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BN/1UB AHAPOrEHIB HA ®YHKLIIOHYBAHHA JIAHOK

COMATUYHOI PE®/IEKTOPHOI AAYTU
O3 «AHinponeTpoBcbKa meauyHa akagemia MO3 YKkpaiHu» (m. AHinpo)

3B’A30K ny6niKauii 3 n1aHOBMMWU HAyKOBO-A0CAIA-
HUMKU poboTtamu. [laHa poboTa € dpparmeHTom HAP
«MexaHi3amu GyHKLiOHYBaHHA LLeHTpanbHOi Ta nepude-
PUYHOT HEPBOBOI CUCTEMM 332 HOPMAJIbHMX Ta MATONOTIY-
HMx ymos», N2 neprkaBHOI peecTtpauii 0114U000932.

OCTaHHIM Yacom 3pOCTA€E KiMbKIiCTb CBiAYEHb TOrO,
LLIO TECTOCTEPOH Y YO/I0BiKiB FPAE FO/I0BHY PO/b HE Ti/lb-
KW B acneKTax penpoayKTuBHOI ¢isionorii, ane Takox B
3abe3neyeHHi M'A30BOI i KICTKOBOT MacK, epuTponoesi i
HaBiTb B meTabonismi rnokosm Ta ninigis [1,2,3]. Kpim
TOro, € AOCNIAXKEHHSA, 3riAHO 3 AKMMM Barato HEMPOHIB
a TAKOX INiafibHi KNITUHW eKcrnpecyloTb peLenTopu A0
aHgporeHis [4,5,6,7,8]. MeTa uboro ornagy — npoaHa-
Ni3yBaT BiAOMI JaHi MPO BN/AMB aHAPOrEHIB HA NAHKK
cermeHTapHOI pedIeKTOpPHOI ayru.

JocnigxKeHHA B paai mogenew in vitro i in vivo no-
Ka3a v, WO CTepOigHi FOPMOHM, KPiM KNaCMYHOT reHOM-
HOT Mogeni Aii, MOXKyTb BN/MBATU Ha nepebir KNITUHHMX
NpoueciB HEreHOMHUM WAAXom [6]. HanpuKknag, ctepo-
igHI peuenTopu 34aTHI aKTUBYBATM BHYTPILWHBbOKAITUHHI
curHanbHi monekynn. Ca?* GyHKUIOHYE K BCloAMCYLLA
Apyra MecceHKepHa MoJieKyna i MoAynALiA BHYTpILL-
HbOK/ITUHHMX piBHiB Ca?* BN/IMBAE Ha LMPOKUI CNEKTP
KNITUHHUX NPOLECiB, BKAKOYAOUYM KNITUHHY nponidepa-
L0, aNONTO3, HEKPO3, PYX/INBICTb Ta EKCNpecito reHis
[6].

AHOPOreH MOXKYTb B3aEMOAIATU 3 BHYTPILUHbOKNI-
TUHHUMUK perynatopamu Kanbuito. Moganvimin edekt
BN/IMBY aHAPOreHiB — WBnaKa 3miHa [Ca?*]i [6]. | ockinb-
KM MOAYNALIA PIBHA Ka/bLyilo € 4OCUTb WBWUAKOK peaK-
Li€to, AKa BiAOYBaAETbCA NPOTATOM Bif, AEKINIbKOX CEKYHA,
00 OEKINbKOX XBWAMH, MPUMNYCKAETbCA, WO aHAPOreH
NOBUHEH 3B'A3yBaTUCA 3 AKMMOCb PELENTOPOM Ha No-
BEPXHi KNITUHM ANA AOCATHEHHA LLbOro pesynbraty [9].

AHgporeH iHagyKoBaHuii [Ca*]i moke 6yTM 34at-
HWUIA peryntoBaTW aKTMBALLD aHAPOreHOBWUX peuenTo-
piB (AR), ocKinbkK 36inbLieHi pisHi [Ca®*]i cTuMmyntoOTb
3B'A3yBaHHA aHAporeHiB 3 AR. Kpim Toro, aHaporeHu
MOXYTb aKTMBYBATW KaibLiM3anexKHi KiHasW, TaKi Ak
ERK abo Src, Aaki moxyTb pochopuntoBat AR Ta aKkTu-
Bi3yBaTU iX A4iaNbHicTb. MpoTe, CTiNKe NigBULWEHHA PiBHA
[Ca®*]i, BuABNEHe NpW BUKOPWUCTAHHI ioHodopos Ca*
abo iHribiTopis Ca2+ -ATdasu, 3ameHwwye ekcrpecito AR.
Tomy dyHKLUiOHaNbHe 3HAYEHHA aHAPOreH-iHAYKOBaHMX
HereHomHux Ca?* -curHaniB, 30Kpema, WoAo ekcnpecii
reHiB i QyHKUii KNiTWH, He 40 KiHuA 3po3ymini [6].

BWBYEHHA TpaHCKPUMLUIi aHAPOreHHUX peuenTopis
in vitro, 3 BUKOPUCTAHHAM 3eneHoro ¢yopecLeHTHOro
6inKa, 6inKa-aHLPOreHOBOro peLenTopa AEeMOHCTPYE,
LLLO peLLenTop € NepeBaXKHO LUTOM/Ia3MaTUYHUM 3a Bif-
CYTHOCTi TOPMOHY i LUIBMAKO NEepeHOoCUTbCA B AAPO Nicns
3acToCcyBaHHA TecTtocTepoHy [10].

