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AHHOTAITUA

BBepneHue. Boaesus Anbireiimepa (BA) — 01HO U3 caMbIX paCIPOCTPAHEHHBIX JIEMEHTHBIX PACCTPOKCTB C yTPO-
JKAIOMUMU TEeMIIAMHU PaclpoCTpPaHEeHUs. 3HAYMMas MeEJUKO-COIHAIbHO-9KOHOMHYECKAas COCTABJIAIOIIASA JIAHHOTO
3a00s1eBaHUs JleJlaeT HeOOXOIMMBIM pa3pabOTKy HOBBIX CPEJCTB JJIs ero JiedeHus. [Ipu 3TOM JeHCTBHE JaHHBIX
BEIIECTB MOKET OBITh COCPEAOTOYEHO HA OT/IEIbHBIX MAaTO(PU3HOJIOTHUECKUX MeXaHu3Max 3ab0JieBaHus, HAIPUMED,
arnomnTo3se.

Il e 1 b. U3yunuTh BIUSHHE HOBBHIX MOHOKapOOHWJIBHBIX aHAJIOTOB KYPKYMUHA HAa M3MEHEHHE PeaKIIMH alonTo3a B
TOJIOBHOM MO3T€ KPBIC B YCJIOBHSAX SKCIIEPUMEHTAIBHOUN BA.

MaTepuaabl W METO/ bl . BAMoaemupoBanuyKpbic-camok Wistar IyTem BBEZICHHS arperatos -aMmIonia
(1-42) B CA1 cermeHT runmnokamia. Mizygaemsbie coequnenus (1E, 4E)-1,5-6uc (3,4,5-TpuMeToKcudeHIT) TIeHTa-1,4-/TUeH-
3-on (mmmpp AZBAX4) u (1E, 4E)-1,5-6uc (2,4,6-TpumMerokcudeHus) neHTa-1,4-1uen-3-ou (mudp AZBAX6) B mo3ax
20 MI/KT (IIepopajibHO) Kayk/I0€ COeIMHEHHE U MTPeapaT CpaBHEHUS JOHENE3 W B ZI03€ 50 MTI'/KT (IIepopajibHO) BBOIUIIN
Ha MPOTSKEHUH 30 THEH ¢ MOMEHTa MO/IeTUPOBAHUSI TATOJIOTHH, TIOC/IE YeT0 Y JKUBOTHBIX POU3BOAIIN 3a60p OroMaTe-
puana (rUOMIOKAaMI M Kopa OOJIBIINX MOJIYIIAPUA), B KOTOPOM OIIEHWBAJIM U3MEHEHHEe KOHI[EHTPAluu OMOMapKepoB
arornto3a: nuroxpoma C, aronTo3-uHAyIUPYIOIIero gakropa, kacnassl 3 1 6esika PUMA.

PesyanbTartsbl . KypcoBoe BBeieHue BemecTB AZBAX4 u AZBAXG6, Tak ke Kak U IIpenapaTta CpaBHEHHs, CII0co0-
CTBOBAJIO JIOCTOBEPHOMY YMEHBIIIEHUIO KOHIIEHTPAIIUHU POAMONTOTUYECKUX OHOMapKepOB, KaK B TUIIIIOKAMIIE, TaK U B
KOpe OOJIBIITUX OoJTyIapui. IIpu 5TOM y JKMBOTHBIX, ITOJIy4aBIITNX coeinHenre AZBAX4, o cpaBHEHUIO C KPBICAMH, KOTO-
ppiMm BBOmwiau AZBAX6 w [oHeme3ws, KOHIIEHTpaIlusd OHOMapKepoB BHYTPEHHEro IIyTH amonrtosa (amomnrTos-
UHAYIHUPYoIIero gakropa u nuroxpoma C) 6pu1a 0CTOBEPHO (P < 0.05) HUXKE.

3aKkJo4YeHUe . IIpoBeJeHHOE UCCIIEIOBAHUE TIOKA3aJI0 AKTYaJIbHOCTD JlayibHelIero usyuenus (1E, 4E)-1,5-6uc
(3,4,5-TpuMeTOKCU(EHUT) TTeHTa-1,4-Iie€H-3-0Ha KaK aHTHUAMOITOTHYECKOTO CPEJICTBA, IpeHAa3HAUEHHOTO I Tepa-
nuu BA.

Kaoueeasle caoea: 601e3Hb AJbireiiMepa, HEHPOTPOTEKITHSA, ATIONITO3, KyPKYMIHOUBL.
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Anti-apoptotic effects of trimethoxy-substituted monocarbonyl
curcumin analogues in experimental Alzheimer’s disease
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Pyatigorsk Medical and Pharmaceutical Institute, Branch of the Volgograd State Medical University, Pyatigorsk,
Russia

2Pyatigorsk State Research Institute of Balneology, Branch of the Federal Scientific and Clinical Center for Medical
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ABSTRACT

Introduction. Alzheimer’sdisease (AD) is one of the most common dementia disorders with an alarming rate
of spread. The significant medical, social and economic burden of this disease makes it necessary to develop new agents for
its treatment. In this case, the action of these agents can be focused on specific pathophysiological mechanisms of the dis-
ease, for example, apoptosis.

A im . Tostudy the effect of new monocarbonyl curcumin analogues on the change in the apoptotic response in rat brain
under experimental AD.

Materials and methods. ADwassimulatedinfemale Wistar rats by injecting beta-amyloid aggregates
(1-42) into the CA1 region of the hippocampus. The studied compounds (1E, 4E)-1,5-bis (3,4,5-trimethoxyphenyl) penta-
1,4-dien-3-one (code named AZBAX4) and (1E, 4E)-1,5-bis (2,4,6-trimethoxyphenyl) penta-1,4-dien-3-one (code named
AZBAX6) at doses of 20 mg/kg (orally) each compound and the reference drug, donepezil at a dose of 50 mg/kg (orally)
were administered for 30 days from the start of pathology modeling. Thereafter, samples of the hippocampus and cerebral
cortex were collected from the animals for assessment of the concentration of apoptosis-related biomarkers: cytochrome c,
apoptosis-inducing factor, caspase-3 and PUMA protein.

Results. Theadministration of AZBAX4 and AZBAX6 compounds, as well as of the reference drug, contributed to a
significant decrease in the concentration of proapoptotic biomarkers both in the hippocampus and cerebral cortex. The
concentration of biomarkers of the intrinsic pathway of apoptosis (apoptosis-inducing factor and cytochrome c¢) was sig-
nificantly (p < 0.05) lower in animals treated with AZBAX4 compared to rats treated with AZBAX6 and donepezil.
Conclusion. The present study showed the relevance of further investigation of (1E, 4E)-1,5-bis (3,4,5-trime-
thoxyphenyl) penta-1,4-dien-3-one as an anti-apoptotic agent for therapy of AD.

Keywords: Alzheimer’s disease, neuroprotection, apoptosis, curcuminoids.
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BBE/JIEHUE

JleMeHIINST — 3TO KOMILJIEKCHBIA MTPOTPECCUPYIO-
Y HeHpoaereHepaTUBHBIA IIPOIECC, COITYyTCTBYIO-
N Pa3BUTHUIO PsA/la KOTHUTUBHBIX U HEKOTHUTUB-
HBIX HapyueHui. OTHUM U3 CaMbIX PACIIPOCTPaHeH-
HBIX TUIIOB TEPMUHAJIBHOH JEMEHIIUH B MHpE Ha
CETOIHANIHUM MOMEHT cuuTaercs 0o0se3Hb AJb-
nretimepa (BA), KoTopast sABJIsIeTCS OJTHOU U3 OCHOB-
HBIX Ip0o6JIeM OOIIIECTBEHHOTO 3/I[PABOOXPAHEHUS BO
BceM mupe [1]. Ha maHHBIH MOMEHT HACUUTHIBAETCS
6oJ1ee 55 MJIH YeJl. ¢ IOATBEPK/IEHHBIM JHATHO30M
BA, npoxkuBaoImux IpenMyIeCTBEHHO B 3 KOHOMHU-
YecKU Pa3BUTHIX CTPaHaX ¢ BBICOKOH Jj0Jiell Hacesle-
HUSI CTapUYecKoro Bo3pacta. K 2050 r. creruaiucthbl
3npaBooxpaneHuss BO3 wu Alzheimer’s Disease

INTRODUCTION

Dementia is a complex progressive neurode-
generative disorder that accompanies the develop-
ment of a number of cognitive and non-cognitive
impairments. Today, one of the most common
forms of advanced dementia throughout the world
is considered being Alzheimer’s disease (AD),
which is a major public health problem worldwide
[1]. Currently, there are more than 55 million peo-
ple with a confirmed diagnosis of AD, living mainly
in developed countries with a high proportion of
elderly population. By 2050, WHO and Alzheim-
er’s Disease International experts are expecting
that the number of patients with this pathology
will increase to 139 million people [2]. Besides, the
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International TPOTHOBUPYIOT yBeJIHWYEHHE YHCIA
MAIUEHTOB C JAaHHOW MATOJIOTHEH /10 139 MJIH Yell.
[2]. Kpome BBICOKOTO YpOBHSI 3a00JIEBaEMOCTH 3a
[IOCJIeHNE TOJbl YBEJIMYWIOCh YHCJIO CIIydaeB
JIETAJIBHOTO UCX0/1a OT BA, KOTOpas SIBJISETCS IISITON
[0 PAaCIPOCTPAHEHHOCTH INPUYNMHOH CMEPTHOCTH.
Takoll mokasaTenpb SBJSAETCS XapaKTePHBIM IS
«BoJIe3HEN THICSUYEIETUs», HATIPUMED, apTepruaib-
HOH THUIIEPTEH3UU, UIIEMUUYECKON 00JIe3HU cepAara
WJIH UIIIEMHIYECKOTO HHCYIIbTA [3].

