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BansitHue KocMIM4YeCcKoro I1ojieTa Ha IKCIIpeCCIIO I'eHOB
B I'OJIOBHOM MO3I'€ 3KCIIEpMMEHTAa/IbHbIX )KMBOTHBIX

A.C. Lipi6xo ®, T.B. Viapuubaesa, H.K. [Torosa

DepepanbHoe rocyaapcTBeHHOe blofKeTHOe HayuHoe yupexaeHne «DeaepanbHblii NCCNe[oBaTENbCKUIA LeHTP VHCTUTYT umtonorum u reHetkn Cnbrnpckoro

oTaeneHna Poccrinckon akaemmim Hayk», Hoocnbumpck, Poccus

Kocmunueckuin noneT Bbi3biBaeT P cepbesHbiX MO6OUHbIX GrU3nono-
rMYeCcKmnX N3MEHEHUI B NepBYI0 ouepeb 13-3a COCTOAHNA MUKPO-
rpasuTaumu. B novckax mexaHM3MOB, fiexallyx B OCHOBE 3TUX U3Me-
HeHUA, 6bIn pa3paboTaHbl MHOTME MOAXOAbI: OT MOAENPOBAHUA
MUKpOrpaBuTaLmy Ha 3emne 4o UCCefoBaHUi B KOCMOCE, HEOTbeM-
NeMoW YacTbio KOTOPbIX ABNAETCA NCCNIeA0BaHNE SKCMPEeCcMn reHOB
1 6enKoB. B oTnnume ot KOCTHOM 1 MbILLEYHOW TKaHel, MONeKynap-
Hble U3MeHeHNA, NPOoUCXofALLMe B HEPBHbIX KleTKaxX BO BpeMsA KOC-
MUYECKUX MOSIETOB, MPaKTUYECKMN He nccnefoBaHbl. Lienbto faHHoro
0630pa ABnaeTcA 0606LLeHVe NOCNeAHNX JOCTUXKEHWIA B 06nacTu
nccnefoBaHNA SKCNPeccun reHoB 1 6efIKoB B HEPBHOW cucTemMe

B YCJTOBUAX MUKPOrpaBuTaumn. B 3HauntenbHom cteneHmn o63op byaet
NoCBSALLEH pe3ynbTaTamM noneta 6uocnyTHrKa «broH-M1». Bnepsble
HaMU 6blIN BbIABNEHbI YyBCTBUTENIbHBIE K MUKPOFPaBUTALMM FeHbI
nodamunHoBol ([JA) n cepoToHnHoBo (5-HT) cmctem: TMPO3MH
rnapokcmnasa (TH), katexon-o-metuntpaHcdepasza (COMT) n goda-
MVHOBBII pelenTop nepsoro Tina (D1) B HUrpocTpuaTanbHOM cuc-
Teme; CepOTOHUHOBbIE peuenTopbl 2A nogTuna (5-HT,,) n D1 peuen-
TOpbI B FrnoTanamyce n moHoammHokcugasa A (MAO A) Bo dpoHTanb-
Hol Kope. CHUKEeHVE SKCNPeCcCum KoyeBbiX reHoB oGaMUHOBO
CUCTeMbl MOXET BHOCUTb BKIaj B pa3BuUTHe ABUraTesbHbIX HapyLue-
HUI Y BUCKMHE3MIN BO BPEMA KOCMUYECKOTO NoneTa Kak Y XNBOTHbIX,
Tak U yenoseka. TakKe NoA AeliCTBMEM MUKPOrpaBUTaLmn akTUBY-
pyeTca n cucTema HelpOoHaIbHOTO anonTo3a, O YeM CBUAETENbCTBYIOT
MOBbILLIEHWNE SKCMPEeCCMM aHTUanonToTmyeckoro 6enka Bel-XL B run-
noKamre 1 ee CHXeHWe B riunoTtanamyce. [InnTenbHbi KOCMUYECKNI
noneT NpuBen K AUCPErynaLnm SKCNPeCcrmn reHoB, KOAUPYHOLWMX
rnyanbHbln HelpoTpoduyecknin daktop (GDNF) n godammHoBbIN
HelpoTpoduueckmin paktop (CDNF) mo3ra. [laHHble HerpoTpoduye-
cKune GaKTopbl UrpaloT BarkHENLLYIO POJib B NMOAAEPKAHUN U 3aLLuUTe
LodpaMUHEPrnyecKnX HeMPOHOB, NMOSTOMY CHVXXEHUE X SKCNPeccun
B HUrPOCTpUaTanbHON JOPaMUHOBON CUCTEME MOXKET ObITb OfHOM

13 MPUYNH HEFaTVBHOTO BO3LENCTBMA KOCMMYECKOrO NoseTa Ha
[0paMUHOBYIO CMCTEMY MO3Tra. YHUKaNbHOCTb AaHHbIX, MOMYYeHHbIX
B pe3ynbTaTe noneta 6ruocnyTHuKa «broH-M1», 3aKnoyaeTcs B ToMm,
YTO OHW BrepBble NMO3BONANN NMOABECTIN MONEKYIAPHO-TEHETNYECKYIO
OCHOBY NOA N3BECTHbIE HA CErofHA Helpodusmonornyeckme mexa-
HM3MbI afanTaLymn LeHTPasIbHOW HEPBHOW CUCTEMbI K COCTOAHNIO
MUKpPOrpaBmTaLuu.

KntoueBble cnoBa: KOCMUYECKIMI NONIET; MUKPOrpaBuTaLMA; HepBHas
cnctema; «<broH-M1»; sKcnpeccnsa reHoB.
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The effect of space flight on gene
expression in brain

A.S. Tsybko@, T.V. Iichibaeva, N.K. Popova

Institute of Cytology and Genetics SB RAS, Novosibirsk, Russia

Many serious adverse physiological changes occur
during spaceflight, primarily due to microgravity.

In search of underlying mechanisms, many experi-
mental tools have been developed, ranging

from microgravity modeling on Earth to space

flight investigations, part of which is to study

the expression of genes and proteins. Unlike bone
and muscle tissue, molecular changes in nerve cells
during spaceflight are practically unexplored. This
review aims at summarizing the recent advances

in identifying gene and protein expression changes
of nervous system cells under microgravity conditions.
To a large extent, this review will focus on the results
of the Bion-M1 biosatellite. We have for the first time
revealed dopamine and serotonin microgravity-
responsive genes (tyrosine hydroxylase, catechol-O-
methyltransferase, and D1 receptor in the nigrostriatal
system; D1 and 5-HT,, receptors in the hypothalamus;
and monoamine oxidase A in the frontal cortex).
Decreased genetic control of the dopamine system
may contribute to the spaceflight-induced locomotor
impairment and dyskinesia described for both animals
and humans. Also, the system of neuronal apoptosis

is activated under the influence of microgravity as
evidenced by changes in the expression of anti-
apoptotic protein Bcl-XL in the hippocampus and
hypothalamus. The long spaceflight produced
dysregulation in the genetic control of genes encoding
GDNF and CDNF neurotrophic factors. Because they
play a crucial role in the protection and maintenance
of dopaminergic neurons, reducing their expression
may be one of the reasons for the negative impact

of spaceflight on the brain dopamine system. Thus,
the data obtained from the flight of the Bion-M1
biosatellite for the first time allowed for creating

a molecular genetic basis for the currently known
neurophysiological mechanisms of adaptation

of the central nervous system to the state of weight-
lessness.

Key words: space flight; microgravity; nervous system;
Bion-M1; gene expression.



TeUeHHE KOCMHYECKOI0 I0JIeTa Yy KOCMOHABTOB Ha-
OJTIOAeTCST MHOYKECTBO CEPHE3HBIX MOOOYHBIX (PH3HO-
JOTUYECKUX M3MEHECHHH, B YHCIO KOTOPBIX BXOJIST

nepepacnpeesieHue XKHAKOCTEH, yCUJIEHHE MOYSUHOM

¢unpTpanyy, yxyameHne (yHKIHOHUPOBAHNS MUMMYHHOH

CUCTEMBI ¥ (PU3MUECKOTO COCTOSIHUSI KapAHOBACKYISPHOIH

CHUCTEMbI, H3MEHEHHE TOCTYMAIONIeH CCHCOPHOU nH(pOpMa-

II1H, UCTOILCHNE KOCTHOI TKaHM, TOTEPS] MBIIIEYHON MacCChl

(Clément, Reschke, 2008; Blaber et al., 2010; Clément,

Ngo-Anh, 2013; De la Torre, 2014). MHOTUM 13 3TUX MATO-

(PU3MOIOTHUYECKHX a/JanTaluii HEBO3MOXHO POTHBOCTOSTh

B IOCTATOYHOM Mepe MPH MOMOIIH (PU3NIECKUX YIPKHEHNH

WJINU IUIICBBIX [lO6aBOK, 4TO Inpeamnojaaract HaJJm4ue J01OJJIHU-

TEIBHBIX MOJIEKYIIIPHBIX MEXaHN3MOB, OTBETCTBEHHBIX 32 3TH

n3MeHeHws1. [t pa3paboTKy BEICOKOA(D(HEKTHBHBIX KOHTPMED

Y TPEeJIOTBPAIEHHs] CHEHU(PHUIECKIX «KOCMHUYECKHX» 3200~

JIeBaHUH KpaiiHe BayKHO MOHATh MEXaHM3MBI, TOCPEICTBOM

KOTOPBIX COCTOSIHUE MHUKPOTPABUTALMH BBI3BIBACT CTOJBKO

HapyLICHUN.

