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Statin side effects are not a rare occurrence, in particular dyspeptic disorders, insomnia, headache, skin erythema, rash are often
noted. All of this determines scientists to find new effective and low-toxic hypolipidemic agents. Various natural and synthetic
xanthine derivatives have been recognized as therapeutically potential compounds and reported to control various diseases.
Therefore, the study of new xanthine derivatives and their hypolipidemic effects, which would have a significant therapeutic effect
with minimal side effects, is relevant.

The aim of the study was to examine the effect of 7-3-hydroxy-y-aryloxypropylxanthinyl-8-thioalkanic acid derivatives on lipido-
gram parameters in experimental laboratory rats.

Materials and methods. The objects of the study were 7-B-hydroxy-y-aryloxypropylxanthinyl-8-thioalkanic acid derivatives. The
experiments were performed in white laboratory Wistar rats weighing 180-220 g. Experimental modeling of hyperlipidemia —tween
model: intraperitoneal administration of tween-80 at a dose of 200 mg/100 g body weight. The test compounds were administered
orally, simultaneously with tween, at a dose of 1/10 of LD, (previously calculated by Prozorovsky express method) for 6 days. The
following indicators of lipidogram were determined: total cholesterol (TC), high-density lipoprotein cholesterol (HDL cholesterol),
low-density lipoprotein cholesterol (LDL cholesterol), triglycerides (TG) and atherogenic index of plasma: TC —HDL cholesterol /
HDL cholesterol. The experiments were carried out with respect to Bioethical rules and norms.

Results. The studies have shown data on the hypolipidemic activity of 7-B-hydroxy-y-aryloxypropylxanthinyl-8-thioalkane acid
derivatives. According to the conditional efficiency index Z, which included the overall percentage of the following indicators - total
cholesterol, low-density lipoprotein cholesterol and triglycerides, the leading compounds were 2439 (87.47 %), 6047 (82.30 %).
The reference drug atorvastatin had a value of 82.98 %.

Conclusions. The major compound was 2439 identified among all compared to the control group. The prospect of further research
is a more detailed study on the ability of xanthine derivatives to exhibit hypolipidemic effects and to influence oxidative stress in
various hyperlipidemic models.

DocAifKeHHA BNAMBY NOXiAHUX 7-B-TiAPOKCH-Y-aPUAOKCUNPONIAKCAHTUHIN-
8-TioaAKaHOBMX KMCAOT HA NOKA3HUKM AiNiporpamMu B eKCnepuMeHTi

I. M. Binan, | M. I. PomaHneHko |, A. . IBaHUeHKo

Mo6iyHi epeKTn CTaTUHIB — HEpIaKe SBULLE, YACTO BU3HAYaOThb AVCTENCHUYHI po3naaw, Be3COHHS, ronoBHWI Birnb, eputemy LLUKIpK,
Bucun. Lle cnoHykae HaykoBLIB 10 MOLLYKY HOBUX €PEKTUBHMX i ManOTOKCUYHWX rinoninigemiyHmnx 3acobis. PisHi npupoaHi Ta
CUHTETUYHI NMOXIZHI KCAHTUHY BU3HAHI TEPaneBTUYHO akKTUBHUMM CrIONyKamu, OnucaHi sik 3acobu ans 60poTbbu 3 pisHUMK 3axBo-
ptoBaHHSMK. TOMY aKTyarnbHUM € BUBYEHHSI HOBUX MOXIAHMX KCAHTWHY Ta iXHiX rinoninigemiyHnx edekTi, ski 6 manu aHadyLmin
TepaneBTUYHUIA epeKT NPy MiHIManbHIA NOGIYHiIN Aji.

MeTa poboTu — BMBYEHHS BNAMBY MOXIOHWX 7-B-TiAPOKCH-Y-apnUIOKCUNPONINKCAHTUHIN-8-TiOankaHOBKX KWCIOT Ha MOKa3HWKN
ninigorpaMy B eKCnepyMeHTi B NabopaTopHyX LLypiB.