XapakTepHOH yepToil BA, onpeaensonen cTosb
BBICOKHE TIOKa3aTenu 3a00J€eBaeMOCTH, JIETAJIBHO-
CTH, a TaK)Ke CJIOKHOCTH BBIOOpA TAKTHUK JIEUEHUH,
SIBJISIETCSI KOMILJIEKCHBIN IMaTOT€He3, BKJIIOYAIOIUN
PA B3aUMOCBSI3aHHBIX IIPOIIECCOB [4], cpenu KOoTo-
PBIX BBIEJIAIOT HEHpOBOCHaJeHWe, BO3HUKAIOIIee
13-32 BBICBOOOXK/IEHUS Psifia ONPEeeIEHHbIX IHTO-
kuHOB (Hanpumep ®PHO-a), o6pasoBanue Helpodu-
OpPWUIAPHBIX arperatoB Tay-0eJika, BHEKJIETOUHOE
omioxkeHue -amunousa (AB), MUTOXOHIPUATHHYIO
nuchYHKITNIO, OKUCIUTENIBHBIN cTpecc [5, 6]. B To
’)Ke BpeMs OJJHUM U3 BeAYIINX MaTOU3HOJIOTHYE-
CKMX MEXaHH3MOB, IPUBOJAIINX K Pa3BUTHIO HEH-
pozereHepanuu MPENMYyIIECTBEHHO B KOpe 00Jib-
IIUX MOJIyIIApUH U TUIIIIOKAMIIE, SIBJISIETCS allOITO3
[7, 8]. AmonTo3 xapakTepusyercsi Kak MOp¢OI0TH-
YeCKHMH, TaK U OMOXUMHYECKUMH H3MeHEHUIMU,
IIPOUCXOAIINMYI BHYTPU KJIETKU IIOJ JIeHCTBHEM
Pa3JIMYHBIX CTUMYJIOB. B mIpoliecce ammonTo3a KIeTKa
HAuUMHAET Pa3pyIIaThCs «U3HYTPH» 32 CUET JeH-
CTBUSI IIPOTEOIUTHYECKUX (HepMEeHTOB — Kacmas (B
YaCTHOCTH Kacmasbl 3), OTBEYAIOIUX 3a peajin3a-
nuio amonTto3a [9]. OmHAKO, MMOMUMO HENOCpes-
CTBEHHOTO YYacTHsA B ANONTOTHYECKOM IIpOIIECCE,
Kacrasbl CIIOCOOCTBYIOT 00pa3oBaHuio AP U3 MeM-
OpaHHOTO OeJIKa-IIpeAIlleCTBEeHHUKA aMUJIOuJa |
(popMHUPOBaHHIO KOHIJIOMEPATOB Tay-0eIKa, peaan-
3ysl TEM CaMbIM MHOTO(AKTOPHOE BJIUSHUE Ha I1aTO-
re"es BA [10].

AKTHBaIUsA  amoITO3a IPOUCXOJUT  JABYMS
MyTSAMU: BHEIIHUM U BHYTPEHHHUM. BHEIIHUH IyTh
aromnTo3a aKTUBHUPYeTCAd HU3BHE KJIETKH M YacTo
WHJynHUpyeTcs penentopamu ¢pakTopa HeKpo3a OILy-
xonu (TNFR), umernuMu B CTPYKTYpe OMEH
FADD, a Takke HEKOTOPBIMH TPAHCKPUIIIIMOHHBIMU
(akropamu, HarIpuMep, P53-3aBUCUMBIM PETYJIIATO-
pom amorrroza (PUMA) [11]. BHyTpeHHMH Iy Th amior-
TO3a SIBJIAETCS HEPEIeNTOPHO-OMOCPEAOBAHHBIM U
WHUIUUPYETCS BHYTPUKJIETOUHBIMU CTUMYJIAMH,
CBA3AHHBIMU TIPEXK/E BCETO C MUTOXOHAPHUSIMH
wierku. Tak, HakorteHue AP mpuBoguT K dhopmu-
POBaHUIO MUTOXOHIPHUAIBHON IOPHI IEPEMEHHOU
MIPOHUIIAEMOCTH, UTO COTIPOBOXKAAETCSI BHIXOJIOM U3
MHUTOXOHAPUH  IPOANONTOTUYECKUX  MOJIEKYI,

high morbidity rate, the number of deaths from
AD, which is the fifth most common cause of death,
has increased in recent years. Such a rate is char-
acteristic of millennium diseases, such as arterial
hypertension, coronary artery disease or ischemic
stroke [3].

The peculiarity of AD, which determines such
high rates of morbidity, mortality, as well as the com-
plexity of the choice of a therapeutic tactics, is a mul-
tifacet pathogenesis, including several interrelated
processes [4]: neuroinflammation due to the release
of several specific cytokines (e.g., TNF-a), formation
of tau-protein neurofibrillary aggregates, extracellu-
lar amyloid-beta (Af3) deposition, mitochondrial dys-
function, and oxidative stress [5, 6]. At the same
time, apoptosis is one of the basic pathophysiological
mechanisms leading to the development of neurode-
generation mainly in the cerebral cortex and hippo-
campus [7, 8]. Apoptosis is characterized by both
morphological and biochemical changes inside the
cell under the influence of various stimuli. During
apoptosis, the cell begins to disintegrate inside due
to the action of proteolytic enzymes — caspases (in
particular caspase-3), providing the realization of
apoptosis [9]. However, in addition to direct partici-
pation in the apoptotic process, caspases promote
the formation of AP from the cell membrane amyloid
precursor protein and tau-protein aggregates,
thereby influencing AD pathogenesis in a multifacto-
rial manner [10].

Apoptosis activation occurs through two path-
ways: extrinsic and intrinsic. The extrinsic pathway
of apoptosis is activated outside the cell and is often
induced by tumor necrosis factor receptors (TNFR),
which have FADD domain in their structure, as well
as by some transcription factors, such as p53-upreg-
ulated modulator of apoptosis (PUMA) [11]. The
intrinsic apoptotic pathway is non-receptor-medi-
ated and is initiated by intracellular stimuli associ-
ated primarily with the cell’s mitochondria. Thus, A
accumulation leads to the formation of a mitochon-
drial pore of variable permeability, which is accom-
panied by release of proapoptotic molecules, such as
cytochrome ¢ and apoptosis-inducing factor (AIF),
from mitochondria [12].

Given the neuronal death by apoptotic mecha-
nisms is an integral part of AD pathophysiology, this
process can be corrected pharmacologically by real-
izing one of the new strategies of AD pathogenetic
therapy — apoptosis targeting. At present, a number
of promising compounds are being studied in this
context: filgrastim, epigallocatechin gallate, cur-
cumin, nicergoline, minocycline [13]. Previous stud-
ies have demonstrated that trimethoxy-substituted
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HanpuMmep nuroxpomMa C ¥  amONTO3-WHAYIIH-
pymotero ¢akropa (AUD) [12].

VuureiBasi, yTo THbEHh HEHPOHOB MO MEXaHU3-
MaM amfonTo3a fABJsAeTCA HeOTheMJIEMOU YacThbiO
matousnosiorud BA, JaHHBIA IIPOIECC MOKHO
CKOPPEKTHUPOBaTh (apMaKOJIOTHUECKH, pean3ys
O/IHY U3 HOBBIX CTpaTeTruil maToreHeTU4ecKou Tepa-
nuu BA — nesieHanIpaBIeHHOE BO3/IEHCTBIE HA AIIOI-
T03. Ha maHHBIE MOMEHT B 5TOM KOHTEKCTE HU3yda-
eTcs PsAJA TepClIeKTUBHBIX COeJUHeHUM: ¢uiarpa-
CTHUM, SIIUTAJJIOKATEXUH rajijaT, KypKyMUH, HUIEP-
roJvH, MUHOUWKIWH [13]. PaHee mpoBereHHbIE
HceyIe/IOBaHUSA IIPO/IEMOHCTPHUPOBAJIH, YTO
TPHUMETOKCH-3aMell[eHHbIe MOHOKapOOHWJIbHBIE
AQHAJIOTH KypPKyMHHA TIOJ]aBJISIOT aMHJIOUIOTEHE3 U
aKTUBHOCTbh XOJIMHACTEPAa3bl in vitro u cHocob-
CTBYIOT  BOCCTAaHOBJIEHUIO  MHTOXOHAPHUAIBHOHN
dysKIIUN In ViVO, UTO JiesIaeT UX IepCIeKTUBHBIMU
00BEKTAMU /IJIs TAJIbHEHIIIEr0 U3yUEHUs B KAUEeCTBE
CPEJICTB MMaTOreHeTHYeCKON Tepanuu BA [14]. Yumn-
THIBasI MPETIOIaraeMbIil MOJIUTAPTETHBIA XapaKTep
JEVICTBUS JAHHBIX COEAUHEHUH, I1e1eCO00pa3HbIM
IIpeficTaBJIsIeTCs] U3YUeHUe BIIUAHUA MOHOKapOo-
HWIBHBIX KYPKYMHUHOHZIOB Ha XOJi PEaKIUi aro-
To3a B yesa0BUAX BA.

