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Momusayua u yenb. Durtorepanus, SABISAACH METOHOJIOIMYECKOM  OCHOBOM
BOCCTAaHOBUTEJILHONH MEIUIMHBI, TMPHUMEHSEeTCs Uil NPOQWIAKTUKH W JICYCHHUS
HapylmeHud oOMeHa BEIIeCTB, MOBBIIICHUS COMPOTHUBISIEMOCTH OpraHu3zMa K
Pas3IMYHBIM CTPECCOBBIM YCIOBUAM (0O€creunBas TEM CaMbIM Pa3BUTHE aJalTallud U
roMeocta3 opranuzma) [1]. buonornyeckass akTHUBHOCTD JIEKAPCTBEHHBIX PACTECHUN U
pPacTUTENBHBIX OKCTPAKTOB OOBSCHSACTCS HAIMYMEM B HMX COCTaBe BTOPHYHBIX
MeTaboIUTOB (MONMU(EHOIOB, TPUTEPIIEHOB, (PJIABOHOM/IOB, TIIMKO3HMIOB U T. 1.) [2, 3].
CoBpeMEHHbIE HCCIICAOBAHMSA [OKa3ald BBICOKYI 3((EKTHBHOCTE KOMILJIEKCOB
OMOJIOTUYECKH aKTHBHBIX BEHIECTB PACTCHUH (B TOM YHCJIE B BHUJIC 3KCTPAKTOB) LIS
KOPPEKIIMM HapylUICHUH MeTaboNNYeCKUX MPOLECCOB, B TOM 4ucle (U3UYECKOTO U
Ouonoruueckoro xapakrepa. Kpome Toro, pa3zpaboTka KOMIUIEKCHBIX PAaCTHUTEIBHBIX
KOMITO3HUIIMIA MOXET OOECIEUYUTh HAIUYME CHHEPTHUYCCKUX 3(PPEKTOB y KOHEUHOTO
npoaykTa W Oojiee MIMPOKHUN CIEKTP MPOSBISIEMBIX (HapMaKOIOTHUYECKHX CBOMCTB.
[lepcneKTUBHBIMU B 3TOM IUIaHE OCTAIOTCS MaJlOM3yYEHHbIE ACTEKThl COYETAaHHOCTU
JIeHCTBUS [BYX BTOPUYHBIX META0OJIMTOB: MEHTALMKINYECKUX TPUTEPICHOUIOB
(YpcooBO#t KHCIIOThI) U (DUTOIKIUCTEPOUIIOB (PKIUCTEHA). B CBA3M ¢ YyeM, OCHOBHOM
LEJIBI0 MCCIIEAOBAaHMS ObIO M3Y4YEHHE BIMSHUS KOMIIO3UIMHM Ha OCHOBE SKCTPAKTOB
JIEB3€H U KITIOKBBI, COJIEPKALINX 3KIAUCTEH U YPCOJIOBYIO KHUCIIOTY COOTBETCTBEHHO, Ha
MeTa0OIMYECKUE MTPOLIECCHI.

Memoowr u ancopummoi: Pabota Beimonnena Ha 100 mprmax muaun CS57BL/6J (70
cammax u 30 camkax), 424 ayrOpenusix Mbimax CD-1 (272 cammax u 152 camkax),
14 camuax weimeit jguauu C57BL/6%Y, 80 kpwicax ctok Bucrap (24 camiax wu
56 camkax), monydeHHbIX u3 BuBapus OUIl MucturyTa muronoruu u reHeruku CO
PAH. Conepsxanue *XKMBOTHBIX W JM3AHH IKCIEPUMEHTAILHOTO UCCIIEAOBAHUS OBLTH
onoOpens! 3tTnueckuM komureroM HUOX CO PAH (nmportokon ot 28.08.2021; Ne 38 ot
15.12.2021; Ne 150 ot 13.05.2022; Ne 431 or 18.05.2023). Bce maHMITyIALUU C
’KUBOTHBIMH NIPOBOJMIINCH B COOTBETCTBUH € 3aKOHOAATeNbCTBOM P®D, Pemennem «O0
yrBepxaeHnn llpaBun Hamnexamiedn mabopaTopHOW mpakTukd EBpasuiickoro
