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AnHomauus. B opranyaMe MAEKOIMTAIOIVIX U APYTMIX [IO3BOHOYHBIX AEVICTBUE
MEAQHOKOPTVHOBBIX IIENTVAOB PEAAN3YETCS Yepe3 IATh TUIIOB MEAAHOKOPTYHOBBIX
pevenirtopoB (MKP), kotopble cBsi3aHb ¢ G-0€A0K-3aBUCUMBIMM MEXaHU3MaMMU
n akTuBauyent TAM® B kaeTkax. B Mo3sre noxasaHa sKCIpeccust ABYX TUIIOB
peuentopoB MKP3 u MKP4, ¢yHKumoHaAbHAsI aKTUBHOCTh KOTOPBIX
koHTpoAupyetcst AgRp (agouti gene related peptide) — sHAOr€HHBIM aHTATOHUCTOM
STUX TUIIOB PELIENITOPOB, KOTOPBIIT 00pasyeTcs: B HEMIPOHaX apKyaTHOIO
sippa runorasamyca. dkcrpeccuss MKP3 u MKP4 nokasaHa B pa3AMYHBIX
HeJpOHaX MO3Ta, B YaCTHOCTH, B AOaMUHePruiecKiX, HOpaApeHepruuecKyx
V1 CEpOTOHMHEPTIYECKIIX HEMPOHAX, UTO CBUAETEABCTBYET O MOPHOPYHKLIMOHAABHON
B3aMIMOCBSI3/1 MEAQHOKOPTMHOBOV Y1 MOHOAMMHEPIUYECKMX CUCTEM MO3Ta.
B crarbe 06Cy’kpaeTCs AO303aBUCUMBII TOPMO3HBII XaPAKTEP BAVSTHUS
axTMBHBIX PpparmenToB AgRp (83-132 1 25-51) Ha QYHKLIMOHAABHYIO aKTUBHOCTD
MOHOAMMHEPIUYECKMX HEMPOHOB MO3ra U, COOTBETCTBEHHO, OMOCHUHTE3
MOHOaMIHOB, KOTOPBbI peaausyeTcs yepes G-0eAok-3aBucumble U G-6eA0K-
He3aBNCUMble BHYTPUKAETOUHbIE MEXaHM3MbL. TOPMO3HbIE BAVSTHMS aKTUBHBIX
¢dparmeHTOB AgRp Ha OMOCHMHTE3 MOHOAMIHOB MOT'YT PaCCMaTpUBaThCS KaK
3aLUTHBIV MeXaHN3M, KOTOPbBIN IPU NMPOAOAKUTEABHOM CTPECCOPHOM
BO3AEVICTBUM aKTVBHIPYETCSI KOPTUKOCTEPOMAAMM U HAIIPABAEH Ha CHVDKEHME
aKTVMBHOCTY MOHOAQMMHEPIMYECKUX HENMPOHOB U, TO-BUAMMMOMY, APYTMX
HeIIPOHOB M03ra, KoTopble akcnpeccupyoT MKP.

Katrouesoie cA08a: MO3T, MEAQHOKOPTUHOBBIE peLienTopbl 3 1 4, AgRp, Aoodamuy,
HOPaAPEHAAMH, CEPOTOHMH, CTPecC.
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l3yyenue MmopdpodyHKIMOHAABHBIX

