +) ( +)
«PeHopm». YCrpoicTBO () (+) Het nannbix 1.Hopmau3zanus () [14,
AT aKTHBALTAH BOABL Tect DiiMca uHby30pHUH, Kpsicel ¢ romMeocTasa 1.ITpu npueme 30-32,
COCTOHUT M3 JABYX (Salmonella naQgHuH, aCIUTHOM MaKpo(haros npu OOJILHEIMH C 98,
HUCTOYHUKOB: Typhimurium OroceHCephI rernaroMoit HCCICA0BAHNH OXKHPEHUEM U 102]
aKyCTUYECKOI'o U mrammbel TA100 | «Dkomom» - HeT 3eiinens- IUTOIOTH4eC- cepieuHo-
JIIEKTPUYECKOr0 CUrHajIa u TA98): TOKCHYECKOTO YBEIHUYCHUE KOro craryca COCYIHCTBIMH
Pa3HOIi 4aCTOTHI, TeHOTOKCHY- JeHCTBHA HPOJIOILKUTEND CJIU3UCTBIX 3a00JIeBaHUAMHI
M3ITydaTes ¥ yCHITUTENIS. HOCTb HE HOCTH JKH3HHU. 060H0‘1ueK Ha doHe
CHIHAJIEL OT HCTOUHMKOB oOHapyxeHa UmmyHU3H- POTOBOH 1 OasucHOM
MOCTYIAIOT Ha BXOJIbI DOBaHHBIE HOCOBOH Tepanuu u

TUIIOKAJIOPHH-
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dddekT Ccebli-
Ka
HaumeHoBanue BoOabI,
YyeJIOBeK
NPUHIUI CO3AAHMSA KJIETKH KMBOTHBIX THAPO- JKUBOTHBIE
o 0axTepun pacTeHus -
U Yes10BeKa in vitro OMOHTBI in vivo . .
310POBbIN 00J1LHOI
(pa3zHbIe Kpas noTpebeHus
MEeTaJNINYeCKON — BOJIBI B TCICHUE HOM JUeTHI B
IJIACTUHBL, IIOJIIOCA CTUMYJIUPYIO- 1 mecsina. TeyeHue 3
KaTyIIKM UHAYKTUBHOCTH wui o dexr B HEACb —
.Bomnonrepsr
WJIA TPOMKOTOBOPHUTEIIS) BBIPAOOTKH P YIyHIICHHE
OPHHUMAIH B -
U3IIydaTes 4epes3 LgG @3 Te‘lj - Groxmmiriec
MecsIa). KOro craryca.
YCUJIMTENb U U3Ty4aroTCs ccslia) 200 oro craryc
B OK Afolee Kpeicer: o MIL. 2. .Hopmanu3zauus
PYKAIoIL norpebienne 6 | BOIBL 3HATUMOC UMMYHHOTO
IIPOCTPaHCTBO, CO31aBas Mecsres ad yBEJIUUCHHUE craryca
3JIEKTPOMAarHuTHOE U libitum — KOIMICCTEA OHKOJIOTHYECKHX
3BYKOBOC MOJIC, TIOX MOJINOPTaH- TTAIIMCHTOB C OOJBHBIX TTPU
ACHCTBHEM KOTOPOTO HbII TOJIOMKUTENILHBIM | xoMOHHUPOBAHH
BOJIa, HaXOAIIAsACs B MHKPOSIAEP- BIIMAHHCM OM JICUCHUHT
3TOM HOJIE, Hblif TecT —ger | MCCACAOBAHHOU
CTPYKTypHpYeTCs pasmamii ¢ HOAREHS
KOHTPOJIEM B COCTOAHNC
—— KETYT0IHO-
KOCTHOM KHUIIEYHOTO
MO3re; TpaKTa,
CHIDKEHHE IIOBBIIIICHUEC
JIOITH KJIETOK C SalUTHON
MPOTPY3USIMH (bynKuuM
" CITU3HCTBIX HOCA
MiKkpospavy | 1 PT: CHIDKEHHe
B ST AL | BOCTIATHTEIBHBIX
HBIX KoteTkax | PCAKUMHA B OTHX
MOYEBOI'0 OpraHax.
y3BIpsL.
Buorennas sona Her manHbix Her nanHbIx Het mannbix (:|:) (:|:) (+)
«Typan». Bona Pasnmmunoe Kpeichr: Vuamuecs 2-6-x +) [33, 63,
noOBIBaETCS M3 (useonornyec- (pazoBas Kiaccos (827 Tpu 84, 85]
KO€ JEWCTBUE BOJHAA JieTei) —

IIOA3CMHOI'0 MCTOYHHKA,
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HaumeHnoBaHnue BOJbI,
NMPUHIMIT CO3TaHUA

dddekT

KJIETKH }KHUBOTHBIX

CcbLI-
Ka

4eJI0BeK
TUApO- JKUBOTHBIE
o 0axTepun pacTeHus -
M YeJI0BeKa in vitro OHMOHTBI in vivo 5 5
310POBbIN 00J1LHOI
IPOXOIUT (UIBTP HA MPOPOCTKH HArpy3ka u B yrnorpe0bieHne
MEXaHWYECKON OUYUCTKHU U 03UMO Teuenue 14 BOJIBI B TCUCHUE | yrioTpebeneHun
anmapat OMOpe30HaHCHOH TIIIEHKIIEL TIPH CYTOK 6 mecsueB: 60JIBHBIMU
aKTHBAllUH, T1IE KCTO3UIHH 1- MeTo/loM YIAydIIeHHEe HEBPOJIOrHYEC-
KpaCHBbIM YCITOBHUS TSt MAaccChl Tela): (cranmapTH3n- Cai];;}tf;j:ff;eg,
NOJIAPU30BAHHBIM CBETOM HPOPOCTKOB, CTuMyISIs POBaHHBIH anmeTuTa,
(A =650 um), nepexn Janee — (yHKIIMOHA- OIIPOCHMK HOPMATH3aIHs
PO3JIMBOM B OYTBUIKH CHIDKEHHE JIBHOTO KauecTBa KU3HU NeSTeNbHOCTH
O30HUPYETCS. Hokasarenei COCTOSIHHMS PedsQL), FOJIOBHOTO
pocrta mouex (poct CHU)KEHHE mosra. ITpu
CYyTOYHOTO 3a0051eBa€MOCTH npueme 1-1,51 B
Aanypesa, OPBHU. JIeHb BOJBI 0T 60
yBEJIHUYCHUE 10 90 Heit
CKOpOCTH OTMEUYEHO
(uibTpanmn pacTBOpeHue u
TIePBUYHOM OTXOXKICHUE
Mo4u B MEJTKHX
KIIyOOYKOBOM KOHKPEMEHTOB
anmapare). U3 TIOYEK,
Her 5 HOBBIIICHHE
HU3MEHEHUH YPOBHs
¢ysxumonans reMOTJIo0nHa
HOTO
COCTOSIHUS
MICYCHU U
TIOJKEITYJOUHO
1 JKeJe3bl.
Kposs uepes 2
HEJIeIH:
YMEHBIICHUE

TUMQOIUTOB U

YBCJIIMUCHUC
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HaumeHnoBaHnue BOJbI,
NMPUHIMIT CO3TaHUA

dddekT

KJIETKH )KMBOTHBIX
M 4YeJI0OBeKa in vitro

0axTepun

THPO-
OMOHTBI

pacreHust

JKHBOTHBIE
in vivo

YECJI0BCK

310POBbIN

00JILHOII

CcbLI-
Ka

HelTpoduios,
JICHKOLIUTHI —
6e3
U3MEHEHUH, B
2 pa3za
yBEJIHUYCHUE
rerepodiIb-
HBIX aHTHUTEI.
Kpeicel ¢
MOJIENBIO
CKPBITOTrO
Z!e!l!I/I!!I/ITa
xKenesa:
MOBBIIIICHUE
OenoKcHHTe-
3UpyIoIen
GbyHKIIIH
TIeYCHH,
HOpMaJIU3alKs
OKHCIIUTEIBHO
-BOCCTaHOBH-
TENBHBIX
MIPOLIECCOB,
YXyIUICHUE
COCTOSIHUS
9HEeproooMeHa
B MHaKapje
(aHa’poONM03).

I'ennonporexropHas Boaa
«AKXBarenuocy.
O06paboTKa apTe3naHCKOM
BOJIBI B COCYIIE U3
HEMarHuTHOTO

Her manHbIx

Her nanHbIX

Het manHbpIX

Her manHbIX

Her manHbIX

()
Bonontepsr B
Bo3pacre ot 21

1o 80 zer:
COCTOSIHUE

Her manHpIxX

(23,
24]
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«KOHIIEHTpAT TeJIHO-
MPOTEKTOPHOU BOJIBI»
BHOCUTCA B BOAY B
cootHomenusax 1:10000 u
1:5000.

OKT -curnana
TP KOHTAKTE
pyku
o0cieayemMoro ¢
OYTBUTBIO
uccienyeMoit
Bopl). C
TIOMOIIIBIO
Ta0IUIL JJ15
SK30I€HHOMN
Orope3oHaHCHOU

Tepanuu
4acTOTaMH
[Tayna-IImuara.
[To ammuayne
KCTPEMYMOB
ompenensiach
BEJIMYMHA
AKTHBHOCTH
cucTeM

opranuzma. Ilo

pe3ynbTaram

dddekT Ccebli-
Ka
HaumenoBaHue BoOIbl,
YyeJ10BeK
NPHHIUI CO3JAHUA KJIETKH KHBOTHBIX TUAPO- ’KHUBOTHBIE
o 0axTepun pacTeHus -
U Yesi0BeKa in vitro OMOHTBI in vivo . .
310POBbIN 00J1LHOI
Marepuajia B TeUCHHUE He cucTeM
MeHee 5 J4acoB B pabouem Opranusma
I[POCTPAHCTBE OLIEHHBAIIOCH Ha
5KPaHHUPYIOLIETO TpOTPaMMHOM
» KOMILIIEKCE
YCTpOHCTBA I 0CcIab- BropoBbe
JICHHSI TIOJIHOTO BEKTOpa Sxelte }l))ecc» o
TE€OMarHUTHOTO IOJISI He criexTpy
MmeHee, yeM B 300 pa3s, B CepIETHOTo
CpaBHEHUU C (HoHOM. putMa (2-X
ITonyuennsIii MHHYTHas
perucrpanus
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dddekT Ccebli-
Ka
HaumeHoBaHue BOAbI,
YeJI0BEK
NPUHIAI CO3AAHUA KJIETKH )KUBOTHBIX TUapo- JKUBOTHBIE
o 0axTepun pacTeHus -
M YeJIoBeKa in vitro OMOHTBI in vivo . .
310POBbIH 00JbHOI
HCCIIEIOBAHUS
BBISIBJICHO
BIIUSIHHE
TeTNOTPOTEK-
TOPHOM BOJBI
(hyHKIIHO-
HAJIBHYIO
aKTUBHOCTD
BBIJICTIUTEILHOM,
PEenpOLYKTHB-
HOM, JIbIXa-
TCIBHOMN U
MUIIEBAPUTENb-
HOH CHICTEMBI
OpraHu3Ma.
IluteeBas Boaa ¢ (_) Her nanHbIX Het nannpIx Het manHpIx Het manHpIx Her nanubIx Het nannpIx
COZIEpKaHUEM JIEUTEpUs JIuM(OLHTHI KPOBHU [44,
7-10, 30 ppm YEIIOBEKa, 121]
KyJIbTUBHPYEMEBIEC B
YCIIOBUSAX
LUTOKHHETHYECKOIO

