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Jluceprailisi TPUCBAYEHA KOMIUIEKCHOMY BHBUEHHIO CHUCTEMU AKTUBHOTO
tpancnopty 'TAMK y HepBOBHX TepMiHAJSX TOJIOBHOTO MO3KY IIYpiB 32 YMOB
MOJeNl TepHHATaldbHOI TIMOKCIi Ta NUIAIXaM MOJYJIOBaHHS TPAHCIOPTY 3a

JOIIOMOTI'OIO AHTHEIICTITHIHIX CIIOJIYK.

AKTYyaJIbHICTh TEMH TOB'SI3aHA 3 TUM, 1110 y CBITI CIIOCTEPIra€ThCsl MOCTIHHE
3pOCTaHHS YHCJIa TMAaIli€eHTIB 3 HEHWPOJOTIYHUMHM Ta HEHpoaereHepaTUBHUMU
3aXBOPIOBAHHAMM, 1 1€ CTAHOBUTH TJIOOAJBbHY 1 JIOTENEpP HEBUPILICHY MPOOJIeMy
Cy4acCHOTO CYyCNUIbCTBA. JleTasbHEe BHBYEHHS CKJIAJHOTO 0aratocTaiifHOTO
mpoliecy HehHpoTpaHcMicli € aOCOMIOTHO HEOOXIMHMM SK JJISI  PO3BUTKY
dyHnameHTanbHOi  HeWpoOionorii Ta  BHU3HAYEHHS  MEXaHI3MIB  PO3BUTKY
MaTOJIOTIYHUX CTaHIB y HEpPBOBIM cucTeMi, Tak 1 Ui TEPareBTUYHOTO
MOJYJTIOBAaHHS HEHWPOHAIbHOT AKTUBHOCTI 3 METOIO MOJOJIAHHA HEUPOIOTTYHUX

pO3aIiB.

BaxximBuM 3aBaaHHsIM 1i€i poOOTH OYyI0 MOCTIAUTUA TPAHCHOPTEP-3aICIKHE
HaKomM4eHHs] Ta BUBUIbHEHHS ['AMK y HEpBOBHX TEpMIHAJISIX TOJIOBHOTO MO3KY

HIypiB Ta TpOaHami3yBaTH e(EKTUBHICTh [ii AaHTHENMUICNTHYHUX CHOJYK Ha



Ko4oBi  xapakrepuctuku ['AMKepriunoi HelpoTpaHcwicii 32 YMOB HOpPMH Ta

MOJIeNi TIEPUHATATIBHOI TIMOKCII.

[Tin yac BUKOHaHHS AUCEpTaliiiHOI poOoTH Oynu 3alisHi SK KJIACHYHI, TaK 1
HOBITHI O10XIMIYHI Ta MOJIEKYJISIPHO-O10JIOTIYHI METOU: BUIUICHHS 130JbOBAaHHUX
HEPBOBUX 3aKiHYEHb (CHHANTOCOM) PI3HUX BIAAUNB TOJOBHOTO MO3KY IIYpIB
(kopu, TIMOKaMIy 1 TajaMycy), sKi NpOBOAWIM 3rigHo Merony Kormana, mio
BKJIIOUA€E TIpenaparuBHy O10XiMil0 Ta yiubTpaneHTpudyryBanus. BapTo 3azHauutu,
IO CHHANTOCOMM 30€piraloTb yci BJIACTUBOCTI Ta XapaKTEPUCTHKH I1HTAKTHUX
HEpBOBHUX 3aKiHY€Hb. BH3HAa4YEHHS KOHIEHTpAIlli MNPOTEIHy Yy CHUHANTOCOMAX,
MeMOpaHHOTO TMOTEHIAly CHHANTOCOM 1 CTaHy auuaudikamii CHHANTHYHUX
BE3UKYJ 3MIACHIOBAJIOCh 3a JIOMIOMOTOI0 MIIXOMIB  CHEKTPOQIyOpUMETPIi.
[louarkoBa IIBUJIKICTh BUCOKOA()IHHOTO HaKOMUYECHHS [’HITAMK
CHUHANITOCOMaMH Oyia JOCHPKeHa 3a JIOMOMOTIOI0 Pajioi30TONHOIO METOAY 13

. . . 3
3acTocyBaHHsAM MideHoi TpuTieM [ H]['AMK.