Mo cux mop Hanbosnee 3aMeTHBIE MOJIEKYIAPHBIE 3P PEKThI
MHUKpPOTPaBUTAIMN OBIIIM MUCCIECAOBAHBI B KJIETKAX KOCTHOM
(Hughes-Fulford, 2002; Klein-Nulend et al., 2003; OraHos,
Boromosos, 2009), mermeunoit (Oranos, IToramos, 2006,
Atomi, 2015) n ummynHoi#t (Felix et al., 2004; Degan et al.,
2005; Nichols et al., 2006) cuctem. JKuBOTHBIC U KIICTOUHBIC
MOJIeTTH OBUTH M3YYEHBI i71 VIVO WIH in Vitro BO BPeMs KOCMH-
YECKHX IOJIETOB U B YCIOBUIX CUMYJIMPOBAaHHOW MUKPOTpa-
BUTaLlUU (B TECTC NNIOABCIHIMBAHMSA 3a XBOCT UJIH CIICLIMAJIBHBIX
6mopeakropax). beum naeHTHGUIIMPOBAaHE MHOTHE MeTa00-
JMYECKNE M CUTHAJIBHBIC ITyTH, TOJBEPKEHHbIE BO3JICHCTBUIO
MUKpoOrpaBurauuu. Yepes 3T MyTU MUKpPOrpaBUTALUS
BIIMSIET HA PA3/INYHbIE KJICTOYHbIE (PYHKIINH, TAKNE KaK IPO-
madepanys, tudQepeHIpoBKa, CO3PEBaHNE M BEDKHBAHHE.
OZ[HaKO CTOUT OTMETUTH, YTO MO CPAaBHCHUIO C KOCTHOM
Y MBIIIEYHON TKAHSIMH MOJIEKYJISIPHBIC a/IallTallii HEPBHBIX
KJICTOK NPAKTHYECKH HE MCCIeOBaHbl. B Teuenune momera
M [10CJIE HEro HaOJIONAIOTCSl Pa3IMYHbIE HEBPOJIOTHUECKUE
M3MEHEHUsI, Han0oJsee BhIPA)KCHHBIMH U3 KOTOPBIX SIBIISTFOTCSL:
KOCMHYECKOE JIBUTaTeNIbHOE paccTpoiicTBo (Space Motion
Sickness, SMS), kocMUYeCKHUIl aganTallMOHHbBIN CHHIPOM
(Space Adaptation Syndrom, SAS), WITIO3HUST TTOTOKEHHUS
TeJa, 3pUTENNbHBIC HAPYILICHNS, HeHPOMBIIIIEUHAast yCTaIOCTh,
c11a00CTh, HapyIlIEHHE PABHOBECHSI M aTaKCHUsl [I0CIIe BO3BPa-
menns Ha 3emumro (Fujii, Patten, 1992). [Iponecc agantarmn
nenTpanbHoit HepsHO# cucteMsl (LIHC) k cocTostHIIO MUKpO-
rpaBuTaluu (kak u 0060 nponecc axanramuu L{HC) co-
MPOBOX/IAETCSI HEMPOIITACTHYECKUMH N3MEHEHUSIM, KOTOPBIE
SIBIISIIOTCS] KPAeyTOJIbHBIM KaMHEM (DyHKITHOHUPOBAHUS MO3Ta
(Slenzka, 2003; De la Torre, 2014). Hetipomopdosnornueckue
HCCJIEI0BAaHNS YKa3bIBalOT Ha CTPYKTYpPHBbIE M3MECHCHMS
B PA3IMYHBIX 0OJIACTSAX MO3Tra KaK B3pOCIbBIX, TAK U MOJIO/IBIX
JKUBOTHBIX, OOBIBaBIINX B HeBecomocTu (Krasnov, 1994;
DeFelipe et al., 2002). HemomHOTa UMEIONIUXCS TaHHBIX
OCTaBJISIET OTKPBITHIM BOTIPOC O TOM, KaK BO3/ICHCTBHE MUKPO-
IpaBUTALIMK CKAa3bIBAETCS HA IPOIIECCax HEHPOIIACTHYHOCTH
Ha MOJIEKYJISIPHOM ypoBHe. ccrnejoBaHys NOCISTHNX JIET BCE
GostbIIIe KOHIIEHTPUPYIOTCS HA SKCIIPECCHH TEHOB B KIIETKAX,
KYJIbTUBUPYEMBIX B YCIOBHUAX MUKPOIpPaBUTALMH, OZHAKO
GOITBIITYI0 BaKHOCTh UMEIOT U IAaHHBIE, OyUEHHBIE il ViVo.
BaxHoii Bexolf B KOCMUYECKHX HCCIICIOBAHHUAX Ha KUBBIX

MpuHATbIE COKpaLeHnsa

5-HT - cepoTOHMH;

TMr2 - TpunTodaH ruapoKcnnasa 2;

5-HTT - TpaHcnopTep CepOTOHUHa;

peuenTop 5-HT, , — peuentop cepoToHnHa noatunna 1A;
peuenTop 5-HT,, — peuenTtop cepoToHnHa noatuna 2A;
peuenTop 5-HT; — peuenTop cepoToHMHa noaTmna 3;
MAO A - MOHOaMUHOKCMa33;

MAO B - MOHOaMMHOKcKAa3a B;

OA - nodamuH;

TH — Tpo3nHrngpokcmnnasa;

DAT - TpaHcnopTep godamMmnHa;

COMT - katexon-O-metTuntpaHchepasa;

peuentop D1 - peuentop godamuHa 1-ro nogTuna;
peuenTop D2 - peuentop godpamurHa 2-ro nogTmna;
BDNF (brain-derived neurotrophic factor) - HeinpoTpo-
duyecknin akTop mMo3ra;

GDNF (glial cell line-derived neurotrophic factor) — rnu-
anbHbIN HeMpoTpopUYecknin pakTop;

CDNF (cerebral dopamine neurotrophic factor) — goda-
MWHOBbI HeNpoTpodryecKnin pakTop Mo3ra;

NGF (nerve growth factor) - pakTop pocTa HepBoB;
CNTF (ciliary neurotrophic factor) — umnmapHbliii Heipo-
Tpodurueckunin pakTop;

BAX (Bcl-2-associated X protein) - Bcl-2-accounmpo-
BaHHbI 6enok X;

Bcl-xL (B-cell ymphoma-extra large) — oueHb KpynHbiii
6enok B-knetoyHon numpombl;

TrkB (tropomyosin receptor kinase B) — TponomnosmnHa
peLenTopHan K1Hasa B;

p75 (low-affinity nerve growth factor receptor) — Hu3-
KoapPpMHHbIN peuenTop GpakTopa pocTa HePBOB;

OT - ob6paTHas TpaHCKpUNLUUS;

MUP - nonumepa3sHas uenHasa peakums.

OpraHM3Max CTaj HelaBHHM NosieT OnocmyTHHKa « bHoH-M 1,
B 33]1a41 KOTOPOTO BXO/IMJIA B TOM YHCIIE M OIIeHKa 3(h(PEKTOB
JUJIATCIIBHOI'O Hpe6bIBaHI/l§I B YCJIOBUAX MUKPOT'paBUTallUN Ha
SKCIPECCHIO Pa3IMYHBIX HEMPOTeHOB B rOJI0BHOM Moare. Lens
0030pa — 0000IIHTE MOCTCTHIE JOCTHKCHUS B 00JIaCTH UC-
CJIe/I0BaHMSI KCIIPECCUH I'EHOB 1 OSJIKOB B HEPBHOII cucTemMe
B YCIIOBUSX MHEKporpasutaimu. Ocoboe BHUMaHHE B 0030pe
YAENEeHO pe3yabTaTaM npoekTa «buoH-M1».

