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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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3. Submitted material must include a coverage of a topical subject, research methods, results,
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Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.
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method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Introduction: The wide range of chemical structures of
antioxidants provides opportunities for individual selection of
the most suitable compounds, taking into account the unique
needs and characteristics of the body. Synthetic antioxidants
can be specially designed with certain characteristics, which
helps to create more effective and stable compounds.

Aim: The aim of this work was to conduct a series
of studies to identify the antioxidant activity of newly
synthesized compounds of a number of oxalic acid diamides
based on  3,4-dimethoxyphenylcyclopentylamine N1
((1-3,4-dimethoxyphenyl)methyl)-N2—(2-methoxyphenyl)
oxalamide on the content of malondialdehyde (MDA) in the
brain and liver tissues of white rats (in vivo, in vitro), as well
as to determine their potential pharmacological properties that
correspond to Lipinsky's "Rule of Five" (in silico).

Material and methods: The studies were conducted on white
male rats weighing 180-200 g, kept on a normal diet. The brain
and liver were washed with physiological solution, purified
from vessels and homogenized in Tris-HCI buffer. The level of
lipid peroxides was determined in a non-enzymatic peroxidation
system by the yield of the final product — (MDA), which forms
a complex compound with thiobarbituric acid in the form of a
chromogen (trimethine complex).

Results and discussion: As a result of the conducted studies,
it was established that the synthesized compounds exhibit
antioxidant properties with varying degrees of effectiveness.
The most pronounced activity was demonstrated by compound
1.24.50 both in liver tissue and in brain tissue. The least activity,
both in liver tissue and in brain tissue, was demonstrated by
compound 1.24.43. In addition, all physicochemical descriptors
of the studied compounds correspond to Lipinsky's "Rule of
Five". These data confirm the prospects of further studies of
these compounds as potential sources for the development of
new molecules for the treatment of oxidative stress.

Conclusion: Analysis of the obtained data allows us to
conclude that the studied compounds demonstrate antioxidant
properties, helping to protect cells from oxidative stress. These
results are of significant importance for the prevention and
treatment of diseases associated with increased levels of free
radicals.

Key words. Oxidative stress, antioxidants, free radicals,
reactive oxygen species, trimethine complex, in silico.

Introduction.

Antioxidants are a diverse group of substances that have the
ability to inhibit oxidative processes in the body caused by the
formation of reactive oxygen species (ROS) and play a key
role in strengthening the immune system, preventing chronic
diseases such as cancer and cardiovascular pathologies, as
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well as slowing down the aging process and improving skin
condition [1].

Their integration into the diet and use as food supplements
represent an effective method of maintaining overall health and
well-being of the body [2].

Depending on their origin and mechanism of action,
antioxidants are divided into the following main groups:
endogenous enzymatic antioxidants, natural non-enzymatic
antioxidants and synthetic antioxidants.

Endogenous enzymatic antioxidants, enzymes synthesized
directly in the body, such as superoxide dismutase, catalase
and glutathione peroxidase, play a key role in the first line
of defense against oxidative stress, they provide continuous
and highly effective protection of cells, but their activity can
decrease under the influence of various factors, including age,
stress and pathological conditions [3].

Natural non-enzymatic antioxidants, for example, are found
in plant and animal products and complement the body's
antioxidant defenses. These include vitamins (A, C, E) are
biologically active compounds that effectively protect the
body from the effects of oxidative stress. These substances are
found in a variety of natural sources, such as fruits, vegetables,
green tea, spices, and herbs. Their antioxidant activity is due
to their unique chemical structure, which includes a variety of
classes of compounds, such as flavonoids (such as quercetin and
catechins), polyphenols (such as resveratrol and ellagic acid),
vitamins (such as vitamin C and E), carotenoids (including beta-
carotene and lycopene), and other bioactive molecules such as
glutathione and coenzyme Q10 [4].

