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UBA TPEXTbIYUHKOBAS (SALIX TRIANDRA L.) -
NEPCNEKTUBbI U BO3SMOXHOCTU UCNOJIb3OBAHUA
B MEAUWLUMNHE U DAPMALIUUN

E.I' Cannuxoea, O.U. Ilonosa, E.B. Komnanuesa

Tamueopckuit meduxo-gapmayesmuveckutl uncmumym — ¢uiuanr @I'BEOY BO «Boneoecpadckuil
2ocyoapcmeennbili meouyuHckull ynusepcumemy Munzopasa Poccuu,
357532, Poccus, e. [lamuzopck, np. Karununa, 11
E-mail: dskompanceva@mail.ru

OO0HUM U3 NEPCNEKMUBHBIX PACMUMENIbHBIX 00bEKMO8 OJisl PACUWUPEHUsT HOMEHKIAMYPbl JLeKAPCMEEHHbIX
cpeocms, obaadaWux 6aAXCYUM U NPOTNUBOBOCNANUMENbHBIM OeliCmUeM, A6IAIMCA pa3IuiHble 8UObL UBbl, KO-
mopule ¢ 0ABHUX BPEMEH UCTIONb30BANUCH 8 HAPOOHOU MEOUYUHE U Cetuac Haxo0sm UuUpoKoe NPUMeHeHUe 8 COCMAage
PA3MUYHBIX OUONIO2UYECKU AKMUBHBIX 000ABOK K nuwe Kax 3a pybesxcom, max u 6 Poccuu. B nacmosiwee epemsi 6 me-
OUYUHCKOU NPAKMUKe, 8 0CHO8HOM, Uchoab3yemca usa oenas (Salix alba L.). MrozouucnenHvle 6uobl ugbl, Komopule
NPOUPACMAION U WUPOKO KYIbMuUusupylomces. Ha meppumopuu Poccutickou @edepayuu, noxka ne nawiiu wupoxko2o
npumenenus 8 meouyune. Ilens uccnedosanus — 0606wume 1umepamypHole ceedenus o0 pacnpocmpaHeruu, cpeoe
0bumanus, cooepucansi GUOLOLUYECKU AKMUBHBIX 8EUECTE U O BOIMONCHOCIU 3A20MOBKU CbIPbS UBLL MPEXNbIYUH-
KOBOUL U ee UCNONb306aHus 8 Meouyute u apmayuu. Mamepuanvt u memoowl. B xauecmee 06vbekma ucciedo8anus
83ama wupoko pacnpocmpanennasn 8 Poccutickoi @edepayuu uea mpexmoiuunxosas (S. triandra L.). Hccnedosanue
NnpPOBOOUNOCH C UCTIONBb30BAHUEM NOUCKo8o-uHpopmayuonnvix (eLibrary, PubMed, CyberLeninka, ResearchGate) u
oubauomeunvix 6az oannvix. Pesynomamut u oocyscoenue. Hea mpexmuoruunkosas (Salix triandra L.) — mnoconemmuee
08ydomHoe pacmeHue, omuocaweecs k cemeticmsy Salicaceae (Hsosuvie) cexyuu Amygdalinae. Apean npouspacma-
HUSL UBbI MPEXMBIYUHKOBOL — NPEUMYUECMBEHHO IeCHble U Jleco-CmenHule 30Hbl Eeponetickoeo u Azuamcko2o Kom-
munenmos. Bocmounas Eepona sensiemcst 2eozpaguueckum yeHmpom npouspacmanusl uebl mpexmulyuHKo8ol, 20e
OHa ecmpeuaemcsi Ha ecell meppumopuu. B Poccuu usa mpexmuiuunkogas 3anumaem nowmu écto ee Eeponetickyio
yacms, 00x00s Ha cesepe 00 aunuu [lemposzasoock — Bonozoa — Kupos, u Cesepuwiti Kasxas, scmpeuaemcs na mep-
pumopuu 3anaonoii u Cpeoneu Cubupu. Imo 2060pum o mom, Ymo pacmumenbhble Pecypcbl UGbL MPEeXMbIYUHKOBOU
sHauumenvivl. OmMMmeyena 603MONCHOCTb KYIbMUBUPOBAHUS UGbL MPEXMbIYUHKOBOU 6 PAZIUYHBIX 20apo-humoyeno-
MUYECKUX YCIO0BUSX, MAK KAK OHA Haubolee 1e2K0 N008epeaemcst 6e2emamuenomy pasmuodcenuto. Iloxasano, yumo
U8a MPEXMbIYUHKOBASL, KAK U Opyaue 8Udbl U8, coOepiicum D02amulili KOMNLEKC NOTUPEHOTLHBIX COCOUHEHUT, YUMo 00)-
caaenusaem ee npoOMUBOBOCnaIumenvHulil 3gpghexm. Buoisigneno, umo nobezu no aghgpexmusnocmu He ycmynaiom Kope
ucceoyemMubix UA08, 4Umo 0aen 03MONCHOCHb NPUMEHAMb NOOE2U PATUYHBIX 8UO08 UB 8 KAUECEE JIeKAPCMBEHHO20
pacmumensbHozo coipbsi. 3axaouenue. [1oomeepoicoena nepcnekmusa uccied08anus N06e208 Pa3IUIHbIX U008 UBHI,
6 MOM YUCTLE U UBbL MPEXMBIYUHKOBOU, KAK IeKAPCMBEHHO20 PACUMETbHO20 CbIPbS, NPOSIGISIOULE20 NPOMUBOBOCIA-
JIUmenbHble CEOUCMEA.

Knrouesvie cnosa: usa mpexmviduHKo8aAsl, apea npou3pacmanus, GUOL0SUYEeCKU AKMUGHble Geulecmed, npomu-
6060CNATUMENbLHBLU I pexm
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WILLOW TRIANDRA (SALIX TRIANDRA L.): PROSPECTS
AND OPPORTUNITIES FOR USE IN MEDICINE AND PHARMACY

E.G. Sannikova, O.1. Popova, E.V. Kompantseva

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

One of the most promising plants for expanding the range of medicines having astringent and anti-inflammatory
effects are various species of willow, which have been used in folk medicine for a long time and now arewidely applie-
din the composition of various biologically active additives to food both abroad and in Russia. Currently, in medical
practice, white willow (Salix alba L.) is mainly used. Numerous species of willow that grow and are widely cultivated
in the Russian Federation have not yet been widely used in medicine. The aim of the study is to summarize the literary
data about the expansion habitat, the content of biologically active substances and the possibility of harvesting raw
materials of willow triandra (Salix triandra L.) and its use in medicine and pharmacy. Materials and methods. The
object of the study is willow triandra (S. triandra L.) widespread in the Russian Federation. The study was conducted
using search and information and library databases (eLibrary, PubMed, CyberLeninka, ResearchGate). Results and
discussion. Willow triandra (Salix triandra L.) is a perennial dioecious plant, belonging to the Salicaceae family
(Willow), Amygdalinae section. The natural habitat of willow triandra is predominantly forest and forest-steppe zones
of the European and Asian continents. Eastern Europe is the geographical center of the growth of willow triandra,
where it occurs throughout the territory. In Russia, willow triandra occupies almost the whole of its European part,
in the North extends as far as the Petrozavodsk-Vologda-Kirov line, and the North Caucasus, it can be found on the
territory of Western and Central Siberia. This suggests the idea that plant resources of willow triandra are significant.
The possibility of cultivation of willow triandra in various edaphic-phytocenotic conditions is noted, since it is most
easily subjected to vegetative propagation. It has been pointed out that willow triandra, like other willow species,
contains a rich complex of polyphenolic compounds, which causes its anti-inflammatory effect. It has been revealed
that in efficiency, the branches are not inferior to the bark of the species under study, which makes it possible to use
branches of various willow speciesas a medicinal plant material. Conclusion. The prospect of research of branches
of various willow species, including willow triandra, as a medicinal plant raw material showing anti-inflammatory

properties, is confirmed.

Keywords: willow triandra (Salix triandra L.), the natural habitat, biologically active substances, anti-inflamma-

tory effect

BBEJEHHME. OgauM U3 NepCcrneKTUBHBIX PACTH-
TENBHBIX OOBEKTOB JJISl paclIMpEeHHsi HOMEHKIIATYPHI Jie-
KapCTBEHHBIX CPE/ICTB, 00JIaIA0INNX BSUKYIIIMM U IPOTH-
BOBOCIIJIMTEIILHBIM JICHCTBHEM, SIBISIOTCS Pa3lIMYHbIC
BUJIBI BBI, KOTOPBIE C TABHUX BPEMEH HCIIOIb30BAJINCE B
HapOJIHON MEAMLIUHE, U HAXOAAT LIMPOKOE MPUMEHEHUE
B COCTaBE PA3JINYHBIX OMOIOTHUECKHU aKTUBHBIX J00aBOK
k e (BA 1) xak 3a py6exom, Tak u B Poccnm [1].

B 2009 romy ObLT OmpeAeliCH CIUCOK PACTCHUIA,
KOTOpBIE€ UMEIOT MEPBOOYEPETHOE 3HAUCHHE ISl BKIIIO-
yenus B locynapctBennyro ®apmakonero Poccuiickoit
Geneparu ('@ PD), cpean KOoTOphIX Oblila OTMEYCHA
u uBa [2].

B nacrosmee BpeMss B MEIULMHCKOM MPAKTUKE B
OCHOBHOM HCIIONb3yeTcs uBa oenas (Salix alba L.) [3].
MHOrouucIeHHbIE BU/IbI UBBI, KOTOPBIE IPOU3PACTAIOT U
LIMPOKO KyIBTUBUPYIOTCSA Ha Teppuropuu Poccuiickoit
deneparnyy, OKa HE HALUTM IIHPOKOTO NMPUMEHEHHS B
MeaunuHe. Beero B Poccun npouspacraer oxono 80 Bu-
JIOB MBBI, IIPHYEM OHH BCTPEYAIOTCSI B Pa3IMYHBIX KIIH-
MaTHYECKUX Tosicax, B yacTHocTH, Ha CeBepHom KaBka-
3e — okou1o 20. KoMniaeKkcHbIM U3y4eHUEM UB 3aHUMAEeTCs
oco0ast HayKa — CaJTHKOJIOTHs [4].

HEJb UCCIEJOBAHUSL — 0600mmuTh nuTepa-

TYpPHBIC CBEJICHUSI O PACTIPOCTPAHCHUH, CPEeIC OOUTaHMS,
coneprkaHusi ONONIOTMYECKH AKTUBHBIX BELIECTB M O BO3-
MOXKHOCTH 3arOTOBKH CBIPbsi HBBI TPEXTBIYMHKOBOM H €€
HCIONB30BAHMUS B MEAUIIMHE U (hapMalnH.

MATEPUAJIbBI U METO/BbI. B kauectBe 00beK-
Ta MUCCIICNOBAHUS HAMH B3STa MIMPOKO PACIPOCTPAHCH-
Has ¥ HauMmeHee u3ydeHHas Ha CeBepHoMm KaBkase mBa
TpexThranHkoBas (S. triandra L.). VlccnenoBanue mpo-
BOJIMJIOCH C HCIOJBb30BaHUEM MOUCKOBO-HH(POPMALHOH-
ueIX (eLibrary, PubMed, CyberLeninka, ResearchGate)
1 OMOMMOTCYHBIX 0a3 TaHHBIX.

PE3VJIBTATBI U OBCYXKIAEHUE. bomanuue-
CKas Xapakmepucmura ugsl MpexmuluunkKosou. ViBa
TpexthrauHKoBast (Salix triandra L.) — mmpoko pacrpo-
CTPaHEHHOE MHOTOJNICTHEE [IBYIOMHOE pPAacTeHHE, OT-
Hocsmeecs K ceMercTBy Salicaceae (VIBoBbIC) cekuuu
Amygdalinae. B nuteparype MOXXHO BCTPETHTH CIICIY-
IOIIMEe CHHOHUMBI BUIOBOTO HAa3BaHMUS: MBA TPEXTHIUMH-
KOBas, MBa MHUHIANCIHUCTHAs, Oenmorai, Oemonos. Cy-
mectByeT 3 noasuna Salix triandra L.: S. triandra ssp.
Bornmuellerii, S. triandra ssp. nipponica, S. triandra
ssp. triandra [5, 6].

VBa TpeXTHIYMHKOBAs SIBISETCS BBICOKUM ObICTpOpa-
CTYIIMM KyCTAQpHHUKOM HJIM HEOOJBIINM JIEpeBLEM 10 5—6
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M BBICOTOM. OTIMYAeTCsl PACKUIUCTOH TyCTOM KPOHOH,
JUIMHHBIMH TIPYTOBHIHBIMH KEJITOBATO-3eJICHBIMH To0era-
MH U MHHJAJIEBUIHBIMU JUCTBSIMU. Kopa cTapbIx BeTBeH,
Ha4YMHas ¢ TMaMeTpa 4—6 cM, OTCIauBaeTCs HEMIPaBUIbHOM
(opMBI  TTaCTHHKAMM  («3aruiaTkamm»), OOHaXKasi pika-
BO-KOPUYHEBYIO MIPOOKY, HE 00pasyst TpyObIX MPOIOIBHBIX
TpeumH (puc. 1). XapakrepHbIM IPU3HAKOM SIBJISIFOTCS TaK-

e JITKO OT/IAMBIBAFOIIINECS OOETH B couneHeHmsX. [[Be-
TOHOCHBIE TOYKH 110 BHEIITHEMY BHy OJMHAKOBBHIC C Be-
TeTaTUBHBIMH, CIUTIOCHYTBIE, Tymble. Yepeliku B BepXHei
YaCTH C OTYCTIIMBBIMU KeJe3Kamu. JIMCThbsI JIaHIIETHBIE,
wiockue. CepekKy MO3/IHNE, Ha [UTMHHBIX OOIMCTBEHHBIX
HOKKAX, Y3KOIMIUHIPHIECKHE, OONbIICH YacThiO H30THY-
THIC WITH HECKOJTBKO TIOHUKAroIIHE (pHcC. 2.).

Pucynox 1 — Hea mpexmuluunxosas (Xxapaxmepuulii 6uod Kopwl, pomo asmopa)

Pucynok 2 — Oononemnue noéezu ugvl mpexmuluuHKOGOU 60 8PeMa YBeMeHUs
(http://photosflowery.ru/iva-tryohtyiychinkovaya-foto. html#2)
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[punBerHble Yenryn OnenHble, y )KEHCKHX I[BETKOB
TIPY CO3PEBaHUU KOPOOOUEK MOIHOCTHIO MIIH B 3HAYNUTEIb-
HOM Mepe onajatornye. ThlYMHOK TPH, ONOPOXKHUBIIAECS
MTBUTLHUKY NCKPHUBJICHHBIE (3TO BBI3BIBACTCS TEM, UTO 00a
MIBUTBIIEBBIX MEIIKa OOpalleHbl HE B CTOPOHY, a BIIEPEN).
Kopo6ouku Ha JuimHHBIX (1-2 MM) HOXKKax, IOYTH Bepe-
TEHOBH/IHBIE, MEJIKHE (3pelible JUINHOM 3—4 MM), ¢ OYeHb
KOPOTKHM CTOJIOMKOM M OTOTHYTBIMH OYEHb KOPOTKHMH
JIBYJIOTIACTHBIMH PBUTBIIAMH. My»KCKHE CEPEXKH OIaIaloT
BCKOpE TIOCJIC IIBETEHMSI; KEHCKHE — IOCJIE CO3PEBAHUS
CEeMSTH M BbUIETA MX U3 KOpoOouek [5, 6].

B npupone Bcrpewatorcst 2 GpopMbl pacTeHUs: Of-
HougetHast (f. concolor) u nByxusetHas (f. discolor). B
CBSI3M C DTUM HIDKHSISI CTOpOHA Jucta y S. triandra mo-
kKeT ObITh OO 3eseHoi Oe3 Hanera (f. concolor), mubo
OernoBaroil oT BockoBoro Haineta (f. discolor). D10t nipu-
3HAK IMOCTOSTHEH JUIS BCEX JINCTHEB HA KYCTE U K TOMY K€
nerko 3ameteH. Kpome paszHoil okpacku HUXKHEH cTopo-
HBI TUIACTUHKH JICTA, MEXIY JIBYMs (hopMaMH HET HHU-
KakuX Jpyrux pazaunyuid. B ommmune ot S. triandra ssp.
triandra nogsun S. triandra ssp. nipponica umeet nopo-
CJIeBBIE TIOOETH C CH3BIM HAJETOM, a MOABMA S. triandra
ssp. Bornmuellerii — mo0Gern m JIUCTBSI TYCTO KOPOTKO
oIyIeHHbIE [6].

A.A. AQoHUH OTMEUACT, YTO Pa3HOBUIHOCTH HBBI
TPEXTHIYMHKOBOH OTIMYatoTcst 1o Mopdonorun nu-
CTOBBIX IUIACTUHOK. Turmuunas dopma — S. triandra f.
vulgaris Wimm. — XapakTepHu3yeTcsl JIaHIIETOBUIHBIMH
JIUCTBSIMU C MHIEKCOM ITPOJI0JITOBATOCTH, PABHBIM OT 3,5
1o 4,5. beu onmcanbl Takke U (GOPMBI C ITUPOKOIII-
muntuaeckumu (S. triandra f. latifolia Schatz. (Toeppf.))
u y3xkumu (S. triandra f. angustifolia Ser.) TUCTBSIMU.
Kpome Toro, B bpsiHcKoit o0OnacTn 0OHapy»KeHBbI yCTOM-
4yuBble ()OPMBI UBBI TPEXTHIYMHKOBOW, Pa3INYaroIInecs
110 MOP(OJIOTHH JIMUCTOBBIX IUIACTUHOK (JUTMHHOJIUCTHAS
— 8. triandra f. longifolia v xopotkonucTHas — S. triandra
1. brevifolia) [7].

Pacnpocmpanenue usvl na meppumopuu Poccuu,
0COOEHHOCMU RPOUPACMANHUSA U KYIbMUGUPOBAHUS.
VIBBI IpOM3paCTalOT B CAaMbIX Pa3HOOOPa3HbIX yCIOBUSIX.
brnaronapst crtocoOHOCTH JIErko BO30OHOBIISITHCS M BETe-
TaTUBHO, U CEMEHAMH, UBBI YaCTO SIBIISTIOTCS TMOHEPAMHU
3apacTaHusl HapyIICHHBIX TEPPUTOPHH. BoNbIIMHCTBO
WB — BJIArOJIOOMBBIE U CBETONIOOMBBIC JAEPEBbs, pacTy-
mue 1o Oeperam pek, 1Mo 0oioTaM M UX OKpauHaMm, I10
CBIPBIM JiecaM, 3a00JI0UCHHBIM JIyT'aM H T.1I.

B ecrecTBEHHBIX YCIIOBUSIX MBBI PACCEISIFOTCS, TJIaB-
HBIM 00pa3oM, pu nomoiy cemsin. CeMeHa JIerko repe-
HocsTCs BeTpoM. [losiBUBIIMIiCS KOPEIIOK B repBbie 3—5
JIHEH pacTeT JOBOJBHO OBICTPO, OCOOCHHO y MpUOpEek-
HBIX BHJOB — HUBBI OCTPOJIMCTHOM, TPEXTHIYMHKOBOH,
KOP3UHOYHOM, JIOMKO#H 1 6enoit [5].

B Poccun HakorieH OoraTeiinid OnbIT BhIpaliBa-
HUSI UB U riepepaboTky nponykuuu nuBosoxactsa. E.T. Ba-
JSIrMHa-MaioTHHA OTMEYAET, YTO TIATENIbHBIE HCCIIe0-
BaHMSI 110 CO3/IaHHIO JIECHBIX KYJIBTYP U MCHOJIb30BAaHHIO
€CTEeCTBEHHBIX MBHSKOB Poccum mpuBeneHsl B paboTax
MHOTOYHCIICHHBIX U3BECTHBIX yueHbIX [5]. Tak, meTono-
JIOTMYECKHE MPUHIIUIBI CO3aHHsI YCTOMYHMBBIX BBICOKO-

MIPOYKTHBHBIX HACaKACHUH MB Ha npuMepe bpsiHckoro
JISCHOTO MacCHBa onucaHbl B padore A.A. Adonuna [8].
O mepcrekTHBax CEeNeKIMU UB, M3yYCHUIO MX yCTOHYH-
BOCTH M TIPOYKTHBHOCTH MOCBSIIEHO OONBIIOE KOINYe-
CTBO palOT M yYEHBIX-OOTAHUKOB HEKOTOPBIX 3apyOeik-
HeIX crpad [9, 10]. B Poccun B momous paboTHHKAM,
MIPEX/Ie BCETO JIECOBOJICTBA, MEINOPALINH, KOXKEBEHHOH,
LIEJUTIONIO3HOM | JIP. TPOMBIIIJICHHOCTH, CO3/IaHbI aTJIachl
W OIIPE/ICNINTENH, BKIIOYAIOIINE B Ce0sl ONMCaHUE BCEX
BUJIOB UB, NIPOM3pACTAIONIMX Ha Tepputopun Poccun, B
TOM UHCIIE U UBBI TpeXThunHKOBOH. Tak, O.1. Henoceko
orucansl BUIbI MB Hinkeropoxackoit obnactu [11], U.B.
bensieBoit ¢ coaBT. — uBbl Ypana [12], FO.I1. XnoHoBbIM
— uBbl Cubupm [13], A.A. AQOHHHBIM — UBBI CPETHETO
ITonecenss [14], uBam EBponeiickoit vactu Poccuu mo-
cesimiena pabora E.T. Bansrunoii-Mamorunoii [5].

[To nanubiM A.A. AdoHHHa, apeal IPOU3PACTAHUS
WBBl TPEXTHIYMHKOBOW — MPEUMYIIECTBEHHO JIECHBIC H
JIeco-cTernHble 30HbI EBporneiickoro u A3MaTckoro KoH-
TuHEeHTOB. Bocrounas EBpoma sBisiercst reorpadmuue-
CKUM LEHTPOM MPOM3PACTaHUSI MBBI TPEXTHIYWHKOBOM,
I7ie OHa BCTpeyaeTcs Ha Beeit TeppuTopun. Pactenue or-
JIMYHO TIPOU3PACTAET BO BCEX CTpaHax ¢ TEIUIBIM U JKap-
KUM KiuMatom [14].

ApeaJ pou3pacTaHusi BBl TPEXTHIUMHKOBOH B Ha-
el cTpaHe JOCTaTOYHO IIMPOKUH M 3aHUMaeT IMOYTH
Bcto EBpomelickyto wacte Poccun, noxons Ha ceBepe
no nmunuu [lerpozaBonck — Bonorna — Kupos, n Cesep-
Helii KaBka3, BcTpeuaeTcs Ha TeppuTOpuu 3amagHoil u
Cpemneit Cubupu (1o 65° ¢.11.), B TOM Yuclie B 6acceiine
pexu Jlens! (BOnm3u T. MpkyTcka). DTO TOBOPUT O TOM,
YTO PacTUTEIbHBIC PECYpPChI UBBI TPEXTHIYMHKOBOW 3Ha-
YUTENBHBI. Apeaj pacrpoCTPaHEHHs JIPYTHX MO/IBUJIOB:
S. triandra ssp. Bornmuellerii — Manas A3usi; S. triandra
ssp. nipponica pactpoctpaneHa ot [Ipubaiikanbs u aa-
Jiee K BOCTOKY [5, 6, 14].

Xapaxrep pacrnpocTpaHeHHs JBYX (OpPM HECKOIBKO
pasznuueH: B 3anannoit u Cpenneit EBporne u na KaBkaze
B TOPHBIX paiioHax mpeobnanaer f. concolor, a Ha HU3-
MeHHOCTH — f. discolor [6].

VBa TpexThlYMHKOBas — TUIHYHBIH MOWMEHHO-al-
JIIOBHAJIBHBIN BHJl. 3apOCIH UBBI TPEXTHIYMHKOBOM pac-
T0J1araloTcst OOBIYHO B MOWMAaxX peK, I7ie UeT HaKoIuIe-
HUE aJUTIOBHS, @ TAaKXe BJOJIb pycell pek, no Oeperam
MIPOTOK M CTApUIL, Ha IECYaHBIX KOCAX ¥ OTMEJSIX. 3apoc-
JIM HE UMEIOT CIUIOUIHOTO PAaCIpPOCTPaHEHUS, CBA3aHbI C
penbedoM moiimbl, yacTo pazdpocaHsl B popMe KypTHH,
MI0JIOC ¥ OCTPOBOB, pa3/IeJICHHBIX BOJIOM Miu yroMm [15].

[To nanupM y4yeHbix CTaBpOIOJIBCKOrO OOTaHWYeE-
CKOTO CaJia, MBa TPEXTHIYMHKOBAs SBISIETCS 3acyXOy-
CTOMYMBBIM M 3MIMOCTOWKHM pacTeHUEM. BEIHOCHT CyITb-
(arHoe 3aconenue noussl (6onee 0,16% cynbhar-mona
OT Macchl a0COJIFOTHO CYXOW TIOYBBI) MPH JOCTATOUHOM
yBiaxHeHuu [16].

Takxe ciemyer OTMETHTH BO3MOXXHOCTB KYJIBTHBH-
POBaHMs MBBI TPEXTHIYMHKOBOH B Pa3iMuHbIX 31ado-du-
TOIL[CHOTUYECKUX YCIIOBUSX, T.K. OHa Hambolee JIerko
TIO/IBEPraeTcsi BEreTaTHBHOMY Pa3MHOXKESHHIO H ITpeKpac-
HO Pa3MHOXAETCsI YEPEeHKAMH, KOJBbSIMA M XJIBICTaMH,
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He3aMEHHUMa B 3al[UTHOM JIECOPA3BEACHUH, MOXKET KYJIb-
TUBUPOBATKLCS BO Beex paiioHax, kpome Kpaitnero Cese-
pa [8, 17-20]. Kpome Toro, U3 ucciiejoBaHHbIX BUIOB B
€CTECTBCHHBIX MBHSKAX BBIACISIOT MBY TPEXTBIYMHKO-
BYIO, Y KOTOPOW CPEIHErofoBOM IMOKa3aTelsb IMOIIOIIe-
HUSI yIIIEKHCIIOro Tasa cocrasiseT 10,3 1/ra, BbIeIcHUE
kucnopoza 8,0 T/ra 1 yCBOCHHE yIiepojia COOTBETCTBYET
2,9 t/ra B Ton [21].

Ha npumepe n3ydenusi 3amacoB (puTOMacchl HBBI,
BhIpamuBaeMoil B Boponexckoil obmactu, nokas3aHo,
YTO NPONYKTUBHOCTH B IE€pecueTe Ha abCONIOTHO Cy-
XO€ ChIpbE MBBI TPEXTHIYMHKOBOW Ooublie Ha 2,6 T, ueM
uBbl mypnypHoii. JI.A. JlornHoBO# OTMe4YeHO, YTO Mpo-
JYKTHBHOCTbH UBBI TPEXTHIYMHKOBOW COCTABIISIET: CHIPOM
10361 18,4 1/ra; abconroTHO cyxoi 103b1 7,3 T/Ta (rycrora
nocanku 83,3 ThIC. mT./ra ¢ pazmenicauem 0,8x0,15 m), B
TO BpeMsl Kak y UBbI Oeroit 7,3 1/ra coipoii u 2,9 T/ra ab-
COJIIOTHO cyxoi J1o3bl. Takum o6paszom, JI.A. JlornHoBa
CUUTAET, YTO OJTHMM W3 BHJIOB, KOTOPBIH OOecneYnBaeT
OBICTPBII ¥ BBICOKUI MPUPOCT (PUTOMACCHI SIBJISICTCS B
TpexThiuuHKoBast (S. triandra L.) [20]. B cBsi3u ¢ atum
WMEHHO JIaHHBII BHJ] MBI ObII BHIOPAaH B KauecTBE 00b-
eKTa ucciejaoBanus [22].

Xumuueckuii cocmae uebl mMpexXmuvl4UHKOE0U U
Memoovl aHANU3A OUOIO2UYECKU AKMUGHBIX GEULECINE.
B cooTBeTcTBHM C JHMTEpaTypHBIMU JIAHHBIMH Pa3iIiy-
HBIC BB ceMeiicTBa [BOBbIe MMEIOT Oorarhlii COCTaB
MOJMU(CHONBHBIX COCAMHCHUI ((praBoHOUIBI, (HEeHOTO-
mmko3uabl (PI), penonkapoonoBeie kucnotel (PK) u
nyounsHbie BemecTsa ([IB)) [23].

B cBsi3u ¢ TeM, 4TO OOBEKTOM HAIIEro MCCIeoBa-
HUSI SIBJSIETCSI MBa TPEXTHIYMHKOBAs, 0CO00E BHUMaHUE
y/IEIEHO HAMU MTOUCKY JINTEPATYPHBIX CBEJCHUH 110 U3Y-
YEHUIO XMMHUYECKOTO COCTaBa UMEHHO JTOTO BHJIA UBHI.
Kpome Toro, Mbl yaenuiyn BHUMaHHE U HEKOTOPBIM CO-
BPEMEHHBIM METOJIaM aHajH3a, C IOMOIIBIO KOTOPBIX
n3y4anuch Ouonorndyeckn axtuBHble BemiectBa (BAB)
JPYTHX BUJIOB HB.

B coorBercTBHE ¢ JTaHHBIMH, TPEICTABICHHBIMU B
akagemuueckoM Tpyne «Pacturensueie pecypest CCCP,
1986», no 1985 roga B MBE TPEXTHIUMHKOBOU, IPOU3pac-
TaIONICH HA TCPPUTOPHH PeCITyOrK ObiBIero CoBeTCKo-
ro Coro3a, 0OHapyXeHbl MHOTHE KJIAcChl COCTUHEHHH,
KOTOpBIE COJIEpIKaTCsl B PACTUTENBHBIX 00beKTax [24].

®naonouasl. Knacc QraBoHONIOB mpeacTaBicH
PYTHHOM M KBEPIETUHOM (JIUCThSI U COLBETHSI) U JIFOTEO-
JMHOM (JIUCTBs1). B KOope oOHapy»KeHbI calumyprio3us u
H30CaNumyprnosus [24].

B.A. KommnaniieB B 60-80-x roiax mpoIioro cToje-
THUSI 3aHUMAJICSI M3YYEHHEM XHMHYECKOTO COCTaBa MBI
TPEXTBIYMHKOBOH, nponspacraronieli Ha CeBeproM Kas-
kaze. MiM HalizieHbl B COIBETHSIX (DIABOHOW/IBL: PYTHH H
kBepueTuH (3,7%,), B mucthsix — pytuH (5%), B kope —
canumypnosua u Hapuarennt (1,5%) [25, 26]. Konnue-
CTBEHHOE OIpEJ/ICJICHHE PyTHHA B JINCTHSIX UBBI TPEXTHI-
YHHKOBOM, KOTOpoe MpoBoAuiock B 60-e roas XX Beka
XpOMaTo-creKTpo(hOTOMETPUIECKUM METOJIOM, Tpedo-
BaJIO JUIMTEIBHOW TpoOononrotoBku. [lapaminensHo B
9THX K€ YCIOBHUSX MMPOBOAMIIOCH ONPE/ICICHHE ONTHYe-
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CKOH TUIOTHOCTH CTaHAapTHOTO 00pasia pytuHa [25, 27].
B Hacrosiiee BpeMsi OIMCaHbl JIOCTYIHBIE U IPOCTHIC
METOJIbI OompesesieHust (IIaBOHOMJIOB B PACTHTEILHOM
ceIpbe. Tak, B kope uBbI TpexThuHKOBOH O.0O. XureBoii
muddepeHnInanbHbBIM ClIEKTPO(YOTOMETPUIECKUM METO-
JIOM, OCHOBaHHBIM Ha peakiuu (IaBOHOUIOB C aJIFOMHU-
HuUs xiopuaom, Haiinero 0,41% ¢naBonounos [28].

P.IO. ®appaxoBbIM YCTaHOBJIEHO, YTO B JIUCTHSIX
WBBI TPEXTBIYMHKOBOH, Ipouspacraromieii B bamikop-
TocTaHe, IpeodianaroT (IaBoHOIBI (IIPOU3BOIHBIC ar-
JIMKOHOB KBEpIIETHHA, M30paMHETHHA W Kemrideposa)
[29]. B.C. Hukutunoit u O.3. Opa3oBbIM BBHISIBICHO,
YTO COJEPIKAHUE CyMMBI (pJIABOHOMJIOB B JIUCTBSX JIBYX
(hopM HMBBI TPEXTBIYMHKOBOM (f. concolor u f. discolor),
npouspacTaronieit B paiione Ilpenypanbs, He3Hauu-
TEILHO OTJIMYAeTCs M cocTaBisseT okoiao 1,9-2,1%
(Bpemst coopa — ceHTs6pn) u 2,1-2,2% (Bpems cOopa
— aBrycr). Ilpu 5TOM B JUCTBIX MYKCKHX H JKCHCKHX
pacTeHuil pa3inuyus M0 COAEP)KaHHIO (DITABOHOMIHBIX
COCIMHEHUH JOCTOBEPHO MPOSIBISIOTCS B IEPUOJ I[BE-
TEHHsI — Ha4aJo MJI0I0HOIICHUS, a 3aTeM B X0JI¢ Berera-
UK OHU HUBenupyroTcs [30].

W3ydenuro (praBoHOMIOB JIMCTHEB MBI TPEXTHIYNH-
KOBOM M MBBI OCTPOJIMCTHOM, Mpou3pacTarmomux B bena-
pyccun, nocsiiena padora B.JI. llenroro ¢ coast. [27].

DeHoJ0rTNKO3HIBI. M3BECTHO, YTO CAJMIIUH U €T0
MIPOM3BO/IHBIC SBJISIOTCSI XeMOTAKCOHOMUYECKUMH Map-
Kepamu BuoB pona MBa. OHM HecyT OTBETCTBEHHOCTH
3a (papMakoJIOTMYCCKYI0 aKTUBHOCTh KOpBI WBBI [31].
Cpenn (heHOJIOIIMKO3UI0B B UBE TPEXTHIYMHKOBOM Haii-
JeHbl: canuiuH (kopa — menee 0,1%, B THCTBAX U CO-
LBETHSIX — CJIeABI), canuperno3un (kopa — menee 0,1%),
rpasauneHTarut (kopa — menee 0,1%), Tpuannpus (kopa
—0,1-1%, cneasl B TUCTHSIX), canuapo3u (kopa — 1-2%,
cJieibl B TMCTHsIX ). OOHapykeHbI Takxke pparuiauH (Kopa,
JIUCTBSI), BAMAJIMH (JIUCTBST), TPEMYJIOMIUH (JIUCTBhS), ca-
JTMKOPTUH (JMCThst). CymMMa (heHOJIOTIINKO3UI0B COCTaB-
nset B kope — 1,6%, B mucthbsax — 0,2% [24].

Panee Uil KOJMYECTBEHHOTO OINpeeieHus (heHo-
nornmuko3uioB onucan meron TCX ¢ mocnenyromieit
skcTpakuueil. B.A. KoMmaHIEBBIM MNpH SKCTpaKIUU
OOJIBIINX KOJIMYECTB CBEKEH KOPBI MBBI TPEXTBIYMHKO-
BOI ObIIM BBIZETICHBI MHAMBUAYaIbHEIE DI' B KpHcTa-
JIMYECKOM BHJIE: CAIMIMH, CATUIPO3U] U TPUAHIAPHH U
ycTaHOBIIeHa X Macca, cymma I B cbipbe cocTaBuiia
nopsinka 3% [26]. [ns KonuuecTBEeHHOTO OMpeeIeHUs
Ol onucan take meton TCX ¢ mocnenyromiei aeHcu-
TomeTpueit [32].

B anammze (eHONBHBIX DIMKO3UIOB IIUPOKO HC-
MOJTB30BAJICS  TAK)KE METOJ[ T'a30BOM Xpomartorpaduu
(I'X). Opnnaxo, U1 aHanu3a TPeOOBAJIOCH TTONYYECHUE
CWJIMJIBHBIX TPOU3BOJHBIX, KOTOPBIE JUIS HEKOTOPBIX
(DCHONBHBIX COCMHEHHI OKa3aJNCh JIaXe IOCIe JIepH-
BaTU3allMU HE J0CTAaTO4HO JieTyuu [31]. Onucano taxxe
HCTIONb30BaHKE IS onpeneneHuss @I Mmerona kBajpar-
HO-BOJIHOBOW BOJIbTaMIepoMeTpuu. B mureparype ume-
I0TCSI TaK)Ke JaHHbIE O KOJMYECTBEHHOM OIPEICICHUH
Ol B IUCTBAX UBBI B IEPECUETE HA CAIUAPO3UL 110 ME-
toauke I'® XI Ha crIpbe pOaMOIBI PO30BOH, I/I€ UCTIONb-
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3yeTCsl METOJl CIIEKTPO(POTOMETPHH HAa OCHOBE PEAKIIUH
nuazorupoBanus [33, 34].

B macrosimee Bpemst auisi ompeneneHust (eHoor-
JIMKO3HMJI0B MPUMEHSIETCS METOJ BBICOKOI((DEKTHBHOM
xuakoctHol xpomarorpadun (BOXX) [31]. Cornacho
TpeboBanusiM EBpornelickoi u bpuranckoii papmakornei,
OIIpe/IeIeHNE COAEp)KaHusl OOIIEero caluliHa B KOpe
uBbI poBoaiT MetonoMm BOXKX [35, 36]. CornacHo EB-
porneiickoit @apmaxorneu 5-ro n3AaHus B Ka4€CTBE ChIPhS
(kopa WJIM TOOETH) MOTYT HCIIOJIB30BAThCS PA3IIMYHbIC
BU/JIBI UBBI, cofiepkaiue He menee 1,5% canununa [36].

Mertonom BOXKX nipu rccnenoBaniu (eHOIOTIINKO-
3MJIOB B HEKOTOPBIX BU/IaX UB, IPOM3PACTAIOIINX Ha Tep-
putopun [TonbIy, camiinH U CaTMKOPTHH ObLIH Hale-
HBI B YETHIPEX BHJAX, HO HE B MBE TPEXTHIYMHKOBOH, B
KOpE KOTOpOii ObUT 00HApYXKEH TpuaHapuH [37].

Meton BOXKX ObLT HCTIONB30BaH TAKXKE U JIJIS OTIpe-
JICTICHUs] Cal[Ha B Kope 12 BHIOB MB, NMpOU3pacTa-
fommx Ha tepputopuu JlarBun. Oka3anock, 4TO HE BCE
BUJIbI MBBI HAKaIIMBAIOT OJIMHAKOBOE KOJIMYECTBO Ca-
minuHa. HaiineHo, 4ro cozmepkaHue cajiuiyHa B Kope
pa3IM4YHBIX BUIOB UB Kosiebanock ot 0,04 mo 12,6%. O0-
HapyK€HO, YTO HEKOTOPHIC BH/BI UB, B TOM YHCIIC HUBa
TPEXTHIYNHKOBAs, UBA KOP3WHOYHAsI, MBA IIEPCTHCTOMO-
OeroBasi M Jipyrue, o0nagany KpaiiHe HU3KHM COJepIKa-
HueM canununa [31].

B coorBerctBun ¢ MY 08-47/172 «Kopa uBsl 1 ocu-
HBI, 3KCTpakThl U3 HUX U BAJ[ Ha nx ocHoBe. BOXKX me-
TOJI OTIPEAEIICHHSI MAaCCOBOM KOHIIEHTPAIMU CAJIHIITHA)
OITpe/ieIeHHE CAJMIINHA B BOJAHBIX U3BJICUCHHUSIX U3 KOPBI
WBBI TPOBOUTCS TaKxke MeTogoM BOXKX, Ho Oe3 mienou-
Horo ruzpomnusa [38]. O.0. XureBoil JaHHBIM METOIOM
OITPE/IECIIEHO KOJIMYECTBEHHOE COZIEPIKAHUE CAJMIIMHA B
KOpe MBBI TPEXTHIUMHKOBOM, mpouspacTtaromeil Ha Ce-
BepHoM KaBkasze, kotopoe coctasuiio 0,2%. Kpome toro,
€10 B UCCIICTyeMOM 00BbEeKTE OOHAPYKCH TpHaHIPUH [28].

B 1997 rony S.E. Zaugg omyOnukoBaj JaHHBIC IO
HCIOB30BAaHUI0 KaWUIIpHOTO 3iekTpodopeza (KI)
JUTsL aHajin3a CallillMHA B HEKOTOPBIX BUAAaX MBHI [39].
C.I1. CenueHKo MPOBECHBI UCCIIETIOBAHNUS 110 U3YUCHUIO
anekrpodoperndeckoro moseneHus I merogom K3 Ha
puMepe cauIpo3usa, apoyTuHa u Tpuanapuna [40].

Taxum o0pa3oM, mpeacTaBlIeHHBIE pabOTHI CBU/JE-
TENBCTBYIOT O TOM, YTO HE BCE BHJBI UBBI MOTYT COJIEp-
KaTh OOJIBIINE KOJMYECTBA CAIUIMHA, CPETU KOTOPBIX
HaXOJUTCS U MBa TPEXThIYMHKOBas. Hanmuume canniyna,
JlayKe B HE3HAYNTEIIbHBIX KOJMYECTBAX, OUEBH/IHO, 3aBU-
CHT OT MECTa IIPON3PACTAHUS U BPEMEHH cOOpa CHIPbSL.

JyounbHble BemiecTBa. M3BecTtHo, 4To BsUKYyIIEE,
KPOBOOCTAHABJIMBAIOIIEE W MPOTHBOBOCHAINTEIBHOEC
JICWCTBHE MOXET OBITh 00YCIIOBJIEHO HAJMYUEM B KOPE H
JIUCTBSIX Pa3JIMYHBIX BUJIOB UBBI 3HAUUTEILHOTO KOJINYe-
cTBa JyOMWIbHBIX BemecTB [S5]. MIMeroTest cBeieHus, 4To
BECHOI1 (B ampere), B mepro ] HabyXaHus U PacilyCKaHUs
MOYEK, U OCEHBIO (B OKTSOpE), B IEPHO]] MacCOBOTO JIH-
CTOMaaa M TOJHOTO ONAaJaHus JIMCTHEB, HAOIIOAACTCS
MaKCHMaJIbHOE COZEp)KaHWEe TaHHHOB y OTAEIBbHBIX BH-
noB uB [31]. Haubonbiee cofepkanne TAHUHOB HAOIIO-
JacTCsl B KOpEe MBI B Bo3pacte oT 3 110 6 (8) ner [5, 41].

Cpenu yOMIBHBIX BEIIECTB OOHApYXEHBI B KOpE
UBBI TPEXTHIUNHKOBOW — KaTEXUH U JICHKOAHTOIIMAHU U~
HbI B ucThsaX. Cymma JIB conepkuTcst B Kope B Ipejie-
nax 2,4-21%, B BetBsix — 0,9-8,7% [26].

N.®. Ma3an oTMe4aeT BBICOKOE COIEPIKaHUE TaHU-
HOB (10 16,1%) B KOpe MBBI TPEXTHIYMHKOBOM, MPOU3-
pacrarolieil Ha IPUPYCIOBBIX OTMENSIX M Ha TIOMMEHHBIX
mouyBax Bureockoii u [omenbckoit obnactsax bemapyccuu
[42]. B.1. bopmotoB u B.H. HunoB yka3eiBaroT Ha erie
ooneiiee comepxkanue B (ot 12,6 mo 18,73%) Takxke
B KOpE HMBBI TPEXTHIYMHKOBOM, MpoOU3pacTaromeii B Ap-
XaHrenbckoit obmactu [43]. JIoBOMBHO 3HAYMTEIBHOC
conepkanue JIB B Kope MBI TPEXTHIYMHKOBOM, MPOU3-
pacratomeit B HoBocubupckoii obnactu u Ilpenypainse,
naiineno [ H. Cy6ou4, O.3. Opasos u 1p. [5, 30, 44].

[TokazaHo TakXke, YTO M CPEIU HCCIECJOBAaHHBIX BU-
noB uB barikoprocrana HanOosiee BBICOKMM COJEpiKa-
HUEM TAaHWHOB B KOpPC BETBEW B Ha4ajc M B KOHIIC Be-
TeTaIlUK BBIICISIICS PSJl BUJOB MB, B TOM YHCIIC U KOpa
UBBI TPEXThIUUHKOBOU (o 16%) [30]. [Ipu ompenerne-
HUU COJICpKaHMsI TAHUHOB B 00pa3Iiax Kopbl Kak BeTBEH
MYKCKHUX M KCHCKHUX PACTCHUM, TaK U B ABYyX (opmax (f-
concolor u f. discolor), 0T0OpaHHBIX B TEUCHUC CE30HA
BEreTaluH, IOCTOBEPHBIX pa3inyuii o HakorieHuto /1B
He BbIsiBiieHO [30, 41].

B kope MBBI TPEXTHIYUHKOBOM, IPOU3PACTAOIICH Ha
CesepHom KaBkasze, 00HapyKeHbI KOHACHCHPOBaHHBIC
ruaponuzyembie JIB B cymme a0 9,4% (nelikoanrorua-
HUJIUHBI, DTIMKaTeXUHTaJIIaT, KaTeXuH) [28].

Conepxanue /IB B pacTuTesnbHbIX 00bEKTax ompe-
JIeTSIeTCsl, B OCHOBHOM, IEpMaHTaHaTOMETPUYECKUM
MetonoM. Kpome Ttoro, I'® PD 13 wusnp. mpemmaraer
MIPOBOJUTE ompezeeHue cymmsl JIB cnekrpodorome-
TPUYECKUM METOJIOM JI0 U IOCie A00aBIeHHs KOKHOTO
MOPOIIIKA, KOTOPBIH 0Ca)/JIaeT TOJIbKO JyONIIbHBIC Bellle-
cTBa [45-47].

Takum 00pa3oM, KOpa HBBI TPEXTHIYMHKOBOW CO-
JICPKUT 3HAYMTEIIbHBIC KoymvecTBa [IB u siBisieTcst He
TOJBKO WCTOYHHKOM HX TIOJYYCHHS JJIsI KOKCBECHHOM
MIPOMBIIIJICHHOCTH, HO U MOXCT CIIY’KHUTh CBIPHEM JIJIsSI
TOJTy4eHHs JIEKapCTBEHHbIX TpenaparoB. E.T. Bamsru-
Ha-MaJioTiHa THIIET, YTO B HACTOSIIEE BpPEeMs COBEp-
LIEHCTBYETCS TEXHOJOIWSl 3aroTOBKH W TIEPEepadOTKH
TAHWHCOJICPIKAIIETO ChIPhsI, @ TAK)KE BO3MOXKHOCTB MO-
JIy4eHUsI TAaHMHOB M3 MOOEroB MBBHI B 0o0Jiee MOJIOIOM
Bo3pacte (ot 1 mo 7 mer). Kpome Toro, mianupyercs u
BBEJICHUC B KYJIBTYPY BBICOKOTAHHHHBIX BHUJIOB WB, Ha-
MIPUMEP, UBBI TPEXTHIYMHKOBOM, MBBI KOP3MHOYHOM, UBBI
LIEPCTUCTONOOCTOBOI U UX THOPUIOB [5].

A. BOBKMHBIM M COaBT. NIPOBEACHBI HCCIICTOBAHUS
AHTHOKCHJIAHTHOW aKTHMBHOCTH BOJHBIX BBITSIKCK, I10-
JIYYCHHBIX W3 JIUCTHEB HMBBI TPEXTHIUMHKOBOW, MPOU3-
pacratomieii B benmopyccuu, M ycTaHOBIICHO, 4YTO OHA
00yCIIOBJIEHa HAJTMYUEM 3HAYUTEIILHOTO KOJIMUECTBA T10-
T(EHONbHBIX coeMHeHu [48].

Kpome mpoBeJIeHHBIX HCCIIEOBAaHUN IO U3YUYEHHIO
XUMHYECKOTO COCTaBa KOPBI M JIUCTHCB MBBI TPEXTHIYHMH-
KOBO¥ B OTHOIIICHUH NOTH(DEHOIBHBIX COCTUHCHUI, Me-
I0TCsI paOOTBHI 10 BBISIBIICHHIO HEKOTOPBIX OMOJIOTHYECKH
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AKTHBHBIX BEIIECTB JIPYroil npupoasl. B wactHocTH, 3TO
OTHOCHUTCSI K OOHapyXeHHIO (eHOIKapOOHOBBIX KHC-
JIOT B KOpE MBHI TpexThuuHKOBOU — 0,29% (hepynosas,
M-KyMapoBasi, KOpHYHasl) U TPUTEPICHOBBIX CAllOHHHOB
— 0,14% (ypconoBas kucinota) [23, 28] u paxy Apyrux
coenmHeHui. Tak B IMCTHSX Hal/IEHBI aHTOIMAHbI, MTPO-
AQHTOLMAHU/INHBI, aJTKAJIOUJIBI, CIIOXKHBIE 3(PUPBI OKCHUKO-
PHUYHBIX KUCIIOT, TUIEKOJIMHOBAs Kuciora, BUTaMu C 1
caxapa. B xope Haiinensl nonucaxapust (23,8%), mur-
HUH, )KUPHOE Maciio, GpeHobl, BUTaMuHbI C, aHTOLIMAHBI
(3-mmroko3un nenbGUHUINHA, 3-TTFOKO3U ITHAHUIMHA,
3-IIIOKO3U NEeTyHUUHA) [24].

B mobGerax S. viminalis, S. triandra, S. alba, S.
fragilis, S. purpurea ¢opsl YkpauHbsl 00HAPYKEHO 00-
nee 20 aMHHOKHUCIIOT, U3 KOTOPBIX 9 SABMIAIOTCS He3ame-
HuUMbIMH [49, 50]. YcTaHOBIEHO Takke, YTO B JUCTHIX
HBBI TPEXTBIYMHKOBOMH, Mpouspacraromieil B bamkopro-
CTaHe, He3aMEHUMBIX aMHHOKHCIIOT COJCPIKUTCS HEe 00-
nee 20 mr/100 T (eiinuH, (eHWIANIaHUH, JTH3HH, apTH-
HUH, MCTHOHHH), YTO COCTaBIIsIeT 0Koyio 30% ot obriero
COJIEp)KaHUsl aMUHOKHCIOT [S1].

Takum o6pazom, Hanbosee MOJHO M3Y4YeH XMMHUYe-
CKH COCTaB TOJBKO KOPBI BBl TPEXTHIYNHKOBOM, IPOU3-
pacraroleil B pa3nuyHbIX pernonax Poccun u EBporbl
Nmeercs psin pabot o uccnenoBanuio bAB nuctheB u
M0OETOB UBBI TPEXTHIYNHKOBOI, B KOTOPBIX, B OCHOBHOM,
H3y4YaIoCh CONIEpKaHUE (PCHONIBHBIX COCTUHCHUH ((ha-
BOHOUJIBI, (DCHOJIOTIIUKO3U/IBI, JAYOUIBHBIC BCINCCTRA).
OnHako, MPAaKTHYECKH OTCYTCTBYIOT CBEACHUSI O COJEp-
xaHuu apyrux BAB (monmcaxapumabl, (eHOIOKUCIIOTHI,
AMHMHOKHCIIOTBI, OKCHKOPUYHBIE KHUCJIOTBHI, CarlOHWHBI,
MaKpo- ¥ MUKPOJJIEMEHTBI, TUTMEHTBHI).

Hcnonb3oBaHne MBBI TPEXTHIYMHKOBOH B HapoJl-
HoW MemunuHe. Mcronbp3oBaHue WBBI Kak JieueOHOTO
CpEJICTBa M3BECTHO C JIPEBHEHIINX BPEMEH, O YEM YIIO-
muHaetcs B [lanupyce D06epca, B Tpynax [ummokpara
(460377 rr mo H.3.) u ABn Kopuenus Ilensca (1 Bek
H.3.) [52-54]. B Hacrosiee Bpemsl IPUMEHEHHE UBHI B
HapOAHOW MEJIHUIIMHE ONMCAHO BO MHOTHMX CIIPAaBOYHBIX
n3ganusax [55-57]. V3BnedeHus: KOpsl UBBI OKa3bIBAIOT
MIPOTUBOBOCIIAINTEIbHBIA, MSATKHH aHaJbreTUUeCKUH
U KapomoHIKaommid dpQekr. MexaHu3M JeHcTBUs
OOBIYHO OOBSICHSIETCS HAIMYUEM TPHPOAHBIX CaJIHIIU-
JIaTOB, KOTOPBIC BIMSIIOT HA pa3HbIC 3BEHbS| PETYISINU
romeocTasa [58—-60].