Ha ynbTpacTpyKTypHOMY piBHi no3adagepHa AR-
iMyHOPEaKTUBHICTb CNOCTEPIraeTbCA B LMUTONNAA3ZMI aK-
COHiB, a He B akcosiemMi. [1o TOro X, yNbTPaCTPYKTypHi
OOCNIAXEHHA MOKas3anu HaABHICTb no3asgepHux AR
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B AeHApuWTax Ta acTpouuTax. Kactpauis wypis-camuis
npusBoAM/Ia A0 MaliKe NoBHOI BTpaTK No3asaepHux AR
[11].

AHApOreHn matoTb crneumdiyHUn calT 3B'A3yBaHHSA
Ha HeNpOTPaHCMITEPHUX peLenTopax, 30Kpema pe-
uenTopi ramma-amiHomacnaHoi kucnotm A (GABAA).
3B'A3yBaHHA 3 GABAA peuLenTopamy MOAY/HOE aKTUB-
HICTb HEMpPOHIB 3a AOMOMOrot0 3MiH MOCTCMHAMNTUYHO-
ro rasibMyBaHHA, WMOBIPHO, Yepe3 BN/MB Ha XJI0PHUM
TPaHCMeMbpaHHUI CTPYM. 3aCTOCYBaHHA FOPMOHAbHOT
Tepanii TaKoX NPU3BOANTb A0 LWBUAKOI HEFATUBHOI i NO-
3UTUBHOI AT Ha iHWi MembpaHHi peLenTopu, NOB'A3aHi 3
iOHHUMW KaHanamu, BKAYatouM peuentopu N-meTun-
D-acnaptaty (NMDA) rniuiHoBi i HiKOTMHOBI peuenTo-
pu, a TaKoXK peuenTopu, nNos'asaHi 3 G-6inkamu. Takox
nobpe Bigomo, Wwo 36yaanBicTb HEMPOHIB, onocepeaKo-
BaHa IOHHMMW KaHanamMu, MOAYNbOBaHa JIOKAJIbHUMMU
HEeNPOaKTUBHUMU CTepoigamu [6].

AHZporeHu, AKi AitoTb yepes AR, MOXyTb BUCTYNaTh
BaKAMBUMU HENMPOTPODIYHUMYK daKTopammn A1A PO3BU-
TKY M'A3iB; OT)Ke, BTpaTa HOpMasibHOI GyHKLIT peuenTo-
pamu ANnA aHAPOreHiB 3 BUHUKHEHHAM HOBMX LWKiAAN-
BUX QYHKLiN noni-AR moKe cnpuaTn HenpoaereHepawii
Ta m'a3osin atpodii [7].

IHWKWI po3nag, AKWI 6yN0 NPUNUCAHO MNOPYLUEH-
HIO aHApPOreHHoi 4yTanBoCTi yepe3 nonimopdism AR
— ue xBopoba KeHHegi abo m'A3oBa aTpodia xpebTa,
O XapaKTepU3yeTbCA Y AOPOCNOMY Billi CNafKoBMMMU
HEpPBOBO-M A30BUMW pPO313aJaMn Ta MPOKCUMANbHOK
M A30BOI0 C/M1abKiCTIO Yepes gereHepaLito MOTOHENPO-
HiB. LlA nporpecytoya HelipogereHepaTMBHa xBopoba
BUKJ/IMKaHA reHETUYHO EKCMAHCIE NOAITTYTaMiHOBOIO
peuenTopa aHaporeHis [9].

[o uymcna nosutmBHUX edeKTiB aHAPOreHiB BigHO-
cuUTbCA iX aHabonivyHa gia Ha m'asu [2]. € aaHi, wo ae-
MOHCTPYIOTb MO3UTUBHWUI edeKT Big 3amicHoi Tepanii
TECTOCTEPOHOM MNPW CMMHHOMO3KOBIN TpaBMi Ha Po3mip
m'asiB 6e3 TpaguuiliHOro nepeHaBaHTaXKeHHA. Mexa-
Hi3MK, BignoBiganbHi 3a 36inblIEHHs po3mipy m'Asis B
pe3ynbTaTi ropMoH3amicHoi Tepanii 6arato B Yyomy 3a-
JIMLLIAIOTBLCA He3 AcoBaHMMMU. MO3UTUBHUI edEKT Big, 3a-
CTOCYBaHHA TECTOCTEPOHY MPOABNSAETLCA B 30eperKeHHi
iCHytoUMX m'A30BMX BinKiB, a He B rinepTpPodiyHUX pe-
aAKLifAX, AKi, AK BBAXAETbCA, BUKINKAKOTLCA AIEH0 iHLWMX
aHgporeHis [12].

AHApOreHn TakoX peryntotoTb pisHi BDNF (Helipo-
TpodiyHMIi GaKTOpP roI0BHOrO MO3KY) B M'i3ax-MiLLeHAX
AK SNB (cnMHHOMO3KOBI sagpa m. Bulbocavernosus), Tak
i B KBagpuuencax. LikaBo, wo KacTpauis 36inbwysana
piseHb BDNF B m'szax-miweHax SNB, ane 3meHwyBana
BDNF B yoTupurosnoBomy m'ssi, i B8 060x cucremax ni-
KyBaHHA TeCTOCTEpPOHOM BigHOBOBaNo piBHi BDNF oo
piBHA rOHaA0-iHTAKTHMX TBapuH [13].

