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HJMEHEHHE CO.QEP>KAHHft HHTEPJlEHKHHA-2 
B CTPYKTYPAX rHnOTAJlAMYCA KPblC nPH BBE.QEHHH 
nEnTH.QOB HA Cl>OHE CJ1A50ro CTPECCA 
C.B.Eapa6aHona, 3.E.ApTioxuHa, T.E.Ka3aKona, 
B.X.XanuHCOH*, B.B.MaJIUHUH*, E.A.KopHeoa 

OmdeJI o6w,eu namoJiocuu u namorjJu3uoJtozuu .FY H HH 3KcnepuMeHma!lbHoii Meduu,uHbt 
PAMH (pyK. wwa. PAMH npocjJ. E.A.KopHeea), CaHKm-flemep6yp2; *CauKm
!Iemep6yp2cKuii uHcmumym 6uope2yllRU,Ull u 2epoHmOJ1ocuu C30 PAMH 

Ycrn110BJieHo Yl3Mettemre KOJIW!ecrna HJl-2-coIJ,ep:>Karrurx KJTeTOK B nmoTaJiaMyce KPblC rrpM 
pa3Hb!X BapY!aHTaX BBe)leHY!>I nenTY!)lOB BHJIOHa H 3I1YIT3JlOHa Ha cPOHe CJia6oro CTpecca 
("handling"). B 3THX ycJTOBY!>IX npoY1cxo1111T yMeHbWemre KOJ111lfecTBa V!Jl-2-no3MTHBHbIX 
KJieTOK B fl1I10TaJiaMWieCJ<l1X CTpyKrypax qepe3 24 q norne BHyTpl1MbJUlelJHOro BBe)leH115l 
3n11rnn0Ha H qepe3 2 '! nocJie HHTpaHa3aJ1bHoro BBenemrn nenTH,LIOB. A.n:anrnu1111 )KHBOT
HbTX [( 3KCnep11MeHTaJlbHbIM YCJIOBirnM npe11ornpawana CHH)Kemre KOJIHt:feCTBa 11Jl-2cl103l1-
THBHbIX KJieTOK B cynpaorrrn.'IeCKOM 5l)lpe .nocJie l1HTpa!Ia33JlbHOro BBe,!leHl15! 3l1HTaJIOH3. 

K.Jnoqesb1e CJIOBa: nenmudbt, 6UilOH, Jnuma1wH, uHmepJieilKuH-2-nodo6Hbtii 6eJtoK, wnomaAaMyc 

HpH ,IJ,ettcnlmr He6naronpmTTHbIX ¢aKTOpOB oKpy

:>Karomert cpe,IJ,bI, a TaK>Ke np.11 cTpecce 11 crnpeHHH 
npOI1CXO)J,5IT H3MeHemrn B <PYHKUIIOHaJibHOM COCTOH

mm cPH3HOJIOrMlfeCKIIX CHCTeM opraHII3Ma, B TOM 

lJHCJie II B HMMYHHOH CHCTeMe. 

flennI,IJ,bI THMyca, 3TIIIqH13a, KOpbI fOJIOBHOro 
M03ra crroco6cTByroT BOCCTaHOBJleHIIIO HapyUJen

HbIX cPYHKLrHH HMMyHHOH VI 3H,IJ,OKpI1HHOI1 CV!CTeM, 
o6JTa,IJ,aIOT reporrpOTeKTOpHOH aKTHBHOCTbIO [4,5, 10, 

12]. )lettcrnne nenT11110B MmKeT rrpoHBJT>ITbC>I na 

ypoBHe perym1uvm 1KcnpecCJ:n1 orneJibHbIX reHoB 

HJTM npo,UyKTOB .11x rpaHcKpMrru.1111. YcrnHOEJieno 

CTHMym1pyro1uee BJIHHHMC Bl1JlOHa I1 3Ill1TaJIOHa Ha 

3KCnpecCHIO reHa I1Jl-2 B crrneHOUIITaX MbIWeH [2,6]. 