OnHaKo, MOYTH BO BCEX CIIPABOYHBIX M3/IAHUSIX OIH-
CaHO NMPHUMEHEHHE KOPbI UBBI OEJOH M TOJBKO B OTHOM
CO0O0IICHNN COOPaHBI CBE/ICHHS 00 UCTIONB30BaHHUHU B Ha-
POIHOW MEIMIMHE UBBI TPEXTHIYMHKOBOH [61]. B pabore
yKa3aHo, YTO HaJIN4Ke lyOUJIbHBIX BEIIECTB JIeIaeT BO3-
MOKHBIM MPUMEHEHHE OTBAPOB WBBI TPEXTHIYMHKOBOM
(Oemono3a) B KauecTBE CpeCTBa il OOPBOBI ¢ TUapecii
HEMH(EKIIMOHHOTO XapakTepa, JUIs JIeYeHHs] OOJBbHBIX
C PEeBMaTHUECKUM MOPaKEHHEM CYCTaBOB, a TAKXKe MPH
noparpe. OTBapbl MOT'YT IPUMEHSITHCS TAKOKe U JIJISI Jie-
YEeHUSI HEKOTOPBIX 3a00JI€BaHHH JKeIy/IKa 1 JIBeHAALIaTH-
MEPCTHOW KHIIKH, HAlIPUMEp, TaCTPUTE C MOBBIIICHHOM
KHCJIOTHOCTBIO, @ TaKKe HapyKHO IPHU TOBBIIICHHOM
MoTIMBOCTH. [IpOTHBOMHMKpPOOHAsT W aHTHBUpYCHAs akK-
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THUBHOCTBH OTBAapOB KOPBI HACTOJBKO BBICOKA, YTO MHOTHE
LIEJTUTENN PaHbILe HCIONB30BaIHN CPEACTBA U3 Oerono3a
JUIS JIGUCHHUST TAKMX CEPhE3HBIX 3a00IeBaHNH, KaK MaJisi-
pus u Ty6epkynés [61].

dapmakosornueckue mucciaenoBanus. B mocnen-
HUE TO/(bl YUYCHBIMU MPOBE/CH Psifl papMaKoIOrHIecKuX
WCCIIEIOBAaHNH, TO3BOJISIONINX 00OCHOBBIBAaTH A(dek-
THUBHOCTH DKCTPaKTa KOpbI MBBI HE TOJBKO IpeBpallie-
HUEM CalMIMHA B aleTWICAINIMIOBYIO Kuciory. Cy-
IIIECTBEHHOE BIMsHNE Ha (hapmakojorndeckuii addexr
OKa3bIBalOT M ApYrue OMOJIOTHYECKH AaKTHUBHBIC Bellle-
CTBa KOPbI MBI — TOJIU()ECHOIBHBIC COEJANHEHUS, TaKUE
Kak (u1aBOHOM/IBI, TyOHIIbHBIC BellecTBa u ap. [62, 63].
B pabote O./]. bapnaymoBa oTmMe4eHO, 4TO (pIaBOHOU-
161, (QeHOoNKapOOHOBBIE KUCIIOTHI U JyOHIIbHBIEC Bellle-
CTBa MMEIOT CXOJICTBO (PAPMAKOJIOTMYECKOTO JICHCTBHS
C aJpeHaJIMHOM M HOPaJpPEHAINHOM, T.€. CIIOCOOHBI OKa-
3BIBaTh HEMPSAMOE aJpeHOMUMeTHYeckoe eiictrue [64].
OOHapy)XeHHOE MMMYHOMOJIYJIUpYIOllee ACHCTBUE W3-
BJICYCHHH KOPBI UBBI KOP3MHOYHOW OOYCJIOBIICHO HaJH-
yueM (eHWIIporaHonia Tpuanapuna [65, 66]. Kpome
TOr0, OOHAapy)XKe€Ha BBIpa)KCHHAsl NPOTHBOS3BEHHAS aK-
THUBHOCTBH KOPBI M @aHTUCTPECCOPHAs! aKTUBHOCTh HACTOSI
JIUCTHEB MBBI KOP3MHOUHOHU [67]. B ombITax Ha KUBOT-
HBIX ITOKa3aHa I1eJIecO00pPa3HOCTb BKITFOUCHUS IKCTPAKTa
UBBI OEJIOH B THAPOTENb NPOTUBOAPTPO3HOTO JICHCTBUS
[68].

Kax cieayer u3 npuBeAEHHBIX BhIIIE pabOT, NCIIOIb-
30BaHUE WBBI 00YCIIOBICHO HE TOJBKO HAJMYHEM B HEH
(heHOOTIINKO3H/IOB, a IeJIbIM KoMmIuiekcoM BAB, 1 yact-
HOCTH HAJIMYMEeM NOIM(pEHOIbHBIX coeaunennii. [Ipoe-
JICHBI YCIICIIHBbIC KJIMHUYECKHE HMCIBITAHUS IKCTPAKTa
KOPBI MBBI OEJION JUIs JIeYeHHs] 0CTE0apTpo3a U XPOHHU-
YECKMX PEBMAaTHUECKUX 3a00J€BaHMH B CpPaBHEHHHU C
COBPEMEHHBIMH HECTEPOHJHBIMU IPOTHBOBOCIIAIUTEIb-
HBIMHU cpefcTBamMu [69-73].

Takum oOpa3oM, OfHMM W3 TEPCHEKTUBHBIX BHIOB
JICKapCTBEHHOTO pacTHTEIBHOTO Chipbst (JIPC) mist BHeape-
HUS B KIIMHUYECKYIO MPAKTHKY IpU 3a00JICBaHUSIX CyCTa-
BOB, IBJISICTCS KOpa Pa3INYHBIX BUIOB UBHI [55, 74, 75].

B mocnennue rozpl u3ydanach (hapMakoIoruuecKast
AKTHBHOCTb U3MEJIBUCHHBIX B TOPOIIOK IT0OEr0B HEKOTO-
PBIX BUIOB UB, MpouspacTaromux Ha CeBepHoM KaBkase.
Tak, npu U3y4eHUN NMPOTHBOBOCIAIUTEIHLHON aKTHBHO-
CTH ITOPOIIKA N3MEIBUCHHBIX OIHOJIETHUX TTO0OETrOB MBI
0eoif, WBBI MypPIYPHOW, MBBI TPEXTHIYMHKOBOW, WBHI
BaBUJIOHCKOHM M ee rubOpuja ¢ UBOW OeEloil OKa3aiocs,
YTO OHA CONOCTaBMMa C KUCIIOTOH alleTHIICATHIIMIOBOH
(ACK) wmm nuknogpenakom Harpusi [76—79]. Vibuepo-
TeHHas aKTHMBHOCTh HW3y4aeMbIX MOPOIIKOB Oblia Ha-
mHoro Hmwke ACK u nuknodenaka Harpus. BeisiBieHo,
YTO TTOPOLIOK MOOETOB MO YPPEKTUBHOCTH HE YCTYIaeT
MOPOIIKY KOPBI UCCIIEAYEMBIX BHJIOB, YTO Aa€T BO3MOX-
HOCTBH NPUMEHSTH MOOETH Pa3IMYHbIX BHIOB MB B Ka-
YeCcTBE JISKAPCTBEHHOTO PACTUTEIBHOTO ChIpbsi. OO0 wmc-
T0JIb30BaHUM 1TOOETOB BMECTO KOpBI UBBI uinyT 1 H.B.
BoponuHa ¢ coaBT., 00HapyXHUB OOTaThIi MOIUPCHOIb-
HBIH KOMITJIEKC B OJTHOJISTHUX ITOOETax HEKOTOPHIX BUJIOB
UB, IpouspacTaronux B Ykpause [80].
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Hamu npoBezieHO HcciieioBaHie HOMEHKIIATyphI Jie-
kapcTBeHHBIX cpeacTB (JIC) n Gnonornyeckn akTHBHBIX
N00aBOK K IHIIE, COJACPKAIINX B CBOEM COCTaBe KOpy
UBBI WK €€ dKCTpakT [81].

B Hacrosiiiee Bpemsi, B OCHOBHOM, IIPU H3TOTOBIIE-
uHuu JIC u BAJ] ucnons3yercst kopa uBkl 6esoii. Kpome
TOTO, pa3pelieHsl K IMPUMEHEHUI0, cortacHo EBponeid-
ckoit dapmaxoriee, uBa BomuHUKOBas (S. daphnoides
Vill.), ua nypnypnas (S. purpurea L.), uBa nomxkas (S.
fragilis L.) u npyrue Busl. CiieyeT OTMETUTb, YTO B Ka-
YECTBE CHIPbS PEKOMEH/IyETCs UCIIOb30BaTh HE TOJIBKO
KOPY MOJIOJIbIX BETBEH, HO M OJIHOJIETHHE BETBH JHaMe-
TpoMm He Oonee 10 mm [36]. B Poccuiickoit ®enepanuu
paspelieHo K NMPUMEHEHUI0 B MEIUIIMHCKOW NpaKTHKe
tonbko onHO JIC, cozmepikaliee B CBOEM COCTaBe KOpy
uBbI (cTpana npousBoautens [lakucran) u 6osnee 90 Hau-
MEHOBaHUI OMOJOTNYECKH aKTHBHBIX J00ABOK K IHIIE,
MPOU3BOIUMBIX Kak B Poccum, Tak u 3a pyoesxom [81].
OTH JJaHHBIE MO3BOJISIOT CYNUTATh, YTO BKIIOUYCHUE HBBI
B ['ocynapcreennyto ®apmakornero 0COOCHHO aKTyaIbHO
B CBSI3M C HaJM4YHeM OOJBIIMX CHIPHEBBIX 3allaCOB MBI
1 BO3MOKHOCTBIO KYJIFTUBUPOBAHMS B PAa3JIMYHBIX d1a-
($o-pUTOLIEHOTHYECKUX YCIOBHSIX [5].

B Hacrosiee Bpemst HaOMoaeTcsl TeHACHIUS pocTa
WCIIOJIb30BAHMST TIPETapaToB, COJACPIKALIUX HM3MEIbUCH-
HOE B MOPOIIOK HAaTUBHOE PacTUTENILHOE ChIpbe. [Iprem
HaTHBHOTO CBIPBSI BHYTPb MPAaKTHKyeTcs: B THOETCKON |
Kuraiickoit menunmne. [IpernMyiecTBoM 3toro criocoda
MIPUMEHEHHS SIBIISIETCSl OTCYTCTBHE HEOOXOIMMOCTH 3a-
BapuBaHus. [Ipy 5TOM He NPOHMCXOIUT paszpylleHHe Io-
JIE3HBIX BEILIECTB, BCIEJICTBUE HArPEBaHUS W I'MIPOIIU3A.
Takyxe KOMIUIEKC MTPUPOAHBIX COCANHEHUH MMEET He3Ha-
YHUTEIbHBIE TOOOYHBIE A(P(PEKTHI IO CPABHEHHIO € TT000Y-
HbIM nieficTBueM cunTetnueckux JIC. [Tpoussoacto JIC ¢
HaTHBHBIM M3MEJIBYCHHBIM PACTUTEIBHBIM ChIPHEM HKOHO-
MHYHEE TPOM3BOJICTBA HKCTPAKIIMOHHBIX JICKAPCTBEHHBIX
¢dopm [82]. Ananu3 HomeHKIaTypsl BAJ, comepkarimx
M3MENFIEHHOE B MOPOLIOK JICKAPCTBEHHOE PACTUTEIILHOE
CBIPBE, B TOM YHCIIC U COZIEPIKAIIMX MBY, IOKa3aJl, YTO OHO
M3rOTaBJIMBACTCS B BUE TAOJIETOK M callle, OJJHAKO JIH/IH-
pytomeli opMoii BBITyCKa SIBIISIOTCS KAIICYJIbl, MpeIHa-
3HAUCHHBIE JUIs IepOopaIbHOTrO MpuMeHeHus [81].

3AKJ/IIOYEHME. AHanu3 auTepaTypHbIX JTaHHBIX
MO0Ka3aJl, YTO B HACTOSIIEE BPEMsI MBa HAXOIUT HINPOKOE
MIPUMEHEHHE B COCTAaBE JICKAPCTBEHHBIX CPEACTB U pas-
JIMYHBIX OMOJIOTMYECKH aKTUBHBIX JJ00aBOK K ITHIIE Kak
3a pyOeskoM, Tak U B Poccuu. B MeUIIMHCKOM MpaKTUKe,
B OCHOBHOM, HUCIOJIb3yeTcsi uBa Oenas (Salix alba L.).

WBa, Kak JIeKapCTBEHHOE PACTUTEIBHOE ChIPhE BKIIIOUE-
Ha B TOCYJapCTBEHHbIE (papMaKollen TaKUX CTpaH, Kak
CIIA, I'epmanus u 1p. B Buny TOro, 4To Ha TEPPUTOPHU
Poccum npouspacraer okosno 80 BUIOB UBbI, CTAHOBUT-
Csl OUEBHHBIM HEOOXOAMMOCTh M3YyUYEHHSI 3THUX BHJIOB
¢ Hespto pacmupeHuss HomeHknatypsl JIPC u Bxitoue-
Hust uBBI B [ocynapcTBeHHyI0 (apmakorneto Poccuiickoit
®enepanun. Ocoboe BHUMaHUE CIIEAYET 00paTUTh Ha TE
BU/JIBI UBBI, KOTOPBIE IIUPOKO PACIPOCTPAHEHBI, a TAKKE
Haubosee JIETKO TO/IBEPraloTCs BEreTaTHBHOMY Pa3MHO-
xxeHnuro. OTHUM U3 BHJIOB, KOTOPBIH oOecrieunBaeT Obl-
CTPBII M BBICOKMH TPUPOCT (PUTOMACCHI SIBISICTCS HMBa
TpexThrunHkoBas (S. triandra L.). B Poccun uBa Tpex-
TBIYMHKOBAs BCTPEYAETCsl MOUTH Ha Bcelt EBpomnelickoit
yactu Poccun, Ha CeepHoMm KaBkase, Ha TeppUTOpUHI
3ananHoit u Cpeaneit Cubupu. OTMedeHa BO3MOKHOCTb
KyJIBTHBUPOBAHUSI WBBI TPEXTHIYMHKOBOW, TaK KakK OHa
He3aMeHHMa B 3aIlIUTHOM Jiecopa3BesieHnu. Bee 310 cBu-
JIeTEeIbCTBYET O TOM, UTO B Poccun nmeercs focratouHast
chIpbeBas 0aza Jurs gaHHoro nepcenekrusHoro JIPC.

[Toxa3aHo, 4TO MBa TPEXTHIUMHKOBAS, KaK U APYTHE
BUJBI MB, COJIEPKUT OOraThlii KOMIUIEKC IMOIH(EHOINb-
HBIX COCIMHEHHH, 4TO O0yCJIaBIMBAaET ee MPOTHBOBOC-
nanuTenbHbld 3 ¢exT. Bricokoe copmepkanue pyTuHa
B JIMCTbS UBBI TPEXTHIYMHKOBOI I103BOJISIET PEKOMEH-
JIOBaTh €€, KaK Pe3epBHBIN MPOMBIINIICHHBIH UCTOUYHHUK
MOJTyYEHHsI IIMPOKO BOCTPEOOBAHHOTO JIEKAPCTBEHHOT'O
npenapara. Hanbonee monHo u3ydeH moindeHONbHBIH
KOMIUIEKC, B 4YacTHOCTH JIB, WBBI TPEXTHIYMHKOBOM,
MpoU3pacTaloleil Ha TeppUTOpun ApxaHreiabckoi, Bo-
ponesxckoid, HoBocnbupckoit obnacreit u Ilpenypanbs.
Ha Cesepnom KaBkase nzyuens! BAB ToiIbK0 KOpbI HBBI
TPEXTHIUMHKOBON. DTU TaHHBIE CBUAETENIBCTBYIOT O TOM,
410 HEOOXOIMMO BCECTOpOHHee H3yueHHe BAB wuBHI
TPEXTHIUMHKOBOM, MPOM3pacTaloONeil Ha Jpyrux Teppu-
Topusix Poccum.

[IpuBeneHHbIe B JUTEpaTypHOM 0030pe CBEACHUS
110 MCIMOJB30BAHUIO UBBI B MEAUIMHCKON MPaKTHUKE OT-
HOCSITCA, B OCHOBHOM, K IIpUMeHeHHI0 B kadecTse JIPC
KOpBI Pa3IMYHBIX BUAOB UBBL B TO *ke Bpems nmmeeTcs
psizn paboT, B KOTOPBIX MOATBEPIKICHA NEPCIIEKTHBHOCTh
3aMEHbI PACTUTEILHOTO CHIPhsI «KOpa» Ha OoJiee 0CTyTI-
HOE ChIpbe «OjHONETHHE noberwy». LlenecoodpaszHoCcTb
MIPUMEHEHUS BETETaTUBHBIX YacTel pacTeHHsI B KaueCTBE
JIEKapPCTBEHHOTO PACTUTENIBHOTO CHIPbS, B TOM YHCIE U
UBBI TPEXTHIYMHKOBOM, MO3BOJIUT CHU3UTH HAHOCUMBII
yIepd pacTeHUIO MPY 3ar0TOBKE 110 CPaBHEHHUIO cO cOO-
POM KOPBI.

INTRODUCTION. One of the most promising
plants for expanding the range of medicines having as-
tringent and anti-inflammatory effects are various willow
species, which have been used in folk medicine for a long
time and now are widely applied in the composition of
various biologically active additives to food both abroad
and in Russia [1].

In 2009, a list of plants of primary importance for
inclusion into the State Pharmacopoeia of the Russian
Federation was identified. Willow was among them [2].

Currently, white willow (Salix alba L.) is mainly used
in medical practice [3]. Numerous species of willow, which
grow and are widely cultivated in the Russian Federation,
have not yet been widely used in medicine. In total, about
80 species of willow grow in Russia, and they are found in
various climatic zones, in particular, in the North Cauca-
sus they are about 20. A comprehensive study of willow is
done by a special science — salicology [4].

THE AIM OF THE STUDY is to summarize the
literary data about the expansion habitat, the content of

325



0030pbl, 1ekyuu
Reviews, Lectures

@apmayus u papmaronoeus T. 6 Ne 4, 2018

biologically active substances and the possibility of har-
vesting raw materials of willow triandra (Salix triandra
L.) and its use in medicine and pharmacy.

MATERIALS AND METHODS. The object of
the study is willow triandra (S. triandra L.) widespread
in the Russian Federation and least studied in the North
Caucasus. The study was conducted using search and in-
formation and library databases (eLibrary, PubMed, Cy-
berLeninka, ResearchGate).

RESULTS AND DISCUSSION. Botanical charac-
teristics of willow triandra (Salix triandra L.). Willow
triandra (Salix triandra L.) is a widespread perennial di-
oecious plant belonging to the Salicaceae family (Wil-
low), Amygdalinae section.

In literature, you can find the following synonyms
for the species name: willow triandra, almond-leaved
willow, basket willow, European willow. There are 3 sub-
species of Salix triandra L.: S. triandra ssp. Bornmuel-
lerii, S. triandra ssp. nipponica, S. triandra ssp. triandra
[5, 6].

Willow triandra (Salix triandra L.) is a high
fast-growing shrub or a small tree up to 5 — 6 m high.
It is distinct in a spreading dense crown, long yellow-
ish-green branches and almond-shaped leaves. The bark
of the old branches, beginning with a diameter of 4-6 cm,
exfoliates irregularly in the form of plates (“patches”),
exposing rust-brown bark, without forming coarse lon-
gitudinal cracks (Fig. 1) and branches easily broken off

in joints, are also a characteristic feature of willow tri-
andra. Flower-bearing buds are similar in appearance to
vegetative ones: oblate, dull. Petioles in the upper part
are with distinct glands. The leaves are lanceolate, flat.
Earrings are late, with long, leafy legs, narrow-cylindri-
cal, mostly curved or slightly drooping (Fig. 2). Bracts
are pale, in female flowers completely or considerably
falling off during maturation of the capsules. There are
three stamens, the emptied anthers are twisted (this is
caused by the fact that both pollen sacs are turned not
to the side but forward). Capsules are on long (1-2 mm)
legs, almost fusiform, small (mature ones are 3-4 mm
long), with very short stalk and bent very short bilobate
stigmas. Male earrings fall off shortly after flowering; fe-
male ones — after ripening of the seeds and their release
from the boxes [5, 6].

In nature, there are 2 forms of the plant: one-color
(. concolor) and two-color (f. discolor). In this regard,
the lower side of the leaf in S. friandra can be either
green without plaque (f. concolor) or whitish, covered
with waxy bloom (f. discolor). This feature is constant
for all the leaves on the bush and is also easily visible.
In addition to different coloring of the lower side of the
leaf plate, there are no other differences between the two
forms. Unlike S. triandra ssp. triandra, the subspecies
S. triandra ssp. nipponica has coppice branches with a
bluish bloom, and the subspecies S. triandra ssp. Born-
muellerii has branches and leaves densely pubescent [6].

Figure 1 — Willow triandra (characteristic bark, the author’s photo)
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Figure 2 — Annual branches of willow triandra flowering
(http://photosflowery.ru/iva-tryohtyiychinkovaya-foto.html#2)

A.A. Afonin notes that the species of willow triandra
differ in the morphology of the leaf blades. The typical
form, S. triandra f. vulgaris Wimm., is characterized by
lanceolate leaves with an oblong index ranging from 3.5
to 4.5. The forms with wide elliptic (S. triandra f. latifo-
lia Schatz. (Toeppf.)) and narrow (S. triandra f. angus-
tifolia Ser.) leaves were also described. In addition, in
Bryansk region, stable forms of willow triandra, differing
in the morphology of leaf blades (long-leafed S. trian-
dra f. longifolia and short-leafed S. triandra f. brevifolia)
were found [7].

In addition, in Bryansk region, stable forms of wil-
lowtriandra, differing in the morphology of leaf blades
(long-leafed S. triandra f. longifolia and short-leafed S.
triandra f. brevifolia) have been found [7].

Expansion of willow on the territory of Russia,
characteristics of growth and cultivation. The plants
grow in a variety of conditions. Due to the ability to
easily renew both vegetatively and with seeds, willows
are often pioneers of overgrowing disturbed areas. Most
willows are moisture-loving and light-demanding trees
growing along river banks, along swamps and their out-
skirts, over moist forests, meadow bogs, etc.

In natural conditions, the willow settles, mainly, by
means of seeds. Seeds are easily carried by the wind.
The root let appearing in the first 3-5 days, grows fair-
ly quickly, especially in coastal species — sharp-leaved
willow, willow triandra, basket-willow, crack willow and
white willow [5].

Russia has accumulated great experience in cultiva-
tion of the willow and processing the products of wil-
low cultivation. E.T. Valyagina-Malyutina notes that
careful studies on the creation of forest cultures and the

use of natural willow woods in Russia are referred to in
the works of numerous well-known scientists [5]. Thus,
methodological principles for the creation of sustainable
high-productive plantations of willows on the example
of the Bryansk forest expanse are described in the work
by A.A. Afonina [8]. A large number of works by scien-
tists-botanists of some foreign countries are devoted to
the prospects of selection of willows, to the study of their
stability and productivity [9, 10]. In Russia, atlases and
determinants have been created to help workers, primar-
ily of forestry, melioration, leather, cellulose and other
industries, including descriptions of all willow species
that grow on the territory of Russia, including willow
triandra. So, O.1. Nedoseko described willow species in
Nizhny Novgorod region [11], .V. Belyaeva et al. de-
scribed Ural’s willow [12], Yu.P. Chlonov — willows of
Siberia [13]. The willow of the Middle Podesenie is de-
scribed by AA. Afonin [14], and the work by E.T. Valy-
agina-Malyutina is devoted to willows of the European
part of Russia [5].

According to A.A. Afonin’ data, the natural habitat of
willow triandra is predominantly forest and forest-steppe
zones of the European and Asian continents. Eastern Eu-
rope is the geographical center of the growth of willow
triandra, where it occurs throughout the territory. The
plant grows well in all countries with a warm and hot cli-
mate [14]. The natural habitat of willow triandra is rather
wide and occupies almost the whole of its European part,
in the North it extends as far as the Petrozavodsk-Volog-
da-Kirov line, it grows in the North Caucasus and can
be found on the territory of Western and Central Siberia
(up to 65° north latitude), including the basin of the Lena
River (near Irkutsk). This suggests the idea that the plant
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resources of willow triandra are significant. The natural
habitat of other subspecies is: S. triandra ssp. Bornmuel-
lerii grows in the Asia Minor; S. triandra ssp. nipponica
grows from the Baikal region and further to the East [5,
6, 14].

The nature of the expansion of the two willow forms
is somewhat different: in Western and Central Europe
and in the Caucasian mountainous f. concolor prevails,
and in the low lands f. discolor is represented [6].

Willow triandra is a typical floodplain-alluvial spe-
cies. Thickets of willow triandra are usually found in the
river floodplains where alluvium is accumulated, along
river beds, along the banks of the channels and former
river-beds, on sandy spits and shallows. The thickets do
not have a continuous distribution, are associated with
the relief of the floodplain, often scattered in the form of
curtains, stripes and islands separated by water or mead-
ows [15].

According to the data of the scientists of the Stav-
ropol Botanical Garden, willow triandra is a drought-re-
sistant and winter-hardy plant. It tolerates sulfate sa-
linization of the soil (more than 0.16% of the sulphate
ion from the mass of absolutely dry soil) with sufficient
moisture [16].

The possibility of willow triandra cultivation under
various edaphic-phytocenotic conditions should be also
noted, since it most easily undergoes vegetative repro-
duction and reproduces perfectly by cuttings, planting
daggers and tree lengths. Itis indispensable in protective
afforestation, can be cultivated in all regions except the
Far North [8, 17-20]. In addition, in natural habitat wil-
low triandra is isolated of the species studied. Its average
annual carbon dioxide absorption is 10.3 t / ha, oxygen
release is 8.0 t / ha, and carbon uptake is 2.9 t / ha per
year [21].

The case of studying the stocks of a willow phyto-
mass grown in Voronezh region shows that willow trian-
dra productivity in terms of absolutely dry raw material
is 3-4 tons higher than that of purple willow. L.A. Log-
inova notifies that the productivity of willow triandra is
the following: of raw vines it is 18.4 t / ha; of absolutely
dry vines it is 7,3 t / ha (the density of planting is 83,3
thousand pieces / ha with plant spacing of 0,8 x 0,15 m),
while in the case of white willow it is 7.3 t / ha wet and 2,
9 t / ha of absolutely dry vines. Thus, L.A. Loginova be-
lieves that one of the species that provides a fast and high
increment of phytomass is willow triandra (S. triandra
L.) [20]. In connection with this, it is this willow species
that was chosen as the object of research [22].

Chemical composition of willow triandra and meth-
ods for the analysis of biologically active substances.
According to the reported data, various species of the
Salicaceae family (Willow) have complex polyphenolic
compounds (flavonoids, phenolic glycosides (PG), phe-
nol carboxylic acids (PCA) and tannins (T)) [23].

Due to the fact that the object of our investigation is
willow triandra, special attention is paid to the search of
reported data on the study of the chemical composition of
this very willow species. In addition, wehave paid atten-
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tion to some modern methods of analysis with the help
of which we have studied biologically active substances
(BAS) of other willows species.

In accordance with the data presented in the aca-
demic work “Plant Resources of the USSR, 1986”, until
1985 in willow triandra growing on the territory of the
republics of the former Soviet Union, many classes of
compounds in plant objects had been found out [24].

Flavonoids. The class of flavonoids is represented
by rutin and quercetin (in leaves and inflorescences) and
luteolin (in leaves). Salipurposide and isosalipurposide
were found in the bark [24].

In the 60-80-ies of the last century V.A. Kompant-
sev was studying the chemical composition of willow
triandra, growing in the North Caucasus. Flavonoids
were found out in the inflorescences: rutin and querce-
tin (3.7%), insertions — rutin (5%), in the bark — salipur-
poside and naringenin (1.5%) [25, 26]. The quantitative
determination of rutin in leaves of willow triandra,
which was carried out in the 60s of the XX century by
a chromatographic-spectrophotometric method, required
a long-term preparation. Simultaneously, in the same
circumstances, the optical density of the standard rutin
was determined [25, 27]. Currently, available and simple
methods for the determination of flavonoids in plant raw
materials were described. Thus, in the willow triandra
bark, 0.41% flavonoids were found out by O.O. Hitevoy.
The differential spectrophotometric method, based on the
reaction of flavonoids with aluminum chloride, was used
[28].

R.Yu. Farrakhov found out that flavonols (deriva-
tives of aglycon equercetin, isoramnetin and kaempferol)
predominate in the willow triandra leaves growing in
Bashkortostan [29]. V.S. Nikitina and O.E. Orazov found
out that the content of the sum of flavonoids in the leaves
of two willow triandra species (f. concolor and f. discol-
or) growing in the region of the Cis-Ural region is slight-
ly different and amounts to about 1.9-2.1% (the harvest
time in September) and 2.1-2.2% (the harvest time in
August) respectively. Hereby, in the leaves of male and
female plants, the differences in the content of flavonoid
compounds statistically appear during the flowering pe-
riod — the beginning of fruiting, and then in the course of
vegetation they are leveled off [30].

Flavonoids in the leaves of willow triandra and bog
willow, growing in Belarus, are studied in the work by
V.L. Sheluto et al. [27].

Phenoglycosides. It is known that salicin and its de-
rivatives are chemotaxonomic markers of the species of
the willow genus. They are responsible for the pharma-
cological activity of the willow bark [31]. In willow tri-
andra the following phenologlycosides have been found:
salicin (in the bark — less than 0.1%, in the leaves and
inflorescences — traces), salireposid (in the bark — less
than 0.1%), grendidentatin (in the bark- less than 0.1%),
triandrin (in the bark — 0.1-1%, traces in leaves), salidro-
side (in the bark — 1-2%, traces in the leaves). Fragiline
(in the bark and leaves), vimalin (in the leaves), tremu-
loidin (in the leaves), salicortin (in the leaves) have also
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been found. The sum of phenolic glycosides is 1.6% in
the bark and 0.2% in the leaves [24].

Previously, for the quantitative determination of phe-
nolic glycosides, the TLC method followed by extraction
was described. In the extraction of large quantities of
fresh bark of willow triandra, V.A. Kompantsev isolated
individual phenolic hydroxyls in crystalline form: sali-
cin, salidroside and triandrin, and their mass were estab-
lished: the amount of phenolic hydroxyls in the plant raw
material was about 3% [26]. For the quantitative deter-
mination of phenolic hydroxyls, the TLC method with
subsequent densitometry was also described [32].

In the analysis of phenolic glycosides, gas chro-
matography (GC) was also widely used. However, the
analysis required the production of silyl derivatives,
which were not sufficiently volatile for some phenolic
compounds even after derivatization [31]. The use of the
method of square-wave voltammetry for determining
phenolic hydroxyls (PH) is also described. In the liter-
ature there are also data on the quantitative determina-
tion of PH in the willow leaves in terms of salidroside
according to the methods of State Pharmacopoeia XI on
rhodiola rosea, where spectrophotometry is used on the
basis of the diazotization reaction [33, 34].

Currently, high-performance liquid chromatography
(HPLC) is used to determine phenolic glycosides [31].
According to the requirements of the European and Brit-
ish pharmacopoeias, the determination of the total salicin
content in the willow bark is carried out by HPLC [35,
36]. According to the European Pharmacopoeia of the 5th
edition, various willow species containing at least 1.5%
salicin can be used as a raw material (bark or branches)
[36].

Using HPLC in the study of phenolic glycosides in
some species of willows growing in Poland, salicin and
salicortin were found in four species, but not willow tri-
andra, in which triandrin was found in the bark [37].

The HPLC method was also used to determine sali-
cin in the bark of 12 willow species growing on the ter-
ritory of Latvia. It turned out that not all willow species
accumulate the same quantity of salicin. The content of
salicin in the bark of various species ranged from 0.04
to 12.6%. It was found out that some willow species,
including willow triandra, basket-willow, woollytwig
willow and others, had an extremely low salicin content
[31].

In accordance with “Methodological Guidelines”,
08-47 /172, “Willow and aspen bark, extracts from them
and dietary supplements on their basis. HPLC method for
determining the mass concentration of salicin” the deter-
mination of salicin in aqueous extracts from the willow
bark is also carried out by HPLC, but without alkaline
hydrolysis [38]. The quantitative content of salicin in the
bark of willow triandra growing in the North Caucasus,
was detected by O.0O. Hitevaya on the basis of this meth-
od. It was 0.2%. In addition, triandin was discovered in
the investigated object [28].

In 1997 S.E. Zaugg published the data on the use of
capillary electrophoresis (CE) for the analysis of salicin

in some willow species [39]. S.P. Senchenko conducted
studies on the electrophoretic behavior of phenolic hy-
droxyls by the CE method using the example of salidro-
side, arbutin and triandrin [40].

Thus, the reported data show that not all the willow
species can contain large amounts of salicin, and willow
triandra is among them. The presence of salicin, even in
small amounts, obviously depends on the place of growth
and the harvesting time of raw materials.

Tannins. It is known that astringent, hemostatic and
anti-inflammatory effects can be due to the presence of
a significant amount of tannins in the bark and leaves of
various willow species [5].

There is evidence that in spring (in April), during
swelling of the buds and budbreak, and in autumn (in
October), during the period of massive leaf fall and com-
plete fall of leaves, maximum content of tannins is ob-
served in individual species of willows [31]. The highest
content of tannins is observed in the willow bark at the
age of 3 to 6 (8) years [5, 41].

Among the tannins found in the willow triandra bark
there are two other components in the leaves — catechin
and leucoanthocyanidins. The amount of tannins is with-
in 2.4-21% in the bark, and 0.9-8.7% in the branches
[26].

I. F. Mazan notes the high content of tannins (up
to 16.1%) in the willow triandra bark, which grows
on scroll meanders and floodplain soils of Vitebsk and
Gomel regions in Belarus [42]. V. I. Bormotov and V.
N. Nils indicate an even greater content of tannins (from
12.6 to 18.73%) also in the willow triandra bark, growing
in Arkhangelsk region [43]. Quite a significant content
of tannins in the willow triandra bark, growing in No-
vosibirsk region and the Urals, was found out by G.N.
Suboch, O. E. Orazov et al. [5, 30, 44].

Condylated and hydrolyzed tannins (leucoanthocy-
anidins, epicatechin hallate, catechin) in the sum up to
9.4% were found the willow triandra bark, growing in the
North Caucasus [28].

The content of tannins in plant objects is determined,
mainly, by the permanganatometric method. In addition,
the RF State Pharmacopoeia, XIII ed. proposes to deter-
mine the amount of tannins spectrophotometrically be-
fore and after the addition of skin powder, which precip-
itates only tannic substances [45, 46, 47].

Thus, the willow triandra bark contains significant
amounts of tannins and is not only a source of their pro-
duction for the leather industry, but can also serve as a
raw material for obtaining medicinal preparations. E.T.
Valyagina-Malyutina writes that at present the technolo-
gy of harvesting and processing of tannin-containing raw
materials is being improved, as well as the possibility of
obtaining tannins from willow branches at the younger
age (from 1 to 7 years). In addition, the introduction of
the willow species with high content of tannins, for ex-
ample, willow triandra, basket-willow, woollytwig wil-
low and their hybrids, is also planned [5].

A. Bovkin et al. has studied the antioxidant activity
of the aqueous extracts obtained from the willow trian-
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dra leaves growing in Belarus. The authorhas established
that the antioxidant activity it is due to the presence of a
significant amount of polyphenolic compounds [48].

In addition to the studies on the chemical composi-
tion of the willow triandra bark and leaves concerning
polyphenolic compounds, there are works to identify
some biologically active substances of a different na-
ture. In particular, this refers to the detection of pheno-
lic carboxylic acids in the willow triandra bark — 0.29%
(ferulic, p-coumaric, cinnamon) and triterpene saponins
— 0.14% (ursolic acid) [23, 28] and a number of other
compounds. So, anthocyanins, proanthocyanidins, alka-
loids, esters of oxycinnamic acids, pipecolic acid, vita-
min C and sugars have been found in the leaves. Polysac-
charides (23.8%), lignin, fatty oil, phenols, vitamins C,
anthocyanins (3-glucoside of delphinidine, 3-glucoside
of cyanidine, 3-glucoside of petunidine) have been found
in the bark [24].

More than 20 amino acids, 9 of which are irreplace-
able, have been found in the branches of S. viminalis, S.
triandra, S. alba, S. fragilis, S. purpurea of the Ukraine
flora [49, 50]. It has also been established that in the
leaves of willow triandra growing in Bashkortostan,
there is no more than 20 mg / 100 g of irreplaceable ami-
no acids (leucine, phenylalanine, lysine, arginine, methi-
onine),which makes about 30% of the total amino acid
content [51].

Thus, the chemical composition of only the bark
of willow triandra growing in various regions of Rus-
sia and Europe, has been most thoroughly studied.
There is a number of works on the study of BAS in the
willow triandra leaves and branches, in which, mainly,
the content of phenolic compounds (flavonoids, phe-
nolic acids, tannins) was studied. However, there is
practically no information on the content of other BAS
(polysaccharides, phenolic acids, amino acids, oxy-
cinnamic acids, saponins, macro- and microelements,
pigments) there.

Application of willow triandra in folk medicine. The
use of willow as a remedy has been known since ancient
times, as mentioned in the Ebers Papyrus, in the writings
of Hippocrates (460-377 BC) and Aulus Cornelius Cel-
sus (1st century AD) [52—54]. Currently, the application
of willow in folk medicine is described in many refer-
ence publications [55-57]. Extracts from the willow bark
have anti-inflammatory, mild analgesic and antipyretic
effects. The mechanism of action is usually explained by
the presence of natural salicylates, which affect different
parts of the homeostasis regulation [58—60].

However, almost all reference publications describe
the application of the white willow bark and only one re-
ports collected information on the use of willow triandra
in folk medicine [61]. The work shows that the presence
of tannins makes it possible to use the willow triandra
decoctions as a means for controlling non-infectious di-
arrhea, for treating patients with rheumatic joint damage,
and also for arthragra. Decoctions can be also used to
treat some diseases of stomach and duodenum, for exam-
ple, gastritis with high acidity, and also externally with
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increased sweating. The antimicrobial and antiviral ac-
tivity of the bark decoction is so high that many healers
used remedies from white willow for treatment of such
serious diseases as malaria and tuberculosis [61].

Pharmacological studies. In recent years, a num-
ber of pharmacological studies have been carried out to
validate the effectiveness of the willow bark extract not
only by converting salicin to acetylsalicylic acid. Other
biologically active substances of the willow bark, such
as polyphenol compounds (flavonoids, tannins, etc.), also
have a significant effect on their pharmacological proper-
ties [62, 63]. In the work by O.D. Barnaulova it is notified
that flavonoids, phenolcarboxylic acids and tannins have
a similar pharmacological effect in compariaon with epi-
nephrine and norepinephrine, i.e. they can have an indi-
rect adrenomimetic effect [64]. It has been found out that
the immunomodulating effect of the extracts from the
basket-willow barkis due to the presence of phenylpro-
panoiod trianthrene [65, 66]. In addition, a pronounced
anti-ulcer activity of the bark and an antistress activity of
the leaf infusion of basket-willow have been found [67].
In experiments on animals, the expedience of incorpora-
tion of white willow extract into the anti-arthrosis hydro-
gel has been proved [68].

As follows from the above mentioned works, the use
of willow is due not only to the presence of phenolic gly-
cosides, but to the whole complex of BAS, and in par-
ticular to the presence of polyphenolic compounds. Suc-
cessful clinical investigation of the willow bark extract
for the treatment of osteoarthritis and chronic rheumatic
diseases in comparison with modern non-steroidal an-
ti-inflammatory drugs has been carried out [69, 70-73].

Thus, one of the promising types of medicinal plant
materials (MPM) for introduction into clinical practice
for treatment of joint diseases is the bark of various wil-
low species [55, 74, 75].

In recent years, the pharmacological activity of pul-
verized branches of some willow species growing in the
North Caucasus has been studied.

Thus, while studying the anti-inflammatory activ-
ity of the powder of crushed annual branches of white
willow, purple willow, willow triandra, drooping willow
and its hybrid with white willow, it was found out that it
was comparable with acetylsalicylic acid (ASA) or di-
clofenac sodium [76-79] .

The ulcerogenic activity of the powders studied was
much lower than those of ASA and diclofenac sodium.

It was found out that the branch powder is not in-
ferior in effectiveness to the bark powder of the species
under study, which makes it possible to use branches of
various willow species as a medicinal plant material. The
use of branches instead of the willow bark is discussed by
N.V. Borodin et al., discovering a rich polyphenolic com-
plex in annual branches of some willow species growing
in Ukraine [80].

The study of the drugs nomenclature of medicinal
substances and biologically active food additives con-
taining the willow bark or its extract has been carried out
by us [81].
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Currently, for manufacturing drugs and dietary sup-
plements, the white willow bark is mainly used. In addi-
tion, according to the European Pharmacopeia, Caspian
willow (S. daphnoides Vill.), purple willow (S. purpurea
L.), crack willow (S. fragilis L.) and other willow spe-
cies are allowed to be used. It should be noted that as
a raw material, it is recommended to use not only the
bark of young branches, but also annual branches with
a diameter of no more than 10 mm [36]. In the Russian
Federation, in medical practice only one medicinal prod-
uct is allowed to be used. In its composition it contains
the willow bark (the manufacturing country is Pakistan),
and more than 90 names of biologically active additives
to food produced both in Russia and abroad [81]. These
data make it possible to consider that the inclusion of wil-
low in the State Pharmacopoeia is especially important
in connection with the availability of large willow raw
stocks and the possibility of its cultivation under various
edapho- phytocenotic conditions [5].

Currently, there is a growing trend in the use of drugs
containing a native powdered plant material. The intake
of native raw materials is practiced internally in Tibetan
and Chinese medicine. The advantage of this method of
use is the absence of brewing.

Hereby, no destruction of useful substances due
to heating and hydrolysis takes place. The complex of
natural compounds has alsominor side effects in com-
parison with the side effects of synthetic medicinal sub-
stances. The production of medicinal substances with
native ground plant raw materials is more economical
than the production of extraction dosage forms [82].
The analysis of the nomenclature of dietary supple-
ments containing powdered herbal medicinal raw mate-
rials, hereby including those containing willow, showed
that it is manufactured in the forms of tablets and sa-
chets, but the leading form is capsules intended for oral
administration [81].

CONCLUSION. The analysis of reported data
showed, that at present, willow is widely used in the
composition of medicines and various biologically ac-
tive food additives both abroad and in Russia. In medi-
cal practice white willow (Salix alba L.) is mainly used.

As medicinal plant raw materials, willow is included
into the State Pharmacopoeias of such countries as the
USA, Germany, etc. Due to the fact that about 80 wil-
low species grow on the territory of Russia, it becomes
obvious that these species need to be studied in order to
expand the nomenclature of medicinal plant substances
and be included in the State Pharmacopoeia of the Rus-
sian Federation. Special attention should be paid to the
willow species that are widely spread and most easily
subjected to vegetative propagation. One of the species
that provides rapid and high growth of phytomass is wil-
low triandra (S. triandra L.). In Russia, willow triandra
occurs almost throughout the European part of Russia,
in the North Caucasus, on the territory of Western and
Central Siberia. The possibility of willow triandra cul-
tivation is noted, since it is indispensable of protective
afforestation. All these facts testify that in Russia there is
a sufficient raw material base for this promising medici-
nal plant substance.

Like other willow species, willow triandra contains
a rich complex of polyphenolic compounds causing its
anti-inflammatory effect. High maintenance of rutin in
willow triandra leaves allows to recommend it as a re-
serve industrial source of reception of widely demanded
medical preparation.

The polyphenolic complex of willow triandra growing
on the territory of Arkhangelsk, Voronezh, Novosibirsk
and the Cis-Ural regions, is studied most thoroughly, in
particular tannin. In the North Caucasus, only the willow
triandra bark is studied. These data testify the necessity for
a comprehensive study of the biologically active substanc-
es from willow triandra that grows in other parts of Russia.
The data on the use of willow in medical practice given
in the literature review, refer mainly to the use of bark of
different willow species as a medicinal plant substance.At
the same time, there is a number of works in which the
prospects of replacing “bark” plant raw materials by more
accessible raw materials, “annual branches”, has been
confirmed. The expedience of using vegetative parts of the
plant as a medicinal plant raw material, including willow
triandra, will reduce the damage to the plant during har-
vesting as compared to harvesting the bark.

Bubauorpaduyeckuii cnmcox
1. Peectp mpomyKIMH, MpOIISTIICH rocyrapcTBeHHy0 peructpannio. M., 2014. URL: http:/fp.crc.ru/gosregft/.

(mara oopamenus: 10.12.2015)

2. Cwmupnosa 0.A., Kucenesa T.JI. HoBbie BHBI JICKAPCTBEHHBIX PACTCHUH JJIsI OTCYCCTBCHHOW (papmakorieu //

@apmanus. 2009. Ne7. C. 6-7.

3. Peructp BAJl — Enunbiii Onexrponnsiii CripaBounnk buosnornueckn AxktuBHbIX Jlo6aBok, 2017. URL: http://
www.registrbad.ru/bad/bad.php (mara obpamenus: 10.12.2015)

4. Adonun A.A. I3mMeHUnBOCTh MaccoBbIX BuaoB uB IOro0-3amana Poccun: TeopeTnyeckas u mpuKIIaaHasi CaTuKO-
norusi. Saarbriicken, LAMBERT Academic Publishing, 2011. 182 c.

5. Bamsruna-Mamotuna E.T. VBel eBpomneiickoii yactu Poccuu: witocTp.mocodue st pabOTHUKOB JIECHOTO XO-

3stiictBa. M.: ToB-Bo Hayu. u3n. KMK, 2004. 217 c.

N O

CksoproB AK. MBsr CCCP. Cucremarnueckuii u reorpaduueckuii 063op. M: Hayxka, 1968. 259 c.
Adonun A.A., @yumio f.JI. DopmoBoe pazHO0Opas3wme UBHI TPEXTHYHHKOBOH (Salix triandra L.) Ha Tepputopun

Bocrounoii EBponsl // Bectauk Bpsackoro 'ocynaperBennoro yausepcurera. 2012, Ned (1). Tounsie u ecte-

cTBeHHbIe Hayku. C. 32-36.

8. Adonun A.A. MeTOI0NOTHUECKHE MTPUHIIMIIBI CO3aHUSI YCTOMYHMBBIX BBICOKONPOAYKTHBHBIX HACAXKICHUH UB
(Ha mpuMepe aBTOXTOHHBIX BUIOB Salix bpsiHcKOTO JlecHoro MaccuBa). bpsuck: BI'Y. 2005. 146 c.

331



0030pbl, 1ekyuu

: Dapmayus u papmaronoeus T. 6 Ne 4, 2018
Reviews, Lectures

9. Newsholme C. Willows the genus Salix. Portland: Timber, 1992. 224 p.

10. Pohjonen V. Selection of species and clones for biomass willow forestry in Finland = Biomassan viljelyyn
sopovien pajulajien ja-kloonien valinta Suomessa. Helsinki : [s. n.]. 1991. 58 p.

11. Henocexo O.U. MBsl Hukeroposckoit obmactu. Apzamac. roc. nea. uH-T uM. A, I1. Taligapa. Ap3zamac: AT'TIN,
2010. 171 c.

12. Bensera U.B., Enanunnnesa O.B., [llatanmuna A.A., Cemkuna JI.A. Wbl Ypana = Willows of Ural : atnac-omnpe-
nenutens / pen. C. A. Mamaes. Poc. akan. Hayk, Ypai. otnenenue, boran. can. ExarepunOypr: YpO PAH, 2006.
172 c.

13. Xunonos O.I1. Arnac nepeBbeB u KycrapHukoB Cubupu (MBbI, TOmoNs, yo3eHus) = Atlas of trees and shrubs of
Siberia (salix, populus, chosenia) / pen. Koponaunuckuii 1.}O. HoBocubupck, 2000. 92 c.

14. Adonnn A.A. Ussl cpennero ITonecenss // bpsiackuit rocynapctBenHsiii yausepceuret. URL: http://afonin-59-
salix.narod.ruysalix06040201.htm. (nara oopamenus: 15.12.2015)

15. Pacrutensubiii Mup CeepHoit Ocerun / pen. A.JI. Komka, K.I1. ITonos. Biagukaskas, 2000. 544 c.

16. KonsioBa M.A., KoxxeBuukoB B.U., KonbiioB A.®D. MeToanueckre peKOMEHAIMH TI0 aCCOPTUMEHTY, TEXHOJIO-
TMU BO3JICJIBIBAHMS M BOCIPOU3BOJCTBY BUIOB U KyJIBTHBATopoB posa usa // Crasponoinb: 'HY «CraBponosns-
ckuii borannueckuit can uM. B.B. Ckpunaunuunackoroy, 2009. 84 c.

17. Makcumenko A.I1. JlecopacTuTenbHbIe yCIOBUS M COCTOSTHHE JIECHBIX 9KocucTeM TamaHCKoro noimyoctpoBa: Mo-
norpadus. Kpacnonap: Ky6an. yue6nuk, 2003. 295 c.

18. Henoceko O.1. bopeanbubie Buapl UB 10pooB Salix n Vetrix: oHToOMOpdorene3 u xu3HeHusle Gopmbl. M-Bo
oOpasoBanus u Hayku Poc. ®eneparuu, Hmwkerop. roc. yH-T uM. H.U. Jlo6aueBckoro-Hair. uccien. yH-T. Huxaui
Hogropon: UsnarensctBo Hikeroponackoro rocynusepcuteta, 2014. 426 c.

19. dappaxos P.1O., Opazos 0.3., 3apunoB A.A., Kynaxosa P.B., Kynarun A.}O. KommnekcHoe ncrnonb3oBaHue Bo-
JI0OXPaHHO-3aIUTHBIX JIECHBIX HACAK/ICHUH B )PO3MOHHO-ONACHBIX pernoHax // buonornueckas pexyibTuBanus
HapyUIeHHBIX 3eMenb. Marepuainsl MexayHaponHoro coemanus, ExarepunOypr, 3—7 utonst 2002 r. Exarepun-
oypr: ¥YpO PAH, 2003. C. 519-524.

20. Topob6er A.W., Jlorunosa JI.A. [IpoayKTUBHOCTh U TEXHUUCCKUC XapPAKTCPUCTUKH JIO3bI HA UBOBOH IUIAHTAIIUU
Cemuiykckoro jeconutomMHuka // [Tpupononons3oBanue: pecypesl, TEXHUUEcKoe obecrieuenne: Mexays. c0.
Hay4. TpynoB. Bein. 2 / pen. ®.B. [Tomapuukosa. Boponex: BIJITA, 2004. C. 18-22.

21. Jlorunosa JL.A. YriepomnonenoHUpyoIas U KUCIOPOIONPONyupyoias (yHKIMs UBOBBIX HacaxaeHuii// [Ipo-
0J1eMBbl YCKOPEHHSI BOCIIPON3BOJICTBA M KOMIUIEKCHOTO MCIIOJIb30BaHHS JIECHBIX PECYPCOB: MaTep. MEKAyHap. Ha-
yuHO-nipaktrueckoi koud. 2006 r. / [Tox pexa. aBropos; dex. areHTCTBO 10 HayKe U MHHOBALUSM, aM. BopoHex.
o6i1., BIJITA. Boporex, 2006. C. 105-108.

22. Tlomnoga O.U., Komnaniera E.I'. ['eoboTannueckre acmekTsl U3ydeHuss HEKOTOPbIX BuaoB Salix L. ¢ mespio 000-
CHOBaHUSI MX MEJHUIIMHCKOTO UCIIOJIb30BaHus // Bornpock! Oronornyeckoid, MEUIIMHCKON U (hapMalieBTHUECKOH
xumun. 2014. Ne 4. C. 50-51.

23. ®ponosa O.0., Komnannesa E.B., JlementseBa T.M. buonoruueckn akTHUBHbBIE BELECTBA PacTEHHH poja MBa
(Salix L.) / ®apmanus u papmakonorus. 2016. Ne2. C. 41-49.

24. Pacturenbubie pecypchl CCCP: 1lBeTKoBBIE pacTeHUs, UX XUMHYECKHH COCTaB, HCIOJIB30BaHUE; CEMEHCTBA
Peoniaceae — Thymelaeaceae. / pex. I1.[1. Cokonog. JI.: Hayka. 1986. 336 c.

25. Komnannes B.A., Illunkapenko A.JI. [lomydenue ¢apmnpenapara pyTHHA W3 JHCThEB MBBI TPEXTHIYMHKOBOM
/I iccnenoBaHust 10 M3BICKAHMIO JIEKAPCTBEHHBIX CPEJCTB MPHPOIHOTO MPOUCXOXKICHUS: Te3. JIOKI. Bcecoros.
Hayy. koH}. Jleannrpaz, 1981. C. 48.

26. Kommnanues B.A. deHonbHbIE COSTMHEHNS UBBI TPEXTHIUMHKOBOM // T€3 JOKIL.: Hay4. KOH(]. MOJIOABIX YUCHBIX
[TsTuropckoro dapmarieBTuyeckoro nHCTUTYTA. [IsTHropek, 1973. C. 28-29.

27. Wemoro B.JI., Hlperep A.U., Yerroxxanun A.A., Ky3emuuesa [1.A. ®naBoHOUIBI SQUPHBIX (DpaKIHil JTUCTHCB
BunoB Salix L. // Pacturt. pecypcbt. 1987. T. 23. Beim. 4. C. 590-597.

28. Komnannesa E.B., XureBa O.0. CpaBHuUTENbHOE (PUTOXHMMHUYECKOE M3YUYEHHE KOPBI TPEX BHUJIOB MBBI, MTPOM3-
pacratomux Ha CeBepHoMm KaBkaze / Mennko-conmaibHas 9KOJIOTHSI JINYHOCTH: COCTOSIHUE M TIEPCIICKTHBBI.
Marepuanst VIII mexxnynaponHoit koudepenunu 2-3 anpeinst 2010 . Munck. Mznarensckuit nentp bI'Y. 2010.
C. 144-146.

29. @appaxos PIO., Opazos 0.3., Kynarun A.}O. PanuonansHoe HCIOIb30BaHUE TIPUPYCIOBBIX HBOBBIX HACAXK/Ie-
HUH B 9PO3UOHHO-OIIACHBIX PETHOHAX: conepkanue Tanu 0B // Cocrosiuue 6rnochepsl u 310poBke mroaeit. Coop-
HUK MareprajoB 2 MexayHaponHOH Hay4dHO-npakTHyeckol koHdepenuus. [lenza: MHUL[ I[TI'CXA, 2002.
C. 184-185.

30. Huxuruna B.C., Opazos O.D. /lunamuka copepkaHusi CyMMbI (JTaBOHOUJIOB B JIUCTHSX U TAHUIOB B KOPE BETBEH
pasHomnonbix ocobeit Salix triandra L. u S.acutifolia Willd. // Pacturt. pecypcst. 2001. Beim. 3. C. 65-72.

31. Kenstavi¢ien¢ P, Nenortien¢ P., Kiliuvien¢ G., Zevzikovas A., Lukosius A., Kazlauskiené D. Application of
high-performance liquid chromatography for research of salicin in bark of different varieties of Salix // Medicina
(Kaunas). 2009. No. 45 (8). C. 644-651.

332



Pharmacy & Pharmacology V. 6 N 4, 2018 DOI:10.19163/2307-9266-2018-6-4-318-339

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.
53.

54,
55.

56.
57.
58.

Vanhaelen M., Vanhaelen F. Quantitative determination of biologically active constituents in medicinal plant
crude extracts by thin-layer chromatography-densitometry // J. Chromatogr. 1983. No. 281. P. 263-271.

Kynak B.A., Ky3emuueBa H.A. Cojepxanue (GpaaBOHOUIOB U (PCHOIOTTUKO3UIOB B JIUCThSIX OCIOPYCCKHX BH-
noB uB / OdunnaneHblil caiit ['ocynapcrBennoro npeanpustus «Hayuno-texnonornueckuit napk BHTY «Ilo-
mutexHuk». Munck, 2010. URL: http: //www.metolit.by/imcysb/txt320.php#txt32 46.html (nara oOpareHwus:
07.04.2015)

KopHeBuiia 1 KOpHU POAMOIIBI p030Boii: [papmakor. ct.] // Tocynapcreennas dpapmakoress CCCP: B 2 Bbin. B,
2: O6mue MeTobl aHau3a. JIekapcTBeHHOE pacTUTeNbHOE Chipbe. 11-¢ m3m. M., 1990. C. 364-3606.

Willow bark [monograph]: British Pharmacopoeia. London, 2009. Vol. III. Herbal Drugs and Herbal Drug
Preparations. 3 p.

