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BO3MOXHBIE ITYTU ®APMAKOJIOTMYECKONH KOPPEKIIMU
UIIEMHUYECKHWX HOBPEXIEHUN IEYEHU
C IOMOIIbIO ATOHUCTA INEPU®EPUYECKHUX
NUMHUIA3OJIMHOBBIX PELEIITOPOB C7070

ATl ﬂoezanbl, C.H. Hoeemmmz, LA Eamuu;eeag, A.A. ,ZZOJzofcukoel,
M.B. Hokposckuii’, JK.C. Ypoorcesckan™

®denepalibHOE TOCYAAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKICHHIE
BbICILIEro 00pa3zoBaHus «benropoackuii rocy1apCcTBEHHbIN HAIlMOHAIbHBIN
UCCIJIEI0BATEIbCKUN YHUBEPCUTETY,
yi1. [To6enst, 85, 308015, benropon, Poccuiickas ®enepartust (1)
®enepalibHOE TOCYIApCTBEHHOE OI0/KETHOE 00pa30BaTeIbHOE YUPEKICHHIE
BhIciIero oopazoBanus «Kypckuil rocyjapcTBeHHBIN METUITUHCKUN YHUBEPCUTETY,
yi. K. Mapkea, 3, 305021, Kypck, Poccuiickas ®enepauus (2)
®enepalibHOE rOCYIapCTBEHHOE OI0/KETHOE 00pa30BaATEIbHOE YUPEKICHHUE
BbICILIEro 00pa3zoBaHus «BopoHexCKuil rocy1apCTBEHHbBIN MEIULIMHCKUN
yHusepcuteT uM. H.H. bypnenko»,
yi. Crynenyeckas 10, 394036, Boponex, Poccuiickas @eneparus (3)

Kak npu caxapHom auadere, Tak U NPH MeTA00JIMYECKOM CHHAPOME B BHJe KOMOP-
OM/THOT0 COCTOSIHUSI Pa3BUBAaeTCs JKUPOBasi AUCTPodus NedeHH, NepexoAsIuas fajiee B HeK-
po3 nedeHu. B craTbe npeasiokeHbl BAPUAHTHI (hapMaKoJI10ru4eckoil KOppeKuy HIeMHUH-
penepdy3un ne4YeHH ArOHNCTAMH MMHIA30JIMHOBBIX pelentopoB. Mamepuanvt u memoobsl.
DKcnepuMeHT NMPoBoAWJIcs Ha 70 Kpbicax 060ero moJia, pasaeJéHHbIx Ha 7 rpynn (n=10):
HHTAKTHAsA TPYNNA; JOKHOONEPHPOBAHHbIC KMBOTHbIC (BCKPBITHE OPIOIIHON CTEHKH 0e3
JIMTHPOBAHUS NMeYEéHOYHBIX COCYI0B); rpynna uinemMuu / penepdy3nu 0e3 KoppeKuuu npe-
naparamMm; >KUBOTHbIe, NoABepriuuecs:i umemuu / penepdysun nedyenn + mergpopmun (50
MI/Kr); KMBOTHbIe, MoJABeprimecsi wmeMuu / penepdy3um mnedyeHu + MoxconuauH (1
MKI/KT); KHBOTHBIE, MoaBeprmmecs umemun / penepdysnu nevenn + C7070 (10 mr/kr).
JJ1s1 OlleHKH HCIO0JIB30BAIHM KO3 (PUIHMEHTHI, HCYHCAsieMble U3 YPOBHS NE4YeHOYHbIX TPAH-
caMHHa3: ajJaHuHamMuHoTpaHcpepasza (AJIT) m acmaprarammuHorpancdepasa (ACT), — a
TakK:ke Mop(oMeTprYecKMX OTHOIIEHUI IJIOIIAN HEKPO3a U INIy0OKOH HIeMUH MeYeHH T10
AAHHBIM T'MCTOJIOTHYECKOr0 uccaenoBanus. Pezyiomamor. AroHuCT nepugepuyecKux UMH-
1a30JMHOBBIX penenTopoB C7070 B 3HAYNTEILHO 00/IbIIEH CTENEeHH CHUKAET MILIEMUYECKH -
penepy3nMoOHHbIC NMOPAXKEHHUS NEYeHHU, B CPABHEHHH € NpenaparaMM MOKCOHMIMH U MeT-
¢popmun. I'enatonporexkropuslii 3pdexkt C7070 cHnmasicss npeABapUTEbHBIM BBeICHHEM
O0si0kaTopa nepudepudecKuX MMHAA30JMHOBBIX penentopoB. Kodgpduumentor AJIT/ACT
s C7070, mMoxkcoHuauHa M MeTGOPMHHA COCTABWJIM COOTBETCTBEHHO 72,8/62,13;
44,99/34,20 u 36,88/21,02. Koaddpuunentsl Mopdosornyeckoii renaTonpoTeKTOPHON ak-
THBHOCTH mnpenaparoB cocrapuim: C7070 — 82,61, mokconnaun — 72,33, mer(popMHH —
38,96. Bbi6oo. AroHMCTBI UMH/IA30IMHBBIX PeleNTOPOB 10CTOBEPHO W 3HAYMMO CHHKAIOT
(pyHkunonabHbIe M MOP(OTOrHYEecKHe TPOABICHHUS HIIEMHIHU / peniep(y3uu NneveHH.

Knroueevle cnosa: uwemus neuenu, penepysus nevenu, caxaphwiti ouabem, C7070, mox-
COHUOUH, MeMPOPMUH, A2OHUCTIbL UMUOAZ0TUHOBBIX PEYENIOPOE.
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WNiemust sBisieTcsl Kak ITyCKOBBIM MO-
MEHTOM, TaK W 3TalloM [aTOreHe3a MHOIUX Ia-
tonornyeckux coctosiauit [1]. Kak mpu caxap-
HOM JuabeTe, Tak U Mpu MeTaboINYecKOM CHH-
JpoMe B BHIE KOMOPOUIHOTO COCTOSIHUS pa3BU-
BAaeTCs JKMPOBas TUCTPOUs IEUCHH, Mepexo-
JsIas anee B Hekpo3 nedenu [2]. [Ipenapatst
Tepanuu MeTaboIMYECKOro CHHAPOMA M caxap-
HOro jauabera HE OKa3bIBAIOT JOCTATOYHOTO
IPOTEKTOPHOIO BJIMSHUS Ha MOPAKEHHYIO Iie-
YyeHb. B 3TON CBS3M HECOMHEHHBI HMHTEPEC
NpeJICTaBIAeT U3ydeHHe BO3MOXKHOCTH JIOIOJI-
HHUTEJBHON  (hapMaKOJIIOTUYECKOW  KOPPEKLIUH
CTaH/IapTHOM Tepanuu ouryaHuaamu [3].

B cBsA3u ¢ 3TMM H3ydyeHUE IUIEUOTPOI-
HBIX T€MaTONPOTEKTOPHBIX CBOICTB aroHHUCTa
nepupepuyeckux HMHJIA30JUHOBBIX peLel-
topoB C7070 BUAWTCS WHTEPECHBIM C TIpH-
KJIQJIHOM TOYKH 3pEHUs.

