9KcnepumeHma/szaﬂ Uu Kiurudeckas d)apMaKO/lOZuﬂ

2017 Tom 80 Ne7 C. 15-19

BNUAHUE MENATOHUHA HA AKTUBALIMIO MUTOXOHAPUAJIBHOIO
nyTn ANOMTO3A NENATOUUTOB KPbIC MNMPU NEPCUCTEHLUA

BAKTEPUAIIbHOU UH®EKLMK

W. N. Xypakosckum, C. A. Apxunos’

Ha 24 nonoBo3pensIx kpplcax-camnax Bucrap, y KOTOPBIX ¢ IIOMOIIBIO 30JI0THCTOTO CTaIIIO-
kokka (mramm 209) co3naH odar XpoHHUeCKOH MH(EKIHH B 6ONbIeOeploBOi KOCTH, H3ydYeHa
BO3MO)KHOCTh MHAKTHBAIIMH MHTOXOHJPHATBEHOTO ITyTH aIoONTO3a B TEMaTOIHUTaX KpbIC. 12 Xu-
BOTHBIM BHYTPHOPIOIIMHHO BBOIWJIM MEJNAaTOHMH B J03¢ | MI/KIT B BeuepHee Bpems
(20:00 —20:30) B Teuenue 7 qHel. [ U3yueHMS SKCIPECCUU B KJIETKAX MEYCHU OCITKOB, TPUHH-
MaloInX y4acTue B perymsinuu anonrorosa (Bel-2, Bax, Bad, p53), a Taxxke mapkepa nponude-
pauuu Ki-67, ncrnonb30Bany AByXdTanHbli KMMYHOTHCTOXUMUYECKH MeTos. [IpoBenenHoe uc-
CJICIOBaHUE TTO3BOIMIIO YCTAaHOBHUTH, YTO MEJIATOHHUH Y SKCIIEPHMEHTAIBHBIX KHBOTHBIX, HMEIO-
IUX OTJAJCHHBIH OYar XpOHWYECKOW OakTepuanbHONW MH(QEKLUUH, CIIOCOOCTBYET YMEHBIICHHIO
3aCTOMHBIX SBIEHHI B CHCTEME ITEYSHOYHBIX BEH M YITyUIICHHIO MUKPOIUPKYIISIINH, YMEHBIIAET
BBIP2KCHHOCTD JTMM(OTUCTHOLUTAPHOH HHPHIBTPAU B 00JIaCTH MOPTAJIBHBIX TPAKTOB M Ipe-
MSTCTBYeT (DOPMHUPOBAHHMIO IMCKPETHBIX HMHOHUIBTPaToB. Kpome TOro, oTMedaroTcs MpH3HAKH
WHAKTHBAIlH MHTOXOHIPHAIBHOTO ITyTH allolTo3a B MapeHXMMAaTO3HBIX KJIETKaX, 00yCIOBICH-
HbIE OJJHOBPEMEHHBIM HOBBILICHUEM dKcrpeccun Oenka Bel-2 Ha 185 %, p < 0,0001, u cHikenue
skcnpeccnn 6enkoB Bax (Ha 27 %, p = 0,008) u Bad (na 42 %, p < 0,0001), a Tax >ke yMeHbIIIe-
HHUE ITyJ1a TenaTolUTOB, SKCIPECCUPYIOIUX IUTorazmMarndeckuii pS3 Ha 50 %, p <0,0001, u
KOMITCHCAaTOpHOE MOBBIIICHUE UX MponudepaTuBHON akTHBHOCTH HA 133 %, p < 0,0005.

KioueBble cjioBa: MENaTOHUH; anoITo3; IeNarouuThl; OakTepuanbHas nuHdpekuus; Bel-2;

Bax; Bad; p53; Ki-67.

BBEOEHUE

ComracHO COBPEMEHHBIM MPEACTaBICHUSM, AaroNTo3
UTPaeT BaXXKHYIO POJb KaK B IMpOIEcce IMOPHOHAIBHOTO
pa3BUTHA, TaK U B OHTOTEHE3e B 1esioM [6, 12]. Bo B3poc-
JIOM OpPraHu3Me 3TOT MPOLECC HAOMIONAETCS B Pa3IMUHBIX
TUTIAX TKaHH, TIIE BBITOIHSET POJIb TOMEOCTATHUECKOH pe-
rymsiiun.  Peanmzamust  3amporpaMMHpPOBAaHHON THOETH
KJIETOK MPOMCXOAUT U NPH Pa3IUYHBIX NaTOJIOTMYECKUX
cocrosHusax. Kak u3BecTHO, 3T0 MHOIOCTYIIEHYAThIN IIPO-
necc. Ha mepBom 3Tare mpoucxXonuT HHAITUAIAS U TPAHC-
JyKITUST TIPOATONTOTHYECKoro curHana [8]. 3a aumu cie-
nyet a3ddexropHas dasa, B X01e KOTOPOH NMPOUCXOAUT aK-
THUBaLMs Kacla3zHOM cucTembl KieTku. Ha 3akmrounTensb-
HOW cTaauyM pa3BUTHUA  AlONTOTHYECKOrO IIpolecca
HacTymaetr (asa Jerpajanui KISTKH, XapaKTepH3yIomasi-
¢l IeCTpyKIUUeH KieTouHoro Matepuana [8, 13, 14].