Marepianu ta metoau. OG’ekTi JOCRIMKEHHA — NOXiAHi 7-B-riapOKCK-Y-apunoKCUNPONINKCaHTUHIN-8-TioankaHOBKX KWUCMOT.
EkcnepumeHTH BUKOHanM Ha 6inux nabopatopHux Luypax niHii Bictap macoto 180-220 r. ExkcnepumeHTanbHe MOOENoBaHHS
rinepninigemii — TBIHOBa MoAenb: BHyTPILUHbOO4YEPEBIHHE BBeAeHHs TBIH-80 y 403i 200 mr/100 r Baru. JocnigpkyBaHi pe4oBuHn
BBOANIN NEPOPasbHO OAHO4ACHO 3 TBIHOM npoTarom 6 Aie y fosi 1/10 ig LD, (nonepeaHbo obpaxosaHa 3a eKCpec-MeTonom
[po30pOBCHKOIO).

BuaHayanu nokasHukm ninigorpamu: piseHb 3aranbHoro xonectepuHy (3XC), xonecTepuH ninonpoTteigis BUCOKOI WinbHocTi (XC
JINBLL, o-XC), xonecTtepuH ninonpoteigis H13bKoi WinbHocTi (XC MMHLL), Tpurniuepuam (TT7), xonecTeprHOBMI iHAEKC aTeporeH-
HocTi (XIA) 3a hopmynoto: XIA = 3XC —XC NMBLL/ XC NMBLL,. Mig yac ekcnepumeHTy AOTpUMyBanmcs BioeTUHHUX NpaBus i HOPM.

Pesyniktati. Y pesynsrari JOCRimpKeHb OTpUMany AaHi Woao rinoninigeMiyHol akTMBHOCTI MOXIBHMX 7-B-TiapOKCU-y-apunoKey-
NPONIfKCAHTUHIN-8-Ti0aNkaHOBMX KUCMOT. 3a [aHUMN €KCIEPUMEHTY, 33 MOKA3HUKOM YMOBHOTO iHAEKCY eeKTUBHOCTI X, AN
BKJTt04AB CyMY BIICOTKIB TaKX NMOKA3HWKIB, SIK 3aranbHuin XONECTEPUH, XONECTEPUH NINONPOTEIAiB HU3LKOI LLiNBHOCTI Ta TPUMIi-
Lepuay, cnonykamu-nigepamm BusHaveHo pedosuHn 2439 (87,47 %), 6047 (82,30 %). Mpenapar-nopiBHsSHHA atopBacTaTuH
MaB 3HaueHHs 82,98 %.

BucHoBku. Cronyka-nigep NopiBHSHO 3 KOHTPOIBHOK rPynot0 — peyoBrHa 2439. MepcnekTram noganbLwmx AOCNIMKEHb Nepes-

OKCWZATWBHOTO CTPECY Ha Pi3HNX MoZensx rinepninigemii.
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UccnepoBaHUe BAUSSHUA NPOU3BOAHDIX 7-B-THAPOKCH-Y-aPUAOKCUNPONUAKCAHTUHUA-
8-THOaAKaHOBbIX KUCAOT Ha NOKa3aTeAu AMIMAOrPaMMbl B IKCNepUMEHTe

WU. M. Benan, , A. I. UBaHYEHKO

[MoBoyHble addeKTbl CTaTUHOB — HEpeAKoe SABMEHUE, YacTO OTMEHAIOT AMCTMENCUYECKNE PACcCTPONCTBA, BECCOHHULIY, FTONOBHYIO
60nb, 3pUTEMY KOXW, ChiNb. ITO MOTUBMPYET YYEHBIX K MOUCKY HOBbIX S(DCEKTUBHBIX 1 MANOTOKCUYHBIX TMNONMNNAEMUYECKIX
cpeacTs. PasnuyHble NpupoaHble N CUHTETUYECKUE MPOM3BOAHbIE KCAHTUHA NPU3HAHBI TEPaNeBTUYECKM CUIbHOAENCTBYOLLMMU
COeAMHEHNAMM, ONM1CaHbl Kak CpeacTea Ans 60pbbbl € pasnuyHbIMK 3abonesaHnsMu. [103TOMY 13ydeHre HOBbIX MPON3BOAHBIX
KCaHTMHa 1 UX TUNONMMNAEMUYECKIX 3CDDEKTOB, KOTOPbIE MMENH Obl 3HAUMTENbBHBIA TEPANEBTUYECKUI APDEKT NPY MUHUMATIBHOM
no60YHOM AENCTBIN, ABNSETCS aKTyanbHbIM.

