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1.BbBEJAEHHUE

Bonecrra Ilapkuncon (PD) u Bomecrra Ha Aumxaiimep (AD) ca
HEBPOJETCHEPATHUBHU CHhCTOSHUS ChC CHIIHO COLIMAITHO Bh3AelcTBHE. Bhrpekn
3HAYUTEIHATE YCIIeXH, TOCTHTHATH B MEIWIMHATA TOCICIHHUTE TONUHH, HE
MOJKE JIa Ce CUHTa, Ye Ha CETAIlHHs eTal ¢ HaMepeHO e(peKTUBHO JIeUeHHe Ha
Te3u 3a00IABaHUS.

3a0onsgBaHUATa Ha HEPBHATA CHCTEMa IIPEACTABIABAT 3HAYMTEIIHA
MeIWIMHCKAa W (UHAHCOBa TexecT, a 3a JjedeHuero Ha AD um PD ce
M3pa3xoABaT MHOTO CPEACTBA, JOKATO IONYyYCHHTE MEAWIIUHCKH IIOI3H Ca
manku [1]. HeBponmereHeparuBHuTe 3a0oisBaHMsS IPOABJDKAaBaT Ja ca
HEJIeYMMHU U MHBANIUIU3UPAIIN ChCTOSHUS [2], BOAEUN A0 CMBPT Ha HEPBHUTE
KJIeTKH W JEMEHLWs, Je30praHu3anus W 3aryba Ha paBHOBECHETO IIpH
nBIKeHue (atakcus) [3].

Etanure mpeny neMeHIMs WTpasiT KJIOYOBA PO B NPEBAaHTUBHUTE
WHTEepBeHINH. Pa3paboTBaHETO Ha paHHHW W JOCTHIHU JAUATHOCTUIHH METOIH
MOTaT J1a IPEAOTBPATAT WIIH 32a0aBAT MPOrpecusiTa Ha KOTHUTHBHUSA JCPUIIUT U
mosiBata Ha qemeHmus npu AD [4].

Ha ¢uuamHuss eram BB3MOXKHOCTHTE 3a BB3IACHCTBHE BBPXY
MAIIeHTUTEe C JEeMEHIUs ca He3HauyuTenHW. boiectra Ha Ammxaiimep e
YeTBBpTATa HAW-TOIsIMA PUIMHA 32 CMBPT P Xopa Haa 65 roaunu [5, 6].

[Tonacrosimiem tepanusita Ha AD e HacodeHa KbM IONOOpsiBaHE Ha
KOTHUTUBHHUTE W MOBEJACHUYECKUTE CUMITOMHU B €TANUTE Mpeau AeMeHuus [5],
HO OrpaHMYEHUST OpOii JieKapcTBa, KOUTO Ce Ipeajiarar Ha Ia3apa, He MOXe
3HAYUTEIHO JIa 1M0I00pY KayecTBOTO Ha XXKMBOT Ha MAIMEHTUTE, CTpajalld OT
Ta3u OOJIeCT.

EnHo oT nekapcTBeHHTE CpeicTBa, KOETO CE€ HW3MOJ3Ba B JTHEIIHO
BpeMe B KIMHHYHATA MPAKTHKA € MEMAaHTUHBT. B HACTOSMINS AWCEpTAIlHOHCH
TPYA ca ONMCAaHHW CHHTE3UTEC Ha MPOHM3BOJHM HA MEMAaHTHHA, PE3yJTaTH OT
OMOJIOTUIHOTO WM JSHCTBHE M €(PEeKTHT MM IIpH JIeUYCHHEe Ha OOJiecTTa Ha
AnxaiiMep.

W3pbpmieHUTEe W3CNEOBAaHMUSA ITO3BOJISBAT Ja CE€ HANPABAT BaKHU
U3BOAM 3a BIMIAHUETO HAa CTPYKTypaTa Ha TE€3U CHEAUHEHUSA BBPXY
6I/IOJ'IOFI/I’-IHaTa UM aKTHUBHOCT.



2. HEJ U 3AJJAYHN HA TUCEPTAIIMOHHATA PABOTA

Ilen Ha HACTOAIIUA JUCCPTAUUOHHHUAT TPYHd € IlH3aﬁH U CHUHTE3 Ha
MpOU3BOJHN HA MEMAaHTUHA C aMUHOKHCECIMHU, NETITUAN U HOOTPOIIUIIHA, KAKTO
W WU3Clie/iBaHE Ha OWOJIOTUYHUTE MM aKTUBHOCTH — cpemry bonecrra Ha
Anxaiimep, cpenry bomnecrra Ha IlapkMHCOH, KakTO M aHTUMHKpPOOHWAIHA,
AKTHUOKCHUJIAaHTHA Y IPOTUBOBHUPYCHA HAa HAKOU OT TAX.

3a IOCTUI'aHe Ha Ta3H LEJ CH IIOCTaBUXME CIEIHUTE 3a0a4YH:

1. CuHTresupane Ha NPOW3BOJHM HAa MEMAaHTHH C NPUPOAHH U
HENPUPOJHN aMUHOKHCEIMHY Y MENTHIN: TJIUIUH, BAIUH, aJlaHUH, - allaHuH,
4-¢pnyopo-tdhennnananit, (peHUHANaHUH, TUPO3HH, TNIUIWI-TIULIUH, THA30] U
THA30JIHI-THA30I.

2. CuHTe3upaHe Ha NPOM3BOTHH HA MEMaHTHH C HOOTPOIUIHN —
KaBHHTOH, ITUpaneTaM, MoJa(uHII ¥ THKAMUIIOH.

3. H3CJ’I€,I[B3H€ Ha XMMHYHATa CTAOMIIHOCT Ha HSAKOM MMPpOU3BOAHU Ha
MCMAaHTHHA.

4. N3cnenBane Ha OMOMIOTUYHUTE aKTHBHOCTH Ha HOBOCHHTC3HPAHUTE
npousBoaHU cpewmry bonectra Ha Anuxaiimep u cpenly bonectra Ha
[MapkuHCOH.

5. Wscnensane AHTHUMUKPOOHAJIHA, AKTHOKCHJaHTHA u
MPOTHBOBUPYCHA AKTUBHOCT Ha HSIKOU OT aHAJIO3UTE Ha MCMaHTHHA.



3. PE3YJITATH U OBCBXJIAHE

3.1. Moaxoau NMpHa Cb3J1aBaHEe HA JICKAPCTBEHU CPEICTBA

CTpyKTypHHUTE NPOMEHH B MOJICKYJIaTa Ha JICKApCTBCHHUTE BEIIECTBA
BOJAT J0 IPOMSHA Ha TsAXHATa ehekTUBHOCT. JluTeparypHUAT 0030p MOKa3a, 4e
monoOpsiBaHE HA JIGKAPCTBEHOTO [CHCTBHE HAa MEMaHTHHA MOXeE Ja Obie
IIOCTUTHATO Ype3 MOIAU(PHUIUPAHETO C pa3NUIHA TPUPOIAHU BEIICCTBA:
AMHUHOKHCEITMHU, (PEHOJIHN KUCEIMHH, CHHTETHYHU MPOJIYKTH: HOOTPOIHUIN U
THA30JI-ChIbPIKAIIN CHEIIMHEHUS.

Bucokara numopmmHOCT Ha ~— aJamMaHTaHa ~— My IIO3BOJIsABa 1A
npeMUHaBa KPbBHO-MO3bYHAaTa Oapuepa W IO TO3M HAYMH Ja 3acsra
LIEHTpaJIHATa HEpBHA CcHcTeMa. ToBa € emHa OT MPUYHMHHWTE aMaHTaJWHA W
pendila aMHHOaJaMaHTaHHM, Ja ca [OIXOAAI[M 3a Oopbara cpelry
HeBpoJereHepaTUBHUTE 3aboisBanus [67-68].

MemantuHsbT (dur. 1. 4) uma mo-g00pa TeparneBTHYHA TOHOCHMOCT B
cpaBHeH#ue ¢ apyru osokepu Ha NMDAR. JlekapcTBEHUSAT mpenapat MEMaHTHH
“Ma MHOTO J1o0pa ouonammaHocT ~100% [69-71].

3.1.1. CuHTe3 HA MEMAHTHH ¢ AMMHOKHCEJIUMHHN (TJIMIMH, BAJUH,
aJlaHuH, 0eTa aJMHUH, peHUIaTaHuH, 4-Payopo peHnTaIaHuH U THPO3UH
) 1 nenTuaa (FJIAMUMJI-TJIUIUH)

W3nomsBaneTo HAa NMPUPOIHW aMUHOKHCEIWHU M TEXHH IMPOU3BOIHU
obycnaBs ,,pa3lo3HaBaeMOCT”’ OT MOJEKyJIHaTa CHCTeMa Ha OpraHu3Ma U e
MIPEANOCTaBKa 32 OMOJOTHYHA aKTUBHOCT [72].

OTKprBaHETO Ha TIWIMH KaTo koaroHncT Ha NMDAR nosene mo
MHTCH3MBHU HU3CJICABAHUA HaA FJ'II/ILII/IH/NMDA AHTAroOHUCTHU KaToO IIOTCHIIMAJIHU
nekapctsa 3a [ITHC [73,74].

Edukacaoctra ot L-BanuHOBHTE €CTEpPHU MpeicKkapcTBa 3a bopbdara
¢ BUpYCHHTE MH(]EKIUHUTE Beue e JokazaHa [75].

@DeHuTaNaHuHBT U THPO3UHBT ydacTBaT B OMOCHHTE3a Ha JOMAMUH,
KOMTO OT CBOSI CTpaHa € METa0OINTHUAT NPEIICCTBEHUK HAa HOPaJApPESHAINHA U
anpenanuHa [76]. KonnenTpamusira Ha (eHUIATAHUH BIHsAE BHPXY MO3bUHATA
¢bysknus, npu aedumuT Ha (EHWIATAaHWH CHHTE3BT Ha OTMaMUH HaMallsiBa:
JI0OKa3aHo e, ue mpeau3BukBa 3abapsHe Ha EEIT u yabmkaBa BpeMeTo 3a
U3MbJIHEHHE Ha HEBPOICHUXOJOTUYHHUTE TecToBe [77]. YcTaHOBEHO €, ue
AMUHOKUCCIINHHU q)eHI/IJ'[aIIaHI/IH U TUPO3UH MMAT BaXHaA POJId 3@ HOPMAJIHOTO
¢ynkupronupane na L{THC [78].

I'myTaMuHBT, TIyTaMUHOBaTa KHCEJIMHA M 7Y-aMHHO MAaclieHaTa
kucennHa (GABA) ca oCHOBHM aMUHOKHCEIIMHHU 32 MO3BYHHS META0OIU3BM H
¢bynaxmous [79].



CBBp3BaHETO B €HA MOJIEKYJIa Ha Pa3IMYHA aMUHOKHCEIMHH U TeXHH
NIPOU3BOJHU C MEMAaHTHHA € MPEANIOCTaBKa 338 OYaKBaHa BUCOKA OMOJIOTHYHA M
B YaCTHOCT HEBPOJIOTMYHA aKTHBHOCT. B 1on3a Ha ToBa IpeoxKeHne ToBOpsT
U rojieMusi Opoil TUTepaTypHH JaHHH 3a OMOJIOTHYHA aKTHBHOCT Ha MOJOOHHU
Ha Tsx chenunenus [80,81,82].

[Ipu manuenTu ¢ 6onectra Ha AnixaiiMep, KOJMUYEeCTBOTO Ha TUPO3UH
XUJPOKCHIIa3a € HaMaJIeHO B 00JIaCTHTE, XapaKTepU3Upally ce Chc 3aryba Ha
JONaMUHEepruuHu  HeBpoHH. ClleIoBaTeIHO HaMalsiBAHETO Ha KIETBYHOTO
ChIbp)KaHWE Ha TO3M EH3MM MOXe Ja ObJe CBBP3aHO C HAJIUYUETO HA
HEeBpoOAeTeHepaTuBeH mportiec [83].

Boc
~NH
NH,. HCI R H,N
R
TBTU, Et;N HN TFA, CH,Cl, HN
O —
R ——
RCOOH + NH,4 o]
—_—
MEMaHTMH
a-3
a-3
a-3

a: R=N-Boc-rmuiui; 6: R=N-Boc-Bamui; B: R= N-Boc- ananmr; r:R=N Boc-
B-ananwmt; x: R=N-Boc (4-F)-denunanannn; e: R=N Boc-denunananur; x:
R=N Boc-tupo3unuin: 3:R-N Boc-rnumun-riumnms;

Cxema 2. CuHTE3 Ha aMUHOKHCEIIMHHU IPOM3BOIHA HA MEMAHTHH.
3.1.2. CuHTE3H ¢ HOOTPONUIH

KaBUHTOHBT W HOOTPONMIBT Ca TPEICTABUTEIM HA Tpyma
JIEKapCTBEHM CPEICTBA 3a IOJAKpeIa Ha Mo3buHaTa (GyHKIMS [84]. YcraHoBeHO
€, e HOOTPOIHUIUTE BOAAT 10 MNOAOOpsiBaHE HAa METa0O0IM3Ma, yKpEIBaHE Ha
CBJIOBETE, aKTHBUPAHE M PETYIMpPAaHE Ha MO3BYHOTO KPBHBOOOpAILCHHE H
MOJXpaHBaHE HAa MO3bKa. Taka Te yCKOpSBSBAT BH3CTAHOBSIBAHETO MY CIEJ
WHCYJIT ¥ TPaBMH, MOJ00psBa ce MaMeTTa, 3alaMeTsIBaHETO, KOHIIEHTPALHUsITa
[85].

B meauuumHCKaTa XMMHSI ce OOpbIIa BCe NMOBeYe BHHUMAaHHE BBPXY
JIu3aliHa ¥ CHHTE3a Ha XHOPWIHU MOJIEKYJM, KOWUTO BKJIOYBAT B €/IWHHA
CTPYKTypa JBa (hapMaKOJOIMYHH OCTaTbKa, CBHUETABAIIM OIpEAeeICHU
O6uonornyHn akTuBHOCTH [86]. HooTpommnbsT momara 3a BB3CTaHOBSBaHE Ha
KJIEThbUYHUTE MeMOpaHM ¥ HEpPBHHM IIBTHINA B MO3bKa. Toil momoOpsBa
XpaHeHeTo, (YHKIMOHUPAHETO, M KPbBOOOpAIIeHeTo B MO3bKa [87].
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MopadhuHuibT € OT Trpymnarta Ha ICHXOCTUMYyJaHTuUTe. Te ca
JIEKApCTBEHH CPEACTBA, KOWTO CE M3MONI3BAT 3a JICUCHHWE HA PA3CTPOMCTBA C
neduuur Ha BHUMaHueto u xunepaktuBHoctTa (PIBX). Te ca ¢yHkImoHamHN
AQHTArOHUCTH Ha JieKapcTBara ¢ nuxuoupair epext Bppxy [THC [88, 89, 90].

[TukamMuinoHa MOBMIIABA MO3BYHO-CHJIOBATa aKTUBHOCT, M3IIOJ3BA CE
3a JeYeHHEe Ha MUTPEHA, TPEBOXKHOCT U AJIKOXOJIHA 3aBHUcUMOCT [91].

JlokazaHo e, 4e NHMKaMWIOHAa HOpPMalHM3HMpa ChIBP)KAaHUETO Ha
JonaMiH B MoO3bKa. JlomamMuHa OT CBOsI CTpaHa JeiicTBa Karo KIIOYOB
HeBpOTpaHCMHUTEp B Mo3bka. [loamomara QopmupaHeTo Ha mNaMerTa,
BHUMAaHHETO, OKyca U o3HaHueTo [92-93].

Hoortpormmunre (MomaduHMIa, mHpanerama, NHKAMHAJIOHA H JIp.)
MoJromMarar Ipoleca Ha ydeHe M IaMeT, BHUMaHHe M MoTuBauus. Te
yJIECHSIBAT BB3CTAHOBUTEIHUTE TIPOLECH M MOoA00psiBaT Meraboinu3Ma Ha
HEpBHUTE KJIETKH, MPeAna3Baiiku ru ot xurnokcus. C TeueHne Ha BPEMETO Te3U
BCHICCTBA C€ MPEBPHIIAT B JOITAMUHEPIUIHU U CEPOTOHUHCPTUYHU JICKApCTBA.
Bwrpeku ToBa TpsibBa ja 00ObpHEM BHMMAHHE HAa XOJIMHEPIHYHO AKTHBHUTE
HOOTPOIIX TIOPa/IM pellaBaliara pojs Ha aleTUIIXOJIMHA B YYEHETO M IaMeTTa
[94].

+ TBTU/ EzN
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Cxema 3. CunTe3 Ha MEMAaHTHUH-KaBUHTOH.
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Cxema 5. CuHTe3 MEMaHTHH- MO HHUIL.
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Cxema 6. CuHTE3 MEMaHTHH-ITMKAMHJIOH.

3.1.3. CuHTE3 HAa MEMAHTHH C THA30JI0BH AaHAJIO3H

3.1.3.1. Fmoc-2-aMmuHOMETHIT THA30IHI-5-2'-THa30m0-4'-(N-
aJaMaHTHI )-KapOOKcaMug

CrIlecTBYBa Bpb3Ka MEXIy OoyiecTTa Ha AnxaiMep U HHGEKIUUTE,
KOHTO NMPUYMHSBAT JBITOCPOYHO aKTHBHPAaHE Ha UMyHHATa CUCTEMa, ITPOIIeC
M3BECTEH KAaTO XPOHMYHO Bb3nalieHue. VH(pekuuure, 3a KOUTO ce cMsTa, ue
ca CBBp3aHHU C OoyiecTTa Ha AJxaiiMep, BKIIIOYBAT XepIleC, HEBPOMOHUS U
Oakrepuanna nudekmus [95]. ima ycnexu B Ta3u obiyact, HO Bce OlIe HE €
YIOBIIETBOPEHA HY’KAaTa OT HOBH €(EKTHBHH TEpaleBTHYHHM IOAXOAM 32
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negeHue Ha AD. OT gpyra crpaHa XpOHWYHHTE BUPYCHH, OakTepHalIHH H
rbOMYHM MHQEKIMH MOraT 1a ObIaT NPUYMHHUTENH Ha BH3MAIUTENHHS ITBT
npu 3abomsBaneto [96]. Ilpu Gomectra Ha Amnmxaiimep ce yBpexkaa KpbBHO-
MO3byHaTa Oapuepa, OcoOCHO B 001acTTa, 3acerHara oOT 3a0oJsABaHE.
I[aHHI/ITe mokKasBaT, 4€ BB3INAJICHUCTO 6eTa-aMI/IJ'IOI/II[HI/I$[T MMPOTEUH U T'CHBT
ApoE4 ca cBbp3anu ¢ OosectTa Ha AnxaiiMep W MOraT Ja JONpPHHEcaT 3a
pa3spylaBaHeTO Ha KpbBHO-MO3buyHaTa Oapuepa. Cien xaro Ts € orciabeHa
0T OaKkTepuuTe, BUPYCUTE WM JIPYyTH BPEJHHU BEUIECTBA MOTaT IO-JIECHO Ja
NPOHUKHAT B MO3bKa. ToBa MOXe 1a 00SICHU 3a110 HIKOM BUPYCH U OaKTepuu
KaTO XepIec W CIUPOXETH ca MO-4eCTH B MO3bKa Ha Xopara ¢ AJuxaiimep

[97-98].
S g \
Q /__<\Nj_<\Nj/\%o NH, . HCI
>;NH HO
o)
e

O '
1.TBTU/CH,Cl,
g
S
R
Q N\
N
NH HN

.
O

Cxema 7. Fmoc-2-aMuHoMeTH THA30IMWI-5-2"-THa3oo-4'-(N-
aJlaMaHTHI)-KapOOKCaMu/I.
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3.1.3.2. Cunte3 Ha Boc-2-amunomermn-4(N 4'-(N-agamaHTwI)-
Kapbokcamu

TuazonoBUAT MPBCTEH MOXE /1a OBb/ie OTKPUT B IIMPOK CHEKTHP OT
€CTECTBEHH WJIM CHHTETHYHH MOJIEKYJH C pPa3jIMyHa CTENeH Ha OMOJOrnyHa
aKTHBHOCT. Hskoum aHano3u Ha THa3oja Mpeau ca OWiM W3MNOI3BaHU KaTo
eeKTUBHH JieKapcTBa 3a IeHTpamHara HepBHa cucremMa (ITHC).
[Tpamurekcos, KOMTO ChABpPXKA 2-aMHHO-THA30JI0B OCTaTbhKa, CBBP3aH C
[UKJIOXEKCAaHOB NPBCTEH, CTPYKTYPHO MOJOOCH Ha KAaTEXOJHHS HPBCTEH HA
JOIaMHHa, € C JomaMHH-D2 aroHMCTHYHa aKTUBHOCT, C€ H3ION3BA IIPH
nedennero Ha PD [99].

Peania XxeTepoLUMKINYHY ChEIUHEHHS Ca MOKa3aInu 3a0eNeXnuTeHa
paauKan-ynassina akTHBHOCT KOETO € (popMa Ha aHTHOKCHJAHTHA aKTHBHOCT

100].

%NH s
4 \/& / o LTBTU/EL,N
— > 2TPACHCl,

3. NH,4
—_—

Cxema 8. Cunres Ha 2-amuHOMeTHN-4(N 4'-(N-agamanTwn)-
KapOOKcamuI.

3.2. Pe3ynTaTtu OT IPOBeICHUTE U3CICABAHUS

3.2.1. PeHTreHOCTPYKTYpPEH aHAIU3

PeHTreHOCTpYKTYpHUAT aHAIW3 Ha MOHOKPHCTAIM OT CHEIUHEHUSATA
NOKa3Ba, ye cheauHeHneTo B-Ala-Mem kpucranusupa 1o HeHTPOCUMETPHYCH
HauMH, a cbeanHeHuetro (4-F)Phe-Mem 1o HeneHTpOCHMMETpHYEH HAYWH.
AcuUMeTpUUYHNUTE €MHUIY Ha JBETE U3CJICABAHN ChEIUHEHNUS ca OKA3aHU Ha
@ur. 25 u Qur. 26. J[BIKUHUTE HA BPB3KUTE U BIIIUTE HAa JBETE MOJEKYIH
ca cpaBaumu (Tabmuum 8 w 9). ApomarHara IpbCTEHHa CHCTEMa,
mpuchkCcTBama B Mosekynara (4-F)Phe-Mem e mo ceiectBo miocka ¢ rmsd oT
0.002 A. HacrosiBaHeTo Ha JiBeTe MOJEKYJIM I0Ka3Ba, Ye reoMeTpHsTa Ha
MEMaHTHHa € 100pe 3ara3eHa.

14



A\ F1

®ur. 25. U3rnen Ha acumeTpryHara enuauna B-Ala-Mem 3aeqHo CbC
cxeMaTa 3a HOMEpHpaHe Ha aTOMH.

F1laa
F2aa

F3aa

c24
c23

03 Lo}

®wr. 26. Usrnen Ha acumerpuuHara exuanna (4-F)Phe-Mem u npuiioxenarta
HOMepaIus.
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3.2.2 M3ciaenBaHe Ha KPUCTAIHATA CTPYKTYpa Ha HOBOCHHTE3HMPAaHHUTE
CheTUHEHUSI

PeructpupannTe pasiuky B MOJIEKyJIHaTa KPUCTAIHA CTPYKTYpa Ha f3-
Ala-Mem wu (4-F)Phe-Mem ca mHe3snauurennu. [Ipn HacnarBane Ha
MEMaHTHHOBHS OCTAaTHK B JIBETE MOJICKYJIH CE€ BHXK/IA, YE B aMHUHOKHCEIIMHHUTE
(parMeHTH ca OpUSHTUPAHH 110 pa3inueH HauuH. (Pur. 27)

®ur.27. Hacnarsare monekynure Ha 3-Ala-Mem u (4-F)Phe-Mem
Ha 0a3aTa Ha WACHTUYHATa MEMaHTHHOBA YacT.

Wmaiikn npenBusl CXOJCTBOTO B IBDKMHU Ha BPB3KUM M BaJCHTHU
BIJIM, TPsIOBA Ja CE€ OYaKBa JBETE CHEAMHEHHMS Jla UMAT MOJJOOHU CBBHP3BAILU
B3aMMOJICHCTBUSA —BOJOPOJHU BpB3KU. OCHOBHHUTE pa3nuMs MEXIy IBETE
CTPYKTYPH C€ ABIDKAT Ha PA3IMKU B CTPAaHWYHUTE BepUrd. BebmiHocT u B
JIBETE CTPYKTYPH MEXIyMOJEKyJIHHTE BogopoaHu Bpbs3ku N-H...O (Tabnuma
10) crabunmsmpaT TpuMepHaTa CTpPyKTypa Ha MOJIEKyJiHTe. B kpucramHara
ctpykrypa Ha  (4-F)Phe-Mem u  B-Ala-Mem  mpuchkctBa  H
TpuIyopoaneTaTeH MOH, KOSTO TOBOPH 3a HOHHAa CTPYKTypa MEXAy
NIPOTOHMpPaHaTa CBOOOJHA AaMHUHOTPyNa Ha [BETE CBEAWHECHUS W
Tpudmyopoanerataus HoH. B (4-F)Phe-Mem mnpucbcTBa emHa Monekylna
Pa3TBOPHUTEN — BOJA.
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Ta6muua 10. TeomeTpus Ha BonopoauuTe Bpb3ku (A u rpamycn) (A) 3a B-
Ala-Mem u (B) 3a (4-F)Phe-Mem

A) B-Ala-Mem
D- H A d(D-HYA | d(H..AYA | d(D..A)A | D-H..AP
N2- H2A o1 0.89 1.87 2.725(5) 161.1
N2- H2B 015? 0.89 1.92 2.725(5) 149.3
N2- H2C o# 0.89 1.93 2.788(5) 1623
N3- H3 04 0.86 2.12 2.908(5) 151.5
C6- H6A 01 0.97 2.61 3.169(6) 117
C8- HSB F2 0.97 2.56 3.467(9) 155.9
Cl4- H14B o1 0.97 245 3.047(6) 119.5

B) (4-F)Phe-Mem
D- H A d(D- d(H...A)/A d(D...A)/A D-H...A/°

H)/A

N2- H2A ol11! 0.89 2.15 2.916(9) 1443
N2- H2B 082 0.89 1.91 2.766(8) 161.2
N2- H2C 08 0.89 2.04 2.868(10) 153.9
N3- H3 041 0.86 2.1 2.942(8) 164.5
C7- H7 04! 0.98 2.57 3.441(9) 1473
C23- H23B 0l 0.97 2.5 3.071(10) 117.8

3.2.3. Tepmu4HO MOBeAeHUE HA MOJIEKYJIHTE

TepMuunOTO TIOBeNCcHUE Ha cheAauHeHusATa (4-F)Phe-Mem u B-Ala-
Mem e u3ciieZiBaHO B TEMIICpATYPEH HHTEPBAJ MKy CTallHATa TeMIleparypa
u 250°C ¢ nomomrra Ha DTA — TG — DTG anamu3 (®wur.28).

