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BUOJTOTMYECKUN AKTUBHDbIE BELLLECTBA
NNCTbEB NABPA BJZIATOPOAHOTO

H.M. Hacyxoea', JI.A. Jloceunenxo®, A.JI. Xapuenxo?®, /I.A. Konosanoe*
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Jlasp dnacopoonviii — Laurus nobilis L. — eeunozenénoe 08yoomHoe, peoko 00HO0OMHOe, pacmeHtue 8biCOmotl 00
12—15 m. Hazsanue pacmenusi nocesujeno opegrezpeieckomy 602y contnya AnOIIoHy u aeisaemcs CUMBOIOM MUpa u
nobeovl. U3 nezo denanu 6enku 0 UMNEpamopos, 2enepanos u nodmos. Ecmecmeennvivu mecmamu naspa onazo-
Ppoonozo agaaomes meppumopuu cmpar CpeouzemMHoMOpPbs € BbICOKUM 20008bIM YPOBHEM AMMOCHEPHLIX 0CAOKOB.
Buipawusaemcs kax oexopamusnviil 6uo 6 Egpone, Poccuu, CIIIA u opyeux cmpanax. Kynemusupyemcsa e Typyuu,
Anosrcupe, Mapoxxo, [lopmyeanuu, Henanuu, Umanuu, @panyuu, Poccuu u Mekcuxe. I]ens uccnedosanus — oo630p
00CMYNHOU TUMEPAmypuvl 0 GblOeNeHUU, UOCHMUDUKAYUL, KOTULECTNBEHHOM OnpedeNeHuU OUON0UYECKU aKMUGHBIX
cOeOUuHeHUll TUCMbes 1a6pa O1a20pOOH020 U YCHIAHOBIEHHBIX BUOAX UX ghapmakonocuieckol axmugrnocmu. Mame-
puanst u memoowl. Hccieoosanue npogoounocs ¢ UCHONb308aHueM ungopmayuonto-nouckosvix (PubMed, CiteSeer,
arXiv), oubnuomeunvix 6a3z daunvix (eLibrary, Cyberleninka) u 6ecniamuoii coyuanvroii cemu ResearchGate. Pe-
3ybmamul u 00CysncoeHue. Ycmanosneno, ymo aucmos 1aspa 01azopooHo20 8 Kauecmsee OCHOGHBIX 0elicmEYIouUX
seujecme cooeparcam KOMIOHEHMbL IPUPHO20 MACIA, (heHOonblble COCOUHEHUS. U CecKeUmepnenogule 1akmonsl. Kaue-
CMBEHHbIN COCMAB U KONUYECMBEHHOE COOePICANUEe IMUX SPYIN NPUPOOHBIX COCOUHEHULL 8 DIMOM Cbipbe Bapbupyen 8
3a6UCUMOCTU OM IKOJI020-2€02PAPUUECKUX, I0APUUECKUX, KIUMAMUYECKUX PaKmopos, (hazbl pa3eumus pacmenuil,
MEeXHON02UU 8bIPAWUBAHUS, CNOCODA CYWKU U m.0. Pe3yibmamol u36ecmubix hapmakonocuieckux ucciedo8anuil u3-
8l1eUeHUll, CYMMAPHBIX Ppakyuil u UHOUBUOYAIbHBIX COCOUHEHUL TUCTbes 1a8pa 61a20POOHO20 XApaKmepu3syom OaH-
HbIU UO CbIPbsL KAK NePCNeKMUBHbBILL UCTNOYHUK 01 OalbHeliue2o boree 21yb0Koeo ucciedosanus. 3akawouenue. Kax
nokasanu, npeocmasiennvie 6 0030pe Oanibvle, UMEIWUECs 8 OMKPLIMOM UHPOPMAYUOHHOM 0OCHYNe, KOMNOHEHMbL
agpupHoeo macna, ¢peHonvHvle coeOuHerus ((heHonbHble KUCI0mbl, hasoHOUOb U Op.), CeCK8UNEPNeHo8ble TAKNMOHbL
1aspa O1a20poOH020 NPOABIAION PA3HOOOPA3HLII CHeKMp (hapMaKono2uyeckol akmueHocmu. AHmuMukpooHas (8
WUPOKOM CMbICILE), NPOMUBOBUPYCHAS, NPOMUBOBOCNAIUMENbHAS, AHMUOUADEMUYeCcKds U YUmomoKcuieckas (npo-
MUBOPAKOBAsL) AKMUGHOCIY, YCINAHOBIEHHbIE Y U36/eHeHUll, OMOEIbHbIX PPAKYULl U UHOUBUOYATLHLIX COCOUHEHUT
JIUCIbEB 1aspa, AGNAIOMCA NePCHEKMUBHBIMU, C MOYKU 3PeHUsT 0YOYUWUX UCCAe008aHUTL U PA3PADOMKY HOBbIX Je4eo-
HO-NPOPUAAKMULECKUX U JIeKAPCMEEHHBIX CPEOCM.

Knroueswvie cnoea: nasp onacopoonuiii, Laurus nobilis, sgpuproe macno, penonvhvie coedunenus, ceckgumepne-
HOGble JIAKMOHbL, PAPMAKONO2UNECKAs, AKMUBHOCTb

BIOLOGICALLY ACTIVE SUBSTANCES
OF THE LAURUS NOBILIS LEAVES

N.M. Nasukhova', L.A. Logvinenko?, A.L. Kharchenko?, D.A. Konovalov*

'Pyatigorsk Medical and Pharmaceutical Institute — branch of Volgograd State
Medical University, 11, Kalinin ave., Pyatigorsk, 357532, Russia
’Nikitsky Botanic Garden, Nikita, Yalta, Republic of Crimea, 298648, Russia
E-mail: d.a.konovalov@pmedpharm.ru

Laurus nobilis L. is an evergreen dioecious, rarely monecious plant up to 12-15 m high. The plants name is
devoted to an Ancient Greek God of Sun Apollo and is a symbol of peace and victory. It was used in making up
wreaths for emperors, generals, and poets. Its natural area includes Mediterranean countries with high level of
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annual precipitation. It is actively cultivated as a decorative plant in Europe, Russia, USA and other countries. It
is cultivated in Turkey, Algeria, Morocco, Portugal, Spain, Italy, France, Russia, and Mexico. The aim of the study
is the review of available literature about isolation, identification, quantitative determination of biologically active
compounds of the Laurus nobilis leaves in the established species and their pharmacological activity. Materials
and methods. The study was carried out using searching (PubMed, CiteSeer, arXiv), library databases (eLibrary,
Cyberleninka), and ResearchGate free social network. Results and discussion. We have established that Laurus
nobilis leaves have components of essential oil, phenolic compounds, and sesquiterpenic lactones as the principal
active substances. Qualitative composition and quantitative content of these compound groups in these raw materials
varies depending on the ecological and geographical, edaphic, climatic factors, phase of the plant growth, cultivation
technology, drying method etc. The results of the pharmacological studies of the extracts, summary fractions, and
individual compounds of Laurus nobilis leaves characterize this type of raw materials as a perspective source for a
more profound study. Conclusion. As the available open review data showed, the essential oil components, phenolic
compounds (phenolic acids, flavonoids, etc), sesquiterpenic lactones of Laurus nobilis exhibit a diverse spectrum
of pharmacological activity. Antimicrobial (widely), anti-virus, anti-inflammatory, anti-diabetic, and cytoxic (anti-
cancer) activities, established in extracts, certain fractions, and individual compounds of Laurus leaves compounds
are perspective from the point of further studies and development of new treatment and preventive medicinal drugs.

Keywords: Laurus nobilis, essential oil, phenolic compounds, sesquiterpenic lactones, pharmacological activity

Bgenenmue. JlaBp Onaropoansiit — Laurus nobilis L.
SIBIISICTCSI UICTOYHUKOM PACTUTENIBHOTO CBHIPhS (JIUCTHA),
KOTOPO€ HUCTIONB3YeTCs KaK MPSHOCTh U apoOMaTH4YecKast
MIpUIIpaBa B MpoIlecce KOHCEPBUPOBAHUS OBOLICH, MpH
[IPUTOTOBJICHUHU CYIIOB, MSICHBIX, PBIOHBIX OJIOI.

JIuctea maBpa MMPOKO MCHONB3YIOTCS B TPaaHLU-
OHHBIX OJIFOaX HApPOIOB HE TOJbKO Cpean3eMHOMOp-
CKHUX, HO U MHOTHX JPYTUX CTpaH, I/ie paCTeHUE JaBHO U
yCIIEUIHO KynsTuBupyercs [1].

OfHUM M3 BeIyIUX 3KCIOPTEPOB JIABPOBOTO JIKCTA
spasietcst Typuust (10 90% muposoro sxcropra). C 2008
r. 1o 2013 . 3KCTIOPT BHICYIIEHHOTO JIMCTA JaBpa Typuu-
eit ysemmumics ¢ 6 000 Tonn 10 12 000 TonH (¢ 18,5 miH.
10 30 min. USS) [2].

Kpymnueimmmu uMnoprépaMu JaBpOBOTO JIMCTa B
mupe sBisitorcss Boernam, CHIA, Poccus, Ilonbma u
I'epmanus [2].

Ha Tteppuropun Poccuu naBp npouspacraer B
10ro-3anagHeIx paifonax KpacHomapckoro kpas, B Kpbl-
My.

B naponHoli MeauuuHe HaApOAOB Pa3HbIX CTPAH JIH-
CTbsl JIaBpa MPUMEHSIIOTCS TIPH JieueHun 1uadera, 3a00-
JIEBaHMi, BHI3BAHHBIX I'PUOKOBBIMU U OaKTepHaIbHBIMU
nHpekuusmMu. M3BiieueHns: U3 JIMCTbEB J1aBpa 00IaialoT
MIPOTUBOBOCMATIUTENBHBIMY, YCHOKAWBAIOIIUMH, aH-
TUAIIWIIETITUYeCKUMHU cBoiicTtBamu [3, 4]. Hacroil wuc-
MOJIb3YeTCSl TIPU  PA3JIMYHBIX IKETYIOYHO-KUIIEUHBIX
3a00JIeBaHUX, a TAKKE P METEOPH3ME B Ka4eCTBE Be-
TPOTOHHOTO cpencTna [5].

W3BneueHus U3 JIMCTHEB JIaBpa 0JIATOPOJHOIO 00Ja-
JIal0T IIPOTHBOBOCHAINTENLHOM [6, 7], mpOoTHBOOOIIEBOM
[6], mmMmyHHOcTUMynupyomei [8], Helipo3amuTHON
[9], aHTUXOMMHEPTrUYECKOH, aHTHOKUCIUTEIBHON, Mpo-
THUBOSA3BEHHOM, aHTUKOHBYJIbCAHTHOM, AHTUMYTAareHHOH,
WHCEKTULUHOW, aHTUOAKTepUaIbHON, MPOTUBOBUPYC-
HOM, IPOTUBOIpHOKOBO#i [7], napBunmanoii [10] akrus-
HOCTBIO.

B Hay4HoOIi nuTeparype onucaHbl aHTHOaKTepUallb-
Hble cBoiicTBa BogHoro [11], aranombHoro [12, 13] u
MeTaHOJIbHOTO u3BjiedeHuil [14]. JIucTtes maBpa BXOIAT
B COCTaB HECKOJIbKUX cOOpoB [15] M JekapcTBEHHBIX
cpencTB st Jieuenus: quadera [16, 17]. Vzsneuenus uz

9TOTO CBIPHS BXOIST B COCTaB OMOJIOTHYECKH aKTHBHBIX
no6aBok k e [18].

Lean uccienoBanmusi — 0030p JOCTYIMHOM JHTEpa-
TYpBI O BBIJICIICHUH, HJICHTU(PHUKALINN, KOJTHIECTBEHHOM
OTIpe/IeTICHUH OMOIOTHYECKHI aKTUBHBIX COCMHEHNH JIN-
CTHEB JIaBpa OJIArOPOTHOTO M YCTAHOBJICHHBIX BH/IAX HX
(hapMaKoIOrHueCKO aKTHBHOCTH.

Marepuansl U MeToabl. VccienoBanue mpoBou-
JIOCh C WCIIOJIBb30BAHUEM HMH(OPMAIIMOHHO-TIOMCKOBBIX
(PubMed, CiteSeer, arXiv), OMONHOTEYHBIX 0a3 TaHHBIX
(eLibrary, Cyberleninka) n OecniaTHOM COUMAILHOM
cetu ResearchGate.

Pe3ysabraThl u 06cy:k1eHne. B nucThsx naspa Ona-
TOPOAHOTO OBUTM MAEHTH(HUINPOBAHBI MOHO- M CECKBH-
TEPICHONbI, ()CHOIBHBIC U HEKOTOPhIE NPYTHe COCaH-
Henus [7].

1,8-Lluneon aBisieTcst INIaBHBIM KOMITOHEHTOM d(Hp-
HOTO Macja JIMCTheB JaBpa (¢ coxepxkanueM 25-70%),
COOpaHHBIX B pa3HBIX PETHOHAX MHpa, HANpUMEp, B
Typuuu [19, 20], Upane [21, 22], Kutae [23], Tynuce
[24], Mapoxkxo [25], Xopsaruu u Cepbuu [26], Utamim
[27], ®panuuu [28], [Hopryranuu [29], Aprentune [30]
u bpazunuu [31].

M. Riaz ¢ coaBTOpaMu HCCIEIOBATH XHUMUYECKHHA
cocTaB 3(MPHOTO MACiIa, U3BIEYEHHOTO U3 JINCTHEB JIaB-
pa, npouspacrarouiero B ITakucrane [32]. Beixox macna
6611 cambiM HU3KUM (0,13%) B MapTe M camMbIM BBICO-
kM (0,36%) B cenTsiOpe. LluHeon u 9BreHON 0Ka3alluch
IJIaBHBIMHM KOMIIOHEHTAaMH BO BCEX 00pa3Iiax, OHaKo Ha-
OJFONAIACh a3yl B KOJMMYECTBEHHOM COZICPKAHUH
rxomnoneHToB. K. Kevseroglu n np. n3yunnu onTorene-
THYECKYIO0 U JHEBHYIO U3MEHYMBOCTH 3()MPHOTO Maciia
13 JIUCTHEB JIaBpa, BelpamuBaemoro B Typuuu [33]. Uc-
CIIEIOBAaHUSI TTOKA3aJIH, UTO COJCpKaHue ApupHOro Mac-
Jla B JIUCTBSIX HE3HAUUTEIHFHO BapbHPOBAJIO B TEUCHUE
JIHS, HO CE30HHas Bapuanus Obuia cymecTBeHHOH. Ca-
MBI BBICOKHMH MPOLEHT 3()UPHOTO Macia ObUI yCTaHOB-
neH B aBrycte (1,46%) n utone (1,33%), a camblii HU3KHH
— B Mae u ceHtsope (0,59% u 0,74%, COOTBETCTBEHHO).
ABTOpamu 0OHapyXeHa TITOJOKUTEIbHAS KOPPEISIUs
MEXIY coZepKaHueM 3(UPHOTO Maclia B JINCTHSAX U 3HA-
YEHUSIMU TEMIIEPATYPBI.
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Habnrogaemble pasniumst B coctaBe A(pUpHOTO Maciia
Y KOJIMYECTBEHHOM COJIEP)KaHUH OT/EIBHBIX KOMITOHEH-
TOB, TIO MHEHHMIO HEKOTOPBIX UCCIIEI0BaTelNel, MOTYT 00b-
SICHSITBCSL PA3HBIMHU DKOJIOTMYECKUMH, KITMMATHYCCKUMH,
CC30HHBIMH, TCHETUYCCKAMHE U TeorpapuuecKiuMu (pakTo-
pamu [34], a TakKe pa3nvueM BUIOBBIX (POPM U XEMOTH-
TIOB JIaBPa, COCTOSIHHEM MOYBEHHOTO MUTAHMS U T.]I.

AHTnOaKTepHaIbHasl aKTUBHOCTH A(PHUPHOTO Mac-
Jla U3 JIMCTHEB JIaBpa, U3yUeHHas in Vitro Ha Tpex Oak-
TepUaNbHBIX MmTaMMmax: Staphylococcus aureus, St.
intermedius w Klebsiella pneumonia, TpOSBISIACH
MpY MUHUMAJIBHONH WHTHOMPYIOIIEH KOHIICHTPAIUU OT
0,01 go 1 mr/mu [25]. LluHeon, kak U3BECTHO, 00Jaa-
€T CWIBbHBIM aHTUOAKTEPHATBHBIM JCHCTBUEM IPOTHB
Staphylococcus aureus [35]. Jlunanoon — amudarude-
CKUI CIIUPT C BBIPAXKCHHON aHTHOAKTEPHATHLHON aKTHB-
HOCTBIO B OTHOIIICHUU HECKOJBKUX OAKTEPHii, TAKHX KaK
Shigella sonnei, Sh. flexneri, Pseudomonas aeruginosa u
Listeria monocytogenes [36]. Y MeTWIIBreHoNa U cabu-
HEHa TaKkKe YCTaHOBJICHA CHJIbHAs aHTHOAKTepHasbHast
aKTHBHOCTH [37], Torna Kak KapBakpoJl IPOSIBUI BBIpa-
JKEHHYIO aHTHOAKTepHaJbHYI0O aKTUBHOCTH B OTHOIIIE-
HUU IPaMOTpPHUIIATEIBHBIX OakTepuit [38]. DTu mectsb oc-
HOBHBIX JINIO(QUIBHBIX BEIIECTB I(PUPHOTO Maclia JaBpa
B COCTOSIHUHM TIPOHHMKAaTh 4epe3 KIETOYHbIE MEMOpaHBI
MHUKPOOPTaHU3MOB, MTOCPEICTBOM pa3pyILICHUs! MMOJIHCa-
XapUJIOB, JKUPHBIX KUCIOT U (POCHOIUTHIOB, BXOIAIINX
B UX cocTaB. AHTHOAKTepHabHast aKTHBHOCTD d(UPHO-
ro Maclia JlaBpa OIHCaHa B MHOTOYHCIICHHBIX HCCIEIO0-
BaHMsIX [39, 40].

D¢upHOE MaciIo U3 JIUCTHEB JaBpa (B KOHIEHTPAIN
300 Mr/mi1) MOYTH MOJHOCTHIO MHIHOUPOBAJIO 00pa3o-
BaHue 3-HutporuposnHa (91%). 1,8-I{uneon oxazaincs
HEaKTUBHBIM B ATOW MOZEIH. DTO MO3BOJMIO aBTOpam
paboTHI MPEAIOIOKHUTE, YTO NaHHBIN d(deKT cBs3aH ¢
JPYTUMH JIETyUYHUMH BeIleCTBaMH JIUCThEB [41].

[TpoTtnBOrprOKOBBIiT MOTEHIMAT 2QUPHOTO Macia U3
JIMCTHEB JIaBpa B OTHOILICHUU BHJIOB, PHHAUICKAIINX K
ponam Eurotium, Aspergillus u Penicillium, 6su1 Tipojie-
MoHcTpupoBad M. Guynot ¢ coaBTopamu [42].

CH
CH

HO o]
| OH

O OH
OH

OH ¢ Qo

B nwmcresx maBpa, coOpaHHbIX B Iperum, V.
Papageorgiou c¢ coaBropamu [34] B kKauecTBe INIaBHOTO
(PeHOTBHOTO KOMITOHEHTA WACHTH(UIIMPOBAH JIIOTEOINH
(5). ®eHONBHBIC KUCIOTHI — 3,4-TUTHIPOKCHOCH30MHAS
(6), rannosas (7), BanwmHoBas (8) u pozmapuHoBas (9)
ObLTH OOHAPY)KEHBI B HU3KMX KOHIICHTPALHSX.

M. Muchuweti ¢ coaBropamu [49] B U3BICUCHHSX U3
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D¢upHOE Macio M3 JHCThEB I0KA3alI0 aHTHPaIH-
kanbHylo aktuBHOCTH (DPPH) co 3nadenmem IC50 =
66,1 Mxr/mu. MHrnbupoBanue mnposudepanun JTHHUH
paxoBbIX KieTok K562 HaOmromanoch Npu 3HAUYCHUH
1C50 = 95 mkr/mu [43].

Boneyrossiroliee U MPOTHBOBOCHATUTENEHOE BIINS-
HUe 3(UPHOTO Maciia JIMCTHEB JIaBpa B TECTax Ha Jabopa-
TOPHBIX J)KUBOTHBIX (MBIIIH, KPBICH) IO aKTHBHOCTH CO-
MMOCTaBHMO C JICUCTBHEM MOP(GUHA U MUPOKCUKama [44].

D¢upHOE Macio JIMCTHEB JIaBpa HCIOIb30BAIOCH
KaK aHTUAITHIENITHYECKOE JIEKAPCTBEHHOE CPENICTBO B
HMpaHCKON TpaguuuoHHOM MeauuuHe [45]. OHo 3amu-
IIaJI0 MBIIEH OT TOHUYECKUX HPHUCTYIOB, WHIYIHPO-
BaHHBIX MaKCHMaJbHBIM 3JIEKTPOLIOKOM H, OCOOEHHO,
MIEHTUIICHTETpa30IoM. KoMITIOHEHTaMH, OTBETCTBEHHBI-
MU 3a 3Ty aKTHBHOCTB, 10 MHEHHUIO aBTOPOB, SIBIISUIUCH
METHJIPBIEHOJ, 9BTEHOM U MUHEH [45].

deHONbHBIE COEMHEHUsS! JINCTHEB JAMKOPACTYILETO
W KyJIBTHBHPYEMOTO JIaBpa M3y4yalllCh B Pa3HBIX peru-
OHaxX ero mpowmspacrtanusi. Bospacrarommii MHTEpec K
9TOH TpyMNIe MPUPOIHBIX COSTMHEHHUN JlaBpa CBSI3aH HE
TOJIBKO C Pa3HO00pa3neM WACHTH(UIIMPOBAHHBIX CTPYK-
TYp, HO M C aKTyaJIbHBIMH BHJaMHU (hapMaKOJIOTHUECKOH
AKTHBHOCTH (aHTHOKHUCIHUTEIILHOM U MPOTHBOPAKOBOH).

ABTOpaMu ucclieoBanus in vitro [46] BbIsSIBIEHA aK-
THUBHOCTB ()eHOJILHBIX M3BJICUEHHI B OTHOILICHUH OaKTe-
puii, TpHOOB M HEKOTOPBIX JIMHUH OIYXOJIEBBIX KIIETOK
yenoseka (HeLa, MCF7, NCI-H460 u HCT15).

B uccnenosanuu H.W. Kang ¢ coaBropamu [47] u3
9TaHOJBHOTO U3BJICUCHUS JINCTHEB JIaBPa ObLI BBIIEIICH U
uneHTHUIMpoBaH (uaBoHOUA n30kBepuuTpHUH (1) (cM.
Tabn. 1), aHTHOKCHJAHTHAsl aKTHBHOCTh KOTOPOTO OKa-
3aJach BbIIIE, YeM y OyTHITHAPOKCHAHU30J1a, OyTHIITH-
JIPOKCHUTOJIYOJIa ¥ aCKOPOMHOBOM KHCIIOTHI.

W3 MeTaHOJIBHOTO N3BJICUEHHS CBEKUX JICTHEB JIaB-
pa S. de Marino ¢ coaBropamu [48] BBIAETHIN HECKOIBKO
COE/IMHEHUH, B TOM uuciie (peHONbHBII IIoKo3u] (2) u
¢dmaBonouns! (3 u 4). Hanbonee akTUBHBIM MHTHOUTO-
POM TIPOAYKIIMU OKCHJIA a30Ta 0Ka3aJloCh COEANHEHUE 3
(cm. Tabm. 1).

HO

0 O CH_OH
HD% 2
HO

2

JUCTHEB JIaBpa uaeHTHGHUIHpoBanu kodeinyro (10), pe-

pysoByto (11) u BaHUIHHOBYIO (8) KHCIOTY.
HccnenoBanne HACTOsl JIUCTBEB JiaBpa, COOpaH-

HBIX B Mramum [5], KOHCTaTHpOBaNO IPHUCYTCTBHE

B HeMm kemmdepon-3-O-timokonupanosuna  (12);
kemriepor-3-O-paMHOTIPAaHO3UTA (13); kemrte-
pon-3-0-(2",4"-nu-E-n-kymapomnn)-paMHO3Uu I (14);
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KCMII-
TTTIFOKOITHU-

kemrdepor-3-O-apaduHonupaHo3uia
bepon-3-O-[6-O-(paMHOTUPAHO3HLT)

(15);

panosuga  (16); KBepUeTUH-3-O-TITIOKONMHPaHO3U-
ma (17); keepuerun-3-O-pamuonupanosuga  (18);
kBepreTuH-3-0-[6-O-(paMHOTUPAHO3MWI)  DIFOKOMUpa-

Ho3uaal; 3’-MeTokcH-kBepleTuH-3-0-[6-(pamHonUpa-
HO3WI) mDarokonupanosuaal (19); 3’-meTokcukBepiie-
TuH-3-0-[6-O-(paMHONTUPAHO3KUI)  TIFOKOIHPAHO3U/A |
(20); 3'-MeTOKCUKBepIEeTHH-3-O-IITIOKOMUPaHO3UIa
(21); xarexuna (22); nzoButekcuH 2''-pamuosuna (23);
nuHHaMTaHHuHA B1 (24).

Pytun (xBepuernna 3-O-pyrunHos3nn) (25) Obutr 06-
HapyXeH B JIUCThAX pacTeHus merogamu BOXKX [52] u
CBOXX (cBepXIpOU3BOAUTENBHOM KHUIKOCTHONW Xpoma-
torpadun) [55] u naeHTUPUIMPOBAH MO BPEMEHHU yaEp-
YKMBaHUsI Ha KOJIOHKE, & TAK)KE CIIEKTPaIbHBIM XapaKTepH-
CTHKaM B CPAaBHEHHUH CO CTaH/IapTHBIM 00pa3LioM.

Jluctes JaBpa TYpPELKOro TIPOUCXOKIE-
wust  [50]  comepkamu  kemmdepon-3-O-a-L-(3"-Z,
4"-E-nu-n-KyMapowi)-paMHOIIMpano3u - (26), kemrmde-
pon-3-0O-a-L-(3",4"-nu-Z-n-kymapoui)-paMHOITUPAHO3U]T
(27), xemndepon-3-0-0-L-(3",4"-mu-E-n-kymaporn)-pam-
Hormpanozun  (28),  xemndepon-3-O-a-L-(2"-E4"-Z-
JIA-1-KyMapomiI )-paMHoApano3u  (29),  xemmdeporn
-3-0-0-L-(2",4"-mu-E-n-xymapomui)-pamuonupanos3us (30)
u kemndepon -3-O-a-L-(2"-Z,4"-E-nu-n-kymapou)-pam-
Horupanosus (31).

S. Pacifico ¢ coaBTropaMu u3 METaHOIBHOTO U3BIIEYE-
HUSI JIUCTBEB JIaBpa, COOpaHHBIX B MTannu, BBIIETUIN 1
uaeHTrunmposanu [51] rexcosun 3,4-1uruapoxkcuoeH-
30iHON KucnoThl (32); 2',B-muruapoxcu-o,B-1uruapo-
xakoH-0-O-rexcosn (33); 1-(2'-ruapoxcudenmn)-1-ru-

npoxkcudenmmponan-o-O-rekcoznn  (34);  rekcosua
KyMapoBoii kuciotsl (35); 2'-runpokcu-a, 3-auruapoxaii-
koH-0-O-rexco3ua (36); anureHuH-6,8-au-C-reKco3us
(37); amurenun-6-C-(2"-O-1e0KCUTEKCO3MIT)-TEKCO3HUT
(38); kBepretun-3-O-(6"-O-1€0KCUTEKCO3MIT)-TEKCO3HUT
(39); kemmpepoin-3-O-(6"-O-1e0KCUTEKCO3HIT)-TEeKCO3HUT
(40);  wsopamueTHH-3-O-(6"-O-1COKCUTEKCO3MIT)-TCK-
cosun (41); tmuHamrtanHuH Bl (24); 8-C-rekcosmn
anmreHuHa  (42);  TeTpa-METOKCH-AWTHAPOKBEpIIE-
TuH-3-O-nedro3un  (43);  kBepueTuH-3-O-rexco3us
(m3omep 1 u 2) (44); xBepuetnH-3-O-nenTo3un (45);
kemndepon-3-O-rekco3un  (46); kBepuetun-3-O-ne-
okcurekco3un (47); mszopamueruH-3-O-rekcozun (48);
keMmndepon-3-O-nenro3un (49); kemmndepomn-3-O-aeok-
curekcosus (50).

CpaBHUTEIBHOE M3yUeHHE KYJIBTHBUPYEMBIX H JIU-
KOPACTyIIUX 00pa3IoB JIMCTHEB JIaBPa, OCYLIECTBICHHOE
B Ilopryramum [52], uaeHTHPHUIMPOBAIO MPUCYTCTBUE
rekcosusaa snukarexuHa (51), (+)-ramnokarexuna (52),
(+)-xarexuna (53), (-)-onukarexuHa (54), 6-C-miro-
ko3unma Jroreonuna (55), 8-C-mmroko3ujga amureHuHa
(56), 6-C-nmroko3una anurenuHa (57), 3-O-miroko3uaa
kBepreruHa (58), 3-O-pyrunosuma kemmndepona (59),
3-O-mmroko3ua kemrdeposa (60) 1 HEKOTOPBIX IPYTUX
(DEHOIBHBIX COCIMHEHNH.

D.B. Muiiz-Marquez ¢ komeramu [53] oOHapyxu-
JIM B U3BJICYCHUSIX U3 JIMCTHEB JIaBpa MPHUCYTCTBHE ABYX
(PEHONBHBIX KHCIOT — KymapoBoil (61) u 2-ruapoxcu-
IUHHAMOBOH (62).

Jluctes naBpa, coopannsie B Kpeimy [54], B kaue-
CTBE JIOMHHHUPYIOIIET0 KOMITOHEHTa (hJIaBaHOBOM MTPUPO-
JIBI COZIEP KN dMUKATCXMH (54).

Tabnuya 1 — @enonvuvie coeOunenus IUCMbee 1a6pa 01a20pooH020

Ne Hazpanue Crpana HcTtounuk
n/m
1 2 3 4
1 W30kxBepuuTpuH Typuus [47]
2 | Her TpuBHmanpHOTO Ha3BaHUS Wranus [48]
3 | Kemndepon-3-O-a-L-(3",4"-mu-E-n-xymapons) paMHO3HT Mrais [48]
Typuus [50]
4 | Kemndepon-3-O-a-L-(2"-E-n-kymapow) paMHO3UT Wranus [48]
5 Jlroreonun
6 3,4-JIuruapokcuOeH30iHas KUCIOTa Tpenus [34]
I'penus [34]
7 I'annoBas xucnora
Poccus [61]
I 34
8 BanwinnoBas xucinora 31/15466]-;146;: % 1 9}
9 Po3mapuHoBas kuciora I'peuus [34]
10 | Kodeitnas kuciora 3uMBatse [49]
11 | depynoBas KUCIOTA
12 | Kemmepon-3-O-mmokonupaHo3u
13 | Kemndgepon-3-O-pamMHOIIMpaHO3H
14 | Kemndepon-3-O-(2",4"-nu-E-n-Kymaponi)-paMHO3HT
15 | Kemngepoin-3-O-apabuHonpaHo3u1
16 | Kemndepon-3-O-[6-O-(paMHOITUPaHO3MIT) TITIOKOITUPAHO3H T |
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Ne HasBanue Crpana Hcrounuk
n/n
1 2 3 4
17 | KBepuerun-3-O-TIIIOKOTUPAHO3HUT Wranus [5]

18 | KBepuerun-3-O-paMHONUPaHO3U]
19 | KBepuerun-3-0-[6-O-(paMHONNPAHO3MT) TITIOKOMUPAHO3U

20 | 3’-MetokcukBepiieTHH-3-0-[6-O-(paMHONAPAHO3UIT) [ITFOKOMTUPAHO3H/T |

21 3’-MeTokcukBepUeTHH-3-O-ITIOKONUPaHO3U

Uranus [5]
22 |K
arexi Poccust [54]
23 | 3oBuTEeKCUH-2"-paMHO3UI Wranust [5]
Wranust [5]
24 |lluaHamTanuH Bl Ve 51]
Kurait [55]
25 | Pyrtun (xBeprernna 3-O-pyTHHO3U) Topryrams [52]
26 | Kemndepon-3-O-a-L-(3"-Z,4"-E-au-n-KyMapou)-paMHOITHPAHO3U/T
27 | Kemmndepor -3-O-0-L-(3",4"-nu-Z-n-KyMapoui ) -paMHOITUPAHO3 KT
28 | Kemndepon -3-0O-a-L-(3", 4"'- nu-E-n-kymaponin)-paMHOITUPAHO3H T Typruas [50]

29 | Kemndepon -3-O-a-L-(2"-E,4"-Z-nn-n-Kymapous)-paMHONTUPAHO3UT
30 |Kemndepon -3-O-a-L-(2",4"-nu-E-n-kymapon)-paMHOIHPAHO3H]]
31 | Kemndepon -3-O-a-L-(2"-Z,4"-E-nu-n-Kymapous )-paMHONIUPAHO3UL
32 | 3,4-AurunpokcrnOeH30HHON KUCIOTHI TEKCO3HUT

33 | 2',B -Auruapokcu-o, B-TuruapoKCuxaikoHa-o-O-reKCo3u I

34 | 1-(2"-I'mapoxcudennn)- 1 -ruapokcudenunnponan-o-O-rekco3us

35 | KymapoBo# KHCIOTHI TEKCO3H]

36 | 2'-I'mapokcu-a,B-auruapoxaikoH-o-O-rekco3ns
37 | Anurenun-6,8-nu-C-rexco3u

38 | AnurernH-6-C-(2"-O-1C0KCUTESKCO3HIT )-TEKCO3H /T
39 | KBeprernn-3-O-(6"-O-1e0KCUTeKCO3UIT)-TeKCO3U]T
40 | Kemndepon-3-O-(6"-O-1e0KCUTEKCO3HIT)-TeKCO3HUT Uranus [51]
41 | N3opamueTnH-3-0-(6"-O-1€0KCUTEKCO3HIT )-TEKCO3H T
42 | Anurenun 8-C-rexco3uj

43 | Terpa-METOKCH-TUTHIPOKBEPIIETHH-3-O-TIEHTO31U
44 | Kepnerun-3-O-rexkco3un

45 | Keepretnn-3-O-1eHTo3u 1

46 | Kemndepon-3-O-rexcosun

47 | KeprietnH-3-O-1€0KCUTEKCO3U T

48 | U3opamuetuH-3-O-rekco3ns

49 | Kemndepon-3-O-neHTos3u

50 | Kemnepoin-3-O-neoKCureKco3u

51 | DnukarexmHa reKCO3UI

52 | (+)-T'annokarexun [52]
53 | (+)-Karexun )

54 | (-)-DOnukarexun [52; 56]
55 | JIroreonmmnua 6-C-IIFOKO3H Hopryranis

56 | Anurennna 8-C-IIIFOKO3UT pTy

57 | Anmrennna 6-C-TIIFOKO3UT [52]
58 | KBepueruna 3-O-mimroKo3u

59 | Kemngepona 3-O-pyTrHO3UA

60 |Kemngepona 3-O-rroko3us

61 |KymapoBas kucmora Mexkcrika (53]

62 | 2-I'maxkopcUIIMHHAMOBAsI KUCIOTa
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ITo nannbiM M. Skerget ¢ coaropamu [57] B Me-
TAHOJIFHBIX HM3BJICUCHHSX W3 JIUCTHEB JlaBpa, MpHOO-
peréunbix B CrioBeHHH, CyMMa (hEHOJIBHBIX COEINHE-
Hu coctaBuia 99,7 r/kr (B mepecyéTe Ha rajsIOBYIO
KHUCTIOTY).

HccnenoBanne HACTOSI M3 DTOTO CHIPHSI, BHIOIHEH-
HOE Tpymnmnoi aBTopoB [5], Moka3ano, 4To coieprKaHue
MIPOM3BOIHBIX KeMIi(heposia U KBepLeTHHa B HEM JO0CTH-
raet 0,31+£0,01 mr/100 mMa u 2,114+0,01 mr/100 M1, cooT-
BETCTBEHHO. B pacuere Ha 200 M1 HACTOS 3TO MPUOITHU3HU-
TenbHO 5,0 Mr (B cymme).

M. Lu ¢ coaBropamu [55] uccienoBaiu copepaHue
(1aBOHOMIOB M (DEHOJIBHBIX KHCIIOT B STAHOJIBHBIX IKC-
TpaKTax JIaBPOBBIX JHCTHEB PACTCHHUI, BHIPAIICHHBIX B
Kurae. Coznepxanue (peHONBHBIX KHCIIOT B IIepecdeTe
Ha cyxoil Bec coctaBmio 474,1+12,7 mr/t, pyruna (25)
—929,4+19,3 mMr/r 1 HeuIeHTUHUINPOBAHHBIX (DIIABOHO-
uaoB — 2138,2+42,7 mr/r.

@deHOoNbHBIN MPOQHIbL JIMCTHEB JaBpa, COOPAHHBIX
Ha Marepuke, A3opckux octpoBax u Mapueiipe (ITopry-
ranust) ObuT npoaHanusupoBad A. Vinha ¢ coaBropamu
[56] (cm. Tabm. 2).

Tabnuya 2 — Konuuecmeennoe cooepicanue pasnpix 2pynn (heHonbHvix coeounenuil
8 IUCMbAX 7148PaA O1a20P0OHO20

N3Bneuenus
Coenunenus CruproBoiHOE
Boanoe CnuproBoe
(Boma-atanon (1:1))

(DeHOJ]IiHBIe COCITUHCHUS, MI/T (B 14,3740.79 43,0340.35 31,0940.31
nepecyére Ha raJuIOBYIO KHUCIIOTY)
dnaBoHOUBI, MI/T (B Iepecuére Ha 14,1240.93 30,1540,25 20,880.88
AIUKATEXUH )
(+)-Karexun 0,41%* 0,58%* 0,04*
(-)-DOmukarexux 0,99* 3,44%* 0,67*
CymMMa MOHOMEPOB 1,40%* 4,02% 0,71*
JluMepHbIe TPOAHTOIMAHHIMHBI 1,49* 16,97* 5,25%
TpumepHBIe TPOAHTOIIMAHUANHEI | 0,48* 1,24% 0,32*
TpumepHbIe TPOAHTOIIMAHUANHEL 2 1,73%* 5,05* 2,46%*
TerpamepHble IPOAHTOLIUAHUIUHBI 1,02%* 1,16* 0,32*
CymmMa ¢aBaH-3-0J10B 6,12% 28,44* 9,06*

* KOHICHTpALlUU JaHbI B MI/T B HCpeC‘IéTe Ha JIIMKaTCXUH U CyXOﬁ BCC

[IpesncTaBneHHbIE JaHHbBIC MTOKA3bIBAIOT, YTO JHCTHS
JaBpa OaropogHOrO SIBJISIOTCS LEHHBIM HCTOYHHUKOM
(hEHONBHBIX COSTMHEHHUH, TAKUX KaK ()eHOJIbHBIC KHCIIO-
Thl U (IIaBOHOUIBL. B cymMMe nX coziepikaHue B JIMCTHSX
MOXET jJocTurarh 10 99,7 r/kr (B mepecuére Ha rauio-
BYIO KUCJIOTY).

KonmuecTBeHHOE COMCpKAHUE pa3HBIX rpymil ¢e-
HOJIbHBIX BEILIECTB BapbUPYET B 3aBUCUMOCTH OT MeCTa
cOopa, UCTOYHHKA ChIPbS (KYJbTHBHPYEMbIC WIIU JIUKO-
pactyiie pacteHus), BpeMeHu ((as3bl) ero 3aroToBKH,
croco0a CyIIKU U U3BJICYCHUS U3 CBIPBS U T.1I.

CeCKBHUTEPIICHOBBIC JIAKTOHBI, BBIACICHHBIE U3 JIU-
ctheB Laurus nobilis, npencrapnensl B Tabmuie 3. OTu
COEJIMHEeHHUs] 00MaaloT Pa3HbIMU (hapMaKOJIOTHUECKUMH
AKTUBHOCTSAMH: aHTHOAKTepHAIBLHOW, MPOTHBOIPHOKO-
BOH [14], aHTHIMa0ETHYECKON, IIPOTUBOBOCIIATINTEIBHOM
(uarubupyror npoussozacTBo NO), renaro3amuTHoH [58],
HeWpo3amuTHON [44], THrHOMPYIOT MOIIOIIEHNE CIUPTA,
MOBBIIIAIOT AKTUBHOCTh NEYEHOYHOW [Ty TaTHOH-S-TpaHC-
(epasbl, IMTOTOKCUYHBI U HHILYUPYIOT anomTo3 [59].

H. Hibasami ¢ coaBropamu [60] ycTaHOBHJIH, YTO
CECKBUTEPIICHOBBIC JIAKTOHBI JIaBpa — KOCTYHOIU (4)
3airy3aniH D (26) moka3bpIBalOT CHIBHOE POCT-MHTHOH-
pytolliee BIUSIHAE B OTHOIICHUU KIJIETOK MHEJIOHIHOTO
neiixo3a (HL-60) uyenoBeka M BBI3BIBAIOT MX aTONTO3.

ABTOpBI 3TOI PabOTHI, KaK U OOJBIINHCTBO APYTHX HC-
clefioBaTeNel, CUUTAIOT, Y4TO O-METHJICH-Y-OyTHpOIaK-
TOHHAsT 4YacTh CECKBHTEPIICHOBBIX JIAKTOHOB — HEO00-
XOJIMMO€ YCJIOBHE JUIsl TIPOSIBICHUSI IIUTOTOKCHYECKOM
(TPOTUBOOIMYXOJIEBOI ) AKTUBHOCTH.

H. Matsuda u ap. 00Hapy>Xuiu, 4T0 KOCTYHOJIU (4)
TaKXKe MPOSIBIIET racTPOIIPOTEKTUBHOE AercTBHEe [61].

M. Yoshikawa ¢ coaBTOpamu Iokasajiu, 4TO O-Me-
THIICH-Y-Oy TUPOJIAKTOHHAsl 4acTh OOYCIaBJIMBAeT CIIO-
COOHOCTh HEKOTOPBIX CECKBHUTEPIICHOBBIX JIAKTOHOB M3
JIMCTBHEB JIABPAa HHTUOUPOBATH MOBBIILICHUE COACPIKAHUS
starosa B kKpoBu [62]. N. Uchiyama ¢ kosuteramu ycra-
HOBHWJIM, YTO HECKOJIBKO CECKBUTEPIICHOBBIX JIAKTOHOB
9TOTO PACTEHHs NPOSBISIOT TPUMNAHOLUIHYIO aKTHB-
HOCTb, Onaronapsi 0Opa30BaHMIO KOBAJICHTHOW CBSI3H
MEXIY HX O,3-HCHACBIIICHHON Y-JTAKTOHHON YacThIO W
Hykneoduizamu [63].

Koctynonuza (4) m meruapoxocTyc JnakToH (24) B
9KCIIEPUMEHTE TMOKa3ajl WHTHOUPYIOUIYI0 aKTHBHOCTb
B orHomeHuu Mycobacterium tuberculosis H37Rv ¢
MHHUMAaJIbHBIMH MHTHOMPYIOIUMU  KOHIICHTPAIUSIMH
6,25 mr/m u 12,5 Mr/a, COOTBETCTBEHHO. AKTHBHOCTL B
OTHOILIEHUU JIEKAPCTBEHHO-YCTOMUYMBBIX KIIMHUYECKUX
u3onaToB M. tuberculosis cMecH TakTOHOB ObIjIa BEIIIIE,
4eM JIJISl MHIAUBHIyallbHBIX COSTUHEHM [64].
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10 ceckBUTEPHEHOBBIX JAKTOHOB: peiiHo3uH (21),
rugpornepokeua MarHonmuanuaa (19), 1p,2B-murunpox-
cu-50,6B,7aH-3Bnecma-4(15),11(13)-auen-12,6-omnun
(14), canrtamapun (22), marnomuanuja (18), 3o-nepok-

cuapmedonun (20), 13-nernapocantonus (13), ybude-  xam K562 [65].

puH (23), auruapornepokcukoctynonu 1 (1), aroneHronmsy
(5) 6butn BBIIETCHBI E. Julianti ¢ coaBTOpaMu U3 INCTHEB
JaBpa. DT COCJMHEHHMs MOKA3ajdH Pa3IM4HbIe YPOBHHU
LUTOTOKCUYHOCTH 10 OTHOLICHHUIO K JICHKO3HBIM KJIET-

Tabnuya 3 — Ceckeumepnenogle 1aKmoHnbl, 0OHAPYICEHHbIE 6 1aspe 01azopoOHOM

Ne i/ Tpusnanbroe [Tonoxenue 3amectureneit Hctounnk
Ha3BaHHE

T'epmakpan-12,6-omuab

1. | AHrUAPONEPOKCUKOCTYHOIIU 1-okco; 4(5),11(13),10(14)-Tpuen; 68,700 — H [65]

2. | ApremopuH 1(10),4(5),11(13)-tpuen; 6B,7a— H [66, 67]

3. | Bepmoropun 1B-O0H; 4(5),11(13),10(14)-Tpuen; 6B,70. — H [67]

4. | KocrtyHommn 1B-OH; 4(5),11(13),10(14)-tpuen; 6B,70.— H [59, 62, 66-69]

5. | Jlronentomun 10-OH; 4(5),11(13),10(14)-tpuen; 68,70 — H [65]
I'epmaxpan-12,8-omuabt

6. | JlesanetniiaypeHoOHomm 60-H; 1(10),4(5),11(13)-rpuen; 70,83 — H | [14, 67]
DBaecman-12,6-omuant

7. be3 TpuBHanbHOrO Ha3BaHUS 1,20/3 ,40-mmsnoken; 11-ew; 4a,50,60,70,1000 — H

8. be3 TpuBHanbHOTO Ha3BaHUS lo,2B-mnOH; 3,11-muen; 50.,6B,7a, 100 — H

9. be3 TpuBnansHOTO Ha3BaHUS 1B-OH; 40-OCH,; 11-em; 5a,6B,70, 1000 — H [65]

10. |be3 TpuBHaIBHOrO Ha3BAHUS 1B,4B-mmOH; 11-en; 50,6B,7a,10a — H

11. | be3 TpUBHANIBHOIO Ha3BAHUS 1B-OH,2B-OAc; 4,11-auen; So, 70,100 — H

12. | 10-3murasanuom 1,3,11(13)-tpuen; 50,108 — H [59]

13. | 13-meruapocaHTOHUH 3-okco; 1,4,11(13)-tpuen; 4a-CH,; 6p,70,100-H [65]

14. |be3 TpuBHaILHOIO HA3BaAHUS 1B,2B-muOH; 4(15),11(13)-nuen; 5a,6p,70-H

15. | be3 TpuBHaIbLHOTO HA3BaAHUS 1B,15-muOH; 3,11(13)-nuen; SaH,70,100-H [68]
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IIpooonsicenue mabauywvl 3

Ne m/mt TpusHai:Hoe ITonoxxenue 3amecrurenei Ucrounux
Ha3BaHUE
16. |be3 TpuBHambLHOTO HA3BAHUS 3a-AcO; 1,4(15),11(13)-tpuen; 5a,6,7a0,100-H [62]
17. |T'azanuonup 1,3,11(13)-tpuen;100-H [59]
18. |Marnonuanua 1B-OH; 4(5),11(13)-nuen; 3a,6p,7a,100-H [65]
19. |T'magponepokcun MarHoianamuaa 1B-OH; 40-OO0H; 4(15),11(13)-nuen; 7a,10a-H [65]
20. |3a-nepoxkcuapmed ot 1B-OH; 30-OO0H; 4(5),11(13)-auen; 6B,70,100-H [65]
21. | Petlino3un 1B-OH; 4(15),11(13)-nuen; Sa,7a,100-H [59, 62, 67-69]
22. | CanramapuH 1B-OH; 3,11(13)-auen; Sa,7a,10a-H [52’762’8]65’
23. | Tyoudepun 3-okco; 1,11(13)-auen; 4B,50,6B,7a,100-H [65]
I'saiian-12,6-omuabl

24. | leruapoKOCTyC JTaKTOH 4(15),11(13),10(14)-tpuen; la,50,6B,70 — H [69]
25. | 3B —xnoponernapoxoctyc gaktoH  3B-Cl; 4(15),11(13),10(14)-tpuen; 10,50,68,70— H [62, 66, 69]
26. |3aiy3anuH D 3B-OAc; 4(15),11(13),10(14)-Tpuen; 10,50,6B,70— H [62, 69]
27. |3any3anun C 3B-OH; 4(15),11(13),10(14)-tpuen; 10,50,6B,70.— H [69]
28. | OpemaHTHH 4(15),11(13),9(10)-tpuen; lo,50,68,70 — H [69]

Jpyrue Tumsl J1aKTOHOB

Crmmpadomun [59]

Taxum 00pa3zoM, JHCTBS JaBpa OIAropoaHOTO CO-
JepKaT 3HAYUTENBHOE KOJIMYECTBO 3(PHUPHOTO Macia,
(heHONBHBIX COEAWHEHWHA M CECKBUTEPICHOBBIX JIAKTO-
HOB Pa3HOOOPA3HBIX KaK MO CTPYKTYype, TaK ¥ IO BBISB-
JICHHBIM y HUX BUAAaM (apMaKoJIOTHIECKONH aKTHBHOCTH.

