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B nucmusx kpuiocosuka omkioHeHH020 06Hapysceno 23 coeOQuHeHus, U3 KOMopbiX N0 HALUYUI) CIMAHOAPMO8
uoenmuguyuposaro moiavko 13 eewpecme. OOnum uz noxazamenei GUOOOCHYNHOCIU NPENAPAMOS SAGISEMC s KO-
appuyuenm pacnpedeneHusi UCCiedyeMblX 8eUjecms Mexcoy cUOPOPUIbHOU U TUNOPUILHOU azamu, a makdice 8
PaznuuHbIX OuonocUuecKkux sHcuokocmsx. Ilekmunogule gewecmea 061a0aiom nPoOGUIGKMUYECKUM Oeticmeuem: npo-
MUBOGOCNANUMENbHBIM, AHMUOAKMEPUATILHBIM, NPOMUBOCKAEPOmMuUYeckum, anmuaniepeenmuoim. Leny padomor:
evloelienue, UQeHMUPUKAYUsL PEeHONbHBIX COCOUHEHU, UCCTIe008aHUe KOIPPuyuenma pacnpeoenenus u ahmuouciu-
nUOeMUYecKol aKMUuEHOCU NEKMUHOBLIX 6EUjeCE TUCMbes KPbIJCOGHUKA omKaoHenHo2o0 (Grossularia reclinata (L.)
Mill.). Mamepuanvt u memoowt. Obeszoicupennoe coipbe (TUCHbSL KPbIHCOGHUKA OMKLOHEHHO20) MPUNCObl IKCIMPau-
posanu 40% cnupmom smunogeim npu Haepesanuu ¢ mevenue 60 mun. ObbeduHeHHble U36LEUeHUs 6 OSTUMENbHOU
B0POHKE NOCNE008aMENbHO 06PAdAMBIBAN XJIOPODOPMOM, OUIMULOSHIM IPUPOM, IMULAYEMATNOM U H-OYMAHONIOM.
Buloenenue nekmunogoix gewyecmas u3 IUCMbed KPbIHCOGHUKA OMKIOHEHH020 npooounu no memoouxe H.K. Kouem-
koga u M. Sinner. I[Ipu onpedenenuu koaguyuenma pacnpedeienus u3 OpeaHuieckux pacmeopumeneii Hamu OvLiu
UCNONBb306AHbI OUIMULOBLLIL HPUD U H-OKMAHOT, 8 KOMOPLIX Usyiaemvle 00beKmbl Xopouio pacmeopumvl. IIpoyedypor
668€0€eHUsL PACMBOPOS UCCLEOYEMbIX NEKMUHOBLIX GeUeCME U PACMEOPA XolleCmepura 6uLiu pazoenenvl 2-X 4acoebim
unmepeganom. Io ucmeuenuu 14 Ouetl y #CU8OMHBIX NPOU3BOOULU 3AO0D BEHOZHOU KPOBU C NOCLEOVIOUUM NOTYYEHU-
eM ChlBOPOMKU U OnpedesieHueM Napamempos, XapaKmepusylouux cOCMosHue TUNUOHO-X0NEeCMEPUHOB020 NPOPUILS
kpoeu. Pezynomamul u obcysncoenue. B pesynbmame ucciedoganus eHoNbHbIX COCOUHEHUL TUCTbES KPbIJCOGHU-
Ka OMKJIOHEHHO20 BNEpebie ObLIU 6blOCNIeHbL 2UNEPO3UO, PymuH, Kogetinas xucioma. Ilonyuennvie danHbie ceude-
menbemeyiom, 4mo 0715 GOOHbIX PACMEOPOS NEKMUHOBLIX BEUECME KPbINCOGHUKA IyUlliee pacnpedeieHue U3 600H020
CNLOsL 6 OP2AHUYECKUT NPOUCXOOUM 6 H-OKMAHON. TIpu npumeHenuy nekmuHoBbIX 6eujecms, NOIYUEHHbIX U3 TUCMbes
KDbIJHCOBHUKA, V) KPbLC NO CPAGHEHUIO C JCUGOMHBIMU HE2AMUBHO20 KOHMPOJIL 2PYNnbl HAONOANAC, HOPMATUZAYUS]
JURUOHO-XONIECMEPUHOB020 NPOPUILSL KpOsU. 3aKkatouenue. Memooom npenapamugHoil KONOHOYHOU Xpomamozpaghuu
6 U3GNEUEHUU U3 JIUCMbE KPBIJICOGHUKA OMKIOHEHHO20 ObLIU OOHAPYICEHbl KEEPYEMUH, 2UNePO3UO, PYMUH, KeMN-
gepon, acmpaecanun u kogetinas kucioma. ModicHO NPeOnOLONCUND, YMO NEKMUHOGbIE GeWeCMEa U3 TUCIbEG KPbi-
JHCOBHUKA 8 WENIOUHOU CPede KUUUEUHO20 COOEPIHCUMO20 OYOym Iyuuie pacnpedensamvcs u ecacvieamuvcs. I[lpumenenue
uccnedyemulx NeKMUHOBbIX BeUjeCnes U3 TUCTbES KPbINCOGHUKA CROCODCIBOBANO KOPPEKYUL OUCTUNUOEMUU.

Kniouesvie cnosa: nucmvsi KPoljcOGHUKA OMKIOHEHHO2O0, (LABOHOUObL, (PEHOLOKUCIOMbL, NOTUCAXAPUOBL, KOIGD-
Guyuenm pacnpedenenus, OUCITUNUOEMUS

J1s HuMTHPOBAaHUS: For citation:
Amxnaxmerosa C.JL, Iosausxos JI.U., Yepsornas H.M., Adjiahmetova S.L., Pozdnyakov D.1., Chervonnaya N.M.,

Mgixor JLIT., Bopornko A.B., Oranecsu O.T. .
®EHOJbHBIE COEIMHEHMS U TEKTHHOBBIE Myikots L.P., Voronkov A.V., Oganesyan E.T.

BEIIECTBA JINCTBEB KPBDKOBHUKA OTKJIOHEHHO- PHENOLIC COMPOUNDS AND PECTIC SUBSTANCES

I'O (GROSSULARIA RECLINATA (L.) MILL.). OF EUROPEAN GOOSEBERRY LEAVES

Dapmayus u papmaronozus. 2018;6(2):121-134. (GROSSULARIA RECLINATA (L.) MILL.).

DOI: 10.19163/2307-9266-2018-6-2-121-134

© Aowcuaxmemosa C.JL., Iosonsxos /. 1., Yepsonnasn H.M., Pharmacy & Pharmacology. 2018;6(2):121-134. (In Russ.)
Muixoy JLII., Bopoukog A.B., Ocanecan 2.T., 2018 DOI: 10.19163/2307-9266-2018-6-2-121-134

121



Dapmaxocnosusn, 00maHuKka

Dapmayus u papmaxonoeus T. 6 Ne 2, 2018
Pharmacognosy, Botany

PHENOLIC COMPOUNDS AND PECTIC SUBSTANCES OF EUROPEAN
GOOSEBERRY LEAVES (GROSSULARIA RECLINATA (L.) MILL.)

S.L. Adjiahmetova, D.1I. Pozdnyakov, N.M. Chervonnaya, L.P. Myikots,
A.V. Voronkov, E.T. Oganesyan

Pyatigorsk Medical and Pharmaceutical Institute, a branch of Volgograd Medical State University
11, Kalinin ave., Pyatigorsk, Russia, 357532
E-mail: similla503@mail.ru

In the leaves of European gooseberry 23 compounds have been found, and only 13 of them have been identified by
the presence of standards. One of the indicators of the bioavailability of drugs is the distribution coefficient of the sub-
stances under investigation between the hydrophilic and lipophilic phases, as well as in various biological fluids. Pec-
tic substances have a preventive effect: anti-inflammatory, antibacterial, anti-sclerotic, anti-allergic. The aim of the
work is: isolation, identification of phenolic compounds, investigation of the distribution coefficient and the antidis-
lipidemic activity of the pectic substances in European gooseberry leaves (Grossularia reclinata (L.) Mill.). Materials
and methods. Degreased raw materials (leaves of European gooseberry) were extracted three times with 40% ethanol
by heating for 60 minutes. In the separatory funnel the combined extracts were subsequently treated with chloroform,
diethyl ether, ethyl acetate and n-butanol. Isolation of pectin substances from the leaves of European gooseberry was
carried out according to N.K. Kochetkov and M. Sinner s method. When determining the distribution coefficient from
organic solvents, diethyl ether and n-octanol, in which the objects under study are readily soluble, have been used.
The procedures of the solutions input of the investigated pectic substances and cholesterol solution were separated
by a 2-hour interval. After 14 days, venous blood was collected from the animals, followed by the production of se-
rum and determination of the parameters characterizing the state of the lipid-cholesterol blood profile. Results and
discussion. As a result of the study of phenolic compounds of European gooseberry leaves, hyperoside, rutin, caffeic
acid have been separated for the first time. The data obtained show that for aqueous solutions of pectic substances
of European gooseberry, the best distribution from the aqueous layer to the organic layer occurs in n-octanol. When
using the pectic substances obtained from European gooseberry leaves, the normalization of the lipid-cholesterol pro-
file in blood was observed in rats in comparison with the animals of the negative control group. Conclusion. By the
method of preparative column chromatography, quercetin, hyperoside, rutin, kaempferol, astragaline, and caffeic acid
were detected in European gooseberry leaves. It can be assumed that the pectic substances from gooseberry leaves
will be better distributed and absorbed in the alkaline environment of intestinal contents. The use of the studied pectic
substances from gooseberry leaves promoted the correction of dyslipidemia.

