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Cywecmayiom mpu OCHOBHBIX MeXAHUIMA OelUCmEUs U3NYYeHUs J1a3epo8 U C8emoOU0008 HA KIemKU,
MKAHU U OP2AHUIM YEeN08eKd U HCUBOMHBIX. (POMOOUHAMUYECKUT], OCHOBAHMBII HA PeaKyusx, 6bl36aHHbIX
Oeticmeuem dHI02eHHbIX nophupunos, NO-3asucumolil, 0CHOBAHHBIU HA POMONU3ZE KOMNIIEKCO8 MOHOOKCUOA
azoma c 2emMosbiMu OenKamul, U CynepoKCUOOUCMYMA3Hbll, C8A3AHHBII C Y@eNUYeHUeM AKMUSHOCIU CYNePOK-
CUOOUCMYMA3bL 8 KPOBU U MBEPObIX MKAHAX 00IYYEeHHO20 Op2anU3Md.

Domodunamuieckas akmueayust IUNUOHOL NePOKCUOAYUYU 8 TeUKOYUMAX KPOGU CIYICUN OCHOBHBIM Me-
XaHUZMOM OUOCMUMYTUPYIOWe20 OeliCmEUsl 1a3epHO20 U CBEMOOUOOHO20 U3NYHEeHUS KPACHO20 OUana3oHd
cnekmpa. 11a6HbIM MemoOoM, NO3BOTUBUUM COOPamb OaHHbIe, OOKA3bLEArOWUe HOMOOUHAMUYECKYIO Meo-
puio Oelicmeus u3IyueHus 1a3epos U c8emoouo008, ovli Menmoo aKmueUpOSAHHOU XeMUTIOMUHECY eHYUU Teli-

Koyumoe Kposu.

Knroueswie cnoea: JazeprHoe usiydernue, €6emoouUooHoe usnydenue, JZeﬁKOZ/HWIbl, XeMUNIOMUHECY EHYUAL,

XeMUTTIOMUHOMeEmP.

Beenenue

lenmuotepanus ObTa U3BECTHA THICSYM JIET Ha3ajl
BO MHOTUX CTpaHax, BKitouas Erumnet, ['penuto, nuBu-
JU3alUN Maist ¥ aiTekoB. VICKycCTBEHHBIM MCTOYHUK
Y® wm3nmyueHus OBLT BIIEPBBIE HCIIONB30BAaH B Tepa-
neBTHYecKux uesax B Jlanuu: B koHue XIX B. TOKTOp
H.P.®uncen npumeHs ynsTpaduoiIeToBoe U3TyueHUe
JUTS Tepanuy TyOepKyIe3HO! BOIYAaHKU; JIEUSHHUE Malli-
€HTOB, CTPAJIAIOIIMX OT OCHBI, OH TPOBOIMI KPACHBIM
cBetoM [21]. Bo Bropoii onoBrHe XX B. ObUIN cO31a-
HbI [IPUHLMITNAIBHO HOBBIE HCTOUYHHUKH CBETA — JIa3€phl
Pa3IMYHON MOIIHOCTHU, KOTOPBIE HALILIM IPUMEHEHHE B
XUPYPrHU U TEparuu; Mo3Ke MOSBUINCH CBETOTHOIbIL.
Opnum u3 nepsbix (1960 1) ObL1 U300peTeH pyOuHO-
BBII Nasep (IUIMHA BONHBI M3ny4eHus 694,3 um) [36],
KOTOpBIi OBbLT UCTIONB30BaH B OPTAILMOIIOTUH U JIep-
Maronorur. Ho Hacrosimmii OyM B TepaneBTHYSCKOM
TPAIMEHCHHUH JTa3epOB HAYaJICs MOCIC M300pETCHUS B
1961 1. He-Ne nazepa (632,8 um) [25], KOTOpBIi BCKO-
pe cTajx caMbIM BOCTPeOOBaHHBIM UCTOYHMKOM CBETA B
¢bmsuotepanuu. B HacTodIIee BpeMsi HU3KOMHTEHCHB-
Hoe JnasepHoe m3nyuyenue (HWJIM) u uznydenue cme-
TOJIMOJIOB NIMPOKO MCTIONB3YETCS (PU3MOTEpAIIeBTaMHU,
KapMoJIOTaMM, IIyJAbMOHOJIOTaMH, CTOMAToJOraMu,

JIepMaTrosioraMy, PeBMaroioraMi M BpadaMM JPYrux
crieruaiibHOCcTel. Kpyr npuMeHneHus a3epos U CBETO-
JIMOJIOB B MEJIULIMHE HETIPEPHIBHO PaCILIMpsIeTCs.

buocrumysmpyrouiee neiicrsue HUJIN

Jis  moHMMaHWsT MexaHu3Ma OJIarOTBOPHOTO
neiictBus HUJIM Gonblinyto poiib CHITPAJIA OMBITHI
Ha OMOXMMHYECKHX CHCTEMaX, CyCICH3HIX KIETOK,
JKUBBIX TKAHAX W Ha Ja0OpaTOPHBIX >KUBOTHBIX.
[epBbie pa®oOTHl OBLIM TOCBSINEHBI BIMSHUIO BU-
JMOTO | OJIMDKHEro HHQPaKpacHOTO M3ITy4YeHUs Ha
CKOPOCTB MOTpebieHus kucaopoaa u Gochopusupo-
BaHus Mutoxouapusimu [24, 40, 41, 44]. TosBunuck
MIepBBIC TUMOTE3Bl O MEXaHW3ME (POTOXMMUYECKUX
peaknuii, OTBETCTBCHHBIX 3a JCHCTBHE JIA3epHOTO
U3JTyYCHHS Ha 3TH CTPYKTYPBL.