Llenb paGoTbl — W3yyeHUe BNUSIHUS NMPOU3BOAHBIX 7-B-rMApOKCH-Y-aprioKCUMPONMIKCAHTUHIUIT-8-THOANKaHOBBIX KUCIIOT Ha
nokasarenu NMnuaorpamMmbl B SKCrepUMeHTE Ha NabopaTopHbIX KPbICaX.

Matepuanbl u metoabl. O6beKTLI UCCNIEA0BaHUS — NPOU3BOAHBIE 7-B-TAPOKCH-Y-apUIOKCUNPONMIKCAHTUHMIT-8-TMOANKaHOBBIX
KWCIOT. JKCNepuMeEHTbI NpoBeaeHbl Ha Benbix NabopaTopHbIX kpbicax NuHUKM Buctap maccon 180220 r. QkcnepuMeHTansHoe
MOLENMPOBaHWe TUNEPINNIMAEMUN — TBUHOBAs MOAENb: BHYTpuOptoLLMHHoe BBeaeHue TeuH-80 B fose 200 mr/100 r Beca.
Vccnenyemble BellecTBa BBOAWIN BHYTPb O[HOBPEMEHHO C TBUHOM B TeveHue 6 aHel B nose 1/10 ot LD, (npeasaputensbHo
paccuntaHa no akcnpecc-metoay posoposckoro). Onpeaensny nokasareny NUNMAorpaMMbl: YpoBeHb ODLLEro XonecTepuHa
(OXC), xonectepuHa nunonpoTenaoB Bbicokol nnotHocTk (XC JIMBI, a-XC), xonecTepuH nMNonpoTenaoB H3KOW NIOTHOCTH
(XC NNHM), Tpurnuuepuabl (TT) n xonectepuHoBbIn MHAEKC ateporeHHocTH (XMA) no dopmyne: XMA = OXC —XC JIMBI/XC
JINBIM. B xoae akcnepumeHTa NpuaepxuBanics GuosTUHECKUX NPaBui 1 HOPM.

Pesynbrarthl. B pesynsrate uccnegoBaHuin nonyyeHbl 4aHHbIE O TMNONMMULEMUYECKON aKTUBHOCTM NPOU3BOAHBIX 7-B-r1apok-
CY-Y-apUNOKCUNPOMNUIKCAHTUHUI-8 TUOANKaHOBbIX KUCMOT. 1o AaHHbIM 3KCMEPUMEHTa, MO NOoKa3aTento YCMOBHOTO MHAEeKca
3h(EKTUBHOCTM Z, KOTOPbIV BKIKOYAN CyMMY NPOLIEHTOB TakuX nokasaTenew, kak 0bLLmi XoneCcTepyH, XonecTepyH NMnonpoTe-
1O0B HW3KOW NNOTHOCTY W TPUIMLEPUAbI, COEAMHEHAMU-Nnaepamm onpeaeneHsl Belectsa 2439 (87,47 %), 6047 (82,30 %).
lMpenapat-cpaBHeHMs atopeacTaTuH umen 3Hadexme 82,98 %.

BriBoapl. [MpeobnazatoLLee no CpaBHEHNIO C KOHTPOMBHOM rPYNMoN coeanHeHe — BellecTo 2439. MepcnekTyBbI JanbHEALLNX
1cCneaoBaHuii npegycmarpusatoT bonee rnybokoe u3ydeHne Npou3BOAHbIX KCaHTUHA OTHOCUTENBHO CMOCOBHOCTW NPOSIBNATL

TMNONUNMAEMUYECKOe AECTBME W BNUSATL HA NOKa3aTen OKCMAATUBHOMO CTpecca Ha pasHbIX MoAenax runepnunuaemMun.