IIEJIb UCCJIE/IOBAHUSA

Vi3yueHre BIUAHUA HOBBIX MOHOKapOOHUIBHBIX
AQHAJIOTOB KYPKyMHUHA Ha U3MEHEHVe PeaKIIIH aIol-
TO3a B TOJIOBHOM MO3T€ B yCJIOBHUAX BA, BRI3BAaHHOH
BBeZieHneM (pparMeHTOB AP B ruImoxami a1a6o-
PaTOPHBIX KUBOTHBIX.

MATEPUAJIBI 1 METO/bI

JKCHEPUMEHTAJBHBIE KUBOTHBIE., JKCIIEe-
PUMEHTIBHYIO MOJieb BA BOCIpOM3BOAMIIN HA 50
IMOJIOBO3PEJIBIX KpbICax-caMKax JuHuM Wistar,
MOJIyYeHHBIX U3 TUTOMHHUKA JIJA00PATOPHBIX KHUBOT-
HBIX «PanmnosioBo». Bo Bpems mpoBefieHUA UCCIEI0-
BaHUS BCE YKUBOTHBIE COJIEPKAIUCH B IIOMEIEHHX
J1abopaToOpun  JKUBBIX CUCTEM  IIATHUTOPCKOTO
MeauKo-(papMareBTHyeckoro uHerutyta (IIMOI)
IpY KOHTPOJIUPYEMBIX YCJIOBUSX OKPYKaIOIIEeH
cpeibl: HOpMaJIbHOM aTMOCHEPHOM JIaBJIEHUH, TEM-
nepaTtype Bo3ayxa 22—24 °C, BJIaXKHOCTH BO3/AyXa
55—75 % W 12-4acOBOM IHMKJIE JieHb/HOYb. Omnepa-
THUBHbIE MAHUITYJISAIIUN BBITIOJTHEHBI IO/ XJIOPAJITH-
JIpaTHOUM aHecTe3nel (BHYTPUOPIOIIMHHOE BBEJE-
Hue xsopanruzapara (PanReac AppliChem, Mcma-
HUI) B ZI03€ 350 MT/KT). DBTaHA3HUIO JKMBOTHBIX OCY-
IIIECTBJISLIN TTOCJIe aHecTe3nHu u 3abopa GromMarepu-
aJia IyTeM IlepBUKAJIbHOU AucaoKaruu. KoHmenmus
pabotbl GbuTa OmoOpeHa JIOKAJIBHBIM STHUYECKUM
komureroM IIM®U (mpoTokoI 0T 07.07.2023 N@ 8).

monocarbonyl analogues of curcumin inhibit amy-
loidogenesis and cholinesterase activity in vitro and
promote the restoration of mitochondrial function in
vivo, which makes them promising objects for fur-
ther study as agents of pathogenetic therapy of AD
[14]. Considering the supposed multitarget action of
these compounds, it is reasonable to study the effect
of monocarbonyl curcuminoids on the course of
apoptotic response in AD.

AIM OF THE RESEARCH

Study of the effect of new monocarbonyl ana-
logues of curcumin on changes in the apoptotic
response in the brain under experimental AD simu-
lated by injection of AR, , fragments into the hippo-
campus of laboratory animals.

MATERIALS AND METHODS

Experimental animals. The experimental
model of AD was reproduced on 50 mature female
Wistar rats obtained from the Rappolovo labora-
tory animal nursery. During the study, all animals
were kept in the premises of the laboratory of liv-
ing systems of the Pyatigorsk Medical and Phar-
maceutical Institute (PMPHI) under controlled
environmental conditions: normal atmospheric
pressure, air temperature 22—-24°C, air humidity
55—75% and 12-hour day/night cycle. Surgical
manipulations were performed under -chloral
hydrate anesthesia (intraperitoneal injection of
chloral hydrate (PanReac AppliChem, Spain) at a
dose of 350 mg/kg). Animals were removed from
the experiment after anesthesia and biomaterial
collection via cervical dislocation. The concept of
the study was approved by the Local Ethical Com-
mittee of PMPHI (protocol of 07.07.2023 No. 8).
The study met the principles of EU Directive
2010/63 and ARRIVE 2.0.

Study design. All animals were divided into
5 groups of 10 animals each: sham-operated animals
(SHAM) — a group of rats without pathology, nega-
tive control (NC) — a group of animals with simulated
AD that were not treated and 3 groups of animals
with simulated AD that received the reference drug
and the substances studied.

The number of animals in the group was calcu-
lated according to the formula

n = (o0.05t - Sd)? / d2,

where 0.05t — variance of differences between groups
atp = 0.05;

Sd — variance of differences between groups;

d — mean difference when the expected value is
significant.
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VccemoBaHre  COOTBETCTBOBAJIO  ITOJIOXKEHUSM
Jupekrussl EC 2010/63 v npunnunaMm ARRIVE 2.0.

JuzaiiH wucciemoBaHusa. [Ipu MOATOTOBKe
SKCIIEpUMEHTA BCe JKUBOTHBIE OBLIIN Pa3/iesieHbl Ha
5 Tpymm 1o 10 0cobeH: JIOKHOOIEPUPOBAaHHBIE
skuBoTHBIe (JIO) — rpymma Kpbic 6e3 MMaToJIOTHH,
HeraTuBHBIA KOHTPOIb (HK) — rpymma >XKMBOTHBIX ¢
MOJIEJIbHOU ITaTOJIOTHEN, KOTOPBIM JieueOHbIE MepO-
NPUSATHUSA He TPOBOJUIINUCD, U 3 TPYIIIIBI JKUBOTHBIX C
BOCIIpou3BeJleHHOH BA, mosyuyasmne pedpepeHTHBIN
IIpelapar 1 uccjeyeMble BeIecTBa.

KosinuecTBO JKMBOTHBIX B TPYIIIIE PACCUUTHIBATIN
o popmysie

n = (0.05t - Sd)? / dz,

rae 0.05f — JUCHEPCHs MEKTPYIIIOBBIX Pa3IuIUi
pu p = 0.05;

Sd — pucniepcusi MEKTPYIIIOBBIX PA3INYUL;

d — cpefHssa pa3HUIA, KOT/Ia OKHUAaeMasl BeJv-
YMHA SBJISETCA 3HAYUMOM.

IMpunumast, aton > 30,t=2,Sd =3 u d = 2, pac-
CYHMTAHHOE 3HAUEHHE N COCTABJISIET HE MEHEE Q 0CO-
6eil B oiHO TpytITe [15].

BBenenne nsyuaeMbIx BeIeCTB U pedhepeHTa ocy-
EeCTBJISUTN TTOCJIe MoieTupoBaHus BA Ha mpoTsoke-
Huu 30 aHed. Ilo 3aBepineHUM Kypca JieUeHUs Y
KpBIC OCYIIECTBJIsLI 3a60p Omomarepuana (kKopa
OOJIBIIMX TIOJIYIIAPDUH M THUIIOKAMII), B KOTOPOM
OTIPEeJIeJIsTH  KOHIIEHTPAIUI0 OHOMapKepoB aro-
nrosza: A®, aktuBHasg dopma Kacmassl 3, IIUTO-
xpoMm C u mpoanonrotudeckut 6es1oxk PUMA.

HUzyuaembie coeavHeHusa. (1E,4E)-1,5-6uc-
(3,4,5-TpuMeTOKCUDEHNIT)TIEHTA-1,4-THEH-3-0H
(mudp AZBAX4) u (1E,4E)-1,5-6uc(2,4,6-TpumeTo-
KcudeHmwn)nenTa-1,4-aueH-3-ou (mudp AZBAX6)
OBLIH TTOJTy4YeHbI HA Kadeape OPraHmIeCcKON XUMUH
I[IM®U. B xauecTBe mpernapaTa CpaBHEHUS HCIIOJIb-
3oBasu joHene3uwn (Ansenun®, 3A0 «PapmaiieBTu-
JecKHI 3aBoj Jruc», Poccust). BeefeHune aHaIn3u-
PYEMBIX BEIECTB U pedepeHTa MPOU3BOIMIIN Uyepes
aTpaBMaTHUYHBIN NEPOPAJIbHBINA 30H/ OHOKPATHO B
TeueHHe CyTOK B J103aX 20 MT'/KT (HccaeayeMble coe-
JIMHEHUS) U 50 MI'/KI COOTBETCTBEHHO [14].