CormacHO OHOM U3 HUX - TUIIOTE3€ CUH2NEeMHO20
KUC10pooa, NOTTOMIAIOIINE CBET MOJIEKYIBI (Tophu-
PHHBI U (IaBOMPOTEHHBI AbIXaTEIBHOH e MUTO-
XOHJIPHI) CIIOCOOCTBYIOT 0Opa30BAHUIO CHHIJICTHO-
TO KHACJIOPOJIa, KOTOPBI 00Ja1aeT BRICOKOH peakiiu-
OHHOU aKTUBHOCTBIO M MOJKET CTUMYIUPOBATh CHH-
te3 IHK u PHK [29]. Kak uMeHHO 3TO MpOUCXOIUT,
0CTaeTCsl OKa HESICHBIM.
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Cornacuo Bropoii runoreze, HUJIN oxa3biBaeT
BIMSIHUE Ha OKUCIUMETbHO-B0CCIMAHOBUMENbHbBLE
C80IICMBA NEPEHOCYUKOE PIIEKTPOHA U, TEM CaMbIM,
Ha CKOPOCTH TOTOKa AJIEKTPOHOB B MoJsekyne [28].
Takke 1 B 3TON THUIOTE3€ MOJIEKYISIPHBIN MEXaHU3M
BIMSHHUA CBETAa HAa CKOPOCTh MEPEHOCA JIEKTPOHOB
ocTacsi HeOObSICHEHHBIM.

C 9T0#1 TOYKHM 3peHHs] OCOOCHHO OOJBIIOW WH-
TEepec, KaKk HaM IMpe/ICTaBIsETCsl, UMEIOT CTaBILNE
knaccuaeckumu padotsl T.Kapy na Hela kmerkax
[30, 31, 32], B KOTOpBIX OBUTH MOJIYYCHBI CIICKTPBI
JICHCTBHS 1 OBLT CIIeNIaH BBIBOJ O TOM, YTO B KPACHOM
1 uH(ppaKpacHO! 00JACTIX CIIEKTPa IIEPBHYHBIM aK-
LENTOPOM CBETA CIYKHUT LUTOXPOM C-OKCH/a3a.

Tpl/l rumnoTe3bl 0 MEXaHU3ME
OMOCTUMYJIMPYIOLLEro AeHCTBUSA
JIA3€PHOI0 U3JIYUYCHUSA

B 1994 1. Ha oCHOBaHWMH JIUTEPATyPHBIX U COO-
CTBEHHBIX SKCIICPIMEHTAIBHBIX TaHHBIX HAMH OBLITH
C(OPMYITHPOBAHEI TPH THUIIOTE3BI O MEXaHU3ME JICH-
cteus HWJIM Ha KieTKkH ¥ OopraHu3M 4eno-
Beka [1].

CornacHo mepBoit TUnoTe3e o omoou-
Hamuveckom Oelicmsuy Ta3ePHOTO H3ITyde-
HUSL, TIOCTIC ITOTVIOMICHHS (DOTOHA MOJICKYIJION
SHIIOTCHHOTO TIOpUPHHA WHHUIHHPYETCS
LenHasi peakius MNepeKUCHOrO OKHUCIECHHUS
nununoB (I1T0JI) B MemOpaHax KJIETOK U MU-
toxouapuii. [Ipouecc I1OJI mpuBoauT K yBe-
JIMUCHUIO TIPOHHIIAEMOCTH MeMOpaH Kile-
TOK ¥ MUTOXOHJIPUH, POCTY KOHIICHTPAIIHU
HMOHOB KaJIbLMsl B KJIETKAaX U MOCIIeAyIOIIeH
AKTUBALMK BHYTPHUKIETOYHBIX IIPOLIECCOB.

B kauectBe BTOpOro mexaHusma ObLia
MIpeAsIoKeHa gomopeakmusayus ghepmenma
cynepoxcuooucmymazvl (COL), oObscHsIO-
mast OOMBIIOe YHUCIIO HAOMIOnAaeMBIX S deK-
toB Bo3ueiictBuss HUJIM BoccTaHoBiIeHHEM
aktuBHOCTH COJl, MHAKTHMBUPOBAHHOHN TpH
camwkennu pH [5, 6, 45]. Kak u3BecTHo, HU3KHE 3HAUE-
Hust pH XapaxkTepHsbl [ 04aroB MIIEMHH U Bocralie-
Hust [19, 20, 39]. B HenaBHUX HcclieIoBaHUAK, IPOBE-
JeHHBIX B Hamel nadopatopun T.B.)Kunkosoi, paxrt
nHaxktuBauuu COJIl npu pH 5,9-6,0 noareepxaeH He
OBUI, ¥ TAaKUM 00Pa30M, MOKHO IPEATIOIOKHUTh, YTO
HaOJIr01aeMoe BO MHOTHMX CIIydasX BO3pacTaHHe ak-
tuBHOCTH COJ] mocne maszepHOro oOmydeHus 00y-
CIIOBIICHO HE (POTOpEaKTUBALIEH (PepMEHTA, a aKTHBA-
nueit ero ouocunresa [11, 15, 16].