0JI0Ka: yBenMUCHUE
YaCTOTHI ABYSACPHBIX U
YCKOPEHHO-ICTISAINXCS
KJICTOK C
MOBPEKIICHUSMH,
CHIDKCHHE
nposugepalu,
yBEJIHUYCHUE
YYBCTBUTEIBHOCTH K
CTaH/IapPTHOMY
MyTareHy
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AP dexr CcebLI-
Ka
HauMeHnoBaHue BOABI,
YEJ0BECK
NPUHIHIT CO3TAHUST KJIETKH KHBOTHBIX THPO- JKUBOTHBIE
o 0axTepun pacTeHus -
M YeJIOBeKa in vitro OHMOHTBI in vivo 5 .
310POBbIN 00J1LHOI
IIuTeeBas Boma ¢ - Het nannpix Her nannpix Her nannpix Her nannpix Het nannpix BonbHbIM
pit
COZIePIKAHNEM JICHTepHs JIumbouuTE KPOBH CaxapHBIM [44,
60,90 ppm YeJI0BEKa, nuaberom 1 u 2 103,
KYJIBTHBHPYEMbIC B TUna Ha (oHe 121]
YCIIOBHAX MEINKaMEHTO3HO
OUMTOKHUHETHYECKOTO IO JICYEHUS B
0J0Ka: yBeIMICHIE KZHECTBE
YaCTOTHI YCKOPEHHO MATHEBOU BOJIBI
JIEIISANIAXCS KIETOK C Ha3HA4YarT
noBpexaeHusmu (90 IIUTHEBYIO BOJY C
ppm), CHUKEHHE coziepiKaHneM
nponugeparum, JenTepus He
YBEIMUYCHUE 6onee 100 ppm u
YYBCTBUTEIBHOCTH K IldI;Iz)%ng(I)gBaH/I/Ie
CTaHJAPTHOMY Péj -500 mr/m.
Mmytareny (90 ppm) yTO4YHas 1032
1-1,5 muTpa,
Je4eOHBbIN Kype
28-45 nHeil.
PesynbTatsr:
CHIDKCHHE
YpOBHSI caxapa B
KpOBH,
YMEHBIIICHUE
TIIFOKO3YPHH,
VIAYYIICHHUE
YIJICBOJHOTO U
KHPOBOTO
oOMeHa.
IIuteeBas Boxa ¢ (_) Her nansapIX Her manHpIX Her manHpIX Her manHpIX Her nansapIX Her manHpIX
COZIEpKAHUEM JIEUTEPHUs JIuMOLUTE! KPOBH [44,
145, 250, 1000 ppm YeII0BeKa, 121]
KYJIBTHBHPYEMbIC B
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HaumeHnoBaHnue BOJbI,
NMPUHIMIT CO3TaHUA

dddekT

KJIETKH )KMBOTHBIX
M 4YeJI0OBeKa in vitro

0axTepun

THPO-
OMOHTBI

pacreHust

JKHBOTHBIE
in vivo

YECJI0BCK

310POBbIN

00JILHOII

CcbLI-
Ka

YCIIOBHAX
UTOKWHETUYECKOTO
0JI0Ka: CHIDKEHUE
nposudepanuu,
yBEJIHYECHUE
YYBCTBUTEIBHOCTH K
CTaHJAPTHOMY
MyTareHy, yBelIn4eHue
YacTOTHI YCKOPEHHO
JIENAIIMXCS KJIETOK C
noBpexaeHusmu (250
ppm), ABYySACPHBIX
KJIETOK C
noBpesxxaernsmu (1000

ppm)




IIpusoxenue B

MesKkBeIOMCTBEHHbIM HAYYHbIH COBET
110 3KOJIOTHH YeJI0BEKA U TUTHEeHEe OKPYKAKUIEeH Cpeabl

Poccuiickon penepanun

1.1. OBIIUE BOHPOCHI. TNTUEHA, TOKCUKOJOI'USA, CAHUTAPUSA

AHAJIN3 TEHETUUYECKOMU BE3OINACHOCTH MIUTBEBBIX
BOJI C UBMEHEHHBIMHU ®U3UKO-XUMUUYECKUMHU
CBOMCTBAMU

MeToauveckue peKOMeHIauu
MP

N3nanue oduinanbHOe

MOCKBA, 2015



«YTBEPXAIO»

[Ipencenarens npoOIEMHON KOMUCCUHT
MexBenomcTBeHHOr0 HayuHoro cosera
10 DKOJIOTHUHU YEJIOBEKa
Y TUTUECHE OKPY>KAIOILIEH CPEbI
Poccniickon denepannn
akagemMuk PAMH 10.A .Paxmanun

« 15 » saHBaps 2015

1.1. OBIIUE BOITPOCHI. TNTUEHA, TOKCHUKOJIOT'UsA, CAHUTAPUA

AHAJIN3 TEHETUUYECKOM BE3OIMACHOCTH IMUTHEBBIX
BOJ C UBMEHEHHBIMU ®U3UKO-XUMHWYECKUMU
CBOMCTBAMMU

MeTonuyeckue peKOMeHIauu
MP

HN3nanue opunuanbHoe

MOCKBA, 2015



AHaJIM3 reHeTHYeCKOoi 0e30IaCHOCTH NMMTHEBbIX BOJ ¢ H3MEHEHHBIMH (PU3UKO-
XHMHYECKHUMH CBOMCTBAMH

Metoanueckue pekomennanuu paspadoransl B @I'BY «HUU skonoruu uenoBeka u
rurueHsl okpyskatomen cpeasl uM. A.H.Ceicunay M3 PO (nupektop — akajaeMuk
PAH 1O.A.Paxmanun) 1.6.1H. @.1.1Unrens, k.m.H. B.B.lOpuenko, O.B.3anenunoi

PexoMenaniuy npeHa3HaYeHbl JJIsl CIyKO0 3/ipaBooxpaHeHust 1 PocriotpebHaazopa,
3aHUMAFOIITNXCS OT[CHKOM 0€30MaCHOCTH MTUTHEBBIX BOJI.
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BBEJEHHUE

[IpoGnema kauecTBa THUTHEBOM BOJBI HA COBPEMEHHOM JTale pPa3BUTUS
UUBWJIM3ALUUMN  SIBJSIFOTCSL  KJIIOYEBOW, TOCKOJIBKY HEIMOCPEICTBEHHO CBA3aHA C
COCTOSIHUEM 3JI0POBbSI HBIHE KHUBYIIUX JIIOIEH W Oymaymux mokoineHuid. M3BecTHo,
YTO Kau4€CTBO NMUTHEBOM BOJABI OMPEAEISAETCS HE TOJBKO €€ XMMHUYECKHUM COCTaBOM,
coJiepKaHueM MUKPOQIOPHI U Mp., HO U GU3UKO-XUMHUYECKUMU CBOMCTBaMHU. [5, 13,
14]. TIloaTomy B HacTofllee BpeMs IIMPOKOE PACHPOCTPAHEHUE MOTYYUIIU
pa3HoOOpa3Hble TEXHOJOTMU BOJOMOATOTOBKH, B PE3YJbTaTe KOTOPBIX 3aMETHO
U3MEHSIIOTCS UMEHHO (PU3MKO-XUMUYECKHX CBOWCTBA MUTHEBOM BOJBI. B TO ke Bpems
B JINTEPAType HAKAIUIMBAIOTCA CBEACHUS O TOM, YTO ATU H3MEHEHHUS OKAa3bIBaIOT
BIMSIHE Ha Tpouecchl (GopMHupoBaHMs, cTaOMIM3aUd W (YHKIIMOHUPOBAHUS
KJIETOYHBIX MeMmOpaH, a Takxe OenkoB u JIHK [1]. OTu paHHBIE MO3BOJISIOT
MPEIIOIOKUTh HAJTMUNE Y aKTUBUPOBAHHBIX BOJI TEHOTOKCUYECKOM aKTUBHOCTH, YTO
BBIBOJIUT HA MEPEAHUN IUIAH TUTUEHWYECKUX HCCIEAOBAHUN DKCIEPUMEHTAIbHYIO

OLCHKY OTHAaJICHHBIX 3(1)(1)€KTOB AKTUBHUPOBAHHBIX BO/I.

beckonTponbHas  mpomaxka M IpomaraHja  MCIOJb30BaHMS B OBITY
AKTUBUPOBAHHBIX MHUTHEBBIX BOJ U MPUOOPOB IS WX TMOYHYECHHs JeNaeT MpooieMy

OLCHKH HUX IreHEeTUYeCKol 0€30IMacHOCTH 0COOEHHO aKTyaHBHOfI.

HA3ZHAYEHHUE U OBJIACTD IPUMEHEHUSA METOAUKHU

IleJb HCCIEIOBAHUSA — BBLISIBICHUC U KOJMYECTBECHHAS OICHKA T€HOTOKCHYCCKUX
3¢ (}HEeKTOB aKTUBHPOBAHHBIX MUTHEBBIX BOJl C U3MEHEHHBIMU (DU3HKO-XUMHUYCCKUMU
CBOMCTBaMH.

B ocHOBe pekoMeHAyeMOoro 2-3TalHOTO IOAXOAa JIGKUT CHCTEMHBIA aHan3
3¢ PeKTOB HECTAOMIBHOCTH T€HOMa B COMATHMYECKHUX M TIOJIOBBIX KIJIETKaX J>KHBBIX
OpraHU3MOB, HAXOAIINXCS HA Pa3HBIX YPOBHSAX OPTraHU3alUM )KUBOTO — IPO30(UIIBI,
MBIITIEH 1 TUMQOIMTOB KPOBH YesioBeka. [Ipemnaraemas cxema HCCIIeIOBAaHUS MOXKET
OBITh HCIOJB30BaHA HE TOJBKO IS OIEHKH TIE€HETHYECKOM O€30IacHOCTH

AKTUBHUPOBAHHBLIX BOJ, HO TaKXC HOBbIX TEXHOJIOT UM BOAOIIOATOTOBKHM WU



O60py,Z[OBaHI/IH AJIA UX pCajin3alnu.

1. OHEHKA MOKA3ATEJIEA HECTABUWJIBHOCTU TEHOMA HA
KVJBTYPE KIIETOK KPOBH YEJIOBEKA

MukposiiepHbIil TECT In Vitro OCHOBaH Ha KyJbTUBUPOBAHUM JIUM(OLUTOB HIH
LEIbHOM BEHO3HOM KPOBH YEJIOBEKA W/WJIM KUBOTHBIX B MPUCYTCTBUM LIUTOXATA3UHA
B, cosparomero ycnoBust i OJ0Ka LUTOKMHE3a, M II03BOJIIET OMNPEACIUTH
CIIOHTaHHBbIE W  HMHAyUUpOBaHHbIE  A(P(EKTbl  HECTAOMJIBHOCTH  T€HOMA,
NPOSIBISIIOIIMECS] KaK M3MEHEHHE MHUTOTHYECKOM M mpoiudepaTUBHON aKTUBHOCTHU
KJIETOK,  BO3HUKHOBEHME  TE€HETHYECKUX  MOBPEXKACHUH,  ACUMMETPUYHOE
pacrpejiesieHue TeHETHYECKOro MaTepuaia Bo BpeMs MuTo3a U anontos [9, 19].

[IpyuHIMIT pEKOMEHTYEMOTO METO/A 3aKJIF0YAETCA B KyJIbTUBUPOBAHUM KJIETOK
B PEKOHCTPYHMPOBAHHBIX CpeAax, MPUTOTOBJIEHHBIX PA3BECHUEM CTAHIAPTHOU CyXOn
Cpellbl M3y4aeMbIMH aKTHBUPOBAHHBIMU BoJaMu. B 3Ttom ciyuyae u3yuyaemas Bona
CTAaHOBUTCS OCHOBOH KyJNbTYpaJIbHOM cCpenbl, U €€ JEMCTBHE Ha KIETKH MOMKET
MPOSBUTHCS MAKCUMAJILHO TIOJHO.
1.1. TepmMunbI U onpeeIeHUA

ANIONITO3 - IPOLECC TEHETUUECKH 3aIpOrPaMMUPOBAHHON FMOEIH KIIETKH.

AHeynnouama - ocoOblif KJIacC TEHOMHBIX MYyTalldi, MPUBOAIIUX K
HEPaBHOBECHOMY pAaCIIPENEIECHUI0 T€HETUYECKOr0 MarepHalia MEXIy JIOYEpHUMHU
KJIETKaMM (WU SAPAaMM), U3MEHEHUE YHUCIEHHOIO COCTaBa XPOMOCOM, XapaKTEPHBIX
JUISL KJIETOK OMOJOTMYeCcKOro BUAQ; NPH KyJbTUBUPOBAHWU KIETOK B YCIIOBUAX
UTOKMHETUYECKOrO OJIOKa aHEYyIUIOMAMs MPOSBIAETCS Kak 0Opa3oBaHHE KIIETOK C
HEYETHBIM YHCIIOM SIep, OTHOCAT K pa3psly MyTallHil.

Mukposiapo — XpOMaTUHOBAsI CTPYKTypa, HaxXo[sAUasics B LMTOIIa3ME CTPOro

OTIEJBHO OT OCHOBHOTO sapa (siAep) 2YKAPUOTHYECKOW KIETKU; MHKPOSIPO

AMaMeTp MUKpOsipa He MpeBblaeT 1/3 nuaMerpa OCHOBHBIX sJep; 0Opasyercs u3
alleHTPUYECKUX (ParMEHTOB XPOMOCOM WJIM IIEJIBIX XPOMOCOM, OTCTaBIIMX OT

BEpeTeHA JIeJIeHUs1 Ha cTaauu aHadasbl; MUKpOSAPO MOXKET HAOMIONATHCS B KIETKaX


http://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B5%D1%82%D0%BA%D0%B0#.D1.8D.D1.83.D0.BA.D0.B0.D1.80.D0.B8.D0.BE.D1.82.D0.B8.D1.87.D0.B5.D1.81.D0.BA.D0.B0.D1.8F_.D0.BA.D0.BB.D0.B5.D1.82.D0.BA.D0.B0
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moObIX TkaHe. Cremyer ommyaTh OT (PparMEHTOB sijep, 0Opa30BaBIIUXCS B
pe3yNbTaTe arnonTo3a M MOMJIONIEHHBIX )KUBOW KIIETKOU B mporiecce (paromurosa.

