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Pe3iome

BBEJEHMUE. bonesubr Anblirenimepa (BA) — 3T0 Hambosee pacnmpocTpaHeH-
HOe HelipojereHepaTUBHOE 3a00/IeBaHNe, KOTOPOE BBI3bIBAET MOTEPSIIO IMaMST
IpeuMYIIeCTBEHHO Y JIMI TOKMJIOTO U cTapuyeckoro Bospacta [1]. BA saBms-
eTCsl OMHOM M3 HauboJsiee pacIpOCTPAHEHHBIX MPUYMH CMEPTH, HACTYMAIOIIEN
B TeueHue 5-12 jieT mocsie MosiBjieHusT mepBbiXx cUMITOMOB. COBpeMeHHbIe Jie-
KapCTBeHHbIe Ipernaparbl, ogobpeHHble opranmsaumern FDA (Food and Drug
Administration) gyst meyenust BA (MeMaHTVH, TaKpUH, pUBAaCTUTMIH, rajlaHTa-
MMWH, TOHETe3WJ), He TTO3BOJISIIOT CYIIeCTBEHHO 3aMeIJIUTh ITPOrpeCcCPOBaHNE
3abosieBaHMs [2] u 06s1afAOT IIMPOKMUM CIIEKTPOM NOOOUHBbIX addekToB [3].
BBumy orcyTcTBusS 3QHEeKTUBHOTO JIeueHusI, TPOrpeccupyrolleil 3ab01eBaemMo-
CTU B MMPE, a TaKKe 3HAUMTEeIbHBIX TpaT Ha MoAaepsKaHye Xu3HeaesITeTbHOCTHU
MalMEeHTOB, MOUCK 3(PGEKTUBHBIX M 6e30MaCHBIX MMOTEHIMATIbHBIX TeparieBTH-
yeCcKMUX coefquHeHmit AJ1s1 ieueHusi BA mpuoOpeTraeT Bce GOJbITYIO 3HAYMMOCTD
Ha (QoHe ITI06ATIbHONM TEHMIEHIINN K YBEJIMUYEHNIO IMPOAO/IKUTETbHOCTU SKU3HU
HaceseHus.

[TepcrieKTMBHBIMM HEMPOIIPOTEKTOpaMM, OOIaAAIOIIMMY HU3KOM MMMYHOTE€HHO-
CTbIO M BBICOKOM (PM3MOJIOTMUECKOM aKTUMBHOCTDIO, SIBJISIIOTCSI MENTUAHbIE OMO-
perynsTopbl. B wacTHOCTH, M1 Teparumu BA mpencrasisieTcs 1iesiecooOpa3sHbIM
usyueHne akTMBHOCTU KOpoTkux nentuaoB EDR m KED, cunTesnMpoBaHHBIX
Ha OCHOBE aHa/IM3a aMVHOKMCJIOTHOTO COCTaBa SKCTPAKTOB, BbIZI€JIEHHbBIX U3 TKa-
Hel TOJIOBHOT'O MO3Ta M COCYOB KPYITHOT'O POTaTOrO0 CKOTa COOTBETCTBEHHO.
HEJIb UCCJIEJOBAHUS. Oueuntb 3¢ PEeKTUBHOCTD KOPOTKMUX MEINTUIOB
B in vitro u in vivo MofaessaxX 6osie3HM AJbIreiMepa C Leblo pa3paboTKu Ccpe-
CTBa JIJIsI JIeueHUsI ¥ TPOGMIIaKTUKY JAHHOM ITaTOJIOTUMA.

MATEPHUAIJIbI U METO/BI. B kauecTse in vitro mogenu BA wucrosb3oBaim
MOAEIb aMUJIOMTHOMW CUMHANTOTOKCUYHOCTM — KYJIbTypa HEPOHOB, BbIJIEJIEH-
HBbIX M3 MO3Ta HOBOPOXKIEHHBbIX MbIIIe} IUKOTO TUIA, C JOOaBJieHMeM CUHTe-
TUYECKUX oyuronenTtuaoB AfB. OKcrepuMeHTa bHbIe T'PYIIbI ObLIM CchopMM-
poBaHbI ciemyomuM obpasom: 1-s1 — koHTposb (6e3 AB); 2-1 — KOHTPOJb
¢ nob6asnenvem AP; 3-1 — npob6asnenue AP u mentuma EDR (200 uHr/min);
4-9 — po6Gasnenne AP u nentupa KED (200 ur/mu). [lasee ¢ MOMOIIBIO KOH-
dokanpHOro Mukpockormna ThorLabs n mporpammuoro obecrieuennst « ThorLabs»
(USA) npu 100-kpataHom yBesmueHuu (Olympus UPlanSApo) c pasperieHem
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1024 x 1024 nonyvanu cepum MmukpodoTorpaduit HeiipOHOB, KOTOpbIE MCIIOJIb-
30Ba/IM IS aHa/M3a MOPGOJIOTUM MEHAPUTHBIX IIUIIMKOB C IOMOILIBIO IPO-
rpammHoro obecneueHus NeuronStudio software package cornacHo [4].

