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Pesrome

AKTyanbHOCTB: B HacTosiee Bpemst 0coOblil HHTEpEC NPEACTABISIOT HayuyHble pabOThl, OTpaXxaro-
IIMe Pe3yIbTaThl U3yUEHHs MAaTOJOTHUECKOTO BIHUSHHS CTPECCOTCHHBIX (PaKTOPOB, B TOM YHCIIE U
«COLIMAJIBHOTO» CTPECcCca, Ha Pa3JInNuHbIe CUCTEMBI OpraHnsma. J[oka3aHo, 4TO JJINTENbHOE BO3AEH-
CTBUE CTpecca CIOCOOCTBYET (POPMHPOBAHHUIO PA3JIMYHBIX BUIOB PACCTPONCTB, YTO B KOHEUHOM
UTOTE, IPUBOAMT K PA3BUTUIO HAPYLIEHUIN MOJIEKYJIIPHO-KJIETOYHBIX MEXaHU3MOB 3allpOrpaMMHPO-
BaHHOH rubenu kieTok. B cBs3u ¢ yeM, B HacToslIee BpeMs INPUCTAIbHOE BHUMAaHHE YJENseTcs
OLIEHKE POJIM allONTOTHYECKUX U HEHpOoTpopuieckuX (GakTOpOB B peain3allii CTPECCOBOM peakIny.
Henp uccnenopanusi: M3yunTs BIMSHUE MEIAaHOKOPTUHOBBIX HEWPOIENTUIHBIX COCIUHEHUHN Ha
YPOBEHb allONTOTHYECKUX (Kacma3za-3, kacnaza-8, TNF-a) u neiiporpoduuecknx (BDNF, NGF) dak-
TOPOB B CHIBOPOTKE KPOBH OEIIBIX KPBHIC B YCIOBUAX «COLUAIBHOTO» cTpecca. MaTepuaJbl U Me-
TOABI: DKCIEPUMEHTAIbHbIE UCCIIEJOBaHMSI IPOBOANIN Ha 70 HENMHENWHBIX OENbIX KpbIcaxX-caMIlax
6-MecssuHOTO Bo3pacTa. B mpoiecce MoienMpoBaHus «COLMAIBHOT0» CTpecca BCe KPbIChl ObLITN pas-
JIeJIEHBI 110 TUITY MIOBEJICHUS Ha «arpeccopoBy» U «KepTB». B nccinenoBanuu GpopMupoBaInch dKCIe-
pUMeHTaNbHbIe rpymnibl (n = 10): KOHTPOJIbHBIE )KUBOTHBIE; )KUBOTHBIE, B TeueHue 20 nHeil noasep-
raBIIMECs BO3JIEHCTBUIO CTpecca; TPYIIbl KpbIC, MOJYyYaBIIUX BHYTPUOPIOUIMHHO B J103€
100 MKr/Kr/cyT, HaunHas ¢ 1-ro qHs Bo3neicTBuA cTpecc-(pakTopa, KypcoM 20 qHel HelfponenTua-
HbIE coeinHeHus cemeiicTBa MenaHokopTiHHOB AKTI'(4-7)-Pro-Gly-Pro (Cemaxc) u AKTI(6-9)-Pro-
Gly-Pro. Biusinue coeqnHeHNI Ha ypOBEHb AlONTOTHYECKUX M HEHPOTpohruUecKux (hakToOpoB OIle-
HUBaJM IyTEM OIpeAeNeHUs] YPOBHs Kacma3bl-3, Kacnasbl-8, gakTopa HEKpo3a Omyxoid, ¢pakropa
pocTa HEpPBOB M HelpoTpoduyeckoro pakTopa Mo3ra B CBIBOPOTKE KPOBU OEIIBIX KPBIC METOJIOM UM-
MyHO(epmeHTHOTO aHanu3a. Pesyabrarsi: [lo pesynbrataM mpoBEAEHHOIO HCCIEAOBAHUSA OBLIO
YCTAQHOBJICHO, YTO B YCIIOBHSIX «COIMAJIBHOTIO» CTpecca HaOMI0alIoCh YCHIIEHHE allONTOTHYECKHX
MIPOIIECCOB, COMTPOBOKIAIOIINXCS YBETMUCHHEM YPOBHS Kacmasbl-3, kacnas3el-8, TNF-a B ceiBopoTke
KpoBH OenbIX Kpbic M cHkeHueM KoHieHTpauuu BDNF u NGF. Bpenenue mMenaHOKOpPTHHOBBIX
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HeHponenTuIoB Ha OHE cTpecca CIIOCOOCTBOBAIIO BOCCTAHOBIICHUIO YPOBHS MCCIIETyEMbIX TIOKa3a-
TeJeHd, YTOo, BEpPOSITHEE BCETO, CBSI3aHO C HAJIMYMEM y MEJIAHOKOPTHHOB aHTHAINIONTOTUYECKOTO U
HEHPONPOTEKTOPHOTO JCHCTBUSI 32 CYET WHTMOMPOBAHUS Kacla3a-3aBUCHMOTO KacKaja pPeaKiid
aronTo3a, a TaKkke MHAYKINUU CUHTe3a HelipoTpodudeckux pakTopoB, 001aJar0InX aHTUATIONITOTH -
YeCKON aKTUBHOCTHIO. 3akiaouenne: Takum oOpa3oM, BBEIECHHE MEIAHOKOPTUHOBBIX HEWPOIEI-
tuanbix coenuHenuit AKTI'(4-7)-Pro-Gly-Pro (Cemakc) u AKTI'(6-9)-Pro-Gly-Pro B ycnoBusx
CTPECCOTEHHOTO BO3CUCTBUS CIIOCOOCTBYET BOCCTAHOBIICHHIO YPOBHSI Kacma3 U (akropa HEKpo3a
OITyXOJTH, & TAK)Ke HEUPOTPOPUIECKUX (PaKTOPOB, B PE3yJIbTATE YEro HAOIIOAAETCS aHTUATIONI TOTH-
geckuil 93P PeKT 3a cueT UHrHOMPOBAHUS Kacla3a-3aBUCUMOT0 KacKaa PeaKiui.

