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Pacmenus pooa boapviunuk (Crataegus L.) — KycmapHuku unu Hebonvuiue 0epesbsl, Komopbwle UCHONb3YemCs 8
Meouyune ¢ enybokotl Opegrocmu. Ha cecoonsunuii Oenvb Ha 0cHoge cblpbsi DOAPLIUHUKA NOLYHAIOM NPenapanvl OJis
Jeyenus u npogunakmuxu cepoeunou nedocmamounocmu. Llenwvro pabomul sgnsemes ananus u cucmemamusayus pe-
3YIbMAMO8 UCCLe008AHULL 8 0OIACTIU XUMUYECKOU CIAHOAPMU3AYUU CbIPbA OOAPLIUHUKA 8 DApMAKONesax pa3iuiHbIX
cmpan. Mamepuansl u memoowt. Vcciedosanue npooouniocs ¢ ucnoivsosanuem locyoapecmeennotl gpapmaxoneu
CCCP Xl uzoanus, I'ocyoapemeennoii papmaxoneu Poccutickoti @edepayuu X111 uzdanus, Eeponetickoil papmaxoneu
6 uzoanus, papmaroneu Coedunennvix LlImamos Amepuxu 32 uzdanus, ['ocyoapcmeennoii papmaroneu Pecnybruxu
benapyce u Pecnybnuxu Kazaxcman, a maxoice ungpopmayuonro-nouckoswix (PubMed) u bubiuomeunvix 6a3 0anuwix
(eLibrary). Pesynomamut u oocyycoenue. B nacmosujem 0630pe cucmemamuzuposanvl pe3yibmanivl UCC1e008aHUIL 8
001aCMU XUMUYECKOU CIAHOAPMU3ayuU Coblpbsi O0APLIUHUKA 8 (hapmakonesx paziuunvlx cmpan. Onpedeneno, umo 6
MemoouKax ananu3a coipbs 6u008 pooa boapeiunux (Crataegus L.), 6x1ioueHHbIX 6 omeuecmeeHHble U 3apyOedicHble
Gapmakoneu, ucnonb3yVIOMEs pasiuyHble MEMOOUYecKue U Memoooio2uyecKkue no0Xoobl K CIanoapmu3ayuu niooos,
yeemkos u mucmves. Kpome moeo, obnapysiceno, ymo coipvbe 00H020 HAUMEHOBANUSL AHATUSUPYEMCSL C UCNOTb308ANU-
em paznuunblx Memooux. Ha naut 632150, ucnoiwb308amie 6 MEMOOUKAxX PasiutHblX IKCMPALEHMOo8 He 6ce20d 000CHO-
6AHO ¢ MOYKU 3PEHUS PUSUKO-XUMUYECKUX U CEKMPATbHbIX XAPAKMEPUCMUK aHanusupyemuvlx gewjecms. Ilokaszano
makoice, YmMo 8 MemoOUKax KayecmseHHO20 U KOIUYeCMBEeHHO20 AHAU3a Oelcmsylouux eeuecms ((ragoHouowl,
NPOYUAHUOUHDBL) He 8Ce20a 8e0emcsi OPUEHMAYUsL Ha OUASHOCIUYECKU 3HAYUMble CMAHOApmHble 8eujecmsed. 3aKo-
yenue. [Ipogedennbvlil aHAIU3 CYIECMEYIOUUX MEMOOUK KAYECMEEHHO20 aHAU3a (pazoel NOOIUHHOCHb) U Koauye-
CMBEHHO020 OnpedeNeHUsl YeleblX GeUuiecme CeUOemenbCmeyem 0 Mom, Ymo HeoOXo0uMa YHuGuKayus Memoouxk ana-
JIU3A CbIPbS U NPENnapamos U008 pooa OOAPLIUHUK HA OCHO8E HAYYHO 0O0CHOBAHHBIX NOOX0008 K CIAHOAPMU3AYULL.

Knrouegwie cnosa: boapviunuk, Cratategus L., cmanoapmusayus, XuMuieckuti cocmas, pumoxumusi, papmaxo-
Jlo2uyeckue ceolcmea
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The plants of the genus Hawthorn (Crataegus L.) are shrubs or small trees that have been used in medicine since
ancient times. Nowadays, on the basis of raw hawthorn, the preparations are available for treatment and prevention of
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heart failure. The aim of the work is to analyze and systematize research results in the field of chemical standardization
of hawthorn raw materials in pharmacopoeias of various countries. Materials and methods. The study was conducted
with the use of the State Pharmacopoeia of the USSR, XI-th edition, the State Pharmacopoeia of the Russian Federation,
XIII-th edition, the European Pharmacopoeia, 6-th edition, the United States Pharmacopeia, 32-nd editions, the State
Pharmacopoeia of the Republic of Belarus and the Republic of Kazakhstan, as well as the information and search
(PubMed) and library databases (eLibrary). Results and discussion. In this review, the results of research in the field
of chemical standardization of hawthorn raw materials in pharmacopoeias of various countries are systematized. It
is determined that in the methods of analysis of raw materials of the species of the genus Hawthorn (Crataegus L.),
included in domestic and foreign Pharmacopoeias, various methodological and methodological approaches to the
standardization of fruits, flowers and leaves are used. Besides, it has been found out that the raw materials of the
same name are analyzed using different techniques. In our opinion, the use of various extractants in the methods is not
always justified from the point of view of the physical-chemical and spectral characteristics of the substances being
analyzed. It is also shown that in the methods of qualitative and quantitative analysis of active substances (flavonoids,
procyanidins), the orientation to diagnostically significant standard substances is not always conducted. Conclusion.
The analysis of existing methods of qualitative analysis (the section of authenticity) and quantitative determination
of the target substances indicates the necessity to unify the methods of raw materials analysis and preparations of

hawthorn species on the basis of scientifically based approaches to standardization.
Keywords: hawthorn, Crataegus L., standardization, chemical composition, Phytochemistry, pharmacological

properties

BBEJIEHUE. B nHacrosiiiiee BpeMsi JIeKapCTBEHHbIE
pacTuTenbHbIe Ipenaparsl HAOMParoT Bee OONBLIYIO TIOITY-
JSIPHOCTB Y MICTIOJIB3YIOTCSI KaK B JICYEHUH, TaK U JUIS TIPO-
(WIAKTUKK pasiIMIHbIX 3a0oeBaHuii [1, 2]. 310, BO3MOXK-
HO, CBSI3aHO C TEM OOCTOSTENILCTBOM, UTO JIEKAPCTBEHHBIC
pacTUTENbHbIE IIpenaparbl 00NagaloT HU3KOH TOKCHYHO-
CTBIO TP JIOCTATOYHO BBICOKOH 3((EeKTUBHOCTH, LIMPO-
KHM CHEKTPOM TEPaNeBTHYECKOTO AEHCTBYS, KOMILIEKCHBIM
3¢hekToM Ha OpraHM3M YenoBeKa MPH MX PalOHAIBHOM
MIPUMEHEHNH, a TAaKKe OTHOCUTENIBHOW JEIEBU3HOW IO
CPaBHEHHUIO C CHHTETUYECKUMH TIpenaparamu [3].

Ha cerogusimHuii AeHb CepleYHO-COCYIUCThIE 3a-
OoneBaHUs OCTAIOTCS HanOoJyiee BaXKHOW COIMAIBHON M
MEIHUITHCKON Tpo0IeMoil BO MHOTHX cTpaHaX. Tak, 1mo
JaHHBIM BceMupHON opraHuzanuu 3IpaBOOXpaHEHHUS,
CepAEYHO-COCYUCThIE 3a00/I€BaHUs SIBISIIOTCS OCHOB-
HOM MPUYMHON CMEPTHOCTU B MHpPE, NMOITOMY OCOOYIO
aKTyaJbHOCTh TPHOOPETAIOT BOMPOCH! NMPO(HIAKTHKH
1 CBOEBPEMEHHOIO JIEUeHUs AaHHOHM maronoruu [4, 5].
B 5To#i CBSI3M MHTEPECHBIMH SIBIISIOTCS JIEKAPCTBEHHBIC
npenapaTsl Ha OCHOBE OOsphIIHAKA [6, 7].

[Tpenapatsl Ha OCHOBE OOSIPBIIIHUKA C JITABHUX Bpe-
MEH HCIONB3YIOTCSI B HapoaHoM MenunuHe. Ilepsebie
YIOMHHAHUS O ITOJIOKUTEIEHOM JeHCTBUN OOSPBIITHAKA
Ha CepAle OTHOCATCS K IEepPBOMY BeKy Hamiel spsl [8].
[Tpumenenne GOSPBINIHMKA AT JIEUEHHS CEPICIHO-CO-
CYIUCTBIX 3a0omeBaHuil oTHOocUTCs K KoHITy 1800-x ro-
JIOB, TOTZA MPEAIONarajgoch, 4TO OOSPBIIIHUK MOXKHO
HCIIONB30BaTh B Ka4E€CTBE AIbTEPHATUBHOMN TEPaIuu IS
JICYCHUS] PA3IMYHBIX CEPACYHO-COCYIUCTHIX 3aboieBa-
HUH, TAKUX KaK CTCHOKAPIHs, THIIEPTOHMS, THIIEPIIUIIHI-
JeMHus, apuT™Mus U 1p. [9].

ABTOpaMH ONHUCAHBI UCCIEIOBAHUS TI0 CHUKEHMIO
YPOBHS XOJIECTEPHHA M TPUIIUIEPHUIOB B KPOBU Yy KH-
BOTHBIX NIPH MIPAMEHEHHUH CHIpBs OosipbimauKa [10, 11].
B nccnenoBaHusIX Ha KpbICax, MbIIIAX, KPOIUKAX M KOIII-
Kax ObIJIO MOKa3aHO, YTO IKCTPAKT OOSPBIITHUKA MOXKET
MEJICHHO U yCTOWYMBO CHUXKATh KPOBSHOE aBJIECHUE 32
cYeT paciupeHus nepudepraeckux cocynos [12, 13].

J1ist ceIpbst OOSIPBITHNKA HEKOTOPBIMU aBTOPaMH OT-
MeyaeTcs TakXKe U HaJJMIhe aHTHOAKTepHaIbHON aKTHB-
HOCTH B OTHOIICHWH pPsila MHKPOOPTaHU3MOB, B 4YacT-
HOCTH B oTHomeHuu Escherichia coli, Staphylococcus
aureus, Pseudomonas aeruginosa w Candida albicans
[14, 15].

Kpome Toro, B HEKOTOPBIX HCTOYHHKAX OTMCAHO Ha-
JIMYME aHTUOKCHIAHTHOTO JIEUCTBHS U3BICUCHUI U3 CHI-
prs OosgpsimHuKa [16, 17, 18].