3a p-Ala-Mem (®Pur. 28A) n3mepBanero Ha DTA mnokas3Ba GaBeH
enpotepmudeH edekt mpu 150—-170 °© C 6e3 3ary6a na maca mo TG xpusara.
TakbB eHIoTEepMUUCH eeKT MOXKe Ja ObAe CBBP3aH C TOYKA Ha TOIEHE Ha
cheaiMHeHneTo. Bropu enporepMuueH edekT ce OTKpHBa MpPU MO-BHCOKU
temnepatypu ot 200-250 ° C.

Bropust edekr e mpuapyxeH oT 3aryda Ha Maca W MOXe Ja Obne
CBBp3aH ¢ pazmaraHe Ha f-Ala-Mem. Ilo cpmus HaumH 3a (4-F)Phe-Mem
(®@ur. 28B), m3mepBanero Ha DTA mokasBa nBa eHmoTepMuyHH edekra:
mbppBUAT € B nuamnazona 150-170 © C,; a sropust 200-250 © C. ITepBusT €HI0
edexT e mpuapyxeH ot ~ 3% 3aryba Ha Teryio, KOETO ChOTBETCTBA HA 3aryda
Ha BOJHA MOJIEKYJIa U € B ChIJIACHE C KPUCTATIHATA CTPYKTypa — BIDK/A CE, 4e
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B KpHCTalHaTa cTpykrypa Ha @ur. 25 mpucbcTBa €Ha MOJEKyJa BOJA.
Bropust DTA edekrt e cBbp3aH ¢ u3pa3eHa 3ary0a Ha Terjo M IO BCsKa
BEpOATHOCT mMa pasnaraHe Ha (4-F)Phe-Mem. /[Bara mpomeca - TomeHe U
pasnaraHe - He MOrar Jia ObJar sICHO Pa3JelIeHH, 3aIl0TO CE 3aCThIIBAT.

100

95 | Heating -

——TG{%) =—DTA (V)
Heating > =——TG(%) ===DTA (uV)

€ Cooling € Cooling

0 50 100 150 200 250 0 50 100 150 200 250

Temperature, °C Temperature, °C

@ur. 28. DTA-TG kpusu: B-Ala-Mem; (4-F)Phe-Mem.

3.3. Omnpenessine Ha XUMHMYHATA CTAOMJIHOCT M AHTUOKCHAAHTHA
AKTHBHOCT HA MEMAHTHHOBHUTE XHOPHAN
3.3.1. XuapornTH4Ha CTA0MIHOCT
[IpeanekapcrTBaTa ca CbEAMHEHUS, KOUTO YJIECHSBAT MpeHOca Ha
JIEKapCTBOTO Tpe3 KJIEThbYHUTE MEMOpaHW W JIMIUAHU Oapuepu, U
NnoaabpKaHE€ Ha OlTUMajlHaTa MY KOHUOCHTpalud B  KICETKUTC II0-
NPOXBIDKUTEIHO BpeMme. l3cnenBanata cepus OT CBhEIMHEHHS BKIIOYBA
MEMaHTHH, MOJU(UIIMPaH ChC CICTHUTE AMHUHOKHCEIIMHU: allaHnH, [-aJlaHuH,
TJIMIKH, (PeHWTaTaHNH U BaJIUH.

HSCHC,Z[BaHa € XUAPOJIUTHIHATaA CTaOMJIHOCT Ha HOBUTE aHAJIO3HM Ha
MEMAaHTUH C AaMHUHOKHUCCJIHWHHU, IpU Pa3JTAYHO pH, CBOTBCTCTBAILIO Ha
YOBEUIKATE OUOJIOTMYHHU TEYHOCT.

XungpomuTryHata CTaOWIIHOCT C€ OmpeAens TpH JBE Pa3IdIHU
croitnocty Ha pH - 2,0 u 7,4, npu 37 °C, aHaJIOrMYHO Ha TE€3U B YOBELIKHUS
cTOMax M KpbBHaTa Iuta3Ma. B ToBa W3clenBaHE € MPIJIOKCH CIICIUAITHO
pa3paboren UV-VIS crnekrpodoromerpuuer merox [101] 3a xommgecTBeHO
ompenersiHe Ha KOHIICHTPAIIUITE Ha HEMPOMEHEHHUTE ChEIMHEHIIS.

YCcTaHOBEHO €, 4e MPU ONMUCAHUTE SKCIIEPUMEHTATHH YCIOBUS BCHUYKH
aMHIM TIOJUIeKaT Ha XUIposu3a. XWApoJM3aTa ciielBa KHHETHKa OT IbPBU
MOPSIIBK M CKOPOCTHUTE KoHcTaHTHTe (K) ca MOJlydeHHM Karo HakKIOHH OT
TIOJTYJIOTaPUTMUYHHUTE TpadUKH Ha HETpOMEHEHaTa KOHIEHTpAaIs Ha aMuaa
CIpsIMO BpeMeTO. XMMHYECKaTa CTAOMITHOCT € OLICHEeHa C TIOMOILTa Ha BPEMETO
Ha roiypeakiusta ti, = In2/k (Tabmuma 11 n 12).
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B HacTOAmOTO WH3cieIBaHE CTOHHOCTMTE Ha RZ 3a JHMHEHHH W
JIOTAPUTMHYHU KUHETUYHU KPUBU HE C€ Pa3jInyaBaT 3HAUUTEIHO, KAKTO MOXKE
Ja ce OYakBa MpPEOBUA TECHHS OO0XBaT OT KoHIeHTpanuu. CpaBHIBaWKH
JIAHHUTE OT TMPEJBAPUTEITHUTE EKCIIEPUMEHTH U OKOHUYATEIHUTE U3CJIeIBAHMUSA,
Ca OTKPUTH Pa3IUKU MEXIY HAKIIOHUTE HA JIMHEMHUTE KUHETUYHU KpUBU. THi
KaTo CKOPOCTHATa KOHCTAHTaTa BbB BCHMYKH KMHCTHYHH MOJICIU TpsOBa 1a €
He3aBUCHMa OT IMPOMEHUTE B KOHLIEHTpALMITA, C€ IpUeMa KUHETHKA OT IIbPBU
WU TICEBJO-IbPBH TOPSAbK. CTOMHOCTUTE HAa CKOPOCTHUTE KOHCTAHTU ca
MOJIy4eHH KaTO HAaKJIOH Ha JIMHUSTA Ha JIMHEWHa perpecus B KOOPAWHATHUTE
In(C/CO0) cripsmo t.

Val-MEM e Haii-cTaOMIHMITHOTO ChEAMHEHHE B HEYTpajdHA cpela U
mpu 37° C — t2 = 50,2 yaca (t;» Bpeme Ha nonypasnan). Crenuaenuneto Phe-
MEM cbi110 uMa MHOTO 100pa XUIPOJIUTHYHA CTa0MIHOCT — tin = 29,6 yaca.
Penbr Ha HamansgBama XUAPOIUTHYHA CTAOMIHOCT HA ChelMHEHHATa ¢: Val-
MEM>>Phe-MEM>>AlaMEM~f-Ala-MEM>Gly-MEM.

Ala-MEM u Gly-MEM ca wnaii-ctabmwinure npu pH=2 ¢ mnourn
HIEHTUYHA CTOMHOCTH 3a tjp = 17.8 waca u t;» = 16.3 yaca CHOTBETHO.
CraOWIIHOCTTa HAa TECTBAHUTE ChEIUHEHHS B KHCENN YCIOBHS € OTHOCHTEIIHO
MO-MaJIKa, OTKOJIKOTO B HEyTpaJHH. PenbT Ha cTabmiHOCT € ciennus: Ala-
MEM=~Gly-MEM> Val-MEM~Phe-MEM~f-Ala-MEM (Ta6numa 11 u 12).

Benuku CbCAUMHCHUA HWMAT OTHOCUTCIHO zL06pa XUAPOJIUTUIHA
CTaOUIHOCT — OKOJO M Ha{ 10 gaca kakTO B HCYTpaAJIHA, TaKa U B KHCCJId
cpeaa. ToBa ¢ HaTBIHO AOCTAaTbYHO, 3a J1a MIPEMUHAT B Kp’LBOO6paH.[GHI/I€TO u
Ja CC M3IIOJI3BAT KATO MOTCHIUAJIHU NPCAJICKAapCTBA.
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Tab6nuna.l1. JJanau 3a CTaOMITHOCTTAa HAa MEMAHTHHOBU

MPOU3BOJIHY C aMHHOKHCENNHY Ipy Kkuceso pH

ChennHenue/cpena k Tiz h R?
Ala-Mem / pH 2.0; 37°C/ -0.00103+0.00006 17.8+0.5 0.9919
B-Ala-Mem / pH 2.0; 37°C/ -0.00109+0.00004 9.9+0.2 0.9951
Gly-Mem / pH 2.0; 37°C/ -0.00065+0.00004 16.3+£0.7 0.9908
Phe-Mem / pH 2.0; 37°C/ -0.00071+0.00006 10.6+0.2 0.9836
Val-Mem / pH 2.0; 37°C/ -0.00117+0.00006 11.2+0.3 0.9943
Tabnwma.12. [lanHu 3a cTaOWIHOCTTa HA MEMaHTHHOBU
MPOU3BOJIHU C AMUHOKHCEINHHU IIPH HEyTpaiaHo pH
CheauHenue/cpena k Tiz h R?
Ala-Mem / pH 7.4; 37°C/ -0.00023+0.00002 12.7+0.4 0.9928
B-Ala-Mem / pH 7.4; 37°C/ -0.00039+0.00002 11.8+£0.4 0.9922
Gly-Mem / pH 7.4; 37°C/ -0.00091+0.00006 9.9+0.6 0.9908
Phe-Mem / pH 7.4; 37°C/ -0.00117+0.00014 29.6+0.8 0.9693
Val-Mem / pH 7.4; 37°C/ -0.00098+0.00006 50.242.2 0.9914
Xumudeckata CTAaOWIIHOCT Ce€ OICHsSBa 4Ype3 BpPEMETO Ha

noypasnan ti, = In2/k (Tabmuna 11 un 12). XuaponuTudHata CTaOMIHOCT HA
W3MEpBaHMATA pasKpWBa, Y€ CHEAMHEHUSTA Ca OTHOCHTENIHO CTAa0WJIHH B

kucena pH (durypa 29).
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@ur. 29. [IpomsiHa Ha KOHLIEHTPALKUATA HA U3CJIEIBAHUTE MEMAHTUHOBU
pou3BOIHU ¢ Bpemeto npu pH 2.0.
[Ipu Te3u ycinoBus BCHYKH HAONIOIAaBaHU MOJYXXHBOTH Ca MOBEYE
or 10 gaca. Bcuukn TecTBaHW CHEIMHEHUS ChHINO ca crabwimau mpu pH 7.4
(®urypa 30).
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memantine at pH 7.4) . min
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@ur. 30 [TpomsiHa Ha KOHIIEHTpALUATA HA U3CIEABAHUTE MEMAHTUHOBU

MIPOU3BOIHU ¢ BpemeTo npu pH 7.4.
3.3.2. In vitro aHTHOKCHIAHTHA AKTHBHOCT

3.3.2.1. Pagukano-ynaBsio JeiicTBie Ha MEMaHTHHOBH XUOpuau crpsiMo 1,1-
mudennn-2-nukpuixuapasuioB paaukan (DPPH-tect)

DPPHe TecThT ce H3MOI3Ba KaTo IIbPBOHAYAJIHO H3CIEIABAHE 3a
YCTaHOBSIBAaHE HAa aHTHOKCHIAHTEH TOTEHITMAN HAa CHEIUHCHUATA, Thi KaTO Ce
XapakTepu3nupa € BHCOKAa BB3MPOM3BOAMMOCT, HHCKAa IIEHA M € JIECeH 3a
M3ITBJIHEHHE. 3a 11enTa Oe mpuioxena Moaudunupana meroauka Ha Nenadis N.

DPPH-TecThT Ha ceneMTe IPOU3BOIHU € IpezcTaBeH B Tabmuma 13.
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Tabnmna 13. Pagukan-ynassmo aefictsue (crpsimo DPPHe)

5 uM 10uM 25uM 50uM 100 uM
No. | CeenuHeHus
% Antioxidant activity
1. Gly-MEM 1,240,29 2,4+0,18 2,620,09 2,7+0,25 3,6=0,40
2. Ala-MEM 1,3£0,27 2,4+0,08 2,7+0,08 3,04£0,17 344027
3. | B-Ala-MEM | 1,1£,012 1,1£0,36 1,120,18 1,2+0,05 2,3+0,20
4, Val-MEM 1,2+0,12 2,3+0,05 3,340,68 3,540,35 3,640,18
5. Phe-MEM 1,3+0,36 2,340,35 3,5+0,33 3,7+0,18 3,7+0,15
6. (4-F)Phe- 1,4+0,07 2,5+0,04 3,7+0,09 3,8+0,05 4,0+0,20
ANALNA
7. Gly-Gly- 1,30,13 2,4+0,20 3,7+0,06 4,0+0,09 4,0+0,18
MEM
Ascorbic 63,650,10 | 743031 | 758+0,78 | 91,4045 | 9574051
acid

Pannkan-ynaBsmusT NOTCHIAT HA TECTBAHUTE BEILIECTBA € CPABHEH C
TO3M Ha acKOpOWHOBaTa KucenuHa. /IaHHUTE MOKa3BaT, Y€ BCHYKM BEIIECTBA
“MaT He3HaunTelleH e(pekT, BbpXy HaMalsBaHe KoHIeHTpanuaTa Ha DPPH.

3.3.2.2. 'enepupaina cucremMa Ha CyepOKCHIHA aHHOH pagukai (02" )

Boropeku ue cynepokcuig-anuod pagukanst (0;7) e  mo-Manko
TOKCHYEH OT XWIPOKCWJIHHSA, TOH CBIIO € Cpel BPEJHHTE pPEaKTHBHU
KHCJIOPOJIHN BHJIOBE, THH KaTO € NPEKypcop 3a TeHepHupaHe Ha APYTH II0-
PCaKTUBHM KUCIOPOAHH 1 a30THU BHIOBE.

JlaHHUTE 3a aKTUBHOCT CpEIly CYNEPOKCHI-aHHOH paJuKald Ha
TECTBAHUTE XUOpPUAM HA MCMaHTHHA ca mpeiacraBeHd B Tabmmma 14.
MeMaHTHHBT He € B ChCTOSHME Ja HaMald KoHueHTpauusara Ha Oy [103].
TecTBaHKMTE aMUIMU TIOKA3BAT ChILO HUCKA akTUBHOCT cupsamo O,”. Camo Phe-
Mem, (4-F)Phe-Mem, u Gly-Gly-Mem umar 3a0enexuMa akKTHBHOCT CIIPSMO
CYTIEPOKCUI-aHUOH paJuKaia.
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Tabmuna 14. AKTHBHOCT HAa MEMaHTUHOBUTE XUOPUIH CIIPSMO
CYINEPOKCUA-aHUOH PaJInKall

No. CreuHeHus 25uM 50uM 100 uM
% Antioxidant activity
1. Gly-MEM 0 1,5+0,16 1,75+0,15
2. Ala-MEM 0 1,5+0,27 1,5+0,16
3. B-Ala-MEM 0 1,0£0,01 1,5+0,05
4. Val-MEM 0 2,0+0,035 2,25+0,035
5. Phe-MEM 0 4,0+0,05 9,0+0,10
6. (4-F)Phe-MEM 0 7,5+0,30 10,0+0,55
7. Gly-Gly-MEM 0 8,5+0,50 12,0+0,75
Ascorbic acid 5.0+0.01 37,0+0,10 65,0+0,15

3.3.2.3. Pagukaj-yjaBsilia aKTUBHOCT CHPSIMO XHAPOKCHJIOB PaIuKAaJ
('OH)

Jpyr MeToJ, MPUIJIOKEH 3a OLIEHKA Ha aHTHOKCHJAHTHATa aKTHBHOCT
Ha HOBOIOJYYCHUTE XUOPHUIM € H3CICIBAaHE HAa AKTUBHOCTTA MM CIPSAMO
xunpokcunosure paaukaaun  (®OH). Ilocnmemnure ca  Hal-aKTHBHUTE
OKHUCJIABAIN paJUuKaJii, KOUTO BSaHMOﬂeﬁCTBaT C 6I/IOJ'IOFI/I'-IHI/ITC MOJICKYJIU 1
MIPUYMHSIBAT PA3IMYHU HEXEJaH! YBPEXKIaHUs Ha OMOMOJIEKYJIUTE, KOETO J]aBa
HAyaJIOTO Ha PEJ BaXXHM 3a00JIIBAHMS CpEJ KOUTO M HEBPOJETreHEaTHBHUTE
npouecu [104].

CI/IHTC?)I/IpaHI/ITe MCMAaHTUHOBHA XI/I6pI/II[I/I Ca u3CjiI¢IBaHU B CHCTCMA,

ChAbprKalia .OH, nonyderu oT H>O, ¢ momomra Ha Fe(II)-EDTA xomrmuiekc.
[Monyuenure pesynratu ca npeacraBeHd B Tabmuna. 15. YcraHoBeHO e, ue
NPOM3BOJHOTO Ha MEMaHTHHA, ChIabpkamo Phe, HamansBa NeCTPYKTUBHHST
edeKTa Ha XUAPOKCHIIOBUTE PaJIMKAIIN BHPXY J1e30Kcupnbo3ara.
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Tabmuna 15. AKTUBHOCT HA MEMAaHTHHOBHU TIPOU3BOIHU 32
OTCTpaHsIBaHE Ha XUAPOKCUIIOBU PaIMKAIIN

No. | Ceenunenus 5uM 10 uM 25 uM 50 uM 100 uM

% Antioxidant activity

L. Gly-MEM 0,12+0,00 | 0,15+0,006 0,8+0,010 0,88+0,009 0,78+0,069
9

2 Ala-MEM 0,03+0,00 | 0,68+0,009 0,07+0,00 0,44+0,035 0,85+0,09
0

3. B-Ala-MEM | 0,09+0,00 | 0,41+0,004 0,44+0,04 0,42+0,04 0,49+0,14
1

4. Val-MEM 0,11+0,00 | 0,17+0,005 0,33+0,09 0,39+0,07 0,36+0,12
5

5. Phe-MEM 4,66+0,35 5,32+0,68 6,00+0,20 10,25+0,95 16,75+1,18

6. (4-F)Phe- 3,54+0,17 4,34+0,35 5,74+0,25 8,99+0,45 12,86+0,75
MEM

7. Gly-Gly- 1,44+0,15 2,41+0,09 4,57+0,17 6,91+0,90 7,51£0,69
MEM

3.3.2.4. U3cnenBaHe Ha xeJupaniu epekTu

OmnpenensHeTo Ha xenmuparms e(eKkT Ha BellecTBaTa HMa MPSKO
OTHOIICHHEC KBbM AHTHOKCHIAHTHHS IOTCHIMAJT, 3all0TO Ype3 XEeIaTHO
CBBp3BaHE HA MPOOKCHIAHTHUTE WOHHM HA MPEXOIHH METAIH MOXE TUPEKTHO
Jla cc HaMaJHu CKOPOCTTa HAa TCHEPHPAHETO Ha aKTUBHHU DPAJUKAIH, KOETO €
(hopMa Ha aHTHOKCHJITAHTHA aKTHBHOCT.

B oprammsmuTe WOHHWTE Ha TPEXOAHUTE METANIHd KaTalU3upaT
peakmmsita Ha Fenton — pasmagane Ha H,O» mo xuppokcunoBu paaukamd. Eto
3amo, B TIPUCHCTBHETO HA CHEOUHEHHUS, KOHTO CBBP3BAT B YCTOWYHMBH
KOMIUIEKCH HOHMTE Ha mpexomuure Mmetamm Fe?' m Cu' Gmxa Mormu ma ce
MIPEOAOJICAT OKUCIUTEITHUTE YBPEKTAHHS.

3a Ja ce omnpeenu XeJaTupailysIT MOTeHIal Ha HOBOCHHTE3UPAHUTE
xuOpuau, Oc¢ MpHIOXKEHAa TEHepupalia CcUcTeMa ¢ Je30KcHpu0o3a Karo
JIETEKTOpHA MOJIEKYJIa, Fe? u H,0,.

Xe.]'[aTI/IpaIIII/ITC e(l)CKTI/I Opu  HapacTBallkd  KOHOCHTpALlMU  Ha
H3CJICABAHUTC BCUICCTBA Ca NPCACTABCHU B Taﬁnnua 16.
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Tabauma 16. Xenatupali aHTHOKCHIAHTEH ¢PEKT HAa MEMAHTHHOBH
XUOPU/IM C AaMUHOKHCEIIMHH B POLICHTH

No. CheauHeHus 5uM 10uM 25uM 50uM 100 uM
1. Gly-MEM 0,83+0 2,07+ 2,72+0,12 2,90+0,69 3,67+0,7
N9 Q
2. Ala-MEM 0,83+0 2,48+0,75 3,09+0,15 3,25+0,12 3,95+0,5
10 2
3. p-Ala-MEM 0,22+0 0,36+0,12 0,58+0,05 0,76+0,11 1,2440,2
01 LY
4. Val-MEM 0,69+0 0,62+0,13 1,66+0,10 2,79+0,03 3,03+0,9
15 A
5. PhE-MEM 1,14+0 2,38+0,35 5,254025 8,50+0,10 11,211,
15 07
6. (4-F)Phe-MEM | 1,34+0 2,41+0,25 3,28+0,25 7,38+0,25 9,14+0,6
13 [¢]
7. Gly-Gly-MEM | 1,00+0 1,00+0,05 3,45+0,20 4,03+0,35 7,79+0,5
13 1

3.3.3. ®u3uKO-XUMHYHHM NApaMeTPH, CBbP3aHH ¢ KHHETHKATA H
ANHAMHMKATA HA HOBOCHHTE3UPAHNTE CheIMHEHMS

3.3.3.1 PaztBOopuMocT

OT mBpBOCTENEHHO 3HAYEHHE 3a BCSKO JICKAPCTBO € HEropara
pa3TBOpUMOCT. Ts € onpezensia 3a pa3npeseIeHUeTO My, a OT TOBA 3aBUCU U
(apMaKOKWHETHKAaTa Ha JIEKapCTBOTO. Pa3TBOpHMOCTTa OKa3Ba 3HAYMTEIHO
BJIMAHUC BBPXY HNPOHUKBAHETO Ha JICKAPCTBOTO OT 4Y€pBaTa B KPbBTA —
nporiecu Kato abcopOuwms, ¢uiutpanus, gudysus u ap. Huckara
Pa3TBOPUMOCT Ha BCSKO OBJEIIO JIEKAPCTBO BOJM JIO HUCKa OMOHAJIMYHOCT,
HEXKEJIAaHW CTPaHWYHU €(DEeKTH W B pe3yjTaT Ha TOBa — HHUCKAa TEpaleBTUYHA
edexruBHOCT. ClleoBaTeHO MpEeAN BCHYKH ITO-HATATBHIIHKU W3CIIEABAHUS 32
HaMHpaHe Ha HOBH JIEKapCTBa TPSOBa /1a THPCAT ChEIUHEHHS C MOIXOJIIa
pa3TBOPUMOCTTa B Pa3TBOPHUTENH, CUMYJIUpAIIn OHosorudHa cpexa. Takna
ca BomgaHuTe OydepHute pasztBopu ¢ pH 2.0 mw pH 7.4, xato mMomenmu Ha
CTOMAIIIHOTO ChIBP)KAaHWE M KPbBHATa IUIa3Ma M N-XeKcaHa M 1-OKTaHoOIa,
KaTo MOAeN Ha JHUNAIHUTE oOpa3yBaHWA (KJIeTyHHTE MeMOpaHH) B
OpraHu3Ma.
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Ta6nuna 17. TemneparypHa 3aBUCUMOCT Ha pa3TBOPUMOCTTA, X, [mol.

fraction] u S; [mol-L!] na uscnensanure chequuenus B Oy(pepHU Pa3TBOPH C
pH 7.4 u pH 2.0 moJyiHa "acT

Gly-Mem
T[K] Buffer pH 7.4 Buffer pH 2
X2.10% S2.10% X2.10° S».10!
293.15 4.49 2.48 3.12 1.67
298.15 4.88 2.69 3.87 2.05
303.15 5.44 3.00 4.57 2.39
310.15 5.90 3.26 5.73 2.98
315.15 6.31 3.48 6.85 3.51
A? 2.24+0.20 6.54+0.36
Ba 1602+60 3607+108
Rb 0.9979 0.9987
o° 3.26.10* 1.04.1073
Val-Mem
T[K] Buffer pH 7.4 Buffer pH 2
X2.10% S2.10% X2.10° S».10%
293.15 2.12 1.17 1.24 6.75
298.15 2.46 1.36 1.39 7.58
303.15 2.88 1.59 1.65 8.95
310.15 3.32 1.83 1.90 10.25
315.15 3.79 2.09 2.17 11.71
A? 0.68+0.09 2.29+0.09
B? 2676+26 263681
R 0.9979 0.9986
o° 5.91.10° 5.90.104
p-Ala-Mem
T[K] Buffer pH 7.4 Buffer pH 2
X».10* S2.10? X2.103 S».10!
293.15 1.25 6.95 6.84 3.77
298.15 1.49 8.29 8.41 4.62
303.15 1.69 9.37 10.30 5.64
310.15 2.01 11.12 12.50 6.85
315.15 2.34 12.95 14.60 7.97
A? 0.67+0.28 4.72+0.24
B? 1602+60 3517472
RO 0.9987 0.9984
o° 6.41.10* 4.65.10*
Phe-Mem
T[K] Buffer pH 7.4 Buffer pH 2
X2.10% S2.10% X2.10° S2.10!
293.15 1.20 6.68 1.46 0.811
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298.15 1.45 8.03 2.13 1.18
303.15 1.74 9.64 2.64 1.47
310.15 2.03 11.30 3.67 2.04
315.15 2.43 13.50 4.62 2.57

A? -0.38+0.13 6.74+0.78

B* 320740 52274235

R® 0.9998 0.9970

o 1.45.10* 4.96.1073

Tyr-Mem
T[K] Buffer pH 7.4 Buffer pH 2
X,.10* S,.10% X,.10° S,.10!