Compared to natural antioxidants, synthetic antioxidants are
designed to enhance endogenous antioxidant protection and
are used as food additives and pharmaceuticals. They play an
important role in modern medicine and pharmacology, offering
a number of advantages that make them an integral part of
therapeutic strategies. First, they can be specifically designed
to ensure high bioavailability and stability, which allows for
targeted and effective action on cells and tissues of the body [5].

Second, synthetic antioxidants significantly reduce the level
of oxidative stress, which is a key link in the pathogenesis of
numerous chronic diseases [6].

Thus, the integration of synthetic antioxidants into medical
practice is a promising strategy for maintaining homeostasis
and preventing pathologies caused by oxidative stress. The
complex use of these compounds can contribute not only to
the modulation of biochemical processes at the cellular level,
but also to a reduction in the risk of developing a wide range
of diseases associated with redox system imbalance, including
neurodegenerative, cardiovascular and oncological diseases [7].

Modern research also demonstrates that synthetic antioxidants
are capable of modifying cellular signaling pathways involved
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in inflammation and apoptosis, opening up new prospects for the
development of innovative drugs. This is due to their ability to
act on various molecular targets, including enzymes, receptors
and transcription factors, which allows for the creation of more
effective and specific therapeutic agents [8].

In the context of current health and disease prevention issues,
there is an increasing interest in antioxidants [9].

The increasing volume of publications devoted to the diverse
aspects of the interaction of prooxidants, and antioxidants
serves as convincing evidence of the growing scientific interest
in studying the nature and mechanisms of oxidative processes in
chemical and biological systems [10].

In biological systems, oxidative processes maintain a dynamic
balance between free radical oxidation and neutralization of
bioradicals, which ensures stable synthesis of reactive oxygen
species (ROS) in the body [11].

Under physiological norm conditions, the synthesis of
active forms of oxygen (ROS) is balanced by the function of
the antioxidant system, which ensures the maintenance of
homeostasis. However, if the rate of ROS formation exceeds
their utilization, oxidative stress may develop. In this state,
not only excessive accumulation of ROS is observed, but also
increased destruction of key bioorganic macromolecules, which
leads to their premature degradation [12].

It is important to note that in the brain, the main source of free
radicals is hydrogen peroxide, which is formed as a result of
deamination reactions. These processes are key to the formation
of free radicals in neural tissue and can contribute to oxidative
stress if not effectively neutralized by antioxidant mechanisms [13].

The study of antioxidant activity is an important area of modern
biomedical science, since it is directly related to maintaining
homeostatic balance in the body and protecting cells from the
destructive effects of oxidative stress. It is generally recognized
in the scientific community that the most dangerous component
of oxidative stress is the formation of reactive oxygen species
(ROS), including free radicals and peroxides, which are highly
reactive and can initiate cascade damage to biomolecules.
Oxidative stress plays a decisive role in the pathogenesis of
a number of neurodegenerative diseases, such as Parkinson's
disease, Alzheimer's disease, Huntington's chorea, depressive
disorders and multiple sclerosis [14].

The aim of this study is to further understand the role of
antioxidants in maintaining health and preventing disease. This
study, based on current scientific advances, aims to identify
new antioxidants that can effectively reduce oxidative stress
and mitigate its potentially harmful effects. These efforts
have the potential to significantly contribute to a critical area
of biomedical research by providing a better understanding
of the mechanisms of antioxidant activity and its therapeutic
applications.

The synthesized diamide derivatives have previously been
found to possess a variety of biological activities (antiarrhythmic,
sympatholytic, adrenomimetic, anticonvulsant, etc.) [15].

In this work, we investigated the specificity of the
antioxidant action of a number of oxalic acid diamides
based on 3,4-dimethoxyphenylcyclopentylamine N 1
((1-3,4-dimethoxyphenyl) methyl)- N 2 —(2-methoxyphenyl)
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oxalamide, synthesized in the laboratory "Design and Synthesis
of Compounds Regulating the Activity of the Cardiovascular
System". The structure of the synthesized compounds was
confirmed by IR and NMR1H spectra, the purity was checked
chromatographically [15].

