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Alzheimer’s disease (AD) is a neurodegenerative disease that is a terminal form of dementia with an alarming spread rate.
The treatment of AD usually involves symptomatic therapy, but the research field for new medicines to correct AD focus on
the pathogenetic keys of the disease, i.e., a mitochondrial dysfunction.

The aim of the work was to evaluate the effect of trimethoxy-substituted monocarbonyl curcumin analogues on changes in
the mitochondrial function of the hippocampus in AD rats.

Materials and methods. AD was modeled in female Wistar rats by the injection of B-amyloid aggregates 1-42 into the CAl
part of the hippocampus. The tested compounds AZBAX4 and AZBAX6 at a dose of 20 mg/kg each, as well as the reference
doneperzil at a dose of 50 mg/kg, were administered orally for 30 days after the surgery. After the specified time had passed,
the changes in the cellular respiration, a citrate synthase activity, cytochrome-c-oxidase, succinate dehydrogenase, and
adenosine triphosphate (ATP) concentrations were evaluated in the mitochondrial fraction of the rat hippocampus.

Results. During the study, it was shown that the use of AZBAX4 and AZBAX6 compounds contributed to an increase in the
intensity of aerobic metabolism by 83.9 (p <0.05) and 35.9% (p <0.05), respectively, while reducing the activity of anaerobic
one by 27.7 (p <0.05) and 20.6% (p <0.05), respectively. Against the background of the tested compounds AZBAX4 and
AZBAX6 administration, there was also a significant increase in the activity of citrate synthase, succinate dehydrogenase
and cytochrome-c-oxidase, as well as the level of ATP in the hippocampal tissue by 112.8 (p <0.05) and 117.1% (p <0.05),
respectively. The use of donepezil led to a significant increase in the intensity of aerobic reactions — by 24.0% (p <0.05), a
citrate synthase activity— by 80.0% (p <0.05) and the ATP concentration — by 68.5% (p <0.05). Against the background of the
use of the analyzed substances, a decrease in the apoptosis-inducing factor and mitochondrial hydrogen peroxide is also
worth noting.

Conclusion. Based on the obtained data, it can be assumed that the use of AZBAX4 and AZBAX6 compounds contributes to
an increase in the functional activity of the mitochondria of hippocampal cells of AD rats, while surpassing the reference
donepezil. It is perspective to continue a further study of AZBAX4 and AZBAX6 compounds as possible medicines of a
pathogenetic correction of AD.
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BonesHb Anburermepa (BA) — HelpopereHepaTMBHOe 3aboneBaHWe, npeacTasasAtowee cobolt TepMmuHanbHyo dopmy
LEMEHLNN C YrPOXKaoLWMMM TEMNaMK pacnpocTpaHeHua. JledeHne BA noapasymeBaeT, Kak NpaBu/io, CMMNTOMATUYECKYHO
Tepanuio, ogHako o6aacTM MOUCKa HOBbIX CPeacTB ANA Koppekumn BA cocpefoTaumBaloTCA Ha MaTOreHeTUYEeCKUX
ocobeHHoCTAX 3aboneBaHuA, HaNPUMepP, MUTOXOHAPWANBbHOM ANCHYHKLUN.

Lenb. WM3yuntb BAWAHWE TPUMETOKCU-3aMELLEHHbIX MOHOKAPOOHU/bHBIX aHasoroB KYpPKYMMHA Ha
MWTOXOHAPWANbHOM GYHKLMM TMMNNOKaMNa y KPbIC C SKCNepuMeHTanbHOM BA.

Martepuanbl U metoabl. BA moaenMpoBanu y Kpbic-caMoKk anHum Wistar nytem BBeaeHus arperatos B-amunonga 1-42 s
CA1 vacTb runnokamna. AHanusupyembie coeguHeHus ¢ wuopamm AZBAX4 n AZBAX6 B go3e 20 Mr/Kr Kaxaoe, a TakKe
npenapaT cpaBHeHMA goHenesun B gose 50 Mr/Kr BBOAU/IM NMepopanbHO Ha NpoTaskeHun 30 AHE C MOMeHTa NpoBeaeHNs
onepaTMBHOrO BMeLLaTenbcTBa. [0 MCTeYeHUM YKA3aHHOTO BPEMEHW B MUTOXOHAPWANbHOM paKkuMM rMnNnokamna
KPbIC  OLEHWMBA/NM  U3MEHEHWEe  KNETOYHOTO  AblXaHWA, aKTUBHOCTM  UMTPATCMHTasbl, LUTOXPOM-C-OKCUAA3bI,
CYKLMHATAErMAPOreHasbl WM KOHUEHTpauuu ageHosuHTpudocdata (ATD), amontos-uHayumpyrowero ¢akropa M
MUTOXOHAPUANIbHOFO NePOKCUAA BOAOPOAA.