Matepuanbl 1 MeTOABI

HccnenoBanue remnaToTponHON MPOTH-
BOUIIIEMUYECKON aKTUBHOCTU IIPOBOAMIIOCH C
HCIOJIb30BAHUEM METOJMKHU, onucaHHol J[.A.
JlonatuneiM [4]. DKCiEpUMEHT MPOBOJIUIICS
Ha 70 kpbIcax 00oero nosa, pa3ieiaéHHbIX Ha
7 TpyII: UHTaKTHAas IpyMna, JIOKHOOIEpUPO-
BaHHbIE JKUBOTHbIE (BCKpBITUE OpIOIIHON
CTEHKHU 0€3 JUTMpOBaHUS MEYEHOUYHBIX COCY-
7I0B); )KUBOTHBIE C MOJICJIMPOBAHHON HILIEMU-
eit/penepdy3ueit, He MOIYHAIOIIUE TEPaIHUIo
KaKMM-JIH0O0 MpenapaToMm; XKUBOTHBIE C MO/JIe-
JUpPOBaHHON umemuel / penepdysueil, nomy-
YaolUe TEepanuio MpernapaToM MeTPOpPMHUH
(50 Mr/kr); KUBOTHBIE C MOJEIMPOBAHHOMN
uiieMueil/penepgysueii, nosyyaromue Tepa-
MU0 TIpernapaToM MOKCOHUJMH (1 MKI/KT);
KMBOTHBIE C MOJICJIMPOBAHHOW HIIeMHUEH /
penepdysueii, mosyyarouue Tepanuio Ipe-
naparom C7070 (10 mr/kr); >KMBOTHBIE C MO-
JIeIMPOBAHHON HieMuei / penepdysueit, mo-
nyqaromue Tepanuio npernaparom C7070 (10
MI/KT) C OJHOBPEMEHHBIM BBEJIEHHEM aHTa-
TOHHUCTa NepUudepruuecKuX MMHUIAa30IMHOBBIX
peuentopos BU224 (BU224 hydrochlori-
desolid, Sigma-Aldrich, Switzerland).

Bce ykazaHHbIE JO3HMPOBKU COOTBETCTBO-
BaJI1 MUHUMAJIBHOM TEPANEBTUYECKOHN 103€ BbI-
OpaHHOTO mpernapara C MEPecYETOM Ha KpBbIC,
COIIaCHO O0O0IIEYOTPeOUTENBHBIM  (hOpMyIIam.
JosupoBka C7070 Obiia BeIOpaHa HUCXOIS U3
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MUHHMAQIBHON  TEParieBTUYECKOM  JTO3UPOBKU
ommkaiiiero ananora — J{lnakamda (Yxpauna).

Ilepen HanokeHUEM MOJEIU KUBOT-
HbIM OJIHOKPAaTHO BBOJMWJIMCH IIpenapaTrsl U
¢dusnonoruueckuii pactBop per os. JKuBoT-
HBIX HAPKOTU3UPOBAIM IyTEM BHYTPUOpIO-
LIMHHOI'O BBEACHMSI PAcTBOPA XJIOpAITUIpaTa
B 103¢ 300 mr/kr. HapkoTH3HUpOBaHHOMY KH-
BOTHOMY BBIIIOJIHSAJIACH CPEIMHHAs JIarapo-
TOMHS 110 O€JI0M JIMHUY KUBOTA. TyIbIM cIo-
coOOM BbleNsIach Oonbllas IMeYEHOUHAS
CBSI3Ka, B KOTOPOW IMPOXOSAT OCHOBHBIE CO-
CyIbl, KpPOBOCHAOKAIOUIME IE€YEHb. YKa3aH-
Has CBs3Ka MepeXHuManach aTpaBMaTHYHBIM
3axuMoM Ha 15 munyt. Ilocne storo, conep-
JKUMOE OPIOIIHOM IMOJIOCTH YKJIaJbIBAJIOCh HA
MECTO, a OIlepallMOHHAs paHa IOCJIOIHO
yimrBangack. JKMBOTHBIM B T€U€HUE 3 CYTOK
BBOJIMJIMCH HCCIeyeMble mpenapaTtsl U ¢u-
3UO0JIOTUYECKHUI PAaCTBOP pEr 0S.

ITo oxkoHuaHuM 3 CyTOK IOCIE 3KCIle-
PUMEHTA XUBOTHBIX IOJIBEPIajy 3BTaHA3HU-
HOCPEJICTBOM TEPE03UPOBKU HHIAISALMOH-
HOTO 3(QHUPHOrO HapKo3a (AMITHIIOBBIN 3(uUp)
C MOCJIEAYIOIIMM 3a00pOM KPOBH U3 cepila
JUIsl OMOXMMMUYECKUX HCCIIEJOBAaHUM U Bbljie-
JIEHHEM BCEW INeYeHH JUIsl NMPOBEICHUS MOp-
(0JIOTHYECKOTO aHATH3a.

CMepTHOCTH KUBOTHBIX BO BpEMs 3KC-
NepUMEHTa HE OTMEYaJIOCh.

Jns oneHku (yHKIUU TEYeHU OBLIU
BBIOpAaHbl OMOXUMUYECKHE MAPKEPHI MOBPEK-
JICHUs TernaToLMTOB: alaHMHAMUHOTpaHCQe-
paza (AJIT) u acmapratamuHOTpaHcdepasa
(ACT), B KpoBH, B35TOH BHYTPUCEPIAEUHO Y
MOJIONBITHBIX KPBIC HEMOCPEACTBEHHO NEpe]
3BTaHa3uel (10 OKOHYaHMU 3 CYTOK JKCIIe-
pumeHTta) [5]. buoxumuueckue mnapaMeTpbl
OLICHUBAJINCh Ha OMOXMMHYECKOM aHalu3a-
tope Olympus AU 640. VkazaHHble mnapa-
METPBI ONPEEISUIM C UCTIONb30BaHUEM Ha0o-
poB  peaktuBoB  Olympus: «AST/GOT
(ASPARTATE AMINOTRANSFERASE)»,
«ALT/GPT (ALANINE AMINOTRANSFE-
RASE)» cooTBeTCTBEHHO.

11 OLEHKM CTPYKTYpHBIX W3MEHEHHU
ObLIM cleTaHbl THCTOJIOTHYECKUE Cpe3bl Mpe-
[apaToB MEYEHU SKCIEPHUMEHTAIbHBIX KpPbIC C
UX MOCEAYIOIEeH MOP(HOIOrHUECKOM OLIEHKOM
[6]. Mopdonoruueckast olieHKa CTPYKTYpPHBIX
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MOBPEX/ICHHUI NeUeHU POU3BOAMIACE Ha Oaze
OBY3 «ObnacTHOE NATOJIOr0OAaHATOMHYECKOE
Oropo» KomuTeTa 3apaBooxpaneHus Kypckoit
00J1acTH COrJIaCHO BHYTPEHHHM CTaHJapTam
oropo. IlpemapaTbl OKpanIMBalIUCh CTaHAAPT-
HOWM CMEChI0 F€MOTOKCHJIMHA M 303WHa C TI0-
cienayromei uppoBoi MUKPOCKOIIMEH W Iiia-
HUMETPUYECKUM  pacu€roM OOHapy>KEHHBIX
IO C MOMOIIbI0 KoMIbtoTepHoro I10
Adobe Photoshop CC (2015.2).

s cTaTUCTUYECKOro aHaiu3a IOJy-
YEHHBIX JIAHHBIX TPUMEHSJIOCh TOMapHOe
CpaBHEHHME TpPYII C UCHOJIb30BaHUEM |-
kputepusa CrprogeHTa (i1 napaMerpuye-
ckux MHOxecTB) u U-kputepuss ManHa-
YuTHU (A7 HEelapaMeTPUIECKIX MHOXKECTB).
[IpenBaputenbHO, OBUTM TTOCUUTAHBI CPEAHSS
(M) u ommbka cpemneii (m). Bce pacuérbl

MPOBOAMIIUCH C UCIOJIb30BAaHUEM KOMIIBIO-
tepHoro 1O Statistica 10.0. Bce pasznnuus,
MOJIy4E€HHBIE B XO/I€ CPaBHEHHS MapaMeTpoB,
MOJIYYEHHBIX Y Pa3HBIX TPYII KUBOTHBIX, a
TaKk)Ke BCE M3MEHEHMs] NMPUHHUMAJIKNCh CTaTH-
CTUYeCcKU 3HaUuMbIMU T1pHu p<0,05.
Pe3ysabTaTsl M HX 00Cy:KIeHHE
MopnenupoBanue  15-Tu MUHYTHOH
UIIEMHH TI€YeHHU C Tocienyromei penepdy-
3M€ IPUBOAWIO K YBEIWYECHUIO YPOBHEH
AJIT m ACT Ha 3-u CYTKHM JKCIEPUMEHTA,
COOTBETCTBEHHO, B 5 pa3 (tabn. 1). [Toka3za-
TEJH JIO)KHOOIIEPUPOBAHHBIX KUBOTHBIX JOC-
TOBEPHO HE OTJIMYAIHMCH OT MHTAKTHBIX. Of-
HOBPEMEHHO, MOP(POMETPHUUECKHE U3MEPEHUS
IIoHaied 30HBI HUIIEMHYECKUX TOBpEXKJie-
Huii u Hekpo3a cocraBwin 0,387+0,014 u
0,207+0,021 MM? COOTBETCTBEHHO (Tabm. 2).