Keywords: European gooseberry leaves, flavonoids, phenolic acids, polysaccharides, distribution coefficient,
dyslipidemia

BBEJIEHMUE. B nucTbsx KpbDKOBHHKA OTKJIOHEH-
HOTO METOJIOM BBICOKOI(DPEKTUBHOM >KUIKOCTHOH XpO-
Marorpadgun oOHapyx)eHo 23 COeIUHEHHs, U3 KOTOPBIX
10 HAJMYMIO CTAHJIAPTOB WAECHTU(HULNPOBAHO TOJBKO 13
BemectB. OHM TpecTaBIeHB! (JIaBOHOUIAMH, KyMapu-
HaMH 1 (peHOIKapOOHOBBIMH Kuciotamu [1].

s Oonee moapoOHOW wuHbOpMaUU O moaude-
HOJIBHOM COCTaBE M3BJICUCHUS M3 JIMCTHEB KPHDKOBHUKA
otknoneHHoro (Grossularia reclinata (L.) Mill.), no-
JIydeHHOTO 3KcTpakimuend 40% CIupToOM 3TUIIOBBIM, MBI
MIPOBENHN ero (PpaKIHOHUPOBaHHE 00pabOTKON pa3HBIMHU
pPacTBOPHUTENSIMH B COYETAaHWH C IIPETapaTUBHON KOJO-
HOYHOH XpomaTorpaduei.

OnHMM 13 NoKa3areseii 0MoJ0CTyTHOCTH IPENapaToB
SIBIISIETCS KOO(P(UIMEHT pPAaCIpEAeNICHUs] UCCIIETyeMbIX
BEIIECTB MEXIY THAPOPMILHON W JTHIMOPUILHON (a3a-
MH, a TAK)KE€ B PA3INIHBIX OMOIOTMIECKHX SKHIKOCTSIX [2].

INextunoBsie Bemectsa (I1B) odmamgaror mpodunak-
TUYECKUM JICHCTBHEM: ITPOTUBOBOCIIAIIUTEIbHBIM, aHTH-
GakTepHaIbHBIM, IPOTHBOCKIEPOTHYECKUM, aHTHAIIIEP-
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reHTHbIM. O0IalafoT CBOMCTBOM KOPPEKIIUH JIMITHTHOTO
obmena [3-5].

OEJb PABOTDI: BripencHue, HUICHTU(GUKAIHS
(heHONBHBIX COCANHEHNH, HccienoBane koddduimenra
pactpeneneHusl U aHTHAUCIUIHIEMUYECKON aKTHBHO-
CTH NMEKTHHOBBIX BEIIECTB JINCTHEB KPHKOBHUKA OTKJIO-
unenHoro (Grossularia reclinata (L.) Mill.).

MATEPUAJIBI U METObI

Ilonyuenue uzeneuenus u evloeneHue UHOUBUOY-
AIbHBIX COeOUHeHUll

B kadecTBe mccieqyeMOTo CHIPbS HCIIONB30Ba-
JIM JIUCTBSI KPBDKOBHHMKA OTKJIOHEHHOTO, COOpaHHBIE B
ntone-aprycre 2015-2017 rr. B a3y 1BeTeHus u Iwio-
JOHOIICHUS pacTeHus, copT «MOCKOBCKHI KpacCHBI»,
peruon Kakasckre Munepansubie Bozpl (CtaBpomnosns-
CKHIii Kpaii).

O06e3xupeHHoe ChIphe (JINCThSI KPPDKOBHUKA OTKIIO-
HEHHOTO) TPWXIbI dKcTparuposaiu 40% criupToM 3TH-
JIOBBIM IpH HarpeBaHuu B TedeHune 60 muH. [lomygenHoe
M3BIICUCHHE CTyIIaH 0 oobema 100 M, mocie 3Toro B
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JeTUTENIFHON BOPOHKE MTOCIIEI0BATEIbHO 00padaThIBaIn
XJIOPO(OPMOM, TUITHIIOBEIM (HPOM, ITHIIALETATOM H
H-0yTaHOJIOM.

[MomyuenHsle ¢pakuy Nocie ynaleHus pacTBOPH-
Tesell TIepEeHOCHIIN B XpomarorpauyecKue KOJIOHKH,
3aMOJTHEHHBIC CHIIHKareneM Mapku Silicagel 60 nmu mo-
JTUaMuI0OM Mapku Polyamide Woelm. DntoeHTOM 151 T10-
JUaMHJa CIy>KWIa BoJa OUYMILEHHAdA, a Ui CUIMKaress
— xnopotopm. IIporece aaronpoBaHus KOHTPOIUPOBAIN
METOJJaMH TOHKOCJIOWHON Xpomarorpaduu (IUIaCTHHKH
«Silufoly, «Sorbfily) n 6ymaxHnoi xpomarorpaduu (bX)
(MUNKTELL FN 7). B xauecTBe MOABHKHOHN (hasbl uc-
T0JIb30BaJIM H#-0yTaHOI : KMCJI0Ta yKcycHas : Boja (BYB
(4:1:5)); 15% xucnoTa ykcycHast; STHIaleTaTr — KHCiIoTa
ykcycHast — Boza (5:1:1).

Buvioenenue nekmunogvix geujecme u onpeoenenue
Koahpuyuenma pacnpeoenenus.

BrlieneHne NeKTUHOBBIX BELIECTB U3 JINCTHEB KPbI-
YKOBHHUKA OTKJIOHEHHOTro mpoBoauiu no meroguke H.K.
KouerroBa n M. Sinner [6]. [Tocne runponusa Bo ¢pax-
IIMH TIEKTHHOBBIX BEIIECTB OOHAPY)KCHBI ITTFOKO3a, KCH-
71033, PaMHO3a 1 TaJIaKTYPOHOBas KHcioTa. [ paBumerpu-
YeCKHI aHaJIN3 yKa3bIBaeT Ha npeobnaganue [1B (6,4%).
ITosTOMY manbHENIINE UCCIIENOBAHNS IIPOBOJUIIM C STOU
¢pakumeii [7].

ITpn onpenenennu ko3¢ GUINEHTA pacIpeaeIeHIs
13 OPraHUYECKUX PACTBOPUTENECH HAMH OBIIM HCIHOJNb-
30BaHBl JUITHIOBBINA 3(GHP U H-OKTAHOJ, B KOTOPBIX U3-
ydaeMmble OOBEKTBI XOPOIIO PACTBOPHMBIL. DKCTPAKIUSL
IIB mpoBonunach kak u3 BoAHBIX pacTBopoB (0,1-1%),
TaKk U pacTBOPOB, AoBeneHHbIX 10 pH=2 u pH=8 ¢ no-
Motipio 10% pacTBOPOB KHUCIIOTHI XJIOPHUCTOBOIOPOJHOM
U THAPOKCHU/IA HATPHUS COOTBETCTBEHHO. IS 9KCTPaKIUH
00BEMBI UCCIIETYEMBIX PACTBOPOB U 3JIEKTPOJIHUTA OBLIH
B3STHl ONMHAKOBO. KOHIIEHTpalusi BOIHBIX PacTBOPOB
HavyajibHasi U B paduHATEe ONpeeNnsulach KOHIYKTOMe-
TPUYECKUM METOJIOM C UCTIOIb30BaHNEM KaJIHOPOBOYHO-
ro rpaduka 3aBucumoctu 1/R = f(c) [2].

Onpeodenenue anmuOUCIURUOEMUUECKOU AKMUG-
Hocmu

/Kugeommnuie

OnpeneneHne JIMMUIHO-X0IECTEPHHOBOTO MTPOQHIII
KpOBH BhIMONHM Ha 30 Kpbicax — camuax auHun Wistar
maccoit 200-220 TpamM, pa3geneHHBIX Ha 3 paBHBIE
rpymnms! (n=10). ComeprkaHue )XKUBOTHBIX U MPOBEACHUE
9KCIIEPUMEHTOB COOTBETCTBOBAJIO IIpaBHjaM Jabopa-
TopHO# npakTrku (GLP) npu npoBeneHnn TOKIMHAYE-
ckux uccnenosanmii B Poccutickoit @eneparmm (IOCT
3 51000.396 u 51000.4-96), MexTyHAPOTHBIM PEKOMEH-
JnanusM EBporielickoit KOHBEHIINMH 110 3alTUTEe TT0O3BOHOY-
HBIX KUBOTHBIX (1997).