B Hacrosiee BpeMsi OOSIPBIITHUK TPHUBIEKAET BHU-
MaHHe Bpadell M HccienoBareseld CBOMMHU KapIHOTOHH-
YECKHMH M KapIHONPOTEKTOPHBIMU CBOWCTBAMH, HUTO
MOATBEPKAAECTCSI MHOTOYHCICHHBIMH  KIMHUYECKUMHU
uccienoBanuamu [19]. Tak, nposenenssiit B 2003 roxy
MeTaaHaJi3 PaHIOMU3UPOBAHHBIX IJIale00-KOHTPOIIHU-
PYEMBIX HCCIICIOBAaHMH NPUMEHEHHUsI SKCTpakra O0o0s-
peimmanka (Crataegus pinnatifida Bunge) mist nedeHus
MalMEeHTOB C XPOHMYECKOW CepAeYHON HEI0CTaTOuHO-
CTBIO TOKa3aJl Hajlu4yue OJIaronpusiTHOTO JJisi cepied-
HO-COCYJMCTOH CHCTEMBI JICHCTBHUS 110 CPaBHEHHUIO C
wrane6o [20]. ['pynma kuraiickux yaeHsix B 2014 romy
oIyONMKOBaIa PaHAOMU3UPOBAHHOE, JBOHHOE CIETOE
HCCIIeJOBaHUE [TPUMEHEHHsT MHOTOKOMIIOHEHTHOTO pac-
TUTEJBHOTO TIpernapara Ha OCHOBE OOSPHINIHMKA HPHU
JICYCHUH ANCIMIHICMUN. B pesynmbrare mpoBeIeHHOTO
nccienoBaHns OBIIO BBISBICHO, YTO yKa3aHHBIM pac-
TUTEJIbHBIN TpenapaT BbI3bIBAJI HEOONBIIOE CHIDKCHUE
COZIep)KaHus B TUIa3Me JIMITONPOTEHHOB HU3KOW ILIOTHO-
ctH nocie 12-HeJenbHOTO Kypca JICYeHHUs], He BhI3bIBas
IIpU 3TOM HeXKenarenbHbIX sBieHuil [21]. B 2015 rony
TpyIIa UPAHCKUX YYEHBIX IPOBENIa CPABHUTEIBHOE HC-
CJIe/IOBaHUE BIUSIHUS a3POOHBIX (DU3UUECKHUX YIPaXKHe-
HUH ¥ IPUMEHEHUS 3KCcTpakTa Oospeinnuka (Crataegus
oxyacantha L.) Ha MONEKyJbl BHYTPHKJICTOYHOW ajre-
3un 1 tuma u E-cenekTWHa y ManmMeHToB CO cTabmiib-
HOW cTeHOKapaued. B pesymsrate ObUT cenaH BBIBOJ,
YTO a’pOOHBIE YIPaKHEHHS M MPUMEHEHHE JKCTPaKTa
Crataegus oxyacantha L. B xauecTBe IONOJIHUTEIBHON
Tepanuu 3Q(EKTUBHO CHIDKAIOT PUCK Pa3BHUTHSI aTepo-
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CKJIepo3a M JalbHEHIINX MpolieM C CepAedHO-CcoCy-
qucTor cucreMoit [22]. MIHTepecHO Takke W TO, 4TO B
2016 romy ObLIO OIYOIMKOBAHO MCCIIEAOBAHUE, B XOJC
KOTOPOTO OBLT CAETAaH BBIBOI, YTO SKCTPAKT U3 JINCTHECB
6osipermaNKa (Crataegus azarolus L.) ctumynupyer aH-
TUIPONU(EPaTUBHYIO aKTHBHOCTh, apecT KJIETOYHOTO
LUKJIa U alloNTO3 B YEJIOBEUECKUX KIIETKaX paka TOJICTO-
ro kummeynnka HT-29 u HCT-116 [23].

B Poccuiickoit denepannu 11t HOAYUYEHUS KapIuo-
TOHHYECKUX JICKAPCTBEHHBIX CPEIICTB UCTIONB3YIOT I[BET-
ka1 1 wionsl Oospeimanka (Crataegus L.) [24, 25]. 3a
pyOexoM pacrpocTpaHeHHE MOIYYHIIN JEKapCTBEHHBIE
rpenaparsl Ha OCHOBE JINCTHEB U I[BETKOB OOSIPBIIIHUKA
[26, 27, 28].

Ha Teppurtopun Hamiel cTpaHBI BCTPEYAFOTCS OKOIIO
40 BHOOB OUKOPACTYIINX OOSPHIIHUKOB [29, 30]. 13 12
BHJOB OOSPBIIIHUKA, BKIIFOYEHHBIX B JeiicTByonTyto [0-
cynapctBeHHyto ®Papmakonero CCCP XI uzmanus (I'®
CCCP XI), na rteppuropuu Poccuiickoii Deneparuu
npouspacraet 9, npuueM GpapMakonelHbIMH BUaMH Chl-
pest OosprIIHKKA B Poccru SIBISIOTCS TUIOABI M IBETKU
[24, 25]. KagecTBO CHIphs Ha JaHHBIA MOMEHT perilaMeH-
tupyet I'® CCCP XI u3nanus, Tak Kak B JCHCTBYIOIIYIO
Tocynapcteennyro ¢apmakonero Poccuiickoit denepa-
un X111 u3nanns obGcysxnaemMple BUIBI CHIPBS OOSIPBILI-
HHKa TI0Ka He BKIIoueHs! [31, 32, 33].

Qapmaxoriess CoenmHeHHBIX lllTatoB  Amepukn
32 wW3maHWSA OIHCHIBACT CBHIPhE OOSPBINIHUKA, IPEI-
CTaBJsIoNIee COOOW JINCThsl C LBETKaMH, COOpPaHHBIMH
ot BunoB Crataegus monogyna Jacq. unu Crataegus
laevigata (Poir.) DC., Taxoke usBectHoro kak Crataegus
oxyacantha L [27]. EBponeiickas papmakories 8 m3maHust
K JICKApCTBEHHBIM BHIAM CBHIPBsSI OOSPHIIIHUKA OTHOCHT
IUIONBI TAaKUX BUAOB, Kak Crataegus monogyna Jacq
(Lindm.), C. laevigata (Poir.) (cunonum C. oxyacantha
L.) u muctes ¢ uBetkamu Crataegus monogyna Jacq.
(Lindm.) wmu C. laevigata (Poir.) DC. (curonmmsl C.
oxyacanthoides Thuill.; C. oxyacantha auct.) m npy-
TUX EBPONEHCKUX BUAOB OospbImiHKKa, BKmrodas C.
pentagyna Waldst., C. nigra Waldst. u C. azarolus L [26].
Benopycckas dapmaxoriest BitouaeT cratb u3 EBpo-
neiickoi (hapMakoIler Ha IUIOABL, JIUCThS C LIBETKAMH, a
TaKKe OTACTBHBIC CTAThH HA IIBETKH U JIUCTHS OOSPHITI-
Huka. PapMakoneHHBIMA CYUTAIOTCA JUCTH Crataegus
sanguinea Pall. u C. laevigata (Poir) DC. (cunonum C.
oxyacantha sensu Pojark.) u nuBetku 14 Bua0B OOspHIIII-
HUKa, cpenu KoTtopwix: Crataegus sanguinea Pall.; C.
Laevigata (Poir) DC., C. korolkowii L. Henry; C. altaica
(Loud.) Lange u mp. [28]. ®apmakormiest Pecrryonuku Ka-
3axCTaH K JIEKAPCTBEHHOMY BHIY CHIPBSI OTHOCHT ILIO-
1wl Crataegus monogyna Jacq. wnu Crataegus laevigata
(Poir.) DC. (cunonnm Crataegus oxyacantha L.) [34].

[To nuTeparypHBIM TaHHBIM H3BECTHO, YTO JIHCThS,
[BETKH W TUIONBI OOSPHIITHUKA COAEPIKAaT MHOMXECTBO
O0MOo(IaBOHOUIOB, KOTOpBIE, KaK IMPEICTABISIOTCA, B
MIEPBYIO OYepelib, OTBETCTBEHHBI 338 KapAMOTOHHYECKOE
JICWCTBHE pacTeHHUs, YTO IPUBEJIO K pa3paboTKe U Mpu-
MEHEHHIO 3KCTPAKTOB U3 JIMCTHEB M IIBETKOB OOSIPHIILI-
Huka B EBpomeiickux crtpanax. buodmaBoHomms!, 00-
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HapyKEHHbIe B OOSIPBIIIHHUKE, BKIOYAIOT OJIMTOMEPHBIC
MPOLIMAHUANHBI, BUTEKCHH, KBEPLETHH W THIIEPO3HI.
Takxe B cblpbe OosipbINIHMKA conepikarcs BuTtamuH C,
CAIlOHMHBI, TyOWIbHBIE BEIECTBA, KapAHMOTOHHYECKHUE
aMuHbl  ((QEeHWIITHIAMHH, THPAMWH, W300yTHIAMUH,
O-MeTOKCU(EHWIITUIIAMIH, XOJIWH W alleTHUIIXOJIHH),
[IPOM3BOHEBIE MMypHHA (aCHO3MH, aJJCHUH, T'YaHUH, KO-
(euH, aMUTIANMH), TPUTEPIIEHOBBIE KUCIOTHI (YpcoIo-
Bas kuciora) [35, 36, 37, 38, 39].

B pesynbrare mpoBeAEHHBIX TPYMIION CaMapCKUX
YYEHBIX MCCIICIOBAHHUH, U3 TJION0B OOSIPBHIIIHIKA BBIIE-
JIeH TOMUHUPYOUIHH (DI1aBOHOW — BUTEKCHH, a U3 [[BET-
KOB OosipbIIIHUKa — runepo3un [40].

HEJIBIO paboTs! sBIsieTCs aHAIN3 U CHCTEMaTn3a-
LIUsI pe3yJIbTAaTOB UCCIIEJOBAaHNH B 00IACTH XMMHUYECKOH
CTaHIAPTU3AIMH CHIPbS OOSPHIITHUKA B (apMaKoIesx
Pa3IMYHBIX CTPaH.

MATEPUAJIBI U METO/bI. UVccnenoBanue
MPOBOJAWIOCH C HCIHOIb30BaHHEM locynapcTBEeHHOI
¢apmakonen CCCP XI wnzmanms, [ocymapcTBeHHOM
¢dapmakonen Poccuiickoit Deneparmm XIII wu3maxus,
EBpomneiickoit ¢apmakonien 6 wu3maHus, (apmakoren
Coenunennsix HItaroB Amepuku 32 uzganus, [ocynap-
cTBeHHOH (papmakonen Pecryonuku benapycs u Pecny-
6nmkn Kazaxcran, a Takxke HHPOPMaMOHHO-TIONCKOBBIX
(PubMed) n 6mbnmotednsix 0a3 naHHBIX (eLibrary).