3akuouenue. Kax mokasanm, MpeicTaBICHHBIC B
o030pe, NMaHHBIC HAYYHON IUTEPaTyphl, KOMIIOHEHTHI
a¢upHOrO Macna, (pCHOIbHBIC COCTUHEHUS M CECKBU-
TEpPIICHOBBIC JAKTOHBI JIaBpa OJIarOopoOIHOTO SBISIOTCS
BEIYLIMMU TpyIIlaMu AeWCTBYIOIMX BemecTs. Mccie-
JTOBAaHUS Pa3HBIX YUCHBIX U UCCIIEIOBATEIECKUX KOJIIEK-
THUBOB YCTaHOBWJIM Pa3IW4Ms B KaUeCTBEHHOM COCTaBE
1 KOJMYECTBCHHOM CONEPKAHUH 3THUX OHOIOTHYECCKU
axTuBHBIX BemecTB (BAB) maBpa. [lo MHEHHIO HEKOTO-
PBIX HCCIenoBaTeneii, ykasanHasi Bapuarisi MOXeT 00b-

be3 tpuBnansHOTO Ha3BaHUA [66].

SCHATBCS PA3HBIMU OKOJIOTHYECKUMH, KIMMATHYCCKH-
MH, CE30HHBIMH, FC€HETHYECKUMH M reorpaduuecKuMu
¢daxTopamu [34], a TakKe pa3THUAEM BUIOBHIX (GopM H
XEMOTHUIIOB PACTEHHUIl JIaBpa, COCTOSIHHUEM ITOYBEHHOTO
IIUTAHUSA U T.J.

dapMakoIOrniecKkue HMCCIeNOBAHUS yCTaHOBHIIH
pasHooOpa3HbIil cekTp akTuBHOCTH BAB nucTheB naB-
pa OmaropomHoro. AHTHOakTepHaibHasi (B IIMPOKOM
CMBICJIE), TIPOTUBOBHPYCHAS, MPOTHBOBOCHIAIUTEIIBHAS,
aHTHaa0eTHYeCKast ¥ IUTOTOKCHYecKast (IPOTHBOPAKO-
Basl) aKTUBHOCTH, OOHApy>KCHHbBIC Y W3BICUCHUN W WH-
JMBUIyaJIbHBIX COCAWHEHHUH JIMCTHEB JIaBpa, SBIISIOTCS
MIEPCIIEKTUBHBIMH € TOYKH 3pEHHs OYIYIIUX HCCIeI0Ba-
HUH 1 pa3pabOTKH HOBBIX JICUEOHO-TTPOPMITAKTHICCKUX
1 JICKAPCTBEHHBIX CPE/ICTB.

207



0630pul, nekyuu
Reviews, Lectures

Dapmayust u papmaronoeus T. 5 Ne 3, 2017

Introduction. Laurus nobilis L. is a source of a plant
raw material (leaves) which is used as a spice and ar-
omatic seasoning in vegetables preservation, for soups,
meat and fish dishes.

Laurus nobilis leaves are widely used in traditional
dishes of not only Mediterranean peoples but of many
other countries, where the plant has been successfully
cultivated for a long time [1].

Turkey is one of the leading exporters of laurel
leaves (up to 90% of world export). From 2008 to 2013
export of dried laurel leaves increased from 6 000 tons to
12 000 tons (from $18.5 min to $30 mln) [2].

The biggest importers of laurel leaves are Vietnam,
the USA, Russia, Poland, and Germany [2].

In Russia Laurus nobilis grows in the South-Western
regions of Krasnodar Krai and in Crimea.

In folk medicine of different countries, Laurus no-
bilis leaves are applied for diabetes treatment, as well as
diseases evoked by fungous and bacterial infections. Ex-
tracts from Laurus nobilis leaves have anti-inflammatory,
sedative, anti-epileptic properties [3, 4]. Its infusion is
used for treatment of different intestinal diseases, tympa-
nism as a carminative agent [5].

Extracts from Laurus nobilis leaves have anti-inflam-
matory [6, 7], analgesic [6], immunostimulatory [8], neu-
roprotective [9], anti-cholinergic, anti-oxidant, anti-ulcer,
anticonvulsant, antimutagenic, insecticide, antibacterial,
antivirus, antifungous [7], larvicidal [10] activity.

There are properties of water [11], ethanol [12, 13], and
methanol extracts [14] described in scientific literature. The
laurel leaves are included in several teas [15] and medicinal
drugs for diabetes treatment [16, 17]. Extracts from these
raw materials are found in the biologically active diet sup-
plements [18].

The aim of the study is the review of available lit-
erature about isolation, identification, quantitative deter-
mination of biologically active compounds of the Laurus
nobilis leaves in the established species and their phar-
macological activity.

Materials and methods. The study was carried out
using searching (PubMed, CiteSeer, arXiv), library data-
bases (eLibrary, Cyberleninka), and ResearchGate free
social network.

Results and discussion. There were mono- and ses-
quiterpenoids, phenolic and some other compounds were
identified in Laurus nobilis leaves [7].

1,8-cineole is the main component of the essential oil
of laurel leaves (25-70%) gathered in different regions
of world for example in Turkey [19, 20], Iran [21, 22],
China [23], Tunisia [24], Morocco [25], Croatia and Ser-
bia [26], Italy [27], France [28], Portugal [29], Argentina
[30] and Brazil [31].

M. Riaz with co-authors studied for a chemical com-
position of the essential oil extracted from laurel leaves
which grow in Pakistan [32]. The oil efficiency was the
lowest (0.13%) in March and the highest (0.36%) in Sep-
tember. Cineole and eugenol were the principal compo-
nents in all the samples, however there were differences
in quantitative content of components. K. Kevseroglu
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and others studied for an ontogenetic and day variabil-
ity of the essential oil from laurel leaves which is culti-
vated in Turkey [33]. The studies showed that essential
oil content in leaves varied insignificantly within a day
but seasonal variation was more significant. The highest
percentage of the essential oil was established in August
(1.46%) and July (1.33%) and the lowest was in May and
September (0.59 and 0.74% respectively). The authors
found a positive correlation between essential oil content
in leaves and temperature values.

According to some researchers, the values observed
in essential oil composition and quantitative content of
certain components can be explained by different ecolog-
ical, climatic, seasonal, genetic, and geographic factors
[34], as well as differences of species and chemotypes of
Laurus plants, conditions of soil feeding etc.

Antibacterial activity of essential oil from Laurus
nobilis leaves, studied in vitro on three bacterial strains:
Staphylococcus aureus, St. intermedius n Klebsiella
pneumonia, exhibited in minimal inhibiting concentra-
tion from 0.01 to 1 mg/ml [25]. As we know, cineol has
a strong antibacterial action against Staphylococcus au-
reus [35]. Linalool is an aliphatic alcohol with exhibit-
ed anti-bacterial activity against several bacteria such as
Shigella sonnei, Sh. flexneri, Pseudomonas aeruginosa,
and Listeria monocytogenes [36]. Methyleugenol and sa-
binen as well exhibited strong antibacterial activity [37],
while carvacrol exhibited an antibacterial activity against
gram-negative bacteria [38]. These six basic lipophilic
substances of the Laurus essential oil are able to pene-
trate through the cell membranes of microorganisms by
means of polysaccharides, fatty acids, and phospholipids
destruction which compose them. Antibacterial activity
of the essential oil of Laurus is described in a lot of re-
searches [39, 40].

Essential oil from Laurus leaves (in concentration
300 mg/ml) almost entirely inhibited the formation of
3-nitrotyrosine (91%). 1,8-cineole turned out to be inef-
fective in this model. This allowed authors to assume that
this effect is connected with other volatile substances of
the leaves [41].

Antifungous potential of the essential oil from laurel
leaves in relation the species of Eurotium, Aspergillus and
Penicillium genera was showed by M. Guynot with co-au-
thors [42].

Essential oil from the leaves showed antiradical ac-
tivity (DPPH) with IC50 value of 66.1 pg/ml. Inhibition
of proliferation of cancer cells line K562 was observed at
1C50 =95 pg/ml [43].

Anesthetic and anti-inflammatory influence of essen-
tial oil and laurel leaves in the tests on laboratory animals
(mice, rats) for activity was comparable with morphine
and piroxicam action [44].

Essential oil of laurel leaves were used as anti-epi-
leptic agent in Iranian traditional medicine [45]. It pro-
tected mice from chronical attacks, induced by maximum
electric shock, especially with pentylenetetrazol. Methy-
leugeno, eugenolom and pinen were responsible for this
activity according to the authors’ opinion [45].
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Growing interest to this group of natural compounds
of Laurus is connected not only with the diversity of
the identified structure but also with the timely types of
pharmacological activity (antioxidant and anticancer).

The authors of in vitro study [46] have found out the
activity of phenolic extracts against bacteria, fungi, and
some lines of tumorous cells of human (HeLa, MCF7,
NCI-H460 u HCT15).

In the study of H.W. Kang with co-authors [47] they

V. Papageorgiou with co-authors identified luteolin
(5) as the main phenolic components in laurel leaves
gathered in Greece [34]. Phenolic acids — 3,4-dihydroxy-
bensoic (6), gallic (7), vanillic (8), and rosmarinic (9)
were found in low concentrations.

M. Muchuweti with co-authors [49] have identified
caffeic (10), ferulic (11) and vanillic (8) acids in the ex-
tracts from the laurel leaves.

Studies for the infusion of laurel leaves gathered in
Italy [5] stated the presence of kaempferol-3-O-glucopy-
ranoside (12); kaempferol-3-O-ramnopyranoside (13);
kaempferol-3-O-(2”,4”-di-E-n-coumaroil)-rhamnoside
(14); kaempferol-3-O-arabinopyranoside (15); kaemp-
ferol-3-0O-[6-O-(rhamnopyranosil)  glucopyranoside];
3’-metoxi-quercetin-3-O-[6-(rhamnipyarnosil)  gluco-
pyranoside] (19); 3’-metoxiquercetin-3-O-[6-O-(ram-
nopyranosil) glucopyranoside] (20); 3’-metoxiquerce-
tin-3-O-glucopyranoside (21); catechine (22); isovitexin
2”-rhamnoside (23); cinnamtannin B1 (24).

Rutin (quercetin 3-O-rutinoside) (25) was detected in
the leaves of the plant by the methods of HPLC [52], and
UPLC (performance liquid chromatography) [55] and
identified by retention time on the column and spectral
characteristics in comparison with the standard sample.

Laurel leaves from Turkey [50] had kaempferol-
3-0-a-L-(3"-Z, 4"-E-di-n-coumaroyl)-rhamnopyrano-
side (26), kaempferol-3-O-a-L-(3", 4"-di-Z-n-couma-
royl)-rhamnopyranoside (27), kaempferol-3-O-a-L-(3",
4"-di-E-n-coumaroyl)-rhamnopyranoside (28), kaemp-
ferol-3-O-a-L-(2"-E,4"-Z-di-n-coumaroyl)-rhamnopy-
ranoside (29), kaempferol-3-O-a-L-(2",4"-di-E-n-cou-
maroyl)-ramnopyranoside (30), and
kaempferol-3-O-a-L-(2"-Z,4"-E-di-n-coumaroyl)-rham-
nopyranoside (31).

have isolated and identified flavonoid isoquercitrin (1)
from the ethanol extract from laurel leaf (table 1). Its an-
tioxidant activity was higher than butylhydroxyanisolum,
butylhydroxytoluenum, and ascorbic acid had.

S. de Marino with co-authors [48] have isolated sev-
eral compounds from the methanol extract of fresh laurel
leaves including phenolic glycoside (2) and flavonoids (3
and 4). The compound 3 was the most active inhibitor of
nitrogen oxide production (table 1).

HO

0 CH,OH
HD% 2
HO

2

S. Pacifico with co-authors have identified the fol-
lowing substances from the methanol extracts from
laurel leaves gathered in Italy [51]: hexoside 3,4-di-
hydroxybensoic acid (32); 2',-dihydroxi-a,B-dihy-
drochalcone-a-O-hexoside  (33);  1-(2’-hydroxiphe-
nil)-1-hydroxyphanilpropan-o-O-hexoside (34);
hexoside of coumaric acid (35); 2'-hydroxi-a,B-dihydro-
chalcone-0-O-hexoside (36); apigenin-6,8-di-C-hexo-
side (37); apigenin-6-C-(2"-O-deoxyhexosil)-hexoside

(38); quercetin-3-0-(6"-O-deoxyhexosil)-hexoside
(39);  kaempferol-3-O-(6"-O-deoxyhexosil)-hexoside
(40);  isorhamnetin-3-O-(6"-O-deoxihexosil)-hexoside

(41); cinnamtannin B1 (24); 8-C-hexosil apigenin (42);
tetra-metoxi-dihidroquercetin-3-O-pentoside (43); kae-
mpferol-3-O-hexoside (isomer 1 and 2) (44); quer-
cetin-3-O-pentoside  (45); kaempferol-3-O-hexoside
(46): quercetin-3-O-deoxihexoside (47); isorhamne-
tin-3-O-hexoside (48); kaempferol-3-O-pentoside (49);
kaempferol-3-O-deoxihexoside (50).

Comparative study of cultivated and wild-growing
samples of laurel leaves which took place in Portugal
[52] identified the presence of hexoside epicatechin (51),
(+)-gallokatechin (52), (+)-catechin (53), (-)-epicate-
chin (54), 6-C-luteoline glucoside (55), 8-C-apigenin
glucoside (56), 6-C-apigenin glucoside (57), 3-O-quer-
cetin glucoside (58), 3-O-kaemperol rhutinoside (59),
3-O-kaempferol glucoside (60) and several other pheno-
lic compounds.

D.B. Muiiz-Marquez with his colleagues [53] have
found the presence of two phenolic acids in extracts from
laurel leaves: coumaric (61) and 2-hydroxycinnamic ac-
ids (62).

Laurel leaves gathered in Crimea contained epicate-
chin as a dominating component of a flavonic nature (54).
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Table 1 — Phenolic compounds of Laurus nobilis leaves

No Name Country Source
1 2 4 5
1 Isoquercitrin Turkey [47]
2 No trivial name Italy [48]
. . Italy [48]
3 |Kaempferol-3-O-0-L-(3",4"-di-E-n-coumaroyl) rhamnoside
Turkey [50]
4 | Kaempferol -3-O-0-L-(2"-E-n-coumaroyl) rhamnoside Italy [48]
5 |Luteolin
6 |3,4- dihydroxybensoic acid Greece [34]
7 | Gallic acid Greece [34]
Russia [61]
o . Greece [34]
8 | Vanillic acid Zimbabwe [49]
9 | Rosmarinic acid Greece [34]
10 | Caffeuc acid .
11 |Ferulic acid Zimbabwe | [49]
12 | Kaempferol-3-O-glucopyranoside
13 | Kaempferol-3-O-rhamnopyranoside
14 | Kaempferol-3-O-(2",4"-di-E-n-coumaroyl)-rhamnoside
15 | Kaempferol-3-O-arabinopyranoside
16 | Kaempferol-3-O-[6-O-(rthamnopyranosil) glucopyranoside] Ttaly [5]
17 | Quercetin-3-O-glucopyranoside
18 | Quercetin-3-O-rhamnopyranoside
19 | Quercetin-3-O-[6-O-(rthamnopyranosil) glucopyranoside]
20 | 3-metoxiquercetin-3-O-[6-O-(thamnopyranosil) glucopyranoside]
21 3’-metoxiquercetin-3-O-glucopyranoside
. Italy [5]
22 Catechin Russia [54]
Isovitexin -2"-rhamnosyl Italy [5]
23 Italy [5]
Cinnamtanin B1
24 Italy [51]
) ) . China [55]
25 Rutin (quercetin 3-O-rutinoside) Portugal [52]
26 | Kaempferol-3-O-a-L-(3"-Z,4"-E-di-n-coumaroyl)-rhamnopyranoside
27 | Kaempferol-3-O-a-L~(3",4"-di-Z-n-coumaroyl)-rhamnopyranoside
28 | Kaempferol-3-O-a-L-(3», 4»-di-E-n-coumaroyl)-rhamnopyranoside Turkey [50]
29 | Kaempferol-3-O-a-L-(2"-E,4"-Z-di-n-coumaroyl)-rhamnopyranoside
30 | Kaempferol-3-O-a-L-(2",4"-di-E-n-coumaroyl)-rhamnopyranoside
31 |Kaempferol-3-O-0-L-(2"-Z,4"-E-di-n-coumaroyl)-rhamnopyranoside
32 |3,4-dihydroxybensoic acid hexoside
33 |2',B -dihydroxy-a,B-dihydroxychalcone-0-O-hexoside
34 | 1-(2"-hydroxyphenyl)-1-hydroxyphenylpropan-a-O-hexoside
35 | Coumaric acid hexoside
36 |2'-hydroxy-o,B-dihydrochalcone-a-O-hexoside
37 | Apigenin-6,8-di-C-hexoside
38 | Apigenin-6-C-(2"-O-deoxyhexosyl)-hexoside
39 | Quercetin-3-O-(6"-O-deoxyhexosyl)-hexoside
40 | Kaempferol-3-O-(6"-O-deoxyhexosyl)-hexoside
41 | Isorhamnetin-3-O-(6"-O-deoxyhexosyl)-hexoside
42 | Apigenin-8-C-hexoside Italy [51]
43 | Tetra-metoxy-dihydroquercetin-3-O-pentoside
44 | Quercetin-3-O-hexoside
45 | Quercetin-3-O-pentoside
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Table 1 continued

No Name Country Source
1 2 4 5

46 | Kaempferol-3-O-hexoside

47 | Quercetin-3-O-deoxyhexoside

48 |Isorhamnetin-3-O-hexoside

49 | Kaempferol-3-O-pentoside

50 |Kaempferol-3-O-deoxyhexoside

51 |Epicatechin hexoside [52]

52 | (+)-Gallocatechin

53 | (+)-Catechin ]

54 | (-)-Epicatechin [52; 56]

55 | Luteolin-6-C-glucosid Portugal

56 | Apigenin 8-C-glucosid

57 | Apigenin 6-C-glucosid [52]

58 | Quercetin 3-O-glucosid

59 | Kaempferol 3-O-rutinoside

60 | Kaempferol 3-O-glucoside

61 |Coumaric acid .

62 | 2-hydcorsicinnamic acid Mexico [53]

According to M.Skerget with co-authors [57] in
methanol extracts from laurel leaves gathered in Slove-
nia phenolic compounds amounted to 99.7 g/kg (in terms
of gallic acid).

The study for an infusion from this raw material,
made by a group of authors [5], showed that the content
of kaempferol and quercetin derivatives in it amounts to
0.31£0.02 mg/100 ml and 2.11+£0.01 mg/100ml respec-
tively. In terms on 200 ml of decoction it is 5.0 mg (total).

M. Lu with co-authors [55] studied content of fla-
vonoids and phenolic acids in ethanol extracts of lau-
rel leaves of plants cultivated in China. The content of
phenolic acids in terms of a dry weight amounted to
475.1£12.7 mg/g, rutin (25) — 929.4+19.3 mg/g and un-
defined flavonoids — 2138.2+42.7 mg/g.

Phenolic profile of Laurus leaves gathered on a con-
tinent, the Azores and Madeira (Portugal) was analyzed
by A. Vinha with co-authors [56] (table 2).

Table 2 — Quantitative content of different groups of phenolic compounds in Laurus nobilis leaves

Extracts
Compounds Water-alcohol
’ Water (water-ethanol 1:1) Alcohol

Phenolic compounds, mg/g in terms 14.37+0.79 43.03+0.35 31.09+0.31
of gallic acid

Flavonoids, mg/g in terms of epicatechin 14.12+0.93 30.15+0.25 20.88+0.88
(+)-Catechin 0.41%* 0.58%* 0.04*
(-)-Epicatechin 0.99* 3.44%* 0.67*
Sum of monomers 1.40% 4.02* 0.71%*
Dimeric proanthocyanidins 1.49* 16.97* 5.25%
Trimeric proanthocyanidins 1 0.48%* 1.24* 0.32%*
Trimeric proanthocyanidins 2 1.73* 5.05* 2.46%*
Tetrameric proanthocyanidins 1.02* 1.16* 0.32%*
Sum of flavan-3-oles 6.12% 28.44%* 9.06*

* — concentrations are given in mg/g in terms of epicatechin and dry weight

These data show that Laurus nobilis leaves are a
valuable source of phenolic compounds, such as pheno-
lic acids and flavonoids. Their total content in leaves can
reach up to 99.7 g/kg (in terms of gallic acid).

Quantitative content of different groups of phenolic
substances varies depending on the place of gathering, raw
material source (cultivated or wild-growing plants), time
(phase) of its gathering, drying and isolation methods etc.

Sesquiterpenic lactones, isolated from the Laurus

nobilis leaves are represented in the table 3. These com-
pounds have different pharmacologic activities: antibac-
terial, antifungal[14], antidiabetic, anti-inflammatory
(inhibits NO production), hepatoprotective [58], neu-
roprotective [44], inhibits alcohol adsorption, increase
activity of liver glutation-S-transferase, cytotoxic and
induce apoptosis [59].

H.Hibasami with co-authors [60] have established,
that sesquiterpenic lactones of Laurus — costunolide (4)
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and zaluzanin D (26) exhibit a string growth-inhibiting
influence in relation to cells of myeloid leucosis (HL-60)
of human and provoke their apoptosis. Authors of this
work as well as the majority of other researchers assume
that a-methylene-y-butyrolactonic part of sesquiterpenic
lactones — necessary condition for cytotoxic (antitumor)
activity exhibition.

H.Matsuda and others have discovered that costuno-
lide (4) also exhibits gastroprotective action [61].

M.Yoshikawa with co-authors have shown that a-meth-
ylene-y-butyrolactonic part conditions the ability of some
sesquiterpenic lactones from Laurus nobilis leaves to inhibit
an increased content of ethanol in blood [62]. N. Uchiyama
colleagues have established that several sesquiterpenic lac-
tones of this plant exhibit tripanocytic activity owing to the
formation of covalent connection between their a,-non-sat-
urated y-lactonic part and nucleophiles [63].

During the experiment costunolide (4) and dehydro-
costus lactone (24) showed inhibiting activity against
Mycobacterium tuberculosis H37Rv with minimal inhib-
iting concentations 6.25 mg/l and 12.5 mg/1, correspond-
ingly. Activity of lactones mixture against medicine-re-
sistant clinical isolates of M. tuberculosis was higher
than for the individual compounds [64].

10 sesquiterpenic lactones: reynozin (21), mag-
nolialide hydroperoxide (19), 1B,2B-dihydroxy-
50,6B,7aH-eudesma-4(15),11(13)-dien-12,6-0lid
(14), santamarin (22), magnolealide (18), 3a-per-
oxyarmefolin (20), 13-dehydrosantonin (13), tubi-
ferin (23), anhydroperoxycostunolide (1), lucen-
tolide (5) were isolated by E. Julianti from Laurus
nobilis leaves. These compounds showed different
levels of cytotoxicity towards the leucosis cells
K562 [65].

Table 3 — Sesquiterpenic lactones found in Laurus nobilis

No Trivial name Substituents position | Source
Germacran-12,6-olides
1. | Anhydroperoxy-costunolide  1-oxo; 4(5),11(13),10(14)-trien; 6B,7c. — H. [65]
2. | Artemorin 1(10),4(5),11(13)-trien; 63,70 — H. [66, 67]
3. | Verlotorin 1B-O0H; 4(5),11(13),10(14)-trien; 6B,70. — H. [67]
4. | Costunolide 1B3-OH; 4(5),11(13),10(14)-trien; 6B,70. — H. [59, 62, 66-69]
5. |Lucentolide 1a-OH; 4(5),11(13),10(14)-trien; 63,70 — H. [65]
Germacran-12,8-olides
6. |Desacetillaure-nobiolide 6a-H; 1(10),4(5),11(13)-trien; 70,8 — H. | [14, 67]
Eudesman-12,6-olides
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Table 3 continued

No Trivial name Substituents position Source
7. No trivial name 1,20/3,40-diepoxy; 11-en; 4a,50,6p,7¢, 1000 — H.

8. | No trivial name 10,2B-diOH; 3,11-dien; 50.,6B,70, 1000 — H.

9. No trivial name 1B-OH; 40-OCH,; 11-en; 501,68,70,100 — H. [65]

10. |No trivial name 1B,4B-diOH; 11-en; 50.,6B,70, 1000 — H.

11. |No trivial name 1B-OH,2B-OAc; 4,11-dien; Sa,7a, 100 — H.

12. | 10-epigazaniolid 1,3,11(13)-trien; 50.,10p — H. [59]

13. | 13-dehydrosantonin 3-ox0; 1,4,11(13)-trien; 40-CH,; 6B,7a,100-H. [65]

14. |No trivial name 1B,2p-diOH; 4(15),11(13)-dien; 50,6B,7a-H.

15. | No trivial name 1B,15-diOH; 3,11(13)-dien; SaH,7a,100-H. [68]

16. |No trivial name 3a-AcO; 1,4(15),11(13)-trien; 5a,68,7a,10a-H. [62]

17. |Gazaniolid 1,3,11(13)-trien;100-H. [59]
18. | Magnolialid 1B-OH; 4(5),11(13)-dien; 3a,6B,7a,100-H. [65]

19. |Magnolialide hydroperoxide 1B-OH; 40-OOH; 4(15),11(13)-dien; 7a,100-H. [65]

20. |3a-peroxyarmefolin 1B-OH; 30-O0H; 4(5),11(13)-dien; 6B,7a,100-H. [65]
21. |Reynozin 1B-OH; 4(15),11(13)-dien; 5a,70,100-H [59, 62, 67-69]
22. |Santamarin 1B-OH; 3,11(13)-dien; 5a,7a,100-H [59, 62, 65, 67, 68]
23. | Tubiferin 3-oxo; 1,11(13)-dien; 43,50,6p,7a,10a-H [65]

Guaian-12,6-olides

24. | Dehydrocostus lactone 4(15),11(13),10(14)-trien; la,5a,6B,7a — H. [69]
25. fi;;fomdehydrocosms 3B-Cl; 4(15),11(13),10(14)-trien; 10,5068, 70— H. [62, 66, 69]
26. |Zaluzanin D 3B-OAc; 4(15),11(13),10(14)-trien; 1a,5a,6pB,70 — H. [62, 69]
27. |Zaluzanin C 3B-OH; 4(15),11(13),10(14)-trien; la,50,6p8,70 — H. [69]

28. |Eremantin 4(15),11(13),9(10)-trien; 1a,50,6B,70 — H. [69]

Other lactone types

Spirafolid [59]

Thus, Laurus nobilis leaves contain a significant
amount of essential oil, phenolic compounds and ses-
quiterpenic lactones different by their structure, as well
as by the revealed types of pharmacological activity.

Conclusion. As the scientific literature data pre-
sented in the review showed, components of essential
oil, phenolic compounds and sesquiterpenic lactones of
Laurus nobilis are the leading groups of active substanc-
es. The studies of different researchers and research

No trivial name [66]

groups have established differences in qualitative com-
position and quantitative content of these Laurus BAS.
According to some researches, the variation pointed
may be explained by different ecological, climatic, sea-
sonal, genetic, and geographic factors [34], as well as
difference of species and chemotypes of Laurus plants,
condition of soil feeding, etc.

Pharmacological studies have established a varied
activity spectrum of BAS from Laurus nobilis leaves.
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Antibacterial (widely), anti-virus, anti-inflammatory, leaves, are perspective from the point of further research-
antidiabetic, and cytotoxic (anticancer) activities, dis- ers and working out of new treatment and preventive me-
covered in extracts and individual compounds of Laurus  dicinal drugs.
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PASPABOTKA METOAUK CTAHOAPTU3ALUUN CYXOTO 3KCTPAKTA
N NEKAPCTBEHHbIX NMPENAPATOB I'MHKIO ABY/N1IOMNACTHOIO

M.A. Mapuenko', H.H. 3ungpuxapoe’?, T.A. Hopazumoe®?, A.I. Maneee*
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@I'BHY «Bcepoccutickuil Hay4HO-UCcaed08amensCKutl UHCIUmym i1eKapCmeeHHbIX
u apomamuyeckux pacmenuiiy, 117216, Poccus, . Mocksa, ya. I puna, 0. 7, cmp. 1
SOI'BOY BO «/lacecmanckuti 20Cy0apCcmeeHublil YHUGEPCUMEeny,

367000, Poccus, Pecnybnuka /lacecman, Maxauxana, yi. bameipas, 4
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E-mail: marchenko.mariya2018@yandex.ru ;dagfarm@mail.ru

B cmamuwe npedcmasnenvt Hogbie n0OX00bl K CIMAHOAPMU3AYUL CYXO20 IKCIPAKMA U JIEKAPCMBEHHbIX Npenapa-
moeg (JII1) eunxzo dsynonacmuozo (Ginkgo biloba L.). Ilpeonodicenvt memoouku cnekmpogpomomempusueckozo onpe-
Oenenust QrasoHoud08, MEePNeHONAKMOHO8 U CUHKSONIe8bIX KUCIOM 8 AKMUBHOU (apmayesmudeckol cyocmanyuu
(ADC) «l'unreo 08YIONACMHO20 IKCMPAKM CYXOUy (Oanee «IKCMPAKm SUHK20»), a makce memoouku anamuza JII1
«"MHKT'O, mabnemxu, nokpsimoie obonoukot, 40 mey (danee « MHKT O, mabnemxuy) u « T MHKIT'O, pacmeop o5
npuema eHympo, 40 me/mny (Oanee «I' MHKIO, pacmeopy). Lenv pabomut — paspabomka u 6anuoayuoHHAs OYeH-
Ka memooux cmanoapmusayuu ADC pacmumenbHo2o nPOUCXOAHCOeHUsL — IKCmpakma 2unkeo, a maxoice JII na ezo
ocnoge. Mamepuanwt u memoowt. Odvexmamu ucciedoganus nocayxucunu oopasyvl APC «lunkeo 08ynonacmuoeo
akcmpaxm cyxowy, JIII «TUHKI'O, mabnemxu» u « MHKI'O, pacmeopy, npoussedennvie komnauuei 340 «BU-
@UTEX» (Poccus). Memooul uccredosanus.: cnekmpogomomempus (Oaree « CO-mempusi») u eblcokodgh@exmusnas
arcuokocmuas xpomamoepagus (BOIKX). Hcenonvzyemoe obopyoosanue: cnekmpogomomemp CD-56, npouszsoocmso
000 «JIOMO-CIIEKTP» (Poccus) u xpomamozpag scuokocmuviii mapku Shimadzu Prominence LC-204D (Anonus)
C NPOZPAMMHBIM YRPAGIIeHUeM U KOMNbIOMEPHOU 06pabomxoll pe3yibmamos ananusza. Pesynomamol u oocyscoenue.
Hcenonvzosanue memooa CO-mempuu onmumusupyem npoyecc anaiuzd e moibko 8 Xo0e CmaHOapmu3ayuy 20mo-
6020 NPOOYKMA, HO U HA 6CEX CMAOUSX NPOMBIULTIEHHO20 NPou3eoocmea JII1 6 pamkax medconepayuoHHo20 KOHMpPOJs.
Cooepoicanue cymmul agoHou008 6 00pa3yax OBYX cepull IKCMPAKmMa SUHK20 8 nepecieme Ha pymun COCAGULO MEMo-
oom npsimort CO-mempuu — (29,64 + 0,36)% u (28,88 £ 0,54) %,; memoodom ougpgpepenyuanvrnou CO-wempuu — (21,78
+0,41) u (20,98 £ 0,24)%. Cooepoicanue cymmol ¢hnasornoudos 6 npenapamax «I MHKT'O, mabremxuy u « UHKI O,
pacmeopy cocmasuno. memooom npamoi CO-wempuu — (9,84 + 0,15) me/mab. u (10,07 + 0,10) me/ma; memooom ough-
Gepenyuanvnou CO-wempuu — (7,33 + 1,13) me/mab. u (8,30 £ 0,13) me/mn, coomeemcmeenno. IIpoananusuposarvl
npenapamvl-anaioeu « MEMOIIIAHT» («Dr. Willimar Schwabe GmbH & Co. KG») u « TAHAKAH®» («Beaufour
Ipsen Industrie») — nonyuennvie pezyiomamsl conocmagumvl. Pazpabomanst Memoouxu Komuecmeenno2o onpee-
nenusi 8 ADC cymmol mepneHonakmonos memooom ouggepenyuanvroi CD-mempuu u 0OCMamoyHo20 coOO0epHCaAHUs
CYMMbL 2UHK20N€8bIX Kuciom memoodom npsmot CO-wempuu. B xode ux anpobayuu ObL10 YCMAHOBIEHO, YMO KOMU-
4ecmeo 2UHK2ONAKMOHO8 8 UCCc1e008anubix obpasyax cocmasnsem (7,87 = 0,17)% u (8,03 + 0,22)% 6 nepecueme
Ha OunobAIU), a OCMAMOUHOE COOEPAHCAHUE CYMMbL 2UHK20Ne8bIX Kuciom He npesviuwaem 10 ppm. [loomeepocoena
yenecoobpasHocmo u dQppexmuenocms npumenenus memooa BIIKX ons oonospemennoeo onpedeneHusi nOOIUHHO-
cmu u oyenxu 0oopoxavecmeennocmu cyocmanyuu u JII1 eunkeo. 3axniouenue. Paspabomanvl memoouxu CD-me-
MPUYECKO20 KOAUUECTNBEHH020 onpedenerus cymmol ¢nasonoudos ¢ ADC u JIII, nonyuenHvix uz aucmved SUHK2O
ogynonacmuozo. Ilpumenumenvro k AQC npednoocenvt memoouxu CD-mempuueckozo onpeoenenus cymmvl mep-
NEeHONAKMOHO8 U OCMAMOYHO20 COOEPIHCAHUSL CYMMbl 2UHK201€8bIX Kuciom. Pazpabomannvie memoouxu omseuarom
BANUOAYUOHHBIM KDUMEPUSIM, XAPAKMEPUSYIOMCSL MOYHOCMbIO U 60CHPOU3E00UMOCHIBIO 8 COYEMAHUL C NPOCTOMOU
UCRONIHEHUSL U anpoOUPOBAHbL 8 YCIOBUSX (PapMaAYesMuUYecKko20 nPou3600Cmad.

Knouesvie cnosa: 2unkeo skcmpam, 2UHK2OQLABOHSIUKOZUObL, MEPNEHONAKIMOHbl, SUHK20Ne8ble KUCIONbL,
cnekmpoghomomempusi
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The article presents new approaches to standardization of dry extract and medicinal preparations (MD) of ginkgo
bilobate. Methods for the spectrophotometric determination of flavonoids, terpenolactones and ginkgoic acids in the
active pharmaceutical substance “Ginkgo biloba dry extract * (further in the text “ginkgo extract”), as well as meth-
ods for analysis of MD “GINKGO, tablets coated with 40 mg” (“GINKGO”, Tablets) and “GINKGO, solution for
enteral use, 40 mg/ml “(“GINKGO, solution”). The aim — development and validation of methods for standardization
of plant-derived APS — ginkgo extract, as well as MD based on it. Materials and methods. The samples of the APS
“Ginkgo biloba dry extract *“, MD “GINKGO, tablets” and “GINKGO, solution”, produced by CJSC “VIFITEH”
(Russia) served as the objects of the study. Research methods. spectrophotometry (further in the text “SF-metry”) and
high-performance liquid chromatography (HPLC). Used equipment.: SF-56 spectrophotometer manufactured by LLC
“LOMO-SPECTR " (Russia) and liquid chromatograph of the brand Shimadzu Prominence LC-204D (Japan) with
software control and computer processing of analysis results. Results and discussion. The use of the method of SF-me-
try optimizes the analysis process not only during the standardization of the finished product, but also at all stages of
industrial production of MD within the framework of interoperational control. The content of the sum of flavonoids in
the samples of two series of ginkgo extract in terms of rutine was determined by direct SF-metry — (29.64 £+ 0.36)%
and (28.88 + 0.54)%, method of differential SF-metry — (21.78 £ 0.41) and (20.98 £ 0.24)%. The content of the amount
of flavonoids in the preparations “GINKGO, tablets” and “GINKGO, solution” was: by direct SF-metry — (9.84 +
0.15) mg/tab. and (10.07 £ 0.10) mg/ml; Method of differential SF-metry — (7.33 = 1.13) mg/tab. and (8.30 £ 0.13) mg/
ml, respectively. The analogues “MEMOPLANT” (“Dr. Willimar Schwabe GmbH & Co. KG”) and “TANAKAN®”
(“Beaufour Ipsen Industrie”’) were analyzed — the results obtained are comparable. Methods for quantitative deter-
mination of the amount of terpenolactones in the APS by the method of differential SF-metry and the residual content
of the sum of ginkgoic acids by the direct SF-metry method are developed. During their approbation it was found that
the amount of ginkgolactones in the samples studied is 7.87 = 0.17% and 8.03 + 0.22%, calculated as bilobalide, and
the residual content of ginkgoic acid does not exceed 10 ppm. The expediency and effectiveness of using the HPLC
method for simultaneous determination of the authenticity and evaluation of the benign nature of the substance and
MD ginkgo was confirmed. Conclusion. The methods of the SF metric quantification of the amount of funds have been
developed. The developed methods meet the validation tests, are characterized by accuracy and reproducibility in
combination with simplicity of execution and are tested in the conditions of pharmaceutical production.

Keywords: Ginkgo extract, ginkgofavonglycosides, terpenolactones, ginkgolic acids, spectrophotometry

Beenenne. Hoorpors! — dapmaxonornaeckast rpyra
JekapcTBeHHBIX mpernapatoB (JIII), xoTopele OKa3bIBaroT
crienQuyueckoe O3UTHBHOE BIIMSIHUE HA BBICIIINE HHTETPa-
TUBHBIE (DYHKIIM MO3Tra 4elI0BeKa, yMCTBEHHYIO JESTEIb-
HOCTB, MOBBIIIAIOT YCTOHYMBOCTB K Pa3IMYHBIM HOBPEXKIa-
oMM (pakTopaM, CHIDKAIOT HEBPOJIOTHYECKHUH JCQUINT
W YIy4IIaloT KOPTHUKO-CYOKOpTHKabHBIE cBsizH [1, 2]. B
COBPEMEHHOM aCCOPTHMEHTE HOOTPOITHBIX CPEZICTB 0C000€
MECTO MPHHAUISKUT MpenaparaM pacTUTEIHHOTO TPOHC-
XOKIEHUSI, KOTOPBIE TIPU TPABHIBHOM MPHMEHEHHN Jei-
CTBYIOT HE MeHee 3(P(EKTHBHO, YeM CHHTETUYECKUE WIIH
MOJTyCUHTETUUECKUE AHAJIOTH, TIPU ATOM OHH, KaK IIPaBUJIO,
He BBI3BIBAIOT TI0OOUHBIE d(dexTsl. Cpeyt HUX BBIIEISIIOT
JIIT Ha OCHOBE I'MHKIO JBYJIOIACTHOIO JMCTHEB 3KCTPAKTA
(Extractum foliorum Ginkgo bilobae), XxapakTepu3yroIye-
csl 1epeOpPOBACKYIISIPHON aKTHUBHOCTBIO.

Peanmzanus  dapmakoiormueckoro 3ddexra mpe-
MapaToB THUHKIO IPOUCXOAUT Yepe3 ONOCPEAOBaHHOE
BO3/ICHCTBHE HA HEPBHYIO KIETKY, 00YCIOBIEHHOE YITy4-
IIeHHEeM KaK CHCTEMHOTO MO3TOBOTO KPOBOTOKA, TaK M
MUKPOIUPKYIIAINNHY, & TAK)KE aHTHATPETAaHTHBIM M aHTHU-
TUTIOKCUYECKUM fieiicTBueM |3, 4, 5].

I'mukro nBynonactueiid (Ginkgo biloba L.) — ronoce-
MEHHOE JIUCTOMAHOE PENUKTOBOE JIePEBO, KOTOPOE SIBJIS-
€TCs eANHCTBEHHBIM COBPEMEHHBIM ITPEACTABUTEIIEM CEM.
I'maxroBere (Ginkgoaceae). JIMCTBS THHKTO BKIIIOYEHBI B
Poccwuiickyro, EBporneiickyro n bpuranckyro dapmaxoren
U CITyXaT ChIpbeM IS ipon3BozacTBa psina JII1 (TanakaH,
Mewmoruiant, brunoown, ['makro-dopt u ap.) u dGuonoruye-
CKM aKkTHBHBIX 100aBoK (BAJ) k muiie, KOTOPBIX HACUH-
TBHIBACTCSI HECKOJBKO JICCATKOB HaMMeHOBaHMH. OJHaKo,
B CHJIY Pa3IWYHBIX IIPUYHH, B TOM YHCIIE OTHOCHUTEIHHO
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BBICOKOI CTOMMOCTH KOHEYHOTO MPOJYKTA, CIIPOC HA JIaH-
HBIE MpenapaThl OCTaeTCs Hepean3oBanHbM [1, 6, 7, 8].
B cBsi3u ¢ BbIIIEU3I0KEHHBIM, 3aja4a CO3JaHUsI POCCUMA-
ckux JIIT Ha OCHOBE KCTpaKTa 'MHKIO, HE YCTYNAIOUINX
10 Ka4ecTBY, 3P(PEeKTHBHOCTH U OE30MAaCHOCTH 3apyOeK-
HBIM aHaJoraM, BechbMa akTyanbHa. CO3IaHHI0 HUMIIOp-
tozamenraronux JII1 U3 JHCTHEB THHKIO MPEMSATCTBYIOT
Takue (PaKTopbl, KAK HEOOCCIICUCHHOCTh JICKAPCTBEHHBIM
pacTUTENLHBIM CHIPbEM M CTAaHIAPTHBIMU OOpasiamu
(CO), B psnme cmydaeB CIOKHOCTH TIPOBEICHUS METOIUK
aHaJw3a u Jp.

AHanM3y KCTPaKTa THHKIO H €ro IpenaparoB Io-
CBsIIICH psij uccnenosanuii [9, 10, 11, 12, 13]. B 60:15b-
UIMHCTBE METOMIUK, MPEIIOKCHHBIX PaHee, OCHOBHOE
BHUMaHHUE yACTSACTCS ABYM KiIaccaM OHOJIOTHYECKH aK-
TuBHEIX BemiecTB (BAB): ¢prmaBoHOMIHBIM TIHKO3HIAM,
00bEeTMHEHHBIM T0J] OOIIMM Ha3BaHHEM «THHKTro(a-
BOHIJIMKO3UIBDY, «THHKIO3UIBD», «THHKIO(IaBOHBD»,
U TePICHOIAKTOHAM, KOTOPBIC TAKKE OOBEIUHSIIOT MO
PYIIIOBBIM Ha3BaHUEM «THUHKIOJHIbIY, «THHKIOJaK-
TOHBI, «Omnobamuaser» [14, 15, 16]. B myGnukannsx
MOCIIEAHUX JIET OTMEJAETCS TIOTCHIIMAIbHAS OMTACHOCTD
HEKOHTPOJIUPYEMOTO MTPUMECHEHHS HEOYHIICHHOTO KC-
TpakTa TMHKTO, CBSI3aHHAs C MPOSBICHUEM Psia M000U-
HbIX 3()()EKTOB, B UACTHOCTH, aJUICPTHUCCKUX PCAKIUI
U TOKCHYECKOTO BO3ACHCTBHS Ha IKCITYIOYHO-KHUIICY-
HBIA TPAKT, 9YTO OOYCIOBICHO MPUCYTCTBUEM T.H. THHK-
TOJIEBBIX KHCJIOT. B CBSA3W ¢ TeM, 4TO MHHUMAaTbHBIH
KypC Tepamuu IpenapaTaMd THHKIO COCTaBISET TPHU
MecsIa, a MOXKET JOCTUIaTh MIECTH U OoJiee MeCSIEB,
9KCTPAKT THHKIO PEKOMEHIOBAHO JIOTIOJHUTEIBHO HOP-
MHUPOBaTh 10 YPOBHIO MPEACIBHO JOIMYCTUMOTO COIEP-
JKaHUSI CYMMBI THHKTOJIEBBIX KHCJIOT (IO Pa3IUYHBIM
HCTOYHHUKAM He Oosee 5 Mr/kr wim He 6osee 10 Mr/Kr)
[7, 17, 18,].

®apmanetuueckas kommnanus 3A0 «kBUGDUTEX»
BOCIpou3BoAUT TexHonoruw APC — cyXoro skcTpak-
Ta JINCThEB T'MHKIO JBYJIOMACTHOIO M BHEIPSICT B ac-
coprument JIIT «TMHKI'O, tabnetkn» u «I ' MHKT O,
pacTtBop». TexHOIOTHS 3aKIII0YaeTCS B SKCTPAKIIUH JIH-
CTBEB TMHKTO aneToHoM 60% ¢ mocnenyommmu Gpak-
IUOHUPOBAHUEM W CEJICKTUBHOW OYHCTKOH OT MaJo-
MOJIIPHBIX BEHICCTB, B T.4. OT TMHKIOJICBBIX KUCJIOT. B
pe3ysbTaTe npenapaThl SABJSIOTCS MOJTHBIMH aHAJIOTaMHU
JIIT «MEMOIUIAHT, Tabnerku, 40 mr» («Dr. Willimar
Schwabe GmbH & Co. KG», T'epmanns), «TAHA-
KAH®, tabnertku, 40 mr», 1 « TAHAKAH®, pactsop, 40
mr/mim» («Beaufour Ipsen Industrie», dpanmus), xoto-
pbIC 3apETUCTPHUPOBAHBI U MPUMCHSIOTCS HA TEPPUTO-
puu PO ceeire 20 ner [1, 6].

Heab padoThl — pa3paboTka W BaJIHUIAIMOHHAS
oreHka MeToauk ctaHgapTm3anuu ADC pacTUTEIHHOTO
MIPOUCXOKICHUS — CyXOT0 3KCTPAKTa U3 JIHCTHEB THHK-
O JIBYJIONIACTHOTO U JICKAPCTBCHHBIX MPEMapaToB Ha €ro
OCHOBE.
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Marepuanasl 1 MeToabl. OObEKTaMH HCCIIETOBAHMS
apisitoTcs 00pas3nbl ADC «I'MHKIO JBYNIOMACTHOTO 3KC-
Tpakt cyxoit», JIII « TMHKI'O, tabnerkm» u «'MHKIO,
pactBop», mpomsBeneHHble Kommanueir 3A0 «BUOU-
TEX». Metonsl uccnenoBanusi: CO-merpusi B YO- u
BuauMOl obnactu (cnekrpodoromerp CD-56, OO0
«JIOMO-CIIEKTP», Poccus), BOXX-xpomarorpadus
B CJIGAYIOIIUX YCJIOBHUSX: XpoMmarorpad >KHIKOCTHBIN C
MIPOTPaMMHBIM YIIPaBICHHEM U KOMITBIOTEpHON 00paboT-
KOW pe3yipTaToB aHanmm3a Mapku Shimadzu Prominence
LC-20AD (Smonus) ¢ nerazatopom DGU-20A3R u
Y®-BU/I-nerekropom Shimadzu SPD-20A; xpomaro-
rpaduyeckas xoionka — Zorbax EclipseXDB-C18 pa3zme-
poM 4,6 x 250 MM U pa3MepOM YaCTHIl COPOCHTA 5 MKM;
MOJBIKHAS (a3a — cMech U3 OpToPoCcHOPHON KHUCTOTHI
pactBopa 0,5 % u aneToHHTpmia st Xpomarorpaduu
(70:30); mrHA BOJMHBI NETEKTUPOBAHMS — 370 HM.

Pe3yabTarsl u 06cy:xaenue. CoriacHO JaHHbBIM JIH-
Teparypbl, (pJIaBOHOM/BI SIKCTPAKTA THHKIO TpECTaBIIe-
HbI IJIMKO3H/IAMH, IPOU3BOIHBIMU KBEPIIETHHA, KeMIi(e-
poIa ¥ M30PaMHETHHA, a TAK)KE KOHACHCUPOBAHHBIMH 110
cesn C~C’, bnpmasononmamu [15, 19].

OOHapy>keHne (GpIaBOHOUIOB B UCCIEAYEMbIX 00b-
eKTaX OCYLIECTBISUIN IIOCPEACTBOM I[IMAaHUINHOBOM
mpoObI [16], KoTOpast MO3BOJSIET OBICTPO M HAJIEKHO
unaeHrudunuposath ux, kak B A®C, tak u B JIII. [Toxa-
TBEP)KJICHHEM TOMINHHOCTH HCCIEIyeMBIX OOBEKTOB
TaKoKe SBIACTCS HAJTHUNE XapaKTEPUCTUUCCKUX ITHKOB
anIMKOHOB KBEpIETHHA, KeMIl(hepona U M30paMHETHHA
Ha BOXX-xpomarorpamme (puc. 1). 'mnponns dnaso-
HOJITJINKO3UIOB B X071€ TIPOOOITOrOTOBKH ITPOBOIHIIH B
NPUCYTCTBUH XJIOPUCTOBOAOPOIHON KHUCJIOTHI IPU Ha-
TPEBaHMU PEAKIIMOHHOW CMecH B TeUeHHE 2 9 B cpere
STHIJIOBOTO CITHPTA.

Ha »orame paspabotkm u ampoOariyi METOAHMKH
BOXKX-ananu3a npuHaIeKHOCTh MUKOB HAa XPOMAaTo-
rpaMMax aHaJIM3UPYEMbIX BEIIECCTB MOATBEPIKAAIH HC-
nojib3oBanueM pactBopoB CO KBepiieTHHA, KeMII(eposa
u nzopamuetnHa (Sigma Aldrich). AHanu3 MOTyIeHHBIX
SKCTICPUMEHTAIBHBIX TaHHBIX MOKAa3all, 4TO C IEJIBI0
VIPOILICHHUS TPOIEAYPHl CTaHAAPTHU3ALUN CyOCTaHIIUU
u JIIT runkro merogom BOXXX, nns BoisiBiIeHUS Ha Xpo-
MarorpamMMe XapakTepHCTHYECKHX IHKOB JIOCTATOYHO
ucnosnp3oBate Tonbko CO KBepreThHa, OOHapy)KeHHE
KOTOPOTO TIO3BOJISICT HICHTH(UIIMPOBATH THKH KEMII-
(epona (COOTHOIICHNE, PACCUUTAHHOE Kak t, — L
— oxkono 1,9) n nzopamueTHHA (t

KBepLeTHHA YL BEIIECTBA  Y/I. KBEPLIETHHA

— oKoJI0 2,1).