Hccnedosanun 61uaHuA NEKMUHOGHIX GEU{eCmE,
6b10C/IeHHBIX U3 JIUCHBEE KPbINHCOBHUKA OMKIOHEHHO-
20, HA KOpPeKyuio Oucaunuoemuu.

[epBas rpymma Kkpeic — HHTaKTHEIE )kUBOTHEIE (H).
YV ocTaBHIMXCs KPBIC MOACIMPOBAIH THIIEPXOIECTEpUHE-
MHUIO ITyTeM KypcoBoro (14 nHeif) nepopaiabHOTo BBene-
Hust 3% pactBopa xonectepuHa (cepusi: 371274, Panreac,
HUcnanwns) B mopcomaeanoM Macie [8]. [Ipu sTom BTOpyro

rpyniy KpbIC COCTaBUIIM KMBOTHBIC HETATUBHOT'O KOH-
tpoist (HK), He monyuaBiue hapMakoioruieckyo mosu-
nepkKy. TpeTbeil rpyIme KpbIC per os BBOIWIN UCCIIETY-
€MbIe MEeKTHHOBBIC BEUIECTBA, BHIJEIICHHBIC U3 JINCTHEB
kpepKoBHUKA oTKIOHeHHOTO (IIK), B KommgectBe 1 o
1% pactBopa Ha 100 T Beca )KHBOTHOTO.

IIpouenypsl BBEACHUS paCTBOPOB UCCIIELYEMBIX IIEK-
THUHOBBIX BEILECTB M PACTBOPA XOJIECTEpHHA ObUTH paszie-
JIEHBI 2-4acoBBIM HHTepBasioM. 1o ucreuenuu 14 nueit y
KHMBOTHBIX TTPOU3BOAWIIN 3a00p KPOBH M3 IPEMHON BEHBI
C MOCJIEYOIIUM ITOTyYSHHUEM CBIBOPOTKH M OIPEIEIICHH-
€M IapaMeTpOB, XapaKTEPU3YIOLIMX COCTOSHUE JIHITH/[I-
HO-XOJICCTEPHHOBOTO TPO(MIISE KPOBH: OOIIEro XoJecTe-
puHa (X0J. OOIIl.), XOJIECTEpHHA JIMIIONPOTENI0B HU3KOH
wiotHOCcTH (x0. JIITHII), XomecreprHa JIHITONPOTEHIOB
BbIcOKOW TIoTHOCTH (X0 JIIIBII) wm Tpurmmiepumos
(TT"). B paboTe MCIONB30BAIUCH CTaHAAPTHBIC HAOOPHI
peakTHBOB npoun3BozcTBa «OnbBekc Juarnoctukymy» (00-
it xonecrepun: cepust 01042017, xonecrepun JIIIBIT:
cepus 080022017, xonecrepun JIITHIT: cepus 20022017,
Tpurmmepunsr: cepust 01122016, HIsenws). [Ipobomox-
TOTOBKA W JaJbHEHIIMH XOJ aHaanu3a COOTBETCTBOBAIIU
WHCTPYKIHH, IPUIAraeMoi K KaKI0My Habopy.

Cmamucmuueckas oopabomka

Pesynprarel skcniepuMenTa o0pabaThIBaIM METOA-
MU BapHalMOHHOHN CTaTHCTHKY C UCTIOJIb30BaHUEM TTaKe-
ta npukiagaeix nporpamMm STATISTICA 6.0 (StatSoft,
CIIIA) IlomyueHHbIe TaHHBIE TOJBEPrai TECTY Ha HOp-
MaJIbHOCTb paclpeielIeHHs C HCIIOIb30BaHHEM KPUTEPHS
[Hanupo-Yunka. B ciyuae moquuHeHus TaHHBIX 3aKOHY
HOPMAJIHOTO pacrpezeseHus sl CPaBHEHHS CPEIHUX
pUMeHsN t-kputepuit CThIOIEHTa, B IPOTHBHOM CIIy-
Yyae JaIbHEHITYI0 CTaTHCTHYECKYI0 00pabOTKy HaHHBIX
npousBoAwn ¢ nomoueo U-kputepus MaHHa-YuTHHU.

PE3VYJBTATBI U OBCYXAEHUE

Buvioenenue unousudyanvnvix eeujecme memooom
npenapamuenoil Koi10HOYHOU Xpomamozpaguu.

XnopohopMHYIO (paKInio MEPEHOCHIH B KOJIOHKY
C MOJMAaMHIOM U IIIOMPOBAIU MOCIEA0BATEIHHO BOAOH
OUUUICHHOH, CIIUPTOM 3TUJIOBBIM Pa3HON KOHLEHTPALUU
U cnuptoM TUIOBBIM 95%. IlomydeHs! 1Ba BeliecTsa,
OJIMH M3 KOTOPBIX XapaKTepU3yeTcs ToIyObIM CBEUEHNEM
(BemecTBO 1), a BTOpOE MMEET TEMHO-OypYIO OKpPacKy
30HBI agcopbmmu B YOP-cBere (BemectBo 2). U3 adup-
HOM (pakmmMy Ha KOJIOHKE C CHIIMKATeJIeM BBIICIIEHBI
JIBa BEILIECTBa — BEIIECTBO 3 M BELIECTBO 4, UMEIOIINE B
Y®-cBere 30HYy afcopOLIUK TEMHO-0YpOTo IIBETA.

OrunaneTatHyo (ppakIuio CTyIail A0 HeOOoIbIIo-
ro o0beMa M CMEIINBAIN ¢ OE3BOAHBIM XJIOPO(HOPMOM
(1:5). BeigenuBmuiicss ocamok MEPEHOCHIIH Ha KOJIOHKY
C MOJIMAMMJIOM, DITFOUPOBAIIN BOJHO-ITaHOJIBHBIMHU CMe-
CSIMH C TPAJMEHTHBIM YBEJIMYEHHEM CITUPTa ITHIOBOTO
Y TIONMYYIIH BemectBa 5 u 6. XmopodopmHo-3THIIALE-
TaTHBIN (PUIIBTpAT ITOCTE OTIACNCHMS OcaaKa CTyIaal U
MIEPEHOCHIIN B KOJIOHKY C CHITMKarejIeM. DIIONPOBAaHUEM
XJIOpO(OPMHO-ITAHOIBHBIMH CMECSIMHU C TPATUCHTHBIM
YBEJIUYCHUEM CIIUPTa 3THIIOBOTO MOJYYEHBI JBe (ppak-
LUK B OJHOM cozmeparcs ABa COCIMHEHHMs moiude-
HOJIbHOM MPHUPOJBI — BellecTBa 7 U 8; BO BTOPOH YeThIpe
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Bemiectsa — Bemiectsa 9, 10, 11 u 12. [lanee ode dpak-
LMY [TOJIBEPINIU TIOBTOPHOMY PA3ICIICHHIO Ha KOJIOHKAX C
MOJIMAMHJIOM. DIMIOUPOBAHNE OCYIIECTBIISIIIM BOAHO-ITa-
HOJIBHBIMHU CMECCSIMU.

Xpomarorpauyeckuii aHaJlu3 ¥ Majiblii WHTEpBa
TEMIIEpaTyp IUIABICHMs BBIIEICHHBIX BELIECTB CBUJE-
TEJIBCTBYET O TOM, UYTO OHU SIBJISIOTCSI MHAVBUAYaJIbHbI-

mu (tabm. 1) [9 —12].

Tabnuya 1 — 3nauenusa koI Puyuenmos nOOGUIHCHOCMU NOJIYUEHHBIX 6EULECHIE

3HaueHue ko3 duimeHTa noaBMIKHOCTH
0 STHJIALETAT — KUCIIOTA YKCYCHAsT — Howmep nonysiexroro
15% kucnora ykcycHas BYB (4:1:5) Bona (5:1:1) BEIIlECTBA
0,36+0,02 0,42+0,03 0,44+0,03 2
0,59+0,04 0,64+0,02 0,32+0,02 3
0,26+0,02 0,78+0,04 0,83+0,04 5
0,52+0,03 0,77+0,03 0,80+0,03 7
0,43+0,02 0,73+0,02 0,64+0,02 8
0,07+0,01 0,89+0,03 0,90+0,02 10

HK-cnextp BemecTBa 3, a TakXke JaHHbIE CPaBHU-
TEIBHOTO XpoMarorpadudeckoro aHammza, YD-crek-
TPOOTOMETPHH C HOHU3UPYIOIMIMMH M KOMIUIEKCO-
00pasylomuMe J100aBKaMU HUJICHTUYHBI aHAJIOTHYHBIM
mapamerpam i BemecTtBa 11. O6 3TOM CBHIETENHCTBY-
€T TaKKe OTCYTCTBHE JIETIPECCHH TEMIIEPaTyphl ILIaBIIe-
HUSI B Ipo0e cMeleHus. BeisiBiieHa cXokecTh HEKOTOPBIX
(U3UKO-XUMHYECKIX TapaMeTPOB IS BemIeCTB 2 U 4.