I1Jl-2 11rpaeT Ba:>KHylD pOJib B peryJrnUMM HM

MYHHOro OTBeTa Ha anrnreHbl [ 1,3). l1J1-2, l1Jl-2 

MPHK 11 peuemophr K l1J1-2 rrpHcyrcrnyroT B TKa

HHX UHC [9]. B CBH3II c TCM LJTO B ronoBHOM M03-

re o6Hapy>KeHbI TaK)!(C I1 cneuIIcpHLleCKIIe q)Oj)Mbl 

l1J1-2, ornnqaromHern OT l1J1-2-6enKa, BhrnEneH

noro B n11Mcj:Joumax, rrp11 anaml3e 11JI-2 B KJTeT-

AiJpec iJ.rlfl KOppecnouiJeuu,1111: havinson@gerontology.ru. Xa
BMHCOH B.X. 

Kax HepBHOH CMCTeMbI rrpHmITO ynoTpe6JI5ITb Tep
Ml1H "l1J1-2-rrono6Hhrtt 6eJioK". 

Uenbro HacrnHmett pa60TbI 5!BHJIOCb II3Y'Iemre 
BJII1JIHII5! BMJIOHa 11 3IlIITaJIOHa Ha CO,Il,ep:>KaHMe 
I1JI-2-no,IJ,o6noro 6enKa B KJieTKax rnrroTaJiaMyca 

KpbIC B ycnomrnx cna6oro cTpecca ("handling") npII 

pa3HhIX cpoKax M crroco6ax BBe,IJ,eHHH nenTHJIOB. 

METOAHKA HCCnEAOBAHH~ 
3KcnepHMeHTbI npoBO,IJ,IIJIH Ha Kpbrcax-caMuax Bn

crap Macco11 180-200 r . .IKIIBOTHble CO,IJ,ep)KaJTl1Cb 

npn KOMHaTHOH TeMnepaType c 12-qacOBbIM CBe

TOBblM UIIKJIOM H CB060JIHblM ,UOCTYITOM K BO,IJ,e 

M rrmne. 

BEe,IJ,enne BHJIOHa (Lys-Glu) I1 3ITIIT3JlOHa (Ala

Glu-Asp-Gly) ocyurecrnmrnn rryTeM 011n0Kparnoro 

BHYTPl1Mblllle"IHOro (2 MKr nerrr1111a B 200 MK.JI <PM-
311onorw.1ecKoro pacrnopa na Kpbrcy) 11JTM O,UHO

Kparttoro HHTpana3anhnoro BBe)lemrn (no 10 Hr B 

1 MKJI IIOO'lepe,Il,HO B Ka)KJ(yro HOCOByro IlOJIOCTb). 

Heo6xo1111Mb1e ::>KcnepttMeHTaJibHbie ManIInynHUMH 

("handling" B35ITHe B pyKH, noMemettne B ¢11KcII

PYIOIIlMH )lOMHK) paccMaTpHBaJll1 KaK MHrKoe cTpec;-
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cttpy1omee B03llettcrn11e. KoHTPOJieM CJ!Y)KJilJrn HH

TaKTHbie )J(I1BOTHbIC, KpbICbI, npome;mrne a)larTTa

umo K pyKaM 3KCIIepMMeHTaTOpa B TC'IeHIIe 5 )lHeH, 

M oco611, KOTOpb!M BBO)lHJIM cpM3MOJIOftttleCKMH pacT

BOP B Tex )Ke o6'beMaX, 

qepe3 24 'I IIOCJIC BHyTpMMbUIIC'IHOH MH'beK

UHH IIJIII qepe3 2 'I IIOCJle 11HTpaHa3aJ1bHOro BBen:e

mrn )K!IBOTHhIX napKOTM3I1pOBamr l1 rrpoBOlIIIJUI 

HHTpaKap)lHaJlbHYID nepcpy3l110 cj:>occj:>aTHO-COJieBbIM 

6ycj:>epotv1 11 cj:>MKCHpy10w11M pacrnopoM. M03r HJ

BJleKanH 'Iepe3 I <i M nocne npeirnap1ueJ1bHoi1 KpMo

npoTeKUMH roToBnmr cpe3h!. 

