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Momusayus u yenv. Caxapueiii nuabet Broporo tuma (CJ[2), xapakrepu3yemsblii
PE3UCTEHTHOCTHIO K MHCYIMHY U COMYTCTBYIOIIEH THIIEPTIUKEMUEH, SIBISIETCS B HAIIIE
BpeMs TioOanbHON TpoOIeMoi 3apaBOOXpaHEHHWs, TaKk KaK JaHHOe 3a0olieBaHUE
oxBathIBaeT yxe 0osee 10 % MUPOBOTo HaceJIeHUsI, ¥ Ta IU(pa MOCTOSHHO pacteT [1].
B cBs3u ¢ Takoil TeHAECHIMEW B IMOCIEIHUE JCCATUIECTUS HAET MOCTOSHHBIA MOUCK
OHMOJIOTHYECKUX MUIIEHEH i pa3paboTKH HOBBIX IIPEMapaToB, CIIOCOOHBIX CHHU3HUTH
BBIPOXKEHHOCTh OCHOBHBIX cuMiitoMoB C/I2. K coxxanieHunto, CyIieCcTBYIONIUE MTOIX0 b
s nedenns CJI2 moka dro [danekd OT ONTUMANBHBIX BCJICACTBHE HU3KOU
3¢ (EeKTUBHOCTH HCIIONB3YEMBIX TPENapaToB M OOMIMPHOTO CHHCKAa WX TOOOYHBIX
3pdexToB. [lepcrieKTUBHBIMM ~ MUIIEHSMH B 3TOM  HANpPaBICHUHM  SBISIETCS
MOJICEMEHCTBO SIIEPHBIX PELIENTOPOB — PEIENITOPOB, AKTUBUPYEMBIX IEPOKCUCOMHBIMH
npoxudepaTopamu (peroxisome proliferator-activated receptor, PPAR), aktuBarus
KOTOPBIX MOXET HOPMalM30BaTh METa0ONNYecKne MTUCHYHKIMH W YMEHBIIUTH
CePIICYHO-COCYTUCThIE (aKTOphl pucka, cBs3aHHbie ¢ CJ12. OCHOBHBIMHU KiIaccaMu
PPAR sistorcsi PPAR-00 u PPAR-y, aroHucCTBl KOTOPBIX MOTYT KOPPEKTHPOBATH
JMUCIUATIMACMHAIO U CHIDKATh PE3UCTEHTHOCTh TKAHEW K WHCYJIMHY COOTBETCTBEHHO.
HauGonpmuii uHTEpeC BbI3BIBAIOT JBOHHBIE juraHabl PPAR o u vy, HasBaHHBIC
TIIMTa3apaMM ¥ COYETAoIIMe B OJHOM MOJIEKyJe THUHOJUNHIEMHYECKUe |
TUIOTIIMKEMUYECKIEe CBOIMCTBA 0 M Y-arOHUCTOB. [Ipu aTOM, MouTH BCe pa3paboTaHHBIE
Ha HACTOSIIMKA MOMEHT T[JIMTa3apbl WMeNd To00uYHBIe J(PQEKTh, KOTOPHIE
BapbUPOBAINCh B 3aBUCHUMOCTH OT CTPYKTYPHOTO (parMeHTa, CBS3aHHOTO C HX
KOHCEPBATUBHOW YacCThIO, IPEJICTABICHHOW B aOCOJIIOTHOM OOIBIIMHCTBE CIydaeB
JIe3aMUHUPOBAaHHBIM  L-Tupo3nHOM. B CBS3M ¢ 3TUM BBeJEHHE MPHUPOIHBIX
¢dapmakoQopoB MOXKET TPHUBECTH K CYHIECTBEHHOMY YJIYUYIICHUIO CBOWCTB
MOTEHIIMATBHBIX JIEKAPCTBEHHBIX CPEJICTB, MMOCKOIBKY PUPOIHBIE COSANHEHUSI UMEIOT
BBICOKHIA TPO(HITh 0€30MTaCHOCTH, BHIPAOOTAaHHOE B TIPOIIECCE BOIIOIUN CTPYKTYPHOE
CPOJICTBO KO MHOTHUM OHOJIOTHYECKUM perenTtopaM. Llenpro JaHHOTo HcclienoBaHUs
ObLIa OIIEHKAa TUTIOTTUKEMHYECKOTO M TUIIONUMHUIEMUYECKOTO JACHCTBHS TATH HOBBIX
MOTEHIUANBHBIX TIUTa3apoB C (PParMeHTOM JUTHAPOOETYIOHOBOW KHCIOTHI,
OTJICJICHHBIM OT KOHCEPBAaTUBHOW YaCTH IMHKEPAMH DPA3IWYHON UTMHHEI (0T 2 10
6 aToMOB yriiepo/a).