Bemectna 2, 3, 5, 8, 10, nproOpeTaroT KpacHOE OKpa-
LIMBaHUE B YCJIOBMSX IIMAHWJWHOBOH MPOOBI, YTO CBH-
JETENbCTBYET 00 MX IMPUHAMICKHOCTH K IPONU3BOIHBIM
¢naBoHONA. AHaNMN3 CTPYKTYp ATHX COEAWHEHHWH OCY-
IECTBIUIA METOAOM YD-CIIEKTPOCKOIIMY ¢ HOHU3UPYIO-
IIMMH ¥ KOMIUTEKCOOOPa3yIOINMH JOOaBKaMH, TIOCKOIb-
Ky OHa MakCHMaJIbHO MH(OpPMAaTHBHA U JocToBepHa [13].

Y®-cniexTpsl arTuKoHOB (BemiecTsa 5 u 10) xapakre-
PH3YIOTCSI HATMYUEM JBYX MOJIOC IIPIMEPHO OJMHAKOBOM
nHTeHCHBHOCTH. [loydeHHbIe TaHHBIE CBHUAETENLCTBY-
10T O TOM, 4TO y coennHenuit 2, 3, 5, 8 u 10 B nojoxeHun
C, mpucyTcTBYeT CBOOOIHAA THAPOKCHTPYIINIA, HA 9TO
YKa3bIBaeT 3HAYMTEIBHBIM OaTOXPOMHBINH CHBUT 00EHX
II0JIOC TIOTJIONIECHHUS B MPUCYTCTBHM AIOMHHHS XJIOPU-
na. Bemectsa 5, 10 B npucyTCTBUH aJIOMHHUS XJIOpHIA
JIaf0T 3HAYNTEIbHBIA 0aTOXPOMHBIN CABUT 00EHX I0JI0C,
YTO CBUJIETENLCTBYET O HamM4uu ruapokcurpynn C,
n/um C,.

ITpn no6aBneHNN CBEXEIIAaBICHHOTO HATPHUS alleTa-
Ta K aHAJIM3UPYEMBIM PaCTBOPAM BbIIETIEHHBIX BELECTB
Habromaercss 0aTOXPOMHBIA CIIBUT KOPOTKOBOTHOBOH [I
MIOJIOCHI, 3TO CBHUJICTEIBCTBYET O HAIMYHUU CBOOOJHOM
rupokcurpymmsl mpu C.y BCeX coetMHeHni. baroxpom-
HBIH CIIBUT AJMHHOBOJIHOBOH IOJIOCHI B CIIEKTPax Be-
mecTB 2, 3 1 5 BeI3bIBacT 100aBIICHNE CBEKETIIaBICHHO-
ro arerara HaTpusi ¥ OOPHOIl KHCIIOTHI, YTO XapaKTEpPHO
st (pJIaBOHOMIOB, MMEIONIMX OPTO-AUTHAPOKCHUTPYTI-
ITUPOBKY B IMOJOXKEHUSX 3~ 1 4’ OOKOBOTO (PEHMIIEHOTO
paaukana.

Baroxpomusrii casur [-i monocer 6e3 CHMKEHUS ee
WHTEHCHBHOCTH HaOIIIOIaeTCsl MO BIMSHUEM METHiaTa
HaTpHsl, YTO yKa3bIBAaeT Ha HAJIWYME THAPOKCUTPYIH y
aroMOB CS, u C, (CHI)KCHHME HHTEHCHBHOCTH U JIETpaja-
st yepe3 3-5 muHyT); y BetectB 8 u 10 Taxxe Habmo-
JaeTcst 0aTOXPOMHBIN CABHT I-i1 TIOJIOCHI O3 U3MEHEHUS
€e MHTEHCHBHOCTH, YTO CBHJIETENBCTBYET O CBOOOJHOM
runpokeurpynmne y C,. B 9Tux coenunenusx [10].
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Jlng yTouHEeHMs TOJIOKEHHs YIJIEBOJHOIO OCTaTKa
HCIO0JIb30BAIN YD-CIEKTPOCKONUIO aITIMKOHA B IIPUCYT-
CTBHHM XJIOpHJA ANMOMHUHUS. Ipy CpaBHEHUM CIIEKTPOB
TMOIVIOILEHHS BELECTB J0 M MMOCJIe THIPOJIH3a o0pariaer
Ha ce0s BHIMaHHE TOSIBICHHE OaTOXPOMHOIO CIBHTa B
cllyyae alJIMKOHA, YTO 1IaeT OCHOBAaHHE yTBEPKIATh, UTO
B coequHEHMsX 2, 3, 8§ UMeeT MECTO MIIMKO3UAUPOBAHNE
o monoxenwuto C,.

HK-criexktpsl m3mepsuiin Ha npubope «HK-dypne
cnekrpomerp @PCM 1201». KapOonunpHast rpynmna He-
3amerieHHoro (maBoHa morromiaet npu 1650 cm!. Eciu
aBon comepxur rpynny OH- B momoxennn C, T0
gyacTota moHmkaercs 10 1619 cm'. Beemenne ruapok-
CHIIBHON Tpynmel B monoxkenunu C, GraBoHOMIOB He-
CKOJIBKO YBEJTMUUBAET YaCTOTY ITOIVIOIMICHNST KapOOHMIIb-
HOU Tpymmsl 10 1655 cM™!, HECMOTpsI Ha BO3MOXKHOCTH
00pa3oBaHMs BHYTPUMOJICKYISIPHON BOIOPOIHOMN CBSI3U
[9, 14, 15].

B pe3synprare mIeNOYHOrO pacIICIUICHUS HCCIeny-
€MBIX arIMKOHOB (2, 3, 5) ¢ KaJus THAPOKCUAOM OBLIH
TIOJTy4EHBI IPOTOKATEX0Bast KUCIOTa M (IOPOTTIIONNH, a
B pe3yJIbTaTe MIEJIOYHOTO PACIICIICHUS arTiKoHOB 8, 10
C KaJIusl TUAPOKCHIIOM OBUIH MOTy4YEeHbI Mapa-TUIAPOKCH-
OeH30iiHast KUCIoTa U (uroporTIonuH, 9yTo AoKasaHo bX
(monBmwxHas daza — BYB (4:1:5), nposiurens — 1% Bo-
ITHBIA pacTtBop xnopuna xkenesa (III), 0,1% mnazorupo-
BaHHas cynb(haHMIoBas KUcioTa) [6, 15].

B pesynbraTe MONHOTO KUCIOTHOTO THAPONH3A Be-
mecTBa 2 ObUTM TIOMYYEHBI ANIMKOH — KBEPLETUH H
D-ranaxro3a. I'maponuzar oOpabaTbiBaiu AUITHIIOBBIM
3¢uUpoM B AeIUTEIbHON BopoHke. Mertomgom BX ¢ wc-
MOJTb30BAHUEM CTAHIAPTHOTO O0pa3lla — KBEpPIIETHHA B
noaBrxkHBIX (azax BYB (4:1:5) u 15% ykcycHoii kuc-
JIOTBI XpOMarorpaMpoBaJid IMOJY4YEHHOE H3BJICUCHHE.
I'mpponmsar HelirpanuzoBanu kapOoHaToM Oapus 1o
YHHUBEPCAIILHOMY MHIHMKATOPY, (QHUIBTPOBAIN, yHapHBa-
JIM /10 HEOOJIBIIOrO OcTarka W xpomarorpadupoBaiu B
moasmkHON (aze BYB (4:1:5) ¢ ucrons3oBanueM craH-
JnapTHBIX 00pasnos. [Tocie nposiBieHus aHWIMHpTANAT-
HBIM peakTUBOM OOHapyxwin D-ranakrosy [6, 16].

B SIMP-'H-cnekrpe (400MHz, DMSO-d,, 3, m.x1., J/
I'm) BemectBa 10 MpOSBISIOTCS CUTHAJIBI IPOTOHOB: 6,19
(1H, d, = 1,96 Hz, H-6), 6,37 (1H, d, J = 1,96 Hz, H-8),
8,04 (2H, m, H-2’,6"), 6,82 (2H, m, H-3", 5°), 12,94 (1H,
s, OH-5).
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Crnektp SIMP-C  BemectBa 10 (101 MHz,
DMSO-d)): 154,21 (C-2); 135,98 (C-3); 180,52 (C-4);
104,77 (C-5); 156,51 (C-6); 99,30 (C-7); 164,66 (C-8);
93,99 (C-9); 162,31 (C-10); 121,55 (C-1'); 130,15 (C-
2°,6); 115,58 (C-3,5); 157,73 (C-4).