[lpoBeneHi HNOCHIMKEHHS BIEpIIe MOKa3aJd, 10 IMIBHIKICTh aKyMYJISIII
I'AMK cunantocoMamMu KOpPH, TIOKaMITy 1 TaJlaMyCy 3HMXKYBajlach 3 BIKOM B 000X
rpynax TBapuH — SIK KOHTPOJBHMX, TaK 1 MIypiB, 5Kl 3a3HAJIM BIUIUBY
nepuHaTaibHOi rinokcii. [lepuHaTanbHa TIMOKCIS CYTTEBO BIUIMBAE Ha TPOIIEC
akyMmyJsiiii mo3akimituaHol TAMK npecMHanTUYHUMHU TEPMIHAISIMHU, ajieé BEKTOPHU
1 MEXaHI3MH 3MiH BHSIBWIHCS PI3HUMH B PI3HUX CTPYKTYpax TOJOBHOTO MO3KY —
AKIIO Y KOpl HE CIocTepirasioch edeKTy TIMOKCii, a y TajJlaMycCl BOHa BHKJIMKaja
nesike miaBumieHHs akymyminii AMK, To y rimokammi 1med mpoiec 3HaYyHO
ynoBUIbHIOBaBCS. lle cBimuMTh mMpo TOpylieHHS OajlaHCy TajJbMIBHUX MPOLECIB

MDX T1IIOKaMIIOM 1 KOPOIO BHACHIIOK TIMOKCIi.

Jlns 3'sacyBaHHS BIUIMBY TEPUHAIBHOT TIMOKCIT HA KOHKPETHUW THII
tpancnoptepiB 'AMK 6yno 3actocoBano NO-711, BUCOKOCENEKTUBHMIA OJIOKATOP
I'AMK-tpancnoprepis turmy 1 (GATI1), 1 [-amanin, cyOcTpaTtHuil iHTIOITOP
tpancnoptepiB 'AMK tuny 3 (GAT3). OTxe, Brepiie Oysio MpoaeMOHCTPOBAHO,

Mo 31aTHICTh [-amaHiHy 1HriOyBatn HakonuueHHs ['AMK mnocumoBamace y



HEPBOBUX 3aKIHYEHHSX TIMOKaMITy 1 TajJamMycy BHACIIJOK MEPUHATAIBHOI TIMOKCIi,
B Toi wyac sk edektuBHICTH NO-711 y HepBOBUX 3aKiHUCHHAX TallaMycCy
3HWKYBajach. L[7IKOM BIpOTiAHO, IO 1€ € Pe3yibTaTOM 3MIHM CIIBBIIHOIICHHS
aktuBHUX TpaHcropTepiB — GATI/GAT3, ekcnpecoBaHMX Ha IUIa3MaTHYHIN
MeMOpaHi HEPBOBHUX 3aKiHUYEHb, BHACTIOK NepuHaTaibHOI Tinmokcii. Lleit dakt
BKa3y€ Ha MOXUIMBICTh LUIECOPSIMOBAHOI MOJYJISLII aKTUBHOCTI TpaHCIOpTepa
GAT3 T1a T'AMK-epriunoi HelpoTpaHcMicii 3a yMOB NaTOJIOTIYHUX CTaHIB 3a

JOIIOMOT'OKO €CK30I'CHHOT'O Ta CHAOI'CHHOTI'O B-anaHiHy.