O6pobKa NPOMMOHATOM  TECTOCTEPOHY  3HAYHO
3MeHWyBana BTomy AiadpparmanbHoro m'ssy nig yac
cepiliHoi HepPBOBOI CTMMYAALi: 36inblyBanack isome-
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TPUYHA reHepawuia CMAM i 3HAYHO 3MEHLLYBaBCA BHECOK
nopyLIeHHA HepBOBO-M'A30BOT NepesaYi B nepudbepuy-
Hy giadparmanbHy BTOMy [14].

LlikaBo, O aHAPOreHn 3MeHLUYOTb BHECOK Nopy-
LWEeHHA HEePBOBO-M A30BOI Nepeaayvi B PO3BUTOK BTOMM
niapparmu npu cTUMynsALii, WO NOBTOPHOETLCA, nepe-
BA)XHO 3a PaXyHOK LWBUAKOAIOUMX HENPOMOTOPHMUX
OZMHULb, TOAj AK HA OAMHUL, O MICTATb BOJIOKHA TUNY
| abo Ila 3acTocyBaHHA rOpMOHasbHOI Tepanii BBy He
3givicHioBano [14].

IcHye nabopaTopHe NiATBEPAMKEHHSA, LLO NiKyBaHHA
bapMaKoNoriYyHUM TECTOCTEPOHOM MiABULLYE piBEHb
MPHK, WO Koaye cuHTE3 xoniHauetunTpaHcdepasm
(XAT) B MOTOHEMpOHax CMMHHOIO MO3KY Y [A0POCAUX
camuis wypis. 36inbweHHA BmicTy XAT mPHK B moTo-
HeMpoHax MOMKe MOTEeHUiMHO npu3BOAUTM A0 36ib-
LWEHHA piBHA aKTMBHOCTI XAT Ha TepMiHani akcoHa, TUM
CamMM 36iNbLUYIOYN MPECUHANTUYHY 34aTHICTb A0 CUH-
Tesy aueTtuaxonidy [14].

Micns TpaBmK nepudepuyHMUX HEepBiB CMHAMNCK Big-
XO4ATb Bif, aKCOTOMI30BAaHUX MOTOHEWpPOHIB. MoMmipHi
WwoAeHHi ¢isnyHi BNpaBu, AKi cnpuAlTb pereHepauii
aKCOHiB 3pi3aHnX nepudepuyHnX HepBiB, TaKOXK BMIK-
BAlOTb HA L0 CMHANTMYHY gecopbuito. 3acTocyBaHHsA
QHAPOreHiB Yy KacTpOBaHMX TBapuH NpU3BOAWMIO [0
3HauHoOro i Tpueanoro 36inbweHHA BDNF ekcnpecii B
NINLbOBUX MOTOHEMPOHAX i 3MEHLIWAO KiNbKicTb CMHanM-
TUYHUX BiAXOAiB MNiCNA nepecajKu NMLbOBOro HepBa, a
TAKOX MPUCKOPEHHA pereHepauii akcoHy. Tak, B LeH-
TpanbHi HEPBOBIN CUCTEMI, NiKyBaHHA NPOMMOHATOM
TECTOCTEPOHY 3HAYHO 3MEHLUYBAIO KiZIbKICTb CUHANTUY-
HUX BiAXOAiB | 3HAYEHHA CepeaHbOI WMPUHU CUHANCIB,
L0 3a/IMWNANCL, Y MOAENi NepeTUHY INLbOBOro HepBa
[0POC/0ro Xom'sAka-camua. byno BuABAEHO aHaNoriYHe
CKOPOYEHHA BTPAT CMHAMCIB NiCNA NiKyBaHHA TecTocTe-
POHOM Y CaMLiB LLYPiB, CXUIbHWUX 4,0 XPOHIYHOTO CTpecy.
Bci ui edeKkTn aHaporeHiB BUMaratoTb nepenadi curHa-
niB yepes aHaporeHosi peuenTtopu [15]. AK noegHaHHA
aKTUBHOCTI i aHApOreHiB Moxe cnpuATK 36iNblUeHHI0
ekcnpecii i cekpeuii moTtoHelpoHamu BDNF TOo4YHO He
BiZOMO, AK i 3B'A30K MiXK curHanisauieto BDNF yepe3s
peuenTop trkB Ta ekcnpecieto MoneKyn KNiTMHHOI aare-
3ii, Wo 6epyTb y4acTb B CUHANTUYHIN cTabinizauii [15]. Y
CBOIO Yepry, KacTpauia 3MeHLYE AK po3mip, TaK i Kinb-
KiCTb CUHANTUYHMX KOHTaKTIB Ha MOTOHelpoHax [16].

3 [fi€to TECTOCTEPOHY TaKOX NoB'A3aHe 36i/bleHHn
pPO3Mipy COMM HEMPOHIB, 3POCTAaHHA HEMPUTIB, N1ACTUY-
HIiCTb i CiHanToreHes. [OPMOH 3MEHLUYE CTYMNiHb NMOLUKO-
OKEHHA CMMHHOMO MO3KYy in vitro [17].