293.15 2.62 1.45 2.88 1.52
298.15 2.97 1.64 333 1.75
303.15 3.23 1.79 3.88 2.01
310.15 3.54 1.95 4.38 2.26
315.15 3.91 2.17 4.98 2.54

A* -2.03+0.22 2.74+0.14

B* 1819+66 2516+43

R® 0.9981 0.9997

o° 3.84.10* 1.68.10*

a parameters of the correlation equation: In(X;) = A — B/T; ® R — pair
correlation coefficient; ¢ 6 — craHIapTHO OTKIIOHEHHE.

Tabnumna 18. OyHKINA Ha TEPMOIMHAMUYHATA Pa3TBOPUMOCT Ha
crenuHeHnsATa B Oydeprn pasreopu ¢ pH 7.4 u pH 2.0, mpu 298.15

0

AG Osol AH Osol TASOSOI ASOSO/ AGOsol AHOSO/ TASOJUI ] Asl,vlnk,
Creaunenns| kJ-mol” | kl-mol” | kl.mol! | I.mol.K" [JkJ.mol | kl.mol! |kJ/mol*|™° *

Buffer pH 7.4 Buffer pH 2.0

Gly-Mem 18.9 13.3 5.6 | -18.8+1.1 13 30.0 16.2 54.3
+3.3 .8 +0.0 +4.3
Val-Mem 20.6 222 1.6 54+02 16 21.9 5.6 18.8
+2.2 3 +1.9 +8.8
B-Ala-Mem | 21.8 235 1.7 5.7+03 17 29.2 11.6 38.9
+3.5 .6 +9.2 +8.9
(4-F)Phe- 27.6 26.7 -0.9 -3.0+0.1 26 43.5 16.8 56.2
Mem +6.7 i +3.5 +6.2
Tyr-Mem 20.1 15.1 5.0 |-16.8+0.9 14 20.9 6.8 22.8
+5.1 1 +0.9 +2.8

IIpoBeneHu ca eKCIIEPUMEHTH 3a U3CJICABAHE HAa PA3TBOPUMOCTTA B N-
XEKCaH, HO CheIMHEHHsTa Ca HEPa3TBOPHMHU B HEro JIOPH IIPU TeMIleparypa
318.15 K. TIlopagm Ta3um mnpuumHa HE € BB3MOXKHO Ja C€ M3BJIEKAT
CTaTUCTHYECKH 3Ha4MMHU pesyntatu. OT apyra cTpaHa H3cieqBaHuATa B |-
OKTaHOJI CBIIO HE OsXa YCHCHIHH, MOpagd MPEKOMEPHO TrojsMara MM
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pa3TBOPHUMOCT B TO3M pa3TBOpHUTEN. Pe3ynratute OT TemmepaTypHaTa
3aBHCHMOCT Ha pa3TBopuMocTTa B OydepHu paztBopu ¢ pH 2.0 u pH 7.4 ca
npenctaBeHn B Tabmmma 17. m Tabmuma 18. ca mpencTaBeHM H3YHCICHUTE
CTOMHOCTH Ha M3MEHEHMsTa Ha cBoOonHara eHeprus Ha ['mbOc, eHTanmusTa u
eHTponusTa (YMHOXKEHA 0 aOCOIIOTHATA TEMIIepaTypa) IIpHu pa3TBapsiHe.

W3cnenBannte MEMaHTHHOBU MPOM3BOAHU MPUTEKABAT HWOHUIUPAIIH
ce (PYHKUMOHANHHU IPYHH B TEXHHTE CTPYKTYpH. MOHH3AIMOHHNTE KOHCTAHTH
Ha CheAMHEHWsATa OsfXa W3YHMCIEHM C TIOMOINTa Ha IporpaMara
ACD/ChemSketch. AHanmn3bT Ha paBHOBECHETO MEXAY HOHM3MPAHO W
HEHOHM3MPAHO CHCTOSIHWE HA MOJICKYJIMTE Oelle NMpoBEAEH Bb3 OCHOBATa Ha
Henderson-Hasselbalch momxoma, ¢ WU3MOA3BaHETO HA MAKeT MPOTpaMH
npencTaBeH oT Borodin et al. [105].

PastBopuMoctTa B KucenmuHeH Oydepen pastop (pH 2.0) e
OTHOCHTEITHO TI0-BHCOKA, CIPSIMO Ta3u BBB QochaTHua Oydep c Omm3Ko 110
HeyTpanHoTo pH — 7.4. ToBa ce oTHacs 3a BCHYKH ChEAMHEHIE U € B CHIJIACHE
¢ 100pe MO3HATOTO MPaBWIIO, Y€ TO-TOJSIPHUTE WIM HWOHM3UpaHH (HOpPMHU Ha
ChEAMHEHUSITA ca N0-100pe pa3TBOPUMH BbB BOJHA Cpelia.

HampaBeH e onuT 5a ce HaMepu Bpb3KaTa MEXAy M3MEHEHHETO Ha
eneprusita Ha I'mOc mpu pastBapane (A G ) m HAKOM (UBHKOXUMHYHH
nokazareny. OCHOBHATA LieJl HAa TaKOBa IIPOyYBaHE € CBbp3aHa C HIeATa 1a ce
W3rpajii alropuThbM, KOMTO Jja MpEIBHIK/IA SKCIIEPUMEHTAIHW PEe3yJITaTH Ha
6aszata Ha JaHHUTE 32 MOJIEKYJHATa CTPYKTypa. JlaHHNTE ca aHAIW3HpaHU II0
otHomeHne Ha 32 mokasatens (umHTerpupann B HYBOT). Iloaxomsma
KOpeJamys MEKAY pe3yiTaTHTe 3a pastBopuMmocT npu pH=2.0. e momydeHa c
OTYHTAHE HAa HE3aBUCHMa NPOMEHIINBA, KOSITO OTYHTA JOHOPHO-aKIENTOpHATa
CIIOCOOHOCT Ha MOJIEKyJIaTa — BB3MOXKHOCTTA J]a CE OCBILECTBAT BOJOPOIHHU
BPB3KM C MOJIEKYJUTE Ha pPa3TBOPHUTENS, pa3lielicHa Ha MOJICKYIHATa
nosspusyemoct (3.Cyg)/a).

Pesynratute ot aHanm3a ca 0606menn Ha Our. 31a. B Hamms cayvai
HE MOXe Ja ce MOJIy4YH a/IeKBaTHO YpaBHEHHE HA KOPEeJIaluATa IIopagd MaJKus
Opoil CHHTE3WMpaHH W H3CIEIBAHU 32 Pa3TBOPUMOCT ChEeAMHEHHA. Bbrpexn
TOBa BpPB3KaTa MEXKIy MPOMSIHATA Ha Pa3TBOPHMOCTTA M W3MEHCHHETO Ha
U30paHUTe MOKa3aTeqd € ChBCEM SCHA: C YBEIMYaBaHE CTOWHOCTTA Ha
U3MeHEeHUEeTo eHeprusta Ha I'uoc npu pasteapsne (A G**) pasrtBopumocrTa ce
noHmkaBa. CXOJHU ca Pe3yJITaTUTE 3a Pa3TBOPUMOCTTA B OydepHHs pa3TBop ¢
pH 7,4 (®ur.31).
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®ur. 31. 3aBUCUMOCT MEX Iy N3MEHEHHETO Ha cBOOIHaTa eHeprusiTa Ha ['ubc
npu pasteapsnae (AG*31) n nokasarens 3a JOHOPHO-aKIENTOPHU
B3auMoieiicTBus B MojiekyiuTe (X(Caq)/a) 3a Oydepu ¢ pH 2,0 (a) u pH 7,4
(b).

3.3.3.2. Pasnipenesienne Ha BelleCcTBATA B PA3JIMYHHU CPeIU

EnuH 0T Ba)KHUTE MPOLIECH, MTPACIIH KIIIOYOBA POJISl IPH NIpHeMa Ha
JeKapcTBa, € paslpelelicHHeTO Ha BELIeCTBaTa B PAasJIMYHUTE THKAHH.
OOHUKHOBEHO TO3M MpOLEC € B CBHOTBETCTBHE C HAYaJHWTE €Tald Ha
abcopOmmst, KOWTO TpeAxXoKAaT AuQy3HOHHHTE TpouecH (TacuBeH
TpaHcnopt). PasnuyHuTe IBTHINA 32 TOCTAaBAHE Ha JIEKAPCTBAa B MEMOpaHUTE
(TpaHCcUeTyJapHH  WIM  TaparelylapHH) ce  ONpelensar ©  OT
XapaKTepUCTUKUTE Ha pasnpenenenuero. C Ipyrd QyMH, IpOLECUTEe Ha
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pasIpesieNieHue OMUCBAT XUAPOPHITHO-TUIIOPHIHUA OajlaHC Ha MOJIEKyJaTa.
B Tasum wact oOT excrnepuMeHTHTe OsiXa WU3CIEABAHM IIPOLECUTE Ha
pasIipesieNieHie B HECMECBAIM C€ CPEIH, KaTo MOJET Ha PA3IMYHH BHIIOBE
ouonornyan MemOpanu. [lo-cnenmanHo cucremara 1-okTaHo/BoAcH Oydep
(pH 7,4) omucea mporecure, NPOTHYAIIYM B MEMOpAaHHTE Ha CTOMAIIHO-
YpEBHHUS TPAKT, IOKATO CHCTeMara XxekcaHn/BojeH oydep (pH 7,4) — B kpbBHO-
Mo3b4HaTa Oapuepa. 3a CHXKajeHHE, IOpaJd HUCKAaTa pPa3TBOPUMOCT Ha
M3CIIe/IBAHUTE BEIECTBA B XEKCaH, HE YCIIXME Jia MPOYYHM IPOLECHTE Ha
pasmpenenenne B cucremara xekcan/Oydpep (pH 7,4). Pesynrarure ot
NPOBE/ICHUTE SKCIIEPUMEHTH ca npencraBeHu B Tabmuua 19.

Ta6.19. ExciepuMeHTaIHN CTOHHOCTH Ha KOSPHUIIMEHTHTE Ha pas3lpeesieHne
B n-oktaHoin/Bona (pH 7.4) (D°""") gauanHa KOHIICHTPALUs Ha JOHOPHHS
pastBop (Co°""), BUANMY KOe(HIHEHTH Ha nponycxmgmocr (Papp) HA
U3CIICABAHUTE ChEIUHCHHUS, JOHOPHO-AKLENITOPHA CIIOCOOHOCT Ha MOJIEKyJiaTa
— cb3aBaHe BogopoaHu BPB3KHU (X(Caq)), JOHOPHO-AKIIEITOPHA CLIOCOOHOCT Ha
MOJIEKyJIaTa J1a Ch3JaBa BOJOPOIHU BPB3KU, IPUIOACHU CIIPSIMO
MoJIeKyJIsipHaTa moisipusyemMocT (X(Ca)/at).

Coemn poctibuf Jog( poct/bulCo donor Pw.l(_)l5 108(Pypp) | Z(Caa) | Z(Cp)
HEHHs ’ cm.sec Jo.
%) mol/I"!
Gly- 782+0.4 1.890 1.190-102 17.14£0.23 -3.77 9.88 | 0.196
Mem
Val- 73.6+0.5 1.867 1.107-102 20.97 +1.48 -3.68 9.32 | 0.146
Mem
p-Ala- 86.8+2.8 1.938 4255103 7.138 £0.272 -4.15 9.76 | 0.179
Mem
(4-F)Phe- | 5484 +258 3.739 3.672-10* |7.303 £0.089 -4.14 9.72 | 0.134
Mem
Tyr- 923 +32 2.948 2.099-107 3.628 £0.115 -4.44 13.1 | 0.154
Mem

Kakro ce Bmxaa Ha Tabnuma 19, xoeduuueHTUTe HA pasnpeacicHIeHa
Ha HM3CJICABAaHUTE MPOU3BOJHU Ha MEMaHTHH C cucTeMa n-oktaHoy/ Ooydep (pH
74) (D*"™)  ca pasnonoxenu B auanaszoHa ot 73,62 mo 5483,66 (DY or 1,87
1o 3,74). ToBa e B chriacue ¢ onTHMaiHHs MHTepBan Ha junoduiHocT (log
Deetbuf = 1.3) koeto 03HauaBa 106pa upeBHa abcopOLus, Opaau 100pus OanaHc
Ha Pa3TBOPUMOCT W TacuBHA audy3noHHa mpomyckimuBocT. Crenuuerus Gly-
Mem, Val-Mem, B-Ala-Mem u Tyr-Mem nputekaBaT H0OpH XapaKTePUCTHKH
Ha junoduiHocT. V3cnenBanute MpoW3BOAHM Ha MEMaHTHHA Morar jaa ObaaT
HOJpeJeHU MO HaHalsABaHe Ha cToliHocTTa Ha log D™ g cnennus pen: (4-
F)Phe-Mem> Tyr- Mem>p-Ala-Mem>Gly-Mem>Val-Mem. CpaBHHTETHHAT
aHaJIM3 SICHO TI0Ka3Ba, Y€ yBEJIMYaBaHETO oOeMa Ha MoJeKyJiaTa ¢ OCH3EHOB
3aMECTHTE] BOJM JIO0 CBIICCTBEHO YBEIMYaBaHE Ha JUMOPUIHOCTTA —
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npubmmurenno 69 wet u  12-kpatHo mpu  (4-F)Phe-Mem wu Tyr-Mem
CHOTBETHO.

3.3.3.3 MemOpaHHa NPOIYCKJIUBOCT

3a Jga ce OUEHM 3aBUCHUMOCTTa MEXJAy CTpyKTypara Ha
MEMaHTHHOBUTE TPOM3BOJHHM W TAXHATa CIHOCOOHOCT Ja IPOHHMKBAT Ipe3
OuonornyHnTe MeMOpaHH, ¢ ToMolnTa Ha audy3HoHHaTa KieTka Ha DpaHi
0sixa orpeJieTieHH KOS(QUIMEHTHTE Ha IPOMYCKIMBOCT IIpe3 HOBaTa MeMOpaHa
Permeapad™. CroiinocTure Ha KOe(UIMEHTUTE HA MPOMYCKIUBOCT Ca
npeacraBeHd B Tabnmma 17. EkcrepMMEHTBHT 3a NPOITYCKIMBOCT pPa3KpHBa
MHOTO ONM3KH CTOMHOCTM Ha KOEG(PHIMEHTHTE HA IPOMYCKINBOCT 3a
mpou3BogHu Gly-Mem m Val-Mem. Ilpu ToBa ce HabnromaBa MUHHMATHATA
CTOMHOCT 3a cheauHeHne Tyr-Mem, KoeTo MoXe 1a ce 00SICHU C IPUCHCTBHETO
Ha OH rpyma, mpukperneHa KpM OCH3EHOBOTO AApo, KosTo npu npu pH 7.4
necHo Oum ce npucommpaina. JloOpe M3BECTHO €, ye HOHM3UPAHUTE MOJEKYIH
NIPUTEXKABaT TO-c1ada MPOHMIIAEMOCT B CPAaBHEHHE C HE3apEICHHUTE.
YBenuuaBaHeTo KOC(QUIMEHTUTE Ha MPOIYCKIMBOCT Ha CHEAMHEHUSITa € B
cieanara nocienosarenHoct: Val-Mem > Gly-Mem > (4-F)Phe-Mem > B-Ala-
Mem > Tyr-Mem.

3.4. MHscnenBane Ha HEBPONPOTEKTHMBHO [JelCTBHe in  Vitro Ha
HOBOCHHTE3UPAHUTE CheAUHCHHSA

B erunonorusra Ha AD chlnecTByBaT pa3iu4HU (HaKTOPH, KOHUTO
UTpasT KIIOYOBa POJsl B MAaTO(U3HONOTHYHATA MPOTpecHs: Af HaTpymnBaHUS,
xurephochOpHINPaHETO Ha fau TPOTEHHA, HAPYIICHUETO Ha XOMEOocTa3aTa Ha
METaJIHUTE  HOHH, €KCHUTOTOKCHYHOCTTA, OKCHUJATHBEHUAT  CTpec,
HEBPOBB3MAIICHIETO W AUC(YHKIMS HA HEBpOTpaHCMUTepHarta cucrema [106].
Pasrimexxmaiiky  ClOKHATa IaToreHe3a Ha 3a00isMBaHETO, IW3alHBT Ha
MHoroueneBute Jmranaun (MTDL), HacodeHH eZHOBpPEMEHHO KBM HSIKOJIKO
MHUILIECHU CE 0YaKBa /1a ObJaT MO-yCIEIIeH 0JX0 ] OT MOHOTEPANUsTA.

B Ta3u BpB3Ka XHOpUIHUTE MEMAaHTUHOBH CTPYKTYpPHU Ca IPOYUCHH in
Vitro 3a HEBPOIPOTEKTHBHU €(PEKTH Ha YCTOHYMBOCT KbM AfS TOKCHYHOCT,
€KCHUTOTOKCUYHOCT, OKCH/IATHBEH CTPEC, XUTIOKCHSI U HEBPOBB3IAJICHHE.

3.4.1. HeBponpoTeKTMBHH e(QeKTH Ha MEMAHTHHOBH NPOU3BOJHM B
APPswe kiieTKH, AbJskamu ce Ha Cu?’- unaynupanara A Tokcuunoct (A)

Karo knmerbuen mozen Ha AD mpu ToBa u3cienBaHe ca W3MOJI3BAHU
APPswe kjeTku, CBpBXEKCIIpECHpallld MIBeJcKara MyTaHTHa ¢opma Ha
yoBemku APP (amunounn mpexypcopeH mpoteuH). M3BecTHo e, ue HOHUTE Ha
MIPEXO/HUTE MeTajdHW (Hamp. MeJHWTe HOHM), ydacTBaT B 00Opa3yBaHETO H
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HEBpPOTOKcHYHOCTTA Ha Af pasnoBumuocture [107, 108]. C mem ma ce
uHIyrmpa AB-HeBpoTOKCHIHOCT ce mpuaratr Cu?* Homu [109].

Pesgynrature moOKazBaT, ue M3CICIBAHUTE CHEAMHEHHUS HMMaT
OTHOCHTEJIHO OyarompusitTeH HeBponpoTekTuBeH edekr. Te mombpxar
KM3HECIIOCOOHOCTTa HA HEBPOHHHUTE KIETKH, mpu Oera-ammionn (AP)
WHIYLHpaHa OUTOTOKCHYHOCT, B MPUCHCTBHETO HAa MEIHU HOHHM, IOKa3Bailku
croitHocTH Ha ECso, Bapupamu ot (0.218 £ 0.129) nM mo (44.87 + 9.30) uM
(Tabmuma 20, A).

B cpaBHeHue ¢ pedepeHTHOTO BemecTBO (MEMaHTHUH XUAPOXJIIOPU),
(4-F)Phe-Mem neMoHCTpHpa CPaBHUTEIHO CKBHUBAJICHTCH HEBPONPOTCKTHUBCH
eeKT B HAaHOMOJAapHA KOHIICHTpaIus, Jokato Tyr-Mem moka3Ba MHOTO IIO-
J0OpY HEBPOTIPOTEKTHUBHH CBOMCTBA Che cToiHOCTH Ha ECso o1 (0.218 £ 0.129)
nM. Te3u pe3ynraTe IEMOHCTPUPAT, Y€ CaMO aMUHOKHCEIIMHHNUTE TIPOM3BOTHI
HA MEMaHTHHAa WMAaT HEBPOIPOTEKTHBHA aKTHBHOCT cpemry Af-menumpaHa
HEBPOTOKCHYHOCT.

Ta6muna 20. CroitHocty Ha edexTrBHaTa KoHIeHTpauus (ECso) u
unxubupamara koHueHrpauus (ICso) Ha U3caeqBaHUTE ChbEANHEHUS, CPABHEHU
CbC CTOMHOCTUTE HA MEMAHTHUH

CbeuHEHN: CuSO, L-Glu H,0, CoCl, TNF-a IL-6
ECso(uM) | ECso(uM)| ECso(uM)| ECso(uM)| ICso (uM) 1Cso (uM)
A B C D E F
Gly-Mem | 22.87+1.89 | 31.33+£3.29 12.92+0.74 0.74+0.13 | 21.75+3.8§ 26.10+0.68
Val-Mem | 44.87+9.30 | 0.71 £0.06 | 19.07+0.80 0.23+0.07 | 53.23+3.18| 58.77+ 0.66
B-Ala-Men] 33.17£9.54 | 36.89£10.8¢ > 100 0.12+£0.05 | 40.12+1.29 42.39+4.82
(4-F)Phe-| 1.26x102+ | 4.13x10+ | 0.62+0.47 | 0.41 £0.06 | 0.023 {1 0.26+0.03
Mem 0.016
0.86x10 0.23x103
Tyr-Mem | 2.18x10*+ | 8.85x10%+ | 9.16 +1.68 | 0.56+0.02 | 0.09+0.01 | 0.97 +0.02
1.29x10* 0.92x10
Mem.HC1| 8.34x103+ | 1.03x103+ | 1.07+0.36 | 0.12+0.05| 0.08+0.02 | 0.14+0.01
0.51x103 0.16x10°
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3.4.2. HeBponpoTeKTHBHH e()eKTH HA MEMAHTHHOBHM XHUOPUIM cpelry
NMDA-unayuupana TokcuyHoct (B)

JlokazaHo e, 4e TOBHILIECHNUTE HUBATa Ha EKCTpPAlCIyIapHUs TIIyTaMaT
ca TOKCMYHM 32 HEBPOHHTE B TATOJOTHYHHUS IPOLEC, HapeyeH
€KCUTOTOKCHYHOCT. Tsi ydactBa B jaeduuuTHTe Ha AJxaiiMep, mopaau
OPOABIDKUTETHO  AaKTUBHPAHE M IMOCTCUHANTUYHUTE  CHUTHAJIM3UPALIH
KOMITOHEHTH Ha HOHOTPOITHUTE TJIyTaMaTHH PELENTOpH, OT KOMTO OCHOBHA
poast urpast NMDA (N-merun-D-acnaprart) penentopute [110].

Knerkure SH-SYSY 0sxa wW3non3BaHM 3a WHIOyNHpPaHEe Ha
eKcuToToKcnuHocTTa ¢ NMDA mnpu xonnentpamms 100 nM [111]. 3a
u3cieBaHe Ha HeBpo3ammTHUTEe edektn cupsmo NMDA-wHIynupaHaTa
TOKCHUYHOCT ce mpmioxkeH MTS-tect, a 3a omeHka Ha e(puKacHOCTTa Ha
MEMaHTHHOBUTE POU3BOIHH ce chbau 1o ECs.

Pe3ynrature Ha aMHMHOKHCEIMHHHTE MEMaHTHHOBH xubpuau (B,
Tabmuna 20) noka3BaT, ye ChEAMHEHUSITa MMAT MOJIOKHUTENEH e(pEeKT BBPXY
KJeThuHaTa ku3Hecrocobnoct Ha SH-SYS5Y knetku, momnokenu Ha L-Glu.
ECso Bapupa ot (4.13 £ 0.23) nM mo (36.89 + 10.86) uM. Ilo-KOHKpETHO,
CbCIUHEHUATA 4-F-Phe-Mem wu Tyr-Mem mnokazBaT mNpuOIM3UTEITHO
CKBUBAJICHTHH Ha MOJIOKUTETHATA KOHTpOJIa Ha MEMaHTHHA
HEBPOIPOTEKTHUBHU €(DEKTH.

3.4.3. HeBponpoTeKTUBHH e(eKTH HAa MEeMAaHTHHOBM XMOpHIH
cpemy uHaynupana ¢ H20:z roxkeunuynocr (C)

W3BecTHO €, 4e OKCHAATHBHUAT CTPEC CE CBBP3Ba TSACHO C B3pPACTOBATa
HeBpoperenepauus mpu AD [112], mpu kxoero ce HabmomaBa 3HAYUTEITHO
HaTpynBaHe Ha Af turaku [113].

[Ipeanonara ce, 4e MOBUIIEHUAT OKCUJATUBHUS CTPEC € MPUUIMHA 32
€IHU OT HaW-paHHUTE MATOJIOTHYHH NPOMEHH B MO3bKa NPH KOTHUTHBHU
HapymieHus, abmkamu ce Ha AD [114]. Tsit kxaro MeMaHTHHOBUTE
MMpoOnU3BOJHU Ca e(beKTI/IBHI/I 3a NpCAOTBpaTsABAHEC Ha TjyTaMaT-uHAylnupaHa
TOKCHYHOCT, CYUHTaAMC, Y€ TCXHUTC e(l)eKTI/I € BB3MOXHO Ja HaMasiBaT
OKCUJIaTUBHOTO YyBpEXJaHE Ha HEBPOHHUTE, KOETO € B KOpenamus c
IpeKoMepHOTO akTuBUpane Ha NMDA penentopute 10 onpesenHa CTeneH.