3acToCyBaHHS aHTUENUICTITUYHOTO Tpernapaty JleBerupareramy mokazano,
10 BiH 3JIMCHIOBAB CBiM edeKT y MNpeCHHANTUYHIM AUIHII uYepe3 30UIbIICHHS
BHUBUIbHCHHS [3H]FAMK IUIIXOM ~ €K30IIMTO3Y, I1HAYKOBAHOTO  KaJllEBOIO
Jernojsipr3anicro. Aje mpemapaT He BIUIMBAB Ha MO3aKMITUHHUKA piBeHb ["AMK
MDK emizofgamu ex3onmrosy. Jis JleBetupaneramy BUSBUIACH PI3HOK Y TIOKAMIII,
KOpi 1 Tajamyci, 1 Il epeKTH 3MIHIOBAINUCH i Yac pO3BUTKY MO3Ky. [Ipenmapar He
nisie Ha BuBUIbHeHHST ['AMK cuHantocoMamMu TOJOBHOTO MO3KYy IIypiB Yy
auTA4YoMy Bimi. JleBerwpameram MaB OUIbIl 3HAYHUM BIUIMB Ha TIMOKaMMaJbHI,
KOPTUKaJdbHI 1 TajJaMiuyHI HEPBOBI 3aKiHYEHHS caMe€ 3a yMOB MOJell
NEepUHATAIBHOI TIMOKCIi, HIXK y HOpPMI, TOMY BHACHiAOK TiNOKCii €(PEeKTUBHICTDH
npenapaTry MiABUIYBajack. 3alekHICTh e(ekTiB JleBeTupaineraMmy Bil BIKY €
KOPHUCHOIO JJIsi HOBOI CTpaTerii 3aCTOCYBaHHS I[LOTO Tpemapary I 4ac Teparmii

JIATAYO]1 EIUIEIICI.

Kpim Toro, Bmepme Oyio BHUSIBJICHO HOBI €(QEKTH TO3UTUBHOTO
anocrepuudoro  moxayisitopa ['AMK-b  penenropis, rac-BHFF. Rac-BHFF
BUKJIMKAB J0303AJICKHY JETOJAPU3ALIII0 TUIA3MaTUYHOT MEMOpaHu CMHANTOCOM Ta
3HIDKEHHS auuan@ikaiii CHHANTUYHUX BE3UKYJ, IO MPHU3BOAWIO 10 3HM)KECHHS
mo4aTkoBoi ImBHAKOCTI HakommuenHs [ HJTAMK —cHHanmTocoMamu Ta, SIK

. . . . 3
HACJIJIOK, MIABUILEHHS no3akmTuHHOro piBHA ["H]['AMK.

[lomyk edexTuBHUX MpenapaTiB Ha ocHOBI Mojekynmu '’AMK mnoxkazas, 1o

aHAJIOTH 3 OUTBIIOI JMO(UILHICTIO JIETIIE JI0Jal0Th reMaToeHedamiaamii 6ap’ep.



Benennss aromiB QpTopy 1 HEBENIMKHX NOJI(TOPANKUIBHUX TPYyH B MOJIEKYIY
30UIbIIy€e 11 MMOQUIBHICTD, 1 1€ MIUPOKO 3aCTOCOBYETHCS JISi PO3POOKH HOBHUX
010JIOTIYHO AaKTMBHMUX CHOJYK Ta JIKapchbkux 3aco0iB. [lopiBHsIBHE JOCIIIKEHHS
epextuBHOCTI (PropBMicHOTO anHanmory ['AMK 1 Bxe Bimomoro mpenapary
[Iperabaniny Brepiie mokasano, mo axaior 13 3amicaukom [-CF,CF,H 1 menmioro
miporo Ilperabaiin 36iIbLIYBAIN [OYATKOBY MBHAKICTH Hakommuenus [ HJTAMK
CHUHAIITOCOMAaMH KOPH TOJIOBHOTO MO3KYy IIypiB. Edekr ¢TopBmicHOro anaiora
I'AMK 6yB Bumum 3a edekt I[Iperadaniny. Takox Oyno MpoaeMOHCTPOBAHO, IO
CHUHTE30BaHA pPEYOBHMHA € CTPYKTYpHUM, aje He (YHKIIOHAIBHUM aHAJIOTOM

I'AMK.

Hactynmuum  eramom  crama  OIlIHKA  MOXJIMBOCTEM  MOMAYJIFOBAHHS
HakonuueHHs Ta BuBUIbHEHHS ['AMK y HepBOBUX TepMiHAIIX HEHPOAKTUBHUMHU
CHOJIyKaMU Ta HAHOYACTMHKAMH 3 METOI0 KOPUTYBAHHS HACTIJIKIB MEpPUHATAIBLHOI
rinokcii. OTxe, BOepile Oyno BUsIBIEHO, 110 Kajiikc[4]apen C-424, nounHaiouu 3
KoHUeHTpatii 50 MKM, BUKIMKaB JEMNOJSIPHU3AIII0 CHHANTOCOMAILHOT MeMOpaHu
Ta 36impmyBaB mosakiitmHHEMHA pisens ['H[TAMK y mpemapatax HepBOBHX
tepminanei. Kamikc[4]apen C-425 He BIUIMBAaB Ha TMO3aKIITUHHUN PIBEHb
[3}1]FA1\41< y BCIX JOCHIKyBaHUX KoHUeHTpauiix Bim 10 mo 200 mMxM. Ha
BinMiHy Biag Kamikc[4]apeniB C-424 Ta (C-425, Ttiakamikc[4]apen C-1193,
MOYNHAIOYH 3 KOHIICHTpAIIii 50 MKM, BHUKJINKAaB JETOJISIpU3aIliio
CHHANITOCOMaIbHOT MeMOpaH, ane 36inplryBas mosakmThHAMN pisers ["HJTAMK