HelipoTtpodiyHi pakTopu i cTepoigHi rOpMOHM B3a-
EMOLIIOTb Y NpoLLecax perytoBaHHA Pi3HUX HEMPOHHUX
npoLeciB, TakKMX AK PO3POCTaHHA HeNpuTiB, audepeH-
uiauis i HelponpoTekuis. KoeKkcnpecis peuenTopHUX
6inkiB i MPHK cTepoigHux ropmoHiB i HelipoTpodis, a
TaKOMXK iX B3aEMHa perynsuin 3abesnevye HeobxigHi cyb-
CTpaTv ANA Takux B3aemogain [13].

AHgporeHn B3aemogitotb 3 BDNF nig 4ac po3suTky,
peryntooymn NpoLLecn anonTosy; perytoroTb eKCnpecito
BDNF i ioro peuentopa trkB B cniHa/sibHUX MOTOHENPO-
Hax. TakoXX aHaporeHu B3aemogitoTe 3 BDNF nicna Tpas-
MW, BNIMBAOYM Ha po3mip comu, mopdonorito aeHapu-
TiB i pereHepau,ito akcoHa. Tak, BCTAHOBNEHO, L0 PO3Mip
coMmn HeWpoHiB SNB peryntoeTbca aHApoOreHamu nig,
BMN/IMBOM KOHTAKTy MOTOHEMPOHa 3 M'A3aMK MilLeHAMM
SNB [13].

3acTocyBaHHA TECTOCTEPOHY 3 JIiIKYBa/lbHOK METOH
3aXMWAE MOTOHENpPOHM Big, aTpodii, BUKAMKAHOI 3a-
rmbennto Npunernux MOToHelpoHiB. fopMoHanbHa Te-
pania TeCTOCTEPOHOM TaKOX 3anobirae 3HUMKEHHIO py-
XOBOI aKTMBHOCTI, TaK fIK, HA AOAATOK A0 BigHOB/EHHA
HOpMabHOI AeHapPUTHOI mopdoorii, BiAHOBAOE 34aT-
HICTb CUCTEMM aKTMBI3yBaTU PEKPYTUHI HEeNpoMOTOp-
HUX OAUHULb [18].

TecTOCTEPOH IHAYKYE BHYTPILLIHBbOKAITUHHI KOIMBaH-
HA piBHA Ca?* B UMTO30/i Ta AAPI, AKI € BaXXIMBUM noce-
pPEeaHUKOM TaKMX NPOLECIB AK PiCT HEMPUTIB. Y KinbKox
MOAENAX KNITUH, BMKOPUCTOBYIOUM Pi3HI anONTOTUYHI
CTMMyAK, ByN0 NOKas3aHo, Wo 36iblWEeHHA BHYTPILLHbO-
KNiTUHHOro Ca?* MOKe BUKNMKATM anonTos. TecToCcTePOoH
MOKe iHAYKyBaTK 3a0eXKHi Bif KoHUeHTpauii Ca** curHa-
. MpKN HU3bKNX KOHLUEHTpaLiax (100 HM), TectocTepoH
NPOAYKYE BHYTPILLHbOKAITUHHI CaZ*-KONMBaHHSA, AKi MO-
KyTb By Baxkamsum @isionorivHMM mexaHismom Aaji
aHpporeHy B HelpoHax. KoM KoHLUeHTpauia TectocTe-
POHY 36iNbLUIYETHCA, KOAMBANbHUI NaTePH BTPAYaETbCA,
a 3'ABNAIOTbCA NepexigHi i Tpyueani Bignosigi. Li BUKAn-
KaHi TeCTOCTEPOHOM CWUTHaAW TPMBANOrO NiABULLEHHA
BHYTPILLHbOKAITMHHOrO Ca?* mocTaTtHi, wob iHiuioBaTh
anontos [19].

ICHYIOTb JOCNIAXKEHHA, 3rigHO 3 AKMMMU AHAPOreHN
iCTOTHO CnpuUATb peopraHisauii HeMPOHHMX laHLIOrB
CMWHHOIO MO3KY A0POCANX OCOBMH, 30Kpema, MatoTb
BMpIlLaNbHE 3HAaYeHHA ANA NIATPUMKKW OpraHisauii cu-
HANTUYHMX BXOAIB CMiHa/IbHUX MOTOHEMPOHIB. TaK, Ha-
NPUKNaa, cepefHE 3HAYEHHA 3arasibHOI NJOLi CMHan-
TUYHMX KOHTAKTIB HA MeMbpaHi COMM i TPOKCUMANbHUX
OiNAHOK AeHApPUTIB MOTOHeNpPOHiB SNB uepes 4 TUXKHI
nicnAa KacTpauii 4OpOCAMX CaMLiB LLYpPiB 3HUXKYBANOCh
no 30%, wo 3anobiranocb 3acTOCyBaHHAM 3aMiCHOI
ropMoHanbHOI Tepanii. TakoX BUABNEHO, WO aHApOreH
KOHTPOIOE AO0BXUHY AeHApuTiB SNB moToHelpoHiB B
CNUHHOMY MO3KY A0POCAUX Wypis [4].

AHaporeHu 3abe3neyytoTb HEMPOMPOTEKLO Helpo-
HiB LLHC Bia BUKAMKAHOMO HECTAYeo POCTOBUX paKTOpiB
anonto3y. HelponpoTeKTOpHi edeKkTM NpoABAATLCA
npu $izioNorivHiN KOHUEHTPALLT ropMOHY Ta 0bymoBne-
Hi B3aEMOZ€l0 3 pelenTopamu aHaporeHis [20].

[Jeski aaHi cBigyaTh Npo Te, Wo HeMponpoTeKL|isa aH-
AporeHiB moxke ByTn onocepefKoBaHa nocnabneHHAM
OKWCHoro cTpecy [21].