VlcTIOJib30B3J1M cpe3bl fOJlOBHOfO M03ra KpbICbl, 

ITOJJY'ICHHbfe Ha MHKpOTOMC "Reichardt" c HCIIOJib30-

BaHMeM 3aMopa>KHBammett ycTaHOBKH "MMKOHTa-2'' 

(-27°C), TOJimHHOH 20 MKM, IIOMeweHHhle B nnaH

rueTHbie JiyHKH. 06pa60TKY cpe30B M l1X cpHKcamno 

Ha CTeKJlax BeJIM ITO OIIMC3HHOMY paHee MeTO!IY [3], 
11Jl-2-rrono6HhIH 6eJIOK BbI5fBJIHJIM HerrpHMb!M 

MMMyHonepoKCM!ICl3HbIM MeTO!IOM c IlOJIHKJIOHMb

HhIMM aHTMTeJlaMM rrpoTHB pl1Jl-2 B pa3Be,!l;CHMH 

1 :20 ("11HCTI1TYT oco6o 'tMCTbIX 6uorrperrapaTOB"). 

I1cnoJib30BaJ1M KOH'bIOmpoBaHHbie c rrepOKCMlia30H 
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BTOpble aHTHTeJla K lgG KPOJlHKa B pa3BCIICHIH1 

I :300 ("Sigma"). 

Donc<IeT KJieTOK 11 orrpe,11,enemre orrnrcrecKoil 

IIJIOTHOCTli rrpoBOlil1J!I1 Ha 25-M ypOBHe cpe3a ITO 

amacy M03ra KpbICbI [13], MCIIOJib3Y,H CMCTeMY "Hcw

Bwn:eo-TecT". KoJIH'lecrno l1Jl-2-rro3HTHBHhIX KJle

TOK IIO!ICtIMTbIBaJlH Ha ITJioman:n 10 000 MKM2• 

Con:ep>rcainre 11Jl -2-rro,11,o6uoro 6eJIKa B KJleT

r<:ax rHIIOTaJiaMWlCCKHX CTpyKTyp orrpeneJUIJIH, oue

mrnaH orrrwrec1<yro rIJJOTHOCTb V!Jl-2-no3HTHBHh1X 

l<JICTOK B npoueHTaX .. 3a 100% 6bur IIpMHHT ITOKa-

33TCJlb OTITH'ICCKOM IIJTOTHOCTH cj:>oua, 

CrnTMCTwrecKym o6pa60TKy pe3yJihTaTOB npo

BOJIHJIVI c MCITOJib30BaHHeM t KpMTepMH CTb!Oll.CI!Ta. 

PE3YJlbTATbl '1CCJ1EAOBAH'151 

BHyTPVIMblme<iHoe nneneHne :JnMTMoHa B yc;roBHHX 

c;rn6oro CTpecca rrpMB0,11,HJIO K CHmKeHMIO KOJTH

tieCTBa 11Jl-2-rro3HTHBHhIX KJTeToK BAHN, PVH 11 

so (nepen:HeM rMIIOTaJlaMH'feCKOM IIOJie, rrapa

BeHTpMKymipHOM M cynpaOIITYI'fCCKOM Hn:pax nmo

TaJI3MYCa COOTBeTCTBeHHO) 'Iepe3 24 q ITO cpaBHe-

% 

AHN LHA PVH so 
P111c. 1. Konw~ecrno V1Jl-2-n03'1TlllBHblX KneTOK B crpyK

rypax rnnoranaMyca Kpb1c 4epe3 24 Y nocne BHYTP'1Mbl

weYHOro (a) '1 Yepe3 2., nocne '1HTpaHasanbHOro (6, s) 
BBeAeH'1>i B'1J10Ha '1 3n'1ranoHa Hea,[\anrnposaHHblM (a, 
6) '1 aAanrnposaHHblM (s) )K'1BOTHblM. 

3a 100 % np'1H>ITO KOJ1W·l8CTBO V1Jl-2-n03'1TlllBHblX KJle

TOK y '1HTaKTHblX )K'1BOTHblX Ha nnow,a,[\'1 10 000 MKM2 . 