y mpemnaparax HEPBOBHMX TepMiHaJeW, TUIbKM MOYMHAIOuUM 3 KoHueHtpamii 100

MKM.

3 METOI0 OLIHKKM HEWPOTOKCHYHOTO PH3HMKY BiJ OaratomapoBoro rpadexy,
aeroBa”oro azotom, (N-MLG), Bnepiie Oyno BusBieHo, 1o N-MLG He BIuMBaB
Ha MO3aKJIITUHHUN piBEHb [3H]FAMK y CHHANTOCOMAaxX TOJIOBHOTO MO3KY IIYpPiB Y
nianazoHi koHueHtpariid 0,01-0,5 mr/mi, a 30UIbIIeHAS KOHIIEHTpallii 10 1 Mr/mi
BUKJIMKAJIO HE3HAYHE MIJBUIICHHS (TEHIEHIIIO 0 3pOCTaHHs) 1boro piBHA. OTXKe,
N-MLG Hemae HEHMPOTOKCMUHHMX O3HaK Ta € OIOCyMICHUM Yy Jiana3oHi

koHieHtpamii 0,01-1 mr/mi.



HucepraniiiHa po06oTa CTBOpIOE€ O1OXIMIYHE MHIATPYHTS Ta BIIKPHUBAE HOBI
IUISIXU TOJI0JIAHHST HEUPOJIOTIYHUX po3nafiB. OTpuMaHi pe3yabTaTH PO3IIUPIOIOTH
CydacHI ysBJEHHS MNpo MOJEKysipHi MexaHidmu peryminii ['AMK-eprigynoi
HepoTpaHcMicii B HOpMI Ta 3a TMAaTOJIOTIYHUX YMOB, OOIPYHTOBYIOTH
MEPCHEKTUBHICTD IUIecnpsiMoBaHoro BIumBY Ha I'’AMK-TpaHCnopTHY cucteMmy Ta
BIJITIOBIJIHI MPECHHANTHUYHI MEXaHI3MU SK TMOTEHIINHOI TepamneBTHUYHOI CTparerii
Opy  HEUPOJIOTIYHMX TMOPYIICHHAX, a TaKOX CTBOPIOIOTh MIATPYHTS ISt
MOJAJIBIIOTO TONIYKY HOBHX HEHWPOAKTUBHUX CIOJYK 13 KOPUTYBAJIbHOK Ta
HEMPONPOTEKTOPHOIO Ai€l0. Y BCbOMY CBITI € 3HAYHMI 1HTEpeC A0 BUPIIICHHS
npoOJieMU KOHTPOJIO HEUPOHATBbHOI AKTHUBHOCTI, MPO(UIAKTHKU Ta J1arHOCTUKU
HENpOMmaToorii, ineHTudikarii TPUTEPHUX daktopiB PO3BUTKY
HEelpoJieTeHepaTUBHUX  3axBOproBaHb. OCKUIBKM y  CBITI  Opakye  Takux
BJIOCKOHAJICHUX TEXHOJIOTIH, pe3yJIbTaTH IUCEPTAIIHOT POOOTH MOXYTh OyTH
BUKOPHUCTaH1 JJi1 po3p0OKH HOBUX (papMIIpenapariB He JIMILE Ha TepeHax YKpaiHu,
ale 1 3a 1 MeXaMi, M0 TAaKOX € CYTTEBUM EKOHOMIYHMM BHECKOM Yy CTalIui

pO3BUTOK Hamoi /[epxkaBu.