At the same time, the potential pharmacological properties
of these compounds, which correspond to Lipinsky’s “Rule of
Five”, were investigated.

The compounds under investigation include: 1.24.40, 1.24.42,
1.24.43, 1.24.49 and 1.24.50. The research objective was to
evaluate the antioxidant potential of these newly synthesized
compounds in the brain and liver tissue of white rats through in
vivo and in vitro experiments, as well as in silico analyses.

H;CO
1.24.40 /<;
H,CO \Q)L
CHj
((1 -(3,4-dimethoxyphenyl)cyclopentyl)methyl)-N,-(2-methoxyphenyl)oxalamide

Molecular Weight: 412.48

3Coj§
1.24.42 HN CH,4
oo Mty

N1-((1 -(3,4-dimethoxyphenyl)cyclopentyl)methyl)-N,-methyloxalamide
Molecular Weight: 320.38

1.24.41 HBCOjijQ o
HN
H3CO \g)J\ H /\©
N1—benzyI-N2-((1 -(3,4-dimethoxyphenyl)cyclopentyl)methyl)oxalamide
Molecular Weight: 396.48

H3;CO
1.24.43 HN /O
H5;CO

N1-cyclohexyI-N2-(( -(3,4-dimethoxyphenyl)cyclopentyl)methyl)oxalamide
Molecular Weight: 388.50

HscojijQ
124.49 ol o
0O \g)kN/\/

N -((1-(3,4-dimethoxyphenyl)cyclopentyl)methyl)-N,-(2-morpholinoethyl)oxalamide
Molecular Weight: 419.51

HscojijQ o
1.24.50 HN OH
1O @)LH/\/

N -((1-(3,4-dimethoxyphenyl)cyclopentyl)methyl)-N,-(2-hydroxyethyl)oxalamide
Molecular Weight: 350.41

Scheme 1. The structures of studied compounds.



Materials and Methods.

The experiments were conducted on male white 60 rats
weighing 180-200 g, maintained on a standard diet. The study
adhered to the Directive of the European Council (2010/63/EU)
on the care and use of experimental animals [16]. In vivo and in
vitro studies consist of 4 main stages.

Stage I: The test compounds were dissolved in 1ml dimethyl
sulfoxide and administered intraperitoneally to the experimental
animals at a dose of 0.3mg per kilogram of body weight, in the
same way control animals received 1 ml dimethyl sulfoxide
[17].

Stage II: On the next day, for experiments the animals
were euthanized under Nembutal anesthesia administered
intraperitoneally at a dose of 60 mg/kg [12]. After dissection,
the brain and liver were isolated, washed with physiological
solution, cleared of blood vessels, and homogenized in Tris-
HCI buffer (pH 7.4).

Stage II1: After protein precipitation the supernatant containing
malondialdehyde (MDA) is separated by centrifugation.
Thiobarbituric acid, which is an indicator of MDA, is added. This
forms a pink chromogen, the color intensity of which indicates
the level of MDA content. The intensity of the chromogen color
was measured spectrophotometrically at a wavelength of 535
nm, which correlates with peroxide levels [18,19].

Stage IV: Assessment of lipid peroxides was performed
using a non-enzymatic (ascorbic acid-dependent) peroxidation
system, where malondialdehyde (MDA) served as the end

product. The antioxidant activity (AOA) of the test compounds
was determined by the percentage change in MDA levels in
experimental samples compared to control, normalized to 1g of
previously quantified protein content.

In silico: To be effective, a drug must reach its target in the
body in sufficient concentration and remain in a biologically
active form long enough to produce the desired effect.
Drug development now includes assessment of absorption,
distribution, metabolism, and excretion (ADME) at very early
stages of the discovery process, when there are many potential
compounds but limited physical sample availability. In this case,
computer models represent a valuable alternative to traditional
experiments. Our study used the SwissADME web tool, which
offers free access to a range of fast but robust prediction
models for physicochemical properties, pharmacokinetics, drug
properties and pharmaceutical chemistry compliance. The tool
incorporates advanced methods such as BOILED-Egg, iLOGP
and bioavailability radar [20,21].