B1ABNEHO 3BOPOTHY KOpPEenAuitdo MiXK 3HUMKEHHAM
piBHA TECTOCTEPOHY i 36i/blUEHHAM aKTUBHOCTI ¢ep-
meHTy NADPH-giadopasm, HaganwokK akoro sege [0
NiABULLEHHA CUHTE3Y CYMEepPOKCUA-aHIOHY, CTUMY/IOLO-
YOrO OKMC/IOBANIbHUI CTPEC, LLLO B CBOKO YEPTy MOKE BU-
KNMKaTK anonTo3 HelpoHis [1].

MpPOTAroM yCbOro »UTTA aHAPOreHn 3aXULLAI0Tb MO-
TOHelpPOHM Big, 3arnbeni, BUKAMKAHOI TPaBMOIO aKCOHIB.
MOTOHEMPOHM LLO BUMKMBAIOTb TAKOX MOKa3ylTb pe-
rPECUBHI 3MiHM B iX HEMPUTAX, AK B pe3yabTaTi NPAMOro
AKCOHANbHOrO MOLUKOAMKEHHA, TaK i B HAaCNIAOK BTPaTH
CyCigHiX MOTOHeMpoHiB. JlikyBaHHA aHApOreHaMu nia-
BULLYE 34aTHICTb MOTOHEMPOHIB BiAHOBAOBATMCA NicAA
LIMX pPErpecmBHUX 3MiH i BigHOBNIOBATM AIK aKCOHM, TaK i
LEHOPUTH, BIAHOBOOYM HOPMAJIbHY HEPBOBO-M'A30BY
dYHKUjt0. 3acTOoCyBaHHA TECTOCTEPOHY 36ibLUYE WBMA-
KicTb pereHepalLiii akCOHiB 6e3 3HUMKEHHA 3aTPUMKMK A0
YTBOPEHHA BigpocTkis [22].

Biaomo, WO KNITUHU-CATeNiTU CKeNeTHMX M'A3iB Npo-
OYKYIOTb HEMpOTPOdiYHUI (PaKTOp TO/IOBHOTO MO3KY
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(BDNF), a piBeHb, pasom 3 ioro peuentopom TrkB,
KOHTPOJIIOIOTLCA aHAPOreHaMu, LOHaMeHLe, B Aed-
KUX MOTOHeMpoHax. BearkaeTbcs, wo BDNF, wo supo-
6NA€TbCA M'A3aMM, L€ AK PETPOrpagHoO TPAHCNOPTYE-
MU TPOIYHUI PaKTop ANA NIATPMMKM MOTOHENPOHIB
NPOTATOM YCbOTO IXHbOTO UTTA [16].

In vivo BDNF moke iHAYKYBaTW PICT aKCOHIB NOLUKO-
OYKEHUX MOTOHEMPOHIB (Micna akcoHoToMIT nepudepmy-
HUX HepBiB) i B3aEMOA€ 3 aHAPOreHOM A5 NiATPUMKU
HOPMabHOI AOBXUHU AEHAPUTIB MOTOHENPOHIB [16].

Kpim TOro, aHOporeHu KOHTPOIOIOTb PiBHI HinKa
BDNF B geHApuTax MOTOHEMpOoHa Ta B iX IyTamaTtepriy-
HUX apdepeHTax, baraTo 3 AKMX ekcnpecytoTb TrkB, wo
BKa3y€e Ha Te, LLO ONOCEepeaKOoBaHA aHAPOreHammn cur-
Hanizauis BDNF moxke niaTpumyBaTtu 36yaKytodi Bxoam
B MOTOHeMNpoHU. binbw Toro, BDNF peryntoe ekcnpecito
AR B caMOMy MOTOHENPOHI [16].

TecToCTEPOH MaE HEMPOMNPOTEKTOPHUI edeKT B He-
pPBOBMX BONOKHaX i AediuUT TECTOCTEPOHY MOXKE Npu-
3BOAMTM A0 PisHUX GOpM fereHepaliii HepBiB, WO MOXKe
B KiHLUEBOMY pe3ynbraTi NpM3BOAMTM HABITb A0 aHATO-
MiYHUX 3MmiH [5].

Tak, KacTpaLia NpU3BoAUTb A0 3HAYHOrO 36iNbLUeH-
HA NJIOLLi NONEePEeKOBOro Nepepisy akCOHIB B NOPIBHAHHI
3 JAHWMM NOKA3HWKOM Y TBAapWUH KOHTPOALHOI rpynu,
06pobneHnx TectoctepoHom. AKICHO cnocTepiratoTbeA
03HaKW gereHepalii HepBiB, 0CO6ANBO MieNiHy, aere-
HepaLis 060/10HKN. CTAaTUCTUYHO 3HAYMMI 3MIHW B TOB-
WMHI MieniHoBOi 0BONOHKM He BiA3Hayanucsa, npoTe
crnocrepiranaca TeH4eHLUiA 40 3HUKEHHA LWiIbHOCTI po3-
TallyBaHHA BOJIOKOH B HepBax [5].

Kpim TOro, NpofeMOHCTPOBaHUI CUNbHUI pemieni-
Hi3yloumMii epeKT TecTocTepoHy, 06yMOBAEHUIA B3aEMO-
Ai€l0 3 peuenTopamun 4AA aHAPOreHiB, B Kypi3OHOBOW
Mogeni CTiMKoi aemieninisauii, ae He moxke 6yTn BUAB-
JIEHO CMOHTaHHE BiAHOBNEHHSA Mieniny [8].