Abstract. In mammals and other vertebrates the effect of melanocortin
peptides is promoted by five types of melanocortin receptors (MCR), connected
with G-protein-dependent mechanisms and the activation of cAMP
in the cells. The brain exhibits the expression of two types of receptors MCR3
and MCR4, the functional activity of which is controlled by AgRp (agouti
gene related peptide), the endogenous antagonist of these types of receptors.
The expression of AgRp was indicated in the neurons of the arcuate nucleus
of the hypothalamus. The expression of MCR3 and MCR4 was shown
in different brain neurons, in particular in dopaminergic, noradrenergic and
serotonergic neurons. These data indicate the morphofunctional interrelation
of the melanocortin and the monoaminergic systems of the brain. The current
paper discusses the dose-dependent inhibitory effect of the active fragments
of AgRp (83-132 and 25-51) on the functional activity of monoaminergic
neurons in the brain, and, correspondingly, the biosynthesis of monoamines,
which is realized via G-protein-dependent and G-protein-independent
intracellular mechanisms. The inhibitory effects of AgRp active fragments
on the biosynthesis of monoamines can be considered as a protective
mechanism, which is activated by corticosteroids in times of prolonged stress
in order to reduce the activity of monoaminergic neurons and, apparently,
other brain neurons that express MCR.

Keywords: brain, melanocortin receptors 3 and 4, AgRp, dopamine,
norepinephrine, serotonin, stress.

AKTT u3 KoTOpBIX B 001U KPOBOTOK 0becevn-

B3aUMOAENCTBUII MEAQHOKOPTUHOBO
¥ MOHOAMMHEPIUYeCcKuX CUCTeM MO3Ta

ITpoonmomeaanoxkoptuH (ITOMK) siBasieTcst
MOAEKYAOI1, U3 KOTOPOJ 00Pa3ylTCsI MEAQHOKOP-
TUHOBbIE TIENTUADL aApeHoKopTUKOTpoItHbI (AKTT)
Y MEAQHOLIUTCTUMYAMpYtouye ropmonsl (MCT: a-,
B- m y-MCT). AeiicTBue BCeX 3TUX IENTUAOB OCY-
1[eCTBAsIETCS yepes 5 TUNoB G-0eA0K-3aBUCUMBIX
MeAaHOKOPTUHOBBIX penentopos (MKP) u csiza-
HO c akTuBauyei 1A M®-omocpepOBaHHBIX ITyTel
BHyTpuKAeTO4YHOI curHaamusanuu (Cone 2005).
Xopomo nssectHo, yTo I[IOMK 1 ero npopyKTh
00pasyioTcs B KAeTKaX aAeHOrnnohusa, BbIBEAEHEe

UnmeepamusHas gﬁusuwloeu,q, 2020, m. 1, Ne 2

BaeT CTUMYAUpYIOlee AelICTBMEe KAETOK KOPBI
HaAIIOYEYHVKOB U CMHTE3 KOPTUKOCTEPOMAOB.
dxcmnpeccus ITOMK nokasana u B M03Te, B 4acT-
HOCTM B HEJIPOHAX apKYaTHOTO SIAPa IMIIOTaAAMY-
ca (APK) u siapa opuHouHoro Tpakta (NTS — nucleus
tractus solitaries), MpoOeKI[MY KOTOPHIX BbISIBAEHBI
B PasAMYHBIX O0OAAQCTSIX MO3ra, B TOM YMCAE
B 00AAQCTSX AOKAAU3ALUY MOHOAMUHEPTUYECKUX
HelipoHOB (Bagnol et al. 1999). B autepatype
YCTQaHOBMAOCH MHEHME O TOM, UTO B MO3I€ OCY-
mectBasieTcs akcrpeccusi MKP3 nu MKP4, uto
CBSI3aHO C TeM, uTo B HelpoHax APK Taike akc-
IIPeCCUPYeTCs aryTH-CBsI3aHHBI 6eAoK (AgRp —
agouti-gene related peptide), KoTOpbIiT sIBASIETCSI
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aHporenHbIM aHTaronncrom MKP3/MKP4. Crpyxk-
Typa AgRp TakoBa, 4TO 13 001Ieil TPOMOAEKYABI
obpasyetcs Tpu ¢pparmenra (25-51,52-82 1 83-132),
OAHAKO OAOKUupyoIUM AericTBueM Ha MKP3
u MKP4 obaapaetr Toabko dparmeHT 83-132.
KaxoBa ¢yHKIMOHaABHasI poAb pparmMeHToB 25-51
1 52-82, AeliCTBYE KOTOPBIX He CBsI3aHO ¢ G-0eAoK-
3aBUCUMBIMU MeXaHU3MaMU, He ObIAO M3BECTHO
(Pitchard, White 2005). LleAb HacTOsI1[€TO COOOIIE-
HMsI — 000011eHIe AQHHBIX 00 y4aCTUM pa3AMYHBIX
KOMIIOHEHTOB MEAAHOKOPTUHOBOJ CUCTEMBbI
B PeryAsiiyi MOHOAMVHEPIUYECKUX HEVPOHOB
MO3ra, B YaCTHOCTY IIPU CTpecce, KOTAA Ha QpoHe
yBEAUYEHVS YPOBHS KOPTUKOCTEPOUAOB B KPOBU
HabA0AaeTcst akTuBauys akcripeccuu AgRp 8 APK
(Savontaus, Conwell, Wardlaw 2002).