Pe3ynbTtatbl. B xo4e vccnenoBaHMa 6bi10 NOKA3aHO, YTO NPUMeEHeHWe coeguHeHuin AZBAX4 n AZBAX6 cnocobctBoBasno
NOBbILLEHWIO MHTEHCUBHOCTM a3pobHoro metabonmama Ha 83,9 (p <0,05) 1 35,9% (p <0,05) COOTBETCTBEHHO, NMPU CHUMXEHUK
AKTMBHOCTU aHa3pobHoro Ha 27,7 (p <0,05) un 20,6% (p <0,05) cooTBeTCTBEHHO. TaKKe Ha ¢poHe BBEAEHUSA aHANU3NPYEMbIX
coeanHeHnn AZBAX4 n AZBAX6 oTMeYeHOo A0CTOBEPHOE NMOBbILWEHNE aKTUBHOCTU LIUTPATCUHTA3bl, CYKUMHATAETNAPOreHasbl
U LIUTOXPOM-C-OKCHAA3bl, a Tak:Ke ypoBHA AT® B TKaHM runnokamna Ha 112,8 (p <0,05) 1 117,1% (p <0,05) cooTBETCTBEHHO.
MpumeHeHVe foHenesnaa NPUBOAUAO K CTAaTUCTUYECKU 3HAUYMMOMY YBEMYEHUIO MHTEHCUBHOCTU a3pOBHbIX peakuun —
Ha 24,0% (p <0,05), akKTUBHOCTU UMTPATCUHTA3bl — Ha 80,0% (p <0,05) 1 KoHueHTpaumm ATO — Ha 68,5% (p <0,05). Takxke
CTOMT OTMETUTb YMEHbLUEHME anonTo3-UHAYLMPYIOLWEero GpakTopa U MUTOXOHAPUANIbHOTO MEePOKCUAA BOAOPOAa Ha ¢poHe
NPUMEHEHUs aHaIU3MPYEMbIX BELLLECTB.

3akntoueHune. Ha 0CHOBaHMM NOJTYYEHHbBIX AaHHbIX MOXHO Mpeanonaratb, YTo NpMMeHeHMe coeanHeHnin AZBAX4 n AZBAX6
€noco6cTBOBaNO MOBbIWEHNIO PYHKLMOHANBHON aKTUBHOCTM MUTOXOHZPUI KNAETOK rmnnokamna Kpbic ¢ BA, npesocxoas
npv aTom pedepeHT goHenesn. LlenecoobpasHo NpogoKunTb AanbHellee nlydyeHne coeanHeHnin AZBAX4A n AZBAX6 Kak
BO3MOHbIX CPeACTB NAaTOreHeTUYeCcKon Koppekuun bA.

KntoueBble cnoBa: 60ne3Hb A/bLreiimepa; MUTOXOHAPWANIbHAA AUCOYHKLMA; aHANOTU KYPKYMUHA; HEMPOMPOTEKLMA
Cnucok coKkpaweHmit: BA — 6onesHb Anbureimepa; AR — amunong B; TM — ronosHoi mo3sr; JIO — N0XKHOOMEepPUPOBAHHbIE
YKMBOTHble; HK — HeraTtusHbIl KOHTposb; CAT — cyKumnHaTaerngporeHasa; CoX — LMToXpom-c-okcmaasa; LIC — umMTtpatcuHTasa;
AT® - apeHosuHTpudochat; TOMM — TpaHCnopTep BHELWHEN MUTOXOHAPUANbHOW MembpaHbl; APBPP — 6enok
npeawectseHHnK B-ammunonga, OCR — notpebneHne Kuciopoga; AU® — anonTos-uHayumpylowmin daxktop; MitoH,0, —
MUWTOXOHAPUANbHBIN NEePOKCUA, BOJopoaa.

n3meHeHue

INTRODUCTION

Alzheimer’s  disease (AD) is a chronic
neurodegenerative disease; its main clinical symptom
is progressive cognitive deficits. AD ranks 6 among the
leading causes of death, with the AD mortality rate
increasing by 145% between 2000 and 2019 [1], while
deaths from cardiovascular disease, diabetes mellitus,
and a HIV infection declined over time. In addition to the
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high epidemiological component, AD has a significant
impact on the health care economy. So, in 2022, 339.5
billion of US dollars were spent on the care of patients
suffering from AD [2].