According to the World Health Organization Expert Commit-
tee, atherosclerosis is a variable combination of changes in
the intima of arterial vessels that includes the accumulation
of lipids, lipoproteins, complex carbohydrates, fibrous tissue,
blood components, calcifications and concomitant changes
in the vascular tunica media. The vessels of elastic and
muscular-elastic type are damaged mostly (aorta, brain
vessels, coronary arteries) and less often — vessels of
the lower extremities. The term “atherosclerosis» was firstly
formulated in 1904 by Felix Jacob Marshand [1].

Nowadays, according to the 2019 recommendations
of the European Atherosclerosis Association, the following
groups of medicines are used to treat dyslipidemia: inhibi-
tors of 3-hydroxy-3-methylglutaryl-coenzyme A-reductase
(statins), inhibitors of intestinal cholesterol absorption
(ezetimib), bile acid sequestrants (cholestyramine, colesti-
pol), proprotein convertase subtilisin/kexin type 9 (PCSK9)
inhibitors (alirocumab, evolocumab) [2], selective inhibitors
of microsomal triglyceride-transferring protein (lomitapide),
w-3 fatty acids (eicosapentaenoic and docosahexaenoic ac-
ids) (icosapentyl ethyl), nicotinic acid and cholesterol-ester
protein inhibitors (dalcetrapib) [1,3].

The most effective and popular hypolipidemic
medicines from the 90s to the present time are statins.
During this time, the great number of clinical studies were
conducted to investigate statins. The main ones are:
ALLHAT, PROSPER, WOSCOPS, PROVE-IT, CARE -to
study pravastatin, HPS, IDEAL, Ato Z, 4S — simvastatin,
ASCOTLLA, CARDS -atorvastatin, AF-CAPS —lovasta-
tin, LIPS —fluvastatin, CORONA, JUPITER -rosuvastatin.
IMPROVE-IT, FOURIER and ODYSSEY studies have
formed the database to enhance low-density lipoprotein
(LDL) cholesterol lowering therapy in addition to statins [1,4].
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Statins are usually used for a long time and are relatively
well tolerated. However, the side effects of statins are not
rare, in particular, dyspeptic disorders, insomnia, headache,
erythema of the skin, rash. Dose-dependent side effects —
hepatotoxicity (with or without elevated transaminases) —
can be caused by the all types of statins. The most severe
side effect of all statins is myopathy, which is manifested
by the development of skeletal muscle myodystrophies and
others. All of that has led scientists to discover new effective
and low-toxic lipid-lowering medicines [5-7].

A promising direction in this regard is the search for ef-
fective and low-toxic hypolipidemic medicines, in particular,
on the basis of xanthine derivatives. Among the alkaloids,
xanthine and its derivatives occupy one of the leading
positions in the field of medical care. These compounds
are natural heterocyclic alkaloids based on purine, which
were firstly discovered in 1817 by German chemist Emil
Fischer, and later in 1899, the designation «xanthine»
was introduced. The structural similarity to two important
purine derivatives, adenine and guanine, makes xanthine
an interesting therapeutic molecule. Xanthines are known
for their diverse biological role, including inhibition of various
cellular signaling enzymes and exhibition of polysystemic
pharmacological activity, such as antidepressant, antibacte-
rial, metabolic drugs, etc. Natural xanthine derivatives such
as caffeine, theophylline and theobromine, are nitrogenous
compounds based on purine, which have broad medicinal
properties [8].

Various natural and synthetic xanthine derivatives have
been recognized as therapeutically potent compounds
and have been described to fight various diseases. As for
the potential health benefits, interest in these compounds
is constantly growing from the sides of scientists, medical
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Table 1. Structural formula of 7-B-hydroxy-y-aryloxypropylxanthinyl-8-thioalkane acid
derivatives
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professionals and consumers. Therefore, the study on new
xanthine derivatives and their hypolipidemic effects, which
would have a significant therapeutic effect with minimal side
effects, is relevant [9].