PE3YJBTATBI U OBCYXJIEHUE

1. OnpenesieHne MOAJTUHHOCTH CHIPbSI OOAPBINI-
HHKA

1.1. ILnoas!

I'd CCCP XI uznanus Ais IUIONOB pacTeHUH poaa
Bosipeiiauk B paszpene «KadecTBeHHBIE peakIum» OMH-
CBIBa€T METOI TOHKOCHOWHOH Xxpomatorpadun (TCX),
NpelyCMaTpHUBaIOLINii 0OHapyKeHHe IMIepo3u/ia B IpH-
CYTCTBHM TOCYJapCTBEHHOTO CTaHIApTHOrO o00pasia
(T'CO) rumeposuzma B cucreMe XJIOPO(POPM-METHIOBBIH
crmpt (8:2). [Ipr 3TOM AETEKIUIO aHAIH3UPYyEMBIX Be-
IIECTB TPOBOJAT B ynbTpaduoneroBoM cere (YD-cBer)
npu mumuee BoaHbI 360 HM. Ha ypoBHe maraa I'CO rurme-
po3uaa IOJDKHA MOSBUTHCS HOJIOCA TEMHO-KOPHYHEBOTO
[BETA, 3aTeM IUIACTUHKY 00padaThIBatOT 5% CIUPTOBBIM
pacTBOPOM aJIFOMUHHS XJIOPUJIa U HAarpeBaloT, I10CiIe YeTo
IISITHO MPHOOPETAET JKENTO-3€IEHYI0 (IyOpECLCHINIO B
YO crere (runepo3nn) npu ArHE BorHB! 360 HM [24].

Erponeiickas dapmakonest 8 u3nanust (ED) u dap-
Makorien Pecniyonuku Benmapychk u Pecnyonuku Kazax-
CTaH B KaUeCTBE METO/[a Ka9€CTBEHHOTO aHAJIN3a IIJI0/I0B
OOSIPBIIIHIKA ONMCBHIBAIOT TOHKOCIOMHYIO XpOMarorpa-
(U0 Ha TUTACTHHKE CO clloeM crumhkarens P (cmcrema
pacTBOpUTENEH: KHCIO0Ta MypaBbHHAs O€3BOAHAS — BOJA
— METHJIITUIKETOH — dtuaanerar 10:10:30:50, 06/06/06/
00) TpH MCHOJIB30BaHUK PAacTBOPa CPaBHEHUS, COCTOS-
IIETO W3 XJIOPOTCHOBOM KHCIOTHI, KO(QEHHON KHCIOTHI,
THIIEpO3HIa ¥ PyTHUHA, pacCTBOPEHHBIX B MeTaHoue. [lo-
clle TIPOXOXKACHUsS (PPOHTA PACTBOPHUTEINS IIIACTHHKY
BBICYIIIMBAIOT U ONPBICKUBAIOT 1% pacTBOPOM aMHUHO3-
THIIOBOTO 3(upa AnpeHnIO0pHON KUCIOTHI B METaHOIE,
a 3areM 50 1/nm pactBopom Mmakporona 400 B meraHore.
Jlanee miacTHMHKY NPOCMaTpuBaIOT B YibTpaduoiero-
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BOM CBETE MPH JUITMHE BOJHBI 365 HM, B pe3yabTare 4ero
Ha TJIACTUHKE B CIIyYae pacTBOpa CPaBHEHHUS JOJIKHBI
OBITH BUIHBI CIEAYIOUINE 30HBI (hryopecueHIn (CHU-
3y-BBEPX II0 MEpE yBENMYeHHs R)): »enro-xopuune-
Basi (ryopeciupyroiias 30Ha (PyTHH), CBETJIO-ToIyOast
¢dyopecuupyromnias 30Ha (XJOPOTEHOBAash KHUCIOTa) H
KENTOBaTO-KOPHYHEBas (iyopecrupyromas 30Ha (Tu-
MIepO3KUa); B BEPXHEH TPETH IUIACTMHKH CBETIIO Toirybast
¢uryopeciupyromias 30Ha (kodetinas kuciora). B ciydae
UCIIBITYEMOI'0 PacTBOpa Ha IUTACTHHKE OOHApY)KHBAKOT-
cs 3 30HBI, CXOHBIE TT0 PACIIONOKEHUIO U (pIyopecieH-
LIMH C PacTBOPOM CPaBHEHUS, 3TH 30HBI COOTBETCTBY-
IOT XJIOPOTCHOBOW KHCIIOTE, THIEPO3UAYy M KodeiHoit
kucioTe. Kpome Toro, ormeuaercss Hajauuue 3 ciaabbIx
KpacHOBAaThIX (IyOpeCHUPYIOMIUX 30H, OJHA M3 KOTO-
PBIX IO PACHOJIOKEHHIO COOTBETCTBYET PYTHHY, a JIBE
OCTaJIbHBIE 30HBI PACTIOJIOKEHBI BBIIIE 30HBI TUIIEPO3HIa
u HUKe (UIyopecuupyomiell 30Hbl CBETIO-CHHETO IIBe-
Ta, KOTOpasi HAaXOJUTCSI HIKE 30HBI KOGEHHOM KHCIOThI
[26, 28, 34].

Ha namr B3misz, BBIICTIEpPEUMCICHHBIC BEIECTBA,
HCIIONIb3yeMbIe KaK CTaHJIapTHBIE 00pasibl (XJIOpOTreHo-
Bas KHCJIOTa, Ko(eitHas KUCIO0Ta, THIEPO3U U PYTHH),
IIMPOKO BCTPEUAIOTCS B JICKAPCTBEHHBIX PACTCHUSAX H,
CJIeIOBATEIIbHO, HE SBISIOTCS CHEUUPUIHBIMU AJIS TLI0-
noB OospslmHMKa. [loaTOMY, HAM TIpeaCTaBIsAeTCs, YTO
JTAaHHBIN ITOIX0]] B OTHOIICHUH aHAIN3a IJI0A0B OOSPhIII-
HUKA BPSAJ JIX MOXKHO CUUTATH IIeTIECO00Pa3HBIM.

1.2. IIBeTKH

I{BeTku mpeacraBiacHbl B [ocyaapcTBeHHOM (hapma-
xortee CCCP XI m3nanus (PC 8) u papmakornee Pecmy-
6muku benapyce.

I'd CCCP XI u3ganus 11 Ka4eCTBEHHOIO aHaIM3a
LBETKOB OosippITHMKA mpemiaraeT merox TCX Ha muia-
ctuHKax «Cumirydom» B IPUCYTCTBHH CTaHIAPTHOTO 00-
pasia TMIepo3uaa B CHUCTEME: XJIOPO(OPM-METHUIOBBIN
crupt (8:2). Ilpu 3TOM AETeKIuIo MPOBOAAT B YIbTpa-
¢uoneToBoM cBeTe Npu JuinHe BosHbI 360 HM. Ha ypoB-
He mtHa 'CO rumepo3uaa JOMKHA MOSBUTHCS T0JIOcCa
TEMHO-KOPHYHEBOTO IIBETA. 3aTeM IUIACTHHKY oOpada-
TBHIBAIOT 5% CIHUPTOBBIM PACTBOPOM ATIOMUHUS XJIOpUIa
1 HarpeBaloT, OCIIE YeTo MATHO MPHOOPETAET JKEeNTO-3e-
JeHyto QiyopecreHuio B YO-cBeTe (TUIepo3ua) npu
JUTHHE BOJIHBI 360 HM [24].

B ¢apmaxonee PecnyOnukn Benapycs B kauecTBe

MeTO/la Ka4eCTBEHHOH OILIEHKH IBETKOB OOSPHIIIHUKA
MIPE/ICTABJICH METO/ TOHKOCJOHHOW Xpomarorpaduu
B cucteme: xjopodopm-meranon (80:20, 06/00) ¢ wc-
ITOJIb30BAaHUEM THIIEPO3HJa B KadeCTBE CTaHIAPTHOTO
obpasma. IIposBieHne MIACTUHKU NMPOBOAAT B YIbTpa-
(hHOJIETOBOM CBETE MPH THHE BOJIHBI 365 HM U JJTHEBHOM
cBeTe, MpenBapuTebHO 00paboTaB MIACTHHKY PacTBO-
POM aJIOMHMHHUS XJIOPHJA C MOCIEIYIOINIMM HarpeBaHH-
em. [Ipu 3ToM B ynbTpadmoneTOBOM CBETE OTMEUaeTCs
xKenTo-3eneHas QuyopecueHiys (runeposua), a B JHEB-
HOM CBETe — SIpKO-XKelTast okpacka [28].

Mgl cunTaeM, 4TO IOAXOoX ¢ ucmoyb3oBanueM ['CO
THIIEPO3H/Ia, KOTOPBIH SIBJISIETCS] OTHUM M3 XapaKTEePHBIX
(JIaBOHOMIOB IIBETKOB OOSIPBINIHKKA, SIBISETCS OOBEK-
TUBHBIM M II03BOJISICT aJI€KBATHO OINPENENATH IOAHH-
HOCTb JAHHOTO CBIPbS.

1.3. JIucTbs ¢ uBeTKaMu

B ¢apmaxonee CIIIA kadecTBeHHOE OINpeAEICHUE
JIUCTHEB C LBETKAMM OOSPHIITHUKA MPOBOAAT C UCIIONb-
30BaHMEM TOHKOCIIOWHO#M Xxpomarorpaduu. B kauecTre
CTaHIapTOB IPUMEHSAIOT PacTBOp PYTHHA, XJIOPOTCHO-
BOM KHCJIOTHI, TUIIEpO3Ha U BUTekcHMHA. Cuctema pac-
TBOpPUTENEH BKIIFOYACT: 3THIIANCTAT — BOAY — JICISHYIO
YKCYCHYIO KHCIIOTY — MypaBbuHyto kucioty (10 : 2,6 :
1,1 : 1,1). IIposiBiieHHE MIACTUHKH MPOBOAST PACTBOPOM
2-amuHOdTHIIUEeHUIO00para B Metanoie (1%), 3arem
00paboTkoii pactBopoM nonudTHIAeHTIHKOIA 4000 B Me-
tanoise (5%) u 3aTem npocmarpuBaioT B YO-cBere [27].

Kpome Toro, B ¢apmaxonee CIIIA npemycMoTpeH
KaueCTBCHHBIM aHaJIN3 JHCThEB C IIBETKAaMHU OOSpHIII-
HUKa METOJIOM BBICOKOI((HEKTUBHOM JKHIKOCTHOH XpO-
matorpaduu (BOXKX). PacTBop cpaBHEHUSI COCTOUT U3
PYTHHA, XJIOPOT€HOBOI KHCIIOTHI, THUIIEPO3UIa U BUTEK-
CHHa, paCTBOPEHHBIX B MeTaHone. PacTBop A coctout u3
cMmecu TerparuapodypaHa, METaHONA M alleTOHUTPHIIA
(92,4 : 4,2 : 3,4). PactBop b coctout u3 0,5% pactBo-
pa dochopHoit kucnoTsl B Bojie. JleTekTupoBaHue mpo-
BOJAT TIPU JJIMHE BOJHBI 336 HM Ha KOJIOHKE pa3MepoM
4,0 mm X 10 cM, KOTOpasi COAEPIKUT YACTHUIIHI HATIOTHH-
tenst L1 pazmepom 5 MkMm. TemmepaTypa KOJIOHKH TOJ-
nepxuBaetcs Ha ypoBHe 25°C. Tlo oTaensHOCTH B XpoO-
Marorpad BBOIST paBHbIC 00bEMBI (5 MKJI) UCIIBITYEMOTO
pacTBopa M pacTBOpa CpaBHEHUS, 3aTeM H3MEPSIOT Bpe-
Ms yIep>KUBaHHUSA OCHOBHBIX IMUKOB. J{J1s pacTBOpa cpas-
HEHHsI BpeMsl yAep KUBaHHI MTPECTaBIeHO B Tabmuie 1.