KiroueBble cjioBa: MEaHOKOPTHUHBI, HEHPOIICTITH/IBI; «COMANBHBIN» CTPECC; aloITO3; Kaclasbl;
dakTop Hekposza omyxond; (akTop pocTta HEpBOB; Helporpoduueckuii dakrop mosra; TNF-a;
BDNF; NGF

Juast umTupoBanus: Scenssckas AJl, [{lubuzoBa AA, Arnpeesa JIA, u ap. BausHue HeliponenTu-
JIOB CEMEHCTBA MEJIAHOKOPTUHOB HAa YPOBEHBb ANONTOTHYECKUX M HEUPOTpopuuecKkux (GpakTopoB B

YCIOBHSIX «COLMAIIBHOTO» CTpecca. HayuHble pe3ynabTaThl OMOMEIMIIMHCKHUX HCCIIEIOBAHUM.
2022;8(3):398-411. DOI: 10.18413/2658-6533-2022-8-3-0-10

Effect of melanocortin neuropeptides
on the level of apoptotic and neurotrophic
factors under «social» stress

Anna L. Yasenyavskaya! @, Alexandra A. Tsybizova! @,
Lyudmila A. Andreeva? @, Nikolay F. Myasoedov? @, Olga A. Bashkina® ©,
Marina A. Samotrueval

! Astrakhan State Medical University,
121 Bakinskaya St., Astrakhan, 414000, Russia
2 National Research Centre "Kurchatov Institute"
2 Akademik Kurchatov Sq., Moscow, 123182, Russia
Corresponding author: Anna L. Yasenyavskaya (yasen_9@mail.ru)

Abstract

Background: Currently, scientific papers reflecting the results of studying the pathological influence
of stress factors, including "social™ stress, on various body systems are of particular interest. It has
been proven that prolonged exposure to stress contributes to the formation of various types of disor-
ders, which ultimately leads to the development of violations of the molecular and cellular mecha-
nisms of programmed cell death. In this connection, close attention is currently being paid to assessing
the role of apoptotic and neurotrophic factors in the implementation of a stress reaction. The aim of
the study: To study the effect of melanocortin neuropeptide compounds on the level of apoptotic
(caspase-3, caspase-8, TNF-a) and neurotrophic (BDNF, NGF) factors in the blood serum of white
rats under conditions of "social” stress. Materials and methods: Experimental studies were carried
out on 70 nonlinear white male rats 6 months of age. In the process of modeling "social™ stress, all
rats were divided by type of behavior into "aggressors™ and "victims". Experimental groups (n = 10)
were formed in the study: control animals; animals exposed to stress for 20 days; groups of rats treated
intraperitoneally at a dose of 100 mcg/kg/day, starting from the 1st day of exposure to the stress
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factor, with a course of 20 days, glyproline compounds ACTH(4-7)-Pro-Gly-Pro (Semax) and
ACTH(6-9)-Pro-GLY-Pro. The effect of the compounds on the level of apoptotic and neurotrophic
factors was assessed by determining the level of caspase-3, caspase-8, tumor necrosis factor, nerve
growth factor and brain neurotrophic factor of white rat blood serum by enzyme immunoassay. Re-
sults: The study revealed that under conditions of "social” stress, an increase in apoptotic processes
was observed, accompanied by an increase in the level of caspase-3, caspase-8, TNF-a in the blood
serum of white rats and a decrease in the concentration of BDNF and NGF. The introduction of mel-
anocortin neuropeptides against the background of stress contributed to the restoration of the level of
the studied indicators, which is most likely due to the presence of antiapoptotic and neuroprotective
effects in melanocortins due to inhibition of the caspase-dependent cascade of apoptosis reactions, as
well as induction of the synthesis of neurotrophic factors with antiapoptotic activity. Conclusion:
Thus, the introduction of melanocortin neuropeptide compounds ACTH(4-7)-Pro-GLY-Pro (SE-
MAX) and ACTH(6-9)-Pro-GLY-Pro under stress conditions contributes to the restoration of the
level of caspases and tumor necrosis factor, as well as neurotrophic factors, resulting in an anti-apop-
totic effect due to inhibition of the caspase-dependent cascade of reactions.

Keywords: melanocortins; neuropeptides; "social" stress; apoptosis; caspase; tumor necrosis factor,
neurotrophic factors, TNF-o; BDNF; NGF
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BBenenue. B Hacrosimiee Bpems mpu-
CTaJIbHO€ BHUMAaHHE YAENSETCS Hay4HBIM HC-
CJICIOBAHUSIM, OTPAKAIOIIMM BIIMSHUE pa3-
JUYHBIX CTPECCOBBIX (DaKTOPOB Ha OpraHU3M
yenoBeka [1, 2]. YcTaHOBIICHO, YTO JIMTEIb-
HOE CTPECCOBOE BO3JEHCTBHE NPHUBOJUT K
(hOpMHUPOBAHUIO HEBPOJOTUYECKUX, UMMYH-
HBIX, HJIOKPUHHBIX, META00INYECKUX U JPY-
TUX BHUJOB PACCTPOICTB, a TAaKKE Pa3BUTHUIO
HapylIEHUH MOJIEKYJISIPHO-KJIETOUYHBIX MeXa-
HU3MOB arorTo3a, B TOM YHUCJIE HEUPOIUTOB
[3,4]. B cBs3u ¢ 4em B HacTOALIEE BpeMs IPU-
CTaJIbHOE BHUMAaHUE YJIEJSETCS OLIEHKE POJIH
aroNTOTHYECKUX M HeWpoTpoduueckux Qax-
TOPOB B pPeaJIN3allMU CTPECCOBON PEaKIIHH.

Haubonee nnopmaTuBHBIMU MTOKa3aTe-
JSIMA B OIIEHKE arONTOTUYECKHUX IMPOIECCOB
SABIAIOTCS (PaKTOp HEKPO3a OMYXOJH, HHUIIU-
aTopHble U 3pdeKTopHbIe Kacnasbl [5, 6]. Pe-
3yJbTaThl MHOTOYHMCIICHHBIX HCCIEI0BAHUI
MOKa3ajy, 4To (aKkTop HEKPO3a OMYyXOJH CIIO-
COOCTBYET YBEIMYEHHIO CEKPElHUH BOCTAIH-
TEeTBHBIX MEIUATOPOB, YTO OTHOCUT JAHHBIN
LUTOKHUH K OTHOMY U3 CAMbIX 3HAUMMBIX aKTH-
BaTtopoB amonrto3a [7, 8]. YcraHoBieHO, 4TO
ypoBeHb TNF-0 [TOBBIIIEH y MALIUEHTOB C IICHU-
XOHEBPOJOTUYECKUMH W HEHpOJIereHepaTHB-