B Ta6muma 20 (C) sicHo ce oTkposiBa cheauaeHueTo (4-F)Phe-Mem,
KOETO TIOKa3Ba OKOJIO 2 IBTH TMO-T00po HeBpompoTekTuBHO neiicteue (ECso
0.62+0.47 uM) B cpaBHenue c pedepentHoTo BemectBO MeMmaHTHH (ECso
1.07£0.36 puM). Te3m pesynTaTu Npearnojarat, 4e HSIKOM OT TECTBAHUTE
CTPYKTYpHU MPOU3BOHU Ha MEMAaHTUH BEPOATHO Ipurexasar
AHTHOKCHJJaHTHA aKTHBHOCT, KOCTO Ca B CbOTBCTCTBHC C 6HaFOHpI/IﬂTHOTO UM
JIeiCTBHE TIPH NpeIN3BUKaHAaTa OT TIyTaMara KJIETh4Ha TOKCHYHOCT.
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3.4.4. HeBponpoTeKTUBHU e(eKTH HAa MEMAHTHHOBM NPOU3BOJHU
CIPsAMO XHUMOKCHS-HHAYIHHPaHA TokcuuHocT (D).

Ilo Bpeme Ha mporpecMpaHeTo Ha 3a00JIIBAHETO, MOCTENEHHO
CHa0IIIBaHETO Ha MO3bKa ¢ Kuciaopon HamaisiBa [115]. IIporekTuBHUAT edekT
Ha MEMaHTHHOBHUTE aHAJIO3M CPEIly XMIIOKCHs (TMaTOJOTHYHO CHCTOSHHE Ha
KHUCIIOpOJIeH JeuiMT B opraHusbma) Oe wuscneasaH Bbpxy PC12 kierkw,
tpetupanu ¢ CoCl, [116].

Kakro ¢ mokazano B Tabmuma 20 (D) moBedeTo OT ChEIUHECHHUATA
MI0Ka3BaT OTJIMYHA HEBPONPOTEKTUBHA AaKTUBHOCT cbhC cToiHOCTH Ha ECs,
Bapupamu ot 0,12+0,05 M no 0,74+0,13 uM crpsimo pedepeHTa MEMaHTHH.
IIpn TOBa mM3cienBaHe ce HaOmMOgaBa Kopenanus C AHTHOKCHIAHTHHUTE M
AHTUEKCUTOTOKCHYHUTE MM CBOWCTBAa. ToBa TOKa3Ba, 4e TE3U CTPYKTYPHHU
MIPOM3BOAHU HA MEMAHTHHA BEPOATHO MMaT MyNTH(apMaKoIOTHUHH eheKTH
BBPXY HEBPOHAIHHUTE KJICTKH.

3.45 TIIpoTHBOBB3NANMTEJHM e()eKTH HAa  MEMAHTHHOBHTE
npou3Boaun cpemy LPS-maaynupano Bb3najeHne B MHUKPOTJIHATHH
kiaetkn (Eu F)

HeBponannara nucyHKIus 1 CHHaNTHYHOTO yBpexaane npu AD ce
UHIyLIUpar oT Af M ca 4acTMYHO MEJWHPAHU OT MHUKPOIJIHS M aCTPOLMTHO
aKTUBUpaAHE, MPOM3BEXKIAMKM  BB3MAJIUTEIHM LUTOKHHM M MOBHIIABAMKU
HuBata Ha AS [117].

DapMaKoJIOTHUHATA CYNPECHs] Ha HEBPOBB3MAJICHUETO ChIO CE CUUTA
KaTo BB3MOXKEH MOJIX0. 3a mpoduakTika u JedeHne Ha AD. EOC20 kieTkure
ctuMmyaupanu ot LPS ce n3non3sar 3a ,,uMuUTHpaHe* Ha HEBPOBB3NATUTEIHA U
HEBPOTOKCHYHA AaKTHBalMsd Ha MHUKpOINIMSA. 3a U3CIeIBaHE CcuilaTa Ha
MEMaHTHHOBHUTE NPOM3BOAHN BbpXy MHXHOUTOpHUTE eextn Ha TNF-o n IL-6
(momy4yenu or EOC20 xuretkn, cumynupanu ot LPS) ce nznonssa ELISA Tecr.

Kaxkto e mokazano B Tabmuna 15 (E u F), u3cneasanute anano3u Ha
MEMaHTHHA UMAaT CIIOCOOHOCTTA JJa MHXHOHUpAT ocBoOOXkaaBaHeTo Ha TNF-a 1
IL-6, xato Bcuukm ctoitHOCTH Ha ICso ca momanku ot 60 puM. Ilo-crermanso,
cbenuHeHusita  4-F-Phe-Mem wu  Tyr-Mem mnoka3Bar  OnaronpusiTHa
UHXHOMTOpPHA aKTHBHOCT NpH ocBoOokaaBane Ha TNF-a u IL-6, nogobHo Ha
KOHTpoJlaTa MEMaHTUH. Te3u pe3ynraTd MOKa3BaT, Y€ M3CICABAaHUTE
MIPOM3BOIHYU MMaT TIOTEHIMaNEH e()eKT BbpXY HEBPOBB3IAIUTEIHO AEHCTBHE.
3.5. In vivo TOKCHKOJIOTHYHO XApaKTepU3HpPaHe HA HOBOCHHTE3HPAHHTE
cheTUHEHUsI
3.5.1. OcTpa TOKCHYHOCT

WznmomsBanu ca 6emn Mbxkku [CR mumiku ¢ HavanHO TenecHo Terino 20-
22 g, omenexcoanu 8 cmanoapmuume ycioeus Ha eugapuyma 6 Hucmumyma no
Hespobuonocus-bAH u W BCHYKM EKCIHEPHMEHTHTE Ca W3BBPIICHH B
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CHOTBETCTBHE C IpaBWJIaTa Ha padoTa ¢ eKcrnepuMeHTanHu >xuBoTHH (HapenOa
Ne 20 01 01.11.2012).

3a eKkcHnepuMeHTH in vivo 0gxa MOAOpaHH CHEAMHEHHUS OT Pa3INYHU
xumuyHM Tpynu (Tyr-Mem, Cav-Mem), nposiBsSBaIiy Hai-o0elIaBaliy in vitro
XapakTepucTuky. JKUBOTHUTE ca mpemupanu ¢ nocouenume cveOuHeHus, a 3d
ceudemenu ca U3NOA3GAHU U3XOOHUMe BEIIECTBA — MEMAaHTHH, KaBHHTOH,
THUpo3uH. JKMBOTHUTE Osixa ajanTHpaHd TPU JHHU B YCIIOBHSATa Ha BUBApHyMa.
Bcesika otnenna rpyma Oemie TpeTHpaHa ¢ TpH BB3XO/SIIN TOKCHYHH JI03H, 110 /1B
Opos B mmonrpyma. HmxekiumonHuar obem Oeme  0.1mL/10g. T.T.
WHTpANICPUTOHEATHO (WIT).

JKuBoTHnTe Osixa HaOMOAaBaHM 3a TOKCHUYHM IposiBH 10 | wac, 1o 6
gac, 10 24 u 48 gac, KOraTto ce OTYHTa CMBPTHOCTTA B IPYIHTE U CE IPaBH
JVCEKIHs Ha TPYTIOBETE.

Jpyru rpynu OT ropecrnoMeHaTHTe Osixa HAOIIOJaBaHM 3a MPOJIOHTHUpPaHA
TOKCUYHOCT ciiell 48 yaca u 10 5 IeH OT MociIeAHOTO TpeTupane. JKuBoTHute
0s1xa MOJIOKEHH Ha JUCEKIIHS.

Ha6monenusita 3a ocTpaTa TOKCHYHOCT HA BelIeCTBATA BHB BHCOKH /103U
MOKa3a cJIeTHOTO:

» Cav-Mem — cuIeH TpeMmop, IIOBHIIEHA JIOKOMOTOPHA
aKTHBHOCT, YBEJIMUYEHO MOYHCTBAHE M 3aCHJICHA OPHEHTHPOBBYHA AKTUBHOCT,
YUYECTEHO JIUIIaHe, aTaKCUsl, CMBPT OT CIIMpaHe Ha JIUIIAHEeTO;

» Tyr-Mem - IMICBAaT TOKCHYHH MPOSIBU B U3CIEIBAHUTE J03H;

» MemanTud (Mem)— CHIIEH TPEMOp, IbPUOBE, IHAHO32;
» KaBuHTOH (Cav) — IOTHCHATOCT, ATAKCHSL;

» tuposus (Tyr) — JTUTICBAT TOKCHYHHU TIPOSIBH;

HLpBOHa‘laJ‘[Hl/I AaHHU 32 CMBPTHHU U eq)eKTI/IBHI/I J03H ca:
» Cav-Mem — JIJIsp=nan 160 mg/kg un, Ells.

> Tyr-Mem — JI[Iso= Hanx 250 mg/kg, E/lso= 30 mg/kg;

> MeMaHTHH — JI150=85-90 mg/kg wun, Ellso= 20 mg/kg wun
/maHHUTE ca OJIM3KH 10 JUTEpaTypHHUTE JaHHU 32 MeMaHTuH [118] ;
kaBuHTOH — JI/Iso= 300 mg/kg /mo mureparypHu naHHu okoio 200/
EJ so= 40-60 mg/kg;
tuposu — JI/Iso- Hag 3.5 g/kg mo ymt. manHm [119], nmpakTuyecku
HETOKCHUYCH;
Pesynrature oT ocTpaTa TOKCHYHOCT HA MEMAaHTHHOBHUTE XUOPUAN BBHB
BHCOKHM JIO3M TIOKa3BaT, 4ye camo mpu Tyr-Mem JHIICBa TOKCHYHH TPOSBU B
n3caenBanuTe 103u. [1omoOHU ca M TaHHWUTE 32 CMBPTHA U €PEKTHBHA JTO3H.
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4.6. HeBpoOuosornuyHu u3clHeABaHWS Ha  HOBOCHHTE3MPAHUTE
CbeANHECHUS

3.6 HeBpOﬁl/lOJ'lOl"l/l‘lHl/l n3cjieABaHUA HA HOBOCUHTE3UPAHUTE CHECIMHCHUSA

3.6.1.HeBpopapMaKoJIOTHYHATA AKTHUBHOCT HA MEMAHTHHOBHTE
xu6puau (Tyr-Mem, Cav-Mem)

[TpoBeneHo e HawyanHO OOy4YeHHE CBIVIACHO Step through Tecta Ha
KMBOTHHUTE OT BCHYKHM rpynu. Ha 24 yac XHMBOTHUTE C€ HMHXEKTHUpAT
€THOKPATHO ¢ e()eKTUBHHU JO3H OT BELIECTBATa/KOHTPOJIHTE IIOMy4aBaT CHIINA
o0eM (u3nomoruueH pa3TBOp W Ha 1-i Yac cieq WHXXEKTHPAHETO ce M3CIe/IBa
OTHOBO ITaMETTa UM B 3 Pa3IM4HH JO3H.

TperupaneTo NpoabbKaBa €XKEIHEBHO B CHIIUTE €(PEKTUBHU JIO3H JIO
57 nen. Ha 24™ yac cnej mociegHOTO TpeTUpaHe — T.€. Ha 6™ JeH, OTHOBO ce
MPOCJIEISIBAT MIPOMECHHUTE B TAMETTA i 00YUCHHUETO ChC ChIMUA TeCT. OCTaBAT ce
3a HSIKOJIKO Yaca 3a BB3CTAHOBSBAHETO WM, CIEJ KOETO CC JCKAIMTHUPAT.
Mo3bLuTe ce M3BaXIAT HA JICK, MPOMUBAT CE C JeeH (PU3UOIOTHYCH Pa3TBOP
U Cce 3ampa3sBaT Npd MHUHYCOBH TEMIIEPATYPH 3a MOCIEIBAII0 OMOXMMHUYHO
U3CIIEIBAHE.

3.6.2. U3caeaBaHMsl BbPXY NOBeeHYECKUTE PeaKIi HA TPeTHPAHUTe
JKMBOTHM (MMIIKH)

[IpocneasBane 3a NPOMEHHU B ITaMeTTa U 00YUYCHHUETO MPH Ipu3aun (step
through TecT; macuBHO M30ATBaHE C OTPUIATEIHO MOJIKPEILICHUE) IO METOJA
Ha Jarvik u Kopp/1967/[120].

Jo3a-otrosop edext Ha Tyr-Mem (20, 30 u 40 mg/kg).

Tyr-Mem (20, 30 u 40 mg/kg) — u B TpuTe H3CIEABaHH M103H,
BELIECTBOTO HE IPOMEHHM NPOIB/KUTEIHOCTTA HAa JIATEHTHOTO BpeMe Ha
peaknusTa CrpsiMo KOHTPOJIUTE U HsMa yBpexan] namerta epekr (dur. 32C)

memanTrH (10, 20 n 30 mg/kg) - B HUCKaTa ¥ BHCOKA /1032 HE TIPOMEHS
MIPOABIDKUTETHOCTTA HA JATCHTHOTO BPEME HA PEAKIUATA CHPSMO KOHTPOJIUTE
1 HiAMa yBpexmam mamerta edekr. B cpemmarta mosa (20 mg/kg) e mokassa
MIOHI)KaBaHE Ha JIATEHTHOTO BpeMe Ha | Jac clie]l HHKEKTHPAHETO Ha IIbpBaTa
7032, eeKT, KOMTO HAaIbIHO OTUIyMsIBa Ciell 5 ITHEBHOTO TperupaHe (PDwr.
32B).

Bmwxna ce, e epexTsT Ha HOBaTa xubOpunHa Monekyna (Tyr-Mem)
BBPXYy ITaMETTa € IMO-To0Bp OT TO3W Ha u3xomnHus MemantuH (10, 20 u 30
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mg/kg). Chlure ca AaHHUTE W 10 OTHOIIEHHE HAa TOKCHMYHOCTTA Ha JIBETE

BEILIECTBA.
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@ur 32. [loza-otroBop edpext Ha MemaHThH (10, 20 u 30 mr/kr) u Tyr-Mem
(20, 30 1 40 mg/kg).

BemiectBara

ca

npujaarannu

3a

neT MnocCJCa0BaATCIIHU

JIHH.

Pesynratute ca oTuuTaHu Ha 1 4ac ciiejl MbPBOTO MHXKCKTHpAHE U HA 6 JCH
(24 yaca cief| MOCACIHOTO HHXCKTUPAHE).

Jo3a-otroBop epext Cav-Mem (7, 14 u 28 mg/kg).

Cav-Mem (7, 14 n 28 mg/kg). — cpennara 103a HAMa yBPEXkKAAIL
namerTa edekt. Huckara (7 mg/kg) n Bucokara (28 mg/kg) mokassar cinabo
MOHIDKEHHE Ha JIATEHTHOTO BpeMe Ha 1 4ac M ciex 5 JHEBHO TpeTHpaHe
pecnexTuBHO cupaMo koHTponata (dur. 33 D).
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@wr. 33. Jloza-otroBop edekt Ha MemanTuH (10, 20 u 30 mg/kg), kaBUHTOH
(20, 40 u 60 mg/kg) u CavMem (7,14 u 28 mg/kg). Bemiectara ca
MpHUJIaraHy 3a MeT MOCeIOBaTeHU THU. PesynraTure ca oTuntanu Ha | yac
CJie/l IbPBOTO MHXKEKTHPaHE U Ha 6 jieH (24 4aca cie/| OCIeHOTO
WH)KEKTHUPAHE).

B cpaBuenne ¢ memantuH (10, 20 u 30 mg/kg), kolTO B HHUCKaTa U
BHCOKa J103a HE MPOMEHsS MNPOIBIDKUTEIHOCTTa Ha JIATCHTHOTO BpeMe Ha
peakuusTa CpsiMo KOHTPOJIUTE U HAMa YBPEXIall mamerTa eexr. B cpeqnarta
no3a (20 mg/kg) mokasBa MOHIKaBaHE Ha JATEHTHOTO BpeMe Ha 1 Yac cuen
WHXEKTHPAHETO Ha MbpBaTa 103a, eheKT, KOWTO HAIbJIHO OTIIYyMsBa clien 5
nHeBHOTO Tpetupane (dur. 33B). KasunTon (20, 40 u 60 mg/kg) — cpennaTa n
BHCOKa [1032 Ha BEIIECTBOTO HsAMa yBpexnanl namerta edexr. Huckara mosa
obaye HamamsiBa TNPOABIDKUTENTHOCTTa Ha JIATEHTHOTO BpEMe CIIPSIMO
KOHTpOJIaTa KakTO Ha 1 4ac ciieJl MH)KeKTUPAHETO Ha IbpBaTa J103a, Taka M
cliell 5 THEBHOTO TPeTHUpaHe, KOSTO FOBOPH 3a yBpexaall namerta epexr (dur.
33C). Or Bucokara go3a 60 mg/kg ce HabmogaBa CMBPTHOCT Ha 3 ¥ 4-5 JcH
TOBOPELIO 32 MPOJIOHTUPaHa TOKCHYHOCT Ha BEIECTBOTO.

BeliecTBoTO € BBBEXKAAHO KaTO WHPANEPUTOHEATHA CYCIEH3HS OT
tabneTHa Qopma, KOSTO MOXKE Ja UMa YBPEXKIAll MEpHUTOHEanHaTa KyXuHa
e(eKT.

Hosute xubpugun wmonexkymn (Tyr-Mem wu Cav-Mem) wumar
CBU3MEPUMH C MEMaHTHHA e(EKTH BBPXY MAMETOBHTE (YHKLIHH - B OCTHp
ONUT M CJEX 5 IHEBHO TPETHpAaHE M HMMAaT 3HAYUTENHO IO-HUCKa OCTpa
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TOKCMYHOCT. E(eKkTure Ha ChIINTE KOMIUIEKCHH MOJIEKYIHM BBpPXY HaMeTTa
CBIIO Ca CbU3MEPHMU C TE3W HAa M3XOJHUTE KaBUHTOH U THPO3UH (JAHHUTE HE
ca MOKa3aHH), IPU 3HAYUTEITHO HaMaJIeHa OCTPa TOKCHYHOCT.

3.7. BuoXuMHMYHH W XHCTOJOTMYHH H3cjeABaHMsA Ha Tyr-Mem BBpXy
E€KCIIePUMEHTAJIHA IeMEeHIUs IPU MHIIKH

H3caenBanusita 0sixa HM3BbPIIEHH BBPXY CKCIIEPHMEHTAllCH MOIET Ha
nemeHus ot AD Tum- upe3 mpunarane Ha CKOMoJaMuH 9 1mHH, B 1032 1 MI/KT.
3a menra 0s1xa nznon3Banu MbXKH ICR mumkn (18-20g)

3a KOHTPOJIM ca U3MOJI3BAHHU B CJIEIHUTE J03H:
Omnonornder pa3reop (0.1 mL/10g, maTpanepuToHeanHo (1.11))
Mewmantus (20 mg/kg, u.m)

Tyr-Mem (20 mg/kg, u.m)

Tuposun (40 mg/kg, n.m)

Bcenuku tectBaHM Cy6CTaHHI/II/I, BKIKOYHUTCIIHO U (1)I/IBI/IOJ'IOFI/I‘IHI/I$I pa3TBOp NMpU
KOHTPOJIUTE, Osxa MPUIIOKCHU CIKCIHCBHO 3a 9 IOoCJICAOBATCIIHU [HH,
napaJieJIHO CbC CKOIIOJIaMHUHA.

W3non3Banu 0sixa MOBEICHUYECKH METOIU-METO/I 33 OIIpeiesIsiHe Ha TPOMEHH B
mporecute Ha oOydeHue u mamer (step through) u meron 3a ompenensHe Ha
MIPOMEHH B U3ciefoBatesickoto noseaenue (“hole board” Tecr).

Oobpadomka na excnepumenmannume OannHu O U3BBPIICHA C METOJA HA
BapuallMOHHHA aHaJIu3 C IpWwiarai€ MeEToJa Ha e}lHO(l)aKTOpHI/IH NN
nBy¢axTopeH aHanuz (ANOVA).

3.7.1 Edexr na Tyr-Mem BBLpXy mpouecutre Ha o0ydeHHe W IaMeT NPH
JAeMeHTHH MUIIKH.

C nmomomra Ha TECT 3a MACUBHO WH30srBaHe C OTPHIATEIHO
nojkperuicHue Oemie oueHeH epexra Ha Tyr-Mem BBpPXY NPOMEHEHHTE OT
CKOIOJIAMUHA TIpOllec Ha O0y4eHHe ¢ [aMeT [IpU  H3I0J3BaHHUTE
eKCIICpUMEHTANHH XKUBOTHU (Dur. 34).
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STL1h STL 10 Days

@ur. 34. Edexr Ha Tyr-Mem BBpXy MpoIecuTe Ha O0yUCHHE H TaMeT
IIPY CKOIIOJIAMHHOB MOJIEJ Ha JieMeHus. Pe3ynrature ca npeactaBeHn Karo
CPEIHO-apUTMETHYHO U HErOBOTO OTKJIOHEHHE OT 8 MpoOH B TpyIa.
3BE3MUUKUTE TIOKA3BAT CTATUCTHYECKH 3HAYMMA pa3iinka MeXy rpymnuTe Sco
u Control mpu *P <0.05. XamraroBere nmoka3saT CTATUCTUYCCKU 3HAYAMA
pasmuka Mexay rpynute Sco + Tyr u Sco npu #P <0.05.

ATmnapaThT U3ION3BaH 32 TO3W TECT UMa JIBe KaMepu-CBeTIa U ThMHaA. B
ThMHATA MY 4acT MOIBT € YpeOpeH U 10 Hero Tede enekTpuieckd Tok (0.8 mA
for 3 s) mpu momckBane. IIpm TO3M TecT ce ch3gaBa MPOTUBOPEUNE MEKIY
MIPUPOJHUTE WHCTUHKTH HA JKHUBOTHOTO Ja NMPEMHHAT OT CBETJIaTa B TbMHaTa
4acT Ha amapaTa ¥ eJeKTPHUYECKOTO Ipa3HeHHe, KOeTo moiaydasar TaMm. Camus
TecT uMma zBe ¢asu 1. OOyuurtenHa ¢aza-npu Hest ce OTYUTA BPEMETO 32 KOETO
JKUBOTHOTO 1I€ NPEMUHE OT CBETJIaTa B TbMHATa 4YaCT Ha alapara (l'['prI/I‘IHa
JIATEHITUs), KBJAETO IIe TMOJYy4YH eNeKTpUUecKoTo apaszHeHe. 2. daza Ha
MIPUNIOMHSIHE - B Ta3W (a3a ce OTYMTA JOKOJIKO >XMBOTHHUTE Ca 3allOMHUIN
3HAQYEHHETO Ha OTPULATEIHHUS CTUMYJI (EIEKTPUUYECKOTO Jpa3HeHue). Bpemero
IpeKkapaHo B cBemIaTa 4acT Ha amapata (stepthrough nmarenmus, STL), B
pamkute Ha 180c e moxasarels 3a M3IIBIHEHUETO HA 3ajadyara - Ja 3allOMHST
ctumyina.  HammTe pesynraTd mokas3Bar, 4e NMPWIATaHETO Ha CKOIOJaMUH
(XOIMHOpPELENTOPEH aHTArOHKUCT) HapyIllaBa MPOIecuTe Ha 0OyUeHHE U MamMeT
IIPH EeKCIIEPUMEHTATHNUTE XKMBOTHH. 3aCErHaTH ca KaKTO KpaTkocpouHara (1
4ac), Taka u gearocpounara mameT (10 men). Ha 1 wac cnen Tpetupanero cbe
ckoronamuH roHmkerneTo Ha STL e ¢ 23.57% (ns), a va 10 meH ¢ 55,48% (P<
0.05) cupsimo koHTponara. Ilo oTHOmIeHHe Ha KpaTKOCpoyHaTa mamer Tyr u
Tyr-Mem mnoka3axa Haii-moObp CTHUMyIHpaln] namerta e(eKT, BpbIIAlKA
HaMaJjieHata oT ckorosiaMuaa STL 61130 10 KOHTPOJIHU HUBAa. MEMaHTUHBT HE
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MOBJIHS HapyllleHaTa OT CKONOJaMHHA KPaTKOCPOYHA MaMeT Ha MUIIKHTE OT
CHOTBETHATA IPyIa.

[To oTHOmIEHHWE Ha ABITOCPOYHATA MAMET, CTATUCTUYECKH 3HAUUM,
Hali-cuneH u nosioxkuresieH Oemre edexTsT Ha Tyr. IloBumenuero na STL B
Tazu Tpyna Oeme ¢ 52% (P< (.05) cnpsMO CKOIOJAMHH TpPETHPaHUTE
KHUBOTHH. B rpymara Ha TpeTHpaHUTE ¢ MEMaHTHH >KHBOTHH c€ OTOEIsI3Ba
cimabo m HemoctoBepHO moBumenne Ha STL cmnpsiMo nemeHTHara Tpyna.
Cnopen HammTe pe3ynTaté TpetupaneTo ¢ Tyr-Mem He moBiMs HapylieHaTa
OT CKOIOJIaMHHA TBJITOCPOYHA TAMET B U3MOJI3BAHUS TECT.

MeMaHTUHBT HMa Cllad TMOJNIOKUTENIEH e(PEeKT BBbPXY HapylIleHarta
IBITOCPOYHA TMMAaMeT HAa MHIIKA C CKCIICPUMEHTAJCH, CKOIOJAMHH
MpeIu3BUKaH Mojiesl Ha aeMeHims. EdexTsT Ha Tyr € ChIIO HOJ0XKHUTEINEH,
MHOTO 100pe TOoa4epTaH M c€ TMposBsBa KaKTO II0 OTHOIICHHWE Ha
KpaTKOCPOYHATA, TaKa ¥ M0 OTHOIICHHE Ha JBITOCPOYHATA TTAMET

Tyr-Mem wuMa monoxwutelieH epeKkT camMo BBPXYy HapyIIleHaTa OT
CKOIOJIAMUHA KPATKOCPOYHA MAMET, KaTo epeKThT My € ChH3MEPUM C TO3U Ha
Tyr.