CymiecTByeT HECKOIBKO IMyTel pa3BUTHS 3((EKTOPHOI
¢aspl arnonrto3a, NPUHIUIHAIEHOE OTININE KOTOPHIX 3a-
KIIIOYAeTCsl B MEXaHW3ME HHULHUALUKA U TPaHCIYKIHH
MIPOAIONTOTUYECKOTO CHUrHasia. B Hacrosiee Bpems y
MJIEKONUTAIOIIMX OIMCAHO 3 OCHOBHBIX IIyTH MHULIMALMH
aroITo3a: MUTOXOHAPHAJIbHBIN, TUIUIHBIN 1 Fas-3aBucu-
mblii [11, 14, 16].

[TokazaHo, 4YTO MUTOXOHAPHAIBHBIN MyTh HHUIIHAIIAN
aTIoTTO3a SBIISIETCS 3aBUCHMBIM OT B3aUMOJICHCTBHS OO0JTh-
LIOT0 KOJIM4ecTBa OEJIKOB-PEryIIATOPOB cemeiictBa Bel-2.
benku »TOro cemeiictBa MOCTOSIHHO TpEACTaBIEHBbl Ha

! ®I'BOY BO HI'MY Munsapasa P®, Pocens, 630091, HoBocu-
oupck, Kpacusiii mp., 52.

© 2017 Konnexkrus aBTOpOB

15

BHEIIIHEH MHUTOXOHIpHaIbHONH MemOpane. bemnok Bcel-2 n
ero romonoru (Bcel-xL, Mcl-1 u np.) BIIONHSIOT QyHK-
MO 3alIUTHI KIETOK OT anonto3a. ®akrop Bcel-2 mommep-
JKUBAeT MHAKTUBUPOBAHHOE COCTOSIHHME IPOAroNTOTHYE-
CKOTO OETKOBOTO KOMIUIEKCA, B COCTaB KOTOPOTO BXOMAT
npokacmnasza-9 (Apaf-3), agantep Apaf-1, ¢naBonporenn
AIF, muroxpom ¢ (Apaf-2), daxrop Smac u psn Opyrux
(akropos [4, 13].

JiutensHoe cyuiecTBoBaHHME (HOKAJIBHOW MEPCUCTHU-
pyIoIei HHPEKINH BBI3BIBACT ONPECIICHHBIC I3MEHEHUS
B ()YHKIIMOHUPOBAHUN OCHOBHBIX TOMEOCTATHYECKHUX CHC-
TEM, U KaK CIICJICTBUE, CTPYKTYPHYIO MIEPECTPOMKY opra-
HOB U TKaHeil. OnucaH CUHIPOM COYETaHHBIX JAUCTPOQH-
YECKHU-JIETeHEPAaTUBHBIX H3MEHEHUH MEe3eHXHMaJIbHbIX
IIPOM3BOAHBIX IPHU JIOKAJIBHOM XPOHMYECKOM BOCIAJIM-
TeNBHOM Tiporiecce [1], mpu GopMHupOBaHUHE KOTOPOTO B
NeYeHH HaOIONAIOTCs MPU3HAKU HecTenn(UIecKoro pe-
aKTUBHOro remnarura. [IpuHumas BO BHUMaHUeE, 4TO NpHU
9TOM IPOUCXOIUT AKTUBALMS MHUTOXOHAPHAJILHOIO IyTH
aroITo3a IenaroluToB [2], IpeICTaBIsAeT UHTEPEC U3yye-
HHUE BO3MOKHOCTH OJIOKa bl MITM HEUTpaIu3aluy JaHHOTO
npoiiecca.

B nacrosimiee Bpems SIBISIETCS YCTaHOBIICHHBIM, YTO,
MOMHMO PUTMOPTaHH3YIOImEero dpQpeKra, MEIaTOHHH 00-
JIalaeT BBIPAXKEHHBIM aHTHOKCHIAHTHBIM U HMMYHOMOY-
JUPYIOUINM JIEUCTBUEM. B TMOBBINIEHHOW KOHIICHTPAIIUH
MEJIaTOHUH CBSI3bIBACT CBOOOIHBIE paJUKajbl KHUCIOPOAA
[15], B TO Bpems Kak B ()U3UOJIIOTUYECKOW — BBICTYIIAET
KaK pETYyISTOp OKHUCIUTEIBHO-BOCCTAHOBUTEIBHBIX (ep-
MEHTOB [9], cympeccop NPOOKCHAAHTHO WHHULIMUPOBAaH-
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HBIX U BOCMAJIMTENbHBIX Npoueccos [10], a Takxke Kak MH-
TOXOHJIpUAJILHBIN MonynaTop [7].

Lenbto HACTOAIIETO UCCTIEIOBAHUS SIBIISUIOCH U3yUEHHE
BJIMSIHUSL MEJIATOHMHA Ha MHAYKLIUIO0 MUTOXOHAPHAILHOTO
MyTH aroliTo3a B TeNaTrolUTaxX KpPbIC MPH MEPCUCTEHINH
OakTepuaabHON MHDEKINH.

