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CTPECC
KaK DKOJIOTO-(PHU3HOI0TrNY€CKUH
MEXaHNU3M PEryJIsLuu
MONYJISIHMUOHHBIX IMPOILECCOB.




UTo 0oOLlero y pasHbix
60ﬂe3He|7'|7 Selye H. 1967. In vivo

/3 nCTOpUN OTKPLITUS CUHApOMa cTpecca | onbe: 1972,

Ha ypoBHe uenoro
YYUTBCSH BUOETH OBLUME oprarsma
[TPOLGJIEMBbI
CMOJIoay
«[ 11505 Ha Oepesbs He 3abbigaume o
siecex

[. Cenbe

YMETb COlMNPOTUBJIATBCA

KOHCEPBATU3MY B HAYKE

“Ho Cenbe,... nonbiTantecb NOHATb, YTO Bbl
aenaere,

noka He no3agHo. OTHbIHE Bbl peLusin NOCBATUTDL
OCTaTOK XXU3HU U3y4yeHuro papmakornormemu
rpasun’”




CTtpecc - yHuBepcarnibHO
NPOABAIOWUNACA CTEPEOTUNHbIN, HO
Hecneunduyeckn oTBeT opraHu3mMa Ha
BO34EeUCTBUSA pPa3HOM NpupoAabl,
COMpPOBOXAaloLWMNNCA NepecTPONKON ero
3alUMUTHbIX CUn

I. Cenbe, 1977\__ﬂ___ ST

Hans Selye. 1936. A syndrome produced
by diverse nocuous agents. Nature.
(London) 138: 32-34

cHyen (2000)




NMcuxonorusa, dtonornsa, Pusmnonorus
BHAO

Stress is a negative emotional
experience accompanied by predictable
Biochemical changes, Physiological
changes, Cognitive changes, and
Behavioral changes,

That are directed either toward altering
the stressful event or accommodating to
its effects.



Pe3ncTteHTHOCTb

o

CTPECC NO CEJIbE ECTb HECMELUN®UNYECKUA
OTBET OPTAHU3MA HA JIFOBbIE AOCTATOYHO
CWUINbHbIE NOBPEXOAIOLWWE BO3OEUCTBUA

(=CTPECCOPBI), HanpaBfeHHbIn Ha aganTauito
OpraHnM3mg K HOBbIM YCIOBUSAM

YpoBEHb PE3NCTEHTHOCTN B HOPME

cTagusa Pe3nCTEHTHOCTHU CTaauA
peakuma TpeBoru CTOLLIEHNS

(Alarm reaction)

CTAOUU CTPECC PEAKLIUUA



Cramuu cTpecca

. 1.Peakiiusi TpeBOTM —COMATHYECKOE BhIPAKEHUE MOOUITA3AIINHN

3aIIUTHBIX CHJI OPraHU3Ma > YCUJICHHUE KaTabOJUYEeCKUX MPOIIECCOB

B TKaHSIX, CTYIIIEHWE KPOBH, MHBOJIIOLIMS TUMYCA U JIMM(POUTHBIX OPTaHOB,
MCTOHYEHHUE CTEHOK KUIIIEYHUKA, CHUKEHUE BECA, YMEHBIIICHUE KOJIMYECTBA
KOPTUKAIBHBIX JUMUAOB U MEAYISIPHBIX XpoMapUHOBBIX CYOCTaHIIUM B
HAJIMOYECYHUKAX — AKTUBAIMS CUMIATO-aAPEHAIOBOM U TUTIO(PU3apHO-
HaJAIOYECUYHUKOBOU CUCTEM.

2. Craaus pe3uCTEHTHOCTH — aIallTUBHBIC U3MEHEHUS (PU3HMOIOTUYECKOTO
. cTaryca OpraHu3mMa, HalpaBJICHHBIC HA IPOTUBOCTOSIHUE BO3/ICMCTBUIO
ctpeccopa. OCHOBHAs poOJib NPUHAJIEKUT KOPE HAATIOUYCYHUKOB >
nojaaBjaeHue (PYHKIIHMI, HETOCPEACTBEHHO HE CBSI3aHHBIX A(DpeKTamMu
cTpeccopa (poCT, aKTUBHOCTh TOHAJ, UMMYHUTET. boJie3Hn aganTanuu
(TUIIEPTOHUS, U3BSI3BICHUE CTEHOK KUIIICYHUKA, TUA0ET)

3. Craagus UCTOLICHUA — Pa3pyILICHUE MEXAHU3MOB aJallTalliM, BEJAET K

. rHOEIH.