Taonuua 1

Bnuanue aconucmoe umuoazonunogsix peyenmopos Ha ypoeeHs NeueHoYHbIX MPAHCAMUHA3
(AJIT, ACT) npu moodenuposanuu umemuu / penepyzuu newenu (M+m, n=10)

['pymma >KUBOTHBIX AJIT(En/mon) ACT(En/mn)
WnTakTHEBIC 102,89+8,82 284,14+19,36
JloxxHOOTIEpHPOBAHHBIE 110,27+£21,96* 289,80+16,29*
Wmemus/penepdysus (U/P) 526,90£17,97** 1045,16+80,02**
U/P+C7070 (10 mr/kr) 143,27+16,931 395,85+33,31°

N/P+MokconuanH (1 MKI/Kr)

289.86+15,27"

687,71+28,37*

H/P+Metdopmun (50 Mr/KT)

332,56+22,05°

825,49+22 46°

H/P+C7070 (10 mr/xr)+BU224 (10 mr/kr)

300,45+19,447

798,59+21,34

Ilpumeuanue: *—>0,05 B cpaBHEHUU C TPYIION HHTAKTHBIX )KUBOTHBIX;
**_p<0,05 B cpaBHEHUU C TPYMIION JOKHOOTIEPUPOBAHHBIX;
1 .

— p<0,05 B cpaBHEHUU C rpynnou uiemMun/peneppy3suu

Tabmnura 2

Bnuanue azonucmog umuoazonunoguix peyenmopos Ha naouadb 30Hbl
UMIEeMUYECKUX NOBPENHCOeHUTI neUeHU U NI0WA0b 30Hbl HEKPO3ad NeYEHOYHOI MKAHU
npu mooenuposanuu uwemuu / penep@ysuu neuenu (M+m, n=10)

ITmomans 30HBI
I'pyIbl )KUBOTHBIX HIIEMHYECKUX I10111a/1H 30HBI HEKPO3a, MM?
MTOBPEXKICHU, MM

HurakTHble H/I H/I

JloxxHOOTIEpUpOBaHHBIE H/T H/T

WNmemns/penepdysus (1/P) 0,387+0,014 0,207+0,021

N/P+C7070 (10 mr/xr) 0,058+0,029* 0,046+0,013*
N/P+Moxconuans (1 MKT/KT) 0,090+0,025* 0,075+0,015%*
N/P+Metdopmun (50 mr/kr) 0,238+0,052* 0,125+0,020*

1/P+C7070 (10 mr/xr)+BU224 (10 mr/kr) 0,159+0,031* 0,104+0,008*

Ipumeuanue: *-p<0,05 B cpaBHEHUH C TPYIIION UIlleMun/penepdy3nu
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[IpumeHneHne wucciemyeMbIX mpenapa-
TOB CTATUCTUYECKH 3HAYMMO CHIXKAET YpO-
BEHb ()EPMEHTOB B KPOBH IOJIOTBITHBIX KH-
BOTHBIX. HanOombleli aKTUBHOCTBIO U3
MPEACTABICHHBIX  IPEnapaToB oOJraman
C7070 (10 mr/kr), rae ypoenb AJIT u ACT
COCTaBHJI, COOTBeTCTBeHHO 143,27+16,93 u
395,85+33,31 (tabn. 1). IlapammensHo,
C7070 3HAUUTENIIBHO W JTOCTOBEPHO CHUXKAJ
IJIOMIA b MIIEMHYECKUX TMOBPEXKICHUM U
Hekpo3a g0 3HadeHud 0,058+0,029 wu
0,046+0,013. BmecTe ¢ 3TUM, MOKCOHUIUH U
MeT(OPMHUH TaKKe CHIKATU OMOXMMHYECKUE
MapKepbl W MoKa3arenu MophOMETpPUH, HO
yerymanu C7070 (tab:. 1-2).

Jlis ynoOcTBa OIEHKH, 11eTIeco00pa3Ho
CPaBHUTH CTENEHb CHW)KCHHUS YPOBHS TEué-
HOYHBIX TpPaHCAMHMHA3 y Pa3HBIX TPYII KU-

BOTHBIX. C 3TOM 1EJIbI0O BO3MOKHO MPUMEHE-
HUE MTPOCTON MaTeMaTHu4ecKon (OpMyIIbI:

- _ _ AT (smcn.) .
K, 7= 100 AT em) 100 %,

rae AJIT (3kcn.) — ypoenb AJIT B kpoBu
’)KUBOTHBIX AKCIEPUMEHTANIbHBIX Tpyril, AJIT
(x-11b) — ypoBeHb AJIT B KpOBU >KHBOTHBIX
KOHTPOJIbHOM TPYIIIIBI.

Ta xe ¢opmyna npuMeHUMa U Ui Uc-
cinenoBanus ypoBHs ACT:

-~ 100 _ACTGren) |
Kyer = 100 =57 < 100%,

rae ACT (okcm.) — ypoBenb ACT B kpoBu
J)KUBOTHBIX SKCIEpUMEHTANIbHBIX Tpymi, ACT
(x-11b) — ypoBeHb ACT B KpOBU >KHBOTHBIX
KOHTPOJIbHOM TPYIIIIBI.

Hcrionp3ysi OnMcaHHyro BbIe (GOpMYITY,
MOJTy4aeM CJeqyrone AaHHble (YHKIIMOHATb-
HOM TMpOTeKIuU mnpenapatoB (tabm.  3).

Tabnuua 3

I'enamonpomexkmopuas akmuenocmsp C7070, Mmokconuouna u memgpopmuna
npu mooenuposanuu uwiemuu/penepghyzuu neuenu
no 0aHHBIM Ouoxumuueckux ucciedosanuii (M+m; n=10)

Koadpuuuenr C7070 MOKCOHUIH Merdopmun
TeMmaToNPOTEKTOPHON aKTUBHOCTH, E. (10 mr/KkT) (1 MKr/KT) (50 mr/kT)
Kanr 72,81£1,71% 44,99+1,23 36,88+1,02
Kacr 62,13+1,34* 34,20+1,21 21,02+1,49

Ilpumeuanue: * — p<0,05 B cpaBHeHHM C KO3(D(DUIIMEHTAMH, TOTYYEHHBIMU MIPU TEPAUU

MOKCOHHMJINHOM U METO(POPMUHOM

Wcxons u3 npuBea€HHBIX TaHHBIX, CTa-
HOBMTCS TIOHSATHBIM, YTO arOHUCT nepudepu-
YEeCKUX HMMHIa30JIMHOBBIX perentopoB (IR»)
C7070 obnagaer HanOONbLIEH MPOTHUBOUIIIE-
MUYECKOW aKTHMBHOCTBIO CPEIU U3YUYEHHBIX B
paMKax JaHHOW pabOThl MpenapaToB.