METOAbl NCCNEAOOBAHUA

DKcrepuMeHTHI TTpoBeaeHb! Ha 30 MOII0BO3PEIBIX KPBI-
cax-cammax Bucrap ¢ ucxomnoit maccoit 180 — 220 r (Bu-
Bapuit ®I'bOY BO HI'MY Munzapasa P®, Hosocu-
Ooupck). Y 24 >KHBOTHBIX IMOJ OOIIMM HMHTJISITHOHHBIM
HApKO30M BBITIOJTHEHA TpENaHalus O00bIIe0epIioBOM KOC-
TH C TOCIEAYIOIINM TAMIOHHPOBAHUEM OTBEPCTHS XJIOM-
4aToOyMa)KHOW HUTHIO, HaXOUBIIEHCs B TedeHne 30 MUH
B CMBIBE CYTOYHOH KymbTYphl S. aureus (mrtamm 209).
[IpenBapuTeapHOE MCCIIETOBAHIE TIO3BOIHIO YCTAHOBUTE,
YTO MpH MO00HONW 00pabOTKE HUTH HA HEH CONCPKHUTCS
107 xomoHmeoOpasyoIux eauHMI. B mociemyromem y
KPBIC Pa3BHBAJICSI OCTCOMHEIHUT OONBIICOEPIIOBON KOCTH,
9TO MOATBEP)KIAIH PE3yIbTaTaMi MOP(OIOTHIECKOTO HC-
cnenoBanus. MccnemoBanue mpoBomuun depes3 2 U 3 mec
MOCJIe BOCIIPOM3BEICHUS OYara XpOHHYIECKOTO BOCIIaje-
HUs B Tpymmax: | — Bocnasienue 2 mec (6 Kpwic) u 2 —
Bocmasnenue 3 mec (6 KpbIC).

Jns u3ydeHUs BIMSHHS MEJATOHMHA HA aKTHUBAIUIO
MUTOXOHIPUATFHOTO ITyTH aIlolT03a TelaTOUTOB KpPbI-
caMm 3a HeJeJo 0 CpOoKa 2 MeC OT MOMEHTa BOCIIPOU3BE-
JICHUS Y HUX XPOHUYECKOTO BOCHAJICHAS] BHY TPHOPIOIINH-
HO BBOAWJIM wu3y4aembldi mnpemnapar (mematonnH [CN
Biomedicals Inc., USA) B mo3e 1 Mr/kr B BeuepHee BpeMst
(20:00 — 20:30) B Teuenue 7 el (rpymnmna 3 — Bocmaie-
HUE + MeNaToHuH, 2 Mec, 6 Kpbic). B rpymnmy 4 (Bocmare-
HUE + MeNaToHuH, 3 Mec, 6 KpbIC), ISl YTOUHEHUS] OT/a-
JICHHOTO pe3yJbTara JCUCTBHS Ipenapara BOIDIA JKABOT-
HBIC Yepe3 | Mec mocie OKOHYAHHS Kypca BBEICHUS Mela-
TOHMHAa. B KkadecTBe KOHTPOJII HCIONB30BAIH 6
MHTaKTHBIX KPBIC. DKCIIEPUMEHT BBIIIOJIHSIIA C COOIIOIC-
HHUEM TPHUHIUIIOB T'YMaHHOCTH, M3JIOKCHHBIX B THPEKTH-
Bax EBpormeiickoro coobmectsa (86/609/EEC) u Xenbcun-
CKOM ISKJIapaIIH IO 3aIUTE TI03BOHOYHBIX )KUBOTHBIX, UC-
MOJB3YEMBIX I JIAOOPAaTOPHBIX M MHBEIX Heiei. JKuBot-
HBIX BBIBOJWIIN U3 SKCIIEPUMEHTA IIyTeM JeKallUTallH.

B nensix MakcUManbHOTO COXpaHEHUS MPUKU3HEHHOTO
B3aMMOJICHCTBUSL MUKPOLIMPKYJISITOPHOTO pyciia U KOpHE
TUM(aTHYECKOH CUCTEMBI, OTMBIBAHUS TIEYEHU OT KPOBH
He mpou3BoAuiIu. Marepuan ¢uxcupoBanu B 12 % dop-
ManuHe. U3 3anuThiX B mapaduH 0ObeKTOB Jealli CepHii-
HBIE CPE3bI TONIIMHON 7 MKM, KOTOpBIE /17151 0030pHOI CBe-
TOBOM MHKPOCKOIHHU OKPAIIUBAJIM TeMaTOKCHIMHOM Op-
JUXa W 203UHOM. {7151 M3yyeHHs SKCIPEeCcCuH B TenaroLu-
Tax OJKOB, NPUHUMAIOUIMX Yy4YyaCTHE B MEXaHH3Max
WHUIMALUN U TPOJIOHTUPOBAHUHU ANIONTOTHYECKOTO PO-
necca B kietkax (Bcl-2, Bax, Bad, p53), a Takxe mapkepa
nponugepanun (Ki-67), ucrnons3oBaiu AByX3TAITHBIA UM-
MYHOTUCTOXUMHUYECKUN MeToA. [leMacKUpOBKY aHTHre-
HOB IPOBOAMJIM IPU UHKYOUPOBAHUU Jernapa@uHUPOBaH-