TpeTbst rumoresa 0 BOSMOXHOCTH omonuza NO-
coodepoicawyux KOMIIEKco8 Ja3epHbIM H3ITyYCHHEM
OblTa TIpemIOKEHAa Ha OCHOBAHWH AHANOTHH TaKHUX
KOMIIJIEKCOB C KOMILIEKCAMHU T€MOIIPOTEHHOB C OKCH-

AKTUBaULMA
AeneHuna

JIOM YTIIEpOsia, YyBCTBHUTEIBLHOCTh KOTOPHIX K CBETY
0011Ien3BECTHA.

MoJiekyJsipHbIe OCHOBBI
poronrmHamMuyeckoi runoTe3bl

I'mnore3a o (oTonMHaMHUECKOM ISHCTBHU Jia-
3epHOTr0 M3Iy4deHus: Obuta chopmynupoBana B 1994
rogy [1] B kadecTBe MepBON THUIIOTE3bI JIEHCTBUS
HWJIU Ha xneTku u opraHusM B eaom. OHa ocHO-
BBIBAJIACh Ha YETHIPEX U3BECTHBIX K TOMY BPEMEHHU
dakrax: 1) npu geiicreun HUJIN wa numdoruTs
JKUBOTHBIX HAOJIONACTCS] YBEIMUEHHE KOHIICHTpA-
LMY KaJbIUs B IUTOIUIa3Me [27]; 2) mpu o0mydeHnn
M30JIMPOBaHHBIX MEMOpaH B MPHUCYTCTBUU TeMaro-
nopduprHa MPOUCXOAUT JMIMUIAHAS MEPOKCUAALINS
[17]; 3) nunuanas nepokcuaanus NPUBOAHUT K TO-
JIABJICHUIO AKTUBHOTO TPAHCIIOPTa MOHOB KaJIbIIHS
B MeMOpaHax SHAOINIA3MAaTHYCCKOTO PETHKYIyMa
[7, 8] m muToxonapwuii [46], a Takke K YBEITHUCHUIO
MIPOHMIIAEMOCTH MEMOpaH ISl 3TUX MOHOB; 4) IpH
JIeHICTBUM Ha JICHKOIMTHI KPOBU MPOAYKTOB JIUIHI-

HOpq)HpHH @ (Damau(mmauuﬂ

Axmu GAWUA KIemKu

TpaHcdopmauma
numboumToB

MpaitmuHr
daroyutos

Puc. 1. IlocenoBarensHOCTH cOOBITHI TIpH AevicTrur HUJIN Ha

KJIETKH COTTIaCHO (pOTOAMHAMHIYECKOH rumorese [1]

HOW mepokcuaaluu HaOmogaeTcs MpalMHHT STHX
KIeTok [35], 4uro mposBisieTca B 0ojee MOIIHOM
«pecrupaToOpHOM B3pbIBE» (CM. HU)KE) B OTBET Ha
JIEHCTBUE CTUMYJIA.

CoracHO TaHHOH THIIOTE3¢e, TOCIE0BATENFHOCT
coowrtuit mipu gevicteun HUJIM Ha winetku mMoxer
OBITH TIpE/ICTaBIICHA B CliemyromieM Bue (puc. 1): mo-
mionieHue gotoHa ¢oroceHcudbmmmzaropom (OC) —
ycuenue npouecca [1OJI B MemOpaHax KIeTOK U MU-
TOXOH/IDHSAX —> YBEIMUYCHUE KOHLICHTPAIMM HOHOB
KaJIBIIUS B KJIETKAX — aKTHBAIWS BHYTPHKICTOUHBIX
TIPOIIECCOB (MPEACTUMYIISIHS (HAroIUTOB M YCUIICHHE
uX OaKTePHUIMIHOU CIOCOOHOCTH, CTUMYIISINS Kie-
TOYHOTO JieNieHust U Jipyrue s¢dektsl). [Ipennonara-
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JIOCh, YTO TIEPBUYHBIM aKIIENITOPOM SABJIAIOTCS nopdu-
PHHBI, 00pa3yoIIrecs B OYCHb MaJIBIX KOJTHMIECTBAX B
TKaHSIX YeJIOBEKa U KMBOTHBIX.