Fomeocms, TOMeOCTaA3UC - cnocoOHOCTb OpraHu3ama (OTKpbITOM

XXUBOU CUCTEMbI) COXPaHATb MOCTOAHCTBO CBOEro BHYTPeHHero CoCTosiHUA
nocpeacTBOM CKOOPAUHMPOBAHHbLIX peakuun, HanpaBneHHbIX Ha
nopaepXaHue AMHaAMU4YECKOro paBHoBecUs (hyHKLUN.

Walter B. Cannon 1932 «The Wisdom of the Body»

AnnocTa3uc - npouecc akTMBHOM aganTtauuu opraHM3ma,
HanpaBJieHHbIN HA AOCTUXXEeHNe YCTOMYMBOIro COCTOAHUSA
ero ¢pyHkumoHanbHbIX cuctem (McEven 2000, McEven &
Wingdfield, 2003)

Allostasis is the ability to achieve balance through change --
through modifications of the SAM, HPA, immune,metabolic
and cardiovascular systems in response to internal and external
stressful challenge. McEven & Wingfield, 2003)

TepmuH 3ammcTBoBaH y: Sterling, J. Eyer,1988 Allostasis: a new paradigm to explain
arousal Increase in urinary cortisol excretion and memory declines:pathology, in: S.
Fisher, J. Reason (Eds.), Handbook of Life Stress
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10 Dped Hoc. Kapu

Puc. 1.2. AunaToMHuecKasi OpTaHHM3alldsi THIIOTAaJaMO-THIO(U3aPDHOH CHCTEMBL
CrpesKaMu O6GO3HAYEHO COOTHOLIEHHe KPOBOTOKa B KaXKJOM HAIpPaBJICHHH B HOXK-
ke runodusza. MN — KPyIHOKJIETOYHBIH SHIOKPHHHBIH HeHpOoH; PN — MeJKOKJeTou-
upii supokpunueiii Heiipon. (ITo Netter F. H. The Ciba Collection of Medical
Illustration, vol. 4, Endocrine System and Selected Metabolic Disorders, CIBA,
New York, 1965, ¢ ©3MeHEHHSIMH.)

Tanamyc

o ‘r'lp,pa\ 11l xenynouex

4YecKo t&
MapasehTpukynsapoHe

F'MmnoTanamyc

PN

o MamunnAapHoe

TENO

BopoTHble cocyab!

{lepekpecT 3puTenbHbIX

HepBOB
CpeauHHoe
BO3BblLlEeHNE 3aaHAAa aona runodpusa

(Heporunoduns)

ﬁI/IHd)yHnwaynﬂpHmﬁ‘
cTeon (HoXxKa)
NHbyHANBYNAPHbIA
OTPOCTOK

MepeaHaAa ponA runogusa
(apeHorunodus)

rﬁﬁepaan aA 4acTb
JductanbHaaA 4acTb
Mpome>kyTouHan
nonA

N3 ku.:I'opMoHaNbHAsA peryasauus

Pa3sMHOKeHHsl y MilekonuTawmmux «Mup» 1987



NIMMBUYECKAA CUCTEMA ITOJIOBHOI'O MO3rA

BblaeneHbl otaens! , BoBreveHHble B pa3sutum (KPI') n perynauuio (P n MP peuen-
TOpbI) CMHOPOMA CTpecca

oboHdarensHyo nykosuly (Bulbus olfactorius)
oboHaTeneHbIn TpakT (Tractus olfactorius)
0OOHATENbHbIN TpeyronbHuk (Trigonum olfactorium)
nepegHee npoablpsiBrieHHOe BelecTBo (Substantia perforata anterior)
NOACHYI0 n3sunmHynosicHyto na3sunuuy (Gyrus Cinguli) (aurn. Cingulate gyrus):
aBTOHOMHbIE OYHKLMN perynsauum 4actoTtel cepalebruennin): aBTOHOMHbIE
doyHKUMKM perynsuum 4acToTbl cepauedbneHnn n KpoBAHOIO AaBNeHNS;
naparunnokamnanbHy nasnnnby (Gyrus parahippocampalis)