Muro3 - ACIICHHUC dIpa Z)yKapHOTH‘{eCKOﬁ KIICTKH C COXPAHCHHCM 4YHCJid

XpOMOCOM

MuTtoTHYecKHii WHIEKC — OJHAa W3 XapaKTepUCTUK mpoimdepaTuBHON
aKTUBHOCTHU, OILIEHMBAETCA KaK KOJIMYECTBO KIETOK B (haze MHUTO3a, ONpEACSIEHHOE
rpu noacuete 500 nnm 1000 keTok.

HecTaOuiabHOCTHL TeHOMAa — TEPMHUH [UJIsi ONUCaHUs (PEHOMEHa, MapKepoB U

COBOKYITHOCTH MCXaHU3MOB MHOXCCTBCHHBIX HBMGHGHHﬁ, MMPUBOIAITNX K

TpaHchopMai CTaOMIBHOTO TEHOMa HOPMAJIBHOW KJIETKH B HECTAOWIBHBIN

XapaKTEPHBIN I OIyXonu [22].

HykieonnasMeHHbIE MOCT — XpOMaTHHOBAs CTPYKTypa, oOpasyroolmascs B
anadasze MHTO3a KIETKH, COJEpKallell XpoMocoMy C JABYyMs WA OoJiee
neHTpoMepamMu. LleHTpoMepsl TakWX XpPOMOCOM PACXOJATCS K Pa3sHBIM IOJHOCAM,
dbopMuUpysT XpPOMOCOMHBI MOCT, KOTOPBIH MOXXET B JAJIBHEWUIIEM pPa3phIBAThCS C
oOpa3oBaHUEM MUKPOSACP WIH SACPHBIX MPOTPy3uid. MoXeT Takke HOpMHPOBATHCS

N3 OCIIOYKH XPpOMOCOM, HC BKIIIOUCHHBIX B BEPCTCHO ACIICHHA.

I[Mponaudepanus — neneHve (pa3MHOKEHHE) KIETOK — YBEJIMUECHUE YUCIIA KIETOK

(B TKaHU, KyJbTyp€), IPOUCXOASIIEE MyTEM MUTOTUUYECKHUX JEICHHM.

YCKOpeHHO AeJAIIMecsd KJICTKH — KICTKH, MPOIICAIINC bonee 1 ACJICHHA 3a

BpeMs KyJIbTUBUPOBAHUS — cojiepxar ooiee 2 siep.

HuroxkuHernyecknuii 00K — oO0Opa3oBaHUE KOBAJEHTHOW CBA3M MEXKIY
MOJIEKYJIaMH OJiokaTopa (Hamp., IIUTOXaJa3MHOB) U OMEPEHHBIM (OBICTPO PACTYIIIHIM)
KOHIIOM aKTHMHOBOTO (PUJIaMEHTa, YTO MPAKTHUYECKH IOJHOCTHIO OJIOKUPYET Kak
JalbHEUIIMA pOCT, Tak M Jerpajanuio (ujiaMeHTa Ha 3TOM KOHIE HHUTH. B
pe3ysibTaTe BO3HUKAET OJIOK IIMTOKMHE3a 3a CYET paspylieHus oOpa3yrouierocs

(dbparmoruiacta, 4To He MPEMATCTBYET Mpoleccam penaparuu u perurkanuu JJHK.


http://ru.wikipedia.org/wiki/%D0%A5%D1%80%D0%BE%D0%BC%D0%BE%D1%81%D0%BE%D0%BC%D0%B0
http://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B5%D1%82%D0%BE%D1%87%D0%BD%D0%BE%D0%B5_%D1%8F%D0%B4%D1%80%D0%BE

1.2. IIpoBeneHue UCC/IeI0BAHUSA

BeHo3Hyr0 KpoBb MOJIOIOTO 3I0POBOTO HEKYPSIIETO AOHOPA (2-5 Mir) 0TOHUpAIoT B
renapunusupoBannbie (5000 ME/Mi) onHOpa3oBble IINPHUILI WM BaKyTE€HEPHI
(BakyyMHbIE MPOOUPKH) C TEMAPUHOM, KOTOPBIE IIOCJIE€ CMEHBI HIJIbI XPaHAT B
XOJIOJIMJIBHUKE B TEUEHUE CYTOK.

Pexoncmpyuposannvie cpedvt 01 KyibMUBUPOGAHUA TOTOBAT CIEAYIOIIUM

oOpaszom [4]: B cTanmapTHylo HaBecky cyxoil cpeast RPMI-1640 (ITanDxo, P®),
paccUMTaHHyl0 Ha TpUToToBIeHUE 2,0 J1 KUIKOW Cpebl, TOOABISIIOT CTEPUIbHBIN
pactBop 7,5% OuxapOoHata HaTpus 10 KOHEUHOM KoHueHTpauuu 1500 Mr/m — B
COOTBETCTBHH C MPOMHUCHI0 GUPMBI. ITOT PaCTBOP HUCIIONB3YIOT B Ka4ecTBE 0a30BOTO
JUTSI IPUTOTOBIICHUS BCEX PEKOHCTPYUPOBAHHBIX CPE/I.

Jns  uzydenuss dS(PPEKTOB  HECTAOWIBHOCTH TE€HOMA, HMHAYIHPOBAHHBIX
u3y4aeMbIMH BojiaMu, 80 MKJI 3TOro pacTBopa JOBOJAT TeCTUpyeMou Bojoiu a0 3,0

MIJI.

CocTaB PEKOHCTPYUPOBAHHOW CPEIbI:
1. 3,0 mu1 cpefbl, MPUTOTOBIEHHON HA M3Yy4aeMOM BOJE

0,8 MJ1 ”THAKTUBUPOBAHHOW CHIBOPOTKHU KPYITHOT'O POraToro CKoTa
0,2 MJ1 1ETbHOM BEHO3HOU KPOBHU

30 Mk OI'A (1,0 mr/min) B cTepuiibHOM (DU3UOIOTHYECKOM PacTBOPE

nokh »wn

10 EJI/Mn1 cMecu NEHUIWIIIMHA CO CTPENITOMHUIIMHOM, TPUTOTOBJICHHOM Ha
CTEpUILHOM (PU3UOJIOTHIECKOM PACTBOPE.

Knetkn xynstuBupyror npu 37 °C B CTEKISHHBIX NEHMLIUUIMHOBBLIX (DIaKOHAX
ooveMoM 10 mi. B Teuenue 72 dac. Ha 44 yacy oT Havana KyJIbTHBHPOBAHHS BO BCE
KYJIBTYPBI J00aBIsitoT pacTBop nuroxanaszuna B (Ilandko, PO) IMCO no xoHeyHOM
KOHIIEHTPAIIUK 3-6 MKI/MIL.

[Ipy mnapawienbHOM aHaIU3€ HECKOJIbKUX HAHEProMH(POPMAIIMOHHBIX  BOJ
KyJIBTYphl pacrojiaraloT B TEpPMOCTAaTax TakKuM o0Opa3oM, dYTOOBI HCKITIOYUTH
HHEProMH(OPMaIIMOHHOE BIMSIHUE BOBI OHOU KYJIBTYPhI HAa IPyTHE.

Konmponu

[Ipu npoBeneHnn UCCIEI0BaHUM UCTIONB3YIOT 1BA HEraTUBHBIX KOHTPOJIS:
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l. CTaHJapTHYIO >kujakyr cpeny RPMI-1640 (manmpumep, HTpoOU3BOJCTBA
bupmbl [TanDko, PO wnmm ananor);
2. PEKOHCTPYMPOBAHHYIO  Cpedy, HPUTOTOBICHHYIO Ha HU3y4yaeMou
HEAaKTUBPOBAHHOW BOJE.
[1o3UTHBHBIA KOHTPOJIb — BOJHBIM PacTBOP CTaHAAPTHOIO MyTareHa (Hampumep,
MutamMuiiid C B KOHIIEHTpALUK 3 MKI/JT), KOTOPBIM J0OABIISIIOT Ha 24 yacy OT Havasia
KYyJIbTUBUPOBaHUSI BO (DJIAKOHBI C PEKOHCTPYMPOBAHHBIMHU CpefaMu M (DIAKOHBI CO

CTaHJAPTHOU CPEJION.

1.3. dukcauus KJIETOK

DuKcanuo KJIETOK MPOBOJIAT CTPOro Ha 72 Yacy OT Hayajla KyJbTUBUPOBAHMUSL.
JIJ1st ATOTO KJIETKU MEPEHOCAT B CTEKJITHHBIE KOHMYECKUE IIEHTPHU(YKHBIE TPOOUPKU
ooreMoM 10 mut u nerTpudyrupytor 10 MmuH Ha OGakeT-porope co ckopocThio 1000
0o0/mMu. Hamocajgok oTcacelBalOT € MOMOIIBIO BOJOCTpPYyHHOro Hacoca. Ocajok
OCTOPOYKHO B30AJITHIBAIOT MATKUMH yapamu IMajiblia 0 MPOOUPKY U B ATy MPOOUPKY
NPUIMBAIOT 5 MJI XoJloaHOTrO pactBopa xjiopuaa kamus (0,93 v/ 100 mn). ITpoOupky
3aKpBIBAIOT MPOOKOM M MSATKO IMMOBOPAYMBAIOT BOKPYr ocu B TeueHue 40-45 cek.
[Tocne sToro B mpoOHMPKY aKKypaTHO MO CTeHKe mnpwiuBatoT 1,0 MJI XOJOJHOTO
¢duxcatopa (MeTaHOMN : JeAsHAs YKCyCHas Kuciora 3:1 v/v), 3aKpbIBalOT MPOOKOM,
HECKOJIBKO Pa3 aKKypaTHO MEpPEeBOPAYMBAIOT M CTABAT B XOJOAWIBHUK HE MEHEE YeM
Ha 20 wmuH. 3areMm mnpoOUpKy ueHTpudyrupyoT Ha ckopoctd 1000 o6/MuH,
HAJI0CaJI0K OTCACBIBAIOT, OCAJIOK aKKypaTHO pa30HWBAIOT yJapaMu Maliblia, B 3Ty
CYCIIEH3HIO 10 CTEHKE MPMIUBAIOT 5,0 MJT X010 {HOTO (hUKCATOpa U CHOBA OCTABJISIOT
B xonomwibHuke. He menee yem uepe3 20 MUH BCIO MPOLEAYPY CMEHBI (hrKcaTopa
MOBTOPSIOT €Il Pa3, MOCJE Yero KJIETKU OCTaBIISIIOT B CBEXKEW Mmopuuu Gukcaropa Ha
HOUb B XoJjomawibHUKE. [locienHioro cmeHy (ukcaTopa MPOBOJAT HA CIEIyHOUIUN
JI€Hb, TIOCJIE YEro KIJIETKU CycneHAUpYyIoT B 0,5 MJT X0I0AHOTO (hUKcaTopa, TIATEIbHO
MUTMETUPYIOT U TO 5-7 Kameilb HAHOCSAT Ha XONOJHBIE (MOpPO3WIbHAs Kamepa)

NpEaAMCTHBIC CTCKIJIA. Hper[apaTbI CymaT Ha BO3OYyXC, OKpAalIWBAIOT KpPaCUTCICM
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Pomanosckoro (IlanDxo, P®) u mudpyroT. Bo3MokHa okpacka ¢ MCIOJIb30BAaHUEM

(byopeciieHTHBIX KpacuTenei [21].

1.4. IluTOreHETHYECKNI aHAJIN3

Meton MO3BOJSIET  AHANM3MPOBATH TPYIIBI  [OKa3aTeNied, CBS3aHHBIX C
nponudepanuein KIeTok KpoBu (Mukpodoro 1-13), moOBpexkaeHHEM TeHOMa
(mukpodoro 14-29) u 3anmporpaMMHpPOBAHHON THOENBIO KIETOK — AarolTO30M
(Mmuxpodoro 30-33).

[utorenetnyeckuit ananus [6, 23] TpoBOJAT C MOMOIIBIO CBETOBOIO MUKPOCKOMNA
B npoxojsuieM cBere npu yBenudenun 10 x 100 (macisgHass umMMepcusi, MaTOBBIN
CBETO(UIIBTD).

Jlist aHanv3a Ha mpernaparax BBHIOMPAIOT IMOJS 3pEHUs, HA KOTOPBIX BCE KIIETKHU
JeXaT OTIEIbHO, UMEIOT IIUTOIJIa3My C YETKOM TpaHuled, U B KaXKI0M KJIETKE MOXKHO
MOJICYUTATh KOJIMYECTBO SIZIEP U ONPEACIUTh siAepHble aHOMaIUK. Bee nons 3penus,
HE COOTBETCTBYIOIIME dTUM KPUTEPHsM, MpomyckaroT. Kinetku 6e3 muroriasMbl He
YYHUTHIBAIOT.