TecTocTepoH NposaBasAe cBoi ePeKTM Ha ABOX PiBHAX:
1) cTpYKTYpHO-MOAYOYI KAITUHHI Npouecw, AKi BNU-
BalOTb HA LITOCKE/IET Ta, B CBOLO Yepry, pagianbHe 3poc-
TaHHA AKCOHA; 2) MONEKYNAPHO-MOAY/O0Ya CPAMO-
BaHiCTb aKCOHHOrO TPAHCMOPTY B 3aNE€XKHOCTI Big, 403U
i TpnBanocTi 3actocyBaHHA [23].

TecTtocTEPOH MOpPYLIYE KiHE3MH-OMocepeaKoBaHUM
TPaAHCMOPT Ta NPMU3BOAUTL 40 HaKoNMYeHHA BinKka KiHe-
3MHY, HUTEBMAHOIO aKTMHY i MITOXOHAPIMA B KNITUHAX.
Llen npouec NpnsBogmMTb A0 3MiHM KNITMHHOT Mopdoio-
rii Ta MOXe BUKNMKATM 3ayXy aKCOHIB ab0 3MeHLLIEHHS
6i00CTYNHOCTI KOMMNOHEHTIB, HeobxigHux Ana ¢yHK-
LiOHYBaHHA CUHaMcy, NpMBOAAYM [0 HEMPOHHOI Auc-
byHKU;i [16].

AHAPOreHN MOXYTb BRAAMBATU Ha 0OOPOT LMTOC-
KeNIeTHOI MaTpuu,i, BiANOBIAANbHOI 3@ CTPYKTYpy aKco-
Ha. Y 3B'A3Ky 3 UMM Bigomo, Wo dochopunatoBaHHA K
C-KiHueBux obnacTeld, Tak i FONOBHOrO AOMEHY HENPO-
dinameHTIB CpUAE peryioBaHHIO B3aEMOAIN Henpo-
dinameHTiB 04MH 3 0OAHUM, HelipodinameHTiB 3 MiKpo-
TpyboUYKaMM i B3aEMOAIAMM MiK MIKpOTpybouKamu Ta
MOTOPHMMM BinKamm, OCTaHHI BiAMNOBiIAA/bHI 3@ aKco-
Ha/IbHWUIM TpaHcnopT. Lli npouecn moxXyTb MoaytoBaTH
OVHaMiKy YyTBOPEeHHA HenpodinamMeHTHOI LUTOCKeneT-
HOI peLiTKM, Wo NigTPMMYE 3pini aKCOHU AHApPOreHu
MOYTb MOZY/0BATU 3anexHi Bia dochopuntoBaHHA
3MiHM aKTMBHOCTI 6ifka 3a gonomoroto AR-3anexHoi
AKTMBALLT CUTHANbHOI TPAHCAYKLiT MITOreH-aKTMBOBaHOI
npoteiHkiHasu (MAPK / ERK). AHgporeHHi peuentopu
TAKOX MOXYTb 3AIACHIOBATU LWBUAKUA HEreHOMHUIA
BM/IMB 33 AOMOMOTO0 LWBUAKOIO NiABULLEHHA KOHLEH-
Tpauii BHYTPIiLLHbOKAITUHHOrO KanbLito (Ca?*) [6,11]. 3a-
BAAKM UM ABOM PiSHUM MeXaHi3MaM aHAPOreH MoXe
CTUMYNIOBATU PO3LUMPEHHA aKCOHA, PO3ranyXKeHHA aK-
COHiB Ta aKCOHa/ibHe pagiasibHe 3pocTaHHsA [19]. Mox-
JIMBO, QaHAPOTEHN BMN/IMBAOTb MEPEBAXKHO Ha AiameTp
AKCOHa i po3rany»KeHHA aKCOHIB, iIMOBIPHO, LLUJIAXOM aK-
TMBaALji OKpemux ePeKTOPHUX WAAXiIB. € NPUNYLLEHHS,
LLLO TECTOCTEPOH, iHAYKYIoUM docdopuntoBaHHA Helpo-
dinameHTIB, MOXKe YacTKOBO BifMNOBiAaTM 3a KifbKicTb
HeNpodiNaMeHTIB aKCOHIB, L0 MNiAAa0TbCA MepeHocy,
i Nnpu uboMmy — 06epT UMTOCKEeNEeTHOI MaTpuLi, BiANOBI-
OaNbHOI 32 pajia/ibHe 3pOCTaHHA aKCcoHiB [23].

In vitro, BN/IMB Ha 3pOCTaHHA aKCOHa/IbHOTO pajajiyca
MOXKe 6yTM MoAYNbOBAHO aHAPOreHamM 3a AONOMOToo
npsmoi akTmBauii AR 6e3 B3aeMogii 3 riiaibHUMM KNiTh-
Hamu. 3 iHWoro H6OKy, BiACYTHICTb NOB'A3aHNX 3 aHAPO-
reHom edekTiB Ha AiaMeTp HemieniHi30BaHUX aKCOHIB,
AKi CNOCTEpIratTbCA B eKCNEePMMEHTaX in Vivo, CBigYnTb
npo Te, WO B MieNiHi30BaHUX aKCOHaX aHAPOreHn mo-
KYTb BNJIMBATM Ha AiameTp aKCoHa fK 6e3snocepegHbo
(4epes AR, ajtoumnii Ha LMTOCKeNeT), Tak i onocepeako-
BaHO (4epes MieniH, Aitounin Ha untockener) [23].