{ 3ybyaryro nssunuHy (Gyrus dentatus): HeiiporeHes
runnokamn (Hippocampus): mexaHusam namsTtu: npeobpasoBaHune
KPaTKOCPOYHOM B JOSITOBPEMEHHYI0, 06paboTKa N XpaHeHnd
NPOCTPaHCTBEHHOWN MHGOOpMAaLMN
muHaanesuaHoe teno (Corpus amygdaloideum) (aurn. Amygdala):
SMOLMN: arpeccust N TPEBOXHOCTb U CTPaX,0CTOPOXHOCTb
runotanamyc (Hypothalamus): perynupyetr aBTOHOMHY HEPBHYIO 1
SHOOKPUHHbIE CUCTEMbI NOCPELCTBOM rOPMOHOB, rorog, Xaxay, nonosoe
BrieyeHne, UMK cHa 1 npobyxaeHnsa u T.4.
cocuesnaHoe TtenococuesngHoe teno (Corpus Mamillare) (aurn. Mammilary
body): BaxxeH ana gopMUpPoOBaHNA NamaTu
PeTUKYynsapHyo dopmaumio cpeanHero mosra (Formatio reticularis)
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Figure 1| The stress system. When the brain detectsa
threat, a coordinated physiological response involving
autonomic, neuroendocrine, metabolic and immune
system components is activated. A key system in the
stress response that has been extensively studied is the
hypothalamus-pituitary-adrenal (HPA) axis. Neurons in
the medial parvocellular region of the paraventricular
nucleus of the hypothalamus release corticotropin-
releasing hormone (CRH) and arginine vasopressin (AVP).
This triggers the subsequent secretion of adrenocortico-
tropic hormone (ACTH) from the pituitary gland, leading
to the production of glucocorticoids by the adrenal
cortex. In addition, the adrenal medulla releases
catecholamines (adrenaline and noradrenaline) (not
shown). The responsiveness of the HPA axis to stressis in
part determined by the ability of glucocorticoids to
regulate ACTH and CRH release by binding to two
corticosteroid receptors, the glucocorticoid receptor
(GR) and the mineralocorticoid receptor (MR). Following
activation of the system, and once the perceived stressor
has subsided, feedback loops are triggered at various
levels of the system (that is, from the adrenal gland to the
hypothalamus and other brain regions such as the
hippocampus and the frontal cortex) in order to shut the
HPA axis down and return to a set homeostatic point. By
contrast, the amygdala, which is involved in fear
processing'*, activates the HPA axis in order to set in
motion the stress response that is necessary to deal with
the challenge. Not shown are the other major systems
and factors that respond to stress, including the
autonomic nervous system, the inflammatory cytokines
and the metabolic hormones. All of these are affected by
HPA activity and. in turn, affect HPA function, and they
are also implicated in the pathophysiological changes
that occur in response to chronic stress, from early
experiences into adult life.



[ OpPMOHbI NepeaHen OoNu
rmnodousa (ageHornnodus)

AKTI (akruBanust kopbl HAINMOYEYHNKOB, BhIJAeIeHHE
[VIIOKOKOPTUKOU/I0B KOPOH)

B-3H210p(l)I/IH (cTpecc-nmpoTeKTOP, IHAOICHHBIN OIIMOU/,
B3aMMOAEeMCTBHE ¢ 10PaAMMHOBBIMH pelenTOpamMu, 0J10KaTOp 00J1H)

rOpMOH pocCTa (ComaTOTponvu-l: aHabonu4yeckoe, aHTU-KaTabonuyeckoe

Aencteue, NPenATCTBME OTNOXEHUIO XXUpa, NOoBbIleHNe YPOBHS IMOKO3bl B
KPOBW,KPOCT KOCTEU, MbILLLL)

TI/IpeOTpOHI/IH (BbIpaboTKa TUPOKCUHA LUNTOBUOHOMU XKerne3ou

I1poJIaKTHH (J1I0TEOTPONHBIN TOPMOH, BO3/1eiicTBHE
HA MOJIOYHbIE KeJjie3bl)

JIIOTEeMHU3UPYIOUIHMH (oBYJIsINMS, ClIEpMATOTeHe3)
DOIUKYJICTUMYJTHPYIOUINHA (co3peBarue (OJTMKYI0B) TOPMOHBI



FOPMOHbI 3SAOHEW 0ONU TMNMOPU3A
(Henpornnodum3s)

OKCUTOUWH

APITMHUH-BA3OIMNPECWH (aHTUAnypeTn4eCcKun ropmMmpH)



OKCHUTOILINH = Oxytocin

(P PeKThI

JluTenbHbIe BpEMEHA
AHTHUCTPECCOBBIE BO3CHCTBHUSA
Ha I THC u cumnarnyeckyto c.
YcnokauBaromiue 3QGeKTh U
JpyXeIr00HOE MOBEICHUE
[IoBBIILIEHHE AHA0OINYECKOM
AKTUBHOCTH, 3Q)KUBJICHUE PaH,
POCT U Tp.