Tabnuya 1 — Bpemsa yoeporcusanusn 0CHOGHBIX RUKOB O/isl PACHEOPA CPAGHEHUA

BemectBo Bpewmsi ynep)kxuBaHuUs,, MUHYTHI
XJI0poreHoBasi KHCIIOTa 0.26
T'uneposun 14
Burekcun 1.0
Pytun 1.16

Jna ucneiTyeMoro pactBopa BpeMs yAEp:KUBaHUA
OCHOBHBIX INHKOB COCTOMT U3 BPEMEHH YIEP KUBaHUS
JUISl XJIOPOTEHOBOM KHCJIOTHI, BUTEKCHHA, PyTHHA U TH-
MepO3UAa, COOTBETCTBYIOIIMX TAKOBOMY I pacTBOpa

CpPaBHEHUS, a TaKXKe€ BPEMEHH yJep KUBaHUS alleTHJIBU-
TekcuH-2"-O-paMHO3U1a, BUTEKCHHA, W30BUTEKCHUHA M
BUTEKCHH-2"-O-paMHO311a, IPEJICTaBIEHHbIX B TaOIuUIe
2 [27].
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Tabnuya 2 — Bpemsa yoeprcusanusn 0CHOBHBIX RUKOE UCNBIMYEMOZ0 PACMEOPA

BemectBo Bpewms ynepxuBaHusi, MUHYTHI
AnerunBurekcud-2"-O-paMHO3UA 1.53
Burexcun 1.0
H3oBuTeKCHH 0.73
Burekcun-2"-O-pamHo3ug 0.67

ITo HamieMy MHEHHIO, JaHHas METOJHKA JOBOJHHO
IPOMO3IKA ¥ 3aTPyIHHUTENIFHA C TOUKH 3pESHHS HHTEpIIpe-
TallX Pe3yJIbTaTOB aHaIN3a, TaK KaK Ha XpoMaTorpaMMe
HCIBITYEMOIO PacTBOPA ONPEAEISIOT BEUIECTBA, OTCYT-
CTBYIOIIIME B PaCTBOPE CPaBHEHUSI.

B Espormeiickoii ¢apmakonee u papmakonee Pecy-
6muku benapyces B pasznene «KauecTBeHHOe ompenere-
HUE» JINCTHEB C IIBETKAMHU OOSIPBIIIHUKA TPEyCMOTPEH
METOJ TOHKOCIOHHOH XpoMarorpaduu MpH UCI0Ih30Ba-
HUM PacTBOpa CPAaBHEHMS, COCTOSILETO M3 XJIOPOTEHO-
BO KHCJIOTHI ¥ THIIEPO3H/1a, PACTBOPEHHBIX B METaHOIIE.
B kauecTtBe MOABIKHOI (ha3bl MCIIONB3YIOT CHCTEMY:
0e3BOojIHAs KHCJIOTAa MypaBbUHAs — BOAA — METHIIITHI-
ketoH-3TIuTarierar (10 : 10 : 30 : 50). IIposBistoT pac-
MBUIGHHEM pacTBopa, cocrosuiero u3 10 r/m pactBopa
aMHHOITHIIOBOTO 3(upa IUPEeHUTOOPHON KHUCIOTH B
METaHoJIe, a 3aTeM pachbiIsiiorT 50 I/ pacTBOp MOJHI-
TWJICHITIMKOJISL B METAHOJIE, TIOCJIE Yero IPOSBISIOT B
Y®-crete npu 365 uMm [26, 28].

Kak MBI BHIMM, CYIIECTBYIOT HEKOTOPBIE pa3HOIIIa-
CHSI KacaTelIbHO aHalN3a JIMCTHEB C IIBETKaMHU OOSpbIII-
HUKa, KOTOPBIE BHITEKAIOT U3 HCIOJIB30BAHMS Pa3INIHBIX
MMOJXOMOB K CTaHAapTH3anuu chIpba. CrenoBaTenbHO,
OCTaeTcsl HepEeIICHHBIM BOIIPOC KaKOW METOJ CUUTaTh
aJIEeKBaTHBIM, MCXOJIsl U3 0COOECHHOCTEH (hIIaBOHOMTHOTO
COCTaBa MCCIIETyEMOTO CHIPbSI.

1.4. JIuctbs

JlucThst, Kak BUJA JIEKAPCTBEHHOTO PacTHTENHHO-
IO CBHIpBS, ONHCAHBI JHIIb B (hapmakornee PecrmyOmuxu
Benapycs. [ns ompezneneHust NOUITMHHOCTH B (apma-
KoOTIee MPEACTABICHBl PEakUi C aMMOHHEM XJIOPUIOM
(3e7IeHOBATO-XKENTOE OKpAIIMBaHUE ITIPH HArpeBaHHM),
pactBopom xene3a (III) ammoHust cyiabdarom B IpH-
CYTCTBHHM KHCIIOTHI XJIOPHCTOBOZOPOJIHOW B OyTaHoie
(xpacHOe oKpalrBaHHe IpX HarpeBaHun) [28].

Ha mam B3Dim, it onpeneieHust MOAIMHHOCTH
JINCTHEB OOSPBHINTHUKA Ieeco000pa3Ho J00aBUTh Me-
TOJ TOHKOCIIOWHOM XpoMarorpa(uu ¢ HCIOJIb30BAaHHEM
CTaHJapTHBIX 00PA3IIOB.

IMoxBonst uror maHHOTO pasjerna, HaM NPEACTaBIIs-
€TCsl, YTO aHaJHN3 MOAJMHHOCTH BCEX BHJOB CHIphs 0O-
SIPBIITHIKA HEOOXOIMMO ITPOBOIUTH MO JIMArHOCTHYE-
CKH 3HaYMMBIM BelllecTBaM. Tak, Ka4eCTBEHHBIN aHaIn3
LBETKOB ¢ Hcrnonb3oBanueM ['CO rumeposuna sBiseTcs
oobekTuBHBIM ('@ CCCP XI wuznanus, ¢apmakones
PecnyOnmuku benapyck), ncnonb3oBaHie 4eThIpex CTaH-
JApTOB (XJIOPOTEHOBask KHUCIIOTa, KodelHas KHUCIIOTa,
THIIEPO3H]] U PYTUH) U ONpENeNCHUs MOMAIMHHOCTH
moaoB GosipeimHuka (ED) He coBcem 1ienecoobpasHo,
TaK KaK JIaHHbIE BEIIECTBA HE SBISIIOTCS CIIeU(PpUIHBIMU
JUIg 00CYK/1aeMOr0 BUA CHIPhS U YacTO BCTPEYAIOTCS B
Ipyrux pacteHusx. Ha Hamr B3msin, B ciydae moOeros
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(JICTBS ¢ IIBETKAMU) UMEET CMBICII HCIIOIb30BaTh CMECh
CTaHIAapTOB, OTHAKO HE BCE CTaHJapTHHIE BellecTna (py-
TUH, XJIOPOTEHOBasl KHUCIOTA, TUIEPO3UI M BUTEKCHUH),
onmcanHnsble B apmakonee CIIA mist orrpeneneHus moa-
JIMHHOCTH JIUCTBEB C IIBETKAMU OOSAPBIIIHUKA, SIBISTFOTCS
crnenupUIHBIMU JUIS JaHHBIX YacTeil pacrenus. Pasmen
«ITomnmuHHOCTEY AT TUCTHEB OOSPHIMIHIKA IO bemopyc-
CKOHl (hapMakoniee TakKe HYXK/IaeTCsl B yCOBEPIICHCTBO-
BaHUM, TaK KaK TOJHKO KaueCTBEHHBIX PeakIiii HeJocTa-
TOYHO AT OIPEAETICHUS OATUHHOCTHU CBIPbS.

2. KosimyecTBeHHOe onpeniesieHne ()J1aBOHOMI0B B
cbIpbe 0OAPBIITHUKA

OmHUM 13 BaXHEHIIMX MapaMeTpoB METOAUKH KO-
JIMYECTBEHHOTO ONPEAEIECHHS B JIEKAPCTBEHHOM PAaCTH-
TEJIBHOM CBIPBE SBISIETCS IKCTPAKIIHSA.

Jna neneit KONMM4ECTBEHHOIO OMNPEAETCHUS ChIPbS
OOSIPBINTHIKA B pa3HBIX (hapMaKoIesX HCIOIB3YIOT pa3-
JIMYHBIE BapHaHTBl HKCTPAKIUM. Tak, sl 3KCTPAKLHU
moaoB Oosipeimanka '@ CCCP XI w3manus mpenia-
raeT HarpeBaHue ¢ 95% cnuproM B TedeHue | daca, a
EBporeiickas ¢apmaxomnes, dapmaxonen PecryOmuku
Benapycy n Pecniyonmuku Kazaxcran mpemiararor skc-
Tpakiuio 70% 3TUIOBBIM CIMPTOM IPU HAarpeBaHUH B
TedeHue 30 MUHYT.

Betku mo dapmaxonee Pecnyonuku benapych akc-
Tparupyror 96% cnupToM THIOBBIM IIPU HATPEBAHUU B
TeueHue ogHoro yaca, a mo I'd CCCP XI m3manus 95%
CIHUPTOM ATHUIIOBBIM IPU HATPEBAHUU B TEUEHUE OJHOTO
yaca [28].

DKCTpaKIMIO JIMCTHEB C BETKaMH 1O (hapMakoriee
CIIIA mpoBoaAT METAHOJIOM B T€UEHHUE S5 4acoB, a Mo EB-
pomneiickoii u benopycckoit papmakonesm 60% crimprom
B Teuenue 10 munyT [27].

Jluctest cormacHo benmopycckoii dapmakomnee 3Kc-
Tparupyior 70% 3TUIOBBIM CIIUPTOM IIPU HATPEBaHUU B
teyenue 1 yaca [28].

Kak MBI BHIUM, BpeMsl 3KCTPAaKIHU U 3KCTPATeHT
JUIS OJJHHUX M TEX K€ BUJIOB CHIPbSI CUIBHO Pa3HATCS, 4YTO
CBUJICTENBCTBYET O HEOOXOIUMOCTH MPOBEACHUS JIOTION-
HUTENBHBIX HCCIIEI0BAHUN 110 MOAOOPY ONTHMAIIEHOTO
SKCTpareHTa M ycjoBui 3kcTpakuuu. [Ipm pazpaborke
METOJIMKH KOJIMYECTBEHHOTO ONpeJeNICHNs] CyMMBI (hra-
BOHOH/IOB BaXXHBIM SIBISIETCS HAyYHO 0OOOCHOBaHHBII
BBIOOD AKCTpAreHTa ¢ y4eToM 0coOeHHOCTEH (PUTOXUMH-
YECKOTO COCTaBa CHIPHS.