Xotsl BBICOKAst (HhOTOAMHAMUYECKAs aKTHBHOCTB
nophUpPHHOB XOpOIIO M3BeCTHA [47], BIEepBBIE UX
CIIOCOOHOCTh BBI3BIBATH TIEPOKCHJIAIMIO JIMTTHIOB
n HakoruieHue nponykros IIOJI B mozpenbHON cH-
cteme Oblna mokasaHa B pabote [.M.KnebanoBa u
coanT. [12]. Bbulo oOHapykeHO, YTO TpU BO3ACH-
crBun HWJIN ¢ nimHO#M BoaHEBI 632,8 HM HA MHOTIO-
CJIOHBIE JMIIOCOMBI B MPHCYTCTBUU MPOU3BOAHBIX
reMarornoppupHHa MPOUCXOJUT HAKOIUICHHE IIPO-
nyktoB [1OJI B 3aBHCHMOCTH OT /03Bl OOJTyYEHUS.
[lpn sTOM a3mnm HaTpus (TYIIHTETh CHHIVIETHOTO
KHCIIOpPO/ia) BbI3bIBaN cHiKeHue ypoBHs [1OJI mpu
00IydeHUH. A B OTCYTCTBHH I'eMaTornoppuprHa Ha-
xorenus nponykros ITOJI e mpo-
ucxonuino. Takum o0pazoM, OXHUMU
13 nepBUYHBIX akuenropos HUJINU B
KpacHO#M 00JIaCTH CHEKTPa SABISAIOTCA
9H/IOT€HHbIE NOPPUPUHBI, KOTOPBIE,
BO-TICPBBIX, CIIOCOOHBI MOIVIOIIATH
CBET B OTOH OONACTH CIIeKTpa W,
BO-BTOPBIX, WHHUIIMHPOBATH 00pa3o-
BaHUE AKTHUBHBIX (OPM KHCIOpPOIA,
[JIaBHBIM 00pa3oM CHHIJIETHOTO, B
pe3yibTare 4ero MpOMCXOAUT MEPOK-
CUaus JIMIHJIOB.

JanbHelme uccie0BaHusl Moj-
TBEPAWIN BBIBOJA O TOM, YTO OCHOB-
goe nevicrsue HUJIM B KiIeTOYHEBIX
CTPYKTYpax OOYCIIOBICHO €ro BIIH-
SIHIEM Ha 00pa3oBaHHE CBOOOIHBIX
paaukanoB. bbulo mokazaHo, 4TO
kpacnoe HUJIN B npucyrcTBum 3k-
3oreHHBIX PC nannuupyet I10JI memOpan aumocom
[12], munonpoTen 0B mia3mbl KpoBu [43], memOpan
sputpouuTos [14, 17].

@arount

Hpeacrumyasinus (priming) JeHKOUMTOB
npu aeiicreun HUJIN

I'emMorno6uH KpOBM XOPOIIO MOITIOIIAECT CBET BO
BCEM BHAMMOM JAHANa30HE JUIMH BOJH BIUIOTH N0
npumMepHo 620 HM, HO KpacHBII CBET ¢ JJIMHOI BOJI-
HBI 632,8 HM IPOHUKAET B TKAHH JOCTATOYHO TI1y0o-
ko. [Ipu 3TO¥ 1ITMHE BONHBI reMaTornophupuHBI 00-
JIa1at0T 3HAUYUTENIbHBIM MOIIOIEHUEM U MOTYT CEH-
CHOMITN3UPOBATH JIUITOTIEPOKCHIAINIO B MEMOpaHax
KJIETOK KPOBHU. DTO MPUBOAUT K HAKOIUICHUIO IPO-
IYKTOB TIEPEKUCHOTO OKUCIICHHUS MEMOPAaHHBIX JIH-
MUJI0B B KJIETKAaX KPOBH, B TOM YHCIIC B MeMOpaHax
neikounuToB. CleACTBUEM ATOTO SBISETCS YBEJIUYe-
HHUE KOHIICHTPAI[MM HOHOB KaJbIUsi B LUTOILIA3ME

KJIETOK MO JeiicTBHUEM JiazepHOro ooiydenus [13].

Caz‘l MpencTumynaums

Beixon OoJBIIOr0 KOJTHYECTBA HOHOB KaJbIIUS
B IUTOIUIa3My TPHUBOIUT K BKIIOYCHUIO MCXaHU3-
Ma caMOCOOpKH (PEepMEHTATHBHOIO KOMILIEKCa
NADPH-okcuma3sl Ha HUTONIJIA3MAaTHYECKON MeEM-
Opane [10] u 3anmycky peakinuu oOpa3oBaHUsI Maphl
CYICPOKCUIHBIX PAIMKAJIOB B pPE3yJbTare OIHO-
SIICKTPOHHOTO BOCCTAHOBJIECHUS JBYX Mosiekyn O?
3a cuet okucienuss NADPH no NADP+ [9, 10, 22,
38, 42]. bBypHoe BblJeNieHHE CYNEPOKCUIHBIX PaH-
KaJIOB C OJIHOBPEMEHHBIM IOTIOMICHUEM KHUCIOPOa
HA3BIBAIOT B JIUTEPATYPE «IBIXaTEIbHBIM (pecrupa-
TOPHBIM) B3PBIBOMY». DTO SIBICHHE MOXKET OBITH BBHI-
3BaHO JIeHCTBHEM (PHU3NYECKHX (PaKTOpoB (HAmpu-
Mep, DICKTPHUYCCKOTO MMITYIbCA) WM XUMUYECKHAX
BEIIECTB - TIEPCHOCYNKOB NOHOB KaJbLHs, OTICOHU-
3upoBaHHOTO 3uMo3ana, DMA, pMJID.