Takum umHom, 6e3nocepefHbo yepe3 MeMBpaHHi
abo apepHi peuenTopu, Yn onocepeaKoBaHo meTtabo-
NiYHMMK edeKTamm, aHAPOreHU 34iACHIOTb BMN/IMB Ha
yCi NaHKK comaTnyHoi pednekTopHoi ayru. MNpoTe, gyxe
MaJio JOCAIAKEHDb AEMOHCTPYOTb 0CO6/IMBOCTI X QYHK-
LioHyBaHHA in viivo, a enekTpodisionoriyHi gocnigrkeH-
HS MaliXke He MPOBOAMUINCD, L0 CTBOPHOE NiArPYHTA ANA
noAanblunx MOLWYKIB BiAMOBIAEW HA MWUTAHHA BNAWBY
YO/IOBIYMX CTAaTEBMX TOPMOHIB Ha HEPBOBY CUCTEMY.
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BNMB AHAPOIEHIB HA ®YHKL,IOHYBAHHA NTAHOK COMATUYHOT PE®NEKTOPHOI AYTU

PoguHcbKuii O. I, TKaueHKo C. C., Mapaa I. 0., PomaHeHKo /1. A., KHsxkesa O. B.

Pe3stome. TecToCTEPOH Yy YO/0BIKIB rPa€ roIOBHY PO/b HE Ti/IbKM B acNeKTax PenpoAyKTUBHOIO 340p0B’A, ane
TaKOX B 3abe3neyeHHi M’S30BOi i KICTKOBOT Macu, epuUTPONOoesi, a TaKoXK B MeTaboniami rnoKkosm Ta ninigis. Kpim
TOrO, € AOC/IAKEHHS, 3TiAHO 3 AKMMM BaraTo HEMPOHIB Ta IMia/IbHUX KAITUH EKCMPECYHoTb K AA4EPHI, TaK | MeMbpaHHi
peuenTopu 40 aHAporeHis. MeTa Uboro ornAagy — NpPoaHanisysBaTH BiZOMI JaHI NPO BN/IMB aHAPOTNEHIB Ha JIaHKKU
COMATMYHOI pedIeKTOPHOI ayru.

KniouoBi cnoBa: TeCcTocTepoH, aHAPOreHN, peLLenTopu, HEPBOBa CUCTEMA, HEMPOH, aKCOH.

B/IMAHUE AHOPOTEHOB HA ®YHKUUWOHUPOBAHMUE COMATUYECKOIN PEDNIEKTOPHOM avru

PoguHckuii A. ., TkaueHKo C. C., Mapaka U. A., PomaHeHKo J1. A., KHsaxesa E. B.

Pe3stome. TeCTOCTEPOH Y MYXKUYMH UFPAET [MaBHYO PO/b HE TONbKO B aCMeKTax PenpoayKTMBHOIO 340P0BbA, HO
Tak»Ke B o6ecneyeHmnn MbllLeyHOM M KOCTHOM MaccChl, 3pMTPONO033a, a TakKe B MeTaboiM3me roKosbl U IUMNUA0B.
Kpome TOro, ectb UcciegoBaHMA, COMMACHO KOTOPbIM MHOTME HEWPOHbI U FNabHblE KETKU 3KCMPECCUMPYIOT KakK
agepHble, TaK U MeMbpaHHble peuenTopbl K aHaporeHam. Llenb aToro o63opa — npoaHann3npoBaTb U3BECTHbIE
[aHHbIe O BIMAHUMN aHAPOreHOB Ha 3BEHbA COMATUYECKON pedIEKTOPHOM Ayru.

KntoueBble cnoBa: TECTOCTEPOH, aHAPOrEHbI, PeLEenTopbl, HEPBHAA CUCTEMA, HEMPOH, aKCOH.

INFLUENCE OF ANDROGENS ON THE FUNCTIONING OF THE SOMATIC REFLEX ARC

Rodinsky A. G., Tkachenko S. S., Marazha I. A., Romanenko L. A., Knyazheva E. V.

Abstract. Many neurons and glial cells express androgen receptors. Research in a number of models in vitro and
in vivo has shown that steroid hormones, in addition to the classical genomic model of action, can influence the
course of cellular processes by non-genes. Androgens can interact with intracellular calcium regulators. A further
effect of androgens is the rapid change [Ca2 +]i. Ca2 + functions as an omnipresent second messenger molecule and
the modulation of intracellular Ca2 + levels affects a wide range of cellular processes, including cell proliferation,
apoptosis, necrosis, mobility, and gene expression. The androgen receptor is predominantly cytoplasmic in the
absence of a hormone and is rapidly transmitted to the nucleus after application of testosterone. Androgens acting
through androgen receptors may be important neurotrophic factors for muscle development. There is evidence
of a positive effect of testosterone substitution therapy with spinal cord injury on muscle size without traditional
overload. Androgens reduce the contribution of neuromuscular transmission to the development of the fatigue of
the diaphragm with repetitive stimulation, mainly due to high-speed neuromotor units, whereas in units containing
fibers of type | or lla, hormonal therapy has no effect. There is a laboratory confirmation that treatment with
pharmacological testosterone increases the level of mMRNA encoding the synthesis of choline acetyltransferase (HAT)
in motor neurons of the spinal cord in adult male rats. An increase in the content of HAT mRNA in motor carriers can
potentially lead to an increase in the activity of the HAT on the axon terminal, thereby increasing the presynaptic
ability to synthesize acetylcholine. The use of androgens in castrated animals resulted in a significant and prolonged
increase in BDNF expression in the facial motor neurons and reduced the amount of synaptic waste after facial nerve
transplantation, as well as the acceleration of axon regeneration. The effect of testosterone is also associated with
an increase in the size of the catheter neurons, the growth of neurites, ductility and synaptogenesis. The hormone
reduces the degree of damage to the spinal cord in vitro.
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Neurotrophic factors and steroid hormones interact in the processes of regulation of various neuronal processes,
such as the growth of neurites, differentiation and neuroprotection. The use of testosterone for therapeutic purposes
protects motor neurons from atrophy caused by the death of adjacent motor neurons.