B kauectBe in vivo mogemu BA ucmonb3oBanu TPaHCTEHHYIO JIMHUIO MbIIIIEN
5xFAD-M, koTOpyIO BBIBOAWIM ITyTeM KpoccOpuamHra mbiiei guannu 5XFAD
u Thy1-GFP. OkcnepuMeHTabHbIE TPYIIIBI ObUIM CHOPMUPOBAHBI CIEAYIOIIM
obpasom: 1-91 — KOHTpOJb (JIMHMS MbIIIeN Ge3 MaToJIOrMu, KOTOPbIM BBOAMIIN
busmoornueckuii pacTBop); 2-1 — mbiim guHuu SxFAD-M (mopenib BA), ko-
TOPBIM BBOOM/IM (DU3MOJOTMUYECKNIT PacTBOP; 3-1 — MbIin JuHuu 5XFAD-M,
KkoTopbiM BBOmWIM nentug EDR; 4-9 — mbiim uanm 5XFAD-M, KOTOpbIM BBO-
o nierrtua, KED. KopoTkue nenTuabl BBOAWIM XKMBOTHBIM BHYTPUOPIOIIMHHO
B BO3pacTe ¢ 3 1o 5 mecsieB eskeqHeBHO. B Bo3pacTe 5 MecsiieB >KMBOTHBIM
MPOBOAWIM TpaHCKapAuaabHYIO0 Nepdy3uio, U3BeKaau TOJIOBHOM MO3T U T'OTO-
BWIM (pUKCHMpPOBaHHbIE cpe3bl Mo3ra TommyHon 40 MkM Ha BubGparome. C 1o-
Mollibio KoHGoKabHOTO MuKpockora ThorLabs u nmporpamMHoro obecrieueHnst
«ThorLabs» (USA) nosnyuanu cepun MukpodoTorpadmii HeiipOHOB U ITPOBOAN-
71 MopdoMeTpUYeCKuii aHaIU3 JEeHIPUTHBIX IIUITKOB.

PE3VJIBTATBI. IIpu onenke 3¢ GekTUBHOCTM KOPOTKUX MENTUIOB B in Vitro
momenu BA 6bu10 mokasaHo, uto nentun, EDR B konuentpauymu 200 Hr/mit
MOBBIIIAJT KOJIMYECTBO Hambosiee (GYHKIMOHAIbHBIX TPUOOBUIHBIX IIUITMKOB
HeMpoHOB (Ha 71%) B MepBUYHOM KYJIbType HEMPOHOB MbIIIEN B YCJIOBUSIX
aMWIOMIHOV CUMHAIITOTOKCUMYHOCTU 10 ypoBHS HOpMbI. [lentunm KED B koH-
nenTpauyuyu 200 HI/MJT MMOBBIIIA KOJIMUYECTBO I'PUOOBUIHBIX IIMIIMKOB B MOE-
mu BA nHa 20%.

[Tpu otieHKe 3(hHEKTUBHOCTY KOPOTKUX MENTUHOB B in vivo Mogenyu BA 6b110 110-
Ka3aHo, UTO eskeqHEeBHOe BHYTpuOproiMHHOe BBeaeHMe nentuaoB EDR n KED
mbitam juaun 5XxFAD-M B Bospacte ¢ 3 1o 5 mecsiieB B konueHTpauyyu 400
MKTI/KT' CITOCOOCTBOBAJIO CTAaTUCTUYECKY 3HAYMMOMY YBEJIMUYEHUIO KOJMUECTBA
rpuboBUAHbBIX HnnukoB B CA1 067acTy rummokamiia COOTBETCTBEHHO Ha 25%
un 27%. Tlom meiicTBMEM MENTUAOB YBEJIMYMBAJIACh M OOIIAsl MJIOTHOCTb JI€H-
IPUTHBIX IIUINKOB Ha 13% 1 22% cOOTBETCTBEHHO.