HBIMU 3200JICBaHUSMH, a TAaKXKe TpaBMaTH4e-
CKUMH TIOBPEXICHUSMHU TOJIOBHOI'O MO3ra.
YcTaHOBIIEHO, YTO B pe3yJbTaTe BO3ACHCTBUS
CTPECCOreHHBIX (haKTOpPOB HaOMoAaeTcs (op-
mupoBanue koMiuiekca TNF-a ¢ penentopamu
Fas c mocnenyromeit akTuBanueil CUrHaIbHbBIX
MOJIEKYJI, KOTOPBI aKTUBUPYET WHUIIHHPYIO-
1IyI0 Kacna3y-8 u 3¢ deKTopHyIo Kacnasy-3, B
pe3yibpTaTe 4ero pa3BUBaeTCS HeoOpaTumoe
noBpexacHuIo Herponos [9, 10, 11]. VYcra-
HOBJICHHBIN MPOIIECC WHUIMALMU XapaKTepeH
TaKXKe JJIsl Pa3BUTHUS alloNTo3a B IMM(OUIHBIX
Y SHJIOTENIMANBHBIX KJIETKaX, YTO, B CBOIO OYe-
penb, CHocoOCTBYET pa3BUTHIO HMMYHHOU
TUC(YHKITNH, a TAK)KE TATOJIOTUU PAa3IMIHBIX
cucrteM opranusma [12, 13, 14].

[Ipu paccmorpenun HeHpoTpoGHUHOBOI
TUIIOTE3bl Pa3BUTHSI Pa3IMUHBIX MATOJOTHYE-
CKUX HapyIIeHWH, B TOM YHCJIE aronTo3a, Ta-
KUM Heliporpoduyeckum akropam, Kak ak-
TOp pOCTa HEPBOB U HelpoTpopuueckuii pax-
TOP MO3ra, 00JIaAAI0INM BBIpaKEHHOMH HEHpo-
cenu(UIHOCTHI0, OTBOIUTCS BA)KHOE 3HAUE-
HUE B MIPOSIBJICHUN HEHPOIIPOTEKTOPHOTO JEii-
CTBHSI 32 CUET peaTU3aIliy UX CIIOCOOHOCTH K
MHAYKIUY CHHTE3a aHTHAIONTOTHYECKUX Oel-
KOB M MHTHOMPOBAHHIO MPOATTONTOTHYECKHX,
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OKa3bIBasl BIUSHUE TEM CaMbIM Ha BBDKHBAE-
MOCTb U TP HEPEeHITUPOBKY OTACIBHBIX TOITY-
nauui HeiiponoB [15, 16]. [dokazaHo, 4Tto
arornTo3 HampsaMyro 3aBucut ot 6ananca NGF
u BDNF, kotopbie akTUBUPYSI peLIeNTOPhI TH-
PO3MHKHHA3, 0Ka3bIBalOT HEUPOIIPOTEKTOPHOE
neiicTBre. YCTaHOBJIEHO, 4TO (hakTop pocra
HEPBOB IIPUBJIEKAET BHUMAHHUE YUYEHBIX B Ka-
YeCTBE IEPCIEKTUBHOIO CPEACTBA JICUEHUS
Pa3IMYHBIX IICHXOHEBPOJIOTUYECKUX 3abore-
BaHMM, TAaKUX Kak 00J€3Hb AJbIreiimepa u Je-
npeccust [17, 18]. JlokazaHa cmocoOHOCTH
¢akTopa pocta HEpPBOB K MHIYKIIMU BBICBO-
00X /1eHUS UMMYHOAKTHUBHBIX HEUPOTIETITH/IOB
U HEHPOTPAHCMUTTEPOB, a TAK)KE K BIIUSHUIO
Ha BPOXJCHHBIE U aJalITUBHBIC UMMYHHBIE pe-
akuuu. Jloka3aHoO TakKe, 4YTO YPOBEHb ChIBO-
porounoro BDNF wumeer oTpunaTenbHYIO
KOPPEJSLMOHHYIO CBSI3b CO CTENEHBIO BbIpa-
KEHHOCTH TPEBOXKHBIX PACCTPONCTB U JIaXe B
psie ciaydyaeB ONpeselseT pa3BUTUE Helpoae-
reHepaTUBHBIX mporueccos [19, 20].

Takum o00pa3om, amonToTUYECKHE U
HelpoTpoduyeckue (aKTOpbl UTPAIOT BaXK-
HYI0 pOJIb B peajn3aluy aJanTalioOHHbIX Me-
XaHU3MOB K CTPECCOBBIM BO3JICUCTBUSIM pa3-
JUYHOTO I'eHe3a W OINpeessieT NEepPCHEeKTUB-
HOCTb PaCCMOTPEHMS €r0 B KaU€CTBE MULICHU
IUIS CTPECCIIPOTEKTOPOB.

B Hacrosiee Bpemsi ocoOblii MHTEpec
BBI3bIBAIOT HEUPONENTHIHbIE COSAUHEHMS, Ha
OCHOBE KOTOPBIX CHHTE3UpYyeTcsi 0OJbIIOE KO-
JIMYECTBO BBICOKOA((EKTUBHBIX U 0€30MaCHBIX
JIEKapCTBEHHBIX IpEnaparoB, 00JaJaroIuX
pa3HOCTOpOHHEH (HhapMaKOJIOTUYECKON aKTHUB-
HOCTBIO, B TOM YHCJIE U CTPECCIPOTEKTOPHON
[21]. Ha ceromusimHuii eHb B psAAy MENTHA-
HBIX COCIMHEHMH B OTAEIBHYIO IPYIITY BbLlE-
JIEHBI PETYJISITOPHBIE MENTHIbI — MEJIaHOKOP-
TUHBI [22, 23], IpeCTaBUTENEM KOTOPBIX SBJISI-
eTcs 3aperucTpupoBaHHbIi npenapar Cemaxc,
CUHTE3MPOBaHHBIN yueHbIMU MHCTHTYTA MOJTE-
KYJISIpHOHM reHeTukn HanmoHnaneHOro necneno-
BaTeNbCKOro LeHTpa «KypuaToBckuii MHCTH-
Ty™. B MequnmHckoil mpaktuke CeMakc npu-
MEHSETCS C LEIBI0 YIy4IIEHUs] MHECTUYECKUX
¢byskuumii. JlokazaHno, 4To HapsiLy ¢ HEMpoTpoI-
HOW aKTUBHOCTBIO, JAHHBIM IIpernapar OKasbl-
BaeT UMMYHOTPOITHOE, aHTHOKCUIAHBHOE, TTPO-
TUBOTMIIOKCUYECKOE U Ap. BUJIbI AeCTBUS [24].