There are studies that androgens greatly contribute to the reorganization of the neural chains of the spinal
cord of adults, in particular, are crucial for maintaining the organization of synaptic inputs of spinal motor neurons.
Androgens provide neuroprotection of CNS neurons due to the lack of growth factors in apoptosis. Androgens
can affect the turnover of a cytoskeleton matrix responsible for the structure of the axon. Testosterone has a
neuroprotective effect in nerve fibers and the testosterone deficiency can lead to various forms of degeneration
of the nerves, which may ultimately result in even anatomical changes. Neuroprotective effects are manifested
at the physiological concentration of the hormone and due to the interaction with the receptors of androgens.
Some data suggest that neuroprotection of androgens may be mediated by the mitigation of oxidative stress.
Thus, directly through membrane or nuclear receptors, or indirectly by metabolic effects, androgens affect all the
links in the somatic reflex arc. However, very few studies show the peculiarities of their functioning, in vivo, and
electrophysiological studies have almost not been conducted, which provides the basis for further searches for

answers to questions about the influence of male sex hormones on the nervous system.
Key words: testosterone, androgens, receptors, nervous system, neuron, axon.
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Multiple sclerosis (MS) is a chronic, progressive de-
myelinating disease of the central nervous system.

It affects mostly young people of working age with
the peak incidence at the age of 20-40 years. MS is more
often observed in women and manifests 1-2 years ear-
lier than in men [1]. The publications report that the
incidence of MS is progressively growing from year to
year, especially in economically developed countries.
The prevalence of this disease depends on the geo-
graphic latitude, designating three zones of morbidity
risk: high risk zone (more than 50 cases per 100 000
people), moderate risk zone (10-50 cases per 100 000
people) and low risk zone (less than 10 cases per 100
000 people). Notably, Ukraine is located on the border
of the high and moderate risk zones, and the morbid-
ity rate in Ukraine is rapidly growing. Progression of MS
leads to early disability and death [2,3,4]. All these facts
confirm the relevance of the problem and necessity for
its comprehensive study.

Currently, the etiology of multiple sclerosis is un-
known and considered as the multifactorial disease.
Genetic and immunological factors, viral infection and
influence of exogenous factors play the crucial role.

Genetic susceptibility to multiple sclerosis is con-
firmed by numerous findings of genealogical, twin and
population studies. This provision is proved by the fact
that the risk for MS development in monozygotic twins
is 7 times higher than in dizygotic ones [2]. However,
the index of MS concordance in monozygotic twins is
accounted for only 25-30% that does not fit the frame-
work of the monogenic model of inheritance and can
be explained by the polygenic inheritance and genetic
polymorphism, as well as the influence of external fac-
tors. This is also confirmed by the study of the MS mor-
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bidity in migrants, the rate of which is dependent on the
variety of medical and social factors, though its growth
in migration from region with low risk to region of the
high risk is self-evident [5].

It has been established that intoxication and diet are
considered the most possible external factors. Recently,
the impact of insolation and associated vitamin D defi-
ciency [6,7], as the main factor of geographical dissemi-
nation, smoking [7,8] and ecological characteristics of
the habitat of patients [4,9,10] have been the issue for
discussion.

Viral hypothesis for the development of multiple
sclerosis appears to be of main importance, since high
IgG concentration to many viruses has been found in
the cerebrospinal fluid and blood of more than 90% of
patients with MS. Indirect evidence that MS is caused
by viruses is the relation of several viruses with demy-
elinating encephalopathy in people and induced demy-
elination in experimental animals infected with viruses.
However, none of the viruses were isolated from the
brain of patients with multiple sclerosis [11].

Notwithstanding the important or even critical
role of various microorganisms, only Epstein-Barr virus
stands out as a consistent and strong risk factor among
the infectious agents that can be related to MS. The
comparison of the risk for MS in infected and uninfected
people has shown that the possible onset of multiple
sclerosis is 10 times higher in young people with HIV
infection, whereas it is 20 times higher in people with
mononucleosis in the past history. The presence of an-
tigenic mimicry between the main myelin protein and
Epstein-Barr virus pan-peptide has been found [12,13].
The role of other pathogens, namely, Human herpes
virus 6 [14], Chlamydia pneumoniae [15], chicken pox,
rubella, measles and others can be also considered
[16,17]. In addition, some researchers believe the pres-
ence of inflammatory infiltrates in the brain plaques and
tissue to be a strong evidence of the infectious nature of
multiple sclerosis [18].
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