Willow bark [monograph]: European Pharmacopoeia. 5 ed. Strasbourg, 2005. P. 2702.

Pobtocka-Olech L., van Nedekassel A.-M., VanderHeyden Y., Krauze-Baranowska M., Glod D., Baczek T.
Chromatographic analysis of salicylic compounds in different species of the genus Salix // J. Sep. Sci. 2007.
No. 30. P. 2958-2966.

MY 08-47/172 Kopa uBbI 1 OCHHBI, 9KCTpakThl 3 HUX U BAJ] Ha nx ocHoBe. BOXKX mertox onpeznenenust macco-
Bo# KoHueHTpanuu canumunaa. 2005. Tomck: Tomck. monurex. yH-T, 2005. 17 c.

Zaugg S.E., Cefalo D., Walke E.B. Capillary electrophoretic lysis of salicin in Salix spp. // J. of Chromatography
A. 1997. No. 1-2. P. 487-490.

Cenuenko C.I1. [Iporuo3 3maekTpohOpeTHIESCKOTO MOBENCHHUS (DCHONBHBIX COCANHEHHH B YCIOBHUSIX KAIMILISAP-
HOTO 30HHOTO 3ekTpodopesa // Bompockl Onojgoruyeckoil, MeIuIMHCKON U (hapMarieBTuueckoir xumun. 2015.
Ne 7. C.3-9.

Opazos 0.3., Hukutuna B.C., Kynaruna A.l1O., baranos A.A. J/lunamuka conep>kanusi TAHUIOB B KOPE HEKOTO-
peix BuI0B poxa Salix L. // Pactut. pecypebl. 1993. Nel. C. 69-71.

Maszaun U.®. Coneprkanue TAHHHOB B Kope Bi10B Salix L. B 3aBUCHMOCTH OT YCIIOBHit Tipou3pacTtanust // PacTur.
pecypesl. 1986. T. 22. Bein. 1. C. 72-75.

Bopmoros B.U., Huno B.M. TanaugHocts BunoB uB Salix L. B ApxaHresnbckoii obnactu // PacTuT. pecypchl.
1987. T. 23. B 2. C. 234-238.

Cy6ou I"H. Conepxanue nyomnbHbix BemecTB y BuaoB Salix L. (HoBocubupckas obnacte) // PacTut. pecypcsl.
1988. T. 24. B 4. C. 610-614.

Omnpenenenue coaepkanust TyOUIbHBIX BEIIECTB B JIEKAPCTBEHHOM PAaCTHTENILHOM Chipbe: [(apmaxor. ct.] // To-
cynapcrBenHasi papmaxorness CCCP: B 2 Bpir.: Bbm. 1. O0ure Meroas! ananuza. 11-e uza. M., 1987. C. 286.
OrmpenienieHne coepKanus yOUITbHBIX BEIECTB B JICKAPCTBEHHOM PACTUTEILHOM ChIPhE U JICKAPCTBEHHBIX pac-
TuTeNnbHBIX mpenaparax: (ODC.1.5.3.0008.15) I'ocymapcTeennas papmakornes Poccutickoit ®eneparuu. 13 usm.:
B 3 T. M.: MunucrepcTBo 3apaBooxpanenust Poccuiickoit ®eneparu, 2015. URL: http://www.femb.ru/feml.
(mata obOpamenus: 11.12.2014)

Cawmpbunna M.A., Antonosa H.I1., Pynakosa W.I1. UccnenoBanus mo pa3paboTke papMaKkoneifHOro MeToia Ompe;ie-
JICHUSI COJICPIKAHMS TyOMITHHBIX BEIIECTB B JICKAPCTBEHHOM PACTUTEIBLHOM ChIphbe // Dapmanus. 2009. Ne6. C. 3—6.
Bboekun A., Urnarosuu E., ['ypuna H. AHTHOKCHIaHTHAsI aKTHBHOCTH OTBApOB JIMCTHEB TPEX PA3HOBUAHOCTEH
uBbl U3 benapyccun // AkTyanbHbIe IPOOIEMbI CO3/IaHMS HOBBIX JICKAPCTBEHHBIX TPEMApaToB MPUPOJHOTO Mpo-
HCXOXK/ICHHS: MaTepHaibl 6 MexXayHap. cbesna «duropapmy», 4—6 urons 2002 1. CI16, 2002. C. 139-142.
Bopoanna H.B., Koanes B.H., CrpemoyxoB A.A. AHain3 aMHHOKHCIIOTHOTO cocTtaBa roberos Salix alba L. //
Inter-Medical. 2014. Ne4. C. 68—71.

Boponuna H.B., Kopanes B.H., Komeroii O.H. CpaBHUTEIBHBIN aHAIN3 aMUHOKHCIOTHOTO COCTaBa MOOETOB
Salix purpurea L., Salix viminalis L., Salix fragilis L. // Bectn. KOxno-Ka3axcTt. roc. ¢apmaries. akaa. 2014,
T. 4. Ne3(68). C. 53-55.

®appaxos P.1O., Opazos 0.3., Xucamos P.P., Kynarun A.1O. PaninonanbHoe UConb30BaHUE TPUPYCIOBBIX UBO-
BBIX HACaXJICHUI B 9PO3MOHHO-OMACHBIX PErMOHAX: COJEp)KaHHe aMHUHOKHCIOT // bruocdepa u yeiaoBek — mpo-
61embl B3anmMozelicTeust. CoopHuk Marepuanos VI Beepoccuiickoit HaydHO-TIpakTHueckoil konpepennuu. [1en-
3a: MHUIL TII'"CXA, 2002. C. 88-90.

Aspirin from Willow Bark // Forest. Chron. 2000. Vol. 76. No. 4. P. 553.

Complementary and alternative therapies resource. Somerville (USA), 2011. URL: www.naturalstandard.com.
(mata oopamenus: 07.02.2015)

Levesque H.O. Lafont Aspirin throughout the ages: a historical review // Rev Med Interne. 2000. Vol. 21. No. 1. P. 8-17.
Anepupo A.H. ®urorepanust 3aboneBanuii cycraoB. CII6., 2011. URL: http://www.travolekar.ru/articles/
pract/art.htm. (mara obpamenus: 07.02.2015)

[TamoB M. DHuMKIIONEUS JIEKAPCTBEHHBIX pacTEeHU: ep. ¢ HeM. M.: Mup, 1998. C. 142-143.

Mapkosa A. TpaBHHK: 30JI0TbIe pelieNThl HapoAHOI MeauuHbl. M.: Dkemo, 2007. C. 671-673.

Haconog E.JI. [IpuMeHeHre HECTEPOUIHBIX TIPOTHBOBOCTATUTENBHBIX MPENapaToOB U HHTHOUTOPOB IIUKIOOKCH-
renasbl-2 B Hauane XXI Beka // Poc. men. xypa. 2003. T. 11. Ne7. C. 375-379.

333



0030pbl, 1ekyuu

@apmayus u papmaronoeus T. 6 Ne 4, 2018

Reviews, Lectures

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

334

HlIBen I1., Xanabana M. Kucnora anernicanuiuioBas — JEKapCTBO, IIPOBEPEHHOE MOKOJICHUSIMHU (K CTOJIETHIO
aleTUIICATUIIMIOBOM KuciioThl) // CioBakogapma pesro. Kues, 2002. C.66—68.

Vane J.R. The fight against rheumatism: from willow bark to COX-1 sparing drugs // J. Physiol. Pharmacol. 2000.
Vol. 4. Pt. 1. P. 573-586.

JlexapcTBEHHBIC PACTCHHS B HAPOAHOI MEIUIIMHE — JICKAPCTBEHHBIC TPABbI, HAPOIHBIC PELENTHI, COOPBI TPaB.
2017. URL: http://vapakol.ru/ — (nara oopamenus: 14.10.2017)

Kelber O. Inhibitorische Effektevon Weidenrinden extrakten aufproin flammatorische Prozessein LP Saktivierten
Humanmonozyten // Z. Rheumatol. 2006. Vol. 1. P. 31.

Keusgen M., Allgduer-Lechner C. Weidenrindenextrakt. Vielstoffgemischgegen Entziindungenund Schmerzen:
Pharmazeutischezeitung. Eschborn (Germany), 2012. URL: http://www.pharmazeutische-zeitung.de/index.
php?id=2666&type=4. (nata odpamenus: 14.10.2017)

Bapnaynor O./1. Beenenue B purorepanuro. CI16: Jlanb, 1999. 160 c.

Kypkun B.A., youmies A.B., Exxxos B.H., Turosa 1.H., Apneea E.B., bpacnasckuii E.B., Bonnesuu B.B.
CpaBHHUTENbHAS aKTOMPOTEKTOPHAST AKTHBHOCTH (DEHUIIIPOMIAHOU/IOB U PACTUTENBHBIX TIpenapartos // dapmarius.
2005. Ne 5. C. 32-34.

Kypkua B.A. ®eHnnmnponaHou sl Kak MOTCHIHATbHBIE IMMYHOMOYIISTOPHI // UenoBeK 1 IeKapCTBO: TE3. TOKI.
9 Poc. nau. xoHrp. 8—12 amp. 2002 . M, 2002. C. 646.

Axcunenko C.I'., Ky3smun B.1O., Topbauera A.B., 3enenckast K.JI., Hecteposa FO.B., [Nammuckuit B.I. I1po-
THUBOSI3BCHHBIC CBONCTBA BBITSKEK UBbI KOP3UHOUYHO# // Cub. k. ractposHtepoi. u remaroi. 2001. Nel2. C. 65.
Kommanues /[.B. DkcriepumenTanbHoOe U3ydeHHE 11e1eco00pa3HOCTH BKITIOUEHHS SKCTPAKTa UBbI O€JI0H B THAPO-
relib MPOTUBOAPTPO3HOTO AekicTeust // bromn. cub. men. 2007. T. 6. Ne2. C. 26-30.

Bepmuep I, ymbir K. DkcTpakT Kopbl uBbI (ACCaIHKC) B ICYCHHH MAIMEHTOB C XPOHHUUYECKOI OOJBIO B CITHHE
u cycTtaBax. Pe3ynbrarbl KpynHOMacTabHOTO MOCTMapKETHHIOBOTO HcciieioBanus // YKp. pemarod. x. 2006.
Ne 1. C. 62-64.

3ennep-Bebep M.A. YerenrHoe jieueHne NanueHToB ¢ XpPOHUYECKUMH PEBMaTHUECKUMU 3a00JIEBAHUSIMHU C ITOMO-
IIBI0 DKCTPaKTa KOpbI UBHI (TIpenapar Accanukc) // Ykp. peBmaroi. x. 2006. Ned. C. 65-67.

Kpy6acuk C., Kronzen O., Monen A., Konpaar K., bk A. Jleuenue 001 B HUKHEW YacTU CITUHBI PACTUTCIIb-
HBIMU HJIM CHHTECTHYCCKUMH MPOTHBOPEBMATHYCCKUMHE TMpenapaTaMu: paHIOMH3UPOBAHHOE KOHTPOIHPOBAHHOE
uccie0BaHre. DKCTPAKT KOPbI MBI IIPH OOJTH B HIDKHEH 4acTH criuHbI // YKp. peBmaro. k.. 2008. Ne2. C. 41-47.
Marz R.W. Weidenrindenextrakt- Wirkungen und Wirksamkeit. Erkenntnisstand zu Pharmakologie, Toxikologie
und Klinik // Wien. med. Wochenschr. 2002. Vol. 152. No. 15-16. P. 354-359.

Chrubasik S., Kunzel O., Black A., Conradt C., Kerschbaumer F. Potential economic impact using a proprietary
willow bark extract in outpatient treatment of low back pain: an open non-randomized study // Phytomedicine.
2001. Vol. 4. P. 241-251.

Kommnanmesa E.B., ®ponosa O.0., [lementheBa T.M. Bo3MOKHOCTB HCITOIH30BaHUS UBBI BABUIIOHCKOH B (hapMma-
uun // @apmanust u papmakonorust. 2013. Nel. C. 4-8.

Salicis cortex (Willow bark): ESCOP (European Scientific Cooperative on Phytomedicine). Monographs on the
medicinal use of plant drugs. 2. ed. Stuttgart, 2003. P. 445-451.

CannukoBa E.I',, Cepreesa E.O., Camxas JI.A., Ky3zuenona JI.C., Komnaninesa E.B., ®ponosa O.0. ®apmako-
TEXHOJIOTHYECKUE MCCIICMOBAHMUSI MOPOIIKA MBI TPEXTHIYMHKOBOHN moOeros // CoBpeMeHHbBIC MPOOIEMbI HAYKH
u obpazoBanust. 2015. Ne 5; URL: http://www.science-education.ru/128-22354 (nara obpamenus: 26.10.2016).
@ponosa O.0., Illeuenko O.A., Kommannesa E.B., JIsicenko T.A. XuMmuueckoe nzydenue nodOeroB UBbI Iyp-
nypHoit (Salix purpurea L.) u ompezeneHnue MpOTHBOBOCTIATHTEILHON aKTHBHOCTH MX BOJHOTO W3BICUCHHS //
CoBpemMenHble mpoOiieMbl Hayku U oOpazoBanusi. 2012. Ne6. URL: http://www.science-education.ru/ru/article/
view?1d=8066. (nara oopamenus: 26.10.2015)

Kommnanmesa E.B., ®ponosa O.0., CaBenko 1.A. M3ydeHue mpoTHBOBOCIATUTEIEHON aKTHBHOCTH TOOCTOB UBBI
6emnoii // IlpobneMsl papmanieBTHYECKONH HAyKH M IPAKTUKU: MaTepuaibl [V MexXpernoH. Hayd.-pakT. KOH). ¢
MexayHap. yuactueM (Bnagukaskas, 30-31 mas 2014 r.). Biragukaskas, 2014. C. 206-209.

HementheBa T.M., Cepreesa E.O., Camxkas JI.A., ®ponosa O.0. dapmMakoaoruueckoe qeicTBUE KOPBI U MTOOETOB
MBbI BaBUJIOHCKOH U ee Tubpuza ¢ uBoil 6enoii / CoBpeMeHHbIC TIPpoOIeMbl HaAyKH U oOpa3zoBanus. 2015. NoS.
URL: http://www.science-education.ru/128-21893. (nata odpamierus: 14.02.2016)

boponuna H.B., Kosanes B.H. CpaBuuTenbHbIi aHann3 GpeHoNbHBIX coeuHeHmi moberos Salix caprea L., Salix
purpurea L., Salix viminalis L. ¢propsr Ykpaunsl // @eHoIbHBIC COSTUHCHUS: (YHIAMCHTAIBHBIC W IPUKIIATHBIC
acmekThl: ¢0. Marepuanos X MexayHap. cummos. 20-25 amp. 2015 . M., 2015. C. 27-33.

CannuxoBa E.T'., ®posnosa O.0., Komnannesa E.B., [Tonoa O.U. JlekapctBennsie cpenctsa u bAJl, conepixka-
LME UBY: TCHACHIIMH U niepcriekTuBbl // @apmanus. 2015, NeS. C. 51-53.

I'panynsiu kancyiasl. Mukpokancynupoanue. URL: http://farmf.ru/lekcii/granuly-i-kapsuly-mikrokapsulirovanie/
(mata obOpamenus: 12.11.2015)



Pharmacy & Pharmacology V. 6 N 4, 2018 DOI:10.19163/2307-9266-2018-6-4-318-339

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

References
Reestr produkcii, proshedshej gosudarstvennuyu registraciyu [Register of products that have passed state registra-
tion]. [Internet]. Mockva;2014. [cited 2015 Dec 10]. Available from: http://fp.crc.ru/gosregfr/ Russian.
Smirnova YuA, Kiseleva TL. Novye vidy lekarstvennyh rastenij dlya otechestvennoj farmakopei [New types of
medicinal plants for the domestic pharmacopoeia]. Pharmacy. 2009;7:6-7. Russian.
Registr BAD — Edinyj Elektronnyj Spravochnik Biologicheski Aktivnyh Dobavok [Register of BAD — Unified
Electronic Directory of Biologically Active Additives]. 2017. [Internet]. [cited 2015 Dec 10]. Available from:
http://www.registrbad.ru/bad/bad.php Russian.
Afonin AA. Izmenchivost’ massovyh vidov iv YUgo-Zapada Rossii: Teoreticheskaya i prikladnaya salikologiya
[Variability of Mass Species in the South-West of Russia: Theoretical and Applied Sakicology]. Saarbriicken,
LAMBERT Academic Publishing; 2011. 182 p. Russian.
Valyagina-Malyutina ET. Ivy evropejskoj chasti Rossii: illyustr.posobie dlya rabotnikov lesnogo hozyajstva [Wil-
lows of the European part of Russia: illustrations for forestry workers]. Mockva: Tovarishestvo nauchnih izdanie,
KMK; 2004. 217 p. Russian.
Skvorcov AK. Ivy SSSR. Sistematicheskij i geograficheskij obzor [Willows of the USSR. Systematic and geo-
graphical overview]. Mockva: Nauka; 1968. 259 p. Russian.
Afonin AA, Fuchilo YaD. Formovoe raznoobrazie ivy trekhtychinkovoj (Salix triandra L.) na territorii Vostochnoj
Evropy [Form variety of willow three-leaved willow (Salix triandra L.) in the territory of Eastern Europe]. Bulle-
tin of Bryansk State University. Exact and natural sciences. 2012;4(1). Russian.
Afonin AA. Metodologicheskie principy sozdaniya ustojchivyh vysokoproduktivnyh nasazhdenij iv (na primere
avtohtonnyh vidov Salix Bryanskogo lesnogo massiva) [Methodological principles for the creation of sustainable
high-yielding stands of willows (on the example of the autochthonous species of the Salix of Bryansk forest)].
Bryansk: BGU; 2005. 146 p. Russian.
Newsholme C. Willows the genus Salix. Portland: Timber; 1992. 224 p.

. Pohjonen V. Selection of species and clones for biomass willow forestry in Finland = Biomassan viljelyyn sopo-

vien pajulajien ja-kloonien valinta Suomessa. Helsinki : [s. n.]. 1991. 58 p.

Nedoseko OI. Ivy Nizhegorodskoj oblasti [Willows of Nizhny Novgorod region]. Arzamas. gos. ped. in-t im.
A. P. Gajdara. Arzamas: AGPI; 2010. 171 p. Russian.

Belyaeva IV, Epanchinceva OV, Shatalina AA, Semkina LA. Ivy Urala = Willows of Ural: atlas-opredelitel’ [ Wil-
low of Ural = Willows of Ural]. Mamaev SA, editor; Ros. akad. nauk, Ural. otdelenie, Botan. sad. Ekaterinburg:
UrO RAN;2006. 172 p. Russian.

Hlonov YuP. Atlas derev’ev i kustarnikov Sibiri (ivy, topolya, chozeniya) = Atlas of trees and shrubs of Siberia
(salix, populus, chosenia) [Atlas of trees and shrubs of Siberia (willow, poplar, chozenia) = Atlas of trees and
shrubs of Siberia (salix, populus, chosenia)]. Koropachinskij I'Yu, editor. Novosibirsk;2000. 92 p. Russian.
Afonin AA. Ivy srednego Podesen’ya [Willow Middle Subfeass]. Bryansk State University. [Internet]. [cited 2015
Dec 15]. Available from: http://afonin-59-salix.narod.ru»salix06040201.htm Russian.

Rastitel’nyj mir Severnoj Osetii [Flora of North Ossetia].Komzha AL, Popov KP, editor. Vladikavkaz;2000.
544 p. Russian.

Kol’cova MA, Kozhevnikov VI, Kol’cov AF. Metodicheskie rekomendacii po assortimentu, tekhnologii vozde-
lyvaniya i vosproizvodstvu vidov i kul’tivatorov roda iva [Methodical recommendations on assortment, technol-
ogies of cultivation and reproduction of species and cultivators of the genus Willow]. Stavropol’: GNU «Stav-
ropol’skij botanicheskij sad im. V.V. Skripnichinskogo»;2009. 89 p. Russian.

Maksimenko AP. Lesorastitel’nye usloviya i sostoyanie lesnyh ekosistem Tamanskogo poluostrova [Forest-growth
conditions and condition of forest ecosystems of the Taman Peninsula]. Monografiya. Krasnodar: Kuban. ucheb-
nik;2003. 295 p. Russian.

Nedoseko OI. Boreal’nye vidy iv podrodov Salix i Vetrix: ontomorfogenez i zhiznennye formy [Boreal species
of subgenera Salix and Vetrix: ontomorphogenesis and life forms.]. M-vo obrazovaniya i nauki Ros. Federacii,
Nizhegor. gos. un-t im. N.I. Lobachevskogo-nac. issled. un-t. Nizhnij Novgorod: Izdatel’stvo Nizhegorodskogo
gosuniversiteta;2014. 426 p. Russian.

Farrahov RYu, Orazov OE, Zaripov AA, Kunakova RV, Kulagin AYu. Kompleksnoe ispol’zovanie vodoohran-
no-zashchitnyh lesnyh nasazhdenij v erozionno-opasnyh regionah [Integrated use of water-protective forest plan-
tations in erosion-hazardous regions]. Biologicheskaya rekul’tivaciya narushennyh zemel’. Materialy Mezhdun-
arodnogo soveshchaniya, Ekaterinburg, 3-7 iyunya 2002 g. Ekaterinburg: UrO RAN;2003. 519-24. Russian.
Gorobec Al, Loginova LA. Produktivnost’ i tekhnicheskie harakteristiki lozy na ivovoj plantacii Semilukskogo
lesopitomnika [Productivity and technical characteristics of the vine on the willow plantation of the Semiluki
forest nursery]. Prirodopol’zovanie: resursy, tekhnicheskoe obespechenie: Mezhvuz. sb. nauch. trudov. Vol. 2.
FV. Posharnikova, editor. Voronezh: VGLTA;2004:18-22. Russian.

Loginova LA. Uglerododeponiruyushchaya i kislorodoproduciruyushchaya funkciya ivovyh nasazhdenij [Car-
bon-deposition and oxygen-producing function of willow plantations]. Problemy uskoreniya vosproizvodstva
i kompleksnogo ispol’zovaniya lesnyh resursov: mater. mezhdunar. nauchno-prakticheskoj konf. 2006 g. Fed.
agentstvo po nauke i innovaciyam, adm. Voronezh. obl., VGLTA. Voronezh, 2006:105-8. Russian.

Popova OI, Kompanceva EG. Geobotanicheskie aspekty izucheniya nekotoryh vidov Salix L. s cel’yu obos-

335



0630pul, nekyuu

DQapmayusa u papmaronozus T. 6 Ne 4, 2018
Reviews, Lectures pmayus u gap

novaniya ih medicinskogo ispol’zovaniya [Geobotanical aspects of the study of some Salix L. species for the
purpose of substantiating their medical use]. Problems of biological, medical and pharmaceutical chemistry.
2014;4:50-1. Russian.

23. Frolova OO, Kompanceva EV, Dement’eva TM. Biologicheski aktivnye veshchestva rastenij roda iva (Salix L.)
[Biologically active substances of plants of the genus willow (Salix L.)]. Pharmacy & Pharmacology. 2016;2:41-9.
Russian.

24. Rastitel’nye resursy SSSR: Cvetkovye rasteniya, ih himicheskij sostav, ispol’zovanie; semejstva Peoniaceae —
Thymelaeaceae [Plant resources of the USSR: Flowering plants, their chemical composition, use; of the family
Peoniaceae — Thymelaeaceae]. Sokolov PD, editor. L.: Nauka;1981. 336 p. Russian.

25. Kompancev VA, SHinkarenko AL. Poluchenie farmpreparata rutina iz list’ev ivy trekhtychinkovoj [Getting a
pharmaceutical preparation of rutin from leaves of a willow triandra]. Issledovaniya po izyskaniyu lekarstvennyh
sredstv prirodnogo proiskhozhdeniya: tez. dokl. Vsesoyuz. nauch. konf. Leningrad;1981. 48 p. Russian.

26. Kompancev VA. Fenol’nye soedineniya ivy trekhtychinkovoj [Phenolic compounds of willow triandra]. Tez dokl.:
nauch. konf. molodyh uchenyh Pyatigorskogo farmacevticheskogo instituta. Pyatigorsk; 1973:28-9. Russian.

27. Shelyuto VL, Shreter Al, Ustyuzhanin AA, Kuz’micheva PA. Flavonoidy efirnyh frakceij list’ev vidov Salix L.
[Flavonoids of ether fractions of leaves of Salix L. species]. Rastitel’nye resursy. 1987;23(4):590—7. Russian.

28. Kompanceva EV, Hiteva OO. Sravnitel’noe fitohimicheskoe izuchenie kory trekh vidov ivy, proizrastayushchih
na Severnom Kavkaze [Comparative phytochemical study of the crust of three species of willow growing in the
North Caucasus]. Mediko-social’naya ekologiya lichnosti: sostoyanie i perspektivy. Materialy VIII mezhdun-
arodnoj konferencii 2-3 aprelya 2010g., Minsk. Izdatel’skij centr BGU;2010:144-6. Russian.

29. Farrahov RYu, Orazov OE, Kulagin AYu. Racional’noe ispol’zovanie priruslovyh ivovyh nasazhdenij v erozion-
no-opasnyh regionah: soderzhanie tanidov [Rational use of riverine willow stands in erosion-hazardous regions:
the content of tanides]. Sostoyanie biosfery i zdorov’e lyudej. Sbornik materialov 2 Mezhdunarodnoj nauch-
no-prakticheskoj konferenciya. Penza: MNIC PGSKHA; 2002:184-5. Russian.

30. Nikitina VS, Orazov OE. Dinamika soderzhaniya summy flavonoidov v list’yah i tanidov v kore vetvej raznop-
olyh osobej Salix triandra L. i S.acutifolia Willd. [Dynamics of the content of the sum of flavonoids in the leaves
and tannides in the bark of branches of the opposite sex of Salix triandra L. and S.acutifolia Willd.]. Rastitel’nye
resursy. 2001;3:65-72. Russian.

31. Kenstavi¢iené P, Nenortiené P, Kiliuviené G, Zevzikovas A, Lukogius A, Kazlauskiené D. Application of high-per-
formance liquid chromatography for research of salicin in bark of different varieties of Salix. Medicina (Kaunas).
2009;45(8):644-51.

32. Vanhaelen M, Vanhaelen F. Quantitative determination of biologically active constituents in medicinal plant crude
extracts by thin-layer chromatography-densitometry. J. Chromatogr. 1983;281:263-71.

33. Kulak VA, Kuz’micheva NA. Soderzhanie flavonoidov i fenologlikozidov v list’yah belorusskih vidov iv [The
content of flavonoids and phenolic glycosides in leaves of Belarusian species of willows]. [Internet]. Oficial’ny;j
sajt Gosudarstvennogo predpriyatiya “Nauchno-tekhnologicheskij park BNTU “Politekhnik™. [cited 2015 Apr
07]. Minsk, 2010. Available from: http: //www.metolit.by/imcysb/txt320.php#txt32 46.html. Russian.

34. Kornevishcha i korni rodioly rozovoj: [farmakop. st.]. [Rhizomes and roots of rhodiola rosea: [pharm. article]].
Gosudarstvennaya farmakopeya SSSR [State Pharmacopoeia of the USSR]. Vol. 2: Obshchie metody analiza.
Lekarstvennoe rastitel’noe syr’e. 11 edition. Mockva, 1990:364-6. Russian.

35. Willow bark [monograph]: British Pharmacopoeia. London; 2009;111. Herbal Drugs and Herbal Drug Preparations. 3 p.

36. Willow bark [monograph]: European Pharmacopoeia. 5 ed. Strasbourg; 2005. P. 2702.

37. Pobtocka-Olech L, van Nedekassel AM, VanderHeyden Y, Krauze-Baranowska M, Glod D, Baczek T. Chromato-
graphic analysis of salicylic compounds in different species of the genus Salix. J. Sep. Sci. 2007;30:2958 — 66.

38. MU 08-47/172 Kora ivy i osiny, ekstrakty iz nih i BAD na ih osnove. VEZHKH metod opredeleniya massovoj
koncentracii salicina [Willow bark and aspen, extracts from them and dietary supplements on their basis. HPLC
method for determining the mass concentration of salicin]. Tomsk: Tomsk. politekh. un-t; 2005. 17 p. Russian.

39. Zaugg SE, Cefalo D, Walke EB. Capillary electrophoretic lysis of salicin in Salix spp. J. of Chromatography A.
1997;1-2:487-90.

40. Senchenko SP. Prognoz elektroforeticheskogo povedeniya fenol’nyh soedinenij v usloviyah kapillyarnogo zonno-
go elektroforeza [Forecast of electrophoretic behavior of phenolic compounds under capillary zone electrophore-
sis]. Problems of Biological, Medical and Pharmaceutical Chemistry. 2015;7:3-9. Russian.

41. Orazov OE, Nikitina VS, Kulagina AYu, Batalov AA. Dinamika soderzhaniya tanidov v kore nekotoryh vidov
roda Salix L. [Dynamics of tanid content in the bark of some species of the genus Salix L.]. Rastitel’nye resursy.
1993;1:69-71. Russian.

42. Mazan IF. Soderzhanie taninov v kore vidov Salix L. v zavisimosti ot uslovij proizrastaniya [The content of tan-
nins in the bark of Salix L. species, depending on the conditions of growth]. Rastitel’nye resursy. 1986;22(1):72-5.
Russian.

43. Bormotov VI, Nilov VI. Tannidnost’ vidov iv Salix L. v Arhangel’skoj oblasti [The sporulation of Salix L. willow
species in the Arkhangelsk Region]. Rastitel’nye resursy. 1987;23(2):234-8. Russian.

44. Suboch GN. Soderzhanie dubil’nyh veshchestv u vidov Salix L. (Novosibirskaya oblast’) [The content of tannins
in species Salix L. (Novosibirsk region)]. Rastitel’nye resursy. 1988;24(4):610-4. Russian.

336



Pharmacy & Pharmacology V. 6 N 4, 2018 DOI:10.19163/2307-9266-2018-6-4-318-339

45.

46.

47.

48.

49.

50.

51.

52.
53.

54.
55.

56.

57.

58.

59.

60.

61.

62.

63.

64.
65.

66.

67.

Opredelenie soderzhaniya dubil’nyh veshchestv v lekarstvennom rastitel’nom syr’e: [farmakop. st.] [Determina-
tion of the content of tannins in medicinal plant raw materials: [Pharmacop. article]]. Gosudarstvennaya farma-
kopeya SSSR [State Pharmacopoeia of the USSR]. Vol. 1. Obshchie metody analiza.11 edition. Mockva;1987.
286 p. Russian.

Opredelenie soderzhaniya dubil’nyh veshchestv v lekarstvennom rastitel’'nom syr’e i lekarstvennyh rastitel’nyh
preparatah: (OFS.1.5.3.0008.15) [Determination of the content of tannins in medicinal plant raw materials and
herbal preparations]. Gosudarstvennaya farmakopeya Rossijskoj Federacii [State Pharmacopoeia of the Russian
Federation]. 13 edition. Vol. 3 Mockva: Ministerstvo zdravoohraneniya Rossijskoj Federacii. [Internet]. 2015.
[cited 2014 Dec 11]. Available from: http://www.femb.ru/feml. Russian.

Samylina IA, Antonova NP, Rudakova IP. Issledovaniya po razrabotke farmakopejnogo metoda opredeleniya
soderzhaniya dubil’nyh veshchestv v lekarstvennom rastitel’nom syr’e [Research on the development of the phar-
macopeia method for determining the content of tannins in medicinal plant raw materials]. Pharmacy. 2009;6:3-6.
Russian.

Bovkin A, Ignatovich E, Gurina N. Antioksidantnaya aktivnost’ otvarov list’ev trekh raznovidnostej ivy iz Belar-
ussii [Antioxidant activity of decoctions of leaves of three varieties of willow from Belorussia]. Aktual nye prob-
lemy sozdaniya novyh lekarstvennyh preparatov prirodnogo proiskhozhdeniya: materialy 6 mezhdunar. s”ezda
«Fitofarm»,4-6 iyulya 2002 g. SPb; 2002:139-42. Russian.

Borodina NV, Kovalev VN, Stremouhov AA. Analiz aminokislotnogo sostava pobegov Salix alba L. [Analysis of
amino acid composition of branches Salix alba L.]. Inter-Medical. 2014;4:68-71. Russian.

Borodina NV, Kovalev VN, Koshevoj ON. Sravnitel’nyj analiz aminokislotnogo sostava pobegov Salix purpurea
L., Salix viminalis L., Salix fragilis L. [A comparative analysis of the amino acid composition of shoots Salix
purpurea L., Salix viminalis L., Salix fragilis L.]. Vestn. YUzhno-Kazahst. gos. farmacev. akad. 2014;4(68):53-5.
Russian.

Farrahov RYu, Orazov OE, Hisamov PP, Kulagin AYu. Racional’noe ispol’zovanie priruslovyh ivovyh nasazh-
denij v erozionno-opasnyh regionah: soderzhanie aminokislot [Rational use of virgin willow plantations in ero-
sion-hazardous regions: amino acid content]. Biosfera i chelovek — problemy vzaimodejstviya. Sbornik materia-
lov VI Vserossijskoj nauchno-prakticheskoj konferencii. Penza: MNIC PGSKHA; 2002:88-90. Russian.

Aspirin from Willow Bark. Forest. Chron. 2000;76(4):553.

Complementary and alternative therapies resource. [Internet]. Somerville (USA), 2011. [cited 2015 Feb 07].
Available from: www.naturalstandard.com.

Levesque HO. Lafont Aspirin throughout the ages: a historical review. Rev Med Interne. 2000;21(1):8-17.
Alefirov AN. Fitoterapiya zabolevanij sustavov [Phytotherapy of joint diseases]. [Internet]. SPb; 2011. [cited
2015 Feb 07]. Available from: http://www.travolekar.ru/articles/pract/art.htm. Russian.

Palov M. Enciklopediya lekarstvennyh rastenij [Encyclopedia of Medicinal Plants]: per. s nem. Mockva:
Mir;1998:142-3. Russian.

Markova A. Travnik: zolotye recepty narodnoj mediciny [Travnik: golden recipes of folk medicine]. Mockva:
Eksmo;2007:671-3. Russian.

Nasonov EL. Primenenie nesteroidnyh protivovospalitel’nyh preparatov i ingibitorov ciklooksigenazy-2 v na-
chale XXI veka [The use of non-steroidal anti-inflammatory drugs and cyclooxygenase-2 inhibitors at the begin-
ning of the 21st century]. Ros. med. zhurn. 2003;11(7):375 -9. Russian.

Shvets P, Halabala M. Acetylsalicylic acid — a drug tested by generations (to the century of acetylsalicylic acid)
[Kislota acetilsalicilovaya — lekarstvo, proverennoe pokoleniyami (k stoletiyu acetilsalicilovoj kisloty)]. Slovo-
farma revue. Kiev; 2002:66-8. Russian.

Vane JR. The fight against rheumatism: from willow bark to COX-1 sparing drugs. J. Physiol. Pharmacol.
2000;4(Pt. 1)573-86.

Lekarstvennye rasteniya v narodnoj medicine — lekarstvennye travy, narodnye recepty, sbory trav [Medicinal
plants in folk medicine — medicinal herbs, folk recipes, herbages]. [Internet]. 2017. [cited 2017 Oct 14]. Available
from: http://vapakol.ru/ Russian.

Kelber O. Inhibitorische Effektevon Weidenrinden extrakten aufproin flammatorische Prozessein LP Saktivierten
Humanmonozyten. Z. Rheumatol. 2006;1:31.

Keusgen M, Allgduer-Lechner C. Weidenrindenextrakt. Vielstoffgemischgegen Entziindungenund Schmerzen:
[Internet]. Pharmazeutischezeitung. Eschborn (Germany), 2012. [cited 2017 Oct 14]. Available from: http://www.
pharmazeutische-zeitung.de/index.php?id=2666&type=4.

Barnaulov OD. Vvedenie v fitoterapiyu [Introduction to herbal medicine]. SPb: Lan’; 1999. 160 p. Russian.
Kurkin VA, Dubishchev AV, Ezhkov VN, Titova IN, Avdeeva EV, Braslavskij EV, Boncevich VB. Sravnitel’naya
aktoprotektornaya aktivnost’ fenilpropanoidov i rastitel’nyh preparatov [Comparative actoprotective activity of
phenylpropanoids and herbal preparations]. Pharmacy. 2005;5:32-4. Russian.

Kurkin VA. Fenilpropanoidy kak potencial’nye immunomodulyatory [Phenylpropanoids as potential immuno-
modulators]. Chelovek i lekarstvo: tez. dokl. 9 Ros. nac. kongr. 8-12 apr. 2002 g. Mockva; 2002. 646 p. Russian.
Aksinenko SG, Kuz’min VYu, Gorbacheva AV, Zelenskaya KL, Nesterova YuV, Pashinskij VG. Protivoyazven-
nye svojstva vytyazhek ivy korzinochnoj [Anti-ulcer properties of willow basket hoods]. Sib. zh. gastroenterol. i
gepatol. 2001;12:65. Russian.

337



0030pbl, 1ekyuu

DQapmayusa u papmaronozus T. 6 Ne 4, 2018
Reviews, Lectures pmayus u gap

68. Kompancev DV. Eksperimental’noe izuchenie celesoobraznosti vklyucheniya ekstrakta ivy beloj v gidrogel’ pro-
tivoartroznogo dejstviya [Experimental study of the expediency of including an extract of willow white in the
anti-arthrosis hydrogel]. Bulletin of Siberian Medicine. 2007;6(2):26-30. Russian.

69. Verner G, Shul’c K. Ekstrakt kory ivy (Assaliks) v lechenii pacientov s hronicheskoj bol’yu v spine i sustavah.
Rezul’taty krupnomasshtabnogo postmarketingovogo issledovaniya [Extract of the bark of willow (Assalix) in
the treatment of patients with chronic pain in the back and joints. Results of large-scale post-marketing research].
Ukr. revmatol. zh. 2006;1:62-4. Ukrain.

70. Zenner-Veber MA. Uspeshnoe lechenie pacientov s hronicheskimi revmaticheskimi zabolevaniyami s po-
moshch’yu ekstrakta kory ivy (preparat Assaliks) [Successful treatment of patients with chronic rheumatic dis-
cases with the help of an extract of the willow bark (Assalix preparation)]. Ukr. revmatol. zh. 2006;4:65-7. Ukrain.

71. Krubasik S., Kyunzel O., Model A., Konradt K., Blek A. Lechenie boli v nizhnej chasti spiny rastitel’nymi ili
sinteticheskimi protivorevmaticheskimi preparatami: randomizirovannoe kontrolirovannoe issledovanie. Ekstrakt
kory ivy pri boli v nizhnej chasti spiny [Treatment of pain in the lower back by plant or synthetic antirheumatic
drugs: arandomized controlled trial. Willow bark extract with pain in lower back]. Ukr. revmatol. zh.. 2008;2:41-7.
Ukrain.

72. Marz RW. Weidenrindenextrakt- Wirkungen und Wirksamkeit. Erkenntnisstand zu Pharmakologie, Toxikologie
und Klinik. Wien. med. Wochenschr. 2002;152(15-16):354-9.

73. Chrubasik S, Kunzel O, Black A, Conradt C, Kerschbaumer F. Potential economic impact using a proprietary
willow bark extract in outpatient treatment of low back pain: an open non-randomized study. Phytomedicine.
2001;4:241-51.

74. Kompanceva EV, Frolova OO, Dement’eva TM. Vozmozhnost’ ispol’zovaniya ivy vavilonskoj v farmacii [The
possibility of using Babylonica willow in pharmacy]. Pharmacy & pharmakology. 2013;1:4-8. Russian.

75. Salicis cortex (Willow bark): ESCOP (European Scientific Cooperative on Phytomedicine). Monographs on the
medicinal use of plant drugs. 2. ed. Stuttgart;2003:445-51.

76. Sannikova EG, Sergeeva EO, Sadzhaya LA, Kuznecova LS, Kompanceva EV, Frolova OO. Farmakotekhnolog-
icheskie issledovaniya poroshka ivy trekhtychinkovoj pobegov [Pharmacotechnological studies of the powder of
willow of three-branch branches]. Modern problems of science and education. [Internet]. 2015;5. [cited 2016 Oct
26]. Available from: http://www.science-education.ru/128-22354 Russian.

77. Frolova OO, Shevchenko OA, Kompanceva EV, Lysenko TA. Himicheskoe izuchenie pobegov ivy purpurnoj
(Salix purpurea L.) i opredelenie protivovospalitel’'noj aktivnosti ih vodnogo izvlecheniya [Chemical study of
willow purple branches (Salix purpurea L.) and the determination of the anti-inflammatory activity of their aque-
ous extract]. Modern problems of science and education. [Internet]. 2012;6. [cited 2015 Oct 26]. Available from:
http://www.science-education.ru/ru/article/view?1d=8066. Russian.

78. Kompanceva EV, Frolova OO, Savenko IA. Izuchenie protivovospalitel’'noj aktivnosti pobegov ivy beloj [Study
of the anti-inflammatory activity of white willow branches]. Problemy farmacevticheskoj nauki i praktiki: mate-
rialy IV Mezhregion. nauch.-prakt. konf. s mezhdunar. uchastiem (Vladikavkaz, 30-31 maya 2014 g.). Vladika-
vkaz; 2014:206-9. Russian.

79. Dement’eva TM, Sergeeva EO, Sadzhaya LA, Frolova OO. Farmakologicheskoe dejstvie kory i pobegov ivy
vavilonskoj i ee gibrida s ivoj beloj [Pharmacological action of the bark and branches of the willow of Babylon
and its hybrid with white willow]. Modern problems of science and education. [Internet]. 2015;5. [cited 2016 Feb
14]. Available from: http://www.science-education.ru/128-21893. Russian.

80. Borodina NV, Kovalev VN. Sravnitel'nyj analiz fenol’nyh soedinenij pobegov Salix caprea L., Salix purpurea L.,
Salix viminalis L. flory Ukrainy [Comparative analysis of phenolic branches of Salix caprea L., Salix purpurea L.,
Salix viminalis L. flora of Ukraine]. Fenol’nye soedineniya: fundamental’nye i prikladnye aspekty: sb. materialov
IX Mezhdunar. simpoz. 20-25 apr. 2015 g. Mockva, 2015:27-33. Russian.

81. Sannikova EG, Frolova OO, Kompanceva EV, Popova OI. Lekarstvennye sredstva i BAD, soderzhashchie ivu:
tendencii i perspektivy [Medicines and dietary supplements containing willow: trends and prospects]. Pharmacy.
2015;5:51-3. Russian.

82. Granuly i kapsuly. Mikrokapsulirovanie [Granules and capsules. Microencapsulation]. [Internet]. [cited 2015 Nov
12]. Available from: http://farmf.ru/lekcii/granuly-i-kapsuly-mikrokapsulirovanie/ Russian.

Kondaukr uatepecon Conflict of interest
ABTOPBI 3asBISIFOT 00 OTCYTCTBHH KOH(IIMKTA HHTEPECOB. The authors declare no conflict of interest.
ABTOpBI Autors
Cannuxoea Eecenus I'ennaouesena — pedaxmop Sannikova Evgeniya Gennadievna - edi-

peoaxkyuonno-uzdamenvckoeo omoena Ilasmueopckoeo  tor of editorial Department Pyatigorsk Medical
Meouxo-gpapmayesmuneckoeo uncmumyma — Quiuara — and Pharmaceutical Institute — branch of Volgo-
@I'BOY BO Bonel MY. Obnacme nayunvix unmepecos:  grad State Medical University. Research interests:
umoxumuueckoe ucciedosanue aekapcmeeHuvix pac- — phytochemical study of medicinal plants. E-mail:
menuit. E-mail: Je-Je4ka2012@yandex.ru. Je-Jedka2012@yandex.ru.

338



Pharmacy & Pharmacology V. 6 N 4, 2018

DOI:10.19163/2307-9266-2018-6-4-318-339

Ilonosa Onvea Heanosna — Ooxmop papmayes-
muyeckux Hayx, npogeccop, npogeccop kagpedpwr gap-
makoenosuu u bomanuxu Ilamueopckoeo meduxo-pap-
Mayesmuuecko2o uncmumyma — guiuara ®IB0Y BO
BoneIMY. O6racmo nayunvix unmepecos. @umoxu-
Muueckoe UCCIe08aHUe N1eKAPCMBEHHbIX PACTeHUll.
E-mail: beegeeslover@mail.ru.

Komnanuyesa Eezenus Bnaoumuposna — ooxmop
dapmayeemuueckux Hayk, npogheccop, npogeccop kagpe-
Opbl hapmayeemuyecko U MOKCUKOLO2UHECKOU XUMUL
ITamuzopcrozo meouxo-papmayesmuieckozo UHCMumy-
ma — Qumuana @PI'EOY BO Bonel MY. Obnacmov nayu-
HbIX UHMEPECO8: hUMOXUMULECKOe UCCTe008aAHUe eKap-
cmeennbix pacmenuil. E-mail: dskompanceva@mail.ru

Popova Olga Ivanovna — PhD (Pharmacy), pro-

fessor, professor of the Department of pharmacognosy

and botany Pyatigorsk Medical and Pharmaceutical In-
stitute — branch of Volgograd State Medical University.
Research interests: phytochemical study of medicinal
plants. E-mail: beegeeslover@mail.ru.

Kompanceva Evgeniya Viadimirovna — PhD (Phar-
macy), professor, professor of the Department of pharma-
ceutical and toxicological chemistry Pyatigorsk Medical
and Pharmaceutical Institute — branch of Volgograd State
Medical University. Research interests: phytochemical
study of medicinal plants. E-mail: dskompanceva@mail.ru.

IMoctynuna B penakiuro: 19.05.2018
Ortmpasiena Ha gopadorky: 21.06.2018
[Ipunsra x newaru: 12.08.2018

Received: 19.05.2018
Sent back for revision: 21.06.2018
Accepted for publication: 12.08.2018

339



(Dapmauesmuqecmm MexHOoI02UsL U OUOMEXHO102UA

. D T. 6 Ne 4, 201
Pharmaceutical Technology and Biotechnology apuayui u gapyaronozus T. 6 Ne 4, 2018

VIK 537.226.1:544.032.732: 542.61:615.322

M3YYEHUE U MOAOENTUPOBAHUE BIMAHUA PACTBOPUTENA
HA 3KCTPAKUUIO USOCANTUNYPNO3UAA
U3 HELICHRYSI ARENARII FLORES

H.H. boiixo, /I.U. Ilucapes, E.T. /Kunakosa, O.0. Hoeukoe

Hayuno-obpasosamenvuviii yenmp «Dapmayusy,
Bencopoockuii eocydapcmeeHHblIll HAYUOHATLHBIN UCCIE008AMENbCKULL YHUGEpCUmMen,
308015, Poccus, e. Beneopoo, yn. Ilobeowt, 85
E-mail: boykoniknik@gmail.com

B oannou pabome npedcmasnenvi pe3yniomanmol uzyueHus u MOOEIUPOBAHUS GIUAHUSL OUITEKMPUYECKOU NPOHU-
yaemocmu pacmeopumeris Ha SKCMpPAKYUo U30CAIURYpno3udd U3z Yeemrog beccmepmuuxa necuanozo. ILlens oannoi
padomol — uzyuUmMb GIUAHUE PACMBOPUMENS HA SIKCIMPAKYUIO U30CATUNYPNO3UOA U3 YBENKO8 becCMepmHUKa necud-
HO20, NPeosodHCUmsb meopemuyeckyro mooens 0jisl ONUCAHUA NONYYeHHbIX pe3yibmamos. Mamepuansl u memoosl.
H3menvuennoe pacmumensHoe coipve «beccmepmuuka necuanozo yeemxuy (Helichrysi arenarii flores). Boonsie pac-
meopul smanona (26, 43, 59, 72, 81, 97+1% 06.), memanona, 1-nponanona, 2-nponanona, ayemona u smuiayeman.
Drempakmul nonyyaru npu COOMHOWEHUU PACMUMENbHOe Cbipbe — dKkempazenm 1:5 (macc./06.), nacmausanuem 6
meuenue 24 uacoe npu memnepamype 24+1°C. Ananuz skcmpaxkmos npogoousiu ¢ nomMoujbio 00paweHo-pasoeot
BbICOKOIPPEKMUBHOU HCUOKOCTHOU XPOMAMOSpaduu u cmanoapmuo2o oopasya uzocaiunypnosudd. Pezynomamot
u oocyycoenue. Hzyuena 3a6ucumocmos KOHYESHMPAyUU U30CATUNYPRO3UOd 6 CRUPMO-600HBIX IKCMPAKMAX OM KOH-
yenmpayuu smanona 6 pacmeope. Hatioeno, 4umo mMakcumanibHas KOHYEHMpayus u30Caiunypno3uoa Habnooaemcs 8
pacmeopax ¢ Konyewmpayuil smanona 75+5% 06. Imom ouanazon KOHYEeHMpayuil JIManoid cOOmeemcmayen oud-
JIleKmpuyeckoll Koncmanme pacmeopumeins pasnou 38+3 eounuy. [lonyuerno peepeccuonnoe ypagHeHue 3a8Ucumocmu
KOHYEeHmpayuy u30Caiunypno3uod 8 KCmpakme om OUdIeKmMpuUyeckoll NOCMOSHHOU CRUPMO-B00HbIX PACMEOPOS.
TeopemuuecKku cnpocHO3UPOBAHA U IKCNEPUMEHMATLHO NPOBEPEHd ONMUMANbHAS KOHYEHMPAayus pacmeopumens
Ha npumepe 800HBIX PACMBOPO8 MEeMAHoAd, ayemond, 1-nponanona, 2-nponanona. 3aknrwouenue. Buvisacueno, umo
Ha npoyecc svidenenus GUMOKOMNOHEHmMA U3 PACMUMEIbHO20 CbIpbs Hauboree cyujecmeenHoe 8luaHue oKa3vleaem
ousniekmpudeckas NOCMoAHHAA pacmeopumens. Teopemuuecku 0OOCHOBAHA U ANPOOUPOBAHA MAMEMATNUYECKASL MO-
0enb 0151 ONUCAHUA 3A8UCUMOCTU KOHYEHMPAYUU U30CATUNYPNO3UOA OM OUIIEKIMPULECKOU NOCMOSAHHOU 800HO-2MA-
HOMbHBIX pacmeopos. Hatioen onmumanvuviii Ouana3om 3Ha4eHull OUdIeKMpU4eckoli NOCMOSIHHOU pacmeopumens 0
00CUINCEHUSL MAKCUMATLHOL KOHYEHMPAYUU U30CATUNYPno3udd 8 IKCmpaxme.

Kniwouesvie cnosa: Beccmepmuuxa necuanozo yeemxu, pacmeopument, BOJKX ananus, ousnexmpuueckas kou-
cmanma, u30Canunypno3uo

STUDY AND MODELING OF SOLVENT INFLUENCE
ON ISOSALIPURPOSIDE EXTRACTION
FROM HELICHRYSI ARENARII FLOWERS

N.N. Boyko, D.I. Pisarev, E.T. Zhilyakova, O.0. Novikov

Scientific and Educational Centre “Pharmacy”, Belgorod State University,
85, Pobedy St., Belgorod, Russia, 308015
E-mail: boykoniknik@gmail.com

This article presents results of the study and modeling of solvent influence on isosalipurposide extraction from
Helichrysi Arenarii flowers. The aim of this work is to study the influence of the solvent on isosalipurposide extraction
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from Helichrysi arenarii flowers and suggest a theoretical model for description of the results obtained. Materials
and methods. The basic materials were: a ground plant raw material of Helichrysi arenarii flowers. water solutions
of ethanol (26, 43, 59, 72, 81, 97+1% v/v.), methanol, 1-propanol, 2-propanol, acetone and ethyl acetate. The extracts
were obtained from the plant raw materials / solvent at the ratio of 1:5 (wt./vol.) by maceration for 24 hours at the
temperature of 24+1°C. The analysis of the extracts was carried out by reversed-phase high performance liquid
chromatography and isosalipurposide reference substance. Results and discussion. A dependence of isosalipurposide
concentration in ethanol-water extracts on ethanol concentration in the solution was studied. It has been found out
that maximum concentration of isosalipurposide is observed in the solutions with ethanol concentration of 75+5%
v/v. This range of ethanol concentrations corresponds to solvent’s dielectric constant value of 3843 units. The re-
gression equation of dependence between isosalipurposide concentration in the extract and dielectric constant of
ethanol-water solution has been obtained. Optimal concentration of the solvent has been theoretically predicted and
experimentally verified as in the case of water solutions of methanol, acetone, I-propanol, and 2-propanol. Con-
clusion. It has been determined that solvent s dielectric constant has the most significant influence on the extraction
process of phytocompound from the plant raw material. A mathematical model for description of the dependence of
isosalipurposide concentration on dielectric constant of ethanol-water solutions has been substantiated theoretically
and tested. The optimal range of solvents dielectric constant to obtain maximum concentration of isosalipurposide in

the extract has been found.

Keywords: Helichrysi arenarii flowers, solvents, HPLC analysis, dielectric constant, isosalipurposide

BBEJEHUE. Ha naHHbIli MOMEHT B Hay4yHOU JIH-
TepaType B 001acTH (UTOXMMHU OYCHb Majo padoT,
KOTOpBIE OBbLIH OBl MOCBSILEHBI BOIPOCY pa3pabOTKU U
CO3IaHUsI MaTeMaTHYeCKOW MOJENU sl OIMCAHUS 3a-
BUCHMOCTH KOHIIGHTpPAIIMM OHOJIOTHYECKH AKTHBHBIX
BEILIECTB B DKCTPAKTE OT (PU3MKO-XUMHUYECKUX CBOWCTB
pacTBOpHTEIIS.

Onuu M3 HUX QOKYCHPYIOTCS TOJBKO HA AMITUpHYE-
CKOM M3y4YEHHH CTEIEeHHU Iepexofa (pUTOKOMIIOHEHTOB
U3 PACTUTENIBHOTO CHIPbsl B TOT WJIM MHOW PacTBOPUTEIT,
0e3 TeopeTUUECKOT0 OOBSICHEHUS TIOJyYCHHBIX PE3Yiib-
tatoB [1].

Jlpyrue wuccienoBaHUsl TOCBSILIEHbI MaTeMaruye-
CKOMY OIHMCAHHIO BIMSHUS MOHHBIX U THIAPOTPOIHBIX
YKMJIKOCTEH Ha MPOLECC KCTPAKIMH (PUTOKOMIIOHEHTOB
U3 PacTUTEIBHOTO ChIPbs [2, 3], uTo Ge3yc/IOBHO MHTE-
PECHO, OIHAKO HE NMPUMEHUMO K OOBIYHBIM THIIAM pac-
TBOPUTEIICH.