OnucanHble CBOMCTBAa aKTyaJU3UPYIOT HEO0O-
XO/IUMOCTb JETAITBHOTO U3y4YeHUs (papMaKoIo-
TUYECKOTO JCHCTBUS HEUpPONENTUIOB CEMEH-
CTBa MEJIAaHOKOPTHHOB.

Henab uccaenoBanusi. M3yunts Biusi-
HUE MEJIAaHOKOPTUHOBBIX HEUPONENTHIAHBIX
COCIMHEHUII Ha YPOBEHb alONTOTHYECKHUX
(kacmaza-3, kacmnaza-8, TNF-a) u Heliporpo-
¢uueckux (BDNF, NGF) ¢akTopoB B ChIBO-
POTKE KPOBH OE€IIbIX KPBIC B YCIOBUSIX «COLIH-
aJIbHOTO» CTpecca.

MartepuaJj u MeTOAbI MCCJIEI0BAHUSA.
HccnenoBanue npoBoauian Ha 70 OenbIX KpbI-
cax-camuax 6-mecsuHoro Bo3zpacra. Conepxa-
HUE JTa0OPaTOPHBIX KUBOTHBIX OTBEYAIO TPE-
0OBaHUAM MEXIyHAPOJAHON HOPMATUBHOM J10-
KyMEHTauu [25] ¥ MPOTOKOIYy DTHYECKOTO
komutera PI'BOY BO «AcTtpaxaHCckuil rocy-
JAPCTBEHHBIM MEIMIMHCKAN YHUBEPCHUTET»
Mumnzapasa Poccun Ne 8 ot 24 Hosi6ps 2015 .

«CouManpHbI» CTpecc MOJEIUPOBAIN
MyTeM OO0ecleueHus: YCIOBUN MPOKUBAHUU
KpBbIC TIPH HAJIMYUHM CEHCOPHOTO KOHTaKTa M
OTCYTCTBHHM (PU3UYECKOTO C TMOCIEIYIOIINM
(hopMHpOBaHKEM arpEeCCHUBHOTO U CyOMHCCHUB-
HOI'0 TUIIa NoBeeHus [26, 27, 28] nipu pa3me-
LIEHUH KUBOTHBIX [IOMAPHO B KJIETKAX, pa3Jie-
JIEHHBIX NPO3payvHoil neperopoakoi. C nenpro
Ha0JII0/IeHUs 32 MEKCaMILIOBBIMU KOH(POHTa-
UUSMH eXeAHeBHO Ha 10 MUH cCHUManu nepe-
TOPOJIKY, IO pe3yJbTaTaM 4ero ObuIM chopMu-
pOBaHbl TPYIIBI KpPBIC «arpeccopoB» U
«OKEpTB». ATpEeCcCUBHOCTb KpBIC OLIEHUBAJIAcCh
M0 HATMYHMIO BEPTUKATBHBIX U OOKOBBIX CTOCK
U aTaku, a CyOMUCCUBHOCTD — 10 HAJIMYMIO HE-
MOJIBI>KHOCTH, OOHIOXMBaHUs, ayTOTPYMHHTa,
BEPTUKAIBbHBIX «3ALIUTHBIX)» CTOEK.

B uccrnenoBanuu GpopMupoBaInuCh HKC-
nepuMeHTasIbHble rpynisl (n = 10): KOHTPOJIb-
HbI€ >KMBOTHBIC; >KMBOTHbIE, B TeueHue 20
JTHEH noaBeprasIIrecs BO3EHCTBUIO CTpecca;
TPYOObl  KPBIC, TOMYYaBIIMX BHYTPHOPIO-
muHHO B 103¢ 100 MKr/KT/CcyT, HaunHas ¢ 1-T0o
THSI BO3JieiicTBUA cTpecc-(akTopa, Kypcom 20
THEl ~ MEIaHOKOPTUHOBBIE  COEJUHEHHS
AKTTI (4-7)-Pro-Gly-Pro (Cemakc) u AKTI(6-
9)-Pro-Gly-Pro

Br16op 10361 HEHPOMENTHAHBIX COCIU-
HEHUI OCHOBaH Ha MpPEeJBAPUTEIHLHOM H3yue-
HUHU BBIPAXKEHHOCTH TMICHUXOMOAYJIUPYIOIIETO
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saddekra. MccnenoBanus npoBOAUIN PU BBeE-
JICHUU UCCIIEAYEMbIX COCIMHEHUN B 103aX 25,
50, 100 u 200 mkr/kr/CcyT. BBIITO ycTaHOBIIEHO,
yTO Hauboyiee aKTUBHBIMHU J103aMHU SIBUJIHCH
100 u 200 mxr/kr/cyT. B cBs31 ¢ yem, B Kaue-
CTBE JKCIIEPUMEHTAIIBHOW J103bl B JlaJIbHEH-
meM Oblla  BbIOpaHa  HauMeEHbIIAs  —
100 MKT/KT/CyT.

Biisinue HelponenTuaoB Ha YpPOBEHb
Kacnasbl-3, kacrasel-8, TNF-o, BDNF, NGF B
CBIBOPOTKE KPOBHU O€JIBIX KPBIC OLIEHUBATIN Me-
TOJIOM MMMYHO(EpPMEHTHOr0 aHalu3a C HC-
M0JIb30BaHUEM UMMYHOJIOTHYECKOTO aHAIIN3a-
topa «Multiscan FC» u mpuMeHeHreM BbICO-
KouyBCTBHTENbHBIX Ha0opoB ELISA Kit for
Caspase-8 (CIIIA); ELISA Kit for Caspase-3
(CIIIA); ELISA Kit for Tumor Necrosis Factor
Alpha (TNF-a) (CIIA), ELISA Kit for Brain
Derived Neurotrophic Factor (BDNF) (CIIIA);
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ELISA Kit for Nerve Growth Factor (NGF)
(CIIA).

HeliponentuaHele COEIUHEHUS UL HC-
CJIeI0BaHHUs NpeocTaBieHbl THCTUTYTOM MO-
JIEKYJISIpHOW TeHeTuku HarnumonanpHOro wuc-
cienoBarensckoro neHrpa «KypuatoBckuii
WHCTUTYTY.

Cmamucmuyeckas obpabomka pe3yiv-
mamos. CTaTUCTHUYECKYyl0 00paboTKy IMOIy-
YEHHBIX Pe3yJbTaTOB IPOBOJMIIN C TOMOIIBIO
nakera Excel u mporpamMmMuoro obecredeHust
BIOSTAT, c¢ yueroM Kpurepuss MaHHa-
YutHu. CTaTUCTHYECKU 3HAYUMBIMM DPa3Jid-
yug cuutaiu npu p<0,05.