@apmaxomnies: CILIA (USP) nomomHuTENBHO Ipea-
YCMaTpUBAET KOHTPOJIb COOTHOLIECHHUS MJIOMIACH MHKOB
(I1aBOHOMTHBIX aIJIMKOHOB KBEpLETHHA U KeMIdepora,
KOTOpOE B J00OpOKa4eCTBEHHOM HPOAYKTE HE JOJIKHO
MIPEBBIATH 2,5:1; 3TOT NOKa3aTelb UCKIII0YAET BBEACHUE
B COCTaB IIPOJyKTa Oosiee JOCTYIHBIX BEIIECTB — PYTH-
Ha WIN KBEPLETHHA, C LEJIbI0 YBEINYCHHSI COJICPIKAHMS
¢aBoHOMTHOH (ppakumm [18].
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Pucynox 1 — Oonapyscenue aziukonos (p1asonoudoe IKCMpaKma 2uHK20 memooom BIKX.
Ycnosnvie ov03nauenun: 1 — nuk keepyemuna; 2 — nux Kkemngpepona; 3 — nuK uzopamHemuna.

Conepxanne CyMMbl (DIaBOHOMIOB B JKCTpaKTe U
Ipenaparax TMHKIo onpenesstor merogamu Cd-merpun
n BOXKX [20, 13]. Metog BOXX npenycmarpusaer cyM-
MHpOBaHHE IUIONAJCH ITHMKOB ArIMKOHOB KBEPLETHHA,
KemIieposia M HM30paMHETHHA Ha XpOMaTrorpaMMme I'H-
JposIn3ara, MOJIydeHHBIH Pe3ysIbTaT IepecUnThIBACTCS Ha
CyMMY (pIaBOHOMTHBIX TIIMKO3UJIOB Yepe3 IUIOMIa b ITHKa
pactBopa CO KBepueTMHa ¥ IONPABOYHBINA K0P PUIH-
eHT. MeTomKa BOCIIPONU3BOAUTCS, TTO3BOJISIET CEIEKTHB-
HO OIIEHMBAaTh AHAIM3UPYEMBIH KJIacc BEIIECTB, OAHAKO
3aBUCHUT OT MOJHOTHI IPOTEKaHUS THAPOIH3a (IaBOHOII-
IJIMKO3MIOB, TPYIOEMKa B UCIIOJIHEHUH U TPeOyeT 3Ha4YH-
TEJIBHBIX 3aTpaT BO BPEMEHH. B yCIOBHSAX MpPOMBINLICH-
HOTO THpOM3BOJCTBa Ao3upoBaHHbIX JIII, B wacTtHOCTH,
TalbIeToK M pacTBopa, Meronuka BOXKX-ananmsa moxer
3HAYNUTEITHHO BIUATH HA CKOPOCTH TPOIIECCOB MEXOIEpa-
LIMOHHOTO KOHTPOJIS, @ UMEHHO TalOIeTHpyeMOi Macchl,
siep TalOJIeTOK, MPOMEXYTOUHBIX IONYNPOAYKTOB HIIH
pacTBOpOB; MO3BOJISIET CTAHAAPTH3NPOBATH aHAIU3HMPYe-
MBIl OOBEKT TOJBKO JIMIIB 110 MPEETBHO JOIYyCTHUMOMY
HIDKHEMY YPOBHIO KOJIMYECTBEHHOTO COAEPKAHHS CYMMBI
¢nmaBoron10B. [IpenMyIiecTBOM METOMKH SIBIISIETCSI BO3-
MO>KHOCTH OJTHOBPEMEHHOT'O ONPEIEICHHUS MOTMHHOCTH
1 T0OPOKAYECTBEHHOCTH CYOCTAHIINH.

KomnuecTBenHOe ompenesieHne CyMMBbl (hJIaBOHOU-
JIOB B OKCTPaKTe M Hpernaparax 'MHKIO arpoOHnpoBaiH
MapaJulebHO 10 METOAMKaM npsiMoll u muddepeHnn-
anbHOl CO-merpun. OTanuns B NOAXOAAX peau3aluu
METOJIMK 3aKJII0Yal0TCs B Ipo0ornoaroroBke. B BapnanTe
npsiMoil CD-MeTpuH ONTHYECKas MIOTHOCTh U3MEpsIeT-
Csl y pacTBOpa BeIIeCTBA WJIM CyMMBbI BEIIECTB B UX HC-
XOJJHOM COCTOSIHWH, HE MU3MEHEHHOM B X0J1€ KaKoHW-JIn00
peaKkuuu, W HM3MEpPeHHE MPOU3BOAUTCS OTHOCHTEIBHO
pacTBOpHTENs, KaK MPaBHiIO, OECIBETHOTO W IIPO3pad-
Horo. B Bapmanre muddepennmansaoin CD-meTpun
OIIpe/ieIIeHNe TPOBOAMUTCS MO TPOAYKTaM XHUMHUYECKUX
MIPEBpAIIEHUH aHAIN3UPYEMOI0 BEIECTBA MM CYMMBI
BEIIECTB, M3MEPEHHE INPOBOANTCS OTHOCHTEIILHO pac-
TBOpA, IPUTOTOBIEHHOTO AHAJOTWYHO HCIBITYEMOMY,
HO 0e3 100aBiIeHNs peareHTa, KOMIUIEKCOOOpa3oBarels,

okucaurenss u ap. [IpumenurenbHo k dkcrpakty u JIII
THHKTO, B BapuaHTe npsMoil CD-meTpun cymma aHa-
JIM3UPYEMBIX BEIIECTB COOTBETCTBYET CEJIEKTUBHOMY
W3BJICUEHHUIO — TIPEUMYIIECTBEHHO (pakunu ¢iaBo-
HOWMOB, B BapuaHre audpdepenuansuoin CO-mMeTpun
— KOMIUIEKCaM ()JIaBOHOHMJOB C KaTHOHAMH AJIOMHHUS
(II), obpa3yronriMest B CITA00KUCIION Cpee.

Y®-criekTphl MOMIOMIEHUST HCIBITYEMBIX PACTBO-
POB U3 3KcTpakTa rUHKTO U ero JIII B ycmoBusx npsimoit
CO-meTpun UMEIOT T.H. «IUICUO» WM cIab0 BBIPAXKEH-
HBII MakcuMyM B obnacti (340 — 375) um; YD-criekTpsl
TIOTVIOIICHHUS UCTIBITYEMBIX PACTBOPOB B YCIOBUSIX AH(-
¢depennmanbaoit CO-MeTpuu UMEIOT MaKCUMYMBbI B WH-
tepBaie oT 405 mo 415 HM (Tabn. 1). B xoxe ncnpItanuit
YCT@QHOBJIEHO, YTO 3aBUCHMOCTb BEIIMYMH ONTHYECKOH
IUIOTHOCTH HCIIBITYEMBIX PacTBOPOB OT HAaBECKH JKC-
TPaKTa TMHKIO COOTBETCTBYET BAIMIALIMOHHOMY KpHUTe-
PHIO JIMHEHHOCTH, YTO TO3BOJISIET CUUTATh 00a BapHaHTa
METOJMKH HPUTOAHBIMH ISl CTAaHJapTH3AIMK Tperiapa-
TOB THHKTO.

B kagectBe cranmaptHoro obOpasma B o0ewx Me-
toaukax ucronszoBamn CO pyruna (Sigma Aldrich),
MMEIOIUI B YCIOBHUAX aHAJIN3a MaKCUMYyMBbI IOTJIOIIe-
HUS TP JuinHAX BOJH (362 + 5) HM u (410 £+ 5) HM,
cootBeTcTBeHHO. PacTBopel CO pyTHHA, Kak B IPSIMOH,
TaK ¥ B quddepenunansaoil CO-meTpun, 1eMOHCTPHU-
PYIOT BOCHPOM3BOAMMOCTH BEIMYMHBI ONTHYECKOH
IUIOTHOCTH, 3TO INOCIYKHJIO OCHOBAaHHEM JJISl pacueTa
BEJIMUMH YIENBbHOTO TOKasatens mnomiomenus (4170)
pyTHHA B ycnoBHsAX aHanu3a (tabim. 1). OTHocHuTenbHAS
omwuOKa OTpeIeJIeHNs YIEIbHOTO IT0Ka3aTels MOTJIoNIe-
HUS HE mpeBblmaer 2%, YTO MO3BOJSET MCHOIb30BaTh
YCTaHOBIICHHbBIE BEJINYMHBI B pacuerax. Kak M3BecTHO,
HCIOJIb30BaHUE TOYHO yCTAHOBIICHHOTO ITOKa3aTeJs o-
3BOJISIET 3HAYUTEIBHO COKPATUTh MPOAOIDKHTEIHHOCTD
aHaJN3a, CHU3UTh BEIIMYMHY U BEPOSTHOCTH OIIMOKH
OTIpE/IeNICHHsI, a TAaK)Ke MPOBOANTH CTaHIAPTH3AIMIO B
YCIIOBHSIX OTCYTCTBUSI Miu HexBatku CO pyTHHA, 9TO
HEMaJIOBAXXHO JISl TEKYIIETO MEKOIEPAMOHHOTO KOH-
TPOJISI HA TIPOU3BOJICTBE.
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Taonuya 1 — Cpagnumenvnas XapaKmepucmuKka 6apuUanmos KoiuyecmeeHnozo
onpeodenenus cymmol (1agoHoud08 6 IKcmpakKme unkzo memooom CO-mempuu

Cnexrpodoromerpus
Ipsamas Juddepennnanbuas
1. Y®-cneKTpbI NOIJI0LIEHUS UCIIBITYEMbIX PACTBOPOB, COIVIACHO METOANKAM
onpejeJieHUsi CYMMbI ()JIABOHOH/I0B B IKCTPAKTE U Npenaparax rHHKIo

YcnoBHble 0603HadeHUS: 1 — uenbiTyeMsrit pactBop CO pytuHa; 2 — ucnbiTyeMblii pactBop u3 JIIT « TMHKT O,
pactBop»; 3 — ucnbiTyeMslit pactBop u3 JIIT «TMHKT'O, Tabnetkn»; 4 — HCIIBITYEMBIH pacTBOP U3 CyOCTaHINH «[ HHK-
TO JABYJIONACTHOTO SKCTPAKT CYXOiD»

2. 3aBHCHMOCTDb ONITHYECKOI IJIOTHOCTH OT HABECKH IO METOAUKAM orpeae/JieHus1
CYMMbI (l).]'laBOHOI/II[OB B OKCTPAKTE 'HHKI0

12 4
<A 087 A
1 0.7
08 - 0.6
0.5
0.6 1 0.4
04 - 03
0.2
0.2 - HABECKA, T 01 HABECKA, T
0 T T T T 1 0 T T T T 1
0,02 004 0,06 0,08 0.1 0,08 0.1 0,15 0.2 025

3. BeJM4HHBI YACJBHOI0 MOKA3aTe/s MOIIOLECHH (A%z/&) pyTHHA

el P s | ax | &% x | £ | P | s | 4 | 6%
31,6 | 5] 095 | 2,1323 | 548 | 1,76 1860 | 5 | 095 [1,3969| 3,59 | 1,93

4. MeToAMKHU onpeneJeHUusi CyMMbI ()JIABOHOUI0B B IKCTPAKTE TMHKIO
Ilpucomosnenue ucnvimyemozo pacmsopa A
K 0,1 r (Tounas HaBecka) cyocranmmu npudasistor 30 mi cupta 50% u mepeMemnBaloT Ha MAarHUTHOR Me-
[Iagke WM MIeHKepe B Te4eHHe 5 MUH. PacTBOp KOMMYECTBEHHO € MOMOIbio ciupTa 50% MepeHocsST B MEpHYIO
KOJIOY BMECTUMOCTBIO 50 M1, 3aTeM 00BbEM JOBOIST TEM XKe CIIUPTOM IO METKH U NIePEMEIIHBAIOT
Ilpucomognenue ucnvimyemo2o pacmsopa b
2,0 M1 pacTBOpa A TMOMENIAIOT B MEPHYIO KOJOy BMe- 1,0 M1 pacTBOpa A MOMEIIAIOT B MEPHYIO KOJIOY
ctuMocThio 50 mit, mpubasmsaor 0,5 MII yKCYCHOH KHCIOTHI | BMECTHMOCTBIO 25 MIT, IPUOABISIOT 2 M aTFOMUHHS
pactBopa 1%, noBoxsat crimprom 70% no metku u nepeme- [ (III) xmopuna cnmprosoro pactsopa 2%, 0,5 mi yk-
IIUBAOT CyCHOW KHCITOTHI pa3BeneHHOi 30%, 3aTeM JOBOIAT
o0bem ciproM 50% 10 METKH M HepEMEIINBAIOT
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Ipooonsicenue mabauyor 1

Yenosusi cnekmpoghomomempuposanus ucnvimyemoeo pacmeopa b

10 MM

[pu nrae BomHBI 362 HM B KIOBETE C TONIIMHON CITOS

Ipu qmmHe BomHB! 410 HM B KIOBETE C TONIIMHON
ciost 10 mMm

Pacmeop cpasnenus

PactBop cripta stmiosoro 70 %

PactBOp, NpUTOTOBIEHHBII aHAIOTUYHO PACTBO-
py b, HO Ge3 moGaenenus pactBopa amomuaus (I11)
xytopuaa 2%

A-50-50-100  A-125000
A% .a.2.(100-W) 311,6-a-(100— W)’

Tem

Dopmyna pacuema cooepiucanust Cymmbvl QiasoHoud08 8 cyocmanyuu
6 nepecueme Ha pymuH u cyxoe seujecmeo (X) 6 npoyenmax

rae A —  ONTHYECKas IJIOTHOCTb MCIIBITYEMOTO pacTBopa b;
A —  yHeHbHBIN NOKa3aTelb MOMIOICHNS PYTHHA B YCIOBHSX aHAIIN3a;
a — HaBecka CcyOCTaHIWH, T;
W  — moreps B Macce IpH BRICYIIMBAHUH CyOCTaHIINH, Yo.

A-50-25-100 A -125000
A% -a-1-(100-W)  186-a-(100— W)’

[Ipu ananuze JIII, conepKalux SKCTPAKT TMHKIO, B
METO/IMKH BHECEHBI HE3HAUUTEIbHBIC N3MEHEHNUS Ha CTa-
MU TIPOOOIIOTOTOBKY, KAacaloIUecss HEOOXOIMMOCTH
KOPPEKIIMM HaBECKW M JOTOJHUTEIBHON (MIBTpanuy
pactBopa A. PesymbraThl MHOTOYHCIICHHBIX HCCIIEOBA-
HUH TOATBEPIWIN BO3MOXKHOCTH TIPUMEHEHHUSI METoa
Cd-meTpun B IBYX BapuUaHTax JUlsl ONPEENICHUSI CYMMBI
(hrmaBOHONIOB, TaK KAaK BO BCEX MCIBITAHUSIX OTHOCHTEIIb-
Has OIIOKa onpezesieHns He npesbimana 2,0 % (tadm. 4).

AHanornyHo ObuTH pa3padboTtanbl Metoauku CD-me-
TPUUYECKOTO OIPE/ICICHUS CyMMBI TECPIICHOJAKTOHOB U
CYMMBI THHKTOJIEBBIX KHCJIOT C IIETIbI0 KOJMUECTBEHHOM
OLICHKH.

TepreHOTaKTOHBI THHKTO MTPECTABICHBI CECKBH-
JUTEPIEHOBBIMU NPOU3BOAHBIMU. JJanHas rpynna bAB
XapaKTepu3yeTcss OTCYTCTBHEM BBIPAKCHHBIX I10JIOC

MOTJIOLICHNUS, YTO SIBHJIOCH 00OCHOBaHMEM pa3padoT-
KM MX KOJMUYECTBEHHOTO OIPEAEICHUS METOAOM And-
¢depennmanbaoii CO-METpUH 10 PEaKIUH C OKHUCISIO-
IIMM PEaKTUBOM TI0 aHAJIOTHH C paHee OMUCcaHHoHi [21].
[TpoGomnonroToBka MpeaycMaTpUBAET  CEICKTHBHOC
BBIJICJICHUE U3 KCTPAKTA 'MHKTO TEPIICHOMAHOM (pak-
UM HEMOJSIPHBIM XJIOPCOJAEPKAIIM OPTraHUYCCKUM
pactBopuTeneM. B kadecTBe craHmapTHOro obOpasua
ucrnonszoBau Ounobamun (Bilobalide from Gingko
biloba leaves, Sigma Aldrich), KOTOPBI B IPUCYTCTBUU
KOHILIEHTPHUPOBAHHOW CEPHOM KUCIOTHI 00pa3yeT coeu-
HEHHE C BBIPRKEHHBIM MAaKCHMYMOM MOTJIOMICHUS TIPH
mHe BONHBI (292 + 5) HM. CymmapHbii YO-criekTp
MIPOIYKTOB OKHCIICHHUS TEPHEHOJIAKTOHOB HKCTpaKTa
THMHKTO B YCJOBHUSX aHAJIN3a MOKa3ajdl MaKCUMYMBI T10-
romeHus mpu (267 £ 5) am u (295 + 5) M (puc. 2).

Pucynok 2 — YD-cnexmpul noznowieHus npooykmoe oKucienus ounooanuoa (1) u cymmol mepnenonakmonos
IKCMPAKma uHKzo (2) cepHoill KUca0moil KOHYEeHmpPUpo8anHoll
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3aBUCHMOCTh ONTHYECKOM INIOTHOCTH HCHBITYEMBIX
PaCcTBOPOB OT HABECKU IKCTPAKTA TMHKTO UMECT JIMHEH-

0.5 -
0.7 -
0.6 -
0,5 -
0.4 -
0.3 -
0.2 -
0,1 -

A

HBIN Xapakrep (pHc. 3), 4TO SIBISIETCS HA/IC)KHBIM KpUTe-
pHUeM Ui IPUMEHEHHUS TaHHOTO MOJIXO0A.

{I T T
0,05 01

0,15 02

Pucyuox 3 — 3asucumocmov onmuueckoil n1IOmMHoOCHMU ucnsimyemozo pacmeopa
Om HABECKU IKCMPAKmMa CUHK20 6 MeMOoOUKe KONUUEeCMEEeHHO20 onpedeﬂelmﬂ CYMMbl MEPNEHOIAKMOHO08

[Ipu pa3zpaboTke METOTUKH OBUT pacCUMTaH YHCIhb-
bl ToKazaTenb moromenus (412) 6unodanuaa, Ko-
TOPBIN B ycnoBUsAX aHanmm3a coctaBma 9,8 (f = 5; P =
0,95). OTHOCHTENBHAS OMIHOKA OTIPECIICHIS COCTaBHUIIA
2,98%, 9TO TI03BOIISET UCTIOTB30BaTh PACCUUTAHHBIN TO-
Kazarelb B CTAaHAAPTH3ALMH SKCTPAKTa.

Meroanka ONpEACTICHUs] CyMMBI TEPIIEHOIAKTO-
HOB B CYXOM 3KCTpakTe T'MHKro merogom CO-merpun
mpexacrasieHa B Tabm. 2. Ona Oplma ampoOmpoBaHa

Ha 00pa3lax CyXoro KCTPaKTa T'MHKIO MPOM3BOACTBA

3A0 «BUOUTEX». AHanu3 npoBOININ B MIECTH IIO-
BTOPHOCTSX, IOJIYYEHHBIC Pe3yJbTaTbl 00padaThIBaIH
CTaTHCTUYECKUM METOJIOM; OTHOCHTEJIbHAs OIMINOKa
ompeneneHus He npesbimaet 3,0%. YcTaHOBIEHO, 4TO
COZIEp)KaHWE CYMMBI TEPICHOJAKTOHOB B JKCTPAKTE
THHKTO, omnpeznensteMoe C®-MeTpHYECKHM METOIOM,
MI03BOJISIET HOPMUPOBATH JaHHBIN ITOKa3aTeNb Ha yPOB-
He «He MeHee 6,0%», YTO COOTBETCTBYET paHee ycCTa-
HOBJICHHBIM MEXIYHapOAHBIM TpeOoBaHUAM (Tabmn. 4)
[18, 20].

Tabnuya 2 — Memoouka Konuuecmeenno2o0 Onpede1enuss CyMmbl MePneHolaKmoHo8 6 IKCMpPAaKme SUHK20

IIpuzomosnenue ucnvimyemozo pacmeopa A

K 0,2 r (Tounas HaBecka) cyOcTaHIu mpuOaBisaioT 40 M1 XopodopMa U IepeMernBaroT B TeueHne 30 MUH Ha
BOJISTHO# OaHe ¢ 00paTHBIM XOMOMMIBHAKOM Ipu Temiteparype (60-70) °C. 3atem cmech GuisTpytoT ¢ 2,0 T HaTpust
cynbdara 6e3B0JHOTO B KOOy JUIs OTTOHKH BMecTUMOCTHIO 250 Mi1. Korndeckyro kosOy 1 puibTp KOIMIECTBEHHO
MIPOMBIBAIOT XJI0podopMoM 2 paza mopuusaMu 1o 15 min. XaopodopMHOE N3BIICUCHNE YITAPUBAIOT HA POTOPHOM HC-
mapurerne noj Bakyymom mpu temmeparype (50-60)°C 1o mosHOro ynajaeHus opranudeckoro pacrtBopurens. Ocra-
TOK PacTBOPSIOT B 5 MuI XJopodopma mpH c1aboM HarpeBaHWHM Ha BOJSHOM OaHe M MEPEHOCAT B MEPHYIO KOJIOY
BMecTUMOCThIO 10 Mit. KonOy 71st OTTOHKH KOJTMYECTBEHHO IIPOMBIBAIOT TEM JKE PACTBOPHUTEIIEM JIBaYKAbI IIOPIIHSIMHI
110 2 mis1. O6BEM pacTBOpa B MEPHOH KOJIOE IOBOJAT XIOPO(GOPMOM 0 METKH U IIEPEMEIITHBAIOT

IIpuzomosnenue ucnvimyemo2o pacmeopa b

5,0 M1 pacTBOpa A IMOMEMIAIOT B KOJIOY JJIsi OTTOHKHA BMECTUMOCTBIO 50 MJT 1 YIIApUBAIOT Ha POTOPHOM HCTIAPHUTEIIE
oj1 BakyymoM tipu temreparype (50-60)°C 10 moHOro yaaneHusi Opranuyeckoro pactsoputeiisi. OCTaTok CMeln-
BaIOT C 5 MJI CEPHOM KUCIIOTHI KOHIICHTPHUPOBAHHOW, KOTOPBIE 3aTEM MEPEHOCAT B MEPHYFO KO0y BMECTUMOCTRIO 10
MJI, KOJIOY OTOJTaCKHBAIOT 3 MJI KHUCIIOTHI, KOTOPBIC IIPHCOCTUHSIIOT K OCHOBHOMY 00bheMy B MepHOM Koioe. O0breM
pacTBOpa AOBOJST A0 METKU CEPHON KMCIOTOM KOHUEHTPUPOBAHHON U MEPEMEIINBAIOT

YenoBust criekTpohOTOMETPUPOBAHHUS HCITBITyeMOoro pactBopa b — IIpu mnHe BoHbI 295 HM B KIOBETE C TOJIIMHOM
crost 10 mm

PLZC}’}’Z60p cpasHeHusl — KMCJI0Ta CCpHAst KOHUCHTPUPOBAHHAA

Dopmyna pacuema cooepiucaniisi CyMMbl MEPREHOLAKMOHO8 8 CYOCManyuy
B nepecueme na 6unodanud u cyxoe gewgecmaso (X) 6 npoyenmax:

_ A-10-10-100
A% -a-5-(100— W)’
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TIpooonsicenue mabnuywvr 2

rme A — Omnrnueckas IIOTHOCTD MCITBITYeMOTO pacTBopa b
1% — yHenbHbII [OKa3aTelb MOMIOMEHNs OMI00aTH/IA B YCIOBUSAX aHAIIN3a;
a — HaBecKa cyOCTaHIuUW, T;
W — T0Teps B Macce MPH BBICYIIMBAHUH CyOCTaHIUH, %o.

Baxneiimeir 0COOEHHOCTBIO OKCTpaKTa THHKTO
SIBISIETCSI BO3MOYKHOE TIPHUCYTCTBHE B €r0 COCTaBE T.H.
TMHKTOJIEBBIX KHCIIOT, MO3TOMY TEXHOJIOTHS €ro IIpo-
MBIIIJICHHOTO ITPOM3BOJCTBA IPEIyCMATPUBAET >KHUJI-
KOCTh-XKMJKOCTHYIO 9KCTPAKLIUIO H-T€ITaHOM WJIH ApY-
MM TMTOAXO/SIINM SKCTPAreHTOM C IIEJIbI0 UX YIalCHNUS.

IToTeHupanbHOE MOOOYHOE BIMSHUE TMHKIOJEBBIX KHC-
JIOT ompenessieT HeOOXOAMMOCTh KOHTPOJISI HX OCTaTO4-
HOTO CONEpKaHHS B CyOCTaHITNH C IENBI0 00eCTIeueHIUs
6e3omacuoctu JIII. TTo cBoiicTBAaM M XUMHUYECKOH CTPYK-
Type THHKTOJICBBIE KUCIIOTHI SBISIOTCS MAJIOMIOISPHBIMU
6-aJIKIITIPOW3BOAHBIMHA CATUIMIIOBOM KUCIIOTHI (puC. 4).

OH 0o R= ’C13Hz7_ ruakrosneBas kucinora GA C 13:0 (6-Tpuaerii-caauuioBas KUCIoTa);
R= fCI JH,,— runKrONIEBas KMCI0TA GA C 15:1 (anakapameBasi KHCIIOTA;
OH 6-TIEHTaIEIIEHAII-CATAIMIIOBAs KACIIOTA);
R =-C H, — runxronesas kucnora GA C 15:0 (6-meHTanenmi-cannuunosas KucioTa);
R R= £17H31— ruakrojeBas kuciora GA C 17:1 (6-rentaeneHI-CATUITIIIOBAs KACIOTA)

Pucynox 4 — I'uuxzonesvie Kucaomol, UOEHMUPUUUPOBAHHBLE 8 TUCHBAX 2UHK20 O8Y10NRACMHO20

[Tpu pazpaboTKe METOMKH UCIIBITAHUN OBUTH yuTe-
HBI X (PU3UKO-XMMHUYECKHE CBOMcTBa (Tabu. 3). DKerpa-
TeHTOM aHAJIM3UPYEMOH (pakimu st 00paboTKH HaBe-
CKH CyXOr'0 9KCTpaKTa I'MHKIO B XO/i€ IPOOOIIOATOTOBKH
ObLT BEIOpAH H-TeNTaH, KOTOPBIN MO3BOJISIET UCKIIIOUUTh
MEIIaroIIee BINSHHUE KaK COMy TCTBYIOIIHX ITOJISIPHBIX CO-
€IMHEHHH, TaK M TePIECHOJIAKTOHOB, KOTOPBIE HEPACTBO-
PHUMBI B IaHHOM dKCTpareHre. B kadyecTBe crangapTHOTO
o0pasna Mbl UCIOJIB30BAIN O-TPHICHNII-CATHIIUIOBYIO
kucnory (Ginkgolic acid (GA) C 13:0, Sigma Aldrich).
PactBop GA C 13:0 umeer BblpakeHHbIII MAKCUMYM TO-

IJIOIIEHNUS pH JAiHE BOJIHBI (311 + 2) HM, KOoTOpas Oblia
NIPUHSTAa HAMU B Ka4eCTBE aHAJIUTHYECKOH B METOIUKE
CIIEKTPO(OTOMETPHUECKOTO orpezeeHus. Haecka ana-
JIM3UPYeMOl cyOcTaHIMM 10oJ00paHa Tak, 4yTo IpH Ha-
JIMYUHM OCTATOYHOTO KOJMYECTBA CyMMBI I'MHKI'OJIEBBIX
kucior 6ostee 10 ppm (0,001 %), onTrdeckas INIOTHOCTD
ucreiTyeMoro pactsopa Oyner mpesbimarsk 0,167, a Ha
Y®-cniektpe Oyner NMpUCYTCTBOBATh T.H. «IUICUO» HIIH
MakcuMyM. B oOpasnax skcTpakra, IpomeInX HCIIbl-
TaHWs, COAEP)KaHWE CyMMbI THHKIOJIEBBIX KHCIIOT COOT-
BETCTBYET YCTaHOBJIICHHON HOpME (pHC. 5).

Pucynok 5 — YD-cnexmpul noznoweHus ucnvimyemozo pacmeopa IKCMpaKma 2unk2o u pacmeopos CO
2UHK2071€801 KUCTIONbl
Yenosenvie 0o603nauenun:
1 — ucnvimyemulii pacmeop IKCMPAKmMa CUHK20;
2 — pacmeop CO zunkzoneeoit kucnomovt GA C 13:0 0,520 m2/mn;
3 — pacmeop CO zunkzoneeoit kucnomut GA C 13:0 0,208 me/mn.
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Taonuya 3 — Memoouka ucnvlmanusa cyxo2o IKCMPAKma ZUHK20
Ha ocmamouHoe cooepicanue CyMmol 2UHK201€6bIX KUCIOM

IIpuzomosenenue ucnvimyemoz2o pacmeopa

15,000 T mopomika cyOCcTaHINK, TIPEIBAPUTEIIFHO BEICYIIEHHON B TEUCHHE 5 U, MOMEIIAIOT B KOHNYECKYIO KOJIOY
BMecTUMOCTBIO 250 Mit, mpubasisiorT okoso 100 M #-TenTaHa M NMepeMelnBaloT Ha MAarHUTHOW MeEIIajKe B Te-
yenue 30 MuH. CMmech QUIBTPYIOT ¢ 2 T HaTpus cyibdara 0e3BOAHOTO B KOJIOY sl OTTOHKH BMECTHMOCTBIO 250
1. Kornaeckyto kon0y 1 GuiisTp nmpoMsiBatoT 20 MII H-TeNTaHa, KOTOPbIE IIPHCOCIUHSIOT K OCHOBHOMY PacTBOPY.
@unpTpar yrapuBaroT Ha pPOTOPHOM uctapuTene mpu temneparype (75-85)°C 1o noHOTo yaaaeHus OpraHuuecKoro
pactBopuTtens. OcTaToOK CMEIIUBAIOT € 5 MII H-T€NTaHa, 3aTEM KOJHYECTBEHHO C MOMOILBIO TOTO K€ PACTBOPUTEIS
TIEPEHOCST B MEPHYIO KOOy BMecTuMOcThi0 10 Mi1. OOBeM pacTBOpa B MEPHOM KOJIOE JOBOMST T€ITAHOM JI0 METKH,
TIepeMEIINBAIOT ¥ (QUIBTPYIOT

Venosust cnekmpogomomempuposanus ucnovlmyemoco pacmeopa —
ITpu nnune Bonubl 311 #u B KroBeTe ¢ TOMKUHOM crosg 10 MM

PacTtBOp cpaBHEHMS — H-TeNTaH

Hopmuposanue:
OnTHyeckas MIOTHOCTh HCITBITYEMOTO pacTBOpa JOJDKHA OBITH He Oomee 0,167
(conmeprkaHne CyMMBbI THHKTOJIEBBIX KUCIIOT B iepecyeTe Ha rTHHKroneByto kucioty C 13:0 — ne 6omee 0,001%)

OKCIIEpUMEHTAJIbHBIE JaHHbIE, [OIyYEHHBIE B Jia-
6oparopun OKK 3A0 «BUOUTEX», nonreepauiu pe-
3yIbTaTUBHOCTb NpUMeHeHHus MeTtona CD-merpun ans
OLIEHKU OCTATOYHOI'O COAECPIKAHUS CYMMBI THHKIOJIEBBIX
KHCJIOT B CyOCTaHIIMH, HOPMUPYEMBIX 110 BEpXHEMY Ipe-
neny. OTHOcHTeNbHAs OMMOKAa MPOBEJCHHBIX HCIIBITA-
Hull He npesbimaet 2,0%.

B xonme ampoGammm B ycnoBHsAX (apMmaneBTHUe-
CKOTO NpPOM3BOACTBA OBUIO YCTAHOBIEHO, YTO paspa-
OOTaHHBIE METOJIMUKH ISl TOKa3aTreiaed MOAIMHHOCTD,
COOTHOIICHHE KBEpLETHHA M KeMIleposia, HCIbITa-
HUE Ha COAEpXkaHHE CYMMBbl T'MHKIOJIEBBIX KHUCIOT,
KOJIMYECTBEHHOE ONpEAeICHNEe CyMMBI (hIABOHOMJIOB
(TMHKTO(IaBOHIIIMKO3UOB) U CYMMBI TEPIIEHOJAKTO-
HOB BKiIoueHbl B HJI Ha cyOcrannuio «['MHKro IBY-

JIOTIACTHOTO 3KCTpakT cyxoi» (3A0 «BUDPUTEX») n
SIBIISTIOTCSL  00S13aTENIbHBIMK ISl €€ CTaHJapTH3alHH.
[TpuMeHHTEIBHO K JIEKaPCTBEHHBIM (popMaM, coaepika-
LIUM CTaHAAapPTU30BAHHBIM 3KCTPAKT TMHKIO, B aHAJU-
3e 1o nokasarento «KonuuecTBeHHOE OIpenerIeHHey,
11eJIECO00pa3HO OTPAHUYMTHCS OLIEHKOH COfIepKaHUs
CyMMBI ()JIaBOHOMJIOB, TaK KaK 3TOT IIOKa3aTelb J0CTa-
TOYHO WH(OPMATHBHBIN, XapaKTepPU3yeTCss TOUHOCTBIO,
BOCIIPOU3BOAUMOCTBIO M MPOCTOTON HUCIOJHEHUS, 4TO
OYEHb BAXKHO JUI1 MEKOINEPAalIOHHOIO KOHTPOJIA IO-
aynpoaykToB. Kpome Toro, Ha naHHBIA HOKa3aTelb
3HAUYNTENILHO MEHbIIEE BIMSHUE CIIOCOOHBI OKa3bIBaTh
BCIIOMOTaTeIbHbIE KOMIIOHEHTHI, BXOJSIINE B COCTaB
JIII. Pe3ynbrarsl anpobanuy METOMK NPEICTABICHBI B
Tabl. 4, 5 u 6.

Taonuya 4 — Pe3ynomamsl anpooayuu Mmemooux Cmanoapmu3ayuu cyocmanyuu
«l'unkzo ogynonacmmuozo akcmpaxm cyxoit» (340 « BUOHTEX»)

Pesynbrar ucnieitanus cyOCTaHIINN

ITokazarens kauecTBa O6paszerr 1 Obpa3zer 2
(cep. 011216) (cep. 021216)
KauectBenHas peakuus Ha (p1aBOHOUIBI [TonoxurensHas [TonoxurensHas

OOHapy»KeHHe B THIIPOJIH3aTe arlINKOHOB
KBEpIICTHHA, KeMII(eposia U H30PaMHCTHHA

BrinepkuBator ucnsitanue — Ha BOXKX-xpomartorpamme
WCIBITYEMBIX PACTBOPOB MPUCYTCTBYIOT MUKH,
COOTBETCTBYIOIIUE TI0 BPEMEHH YICPIKUBAHUS TTHKAM
KBEpIICTHHA, KeMII(epora U H30paMHETHHA

COOTHOIIICHNE KBEPIICTHHA U KeMIieposia 1,31 1,22
Coneprxanne Merton npsimori CO-meTpun 29,64 +0,36 28,88 + 0,54
CYMMBI (e=1,21%) (e=1,87%)
(maBoHOMIOB, % [ MeTop nudpepeHnnanTbHON 21,78 £ 0,41 20,98 + 0,24

CD-meTpun (e=1,88%) (e=1.14%)
CopepxaHue CyMMbl TEPIIEHOJIAKTOHOB, %o 7,87+0,17 8,03 £0,22

(e=2,16 %) (e=2,74 %)
HcnpiTanue Ha ocTaTouHOE COACPKaHNUEC CyMMBI
N BI)I,E[ep)KI/IBaeT UCIIBITAHUC BI)II[ep)KI/IBaeT UCIIBITAHHUEC

TUHKTOJIEBBIX KHUCIIOT, %o
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Taonuya 5 — Pe3ynomamot anpooayuu MemoouxK cmaHoapmu3ayuu maoaemox
C IKCHPAKMOM ZUHK20

Pesynbrar ncneitanus TabneTOK

Iloxa3arens kauecTBa «['MHKT O, TabaeTkmy» ((éV[EMOHHAHT,
TaOJIeTKH, TOKPHITHIC
(3AO «BUDUTEX»), » [TOKP
0005104KOi1, 40 MIY,
Poccust
I'epmanus
KauectBeHHas peaknus Ha (DIIaBOHOUIBI [onoxxurenpHas [TonoxkuTenpHas

OO6HapyKeHHe B THAPOIH3aTE aTHKOHOB KBEPIETHHA,
kemrieposa U U30paMHETHHA

BrigepxuBatot ucnbiTanue — Ha BOXX-
XPOMATOTrPaMME HCITBITYEMBIX PACTBOPOB
MPUCYTCTBYIOT MMUKU, COOTBETCTBYIOIIHUE I10
BPCMCHH YIICPKUBAHUS TMKaM KBEPILICTHHA,
kemreposia U n30paMHETHHA

COOTHOIIICHNE KBEPIICTHHA U KeMIipeposia 0,21 1,3
ConeprkaHue CyMMBI Merton npsimoit 9,84+0,15 8,6+0,11
(1aBOHOHIOB, MT/Ta0. CO-meTprun (e=1,56%) (e=1,34%)
Merton
anbdepeHIHaTEHOM 7,33+1,13 6,8440,13
CD-metprn (e=1,76%) (e=1,85%)

Tabnuya 6 — Pe3ynomamul anpodayuu Memooux Cmanoapmu3ayuu pacmeopa
¢ IKCIPAKMOmM ZUHKZ0

Pezynbrar ucnbiTanus pactsopa

IToka3arenp xauecTBa

«I'MHKT O, pacTBOp»
(BAO «BUDPUTEX»), Poccus

«TAHAKAH®, pactBop
JUIS IPUEMa BHYTPb,
40 mr/ma» («Beaufour Ipsen
Industrie»), @paniust

KauecTBeHHas peaknuns Ha (DITaBOHOUIBI

TlonoxurenpHas

TlonoxxurenpHas

OOHapyKeHHe B THIPOJIM3aTe aTINKOHOB
KBEpLETHHA, KeMII(eposia 1 H30paMHETHHA

BeiaeprkuBatot ncnsitanue — Ha BOYKX-xpomarorpamme
UCIIBITYEMBIX PaCTBOPOB IIPHCYTCTBYIOT ITHKH,
COOTBETCTBYIOIIME 110 BPEMEHH yAEPKUBAHHS THKAM
KBEpLETHHA, KeMI(eposa 1 H30paMHETHHA

CooTHOIIEHNE KBEpLETHHA U KeMIidepora 1,31 1,37
Conepxanue MeTtoa npsimoit 10,07 £ 0,1 9,63 £0,11
CYMMBI CD-metpun (e=1,03 %) (e=1,17 %)
(1aBOHOMIOB,
MM ﬁ:;;ipeHuHaanoﬁ 8,30+ 0,13 7,81 +0,11
= 0 = 0
CD-werpun (e=1,57 %) (e=1,44 %)

3akuiouenue. [IpeamoxeHbI METOIUKH CIIEKTPOdO-
TOMETPHUYECKOTO OIpEIENICHUsS CYMMapHOTO COJepiKa-
HUsT (DIAaBOHOWIOB, TEPIIEHOJIAKTOHOB W THHKTOJIEBBIX
KHCJIOT, HOpMHPYEeMBIX TpH cTargaptu3ammu ADC pac-
TUTETHHOTO TPOUCXOXKACHHS — « MHKTO ABYJIONACTHOTO
SKCTPAKT CYXON»; TEXHOJIOTHS KOTOPOW BOCIPOMU3BEE-
Ha ¢apmareprindeckoir kommanneit 3A0 «BUDOUTEX»
(Poccmst). Bece meTonmku pa3zpaboTaHbl ¢ yaeToMm (u3u-
KO-XMMHUYECKUX CBOMCTB oIpeneisieMblx knaccoB bAB,
OTBEYAIOT COBPEMEHHBIM TPEOOBAHUAM, aJallTHPOBAHEI
K YCJIOBHSIM IIPOMBIIIUIEHHOTO TTPOU3BO/ICTBA M KOHTPO-
ns kadectBa. [lomTBepxkneHa 3(QekTHBHOCTE MeTona
BD2XX nms oqHOBpeMEHHOH MACHTH(PHUKAINN 1 OICHKH
J0OpPOKaYeCTBEHHOCTH SKCTPAKTa M MPEMapaToB THHKTO.

[TpoBenena cpaBHUTENBHAS OIIEHKA CIIEKTPO(OTOMETPH-
YECKOTO OMpe/eNIeHNsT CyMMbI (pJIaBOHOH/IOB B pa3iind-
HBIX BapHaHTaX, KOTOPBIE XapaKTEPH3YIOTCSI TOUHOCTHIO
U BOCIIPOM3BOJMMOCTBIO B COYETAHWM C MPOCTOTOM
UCTIONHEHUs.. MeToanKn aHaIu30B amnmpoOHMpOBAaHBl B
KOHTpONbHO-aHanmuTHIecKoi naboparopun OKK 3A0
«BUOUTEX», nonyyeHHbIE pe3yabTaThl MPOLUIH BaJIU-
JAIMOHHYIO OIIEHKY 10 OCHOBHBIM KPUTEPHSIM, KOTOPBIC
MOKa3aId BO3MOXXHOCTh WX MPUMEHEHMS Kak ISl Me-
KOTIEPAI[IOHHOTO KOHTPOJISI MONYTIPOITYKTOB, TaK M IS
CTaHIAPTU3AINU TOTOBBIX NPOIYKTOB, MOTYYaEMbIX W3
JIMCTHEB THHKIO JIBYJOMACTHOTO — JKCTPAKTA CYXOTO M
JIIT «TTUHKT O, TabneTku MOKPHITEIE 000I09K0#H, 40 MI»
n «[TMHKT O, pacTtBop /11 ipuema BHYTph, 40 Mr/Mi».
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Introduction. Nootropics are a group of drugs that
have a specific positive effect on the higher integrative
functions of the human brain, mental activity, increase
resistance to various damaging factors, reduce neurolog-
ical deficits and improve cortic-subcortical connections
[1, 2]. In a modern range of nootropics drugs, a special
place belongs to preparations of plant origin that, when
properly applied, are no less effective than synthetic or
semi-synthetic analogs, and they are usually side effects
are minimized. Among them , preparations based on
ginkgo biloba leaf extract (Extractum foliorum Ginkgo
bilobae), characterized by cerebrovascular activity, are
distinguished. The realization of the pharmacological ef-
fect of ginkgo drugs occurs through an indirect effect on
the nerve cell due to the improvement of cerebral blood
flow and microcirculation, antiaggregant and antihypox-
ic effect [3, 4, 5].

Ginkgo biloba (Ginkgo biloba L.) is a gymnosperm
relict deciduous tree, which is the only modern represen-
tative of the family Ginkgolide (Ginkgoaceae). Ginkgo
leaves are included in the Russian, European and British
pharmacopoeias and serve as raw materials for the pro-
duction of a number of drugs (Tanakan, Memoplant, Bi-
lobil, Ginkgo-Fort, etc.) and biologically active additives
(BAA) for food, which number several dozen names.
However, due to various reasons, including the relatively
high cost of the final product, the demand for these prod-
ucts remains unrealized [1, 6, 7, 8]. Proceeding from the
above, the need to create Russian MP that are not inferior
in quality, efficiency and safety to foreign analogues is
very relevant. The creation of import-substituting drugs
is hampered by such factors as the lack raw materials,
lack of standard samples (CS), in a number of cases the
complexity of conducting analysis techniques, ect.

For an analysis of extract of ginkgo and its prepa-
rations are devoted a number of studies [9, 10, 11, 12,
13]. In most of the techniques proposed earlier, the focus
has been on two classes of substances: flavonoidal gly-
cosides, collectively known as “ginkgoflavonglicosides,”
“ginkgozides,” “ginkgoflavones” and terpenolactones,
which also are grouped under the name ginkgolides,
ginkgolactones, “Bilobalides” [14, 15, 16]. In the recent
publications, there has been a potential danger of uncon-
trolled use of the crude ginkgo extract, which is associ-
ated with a number of side effects, in particular, allergic
reactions and toxic effects on the gastrointestinal tract,
which occur due to the presence of the so-called. gink-
golic acids. Due to the fact that the minimum length of
therapy with ginkgo drugs is three months, but it could
reach six months or more, it is recommended for the ex-
tract of ginkgo to be additionally normalized according
to the level of the maximum allowed content of ginkgoic
acid (according to various sources, not more than 5 mg /
kg or not more than 10 mg / kg) [7, 17, 18].

Pharmaceutical company CJSC “VIFITEH” repro-
duces the APS technology of the dry extract of leaves
ginkgo biloba and introduces into the assortment of MP:
“GINKGO, coated tablets, 40 mg” and “GINKGO, solu-
tion for enteral use, 40 mg / ml.” The technology based
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on the extraction of ginkgo leaves with 60% acetone,
followed by fractionation and selective purification from
low-polar substances, including from ginkgoic acids.
As a result, the preparations become full analogues of
drugs “MEMOPLANT, tablets coated with a film coating
of 40 mg” (“Dr. Willimar Schwabe GmbH & Co. KG”,
Germany), “TANAKAN®, tablets coated with 40 mg”,
and “TANACAN® , solution for ingestion of 40 mg /
ml (“Beaufour Ipsen Industrie”, France), which are reg-
istered and used in Russian Federation for more than 20
years [1, 6].

The aim — is the development and validation of
methods for standardizing of APS — dry extract, and
ginkgo biloba preparations.

Materials and methods. The subjects of the study
are samples of the APS “Ginkgo biloba dry extract” and
MP — “GINKGO, coated tablets, 40 mg” and “GINKGO,
solution for the enteral use, 40 mg/ml” of the Company
CJSC “VIFITEH”. Research methods: spectrophotome-
try in the UV and visible range (spectrophotometer SF-
56, manufactured by LLC LOMO-SPECTR, Russia); the
conditions for the HPLC chromatography: liquid chro-
matograph with software control and computer analysis
of the results of analysis of the brand Shimadzu Promi-
nence C- 20AD with degasser DGU-20A3R and UV-de-
tector Shimadzu SPD-20A; a chromatographic column
of Zorbax Eclipse XDB-C18 has measurements 4,6 %
250 mm and a sorbent particle size of 5 pm; mobile phase
is a mixture of orthophosphoric acid solution of 0,5% and
acetonitrile for chromatography (70: 30); The detection
wavelength is 370 nm.

Results and discussion. According to literature
data, flavonoids of the ginkgo extract are represented
by glycosides, derivatives of quercetin, kaempferol and
isorhamnetin, and also by condensed through the bond of
C,-C’, biflavonoids [15, 19]. The detection of flavonoids
was carried out by means of a cyanidin test [16], which
allows them to be quickly and reliably identified, both in
APS and in the medicinal preparations. The confirmation
of the authenticity of the investigated ginkgo MP is also
occurred through the presence of characteristic peaks of
aglycons of quercetin, kaempferol and isorhamnetin on
the HPLC chromatogram (fig. 1). Hydrolysis of flavo-
nolglycosides during the sample preparation was carried
out in the presence of hydrochloric acid by heating the
reaction mixture for 2 hours in the ethanol medium.

At the stage of development and approbation of the
technique of HPLC analysis, the peaks of the analyzed
substances on the chromatograms were confirmed by the
use of CS solutions of quercetin, kaempferol and isor-
hamnetin (Sigma Aldrich). Analysis of the obtained ex-
perimental data has shown that in order to simplify the
procedure for standardizing of the gingko substance and
drug by HPLC, it is sufficient to use only quercetin CS
for the detection of the characteristic peaks on the chro-
matogram, the detection of which allows us to identify
the peaks of kaempferol (the ratio calculated as the t
— about 1,9 and t

retention

substance’ retention quercetin

—about 2,1).

retention isorhamnetin/quadzetin
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Figure 1 — Detection of aglycons of flavonoids of the extract of Ginkgo by HPLC.
Legend: 1— peak of Quercetin; 2 — peak of Kaempferol; 3- peak of Isorhamnetin

Moreover, the United States Pharmacopeia (USP)
considers the control of the ratio of peak areas of flavo-
noid aglycons for quercetin and kaempferol, which in a
benign product should not exceed 2,5:1; This indicator
eliminates the introduction of more available substances
into the product composition — rutin or quercetin, in order
to increase the content of the flavonoid fraction [18].

The content of the sum of flavonoids in the extract
and preparations of ginkgo is determined by spectropho-
tometry and HPLC methods [13, 20]. The HPLC method
calls for the summation of areas of peaks of aglycons of
quercetin, kaempferol and isorhamnetin on the chromato-
gram, the received amount is recalculated to the sum of
flavonoid glycosides through the peak area CS quercetin
and correction factor. The procedure could be reproduced,
and it allows the selective assessment of the analyzed
class of substances, but depends on the completeness of
the hydrolysis of flavonol glycosides; it is laborious in
execution and requires considerable time expenditure. In
the industrial production of metered MP, in particular of
tablets and solutions, the HPLC analysis can significantly
affect the speed of interoperational control, namely the
tablet mass, tablet cores, intermediate intermediates or
solutions. It allows standardizing the analyzed subject
only according to the maximum permissible lower level
of the quantitative content of the amount of flavonoids.
Despite the shortcomings, the technique has a significant
advantage in the ability of simultaneous determination of
the authenticity and quality of the substance.