Aim
The aim of the study was to investigate the effects of 7-3-hy-

droxy-y-aryloxypropylxanthinyl-8-thioalkane acid derivatives
on the lipid profile in laboratory rats experimentally.

Materials and methods

The objects of the study were 11 derivatives of 7-B-hy-
droxy-y-aryloxypropylxanthinyl-8-thioalkane acids (Table 1),
synthesized at the Department of Biological Chemistry of
Zaporizhzhia State Medical University headed by Professor
M. 1. Romanenko, which are promising in search for hypo-
lipidemic medicines. Anumber of modern physicochemical
methods of analysis confirmed the structure of the com-
pounds: IR-, PMR-spectroscopy, mass-spectrometry. The
experiments were performed in 112 white laboratory Wistar
rats aged between 6-8 months, weighing 180-220 g. The
rats were divided into groups: group 1 (normal) — intact
animals; group 2 (control) — animals with experimental
hiperlipidemia (without treatment); groups 3—13 —animals
with hiperlipidemia and tested compounds; group 14 —
comparison drug — atorvastatin. Each group consisted of
8 animals. The rats were obtained from the animal farm of
the State Institution “Institute of Pharmacology and Toxi-
cology of the Academy of Medical Sciences of Ukraine”.
The animals were kept on the standard diet in natural light
regime “day and night”.

The tween model as an experimental hyperlipidemia
was used: intraperitoneal administration of the tween-80 in

a dose of 200 mg/100 g body weight. Tested compounds
were administered orally, simultaneously with tween, for 6
days. 12 hours after the last administration of tween-80 or
tested compounds, the animals underwent laparotomy un-
der ether narcosis, blood was taken from glomerular artery,
centrifuged to obtain a serum. This model is advantageous
since leads to a rapid (8—10 hours) increase in blood lipids
(especially triglycerides) and a decrease in HDL cholester-
ol. The tested compounds were administered at the dose
of 1/10 of the LD, (previously calculated by the express
method of Prozorovsky) [10]. The comparison option
was the medicine from the group of statins — atorvastatin
(“Atorvastatin” (Ananta Medicare (India)) at the dose of 20
mg/kg body weight.

The level of total cholesterol (TC) was determined by
colorimetric, enzymatic methods, diagnostic kits Cormay
(Poland) (mmol/l), HDL cholesterol (a-cholesterol) — by
colorimetric and precipitating methods, HDL cholesterol —
precipitating reagent 1 x 50 ml, (Cormay, Poland) (mmol/l),
LDL cholesterol — colorimetric and precipitating methods,
LDL cholesterol — precipitating reagent 1 x 20 ml (Cormay,
Poland) (mmolfl), TG — colorimetric, enzymatic methods,
diagnostic kits 150 ml (Cormay, Poland) (mmol/l) and
cholesterol atherogenic index (CAl) (conventional units) x
according to the formula:

CAl = TC —HDL cholesterol / HDL cholesterol.

Laboratory tests were carried out on the semi-automatic
biochemical analyzer “Screen point” (ltaly).

For the integral assessment of the derivative hypo-
lipidemic action, the conditional efficacy index X (El) was
used representing the generalized value of lipid metabolism
(sum of reductions in percentages of TC, LDL cholesterol,
TG:El = TC (%) + LDL cholesterol (%) + TG (%) [11].

During the experiment, the rules and regulations were
followed according to the Protocol no. 5 (April 17, 2019) of
the Commission on Bioethics Session of ZSMU.

The results of the study were processed on a personal
computer using the statistical package of the licensed
program Statistica, version 13 (Copyright 1984-2018
TIBCO Software Inc. All rights reserved. License No.
JPZ8041382130ARCN10-J). The normality of the quantita-
tive variables distribution was analyzed using the Shapiro—
Wilk test. Descriptive statistics was provided in the form of
amedian with interquartile range —Me [Q,; Q,], because
the parameters had the distribution different from the nor-
mal. The Mann-Whitney test was used to find differences
between the groups. A level of P < 0.05 was considered
statistically significant.