XeMUNioMUHECLEHUMA, N
2.
+ ) —
1| Crumyn
‘ ' 1 J
© 0 5 10
4
g
+ ) — 2r
CTumyn
1 J
0 5 10
Bpema, MUH

Puc. 2. [lpenctumymanus (mpaiiMuHT), perucTpupyeMast o yCHUICHHIO
OTBETA KJIETOK Ha CTUMYJI (OIICOHU3MPOBAHHbIH 3MMO3aH) 110CJIe BO3/ICHCTBYA
HUWJIN [2]. [TpaiimMunr BbI3BaH GOTOCEHCHOMTH3UPOBaHHEIM nponeccoM [10J1,
KOTOpOE MPUBOIUT K BXOAY KaJIBIHS B KIETKY W YBEIHICHHIO YHCIIa
PELEenTOPOB T CTUMYJIA HA TOBEPXHOCTH KJICTKU H, KaK CIEACTBHE,
K 0OoJiee MOIITHOMY BBIOPOCY aKTHBHBIX (POPM KHCIOpOna

OnHako TpH JEHCTBUH Ja)Ke TOBOJBHO BBICOKHX
JI03 OOydeHHUsI JI0 ATOTO JIeT0 OOBIYHO HE JIOXOMMT.
Camo mo cebe W3IydYeHHE Ja3epPOB U CBETOIHOIOB
IPU €r0 HEMOBPEKIAIOIICH MOIIHOCTH CTHMYIISIIUH
KJIETOK HE BBI3BIBACT, HO M HE TPOXOAUT OECCIIEIHO.
I'M.KnebGanoBeiM u coTpyaHukamu [34] ObL10 moKa-
3aHO, YTO JIa3epHOE OOIyYEeHHE TPH IUIOTHOCTHU JIO3bI
1o 5 JIx/cM? TPUBOMHUT K «IPEACTUMYISIIIUNY WK
npatimuny nerkorutos [37]. IlpeactumMynmupoBaHHbIe
KJIETKH JaioT B 2-3 u Gonee pa3 Ooiee CHIBHBIN «IIbI-
XaTeNbHBIA B3PBIB» (BBIOPOC CBOOOIHBIX PaJMKAIIOB),
YeM MCXOJIHBIC, HEOOyUYeHHBIE JICUKOIUTHI (pHC. 2).

CucremHoe 1eiicTBHE H3JIYyYeHHUS
JIa3€poB U CBE€TOAUOA0B
BrI3BaHHOE 00NyYEHHEM KIICTOK KPOBH YCHIICHHE
BBIOpOCA PaJTMKAJIOB B OTBET Ha CTUMYJI — BaXKHBIN 3(-
(ekT Bo3aeHCTBUS M3ITy4YEHHEM JIa3epOB M CBETOJIH-
0JI0B, TIOCKOJIbKY aHTUMHKPOOHAs 3allUTa OCYIIEeCT-
BJIICTCA MMCHHO AKTHUBHBIMHU (I)OpMaMI/I Kucjaopoaa,
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T. €. COBOKYITHOCTBbIO aKTHBHBIX YacTHUI], 00pa3yro-
LIUXCS U3 CYNEPOKCUIHBIX PaIuKajioB (IepoKcua BO-
J0poJia, TUIPOKCUIIbHBIE PAIHUKaIbl, TUIOXJI0opUT). Ho
9TO - HE €IMHCTBEHHOE OIarONpHUsATHOE MOCIEeICTBUE
obmyuenust. [IpeacTuMyIHpoBaHHBIC JICHKOIUTEI BBI-

YeHHUs JIa3ePOB U CBETOAMOIOB Ha YeJOBEKa U JKU-
BOTHBIX. CaMblil pacrpocTpaHeHHbII METO/ aHAJIN3a
(YHKIIMOHATBHOW aKTHBHOCTHU JICHKOIUTOB (TpaHy-
JIOITUTOB U MOHOITUTOB) — 3TO U3MEPEHUE XEMUITIO-
muHectennuu (XJI), akTHBUPOBAaHHOHN JTFOMHUHOJIOM

WK JTIorUreHnHoM [ 3, 4]. Ucmons3o-

Nasep| Ceetoanon BaHME M3MEPCHUS KICTOYHOW XEeMH-
MopupuH  fyno- 7 JTIOMUHECIICHIINN B TIPaKTHkKe (HOTO-
nepokcupaums | MOMEKYNAPHLIA  onami o3BOMIIO GBI pemmnTh Ie-
l’ — ypoBeHb p T p o
0 1994 JIBIA Psii BAYKHBIX 3a]1a4.
MpoaykTel NMNO (A ) Pz a
= [Ipu mepBUYHOM OCMOTpE aHAIU3
XEMIJIIOMUHECLIEHTHOTO OTBeTa KIle-
» Knetounbii TOK KPOBU Ha CTHMYJ XapaKTEPHU3yeT
— ypoBeHb

(1997-2003)

HUCXOOAHYKO  aKTUBHOCTH (1)al"OI_II/ITOB

KpPOBH Y JIaHHOTO TIAIIMEHTa. JTO JaeT

Baktepuumaroe - OTBET HA BO3MOXHYIO AaKTHBAIHIO
neiictene  <€—MMO OO LIMTOKMHBI

o oxenpeccun copy | BHYTPY-Y BOCIAJUTEbHBIX  MPOLIECCOB  HIIH,

—— ::;“2:::“”““ HA000pOT, IIO3BOJISIET BBIIBUTH CO-

cUrHanuzauus H,0 >ipoayxre! 1IN0 CTOSIHME THUITIOKCHM TKaHeH OOILHOTO,

Puc. 3. DBosronus GOTOIMHAMUYECCKON THITOTE3bI
(B cXeMe UCIIONB30BaHbl ()parMeHTHI puc. 3 u3 paboTsl [34])

OpachIBAlOT B KPOBb MHOTO JIPYTHX BaXKHBIX COCIIH-
HCHUIA, BKIIIOYasi MOHOOKCHJI a30Ta M IUTOKUHBL JTO
BBI3BIBACT CHCTEMHBIA OTBET BCEr0 OpraHMU3Ma, IO-
CKOJIBKY OOJTyYEHHBIC B OJTHOM MECTE JICHKOILMTHI pa3-
HOCSITCSL 110 BCEMY OpraHH3My C
TOKOM KpOBH (pHc. 3).