N. 11. KypaxoBckuii u C. A. ApxunoB

HBIX Cpe30B B pacTBope TputoHa X100. B kauectBe mep-
BUYHBIX aHTUTEN ucronb3oBanu: Anti-Bcl-2 (Isotype:
Mouse IgGl, Clone: 7; BD Biosciences), Anti-Bax
(Polyclonal Rabbit Anti-Mouse/Rat; BD Biosciences),
Anti-Bad (Isotype: Mouse IgG2b, Clone 48; BD
Biosciences), Anti-pS3 (Novocastra NCL-p53-CM5p,
Isotype: Mouse IgQG), Anti-Ki-67 (RTU-Ki67-MM1,
Isotype: Mouse; Novocastra). IIpemaparsl mocrnenoBa-
TENFHO MHKYOMPOBAIHN C «IIEPBBIMH aHTUTEIAMID» K COOT-
BETCTBYIOIIUM MapKepaM, BTOPHIMH OHOTHHIINPOBAHHBI-
MU aHTHTEIaMH, CTPENTaBUINH-TIEPOKCHIA3HBIM KOM-
IUIEKCOM M Ha KOHEYHOM 3Tale OKpPacKd — B PacTBOpE
mumamuaoOem3uanHa (DAB), comepkamem H,O,. 3oHBI
KJIETOYHBIX MEMOpaH WM LUTOIIa3Mbl, COAECPIKAIINE BbI-
SBIISIEMbIE AHTUTEHBI, OKPAIIMBAINCh B crenuduyecKuit
TEMHO-KOPUYHEBBIN 11BET. THTEHCUBHOCTH TaKOW OKPACKH
IPSIMO TPONOPLIUOHATFHA KOJIMUECTBY IKCIPECCHPYEMOTO
MapKkepa.

AHamM3 HHTCHCUBHOCTH AKCIIPECCHX OEIKOB 1 IUIOMIA-
I, Ha KOTOPOIl OHA BELIBILIIACH, TIPOBOIIIIH C TOMOIIIBIO
CBETOONTUYECKOTO MHUKPOCKONA U MOP(HOMETPHUUECKOTO
KomIIiekca Ha 6aze mukpockomna Micros MC 300A, mud-
poBoit kamepsl CX 13¢ ¢pupmbl Baumer u nporpamMmmHOT0
obecneuenus Image] 1.42g (HauuoHanbHBIA HHCTHTYT
3nopoBbst, CIHIA). Jlns Kaxmaoil SKCIepUMEHTATbHOM
TpyIIEl OlleHUBaNH 110 48 n3o0paxenuid. [Inomans mnpe-
napara, nojy4aeMoro Ha OJJHOM U300pa’keHHH, COCTaBIIS-
na 21455 mxm?. Onpesiessui WIONa/ib U3y4aeMbIX KOM-
MApTMEHTOB (50;,), CPEAHEE CEPOE 3HAYCHUE HX SIPKOCTH
(746,), @ TAKKe CpefHee cepoe 3HaueHHE SPKOCTH (oHA
(Vpona)- 3aT€M BBIYHMCISUIM: 1) MHTCHCHBHOCTb OKPACKH
(ona (i04y,) TO GOPMYIIE: 0010 = 255 — Fpoya> 2) MHTCH-
CHBHOCTH OKPAacKH OOJIaCTH, 3aHUMAaeMOIl BBLIBISICMBIMU
KOMIIOHEHTaMH (10,g,), 1O (QopMyne: ios, =255 —Fyg, —

[0 oy 3) OTHOCHTEIIBHYIO TUIOLIAb S, oy IO HOPMYIIE:

- 100/s 3].

SO6J'170TH = So6n MuKpodoTorpadun [

CTaTuCTHYECKYI0 00pabOTKY pe3yNBTaToOB MPOBOIIIIH
¢ wHcmoib3oBaHueM mporpammel  “SPSS 11.5 for
Windows”. [lpu cpaBHeHHH MOKa3areyneld HCCIIeayeMbIX
TPy UCTIONB30BAIN METOIBI HellapaMeTPUIEeCKON CTaTH-
CTUKH, B CBSI3U C HEHOPMAJIbHBIM paclpe/ieJICHUEM 3Hade-
HUH B BapHAaIMOHHBIX psifax. UHMCIOBBIC TaHHBIC IPUBE-
ICHBI B BHJIE Menuanbl (Me) u WHTepKBAPTHIILHOTO pas-
Mmaxa (Q;; Qs). JloCTOBEpHOCTb Pa3IUUUil OLICHUBATU C
HCTIONI30BaHNEM HEMapaMeTPUIECKOTo KpUTepus s k
He3aBUCUMBIX BbIOOpok (Kpyckaiia — Yoiutnca).

PE3YJIbTATbl UCCIIEAOBAHUA
N X OBCYXAEHUE

IlaTonornueckne M3MEHECHHS B TKAHU IICUCHHU qepes
2 Mec ToCIe CO3JIaHusI TIepU(EepUIecKoro oyara OaKTepu-
ANBHON MHQEKIINU CBUACTEIBCTBOBAIH 00 MMEBIINX Me-
CTO MUKPOUMPKYJATOPHBIX HapyLIEHUSIX, COIIPOBOXKIAI0-
mux 3aCTOMHBIC SIBJIEHUS B CHUCTEME II€YECHOYHBIX BCH,
pasBuBILeiics Ha 3TOM (pOHE TKAHEBOW THIIOKCHU C yMe-
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PEHHBIMH AUCTPOPUUESCKUMHU M3MEHEHUSMU MapeHXHMa- TOK, pa3pacTaHue COCTUHUTEIILHOM TKAHU B O0JIACTH TPHU-
TO3HBIX KJIETOK; BOCHAINTEILHONW PEaKIUH, MPOSBISIB- al, B CTCHKaX W OKPY)KCHHMH IICHTPaJbHBIX BEH, WU
mielcss B MHOWIBTPAIMK TOPTAIbHBIX TPAKTOB JIUM(pOTH- YCWJICHHE aKTHUBAIIMF MUTOXOHAPHUAIHHOTO ITyTH aronTo-
CTHOIMTAPHBIMU 3JIEMEHTaMM, & TaKXKe HaJWM4YWd JIUC- 3a TEMaTolMTOB, MO0 CPABHEHUIO C TPYIIION WHTAKTHBIX
KPETHBIX WH(HUIBTPATOB C KOHICHTpAIMEH JIMM(POUTHBIX JKMBOTHBIX (Tabnua).