Eme oxna rpynma paboT mocBsiieHa MOJETHPOBa-
HHIO Ipoliecca PacTBOPEHHUs! (PUTOKOMIIOHEHTOB B pac-
TBOPHUTENIE C WCIIOJBb30BAHUEM TEPMOJMHAMHYECKUX
npuHIMnoB [4]. OxaHako B paboTe HE YUUTHIBAJIOCH BIIU-
SHUE PaCTUTEIFHOTO MaTPUKCa Ha MPOLECC pacnpesere-
HUSI (UTOKOMITOHEHTOB MEXK1y (pa3amu.

Crenyer mog4epKHYTh, YTO TEOPETHUYECKOE ONHCa-
HHE MOJ00HON 3aBUCHMOCTH JIa€T KJIFOY K BBISBICHHIO
OIITUMAJIbHBIX TTAPAMETPOB PACTBOPHUTEIIS IS JIOCTHIKE-
HHSI MAKCUMAJIbHOHM CTETIEHN MCTOILEHHUS PACTHTEIILHOTO
CBIPbsl TIPY MUHHMAJIBHBIX 3aTparax o0ObeMa pacTBOPH-
TeJlsl, YHEPTMH ¥ MacChl TIepepadaTbiBaeMOro pacTHTEINb-
HOTO CBIPbSI.

beccmepTHUK necuaHblid  SIBISAETCS HMHTEPECHBIM
pacTeHueM JUIsi HayYHBIX UCCIIEJOBAHUH, TOCKOIBKY 9TO
pacTeHre IUPOKO PACIPOCTPAHEHO M0 BCEMY MHPY, 00-
JIQJIAaeT PSIIOM IIEHHBIX (hapMaKOJIOTHIECKHUX dPPEKTOB U
COJIEP)KHUT B CBOEM COCTaBE HECKOJILKO IPYIIl OHMOJIOTH-
YEeCKH aKTUBHBIX BellecTB ((p1aBoOHONIbI, XaJIKOHBI, (hTa-
JIUJIBI, THPOKCUKOPHYHBIE KUCIIOTHI, d3(pUpHbIE Macia U
psA ApyTux rpymnn BemiecTs) [5—17].

OnmHUM M3 BaKHBIX OWOJIOTMYECKH aKTHBHBIX Be-

miecTB B uBetkax Helichrysum arenarium (L.) Moench
0 JaHHBIM JIMTCPATYPbl SABJIACTCA XaJIKOHOBBIN TIH-
KO3MJ| M30CAIUITYPIIO3U/I, KOTOPBIN SIBISIETCS JIOMUHHU-
pyroumM B cMecu (DEHOJBHBIX coequHeHui. [Ipu 3ToM
ero cojiepkanue B chipbe gocturaet 1,5% u Gonee [6].
Kpowme Toro, Ha teppuropuu Poccun un Yipaussl paspa-
0oraH W BbIIycKaeTcs npemnapar «DraMuH», KOTOPBIH
COZIEPXKUT (PCHOJIbHBIC COSIUHEHHS, B TOM YHCIIE H30Ca-
JIMITYPIIO3U /1, U MIPUMECHACTCA JI JICHCHU S XPOHUYCCKUX
3a00JIeBaHNil MIEYCHH.

HEJb nanHO# pabOThl — HKCIEPUMEHTAILHO H3-
YYUTH BIIMSIHUE PACTBOPUTENSA Ha SKCTPAKIHMIO H30Ca-
JiMmmypmno3njia U3 1IBCTKOB 6eCCMepTHI/IKa IeCYaHoro u
OPEAJIOKUTE TCOPECTUIYCCKYTIO MOJACIIb JIsI OITMCAaHUA 110~
JIYYEHHBIX PE3YyIbTaTOB.

Jlnst AOCTHIKEHHS TTIOCTABICHHOM 11eJIM HEO0OXOMMO
6]:1]10 PEINTD psAa 3ada4: U3Yy4YUTh BJIUAHHUC BOJAHO-3Ta-
HOJIBHOTO PACTBOPUTEJNI Ha KOHIIGHTPALMIO H30Callu-
Mypro3ujia B 9KCTPAKTE; TEOPETUYECKH OOOCHOBATH M
arnpoOUpoBaTh MaTEMaTHYECKYI0 MOJENb 3aBUCHMOCTH
KOHLIEHTPAIMH H30CATUITYPIIO3U1a OT AUIIEKTPUUECKOI
MTOCTOSIHHOM PaCTBOPUTENS; CIPOTHO3UPOBATh, 3KCIEPU-
MCHTAQJIbHO MPOBEPUTH PE3YJIbTAT U MPEAJIOKUTL ONTH-
MaJIbHBIM BUJ DKCTPAreHTa AJIsl BbIICICHUS N30 CAIUILY -
no3una u3 Helichrysi arenarii flores.

MATEPUAJIBI U METO/bI

JlekapcTBeHHOE PACTUTEJILHOE ChIPbe

Jlnst vccnenoBaHuid MCIonb30Baiu (hapmakoneitnoe
pactutensHoe cbipbe (DC.2.5.0007.15) uzmenbueHHOE
J10 OJHOPOAHOM Macchl «beccMepTHUKA IECUaHOrO LBET-
xku» (Helichrysi arenarii flores), npuoOpeTeHHOE B arTe-
ke OO0 «JIexapcTBeHHBIE TPaBbD», I XapbKoB, YKpau-
Ha, cepus Ne 530617, cpok rogHoctu 10 07.2020 1.

PacTBOpHuTe/ M M BelllecTBA CTAHAAPTHI

B xauecTBe 3KcTpareHTa HCHOIb30BaIN BOAHBIE pac-
TBOpPHI 3Tanona (26, 43, 59, 72, 81, 97+1% 06.), mera-
Hona, l-mpomanona, 2-mpornaHoia, areToHa 1 dTujale-
tar. Bce pactBopurenu, kpome 3TaHoia, KBaIH(UKALUH
«4.7.a.», dTaHOJI — (papMalleBTHYECKUH, MPOU3BOJICTBA
Po.
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B kauecTBe BemiecTBa CTaHAapTa HCIOIb30BAJIH
CTaHAapTHBIN 00pasel] rocyIapcTBeHHOH (apmakoren
YKpauHbl — U30CAIUITYPIIO3ULI.

IMosryyenne IkcTpaKTOB

DKCTpaKThI JJIsl aHAJIM3a MOIyYalld 10 CIIEAYIoNeh
Metonuke: 1,0 T celpbs (TOUHas HaBecka) 3anuBanu 5,0
MJI pPacTBOpHTEIIS (TOUHAsI HABECKA), HACTAUBAJIM B TEYe-
Hue 24 gacos, mpu temmneparype 24+1°C.

[OTOBBII IKCTPAKT CIAMBAIM M LEHTPUDYTHPOBAIH
npu yactore BpaimieHus 13000 006/MuH B TeUeHUE 5 MUH,
a 3aTeM aHaJIM3UPOBAJIM C MOMOIIBI0 METO/Ia 0OpaIeH-
HO-(a30BOH BBICOKOA(P(EKTHUBHON KHUIAKOCTHON XpoMa-
torpaduu (0D BIKX).

Metoauka anaauza O® BIKX

AHanm3 SKCTPAKTOB MPOBOAMIN C IOMOIIBIO TPHOO-
pa dupmer «Agilent Technologies» cepuu «Agilent 1200
Infinity», npomssoacta CIHIA. IlompoOHO MeTomuka
aHanM3a mpuBeneHa B padore [18].

Teopus

OIHUM M3 KJITFOYEBBIX KOJINYECTBEHHBIX ITAPaMETPOB

AG = AGSOlid + AG
AG=—RTInK =—RT InC

Hy - Ko

pacTBOpPHUTENIS, KOTOPBIE MOTYT OKa3bIBATh 3HAUUTEIILHOE
BIIMSIHHE Ha MPOLECC pacipeieseHus (PUTOKOMIIOHEHTa
MeXAy GazaMu SKCTPAKIIMOHHOM CUCTEMBI SBISIETCSI €ro
JudIieKTpudeckas nocrosuuas [ 19, 20].

JUis moCcTpoeHus: MaTeMaTH4eCcKOH MOJIENTN aBTOPHI
MPUMEHWIN PHEPreTUYeCKHi MOAXOM, KOTOPBIH CBSI3aH
¢ M3MeHeHneM dHepruu ['mOOca B SKCTPaKIMOHHOH CH-
CTeME€ M JHEepruei MeXMOJIEKYIIpHBIX cuil. J[s 3Toro
aBTOPBI UCHOIB30BAIH PSI AOMYIICHUN: MOJIEKYBI TO-
JsipHBL; cmtamu Jlebas MOXKHO TpeHeOpedb; MaTpHKC
PACTUTENIBHOTO CBHIPhSI MPEACTABIEH LEIUTION030M; TU3-
JIeKTpUYecKasi MPOHUI[AEMOCTb IPOMUTAHHOTO MaTpUKca
PACTUTENBHOTO CIPbsA (&) PABHA CYMME MPOU3BEICHUS
00BEMHOM JIONM KOMITOHEHTOB Ha MX JUAJIEKTPUUECKYIO
HOCTOSHHYIO, T.€. IIEJUTIONO3bI (£,) U PACTBOPUTENA (& );
KOHCTaHTa paBHOBecHs (K) paBHA paBHOBECHOMN KOHIIEH-
Tpanuu GpuToKoMIIOHeHTa B FKcTpakte (C).

Takum 00pazoMm, WCIOIB3YS JAHHBIC JIOMYIICHHS
u Gopmynsl U3 uctouHuka [20], MOXKHO COCTaBHUTH Psif
ypasuenwuii (1)—(5):

+AG ey

)
3)

solv unpred

3'al'a2 11‘]2

AGsoild = NA ’ +

AG H My

(4-ﬂ-50-8y)-r3 (4-ﬂ-50-5y)2 270 .

2 2
213" 1y

I +1,

“

_NA

v = )
o @4-r-gy-6,) 3

&y =01 & +(1_(P1)'5x

riae AG — sueprust [m66ca, J[x/Moib; R — razoBas mocTo-
stHas, 8,314, Ix/(monb-K); T — abcomoTHast TemIiepa-
Typa, K; K — xoHCcTanTa paBHOBecusi; C — paBHOBECHast
KOHLICHTPAIMs BENIECTBA B JKCTpakTe, MONb/I;, AG .,
— DHEPrHs CBSI3U MOJEKYJ OHMOJIOTHICCKH aKTHBHBIX Be-
IIECTB C MAaTPUKCOM PACTHUTEIBHOTO CBHIPHS, J>K/MOIIb;
AG, — dHeEprus B3aMMONEHCTBHS MOJIEKYN OMOIOTHYE-
CKU aKTHBHBIX BEHICCTB W MOJEKYN pacTBoputels, J[x/
MOJIb; AGMW , — HCYYTCHHBIC DHEPIeTHYECKHUE TPOLEC-
cbl, Jlx/monb; N, — umcio Asoranpo, 6,02:10% momb™;
T — MareMaTh4ecKas KOHCTaHTa, 3,14; ¢, — siexrpude-
ckas mocTosHHas, 8,85-10712 d/m; &, & — JUDIICKTpHYe-
CKasl MPOHMUIIAEMOCTh: MaTPUKCA PACTUTEIHLHOTO CBHIPBS
U PAaCTBOPUTENIsS COOTBETCTBEHHO; [, [, [, — IUTIONBHBIN
MOMEHT MOJICKYJI: MATPUKCA PACTUTEIBHOTO CHIPhs, OMO-

2

(4 7-gy6 3k T1° (Greyge) 205 L+

6)

JIOTHYECKH aKTHBHBIX BEIIECTB M PACTBOPHUTENS COOT-
BeTCTBEHHO, Kil'M; 0, @, 0, — OIAPH3yeMOCTh MOJIEKYIT:
MaTpHKCa PACTHTEIBLHOTO CHIPhsI, OMOJIOTHUECKH aKTHB-
HBIX BEIIECTB M PACTBOPHUTENS COOTBETCTBEHHO, M*; /, [,
1, — >Heprus HOHU3AIMH MOJIEKYJI: MATPHKCA PACTHTENb-
HOTO CBHIPbsI, OMOJIOTMYECKH AKTHBHBIX BEIIECTB M pac-
TBOPUTENS COOTBETCTBEHHO, JXK; I' — paCCTOSHUE MEXAY
MOJIEKYJIaMH, M; ¢, — OObEMHas JION MaTPUKCa PacTy-
TEJILHOTO CHIPBSI.

[Tocne mpeoOpa3oBaHMsl JAHHBIX ypaBHEHHWH M BBI-
JICTICHUS] W3 HHUX JIMAJIEKTPUYCCKOM IPOHUIIAEMOCTH
pacTBOPHUTENST MOXKHO 3alucarh KOHEYHOE YpaBHEHHE
(6), KOTOpOE CBS3BIBACT PABHOBECHYIO KOHIICHTPAIHIO
BEIIECTB B IKCTPAKTE W JUAJICKTPUUECKYIO MpPOHHUIIae-
MOCTb PacTBOPHTEIIS:

R-T 1 £ 1 £
——InC=—-|(D+E)-22 . B|+— | F-2. 4|+ AG,.c. ©
N 2 2 unpre
A £ &, £, g,
FHCD: 2'/,[32'/122 s f— 3’0!3‘&2 ) [3'12 , _ 3'&1’&2 ) 11’12
(4.7;.50)2.3./(7.,,6 4-7-gp) -2/ (I +1, (4.”,80)2.2,,,6 I +1,
Hy Hy Hy - Hy

F

C@ozegy)

342

s 4=

_(4-7r-.90)-r3



Pharmacy & Pharmacology V. 6 N 4, 2018

DOI:10.19163/2307-9266-2018-6-4-340-350

VYpaBHenue (6) JOBOJBHO CIIOKHO ISl MaTeMaTH-
Yyeckoll 00pabOoTKH, MO3TOMY /ISl €r0 YIpOUICHHS aB-
TOPBI MPHHSUIN €lIe OJHO JOIYyIIEHHE, YTO OTHOICHHS
g’/e? u g /e paBHEI KOHCTaHTe. B oTOM Cilyqae nanHas
3aBUCHMOCTB Oy/IET OIPE/ENATHCS B OCHOBHOM OajiaH-
COM DHEpreTuueckux kodpuuuentos (D+E)-const-B u
(G-const-A), n MOXeT OBITh NPOAHAIM3UPOBAHA JIAXKE C
UCIIONIb30BaHNEM MHCTpyMeHTa MS Excel, Tak Kak mpH

BBEJICHUM HOBOH nepemenHodl x=l/e, ypaBHenue (6)
CBOJUTCS K KBaJIpaTHOMY YPaBHEHUIO.

PE3VJIBTATBI U OBCYKJIEHHE. B nepsoii
YacTH HCCIENOBAHUN H3yyanach 3aBHCHMOCTb KOHIIEH-
TpalMy M30CATHUITYPIIO3HUIa B IKCTPAKTaX, MOTYyYSHHBIX
C IOMOIIBIO Pa3HbIX KOHLIEHTpaLUil 3TaHona. Pesynbra-
o1 O® BOXKX ananusa copepikanusi JaHHOTO BEIIECTBA
B OKCTpaKTax MpUBe/eHb! B Ta0bmuIe 1.

Tabnuya 1 — 3nauenue na1owiadu RUKA U KOHYEHMPAYUU U30CATUNRYPROZUOA 6 IKCHIPAKMAX, NOTYYUEHHBIX U3
Helichrysi arenarii flores, na ocnose ymanona paznuunoi Konyenmpayuu

Bpewms Konnentparnws sTanona, % o00.
IT
apamerp yACPIKUBAHHS, 26 4 59 -~ a1 97
MHH

1. Ilnomane nuka, 3464+ 8314+ 10544+ | 10801+ 11700+ 9821+
mAU-s* 104 249 316 324 351 295
2. Konnenrparus 20.6£0.6 2,22+ 5,34+ 6,77+ 6,94+ 7,51+ 6,31+
BEILECTBA, MMOJIbL/JI T 0,07 0,16 0,20 0,21 0,22 0,19
3. Jlmonexrpirieckas 681 5041 48+1 401 3541 2741
KOHCTaHTa

* [Ipumeuanue. Cpednee 3nauenue u ouwuOKy napamempa paccuumuléaiu npu mpex nOSMOPHOCMAX N=3 U YyPOBHe 3HAYUMO-

cmu P=0,95.

Kak BumHO M3 HaHHBIX TaOmUubl 1, HamOoJbLIas
KOHLICHTpAIMS HM30CaJMIypHo3una HalOmonaercs s
pactBopa staHosa 81% 06. OgHAKO cleayeT yTOUHHTS,
YTO MaKCHMAaIIbHYIO0 KOHLICHTPALUIO H30CAIHIYPHO3HIa
B OKCTPaKTe MOXKHO OXKMJATh B JIHAIla30HE KOHIICHTpa-
iy dta"oaa 75+5% o0.

Jlanee ¢ MOMOIIBIO JaHHBIX, OTOOPAKEHHBIX B Ta-
Onuie 1, U CHpPaBOYHBIX JAHHBIX OTHOCHTEIBHO H3-
JICKTPUYECKON TPOHHUIAEMOCTH JJIsl CMECH ITAaHOJ-BO-
na [21], ObUTa OCTpOEHA 3aBUCUMOCTh B KOOPJMHATAX
InC=f(1/¢) (cm. puc. 1).

O6paTHOe 3HAYCHUE TUAJICKTPUUIECKON TTOCTOSTHHOM pacTBOpUTeNs, 1/

0,04

-11 ? ? } } } |
0,01 0,015 0,02 0,025 0,03 0,035

12+
Q i
k=

13 + 5

InC = -2072.4/¢> + 121.55/¢ - 13.6
i R?=0.9358
14 -

Pucynox 1 - 3asucumocmo KOoHuyenmpauuu u3ocwlunypno3u()a 6 IKCmpaxkmax om 06pamnoﬁ 6CIUYUHDL
()uwzekmpuuecmﬁ nporHuyaemocmu pacmeopumeni

Kak BumHO M3 pucyHka 1, dKCIEpHUMEHTaIbHBIC
JIAHHBIE XOPOIIIO OITUCHIBAIOTCS MPEJIOKSHHON MaTeMa-
THYECKOH Mojienblo (6) B mpenenax 3HAUEHWH JIHDJICK-
TPHUYECKON KOHCTAHTHI OT 26 110 59 enunuir (1/e = 0,039-
0,017). IIpu 5TOM perpeccCHOHHOE YpaBHEHUE UMEET BH/T
InC=—13,6+122/6-2072/¢2, a ko3ppuLineHT aeTepMHUHA-

uu paBed R?=0,94, uro roBopuT 00 aeKBAaTHOCTH MaTe-
MaTuaeckoit moaenu. OHaKo /I 3HAYSHUH TUIEKTPH-
4yeckoit KoHCTauTh! Bhime 60 exunui (1/e menee 0,017),
OTKJIOHEHUS CTAHOBSTCS OYCHb CYIIECTBEHHBIMH, H IKC-
MIePUMEHTANBHBIE JaHHBIE 3HAYUTEIBHO OTKIIOHSIOTCS
OT TPEJIJIOKEHHOMN YIPOIIEHHOW MaTeMaTnyecKkoi Mojie-
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JIH, 9TO BEPOSATHO CBSA3aHO C BOSHUKHOBCHHUEM B IKCTPAK-
LIMOHHOW CUCTEME HETPEBUICHHBIX MTPOIICCCOB.

CortacHO BBIIIIC MPUBECHHOTO YPaBHCHUS, MAKCH-
MaJbHOC 3HAUCHHE KOHIICHTPAIMU W30CaJIHITypPIIO3HIa
COOTBETCTBYET MUAJICKTPUUCCKON KOHCTAHTE PacTBOPH-
Tens 38+3 enuHUII.

[To3TOMy MOXXHO OKHATh, YTO U JJISl IPYTHX pac-
TBOPUTEICH C NAHHBIM 3HAYCHUCM JHMIJICKTPHUYCCKOMN
MMOCTOSIHHOWM KOHIICHTPAIIHSI M30CATHITYpPIIO3HIa B IKC-

TpakTax TaKke OyleT Ha BBICOKOM ypoBHe. s mpo-
BEPKH JaHHOTO MPEIIOJIOKCHHUS, aBTOPhI UCIIOIH30BAIH
CJICAYIOIINE PACTBOPUTEIIH: MCTAHOJ, BOIHBIA PAacTBOP
anetToHa 65% wmacc., l-mponanona 70% wmacc., 2-mpo-
nanona 68% macc. u metanona 95% wmacc. [{ns cpaBHe-
HUS TAKXKE MCIIOJIb30BAJIM YUCTHII alleTOH, |-IPOMaHo,
2-mponaHoN U dTuianerar. JlaHHple Mo 3HaYEHUIO TLIO0-
[[aJId TIMKA U KOHIICHTPALWH JIJIsl M30CATHITypPIIO3HIa B
9THX PACTBOPUTEIISX MPHUBEICHBI B TaOHIIC 2.

Tabnuya 2 — 3nauenue niowadu nuKa u KOHYEHMPAYUU U30CATURYPROZUOA 8 IKCHPAKINAX, ROTYUEHHBIX
u3 Helichrysi arenarii flores na ocnoge paznuunvix pacmeopumeneii

Bpewmst PacTBopurens
ITapameTp YACPKUBAHUS, Arieton Meranon 1-iponianoa 2-1IpOonaHoa SrHaLerar

MUH 65 % macc. 95 % macc. 70 % macc. 68 % macc. H
1. ITnomaae muka, 5302+159 9544+286 6315+190 2382472 2056262
mAU-s* 13439+403 10987+330 117234352 12673+380
2. Konnenrpanus 3.41£0.10 6.134+0.18 4.06+0,12 1.534+0.05
memectsa, mvoms/n | 20000 | 8635006 | 7.06:021 7534023 | 8.14x0024 | 32004
3. udnextpuye- 19+£1 34+1 21+£1 19+1 61
CKasl KOHCTaHTa 39+1 36+1 38+1 37+1

* [Ipumeuanue. Cpeonee 3nauenue u ouwubOKy napamempa paccuumuléanu npu mpex NOSMOPHOCMAX N=3 U YyPOBHe 3HAYUMO-

cmu P=0.95.

Kax BuAHO M3 MaHHBIX MPUBEACHHBIX B Talnuie 2,
3HAYEHHsI KOHIIEHTPAIMU U30CATHUITYPIIO3H/Ia B AKCTPaK-
Tax JyIsi TAKUX pacTBOPUTENEH, KaK alleToH, 1-mpomnaHon,
2-NIpONaHoII U 3TUJIAIETAT (YHUCIIUTENh) HIXKE TI0 CpaBHE-
HUIO CO 3HAYCHHEM KOHIICHTpaIuu B 3Tanoie 81% 00.,
TOJILKO B METAHOJIE KOHIICHTpAIUsl JAHHOTO BEIIECTBA
npuOIIbKaeTCst K YPOBHIO 3Tanona 59% 06. JlanHbie pe-
3yJBTATHI XOPOIIIO COMNIACYIOTCS € MPEIONIOKEHHEM, YTO
9TO CBSI3aHO C BEJIMYMHOMN IMAJIEKTPUUYECKON MOCTOSH-
HOM pacTBOPUTENsS, KOTOpasi CUJILHO OTIMYAETCS OT OIl-
THMaJIbHOTO JAMana3oHa.

B mpOoTHBOMONOKXHOCTh YHUCTBIM PACTBOPUTEINSIM,
3HaYeHHE KOHIICHTPAIIUU U30CATHITYPIIO3H/Ia B AKCTPaK-
Tax M3 UX BOJTHBIX PACTBOPOB (3HAMEHATEIIb), KaK U OBLIO
MIPe/ICKa3aHo, HAXOASTCSI Ha BRICOKOM YPOBHE Jlake Tpe-
BBIIIAIONIAM €r0 MaKCHUMalbHOE 3HAaYeHHUE JIJIsl DTaHoIa
81% 00.

[Tony4yeHHBIC Pe3yabTaThl MOTYT OBITh UCIIOJIBb30Ba-
HBI JJI1 YCOBEPIICHCTBOBAHUS HEKOTOPBIX TEXHOJIOTH-
YECKUX ACIICKTOB BBIJCICHHS OHOIOTMYCCKH aKTUBHBIX

BCHICCTB U, B YaCTHOCTHU, U30CAJIMITYPIIO3Uda U3 IIBETKOB
OeccMepTHHKA.

SAKJTFOYEHME. N3y4eHo BNMsIHIE BUIA PACTBOPUTENIS
Ha SKCTPAKIMIO M30CAIHITYPIIO3U/IA M3 [IBETKOB OSCCMEPTHHKA
TiecyaHoro. BhIsicHeHo, uTo Hanboree CYIIECTBEHHOE BIMSIHHC
Ha JIAHHBII TPOLIECC OKA3bIBACT AMANIEKTPUYECKAs! TIOCTOSIHHAST
pactBopuTess. TeopeTnuecku 0OOCHOBAaHA M ArpoOHpOBaHA
MareMariueckasi MO b JUIsl OIMCAHMS 3aBUCUMOCTH KOHIICH-
TpaLMy U30CAMITYPIIO3UIA OT AUNIEKTPUYECKOM MOCTOSHHOM
pacTBOpHTENs Ha TIPUMEPE BOIHO-3TAHONBHBIX PACTBOPOB.
Haiinen mmana3oH 3Ha4eHWI JWANIEKTPUYECKOM MOCTOSHHOM
pactBopuTtenst 38+3 eAUHULL, PU KOTOPOM JIOCTUTACTCSl MaK-
CUMaJIbHAsT KOHIIGHTPAIMSl M30CATUITYPIIO3HIA B DKCTPAKTE.
TeopeTruecky CIPOrHO3UPOBaHa U AKCIIEPUMEHTATIHHO TTPOBe-
peHa ONTUMaJTbHasi KOHIICHTPALMSI PACTBOPUTENSI Ha TIPHMEPE
BOJIHBIX PAacCTBOPOB METAHONIA, alleTOHa, |-mponaHona, 2-1po-
naHor1a. [lomydeHHble pe3yssTarbl MOTYT OBITh MCTIONB30BaHbI
B IJIHEHIIINX MCCIICAOBAHMSIX MO YCOBEPILICHCTBOBAHHIO TEX-
HOJIOTWH BBIJIENICHHS] M30CAJTUITYPIIO3H/Ia M3 [IBETKOB OeccMepT-
HUKA [IECYaHOr0.

INTRODUCTION. At present, scientific papers
dedicated to phytochemistry contain very little informa-
tion about the development of a mathematical model to
describe the dependence of biologically active substanc-
es concentration in the extract on physical and chemical
parameters of the solvent.

Some of them focus only on empirical study of phy-
tocompound transfer degree from the plant raw material
into various solvents without any theoretical explanation
of the results obtained [1].

Other studies are dedicated to mathematical descrip-
tion of the influence of ionic or hydrotropic solvents on
the extraction process of phytocompounds from the plant
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raw material [2, 3], which is certainly interesting, but not
applicable to traditional types of solvents.

Another group of works is dedicated to modeling
dissolution of phytocomponents in a solvent using ther-
modynamic principles [4]. However, the authors of this
work disregard the influence of plant matrix on the distri-
bution process of phytocompounds between the phases.

It should be noted that theoretical description of this
dependence gives the key to determination of solvent’s
optimal parameters to obtain the maximum depletion de-
gree of a plant raw material at the minimum amount of the
solvent, energy and weight of the plant raw material used.

Helichrysum arenarium (L.) is a plant interesting for
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scientific studies due to its being widely spread all over
the world. In addition, it has some useful pharmacolog-
ical effects and contains different groups of biological-
ly active substances (flavonoids, chalcones, phthalides,
hydroxycinnamic acids, essential oil, and some other
groups of substances) [5—17].

Chalcone glycoside (isosalipurposide) is one of the
important biologically active substances present in He-
lichrysi arenarii flowers. According to the scientific data
it is dominating among all the phenolic compounds Its
content is more than 1.5% in the plant raw material [6].

In addition, on the territory of the Russian Federation
and Ukraine, a medicine of “Flaminum” has been devel-
oped and produced. It is used for treatment of chronic
liver diseases and contains certain phenolic compounds,
including isosalipurposide. At the same time, some tech-
nological aspects of biologically active substances ex-
tracted from Helichrysi arenarii flowers, isosalipurpo-
side in particular, can be revised and improved, taking
into account the results obtained.

THE AIM of this work is to study the influence of
the solvent on isosalipurposide extraction from Heli-
chrysi arenarii flowers, substantiate it theoretically and
suggest a theoretical model for description of the results
obtained.

To achieve this goal, it was necessary to solve the
following tasks: to study the influence of ethanol-water
solvent on isosalipurposide concentration in the extract;
to substantiate theoretically and test the mathematical
model of the dependence of isosalipurposide concentra-
tion on the dielectric constant of the solvent; to predict,
test the result experimentally and suggest the optimal
type of the solvent for extraction of isosalipurposide
from Helichrysi arenarii flowers.

MATERIALS AND METHODS

Plant raw material. For the study, pharmacopoeia
plant raw material of Helichrysi arenarii flowers was
used. The flowers were bought at a chemist’s shop “Me-
dicinal plants” (Kharkov, Ukraine, lot No. 530617, expi-
ration date 07/2020) and ground to a homogeneous state.

AG =AG

soli

4 TAG
AG=-RTInK =-RTInC

Solvents and Reference Substances / Standards. As
extractants, water solutions of ethanol (26, 43, 59, 72,
81, 97+1% v/v), methanol, 1-propanol, 2-propanol, ac-
etone, and ethyl acetate we used All the solvents were
high grade (Russia), only ethanol was of a pharmaceuti-
cal grade (Russia).

Isosalipurposide (Ukrainian State Pharmacopoeia,
Ukraine) as a reference substance was used for qualita-
tive and quantitative analyses.

Preparation of extracts. The extracts for analyses
were obtained as follows: one gram of the ground plant
raw material (accurate weight) was embedded in 5.0 ml
of the solvent (accurate weight) and macerated for 24
hours at 24+1°C.

Then extract was decanted and centrifuged at 13000
rpm for 5 minutes, and then analyzed by reversed-phase
high performance liquid chromatography (HPLC).

HPLC analysis. The extracts were analyzed with a
device of “Agilent Technologies” firm of “Agilent 1200
Infinity” series, the USA. The methods of the analysis is
presented in in work in detail [18].

Theory. A dielectric constant is one of solvent’s
key parameters that may have a significant influence on
the process of phytocompound distribution between the
phases of the extraction system [19, 20].

For the development of a mathematical model, the
authors used the energetic approach, which is connected
with a change of Gibbs energy in the extraction system
and energy of intermolecular forces.

For that, the authors used the following assumptions:
Debye forces can be neglected; the matrix of the plant
raw material is presented as cellulose; the dielectric con-
stant of the impregnated plant raw material matrix (¢ ) is
equal to the sum of the product of the volume fraction of
the components by their dielectric constant, i.e. cellulose
(¢)) and the solvent (¢ ); the equilibrium constant (K) is
equal to phytocompound equilibrium concentration of
the phytocompound in the extract (C).

Therefore, using these assumptions and formulas
from the work [20], the following equations can be de-
veloped:

+ AG

unpred

ey
()

solv

AG. . =N .. Hy - Hy " 3-01 - (41 )
soild —+V 4 4 3 4 2 7 6 I+ 1
( .ﬂ.go.gy).r ( .”.go.gy) . .’/' l 2
2,2
AG.,. =—N,- Hy . 2- 143 2‘#2 —+ 3‘053'0‘22 . 13'12J @@
(4-7m-gy-€) 1 @Armeye)3kTr (4re-&e) -2r U3+l
8y=¢’1‘51+(1—(01)‘5x ®)

where AG is Gibbs energy, J/mole; R is gas constant,
8.314 J/(mole'K); T is an absolute temperature value,
K; K is equilibrium constant; C is equilibrium phyto-
compound concentration in the extract, mole/l; AG_ ., is
adhesion energy of phytocompound molecules with the
plant raw material matrix, J/mole; AG , is interaction
energy between molecules of the phytocompound and

the solvent, J/mole; AG,, ., are unpredicted energetical
processes, J/mole; N, is Avogadro’s constant, 6.02-10%
mole™; m is mathematical constant, 3.14; ¢ is electrical
constant, 8.85-10"* F/m; ¢, ¢_are dielectric constants of
the plant raw material matrix and the solvent respective-
ly; u, u, , are molecules’ dipole moment for the plant
raw material matrix, the phytocompound, and the sol-
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vent, respectively, a, a, a, are molecules’ polarizability
for the plant raw material matrix, the phytocompound,
and the solvent, respectively, m’; /, 1, I, are molecules’
ionization energy for the plant raw material matrix, the
phytocompound, and the solvent, respectively, J; r is a
distance between the molecules, m; ¢, is the volume frac-

tion of the plant raw material matrix.

After the transformation of these equations and the
separation of the dielectric permittivity of the solvent
from them, a final equation (6), can be presented, which
connects equilibrium phytocompound concentration in
the extract (C) and solvent’s dielectric permittivity con-
stant (¢ ):

2
ﬂ-lnC:i- (D+E)_87xB +i' F_gixA +AGun red (6)
N 4 &2 &2 & & g
X y X y

212
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Hi - Ho

_(4-7T-80) e

Equation (6) is rather difficult for mathemat-
ical treatment, thus for its simplicity, the authors
used the assumption that ratios € */¢ *> and sx/gy are
equal to the constant. In this case, the dependence
will be defined mainly by the balance of energet-
ical coefficients (D+E)-const-B and (G-const-A4),
and it can be analyzed even using MS Excel, as
due to introduction of a new variable x=1/¢, the

C@eomeogy)r

equation (6) transforms into a quadric polynomial
equation.

RESULTS AND DISCUSSION. In the first part of
our research, we studied the dependence of isosalipurpo-
side concentration in the extracts obtained with different
ethanol concentrations in the extractant. The results of
RP HPLC analysis of the content of this substance in the
extracts are given in Table 1.

Table 1 — Value of the peak area and concentration of isosalipurposide in extracts
from Helichrysi arenarii flowers based on ethanol of various concentrations

Ethanol concentration, % v/v
Retention
Parameter time. min
> 26 43 59 72 81 97
1. Compound peak area, 3464+ 8314+ 10544+ | 10801+ 11700+ 9821+
mAU-s* 104 249 316 324 351 295
2. Compound concentra- 20.6+0.6 2.22+ 5.34+ 6.77+ 6.94+ 7.51% 6.31+
tion, mmole/l 0.07 0.16 0.20 0.21 0.22 0.19
3. Dielectric constant 68+1 59+1 48+1 40+1 35+1 27+1

* Note. The mean value and its confidence interval (Mean+SEM) were calculated with repeat counts n=3 and significance

level P=0.95

As Table 1 shows, the greatest value of isosalipurpo-
side concentration is observed for ethanol solution 81%
v/v. However, it should be noted that maximum isosali-
purposide concentration in the extract can be expected in
the range of ethanol concentration of 75 £ 5% v/v.

Then, according to the data presented in Table 1 and
reference data about dielectric constant values for etha-
nol-water solutions [21], the dependence in coordinates
InC = f(1/¢) was plotted (for more detail, see Fig. 1).

As Fig. 1 shows,, experimental data are well-de-
scribed by the suggested mathematical model (6) within
the range of dielectric constant from 26 to 59 units (1/¢
= 0.039-0.017). Hereby, the regression equation is nC
= —13.6+122/c-2072/¢?, and determination coefficient
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equals to R? = 0.94. These factors demonstrate good ad-
equacy of the mathematical model. However, for values
of dielectric constant more than 60 units (1/¢ less than
0.017), the deviations become rather significant and the
experimental data deviate greatly from the simplified
mathematical model suggested, which is probably asso-
ciated with development of unpredicted processes in the
extraction system.

According to above mentioned equation, the max-
imum value of isosalipurposide concentration corre-
sponds to 38 + 3 units of the solvent’s dielectric constant.
Thus, it is reasonable to expect that for other solvents
with this value of dielectric constant, isosalipurposide
concentration in the extracts will be at a high level.
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Reverse value of the solvent dielectric constant, 1/¢
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InC = -2072.4/¢> + 121.55/¢ - 13.6
i R? =0.9358
14 -

Figure 1 — Dependence between isosalipurposide concentration in the extract and reverse value
of the solvent’s dielectric constant

To check this statement, the authors used the following types of solvents: methanol, water solution of acetone
65% wt., 1-propanol 70% wt., 2-propanol 68% wt., and methanol 95% wt. For comparison, we also used pure acetone,
1-propanol, 2-propanol, and ethyl acetate. The data on peak areas and isosalipurposide concentration in these solvents

are presented in Table 2.

Table 2 — Value of the peak area and isosalipurposide concentration in extracts obtained
firom Helichrysi arenarii flowers on the basis of various solvents

Retention Solvent
Parameter time. min Acetone Methanol 1-propanol 2-propanol FtAc
’ 65% wt. 95% wt. 70% wt. 68% wit.
1. Compound peak 5302+159 9544+286 6315+190 2382472 2056462
area, mAU-s* 13439+403 10987+330 11723+352 12673+380
2. Compound 3.4140.10 | 6.13+0.18 4.06+0.12 1.5340.05
concentration, 20.6£0.6 1 ¢'631006 | 7.06£021 7.53£0.23 8142024 | 1:32£0.04
mmol/l
3. Dielectric 19+1 3441 21+1 1941 611
constant 39+1 36+1 38+1 37+1

* Note. The mean value and its confidence interval (Mean+SEM) were calculated with repeat counts n=3 and significance

level P=0.95

As Table 2 shows, the values of isosalipurposide
concentration in the extracts for such solvents as acetone,
1-propanol, 2-propanol, and ethyl acetate are lower than
those for ethanol 81% v/v, only in methanol the con-
centration of this compound approaches that of ethanol
59% v/v. These results are in good agreement with the
assumption that this phenomenon is associated with the
value of solvent’s dielectric constant, which differs great-
ly from the optimal range.

Unlike pure solvents, the value of isosalipurposide
concentration in the extracts from their water solutions,
as predicted, is at a high level and even exceeds its max-
imum value for ethanol 81% v/v.

These results can be used for improvement of some
technological aspects of biologically active compounds
extraction, isosalipurposide in particular, from Helichrysi
arenarii flowers.

CONCLUSION. The influence of the extractant
type on isosalipurposide extraction from Helichry-
si arenarii flowers has been studied. A mathematical
model for description of the dependence between
isosalipurposide concentration and solvent’s dielectric
constant by the example of water-ethanolic solutions
has been theoretically substantiated and practically
used. The range of solvent’s dielectric constant values
which is equal to 38+3 units for the maximum isosali-
purposide concentration in the extract has been found.
An optimal concentration of the solvent as in the case
of water solutions of methanol, acetone, 1-propanol,
and 2-propanol has been theoretically predicted and
experimentally verified. These results can be used in
further studies for improvement of the isosalipurpo-
side extraction technology from Helichrysi arenarii
flowers.
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B nacmoswee epems s6semes akmyanbHbiM paspabomKa Memood Koiu4ecmeeHHo20 Onpedeienus Merummund
He MONbKO 6 00paA3yax NYenuno2o A0d, Ho u 6 npodykmax e2o nepepabomku. Llenvto nawezo uccnedosanus aeisiemcs
uzyueHue PU3UKO-XUMUUECKUX XAPAKMEPUCTIUK OCHOBHO20 KOMNOHEHMA NYeNUHO20 A0a — Menummuna. A makoice
pazpabomra MemoouKu KoIU4eCcmeenHo20 onpedeieHus. MeTUmmuHa 8 oopasyax nueiuHo2o 10a u 6 gapmayesmu-
YecKuUX NPOOYKMax, NOMYHEeHHbIX HA OCHO8e nueaurozo f0a: kpem «Couvs ¢ nuerunvim a0om» u npenapam «Anu-
sapmpony. Mamepuanst u memoosl. Odvexmamu UCCIeO08AHULL AGIANUCL NYETUHBLI 0 U METUTNMUH, d MAKice
obpazyvl masu «Anuzapmpony u kpema «Coghvsi ¢ nueaunvim 100M®», coomeemcmayrouue mpebosanusm Hopma-
MUBHOU OOKYMEHMAYUU, CEPULHO BbINYCKAEMblE OMEYeCMBEHHbIMU U 3aPY0edNCHbIMU Npou3sooumenimu. YP-cnexmp
MENUMmmuHaA U NYeIuno20 a10a pecucmpuposanu na cnexmpogomomempe C® 103 6 keapyesvix Kio8emax moauwuHou
1 ecm. UK-cnexmpubr uccnedosanu na npubope UK-Dypve — cnexkmpogomomemp @CM-1201 OO0 «Hngppacnexy.
Onpeodenenue 4ucmomol MeIUmMmuHa nPOBOOULU Memooom xpomamozpaguu. Pesynomamut u oocysycoenue. /s me-
JUMMUHA, KAK peepeHmHo2o obpazya u OCHOBHO20 KOMNOHEHMA NYeNUH020 A0d, OblIU YCMAHOGIEHbl OCHOBHbIE
pusuro-xumuuecxkue xapakmepucmuku. Yemanosnena T, = 190°C. B Y®-cnekmpe nabmiodaomcs makcumymst no-
enoujenus, coomgememeyowue 2 nukam: h max = 225+2 um u 285+2 um. B kauecmee aHanumuueckoil ONuHbl GOIHbL
Heobx00umo eblopams nuk A=285 nm, max kax nux ¢ A=225 Hm cé43am ¢ no2noweHuem ceema HympeHHum (IKpa-
HUPOBAHHBIM) DEH30IbHBIM KOALYOM MOAEKYAbl mpunmodana. Xapakmep Kpugol u nON0NCEHUE MAKCUMYMOG CNeK-
MpO6 MEAUMMUHA U paACmMeopad s0a cO8NAOAIOM, YUMo NO380IAEN UCHONb308AMb METUMMUH 68 Kauecmee Cmanoapmad
071 CNEKMPOMEMPULECKO20 KOTUUECTNBEHHO20 ONpedeiienus OeUCmEYIOuUx 6eujecmes 8 NUeIUHOM s10e U NPpenapamax
Ha ocHose nuenuno2o a0a. 3axkaouenue. Paspabomannas cnekmpo@omomempuieckas MemoouKa Koru4ecmeenozo
onpeoenenus Metummuna 8 NYEIUHOM s10€ BATUOUPOBAHA NO NOKA3AMENAM CREYUDUUHOCIb, NPABUILHOCMb, NPEOeil
06HapydIcenus, npedei KOUIecmeeHHO20 OnpedeneHus, TUHEUHOCMb.

Kntouegvie cnosa: nuenunviii 10, Menummun, Cmanoapmusayus, cnekmpogomomempuyeckoe onpeoenenue, Y-
u UK-cnekmpbl menummuna, 1ekapcmeenuvle npenapamol Ha 0CHO8e NYETUHO20 A0d
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Introduction. Nowadays, it is vitally important to develop a method for quantifying melittin not only in apitox-
in samples, but also in the products of its processing. The aim of our study is to investigate physical and chemical
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characteristics of melittin, the main component of apitoxin, as well as the development of methods for the quantita-
tive determination of melittin in the samples of apitoxin and in the pharmaceutical products derived from apitoxin:
“Sophia with apitoxin” cream and “Apizartron” ointment. Materials and methods. The objects of the research were
apitoxin and melittin, as well as the samples of “Sophia with apitoxin” cream and “Apizartron” ointment satisfying
the requirements of regulatory documentation, produced in lots by domestic and foreign manufacturers. The UV
spectra of melittin and apitoxin were registered on SF 103 spectrophotometer in quartz cuvettes with 1 cm thickness.
The IR spectra were investigated on the IR-instrument of Fourier — FSM-1201 spectrophotometer, LLC “Infraspek”.
The determination of melittin purity was carried out by chromatography. Results and discussion. The basic physical
and chemical characteristics were established for melittin as a reference sample and the main component of apitox-
in. The melting temperature was: (T, )=190°C. In the UV-spectrum there could be watched the absorption maxima
corresponding to 2 peaks: h max = 2252 nm and 285+2 nm were observed. As an analytical wavelength, it is nec-
essary to choose the peak ). =285 nm, since the peak with A =225 nm is associated with the absorption of light by the
internal (shielded) benzene ring of the tryptophan molecule. The nature of the curve and the position of the maxima
of the spectra of melittin and the apitoxin solution coincide, which makes it possible to use melittin as a standard for
spectrometric quantitative determination of the active substances in apitoxin and preparations based on apitoxin.
Conclusion. The worked out spectrophotometric methods for the quantitative determination of melittin in apitoxin
has been validated by the indices of specificity, accuracy, detection limit, quantitative determination limit, linearity.

Keywords: apitoxin, melittin, standardization, spectrophotometric determination, UV and IR spectra of melittin,

drugs based on apitoxin

BBEJEHHUE. B nocnennee necsaTuiaeTHe HAOIIO-
JIAETCSl HEKOTOPOE TOBBIIICHHE MHTEpeca K MPOAYKTaM
m4enoBojcTBa [1-7]. IMeHHO B HalM JHYU anuTepanus
MIEPeXKMBACT CBOE BTOpOe pokaeHue. Vctopus muen u
UX TPOYKTOB HE TOJBKO HE 3aKOHUYEHA, HAMPOTHUB, C Ha-
YYHOW TOYKH 3pPCHHSA, OHA TONBKO HaumHaeTcs [8—14].
Jlronu MOHSIIN, YTO HUKaKas XUMHUS HE 3aMEHUT UM HaTy-
PANBHBINA IPUPOAHBIA MaTepHall, ¥ CTaIH BO3BPAIIAThCS
K TpernaparaM, U3TOTOBICHHBIM Ha €CTECTBEHHON OCHO-
Be. B Hac cHOBa OKMBAET OMBIT MPOLIEIIINX BEKOB TTOKO-
JICHWH, MCTIONF30BABIINX TYEIIIHBIC POAYKTHI B Jiede0-
HBIX 1essix. [ToaToMy Ha COBpeMEHHOM dTarne SBISIOTCS
JIOCTaTOYHO aKTyaJbHBIMH HCCIICHOBAHHS KaK COCTaBa
MTYEITUHOTO S/1a, TAK ¥ €T0 OCHOBHBIX KOMITOHEHTOB [ 15—
29]. Kpome Toro, HeoOX0AMMO pa3paboTaTh COBPEMEH-
HBIH, JOCTYNHBIN U IPOCTON METOJ] aHAIM3a MTYEIUHOTO
sina v (hapMarieBTUYCCKIX MPOIYKTOB Ha €0 OCHOBE.

HEJBIO wnamero wccieqoBaHUS SBISETCS H3Y-
yeHHE (DUBUKO-XUMHUYECKHUX XAPAaKTCPUCTHK MEIUTTHU-
Ha — OCHOBHOI'O KOMIIOHEHTa MUYEIUHOro sifa. Takxke
pa3paboTka METOAMKU CHEKTPO(OTOMETPUUECKOIO KO-
JMYECTBCHHOTO OIPE/ICICHUS MEIUTTHHA B 00pa3iax
ITYETTMHOTO 512 U B (hapMaIleBTHIECKHUX MPOMYKTax, MO-
Jy4YEHHBIX Ha OCHOBE MUEIMHOTO S/1a.

MATEPUAJIBI U METO/bI. ITuenunsiii . Bee
00pa3ibl MYETHHOTO SA7a A UCCIEAOBAaHMS OBUIN TIpe-
noctasienbl CepaunbiM Opuem [laBnoBuueM — uHIM-
BHUIyaJbHBIM IpeanpuHuMaresieM KpacHomapckoro kpast
ropozaa Maiikona. [IpeacraBineHHble 00pa3Ibl — 9TO CBET-
JI0->KENTHIC TIOPOIIKH C PE3KAM XapaKTEPHBIM 3aIIaxoM U
TOpbKHE Ha BKYC, pACTBOPUMBIE B BOJIE, PACTBOpaXxX KHUC-
JIOT U CIIUPTOBBIX PACTBOPAX PA3IMIHON KOHIICHTPAIIHH.
Sn nmeer kucnyro peakmuro (pH 4,5-5,5).

Menurtun. PedepentHslii oOpaser; ObUT perocTas-
JIeH AHATUTHYSCKUM IICHTPOM XHUMHUYECKOTO (paKyIbTe-
Ta MockoBckoro ['ocynapcTBeHHOro YHUBEpCUTETA UME-
uu M.B. JlomoHocCOBa.

Ma3zp «AnuszaptpoH»® — Masb Ui Hapy>KHOTO
MPUMEHEHHsI Ha OCHOBE MYEJIMHOTO sna. [IpousseneHo:
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Ocmapma I'mOx, I'epmanns, cepust: 040033, mara msro-
tosneHust 07/03.

Kpem «Cows. [Tuenunsiii sin bams3am st Temay.
[pomsseneno: Poccusi, OO0 Kopones®apm. Ilo 3a-
kazy OOO HIIO «®apa dapm» coorBerctBue TP. TC
0092011, cepums: 011821333.

N3yuenne pu3nKo-xUMHYECKHX XapaKTEPHCTHK

Y®-criekTp perncTpupoBanyu Ha criekTpodoromerpe
C® 103 B kBapIIeBbIX KIOBETaX TOMIUHON 1 cM. PacTBo-
PUTENb ¥ PaCTBOP CPAaBHEHHS — BOJIA OUMILCHHAS.

UK-cnexrps! nccnenoBany Ha mpudope MK-Dypre —
cnekrpodoromerp PCM-1201 OO0 «Mudppacmex».

Onpeodenerue Menummura Memooom Xpomamozpaguu

HccnenoBanust MPOBOAMIN Ha KHUIAKOCTHOM XpoMa-
Torpaduueckoii cucreme «MHUIMXPOM» C MCIOJIB30Ba-
HHEeM xpomarorpadudeckoit komonku Pep RPC HR 5/5.
Meronnka Obuta paspaboranHa AkajeMuel arpapHbIX
HayK Ykpaunbl, MHcTUTyTOM muenoBoicTBa uM. IL.H.
IIpoxonoBuua u npuHATa MEXrocy1apCTBEHHBIM COBe-
TOM TI0 CTaHIAPTU3AINH, METPOJIOTHH U CEePTUDUKAIINN
(mpotokon Ne 11 MI'C ot 23 ampenst 1997 1) [31].

Memoouxa cnexmpogpomomempuueckoco onpeoe-
JIeHUsI MenummuHa 6 oopasyax nuenuHozo A0a. Tounyro
HaBecky (1,0 ) muenuHoro sima pactBopsui B 30 M1 au-
CTHJUIMPOBAHHOI BOABI MPH HEOOIBIIOM HATPEBAaHUH H
OT(UIBTPOBBIBAIN B TOpsideM BHIe. UIBTP C HEPACTBO-
PHBIIEICS 9aCThIO BHOBD 3aJTMBAJIH JAUCTHUINPOBAHHOM
BOJION MpHU HEOOJBIIOM HAarpeBaHWU M OT(HIBTPOBBI-
BaJM B TOpsiueM BHJC (IaHHYIO OMEPAIHIO MPOBOIMIN
JIBaKIBI). OUIBTpaTel OOBEIMHSAIN W TOCTE OXJIaX/e-
HUs noBoauiu u3Biedenue 10 metku (100,0 mm). Ecnm
MIpHU OXJIAKICHWU BBITAJAT OCAIOK, TO MEPEed B3ATHEM
AIMKBOTHI KOJIOYy HarpeBaju. 3aTeM Opasii MEepHYIO KO-
6y BmectumocTthio 100 mut, B Hee momemanu 1,0 M mo-
JIy4YEHHOTO BOJHOTO M3BIICUCHHS, JOBOIMIN O METKU U
CHeKTPO(OTOMETPUPOBAIIN TIPH JUTUHE BOJIHBI 285 HM.

B kauecTBe pacTBOpa CpaBHEHHUS HCIOIH30BAIH
Boxy. [lapamienbHO M3MEpsIM ONTHYECKYIO IJIOTHOCTh
pacTBopa pedepeHTHOro 00pasiia MeITUTTHHA.
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Ilpucomosnenue pacmeopa peghepenmnoco obpazya
METUMMUHA 0I5t ROCMPOEHUSL 2PAOYUPOBOUHO20 2paghuKa.
Oxomno 0,125 r (TouHast HaBecka) MEeIUTTUHA KOINYECTBEH-
HO TEPeHOCWJIM B MepHyIo Koidy BMmectMocThio 100
MJI, paCTBOPATIM U JOBOAWIN N0 METKH BOHOﬁ OYMUILICH-
HOW. | My momyueHHoro pactBopa copepxkut 0,00125 r
MenutTUHA (pacTBop A). [lanee rotoBwiM pa3BeieHue: B
LIECTh MEPHBIX K00 Ha 10 MII TOMEIanK B KXy KOJI-
oy mo 1 mu1, 2 mut, 4 mut, 6 mut, 8 Mt m 10 Mt pactBOopa A
U JIOBOJWJIM JI0 METKH Bojiod. Onpenessii ONTHYeCKoe
CBETOIOIVIOIICHUE IOTYYEHHBIX PACTBOPOB HA CIIEKTPO-
¢doromerpe (CD-103) mpu myirHEe BOTHBI 285 HM.

Memoouka ronuuecmeenHo20 onpeoeieHus cooep-
Jrcanus menummuna 8 masu «Anuzapmpony u kpema « Co-
w5 ¢ nuenunvim 100m». BEICBOOOKICHHE METIUTTHHA M3
Ma3eBbIX OCHOB IMPOBOIWIM MO MeTony KpyBUumHCKOro
[27]. Ha uemnodanoByto MeMOpaHy OTBELIMBAIA HABECKY
uccieayemMon Masu Maccot 7,0 T M TIOMeIanu B JAUaiu-
3aTop, HanmonHeHHsIH 100 MJI TUCTHIUIMPOBAHHOM BOJIBI.
Uepes 24 yaca B 1uanusare IpOBOAMIN KOJIUYECTBEHHOE
olpesiesIeHe MEITUTTHHA METOAOM CIEKTPO(OTOMETPHH.
ANMKBOTY 25 MII IaiM3aTa MOMEIAId B MEPHYIO KOJIOY
oobemoM 100 mu1, 3aTeM 00BEM JOBOAMIN 1O METKH BO-
nou. Yepes 5—10 MuH omnpenensiyu ONTHYECKOe CBETOMO-
miomenue Ha CO 103 npu A=285 umM. MaccoByro 1010
MEJIUTTHHA BBIYUCISUN 110 hopmyre 1:

()

A — onrTuveckas IIOTHOCTh UCIBITYEMOTO PacTBO-
pa; A" = — ynenbHBIA MOKa3aTelb CBETONOINIOMIEHHS
MEJUTTHHA, paBHbIN 127; m — HaBecka Ma3u, B3sTas 1JIs
anamusa (T); V — 00s&M MepHOU KOIOBI, Va — aluKBoTa
JUan3ara.