Mukpoadpa yIuTBHIBAIOT B KJIETKAaX, B KOTOPBIX OCHOBHBIE SiJIpa JIEKAT OTACIIBHO
JPYT OT ApyTa U UACHTUDUITUPYIOT KaK JIeKallle B IUTOIJIA3ME YETKO OTACIbHBIC OT
SJIep OKPYIJIbIe XPOMATUHOBBIE TeJla C HEMPEPHIBHBIM TMAJKUM KpaeM (MUKpO(dOTO
16, 17, 19, 20, 21, 22, 24-27, 29). Mukpoaopo muna «pazoumoe Aiiyo» CBIA3aHO C
OCHOBHBIM  SIIDOM  HYKJIEOIJIA3MEHHBIM  MOCTUKOM  (Mukpodoro  15).
HykneonnazmeHHblii MOCm YYUTHIBAIOT, €CJIM €r0 TOJIIMHA HE TpeBbimaer 1/3
auametpa sapa (mukpodoro.7-10, 17-21, 23, 26, 28, 29). Mopgonozuueckue
npusnaku anonmo3za (Muxkpodotro 30-33) nOposBIAIOTCS B U3MEHEHUSIX SED,
IUTOIIa3Mbl W KIETOYHOM MeMOpaHbl, TMpUYEeM OSTU TPU3HAKU  BCEr/a
OOHapy>KMBaIOTCS B OTHENbHBIX KJeTkax. K mpu3Hakam amnonro3a OTHOCSTCS
IJIOTHBIE (PPAarMEHTHl XpPOMATHHA (AMONTOTHYECKUE TENbIa), HAXOASIINECS BHYTPH
KJIETOYHOW MeMOpaHbl. XpOMAaTHH KOHJEHCUPYETCS 1o nepudepuu, noja MeMOopaHoi
a1ipa, IPU 3TOM 00pa3yIOTCS YETKO OYEPUYEHHBIE MJIOTHBIE MACChl PA3IMYHON (OPMBI

U pa3MepoB. SIpo ke MOXKET pa3phIBaThCsl Ha JBAa WJIM HECKOJIBKO (hparMeHTOB
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pa3Hoi (OpMbI U pa3MEPOB, HO BCE OHU COZEPKAT KOHJICHCUPOBAHHBIM XpOMaTHH, B
KOTOPOM OTCYTCTBYIOT NMPHU3HAKK CTPYKTYpbl. [lpu amomTose Takxke HaOIrOmaeTcCs
U3MEHEHHS  KJIETOYHOW  MemOpanbl  ("OTHIHYypOBbIBaHWE"  MY3BIPHKOB,  TakK
Ha3bIBAEMBIX aMONTOTUYECKUX TEJel), SAPO MEHSET CBOM pPa3Mepbl, CTAHOBUTCS
MCYEPUCHHBIM, (parMeHTUPYETCsl, SAEPHBbIE MOPbl KOHIEHTPUPYIOTCS TOJBKO B
MECTE, I7Ie HE MPOUCXOAUT KOHJECHCAIMsI XpOMAaTHUHA.

Mukpockonuueckuii aHanu3 (Tabi. 1) mpoBOIAT cCleIyIOmUM oOpa3oM: TpHU
noacuere 500 KIETOK OMPEAENSIOT CHEKTP KIETOYHBIX MOMYJSLUUNA: KOIUYECTBO
KJIETOK B ¢haze MUTO3a, KIETOK ¢ 2, 3, 4 u Oosiee sapaMu, YUUTHIBAs TOBPEKICHUS
(myxneoruiazmenHbie MocThl - HIIM u mukposigpa - MSl) B HUX, a Takke KIETKU B
cocTostHMU arnonto3a. [lociie 3Toro Ha APYyrux yyacTKaxX CTEKJIA YUUTHIBAIOT TOJIBKO
JBYSIIEPHBIE KJIETKH C YETKOM IMTOIUIa3MOM U OTIEIBHO JIEXKAIIUMU SpamMu, B
KOTOpBIX OTMeUaroT komuuecTBO u T MS, HIIM, a Ttakxe KieTku, B KOTOPBIX sSiapa
HaXOJATCS B Pa3HbIX CTAAMSAX KJIETOYHOTO LIMKJIA. B COBOKYIHOCTH IBYX MPOCMOTPOB
Ha KaXJ0M cTekie HacuuThiBatoT 1000 ABYSIAEPHBIX KIETOK.

Taxol aHann3 MO3BOJISIET OMPEACISATH MMOKA3aTeH, XapaKTePU3YIOIIHeE:

- 2eHomoKcuueckue IPgexmepl: 4acToThl 2-AEPHBIX KIETOK ¢ MS (oTmensHO ¢

1-, 2-, 3- u GonpimmmM uncaoMm MS, a Taxke kieTok ¢ MS Tumna «pazouroe sSTUIO» U ¢
HIIM), yacTotsl 3-sii€pHBIX KIETOK ¢ Mukposiapamu u ¢ HIIM, yacTotsl 4-a1epHbIX

KieTok ¢ M u ¢ HIIM, 4acToThI MOIUAAEPHBIX KIETOK ¢ MUKposiapamu U ¢ HIIM;

- _npoaughepamugnylo axKmugHOCHb _KJIemoK: CIEKTp JIeNsAIuUXca KIETOK,

nponudepaTUBHBIA MyJ, UHIEKC PEIUTUKALUU siep, MHIAEKC Mpoiudepanuu, I0II0
YCKOPEHHO JEJAIIUXCS KJIETOK (MMEBIIMX Ha MOMEHT (QuKkcauu Ooisiee 2 suep),
JOJIF0 ACUMMETPUYHO JEJSIINXCS KIETOK BO BTOPOM MHUTO3€ (110 COOTHOIIEHUIO

4acTOT KJIETOK C 3 u 4 sypamu);

- MUMOMUYECKUI UHOEKC,

—uacmomy anonmosda.
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MukpodoTtorpa@uu OCHOBHBIX THUIIOB KJIETOK, OMPEAEIsIEMbIX B TAHHOM TECTe, U
TCHETHYCCKUX MOBPEKICHUN B HUX CM. MHKPO(OTOrpaduu.

JIOTIOMHUTENBHO T KaXKI0M KYJIBTYPbl PACCUMTHIBAIOT:

- mponudepaTUBHBIN IyJI - KaK CYMMY KJIETOK B COCTOSSHUM MHTO3a M KJIETOK C 2-
Msl, 3-Ms1, 4-Ms1 1 OOJIBILIUM YUCIIOM SIIED,

- nomio (%) aensmmxcs KIeToK (cofepkar 00yiee 0JTHOTO s/ipa) ¢ TeHETUUYECKUMHU
MOBPEXICHUAMU - MUKposiApamu (MS) u HykieornasmenubiMu Moctamu (HITM),

- o0beM (Gpakiuyu YCKOPEHHO MACNAIIUXCS KIETOK B CIEKTPE KIETOYHBIX
NOMYJSIUI - KaK CyMMY KIIETOK, 0Opa3oBaBLIMXCA B pe3yibTare 2 U OOJIbIIEro
YHCJIa MUTOTHYECKUX IUKJIOB (KJIETOK ¢ 3-, 4- 1 6ombium umciiom siep) (%),

- obwveM dpakmuu YCKOPEHHO JACNSAIIMXCA KIETOK C TI'e€HETHYECKUMHU
MOBPEXKICHUAMH (MUKPOSAPAMH U HYKJIEOIUIa3MEHHBIMU MocTamu) (%),

- CTETICHh ACUMMETPHUU JICJICHUSI KJIIETOK BO BTOPOM MHTOTHYECKOM ITMKJIE — Kak

COOTHOIICHHUEC YaCTOT 3-H}1€pHBIX u 4-$IJICpHBIX KJICTOK;

OCHOBHBIMHY NOKA3ATEJAAMHU UUHOMOKCUUECKO20 TEMUCTBUSA CUNTAIOT HNHACKC

peIuIMKanuu, Xapakrepusyronuii npoueccel yasoenus JHK [24]:

HP = [(1 X % 00nosadepuwvix k) + (2 x % 0eyadepuvix k1) + (3 x % 3-
a0epuvix k1) + (4 X % 4-a0epnvix k)] / 100)

U uHAeKC npommdepanuu [23]:

HIT = [(1 x % oonosoepnbix k1) + (2 X % 0sysadepuvix ki) + {3 x % 3-

A0epHbIX K1+% 4—saoepHuvlx Kiemok+%nonuadepuvix knemoky}| / 100)

OCHOBHBIMMY OKA3aTEJAIMHU 2eHOMOKCUYHOCHIU CUNTAIOT:

- 4aCTOTY JBYSACPHBIX KJIETOK C IIOBPEKICHUIMU,
- YaCTOTY JEJSALIUXCS KIETOK C MOBPEKICHUSIMU,
- COOTHOILIEHHE YacTOT 3-X U 4-X SJAEpHBIX KIETOK (CTENEeHb aCHUMMETpPUU

pacnpeieJieH!s] TeHETUUECKOro Marepuaia B KJIETKax, MPOIIeIINX 2-il MUTO3),
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- 4aCTOTY aroITo3a,

- YyBCTBUTEJIBHOCTh K JEHCTBUIO MyTareHa (d(QexT MyTareHa/CriOHTaHHBIH
YPOBEHB), ONPEIEIICHHYO I10 BCEM ITOKA3aTEIISIM.

Bcero nHa kaxaoMm MUTOreHeTHYECKOM mpenapare aHanuzupyroT 1300-1500
KJIETOK.

CrarucTu4yecKylw 00padOTKY JaHHBIX II0 BCEM IIapaMeTpaM B OTOM TECTE
MPOBOJIAT B CTAaHJAPTHOM IAKeTe KOMIBIOTEPHBIX Mporpamm Statistica Statsoft mam

aHAJIOTUYHOM POrpaMMe C UCIIONb30BaHueM Kputepus X [7].

3aki0ueHue 0 HAJUYMU (OTCYTCTBMH) BJIMSIHMSI AKTHBMPOBAHHBLIX BOJ Ha

NMOKAa3aTeJ M HECTA0OMJIbHOCTH FeHOMA KJIETOK KPOBH 4Y€/JI0BCKa JICTIAI0T I10:

- pe3yJbTaTaM CpaBHEHUS C HEraTMBHBIM KOHTPOJIEM IO BCEM YKa3aHHBIM
rapaMeTpam;

- HATMYMIO U XapaKTepy 3aBUCUMOCTHU 3((PeKTa OT yCIOBUIA aKTHUBAIIUU BOJIBI;

- kodpdunueHtaM [ perpecCUOHHBIX YPABHEHMM, KOTOpbIE XapaKTepU3YIOT
HapacTaHue 3(Qexra Ha €IUMHHUIY BO3ACUCTBUS (M3MEHEHUS NPOAOIKUTEIbHOCTH

aKTUBAITUY BOJBI U €€ (PU3MKO-XUMHUUYSCKUX TTOKa3aTeleH).
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TaGJ’IPIHa 1. HpOTOKOJ'I HTUTOr€HETUYCCKOr0 aHajin3a B MUKPOSAJACPHOM TECTE Ha KYJIBTYPE KIIETOK KPOBU YEJIOBEKA

Ne crekiia Bcero Hara
HUccaenoBarennb

Muto3

ArnonTos

KJICTOK

c M

KJICTOK

N3 uux ¢ HIIM

1
2 3 2
HUX 3

>
MA

pa3butoe
SULIO»

KJICTOK

3 N3 aux ¢ HIIM

N3 aux ¢ M

KJICTOK

4 N3 aux ¢ HIIM

N3 aux ¢ M

SnepHocTh

KJICTOK

S 3 nux ¢ HIIM

N3 aux ¢ M

KJICTOK

6 3 uux ¢ HIIM

N3 aux ¢ M3

KJICTOK

v 3 uux ¢ HIIM

N3 aux ¢ M

KJICTOK

8 W3 gux ¢ HIIM

N3 aux ¢ M

1.5. IIpoTokoJ pe3yabTaTOB OlleHKH HECTA0OUIBHOCTH FeHOMA B
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TecTe Ha MHAYKIMI0O MUKPOsiiep B TUM(OIUTAX KPOBH YeJIOBEKa,
KYJIbTHUBHPOBAHHBIX B YCJIOBUSX HMTOKMHETHYECKOT0 0JI10KA

Bo0a (HA36AHUEC, UCHIOUHIUK) ......covviiiiiiensetieeiiseesssssteessssssssssscsssssssssssscsssssnnsns
IIpu6op, ycnoBun QKMUGBAUIIL .........euevneineiereieiaeieeieraetaciassssasssssssssssssscssssssscens
DUUKO-XUMUYUECKUEC CEOUCHIBA BOODLcu.eeeeerereeesesesssecssessesssassssssasssssssessassssssssssssssssssessassane
Cocmae peKOHCIPYUPOBAHHOUL CPEOBL.«.ueuueenereenerneraeisrersessssssssssssacssssssssssssssss
Konuuecmeo no6mopHoCmeil Ha O0UH OOPAZCH......c.eveeeeiiieriieriieeiiseciascssssessscnnnns
KOHMIPOTIU . .ouevvinnnniiiiiniiiiiniiiiiniiiiessieiiestisiesstosssssessssssssssssssssssossnssosssssssssss :

Ilonyuennvie pesynomamui: (600a unoyyupyem / He UHOYUUDPYEm 2eHOMOKCUUECKYIO
AKMUGHOCMb; NPUOOP MoOdicem/He Mmodxcem Oblmb UCNONB306AH O AKMUEAUUU 600bl 6
ovimy).