On the pathophysiology level, AD is characterized
by a loss of neurons, a synaptic dysfunction, and
the formation of hyperphosphorylated tau protein
aggregates, as well as pathological inclusions of beta-
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amyloid [3]. Important elements of the pathogenesis
of AD are: an oxidative stress, inflammatory reactions,
an excitotoxicity, an imbalance of steroid hormones
(estrogens, androgens, and corticosteroids) and the
endocanabinoid system [4]. However, despite the
accumulated scientific and practical experience in
studying the pathophysiology and therapeutic strategies
of AD, many problems remain unresolved. One of
them is the matter of the beta-amyloid neurotoxicity
mechanisms and its mediated loss of cognitive functions,
which is the main drawback of the amyloid theory of AD
development. In order to interpret the existing amyloid
hypothesis of AD, several concepts have been proposed,
the leading one being the «mitochondrial cascade»
theory [5]. The main provisions of the «mitochondrial
cascade» hypothesis imply the provision about the most
pathological changes in the brain tissue (BT) in AD basing
on the mitochondrial dysfunction (MD).

Mitochondria are primarily known as organelles
that perform energy-producing, redox- and apoptosis-
regulating functions. In addition, mitochondria are
necessary for the synthesis of neuronal iron-sulfur
protein and haeme, as well as the operation of
neuronal reuptake transporters. Mitochondria provide
an important buffer mechanism for regulating calcium
concentrations. Given the fact that BT neurons are
the cells that are extremely dependent on the energy
deficiency, contain high concentrations of calcium, and
are sensitive to the oxidative damage, a mitochondrial
dysfunction will significantly affect their survival [6].
To date, a large number of studies have demonstrated
that a mitochondrial dysfunction invariably precedes
the clinical manifestation of AD, and under the data
of positron emission tomography using fluoro-2-
deoxyglucose, the most negative changes occur in the
hippocampus and cerebral cortex [7].

Since MD is the main link between all suspected
parts of the pathogenesis of AD, targeting the cell
mitochondria may be a new approach to treating AD.
At the same time, substances that correct disturbed
processes in mitochondria seem to compensate for
the energy deficit and eliminate oxidative stress, which
leads to the restoration of various metabolic pathways,
including the Krebs cycle, beta-oxidation of fatty acids,
oxidative phosphorylation, haeme biosynthesis, and
glycolysis [7].

According to Bhatia S. et al.,, 14 clinical trials
aimed at studying the possibility of correcting MD
in AD were registered in 2022. At the same time,
most studies indicate that the most pronounced
effect is provided by antioxidant substances: MitoQ,
epigallocatechin gallate, pramipexole, resveratrol,
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Centella asiatica extract, a combination of omega-3
polyunsaturated fatty acids with alpha-lipoic acid [9].
It has also been shown that some cinnamic acid
derivatives [10] and glycetein [11] can reduce the
manifestations of MD neurons in AD. However, the
search for new compounds of MD correction remains
relevant. Chainoglou E. et al. indicates that bis-symmetric
compounds with the structure similar to curcumin
(1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-
3,5-dione) — curcuminoids may be promising objects for
studying as AD therapy agents in the context of restoring
a mitochondrial function of neurons [12].

THE AIM of the work was to evaluate the effect of
trimethoxy-substituted monocarbonyl curcuminoids on
changes in hippocampal mitochondrial function in rats
with experimental AD.