Takum o6paszom, nanueie IMP-'"H- u “C-cnekrpo-
CKOIIMHU TOATBEPKJIAIOT HAIM BHIBOJBI, TIOJyYCHHBIC Ha
ocHOBaHNH YD-CTIeKTpo()OTOMETPUH C HOHU3UPYIOIIN-
MH 1 KOMIUTEKCOOOpa3yoIIMA J0OaBKaMHU.

Y®-cnexTp BeecTBa 7 XapakTepusyeTcs TpeMs I10-
JI0OCaMH TIOTJIOIIEHHS C MaKCUMyMaMH Tipu 216, 243, 325
M. [lo manapM Y@-, UK-ciekTpockonu U OyMaxHOI
Xpomarorpaduu, MOXKHO CENaTh BBIBOJ, YTO BEIECTBO
7 — 310 KOoeitnas kucnora [13].

HOJ’Iy‘-IeHHI)IC pe3yinbTaThl CBUACTCIIBCTBYIOT, YTO
BemecTBo 5 — aro 3,5,7,3°,4’-nenraokcudiaaBoH (KBep-
LIETHH), BEIECTBO 2 — KBepueTHH-3-O-f-D-ramakro-

3u (THIEpO3n), COeANHEHHe 3 — KBEepIEeTHH-3-pyTH-
HO3uX (pyTuH), coenuHeHue 10 mpencraBnseT coboit
3,5,7,4’-terpaokcuduiaBoH (kemrdepoia), BeumecTso 8
— kemndepon-3-0O-f-D-rmirokonupano3u; (acTparaiuH),
a BeuecTBo 7 — KodelHas KUcoTa.

Onpeoenenue korppuyuenma pacnpeoenenusn

KoaddummenT pacrpeneneHust B cucTeMe H-OKTa-
HOJI — BOZIa OYMIIEHHAS IIPOKO MCIONb3yeTCsI B XUMHH,
MeIunuHe, (hapMaKoIOruu Al ONMCAaHWS TPAHCIIOpTa
BEIIECTB Yepe3 ONoIornueckne MeMOpaHsI [2].

[ToxazaHO, 4TO 3aBHCHUMOCTh MeXIy KodddurmeH-
TOM pacIpe/ieNIeHUsI 1 OHOJIOTMUECKUM ACHCTBHEM MOXKET
HOCHUTh NapabOIMYeCKuil Xapakrep, Mpyu ITOM IO JIOCTH-
KCHUU OTNITUMYyMa J'II/IHO(bI/IJ'ILHOCTI/I /:[am)Heﬁmee €€ IIOBBI-
INEHHUC MOXCET NPUBOAUTH K CHUIKCHUIO 6I/IOJ'IOFI/I'~ICCKOI‘/II
aktuBHOCTH [17]. Pesynbrarsel onpeneneHus ko3h¢uim-
€HTa pacrpe/ieNieH s Ipe/ICTaBIeHbI B TaOuIax 2, 3.

Taonuya 2 — Koyppuyuenm pacnpedenenus ¢ cucmemax 600a 04UUL€HHAA — H-OKIMAHO,

6004 OYUUCHHAA —

OuIMuU06HIIL Iup

C, % I/Rx10°, Owr'-enr 1/RX10%, Om'-cmr”! C.,% C. %
(ucxomHoe) ! 2
SKCTpaKHI/Iﬂ JAUITUIIOBBIM 3(1)I/IpOM
0,1 0,42 0,37 0,07 0,03
0.2 0,75 0,71 0,18 0,02
0,4 1,39 1,05 0,29 0,11
SKCTpaKHI/IH H-OKTAaHOJIOM
0,6 1,95 1,89 0,59 0,01
0.8 2,58 247 0,78 0,02
1,0 3,17 2,87 0,90 0,10

Ipumeuanue: C — ucxoonas konyenmpayus; R — conpomusnenue 600uvix pacmeopos I1B; C,u C, — pasnosecibvie Konyenm-

payuu pacmeopos IIB nocne sxcmpaxyuu

Tabnuua 3 — Bnuanue pH cpedvt na ko3gppunyuenm pacnpedenenus 6 cucmeme 600a 04UUEHHAA — H-OKMAHOI

1/R_><103_, l/RHFlXI(_)3, l/RHFlXI(_)3, 1/RNa_OH><1_03, l/RNa_OHX1»O3, Co o C %
C,% | Owm'cm! Om'em’! Om'em’! Om'-cm! Om!-em™! \HED 1(NaOHD
(ucxomnoe) | (ucxomnoe) | (n-oktaHom) | (MCXOMHOE) (H-OKTaHOM) (pH=2) (pH=8)
0,6 0,98 6,86 6,57 3,43 3,10 0,57 0,59
0,8 1,78 6,85 6,41 2,59 2,48 0,75 0,76
1,0 2,18 6,72 4,06 3,18 2,45 0,60 0,77
KoaddunueHt pacmpeneiicHus pPacCYUTHIBAIA — MOCTH, TO3BOJIIONIAs TPa(GUUICCKH ONPEACITUTh BEIMIUHY

yepe3 paBHOBECHbIEe KOHUeHTpanuu [IB B Boge oum-
mennok (C)) u n-okranone (C,). Konnentpamus ok-
TaHOJILHOTO PAacTBOpa BO3BOAMIACH B CTEMEHb CO-
OTBETCTBYIOIIEH cTeneHun accounanuu. IlocnegHss
onpenensiach rpaguIecKUM CocoOoM Mo 3aBUCHUMO-
cru 1gC, u 1gC,

Ha pucynke 1 mokazaHa JTUHEHHOCTh TakoW 3aBHUCH-

koddduIMeHTa pactipeie/ICHHUs M CTCIICHb aCCOIUAIIUH.
HonyquHme JAHHBIC CBHUACTCIILCTBYIOT, YTO I BO-
JHBIX pacTBOPOB I1B KpbDKOBHMKA JIydlliee paclIpeesicHue
W3 BOJTHOTO CJIOSl B OPraHUYECKHI IPOUCXOIUT B H-OKTAHOJI.
DKcHeprMeHTaJIbHbIE JIaHHBIE O BIUSHUH Ha pactipe/ie/icHNe
PpH cpenp! nokasanu, uro i [1B KppbKOBHMKA JTydlliee pac-
TIPE/ICIICHUE TPOUCXOIIHT B IIENIOUHOM cpefe (Taom. 4).

Taonuya 4 — 3nauenun KoIppuyuenma pacnpedenenusn é paxmUYHBIX CPEOaAx

No Koadhdumment pacnpenenenus Cpena

1 1,59 BOJIa OUMIIIEHHAS] — H-OKTaHOJI

2 2,60 BOJIa OYMIIEHHAS — TUITWIOBBIN 2pup
3 1,84 BoJzia ounineHHas (pH=2) — n-oxraHon
4 1,43 Bozna ountieHHas (pH=8) — n-okTanon
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Pucynox 1 — I'paghuueckuii pacuem napamempog pacnpedenenusn I1B Kpoiowcosnuka Omgionennozo
Ipumeuanue: C, u C,— pasnosecnuvie xonyenmpayuu pacmeopos I1B nocie sxcmpaxyuu

ITokazano, uto npouecc nepexona I1B B oprannye-
CKyto (pasy (H-OKTaHOI) HOCHT IK30TEpPMIUECKUI Xapak-
tep (AH<0). B n3meHeHnn n300apHO-N30TEPMHIECKO-
ro MOTEHIMaJIa BKJIAJ OSHTAJBIUITHOW COCTaBISIOIIEH
OoubIme, 4eM SHTPONUITHOTO (akTopa U modTomy AG<O0.
3TO CBUETENBCTBYET O CAaMOTIPOM3BOIEHOCTH TIpoIiecca
pacnpeseneHus OJIUCAXapuI0B B OPraHUUECKHi CIOM.

Bnuanue nexkmunosvix eewjecme, 6vl0€1eHHBIX
U3 TUCMBEE KPBINCOGHUKA OMKIOHEHHO020, HA TURUO-
HO-X0/1ecmepuHo8blii npoguis Kposu.

YV IpyHITBI MHTAKTHBIX KPBIC COIEpIkKaHHe OOIIEero Xo-
necrepuHa, xonectepuna JIITHII, xonectepuna JIIIBII n
TI" cocramsuio 2,42+0,08 mmons/i; 1,47+0,098 MMOB/IT;
0,97+0,026 1 0,47+0,03 MMOITB/TT COOTBETCTBEHHO (pHC. 2).