3¢ PeKTbl MUKpOrpaBuTaLn
Ha 3Kcnpeccnio reHoB B HEpBHOI?I cancreme
Kax u B city4ae ¢ qpyrumu ccTeMaMu OpraHu3Ma, aJlarTarus
HEPBHOW CHUCTEMBI K COCTOSTHHIO HEBECOMOCTH M3ydaeTCs
HE TOJIBKO B X0 KOCMUYECKHX MHCCHH Ha OpOUTAIBLHOM
CTaHLMU U OMOCIYTHHMKAaxX, HO TaKKe€ U B Ha3E€MHBIX JKC-
MEPUMEHTAaX, TPU3BAHHBIX CMOJEINPOBAThH (XOTs OBI OT-
4acTH) COCTOSIHUE MHMKPOTPABHUTAIMH. BHYTpHKIETOUHBIC
3P PEKTHI UCCIEAYIOTCS B CICIUAIBHBIX CHCTEMaX POTAIlH-
OHHBIX KJIeTouHBIX KymbTyp (Rotary Cell Culture System,
RCCS), comepkamux coCymnbl ¢ BPAlIafONUMHUCS CTCHKAMH
(Rotating-Wall Vessel, RWV), pabora koTOpbIX OCHOBaHa Ha
mporiecce TpexMepHoro KinHoctatiuposanus (Blaber et al.,
2010). Ocobennocts RWV cocrout B TOM, 4TO B Iporecce
JKCnpeccus KnoyeBbiX reHOB GpU3NOoNornyecknx GyHKLmm

173



BnuaHune Kocmmnyeckoro noneta Ha SKCnpeccunto reHos
B rO/IOBHOM MO3re 3KCnepMeHTabHbIX XXNBOTHbIX

BpAICHUs] TPAaBUTALIMOHHBIC BEKTOPbI PaHIOMU3HNPOBAHBI.
Taknm 00pa3zom, U3-3a ANHAMUYECKOTO PaBHOBECHS, CyIIle-
CTBYIOIIIETO MEKIY IPaBUTAIIHOHHOM (F, g) U TICHTPOOCIKHOMN
(F,) cumaMu ¥ COTIPOTUBIEHHUEM cpefibl (F;), KIneTouHas Macca
MIOCTOSTHHO OCTAETCSI B COCTOSHIUM CBOOOIHOTO TTAaJZICHUS], UTO
n paetr cumyisinuio mukporpasuranun (Unsworth, Lelkes,
1998; Freed et al., 1999). [lyns MmoaenupoBaHus MUKpOTpa-
BUTAIMM Ha IEJBIX OPraHU3MaX HCIONB3YIOTCS /1Ba THIA
TECTOB: y KPbIC M MbIIICH — ITOABEIINBAHNE 332 XBOCT C BBI-
cBOOOXKIEHHEM 3a1HuX KoHeyHoctel (hind-limb unloading,
HU), y genoBeka — MOCTETBHBIN PEXXUM B TTOJIOKCHUN BHU3
ronoBoii (head-down bed rest) (Aubert et al., 2005; Delp,
2008). Kak cienyer u3 Ha3BaHHl 00OHMX TECTOB, B TIEPBOM
ciTydae )KUBOTHOE (OOBITHO KPBICA MITH MBIIIIb ) TIOIBEIITUBAIOT
3a XBOCT WJIM 33 IHUE KOHEYHOCTH, U TAKUM 00pa3oM JOCTH-
raeTcsi COCTOSHUE I'PaBUTALIMOHHOM PA3TPy3KU AJIS 3aHEN
YacTH TeJa M NepepacrpeeseHne KUIKOCTH B OpTaHu3Me
(Morey-Holton, Globus, 1998; Basso et al., 2005), a Bo BTopom
Cllyyae rojioBa NalueHTa pacliojiokeHa Ha IIECTh IPajlycoB
HIDKE TeJIa, 9TO TI03BOJISIET CMOZEINPOBATh IPUTOK KHUIKOCTH
k Heil (Baisch et al., 2002; Trappe et al., 2006). Pazymeercs,
o0a TecTa UMEIOT OrpaHUUYEeHHs], TaK KaKk Ha 3eMJie ¥ B OKO-
JI036MHOM HPOCTPAHCTBE HA TKAHU Tela JEUCTBYIOT pa3HbIC
TPaBUTAlMOHHBIC CHJIBI: B TO BPeMs KaK Ha ITOBEPXHOCTH
3eMIIn rpaBUTALMsI C)KUMAET TeJo, HAa OpOMTE TOJ BO3JCH-
CTBHEM PEabHON MUKPOTPABUTALINHN JIaBICHHE BOKPYT Tea
ssisiercst orpunarenbHeiM (Convertino et al., 1997; Regnard
etal., 2001).

Vcnionb30BaHNE TPEXMEPHOTO KIMHOCTATHPOBAHUS MO-
Ka3aJlo, 9TO TNIMaJbHBIC KICTKH, MPEOBIBAIONINE B TAKOH
cpene B TeueHue Bcero 30 MMH, MOTy4YarOT MOBPEXKACHUS
IIUTOCKENETa, BBIPA)KEHHBIE B JIE30pTaHU3alni MUKpodua-
MeHTOB (F-akTHH), MpOMEeXyTOYHBIX (UIaMEHTOB (BUMCEH-
tuH, GFAP) n Mmukporpybouek (anbda-tyoynun) (Uva et al.,
2002b). OTu gaHHBIE XOPOIIO COTIACYIOTCSA C TIOKAa3aHHBIM
panee cumxeHreM yposHst MPHK GFAP B runnokxaMmnaibHbIx
aCTPOLMTaX KPBIC, TIOOBIBABIINX B PEAIbHOM KOCMUYECKOM
monere (Day et al., 1998), a Taxke ¢ BBISIBICHHON TO37HEE
JICpEryJsiueil TyOy iMHa 1 MUO3WHA B THITITOKAMIIAIbHBIX
HEUPOHAX KPBIC, IOJBEPTrHYTHIX UCKYCCTBEHHON MMKPO-
rpaButarmu B HU monenu (Sarkar et al., 2006). Otmetnm,
4yT0o 4epe3 20 4 HaXOXKACHUS B YCIOBHSIX HCKYCCTBEHHOMH
MHUKpPOTPaBUTALlMM U3MEHEHHUsI B KJIETKaX ObLIM MEHEe BbI-
PaKeHHBIMH, U 3TO, BEPOSITHO, CBSI3aHO C 3aBEPIIMBIICHCS
peopranmnzanueii nurockenera (Uva et al., 2002b). Taxoke
ObUIO MOKa3aHo, YTo 4epe3 30 MUH BpaIIeHUs] KyJIbTYpPbl
KJIeTOK TmomMbl C6 B KIMHOCTATe MPOMCXOAUT KOHICHCA-
IUsl XpOMaTHHA, a B UTOIUIa3Me MOSBISETCS Kacrasa-7,
YTO CBHUJIETEJBCTBYET O KJIETOYHOM aIlonTo3€ B COCTOSIHUM
nckycctBeHHor mukporpasutanuu (Uva et al., 2002a).
Onnako yepe3 32 9 BpalleHUs! arnoNTOTHYECKHE TPOIECCHI
BBIPaXKEHBI OTHOCUTEIILHO €1a00. B TO e Bpems B KynbType
ACTPOIUTOB HAOIIONAIOTCS HE TOJIBKO CXOXKHE MOJIEKYIISIPHBIE
M3MEHEHUs, HO ¥ THOeIh 3HaUnTeNIbHOM YacTh KiieTok (Uva et
al., 2002c¢). [Tomumo aronTosa, B COCTOSIHUHM HCKYCCTBEHHOI
MHUKpPOTPAaBUTALNHN HAOIIOAAIOTCS YCHICHNE OKCHJIaTUBHO-
TO CTpecca M YyCKOpeHHoe crapeHue kietok (Wang et al.,
2009). MonenupoBaHre MUKpOTpaBUTaIuu ¢ nomoiiso HU
B Te€UeHHUE 7 AHEW TakKe IOKa3bIBACT yBEIMYCHUE UHCIA
AKTHBHBIX ()OPM KHCIIOPOAA B CTBOJIE MO3Ta M ()POHTAILHOM
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kope Mmbiiet (Wise et al., 2005). B runoranamyce Mbiiie,
noaBeprayTeix HU, HaOmonaercst yMeHbIIEHHE KOIUIECTBA
CYNIEPOKCHINCMYTa3bl-2 1 YBEIHYCHNE MaJlaTAeTHIpore-
Ha3bl U IEPOKCUPEIOKCHHA-6, YTO OTpa)kaeT ociadieHue
AQHTHOKCHIAHTHON CHCTEMBI U OKCHJIATMBHBIN JucOamaHc
B JJAaHHOW cTpyKType Mo3sra (Sarkar et al., 2008). Bmecte
C 3TUM BO BCEX CTPYKTypax MO3ra IMpPOMCXOMST aKTHUBALMS
TpaHckpunnonHoro ¢aktopa NF-kB u dpocdoprummpoBanme
MHUTOTCH-aKTUBHpYyeMoi rporennknHassl (MAPK) (Wise et
al., 2005). MonenupoBaHre MUKPOTPaBUTAIMH T10/[BEIIHBa-
HHEM MBIIIEH 32 XBOCT BBISIBIJIO B THIIIIOKAMIIE CYIIIECTBEHHOE
YMEHBIIEHHE KOJINUECTBA 3-CHHYKJICHHA, KOTOPBIH, IEHCTBYS
KaK MOJIEKYJISIPHBII LIAIIEPOH, IIPEISATCTBYET HEHOPMAJILHON
arperanuu 0eiKoB. BeposTHO, T03TOMY B yCIOBHUSIX MUKPO-
TPaBUTAIMM MOXKET HAOJIONATHCSI HEHOpMaJIbHasl OeJKOBast
arperauus, IpuBOJsIIas K 0oJiee CIIOKHOMY OTBETY B HEPB-
HBIX KieTkax (Sarkar et al., 2000).