Kopotkue BpeMeHa

CoxkpateHus MaTku (poJibl)
Brigenenue monoka (KOpMJICHHUE),
[ToBbIIIEHHE 00JIEBBIX IIOPOTOB
(omocpenoBaHO OIMHMOUIAMU )
MarepuHcKoe, IOJI0BOE, COIMAIbHOE
II0BeeH1e, o0ecrieueHme
SMOILIMOHATIBHOHN CBSI3U POJIUTEIb-
IIOTOMOK, CBSI3M B MapaxX Yy MOHOT'aMHBIX
BHUJIOB, COLIMAJILHOE pACIIO3HABAHUE
(3amaxu, 3ByKOBbIE€ U 3PUTEIbHbBIC
CTUMYIJIbI), YIIYUIIICHAE TIUIICBAPEHNUE,
AKTUBALUA TTOJKEITYIOYHOM KEJIE3b,
=>CCKpelu: INIIOKarona, HHCyJIMHa




APruHHUH-Ba30NPECCUH

| .Perynupyer BbIBEIEHHUE BOJIbI TOYKOM.

(pea6c0p6um1 1 3aACPIKKa BOABLI (V2 peuenTtopbl), BO3MOXHO
BblBEeJeHME HaTpUS)

2. YCUIIMBaEeT TOHYC INAJIKOW MYCKYJIaTyPbl

3.
4

[ToBbIIIaET apTEpUATBHOEC JABICHUE (cyxeHue cocynos)

110JaBJICHHUC aI'PCCCUBHOI'O ITIOBCIACHHS CaMIld,

KOTHUTHUBHAS CTUMYJISLIUS
5. V(1A)-peuenTtop BeI30NPECHHA B MO3IE
UIPACT POJIb B COLIMAIILHOM ITOBEJICHUHU, Ha-
X0KJICHUHU MTapTHEPA, B OTIIOBCKOM ITOBEACHMHU,
OTLIOBCKOMH JIIOOBU

6. A,El,aI'ITaLI,I/Iﬂ K cTpeccy (V1B peuenTtop runodgumsa),




Y aMepuKaHCKNX CcepbiX NOSEBOK IKCrpeccus
Ba30MNpPEeCCUHOBLIX PeLEnTOPOB 3aBUCUT OT
Hekogupytowero ydacTtka HK, pacnonoxeHHoro nepeq
reHom peuenTtopa V1a. Perynnpys paboty reHoB
BO30MPECCUHOBLIX peLienTtopoB V1a B Mmo3are
HEMOHOraMHbIX NEHCUITbBAHCKUX NONEBOK, MOXHO
co3gaTtb HOBYHO MaHEpPY NOBeAEHUS, KOTOpasd B HOPME He
CBOMCTBEHHA AaHHOMY BUAY KUBOTHbIX.

Y MOHOramHon NpepunHON NOSIEBKU 3TOT MUKPOCATENUT
ONVHHee, YeM Yy HeMOHOoramHoro smga. MingmemayanoHas
BapnabenbHOCTb Mo AfIMHE MUKpocaTennura
KOppenupyeT ¢ nHaneuayanbHbIMU pasnmyunamm
noBeaeHuns (Co CTeENeHbIO CYNnpy>KeCKON BEPHOCTU U
3ab0TLI O MOTOMCTBE).

Zoe R. Donaldson, Larry J. Young.Oxytocin, Vasopressin,
and the Neurogenetics of Sociality// Science Vol. 322 no. 5903 pp.

900-904, (2008); DOI: 10.1126/science.1158668



[ OpMOHBEI 3aJIHEM 10U TUITO(DHU3A
KaK CTPECC-IIPOTEKTOPHI
IIpenorBpaliiaroT pa3BUTHE CTpECCA IO
HETAaTUBHOMY CLIEHAPHIO:

/ \

CamKy — Camupl -
OKCUTOLIMH AHTUONYPETUYEKCUA

ropmoH (Arginine
vasopressin,




Puc. 1.3. Cxema, moKashlBaiolllag OCHOBHbIE NPOEKILIH runoTajlaMuueCcKHXx HeHpo-

noB., lluppamu 0003HAUEHBl HETHIPE pas3JHyHBIX THIA rnnmagagxgecxnxegn:&,
AP:—H'epeIlHﬂﬂ noasi runogusa; PP —sannsis A0/ runogusa; — nepekp

: — BHIIIeHne; MB — MaMuJIIpHOE TeJIO.
spUTeNbHbIX HepBOB; ME — CpefUHHOE BO3 3 e e e

significant in female stress responses

Apimals and humans with high

6xytocin levels show behaviors that

are calmer and more relaxed

more social and maternal

-/ BbleneHne Mosoka, CokpaLieHne Marky,

- CekcyarbHoe yA0BONbCTBUE, UHCTUHKT
MaTepuHcKon 3aboTbl, 4OBpOTa, Nacka,
YCINoOKoeHne, penakcauund, counarnbHoe

noeegeHune,pereHepaund MblillL, BO3MOXHO
He3Ha4. COoKpalleHne anypesa u yCVIJ'IeHI/Ie