9KOHOMHYECKOI0 CO103a B chepe oOpallieHus JeKapcTBeHHbIX cpeacte» ot 03.11.2016
Ne 81 wu mnonoxenusmu [upektuBsl 2010/63/EU Tlapnamenta EC u Cosera
EBpomneiickoro Coro3a ot 22.09.2010 o 3amure )KMBOTHBIX, HCIIOJIB3YEMBIX B HAYYHBIX
nensix. VccnemyeMble COCAMHEHMS: METHITPETOYTHIIOBOTO 3(Hpa IKCTPAKT IIPOTa
KIIOKBBI, coaepxamuii 40 % ypconoBOW KHCIIOTHI, CTaHAAPTU3IUPOBAHHBIN IO
ypconosoii kucnore (Mmxunupunrossiii nentp HUOX CO PAH, r. HoBocubupck);
BOJIHO-CIIUPTOBOM 3KCTPaKT KopHe#l sieB3en caduiopoBuaHoi, coxepxkamuii 0.31 %
OKJIMCTEHA, CTAaHIAPTU3UPOBAHHBIA 10 JKaucTeHy (20-rmapokcmdkanzony) («O0O0
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OkcrpakTel Antasy, r. bapaayn); komnosuius skctpakToB jeB3en (0.31 % sxanucTena)
U 1mpora KIOKBbl (40 % ypconoBoW KUCIOTHI); 3KAUCTEeH, 98 % wynctoThl (TOKYyO
Chemical Industry Co., LTD, Japan); ypcosnoBas kucimora, 92 % YHCTOTBHI
(Mmxwaupuaroerii  mearp HUOX CO PAH, r. Hosocubupck). CxpuHHHT
THITOTJIMKEMUYECKOW aKTUBHOCTH KOMITO3UIIMU 3KCTPAKTOB JIEB3EH M LIPOTA KITIOKBHI B
nmo3ax 170:50, 35:250, 70:500 Mr/Kr npu IIUTETHFHOM BBEIeHUH (4 Helmenn) Kak 0e3, Tak
u Ha (oHe (M3MUECKOW HATpPY3KH (TECT «Oer Ha TpeaMuiey», «IPUHYIUTEIbHOE
MIaBaHUE») MPOBOJWIM MO IOKa3aTelsiM JUHAMUKU MacChl Tela, YPOBHS TIIOKO3BI
KpOBH, [TIOKO30TOJIEpaHTHOTO TecTa [4, 5]. V3yueHne Hanuyus afanToreHHBIX CBOMCTB
y nmonobpanHoro 3 dpexTruBHOTO cooTHOMmEHH Komno3uuu (70:500 MI/KT) orleHHBaIN
B TecTe «IpUHYAMTENbHOE TUIaBaHuey. VccinenoBaHue HamM4usg y KOMIIO3UIMU
aHaOONMMYecKol aKTUBHOCTH NPOBOAMIM Ha MOJIENH H30JMPOBAHHON TMeperpy3Ku
CKEJIETHON MBILILBI TOJIEHN KPBIC C onepanuei TeHoToMud [6]. BausHue xoMnosuunu
B 03¢ 70:500 MI/KT Ha YpOBEHb TECTOCTEPOHA KPOBH MPOBOIMIN ¢ moMomsio MDA
aHanmu3a. be3onacHoCTh M MEPEeHOCUMOCTD JUIUTENFHOTO BBEICHHSI KOMIIO3UIMH B J103€
70:500 Mr/Kr ¥ ee OTIACTBHBIX KOMIIOHEHTOB MPOBOJMIIM COTJIACHO PyKOBOACTBY 1O
9KCHEPUMEHTAIBHOMY (IOKIMHUYECKOMY) H3YYECHHIO HOBBIX (DapMaKoIOTHYECKUX
Bemiects [7]. Bausuue kommosunun B g103¢ 70:500 Mr/kr Ha moKa3aTead JIUIHUIHOTO,
YIJICBOJIHOTO OOMEHA Ha (DOHE MATOJIOrMU U3YYaad Ha JUCT-UHYIIMPOBAHHON MOJIEIN
caxapHoro auaberta Il Tuna [8], reHeTHYecKoit Moaenyu caxapHoro nuabdera Il Tuama [9].