The study includes determination of compliance of compounds
with the Lipinski 5 rule with the SwissADME web tool.
Lipinski's "Rule of Five" is a widely used principle in drug
discovery that predicts whether a biologically active molecule
is likely to be bioavailable and penetrate biological membranes
based on its chemical and physical properties. This rule
evaluates pharmacokinetic characteristics such as absorption,
distribution, metabolism and excretion by evaluating specific
physicochemical properties [22].

Table 1. The effect of some compounds of a series of oxalic acid diamides based on 3,4-dimethoxyphenylcyclopentylamine N1 ((1-3,4-dimethoxyphenyl)
methyl)-N2 —(2-methoxyphenyl)oxalamide on the MDA content (nm/mg protein) in the brain of white rats in Vivo and in Vitro, in Silico experiments.

Compound Control (mg/g protein)

protein)
1)1.24.40 12.05+0.9 3.01+0.4
2) 1.24.42 12.05+0.9 1.92+0.3
3)1.24.43 12.05+0.9 8.01+0.10
4)1.24.49 12.05+0.9 2.05+0.3
5)1.24.50 12.05+0.9 1.41£0.3

Experiment (mg/g

% of Experiment from % Difference from

Control Control
24.98% 75.02%
15.93% 84.07%
66.47% 33.53%
17.01% 82.99%
11.70% 88.3%

Table 2. The effect of some compounds of a Series of Oxalic acid Diamides based on 3,4-dimethoxyphenylcyclopentylamine N1
((1-3,4-dimethoxyphenyl)methyl)-N2 —(2-methoxyphenyl)oxalamide on the MDA content (nm/mg protein) in the liver of white rats in Vivo, In Vitro,

In Silico Experiments.

. ° . o/ T

Compound Control (mg/g protein) ll;]:;)teell::lr)nent (mg/g é(; :)lfrl:l);(perlment from é(; I]l)tli'f:‘irence from

1)1.24.40 12.05+£0.9 3.78+0.4 31.36% 68.64%

2) 1.24.42 12.05+0.9 3.20+0.3 26.56% 73.44%

3)1.24.43 12.05+0.9 9.42+0.11 78.17% 21.83%

4)1.24.49 12.05+0.9 2.56+0.4 21.24% 78.76%

5)1.24.50 12.05+0.9 1.9240.3 15.85% 84.15%

Table 3. The results of In Silico studies.

Compound Log P Number of hydrogen Number of hidrogen bond Molecular weight
bond donor groups acceptor groups

1.24.40 3.31 2 5 412.48 g/mol

1.24.42 3.21 2 4 320.38 g/mol

1.24.43 3.69 2 4 388.50 g/mol

1.24.49 3.44 2 6 419.51 g/mol

1.24.50 3.10 3 5 350.41 g/mol
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Results and Discussion.

The degree of lipid peroxidation (LPO) was assessed based
on the production of the end product, malondialdehyde (MDA),
a recognized marker of lipid oxidation. The intensity of LPO
was determined by quantitative analysis of MDA levels in the
samples, which allowed the intensity of oxidation to be expressed
through the amount of MDA formed in the reaction. Therefore,
the accumulation of MDA indicates the intensity of oxidative
processes, while a decrease in its level after the introduction of
antioxidants may indicate their effectiveness [23].

Exploratory analysis of the antioxidant effect of the following
compounds: 1.24.40, 1.24.42, 1.24.43, 1.24.49 and 1.24.50
based on changes in the level of malondialdehyde (MDA) in the
brain and liver of experimental animals. Based on the results,
the MDA content of all compounds in the control is on average
12.05 mg/g protein.

After the experiment, the MDA level in the brain of compound
1.24.40 decreased by 75.02%. The MDA level in the brain of
compound 1.24.42 was 84.07%, and the MDA level in the brain
of compound 1.24.43 decreased to 8.01 mg/g protein. The MDA
level in the brain of compound 1.24.49 was 82.99%. Under the
influence of compound 1.24.50, the MDA level decreased by
88.30%, which makes it the most effective among those studied.