Pesynabrarel M uX oOcy:kaenue. Pe-
3yJbTaThl, OTPAXKAIOIINE BIUSIHUE METAHOKOP-
TUHOB Ha YpPOBEHb Kacmas3-3 B CBIBOPOTKE
KpOBU O€NbIX KpPBIC B YCIOBHUSX «COLIMAIb-
HOTO» CTpecca, MPEICTaBICHBI PUCYHKE 1.

«ConHAaIEHEBIY «CoIHATEHBI»
cTpecc + cTpecc +
AKTI(4-7)- AKTI(6-9)-
Pro- Gly-Pro Pro-Gly-Pro

[Mpumeuanue: ** —p < 0,01 — otHOCHTENBHO KOHTPOIIS; #; ## —p < 0,05; p < 0,01 — OTHOCHTEIBHO TPYIIIBI «COIMATBHBII

cTpecc.

Puc. 1. YPOBCHL Kacmasbl-3 B CBIBOPOTKC KPOBU OeJbIX KPBIC B YCJIOBHUAX OKCIICPUMCEHTAJIBHOT'O
«COLIMAIBHOT0» CTpecca MO/ BIUSHUEM HEUPONENTHAOB MEIAHOKOPTUHOBOM CTPYKTYPBI
@@ - )KUBOTHLIC C arp€CCUBHBIM THUIIOM IMOBCACHUA
- JKUBOTHBIC C Cy6MI/ICCI/IBHBIM TUIIOM ITOBCACHUA.
Note: ** —p <0.01 — relative to control; #; ## — p < 0.05; p < 0.01 — relative to the "social" stress group.
Fig. 1. The level of caspase-3 in the blood serum of white rats under conditions of experimental
"social" stress under the influence of neuropeptides of the melanocortin structure
&———@ - animals with aggressive type of behavior;
— animals with a submissive type of behavior.
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[Ipu ¢dopMUpOBaHHH «COIMATHHOTOY
CTpeCcC Yy JKMBOTHBIX C arpeCCHBHBIM THIIOM
MOBEJICHHUSI YPOBEHb Kaclasbl-3 YBEIHUYUIICS
npakruyecku Ha 76% (p<0,01) no oTHOIIEHUIO
K KoHTpoIto. [Ipy BBeJIeHUN MEITaHOKOPTHHO-
BBIX COCITUHEHHUN OBLJIO OTMEUEHO CHUKECHUE
YPOBHSI HMCCIIEyeMOro IOKazaTelsi: Tpu
AKTT'(4-7)-Pro-Gly-Pro (Cemakc) — Ha 30%
(p<0,01) u AKTT(6-9)-Pro-Gly-Pro — na 20%
(p<0,05) B cpaBHEHHH C TPYIIIION CTpecC.

B rpymme crpeccupoBaHHBIX KUBOTHBIX
¢ cyOMHUCCHBHBIM THIIOM ITOBE/ICHUSI YPOBEHb

14

12

—
=]

[#.s]

Kacmaza-8. nr/mia

KoHTpoms

«C OIIHAIIBHEII»
cTpecc

kacnasbl-3 yBenuuuics Ha 60 % (p < 0,01) mo
OTHOIICHHUIO K KOHTPOJBHOU TpYyIIe >KUBOT-
ueix. [Ipu BBemenun AKTI'(4-7)-Pro-Gly-Pro
(Cemakc) oTMeuanoch CHUKEHHE YPOBHs I10-
kazatens Oomee uyem Ha 15% (p<0,05),
AKTT'(6-9)-Pro-Gly-Pro —na 12% (p>0,05) o
CPaBHEHHIO C TPYIIOW  «COIUAIBLHOTOY
cTpecca.

PesynbraThl, OTpaxarouye BIUsHIE Me-
JAHOKOPTUHOB HAa YPOBEHb Kacras-8 B ChIBO-
POTKE KpPOBH OEJBIX KPBIC B YCIOBHSX «COIH-
AJILHOTOY» CTpecca, MPEJICTABICHBI PUCYHKE 2.

«C OLIHANBHBI» «CoITHAIBHEI»
cTpecc + cTpecc +
AKTI(4-7)- AKTI(6-9)-
Pro- Gly-Pro Pro-Gly-Pro

[pumeuanue: ** —p < 0,01 — otHOCHTENBHO KOHTPOILS; #; ## —p < 0,05; p < 0,01 — OTHOCHTENBHO TPYIITIBI «COIHATBHBII

cTpecc.

Puc. 2. YpOBeHL Kacrasbl-8 B CBIBOPOTKC KPOBHU OeJbIX KPBIC B YCJIOBHUAX OKCIICPUMCEHTAJIBHOI'O
«COLIMAIIBHOT0» CTpecca MO/ BIUSHUEM HEUPOIIENTHAOB MEIAHOKOPTUHOBOW CTPYKTYPBI
@@ - )KMBOTHBGIE C arp€CCUBHBIM TUIIOM IMOBCACHUA,
e — ) - JKUBOTHBIC C Cy6MI/ICCI/IBHHM THUIIOM ITIOBCACHUS.
Note: ** —p <0.01 — relative to control; #; ## — p <0.05; p < 0.01 — relative to the "social" stress group.
Fig. 2. The level of caspase-8 in the blood serum of white rats under experimental "social" stress
under the influence of neuropeptides of melanocortin structure

e&———@ - animals with aggressive type of behavior;
o———@ - animals with a submissive type of behavior.

dopmupoBaHue «COLUAITLHOTO»
cTpecca IPUBEINO K YBEIHUCHHUIO YPOBHS Kac-
na3si-8 B 2,6 paza (p<0,01) B cpaBHEHUHU C KOH-
TPOJILHBIMH KpbIcaMH. BBeneHne MenaHokop-
TUHOBBIX coenuneHnii AKTI'(4-7)-Pro-Gly-

Pro (Cemakc) u AKTT'(6-9)-Pro-Gly-Pro cro-
COOCTBOBAJIO CHMKEHHIO IAaHHOTO MTOKa3aTes
B 1,5 paza (p<0,01), B 1,2 (p<0,01) cootBeT-
CTBEHHO I10 OTHOILIEHHIO K IPYIIIe CTPECCUpo-
BaHHBIX KUBOTHBIX.
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YpoBeHb Kacnasbl-8 B rpyIiie CTpPecCH-
POBAHHBIX KUBOTHBIX C CyOMHCCHUBHBIM TH-
IOM TIOBeJIeHUsl yBenuuwics B 2,4 paza
(p<0,01) MO OTHOIICHHIO K WHTAKTHBIM >KH-
BOTHBIM.  BBeleHue  MellaHOKOPTHHOBBIX
HeiporienTuaHbIx coeaunenuit AKTI'(4-7)-
Pro-Gly-Pro (Cemakc) u AKTI'(6-9)-Pro-Gly-
Pro cmocoOcTBOBaJIO CHIJKCHHIO YPOBHS
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J—t
h
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0
KoHTpons «C OIHAILHBII»
cTpecc

n3ydyaemoro nokazatens Ha 24% (p<0,05); na
19% (p<0,01) cOOTBETCTBEHHO TIO CPABHCHHIO
C TPYIIION «COLMAIILHOTO» CTpecca.