The quantitative determination of the sum of flavo-
noids in the extract and ginkgo preparations was simulta-
neously tested by use of the direct and differential spectro-
photometry. The difference of these approaches lies in the
preparation of samples. In the direct spectrophotometry,
the optical density is measured in a solution of a substance
or a sum of substances in their original structure that has
not been altered during any reaction, and the measurement
is made with respect to a solvent, usually colorless and

transparent. In the variant of the differential spectropho-
tometry, the determination is made on the products of the
chemical transformations of the analyzed substance or the
sum of the substances, the measurement here is relative to
the solution prepared analogously to the test, but without
the addition of a reagent, complexion agent, oxidizer, etc.
In the first variant of direct spectrophotometry, the sum of
the analyzed substances was selected in accordance with
the selective extraction that contains mainly a fraction of
flavonoids, in the second variant — colored complexes of
flavonoids with aluminum chloride.

The spectra of UV absorption of the test solutions
from the extract of ginkgo and its dosage forms under
direct spectrophotometric conditions have a so-called
“shoulder” or weakly expressed maximum in the region
(340 — 375) nm; The spectra of UV absorption of test
solutions under differential spectrophotometry condi-
tions have peaks in the range from 405 to 415 nm (table
1). During the tests, we found out that the dependence
of the optical density values of the test solutions on the
sample of the extract of ginkgo corresponds to the vali-
dation criterion of linearity, which makes it possible to
consider both versions of the techniques to be suitable for
standardizing of ginkgo preparations.

As a standard sample, both methods used CS rutine
(Sigma Aldrich), which had absorption maxima at the
wavelengths (362 + 5) nm and (410 £ 5) nm, respectively
(table 1). Solutions of CS rutine, in both, direct and in
differential spectrophotometry, demonstrate the repro-
ducibility of the optical density, which served as the ba-
sis for calculating of the values of the specific absorption
index (A%z/l‘:,[) rutine under the analysis conditions (table
1). According to the data of table 1, the relative error in
determining the specific absorption index for all variants
does not exceed 2%, which allows the use of the speci-
fied values in the analysis techniques. As it is known, the
use of an accurately established indicator allows signifi-
cantly reducing the duration of the analysis, reducing of
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the magnitude and probability of determination error, as  rutine, which is important for the current interoperational
well as standardizing in the absence or shortage of CS  control in production.

Table 1 — Comparative characteristics of variants quantitative determination
the sum of flavonoids in dry Ginkgo extract by SP-metry

Spectophotometry
Direct method | Differential method
1. UV-absorption spectrums of examinees of solutions, according
to techniques of determination of the sum of flavonoids in extract and drugs Ginkgo

Legend: 1 — test solution of Rutine (CRS); 2 — test solution from “GINKGO, solution”;
3 — test solution from “GINKGOtabletsy; 4 — test solution from the substance «Ginkgo extract dry»

2. Dependence of the optical density on the sample by methods of determining
the sum of flavonoids Ginkgo extract

21a 081 A
1 0.7 -
08 - 0.6 1
05
06 - 04
04 - 03 -
02 |
0.2 - shot, g 01 - shot, g
0 : : : : . 0 : : : : .
002 004 006 008 01 008 01 015 02 025
3. The values of the specific absorption index (412 rutine
el P | s | oax | &% X, |t P | s | a4 |&%
316 | 5| 095 | 21323 | 548 | 1.76 1860 | 5| 095 | 13969 | 359 |1.93

4. Methods for determining the amount sum of flavonoids in Ginkgo extract

Preparation of test solution A
To 0.1 g (precise shot) of the substance add 30 ml of ethanol 50% and mix with a magnetic stirr eror shaker for 5
minutes. The solution is quantitatively measured with an ethanol of 50% transferred to a 50 ml volumetric flask, then
the volume is adjusted to the mark with the same ethanol and mixed

Preparation of test solution B
2.0 ml of solution A is placed in a 50 ml volumetric flask, | 1.0 mlofsolution A is place din a 25 ml volumetric
0.5 ml of acetic acid is added to a solution of 1%, adjusted | flask, 2 ml of aluminum (III) chloride ethanol solution
to 70 with an ethanol, and mixed is added 2%, 0.5 ml of acetic acid is diluted with 30%,
then the volume is adjusted with ethanol 70% to the
mark and mixed
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Table 1 continued

The spectrophotometric conditions of the test solution B

At a wavelength of 362 nm in a basin with a layer thick-
ness of 10 mm

At a wavelength of 410 nm in a basin with a layer thick-
ness of 10 mm

Comparison solution

Solution of ethanol 70%

A solution prepared similarly to solution B, but without
adding solution aluminum(III) chloride 2%

A%
a — ashot of substance, g;
W — loss in weight drying, %

The formula for calculating the content of the amount of flavonoids in the substance
In terms of Rutine and dry matter (X) as a percentage:

X = A-50-50-100 A-125000
A% a-2-(100-W) 311L,6-a-(100— W)’
where A —  optical density of the test solution B;

specific indicator of absorption of Rutine in the conditions of analysis;

_ A-50-25-100 A-125000
A -a-1-(100- W) 186-a-(100— W)’

The most important feature of the extract of ginkgo is
the possible presence in its composition of the so-called
ginkgolic acids, therefore, the technology of its industrial
production provides liquid-liquid extraction with n-hep-
tane or with other suitable extractant for the purpose of
their removal. The potential side effect of ginkgoic acids
determines the need to monitor their residual content in
the substance in order to ensure the safety of MP.

By their properties and chemical structure ginkgoic ac-
ids are low-polar 6-alkyl derivatives of salicylic acid (fig. 4).

In the analysis of MP containing ginkgo extract, the
minor changes were made to the procedures during the
phase of the sample preparation, concerning the need for
correction of the sample and additional filtration of solu-
tion A. The results of the numerous studies confirmed the
possibility of applying the spectrophotometry method in
two variations for the quantitative determination of the
sum of flavonoids, because in all tests the relative deter-
mination error did not exceed 2% (table 4).

Similarly, methods were developed for the spectro-

photometric determination of the sum of terpenolactones
and the sum of ginkgoic acids for the purpose of quanti-
tative assessment.

Terpenolactones of ginkgo are represented by sequi-
and diterpene derivatives. This group of BAC is charac-
terized by the absence of pronounced absorption bands,
which establish the basis for the development of their
quantitative determination by differential spectrophotom-
etry by reaction with an oxidizing reagent, in analogy with
the previously described [21]. The sample preparation in-
volves the selective isolation from an extract of the gink-
go of the terpenoid fraction by a nonpolar chlorinated or-
ganic solvent. Bibobalide (Bilobalide from Gingko biloba
leaves, Sigma Aldrich) was used as the standard sample,
which in the presence of concentrated sulfuric acid forms
a compound with a pronounced absorption maximum at
a wavelength of (292 + 5) nm. The total UV spectrum of
oxidation products of terpenolactones of the extract of
ginkgo under the analysis conditions showed absorption
maxima at (267 + 5) nm and (295 £ 5) nm (fig. 2)

Figure 2 — UV absorption spectra of oxidation products of Bilobalide (1) and the sum
of terpenolactones Ginkgo extract (2) with sulfuric acid concentrated

The dependence of the optical density of the test
solutions on the sample weight of the extract of ginkgo is
linear (fig. 3), which is a reliable criterion for the applica-
tion of this approach.

When developing the technique, the specific absorp-
tion index of bilobalide was calculated under the analysis
conditions. The results of the statistical method are pre-
sented in table. 3.
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Figure 3 — Dependence of the optical density of the test solution on the sampleGinkgo extract in the quantitative
determination of the amount of terpenolactones

As can be seen from the data in Table 3, the relative
error of the determination does not exceed 3%, which
makes it possible to use the calculated index in the stan-
dardization of the extract.

The method of quantitative determination of the
sum of terpenolactones in dry ginkgo extract by UV
spectrophotometry is presented in table 4. It was tested
on samples of dry extract of ginkgo produced by CJSC

«VIFITEH». The assay was performed in six replicates;
the results were processed by a statistical method. It was
found that the content of the amount of terpenolactones
in the extract of ginkgo, determined by the spectropho-
tometric method, allows to normalize this index at the
level of “not less than 6,0%”, since the relative error does
not exceed 3,0%, which corresponds to the previously
established international requirements (table 6) [18, 20].

Table 2 — Method for quantitative determination of the amount of terpenolactones in Ginkgo extract

Preparation of test solution A

To 0.2 g (precise shot) of the substance is added 40 ml of chloroform and stirred for 30 minutes in a water bath under
reflux at a temperature of (60-70) © C. The mixture is then filtered with 2.0 g of sodium sulfate anhydrous into a 250 ml
distillation flask. The conical flask and filter are quantitatively washed with chloroform 2 times in 15 ml portions. Chlo-
roform extraction is evaporated on a rotary evaporator under vacuum at a temperature of (50-60) ° C until the organic
solvent is completely removed. The residue is dissolved in 5 ml of chloroform under gentle heating in a water bath and
transferred to a 10 ml volumetric flask. The distillation flask was quantitatively washed with the same solvent twice
in 2 ml portions. The volume of the solution in a volumetric flask is adjusted with chloroform to a mark and mixed

Preparation of test solution B

5.0 ml of solution A are placed in a 50 ml flask and are rotary evaporated in vacuum at a temperature of (50-60) ° C
until the organic solvent is completely removed. The residue is mixed with 5 ml of sulfuric acid concentrated, which
is then transferred to a 10 ml volumetric flask, the flask is rinsed with 3 ml of acid, which is added to the bulk volume
in a volumetric flask. The volume of the solution is adjusted to a mark with concentrated sulfuric acid and mixed

The spectrophotometric conditions of the test solution B —
At a wavelength of 295 nm in a basin with a layer thickness of 10 mm

Comparison solution — sulfuric acid concentrated

The formula for calculating the amount of terpenolactone in the substance in terms
of Bilobalide and dry matter (X) as a percentage:
_ A-10-10-100
Al -a-5-(100- W)’

where A —  optical density of the test solution B;
A% —  specific indicator of absorption of Bilobalide in the conditions of analysis;
a —  ashot of substance, g;
W —  loss in weight drying, %

The most important feature of the extract of ginkgo is
the possible presence in its composition of the so-called
ginkgolic acids, therefore, the technology of its industrial
production provides liquid-liquid extraction with n-hep-
tane or with other suitable extractant for the purpose of
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their removal. The potential side effect of ginkgoic acids
determines the need to monitor their residual content in
the substance in order to ensure the safety of MP.

By their properties and chemical structure ginkgoic ac-
ids are low-polar 6-alkyl derivatives of salicylic acid (fig. 4).
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OH O

R =-C ,H, —Ginkgoic acid GA C 13:0 (6-tridecylsalicylic acid),
R =-C,,H,~Ginkgoic acid GA C 15:1 (anicardic acid, 6-pentadecenylsalicylic
OH acid),
R =-C H, —Ginkgoic acid GA C 15:0 (6-pentadecylsalicylic acid),
R R =-C H, —Ginkgoic acid GA C 17:1 (6-heptadecenyl salicylic acid)

Figure 4 — Ginkgolic acids identified in leaves of Ginkgo biloba

During the development of the test procedure, their
physicochemical properties were taken into account (ta-
ble 3). Extracting agent for the fraction to be analyzed for
processing of the sample of dry extract of ginkgo during
the sample preparation was n-heptane, which eliminates
the interfering effect of both the concomitant polar com-
pounds and terpenolactones that are insoluble in this ex-
tracting. For a standard sample, we used 6-tridecyl-sali-
cylic acid (Ginkgolic acid (GA) C 13: 0, Sigma Aldrich).
A solution of GA C 13:0 has a pronounced absorption

maximum at a wavelength (311 + 2), which we accepted
to be analytical in the spectrophotometric determination
technique (fig. 5). The sample of the substance to be an-
alyzed is selected so that, if there is a residual amount of
ginkgoic acid more than 10 ppm (0.001%), the optical
density of the test solution will exceed 0.167, and the UV
spectrum will contain a so-called “shoulder” or maxi-
mum. In samples of the extract that have been tested, the
content of the sum of ginkgoic acids corresponds to the
established norm (fig. 5).

Figure 5 — UV-absorption spectra of the test solution of the extract of Ginkgo and solutions of Ginkgoic acid
Legend: 1 — test solution of ginkgo extract; 2 — solution of Ginkgoic acid GA C 13:0 0.520 mg/ml;
3 — solution of Ginkgoic acid GA C 13:0 0.208 mg/ml

Table 3 — Test procedure for dry Ginkgo extract for residual content
the sum of Ginkgolic acids

Preparation of test solution

15.000 g of a substance powder previously dried for 5 hours is placed in a 250 ml conical flask, about 100 ml of
n-heptane is added and mixed on a magnetic stirrer for 30 minutes. The mixture is filtered with 2 g of sodium sulfate
anhydrous into a 250 ml distillation flask. The conical flask and filter are washed with 20 ml of #-heptane, which are
attached to the basic solution. The filtrate is evaporated on a rotary evaporator at a temperature of (75-85) °© C until
the organic solvent is completely removed. The residue is mixed with 5 ml of n-heptane, then quantitatively with
the same solvent is transferred to a 10 ml volumetric flask. The volume of the solution in a volumetric flask is made
up to n-heptane to the mark, mixed and filtered

The spectrophotometric conditions of the test solution —
At a wavelength of 311 nm in a basin with a layer thickness of 10 mm

Comparison solution- n-heptane

Regulation:
The optical density of the test solution should not be more than 0.167 (the content of the sum of ginkgolic
acid sinterms of Ginkgolic acidC13: 0 — not more than 0.001%)

residual content of the sum of ginkgolic acids in a sub-
stance normalized to the upper limit. The relative error of
the tests performed does not exceed 2,0%.

The experimental data obtained in the laboratory of
the CJSC «VIFITEH» confirmed the effectiveness of ap-
plying the spectrophotometry method for estimating the
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During the approbation in the conditions of phar-
maceutical production, it was found that the developed
methods for the indicators of authenticity, the ratio of
quercetin and kaempferol, the test for the content of
the amount of ginkgoic acids, the quantitative determi-
nation of the sum of flavonoids (ginkgoflavonogluco-
sides) and the sum of terpenolactones were included in
the ND on the substance “Ginkgo biloba extract dry”
(CJSC «VIFITEH») and are mandatory for its stan-
dardization. With regard to dosage forms, containing

standardized extract of ginkgo, it is advisable to limit
the content of flavonoids in the analysis according to
the indicator “Quantitative determination”, since this
indicator is sufficiently informative, characterized by
accuracy, reproducibility and ease of execution, which
is very important for control of intermediates. Addi-
tionally, this parameter is significantly less influenced
by the auxiliary components which make up the MP.
The results of approbation of the methods are present-
ed in table 4, 5, 6.

Table 4 — Results of approbation of techniques for standardization
of the substance «Ginkgo bilobae dry extracty (CJSC «VIFITEH»)

Quality index

Result of test of substance

Model 1 (ser. 011216)

Model 2 (ser. 021216)

High-quality reaction to flavonoids

Positive Positive

Detection in a hydrolysate of aglycone of
Quercetin, Kaempferol and Izorhamnetin

Pass the test — on the HPLC chromatogram of the test solutions
there are peaks corresponding to the retention time of the peaks
of Quercetin, Kaempferol and Isorhamnetin

Ratio of Quercetin an Kaempferol 1.31 1.22

The content of Direct 29.64+0.36 28.88+0.54

the amount sum spectrophotometry (e=1.21%) (e=1.87%)

1 0,

of flavonoids, % - I"pyi e rential 21.78 + 0.41 20.98+0.24
spectrophotometry (e=1.88%) (e=1.14%)

The content of the amount sum of terpeno- 7.87+0.17 8.03+0.22

lactones, % (e=2.16 %) (e=2.74 %)

The Fest fgr the. residual content of the sum With stands the test With stands the test

of Ginkgoic acids, %

Table 5 — Results of approbation of standardization procedures
for tablets with Ginkgo extract

Result of test of tablets

Quality index

«GINKGO, tablets 40 mgy»
(CJSC «VIFITEH»),

«MEMOPLANT,
tablets 40 mg»
(«Dr. WillimarSchwabe

Russia GmbH & Co. KG»), Germany

High-quality reaction to flavonoids

Positive Positive

Detection in a hydrolysate of aglycone of Quer-
cetin, Kaempferol and Izorhamnetin

Pass the test — on the HPLC chromatogram of the test solu-
tions there are peaks corresponding to the retention time of
the peaks of Quercetin, Kaempferol and Isorhamnetin

Ratio of Quercetin and Kaempferol 0.21 1.3
The content of the Direct spectrophotometry 9.84+0.15 8.6+0.11
amount sum of fla- (e=1.56%) (e=1.34%)
vonoids, mg/tab. Differential 7.33£1.13 6.84+0.13
spectrophotometry (e=1.76%) (e=1.85%)
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Table 6 — Results of approbation of standardization techniques for solutions with Ginkgo extract

Result of test of solution

Quality index

«GINKGO, solution 40 mg/ml»
(CJSC «VIFITEH»), Russia

«TANAKAN®, solution 40 mg/ml»
(«Beaufour Ipsen Industrie»), France

Ratio of Quercetin and Kaempferol

Positive

Positive

Detection in a hydrolysate of agly-
cone of Qercetin, Kaempferol and

Pass the test — on the HPLC chromatogram of the test solutions there are
peaks corresponding the retention time of the peaks of Quercetin, Kaemp-

Izorhamnetin ferol and Isorhamnetin

Ratio of Quercetin and Kaempferol 1.31 1.37
The content Direct SF-metry 10.07 0.1 9.63 £0.11
of the amount (e=1.03 %) (e=1.17 %)
sum of flavo- | pjfferential 8.30+0.13 7.81+0.11
noids, mg/ml | SF-metry (e=1.57 %) (e=1.44 %)

Conclusion. The methods of spectrophotometric
determination of the total content of sum of flavonoids,
terpenolactones and ginkgoic acids, normalized by stan-
dardization of a pharmacologically active substance of
plant origin — “Ginkgo biloba extract dry”, the technol-
ogy of which was reproduced by the pharmaceutical
company CJSC “VIFITEH” (Russia) are proposed. All
methods are designed taking into account the physical
and chemical properties of the identified classes of BAC,
meet modern requirements, and are adapted to the con-
ditions of industrial production and quality control. The
effectiveness of the HPLC method was confirmed for the

simultaneous identification and evaluation of the benig-
nity of Ginkgo extract and preparations. A comparative
evaluation of the spectrophotometric determination of the
sum of flavonoids was carried out in the different variants,
which are characterized by precision and reproducibility
combined with ease of execution. The methods were tested
in the control and analytical laboratory of the CJSC “VI-
FITEH”, the results were validated according to the main
criteria that showed the possibility of their use for the con-
trol between operation of intermediates and for standard-
ization of the substance, “GINKGO, 40 mg coated tablets”

10.

11.

12.

and “GINKGO, solution for enteral use, 40 mg/ml”.
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BO3MOXHOCTU CO3AAHNA NONTUDGYHKUUOHA/IbBHOIO
CEPEBPOCO/AEPXALLEIO NMPEMAPATA
C AETOKCUKALUUOHHbIM 3ODEKTOM

T.B. Ilonoea'?, H.O. Kapabunuesa', /I.H. Pauxosckas?, T.I. Toncmuxoed’,
A.A. Komnapoea'?, A.1O. /lemsazun®

!Dedepanvioe cocyoapemeennoe 6100cemnoe 00pa308amMeNbHOE YUPelCOeHUe
svicueco obopazosanus « Hosocubupckuil eocyoapcmeeHnmbvlil MEOUYUHCKULL
yHusepcumemy Murnucmepcmea 30pasooxpanerusi Poccutickou @edepayuu,
630091, Poccus, 2. Hosocubupck, Kpachotii npocnexkm, 52
?Hayuno-ucciedo8amenbCkuil UHCMuntym KIUHUYECKOU U SKCHEePUMEHMANbHOU
aumgonozcuu — unuan PedepanbHoco 20Cy0apCmeeHH020 6100HCEMHO20 HAYUHO2O
yupesicoenus « Dedepanvhulil ucciedosamenvekuil yewmp Mncmumym yumonozuu
u eenemuxu Cubupcrkozo omoenenus Poccuiickoii akademuu Hayky»,

630060, Poccus, e. Hosocubupcxk, yn. Tumaxosa, 2
SDedepanvroe cocyoapcmeentnoe 6100cemuoe yupexicoeHue Hayku
«Hosocubupcruti uncmumym opeanuyeckou xumuu um. H.H. Bopooicyosay Cubupcroeo omoenenus
Poccuiickoui akaoemuu nayk, 630090, Poccus, e. Hosocubupck,
npocn. Akademuxa Jlagpenmvesa, 9

Cospementbie mexHoN02Ul U YPO8eHb (YYHOAMEHMANbHBIX UCCIEO08AHUL NO36OTSION CO30A6AMb MEOUYUHCKUE CO-
pbenmul ¢ 3apanee onpeoereHHbIMU CMPYKIYPHbIMU, NPOYHOCIMHbIMU U adcopoyuonnbimu ceoticmsamu. Copoyuon-
Hble Mamepuabl UHMePecHvl He MONbKO 8 POU OeMOKCUKAHMOG, UCNONb3YeMbIX Ol YOALeHUst MOKCUYECKUX d2eHMOo8
U3 HCUOKUX Cpeo, HO U 8 Kauecmee Hocumeinel 01 00CMABKU 8 30Hbl Mepanesmuyecko2o 8030elicmsus buonoeuyecKu
axmuenbix eeujecms. Llenvto padomol si6isiemcst 000CHOBaHUE COCMABA NOTUDYHKYUOHATLHO20 NPENapama ¢ aHmu-
bakxmepuanbHbIM U OeMOKCUKAYUOHHBIM hhekmamu 3a cuem KOMNIeKca cepedpa u cOpOYUOHHOU COCMAsaoulell —
anoMo-KpeMHull cooepocaujeco copoenma. Mamepuanst u memoovt. B pabome ucnonv3o8anu (u3uKo-xumuieckue
(CopOYUOHHASL AKMUBHOCTING KPACUMENS MEMUTEHOB020 CUHE20, YOENbHASL NOBEPXHOCHb, 6000POOHbIL NOKA3AmMeNb NPU
KOHmMakme ¢ 60001, AMOMHO-IMUCCUOHHAS, CNEKMPOMempPUsi ¢ UHOYKIMUBHO-CE3AHHOU NAA3MOUL) U (hapmayeemuyeckue
Memoobl (HACLINHAS NAOMHOCb, PACEOpetue OJisl MEEPObIX OO3UPOBAHHBIX TEKAPCMEEHHbIX (OPM UCCAEO08ANUSL).
Pezynomamut u oocyscoenue. Ob0cHO8aH 08YXCMAOULIHBIN CHOCOO UMMOOUTUZAYUY KOMNJIEKCa cepebpa u 2udpoghodu-
3amopa Ha noBepXHOCMb COPOYUOHHOT Mampuybl. Bvioenen obpazey onmumaibHo20 cocmasa cepedpocooepucaeco
npenapama: okcuo — euopoxcuo anomunua — 99,2%, knacmepuoe cepedpo (Apeosum — C 2%) — 0,3% 6 pacueme na
cepebpo u ecnomozamenvroe seugecmeo (cuopogpoouzsamop — IHIMC mapka 11— 841) — 0,5%. Beixoo cepebpa ¢ pacmeop
u3 obpasya ykazanno2o cocmasa 3a 8 uacos ne npeeviwian 1,6 = 0,3%, eeruuuna yoenvroil nosepxnocmu — 90 m’/e,
senuyuHa 6000pooHo2o nokazamens — 8,1 + 0,02, nacvinnas niomnocmo — 1,12 + 0,11 2/cnm’. 3axkmouenue. B pabome
IKCHEPUMEHMATILHO 000CHO8AH cocmag cepebpocodepdicaujeco npenapama AlSi/Ag, nonyuenvt KomniekcHvle HayuHbie
OanHble 0 €20 PUIUKO-XUMUYECKUX, MEXHOLOSUYECKUX OCOOEHHOCNISIX.

Kniouesvie cnosa: cepedopo, copbennol, uMmoOunu3ayust
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THE POSSIBILITY OF CREATING MULTIFUNCTIONAL
SILVER-CONTAINING
DRUGS WITH DETOXIFYING EFFECT

T.V. Popova ', N.O. Karabinceva ', L.N. Rachkovskaya?, T.G. Tolstikova’,
A.A. Kotlyarova 2, A.Yu. Letyagin®
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Of Siberian Branch of Russian Academy of Sciencesy, 9, Academik Lavrentyev Prospekt, Novosibirsk, 630090,
Russia. E-mail: tg_tolstikova@mail.ru

Modern technology and the level of fundamental studies allow us to create the medical sorbents with the
predetermined structural, mechanical and adsorptional properties. Sorption materials are interesting not only as
detoxicants that are used to remove toxic agents from the liquid media, but also as carriers for a delivery in zones
a therapeutic effect of biologically active substances. The aim of this work is the substantiation of structure of
the multifunctional drug with anti-bacterial and detoxifying effects due to the complex of silver and the sorption
component — alumina-silica-containing sorbent. Materials and methods. We used physico-chemical (sorption activity
of methylene blue dye, specific surface, pH in contact with water, atomic emission spectrometry with inductively
coupled plasma) and pharmaceutical methods (bulk density, dissolution test for solid dosage forms). Results and
discussion. The two-stage method of immobilization of a complex of silver and water repellent on the surface sorption
matrix was justified. The sample of the optimum composition of silver-containing drugs was selected: aluminium
oxide-hydroxide — 99.2%, clustered silver (Argovit — C — 2%) — 0.3 %, based on silver and subsidiary substance
(repellents — brand PMS P — 841) — 0.5 %. The output of silver into the solution from the specified sample composition
for 8 hours did not exceed 1,6 + 0,3%, the value of specific surface area of 90 m?/ g, the value of pH to 8.1 £ 0.02, bulk
density 1.12 + 0.11 g/cm’. Conclusion. An experimentally substantiated composition of silver-containing drug AISi/
Ag was received, a comprehensive scientific data of its physico-chemical and technological properties were obtained.

Keywords: silver, sorbents, immobilization

Beenenne. B Hacrosiiiiee Bpems mpemnaparsl, o0ia-
Jlafolye COpOIMOHHBIMU CBOMCTBAMH, YCTOWYNBO 3aHHU-
MaroT CBOIO HHIITY B MEAMIIMHCKOH U (hapMalieBTHUECKOH
orpacisix. CoBpeMeHHbIE TEXHOJIOTUH M YPOBEHb (yH-
JlaMEHTAJBHBIX MCCIIEI0BaHUM, MpexJe BCero, B ooa-
CTH TBEPJOro Tejla, TO3BOJSIOT CO3/aTh MEAWIMHCKUE
COpOCHTBI C 3apaHee OINpPE/CICHHBIMH CTPYKTYPHBIMH,
MIPOYHOCTHBIMU U aJICOPOIIMOHHBIMU CBOIcTBamu [1-4].

HoBble monxonbl B pa3paOoTKe TEXHOJOTHH IOMy-
YEeHUs] COpPOEHTOB TO3BOJMIM IOJYYUTh KOHKYpPEHTO-
CIIOCOOHBIE COPOIMOHHBIE MaTE€pUalIbl JUIS MEAWIMHBIL:
yroibhbie 3HTepocopOerTsl (CKH, CYT'C, KAY, ®AC,
CKT-6A, UT'U, BHUUTY); yrieBOJIOKHUCTBIC COPOCH-
ThI, yIiepoaMuHepanbhbiii copoeHt (CYMC-1), copOen-
ThI Ha ocHOBe JinrauHa ([Tonudenan), copoeHT Ha OCHO-
BE KPEMHHUHOPraHNYEeCKOro rnojumMepa (DHTEepoCrelb) 1
ap. [5].

CopO1roHHbIE MaTepHallbl UHTEPECHBI HE TOJIBKO
B POJIM JIETOKCHKAHTOB, WCIOJB3YEMBIX JUIS yAaleHHs
TOKCHYECKHX areHTOB M3 KHJKUX CpeJl, HO U B Ka4eCTBE
HOCUTENeW Uil JTOCTaBKM B 30HBI TEpPareBTUYECKOTO
BO3JIeHCTBYSI OMoNornyeckn akTuBHBIX BemiecTB (BAB)
(aHTHOMOTHKHM, AHTHUCENTHKH, IMTOCTATHUKH, (epMeH-

Th1). i1 3TOTO COpOEHT IpEeIBApUTEIHHO HACHIIIAIOT
HEOOXOMMMBIMH IIpeTapaTaMu, a 3aTeM IPUMCHSIIOT B
pexxume copOrun-necopormn [5]. CopOeHT mpu 3TOM
obecrieurBaeT BO3MOXKHOCTh Hocutens BAB mpu co-
XpaHeHHH (PYHKIMHA IETOKCHKAaHTa. Tak, yCTaHOBJICHA
MTOJIOKUTENBHAS. AKCIIEPHUMEHTANBHAS W KIMHHYCCKAs
AP PEKTHBHOCTD MOMUPYHKIIMOHAIEHBIX CPEICTB, CO3-
JAHHBIX HAa OCHOBE COpOEHTa, C MMMOOMIN30BaHHBIMU
HA €ro MOBEPXHOCTH METPOHHUIA30JI0M, JIMTIOOPU3NHOM,
AHTUOMOTHKOM [6].

BounbImioit mHTEpEC B 3TOM IIaHE MIPECTABIISIOT IIpe-
mmapaTsl cepedpa, He BBI3BIBAIOIINE TOOOYHBIX PEAKITUI U
o0ITaJaromnye MIUPOKIM aHTHOAKTEPUATBHBIM CIIEKTPOM
NEHCTBUS, YTO IMO3BOJMIO OBl MPHUMEHSTH Mpenaparhl
cepebpa ais JIEYCHUsS OCTPHIX KHIICYHBIX WHQEKIHA
[7]. OcHoBHast mpobnema B J€UEHHH OCTPHIX KUIICUHBIX
MHQPEKIUH 3aKITF0YaeTCs B TPYIHOCTH BBISBICHHS BO30Y-
JIUTENST M, KaK CIICICTBUE, BHIOOpE ajeKBaTHOU (hapma-
KOTEpaIuH, B OCHOBE KOTOPOI1 JIe:KAT IPUHITHITE TPHMe-
HEHUsI aHTHOAKTepUATFHBIX (B OCHOBHOM aHTHOWOTHKN)
MIPerapaToB U COPOLIMOHHBIX CPE/ICTB. 3a4aCTyI0, B CBSI3U
C HEYCTaHOBJICHHOW 3THOJOTHEH BO3OYIHUTEINS, JICUCHHE
AHTHOMOTHKAMU HE UMEET TIOJIOKUTEIFHOTO PEe3yIIbTara,
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B CBSI3M C Y€M BO300OHOBIISIETCS] HHTEPEC K ITpenaparam
cepebpa, B TOM 4YHUCIIE U cepeOpocoaepKaliuM CopOeH-
tam [8-12]. Ha cerogusammuii neus B peectpe JIC PO
OTCYTCTBYIOT 3aperuCTpHpOBaHHBIE cepedpocoaepKa-
Iye Tpemnaparsl Uil BHYTpPEHHEro mpuMmeHeHus [13].
IIpu 3TOM B KauecTBE OMONIOTHUECKH aKTUBHON JOOABKH
3aperuCTpUpOBaHa OTEYECTBEHHAs cepedpocoepIKaniast
KOMIIO3UIMS Ul BHYTPEHHEro NPUMEHEHus: «Apro-
But-C» [7, 8, 14].

Henbio padoThl sBIsIeTCS 00OCHOBAHHUE COCTaBa H
TEXHOJIOTHH TIOMYYEHUs] MONN(YHKIMOHAIEHOTO TIpe-
rnapara ¢ aHTHOAKTepHaJbHBIM M JIETOKCHKAIMOHHBIM
a¢dexTamu 3a CYeT KOMIUIEKCa cepedpa U COpOIIMOHHON
COCTaBJIAIOIIEH — AIIOMHHMI-, KpEMHUICOAEPKAILETO
copbenTa (AlSi/Ag).

Marepuanasl u MeTobl. B KauecTBe cOpOLIMOHHOM
MaTpHIbl HUCIIOJIBb30BAIM TEPMOAKTHBHPOBAHHBIN TH-
JIPOKCHJI aJlFOMUHHSI MEJIKOAMCIIEPCHBIM, Jajiee Ha3bIBa-
eMBIi OKCHA-THApOoKCcH T amoMuHus (Mapka AOK 63-92,
TY 6-68-141-98). dusa dopmupoBanus THIAPOPUIEHO
rupodoOHOI TPUPOABI TTOBEPXHOCTH COPOLIMOHHOM Ma-
TPHUIBI MCIIOJIL30BANIN BCIIOMOTarebHble BelecTsa (BB)
— TIOJTMMETHIICHIIOKCaHOBBIE BoHBIC AMylbenun (ITMC):
K9 — 10 — 01 (conepxanns kpemuus 25-28%), I1 — 841
(conepxkanme kpemuus 25,5 %), I1I- 814 (comepxanue
kpemuust 20,6%) (I'OCT 13032-77). Jdnst npupaHus
npenapary aHTHOAKTepHaIbHBIX CBOWCTB MCIIOIb30BaIIH
KiactepHoe cepedpo — «AproBut-C» ¢ copepkaHueM
2% cepedpa (TY 9310-003-79044259-12).

Ucnonp3yemsrit B pabore cepeOpocomep Kamiii
npenapar «AlSi/Ag» ObUI TIPUTOTOBIIEH C COAEPIKAHU-
em cepebpa 0,3%, 9TO He MPEBBIIACT YKBUBAJIICHTHBIC
BEICIITYIO Pa3oByI0 103y (comepkanue cepedpa 0,019 r)
¥ BEICIIYIO CYTOYHYIO A03y (comepkanue cepedpa 0,063
T'), ONMCAHHOTO B JIUTeparype (apmaxorneifHoro mpermna-
para a30THOKHCIIOro cepedpa, paHee IPUMEHSIEMOro per
os [15].

OmpeneneHue BEIUYUHBI YAENBHON ITOBEPXHOCTH
(Sj,,) obpasuos mposoauan Ha npubope ASAP-2400
Micromeritics MetomoM HuskoremmeparypHoit (77 K)
copOuuu mapoB a3ora Ha 00pa3max (KJIacCHIeCKHid Me-
tox bpynayspa — Ommera — Temnepa (BOT)) B npenmo-
JIO)KEHHH MOHOMOJICKYJISIPHOTO CJIOSI MOJIEKYJI a30Ta Ha
MOBEPXHOCTH U W3BECTHOM IUIONIAJU MONEPEYHOTO Ce-
YEeHUs] MOJIEKYJBI aJcopOMpOoBaHHOrO rasza. Mcmomb3ys
9KCTIEPUMEHTANIBHBIC JaHHBIC IO aJCOPOIMH, CTPOMIH
M30TepMBI COPOIHH, IO KOTOPBIM OIPEACIISIIIN BETMUHHY
yaenbpHOU moBepxHocTH. Ilepen nmpoBeseHHeM dKCrepu-
MEHTOB 00pasIibl TPCHUPOBAIH B Bakyyme 10 MM. pT. CT.
mpu temmeparype 10 100°C B Teuenne 5 gacos [4].

OT11eHKY HACBITHOM ITIOTHOCTH ITPOBOIFITH HA ITPHO0-
pe mapku [THO.00.00.I1C. cormacao O®C.1.4.2.0016.15
«CreneHb ChITy4ecTH MOPOLIKOBY [16].

Bennunny BomopogHoro mokasarens pH omnpene-
s Ha npubope pH — 410 «HIIK® Axsuion» mytem
MIEPHUOINYECKOTO TIepeMeIInBanHus B TeueHue 30 MUHYT
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TOYHOH HaBecku oOpasua (1 r) ¢ Booi OUYHIIEHHOH B CO-
otHomernnu 1:20, puxcupys Temmeparypy pactsopa [4].
CopO1noHHYI0 EMKOCTh IO OTHOIIIEHUIO K KPacHTe-
JII0 METHJIEHOBOMY cHHeMy (Moiek. macca — 320 r/mMouts,
HCXOAHAs KOHIIEHTPAUs — 1,5 MI/MiIT) onpeaessiiu ¢ mo-
Moteio criekrpodoromerpa Mapku Cary 60 “Hekatech”,
cormacao ODC 1.2.1.0002.15 «CmextpodoTomMeTpus B
YIABTPaHOIETOBOM U BUAMMON 00macTax» [16].

Coneprxanne cepebpa B TBepioM 0Opasle U B pac-
TBOpPE ONpENEIsUIN  METOAOM aTOMHO-3MHCCHOHHOM
CIIEKTPOMETPUH C HMHAYKTHBHO-CBSI3aHHOHM IIa3MOM
(ADC-HUCIT) OPC.1.2.1.1.0004.15 «ATOMHO-DMHCCH-
OHHas cnekrpodoTomeTpusi» [16] Ha ciekTpoMeTpe Mo-
nemu «IRIS Advantage» gupmsr «Jarrell Ash.» (CLLA)
¢ BO30Y)XJICHHEM CIIEeKTpa MpoOBI B aprOHOBOW IUIa3Me,
KOTOpasi CO3JaeTCs MOj ACHCTBHEM BBICOKOYACTOTHOIO
9NIEKTPOMArHUTHOTO TIONSA, C IPOrPaMMHBIM oOecrtie-
yennem «ITEVA» B xomIuiekTe ¢ aBTOCaMIUIEPOM IS
aBTOMATHUYECKOM MOJIaIH MPOO CO CHEKTPAIBHBIM JHara-
30HOM u3Mepenuid oT 170 o 800 HM U OTHOCHUTETHHBIM
CPeIHMM KBa/IpATHYECKUM OTKJIIOHCHHEM BBIXOTHOTO
curHana (Mpu KOHIIGHTpAIMH, IPEeBBIIIAIONIeH Ooee
yem B 1000 pa3 mpenen ooHapyxenus) He 6onee 1%. Ce-
pebpo ompenensy mo aHanuTHUeckor TuHUA 328.068
HM.

HeobOxopnmocTh M3MepeHusi copepkaHusi cepedpa
B PacTBOpE CBsi3aHa C KOJIMYECTBEHHBIM OIPE/IeIICHUEM
BBICBOOOXKIaoIerocst («BbIXoza») cepebpa C IoBepX-
HOCTH copOeHTa B TecTe «PacTBOpeHHEe Ui TBEPIBIX
JIO3UPOBAaHHBIX JeKapcTBeHHBIX (popm». Tect «PactBo-
peHne sl TBEPIBIX JIO3MPOBAHHBIX JIEKAPCTBEHHBIX
(hopm» IPOBOIUIIH B COOTBETCTBUU ¢ MeToaukamu ODC.
1.4.2.0014.15 «PactBopenue Ayt TBEPABIX T03UPOBAH-
HBIX JIEKAPCTBEHHBIX (GopM» Ha mpubope Tuma «Bparia-
romasicss kop3uHka2 [16]. Benmuunna HaBecku cepeOpo-
COZeprKaIIero mpemnapara Ha COpOMOHHONW OCHOBE 3,5 T.
B kauecTBe cpesnpl sl pacTBOpeHuUs nucrnonb3oBanu 500
MJI BOABI OUMILEHHOW ¢ Temmeparypoit 37°C mpu cko-
poctu Bpamienus 100 0o60poTOB B MHHYTY. AJHMKBOTHI
oosémoM 1 M orbupanu gepe3 0 munyt, 30 MunyT, |
gac, 2 gaca, U § 4acoB OT Hayaya dKCIepuMeHTa. (st
TIOA/IeP KaHMSI TOCTOSTHHOTO 00beMa B CTaKaH J100aBIIsIH
paBHBII 00BeM Boas! ountieHHOM. ComeprkaHue cepedpa
B pacTBOpe (M B TBEPIBIX 0Opasiiax) OMpPeaesLIN CIIeK-
Tpooromerpuuecku (ADC-UCII) [16].

PesyabTarsl M 00cy:x1eHne. Beioop copOunoHHOM
MaTpHIBl OKCHIA-THJIPOKCHA ATIOMHHUS OOOCHOBaH
pasmepom uactuir (0,04 mm), o6bemom op (0,2 cm*/T),
BENTMUMHON yaenapHOH moBepxHoctH (100 M?), HachIM-
ueiM BecoM (0,98-1,23 r/cM®) U HanuuueM Me30-, Ma-
KpPOTIOPUCTON CTPYKTYyphl. Hebonbiioit pasmep dacTuir
COpOIIMOHHON MaTpHIBl OOYCIIOBIMBAET BBICOKYIO Te-
OMETPHUYECKYIO MTOBEPXHOCTb, KOTOpas, HAPALY C OCO-
OEHHOCTSIMH MOPHUCTOM CTPYKTYPbI, IPUBOJIUT K YBEIIU-
YEHUIO CKOPOCTH COPOIMH M3BIEKAEMbIX KOMIIOHEHTOB
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Pa3IMYHON MPUPOBI U MOJICKYIISIPHON Macchl. XUMHUYe-
CcKasl MPUPOJIa TIOBEPXHOCTH OKCHIA-THAPOKCHIA XapakK-
TEPU3YeTCsl HANMYNEM THAPODUIBHBIX LIEHTPOB THIPOK-
CHJIBHBIX TPYTIIL.

Crenyer OTMETHTB, YTO TPAAWIHOHHO HCIIOIb3Ye-
MbIe THAPO(OOHBIE YTOIbHBIE COPOCHTHI (pa3Mep YacTHIl
0,5-2 MM) /711 SHTEPATLHOTO MPUMEHEHUsI CIIEIHaIbHO
MO/IBEPIraloT OKUCIICHUIO KHCIOPOACOCPIKAIUMHU Ta3a-
MH Uit (OPMHUPOBAHUS TTOPUCTON CTPYKTYPBI U THAPO-
(hoOHO-THAPOPUITHFHON XUMHUYECKOW TPHUPOABI TOBEPX-
HOCTH C LEJBI0 YBEIMUCHUSI COPOLIMOHHON aKTHBHOCTH
B OTHOUICHUM COPOLMHM TOKCHYECKUX arcHTOB pa3HOM
npupo/sl. B n3BecTHOM yriiepoaMuHEpaaIbHOM COpOEH-
Te, Ha000POT, MOBEPXHOCTh OKCH/IA AIIOMHHUS (pa3mep
gactur 0,4-1 MM) MOTUGHUIUPYIOT YIIIEPOIOM ¢ POpMHU-
poBaHHEM THIPOPUIEHO — THAPO(GOOHONH XUMHUECKON
MPUPOJIBI IOBEPXHOCTH [4].

Beime npuBeneHHbIE MOAX0MBI K (DOPMUPOBAHHIO
MTOBEPXHOCTH M XapaKTEPUCTUKH OKCHJA — TUAPOKCHIA
AITIOMHUHUA CBUACTCILCTBYIOT O MEPCIICKTUBHOCTH IIPU-
MEHEHHsI BBIOPAHHOTO MaTepHaia s CO3AaHHs Mperna-
para ams sHTepanbHOTo IpuMeHeHus [17, 18, 19].

Jns obecrieueHns: TPOMHOCTH pa3padaThIBAEMOro
npenapara K copoaram (TOKCHHBI) Pa3IMYHOMN TPUPOJIHI,
rUAPOQUITEHYIO TOBEPXHOCTh OKCHJIA-THPOKCHUIA aJTIO-
MuHUS MoaupuipoBainu ruapodooHsiv BB — TIMC.

Br16op u obocHoBanue ucrons3dyemsix [IMC (Tu-
npodobmzaropo) mapku [1-841 u I[1— 814 m KD 10 - 01
OCHOBBIBAETCS HA NPOBEICHHBIX PaHEE MCCIIEIOBaHUIX
T10 OIIEHKE pa3Mepa YacTHIl BOJHBIX AMYJIbCHH B Juara-
3oHax temmeparyp ot 20 1o 60°C ¢ unteppanom 5,0°C u

BPEMEHEM BBIJICPKKHU 4 MUHYTHI (TIPH KaXKI0H TeMIiepa-
Type npousBoauin no 10 m3mepenuit). briio nokaszaxo,
YTO C YBEIHMUYCHUEM TEeMIIepaTyphl THAPOANHAMHYICCKUI
IaMeTp YaCTHIl SMYIIECUH yMeHbInaeTcs. [1o maHHBIM
MOHOMOJIAJIBHOTO aHalu3a Mnpu temneparypax 55-60°C
cpeanauii 3¢ GeKTUBHBIN qraMeTp coctaBmwi 217-231 Hm.
C moMomipio TONMMO/IANIBHOTO aHan3a (KCIOIb30Ball-
cs1 anroput™m NNLS — non-negatively constrained least
Squares) yCTaHOBJICHO, YTO B paCTBOPE HAXOIMJIINCH JIBE
¢paknuu gactui ¢ aquaMerpamMu 88 HM 1 578 HM. OTH
pa3Mephl COMMOCTABUMEI C pa3MepaMy Me30- U MaKpOIIOp
HCXOJHOM MaTPHIIBI, YTO MPEAIONAracT COXPaHHOCTh U
JIOCTYITHOCTB BCEX B3aUMOCBSI3aHHBIX MEX]ly CO00# mop
B MOAM(DUIIMPOBAHHOM HOCHUTEIIE — COPOCHTE U IIePCIIeK-
THBHOCTH Pa3pabOTaHHONH METOAMKH IS JaTbHEHUIIETO
nccienoBaans [20]. Taxkxe ot BeiOopa BB 3aBumcur u
MIPOYHOCTH CBSI3BIBAaHUS cepedpa C MOBEPXHOCTHIO Ma-
TPUIIBL.

Jlns obecriedeHust Oosee MPOYHOTO 3aKPEIUICHUS
cepeOpa Ha MOBEPXHOCTH OKCHJA — THAPOKCUAA aJlto-
MUHUS OblJIa peaTn30BaHa AByXCTaANIHAS TEXHOJIOTHS,
3aKITIOYAIONIAsicsl B ITOCIIEIOBATEIHPHON WMMOOMIIHI3a-
MU KOMILIEKCa cepedpa 1 JaTbHEHUIIeTro «3aMypOBhIBa-
HusD» ero BB. TexHomorus uMMoOMIH3aIii aHTHOAKTE-
PHAILHOTO KOMITOHEHTA B KOHEUHOM CYETE OTIpeJeIsieT
0€301acHOCTb IPUMEHEHUSI CepedpOocoIepIKAILETro Tpe-
mapara.

[lo pesynbraram npenBapUTENbHBIX HCCIEJOBAHUN
JUIA TANBHEHIIET0 yrIyOJIeHHOTO W3Y4YCHHs OBLIH BBI-
OpaHbl HECKOJILKO COCTABOB IKCIIEPUMEHTAILHOTO Cepe-
opoconepxkariero npenapara AlSi/Ag (ta6m.1).

Taénuya 1 — Cocmag IKcnepumeHmaIbHbIX
cepebpocodeprycauiux npenapamog AlSi/Ag (na 100 2)

Cocras DKCIIEpIMEHTATBHBIE 00PA3IIbI
Al | A2 | A3 A4 | A5 | A6 | AT | A8 | A9
Marpuma, % 99,2 98,7 97,7
Aprosur-C, % 0,3 (B pacuete Ha cepeOpo)
I1-814, % 0,5 1,0 2,0
I1- 841, % 0,5 1,0 2,0
K3 -10-01, % 0,5 1,0 2,0

9 — cuHTE3 B JBE CTAIUN.

[IpumMedanue: MaTpuiia — OKCHA-THAPOKCHI amfoMUHUS; AproBuT-C — cepeOpocomepkammii KOMIOHeHT; A 1-A

OO0pas1pl OBUTH TTOMYYCHBI C MTOBBIIICHHEM KOHIICH-
tpauun BB kaxnoir mapku [IMC ¢ nenbto yBenmueHus
TMO(UIBHOM KpOIOIIeH TIOBEPXHOCTH M 00pa30BaHMS aK-
THBHBIX IEHTPOB «3aKpEIICHUs» cepedpa, UTo CyIeCTBeH-
HO BITUSIET Ha COPOIMOHHYTO aKTUBHOCTB U «BBICBOOOXKIE-
HHE» HOHOB cepedpa.

B Xome moAaroToBUTENBHBIX PabOT y AKCIIEpPUMEH-
TanbHBIX 00pa3ioB A4, A7 u A8 Oblna BbIsiBIEHa al0-
COJIIOTHAs HECMAauMBAaeMOCTb BoOAOW. YacTuubl aryo-
MEpPHUPOBAINCH B KPYIHBIE «KJIACTEPbD» M HAXOAMINCH
MIPEUMYILECTBEHHO Ha IMOBEPXHOCTH PacTBOpa, 4TO TO-

CIIY’KWJIO NMPUYMHOM HX HCKIIOYEHHs U3 AAJIbHEHIIMX
HUCCIEIOBAHUMN.