J1ama BPOBEOCHUSL PADOMIDL.c..eeveveoverossssosssssssssssssssssssssssssssssssssssssssssssasssssasssssasssssasss
Cnucox yumupoeanHnoil 1umepamypol
Hcnonnumenu:

Jlama coauu omuema:

2. AHAJIN3 BJIUAHUA AKTUBUPOBAHHBIX BO/ HA HHAYKIHIO
JOMUHAHTHBIX JIETAJIBHBIX MYTAIIUMH B I1OJIOBBIX
KVIETKAX IPO30®HJIbI

Tect Ha MHAYKUMIO JOMUHAHTHBIX JIETAJbHBIX MYTallMd B IMOJIOBBIX KJIETKAaX
caMIOB Jp030(UIIbI SBJSETCS aHAJIOTOM COOTBETCTBYIOIIETO TECTA HA JaOOPATOPHBIX
IpbI3yHax U 00JaaaeT ONM3KOW YyBCTBUTEIBHOCTHIO [16]. MeTox ocHOBaH Ha yuere
TeHETUYECKUX TOBPEXKACHUN B CIIEpMATO30MJaX CaMIIOB-POJUTENEH, KOTOpbIE
OPUBOJAT K TUOENIM Ha CTaJAud sillla MOTOMKA, Pa3BUBAIOILIETOCS U3 3UTOTHI,
OILTOIOTBOPEHHOM TaKWM CIIEpMaTo30MAOM. BbICOKas mpenckasaTesibHasi CHJla TECTA
oOecrieunBaeTcsi He MeHee ueM 60% ypoBHEM rOMOJIOTHU ¢ TeHaMH denioBeka. Kpome
TOTO, B TEHOME APO30(HIIbI UMEIOTCS OKONIo 75% reHoB Ooje3Hel yenoBeka u bonee
50% OenkoB  Jpo30¢UIaBI TOMOJOTHYHBI  Oenkam  Miekonurtaronmx. CyTb
PEKOMEHYeMOro TMOJXOAa 3aK/ovaeTcss B BblIaMBaHUU caMmIloB Drosophila

melanogaster pacTBOpOM caxapo3bl, IPUTOTOBICHHOM Ha U3y4aeMbIX BOJIAX.

Tect oGnamaeT BHICOKON YyBCTBUTEIBHOCTHIO, MPOCT B HCIIOJHEHHH, YKOHOMUYEH,
oOnaziaeT YHHUKQJIbHOW BO3MOXKHOCTHIO H3y4arh H(G(GEeKTbl Ha OuYeHb OOJIBIINX

BBIOOPKAaxX JYKapHOTUYECKUX OPraHU3MOB (YTO BBITOJHO OTJIMYAET €ro oT
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OOJILIITMHCTBA TOKCHKOJIOTIMYCCKHUX TGCTOB) U PCKOMCHAOBAH MJIsI IIPOrHO3a

kaHueporenos [ 10, 8, 25, 27].

[IpyHIMI pPEKOMEHAYEMOIro MOJXO0/Aa 3aKJIIYaeTCsi B BBIITAMBAHUM CaMIIOB
Drosophila melanogaster pactBopoM caxapo3bl, MPUTOTOBIEHHOM Ha H3y4YaeMbIX

BOJIaX.

2.1. TepmuHBI ¥ onpeaeIeHUS

JlomuHaHTHBIE JeTadbHble myTanuu (IJIM) — reHeTuyeckue MOBPEXKACHUS,
BO3HUKAIOIIME B CIIEPMHUSAX U MPUBOIAIINE K CMEPTU MOTOMKOB IEPBOr0 MOKOJICHUS
Ha crtagun oSMmOpuona. [lpuwumnoit [IJIM sBustoTCS KpymHBIE XPOMOCOMHBIE

MEPECTPOUKH (JIeTIEIUU U IPYTHE), aHSYTUJIOU 1M U TeHHbIE My TaIlUH.

Pannue svmoOpuoHaiabHble Jeraau (PIJI) — rubenb »MOPHOHOB Ha paHHUX
CTaAMsIX Pa3BUTHUS 3a CYET, B TMEpPBYID OYepeb, HETEHETUYECKUX TNPUUYUH
(pusnonornyeckue HapylleHUs WIM MOBPEXKICHHUS Ba)KHBIX LUTOIIA3MaTHUYECKUX
CTPYKTYD), ¥ TOIBKO 4acTb POJI BeI3BaHBI FTEHETUYECKUMHU NIPUIMHAMM.

Ilo3nnue smOpuonaabHble Jeraau (IIDJI) - Myranuu, BO3HHMKarIIUE Ha
MO3/IHUX CTagusX pPa3BUTUS SMOpHUOHA W TpuBOAAlIMe ero K rubdenu. [IpunsaTo
cuutatk, 4to [13JI oTpakaroT HCTUHHYIO YAaCTOTY MYTAallUOHHBIX COOBITUH.

POJI u [12J1 y npo3oduiibl onpenenstoT yepe3 ABOE CyTOK MOCie OTKIAJAKU SHII.
POJI umeror BuA CBEXKEOTVIOKEHHBIX SIMIl (B HOPME B 3TOT NEPUOJ JIMUUMHKU YiKE
BbUTYNIUIUCE). [IDJ] BBIIISIAAT Kak siiflla pa3HbIX OTTEHKOB KEJITO- KOPUYHEBOI'O
[BETA, YTO BBI3BAHO AyTOJIM30M TKaHEW SMOpHOHA.

B skcnepumenTtax wucnonb3yroT Myx Buaa Drosophila melanogaster nunum J[-32
VI APYTYIO JINHUIO C HU3KOM CIIOHTaHHOM MyTaOWJIBHOCTBIO (Hanpumep, Canton S).

JIuHuYM o IepKMBalOT B COOTBETCTBUH C peKoMeHAanusMu [12].

OCHOBHBIM TOKa3aTejeM TecTa SIBseTCs MpeBbIlieHUue yacToT paHHeu (POJI) u
nozaued  (I19JI) rubenn S>MOpUOHOB HaA  KOHTpoJieM. ['€HOTOKCHYECKYIO
(MyTareHHyr0) aKTUBHOCTh AaKTUBUPOBAHHOW BOJBl YUUTHIBAIOT IO MPEBBIIMICHUIO

yactoTel [I2JI Hax xontposem [8, 10, 25, 27]. [lockonbky Ha BO3HUKHOBEeHHE POJI
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BJIMSAIOT HE TOJHKO MYTallMOHHBIE COOBITHS (B TOM YHCJIE yTpaThl XpOMOCOM), HO H
HEKOTOpble TOKcHMYecKue d(PdexTsl, Takue Kak 3IPOEKTUBHOCTh CIIAPUBAHUA,
MTOBPEXKCHUS CIIEPMATO30MJI0B B PE3YyJbTaTe HEYUUTHIBAEMBIX (HHU3UOJIOTHICCKUX
W3MEHEHUMN, 3TOT BAXKHBINM MMOKA3aTeJIb HE MOXET CIYKUTh MEPOU F€HOTOKCHUYECKOTO
JEUCTBUS, a YKa3bIBAE€T HA COBOKYITHOCTH (DPU3MOJOTMUYECKMX U T€HOTOKCHYECKHX

¢ dexToB.
2.2. IlocTaHOBKA 3KCIIEPUMEHTA M AaHAJIM3 Pe3y/JbTaTOB

Bce uccnenoBanus npoBOAAT B 3alIM(POBAHHOM BHUJIE.

50-60 camuoB Myx nauHuu [[-32, Canton S wim Jpyrod JHMHU C HU3KOH
CIIOHTAHHOW YacTOTOW JOMHHAHTHBIX JIETaJIbHBIX MyTaluid (Bo3pacT — 3-4 CyTOK)
MSATKO YCBHITUISIFOT 2(UPOM, TTOMEIIAIOT B CTEKJISIHHBIC TUTIIM, B JTHO KOTOPOTO BMAsH
CTEKJISHHBIN (DUIIBTp, MOCJIE YEro TUTelb 3aphIBalOT MOPOJIOHOBOM mpoOkoil. [Tocne
TOTO, KaK BCE MYXHU BBIMAYT M3 COCTOSIHUSI HAPKO3a, TUIEIh MOMEIIAIOT B MOCYIY C
u3y4yaeMou BOJIOM, cojaepxamieid 5% caxapo3bl TaKMM 00pa3oM, YTOObI BEpXHUU
MEHHCK KUJIKOCTH HE ObUT BBIIIE BEPXHETO Kpasi CTEKJISTHHOTO (UIIbTpa.

[TpomomKUTENBHOCTh IKCHO3UIMU — 36-72 yaca (mpu rubenu OOJIBIIMHCTBA
caM1OB B TeueHHe 36 yac. [IocTaHOBKY cienyeT MOBTOPUTH, UCIIOJIb3Yys Pa3BEACHUS
M3y4aeMoM BOIbI B BOJIE JUCTUIIIMPOBAHHOM).

[Tocne oxonyanus skcrno3unuu 50 caMIlOB U3 KaXKIOTO THUIJIS MIEPEHOCAT B KOJIOBI,
IJIe UX MAacCOBO B T€UEHHUE 6 4ACOB CKPEIIMBAIOT C MOJIOJALIMHU (BO3pacT 2-4 CyTOK)
JIEBCTBEHHBIMU CAMKAMU TOM Ke JIMHUH B cooTHOmeHnu 1 camerr : 2 camku'’. [Tocne
CKpEIlMBaHUsl CaMOK OTCaXMBAaIOT B  CHEIUAJIbHbIE JOMHUKM W3 OpPrcTEKya s
OTKJIQJKU SHI]; ABYMsI CTEHKAMHU KaXXIOTO JOMHKA CIY>KUT KalmpOHOBasl CETOYKa, a
JTHOM - CMEHHBIE KIOBETHI C «TOJIOJHBIM» KopmoM [12]. KroBeTbl moj JoMHKamMu
CMEHSIOT 4epe3 Kaxkaple 12 4vacoB. fiina, oTIOKEHHbIE 3a mepBbie 12 4yacoB, He
AHAIM3UPYIOT, TOCKOJIBKY CpPEIM HUX MOXET OBITh MHOTO HEOIJIOJOTBOPCHHBIX.

ITocne cMeHBI KIOBET B Kﬁ)I(I[Oﬁ N3 HUX ITOACUHHUTBIBAIOT KOJINYCCTBO OTIOXKCHHBIX SHIT

' B ToMm ciydae, eciii BHEITHUN BHJI CAMIIOB Cpa3y MOCIIE SKCIIO3UIINH CBUACTEIBCTBYET 00 UX
UCTOILEHUH, MyX MOXKHO Ha 12 4acoB oTcaauTh B IPOOUPKHU C MIIOCKUM JTHOM, COJEpIKaIIe
NOJIHBINA KopM (He O6osee 30 MyX B IPOOUPKY, MAPKUPOBKA MPOOUPOK JT0JKHA COXPAaHSTh MHUP
THUIJIEH), IOCTIe Yero MPOBOJUTH CKPELIMBAHNE C CAMKAMH KaK OOBIYHO.
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U TOMENIAIOT BO BIIAYKHBIE KaMephl, MPEICTaBISAIONIME COOON MJIOTHO 3aKPBIThIE
IUTACTUKOBBIE KOPOOOYKHM, Ha JHO KOTOPBIX HAJMBAaeTCs TUCTHUIMPOBAHHAs BOJA.
Kameps! Ha 48 yac nomemarot B repmocrar (24°C).

[Tocne 3TOrO KIOBETHI €1le pa3 MPOCMATPUBAIOT JUIA yU€Ta HEPA3BUBIIUXCS SMIL:
giflla, HE W3MEHUBIIKE IEPBOHAYAIBHOTO BHJIA, PErUCTPUPYIOT Kak POJI, siina,
npuoOpeTaBIUIME BCE OTTEHKM >KEITOM WM KOpUYHEBOM okpacku — kak [19JL
Pe3ynbraThl paciinpoBBIBAIOT TOIBKO MOCIE OKOHYAHUS aHAU3a Pe3yIbTaTOB BCErO
JKCIIEpUMEHTA.