BkiBeAEHNA HATpPUA
d |

OKCI/ITOIII/IH,_> OpraHbl MUIIIEHH
= ApruHMH-Ba30IPECUH

AKTT, B-aumophun
I'opmoH pocra, THPpEOTpONIMHL::
HpOJIaKTI/IH (II0T€OTPONHDI TOPMOH, \-

Ha MOJIOYHBIE KeJIe3bl) :
JIIOTeI/IHI/BprIOluI/Il?'I (dnyhinie, Grdpratbecass). CY>XeHue KPOBEHOCHbIX COCYAOB,

-, B A ' BO3MOXHO BbiBEAEHUNE HATPUA,
q)OJIHKyJICTHMyHprIOmHH (c03peBaHne (l)O.]'lPleJIOB l"OpMOHbI TOHyC rnaD‘Koﬁ MyCKynnTypb|
KOrHUTUBHAA CTUMYNALUNA,
apganTtaumsa Kk ctpeccy (V1B peu runocusa),
COLUUINTBbHOCTbL, MOUCK NMapTHepa,
nogaBrneHMe arpeccMBHOCTU OTLLOBCKad

Peabcopbums Boasl nodkamm (V2 peuuentopsi),

Puc. u3 ku.:I'opMoHaJIbHAA peryjasauus

pa3sMHOKeHHus Y MilekonuTarmux «Mup» 1987 3abota (V1A peuentopbl Mo3ra)



1 OpMOHBI KOPBI HAANIOYCYHUKOB

— .
T HOKOKOPTHKOMJIBI = MuHepaIoOKOPTUKOUIBI
FOPMOHBI cTpecca (KOPTHAOI, (1€30KCUKOPTHUKOCTEPOH,
KOPTHUKOCTEPOH) aJbI0CTCPOH)

[IpoBocCnaMIIEILHOE JEHCTBUE,
PETYIHUPYIOT BOJHO-COJIEBOU
OoOMEH, 3aJiepKMBasi B OpraHu3Me
MoHbI Na™ 1 criocoOCTBY
BeIBeeHIO K | yBemmumBaer
['uapouIbHOCTH TKAHEH

[IpoTHBOBOCHAITUTEIILHOE
NEUCTBUE, PETYIUPYIIT
YIJICBOAHBIN OOME

IIy4KOBasi 30Ha

AHJIPOTEHBI

ccTyarasd 30Ha

KHY60‘1KOBaH 30Ha



CTepounaHble ropMOHbI,
reHesunc

Cortisol

O

Corticosterone

OCTpOreHbl (3cTpagmon,
9CTPOH, 3CTpUON)

CH_OH XOJ'IeCTepo —> ASFIPGEHOJ'IOH
C=B N NporecTepoH
KOpTUKOCTEpPOUbI 12;::::::::3
CH.OH

I 2
C=0 N
H,C
aHOporeHbl

Actpagvon <j

HEE

Testosterone



Walter Bradford Cannon, M.D. (October 19, 1871
October 1, 1945

OpranuszM o00j1agaeT CIIOCOOHOCTHIO K OBICTPOMY OTBETY CO
CTOPOHBI CUMITATHYECKON U SHIOKPHUHHON CHCTEM

Ha BO3MOKHOCTH ITOBPEKACHUS, yrpo3y (threat) ero
I[ETIOCTHOCTH

fight-or-flight response (1915) - 0sosxuti omeem cumMnamuyecKkou
U IHOOKPUHHOU CUCIEM HA OCmpble 8030eUCmEUsl, 2PO3bl
NOBPENCOeHUS
-"The Wisdom of the Body",1932.
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HekoTopble ado®EKTbI aapeHanmHa

Cy)KeHVIe KPOBEHOCHbLIX COCyANOB. NoBbiWweHue dapTepuanbHOro
AaBneHusa. UameHeHue cepaoe4vyHoro putma.