JxcnepuMeHTaIbHaA moaeab BA. bA moge-
JIIPOBAJIM IIyTEM BHYTPUTHIIIIOKAMIIATFHON NHBEK-
uuu arperaTo AB _,, NOJyYEHHBIX B XOZ€ Helpe-
PBIBHOTO IlepeMeInnBaHus pactsopa AB | B cmecn
docdaruwiii 6ydep (pH = 7.4)/mumermncynbdok-
CHJI B COOTHOIIEHUH 10:1. /[ajsiee KpbIC aHeCTE3UPO-
BJIH, CKIBITIPOBAIN TEMEHHYIO 00J1acTh U GUKCHU-
pOBaJI B CTEPEOTAKCHIECKOHN YCTAHOBKE. ATPEraThl
AB _,, BBOAWIM B  KOHEYHOH  KOHLEHTpAlUH
1 MMOJIb/J1 B 00BEME 2 MKJI ¢ IPUMEHEHNEM MUKPO-
mo3aropa U uriabl G30 COIVIACHO CJIEAYIONINM KOOp-

Assuming that n > 30,t=2,Sd = 3 and d = 2, the
calculated value of n is at least 9 individuals in one
group [15].

Administration of the studied substances and the
reference drug was carried out after simulating AD
for 30 days. At the end of the treatment course, sam-
ples was collected from rats (cerebral cortex and hip-
pocampus), and the concentration of apoptosis bio-
markers was determined: AIF, active form of cas-
pase-3, cytochrome c¢ and PUMA proapoptotic
protein.

Studied compounds. (1E,4E)-1,5-bis(3,4,5-
trimethoxyphenyl)penta-1,4-dien-3-one (code
named AZBAX4) and (1E,4E)-1,5-bis(2,4,6-trime-
thoxyphenyl)penta-1,4-dien-3-one (code named
AZBAX6) were obtained at the Department of
Organic Chemistry, PMPHI. Donepezil (Alzepil®,
Pharmaceutical Plant Egis, CJSC, Russia) was
used as a reference drug. The studied substances
and the reference drug were administered through
an atraumatic oral tube once a day at doses of
20 mg/kg (test compounds) and 50 mg/kg, respec-
tively [14].

Experimental model of AD. AD was simu-
lated by intrahippocampal injection of AB_, aggre-
gates obtained by continuous stirring of AB _,, solu-
tion in phosphate buffer (pH = 7.4)/dimethyl sulfox-
ide mixture at a ratio of 10:1. Then rats were
anesthetized, the parietal region was scalped and
fixed in a stereotaxic device. AB _, aggregates were
injected at a final concentration of 1 mmol/1 in a vol-
ume of 2 pl using a microdosing device and a G30
needle according to the following landmarks: antero-
posterior — 3.8 mm, medial-lateral — 2 mm, dorsal-
ventral — 2.6 mm from the bregma, which corre-
sponded to the hippocampal region CA1. The needle
was left in the injection site for 5 min, then the tissue
topography was restored and a wound was sutured.
A suture was treated with a 10% povidone iodine
solution [16, 17].

Preparation of samples for analysis. On the
3oth day of the study, the animals were decapitated,
and then the brain was extracted and placed in a
water bath at a temperature of 4°C. Next, the brain
was dissected with a scalpel along the central sulcus,
separating the hippocampus and the cerebral cortex,
which were mechanically homogenized in a cold buf-
fer solution of a 0.1% solution of bovine serum albu-
min (Sigma-Aldrich, Germany) + 215 mmol manni-
tol (Sigma-Aldrich, Germany) + 1 mmol sodium eth-
ylene glycol tetraacetate (Sigma-Aldrich, Germany) +
75 mmol sucrose (Sigma-Aldrich, Germany) +
20 mmol 4-(2-hydroxyethyl)-1-piperazineethanesul-
fonic acid (Sigma-Aldrich, Germany) (the tissue
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IUHATAM: TepefHe3amHsAs — 3.8 MM, MeIUaIbHO-
JlaTepasibHas — 2 MM, JOPCAJIbHO-BEHTPAIbHAA —
2.6 MM OT OpermMbl, YTO COOTBETCTBOBAJIO PETHOHY
CA1 runnokamna. Uriry ocTaBisain B MECTe BBefie-
HUS 5 MUH, II0CJIe YeT0 BOCCTAHABJIMBAIN TOIIOTPa-
¢uro Tkanel u ymuBanu pany. [lloB o6pabarsiBamu
10% pacTpoM MOBHAOH-Ho/a [16, 17].

IToaroroBka 6moMarepuasa JAJasa aHAJIU3A.
Ha 30-1i 1eHb uccieloBaHus JKUBOTHBIX JeKAITUTH-
poBaJjiu, 3aTeM U3BJIEKAJIA TOJIOBHOU MO3T, KOTOPBII
ITOMeEIIaIN Ha BOJSHYI0 6aHI0 ¢ TeMrepaTypoi 4 °C.
Ilocsie ero wucceKkaysin CKaIblieJieM II0 CpemHel
060po37ie, OTAesAsA TUIIOKAMII U KOPY OOJIBIIIX
MOJIyIIapuii, KOTOpble MeXaHUYeCKH TOMOTeHH3H-
poBasu B XOJIOMHOM OydhepHOM pacTBOpE, COCTOSI-
meM u3 0.1% pacTBopa OBIYBETO CHIBOPOTOYHOTO
anpOymuHa (Sigma-Aldrich, Tepmanus) + 215 MMOJIb
manHuTta (Sigma-Aldrich, Fepmanus) + 1 MMOJb
STUJIEHIJIMKOJIbTETpaarierara  Hatpus  (Sigma-
Aldrich, Tepmanus) + 75 MMOJIb caxapo3bl (Sigma-
Aldrich, Tepmanust) + 20 MMOJIb 4-(2-THIPOKCUITI)-
1-TIUIIePa3UHATAHCYIHGOHOBOM KUCIOTH  (Sigma-
Aldrich, T'epmanus) (COOTHOIIEHHE Macca TKaHU/
06beM GydepHOTO pacTBopa cocTasssio 1:7). [lomy-
YeHHBIH TOMOreHaT 3aTeM IeHTPpUdyrupoBaIN IPU
10 000 g B TeueHUe 15 MUH. B mosyueHHOM cynepHa-
TaHTe METOZOM UMMYHO(DEPMEHTHOTO aHAIN3A OIle-
HUBAJIN U3MEHeHe OMOMapKePOB alomnTo3a.

Onenka N3MeHEeHUsA KOHIEHTpauuu Ouo-
MapkepoB amonrtos3a. Konnenrtpanuno AN,
kacmasbl 3, nuroxpoma C u 6esika PUMA B rumio-
KaMIle ¥ KOpe OOJIBIINX MOJIyIIapUi KPBIC OTpesie-
JIITA METOZIOM TBepZi0a3HOTO UMMYHO(MEpMeHT-
HOTO aHIN3a C WCIOJIb30BAHUEM BHUAOCHEIU(DIY-
HBIX HAOOpOB peakTHBOB. Habopwl i aHamM3a
o6sutn mpenoctasieHbl Cloud-Clone Corp. (CIIIA).
Xop aHa/II3a COOTBETCTBOBAJI PEKOMEH/IAIIMSM IIPO-
WU3BOAUTENA. AHAJUTUYECKUI CUTHAJI PETUCTPUPO-
BIM C IPUMEHEHNEM MUKPOILIAHIIETHOTO pUiepa
Infinite F50 (Tecan, ABctpust).

Crartucruueckuii aHajaua. Pe3yapraTel 00pa-
6aThIBAJIM METOJJaMH BapUAIIMOHHON CTAaTHUCTUKU C
MIpUMeHeHUEeM BO3MOXKHOCTEH IMPOTPAMMHOTO KOM-
mrekca StatPlus 7.0 (AnalystSoft Inc., CIIIA, sutieH-
3us 16887385). IlosyueHHbIe JaHHbBIE OBLIN TPOBE-
PeHbI Ha HOPMaIBHOCTDH PACIIPEIEJIEHUsI COTJIACHO
kputepuio Ilanupo — Yuiaka, OJHOPOAHOCTb JIVC-
mepcuii omnpesessiu B Tecte JleeHa. J{yis cpaBHe-
HUS TPYIII CPEAHUX MPUMEHSTH ITapaMeTPUIecKIe
meToil ANOVA c rioct-TectoM ThioKU U HellapaMme-
TPUYECKHE METOAbl CTATHUYECKOTO AHAIN3a — TECT
Kpackena — Yosuca ¢ mocT-ImapHbIM CpaBHEHUEM B
tecte JlanHa. OT/IMUUA CUUTAIUCH CTATUCTHUIECKU
3HAYUMBIMHU IIPH P < 0.05.

weight/volume of the buffer solution ratio was 1:7).
The obtained homogenate was then centrifuged at
10 000 g for 15 min. The change in apoptosis bio-
markers was assessed in the obtained supernatant by
enzyme immunoassay.