SIIEMEHTOB B MECTaX CKOIUICHHs ITUCTPOPHUUECKH H3Me-
HEHHBIX TenaronuToB. OTMeuany MATPANNIO TyYHBIX Kile-

ITpu n3yueHnn MOpQOIOTHICCKON KapTHHBI CPE30B TIe-
YeHH, B OTIMYHE OT Tpynmbl | (Bocmanenue, 2 Mec), y Ku-

Bausinne MeJIaTOHHHA HA YPOBEeHb 0€JIKOB-PEryJisiTOPOB anonTo3a v npojudepanuu B renaTonuTax Kpbic (MMMYHOTHCTOXMMHYECKOE HCCJIeN0-

BaHUe) HA (oHe IKCIePUMEHTATBbHOI XPOHHYECKOil cTahHI0KOKKOBOIi nH(eKknnu 6oapmedepuosoii Koctn (Me (Qq; Q3))

Bocnanenue Bocmnanenue + MeIaTOHUH HTaKkTHEIE
ITokazarens rpynna 1 rpymnmna 2 rpynna 3 rpynna 4 rpynna 5
2mec N=6 3mec N=6 2mMec N=6 3mMec N=6 N=6
OtHocurensHasg wio- 5,96 (3,66, 8,23) 4,52 (2,98, 6,98) 1,18 (0,68, 2,03) 2,59 (1,70, 3,95) 2,27 (1,26, 3,34)
[aJb T€NaTOLHUTOB, p1 <0,0001 P, <0,0001
SKCIPECCUPYIOMINX p3<0,0001
Bad, %
HHuTeHcuBHOCTH 34,0 (34,2, 39,1) 34,6 (28,6, 39,3) 43,4 (28,7, 48,0) 49,5 (44,0, 55,1) 31,0 (29,5, 32,7)
OKpAIUBAHU I'e- P <0,0001 P, <0,0001
MaTOIUTOB, IKCII- p3<0,0001

peccupyrommx
Bad, y. e.

OTHOCHUTENBHAS ILI0-
IaJb TENaTOLNUTOB,
IKCTIPECCUPYIOMINX
Bax, %

HMHTEHCHBHOCTD
OKpAIlUBAHUS I'e-
[IaTOLUTOB, SKCII-
peccupyronmx
Bax, y. e.

OTHOCHUTEIBHAS ILI0-
a b TeraTolKTOB,
IKCTIPECCUPYIOMINX
Bcel-2, %

HHTEeHCUBHOCTD
OKan_IHBaHI/ISI re-
[IaTOLUTOB, SKCII-
peccupyonmx
Bcel-2,y. e.

OTHOCHUTEIbHAS ILI0-
a/ib I'eMaTolKTOB,
IKCTIPECCUPYIOMINX
p53, %

HMHTEeHCHBHOCTD
OKan_IHBaHI/ISI re-
[IaTOLIUTOB, SKCII-
peccupyrommx
p53,y.e.

OTHOCHTEIIBHAS TII0-
IIAb IenaToLUTOB,
JKCTIPECCUPYIOMINX
Ki67, %

HMHTEHCHBHOCTH
OKpAIlIUBAHUS T'e-
MMaTOLMTOB, SKCII-
peccupyronmx
Ki67,y. e.

1,79 (1,17, 3,41)

48,1 (42,1, 65,9)

2,37 (1,17, 4,10)

33,3 (24,4, 43,2)

0,79 (0,47, 1,39)

52,5 (50,4, 54,7)

0,50 (0,23, 0,96)

33,5 (31,8, 39,4)

2,23 (1,38, 3,05)

42,1 (39,0, 45,7)

2,78 (1,63, 3,72)

38,0 (32,0, 42,4)

4,19 (2,75, 6,30)

41,0 (38,2, 45,7)

3,54 (2,24, 4,81)

49,6 (45,0, 54,9)

0,80 (0,45, 1,17)
P, <0,0001

53,5 (49,0, 58,7)

2,60 (1,98, 3,27)

48,6 (45,3, 55,4)
p, <0,0001

1,99 (1,54, 3,00)
P, <0,0001

49,2 (42,4, 56,0)

3,28 (2,20, 5,65)

P, <0,0001

49.4 (47,7, 54,1)
P, <0,0001

1,63 (1,11, 2,32)
p, = 0,008
p5 <0,0001

49,7 (43,7, 53,4)
p, <0,0001
p3 = 0,005

5,14 (3,51, 7,14)
p, <0,0001
p3 <0,0001

49,0 (46,2, 54,9)
P> <0,0001

2,08 (1,82, 2,58)
p, <0,0001

58,6 (56,4, 62,0)
P> <0,0001
5 <0,0001

4,72 (3,97, 6,48)
P, < 0,0005
ps=0,014

42,6 (41,8, 45,0)
P> <0,0001
p3<0,0001

1,55 (1,04, 2,87)