Jlnst BBISIBIIGHHST ONTHUMAJBHOTO COCTaBa cepedpo-
coziepyKallero rnpernapara ObIIM ONpEeAeseHbl JBa Hau-
Oornee BaXKHBIX TTOKa3aTelsl: KOMIMUECTBEHHOE OMpesierie-
HHE MacCOBOW JIOJM cepedpa Iocie IMPEeAronaraeMoro
BBICBOOOXK/ICHUS! («BBIXO/Ia») C TMOBEPXHOCTH HOCHUTEIS
B TECTC ((PaCTBOpeHl/Ie A TBEPABIX JO3UPOBAHHBIX
JIeKapCTBEHHBIX (popm» (Tabn. 2) W copOUMOHHAS aK-
THUBHOCTB 110 OTHOMICHHIO K KPACHTEII0 METHICHOBOMY
cuHeMy (puc. 1).
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Taénuya 2 — Pezynomamol mecma «Pacmeopenue 011 meepovix 003upoeanHvlx
JIeKapCmMEEeHHbIX Yopm» 01 IKCHEPUMEHMATbHBIX 00PaA3U08
cepebpocodeprcaujezo npenapama AISi/Ag

No Obpaserr PactBopenne, %
DKCIL. 0 0,5 gaca 1 gac 2 yaca 8 yacos
1 Al 0,02+0,4 39+0,2 4,5+0,8 4,9+0,6 4,7+0,5
2 A2 0,03 +0,1 1,3+0,2 3,0£0,6 1,3+0,2 1,6 £0,3
3 A3 0,01 £0,2 2,8+£0,2 4,7+0,8 2,7+0,8 4,7+0,5
4 A5 0,04 £0,1 1,4+0,1 3,4+0,7 2,5+0,2 1,6 £0,1
5 A6 0,01 £0,2 2,0+£0,2 2,7+0.8 3,7+0,8 4,7+0,5
6 A9 0,02 +0,1 2,7+0,1 4,7+0,1 3,7+£0,2 6,3+0,5

[Ipu wccienoBaHuu BBHICBOOOXKICHUSI cepedpa ¢
MMOBEPXHOCTH COPOIIMOHHON MaTPHUIBI CyMMapHEIC
3HAYCHUS MOKa3aTels s o0pa3noB Al, A2, A3, AS,
A6 1 A9 ipu KOHTaKTE ¢ BOJOH 3a 8 4aCOB COCTABUIIU
18%, 7,2%, 14,9%, 8,9%, 13,1% u 17,4% coorBet-
CTBEHHO OT KOJHMYECTBA MMMOOMIM30BAHHOTO. DTH

12

10

CO])ﬁHHOHHIIH AKTHBHOCTH
MeTIJIeHOBOI'0 CHHHero, Mr/T

A2

naHeble B 32 pasa (u Ooiee) MEHbBIIE TOKCHYECKOM
o361 cepebpa (0,06 T), 9TO CBHIETEIHCTBYET O 0e3-
OMAaCHOCTH NPUMEHEHHS pa3paboTaHHOH (HOPMBI IIPH
9HTEPAIbHOM NPUMEHEHHH cepedpocoaepKaliero
npenapara, Kak aHTHOAKTEpHaJlbHOTO areHTa ¢ IIu-
POKHUM CIIEKTPOM JeiCTBHS.

S e ettt bttt ttbttsbsssd
eSS BBEtesssbttdssssd
R e s

AS

A3
Odpasen

=
<

Pucynok 1 — Copoyuonnas akmugHocmb MemuieHo6020 cunezo oopasuos Al, A2, A3, A5, A6 u A9.

HccnenoBanne cCOpOIMOHHOM aKTUBHOCTH, OTHOCHTEITb-
HO MapKkepa CPETHEMOJNIEKYISIPHBIX TOKCHHOB ITO3BOJIFIIO
BBIZICITUTH /1Ba 00pastia — A2 1 A6 ¢ HanOONBIIINM TTOKa3aTe-
seM. [locnenyronme uccaenoBanysl HACHIITHON IJIOTHOCTH,
BEJTMYMHBI yIETbHOM MOBEPXHOCTH W BOJOPOTHOTO TOKa-
3arelsi IPH KOHTAaKTe C BOIOHM HamOolee MepCrieKTHBHBIX
00pasIoB MOKA3ad, YTO MPU OJMHAKOBOW HACHITHON ILIOT-
HOCTH 00pPa3IIOB, COIOCTABIMBIX BEJIMYNH BOIOPOIHOTO I10-
Ka3aTesis ¥ COPOIOHHON aKTHBHOCTH TTOKA3aTelb YACTBHOM
TIOBEPXHOCTH 00pasiia A2 BBIIIE aHAJIOTHIHOTO TTOKA3aTels

obpasiia A6 B 1,5 pasa (tadn 3). 310 006CTOATENHCTBO, O4e-
BHIHO, CBA3aHO C MEHBIINM KOJIYECTBOM HCIIOIB30BAHHOTO
nommmepa (0,5%), B 06pastie sxe A6 conepxaHue moammepa
1% (Ta6mn.3). bonee Huskoe conepkanme [IMC B obpasme A2
CIOCOOCTBYET PABHOMEPHOMY PAaCHpPEIENeHHIO MOoIUMepa
Ha TIOBEPXHOCTH MaTPHUIIBI 1, OJ1aroapst 3ToMy, COXpaHEHUIO
BBICOKOH BETMYMHBI YIIEIBHON IIOBEPXHOCTH M JOCTYITHOCTH
AKTHBHBIX IIEHTPOB, YTO JIefiaeT 00pazer A2 HarOosee onTH-
MAJIBHBIM JUIS CO3/IaHNSI SHTEPAIBHOTO CPEICTBA C IETOKCH-
KaITMOHHBIM 3(PEKTOM.

Tabnuya 3 — Pe3ynbmamsl HACLINHOU NJIOMHOCHU, ETUUUHDL YOETbHOU nogepxHocmu u pH
npu KOHMaxKme ¢ 80001l IKCHEPUMEHMATbHBIX 00pa3y0s A2 u A6

Neo O6pazen P, r/em? S ., M/r pH
1 A2 1,12 +0,11 90 £ 0,001 8,1 +0,02
2 A6 1,12+0,13 60 + 0,001 6,8 0,02

BOAOPOAHOTO IMOKA3aTCJisd MPU KOHTAKTE C BOJIOU

[Mpumeyanue: P — HachIHAS TUIOTHOCTD, T/CM?; Syﬂ, — BEJIMYMHA YJICJIBHOM MOBEPXHOCTH, M%/T; pH — BennunHa
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Takum 00pazom, B pesyiibrare WCCIeJOBaHUs ObLI
OIIpeJieIeH ONTHUMAJBbHBII COCTaB cepedpocoeprKaliero
npemnapara AISi/Ag, cocTOsIIMI 13 MOPUCTON MAaTPHUIIBI
oKcuaa — ruapokeuaa amoMuuus (99,2%), kinactepHoro
cepedpa (0,3% B pacuere Ha cepedpo) u BB (rumpododu-
3atop) — [IMC (mapku IT — 841 B npolieHTHOM conep:xa-
nuu 0,5%).

3akuiodyenue. B paboTe BrepBbIe SKCIIEPUMEHTATb-
HO 000CHOBaH COCTaB MOIH(DYHKIIMOHAIBLHOTO cepedpo-
cozeprkaniero npenapara AISi/Ag ¢ 1eTOKCHKAIIMOHHBIM
s dekTom, a TakKe MOITyueHbl KOMIUIEKCHbIE Hay4YHbIC
JaHHBbIC O €ro (1)I/I3I/IKO-XI/IMI/I'-I€CKI/IX, TEXHOJIOIT'NYECCKHUX

ocobenHocTsX. bwut Beigenen obpaser cepedpoconep-
xarmero npenapara AISi/Ag (A2) onTUManbsHOTO cocTa-
Ba: OKCHJI — TUAPOKCU ajmroMuHus — 99,2%, kmacrep-
Horo cepedpa (Aprosut — C 2%) — 0,3 % B pacuete Ha
cepedpo u BB (rumpododusarop — [IMC mapka [1-841)
— 0,5% c onTUManbHBIME CBOWCTBaMH: BBIXOJ cepedpa
B pacTBOp 3a 8 yacoB He mnpebiran 0,8+0,2%, copouu-
OHHas aKTUBHOCTH B OTHOIIEHUH MapKepa CpeaHeMolle-
KYJISIPHBIX TOKCHHOB (MeTHUJIeHOBoro cuHero) — 10+0,02
MTI/T, BeJIMYMHA YIeTbHON moBepxHOCTH — 90 M*/T, BemH-
YUHa BOAOPOAHOro mokaszarens — 8,1 + 0,02, HaceinHas
mi10THOCTE — 1,12 + 0,11 r/em?.

Introduction. Currently, drugs that have sorption
properties, steadily occupy a niche in the medical and
pharmaceutical industries. Modern technologies and the
level of fundamental research, first of all, in the field of
a solid body, make it possible to create medical sorbents
with predetermined structural, strength and adsorptional
properties [1-4].

The new approaches in the development of
technologies for the production of sorbents allowed
us to obtain the competitive sorption materials for
medicine: carbon enterosorbents (SKN, SUGS, KAU,
FAS, SKT-6A, IGI, VNIITU); carbon fiber sorbents,
operationally sorbent (SUMS-1), sorbents based on
lignin (Polyphepan), sorbent on the basis of silicone
polymer (Enterosgel), and others [5].

The sorption materials are interesting not only as
detoxicants that are used to remove toxic agents from
the liquid media, but also as carriers for a delivery in
zones of a therapeutic effect of the biologically active
substances (BAS) (antibiotics, antiseptics, cytostatics,
enzymes). For this purpose, the sorbent is pre-saturated
with the necessary preparations, and then used in the
regime of sorption-desorption [5]. The sorbent provides
the capability of a carrier of the native biologically active
substances, while maintaining the function of a detoxifier.
Thus, a positive experimental and clinical efficiency of
the multifunctional products based on the sorbent with
immobilized on its surface metronidazole, leparisien,
antibiotic was determent [6].

A great interest in this direction have the preparations
of silver, which do not cause adverse reactions and
possess a broad antibacterial spectrum of action, which
would allow the use of silver preparations for the
treatment of acute intestinal infections [7]. The main
problem in the treatment of acute intestinal infections is
the difficulty in the identification of a pathogen and, as
a consequence, in choice of adequate pharmacotherapy,
based on the principles of use of the antibacterial (mainly
antibiotic) drugs and sorption materials. Often, because
of the unknown etiology of a pathogen, treatment with
antibiotics does not have a positive result. In addition,
antibiotics do not have an effect on viruses, and therefore
interest in silver preparations, including silver-containing

sorbents, is renewed [8-12]. In recent time, there are no
registered silver-containing preparations for the internal
use in the register of drugs of the Russian Federation
[13]. At the same time, a domestic silver-containing
composition for internal application “Argovit-C” was
registered, as a biologically active additive [7, 8, 14].

The aim of this work is the substantiation of structure
of the multifunctional drug with anti-bacterial and
detoxifying effects due to the complex of silver and the
sorption component — alumina-silica-containing sorbent.

Materials and methods. Thermoactivated
aluminium hydroxide finely dispersed was used as a
sorption matrix, hereinafter referred to as aluminum
oxide-hydroxide (brand AOC 63-92, TU 6-68-141-98).
For the formation of the hydrophilic — hydrophobic
nature of the surface of a sorption matrix used excipients
— polymethylsiloxane water emulsion (ICP): FE — 10 —
01 (silicon content of 25-28%), P — 841 (silicon content
of 25.5 %), P — 814 (silicon content of 20.6 %) (GOST
13032-77). To make the preparation with antibacterial
properties used clustered silver “Argovit” with a content
of 2% silver (TU 9310-003-79044259-12).

Used in the work the silver-containing preparation
“AlSi / Ag” was made with a silver content of 0,3%,
that is not exceeding the equivalent of the WFD (the
silver content 0,019 g) and IRR (silver content 0,063
g) described in the literature of the Pharmacopoeia
preparation of silver nitrate, previously used per os [15].

The determination of the specific surface area (BET)
of the samples was conducted on the instrument ASAP-
2400 Micromeritics by a method of low-temperature (77
K) adsorption of nitrogen vapor on the samples (classic
method Brunauer — Emmett — teller (BET), under the
assumption of a monomolecular layer of nitrogen
molecules on the surface and the known cross-sectional
area of adsorbed gas molecules. By using experimental
data on the adsorption, built sorption isotherms, which
helped to determine the value of specific surface area.
Before experiments, the samples were trained in a
vacuum of 10* mmHg at temperature up to 100 °C for
5 hours [4].

An assessment of bulk density was carried out on
the appliance of the PNA.00.00.PS. brand, according
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to OFS.1.4.2.0016.15 “the Degree of flowability of
powders” [16].

The value of pH pH was determined by pH — 410
“NPKF Aquilon” by the periodic stirring for 30 minutes
of the exact weighed portion of a sample (1 g) with
purified water at a ratio of 1 : 20, fixing the temperature
of the solution [4].

Sorption capacity with respect to the dye methylene
blue (mol. weight — 320 g/mol, the initial concentration of
1.5 mg/ml) was determined by using spectrophotometer
Cary 60 brand “Hekatech,” according to OFS
1.2.1.0002.15 “Spectrophotometry in the ultraviolet and
visible regions” [16].

The silver content in the solid sample and in
the solution was determined by the atomic emission
spectrometry  with  inductively coupled plasma
(AES-ICP) FFS.1.2.1.1.0004.15 “Atomic
spectrophotometry” [16], on the spectrometer IRIS
Advantage model of the firm Jarrell Ash (United
States), with the excitation spectrum of the sample in
an argon plasma, which is created under the action of
high-frequency electromagnetic field, with the software
“ITEVA”, together with autosampler for automatic feed
of samples and with the spectral measurement range
from 170 to 800 nm and a relative standard deviation of
the output signal (at a concentration exceeding more than
1000 times the detection limit) not more than 1 %. Silver
was determined by analytical line 328.068 nm.

The need of measurement of the silver content in
solution is associated with the quantitative determination
of the released (“release”) of silver from the surface of
the sorbent in the test ““ Dissolution test for solid dosage
forms “. Test “Dissolution test for solid dosage forms “
was carried out in accordance with the methods of the
CFC. 1.4.2.0014.15 “Dissolution test for solid dosage
forms” was carried out on device of class “Rotating
basket” [16]. The size of the sample of silver-containing
drug on the basis of sorption was 3.5 G. As a medium
for dissolving was used 500 ml of purified water with
37C at a speed of 100 rpm. Aliquots of 1 ml were taken
after 0 minutes, 30 minutes, 1 hour, 2 hours, and 8 hours
from the start of the experiment. To maintain a constant
volume in the beaker, an equal volume of purified water
was added. The silver content in the solution (and solids)
was determined spectrophotometrically (AES-ICP) [16].

Results and discussion. The choice of the sorption
matrix of aluminum oxide-hydroxide is justified by the
particle size (0.04 mm), the pore volume (0.2 cm® / g),
the specific surface area (100 m?), the bulk density (0.98 —
1.23 g/ cm?), and by the presence of a meso-, macroporous
structure. The small particle size of the sorption matrix
causes a high geometric surface, which, along with the
characteristics of the porous structure, leads to an increase
in the rate of sorption of substances of the different nature
and molecular weight. The chemical nature of the oxide-

emission
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hydroxide surface is characterized by the presence of
hydrophilic centers of the hydroxyl groups.

It should be noted, that traditionally used hydrophobic
coal sorbents (particle size 0.5-2 mm) for the enteral use
should be specially oxidized with oxygen-containing
gases to form a porous structure and hydrophobic-
hydrophilic chemical nature of the surface in order to
increase the sorption activity of toxic substances of the
different nature. In contrast, in a known carbon-mineral
sorbent the aluminum oxide surface (particle size 0.4-1
mm) gets modified by carbon to form the hydrophilic-
hydrophobic chemical nature of the surface [4].

The above discussed approaches for the formation
of the surface and the characteristics of aluminum oxide-
hydroxide suggest that the use of the selected material for
the development of the drug for enteral use is promising
[17, 18, 19].

For providing the affinity of the developed preparation
for sorbates (toxins) of various nature, the hydrophilic
surface of aluminum oxide-hydroxide was modified with
hydrophobic auxiliary substance — PMS.

The choice and justification of the used
hydrophobizers of grades P-841 and P-814 and KE
10-01 is based on earlier studies of the particle size of
aqueous emulsions in the temperature ranges from 20 to
60 ° C with an interval of 5.0 ° C and a holding time of
4 minutes (At each temperature, 10 measurements were
made). It was shown that with the increasing temperature
the hydrodynamic diameter of the emulsion particles
decreases. According to the monomodal analysis at
temperatures of 55-600C, the average effective diameter
was 217-231 nm. By using a multimodal analysis (using
the NNLS-non-negatively constrained least squares
algorithm), it was found that two fractions of particles
with diameters of 88 nm and 578 nm were in solution.
These dimensions are comparable with the sizes of
the meso- and macropores of the original matrix,
which implies the preservation and accessibility of all
pores interconnected in a modified carrier-sorbent and
the prospects of the developed technique for further
investigation [20]. The strength of the binding of silver
to the surface of the matrix also depends on the choice of
the auxiliary substance.

To ensure a more permanent fixation of silver on
the surface of aluminum oxide hydroxide, a two-stage
manufacturing technology,consisting in the sequential
immobilization of the silver complex and its further
“fixing” with auxiliary substance (polymethylsiloxane)
was executed. The technology of immobilization of the
antibacterial component ultimately determines the safety
of using a silver-containing drug.

Based on the results of preliminary studies, several
compositions of the experimental silver-containing AlSi
/ Ag preparation were selected for further detailed study
(Table 1).
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Table 1 — Compositions of experimental silver-containing preparations AlSi/Ag (100 g)

Composition Experimental samples
Al | A2 | A3 A4 | A5 | A6 A7 | A8 | A9
Matrix,% 99.2 98.7 97.7
Argovit — C,% 0.3 (in terms of silver)
P——814,% 0.5 1.0 2.0
P—841,% 0.5 1.0 2.0
KE -10-01, % 0.5 1.0 2.0
Note: the matrix is aluminum oxide-hydroxide; Argovit — C — silver-containing component; A 1-A 9 — synthesis in
two stages.
Samples were obtained with an increasing and were mainly on the surface of the solution, which

concentration of the auxiliary substance of each grade
of PMS in order of increasing of the lipophilic coating
surface and the formation of active “fixing” centers of
silver, which significantly affects the sorption activity
and the “release” of silver ions.

In the preparatory work of the experimental samples
A4, A7 and A8, absolute water nonwettability was
revealed. The particles agglomerated into large “clusters”

was the reason for their exclusion from further research.

To determine the optimal composition of the silver-
containing preparation, two most important indicators
were determined: the quantitative determination of the
mass fraction of silver after the supposed release from the
carrier surface in the “Dissolution test for solid dosage
forms” (Table 2) and sorption activity of methylene blue
(Figure. 1)

Table 2 — The results of dissolution test for solid dosage forms for the experimental samples of the silver-
containing preparation AlSi/ Ag

Exp. No Sample Dissolution,%
0 0.5 hour 1 hour 2 hour 8 hour
1 Al 0.02+04 39+0.2 45+0.8 49+0.6 47+0.5
2 A2 0.03+£0.1 1.3+0.2 3.0+£0.6 1.3+£0.2 1.6+0.3
3 A3 0.01 £0.2 2.8+0.2 47+0.8 2.7+0.8 47+0.5
4 A5 0.04 £ 0.1 1.4+0.1 34+0.7 25+0.2 1.6 £0.1
5 A6 0.01+£0.2 20+0.2 2.7+0.8 37+0.8 47+0.5
6 A9 0.02 +0.1 2.7+0.1 47+0.1 37+£0.2 6.3+£0.5

In the study of silver release from the surface of
the sorption matrix, the total values of the index for
samples Al, A2, A3, A5, A6 and A9 in contact with
water for 8 hours were 18%, 7.2%, 14.9%, 8.9%
13.1% and 17.4%, from the amount of immobilized,
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respectively,. These data are 32 times (and more) less
than the toxic dose of silver (0.06 g), which indicates
the safety of the developed form for the enteric use of
a silver-containing drug which is an antibacterial agent
with a wide spectrum of action.
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Figure 1 — Sorption activity of methylene blue by samples A1, A2, A3, A5, A6 and A9.
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The study of the sorption activity of the marker
of medium molecular toxins made it possible to
distinguish two samples marked A2 and A6. These
samples have the highest sorption index. Subsequent
studies of bulk density, specific surface area, and
hydrogen index during the contact with water of the
most promising samples showed that for identical
bulk density of samples, comparable values of the
hydrogen index and sorption activity, the specific
surface area of sample A2 is 1.5 times higher than

that of sample A6 (Table 3). This circumstance is
obviously connected with a smaller amount of used
polymer (0.5%), in turn in the sample A6 polymer
content is 1%, (Table 3). The lower content of PMS
in the sample A2 promotes a uniform distribution
of the polymer on the surface of the matrix, and
because of that maintains a high specific surface area
and availability of active sites, which makes the A2
sample the most promising for creating an enteric
agent with a detoxification effect.

Table 3 — Results of bulk density, specific surface area and pH in contact
with water of experimental samples A2 and A6

Ne Sample P, g/cm’ S_..m’/g pH
1 A2 1.12+0.11 90 +0.001 8.1 +0.02
2 A6 1.12+£0.13 60 + 0.001 6.8 +0.02

Note: P — the bulk density, g/ cm?; S
contact with water

specific

— the specific surface area, m? / g; pH — the value of the hydrogen index in

Thus, the optimal composition of the silver-
containing AlSi / Ag preparation that consists of a porous
matrix of aluminum hydroxide- oxide (99.2%), cluster
silver (0.3% calculated on silver), and the auxiliary
substance (hydrophobizer) -PMS (grade P — 841 in the
percentage content of 0.5%) was determine during this
study.

Conclusion. For the first time, the composition of a
multifunctional silver-containing preparation AlSi / Ag
with a detoxification effect was experimentally established,
and the complex scientific data of its physico-chemical

and technological features were obtained. A sample of the
silver-containing preparation AlSi / Ag (A2) of the optimal
composition was isolated: aluminum oxide-hydroxide —
99.2%, cluster silver (Argovit -C 2%) 0.3% calculated on
silver ions and the auxiliary substance (water repellent-
PMS grade P — 841) is 0.5%, with optimal properties: the
release of silver in solution within 8 hours did not exceed
0.8 + 0.2%, the sorption activity of the marker of medium-
molecular toxins (methylene blue) is 10 + 0.02 mg / G, the
specific surface area is 90 m? / g, the value of the hydrogen
index is 8.1 + 0.02, the bulk density is 1.12+0.11 g/ cm®.
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ONPEAENEHWUE NOCTOPOHHUX NPUMECEN
B CYBCTAHUUUN AHUTOKAUHA METOZOM B3XX

JI.P. Cabup3zanoes., I0.H. Kapnenxko, T.)I. Mankoea, H.B. Anekceesa

@I'OY BO «llepmckas 2ocy0apCmeeHHas apmayesmuieckas aKaoemusy
Munszopasa Poccuu, 614990, Poccus, 2. Ilepmo, ya. Ilonesas, 0. 2
E-mail: perm@pfa.ru

AHunoxaun — mecmuulll aHecmemux U3 pynnsl 3aMeWeHHbIX amMuoos, cunmesuposannvli 6 Ilepmckoii cocyoap-
cmeenHoll hapmayesmuyecko akaoemuy. AHULOKAUH NPOASIAem 6bICOKVIO NOBEPXHOCTNHOAHECHE3UPYIOUYIO, UH-
DurLMpayUOHHYI0 U NPOBOOHUKOBYIO AHECME3UI0 U NOKA3bIBAEN 8bICOKYIO AP PEKMUSHOCIb 8 PATUUHBIX 0ONACAX
Meouyunckoli npaxmuku. Kauecmeo npoussooumuvix J1ekapCmeenHblx cpeocme HAnpamylo 3aeucum Om Kauecmed
Gapmayesmuyeckux cyocmanyuil. OOHUM U3 8AHCHETUIUX NAPAMEMPOE O0OPOKAYECEEHHOCU PAPMAYEEMUYECKUX
cyocmanyuii saersiemes ux yucmoma. Llenvro nacmosweti pabomovl asunace paspabdomxa u 8anu0ayus Memoouxu
onpeoenenusi cneyupuueckux npumecell 8 cyocmanyuy AHUIOKAUHA MemoOOM 6biCOKOIPPEKMUBHOU HCUOKOCMHOT
xpomamozpaguu (BO)KX). Mamepuanvt u memoodwt. Vccieoosanus npogedeHvl Ha HCUOKOCMHOM Xpomamozpage
«LC-20 Prominence» («Shimadzuy», Anonus), ocnawennom ouoonomampuunvim oemexmopom (SPD-M20A). Xpo-
mamoepaguueckasn konouwka — «Zorbax SB-C18» (4,6 mm % 250 mm, 5 mxm). Banuoayuonnas oyernka paspaboman-
HOU MemoouKu npogedena 6 coomsemcmauu ¢ mpedvoganusmu I' @ XIII u mexcoynapoonvimu mpedosanusmu ICH
(International Conference on Harmonization). Pezynemamul u oocysycoenue. Sxcnepumerm no evi00py yCiosuil
Xpomamozpaghuposanus noKa3au, 4mo onmumManbHoe pazoeienue aHUIOKauHA U 603MONCHBIX npumecell (Kax uoe-
MUGUYUPOBAHHBIX, MAK U HEUOECHMUPUYUPOBAHHBIX) MemoOoM obpawenno-pasnou BOKX nabmodaemcs 6 uszo-
Kpamuieckom pedxcume npu UCHOTb308AHUU dT0eHMA HA OcHoge Qocgamnoeo 6ydepa ¢ pH 3 u ayemonumpuna.
Cropocmb  nomoka noogudicHoul gpazvl 1 ma/mun, onuna eonnvl demexmupposanus 210 um. Bpems pecucmpayuu
xpomamozpaymol — 20 munym. 3axarwouenue. B pesyiomame nposedeHHbIX UCCIe008aHUL, PA3PAOOMaHA MEMOOUKd
KONUYecmeeHH020 onpeoeienus npumeceli 8 Cyocmanyuu aHuioKauHa MemoooM 6blcOKOIPPEeKMuUEHOT HCUOKOCHOL
xpomamozpaguu. IIposedennas npoyedypa saruoayu AHAIUMU4ecKol MemoOuKu yCmanosuld ee Cneyu@uiHoCms,
JUHETHOCMb, 8OCNPOU3ZBOOUMOCTIb U NPABUTLHOCTb. [JAHHASL MEMOOUKA 8KTIOUEHA 8 NPOEKM (papMakonetHol cma-
mblU HaA CYOCMAHYUIO AHUTOKAUHA.

Knrouesvie cnosa: anunoxaun, 2-opomanunun, N-(2-opomebenun)axpunamuo, blcoKoIphekmusHas HcuoKocm-
Hast XpomMamoecpapus, noCmopoHHue npuMecu, 6atuoayus

DETERMINATION OF RELATED IMPURITIES IN THE ANILOCAINE
SUBSTANCE BY HPLC METHOD

D.R. Sabirzyanov, Yu.N. Karpenko, T.L. Malkova, 1.V. Alekseeva

Perm State Pharmaceutical Academy
2, Polevaya st., Perm, 614990, Russia
E-mail: perm@pfa.ru

Anilocaine is a local anesthetic from the group of substituted amides, synthesized in the Perm State Pharmaceutical
Academy. Anilocaine shows high surface anesthetic, infiltration and conduction anesthesia and shows the high efficiency
in the various fields of medical practice. The quality of produced medicines depends on the quality of pharmaceutical
substances. The purity is one of the most important parameters of the quality of pharmaceutical substances. The
aim of this work was the development and validation of methods for identification of specific impurities in the
substance of anilocaine by high-performance liquid chromatography (HPLC). Materials and methods. Studies were
performed on liquid chromatography LC-20 Prominence (Shimadzu, Japan) equipped with a diode-array detector
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(SPD-M20A). Chromatographic column was Zorbax SB-C18 (4.6 mm % 250 mm, 5 um). Validation assessment of
the developed method conducted in accordance with the requirements of FP XIII and international requirements
ICH (International Conference on Harmonization). Results and discussion. An experiment on the selection of the
conditions of chromatographically showed that optimal separation of anilocaine and possible impurities (identified
and unidentified) by the method of reversed-phase HPLC is observed in isocratic mode, using an eluent based on
phosphate buffer pH 3 and acetonitrile. The flow rate of mobile phase is 1 ml/min; wavelength detection is 210 nm.
Time check chromatogram is 20 minutes. Conclusion. The method for the quantitative determination of impurities in
the substance of anilocaine by high-performance liquid chromatography was developed as the result of the research.
The validation procedure of the analytical methods established its specificity, linearity, precision and accuracy. This

method is included in the project monograph on substance of anilocaine.
Keywords: anilocaine, 2-bromoaniline, N-(2-bromophenyl)acrylamide, high-performance liquid chromatography,

related impurities, validation

BBenenne. Co3ganne OTEUCCTBEHHBIX BBICOKO-
23 PeKTUBHBIX JIEKAPCTBEHHBIX IpPEMaparoB — OJHA
W3 BOXHEUIIUX 3a1a4 POCCHICKOTO 3IpaBOOXpaHe-
Hus. B [lepMckoit rocynapcTBeHHON papmareBTude-
CKOM akaJeMuM CUHTE3UpOBaH U coBMecTHO ¢ UTX
VYpO PAH noBenen 10 MEOUIMHCKOIO MPUMEHEHUS

NH—C__CH,— CH,__N

b

Br

MECTHBIH aHECTETHK M3 T'PYIIIBl 3aMEIICHHBIX aMU-
JOB — aHWIOKaWH (2-OpoMaHMINI-3TUITHIIAMU-
HOINPOMIAHOBOHM KHCIOTHl THUApoxiopuxa) (pwuc.l),
NPOSIBISIONIMIA BBICOKYIO IOBEPXHOCTHOAHECTE3H-
pyoOmyo, HHQUIBTPALHOHHYIO H IPOBOJHUKOBYIO
aHecte3uro [1].

C,Hg
= HCI
CyHs

Pucynox 1 — Cmpykmypnaa popmyna anunoxkauna

CTpyKTypHBIE aHAJOTH AHWIOKAaWHA — JHMJOKAWH U
TPUMEKauH, JABHO HCHOJB3YIOMIMECS B MEIHIIMHCKOI
MpPaKTUKE, 3HAYUTEIBHO YCTYMAIOT €My IO BBIPa)KeHHO-
CTH TIOBEPXHOCTHOAHECTE3UPYIOLIET0 U aHTHAPUTMHUYe-
ckoro neiictBust [2]. Kpome Toro, simpokanH oOGnamaer
BBICOKOIl TOKCHYHOCTBIO, YTO OOyCIIaBINBAeT pa3BUTHE
Pa3IUYHBIX OCIIO)KHEHUH MpH ero npumeHeHuu [3].
Knuanueckue uccnaeoBaHus aHUJIOKanHA J0Ka3aln ero
BBICOKYIO 3()(pEKTHBHOCTh B Pa3IMUYHBIX O0JACTIX Me-
JUIHUHBL: XUPYPTHUH, YHIOCKOIHMH, CTOMATONOTHH U T.1.
[4]. Psn nexkapcTBeHHBIX (JOPM C aHHUIIOKAWHOM (MHBEK-
IIHOHHBIE PACTBOPHI, PACTBOPHI I HAPYKHOTO MpHUMe-
HEHH, TEPEBS304HBIE CPEACTBA) JOBENEHBI 10 MeEIu-
UHCKOTO npuMeHeHus. C MepCreKTUBO BHEIPEHUS B
MEIUIMHCKYI0 M BETEpPHUHApHYIO NMPAaKTHKY pa3pabora-
HBI ¥ JpyTHE JEKAPCTBEHHBIE CPEICTBA Ul HAPYKHOTO
IPUMEHEHHUSA: Ma3b «AHUIKaM», Tellb K AHUIIOTEINbY IS
UCTIOJIB30BaHMSA TIPH TPOBEJCHUN HHCTPYMEHTAIBHBIX
BMEIIATEIBCTB [5], CyNMO3UTOPHH, TUIEHKU JTEKapPCTBEH-
Hble [6], a3p030J1b 151 00€300MBaHKSI B BETEPUHAPHH.

NH_C— CH—CH,

b

Br
|

OgHuM W3 BaXKHEWINIHUX MapaMeTpoB JI00pokade-
CTBEHHOCTH (hapMaleBTUUYCCKUX CyOCTaHIIMIA sIBJIs-
eTcst UX 4ucToTa. Ha OCHOBaHMM paHee MpOBEICHHBIX
HCCIIEeIOBAaHUN YCTAHOBJICHBI HANpPaBIEHHUS pacrana
MOJIEKYJIbl aHWJIOKaMHA: THJPOIU3 10 aMUIAHON CBA3H
u peakuus B-anumuHupoBaHus. B HelTpanbHO# U cia-
OOIIeIOUHON cpeje mpeobiiagacT mporecc B-3aumu-
HUPOBAHUSI, CONPOBOXKAAIOLIMICS BbIACICHUEM Hempe-
JIeNIbHOTO COCJIMHEHUS U qudTHiIaMuua. Hapsiny ¢ atum,
WJET YaCTUYHBIN THAPONIN3 IO aMUIHOH cBsA3H. CTpyK-
Typa HenpenenbHoro coeannerust — N-(2-0pompenn)
aKpujaMuJa MOATBEPKACHA JaHHBIMHU 3JEMEHTHOTO
aHaJIu3a U Macc-CleKTpoMeTpuu. B cunbHOKHKCIION cpe-
Jie TIPOMCXOIUT TONHOE THUIPOIUTHYECKOE paclierie-
HUE 110 aMH/THOM CBSI3U C BbIJE/IEHHEM 2-0pOMaHUIIMHA.

Takum 00pazom, crielupruIecKuMU IPUMECSIMH B CyO-
CTAQHIMU MOTyT SBIATBCS N-(2-OpomdeHnn)akpriamus
(TIPOZYKT AECTPYKIMU aHWJIOKanHa) U 2-OpOoMaHMIMH (KakK
WCXOIIHBIN TIPOIYKT IPU CHHTE3€ M KaK IMPOMAYKT THIPOIIH-
THUYECKOTO pacIlernIeHus aHuaokanna) (puc.2) [7].

NH,

Br
1

Pucynok 2 — Cmpyxkmypuuie gpopmynvt N-(2-opomepenun)axpunamuoa (I) u 2-opomanununa (I1)

Bpemennast (apmakoreiinas cratbs (BOC) Ha cyo-
CTAHIMIO AaHWJIOKAaMHA PENIAMEHTUPYET —OIpe/eiieHUe

TIOCTOPOHHUX TIPUMECEH METOJOM TOHKOCIOHHOM Xpo-
marorpadru (TCX) B cucteme H-OyTaHON — ATHIIAIIETAT
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— XJIOpoOopM — aMMHAKa PACTBOP KOHIICHTPUPOBAHHBIN
(20:20:10:0,5). B kadecTBe ieTeKTOpa HCTIONB3YIOTCS MAPhI
tiona. CymMMapHOe cojiep)kaHue MOCTOPOHHUX MpHUMeEceH,
OLICHEHHOE 10 COBOKYITHOCTH BEJIMYMHBI 1 HHTEHCHBHOCTH
OKPAacKH UX IISITEH Ha XpOMarorpaMMe HCIBITYeMOTO pac-
TBOpa (2%pacTBOp aHWIIOKaWHA B XJopodopme), B Cpas-
HCHUHM C MATHAMU Ha xpomarorpammax cuzaetens (0,01%
pacTBopa aHWIOKauHa) He TOJKHO mpeBbimarh 0,5% [8].

[Mockonbky TCX sBisIeTCSI MOTYKOJINYECTBEHHBIM
TECTOM, 00JIee PEIOUTHTENFHBIM B IJIaHE TOYHOCTH H
CHeU(PUIHOCTH JUIsl ONpENeNICHNs] TIOCTOPOHHHUX TpH-
Mecei SBIISIeTCS. METO/l BBICOKOA((EKTHBHON KUAKOCT-
HOWi xpomarorpaduu [9].

Leanbio HacTosIeH paboOTHI siBIIsIETCs pa3paboTKa
BaJINAAIMSI METOJTUKH ONIPE/ICNICHHs CIeNU(HYECKHX T10-
CTOPOHHHX TpPHMecei B CyOCTaHIIMN aHWIOKanHa METO-
noM BOXKX nist ganpHeliero ee BKIIOYEHHS B MIPOEKT
(apmMakoneHO! CTaTbU MPEATPUSATHS.

Marepuanasl 1 MeToAbl. B kauecTBe 00bEKTOB HC-
CJICIOBaHMs HCIIOIB30BaM  (hapMalleBTHUECKYIO CyO-
cranimio anwiokanna (BOC 42-2946-97), 2-6pomanu-
mH («Sigma-Aldrich»), N-(2-OGpomdenmn)akpunamus
(cuHTE3 BemecTBa OCYIIECTBICH IO METOAMKe [S], Xpo-
Marorpaduyeckast yuctora He MeHee 99%).

HccnenoBanusi NMpOBOAMIM Ha BBICOKOI(D(HEKTHB-
HOM KHMJKOCTHOM xpomarorpade «Shimadzu LC-20
Prominence» (SImoHust), OCHAIIEHHOM JHOTHOMAaTpPHY-
HbIM jgerektopoM (SPD-M20A). Xpomatorpaduueckas
kostoHKa — «Zorbax SB-C18» (4,6 MM x 250 MM, 5 MKM).

Perucrpanuio u 00paboTKy Xpomarorpadudeckoit
MH(OpPMALIUK OCYIICCTBIISUIN C TIOMOIIBIO IIPOrPaMMHO-
ro obecrieuenust «LCsolution» (ver.1,25).

JInst IpUTOTOBIICHUST DITIOEHTOB HCITONB30BAIN Ka-
st uruapodocdar, GochopHyO KHCIOTYy KOHIECH-
TPUPOBAHHYIO, BOAY OWIMCTHIUTMPOBAHHYIO, AllETOHU-
tpui (Kpuoxpom®, copt 0). 3HaueHust pH MOABIKHBIX
¢da3 koHTponmupoBanu ¢ momoineo pH-merpa «S400
SevenExcellence» («\METTLER TOLEDOY).

PesyabTarsl M 00cyxkIeHHe. DKCIIEPUMEHT 110 BbI-
0opy ycnoBuii XpomarorpadupoBaHUsS TOKa3aj, 4TO
ONITHMAJILHOE pa3JielieHne aHWJIOKAauHa M BO3MOXKHBIX

npumecei (Kak MIeHTH(GUIMPOBAHHBIX, TaK U HEUICHTH-
(unrpoBaHHBIX) METOIOM oOpareHHo-(hazoBoi BOXKX
HaOJII0/1aeTCsl B U30KPATHUECKOM PEKUME ITPU UCTIONB30-
Banuu (ocdarnoro 6ydepa ¢ pH 3 co ckopocThio moToka
1 mui/MuH. JleTekTupoBaHue MPOBOAMIN TIPH UTHHE BOJI-
Hbl 210 HM. Bpems peructparun xpomarorpaMmsl — 20
MUHYT [7].

Jist onipeneneHusi BO3MOXHBIX nipumeceit 0,1 T cyo-
CTaHIMM aHWJIOKaMHA MOMEIIAJIH B MEPHYIO KOJIOy BMe-
CTUMOCTBIO 25 MJI ¥ JOBOAWIM JO METKH METaHOJIOM
(ucnbITyeMblit pacTBop). 20 MK pacTBOpa BBOJMIHM B
WHXXEeKTop Xpomarorpada. Mnentudukanmio n konnye-
CTBEHHOE OIpeJielieHne HICHTU(PHUIIMPOBAHHBIX TTPHMe-
ceil OCYNIECTBIISUIM C HCIOJIb30BAaHHEM CTaHIAapTHBIX
pactBopoB N-(2-Opomdeniun)akpuiaamMuia u 2-0poManu-
JIVHA.

Ha ocHoBaHuM paHee INOJYYEHHBIX JAHHBIX O CO-
JICpIKaHUU CrIelM(UUECKUX TPUMeceil B CepUIHBIX 00-
pasmax cyOCTaHIIMH, a TaK)Ke OMOJOrMYeCKUX HCIIbITa-
HUH [pH OLICHKE 0E30MACHOCTH MPUMECEH MPEIOKCHO
HOPMHUPOBAaTh CoOZEepKaHue 2-OpoMaHMWINHA — HE Oolee
0,01%; N-(2-6pomdennn)akprnamua — He 6oisee 0,1%;
eIIMHUYHON HeHJCHTH(UIIMPOBAHHON TIPUMECH — He 00-
nee 0,1%; obrmiero comep:kanusi mpuMeceil — He Ooee
0,5% [7, 10].

Banupanuro aHanuTHYeCKOW METOAWKH NPOBOMIIH
T10 CIICAYIOIINM XapaKTePUCTHKAM: CIIEHUPUIHOCTb, JIH-
HEHHOCTB, TPaBHIBHOCTB, IIOBTOPSIEMOCTh, Hpeiel 00-
HapyXEHHs U Tpe/iesl KOJINYECTBEHHOTO ONpEJICNICHNs B
COOTBETCTBHHU C COBpEMEHHBIMHU TpeboBanusivu [11, 12].

[1pu monTBepkaeHNN CeHU(MUYHOCTH METOJIMKH aHa-
JIM3UPOBAJIM PACTBOP MOJIEIILHOM CMECH CyOCTaHIIMK aHHJIO-
kanHa (4000 MKT/MT) 1 BO3MOXXHBIX mpumMeceit: N-(2-0pom-
(ennn)axkpunamuia (4 Mxr/mi) u 2-6pomanmiiza (0,4 Mxr/
MIT) B MeTaHore (puc.3).

BriOpanHble XpomarorpaduuecKie yCIOBHs Xapak-
TepU3YIOTCs BBICOKOI daddexTrBHOCTHIO (He Menee 8000
TT), mocraTouHoi pa3pemniaroieii CiocOOHOCTHIO U BOC-
MIPOM3BOIMMOCTBIO. PaccunTaHHble KPUTEPUHM TPHUTOJI-
HOCTH XpoMarorpa(uieckoil CUCTEMBI YIOBICTBOPSIOT
TIPUHSITBIM KPUTEPHSIM MPUEMIIEMOCTH (Tabnuna 1).

Tabnuya 1 — Oyenka npuzoOHOCMU XPOMAMOZPAPULECKOI CUCHIEMbL

Bpems Kosdpdumment | Koadpdurment Bocriporso-
JIMMOCTB
YACPKUBaHHUS, pazneneHus ACUMMETPHHU .
MUH (Rs) IHAKA HIDKCKIHIH
(RSD)
AHUJIOKauH 3,20+0,02 — — —
Heunentudunuposannas npumecs (1) 6,22+0,02 6,15 1,35 1,05
N-(2-opompenni)akprnamu(1l) 8,80+0,02 7,84 1,51 0,87
2-6pomanmnu (I11) 11,30£0,03 6,40 1,24 0,52
Bonee 2 Kpurepuu npuemiemoctu
075-25 | Menee5 |

JIuneliHOCTh ompenessyiv Ha 7 ypOBHSX KOHILICH-
tpauuii: ot 0,02% no 0,4% — s N-(2-6pombenun)
akpwiamuga, ot 0,0014% mo 0,044% — 2-OpomaHu-
nauHa (Tabmuna 2). Kaxaplii U3 NpUTroTOBICHHBIX pac-
TBOPOB xpomarorpaduposaiu 3 pasa. KanudbpoBounbie
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rpaduku mnpeacraeieHbl Ha puc.4-5. KoadpduumeHt
KOppessuuid B 00OMX CilydasX COCTaBUJI HE MeHee
0,999,4T0 CBUIETENHCTBYET O TMHEHHOCTH METOJIUKH B
BBIOPaHHOM JIMala30He KOHLEHTPAIH.
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Pucynox 3 — Xpomamozpamma mooenvnoiui cmecu anunoxauna, N-(2-opomgpenun)axpunamuoa (I1)
u 2-opomanununa (I1l) (I — neudenmupuyuposannas npumecs)

Tabnuya 2 — Onpedenenue nuHeiiHOCMU AHATUMUYECKOU MEMOOUKU

N-(2-6pomdennn)akpuiaMua 2-OpoMaHWINH
Konnenrparus, Cpenmsist Konmenrparus, Cpennss
Konuenrtpauus, % IUIOIIAab Konuenrtpauus, % TUIOIIAb
MKT/MJT OT COJIepIKaHMUs 1Ka MKT/MJI OT COJICpPIKAHMUS UKa
aHWJIOKanHa (n=3) aHWJIOKanHa (n=3)
0,85 0,0213 95188 0,055 0,00138 7794
1,7 0,0425 18576 0,11 0,00275 13598
3,41 0,085 362138 0,22 0,0055 26865
5,12 0,128 573289 0,33 0,0083 42907
6,82 0,171 753534 0,44 0,011 57927
10,22 0,255 1164350 0,88 0,022 116526
17,04 0,426 1905517 1,76 0,044 227928
Vpasuenue perpeccuu (Y =aX +b) VYpasuenue perpeccuu (Y = aX + b)
a=112011,7;b=0,0 a=130047,7;b=10,0
Koaddunuent koppensuun: 0,9998136 Koadhdumment xoppesmsiun: 0,9998507

[ToBTOPsIEMOCTH (CXOANMOCTB) BAIUIUPYEMOH Me-
TOJUKH OLIEHMBAIIM IPHU aHAJIH3€ MOJEIBHBIX CMecel
CyOCTaHIINM aHWJIOKaWHA C COJIEPKaHWEM NpuMecer
Ha 3 ypoBHsX koHueHtpauuit: 0,05%; 0,1% u 0,15% —
s N-(2-6pomdennin)akpunamuna; 0,005%; 0,01% wu
0,015% — nuis 2-6pomanmimHa. Kakapiit u3 pacTBopos
XpoMarorpadupoBaiu B COOTBETCTBHU € pa3padoTaH-

HOM MeToAMKOH 3 pa3a. Pe3yabraTsl IpOBEAEHHOTO JKC-
NEpUMEHTa TIpe/ICTaBlIeHbl B Tabiauuax 3-4. YcraHOB-
JIEHO, YTO OTHOCHUTEIBHOE CTAHJAPTHOE OTKIOHEHHE
(RSD) pesynbratoB m3mepenuii He mpessimaet 10%,
YTO CBHJICTEILCTBYET 00 MX YJOBIETBOPUTEILHOMN CXO-
JUMOCTH Ha BCEX YPOBHAX PACCMOTPEHHBIX KOHIIEHTpa-
ui.
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Pucynox 4 — 3asucumocms naow,adou xpomamozpaghuueckozo nuxa
om konyenmpayuu N-(2-opomghenun)akpunamuoa

Pucynox 5 — 3asucumocms niowaou xpomamozpaguueckozo nuxa
Om KoHyenmpayuu 2-0pomanuiuna
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Tabnuya 3 — Oyenxa nogmopaemocmu (cxooumocmu) onpeoesieHus
N-(2-opomepenun)axpunamuoa

Mertponorudeckue
Copepxanue Hailinennoe conepsxanue XapaKTEPUCTHKH
N-(2-6pomdenmn)akpunamuna B | N-(2-Opombennn)akpuiamuia, (n=6; P=0,95)
pacTBoOpe, MKI/MJI MKI/MJI n — SD RSD —
A
1,96 (0,049%) 2,11; 1,87; 2,07, 6 1,99 | 0,128 | 6,44 | 0,13
1,79; 1,91; 2,20
3,92 (0,098%) 3,83;3,74; 3,99; 6 3,94 | 0,194 | 4,92 0,20
4,21;3,69; 4,16
5,88 (0,147%) 6,08; 6,19; 5,91; 6 5,98 | 0,142 | 237 0,15
6,11;5,82;5,74

Tabnuya 4 — Oyenxa noemopaemocmu (cxooumocmu) onpeoenenus 2-opomanuiuna

Cortepxane Haii1eHHoe cofepante MeTponorudyeckue XapakTepucTHKH
2-0poMaHUINHA 2-OpoMaHUIHHA, (n=6; P=0,95)
B PaCTBOPE, MKI/MJI MKI/MJT X SD RSD AX
0,212 (0,0053%) 0,229; 0,216; 0,195; 0,206 | 0,0164 7,96 0,017
0,209; 0,182; 0,202
0,424 (0,0106%) 0,418; 0,442; 0,430; 0,447 | 0,0323 | 722 | 0,034
0,489; 0,399; 0,503
0,636 (0,0159%) 0,711; 0,632; 0,619; 0,670 | 0,0581 8,67 0,061
0,606; 0,754; 0,698

[TpaBUIILHOCTh METOJHMKH OLIEHHBAIU C [TOMOIIBIO
TECTHPOBAHUSI OTKPHIBAEMOCTH OIPEACISIEMbIX PUME-
cel, BBeJIEHHBIX B TUIane00 (CyOCTaHII0 aHUIIOKAMHA).
HccnenoBanusi MpOBOIUIIM HAa TPEX YPOBHSIX KOHIICH-
Tpanui npumecei (Tabmuipl 5—6). [paHuIbl OTKpHIBa-

emoctu (2-Opomdenunn)akpuaamuaa u 2-OpOMaHHIHHA

Tabnuya 5 — Oyenxa npagunvnocmu onpeoenenus N-(2-opomepenun)axkpunamuoa

C y4eTOM JIOBEpHTEILHOIO MHTEpBaja HE BBIXOIT 3a
HOpMHEpYeMble Tpenensl (75-125% — mia mpumeceit ¢
conepkanueM ot 0,1% mo 1%; 50-150% — ¢ conepxanu-
em meree 0,1%), 9To cBUIETENBCTBYET O MPABUIBHOCTH
METO/IMKH.