C nmoMoIbl0 ABOMHOTO MMMYHOMEYEHM s
Y1 KOHPOKAABHOV MYKPOCKOIVY Y KPBICHI Y MBIIIN
skcrpeccuss MKP3 u MKP4 BoisiBAeHa B poobamu-
HepruyecKux HempoHax cpeAHero mo3ra (Muxpu-
Ha 1 Ap. 2018) 1 cepOTOHMHEPrNYeCKUX HelfPpOHaX
raphe nucleus (PomanoBa, MuxaiiaoBa, 1llmakos
2018). B HOpappeHepruuecKmx HeifpoHax roAy0o0-
ro nsaTHa (LC — locus coeruleus) ObIAM BbISIBAE€HBI
ToAbKO MKP3 (Romanova, Mikhrina, Saveleva
2018). B akcriepumeHTax ix Vitro Ha TIepeKUBAIOIINX
cpesax mosra (Mikhrina, Romanova 2015) u in vivo
(cTepeoTakcuuecKkoe BBEAEHME MIENTUAOB B CPEAHNI
Mo3r u B locus coeruleus) ObIA BBISIBAEH
TOPMO3HBIN 3¢ PeKT aKTUBHBIX pparMeHTOB AgRp
(25-51 1 83-132) Ha aKTUBHOCTb TUPO3UHTUAPOK-
crAasel — depmeHTa OMocMHTE3a A0damMmHa
n HopappeHaauHa (Romanova, Mikhrina, Saveleva
2018). TTpu 9TOM C MOMOII[BIO BHICOKOd(PHEKTUBHOIT
YKMAKOCTHOM XpoMatorpaduu BbIsIBAEHO A0303a-
BUCYIMO€ YMeHbIIIeHVIe YPOBHS A0daMIHa 1 Hopa-
AP€HaAMHa B CTpUATyMe.

PaHee OBIAO TIOKa3aHO, YTO KPBICHI, OTAUYAIO-
[I1eCs] 0 CTPATerun MOBeAeHUs B «OTKPBITOM
HOA€», PAa3AMYAIOTCS 10 YPOBHIO KOPTUKOCTEPOM-