Ha pucynke 3 mpezacraBieHBl pe3yib-
TaThl, OTPAYKAIOIINE BIMSIHUE HEHPOICIITHIOB
MEJTaHOKOPTHHOBOH CTPYKTYyphl Ha YpPOBEHB
TNF-0 B CBIBOPOTKE KpOBH O€IBIX KPBIC B
YCIIOBHSX «COIMAIILHOTOY» CTpecca.

83.03## 87.4##

«CoIHaTEHBIH» «CoIHaIbHELID
crpecc + cTpecc +
AKTI (4-7)- AKTT (6-9)-
Pro- Gly-Pro Pro-Gly-Pro

[pumeuanue: ** — p < 0,01 — otHOCHTENEHO KOHTPOJIS; ## — p < 0,01 — OTHOCHTENBFHO TPYIIIHI «COMHUANBHBIN CTPECC.
Puc. 3. Ypoenb TNF-o B CbIBOPOTKE KpOBHU OENBIX KPBIC B YCIOBUIX AKCIIEPUMEHTATIBHOTO «COLIU-
AJIBHOT'O» CTpECCa 1o BIUAHUCM HeﬁpOHeHTHHOB MeHaHOKOpTHHOBOﬁ CTPYKTYPhbI

@—@® - )XHBOTHBIC C arpC€CCUBHBIM TUIIOM IMOBCACHUA,

@@ - )KUBOTHBIE C CYOMUCCHUBHBIM TUIIOM MTOBEJCHHUSI.
Note: ** —p < 0.01 — relative to control; ## —p < 0.01 — relative to the "social™ stress group.

Fig. 3. TNF-a level in the blood serum of white rats under experimental "social™ stress under the
influence of melanocortin neuropeptides
&———® - animals with aggressive type of behavior;
o———@ - animals with a submissive type of behavior.

dopmupoBaHue «COLMATTBHOTO»
cTpecca y JKMBOTHBIX C arpeCCUBHBIM THUIIOM
MOBE/ICHUSI TIPUBEIIO K YBEIHMUYCHHUIO YPOBHS
¢akTopa Hekpo3sa omyxonu Ha 45% (p<0,01) B
CPAaBHEHUHN C KOHTPOJIBHOM TPYIIION >KMBOT-
HbIX. Ha (oHe BBeneHMs MEITaHOKOPTHHOBBIX

neiiponentunoB AKTI(4-7)-Pro-Gly-Pro (Ce-
makc) u AKTT(6-9)-Pro-Gly-Pro 6su10 oT™me-
YEeHO CHH)KEHHUE MaHHOTO mokasarens Ha 27%
(p<0,01) u 23% (p<0,01) cOOTBETCTBEHHO
[0  OTHOIIEHHIO K  CTPECCHMPOBAHHBIM
YKMBOTHBIM.
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B rpymme kpbic ¢ CcyOMHUCCHUBHBIM TUTIOM
MOBEICHUS TIpu (POPMUPOBAHUU CTpEcca ypo-
BeHb TNF-o yBenmuuuics Ha 52% (p<0,01) B
cpaBHeHUH ¢ KoHTposieM. CoeanHEeHHS
AKTTI'(4-7)-Pro-Gly-Pro (Cemakc) u AKTI'(6-
9)-Pro-Gly-Pro BbI3BajiM CHMYKCHHE TAHHOTO
nokazarens Ha 33% (p<0,01) u 24% (p<0,01)
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[0 OTHOILIEHUIO K TPYIIE «COLHUATBHOIO»
cTpecca.

Ha pucynke 4 mokaszaHbl pe3yibTaThl,
OTpaXKaloIllUe BIMSHUE MEIAHOKOPTUHOB Ha
ypoBeHb NGF B CBIBOPOTKE  KpOBHU
OCNbIX KPBIC B YCIOBHSX «COIHUATBHOTO»
cTpecca.

64?,il_5## 605 .i4##

~

611.9%## 606.73%##%
$
«CoLHATBHEII «COIHATEHELD
cTpecc + cTpecc +
AKTI(4-7)- AKTI(6-9)-
Pro- Gly-Pro Pro-Gly-Pro

[Mpumeuanue: ** —p < 0,01 — orHOCHTENBHO KOHTPOJIS, ## — p < 0,01 — OTHOCUTEIBHO TPYIIIBI «COLUAIBHBINY CTPECC
Puc. 4. Ypoenb NGF B cbiBOpoTKE KpOBHU O€NbIX KPBIC B YCIOBHUSX IKCIEPUMEHTAIBHOTO «COLH-
AIBHOT'0» CTpECCa MO/ BIUSHUEM HEMPOIENTHI0B MEITAHOKOPTUHOBOM CTPYKTYPBI

@@ - )KMBOTHBGIC C arp€CCUBHBIM TUIIOM IMOBECACHUA,

e — ) - JKUBOTHBIC C Cy6MI/ICCI/IBHBIM THUIIOM ITIOBCACHUS.
Note: ** —p < 0.01 — relative to control; ##—p <0.01 — relative to the "social" stress group

Fig. 4. NGF level in the blood serum of white rats under experimental "social™ stress under
the influence of melanocortin neuropeptides
o&——=® - animals with aggressive type of behavior;
o———@ - animals with a submissive type of behavior.