DKCIEPUMEHT MPOBOIAT B 4- 5 MOBTOPHOCTAX. JI71s1 pacdyera 4acTOT JOMUHAHTHBIX
JETANBHBIX MyTaluid onpenenstoT g0t (%) morudmux 3uror Ccpemd BceX
OTJIOXEHHBIX L. DepTUIBHOCTH ONPENEsoT B % 110 COOTHOIIEHUIO OTIIOKEHHBIX
NI B DKCIIEPUMEHTAJIbHON U KOHTPOJIbHOW IPYIIIAX.

CTaTMCTHMYECKYI0 OLIEHKY Ppe3yJbTaTOB IPOBOJAT  JJS KaXJAOW TpyIIbI

OTACIIbHO IMYTEM CpaBHCHHA MCKAY OIIBITHBIMM WM KOHTPOJIbHBIMHU CCPHUAMU I10

KpUTEPUIO cooTBeTCTBUS ) [7].

3aki0ueHue 0 HAJIUYHUHU (OTCYTCTBMH) BJIMSIHMSI AKTHBHPOBAHHBLIX BOJ HA
YaCTOTY JOMMHAHTHBIX JIeTAJbLHBIX MYTAIlMi JIETAOT M0:

- pe3yibTaTaM CpaBHEHUS C HETAaTUBHBIM KOHTPOJIEM II0 BCEM YKa3aHHBIM
napaMeTpam;

- HAUIMYHIO U XapakTepy 3aBUCUMOCTH 3 (PeKTa OT yCIOBUI aKTUBAIIUU BOJbL;

- kod(dduimeHTaMm B PErpecCMOHHBIX YpPaBHEHUM, KOTOPBIE XapaKTepU3YIOT
HapacTtanue 3(pdexkTa Ha €AUHUILY BO3ACUCTBUS (MU3MEHEHHS MNPOJOKUTEILHOCTU

aKTUBAITUU BOJBI U €€ (PU3MKO-XUMHUUYSCKUX TTOKa3aTeleH).
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Tabmuna 2. [Iporokon ananu3a (1 OAHOM SKCIIEPUMEHTATBHOU TPYIITIhI)

Hlara, 1 rpynma 2 rpymma
Uccnenosarens
Otnoxeno | U3 Hux 3 gux | O1noxeHo N3 Hux 3 Hux

[ToBTOpPHOCTH UL POJI [19J1 UL POJI [19J1

(N [

Bcero

Y%

XZ
DepTUIBHOCTD
caMLOB

2.3. [IpoTokoJ1 pe3y/bTATOB OLIEHKU FeHOTOKCUYEeCKOH AKTUBHOCTH

BO/IbI B TeCTEe HA MHAYKIHUIO JTOMUHAHTHBIX JIETAJIbHBIX MyTAIIUI B MOJOBBIX
KjaeTkax camuoB Drosophila melanogaster

Booa (nazeanue, uCmOYHUK, BPOUZBOOUMEIID) «...uvvevernseesessessssssossnssossssssssssssssnns
LIPpUGOP, PCIIOBUA MOTIPUCHUA «..ouvennereinreinsirisresssessstesssosasssssssssssssssssssossssssssonn
DUBUKO-XUMUYCCKIUE COOULCHIBA «.vvvevveeeeeeeeeeesssrssssssseeeccssssssssssssssessssssssssssssssssssssssssassssssssssssss
B I
Yenosus akcnozuyuu, RPOOOIHCUMETIBHOCHID. ...c..uueenneiiieiiieiiiieiiieiisssssasesssssnnsons

KOHMIPOIU .covvvnniiinniiiniiiniiiiniiiniiiiiiiintiisttistoeasosstsestossssssstossssssssosssssmescnnssl

[onyuyenHble pe3yabTaThl: (Boga WHAYHIHPYET / HE HWHAYOUPYET TEHOTOKCHYECKYIO
aKTMBHOCTb; IPHOOP MOXKET/HE MOXKET OBITh MCIOIb30BaH JUIsl aKTUBAIIUK BOJBI B OBITY).

J1aTa MPOBEMEHMS PADOTBL..........ccoeiiiiieeriiiieeeeiiieeeerieeeeesiteeeesseeeeeeannsreeessnreeessnnseeas
Cnucoxk HUTHPOBAHHOM JTUTEPATYPbI

HcnoaHuTteu:
Jlara cnaum oruera:

3. OHEHKA YACTOTBI ABBEPAIIMM XPOMOCOM B KJIETKAX
KOCTHOI'O MO3I'A MBIIIEA

XpoMocoMHBIE abeppaliui U COOBITHS, C HUMHU CBSI3aHHbBIC, SIBJISIOTCS MPUUYUHOU
MHOTUX TEHETHYECKHX 3a00JieBaHUU uelloBeKa. VX HAKOIJIEHHE B COMAaTUYECKUX
KJIETKaX SBJSETCS OJHUM W3 (PAKTOpOB, OTBETCTBEHHBIX 3a BO3HHUKHOBEHHE
OMYXOJIEBBIX KJIETOK M MHIYKIHIO B OpraHU3ME MpoIleccoB cTapeHus. Kpome Toro,

MyTaluu, TPOSBISIONIMECS Kak abeppaiuy XpoOMOCOM, MOTYT OBITh CBSI3aHBI C



20

U3MCHCHUSAMU B OHKOI'CHAX W TI'CHAX-CYIIPECCOopax OHYXOHCﬁ, qTO ABJICTCA CHIC
OHHOﬁ N3 IIPUYKWH BO3ZHUKHOBCHUSI onyxoneﬁ y na6opaTopHI>1x ZKHNBOTHBIX M 4YCJIOBCKA

[3,4, 15].

KocTHbIN MO3r MIIEKONMUTAIONIMX SBISETCS Haubosee MIHUPOKO HCIMOJIb3yeMOM
MOJIEJIbIO JIJI1 UCCJIEIOBAHUSI MYTareHHOW aKTMBHOCTH XMMHYECKUX COCAMHEHUN 1n
Vivo. OTO CBS3aHO, BO-TIEPBBIX, C TEM, YTO KJIETKH KOCTHOTO MO3Ta UMEIOT BBICOKYIO
nponudepaTuBHYI0 aKTUBHOCTb U, BO-BTOPBIX, IPOCTOTOM MPUTOTOBJICHUS
npernaparoB. Mopdosoruss XpoMOCOM  OOJBIIMHCTBA BHUAOB  JIAOOPATOPHBIX
KUBOTHBIX XOpOIIO H3y4uyeHa. B OCHOBe MeTofa JEXHUT PErucTpanus BUIUMBIX
CTPYKTYPHBIX HapyLIEHUM XPOMOCOM B KJIETKaX Ha CTaJuu MeTadassbl.

TecT Ha UWHAYKIHUIO XPOMOCOMHBIX aOeppalui, OmNpenensieMblX B KIETKax
KOCTHOTO MO3ra JabopaTopHbIX TPBI3YHOB In  VIvo, XOpOUIO pa3paboTaH W
pekomennoBad B Poccum u crtpanax ODCP [2] 11 OLIEHKM TI'€HETUYECKOU
0€30MacHOCTH XUMHUECKUX COCTUHEHUI U UX cMecei (B TOM YHUCIIe, JIEKapCTBEHHBIX
npenaparoB), (puznyeckux (HakTOpoB, BKIOYAS paaUALUI0, U JPYruxX (PakTopoB
OKpY>Karollen Cpepl.

JIns peanu3zanvivl peKOMEH1yeMOT0 MOAX0/Ia MBIIIEH BBINIAUBAIOT N3Y4Ya€MbIMU
Bogamu ad libitum.

3.1. TepMHHBI U OnIpeesIeHU

Aleppauuu XpoMATHIHOI0 THIA — CTPYKTYPHbIE HAPYUIEHUS HA YPOBHE OJHOMU
XPOMAaTHU/Ibl, BBISBIISIEMbIE KaK OJIMHOYHBIC ()parMEHTHI UM XPOMAaTHIHbIE OOMEHHI,
BO3HUKAIOT TIPH IMMOBPEKACHUN XPOMOCOMBI B aze S u G, Korma XpoMocoMa COCTOUT

U3 2 HUTEMH.

AGeppainum XpOMOCOMHOI0 THNA — CTPYKTypHbIE HapyIIeHUS Ha YypOBHE
UJCHTUYHBIX JIOKYCOB OOOMX XpOMATH], BBISBIIIEMbIC KaK IMapHbIe (PparMeHTHI U
XpPOMOCOMHBIE ~ OOMEHBI, JEMOHCTPHUPYIOT  TOBpPEXKICHHE, BO3HHKIIEE  Ha
npeAacuHTeTnyeckor cragun (Gi-¢aza), Korma XpoMocoma TMpeAcTaBiIsieT CoOoi

OJIHOHUTEBYIO CTPYKTYDY.
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AxpomaTnyeckue mpoodesbl (rembl) — ONPEACISEMbIE BU3YyaIbHO HapYILICHUS
LETOCTHOCTH OKPACKH XPOMATHU/IbI, HE MPEBBIIIAIONINE IO pa3MEPY €€ IIUPUHBI U HE

COIMPOBOXAAOIMIHNCCA CABUI'OM IUCTAJIBHOI'O YH4AaCTKa OTHOCHUTCIIBHO €€ OCH.

MuToTHYECKHIT HMHAEKC - TIPOICHT MICIANIMXCSA KIETOK (KJIETOK B CTaIuH
npodasel, Metadassl U aHa- Tenodasbl) OT OOIIEr0 4YKCiIa MPOAHATU3UPOBAHHBIX

KJICTOK.

LlnToreHernyeckass aKTHBHOCTb — CIOCOOHOCTh BEIIECTBA  BBI3BIBATH
CTPYKTYpHbIE M YHCIEHHBIE XPOMOCOMHBIE HApYIIEHHUS B COMAaTHYECKUX W/WUIU

3apOJbIICBLIX KJICTKAX.

YacTtoTa KIJIETOK C 36€ppaHI/I${MI/I XPOMOCOM B KJICTKAX KOCTHOI'O MO3ra y

OOJBIIMHCTBA JIMHUN JabopaTopHbIX Mbiied U F1 rubpumoB cocrasmset 1-2%.

3.2. ’KuBoTHBIE

B osKkcnepuMeHTe UCIHONB3YIOT KOHBEHLUMOHAIbHBIE MOJIOABIE IOJOBO3PEJIBIE
KUBOTHbIE 2-Mecsunble camilsl Mbltet F1 (CBAxC57Bl/6) ¢ maccoii Tena 20-24 .
(6 ocobeit B rpymnre). JKMBOTHbBIE TOJKHBI ObITh Pa3BEACHBI CHEIUAIBHO U paHEe He
y4acTBOBAaTh B HcCcileNOBaHUAX. [Ipow3BoanTens OOJKEH MPENOCTAaBUTh JaHHBIC
(BeTepUHApHOE CBUJAETENHCTBO) TMOCIEAHET0 KOHTPOJSI COCTOSIHUSL  3/10POBbS
KUBOTHBIX M cepTudukar Ha napturo mbimed F1(CBAxCS57Bl/6) nns npoBeneHus
JAHHOT'O MCCIIE0BaHUSI.

[Tonbop XKMBOTHBIX B TPYIHIBl OCYIIECTBISIOT METOJOM «CIy4YaWHBIX YHUCEID»,
UCIIOJIb3Ysl B KaueCTBE KpHUTEpUs Maccy Tena. MHIWBHAyalbHOE 3HAYEHUE MAacChl
TeJla He JOJDKHO OTKJIOHATHCS OT CPEHET0 3HaUeHU B rpymime oojee yeM Ha 10%.

Mpiieid copepxaT B NOJMKAPOOHATHBIX KiETKax Mo 6 ocobeil. B kauecTe
MOJICTUJIAa HMCHOJB3YIOT CTEPHJIM30BAHHBIE APEBECHBIE ONWIKW. Mpblel coxepxar
OTHEJBHO OT JIPYTMX BHJIOB JKUBOTHBIX B WHJMBHIYaJIbHOW KOMHATE IpHU
temneparype Bozayxa 18-22°C, otHocuTenbHON BiaxxHOCTH 40-60% u ecTecTBEHHO-

HCKYCCTBCHHOM OCBCHICHHUHU.
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Pauvion KUBOTHBIX COCTaBIISIET CTaHAApTHBIH IpaHyJIMPOBAHHBIN
MOJIHOPAIIMOHHBIN KOMOUKOPM i1 TabopaTopHbIX KUBOTHEIX [IK-120 TOCT

P 51849-2001 P.5 (OO0 «Jlabopatopkopm», Poccus unu ananor, 1ubo apyrou
CTaHAAPTU3UPOBAHHBIN KOpPM), KOTOpBIM OHM moiy4aroT ad [ibitum B KOpMOBOE
yIIIyOJeHne KIETKH.