O0paboTKy pe3yinbTaToB HKCIEPUMEHTA IIPOBOIMIN
C TIOMOIIBIO TIporpaMMHOT0 Tlaketra Microsoft Excel.

PE3VJIBTATBI U OBCYKIEHHUE. Monekymna
MEJUTTHHA MPEICTABISACT COO0M TOMOMEPHBIN MENTH]I,
COCTOSIIIIMKA M3 26 aMHUHOKHCIIOTHBIX OCTarkoB [14, 24,
28, 29, 30]. +H,N — I'u — Wne — I'mu — Ana — Ban — Jleii
—JInz +- Ban — Jleit — Tpe — Tpe — I'mu — Jleit — [1po — Ana
— Jleit — Une — Cep — Tpn — Une — JIuz +- Apr +- JIus +-

Apr +- I'mi — I'ma — CONH,,. [IpumeuarenbHo, 4to MoJie-
KyJla MEJIUTTHHA HE COJICPXKHUT LIUCTEHHA, B OTIMYHE OT
HEHPOTOKCHHOB 3MEH, CKOPIHOHOB, SIZIOBUTHIX TIayKOB,
KOTOpBIE SIBJISIOTCSI TETEPOJCTHBIMH TENTHIAMH U, KaK
MIPaBUJIO, COZAEPIKAT HECKOJBKO TUCYIb(OUIHBIX MOCTH-
koB. MonekyispHas Macca MenIuTTHHA paBHa 2840 [la.
B Morexyiie MEIMTTHHA HET OTPHULIATENIFHO 3apsKEHHBIX
TPYII, a TOJIOKUTEIHHO 3apsHKEHHbIE aMUHOKHCIIOTHBIC
OCTaTK{ IPEUMYIECTBEHHO cocpenoToyeHbl B C-KOH-
LIEBOM CErMEHTE, KOTOPBIH SIBISIETCS THUAPOQIILHOM
YaCThIO MOJIEKYJbl METUTTHHA (OocTarku 21-26). Yua-
cToK MenuTTHHA 1-20 chOopMUpPOBAH IPEUMYIIIECTBEHHO
rupo(oOHBIME aMHUHOKHCIOTHBIMU OCTaTkamu. EjuH-
CTBEHHBIH XpoMO(op MEIUTTHHA IMPEACTaBICH OCTaT-
KoM TpunrodaHa, KOTOPHI B IOJHUIEHTHAE 3aHUMAET
NoJIokeHue 19, 4To MOYKHO yAauHO HCIOJIb30BaTh IS
W3YYEHUs] MEIUTTHHA M MPOIYKTOB €r0 COAEPIKAILIHUX C
MOMOIIIBIO ONTHYECKUX MeTon0B. [lonmunenTuanas nensb
MOJIEKYJIbI MEJIMTTUHA B PAacTBOpE MPUHHMAeT KoH]op-
MAITHEO MTPAaBWIBHOM a-criupan (1o 80%), HapyiiaeMyro
OCTaTKOM MpoiKrHa B ojoxenuu 14. IIpu BrICOKON MOH-
HOW CHJIe pacTBOPa WM BEICOKOW KOHIIEHTPALUH MEJIHT-
THH MOXKET acCOIIMMPOBAThCSl B TeTpamep, 0Opa3oBaH-
HBIH JIByMsI CUMMETPHUYHO PACIIOJIOKEHHBIMHU TapamMH
aHTHUNapasieIbHbIX mpoToMepoB [30].

Jlist cranpapTH3anuy IMYEIHHOTO $1/1a, KaK HMCXOJ-
HOTO CBIpbs JUIsl (hapMalleBTUUECKUX MNpErnaparoB, HET
COBpPEMEHHOW HOpPMAaTWBHOM JoKyMeHTauuu. Jins onpe-
JICTICHUS] Ka4eCTBa MUESIMHOTO $1/1a UCIIONB3YOT CIIeIyI0-
1€ HOPMATHBHBIC IOKYMEHTBI:

1). dapmakomeiinas cratbs (OC 42-26583-89 «n
myenuHbIi») (yTparmia cuy ¢ 25 ampens 2001 roxpa)
[31], pa3zpaboranHas coTpyaHHKamMu Kadeapsl GHU3H-
OJIOTUM W OMOXMMHH YeJIOBEeKa M XMBOTHBIX Hipkero-
POZCKOTO TOCyAapcTBEHHOTo yHuBepcurera um. H.U.
JloGa4eBCKOro COBMECTHO C COTpPYAHHMKaMu Prkckoro
MEJIUIIMHCKOTO HHCTUTYTA;

2). TOCT 30426-97 [26], pa3paboranHbiii Akaje-
MHEl arpapHbIX HayK YKpauHbl, NTHCTUTYTOM IT4enoBoI-
crBa uM. I1. U. TIpokonoBuua. ComtacHo TpeOOBaHUSIM
I'OCTa, muenuHbli S1-ChIpell T0KeH COOTBETCTBOBATh
TOKa3aTesiM, yKa3aHHbIM B Tabmuie 1.

Taonuua 1 — Opeanonenmuueckue u (uzuko-xumudecKue noKazamenu nUeIuHozo aoa-coipua [26].

HaunmenoBanue nokasarens

3HaueHne moKazareiei

Brenmauii B

HOpOIHOK B BUJC MCJIKUX KPYITMHOK 1 YCIIYCK

IBer Beblii ¢ KpeMOBAaThIM OTTEHKOM MJIU C JKEJITU3HOU
Koncucrennus [TopomkooOpa3zHas

Opra”onenTHyeckre CBOiCcTBa BrI3pIBaeT pasapaskeHue CIM3UCTON 000I0UKH, YUXaHHE
MaccoBast 107151 HEpaCTBOPHMBIX B Bofie mpumeceii, % He Ooiee 5

Maccosast 107151 BOIbI, % He Oozee 8

MaccoBast 101151 CBIpOi 3011b1, % He Oonee 2

AxTtuBHOCTB hocdonunasel A 2 B 1 Mr sij1a B epecuere Ha cyxoit Bec, ME

e meree 100

B Iepepacuere Ha cyxoit Bec, MME

AKTHBHOCTB TTIOKO3aMHUHIIIMKaHTHAponazHoro komiuiekca (TAI'T) B 1 wmr,

He MeHee 90

OrmpenesieHne BpEMEHH TeMOITH3a, C

He 6omee 300

MaccoBast 1ojis MEIUTTUHA, %0

He MeHee 50

Maccosas fojs anaMmusa, %

He MeHee 2
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Kak BUAHO W3 TaONHUIIBI, MPEOOTANAOIIMM BeIIe-
CTBOM ITUEJIMHOTO 5171, KOTOPBIH MO>KHO HCIOJIB30BaTh B
(bapmaryu, T0JHKEH ObITh MEITUTTHH.

OmnpeniesicHUEe METUTTHHA TMPOBOISIT METOIOM KO-
JIOHOYHOW Xpomarorpaduu [8], KOTOpHI OCHOBaH Ha
pa3aenacHUN KOMIIOHEHTOB TUCIMHOTO si/1a-ChIPIia MOCIIe
CBSI3BIBAHUS UX C TBepoH (a3oit xpomarorpadudeckoit
KOJIOHKHU. DTa METOIMKa TPeOyeT MpPeIBAPUTEIILHOM O]~
TOTOBKHU ¥ TEXHOJIOTHSI BBIMOIHCHHS JOCTATOYHO KPOTIO-
mimBa. [103TOMy B HACTOSIIIICE BPEMSI SIBJISIETCS aKTyallb-
HBIM pa3paboTKa COBPEMEHHOT0 OoJiee yI00HOro MeTo1a
KOJIMUCCTBCHHOTO OTPEICIICHUS MEITUTTHHA HE TOJIBKO B
o0pasiax MYeTUHOTO s7a, HO U B MPOAYKTAaX €ro mepe-
paboTku.

B kadecTBe cTaHgapTHOrO 00pasia Juis pa3padoTKH

KOJIMYECTBEHHOTO OTIpe/IeNIeHIsI OBLT BEIOpaH pedepent-
HBII 00pa3er MeMUTTHHA, TPEOCTABICHHBIN HaM JII00e3-
HO AHAJIMTUYECKUM LIEHTPOM XHUMUYECKOTo (hakymnbpreTa
MocxkoBckoro I'ocynapcTBeHHOTO YHHBEPCUTETAa UMEHU
M.B. JlomonocoBa. UncToTa MpeacTaBIeHHOTO obpasia
6puTa okasana meroroM BOXKX ¢ nnomHOo-MaTpUYIHBIM
JIETEKTUPOBAaHUEM M TAaHIAEMHON Macc-CIEKTPOCKONHMEH
B maboparopuu MI'Y. Pe3ynsraTsl nccinenoBaHus mprBe-
JICHBI Ha PUCYHKaxX 1, 2.

Kak BugHO Ha pucyHke 1, Ha XpomaTorpamme MMe-
eTcs TOIBKO OMH MUK, YTO TOBOPHUT O YHCTOTE IONY-
YeHHOTO pedepeHTHOro obpasma MenuTTHHA. Ha Xpo-
MarorpaMMax IT4eJIWHOIO siJia ¥ YUCTOTO BBIZCICHHOTO
MenMuTTHHA (pHc. 1, 2) XOpOIIo BHIHO, YTO MUK, COOTBET-
CTBYIOIINH MEIUTTHUHY, UMEET BpeMs BbIXoza 12 MUHYT.

Pucynox 1 — Xpomamozpamma uucmozo oopasya menummuna

Pucynok 2 — Xpomamozpamma odpaszua nueiunozo a0a
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Kak BuiHO Ha prCyHKe 2, 0CHOBHBIM IPE00JIa1afoIIM
KOMITOHEHTOM ITUEJTHOTO /12 SIBIISIETCSI METUTTUH (MUK HO-
Mep 12, cCOOTBETCTBYIOIMINI BpeMeHH! BbIX0al2 MUHYT).

Jnst MenuTTHHA, Kak pedepeHTHOro odpasua, Oblu
YCTAHOBIICHBI OCHOBHBIE (DM3MKO-XUMHUYECKHE XapaKTe-
puctuky, ucciaenosansl YO- u UK-cexTpsl.

MenuTTHH TIpe/ICTaBisieT co00i Oelblil KpUCTalIu-
YeCKHIl MOPOIIOK, XOPOIIO PACTBOPUMBIN B BOJIE U CITHP-
te. T =190°C.

UK-cnmektp, v_, cm': 1506 (C=C apom), 1720
(C=0), 4000—4200 (N-H). MK-criektp MenutTiHa (puc.
3) mano uH(GOPMATHUBECH, TaK KaK B MOJICKYJIC MEITUTTHHA
peo0IaaroT B OCHOBHOM TMENTUHBIC CBsA3U. [loaToMy
Ha PHCYHKE, KPOMC BaJICHTHBIX KOJICOAHUM YIIICBOIO-
POIHOTO CKEJeTa, YETKO BHUJIHBI BHIPAKCHHBIC BAJICHT-
Hble Kojicbanusi kapOonmna — 1720 cM™' U BaJieHTHbBIE
konebanust N-H cBsi3u amuzia B o6mactu 4000-4400 cm!
(mmpoxast monoca).

Pucynox 3 — HK-cnexmp menummuna

EnuHCTBEHHBIH XpOoMOGOp METUTTHHA IIPEACTaB-
JICH OCTaTKOM TpHIITO(aHa, 6Jarogaps 4eMy MOKHO U3-
y4arb MEJIUTTUH U IPOAYKTHI €0 CoJlepiKalliue, C IoMo-
LIBI0 ONTUYECKUX METOAOB HccienoBaHus. YD-crnekTp
(H,0), A, oM (Ig €): 217 (1,82), 285 (0,81). B
Y®-cnekrpe MenurtuHa (puc. 4) HAOMIOMAIOTCS JBa

MaKkCHUMyMa MOIJIOMIEHUsS Tpu A=285 HM 1 A=225 HM.
B kadyecTBe aHAIMTHYECKOW JUIMHBI BOJIHBI HEOOXO/H-
MO BBIOpaTh MUK ¢ A=285 HM, TaKk KaK MaKCUMyM IIpH
A=225 HM CBsI3aH C IOIIOLIEHUEM CBETa BHYTPEHHHUM
(3KpaHMPOBAaHHBIM) OEH30JIBHBIM KOJIBIIOM MOJIEKYJIBI
TpunrtodaHa.

MENKTTHH

s [ [ HE A aa

2] 3]

41 4%

ITo ocu Y - mormomenue Abs, ITo ocu X - JmHHEA BOIHEI HM

Pucynok 4 — YD-cnekmpol menummuna u 00pazyoé nUeiuHozo 104 6 600e
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Bt u3ydens! YO-CrieKTpbl BOAHBIX M CIIUPTOBBIX
W3BJICUCHUN PA3JIMYHBIX KOHIIEHTpAIWi 0o0Opa3ioB mue-
nuHoro siha. Kak BUAHO M3 pucyHKa 4, Xapakrep Kpu-
BOIl M IMOJIOKEHHE MAKCUMyMOB CIEKTpa MEIUTTHHA U
CIEKTpa BOJHOTO M3BJICUEHUS MMUETHHOIO f]a COBIMaja-
0T, YTO MO3BOJISIET UCIIOIB30BaTh MEIUTTUH B KaueCTBE
CTaHJapTa /Ui CIIEKTPOMETPHUUECKOTO KOJTMUYECTBEHHOTO

OIIPE/ICIICHUSI JCUCTBYIOIUX BEIICCTB B MTUCTHHOM SIJIC U
mpernaparax Ha OCHOBE IMYCITHHOTO siJia.

Jist onipenenieHusI MEJIUTTHHA B 00pa3liaxX MueIHHO-
ro sima ObUT TOCTPOCH TPaJyHPOBOUHBIN rpad)uK CTaH-
JAPTHOTO 00pa3iia MEIUTTHHA B BOJC MPH JTMHE BOJHBI
285 um (puc. 5). Pe3ynbrarsl uccie0BaHUuN TPUBEICHBI
B Tabmue 2.

Taﬂﬂuua 2 — Onmuueckoe ceemonociouienue cmandapmnblxpacmsopoe meaummuna

PasBenenue Maccosas noins, % OnTuyecKoe CBETOIOIVIOMIECHHE, A VAEHLHEIA MOKA3aTEN, CBETO-
nontonienust, A1%1lcm
10 0,0125 1,62 129,6
8:10 00,1 1,205 120,5
6:10 0,0075 0,947 126,3
4:10 0,005 0,675 135,0
2:10 0,0025 0,355 142,0
1:10 0,00125 0,165 132,0
A 5 Fpa,u,yupoao'-mblﬁ Fpanlv‘IK MenMTTHHa
1,5 -
L4
'1 a
0,5
D T T 1
0 0,005 0.01  w% 0015

Pucynox 5 — I'padyuposounslit zpagpux merummuna

Kak BHJHO U3 IpaJlyMpOBOYHOrO rpaduka, Moauu-
HeHue 3akoHy byrepa-JlamGepra-bepa st pactBopa me-
nutTruHa 1exuT B ipenenax 0,01 1o 0,125%, uro cocTas-
JISeT aHAJIUTHYECKYI0 OONacTh METOAWKH. YpaBHEHHE
rpagyupoBouHoro rpadpuka A = (12,7+0,6)®, xo3ddu-
nueHT koppensiiuu 1 = 0,999. CpenHee 3HaueHUE YIETb-
HOTO TI0Ka3aTessi CBETOIOMIOIEHNSI MEJIUTTHHA PaBHO
130,8+0,6. Jlpyrue BaJHIAI[IOHHBIC XapaKTEPUCTHKU
METOIMKM PACCUUTHIBAIIM COTIACHO (hapMakomeitHoi
cTaThll «Banmumanus aHaTUTHYECKUX METOAUK» [32].

Pacuer npeaena obHapyxenus (I10) npoBoguu 1Mo
bopmyne: I110=3,3 x S/b, tne S pasno cmandapmmuomy
OMKIIOHEHUIO C80000H020 UNIeHA «a» 2padyupo8oUHO20
epaguxa. Umeem 110 = 3,30,033/12,7 = 0,0086%. Ipe-
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JIeNT KOJIMYECTBEHHOTO OTPEICICHNUS, PACCAUTAHHBIN 110
¢dopmyre: TIKO = 10x S/b, cocrasmser 10-0,033/12,7 =
0,026%.

s ompeneneHus MPaBUIBHOCTH METOAWKH CIIEK-
TPOPOTOMETPUUECKOTO OMPEICIICHNsT MEIUTTHHA ObLT
BBIOpaH o0Opasel], B KOTOPOM AHATUTHYECKUM IIEHTPOM
XUMHYECKOro (hakynprera MockoBckoro I'ocymapcTBeH-
Horo YuuBepcutera uMenu M.B. JlomoHocOBa MeToiom
JKUIKOCTHOM XpoMaTorpaduu ObLIO yCTAHOBJIEHO CONEP-
»kanue menuttuHa — 30+1,5%.

Jlamee MBI ONpenenuiv COIEpKAHWE MEIUTTHHA
CHEeKTPO()OTOMETPUUECKIM METOJIOM, B TOM k€ 0Opasiie
ITYETTMHOTO sA7a. Pe3ynbraTsl uccuenoBanuii MpUBEICHbI
B Tabmnme 3.
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Taénuya 3 — Pe3ynvmamot onpeodenenus co0epicanus Meaummuna ¢ 00pa3yax nueiunozo 10a

Haiineno, %

Mertposorudeckue XxapakTepuCTUKN

30,8
30,2
30,1
30,3
30,6

[TuennHEbIN 7

=4 p=0,95 t=2,78
xcp = 30,4 EotH, % = 1,2%
S =0,29 xcp £ Ax =30,4+0,4
Sx=0,13
Ax=0,4

Kak BuaHO U3 Tabauusl 3, coepykaHue MEIUTTHHA
B OJHOM M3 O0pa3lioB IMUYETHHOTO 571 COOTBETCTBEHHO
pasuo 30,4+0,4%.

CoBnajienue pe3yasTaToB CHEKTPOo(OTOMETPHYECKO-
IO OMNpEETICHUs] METUTTHHA C pe3ylIbTaTaMy OIpeserne-
HUSI METOJIOM JKHIAKOCTHOM Xpomarorpaduu B mpenesax
MIOTPEIIHOCTH SKCIIEPUMEHTA MO3BOJISIET CIeNaTh BBIBO,
YTO IpeTaracMblil METOI CBOOOICH OT CHCTEMATUIECKOM
MOTPEIIHOCTH W OTJIMYaeTCsl TPaBUIBHOCTBIO. 3Hade-
HUE t-KpUTEpUsl, ITOKa3bIBAIOIIEr0 3HAYMMOCTD PA3JINYUsI
CpeHUX, COCTaBIIET 1,5, 4TO MEeHbIIe TaOIMYHOTO, PaB-
Horo 2,306. ITonTBepikaeHneM MPaBUIBHOCTH METOIUKU
TaKKe MOXKET CITY’KHTh CTAaTUCTHYECKN HE3HAYMMOE OTJIH-
yre cBOOOIHOTO YieHa «a» B YPaBHEHUH IpaJlyHpOBOY-
HOTro rpaduka ot Hyis, mockonbky a = 0,027, a noBepu-
TEeNBHBIN MHTEpBa Juid «a» coctaisieT 0,092. 310 maer

BO3MOYKHOCTh CUMTATh «a» PaBHBIM HYIIIO U OT YpaBHEHUS
Busa y = bx+a nepeitu Kk ypaBHEeHHIO BUa y = bx.
Pa3paboranHast MeToarka Oblia MPUMEHEHa K dap-
MAaIeBTUYECKUM TPOAYKTaM, COJAEPIKALIUM ITYEeTHHBII
sn. Tak, crekTpoOTOMETPHYECKHM METOIOM OIpejie-
JWIM  COJCpIKAaHWE MEJIUTTHHA B (hapMareBTHUECKHX
MPOIYKTaxX Ha OCHOBE MUEJIMHOIO ffa: Ma3u «Amnusap-
TpoH» U kpeme «Codbs C MUETUHBIM SIOM».
BricBoOOOXKIeHUE NTEHCTBYIOIIETO BEIIECTBA — Me-
JIUTTHHA U3 BBIOPAHHBIX OOBEKTOB MPOBOIAMIN METOIOM
quanu3a no KpyBumHckomy [27]. B xauecTBe auanus-
HOW MeMOpaHbl MCIOJIB30BAIN LEIUIOPAHOBYIO TUICHKY.
Cpeoii, B KOTOPYIO JHATU3UPOBAIOCH JIEKAPCTBEHHOE
BEIIECTBO, OblJIa BOJIAa OUMIIIEHHAs. Pe3ynbrarhl ClieKTpo-
(hOTOMETPHUYECKOro ONpe/IeNIeHNs] MEUTTHHA B TIPOYK-
Tax Ha OCHOBE IMYEJIMHOTO si/a IPUBECHBI B Ta0IMLE 4.

Tabnuya 4 — Pezynomamol onpedenenus co0epicanus MeTummuna 6 mazu «Anuzapmpony»
u kpeme «Cogvs ¢ nuenunvim 100m»

Haiineno, % Metponorudeckue XapakTepuCTUKU
0,0182 =5 p=0,95 t=2,57
Masb «Anu3apTpom» 0,0193 X, =0.0185E,, %=3,1
0,0189 S =0,00066 X, * Ax =0,0185%0,0006
0,0187 S =0,00029
0,0176 Ax =0,00058
Kpem «Codbst 0,0124 =5 p=0,95 t=2,57
C IMYCJIMHBIM SI10M» 0,0121 X = 0’0127 Eom’ [ 3’5
0,0132 $=0,00051 x,, + Ax = 0,0127+0,0005
0,0127 S, =0,00023
0,0133 Ax =0,00045

B pesynbrare nmpuBEIEHHBIX HCCIENOBAHUN ycCTa-
HOBJIEHO, YTO COJCp)KaHWE MEIHTTHHA B Ma3u «AmH-
3aptpor» — 0,0185+0,0006%, a B kpeme «Codbsi» —
0,012740,0005%.

3AKIIOYEHHME. YcraHoBneHB (HU3UKO-XHMHUUE-
CKHE XapaKTEePUCTUKH MEIMTTHHA KaK OCHOBHOTO KOMIIO-
HEeHTa MIenuHoro s1a. B YO-cnexrpe 2 nmka: kmax =226+
2 HM 1 285 HM +2 HM, T =190°C. YnenbHBII TOKa3aTelb
CBETOITOIVIONICHNST MENUTTHHA paBeH 12,7. Pa3zpaborana
CTIEKTPO(OTOMETPHUYECKAsT METOJNKA KOJIMYECTBEHHOTO
OIIpeIeNICHNs] MEIUTTHHA B ITUEIIMHOM SJ€ M MPOLYKTaxX
ero mepepaboTku. MeTonuKa BaJIMIMpPOBaHa 110 TTOKa3a-

TEJSIM CHEIU(PUIHOCTD, TPABHIBHOCTE, TIPEAeT OOHaApy-
KEHMs1, TIPEEN KOJIMYECTBEHHOTO ONPEACIICHNUS, JIMHEH-
HocTh. ConepKaHHE MENUTTHHA B OTHOM M3 00pa3ioB
mmaestnHoTo Ana cocraniser 30,4+0,4%. B pesynbrare npu-
BEJICHHBIX HCCIICIOBAHNH yCTAHOBJICHO, YTO COJICPIKaHUE
MEIUTTHHA B Ma3u «Anmzaptpor» — 0,0185+0,0006%, a B
kpeme «Codps» —0,0127+0,0005%.

PEKOMEHJALMNUN. IlpennokeHHYI0 METOOUKY
KOJIMYECTBEHHOTO OIPEAEICHHs MEIUTTHHA B 00pa3max
ITYEJIMHOTO 5112 MOKHO PEKOMEH/IOBATh Ul CTaHJapTH-
3aIlMM KaK [TYeINHOTO 5171, TaK U JIEKAPCTBEHHBIX IIpeTIa-
paToB Ha OCHOBE ITYEIMHOTO A/a.

INTRODUCTION. In the last decade there has been
a growing interest in bee products [1-7]. It is apitherapy
that is experiencing its second birth. The story of bees
and their products is not only uncompleted, on the con-
trary, from a scientific point of view, it is just beginning

[8—14]. People realized that no chemistry could replace
any natural material, and began to return to drugs pro-
duced on a natural basis. The experience of the past cen-
turies and generations using bee products for medicinal
purposes, is coming to life again. Therefore, nowadays,
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it is vitally important to study both — the composition of
apitoxin and its main components [15-29]. Besides, it is
necessary to develop a modern, affordable and simple
method of the analysis of apitoxin and pharmaceutical
products based on it.

THE AIM OF THE STUDY is to investigate
physical and chemical characteristics of melittin, the
main component of apitoxin, as well as the development
of methods for the quantitative determination of melittin
in the samples of apitoxin and in the pharmaceutical
products made on the basis of apitoxin.

MATERIALS AND METHODS. Apitoxin. For
our research, all samples of apitoxin were provided by
Serbin Yury Pavlovich, a private entrepreneur of the city
of Maikop (Krasnodar Region). The presented samples
were light yellow powders with a sharp characteristic
smell and a bitter taste, soluble in water, acid solutions
and alcoholic solutions of different concentrations. Api-
toxin has an acidic reaction (pH 4.5-5.5).

Melittin. The reference sample was provided by the
Analytical center of the chemistry faculty of Moscow
State University n. a. M. V. Lomonosov.

“Apizartron” ointment is the ointment for external
use on the basis of apitoxin produced by Esparma GmbH,
Germany, series 040033, the date of manufacture was
07/03.

“Sophia. Apitoxin body Balm” cream, produced
by LLC Korolevfarm, Russia, by order of scientific
production association “Phara Pharm” in compliance
with TR. TC 0092011, series: 011821333.

Study of physical and chemical characteristics

The UV spectra of melittin and apitoxin were
registered on SF 103 spectrophotometer in quartz cuvettes
with 1 cm thickness. The solvent and the comparison
solution were purified water.

The IR spectra were investigated on the IR-
instrument of Fourier — FSM-1201 spectrophotometer,
LLC “Infraspek”.

Determination of melitin by chromatography method

The study was performed on a liquid chromatographic
system of “Milligram” using a chromatographic column
Pep RPC HR 5/5. The method was developed by the
Academy of agrarian Sciences of Ukraine, Institute
of beekeeping n. a. P. I. Prokopovich and adopted by
Interstate Council for Standardization, Metrology and
Certification (Record of proceedings No. 11, ICSMC,
dated 23 April 1997) [31].

Methods of spectrophotometric determination of
melittin in apitoxin samples

An accurately weighed quantity (1g) of apitoxin was
dissolved in 30 ml of distilled water with a little heating
and filtered hot. The filter with the undissolved part was
again filled with distilled water with a little heating and
filtered hot again (this operation was performed twice).
The filtrates were combined, and after cooling the
extraction was brought to the mark of 100 ml.

If the precipitate fell out upon cooling, the flask
was heated before taking an aliquot. Then a volumetric
flask with a capacity of 100 ml was taken, 1.0 ml of the
obtained aqueous extract was placed in it, brought to the
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mark and subjected to the spectrophotometric analysis at
the wavelength of 285 nm.

Water was used as a comparison solution. At the
same time, the optical density of the reference sample
solution of melittin was measured.

Preparation of a solution of a melittin reference
sample of for constructing a calibration graph

About 0.125 g (an accurately weighed quantity) of
melittin was quantitatively transferred to a volumetric
flask with a capacity of 100 ml, dissolved and brought to
the mark with purified water. 1 ml of the resulting solution
contains 0.00125 g of melittin (solution A). The further
dilutions were prepared so: 1 ml, 2 ml, 4 ml, 6 ml, 8 ml
and 10 ml of solution A were placed in six volumetric
flasks per 10 ml (each flask) and brought to the mark
with water. The optical light absorption of the obtained
solutions was determined on the spectrophotometer (SF-
103) at the wavelength of 285 nm was.

Methods of quantitative determination of melittin
content in “Apizartron” ointment and “Sophia with
apitoxin” cream

The release of melittin from the ointment bases was
carried out according to the method of Kruvchinsky [27].
The exact quantity of the investigated ointment weighing
7.0g was placed on a cellophane membrane and then in
a dialyzer filled with 100 ml of distilled water. After 24
hours, a quantitative determination of melittin was car-
ried out by spectrophotometry. An aliquot of 25 ml of di-
alysate was placed in a 100 ml volumetric flask, then the
volume was brought to the mark with water. After 5-10
min., the optical absorption was determined on SF 103
spectrophotometer at A = 285 nm. The weight fraction of
melittin was calculated according to Formula 1:

0% :# , wWhere )
lem a-m

A is the optical density of the test solution; A" is
the specific indicator of the optic absorption of melittin,
equal to 127; m is the weight of the ointment taken for
the analysis (d); V is the volume of the volumetric flask;
Va is an aliquot of dialysate.

The results of the experiment were processed using
the Microsoft Excel software package.

RESULTS AND DISCUSSION. The molecule of
melitin is a monomer peptide consisting of 26 amino acid
residues: "H,N — Gly —Ile — Gly — Ala — Val — Leu — Lys+
Val — Leu — Thr — Thr — Gly — Leu — Pro — Ala— Leu —Ile
—Ser — Trp — Ile — Lys+- Arg+- Lys+- Arg+- GLn — GLn
— CONH, [14, 24, 28, 29, 30].

It is noteworthy that the melittin molecule does not
contain cysteine, in contrast to the neurotoxins of snakes,
scorpions, poisonous spiders that are heterodetect peptides
and, as a rule, contain several disulfide bridges. The
molecular weight of melittin is 2840 Da. There are no
negatively charged groups in the melitin molecule, and
the positively charged amino acid residues are mainly
concentrated in the C — terminal segment, which is the
hydrophilic part of the melittin molecule (residues 21-26).
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The area of melittin 1-20 is formed mainly by hydrophobic
amino acid residues. The only chromophore of melittin is
represented by the residual tryptophan, which occupies
Position 19 in polypeptide, and that can be successfully
used to study melittin and the products containing it, by
optical methods. The polypeptide chain of the melittin
molecule in the solution assumes the conformation
of the correct a-spiral (up to 80%), disturbed by the
Proline residue at Position 14. At a high ionic strength
of the solution or its high concentration, melittin can be
associated with a tetramer formed by two symmetrically
arranged pairs of antiparallel protomers [30].

To standardize apitoxin as a raw material for
pharmaceuticals, there is no modern regulatory

documentation. To determine the quality of apitoxin, the
following regulations are used:

1). Pharmacopoeial item (FS 42-26583-89
“apitoxin”) (expired on 25April, 2001) [31], developed
by the staff of the Department of human and animal
physiology and biochemistry of Nizhny Novgorod State
University n. a. N.I. Lobachevsky together with the staff
of Riga Medical Institute;

2). All-Union State Standard 30426-97 [26],
developed by the Academy of Agrarian Sciences of
Ukraine, Institute of Beekeeping n. a. P.I. Prokopovich.
According to the requirements of the All-Union State
Standard, raw apitoxin must meet the parameters
specified in Table 1.

Table 1 — Organoleptic and physico-chemical parameters of raw apitoxin [26]

Indicator name

Meaning of indicators

Appearance Powder in the form of small grains and flakes
Colour White with a creamy shade or yellowish
Consistency Powdery

Organoleptic properties

Causes irritation of the mucous membrane, sneezing

Mass fraction of insoluble impurities in water, %

Not more than 5%

terms of dry weight, mIU

Mass fraction of water, % Not more than 8%
Mass fraction of crude ash, % Not more than 2%
Activity of phospholipase A 2 in | mg of apitoxin in terms of dry weight, [U | Not less than 100 IU
Activity of glucosaminoglycan hydrolase complex (GAGH ) in 1 mg, in | Not less than 90 mIU

Determining the time of hemolysis, sec.

Not more than 300 sec

Mass fraction of melittin, %

Not less than 50%

Mass fraction of apamine, %

Not less than 2%

As the table shows, the predominant substance of
apitoxin, which can be used in pharmacy, should be melittin.

Melittin is determined by the method of column
chromatography [8], which is based on the separation of
components of apitoxin after their binding to the solid
phase of the chromatographic column. This method
requires preliminary preparation and the execution
technique is quite painstaking. Therefore, at present it is
urgent to develop a modern, more convenient method for
quantifying melittin not only in the samples of apitoxin,
but also in the products of its processing.

As a standard for the development of a quantitative
determination, a reference sample of melittin, kindly

provided to us by the Analytical Center of the Chemical
Faculty of Moscow State University n. a. M.V.
Lomonosov, was selected. The purity of the presented
sample was proved by the method of HPLC with diode-
matrix detection and tandem mass spectroscopy in the
Moscow State University laboratory. The results of the
study are shown in Figures 1, 2.

As Figure 1 shows, in the chromatogram there is
only one peak, which indicates the purity of the obtained
reference sample of melittin. In the chromatograms of
apitoxin and pure isolated melittin (Fig. 1, 2) it is clearly
seen that the peak corresponding to melittin has the
retention time of 12 minutes.
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Figure 1 — Chromatogram of a pure melittin sample

Figure 2 — Chromatogram of a apitoxin sample

As Figure 2 shows, the main predominant component
of apitoxin is melittin (Peak 12, corresponding to the
retention timeof 12 minutes).

For melittin, as a reference sample, the basic phys-
ical and chemical characteristics have been established
and UV and IR spectra have been studied.

Melittin is a white crystalline powder, highly soluble
in water and alcohol. The melting temperature is 190°C.
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The IR spectrum is v, cm™: 1506 (C=C ar), 1720
(C=0), 4000—4200 (N-H). The IR spectrum of melittin
(Fig. 3) is less informative, as the melittin molecule is dom-
inated by peptide bonds. Therefore, as the figure shows, in
addition to the valence vibrations of the hydrocarbon skel-
eton, pronounced valence vibrations of carbonyl — 1720
cm! and valence vibrations of N-H bond of amide in the
area of 40004400 cm'(a wide band) are clearly visible.
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Figure 3 — The IR melittin spectrum

The only melittin chromophore is represented by tryp-
tophan residue, which makes it possible to study melittin
and products containing it, using optical research meth-
ods. UV-spectrum (H,0) is &, nm (lg ¢): 217 (1.82),
285 (0.81). In the UV spectrum of melittin (Fig. 4), there

are two absorption maxima: at A = 285 nm and A = 225
nm. As an analytical wavelength, it is necessary to select
a peak with cA = 285 nm, since the maximum at A = 225
nm is associated with the absorption of light by the internal
(screened) benzene ring of the tryptophan molecule.

Figure 4 — UV spectra of melittin and apitoxin samples in water

UV spectra of aqueous and alcoholic extracts of
various concentrations of apitoxin samples have been
studied. As the Fig. 4 shows, the nature of the curve and
the position of the maxima of the melittin spectrum and
the spectrum of aqueous extraction of apitoxin coincide,
making it possible to use melittin as a standard for the

spectrometric quantification of active substances in
apitoxin and the preparations based on apitoxin.

To determine melittin in apitoxin samples, a
calibration curve of a standard melittin sample in water
at the wavelength of 285 nm was constructed (Fig. 5).
The results of the studies are shown in Table 2.
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Table 2 — Optical light absorption of standard melittin solutions

Dilutions Weight percent, % Optical light absorption, A Specific optical absorbance A'*
10 0.0125 1.62 129.6
8:10 00.1 1.205 120.5
6:10 0.0075 0.947 126.3
4:10 0.005 0.675 135.0
2:10 0.0025 0.355 142.0
1:10 0.00125 0.165 132.0

Figure 5 — Calibration graph of melittin

As the calibration graph shows, the subordination of
Bouguer-Lambert-Beer law to the melittin solution lies in
the range of 0.01 to 0.125%, which is the analytical area of
the technique. The equation of the calibration graph is A =
(12.7 £ 0.6) o, the correlation coefficient is r = 0.999. The
average value of the specific light absorption coefficient of
melittin is 130.8 + 0.6. Other validation characteristics of
the procedure were calculated according to the pharmaco-
poeial entry “Validation of analytical methods” [32].

The calculation of the detection limit (DL) was
carried out according to the formula: DL = 3,3 x S / b,
where S is equal to the standard deviation of the free term
“a” of the calibration graph. We have DL = 3,3.0,033 /

12,7 = 0,0086%. The Quantification Limit (QL) was
calculated according to the formula: QL=10x S /b, i.e.
10.0,033 /12.7 = 0.026%.

To confirm the correctness of the methods of
spectrophotometric melittin determination, a reference
sample of melittin, provided to us by the Analytical Center
of the Chemical Faculty of Moscow State University n.
a. M.V. Lomonosov, was selected. By method of liquid
chromatography the content of melittin was established:
30+ 1.5%.

Further, we determined the content of melittin in the
same sample of apitoxin by spectrophotometric method.
The results of the studies are shown in Table 3.

Table 3 — Results of determining the content of melittin in apitoxin samples

Found out, %

Metrological characteristics

30.8
30.2
30.1
30.3
30.6

Apitoxin

f=4 p=0.95 t=2.78
x,=304E . %=12%
S=0.29 x_ + Ax = 30.4+0.4
S.=0.13
Ax=04

As Table 3 shows, the content of melittin in one of
the apitoxin samples corresponds to the meaning of 30.4
+0.4%.

The coincidence of the results of the spectropho-
tometric determination of melittin with the results of
determination by liquid chromatography within the ex-
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perimental error allows us to conclude that the proposed
method is free of a systematic error and correct. The val-
ue of the t-test, showing the significance of the difference
in means, is 1.5, which is less than the tabulated one,
equal to 2.306. The statistically insignificant difference
between the free term “a” from zero in the equation of the
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calibration graph can also serve as a confirmation of the
correctness of the method, since a = 0.027, and the con-
fidence interval for “a” is 0.092. This makes it possible
to consider “a” equal to zero and pass on to the equation
form “y = bx” from the equation form “y = ax +a”.

The developed methods was applied to
pharmaceutical products containing apitoxin. Thus, the
content of melittin in pharmaceutical products based
on apitoxin was determined spectrophotometrically:

“Apizarthron” ointment and “Sofia with apitoxin”
cream.

The release of the active substance melittin from the
selected objects was carried out by dialysis according to
Kruvchinsky [27]. As a dialysis membrane, a cellophane
film was used. The medium in which the drug was dialyzed
was purified water. The results of spectrophotometric
determination of melittin in products based on apitoxin
are given in Table 4.

Table 4 — Results of determining the content of melittin in “Apizarthron” ointment
and “Sofia with apitoxin” cream

Found out, % Metrological characteristics
0.0182 £=5 p=0.95 t=2.57
) ) 0.0193 x_=0.0185E ,%=3.1
"Apizarthron" ointment ® o

0.0189 S$=0.00066 x + Ax = 0.0185+0.0006
0.0187 S_=0.00029
0.0176 Ax =0.00058

Sofia with apitoxin" cream 0.0124 =5 p=0,95 =2,57
0.0121 x,=0.0127E . %=35
0.0132 $=0.00051 x , + Ax = 0.0127+0.0005
0.0127 S =0.00023
0.0133 Ax =0.00045

As a result of the conducted studies, it has been es-
tablished that the content of melittin in “Apizarthron”
ointment is 0.0101 + 0.0006% and in “Sophia” cream it
is 0.0127 £ 0.0005%.

CONCLUSION. Physical and chemical charac-
teristics of melittin as the main component of apitoxin
have been established. In the UV spectrum 2 peaks:
Amax=226+2nmand 285 nm+2nm, T _ .=190°C.
The specific rate of melittin light absorption is 12.7.
The spectrophotometric methods of quantitative de-
termination of melittin in apitoxin and products of
its processing has been developed. The technique is
validated by the specificity, accuracy, detection limit,

limit of quantitative determination, linearity. The con-
tent of melittin in one of the samples of apitoxin is
30.4 + 0.4%. As a result of these studies, the “apoph-
ysics” —0.0185 + 0.0006%, and in the cream “Sophia”
—0.0127 + 0.0005%.

As a result of the conducted studies, it has been es-
tablished that the content of melittin in “Apizarthron”
ointment is 0.0101 + 0.0006% and in “Sophia” cream it
is 0.0127 £ 0.0005%.

RECOMMENDATIONS. The proposed methods
for the quantitative determination of melittin in apitoxin
samples can be recommended the standardization of both
— apitoxin and the drugs based on apitoxin.
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NMPOTUBOA3BEHHAA AKTUBHOCTb ANHUTPATA
2-OEHUN-9-ANITUNAMUHOITUNNMUAASO[1,2-A]BEH3UMUOASONA
NPU TENNKOBAKTEPONOAOEHOM NOBPEXAEHUU CIU3UCTOMN
OBOJIOYKU KENYAKA

M.B. Yepnuxos, M.A. Ozanoea, A.C. I'epacumenxo, E.A. Apmemoves

Ilamueopckuil meouko-papmayeemuyeckuu uncmumym — gunuan @IBOY BO Borel MY Munzopasa Poccuu,
357500, e. [Iamueopck, np. Kanununa, 11

Touck HoBbIX 1EKAPCMBEHHBIX CPEOCmS, 06eCnedu8alowux dPOeKmusHyIo 1 6€30NACHYI0 Mepanuio KUCI0mo-
3A6UCUMBIX 3A00T16AHULL JHCETYOOUHO-KULUEUHO20 MPAKMA, NPOOOINCAEH OCHABAMbCS AKMYANbHOU NPOOIEMOU CO-
spemennou papmarxomepanuu. OOHUM U3 HAUOOLEE 3HAUUMBIX NAMOSEHEMUUECKUX MEXAHUSMO8 PA36UMUS OAHHbIX
3abonesanuil sgnsemcs, accoyuuposanroe ¢ Helicobacter pylori, nospesicoenue causucmoii obonouxu scenyoxa. Ie-
bI0 OAHHO20 UCCLE008AHUSL ABUNOCH IKCHEPUMEHMATbHOE UyYeHue NPOMUBOA36eHHOU AKMUBHOCMU CYOCMAanyuU
2-gpenun-9-ousmunamunosmurumuoaso [1,2-a] benzumuoazona (Oanee cybcmanyus, npouzso0Hoe OeH3uMudazona)
Ha Mooenu 2enuKobakmeponododHo20 NOBPENCOCHUst CAUSUCIIOU JHCENYOKA 6 COYeMAaHUU C UMMOOUTUZAYUOHHBIM
cmpeccom. Mamepuanst u memoowl. [{jist MOOENUPOBAHUS NOBPENCOEHUS CAUSUCTION 0OO0IOUKU IKCNEPUMEHMATbHBIM
arcusomHuim (benvie kpovicvl-camyvl aunuu Wistar) egoounu 120 mmons/n pacmeopa ammuaka nocie 24-4acoozo um-
Mobunusayuonnoz2o cmpecca. B kauecmee npenapamog cpagnenus ObLiu 6610panbl OPUYUHATbHBIE NPOMUBOS3E6EHHbIE
cpeocmea, WUpoKo npUMeHsieMble 8 KIUHUYecKol npakmuke: panumuoun (30 me/ke, 10 me/ke u 3 me/ke) u omenpaszon
(3 me/ke, 1 me/ke u 0,3 me/ke). HUzyuaemoe coedunenue ucnons308anoce 6 003ax 30 me/ke, 10 me/ke u 3 me/ke. Maxcu-
ManbHble 003bl NPENAPAMos CPAGHEHUs PACCHUMBIBAIUCH UCXOO0SI U3 MAKCUMATLHOU CYMOUHOU 003bl 0151 4el08eKd C
VUEmMOM MeNC8U006020 Ko Guyuenma nepecuema. Maxkcumanvhas 003a ucciedyemozo seuecmed ovlia no0oopana
oKchepumenmanvio. Jlns yoobecmea oanvreliwux pacuemos suavenus ED 611 ucnonssosean noaapugmuieckuii Ou-
anason 003. Bce uccnedyemvle 06vexmovl 6600UNUCH HYMPUICETYOOUHO C ROMOWbIO ampasmamuyno2o 3010a. Pe-
3ybmamol u 00Cyycoenue. Ycmanosneno, umo uzyiaemas cyocmanyus 00Cmo8epHo OMHOCUMENbHO KOHMPOIbHbIX
BHAYEHUT CHUMICANLA NIOWAOb NOBPENCOCHUs. CIUSUCOU 0DOIOUKU NPU MOOCIUPOBAHUU 2eIUKODAKMEPONOO0OHO20
nO8pedNcOenUs, CHPOBOYUPOBAHHO20 66E0CHUEM PACTNEOPA AMMUAKA HA (hOHe UueMuu CIU3UCMOU JHcernyoKa nocie
24-uacosoti ummodunuzayuu. Ilpu smom, 6 2pynnax JHcu8OMHbIX, NOIYUAGUIUX NPOU3EOOHOE DeH3UMUOa301a 6 do3e 30
Me/ke, uneubuposanue obpazosanus 3pozuii docmueno 78%, 6 mo epems Kak 6 epynnax, nOIy4asuUx paHumuouH u
omenpason 66% u 50% coomeemcmeenno. Pacuemnvie snavenus ED , Ons usyuaemori cybcmanyuu cocmasunu 16,03
me/ke, a ons panumuouna — 15,99 me/xe. 3axnouenue. Ionyuennvie pe3yiomamsl cUOEmMenbCMEYIOm 0 MoM, 4mo
uzyuaemoe npou3eooHoe DEeH3UMUOA301a NPesOCXOOUm aHAL02U NO CHOCOOHOCMU NOOAGIANMb UbA3GIEHUE CIU3U-
Ccmotl dicenyoKa, CnpoBOYUPOBAHHOE 2eNUKOOAKMEPON0O0OHbIM 6030€UCmMBEUEM, YMO NOOMBEEPHCOAent AKMYaIbHOCHb
danvHetuezo Uccied08anus. RPOMUBOSA36eHHOU AKMUBHOCHIU U PA3PAOOMKU 20MOBOU 1eKAPCMEEHHOU (OpMbl HA €20
ocnose.

Knrouesvie cnosa: 2-penun-9-ousmunamunosmunumudasof1,2-a] benzumuoason, npomueosseennoe delicmsue,
2enUK0OaKmepono00OHAs 536d
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ANTIULCER ACTIVITY OF DINITRATE 2-PHENYL-9-
DIETHYLAMINOETHYLAMINE[1,2-A]BENZIMIDAZOLE
WITH HELICOBACTER PYLORI-LIKE DAMAGE OF GASTRIC MUCOSA

M. V. Chernikov, M.A. Oganova, A.S. Gerasimenko, E.A. Artemyev

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

The search for new drugs providing effective and safe therapy of acid-dependent diseases of the gastrointestinal
tract, continues to be an actual problem of modern pharmacotherapy. One of the most significant pathogenetic mech-
anisms of these diseases is associated with Helicobacter pylori damage to-the gastric mucosa. The aim of this study
is the experimental investigation of the antiulcer effect of 2-phenyl-9-diethylaminoethylamine [1,2-a] benzimidazole
substance (hereinafter a Benzimidazole derivative substance) on the model of Helicobacter pylori-like gastric muco-
sal injury in combination with immobilization stress (a restraint). Materials and methods. For modeling a mucous
membrane damage to experimental animals (white Wistar male rats), they were injected 120 mmol/l ammonia solution
after a 24-hour immobilization stress (restraint). As reference drugs, the following officinal anti-ulcer drugs widely
used in clinical practice, had been chosen: Rranitidine (30 mg/kg, 10 mg/kg and 3 mg/kg) and Omeprazole (3 mg/kg,
1 mg/kg and 0.3 mg/kg). The study substance was used in the doses of 30 mg/kg, 10 mg/kg and 3 mg/kg. The maximum
doses of the reference drugs were calculated on the basis of maximum daily doses for humans, taking into consider-
ation the interspecies conversion factor. The maximum dose of the substance under study was selected experimentally.
The logarithmic dose range was used for the convenience of further calculations of the ED;, value. All the studied ob-
Jects were introduced intragastrically through a non-traumatic tube. Results and discussion. It has been established
that the studied substance significantly reduced the area of mucosal damage relative to the control values in modeling
Helicobacter pylori-like gastric mucosal injury provoked by the administration of ammonia solution against the back-
ground of gastric mucosal ischemia after a 24-hour restraint. At the same time, the inhibition of ulceration reached
78%, while in the groups receiving Ranitidine and Omeprazole, it reached 66% and 50%, respectively. The calculated
ED,, values were the following: for the substance under study — 16.03 mg/kg, and for Ranitidine — 15.99 mg/kg. Con-
clusion. The gained results indicate that the studied Benzimidazole derivative is superior to analogs in its ability to
suppress gastric mucosal ulceration provoked by Helicobacter pylori-like gastric mucosal injury, which confirms the
relevance of further study of anti-ulcer activity and the development of the pharmaceutical dosage form based on it.

Keywords: 2-phenyl-9-diethylaminoethylamine[1,2-a] benzimidazole, antiulcer effect, Helicobacter pylori-like

ulcer

BBEJEHME. N3ocTtepHOCTh OCH3MMHIA30IHHOTO
siapa ¢ nypuHoBbiMU ocHoBaHusiMu JIHK, a Takxke ero
NPUCYTCTBHE B CTPYKType BUTamuHa B, ,, oOyciapmu-
BaeT €My pOJIb IPUBHIIETHPOBAHHON CTPYKTYpHI C TOU-
KM 3pEHUsl pa3pabOTKW MOJEKYJI C TepareBTUUECKUM
cBotictBamu [ 1, 2]. CiekTp OHOIOTHYECKOH aKTHBHOCTH
MIPOM3BOHBIX OCH3MMMAA30JI0B BKIIIOYACT MPOTHBOBHU-
pycuyto [3], mpotuBorpudOKoByr0 [4, 5], aHTUMHKPOO-
Hy[0 [6], mpoTHBOpaKkoByro [7, 8], aHTUTCIEMUHTHYIO
[9], aHampreTHYecKy0 M KapormoHmKaromyro [10, 11],
aaTHaadeTndeckyto [12], antunporozoiinyro [13], an-
THOKCHAAHTHYIO [14], mpOTHBOKOHBYIBCHBHYIO [5, 15],
AHTHIICUXOTHYECKYO [ 16], mpoTuBosi3BeHHYTO [17], TIpo-
THBOTYOCpKyne3nyto [ 18], anectesupyromyro [19] u ap.
BHIbI aKTHBHOCTH.

Kak n3BecTHO, O/1HOH M3 HanboJiee YaCThIX TPUIUH
BO3HHMKHOBEHHS 3PO3MBHO-SI3BCHHBIX JIC(PEKTOB CIN3HU-
CTOH 00O0JIOUKH SABJIAETCS TPaMOTPHUIIATEIbHAS aHAIPOO-
Has manouka Helicobacter pylori [20]. Dra Oakxtepus
obnaaeT ypeasHoH aKTHBHOCTBIO. Ypeas3a MpeBpalact
MOYEBHHY B aMMHAK, KOTOPBIH HEUTPAIN3yeT COJSIHYIO
KHCJIOTY, BBI3BIBas MECTHOE OILEJIAYMBaHKE, CIOCO0-
CTBYIOIIEE TIEHETPAlMK OaKTEpUH BIIYyOb CIM3UCTOM
00O0JIOYKH CKBO3b 3aIUTHBIN CIM3UCTHIN Oapbep. AMMU-
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aK, B CBOIO o4epesib, pasnpaxaer G-KICTKH, BbIpadarhbl-
BAIOIIME TacTPUH, CTUMYIUPYIOIHN BBIPAOOTKY COJIS-
HOM KUCIOTHL. YacTh OakTepuii MPOHUKACT B CIIH3UCTYIO,
paspylias MeXdIUTeNHaTbHbIe KOHTAKTBI, BbI3bIBas
mucTpodrio U aTpouio KIETOK 3a c4eT cBoed docdo-
JIMINIA3HOW aKTUBHOCTH. Pa3pylieHue 3aluTHEIX OeiKo-
BBIX KOMIIOHEHTOB M MYIIMHA CIIOCOOCTBYET MPOHHKHO-
BEHHUIO OaKTEpHii BIIyOb CIIU3UCTOM XxKemyaka, GopMUpyst
SI3BEHHBIC JIe(DEKThI. AMMHUAK BBI3BIBACT MOBPEKICHHE
D-kJi1eToK, BBIpa0aThIBAIOIIMX cOMaTtocTaTuH. [Ipu saToM
BBIOPOC racTpHHA, PEryITUPYEMBIil COMaTOCTAaTHHOM, TIe-
pecraeT KOHTPOIUPOBATHCS, YTO, B HTOTE, eie OobIe
YCHUIIMBACT BBIPAOOTKY COJITHON KUCIOTHI [21].

Ha ¢one BoznevictBus Helicobacter pylori B mon-
CITM3HCTOM clloe (OPMHpPYETCsS BOCHAIHMTEIbHBIN HH-
(buIBTpaT, MPOMCXOJUT HEKPO3 JIHTENHs ¢ 00pa3oBa-
HHEM SI3BEHHOTO Ne(peKTa, a racTPHH-ONOCPET0BAHHAS
THIEPCEKPEIUs CONSIHOW KHCIOTBI 00ECHEUYHBACT €ro
mporpeccuro [22].

Onuoit M3 Haumboiee pacnpoCTPaHEHHBIX METO-
JMK MOJCITUPOBAHHS T'eIHMKOOAKTEPONOIOOHBIX SI3BCH-
HBIX TIOBPEXKICHUH SBISETCS MOHOXJIOPAMUH-HHIY-
LUpPOBaHHAS s3Ba, TaK KaK MOHOXJIOPaMHH OBICTDPO
pacmajmaercs 10 aMMHaKa, BO3ICHCTBHE KOTOPOTro Ha
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CJIM3UCTYIO 00O0JIOUKY JKEIyIKa CIY’)KUT OCHOBHBIM Ia-
TOTeHETHUCCKUM 3BeHOM Helicobacter pylori, accoiu-
MpOBaHHOTO s3BooOpazoBanus. Tak xax Helicobacter
pylori, kKak IPaBUJIO, BBI3BIBACT PA3BUTHE SI3BCHHBIX JIC-
(dekToB Ha (pOHE CHUIKCHHUS MPOTEKTOPHOTO JCHCTBHUS
CIM3UCTO-OMKapOOHATHOTO Oaphepa, Hamboliee YacTo
OMOCPEIOBAaHHOTO HIIIEMHYECKHUMH COCTOSHUSMHU, OfI-
HOW M3 METOJMK T'eJIMKOOAaKTEepOIo00HO! SI3BBI OBLIO
MOJICTUPOBAaHUE Je(PEKTOB CIM3HCTON IPH BBEICHUH
aMMuaka Ha ()OHE OCTPOIl UIIIEMUH, BEI3BAHHOU CHIDKE-
HUEM CHCTEMHOTO 00beMa LUPKYJIUPYIOUIe KPOBH 3a
CUET KPOBOITYCKaHMs M3 COHHOH aprepuu. JlanHas me-
TO/MKA ITO3BOJISIET JIOCTHYb BEICOKOI BOCIIPONU3BOIUMO-
CTH, OJTHAKO COTPSIKCHA C XUPYPTUICCKUMHU MAHUITYJIS-
LUSMU, YTO YBEINIUBACT TPYJOCMKOCTh M PHCK THOCTH
KUBOTHBIX [23, 24]. B cBs3u ¢ 3TUM OblIa IpeIoKeHa
Monu(pUKALUs METOANKH MOJICIUPOBAHUS TeIHMKOOaK-
Teporoo0HO! S3BBI C MCIIOJIB30BAHNEM MMMOOMIIN3a-
LIMOHHOTO CTpecca B KaueCTBE IPOBOIMPYIOLIETO UIlle-
MHYECKOro (hakropa.