B rpymme XHBOTHBIX C «COIHATHHBIMY)
CTPECCOM U arpecCHBHBIM THIIOM IOBEIEHUS
Habmoanock cHmxkenne ypoas NGF na 28%
(p<0,01) B cpaBHCHHMH C MHTAKTHBIMH JKHBOT-
HeIMU. [Ipy  BBeJEHUM  METaHOKOPTHHOB
AKTT (4-7)-Pro-Gly-Pro (Cemakc) u AKTI(6-
9)-Pro-Gly-Pro 6but0 OTMEYEHO TOBBIIICHHE
ypoBHS ucciemyemoro (¢akropa Ha 28%
(p<0,01) u 27% (p<0,01) cOOTBETCTBEHHO B
CPaBHEHHH C TPYIITIOHN «COMMATIBHOT0)» CTpecca.

dopMHpoOBaHHE «COLIMAJILHOIO»
cTpecca B TPyIIE >KUBOTHBIX C CyOMHCCHB-
HBIM THIIOM TIOBEJICHHS MIPUBEIIO K CHIYKEHUIO
ypoBHs NGF Ha 36% (p<0,01) B cpaBHEHHH ¢
KOHTpOJbHOU Tpynmnoi. Ha ¢done BBeneHus
menanokoptuoB  AKTI'(4-7)-Pro-Gly-Pro
(Cemakc) u AKTI'(6-9)-Pro-Gly-Pro 6bu10 oT1-
MEYEHO MOBBINIEHUE ypOBHS (pakTopa pocTa
HepBoB Ha 55% (p<0,01) u 44% (p<0,01) co-
OTBETCTBEHHO I10 CPABHEHMIO C IPYIIION «co-
IHATBHBIN CTpecC.
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Ha pucynke 5 mnpencraBieHbl pe3yiib-
TaThl, OTPaXAIOUIUE BIUSHUE MEIAHOKOPTHU-
HOB Ha YPOBEHb HelipoTpoduueckoro gaxropa
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«CoITHATBHBIIY

BDNF B CBIBOPOTKE KpOBH O€IBIX KPBIC B
YCIIOBUAX «COLMAIIBHOTO» CTpecca.
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«C onHaIbEHBIY «C olIHATEHEI
cTpecc + cTpecc +
AKTI(4-7)- AKTT(6-9)-
Pro- Gly-Pro Pro-Gly-Pro

[Mpumeuanue: ** — p < 0,01 — orHOCUTENBEHO KOHTPOIIS; ## — p < 0,01 — OTHOCHTENIFHO TPYMITBI «COLHATBHBIN» CTpecc
Puc. 5. Yposens BDNF B cbIBOpoTKE KPOBU OEINBIX KPBIC B YCIOBUSIX SKCIIEPUMEHTAILHOTO
«COIIMAJILHOT0» CTpecca MOJ1 BIUSHUEM HEHPONENTHIOB MEIIAHOKOPTUHOBOM CTPYKTYPBI

@—® - )KUBOTHBIC C ATPECCUBHBIM TUIIOM IIOBEJECHUSI;
@@ - XUBOTHBIC C CyOMHCCHBHBIM THUIIOM IOBEICHMUSI.

Note: ** —p < 0.01 — relative to control; ##—p <0.01 — relative to the "social" stress group

Fig. 5. The level of BDNF in the blood serum of white rats under experimental "social"
stress under the influence of melanocortin neuropeptides

&——=® - animals with aggressive type of behavior;
o———@ - animals with a submissive type of behavior.

B rpynme crpeccupoBaHHBIX JKHBOTHBIX
C arpecCUBHBIM TUIIOM ITOBEIEHUS OBUIO OTME-
YEeHO CHW)KEHHME YPOBHS HEHpOTpohHuecKkoro
¢akropa romosaoro mosra Ha 40% (p<0,01) B
CPaBHEHMHM C KOHTPOJILHOU IpymIoi. Beenenue
coequuennii AKTI'(4-7)-Pro-Gly-Pro (Cemakc)
u  AKTI'(6-9)-Pro-Gly-Pro  crocodctBOBaH
YBEJIIMYCHHUIO YPOBHS MO3TOBOTO HepoTpodu-
YecKoro (pakTopa Mo OTHOILIEHHUIO K CTPECCUPO-
BaHHOM rpymre kuBoTHBIX Ha 60% (p<0,01) u
38% (p<0,01) COOTBETCTBEHHO.

B rpymnme cTpeccHMpoBaHHBIX KpBIC C
CyOMHMCCUBHBIM THUIIOM IOBEJIEHHs OBLJIO OT-
MedyeHo cHkeHue ypoBHs BDNF na 45%

(p<0,01) B cpaBHEHUH C KOHTPOJHHBIMH KH-
BOTHBIMU. [Ipu BBEIEHUN METaHOKOPTUHOBBIX
COCIMHEHUI TaKke OTMEYallCh W3MEHEHUS
YPOBHSI HCCIIEAYEMOTO HEHPOTPOPHUIECKOTO
(akTopa B BUAE €ro CTaTUCTUYECKH 3HAYH-
Mmoro noBsimeHus (p<0,01): na pone AKTI(4-
7)-Pro-Gly-Pro (Cemakc) — na 78% wu
AKTT'(6-9)-Pro-Gly-Pro — 55% mno otHorire-
HUI0O K TPYINIE >KUBOTHBIX, IMOJABEPKEHHBIX
BO3/ICHCTBUIO «COIMAIBHOTOY» CTpecca.

B pesynbrare npoBefeHHs JaHHOTO UC-
cleoBaHus ObLIO YCTaHOBIIEHO, YTO «COITH-
QIBHBIN CTPECC COMPOBOKIACTCS CHUKECHUEM
ypoBHss BDNF u NGF, uto cBsizaHO ¢ H3MEHe-
HUEM HEWPOIUIACTUYHOCTH C TMOCIEAYIOIUM
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yYrHETeHHEM HelporeHesza. B psane skcnepu-
MEHTAJIBHBIX paboT jokazano, yto BDNF 06-
JaJaeT BbIPAKECHHBIMU HEUPOITPOTEKTOPHBIMHU
CBOMCTBaMH, CIOCOOCTBYS YTHETEHHUIO KIle-
TOYHOT'O aroITo3a, PENATCTBYS, B CBOIO OUe-
penb, THOeNH HEHPOHOB U CTHUMYJIHPYS POCT
XOJIMHEPTUYECKUX HEPBHBIX BOJIOKOH [20]. B
AKCIIEPUMEHTE YCTaHOBJICHO, YTO B YCIOBHUSAX
«COLIMAJIBHOT0» CTPECCA Hapsily CO CHUKEHHE
ypoBHEH  HelpoTpoduuecknx  (HaKTOpOB
Ha0II0/1aeTCsl MOBBIIIEHNE YPOBHEH Kacrasbl-
3 u kacnasbl-8, a Takke TNF-a chBOpoTKH
KpPOBU O€JIBIX KPBIC, YTO CBUJCTEIBCTBYET 00
YCUJICHHE aIlONTOTUYECKUX IponeccoB [13,
14]. CyecTBeHHas pOjib HEUPOTPODUUIECKUX
(akTOpoB B HMHIYKIUU WIA TOPMOXKCHUH
arornro3a JoKa3aHa M B JPYTUX SKCIEpUMEH-
TajbHBIX paboTax. YcranorineHo, uto NGF
TOPMO3HUT aromTo3 MPH psijie HellpoaereHepa-
TUBHBIX 3a0oneBanusax [20]. Kpome toro, mo-
Ka3aHo, 4To (hakTOp pocTa HEPBOB U HEMpO-
Tporueckuii GpakTop roJIOBHOTO MO3ra pea-
JU3YIOT CBOE JCHCTBHE uYepe3 I'€HETUYECKUE
MEXaHHU3Mbl HHAYKIUU allONTOTUYECKUX TPO-
1eccon [22].