KynsrusupoBanue kinetok B RWV Guopeaxrope, mo-
BUJINMOMY, CO3J1a€T Crielin(pUUHbBIE YCIOBUS ISl yCKOPEHHOM
muddepentpoBkn PC-12 kieTok B HeHpOIHAOKPUHHBIE, 9TO
BBIpaXkaeTcst B JOPMHUPOBAHNH CTICHH(PUIESCKNX OPraHON/I0B
1 YCHJICHUH DKCIIPECCHH (DeHMIIITaHOIaMIH-N-MeTHIITPaHC-
(hepassl u Oenka 6picTporo pearnposanus c-fos (Lelkes etal.,
1998). Chen ¢ komneramu (2011) coo0miatoT, 4T0 KyJI6THBH-
pOBaHME ME3EHXMMAJILHBIX KJIETOK B COCTOSIHUY HCKYCCTBEH-
HON MUKPOTPaBUTAIINN YCHIIMBAET UX Iu(depeHnpoBanue
B HEHPOHBL. B mosryueHHbIX TakuM 00pa3oM HeHpOHAIBHBIX
KJIETKaX BBICOKO JKCIIPECCUPOBAHBI aCCOIMUPOBAHHBIH
¢ MEKpOTpyOoukamu 6e10k 2 (MAP-2), THpO3HHTHAPOKCHIIA-
3a, XOJIMH aneTmiiTpancdepasa, a Takke HelpoTpodudeckue
(axropsl NGF, BDNF 1 CNTF (Chen et al., 2011). OtmeTnm,
YTO CJIEOB aronTo3a B KYJTUBHPOBAHHBIX KJIETKAX BBIIIC-
yKa3aHHBIC UCCIICIOBATENN He OOHAPYKHMITH U JaXKe TIPE/Io-
JKHITH CBOH MeTo/ AN (HEePEeHIIMPOBKH B KaU€CTBE XOPOLLIETO
WCTOYHUKA MONYyUCHUSI HEHPOHOB JUI pereHepaTHBHON Me-
JqunuHbL B To ke Bpemst KoncrantrHoBa ¢ komeramu (2010)
B CBOeil paboTe mokasayid, YTO C yBEJIUYEHUEM BPEMEHHU
KIIMHOCTATUPOBAHUS CHIXKAeTCs TeMIl Ju(depeHInpoBKI
SMOPHOHAIBHBIX CTBOJIOBBIX KJIETOK B HEHPOHAIbHBIC. JTO
OBLIO BUJIHO [0 YMCHBIICHUIO KoruecTBa MAP2 (Mapkepa
no3nHel auddepeHnnpoBKn), B TO BpeMs Kak ypoBeHb B-111
TyOynuHa (Mapkepa panHer quddepeHInpOBKI) 0CTaBaIICs
JIOCTaTOYHO BBICOKUM B IPYIIIE KIJIETOK, NOABEPTHYTHIX KIIH-
HoctatupoBanuio (KorcrantunoBa u 1p., 2010). Ucxons u3
9TOTO MOXKHO CJIENaTh BBIBOJI, YTO JUTUTEIEHOE HAXOXK/ICHHE
SMOPHOHAIILHBIX CTBOJOBBIX KJIETOK B HENPHKPEIIEHHOM
TIOJIOKEHHUH B COCTOSTHUU HCKYCCTBEHHON MUKPOTPaBUTAIINH,
OKa3bIBaIOIee Ha HUX Hecnenuduueckne MexaHH4ecKHe
BO3JICHCTBYS, 33€piKUBAET Mporecchl uddepeHInpoBKy.
B skcnepumente «Ctpoma-2» (B pamkax muccun ISS 128,
30.03—-08.04 2006 r.) mpu KyJITUBUPOBAHUT ME3CHXMMaJIb-
HBIX CTBOJIOBBIX KJIETOK B YCJIOBHSIX peallbHOW MHKpOrpa-
BUTalMN OBIJIO OTMEYEHO yTHETEHHE NpoiaudepaTuBHON
AKTUBHOCTHU KJIeTOK, a npuMeHeHue JJHK-mukpouunos
MOKA3aJI0 CHIKEHHE IKCIIPECCHHU OO0JIBIIOT0 YHCIIA TEHOB, OT-
BETCTBEHHBIX 32 PETYIAIHIO KIIeTogHOTO IHkia (Monticone et
al., 2010). Ho Bmecte ¢ 1M npumenenne JJHK-muxpounnos
BBISIBUJIO aKTHUBALUIO OOJIBIIOTO YKCIIa I€HOB-MapKEpOB
HelpoHaNbHON Au(PEepeHITNPOBKH, a TaKKe T€HOB, OTBE-
YaOIIUX 38 CHHANTOTCHE3 U Tepeaady HEpBHOTO HMITYJIbCa.
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Taknm 00pa3oM, Ha OCHOBE JaHHBIX, MMOJYYEHHBIX B yCJIO-
BUsIX peasibHOl (Monticone et al., 2010) n uckyccTBeHHOI
(Chen et al., 2011) MUKpOTrpaBUTALIMH, MOYKHO 3aKJIFOYHUTD,
YTO 3TO CTIEIM(PUIECKOE COCTOSHHE OITPEIEICHHBIM 00pa3oM
YCWJIMBAET Mporecc HeHpoHANbHOH nuddepeHInpoBKY Ipu
o01reM ocitabaeHuU npoaudepaTuBHON U TU(PepeHIINATb-
HOHM aKTUBHOCTH KJICTOK.

CoBpeMeHHbIE UCCIIEI0BAaHNSI, HAlIPABJICHHbIE Ha N3Y4YeHHE
9KCIIPECCHH T€HOB B MO3T€ JKUBOTHBIX, NOOBIBABIINX B CO-
CTOSIHUM HaCTOSIIEH MUKPOTPaBUTAINHN, €IMHUYHBI. B pado-
Te Santucci ¢ koyuteramu (2012) nccnenoBaHo Bo3aelcTBHE
91-1HEBHOTO KOCMHYECKOTO TIOJIETa HA IKCIIPECCHIO CAMBIX
pa3HO00pa3HBIX TEHOB 1 OENKOB B Mo3re MbImiei C57BL/10J
JIMKOTO THIIA ¥ TPAHCTCHHBIX )KUBOTHBIX CO CBEPXIKCIPECCHEH
mwieorpodrHa (renapuH-CBI3aHHOTO MUTOT€HA MO3ra). BhI-
SIBJICHBI TEHJICHIIUS K CHIDKeHUIo dKcripeccun NGF B rummo-
KaMIIe ¥ KOpe MBbIIIEH JIMKOTO THIIA U3 «IIOJIETHOM» IPYIIIIHI,
a TaKXe MOJaBJICHHE KCIPECCUU PsiJia TEHOB, UMEIOMINX
OTHOIIIEHHUE K META0OIMUECKIM M KaTAIMTHIECKUM IpoIIec-
caM W OKCHJOPEAYKTa3HOW aKTHBHOCTH. Takke BBISBIICHO,
YTO B XO/€ KOCMHUYECKOTO IOJIeTa dKCIpeccus 28 OenKkoB
ObuTa TIOBBIIICHA. DTH OCJNKH yJacTBYIOT B MeTadoinde-
CKHX Ipolleccax, NPOTEKAIOUIMX B MUTOXOH/IPHUSIX, CHHTE3E
u ruzponnze AT®, merabonu3me Kaiblius/KaabMOIYINHA
W TpaHCIopTe OCNIKOB ¥/WMiM aMHHOKHCIOT (Santucci et al.,
2012). K coxaneHuto, Bce JaHHbIC MOJYYEHbI Ha KpailHe
OrpaHUYIEHHOI BEIOOPKE KHUBOTHBIX. B X071€ mMoneTa B »KuBBIX
OCTaJINCh TOJBKO OJHA MBIIIb TUKOTO THIIA M J[BA TPAHCTEH-
HBIX )KMBOTHBIX, YTO JIEJIAET NMPAKTUUYECKH HEBO3MOXKHBIMH
MPaBUIIbHBIE MHTEPIPETALNIO U SKCTPATIOIISILIUEO MOy IEHHBIX
pE3yIbTaToB.