Kak kaTabonn4yecknt ropMoH BRMsieT HA OOMeHHbIe Nnpouecchl:
NoBbILLIEeHUEe YPOBHS IMIOKO3bl B KPOBU, YCUNIEHUE TKaHeBOrro
oOMeHa, rMIKoOHeoreHe3a U rnuKoreHonu3a, TopmMoXxeHume
CUHTEe3a rMUKoreHa B Ne4YeHn, U CKeneTHbIX MbiliUuax, yBenl.
3axBaT rMKo3bl TKAHAMMU, YCUSIEHUE NTUNONN3a U TOPMOXKEHUEe
HaKOMJEeHUA Xnpa, B 60SIbLUNX KOHLUEeHTpaUuusax ycunmBaeTt
KaTabonuim 6enkoB u T.A4.

Ctumynupyrouwee Bo3gencrteue Ha LUHC: noBbIilweHue ypoBHSA
6oapcTBOBaHUA, NCUXUYECKON aKTUBHOCTU, OPUEHTUPOBOYHOM
peakuum, owyLeHns TPeBorn u np.

Bnusiet Ha runotanamyc, gononHutenbHo aktusupys NMHC,
MOJIOXUTENIbHO BNUAET Ha NPOAYKLUMUIO IMIOKOKOPTUKOMAOOB
KOpOu Haamno4Ye4YHUKoB

MpoTnBOanepruyeckoe U NnpoTuBoBOCNanuTesibHoe AencTBue
MoBbiWeHWe Yncna nenKkounToB B KPOBU, CBEPTLIBAEMOCTH
KpoBM

U ap.



Cenbe pa3nuyan:
Ouctpecc — cTpecc, UMeLWUN pe3yribTaToOM HeraTuBHble NOcCneacTBUA
ANst OpraHu3ma, ¢ KOTopbiM OpPraHM3mM He B CUNax CrpaBUTbLCH.

JycTpecc — NOJIOXKUTEeSNIbHbIU CTPEeCcC, MOOUNN3YIOLWNNA OPraHU3M.

JKu3Hb 0€3 cTpecca HEBO3MOKHA.
DOHOBBIM YPOBEHD
crpecc-peaknuu BCEIJIA
CYIIECTBYET



JKMBOTHOE CTPEMUTCS
IIOJIEPKATh OIITUMAJIbHBIN
YPOBEHb CTUMYJIALIMHU
(=BO3AECUCTBHUS CTpecC (haKTopa),
MOIU(PULUPYSI CBOC TOBEIACHUE

DTO W aKTUBHBIM ITOUCK CTHUMYJIOB
M yXO4 OT U30BITOYHON CHUMYJISIINT



YCOEemHBoCTh AeITETLHOCTH

Huszkas
3 PEKTUBHOCTH

ONITUMYM

Yerks & Dodson, 1908

Hwuskas
3(HEeKTUBHOCTD

YpOBEHb AKTUBAIIUU



DBOJIIOLMS TPYHIIOBOIO 00pa3a sKU3HU
MOKET OBITh CBSI3aHA C IMOBBLIIICHUEM
[IOPOTOB UyBCTBUTEIBHOCTH K
CTpECCOpaM COIUATIBHOMN IIPUPOIbI

Y KoonepaTuBHO PA3MHOKAIMXCA MJIECKONMUTAKINUAX BbICOKHIN (DOHOBBIMI
YPOBEHb CTpPecca XapaKTepeH JJIs AOMUHHUPYIOIIMX 0Co0ei



Roberts et al., 1997 Physiology and Behavior, 62, 6:1379-1383

Cucrema
PasMHOXXeHUA

YpoBeHb AKTI

YpoBeHb
KOPTUKOCTEPOHA

AdohekT

nepuHaTasibHOro
cTpecca

cepas Kpbica npepuiHas nosneBka
nonuram MOHOram

YMEPEHHbIN B 2-3 pa3sa Bbllle
YMEPEHHbIN B 5-6 pa3 BbliLlE
*NOHMKEHHHad

MYCKY/IMHMU3aLNA HeT adopekTa

*theMunHmzauma noseaeHUs
CbIHOBE HeT adopekTa

*caMubl flyylle 3ab0TATCS O
NOTOMCTBE 3a60T4ATCA Takxe

*NOpPOor BKMOYEHUS NOM0BOro OYEeHb BbICOKUI
noseaeHns y NOTOMKOB-CaMLIOB
cpenHumn



MEXAHN3M CTPECCA - MHOTOYPOBHEBAA ®YHKLUNOHATIbHAA CUCTEMA,
LIEHTPAJIbHbIM 3BEHOM KOTOPOW ABNAETCA MONOBHOWM MOSJT ¢ ero
rpoMagHon OyHKLMOHabHOM NNacTU4YHOCTLIO