3A8Cb '1 Ha p'1C. 2: CB8TJ1ble CTOJ16'1K'1 - '1HTaKTHble )K'1-

BOTHble, rop'130HTaJ1bHa>i WTp'1XOBKa a,[\anrnposaHHbl8 

)K'1BOTHble, seprnKanbHa>i - qm3'1onornYeCK'1Vi pacrnop, 

T8MHb1e CTOJ16'1K'1 - B'1f10H, KOCa>i WTp'1XOBKa 3n'1Ta

J10H. AHN nepeAHee rnnoranaM'1YecKoe none;. LHA -
narepanbHOe rnn.oranaM'1YecKOe none; PVH - napaseH

Tp'1KympHoe sigpo rnnornnaMyca; SO cynpaonrnYec

Koe >!APO rnnoranaMyca. 
*p<0.05, **p<0.01 no cpa8H8H'1IO c '1HTaKTHblM'1 )K'180T

HbiM'1; +p<0.05 no cpaBH8H'1IO c peaKL.('18~ Ha BB8,[\8H'18 

¢'13'10!10rv1'-18CKOrO paCTBOpa; 0p<0.05 no cpaBH8H'1IO C 

a,[\anrnposaHHblM'1 >K'1BOTHblM'1. 
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Hl1!0 c nx KOJrnlfeCTBOM y ll!HaKTHb!X )KHBOTHblX ]If 

y )l(HBOTHbIX, KOTOpblM BBOJ1l1Ml c\rn3110J10rw1eCKJ1l~i 

pacrnop (pHc. I). 
· nonyqeHHbie ,Uam-lble cornacy10TcH c peJyJib

TaTaMH l1CCJICJlOBaHm1 TpaHCKpl1IlTOMa MHOKap11.a H 

fOJIOBHOro M03ra MbilUH, KOTOpble rrpo11.eMOHCTp11-

poBaJ1l1 MO,UYI1Hpy10rn:ee 11.eliCTBHe KOpOTKHX rreIITH

,llOB Ha 3KCIIpeccmo re HOB [7, 8]. 
I1pl1 1IHTpaHa3aJibHOM BBe11.eHHH BHJIOH Bbl3bI

BaJ1 CHUlKeHHe KOJIWICCTBa 11J1-2-II03HTMBHbIX KJie

TOK B PVH. PeaKUHH na rrpYTMenemi:e 3TIHTaJIOHa 

Bbipa:>KaJiacb B )'MeHbll!CHHH KOJIHqecTBa 11JI-2-rro-

3l1THBHb!X KJieToK B PVH, SO YT B TeH;1enumr K 

cmDKen1110 KoJrnqecrna 3THX KJieTOK B LHA (na

TepanhHOM nmonrnaMHlJeCKOM none; pHc. I, a) 
"lepe3 2 q noc;1e BBerreHHH rrennrn.a. 

)lmr Toro lfT06h1 mrnen11poBaTb cTpecc11pylO

lll.ee net!CTBHe 3KCnepMMeHTaJibHbTX MaHHI1YJ1HUMl;l 

("handling") :>KHBOTHb!X anarrTHpOBaJIH B Telfemre 

5 ,UHeli K 3KCrrepHMeHTaJ1bHbIM yCJIOBM5!M (B35ITI1e 

B pyK11, rroMememre Ha l MHH B ¢11Kc1!py10uurn 

JIOMHK). LJ,anee 3KcrrepHMeHTbf rrpOBOD:HJ1H Ha arran

nrpoBaHHbIX :>KMBOTHbIX. 
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Op11 T1HTpanaJ<lJlbHOM BBe,LieHHH Bl1J10tta y anan

THpoBaHIIhIX K handling Kpb!C, TaK)l(e KaK f1 B ycno

BH>IX handling, Ha6JI!OJIMM yMeHbUien11e l!l1CJ1a l1JI-

2-rro311THBHbIX KJ1eTOK B PVH. 8Bene1rne 3IIHTaJioHa 

BbI3b!BaJIO cnmr<emre Komrttecrna 11J1-2-no3!1TUB

Hbrx KJieTOK B PVH 11 LHA (p11c. 1, 6), no HJMeHe

HHH naHHOro ITOK333TeJ15I B so y a)1a!lTHpOBaHHb!X 

K handling )Kl1BOTHbrx He Ha6mox1an11. 