Assessment of changes in the concentra-
tion of apoptosis biomarkers. The concentra-
tion of AIF, caspase-3, cytochrome ¢, and PUMA
protein in the hippocampus and cerebral cortex of
rats was determined by the enzyme-linked immuno-
sorbent assay using species-specific reagent kits. The
assay kits were provided by Cloud-Clone Corp.
(USA). The course of the analysis corresponded to
the manufacturer’s recommendations. The analyti-
cal signal was recorded using an Infinite F50 micro-
plate reader (Tecan, Austria).

Statistical analysis. The results were pro-
cessed by methods of variation statistics using
the capabilities of StatPlus 7.0 software package
(AnalystSoft Inc., USA, license 16887385). The
obtained data were checked for the normality of
distribution according to the Shapiro-Wilk test,
the equality of variances was determined in the
Levene’s test. To compare groups of means, para-
metric the ANOVA with the Tukey’s post-hoc test
and nonparametric the Kruskal-Wallis test fol-
lowed by Dunn’s post-hoc pairwise comparisons.
The differences were considered statistically sig-
nificant at p < 0.05.

RESULTS

Effect of monocarbonyl analogues of cur-
cumin on changes in the intrinsic apoptotic
pathway in the hippocampus of rats with AD.
When analyzing the changes in the concentration of
biomarkers of the intrinsic pathway of apoptosis in
the rat hippocampus, a significant decrease in the
level of AIF was detected in the administration of
compounds AZBAX4 (—31.1% (p < 0.05) of NC),
AZBAX6 (-15.3% (p < 0.05) of NC) and donepezil
(-14.5% (p < 0.05) of NC). The cytochrome ¢ concen-
tration has also decreased when animals were
administered AZBAX4 — by 43.5% (p < 0.05) of NC,
AZBAX6 — by 35.6% (p < 0.05) of NC and donepe-
zil — by 34.5% (p < 0.05) of NC. The AIF and cyto-
chrome c concentration in rats treated with AZBAX4
was lower than in animals injected with donepezil by
19.3% (p < 0.05) and 13.8% (p < 0.05), respectively,
and in animals treated with AZBAX6 — by 19.6%
(p < 0.05) and 22.7% (p < 0.05), respectively. It is
also worth noting that the AIF and cytochrome ¢ con-
centration in the hippocampus of the NC group was
2.6-fold (p < 0.05) and 4.9-fold (p < 0.05), respec-
tively, higher in the SHAM group (Fig. 1).
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PE3YJ/IBTATDI

BiusiHue MOHOKAPOOHUJIBHBIX AHAJIOTOB
KypKyMHHa Ha HN3MEHEHUE Ppeakiuil BHY-
TPEHHEr0 ANONTOTUYECKOTO IyTH B THUIIIO-
kaMmrme Kpbic ¢ BA. TIpu mpoBeaeHun aHainsa
U3MeHEeHHUsI KOHIIEHTpaIuyu OMoMapKepoOB BHYTPEH-
HEro IIyTH arolTo3a B TUIIIOKAMIIE KpPbIC OBLIO
BBISIBJIEHO 3HAUMMOE CHIIKeHUe ypoBHA AN Ha
done mpumenenus coequHenuii AZBAX4 (-31.1 %
(p < 0.05) ot HK), AZBAX6 (-15.3 % (p < 0.05) oT
HK) u nounenesuna (—14.5 % (p < 0.05) ot HK). IIpu
5TOM KOHIleHTparusa muroxpoma C TakiKe CHU3H-
J1ach IPY BBEJIEHUM )KUBOTHBIM AZBAX4 —Ha 43.5 %
(p < 0.05) ot HK, AZBAX6 — Ha 35.6 % (p < 0.05) OT
HK u pgonemeswna — Ha 34.5 % (p < 0.05) ot HK.
Copnepxanue AVI® u iutoxpoma C y KpbIc, II0Ty4YaB-
mux AZBAX4, ObJI0 HUXKE TaKOBOTO Y KUBOTHBIX,
KOTOPBIM BBOJIWJTH IOHETE3MUI, Ha 19.3 % (p < 0.05)
u 13.8 % (p < 0.05) COOTBETCTBEHHO, a TaK¥KE Y
JKUBOTHBIX, TosydyaBmmux AZBAX6, — Ha 19.6 %
(p < 0.05) u 22.7 % (p < 0.05) COOTBETCTBEHHO.
Takxe CTOUT OTMETUTh, 4TO cozepkanne AP u
nuToxpoma C B runmoxamire rpynisl HK kpeic pe-
Bocxo/imyio mokazaresnu JIO JKUBOTHBIX B 2.6 pasa
(p < 0.05) 1 4.9 paza (p < 0.05) COOTBETCTBEHHO
(puc. 1).

Effect of monocarbonyl analogues of cur-
cumin on changes in the intrinsic apoptotic
pathway in the cerebral cortex of rats with
AD. In the cerebral cortex, there was an increase in
the concentration of AIF and cytochrome c in the NC
group by 5.4-fold (p < 0.05) and 5.7-fold (p < 0.05),
respectively, in comparison to the SHAM group.
When AZBAX4 was administered, AIF and cyto-
chrome c concentrations were significantly lower
than in the untreated animal by 31.8% (p < 0.05) and
31.4% (p < 0.05), respectively. The following results
were obtained in the group of animals receiving the
reference drug: the levels of AIF and cytochrome c
decreased by 31.9% (p < 005) and 31.4% (p < 0.05)
compared to the group of untreated animals (Fig. 2),
respectively. In the AZBAX6 administration, the AIF
concentration decreased compared to the NC group
by 30.3% (p < 0.05), the cytochrome ¢ concentra-
tion — by 32.5% (p < 0.05). At the same time, the AIF
and cytochrome c concentration in the AZBAX4
group was significantly lower than in rats of the
donepezil group — by 30.6% (p < 0.05) and 36.2%
(p < 0.05), respectively, and the AZBAX6 group — by
32.2% (p < 0.05) and 35.1% (p < 0.05), respectively.

Effect of monocarbonyl analogues of cur-
cumin on changes in the extrinsic apoptotic
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Puc. 1. BausHie MOHOKapOOHUIBHBIX aHAJIOTOB KYPKyMUHA HA U3MEHEHNE PeaKlrii BHYTPEHHETO allONITOTUYIECKOTO Iy TH
B TMIIIIOKAMITE KPBIC C KCIIEPUMEHTAIBHOM 60s1e3HbI0 Astbireiimepa (JIO — JI0:KHOOIIEPUPOBAHHBIE JKUBOTHBIE;