Coneprxanue OTKpBIBAEMOCTD MeTponoruueckue XapakTepUCTHKH
N-(2-6pomdennn) (R), % (n=6; P=0,95)
aKpUIaMHJIa R SD RSD AR
0,05% 94,15; 104,30, 88,18; 98,13 7,68 7,83 8,21
90,52; 107,29; 104,33
0,1% 104,72; 96,22; 100,90; 99,73 5,55 5,57 5,82
93,71; 108,64; 94,18
0,15% 97,30; 101,17; 104,62; 100,77 | 3,39 3,36 3,56
99,59; 106,16; 95,76

Tabnuya 6 — Oyenxa npasunbHOCMU ORPedeIeHUA 2-OPOMAHUIURA

MeTpOHOFI/I‘IeCKI/IC XapaKTCPUCTUKU

Conep:xaHue OTKpBIBAEMOCTD (n=6; P=0,95)
0

2-OpoMaHHIHHA R), % = SD RSD N

0,005% 107,2; 98,23; 104,26; 101,04 | 5,65 | 5,59 5,93
96,30; 92,05; 108,19

0,01% 99,59; 106,82; 114,34; 103,55 | 6,91 6,67 7,25
95,02; 108,37, 97,17

0,015% 105,36; 96,01; 101,25; 103,16 | 742 | 7,19 7,78
115,35; 94,96; 106,03

[Mpenen oOHapyxeHwus st 2-OpOMaHUIINHA 10 TECTH-
pyemoii meromuke coctapma 0,015 mxr/ma (0,000375%

OT COJEp)KaHMsl aHWIOKawHa), Ui N-(2-OpomdQenun)
akpunamuna — 0,1 mxr/mi (0,0025%).
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Ipesen KOMUYECTBEHHOTO OmpeesieHus 2-6poMa-
HumHa — 0,06 mxr/mi (0,0014% ot conmeprxaHust aHUIIO-
kauna), 11 N-(2-0pomdenun)akpunamuaa — 0,85 Mkr/
Mt (0,02%).

Baxiouenune. Takum 06pa3oMm, pa3paboTaHa MeTO-
JIMKa KOJIMYECTBEHHOTO OMpeeIeHusI IpumMeceil B cy0-

CTaHIIMU aHWJIOKAWHA METOJIOM BBICOKOA((PEKTUBHOM
KUJIKOCTHOU Xpomarorpaduu. [IpoBeenHast mporenypa
BAJIMJIALIMM AHAIIUTHUYECKOW METOAMKU YCTAaHOBUJIA €€
cnenu(pUIHOCTh, JIUHCHHOCTh, BOCIPOHM3BOJAUMOCTD H
MpaBWIBHOCTh. /[aHHasg MeTonMKa BKIIIOUEHA B MPOEKT
(hapMaKoICiTHOM CTaThU Ha CYOCTAHITHIO aHUJIOKAHA.

Introduction. The creation of highly efficient
national medicines is one of the most important
tasks of the Russian healthcare. In the Perm State
Pharmaceutical Academy was synthesized and,
together with ITC UB RAS, brought to medical use a

NH—C__CH,—CH,__N

:

Br

local anesthetic from the group of substituted amides
— anilocaine (2-bromanilid-3-diethylaminopropanoic
acid hydrochloride) (Fig. 1), which is showing the
high surface anesthetic, infiltration and conduction
anesthesia [1].

CoHg
= HCI
CyHs

Figure 1 — Structural formula of anilocaine

Structural analogues of anilocaine lidocaine and
trimecaine that have been for a long time used in medical
practice, are greatly inferior to him in terms of the
severity of surface anesthetic and antiarrhythmic action
[2]. In addition, lidocaine has a high toxicity that causes
the development of various complications during its
application [3]. Clinical studies of anilocaine proved its
high efficiency in the various areas of medicine: surgery,
endoscopy, dentistry and other areas of medical practice
[4]. Several dosage forms of anilocaine (solutions for
injections, solutions for external use, dressings) brought
to medical use. With prospect of implementation in the
medical and veterinary practice, other drugs have been
developed for external use: ointment “Anilcam” gel
“Anilogel” for use during the instrumental interventions
[5], suppositories, films drug [6], spray for anesthesia in
the veterinary medicine.

The purity is one of the most important parameters

NH__C__ CH—CH,

b

Br
|

of quality of pharmaceutical substances. On the basis
of previous studies hydrolysis of the amide link and
the reaction of B-elimination are the main directions of
degradation of the anilocaine molecules. The process
of B-elimination prevails in neutral and slightly alkaline
medium, accompanied by the allocation of an unsaturated
compound and diethylamine. Along with this, partial
hydrolysis takes place along the amide link. The structure
of unsaturated compound N-(2-bromophenyl)acrylamide
is confirmed by the data of elementary analysis and mass
spectrometry. In the strong acidic medium, complete
hydrolytic cleavage takes place along the amide link with
the liberation of 2-bromoaniline.

Thus, the specific impurities in the substance can be
N-(2-bromophenyl) acrylamide (the product of destruction
of anilocaine) and 2-bromoaniline (as a starting material
in the synthesis and as a product of hydrolytic cleavage of
anilocaine) [7] (fig. 2).

NH,

Br
I

Figure 2 — Structural formulas of N-(2-bromophenyl)acrylamide (I) and 2-bromoaniline (11)

The Temporary Pharmacopoeia article (TPA) for the
anilocaine substance regulates the determination of the
foreign impurities by thin layer chromatography (TLC)
in a n-butanol-ethylacetate-chloroform-ammonia solu-
tion, a concentrated solution (20:20:10:0.5). An iodine
vapour is used as a detector. The total content of the
foreign impurities estimated by the combination of the
size and color intensity of their spots on the chromato-
gram of the test solution (2% solution of anilocaine in
chloroform), in comparison with the spots on the witness
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chromatograms (0,01% anilocaine solution) should not
exceed 0,5% [8].

Since TLC is a semi-quantitative test, the method of
high-performance liquid chromatography is more prefer-
able in terms of accuracy and specificity for determining
impurities [9].

The aim of this work is the development and validation
of the procedure for the determination of the specific foreign
impurities in anilocaine substance by HPLC for its further in-
clusion in the draft pharmacopoeia article of the enterprise.
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Materials and methods. The pharmaceutical sub-
stance of anilocaine (TPA 42-2946-97), 2-bromoaniline
(Sigma-Aldrich), N-(2-bromophenyl) acrylamide (the
substance was synthesized according to the procedure of
[5], the chromatographic purity is not less than 99%)).

The studies were performed on a high-performance
liquid chromatography Shimadzu LC-20 Prominence (Ja-
pan) equipped with a diode array detector (SPD-M20A).
The chromatographic column was Zorbax SB-C18 (4.6
mm X 250 mm, 5 pm).

Registration and processing of chromatographic in-
formation was carried out with the use of the LCsolution
software (ver.1.25).

Potassium dihydrogen phosphate, concentrated
phosphoric acid, doubly distilled water, and acetonitrile
(Criochrome®, grade 0) were used for the preparation of
eluents. The pH values of the mobile phases were mon-
itored using a pH meter S400 SevenExcellence (MET-
TLER TOLEDO).

Results and discussion. The experiment on the choice
of chromatographic conditions showed that the most opti-
mal separation of anilocaine and possible impurities (both
identified and unidentified) by reversed-phase HPLC was
observed in the isocratic mode when phosphate buffer with
pH 3 at a flow rate of 1 ml/min was used. Detection was
carried out at a wavelength of 210 nm. The chromatogram
registration time is 20 minutes [7].

mAL

To determine the possible impurities, 0,1 g of anilo-
caine substance was placed in a 25 ml volumetric flask
and brought to the mark with methanol (test solution).
20 wl of the solution was injected into the chromatograph
injector. Identification and quantitative determination of
the identified impurities were carried out by using stan-
dard solutions of N-(2-bromophenyl) acrylamide and
2-bromoaniline.

Based on previously obtained data on the content
of specific impurities in serial samples of the substance,
as well as the biological tests in assessing the safety of
impurities, it was suggested to normalize the content of
2-bromoaniline — not more than 0,01%; N-(2-bromophe-
nyl)acrylamide — not more than 0,1%; with single un-
identified impurity — not more than 0,1; total content of
impurities — no more than 0,5% [7, 10].

The validation of the analytical technique was car-
ried out according to the following characteristics: spec-
ificity, linearity, accuracy, precision, detection limit, and
quantification limit in accordance with the modern re-
quirements [11, 12].

During confirmation of the specificity of the
procedure, we analyzed a solution of a model mix-
ture of anilocaine substance (4000 pg / ml) and pos-
sible impurities: N-(2-bromophenyl)acrylamide (4
png / ml) and 2-bromoaniline (0,4 pg / ml) in meth-
anol (fig .3).

e
st

130 -FRFmArmT Y

104 125 1540 PR L]

Figure 3 — Chromatogram of the model mixture of anilocaine,
N-(2-bromophenyl)acrylamide (I1) and 2-bromoaniline (IIl) (I is an unidentified impurity)
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The selected chromatographic conditions are
characterized by high efficiency (not less than 8,000
TT), sufficient resolving power and reproducibility.

The calculated criteria for the suitability of the
chromatographic system has satisfied the accepted
acceptance criteria (Table 2).

Table 1 — Evaluation of the suitability of the chromatographic system

Retention time, | Partition co- | Coefficient of peak Repr.osiuC{blhty
min. efficient (Rs) asymmetry of injections
(RSD)
Anilocaine 3.20£0.02 - - -
Unidentified impurity (I) 6.2210.02 6.15 1.35 1.05
N-(2-bromophenyl) acrylamide (II) 8,80+0,02 7.84 1.51 0.87
2-bromoaniline (I1I) 11,30+0,03 6.40 1.24 0.52
More than 2 Eligibility criteria:
0.75-25 | Lessthan5 |

Linearity was determined at 7 concentration levels:
0.02% to 0.4% for N-(2-bromophenyl) acrylamide,
0.0014% to 0.044% — 2-bromoaniline (Table 2). Each of
the prepared solutions was chromatographed 3 times. The

calibration curves are shown in Fig. 4-5. The correlation
coefficient in both cases was not less than 0,999, which
indicates the linearity of the technique in the selected
concentration range.

Table 2 — Determination of the linearity of the analytical procedure

N-(2-bromophenyl)acrylamide 2-bromoaniline
Concentration, Concentration,% of Average Concentration, Concentration,% of Average
o peak area o peak area
pg / ml anilocaine content (n=3) pg / ml anilocaine content (n=3)
0.85 0.0213 95188 0.055 0.00138 7794
1.7 0.0425 18576 0.11 0.00275 13598
3.41 0.085 362138 0.22 0.0055 26865
5.12 0.128 573289 0.33 0.0083 42907
6.82 0.171 753534 0.44 0.011 57927
10.22 0.255 1164350 0.88 0.022 116526
17.04 0.426 1905517 1.76 0.044 227928
The regression equation (Y = aX + b) The regression equation (Y = aX + b)
a=112011,7;56=0,0 a=130047,7;b=0,0
Correlation coefficient: 0,9998136 Correlation coefficient: 0,9998507

Theprecision ofthe validated procedure was evaluated
in the analysis of model mixtures of anilocaine substance
with an impurity content at 3 concentration levels: 0.05%;
0.1% and 0.15% for N-(2-bromophenyl)acrylamide;
0.005%; 0.01% and 0.015% for 2-bromoaniline.
Each of the solutions was chromatographed 3 times

in accordance with the developed procedure. The
results of the experiment are shown in Tables 4-5. It is
established that the relative standard deviation (RSD)
of the measurement results does not exceed 10%, which
indicates their satisfactory convergence at all levels of
the considered concentrations.

Table 3 — Evaluation of the repeatability of the determination
of N-(2-bromophenyl)acrylamide

Concentration of N- Measured concentration Metrologl_cal cl_laracterlsucs
. (n=6; P=0.95)
(2-bromophenyl)acr of N-(2-bromophenyl)acrylamide,
. n = SD RSD =
ylamide, pg/ml pg/ml X AKX
1.96 (0.049%) 2.11; 1.87; 2.07, 6 1.99 | 0.128 | 6.44 0.13
1.79; 1.91; 2.20
3.92 (0.098%) 3.83;3.74; 3.99; 6 394 | 0.194 | 4.92 0.20
4.21;3.69;4.16
5.88 (0.147%) 6.08; 6.19; 5.91; 6 598 | 0.142 | 2.37 0.15
6.11;5.82;5.74

262



Pharmacy & Pharmacology V. 5 N 3, 2017 DOI:10.19163/2307-9266-2017-5-3-254-266

Figure 4 — Dependence of chromatographic peak area on concentration
N-(2-bromophenyl)acrylamide

Figure 5 — Dependence of chromatographic peak area on concentration 2-bromoaniline
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Table 4 — Evaluation of the repeatability of the determination of 2-bromoaniline

Metrological characteristics
Concentration of Measured concentration n=6; P=0.95)
2-bromoaniline, pg/ml of 2-bromoaniline, pg/ml n X SD RSD A 3
0.212 (0.0053%) 0.229; 0.216; 0.195; 6 0.206 | 0.0164 | 7.96 0.017
0.209; 0.182; 0.202
0.424 (0.0106%) 0.418; 0.442; 0.430; 6 0.447 | 0.0323 | 7.22 0.034
0.489; 0.399; 0.503
0.636 (0.0159%) 0.711; 0.632; 0.619; 6 0.670 | 0.0581 8.67 0.061
0.606; 0.754; 0.698

The accuracy of the procedure was assessed by test-
ing the detectability of detectable impurities introduced
into a placebo (anilocaine substance). Studies were car-
ried out at three levels of impurity concentrations (Tables
6-7). The limits of the openability of N-(2-bromophe-

nyl) acrylamide and 2-bromoaniline with respect to the
confidence interval do not exceed the normalized limits
(75-125% for impurities with a content of 0,1 to 1%, 50-
150% for less than 0,1%), which indicates the correct-
ness of the technique.

Table 5 — Evaluation of the accuracy of the determination
of (2-bromophenyl)acrylamide

Metrological characteristics
Concentration of N-(2-bro- Recovery (n=6; P=0.95)

mophenyl)acrylamide R), % — —

phenyl)acry R), % n R SO | RSD | , &

0.05 % 94.15; 104.30; 88.18; 6 98.13 7.68 7.83 8.21
90.52; 107.29; 104.33

0.1 % 104.72; 96.22; 100.90; 6 99.73 5.55 5.57 5.82
93.71; 108.64; 94.18

0.15% 97.30; 101.17; 104.62; 6 100.77 | 3.39 3.36 3.56
99.59; 106.16; 95.76

Table 6 — Evaluation of the accuracy of the determination of 2-bromoaniline
Metrological characteristics
Concentration of Recovery (n=6; P=0.95)

2-bromoaniline R), % = =

(R), % n 7 SO | RSD | , &

0.005 % 107.2; 98.23; 104.26; 6 101.04 | 5.65 5.59 5.93
96.30; 92.05; 108.19

0.01 % 99.59; 106.82; 114.34; 6 103.55 | 691 6.67 7.25
95.02; 108.37; 97.17

0.015% 105.36; 96.01; 101.25; 6 103.16 | 7.42 7.19 7.78
115.35; 94.96; 106.03

The detection limit for 2-bromoaniline according to
the test procedure was 0.015 pg / ml (0.000375% of an-
ilocaine content), for N-(2-bromophenyl)acrylamide 0.1
pg / ml (0.0025%).

The limit of quantitative determination of 2-bro-
moaniline is 0.06 pg / ml (0.0014% of anilocaine con-
tent), for N-(2-bromophenyl)acrylamide 0.85 pg / ml
(0.02%).
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Conclusion. Thus, a method has been developed for
the quantitative determination of impurities in anilocaine
substance by the method of high-performance liquid
chromatography. The performed procedure of validation
of the analytical technique established its specificity, lin-
earity, reproducibility and correctness. This technique is
included in the draft pharmacopoeia article on the sub-
stance of anilocaine.
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OMPEAENEHUE HEKOTOPbLIX PUIUKO-XUMUYECKUX
CBOMCTB NEKTUHOBbIX BELLLECTB U3 LLPOTA COLBETUI
BAPXATLEB PACNPOCTEPTbIX (TAGETES PATULA L.)

H.M. Yepeonnasn, H.H. Xapuenxo, C.JI. Aoxcuaxmemosa, JI.Il. Mvikou,
0.A. Anopeesa, 3.T. Ozanecan

Ilamueopckuii meduko-papmayesmuyecKutl UHCMUMYmM —
Gunuan @I'BOY BO Bonel MY Munszopasa Poccuu,
357532, Poccus, Cmaspononvckuii kpat, e. [lamueopck, np. Kanununa, 11
E-mail: nadezhda.chervonnaya@yandex.ru

bonvuwas monspnas macca obycirosiueaem pso makux C80UCME, KOMOopble OMCYMCMBEYIOM Y HUSKOMONEKYIAPHbIX
coedunenuil. Ilosmomy ee onpedenenue n0360A€Mm GblAUMb HEKOMOPbLE huzuUecKue U MeXHON02UUEeCKUe CEOUICMBA
buononumepos u npeockazams 603MONICHOCHb npakmuieckoco npumenenus. Llenvio padomer asuiocy onpedene-
Hue cpeoHell MONAPHOU MACChl, U3YHeHUe NOBEPXHOCMHBIX CE0UCME HA 2paHuye pazoena gaz «pacmeop-6030yxX» u
YCmaHoGieHue u3021eKmpuieckoll MmouKu 600HbIX pacmeopos nekmunosvlx eeujecms (I11B), evidenennvix us wpoma
coysemuii bapxamyeg pacnpocmepmoix. Mamepuanwt u memoowl. [lonucaxapuonvie KOMNIEKCb GblOENANU U3 UWPO-
ma coyeemuii bapxamyee pacnpocmepmulx copma « Carmeny, 0Cmaguie2ocss NOcie MmpexKpamuou IKCMpakyuu Coi-
pusa 40% cnupmom smunogwvim, no memody H.K. Kouemkosa u M. Sinner. C nomowbto KanuiiapHoz20 6UCKO3UMempa
Ocmeanvoa usmepanocy epems ucmeuenus 600bl u pacmeopog I1B; paccuumvieanuct pasiuinsle 8Udbl GA3KOCMEIl.
Ilnomnocms pacmeopos onpedenanacs NUKHOMeMpPUYeCKUmM cCnocobom, 0OHAKo, 86U0Y OIU30CMIU NIOMHOCMEU AHAU-
3UPYEMbIX pACmBOPO8 U 600bl UX He YUUMbIEAU NPU pacieme OMHOCUMENbHOU 6a3Kkocmu. /s onpedenenus nogepx-
HocmHuou akmusnocmu u3 1% 6o0uvix pacmeopos I1B comosuau cepuio pacmeopog ¢ konyenmpayueti om 0,01% oo
0,5%. Ha npubope Pebunoepa ycmanasnuganu nepenaobvi 0aieHuli MOHOMEMPU1ECKol HCUOKOCU 8 MOMEHM Npo-
CKAKUBAHUSA NY3bIpbKa 6030yXa Ha nosepxHocmu pacmeopa I1B. Hzoanekmpuyeckyio mouxy (MIT) 1B met onpedens-
u 8 ayemamuom 0ygeprom pacmeope 6 npedenax pH om 3,2 0o 6,2 euskozumempuueckum memooom. Pesynomamot
u oocysycoenue. PpakyuoHupoBanue NOLYIEeHHbIX NOTUCAXAPUOHBIX KOMNIIEKCO8 NOKA3A0, YMO 6bIX00 NEKMUHOBLIX
sewecme cocmasnsaem 2,2%. Pacuem noxasvieaem, umo cpeonss moaapnas macca I1B cocmasuna 45272 2/mons. O
cmenenu 83auMo0eucmeus MaKpoOMoLeKyl ROAUMEPA U pacmeopumeris, 0 CMPYKMYyPHbIX CEOUCMBAX MAKPOMONEK) b,
cmenenu ee pazeemeieHHOCIU MOJICHO CyOUumsb no eenudune kodgguyuenma Xaeeunca. Havioennas éenunuuna cocma-
suna 1,46, umo noomeepicoaem Hegvlcokyio pacmsopumocms I1B 6 6ode. Buoumo, yens buonoiumepa pazeemsiend,
umo yxyoulaem pacmeopumocies MaKpOMOLeKyl U 8 OaibHeuuem Moxicem cnocobcmeosams ceneobpasosanuio. 115,
8blOEIEHHbIE U3 WPOMA COYGemull 6apxamyes pacnpocmepmslx OMHOCAMCA K 2PYNne N0GEePXHOCMHO-AKIMUBHBIX Ge-
wecms. bnacooapsa nemanomy nonepeurnomy ceueruro Monekynwl (S) u 8vlcoOKol cpedHeti moaapHou macce (45272 2/
MOJIb) MONEKYIbl 3aHUMAIOM OONbUIOU 00beM HA NoBepXHOCMU pasdena as. YcmaHoeneHo, 4mo MaKpomonexkyid
Haxo0umcst 6 usodnekmpuieckom cocmoanuu npu pH = 4,7. 3akniouenue. B pezynomame npogedennvix ucciedosa-
HULL BUCKO3UMEMPULECKUM Memooom onpedeieHa cpeouas moaapras macca I1B, pasuas 45272 e/mons. Yemanosnena
Koncmanma Xazeunca (1,46), céazannas c Hesvicokotl pacmeopumocmoio 1B 6 6ode. Yemanosneno, umo I1B, vioe-
JIeHHble U3 Wpoma coygemuil bapxamyes pacnpocmepmoix, AGIAIOMCA NOGEPXHOCMHO-akmughbimu. Tlokasano, umo
maxpomonekyna I1B moocem Haxooumvcs 6 cocmoanuu nonuamguona npu pH = 4,7.

Knrwouegvie cnosa: nekmunogvie 6ewyecmeaa, wpom coygemull bapxamyes pacnpocmepmolx, CpeoHss MOIAPHASL
maccea, N0BePXHOCMHAsL AKMUBHOCTb, U309]IeKMpuyeckas mouxa, suckozumemp Ocmeansoa
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DETERMINATION OF SOME PHYSICAL AND CHEMICAL
PROPERTIES OF PECTIN SUBSTANCES FROM THE SOLVENT CAKE
OF TAGETES PATULA L. INFLORESCENCES

N.M. Chervonnaya, I.1. Kharchenko, S.L. Adzhiakhmetova, L.P. Mykots,
O.A. Andreeva, E.T. Oganesyan

Pyatigorsk Medical and Pharmaceutical Institute — branch of Volgograd State
Medical University, 11, Kalinin ave., Pyatigorsk, 357532, Russia

Big molecular weight conditions are responsible for some properties, which are absent in low molecular compounds.
Therefore, its determination allows revealing of some physical and technological properties of biopolymers and
prediction of the possibility of their practical application. The aim of this work was to determine an average molar
weight, to study the superficial properties at the border of “solution-air” phases, and to establish an isoelectric spot of
water solutions of pectin substances (PS), isolated from a solvent cake of Tagetes patula inflorescences. Materials and
methods. Polysaccharide complexes were isolated from the solvent cake of Tagetes patula inflorescences of Carmen
species which was left after a raw material extraction with ethanol 40% with the method of Kochetkov and M. Sinnera.
The time of water and PS solutions flow out was measured by the use of a capillary Ostwald viscosimeter; different
types of viscosity were calculated. The density of solutions was determined by using a picnometric method, however
due to the closeness of density of the analyzed solutions and water, they were not considered in the calculation of the
relative viscosity. Series of solutions with 0.01 to 0.5% concentrations were prepared from 1% PS water solutions to
determine a surface activity. Monometric liquid tension variations were set in Rehbinder s apparatus in the moment of
an air bubble appearance on the surface of PS solution. Isoelectric spot (IES) of PS was determined in acetate buffer
solution with pH within 3.2 to 6.2 by using the viscometer method. Results and discussion. Fractioning of the obtained
polysaccharide complexes showed that efficiency of the pectin substances amounted to 2.2%. Calculation shows that
an average molar weight of PS amounted to 45272 g/mol. About the degree of interaction between macromolecules of
polymer and solvent, structural properties of macromolecule, the degree of its branching can be judged by the value of
Huggins test. The value was found to be 1.46, which proves the low solubility of PS in water. Apparently, a biopolymer
chain has been branched which worsen the solubility of macromolecules and further may promote the formation of gel
condition. PS, isolated from the solvent cake of Tagetes patula, belong to the group of the surface active substances.
Due to a big cross section of a molecule (S) and the high average molar weight, (45272 g/mol) molecules occupy a big
volume at the surface of phase separation. We have established that macromolecule is in the isoelectric state at pH =
4.7. Conclusion. In the result of the studies using viscometer method, we have determined a molar weight of PS equal
to 45272 g/mol. Huggins constant (1.46) which is connected to a low solubility of PS in water has been determined.
We have established that PS, isolated from the solvent cake of Tagetes patula, are surface active. We have shown that
PS macromolecule is in the state of polyamphion at pH = 4.7.

Keywords: pectin substances, solvent cake of Tagetes patula, average molar weight, surface activity, isoelectric
spot, Ostwald viscometer

Panee ObIJIO yCTaHOBIICHO, YTO M3BJIEUCHUE M3 COIIBE-
THI 0apXxaTieB pacnpoCTePThIX, MOIYyYEHHOE IKCTPAKIIU-
eil criuprom >TUIOBBIM 40%, MPOSIBISIET BBIPAKEHHYIO
AQHTHOKCHJIAaHTHYIO, 3H/IOTEIMONPOTEKTOPHYIO M paHO3a-
SKUBIISIIOLLYIO aKTUBHOCTS [1, 2]. C 1enblo KOMILJIEKCHOTO
WCIIOJIb30BAHMUS CBHIPBSI B HACTOSILEH padoTe M3ydainch
HEKOTOpbIe (PU3MKO-XMMHYECKHE CBOWCTBA MEKTHHOBBIX
BEILIECTB, BBIJEICHHBIX M3 IIPOTa COLBETHH Oapxaries
pactipocteptsix (Tagetes patula L.). Bombimast MonsipHas
Macca OOyCIIOBIMBAET PsiJ] TAKUX CBOMCTB, KOTOPbIE OT-
CYTCTBYIOT Y HM3KOMOJIEKYJISIPHBIX coequHeHui. [loaro-
My €€ OIpEeeNICHNE MO3BOISIET BBISIBUTH HEKOTOpBIE (u-
3WYECKHE U TEXHOJIOTMUECKIE CBOMCTBA OMOTIONMMEPOB U
IIPeICKa3aTh BOSMOMKHOCTh MPAKTHYECKOTO IPUMEHEHUS
[3].

Heabio padoTbl SBUIOCH ONPEACIIEHUE CpEAHEH
MOJISIPHOM Macchl, U3y4Y€HHE MOBEPXHOCTHBIX CBOWCTB
Ha rpaHuIe paszuena (a3 «pacTBOpP-BO3LYX» U YCTaHOB-
JICHUE M303JIEKTPUIECKOH TOYKM BOJHBIX PAacTBOPOB
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neKTHHOBBIX BemiecTs (I1B), BeIIeneHHBIX U3 MIPOTa CO-
LBETHIT OapXaTIeB pacIpOCTEPTHIX.

Marepuansl U MeToabl. [lommcaxapumHble KOM-
TUIEKCHI BBIISISUIM M3 IIPOTa COLBETHI Oapxaries pac-
pocTepThiX copra «Carmeny», OCTaBIIEroCs MOCIIE TPeX-
KpaTHOH 9KCTpakuuu celpbs 40% COMPTOM 3TUIIOBBIM, 110
metony H.K. KouerkoBa u M. Sinner [4, 5] (puc. 1).

C noMOIIIBIO KamIISIPHOTO BUCKO3MMeTpa OcTBalb-
Jla U3MEpSIIOCh BPEMsl MCTEUEHHs BOJABI M PAacTBOPOB
[IB [6]; paccuuThIBaIMCh pa3iuyuHble BUbI BSI3KOCTEMH.
[TnoTHOCTH PAcTBOPOB OMpeessIach MUKHOMETpUYe-
CKUM CIOCOOOM, OJTHAKO, BBULYy ONM30CTH IJIOTHOCTEH
aHAJIM3MPYEMBIX PAaCTBOPOB M BOABI MX HE YUHTHIBAIH
IIpY pacyeTe OTHOCHUTENbHOW BsizkocTH. [ ompenere-
HUSI CPefHEH MOJISIPHOM Macchl TOTOBHMJIACh CEpHsl BO-
JTHBIX pacTBopoB [IB Mmeronmom pasBeneHus B obnacTu
xouneHTparnwii (0,03-0,5%) [7].

J1s pacyeTa OTHOCUTEIBbHOM BA3KOCTU ", UCIIOIB30-
BaJIA COOTHOIIICHHE ((hopmyna 1):
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Mo = n/n = —tﬁ D
0 ty X Po
D,

e t, t — Bpems ucTeyeHus Bojbl U pactopa 1B,
CeK;

P, P — IUIOTHOCTH BOAbI U pacTBopa IIB coorser-
CTBEHHO, T/cM?>.

VIenbHy0 BA3KOCTb, TO €CThb OTHOCUTEIIBHOE IIPU-
PAllEHUE BA3KOCTH PACTBOPUTENS (1)) PU BBEIACHUU B

HETO MOoJIMMEpa, HAXOMWIIU 110 pasHuile (hopmyna 2):

ny;l - nOTH - 1 , (2)’

[IpuBencHHYIO BSI3KOCTh PACCUUTHIBAIA KaK OTHO-
menue (popmyna 3):

N, = N,/C (3),
rie C — KOHIIEHTPAIHsI pacTBOpa.

Pacuer cpenneil MonsipHOM Macchl MPOBOIMIM IO
ypaBHeHHI0 Mapka-Xaysunka-Kyna [7, 8] (popmyna 4):

[n] =K X M, @),
rae K, o — koHcTaHThl, M — MOJIsIpHast Macca.

«O» — BEIMYMHA, XapaKTepu3yromas GopMmy Makpo-
MOJICKYJIbI M €€ B3aUMOJICUCTBUE C MOJICKYJIAMHU PACTBO-
putens. [ HEMPUTOAHBIX PACTBOPHUTEICH Ol

K — ko3 punmeHT, MoCTOSHHBIHN s pacTBOpa JIaH-
HOTO ITOJIMMEPHOTO psijia B JAHHOM pacTBopuTelne. B pac-
YeTax WCIONB30BAIM JIaHHBIC KOHCTAHT, XapaKTEPHBIX
Juist GonbinuHcTBa monucaxapuaos: K = 1,1 1073 o =
1,2 [8,9].

KoHcranTy Xarrmaca pacCYuTHIBAIH 10 YPABHCHHIO
(popmyna 5):

np=M+KxmxC> ()

NIpUHKEMas BO BHUMaHwue, 4to [n] — 0 un_/C.
yit
K' ompenenniu mo TaHTeHCY yIvia HakJIOHA IOJY-
YEeHHO#H NpsAMoii 3aBucuMocTH 1 oT C, He TIpoxoasIei
yepes Hayasio koopauHat (puc. 2) (dhopmyna 6):

K'=tg a/n]? (6)

Jlnst ompeneneHusl MOBEPXHOCTHONW aKTUBHOCTU M3
1% BoaubIx pactBopoB IIB rotoBmin cepuro pacTBo-
poB ¢ konnentpamueit or 0,01% no 0,5%. Ha npubope
PeOunnepa ycraHaBiIMBaiy Tepenaisl AaBIeHHH MOHO-
METPHUYECKOH )KUAKOCTH B MOMEHT NPOCKaKHBaHHS Iy-
3bIpbKa BO3/lyXa Ha MOBEpXHOCTH pacTBopa [IB [7].

Benuuuny MoBEpXHOCTHOTO HATSKEHUS PACCUNTHIBA-

71 110 ypaBHeHuto (popmyna 7):
_ _0gxhy
Ox — h— ’ (7
0

I1e G, G, — MOBEPXHOCTHOE HATSKEHUE PAacTBOPa U
Bogb! (H/m);

h,, h , —epenan raBnenuii MOHOMETpUIECKOH HKHl-
KOCTH HaJl BOAOH H PacTBOPOM (CM).

3aBHCUMOCTh MEXKIy H3MEHEHHEM CBOOOIHOH I10-
BEPXHOCTHOW SHEPruM M KOHIEHTpAI[Mel BEIIECTBa B
[MOBEPXHOCTHOM CJIOE BbIpaXKeHa ypaBHeHueMm [ubOca

(popmymna 8):
C
I —_ - & X _—_ = (8)

rae I — moBepXHOCTHBIN N30BITOK a1cOPOMPOBAHHO-
TO BEIIECTBA;

-Ac/AC — NOBEpXHOCTHAsI aKTUBHOCTH;

R — rasoBas nocrosinuas (8,3110° [[x/kmons X K);

T — abcomrotHas Temmneparypa, K

C y4eToM npejicTaBIeHUH O MIIOTHON yIaKoBKe MOJIe-
KyJ1 B MOHOCIIOE IIPH NpeieNibHoM aacopOuuu (I, ) MbI BbI-
YUCIUIIW TUIOIIA b, 3aHUMAEMYIO OJTHOM MOJIEKYJIOH, TOJI-
LIMHY ¥ 00bEM MMOBEPXHOCTHOTO ¢10s1 (popmyisr 9, 10).

rae S — IUIOIaab MOJIEKYIIBI,

I’ — npenenbHBIN MOBEPXHOCTHBINA H30BITOK;
el

N, — uncio Asorajpo.

=T, X M/p,

rae | — TonmiHa TOBEpXHOCTHOTO CIIOS;

M — monsapHas macca [1B;

p — IJIOTHOCTH pactBopa [1B.

[To n3zoTepMe MOBEPXHOCTHOTO HATSKCHHS OTIpe/e-
JISUTH TIOBEPXHOCTHYIO aKTHUBHOCTB (), KOTOPYIO paccuu-
TBHIBAJIH 10 TAHTCHCY yTyIa, 00pPa30BaHHOTO KacaTeIbHOM,
MIPOBEICHHON K M30TepMe TOBEPXHOCTHOTO HATSHKEHUS
mpu C — 0 (popmyma 11).

(10)

—. Ac
g=-"AC =tga
AC =l9a, an
Wzonnexrpuaeckyio touky (MOT) 1B Mbr ompene-
JISH B anieTaTHOM OydepHOM pacTBope B mpenenax pH
ot 3,2 10 6,2 BU3KO3UMETPUIECKUM METOZIOM.
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PacturensHoe ChIpbe - COUBETHS OapXaTIEeB PacIpPOCTEPTHIX

Tpexxpatnas sxcTpaxuus 40%
CIIHPTOM STHIIOBBIM

pot couBeTnii bapxarues nocie
skcrpakiuu 40% sTaHoI0M

40% u3BIEeUeHUE

DKCTpakys BOJOH OYHUILEHHON B
TedeHue 24 yacos

Boanoe u3BneueHue IIpoT nmocne BogHOI

SKCTpPaKLIUU
OcakieHne CiupToM
OTHIIOBbIM, DKeTpakuus B TedeHue 1 gaca
EeHTPU(YTUPOBAHUE 0,5% (NH4),C,04 1
0,5% HyC,04
BonopactBopumeie
TIOJINCAXaPHUIBI ! 1
Kucnoe n3Bneuenue Ipor nocne
0 JKCTpPaKLIUU
OcaxxaeHue CuupToM IIOAKHCICHHBIM
STUJIOBBIM, pacTBOPpOM
neHTpu(yrupoBaHue

IlexTHHOBEIE BEelleCTBA

Pucynok 1 — Buloenenue nonucaxapuoHslx KOMNIeKCo8

PesyabraTel u 06cy:kaeHue. OpakiMmOHUPOBaHNE
MOJTYYEHHBIX TOJIMCAaXapUIHBIX KOMIUIEKCOB IMOKa3alo,
YTO BBIXOJ[ IEKTHHOBBIX BEIIECTB cocTaBisieT 2,2%.

C BO3pacTaHrEeM MOJISIPHOM MacChI IOJIMMEPOB 00BIY-
HO YBEJIMYMBACTCS BI3KOCTh MX PACTBOPOB, YMEHBIACTCS
PacTBOPUMOCTb.

PaccunThiBasIMCh BSI3KOCTH: OTHOCHTeNbHast (dop-

myna 1), ynensHast (Gpopmyna 2) u npusenenHast (Gpopmy-
na 3). Pe3ynbrarel onpe/esicHUs IPUBEICHBI B TAOJIHIIC
1. Dxcrpanonsiyel NpUBEACHHONW BA3KOCTH K HYJIEBOI
KOHLIEHTPAIIMM HAXOIWIH TPENENbHOE YHUCIO BSI3KOCTH
— XapakTepucTH4ecKast BA3KOCTh. Takas mporenypa mo-
3BOJISIET UCKIIIOYUTD U3 BEJIMYHHBI XapaKTEPUCTUUECKOM
BSI3KOCTH B3aUMOJAEHCTBHE MEXy MOJICKyIaMH.

Taonuya 1 — Pe3ynomamal uzmepenus 6a3Kk0cmu 600HwvIx pacmeopos I1B
u3 coygemuii Gapxamuyes

C% t, CeK n.. . .

0 14,35 - - -
0,0313 16,61 1,157 0,157 5,016
0,0625 20,52 1,411 0,411 6,576
0,125 27,51 1,917 0,917 7,336

0,25 47,15 3,286 2,286 9,144

0,5 132,51 9,234 8,234 16,468

Janee crpowsu rpayik 3aBUCUMOCTH YAEIbHON BSI3KOCTH OT KOHIIEHTpauuu (puc. 2)
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0 0,0313 0,0625

C, %

0,125 0,25 0,5

Pucynok 2 — 3asucumocms yoenvnoii eazkocmu om konyenmpayuu pacmeopoe INB

W3 rpaduka BUIHO, YTO B 0OJACTH MAaJbIX KOHICH-
Tpauuil yaenbHasi BS3KOCTb IJIABHO BO3PACTAET, OJIHAKO,
yke npu koHueHTpauuu 0,5% oHa pe3ko BO3pacTaet, Ipu
9TOM KpHBasi 00pallieHa BBITYKIOCTBIO K OCH abCIncc.

O4eBUHO, 1aXe IPU TAKOW HEBBICOKOH KOHIIEHTpa-
nuu pactopa [I1B HaumHaeTcss Hekoe B3auMoOJeHcTBUE
MeXTy MOJIEKyJIaMH, IPUBOAAIIEE K CTPYKTYPHUPOBAHHUIO
pactBopa. M3 3TOrO creayet, 4To ONpeaesieHHE Xapak-
TEPUCTUYECKOH BSI3KOCTH HEOOXOJMMO IPOBOANTH IKC-
Tpanoysiuel K HyJlIeBOM KOHIEHTpAlUU, KOT/a 3aBUCH-
MOCTBb 1, OT C Oyner nuHEHHOH.

XapakTepucTUUECKyIO BS3KOCTb [1] HaxoIwid rpa-
(ryeckn 1Mo 3aBUCUMOCTH Ny = f (C) (puc. 3). Qs nox-

TBEPKIICHHS TMHEHHOM 3aBHCUMOCTH, IeTIeCO00pa3Ho, Ha

In n/no
— =

rpaduKe OTIAOKUTH 3aBUCHMOCTh £(¢) . OTOT TIpH-

eM 00JervaeT SKCTParoNALMIO, Tak Kak Gynkims In n/m,

MEHbIIIE U3MEHSAETCS ¢ KOHI[EHTpalueH.

Ha pucynke 3 mpexacTabieHa yKa3aHHas 3aBHCHU-
MOCTb IIPUBEACHHON BA3KOCTH OT KOHIleHTpauuu. Haii-
JIeHHas BelM4MHa [1] coctaBuia 4,25.

18

16
14

12

10

g3

&6
4

[n] =4,25

0,1 0,2
C, %

0,3 0,4

0,5 0,6

Pucynok 3 — 3asucumocms npueedeHHol 8:A3KOCMU
om Konyenmpayuu pacmeopoe IB

Pacuer cpenneil MonsipHOM Macchl MPOBOIMIM IO
ypaBHeHuto Mapka-XayBunka-Kyna (popmyna 4), ko-
TOPBIA TOKA3bIBACT, YTO IAaHHAS BEJIMYMHA COCTABHIIA
45272 r/MOb.

O crerneHu B3aUMOACUCTBUS MAKPOMOJEKYI ITOJH-
Mepa ¥ pPacTBOPHUTEIS, O CTPYKTYPHBIX CBOHCTBAaxX Ma-
KPOMOJICKYITBI, CTCTICHH €€ pPa3BETBICHHOCTH MOXXKHO
CYIUTh MO BenuunMHE Kod(duumeHta Xarrumaca. Xors,

Yale 3TO UCMOIb3YETCs AJIsl OLIEHKH CPaBHUTEIbHOM Xa-
PAKTEPUCTHKH TOIUMEPOB, MOTYYCHHBIX M3 PAa3IMIHBIX
00BEKTOB. B Xopommx pacTBOpUTENSX 3HAYCHUE KOH-
cTaHThl Xarruuca Haxogurces B npeaenax 0,2-0,3.
Pacuer koaddummenta Xarruaca Benu no (Gopmy-
nam 5 u 6. Haiinennas BenmuuuHa cocraBuia 1,46, 4to
MOJITBEPKIAET HEBBICOKYIO pacTBopuMocTh [IB B Boze.
Bumumo, ens OnormonuMepa pa3BeTBICHA, YTO yXY/IIIIA-
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€T PacTBOPUMOCTh MAaKpPOMOJIEKYI U B JaJIbHEHIIIEM MO-
JKET CrIocoOCTBOBATH IeIe00pa30BaHHIO.

BenuunHy moBEepXHOCTHOTO HATSKEHUS PACCUUTHI-
Baju 1o Gopmysie 7. 3aBUCUMOCTh MEXKIy U3MCHCHUEM

CBOOO/IHOM MMOBEPXHOCTHOW DHEPTUU M KOHIIEHTpAIUEH
BEIIECTBA B TIOBEPXHOCTHOM CJIOC BBIPaKCHA YPABHEHHU-
eMm ['ub6ca (popmyna 9). Pesynbrarsl mpencTaBicHbI B
Taomme 2.

Taonuya 2 — Ilapamemput nosepxnocmuuix ceoiicme II1B

C, % CIOS’;‘J“"”"/ 510°, H/m | -Ac103, H/m “081‘;2‘0”"/ T 10° S, A2 LA V, A?
0 71,97

0,015 0,347 67,97 3,99 0,322

0,031 0,691 66,65 532 0,429 12,3 135 | 5568 | 75168
0,062 1,380 65,32 6,65 0,537

0,125 2,760 62,65 9,32 0,753

0,250 5,520 61,32 10,65 0,861

0,500 11,00 58,65 13,32 1,076

[TockonbKy MHOBEPXHOCTHBIM CIIOH IMOBEPXHOCT-
Ho-akTUBHBIX BemecTB (ITAB) mHa rpanmme pasmena
($a3 «pacTBOP-BO3AYX» SBIAECTCS MOHOMOJCKYISP-
HBIM, TO OTIPEIEITHIN BETUINHY MPEeIeTbHOTO TTOBEepPX-

HocTHOTO M36bITKa (I' ). C 9TOH 1enbro CTPOMIIH Tpa-
¢uk 3aBucumocTtu 1/T" ot 1/C 1 o BeTu4mHE OTpE3Ka,
OTCEKAaeMOro INPSIMOH Ha OCH OPAMHAT, OIPEACIHIH
1/T . (pucyHox 4)

3,5

3

2,5

2

1/r-108

1,5

1
0,5

0 I I

0,09 0,18

0,36
1/C-10°

0,72 1,45 2,888

Pucynox 4 — 3asucumocmo 1/I" om 1/C ona 600nvix pacmeopos IIB

C ydeToM npeAcTaBIeHUH O MIOTHOH yIaKoBKE MO-
JIEKyJl B MOHOCJIO€ IpH IpesienbHoi agcopouuu (I)) Mbt
BBIYHMCITHIIN TUIOHIab (hopmyrna 9), 3aHIMaeMyro OJJHOM
MoJIeKyioi, TonmuHy (dpopmyna 10) u oObeM moBepx-
HOCTHOTO CJIOS.
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[To m30TEpME MOBEPXHOCTHOTO HATSHKEHHS (pHC. 5)
OIPEAEISIN TTOBEPXHOCTHYIO aKTHBHOCTH (g), KOTOPYIO
pacCUMTHIBAIM 110 TaHTEHCY yIvia, 00pa30BaHHOIO Ka-
carelIbHOM, MPOBEIEHHON K M30TepMe MOBEPXHOCTHOIO
Harspkenns mpu C — 0 (popmyna 11).
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Torza: H/m?
tga = 0213 ~L
KMOJIb
80
70 \
S 60 —
[}
50
40 T T T T T 1
0 0,015 0,031 0,062 0,125 0,25
C, %

0,5

Pucynok 5 — Kpusaa 3asucumocmu nogepxnocmmnoz0 Hamaxcenus
om pasHoeecHoul Konuyenmpauuu pacmeopa I1B

[TonyueHHbIE pe3ynbTaThl CBUACTEILCTBYIOT O TOM,
yro I1B, BbIeNeHHBIE M3 MIPOTa COLBETHIl OapXxarieB
pacIpocTepThIX, OTHOCATCS K IPYIIIE ITOBEPXHOCTHO-aK-
THUBHBIX BEIIECTB. brarogaps HeMaloMy NONEPEYHOMY
CCUCHHIO MOJICKYJIBI (S) U BBICOKOW CpEeIHEH MOJSIPHOM
Macce (45272 1/mMoib) MOJNEKYJbl 3aHUMAKOT OOJBIION
00BbeM Ha MOBEPXHOCTH pa3nena das.

OnauM u3 BaxHbIX cBoucTB [TAB sBisercs croco0-
HOCTb K MHUIIEI000pazoBaHui0. KpUTHUECKYIO KOHIICH-
Tpanuto mutesiooopazosanus (KKM) onpenenunu rpa-
¢uuecku no 3aBucumocTH o ot 1gC.

[lepern® Ha u30TEPME COOTBETCTBYET Havaly
¢dopmupoBanus chepuueckux munemr. ns pacrtso-

poB IIB, naiinennas KKM, cocrasuna 0,22 r na 100
I pacTBopa.

Hamnume  mwuneruiooOpa3oBaHusi — Hpenanonaraet
JlalibHEHIIIee N3y4YeHHEe COI0OMIN3NpYIoLIel criocoOHO-
ctu [1B B BogHOM pacTBope.

O cTpyKType MUIIEIUT U TPUPOJIE TToJIMMepa, ooJiaia-
IOLIETO0 ITOBEPXHOCTHO-aKTHBHBIMHU CBOMCTBAMH, MOYKHO,
B OIpPE/EICHHON CTENeHH, CYJUTh 110 TepMOANHAMUYC-
cKUM (DYHKIMSIM Tpoliecca MUIEIUI000pa3oBaHusL.

C 9T0i1 11e71b10 PaCCUUTHIBAINCH: CBOOOHASI SHEPTHS
(AG,,), sutponus (AS,,), Termnosoit apdexr (AH,,) npo-
necca muienoodbpazosanus [10]. ITonmyueHHble 1aHHBIC
TIPE/ICTaBIICHBI B TA0IMLE 3.

Tabnuya 3 — Tepmoounamuueckue Qyukyuu muyenniooopasosanus pacmeopos I1B
6 6oonoit cpeoe (T = 298K)

BemecTtBo C, s KMOJB/M? AG,,, kJI>x/Mo1B AS,,, k/x/morns - K | AH,,, kJ[)x/Moins
HB w3 mpora 5,01-10° 24,52 8,2:102 -0,084
COLBETHI Oapxaries

Hcxons M3 XapaKTepPHUCTHK, MPEICTABICHHBIX B Ta-
Oomuie 3, MOXKHO CYHMTaTh, YTO MHUIIEIUIO00pa30BaHNE
HpoTeKaeT caMonpou3BoibHO (AG,,0) 1 conmpoBoXxaaeTcs
HE3HAYUTENbHBIM dK30TepMudeckuM sddexrom (AH,,0),
YTO CBSI3aHO C HEOOJBIION BEIMIMHON KPUTHUECKON KOH-
LEHTPAIUN MUIIEIUIO00pa30BaHUS. 3HAYCHHUS SHTPOIHH
MHUIIETI000pa30BaHU HE3aBUCHMO OT CTPYKTYPBI IS
OONBIIMHCTBA TTOBEPXHOCTHO-aKTHBHBIX BEIIECTB HAXO-
nsitest B ipeaennax (4,28,4) 10 kx/mons K [11].

PaccunTannas BennduHa ASM HaXOOUTCI B ITHX
npenenax, 4ro Imo3Bosisser otHectd [IB k mommamdo-
nmutaM. OmpeneneHHOe HaMH paHee 3HadeHwe pH, mpu
KOTOPOM TIONHMMEpP HAaXOAHUTCSA B M303JIEKTPHUECKOM CO-
CTOSIHHMH, TTOATBEPKIACT BHICKA3aHHOE MPEATIONOKCHNUE.
3nauenue pH, npu kotopom monekyna I1B Haxonures B
COCTOSTHUH mosinaMdonnTa, cocTaBuiio 4,7.

IIpoBenenubie uccnegoBaHus mokazanu, yto I[IB,
BBIZICIEHHBIC W3 IIIPOTa COIBETHH OapxarieB pacmpo-
CTEPTHIX, CHUXKAIOT TMOBEPXHOCTHOE HATSHKEHUE BOIIBI
MIPOTIOPIIMOHAIBHO €T0 KOHIEHTPAIIUHN, TIPOSBISIFOT MH-
LEeI000pa3yIoNIyI0 CIIOCOOHOCTh, MPOIECC MHUIEIIIO-
00pa3zoBaHKsl MPOTEKAET CAMOIPOU3BOJIBHO, MOJEKYJa
I1B siBisiercst monmamGoInToM.

VYV cnabbIX MOJUAIEKTPOIUTOB, K KOTOPBIM MOXHO
otHectH IIB, cTenmeHp AncconManyy MOMSPHBIX TPYII,
a 3HAYMT, ¥ BEJTUYMHA 3apsiia 3aBUCUT oT pH. Dkcnepu-
MEHT, MPOBEIEHHBIH paHee, MOKazal MPOTOPIHOHATb-
HOCTb 3aBHCHMOCTH COTPOTHUBIICHUS BOTHBIX PACTBOPOB
[IB, n3MepeHHOro KOHAYKTOMETPUYECKUM METOIOM OT
KOHIICHTpAIMH. B CBS3M C 3TUM, MIPENICTABISIIO HHTEPEC
M3y4YuTh BIUAHNE pH pacTBOpa Ha €ro BI3KOCTH C IIETBI0
ONIPE/ICIICHUST HAINYHUS HU30JIEKTPUIESCKOTO COCTOSHUS
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(M3C) monusneKkTpoauTa, mpu KOTOPOM OH HAXOJUTCS B
COCTOSIHUM TTOJIMaM(HOHA.