MATERIALS AND METHODS

Experimental animals

The study was performed on 50 adult female Wistar
rats with a body weight 200-220 g, obtained from the
laboratory animal nursery "Rappolovo" (Russia). During
the experiment, the animals were kept in the standard
conditions of the vivarium of Pyatigorsk Medical and
Pharmaceutical Institute — branch of Volgograd State
Medical University (PMPI) in polypropylene boxes by 5
individuals in each. The admission of rats to complete
extruded food and water was not restricted. The litter
material (a granulated hardwood fraction) was changed
at least once every 3 days. The conditions of keeping
excluded the animal stress: the ambient temperature
of 22+2°C, the relative humidity of 55-65% and a
12-hour daily cycle. All manipulations were performed
under chloral hydrate anesthesia (an intraperitoneal
injection of chloral hydrate (PanReac Applichem, Spain)
at a dose of 350 mg/kg). The euthanasia of the animals
was performed after the anesthesia and removal of
biomaterials by a cervical dislocation. The work concept
was approved by the Local Ethics Committee of PMPI
(Protocol No. 8 dated Jul 7, 2023) and was in the line
with the provisions of Directives of EU 2010/63 and the
principles of ARRIVE 2.0 [13].

Experimental model of Alzheimer’s disease

AD of a sporadic phenotype was modeled in rats
by injecting fragments of B-amyloid 1-42 (AR ) into
the CA1 segment of the hippocampus (the stereotactic
coordinates were as follows: anteroposterior — 3.8 mm,
medial-lateral — 2 mm, dorsal-ventral — 2.6 mm from the
bregma). Aggregates AR, (Sigma-Aldrich, Germany)
were prepared by dissolving AR, protein fragments
in a mixture of dimethyl sulfoxide (Vekton, Russia) and
a phosphate-salt buffer solution (pH=7.4) in a ratio of
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1:10 at the temperature of 4°C. The resulting solution
was incubated for 3 days with continuous stirring.
AR, ,, aggregates were administered to the animals
anesthetized with chloral hydrate, for which the parietal
area was scalped and a trepanation hole was made.
Then, using a microdoser with a G30 needle, AR,
aggregates were introduced in a final concentration
of 1 mmol/l in a volume of 5 pl. The needle remained
at the injection site for 5 min, after which it was
removed. The wound was sutured and treated with
a 10% povidone-iodine solution (Betadine Egis
Pharmaceutical Plant, Russia) [14].

Analyzed compounds

The test compounds (1E, 4E)-1,5-bis(3,4,5-
trimethoxyphenyl)penta-1,4-diene-3-one (cipher
AZBAX4) and (1E, 4E)-1,5-bis(2,4,6-trimethoxyphenyl)
penta-1,4-diene-3-one (cipher AZBAX6) were obtained
at the Department of Organic Chemistry of PMPI. The
structure of the analyzed substances was identified by IR,
UV, and NMR spectroscopy [15]. The studied compounds
were administered orally at a dose of 20 mg/kg in the
form of a fine-dispersed suspension prepared ex tempore
on the basis of a phosphate-salt buffer solution with
pH=7.4 [16]. Donepezil (Alzepil®, Egis Pharmaceutical
Plant, Russia) was used as a reference drug at a dose of
50 mg/kg, initially as a suspension [17]. The duration of
the administration of the studied compoundss and the
reference agent was similar and amounted to 30 days
from the moment of the AD modeling.

Experimental groups

All the animals were randomized by a body weight
(no more than a 10% deviation in the group and between
the groups) into 5 equal groups of 10 individuals in
each: sham-operated animals (SO); negative control (NC);
a group of the animals receiving the reference drug
(donepezil); a group of the animals receiving the
analyzed compound under the cipher AZBAX4; a group
of the animals that received the analyzed compound
under the cipher AZBAX6. The rats of all the groups,
with the exception of SO, were modeled AD according to
the method described above. The SO group of rats was
consistently treated with the manipulations similar to
those used in the reproduction of AD, with the exception
of the injection of AR, fragments.

Biomaterial sampling

At the end of the 30-day period of the administration
of the analyzed compounds and the referent, the animals
were decapitated under chloral hydrate anesthesia;
the brain was removed and placed in an ice bath (the
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temperature no higher than 4°C). Next, the cerebellum
was separated, the hemispheres were separated along
the central sulcus, and the hippocampus was isolated,
then homogenized in a buffer solution consisting of a
0.1% bovine serum albumin solution (Sigma-Aldrich,
Germany)+215 mmol of mannitol (Sigma-Aldrich,
Germany)+1 mmol of sodium ethyleneglycoltetraacetate
(Sigma-Aldrich, Germany)+75 mmol sucrose (Sigma-
Aldrich, Germany)+20 mmol of 4-(2-hydroxyethyl)-1-
piperazinethanesulfonic acid (Sigma-Aldrich, Germany).
The homogenate was centrifuged (here in after referred
to as CM-50 centrifuge, ELMI, Latvia) for 2 minat 1100 g.
The resulting supernatant was divided into two
parts. The first aliquot of 700 ul was transferred to
Eppendorf tubes and layered with 75 pl of 10% percoll
(Sigma-Aldrich, Germany). The resulting mixture was
centrifuged for 10 min at 18 000 g. The precipitate
was resuspended in 1 ml of an isolation medium and
re-centrifuged for 5 min at 10 000 g. In the obtained
supernatant (a mitochondrial fraction), the intensity
of aerobic and anaerobic respiration, the activity of
succinate dehydrogenase (SDH), cytochrome c oxidase
(CoX), and citrate synthase (CS) were determined.
The second aliquot of the supernatant was used to
determine adenosine triphosphate (ATP), mitochondrial
hydrogen peroxide (MitoH,0,), and apoptosis-inducing
factor (AIF) concentration [18, 19].