AOB B KpOBI: 00A€€e BBICOKHIT YPOBEHD Y TTACCUBHBIX
u 6oaee HU3KMIT — y akTUBHBIX (PKykoB 1997).
YCTaHOBAEHO, UTO KPBICHI, Pa3A€A€HHbIE B TeCTe
«OTKPBITOE ITOAE» IO TI0Ka3aTeASIM ABUTATEABHON
AKTUBHOCTU HA «aKTUBHBIX» U «KITACCUBHBIX»,
OTAMYAIOTCS MO YPOBHIO AgRp, KOTOPBIN OTpULa-
TEABHO KOPPEAMPOBAA C YPOBHEM aKTUMBHOCTU
TUPO3MHIMAPOKCHMAQSBI. BrissBA€H MOBBILLIEHHBIN
ypoBeHb AgRp y «ITaCCUBHBIX» KPBIC, KOTOPOMY
COOTBETCTBOBaA 0OA€e HUBKMUIT YPOBEHD TUPO3MH-
TMAPOKCHAQ3bI TI0 CPABHEHMIO C TAKOBBIM Y «aK-
TUBHBIX» KpbIC. [Tocae 30 MUHYT UMMOOMAM3aLMK
KPBIC Ha CIMHE He BBISIBAEHO M3MEHEHUS YPOBHS
AgRp, 0AHAKO aKTUBHOCTb TUPO3UHIUAPOKCUAASBI
B CPEAHEM MO3Tre AOCTOBEPHO BO3PACTAAQ Y «aK-
TUBHBIX» U Y «IIaCCUBHBIX» KpbIC (MuxpuHa 1 Ap.
2018). [TocAe 1IeCTUYACOBOIT A€TIPUBALIUM CHA
y KpbIC IIpU YBeAMdeHun sKcrpeccun AgRp B ru-
[0TaAaMyCe BbISIBAEHO AOCTOBEPHOE YMEHbILIeHe
YPOBHSI TUPO3MHIMAPOKCHAA3bI B TUIIOTAAAMYCE
VI CTPUATYMe, a TAKOKE M AOCTOBEPHOE YMEHbIIIEH e
ypoBHs pAoodamuua (Romanova, Mikhrina 2013).

3akAuenne

IIpepcTaBA€HHDBIE PE3YABTATBI AEMOHCTPUPYIOT
MOpbObYHKIMOHAABHBIE B3aIMOCBSI3U MEXAY
MEeAQHOKOPTMHOBOJ I MOHOAMUHEPIUYeCKMHU
CUCTeMaMM MO3ra, a TaK)Ke A0303aBUCUMBII TOP-
MO3HBII XapaKTep BAUSHMSI aKTUBHbBIX pparMeHTOB
sHporeHHoro aHtaronucrta MKP (AgRp 25-51
u 83-132) Ha poopaMUH- U HOpaApeHepruyecKue
HEVIPOHBI MO3I'd, B KOTOPBIX 3aA€MICTBOBAHbI Pas-
AVIYHBIE ITyTU BHYTPUKAETOYHON CUTHAAU3ALUMU.
CHmxeHre QYHKLMOHAABHOI aKTUBHOCTY MOHO-
aMMHepr1UYecKyX HEMPOHOB MO3Ta IIPU AAUTEABHOM
CTPECCOPHOM BO3AEVCTBUY MOYKHO pacCMaTpuBaTh
KaK 3alMTHBIV MeXaHU3M, HallpaBA€HHbIN Ha CHU-
YKeHVe KOHTPOAUPYeMbIX UMY QYHKLUIL B yCAOBU-
SIX IPOAOAKUTEABHOTO CTpecca.

Auteparypa

Xykos, A. A. (1997) Icuxozenemuka cmpecca. Ilosedenueckue u 3HOOKPUHHDLE KOPPEASTIbL 2eHEMUYECKUX
OemepMUHAHM CIPecC-PeakmuBHoOCmu npu HekoHmpoiupyemoui cumyayuu. CI16.: VIH)XKeHepHBI1 3aMOK,

176 c.

MuxpuHa, A. A., CaBeabeBa, A. O., AaekceeBa, O. C., PomanoBa, 1. B. (2018) BausiHue akTuBHbIX (HparMeHTOB
AgRP 83-132 u 25-51 Ha 6uocuHTe3 AodamMMHa B Mo3Te. PoCCUliCKULL PUUON02UHECKULL HYPHANL
um. V. M. Ceyenosa, 1. 104, Ne 12, c. 1456—-1466. DOI: 10.7868/50869813918120067

MuxpuHa, A. A., YepHsiies, M. B., MuxaitaoBa, E. B. 1 aAp. (2018) Yuactre aryrnnoa00HOTO [ENTHAA B PETyASLUN
ABUTaTEABHOI aKTUBHOCTU. Poccuiickuti gpusuoroeuyveckuii wyprar um. M. M. Ceuernosa, T. 104, Ne 7,

€. 769-779.