JUis MONHOM OIEHKH HMPOTUBOMILIEMHU-
YeCKOM aKTMBHOCTM IIPENapaTtoB OLCHKHU
aMuHOTpaHcdepasz HegocTaTouHo. st oueH-
KM TeNaTONpOTEKTOPHOW aKTUBHOCTH IIpera-
paToB ObLI BbIBEIEH KOA((UIIMEHT, XapaKTe-
PU3YIOLIMKA CTENEHb 3allUThl IEYEHOYHOU
TKaHU OT TOBPEXKICHUH, MOJYyYEHHBIX B pe-
3yJbTaTe UIIEMUU U Tocieayromei penepdy-
3uM nedeHu. JlaHHbI KOd(DPUIMEHT yUUTHI-
BaeT, KaK 30HBl MIIEMHUYECKOIO IOBPEXKIIE-
HUS, TaK ¥ 30HBI HEKPO3a.
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Koadunment BoicunthiBasics 1o ¢op-
MyJIe:

Mu(npen)+Mi(npen.) .
M (e—ge) + M (e—12)

K =100% — ( 100%),
rae Mu(mpen.) — cpefHss MIomaab UIIEMH-
YECKUX MOBPEXKICHUM MEUYEeHN Yy KpBIC IKCIIe-
PUMEHTAJIBHBIX TPy, MH(Tper.) — cpeaHsis
IUIOIIAAbh HEKPO3a IMEYEeHU Yy KPBIC IKCIEepH-
MEHTaJbHBIX TIpynn, MU(K-ITb) — CpeaHss
TUIOIAAbh WIIEMUYECKUX TOBPEKACHUH Tede-
HU Y KPBIC KOHTPOJIBHOM Ipynibl, MH(K-11b) —
CpedHsisl TUIOMIA b HEKPO3a TEeUeHH Y KPBIC
KOHTPOJILHOM T'PYIIIBI.

Takum 00pa3oM, MBI TTOJTydaeM JaHHbIE
IPOTHBOUIIEMHUYECKON M TenaTonpoTeKTop-
HOW aKTHBHOCTH HCCIIEAYeMBIX IPEIapaToB

(Tabm. 4).
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Ta0nuua 4

I'enamonpomexmopnas akmugenocmo C7070, mokconuouna u memgopmuna
npu Mooenuposanuu uwiemuu/peneppyzuu neveHu no OAHHbLIM
mopghomempuueckux uccneoosanuu (M+m; n=10)

Ne I'pyTina KUBOTHBIX Koa¢ppuuuent rematonporeKTOpHON
n/n aKTHBHOCTH, En1.

1. W/P+C7070 (10 mr/kr) 82,61+3,22%*

2. W/P-+mokconuuH (1 MKI/Kr) 72,33+1,04

3. N/P+merdopmun (50 Mr/kr) 38,96+5,69

Ipumeuanue: * — p<0,05 B cpaBHEeHUHU ¢ 1. 2 U 3.

Takum 00pazoM, cpeiu BceX U3yUYEeHHBIX
B paMKax JaHHOI'0 MCCIIEA0BaHUs MPENaparos,
aroHUCT TepU(PEPUUECKUX HMHIA30IHMHOBBIX
perenitopoB C7070 obiiamacT HaMBBICIIEH Te-
[aTONPOTEKTOPHOM aKTMBHOCTBIO B YCIIOBMSIX
uiieMun/penepdy3uu neyeHu.

[TonydeHHbIE AaHHBIE MOXXHO OOBsC-
HUTh pa3M4yueM B MeXaHU3MaXx JeHCTBUA
npenapatoB. OCHOBHBIM B MEXaHU3ME JEHUCT-
BUS METQOpPMHMHA SIBISETCS YMEHbLICHUE
IPOAYKIMH TIIFOKO3bI NEYEHbIO, UTO, M0 JIaH-
HbIM MHOTOYHMCIIEHHBIX HCCIEIOBaHUU, KOp-
peNnUpyeT CO CHH)KEHHUEM YPOBHS INIMKEMHH.
MetdopMUH UrpaeT pojib B yIydIIEHUH Ile-
pudepnvecknx 3pPeKTOB WHCYIMHA, CHIKE-
HUM TJIIOKOHEOTeHe3a M OKUCIIEHUHM CBOOO-
HBIX JKUPHBIX KHUCIIOT B II€YEHH, MOBBIIIEHUU
aKTMBHOCTH aHA3pOOHOro MyTH MeTaboiM3a
IJIIOKO3bI ¢ 00pa3oBaHMEM JIaKTaTa, MojiaBie-
HUM Junonusa. B psaae uccnenosanuii, npoBo-
IAMBIX iN VIVO U iN Vitro BBIABIECHO aKTUBU-
pytolee BIUsiHAE MET(HOPMHUHA Ha KIETOYHbIH
depmenT AM®D-k1Ha3y, KOTOpast UTPAET POJIb
B IIEpEeHOCe TJIOKO3bl 4epe3 MeMOpaHy IIo-
cpenctBom GLUT4 u okucineHUM CBOOOIHBIX
KUPHBIX KUCJIOT. BeposATHO, ymydllleHue Iiu-
KEMHUYECKOro npoduiisi Ha (JOHE Teparuu JaH-
HBIM TIpenapaToM TakXe CBA3aHO C MOJIOO0HbI-
MU KJIETOYHBIMU AaclleKTaMH MEXaHHM3Ma €ro
neicteua. Kpome Toro, auMeTHiaOuryaHuj
IIPOIEMOHCTPUPOBAT  CIIOCOOHOCTh ~ YMEHb-
IIaTh YKECTKOCTh KJIETOYHBIX MeMOpaH, KOTO-
pas yacto HabmoJaercs y MalueHTOB C ca-
XapHBIM JMa0ETOM M MOXKET BHOCHTbH BKIJIAJ B
pa3BUTHE €ro OCJIOXKHEHUH [7].

Metrdpopmun  aktuBuzupyer AMO-
aKTUBHpYEeMYIO TNpoTenHknHazy (AMOK) —
Neu€HOYHBIN (EepMEeHT, MrpaIoLINi Hemalo-
BaYXHYIO POJIb B NHCYJMHOBOW CUTHAJIN3ALINN,
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a Takke BO BCEM JHEpreTuyeckoM Oamance
opraHusMa u MeTaboiu3Me TJIIOKO3bl U KU-
pPOB, B TOM YHWCIIE M B IMEYECHU. AKTUBAIUSL
AMOK nHeobxoauma s WHTHOUPYIOLIETO
s dexra MerpopMrHa HA TIEYEHOUHBIA TITIO-
KOHeoreHes [§].

Pestomupyst BellllecKa3aHHOE, MOYKHO yT-
BEPXK/IaTh, YTO MPOTUBOMILIEMUYECKOE IECUCT-
BUE MeT(OpPMHUHA OCHOBAHO Ha KyMYIJIMpPOBa-
HUM DHEPreTUUECKUX 3aracoB TeNaTolUTOB U
3aMeJUICHUH PacXOJIOBaHMs TEKYIIHX c(HOpMHU-
POBaHHBIX 3aI1aCOB MUTATEIbHBIX BELIECTB.