Evaluation of aerobic respiration intensity

The intensity of an aerobic respiration was determined
by the change in the oxygen consumption rate (OCR)
in the analyzed medium when 4-(trifluoromethoxy)
phenylhydrazonomalononitrile at a concentration of
1 uM/I and pyruvate (15 mmol/l) as a substrate were
added. The anaerobic metabolic activity was assessed
respirometrically when glucose (15 mmol/l) as substrate
and oligomycin (1 pg/ml) were added to the medium.
The oxygen consumption was recorded on a laboratory
respirometer AKPM 1-01L (Alfa-Bassens, Russia) and
expressed in ppm/mg of protein, the content of which
was determined by the Bradford method. The reagents
used for the resprirometric analysis were provided by
Sigma-Aldrich (Germany) [20, 21].

Evaluation of succinate dehydrogenase activity

SDH activity was evaluated spectrophotometrically
(here in after referred to as SPh-102 spectrophotometer,
Aquilon, Russia) using the succinate-dependent
reaction of dichlorophenolindophenol reduction
when rotenone was added to the analyzed medium
at 600 nm. The reaction medium contained: 40 uM
dichlorophenolindophenol, 1 mM KCN, 10 uM rotenone,
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and 50 pM coenzyme Q,. The reaction was initiated
by adding 10 mM succinate. The enzyme activity was
expressed in U/mg of protein. Reagents used in the
analysis are provided by Sigma-Aldrich (Germany) [22].

Evaluation of cytochrome c oxidase activity

CoX activity was determined by changing the optical
density of the cytochrome C (ll) oxidation reaction
medium in the presence of potassium cyanide at 500 nm.
The incubation medium contained cytochrome
C () —= 15 puM and sodium dodecyl sulfate
0.03% solution. The enzyme activity was expressed
in U/mg of protein. The reagents, used in the analysis,
were provided by Sigma-Aldrich (Germany) [23].

Evaluation of citrate synthase activity

CS activity was evaluated by a spectrophotometric
method based on the determination of colored
products of the degradation reaction of 5,5’-di-thiobis-
(2-nitrobenzoic acid) in the presence of acetyl-CoA
and oxaloacetate at 412 nm. The reaction medium
contained: 0.1 mM 5,5 -ditiobis-(2-nitrobenzoic acid,
50 mM acetyl-CoA, and 50 mM oxaloacetate. The
enzyme activity was expressed in U/mg of protein. The
reagents, used in the analysis, were provided by Sigma-
Aldrich (Germany) [24].

Evaluation of adenosine triphosphate

concentration and apoptosis-inducing factor

The ATP and AIF content in the supernatant of the
hippocampus was determined by solid-phase enzyme-
linked immunosorbent assay using species-specific
reagent kits. The analysis kits were provided by Cloud
Clone Corp. (USA, lot no. L231018913). The analysis
followed the manufacturer’s recommendations. The
analytical signal was read using an Infinite F50 microplate
reader (Tecan, Austria).

Evaluation of mitochondrial hydrogen

peroxide concentration

The MitoH,0, content was determined by the
fluorescence method (Hitachi MPF-4 spectrofluorimeter,
Japan) using a standard Amplex Red kit (Thermo Fisher
Scientific, USA). The MitoH,0, concentration was
expressed in mmol/mg of protein.