Stimulus- Stressor

4

Cognitive evaluation

4

Physiological response

Neuroendocrine 7 Brain Plasticity \ < Behavioral
responses 4 responses
E.g.: HPA axis and E.g.: Active or passive
Sympatho-adreno-meduliary coping strategy
system activation
Equilibrium of the organism
e i
Successful Unsuccessful
Adaptation No adaptation
.
b e, .® '7 ... .
. . *o» Disease, e.9..:

‘oo
Ulcer
Vulinerability Metabolic syndrome
Drug addiction

Programmed by genetic and/or epigenetic factors ? rﬁi‘i’g;"’p’“s‘m

Epigenetic factors: Early life events

Fig. 1 - Schematic representation of a multidimensional concept of stress around three important concepts: the stimulus-
stressor, its cognitive evaluation by the organism and resulting physiological response(s). The activation of various biological

systems in relation to brain plasticity and the allostatic process (including neuroendocrine and behavioral responses) leads the
organism to restore its equilibrium, resulting in the activated biological systems, return to normal but not necessarily to the
same equilibrium as before the stimulus. If the source(s) of stress is prolonged and/or uncontrollable, feedback mechanisms fail
in restoring equilibrium, the stress response becomes inadequate and may ultimately result in various pathological states,
including sleep and mood disorders. This incapacity to restore equilibrium increases vulnerability to disease. Epigenetic factors
could play an important role. Adapted from: McEwen, 2000; Van Reeth et al., 2000.




Control Control

Chronic
stress

Chronic
stress

Prefrontal cortex Amygdala and

and hippocampus orbitofrontal cortex
Figure 1 Chronic stress causes neurons to shrink or grow, but not
necessarily to die. Representation of the chronic stress effects detected
in animal models on growth or retraction of dendrites in the basolateral
amygdala and orbitofrontal cortex (growth) and in the CA3 hippocampus,
dentate gyrus and medial prefrontal cortex (shrinkage). These effects
are largely reversible in young adult animals, although aging appears to
compromise resilience and medial prefrontal cortex recovery?l.

from RJ Davidson & BS McEwen 2012



OcTpbINn, KPAaTKOBPEMEHHbLIW
(acute stress) un xpoHuyeckum (chronic
stress) adhheKkT cTpeccopoB



Crpecc -

KPaTKOBPEMEHHbIE JUTATEIbHbIE
YHHBEPCAJILHO
. 3 deKThI 3P dexThI
IPOABJIAOIIAHUCH * MoOuJIu3anus JHEpPro- IloTepsi MBILIEYHOM MACCHI, 32I1ACOB

cTepe OTI/II[Hinfl, HO . pe3epBoB (IVIMKOHEOTE€HEe3) KUPA, CTEPOUAHBIN JuadeT
JIumnoJim3 (COBMECTHO C KaTe- ApTepuocKkiepos
Hecnmenu(puIecCKuu X0JIAMHHAMM)

% o
OTBET OpPraHu3Ma Ha IMoBbilieHue MbimieyHoi  ['unepreH3us
COKPATUMOCTH

BO3ACUCTBMS PA3SHOM | *3anepsikka HATPHS U AMype3

MPUPOAbI, * BpIBeneHne KaJabLIus

< U3 KocTen Octeonopo3
CONMPOBOKAANIIHUUCH | « IloBbImeHHAA CeKpenust

HepeCTpOﬁkoﬁ ero COJISTHOM KMCJIOTHI M IEeNCH- SI3BeHHasn 00J1e3Hb

OreHa B K€ Ke
3aIMUTHBIX CHJI HOTEHA B AEINA

* [IpoTuBOBOCTIAJIMTEIbHBIE, YXYILIEHHE 32:KUBJISIEMOCTH PaH,

T Ce.m,e, 1972 UMMYHoOcCynpeccuBHbIe 3P eKThl NOBbINIEHHE BOCIPUMMYUBOCTH K
u noaasJieHue T-cynpeccopos 00J1e3HAM
(BpeMeHHAasi aKTUBAIUS IPUOOP.
HUMMYHHTETA)
ANNOCTA3UC (M cEven & * zn;:::ilgy;sg;ouasnenne AKTHB- lé[;;;:)a;;:::;:onomro NoBeeHusl,
JC ngfleld’ZOOB) B ® ? ATpodusi JeHAPUTHBIX OKOHYAHU I
npouecc akTMBHOU HEHPOHOB 00/1aCTH TIHIIOKAMIIa
ajanTauun opraHnama, * HeBpaJsibHble OTBETHI (CHUKEHH e
Hanpasn EHHBIA Ha NMOPOroB YYBCTBUTEJbHOCTH, Hespo3sl, nenpeccuu
HApyllleHHe KOTHUTUBHBIX
AOCTUMXEeHne CIOCOOHOCTENH)
YCTONYNBOIO