6
3 |
& u 1]
23
= B HEK
=

EI1K

Hoi.obm o JITTHIT Hom JITIBIT

Pucynok 2 — Bauanue IIB na nunuono-xonecmepunogulii Rpoghuis Kposu

Ipumeuanue: xon. obwy. — obwuti xonecmepun, xon. JIIIHIT — xonecmepun aunonpomeudog nuzkou niomuocmu, xon. JIIBIT
— Xonecmepun IUnonpomeudos gvlcoxo niomuocmu, TI' — mpuenuyepuovl, MH — unmaxmmuule scusomuvie, HK — necamusnwiii
Konmponw, ITK — nekmunosbvle 6eujecmsa, 6bl0e1eHHbIe U3 TUCNbES KPLIHCOBHUKA OMKIOHEHHO20;

# — cmamucmuuecku 3nauumo (p<0,05, t-xkpumepuii Cmwviodenma) omuocumenvro MH epynnet scueomuuix; * — cmamucmu-
yecku snauumo (p<0,05, t-xkpumeputi Cmuviooenma) omuocumenvio HK epynnot scueommuix
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B ycnoBusix 3KkCHepuMEHTaNbHON TMIEPXOJIECTEPU-
HEMHH Y JKUBOTHBIX TPyl HETaTUBHOTO KOHTPOJIS 1O
CpPaBHEHHUIO C MHTAKTHBIMH KPBICAMH OTMEYEHO ITOBBHI-
IIeHHEe KOHIIEHTPALUU OOIIEro XOJEeCTepHHa, XOJiecTe-
puna JIITHIT u TT" Ha 95,5% (p<0,05), 134% (p<0,05)
u 110,6% (p<0,05) coorBercTBeHHO. ComepikaHue Xo-
nectepuna JIIIBIT y HK rpymnmns! )KMBOTHBIX, HalIpOTUB
YMEHBIINIIOCH, 110 oTHomeHno k H kpeicam Ha 86,5%
(p<0,05), uto cornacyercs ¢ IUTEPaTypHBIMH JAHHBIMHU
[18, 19].

IlToxg nmeiicTBMEM NEKTMHOBBIX BEIIECTB, MOJIyYEH-
HBIX U3 JIUCTHEB KPBDKOBHUKA, Y KPBIC, IO CPABHEHHIO C
xuBoTHEIME HK rpymnmsl, Habmroganacs HopMan3aIus
JIUTHTHO-XOJIECTEPUHOBOTO Mpoduiast KpoBH (puc. 2),
BBIpakaeMasi B CHIDKEHHH KOHLIEHTPAIH OOIIEero xoJie-
crepuna, xonecrepuna JIITHIT u TT na 27,1% (p<0,05);
26% (p<0,05) u 54,7% (p<0,05) COOTBETCTBEHHO, a TaK-
JK€ IOBBIILIEHUU conepkaHusa xosecrepuna JIIIBIT na
32,7% (p<0,05).

[lomy4yeHHble B XOA€ HCCIEIOBAHUS [aHHBIE CO-
IacyloTCA C JTaHHBIMH JINTEPaTyphl W IOITBEPKAAIOT
OnaronpuATHOE BIUSHHUE IEKTHHOBBIX BEUIECTB HA JIU-
MTUIHO-X0JIeCTepUHOBBIN 00MeH [ 18]. CHkeHne ypoBHS
00II1ero XoJMecTeprHa, TPHUIIHIIEPHUIOB, HOPMAJIU3aIIs
otHortuenus xou. JITTHIT / xon. JITIBII Ha ¢one BBeneHus
M3y4YaeMbIX TIEeKTHHOBBIX BEIIECTB BO3MOKHO CBSI3aHO C
YTHETEHUEM IpoIiecca BcachIBaHUS U30BITKA X0IEeCTepH-

Ha ¥ TPUIVIMIEPHUJIOB, YTO, B CBOIO OYEpEb, MPEIOTBpa-
1IaeT ux npoareporennsie d¢dexrs [20, 21].

SAK/TIOYEHMUE. MeTtoioMm npenapaTiBHOM KOJTOHOU-
HO# XxpoMarorpadur B M3BICYCHUH U3 JIUCTHEB KPHDKOBHHKA
otkionenHoro Grossularia reclinata (L.) Mill., momydeHHOTO
cripTroM 3THIoBEIM 40%, OBUTH OOHApY)KEHBI KBEPLIETHH,
THIIEPO3HUT, PYTHH, KeMIdepos, acTparaivH W KodeiHas
kucnota. ['uneposna, pyTuH, KodeiHas KHUCIOTa BIEPBEIC
BBIZICJICHBI U3 JINCTHEB KPbIKOBHHUKA OTKIIOHCHHOTI'O.

Onpenencaue BeMUIUH K03()(OHUIIMEHTOB pacipe/e-
JICHUA MEKTHHOBBLIX BCIICCTB B PA3JIMYHBIX CUCTEMAX H
HX 3aBUCUMOCTBH OT KHCJIOTHOCTU CPCABI ITO3BOJIUT IIPO-
THO3UPOBATb BO3MOXXHOCTH ITPOHUKHOBCHHUA HUX YCPE3
Oouonorunueckue MemOpanbl. CiemoBareabHO, MOXXHO
PEANOI0KUTD, YTO I1B u3 nuctbeB KPBDKOBHHKA B IIC-
JIOYHOH cpefe KHUIIEYHOTO COAECPKUMOTro OyayT Jydine
pacrpesensiThcs U BCachlBaThes. B ycioBusX dkcrepu-
MEHTaJbHOU TUTIEPXOJIECCTEPUHEMHUH Y KPBIC OTMEYACTCHA
yBEJIMYCHUE KOHIIEHTPAIIUH O0IIEro XonecTeprHa, Xoe-
crepuna JITTHIT u TT na 95,5% (p<0,05), 134% (p<0,05)
u 110,6% (p<0,05) cOOTBETCTBEHHO, a TaKXKE CHUKEHUE
conepsxanus xonecrepuna JITNIBIT Ha 86,5% (p<0,05).

HpI/IMeHeHI/Ie HCCIIEAYEMBIX NEKTHHOBBLIX BEHICCTB
JINCTHEB KPBDKOBHHMKA OTKJIOHEHHOTO CHOCOOCTBOBAJIO
KOPPEKLUHU AUCIUIIUAECMHHY, BEIPAKAEMON B HOpMaJIN3a-
LUK KOHLEHTPAIMK OOIIEro XoJIeCTeprHa, X0lecTepruHa
JIITHII, xonectepuna JIIIBII u TI.

INTRODUCTION. By methods of high-perfor-
mance liquid chromatography 23 compounds have been
found in European gooseberry leaves, and only 13 of
them have been identified by the presence of standards.
They are represented by flavonoids, coumarins and phe-
nol carboxylic acids [1].

For more detailed information on the polyphenol ex-
tract from European gooseberry leaves (Grossularia rec-
linata (L.) Mill.), obtained by extraction with 40% ethyl
alcohol, we performed its fractionation by treatment with
various solvents in combination with preparative column
chromatography.

One of the indicators of bioavailability of drugs is
the distribution coefficient of the substances under study
between the hydrophilic and lipophilic phases, as well as
in various biological fluids [2].

Pectic substances (PS) have a preventive effect: an-
ti-inflammatory, antibacterial, anti-sclerotic, anti-aller-
gic. They have the property of lipid metabolism correc-
tion [3-5].

THE AIM OF THE WORK is: isolation, identifi-
cation of phenolic compounds, investigation of the distri-
bution coefficient and the antidislipidemic activity of the
pectic substances in European gooseberry leaves (Gros-
sularia reclinata (L.) Mill.).

MATERIALS AND METHODS

Extraction and isolation of individual compounds

European gooseberry leaves collected in July-August
2015-2017 in the phase of flowering and fruiting, the “Mos-
cow red” variety (the region of the Caucasian Mineral Wa-
ters (Stavropol Territory)) were used as the test material.

Degreased raw materials (European gooseberry
leaves) were extracted three times with 40% ethanol
by heating for 60 minutes. The resulting recovery was
concentrated to a volume of 100 ml, then successively
treated with chloroform, diethyl ether, ethyl acetate and
n-butanol in a separatory funnel.

After removal of the solvents, the obtained frac-
tions were transferred to chromatographic columns
filled with silica gel of the Silicagel 60 brand or poly-
amide of the Polyamide Woelm brand. The eluent for
the polyamide was purified water, and for silica gel it
was chloroform. The elution process was monitored by
thin layer chromatography (“Silufol”, “Sorbfil” plates)
and paper chromatography (PC) (MUNKTELL FN 7).
As the mobile phase n-butanol: acetic acid: water (BAW
(4: 1:5)); 15% acetic acid; ethyl acetate-acetic acid-wa-
ter (5: 1: 1) were used.