MOKCOHHIUH, SBJISISICH arOHUCTOM IIEH-
TpPallbHBIX ~HMMHUJA30JIMHOBBIX  PELIETITOPOB
(IR1), yuacTtByeT B mepepacrpeeliCHUN Iie-
4EHOYHOIO0 KPOBOTOKA 3a CUET PaCKPBITUS
KoJutaTepalieit, mcxomsamux wu3 a. Gastrica
sinistra, ocraBaBIIUXCsI CBOOOTHBIMU OT Iie-
pexatus. Takke, ITOTONHUTENbHAS aKTHB-
HOCTb MOJKET ObITb OOYCIIOBJIEHA IEHTPAJIb-
HBIM BIIMSTHHEM MOKCOHHUJHMHA Ha PaCKPBITHE
NeYEHOYHBIX COCYJIOB B MOMEHT penepdy3uu
nedyeHu. Henp3s UCKI0YaTh U ONpPENeIEHHO-
ro BIUSHUS MOKCOHUIMHA Ha mepudepude-
CKHME€ UMH/Ia30JIMHOBBIE PEIIENTOPHI [9].

Aronuct nepudepuyecKux HMHUIA30-
muHOoBBIX penenTopos (IR2) C7070 peanusyer
CBOE TeMaTONpPOTEeKTOpPHOE JeicTBHE TpHU
uuemMun/penepPy3uu MeYyeHu IO MEXaHU3-
MaM, aHaJOTHYHBIM TPH HUIIEMU3AIMHH KOXK-
HOro JIOCcKyTa. OYeBHIHO, YTO €r0 BIUSHHE
Ha COXPAaHHOCTh MUTOXOHAPHUI peanusyercs,
B TOoM uucie, udepe3 ATdazHbie KaHaIbI,
MIPEJCTAaBJICHHbIE HA BHEIIHEH M BHYTpEHHEH
MeMOpaHaX MUTOXOHAPUHA. 3aMeyIeHHEe |
OJIOKMpPOBaHKE JTABUHOOOPA3HOTO TOKA HOHOB
’Kelle3a, B CBOIO O4Yepe/lb, CHUXKAET OKCHja-
TUBHBII CTpECC CO BCEMM €ro NMPOSBICHUIMU
npu penepdysuu neuenu [10].
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AKTHBanys MMUAA30]IMHOBBIX PELENTO-
POB IIPUBOJUT K YBEIMUYEHHUIO CHHTE3a apaxu-
JIOHOBOH KHUCJIOTHI M MHru6MpoBanuio Na'/H'
NOHOOOMEHHBIX KaHaloB. EcTb oOcCHOBaHUSA
IIpearonararb, YT0 MMUJA30JMHOBBIE pELETI-
TOpPBI OTHOCSTCS K CEMEHUCTBY HEUPOLMTOKH-
HOBBbIX perenTopoB [11]. AxTuBanus 1eH-
TpaJbHBIX [1—peLenTopoB CHUXAET apTepu-
QJIbHOE JTaBJICHUE U YMEHBLIAET 4acTOTy Cep-
JICYHBIX COKpalieHui. Bece aTo sBisiercs cie-
CTBUEM BO3ACUCTBHUA Ha HNEpUPEPHUUECKYIO
CUMIIaTUYECKYI0 HEPBHYIO CUCTEMY, 3aKIIO-
YAOLIErocs B €€ LIEHTPaIbHOM TOPMOKEHUH.

3a BpeMsi U3BECTHOCTU HOBOTO ITOKOJIE-
HUS MUMHJA30JMHOBBIX arOHUCTOB OBLIO IPO-
BEJICHO MHO>KECTBO JOKJIMHUYEKUX U KIMHH-
YEeCKUX HCCIIe0BaHUN 3()(HEKTUBHOCTH 3TUX
JIEKapCTBEHHBIX IIPENapaToB.

Tak, HaripuMep, €cTh JaHHBIE, YTO BHYT-
PUBEHHOE INPUMEHEHHE MOKCOHHUJMHA BbI3bI-
BaeT y KpbIC YBEIUYEHUE INYpe3a, IKCKPELUU
HaTpusd M Kauus. OTOT 3PQEKT MOIHOCTHIO
OJIOKUPOBAJICSI CENEKTUBHBIM aHTarOHUCTOM
MMMJIA30JIMHOBBIX PELENTOPOB 3(hapoKCaHOM
M OCIIa0JISICS TIOJ BIMSHHUEM OJoKaropa o-
aJipeHopenenTopoB oxumouHa [12].

entpansubie [1—peunenTopsl rumnora-
JaMU4YecKOl 00JacTH BOBJICUEHBI B peEryJsi-
L0 YPOBHS IIMKEMUU KPOBHU, UYTO IOKA3aHO
B DKCIIEPUMEHTE C CEJIEKTUBHBIM aroHHUCTOM
li—peLenTopoB arMaTMHOM, BBI3BIBAIOIIUM
CHID)KEHHE YPOBHS IVIFOKO3bI B KDOBU. AHaJO-
TUYHBIM JIEHCTBUEM 001a/1a€T U MOKCOHUIMH.
Kpome Toro, npeanonaraercs, 4To MUMHAA30-
JIMHOBBIE PELENTOPhl JOKATU3YIOTCS B IMOJ-
KEITyTOYHOM JKEJIe3€ U UX aKTUBALUS IIPUBO-
JIUT K YBEIMUEHUIO CeKpeluu uHeynuxa [ 13].

[IpuMeHEeHrEe MOKCOHUMHA Y KPBIC JIH-
HUKM Zucker (MoIenb OXKHPEHUsI) BBI3BIBAJIO
CHIJKEHHE YPOBHSI TMIIOTJIAMHUYECKOTO HEW-
porienTua Y, YTO MOXKET OBITH OAHUM U3 Me-
XaHU3MOB, OOBSCHSIOIINX CHUXEHHE MAacChl
Tena Ha (poHe Tepanmuu STUM Ipenaparom [ 14].

Crnenyer oTMETUTB, UTO HE BCE MEPEUMC-
JIeHHbIe YPQPEKT MOXKHO OOBSICHUTH 3a CYET
aKTMBAlLlMM LIEHTpabHBIX [1—penentopos. Ilo-
BUJIUMOMY, HEKOTOpBIE M3 HUX, BCE KE OIO-
CpenyoTcs op—anpeHopenentopamu. Kpome
TOTO, ONPEIEICHHbIN BKJIaJ BHOCUT U IEpH-
(bepuyeckoe eiicTBHE JIEKapCTB.
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[IpencraBuTenn XapbKOBCKOH (hapMako-
JIOTHYECKOW TIKOJIBI, HAMpPOTHB, OOpaTHIH
BHUMaHHE Ha CIIOCOOHOCTh aroOHHUCTOB IEPH-
(deprudecknx WMUIA30IMHOBBIX  PEIENTOPOB
BIIMATh HA TJIMKEMUYECKUH KOHTPOib [15].
CornacHO HUX HCCIENIOBaHUSM, IHpenapaTsl
ATOM TPYIIIBI 10 CBOEMY TMIIOTJIMKEMHYECKO-
My JEHCTBHIO HE YCTYMalOT METPOpPMHUHY. A
BOT HEXeNaTeNbHbIX MOOOYHBIX SBICHUHA Y
HUX ropaszao Mesblue. Kpome Toro, B otinuune
0T MeT(POpPMHHA, arOHUCTHI MeprudepUIECKUX
MMUJIA30JIMHOBBIX PEIENTOPOB HE BBI3BIBAIOT
TUIIONPOTENHEMHUIO U TUTIEPIAKTALIUIEMHUIO.

IToMuMoO npoumx JOKaIU3auui, UMHUIA-
30JIMHOBBIE PELENTOPhl PACIOJIOKEHbl U Ha
MeMOpaHaxX aJuMOIMTOB — KJIETOK >KUPOBOM
TKaHu. CTUMYJISUUS 3TUX PEIEnTOPOB IPHU-
BOJIUT K YCHJICHUIO MeTaboIM3Ma JIMIUIO0B.