BBbIBO/IbI. ITonyuyeHHble pe3ysibTaTbl CBUAETENbCTBYIOT O TOM, YTO KOPOTKME
nentuasl EDR 1 KED obiagator HeltporrpoTeKTOopHbIM 3¢ dekTom B momen bA,
KOTOPBIV 3aK/IIOYAETCSI B YIYUIIeHUY (QYHKIMOHAJIBHOTO COCTOSIHMS HEMIPOHOB.
Heobxonumo mpoBecTy najibHeuIle UCCAeI0BaHNsI 1J BbISIBJIEHNSI MeXaHM3Ma
HeMpOoIpOTEeKTOPHOro AeictBust Kopotkux nentugoB EDR u KED npu BA, ko-
TOpbIE TTO3BOJISIT MPUCTYIUTDb K pa3pabOTKe JIeKapCTBEHHOTO CPeACTBa AJISI TPO-
GWIAKTUKY U JIeYeHUsT TaHHOM TaTOJIOT M.
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Abstract

BACKGROUND. Alzheimer’s disease (AD) is the most common neurode-
generative disease that causes memory loss predominantly in eldely and senile
people [1]. AD is one of the most common causes of death within 5-12 years
after the first detected symptoms. Modern drugs approved by the FDA (U.S.
Food and Drug Administration) for the AD treatment (memantine, tacrine, riv-
astigmine, galantamine, donepezil) do not significantly slow down the disease
progression [2] and have a wide range of side effects [3]. In view of the lack
of effective treatment, the rising global prevalence of AD and significant costs
of patient life support, finding effective and safe potential anti-AD drugs is be-
coming increasingly critical in the context of a global trend towards longer life
expectancy.

Peptide bioregulators are promising neuroprotectors with low immunogenicity
and high physiological activity. In particular, AD therapy may benefit from study-
ing the activity of EDR and KED short peptides obtained by analysis of amino
acid composition of extracts isolated from cattle brain and vessels, respectively.

AIM. To evaluate the efficacy of short peptides in in vitro and in vivo models
of Alzheimer’s disease with a view to developing a drug for the treatment and
prevention of this pathology.

MATERIALS AND METHODS. A neuronal culture isolated from the brain
of newborn wild-type mice, with the addition of synthetic oligopeptides A} (the
amyloid synaptotoxicity model) was used as the in vitro model of AD. The study
groups were as follows: Group 1: control (without AB); Group 2: control with
the addition of Af}; Group 3: the addition of A3 and EDR peptide (200 ng/mL);
Group 4: the addition of A and KED peptide (200 ng/mL). Series of neuron
microphotographs were obtained using the ThorLabs confocal microscope and
ThorLabs software (USA) at the 100-fold magnification (Olympus UPlanSApo)
with resolution 1024x1024, which were used for dendritic spine morphology
analysis using NeuronStudio software package according to [4].

The transgenic line of 5xFAD-M mice derived by cross-breeding of 5xFAD and
Thy1-GFP mice was used as an in vivo model of AD. The experimental groups
were as follows: Group 1: control (a line of healthy mice, which received the in-
jections of physiological solution); Group 2: 5XFAD-M line of mice (AD model),
which received the injections of physiological solution; Group 3: 5xFAD-M line
of mice (AD model), received the injections of EDR peptide; Group 4: 5xFAD-
M line of mice (AD model), received the injections of KED peptide. Short pep-
tides were intraperitoneally injected in mice aged from 3 to 5 months on a daily
basis. At the age of 5 months, the animals underwent transcardial perfusion fol-
lowed by brain extraction; fixed brain slices (40 ym thick) were prepared using
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a vibratome. Series of neuron microphotographs were obtained using the Thor-
Labs confocal microscope and ThorLabs software (USA), followed by morpho-
metric analysis of dendritic spines.

RESULTS. EDR peptide at the concentration of 200 ng/mL increased the num-
ber of the most functional mushroom spines of neurons (by 71%) to normal lev-
els in the primary neuronal culture under amyloid synaptotoxicity conditions (in
vitro AD model). KED peptide at the concentration of 200 ng/mL increased the
number of mushroom spines by 20% in the AD model.

Daily intraperitoneal injection of EDR and KED peptides at a concentration of
400 pg/kg to 5XxFAD mice (in vivo AD model) aged from 3 to 5 months contrib-
uted to statistically significant increases in mushroom spines in the CA1 area of
the hippocampus by 25% and 27%, respectively. These peptides contributed to
the increase in the total dendritic density by 13% and 22%, respectively.
CONCLUSIONS. The obtained results demonstrate that EDR and KED short
peptides have a neuroprotective effect in the AD model, manifested by an im-
proved functional state of neurons. Further research is needed to identify the
mechanism of action of short peptides in AD in order to develop a drug for the
prevention and treatment of this pathology.
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