HK — HeraTUBHBIN KOHTPOJIb; JIOHEIe3UI — TPYIIIA JKUBOTHBIX, TIOJIy4aBInas foHene3wr; AZBAX4 — rpyIina ;KUBOTHBIX,
niostyuaBmiasg AZBAX 4; AZBAX6 — rpyrina ;KUBOTHBIX, nosty4yaBinas AZBAX6; A®D — anonTo3-uHAynIUpyonui ¢GakTop;
* moctoBepHO oTHOCUTENBHO JIO Kpbic (ANOVA, Tect ThiOKH, p < 0.05); #0CTOBEPHO OTHOCUTETbHO TpyIiibl HK (ANOVA,
TecT ThIOKH, P < 0.05); A IOCTOBEPHO OTHOCUTEJIHO IPYIIIHI KPBIC, TosrydaBiiux AZBAX4 (ANOVA, Tect TpiokH, p < 0.05)
Fig. 1. Effect of monocarbonyl analogues of curcumin on changes in the intrinsic apoptotic pathway in the hippocampus
of rats with experimental Alzheimer’s disease (SHAM — sham-operated animals; NC — negative control; Donepezil —
group of animals receiving donepezil; AZBAX4 — group of animals receiving AZBAX 4; AZBAX6 — group of animals
receiving AZBAX6; AIF — apoptosis-inducing factor; * significantly compared with the SHAM group (ANOVA, Tukey’s test,
P < 0.05); #significantly, compared with the NC group (ANOVA, Tukey’s test, p < 0.05); A significantly compared
with the AZBAX4 group (ANOVA, Tukey’s test, p < 0.05)
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BiauaHue MOHOKapOOHWIBHBIX aHAJOTOB
KypKyMHUHa Ha H3MEHEHUE peakiuidi BHY-
TPEHHEr0 amnoNTOTHYECKOr0 IIyTH B KOpe
0OJIBIIIMX MOJIyIapuii Kpbic ¢ BA. B kope 6071b-
IUX TOJIYIIAPHUHA TOJIOBHOTO MO3ra HabJIi0aoch
noBblieHue koHreHTpanuu AV® u nmuroxpoma C B
rpynre HK B 5.4 paza (p < 0.05) u B 5.7 pasa
(p < 0.05), B cpaBHeHuHU ¢ mokazaTenasamu JIO Kpbic
cooTBeTcTBeHHO. IIpu BBezmenuu AZBAX4 koHIIEH-
tparusa AM® u muroxpoma C ObLIa JOCTOBEPHO
HUJKEe, YeM B TpYyIIIe HeJleUeHbIX JKUBOTHBIX, Ha
31.8 % (p < 0.05) 1 31.4 % (p < 0.05) COOTBET-
CTBEHHO. B rpyIine ;XKUBOTHBIX, MOJIyYaBIIUX pede-
PEeHT, OBLIN IIOJIyYEHBI CAEAYIONINE pPe3yJIbTaThI:
ypoBeHb AUI® u ruroxpoma C cHmkasics Ha 31.9 %
(p < 005) 1 Ha 31.4 % (p < 0.05) OTHOCUTEJIHHO
TPYIINIBI HEJIEUeHBIX JKUBOTHBIX (pHC. 2) COOTBET-
crtBeHHO. [lokasaTesu, moysrydeHHbIE TIPU ITPUMEHe-
Hun AZBAXG6: xounentpauus AVI® cHu3WIach 1o
otHomenuto k rpynme HK Ha 30.3 % (p < 0.05),
mutoxpoma C — Ha 32.5 % (p < 0.05). IIpu sTomM
conep:kanve AVU® u nutoxpoma C B IpyIIe KUBOT-
HBIX, moay4daBiiux AZBAX4, ObLIO JA0OCTOBEPHO
HIKE, UeM Y KPBIC, KOTOPBIM BBO/VJIHN TOHEIIE3UIT —
Ha 30.6 % (p < 0.05) 1 36.2 % (p < 0.05) COOTBET-
CTBEHHO, U JKUBOTHBIX, oydaBinx AZBAX6, — Ha
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pathway in the hippocampus of rats with
AD. Based on the results of the experiment (Fig. 3),
we have found that the levels of caspase 3 and
PUMA in the NC group were 4.1-fold (p < 0.05) and
5.0-fold (p < 0.05) higher, respectively, compared
to the SHAM group. Analyzing the data obtained
during administration of the studied substances, it
was found that in the AZBAX4 administration the
concentration of caspase 3 and PUMA was lower
than in the NC group by 48.1% (p < 0.05) and 36.3%
(p < 0.05), respectively. At the same time, in ani-
mals treated with the AZBAX6 compound, the cas-
pase 3 and PUMA protein concentration in hippo-
campal tissue decreased compared to untreated
rats by 48.6% (p < 0.05) and 34.3% (p < 0.05),
respectively. The donepezil administration led to a
46.4% (p < 0.05) decrease (compared to the NC
group) in the concentration of caspase 3 apoptosis
biomarkers, and a 30.5% (p < 0.05) decrease
(p < 0.05) in PUMA.

Effect of monocarbonyl analogues of cur-
cumin on changes in the extrinsic apoptotic
pathway in the cerebral cortex of rats with
AD. When analyzing changes in the concentration
of biomarkers of the external apoptotic pathway in
the cerebral cortex of rats with AD (Fig. 4), it was
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Honenesun / Donepezil
B AZBAX4
A B AZBAXG6

H+
H+

Iuroxpom C, Hr/MI
Cytochrome ¢, ng/ml

Puc. 2. BiiusiHre MOHOKaPOOHWIBHBIX AHAJIOTOB KyPKYMHHA Ha U3MEHEHVE PEAKI[Mil BHYTPEHHETO allOIITOTUIYECKOTO
IyTU B KOpPe OOJIBIIKX MOJIYIIAPUHA KPBIC C SKCIIEPUMEHTAJIBHOU 60Jie3HbI0 AstblireiiMepa (JIO — JI02KHOOTIepUpPOBaHHbIE
sknBoTHBIE; HK — HeratuBHBIN KOHTPOJIb; JJOHENE3WI — TPyIIa KUBOTHBIX, [T0JIydaBIias AoHeneswn; AZBAX4 — rpymmna

JKUBOTHBIX, osryuaBinas AZBAX4; AZBAX6; AVI® — anonTo3-uHAYIUPYIOMIN (GaKTOp; * T0CTOBEPHO OTHOCUTETHLHO
JIO kpbic (ANOVA, tect ThI0KH, p < 0.05); #/10cTOBEpHO OTHOCUTENBHO rpymibl HK (ANOVA, tect ThiokH, p < 0.05);
A TOCTOBEPHO OTHOCUTEIBHO TPYIIIBI KPBIC, MotydaBnx AZBAX4 (ANOVA, tect TrlokH, p < 0.05)

Fig. 2. Effect of monocarbonyl analogues of curcumin on changes in the intrinsic apoptotic pathway in the cerebral
cortex of rats with experimental Alzheimer’s disease (SHAM — sham-operated animals; NC — negative control; Donepezil
— group of animals receiving donepezil; AZBAX4 — group of animals receiving AZBAX4; AZBAX6 — group of animals
receiving AZBAX6; AIF — apoptosis-inducing factor; * significantly compared with the SHAM group (ANOVA, Tukey’s
test, p < 0.05); #significantly, compared with the NC group (ANOVA, Tukey’s test, p < 0.05); A significantly compared
with the AZBAX4 group (ANOVA, Tukey’s test, p < 0.05)
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32.2 % (p < 0.05) u 35.1 % (p < 0.05) COOTBET-
CTBEHHO.

BiunsiHue MOHOKApOOHUJIBHBIX AHAJIOTOB
KypKyMHHa Ha U3MEHEHHE PeaKIui BHEeI-
HEro amonTOTHYECKOro IIyTH B THIIIOKAaMIIEe
kpbIc ¢ BA. Ilo pe3yspraramM JJaHHOTO 3KCIEpU-
MeHTaJIbHOTO OsioKa (puc. 3) OBLIO yCTaHOBJIEHO,
4TO ypoBeHb Kacmasel 3 1 PUMA B rpynmie HK npe-
Bocxoziua Tokaszarenu JIO KUBOTHBIX B 4.1 pasa
(p < 0.05) 1 B 5.0 pa3a (p < 0.05) COOTBETCTBEHHO.
AHaM3UpPysl JIaHHBIE, ITOJIydeHHbIE TPU BBEJIEHUU
HCCJIeTlyeMbIX BEIECTB, OBLJIO YCTAaHOBJIEHO, YTO HA
¢one mpumenenms AZBAX4  KOHIeHTpauus
kacmnaspl 3 © PUMA 6buta Huke, yem B rpynne HK,
Ha 48.1 % (p < 0.05) u 36.3 % (p < 0.05) COOTBET-
CTBEHHO. B TO ke Bpems y KUBOTHBIX, MOJIYIaBIITUX
coenuHeHne AZBAXG6, copepkaHue Kacrmasbl 3 U
6enka PUMA B TKaHU THUIIIOKAMIIA YMEHBIIHIOCH
10 OTHOIIIEHUIO K HeJeYeHBIM KpbicaM Ha 48.6 %
(p < 0.05) 1 34.3 % (p < 0.05) coorBeTcTBeHHO. [1pH-
MeHEHHe JIOHeNe3Wsia MPUBOAWIO K CHIDKEHUIO
(otHocutenbHo rpynmbl HK) koHnentpanum 6umo-
MapKepoB alloITo3a Kacnasbl 3 Ha 46.4 % (p < 0.05),
PUMA - Ha 30.5 % (p < 0.05).

BiansaHue MOHOKAapOOHWIBHBIX AHAJOrOB
KypKyMHHa HA H3MEHEHHUE PeaKIuid BHeII-
HEro amoITOTHYECKOTrO IMyTH B KOpe 0O0JIb-

1.6 -
1.4 - *

1.2 1 4 #
1.0 A
0.8 -
0.6 -

0.4 A

Konuenrparus / Concentration

0.2 A

0.0

Kacmasa 3, ur/mn
Caspase-3, ng/ml

found that the level of caspase-3 and PUMA protein
in the NC group exceeded the indicators of SHAM
group by 10.2 times (p < 0.05) and 6.8 times
(p < 0.05), respectively. The concentration of cas-
pase-3 in the administration of AZBAX4 and
AZBAXG6 decreased compared to the NC group by
48.1% (p < 0.05) and by 48.6% (p < 0.05), whereas
in the administration of donepezil, this indicator
decreased by 46.4% (p < 0.05). The PUMA protein
concentration in the groups of animals treated with
AZBAX4 and AZBAX6 was 36.3% (p < 0.05) and
34.3% (p < 0.05) lower than in the group of
untreated rats. In the administration of the refer-
ence drug, the concentration of PUMA decreased by
30.5% (p < 0.05) in comparison with the same indi-
cator of the NC group.