Tak kak, B mosekyine [1B comepxutcs Oombiie Kap-
OOKCHIIBHBIX TPYIIII, CIIOCOOHBIX K JTUCCOIUAIINH, TO T10-
JIUBJICKTPOJIUT SIBJIICTCS OOJIee CHIIBHON KHUCIOTOMH, YeM
ocHoBanueM u ero DT momxHa ObITh MEHBIIE 7.

WDT IIB wmbI onpenensiin B arieTaTHOM OydhepHOM
pactBope B mpenenax pH ot 3,2 no 6,2 BUBKO3UMETpHU-
yeckuM MeTofioM. B IDC Monekysbl TOTUIEKTPOIUTA
00OBIYHO CBEPHYTHI B KIIYOOK M HAUMCHEE THUAPATAPOBA-
HbI, T03TOMYy B DT oTHOCHTENBHAS BSI3KOCTH OOBIYHO
MHUHUMAaJbHA.

Ecnu ucnonb3oBaTh MONUANIEKTPOIUTHI B KaueCTBE

9HTEPOCOPOEHTOB JUIsl 3ICOPOIIMH HOHOB COJICH TSKEITBIX
MeTaJuioB, Heooxoaumo yuuteiBark UOC u pH pactBopa.
B UDC cocTosiHuu HM3MEHSIOTCSI CBOMCTBAa TOJIMMEpa:
CHIaeTCs HabyXaHue, paCTBOPUMOCTb, JIEKTPUUECKAst
MIPOBOJIMMOCTD, BSI3KOCTH PAacTBOPOB M Jp. DTO HEOO-
XOJIMMO YYHTBIBAaTh IPU pa3pabOTKe TEXHOJIOTMYECKUX
CXEM JUISl IPAKTUYECKOTO UCIIOIb30BAHMUS TIOJIMMEPOB.

st onpenenenust UDT rotosunu 1% BoaHbIi pac-
tBOp [IB 1 pacTBOpEI aneTarHoro Oydepa ¢ pa3sHbIM 3Ha-
yernem pH. K 10 mu OydepHoro pacteopa 100aBisuH
5 i pacteopa 1B, nepememuBany 1 U3MeEpsUIH BpeMs
WCTEUEHHMSI )KUAKOCTH OJTMHAKOBOrO 00beMa Ha BHCKO3H-
Metpe. Pe3ynbrars! pecrasieHs B Tadnuie 4.

Tabnuya 4 — 3aeucumocms epemenu meuenus pacmeopa IIB om pH cpeowvt

Ne n/n pH t, CeK L
1 27,82
2 3,2 62,46 2,46
3 3,7 69,33 2,49
4 4,2 61,87 2,22
5 4,7 51,14 1,84
6 52 54,33 1,95
7 5,7 56,98 2,05

I'papuueckas 3aBucumoctsb 1 0T pH (puc. 6) nokasana, uro maxpomonexyna I1B naxomurcs 8 UOC npu pH =4,7.

fo——=

3,7

4,2 4,7 5,2 5,7
pH

Pucynox 6 — 3asucumocmo omnocumenwvhoii éazkocmu 1% pacmeopa I1B om pH cpeowvt

CrnemoBaTtenbHO, Omaromaps MaioMy o0beMy KITyO-
Ka CBEPHYTOH MAaKpOMOJICKYJIbl, YMCHBIIACTCS IPEIsT-
CTBHE TEUCHHIO JKHIKOCTH, YTO M NMPUBOIUT K MUHHMY-
MY OTHOCHTEJIBHOH Bsi3kocTH. Kak ¢ yBenn4yeHneMm, Tak u
¢ yMeHbIIeHneM pH BS3KOCTh pacTBOpa BO3pAcTeT, TaK
KaK MaKpOMOJIEKYJIbl PACIPAMISIOTCS U UX 00beM yBe-
nyrBaercsa. Ha pucyHke BUJHO, YTO IIPH HU3KOM 3HAYeE-
HuH pH = 3,2 MONEeKyIApHBIA KITyOOK CHOBA YIIIIOTHSIET-
cst, Oaromaps MOIABICHHIO HOHU3ALMH TTOJIOKUTEIIBHBIX
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OZIHOMMEHHO 3apsDKCHHBIX MOHOTCHHBIX TPYIII, M BS3-
KOCTb CHOBA YMCHBILIACTCH.

3rauenne DT monmamekTponuTa MO3BOSACT BIH-
ATh Ha TaKHe NPOLECCHl, Kak HaOyXaHue, 3aCTyJHEBaHHE,
MeMOpaHHOe paBHOBecue J[oHHama H 1p., 9TO CIOCO00-
CTBYET IPaBUJIBHOMY BBIOOPY TOTO HJIM MHOTO TEXHOJIO-
THYECKOro Ipoliecca WK BIUSET Ha CKOPOCTh IPOTeKa-
HUA (PU3NOIIOTHYECKOT0 IpoLuecca.

3akiaiouenune. B pesynsrare mpoBeICHHBIX HCCIe-
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JIOBaHUI BUCKO3UMETPUYECKMM METOJOM OIlpeeNneHa
cpeansis MoisipHas macca [1B, paBHas 45272 1/MoIb.
VYcranosneHa koHcTaHTa XarruHca (1,46), cBa3aHHas ¢
HEBBICOKOH pacTBopuMocThiO 1B B Boze. YcraHoBIIEHO,

yro [1B, BbIIeNeHHBIE M3 MIPOTa COLBETHIl OapxarieB
pacIpoCTepThIX, SBJSIIOTCS IOBEPXHOCTHO-aKTUBHBIMHU.
IToxazano, uto Makpomouiekyia 11B MoxeT HaxoauThCs
B cocTostHUM nonmamduona rpu pH = 4,7.

Introduction. It was previously established, that
extracts from Tagetes patula, obtained by ethanol
40% extraction, exhibit a signified antioxidant,
endothelioprotective, and wound healing activity [1,
2]. On purpose of the complex use of the raw material,
we have studied some physical and chemical properties
of pectin substances isolated from the solvent cake of
Tagetes patula in this work. A big molar weight condition
is responsible for the range of such properties, which
usually are absent in the low-molecular compounds.
Therefore, its determination allows the revelation of some
physical and technological properties of biopolymers and
prediction of possibility of their practical application [3].

The aim of the work was the determination of an
average molar weight, study of the surface properties at
the border of “solution-air” phases and the establishment
of an isoelectric spot of water solutions of pectin sub-
stances (PS), obtained from the solvent cake of Tagetes
patula.

Materials and methods. Polysaccharide complex-
es were isolated from the solvent cake of Tagetes pat-
ula of Carmen species, which were left after the triple
extraction of the raw materials with ethanol 40% by the
method of Kochetkov and M. Sinnera [4, 5] (fig. 1).

The time of water’s and PS solutions’ flow out was
calculated using the capillary Ostwald viscometer [6];
the different viscosity types were calculated. Solutions’
density was determined by using picnometric method,
however due to the closeness of density of the analyzed
solutions and water; they were not taken into consider-
ation while calculating a relative viscosity. To determine
an average molar mass, a series of PS water solution was
prepared in concentrations of 0.03-0.5% [7].

To calculate a relative viscosity " , we used a fol-
lowing correlation (formula 1):

nOTH:n/ :_—txp >
Mo tOXPO

M,

where t, t is time of water’s and PS solution’ flow
out, sec;

P, P is density of water and PS solution, respectively,
g/em’,

The specific viscosity, i.e. relative incremental value
of solvent viscosity (1) at introduction of polymer into
it, was calculated by the difference (formula 2):

Myz = Mow - 1, ),

The modified viscosity was calculated as a
correlation (formula 3):
Moo = N/ C
where, C is a solution concentration.
Calculation of an average molar weight was done by
using Mark-Houwink-Kuhn equation [7, 8] (formula 4):

] =K XM, 4,

(€)%

where, K, o — constants, M — molar weight.
«o» 18 a value, which characterizes a form of a mac-
romolecule and its interaction with the solvent molecules.

For unusable solvents, o = 1.

K is a coefficient, which is constant for the solvent
of these polymer series in this solvent. Data of constants,
characteristic for the majority of polysaccharides, were

used in the calculations: K= 1.1 ¥ 105, o = 1.2 [8, 9].
Huggins constant was calculated by using the fol-
lowing equation (formula 5):

_ ' 2
nnp_[n]+KX[n]XC, (5)

with taking into account that [] — 0 1 ,.o; / €.

K’ was determined by the tangent of as slope angle
of a direct correlation n__ and C, which does not pass
through the point of reference (fig. 2) (formula 6):

K'= tg o /[T]]z (6)

To determine the surface activity from 1% water
solutions of PS, series of solutions with 0.01 to 0.5%
concentrations were prepared. Variations of monometric
liquid tensions were set on Rehbinder apparatus at the
moment of the air bubble appearance at the PS solution
surface [7].

Value of superficial tension was calculated by using
the equation (formula 7):

6 = —0" % (1)

where 6, 6, — superficial tension of solution and wa-
ter (H/m);

h,, h, — variation of tensions of monometric liquid
above water and solution (cm).

Dependence between the change of the free
superficial energy and the concentration of a substance
in a superficial layer is expressed by the Gibbs equation
(formula 8):

__. M  C
[=-"AC X RT ©

where I is a superficial excess of adsorbed substance;
-Ac/AC — superficial activity;

R — a gas constant (8,31°10° J/kmol * K);

T — an absolute temperature, K

With consideration of the densely packed molecules
in monolayer at the limit adsorption (I',), we calculated
the square that is occupied by one molecule, thickness and
volume of a superficial layer (formulas 9, 10).

s=1/p XNy, ©)

where S is a molecule square;
I — limit superficial excess;
N, — Avogadro’s number.
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— M
L= Te X / p (10)
where 1 is thickness of a superficial layer;
M — the molar weight of PS;
p —PS solution’s density.
The superficial activity was determined by the super-
ficial tension isotherm (g), which was calculated by the

angle tangent, that was formed by a tangent line, traced
to isotherm of superficial tension at C — 0 (formula 11).

g=- 2% =1gq, (n

We determined an isoelectric spot (IES) of PS in
the acetate buffer solution within pH 3.2 to 6.2 by using
viscometer method.

Plant raw materials - inflorescnces of Tagetes patula

Triple extraction with 40% ethanol

40% extraction

Solvent cake of Tagetes patula after
extraction with 40% ethanol

Extraction with clarified water
within 24 hours

Water extraction

Ethanol precipitation ,
centrifuging

Water soluble

Solvent cake after extraction

Extraction within 1 hour
0.5% (N H4)2C204 and
0.5% H,C,0,

polysaccharides !

Acid extraction

Solvent cake after

Ethanol precipitation ,
centrifuging

extraction with an
acidified solution

Pectin solutions

Figure 1 — Isolation of polysaccharide complexes

Results and discussion. Fractioning of the obtained
polysaccharides showed that pectin substances’ efficiency
amounts to 2.2%.

When the molar weight increases, its solutions
viscosity usually increases as well, and solubility decreases.

The following viscosities were calculated:
relative (formula 1), specific (formula 2) and

modified (formula 3). The results of the determination
are shown in the table 1. The marginal value of
viscosity — characteristic viscosity was found by
an extrapolation of the modified viscosity to zero
concentration. This procedure allows excluding the
interaction among molecules from the value of a
characteristic viscosity.

Table 1 — Results of viscosity calculations of PS water solutions from the inflorescences of Tagetes patula

C% t, sec L N Nipod
0 14.35 - - -
0.0313 16.61 1.157 0.157 5.016
0.0625 20.52 1.411 0.411 6.576
0.125 27.51 1.917 0.917 7.336
0.25 47.15 3.286 2.286 9.144

0.5 132.51 9.234 8.234 16.468
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After that, the graph of dependence of specific viscosity from the concentration was built (fig. 2)

Figure 2 — Dependence of the specific viscosity from the PS solutions concentration

The graph shows that in the area of small concentra-
tions, the specific viscosity has been slowly increasing,
however at 0.5% concentration it increases sharply, while
the curve’s concavity faces abscise axis.

It is apparent that even in such small concentrations
of PS solution there is an interaction among molecules,
which leads to a solution structuring. It follows that the
determination of the characteristic viscosity needs to be
carried out with the extrapolation to zero concentration,
when dependence of | from C will be linear.

Characteristic viscosity [n] was found on graphic
by using dependence n_, = f(C) (figure 3). For confir-

mation of the linear dependence, it is reasonable to put
dependence IHLC/W) = f(c) ona graph. This method makes

extrapolation easier, since function In n/n, changes less
with concentration.

The figure 3 shows the certain dependence of the
modified viscosity from the concentration. The value dis-
covered [n] amounted to 4.25.

18

16

14

12

10

e

g3

S6

/

4
) [n] = 4.25

0 0,1 0,2
C, %

0,3 0,4

0,5 0,6

Figure 3 — Dependence of the modified viscosity from the concentration of PS solutions

Calculation of an average molar weight was
carried out using Mark-Houwing-Kuhn equation
(formula 4), which shows that this value amounted
to 45272 g/mol.

The degree of polymer and solvent macromolecules
interaction, structural properties of macromolecules,
degree of its branching can be judged by the value of
Huggins test. Although, it is more often used for a
comparative analysis of polymers obtained from different

objects. In good solvents the value of Huggins constant is
within 0.2.-0.3.

Calculation of Huggins test was carried out
according to formulas 5 and 6. The found value
amounted to 1.46, which proves low solubility of PS in
water. Apparently, the biopolymer chain is branched,
which worsen the solubility of macromolecules and
further may lead to gel formation.

The value of superficial tension was calculated by
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using formula 7. The dependence between free superficial
energy variation and concentration of a substance in the

Table 2 — Parameters of superficial properties of PS

superficial layer is expressed by Gibbs equation (formula
9). The results are presented in table 2.

o =105 Ae103 108 2 3
©F | ot [0 T | e | D0 | SN WA
0 71.97

0.015 0.347 67.97 3.99 0.322

0.031 0.691 66.65 5.32 0.429 12.3 13.5 5568 75168
0.062 1.380 65.32 6.65 0.537

0.125 2.760 62.65 9.32 0.753

0.250 5.520 61.32 10.65 0.861

0.500 11.00 58.65 13.32 1.076

Since the superficial layer of surface-active substanc-
es (SAS) at the border of solution-air is monomolecular,
the value of limit superficial excess was determined (I" ).

Taken into consideration, the data about the densely
packed molecules in a monolayer and at the limit adsorp-
tion (I"), we calculated the square (formula 9), occupied
by one molecule, thickness (formula 10) and volume of

1/T:10%

-~

/

/

1 /

0,09

0,18

0,36

0,72

1/C-10°

1,45

2,888

superficial layer.
Superficial activity (g) was determined by the iso-
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Figure 4 — Dependence of 1/T" from 1/C for water PS solutions

H/m®

Then: tg a = 0213 —

kmol *

With this purpose the dependence graph of 1/T" from 1/C
was built, and 1/I" was determined by the size of an in-
terval, cut off by the right line at the vertical axis (fig. 4).

therm of superficial tension (fig. 5), which was calculated
by the angle tangent, that was formed by a tangent line
drawn to the isotherm of a superficial tension at C — 0
(formula 11).
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Figure 5 — A Curve of superficial tension dependence from the balanced concentration of PS solution

The obtained results have given the evidence of the
the fact that PS isolated from the solvent cake of Tagetes
patula inflorescences belonged to a group of superficial-
active substances. Due to a big section of a molecule (S)
and the high average molar weight (45272 g/mol), the
molecules occupy a big volume on the surface of phases
border.

Ability for the micelle formation is one of the im-
portant features of SAS. Critical concentration of micelle
formation (CCM) was determined by a graph, based on
dependence of ¢ from IgC.

Isotherm inflection corresponds to the beginning of
spherical micelles formation. For the PS solution, CCM
amounted to 0.22 g per 100 g of solution.

The presence of micelle formation implies the fur-
ther study of solubilizing ability of PS in a water solution.

About the micelles structure and the nature of poly-
mer with surface-active properties to a certain degree can
be judged by thermodynamic functions of micelle forma-
tion process.

With this purpose the following was calculated: free
energy (AG,,), entropy (AS, ), heating effect (AH,,) of a
micelle formation process [10]. The data obtained are

shown in the table 3.

Table 3 — Thermodynamic functions of micelle formation of PS solutions in water environment (T = 298K)

Substance C_y» kmol/m? AG,,, kJ/mol AS,,, kJ/mol - K AH,,, kJ/mol
PS from the solvent
cake of Tagetes patula 5.01-10° -24.52 8.2:102 -0.084
inflorescences

According to the characteristics shown in the table
3, the micelle formation can be considered spontaneous

(AG,,=0) and is accompanied by an insignificant exo-

thermic effect (AH,, <0), which is related to a small val-
ue of a critical concentration of micelle formation. The
value of micelle formation’s entropy independently from
the structure for the majority of surface active substances

occurs within (4.2+8.4)-10kJ/mol-K [11].

Calculated value of AS |, occurs within this limit, which
allows attribution of PS to the polymeric ampholytes.
Previously determined value of pH, when polymer is
in isoelectric state, proves the hypothesis. Value of pH,
at which the PS molecule is in a polyampolyte state,
amounted to 4.7.

The conducted studies have shown that PS, isolated
from the solvent cake of Tagetes patula inflorescences,
reduce a superficial tension of water in proportion to its
concentration, exhibit micelle forming ability; process of
micelle formation is spontaneous, and PS molecule is a
polyampholyte.

In weak polyelectrolytes that PS belongs to, the
degree of dissociation of polar groups and the charge
value depend on pH. The previous experiment showed
the proportionality of PS water solution resistance
dependence, which was measured by a conductometric
method from the concentration. In this connection, it
would be interesting to study the influence of pH solution
on its viscosity in order to determine the presence of the
isoelectric condition (IEC) of polyelectrolyte at which it
remains in the polyamphion state.

Since the PS molecule contains more carboxylic groups
that are capable of dissociation, polyelectrolyte is a stronger
acid than base, and its IEC must be less than 7.

We determined IES of PS in the acetate buffer
solution with pH within 3.2 to 6.2 by using viscometric
method. In IEC polyelectrolyte molecules are usually
coiled and less hydrated, therefore relative viscosity in
IES is usually at its minimum.

If polyelectrolytes are used as enterosorbents for
adsorption of ions of heavy metal salts, it is necessary
to consider IEC and pH of the solution. In IEC condition
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the features of polymer change: swelling, solubility,
electric conductivity, solutions viscosity, etc. usually
decrease. It must be noted during the development of the
technological schemes for practical use of polymers.

To determine IES, we prepared 1% water solution of

PS and solutions of acetate buffer with different value of
pH. To 10 ml of buffer solution we added with 5 ml of
PS solution, mixed and measured the time of flow out of
equal volume of liquid on viscometer. The result could to
be seen in table 4.

Table 4 — Dependence of the PS solution flow out time from pH environment

No pH t, sec H
1 27.82
2 32 62.46 2.46
3 3.7 69.33 2.49
4 4.2 61.87 222
5 4.7 51.14 1.84
6 52 54.33 1.95
7 5.7 56.98 2.05

Graphic dependence of n_, from pH (figure 6) showed that PS macromolecule remains in IEC at ph = 4.7.

| \\/’P‘_A

3,7

4,2 4,7 5,2 5,7
pH

Figure 6 — Dependence of the relative viscosity of 1% PS solution from pH
environment

Consequently, due to a small volume of a macromol-
ecule coil, there will be less difficulty for the liquid flow
out, which leads to a minimum relative viscosity. Solution
viscosity rises with the increase as well as the decrease
of pH, because macromolecules uncoil, and their volume
rises. As it is seen in the figure, that at low value of pH =
3.2, molecular coil firms up again due to suppression of
ionization of positively alike charged ionogenic groups;
and viscosity declines again.

Value of IES polyelectrolyte allows influencing
such processes as swelling, gelling, Donnan membrane
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equilibrium, and etc, that creates conditions for the
right choice of one or another technological process or
influences the velocity of a physiological process.

Conclusion. In the result of the studies using
viscometer method, we have determined a molar weight
of PS equal to 45272 g/mol. Huggins constant (1.46)
which is connected to a low solubility of PS in water has
been determined. We have established that PS, isolated
from the solvent cake of Tagetes patula, are surface
active. We have shown that PS macromolecule is in the
state of polyamphion at pH =4.7.
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XAPAKTEPUCTUKA MEXAHU3MOB
AHTUYNbLUEPOTEHHOIO AENCTBUA
ArTOHUCTOB BAHWNOUAHBIX PELLENTOPOB (TRPV1)
HA MOJENN TACTPONATUU, UHAYLUPOBAHHOW
ALUETUNCANULUNIOBON KNCNTOTOW

D.B. I'hmaokux

Tocyoapcmeennoe yupescoenue « ncmumym meouyurnckoti paouonozuu umeru C.I1. I pueopvesa
Hayuonanvnotl akademuu meOuyunckux Hayk Vkpaurviy
61024, Yxpauna, 2. Xapokos, yi. Ilywkunckas, 82
E-mail: fedir.hladkykh@gmail.com

TenOenyus pocma 4ucia NAYUEHMmMos8 ¢ KOMOPOUOHBIMU 3A001e8AHUAMU CEPOEYHO-COCYOUCTON U ONOPHO-08U2A-
MenbHoU cucmem 00YCIAGIUBAE WUPOKOe NPUMEHEHUe 8 KAUHUYECKOU NpAKmuKe HeCmepoUuoHslX Npomueo8oCna-
aumenvHolx npenapamos (HIIBII), ¢ mom uucie ayemuncaruyunogou xuciomoui (ACK) — oonozo us Haubonee 3¢h-
Gexmusnvix Oeszacpecanmos. OOHAKO NpuUMeHeHUe JIeKAPCMBEHHbIX CPeocme OaHHOU (apMaKoioSuyecKol epynnul
CYWeCmBEHHO 02PAHUYEHO PUCKOM PA3GUIMUS HEXCENameNbHbIX PeaKkyull, 0coboe Mecmo cpedu KOMopuIX 3aHumaem
yibyepoeeHHoe Oelicmaue Ha dceryooyro-kuueynwiti mpakm (KKT). Lenv uccnedosanun. Oxapakmepuzosams mexa-
HU3MbL aHMUYIbYepoceHHo2o Oeticmaus azonucma TRPVI (transient receptor potential vanilloid 1) eanununa na mooe-
au cyoxponuuecxoti ACK-unoyyuposannou eacmponamuu y kpwvic. Mamepuanst u memoowt. Hccieoosanue npogede-
HO Ha 35 Nonogo3penvix HeIUHEUHbIX KPbICAX-CaMyax, Komopvix cooepxcanu 6 yciosusax eusapus I'Y « UMP um. C.I1.
I'pueopvesa HAMH Ykpaunwry. Iacmponamuio, unoyyuposannyto ACK, moderupoganu no cmaHoapmHoti memoouxe,
nymem 8HYMpUICey00YHO2O0 (8/24C) 86e0eHUs. NOCPeOCmBoM opocacmpanbho2o 30H0a cycnensuu ACK 150 me/ke/Oens
6 meyenue 5 oueti. Omenpason (50 me/xe, 6/xc) u eanunun (100 me/ke, 6/3c) 6600unu 8 sude cycneusuii 3a 60 MuH 0o
ACK. Jlozvl npenapamos 6bLiu 3aumMcmeo8ansl U3 IUmMepamypHoix UCOYHUKOS. B 2comozenamax cauzucmoi 00onouku
arcenyoxa (COJK) onpedensnu KoHyeHmpayuro MaioH08020 Oudiboe2uoa u akmueHocms kamanas. Ilo coomuowenuro
AKMUBHOCU KAMAA3sl (MKam/Ka) U KOHYeHmpayuu MaioHo8o2o ouanvoeauoa (MJIJA, mxmonv/ke) paccuumuléanu am-
MUOKCUOAHMHO-NpooKcudanmuuiti unoexc (AIIH). Cooepacanue memabonumos NO 6 mrausax sscenyoka onpeoensinu
no memoouxe Miranda K.M. u coaem. Pesynomamul u oocyycoenue. IlpesenmusHo-npoguiaxmuyeckoe npumerenue
sanununa (100 me/ke) npusooum K CHUNCEHUIO UHMEHCUBHOCIU NPOYeCcco8 NepeKUucHo2o okucieHus aunuoos 8 COMX,
obycnosnennsix oeticmeuem ACK (150 me/ke). Ha smo ykaswisano cmamucmudecku oocmoseproe (p<0,05) ymenvuienue
cooeparcanusn MJIJA na 26,4% u nosviuienue akmusrocmu kamanasei Ha 29,0% omuocumensHo noxkazameineii i#cugom-
noix ¢ ACK-unoyyuposannoii cacmponamueti 6e3 koppekyuu. Taxoice npumenenue 6aHUIUHA NPUSELO K CIAmMucmuye-
cku docmosgepromy (p<0,05) nosviwenuro cooeporcanus memaoonrumos NO na 68,0% (841,4£35,95 mmons/2) omuocu-
MenbHO noKasameretl HCUBGOMHBIX KOHMPONLHOU pynnvl. IIpu KOMOUHUPOBAHHOM NPUMEHEHUY 6AHUTUHA U OMENPAa30na
ovL1a yemanogiena cmamucmudecku oocmogepras (p<0,05) abconromunas nopmanusayus ypogus memadonrumos NO
(927,4+34,78 mmonv/e) 6 COK, komopwiti coomeemcmeosan nOKA3amensim UHMAKMHBIX HCUBOMHbIX. 3aKilouenue.
IIpogseoennoe uccnedosanue nokasano, Wmo akmueayusl BAHUIOUOHLIX (KANCAUYUHOBBIX) Peyenmopos GCle0cmeue npu-
menenua TRPVI-azonucmos, 8 uacmnocmu 6aHUIUHA, CNOCOOHA CHUdMCAmMb YivyepozenHoe oeticmeue HIIBII, ¢ mom
uucne ACK, umo noseonsiem paccmampusams azonucmol TRPV 1 kak HO8bIU K1acc 2aCmMponpomeKmueHIX NPenapamos.

Knrwouegvie cnoga: sanunouonvle peyenmopul, 2acmpoOmoKCUIHOCHb, GAHUIUH, AYeMUICATUYUIO8As. KUCIOMA,
VIbYepoeHHOCHb, OKCUO azoma
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CHARACTERISTIC OF MECHANISMS OF ANTIULCEROGENIC ACTION
OF AGENTS OF VANILLOID RECEPTORS (TRPV1) ON THE MODEL
OF GASTROPATHY INDUCED BY ACETYLSALICYLIC ACID

EV. Hladkykh

State institution «Grigoriev Institute for medical Radiology
The National Academy of Medical Sciences of Ukrainey
82, Pushkinska str., Kharkiv, 61024, Ukraine
E-mail: fedirhladkykh@gmail.com

One of the main problems of the use of acetylsalicylic acid (ASA) is its withdrawal or initial “non-prescription”
resulted from the prior developed or potential side effects in the gastrointestinal tract. In this case, the reasons for
the abolition of ASA are not only serious complications in the form of gastrointestinal bleeding or perforations, but
also dyspeptic phenomena that are accompanied by the ongoing development of aspirin-induced gastroenteropathy.
The aim of the study. To characterize the mechanisms of antiulcerogenic action of agonist TRPVI (transient receptor
potential vanilloid 1) vanillin (100 mg/kg) on the model of subchronic ASA-induced gastropathy in rats. Materials
and methods. The study was performed on 35 mature male rats. Gastropathy induced by ASA was simulated by a five-
day intragastric (i.g.) introduction via the orogastric probe of an ASA suspension of 150 mg/kg/ day during 5 days.
Omeprazole (50 mg/kg, i.g.) and vanillin (100 mg/kg, i.g.) were administered in the form of suspensions 60 minutes
prior to the use of ASA. The concentration of malonic dialdehyde, and the activity of catalase were determined in the
homogenates of gastric mucosa. The prooxidant/antioxidant ratio (ProAntidex) was calculated dased on the ratio of
catalase activity (mcat/kg) and the concentration of malondialdehyde (MDA concentration (umol/kg). The content of
NO metabolites in the stomach tissues was determined by the method of Miranda K.M. et al. Results and discussion.
Preventive prophylactic use of vanillin (100 mg/kg) leads to the decrease in the intensity of processes of lipid peroxi-
dation in the gastric mucosa caused by the action of ASA (150 mg/kg). This was indicated by a statistically significant
(p<0.05) decrease of 26.4% in MDA content and an increase in catalase activity by 29.0% relatively to those ani-
mals with ASA-induced gastropathy without correction. Also, the use of vanillin resulted in a statistically significant
(p<0.05) increase in the content of NO metabolites by 68.0% (841.4 = 35.95 umol / g) relatively to the animals of the
control group. With the combined use of vanillin and omeprazole, a statistically significant (p<0.05) absolute normal-
ization of the NO metabolite level (927.4 + 34.78 mmol/g) in the gastric mucosa was established, which corresponded
to the indices of intact animals. Conclusion. The study showed that the activation of vanilloid (capsaicinoid) receptors
due to the use of TRPV1 agonist, in particular vanillin, can reduce deistvie ulcerogenic NSAID, including ASA, that
allows to consider the TRPVI agonists as a new class gastroprotective drugs.

Keywords: vanillin, acetylsalicylic acid, ulcerogenicity, nitric oxide

BBenenne. Ha nporsokenun nocneanux 100 ner ane-
trncanuiioas kucnora (ACK) ocraercst omHIM U3 Hau-
6omnee 3 PEeKTUBHBIX AHTUTPOMOOIIUTAPHBIX TPENAPATOB
TIEPBUYHON M BTOPUYHOH MPOQHIAKTHKH aTepoTpoMO03a
y MAIMEHTOB C Pa3IMYHON MATOJIOTHEH, BKIIIOYAst OCTPBIH
KOPOHApHBIA CHHJIPOM C MOIBEMOM U 0Oe3 mopbeMa cer-
merTa ST na OKIT, xpoHndeckyto cTabMiIbHYI0 CTEHOKap-
JIMI0, WIIEMHYECKUH WHCYIBT, TIepu(epuIecKuii arepo-
CKJICPO3 1 JIp., ¥ CHIKAET CyMMapHYIO 4acToTy HH(apKTa
muokapaa (MIM), mHCymbTa 1 cep/iedHO-COCYANCTON cMep-
TH B cpeadem Ha 23,0% [1-3].

OnHoit n3 ocHOBHBIX npobieM tepannn ACK (puc.
1(a)) sBusieTcst e€ OTMEHA WIIM MCXOJHOE «HEHa3Haue-
HHUE» B CBSI3U C PA3BUBIIUMHUCS WM MOTEHIHAIEHBIMU
MoOOYHBIMHE (P PEKTaMH CO CTOPOHBI HKEITYITOYHO-KH-
megnoro tpakra (OKKT). ITpu aToM npuauHaMu OTMEHBI
ACK ciyxar HEe TOJIBKO Cepbe3HBIC OCIOKHEHUS B BHJIC
KETYJOYHO-KHUIICYHBIX KPOBOTEUEHUH wim mepdopa-
LU, HO M MPOCTO JUCIICNICHYECKHE SBICHHUS Ha (OHE
pa3BUTHSL  aCIMPHUH-WHIYIUPOBAHHBIX TacTPOIHTEPO-
naruid. HeOmarompustaeie mocienctsust otMeHsl ACK
XOpOIIO U3BECTHBI: B ClIydyae MpEephIBaHUs MpUeMa Ipe-
mapata XoTst Obl Ha 10 THEH y manueHTOB, MOTyYaoInX
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€ro C IEIbI0 BTOPUYHOW NPO(PHIAKTHUKH HApPYyIICHUH
MO3TOBOTO KPOBOOOPAIEHHUS, PUCK TOTO OCIOXHEHHS
yBEIMYMBAeTCsA B 3 pa3a, a y MAalMCHTOB C WIIEeMHYe-
ckoit 6onesnsio cepaua (MbC) puck UM Bo3pacraer B 2
paza. bonee Toro, naxxe ormena ACK na 8 Henenb nocie
SI3BEHHOTO KPOBOTEUCHMS y MAalMEHTOB, MOJYYarolIHX
antuarperantnyio tepanuio BC n nepedpoBackyiisp-
HBIX 3a00JIEBaHUI, ACCOLMHUPYETCS CO 3HAYUTEIBHBIM
yBEJIMYCHUEM 001el cMepTHOCTH [ 1, 4].

Ha cerognsmauii 1eHb caMbIM JOCTYITHBIM CIIOCO-
60M, TO3BOJISIFOIIIMM CHH3HUTh PUCK JKEIYIOYHO-KHUIIICY-
HBIX OCJIOKHEHUH, ocTaeTcs npueM ACK B MUHMManbHO
s¢dekTuBHON 103€, He TpeBblmatome 75-81 mr/cyr.,
OZIHAKO TaKOM TIOJXOJ HE TapaHTHPYET aOCONIOTHOM
XKKT-6e30omacHocTn Tepanuu. D10 00yClIaBIMBacT He-
00XOJMMOCTh MPOQHUIAKTHIECKOTO Ha3HAYCHUS TacTpo-
MIPOTEKTOPHBIX Ipenapatos [1, 5].

B nacrosiiiee BpeMsi OCHOBHBIMH TIperapaTamMmu B Jie-
YEeHUH ¥ NPO(UIAKTHKE TacTPONaTHi, WHYIMPOBAaHHBIX
HECTEPOUTHBIMI  [IPOTHBOBOCIIAJINTEILHBIMA ~ CPE/ICTBA-
vu (HIIBC), B wactHOCcTH ACK, SBISIFOTCS HHTHOUTOPEI
niporonnoit mommsl (UIIIT). TIpenaparsr 31oit rpymmsl mo
3P PeKTUBHOCTH MPEBOCXOAT Grokaroph! H,-rucrammmro-
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BBIX PEIENTOPOB U CHHTETHYECKHUE MpocTarianauHbl (Pg)
[5, 6]. Onmnaxo, nmpopomxutenbHbii mpuém MIIIT moxer
MIPUBOIUTH K Pa3BUTHIO MaibaOCOPOLMK OIpEIe/ICHHBIX
BEIIECTB C MOCIEIYIOIINM UX 1e(HUIMTOM (BUTAMUHLL: B, ),
Fe*, Mg, Ca*), ymenbluarh 3p(HeKTHBHOCTD KIIOMHIO-
rpena, BbI3bIBaTh POIPECCHPOBAHKE TOCTMEHOIIAY3aJIbHO-
T'0 OCTEOMOPO3a, TUIICPracTPUHEMHIO, H30BITOUHbII OaKTe-
PpHATIBHBIN POCT, YTO MOBBIIIACT PUCK PA3BUTHS KUIIICUHBIX
nHpekuui, nHeBMOHMH. [lucOakTepros, B CBOIO OYepesp,
CITOCOOCTBYET Pa3BUTHIO BOCIAIUTEIBHOIO TIpoliecca B
cimzucToil odomnouke skenyaka (COXX) u Toncroit kuin-
Ke, IPU3HAKaMH KOTOPOTO SIBISIETCS HapylIeHHe OanaHca
MEXIy TPO- U MPOTHBOBOCHATUTEILHBIMU IIUTOKHHAMH,
pa3BUTHE HUTPO30OKCHJIATHBHOTO CTpecca W Jerpagaluu
KOJUTAr€HOBBIX M HEKOJUIAr€HOBBIX OEJKOB CIIM3H C MOCIIe-
JYFOLIMM pa3pyIICHUEM CIIM3HCTOro 0apbepa v, Kak Ciel-
CTBHE, HapyIlICHHE PE3UCTEHTHOCTH M CHIDKCHUE WHTCH-
CHUBHOCTHU pereHepaTopHbIX mporeccos [7-10].

Ha npoTspkeHnH MOCIeHUX JIeT UICT aKTUBHBIN 110~
UCK 3P (HEKTUBHBIX TIOJIXOJIOB K OCIA0ICHHIO YIIbIIEPOTeH-
Hoctr HITBC. Bbiio npeuiokeHo HCIob30BaHHEe KOMOH-
HupoBaHHbIX TpenaparoB «HIIBC + ractpompoTexTopy
— WHIOTPHI (MHJIOMETAlUH + THOTPUA30JIMH), TUKIOKOP
(mukodenak + KBepLUETHH), apTpoTeK (AuKinodeHak Ha-
TpUs + MH30MPOCTON), Ay3Kcuc (ubymnpoden + dhamoru-
JIMH), BUMOBO (HAIPOKCEH + 330Merpas3on), akcopu (ke-
TOnpodeH + oMernpason), THoacnekap/ (THOTPHA30JIUH +
ACK), acriudar (ACK + cykpanbgar), Anka-3ensriep®
(ACK + nHarpus 6ukapbonar) u jp. [5, 11, 12].

[NpuBiekaeT BHUMaHKE, MOSBUBIIHIACS B HEAaBHEM
BpPEMEHHM Ha OTEUECTBEHHOM pBIHKE, MOAM(DUIIMPOBAH-
wverii HIIBC amronmernHa ryarpn (Tad. «AMToNMe-
TaH®» 600 me, UA/12159/01/01, /I-p Pennuc JlaGopa-
topuc JITJ, Anoust), 0COOCHHOCTBIO KOTOPOTO SIBIISICTCS
€ro B3aMMOJIEHCTBHE C PELENTOpaMu, KOTOpbIe CIOCo0-
HBI CBSI3BIBATHCSI C TOMOBAHWII-3aMELICHHBIMH JIMTaH-

(@)

JamMu  (BaHWJIOMJAMM) U CEJIEKTHBHO MOAYIHPOBATH
JIOKAIBHYIO <«OQ(EKTOpHYI0 (QYHKIMIO» TEPBUYHBIX
addepeHTOB. DTH PEIENTOPHI MOJYyYUIIH Ha3BaHUC Ba-
HWIOHJIHBIC (KallCaulMHOBBIC) peuentopsl (vanilloid
receptor) W TpUHAANE)KaT K cynepcemeictsy TRP
(transient receptor potential) KaTHOHHBIX KaHAJTOB U 00-
pa3yroT B COBOKYITHOCTH OJJHO U3 LIIECTU CyNepCeMencTB
— TRPV1 (transient receptor potential vanilloid 1). B3a-
umoeiicteue amronmeruia ryanmwia ¢ TRPV1 COX (o
MOMAaJ]aHNsl B CUCTEMHBIN KPOBOTOK) COIIPOBOXKAAETCS
WHIYKIWEH Kackajga OHOXMMHUYECKHX MpeBpalleHHH,
KOTOpble aKTUBUPYIOT NO-CHHTa3bl, CHHXKAIOT CTUMY-
nmpoBanHyo npoaykuuio HCI, nmopaBisiioT nepekucHoe
oxucnenue munuaos (ITOJI) u op. [13].

Ilo naHHBIM JUTEpaTYpHBIX UCTOUHHKOB [14, 15]
TRPVI1 noxanu3yroTcss Ha YyBCTBUTEIBHBIX HEHpOHAX
CHCTEMBI OJy’KJaroIiero Hepsa (n. vagus) ¥ TpPOWHHY-
HOTO HepBa (n. trigeminus), B CHMIIATUYCCKUX HEPB-
HBIX CIUICTEHUSX KHIIEYHHKA, MOYEBOTO ITy3bIps, B He-
KOTOPBIX CTPYKTypax IEHTPaJbHONW HEPBHOM CHCTEMBI
(corpus striatum, TUTIIOKAaMII, Spa MO3KEUKa), a TAKKE
SMUTEIMOIUTAX KUIIEYHUKA U MOYEBOIO Iy3bIpS U Jp.
[16, 17]. Kak u3BecCTHO, HEpBHBIE CIIJIETEHUS XKETylKa
noutu Ha 90-100% mpeacTaBieHbl CUHANTUYECKUMHU
OKOHYaHMSMU MPETaHINIHOHAPHBIX BOJIOKOH 7. vagus |7,
14]. Konnenmus «>ddexropHoit ¢pynkmm» addepent-
HBIX OKOHUAHHH U CBEJICHHSI O HAJIMUUH y ONIpeIeNICHHOM
YacTU 4yBCTBUTENBHBIX TEPMUHANEH n. vagus BE3UKYI,
coziepKaluX HEHpONenTH b, Takue Kak cyocraHuus P
(SP), xanpruronun-ren poacteennsii nentun (CGRP) u
Jp., TTO3BOJIIET PACCMaTPUBATh MOIYNIALUIO AKTUBHOCTH
apepeHTHBIX OKOHYaHMH KaK MEPCIeKTHBHBIA TOIXO0
K racTpONpOTEeKTUBHOMN Tepanuu [7, 18].

K uucny cnenuguueckix aKTUBaTOPOB (arOHKCTOB)
TRPV1 npunannexar BanwauH (puc. 1 (b)), karncauim,
THUHTEPOJI, 3UHTEPOJI, AJUTULIMH, aHaHaMu1 1 ap. [7, 19].

(b)

Pucynok 1 — Cmpykmyphule xumuueckue (yopmynsl ayemuicaiuyuiosoil Kuciomol (2-ayemuiokcubden3ounan
Kucnoma (a)) u eanununa (4-ecudpokcu-3-memoxcudenzanvoezuo (b))

Osama A. Shakim Omar u coasr. (2013) skcriepu-
MCHTAJIbHO YCTaHOBHJIM, YTO BOAHBIN SKCTpakT (300 Mr/
Kr) kpacHoro nepiia (Capsicum frutescens), conepaiiui
KalCauIiH, CiocoOeH YMEHBINATh IUIONIA/(b MOBPEXK/Ie-
Huit COX y xpsic, BeI3BaHHBIX TpuMeHeHneM ACK (200
mr/kr) Ha 71,1%, a Takxke NPUBOJUT K CHIIKCHHUIO 00b-
ema xerygouHoro coka Ha 50,7% n noseirenuto pH Ha
21,8% otnocurensno Mmonotepamuu ACK [20, 21].

Crout OTMETHTD, yT0 aroHucT TRPV1 kancaunus He
TOJIBKO He ocyiabnsieT aHTHarperanTHbeix coiictB ACK,
HO U criocobeH MHruouposars AJID-MHIYIIUPOBAHHYIO
(10 MMoOJIB/1T) arperanuio TPOMOOIMTOB, YTO YKa3bIBaeT
Ha I1eJ1ec000pa3HOCTh KOMOMHUPOBAHHOTO TPUMEHEHUS
ACK u kancaumuna [21].

Pesynerarer  mccnemoBanmit M. Katary u A,
Salahuddin mokazamm, 9To mpopIIaKTHIECKOES TPUMEHE-

285



Dapmakonozusn, Kiunuyeckan gapmaxonozus
Pharmacology, Clinical Pharmacology

Dapmayust u papmaronoeus T. 5 Ne 3, 2017

nue BanuiuHa (100 MI/KT) IPUBOIMT K OCIIAa0ICHUIO CTe-
niern n3bsi3BieHns COJK, BBI3BAHHOTO MHAOMETAlMHOM
(25 wmr/kr). Kpome Toro, BAaHWJIMH YMEHBIIAN KCIIPEC-
cuio ¥ akTuBHOCTE NFkB, a Taxske BBI3BIBA CHIKCHHC
YPOBHS TPOBOCHAIMTENILHBIX [INTOKUHOB, MHUEIIONEPOK-
cua3bl M akTUBHOCTH Kacmassl 3 B COX [22].

Lens uccienoBanus. Oxapakrepu3oBaTb MEXaHU3-
MBI aHTHYJIbLEPOTeHHOro aAelcTBUs aroHucra TRPV1
panwimHa (100 Mr/kr) Ha Momenu CyOXpOHHYECKOH
ACK-mHIyIMpOBaHHOM racTpONaTui y KPbIC.

Marepuansl 1 metonsl. MccnenoBanue mnposese-
HO Ha 35 MOJIOBO3pPENbIX HENMHEHHBIX KpbICax-camiiax
Maccoit 180-220 1, pasneneHHsix Ha 5 rpynm: I — uH-
TakTHbIe KpbIchl (n=7); II (kKoHTpoOsB) — KpBICH (N=7)
C DKCHEPUMEHTAJIBHOW TracTpoIraTneil, WHIynnpoBaH-
ot ACK (150 mr/kT, B/%) 6e3 xoppexmmm; I — kpbicht
(n=7) ¢ ACK-unnyunpoBanHoii racrpomnarueii (150 mr/
KT, B/3K), KOTOPBIM IIPEBEHTHBHO BBOJMIIN omerpa3od (50
MI/KT, B/k); IV (n=7) — xpbickl ¢ ACK-nHynmpoBaHHOM
racrpornarueit (150 MI/kr, B/%k), KOTOPbIM HPEBEHTHBHO
BBonwd BaHWIHH (100 Mr/kT, B/k); V (n=7) — KPBICHI C
skciepuMeHTanbHo ACK-MHIynnpoBaHHOM racTpora-
treit (150 MI/KT, B/K), KOTOPBIM TIPEBEHTUBHO BBOIWIIH
BaHmwinH (100 Mr/kr, B/%) B KOMOMHAIMH C OMEIPA30JI0M
(50 mr/kr, B/X).

lNactponaruto, nanynuposannyo ACK, moxenupo-
BaJIM ITyTeM IIATHIHEBHOTO BHYTPWIKEIYIOYHOTO BBEJIE-
HUSI TIOCPEJICTBOM OPOTACTPAIBHOTO 30H/A CYCIIEH3UH
ACK (1ab. « Acttupua®y» 500 mr, UA/4018/02/02, baiiep
butrepdennn I'moX, I'epmanus) 150 mr/xr/nens [23].
3a 24 yaca 10 Havaja SKCIIEPUMEHTAa YKUBOTHBIX CONEP-
JKaJI B METa0OJIMYECKUX KIIETKaX B YCIIOBUSIX MHUIEBOH
JICTIPUBAIMU CO CBOOOAHBIM JIOCTYIOM K Boje. MHTaKT-
HBIM JKUBOTHBIM (0e3 racTponatuu) 2 p/I BBOIMIN BOIY
pro injectionibus (0,2 MA/KT, B/X), KpbIcaM KOHTPOJIBHOI
rpynmsl (ACK-uHaynmpoBanHas ractponarus 6e3 ede-
Hust) 32 60 mun 10 ACK BBOAMIM (B/K) 3KBHOOBEMHOE
KOJIUECTBO BOBI pro injectionibus.

Owmenpazon  (tab.  «Owmenpazom» 20 e,
UA/4310/01/01, TTAT «Dapmax», e. Kues, Yxpauna) n
BaHUIWH (KPUCTANTMIECKUH MOpomiok «Banumma» 2,0
e (TOCT 16599-71, TV V 10,8-015533439-007:2015);
1140 «Yxponrbakanus», e. Yepnueos, Yxpauna) BBoIu-
mu B BUze cycrnensuii 3a 60 mun 10 ACK. Jlo3bl omernpa-
3oma (50 mr/kr, B/%) 1 BaamwmHA (100 Mr/kT, B/%) ObLTH
3aMMCTBOBaHBI M3 JUTEPATYPHBIX HUCTOYHHUKOB [22, 24,
25].

s mpuroroBnenust cycnensuit ACK, omemnpaszo-
Jla ¥ BaHWIMHA NPUMEHSUIH AMYJIBraTtop IMOJHOKCHITH-
neH (20) copobutan monoonear (Tween-80) u Boxy pro
injectionibus (amm. 5 mun, UA/10078/01/01, OAO «l'anuu-
bapm», e. Jlvsos, Vkpauna OAO «KueBmemmpenapary,
2. Kues, Yxpauna).

Ha 5 nmenp skcmepuMmeHta uepe3 6 9acoB moOcie
nocnenHero BeefeHHs ACK KUBOTHBIX BBIBOAWIN W3
9KCIIEPUMEHTA ITyTEM JIUCIOKAWHU IIEHHBIX MMO3BOHKOB
oz JierkuM >(upHeIM Hapko3oM. Ilociie skcTpnanuu
KETYAOK BCKPBIBAIHM O OOJBIION KPUBU3HE W OICHU-
BaJIM COCTOSIHHE €TI0 CIM3UCTONH 00OJIOYKH, CTEIICHD Jie-
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CTPYKTHBHOTO MTOPaKeHUS! (KOJIMYECTBO KPOBOM3IIHSHUH
¥ 3pO3Wil Ha OHO >KMBOTHOE) u mHIeKc [laynca (M)
— MHTETPAIBbHBINA MOKA3aTeNIb MacIITab0B AECTPYKINH B
JKeIyZIKe, onpeaersieMblit mo hopmyre [24, 25]:

UII = cpenHee KOI-BO 3B HA 1 JKUBOTHOE X KOJI-BO
KpbIC ¢ si3Bamu (%) / 100.

IP = average number of ulcers per 1 animal x
number of rats with ulcers (%) / 100.

B romorenarax COXX ompenensiii KOHIICHTPAIIHIO
MaJIOHOBOTO JUAbACTHAA W aKTHUBHOCTH Karajassl [26,
27]. TIo COOTHOLICHHIO AaKTUBHOCTH Karaniasbl (MKat/
Kr) ¥ KoHIeHTpaiuu MJIA (MKMOJIB/KT) pacCUnTHIBAIIH
AHTHOKCHJIAHTHO-TIPOOKCUAAHTHBIN nHAeKe (ATIN) [28,
30].