Taxum obpazom, HUJIN, neii- 4
CTBYSI Ha JICHKOIIUTHI B MeECTe
O0yueHUs], BbI3BIBACT CUCTEM- Y Vad %
HBII oTBeT (puc. 4). OmHUM U3 5

B)XHBIX 9(PEKTOB MPHU 3TOM SB-
nsiercss BIUsHUE OOIy4YeHus Ha
MUKPOIUPKYJISIIHI0 Kpou [33].
XOopoIo U3BEeCTHA BEAyIIasl PO

-
-

YTO SIBJISICTCS FPO3HBIM KIMHUYECKHM
Inpu3HaKoM. B moboM ciiyuae naHHbBIE
XJI aHanu3a BakKHBI I TIPABUIILHOTO
oIpezeeHnss TaKTUKM JajbHEHIIero JedeHus WM
BBIOOpA TIPOPIITAKTUIECKIX MEPOTIPUSITHI.
Namenenne XJI oTBeTa B pesynbrare OONydYCHUSI
TpoOBI KPOBH CBETOM JIa3epa I CBETOIMOAA MTO3BO-
JISIET OLEHUTb BOCIPUMMYHBOCTD
(aronMTOB KPOBU JTAHHOTO TAIl-
CHTA K OOTy4YCHHIO. DTa XapakTe-
PHUCTHKA 3aBHUCHT, IPEXKIE BCETO,
OT COAEpKAHUA B KPOBU IeMaro-
nopQupHHa, HO TaKXKe U OT APYTUX
(akTopoB. OHa KpaiiHe Ba)KHA IS
OlpefieIeHnsT 03Bl  OOITydIeHHUS,
ONTUMAJIBHOM U1l JIaHHOIO I1a-
LMEHTa. DTU [03bl Pa3INyaroTCs

®

- -

MOHOOKCH/a a30Ta B ynmyuiieHun O T
MUKpOIUPKYJsiiuu  [23] KpoBH, 0 1
a mepoxcunurpura (ONOO )
[18, 26] - B ee Hapymennu. O6-
JTy4eHHbIe HEUTPO(UIIBI BIIEIS-
10T O0JIbIlIE MOHOOKCHIA a30Ta 3a
cuer ycuieHnus: ouocunresa NO-
cunrerassl [11]. C apyroit cropo-
HBbI, YCUJICHHAs MPOLYKLMS CYNEPOKCHIA MOXKET Bbl-
3BaTh 00pa30BaHKUE NEPOKCUHUTPUTA B €T0 PEaKLHH C
NO [26]. A 3T0 OKa)XeT HeTaTUBHOE JICHCTBHUE KaK Ha
MUKPOIMPKYIIINIO, TaK U Ha APyrHe (QyHKIMU OKPY-
JKAIONTUX KJICTOK U TKaHew [ 18, 26].

AKTHBHPOBAHHAS XeMUJIIOMUHECHCHIUS —
3¢ GeKTUBHBIH METOA U3YYeHHU S
necreusa HUJIN Ha KieTkn

W3mMenenre (QyHKIMH JECHKOIIMTOB — KITFOUYEBOEC
3BCHO B JIOKAJIbBHOM M CHCTCMHOM ,Z[CﬁCTBPIPI n3J1y-

Puc. 4. Bnusinue o0nyuyeHus yxa
JKHBOTHOTO I'eJINI-HEOHOBBIM JIa3ePOM
Ha aKTHBHOCTB JISHKOIIUTOB, BBIICJICHHBIX
13 IepudepuIecKoil KpoBH:

1 — oOmyueHHbIE )KUBOTHBIE,
2 — 0e3 00my4eHHs

2 5

Y Pa3HbIX JIFOJICH 1 TOJDKHBI OBITH
Mo100paHbl UHMBU/TyaTbHO.

IIpu npoBeneHuH ceaHCOB
(dororepanuu HEOOXOIUMO KOH-
TPOJMPOBATH PE3YNIBTAT MO PSIILY
rokaszaresiei, B TOM 4YHCJE IO
MOKa3aTel0  (YHKIHOHATBHOM
aKTHBHOCTH (DaroITOB KpPOBU
JI0 ¥ Tocie o0IydeHus MpoObl KPOBU. DTO IMO3BOIUT
BHOCHUTH KOPPEKTHUBBI B JaJIbHEHIIINE IPOLIEAYPHI.

Opnnako Meton n3MepeHus: kierouyHo XJI moka
HE Halles JODKHOTO PacIIpOCTPaHEHHUS B paboTe Jie-
4eOHBIX ¥ MPOPUIAKTUUECKUX YUPEKICHUIL.