ExxenHeBHO Kkaxjash Tpynmna >KMBOTHBIX JOJDKHA moiyyarb ad libitum
CBEXKETIPUTOTOBJICHHBIE CTAHIAPTHBIM 0O0pa3oM Boabl. OObEM BBITUTONW BOABI B
KaX/10M TIOUJIKE (PUKCUPYIOT €KEHEBHO B IPOLIECCE €€ CMEHBI B IIOMJIKE.

DBTaHA3UIO MBIIIEH OCYIIECTBISIOT HEPBUKATBHOM AUCTIOKauen (WM Ipyrum
pETIaMeHTHPOBAHHBIM CIIOCOOOM) uepe3 24 yaca u uepe3 5-8 CyTOok mocie Hadana

BBITIaNBaHUA.

3.3. IluToreHeTHYECKU aHAIU3

[{uroreneTnyecknii aHanMM3 dYacTOThl abeppamuii XpPOMOCOM OCHOBaH Ha
pETHCTpallid  BUJMMBIX CTPYKTYPHBIX HApyIIEHHH XpPOMOCOM B  KJIETKax,
HaXOJAIIUXCs Ha cTaauu MeTadassl (MPOTOKOJ aHAJIM3a MOKa3aH B Ta0m.3).

JIisi HakoTUIeHHsI KJIETOK B cTaauu Metadasbl 3a 2-2,5 daca 10 IBTaHA3HH
MBbIIIaM BHYTPUOPIOMIMHHO BBOJAT KoiaxuuMH (0,025% pabouuit pactBop) nmo 0,01
MJI/T Macchl )KHUBOTHOTO. KOCTHBIN MO3T M3 OEqpeHHBIX KOCTEH TOJBKO YTO 3a0UTHIX
MBIIIEH OBICTPO BBIMBIBAIOT B HEHTPUPYKHYIO MPOOMPKY | MII THIOTOHHYECKOTO
(0,555%) pactopa KCl, nporperoro mo 37°C.

[Ipo6upku ¢ KOCTHBIM MO3roM MHKYyOupytoT 10 wmuHyT B mpucytctBuu KCl
npu 37°C, uenrpudyrupyror B TedeHue 5 MunyT npu 1000 06/MuH Ha nenTpudyre
IIJIH. HagocaiouHyto )KHUAKOCTh OCTOPOKHO CIMBAIOT, HA OCAJOK HACIauBaKOT 1 M
CBEXKEMIPUTOTOBJIIEHHOTO X0yoAHOro (ukcaropa (3 wactTu MeraHona u 1 yacTb
JIeISTHOM YKCYCHOM KHMCJIOTBI) U momemarT Ha 20 MUHYT B XomomwibHHK. [locme
ATOro, HEe B30aNThIBas OCaJ0K, PUKCATOP CIUBAIOT, B MPOOUPKH AOOABISIOT HOBYIO
MOPIIMIO XOJIOAHOTO (hPUKCATOpa TOTO e 00beMa U BBIICPKUBAIOT B XOJIOIUIHLHUKE
He MeHee 20 MuHyT. KieTku B TpeTbeil MOpLMHU CBEXKEro (pUKcaTopa OCTABISIOT B

XOJIOMUIIHUKE HA HOYb. 3aTeM mpoOupku 1eHTpudyrupyoT 5 munyTt mnpu 1000
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o6/mun Ha nentpudyre IJIH, dukcatop cnuBarot, ocagok pa3OMBAIOT MATKUMU
yrapamMu manbeiia o npobupky um goOaBistor 0,5 mu ¢duxcaropa. Ilomydennyto
CYCIICH3UIO AaKKypaTHO THUMNETUPYIOT M paCKalblBAalOT HAa YHUCTHhIE BIIAKHBIE
OXJIAKJEHHBIC TIPEAMETHBIE  CTEKJa, KOTOPBIC BBHICYIIWBAIOT HaJa IUIAMEHEM
CIIUPTOBKH.

[Ipenaparbl oOKpammBalOT a3yp-303MHOM 10 PoMaHoBckoMy M IIMGPYIOT.

Bo3mokHO ncnons3oBanue (IyopecleHTHBIX KpacuTene u MeTok [21].
3.4. MUKpPOCKONIMYECKUI AHATIH3

Meradasnbie MIACTUHKUA HE JODKHBI MMETh HAJIOKEHUN XPOMOCOM, CTENEHBb
KOHJCHCAllUM KOTOPBIX JIOJDKHA MO3BOJSATH YBHJAETh YETKHE CTPYKTypbl. M3-3a
TEXHUYECKUX MAHMUMYJSIUA BO3MOXHBI MOTEPH XPOMOCOM B IUIACTUHKE, IMO3TOMY
JUIS  aHaJdn3a XPOMOCOMHBIX abepparuii 00BIYHO aHanu3upyercs MeradazHas
MJIaCTUHKA, cojiepxkaiias 38 — 42 XpoMOCOMBI.

Bo Bcex rpymmax anamuzupyroT 1o 100 meTtadazHbIX MJIACTUHOK HA KaXKI0€
KUBOTHOE. J[11s1 aHanmm3a oTOMparoT MeTadasHble MIACTUHKHA MPaBUILHON (HOPMBI, C
XOpOIIUM  Pa30pocoM XpOMOCOM U MOJAIbHBIM yucioM 40+2. VY4uThIBalOT
cleayrolue TUurbl abeppanuii XpoMocoMm: (pparMeHThl (OJIMHOYHBIC W TMApPHBIE) U
oOMeHbl. [Ipu Hamuuum B KieTke Oosee maATu abeppaiuil ee KiacCUPUUIUPYIOT Kak
UMEIOIYI0 MHOXXECTBEHHbIE abeppauuu. Axpomarhueckue mpobenbl  (Terbl
OJTHOHUTEBBIE YYaCTKM B JYIUIEKCHOM — JByHUTeBoM - wmoiekyne JIHK),
onpeieNsieMble BU3YaJbHO KaK HApYIICHHS LIEJIOCTHOCTH OKPACKU XPOMATHU[IbI, HE
MPEBBIIAIONINE 10 pa3Mepy €€ IMHUPUHBI U HE COMPOBOXKIAIOIIUECS CIABUTOM
JUCTaJIbHOTO YYacTKa OTHOCHUTEIIBHO €€ OCH [2], OIIEHHMBAIOT OTAEIbHO U HE

BKJIIOYAIOT B 00IIIee YKCIIO abeppariuii.

3.5. Ouenka pe3yJbTaToOB

OueHky  pe3ysibTaToB  LMTOICHETHMYECKOIO  aHaju3a  OPOBOAAT  IYTEM
COIOCTAaBIICHUS JOJEH KIETOK ¢ XPOMOCOMHBIMHU abeppalusiMd B KOHTPOJIbHBIX U

OIIBITHBIX CCPUAX OKCIICPHUMCHTA. qaCTOTy KJICTOK C I'CliaMy HCIIOJB3YIOT B KQ4CCTBC
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OOIIOJITHUTCIIBHOTO KPHUTCPUA HHTOFGHGTH‘IGCKOﬁ AKTHBHOCTH.

CratucTnyeckuii aHAIU3 MOJYYeHHBIX JAHHBIX ITPOBOJAT HAa KaXJIbIM CPOK
320051 )KMBOTHBIX OTAEJIBHO MYTEM CPaBHEHHUS MEXIY ONBITHBIMU U KOHTPOJIbHBIMU
CEPHUSAMU 10 KPUTEPUIO COOTBETCTBHS ) [7].

3ak/l0yenre 0 HAJIM4YMU (OTCYTCTBMH) BJIMSIHUSI AKTHBHPOBAHHBLIX BOJ HA
MOKA3aTeJIM HeCTA0MJIBHOCTH F€eHOMA KJIETOK KPOBH 4YeJI0BEKa JIETAkoT I10:

- pe3yiabTaTaM CpaBHEHHS C HETraTUBHBIM KOHTPOJIEM IIO BCEM YKa3aHHBIM
napameTpam;

- HAJIMYHUIO U XapaKTepy 3aBUCUMOCTH 3((PeKTa OT yCIOBUN aKTUBALIMH BObI;

- kodpduuueHTaM [ PEerpecCUOHHBIX YPABHEHMM, KOTOpbIE XapaKTepU3YIOT
HapacTaHue 3(Qexra Ha eIMHHUIY BO3ACUCTBHUS (M3MEHEHUS NPOAOIKHTEIbHOCTH

AKTHBalllH BOALI U €C (l)I/I?)I/IKO-XI/IMI/I‘ICCKI/IX HOKaSaTeﬂeﬁ).

Tabmuna 3. ITpoToko MUTOreHETHYECKOTO aHaIu3a YacTOThl abeppaliuii
XpPOMOCOM B KJIETKaX KOCTHOTO MO3Ta JJa00paTOPHBIX TPHI3YHOB

IIpoc- Abeppauun Koo Hons

motpe- | Knerok | ®dparmenTsl Kon-Bo | abep-
Cepust | MpIib HO c abe ICTOR Y e terok | pant MH/
p P10 06- | P 1000
ombiTa | No KJIETOK | paiu- HapHbIC CTpo- | HBIX
HOY MEHEI [ MHOX. KJIETOK
n=38-| samu OeraM | KJIETOK

4 HBIE aoep. (%)

100
100
100
100
100
100

100
100
100
100
100
100

(ool BN Fo)N LV, | [N2N) ROV Y | O T

O

—
()

—_—
p—

[S—
\]

IIpumeyanue: IaCTUHKY, coaepkaiiie 6oaee 42 XpoMocoM, He BKIIFOYAtOT B yuciio 100
KJIETOK, aHAIM3UPYEMBIX Ha KaXK/10€ )KHBOTHOE, H OTMEYAIOT OT/IEIHHO
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3.6. IIpoToKoJI pe3y/IbTATOB OllEHKH IIUTOTeHETHYECKOl AaAKTMBHOCTH B TeCTe
HA UHAYKIHIO XPOMOCOMHBIX a0eppanuii B KJIeTKaX KOCTHOI0O MO3ra MbllIei

Bo0a (HA36AHUEC, UCHIOUHUK) ......uevieieiiiiaseesieeiissessssstsesssssssssssscssssssssssssssssssnsns

TIPUGOP, YCTLOBUA MOTIPUCHUA «..vvvenneiiinriinserisresssesnssssstosassssssssssssssssssosssssassonns
DUBUKO-XUMUUCCKUE COOTCHLBA «eeeeerreveveeeeeeeeessssssssssssseecssssssssssssssesssssssssssssssssssssssssssssssssesses
ZKUBOMIHBIO . ..oueeeeeiiiiiiineeeiiiiiiianaeeteeeesssnssstecessssnnsssscesssssnnsssscesssonnsssscannes
Yenoesusa skcnozuyuu, npooonsccumensHOCmb, CPOKU U BUO 3AD0A....c..uuveeeiinsiesissenns

KOHMIPOMU «covvvinneiiniiiniiiiiiiiniiiniiiieiiiniiisttestosasesestosssosssssssssssssssssssnsosmesonasl

IMony4yeHHble pe3yabTaThl: (BOAAa HHAYIHPYET / HE MHAYIHUPYET FTeHOTOKCHYECKYIO aKTUBHOCTD;
pubOp MOXKET/HE MOXKET OBITh UCIIOJIb30BaH Il aKTHBALIMU BOABI B OBITY).

J1aTa MPOBEMEHMSI PADOTBL..........ceeeiiiiieeeiiiieeeeiiieeeesiiteeeeeseteeeeseeeeeeeessseeeesnnseeessnssees
Cnncoxk HUTHPOBAHHOM JTUTEPATYPbI

HUcnonnurenn:
dara cpauyu oryera:

4. AITOPUTM N3YUEHUA 'EHOTOKCUYECKHUX DODPEKTOB
AKTUBHUPOBAHHBIX BO/{

Ha pwuc.]1 npencraBnena mMuHUManbHas Oarapes i OIEHKH TOTCHIIMATBLHOMN

ICHOTOKCHYHOCTH IIUTHCBBIX BOJ C N3MCHCHHBIMH (1)I/ISI/IKO-XI/IMI/I‘-IeCKI/IMI/I

CBOHCTBaMH.
Kposb IHonoBbIe I'enoTokcHuyeckmne
yesI0BeKa HeT KJICTKH HET 3pPeKThI He
in vitro APO30(HJIbI 00Hapy:KeHbI
aa aa
Kaerkn HeT
KOCTHOI'O Pazpemenue
MO3ra K IPUMEHEHUIO
MbILIei
aa
3anpenieHue
MIPUMEHEHUS

Pucynoxk 1. Aaroputm aHanu3a reHOTOKCHYEeCKUX 3(h()EeKTOB aKTUBUPOBAHHBIX
BOJI
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OTOT K€ aIrOpuTM CJIeyeT UCIOAb30BaTh Uil TUTMEHUYECKOM OICHKHU
Oe3omacHOCTH  O0OpYIOBaHWs, TPUMEHSEMOTO JUISi TPUTOTOBIEHUS BOA C

N3MCHCHHBIMHU (1)I/IBI/IKO-XI/IMI/I‘-IGCKI/IMI/I CBOMCTBaAMHM.