Kak y)xe oTMeueHO BbIlIe, MMOJBEUINBAHNE KUBOTHBIX 32
XBOCT SBIISIETCSI PACIPOCTPAHEHHOW MOJIENbI0O MUKPOTpa-
BUTAINH, JOKa3aBIICH CBOIO PENICBAHTHOCTH B OTHONICHUH
KOCTHOM, MBIIIEYHOH, KPOBEHOCHOH U MPOYUX CUCTEM Opra-
Hu3Ma. OHAKO TOTBITKA 10 BO3MOXKHOCTH 00JI€e IIETOCTHO
paccMOTpeTh IKCIPECCHIO Pa3IHYHBIX TeHOB B Mo3re HU
JKUBOTHBIX OblIa MpeANnpuHsATa TOJbKO B padore Frigeri
¢ komuteramu (2008). TIpu momomu JIHK mukpouumno um
yIAI0Ch OUEHUTh YPOBEHb AKcIpeccun npumepHo 4800 re-
HOB B MO3T€ )KUBOTHBIX, ITOJIBELICHHBIX 32 XBOCT B TEUCHHUE
2 Hen. M3 4749 reHOB 3HAYMTETHLHO N3MEHMIIACH IKCITPECCHS
y 592. I3 Hux y 258 renoB (43,5 %) axcnpeccust CHU3HMIIACH,
a'y 334 (56,5 %) — noBbicuiiack. Cpeay TEHOB, SKCIIPECCHS
KOTOPBIX MOBBICUIIACH, BbLEIsieTCst Grinl, KOOUPYOHUii rep-
ByI0 (M HanboIee BaxxHyt0) cyobeananiry NMDA-penentopa
(noHoTponHoro perenropa rimyramara). [lockonsky NMDA-
pELEenTOPBl BOBJICUEHBI B IPOLIECCHI MAMSTH, aBTOPBI HC-
CJICIOBAHMS CUMTAIOT, YTO MX CEHCUTH3AIHS MOXKET yCHUIINTD
CHOCOOHOCTB K 00yueHHI0. Cpe/ii TeHOB C MOHMKEHHOH 9KC-
npeccueil naTepeceH /tga3, Konupyromuii ansda3 cyObeau-
HUITY TPAHCMEMOPaHHOTO TeTePOIUMEPHOTO (0., ) KoMITTeKca.
SIBIISIsICh IPEACTaBUTEISIMH CEMEHCTBA HHTETPUHOB, MOJICKYJT
KJIETOYHOM a[re3nH, OHU ACHCTBYIOT U KaK YCUIINTEIH IIepea-
41 BO30Y’K/IAIOIIETO CUTHAJIA B THITIIOKAaMIaJIbHBIX CHHATICAX,
MOJYIUPYS aKTUBHOCTHh 000ux AMPA-tunos MDAR riyTa-
MaTHbBIX perentopoB (Kramar et al., 2003). Taxxe oTMe4eHO
YCHIJIEHHE 3KCIPECCHH T€HOB vdacl u vdac3, Kopupyrommx
MOTeHIMal-3aBUCHMbIe aHnoHHbIe KaHaibl (VDAC), koTopble
JIOKaJIN30BaHbI HA BHEIIHEW MeMOpaHe MUTOXOHIPUIl U IpH-
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HUMaIOT yuactue B mporecce aronrosa (Elinder et al., 2005).
Kpome Toro, BEISIBICHO H3MEHEHHE IKCIIPECCHH TeHOB Scnnlb,
Cacnb3, Kcned, Keng2, konupyronyx cyObeANHHUIIBI HATPH-
€BOT0, KaJIbIIUEBOIO U KaJIHEBOrO KaHAJIOB COOTBETCTBEHHO.
ABTOpBI CTaTbU, OTHAKO, HE MCKIIOYAIOT, YTO BBIIBICHHBIE
UMM W3MEHEHHUSI SBIISIIOTCS HE d(QEKTaMH HCKYCCTBEHHOMH
MUKpPOTI'paBUTALINH, a CIICACTBUEM OTCYTCTBUA IlBI/l)KeHl/Iﬁ NN
cTpecca, Brusiomux Ha ¢ynkunonupoBanne [{THC (Frigeri
et al., 2008).

3¢ PeKT Kocmmnyeckoro noneta

Ha 3KCMNPeccuio HelMpPOoreHoOB B MO3re Mblluein
C 19 anpenst o 19 mast 2013 1. cocrosuics noseT GHOCIy THUKA
«bron-M1». BriepBrie B mpakTHKe OTE€4eCTBEHHOH ONOTOTHI
1 (PU3UOJIOTHH VIS JUTUTEIBHOTO TOJIETHOTO SKCIIEPUMEHTA
ObuTH BBIOpaHBI caMilbl Mbleit muHuu C57B1/6N, uTo mos-
BOJIMJIO C/IENIATh aKLIEHT Ha MOJIEKY/IIPHO-OMOJIOTHIECKUX HC-
cJIeIoBaHMAX. Ba)kHO yacThIo MpOeKTa OBUIO HCCIICIOBAHUE
peakuy HEPBHOM CHCTEMbI Ha JUIUTENILHOE ITPeObIBAHUE B yC-
JIOBHAX MUKpoOrpaBuTaiuy. C mogpoOHBIM OTIMCAHUEM CXEMBI
9KCIIEPUMEHTA MOYKHO O3HAKOMHTHCS B padboTax: ChIuéB ¢ KO-
neramu (2014), AunpeeB-AnapueBckuii ¢ komuteramu (2014),
Andreev-Andrievskiy ¢ komreramu (2015). [Tonetnas rpymma
MbIeit (Bcero 45 ocobeif) mpeObIBaia B COCTOSHUN MUKPO-
rpaBuTanuu B TeueHue 30 cyT, B To BpeMs Kak Ha 3eMJIe B BH-
BapHUH AJIs1 KOHTPOJISL COZEPKAIM MHTAKTHBIX KUBOTHBIX. [10
BO3BPAIICHNH MBIIIEH Ha 3eMitio y 6 ocoOelt ObIIN H3BICUCHEI
(hpoHTaNIbHAS U 3pUTENbHASI KOPA, TUIIIIOKAMIL, THIIOTaJIaMyc,
CTpHaTyM, YepHasi CyOCTaHIINSA U 00JIaCTh SAEp IIBa CPETHETO
Mo3ra IS TAJIbHEHIIIETro UCCIIeI0BaHus SKCIIPECCHH HeHpo-
TCHOB B JlabopaTtopuu HeriporeHoMuku mnoseneHust UIul
CO PAH. Dxcnipeccns TeHOB UCCIIEI0OBaHA HAMH C ITOMOIIBIO
Metoza konmuuectseHHoro OT-IILIP B peansHOM BpemeHu. J{ist
TOTO YTOOBI OTJAEIUTH IPPEKT MUKPOTpaBUTALIMH OT S pekTa
CTpecca Ha HKCIIPECCHIO MCCIIEyeMbIX T'€HOB, OblIa IpoBe-
JICHa CTIeLMalIbHasi CepHsi SKCIIEPUMEHTOB HAa CEMU MBIIIAX,
KOTOPBIX COZIEPKaJId B TEUEHUE OJJHOTO MECSIA B TAKUX Ke
Karcyiax, Kak ¥ HCTIOJIb30BaHHBIX B KOCMUYECKOM TOJIETE, HO
B YCIJIOBHSIX TPaBUTALUK (HA3€MHBIA KAOMHHBIN KOHTPOJB).
['pynma MHTAKTHBIX MBILIEH ObLIA HCIIOJIB30BaHA B KAYE€CTBE
JIOTIOTHUTEIBHOTO KOHTPOJIS /I MBIIIEH KaOMHHOW KOH-
TponsHO# rpynmsl (Andreev-Andrievskiy et al., 2015).