2.1. Ilnoawr

B cootBerctBuu ¢ '@ CCCP XI uzganmst pasnen
«KonnuecTBeHHOE OmpeseneHne)» BKIIOYaeT XpoMa-
TO-CIEKTPO(POTOMETPHYESCKHI METOJl OLIGHKH CYMMBI
(haBOHOMIOB (B MepecyeTe Ha TUIIEPO3U ), COEpKAHUC
KOTOPBIX B ILIOAAX MOJDKHO ObITh HEe MeHee 0,06%, mpu
JUTUHE BOJIHBI 365 HM [24].
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KonnuecTBeHHoe ompeneneHue I1ionoB B Espo-
neiickoil ¢apmakoniee u apmakonesx PecryOnuku
Bemapyce u PecnyOmukn Kazaxcran mnpenmnonaraer
CHEKTPOPOTOMETPHUUECKOE ONPENENICHNE CONCPIKAHMS
MIPONMAHNUANHOB B IIEPECYETE Ha IIMAHUMHA XJIOPU, KO-
Toporo AokHO ObITh He MeHee 0,06% (E®D) u ne menee
1,0% (dpapmaxoren Pecnyomuku benapycs u Pecmy0inu-
ku Kazaxcran), mpu ayuse Boisbl 550 HM (ED) 1 545 am
(papmakonen Pecriyonukn bemapycek u Pecriyommku Ka-
3axcraH). Kpome toro, B papmakonee Pecrryonuku berna-
PYCh OIHCaH METO/ XPOMAaTO-CIIEKTPO(HOTOMETPUIECKO-
TO OIIpe/IeNieH s cofiep kaHus (PJIaBOHOMIOB B IIepecueTe
Ha TUIEPO3UJ, KOTOPOTO B CyXHX IUIOAAX JIOJDKHO OBITH
He menee 0,06%, npu anuHe BoaHbl 365 HM [26, 28, 34].

Kak MBI BUIUM, B IIPEACTaBICHHBIX HOPMATHBHBIX
JOKYMEHTaX PEKOMEHIYIOTCSl PAa3IMYHbIE MOAXOABI K
KOJIMYECTBEHHOMY OIPEICICHUIO colepkaHus  (ha-
BOHOMJIOB B IUIoJax OospbiHuKa. Kpome Toro, umeer
MECTO pa3n4He He TOJIBKO B METOZIe ONpeesieHHs (Xpo-
Maro-CreKTpo(oTOMETpHYECKUN U CIIEKTPO(OTOMETPH-
YecKHii), HO M B BBIOOpE TOKa3arelsi KadyecTBa (cymMma
(1aBOHOMIOB B TEpecUeTe Ha THNEPO3H] WM CyMMBI
MIPOIAHUANHOB).

2.2. lBeTKHN

JIyist KOJTMYECTBEHHOTO OMpPEIEIICHUS [[BETKOB 005-
peimHuka B '@ CCCP XI npuBoguTcs XpoMaTo-CIeK-
TPO(OTOMETPUIECKOE ONPEEIICHHE CONEPKAHMUS THIIe-
po3una B nBetkax (e menee 0,5%), IpHU TMHE BOJHBI
360 uMm [24].

B dapmaxonee Pecriy6onuku benapych konuuecTBeH-
HBI aHaJM3 [BETKOB OOSPHIINIHUKA HPOBOIAT XpOMa-
TO-CTIEKTPO(OTOMETPHYECKIM METOAOM, C IOMOIIBIO
KOTOPOTO OMPENENIIOT COAEpKAaHHE TUIEPO3UAa, €ro
JoKHO ObITh He MeHee 0,5%, pu TMHE BOIHEI 365 HM
[28].

XpoMaTo-CrieKTpoOTOMETPHUECKOE ONpEIEIICHHE,
Ha Halll B3IVIsJI, TPOMO3/IKO M TPYIHO B UCTIOTHEHUH U HE
JIMIIEHO HEeIOCTaTKa C TOYKH 3PEHHUS] TOYHOCTH METona
[24, 31].

2.3. JIucThA ¢ HBETKAMHU

KonnuecTBeHHOE Onpe/iesieHne JUCTHEB C IBETKAMHU
6osippiiHEKa 10 (apmakoniee CIIIA Bkmodaer ompe-
JICTICHUE METOAOM BBICOKOA((EKTHBHON IKUIKOCTHOM
xpomarorpadpun C-TIHKO3WINPOBAHHBIX (IIABOHOB B
repecyeTe Ha BUTEKCHUH, COJICP)KaHHUE KOTOPBIX JOJKHO
ob1Th He MeHee 0,6% u O-TIMKO3WIMPOBAHHBIX (IIaBo-
HOB B IIepecyeTe Ha TMIIEPO3HJ, COAEpKaHHe KOTOPBIX
nomkHO ObITH He Menee 0,45%. JleTektupoBaHue mpH
onpeneneHun C-TIINKO3WINPOBAHHBIX (PIIABOHOB IPOBO-
JIAIT TIPY JUTHHE BOJHBI 336 HM Ha KOJIOHKE pasMepoM 4
MM X 10 ¢cM ¥ CKOPOCTBIO NMTOTOKA OKOJIO 1,0 MJT B MUHYTY.
[Mpu onpenenennn O-TIMKO3WIMPOBAHHBIX (PI1aBOHOB
(tepmuH B3sT n3 ®C, oxHako peub 371ech UieT o ¢ua-
BOHOJIaX ) UCIIOIB3YIOT ACTCKIHUIO MIPH JATIHHE BOIHBI 370
HM Ha KOJIOHKE pazMepoM 4,6 MM X 25 ¢cM CO CKOPOCTBIO
notoka 1,5 mi B MunHyTy [27].

KonnuecTBeHHOE ONpeleNieHne LENEBbIX BEIECTB
B JIMCThSIX C IBeTKamu o EBpomneiickoii papmakonee u
¢dapmakonee PecrryOnuky benapych BKIIIOUaeT CieKTpo-

(oTOMeTpUYECKOe OIpPE/CICHHE COACPIKAHUS CYMMBI
(1aBOHOMIOB B IE€pecyeTe Ha TMIIEPO3HI, KOTOPOro B
CBIPBE JIOIDKHO OBITH HEe MeHee 1,5%, mpu JUTHHE BOJTHEI
405 am (EBpomneiickas apmakorres) u 410 am (hapmako-
miest PecrryOnmku bemapycs) [26, 28].

[To Bceit BUAMMOCTH, B 3TOM CIyyae HEOOXOAUMO
JIOTIOJIHUTENBEHOE HCCIIeIOBaHUE Ha COOTBETCTBUE BHIOO-
pa aHAJIMTUYECKOH JUTMHBI BOJIHBI, XapaKTEPHOH JUIS TeX
BEILIECTB, KOTOPHIE COAEPIKATCS B CHIPBE.

2.4. Jluctbs

JI71s1 KOTMYECTBEHHOTO ONPENENICHUS NEHCTBYOIUX
BEILIECTB B JIMCThSX OOsIphIIHKMKA B (hapmakoriee Pecmy-
Oonvku bemapych ommcaHO CHEKTPOGOTOMETPUUECKOE
OTIpe/ieJICHUE COJNepKaHKUsI CyMMBI (pIIaBOHOMIOB B Tie-
pecdere Ha pyTuH (He MeHee 0,25%) mpu JUTMHE BOJIHBI
409 HM U CIIeKTPO(POTOMETPHUIECKOE OIpeeNIeHHEe CO-
Jiep’KaHMsI CyMMBI IIPOLIMAHUANHOB B IIEPECcUeTe Ha IHa-
HUAUHA xnopun (He meHee 5,0%) npu qnuHe BomHbI 550
HM [28].

Ha namr B3misia, BBIBOJBI OTHOCHTENIBHO OOBEKTHB-
HOCTH JTaHHOW METOAWKH MOTYT OBITH C/IEJIaHBI TOIBKO
mocjae yrnIyOJIeHHOTO HM3yYCHHS XMMHUYECKOTO COCTaBa
JIAHHOTO BU/IA CHIPBSI.

3. MeToquku aHaIu3a ChIpbsl OOAPBINIHUKA,
NpeJio/KeHHbIe O0TAeIbHBIMU ABTOPAMH

3.1. ITuoanl

B HEKOTOPBIX HCTOYHHUKAX OMHCAHA METOAMKA KOJTH-
YECTBCHHOTO OIPE/CNEHHs NPOLUAHUIUHOB B ILIOAAX
OOSIPBINTHIKA C UCIOJIb30BAHHEM MOTU(PHIIMPOBAHHOIO
Metona Iloprepa. B xone maHHON METOAUKHU MOJNYydYarOT
W3BJICYEHHE U3 IIONOB OOSpBINIHMKA ¢ oMolnbsio 70%
STHJIOBOTO CIIUPTA, K M3BJICYCHUIO HOOABISIOT KHCIBIA
pacTtBop OyTaHOIA, JKENe30CONEep KA PEakTHB (IJIs
KHCJIOTHOTO PaCIIEIJICHUs POIUaHUINHOB IO aHTOIIU-
aHOB), a 3aT€M HM3MEPSIOT ONTUYECKYIO IUNIOTHOCThH pac-
TBOpa Ha CHEKTPOPOTOMETpE NPH JUTHHE BOJIHBI 550 HM
[41].

CaMapcKUMHU YYeHBIMA ObIlIa MPEIOKEHa METOIH-
Ka aHall3a COACP)KaHMUs CyMMBI ()IaBOHOHMJIOB IIJIOOB
OOSIPBIIIHMKA C TIPEIBAPUTEILHBIM MOJYYEeHHEM H3BIIE-
yeHus: Ha ocHoBe 70% STUIIOBOTO CHHpTa B Mepecyere
Ha THIIEPO3H] C UCIIONb30BaHHEM An(depeHInaTIbHON
CIEKTPOPOTOMETPHH TIPH AITHHE BOIHEI 412 HM [42].

3.2. IIBeTKH

JI71s1 IBeTKOB OOSIpBINIHMKA ObLTA TIPEIOKEHA METO-
JIMKa KOJIMYECTBEHHOTO OIIPE/IeiIeH s CyMMBI (hi1aBoHOU-
JIOB B TIiepecueTe Ha TUIepo3uj MeronoM auddepeHnn-
QIBHOW CIIEKTPO(OTOMETPUH TIPH JUTHHE BOTHEI 412 HM
U TIPEIBAPUTEIEHBIM ITOTYIEHHEM H3BJICUCHUS HA OCHO-
Be 70% sTmiioBoro crimpra [43].