Conepxanne metabonmutoB NO B TKaHAX JKEIyI-
Ka ompenensuii o Metonuke Miranda K.M. u coaBT.
[29]. Tomorenarst COX genporenHusnpoBanu B abco-
JIIOTHOM 2TaHoisie B TeueHUH 48 yacoB npu 4°C, mocie
yero nentpudyruposanu npu 12000 g B teuennu 15
MuH 1pu 4 °C. JIns BOCCTaHOBIIEHUS] HUTPATOB 10 HU-
TPUTOB K aJMKBOTE CyINEpHATaHTa JOOABISIN XJIOPH[
sananus (I1I) (VCI, 0,8% B IM HCI) ¢ nocnenyromum
nobasneHneM peaktuBa [pucca (Peter Griess, 1858 1),
cocrosiero u3 auruapoxiopuaa N-(1-madTmr) sTrieH-
mamuHa (0,1%) u cynsdanmnamuna (2,0% B 5% HCI).
WNukyouposanu B teuenun 30 mun mpu 37 °C, mocue
Yero NpoObl OXJIAKAATH U U3MEPSUIN ONTHIECKYIO ILIOT-
HOCTb MPUTOTOBJICHHOTO pacTBopa mpu 540 HM (MMOJIB/T
Tkann) [29, 30].

JKuBoTHBIX cozmepxkanu B ycioBusX BuBapus ['Y
«IMP um. C.II. I'puroppeBa HAMH Vkpauner». B te-
yeHne 14 mHEW KpHICHI HAXOAWJINCH Ha KapaHTHHE (B
COOTBETCTBHH C CAHUTApHBIMU HOpMaMmH “CTpyKTypa H
COZIEp)KAHUE IKCIIEPUMEHTAIBHBIX OMOJIIOTMYECKHUX KITU-
HuK” (ITpuka3 Ne 755 ot 12.08.1997 1)) Ha BogHO-THIIE-
BOM palMOHE CO CBOOOJHBIM JIOCTYIIOM K ITHIIE U BOJC
(cormacHo Ilpmmoxernuto ot 04.12.1977 t. k Ilpukazy
Nel63 ot 10.03.1996 1. «Ilpo cyTO4HBIE HOPMBI KOPM-
JIeHns 1Ta0OPaTOPHBIX KUBOTHBIX M MPOIYLIEHTOB»). Bee
SKCTIIEPUMEHTAIbHBIC HCCIICOBAHUS HaJ Ja00paTOpHBI-
MH JKMBOTHBIMH ITPOBOJIMIIM B COOTBETCTBUH C TpeOO-
BaHWSIMH HauIexamiell maboparoproii npakruku (GLP)
1 C COONIONEHHEM OCHOBHBIX MOJNOXKeHUH KoHBeHImu
Cosera EBpombl 00 0oxpaHe MO3BOHOYHBIX JKHBOTHBIX,
UCIIONB3YEMbIX B SKCIIEPUMEHTAX U B JIPYTHX HAy4HBIX
nensax ot 18 mapra 1986 1., Aupextunsl EBpormeiickoro
napnamenta u Cosera EC 2010/63/EC ot 22 ceHTs10ps
2010 r. 0 3amuUTe KUBOTHBIX, UCHONB3YEMBIX ISl Hay4-
HBIX Leneil; npukaz M3 Ykpanns! ot 14 nexadpst 2009
r. Ne944 «O06 yTBepkIeHHH TOPSIKA MPOBEACHUS IO-
KIIMHUYECKOTO M3yUeHHs JIEKAPCTBECHHBIX CPEJICTB H IKC-
HEepPTU3bI MATEPUATIOB JOKIMHUYECKOTO U3YUYCHHS JieKap-
CTBEHHBIX CpEICTBY» M 3akoHa YkpauHbl oT 21 depais
2006 1. Ne3447-1V «O 3amuTe >KUBOTHBIX OT KECTOKOTO
obpamenus [25].

HccnenoBanne B3aNMOCBSI3H «MOJICKYIISIPHASI CTPYK-
Typa — OHONOTHYecKass aKTUBHOCTBY BaHIINHA OBLIO
npoBezieHo in silico ¢ nomoipio PASS-ananusa criekrpa
OMOJIOrNYeCKOi aKTUBHOCTH, KOTOPBIH ITPOBOJIMIIN B pe-
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XKHUMe online IpU HENOCPEJICTBEHHOM BBEIICHHU CTPYK-
TypHO# hopmyiel (cM. puc. 1 (a)) B Opay3epe, UCIOIB3Ys
Marvin JS web-pecypca «PASS Onliney.
Craructrueckasi 00pabOTKa TONYYCHHBIX PE3yiib-
TAaTOB TPOBEJEHA C HCIOJIB30BAaHUEM IPUKIAHOM
nporpamMMbl Ui paboThl C JIEKTPOHHBIMH TaOJHLA-
mu «Microsoft Office Excel 2003; 2013» (Microsoft
Corporation, CIIIA) ¢ nomoisto pacumpenust «Real
Statistics» B cpene Windows XP Professional (Microsoft
Corporation, CIIIA). OueHky xapakrepa pacrupeneacHus
BEJIMYMH B K&XJOW TpyIIe BHIOOPOUYHOH COBOKYITHO-
CTU NPOBOJIWIM ¢ ucnonb3oBanueM W—kpurtepus Illa-
nupo-Buiika (Shapiro-Wilk test, n<50). OnHOPOIHOCTH
JUCTIEpCUi ompenensiin o kputeputo Jlerena (Levene's
test). Jlns OLIEHKM 3HAYMMOCTH BBISBIEHHBIX pa3iiu-
YUl MCCIEAYEMBIX IIOKAa3aTeNel IIPU Pa3HbIX YCIOBHAX
9KCIIEPUMEHTa IPOBOAMIN CTATHCTHYECKHH aHaIHu3 C
UCIIOJIb30BaHUEM TApaMETPUUECKUX U HenapaMmeTpuye-
cKUX Kputepues. [lockonbKy Bce nccieayeMble BeInuu-
HbI TIOJYUHATUCH 3aKOHY HOPMAJIBHOI'O pacIpenesIeHus
(pacnpenenenue ['aycca-Jlannaca), 10CTOBEpHOCTh pas-
JINYUM MEXKIy HUMM OLpPENessUId MOIapHO IO t-KpuTe-
puto CThIOZIEHTA, KOTOPBIH PacCYMTHIBANIM 110 (hopMyJIe:

:lMl_le

t
[42 2
m; +m,

rae M — cpenHee apudMeTHIeCKOE 3HAYCHHE.
CranmapTHYIO MOTPENIHOCTD cpenHel apudmernye-
ckoii (standard error (SE), m) paccunTbiBanu no ¢popmyie:

m:ﬁ,

rae SD (standard deviation (SD), o) — cranmaptHOe
(cpemHeKBaIpaTHUECKOE) OTKIOHCHHWE M CPaBHHUBAIH C
KPUTHYECKUMH 3HAYCHHUSIMH.

[NomydeHHbIEe 3HAUCHNS CPABHUBAIN C KPUTHYECKH-
MH TIpH YpOBHE AocToBepHOCTH BBIIE 95,0% (p < 0,05),
Boiiie 99,0% (p <0,01), Boitre 99,5% (p < 0,005) u Boiie
99,9% (p < 0,001) u mexamy BEIBOA O BEPOSITHOCTH TIO-
TPEIIHOCTH.

JUisl OLIEHKH CBSI3M MEKIY NMEepEeMEHHBIMH TIPU yC-
JIOBHHM HOPMAJILHOTO PACIHpEENICHUsI BETUYNH ITPOBO-
IWTH ONHO(MAKTOPHBIA KOPPENAIMOHHEBIN aHalnu3 1o
[upcony (Pearson). Ilo 3Ha4eHIIO aOCOTIOTHON BETIH-
quHB Kod(¢unuenta [lupcona (r) xapakTepu3oBaIn
KOPPESALHNOHHYIO CBSI3b IO CIEAYIONUINM KPUTEPUSIM: T
< 0 — obparHas cBs3b; 0 < |r] < 0,1 — cBA3B OTCYTCTBY-

et; 0,1 < |r| < 0,3 — cnmabas; 0,3 < |r] < 0,7 — ymepeHn-
Has; 0,7 < |r] < 0,99 — cunpHas; 0,99 <|r| < 1 — monHas
(pyHKIMOHANIbHAS) M YKa3bIBAJIM BEPOSTHOCTH OIINO-
k¥ (p) BBISIBICHHBIX CBsi3el. XapakTep HalpaBiIeHHs
CBSI3M OIIPEJIEISUTH B 3aBHCHMOCTH OT 3HaKa Kod(Qu-
LIMEHTa KOPPEJSIUK: MpsiMast CBSI3b MPHU MOJIOKHUTEIb-
HOM 3Hake (+) n oOparHas B ciyyae OTPHULATEILHOTO
3Haka (—).

L{udpoBbie naHHBIE B Cilyyae HOPMAJILHOTO pacipe-
JIeTICHUS] BEJIMYMH MTpUBeieHbl B Buae «M + my» (M £ SE),
e M — cpennee apudmerndeckoe 3HadeHue, m (SE) —
CTaHjapTHas omrbKa cpegHero apu(GMeTH4eckoro Hiu
M (95% OU: 5% — 95%), tne 95% AU — 95% nosepu-
tenbHbIi uaTepBal (Confidence interval — CI) [25, 31].

Pesynerarel u oOcyxzaenue. [IpoBeneHHoe wuccie-
JIOBaHHUE ITOKa3ajio, 4To msatuaHeBHoe BBeneHne ACK
KpbICaM KOHTPOJILHOM TI'PYIIbl BBI3BIBAJIO TTOBPEK/IE-
Hust COX B Buze rumepeMun, oTéUHOCTH, CIIaXKEHHO-
CTH CKJIQJIOK, TOYECYHBIX KPOBOMBIMSHUHA M TKaHEBBIX
JecTpyKiMid (3po3un u si3BeHHbIe nedextel) y 100%
#uBOTHBIX (MII = 12,1). BriABnIeHHbIE H3MEHEHUS yKa-
3piBaiM Ha (hopmupoBanue ACK-uHIynupoBaHHON Ta-
CTPOTIATHH y KPBIC, YTO COIVIACYETCsl C JAHHBIMH JIUTE-
partypsl [23, 25].

HUccnenosanue romorenaro COX kpsic ¢ ACK-ra-
CTpomaTuel 0e3 KOpPEeKIH oka3ajo (tadi. 1), uro Ha 5
JICHb JKCIIepHMeHTa ypoBeHb MJIA craructuuecku no-
croBepHo (p<0,001) yBenmuwics Ha 132,9+22,8%, a ax-
TUBHOCTB KaTtayasbl cHusmiack (p<0,001) ua 38,0+4,5%
OTHOCHUTEJIBHO TIOKa3aTelnell HMHTAKTHBIX JKHMBOTHBIX
(9,7+0,35 (95% HAU: 9,1-10,4) mxmonb/kr u 3,4+0,11
(95% JU: 3,2-3,7) MKat/Kr) U COCTaBJSUIN COOTBET-
ctBeHHo 22,3+1,76 (95% JAU: 18,9-25,8) MKMOJB/KT 1
2,1£0,20 (95% AU: 1,7-2,5) mxat/kr. CiaeayeT OTMETHTB,
410 MEXAy YpoBHeM MJIA M aKTUBHOCTBIO Karajasbl
UMella MEeCTO craThctudecku goctosepHas (p=0,0005)
cuibHas obparnast (r = -0,96+0,12) koppensiuuoHHas
CBs3b (pHC. 2).

JlanHble M3MEHEHUs NpuBeNH K cHikeHuro AN
Ha 70,5£5,1%, 4TO yKa3pIBAJIO HA pa3BUTHE JrcOaaH-
ca MPOOKCHUIaHTHO-aHTHOKCcUaHTHOU cuctembl B COXK,
BbI3BaHHOTO akTuBanuei [1OJI.

Conepxanue merabonutoB NO B COX B yec-
noBusix ACK-MHAyHMpOBaHHOM racTpomaTuu cTa-
THCTUYECKU gocToBepHO (p<0,001) cHu3mmoCchr Ha
40,54+6,3% OTHOCHTEIbHO MOKa3aTeJIcH WHTAKTHBIX
kpbic (902,4+34,95 (95% AU: 833,9-970,9) mmouib/T)
u coctaBmwio 535,7+40 65 (95% [AU: 446,7-605,3)
MMOJIB/T TKaHU.
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Pucynok 2 — Koppenayuonnasn cea3zp mexicoy usmeHeHuAMU aKmUgHOCMU Kamanazol
U ypoenem Manono6o2o ouanvoezuda 6 COK kpwvic na ghone pazsumusn
ACK-unoyyupoeannoii zcacmponamuu na 5 0enb IKCnepumeHma

[IpumeHeHne omenpa3oia IPUBEJIO K 3HAYUTEIbHO-
My ociabnenuto yabueporennoro aevicteus ACK (U1 =
1,4) n HuBenupoBaHUIO okcuaaruBHoro crpecca ¢ COX
(AIIN = 22,0+2,93, 9T0 MOATBEPIKIAIOCH CHUIKCHUEM
ypoBust MJIA Ha 38,1+3,9% (p<0,01) 1 noBblmieHnEM
AKTUBHOCTH Karana3bl Ha 34,9+1,5 (p<0,05) ortHOCH-
TeJbHO MoKa3zarenei kuBoTHbIX ¢ ACK-ractpomnarueii
0e3 nedeHust. ITo OOBSICHSETCS YyTHETEHUEM MTPOIYKLIUH
HCIl napueraibHbIMU KJI€TKaMHU JKETy[Ka M, KaK Clel-
CTBHE, CHUKEHHUEM KHCIOTHOCTH >KEIyJOYHOIO COKa,
KOTOPBIN BBICTYIIAET BEAYIIUM IOBPEXIaomuM (akro-
POM B YCIOBHUSIX CHIDKeHHUs 3amuTHOro daprepa COX
nop neiictuem ACK. Kpome Ttoro, 310 comnacyercs ¢
JUTEPaTypPHBIMHU JIaHHBIMU HaJIM4YMsi aHTHOKCHIAHTHBIX
CBOWCTB y omemnpa3zona [32].

Taxoke OBUIO YCTaHOBIIEHO, YTO COJEP)KAHHE Me-
tabosmtoB NO B COX Ha ¢oHe mpuMeHeHHs oOMe-
npasona Bo3pociio Ha 35,9+8,5% (p<0,01) orHOCH-
TEJILHO TOKa3aTeliell )KUBOTHBIX KOHTPOJIBHON TPYIIIEI
(527,7£40,61 (95% [AU: 446,1-605,3) MmmoInb/T) u co-
craBwio 697,6+34,26 (95% JIU: 630,4-764,7) mmois/T
TKaHH.

[IpeBenTuBHOE npumeHenue aronucra TRPV1 Ba-
HumHa (100 MI/KT) CONMpPOBOXKAAIOCH CTATHCTHUYECKH
nocroBepHbM (p<0,05) moseimennem AIIM COX Ha
87,9+19,7% OTHOCUTEIIBPHO aHAJOIMYHOIO II0Ka3aTelIst
y KMBOTHBIX KOHTpOJbHOW Tpymisl (Al = 9,4), 4ro
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YKa3bIBaJIO Ha HOPMAJIM3AIMIO OajaHca NMpo- MU aHTHOK-
cuganTHbIX mpoueccoB. Ilo manueiM PASS-npornosa
AQHTHOKCHJIAaHTHBIE CBOIMCTBA BaHWJIMHA MOTYT OBITH 00-
YCIIOBJICHBI €T0 COCOOHOCTHIO MHIHOUPOBATH AJIbJICTH-
nokcuaasy (Pa=0,96; Pi =0,002), npuBoIs TEM CaMbIM K
YMEHBIIEHUIO 00pa30BaHus aKTUBHBIX ()OPM KHCIOpOJa
U, KaK CIeJCTBHE, K CHIKeHHI0 uHTeHcuBHOCTH [IOJL
Kpome TOro, BaHWJIMH BBICTYIAET NMPSIMBbIM HHIMOHUTO-
pom I10OJI (Pa=0,7; Pi =0,005).

Ananu3 pesynsraToB uccienoBaHuit [12-19], Ha-
MIPABJICHHBIX HAa WM3y4YEHUE BIMSHUS MOIYIATOPOB akK-
tuBHocTH TRPV1 Ha QyHKIMOHAIBHOE COCTOSIHUE Ke-
JIyIOYHO-KHUIIIEYHOTO TPaKTa, IOKa3ajl, YTO AarOHUCTHI
BAaHWJIOMJHBIX PELENTOpPOB (B YaCTHOCTH AaKTHUBHBIC
KOMITOHEHTBI JKIY4YMX CIEeLUN — BaHWINH, KallCaulluH,
THHIEPOJI, 3UHI€POJI, N30THOLHOHATHI U JIp.) 00JIaatoT
BBIPA3UTENIbHBIM I'aCTPONPOTEKTUBHBIM JAEHCTBHEM. AK-
tusanyst TRPV 1 npuBoxut K sx3omurosy u3z C-addepen-
toB HewpornentuaoB (CGRP, SP, NKA, comarocraruna u
ap.). Comarocratus, Bausiss Ha G-IPOTEUH-CONMPSKEH-
uele peuentopsl (GPCR), mpuBoANT K CHUXKEHHUIO TIPO-
nykuun HCL B sxemynke [33, 34]. BricBoOOxneHue
CGRP BbI3bIBaeT akTuBalU0O Pg-omocpenoBaHHBIX Me-
XaHU3MOB 3aIIUTHI CIM3UCTON 000JIOUKH JKETy/Ka — Mo~
BbIIIeHHE Tpoaykuuu PgE2, koTopslil, B3anMoaencTBys
¢ peuentopamu EP1, mpuBOIUT K MOBBIIEHUIO IPOAYK-
uun HCO,™ (puc. 3).
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VANILLOID RECEPTOR AGONISTS
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GASTROPROTECTIVE EFFECT

Pucynok 3 — Mexanuzmol peanuzayuu 2acmponpomeKmueHo2o 0elicmeus acoHUCmog
séanunouonwvix peyenmopoe (TRPVI1) [I'naokux @.B., 2017]

[Ipumeuanus:

TRPV1 — BaHWIOWHBIE PELIENITOPHI TPAH3UTHBHBIX (IIEPEXOAHBIX) MOTEHINAI - 3aBUCHMbBIX KaTHOHHBIX KaHAJIOB IIEPBOTO
tuna (transient receptor potential cation channel subfamily V member 1, ansrepHaTnBHOE Ha3BaHHE: BAHWJIOWIHBIC PELIEIITOPEI

nepsoro turna — vanilloid receptor 1 (VR1));

CGRP — kaJpIUTOHMH-TCH POACTBEHHBIN nentus (calcitonin gene related peptide);

GPCR - G-6enok poxacteennsie penentops! (G protein-coupled (linked) receptors (GPLR) ansrepHaruBHBIC Ha3BaHUS: pe-
LIETITOPBI C CEMBIO TPAHCMEMOPaHHBIMU JJIOMEHaMH — seven-transmembrane domain receptors (7TM), cemucnupaibHble PeLenTo-
pb1 — heptahelical receptors, ceprieHTHHOBEIE peLienTOPEI — serpentine receptor;

Pg E, — ipocrarnannun E, (prostaglandin E,);

EP1 - penenrop npocrarnanjuna E, nepsoro tuna (Prostaglandin E, receptor 1 (PTGER1))

SP — cybOcrannus P (substance P);

NKI1R - penentops! HeiipoKHHIHA IIepBoro THma (neurokinin 1 receptor; ajgbTepHaTHBHBIC HA3BaHUS: TAXHKUHUHOBBIE peLell-
Topsl iepsoro tuna — tachykinin receptor 1 (TACR1), penenTops! k cyocranuunu P — substance P receptor (SPR)).

BaXHBIM MEXaHHU3MOM TacTPONPOTEKTUBHOTO 3(-
(exra sBisercst MHAYKIHs odpazoBanus NO moj Biu-
saueM CGRP u SP, xoTopas B3auMOAEHCTBYET C pe-
nentopamMu HelpokmHuHa nepBoro tmma (NKIR). U3
JIUTEPATYpPHbIX UCTOYHUKOB [35-37] m3BectHO, 4yTo NO
o0aiaeT MPOTEKTUBHBIM JieiicTBHeM B oTHommeHnn CO
JKKT: moBbimaer cim3eo0pa3oBaHUE M CEKPEIHI0 Ou-
KapOOHATOB, YIydIIaeT TaCTPOMHTECTHHAIBHBIH Kpo-
BOTOK, YCKODPSIET aHTHOTEHE3, CHIDKACT >KEIyIOYHYIO
CEKpeIHIO, OJIOKUPYET aAre3HI0 HEHTPO(UIIOB K SH/I0TE-
JIMIO COCYZIOB M JIp. Brlmeyka3anHble cBOWCTBA JaHHOTO
ra30TPaHCMHUTTEPA TOCIYKHIM OCHOBAaHHWEM CO3IaHUS
menoro psaa NO-eicBoOoknarommx HIIBC: NO-acmu-
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puH, NO-muknodenak, NO-nanpokcen, NO-¢youmnpo-
¢en, NO-keronpoden, NO-cymunnak, NO-ubynpoden,
NO-ungomerauus u np. [35-37].

[IpoBeneHHOE MCCIIEIOBaHNE TIOKA3aJI0, YTO BBEIC-
HUE BaHWIMHA MPHUBEIO K CTaTHCTUYECKH TOCTOBEPHO-
My (p<0,001) moBsienuto Ha 68,0+19,1% conepxanus
meTtabomuToB NO B COXK OTHOCHTENFHO TOKa3aTeneit
JKUBOTHBIX KOHTpOJbHOU rpymibl ¢ ACK-ractpomnaru-
el u cocraBisio 841,4+35,95 (95% JAW: 771,0-911,9)
MMOJIB/JI, YTO TPAKTHYECKH COMOCTABIIIOCH C TTOKa3a-
TEJISIMH HHTAKTHBIX KpbIC (902,4+34,95 MMONB/T).

[Ipr KOMOMHHPOBAHHOM TNPUMEHEHHH OMEIpa3olia
¥ BaHWINHA aHTHyIbIeporenHoe neiicteue (UI1 = 0,8)
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peBocxoamio 3(PGEeKTUBHOCTh MOHOTEpAIUU OMeIpa-
30JI0M ¥ MOHOTEpAIuy BaHWIMHOM (cM. Tabi. 1). [ToBbI-
menue Al na 28,8+8,5% (27,442,9) mpeBocxonuso
MoKa3aTeNd MOHOTepanuu omemnpaszoioMm (22,0+2,93) u
MIPaKTHYECKH COMOCTABISUIOCH C TI0Ka3aTesIMA WHTAKT-
HBIX JKMBOTHBIX (35,0+0,63). Cieayer OTMETUTD, YTO Ha
(hoHE KOMOMHUPOBAHHOTO MPUMEHEHHN S BAHWIMHA M OMe-
mpasoja OBUIO OTMEYEHO MOBbINIeHUE conepkanus NO
B COX Ha 82,9+16,3% (p<0,001) OTHOCHUTENIHHO TIOKa-
3areniell AKUBOTHBIX KOHTPOIBbHOM rpynmsl (697,6+34,26
MMOJIB/T) 1 coctaBwio 927,4+34,78 (95% JU: 859,2-
995,5) MMoIb/T, uTO He3HauuTeNbHO (3,8+5,7%) mpe-
BOCXOJIMJIO TOKAa3aTeNu MHTAKTHBIX Kpbic (902,44+34,95
MMOJIB/T).

3akmaoyenune. PopmupoBanne ACK-unnynupoBas-
HOUW TracTpoNaTuu y KpPbIC CONPOBOKAACTCS Pa3BUTHEM
okcugaruBHoro crpecca ¢ COXK. Ha ato ykassiBano cra-
TucTH4YecKu goctoBepHoe (p<0,05) noBellIeHUE YPOBHS
MJIA Ha 132,9% u koppenupytromiee (r=-0,96; p<0,05)
CHIDKEHUE aKTMBHOCTH KaTajassl Ha 38,0% B romoreHa-
tax COX Ha 5 neHs skcniepuMenTa. Takyke UMeso MecTo
cHIKeHHe conepkanust meradonuroB NO Ha 40,5%.

[IpeBeHTUBHO-TTPOPHIAKTHUECKOE IIpUMEHEHHE
BanwinHa (100 MI/Kr) IPUBOIUT K CHU)KEHHIO MHTCH-

cuBHoctu mnpoueccos [1OJI B COX, oOycnoBieHHBIX
nevictBueM ACK (150 mr/kr). Ha s10 ykaseiBano craru-
cTudecku octoBepHoe (p<0,05) ymMeHbIlIEHUE CoNlepKa-
Hust MJIA Ha 26,4% 1 TIOBBIIIIEHHE aKTUBHOCTH KaTaja-
361 Ha 29,0% OTHOCHUTEIBHO ITOKa3aTejied >KUBOTHBIX C
ACK-nHIynmpoBaHHOM racTpornariueil 0e3 KOppeKIHH.
[IpumMeHeHne BaHWIMHA MPHUBEIO K CTaTHCTHYECKH
nocroBepHoMy (p<0,05) MOBBIMICHUIO COJACPKAHUS Me-
tabonmtoB NO Ha 68,0% (841,4+35,95 MMOIIB/T) OTHO-
CHUTEJILHO IOKa3aTejel JKMBOTHBIX KOHTPOJILHOH TIpyI-
mbl. [Ipy KOMOMHUPOBAaHHOM ITPUMEHEHHH BaHWIMHA W
oMmeripasoiia Obljla YCTaHOBJIEHA CTATUCTUYECKU JI0CTO-
BepHas (p<0,05) abcoroTHAsE HOpMaJIU3aIUs YPOBHS Me-
tabonutoB NO (927,4+34,78 mmoub/T) B COX, KoTOpBIit
COOTBETCTBOBAJI TIOKA3aTEISIM UHTAKTHBIX KHBOTHBIX.

baarogapuocru

ABTOp BBIpakaeT 0JaroJapHOCTb 3a TIOMOILb B ITPO-
BEJICHUU OMOXUMHMUYECKUX MCCIEOBAaHUN MIaaieMy
Hay4yHOMY COTPYOHUKY [0CynapCTBEHHOIO y4pexIeHUs
«Muctutyt menuuuHckon paauonorun um. C.II. I'pu-
ropreBa HannoHaIbHOM akaJeMuu MEIULUHCKUX HayK
VYxpaunsl» [lono3oBy CranucnaBy Jmutpuesuuy.

Introduction. Over the past hundred years, ace-
tylsalicylic acid (ASA) remains to be one of the most
effective antiplatelet drugs for primary and secondary
prevention of atherothrombosis in patients with various
pathologies, including acute coronary syndrome with el-
evation and without ST-segment elevation on the ECG,
chronic stable angina, ischemic stroke, peripheral athero-
sclerosis, etc., and reduces the overall occurance of myo-
cardial infarction (MI), stroke and cardiovascular death
by an average of 23.0% [1-3].

One of the main problems of ASA therapy (fig. 1 (a))
is its abolition or initial «non-assignment» in connection
with the developed or potential side effects in the gastro-
intestinal tract (GI tract). In this case, the reasons for the
abolition of ASA are not only serious complications in
the form of gastrointestinal bleeding or perforations, but
also dyspeptic phenomena that are accompanied by the
ongoing development of aspirin-induced gastroenteropa-
thy. The adverse consequences of withdrawal of ASA are
well known: if the drug treatment of patients receiving it
for the purpose of secondary prevention of cerebral cir-
culation is interrupted for at least 10 days, the risk of this
complication increases 3-fold, and in patients with coro-
nary heart disease (CHD), the risk of myocardial infarc-
tion increases 2 times. Moreover, the abolition of ASA
even for 8 weeks after the a bleeding ulcer in patients
receiving antiplatelet therapy for ischemic heart disease
and cerebrovascular disease, has been associated with a
significant increase in overall mortality [1, 4].

Recently, the most affordable way to reduce the risk
of gastrointestinal complications is the administration of
ASA in a minimally effective dose that does not exceed
75-81 mg/day; but this approach does not guarantee an
absolute safety of gastrointestinal therapy. This deter-

mines the need for the preventive administration of gas-
troprotective drugs [1, 5].

Currently, the main drugs used in the treatment and
prevention of gastropathies induced by non-steroidal an-
ti-inflammatory drugs (NSAIDs), in particular ASA, are
proton pump inhibitors (PPI). Drugs of this group are
superior in efficiency to H2-histamine receptor block-
ers and synthetic prostaglandins (Pg) [5, 6]. However,
prolonged intake of PPI could lead to the development
of malabsorption of certain substances with their subse-
quent deficiency (vit. B,,, Fe*", Mg*, Ca*"), could reduce
the effectiveness of clopidogrel, cause the progression of
postmenopausal osteoporosis, hypergastrinemia, exces-
sive bacterial growth, which increases the risk of intes-
tinal infections,and pneumonia. Dysbacteriosis contrib-
utes to the development of the inflammatory process in
the gastric mucosa and colon, with signs of of disbalance
between pro- and anti-inflammatory cytokines, with the
development of nitroso-oxidative stress and the degra-
dation of collagen and non-collagen proteins of mucus,
that is followed by destruction of the mucous barrier and,
as a consequence,disruption of the resistance and the de-
crease of the intensity of regenerative processes [7-10].

Over the past years, there has been an active search
for the effective approaches to weaken the ulcerogenic-
ity of NSAIDs. The use of combined preparations of
«NSAIDs + gastroprotector» — indotril (indomethacin +
tiotriazolin), diclocor (diclofenac + quercetin), arthrotec
(diclofenac sodium + misoprostol), duex (ibuprofen + fa-
motidine), vimovo (naproxen + esomeprazole), axoride
(ketoprofen + Omeprazole), thioaspecard (tiotriazoline +
ASA), aspifate (ASA + sucralfate), Alka-Seltzer® (ASA
+ sodium bicarbonate), etc. [5, 11, 12] was proposed.

Attention has been drawn to the recent appear-
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ance on the domestic market of a modified NSAID
amtolmethine guacyl (tablets Amtolmetin® 600 mg,
UA/12159/01/1, Dr. Reddis Laboratories Ltd., India),
which is characterized by its interaction with recep-
tors which are able to bind to homovanyl-substituted
ligands (vanilloids) and selectively modulate the lo-
cal «effector function» of the primary afferents. These
receptors are called vanilloid receptors (vanilloid re-
ceptors) and belong to the superfamily TRP (transient
receptor potential) of cation channels and form in ag-
gregate one of six superfamilies — TRPV1 (transient
receptor potential vanilloid 1). The interaction of am-
monium methyl guacyl with TRPV1 gastric mucosa
(before entering the systemic bloodstream) is accom-
panied by the induction of a cascade of biochemical
transformations that activate NO synthases, reduce the
stimulated production of HCI, and suppress lipid per-
oxidation (LPO), etc. [13].

According to the literature [14, 15], TRPV1 is local-

(@)

ized on the sensory neurons of the vagus nerve system
(n. Vagus) and the trigeminal nerve (n. Trigeminus), in
the sympathetic nerve plexus of the intestine, the blad-
der, in the certain structures of the central nervous sys-
tem (corpus striatum, Hippocampus, cerebellum nuclei),
as well as epithelial cells of the intestine and bladder, etc.
[16, 17]. It is known,that the nerve plexus of the stomach
is almost 90-100% represented by synaptic endings of
preganglionic fibers n. Vagus [7, 14]. The concept of «ef-
fector function» of afferent endings and the information
about the presence of sensitive terminals in a certain part.
N. Vagus vesicles containing neuropeptides, such as sub-
stance P (SP), calcitonin gene related peptide (CGRP),
etc., allows to consider the modulation of afferent end-
ings as a promising approach to gastroprotective therapy.
[7, 18].

The specific TRPV1 activators (agonists) are van-
illin (Figure 1 (b)), capsaicin, gingerol, singerol, allicin,
anandamide, etc. [7, 19].

(0)

Figure 1 — Structural chemical formulas for vanillin (4-hydroxy-3-methoxybenzaldehyde (a)) and acetylsalicylic
acid (2-acetyloxybenzoic acid (b))

Osama A. Shakim Omar et al. (2013) experimentally
found that an aqueous extract (300 mg/kg) of red pep-
per (Capsicum frutescens) which contains capsaicin, is
able to reduce the area of damage to gastric mucosa in
rats that was caused by the use of ASA (200 mg/kg), by
71.1%, and also leads to a decrease in the volume of the
gastric juice by 50.7% and to an increase in pH by 21.8%
relatively to ASA monotherapy [20, 21].

It should be noted that the TRPV1 agonist capsaicin
does not only weakes the antiaggregant properties of
ASA, but also is capable of inhibiting of the ADP-in-
duced (10 mmol/l) platelet aggregation, which indicates
the approprietness of the combined use of ASA and cap-
saicin [21].

The results of the studies of M. Katary and A. Sala-
huddin showed that the preventive use of vanillin (100
mg/kg) leads to a decrease in the degree of ulceration
caused by indomethacin (25 mg/kg). Additionally, van-
illin reduced the expression and activity of NF«B, and
also caused a decrease in the level of proinflammatory
cytokines, myeloperoxidase and in the activity of caspase
3 in the gastric mucosa [22].

The aim of the study. To characterize the mech-
anisms of antiulcerogenic action of vanillin(100 mg/
kg), the agonist of TRPV1, on the model of subchronic
ASA-induced gastropathy in rats.
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Materials and methods. The study was conduct-
ed on 35 mature male rats weighting 180-220 g, divided
into 5 groups: I — intact rats (n = 7); II (control) — rats (n
=7) with the experimental gastropathy induced by ASA
(150 mg/kg, i.g.) without correction; III — rats (n = 7) with
the ASA-induced gastropathy (150 mg/kg, i.g.), to whome
omeprazole (50 mg / kg, w / w) was preventively admin-
istered; IV (n = 7) — rats with ASA-induced gastropathy
(150 mg/kg, i.g.), to whom vanillin (100 mg / kg, ip) was
preventively administered; V (n = 7) — rats with the experi-
mental ASK-induced gastropathy (150 mg/kg, i.g.), to whom
vanillin (100 mg/kg, i.g.) in the combination with omeprazole
(50 mg/kg, 1.g.). were preventively administered.

The ASA-induced gastropathy was modeled by
a five-day intragastric administration via a orogas-
tric probe of the ASA suspension (table «Aspirin®»
500mg, UA/4018/02/02, Bayer Bitterfeld GmbH, Germany)
150 mg/kg/day [23]. 24 hours before the start of the ex-
periment, the animals were kept in the metabolic cells
under the conditions of food deprivation with the free ac-
cess to water. Intact animals (without gastropathy) were
given water pro injectionibus (0.2 ml/kg, 1.g.) twice a
day, rats of the control group (ASA-induced gastropathy
without treatment) were given an equivocal amount of
water pro injectionibus 60 minute prior the the adminis-
tration (i.g.) of ASA.
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Omeprazole (tablets «Omeprazoley 20 mg,
UA/4310/01/01, PAP «Farmaky, Kiev, Ukraine) and van-
illin (crystalline powder «Vanilliny 2.0 g (GOST 16599-
71, TU U10,8-015533439-007: 2015), PJSC «Ukropt-
bakaliya», Chernigov, Ukraine) were introduced in the
form of suspensions 60 minutes prior to the administra-
tion of ASA. The doses of omeprazole (50 mg/kg, i.g.)
and vanillin (100 mg/kg, i.g.) were taken from the litera-
ture sources [22, 24, 25].

For the preparation of suspensions of ASA, ome-
prazole and vanillin, a polyoxyethylene (20) sorbitan
monooleate (Tween-80) emulsion and water pro injec-
tionibus (amp. 5.0 ml, UA/10078/01/01, Halychpharm,
Lviv, Ukraine «Kievmedpreparaty, Kiev, Ukraine) were
used.

On day 5 of the experiment, 6 hours after the last ad-
ministration of ASA, the animals were withdrawn from
the experiment by the dislocation of cervical vertebrae
under the light ether anesthesia. After extirpation, the
stomach was opened through the large curvature and the
state of its mucous membrane was evaluated; the degree
of destructive lesion (the number of hemorrhages and
erosions per animal) and the Pauls index (IP) — the inte-
gral indicator of the extent of destruction in the stomach,
was determined by the formula [24, 25]:

IP = average number of ulcers per 1 animal x number
of rats with ulcers (%) / 100.

In the gastric mucosa’s homogenates, the concen-
tration of malonic dialdehyde (Stalnaya I.D. et al.) and
catalase activity (Karolyuk M.A. et al.) were determined
[26, 27]. The prooxidant/antioxidant ratio (ProAntidex)
was calculated from the ratio of catalase activity (mcat/
kg) and MDA concentration (umol/kg) [28, 30].

The content of NO metabolites in the stomach tis-
sues was determined by the method of Miranda K.M. Et
al. [29]. The gastric mucosa’s homogenates were depro-
teinized in the absolute ethanol for 48 hours at 4 °C and
then were centrifuged at 12,000 g for 15 minutes. At 4
°C. For the reduction of nitrates to nitrites, vanadium
chloride ((IIT) VCI, 0.8% in 1M HCI) was added to the
supernatant,with the following addition of the Griess
reagent (1858), consisting of N-(1-naphthyl) ethylene-
diamine dihydrochloride 0.1%) and sulfanilamide (2.0%
in 5% HCI). After the incubation for 30 minutesa at 37
°C, the samples were cooled, and the optical density of
the prepared solution was measured at 540 nm (mmol/g
tissue) [29, 30].

The animals were kept in a vivarium of the State In-
stitution « Grigoriev Institute for Medical Radiology The
National Academy of Medical Sciences of Ukrainey.
Within 14 days the rats were quarantined (in accordance
with the sanitary norms «Structure and content of experi-
mental biological clinics» (Order No. 755 of 12.08.1997))
on a water-food diet with the free access to food and water
(according to the Appendix from 04.12.1977 to Order No.
163 of 10.03.1996 «On daily feeding norms for laborato-
ry animals and producers»)). All experimental studies on
laboratory animals were conducted in accordance with the
requirements of the good laboratory practice (GLP) and in

compliance with the main provisions of the Council of Eu-
ropean Convention on the Protection of Vertebrates which
are used in experiments and for other scientific purposes of
March 18, 1986, the Directive of the European Parliament
and Council EU 2010/63 / EC of 22 September 2010 on
the protection of animals used for scientific purposes; The
order of the Ministry of Health of Ukraine from Decem-
ber 14, 2009, No. 944 «On approval of the procedure for
preclinical study of medicinal products and examination
of materials for preclinical study of medicinal products»
and the Law of Ukraine of February 21, 2006 No. 3447-1V
«On the protection of animals from cruel treatment» 25].

An investigation of the interrelation of «molecular
structure-biological activity» of vanillin was carried out
in silico with the help of the PASS-analysis of the spec-
trum of biological activity, which was performened on-
line with the direct introduction of the structural formula
(see Fig. 1 (a)) in the browser using Marvin JS web -re-
source «PASS Onliney.

The Statistical interpritation of the obtained results
was done with the use the application program for the
spreadsheets «Microsoft Office Excel 2003; 2013 «(Mic-
rosoft Corporation, USA) with the assistance of the» Real
Statistics «extension” for the Widows XP Professional en-
vironment (Microsoft Corporation, USA). The character of
the distribution of the values in each group of the sample
was estimated by using the Shapiro-Wilk W-test (n <50).
The homogeneity of the dispersions was determined by the
Levene’s test. A statistical analysis was performed using
parametric and nonparametric criteria on purpose to assess
the significance of the revealed differences in the studied
parameters under the different experimental conditions,
Since all the investigated quantities obeyed the law of
normal distribution (the Gauss-Laplace distribution), the
reliability of the differences between them was determined
in pairs by the Student’s t-criterion, which was calculated
by the formula:

|M1_M2|

t= :
JmZ +m2

where M is the arithmetic mean.
The standard error of the arithmetic mean (standard
error (SE), m) was calculated from the formula:

SD

m:ﬁ,

where SD (standard deviation (SD), o) is the stan-
dard (standard deviation) deviation, and it was compared
with the critical values.

The values obtained were compared with the criti-
cal values at a confidence level over 95.0% (p < 0.05),
over 99.0% (p <0.01), over 99.5% (p < 0.005), and over
99.9% (P <0.001), and a conclution about the probability
of error was made.

To assess the relationship between the variables un-
der the condition of normal distribution of values, the
one-factor Pearson correlation analysis was carried out.
By using the value of the absolute value of the Pearson
coefficient (1), the correlation relation was characterized
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by the following criteria: r <0 — feedback; 0 < | r | <0,1
— there is no connection; 0,1 <|r | <0.3 — weak; 0.3 <|
r| <0.7 — moderate; 0.7 < | r | <0.99 — strong; 0.99 <| r |
< 1 — complete (functional) and indicates the probabil-
ity of error (p) of the identified links. The direction of
the connection was determined depending on the sign of
the correlation coefficient: the direct connection with the
positive sign (+) and the inverse is in the case of a nega-
tive sign (-).

Digital data in the case of a normal distribution of
quantities are demonstrated in the form “M £ m” (M +
SE), where M is the arithmetic mean, m (SE) is the stan-
dard error of the arithmetic mean, or M (95% CI: 5%
—95%), where 95% ClI is 95% confidence interval (Con-
fidence interval — CI) [25, 31].

Results and discussion. The study showed that a
five-day-administration of ASA to the rats of the control
group caused damage to the gastric mucosa in the form

of hyperemia, puffiness, smoothing of folds, spot hemor-
rhage and the tissue destruction (erosion and ulcerative
defects) in 100% of animals (PI = 12.1). The revealed
changes indicated the formation of ASA-induced gast-
ropathy in rats, which agrees with the data of the litera-
ture sources [23, 25].

The study of homogenates of the gastric mucosa with
the ASA-gastropathy without correction showed (Table 1)
that on the 5th day of the experiment the MDA level statisti-
cally significant (p<0,001) increased by 132,9 +22,8%, and
the catalase activity decreased (p<0,001) by 38.0 = 4.5%
compared to the indices of intact animals (9.7 = 0.35 (95%
CI: 9.1-10.4) umol/kg and 3.4 + 0.11 (95% CI : 3.2-3.7)
mkat/kg) and were 223 + 1.76 (95% CI: 18.9-25.8)
umol/kg and 2.1 £ 0.20 (95% CI: 1.7-2.5) mcat/kg. It
should be noted that there was a statistically significant
(p = 0.0005) strong inverse correlation (r = -0.96 + 0.12)
between the MDA level and the catalase activity (fig. 2).
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Figure 2 — Correlation between the changes in the catalase activity and the level of malonic dialdehyde in the
gastric mucosa on the background of development of ASA-induced gastropathy on day 5 of the experiment

These changes led to a decrease in the ProAntidex
by 70.5 £ 5.1%, which indicated the development of an
imbalance of the prooxidant-antioxidant system in the
gastric mucosa, caused by the activation of LPO.

The content of NO metabolites in the gastric mucosa
under conditions of ASA-induced gastropathy was sta-
tistically significant (p<0,001) decreased by 40.5 + 6.3%
reletevely to the indices of intact rats (902.4 + 34.95
(95% CI: 833.9-970,9) mmol/g) and was 535.7 £+ 40 65
(95% CI: 446.7-605.3) mmol/g tissue.

The use of omeprazole led to a significant weakening of
the ulcerogenic effect of ASA (PI = 1.4) and to the leveling
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of oxidative stress with gastric mucosa (ProAntidex = 22.0
+ 2.93), which was confirmed by a 38.0 + 3.9% decrease
in the MDA level (p< 0.01) and an increase in the catalase
activity by 34.9 + 1.5 (p<0.05) relatively to those of animals
with the ASA-gastropathy without treatment. It occured due
to the oppression of HCI production by the parietal cells of
the stomach and, that brought a decrease in the acidity of
gastric juice, which acts as a leading damaging factor in the
conditions of the reduced protective barrier of gastric mu-
cosa caused by the influence of ASA. In addition, it is con-
sistent with the literature data of the antioxidant properties
possessed by omeprazole [32].
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It was also determined that the content of NO me-
tabolites in the gastric mucosa with the use of omepra-
zole increased by 35.9 + 8.5% (p<0.01) relatively to the
animals in the control group (527.7 + 40.61 (95% CI:
446,1-605.3) mmol/g) and was 697.6 + 34.26 (95% CI:
630.4-764.7) mmol/g tissue.

The preventive use of the agonist TRPV1 vanillin
(100 mg / kg) was accompanied by a statistically signifi-
cant (p<0.05) increase in the ProAntidex of the gastric mu-
cosa by 87.9 £ 19.7% relatively to that of the control group
(ProAntidex = 9.4), which indicated the normalization of
the balance of pro- and antioxidant processes. According
to the PASS-prognosis, the antioxidant properties of van-
illin can be due to its ability to inhibit aldehyde oxidase
(Pa = 0.96, Pi = 0.002), thus leading to a decrease in the
formation of active oxygen forms and, as a consequence, a
decrease in the LPO intensity. In addition, vanillin acts as
a direct inhibitor of LPO (Pa= 0.7, Pi= 0.005).

An analysis of the results of studies [12-19] that had
a goal to study the effect of modulators of TRPV1 ac-
tivity on the functional state of the gastrointestinal tract
showed that the vanilloid receptor agonists (in particular
active components of burning spices — vanillin, capsa-
icin, gingerol, singerol, isothiocyanate, etc.)) have an im-
pessive gastroprotective effect. An activation of TRPV1
leads to exocytosis from the C-afferents of neuropeptides
(CGRP, SP, NKA, somatostatin, etc.). Somatostatin by
influencing G-protein-conjugated receptors (GPCR),
leads to a decrease in production of HCI in the stomach
[33, 34]. The release of CGRP triggers the activation of
Pg-mediated mechanisms for protecting the gastric mu-
cosa — increasing the production of PgE2, which, by in-
teracting with the EP1 receptors, leads to an increase in
HCO3- production (fig. 3).

VANILLOID RECEPTOR AGONISTS

TRPV1
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NK1R
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T P9 E,
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GPCRD

| HCI 1 Hcoy
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+ NO
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Vasodilatation

!

GASTROPROTECTIVE EFFECT

Figure 3 — Mechanisms for the realization of gastroprotective action
of vanilloid receptor agonists (TRPV1)

Notes:

TRPV1 — transient receptor potential cation channel subfamily V member 1;

CGRP — calcitonin gene related peptide;

GPCR — G protein-coupled (linked) receptors (heptahelical receptors, serpentine receptor);

Pg E2 — prostaglandin E2;
EP1 — prostaglandin E2 receptor 1 (PTGER1);
SP — substance P;

NKIR — neurokinin 1 receptor (tachykinin receptor 1 (TACR1), substance P receptor (SPR)).
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An important mechanism of the gastroprotective
effect is the induction of NO formation under the influ-
ence of CGRP and SP, which interacts with the neuroki-
nin receptors of the first type (NK1R). It is known from
the literature sources [35-37] that NO has a protective
effect on GIT: it increases the mucus formation and se-
cretion of bicarbonates, improves gastrointestinal blood
flow, accelerates angiogenesis, reduces gastric secretion,
blocks adhesion of neutrophils to vascular endothelium,
etc. The Aformentioned properties of this gas transport-
er, have served as the basis for the development of a
number of NO-releasing NSAIDs: NO-aspirin, NO-di-
clofenac, NO-naproxen, NO-flubiprofen, NO-ketopro-
fen, NO-sulindac, NO-ibuprofen, NO-indomethacin, etc.
[35-37].

The conducted study showed that the introduction
of vanillin resulted in a statistically significant (p<0,001)
increase of 68,0 = 19,1% of the NO metabolites in the
gastric mucosa relatively to those of the control group
with ASA-gastropathy and was 841.4 £+ 35.95 (95% CI:
771.0-911.9) mmol/l, which was practically compared
with the indices of intact rats (902.4 + 34.95 mmol/g).

In the combined use of omeprazole and vanillin, the
anti- ulcerogenic effect (PI = 0.8) was superior to that
of the monotherapy with omeprazole or the monother-
apy with vanillin (see Table 1). The increase of IPI by
28.8 + 8.5% (27.4 £ 2.9) exceeded the indices of mono-
therapy with omeprazole (22.0 £+ 2.93) and was practical-
ly compared with the parameters of intact animals (35.0
+ 0.63). It should be noted that against the background
of the combined use of vanillin and omeprazole, an in-
crease in the NO content of the gastric mucosa was ob-
served at 82.9 = 16.3% (p<0.001) relatively to the control
group animals (697.6 £ 34.26 mmol/g) and was 927.4 +
34.78 (95% CI: 859.2-995.5) mmol / g, which was in-

significantly (3.8 + 5.7%) higher than that of intact rats
(902.4 £ 34.95 mmol/g).

Conclusion:

1. The formation of ASA-induced gastropathy in rats
is accompanied by the development of oxidative stress
with gastric mucosa. This was indicated by the statisti-
cally significant (p<0.05) increase in the MDA level by
132.9% and correlative (r = -0.96; p<0.05) decrease in
the catalase activity by 38.0% in homogenates of the gas-
tric mucosa the 5th day of the experiment. There was also
a decrease in the content of NO metabolites by 40.5%.

2. The preventive prophylactic use of vanillin (100
mg/kg) leads to a decrease in the intensity of LPO pro-
cesses in the gastric mucosa caused by the action of ASA
(150 mg/kg). This was indicated by a statistically signifi-
cant (p<0.05) decrease in the MDA content by 26.4% and
an increase in the catalase activity by 29.0% relatively
to those of animals with the ASA-induced gastropathy
without correction.

3. The use of vanillin resulted in a statistically signif-
icant (p<0.05) increase in the content of NO metabolites
by 68.0% (841.4 + 35.95 mmol/g) compared to the an-
imals in the control group. With combined use of van-
illin and omeprazole, a statistically significant (p<0.05)
absolute normalization of the NO metabolite level (927.4
+ 34.78 mmol/g) in the gastric mucosa was established,
that corresponded to the indices of intact animals.
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