Peszynomamur: Ha OCHOBaHMM CKPHUHMHIA BBISBICHO, YTO KOMIIO3MLUSL 3KCTPAKTOB
JIeB3eU M MIpoTa KIOKBEI B j03¢ 70:500 mr/kr (210 Mkr/kr skauctera u 200 Mr/kr
YPCOJIOBOM KHUCJIOTBI COOTBETCTBEHHO) OKa3bIBA€T IOJOXKHUTEIBHOE BIUSHHE Ha
MOKa3aTeNy YIiIeBOAHOr0 OOMEHa, a UMEHHO MPOSBIIsUIA THIIOTIUKEMUYEcKuil 3pdext
Ha ()OHE TIIIOKO3HOW HArpy3kd Kak 0e3, Tak ¥ Ha QoHe (UINUECKOW Harpy3KH.
Pazpaborannas kommo3unus B go3e 70:500 MI/Kr mposBIisiia aHATOTHYHBIE CO CMECBIO
WHIWBUAYaNbHBIX JEHCTBYIOIIMX BewlecTB (papmakonormdeckue 3PQeKTsl B
OTHOIIICHUHW TI0Ka3aTejeil YriIeBOJHOro, OEJIKOBOIO, JMIUJAHOTO OOMeHa Ha (oHe
(u3nUecKoii Harpy3KH (TeCT «IIPUHYIUTEIbHOE IIIABAHUEY), & UIMEHHO: OBLITO OTMEYCHO
3HaunMoe (P < 0,05) cHWKeHHe KOHLEHTPALUHU TJIIOKO3bI, JIAKTaTa, KPeaTHHKUHA3BL,
XOJIECTEPHHA, JIMIIONPOTEHHOB BBICOKOM IJIOTHOCTH, YBEIMYEHHE KOHLEHTPALMH
obmiero Oenka, YTO MOXET SBIATHCS IMOKA3aTeNsIMH Pa3BUTHS PEaklHi ajjanTaluu
opranusma [10]. Ha Monenu n30IupOBaHHON NEPErpy3KU CKEIECTHOW MBIIILBI TOJIEHH
KpbIc Kommo3umus B fo3e 70:500 mr/kr mposiBisyia aHabommdeckuil 3GGeKT y Kpbic
00oux nosoB. [TosyueHHbIe 3HAYCHUSI IPOIICHTA MPUPOCTA MBIIIIBI M. SOleus Ha done
BBEJICHUSI KOMIIO3UIIMM KOPPEIMPOBAIM C TOKA3aTeNsIMH CMECH WHAWBUAYATBHBIX
JIEHCTBYIOIIMX BELIECTB, YTO IOATBEPKAAET UX POJb B MPOSBICHHUH KOMIIO3HMLUEH
anabonmueckoro 3¢dexra. [Ipr ogHOKpaTHOM BBE/eHHH KOMITO3UIUH B A03e 70:500
MI/KT, 9KCTpakTa MpoTa KIOKBBI B Jo03¢ 500 MI/KT MPOUCXOIUIO JOCTOBEpHOE
yBeJIUYEHHE YPOBHS TeCcTocTepoHa y camuoB Mbimeid CD-1. B To BpeMs kak Ha QoHe
OJIHOKPaTHOIO BBEACHUSI IKCTpakTa JjeB3en B 1o3e¢ 70 MI/KI HE MNPOHCXOAMIO
CTaTUCTHYECKH 3HAUYMMOTO WM3MEHEHHsS YPOBHS TecTocTepoHa. llpu oleHke
0€301acHOCTH ¥ IEPEHOCUMOCTH JIUTUTEIILHOTO BBEJICHHUSI KOMITO3UIIMU HEe HA0III0aI0Ch
BU3YaJIbHBIX IPU3HAKOB MHTOKCHKALUH, F'HOEJIN )KUBOTHBIX, TOKCHUECKHX 3P(EKTOB B
OTHOIIIEHUW BHYTPEHHUX OPraHoB, OMOXMMHUYECKHUX IoKa3arenell kposu. Kpome toro,
BBeJICHHME KOMMO3HIUK B 03¢ 70:500 Mr/kr Ha (OoHE HAPYUIEHHOW TOJIEPAHTHOCTU K
TIII0K03€ (IMeT-MHAYLIUpPOBaHHAs MoJeNb caxapHoro auabera Il Tuma, reHeTuueckon
MoJnenu caxapHoro nauabera Il Tuma) He ycyryOmsuio pa3BUTHE MNATONOTHYECKUX
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MPOIIECCOB B OpraHax-MUIICHSAX (II€4eHb, MOMKETyJOUYHAs >Kelie3a), OKa3bIBajlo
MOJIOKUTENFHOE BIMSHUE Ha TOKAa3aTeNd JUMAAHOTO OoOMEHa W CIocOOCTBOBAIO
YMEHBIIIEHUIO pa3MEPOB aIUMONUTOB 0estoil u Oypoil KUPOBOW TKaHH, MPEAOTBPAIIAs
pa3BuTHE TUTIEPTPOHUIECKOTO OKUPEHUS.