24,6 (20,5, 27,1)

7,50 (4,49, 10,49)

28,9 (24,7, 32,1)

2,66 (1,60, 4,33)

35,1 (32,9, 47,1)

4,03 (2,72, 6,74)

37,5 (32,3, 42,3)

IIpumeuanme: rpymnmna 1 — 2 Mec nocie HHOKYJIALUU S. aureus; rpyina 2 — 3 Mec 110cje HHOKYJISILUY S. aureus; TpyIina 3 — BBEJICHUE MEIATOHUHA B TEUCHHUE
7 nHeW 3a HEJeNIo 0 CpoKa 2 MeC ¢ MOMEHTa MHOKYJSIIUH S. aqureus; Tpynna 4 — depe3 1 Mec mociie OKOHYaHUs BBEJCHHS MelaToOHHMHA (3 Mec mocie
UHOKYJIILMK S. aureus). p; — JOCTOBEPHOCTb Pasiv4uidl Mexay rpynnamu 1 u 3; p, — J0CTOBEPHOCTb PasivMuuil Mexay rpynnamu 2 u 4; p; —
JIOCTOBEPHOCTD PA3IMUYMN MEXIY rpynmnamu 3 u 4.
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BOTHBIX IpyHIbl 3 (BOCHajieHue + MEeJIaTOHUH, 2 MecC) OT-
Meuaad yMEHbIIEHUE 3aCTOMHBIX SIBICHUI B CUCTEME Ie-
YEHOYHBIX BEH M YNyUIlIEHHE MHUKPOLUPKYISAIHUU, CTana
MEHee BBIPAXKEHHOW TUM(pOrUCTHOLUTAPHAS UHDUIBTPA-
sl B 0071aCTH MOPTATIBHBIX TPAKTOB, 3HAUUTENBHO MEHb-
1iee MPUCYTCTBUE B JaHHBIX MH(MUIBTpATaxX TYUYHBIX KIe-
TOK, OTCYTCTBOBAIM AUCKPETHbIC WH(UIBTPAThl, MEHEE
BBIPAKEHHBIMH CTaIN JUCTPO(UUIECKHE U3MEHEHHUS remna-
TouuToB. Kpome Toro, orMevany npu3HaKu MHAKTUBALUY
MHUTOXOHJPHATIBHOTO IyTH aloNTo3a B MAPEHXUMATO3HBIX
KJIETKaX U KOMIICHCATOPHOE IMOBBIIICHUE UX Mponudepa-
TUBHOW aKTUBHOCTH (TaOiuua).

Mopororndeckoe UCCICIOBAHNE TPEIApaTOB NEICHU
gepe3 3 Mec Mocie Co3MaHus odara OaKTepHaTbHON WH-
(PeKIMN CBUIETEIHCTBOBAIO 00 YCHICHUH MHUKPOLIHUPKY-
JSTOPHBIX HApPYIIEHHUH, COMTPOBOKIABIINX 3aCTOWHBIC SB-
JICHUSI B CHCTEME IICUYCHOYHBIX BEH, HAJMYMH BBIPAKCH-
HBIX OHCTPO(QUYECKNX W3IMEHCHHH MapeHXUMAaTO3HBIX
KJICTOK W MH(MWIBTpanueil mopTaabHBIX TPAKTOB JTHM(O-
THCTHOIUTAPHBIMH SIIEMEHTAMH C BBICOKHUM COICp)KaHH-
€M MaCTOIIUTOB, BRIPAKCHHOE pa3pacTaHhe COCAUHHUTEIb-
HOH TKaHH B OOJIACTH TPHUAIl, B CTCHKAX M OKPY)KCHHH LICH-
TPaJbHBIX BEH, OTMEYAJIOCH JajbHEIIee YCHIeHHe aKTH-
BaIlMd MHTOXOHJIPHAIBEHOTO ITyTH aIloINTO3a TeIaTONNUTOBR
10 CPAaBHEHHIO C HHTAKTHBIMH KHBOTHBIMH.

B ormanennslii mepuoj mociie MPOBEIEHHOTO Kypca
BBE/ICHHS MENATOHMHA (Tpymnma 4 BocHaleHHe + MeyiaTo-
HHUH, 3 MecC), NPH H3y4YCHHUH CPE30B IECUCHH OTMEYain
HOPMAJIM3AIMIO THaMeTpa IICHTPAIbHBIX BEH, KOTOpHIC
Yamie BCEro OKa3bIBAINCH CBOOOIHBIMH OT (DOPMEHHBIX
3JIEMEHTOB; CHHYCOMIHBIC KAIMJUIAPHI, PacIOIOKCHHBIC
MEKIy TEUCHOUHBIMH OankaMmy, ObITM HE PacUIMPCHBI, B
HUX OTCYTCTBOBAJH SPUTPOLUTAPHBIC arperarsl; rernaro-
IIUTHI UMETTH OOBIYHYTO (hOPMY M BEJIMUMHY, SIpa 3aHUMa-
T LEHTpaJbHOE IOJOKEHHE, YacTO BCTPEUAINCH [IBY-
SIICPHBIC KIETOYHBIC 3JICMEHTHI, KaK MCKIIOYCHHUE, BCTpe-
YaJHCh KJICTKHA C THIIO- WIH THICPXPOMHBIMU SAPaMH.
VIMMyHOTHCTOXMMHUYECKOE MCCIICOBAHNE TTO3BOJIMIO yC-
TAHOBHUTH, YTO Yepe3 | Mec mocie MPUMEHEHHs MEaTo-
HHUHA MPOJOIDKANA COXPAHITHCS CHI)KEHHAsS, TI0 CpaBHE-
HUIO C JXMBOTHBIMH, KOTOPBIM MpemapaT He BBOIWIH,
AKTMBHOCThH MHUIMAIIMY MUTOXOHAPHAIBHOTO ITyTH aIloIl-
TO3a M, KaK CJICACTBHE, OTMEYAIN ITOBBHIMICHHYIO MPOJIH-
(bepaTUBHYIO aKTHBHOCTB TEIAaTOIUTOB (Tabmuia).