AHaJIH3 oITTHtteCKOM rrnoTHOCTM MJl-2-rro3H

THBHbIX KJleTOK B rmTOTaJ13MHlJeCKHX CTpyKTypax, 

OTpa)K3!0lllHH H3MeHeHHe BHyTpHKJieTOlfHOro ypoB

H}l co)J,ep:>Kamrn 6e11Ka HJI-2, He BbffiBHJI pa3JUilfHH 

Me)[(ll.y 3THMH rroKa3aTeJIHMM y :>KllBOTHbIX KOHT

p011bHbIX H 3KCITepHMeHTaJ1bHblX rpyrrrr HH B O,UHOM 

113 ceprri1 3KCrrepnMeHTOB, HeCMOTp5! Ha TeH)leHUH!O 

K CHH>KeHHIO OITTHLJeCKOH MOTHOCTH l1JI-2-TT03H

THBHbIX KJieTOK npn BBenenm1 rreTTTHJIOB (pHC. 2). 

CorrocTaBJieHHe namrhrx o cHH)Kemur Ko11w1ecrBa 

l1Jl-2-rro3UTHBHbIX KJieTOK npH neMCTBHH rrerrnr

.Il.OB H OTCYTCTBHH H3MeHCHHH ITOKa3aTeJI5! BHyTpH

KJTeTOlJHOfO CO)lCp)[(aHH}l 1111-2 l103BOJ1HeT CJICJiaTb 

BbIBOJl 0 TOM, lfT() yMeHbllleHHe lJHCJia 11J1-2-rro-

3HTHBHbIX KJTCTOK OTpa:>Kaer cmDKenne ypoBH5! co-

% 

AH:V IJL-1 PfH so 

P..ic. 2. Omvi4ecKaS1 nnornocrb V1Jl-2-no3virnBHblX Kne
TOK s crpyKrypax nmoranaMyca KpbtC 4epe3 24 4 nocne 
BHYTPV1Mb1WeL.1Horo (a) 1<1 2 L.I nocne V1HTpaHa3anbHoro (6, 
s) sseAeHvis:i svinoHa vi ::inviranoHa HeaAanrnposaHHbtM 
(a, 6) \,1 aAanrnposaHHblM (B) >KV1BOTHblM. 
3a 100 % npviHs:ira onrnYecKas:i nnornocrb V1Jl-2-no3vi
TV1BHblX KneroK y V1HTaKTHblX )K\<180THblX. 
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JJ:ep)KaHIU! 6eJIKa Vl.Jl-2 B paCCMaTp!1BaeMbIX rMrIO

TaJiaMMqecKMX cTpyKTypax. 