3.7.2. Edext Ha Tyr-Mem BbLpPXy H3CJI1€10BATEICKOTO MOBeAEHUE
Ha IeMeHTHN MUIIKHA

C mnomomra Ha holeboard Tect Oeme npocieneHa NPOMsHATa B
U3CIIEIOBATEJICKOTO  TOBEJEHHE Ha OKUBOTHUTE MEXAY  Pa3IUYHUTE
excriepumenTtaniu rpynu. Holeboard amaparsT mpencramisBa moBauriara ot
3emsTa wardopma c 16 npaBunHo noapeneHu aynku. Ilo gecrorara, ¢ KoATo
KMBOTHUTE HaJHMYAaT B TAX 3a CJUHUIA BpeMe ce€ CBhAM 3a TAXHOTO
H3CIEI0BATENICKO MOBEACHUE U CTETIEH Ha TPEBOKHOCT.

Hamure pesynratm mnokazaxa, 4e B Tpylara Ha CKOIOJAMHH
TPETHpPAHUTE >KUBOTHH HMa €JHO CTHUMYJHpPaHE Ha H3CJIEA0BATEIICKOTO
noBezieHue. EnuH uac cieq TpeTHpaHeTO JKUBOTHHUTE OT Ta3M TIpymla ca
HagHnyanu ¢ okono 1.5 (P <(0.05) mptu moBeue, a 10 meHa ciem MBPBOTO
Tperupana ¢ okojo 4 (P <0.001) mbTu moBeye OT KOHTPOJIUTE.

B KPAaTKOCPOYCH IUIaH C€AWHCTBEHO TPETUPAHETO C MCMAaHTHH BpbIia
HaZ[HI/I‘-IaHI/IHTa/:s MHH Ha JXUBOTHUTC JO0 KOHTPOJIHM HHBA. B rpynure
TPETUPAHU C Tyr-Mem H3CJICA0BATCIICKOTO IMOBECACHUEC HA ) KUBOTHUTC € CHUJIHO
CTUMYJIMPAHO, KaKTO CIIPAMO KOHTPOJIUTE, TaKa MU CIIPSIMO CKOIIOJIaMHHOBaTa

rpyma.
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@wur.35. Epext na Tyr-Mem BbpXy H3CIIeI0BATEICKOTO IOBEACHNE
Ha MHLIKH IIPY CKOTIOJIaMHHOB MOJIET Ha ieMeHuus. Pesynratute ca
NpeICTaBeHH KaTO CPEeTHO-APUTMETHYHO M HETOBOTO OTKJIOHEHHUE OT 8 Ipodu
B TpyIa. 3Be3AUYKUTE [TOKa3BaT CTATUCTHUECKH 3HAUYMMA Pa3JInKa MEXIY
rpymute Sco u Control pu *P <0.05; ***P <0.001. Xamrarosere nmokassar
CTaTHCTUYCCKH 3HAYNMA Pa3lIMKa MEXIY SCO U APYTUTE eKCIEPUMEHTAIHH
rpymu ipu #P <0.05; ##P <0.001.

Ha 10 men crnex mbpBOTO TpeTHPaHE, U3CIECAOBATEICKOTO TOBEICHHUE
B Tyr-Mem rpymnara e Haif-OTM3KO IO KOHTPOJHTE, a B rpyHaTa Ha MEMaHTHHA
e ¢ 42% (P <0.001) mo-cnabo MposSIBEHO B CPABHCHUE ChC CKOIMOJAMHHOBATA
rpyna. EnMHCTBEHO ©pu TUPO3MHA TPETUPAHUTE >KUBOTHM, HMBATa Ha
M3CIIeI0BaTENICKaTa aKTUBHOCT MPH JKUBOTHUTE OCTaBa BHCOKA.

B KPAaTKOCPOYCH IUIaH TPETUPAHCTO C MEMAHTHUH, a4 B JBJITOCPOYCH
TPETUPAHETO C Tyr—Mem BB3CTaHOBsBA KOHTPOJIHUTE HHBa Ha
H3CJICA0BATCIICKA AKTUBHOCT MPHU CKCIICPUMCHTAJIHUTC )KUBOTHH.

3.7.3 EdexTn Ha THPO3MH-MEMAHTHH BbPXY HUBOTO Ha OKCHAATHBHMSA
cTpec B MO3bK HA leMEHTHH MUIIKH

C CAT

ng GSHm g protein

A2a0/minimg protain

nmoles MDA/ mg protein
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&

@ur.36. Edexr Ha Tyr-Mem BbpXy HABOTO Ha OKCHJATHBEH CTPEC B
MO3BK Ha MHIIKH ChC CKOIOJAMHHOB MOJENl Ha JeMeHIHs. Pesynratute ca
NPEICTaBeH! KaTO CPEAHO-aPUTMETHYHO ¥ HETOBOTO OTKJIOHEHHE OT § mpobu
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B rpymna. 3Be3OUUYKHTE IIOKAa3BaT CTATUCTHMYECKH 3HAYMMa pa3jidKa MEXTY
rpynmure Sco u Control mpu ***P <(0.001. XamraroBere mnokazBaT
CTQTHCTUYECKU 3HAYMMa pas3liiKa MeXIy Sco M IPYruTe eKCIepHMEHTAIHH
rpymu ipu “P <0.05; ##P <0.001

[lomydyeHure OT HAc pe3ynATaTH IIOKa3BaT, Y€ TPETUPAHETO ChC
CKOIIOJIAMHH TIOBHUIAaBa HUBAaTa Ha OMOXMMHYHHWTE MapKepu 3a OKCHAATHBEH
CTpec B H3CJIEIABAHHUTE MO3BYHM XOMOTCHAaTH. Taka HUBaTa Ha JHUNUAHA
TIEpPOKCHUAAIS B CKOIMOJAMHUHOBATA rpyma ca nosumenu ¢ 32% (P <0.001), a
Te3u Ha aHTHOKcuAaHTHHA eH3uM CAT ca monmxkenu ¢ 42% (ns) B CpaBHEHHE C
KOHTposiaTa. B HHTO eaHa OT OCTaHAINTE EKCIIEPUMEHTAIHM TPYNH HiIMa
IMOBUIIIABAHC B HMBATa Ha JIMINHJHATa NEPOKCUAAlUA, KOCTO IMOKa3Ba, 4€ Ipo-
OKCUJAHTHUS e(EeKT Ha CKOINoJaMHUHA € TIOTHCHAT. THPO3MHBT MOKa3Ba
TCHACHIIMA Ja TIIOBHIIIaBa HHMBaTa Ha CCTCCTBCHUA HCECH3UMMCH KIICTBUCH
AQHTUOKCUJIAHT  TJIyTaTHOHa W  CWJIHO I[IOBHIIaBa aKTHBHOCTTa  Ha
antuokcunantHus eH3uM CAT- 1oBedue OT TpU NIBTH CPaBHEHO ChC
CKOITIOJIAMUHOBATA IpyTIa.

Beuukn  m3cneaBaHM  MOJIEKYJM  TOKa3BaT AHTHOKCHJIAHTEH e(eKT
n3pa3eH B IOJIbp)KaHE KOHTPOJHWTE HUBA Ha JIMIHMJHATA HEPOKCHIAINS B
MO3BYHM XOMOTCHATH HA KHUBOTHHM TPETHPAaHU CHC CKOIOJAMHH. ENUHCTBEHO
THPO3WHBT HMa CTHMyJHpam] e(peKT BbPXYy CH3MMHATa AaHTHOKCHJAHTHA
3alIMTHA CHCTEMA Ha KJICTKHTE.

3.8. IIpoTuBOBHpPYCHA AKTHBHOCT Cpelly TPUITHU BUPYCH iR Vitro

ExcriepuMeHTaIHUTE pe3yJTaTH OT MPOTUBOBHPYCHATa aKTHBHOCT Ha
CheIMHEHUATA, W3CIEABAHM Cpelly 3 TpHUIHM IaMa, ca MpeICTaBeHH B
Tabnuma 21. Pe3ynTatu OT eKCHEpUMEHTHUTE cCa AHAJOTHYHU IIPH TPOMHO
TECTBaHe.

HoBute aHano3u Ha MEMaHTHH C aMHHOKHCEJIMHWUTE TJIMLHH, BaJWH,
[B-ananuH, (4-F)dennnananuy u THpO3WH 0siXa M3CIIeABaHU 32 IPOTUBOBUPYCHA
aKTMBHOCT CIIpSIMO IiaMm Ha rpurieH Bupyc A/Fort Monmouth/1/1947 (HIN1),
kakto W mamoBe A/Wuhan/359/1995 (H3N2) u A/Jinnan/15/2009 (HIN1),
PE3HCTEHTHH KBM OCENTaMHUBHD.
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Tabauma 21. [TpoTHBOBHpYCHA aKTHBHOCT HA MEMAaHTHHOBHTE IIPOU3BOIHU
Cpellly TpY TPUIIHY [aMa

A/FortMonmouth/1/19 | A/Jinnan/15/200 A/Wuhan/359/1995
TCso 47 9
CheiuHEeHNE ug/mL ICso SI 1Cs SI 1Cso SI
ug/mL ug/mL pg/mL
Gly-Mem 96.23 >55.56 - >55.56 - >55.56 -
Val-Mem 32.08 10.69 3.0 >18.52 - >18.52 -
B-Ala-Mem 96.23 >55.56 - >55.56 - >55.56 -
(4-F)Phe- 32.08 >18.52 - >18.52 - >18.52 -
Mem
Tyr-Mem 288.6 | >166.67 - 166.67 1.7 >166.67 -
8
Oseltamivir 5773 | 247 233.7 115.47 5.0 3.12 185.0
5
Amantadine 39.22 0.32 122.6 2.86 13.7 2.86 13.71
1

Cwmsra ce, ue mambT Ha Tpun A/ Fort Monmouth /1/1947 (HIN1) e
HacJeIHUK Ha MCNaHCKus Ipull, npuuuHui oT 50 go 130 mMunnoHa cMBPTHU
ciaydast ot siHyapu 1918 r. no nexemBpu 1920 r. AHajorsT Ha MEMAHTHUH C
BaymH (Val-Mem) e nokasaji rpaHi4Ha akKTHBHOCT CpPEIy YyBCTBHTEIHHS KbM
ocentamuBup mam A /FortMonmouth /1/1947, ocrananute CheAMHEHUs ca
HEaKTHUBHH. AKTHBHOCTTa obOade He ce HaOmofaBa IMpH PE3UCTEHTHHUTE Ha
o3entamuBHp IamoBe A / Jinnan / 15/2009 u A / Wuhan / 359/1995. Baxwo ¢
Ja ce rmoayeprae, 4e TaM aKTUBHOCTTA Ha aMaHTaJWHA ChIIO € HaMalsia
3HAYMTENHO. Te3u pe3ynraTu NoKa3BaT, 4e poJisiTa Ha apoMaTHUTE U aaudaTHH
AMHMHOKHCEJIMHHU HE € OT pelllaBalio 3Ha4eHUEe 3a POTHBOTPUITHATA AKTHBHOCT.

MeMaHTHHOBUTE aMUHOKHCEITMHHU aHAJIO3M OsXa M3CIEBaHM U 3a
aHTHOaKTepHaTHA AaKTHBHOCT cpemty Ipam-monoxuTtenHuun u  ['pam-
OTpHUIATEHN OAKTEPUH, KAKTO M 332 AKTUBHOCT CPEIILY APOXKIH.

3.9. AHTUMHKPOOUATHA AKTUBHOCT

3.9.1. AktuBHOCT cpemy I'pam-niono:xkute Hu 6axtepun u I'pam-
OTpHLATE]HH GaKTepUn
I'pam-nonoxkurenaun Oaxrepuun: Staphylococcus aureus NBIMCC
(6538), Bacillus megaterium, I'pam-oTpuniarenau Oaxtepuu: Escherichia coli
(NBIMCC 3397), Salmonella enterica (NBIMCC 869) n npoxmu: Rhodotorula
sp. (BF 16-25), Candida lusitaniae (BF 74-4). AnTnOakTepuaiHaTta akTHUBHOCT
Ha M3CJIeBaHNTE ChEJUHEHHMS € IpescTaBeHa B Tabnunna 22. bsixa npurorseHn
nse koHueHtpamuu: 1 mM u 10 mM. EcdwuxacHoctra Ha u3NMUTBaHUTE
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ChEIMHEHUS Ce OTPEEIIs Upe3 u3MepBaHe Ha 30HaTa Ha MHXUOMpaHe (B mm) U
ce cpaBHsiBa ¢ KoHTpoiure. CwenuHenneto (4-F)Phe-Mem mnoxasBa Haii-
BHCOKa aHTHOAaKTepualHa aKTUBHOCT, KAaKTO Cpemry I paM-NoJoXuTelaHuTe,
Taka u cpeury ['pam-otpunaresaute 6akrepun. HeroBusT HHXuOUTOPEH ekt
€ MojJo0eH Ha TO3M Ha TBHPrOBCKH JOCTBIHHS TeTpaimkinH (30ug/nuck).
AHTHOaKTEepUaaHaTa aKTUBHOCT Ha chenuHeHusra Val-Mem u Thz-Mem e no-
HHUCKa M MPOMEHINBa, Mexay 10 u 16 mm 30Ha Ha nHXxHONpane. CheIHEHHE
B-Ala-Mem pmemoHCTpHpa axkTHBHOCT caMoO cpemty S. enferica, IOKaTo
ceenmuHenusaTa Gly-Mem u Fmoc-Thz-Thz-Mem ca HeakTuBHH. Bcuukm
TECTBaHH CbheAWHEHUs ce pastBapaT B DMSO. PasrBopurens, 4-F-L-
(eHMIaNaHNH, TeTPAUUKINH U MeMaHTUH (HempatuH 10 mg Tabnerkm) Osixa
BKJIFOUEHH KaTo pepepeHTHN CheTMHEHMS.

Tabnuna 22. AKTUBHOCT Ha MEMaHTHHOBUTE aHaNo3M cpeuty I'pam (+) u
I'pam ( -) OakTepuu, nmpu KoHueHnTpauus orl0 mM

Gram (-) bacteria Gram (+) bacteria
Coenunenue (10 - -
mM) S. enterica E. coli St. aureus B. ]
megaterium

Gly-Mem n/a n/a n/a n/a

Val-Mem 11 11 n/a 16

B-Ala-Mem 16 n/a n/a n/a

(4-F)Phe-Mem 20 22 21 22

Thz-Mem n/a 13 10 16

Fmoc-Thz-Thz-Mem n/a n/a n/a n/a

Memantine.HCI - (C) n/a n/a n/a n/a

(4-F)Phenylalanine - n/a n/a n/a n/a

(C)
DMSO - (Cs5) n/a n/a n/a n/a
Tetracycline - (Cs) 26 26 28 34

* O6nacTTa Ha MHXUOHWpAHE € MPeJACTaBeHa B mm, BKIIOYUTEIHO SIMKaTa.

** Ciy mu C; — ocHoBeH kommnoHeHT Ha (4-F)Phe-Mem, C; — orpuuarenna
KoHTpoJa; C4 — MOJIOXKHUTENTHA KOHTPOJIA

[pu uzcnensanero ¢ koHteHTpauus 1 mM uHxuOupain epext nokasa

camo chenuneHneTo (4-F)Phe-Mem, equncTBeHO Tpu ['paM-1mosioxKuTeIHUTE
baxtepun Staphylococcus aureus u Bacillus megaterium.
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3.9.2 AKTHBHOCT cpeury IpOKIH

JlpoxuTte ca IMUPOKO Pa3NPOCTPAHEHU B MPUPOAATA M YECTO MOTaT
Ja TPUYUHAT MHUKO3M MPU HHIUBHIM C HMMYHOKOMIIDOMETHpAH CTaTyc.
Bunosere, npuHaiexamu keM pogosete Candida w Rhodotorula, ca cpen
OCHOBHHMTE NPUYMHUTEIM HAa MHUKO3U. AHTH-IPOKIOBaTa aKTUBHOCT Ha
HOBUTE MEMaHTHHOBH aHAJIO3M Ha Oelle TeCTBaHa 1Mo MeToja Ha audy3us Ha
arap. [lanaure 3a nHXUOMpaHe ca npeacraseHy B Tabmuna 23. Brieuatnenne
npasy, ue (4-F)Phe-Mem e eIMHCTBEHOTO CHEAWHEHHWE, aKTHBHO CpPELLy
BCHUYKM TECTBaHM MHUKpoopraHusmu. EdekTsT My e mogobeH Ha mo0pe
MIO3HATOTO MIPOTHBOTBOMYHO JeKapcTBO HUCTATHH. ChenuHenuero Gly-Mem
MPUTEXaBa aKTHBHOCT CaMo CpPEIly MUKpOOpraHusma Sacch. cerevisiae.

Tabnuia 23. AKTUBHOCT Ha MEMaHTHHOBUTE aHAJIO3H CPEILy JPOXKIU IPU
KoHIeHTpanus oT 10 mM

Coennnenust (10 mM) Rhodotorula sp. Candida lusitaniae| Sacch. cerevisiae
Gly-Mem n/a n/a 14
Val-Mem n/a n/a n/a

B-Ala-Mem n/a n/a n/a
(4-F)Phe-Mem 26 23 21
Thz-Mem n/a n/a n/a
Fmoc-Thz-Thz-memantine n/a n/a n/a
Memantine.HCI - (C) n/a n/a n/a
(4-F)Phenylalanine - (C,) n/a n/a n/a
DMSO - (Cs) n/a n/a n/a
Nystatin - (C4) 26 24 n/a

* OOnacrra Ha I/IHXI/I6I/IpaHe € IpeACTaBCHAa B MM, BKIIFOUUTCIIHO SIMKaATa.

** Cy u C, — ocHOBeH KOMIIOHEHT Ha (4-F)Phe-Mem, C; — oTpuriarenna
koHTpota; Cs4 — MOJOKUTETHA KOHTPOJIA

3.9.3. KotuuecTBEeH aHAJIM3 HA AHTUMUKPOOMAJHATA AKTUBHOCT:
OnpenesisiHe HA MUHAUMAJTHA HHXHOUTOPHA/GaKTePUIU/IHA KOHIEHTPAIUS
MIC)

Coenunenuero Gly-Mem e aktuBHO cpemty Salmonella enteria n
Bacillus megaterium cvc croitnoct Ha MIC 1,25 mM. Ilo oTHomenue Ha f3-
Ala-Mem, HabiroaBaxme HUCKa aHTMMHKpoOHa aktuBHOCT (MIC = 10 mM)
cpemy Escherichia coli. Crenunenne 4-F-Phe-Mem nemoHcTpHpa Hai-BHCOK
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AHTUMHKPOOEH TOTEHIHMAal Cpelly BCHYKH TECTBAaHH MHUKPOOPTaHH3MH.
Croitroctute Ha MIC ca B mmpok auamnasos, ot 1,25 mM mo 0,078 mM.

Crenuaennero Thz-Mem cbIo € aKTHBHO CpENly BCHYKH TECTBAHH
MHKPOOPTaHU3MH, HO NPH MO-BHCOKH KOHIEHTpAMu B cpaBHeHHE C 4-F-Phe-
Mem. Val-Mem cbll0 MMa aKTHBHOCT, HO TpPH IO-BUCOKH KOHIICHTPALIUH.
PesynraTtute ca mpencreenu B Tabmmma 24.

Tabnuma 24. CToifHOCTH Ha MUHIMAaTHATa HHXHOUpAIIa KOHIICHTPAIHs Ha
MEMAaHTHHOBHUTE aHAJIO3H

Gram (-) Bacteria Gram (+) Bacteria Yeasts
CheanHeHne
(uM) . .| St B. Rhodotorula | Candida
S. enterica | E.coli . ) o
aureus megaterium sp. lusitaniae
Gly-Mem 1.25 n/a n/a 1.25 n/a 0.3125
Val-Mem 1.25 5 10 2.5 n/a 0.3125
B-Ala-Mem n/a 10 n/a n/a n/a 0.078
(4-F)Phe- 0.156 1.25 1.25 0.625 0.078 0.078
Mem
Thz-Mem 5 5 10 10 1.25 0.3125

AHTUMHUKpPOOHATHATA AKTUBHOCT HA ChEMHCHUATA MOXKE
Jia ObJie OIpe/IcHa B TaKaBa MOCIIEI0BATEIHOCT:
S. enterica: (4-F)Phe-Mem >> Val-Mem = Gly-Mem > Thz-Mem;
E. Coli: (4-F)Phe-Mem > Val-Mem ~ Thz-Mem > 3-Ala-Mem
St. Aureus: (4-F)Phe-Mem >> Val-Mem =~ Thz-Mem,;
B. megaterium: (4-F)Phe-Mem > Gly-Mem > Val-Mem >> Thz-
Mem;
Rhodotorula sp: (4-F)Phe-Mem >> Thz-Mem;
Candida lusitaniae: (4-F)Phe-Mem ~ -Ala-Mem > Val-Mem =~

Gly-Mem = Thz-Mem.
3.9.4. Time-Kill TecT 32 oeHKa Ha 0AKTEPUOCTATUYHO/0AKTEPULIMIHOTO
neiicTBue

Time-Kill TectsT Ha (4-F)Phe-Mem npoBeneH ¢ Hail-uyBCTBUTECITHHUTE
OakTepuamHu BumoBe Salmonella enterica, mokazBa OakTepuItuaeH e(EKT H
100% u naxuOupane Ha pacTexa Ha OakTepuuTe cieln 7 Jaca KyJITHBHUpPAHE B
MPUCHCTBHETO HAa M3NMUTBAHOTO BemmecTBo (Dur. 37)
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@ur. 37. [lunaMuka Ha pa3MHOXaBaHe Ha Salmonella enterica B
npuckcTBreTo Ha 1mM (4-F)Phe-Mem.

HabmogaBa ce mHIHO WHXMOWpaHE, HE3aBUCHMMO OT HadvajHaTa
KJIeThYHA IUTBTHOCT Ha wm3nuTBaHata Kynrtypa (0,1, 0,3 wm 0,5 exunwmim,
craagapt McFarland). 3a ceimms mepros CbOTBETHUTE HETPETUPAHU KOHTPOIH
JOCTUraT KIeThYHa ITbTHOCT OT 1,7 - 1,9 emmnwmim, cranmapt McFarland.
IMotennuanst Ha (4-F)Phe-MeMaHTHH aa MOBNMsC Ha pacTeka Ha T'bOMYKUTE
Oelrie OLICHEH Ype3 M3MEPBaHe Ha pajuaiHara CKopocT Ha pactex (Kr) Ha nBa
reOuunn  mama  Penicillium  chaviforme w  Fusarium  graminearum.
[IpencraBeHUTE pe3yiTaTH MOKAa3BaT CHIICH WHXHUOWpAIl epeKT BbpXYy MM Ha
rpOuukuTe B auanazoHa ot 8% 3a Penicillium chaviforme u 62.9 % 3a
Fusarium graminearum, B cpaBHeHUE ¢ HeTpeTHpaHuTe KoHTponu (Tabnmma
25).

Ta6muua 25. Uuxubupane paguainnata ckopoct Ha pactex (Kr) Ha
HUIIKOBUIHU I'bOM B IPUCHCTBUETO HA 4-F-Phe-Mem

Penicillium chaviforme d (mm) Fusarium graminearum d (mm)
Ho Tops DMS (4- Cruswi | Tops DMS (-
urs | Cpoen op F)PheMe | 7w oP F)Phe
in (6] um in (0]
lium m Mem
0 0 0 0 0 0 0 0 0
24 5,6 0/0 9,8 7,6 10/7 15/16 20/22 71
48 11,12 0/0 14/13 11,10 26/26 39/39 39/39 35/35

72 16/16 0/0 13/14 15/14 52/49 44/44 70/62 43/49
98 21/21 0/0 23/23 20/19 71/70 49/45 83/82 46/50

120 25/25 0/0 27/27 24/22 85/85 50/50 85/85 51/55

(mm 19.7 0 17.5 15.7 84.9 49.8 84.8 19.8
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4. I3BOAN

1. CunTesupanu ca: OceM HOBM aHAJ03M Ha MEMaHTHH — C
nenpupoonume xuceaunu H-Phe(4-F)-OH, H-B-L- Ala-OH wu ¢ npupoonume
amunokuceaunu H-Gly-OH, H-Val-OH, H-Phe-OH, H-Ala-OH, H-Tyr-OH, 4
HO8U AHANO3W HA MCMAaHTHH C HOOTPOIMWIM: KAaBUHTOH, IHpAaIeTaMm,
MomadUHIWI ¥ THKAMUIOH, U 2 HO6U AHAN024 HA MEMAHMUH C TUA30JIOBH
MIPOU3BOJTHU.

2. HampaBeH e peHTTeHOCTPYKTypeH aHanm3 Ha f-Ala-Mem u (4-
F)Phe-Mem. Ilomy4yenure pe3ynTaTtd HoKa3Bar, Y€ MOHOKpHCTaIU Ha f-Ala-
Mem kpucTanau3upa 1o LeHTPOCUMETPUYUEH Ha4YMH, a cheanHenuero (4-F)Phe-
Mem 1o HeLlEeHTPOCUMETPHYEH HAYHH.

3. N3cnenBana e XUMHUYHATA CTAOMIHOCT HA YacT OT HOBHTE aHAJIO3U
Ha MeMaHTHH ¢ Ala, B-Ala, Gly, Phe n Val npu pH= 1 u pH= 7.4. [lony4yenure
pe3yJnTaTy moKa3BaT BUCOKa CTAOMIHOCT Ha aHayo3ure > 10 gaca.