Kuarwuosi ciaoBa: 'AMK, cuHantocoMu, Kopa roJIOBHOTO MO3KY, T1ITOKaMII,
Tajamyc, TepUHATajdbHa TIMOKCIA, CYJOMH, eMIencis, BUCOKoadiHHI crerudidHi
tpancnoprepu ['AMK, peuenropu ['AMK, cuHanTu4HI BE3UKYJH, E€K30IUTO3,
MeMOpaHHUN MOTEHIIlal HEPBOBUX 3aKiHYEHb, CHHAIC, MPECHHANTHYHA MeMOpaHa,
NOCTCHHANTHYHA MeMOpaHa, AaHTHEMUICNTHYHI CIIOJYKH, aHTUKOHBYJIBCAHTH,
BucokocenektTuBHuii  Omakarop ['AMK-tpancnoprepie NO-711, cyOcTparHuii

iHT10iTOp TpancnoptepiB AMK B-ananin
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The dissertation is devoted to a comprehensive study of the system of active
transport of GABA in the rat brain nerve terminals under conditions of perinatal
hypoxia model and modulation ways of transport processes using antiepileptic

compounds.

The relevance of the topic is due to the fact that the world is experiencing a
constant increase in the number of patients with neurological and
neurodegenerative diseases, and this constitutes a global and still unresolved
problem of modern society. A detailed study of the complex multi-stage process of
neurotransmission is absolutely necessary both for the development of fundamental
neurobiology and the determination of the mechanisms of development of
pathological conditions in the nervous system, and for the therapeutic modulation
of neuronal activity in order to overcome neurological disorders.

An important task of this work was to investigate the transporter-dependent
accumulation and release of GABA in the nerve terminals of the rat brain and to
analyze the effectiveness of the action of antiepileptic compounds on the key
characteristics of GABAergic neurotransmission under normal conditions and
perinatal hypoxia model.

To perform the dissertation work, both classical and modern biochemical
and molecular biological methods were used: the isolation of isolated nerve

endings (synaptosomes) from different parts of the rat brain (cortex, hippocampus,



and thalamus) was performed according to the Cotman method, which includes
preparative biochemistry and ultracentrifugation. It is worth noting that
synaptosomes retain all the properties and characteristics of intact nerve terminals.
The determination of the protein concentration in synaptosomes, the membrane
potential of synaptosomes and the state of acidification of synaptic vesicles was
carried out using spectrofluorimetry approaches. The initial rate of high-affinity
accumulation of [’HJGABA by synaptosomes was investigated using a
radioisotope method using ["H]|GABA.

The conducted studies showed for the first time that the rate of GABA
accumulation by synaptosomes of the cortex, hippocampus, and thalamus
decreases with age in both groups of animals — both control and rats exposed to
perinatal hypoxia. Perinatal hypoxia significantly affects the process of
accumulation of extracellular GABA by presynaptic terminals, but the vectors and
mechanisms of changes turned out to be different in different brain structures — if
the effect of hypoxia is not observed in the cortex, and in the thalamus it causes
some increase in GABA accumulation, then in the hippocampus this process is
significantly slowed down. This indicates a violation of the balance of inhibitory
processes between the hippocampus and the cortex due to hypoxia.

To investigate the effects of perinatal hypoxia on a specific type of GABA
transporter, NO-711, a highly selective blocker of GABA transporter type 1
(GAT1), and B-alanine, a substrate inhibitor of GABA transporter type 3 (GAT3),
were used. Thus, it was demonstrated for the first time that the ability of B-alanine
to inhibit GABA accumulation is enhanced in hippocampal and thalamus nerve
terminals due to perinatal hypoxia, while the efficacy of NO-711 in thalamic nerve
terminals is reduced. It is quite likely that this is the result of a change in the ratio
of active transporters — GAT1/GAT3, expressed on the plasma membrane of nerve
endings, due to perinatal hypoxia. This fact indicates the possibility of targeted
modulation of GAT3 transporter activity and GABA-ergic neurotransmission

under pathological conditions using exogenous and endogenous B-alanine.