IIpu neyenun wmoxcoHuguHoM (0,4
Mr/cyT) B TeueHue 8 Henenb 20 MalMEeHTOB C
A" HaOmomanoch JOCTOBEPHOE CHUKEHUE
AJl, HO ypOoBHH OOIIMX JTUMUAOB, OKHUCIICH-
HBIX JIMIONPOTEUIOB HHU3KOW IIJIOTHOCTH M
COOTHOIIEHUE PA3IUYHBIMHU MOATUIIOB JIUIIO-
IPOTEUZ0B HU3KOW IJIOTHOCTH JOCTOBEPHO
HE U3MEHSIUCH [ 16].

BBugy BbllIeCKa3aHHOTO, CTaHOBUTCS
OUEBUJHBIM TMPEUMYIIECTBO AroHUCTOB IIe-
pudepruyecKux HMMHIa30JMHOBBIX PEILENTO-
poB (IR2) kak mnpenapaToB, BIMSAIOLIMX Ha
CHIDKEHHUE CTPYKTYPHBIX U (DYHKITMOHAIbHBIX
MOBPEXK/ICHUM TE€YEHU B YCIOBUAX €€ HIle-
Muu/penepdy3um.

BriBoabI

I. ATOHHCT MMHIa30JIMHOBBIX peLeMn-
topoB |l Tuma C7070 B noze 10 mr/kr B 4,5
pasa MNpeaoTBpAIlaeT MOBBIIIEHUE YpPOBHEH
AJIT u ACT u B 2,5 pa3za yMEHbILIAET IUIONIA-
M WIIEMUYECKUX TOBPEXKICHUM W HEKpo3a
IIpU MOJETUPOBaHUU |5-TM MUHYTHOW HIlIe-
Muu TiedeHu. ['ematompoTexkTopHbId dhdexT
C7070 na 50% cHUMAanCs aHTarOHUCTOM Iie-
pudepruIecKux HMMHIa30JMHOBBIX PEIETTO-
pos BU224 (10 mr/kr).

2. MokcoHnane 00JIagaeT MEHEE BEI-
paXEHHBIM TEMaTONPOTEKTOPHBIM JEHCTBU-
€M, W CHWXAeT TIUIOMAJN HIIEMHYECKUX
MOBPEXICHUN 1 HeKpo3a 10 3,9-4,5 pas. Ko-
3¢ ULHEHTHI TenaTonpPOTEKTOPHON aKTUBHO-
CTH MOKCOHUJIMHA IO IaHHBIM J1a00paTOPHBIX
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UCCJIEJOBAaHUM COCTAaBUJIM COOTBETCTBEHHO
44,99 u 36,88 mia AJIT u ACT. Koapdunu-
€HT THCTOJOTMYECKONH TUCTONPOTEKTOPHON
aKTMBHOCTH MOKCOHHHHA cOCTaBIIsIeT 72,33.

3. MerdhopMuH Ha TpeTh CHMIKAET ILIO-
131 UIIEMUYECKUX MMOBPEXKICHUN U HEKPO3a
M0 JIaHHBIM MOpQOMETpUYeCKHX KodhduIm-
€HTOB W, Jmmb, Ha 50% BoccTaHaBIMBaeT
ypoBHH AJIT u ACT mnocne npeamecTByromen
uiemun/penepdy3un nedeHu. Kospoummen-

Thl TENATONPOTEKTOPHONH AaKTHMBHOCTU MET-
dopmuna st AJIT u ACT cocraBuim coot-
BerctBeHHO 34,20 u 21,02. Koaddunuent
TUCTOJIOTHYECKOM TeraTrolpOTEeKTOPHOM — aK-
TUBHOCTH MeT(hopMHHA cocTaBm 38,96.

4. Tlo renaTompoOTEKTOPHOW AKTHBHO-
CTU u3y4yeHHble npenapathl ycrynanu C7070
(72,81/62,13/82,61 AJIT/ACT/rucromorus
COOTBETCTBEHHO).

Kongnuxm unmepecos omcymcmsyem.

Hccneoosanue npouzsedero 8 pamkax coBMecmHoll pabomul no 20CY0ApCmMEeHHOMY
koumpaxkmy om «10» oexabps 2014 2. Ne14411.2049999.19.109 "/[oknunuueckue ucciedo8anust
AHMuUOUAbemu4eckKo20 1eKapCmeeHH020 CPeOCmaea — A2OHUCIA UMUOA30IUHOBLIX peyenmopos”.

Asmopuwl b1azooapam OBY3 «Obnacmuoe namonozoanamomuieckoe 610poy
Komumema 30pasooxpanenusi Kypckoii obnacmu 3a npogedenue
MOpponocuuecko2o uccied08anusi nPenapamos ne4eHu Kpuic.
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A comorbid condition both in diabetes mellitus and in metabolic syndrome is fatty dys-
trophy of the liver that further progresses to hepatic necrosis. In the article variants of phar-
macological correction of ischemia-reperfusion of the liver with agonists of imidazoline recep-
tor are proposed. Materials and Methods. The experiment was conducted on 70 rats of both
sexes divided into 7 groups (n=10): intact group; pseudo-operated animals (incision of the ab-
dominal wall without ligation of hepatic vessels); animals subject to ischemia/reperfusion
without drug correction; animals subject to ischemia/reperfusion of the liver + metformin
(50 mg/kg); animals subject to ischemia/reperfusion of the liver + moxonidine (1 pg/kg); ani-
mals subject to ischemia/reperfusion of the liver+C7070 (10 mg/kg). For evaluation coeffi-
cients were used calculated from the level of hepatic transaminases: alaninaminotranspherase
(ALT), aspartataminotranspheras (AST), — and also from morphometric ratios of the areas of
necrosis and deep ischemia of the liver on the basis of histological examination. Results. Ago-
nist of peripheral imidazoline receptors C7070 reduces ischemic-reperfusion damages to the
liver to a significantly larger extent than moxonidine and metformin. Hepatoprotective effect
of C7070 was removed by preliminary introduction of peripheral imidazoline receptor block-
er. ALT/AST coefficients for C7070, moxonidine and metformin were 72.8/62.13; 44.99/34.20
and 36.88/21.02, respectively. Coefficients of morphological hepatoprotective activity of the
drugs were: C7070 — 82.61, moxonidine — 72.33, metformin — 38.96. Conclusion. Agonists of
imidazoline receptors reliably and significantly reduce functional and morphological manifes-
tations of ischemia/reperfusion of the liver.

Keywords: hepatic ischemia, hepatic reperfusion, diabetes mellitus, C7070, moxonidine,
metformin, imidazoline receptor agonists.

Ischemia is both a triggering point and a ischemia/reperfusion given treatment with
stage of pathogenesis of many pathologic con- Metformin (50 mg/kg); animals with modeled
ditions [1]. Both in diabetes mellitus and in ischemia/reperfusion given treatment with
metabolic syndrome fatty dystrophy of the liver Moxonidine (1pg/kg); animals with modeled
develops as a comorbid condition that further ischemia/reperfusion given treatment with
progresses to hepatic necrosis [2]. The drugs C7070 preparation (10 mg/kg); animals with
used in treatment for the metabolic syndrome modeled ischemia/reperfusion given treatment
and diabetes mellitus do not produce a sufficient with C7070 preparation (10 mg/kg) with sim-
protective effect on the damaged liver. In this ultaneous introduction of peripheral imidazoline
context of doubtless interest is a study of a pos- receptor antagonist BU224 (BU224 hydrochlo-
sibility of using biguanides for additional phar- ride solid, Sigma-Aldrich, Switzerland).
macological correction of standard therapy [3]. All selected doses corresponded to min-

Thus, a study of pleiotropic hepato- imal therapeutic doses of the drugs recalcu-
protective properties of agonist of peripheral lated for rats using common formulas. Dose
imidazoline receptors C7070 seems interest- of C7070 was selected on the basis of the
ing from the point of view of its practical ap- minimal therapeutic dose of the closest ana-
plication in medicine. log — Diacamph (Ukraine).