Memoowl u arzopummst: B onbITax y4acTBOBaIM caMilbl Mbleit tuann C57BL/6 AV ¢
oxupeHueM, kotopele 3a 30 gHeH A0 Hayala SKCIEPUMEHTa U B TEUYEHHE BCEro
IKCTIEpPUMEHTA HaXOJIMIIMCh Ha JHETE C BHICOKHM COJIEp)KaHUEM XKHPOB U YTIIEBOJIOB.
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JKVBOTHBIM €XeTHEBHO B TeueHHe 28 nmHel (4 Hemenu) BBOIWIM BHYTPHIKEITYIOYHO
uccieayeMble coenuHeHuss B Ao3e 30 MI/Kr, B KauecTBEe NpenapaToB CpaBHEHHS
WCITONIB30BAIM Te3ariauTasap B mo3e 30 mr/kr m merdopmun B moze 250 Mr/kr, a
YKUBOTHBIM KOHTPOJIHHOHN T'PYTIITBI BBOAWIIH PaCTBOPUTEIH. Tarke OTAeIBHO, B KAaUeCTBE
WHTAaKTHOW KOHTPOJBHOM TPYMITBl HCIOIB30BAIN caMIIOB Mbliiel tuaun C57BL/6. Ha
15-i1 u 30-if meHb dKCIIepUMEHTa OBIT TIPOBEICH OPATLHBIA TITFOKO30TOJICPAHTHBIA TECT
(OI'TT) nmnst OWEHKW TOTEHIMATBFHOTO THITOTIMKEMHUYECKOTO 3¢ (eKTa H3ydaeMbIX
coeIMHEHUH. J{OMOMHUTENbHO, eKeHEeAeNbHO (UKCHPOBANACh Macca >KUBOTHBIX U
KOJINYECTBO MOTPEOICHHOTO KOpMa.

Peszynomamer: 1o pesynbpraTam n3MepeHHst MAaCcChI TeJIa MBIIIEH OBLIO YCTAHOBJIEHO YTO
B IpyMIIe Te3ariuTa3apa U NOTEHIIMAIBLHOTO ININTa3apa ¢ HAMMEHBIIEH ITMHOM JIMHKEPa
(2 aTroma) CyIIeCTBEHHO CHU3UTH 3TOT MTOKA3aTellb B TeUCHUE dKcrepuMenTa (Ha 32 u 19
% COOTBETCTBEHHO). Y MBIIIEH B OCTAIFHBIX TPYIIIIaX Macca COXpaHsIIach MPUMEPHO Ha
OJTHOM YpOBHE M COOTBETCTBOBAJA COCTOSHHIO BBIpaKEHHOTO OKupeHus. Kak Obuto
BUJIHO 1O JaHHBIM, monydeHHbIM B xome OI'TT wa 15ii neHp 3KCIepUMEHTA,
PE3UCTEHTHOCTh K MHCYJIMHY PasBUIAch y Bcex Mbimieil jounum C57BL/6 AY? uro
sIBIsieTCST OCHOBHBIM cumntomoM CJI2. Ilpu »TOoM clienyeT OTMETHUTb, YTO BCE
HCCIIeTyeMble COeIMHEHMs, TaK e, KaKk M IpernapaTsl CpaBHEHUS Te3arjauTasap U
MeTQOPMHUH, MPOSBHIM JOCTOBEPHOE IO OTHOUICHWIO K KOHTPOJBHOH TpyImiIe
runorimkemMuueckoe aercreue. Pesynerarel OI'TT, npoBenenHoro Ha 30-i1 1eHb, B
meaoM cootBercTBoBaM mepBoMy OI'TT, omHako oTCyTcTBOBal 3(PeKT B TpyMIe
MeTGOPMHUHA, YTO OOBSICHSIIOCH TEM, UTO BEIECTBA BBOAWIH ITOCIEAHUH pa3 3a JBa AHS
Io mpoBeaeHus TecTa (ero a3 dext mmres He 6onee 12 u). Kpome Toro, mocie moacdaera
TUIOMIAIN TTO/T TIIUKEMHYECKON KPUBOH OBLITO 00HAPYKEHO, YTO HanOOIIee BEIPaKEHHBIM
THITOTJIMKEMUYECKUM JIEHCTBUEM O0JIaiany Te3arjuTa3ap M COCIWHEHHUE C CaMbIM
KOPOTKHM JINHKEPOM, YTO COTJIaCOBBIBAJIOCH C JAHHBIMU M3MEPEHHS MACCHI.