Results

The studies have demonstrated the data on the hypolipi-
demic activity of 7-B-hydroxy-y-aryloxypropylxan-
thinyl-8-thioalkane acid derivatives (Tables 2, 3).

The highest hypolipidemic activity (TC) relative
to the control group was shown by compounds 6043
(27.5 %), 6047 (27.1 %) and 2439 (25.3 %). The value
of comparison drug atorvastatin, relative to the control
group, was 23.6 %. The most effective derivatives to
increase the HDL-cholesterol levels were: 8402 (67.1 %),
6286 (54.4 %), 6042 (50.6 %), compounds with moderate
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Table 2. The value of lipid parameters in experimental rats, Me [Q,; Q]

m Compound code TC, mmol/l HDL-cholesterol, mmol/l | LDL-cholesterol, mmol/l | TG, mmol/l

1 Intact group 2.15 (1.80; 2.70)* 1.29 (1.10; 1.60)* 0.69 (0.46; 0.95)* 1.05 (0.70; 1.50) 072 (0.27; 1.45)*
2 Control group 2.83 (2.30; 3.40) 0.99 (0.80; 1.20) 1.20 (0.93; 1.41) 1.30 (1.00; 1.70) 1.87 (1.41; 2.38)

3 2439 2.11(1.80; 2.70)* 1.28 (0.90; 1.80)* 0.79 (0.61; 1.12)* 0.94 (0.60; 1.40)* 0.69 (0.35; 1.11)"
4 2486 2.18 (2.00; 2.30)* 1.31(0.70; 1.50) 0.87 (0.56; 1.38)* 0.95 (0.40; 1.40)* 0.74 (0.40; 1.86)*
5 2487 3.10 (2.40; 3.70) 1.75 (1.30; 2.50)"* 1.10 (0.86; 1.74) 1.25 (0.70; 1.80) 0.87 (0.14; 1.61)*
6 5705 2.73 (2.00; 3.30) 1.08 (0.50; 1.50) 1.08 (0.74; 1.34) 1.53 (0.80; 1.90) 1.72 (0.93; 3.00)

7 6042 3.00 (2.70; 3.30) 1.49 (0.70; 2.40)* 142 (0.66; 2.22) 1.24 (0.60; 1.70) 1.24 (0.25; 3.28)*
8 6043 2.05 (1.80; 2.30)* 1.30 (0.70; 1.70)* 0.69 (0.33; 1.00)* 1.31(0.70; 1.70) 0.66 (0.28; 1.71)*
9 6047 2.06 (1.70; 2.50)* 1.21(0.70; 1.90) 0.84 (0.57; 1.13)* 0.98 (0.60; 1.50)* 0.80 (0.31; 1.86)*
10 6049 2.14 (1.80; 2.40)* 1.38 (1.10; 1.60)* 117 (0.73; 1.67) 1.65 (1.30; 2.00)* 0.57 (0.19; 0.90)*
1 6286 2.94 (2.00; 3.50) 1,53 (0.90; 2.10)* 0.77 (0.57; 0.90)* 1,05 (0.80; 1.50)* 1.03 (0.11; 2.11)*
12 8402 217 (1.80; 2.60)* 1.65 (1.20; 2.20)* 0.66 (0.40; 0.90)* 1.45 (0.80; 1.80) 0.33 (0.19; 0.53)*
13 8403 2.23 (1.90; 3.00)* 0.75 (0.60; 1.00)* 0.90 (0.78; 1.45)* 1.49 (1.01; 1.90) 202 (1.33;3.29)

14 Atorvastatin 2.16 (1.70; 2.80)* 1.15 (0.90; 1.50)* 0.64 (0.30; 0.92)* 1.14 (0.60; 1.50) 0.93 (0.53; 1.54)*

*: veraciously according to the control group.