4. IIpoBeseHu ca cieqHuTe HU3MKOXUMHYHN M3CIICIBAHUS - POMSHA
Ha pa3TBOPUMOCTTA, OINpEAENICHA € JUIO(QUIHOCTTA HA CHEAUHEHMATA HU
CPaBHUTEJIHUAT aHAIN3 TI0Ka3Ba, Y€ yBEIMYaBaHETO Ha oOeMa Ha MOJIeKyJiaTa ¢
OEH3EeHOB 3aMECTHUTEII BOAU JI0 CHIECTBEHO YBEIUYaBaHE U Ha JIMNO(UIHOCTTA
— npubsm3uTenHo 69- u 12-kparno npu (4-F)Phe-Mem u Tyr-Mem cboTBeTHO;

5. UscnenBana e in vitro aHTUOKCHIAHTHATa aKTHBHOCT Ha CEpUsl OT
XuOpUIM Ha MEMaHTHHA C Pa3IMYHA aMUHOKHCEIMHH M € HaMepeHo e, 4e
AaKTHBHOCTTA Ha ChEIMHEHUATA € He3HauuTedHa ¢ u3kiaroueHue Ha Gly-Gly-
MEM, (4-F)Phe-Mem u Phe-Mewm.

6. OmpeneneHa e TNPOTHBOBHPYCHATa AKTUBHOCT CpEIly TPHUITHU
pupycu  A/Fort  Monmouth/1/1947  (HINI1), kakto ©  OIaMOBE
A/Wuhan/359/1995 (H3N2) u A/Jinnan/15/2009 (HIN1) in vitro u e moka3aHo,
ye H-Val-Mem mnoka3Ba rpaHH4YHa aKTUBHOCT CpELly YYBCTBUTEIHHS KbM
ocenramuBup maMm A /FortMonmouth /1/1947, ocrananute chegMHEHHUS ca
HeaKkTHBHH. Te3W pe3yNTaTH IOKa3BaT, Ye pOoJsiTa Ha apOMaTHHUTE M anu(aTHH
AMUHOKHCEIIMHY He € OT pelIaBallo 3HaYeHUEe 3a IPOTHBOTPUITHATA AKTHBHOCT.

7. U3cnensano e neiictBuero Ha mMemaHTHHOBUS xuopun (Tyr-Mem)
cpeuty bonectra Ha [TapkuHCOH. Y CTaHOBEHO €, 4¢ HOBHS MCMAaHTHHOB XUOPU]T
- Tyr-Mem, nomoOpsiBa mameroBuTe (DYHKIUH CHU3MEPHUM C MEMaHTHHA U
MOKa3Ba MO-HUCKA TOKCHYHOCT. EdexTnTe Ha ChIIUTE KOMIUICKCHH MOJICKYJIH
BBPXY ITIaMETTa CHIIO Ca CHU3MEPUMH C TE3M Ha H3XOAHUTE KAaBUHTOH M
THPO3HH, ITPY 3HAYUTEITHO HaMaJIeHa OCTPa TOKCHYHOCT.
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IlpoBeneHnTe OHOJNOTMYHM W XHUCTOJOTMYHM H3CIEOBAHMA Ha
MeMmaHTrHOBHA xuOpua (Tyr-Mem), moka3BaT, 4e TOW HMa TIOJIOKUTEIICH
e(eKT caMo BbpXy HapylleHaTa OT CKOIIOJaMHHa KpPaTKOCPOYHa ITaMeT, KaTo
e(eKThT My € cpu3MepuM ¢ To3u Ha H-Tyr-OH.

8. UscnenBaHo € HEBPONPOTEKTUBHOTO JAEWCTBUE in Vitro Ha
HOBOCHHTE3UpaHUTE CheUHEeHUs cpelny bonectra Ha Amnxaimep.

- AMHHOKHCETMHHHTE  MEMAaHTHHOBH  XHOpPHAW  TIOKa3BaT
HEBPONPOTEKTUBHU €(PEKTH Cpelly HWHAyIHPaHH OT MeAHM HOHH AP
TOKCUYHOCT, HHAYIIUPaHa OT TIyTaMaT eKCUTOTOKCHYHOCT, OKCUIATUBEH CTPEC
U XUnokcws. Te ChIO TMOKa3BaT MHXUOMpAaHE HA BB3MAIUTEIHOTO
OCBOOOXKIaBaHE HA IIUTOKWHH OT AKTHBHPAHATA MHUKPOTJIHS W MOTCHI[MATHH
aHTHHEBpOBB3NAMUTeTHH edekru. J[Bere Hal-oOemaBamy CbeAUHCHUS (4-
F)Phe-memantia u Tyr-MeMaHTHH NEMOHCTPUpPAT SKBHBAJICHTHH aKTHBHOCTH
CIIPSIMO KOHTpOJaTa MEMaHTUH XUAPOXIOPHU.

9. U3cnenBana e  aHTHUMUKpoOMajgHaTa  aKTMBHOCT  Ha
HOBOCHHTE3MPaHHUTE aHANIO3M cpelry | pam-nojoxuTeanu u ['paM oTpunaTenHu
OaxTepuu u ApoXau - ['paMm-nonoxxkurenau 6akrepuu: Staphylococcus aureus
NBIMCC (6538), Bacillus megaterium, I'pamM-OTpHUIIaTeIHU OaKTEpUU:
Escherichia coli (NBIMCC 3397), Salmonella enterica (NBIMCC 869) un
npoxnau: Rhodotorula sp. (BF 16-25), Candida lusitaniae (BF 74-4).
Pesynratutre mokasear, ye H-(4-F)Phe-Mem pelicTBa e()eKTHBHO cCpeIry
BCHYKH H3CIICIBaHU IaMoBe. IHXHOUTOPHUAT eEeKT € ChbU3MEpPHM C TO3W Ha
aHTHOMOTHUIINTE TETPALUKINH U HACTATHH.

= [Ipouzgoonomo  H-(4-F)-Phe-Mem  mposBsBamo  Haii-100po
HEBPOINIPOTEKTUBHO JAeWcTBUE in  Vvifro cpemy bonectra Ha
Annxaiimep, Noka3Ba HHXUOUTOPEH e(eKT cpelly KIMHUYHO 3HAUYUMH,
YCIOBHO TAaTOTEHHH MHUKPOOPraHM3MH CBhH3MEPUM C TO3M Ha
AQHTUOMOTHUIINTE TETPALUKINH U HUCTATHH.
Tosn pesynrar e obemiaBami, 3amioTO MPU  MAIMEHTH,
CTpajalmy OT yMepeHa JO0 TeXKa JeMeHuuss oT Tuma Ha AD
(0OMKHOBEHO B HampemHANa BH3PACT), MHPEKIHO3ZHUTE 3a00JISIBaHUS
ca ChIIBTCTBALIIN.
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5. TPUHOCH

1. CT)?)Z[EII[eH (5] HHSaﬁH U € U3BLPHICH HCJICHACOYCH CHUHTCE3 Ha
MPOU3BOAHU HAa MCMAaHTHHA.

2. Cunresupann ca 16 HOBM aHaN03M HAa MEMaHTHH — ¢
nenpupoonume xuceaunu H-(4-F)Phe-OH, H-B-L- Ala-OH, ¢ npupoonume
amunokucenunu H-Gly-OH, H-Val-OH, H-Phe-OH, H-Ala-OH, H-Tyr-OH, c
HOOTPONHIIU: KaBUHTOH, IMUpaleTaM, MOI[a(bI/IHI/IJ'[ U IMMKAMUJIOH U C THA30JI0OBU
NIPOU3BOJHH.

3. HamepeHo e  mpoOW3BOAHO,  NPOSBABAIIO  Ha-7OOpO
HEBPOIIPOTEKTHBHO JEHCTBHUE in vitro cpemty bonectra Ha AmnmxaiiMep n cbe
3HAQUUTEJICH WHXUOUTOpeH e(eKT cpemry KIMHAYHO 3HAYMMH, YCIOBHO
MIATOT€HHM MHKPOOPTraHM3MH CBM3MEPHM C TO3M HA AaHTHOMOTHIUTE
TETPAUKINH U HUCTATUH - H-(4-F)-Phe-Mem.
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OS — oxidative stress

KATP — potassium channels

ROS - reactive oxygen molecules, radicals or radical ions
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NFT — neurofibrillary tangles

DMBA - 7,12-dimethylbenzo[a]anthracene

TH — tyrosine hydroxylase



ANOVA - analysis of variance

MIC — minimal inhibitory/bactericidal concentration
BBB — blood-brain barrier

APPswe cells — mouse model of AD

EOC20 — microglial cells

TNF-a — tumor necrosis factor alpha

Sco — scopolamine

IL-6 — interleukin-6

ICR mice — white mice
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1. INTRODUCTION

Parkinson's disease (PD) and Alzheimer's disease (AD) are
neurodegenerative conditions with a strong social impact. Despite significant
advances in medicine in recent years, it cannot be considered that an effective
treatment for these diseases has been found at this stage.

Diseases of the nervous system represent a significant medical and
financial burden, with large expenditures for the treatment of AD and PD,
while the medical benefits are small [1]. Neurodegenerative diseases remain
incurable and debilitating conditions [2], leading to nerve cell death and
dementia, disorganization, and loss of balance during movement (ataxia) [3].

Pre-dementia stages play a key role in preventive interventions. The
development of early and accessible diagnostic methods may prevent or delay
the progression of cognitive deficits and the onset of dementia in AD [4].

In the final stages, the possibilities for impacting patients with
dementia are insignificant. Alzheimer's disease is the fourth leading cause of
death in people over 65 years of age [5, 6].

Currently, AD therapy is aimed at improving cognitive and
behavioral symptoms in the pre-dementia stages [5], but the limited number of
drugs available on the market cannot significantly improve the quality of life of
patients suffering from this disease.

One of the drugs currently used in clinical practice is memantine.
This dissertation describes the syntheses of memantine derivatives, the results
of their biological action and their effect in the treatment of Alzheimer's
disease.

The studies performed allow important conclusions to be drawn
about the influence of the structure of these compounds on their biological
activity.



2. PURPOSE AND OBJECTIVES OF THE DISSERTATION

The aim of this dissertation is the design and synthesis of
memantine derivatives with amino acids, peptides and nootropics, as well as the
study of their biological activities - against Alzheimer's disease, against
Parkinson's disease, as well as antimicrobial, antioxidant and antiviral activities
of some of them.

To achieve this goal, we set the following tasks:

1. Synthesis of memantine derivatives with natural and unnatural amino
acids and peptides: glycine, valine, alanine, [-alanine, 4-fluoro-
phenylalanine, phenylalanine, tyrosine, glycyl-glycine, thiazole and
thiazolyl-thiazole.

2. Synthesis of memantine derivatives with nootropics — cavintone,
piracetam, modafinil and picamilon.

3. Study of the chemical stability of some memantine derivatives.

4. Study of the biological activities of the newly synthesized derivatives
against Alzheimer's disease and Parkinson's disease.

5. Study of the antimicrobial, antioxidant and antiviral activity of some
of the memantine analogues.



3. RESULTS AND DISCUSSION

3.1. Drug Development Approaches

Structural changes in the molecule of drugs lead to changes in their
effectiveness. The literature review showed that improving the drug effect of
memantine can be achieved by modifying it with various natural substances:
amino acids, phenolic acids; synthetic products: nootropics and thiazole-
containing compounds.

The high lipophilicity of adamantane allows it to cross the blood-
brain barrier and thus affect the central nervous system. This is one of the
reasons why amantadine and a number of aminoadamantanes are suitable for
combating neurodegenerative diseases [67-68].

Memantine (Fig. 1. 4) has a better therapeutic tolerance compared to
other NMDAR blockers. The drug memantine has a very good bioavailability
of =100% [69-71].

3.1.1. Synthesis of memantine with amino acids (glycine,
valine, alanine, beta alinine, phenylalanine, 4-fluoro phenylalanine
and tyrosine) and the peptide (glycyl-glycine)

The use of natural amino acids and their derivatives ensures
“recognition” by the molecular system of the organism and is a prerequisite for
biological activity [72].

The discovery of glycine as a co-agonist of NMDAR has led to
intensive research into glycine/NMDA antagonists as potential CNS drugs
[73,74].

The efficacy of L-valine ester prodrugs in combating viral
infections has already been demonstrated [75].

Phenylalanine and tyrosine are involved in the biosynthesis of
dopamine, which in turn is the metabolic precursor of noradrenaline and
adrenaline [76]. Phenylalanine concentration affects brain function; in
phenylalanine deficiency, dopamine synthesis decreases: it has been shown to
cause EEG slowing and prolong the time to perform neuropsychological tests
[77].

The amino acids phenylalanine and tyrosine have been found to
have an important role in the normal functioning of the CNS [78].

Glutamine, glutamic acid, and y-amino butyric acid (GABA) are
essential amino acids for brain metabolism and function [79].

The binding of various amino acids and their derivatives to
memantine in one molecule is a prerequisite for the expected high biological
and, in particular, neurological activity. This proposal is also supported by the
large number of literature data on the biological activity of similar compounds
[80,81,82].



In patients with Alzheimer's disease, the amount of tyrosine
hydroxylase is reduced in areas characterized by loss of dopaminergic neurons.
Therefore, the reduction in the cellular content of this enzyme may be
associated with the presence of a neurodegenerative process [83].

B
OC~NH
NH,. HCI R H,N
R
TBTU, Et;N HN TFA, CH,Cl, N
O —
—_—
RCOOH + NH; o
—_—
memantine
a-h
a-h
a-h

a: R=N Boc-glycyl; b: R=N-Boc-valyl; ¢: R= N-Boc- alanyl; d:R=N Boc-§3
alanyl; e: R=Boc- (4-F)phenilalanyl; f: R=N Boc-phenilalanyl; g: R=N Boc-
tyrozinyl: h:R-N Boc-glycyl-glycyne;

Scheme 2. Synthesis of amino acid derivatives of memantine.
3.1.2. Syntheses with nootropics

Cavinton and nootropil are representatives of a group of drugs for
supporting brain function [84]. It has been established that nootropics lead to
improved metabolism, strengthening of blood vessels, activation and regulation
of cerebral blood circulation and brain nutrition. Thus, they accelerate its
recovery after stroke and trauma, improve memory, memorization,
concentration [85].

In medicinal chemistry, increasing attention is being paid to the
design and synthesis of hybrid molecules that incorporate two pharmacological
residues into a single structure, combining specific biological activities [86].
Nootropil helps to restore cell membranes and neural pathways in the brain. It
improves nutrition, functioning, and blood circulation in the brain [87].

Modafinil is a psychostimulant. It is a drug used to treat attention
deficit hyperactivity disorder (ADHD). It is a functional antagonist of drugs
with inhibitory effects on the central nervous system [88, 89, 90].

Picamilon increases cerebrovascular activity, is used to treat
migraine, anxiety, and alcohol dependence [91].
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Picamilon has been shown to normalize dopamine levels in the
brain. Dopamine, in turn, acts as a key neurotransmitter in the brain. It helps
with memory, attention, focus, and cognition [92-93].

Nootropics (modafinil, piracetam, picamilon, etc.) support the
learning and memory processes, attention and motivation. They facilitate
recovery processes and improve the metabolism of nerve cells, protecting them
from hypoxia.

Over time, these substances have evolved into dopaminergic and
serotonergic drugs. However, we should pay attention to cholinergically active
nootropics due to the crucial role of acetylcholine in learning and memory [94].

N TBTU/ Et;N
(—>

CH,Cl,

NHj .HCI

Scheme 3. Synthesis of memantine-cavinthone.
NH, .HCI

H
HO. N
+ \”/\N 1.TBTU N
—_—
2.E4N
o} 3 0o
o (e)

Scheme 4. Synthesis of a hybrid between memantine-piracetam.

11



NH, .HCI O 1. TBTU O

-
+ Ho 2.EtN H
\”/\S N
|| O T O
o o a !

Scheme 5. Synthesis of memantine-modafinil.
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Scheme 6. Synthesis of memantine-picamilon.
3.1.3. Synthesis of memantine with thiazole analogues

3.1.3.1. Fmoc-2-aminomethyl thiazolyl-5-2'-thiazolo-4'-(N-adamantyl)-
carboxamide

There is a link between Alzheimer's disease and infections that
cause long-term activation of the immune system, a process known as chronic
inflammation. Infections thought to be associated with Alzheimer's disease
include herpes, neuromonia, and bacterial infection [95].

There have been successes in this area, but the need for new
effective therapeutic approaches for the treatment of AD has not yet been met.
On the other hand, chronic viral, bacterial and fungal infections can be
causative agents of the inflammatory pathway in the disease [96].

In Alzheimer's disease, the blood-brain barrier is damaged,
especially in the area affected by the disease. Evidence suggests that
inflammation, beta-amyloid protein, and the ApoE4 gene are associated with
Alzheimer's disease and may contribute to the breakdown of the blood-brain
barrier.
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Once it is weakened by bacteria, viruses or other harmful substances
can more easily enter the brain. This may explain why certain viruses and
bacteria, such as herpes and spirochetes, are more common in the brains of
people with Alzheimer's [97 -98].

O o}
fa

+

1.TBTU/CH,Cl,

°¥NH/—<\SJ/<\SJT°
O o
0

Scheme 7. Fmoc-2-aminomethyl thiazolyl-5-2'-thiazolo-4'-(N-adamantyl)-
carboxamide.
3.1.3.2. Synthesis of Boc-2-aminomethyl-4(N 4'-(N-adamantyl)-carboxamide

The thiazole ring can be found in a wide range of natural or
synthetic molecules with varying degrees of biological activity. Some thiazole
analogues have previously been used as effective central nervous system (CNS)
drugs.

Pramipexole, which contains a 2-amino-thiazole moiety linked to a
cyclohexane ring, structurally similar to the catechol ring of dopamine, has
dopamine—D2 agonist activity, and is used in the treatment of PD [99].

A number of heterocyclic compounds have shown remarkable
radical-scavenging activity, which is a form of antioxidant activity [100].
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Scheme 8. Synthesis of 2-aminomethyl-4(N 4'-(N-adamantyl)-carboxamide.

3.2. Results of the conducted studies
3.2.1. X-ray structural analysis
X-ray diffraction analysis of single crystals of the compounds
shows that the compound pB-Ala-Mem crystallizes in a centrosymmetric
manner, and the compound (4-F) Phe-Mem in a non-centrosymmetric manner.
The asymmetric units of the two studied compounds are shown in
Fig. 25 and Fig. 26. The bond lengths and angles of the two molecules are
comparable (Tables 8 and 9). The aromatic ring system present in the (4-F)Phe-
Mem molecule is essentially planar with an rmsd of 0.002 A. Superposition of
the two molecules sh((:)1v2vs that the geometry of memantine is well conserved.

Fig. 25. View of the asymmetric unit f-Ala-Mem together with the atom
numbering scheme.
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F1laa

“> F3aa

Fig. 26. View of the asymmetric unit (4-F)Phe-Mem and the numbering
applied.

3.2.2 Study of the crystal structure of newly synthesized compounds
The differences in the molecular crystal structure of -Ala-Mem and
(4-F)Phe-Mem are insignificant. When superimposing the memantine residue

in both molecules, it is seen that the amino acid fragments are oriented
differently. (Fig. 27)

Fig. 27. Superposition of the molecules of f-Ala-Mem and (4-F)Phe-Mem
based on the identical memantine moiety.
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Given the similarity in bond lengths and bond angles, one would
expect the two compounds to have similar hydrogen bonding interactions. The
main differences between the two structures are due to differences in the side
chains.

In fact, in both structures, intermolecular hydrogen bonds N-H...O
(Table 10) stabilize the trimeric structure of the molecules. The crystal structure
of (4-F)Phe-Mem and B-Ala-Mem also contains a trifluoroacetate ion, which
indicates an ionic structure between the protonated free amino group of both
compounds and the trifluoroacetate ion. In (4-F)Phe-Mem, one solvent
molecule is present — water.

Table 10. Hydrogen bond geometry (A and degrees) (A) for p-Ala-Mem and
(B) for (4-F)Phe-Mem

A) B-Ala-Mem
D- H A d(D-HYA | d(H..AYA | d(D..AYA | D-H..A/°
N2- H2A ol 0.89 1.87 2.725(5) 161.1
N2- H2B 015 0.89 1.92 2.725(5) 149.3
N2- H2C o4} 0.89 1.93 2.788(5) 162.3
N3- H3 04 0.86 2.12 2.908(5) 151.5
C6- H6A ol 0.97 261 3.169(6) 117
C8- HSB F2 0.97 2.56 3.467(9) 155.9
Cl4- H14B 01 0.97 2.45 3.047(6) 119.5

B) (4-F)Phe-Mem
D- H A d(D- d(H...A)/A d(D...A)/A D-H...A/°

H)/A

N2- H2A ol11! 0.89 2.15 2.916(9) 1443
N2- H2B 082 0.89 1.91 2.766(8) 161.2
N2- H2C 08 0.89 2.04 2.868(10) 153.9
N3- H3 041 0.86 2.1 2.942(8) 164.5
C7- H7 04! 0.98 2.57 3.441(9) 1473
C23- H23B 01 0.97 2.5 3.071(10) 117.8

3.2.3. Thermal behavior of molecules

The thermal behavior of the compounds (4-F)Phe-Mem and -Ala-
Mem was studied in the temperature range between room temperature and
250°C using DTA — TG — DTG analysis (Fig.28).

For B-Ala-Mem (Fig. 28A), DTA measurements show a slow
endothermic effect at 150—170 °C without mass loss along the TG curve. Such
an endothermic effect can be related to the melting point of the compound. A
second endothermic effect is detected at higher temperatures of 200-250 °C.
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The second effect is accompanied by mass loss and can be related to
the decomposition of B-Ala-Mem. Similarly, for (4-F)Phe-Mem (Fig. 28B),
DTA measurement shows two endothermic effects: the first is in the range 150-
170 °C and the second 200-250 °C.

The first endo effect is accompanied by a ~3% weight loss, which
corresponds to the loss of a water molecule and is in agreement with the crystal
structure — it can be seen that one water molecule is present in the crystal
structure in Fig. 25. The second DTA effect is associated with a pronounced
weight loss and most likely involves decomposition of (4-F)Phe-Mem. The two
processes - melting and decomposition - cannot be clearly separated because
they overlap.

100

%0 95 | Heating - e TG(%) =meDTA V) 2

Heating > ——TG(%) ——DTA (V)

€ Cooling € Cooling

200 250 0 50 100 150 200 250

100 150
Temperature, °C Temperature, °C

Fig. 28. DTA-TG curves: B-Ala-Mem; (4-F)Phe-Mem.
3.3. Determination of chemical stability and antioxidant activity of
memantine hybrids
3.3.1. Hydrolytic stability

Prodrugs are compounds that facilitate the transport of the drug
across cell membranes and lipid barriers, and maintain its optimal concentration
in the cells for a longer period of time. The series of compounds studied
includes memantine modified with the following amino acids: alanine, [-
alanine, glycine, phenylalanine and valine.

The hydrolytic stability of the new amino acid analogues of
memantine was investigated at different pH values corresponding to human
biological fluids.

Hydrolytic stability was determined at two different pH values - 2.0
and 7.4, at 37 °C, analogous to those in human stomach and blood plasma. In
this study, a specially developed UV-VIS spectrophotometric method [101]
was applied to quantify the concentrations of unchanged compounds.

It was found that under the described experimental conditions all
amides are subject to hydrolysis. The hydrolysis follows first order kinetics and
the rate constants (k) were obtained as slopes from semi-logarithmic plots of
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the unchanged amide concentration versus time. The chemical stability was
estimated using the half-reaction time t1/2 = In2/k (Table 11 and 12).

In the present study, the R2 values for linear and logarithmic kinetic
curves did not differ significantly, as might be expected given the narrow range
of concentrations.

Comparing the data from preliminary experiments and final studies,
differences between the slopes of the linear kinetic curves were found.

Since the rate constant in all kinetic models must be independent of
changes in concentration, first- or pseudo-first-order kinetics are assumed. The
values of the rate constants are obtained as the slope of a linear regression line
in the coordinates In(C/CO0) versus t.

Val-MEM is the most stable compound in neutral medium and at
37° C — t1/2 = 50.2 hours (t1/2 half-life). The compound Phe-MEM also has
very good hydrolytic stability — t1/2 = 29.6 hours. The order of decreasing
hydrolytic  stability = of the compounds is:  Val-MEM>>Phe-
MEM>>AlaMEM~f-Ala-MEM>Gly-MEM.

Ala-MEM and Gly-MEM are the most stable at pH=2 with almost
identical values for t1/2 = 17.8 hours and t1/2 = 16.3 hours respectively. The
stability of the tested compounds in acidic conditions is relatively lower than in
neutral conditions. The order of stability is as follows: Ala-MEM~Gly-MEM>
Val-MEM~Phe-MEM~f-Ala-MEM (Table 11 and 12).

All compounds have relatively good hydrolytic stability — around
and above 10 hours in both neutral and acidic environments. This is quite
sufficient for them to enter the bloodstream and be used as potential prodrugs.
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Table 11. Stability data of memantine derivatives with amino acids at acidic pH

Compound/environment | k Tz h R?

Ala-Mem / pH 2.0; 37°C/ -0.00103+0.00006 17.8+0.5 0.9919
B-Ala-Mem / pH 2.0; 37°C/ -0.00109+0.00004 9.9+0.2 0.9951
Gly-Mem / pH 2.0; 37°C/ -0.00065+0.00004 16.3+0.7 0.9908
Phe-Mem / pH 2.0; 37°C/ -0.00071+0.00006 10.6+0.2 0.9836
Val-Mem / pH 2.0; 37°C/ -0.00117+0.00006 11.2+0.3 0.9943

Table 12. Stability data of memantine derivatives with amino acids at neutral

pH
Compound/environment | k Tiz h R*
Ala-Mem / pH 7.4; 37°C/ -0.00023+0.00002 12.7£0.4 0.9928
B-Ala-Mem / pH 7.4; 37°C/ -0.00039+0.00002 11.8£0.4 0.9922
Gly-Mem / pH 7.4; 37°C/ -0.00091+0.00006 9.94+0.6 0.9908
Phe-Mem / pH 7.4; 37°C/ -0.00117+0.00014 29.6+0.8 0.9693
Val-Mem / pH 7.4; 37°C/ -0.00098+0.00006 50.2+2.2 0.9914

Chemical stability is assessed by the half-life t1/2 = In2/k (Table 11 and 12).
Hydrolytic stability measurements reveal that the compounds are relatively

stable at acidic pH (Figure 29).
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Fig. 29. Concentration change of the tested memantine derivatives
with time at pH 2.0.
Under these conditions, all observed half-lives are more than 10
hours. All tested compounds are also stable at pH 7.4 (Figure 30).
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Fig. 30 Change in the concentration of the studied memantine derivatives with
time at pH 7.4.
3.3.2. In vitro antioxidant activity
3.3.2.1. Radical scavenging activity of memantine hybrids against 1,1-
diphenyl-2-picrylhydrazyl radical (DPPH test)

The DPPH- test is used as an initial test to determine the antioxidant
potential of compounds, as it is characterized by high reproducibility, low cost
and is easy to perform. For this purpose, a modified methodology of Nenadis
N. was applied.