[lockonmbKy  OLIEHKAa  TI€HOTOKCMYECKUX  A(PQPEKTOB  SBISETCS  YaCThIO
TOKCUKOJIOTUYECKHX  HCCIEAOBAHWW, PEIICHHE O 3alpelieHHd I[PUMEHEHHUS
aKTUBUPOBAHHBIX BOJ NPUHUMAIOT C YYE€TOM pE3yJbTaTOB BCEX OCTAJIbHBIX
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Muxkpodororpaduu 0OCHOBHBIX IIUTOIT€HETUUECKUX 3(PPEKTOB HECTAOMIBHOCTH
Te€HOMa, OTPECNIIEMbIX MPU KYJIbTUBUPOBAHUU KJIETOK KPOBH B YCIOBHUSX
UTOKHHETHYEeCcKoro 0ioka. Okpacka azyp-303MHOM 10 PoMaHOBCKOMY, YBETMUEHUE
10 x 100, macnsiHast uUMMepcus
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1 — ogHOsIAEpHBIE KIIETKU; 2 — OJJHOSZCPHBIE KIIETKU C MUKPOAIPOM; 3 — OHOsIIepHast KIIeTKa
C IPOTpY3ueH; 4- ABYsAAEPHBIC KIETKH; 5 — ABYSACPHBIC KIIETKH C MUKPOSIPOM; 6 -
JIBysIJIepHasl KJIETKa C BHYTPEHHUM MOCTOM; 7 — ABYSIIEpHAsl KJIETKa ¢ 3 MUKPOsIpamu; 8 —
JBYsZICpHAs KIIETKA C MEKPOSIPOM TUTIA «pa30uToe SHI0; 9 — ABysIepHast KIeTKa ¢
HYKJI€OIUIa3MeHHBIM MocTOM; 10 - nBysinepHas kietka ¢ 2 Mukposapamu; 11 — ase
JIBYSZIEpPHBIE KJIETKH, OJIHA C MUKPOsSIpoM; 12 - TpexbsiiepHas KiIeTKa ¢ MUKpOsipoM; 13 —
YeThIpEXbCpHas KIETKA; 4- monusiaepHas KieTka; 5-13 — yeTbIpexbsiaepHas KieTka; 14 -
YEeThIPEXbSAAEPHAS KIETKA C MUKPOSAPOM; 15 - ueTbIpexbsiepHas KJIeTKa ¢ 2 MUKPOSAPaMU;
16 - yeTbIpexbsaepHas KIETKA ¢ 3 MUKpoOsiipaMu; 17 — 1Be yeThIpeXbsIepHbIE KIETKH, MTpaBast
C IByMSI HYKJICOIJIa3MEHHBIMH MOCTaMU; 18 - ueTbIpexbsiiepHas KJIeTKa C
HYKJIEOIUIa3MEHHBIMU MOcTamu; 19 — natusaepHas kietka; 20 — mectusaepHas kierka; 21 —
anonTo3; 22 — aCUMMETPUYHbBINA MUTO3; 23 - MUTO3




	ГЛАВА 2. МАТЕРИАЛЫ И МЕТОДЫ ИССЛЕДОВАНИЙ
	2.1. Характеристика питьевых вод, использованных для неконтактной активации
	2.2. Неконтактная активация воды
	2.3. Определение физико-химических показателей активированных вод

	Рассчитывают относительную разницу результатов трех параллельных измерений одной пробы:
	,
	(7)
	где d – оперативный контроль сходимости, 5 % .
	По данным измерений 10 капилляров на основании численных значений структурированности для каждого капилляра заполняют таблицу энергетического состояния образца воды (табл.2.2).
	Таблица 2.2 Энергетическое распределение структурированной (связанной) фазы в воде
	Доля связанной (структурированной)
	фазы в воде,
	Δq, %
	Количество капилляров в каждом диапазоне
	0,0…0,1
	0,101…0,2
	0,201…0,3
	0,301…0,4
	0,401…0,5
	0,501…0,6
	0,601…0,7
	0,701…0,8
	0,801…0,9
	0,901…1,0
	Более 1,01
	Для оценки возможной миграции примесей, содержащихся в контактно активированных водах внутрь пакета, в котором воды получались неконтактной активацией, равно как и миграции мономера, пластификатора и пр. веществ, являющихся компонентами материала пакета за время неконтактной активации (5-40 мин) были проведены химико-аналитические исследования, ориентированные на идентификацию и количественное определение методами ионной хроматографии в соответствии с ГОСТ 31867-2012 «Вода питьевая. Определение содержания анионов методом хроматографии и капиллярного электрофореза», ПНД Ф 14.2:4.176-2000 (издание 2014 г.) «Методика определения содержания анионов (хлорид-, сульфат-, нитрат-, бромид- и йодид-ионов) в природных и питьевых водах методом ионной хроматографии», МВИ ЗАО «Аквилон» (атт. Свид. № 18-08 от 04.03.2008 г.). Анализ на содержание катионов проводили в соотвествии с ГОСТ 31869-2012 «Вода. Методы определения содержания катионов (аммония, бария, калия, кальция, лития, магния, натрия, стронция) с использованием капиллярного электрофореза». Анализ на содержание органических веществ в воде выполнены хромато-масс-спектрометрическим методом, позволяющим надежно идентифицировать и количественно определять с чувствительностью на уровне и ниже гигиенических нормативов широкий спектр органических веществ С1-С40 в воде с неизвестным составом загрязняющих веществ на - хромато-масс-спектрометре Focus GC с DSQ II (США) (Свидетельство о поверке № 5345-10 от 08.07.2010 г.). Измерения выполнены в лаборатории физико-химических исследований НИИ ЭЧиГОС им. А.Н Сысина (рук. проф. А. Г. Малышева) в соответствии с действующими методическими документами по контролю органических веществ: ГОСТ Р ИСО 16000-6-2007.
	2.4.2. Фиксация клеток
	Фиксацию проводили на 72 часу от начала культивирования. Клетки переносили в стеклянные конические центрифужные пробирки объемом 10 мл и центрифугировали 10 мин на бакет-роторе при скорости 1000 об/мин. Надосадок отсасывали с помощью водоструйного насоса, осадок осторожно взбалтывали мягкими ударами пальца о пробирку и в эту пробирку приливали 5 мл холодного раствора хлорида калия (0,93 г/100 мл). Пробирку закрывали пробкой и мягко поворачивали вокруг оси в течение 40-45 сек. После этого в пробирку аккуратно по стенке приливали 1,0 мл холодного фиксатора (метанол-ледяная уксусная кислота 3:1 v/v), закрывали пробкой, несколько раз аккуратно переворачивали и помещали в холодильник. Через 20 минут процедуру повторяли в том же режиме, в суспензию клеток по стенке приливали 5,0 мл холодного фиксатора и оставляли в холодильнике. Не менее чем через 20 минут всю процедуру смены фиксатора повторяли еще раз, после чего клетки оставляли в свежей порции фиксатора на ночь в холодильнике. Последнюю смену фиксатора проводили утром, после чего клетки суспендировали в 0,5 мл холодного фиксатора, тщательно пипетировали и по 5-7 капель наносили на холодные предметные стекла. Стекла сушили на воздухе, окрашивали красителем Романовского (ПанЭко, РФ) и шифровали.
	ИР = [(1 х % одноядерных кл) + (2 х % двуядерных кл) +
	(3 х % 3-ядерных кл) + (4 х % 4-ядерных кл)] / 100)
	(8)

	2.5.2. Цитогенетический анализ
	Цитогенетический анализ частоты аберраций хромосом основан на регистрации видимых структурных нарушений хромосом в клетках, находящихся на стадии метафазы.
	2.5.4. Оценка результатов

	В литературе торможение пролиферации обычно связывают с репарацией индуцированных генетических повреждений [141, 147, 159, 162].
	Издание официальное
	Издание официальное
	ВВЕДЕНИЕ
	Цель исследования – выявление и количественная оценка генотоксических эффектов активированных питьевых вод с измененными физико-химическими свойствами.

	1.2. Проведение исследования
	Реконструированные среды для культивирования готовят следующим образом [4]: в стандартную навеску сухой среды RPMI-1640 (ПанЭко, РФ), рассчитанную на приготовление 2,0 л жидкой среды, добавляют стерильный раствор 7,5% бикарбоната натрия до конечной концентрации 1500 мг/л – в соответствии с прописью фирмы. Этот раствор используют в качестве базового для приготовления всех реконструированных сред.

	1.3. Фиксация клеток
	Фиксацию клеток проводят строго на 72 часу от начала культивирования. Для этого клетки переносят в стеклянные конические центрифужные пробирки объемом 10 мл и центрифугируют 10 мин на бакет-роторе со скоростью 1000 об/ми. Надосадок отсасывают с помощью водоструйного насоса. Осадок осторожно взбалтывают мягкими ударами пальца о пробирку и в эту пробирку приливают 5 мл холодного раствора хлорида калия (0,93 г/ 100 мл). Пробирку закрывают пробкой и мягко поворачивают вокруг оси в течение 40-45 сек. После этого в пробирку аккуратно по стенке приливают 1,0 мл холодного фиксатора (метанол : ледяная уксусная кислота 3:1 v/v), закрывают пробкой, несколько раз аккуратно переворачивают и ставят в холодильник не менее чем на 20 мин. Затем пробирку центрифугируют на скорости 1000 об/мин, надосадок отсасывают, осадок аккуратно разбивают ударами пальца, в эту суспензию по стенке приливают 5,0 мл холодного фиксатора и снова оставляют в холодильнике. Не менее чем через 20 мин всю процедуру смены фиксатора повторяют еще раз, после чего клетки оставляют в свежей порции фиксатора на ночь в холодильнике. Последнюю смену фиксатора проводят на следующий день, после чего клетки суспендируют в 0,5 мл холодного фиксатора, тщательно пипетируют и по 5-7 капель наносят на холодные (морозильная камера) предметные стекла. Препараты сушат на воздухе, окрашивают красителем Романовского (ПанЭко, РФ) и шифруют. Возможна окраска с использованием флуоресцентных красителей [21].

	1.4. Цитогенетический анализ
	Цитогенетический анализ [6, 23] проводят с помощью светового микроскопа в проходящем свете при увеличении 10 х 100 (масляная иммерсия, матовый светофильтр).
	Основными показателями цитотоксического действия считают индекс репликации, характеризующий процессы удвоения ДНК [24]:
	Основными показателями генотоксичности считают:
	- частоту двуядерных клеток с повреждениями,
	- частоту делящихся клеток с повреждениями,
	- соотношение частот 3-х и 4-х ядерных клеток (степень асимметрии распределения генетического материала в клетках, прошедших 2-й митоз),
	- частоту апоптоза,
	- чувствительность к действию мутагена (эффект мутагена/спонтанный уровень), определенную по всем показателям.

	Статистическую обработку данных по всем параметрам в этом тесте проводят в стандартном пакете компьютерных программ Statistica Statsoft или аналогичной программе с использованием критерия Х2 [7].
	2. АНАЛИЗ ВЛИЯНИЯ АКТИВИРОВАННЫХ ВОД НА ИНДУКЦИЮ ДОМИНАНТНЫХ ЛЕТАЛЬНЫХ МУТАЦИЙ В ПОЛОВЫХ КЛЕТКАХ ДРОЗОФИЛЫ

	2.1. Термины и определения
	Доминантные летальные мутации (ДЛМ) – генетические повреждения, возникающие в спермиях и приводящие к смерти потомков первого поколения на стадии эмбриона. Причиной ДЛМ являются крупные хромосомные перестройки (делеции и другие), анеуплоидия и генные мутации.
	3. ОЦЕНКА ЧАСТОТЫ АББЕРАЦИЙ ХРОМОСОМ В КЛЕТКАХ КОСТНОГО МОЗГА МЫШЕЙ
	Тест на индукцию хромосомных аберраций, определяемых в клетках костного мозга лабораторных грызунов in vivo, хорошо разработан и рекомендован в России и странах ОЭСР [2] для оценки генетической безопасности химических соединений и их смесей (в том числе, лекарственных препаратов), физических факторов, включая радиацию, и других факторов окружающей среды.
	Для реализации рекомендуемого подхода мышей выпаивают изучаемыми водами ad libitum.

	Частота клеток с аберрациями хромосом в клетках костного мозга у большинства линий лабораторных мышей и F1 гибридов составляет 1-2%.
	3.2. Животные
	3.3. Цитогенетический анализ
	Цитогенетический анализ частоты аберраций хромосом основан на регистрации видимых структурных нарушений хромосом в клетках, находящихся на стадии метафазы (протокол анализа показан в табл.3).
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