Table 3. The value of lipid parameters in experimental rats, according to the control group (%)

m Compound code TC, mmol/l HDL-cholesterol, mmol/l | LDL-cholesterol, mmol/l | TG, mmol/l EIZ, %

1 Intact group -28.27 % 30.38 % 4247 % -19.23 % -61. 35 % -89.97
3 2439 -25.32 % 30.38 % -34.27 % -27.88 % 6322 %  -87.47
4 2486 2311 % 3291 % -28.14 % -26.92 % 6035 %  -78.17
5 2487 9.60 % 77.22 % 841 % -4.40 % -5339 % 321

6 5705 -3.66 % 8.86 % -10.59 % 1731 % -1.70 % 3.05

7 6042 6.06 % 50.63 % 17.96 % -4.81 % -33.38 % 19.22
8 6043 -27.53 % 31.65 % -42.47 % 0.96 % -64.41 %  -69.04
9 6047 -27.08 % 22.78 % -30.22 % -25.00 % -56.65 %  -82.30
10 6049 2443 % 39.24 % -2.80 % 26.92 % 6933 % -0.31

1 6286 3.85 % 54.43 % -36.34 % -19.23 % 4494 % -51.72
12 8402 -23.55 % 67.09 % -44.96 % 11.54 % -82.09 %  -56.97
13 8403 -21.34 % -24.05 % -24.82 % 14.42 % 8.83 % -31.73
14 Atorvastatin -23.55 % 16.46 % -46.94 % -12.50 % -50.29 %  -82.98

activity — 2486 (33.0 %) and 2439 (30.4 %), relative to
the control group.

The best results in the lowering of LDL-cholesterol
relative to the control group were shown by derivatives:
8402 (45.0 %), 6043 (42.5 %), 6286 (36.3 %) and 2439
(34.3 %). Compounds 6047 (30.2 %) and 2486 (28.1 %)
exhibited moderate activity in respect of this value.

The most effective hypotriglyceridemic activity was
shown by compounds 2439 (27.9 %), 2486 (26.9 %), 6047
(25.0 %). Derivative 6286 was characterized by moderate
activity (19.2 %) relative to the control group.

When assessing the CAl, the most active compounds,
compared to the control group, were 8402 (82.1 %), 6049
(69.3 %), 6043 (64.4 %), 2439 (63.2 %), 2486 (60.4 %),
2487 (53.4 %). Compounds 6047 (56.7 %) and 6286
(45.0 %) showed moderate activity, compound 6042
(33.4 %) had a slight effect.

By the generalized value of lipid metabolism indi-
cator - El ¥, the best hypolipidemic effect, relative to
the control group, had compounds 2439 (87.5 %), 6047
(82.3 %). Compounds 2486, 6043, 8402 and 6286 were
characterized by moderate effect 78,2 %, 69,0 %, 57.0 %
and 51.7 %, respectively. Compound 8403 had a slight
effect (31.7 %). The comparison drug atorvastatin had a
value of 83.0 %.

Analyzing the dependence of lipid profile on the struc-
ture of the tested derivatives, we were able to draw some
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preliminary conclusions. O-methyl-substituted derivatives of
3-methylxanthine (compounds 2439, 2486) and theophylline
(compound 6047) showed the highest activity. Moreover,
the amide (compound 2439) was more active than acids
(derivatives 2486 and 6047). Elongation of the carbon chain
in the thioalkanoic acid residue at position 8 of the xanthine
molecule practically led to loss of hypocholesterolemic and
hypolipidemic effect (compound 2487). Similar effects oc-
curred when the methyl was replaced by the methoxy group
(compounds 5705 and 6042). The significant decrease in
hypolipidemic activity was observed in a large aromatic
substitution (compounds 8402, 8403). For the more detailed
analysis of the dependence in the series “structure-action”,
it is necessary to expand significantly the chemical library
of the tested compounds.