Isolation of pectic substances and determination of
the distribution coefficient

Isolation of pectic substances from European goose-
berry leaves was carried out according to N.K. Kochet-
kov and M. Sinner’s methods [6]. After hydrolysis, glu-
cose, xylose, rhamnose and galacturonic acid were found
out in the fraction of pectic substances. Gravimetric anal-
ysis indicated PS predominance (6.4%). Therefore, fur-
ther studies were carried out with this fraction [7].

When determining the distribution coefficient from
organic solvents, diethyl ether and n-octanol were used,
as the objects under study are readily soluble in them. PS
extraction was carried out from both - aqueous solutions
(0.1-1%) and the solutions brought to pH =2 and pH =
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8 with 10% solutions of hydrochloric acid and sodium
hydroxide, respectively.

For extraction, the volumes of the solutions studied
and the electrolyte were taken equally. The concentration
of the aqueous solutions in the initial form and in the raf-
finate was determined by the conductometric method us-
ing the calibration curve of dependence 1 /R = f(c) [2].

Determination of antidislipemic activity

Animals

Determination of the lipid-cholesterol profile of blood
was performed on 30 male Wistar rats weighing 200-220
grams, divided into 3 equal groups (n = 10). The animal
care and the experiments were in accordance with the rules
of laboratory practice (GLP) for pre-clinical studies in the
Russian Federation (GOST 3 51000.396 and 51000.4-96),
international recommendations of the European Conven-
tion for the Protection of Vertebrates (1997).

Investigations of the effect of pectic substances iso-
lated from European gooseberry leaves, on the correc-
tion of dyslipidemia

The first group of rats were intact animals (IA). In
the remaining rats, hypercholesterolemia was simulated
by a course (14 days) oral administration of a 3% cho-
lesterol solution (series: 371274, Panreac, Spain) in sun-
flower oil [8].

Hereby, the second group of rats were negative con-
trol animals (NC), not receiving pharmacological sup-
port. The third group of rats were injected per os with the
investigated pectin substances isolated from European
gooseberry leaves in the quantity of 1 ml of a 1% solution
per 100 g of the animal’s weight.

The procedures of the solutions input of the inves-
tigated pectic substances and cholesterol solution were
separated by a 2-hour interval. After 14 days, the animals
were withdrawn blood from the jugular vein, followed
by the production of serum and the determination of pa-
rameters characterizing the state of the lipid-cholesterol
blood profile: total cholesterol (TC), low-density lipopro-
tein cholesterol (LDLP cholesterol), high density lipo-
protein cholesterol (HDLP cholesterol), and triglycerides
(TG). The standard sets of reagents produced by Olvex
Diagnosticum (total cholesterol: series 01042017, HDLP
cholesterol: series 080022017, LDLP cholesterol: series

20022017, triglycerides: series 01122016, Sweden) were
used in the work. Sample preparation and further analysis
followed the instructions attached to each kit.

Statistical processing

The results of the experiment were processed by vari-
ational statistics methods using STATISTICA 6.0 applica-
tion software package (StatSoft, USA). The obtained data
were subjected to a normal distribution test using Shap-
iro-Wilk test. In the case of subordination of data to the
law of normal distribution, Student t-test was used to com-
pare the averages, otherwise further statistical processing
of the data was carried out using Mann-Whitney U test.

RESULTS AND DISCUSSION

Isolation of individual substances by preparative col-
umn chromatography.

The chloroform fraction was transferred to a column
of polyamide and eluted successively with purified water,
ethyl alcohol of different concentrations and 95% ethyl
alcohol. Two substances were obtained, one of which
was characterized by a blue glow (Substance 1), and the
other had a dark brown color in UV light in the adsorp-
tion zone (Substance 2). From the ether fraction on the
column with silica gel two substances - Substance 3 and
Substance 4 having a dark-brown color in UV light in the
adsorption zone were separated.

The ethyl acetate fraction was concentrated to a
small volume and mixed with anhydrous chloroform
(1:5). The precipitate was transferred onto the column
of polyamide, eluted with water-ethanol mixtures with
a gradient increase in ethyl alcohol, and Substances 5
and 6 were obtained. The chloroform-ethyl acetate fil-
trate was concentrated after separation of the precipi-
tate and transferred to a silica gel column. Elution with
chloroform-ethanol mixtures with a gradient increase in
ethyl alcohol yielded two fractions: one contained two
polyphenolic compounds — Substances 7 and 8; the sec-
ond contained four substances — 9, 10, 11 and 12. Then
the both fractions were re-divided on polyamide col-
umns. The elution was carried out with water-ethanol
mixtures.

Chromatographic analysis and a small range of melt-
ing temperatures of the isolated substances indicate that
they are individual (Table 1) [9 £+ 12].

Table 1 — Values of mobility coefficients of the obtained substances

Value of the mobility coefficient Number
15% acetic acid BAW (4:1:5) Ethyl acetate E;fitl)c acid—water | ¢ the obtained substance
0.36+0.02 0.42+0.03 0.44+0.03 2
0.59+0.04 0.64+0.02 0.32+0.02 3
0.26+0.02 0.78+0.04 0.83+0.04 5
0.524+0.03 0.77+0.03 0.80+0.03 7
0.43+0.02 0.73+0.02 0.64+0.02 8
0.07+0.01 0.89+0.03 0.90+0.02 10

The IR spectrum of Substance 3, as well as the data
of comparative chromatographic analysis, UV spectro-
photometry with ionizing and complexing additives, are
identical to those for Substance 11. This is also indicated
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by the absence of depression of the melting temperature in
the sample of mixing. The similarity of some physical and
chemical parameters for Substances 2 and 4 was revealed.

Substances 2, 3, 5, 8, 10 acquire red staining under
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the conditions of cyanidin test, which indicates their
belonging to the derivatives of flavonol. The structural
analysis of these compounds was carried out by UV spec-
troscopy with ionizing and complexing additives, since it
is maximally informative and reliable [13].

The UV spectra of aglycons (Substances 5 and 10)
are characterized by the presence of two bands of approx-
imately the same intensity. The obtained data indicate
that in position C5 Compounds 2, 3, 5, 8 and 10 have a
free hydroxy group, and that is indicated by a significant
bathochromic shift of both absorption bands in the pres-
ence of aluminum chloride. In the presence of aluminum
chloride Substances 5, 10 give a significant bathochro-
mic shift of both bands, which indicates the presence of
hydroxy groups C5 and / or C3.

When adding freshly melted sodium acetate to the
analyzed solutions of the separated substances, a ba-
thochromic shift of the short-wave II band is observed;
this indicates the presence of a free hydroxy group for
all compounds at C7. The bathochromic shift of the
long-wave band in the spectra of Substances 2, 3 and 5
causes the addition of freshly melted sodium acetate and
boric acid, which is characteristic of flavonoids having
ortho-dihydroxy grouping at the 3’and 4’positions of the
side phenyl radical.

The bathochromic shift of the I-st band without de-
creasing its intensity was observed under the influence of
sodium methoxide, which indicated the presence of hy-
droxy groups of atoms C3 and C4 (decrease in intensity
and degradation in 3-5 minutes); in Substances 8 and 10
a bathochromic shift of the I-st band was also observed
without changing its intensity, which indicated a free hy-
droxy group in C4’ in these compounds [10].

To clarify the position of the carbohydrate residue,
UV spectroscopy of the aglycon in the presence of alumi-
num chloride was used. When comparing the absorption
spectra of the substances before and after hydrolysis, the
appearance of a bathochromic shift in the case of the agly-
cone attracts attention, which suggests that in Compounds
2, 3, 8 glycosidation takes place in the position of C3.

IR spectra were measured on the “IR-Fourier spec-
trometer FCM 1201”. The carbonyl group of the unsub-
stituted flavone was absorbed at 1650 cm-1. If a flavone
contains the group OH- in position C3, then the frequen-
cy is reduced to 1619 cm-1. The introduction of a hy-
droxyl group in the position C5 of flavonoids slightly
increases the absorption frequency of the carbonyl group
to 1655 cm-1, despite the possibility of formation of an
intramolecular hydrogen bond [9, 14, 15].

As a result of alkaline cleavage of the investigated
aglycones (2, 3, 5) with potassium hydroxide, protocat-
echic acid and floroglucin were obtained, and as a result
of alkaline cleavage of aglycons 8, 10 with potassium hy-
droxide, para- hydroxybenzoic acid and floroglucin were
obtained, which was proved by paper chromatography
PC (the mobile phase was — BAW (4: 1: 5), the developer
was a 1% aqueous solution of ferric chloride, a 0.1% di-
azotized sulfonyl acid) [6, 15].

As a result of complete acid hydrolysis of Substance
2, aglucone - quercetin and D-galactose were obtained.
The hydrolyzate was treated with diethyl ether in a
separatory funnel. The obtained extract was chroma-
tographed by a biochemical method using the standard
quercetin sample in the mobile phases of PC BAW (4:
1: 5) and 15% acetic acid. The hydrolyzate was neutral-
ized with barium carbonate using a universal indicator,
then filtered, evaporated to a small residue and chroma-
tographed in the mobile phase of PC BAW (4: 1: 5) using
standard samples. After the development of anilinphthal-
ate reagent, D-galactose was detected [6, 16].