CepoTOHMHOBAsI CHCTEMAa OTBETUIIA Ha JUTNTEIbHBIA KOCMHU-
YEeCKHH MOJIET CHIKEHHEM IKCIIPECCHH TEHOB, KOAUPYOLINX
5-HT,, peuenTop B runoranamyce 1 hepMeHT kaTabonansma
ceporonrHa MAO A Bo ¢ponransHoii kope (Popova et al.,
2014). OnHako MOKHO TIPH3HATH, YTO KOCMHYECKUHN TIONET
0Ka3aJ OrpaHWYeHHBIA P PEKT Ha TEHETHUECKUH KOHTPOIIb
5-HT cuctembl. He BbIsIBIIEHBI U3BMEHEHUS B SKCIIPECCUU T'e-
HOB, KOJUPYIOIINX OCHOBHBIE PETYISTOPHI (hyHKIMOHAIBHOH
axtupHoCTH 5-HT cucremsr: TIIT-2, 5-HTT u 5-HT, , penen-
Topbl. TIII-2 sBASETCS KIIOYEBBIM U €TUHCTBEHHBIM CIIEIIH-
¢buueckum pepmentom 6uocunresa 5-HT B mosre, a 5-HT, ,
peLenTop 3aHUMAET IEHTPAIbHOE MECTO B ayTOPEryJ SN
5-HT cuctemsr (Popova, Naumenko, 2013). Kocmuueckuit
MOJIET TAaKKe HE MPHUBEN K KAKUM-THOO CYIIECTBEHHBIM U3-
MeHenusaM skcnpeccuu 5-HT, penenropos.

MAO A xaranu3upyeT OKCHIATUBHOE J€3aMHUHHPOBAHHE
5-HT (u wactuuno [IA) u SBIAETCS OCHOBHBIM (DEPMEHTOM
ero aerpanauuu. MccnenoBanue skcrnpeccuu rena MAO A
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BnuaHune Kocmmnyeckoro noneta Ha SKCnpeccunto reHos
B rO/IOBHOM MO3re 3KCnepMeHTabHbIX XXNBOTHbIX

Y MBIIIEH HA3€MHOTO KaOMHHOI'O KOHTPOJISI MIO3BOJIUJIO BbI-
SIBUTH, 9TO CHIDKeHHE dkcnpeccut MAO A Bo ppoHTaIBEHON
Kope sIBIsIeTCsS 3 PEKTOM MUKPOTPABUTALINH, @ HE YCIOBUI
coneprkanust. BepositHo, ociiabieHue mpoueccoB Karadonu3ma
5-HT Bo ¢poHTAIEHON KOPE MOTIIO TPUBECTH K HAKOTUICHUIO
HelipoMeinaTopa B JaHHOH MPOCKIIMOHHOM 00JIaCTH € MOTEH-
UaIbHBIMU 3 (HeKTaMu Ha MTOBEICHUE KHUBOTHBIX.

Jlo atoro momenTa Bce uccienoBanus 5-HT cuctemsr
B YCJIOBUSIX MUKPOTPaBUTAIMN ObLIM OTPaHWYEHBI THITOTAIA-
MHUYECKO# 00macThto. YpoBeHb 5-HT u akTHBHOCTB (hepMeHTa
MOHOaMHHOKCH/1a3bl OBUIM OIPEAEICHBl B THIOTATAMYCE
KpbIc mocsie 19,5 cyT kocmuyeckoro nonera Ha 6opty OuHo-
cnytHHKOB «Kocmoc 782» u «Kocemoc 936» (Kvetnansky et
al., 1983). Hukakux cymiecTBEHHBIX M3MEHEHHH B YPOBHE
CEpOTOHHMHA WJIM aKTHBHOCTH MOHOAMHWHOKCH/Ia3bl BBISIBIIC-
HO He ObUT0. B KOCMHYECKOM SKCIIEpUMEHTE OMOCITyTHUKA
«Kocemoc 1129» 6wima mccnemoBana koHuentpamus 5-HT
B M30JIMPOBAHHBIX SIIpax M3 THIIOTAjamyca KpbICHI MOCTe
18,5 cyT KocMHuYecKoro mosiera. B OONBIIMHCTBE THITOTA-
JamMu4YecKux saep KoHnerTpanus S-HT Obuta HEeM3MEeHHOMH,
HO B CYNPAONTHYECKUX AIpax ObUIO BBISIBICHO IOBBIIIC-
HUEC, a B [IaPaBCHTPUKYJISIPHBIX — CHUKCHUE KOHLICHTpallun
(Culman et al., 1985). Bruo BBICKa3aHO TPEATIONIOKEHHE,
YTO JUTMTEJIFHBIN KOCMHYECKHI TOJET U MUKPOTPABUTALIUS
HE SABJIAIOTCA CTPECCOTCHHBIMU (l)aKTOpaMI/I 110 OTHOIIICHUIO
Kk 5-HT cucreme B rumoraimamyce. OQHAaKO HOBBIE JaHHBIC
3aCTaBJISIOT MIEPECMOTPETD 3Ty TOUKY 3PEHHUSL.

Hamu Br1siBiieHo cHmkenue sxkenpeccun 5-HT, , penenro-
pos B runotanamyce (Popova et al., 2014). @yHknoHansHOE
3Ha4YeHUE ATOro Pdekra KOCMUUECKOTO I0JIeTa HE BIIOJIHE
SICHO, HO, TPUHKMAast BO BHUManue ydactue 5-HT, , peuenro-
POB B PETYIALNH OONBIIOT0 YHCTa PU3UOIOTHIECKIX (DyHK-
IV, BKITFOYAsi COH, MBIIIUICHHE U NTAMSATh, JII000€ N3MEHEHHUE
B I'€HETHUYEeCKOH peryjIsainu JaHHBIX PCUCIITOPOB MOXKET
UMETh CyIIECTBEHHBIE MOCIEACTBUA. M3BecTHO, yTo 5-HT,,
PELEenTOPhI CIOCOOHBI MOJLYJTMPOBATh CEKPELIMIO OKCHTOIIHA
1 KOPTHKOJIMOEPUHA, TaK KaK PacIioioyKEeHbI Ha Tellax KIETOK,
CUHTE3UPYIOUIUX 3TH TOPMOHBI, B MapaBeHTPUKYIIPHOM
snpe runoranamyca (Van de Kar et al., 2001). AxruBanus
5-HT,, peuentopoB yCHIHMBAET CEKPELMIO BCEX TOPMOHOB,
KIaccu(UIMPYEMBIX Kak «cTpeccoBbie» (Zhang et al., 2002;
Demjanoska et al., 2004). A Tak Kak ImapaBeHTPHUKYJISIPHOE
SPO THIOTAIaMyca UrpaeT KIIFYEBYIO pOJb B aJallTHBHOM
OTBETE HA CTPECCOPHBIC (DAKTOPBI, CHIKEHNE 3KCIPECCUH
5-HT, , penientopos MOKHO pacCMaTpUBaTh KakK J1e3a/1aMTHB-
HYIO PEaKLHI0, TOHMKAIOIYI0 SPPEKTUBHOCTH CTPECCOBOTO
otrBeta. [IoATBEpKICHNEM ITOTO CITy’KaT BBIPAXKEHHBIE MOP-
(honornueckue 1 GPyHKIMOHAIBHBIC H3MEHEHUS TUITOTAJIaMH-
YEeCKHUX sifiep nmocie kocmuueckoro nojeta (Krasnov, 1994).
Vuacrue 5-HT,, peuentopos B HEHPOIHIOKPUHHOM OTBETE
Ha CTPECC MPEAIIONATraeT, YTO CHIKEHHE IKCIIPECCHH TAHHBIX
PCUENITOPOB B YCIOBUAX MUKPOTpaBUTAllUN CO31acT YA3BH-
MOCTb TUTIOTAJIAMYCa, YTO TAKIKE COMIACYeTCs C KOHIIENIHEeH
Pa3BUTHSI THIIOHOPAIPEHEPTUIECKOTO CHHIPOMA B YCITOBHAX
Mukporpasutanuu (Krasnov, 1991).