Statistical analysis

The results were processed by methods of
variational statistics using the capabilities of the
StatPlus 7.0 Software Package (AnalystSoft Inc., USA,
License 16887385). The obtained data were checked
for the normality of the distribution according to the
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Shapiro-Wilk test. Parametric ANOVA methods with the
Newman-Keulse post-test and nonparametriccstatic
analysis methods — the Kruskal-Wallis test — were used
to compare the groups. The differences were considered
statistically significant at p <0.05.

RESULTS

Effect of analyzed compounds and donepezil

on changes in cellular respiration processes

in mitochondrial fraction of AD rats hippocampus

In the course of the study, it was shown that in the
NC group of rats in comparison with the SO animals,
there was a 60.5% (p <0.05) decrease in the intensity of
the aerobic respiration (Fig. 1) with a 164.8% (p <0.05).
increase in the anaerobic respiration. During the use
of donepezil, there was 24.0% (p <0.05) increase in
the activity of the aerobic processes in relation to the
untreated rats, while the intensity of the anaerobic
respiration did not change significantly. At the same
time, in the animals treated with AZBAX 4 and AZBAX6
compounds, the activity of aerobic metabolism exceeded
that of the NC group of rats by 83.9 (p <0.05) and 35.9%
(p <0.05), respectively, which was accompanied by a
decrease in the anaerobic reactions by 27.7 (p <0.05)
and 20.6% (p <0.05), respectively. It should be noted
that when the AZBAX 4 compound was administered
to the animals, the intensity of the aerobic metabolism
was higher and the anaerobic metabolism was lower,
respectively, than in the rats treated with donepeuzil,
by 48.3 (p <0.05) and 30.8% (p <0.05), respectively.
The administration of AZBAX 6 compound reduced the
activity of the anaerobic reactions by 24.0% (p <0.05)
compared to the animals treated with donepezil.

Effect of analyzed compounds and donepezil

on changes in enzyme activity in mitochondrial

fraction of AD rats hippocampus

As can be seen from the data presented in Table 1,
the animals of the NC group showed a decrease in the
activity of SDH, CoX and CS in relation to the SO group
of rats by 77.0 (p <0.05), 90.5 (p <0.05) and 60.3%
(p <0.05), respectively. The use of donepezil contributed
to an 80.0% (p <0.05) increase in the activity of CS in
comparison with the NC group of the animals, while
the activity of SDH and CoX did not change significantly.
Against the background of the administration of the
AZBAX 4 compound, there was an increase (in relation to
the NC group of rats) in the activity of SDH — by 154.3%
(p <0.05), CoX — by 180.4% (p <0.05), CS — by 97.8%
(p <0.05), whereas when using AZBAX6, the activity of
SDH enzymes, CoX and CS increased relative to the NC
group indicators by 115.9 (p <0.05), 180.4 (p <0.05), and
71.1% (p <0.05), respectively.
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Effect of the analyzed compounds

and donepezil on changes in the ATP

concentration in the hippocampal tissue

of AD rats

Analyzing the change in the concentration of ATP
(Fig. 2) in the hippocampal tissue of rats with AD, it was
found that in the NC group of animals, the ATP content
decreased by 61.1% (p <0.05) in relation to the SO rats.
Against the background of administration of donepezil,
AZBAX 4 and AZBAX6 compounds, the level of ATP
increased by 68.5% (p <0.05), 112.8% (p <0.05) and
117.1% (p <0.05), respectively, in comparison with the
NC the animal group.

When assessing the changes in the concentration
of the AIF and rats hippocampus (Fig.3) it was found
that in the NC group of animals, this indicator was 3.8
times higher than in the SO rats (p <0.05). At the same
time, when donepezil, AZBAX4 and AZBAX6 compounds
were administered, the AIF concentration decreased
by 24.2% (p<0.05), 46.1% (p<0.05) and 42.8%
(p <0.05), respectively, in comparison with the NC group
of animals.

Effect of the analyzed compounds

and donepezil on changes in the MitoH,0,

concentration in the hippocampal tissue

of AD rats

In the course of the study, it was shown that in
the NC group of rats, the concentration of MitoH,0,
exceeded the same indicator of animal SO by 5.4 times
(p <0.05). When using AZBAX4 and AZBAX6 compounds,
the content MitoH,0, decreased in relation to untreated
animals by 63.7% (p <0.05) and 54.8% (p <0.05), while
the administration of donepezil did not significantly
affect the change in the concentration MitoH,0O, in rat
hippocampal tissue (Fig. 4).