DISCUSSION

Currently, the development of approaches to the
AD treatment, which could stop or modify the
course of the pathologic process, is a complex medi-
cal task. At present, the issue of developing new
multitargeted agents for pathogenetic therapy of
AD is acute. Among such promising compounds we
can single out a group of monocarbonyl analogues
of curcumin or diarylpentanoids characterized by
relatively high neuroprotective potential. Thus,

B JIO/SHAM
m HK/NC
Jonenesun / Donepezil
B AZBAX4
" B AZBAX6

PUMA, ur/mn
PUMA, ng/ml

Puc. 3. BiusiHre MOHOKaPOOHWIBHBIX AHAJIOTOB KyPKYMHIHA HA U3MEHEHVE PEAKI[MI BHEIITHErO AlTOMITOTHYECKOTO [Ty TH
B THIIIIOKaMIIE KPBIC C OKCIIEpUMeHTaIbHOU 60J1e3HbI0 Astbrreiimepa (JIO — J103KHOOTIEPUPOBAHHBIE JKUBOTHBIE;

HK — HeratuBHBIN KOHTPOJIb; JJOHENIE3MII — IPYTIA JKUBOTHBIX, ITOJIyyaBIias oHene3wr; AZBAX4 — rpymnia ;KUBOTHBIX,
nosny4vasuias AZBAX4; AZBAX6 — rpynna )KUBOTHBIX, ITosrydasias AZBAX6; * mocroBepHO oTHOCUTENBHO JIO KpbIC
(ANOVA, tect ThI0KH, p < 0.05); #10CTOBEPHO 0THOCKTEIbHO Tpymibl HK (ANOVA, Tect ThiOKH, p < 0.05)

Fig. 3. Effect of monocarbonyl analogues of curcumin on changes in the extrinsic apoptotic pathway in the hippocampus
of rats with experimental Alzheimer’s disease (SHAM — sham-operated animals; NC — negative control; Donepezil — group
of animals receiving donepezil; AZBAX4 — group of animals receiving AZBAX4; AZBAX6 — group of animals receiving
AZBAXG6; *significantly compared to the SHAM group (ANOVA, Tukey’s test, p < 0.05); #significantly compared to the NC
group (ANOVA, Tukey’s test, p < 0.05)
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Hm JIO/ SHAM
m HK/NC
Jonenesun / Donepezil
B AZBAX4
B AZBAX6

Konnenrpamus / Concentration

PUMA, ur/miu
PUMA, ng/ml

Kacnasa 3, ur/mn
Caspase-3, ng/ml

Puc. 4. BrusHne MOHOKapOOHUIBHBIX aHAJIOTOB KyPKyMHMHA Ha U3MeHEeHHUe PeaKIUil BHENTHETO allONITOTHYECKOTO ITyTH
B KOpe OOJIBIIHNX MMOJIYIIAPUE KPBIC ¢ SKCIIEPUMEHTATBHOM 6071e3HbI0 AsbIreiiMepa (JIO — JI0KHOOIIEPUPOBAHHbBIE
>kuBOTHBIE; HK — HeraTuBHBIN KOHTPOJIb; JJOHENe3uI — TPYIIIa *KUBOTHBIX, IIOJIydaBIIas JoHene3mwt; AZBAX4 — rpynma
JKUBOTHBIX, nosryuasiias AZBAX4; AZBAX6 — rpynna KUBOTHBIX, IToyTydaBias AZBAX6; * 10cTOBEpHO OTHOCUTEIHHO
JIO kpbic (ANOVA, tect ThioOKH, p < 0.05); #/10cTOBEpHO 0THOCUTENBHO TpyIiibl HK (ANOVA, tect ThiOKH, p < 0.05)
Fig. 4. Effect of monocarbonyl analogues of curcumin on changes in the extrinsic apoptotic pathway in the cerebral cortex
of rats with experimental Alzheimer’s disease (SHAM — sham-operated animals; NC — negative control; Donepezil — group
of animals receiving donepezil; AZBAX4 — group of animals receiving AZBAX4; AZBAX6 — group of animals receiving
AZBAXG6; *significantly compared to the SHAM group (ANOVA, Tukey’s test, p < 0.05); #significantly compared
to the NC group (ANOVA, Tukey’s test, p < 0.05)

IIUX moJaymapuii Kpbic ¢ BA. IIpu npoBemeHnu
aHaIN3a U3MEHEeHUs1 KOHIIEHTpalnu OHOMapKepoB
BHEIITHETO aIlONTOTUYECKOTO IIyTU B KOpe OOJIBIIIX
rosymapuii y Kpeic ¢ BA (puc. 4) 6bpUI0 yCTaHOB-
JIEHO, YTO YpOBeHb Kacmasbl 3 u Oenmka PUMA B
rpyurie HK npeBocxoaun nokasarenu JIO XUBOT-
HBIX B 10.2 pasa (p < 0.05) u 6.8 paza (p < 0.05)
COOTBETCTBEHHO. /lajiee IPOJIEMOHCTPUPOBAHO, UTO
KOHIIeHTpAallud Kacmasbl 3 npu BBeeHnu AZBAX4 u
AZBAX6 camkasach oTHocuTeIbHO rpynnsl HK Ha
48.1 % (p < 0.05) 1 Ha 48.6 % (p < 0.05), TOr/Ia KaK
Ha GoHe BBeJIEHN JOHEIe31IIa IAHHBIN II0KA3aTeTh
yMeHbIWIICA Ha 46.4 % (p < 0.05). Comeprkanue
6enxka PUMA B rpynmax >KMBOTHBIX, IOJIyYaBIIHX
AZBAX4 u AZBAX6, 6b110 Ha 36.3 % (p < 0.05) u
34.3 % (p < 0.05) HIDKE, UeM B T'PYIIIIE HEJIEUEHBIX
kpeic. Ha ¢one BBeneHus pedepeHTa KOHIIEHTPA-
nust PUMA cHusuiack Ha 30.5 % (p < 0.05) B cpaB-
HEHUH C aHAJIOTMYHBIM IToKasaTesieM rpynnbsl HK.

OBCYXKJIEHUNE

B HacTosiiiiee BpeMsi paszpaboTKa TOJXOZ0B K
JedeHur0 BA, KoTopble MOIJIH OBl OCTAHOBUTH WJIU
MOI[I/I(I)I/IIII/IPOBaTL TE€UEHHE IIaTOJIOTUYECKOIr'0 IIPO-
mecca, ABJSIETCA CJI0XKHOU MeTUIIMHCKOM 3amauved.
Ha cerogHsImHuil MOMEHT OCTPO CTOUT BOIIPOC O
pa3pa60TKe HOBBIX IIOJIUTAPTE€THBIX CPEACTB JIA