HEJIb HCCIEJOBAHUSA. DxcnepuMeHTalb-
HOE MCCJIEJI0BaHUE MPOTHUBOS3BEHHOW aKTHBHOCTH CyO-
cTaHIuu 2-heHWI-9- I THIaMHUHOITHINMIIA30 [1,2-a]
OeH3UMHKIa30/la Ha MOJENU TeINKOOaKTeponogo0HOro
TTOBPEKICHHS CIIM3HUCTOH JKEITy/IKa B COUETaHHH C HIMMO-
OMIM3AIIOHHBIM CTPECCOM.

MATEPHUAJIBI U METOIBbI. 2Kusomnuie. Vic-
ciieioBaHue (hapMaKkoJIOrHYeCKO aKTUBHOCTH OBLIO BbI-
MOJTHEHO Ha ayTOpeiHBIX Kpbicax-camuax Wistar (Bo3-
pact 10-12 nenens) Becom 180,0-250,0 1. Pa3z6poc mo
HCXOITHOM Macce )KHUBOTHBIX B TpyIe He npesbimai 10%
[25].

VYenoBust cofepKaHusl KUBOTHBIX COOTBETCTBOBAJIH
TpeOOBaHUSAM MMOCTAHOBJICHHsI [ JTaBHOTO TOCYNapCTBEH-
Horo caHuTapHoro Bpada P® or 29.08.2014 NeS1 «O6
yrBepxkaeruu CII 2.2.1.3218-14 «CanutapHo-3nuaeMu-
0JIOTUYECKUE TPEOOBAHUS K YCTPOHUCTBY, 000PY/I0BaHHIO
U COIEPXKaHHIO OKCIEPUMEHTAIBLHO-OMOIOTMYECKUX
KJIMHUK (BUBapUEB)».

MaHuyJSIMMA ¢ 9KCIICPUMCHTATBHBIME  JKHUBOT-
HBIMHU BBITIOJIHSUTMCH B COOTBETCTBUHU C OOIICTIPUHATHI-
MM 3THYECKHUMHM HOpMaMH, NMPUHATHIMUA EBponerckoit
KoHBeHIHelH MO 3aluTe MO3BOHOYHBIX JKUBOTHBIX, HC-
MOJIb3YEMBIX JJIsl SKCIICPUMEHTAIBHBIX U UHBIX HAYYHBIX
ueneit (1986) u ¢ yaerom MexayHapoqHbIX peKOMEH/1a-
uuit EBporneiickoli KOHBEHIIMH 10 3allUTe TO3BOHOYHBIX
JKUBOTHBIX, HCIOJIb3YEMbIX MpPU IKCIEPUMEHTAIbHBIX
uccienoBanusx (1997) [26, 27].

Husaiin uccnedosanusn. OueHka NpOTHUBOS3BEHHOTO
JEWCTBHS U3y4aeMOi CyOCTaHIIMK POBOMIIACH B 103aX
3 mr/kr, 10 mr/kr u 30 mMr/kr. B kauecTBe 00BEKTOB CpaB-
HEHUsI OBUTH UCIIOIB30BaHbI CyOCTaHIus oMerpasoia 0,3
mr/kr, 1 mr/kr u 3 mr/kr (Sigma Aldrich, CILA), cy0-
cTaHnus panutuauHa 3 Mr/kr, 10mr/kr u 30 Mr/kr (Sigma
Aldrich, CILIA).

MaxkcuMasbHBI 00BEM JUISI BHYTPHIKEIYIOYHOTO
BBEJICHUS KPbICAM HE TPEBBIMIAT 3 MJI JUIS JKABOTHBIX
maccoii 10 200 1, 5 mut miis sxuBoTHEIX 0T 200 10 240 T 1
6 M1 JUTs )KUBOTHBIX Maccoit 6onee 240 .

C 1enbIo CHU)KEHHUS! aKTUBHOCTH 3aIIIUTHOTO CIIU3H-
CTO-OMKapOOHATHOTO Oapbepa ObLT UCIIOIB30BAaH UMMO-
OMIM3alMOHHBINA cTpecc (24 Yaca) ¢ MPUHYIUTEIBHBIM
BBejieHHEM BObl. Uepe3 24 yaca MMMOOMIM3AIMH KHU-
BOTHBIM BBOJMJIM PacTBOp aMMHaka B KOHIEHTPALUH
120 Mmomb/11.

B Xome sKcneprMEHTalIbHOTO HCCIIEAOBAHUS JKH-
BOTHBIE OBUTH paszeseHsl Ha 4 rpynmbl o 10 ocobei B
kaxaoi. KoHTponpHas rpymmna noiryyaina pacTBOp aMMH-
aka (120 mMomb/i1) u3 pacuera 1 M Ha 100 T BHyTpHOKe-
JIIOYHO OfHOKparHo. M3ydaemoe mpousBopHOe OeH3H-
MUJ1a30J1a M TIperiapaThl CpaBHEHHsT BBOIWINCH 3a | yac
JI0 BBEICHHs pacTBOpa aMMHaKa B OIBITHBIX IPyIIax.
DOBTaHa3UI0 KMBOTHBIX IPOBOJMIIM Yepe3 2 yaca Iocie
BBEJICHHS PacCTBOpa aMMHaKa.

Onpeoensemvle nokazamenu. J1Jis OICHKU TSHKECTH
MOBPEXK/ICHHUSI TPU HCCIIENOBAaHUN IPOTHBOSI3BEHHOTO
JCUCTBHSL TIPH MOJICITUPOBAHUN BCEX I1aTOJOTMYECKUX
COCTOSIHUH ITPUMEHSUIN cucTeMy OanioB [28].

B xa«10# rpyIimne mojgcyuThIBAIOT CyMMY OaJlIoB, U3
KOTOPOH BBIBOJIMIIN CPEIHIOI apu(pMETHUECKYIO BEJH-
YHHY, XapaKTEepU3YIOIIYI0 CPEIHIOI0 CTEIICHb M3bs3BIIe-
HUSI B TPYIIIIE.

Kpome TOTO, B IpyIIe pacCUUTHIBAIOT HHACKC H3b-
sizeieHust (). B mHIekce U3bsA3BICHHUS OTPAXKEHBI KaK
MIPOLICHT YaCTOTHI )KUBOTHBIX C SI3BaMH, TaK M CTEICHb
JUCTPOQHUIECKNX HAPYIICHUH B KETyIKe.

Cmamucmuueckana  obpadomka. IlomyueHHbIE
9KCIIEPUMEHTAIIBHBIC JIaHHBIC aHAJIN3UPOBAIHMCH C HC-
MOJIb30BAHUEM METO/Ia BapHAIIOHHOW CTAaTHCTHKH. B
UTOTOBBIX TaOJIMIIAX TPEJCTABICHBI CPEJAHUE 3HAYCHUS
o rpynre (M) u craniapTHas ommOKa CpeHero 3Have-
Hust (m). MeXrpynnoBble pa3indus aHAIN3UPOBAIHCH C
MOMOIIIBIO0 HeNapaMeTpuuecKoro kpurepus — U-kpure-
puit Manna—YutHu. Paznuuus onpeaensiaucs npu 0,05
ypoBHE 3HaYMMOCTH. J{JIsi cTarucTuueckoil 00padoTKH
pe3yabTaTOB MCHOJB30BAIM MAKeT rporpamm «StatPlus
2009».

PE3VJIBTATBI U OBCYXJEHHUE. C uensto
OLEHKH (P(PEKTUBHOCTH COYETAHUSI MMMOOMIM3aIMOH-
HOTO CTpecca W BO3JCHCTBHS pacTBOpa aMMHUaka IpH
MOJICJIMPOBAHUH 3PO3UBHO-SI3BEHHBIX JE(EKTOB CIHM3HU-
CTOM, ITPE/IBAPUTEIBHO OBIIIH MPOBEICHBI SKCIIEPHMEHTHI
10 M3YyUYESHHUIO BIMSHUS 24-4acOBOTr0 MMMOOMIIN3AINOH-
Horo cTpecca (0e3 BO3IACHCTBUSI pacTBOpa aMMHaka) M
BO3JICHCTBHS pacTBOpa aMMHuaka 0e3 NpeBapUTeIbHOM
MMMOOWIIM3AIIMM  KaK HE3aBUCHUMBIX YJIbIIEPOTCHHBIX
¢axropoB. IlomyueHHbIe pe3yibTaThl MOKa3aid, YTO B
CIIM3UCTON JKEIyJKa HEKOTOPBIX XHMBOTHBIX (20-30%)
HaOJNIONAIINCh  HE3HAYMTENIbHBIC TOBPEKACHHS, KO-
TOPBIMH, B IEJIOM, MOXXHO OBIJIO NpeHeOpeyb, Kak He
BIIMSIIOIIMM Ha CTaTHCTHYECKHE PacdeThl MpPU OIICHKE
KOMOWHHMPOBAHHOTO XWMHYECKOTO M CTPECCOr€HHOIO
BO3ACHCTBHSL.

Coueranne MMMOOMIM3AIIMOHHOTO CTpecca C BBe-
JICHUEM PacTBOpa aMMHaKa CIIOCOOCTBOBAJIO PA3BUTHIO
9PO3MBHBIX TOBPEXKICHUI CIM3HCTOM, IJIOMAAb KOTO-
peix konebanacy ot 20 mo 170 mm?/kuBoTHOE (puc. 1).
Bocnpoussogumocts Metosa cocrasmia 90—-100%.
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Pucynox 1 — Maxpoghomozpaghuu KoHmponvHoil 2pynnot HcUuOMHBIX, ROAYUAGUIUX PACHEOD AMMUAKA
120 mn/100 2 6 couemanuu ¢ UMMOOUTUZAUUOHHBIM cpeccom (macumad 1:1)

[IpodmmakTudeckoe BBeIECHNE U3ydaeMOil CyOcTaH-
WU, PAaHUTHIMHA W OMEIpa3ojia B YKa3aHHBIX 033X
CII0COOCTBOBAJIO CHIYKEHHIO KOJIMYECTBA U IUIOMIAAN 00-
Ppa3yIONINXCsI IPO3UBHBIX ME(PEKTOB TOCTOBEPHO OTHOCH-
TENBHO KOHTpOJs. M3ydaemas cyOcTaHINSA, paHUTHINH
¥ OMEMPa30Jl MPOSBHUIIH 10303aBUCUMBIN IIPOTHBOS3BEH-
HBII AQQEKT Ha TAaHHOI MOJENH MTaTONIOTHH.

Hcnonb3oBanue faxe MUHUMAIIBHBIX 103 U3y4aeMOM

CyOCTaHITNH, pAaHUTHAWHA ¥ OMETIPa30Jia CII0COOCTBOBAIIO
CHIDKEHMIO IUIOIIAZEeH MOBPEKIACHUS CIM3UCTOM MOYTH
B 3 pasa. Beexenme cyOCTaHIINM TPOM3BOAHOTO OCH3MU-
Muzazona B 1o3ax 10 mr/xr u 30 Mr/kT, cyOocTaHIum pa-
HUTHAMHA B 103aX | MI/KT U oMenpasona B 103€ 3 MI/KT
OMEIIpa3oJia CroCOOCTBOBAIO CHIKEHHUIO 30H CIIM3UCTOM
000JIOYKH ¢ 3pO3UBHBEIMHE AedekTaMu B 5—10 pa3 oTHOCH-
TENBFHO KOHTPONBHBIX 3Ha4eHnH (Tali. 1, puc. 2).

Taonuya 1 — Maxkpockonuueckuil aHaau3 6IUAHUA CYOCMANYUL RPOU3BOOH020 DEeHIUMUIA301A
Ha cU3UCMYIO 00010UKY JHcelyOKa RPpU 66e0CHUU PACMEOPA AMMUAKA 8 COYeMaHuu
C UMMOOUUZAUUOHHBIM cmpeccom (Kpbicbl-camybl), n=10, M+m

ITnowans 3po- IIpoueHT xu- Tpouent
CHIDKEHUS
3UBHOIO I10- BOTHBIX C 3PO- Hunekc
Crenenn HMHJEKCA U3b-
BemectBo Ho3za BPEKJICHUS 3UBHBIMU I10- U3bS3- o
) HU3bS3BIICHUS si3BrieHust (%)
(MM?/5KHBOT- BPCKICHUIMHU BIIEHUS
OTHOCHUTEIBHO
HOE) B TpyIITIe
KOHTPOJISI
Konrpomabnas mra Pactsop
p Py aMMuaKa 100,3+23,5 100% 3,8840,13 | 3,80 -
SKABOTHBIX
120 MMOIIB/JT
Tpoussonsoe 3 Mr/kr 38,0+7,3* 100% 3,20£0,29% | 3,20 16
OeH3MMHU1a3051a
Tpoussoatoe 10 Mr/xr 19,95+7,6* 80% 2,60+0,50% | 2,08 45
OeH3uMHKIa301a
Hpoussoxtoe 30mr/kr/ | 15,85+6,19% 60% 1,40+0,45% | 0,84 78
OeH3uMKIa30J1a
Panntuoun 3 mr/kr 30,3+5,9* 100% 3,00+0,33 3,00 21
Panutugun 10 mr/kr 15,9+6,4* 80% 2,10+£0,41%* 1,68 56
Panntnaun 30 mr/kr 8,642, 1% 80% 1,60+0,34%* 1,28 66
Owmenpason 0,3 mMr/kr 44,4+10,1* 100% 3,30+0,30 3,30 13
Owmempa3zon 1 mMr/kr 25,7+£8,9* 90% 2,20+0,44* 1,98 48
Owmenpason 3 mr/kr 13,5+4,8* 90% 2,10+0,48%* 1,89 50

Tpumeuanue: * — docmogepnocms omnocumenvro konmpons P<0,05
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[Tpu 5TOM HOCTOBEPHBIX OTIMYHMHA Mex1y dddex-
TaMU U3ydaeMoOW CcyOCTaHIMU TPOU3BOJHOIO OCH3MU-
MHJla30ja U MpenaparoB CPaBHEHMs MO IMOKa3aTeNo
a0COJIIOTHBIX 3HAYEHHWH CPEAHMX IUIOLIanel Mmopaxe-
Husl He 3adurcupoBaHo. ONHAKO NPHU OLIEHKE MPOTHU-
BOSI3BEHHOM aKTHUBHOCTH M3yYaeMbIX COCAMHEHH,
Hapsy C NOKa3zaTeasiMHU IJIoINaael dpO3UBHOIO IO-
BpEXJIEHUS, BAXKHYIO pOJb HMrpaeT 4actora (HhopMu-
pOBaHUA 3PO3UN B TPYMIE KUBOTHBIX, TOJBEPTIINXCS
BO3JIEHCTBHIO yiblieporeHHoro ¢akropa. Tak, B rpym-

1

e >KMBOTHBIX, MOJYYaBIIMX NPOU3BOIHOE OCH3UMU-
nazona B o3e 30 MI/KT, 4acToTa MPOSIBICHUS SPO3UB-
HBIX JgedekroB Obuta Ha 20% HMXKe, YeM B IpyIIax,
MOJTy4aBUIMX PAaHUTHIUH B 03¢ 30 MI/KT 1 OMenpason
B j1o3e 3 MI/KT. B CBSI3M C 9THM IPOIICHT CHHKEHUS NH-
JIEKC M3bSA3BIICHUS B TPYIINE, MOITy4YaBIlel ITPOU3BOI-
Hoe OeHsmmmmasona B qo3e 30 mr/kr, coctaBmi 78%,
B TO BpeMsl KaK B I'PYyTIax, IOJIYyYaBIIUX PAaHUTHIUH U
omemnpasoi, MU Obut cHukeH Ha 66% u 50%, cooTBeT-
cTBeHHO (Tabun. 1, puc. 2).

2 3

Pucynok 2 — Maxpogpomozpaghuu s1cety0Kos Kpoic ORbIMHBIX 2DYRI RPU MOOETUPOGAHUN IPO3ULIL, BbI36AHHOU 86
Oenuem pacmeopa ammuaxa (120 Mmmonw/n) é couemanuu ¢ UMMOOUNUZAYUOHHBIM cmpeccom (Macuimab 1:1):
1 — Ilpouseoonoe denzumuodazona 30 me/ke, 2 — Panumuoun 30 me/ke, 3 — Omenpazon 3 me/ke

OCHOBBIBasICh Ha 3aBUCUMOCTH MPOUCHTAa CHUIKCHUSA
HHACKCA U3bA3BJIICHUSA OT 1035bI, ObLIN IMPOU3BECACHBI pac-
YeThl 3HAUCHUI EDSO JUTA TIpPOMU3BOAHOTO 6CH3I/IMI/Iﬂa3OHa
1 paHUTHUJIMHA, TaK KaK OHU MCIIOJIb30BAJIMCh B OJUHAKO-
BbBIX 103aX U ABJIAKOTCA aHAJIOTaMU 110 TpEANoJIaraCMomMmy

MEXaHU3My JEHCTBUS, CBA3aHHOMY ¢ Onmokajgod H,-ru-
CTAaMUHOBBIX PELENTOPOB.

Pacuernble 3nadyenus ED,  juis npousBogHoro OeH-
3UMHUa301a cocTaBmin 16,03 MI/KT, a sl paHUTUANHA
— 15,99 mr/kr (nuarpamma 1, 2).

Huazpamma 1 — Pacuem ED , 0na cydcmanyuu npouzeo0Ho020 denzumuoasona
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Huazpamma 2 — Pacuem ED, 0na panumuouna
Ipumeuanue: X — 003a seugecmea, ucnonb3yemas 6 IKCHepUMenne
Y —apghexm cnusicenusn unoexca uzvazenenus (npoyenm cHUNCEHUs UHOEKCA U3BA3GICHU)

3AKJIFIOYEHMUE. Craructuueckuid aHaiu3 moka-
3all, YTO U3y4aeMoe IPOU3BOAHOE OCH3MMHUAa301a CII0-
COOCTBOBAJIO JIOCTOBEPHOMY OTHOCHTEIBHO KOHTPOJIS
U CXOIHOMY CO CTaHJAPTHBIMH IIpernaparamMH CHIKe-
HUIO a0COJNIOTHOTO 3HAYEHUS TUIOLIATU TOBPEKICHHS
CJIM3UCTON 00OJIOUKH Ha IeIMKOOAKTEepPOIron00HO# Mo-
nenu noBpexiaeHus. OnHako, B IpyImie, MojydaBlIei
MIPOU3BOHOE OeH3uMK1a30d1a B j1o3e 30 MI/KI, 4acToTa
MIPOSIBIICHUSI 9PO3UBHBIX JeeKToB cocTaBmiia 60% 1o
cpaBHeHu1o ¢ 80% u 90% B rpynmnax, Nojay4yaBLIUX pa-
HUTHJIUH ¥ OMEIIPa30Jl B MAKCUMaJIbHBIX J103axX. B cBs-

3M C 9TUM INPOLEHT IOJaBJICHHsI 00pa30BaHUsS HPO3UH
B IpYIIIe, OJTy4aBlIeld IPOU3BOIHOE OEH3NME 130712 B
nose 30 mr/kr, cocraBui 78%, a B rpymnmnax, mojy4as-
LIIMX PaHUTUAMH U omenpason 66% u 50%, coorBer-
CTBEHHO.

[TonyueHHble pe3ynabraThl O3BOJIAIOT CAENATh 3a-
KIIIOYEHUE O BBICOKOM CTENEHU NPOTHBOS3BEHHOW aK-
TUBHOCTH HOBOTO ITPOM3BOJIHOTO OEH3MMH1a301a, Ipe-
BOCXO/ISILIIEH aHTUYJIBIIEPOTeHHOE JICHCTBUE aHAJIOTOB, U
MEPCIIEKTUBHOCTHU JIAJIbHEHIIEro n3y4eHus papmaxoso-
IHYEeCKUX d(PPEKTOB TaHHOTO COSTMHEHHSI.

INTRODUCTION. The isosteric nature of the ben-
zimidazole nucleus with purine DNA bases, as well as its
presence in the structure of vitamin B12, determines its
role as a privileged structure in terms of the development
of molecules with therapeutic properties [1, 2]. The spec-
trum of biological activity of Benzimidazole derivatives
includes antiviral [3], antifungal [4, 5], antimicrobial [6],
anticancer [7, 8], anthelmintic [9], analgesic and anti-
pyretic [10, 11], antidiabetic [12], antiprotozoic [13], an-
tioxidant [14], anticonvulsive [5, 15], antipsychotic [16],
antiulcer [17], anti-tuberculosis [18], anesthetic [19] and
other types of activity.

It is known that one of the most common causes for
erosive and ulcerative defects of the mucous membrane
is a gram-negative anaerobic bacillus Helicobacter py-
lori [20]. This bacterium has an urease activity. Urease
converts urea into ammonia, which neutralizes hydro-
chloric acid, causing local alkalinizing, contributing to
the penetration of bacteria into the interior of the mucous
membrane through the protective mucous barrier. Am-
monia, in its turn, irritates G-cells that produce gastrin,
which stimulates the production of hydrochloric acid.
Some of the bacteria penetrate the mucosa, destroying
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intercellular contacts, causing degeneration and atrophy
of the cells due to their phospholipase activity. The de-
struction of the protective protein components and mucin
promotes the penetration of bacteria into the mucosa of
the stomach, forming ulcers. Ammonia causes damage to
D-cells which produce somatostatin. At the same time,
the release of gastrin regulated by somatostatin, ceases
to be controlled, which, as a result, further enhances the
production of hydrochloric acid [21].

Against the background of Helicobacter pylori in-
tervention, an inflammatory infiltrate is formed in the
submucosal layer, epithelial necrosis occurs with the
formation of an ulcer defect, and gastrin-mediated hy-
persecretion of hydrochloric acid ensures its progres-
sion [22].

One of the most common techniques for modeling
Helicobacter pylori-like ulcers is a monochloramine-in-
duced ulcer, as monochloramine rapidly decomposes to
ammonia, the effect of which on the gastric mucosa is
the main pathogenetic part of Helicobacter pylori asso-
ciated ulceration. Since Helicobacter pylori, as a rule,
causes the development of ulcerative defects against the
background of reducing the protective effect of the mu-
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cous-bicarbonate barrier, most often mediated by isch-
emic conditions, one of the techniques of Helicobacter
pylori-like ulcer was modeling ef-mucosal defects by the
administration of ammonia solution against the back-
ground of acute ischemia caused by a decrease of the
systemic volume of circulating blood due to bleeding
from the carotid artery. This technique allows to achieve
high reproducibility, but is associated with surgical pro-
cedures. That increases the complexity and risk of animal
death [23, 24]. In this regard, a modification of the meth-
od of modeling Helicobacter-like damage of the gastric
mucosa using immobilization stress as a provoking isch-
emic factor was proposed.

THE AIM of the study is the experimental research
of the antiulcer activity of 2-phenyl-9-diethylamino-
ethylamine [1,2-a] benzimidazole on the model of Heli-
cobacter-like damage of the gastric mucosa with immo-
bilization stress (a restraint).

MATERIALS AND METHODS

Animals

The study of pharmacological activity was per-
formed on outbred white Wistar male rats (aged 10-12
weeks) weighing 180.0-250.0 g. Variation in the initial
weight of the animals in the group did not exceed 10%
[27].

The conditions of keeping the animals met the re-
quirements of the Decree of the Chief State Sanitary
Doctor of the Russian Federation dated 29.08.2014 Ne51
“On approval of SP 2.2.1.3218-14” Sanitary and epide-
miological requirements for the device, equipment and
maintenance of experimental biological clinics (vivar-
ia)”.

Manipulations with experimental animals were per-
formed in accordance with the generally accepted ethical
standards adopted by the European Convention for the
protection of vertebrate animals used for experimental
and other scientific purposes (1986) and taking into ac-
count the International recommendations of the Europe-
an Convention for the protection of vertebrate animals
used in experimental studies (1997) [25, 26].

Study design

Evaluation of the antiulcer action of the studied sub-
stances was carried out at the doses of 3 mg/kg, 10 mg/kg
and 30 mg/kg. As the reference substances, the following
substances were used: Omeprazole — 0.3 mg/kg, 1 mg/kg
and 3 mg/kg (Sigma Aldrich, USA), and Ranitidine — 3
mg/kg, 10 mg/kg and 30 mg/kg (Sigma Aldrich, USA).

The maximum volume for intragastric administra-
tion to rats did not exceed 3.0 ml for the animals weigh-
ing up to 200 g, 5.0 ml for the animals from 200g to 240
g and 6.0 ml for the animals weighing more than 240 g.

In order to reduce the activity of the protective
mucous-bicarbonate barrier, a 24-hour immobiliza-
tion stress (restraint) with a forced administration of
water was used. After a 24-hour restraint, the animals
were injected ammonia solution at the concentration
of 120 mmol/I.

During the experimental study, the animals were di-
vided into 4 groups of 10 individuals in each. The con-
trol group received ammonia solution (120 mmol/l) at
the rate of 1 ml/100g intragastrically given as a single
dose. The studied benzimidazole derivative and refer-
ence drugs were administered 1 hour before the adminis-
tration of ammonia solution in the experimental groups.
Euthanasia of animals was performed 2 hours after the
administration of ammonia solution.

Defined indicators. To assess the severity of injury
in the study of anti-ulcer effects in modeling all patholog-
ical conditions, a score system was used [28].

In each group, the sum of scores was calculated,
from which the arithmetic mean value characterizing the
average degree of ulceration in the group was derived.

Besides, the ulcer index for each group was calcu-
lated. The ulcer index reflects both the percentage of the
frequency of animals with ulcers and the degree of dys-
trophic disorders in their stomachs.

Statistical processing. The obtained experimental
data were analyzed using the method of variation statis-
tics. The summary tables show the group averages (M)
and the standard error of the mean (m). Intergroup dif-
ferences were analyzed using the nonparametric Mann
— Whitney U-test. Differences were determined at 0.05
significance point. For statistical processing of the results
the software package “Status 2009 was used.

RESULTS AND DISCUSSION. In order to assess
the effectiveness of the combination of immobilization
stress and the effects of ammonia solution in modeling
erosive and ulcerative defects of the mucosa, the exper-
iments were previously conducted to study the effect of
24-hour immobilization stress (without ammonia solu-
tion) and the effects of ammonia solution without prior
immobilization as independent ulcerogenic factors. The
obtained results showed that in the gastric mucosa of
some animals (20-30%) a minor damage was observed,
which in general could be neglected as not affecting the
statistical calculations in the evaluation of the combined
chemical and stressful effects. The combination of im-
mobilization stress with the administration of ammonia
solution contributed to the development of erosive mu-
cosal damage, the area of which ranged from 20 mm? to
170 mm? / animal (Fig. 1). The within-test reproducibil-
ity was 90-100%.
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Figure 1 — Macrophotography of the control group of animals (ammonia solution 120 ml/100 g)
in combination with immobilization stress (Scale 1: 1)

Prophylactic administration of the studied sub-
stance, Ranitidine and Omeprazole, in these doses
contributed to the decrease in a number and area of
erosive defects formed reliably relative to control.
The studied substance, Ranitidine and Omeprazole,
showed a dose-dependent antiulcer effect on this pa-
thology model. The use of even minimal doses of the
studied substance, Ranitidine and Omeprazole, con-

tributed to the reduction of mucosal damage areas al-
most 3 times.

The administration of Benzimidazole derivative at
the doses of 10 mg / kg and 30 mg / kg, Ranitidine at the
doses of 1 mg / kg and Omeprazole at the dose of 3 mg
/ kg contributed to the reduction of mucosal zones with
erosive defects by 5—10 times relative to the control val-
ues (Table 1, Fig. 2).

Table 1 — Macroscopic analysis of the effect of the Benzimidazole derivative substance
on the gastric mucosa with the administration of ammonia solution in combination
with immobilization stress (male rats), n=10, m+m

Area of erosive Percentage of Przrdclfgtizieooff
animals with Degree of . . 0
Substance damage erosive dama ) . Ulcer index |ulcer index (%)
I ge ulceration .
(mm?*/animal) or oToU relative to the
per group control
Ammonia

Control group 100.3+23.5 100% 3.88+0.13 3.80 -

of animals 120 mmol /1

Benzimidazole 38.0+7.3* 100% 3.20£0.29% 3.20 16
derivative

Benzimidazole |6\ ono | 19.9547.6% 80% 2.60+0.50* 2.08 45
derivative

Benzimidazole | 50 o vo /| 15.8526.19% 60% 1.400.45% 0.84 78
derivative

Ranitidine 30.3+5.9* 100% 3.00+0.33 3.00 21
Ranitidine 10 mg/kg 15.9+6.4%* 80% 2.10+£0.41* 1.68 56
Ranitidine 30 mg/kg 8.6+2.1% 80% 1.60+0.34* 1.28 66
Omeprazole 0.3 mg/kg | 44.4+10.1* 100% 3.30+0.30 3.30 13
Omeprazole 25.7+8.9* 90% 2.20+0.44* 1.98 48
Omeprazole 13.5+4.8* 90% 2.10+0.48* 1.89 50

Note: * — statistically valid differences compared to control values p<0.05
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At the same time, there were no statistically valid
differences between the effects of the studied substance
of the Benzimidazole derivative and the reference drugs
in terms of the absolute values of the average lesion ar-
eas obtained. However, the frequency of formation of
erosions in the group of animals exposed to ulcerogenic
factor, plays an important role in assessing the antiulcer
activity of the studied compounds, along with indicators
of the areas of the erosive damage. Thus, in the group

1

of the animals treated with benzimidazole derivative at
the dose of 30 mg/kg, the frequency of erosive defects
was 20% lower than in the groups treated with ranitidine
at the dose of 30 mg/kg and omeprazole at the dose of
3 mg/kg. In this regard, the percentage of the ulcer index
reduction in the group receiving a benzimidazole deriva-
tive at the dose of 30 mg/kg was 78%, while in the groups
receiving ranitidine and omeprazole, the ulcer index was
reduced by 66% and 50%, respectively (Table 1, Fig. 2).

2 3

Figure 2 — Macrophotography of rats’ stomachs of experimental groups with modeled ulcers caused by ammonia
solution administration (120 mmol/l) in combination with immobilization stress (Scale 1: 1):
1 - 30 mg/kg of Benzimidazole derivative, 2 — 30 mg/kg of Ranitidine,
3 — 3 mg/ kg of Omeprazole

The calculations of ED, values for Benzimidazole
derivatives and Ranitidine were made on the basis of
the dependence of the reduction percentage of the ulcer
index on the doses, since in the experiment they were
used in the same doses and being analogs in respect of

the proposed mechanism of the action associated with the
blockade of H, — histamine receptors.

The calculated ED, values were: for the Benzim-
idazole derivative — 16.03 mg/kg, and for Ranitidine —
15.99 mg kg (Fig. 1.2).

/

fu
L 2

0 T T T T

12

15
s(

Fig. 1 - Calculation of ED , for Benzimidazole derivative
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Fig. 2 — Calculation OF ED_, for Ranitidine
Note: X — dose of the substance used in the experiment
Y — the effect of inhibition of ulceration (percentage decrease of ulcer index)

CONCLUSION. The statistical analysis showed
that the studied Benzimidazole derivative contributed to
the reductions of the absolute value of the mucosal dam-
age area on the Helicobacter-like damage model statisti-
cally significantly compared to the control group of rats
and similar with to the reference drugs.

However, in the group receiving a Benzimidaz-
ole derivative at the dose of 30 mg/kg, the frequency
of formation of erosive defects was 60%, compared to
80% and 90% in the groups receiving Ranitidine and
Omeprazole at the maximum doses. In this regard, the

percentage of inhibiting the formation of erosions in
the group receiving a Benzimidazole derivative at the
dose of 30 mg/kg was 78%, and in the groups receiv-
ing Ranitidine and Omeprazole it was 66% and 50%,
respectively.

The obtained results make it possible to arrive at the
conclusion about a high degree of antiulcer activity of
a new Benzimidazole derivative, superior to the antiul-
cerogenic effect of the analogs, and the evidence of the
prospects for further study of the pharmacological effects
of this compound.

Paboma evinonnena 6 pamxax gedepanvroil yene-
601l npoepammul «Pazeumue apmayesmuyeckou u me-
ouyuncko npomviutiennocmu Poccutickoti @edepayuu
Ha nepuoo 0o 2020 200a u OanbHeuuLyo nepcneKmugyy.
Tema pabomor: «/Joxnunuueckue ucciedosanus H2-eu-
CMAMUHOONLOKUPYIOWEe20 1eKaAPCMEEHHO20 CPedCmad,
CHUdICAOUe2o 2enuKobaxKmepono00OHble NO8Pe*COeHUs,
Ha OCHO8e NPOU3BOOHO20 OEH3UMUOA30AA», 20CYOap-
cmeennviil konmpaxm Nel4.N08.11.1042 om 14.11.2017.

The study was carried out in accordance with the
Federal target program “Development of the pharmaceu-
tical and medical industry of the Russian Federation for
the period up to 2020 and beyond”. The topic of work:
“Preclinical studies of H2-histamine-blocking drug that
reduces Helicobacter-like damage based on benzimidaz-
ole derivative”, state contract Ne 14.N08.11.1042 from
14.11.2017.
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UCCNEAOBAHUE PEMUHEPANTU3YIOLLENA AKTUBHOCTU
NEKAPCTBEHHbIX $OPM ANA NEYEHUA
HAYA/IbHOTO KAPUECA SMAJIUN

AJL TI'onosanenxo', E.B. Tpemvsakoea', E.C. [lamaycoed’,
H.B. Anexceesa', E.C. bepe3una', P.I. Ilepwmuna’

'Kagpeopa gpapmayesmuuecxoii mexrnonoeuu @I'BOY BO «llepmckas eocyoapcmeennasn gapmayesmuieckas
axademusty Munucmepcmea 3opasooxpanenust Poccuiickoti @edepayuuy, 614990, [lepmo, [lonesas, 2
’Tocyoapcmeentoe 6100dcemmnoe yupescoenue 30pasooxpanenus Ilepymcrozo kpas,

«Kpaesas demckas knunuueckas b6onvuuyay, 614066, e. Illepmo, yi. baymana, 22
? Kagpeopa cmomamonoeuu ghaxynomema 110 @I'BEOY BO III'MY um. akademuka E.A. Bacnepa,
614990, Ilepms, Ilemponasnosckas, 30
E-mail: annagolovanenko@yandex.ru

OO0HUM U3 NePCNeKMUBHBIX HANPABIEeHUN NPOPUIAKMUKY Kapueca 3y008 AGNIAem s peMUHepaIu3yiowas mepa-
nusl, HanpaeIeHHas Ha HOPMATUIAYUIO MUHEPATLHO20 COCMAsa 3y0HOU smanu. B pesyibmame Komniekcd, npogeoeH-
HbIX HAYYHO — IKCNEPUMEHMATbHBIX U KIUHUYECKUX UCCLe008AHUL, PA3pAOOMAaHbl 2ellb U NIeHKU IeKAPCMEEeHHbLe OIS
neuenus kapueca smanu. Llenv padomut — ucciedosanue pemuneparuzyiowel akmugHOCHU 1eKapCmeeHuvlx opm
071 1eueHust HauyaIbHo20 Kapueca smanu. Mamepuanst u memoovl. B kauecmsee akmueHuIX papmayesmuyeckux cyo-
CManyuil 8 1eKapcmeeHblx Qopmax ucnoawbsosanu — kanvyus xaopuo (OC 42-0006-5675-04 P.003964.01), kanus
Gocgpam osysamewennviti (PC 42-1297-79), nampus ¢pmopuo (@C.2.2.0013.15), ecnomozamenvhvlie seujecmea
— eeneobpazoeamenv Hampuu-kapooxcumemunyennonosy (nampui-KML]) C75 (TY 6-55-39-90), nnacmugpurxamop
enuyepun (@C.2.2.0006.15), 600y ouuwgennyro (@C.2.2.0020.15). Hccnedosanue pemunepanusyioweti akmusHoCmu
NPOBOOUNU MEMOOOM Onpedenienus Kanvyus u ocghopa 6 3one smanu in vitro. Konuuecmeennoe onpeoenenue Kanoyus
NPOBOOUNU MEMOOOM 0OPAMHO20 KOMNIEKCOHOMEMPULECKO20 MUMPO8aHUsl, hochopa — memooom Gomosanekmporo-
nopumempuu. Takdice nposedeHo 3MeKmpomMempuieckoe UCcie008anue in vivo nymem onpeoeieHus 31eKmponposo-
OHoCcmu smanu ¢ nomowwio annapama «/lenmacmy (L'eocoghm). Pesynomamot u oocysyncoenue. Memoo onpedenenus
Kanvyus u hocghopa 6 301e smanu in vitro 0CHO8AH HA 0301eHUl 3Y0a U NOCTEOVIOUWUM ONpedeNeHUeM 8 HeM KAlbyus U
Gocopa xumuueckumu u uHcmpymeHmanibHoiMu memoodamu. Ha ocnosanuu nonyuennvix pesyibmamos ycmauosie-
HO, YUMo 2elb U NIEHKU JIeKAPCIMBEHHbLE OIS IeUEHUs. KapUueca IMai, O0CHOBEPHO NOBLIUUAIOM COOEPIHCAHUE KATbYUSL
u gpocgpopa 6 amanu 3yoa. Ilpogedenroe snekmpomempuueckoe Uccied08anie NOOmMaEepousio NosbluleHue mMeepooCHU
CMPYKMYypbl SMAIU NOCAE NPUMEHEHUs NIEHOK J1eKaAPCHBEHHbIX, 6ClleOCmeue ee peMunepanusayuu. 3akaouenue. B
pe3yabmame npoeOEHHbIX UCCIeO08AHULL I VIVO U I VIlro YCIMAHOGIEHO, Ymo paspabomantvle 1eKapcmeentvle op-
Mbl OKA3bI8AIOM PeMUHEPATU3YIOWUL dPgexm u mo2ym 6vimb peKOMeHO08aHbL Ol NOGbIUUEHUS dDPeKmusHoCmU
NPOGUAAKMUKY U TeYeHUs. HAYATbHO20 Kapuecd SMAau.

Knrwouegvie cnoesa: xapuec, smanb, 2eiv, NieHKU 1€KAPCMEEHHble, PEeMUHEPATU3AYUS
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AKTUBHOCTH JIEKAPCTBEHHBIX ®OPM JUIS STUDY OF REMINERALIZING ACTIVITY
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STUDY OF REMINERALIZING ACTIVITY OF DOSAGE FORMS
FOR TREATMENT OF INITIAL ENAMEL CARIES

A.L. Golovanenko', E.V. Tretyakova', E.S. Patlusova®, 1.V. Alekseeva’,
E.S. Berezina', R.G. Pershina’

!Department of Pharmaceutical Technology of Perm State Pharmaceutical Academy,
2, Polevaya Str., Perm, 614990
’Regional Children’s Clinical Hospital,
22, Bauman Str., Perm, 614066
3Department of dentistry, faculty of FVE (further vocational education),
30, Petropavlovskaya Str., Perm, 614990
E-mail: annagolovanenko@yandex.ru

One of the most promising areas of dental caries prophylaxis is remineralizing therapy aimed at normalizing
the mineral composition of tooth enamel. As a result of a set of scientific, experimental and clinical studies, gels and
drug films for the treatment of enamel caries have been developed. The aim of this work is to study remineralizing
activity of dosage forms for the treatment of initial enamel caries. Materials and methods. As active pharmaceutical
substances in dosage forms, calcium chloride (FS 42-0006-5675-04 P.003964.01), potassium phosphate disubstituted
(FS 42-1297-79), sodium fluoride (PS.2.2.0013.15), auxiliary substances — gelling agent sodium-carboxymethylcel-
lulose (sodium-CMC) C75 (TU 6-55-39-90), plasticizer glycerin (PS.2.2.0006.15), purified water (PS.2.2.0020.15)
— have been used. Remineralizing activity was studied by the method of determination of calcium and phosphorus in
the enamel ash in vitro. The study of remineralizing activity was carried out by the method of determination of calcium
and phosphorus in the enamel ash in vitro. Quantitative determination of calcium was carried out by reverse complex-
ometric titration, and the one of phosphorus was carried out by photoelectrocolorimetry. The electro-metric study of
the enamel electrical conductivity was also carried out in vivo with the help of the Dentest device (Geosoft). Results
and discussion. The method of determination of calcium and phosphorus in the enamel ash in vitro is based on tooth
ashing and the subsequent determination of calcium and phosphorus in it by chemical and instrumental methods.
Basing on the results obtained, it has been established that gel and drug films used for enamel caries treatment signifi-
cantly increase the content of calcium and phosphorus in tooth enamel. The conducted electrometric study confirmed
the increase in the hardness of the enamel structure due to its remineralization after the use of drug films. Conclusion.
As a result of the studies conducted in vivo and in vitro, it has been established that the developed dosage forms have
a remineralizing effect and can be recommended for increasing the effectiveness of prevention and treatment of the

initial enamel caries.

Keywords: caries, enamel, gel, drug films, remineralization

BBEJEHMUME. [Ipo6iaema xapueca 3y0OB Ha Cero-
HSIIHUA JIEHb NPEJICTABISIET CEPhE3HYI0 MEIMIUHCKYIO
U colualibHylo mpobiemy. B crpykrype cromaronoru-
YeCKHX 3a00JIEBaHUI Kaphec W ero OCIOKHEHHs 3aHU-
MmatoT 95,5%. Ilporpeccupyromiee nopaxxeHue TBEPBIX
TKaHed 3y0a, OCJOXKHSIOLIEECs BOCIAJICHUEM ITYJIbIIbI
U OKOJIOBEPXYUIEUHBIX TKAHEH, CTAHOBUTCS NPUUMHOU
OCTpbIX OOJIeH, HepeKO IPUBOAUT K yTpaTe 3y0OB U MO-
JKET SIBUTHCSI NCTOYHUKOM 3a00JIEBaHUI ONOPHO-/IBUTa-
TEJIBHOTO ammapara ¥ BHyTpeHHHX opraHos [l, 2]. Ox-
HUM U3 TEPCHEKTUBHBIX HAIpaBICHUH MPOQUIAKTHKH
Kapueca 3y0OB SIBISIETCSl pEMUHEPAIU3YOLas Tepartusi,
HarpaBJIeHHAsl HA HOPMAaJIM3aI[I0 MHHEPAILHOTO COCTa-
Ba 3yOHOM 3Malli M 3aKJIF0YAIOIIAsCs B TPOPECCHOHAIb-
HOHM 00paboTke 3y0OB crienuaibHbIMU mpenaparamu. C
MOMOIIBIO PEMHUHEPAIIU3YIOIIEH Teparnud MOXXHO HAaChI-
TUTb AMaJlb MOHAMU Kaublus, Gpochopa, propuaa u 1p.,
YCTPaHUTh JEMUHEPAIM30BaHHbIE YYaCTKH 3yOHOU HMa-
JIKM, BBI3BAHHBIC ITPOLECCOM ACMHUHEpAIN3allun, a TAKKEC
BO3JICUCTBHEM MPO(HIAKTHYECKHX CPEICTB, IPEIOTBpa-
TUTH NOPAXKCHUE SMaJIH, O6ch'IOBJ'IeHHOC BbIMBIBAHUEM
MHUHEPAJIbHBIX DJICMCHTOB M3 TBEPABIX TKaHEH 3y0OB

[3-6]. B pe3ynbrare koMIiekca, IpOBEACHHBIX HAyuYHO
— DKCIEPUMEHTAJIbHBIX MCCIICI0BaHUI Ha Kadenape dap-
MareBTrieckoi Texronorun [1I'DA, pazpaboraHsl rejb
U IJICHKHU JIEKAPCTBEHHBIE YIS JICUSHUS] KapHeca dMaju
[7-12].

HEJBIO Hactosiieit paboThI SBISUIOCH UCCIICAO0BA-
HUE pPEeMHHEPAU3YIOIIEH aKTUBHOCTH JIEKAPCTBEHHBIX
(opM 1151 JIeueHHsT Ha4aIbHOTO Kaprueca dMaJIH.

MATEPHUAJIBI U METO/bI. [ns co3nanus
aNIUIMKAllMOHHBIX JieKapcTBeHHBIX (opm (JID) B ka-
YeCTBE AaKTHUBHBIX (apMaleBTHYECKHX CYOCTaHLUM
ucnonb3oBain — Kanbims xjaopun (OC 42-0006-5675-
04 P.003964.01), xamus Qocdar aBy3aMEHICHHBIM
(®C 42-1297-79), narpus ¢ropun (PC.2.2.0013.15),
BCIIOMOTATEeNIbHbIE BELIecTBA — rejieoOpa3oBareiib Ha-
TpHUH-KapOOKCUMETHIILIEIITIONO3Y (narpuii-KMLI)
C75 (TY 6-55-39-90), mnnactudukarop NIHLEPUH
(®C.2.2.0006.15), Boxy ounmiennyto (PC.2.2.0020.15).

HccnenoBanne peMHHEPAIN3YIOMIEH aKTHBHOCTH
MIPOBOIMIIM METOJIOM OTIpeNesieHus Kanblus u pocdopa
B 30JI€ AMAJHM i1 Vitro CO CTAaTUCTUYECKOH 00paboTKOM
MOJIy4eHHBIX pe3ynsTaroB cormacHo OdC.1.1.0013.15
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C WCIIOJIb30BAHUEM KPUTHYECKOTO 3HAYCHHUSI KPUTEPHS
CTbIOIEHTA U METOJIOM 3JIEKTPOMETPHUYECKOTO UCCIEO0-
BaHMSI IIyTEM ONPEICIICHHs DIEKTPOIPOBOAHOCTH dMaJIH
in vivo.

[IpoBenenue JaHHBIX HCCIETOBAHWH COOTBETCTBO-
BaJIO 9THYECKUM CTaH/apTaM OTBETCTBEHHOTO KOMHUTETA
10 IKCHEPUMEHTaM YelloBeKa (MHCTHTYIHOHAJIBHBIM H
HaIlMOHAIBHBIM) M XeJIbCMHCKOH aekiapauuu 1975 T,
nepecmotpernoit B 2000 rony. MccnenoBanus 000peHbI
JlokaneHbiM dTHUECKUM KomuTeToM GI'BOY BO III'MY
uM. akaj. E.A. Baruepa Munzapasa Poccun.

Ha ocHoBe wuH(OpMHPOBAaHHOTO JT0OPOBOIILHOTO
COINIacHs B MCCJICIOBAHKE TI0 ONPEJICIICHUIO KaJbIUS U
dbocdopa B 3051€ 3MaNH in Vitro BKIIOUCHBI BH3YaJIbHO
WHTAKTHBIE 3yObl (MOJISIPBI ¥ TPEMOJISIPBI HIDKHEH YelTto-
CTH), yAaJCHHBIE 110 OPTOJOHTHYECKHM U OPTOIIENYe-
CKUM TOoKa3aHusiM y Jui 20-35 net. YianeHHble 3yObl
XpaHWIN B TepMocTare mpu Temmeparype (37+2)°C B
pacTBope UcKyccTBeHHOU citonbl [13]. st mpoBeaeHust
HCCIIeJOBAaHNH OIBITHBIE 00pa3Iibl ObUTH pa3ziesIeHb! Ha 2
rpynmsl (1o 10 ombITHEIX 00pa3loOB B KAXIOH rpynre):
1 — resnb 7St JIGUCHHUS Kapreca dIMalu, 2 — IUICHKH JIeKap-
CTBEHHBIC ISl JICUCHUsI Kapueca dMalu.

Kaxnplit 3y0 mpenBapuTeIbHO OYUINAIN C UCTIOJb-
30BaHUEM IMIETKM W TACThl, HE cojepkameil ¢ropa, u
M3rOTaBJIMBAIIH MOTYIUIU(BI C TOMOIIBIO CIIEINAIEHOTO
000py/I0BaHUsI, OJJHA IOJOBHHA 3y0a CIIy’KHJIa KOHTPO-
JIEM W HE TI0JIaBaJlach JICYEHHIO, BTOpas MOJIOBHHA 3y0a
rojiBeprajiach MOJHOMY Kypcy JiedeHus. ExxenHeBHO B
TeueHuu 14 aHeit oquH pa3 B A€Hb TPOBOAWIN 15 MUHYT-
HBIC aNTUIMKAIMK ITyTEM HaHECEHUs Telis WM (PUKcaluu
TUICHOK JIEKapCTBEHHBIX Ha MOBEPXHOCTh 3yOHOH HMa-
JIM OTIBITHBIX 00pa3lloB, MPU TTOCTOSIHHOM TemIieparype
(3742)°C, B nepepbiBax M1y JedeHHUEM 3yObl HAXO/IU-
JIUCh B TEPMOCTATE B PACTBOPE MCKYCCTBEHHOM CITIOHBI.

Merton ompenenenus kaibius u (ochopa B 301€
9MaJH in Vitro OCHOBAaH Ha O30JICHHM 3y0a M IOCiemy-
IOLIMM OTIpeZieJIeHUEeM B HeM Kaiblius U ¢ocdopa Xu-
MUYECKUMH U WHCTPYMEHTAJbHBIMH MeTomamu [14].
Hccnenyembie 00pasibl 030J15UIH OTAEIBHO JIPYT O JIpyra
nipu temneparype 450-500°C B mydenbroi neun. [Tomy-
YEHHYIO 30J1y WCIIOJIB30BAIIN ISl ONPEIEIICHNST KaJIbIHsI
n docdopa. KommuecTBeHHOE ONpeeNeHNE KalbIHs
MIPOBOJIUII METOZOM OOpaTHOTO KOMIUIEKCOHOMETpHUYe-
CKoro TuTpoBaHus [15, 16].

Memoouxka: oxono 10,00 Mr (ToUHAst HaBECKa) 30JIbI
pactBopsitor B 0,5 M XJIOpHCTOBOAOPOAHOW KHCIIO-
THl KOHIEHTPUPOBAHHOM, TOCIJIE MOJIHOTO PacTBOPEHUS
307161 100aBIIsIrOT 10 M1 Bob! ountieHHoi u 5 mi 0,05 M
pacTBopa HaTpus dIeTaTa, MePEMENIHBAIOT U JOOABISIOT
aMMHUa4YHbIA Oy(epHBIi pacTBOp IpU HEepEeMEIIUBAHUH
no pH=12,5, ni1st UCKITIOUEHNS ONPEJIENICHNUS] COITYTCTBY-
IONIMX MOHOB MarHusi. VIHIMKaTtopoM CITy»KMJI KHCIIOT-
HO-XPOMOBBIH TeMHO-cuHui. 130bTOK 0,05 M pactBopa
Harpus dierara orturposbiBaioT 0,1 M pacTBopoMm mar-
Husl cynbdara. [lapamienbHO NMPOBOAT KOHTPOJBHBIH
OIBIT. AHAJIUTHYECKUM CHUTHAJIOM SIBIISUICS TIEPEXOJ
OKpacKM OT CHHEH 710 KpacHO-(puoseroBoi. Pacuer mpo-
LIEHTHOTO COJICPYKaHUsl KaJIbLUsI BEJIU 110 (hopMyie:
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_T*(V1-V2)<K+100 | e
a

C — konmuecTBO Kablys B % Ha 10 MT 30IIBL;

T — TUTp KanbLyst O HATPUS dAETATY, T/MIT;

V/V, — KOIMYeCTBO MJI THTPOBAHHOIO PacTBOPA,
MOLIEAIIET0 Ha TUTPOBAHME KOHTPOJIBHON/OIBITHOM
pOOBI, MIT;

K — ko3 duipieHT monpaBKyu K MOJISPHOCTH THTPO-
BAaHHOTO PacTBOPA;

100 — dakrop nepecyera B %,

a — uccieayeMast HaBecka 3071bl, T.

KomnuectBennoe omnpenenenue ¢ocdopa mposo-
TV METOZIOM (POTORIIEKTPOKOJIOPUMETPHH, IS TIOIY-
YEeHUsI OKPAILICHHOTO PacTBOPA MCIIOIB30BAIH PEAKIHIO
MOJIMOICHOBOM CHHM (CEPHOKHUCIIBIN PacTBOp MonnbaaTa
HATpHs B BOIHOM pacTBOpE THApasuHa cyibdara) [14].