PomanoBa, V1. B., MuxaitaoBa, E. B., IlImakos, A. O. (2018) AokaAnsauusi MEAAHOKOPTUHOBBIX U AEIITUHOBBIX
pelLlenToOpOB Ha CEPOTOHMHEPIMYECKMX HEMIPOHAX BEHTPAABHON 00ACTM MTOKPBILIKY 1 AOPCAABHOTO SIAPA LIBa

Mosra Kpeic. Mopgoroeus, T. 153, Ne 3, c. 233.

142

DOI: 10.33910/2687-1270-2020-1-2-140-143


https://doi.org/10.1134/S0869813918120063

U. B. Pomanosa, A. A. Muxpuna, E. B. Muxaiirosa

Bagnol, D., Lu, X. Y., Kaelin, C. B. et al. (1999) Anatomy of an endogenous antagonist: Relationship between
Agouti-related protein and proopiomelanocortin in brain. The Journal of Neuroscience, vol. 19, pp. 1-7.
PMID: 10479719. DOI: 10.1523/JNEUROSCI.19-18-j0004.1999

Cone, R. D. (2005) Anatomy and regulation of the central melanocortin system. Nature Neuroscience, vol. 8, no. 5,
pp- 571-578. PMID: 15856065. DOI: 10.1038/nn1455

Mikhrina, A. L., Romanova, I. V. (2015) The role of AGRP in regulating dopaminergic neurons in the brain.
Neuroscience and Behavioral Physiology, vol. 45, no. 5, pp. 536—541. DOI: 10.1007/s11055-015-0107-7

Pritchard, L. E., White, A. (2005) Agouti-related protein: More than a melanocortin-4 receptor antagonist? Peptides,
vol. 26, no. 10, pp. 1759-1770. PMID: 15996791. DOI: 10.1016/j.peptides.2004.11.036

Romanova, I. V., Mikhrina, A. L. (2013) Participation of agouti-related peptide in the regulation of the wakefulness-
sleep cycle. Human Physiology, vol. 39, no. 6, pp. 584-589. DOI: 10.1134/S0362119713060108

Romanova, L. V., Mikhrina, A. L., Savelieva, L. O. (2018) Effect of AGRP 25-51 on dopamine- and norepinephrinergic
brain neurons. Neurochemical Journal, vol. 12, no. 4, S77, p. 78.

Savontaus, E., Conwell, I. M., Wardlaw, S. L. (2002) Effects of adrenalectomy on AGRP, POMC, NPY and CART
gene expression in the basal hypothalamus of fed and fasted rats. Brain Research, vol. 958, no 1, pp. 130—138.
PMID: 12468037. DOI: 10.1016/s0006-8993(02)03674-0

References

Bagnol, D., Lu, X. Y., Kaelin, C. B. et al. (1999) Anatomy of an endogenous antagonist: Relationship between
agouti-related protein and proopiomelanocortin in brain. Journal of Neurosciences, vol. 19, pp. 1-7.
DOI: 10.1523/JNEUROSCI.19-18-j0004.1999 (In English)

Cone, R. D. (2005) Anatomy and regulation of the central melanocortin system. Nature Neuroscience, vol. 8, no. 5,
pp. 571-578. PMID: 15856065. DOI: 10.1038/nn1455 (In English)

Mikhrina, A. L., Chernyshev, M. V., Mikhailova, E. V. et al. (2018) Uchastie agutipodobnogo peptida v regulyatsii
dvigatel'noj aktivnosti [Participation of AGRP in regulation of locomotion activity]. Rossijskij fiziologicheskij
zhurnal im. I. M. Sechenova — Russian Journal of Physiology, vol. 104, no. 7, pp. 769-779. (In Russian)

Mikhrina, A. L., Romanova, L. V. (2015) The role of AGRP in regulating dopaminergic neurons in the brain.
Neuroscience and Behavioral Physiology, vol. 45, no. 5, pp. 536—541. DOI: 10.1007/s11055-015-0107-7
(In English)