Bvi6oowvi: KoMnosumusi 5KCTpakToOB JieB3eW W MIpoTa KIMOKBBI B fo03e 70:500 mr/kr
o0naaeT aJanTOreHHBIME CBOMCTBaMHU Ha (poHe (pr3muecKoil Harpy3Ku U BEIPaKSHHOM
aHa0OIMYECKON aKTUBHOCTHIO, COTIOCTABUMON C aKTHMBHOCTBHIO CMECH JEWCTBYIOIINX
BEIIECTB — JKAMCTEHAa W YPCOJNOBOH KHUCIOTHL. Ha ¢oHe omHOKpaTHOTO BBEICHHS
KOMITO3UIMH yBEJIHYCHHE YPOBHSI TECTOCTEPOHA OOYCIOBJICHO HAIMYHMEM B COCTaBE
KOMIIO3MLIMM 3KCTPAaKTa IIPOTa KIKOKBBL [[MHUTENbHOE BBEIECHHE KOMIIO3HMLIMHM HE
OKa3bIBAET TOKCHUYECKOTO BIUSHUS Ha OPTaHU3M SKCIEPUMEHTAIbHBIX KUBOTHBIX. Ha
¢oHEe BpOXKIEHHOH W TPUOOPETCHHOW TMATOJNOTMM KOMIIO3UIMA  OKa3bIBaeT
TIOJIOKUTEIIBHOE BIUSHIE Ha TMOKa3aTelNH JIMIATHOTO OOMEHa W IepepaciperesieHne
YKUPOBOM TKaHHU.

Qunancuposanue. ViccnenoBaHue BBIOJHEHO B pamKkax 0a3oBbiXx mpoektoB OHU
HUOX CO PAH (Ne 122040400038-4).
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Motivation and Aim: Phytotherapy, being the methodological basis of regenerative
medicine, is used for the prevention and treatment of metabolic disorders, increasing the
body's resistance to various stressful conditions (thus providing adaptation and body
homeostasis) [1]. The biological activity of medicinal plants and plant extracts is
explained by the presence of secondary metabolites (polyphenols, triterpenes,
flavonoids, glycosides, etc.) [2, 3]. Modern research has proven high efficiency of plant
complexes in the form of extracts for correction of metabolic processes disorders,
including physical and biological nature. In addition, the complex herbal compositions
development may provide synergistic effects in the final product and a wider range of
pharmacological properties exhibited. The poorly studied aspects of the combined action
of two secondary metabolites: pentacyclic triterpenoids (ursolic acid) and
phytoecdysteroids (ecdystene) remain promising. Therefore, the main aim of the study
was to investigate the effect of leuzea and cranberry extracts composition, containing
ecdystene and ursolic acid, respectively, on metabolic processes.