IIpoBeneHHOE HCCIENOBAHUE MO3BOJIMIO yCTAHOBUTH,
YTO MPUMEHEHHE MEJIaTOHUHA B 03¢ 1 MI/KT B TeueHue 7
JTHEH y KpBIC, UMEIOIIUX OYar XPOHWYECKOH WMH(EKLUH,
COIPOBOXKAACTCA YMEHBIICHHEM IPU3HAKOB HECHEeLU(U-
YEeCKOr0 PEakTHBHOTO Tremartuta. IIpoBeeHHOE Ha 3TOM
(hoHe n3ydeHne 3KCIpeccuu OeTKOB-PETYISTOPOB aroNnTo-
3a MO3BOJIMJIO BBISIBUTH ONPENEICHHYIO TUHAMHUKY H3Me-
HEHUH, Kacaloluxcs OHKCIpecCHuH OenKoB ceMelcTBa
Bcl-2, OT COOTHOIIEHUSI KOTOPBIX 3aBUCUT BEPOSITHOCTH
UHIyKIIUM MHUTOXOHAPHATIBHOTO MyTH anonrosa. Tak, He-
MOCPEACTBEHHO MOCIIE 3aBEPILCHUS MPUMEHEHUSI MEJIaTo-
HHUHA BBISBJIECHO JOCTOBEPHOE YMEHBIIEHHE OTHOCUTENb-
HOM IJIOINAAM TeMaToOLUTOB, JKCIpeccupyromux Bax.

N. 11. KypaxoBckuii u C. A. ApxunoB

AHaNOTUYHbIE U3MEHEHUS OTMEUAINUCh U B OTHOIICHUH
npoxykiuu Bad. B Toxxe BpeMst ypoBeHb MPOAYKIMH aH-
THAONTOTeHHOTo Oeska Bcl-2 noctoBepHO cTaun BbIle, O
4YeM CBUJETENbCTBOBAJIO YBEIUYEHHE HMHTEHCUBHOCTHU
cnenu(UIecKoro OKpalMBaHus K JaHHOMY MapKepy.

Kak m3BectHo, 0enku Bcel-2 n Bax, a taxke Bcel-2 u
Bad, HaxonsTcs B COCTOSHUM OCTOSHHOTO IMHAMHYECKO-
IO paBHOBECHs, 00pazys rOMO- U TeTepoaUMepbl, He 00a-
Jlarolliye MpOoAaIoNTOreHHOM akTUBHOCTRIO. [Ipu nomuHu-
POBaHUM NPOAYKLUHU HPOAMONTOTHYECKUX OenkoB Bad u
Bax Takoe paBHOBeCHe HapylIaeTcs U CMELIAeTcs B CTO-
poHy 00pa3oBaHMs OOJIBLIOIO KOJIMYECTBA TOMOIUMEPOB
U3 MPOATONTOTHYECKUX OEIKOB, 00JIaZalOIINX BBICOKOH
[IPOANoNTOreHHOi akTuBHOCTHIO [8]. CreoBarenbHO, Me-
JIATOHUH, BBI3bIBasl YCUJIEHHE NMPOAYKLIUH B TeNaroluTax
Bcl-2 v cHIKeHHE CHHTE3a QaHTHUAIIONTOTHYCCKUX OCIIKOB
Bax u Bad, Bimsier Ha nporecc HHAIHAIA MUTOXOHPH-
aJIbHOTO MYTH aronTo3a.