C 01HO¥ CTOPOHBI, 3TO BBI3BAHO OTCYTCTBUEM CTaH-
JIApTU30BaHHBIX MeTonoB XJI aHanm3a (yHKIMOHAIIb-
HOM aKTHBHOCTH KJIETOK KpOBH. XOTS B JIUTEpPAType
MHOTI'0 padoT 10 U3y4EHHIO0 AKTUBHOCTHU KJIETOK KPOBH
¢ momotbio XJI, Bce OHU CYLIECTBEHHO Pa3INYatoTCs
0 Cc1oco0y MOATOTOBKH MPOOBI; CIOCO0Y U ATUTENb-
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HOCTU XpaHEHMs1 00paslia KPOBH MEXIy ee 3a00poM
U TIPOBEJICHUEM aHaJN3a; CIoco0y CTUMYJIHPOBAHUS
KJICTOK; YCIIOBHSIM PETHCTpPALIMH, BKIIOYAIOIINM TEM-
TepaTypy, COCTaB CPEIpl, CIIOCO0 TMepeMEeIINBAHNS 1
JUTATENTFHOCTD M3MEPEHHH; IOCIIeIOBATEIEHOCTH BBO-
JIa pearcHTOB U I10 APYTHM KPHTCPHSIM.

Puc. 5. Xemunromunomerp Lum-100

C npyroit CTOpPOHBI, OTCYTCTBYET U CHELHANU3H-
poBanHas ammaparypa aias XJI ananuza QyHKUIHO-
HaJIbHOM aKTMBHOCTH KJIETOK. BpImyckaembie mpo-
MBIIIICHHOCTEIO TPUOOPEI OPUCHTHPOBAHEI, TTIABHBIM
o0pa3oM, Ha OHOXMMHUYECKHE U NMMYHO(PEPMEHTHBIC
aHaJIM3bl U, KaK MPaBUIIO, HE 00JIalatoT TEXHUYECKH-
MH BO3MOXKHOCTSIMU JIJIs HNPOBEJCHHS aHAIU3a Kie-
Tounoi XJI. Takas anmaparypa HEJOCTaTOYHO 4YyB-
CTBHUTEJIBHA JUIS H3MepeHus cBepxcnadoit XJI keTok;
B HEll He 00€CTICUNBAKOTCS YCITOBHS TS TTOJICPIKaHHS
HOPMAJBHOTO (DYHKIMOHATEHOTO COCTOSTHHSI KJICTOK
(TepMocTaTHpOBaHUE, adpalusl) U sl BBOAA CTUMY-
JUpyroluX peareHToB. K Tomy jxe oHa npeaHa3zHaueHa
JUIS U3MEPEeHUsl eJMHUYHBIX 3HAYeHHH MHTEHCUBHO-
CTH CBEUCHHUS KaXk10ro 00pasla, B TO BpeMs Kak AJs
aHanu3a (PyHKIMOHAIBHOW aKTMBHOCTH KJIETOK Tpe-
Oyercst m3MepeHne KHHETHKH XJI, T. e. permcTparus
M3MEHEHHUs KIIETOYHOIO OTBETA C TEUEHUEM BPEMEHHU.

Jns pemeHnst 3TUX MpoOieM HalliM KOJUTEKTH-
BOM pa3paboTaHbl XEMITIOMUHECIICHTHAS METOIUKA

aHaJM3a aKTUBHOCTH (DaroiUTapHBIX KICTOK KPOBH U
CHeNUATU3UPOBAHHBIN TPUOOP — XEMHIITIOMHHOMETD,
MpeHa3HAUCHHBIN U TIPOBEJCHUS AaHAaJHM30B II0
aT0# Metoauke (www.chemilum.ru). [TpuHIMTIHATE-
HOW 0COOCHHOCThIO pa3pabOTaHHON XeMWITFOMUHEC-
[ICHTHOM METOJMKH SIBISICTCS TIPEIBAPUTEIILHASL CTU-
MYISIIHS (IPEICTUMYIIINS) KICTOK, IPUBOISIIAS K
MaKCHMaJIbHOMY KIIETOYHOMY OTBETY Ha OCHOBHOM
CTUMYJ U, COOTBETCTBEHHO, K MOBBIIICHUIO BOCIIPO-
W3BOJIMMOCTH U TOYHOCTH PE3YJIbTaTOB aHATH30B.

Pazpaborannsiii  xemmmomuHomerp  Lum-100
(puc. 5) sBISETCS KIOBETHBIM H3MEPHUTEIHLHBIM IIPH-
06opoM, obecreynBarOIlUM BCce HEOOXOAMMBIE YCIIO-
BUS JUIA ompeseneHus (DyHKIMOHATIBHOTO COCTOSHHUS
KJIeTOK. B HeM /15t n3MepeHusi MHTEHCUBHOCTH CBeUe-
HUSI MCIIONIB3YeTCsl (DOTOANIEKTPOHHBIA YMHOXHUTEIIb,
paboTaronmii B pexuMe cdeta (pOTOHOB, YTO TMO3BO-
JSIET TONYYHTh MAaKCHUMAaJbHYI0 UYyBCTBHUTEIHHOCTD
m3mepennit. [Tpubop Lum-100 comepxut BcTpoeH-
HBIA TEPMOCTAT YIS MTOAICPIKAHUS (DH3HOTOTHYECKOIT
TeMIepaTypbl HccleyeMoro odpasia, a Takxke oode-
CIIEUMBAET BO3MOXKHOCTD adpalyl 00pasloB U BBOJA
JIOTIOTHUTENBHBIX PEareHTOB B MPOIIECCEe N3MEPEHHS.