Materials and Methods Before modeling, the animals were in-

Hepatotropic anti-ischemic activity was troduced the drugs in single dose and saline
studied using the method described by D.A. per os. The animals were narcotized by
Lopatin [4]. The experiment was conducted intraperitoneal introduction of chloral hydrate
on 70 rates of both sexes divided into 7 solution in the dose of 300 mg/kg. A narco-
groups: intact group; pseudo-operated ani- tized animal was made the midline laparotomy
mals (incision of the abdominal wall without along the white line. Using a blunt method, the
ligation of hepatic vessels); animals with major hepatic ligament was isolated that car-
modeled ischemia/reperfusion not given any ries vessels supplying blood to the liver. This
medicinal treatment; animals with modeled ligament was clamped with an atraugrip for 15
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minutes. After that the contents of the ab-
dominal cavity were placed back, and the sur-
gical wound was sutured layer-by-layer.

Within 3 days the animals were intro-
duced the studied drugs and saline per os. In 3
days after the experiment the animals were
subject to euthanasia through overdose of in-
halation diethyl ether narcosis after which
blood was taken from the heart for biochemi-
cal examination, and the liver was isolated for
morphological analysis. No mortality of ani-
mals was noted in experiments.

Function of the liver was evaluated by bi-
ochemical markers of hepatocyte damage —
AST and ALT in blood taken from the heart of
experimental animals immediately before eu-
thanasia (after 3 days of the experiment) [5].
Biochemical parameters were evaluated on the
biochemical analyzer Olympus AU 640. The
parameters were determined using sets of
Olympus reagents: «<AST/GOT (ASPARTATE
AMINOTRANSFERASE)», «ALT/GPT (AL-
ANINE AMINOTRANSFERASE)».

For evaluation of structural changes his-
tological sections of the liver of experimental
animals were obtained with their subsequent
morphological analysis [6].

Morphological evaluation of structural
changes was carried out on the base of Re-
gional Pathanatomical Bureau of Healthcare
Committee of Kursk Region according to the
internal standards. The preparations were
stained with a standard mixture of
hematoxylin and eosin with subsequent digi-
tal microscopy and planimetric calculation of

the detected areas using Adobe Photoshop CC
computer software (2015.2).

Statistical analysis of the obtained data
was carried out using pair-wise Student-test (for
parametric set) and Mann-Whitney U-test (for
nonparametric set). The mean (M) and error of
the mean (m) were preliminarily calculated. All
calculations were carried out using Statistica
10.0 software. All differences obtained from
comparison of parameters of different groups of
animals as well as all changes were considered
statistically reliable at p<0.05.

Results and Discussion

Modeling of 15-min ischemia of the
liver followed by reperfusion led to 5-fold
increase in the levels of ALT and AST on the
3% day of the experiment (Tab. 1). The pa-
rameters of the pseudo-operated animals did
not show any reliable differences from those
of intact animals. At the same time, morpho-
metric measurements of the areas of ischemic
and necrotic zones were 0.387+0.014 and
0.207+0.021mm?, respectively (Tab. 2).

Application of the studied preparations
shows a statistically significant reduction of the
level of enzymes in blood of experimental ani-
mals. Of all used preparations, the highest activ-
ity was seen in C7070 (10 mg/kg), with levels
of ALT and AST 143.27£16.931 and
395.85+33.311, respectively (Table 1). In paral-
lel with this, C7070 significantly and reliably
reduced the areas of ischemic lesion and of ne-
crosis to 0.058+0.029 and 0.046+0.013, respec-
tively. Moxonidine and metformin also reduced
biochemical markers and morphometric parame-
ters, but to a lesser extent than C7070 (Tab. 1-2).

Table 1

Influence of Agonists of Imidazoline Receptors on Level of Hepatic Transaminases (ALT, AST)
in Modeling of Ischemia/Reperfusion of Liver (M+m, n=10)

Group of Animals ALT (Un/ml) AST (Un/ml)
Intact 102.89+8.82 284.14+19.36
Pseudo-operated 110.27+£21.96%* 289.80+16.29%*
Ischemia/reperfusion (I/R) 526.90+17.97** 1045.16+80.02**
I/R+C7070 (10 mg/kg) 143.27+16.93! 395.85+33.317
I/R+moxonidine (1ug/kg) 289.86+15.27" 687.71+28.37"
I/R+metformin (50 mg/kg) 332.56+22.05 825.49+22 46
I/R+C7070 (10 mg/kg)+BU224 (10 mg/kg) | 300.45+19.44" 798.59+21.34

Note: *p>0.05 in comparison with the group of intact animals;
**p<0.05 in comparison with the group of pseudo-operated animals;
1p<0.05 in comparison with Ischemia/Reperfusion group
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Table 2

Influence of Agonists of Imidazoline Receptors on Area of Ischemic Damage Zone of Liver
and Area of Necrotic Zone of Hepatic Tissue in Modeling of Ischemia/Reperfusion
of Liver (M+m, n=10)

Group of Animals

Area of Ischemic Damage Zone, mm®

Area of Necrotic Zone, mm?

Intact

Pseudo-operated

Ischemia/reperfusion (I/R) 0.387+0.014 0.207+0.021
I/R+C7070 (10 mg/kg) 0.058+0.029* 0.046+0.013*
I/R+moxonidine (1 pg/kg) 0.090+0.025* 0.075+0.015*
I/R+metformin (50 mg/kg) 0.238+0.052* 0.125+0.020*

I/R+C7070 (10 mg/kg) +BU224 (10 mg/kg)

0.159+0.031*

0.104+0.008*

Note: *- p<0.05 in comparison with the group Ischemia/Reperfusion

For convenience of evaluation it is rea-
sonable to compare the extent of reduction of
the level of hepatic transaminases in different
groups of animals using a simple mathemati-
cal formula:

ALT (exp)

RH‘LT =100- ALT (contr)

= 100%,

where ALT (exp) is ALT level in blood of ani-
mals of experimental groups, ALT (contr) is
ALT level in blood of animals of control group.

The same formula is applicable to study
the level of AST:
AST (exp)

RAET = 100-— AST (contr) *100%,

where AST (exp) is AST level in blood of
animals of experimental groups, AST (contr)
is AST level in blood of animals of the con-
trol group.

Using the given formula, we obtained
the following data about functional protection
of the drugs (Tab. 3).

Table 3

Hepatoprotective Activity of C7070, Moxonidine and Metformin in Modeling
of Ischemia/Reperfusion of Liver according to Data of Biochemical Examination

(M*m; n=10)
Coefficient of Hepatoprotective Activity, Unit | C7070 (10 mg/kg) | Moxonidine (1 pg/kg) | Metformin (50 mg/kg)
KaLt 72.81+1.71% 44.99+1.23 36.88+1.02
Kast 62.13+1.34* 34.20+1.21 21.02+1.49

Note: * — p<0.05 in comparison with coefficients obtained in treatment with moxonidine

and metformin

It follows from the given data that ago-
nist of peripheral imidazoline receptors (IRy)
C7070 possesses the highest anti-ischemic
activity among the drugs studied within the
frames of the given work.

For complete evaluation of anti-
ischemic activity of the drugs, evaluation of
only aminotranferases is insufficient.

For evaluation of hepatoprotective activi-
ty of the drugs a coefficient was calculated that
characterizes the extent of protection of hepatic
tissue from damages induced by ischemia and
the subsequent reperfusion of the liver. This
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coefficient takes into account both zones of is-
chemic lesion, and zones of necrosis.