MenaroHUH BBI3BIBACT 00Jiee YeM 2-KpaTHOE yBenue-
HUE OTHOCHUTEJBHOW TUIONIAJX TeHaTOIUTOB, SKCIPECCH-
pyromux pS53, M0 CpaBHEHUIO C AHAJIOTMYHBIM CPOKOM
BOCIATTUTEIHLHOTO Mpoliecca, Ho 06e3 MpUMEHEHUsT MeJaTo-
HUHA, B TO )K€ BPEMsI OTHOCHUTENIbHAS TUIONIA/Ib TeTaToOIH-
TOB, 3Kcnpeccupyromux Ki-67, Bozpocna Goiee yeM B 6
pa3. B nuteparype omucaH MeXaHW3M, MPHUBOISIIMN K
amnonTo3y 4Yepe3 KOHKYpeHTHoe WHruOumpoBaHue Bcl-2,
ocylIecTBIsieMoe 0esTkoM pS3, KOTOPBIN 3aMeIIseT B HOP-
MaJbHBIX KJIETKaX MUTOTHYECKYIO akTUBHOCTH [17]. U3-
BECTHO, YTO HEKOTOPHIC CTUMYJIbI, HAIIPUMEDP THIIOKCHS,
AKTUBUPYIOT I'eH pS3, IepeBoAs KIETKY Ha alonToTHYe-
ckuif myTh. benok p53 3amepxuBaet kneTky B ¢aze G1/S
KIJIETOYHOTO IMKJIA (Y4epe3 PEMpPECCHIO TEHOB, PEryIHpYIo-
[IMX TPAHCKPHUIIIHUIO), YTOOBI 1aTh BpeMs JJisi pabOThI pe-
MapaTUBHBIX cucTeM. Ha ypoBHE TpaHCKpUIIMH (aKTop
pS3 perynupyer SKCIpPECCHIO TeHOB, yYaCTBYIOIIUX B O110-
Kajie KJIETOYHOTO IMKJIA, & TAK)KE B3aUMOJICHCTBYET JINOO
C KOMIUIEKCAMH, OIPEICISIONIMMA CHHTE3 U Perapaiuio
JHK, mu6o ¢ GenkaMu, MOAYIUPYIOIMMH artonTo3. Eciu
MOBPEKICHNUE JIUKBUIUPOBATh HE yaaeTcs, To p53 3amyc-
kaer aronrto3 [5, 11]. TIpoucxoaur 310 yepe3 MHAKTUBH-
posanue Bcl-2 npu ero cs3piBannu ¢ 6enkom Bax.

Uepes 1 mec nociie npUMEHEHUs] MEITaTOHUHA Y KUBOT-
HBIX C HaJIMYMEM oyara 0aKTepHaIbHOTO BOCIAICHUS OT-
MEUEHHBIE BBIIIE TEHICHLUHU 10 HEHUTpajIu3aluu JCHCT-
BUS TIPOAIIONITOTUYECKUX OEJIKOB COXpaHsuiuch. OIHUM U3
BEPOSITHBIX MEXaHW3MOB 3aIlyCKa arorTo3a IenaTrolnuTOB
IIPU MIEPCUCTEHIUH OaKTepUaIbHON HHPEKIIUH MOKET SIB-
JSAThCA Mpolecc rerepoaumepusanuu Bel-2, o0ycnosieH-
HBIA OJIHOBPEMEHHBIM CHIDKEHHEM OJKcIpeccud Oenka
Bcl-2 1 noBbllIeHHEM SKCIPECCHH B TeNaToluTax OeJIKoB
Bax u Bad. Vkazauubiii mporiecc rereponuMepHu3aun
Bcl-2 moxeT ObITh compsiKeH C U3MEHEHHUEM CTeleHH
hochopunmupoBanus/nedochopunpoBaHust  Oeska-uH-
nykropa Bad. Kak usBectHo, B 3THX ycnoBusax Bad ne-
hochopumupyercs, obpa3zyroTcs reTepOUMEPHI
Bcl-2/Bad, u 3amyckaeTcs mpoliecc anonro3a 3a C4eT Bbl-
CBOOOXIEHUS] MUTOXOHIPUAJIBHBIX (PaKTOPOB, IIPH ITOM B
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KOHEYHOM HTOTe TPOUCXOAUT akTuBarms kacmnase-9 [8].  JIMTEPATYPA
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THE EFFECT OF MELATONIN ON ACTIVATION OF THE MITOCHONDRIAL APOPTOSIS
PATHWAY OF RAT HEPATOCYTES IN PERSISTENCE OF BACTERIAL INFECTION

I. P. Zhurakovskii and S. A. Arkhipov

Novosibirsk State Medical University, Ministry of Public Health of the Russian Federation,
Krasnyi prosp. 52, Novosibirsk, 630091 Russia

The possibility of inactivation of the mitochondrial pathways of apoptosis in rat hepatocytes was studied on a group of 24 adult male Wistar rats, in which a ni-
dus of chronic infection in the tibia was induced with the aid of Staphylococcus aureus (strain 209). Melatonin in a dose of 1 mg/kg was injected intraperitone-
ally to the test group of 12 animals in the evening (20.00 — 20.30) for seven days. The expression of proteins, involved in regulation of apoptotic (Bcl-2, Bax,
Bad, p53) in liver cells and the proliferation marker (Ki-67) were studied by two-stage immunohistochemical method, which revealed that the administration of
melatonin in test animals with distant foci of chronic bacterial infection decreased stagnation in the hepatic veins and improved microcirculation, reduced the
severity of lymphohistiocytic infiltration in the area of portal tracts, and prevented the formation of discrete infiltrates. In addition, there were signs of inactiva-
tion of the mitochondrial path of apoptosis in parenchymal cells due to simultaneous increase in the expression of Bcl-2 by 85% (p < 0.0001), decrease in exp-
ression of Bax by 27% (p = 0.008) and Bad (by 42%, p < 0.0001), decrease in the pool of hepatocytes expressing cytoplasmic p53 by 50% (p < 0.0001), and a
compensatory increase in their proliferative activity by 133% (p < 0.0005).

Keywords: melatonin; apoptosis; hepatocytes; bacterial infection; Bcl-2; Bax; Bad; p53; Ki-67.