The DPPH test of the seven derivatives is presented in Table 13.
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Table 13. Radical scavenging activity (relative to DPPHe)

5uM 10pM 25uM 50uM 100 pM

No. | ¢
ompounds
P % Antioxidant activity

1. Gly-MEM 1,240,29 2,4+0,18 2,6+0,09 2,7+0,25 3,640,40

2. Ala-MEM 1,3+0,27 2,4+0,08 2,7+0,08 3,0+0,17 3,4+0,27

3. B-Ala-MEM 1,1+,012 1,1+0,36 1,1+0,18 1,2+0,05 2,3+0,20

4, Val-MEM 1,2+0,12 2,340,05 3,340,68 3,540,35 3,640,18

5. Phe-MEM 1,30,36 2,340,35 3,5+0,33 3,740,18 3,740,15

6. (4-F)Phe- 1,4+0,07 2,5+0,04 3,7+0,09 3,8+0,05 4,0+0,20
ANALNA

7. Gly-Gly- 1,3+0,13 2,4+0,20 3,740,06 4,0+0,09 4,0£0,18

MEM

Ascorbic acid 63,6+0,10 74,3+£0,31 75,8+0,78 91,4+0,45 95,7+051

The radical scavenging potential of the tested substances was
compared with that of ascorbic acid. The data showed that all substances had a
negligible effect on reducing the DPPH concentration.
3.3.2.2. Superoxide anion radical (O2¢ ) generating system

Although the superoxide anion radical (O2¢) is less toxic than the
hydroxyl radical, it is also among the harmful reactive oxygen species, as it is a
precursor for the generation of other more reactive oxygen and nitrogen
species.

The data on the activity against superoxide-anion radicals of the
tested memantine hybrids are presented in Table 14. Memantine is not able to
reduce the concentration of O2¢ [103]. The tested amides also showed low
activity against O2¢ . Only Phe-Mem, (4-F)Phe-Mem, and Gly-Gly-Mem have
appreciable activity against the superoxide-anion radical.
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Table 14. Activity of memantine hybrids against superoxide-anion radical

No. Compounds 25uM | 50uM 100 uM
% Antioxidant activity

1. Gly-MEM 0 1,5+0,16 1,75+0,15
2. Ala-MEM 0 1,540,27 1,5+0,16
3. B-Ala-MEM 0 1,0+0,01 1,5+0,05
4. Val-MEM 0 2,040,035 2,25+0,035
5. Phe-MEM 0 4,0+0,05 9,0+0,10
6. (4-F)Phe-MEM 0 7,5+0,30 10,0+0,55
7. Gly-Gly-MEM 0 8,5+0,50 12,0+0,75

Ascorbic acid 5.0+0.01 37,0+0,10 65,0+0,15

3.3.2.3. Radical scavenging activity against hydroxyl radical (*OH)

Another method used to assess the antioxidant activity of the newly
obtained hybrids is the study of their activity against hydroxyl radicals (e OH).
The latter are the most active oxidizing radicals that interact with biological
molecules and cause various undesirable damages to biomolecules, which gives
rise to a number of important diseases, including neurodegenerative processes
[104].

The synthesized memantine hybrids were studied in a system
containing ®OH, derived from H202 using Fe(II)-EDTA complex. The results
obtained are presented in Table. 15. It was found that the Phe-containing
memantine derivative reduces the destructive effect of hydroxyl radicals on
deoxyribose.

Table 15. Hydroxyl radical scavenging activity of memantine
derivatives

No. Compoun 5uM 10 uM 25 uM 50 uM 100 pM
ds

% Antioxidant activity

L. Gly-MEM 0,12+0,00 | 0,15+0,006 0,840,010 0,88+0,009 0,78+0,069
9

2. Ala-MEM 0,03+0,00 | 0,68+0,009 0,07+0,00 0,44+0,035 0,85+0,09
0

3. B-Ala-MEM | 0,09+0,00 | 0,41+0,004 0,44+0,04 0,42+0,04 0,49+0,14
1

4. Val-MEM 0,11+0,00 | 0,17+0,005 0,33+0,09 0,39+0,07 0,36+0,12
5

5. Phe-MEM 4,66+0,35 5,32+0,68 6,00+0,20 10,25+0,95 16,75+1,18
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6. (4-F)Phe- 3,54+0,17 4,34+0,35 5,74+0,25 8,99+0,45 12,86+0,75
MEM

7. Gly-Gly- 1,44+0,15 2,41+0,09 4,57+0,17 6,91+0,90 7,51£0,69
MEM

3.3.2.4. Chelation Effects Study

Determining the chelating effect of substances is directly related to
antioxidant potential, because by chelating prooxidant transition metal ions, the
rate of generation of active radicals can be directly reduced, which is a form of
antioxidant activity.

In organisms, transition metal ions catalyze the Fenton reaction —
the decomposition of H202 to hydroxyl radicals. Therefore, in the presence of
compounds that bind the transition metal ions Fe2+ and Cu+ in stable
complexes, oxidative damage could be overcome.

To determine the chelating potential of the newly synthesized
hybrids, a generating system with deoxyribose as a detector molecule, Fe2+ and
H202 was applied.

The chelating effects at increasing concentrations of the tested
substances are presented in Table 16.

Table 16. Chelating antioxidant effect of memantine hybrids with amino acids
in percentages

No. CpenuHeHUS 5uM 10uM 25uM 50uM 100 uM
1. Gly-MEM 0,83+0 2,07+ 2,72+0,12 2,90+0,69 3,67=0,7
09 Q
2. Ala-MEM 0,83+0 2,48+0,75 3,09+0,15 3,25+0,12 3,95+0,5
10 2
3. B-Ala-MEM 0,22+0 0,36+0,12 0,58+0,05 0,76+0,11 1,24+0,2
01 5
4. Val-MEM 0,69+0 0,62+0,13 1,66+0,10 2,79+0,03 3,03+0,9
15 A
S. PhE-MEM 1,140 2,38+0,35 5,25+025 8,50+0,10 11,21+1,
15 07
6. (4-F)Phe-MEM | 1,34+0 2,41£0,25 3,28+0,25 7,38+0,25 9,14+0,6
13 Q
7. Gly-Gly-MEM 1,00+0 1,00+0,05 3,45+0,20 4,03+0,35 7,79+0,5
13 1

3.3.3. Physicochemical parameters related to the kinetics and dynamics of
newly synthesized compounds
3.3.3.1 Solubility

Of paramount importance for any drug is its solubility. It determines
its distribution, and the pharmacokinetics of the drug also depend on it.
Solubility has a significant impact on the penetration of the drug from the
intestine into the blood - processes such as absorption, filtration, diffusion, etc.
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The low solubility of any future drug leads to low bioavailability,
unwanted side effects and, as a result, low therapeutic efficacy.

Therefore, all further drug discovery studies should seek
compounds with appropriate solubility in solvents that simulate biological
environments, such as aqueous buffer solutions with pH 2.0 and pH 7.4, as
models of gastric contents and blood plasma, and n-hexane and 1-octanol, as
models of lipid formations (cell membranes) in the body.

Table 17. Temperature dependence of solubility, X2 [mol. fraction] and S2
[mol-L-1] of the studied compounds in buffer solutions with pH 7.4 and pH 2.0
mole fraction

Gly-Mem
T[K] Buffer pH 7.4 Buffer pH 2
X,.10* S,.10% X,.10° S,.10!
293.15 4.49 2.48 3.12 1.67
298.15 4.88 2.69 3.87 2.05
303.15 5.44 3.00 4.57 2.39
310.15 5.90 3.26 5.73 2.98
315.15 6.31 3.48 6.85 3.51
A? 2.24+0.20 6.54+0.36
Ba 1602+60 3607+108
Rb 0.9979 0.9987
o° 3.26.10* 1.04.103
Val-Mem
T[K] Bufter pH 7.4 Buffer pH 2
X,.10* S,.10? X,.10° S,.10?
293.15 2.12 1.17 1.24 6.75
298.15 2.46 1.36 1.39 7.58
303.15 2.88 1.59 1.65 8.95
310.15 3.32 1.83 1.90 10.25
315.15 3.79 2.09 2.17 11.71
A? 0.68+0.09 2.29+0.09
B* 267626 2636+81
RP 0.9979 0.9986
o° 5.91.10° 5.90.10*
p-Ala-Mem
T[K] Buffer pH 7.4 Buffer pH 2
X,.10* S,.10? X,.10° S,.10!
293.15 1.25 6.95 6.84 3.77
298.15 1.49 8.29 8.41 4.62
303.15 1.69 9.37 10.30 5.64
310.15 2.01 11.12 12.50 6.85
315.15 2.34 12.95 14.60 7.97
A? 0.67+0.28 4.72+0.24
B* 1602460 3517£72
RP 0.9987 0.9984
o° 6.41.10* 4.65.10"*
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Phe-Mem

T[K] Buffer pH 7.4 Buffer pH 2
X,.10* S,.10? X,.10° S,.10!

293.15 1.20 6.68 1.46 0.811
298.15 1.45 8.03 2.13 1.18
303.15 1.74 9.64 2.64 1.47
310.15 2.03 11.30 3.67 2.04
315.15 2.43 13.50 4.62 2.57

A? -0.38+0.13 6.74+0.78

B* 3207+40 52274235

RP 0.9998 0.9970

¢ 1.45.10* 4.96.10°

Tyr-Mem
T[K] Buffer pH 7.4 Buffer pH 2
X,.10* S,.10? X,.10° S,.10!

293.15 2.62 1.45 2.88 1.52
298.15 2.97 1.64 3.33 1.75
303.15 3.23 1.79 3.88 2.01
310.15 3.54 1.95 4.38 2.26
315.15 391 2.17 4.98 2.54

A? -2.03+0.22 2.74+0.14

B* 1819+66 2516+43

0.9981 0.9997
R® 3.84.10* 1.68.10*
GC

@ parameters of the correlation equation: In(Xz) = A — B/T; ® R — pair correlation
coefficient; ¢ ¢ — standard deviation.
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Table 18. Thermodynamic solubility function of compounds in buffer solutions
with pH 7.4 and pH 2.0, at 298.15

0

Compoun | AG. | AH'% | TASw | A% | AGh | AH% | TAST, | 555
ds kJ-mol | kJ-mol”! | klmol! | Jmol' K" [IkJmol | kJmol' |ki/mol![™

Buffer pH 7.4 Buffer pH 2.0

Gly-Mem | 189 133 56 |-188+1.1 | 13 30.0 162 | 543
+3.3 8 +0.0 +4.3
Val-Mem | 206 | 222 16 54402 | 16 21.9 56 | 188
2.2 3 +1.9 8.8
B-Ala-Mem| 218 | 23.5 17 57403 | 17 292 116 | 389
3.5 6 +9.2 8.9
(-F)Phe- | 27.6 | 267 09 | 3.0+01 | 26 435 168 | 562
Mem +6.7 7 +3.5 +6.2
Tyr-Mem | 20.1 15.1 50 |-168+09 | 14 20.9 68 | 228
+5.1 1 +0.9 +2.8

Experiments have been conducted to study the solubility in n-
hexane, but the compounds are insoluble in it even at a temperature of 318.15
K.

For this reason, it is not possible to derive statistically significant
results. On the other hand, studies in 1-octanol were also unsuccessful due to
their excessively high solubility in this solvent.

The results of the temperature dependence of solubility in buffer
solutions with pH 2.0 and pH 7.4 are presented in Table 17. and Table 18. The
calculated values of the changes in Gibbs free energy, enthalpy and entropy
(multiplied by the absolute temperature) upon dissolution are presented.

The studied memantine derivatives possess ionizable functional
groups in their structures. The ionization constants of the compounds were
calculated using the ACD/ChemSketch program. The equilibrium analysis
between the ionized and unionized states of the molecules was performed based
on the Henderson-Hasselbalch approach, using the software package presented
by Borodin et al. [105].

The solubility in an acidic buffer solution (pH 2.0) is relatively
higher than that in a phosphate buffer with a near-neutral pH of 7.4. This
applies to all compounds and is in accordance with the well-known rule that
more polar or ionized forms of compounds are better soluble in aqueous media.
An attempt has been made to find the relationship between the change in Gibbs
energy upon dissolution (A G298 ) and some physicochemical parameters. The
main goal of such a study is related to the idea of building an algorithm that can
predict experimental results based on molecular structure data.

The data were analyzed in terms of 32 parameters (integrated in HYBOT). A
suitable correlation between the solubility results at pH=2.0. was obtained by
taking into account an independent variable that takes into account the donor-
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acceptor ability of the molecule - the ability to form hydrogen bonds with
solvent molecules, divided by the molecular polarizability (3 Cad )/a).

The results of the analysis are summarized in Fig. 31a. In our case,
an adequate correlation equation could not be obtained due to the small number
of compounds synthesized and tested for solubility.

However, the relationship between the change in solubility and the
change in the selected parameters is quite clear: with increasing value of the
change in Gibbs energy of dissolution (A G298) the solubility decreases.
Similar results are obtained for the solubility in the buffer solution with pH 7.4
(Fig. 31).
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Fig. 31. Relationship between the change in Gibbs free energy upon dissolution
(AG298s0l) and the indicator of donor-acceptor interactions in molecules
(Z(Cad)/a) for buffers with pH 2.0 (a) and pH 7.4 (b).
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3.3.3.2. Distribution of substances in different environments

One of the important processes that plays a key role in drug
administration is the distribution of substances into different tissues. Usually,
this process corresponds to the initial stages of absorption, which precede
diffusion processes (passive transport).

The different routes of drug delivery across membranes
(transcellular or paracellular) are also determined by distribution
characteristics. In other words, distribution processes describe the hydrophilic-
lipophilic balance of the molecule.

In this part of the experiments, the distribution processes in
immiscible media were investigated, as a model of different types of biological
membranes. In particular, the 1-octanol/water buffer system (pH 7.4) describes
the processes occurring in the membranes of the gastrointestinal tract, while the
hexane/water buffer system (pH 7.4) — in the blood-brain barrier.

Unfortunately, due to the low solubility of the studied substances in
hexane, we were unable to study the distribution processes in the hexane/buffer
system (pH 7.4). The results of the experiments are presented in Table 19.
Tab.19. Experimental values of the partition coefficients in n-octanol/water (pH
7.4) (Doct/buf), initial concentration of the donor solution (COdonor), apparent

permeability coefficients (Papp) of the studied compounds, donor-acceptor
ability of the molecule — forming hydrogen bonds (X(Cad)), donor-acceptor
ability of the molecule to form hydrogen bonds, adjusted to the molecular
polarizability (2(Ca)/a).

Compoun | pyoct/buf Jog( poctlb C doner Py 1(_)15 108(Pypp)| Z(Caa)| 2(Cp)
ds uf ] cm.sec Jo
) mol/l
Gly- 782+0.4 1.890 1.190:10 17.14+£0.23 -3.77 9.88 | 0.196
Mem
Val- 73.6+0.5 1.867 1.107-102 20.97 +1.48 -3.68 9.32 | 0.146
Mem
p-Ala- 86.8 £2.8 1.938 [4.255-103 7.138 £0.272 -4.15 9.76 | 0.179
Mem
(4-F)Phe- | 5484 +258 3.739  |3.672-10* |7.303 £0.089 -4.14 9.72 | 0.134
Mem
Tyr- 923 £32 2.948 2.099:10° 3.628 £0.115 -4.44 13.1 0.154
Mem

As shown in Table 19, the partition coefficients of the studied
memantine derivatives with the n-octanol/buffer system (pH 7.4) (Doct/buf)
range from 73.62 to 5483.66 (Doct/buf from 1.87 to 3.74). This is in agreement
with the optimal lipophilicity range (log Doct/buf = 1-3), which indicates good
intestinal absorption due to the good balance of solubility and passive diffusion
permeability.
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Gly-Mem, Val-Mem, B-Ala-Mem and Tyr-Mem compounds have
good lipophilicity characteristics. The studied memantine derivatives can be
ranked by log Doct/buf value in the following order: (4-F)Phe-Mem> Tyr-
Mem>B-Ala-Mem>Gly-Mem>Val-Mem.

Comparative analysis clearly shows that increasing the volume of
the molecule with a benzene substituent leads to a significant increase in
lipophilicity — approximately 69-fold and 12-fold for (4-F)Phe-Mem and Tyr-
Mem, respectively.
3.3.3.3 Membrane permeability

To assess the relationship between the structure of memantine
derivatives and their ability to penetrate biological membranes, the
permeability coefficients through the new PermeapadTM membrane were
determined using a Franz diffusion cell.

The permeability coefficient values are presented in Table 17. The
permeability experiment revealed very close values of permeability coefficients
for Gly-Mem and Val-Mem derivatives. The minimum value was observed for
Tyr-Mem compound, which can be explained by the presence of an OH group
attached to the benzene nucleus, which at pH 7.4 would easily dissociate.

It is well known that ionized molecules have lower permeability
compared to uncharged ones. The increasing permeability coefficients of the
compounds are in the following order: Val-Mem > Gly-Mem > (4-F)Phe-Mem
> B-Ala-Mem > Tyr-Mem.

3.4. In vitro neuroprotective study of the newly synthesized compounds

In the etiology of AD, there are various factors that play a key role
in the pathophysiological progression: B accumulation, hyperphosphorylation
of tau protein, disruption of metal ion homeostasis, excitotoxicity, oxidative
stress, neuroinflammation, and dysfunction of the neurotransmitter system
[106].

Considering the complex pathogenesis of the disease, the design of
multitargeted ligands (MTDLs) targeting multiple targets simultaneously is
expected to be a more successful approach than monotherapy.

In this regard, hybrid memantine structures have been studied in
vitro for neuroprotective effects of resistance to AP toxicity, excitotoxicity,
oxidative stress, hypoxia and neuroinflammation.

3.4.1. Neuroprotective effects of memantine derivatives in APPswe cells
due to Cu?"induced AP toxicity (A)

APPswe cells, overexpressing the Swedish mutant form of human
APP (amyloid precursor protein), were used as a cellular model of AD in this
study. Transition metal ions (e.g. copper ions) are known to be involved in the
formation and neurotoxicity of AB species [107, 108]. Cu?" ions were applied to
induce A neurotoxicity [109].
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The results show that the studied compounds have a relatively
favorable neuroprotective effect. They maintain neuronal cell viability in beta-
amyloid (AP)-induced cytotoxicity in the presence of copper ions, showing
EC50 values ranging from (0.218 = 0.129) nM to (44.87 £ 9.30) uM (Table 20,
A).

Compared to the reference compound (memantine hydrochloride),
(4-F)Phe-Mem demonstrated a relatively equivalent neuroprotective effect at
nanomolar concentration, while Tyr-Mem showed much better neuroprotective
properties with EC50 values of (0.218 £ 0.129) nM. These results demonstrate
that only amino acid derivatives of memantine have neuroprotective activity
against Ap-mediated neurotoxicity.

Table 20. Effective concentration (EC50) and inhibitory concentration (IC50)
values of the tested compounds compared to those of memantine
Compounds CuS0, L-Glu H,0, CoCl, TNF-a IL-6

EC50 (]J,M) EC50 (]J,M) EC50 (]J,M EC50 (}J.M) ICSO (MM) IC50 (]J,M)

A B C D E F

Gly-Mem 22.87 +1.89 31.33+£3.29( 12.92+0.74] 0.74+0.13 | 21.75+3.8§ 26.10+0.68

Val-Mem 44.87+£9.30 0.71+£0.06 | 19.07 +0.80[ 0.23+0.07 | 53.23+3.18| 58.77+ 0.66

B-Ala-Mem | 33.17£9.54 | 36.89+10.86 > 100 Y T T
(4-F)Phe-Mem| 126x102% | 413x10°% | 0.62+047 | 0.41+0.06 | 0.023 0.26+0.03
0.86x1072 0.23x10° 0.016
Tyr-Mem | 2.18<10%+ | 8.85x10% | 9.16+168 | 0.56+002 | 0.09+0.01| 0.97£0.02
1.29x10° 0.92x10°
Mem.HCI | 834x10°+ | 1.03x10% | 1.074036 | 0.12+005 | 0.08+0.02| 0.140.01
0.51x10° 0.16x10°

3.4.2. Neuroprotective effects of memantine hybrids against NMDA-
induced toxicity (B)

Elevated levels of extracellular glutamate have been shown to be
toxic to neurons in a pathological process called excitotoxicity. It is implicated
in Alzheimer's deficits due to prolonged activation and postsynaptic signaling
components of ionotropic glutamate receptors, of which NMDA (N-methyl-D-
aspartate) receptors play a major role [110].

SH-SYSY cells were used to induce excitotoxicity with NMDA at a
concentration of 100 nM [111]. To investigate the neuroprotective effects
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against NMDA-induced toxicity, the MTS assay was used, and to assess the
efficacy of memantine derivatives, the EC50 was used.

The results of the amino acid memantine hybrids (B, Table 20)
showed that the compounds had a positive effect on the cell viability of SH-
SYS5Y cells exposed to L-Glu. The EC50 ranged from (4.13 £ 0.23) nM to
(36.89 + 10.86) uM. Specifically, the compounds 4-F-Phe-Mem and Tyr-Mem
showed approximately equivalent neuroprotective effects to the positive control
memantine.

3.4.3. Neuroprotective effects of memantine hybrids against H202-induced
toxicity (C)

Oxidative stress is known to be closely associated with age-related
neurodegeneration in AD [112], in which significant accumulation of A
plaques is observed [113].

Increased oxidative stress is thought to be responsible for some of
the earliest pathological changes in the brain in cognitive impairment due to
AD [114].

Since memantine derivatives are effective in preventing glutamate-
induced toxicity, we believe that their effects may reduce oxidative damage to
neurons, which is correlated with excessive activation of NMDA receptors to
some extent.

In Table 20 (C), the compound (4-F)Phe-Mem clearly stands out,
which shows about 2 times better neuroprotective effect (EC50 0.62+0.47 pM)
compared to the reference substance memantine (EC50 1.07+0.36 pM).

These results suggest that some of the tested structural derivatives
of memantine likely possess antioxidant activity, which is consistent with their
beneficial effects on glutamate-induced cellular toxicity.

3.4.4. Neuroprotective effects of memantine derivatives against hypoxia-
induced toxicity (D)

During disease progression, oxygen supply to the brain gradually
decreases [115].

The protective effect of memantine analogues against hypoxia (a
pathological state of oxygen deficiency in the body) was studied on PC12 cells
treated with CoCl2 [116].

As shown in Table 20 (D), most of the compounds showed excellent
neuroprotective activity with EC50 values ranging from 0.12+0.05 puM to
0.74+0.13 pM relative to the reference memantine. In this study, a correlation
was observed with their antioxidant and antiexcitotoxic properties.

This indicates that these structural derivatives of memantine likely
have multipharmacological effects on neuronal cells.

3.4.5 Anti-inflammatory effects of memantine derivatives against LPS-
induced inflammation in microglial cells (E and F)
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Neuronal dysfunction and synaptic damage in AD are induced by
AP and are partly mediated by microglia and astrocyte activation, producing
inflammatory cytokines and increasing A levels [117].

Pharmacological suppression of neuroinflammation is also
considered as a possible approach for the prevention and treatment of AD.
EOC20 cells stimulated by LPS were used to “mimic” neuroinflammatory and
neurotoxic activation of microglia. To investigate the potency of memantine
derivatives on the inhibitory effects of TNF-a and IL-6 (derived from EOC20
cells stimulated by LPS) ELISA assay was used.

As shown in Table 15 (E and F), the tested memantine analogs had
the ability to inhibit the release of TNF-a and IL-6, with all IC50 values less
than 60 pM. In particular, the compounds 4-F-Phe-Mem and Tyr-Mem showed
favorable inhibitory activity on TNF-o and IL-6 release, similar to the control
memantine.

These results indicate that the studied derivatives have a potential
effect on neuroinflammatory action.

3.5. In vivo toxicological characterization of newly synthesized compounds
3.5.1. Acute toxicity

White male ICR mice with an initial body weight of 20-22 g were
used, bred in the standard conditions of the vivarium at the Institute of
Neurobiology-BAS, and all experiments were performed in accordance with
the rules for working with experimental animals (Regulation No. 20 of
01.11.2012).

For in vivo experiments, compounds from different chemical groups
(Tyr-Mem, Cav-Mem) exhibiting the most promising in vitro characteristics
were selected.

The animals were treated with the indicated compounds, and the starting
substances — memantine, cavintone, tyrosine — were used as controls. The
animals were adapted for three days in the vivarium conditions. Each separate
group was treated with three ascending toxic doses, two per subgroup. The
injection volume was 0.1mL/10g. b.t. intraperitoneally (ip).
The animals were observed for toxic effects up to 1 hour, up to 6 hours, up to
24 and 48 hours, when mortality in the groups was recorded and the carcasses
were dissected.
Other groups of the above were observed for prolonged toxicity after 48 hours
and up to 5 days from the last treatment. The animals were dissected.
Observations of the acute toxicity of substances in high doses showed the
following:
> Cav-Mem — severe tremor, increased locomotor activity,
increased cleaning and enhanced orienting activity, rapid
breathing, ataxia, death from respiratory arrest;
> Tyr-Mem - no toxic manifestations in the tested doses;
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> memantine (Mem) — severe tremor, seizures, Cyanosis;
> Cavinton (Cav) — depression, ataxia;
> tyrosine (Tyr) — no toxic manifestations

Initial data on lethal and effective doses are:

> Cav-Mem —LDsy=over 160 mg/kg ip, EDso,

> Tyr-Mem — LDs= over 250 mg/kg, EDs= 30
mg/kg;

> memantine — LD5y=85-90 mg/kg ip, EDsy= 20 mg/kg
ip/the data are close to the literature data for memantine [118] ;

> Cavinton — LD=300 mg/kg /according to literature

data about 200/ ED 5= 40-60 mg/kg;

> Tyr - LDso- over 3.5 g/kg according to citation data
[119], practically non-toxic;

The results of the acute toxicity of memantine hybrids at high doses show that
only Tyr-Mem lacks toxic manifestations at the doses tested. The data for lethal
and effective doses are similar.