COCTOAHNA €ro

D P L



M3MeHYNBOCTH YYBCTBUTEIBHOCTH
K CTpECCOpaM B KM3HECHHBIX ITUKJIAX
oco0eu









BUOOBAA CMMELUNDPUKA PASBUTUA
CTPECC-PEAKLUM



[ TIOKOKOPTUKOMTHBIN HHASKC

JlaGopartopnas Kpachnas ITonepas meulie OOBIKHO BEHHAS

Mblb (ICR) IO JIe BKA CJenmy o HKa

A IpeHOKOpTUKAJIbHAS peaKius (TIFOKOKOPTHUKOUIHBIN HHACKC)
Pa3IMYHBIX BHJIOB I'PHI3YHOB Ha BBEACHHUE SPUTPOIIMTOB OapaHa,
OLICHEHHAsS HA NTMKE UMMYHHOIO OTBETA. 3BE€3I0YKAMU OTMEYEHBI
TOCTOBEPHBIE (t- KpUTEpHUI) OTINYMSA OT (JPOHOBOTO YPOBHA
[JIFOKOKOPTUKOKIOB. * - P<0,05; ** - P<0,01; *** - P<(0,001.
(HoBuxos E.A., 2005)
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J>xy Hrapckuii XoMAUOK Xomguok  Porikag monepka OOBIKHOBEHHA
XOMIUIOK kemnOemmia  poOOpPOBCKOTO CIIETIY ITIO HKa

ANPEHOKOPTUKAIbHAS peakus (ITIOKOKOPTUKOUIHBIN HHJIEKC)
I'PHI3YHOB Ha XOJIOJOBOM (CBETIIbIE CTOIOUKH) 1 UMMOOMIN3AIMOHHBIM
(TEeMHBIE CTOJIOMKH) CTPECCHI. 3BE30YKOM OTMEUEH CIIyYail
noctoBepHbIX (P<0,05) paznuunii B peakimy BUAa Ha Pa3HbIC
Ttunbl cTpeccopoB. (Houkos E.A,, 2005)
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More recent investigations have shown that both acute and chronic
stress alter spine density and dendritic length and branching in brain
regions, such as hippocampus, prefrontal cortex and amygdala

McEwen, B.S. Physiology and neurobiology of stress and adaptation: central
role of the brain. Physiol. Rev. 87, 873—-904 (2007).

Measured by conventional neuroanatomical methods, the time course of
these changes were found to occur over days and are largely reversible, at
least in young adult animals

McEwen, B.S. Physiology and neurobiology of stress and adaptation: central
role of the brain. Physiol. Rev. 87, 873-904 (2007).

Bloss, E.B., Janssen, W.G., McEwen, B.S. & Morrison, J.H. Interactive effects
of stress and aging on structural plasticity in the prefrontal cortex. J. Neurosci.
30, 6726—6731 (2010)



J1.b.KpasueHko, K.J1.3aBbsinos 2016. N3 poknaga Ha koHepeHUun,
[NocesaweHHon namaTn akagemuka N.A.llnnosa B Tomcke




CTPECC kak KOTHUTHUBHASA AKTUBALIUA
o C.B. Ilonos, 2011

(u3 Ursin, Eriksen, 2004 ¢ uaMeHeHUAMM)

«CTPECC»

T i '.KOM-HHEKC‘I:II:IM \
_ ~AGTE el % - CTPeCCOpHLIN OTBET
Czuzﬁ);?:;"" (BoCnpusiTUe cirpe_ccopaH o . ?
c"? ahd ey Yl OTBETHOE -9yCTpecc-CTpecc-AncTpece
ResceRe BO3DYK/AEHME MO3roBbIX (BbIGPOC erMOH'oa 'BO3GYKAEHME
Gy : ’ y ; 2
PYKTYP) BereTatusHol HC, noseaetme)

OXnpaemQCTe CTUMYJIOB

[Mo3uTUBHARA, HEraTUBHAA UNu
HyneBas oXnaaemocTb

afeKBaTHOro oTBeTa

KOHTPONb MU KOMUHT)

Apantauus WUcrolweHue




CTpecc B Haykax 0 noBegeHunm
y

[Tcuxodusmonornvyeckmne adodpeKkTobl
BO3enNcTBUA ctpeccopoB. CTpecc
(rOPMOHbI N HENPOTPAHCMUTTEPLI) KaK
MoaudonkaTop noBedeH4Yeckmnx nporpamm

[loBegeHne Kak MexaHn3m onTumMmmnsauum
BO3ENCTBUA CTPECCOPOB