TaKHM o6pa30M, ycTaHOBJieHbI 1v1onyn11py101ll,He 

3cpcpeKTbf BMJloHa H 3rr11nu10rra Ha yposeHb con:ep

:>KaHJUI Ji1Jl-2-rroJJ,o6rroro 6enKa B cTpyKTypax nmo

rnnaMyca Kpbrc rrpn cna6oM cTpccce H aJJ,arrrnu1rn 

K CTpeccy rrpH pa3HbIX crroco6ax ssenemur 11ccne

;1yeMhrx rrennrn,oB, BbrpmKa!Olll,HecH B y1v1errr,merr1111 

KOJJW!ecrna Ji1Jl-2-IT03HTHBHb!X KJICTOK B HCCJieno

BaHHblX CTPYKTypax. )J,etkrnHe 3ITl1TaJIOHa 6onee 

Bbrpa>Kerro H rrpoHBJIHeTC}l qepe3 24 q rroc1re BHYTPH

Mhrureqrroro nnen:eHHR M qepe3 2 q nocne HHTpaua -

3aJibHOfO BBe,D,CHl15!. flpHMCHCHHe BHJIOHa rrpMBO

,D,MT K yMeHbIIIeHHIO KOJIHqecrna HJ1.-2-rro3HTHBHhIX 

KJieToK B PVH TOJibKo qepe3 2 q rrorne MHTpaHa-

3aJibHOro IiBe,D,eHH5I. I1pH ananrnUHH )KHBOTHbIX K 

handling He H3MCH5ICTC5I KOJIWICCTBO Ji1Jl-2-IT03!1-

TMBHbIX KJleTOK B so rrpH BBCJJ:CHMM 3ITHTaJIOHa, 

TOfl(a KaK B so Hea,D,aITTHpOBaHHbIX KpbIC Ha6JIIO

J1aJlM CHM)[(eH.He KOJIHtJ:eCTBa l1Jl- 2- IT03HTMBHbIX 

KJICTOK (pMC. I, 6). 
,iJ,aHHbIC JIHTepaTypbl HO,D,TBep)[(llaIOT rrpenrroJio

)[(CHHC 0 TOM, 'ITO ypoBeHb peaKIJJrn KJlCTOK so Ha 

CTpecc MO:>KeT KOppeJIHpOBaTb c YPOBHCM conep>Ka

HH5! J;fJl - 2 B rHITOTaJiaMH<JeCKHX CTpyKTypax. 11.Jl-2 

o6Jian:aeT CTHMYJIHPY!Oll(HM BJI!15!Hl1CM Ha CCKPCUHIO 

sa3orrpecc11Ha, 06pa3yroweroc5! B KJieTKax SO, no

BbIUieHMe CCKPCUMH KOToporo ua6JIIOJJ:aIOT T3K)!(C 

s orneT Ha cTpeccoprroe B03JJ.eilcTBHe [9]. floKa3a

Ho Tal()!(e yqacnie Ji1Jl-2 B 3KTMB3UHH rHITOTaJia

Mo-mrrocp:n3apHO-HaJJ.IIO'I.etIHHKOBOH OCH. 

BseJJ:eHHe 3IIHTaJIOHa Ha cpoue handling yc:n

mrnaeT peaKUHlO KJICTOK soy HeanarrTHpOBaHHbIX 

)!G1BOTHbIX M He OKa3bIBaeT BJIHf!HM>f rrpH an:arrrn

L(MH K CTpeccy. 

YMeHhweHMe KOJIM'!ecrna 11Jl-2-rro3HTHBHhIX 

KJICTOK IIOCJIC BBen:eHmI BHJIOHa H 3IIHTaJIOHa MO

)!(CT 6brn 06b>ICHeHo He TOJl.bKO HHrH6MpyIOlUHM 

BJIHHHHCM IICf!TMJ10B Ha 3KCIIpecCHIO V1.Jl-2-6eJIKa, 

HO TaK>Ke H3MeHemieM 6aJiaHca Me:>KJJ.Y ero CHHTC-

30M H f!OTpe6JICHHeM. 

flpH p5l,lle rrarn1rorwieCKHX rrpoueccoB npo11c

xon.11T H3MeHe1rne co,D,cp)[(amrn J;f.Jl-2 11 peuerrrnpon 

K l1Jl-2 B UHC H CITHHHOM03f0BOI1 )[((U[KOCT!1. 

flpH uepe6paJibHOM rrospe)KJJ.eHHH rra6mon.aIOT rro

Bhrrnemrn ypoBH5l KOHUeHTpauMH VlJl-2 B cTpyKTy

pax roJIOBHoro M03ra [9, 11]. B TaKHX CHTyaumrx 

3c!.Jcj)eKT CHH)!(CHH>f KOJTHlJCCTBa l1Jl-2-6eJJKa B CTpyK

rypax M03ra MO)KeT paccMaTpHBaTbC5l KaK II03HTHB

Hhl i1. B CBHJM c 3THM rrepcneKTHBHbIMl1 rrpen.cTaB

.rrnIOTC71 HCCJleJl,OBaHH5l, B KOTOpb!X 6b1 npoBOJl,HJiaCb 

KOppeKUI15l ypoBH51 co11,ep)[(aHirn J;f.Jl-2 B I'OJJOBHOM 

M03re c IIOMOIUbJO nerrTHJ(OB BHJIOHa l1 3f!HTaJJOHa 

B ycnoBM>rx rraTonomn. 

Pa6orn BhIITOJIHeHa rrp11 rron:nep)[(Ke PcDcD 11 
(rpaHT N2 03-04-49241). 
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