3.6 Neurobiological studies of newly synthesized compounds

3.6.1. The neuropharmacological activity of memantine hybrids
(Tyr-Mem, Cav-Mem)

An initial training according to the step through test was conducted
on animals from all groups. At the 24th hour, the animals were injected once
with effective doses of the substances/controls received the same volume of
saline and 1 hour after the injection, their memory was tested again in 3
different doses.

Treatment continues daily at the same effective doses until day 5. 24
hours after the last treatment — i.e. on day 6, changes in memory and learning
are again monitored with the same test.

They are left for several hours to recover, then decapitated. The
brains are removed on ice, washed with ice-cold saline, and frozen at sub-zero
temperatures for subsequent biochemical analysis.

3.6.2. Studies on the behavioral responses of treated animals (mice)

Monitoring for changes in memory and learning in rodents (step
through test; passive avoidance with negative reinforcement) according to the
method of Jarvik and Kopp/1967/ [120].

Dose-response effect of Tyr-Mem (20, 30 and 40 mg/kg).
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Tyr-Mem (20, 30 and 40 mg/kg) — in all three doses tested, the substance did
not change the duration of the latent reaction time compared to controls and had
no memory-impairing effect (Fig. 32C)
Memantine (10, 20 and 30 mg/kg) - in the low and high dose does not change
the duration of the latency of the reaction compared to controls and has no
memory-impairing effect. In the middle dose (20 mg/kg) it shows a decrease in
the latency time 1 hour after the injection of the first dose, an effect that
completely disappears after 5 days of treatment (Fig. 32B).
It can be seen that the effect of the new hybrid molecule (Tyr-Mem) on
memory is better than that of the original memantine (10, 20 and 30 mg/kg).
The data are the same regarding the toxicity of both substances.
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Fig 32. Dose-response effect of memantine (10, 20 and 30 mg/kg) and Tyr-
Mem (20, 30 and 40 mg/kg).
The substances were administered for five consecutive days. Results were read
1 hour after the first injection and on day 6 (24 hours after the last injection).
Dose-response effect Cav-Mem (7, 14 and 28 mg/kg).
Cav-Mem (7, 14 and 28 mg/kg). — the middle dose has no memory-impairing
effect. The low (7 mg/kg) and high (28 mg/kg) showed a slight decrease in
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latency time at 1 hour and after 5 days of treatment, respectively, compared to
the control (Fig. 33 D).
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Fig. 33. Dose-response effect of memantine (10, 20 and 30 mg/kg), cavintone
(20, 40 and 60 mg/kg) and CavMem (7, 14 and 28 mg/kg). The substances were
administered for five consecutive days. The results were read 1 hour after the
first injection and on day 6 (24 hours after the last injection).

Compared to memantine (10, 20 and 30 mg/kg), which at the low
and high dose did not change the duration of the latency of the reaction
compared to controls and had no memory-impairing effect. At the middle dose
(20 mg/kg) it showed a decrease in the latency time 1 hour after the injection of
the first dose, an effect that completely disappeared after 5 days of treatment
(Fig. 33B).

Cavinton (20, 40 and 60 mg/kg) — the medium and high dose of the
substance did not have a memory-impairing effect. However, the low dose
reduced the duration of the latency time compared to the control both 1 hour
after the injection of the first dose and after 5 days of treatment, which indicates
a memory-impairing effect (Fig. 33C).

At the high dose of 60 mg/kg, mortality was observed on the 3rd
and 4th day, indicating prolonged toxicity of the substance.

The substance was administered as an intraperitoneal suspension in
tablet form, which may have a damaging effect on the peritoneal cavity.
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The new hybrid molecules (Tyr-Mem and Cav-Mem) have
comparable effects on memory functions to memantine - in acute experience
and after 5 days of treatment and have significantly lower acute toxicity. The
effects of the same complex molecules on memory are also comparable to those
of the original cavintone and tyrosine (data not shown), with significantly
reduced acute toxicity.

3.7. Biochemical and histological studies of Tyr-Mem on experimental
dementia in mice

The studies were performed on an experimental model of AD-type
dementia - by administering scopolamine for 9 days, at a dose of 1 mg/kg. Male
ICR mice (18-20g) were used for this purpose.

The following doses were used for controls:
Saline (0.1 mL/10g, intraperitoneal (i.p.))
Memantine (20 mg/kg, i.p.)

Tyr-Mem (20 mg/kg, i.p.)

Tyrosine (40 mg/kg, i.p.)

All tested substances, including saline in the controls, were
administered daily for 9 consecutive days, in parallel with scopolamine.

Behavioral methods were used - a method for determining changes
in learning and memory processes (step through) and a method for determining
changes in exploratory behavior ("hole board" test).

The experimental data were processed using the analysis of variance method
using the one-way or two-way analysis of variance (ANOVA) method.

3.7.1 Effect of Tyr-Mem on learning and memory processes in demented
mice.

Using a passive avoidance test with negative reinforcement, the
effect of Tyr-Mem on scopolamine-altered learning and memory processes in
the experimental animals used was assessed (Fig. 34).

STL1h STL 10 Days
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Fig. 34. Effect of Tyr-Mem on learning and memory processes in a
scopolamine model of dementia. Results are presented as the arithmetic mean
and its standard deviation from 8 samples per group. Asterisks indicate a
statistically significant difference between the Sco and Control groups at *P <
0.05. Hashtags indicate a statistically significant difference between the Sco +
Tyr and Sco groups at #P < 0.05.

The apparatus used for this test has two chambers - a light and a
dark chamber. In the dark chamber, the floor is ribbed and an electric current
(0.8 mA for 3 s) flows through it on demand. In this test, a contradiction is
created between the animal's natural instincts to move from the light to the dark
chamber and the electrical stimulation they receive there.

The test itself has two phases: 1. Training phase - it measures the
time it takes for the animal to move from the light to the dark part of the
apparatus (primary latency), where it will receive the electrical stimulation. 2.
Recall phase - in this phase, it is measured how much the animals have
remembered the meaning of the negative stimulus (electrical stimulation).

The time spent in the light part of the apparatus (stepthrough
latency, STL), within 180s, is an indicator of the performance of the task - to
remember the stimulus. Our results show that the administration of
scopolamine (a cholinergic receptor antagonist) disrupts the learning and
memory processes in experimental animals. Both short-term (1 hour) and long-
term memory (10 days) are affected.

At 1 hour after treatment with scopolamine, the decrease in STL
was 23.57% (ns), and at 10 days by 55.48% (P< 0.05) compared to the control.
Regarding short-term memory, Tyr and Tyr-Mem showed the best memory-
stimulating effect, returning the scopolamine-decreased STL close to control
levels. Memantine did not affect the scopolamine-impaired short-term memory
of the mice in the respective group.

Regarding long-term memory, the statistically significant, strongest
and most positive effect was that of Tyr. The increase in STL in this group was
52% (P< 0.05) compared to scopolamine-treated animals.

In the group of memantine-treated animals, a slight and non-
significant increase in STL was noted compared to the demented group.
According to our results, treatment with Tyr-Mem did not affect the
scopolamine-impaired long-term memory in the test used.

Memantine has a weak positive effect on impaired long-term
memory in mice with an experimental, scopolamine-induced dementia model.
The effect of Tyr is also positive, very well-marked and manifests itself in both
short-term and long-term memory.

Tyr-Mem has a positive effect only on scopolamine-impaired short-
term memory, with its effect being comparable to that of Tyr.
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3.7.2. Effect of Tyr-Mem on the exploratory behavior of demented mice

The holeboard test was used to track changes in the animals'
exploratory behavior between the different experimental groups. The holeboard
apparatus is a platform raised from the ground with 16 regularly arranged holes.
The frequency with which the animals peer into them per unit time is used to
judge their exploratory behavior and degree of anxiety.

Our results showed that in the scopolamine-treated group of animals
there was a stimulation of exploratory behavior. One hour after treatment,
animals from this group peeked about 1.5 (P < 0.05) times more, and 10 days
after the first treatment about 4 (P < 0.001) times more than controls.

In the short term, only memantine treatment returned the animals'
peeks/3 min to control levels. In the Tyr-Mem-treated groups, the animals'
exploratory behavior was strongly stimulated, both in comparison to the
controls and the scopolamine group.
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Fig.3
5. Effect of Tyr-Mem on exploratory behavior of mice in a scopolamine model
of dementia. Results are presented as arithmetic mean and its standard
deviation from 8 samples per group. Asterisks indicate a statistically significant
difference between the Sco and Control groups at *P < 0.05; ***P < (0.001.
Hashtags indicate a statistically significant difference between Sco and the
other experimental groups at #P < 0.05; ###P < 0.001.
At 10 days after the first treatment, exploratory behavior in the Tyr-
Mem group was closest to controls, and in the memantine group it was 42% (P
< 0.001) less pronounced compared to the scopolamine group. Only in the
tyrosine-treated animals did the levels of exploratory activity in the animals
remain high.
In the short term, treatment with memantine, and in the long term,
treatment with Tyr-Mem, restores control levels of exploratory activity in
experimental animals.
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3.7.3 Effects of tyrosine-memantine on the level of oxidative stress in the
brain of demented mice
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Fig.36. Effect of Tyr-Mem on the level of oxidative stress in the brain of mice
with a scopolamine model of dementia. The results are presented as the
arithmetic mean and its deviation from 8 samples per group. Asterisks indicate
a statistically significant difference between the Sco and Control groups at
*#*P <0.001. Hashtags indicate a statistically significant difference between
Sco and the other experimental groups at #P <0.05; ###P <0.001

Our results show that scopolamine treatment increased the levels of
biochemical markers of oxidative stress in the brain homogenates studied.
Thus, the levels of lipid peroxidation in the scopolamine group were increased
by 32% (P < 0.001), and those of the antioxidant enzyme CAT were decreased
by 42% (ns) compared to the control.

In none of the other experimental groups was there an increase in
lipid peroxidation levels, indicating that the pro-oxidant effect of scopolamine
was suppressed. Tyrosine showed a tendency to increase the levels of the
natural non-enzymatic cellular antioxidant glutathione and strongly increased
the activity of the antioxidant enzyme SAT - more than threefold compared to
the scopolamine group.

All the studied molecules showed antioxidant effect expressed in
maintaining control levels of lipid peroxidation in brain homogenates of
animals treated with scopolamine. Only tyrosine had a stimulating effect on the
enzymatic antioxidant defense system of cells.

3.8. Antiviral activity against influenza viruses in vitro

The experimental results of the antiviral activity of the compounds
tested against 3 influenza strains are presented in Table 21. The experimental
results were similar when tested in triplicate.

New memantine analogues with the amino acids glycine, valine, 3-
alanine, (4-F)phenylalanine and tyrosine were tested for antiviral activity
against the influenza virus strain A/Fort Monmouth/1/1947 (HIN1), as well as
strains A/Wuhan/359/1995 (H3N2) and A/Jinnan/15/2009 (HIN1) resistant to
oseltamivir.
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Table 21. Antiviral activity of memantine derivatives against three
influenza strains

A/FortMonmouth/1/1 A/Jinnan/15/2009 A/Wuhan/359/19
q TC/SO 947 95
Hg/m
compounds - ICs - ICsopg/mL | o ICs -
pg/mL pg/mL
Gly-Mem 96.2 >55.56 - >55.56 - >55.5 -
3 6
Val-Mem 32.0 10.69 3.0 >18.52 - >18.5 -
8 2
B-Ala-Mem 96.2 >55.56 - >55.56 - >55.5 -
3 6
(4-F)Phe-Mem | 32.0 | >18.52 - >18.52 - >18.5 | -
8 2
Tyr-Mem 288. | >166.67 - 166.67 1.7 >166. -
68 67
Oseltamivir 577. | 247 233. 115.47 5.0 3.12 185.0
35 7
Amantadine 39.2 0.32 122. 2.86 13.7 2.86 13.71
2 6 1

The influenza A/ Fort Monmouth/1/1947 (HIN1) strain is believed to
be a descendant of the Spanish flu, which caused 50 to 130 million deaths from
January 1918 to December 1920. The valine analogue of memantine (Val-
Mem) showed marginal activity against the oseltamivir-susceptible strain A
/FortMonmouth /1/1947, the other compounds were inactive. However, activity
was not observed in the oseltamivir-resistant strains A/Jinnan/15/2009 and
A/Wuhan/359/1995. It is important to emphasize that there the activity of
amantadine was also significantly reduced. These results indicate that the role
of aromatic and aliphatic amino acids is not crucial for anti-influenza activity.
Memantine amino acid analogues were also tested for antibacterial activity
against Gram-positive and Gram-negative bacteria, as well as for activity
against yeasts.

3.9. Antimicrobial activity
3.9.1. Activity against Gram-positive bacteria and Gram-negative bacteria
Gram-positive bacteria: Staphylococcus aureus NBIMCC (6538),
Bacillus megaterium, Gram-negative bacteria: Escherichia coli (NBIMCC
3397), Salmonella enterica (NBIMCC 869) and yeasts: Rhodotorula sp. (BF
16-25), Candida lusitaniae (BF 74-4). The antibacterial activity of the tested
compounds is presented in Table 22. Two concentrations were prepared: 1 mM
and 10 mM. The efficacy of the test compounds was determined by measuring
the zone of inhibition (in mm) and compared to the controls. The compound (4-
F)Phe-Mem showed the highest antibacterial activity, both against Gram-
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positive and Gram-negative bacteria. Its inhibitory effect is similar to that of
commercially available tetracycline (30pug/disk). The antibacterial activity of
the compounds Val-Mem and Thz-Mem is lower and variable, between 10 and
16 mm inhibition zone. Compound B-Ala-Mem demonstrated activity only
against S. enterica, while compounds Gly-Mem and Fmoc-Thz-Thz-Mem were
inactive. All tested compounds were dissolved in DMSO. The solvent, 4-F-L-
phenylalanine, tetracycline and memantine (nemdatin 10 mg tablets) were
included as reference compounds.

Table 22. Activity of memantine analogues against Gram (+) and Gram (-)
bacteria, at a concentration of 10 mM

Gram (-) bacteria Gram (+) bacteria
Compounds (10 - -
mM) S. enterica E. coli St. aureus B. )
megaterium

Gly-Mem n/a n/a n/a n/a

Val-Mem 11 11 n/a 16
B-Ala-Mem 16 n/a n/a n/a

(4-F)Phe-Mem 20 22 21 22
Thz-Mem n/a 13 10 16
Fmoc-Thz-Thz-Mem n/a n/a n/a n/a
Memantine.HCI - (C) n/a n/a n/a n/a
(4-F)Phenylalanine - n/a n/a n/a n/a

(&)

DMSO - (Cs) n/a n/a n/a n/a
Tetracycline - (Cs) 26 26 28 34

* The area of inhibition is presented in mm, including the well.
** Cy; 1 Cy — main component of (4-F)Phe-Mem, C; — negative control; Cs4 —
positive control

In the study with a concentration of 1 mM, only the compound (4-
F)Phe-Mem showed an inhibitory effect, only on the Gram-positive bacteria
Staphylococcus aureus and Bacillus megaterium.

3.9.2 Activity against yeast

Yeasts are widely distributed in nature and can often cause mycoses
in individuals with immunocompromised status. Species belonging to the
genera Candida and Rhodotorula are among the main causative agents of
mycoses. The anti-yeast activity of the new memantine analogues was tested
by the agar diffusion method. The inhibition data are presented in Table 23.
Strikingly, (4-F)Phe-Mem was the only compound active against all tested
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microorganisms. Its effect was similar to the well-known antifungal drug
nystatin. The compound Gly-Mem had activity only against the
microorganism Sacch. cerevisiae.

Table 23. Activity of memantine analogues against yeast at a
concentration of 10 mM

Coeannenns (10 mM) Rhodotorula sp. Candida lusitaniae| Sacch. cerevisiae
Gly-Mem n/a n/a 14
Val-Mem n/a n/a n/a

B-Ala-Mem n/a n/a n/a
(4-F)Phe-Mem 26 23 21
Thz-Mem n/a n/a n/a
Fmoc-Thz-Thz-memantine n/a n/a n/a
Memantine.HCI - (C) n/a n/a n/a
(4-F)Phenylalanine - (C,) n/a n/a n/a
DMSO - (Cs5) n/a n/a n/a
Nystatin - (C4) 26 24 n/a

* The inhibition zone is presented in mm, including the well.
** C1 and C2 — main component of (4-F)Phe-Mem,
C3 —negative control; C4 — positive control

3.9.3. Quantitative analysis of antimicrobial activity:
Determination of minimum inhibitory/bactericidal concentration (MIC)

The compound Gly-Mem was active against Salmonella enteria and
Bacillus megaterium with a MIC value of 1.25 mM. Regarding B-Ala-Mem, we
observed low antimicrobial activity (MIC = 10 mM) against Escherichia coli.
Compound (4-F)Phe-Mem demonstrated the highest antimicrobial potential
against all tested microorganisms. MIC values were in a wide range, from 1.25
mM to 0.078 mM.

The compound Thz-Mem was also active against all tested microorganisms, but
at higher concentrations compared to 4-F-Phe-Mem. Val-Mem also had
activity, but at higher concentrations. The results are presented in Table 24.
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Table 24. Minimum inhibitory concentration values of memantine analogues

Gram (-) Bacteria Gram (+) Bacteria Yeasts
Compounds
(uM) . . B. Rhodotorula | Candida
S. enterica E.coli | St aureus . ) o
megaterium sp. lusitaniae
Gly-Mem 1.25 n/a n/a 1.25 n/a 0.3125
Val-Mem 1.25 5 10 2.5 n/a 0.3125
p-Ala-Mem n/a 10 n/a n/a n/a 0.078
(4-F)Phe- 0.156 1.25 1.25 0.625 0.078 0.078
Mem
Thz-Mem 5 5 10 10 1.25 0.3125

The antimicrobial activity of the compounds can be arranged in this

sequence:

S. enterica: (4-F)Phe-Mem >> Val-Mem = Gly-Mem > Thz-Mem;
E. Coli: (4-F)Phe-Mem > Val-Mem ~ Thz-Mem > -Ala-Mem

St. Aureus: (4-F)Phe-Mem >> Val-Mem =~ Thz-Mem,;
B. megaterium: (4-F)Phe-Mem > Gly-Mem > Val-Mem >> Thz-

Mem;

Rhodotorula sp: (4-F)Phe-Mem >> Thz-Mem;
Candida lusitaniae: (4-F)Phe-Mem ~ -Ala-Mem > Val-Mem =~

Gly-Mem = Thz-Mem.

3.9.4. Time-Kill test for evaluation of bacteriostatic/bactericidal

activity

Time-Kill TectsT Ha (4-F)Phe-Mem npoBezieH ¢ Hali-4yBCTBUTEITHUTE
OakrepuanHu BugoBe Salmonella enterica, mokasBa OakrepuimieH edexT U
100% u mHxuOKMpaHe Ha pacTexa Ha OakTepuuTe ciel 7 yaca KyJITHBHpaHE B
MPUCHCTBUETO HA U3MUTBAHOTO BeriecTBo (dur. 37)
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Fig. 37. Growth dynamics of Salmonella enterica in the presence of 1 mM (4-
F)Phe-Mem.

Complete inhibition was observed regardless of the initial cell density
of the test culture (0.1, 0.3 or 0.5 units, McFarland standard). Over the same
period, the corresponding untreated controls reached a cell density of 1.7 - 1.9
units, McFarland standard. The potential of (4-F)Phe-memantine to affect
fungal growth was assessed by measuring the radial growth rate (Kr) of two
fungal strains Penicillium chaviforme and Fusarium graminearum. The results
presented show a strong inhibitory effect on the growth of the fungi in the
range of 8% for Penicillium chaviforme and 62.9% for Fusarium graminearum,
compared to the untreated controls (Table 25).

Table 25. Inhibition of radial growth rate (Kr) of filamentous fungi in the
presence of (4-F)Phe-Mem

Penicillium chaviforme d (mm) Fusarium graminearum d (mm)
Ho T DMS (4- Cruai | T DMS (-
urs | Cppn ops F)PheMe Fusari ops F)Phe
in (6] um in (0]
lium m Mem
0 0 0 0 0 0 0 0 0
24 5,6 0/0 9,8 7,6 10/7 15/16 20/22 7/7

48 11,12 0/0 14/13 11,10 26/26 39/39 39/39 35/35

72 16/16 0/0 13/14 15/14 52/49 44/44 70/62 43/49

98 21/21 0/0 23/23 20/19 71/70 49/45 83/82 46/50

120 25/25 0/0 27/27 24/22 85/85 50/50 85/85 51/55

(mm | 19.7 0 17.5 15.7 849 | 498 | 848 19.8
/h)
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4. CONCLUSIONS

1. Synthesized were: eight new analogs of memantine — with the
unnatural acids H-Phe(4-F)-OH, H-B-L-Ala-OH and with the natural amino
acids H-Gly-OH, H-Val-OH, H-Phe-OH, H-Ala-OH, H-Tyr-OH, 4 new analogs
of memantine with nootropics: cavintone, piracetam, modafinil and picamilon,
and 2 new analogs of memantine with thiazole derivatives.

2. X-ray diffraction analysis of B-Ala-Mem and (4-F)Phe-Mem was
performed. The results showed that single crystals of B-Ala-Mem were
crystallized in a centrosymmetric manner, and the compound (4-F)Phe-Mem in
a non-centrosymmetric manner.

3. The chemical stability of some of the new memantine analogues
with Ala, B-Ala, Gly, Phe and Val at pH= 1 and pH= 7.4 was investigated. The
results obtained show high stability of the analogues > 10 hours.

4. The following physicochemical studies were conducted - change in
solubility, lipophilicity of the compounds was determined and comparative
analysis showed that increasing the volume of the molecule with a benzene
substituent lead to a significant increase in lipophilicity - approximately 69- and
12-fold for (4-F)Phe-Mem and Tyr-Mem, respectively.

5. The in vitro antioxidant activity of a series of hybrids of memantine
with different amino acids was investigated and it was found that the activity of
the compounds was insignificant except for Gly-Gly-MEM, (4-F)Phe-Mem and
Phe-Mem.

6. Antiviral activity against influenza virus’s  A/Fort
Monmouth/1/1947 (HIN1), as well as strains A/Wuhan/359/1995 (H3N2) and
A/Jinnan/15/2009 (HIN1) in vitro was determined and it was shown that H-
Val-Mem showed borderline activity against the oseltamivir-susceptible strain
A/FortMonmouth/1/1947, the other compounds were inactive. These results
indicate that the role of aromatic and aliphatic amino acids is not crucial for
anti-influenza activity.

7. The effect of the memantine hybrid (Tyr-Mem) against Parkinson's
disease has been studied. It was found that the new memantine hybrid - Tyr-
Mem, improves memory functions comparable to memantine and shows lower
toxicity. The effects of the same complex molecules on memory are also
comparable to those of the original cavintone and tyrosine, with significantly
reduced acute toxicity. The biological and histological studies conducted on the
memantine hybrid (Tyr-Mem) show that it has a positive effect only on short-
term memory impaired by scopolamine, with its effect being comparable to that
of H-Tyr-OH.
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8. The in vitro neuroprotective activity of the newly synthesized
compounds against Alzheimer's disease was investigated.

- Amino acid memantine hybrids showed neuroprotective effects
against copper-induced Ap toxicity, glutamate-induced excitotoxicity, oxidative
stress and hypoxia. They also showed inhibition of inflammatory cytokine
release from activated microglia and potential anti-neuroinflammatory effects.
The two most promising compounds (4-F) Phe-memantine and Tyr-memantine
demonstrated equivalent activities to the control memantine hydrochloride.

9. The antimicrobial activity of the newly synthesized analogues
against Gram-positive and Gram-negative bacteria and yeasts was investigated
- Gram-positive bacteria: Staphylococcus aureus NBIMCC (6538), Bacillus
megaterium, Gram-negative bacteria: Escherichia coli (NBIMCC 3397),
Salmonella enterica (NBIMCC 869) and yeasts: Rhodotorula sp. (BF 16-25),
Candida lusitaniae (BF 74-4). The results show that H-(4-F) Phe-Mem is
effective against all tested strains. The inhibitory effect is comparable to that of
the antibiotic’s tetracycline and nystatin.

- The derivative H-(4-F)-Phe-Mem, which exhibits the best
neuroprotective effect in vitro against Alzheimer's disease, shows an
inhibitory effect against clinically relevant, opportunistic pathogens
comparable to that of the antibiotics tetracycline and nystatin. This result is
promising because in patients suffering from moderate to severe dementia of
the AD type (usually in old age), infectious diseases are concomitant.
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5. CONTRIBUTIONS

1. A design was created and a targeted synthesis of memantine
derivatives was performed.

2. 16 new analogues of memantine have been synthesized — with the
unnatural acids H-(4-F)Phe-OH, H-B-L-Ala-OH, with the natural amino acids
H-Gly-OH, H-Val-OH, H-Phe-OH, H-Ala-OH, H-Tyr-OH, with nootropics:
cavintone, piracetam, modafinil and picamilon, and with thiazole derivatives.

3. A derivative has been found that exhibits the best neuroprotective
effect in vitro against Alzheimer's disease and has a significant inhibitory effect
against clinically relevant, conditionally pathogenic microorganisms
comparable to that of the antibiotics tetracycline and nystatin - H-(4-F)-Phe-
Mem.
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