3.3. JIucThs ¢ HBEeTKAMHU

Pa3paborana mertonmuka OmpeneNeHus] MOIMHHO-
CTH JIMCThEB C I[BETKAMH OOSPBHIIIHUKA METOJOM TOH-
KOCIIOWHOW XpomaTorpaduu B OABIKHOHN (paze: dTHIa-
meTar-ykcycHas kuciora-soza (5 : 1 : 1) B mpucyTcTBUI
pPacTBOpOB CBHJETENCH: PYTHH, BUTEKCHH, XJIOPOTEHO-
Bas KHUcIoTa, runepo3u [44]. Kpome Toro, nmpenioxena
METO/IKa Ka4eCTBEHHOTO M KOJWYECTBEHHOTO OIIpee-
JICHWS] BATEKCHHA, PYyTHHA, THIIEPO3U/1a U KBEPLETHHA B
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CBIPBE JIMCTHS C IIBETKaMH 00spBIIIHIKA MeTooM BOXKX
CO CHEKTPO(OTOMETPUUECKUM JACTEKTUPOBAHHEM ITOCTIC
MIpeIBapUTEIBHOM KCTPAKIMU ¢ TToMontsio 70% »>Tuio-
Boro crimpTa [45].

WHocTpaHHBIMH yUeHBIMH ObUIa TakXke pa3paboTa-
Ha METOJHMKA KOJUYECTBEHHOTO OMpENEICHUs Mpolua-
HUIMHOB B JIUCTBAX C LIBETKAMH OOSPBIITHUKA METOIOM
cBepxd(hexkTHBHOW KHUIKOCTHOH Xpomartorpaduu ¢
(ITyoMeTpHYECKHM JETEKTUPOBAHHEM C MPEIBAPHUTEIb-
HBIM TIOJTyY€HHEM BOJIHO-AI[eTOHOBOTO H3BJICUCHHS W3
CBIpbs OOsIpBIIIHKKA [46].

3.4. JIuctes

CaMapcKUMHU YYEHBIMHU IPEIOKEHAa METOAMKA KO-
JIMYECTBEHHOTO OIPE/ENICHNs] JIMNCThEB OOSPBILIHUKA
KpPOBaBO-KPaCHOTO METO/IoM IU(depeHIraibHON CrieK-
TpodoroMeTpuu npH 412 HM B mepecyere Ha THIEPO3UT
C MPEABAPUTENLHOM dKCTpaKIUel Chipbs 70% 3TUIOBBIM
cupToMm [47].

Onucana METOIMKa KOJIMYECTBEHHOTO OIPEIeICHHS
2"-O-paMHO3UI-BUTEKCHHA, BUTEKCHHA, U30BUTEKCHHA,
PYTHHA M THIIEPO3H/Ia B JIUCTHIX OOSAPBILIHUKA METOIOM
YKHJKOCTHOW Xpomarorpaduu ¢ ynsrpaduoneToBbM Jie-
TeKThpoBaHueM [48].

Taxoke CcymecTByeT METOIUKa KOJHMYECTBEHHOTO
onpexaenenust 2"-O-Toko3u] BHUTEKcuHa, 2"-O-pam-
HO3UJ BHUTEKCHHA, PYyTHHA U THIEPO3UIa B JHUCTHAX
OOSIpBIIIHIKA METO/IOM 00palieHHO-(ha30BOH BBICOKO-
3¢ EKTUBHON KHUIKOCTHOU Xpomarorpaduu ¢ yabTpa-
(buoneToBbIM JieTeKTHpOBaHUEM [49].

I'pynna KuTaliCKUX YYEHBIX KOJIMYECTBEHHO OIIpe-
JieNsiyia IeCSITh KOMITOHEHTOB: BUTEKCHH-2'"-paMHO3UI,
BUTCKCHH-TJIIOKO3H], BUTEKCHH, THIIEPO3UA, H30KBEp-

LUTPHH, XJIOPOTEHOBYIO KHCJIOTY, 9YKOMOBYIO KHCIIOTY,
snuKarexuH, npounanuaud B2 u Cl B nuctesax 6os-
phIIHKEKA TiepucToHanpe3annoro (Crataegus pinnatifida
Bge.) MeTtonoM BbICOKO3()(EKTUBHOM KUIAKOCTHON XpO-
matorpaduu [50].

3AKJIIOYEHHME. TakuMm o0pa3oM, MpOBEICHHBIN
HaMHM aHaJM3 U CHCTEMATH3allusl pe3ylbTaToOB UCCIeN0-
BaHUH B 007aCTH XMMHUYECKOH CTaHAAPTH3ALUHU CHIPHS
OOsIpBIIIHKIKA B (papMaKornesx pa3invHbIX CTPaH MoKa3a-
JIM, 9YTO B METOJMKaxX aHalii3a ChIpbs BUIOB poaa bos-
poitHuK (Crataegus L.), BKIIIOYEHHBIX B OTEUECTBEHHBIC
U 3apyOeKHbIe (PapMaKoIieH, UCIIOIL3YIOTCS pa3IMYHbIC
METOJJMYECKHE M METO/IOJOIMYEeCKUe MOAXObl K CTaH-
JlapTU3allMy TUIOJI0B, [IBETKOB U JIHCTheB. Kpome Toro,
00HapyKEHO, YTO ChIPhE OJHOTO HAUMEHOBAaHHsI aHAJIU-
3UPYETCsl C UCIIOIb30BAHUEM Pa3IMuHbIX METOMUK. [Ipu
9TOM, Ha Halll B3DJIsi/, UCTIOJb30BAaHUE B METOIMKAX Pa3-
JIMYHBIX DKCTPAreHTOB HE BcerJa 00OCHOBAHO C TOYKH
3peHusT PUNKO-XUMHUYECKHX U CIIEKTPaJIbHBIX XapaKTe-
PHCTHK aHAIM3UPYEMbIX BEIIECTB. TakKe HAMH MOKa3a-
HO, YTO B METO/IMKaX KaYeCTBEHHOTO U KOJINYECTBEHHOTO
aHanmu3a JeHCTBYIONINX BemlecTB ((h1aBOHOMABI, IPOLHU-
AQHMJIMHBI) HE BCErJa BENEeTCs OPUEHTAlMs Ha JUarHo-
CTHYECKH 3HAaYMMbIE CTaHJIAPTHBIE BEIIECTBA.

B a1oit cBs3u HeoOxomuMo Oosee TiIyOoKoe u3yde-
HUE XUMHYECKOTO COCTaBa ChIPbsl OOSIPHIIIHUKA C 1IEIBI0
BBISIBJICHUS TMArHOCTHYECKH 3HAUYMMBIX BEIECTB, IOJI-
0opa ONTHMAIIBHBIX YKCTPAreHTOB M YCIOBHUI KCTpaK-
LIUH, YTO MO3BOJIUT pa3paboTarh HAYYHO 0OOCHOBAHHbIC
MOAXO/bI K CTaH/IAPTH3aLUKN U YHUPHUIIUPOBATH METO/IHU-
KM aHaJn3a ChIpbsl U MPEnaparoB BUIOB poja OOspbIli-
HUK.

INTRODUCTION. Currently, herbal medicines are
gaining popularity and are used both in the treatment and
prevention of various diseases [1, 2]. This may be due
to the fact that herbal medicines have a low toxicity at a
sufficiently high efficiency, a wide range of therapeutic
effects, a complex effect on the human body with their
rational use. They are and also relatively cheap in
comparison with synthetic drugs [3].

Currently, cardiovascular diseases remain the most
important social and medical problem in many countries.
Thus, according to the World Health Organization,
cardiovascular diseases are the leading cause for death
in the world, so the problems of prevention and timely
treatment of this pathology acquire special urgency [4,
5]. In this regard, the drugs based on hawthorn, are of
great interest [6, 7].

The reparations based on hawthorn have been used
in folk medicine for a long time. The first mention of the
positive effect of hawthorn on the heart refers to the first
century of our era [8]. The use of hawthorn for treatment
of cardiovascular diseases dates back to the late 1800s,
when hawthorn was supposed to be used as an alternative
therapy for the treatment of various cardiovascular
diseases such as angina, hypertension, hyperlipidemia,
arrhythmia, etc. [9].

The authors describe the studies on the reduction
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of the cholesterol level and triglycerides in the blood of
animals while using hawthorn raw materials [10, 11].
The studies on rats, mice, rabbits and cats have shown
that hawthorn extract can slowly and steadily reduce
blood pressure by expanding peripheral vessels [12, 13].

As for hawthorn raw materials, some authors also
notify the presence of antibacterial activity against
a number of microorganisms, in particular against
Escherichia coli, Staphylococcus aureus, Pseudomonas
aeruginosa and Candida albicans [14, 15].

In addition, some sources describe the antioxidant
effect of extracts from hawthorn raw materials [16, 17,
18]. Currently hawthorn attracts the attention of doctors
and researchers by its cardiotonic and cardioprotective
properties, which is confirmed by numerous clinical
studies [19]. Thus, in 2003 a meta-analysis of randomized
placebo-controlled studies of hawthorn extract (Crataegus
pinnatifida Bunge) for treatment of patients with chronic
heart failure showed the presence of a cardiovascular
benefit compared with placebo [20]. A group of Chinese
scientists in 2014 published a randomized, double-blind
study of the use of multicomponent herbal preparation
based on hawthorn in the treatment of dyslipidemia. As
a result of the conducted research it was found out that
this herbal preparation caused a slight decrease in plasma
levels of low-density lipoproteins after a 12-week course
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of treatment, without causing undesirable phenomena
[21]. In 2015, a group of Iranian scientists conducted
a comparative study of the effects of aerobic exercise
and the use of hawthorn extract (Crataegus oxyacantha
L.) on intracellular adhesion molecules of Type 1 and
E-selectin in patients with stable angina. As a result,
it was concluded that aerobic exercises and the use of
Crataegus oxyacantha L. as additional therapy effectively
reduce the risk of developing atherosclerosis and further
problems connected with the cardiovascular system [22].
It is also interesting that there was a study published
in 2016, in the course of which it was concluded that
hawthorn leaf extract (Crataegus azarolus L.) stimulates
antiproliferative activity, cell cycle arrest and apoptosis
in human colon cancer cells HT-29 and HCT-116 [23].

In the Russian Federation, hawthorn flowers and
fruits (Crataegus L.) are used to obtain cardiotonic
medicinal drugs [24, 25]. Abroad, medicines on the basis
of hawthorn leaves and flowers have got widely spread
[26, 27, 28].

On the territory of our country there are about 40
species of wild-growing hawthorns [29, 30]. Of the
12 species of hawthorn included into the current State
Pharmacopoeia of the USSR, XI-th edition (GF USSR
XI), 9 grow on the territory of the Russian Federation,
and the fruits and flowers are the pharmacopoeial species
of hawthorn raw materials in Russia [24, 25]. At the
moment the quality of raw materials is regulated by the
State Pharmacopoeia of the USSR of the XI-th edition,
as the discussed types of hawthorn raw materials are not
included into the current State Pharmacopoeia of the
Russian Federation of the XIII-th edition [31, 32, 33].
The United States Pharmacopeia of the 32-nd edition
describes hawthorn raw materials, representing leaves
with flowers collected from the species Crataegus
monogyna Jacq. or Crataegus laevigata (Poir.) DC., also
known as Crataegus oxyacantha L [27].