Hussain et al. (2021) demonstrated that some
monocarbonyl curcuminoids have anticholinester-
ase activity both in vitro and in vivo in a model of
AD induced by administration of scopolamine [18].
Our study showed that the administration of mono-
carbonyl curcuminoids code named AZBAX4 and
AZBAX6 contributed to a decrease in the level of
the main biomarkers of apoptosis in the cerebral
cortex and hippocampus in rats with experimental
AD in a sporadic manner. Such changes may reflect
significant effects of the analyzed compounds on
the course of apoptotic response, affecting both the
intrinsic and extrinsic apoptotic pathway. At the
same time, the decrease in the intensity of reactions
of the extrinsic apoptotic pathway can be concluded
by the decrease of the AIF and cytochrome c con-
centration, which may indirectly reflect the previ-
ously described effect of the analyzed compounds
on the functional state of cell mitochondria [14]. It
is known that the formation of mitochondrial pro-
apoptotic molecules of AIF and cytochrome c is
closely related to the intensity of oxidative phos-
phorylation (OXPHOS) reactions in the mitochon-
drial respiratory chain. In fact, both molecules are
highly conserved proteins performing functions of
oxidoreductase; whose deletion from the OXPHOS
chain activates a series of enzymes — effectors of
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matoreHeTuueckoi tepanuu BA. Cpeau Takux nep-
CIIEKTHUBHBIX COETMHEHUN MOKHO BBIJIEJIUTH TPYIIILY
MOHOKApOOHIJIPHBIX AQHAJIOTOB KYPKyMHHA WJIH
JIUAPWIIEHTAHOU/IOB, OTJIMYAIOIIUXCA  OTHOCH-
TEJIPHO BBICOKMM HEWPOIPOTEKTOPHBIM IOTEHITHA-
saom. Tak, H. Hussain et al. (2021) nmpomemoHncTpu-
POBIH, UTO HEKOTOpPble MOHOKapOOHWJIbHBIE KYyp-
KYMUHOUZBI  00JIafIal0T  aHTHUXOJHUHAICTEPA3HOM
aKTUBHOCTBIO KaK B YCJIOBUSAX N Vitro, Tak U in vivo
Ha Mojieii BA, BBI3BAHHOU KypCOBBIM BBeJIEHHUEM
ckomosiamuHa [18]. IIpoBeZieHHOE WHCCIETOBAHIE
[I0KA3aJI0, YTO IPUMEHEHHEe MOHOKAapOOHMIbHBIX
KypKyMUHOU/I0B oA mudpamu AZBAX4 u AZBAX6
CII0COOCTBOBAJIO CHHYKEHUIO YPOBHS OCHOBHBIX OHO-
MapKEePOB aIOITO3a B KOpe OOJIBIINX MOJIYIIAPUH U
TUIIIIOKaMIIE ¥ KPBIC ¢ 9KCIIepuMeHTabHON BA crmo-
panudeckoro Tuma. [logobHble U3MEHEHUS MOTYT
OTpakaTh 3HAYMMOE BO3/eHiCTBUE aHAIU3UPYEMBIX
COeIMHEHNH Ha TeUeHUe PeaKIui aroITosa, 3aTpa-
rUBas IPU 5TOM BHYTPEHHUU U BHEIIIHUU allONITOTH-
yecku myTh. [Ipu 3TOM O CHMXKEHUU UHTEHCUBHO-
CTH PeakIi BHYTPEHHETO IIyTH aIlollTo3a MOXKHO
CyIUTh TI0 YMEHBIIIEHUIO KOHIleHTpanuu AUD u
nuToxpoma C, 4TO KOCBEHHO MOXKET OTparKaTh OIIH-
CAaHHOE paHee BJIMSHUE aHAJIU3UPYEMBIX COEMHE-
HUH Ha QYHKIIUOHAIBHOE COCTOSHUE MUTOXOHPUH
KJIETKH [14]. VI3BeCcTHO, 4YTO 00pa3oBaHUe MUTOXOH-
JIPUAJIBHBIX IPOANONTOTHYECKUX MoJiekya AU® u
nuToxpoma C TeCHO CBA3AHO C MHTEHCHUBHOCTHIO
peakuuii OKHCIUTEIBHOrO (GochOpUINPOBaHUS,
MPOUCXOAIINX B MHUTOXOHJPHUAIBHON JIBIXaTETh-
HOH 1enu. PakTHuecku obe MOJIEKYJIbI IIPeJICTaB-
JSAI0T  coO0H  BBICOKOKOHCEPBATHBHBIE  OesIKH,
BBITOJIHSIOIINE OKCHIOPEyKTa3HbIE (DYHKITUH, IIPHU
nenenuu KoTopbix us 1enu OXPHOS akTuBupyercs
pan depmeHTOB — 3(P(PEKTOPOB aIonTO3a, HAIPHU-
Mep, 9H/I0HYKJIeasda G, BBI3bIBAOINAS PA3PBIBBI HUTH
JJHK u rubens kiaetku [19]. Kpome Toro, Kak moxa-
s3ayii N. Novo et al. (2022), AU® per se obnamaer
SHJIOHYKJIEA3HOW AKTHBHOCTHIO U MOIKET WHHITUH-
poBath paspbiBbl JJTHK 6e3 yuacTus crenuduaeckux
sHMIOHYKJIeas [20]. [Ipu aToM, Kak IoKa3asa olneHKa
BJIMSHUSI aHAJM3UPYEMbBIX BEIECTB HA U3MeEHEHHE
MHUTOXOH/IPUAJIBHOU (PYHKIIMU y KpbIc ¢ BA, coenn-
HeHue AZBAX4 muposiBasuio 6Gojiee BBIpaskeHHOE
MHUTOXOH/IPHAJIbBHO-OPUEHTHPOBAHHOE  JIEWCTBHE,
yeM BeliectBo AZBAXG6 u pedepeHT noHenesn [14],
YTO MOXKeT OOBSICHUTH JIOCTOBEPHOE yYMEHBIIIEHUE
WHTEHCUBHOCTH PEAKIHU{ BHYTPEHHETO IyTH aIlo-
NTO3a y KpbICc, momydaBminx AZBAX4, o orHome-
HHUIO K JKUBOTHBIM, KOTOPBIM BBOJWJIN JOHEIIE3WI U
AZBAX6.

BHenmHuii myTh anonTo3a HEMOCPEJCTBEHHO CBS-
3aH ¢ aktuBanueil TRAIL —perentopoB «cMepTU» €

apoptosis such as endonuclease G, which causes
DNA strand breaks and cell death [19]. In addition,
as shown by Novo et al. (2022), AIF has endonucle-
ase activity per se and can initiate DNA breaks
without the participation of specific endonucleases
[20]. At the same time, the assessment of the effect
of the analyzed substances on changes in mitochon-
drial function in rats with AD showed the com-
pound AZBAX4 exhibited a more pronounced mito-
chondria-oriented effect than the substance
AZBAX6 and the reference drug, donepezil [14],
which can explain the significant decrease in the
intensity of reactions of the intrinsic apoptotic
pathway in rats treated with AZBAX4 in relation to
animals who received donepezil and AZBAXG6.

The extrinsic pathway of apoptosis is directly
related to the activation of TRAIL death receptors,
followed by initiating a cascade of reactions
PUMA — caspase-12 — caspase-3 and DNA strand
breaks [13]. Considering that the main ligand of
TRAIL receptors is TNF-a, the decrease in the
intensity of caspase-dependent apoptosis under the
action of the analyzed substances may be associated
with a decrease in the concentration of this cyto-
kine, which was also demonstrated in earlier stud-
ies [21]. An important feature of the action of the
monocarbonyl analogues of curcumin studied is the
inhibition of apoptotic response both in the hippo-
campus and in cerebral cortex, which can serve as a
predisposing factor for the restoration of cognitive
functions [22].

CONCLUSION

The study showed that the use of monocarbonyl
analogues of curcumin AZBAX4 and AZBAX6 con-
tributes to a decrease in the intensity of apoptotic
response in the tissue of the hippocampus and cere-
bral cortex in rats with experimental AD. In addition,
the compound AZBAX4 possessed the most pro-
nounced antiapoptotic potential, in administration
of which, the indicators characterizing the activity of
the intrinsic apoptotic pathway were significantly
lower than in the administration of AZBAX6 and
donepezil.
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MOCJIENYIONIed WHUITMANEN KacKaJla PpPeakIui
PUMA — kacnasa 12 — Kacmasa 3 U pa3pblBaMU B
e JIHK [13]. YuuTsiBast, 9T0 OCHOBHBIM JINTAHZOM
peuenntopoB TRAIL sBisiercss ®HO-a, ymeHbIieHUe
WHTEHCUBHOCTHU KacIla3a-3aBUCHMOTIO aroITo3a IO/
JIEHICTBUEM aHAJU3UPYEMBIX BEIECTB MOXKET OBITH
CBABAaHO C YMEHBIIEHUEM COJIEPKAHUSA JAHHOTO
[IUTOKMHA, YTO TAKKe OBLIO MPOIEMOHCTPUPOBAHO B
paHee MPOBEJEHHBIX HCCIEOBAaHUAX [21]. BaskHou
0COOEHHOCTBIO JIEHCTBUSA HCCIIEAYEMBIX MOHOKap0OO-
HIWIbHBIX aHAJIOTOB KyPKyMHHA sIBJISIETCS IOJjaBJIe-
HUe PeakIuil arnonTo3a, KaK B TUIIIIOKAMIIE, TaK U B
Kope OOJIBIINX IOJYIIapUHA, YTO MOMKET CJIY3KUTH
IpeipacrosaraiuM (GakToOpoM JJisi BOCCTAHOBJIE-
HUS KOTHUTUBHBIX QYHKITHH [22].

SAKJIIOYEHUWE

HpOBeZ{eHHOC HCCIEeJOBaHHE IIOKAa3aJ10, YTO Kyp-
COBO€ IIpHMEHEHHE MOHOKap6OHI/IJ'II)HI)IX aHaJIOTOB
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kypkymmHa AZBAX4 u AZBAX6 cmocobGerByer
YMEHBIIEHUI0 HHTEHCUBHOCTH PEeaKIUi aronTosa B
TKAHU TUIIIOKAMIIA U KOPBI OOJIBIIUX MMOJIYIIapUi ¥
KpbIC ¢ 9KciepuMeHTanbHON BA. [Ipu aTom Hambo-
Jlee BBIDQyKEHHBIM aHTHUAIIONTOTUYECKUM IIOTEHIIU-
asom obsazano coeauHenne AZBAX4, npu BBefe-
HUM KOTOPOro IIOKa3aTesd, XapaKTepusylollue
AKTUBHOCTh BHYTPEHHEIO aIllONTOTHYeCKOro IIyTH,
OBLIN IOCTOBEPHO HUIKE, UEM B CJIy4yae IPUMeHEHUs
AZBAX6 u foHene3unia.

Bxiiag aBTOpOB. Bee aBTOpPBI BHEC/IU PaBHO-
LIEHHBIN BKJIaZ] B pa3paboTKy KOHIIENIIUH, IPOBe/ie-
HUe€ UCCJIeIOBaHUA U MIOATOTOBKY CTAaThH, IPOYIN U
o1o0pmwIn  (QUHAJIBHYIO BEPCUIO Ieper, IyOJIuKa-
uen.

KoHdIuKT HHTEpEeCcoB. ABTODHI 3aABJIAIOT 00
OTCYTCTBUU KOH(JINKTA UHTEPECOB.
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