The coefficient was calculated from the
formula:

K =100% — (

Mi(prepl+Mn(prep)

Mi(contr)+hin{contr) = 100%]’
where Mi(prep) is the average area of ischemic
lesions of liver in rats of experimental groups,
Mn(prep) is the average area of necrosis of liver
in rats of experimental groups, Mi(contr) is the
average area of ischemic lesions of liver in rats
of control group, Mn(contr) is the average area
of necrosis of liver in rats of control group.
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Thus, we obtain data of anti-ischemic
hepatoprotective activity of the studied prepa-
rations (Table 4).

Thus, among all preparations studied

within the frames of the given work, agonist
of peripheral imidazoline receptors C7070
possesses the highest hepatoprotective activi-
ty in ischemia/reperfusion of the liver.

Table 4

Hepatoprotective Activity of C7070, Moxonidine and Metformin in Modeling
of Ischemia/Reperfusion of Liver according to Data of Morphometric Examinations
(M+m; n=10)

Ne | Group of Animals Coefficient of Hepatoprotective Activity, units.
1. I/R+C7070 (10 mg/kg) 82.61+£3.22*

2. I/R+moxonidine (1ug/kg) 72.33+1.04

3. I/R+metformin (50 mg/kg) 38.96+5.69

Note: * — p<0.05 in comparison with pp. 2 and 3.

The obtained data can be explained by
differences in mechanisms of actions of the
drugs. The main component of the mechanism
of metformin is reduction in production of glu-
cose by the liver which, according to the data of
numerous research, correlates with reduction in
glycemia. Metformin plays a role in improve-
ment of peripheral effects of insulin, in reduc-
tion of gluconeogenesis and oxidation of free
fatty acids in the liver, in increase in the activity
of anaerobic pathway of glucose metabolism
with production of lactate, and in suppression of
lipolysis. A number of studies conducted in vivo
and in vitro showed activating influence of met-
formin on cellular enzyme AMP-kinase that
plays a role in transmission of glucose across cell
membrane with the help of GLUT4 and in oxi-
dation of free fatty acids. The improvement of
glycemic profile in treatment with this drug is
probably as well associated with similar cellular
aspects of its mechanism of action. Besides, di-
methyl biguanide demonstrated an ability to re-
duce hardness of cell membranes which is com-
monly observed in patients with diabetes melli-
tus and may contribute to its complications [7].

Metformin activates AMP-activated pro-
tein kinase (AMPK) — a hepatic enzyme that
plays an important role in insulin signaling, as
well as in the total energetic balance of the
body, and in metabolism of glucose and fats,
including that occurring in the liver. Activation
of AMPK is required for inhibitory effect of
metformin on hepatic gluconeogenesis [8].

Summarizing the above, it may be said
that anti-ischemic action of metformin is based
on accumulation of energetic resources of
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hepatocytes and retardation of consumption of
the currently existing resources of nutrients.

Moxonidine being an agonist of central
imidazoline receptors (IP;) participates in re-
distribution of hepatic blood flow through
opening of collaterals originating from a.
gastrica sinistra that remained free from com-
pression. Besides, the additional activity may
be due to central influence of moxonidine on
the opening of hepatic vessels at the moment
of reperfusion of the liver. A certain influence
of moxonidine on peripheral imidazoline re-
ceptors should not be excluded either [9].

Agonist of peripheral imidazoline recep-
tors (IR;) C7070 realizes its hepatoprotective
effect by mechanisms analogous to those occur-
ring in ischemization of a skin graft. It is evi-
dent that its influence on preservation of mito-
chondria is realized through ATPase channels
present in the outer and inner membranes of
mitochondria. Retardation and block of the ava-
lanche flow of iron ions, in its turn, reduces ox-
idative stress with all its manifestations in
reperfusion of the liver [10].

Activation of imidazoline receptors
leads to enhanced synthesis of arachidonic
acid and to inhibition of Na*/H" ionic chan-
nels. There are grounds to think that
imidazoline receptors belong to the family of
neurocytokine receptors [11]. Activation of
central 1;-receptors decreases arterial pressure
and the heart rate. All these are results of the
influence on the peripheral sympathetic nerv-
ous system through its central inhibition.

Throughout the period of existence of a
new generation of imidazoline receptors nu-
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merous preclinical and clinical studies of ef-
fectiveness of these pharmaceutical drugs
were conducted.

Thus, for example, it has been demonstrat-
ed that intravenous application of moxonidine
increased diuresis, excretion of sodium and po-
tassium in rats. This effect was completely
blocked by a selective antagonist of imidazoline
receptors efaroxan and was weakened by a-
adrenoreceptor blocker yohimbine [12].

The central I;-receptors of hypothalamic
region are involved into regulation of the level of
glycemia that was shown in the experiment with
selective agonist of l;—receptors agmatine that
causes reduction in the blood glucose level. A
similar effect is seen in moxonidine. Besides,
imidazoline receptors are supposedly located in
the pancreas, and their activation leads to in-
crease in insulin secretion [13].

Application of moxonidine in rats of
Zucker line (obesity model) reduced the level of
hypothalamic neuropeptide Y which may be
one of mechanisms that can explain reduction
in body mass in treatment with this drug [14].

It should be noted that not all the men-
tioned effects can be attributed to activation
of central 1;-receptors. It is likely that some of
them are nevertheless mediated by op-
adrenoreceptors. Besides, a certain contribu-
tion is made by peripheral effect of drugs.

On the contrary, representatives of Khar-
kov pharmacological school paid attention to an
ability of agonists of peripheral imidazoline re-
ceptors to produce influence on blood glucose
level [15]. According to their research, prepara-
tions of this group are not inferior to metformin
in the hypoglycemic effect, but have much less
side effects. Besides, unlike metformin, agonists
of peripheral imidazoline receptors do not cause
hypoproteinemia and hyperlactacidemia.

Besides other localizations, imidazoline
receptors are also found on the membranes of
adipocytes — fat tissue cells. Stimulation of
these receptors leads to enhancement of lipid

metabolism.

In treatment of patients with arterial hyper-
tension with moxonidine (0.4 mg/day) within 8
weeks, a reliable decrease in the arterial pressure
was noted, while the levels of total lipids, of oxi-
dized low density lipoproteins and the ratio of
different subtypes of low density lipoproteins did
not show any reliable changes [16].

All the above evidences the advantage
of application of agonists of peripheral
imidazoline receptors (IR2) as medical drugs
reducing structural and functional damages to
the liver in its ischemia/reperfusion.

Conclusions

1. Agonist of 11 type imidazoline receptors
C7070 in the dose of 10 mg/kg 4.5 times pre-
vents increase in the levels of ALT and AST and
2.5 times reduces the areas of ischemic lesions
and necrosis in modeling of 15-minute ischemia
of the liver. Hepatoprotective effect of C7070
was 50% reduced by antagonist of peripheral
imidazoline receptors BU224 (10 mg/kg).

2. Moxonidine possesses a less pro-
nounced hepatoprotective effect and reduces
areas of ischemic lesion and of necrosis 3.9-
4.5 times. According to the data of laboratory
studies, coefficients of hepatoprotective activ-
ity of moxonidine for ALT and AST were
44.99 and 36.88, respectively. Coefficient of
histologic  histoprotective  activity  of
moxonidine is 72.33.

3. According to morphometric coeffi-
cients, metformin decreases areas of ischemic
lesions and necrosis by one third and recovers
the levels of ALT and AST after preceding is-
chemia/reperfusion of the liver only by 50%.
Coefficients of hepatoprotective activity of met-
formin for ALT and AST were 34.20 u 21.02,
respectively. Coefficient of histological hepato-
protective activity of metformin was 38.96.

4. In terms of hepatoprotective activity
the studied preparations were inferior to
C7070 (72.81/62.13/82.61 ALT/AST/ histo-
logy, respectively).
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