The proton signals appear in NMR-1H spectrum
(400MHz, DMSO-d6, 3, ppm, J / Hz) of Substance 10:
6.19 (1H, d, 1.96 Hz, H-6), 6 , 37 (1H, d, J = 1.96 Hz,
H-8), 8.04 (2H, m, H-2 *, 6°), 6.82 (2H, m, H-3 <, 5 ),
12.94 (1H, s, OH-5).

NMR-13C spectrum of Substance 10 (101 MHz, DM-
SO-d6): 154.21 (C-2); 135.98 (P-3); 180.52 (P-4); 104.77
(P-5); 156.51 (P-6); 99.30 (C-7); 164.66 (P-8); 93.99 (P-
9); 162.31 (P-10); 121.55 (C-17); 130.15 (C-2 & apos;, 6 &
apos;); 115.58 (C-3 & apos;, 5°); 157.73 (C-4°).

Thus, NMR-1H and 13C spectroscopic data confirm
our conclusions obtained on the basis of UV spectropho-
tometry with ionizing and complexing additives.

The UV spectrum of Substance 7 is characterized by
three absorption bands with maxima at 216, 243, 325 nm.
According to UV, IR spectroscopy and paper chromatog-
raphy, it can be concluded that substance 7 is a coffee
acid [13].

The results obtained indicate that Substance 5 is
3,5,7,3’,4’-pentaoxyflavone (quercetin), Substance 2 is
quercetin-3-0O-B-D-galactoside (hyperoside), Compound
3 is quercetin-3 (rutin), Compound 10 is 3,5,7,4’-tetra-
hydroflavone (kaempferol), Substance 8 is kappepro-
le-3-O-B-D-glucopyranoside (astragaline) and Substance
7 is coffee acid.

Determination of the distribution coefficient

The distribution coefficient in the n-octanol-purified
water system is widely used in chemistry, medicine, and
pharmacology to describe the transport of substances
through biological membranes [2].

It has been shown that the relationship between the
distribution coefficient and the biological effect can be
parabolic in nature, and when the lipophilicity optimum
is reached, its further increase may lead to a decrease in
biological activity [17]. The results of determining the
distribution coefficient are presented in Tables 2, 3.

The distribution coefficient was calculated
through the equilibrium concentrations of PS in puri-
fied water (C1) and n-octanol (C2). The concentration
of the octanol solution was raised to the degree of the
corresponding degree of association. The latter was
determined graphically from the dependence of 1gC,
and 1gC,.

Figure 1 shows the linearity of such a dependence,
which allows us to graphically determine the value of the
distribution coefficient and the degree of association.
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Table 2 — Distribution Coefficient in systems water — n-octanol,
purified water-diethyl ether

C, % I/RX10°, Onoar 1/RX10%, Om'-car! C.% C, %
(initial) ! 2
Extraction with diethyl ether
0.1 0.42 0.37 0.07 0.03
0.2 0.75 0.71 0.18 0.02
0.4 1.39 1.05 0.29 0.11
N-octanol extraction

0.6 1.95 1.89 0.59 0.01
0.8 2.58 2.47 0.78 0.02
1.0 3.17 2.87 0.90 0.10

Note: C is the initial concentration; R is the resistance of aqueous solutions of PS; C, and C,are the equilibrium concentra-
tions of solutions of PS after extraction

Table 3 — Effect of pH-medium on the distribution coefficient in the system
purified water - n-octanol

. 1/}_1]><103,_l I/R‘_{]CIXIO?I, 1/R1?1CIX101, l/ﬁNaOH%IIOf,. l/RN?]OHXl(f, C % |c %
C,% | Om™':-cm Om™' - cm Om' - cm Om™ - cm™ (ini- m”' - cm ( 'ﬁci 2) (W‘I’_fioi) 8)
(initial) (initial) | (n-octanol) tial) (n-octanol) | P p
0.6 0.98 6.86 6.57 3.43 3.10 0.57 0.59
0.8 1.78 6.85 6.41 2.59 248 0.75 0.76
1.0 2.18 6.72 4.06 3.18 245 0.60 0.77

1g C2 / ’

/ 15
/ oy
0o

LY Y.

L ’

Figure 1 — Graphical calculation of distribution parameters of European gooseberry

Note: C,and C,are equilibrium concentrations of PC solutions after extraction

The data obtained indicate that for aqueous solutions  n-octanol. Experimental data on the effect on the pH dis-
of PS from European gooseberry, a better distribution  tribution of the medium showed that the best distribution
from the aqueous layer to the organic layer occurs in  for gooseberry goose is in the alkaline medium (Table 4).
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Table 4 — Values of the distribution coefficient in various media

No Distribution coefficient Medium

1 1.59 purified water — n-octanol

2 2.60 purified water — diethyl ether

3 1.84 purified water (pH = 2) — n-octanol
4 1.43 purified water (pH = 8) — n-octanol

It has been shown that the process of PC transition into
the organic phase (n-octanol) is exothermic (AH <0). In the
variation of the isobaric-isothermal potential, the contribu-
tion of the enthalpy component is greater than the entropy
factor and therefore AG <0. This indicates the spontaneous
distribution of polysaccharides to the organic layer.

The effect of pectic substances isolated from European
gooseberry leaves of, on the lipid-cholesterol profile of blood

In the group of intact rats the content of total cho-
lesterol, LDL cholesterol, HDL cholesterol and TG was
2.42 +0.08 mmol /1; 1.47 £ 0.098 mmol /1; 0.97 £ 0.026
and 0.47 + 0.03 mmol / L, respectively (Figure 2).

mIN

mmol /1
w

mNC
PC

Hy

LDL chol.

tot. chol.

HDL chol. TG

Figure 2 — Effect of PC on lipid-cholesterol blood profile

Note: tot. chol. — total cholesterol, LDL chol. — cholesterol of low density lipoproteins, HDL chol. — cholesterol lipoprotein of
high density, TG-triglycerides, IN — intact animals, NC — negative control, PC — pectic substances isolated from European goose-

berry, leaves;

# — statistically significant (p<0.05, t-Student criterion) relative to the group of animals; * — statistically significant (p<0.05,

t-Student criterion) relative to the group of NC animals

In conditions of experimental hypercholesterolemia
in the animals of the negative control group as compared
with the intact rats there was an increase in the concen-
tration of total cholesterol, LDL-C and TG by 95.5%
(p<0.05) and 134% (p<0.05) and 110.6% (p<0.05), re-
spectively. In the NC group of animals the content of
HDL cholesterol, on the contrary, decreased by 86.5%
(p <0.05) with respect to IN rats, which agrees with the
literature data [18, 19].

Under the action of pectic substances obtained from
European gooseberry leaves, the normalization of the
lipid-cholesterol profile of blood was observed in rats,
compared with that in the animals of the NC group
(Figure 2), expressed in the concentration decrease of
total cholesterol, LDL cholesterol and TG by 27.1%
(p <0.05); 26% (p <0.05) and 54.7% (p<0.05), respec-

tively, and an increase in HDL cholesterol by 32.7%
(p <0.05).

The data obtained in the course of the study are con-
sistent with the literature data and confirm the beneficial
effect of pectic substances on lipid-cholesterol metabo-
lism [18]. Decrease in the level of total cholesterol, tri-
glycerides, normalization of the ratio LDL cholesterol /
HDL cholesterol with the input of the studied pectic sub-
stances is possible due to the inhibition of the absorption
of excess cholesterol and triglycerides, which, in its turn,
prevents their pro-atherogenic effects [20, 21].

CONCLUSION. Preparative column chromatog-
raphy was used to extract quercetin, hyperoside, rutin,
kaempferol, astragaline and caffeic acid from Europe-
an gooseberry leaves Grossularia reclinata (L.) Mill.,
obtained by 40% Ethanol. Hyperoside, rutin, coffee
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acid have been first isolated from European gooseberry
leaves.

The determination of distribution coefficients values
of pectic substances in various systems and their depen-
dence on the acidity of the medium will make it possi-
ble to predict the possibility of their penetration through
biological membranes. Consequently, it can be assumed
that PC from European gooseberry leaves will be better
distributed and absorbed in alkaline environment of in-
testinal contents.

Under the conditions of experimental hypercholester-
olemia, rats have an increase in the concentration of total
cholesterol, LDL cholesterol and TG by 95.5% (p <0.05),
134% (p<0.05) and 110.6% (p <0.05) respectively, as well
as a decrease in HDL cholesterol by 86.5% (p <0.05).

The application of the studied pectic substances of
European gooseberry leaves contributed to the correction
of dyslipidemia, expressed in the normalization of the
concentration of total cholesterol, LDL cholesterol, HDL
cholesterol and TG.
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