Buisoowi: Vicxons W3 IOMyYEHHBIX B XOJI€ SKCIIEPUMEHTA JaHHBIX, ObLTI0 00OHApPYKEHO,
4TO BCE MOTEHIMAIBHBIE TIINTa3apbl ¢ HParMeHTOM AUTHAPOOETYIIOHOBOW KUCIOTHI B
OTpe/ieIeHHON CTEeNEeHU MPOSABISAIOT THUIIOTIMKEMHUYECKOe JEWCTBHE Ha MBIIIAX C
cuMnToOMamu, xapaktepHsiMu s C/12, omHako HanOojee aKTHBHBIM M3 HHX OBLIO
coelMHEHNe ¢ Hanbosee KOPOTKUM JHHKepoM (2 atoma yriepona). [lpu atom nannoe
BEIIECTBO, B OTJIMYME OT OCTalbHBIX, MOJOOHO Te3ariamTasapy, CIocoOCTBOBAIO
CYIIECTBEHHOMY CHIDKEHHIO MAcCChl TeNa JKUBOTHBIX. TakuM 00pa3oM, MOXKHO CIENaTh
BEIBOJI, YTO HAJIMYHME TPUTEPIICHOBOTO (PparMeHTa, COCTUHEHHOTO C KOHCEPBATHBHOMN
YacThIO0 MOJIEKYJIBI TJIUTa3apa JIMHKEPOM C JIByMs aTOMaMH YTIIepoja, CIIOCOOCTBYET
HanboJiee BHIPAKEHHOMY THIIOTIMKEMHUYeCKOMY 3(D(EKTy U, BEPOSTHO, CBSI3AHHOMY C
STHUM IOBBIIICHUIO YyBCTBUTEIBHOCTH K WHCYJIHHY.