DISCUSSION

AD is one of the most common neurodegenerative
diseases and the leading cause of dementia. In recent
years, the incidence of AD does not only decrease,
but also tends to increase, which is probably due to
an enhance in the life expectancy of the population.
Currently, there are no effective kinds of treatments
for AD, and available therapeutic strategies are usually
focused on symptoms correcting. In many respects,
the lack of treatment is due to the not fully established
etiopathogenesis of the disease. To explain the specific
features of the etiology and pathogenesis of AD, several
hypotheses have been put forward, which, as Swerdlow
RH points out, should take into account age-related
features, pathophysiology of amyloidogenesis and tau
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pathology, genetic polymorphism of apolipoprotein E,
the changes in the cerebral
inflammations, and insulin resistance [25]. One of the
hypotheses that can explain almost all pathophysiological
mechanisms of AD identified so far is the "mitochondrial

vascular system,

cascade" theory [26].

It is known that the sequential cleavage of the
beta-amyloid precursor protein (ARBPP) produces a by-
product — AR; its 42-amino-acid oligomeric conformations
initiate neurodegeneration. At the same time, ARPP
and AR can partially enter the mitochondria using the
external mitochondrial membrane transporter (TOMM).
However, this transport is incomplete, since it is
hindered by the acid domain of ARPP, resulting in
a violation of the architectonics of mitochondrial
membranes, a decrease in the intensity of oxidative
phosphorylation reactions and the
mitochondrial enzymes, in particular CoX [27]. In
addition, AP disrupts the calcium buffer capacity of
mitochondria, thereby aggravating the deficiency of
macroergic compounds [28]. Given the important role
of mitochondria in the pathogenesis of AD, it is not
surprising, that these organelles have become promising
pharmacotherapeutic targets.

In this regard, this study was devoted to the
evaluation effect of trimethoxy-substituted
monocarbonyl analogues of curcumin on changes in
the mitochondrial function of hippocampal cells in
rats with experimental AD. Curcuminoids are a class of
compounds, with a broad spectrum of a pharmacological
activity, including their effect on intracellular signaling
pathways regulating the proliferation [29]. An important
feature of monocarbonyl curcuminoids, in contraste
to full structural analogues of curcumin, is a better
pharmacokinetic profile and a higher lipophilicity, which
can ensure the penetration of a substances into the
BT in significant therapeutic concentrations, thereby
increasing the level of effectiveness [30]. In addition,
some monocarbonyl curcuminoids may be promising
compounds intended for the pathogenetic AD correction.
So, Hussain H et al. demonstrated that monomethoxy-
substituted monocarbonyl
antioxidant effect in in vitro and in in vivo in mice
with AD induced by the scopolamine administration.
The authors showed that the administration of this
compound leads to an increase in the activity of
antioxidant enzymes and a decrease in the concentration
of malondialdehyde in the hippocampal tissue of the
animals. At the same time, the authors associated the
antioxidant activity of the analyzed substance with the
presence of a methoxy group [31].

activity of

two

curcumin exerts an
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Figure 1 — Influence of analyzed compounds and donepezil on changes in cellular respiration processes
in mitochondrial fraction of AD rats hippocampus-
Note: SO — sham-operated animals; NC — animals of the negative control group;

# — significant relative to SO (Newman—Keulse test, p <0.05); * — significant relative to NC (Newman—Keulse test, p <0.05);
A — significant relative to animals treated with donepezil (Newman—Keulse test, p <0.05).
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Figure 2 — Effect of analyzed compounds and donepezil on changes in AIF concentration

in AD rats hippocampal tissue
Note: SO — sham-operated animals; NC — animals of the negative control group; # — significant relative to SO (Newman—Keulse test, p <0.05);
* —significant relative to NC (Newman—Keulse test, p <0.05);
A — significant relative to animals treated with donepezil (Newman—Keulse test, p <0.05).
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Figure 3 — Effect of the analyzed compounds and donepezil on changes in the AIF concentration i

n the hippocampal tissue of AD rats
Note: SO — sham-operated animals; NC — animals of the negative control group; # — significant relative to SO (Newman—Keulse test, p <0.05); * —
significant relative to NC (Newman—Keulse test, p <0.05); A — significant relative to animals treated with donepezil
(Newman—Keulse test, p <0.05).
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Figure 4 — Effect of analyzed compounds and donepezil on change in the MitoH,0, concentration

in AD rats hippocampal tissue
Note: SO — sham-operated animals; NC — animals of the negative control group; # — significant relative to SO (Newman—Keulse test, p <0.05); * —
significant relative to NC (Newman—Keulse test, p <0.05); A — significant relative to animals treated with donepezil
(Newman—Keulse test, p <0.05).
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Table 1 — Effect of analyzed compounds and donepezil on changes in enzyme activity
in mitochondrial fraction of AD rats hippocampus