Memoouxka: oxono 10,00 Mr (ToUHast HaBeCKa) 30JIbI
pactBopsitoT B 0,5 MII XJIOPHCTOBOIOPOIHON KHCIIOTHI
KOHIICHTPUPOBAHHOM 1 KOJIMYECTBEHHO Pa3BOMST B Mep-
HoI1 ko10e BMecTuMocThI0 250 Mi1. K 1 mit pacTBOpa 30161
J00aBIISIOT CMECh HaTpHsl MOJNO/1aTa B CEPHON KUCIIOTE
pactBopa 0,25% wu ruapasuHa cyibdara BogHOTO pac-
tBOpa 0,15% B coortHomeHnun 2,5:1, mepeMemnBaOT U
BBIICP)KUBAIOT HA KUITAIICH BOJSHOM OaHe B TeueHnn 10
MHHYT U OTPEJEISIOT ONTHYECKYIO INIOTHOCTD TP JUTH-
HE BOJIHBI 650 HM MPOTUB XOJIOCTOrO KOHTPOJISL. AHAIO-
ru4Ho nposoxdar uccienoBanue ¢ 0,001% crangapTHbIM
pactBopoM (hocdopa. Pacyer nporieHTHOTO copepKaHus
(dbocdopa BexyT 1o popmye:

_ A *0,01*250=+100 e
Act % 10

A — onrTrdecKas IIOTHOCTB HCCIIEAYEMOTO pacTBOpa;

A_, — OTITHYECKast INIOTHOCTH CTaHIAPTHOTO PAacTBOPA;

0,01 — comeprxanue dpocdopa B MT B | MIT cTaHmapTa;

10 — KOMMYECTBO MT 30JIBI B HCCIICAYEMOIl HaBECKe;

250 — 0O6BeM, B KOTOPOM PAacTBOPEHA HABECKA;

100 — daxrop mepecuera B %;

C — xomuectBo ocdopa B % Ha 100 1 301BI

ONEKTPOMETPUIECKOE HCCIIEIOBAHNE TIEHOK JIeKap-
CTBeHHBIX. Ha ocHOBe 100pOBOIEHOTO HH(POPMUPOBAHHO-
TO cOmIacusi B MCCIIEI0BAHNN MPHHIMAIN ydJacTue 45 ma-
IIMEHTOB C YCTAHOBJICHHBIM MAarHO30M KapHec 3Maju, 13
KOTOpHIX 30 TAIMEeHTOB HAXOMMIOCH B Bo3pacte 18-25 mer
u 15 B Bo3pacte ot 7 mo 16 ner. B menmom, nedeHno moa-
Beprock 78 3y00B (ppoHTaNBHON TpymIIEL. OTIeHKa KITMHA-
YECKHX JIAHHBIX TPOBOAMIACH HA OCHOBAHMH WHJIEKCHOM
OIICHKH COCTOSTHMS TUTHEHBI TIOJIOCTH PTa, HHTEHCHBHOCTH
kapueca (KITY), a11eKTporpoBOTHOCTH AMAITH U BUTATIBHO-
TO OKpAIIMBaHMs dMau 2% pacTBOPOM METHIEHOBOTO CH-
HEro (MHTEHCHBHOCTH OKPAIINBAHMS O4aroB AEMUHEpaIH-
3aLUK SMAJIH ONPEAEIISIIA IO KOHTPOJIBHOM I'paIlaliiOHHON
JIECATHUTIONBHON TTOTyTOHOBOH MmKaie) [17].

VYpoBeHb THUTHEHBI IMOJOCTH PTa BCEX MAIMEHTOB
P TIEPBUYHOM OOCIIEIOBAaHUN COOTBETCTBOBANl KpH-
TEPUSIM «XOPOLIMI» U «YIOBIETBOPUTEIbHBINY. [lanu-
SHTBI TPEIBSIBISUIN KaJ00bl HAa Hanu4ue OeNoro MsATHA
(KocMeTHYecKuit TeeKT) U TyBCTBO OCKOMHHEI, TaKXKe
OTMEYaJIach NOBBIIICHHAS TPOHNIIAEMOCTh SMAJIN IIPH €€
BUTAJILHOM OKPAIIMBAaHWN.
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[To uTOoraM HMCXOIHOTO OCMOTpa BCEM MHaIlEeHTaM
IpoBefieHa mpouenypa NIpo(ecCHOHANBHONH TI'HIHe-
HBI MOJIOCTH pTa, TAK)Ke MAaIlMeHTHI MPOLUIH 00yueHue
MpaBMWJIaM TUTMEHWYECKOrO yXoJa 3a MOJIOCTBI0 pTa U
METOUKE CaMOCTOSITEILHOTO HCIIOIb30BAHUS IUICHOK
JICKApCTBEHHBIX B aMOyJaTOpHBIX ycloBHsX. Peko-
MEHJIOBAJIUCH aNIJINKAIUK MJICHOK JIEKaPCTBEHHBIX Ha
BECTUOYIAPHYIO IIOBEPXHOCTH 3yOOB B 001acTH oyara
JeMUHepaIu3auy (KpaTHOCTh MpUMeHeHus — | pa3 B
JieHb, Ha HOoub). Kypc pemuHepanusymoomei Tepanuu ¢
HCIIOJIb30BaHUEM aNIUIMKALUN MICHOK JeKapCTBEHHBIX
cocTaBsl 1 Mecan u Gonee B 3aBUCUMOCTH OT BBIpa-

JKCHHOCTH KJIMHMYCCKHUX TposiBIicHUH. Bce manuen-
Thl HaXOIWJINCh Ha JUCIAHCEPHOM HaOmoaeHUu a0 1
rona. KoHtpons amektporpoBomHocTd 3mManu (DI13)
OCYIIECTBIISUIM ¢ TOMOIIbIO amnmapata «Jlenract» (I'eo-
codT).

PE3YJIBTATBI U OBCYXJIEHMUME. Uccnenoa-
HUE PEMHUHEPATU3YIONICH aKTHBHOCTH MTPOBOIMIN METO-
JIOM OTIpe/IeNIeHUs KaJIblinsl U pocdopa B 30J1€ dIMAIH CO
CTaTUCTUYCCKOM 00pabOTKOW MONTYUYCHHBIX PE3yIIbTaTOB
cornacHo ['® P® XIII uznanwus [18]. PeaynbraTs! uccie-
JIOBaHUSI PEMUHEPATU3YIOIICH aKTHBHOCTH METOIIOM in
vitro IpeCTaBJICHbI B Tabmuue 1.

Tabnuya 1 — Cooepicanue kanvyus u ocpopa (%) 6 301e Imanu 0o u noce nedenus zenem
U NIACHKAMU J1eKapCmeeHHbiMu 0J15 1e4eHUs Kapueca IMaau

Tpemapar ConeprkaHne Kaablus B 301€, % Coneprxanne ¢ocdopa B 301e, %
J0 JICUCHHUS HOCJIC JICUCHUS J0 JICUEHUS HOCJIC JICUCHUS
37,39+2,17 38,2142,72 23,88+0,78 24,70+0,45
36,57+1,32 40,6743,14 25,92+0,96 27,25+0,62

Iens 32,81+1,54 36,08+1,11 24,77+0,64 26,90+1,37
34,42+1,53 37,25+2,07 26,05+0,89 27,48+0,96
36,17+2,23 39,02+2,52 25,59+0,37 27,13+1,05
36,57+0,98 39,03£1,56 29,12+1,06 29,45+0,39

[Tnenkn 38,21+2,30 39,03+2,98 23,28+0,18 25,15+0,98
JE€KapCTBEHHbIC 31,16+1,62 39,6+2,45 26,38+0,71 26,68+0,59
35,12+1,44 38,06+1,17 25,68+0,67 26,72+0,41

37,39+2,01 38,21+2,27 23,88+0,65 24,70+0,54

Ha ocHOBaHMM NaHHBIX, IPEJICTABICHHBIX B TaOJIH-
e 1, ycTaHOBIIEHO, UTO pa3pabOoTaHHbIE JIEKAPCTBEHHbIC
(OpMBI IS JIeUeHNS Kapreca SMaln JOCTOBEPHO MOBbI-
IaroT cofiepykaHue Kanbiusa u gochopa B amanm 3yoda.
I'enb ¥ TUIGHKH JIEKapCTBEHHBIE TPOSIBIISIIOT COMOCTABH-
MYIO APYT C JPYTOM PEMHHEPAIN3YIOIIyI0 aKTHBHOCTB,
JIOCTOBEPHO TPEBBIMIAIONIYI0 KOHTPOJIbHBIEC MTOKA3aTEIN!,
1 MOTYT OBITh B3aMMO3aMEHSAEMBI NIPH IPUMEHEHUH 110
YCMOTPEHHIO JIEYAIIEro Bpaya.

OnekTpoMeTpuueckoe uccienoBanue. IlpenBapu-
TEJIbHBII OCMOTP MAIIEHTOB BBISBIII HAJIWYNE HA BECTH-
OyJISIpHOH TIOBEPXHOCTH 3y0OB (DPPOHTANBEHOW TPYIIITBI
oyaroByro aemuHepanmmzanuio sMamn (O[D) ¢ pazmmy-
HOW MHTEHCHBHOCTBIO MOpakeHus. [Ipn 30HANpOBaHUM
YCTaHOBJICHO, YTO HMaJIb B 00IaCTH 04aroB AEMHUHEPAIIH-
3aIM UMEJIa MAaTOBYIO U IIEPOXOBATYIO TOBEPXHOCTh. B
41,1% naOmroeHUT 04aru [eMUHEpaTH3aiy SMaJH CO-
cTaBuiy oT 1,5 10 2 MM, cpeaHsis CTeNeHb OKpalllBaHUs
0T 4 10 5 OanyIoB W CpeAHss BEIMYMHA OKPAIINBAHUS —
4,6 £0,21 mm. B 58,9% ciydasx BbIsBICHBI OoJiee KpyTI-
HBIE OYary JeMUHEPAIM3aLHH Mali pa3MepoM oT 3 10 4
MM (3 manuenTa mmenn O3 G6omnee 4,5 Mm). B aTux ciy-
Yasgx OTMe4eHa 1 00Jiee BBICOKAs CTENIEHb OKPAIIBAHHS
ot 6 1o 10 6aymIoB co cpemHeil BETMYMHON OKpaIIHBaHU
7,9 = 0,18 mM. JKamo0bI Ha MTOBBIIIICHHYIO 9yBCTBUTEIb-
HOCTB 3y00B B oonactu OO Ha XUMUYeCKHe U TeMIlepa-
TYPHBIE Pa3APAKUTENN MIPEABSIBISUIN 5 TAIIMEHTOB.

B pesynberate KypcoBOTO MPHMEHEHHS IUICHOK Jie-
KapcTBEHHBIX B TeyeHue 30 JHEH y BceX MAaLUEHTOB
OTMEYCHA TEHJEHNUS K YMEHBIICHHIO WHTEHCHBHOCTH

MOPAXEHUsI MOBEPXHOCTHOTO cJost amManu. B 26,7% na-
Omronernii (12 manueHToB) OKpAITMBAHUE IMAJH OTCYT-
cTBOBAJIO, B 44,4% Habmonennii (20 MarMeHTOB) BBISB-
JIeHA HU3Kas CTENeHb OKpalmuBaHus, B 28,9% ciryuyasx
(13 mammeHTOB) OTMEUeHa CpEAHsSS CTENEeHb OKpalll-
BaHUS. 3HAYUTEIFHO COKpaTwiuch pasmepsl O/ ¢ 4,5
MM 110 2,53 MM. O9aru AeMUHEepaTH3aliH CO CTETICHBIO
OKpammBaHus 6 6ayUIoB U Oosee He oOHapyskeHbI. [Tocne
MIPOXOXKICHHS Kypca JICUCHHS TTAIlUSHTHI He TIPEIbsIBIIS-
JIU 7Kallo0 Ha TOBBIIICHHYIO YYBCTBHUTEIBHOCTH, TaKKe
YYBCTBUTEIHHOCTH IMaJH OTCYTCTBOBAJIA MIPU 30HANUPO-
BaHUM OYara JCMHUHEPATH3aINH, YTO SBIISICTCS BaYKHBIM
KPUTEPHEM IPOSBICHIS PEMHHEPATH3YIONICH aKTHBHO-
CTH TUICHOK JIEKapCTBEHHBIX. [Ipn mampHeimem mpume-
HEHHH TUICHOK JIEKapCTBECHHBIX HAOMI0aI0Ch YMEHbIIIe-
HHE Pa3MEpOB OUAroB JACMUHEPATH3AIUN U WX TOTHOE
HCYE3HOBEHHE. Taxke y 4acTH IMAICeHTOB HCYe3a Ma-
TOBOCTh U IIEPOXOBATOCTH IMMOBEPXHOCTH dMaJH B 001a-
CTH 0YaroBOil IeMHHEpaJIHW3alld, MMOBEPXHOCTH CTaja
IIaKOM U OJIECTSIIEHN.

DIEKTPOMETPUIECKIE WCCICIOBAHHUS CBHICTEIh-
CTBYIOT O TOM, YTO IIPIMEHEHHE TUIEHOK JICKaPCTBEHHBIX
CIO0COOCTBOBAJIO CHIKEHHUIO JIEKTPOIPOBOAHOCTH dMa-
JIM ¥ TIOBBICWJIO CTENEHb MUHEpAIU3alUK dMaiu B 1,5-2
pasa. [Ipu ucxomnom obcenoBarnu obmactu O3 D110
cocraBisuia ot 3,6 MkA 10 2,5 MKA, a cinycrs 30 el
mocrne nedeHns D19 cumsmnacek mo 1,7-1,5 MkA. Tlpu
6oIree MPOAOIHKUTETHEHOM JICIEHUH 09aroBO JeMUHepa-
smzauuu smanu 11D ymensmnacs 1o 1,15-0,2 MxA.

Hcxonst w3 BBIMIE MPEICTABICHHBIX PE3YIIETaTOB
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MIPOBEJICHHOTO  3JIEKTPOMETPUUECKOTO HCCIIEJOBAHNS,
MOYKHO CJIeJIaTh 3aKJII0YEeHHE O OJIaronpusTHOM BO3ZCH-
CTBHH IIJICHOK JICKAPCTBEHHBIX Ha 3Malb 3y0a. B wacr-
HOCTH, peMHHepayu3ytomas >(PPEeKTUBHOCTh IIJICHOK
JIEKAPCTBEHHBIX TOATBEPANIACH MOBBIIICHUEM TBEPJIO-
CTH CTPYKTYpBI dMalli, YMEHBIICHHEM WHTEHCHBHOCTH
okpammBanus msiteH O/13, CHIKEHHEM YyBCTBHUTEIILHO-
CTH 3y0OB K Pa3ApayKUTEIISIM pa3IndHON TIPUPOJBI [0 e¢
MOJTHOTO MCYe3HOBeHMs. TakuM o0pas3oMm, pa3zpaboTaH-
HBIC TUICHKH JIEKAPCTBEHHBIE MOXKHO PEKOMEHJIOBAaTh K

WCIIONIb30BAaHHUIO B KauyecTBE JieueOHO-TpopUIaKTHyIe-
CKOTO CPE/ICTBA, CHOCOOCTBYIOIIETO YIYYIICHUIO COCTO-
SIHUSL TBEP/BIX TKaHeH 3y0a.

3AKJIIOYEHHME. B pe3synsrare NpoBeAEHHBIX UC-
CJIEIOBAHUM in Vivo U in vitro yCTaHOBJEHO, YTO pa3pa-
6otannbie JIO oka3pIBalOT peMUHEPATHU3YIOMHH (P PeKT
— HaCBIIAIOT 3yOHYIO dMajlb HOHAMH KaJbIHs U Gocdo-
pa, 4TO TTO3BOJIET PEKOMEH/I0BATh el U IJICHKH JIeKap-
CTBEHHBIC JUIS TIOBBIICHHS d(PPEKTUBHOCTH NPOQHIIaK-
THUKH 1 JICYCHUS HAYaJIbHOTO Kapreca dMalli.

INTRODUCTION. Nowadays, the problem of den-
tal caries is a serious medical and social problem. In the
structure of dental diseases, caries and its complications
occupy 95.5%. Progressive lesion of hard tooth tissues,
complicated by inflammation of the pulp and periapical
tissues, causes acute pains, often leads to loss of teeth and
can be a source of diseases of the musculoskeletal system
and internal organs [1, 2]. One of the most promising ar-
eas of dental caries prophylaxis is remineralizing therapy
aimed at normalizing the mineral composition of tooth
enamel which consists of professional dentistry with spe-
cial preparations. With the help of remineralizing thera-
py, it is possible to saturate enamel with ionsof calcium
and phosphorus, fluoride, etc., remove demineralized ar-
cas of tooth enamel caused by the process of demineral-
ization, and also by the influence of preventive measures,
prevent enamel damage caused by wash-out of mineral
elements from hard tooth tissues [3—6]. As a result of the
complex of scientific and experimental research carried
out at the Department of Pharmaceutical Technology of
Perm State Pharmaceutical Academy (PSPA), gel and
drug films for the treatment of enamel caries have been
developed [7-12].

THE AIM of this work is to study remineralizing ac-
tivity of dosage forms for the treatment of initial enamel
caries.

MATERIALS AND METHODS. As active phar-
maceutical substances in dosage forms, calcium chloride
(FS 42-0006-5675-04 P.003964.01), potassium phos-
phate disubstituted (FS 42-1297-79), sodium fluoride
(PS.2.2.0013.15), auxiliary substances — gelling agent
sodium-carboxymethylcellulose  (sodium-CMC) C75
(TU 6-55-39-90), plasticizer glycerin (PS.2.2.0006.15),
purified water (PS.2.2.0020.15) — have been used. Rem-
ineralizing activity was studied by the method of deter-
mination of calcium and phosphorus in the enamel ash
in vitro. The statistical processing of the obtained results
was performed according to GPA 1.1.0013.15 using the
critical value of Student’s t-test and the electrometric
method, by determining the electrical conductivity of the
tooth enamel in vivo.

These studies were carried out in accordance with
the ethical standards of the committee responsible for
human experiments (institutional and national) and the
1975 Helsinki Declaration, revised in 2000. The studies
were approved by the Local Ethical Committee of FSAEI
HE “Perm State Medical University” n.a. E.A. Vagner
(the Ministry of Health of the Russian Federation”).

384

On the basis of the informed voluntary consent, vi-
sually intact teeth (molars and premolars of the lower
jaw), removed on orthodontic and orthopedic grounds in
individuals aged 20-35, were included in the study of de-
termination of calcium and phosphorus in the enamel ash
in vitro. The removed teeth were stored in the thermostat
at the temperature of 37 + 2°C in the solution of artificial
saliva [13]. For the study, the prototypes were divided
into 2 groups (10 test samples in each group): 1 — drug
gel for the treatment of enamel caries, 2 — drug films for
the treatment of enamel caries.

Each tooth was pre-cleaned by brush and fluo-
rine-free paste and half-sliced with the use of special
equipment. One half of the tooth served as atest sample
and was not subjected to treatment, the second half of the
tooth was subjected to a full course of treatment. For 14
days, once every day, 15-minute applications were made
by applying drug gel or fixing drug films to the surface of
the enamel of the test samples at the constant temperature
of 37 + 2° C. In the intervals, the teeth were in the ther-
mostat in the solution of artificial saliva.

The method of determination of calcium and phos-
phorus in the enamel ash in vitro is based on tooth ashing
and the subsequent determination of calcium and phos-
phorus in it by chemical and instrumental methods [14].
The test samples were ashed separately at 450-500° C in
the muffle furnace. The resulting ash was used to deter-
mine calcium and phosphorus in it.

Quantitative determination of calcium was carried
out by reverse complexometric titration [15, 16].

Methods: about 10.00 mg (accurately weighed quan-
tity) of ash is dissolved in 0.5 ml of concentrated hydro-
chloric acid; after complete dissolution of the ash, 10
ml of purified water and 5 ml of 0.05 M sodium edetate
solution are added andmixed up,then the ammonia buffer
solution is addedwhile stirring up to pH = 12.5 to exclude
the determination of concomitant magnesium ions. The
indicator is an acid-chrome-tanned dark blue colour. The
excess 0.05 M sodium edetate solution is titrated with 0.1
M magnesium sulfate solution.

At the same time, a control experiment is conduct-
ed. An analytical signal is a color transition from blue to
red-violet. The calculation of the percentage of calcium
is carried out according to the formula:

C= T+(V1-V2)x K100 \where
a
C — the quantity of calcium per 10 mg of ash, %;
T — the titer of calcium for sodium edetate, g / ml;
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V, /' 'V, — the number of ml of the titrated solution
used for the titration of the control / test sample, ml;

K — a correction coefficient to the molarity of the
titrated solution;

100 — a conversion factor, %,

a — a weighed quantity of ash, g.

Quantitative determination of phosphorus was car-
ried out by photoelectrocolorimetry. To obtain a colored
solution, a molybdenum blue reaction (sodium molyb-
date sulphate solution in hydrazine sulfate aqueous solu-
tion) was used [14].

Methods: about 10.00 mg (accurately weighed quan-
tity) of ash is dissolved in 0.5 ml of concentrated hydro-
chloric acid and quantitatively diluted in a volumetric
flask with a capacity of 250 ml. A mixture of sodium
molybdate in 0.25% sulfuric acid solution and hydrazine
— 0.15% sulphate aqueous solution — in the ratio of 2.5:
1 is added to 1 ml of the ash solution; the ingredients are
mixed up and kept in a boiling water bath for 10 minutes.
The optical density is determined at the wavelength of
650 nm against blank monitoring. Similarly, a study is
carried out with 1 mg of a standard phosphorus solution.
The percentage of phosphorus is calculated according to
the formula:

Similarly, a study is carried out with 0,001% stan-
dard phosphorus solution.

A=*0,01%250=%100
C= , Where
Act * 10

A — the optical density of the test solution;

A, — the optical density of the standard solution;

0.01 — the quantity of phosphorus in 1 ml of the stan-
dard, mg;

10 — the quantity of ash in the test sample, mg;

250 — the volume in which the sample is dissolved;

100 — a conversion factor, %;

C — the quantity of phosphorus per 100 g of ash, %.

Electrometric study of drug films. On the basis of the
informed voluntary consent, 45 patients with the estab-

lished caries enamel diagnosis participated in the study,
hereby 30 patients were aged 18-25 and 15 patients were
aged from 7 to 16. In total, 78 teeth of the frontal group
were treated. The clinical data were evaluated on the ba-
sis of the index assessment of the oral hygiene state, def
caries index, the electrical enamel conductivity of and
vital staining of enamel with a 2% solution of methylene
blue (the intensity of staining of the enamel demineral-
ization foci was determined on the basis of the control
gradation tenfold grayscale scale) [17].

In the primary examination the level of oral hygiene
of all the patients met the criteria of “good” and “satis-
factory”. The patients complained about the presence of
a white spot as a cosmetic defect and a sense of numb-
ness, and there was also an increased permeability of the
enamel in response to its vital staining.

Based on the results of the initial examination, all the
patients were subjected to the professional oral hygiene
procedure, and the patients were trained in hygienic care
of the oral cavity and the methods of the self-use use of
drug films in outpatient settings. Drug films were recom-
mended to apply to the vestibular surface of the teeth in
the area of the demineralization focus (the frequency of
application was once a day, before going to bed). The
course of remineralizing therapy with the use of drug
films applications was 1 month or longer, depending on
the severity of clinical manifestations. All the patients
were on dispensary supervision for up to a year. The
enamel electrical conductivity of the enamel (EEC) was
monitored with the help of the Dentest device (Geosoft).

RESULTS AND DISCUSSION. The study of rem-
ineralizing activity was carried out by the method of
determination of calcium and phosphorus in the ash of
enamel with statistical processing of the results obtained
according to the State Pharmacopoeia of the Russian
Federation, XIII-th edition [18]. The results of the study
of remineralizing activity by the in vitro method are pre-
sented in Table 1.

Table 1 — Calcium and phosphorus content (%) in the enamel ash before and after the treatment
of enamel caries with gel and drug films

Calcium content Phosphorus content
Study medication in the enamel ash,% in the enamel ash, %
Before treatment After treatment Before treatment After treatment
37.39+2.17 38.21+2.72 23.88+0.78 24.70+0.45
36.57+£1.32 40.67+3.14 25.92+0.96 27.25+0.62
Gel 32.81+1.54 36.08+1.11 24.77+0.64 26.90+1.37
34.424+1.53 37.25+2.07 26.05+0.89 27.48+0.96
36.17+2.23 39.02+2.52 25.59+0.37 27.13+1.05
36.57+0.98 39.03+1.56 29.12+1.06 29.45+0.39
Drug films 38.21+2.30 39.03+2.98 23.28+0.18 25.15+0.98
31.16+1.62 39.6+2.45 26.38+0.71 26.68+0.59
35.12+1.44 38.06+1.17 25.68+0.67 26.72+0.41
37.39+£2.01 38.214+2.27 23.88+0.65 24.70+0.54

Basing on the data presented in Table 1, it has been
established that the developed dosage forms for the treat-
ment of enamel caries significantly increase the content

of calcium and phosphorus in the tooth enamel. The gel
and drug films show the remineralizing activity compa-
rable to each other that significantly exceed the control
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indices and can be used interchangeably when applied at
the discretion of the attending physician.

Electrometric study. A preliminary examination of
the patients revealed the presence of focal enamel de-
mineralization with different intensity of lesion on the
vestibular surface of the teeth of the frontal group. While
probing it was established that the enamel in the area of
the foci of demineralization had a matte and rough sur-
face. In 41.1% of cases, the enamel demineralization foci
were from 1.5 to 2 mm, the average degree of staining
was from 4 to 5 points, and the average staining value
was 4.6 = 0.21 mm. In 58.9% of cases, larger enamel
demineralization foci with the size from 3 to 4 mm were
detected (3 patients had the area of focal enamel demin-
eralization larger than 4.5 mm).

As a result of the course use of drug films for 30
days, all the patients showed a tendency to reduce the in-
tensity of the lesion of the surface enamel layer. In 26.7%
of cases (12 patients), enamel staining was absent, 44.4%
of observations (20 patients) showed a low degree of
staining, in 28.9% of cases (13 patients), an average de-
gree of staining was noted. The sizes of the focal enamel
demineralization significantly reduced from 4.5 mm to
2.5-3 mm. The foci of demineralization with a degree
of staining of 6 points or more were not found out. After
the course of treatment, the patients did not complain of
the increased sensitivity, and the sensitivity of the enamel
was absent when probing the focus of demineralization,
being an important criterion for demonstrating the rem-
ineralizing activity of drug films. With further applica-
tion of the drug films, a decrease in the dimensions of the
demineralization foci and their complete disappearance

was observed. Besides, a number of patients stopped suf-
fering from dullness and roughness of the enamel surface
in the area of focal demineralization; the surface has be-
come smooth and shiny.

Electrometric studies indicate that the use of drug
films contributed to the decrease in the electrical conduc-
tivity of enamel and increased the degree of enamel min-
eralization by the factor of 1.5-2. At the initial survey of
the focal enamel demineralization, the electrical enamel
conductivity (EEC) was from 3.6 pA to 2.5 pA, and 30
days after treatment the EEC decreased to 1.7-1.5 MKA.
With a more prolonged treatment of the enamel focal de-
mineralization, the EEC decreased to 1.15-0.2 pA.

Basing on the results of the electrometric study pre-
sented above, it is possible to draw a conclusion about the
favorable effect of drug films on tooth enamel. In partic-
ular, the remineralizing efficiency of the drug films was
confirmed by the increase in the hardness of the enamel
structure, a decrease in the staining intensity of the focal
enamel demineralization spots, a decrease in the sensi-
tivity of the teeth to stimuli of various nature, until its
complete disappearance. Thus, the developed drug films
can be recommended to be used as a therapeutic and pro-
phylactic agent that contributes to the improvement of
the condition of hard tooth tissues.

CONCLUSION. As a result of the studies conduct-
ed in vivo and in vitro, it has been established that sat-
urating the tooth enamel with calcium and phosphorus
ions, the developed dosage forms have a remineralizing
effect and, therefore, can be recommended for increasing
the effectiveness of prevention and treatment of the ini-
tial enamel caries.

Bbubanorpadguyeckuii Cnucok

1. 3aiiueB A.H. PactipoctpaneHHOCTh Kapueca 3y0oB // Cubupckuii Mmequimackuii sxypHait. 2004, Ne6. C. 86—88.

2. Cochrane N.J., Cai F., Hug N.L., Burrow M.F., Reynolds E.C. New Approaches to Enhanced Remineralization of
Tooth Enamel // Journal of Dental Research. 2010. Vol. 89 (11). P. 1187-1197.

3. bapkosckuii E.B., ByBunosckuit A.B., Kapmanbkosa 1.C. Xumuueckue 0CHOBBI AEMUHEPAIU3AIMU U pEMUHEPA-
nu3anmm sMainn 3yooB / Bectauk BIMYV. 2011. Nel (10). C. 143.

4. ®enopos 0.A., Hpoxokuna B.A., Mareno C.K., Tymanoa C.A. KimHn4yeckne BO3MOKHOCTH TPHUMEHEHUS
COBPEMEHHBIX PEMHHEPAIIU3YIOIINX COCTaBOB y B3pocibix // Kimnuueckas cromaronorus. 2008. Ne3 (47).

C.32-34.

5. Eric C. Reynolds Calcium phosphate-based remineralization systems: Scientific evidence? // Australian Dental
Journal. 2008. Vol. 53. Is. 268. P. 73. URL: https://www.researchgate.net/publication/23248073 Calcium
phosphate-based remineralization systems Scientific evidence (nara obpamenns: 01.10.2017)

6. 6. Fontana M., Walsh L.J., Amaechi B.T., Ngo H.C. Aids to remineralization. In Graham J. Mount, Wyatt R.
Hume, Hien C. Ngo and Mark S. Wolff (Ed.), Preservation and restoration of tooth structure Third edition ed.
Chichester, West Sussex , United Kingdom: John Wiley & Sons. 2016. P. 67-80.

7. Tonosanenko A.JL, bepesuna E.C., Tpetbsikosa E.B., Ilepmuna P.I. CrannapTusanys mieHoK 1ist JIEUEHUS KapH-
eca smanu // @yramamentanpabie uccnenoBanns. 2014. Ne 9 (5). C. 1038—-1041.

8. Prommna T.E., TonoBanenko A.JIL., Tperssakoa E.B., bepesuna E.C. buodapmarieBrudeckne nCCIeT0BaHNS TEI
1 TUICHOK JIEKAPCTBEHHBIX JIJIs JICUCHUs Kapueca smainu // CoBpeMeHHbIe Ipo0IeMbl HayKu U 00pa3oBanust. 2015.
Ne 4. URL: http://www.science-education.ru/127-20690 (nara obpamienus: 22.07.2015).

9. Tonosanenxo A.JI., bepesuna E.C., TperssakoBa E.B., Anekceesa 1.B. Crangaprusanus reis aias peMUHepaiu-
3anuu sManu // Xumunko-apmanesrnaecknit xxyprai. 2015. Ne 12 (49). C. 47-50.

10. TpetwsixoBa E.B., bepesuna E.C., TonoBanenko A.JI., Anekceea 1.B. Banuaauus MeToAuK KOJIUYECTBEHHO-
TO OTpEZCTICHUS] KOMITOHEHTOB B TUICHKAX JIEKAPCTBEHHBIX UIS JIedeHUs kapueca sManu / CoBpeMeHHbIE Tpo-
61embl Hayku 1 obpazoBanms. 2015. Ne 1. URL: http://www.science-education.ru/121-19155 (gara obparnieHusi:

19.05.2015).

11. Tonoranenko A.JL, Tperwsixosa E.B., bepesuna E.C., AnekceeBa 1.B. CoBpeMeHHBIH MOIXOI K pa3padOTKe JICKAPCTBCH-
HBIX (hOPM TSl IPOBEICHUSI peMUHEpaII3YIomIei Tepary // MexumuHekui anmbmanax. 2017. Ne 2 (47). C. 141-145.

386



Pharmacy & Pharmacology V. 6 N 4, 2018 DOI:10.19163/2307-9266-2018-6-4-380-388

12.

13.

14.

15.

16.
17.

18.

TpetbsixoBa E.B., MaxmynoB P.P., TonoBanenko A.JI. MccnenoBanue ocTpoil TOKCUYHOCTH Trejiel M IMJICHOK
JICKAPCTBEHHBIX JUISL JICUCHHUS] Kapueca sMalid U aeHTHHa // buodapmanesruueckuii sxypuan. 2017. Ne 2 (9).
C.59-61.

Bynxuna H.B., [Tynoskuna E.A., 3axapeBnd A.M. YIBTpaMHKpPOCKOTIHYECKOE UCCIIETOBAHNE TIPOIIECCOB JEMUHE-
panm3anuu u pemuHepanu3anuu smanu / Cromaronorus. 2012. Ne 3. C. 11-14.

Jleontses B.K., Ilerposudy FO.A. buoxuMudeckie METObI HCCIEAOBAHNS B KITMHUYECKOI U IKCIIEPUMEHTAIbHOM
cromaronorun. Omck, 1976. 89 c.

Boposckuii E.B., Makcumosckas JI.H. Coneprxanune kanbuusi, pocdopa u ¢propa B HOBEPXHOCTHOM CJIO€ 3MaIIU
IIPU KapHece M CXOTHBIX C HUM MOopakeHHs1X 3y0oB // Ctomaromnorns. 1982. Ne 3. C. 32-34.

Herpyxuna O.M. AHanuTH4deckast XUMAAL. XUMAYECKIEe METOIbI aHamm3a. M.: Xumus, 1992. 400 c.

JleontreB B.K., MBanosa I''I',, XXoposa T.H. DnexrpomeTprueckas TMarHOCTUKA MOPAKSHUH TBEPABIX TKaHEH
3y0ooB // Cromaromnorus. 1990. Ne5. C. 19-24.

Tocynapcreennas ®@apmaxones PO, XIII nzganue. 2015. Tom 1. 1470 c.

10.

11.

12.

13.

14.

15.

16.

17.

18.

References
Zaytsev AN. Rasprostranennost kariesa zubov [Prevalence of dental caries]. Siberian Medical Journal. 2004;6:86—
8. Russian.
Cochrane NJ, Cai F, Hug NL, Burrow MF, Reynolds EC. New Approaches to Enhanced Remineralization of
Tooth Enamel. Journal of Dental Research. 2010;89(11):1187-97.
Barkovskiy EV, Buvilovskiy AV, Karmalkova IS. Himicheskie osnovy demineralizatsii i remineralizatsii email zubov
[Chemical basis of demineralization and remineralization of tooth enamel]. Vestnik VGMU 2011;1(10):143. Russian.
Fedorov YUA, Drojjina VA, Matelo SK, Tumanova SA. Klinicheskie vozmojnosti primeneniya sovremennyih
remineralizuyuschih sostavov u vzroslyih [Clinical possibilities of application of modern remineralizing compo-
sitions in adults]. Clinical stomatology. 2008;3(47):32—4. Russian.
Eric C Reynolds. Calcium phosphate-based remineralization systems: Scientific evidence? Australian Dental
Journal. [Internet] 2008 [cited 2017 Nov 01]. 53(3):268-73. Available from: https://www.researchgate.net/publi-
cation/23248073 Calcium phosphate-based remineralization systems Scientific evidence.
Fontana M, Walsh LJ, Amaechi BT, Ngo HC. Aids to remineralization. In Graham J. Mount, Wyatt R. Hume,
Hien C. Ngo, Mark S. Wolff, editors. Preservation and restoration of tooth structure Third edition ed. 2016:67—80.
Chichester, West Sussex , United Kingdom: John Wiley & Sons.
Golovanenko AL, Berezina ES, Tretyakova EV, Pershina RG. Standartizatsiya plenok dlya lecheniya kariesa email
[Standardization of films for the treatment of enamel caries]. Fundamental research. 2014;9(5):1038—41. Russian.
Ryumina TE, Golovanenko AL, Tretyakova EV, Berezina ES. Biofarmatsevticheskie issledovaniya gelya i plenok
lekarstvennyih dlya lecheniya kariesa email [Biopharmaceutical studies of gel and drug films for the treatment of
enamel caries]. Modern problems of science and education. [Internet]. 2015;4. [cited 2015 Tul 22]. Available from:
http://www.science-education.ru/127-20690 Russian.
Golovanenko AL, Berezina ES, Tretyakova EV, Alekseeva IV. Standartizatsiya gelya dlya remineralizatsii emali
[Standardization of gel for remineralization of enamel]. Chemical and Pharmaceutical Journal. 2015;12(49):47—
50. Russian.
Tretyakova EV, Berezina ES, Golovanenko AL, Alekseeva I'V. Validatsiya metodik kolichestvennogo opredeleni-
ya komponentov v plenkah lekarstvennyih dlya lecheniya kariesa email [Validation of the methods of quantitative
determination of components in drug films for the treatment of enamel caries]. Modern problems of science and
education. [Internet]. 2015;1. [cited 2015 May 19]. Available from: http://www.science-education.ru/121-19155
Russian.
Golovanenko AL, Tretyakova EV, Berezina ES, Alekseeva I'V. Sovremennyiy podhod k razrabotke lekarstvennyih
form dlya provedeniya remineralizuyuschey terapii [Modern approach to the development of medicinal forms for
remineralizing therapy]. Medical Almanac. 2017;2(47):141-5. Russian.
Tretyakova EV, Mahmudov RR, Golovanenko AL. Issledovanie ostroy toksichnosti geley i plenok lekarstvennyih
dlya lecheniya kariesa emali i dentina [A study of the acute toxicity of gels and drug films for the treatment of
enamel and dentin caries]. Biopharmaceutical Journal. 2017;2(9):59-61. Russian.
Bulkina NV, Pudovkina EA, Zaharevich AM. Ultramikroskopicheskoe issledovanie protsessov demineralizatsii
i remineralizatsii email [Ultramicroscopic study of the processes of demineralization and remineralization of
enamel]. Stomatologiya. 2012;3:11-4. Russian.
Leontev VK, Petrovich YUA. Biohimicheskie metody 1 issledovaniya v klinicheskoy i eksperimentalnoy
stomatologii [Biochemical methods of research in clinical and experimental dentistry]. Omsk;1976. 89 p.
Borovskiy EV, Maksimovskaya LN. Soderjaniekaltsiya, fosfora i ftora v poverhnostnom sloe email pri kariese
i shodnyih s nimporajeniyahzubov [The content of calcium, phosphorus and fluorine in the surface layer of the
enamel in caries and similar dental lesions]. Stomatologiya. 1982;3:32—4. Russian.
Analiticheskaya himiya. Himicheskie metody ianaliza [Analytical chemistry. Chemical methods of analysis].
Petruhin OM, editor. Moscow: Himiya;1992. 400 p. Russian.
Leontev VK, Ivanova GG, Jorova TN. Elektrometricheskaya diagnostika porajeniy tverdyih tkaney zubov [Elec-
trometric diagnostics of lesions of hard tissues of teeth]. Stomatologiya. 1990;5:19-24. Russian.
Gosudarstvennaya Farmakopeya RF [State Pharmacopoeia of the Russian Federation]. XIII edition. 2015;1:1470.
Russian.

387



Kpamxkue cooouienusn
Brief Reports

@apmayus u papmaronoeus T. 6 Ne 4, 2018

Kondaunkr uatepecon
ABTOpLI 3asBJISIOT 00 OTCYTCTBUU KOH(I)J'II/IKTa UHTEPECOB.

Conflict of interest
The authors declare no conflict of interest.

ABTOpBI

Tonosanenxko Anna Jleonuoosna — xanoudam
dapmayesmuueckux Hayk, ooyewm kageopvl papua-
yesmuyeckoti mexunonoeuu @I'HFOY BO «llepuckoii 2o-
cyoapcmeenHou  (papmayesmuueckou axaoemuuy M3
P®. Obracms Hayunvix unmepecog: meopemuyeckoe
U IKCHepUMeHmaIbHoe 0DOCHOBAHUEe CO30aHUs JleKap-
CMBEHHbIX  Npenapamos pemunepanusylowezo  oel-
cmeus 01 npoghunakmuku u nedenus kapueca. E-mail:
annagolovanenko@yandex.ru.

Tpemovakosa Examepuna Bnaoumuposna — ac-
cucmenm xageopvl papmayesmuueckoi mMexHonocul
®@I'BOY BO «llepmckoii eocydapcmeentoli ghapmayes-
muyeckoul akademuuy M3. Obnacmo HayuHbIX UHMEPECOs:
Pa3pabomKa cocmagos, MexHONOSUL U CIMAHOAPMU3AYUS
JleKapcmeeHHbIx gopm 0t aeuenust kapueca avan. P.
E-mail: tiloket@mail.ru.

Ilamnycoea Enena Cepzeesna — 3aseoyiouas na-
MONO2OAHAMOMUYECKO20 OMOENIeHUsl 20CYOaPCIBEHHO20
010001cemH020 yupescoenust 30pagooxpanenust Ilepmckoeo
Kkpas «Kpaesoii demckou kaunuveckou 6onvruybly. O0-
JIACMb HAYYHBIX UHMEPECO8: NPOBEOEHUE 2UCIONOCULECKUX
U MOpGoMempuyecKUX UCCLE008ANULL IEKAPCMBEHHBIX npe-
napamos MHO20MPAKMOPHO20 OetiCMBUsL, NPUMEHSIOUWUXCSL
6 cmomamonozuu. E-mail: info@permkdkb.ru

Anexceeea Hpuna Bnaoumupoena — ookmop gap-
Mayesmuueckux Hayk, npogpeccop xagedpvl papmayes-
muyeckoti mexuonoeuu @I'EOY BO «llepmckoil 2ocy-
dapcmeennoll hapmayesmuueckou axademuuy M3 PD.
Obnacme HAYUHBIX UHMEPECO8: KOMIIEKCHbLE UCCNe00-
6aHUSL MO CO30AHUIO NeKAPCMEEHHbIX opm Oisi eve-
HUSL pAHEBbIX U BOCNATUMENbHBIX NPOYECCO8 HA OCHOBE
MECMHOAHeCme3upyoue2o cpedcmea — aHULOKAUHA.
E-mail: alekseeva@pfa.ru.

bepezuna Enena Cmanucnagosna — Kanouoam
apmayeemuueckux Hayk, ooyenm kageopvl gapmayes-
muyecxou xumuu D10 u @30, DI'EOY BO «llepmcroui
eocydapcmeentoll papmayesmuyeckou axademuuy M3
P®. Obnacme nayunvix unmepecos: paspabomia, mMoou-
Qurayus u anpobayus MemoouK UCHbIMAHUSL HA NOOTUH-
HOCMb U KOTUYECMBEHHO20 ONPedeleUsl IeKaAPCMBEHHbIX
cpedcmes 8 IeKapCMEEeHHbIX NPenapamax O NPOQUIAK-
muxu u revenus kapueca. E-mail: berezina@pfa.ru.

Ilepwuna Poza I'anum3zanoena — kanouoam meou-
YUHCKUX HAYK, O0YeHm Kagheopbl crmomamono2uu (haxyio-
mema JJIIO @I'BOY BO «Ilepmckuii 2ocyoapcmeentbiti
MeOUYUHCKULL YHUsepcumemy um. akaoemuxa E.A. Bazne-
pa. Obracme HAYYHBIX UHMEPECO8. KAUHUKO-TAO0PAmop-
Hble UCCTe008aHUsI peMUHepanusyouel 3@ pekmusHo-
cmu 1eKapCmeeHHbIX Npenapamos Ojist NPOQUAAKMUKY U
neyenus kapueca. E-mail: stomatpsma@gmail.com

Authors

Golovanenko Anna Leonidovna — PhD (Phar-
macy), docent of the Department of Pharmaceutical
Technology of FSAEI HE “Perm State Pharmaceutical
Academy”. Research interests: theoretical and exper-
imental justification for the creation of remineralizing
drugs for the prevention and treatment of caries. E-mail:
annagolovanenko@yandex.ru

Tretyakova Ekaterina Vladimirovna — assistant stu-
dent of the Department of Pharmaceutical Technology
of FSAEI HE “Perm State Pharmaceutical Academy”.
Research interests: formulation, technology and stan-
dardization of dosage forms for the treatment of enamel
caries. E-mail: tiloket@mail.ru.

Patlusova Elena Sergeevna — Head of the Depart-
ment of Morbid Anatomy, State budgetary health care
institution of the Perm region “Regional Children s Clin-
ical Hospital”. Research interests: carrying out histo-
logical and morphometric studies of multifactorial drugs
used in dentistry. E-mail: info@permkdkb.ru

Alekseeva Irina Viadimirovna — PhD (Pharmacy),
Professor of the Department of Pharmaceutical Technol-
ogy of FSAEI HE “Perm State Pharmaceutical Acade-
my”. Research interests: comprehensive research on
the development of medicinal forms for the treatment of
wound and inflammatory processes based on local anes-
thetics — anilocaine. E-mail: alekseeva@pfa.ru.

Berezina Elena Stanislavovna — PhD (Pharmacy),
docent of the Department of Pharmaceutical Chemistry
(faculty of Additional Professional Educationand Indus-
trial Training), FSAEI HE “Perm State Pharmaceutical
Academy”. Research interests: development, modifica-
tion and approbation of test methods for authenticity
and quantitative determination of medicinal products in
medicinal preparations for prevention and treatment of
caries. E-mail: berezina@pfa.ru.

Pershina Roza Galimzyanovna — PhD (Medicine),
docent of the Department of Dentistry, faculty of FVE
(further vocational education) of FSAEI HE “Perm State
Medical University” n.a. E.A. Vagner. Research inter-
ests: clinical and laboratory studies of the remineralizing
effectiveness of drugs for the prevention and treatment of
caries. E-mail: stomatpsma@gmail.com

[octynuna B pegakuuto: 21.05.2018
Ortmpasnena Ha gopadotky: 21.06.2018
IIpunsra x newaru: 16.07.2018

Received: 21.05.2018
Sent back for revision: 21.06.2018
Accepted for publication: 16.07.2018

388



Pharmacy & Pharmacology V. 6 N 4, 2018 DOI:10.19163/2307-9266-2018-6-4-389-397

VIIK 615.11 (09)

TEXHONOIMA NEKAPCTB U «TAJIEHOBbIX» MPEMAPATOB
HA NPUMEPE PELLENTYPHbIX MPONUCENX «AHTUAOTAPUA»
HUKONAA U3 CAIEPHO

@./l. Boponos, U.H. Pysicunckasn

DedepanvHoe 20cyoapcmeerHoe DI00HCEMHOe 00PA308AMENbHOE YUPeNCcOeHUe 8bICUIe20 00PaA308aAH UL
«llemposasoockuil cocyoapcmeennuiii ynusepcumemy (Ilempl’V),
185910, Poccus, Pecnybnuxa Kapenus, 2. [lempo3zasoock, np. Jlenuna, 33

Lens. B uccieoosanuu paccmampuaemcs npooiema cxoxHcecmu npUHYUNos U n00Xo008 MexHoI02Ull 1eKapCme
6 cpednesexogom manyckpunme «Anmudomapuiiy Hukonas uz Canepno ¢ cospemeHnblMu anmeunvimu gapmayes-
MUYECKUMU MEXHONOUAMY. JJaHHAs Cambs NOCBAUEHA MEKCIMONI0SUYECKOMY UCCIe008anulo nponucetl «Anmu-
oomapusy, 0emanbHOMY U3YYEHUIO COOEPICAHUS PYKONUCU, PDeyenmypbl U MEXHOLO2ULl U320MOBNeHUs IeKapCme.
Mamepuanvt u memoosl. [l docmudicenus NOCMAasiIeHHOU yenu Obliu GblOeNeHbl, CUCEMAMUZUPOSAHbL U NPOd-
HAMUUPOBAHBI 60CEMbOECAM NAMb Peyenmos «Anmuoomapusny 6 0OKYMEHMANIbHOM Nepesode CO CPeOHE8eK0BO20
@panyysckoeo azvika. C nomowpio pakmopno2o anaiuza UCHOPULECcKo20 UCHOYHUKA U COBPEMEHHOU HAYYHOU -
mepamypul 0CYWecmsisemcs MesCOUCYUNIUHApHoe uzyyenue cooepicanus pykonucu. Pesynoemamot u oocysyncoenue.
Onucag codeporcanue U acnekmsl peyenmypHuix opmyn «Anmuoomapusny, agmopvl ommedaiom noooodue mexHo-
02Ul IEKAPCME U «2AJIeHOBLIX» NPENApamos ¢ COBPEMEHHOU (apmayesmuyeckol mexHoio2uel, 8 YacmHocmu ¢
anmevnou mexHoao2uell 1eKapcme. Yxaszvleaemces, 4umo npenapamol, Co30aHHble Ha OCHOBE NeKAPCMBEHHO20 PACTIU-
MENbHO20 CbIPbsL, MO2YM ObIMb CPEOCMBAMU MePAnu 8Mopo2o paoa O/ 3a6epuieus JedeHus Nocie NPUMeHenus
OCHOBHBIX (hapmMaKoIocuiecKux npenapamos. 3axaouenue. Pezyivmameor dannol pabomsi packpuléaom nomeHyual
NPUMEHEeHUs. IeKAPCMEEHHbIX NPenapamos pacmumenbHO20 NPOUCXONCOEHUs 8 YCII0BUAX COBPEMEHHOU 00KA3amely-
HOU MEOUYUHDL, 8 YACMHOCMU, 8 CUCIEMe OP2AHUZAYUU OTUMENbHO20 JIeYeHUs. U 6MOPUYHOT NPODUIAKMUKY XPOHU-
yecKux 3a001e6anutl y OOIbHBIX, KOMOPbLM HeOOX00UMO COXPAHUMb MPYOOCHOCOOHOCHb U 0becnedums 00CMAmoYHO
BbICOKULL YPOBeHb Kauecmea dicuznu. 1100pobHblil nepesod NoIHO20 MEeKCma MaHyCKpunmad, aHaiu3 cOOepICaHUs 6
coomeemcmeuu ¢ mpeboSaHUAMU PAYUOHATLHOU (apmakomepanuu u pumomepanuu cnocoocmeyem OaibHetuemy
BbIABNIEHUIO NEPCNEKMUBLL COZ0AHUS HOBbIX TEKAPCMBEHHBIX NPENAPAMos, MHOZOKOMHNOHEHMHBIX N0 CBOEMY XUMUYe-
CKOMY €cOCMAgy, 001a0AWUX WUPOUATIUUM CNEeKMPOM Mepanesmuieckux 3¢hpexmos.

Kntouegwie cnosa: Anmuoomapuii, Dorveaux, mexnonoeust 1eKapcme, caieHosbie npenapamol

TECHNOLOGY OF MEDICINES AND GALENICAL PREPARATIONS:
THE CASE OF PRESCRIPTION FORMULASFROM “ANTIDOTARIUM”
NICOLAI BY NICHOLAS OF SALERNO

ED. Voronov, I.N. Ruzhinskaya

Federal State Budget Educational Institution of Higher Education ““Petrozavodsk State University” (PetrSU),
33, Lenin Str., Petrozavodsk, Republic of Karelia, Russia, 185910

Introduction. This study deals with the problem of similarity of the principles and approaches of drug tech-
nologies in the medieval manuscript “Antidotarium Nicolai” by Nicholas of Salerno with modern pharmaceutical

technologies. The aim of study is a textual investigation of “Antidotarium Nicolai”, a detailed research of the
content of the manuscript, recipes and technologies for making medicines. Materials and methods. In order to
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achieve this goal, eighty-five recipes of “Antidotarium Nicolai” have been identified, systematized and analyzed in
a documentary translation from medieval French. An interdisciplinary study of the content of the manuscript was
carried out with the help of factor analysis of the historical source and modern scientific literature. Results and dis-
cussion. Having described the content and aspects of the prescriptions of “Antidotarium Nicolai”, the authors note
the similarity of the technologies of drugs and galenical preparations with modern pharmaceutical technology, in
particular, with the technology of pharmacy production. In “Antidotarium Nicolai” it is stated that preparations
based on herbal medicinal raw materials may be second-line therapy agents for completing treatment after the
application of basic pharmacological preparations. Conclusion. The results of this work reveal the potential for
the use of herbal medicines in the conditions of modern evidence-based medicine, in particular, in the organization
of long-term treatment and secondary prevention of chronic diseases in patients who need to maintain their ability
to work, and provide them with a sufficiently high level of quality of life. A detailed translation of the full text of
the manuscript, the analysis of its content in accordance with the requirements of rational pharmacotherapy and
phytotherapy, further favors to identify the prospects for the development of new drugs, multi-component in their

chemical composition with a wide range of therapeutic effects.
Keywords: “Antidotarium Nicolai”, Paul Dorveaux, technology of medicines / drugs, galenical preparations,

unified pharmaceutical system of units of measurement

BBEJIEHUME. Texuonorust jnekapcTs, Kak 0a3oBas
4acTh (hapMaleBTUUECKOM HAYKH, OKa3bIBaeT (hyH/1aMEH-
TaJbHOE BIMSHUE HA MEAMLUHY WU 3APAaBOOXPAaHEHHE B
nenoM. Bens cBOo HCTOpHIO ¢ APEBHUX BPEMEH, OHA BU-
JIOU3MEHSUIACH 10| BIMSIHUEM 3BOJIIOLIMOHHBIX (DAKTOPOB
U pETrHOHAIIBHBIX OCOOEHHOCTEH MEAMIIMHCKUX IIKOJI.
SApxum npumepom storo sisuiack CpenHeBekoBast E-
poma, e MpOM30LUI0 CBOEOOpa3HOE CIMSHHUE MEIH-
LIMHCKUX 3HAHUM, HAKOIUIEHHBIX 3amajgoM U Bocroxom.
CBUIETENBCTBOM TAKOIO B3aUMONPOHUKHOBEHHMS CTaja
pyKonuchk «AHTUAOTApUI» 3a aBTOPCTBOM MacTepa Hu-
xonast u3 CanepHo. JlaHHBIM MaHyCKpPHUIT ObUI TJIAaBHOM
(apmakoneeld Bcero CpenneBekoBoro mupa [1]. Akry-
QIBHOCTH JTAHHOW paOOTHI B Hallle BPeMs 3aKIHOYACTCS
B HUCCIJIC[IOBAHUU TEXHOJIOTUI M3rOTOBIICHUS JIEKapCTB
«AHTUIOTapUs» MO PEeLenTaM, MEePEeBEACHHBIX Ha pycC-
CKUH A3BIK, a TAK)K€ HCCIENOBAHHME MX MPAKTUYECKOTO
MOTEHIMaja Al COBPEMEHHOIO 3JpaBooxpaHeHus. Ta-
KUM 00pa3oM, 4epe3 M3yuyeHHE cOoCcTaBa MpoINucel Ma-
Hyckpunta craBurca LIEJIb cpaBHUTH cpeqHEBEKOBYIO
TEXHOJIOTMIO M3TOTOBJEHUS JIEKAPCTB U «TaJI€HOBBIX)»
MIPENnapaToB ¢ COBPEMEHHBIMY MPUHIUIAMU.

MATEPHUAJIBI U METOADBI. /{11 noctuxenus
MOCTABJICHHOW TeTM OBbUIM BBIIEIEHBI, CHCTEMATH3HPO-
BaHbl ¥ MPOAHATU3UPOBAHBI BOCEMBAECAT MATH pelem-
ToB «AHTHAOTapus» Hukonas u3 CanepHo B JOKyMEH-
TAJIBHOM HEPEBOJE CO CPEAHEBEKOBOTO (PPaHIly3CKOTO
si3pika. CpaBHEHHME MCTOYHHMKOBOIO KOpIIyca ¢ MCTOPH-
orpaM4ecKM MaTepHajioM 10 TEXHOJOIMHU JIEKapCTB
JlaJI0  BO3MOYKHOCTb MEXKIUCLUIUIMHAPHOIO H3y4EHUs
nponuced «AHTUAOTapUs». DTO MO3BOJIET BBIICIUTH
JIOMHMHAHTY M3y4aeMoi pooiemMsl. [ nnore3oii uccieno-
BaHMS SIBJISICTCS] TE3UC O MOAO0OHOCTH NPUHIIUIIOB U TTOJI-
XOJIOB K M3TOTOBJICHHUIO JIEKAPCTB B PELENTYPHBIX (op-
Mynax «AHtugoTtapus» macrepa Hukonas uz CanepHo
C COBPEMEHHBIMHU (papMalieBTHYECKUMHU TEXHOJIOTHSIMHU.