Qunancuposanue. VicciegoBaHue BBIIOJHEHO TMpU mNoanepkke rpanta PHO
«Pa3paboTka JICKaPCTBEHHBIX AareHTOB HOBOTO THIIA JUIS JICYCHUS 3a00JieBaHMIA
CePIIEYHO-COCYTUCTON CHCTEMBI, CBI3aHHBIX C HAPYIICHUSIMH METa0O0IU3Ma JIUTHIOB 1
rroK03eDy (Ne 24-25-00120).
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Motivation and Aim: Type 2 diabetes mellitus (DM2), characterized by insulin resistance
and subsequent hyperglycemia is nowadays a global healthcare issue affecting more than
10 % of the world population with this number continuously growing [1]. Due to this
trend, in the last decades, there is a constant search for new biological targets for the
development of drugs that would alleviate the main symptoms of DM2. Unfortunately,
the existing DM2 treatment approaches are still far from optimal, which is a consequence
of the low efficiency of the drugs used and their plentiful side effects. A subfamily of
nuclear receptors — peroxisome proliferator-activated receptors (PPAR) is a promising
target in this research direction, because their activation is able to normalize the possible
metabolic dysfunctions and reduce the cardiovascular risks associated with DM2. The
main classes of PPARs are PPAR-o and PPAR-y, which agonists can reverse
dyslipidemia and reduce insulin resistance respectively [2]. Lately dual ligands of PPAR
a and vy, called glitazars, are becoming of most interest due to their ability to combine
the hypolipidemic and hypoglycemic properties of PPAR o and y agonists in one
molecule. Yet, to this day, almost all of the developed glitazars had adverse effects,
which varied based on the structural fragment, connected to the conservative part of the
molecule, usually represented by deaminated L-tyrosine [3]. In this regard, the
introduction of natural pharmacophores, terpenoids in particular, may lead to a
significant improve in the properties of the drugs, due to them having a high safety
profile, an evolutionary developed structural affinity to a lot of biological receptors and
a wide range of their own biological activity [4]. The aim of this study was to evaluate
the hypoglycemic and hypolipidemic activity of five new potential glitazars with a
dihydrobetilonic acid fragment, separated from the conservative part by linkers of
different length (from 2 up to 6 carbon atoms).

Methods and Algorithms: In our experiments obese male C57BL/6 AY mice were used,
which 30 days prior and during the experiment were kept on a high-fat and high-
carbohydrate diet. Animals daily for 28 days were injected intragastrically with the test
compounds at a dose of 30 mg/kg, as reference drugs tesaglitazar at a dose of 30 mg/kg
and metformin at a dose of 250 mg/kg were used, while animals of the control group
were treated with the solvent only. Apart from that, male C57BL/6 mice were used as an
intact control group. On the 15" and 30" day of the experiment, oral glucose tolerance
tests were carried out in order to assess the potential hypoglycemic effect of the tested
compounds. Additionally the animals’ weight and the amount of chow consumed were
recorded weekly.

Results: According to the results of the animals’ weight measurements in the groups of
tesaglitazar and the potential glitazar with the shortest linker (2 carbon atoms), a
significant reduction of this parameter (32 and 19 % respectively) during the experiment
was noticed. The mean mice weight value in all other groups remained approximately at
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the same level and corresponded to the state of severe obesity. Resistance to insulin,
which is the main symptom of DM2, developed in all C57BL/6 AY mice, as was evident
from the obtained data of the OGTT on the 15" experiment day. That said it is worth
noting that all tasted compounds as well as both reference drugs, tesaglitazar and
metformin, showed a statistically significant hypoglycemic effect compared to the
control group. The second OGTT (30" day) results were generally in line with the first
OGTT data, except for the effect absence in the metformin group, which can be
explained by the fact that substances were last administered 2 days before the test
(metformin’s action lasts no longer than 12 hours). Moreover after the area under the
glycemic curve calculation tesaglitasar and the test compound with the shortest linker
were found to possess the most pronounced hypoglycemic activity among all other
substances under investigation, which was on par with the weight measurement data.
Conclusion: According to the data obtained during the experiment it was found that all
potential glitazars with the dihydrobetulonic acid fragment to a certain extent exhibit
hypoglycemic effects in mice with DM2 symptoms, yet the most active of them was the
compound with the shortest linker (2 carbon atoms). At the same time, this compound,
unlike the other dihydrobetulonic acid derivatives with longer linkers and similar to
tesaglitazar, contributed to a significant animal weight loss. Thus, it could be concluded
that the most pronounced hypoglycemic effect, which is most probably related to
increased insulin sensitivity is achieved by connecting the conservative part of the
glitazar molecule to a dihydrobetulonic acid fragment through a linker, consisting of 2
carbon atoms.

Funding: The study is supported by the RSF grant “Development of new type of drug
agents for the treatment of cardiovascular diseases associated with lipid and glucose
metabolism disorders* (No. 24-25-00120).
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