The European Pharmacopoeia (the 8-th edition)
refers to the medicinal hawthorn raw materials the fruits
of such species as Crataegus monogyna Jacq (Lindm.),
C. laevigata (Poir) (a synonym for C. oxyacantha L.)
and leaves with flowers of Crataegus monogyna Jacq.
(Lindm.) or C. laevigata (Poir) DC. (synonyms for C.
oxyacanthoides Thuill, C. oxyacantha auct.) and other
European hawthorn species, including C. pentagyna
Waldst., C. nigra Waldst. and C. azarolus L [26].

The Belarusian Pharmacopoeia includes articles
from the European Pharmacopoeia on fruits, leaves with
flowers, as well as some specific articles on hawthorn
flowers and leaves.

The leaves of Crataegus sanguinea Pall. and C.
laevigata (Poir) DC. (synonym of C. oxyacantha sensu
Pojark.) and the flowers of 14 species of hawthorn,
including Crataegus sanguinea Pall.; C. Laevigata
(Poir) DC., C. korolkowii L. Henry; C. altaica (Loud.)
Lange and others are considered to be included into
Pharmacopoeia [28]. The Pharmacopoeia of the Republic
of Kazakhstan refers fruits of Crataegus monogyna
Jacq. or Crataegus laevigata (Poir) DC. (synonym for

Crataegus oxyacantha L.) to medicinal raw materials
[34].

According to the literature data, hawthorn leaves,
flowers and fruits are known to contain a lot of
bioflavonoids, which seem to be primarily responsible
for the cardiotonic action of the plant, leading to the
development and use of extracts from the hawthorn
leaves and flowers in European countries. Bioflavonoids
found in hawthorn include oligomeric procyanidins,
vitexin, quercetin and hyperoside. The hawthorn raw
materias also contain vitamin C, saponins, tannins,
cardiotonic amines (phenylethylamine, tyramine,
isobutylamine, O-methoxyphenylethylamine, choline
and acetylcholine), purine derivatives (adenosine,
adenine, guanine, caffeine, amygdalin), triterpenic acids
(ursolic acid) [35, 36, 37, 38, 39].

As a result of the research conducted by a group of
Samara scientists, the dominant flavonoid vitexin was
isolated from the fruits of hawthorn, and the hyperoside
— from the hawthorn flowers [40].

THE AIM of the work is to analyze and systematize
the research results in the field of chemical standardization
of hawthorn raw materials in pharmacopoeias of different
countries.

MATERIALS AND METHODS. The study was
conducted with the use of the State Pharmacopoeia of
the USSR (XI-th edition), the State Pharmacopoeia of
the Russian Federation (XIII-th edition), the European
Pharmacopoeia (6-th edition), the United States
Pharmacopeia (32-nd edition), the State Pharmacopoeia of
the Republic of Belarus and the Republic of Kazakhstan,
as well as the information and search (PubMed) and
library databases (eLibrary).

RESULTS AND DISCUSSION

1. Determination of the authenticity of hawthorn
raw materials

1.1. Fruits

In the section “Qualitative reactions” for the fruits of
plants of the genus Hawthorne, the State Pharmacopoeia
of the USSR (XI-th edition) describes a thin layer
chromatography (TLC) method, which involves the
detection of a hyperoside in the presence of a state standard
sample (SSS) of the hyperoside in the chloroform-
methyl alcohol system (8: 2). Hereby, the detection of the
analytes is carried out in the ultraviolet light (UV light)
at the wavelength of 360 nm. At the spot level of the
hyperoside state standard sample (SSS), a strip of dark
brown color should appear, then the plate is treated with
a 5% alcohol solution of aluminum chloride and heated.
After that the spot acquires a yellow-green fluorescence
in the UV light (hyperoside) at the wavelength of 360
nm [24]. The European Pharmacopoeia (6-th edition),
the State Pharmacopoeias of the Republic of Belarus
and the Republic of Kazakhstan describe thin layer
chromatography on a plate with a layer of silica gel P
(solvent system: acidic anhydrous water-methyl ethyl
ketone-ethyl acetate 10: 10: 30: 50, V/V/V/V)using a
reference solution consisting of chlorogenic acid, caffeic
acid, hyperoside and rutin dissolved in methanol, as a
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method for the qualitative analysis of hawthorn fruits.
After passing through the solvent front, the plate is dried
and sprayed with a 1% solution of aminoethyl ester of
diphenylboric acid in methanol and then with a 50 g / |
solution of macrogol 400 in methanol.

Further, the plate is viewed in ultraviolet light
at the wavelength of 365 nm. As a result of these
actions the following fluorescence zones (bottom-
up as Rf increases) should be visible on the plate in
the case of the reference solution: a yellow-brown
fluorescent zone (routine), a light blue fluorescent zone
(chlorogenic acid) and a yellowish-brown fluorescent
zone (hyperoside); in the upper third of the plate a light
blue fluorescent zone (caffeic acid) should be visible.
In the case of the test solution, 3 zones are found on
the plate. They are similar to a reference solution in
location and fluorescence, these zones correspond to
chlorogenic acid, hyperoside and coffee acid. Besides,
there are 3 weak reddish fluorescent zones, one of which
corresponds to rutin according to its location, and the
other two zones are located above the hyperoside zone
and below the fluorescent light blue zone of which is
below the caffeic acid zone [26, 28, 34].

In our opinion, the above mentioned substances
used as standard samples (chlorogenic acid, caffeic acid,
hyperoside and rutin) are widely found in medicinal
plants and, therefore, are not specific for hawthorn fruits.
Therefore, this approach with regard to the analysis of
hawthorn fruits appears to be hardly expedient.

1.2. Flowers

Flowers are represented in the State Pharmacopoeia
of the USSR (XI-th edition) and Pharmacopoeia of the
Republic of Belarus.

For the qualitative analysis of hawthorn flowers
the State Pharmacopoeia of the USSR (XI-th edition)
suggests the thin layer chromatography (TLC) method
on “Siloufol” plates in the presence of a standard
hyperoside sample in the system of chloroform-methyl
alcohol (8: 2). Hereby the detection is carried out in
ultraviolet light at the wavelength of 360 nm. At the
spot level of the standard hyperoside sample a dark
brown strip should appear. The plate is then treated with
a 5% alcohol solution of aluminum chloride and heated.
After that the spot acquires a yellow-green fluorescence

in UV light (hyperoside) at the wavelength of 360 nm
[24].

In the Pharmacopeia of the Republic of Belarus, as a
method of qualitative assessment of hawthorn flowers, a
thin layer chromatography method is shown in the system
of chloroform-methanol (80:20, v / v) with the use of
hyperoside as a standard sample. The manifestation of the
plate is carried out in ultraviolet light at the wavelength
of 365 nm in the daylight, pretreating the plate with a
solution of aluminum chloride followed by heating. In
ultraviolet light a yellow-green fluorescence (hyperoside)
is seen, and in the daylight it is bright yellow [28].

We consider the approach with the use of a standard
hyperoside sample, which is one of the characteristic
flavonoids of hawthorn flowers, objective, as it makes it
possible to adequately determine the authenticity of these
raw materials.

1.3. Leaves with flowers

In the US Pharmacopeia, a qualitative determination
of leaves with hawthorn flowers is carried out using thin
layer chromatography. As standards, a solution of rutin,
chlorogenic acid, hyperoside and vitexin is used. The sol-
vent system includes the following ingredients: ethyl ace-
tate — water — glacial acetic acid — formic acid (10:2.6: 1.1
: 1.1). The manifestation of the plate is carried out with a
solution of 2-aminoethyldiphenylborate in methanol (1%),
then by treatment with a solution of polyethylene glycol
4000 in methanol (5%) and then viewed in UV light [27].

Besides, the US Pharmacopeia provides a qual-
itative analysis of leaves with hawthorn flowers by
high-performance liquid chromatography (HPLC). The
reference solution consists of rutin, chlorogenic acid,
hyperoside and vitexin dissolved in methanol. Solution
A consists of a mixture of tetrahydrofuran, methanol
and acetonitrile (92.4 : 4.2 : 3.4). Solution B consists
of a 0.5% solution of phosphoric acid in water. The de-
tection is carried out at the wavelength of 336 nm on
a 4.0 mm x 10 cm column that contains 5 um L1 filler
particles. The column temperature is maintained at 25°
C. Separately, equal volumes (5 pl) of the test solution
and the reference solution are introduced into the chro-
matograph, then the retention time of the main peaks is
measured. For the reference solution, the retention time
is shown in Table 1.

Table 1 — Retention time of the main peaks for the reference solution

Substance Retention time, minutes
Chlorogenic acid 0.26
Hyperoside 1.4
Vitexin 1.0
Rutin 1.16

For the test solution, the retention time of the main
peaks consists of retention time for chlorogenic acid,
vitexin, rutin and hyperoside corresponding to that for
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the reference solution, as well as the retention time of
acetylvitexin-2""-O-rhamnoside, vitexin, isovitexine and
vitexin-2''-O-rhamnoside, as shown in Table 2 [27].
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Table 2 — Retention time of the main peaks of the test solution

Substance Retention time, minutes
Acetylvinixine-2"-O-rhamnoside 1.53
Vitexin 1.0
Izovitexin 0.73
Vitexin-2"-O-rhamnoside 0.67

In our opinion, this technique is rather cumbersome
and difficult from the point of view of interpreting the
results of the analysis, because the chromatogram of the
test solution determines substances absent in the refer-
ence solution.

In the European Pharmacopoeia and Pharmacopoeia
of the Republic of Belarus, in the section “Qualitative de-
termination” of leaves with hawthorn flowers, a thin lay-
er chromatography method is provided using a reference
solution consisting of chlorogenic acid and hyperoside
dissolved in methanol. The following system is used as
a mobile phase: anhydrous formic acid — water — methyl
ethyl ketone — ethyl acetate (10: 10: 30: 50). The mani-
festation is carried out by a spray — a solution consisting
of a 10 g/ 1 solution of aminoethyl ester of diphenylboric
acid in methanol and then a spray of a 50 g / 1 solution of
polyethylene glycol in methanol. After that the substance
is displayed in UV light at 365 nm [26, 28].

As far as we can see, there are some disagreements
regarding the analysis of leaves with hawthorn flowers,
which stem from the use of different approaches to the
standardization of raw materials. Consequently, the prob-
lem of the most appropriate method to be used, remains
unsolved because of the characteristics of the flavonoid
composition of the raw materials being examined.

1.4. Leaves

Leaves, as a kind of medicinal plant material, are
described only in the Pharmacopeia of the Republic of
Belarus. To determine the authenticity, in the Pharmaco-
peia the following reactions are presented: with ammo-
nium chloride (greenish-yellow staining while heating),
iron (III) solution of ammonium sulfate in the presence
of hydrochloric acid in butanol (red staining while heat-
ing) [28].