Compound 1.24.40-68.64% demonstrated antioxidant activity
in liver tissue. Compound 1.24.42 had 73.44% MDA level in
liver, while compound 1.24.43 had MDA level in liver decreased
to 9.42 mg/g protein. Compound 1.24.49 had MDA level of
78.76%. Compound 1.24.50 decreased MDA level in liver by
84.15%, making it the most effective among those studied.

The structure of the molecule under study contains no more
than 5 hydrogen bond donors, no more than 10 hydrogen
bond acceptors, a molecular weight of less than 500 Da and
a distribution coefficient (log P) of no more than 5 confirms
compliance with Lipinsky's rule of 5. The term "rule of five"
refers to the fact that the criteria are based on multiplicities of
five [20,22].

All compounds studied have the same Log P value, which
is important despite the compliance with Lipinski's rule.
Compounds must have optimal solubility in body fluids before
they are adsorbed by biological membranes. The optimal number
of hydrogen bond donor and acceptor groups is important in
terms of ensuring solubility in body fluids.

To penetrate biological membranes, compounds should
not be too large to pass through intercellular pathways or
molecular transport systems. All the compounds studied have
optimal molecular weight. As a result of the studies, it was
established that all the compounds correspond to the Lipiski's
5 rules without any deviations and have the highest possible
permeability through biological membranes. The results of the
study are presented in the table.

Conclusion.

The study revealed significant differences in the antioxidant
effect of the compounds under study, which demonstrated
varying degrees of antioxidant activity in both brain and liver
tissue. It is important to note that compound 1.24.50 was the
most effective, significantly reducing MDA levels, which can be
used in the future to develop antioxidant drugs.
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Based on the above data, it can be concluded that the studied
compounds demonstrate significant potential in protecting
cells from damage caused by oxidative stress, as well as in
the prevention of diseases associated with these pathological
processes. It should be noted that further research will allow
a deeper understanding of the mechanisms of their action and
identify specific medical applications of these compounds,
which will open up new prospects in the development of
therapeutic strategies aimed at combating diseases caused by
oxidative stress.

Based on the conducted studies, conclusions can be made
about the antioxidant activity of compounds of a number of
oxalic acid diamides on the process of free-radical oxidation of
lipids in the brain and liver.
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KOMILIEKCHOE HUCCJIEJOBAHUE
AHTHOKCHUJIAHTHOM AKTHBHOCTH
MPOM3BOJHBIX  JMAMHUJIOB  IIABEJIEBOI1

KHUCJOTHBI nu nux BO3JIEICTBUE HA
KOHUHEHTPALIUIO MAJIOHOBOI'O JUAJBJAETUA
B TKAHSIX MO3TI'A U IEYEHU BEJIBIX KPBIC

I'oap Apanxan, Kpucrune Haposin, Heapn Ilaryrsamn,
OranHec YHaHsH,

Amnaur orocsn, I'paunk I'acnapsin

HUncmumym  momukou  Opeamuueckon — Xumuu,  HAY4YHO-
MEXHON02UYECKULl YEeHMP OP2AHUYECKOU (apmayesmuiecko
xumuu (hmyoghx) naw pa,; Epesan, PA

PE3IOME
Beegenmne: IIupokuii CHEKTp XUMHUYECKMX CTPYKTYp
AHTHOKCHJIaHTOB mpeaoCTaBJIACT BO3MOXXHOCTHU JJIA

WHAWBHUIYATH3UPOBAHHOTO IMOI0Opa HaWOOIee ITOIXOMISIINX
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COE/IMHEHUH, YYHUTBHIBAIOIIETO YHHKaIbHBIE MOTPeOHOCTH U
ocoOeHHOCTH oOpran3Ma. CHHTETHYECKHE AaHTHOKCHIAHTHI
MOTYT OBITh CIIEIMAIBHO pPa3pabOTaHbl C ONpPEAEIEHHBIMU
XapaKTepPUCTUKAMM, HUYTO CIIOCOOCTBYET CO3JaHWI0 Ooiee
3¢ (GEKTUBHBIX U YCTOWYHUBBIX COCAUHCHHH.