T'oBops 0 rumoTanamyce, HeIb3s HE YIIOMSIHYTh BBISBICH-
HOE y MBIIIEH MOJIETHOM Irpymnibl NoHmxkeHue yposus MPHK
reHa, KOIUPYIOIIEro aHThanontorudeckui 6enok Bel-XL
(ommH W3 OCHOBHBEIX WieHOB Bcl-2 cemeiicTBa). OmgHOBpE-
MeHHO ¢ 3TuM noBbimenue ypous MPHK Bcl-XL 6buto
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obOHapy»keHo B runmnokamie (Naumenko et al., 2015). B mem
OpuTa TOBRIIIeHA U AKcnpeccus MPHK rena, kogupyromiero
OCHOBHOM npoarrontoriyeckuii 6enok BAX, Ho B TO sxe Bpemst
B TpyIIIe KAOMHHOTO KOHTPOJIsSE HAOIONAIOCh HE3HAYUTEIIEHOE
(HO cTaTHCTHYECKH 3HAUMMOE) CHIDKeHHe dkcpeccn MPHK
nanHoro rena (Naumenko et al., 2015). BeposiTHo, axcripeccust
BAX 0Oosiee noiBepikeHa BO3ICHCTBUIO CPEIOBOTO CTpecca,
geM 3¢ QeKxTam, BHI3BAHHBIM HETIOCPEICTBEHHO COCTOSHH-
€M MHKpOTpaBHTalMU. JIuTepaTypHble TaHHBIE O BIMSHUU
MUKPOTPaBUTAIIMM HAa CHCTEMY aIONTOTHYECKUX OEIKOB
MIPOTHBOPEYNBEL. Bo Bcex paboTax 1mo 3Toi TeMaTHKe Hccie-
JIOBAHO BO3/ICHCTBHE MCKYCCTBEHHONH MUKPOTPABUTALINH, HE
paccMaTpUBAIMCh HEHpPOHAIbHBIC KJIETKH, a BMecTo Bel-XL
nccnenosas 6enok Bel-2. B omHo#t paboTte HuKakuX 3G dekToB
MHUKporpaButannu Ha cucremy BAX/Bcl-2 BbisiBiaeHO HE
osu10 (Rucci etal., 2002). B apyrom uccenoBanuy Noka3aHo
noBeIIeHNe ypoBHS BAX 1 cHmkenne yposus Bcl-2 B kiet-
kax kapruHoMmbl (Kossmehl et al., 2003). B pabore Nakamura
¢ xoseramu (2003) ucKyccTBEHHAsi MUKPOTPAaBUTAIUS BbI-
3BaJia noBbIneHue cootnomeHns BAX/Bcl-2 B octeobnactax
YeJoBeKa. Takxke MoKa3aHo, YTO BO3ACHCTBHIE NCKYCCTBCHHOM
MHKpOIpaBUTALIUH [TOBBINIAET ypoBeHb Kak BAX, Tak u Bel-2
B OH/IOTETHANBHBIX KiIeTKax denoseka (Infanger et al., 2007).
Ho B T0 e BpeMs oKa3aHo, 4TO B ITyJIbMOHApHBIX MUKPOBa-
CKYJIAPHBIX OHAOTCIMAJIbHBIX KJIIETKaX MUKpOIrpaBUuTaluysd, Ha-
TIPOTHB, OBBIIIALT SKCTIpeccrio BAX 1 CHIKaeT SKCIPEeCcCHIo
Bcl-2 (Kang et al., 2011). B 1ienoM MOKHO 3aKJTIOUHTH, YTO
MHKpOTpaBUTALUS (1aXKe UCKYCCTBEHHAs ) aKTHBUPYET OCIIKH
CHCTEMBI anomnTo3a. PaHee MbI y)k€ OTMETHUIM HEKOTOPbIE
CBH/JICTEIILCTBA B ITOJIB3Y YCHIICHHUS allONTO3a B KYJIBTYpE HEl-
POHAJIBHBIX KJIETOK, TI03TOMY TIpE/IIoiaraeM, 4To YCHICHNnE
skcrpeccun Bel-XL, BeposiTHO, ABIsIETCSA KOMIICHCATOPHBIM,
HarpaBJIeHHBIM Ha OCJIA0JIEHHE aronTo3a, KOTOPBIA MOXET
MUMETh MECTO B THMIITIIOKaMIIE U TUIIOTaJaMyce.

WHTepecHble N3MEHEHHs OBIIM BBISBIEHBI B SKCIPECCHN
renoB JIA cucremsl (Popova et al., 2014). Ota cucrema, mmo-
MHMO U3BECTHOM poiti (hakTopa BHYTPEHHETO MOAKPEIUICHHS,
3aHUMAET OJIHO M3 Ba)KHEHIIINX MECT B PETYIISIIINU MOTOPHOH
(DyHKIMH, TOHYCa MBIIII, OCYIIECTBICHUN CTaTOKHHETHYe-
CKOM q)yHK]_II/II/I, KOOpAUWHAIMU MEJIKUX U TOYCYHBIX OBUIKE-
uuit (Grace, 2002). 3a ABUTaTENBHBIA KOHTPOIH OTBEYAET
HUrpocrpuaranbHas [IA cucrema, cocTosimas U3 4epHOH
cyOcTaHIuu (B KOTOPO pacroiioxkeHsl Tea JIA HelipoHOB)
u cTpuaryma, rue Haxoaarces A tepmunamu (Grace, 2002).
Hamu Gbut0 0OHApYKEHO, 9TO KOCMUYECKHI MOJIET PUBO-
JIUT K CYIIECTBEHHOMY CHMKEHHUIO B YEPHOH CyOCTaHIINU
skcrpeccnn TH — ocHOBHOTO (hepMeHTa cuHTe3a JohaMuHa.
Bmecre ¢ 3TuM cHIKAETCS ¥ 9KCIIPECCHS B CTPUATYME OHOTO
13 OCHOBHBIX (pepMeHTOB Katabonuima nodamuna — COMT.
Takxe OTMEUEHO CHMKEHHE B CTPHATyMe€ M THIIOTalaMyce
akcnpeccun fodamunosoro D1 penentopa. OnuH U3 OCHOB-
HBIX 9 (PEKTOB MUKPOTPABUTALIUH CBSI3aH C MEXaHUYECKUMHU
U MIPOTIPHOLENTHBHBIMHA U3MEHEHUSIMU B TIPOLIECCE BBITION-
HEHUS JICHCTBHH, TPUBOISIINMH K Pa3pyIICHUIO TPUBBIYHBIX
B3auMoJieiicTBIi Mex 1y apdepeHTHbIMU U addhepeHTHBIMU
curHamamu (Clément, Reschke, 2008). pyrumu cioBamu,
TIePBUYHBIN ABUTATENBHBIN Je(QUIUT B pe3ybTaTe CHIKCHUS
ypoBHs ad(hepeHTHBIX CUTHAIIOB K COMAaTOCEHCOPHOM CUCTEME
U JIBUTATEIIBHBIM ITyTSIM sIBIIETCs (DyHKIUEH alanTalliy, CBs-
3aHHOM C JJTUTEJILHBIM TPEOBIBAHNEM B YCIIOBHSX MUKPOTpa-
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sutanun (Clément, Reschke, 2008; Clément, Ngo-Anh, 2013).
Takum 00pazoM, MoJydyeHHbIE JaHHBIE CBHICTEILCTBYIOT
0 CHIDKEHHH T€HETHYECKOTO KOHTPOJISI HUTPOCTPHATAIEHON
To(haMIUHOBOM CHCTEMBI, BEPOSITHO, BRI3BAHHOM YMCHBIIICHH-
em ay(hepeHTHOro BX0/1a PH COCTOSTHUU MUKPOTPaBUTAIIHH.