In our opinion, to determine the authenticity of haw-
thorn leaves, it is advisable to add a thin layer chroma-
tography method using standard samples.

Summing up the results of this section, it seems to us
that the analysis of the authenticity of all types of haw-
thorn raw materials should be carried out diagnostically
on significant substances.

Thus, the qualitative analysis of the flowers with
the use of hyperoside state standard sample (SSS) is
objective (the State Pharmacopoeia of the USSR, XI-
th edition, the State Pharmacopoeia of the Republic of
Belarus), the use of four standards (chlorogenic acid,
coffee acid, hyperoside and rutin) to determine the
authenticity of hawthorn fruits is not quite appropriate,
since these substances are not specific to the discussed
type of raw materials and are often found in other plants.

In our opinion, in the case of shoots (leaves with
flowers) it makes sense to use a mixture of standards,

but not all the standard substances (rutin, chlorogenic
acid, hyperoside and vitexin) described in the US
Pharmacopeia for determining the authenticity of the
leaves with hawthorn flowers, are specific parts of the

plant.

In the Belarusian Pharmacopoeia the section
“Authenticity” for hawthorn leaves also needs
improvement, since only qualitative reactions are

insufficient to identify the authenticity of raw materials.

2. Quantification of flavonoids in hawthorn raw
material

Extraction is one of the most important parameter
in the quantitative determination in medicinal plants raw
materials.

For the purposes of quantitative determination of
hawthorn raw materials in different Pharmacopoeias,
various extraction options are used. Thus, for the
extraction of hawthorn fruits, the State Pharmacopoeia
of the USSR, XI-th edition, offers heating with 95%
alcohol for 1 hour, and the European Pharmacopoeia,
the Pharmacopoeias of the Republic of Belarus and
the Republic of Kazakhstan, offer 70% ethyl alcohol
extraction while heating for 30 minutes.

According to the Pharmacopoeia of the Republic
of Belarus, flowers are extracted with 96% ethanol
while heating for 1 hour, and according to the State
Pharmacopoeia of the USSR, XI-th edition, they are
extracted with 95% ethanol while heating for 1 hour [28].

According to the US Pharmacopeia, extraction of
leaves with flowers is carried out with methanol for 5
hours, and according to the European and Belarusian
pharmacopoeias it is done with 60% alcohol for 10
minutes [27].

According to the Belarusian Pharmacopoeia, leaves
are extracted with 70% ethyl alcohol while heating for 1
hour [28].

As far as we can see, the extraction time and extractant
for the same types of raw materials vary greatly, which
indicates the necessity for additional studies on selection
of the optimal extractant and extraction conditions. When
developing a methodology for quantifying the amount
of flavonoids, it is important to scientifically select the
extractant, taking into account the characteristics of the
phytochemical composition of raw materials.

2.1. Fruits

In accordance with the State Pharmacopoeia of
the USSR, XI-th edition, the section “Quantification”
includes a chromatographic-spectrophotometric method
for estimating the sum of flavonoids (in terms of
hyperoside). Their quantity in fruits should be at least
0.06% at the wavelength of 365 nm [24].

Quantification of fruits in the European
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Pharmacopoeia and the Pharmacopoeias of the Republic
of Belarus and the Republic of Kazakhstan presupposes
a spectrophotometric determination of the quantity of
procyanidins in terms of cyanidin chloride, which should
be at least 0.06% (European Pharmacopoeia) and not less
than 1.0% (Pharmacopoeias of the Republic of Belarus
and the Republic of Kazakhstan), at the wavelength
of 550 nm (European Pharmacopoeia) and 545 nm
(Pharmacopoeias of the Republic of Belarus and the
Republic of Kazakhstan).

Besides, the Pharmacopoeia of the Republic of
Belarus describes the method of chromatographic
spectrophotometric determination of flavonoids in terms
of hyperoside, the quantity of which should be at least
0.06% at the wavelength of 365 nm in dry fruits [26, 28,
34].

As far as we can see, in the submitted normative
documents various approaches to quantification of
the quantity of flavonoids in hawthorn fruits are
recommended. Besides, there is a difference not only
in the method of determination (chromatography-
spectrophotometric and spectrophotometric), but also in
the choice of the quality index (the sum of flavonoids in
terms of hyperoside or the sum of procyanidins).

2.2. Flowers

In the State Pharmacopoeia of the USSR, XI-
th edition, a chromatographic-spectrophotometric
determination of the quantity of hyperoside in flowers
(at least 0.5%) at the wavelength of 360 nm is given for
quantification of hawthorn flowers [24].

In the Pharmacopoeia of the Republic of Belarus, a
quantitative analysis of hawthorn flowers is carried out
by a chromatography-spectrophotometric method, by
which the quantity of a hyperoside is determined, it must
be at least 0.5%, at the wavelength of 365 nm [28].

Chromato-spectrophotometric determination, in our
opinion, is cumbersome, difficult to perform and is not
deprived of a lack in terms of the accuracy of the method
[24, 31].

2.3. Leaves with flowers

In the US Pharmacopeia, quantification of hawthorn
leaves includes the determination of C-glycosylated
flavones in terms of vitexin (the quantity should
be at least 0.6%), and O-glycosylated flavones in
terms of hyperoside (the quantity should be at least
0.45%). Hereby the method of high-performance
liquid chromatography is used. The detection for the
determination of C-glycosylated flavons is carried out
on a 4 mm x 10 cm column at the wavelength of 336
nm and a flow rate of about 1.0 ml per minute. In the
determination of O-glycosylated flavons (the term is
taken from the Pharmacopoeia of the USA, but here it is
a matter of flavonols), the detection is carried out on a 4.6
mm X 25 cm column at the wavelength of 370 nm with a
flow rate of 1.5 ml per minute [27].

Quantification of target substances in leaves with
flowers according to the European Pharmacopoeia and
the Pharmacopoeia of the Republic of Belarus includes
spectrophotometric determination of the quantity of
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the sum of flavonoids in terms of hyperoside. In raw
materials their quantity should be not less than 1.5% at
the wavelength of 405 nm (European Pharmacopoeia)
and 410 nm (the Pharmacopoeia of the Republic of
Belarus) [26, 28].

Apparently, in this case an further investigation is
necessary for compliance with the choice of the analyti-
cal wavelength characteristic of the substances contain-
ing in raw materials.

2.4. Leaves

In the Pharmacopoeia of the Republic of Belarus, for
quantification of active substances in hawthorn leaves,
spectrophotometric determination of the quantity of fla-
vonoids in terms of rutin (not less than 0.25%) at the
wavelength of 409 nm, and spectrophotometric determi-
nation of the amount of procyanidins in terms of cyanidin
chloride (not less than 5.0%) at the wavelength of 550
nm [28].

In our opinion, the conclusions regarding the objec-
tivity of this methodology can be made only after a deep
study of the chemical composition of this type of raw
materials.

3. Methods for analyzing the raw material of
hawthorn, proposed by individual authors

3.1. Fruits

Some literature shows a procedure for the quantifi-
cation of procyanidins in hawthorn fruits using modified
Porter’s method. According to this method, extraction of
hawthorn fruits is carried out with 70% ethanol, then an
acid solution of butanol and an iron reagent (for acidic
cleavage of procyanidins to anthocyanins) are added to
the extract. After that the optical density of the solution
is measured by a spectrophotometer at the wavelength of
550 nm [41].

Samara scientists proposed a technique for analyz-
ing the contents of the sum of hawthorn fruits flavonoids
with preliminary extraction on the basis of 70% ethyl
alcohol in terms of hyperoside using differential spectro-
photometry at the wavelength of 412 nm [42].

3.2. Flowers

For hawthorn flowers, a method was proposed for
quantifying the amount of flavonoids in terms of hypero-
side by differential spectrophotometry at the wavelength
0f 412 nm and preliminary extraction on the basis of 70%
ethyl alcohol [43].

3.3. Leaves with flowers

A method for determining the authenticity of leaves
with hawthorn flowers was developed by thin layer chro-
matography in a mobile phase: ethyl acetate — acetic acid
—water (5: 1: 1) in the presence of witness solutions of:
rutin, vitexin, chlorogenic acid, hyperoside [44]. In ad-
dition, methods for qualitative and quantitative determi-
nation of vitexin, rutin, hyperoside and quercetin in raw
leaves with hawthorn flowers was proposed by high per-
formance liquid chromatography (HPLC) with spectro-
photometric detection after preliminary extraction with
70% ethanol [45].

Foreign scientists have also developed a procedure
for quantification of procyanidins in leaves with haw-
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thorn flowers by the method of ultra-efficient liquid chro-
matography with fluorometric detection with preliminary
preparation of water-acetone extraction from hawthorn
raw materials [46].

3.4. Leaves

Samara scientists have proposed a method for quan-
tification of hawthorn blood-red leaves by differential
spectrophotometry at 412 nm in terms of hyperoside with
preliminary extraction of raw material with 70% ethyl
alcohol [47].

A procedure for quantification of 2”-O-rhamno-
side-vitexin, vitexin, isovitexine, rutin and hyperoside in
hawthorn leaves is described by liquid chromatography
with ultraviolet detection [48].

There is also methods for quantification of
2¢-0-glucoside vitexin, 2”-O-rhamnoside vitexin, rutin
and hyperoside in hawthorn leaves by reversed-phase
high-performance liquid chromatography with ultravio-
let detection [49].

A group of Chinese scientists has quantified ten com-
ponents: vitexin-2”-ramnoside, vitexin-glucoside, vitex-
in, hyperoside, isoquercitrine, chlorogenic acid, eucomic
acid, epicatechin, procyanidin B2 and C1 in the leaves of
Chinese hawthorn (Crataegus pinnatifida Bge.) by meth-
od of high-performance liquid chromatography [50].

CONCLUSION. Thus, our analysis and system-

atization of the research results in the field of chemical
standardization of hawthorn raw materials in Pharma-
copoeias of various countries showed that the methods
used to analyze the raw materials of the species of the
genus Hawthorn (Crataegus L.), included into domes-
tic and foreign Pharmacopoeias, various methodical and
methodological approaches to standardization of fruits,
flowers and leaves are used.

In addition, it was found out that raw materials of
the same naming unit are analyzed by a variety of tech-
niques. In our opinion, the use of various extractants in
the methods is not always justified from the point of view
of the physico-chemical and spectral characteristics of
the substances being analyzed. We have also shown that
in the methods of qualitative and quantitative analysis of
active substances (flavonoids, procyanidins), the orienta-
tion to diagnostically significant standard substances is
not always conducted.

In this regard, a deeper study of the chemical
composition of the hawthorn raw materials is necessary
in order to identify significant substances diagnostically,
to select optimal extractants and extraction conditions,
which will make it possible to develop scientifically
validated approaches to standardization and to unify the
methods of analysis of raw materials and preparations of
hawthorn species.
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