Hean: Ilenpto nanHOW paboThl OBLIO NPOBEINCHUE CEPHU
HCCIIEIOBAaHUHN 110 BBIABICHUIO aHTHOKCHAAHTHOW aKTHBHOCTH
HOBBIX CHHTE3MPOBAHHBIX COCJAMHEHHWH psAa JAUaMHJIOB
IIaBeJICBON KUCIOTHI Ha OCHOBE 3,4- TMMETHTOKCH()EHUIIINK
nonentunamuHa N 1 (( 1-3,4- mumertokcudenun)merni)- N 2
—(2-MeTokcueHnIT)OKCATaMHl Ha COJIepKaHHEe MaJIOHOBOTO
muanpraerunaa (MJIA) B roJOBHOM MO3Te W TKaHSX TEUYCHU
OenpIx kpeIc (in vivo, in Vitro), a Takke ONpeieNeHHe HX
MOTCHIMANBHBIX  ()apMAKOJIIOTHYECKHX CBOWCTB, KOTOpBIE
cootBeTcTBYIOT «IIpaBmiy msitu» Jlunuackoro (in silico).

Marepuan u Mmetoanl: lcciemoBaHus TPOBOMWINCH HA
OenbIX KpbIcax-camiiax, maccoi 180-200 r, comeprkammxcs
Ha OOBIYHOM IHIIEBOM palyoHe. MO3T U Ne4eHb MPOMBIBAIN
(DU3HOJIOTHYECKUM  PAcTBOPOM, OYHIICHHBIM OT COCYZOB
n romoreHmsupoBanHeiM B Tpuc-HCl-Oydepe. VYposens
JIMIAAHBIX IEPEKUCEH OIPEAeIIsui B HepepMEHTaTHBHON cucTeMe
TIEPEOKUCIIEHNST TI0 BBIXOMy KOHEWHOro mpoaykra — (MJIA),
00pasylomero ¢ THOOAPOUTYpPOBOW KHCIOTOH KOMILIEKCHOE
COEIIMHEHUE B BUJIE XPOMOTEHA (TPUMETHHOBBIN KOMILIEKC).

Pe3yabTaTsl M 00Cy:KAeHHMsI: B pe3ysbTaTe NPOBEIEHHBIX

UCCIIEIOBAaHUI  YCTAaHOBJICHO,  YTO  CHHTE3UPOBAHHBIC
COCJIMHEHUs]  TPOSBIAIOT  AHTUOKCUJIAHTHBIE  CBOMCTBA
C pasmuuHOW  cTemeHblo  d¢¢exTtuBHOCTH. Hambomee

BBIPKEHHYIO aKTUBHOCTH MPOJEMOHCTPUPOBAIO COEIMHEHUE
1.24.50 xak B ne4y€HOUYHON TKaHH, TaK U B TKAHSX T'OJIOBHOTO
Mo3ra. HauMeHbIyl0 akTUBHOCTb, KaK B ME€YEHOYHOM TKaHH,
TaK W B TKaHSAX TOJOBHOTO MO3ra, II0Ka3ajo COCIUHCHHE
1.24.43. Kpome Toro, Bce (HPU3NKO-XUMHUIECKHE NECKPUITOPEI
W3YYEHHBIX COEIUHEHUH COOTBETCTBYIOT «[IpaBmity msTm»
JlunuHckoro. DTH JaHHBIE MOATBEPXKIAIOT MEPCIEKTUBHOCTH
JaJIbHEUIIINX UCCIIEOBAaHUM JTaHHBIX COEJIMHEHUN B KauecTBe
MTOTEHINATFHBIX UCTOYHUKOB IS pa3pabOTKH HOBBIX MOJICKYIT
JUTS JICYCHUST OKCHIATHBHOTO CTpecca.