Methods and Algorithms: The experiments were performed on 100 C57BL/6J mice of
both sexes (70 males and 30 females), 424 CD-1 mice of both sexes (272 males and
152 females), 14 male C57BL/6”Y mice and 80 stock Wistar rats (24 males and
56 females). Animals were obtained from the vivarium of the Institute of Cytology and
Genetics SB RAS. The protocol of the animal experiment was approved by the Ethics
Committee of N.N. Vorozhtsov Institute of Organic Chemistry SB RAS (protocol of
28.08.2021; No. 38 of 15.12.2021; No. 150 of 13.05.2022; No. 431 of 18.05.2023). All
manipulations with animals were conducted in strict accordance with the laws and
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regulations of the Russian Federation, the Decision "On Approval of the Rules of Good
Laboratory Practice of the Eurasian Economic Union in the field of circulation of
medicines" No. 81 of 3 November 2016, and the provisions of Directive 2010/63/EU of
the European Parliament and of the Council of the European Union of 22 September
2010 on the protection of animals used for scientific purposes. Materials: methyl tert-
butyl ether cranberry meal extract containing 40 % ursolic acid, standardized for ursolic
acid (Engineering Center of NIOCH SB RAS, Novosibirsk); agueous-alcoholic radix
leuzea extract containing 0.31 % ecdystene, standardized by 20-hydroxyecdysone (Altai
Extracts Ltd., Barnaul); composition of leuzea (0.31 % ecdystene) and cranberry meal
(40 % ursolic acid) extracts; ecdystene, 98 % purity (Tokyo Chemical Industry Co.,
LTD, Japan); ursolic acid, 92 % purity (Engineering Center of NIOCH SB RAS,
Novosibirsk). Hypoglycemic activity screening of the composition of leuzea and
cranberry meal extracts in doses of 170:50, 35:250, 70:500 mg/kg at long-term
administration (4 weeks) with and without physical load ("treadmill test", "forced swim
test" (FST)) was carried out according to the body weight dynamics, blood glucose level,
glucose tolerance test [4, 5]. The adaptogenic properties in the selected composition
(70:500 mg/kg) was evaluated in the FST. The anabolic activity of the composition was
investigated on a model of isolated overload of the rat skeletal muscle with tenotomy
operation [6]. The effect of the composition at a dose of 70:500 mg/kg on the blood
testosterone level was carried out by ELISA analysis. Safety and tolerability of long-
term administration of the composition and its individual components were carried out
according to the Guidelines for experimental preclinical studies of new pharmacological
substances [7]. The effect of the composition at a dose of 70:500 mg/kg on lipid and
carbohydrate metabolism of experimental animals was studied on a diet-induced model
of type Il diabetes mellitus [8], genetic model of type 11 diabetes mellitus [9].

Results: According to the screening results, the composition of leuzea and cranberry
meal extracts at a dose of 70:500 mg/kg (210 pg/kg ecdystene and 200 mg/kg ursolic
acid respectively) has a positive effect on carbohydrate metabolism parameters (showed
hypoglycemic effect on the background of glucose load, with and without physical load).
The developed composition at a dose of 70:500 mg/kg showed similar pharmacological
effects to the individual active substances in terms of carbohydrate, protein, lipid
metabolism in the FST, namely: there was a significant (IIT < 0.05) decrease of glucose,
lactate, creatine kinase, cholesterol, high-density lipoproteins concentration, an increase
in total protein concentration, which may be indicators of the development of the
organism adaptation reactions [10]. On a model of isolated overload of the rat skeletal
muscle, the composition at a dose of 70:500 mg/kg showed anabolic effect in animals of
both sexes. The obtained values of m. soleus muscle growth at administration of the
composition correlated with the indices of individual active substances mixture, which
confirms their role in the manifestation of anabolic effect by the composition. A single
administration of the composition at a dose of 70:500 mg/kg and cranberry meal extract
at a dose of 500 mg/kg resulted in a significant increase in testosterone levels CD-1 male
mice. However, there was no statistically significant change in testosterone levels after
a single injection of leuzea extract at a dose of 70 mg/kg. When assessing the safety and
tolerability of long-term administration of the composition, no visual signs of
intoxication, animals died, toxic effects to internal organs, blood biochemical indices
were observed. In addition, administration of the composition at a dose of 70:500 mg/kg
at impaired glucose tolerance (diet-induced model of type Il diabetes mellitus, genetic
model of type Il diabetes mellitus) did not worsen the course of pathological processes
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in target organs (liver, pancreas), had a positive effect on lipid metabolism parameters
and promoted the reduction of white and brown fat adipocytes size, preventing the
development of hypertrophic obesity.

Conclusion: The composition of leuzea and cranberry meal extracts at a dose of
70:500 mg/kg has adaptogenic properties and pronounced anabolic activity, comparable
to the activity of active substances — ecdystene and ursolic acid. The increase in
testosterone level at a single administration of the composition is due to the presence of
cranberry meal extract in the composition. Long-term administration of the composition
has no toxic effect on the organism of experimental animals. The composition has a
positive effect on lipid metabolism indicators and redistribution of adipose tissue against
the background of pathological changes.

Funding: The study was carried out within the framework of basic projects of FSR
NIOCH SB RAS (No. 122040400038-4).
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