CHmkeHmne dKCIpeccuu HelnpoTpodude-
CKuX (haKTOPOB B PE3yJbTaTe CTPECCOTCHHBIX
BO3JICHCTBUN PA3IMYHON MHPUPOJILI U BOCCTa-
HOBJICHHE €TI0 YPOBHS MPOJOKUTEIILHBIM BBE-
JICHUEM CPEICTB KOPPEKLMHU MPUBEIN K CO3/1a-
HUIO HEHPOTPOPHUUECKON THIOTE3bI Pa3BUTHS
CTpecC-MHAYLIMPOBAaHHOM AEMPECCHH, COTJIACHO
KOTOpPOM W3MEHEHHE YpPOBHsS HeUpoTpodude-
CKHX (JaKTOPOB SIBISETCS KIFOUEBBIM MEXaHU3-
MOM (pOPMHPOBAHUS U Pa3padOTKHU MOIXOI0B K
JeYeHHIo MoJo0HbIX HapyweHuit [17]. Ycra-
HOBJICHHAsI B JJAHHOM HCCJICIOBAHUN KOPPHUTHU-
pyromasi  aKTMBHOCTb ~ MEIaHOKOPTHHOBBIX
HEHpONENTUAOB B OTHOLIEHUH YPOBHS HEWPO-
Tpoduuecknx (HaKTOPOB MPHU «COLUATHEHOMY
CTpecce CBUIETENIBLCTBYET O  IPOSBICHUU
AKTI'(4-7)-Pro-Gly-Pro (Cemakc) u AKTT'(6-
9)-Pro-Gly-Pro  BbIpayK€HHBIX aHTHCTPECCOp-
HBIX U HEHPOMPOTEKTOPHBIX IPPEKTOB, UTO CO-
MIPOBOXK/IAETCSI BOCCTAHOBIICHHEM YPOBHEH (hak-
TOpa pocTa HEPBOB U HEHPOTpPOhUUECKOro (ak-
TOpa roJIoBHOTO Mo3ra [28].

Hapsiny ¢ aTuM, ycTaHOBJIEHO, UTO BBe-
JICHUE HEUPONEeNTUAHBIX COEMHEHHI
AKTTI (4-7)-Pro-Gly-Pro (Cemaxkc) u AKTI(6-

9)-Pro-Gly-Pro nHa ¢doHEe «COIHAIBHOTO»
cTpecca CIOCOOCTBYET CHIXKEHHIO YpPOBHSA
arONTOTHYECKUX TIOKa3aTellel — Karcasbl-3,
Kacmasbl-8 U (pakTopa HEKpO3a OMyXOJId, YTO
OIOCPE0BaHO, BO3MOXKHBIM, HHIHOHPOBa-
HHUEM Kaclasza-3aBUCUMOI0 KacKajla peakiuil
paspyleHus] KJIETOYHBIX CTPYKTYp IIyTEM,
TUAPONU3a AEPHON JIAMUHBI, PACIICTIIICHUS
aJre3UBHBIX OCJTKOB W PAa3pYIICHUS IIUTOCKE-
sera [29, 30]. JlanHbIil yTh, HAPSIAY C Kacma-
3aMH, peaju3yercs C y4acTHEM pelenTOpOB
KJIETOYHOW THOENH, K KOTOPBIM OTHOCSITCS
(hakTOp HEKPO3a OMyXOJICH. Y CTAHOBIICHO, YTO
HEHPOIENTHAHbIE COEAMHEHUS B YCIOBHUAX
«COITMAIBHOT0» CTPECCa BHI3BIBAIOT BHIPAYKEH-
HOE MHTHOMpPOBAHHUE IIPOLIECCOB CBOOOIHOPA-
JTUKaJIbHOTO OKHCIICHUS U CHUKAIOT KOHIICH-
TPALMIO MTPOBOCHAIUTENBHBIX [IUTOKUHOB Ta-
kux kak IL—1B3, IL-6 u TNF-a [22, 23]. Ha oc-
HOBaHWH TIOJYUYEHHBIX PE3yJIhTATOB MOXKHO
C/IeNaTh BBIBOJ O HAJIMYKME Y METAaHOKOPTUHOB
AQHTHAMONITOTUYECKOTO JICUCTBHUS 3a CUET BIH-
SIHHSI HA YPOBEHB Kacra3, KOHIICHTPAIHIO ITPO-
BOCHAJIUTENbHBIX IUTOKUHOB U MHTUOMPOBa-
HUE MPOLIECCOB MEPEKUCHOTO OKUCIICHUS JIU-
muaoB [23].

3ak/royenue. Takum oOpa3om, mpoBe-
JICHHOE MCCIIeI0BAaHUE MTO3BOJIMIIO YCTAHOBUTh
HaJIMYUe y MEJIAaHOKOPTHHOBBIX HEUPOIICTITH-
noB  AKTI(4-7)-Pro-Gly-Pro (Cemakc) wu
AKTT'(6-9)-Pro-Gly-Pro  antmamonrtotnye-
CKOM aKTHBHOCTH 3a CUET WHTHOWPOBAHHS
Kacma3a-3aBUCUMOTO  KackaJa  peakIuil
arornTo3a, a Tak)ke BBIPAKEHHOTO CTpecc-Tpo-
TEKTOPHOTO JEHCTBUS 3a CYET BOCCTaHOBIIE-
HUS YpOBHS HeWpoTpoduueckux QaxTopoB
MO3ra, 4TO aKTyaJu3upyeT NanbHeiiiee Je-
TalbHOE W3YYCHHE Kacma3a-3aBUCUMOTO U
OIIOCPEIOBAaHHOTO HEHpOoTpoduyecKuMu Qax-
TOpaMH MEXaHU3Ma AHTHUCTPECCOPHOTO (-
(hekTa MEeTaHOKOPTHHOB.
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