VYmpasnenne xemumomuHoMmeTpoMm  Lum-100
OCYIIECTBIISIOTCS C TOMOIIBIO TIEPCOHATHHOTO KOM-
MBIOTEPa C YHUBEPCAIBHBIM IIPOrPAMMHBIM 00ecIIe-
genuem PowerGraph (www.powergraph.ru), obecrie-
YUBAIOIIUM PETUCTPALUI0 U aHAIU3 KUHETHKH Xe-
MuroMuHectieHmu. Kpome toro, mpu6op Lum-100
OTIMYaeTCd KOMIIAKTHBIMH pa3MepaMHu M HHU3KUM
9HepromnoTpedieHrneM (MPH OTKIFOUEHHOM TEpPMO-
CTare), 4TO MO3BOJISICT MCIIOIB30BATh €T0 B MOOMITB-
HBIX U3MEPHUTEIBHBIX CHCTEMAX.

Pa3zpaboraHHble XEMWIIOMHHECUEHTHAs METO-
JIUKa aHaJIM3a aKTUBHOCTH (arolUTapHBIX KIETOK
KpoBU M XemuiaroMuHOMeTp Lum-100 moryT OBITH
MCTIONB30BaHBI IS OA00pa ONTHMANBHBIX 103 Ja-
3€pPHOTO M CBETOANOAHOTO OOIyUCHHS U I KOHTPO-
1151 32 3 hekTHBHOCTRIO (poTOTEpanuu.

Pabora BeIIOMTHEHA ITPH PUHAHCOBOI OIICPIKKE
MunucrepcTBa 00pa3oBaHus U Hayku PO.
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Braoumupos FO.A., Kuokosa T.B., IIpockypuin €.B., Izuaiinos /. FO.
Dakynemem ghynoamenmanvroi meouyurnu MIAY imeni M.B.Jlomonocosa,
Jlomonocoscwkuti np., 0. 31, kopn. 5, m. Mockea, 119192 Pocis,
men.:+7(499)147-55-08, e-mail: yuvlad@mail.ru

Ichytome mpu ocHOBHUX MexaHizMu Oii 8UNPOMIHIOBAHHS 11a3zepie [ C8IMN00i0di6 Ha KIIMUHU, MKAHUHU

iopeanizm: homoounamiunuil, 3acHOBAHUTI HA PEAKYISAX, BUKTUKAHUX Oicio enOoz2enHux nopipunis;, NO-3anexcnuil,
3acHO8aHUll HA (DOMONI3i KOMNIeKcie MOHOOKCUOY azomy 3 2eMosumu Oinkamu, i cynepokciodicmymasHuil,
nos’sazanutl 3i 3011bUeHHAM AKMUSHOCMI CYNepoKciodicMymasu 6 Kpogi i meepoux mKaHuHax ONnpoOMiHeHO20
opeanizmy. @omoouHamiyHa akmuseayis NinioHoi nepokcuoayii 6 JNeuKoyumax Kpogi CIY#CUms OCHOBHUM
MexaHizmom 6iocmimynioroyoi Oil uep8oH020 1a3epHO20 i C8iMN00I00H020 BUNPOMIHIO8AHHA. 1 0108HUM MemOOOM,
wo 0036016 3ibpamu Oani, AKi 006005IMb YOMOOUHAMIYHY Meopito Oii GUNPOMIHIOBAHHSL 1A3epi6 [ c8IMIL00I00Is,
0y6 Memoo aKkmusosanoi xemintominecyenyii 1eiukoyumis Kpoai.

Knrouosi cnosa: nazepne 6unpominioantsi, c6imio0ioone eUnpOMIHIOSAHHS, 1EUKOYUIMU, XeMiTIOMIHeCy eHYis,
XeMINnoOMIHOMemp.

STUDY OF LOW LEVEL RADIATION BIOSTIMULATION LASERS
AND LED’S CHEMILUMINESCENCE THE ACTIVATED WHITE BLOOD CELLS

Viadimirov Yu.A., Zhidkova T.V., Proskurnina E.V., Izmailov D. Yu.
Faculty of Fundamental Medicine, Moscow State University,
Lomonosov Prospect, 31, Bldg. 5, Moscow, 119192 Russia,
tel.: +7 (499) 147-55-08, e-mail: yuvlad@mail.ru

There are three main mechanisms of action of laser radiation and the LEDs on the cells, tissues and body: PDD,
based on the reactions caused by the action of endogenous porphyrins; NO-dependent, based on the photolysis
of complexes of nitrogen monoxide with heme proteins, and superoxide dismutase associated with an increase in
the activity of superoxide dismutase blood and solid tissues irradiated organism.Photodynamic activation of lipid
peroxidation in blood leukocytes is the primary mechanism of action biostimulating red laser and LED light. The
main method that allowed to collect data to prove the theory of photodynamic action of lasers and LEDs, was the
method of chemiluminescence activated white blood cells.

Keywords: laser light, LED light, white blood cells, chemiluminescence, chemiluminometer.
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