Group SDH, U/ mg protein CoX, U/mg protein CS, U/mg protein
SO 1.19+0.4 4.47+1.12 4.19+0.29

NC 0.27+0.08# 0.43+0.11# 1.66+0.58#
AZBAX4 0.7+0.25% 1.19+0.11%* 3.29+0.94*
AZBAX6 0.59+0.31* 1.21+0.15* 2.85+0.97*
Donepezil 0.6+0.16 0.65+0.19 2.99+0.35*

Note: SDH — succinate dehydrogenase; CoX — cytochrome-c-oxidase; CS — citratesynthase; SO — sham-operated animals; NC — animals of the
negative control group; # — significant relative to SO (Newman—Keulse test, p <0.05); * — significant relative to NC (Newman—Keulse test, p <0.05).

The study showed that a course administration of
trimethoxy-substituted monocarbonyl curcuminoids to
the animals contributed to an increase in the intensity
of cellular respiration, expressed in an enhance of
the aerobic processes intensity and a decrease in the
anaerobic ones. A further course of the study allowed
us to establish that against the background of the use
of the analyzed compounds, there was an increase
in the concentration of ATP in the hippocampal tissue
of the animals as well as the activity of SDH, CoX and
CS, which reflects a significant influence of the studied
substances on changes in the mitochondrial function.
Thus, an increase in the activity of SDH and CoX may
indicate an increase in the processes of mitochondrial
biogenesis and autophagy, which lead to the elimination
of the damaged mitochondria of neurons that are prone
to generating reactive oxygen species and pro-apoptotic
molecules, such as cytochrome C or an apoptosis-
inducing factor [32]. At the same time, an increase in
the CS activity probably indicates an increase in the
formation of the intact mitochondria de novo, thereby
normalizing the aerobic ATP production [33]. It should
be noted that when donepezil was administered to the
animals, a significant increase in the CS activity, aerobic
reactions, and an ATP concentration in relation to the NC
group of the animals was observed. At the same time, the
use of donepezil did not affect the anaerobic reactions,
the activity of SDH and CoX, which is consistent with the
results presented by Ye C.Y. e tal. [34]. It is also important
that a decrease in the concentration of MitoH,0, and
AIF was noted against the background of the use of the
studied substances, which reflects a decrease in the
intensity of the generation of reactive oxygen species and
pro-apoptotic molecules by mitochondria. It is known
that MitoH,0, formed as a result of the dissociation
of electron transport reactions of the mitochondrial
respiratory chain with an electron deletion at the level

of complex Ill, and is one of the most powerful factors
provoking an oxidative stress. In this regard, a decrease
in its concentration recorded against the background
of the administration of the studied substances may
indicate not only a decrease in peroxidation processes
in the cell, but also a stabilization of the activity of
mitochondrial supercomplexes [35].

Taken together, the obtained results indicate
that more pronounced changes in the mitochondrial
function of hippocampal cells are observed with the
administration of the analyzed compounds AZBAX 4
and AZBAX6 than with the use of the reference drug
donepezil.

Limitations of the study

This study was performed on female rats in a
single-dose mode of the administration of the analyzed
compounds, and therefore, in the future, it is necessary
to establish possible gender and dose-dependent
differences in the effectiveness of the use of the studied
substances.

CONCLUSION
The study  showed that  the course
administration of compounds (1E, 4E)-1,5-bis

(3,4,5-trimethoxyphenylpenta-1,4-diene-3-one
(AZBAX4) and (1E, 4E)-1,5-bis(2,4,6-trimethoxyphenyl)
penta-1,4-diene-3 (AZBAX6) to the animals with
experimental AD leads to an improvement in the
mitochondrial function of hippocampal cells. At the
same time, there is an increase in the activity of
the mitochondrial enzymes SDH, CS and CoX, the
concentration of ATP, as well as some recovery of aerobic
metabolism reactions. It is important to note that the
effect of the use of the analyzed compounds exceeded
that of the administration of the referent-donepezil,
which makes them promising for a further study.
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