The antiepileptic drug Levetiracetam has been shown to exert its effects in
the presynaptic region by increasing the release of [’HJGABA by exocytosis
induced by potassium depolarization. However, the drug does not affect the
extracellular level of GABA between episodes of exocytosis. The effects of
Levetiracetam were found to be different in the hippocampus, cortex, and
thalamus, and these effects change during brain development. The drug does not
affect the release of GABA by synaptosomes in the rat brain during childhood.
Levetiracetam has a more significant effect on hippocampal, cortical, and thalamic
nerve terminals precisely under conditions of perinatal hypoxia than in normal
conditions, so hypoxia increases the effectiveness of the drug. The dependence of
the effects of Levetiracetam on age is useful for a new strategy for using this drug
in the treatment of childhood epilepsy.

In addition, novel effects of a positive allosteric modulator of GABApg
receptors, rac-BHFF, were discovered for the first time. Rac-BHFF causes dose-
dependent depolarization of the plasma membrane of synaptosomes and a decrease
in acidification of synaptic vesicles, which leads to a decrease in the initial rate of
[3H]GABA accumulation by synaptosomes and, consequently, an increase in
extracellular levels of ["HJGABA.

The search for effective drugs based on the GABA molecule has shown that
analogues with greater lipophilicity more easily cross the blood-brain barrier. The
introduction of fluorine atoms and small polyfluoroalkyl groups into the molecule
increases its lipophilicity, and this is widely used for the development of new
biologically active compounds and drugs. A comparative study of the effectiveness
of a fluorine-containing GABA analog and the already known drug Pregabalin
showed for the first time that the analog with the B-CF,CF,H substituent and, to a
lesser extent, Pregabalin increase the initial rate of [3H]GABA accumulation. The
effect of the fluorine-containing analogue of GABA was higher than that of
Pregabalin. It was also demonstrated that the synthesized substance is a structural,

but not a functional analogue of GABA.



The next stage was to assess the possibilities of modulating the accumulation
and release of GABA in nerve terminals with neuroactive compounds and
nanoparticles in order to correct the consequences of perinatal hypoxia. Thus, it
was first discovered that calix[4]arene C-424, starting at a concentration of 50 uM,
causes depolarization of the synaptosomal membrane and increases the
extracellular level of [3H]GABA in nerve terminal preparations. Calix[4]arene C-
425 does not affect the extracellular level of ["HJGABA at all concentrations tested
from 10 to 200 puM. In contrast to calix[4]arenes C-424 and C-425,
thiacalix[4]arene C-1193, starting at a concentration of 50 pM, causes
depolarization of the synaptosomal membrane and increases the extracellular level
of ['HJGABA in nerve terminal preparations, starting at a concentration of 100
uM.

In order to assess the neurotoxic risk of nitrogen-doped multilayer graphene
(N-MLG), it was first found that N-MLG did not affect the extracellular level of
[3H]GABA in rat brain synaptosomes in the concentration range of 0.01-0.5
mg/ml, and increasing the concentration to 1 mg/ml caused a slight increase
(increasing trend) of this level. Therefore, N-MLG has no neurotoxic features and
is biocompatible in the concentration range of 0.01-1 mg/ml.

The dissertation work creates a biochemical basis and opens up new ways to
overcome neurological disorders. The results obtained expand modern ideas about
the molecular mechanisms of regulation of GABAergic neurotransmission in
normal and pathological conditions, substantiate the prospects of targeted influence
on the GABA transport system and the corresponding presynaptic mechanisms as a
potential therapeutic strategy for neurological disorders, and also create a basis for
further search for new neuroactive compounds with corrective and neuroprotective
effects. There is significant interest worldwide in solving the problem of
controlling neuronal activity, preventing and diagnosing neuropathologies, and
identifying trigger factors for the development of neurodegenerative diseases.
Since the world lacks such advanced technologies, the results of the dissertation

work can be used to develop new pharmaceuticals not only in Ukraine, but also



abroad, which is also a significant economic contribution to the sustainable

development of our State.

Keywords: GABA, synaptosomes, cerebral cortex, hippocampus, thalamus,
perinatal hypoxia, seizures, epilepsy, high-affinity specific GABA transporters,
GABA receptors, synaptic vesicles, exocytosis, membrane potential of nerve
terminals, synapse, presynaptic membrane, postsynaptic membrane, antiepileptic
compounds, anticonvulsants, NO-711 highly selective GABA transporter blocker,

B-alanine substrate inhibitor of GABA transporters
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