Brun uccnenoBansl 3G GEKTH ATUTETHHOTO KOCMHYECKO-
TO TIOJIETa Ha AKCIPECCHIO HEHpOTpopuuecKknx (PpakTopoB
GDNF u CDNF. Hamu BBISBICHO, UTO Y MBbIIIEH MONIETHON
rpynmsl cHbkeH ypoBeHb MPHK rena GDNF B ctpuaryme
U TUTIOTAJIaMyce, HO B TO JK€ BPEMSI CYIIECTBCHHO MTOBBITIICH
BO ()POHTANBEHOM KOpE U 00JIaCTH siAEp HIBA CPETHEr0 MO3ra
(Tsybko et al., 2015). Oxcnpeccust MPHK rema CDNF Takke
W3MEHUIIACh: CYIIECTBEHHO CHU3MIACH B UEPHOW cyOCTaH-
UM ¥ TIOBBICKIACh B sipax 1mBa (Tsybko et al., 2015). O6a
YKa3aHHBIX HEHPOTpodHuecKuX (akTopa UrparT BaXKHYIO
pons B ¢yHKIMoHMpOoBaHUU [IA cuctembr mo3ra. GDNF
CUHTE3MPYETCSl B CTPHATAIBHBIX HEHpPOHAX M HEOOXOIUM
JUTSL POCTA, 3aIMUTHI U MOIACPKAHUS HUTPOCTPHUATAIBHBIX
JA meiiponoB (Andressoo, Saarma, 2008; Saavedra et al.,
2008). GDNF neobxonum uist 3pensix [IA HeiipoHOB, HO-
CKOJIbKY TIOJJaBJICHUE aKTHBHOCTH 3TOTO TPOPUUECKOTO
(hakTopa mpuBOmMT K WX MaccoBoii rubenn (Pascual et al.,
2008). Heiiporpoduueckuit paktop CDNF ObuT OTKpPBIT
cpaBuurenbHO HepaBHo (Lindholm et al., 2007), Ho yxe no-
KaszaHa ero BayKHAs POJIb B CO3PEBAHUH, pOCTe 1 3ammTe JJA
ueiiponoB (Lindholm, Saarma, 2010; Airavaara et al., 2012;
Cordero-Llana et al., 2015). V Mbliieii mojaeTHOH TPyIIIbI
cumxenue skcripeccut GDNF u CDNF B nurpoctpuaraiib-
HOHW CHCTEME XOPOIIO COINIACYeTCsl C JAHHBIMH O CHIKCHUH
skcripeccun reHoB JIA cuctemsl. B cBoro ouepenp, A sB-
nsiercst ogauM u3 peryasitopoB GDNF u, Bepositno, CDNF
(Saavedra et al., 2008; Lindholm, Saarma, 2010), mosTomy
cHmxkenne Qynkipn J{A cucTeMbl MOXKET ObITh HPUYUHOM
cumxenus skcnpeccun GDNF u CDNF. Takske cBoil BKi1aj
BHOCHUT CHI)KeHHE adepeHTHOH akTuBHOCTH JIA HEHpOoHOB
B YCIIOBHSAX HEJIOCTATOYHOM aKTHBAIIUH YSPHON CyOCTAHITHH.
AddepeHTHas aKTHBHOCTD PETYIHPYET IKCIIPECCHIO HEHPO-
tpoduueckux ¢akxropor (Hughes et al., 1999). Cymectyer
Pl CBHJIETEIBCTB TOTO, YTO OTCYTCTBUE addepeHTHOM
AKTUBHOCTH B Pa3pyIICHHBIX J[A HelipoHaX MONaBIIIeT dKC-
npeccuto GDNF (Saavedra et al., 2008). Xopoiio u3BecTHo,
yto nedurur GDNF npoBonmpyeT y )KUBOTHBIX COCTOSHUE,
cxomHoe ¢ 6one3nbto [Tapkuncona (Pascual et al., 2011). ITo-
9TOMY TOT (DaKT, UTO B X0/I€ KOCMUYECKOTO 0JIeTa CHUKACTCS
9KCIIPECCUSI HE TOJBKO OCHOBHBIX I'¢HOB JIA cucrtemsl, HO
Y TeHOB HEeHpOoTpopuuecKuX (PaKTOPOB, YIACTBYIOIINX B €€
MOJIEPKaHUH, MOJKET UIMETh BECbMa CEPbhE3HbBIE IOCIIE/ICTBUS
MIPH JITUTEIHHOM MTPEOBIBAHIH B COCTOSSHUM MUKPOTPaBUTA-
un. HaGnromaBmeecst Hamu moBsIeHue sxcnpeccurn GDNF
n CDNF Bo ¢poHTaNBHOM KOpe 1 00J1acTH siAEp IBA MOYKHO
paccMaTpuBaTh Kak KOMIICHCATOPHOE, HAIIPaBJICHHBIC HA 00-
JIeTYCHNE HETaTUBHBIX 3()(hEKTOB HAXOKICHHS B COCTOSHHUN
MHUKpPOTPaBUTAIHH.

WNuaye 06CTONUT AETI0 C APYTHM U3BECTHBIM HEHPOTpOhu-
geckuM (pakropom, BDNF. [InurensHoe npeObBaHme B yC-
JIOBUSIX peasibHOM MUKpPOTpaBUTALIMK He OKa3alo addexra Ha
skcrpeccuto BDNF u ero perienrropo TrkB u p75 (Naumenko
etal.,2015), 9To coBmaiaeT ¢ JaHHBIMU Santucci ¢ KoJieraMu
(2012). Tot daxt, 4To BO BpeMsi KOCMHUYECKOTO IT0JIeTa IKC-
npeccusi BDNF He nogasisiercst 1 He akTUBU3UPYETCSI, MOKET
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OBITh KaK-TO CBsI3aH C HApyLIEHHEM CHHAIITOreHe3a U MOp(o-
JIOTUU CHHATICOB, BBISIBICHHBIM y KMBOTHBIX, TOOBIBABIINX
B KocmmaeckoM rosiere (Krasnov, 1994; DeFelipe et al., 2002).

Pe3ynbrarsl, moyueHHbIe B paMkax mpoekTa «buon-M1»,
B OUEPEIHOI pa3 MOKa3ain BaXKHOCTb IIPOBEICHHS HCCIIEI0Ba-
HUH Ha )KMBOTHBIX JUTS TOHUMaHUS BIUSHUS yCIOBHIA MUKPO-
IpaBUTAIlMM Ha OpraHU3M uejoBeka. OJHAKO CIOKHOCTh
BBITIOJTHEHUS TIPOTPAMM KCIIEPUMEHTAIIBHBIX HCCIIEJOBAHUH
Ha JKUBOTHBIX B KOCMHYECKOM IT0JIETE OIPAHUYUBACT YACTOTY
uX nposezeHus. JlaHHble, TOTy4eHHbIE TPU MOJICINPOBAHUU
MHUKPOTPAaBUTAIMH B Ha3€MHBIX MCCIEIOBAHUAX, OyIb TO
RWYV o6uopeaxrop mnmin HU monens, 3a4acTyro pacxomsrest
C TeMHU pe3ybTaTaM1, KOTOPBIE MOMYYatoT MPH UCCIIeIOBAaHUN
JKMBOTHBIX B KOCMHUYECKOM rojere. Tak, IeJIeHanpaBIeHHOe
CpaBHEHHE TTOJIBEIICHHBIX 32 XBOCT KPBIC C KPBICAMH, ITOOBI-
BaBIIIMMH B KOCMHUECKOM rtosieTe B npoekte «Kocmoc 2044y,
BBISIBUJIO CXOKECTh 3(P(PEKTOB B MBIIMIEIHON, CKEIETHOM,
KapAMOBACKYJISIPHON M MUMMYHHOW CHCTEMaX, OJTHAKO CIEeIIU-
(hmuHBIE M3MEHEHUsI B MOTOHEHPOHAX HAOIIOAAINCH TOJIBKO
y KpbIc osetHoi rpymel (Morey-Holton et al., 2005). K co-
»KalneHnto, cpaaenue a¢pdexros B [LITHC B mpoekre «Kocmoc
2044y He mMpOBOAWIN, HO ceifyac Mbl UMEEM BO3MOXKHOCTh
CpaBHUTH JaHHBIE MpoekTa «brnon-M1» ¢ uccnenoBannemM
Frigeri ¢ xomeramn (2008). OGparmaer Ha ceOs BHUMaHNE
TO, 4TO M3MEHEeHHue sKkcmpeccun HeifporenoB 5-HT u A
CHCTEM, CHCTEMBI alloNTo3a U HeHpoTpohnIecKux (hakTOpoB
HaOJIIO/TaeTCSl TOJIBKO Y MBIIICH, MOOBIBABIIMX B YCIOBHAX
peasbHO|, HO HE UCKYCCTBEHHOM Mukporpasutanuu. CTouT
IIpU3HATh, YyTO peneBaHTHOcTh HU Moxmenu B oTHOLIEHUH
LEHTPAJIbHON HEPBHON CHCTEMbI HEIOCTATOUHA, ITOCKOIBKY
JTaHHasl MOJIEJNIb HE TOJIBKO HE YUUTBIBACT, HO M B MPUHIIUIIE
He CIIOCOOHAa BOCTIPOM3BECTH OCOOBIE aJANTUBHBIC N3MEHEHUS
B TOJIOBHOM MO3T€, ITPOUCXOASAIINE B COCTOSTHUM MUKpPOTpa-
BuTanu. CEHCOMOTOpHAs aJanTalys K OTCYTCTBUIO TaKOH
(hyHIaMeHTaJIbHON CHJIbI, KaK TpaBUTALHS, OJDKHA BKIIFOUATh
MYJIBTUMOJIAVIBHYIO PEOPTaHHU3aIHIO, IEPETPYTIITUPOBKY HITH
nepexanOpoBKy HEHpoHOB U HelpoHHbIX cereil (Clément,
Ngo-Anh, 2013). OTBeT Ha BOIpOC, KaK MO3T aIalTHPYETCS
K COCTOSIHAIO MUKPOTPaBHUTAINHU, HAXOIUTCS B BEICHUU WH-
TErpaTuBHOM (PU3HOJIOT MU, HO OTBETHTH Ha HET'O HEBO3MOXKHO
0e3 TaHHBIX TeHETHKH, ONOXUMHHN 1 MOJIEKYIIAPHON OHOIOTHH,
MOJyYCHHBIX Ha >KMBOTHBIX, HAXOIMBIIMXCS B PEATHHOM
KOCMUYECKOM ToJyieTe. PaBHO Kak ¥ MOHMMaHUE HEKOTOPBIX
MOJIEKYJISIPHBIX M3MEHEHUH B MO3TE MPH MUKPOTPABUTALIUH
HEBO3MOXKHO 0e3 NmpHuMeHeHHs 0a30BbIX HeHpoduinoioru-
YECKUX NPUHLIUIIOB.
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