Mikhrina, A. L., Saveleva, L. O., Alekseeva, O. S., Romanova, L. V. (2018) Vliyanie aktivnykh fragmentov AgRP
83-1321i25-51 na biosintez dofamina v mozge [Effect of active fragments of AgRP 83-132 and 25-51 on dopamine
biosynthesis in the brain]. Rossijskij fiziologicheskij zhurnal im. I. M. Sechenova — Russian Journal of Physiology,
vol. 104, no. 12, pp. 1456—1466. DOI: 10.7868/S0869813918120067 (In Russian)

Pritchard, L. E., White, A. (2005) Agouti-related protein: More than a melanocortin-4 receptor antagonist? Peptides,
vol. 26, no. 10, pp. 1759-1770. PMID: 15996791. DOI: 10.1016/j.peptides.2004.11.036 (In English)

Romanova, 1. V., Mikhailova, Ye. V., Shpakov, A. O. (2018) The localization of the melanocortin and the leptin
receptors on the serotoninergic neurons of the ventral tegmental area and the dorsal raphe nuclei of rat brain.
Morfologiya — Morphology, vol. 153, no. 3, p. 233. (In Russian)

Romanova, I. V., Mikhrina, A. L. (2013) Participation of agouti-related peptide in the regulation of the wakefulness-
sleep cycle. Human Physiology, vol. 39, no. 6, pp. 584—589. DOI: 10.1134/5S0362119713060108 (In Russian)
Romanova, L. V., Mikhrina, A. L., Savelieva, L. O. (2018) Effect of AGRP 25-51 on dopamine- and norepinephrinergic

brain neurons. Neurochemical Journal, vol. 12, no. 4, S77, p. 78. (In English)

Savontaus, E., Conwell, I. M., Wardlaw, S. L. (2002) Effects of adrenalectomy on AGRP, POMC, NPY and CART
gene expression in the basal hypothalamus of fed and fasted rats. Brain Research, vol. 958, no. 1, pp. 130—138.
PMID: 12468037. DOI: 10.1016/50006-8993(02)03674-0 (In English)

Zhukov, D. A. (1997) Psikhogenetika stressa. Povedencheskie i endokrinnye korrelyaty geneticheskikh determinant
stress-reaktivnosti pri nekontroliruemoj situatsii [Behavioural genetics of stress. Behavioral and endocrine
correlates of genetic determinants of stress reactivity in uncontrollable situation]. Saint Petersburg: Inzhenernyj
zamok Publ., 176 p. (In Russian)

UnmeepamusHas gﬁusumoeuﬂ, 2020, m. 1, Ne 2 143


https://doi.org/10.1523/JNEUROSCI.19-18-j0004.1999
https://doi.org/10.1038/nn1455
https://doi.org/10.1007/s11055-015-0107-7
https://doi.org/10.1016/j.peptides.2004.11.036
http://link.springer.com/search?facet-author=%22I.+V.+Romanova%22
http://link.springer.com/search?facet-author=%22A.+L.+Mikhrina%22
http://link.springer.com/journal/10747
https://doi.org/10.1134/S0362119713060108
https://doi.org/10.1016/s0006-8993(02)03674-0
file:///C:\Users\toshiba\Downloads\10.1523\JNEUROSCI.19-18-j0004.1999
https://doi.org/10.1038/nn1455
https://doi.org/10.1007/s11055-015-0107-7
https://doi.org/10.1134/S0869813918120063
https://doi.org/10.1016/j.peptides.2004.11.036
http://link.springer.com/search?facet-author=%22I.+V.+Romanova%22
http://link.springer.com/search?facet-author=%22A.+L.+Mikhrina%22
http://link.springer.com/journal/10747
https://doi.org/10.1134/S0362119713060108
https://doi.org/10.1016/s0006-8993(02)03674-0