Discussion

In recent years, heterocyclic compounds, including xan-
thine derivatives, have received considerable attention
due to their importance in pharmacological research. In
particular, the data obtained by us are confirmed by the re-
search results of D. H. lvanchenko and N. Singh: the use
of 3,7-dimethylxanthine (theobromine) is associated with
a reduced risk of cardiovascular disease. The main ratio-
nale for this is that theobromine has a beneficial effect on
fasting serum lipids. It can be associated with inhibition of
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phosphodiesterases, which, by destroying cellular cyclic
adenosine monophosphate (CAMP), increase the activity
of ABCA1 (a gene encoding the protein that regulates
cellular cholesterol and phospholipid homeostasis), which
plays a role in a removal of cholesterol from macrophage
foam cells to apolipoprotein A-l (the main apolipoprotein
of HDL-cholesterol). Therefore, theobromine can increase
HDL-cholesterol levels and have a cardioprotective effect
[12-15].

Another generalized study that significantly confirms our
results was that the compound KMUP-1 (7-[2-[4-(2-chloro-
phenyl)piperazinyllethyl]-1,3-dimethylxanthine), by inhibiting
phosphodiesterase, modulates G-protein-coupled receptors
(GPCR) to reduce hyperlipidemia and lose weight. KMUP-1
reduced the accumulation of triglycerides, indicating inhi-
bition of adipogenesis in cells, and the expression of mito-
gen-activated protein kinase (MAPK) and immunoreactivity
at the stage of adipogenesis. Appropriate biochemical reac-
tions contributed to the inhibition of adipocyte differentiation.
These data suggest that KMUP-1 may inhibit hyperadiposis
in adipocytes [16].

In addition, literature data confirms that KMUP-1 can
cause the decrease in liver fat. However, the mechanisms
of KMUP-1 action in obesity-induced steatohepatitis remain
unclear. Prolonged administration of KMUP-1 to mice on
a high-fat diet reduced body weight, triglyceride and glu-
cose levels, which is completely correlated with our data.
Furthermore, KMUP-1 reduced the amount of MMP-9
(matrix metalloproteinase 9 —extracellular zinc-dependent
endopeptidase capable of destroying extracellular matrix
protein) and reactive oxygen species (ROS), and increased
the content of anti-inflammatory cytokine IL-10 in the liver of
mice on the high-fat diet. Thus, it was shown that KMUP-1
reduces the accumulation of lipids in liver tissue, which is
the promising aspect in the fatty liver disease treatment
[17-19].

What is more, according to X. Zhu, it was shown that
incubation of preadipocytes with a solution containing xan-
thines significantly reduced the incorporation of triglycerides
during adipogenesis without affecting cell viability. Finally,
the active study of xanthine derivatives with hypolipidemic
activity continues [16].

Conclusions

1. The studies provided the data on the hypolipidemic
activity of 7-B-hydroxy-y-aryloxypropylxanthinyl-8-thioal-
kane acid derivatives. The highest hypolipidemic activity
(TC) relative to the control group was shown by compounds
6043 (27.5 %), 6047 (27.1 %) and 2439 (25.3 %). The
most effective derivatives to increase the HDL-cholesterol
levels were: 8402 (67.1 %), 6286 (54.4 %), 6042 (50.6 %).

2. The best results in LDL-cholesterol lowering re-
lative to the control group were shown by derivatives:
8402 (45.0 %), 6043 (42.5 %), 6286 (36.3 %) and 2439
(34.3 %). The most effective hypotriglyceridemic acti-
vity was shown by the compounds 2439 (27.9 %), 2486
(26.9 %), 6047 (25.0 %).

3. When assessing the CAl, the most active com-
pounds, relative to the control group, were 8402 (82.1 %),
6049 (69.3 %), 6043 (64.4 %), 2439 (63.2 %), 2486
(60.4 %), 2487 (53.4 %). By the generalized value of

lipid metabolism indicators — El Z, the best hypolipidemic
effect, relative to the control group, had compounds 2439
(87.5 %), 6047 (82.3 %).

4. The results of experimental studies clearly indicate
the feasibility and prospects for further search on original
lipid-lowering drugs among xanthine derivatives.

The prospect for further research is the study of
7-B-hydroxy-y-aryloxypropylxanthinyl-8-thioalkane acid
derivatives on the ability to enhance a hypolipidemic effect
and to influence the values of oxidative stress in various
models of hyperlipidemia.
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