PE3VJIBTATBI. [JIns paccMOTpeHust CperHEBEKO-
BOIl TEXHOJIOTMM M3TOTOBJIEHUS JIEKAPCTB U «TaJleHO-
BBIX» IIPErapaToB ObUI OCYILECTBIEH MEPeBOA «AHTH-
norapus» Huxonas n3 CanepHo, Takke U3BECTHOIO Kak
«Maustit AuTHIOTapUi». JJaHHbIi TPy ObUT pa3paboTan
B Meauuunckoii IlIkone Canepuo Ha ocHoBe «Bennkoro
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Antugorapusi» Mactepom Hukomaem. CoriacHO MHO-
TOJICTHUM pPa0doTaM JIOKTOpa (papMaleBTHUCCKUX HAyK,
npodeccopa Bnagnmmpa denoposuua CeMeHUYEHKO,
«AHTHIOTapHit» ObLT cocTaBieH B 1140 1. melcTByrO-
UM pekTopoMm CallepHCKON MEAMIIMHCKOM 1Kok, Hu-
xomaem [2]. Kapn 3ynrod, Hemenkuii Bpad ¥ UCTOPHK
ME/IMIUHBI, B CBOCH pabOTe COOTHOCHI YIIOMHUHAHHUS O
pykonmcu ¢ 1100 r [3]. Takum o6pazom, « AHTHIOTApHI»
Hukonas u3 CalilepHO OTHOCHTCS K TPEKO-apaOCKOMY ITe-
puony paszutus CajlepHCKON METUIUHCKON IIKOJIBI.

Cama pyKomuch Ype3BbIYAHO MacmTaOHAa: B HEH
COOpaHBI M CUCTEMAaTH3UPOBAHBI IPCBHEIPEUCCKUC, PUM-
CKH€, BOCTOUHBIE 3HAaHUSI ePBOMCTOUHUKOB. CO BpeMe-
HEM OHA IIOMOJHIIACh YHUKAIBHBIMU MIPOMUCSIMH, YTOU-
HEHUSIMU U onpefeneHusMu [3]. «AHTHI0Tapui) oKaszan
CTOJIb OTPOMHOC BIIMSIHUC HA pa3BUTHE (DapMaIiu U Me-
JIHIIUHEL B IIEJI0M, YTO KMCIIOJIb30BaJICs BILUIOTH 10 XVII
B., KOTJIa TOBCEMECTHO CTAJIH MOSBISTHCS O(UIHATBHBIC
peruoHanbHbBIC (papMaKoIeH.

Hecmotpst Ha OOJBIIOE KOJHMYECTBO IEPEU3IAHUIMA,
HauOoJice BaKHBIMHU SIBIISTIOTCSI TICPEBOABI «AHTHIIOTA-
pus» Ha CPEIHEBEKOBBIN aHITTMUCKUI, CPEIHEBEKOBBIN
(b paHITy3CKHUiA ¥ TOJUTAHICKUH sS3bIKU. Ha ceromusimmHmii
JIeHb OCHOBHOM MHTEpEC MPEJCTaBISIET ePEBO]l MaHyC-
KpUIITa HA CPEIHEBEKOBBIN (hPAHITy3CKUiA s3bIK. B Hayd-
HOM COOOIIECTBE MPHUHATO CUUTATh, YTO (PpaHITy3CKUit
SI3BIK HamOoIlee ONM30K K JIaThIHU, HO HE K «KJacchde-
CKOI1», a CKopee «JIepeBeHCKoW» — lingua romana rustica,
0003Ha4aomuii poMaHCKui ((ppaHity3ckuil) s3bIk [4, 5].
BBuy Toro, 4ro opurrnHan ObLT HAaIlMCaH Ha CPEAHEBE-
KOBO¥ JIaTBIHY, TAaHHAS THHTBUCTAYCCKAsT popMa OIrnKe
K MICPBOHAYATIBHOMY SI3BIKY pyKomucH. Takum oOpa3om,
3a OCHOBY OblIa B3sita padora Paul Dorveaux (1851—
1938 rr.). U3nanue, Boimeamee B 1896 1., Ha3pIBAIOCH
«L’antidotaire Nicolas. Deux traductions francaises de
I"Antidotarium Nicolai. L’'une du XIVeé siécle suivie de
quelques recettes de la méme époque et d’un glossaire.
L’autre du XVe siecle incomplete. Publiées d’apres les
manuscrits francgais 25327 et 14827 de la Bibliotheque
nationale». ABTOp, SIBISISICH (PPAHITY3CKAM UCTOPUKOM U
BpauoM, BOCCTAHOBWJI 85 Mponuceil Ha CPeHEBEKOBOM
(bpaHiry3ckoM si3bike. J{si cpaBHEHUs, B HanOojee paH-
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Hell xormu «AHTHmoTapus» Hukonas, natupyemoii BTo-
poii monoBuHo# XII B. U XpaHsieiics Ha CeTOAHAUTHUN
nenb B HanmonaneHo# bubnuorexe BennkoOpuranuy,
orucano 119 peuentypHsix Gpopmyi [6]. lanHoe pa3iu-
YHe CBSI3aHO C TeM, 4To niepeBos Paul Dorveaux 6a3upo-
BaJICsl Ha MHOM pefakuun «AHTHRoTapus» Huxomas us
Canepno, Bepositiee XIV B.

Bce mpencraBieHHbIE B CPEJIHEBEKOBOM (hpaHILy3-
CKOM BapHaHTe MPONUCH «AHTHIOTAPUSI» UMEIOT UJIEH-
TUYHYIO CTPYKTYpy. B Hauane maercss ompezaeneHue Jje-
KapCTBEHHOTO CPEJCTBa, Jajee MPUBOIATCS IMPUMEpPHI
€ro MEJMIMHCKOTO NMPUMEHEHHs, YacTO COIMPOBOXKIA0-
Mecs YHUBEpCalIbHBIM clloBocoueTaHneM «OHO Moaxo-
AT IUis...». Hanpumep, cenbMasi nponuck «Antidotum
Emagogumy onipenenser, 4To JeKapcTBO «OUUIIIaeT MaT-
Ky, M IaeTCsl IPOTUB MHOXKECTBA POOJIEM Y YKEHIIUH T10-
ciie poztoBy. M copok TpeThst ponucs, «Metridatumy,
«Marepb BCEX aHTHJIOTOB, MOAXOSIIMN TpH OOJIH B TO-
JIOBE, B yIIIax, B 3y0ax 1 HeOe, NOCTEIIEHHO HaunHAIOIEH
U pactymei». Takoe onpeneneHre B HEKOTOPOH cTere-
HU XapaKTepH30Bajo (apMaKoAMHAMUYECKUE CBOICTBA
yKa3aHHBIX JIEKapCTB, IOMOTasi MOIOUPaTh «MacTepy»
HEO00XO0MMOE CPEJICTBO B KayK/IOM KOHKPETHOM CIIydae.

[anee, B peuenrtax coaepxkurcs «Designatio
materiarumy» (wnu «Orginatio») — 3TO TEPEUNCICHUE
BCEX BEIECTB, U3 KOTOPBIX CIIEIO0BAJIO TOTOBUTH JIEKap-
CTBEHHBIH npenapar. JlaHHas yacTh pelenTa SBIsIach
Yype3BbIYAalfHO BajKHOM, TaK Kak OT Hee 3aBUCEJl COCTaB,
U, Kak CJeJCTBHE, AEHCTBHE JIEKapCTBEHHOIO IIperna-
para. Haunnasce co cioBa «Pren.», 03HA4arolIero Ha
cpenHeBeKOBOM (paHIy3ckoM «Bospmurey (aHanor
COBPEMEHHOTO «Recipe»), B pelientax « AHTUIOTapusi»
NIEePEUYUCISUTICH BCE BXOIAIINE B JIEKAPCTBEHHOE Cpell-
CTBO MHTpeaHeHThl. HeoOX0MMMo OTMETHTB, YTO JJaHHAs
COCTaBHAs 4acThb PELENTa MOIVIa HACUUTHIBATH COBCEM
HE3HAauUTEJIbHOE YHUCIO0 KOMIIOHEHTOB. Tak, Hampumep,
B ITBIECAT celpbMoM penente «Quadrumerony, Tpu-
MEHSIOIIEMCS «IIpH acTMe, IIPU KaTape, MOTYaHUH, IPU
03HOOE KMBOTa M CJIA0OCTH TOYEK», HCIIOIH30BAIOCH
BCEro 4eThlpe MHrpenueHta: Jlewsicun BbICOKUH, DeH-
xenb ¢pnopenTuiickui, [lepen, Kymun. OqHako HekoTo-
pble TIPOTHCH, KaK JBaALATh ACBITHIN perent «Esdray,
TTOAXO/SIIINH «ITPU MEJIAHXOJHMHU, OOS3HU M TUIOXOM arl-
MIEeTUTE», COAEepXKall IEBIHOCTO OJWH HMHIPEIUCHT, He-
OOXOIMMBIN JUIsSi M3TOTOBJICHMS JIeKapcTBa. BeposiTHO,
JaHHBIN (peHOMEH ObLT CBSI3aH C 0COOBIMH MOKA3aHUSIMH
K IPUMEHEHHUIO JIEKapCTBEHHOTI'0 ITpernapara, npeaHa3Ha-
YEHHOTO JJIS JIeUEHHsI ICUXUYECKUX PACCTPONCTB U pac-
CTpPOMCTB MOBEIECHUS.

He meHee BaKHOI 0COOCHHOCTBIO «AHTHUIOTAPHS)
ObUT (pakT TOrO, YTO BCE JICKAPCTBEHHBIE BEIIECTBA, I1e-
pedHciIseMble B IPOIUCSX PYKOIHCH, YKa3bIBAINCh Oe3
COKpalleHWi, HO B OOBIYHOH MocienoBarenbHOCTH. B
COBpPEMEHHOH (hapMaIeBTUUECKOH TEXHOJIOTHU TIPH Iie-
PEUUCIIEHUM HHTPEAMEHTOB, KaK H3BECTHO, IPUHATO
nucaTrh KaxJ0€ BEUIECTBO OT/AEJIbHON CTPOKOW C Mpo-
MMUCHOW OyKBOH. 3ariaBHOW OyKBOW B «AHTHIOTapHI
OTMEUaNoCh TOJBKO Ha4yajlo HOBOIo perenta. JlaHHBIH
(axTop MHTEpPEeceH TeM, YTO OOBIYHO JIEKAPCTBEHHBIC

BEIIIECTBA MPOIHUCHIBAIOTCSI B IMOPSJIKE HMX BaXKHOCTH.
BHauane yka3pIBalOT OCHOBHOE JIEKapCTBEHHOE Cpel-
cTBO (basis), ¥ 3aTeM MPOMUCHIBAIOT BCIIOMOTATCIIBHBIC
BemiecTBa (adjuvans). Beigenuts oCHOBHOE JEHCTBYIO-
11iee BEIIECTBO B pelenTax «AHTHA0TAPHS» TOCTATOYHO
3aTPYIHHUTEIBHO TI0 IIEJIOMY PSiIy OOCTOSITENIBCTB, B TOM
Ylciie, BBUAY MHOTOBapUaTHBHOCTH HCIOIb3YEMBIX COe-
JuHeHHH. YacTh BEIeCTB BBIMOIHSIIN POJIb HAMIOIHUTE-
JIs1, TIPUIABABIIIECTO ONpeelicHHYI0 hopMmy (constituens),
HHBIE — KOPPUTEHTa BKyca U 3amaxa (corrigens). VHTe-
pec BBI3BIBACT U TOT (haKT, YTO TPUALATH B PELENTa Jie-
KapCTBEHHBIX CPEJICTB B MCCIIEAYEMON PyKOIICH 3aBep-
maroTcs gobasneHneM Ména. MEn BBITOMHSIT (PYHKIHIO
KOHCEPBAHTa, COXPAaHssA MPUTOTOBIEHHOE JIEKapCTBO OT
MOSIBJICHUSI HENPUATHOIO BKycCa, 3amaxa, 3arjieCHEBEHUs
1 00pa30BaHUsI TOKCHHOB MUKPOOHOTO MPOUCXOXK/ICHHSI.
Bo BCTymiieHWM PYKONHCH 3TOMY Ba)KHOMY CBOWCTBY
ména Huxonait u3 CanepHo BBIIENNI CHELHAIbHOE Me-
cro: «YTOoOBI COXpPaHUTh MX JOJDKHO JEpKaTh B MEIE
YHCTOM, U UMETh €ro JOCTATOYHO JUIsi COXPAHEHHUS TIpsi-
HOCTEH U JIEKapCTB; MEL MOXKET OBITh IIPUTOTOBJICH BMeE-
CT€ CO CHEIMAMH, U JUIs OUMIIEHHUS €To, U JUIS yAaJICHUs
ropeumn.

ITocne mepeuncieHus TPyMHIbI JIEKAPCTBEHHBIX Be-
LIECTB NMPHUBOAMUIOCH UX KOJIUYECTBO, C TOYHBIM yKa3a-
HUEM BECOBBIX equHHUI. HeoOxoaumMo OTMETHTh, YTO
UMEHHO B «AHTHIO0Tapum» Hukonas uz CanepHo Oblu
YHUQGUIMPOBAHB aNTEKApCKUE EIUHMIBI HM3MEpPEeHNs,
a TakXKe JIaHbl YETKHE XapaKTEPUCTUKU M OIPE/ICIICHHS
rpany, npaxme, yauuu, ¢yuty. Ilozmaee, CanepHckue
anTeKkapcKue Mephl Beca IMOJTyYMIN pacpoCTpaHEHUE BO
BCEM MHpE U CTalli Oosiee M3BeCTHBI Kak HropHOeprckue
paszHoBechl [7]. OcHOBOM cHCTEMBI Mep B «AHTHAOTA-
P SIBISUICS «APaxm», BECOBasi €IUHNAIA B AIXUMHUU U
(bapMarieBTUKEe, COOTBETCTBYIOIIAsl MPHOIU3UTEIBLHO 3
rpamMMaM 1 82 caHTHUrpammam. BTopoii BecoBoil euHU-
Lell M0 YaCTHOCTH HCIOJIb30BAHUS SIBIISIIACH «YHIUSI.
Ee nepBoe ynoMuHaHue BCTpEYaeTCsl B MSTOH MPOMUCH
«Alcancalon», ucnonb3yeMoll «IpPOTHB OCTPOM JIMXO-
pankuy. OfHA «YHIMSD) NPUOIN3UTEIBHO COOTBETCTBO-
Bana 30 rpammaM. OauH «QyHT», YHOMHHAIOLIMICS B
pykonwucH, paBHsuics 12 «yHimsamy. [lozxke, yxe B [la-
p¥Ke, OH cTaj paBHATHCS 14 «yHIMsIM». B3sB 3a pacuer
cooTBeTCTBHE «yHIMH» 30 rpamMmam, MOXHO OIpesne-
JIMTh, 94TO OAMH «(yHT» paBHsuicst 360 rpammam (mpu-
Onm3uTenbHO 94 «paxmam»). Camblil HEOONIBIIOH Bec
HMEIT «TPaH», SKBUBAJICHTHBINA 53 Mumturpammam (1/72
«Ipaxmb»). B « AHTHIIOTApUM» €CTh YIIOMHHAHHMS O He-
OOBIYHBIX Mepax BecoB, Takue kak «Commma» (OT Jyart.
solidus — TBepIbIiA, IPOYHBII, MaCCHBHBIH). «Conumaa» —
9TO pUMCKasl 30JI0Tasi MOHeTa, BhimylieHHas B 309 roay
H. 9. umneparopom KoncrantunoMm. OfHa Takas MOHeTa
Becuina 1/72 pumckoro «dyHTa», To ecth 4,55 rpaMma,
U ee BEeC UCMOJIb30BaJCA Ul ONpeesIeHUs] KOIN4ecTBa
CyOCTaHIMI TPU MTPUTOTOBJICHHH HEKOTOPBIX MSTKHX Jie-
KapcTBeHHBIX (opM. [IpencraBieHHas cucrteMa eIMHUIL
nsMepenusi, ynuduiposannas Hukonaem n3 CanepHo,
M03BOJIMIIa «AHTHIOTApHIO» CTaTh HauOoJIee YESTKUM H
SICHBIM NIPAKTUYE€CKUM MOCOOHMEM IO M3TOTOBJICHUIO JIe-
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KapCTBEHHBIX cpeAcTB. Ompenensiss KOHKPETHBIE 03Bl
(dbapmarieBTHUecKuX cyOcTaHImii, Hukomaii crpemmics
MHUHHMH3HPOBaTh HEOPEKHOCTh IPH TPHUTOTOBICHUH
JIEKapCTB U MPU UX TpUEME.

WHTepecHON 0COOEHHOCTBIO TMPOMUCEH «AHTHIO-
Tapus» SBISIETCS «IPEANUCAHUE», WU, TaK Ha3blBae-
Mast «noanucky» («Praescription nim «Subscriptioy). B
JTAaHHOM YacCTH pelenTa yKa3blBaJoCh U TO, KaK CIEI0-
BaJI0 TOTOBUTH HEOOXOIMMYIO JIEKApPCTBEHHYIO (opMmy,
U TO, KaKM€ TEXHOJIOTHYECKHE OIepaliy HEOOXOIHMO
OBLIO COBEPIINTDH B ITpoIlecce co3ianus npenapara. Jis
OITMCAHUSI BCEr0 KOMIUIEKCa JIEKapCTBEHHBIX (hOPM, yKa-
3aHHBIX B «AHTHJIOTapUM», Hanbosee ynoOHa, Ha Hall
B3IVISII, KJIACCHU(HKAIMS MO arperaTHoMy COCTOSHHIO,
MIPETIOKEHHAs PyCCKUM (hapMarieBTOM U (hapMaKoJIoroM
IOmuem Kapnosuuem Tpanmom (1814-1908 rr.). Cornac-
HO ei, Bce )OpMBI JIEKapCTB MOXKHO MOACIUTH Ha YEThIPE
rpynnsl [8]. CooTHeceHne «AHTUAOTApUS» C MPEAo-
YKEHHOH Ki1accu(uKanuei o3BoIsIeT BBISBUTD CIEYIO-
IIHe TPYIIBI JISKAPCTBEHHBIX (HOpM:

°  TBepAble JIEKApCTBEHHbIC (HOPMBI (MACTHIIKH,

TpaHyIbl);

*  OKHMJKHE JIEKapCTBEHHbIC (OPMBI (PacTBOPEI,
CYCIEH3HH, HACTOU U OTBAPHhI, CUPOIBI, MUKCTY-
PBI, METUIIMHCKHE MAacIIa, apOMaTHbIE BOJIBI);

*  MSTKHE JIeKapcTBEHHBbIC (GOpPMBI (dIIEKTyapuw,
Mas3H, TUIACTBIPH, ITUITIOJN).

OnucaHust TEXHOJOTMH NPHUTOTOBJIECHUS MPECTaB-
JICHHBIX JIEKAPCTBEHHBIX (OPM IMPUCYTCTBOBAIN HE B
Kaxa0# nponucu. YacTo oHM HAUMHAIUCH CO CIOBOCO-
yeTaHusi «OHO TOTOBUTCS TaK...». T€XHOIOIUU COMPOBO-
JKJTAJINCH MTOAPOOHON MHCTPYKIMEH ¢ YKa3aHHEM JTaroB
MIPUTOTOBJIEHUS] M3TOTABIMBAEMOrO JieKapcTBa. B wact-
HOCTH, OBITH YETKO PacIIUCaHBI CIEIYIONINE CTaIUH:

*  TIOJATOTOBKHU U U3MEJIBYCHHUS CBIPbS;

*  mopsaka g00aBICHUS U CMEIIMBAHUS MHIPE/IH-

€HTOB,

*  HACTaWBAHUS U KUIITYEHHUS MPH OMpPEACTICHHbBIX
TeMneparypax;

°  mepeMelInBaHus, (QUIBTPOBAHUS Yepe3 CUTO U
OT)KHMa CBIPbS;

*  pacTBOPEHUS JICKAPCTBCHHBIX BEILECTB;

*  OmpefereHUs TOTOBHOCTH, IyTeM IOMEUICHUS
Kaluld pacTBOpa Ha Mpamop, U JaJbHEHIIero
oTpeJiesIeHIe KICHKOCTH;

*  BpPEMEHM U MECTa XPaHEHHs NPUTOTOBICHHOTO
CpeJCTBa.

VYka3aHHBIE, TAKUM 00pa3oM, TEXHOJOTHU H3TOTOB-
JIeHUs1 OBITM Ype3BhIYaiiHO MOAPOOHBI U POPAOOTAHBI.
B coueranuu ¢ mpuMeHEHHEM YEeTKOW CHCTEMbI €AMHUI]
M3MEpEeHNsT MCKIIoYalach BO3MOXXHOCTH OINMOKH HJIH
HEBEPHOTO TOJKOBAHUS MpPU MPUTOTOBIEHUH Jaxe ca-
MBIX CJIOXKHBIX JIEKAPCTBEHHBIX CPEACTB CyMMapHOTO CO-
ctaBa. Ha cerogsamHuii 1eHb, Takas TEXHOJOTHS U3TO-
TOBJICHUS JIEKAPCTB CUMTAETCSI OJHON M3 OTHOCHUTEIHHO
pocThIX [8].

3aBepIuaroiell 4acTbi0 PELENTYypHOH MPOMUCH
«AHTHAOTapHsD) sBIsIach curHarypa (Signatura). Us-
BECTHO, YTO COJIep)KaHHe JaHHOTO (parMeHTa, 3ada-
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CTyl0, IIpeAHa3Ha4daeTcs AL caMoro OOJBHOIO, TaK
KaKk MMEHHO B JTOH 4YacTH yKa3bIBacTCsl CXeMa IpHemMa
JIEKapCTBEHHOro cpencrsa. CurHarypa Bcerna paciu-
CBIBAETCSI MAKCHMAIIBHO MOJPOOHO, C YKa3aHHEM JI03bl,
YacTOThI M BPEMEHH NpHeMa JiekapcTsa. ViHTepecHo, 4To
B JIBQ/ILIATH NIECTH PELETITYPHBIX MPOMHUCIX «AHTHAOTA-
pHsD», JIEKapPCTBO PEKOMEHI0BAJIOCH TIPHHUMATH C BHHOM
(c TeribIM, OenbIM, ciaagkuM, ¢ mandeem). Hampumep,
JBEHAJLATyI0 nponuck «Diamargaritony, KOTOPYIO Ha-
3HaYaIM «IpU OOJISIX CEepIACYHOW M IKEIYJOYHOH, MpH
MOpPOKax JbIXaHUs», ODKHO OBIIO MPUHHUMATH «JIETOM
C BOJIOH, a 3uMOii ¢ BUHOMY. [IsThaECAT IepBast Nponuch
«Pigra Galieni», «nonxoasiias Npu 03HOOE TOJIOBBI,
paccTpONCTBE JKeIy/IKa 1 )KUBOTA, PBOTE», IPUHUMAIACh
B BaHHE BMECTE C TEIUIBIM BUHOM. YacTh JiekapcTB pe-
KOMEH/I0BAJIOCh UCIIOIb30BaTh TOJIBKO COBMECTHO C IO-
PSYUMHM TPaBSHBIMH YasiMH, C OTBApaMH TpPaB, C XOJOJI-
HOUW WMJIM TETUIOH BOJIOH, C CHPOIIAMH MJIM 3acaxapeHHbBIM
nmoupém. OT BBIOOpA JKUAKOCTH JUISl TPUEMa, COTJIACHO
«AHTHAOTAPHIOY, 3aBUCEJIO M MPEBpAIICHHE JIEKapCTBa
B opranusme ((papMaKOKMHETHKA) U MEXaHHU3M JICHCTBHS
JIeKapcTBa Ha opraHusM ((papMakogrHAMHKA).

3aciy)KMBaeT BHUMaHHS U TOT (DaKT, YTO OIHOH M3
Haubosee YacTo YIMOMHUHAEMBIX B TEKCTE JIO3MPOBOK
rprueMa JIEKapCTBEHHOTO CPEJCTBA SIBISICTCSl «B KOJIH-
gyecTBe/B Macce ofHoro miozaa Kamrana». Ho Bec mio-
Jla KallTaHa MOXeT BapbupoBarscs oT 10 1o 25 rpamm B
3aBUCHMOCTH OT Pa3HOBHUJIHOCTH, YTO SIBJISIETCSI KpaliHe
OOJIBIIUM JMAIIa30HOM TIPH JJO3UPOBAHUH JIEKAPCTBEH-
HBIX CPEJCTB, 0COOCHHO TaKOI'0 CIOXKHOIO cOocTaBa. Tem
HE MEHee, TAKHE BECOBBIC SAMHUIIBI ObUIN YpE3BBIUAHO
TOYHEE, YEM IPOCTOE JI0O3UPOBAHUE JICKAPCTB «HA IJIa3y.
[Momumo «mtopoB Kamrana», JiekapcTBeHHbIE (DOPMBI
JI03UPOBATINCH COBEPIICHHO pa3HooOpa3Ho. HekoTopsle
JIEKapCTBEHHBIE CPEJICTBA JIABAJIHCh B CTPOTOM KOJIWYe-
CTBE JIpaxM, HEKOTOPBIE 110 OTPE/ICIICHHOMY KOJIMUECTBY
MTUITIONTB, JIPYTHE — 110 KOJIMYECTBY JIOXKEK Ha OJIMH IpHU-
eM, WM Ja)e IMOJBEpPrajnuch MHraiusiuu. s Msrkux
JIEKAPCTBEHHBIX ()OPM, TaKMX KaK Ma3H, yKasblBalach
Jlayke He0OXOMMOCTh IPUMEHEHHS] B 0COOBIX YCIIOBHSIX
— Ha COJTHEYHOM CBETE WJIH B TEILIC.

Henp3st HEe OTMETUTH YNOMHHAaHUS B «AHTHJOTA-
pUM» ele LEeNoro KOMIUIeKca criocoOOB MPUMEHEHUS
nekapcTB. Huxonait u3 CajepHO yTOUHSUI, YTO OTHENb-
HBIC JIEKapcTBa CJIEAOBAJIO MPHUHUMATH IOCIE €/Ibl, a
HEKOTOpble «Harommaky. [Ipuém ocymiecTBisuics B TOU-
HO OTBEJCHHOE BpeMs (YyTpOM W/WIIM BEuepoMm, a WHO-
I7la 1 HOYBIO) W, KaK NPaBWJIO, HA TOYHO YyKa3aHHBIH
cpok. Tak, Hanpumep, IBajalaTh HYETBEpTas MPOIHUCH
«Diacastoreumy, 9T0 «IOJXOIUT MpPU OOJH B TOJIOBE H
HEMOIIN», TPUHAMAJIACh TOJBKO YTPOM B T€UEHHE TPEX
nHed. YeTkoe ykazaHHME IO IPUEMY JIEKapCTBEHHBIX
CPEACTB Jenano «AHTHIOTapuil» upe3BBIYAHHO BOC-
TpeOOBaHHBIM KaK B MEIUIIMHCKOW MPAKTHKE, TaK U MPH
MOATOTOBKE CIELHUAIIMCTOB TOro BpeMeHu. He ciryuaiino
«Antidotarium Nicholai» Ol IMPOKO BOCTPEOOBaH BO
MHOTHX CpEJHEBEKOBBIX YHHBEpCUTETax, BKirouass Ok-
chopn u KemOpu K, 1 ObLT 4aCThIO 00SI3aTEIILHOTO YTe-
HUSI JUIS TTOJTYYEHHSI CTENIeH! B 00J1acTH MeIMIMHBI [9].
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B curHarypax HEKOTOPBIX HPONUCEH « AHTUIIOTAPHSD)
YUYHTHIBAJIACH BO3MOYKHOCTD JI00aBIICHUS JIOTIOHHUTENBHBIX
cyOcTaHImii B petienTypy. YacTh n3 HuX ObLia HeoOXoauma
JUISL pacIIMpeHust 00JIaCTH IPUMEHEHHSI IPUTOTOBICHHOTO
CPEZCTBA, BO3MOYKHO ISl YCTPaHEHHs] MJIM MHUHUMH3AIAH
1o6ouHbIX ddekToB. Tak, 1oOaBIeHNE IBYX ApaxM CMO-
161 BeroHKa cMonoHocHoro (at. Convolvulus scammonia)
K JIEKAPCTBEHHOMY CPEJICTBY «OT PA3NIMYHBIX CTpaaHU
TOJIOBBI, YIIEH, XKMBOTA U nedeHn» («Yerapigray), okasbl-
BaJIO CUJIbHOE crabuTesnbHoe aekicTBre. Ho B yKka3zaHHBIX
JIOTIOTHEHUSIX K CUTHATYypaM YeTKOCTh JI03UPOBKH KOMIIO-
HEHTOB, KaK IPaBHIIO, yKe He coOmonaiack. MoXHO Tpej-
TIOJIOKHTh, YTO JIAHHBIE 3aMEYaHUsI HE TIPUHAUICIKAIIN PYKe
camoro Hukonasi, a ObutH 100aBIIEHBI PelakKTOpaMH 1 KOM-
MEHTaTOpaMH PyKoIUcH mo3zaHee [3].

OBCYXIEHUE. Onucas conep>xaHue U TEXHOJIO-
TMYECKHE aCIeKThl PelenTypHbIX (GopMya «AHTHAOTA-
pusi» Hukonast n3 CanepHo, MOXXHO OTMETHTB MPUHIIUIIBI
Y TIOZIXO/bI K M3TOTOBIICHHUIO JIEKAPCTB, CXOKHE C COBpE-
MEHHOW (papMalneBTHYECKON TEXHOJIOTUEH, B YaCTHOCTH
C anTeyHOH TEeXHOJIOTHEH JIeKapCcTB. JTO HalpaBieHUE
(apmaneBTHUECKOH TexHONorMH B AHrmu, PpaHuuny,
lonnannny HOCHT Ha3BaHHE «raJICHOBOM (hapMarum»
WU «pelenTypHOro ucKyccTBay [8]. OcHOBa JaHHOM
JHMCIUILIMHBL, Kak 1 B CpeaHeBeKoBbe, 0a3upyercsi Ha
pabore ¢ «OpHUIMHATIBHBIMU» IPOIHCSIMH, TOTOBSIIN-
MHCS 110 CTaHJAPTH3MPOBAHHOW W YTBEP)KICHHOW pe-
nentype. CoBpeMeHHBINH (hopMaT perenta COXpPaHHIC
MIPaKTHYEeCKH 0e3 M3MEHEHUH, BKIIIOUUB CXOIHbIE C «AH-
TUJIOTApUEM» pa3/elibl, TAKUE KaK yKa3aHHbIC Ha JIaTHH-
CKOM $I3bIKE O0paleHus], epeyrcIeHUs! JeKapCTBEHHBIX
BEIIECTB, JIO3UPOBAHUSI, NPEANUcanus. J[onoIHuTeIbHO
BBE/ICHHBIC Pa3/eiibl MOCBSILEHBI FOPHITUYECKOMY 3Ha-
YEHUIO pelenTa, B YaCTHOCTH HaWMEHOBAaHUIO Jieuel-
HO-TIPO(UIAKTUIECKOTO YUPEIKACHHS, UMEHH JIEUaIIEro
Bpaya, NPUHUMAIONIET0 Ha ceO0s OTBETCTBEHHOCTH 3a
MIPaBUIILHOCTh Ha3HAUCHHUsI, U MIMEHHU TTallUCHTA.

OJiHaKO TEXHOJIOTHSI JIEKAPCTB, B YACTHOCTH «ralie-
HOBBIX» IIPEIaparoB, MpeTepresna onpeieIeHHbIe U3Me-
HEHHs1, KOTOpbIe C(hOPMUPOBAIIH COBPEMEHHYIO ITOATPYTI-
Iy «HOBOTAJICHOBBIX» NpernaparoB. JlaHHas cyOrpymmna
IIPE/ICTaBIsIET COOOH aHaJOTMYHbIE M3BJICUEHHS M3 JIe-
KapCTBEHHOT'O PACTUTENHHOTO CHIPbs, HO MaKCUMaJIbHO
0CcBOOOXK/ICHHBIE OT «OaacTHbIX» BemecTB [8]. Takue
BEIIECTBA SIBJSIFOTCS JUIsl IAHHOTO THIIA NIPErnapaToB W3-
JIMITHAMH, HETaTUBHO BIHMSIONIMMHU Ha 3(P(eKTHBHOCTH
IIPUMEHEHHSI JIEKapcTBa M, KaK CJIEACTBHE, Ha YCIEX Te-
parnuu. [TonoOHast 04MCTKA TPON3BOAMUTCS MAKCHUMAIILHO
OepexHO, 0e3 MPUMEHEHHUs] CHIBHBIX XHMHYECKUX pea-

TeHTOB MJIM BBICOKOTEPMHUYECKUX MPOIECCOB, MO3BOIAL
COXPaHATh JICHCTBYIONIUM BELIECTBAM CBOE MCXOIHOE,
MIPUPOAHOE COCTOSTHHE.

Takum 00pa3oM, «rajeHOBBIe» Mpenaparbl CeroIHs
HaXOZT CBOE JIOTMYECKOe MPOIODKEHHE B BUJIE «HOBO-
raJIeHOBBIX» TpenaparoB. Cxoxkue Mo CI0KHOCTU BXO-
JIIIAX B COCTaB KOMILJIEKCOB JIEHCTBYIOIIUX BEILECTB,
JTAaHHBIE TPYMIBI CPEACTB MMEIOT OINpeJie/IeHHbIE Mpeu-
MYIIECTBA Mepe]] CHHTeTHYECKUMH XUMHUECKUMHU Tpe-
napatamu [10]. Mcnone3oBaHue mIpenapaTtoB, CO3/AaH-
HBIX Ha OCHOBE JIEKApPCTBEHHOTO PACTUTENIBHOTO CHIPHS,
Hepenko Oe3onacHee Ul JICYEHHs, YeM INpPHMEHEHUE
CHHTETUYECKHX IpenaparoB. Tak, BO MHOTMX CTpaHax
OTMEUAETCsl BO3PACTAIOIINI MHTEPEC K JIEKaPCTBEHHBIM
npenaparam IMPUPOJHOTO MPOUCXOKACHUS, 00yCIIOB-
JICHHBI KaK OCOOEHHOCTSIMH XHMHYECKOTO COCTaBa
IIpenapaToB MPUPOAHOTO NMPOUCXOKICHHS, KOMIOHEHTHI
KOTOPBIX 0 CTPYKTYpe OJM3KKM K MeTaboiauTam 4Yeso-
BEUECKOT0 OpraHu3Ma, TaK U OTHOCHUTEIBbHOW Oe3omac-
HOCTBIO WX NpuMeHeHus. JlaHHbIH (akTop mo3BossieT
PEKOMEHI0BaTh ITH IpenapaThl ropas/io Jaiie, 4eM CHH-
TEeTHYECKHe, JJIsi CUMIITOMAaTHYeCKOro, MpouiIaKTuyie-
CKOTO JICUEHHS HJIH O€3peLenTypHOTO IPUMEHEHHSL.

SAKJIFOUEHUE. DkcreMnopaibHOE H3rOTOBJIE-
Hue co CpeqHHX BEKOB IO HACTOSIEE BPEeMS OCTAeTCs
BOCTpeOOBaHHOW (hapmarieBTHYeckol yciyroit. [Ipouns-
BOJICTBEHHBIE aNTEKH SBISAIOTCS COLUAIBHO 3HAYMMBIM
IOKa3aTeleM KauecTBa JIEKAPCTBEHHOTO O0eCIeYeHHs
1 JICKapCTBEHHOM MOMOIIM JUIsI IIUPOKUX KaTeropuit
rpaxaadH. Ha ceropHsiHuii J1eHb, B OOJIBIIMHCTBE CO-
BPEMEHHBIX IMPOM3BOACTBEHHBIX aNTEK H3TOTaBIMBAIOT
JIEKapCTBEHHBbIE (OPMBI, LIMPOKO MpPEACTaBICHHBIE B
nponucax «Antugorapus» Hukomas u3 Canepno. He-
CMOTpsI HA MHOTOKOMIIOHEHTHOCTh COCTaBa, BIUSIOIIETO
Ha TepareBTH4ecKuil 23pdexT U CTOMMOCTh N3rOTOBJIsIE-
MOTO Tpenapara, 4acTh PeleNTYPHBIX Mponucel uMeeT
JIOCTYTIHYIO TEXHOJOTHIO H3TOTOBICHMS, KOTOPYIO BO3-
MOYKHO BOCIIPOM3BECTH B YCJIOBHUSX COBPEMEHHBIX IIPO-
H3BOJICTBEHHBIX anTeK. YTo kacaeTcst TepaneBTHYECKOro
acriekTa, HeoOXOJMMO YKa3aTh, YTO «TajJeHOBBIC Ipera-
parbD» MOTYT OBITH CPEACTBAMHU TEPaNHK BTOPOTO psijia
JUIS 3aBEpIIEHUs JIEUEHUs] MOoce MPUMEHEHHUS OCHOB-
HBIX JIEKapCTB. DTO OCOOCHHO BaXKHO IPU JTUTEILHOM
JICYCHUH ¥ TIPH BTOPHYHOM PO(UIIAKTHKE XPOHHUYECKHX
3abosieBanmii. Takum oOpazoM, B « AHTHIOTapHn» Huko-
nast n3 CajepHO 3aKJIIOYEH OINpeesICHHBII MOTeHIHal,
3aCITy)KMBAIOIINI MOAPOOHOTO TepeBojia W aHau3a B
COOTBETCTBHH C PEANMSIMH pallMOHaNbHON (apmakore-
panuu 1 GpUTOTEpaITHH.

INTRODUCTION. The technology of medicines,
as a basic part of pharmaceutical science, has a funda-
mental impact on medicine and public health in gener-
al. Tracing its history from the ancient times, it has been
modified under the influence of evolutionary factors and
regional characteristics of medical schools. A vivid ex-
ample of that was Medieval Europe, where a kind of fu-
sion of medical knowledge, accumulated by the West and
the East, occurred. The evidence of this interpenetration

was the manuscript “Antidotarium Nicolai” by master
Nicholas of Salerno, also known as Nicolaus Salernita-
nus. This manuscript was the main pharmacopeia of the
entire medieval world [1]. Nowadays, the relevance of
this worklies in studying the technologies of manufac-
turing drugs according to “Antidotarium Nicolai” reci-
pes, based on the prescriptions translated into Russian, as
well as the study of their practical potential for modern
health care. Thus, by means of studying the prescriptions
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of the manuscript, our AIM is to compare the medieval
technology of manufacturing medicines and galenical
preparations with modern principles of pharmaceutical
technology.

MATERIALS AND METHODS. To achieve this
goal, eighty-five recipes from “Antidotarium Nicolai”
by Nicholas of Salerno were identified, systematized
and analyzed in a documentary translation from medi-
eval French. The comparison of the source corpus with
the historiographical material on the technology of med-
icines, made it possible to create an inter disciplinary
study of “Antidotarium Nicolai”. It gave us the opportu-
nity to highlight the dominant idea of the problem under
study. The hypothesis of the study is the thesis of the sim-
ilarity of the principles and approaches to the production
of medicines according to the prescription formulas of
“Antidotarium Nicolai”, created by master Nicholas of
Salerno, with modern pharmaceutical technologies.

RESULTS. To consider the medieval technology of
making medicines and galenical preparations, a transla-
tion of “Antidotarium Nicolai”, also known as “Small
Antidotarium”, was carried out. This manuscript was
based on “Great Antidotarium” and was developed in
Salerno Medical Schoolby Master Nicholas. According
to long-term works of Professor Vladimir Fedorovich
Semenchenko, Doctor of Pharmaceutical Sciences, “An-
tidotarium Nicolai” was compiled by Nicholas, the rector
of Salerno Medical School, in 1140 [2]. Karl Sudhoff, a
German physician and scholar in the field of medicine
history, brought the mention of the manuscript into cor-
relation with 1100-thyearin his work [3]. Thus, “Antidot-
arium Nicolai” refers to the Greek-Arabic period of the
development of Salerno Medical School.

The manuscript is extremely large-scale: ancient
Greek, Roman, Eastern knowledge is collected and sys-
tematized in it [3]. “Antidotarium Nicolai” had such a
great impact on the development of pharmacy and med-
icine in general, that it was used until the XVII century,
when official regional pharmacopoeia began to appear
everywhere.

Despite a large number of republications, the most
important are translations into medieval English, medie-
val French and Dutch. Nowadays, the translation of the
manuscript into medieval French is of primary concern.
In the scientific community, the French language is con-
sidered closest to Latin, though not to the “classic”, but
rather “rural” — lingua romana rustica, denoting the Ro-
mance (French) language [4, 5]. In view of the fact that
the original was written in Medieval Latin, this linguistic
form is closer to the original language of the manuscript.
Thus, the work published in 1896 by Paul Dorveaux
(1851-1938), known as “L ‘antidotaire Nicolas. Deux tra-
ductions francaises de [’Antidotarium Nicolai. L’une du
XIVe siecle suivie de quelques recettes de la méme épo-
que et d’un glossaire. L’autre du XVe siecle incomplete.
Publiées d’apres les manuscrits francais 25327 et 14827
de la Bibliothéque nationale”, was taken as a basis.

The author, being a French historician and physi-
cian, restored 85 prescriptions in medieval French. For
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comparison, the earliest copy of “Antidotarium Nicolai”
describes 119 prescription formulas. That copy is dated
to the second half of the XII-th century and nowadays
it is stored in the National Library of Great Britain [6].
This difference is due to the fact, that the translation by
Paul Dorveaux was based on the different edition of
“Antidotarium Nicolai”, more likely published in the
XIV-th century. All the prescription formulas presented
in “Antidotarium Nicolai”, have an identical structure.
At the beginning, a definition ofamedicinal preparationis
given, followed then by examples of its medical appli-
cation, often accompanied by a universal phrase “It is
suitable for... ”. For example, the seventh prescription,
“Antidotum Emagogum”, determines that the medicine
“cleanses the uterus, and is given against many problems
in women after childbirth”. Alternatively, the forty-third
prescription is defined as “Metridatum — the mother of
all antidotes, suitable for pain in the head, in the ears,
in the teeth and in the palate, that gradually beginning
and grow”. Such definitions of the pharmacodynamics
properties of medicines helped a “master” to select the
necessary tool to treat each specific case.

Further, the recipes contain “Designatio materi-
arum” (also known as “Orginatio”), the enumeration of
all the substances that are necessary to prepare a me-
dicinal preparation. This part of the recipe is extremely
important, since the composition of the drug depends on
it, and, as a consequence, the effects of the drug. After
the word “Pren.”, which is a medieval French analogue
of the modern “Recipe”, all the ingredients that are in-
cluded in the drug are listed. It should be noted, that
this part of the recipe could have a very small number
of components. For example, in the fifty-seventh recipe
“Quadrumeron” that was used “for asthma, silence, with
fever and weakness of the kidneys”, only four ingredi-
ents were used: Inula helenium, Foeniculum officinale,
Pepper, Cuminum cyminum. However, some of the pre-
scriptions, like the twenty-ninth recipe for “Esdra”, suit-
able “for melancholy, fear and poor appetite”, contain
ninety-one ingredients, necessary for the preparation of
the medicine. Probably, this phenomenon was associated
with special indications for the use of a drug, intended for
the treatment of mental and behavioral disorders.

The fact that all the medicinal substances listed in the
manuscript of “Antidotarium Nicolai” entries were indi-
cated without abbreviations, but in the usual sequence,
was of no less importance. In modern pharmaceutical
technology, when listing ingredients, it is generally ac-
cepted to write each substance in a separate line with a
capital letter. The capital letter in “Antidotarium Nicolai”
marked only the beginning of a new recipe. This factor is
interesting because usually substances are prescribed in
order of their importance. First, the main substance is in-
dicated, and then the auxiliary substances (known as ad-
juvans) are prescribed. It is quite difficult to distinguish
the main active substance in the recipes of “Antidotarium
Nicolai” for a number of reasons, such as, e.g., the vari-
ability of the substances used. Some of the substances
acted as fillers that gave medicinal substances definite
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forms (constituents), other substances corrected flavor
and smell (corrigens). It is worth mentioning that in the
manuscript, thirty-two recipes of medicinal prepara-
tions were completed with the addition of honey. Honey
served as a preservative for the prepared medicines, sav-
ing them from the appearance of unpleasant taste, smell,
mold and the formation of toxins of microbial origin. In
the introduction of the manuscript, Nicholas of Salerno
high tighted a special place for honey: “To save them is
to keep them in the clean honey, and have enough of it
for preservation of spices and drugs; the honey can be
cooked together with spices, to purify it, and to remove
the bitterness”.

After the listed groups of medicinal substances, a
precise indication in the weight units was given, or in
other words, a dosage. It is necessary to notify, that it was
in “Antidotarium Nicolai”, that the pharmaceutical units
of measurement were unified, and clear characteristics
and definitions of the grain, drachma, ounces, and pound
were given. Later on, these Salern pharmaceutical mea-
sures of weights spread worldwide and became known
as Nuremberg weights [7]. The basis of the system of
measures in “Antidotarium Nicolai” is a “drachma” — the
weight unit in alchemy and pharmacy, corresponding to
approximately 3 grams and 82 centigrams. The second
weight unit by frequency of use was “ounce”. Its first
mention was found in the fifth recipe “Alcancalon”,
used “against acute fever”. One “ounce” approximately
corresponded to 30 grams. One “pound”, mentioned in
the manuscript, was equal to 12 “ounces”. Later, in Par-
is, “pound” became equal to 14 “ounces”. Taking into
account the correspondence of “ounce” to 30 grams, it
can be determined that one “pound” was equal to 360
grams (approximately 94 “drachmas”). A “grain had the
smallest weight”, that was equal to 53 milligrams (1/72
“drachma”).In “Antidotarium Nicolai” there are refer-
ences to unusual measures of weights, such as “Solid”
(from the Latin word “solidus” — solid, strong, massive).
“Solid” is a Roman gold coin, issued in 309 AD by Em-
peror Constantine. One coin weighed 1/72 of the Roman
“pound”, or 4.55 grams, and was used to determine the
amount of substances in the preparation of certain soft
dosage forms. The presented system of units of measure-
ment, unified by Nicholas of Salerno, allowed “Antidot-
arium Nicolai” to become a more precise and practical
tool for the production of medicines. Defining specific
doses of pharmaceutical substances, Nicholas sought to
minimize negligence in the preparation of drugs and their
admission.

An interesting feature of “Antidotarium Nicolai” is
the section called “prescription”, or “signature” (“Prae-
scriptio”, or “Subscriptio”). In this part of the recipe it
was indicated how to prepare the necessary dosage and
what technological operations were necessary to be done
in the process of creating a drug. In order to describe
the entire complex of medicinal forms of “Antidotarium
Nicolai”, the authors suggested using of the classifica-
tion by the aggregate state, proposed by Julius Karlovich
Trapp (1814-1908), the Russian pharmacist and pharma-

cologist, as the most convenient classification. According
to this classification, all forms of drugs can be divided
into four groups [8]. The correlation of “Antidotarium
Nicolai” with the proposed classification allows identify-
ing the following groups of drug forms:

»  solid dosage forms (lozenges, granules);

e liquid dosage forms (solutions, suspensions, in-
fusions and decoctions, syrups, mixtures, medi-
cal oils, aromatic waters);

e soft medicinal forms (electuaries, ointments,
patches, pills).

The descriptions of the technologies were not present
in every prescription. They often began with the phrase
“It is prepared as...”. The technologies were accompa-
nied by detailed instructions that indicated the stages
of preparation. In particular, the following stages were
clearly described:

e preparation and grinding of raw materials;

* the order of adding and mixing the ingredients;

* infusion and boiling under certain conditions;

* mixing, filtering through a sieve and pressing
raw materials;

e dissolution of medicinal substances;

e determination of readiness, by placing a drop of
solution on the marble, and further identifying
the stickiness;

*  time and place to storage the prepared means.

Thus, the indicated manufacturing technologies were
extremely detailed and elaborated. In combination with
the use of a clear system of units of measurement, the
possibility of error or misinterpretation was eliminated
in the preparation of even the most complex medicines.
Nowadays, this technology of making medicines is con-
sidered relatively simple [8].

The final part of a prescription in “Antidotarium
Nicolai” was a signature (“Signatura”). As it is known,
the content of this fragment was often intended for a pa-
tient himself, since it is had a scheme of drug administra-
tion. A signature was always as detailed as possible, and
the dosage, frequency and time for taking the medicine
were indicated. It is interesting that in the twenty-sixth
prescription of “Antidotarium Nicolai” it was recom-
mended to take medicines with wine: such as warm wine,
white wine, sweet wine, or wine with sage. For example,
in the twelfth prescription “Diamargariton”, which was
prescribed “for pain of the heart and stomach”, the drug
was supposed to be taken “in the summer with water, and
in winter with wine”. The fifty-first prescription, “Pigra
Galieni”, that “suitable for chills in the head, stomach
pain and stomach upsets and vomiting”, and was intend-
ed to be taken in the bathtubs, along with warm wine.
Some of the medicines were recommended to be used
only along with hot herbal teas, or with herbal decoc-
tions, or with cold or warm water, or with syrups or can-
died ginger. According to “Antidotarium Nicolai”, the
transformation of the drug in the body (pharmacokinet-
ics) and the mechanism of action of the drug on the body
(pharmacodynamics) depended on the choice of fluid for
admission.
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The fact that one of the most often mentioned dosag-
es of the drug is “in the amount or weight of a single fruit
of Chestnut” is also note worthy. The weight of a fruit of
chestnut can vary from 10 to 25 grams, depending on the
variety, which is an extremely wide range in the dosage,
especially with such a complex composition of the medi-
cines. Never the less, such weight units were much more
accurate, than simple dosing. In addition to the “fruits of
chestnut”, some of the drugs were dosed quite differently.
Some medicines were given in a strict amount of “drach-
mas”, some by a certain number of pills, others by the
number of spoons at one time, or even subjected to inha-
lation. For soft dosage forms, such as ointments, even the
necessity to apply in special conditions — in sunlight or in
heat — was indicated.

It is impossible not to mention another whole range
of ways of using medicines in “Antidotarium Nicolai”.
Nicholas from Salerno specified that certain medications
should be taken after meals, and some “on an empty
stomach”. The medication was administered at allotted
time (in the morning and / or in the evening, and some-
times at night) and, as a rule, for the specified period.
For example, the twenty-fourth prescription, “Diacas-
toreum”,““suitable for pain in the head and infirmities”,
was used only in the morning, and only for three days.
Such clear instructions on taking medicines made “Anti-
dotarium Nicolai” an extremely demanded book, both in
medical practice and in the training of specialists of that
time. It is no coincidence that “Antidotarium Nicolai”
was widely in demand in many medieval universities, in-
cluding Oxford and Cambridge, and was part of the com-
pulsory reading for a degree in medicine [9].

In the signatures of some prescription formulas, a
possibility of adding other substances to the recipe was
taken into consideration. Some of them were necessary
to expand the application of the final product, or pos-
sibly to eliminate or minimize side effects. Thus, the
addition of two drachmas of Convolvulus scammonia
to “Yerapigra” (that was used “from various sufferings
of the head, ears, stomach and liver”) added a strong
laxative effect. However, in these additions to the sig-
natures the clearness of the dosage of the components
could be no longer observed. It can be assumed, that
these remarks did not belong to Nicholas himself, but
were added by the editors and commentators of the
manuscript later [3].

DISCUSSION. Having described the content and
technological aspects of the medicines in “Antidotarium
Nicolai” it can be noted that the principles and approach-
es to the manufacture of drug sare similar to modern
pharmaceutical technology, in particular the apothecary
technology of drugs. This direction of pharmaceutical
technology in England, France, and Holland is called
“Galenic pharmacy” or “prescription art” [8]. The core of
this discipline, as in the Middle Ages, is based on work-
ing with “official” prescriptions, prepared according to
standardized and approved recipes. The modern format
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of the recipes has been preserved practically unchanged,
including sections similar to “Antidotarium Nicolai”,
such as those indicated in the Latin language: treatment,
enumeration of medicinal substances, dosing and recom-
mendation. Additionally introduced sections are devoted
to the legal meaning of the prescription, in particular to
the name of the treatment and prophylactic institution,
the name of the attending physician assuming respon-
sibility for the correctness of the appointment, and the
patient’s name.

However, the technology of drugs, in particular
galenical preparations, has undergone certain chang-
es, which formed a modern subgroup of neogalenical
preparations. This subgroup represents similar extracts
from the medicinal plant raw materials, but maximally
released from “ballast” substances [8]. Such substances
are excessive for this type of drugs, negatively affecting
the effectiveness and, as a consequence, the success of
therapy. Such cleaning is carried out as carefully as pos-
sible, without the use of strong chemicals or high-heat
processes, allowing the active substances to maintain
their original natural state. Thus, nowadays, “galenical”
preparations find their logical continuation in the form of
neogalenical formulations. Similar in complexity, these
groups of medicines have a certain advantages over syn-
thetic chemical preparations [10]. The use of drugs based
on herbal medicines is often safer for treatment, than the
use of synthetic drugs. Thus, in many countries, there is
an increasing interest in medicines of natural origin, due
to the peculiarities of the chemical composition of prepa-
rations of natural origin, the components of which are
close in structure to the metabolites of the human body,
and the relative safety of their use. This factor allows us
to recommend these drugs much more often than synthet-
ic drugs for symptomatic, preventive treatment or over-
the-counter treatment.

CONCLUSION. Extemporaneous manufacturing
since the Middle Ages to the present time remains a
popular pharmaceutical service. Production pharmacies
are a socially significant indicator of the quality of drug
provision and care for a wide range of citizens. Nowa-
days most modern compounding pharmacies are produc-
ing dosage forms, widely represented in “Antidotarium
Nicolai”. Despite the multicomponent composition that
affects the therapeutic effect and the cost of the manufac-
tured product, some of the prescriptions have an available
manufacturing technology that can be reproduced in the
conditions of modern manufacturing pharmacies. With
regard to the therapeutic aspect, it must be pointed out
that galenical preparations can be second-line therapy to
complete treatment after the use of essential medicines.
This is especially important with long-term treatment
and secondary prevention of chronic diseases. Thus, in
“Antidotarium Nicolai” by Nicholas of Salerno, there is
a certain potential that deserves a detailed translation and
analysis in accordance with the realities of rational phar-
macotherapy and herbal medicine.
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