BoiBoa:  AHanu3  MONYYEHHBIX  JAHHBIX  TO3BOJISIET
3aKIFOYUTh, YTO HCCIEAYEMbIE COCIMHEHUS ICMOHCTPHPYIOT
AQHTHUOKCHUJIAHTHBIC CBOMCTBa, CIMOCOOCTBYS 3aIllUTE KIJIETOK
OT OKHCIUTEJIBHOTO CTpecca. OTU pe3yNbTaThl HMEIOT
3HAYUTENbHOE 3HAYEHHE M NPOPHUIAKTHKH ¥ JICUCHUS
3a00JICBaHUH, CBI3aHHBIX C TOBHIIICHHBIM YPOBHEM CBOOOTHBIX

paluKayoB.
KiioueBble ¢10Ba: OKUCIUTEIBHBINA CTPECC, AHTUOKCHIAHTHI,
CBOOOJHBIC  paJWKalbl, aKTUBHBIC (OPMBI  KHCIOPOJA,

TPUMETHHOBBIN KOMILIEKC, in silico.

COMPREHENSIVE STUDY OF ANTIOXIDANT
ACTIVITY OF OXALIC ACID DIAMIDE DERIVATIVES
AND THEIR EFFECT ON THE CONCENTRATION OF
MALONIC DIALDEHYDE IN THE BRAIN AND LIVER
TISSUES OF WHITE RATS

Gohar Arajyan, Qristine Navoyan, Nvard Pahutyan,
Hovhannes Hunanyan, Anahit Pogosyan, Hrachik Gasparyan

Scientific Technological Center of Organic and Pharmaceutical
Chemistry NAS RA, Institute of Fine Organic Chemistry,
Yerevan, Armenia, 0014, Azatutyan Ave., 26 Building.



Abstract.

Introduction: The wide range of chemical structures of
antioxidants provides opportunities for individual selection of
the most suitable compounds, taking into account the unique
needs and characteristics of the body. Synthetic antioxidants
can be specially designed with certain characteristics, which
help to create more effective and stable compounds.

Aim: The aim of this work was to conduct a series
of studies to identify the antioxidant activity of newly
synthesized compounds of a number of oxalic acid diamides
based on  3,4-dimethoxyphenylcyclopentylamine N1
((1-3,4-dimethoxyphenyl)methyl)-N2—(2-methoxyphenyl)
oxalamide on the content of malondialdehyde (MDA) in the
brain and liver tissues of white rats (in vivo, in vitro), as well
as to determine their potential pharmacological properties that
correspond to Lipinsky's "Rule of Five" (in silico).

Material and methods: The studies were conducted on white
male rats weighing 180-200 g, kept on a normal diet. The brain
and liver were washed with physiological solution, purified
from vessels and homogenized in Tris-HCI buffer. The level of
lipid peroxides was determined in a non-enzymatic peroxidation
system by the yield of the final product — (MDA), which forms
a complex compound with thiobarbituric acid in the form of a
chromogen (trimethine complex).

Results and discussion: As a result of the conducted studies,
it was established that the synthesized compounds exhibit
antioxidant properties with varying degrees of effectiveness.
The most pronounced activity was demonstrated by compound
1.24.50 both in liver tissue and in brain tissue. The least activity,
both in liver tissue and in brain tissue, was demonstrated by
compound 1.24.43. In addition, all physicochemical descriptors
of the studied compounds correspond to Lipinsky's "Rule of
Five". These data confirm the prospects of further studies of
these compounds as potential sources for the development of
new molecules for the treatment of oxidative stress.

Conclusion: Analysis of the obtained data allows us to
conclude that the studied compounds demonstrate antioxidant
properties, helping to protect cells from oxidative stress. These
results are of significant importance for the prevention and
treatment of diseases associated with increased levels of free
radicals.

Key words: oxidative stress, antioxidants, free radicals,
reactive oxygen species, trimethine complex, in silico.
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