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Hacmoswyas cmamovs noceawena cpasHumenbHoll oyenke cocmasa Qruagoros u (hiasoHoN06 6 paziuiHbIX 00pasyax
nponoaUCA OISl YCMAHOGLEHUSI BOIMOJICHOCIU €20 adekeamuou cmandapmusayuy. Mamepuanst u memoowt. B kaue-
cmee 00beKmo8 UCcIe008anUs 63amvl 6 ONLIMHLIX 00PA3YOE NPONOIUCA U3 PA3HBIX pecuonos Poccuu. M3 onvimubix
06pasyoe comogunu uzenedenus cnupmom dmunosvim 80%-uvim no MpaduyUOHHOU cxeme U320MOGLEHUsI HACMOEK 8
coomuoutenuu 1:10. Ionyuennvie uzsneuenusn Guibmposany u UCnoIb306auU Oiisl HENOCPEOCMBEHHO20 ananuzd. Xpo-
mamoepaghuueckoe pazoenenue CRUPMoBbIX U36J1e4eHUll RPOROIUCA NPOBOOUTU HA HCUOKOCIMHOM Xpomamozpaghe ghup-
mot «Agilent Technologies 1200 Infinityy, CLLA. Jlemexyuio npoeoounu ¢ NoMowbio OUOOHO-MAMPULHO20 OeMeKmopad
Agilent 1200. Pe3ynomamut u oocyycoenue. Hcnonv3ys oopauyenno-ghasHyo 8bicokoIQ@ ekmueHyI0 H#uoKoOCmHyIO Xpo-
mMamozpagpuio 8 2padUeHmHOM pexlcume SM0oUpo8anUs, Y0anloch UOeHMUPUYUposams Giasonsl u ghrasononvl. Beiasne-
HO, 4mMo cOCMag NPonoIUCa umeem cmaduIbHbil cCOCMAas rasoHo8 U (ragoHoN08, BKIIOYAIOWUT MAKUE KOMIOHEHMbL
KaK KeepyemuH, uzopamuemut, 3,4 -0umemoxcukemMn@epon, pamHemun, neHoy1emuH, Kemn@epon, pamMHoyumpuH, 2a-
JIGHEUH, KeMnepuo, XpU3uH u MemoKcueananeut. M3 HailoeHHblx KOMNOHEeHMOo8 HauboIbulee COOePHCAHUE NPUXOOUMCSL
Ha (pragoHobl, MEMOKCUNbHBLE NPOU3B0OHbIE Kemhnepona — pamuoyumpun (22,0%) u kemepuo (12,0%), uz gprasonos
—xpuzun (16,0%). Memooom enympenneri Hopmanu3ayu paccuuman yOenbHblil 6eC Kaicoo20 u3 KOMNOHEHMO8 6HYMpPU
YKasanHou epynnul. Yemanosneno, umo okono 84% ecex ¢hnasononos npuxooumcsi Ha Kemn@epon u e2o MemoKCUibHble
npoussoonvie. Cocmas QuasoHo8 u rasoHON08 MONCEM 8apbUPOBAMb 6 3asucumocmu om obpasya. Ilpu smom 6o
6CeX UZVUEHHBIX 00BEKMAax NPUCymcmeosa Kemngepoi, mozoa Kax 6 OmoenbHbix npobax NPOnoIUca Omcymcmeosai
omoenbHble U3 UOCHMUDUYUPOBAHHBIX KOMROHeHMO8. 1Ipednojicena cmandapmu3ayus nponoIuca MemooomM 6blCOKO-
phexmusHoll HCUOKOCMHOU Xpomamozpaduu no cooepircanuio GiragoHouoos 6 nepecuéme Ha Kkemngepon, Kax cma-
OUNbHBIL, KoMMepYecKU Haubonee 00CMynHblLil KOMNOHeHm nponoaucd. Mcnonb3ys abcomommyio epadyuposy, onpeoe-
JIEHO KOMUYECMBEHHOEe COOepIICanue KeMnepona 8 ONbIMHbIX 00pa3yax NPonouca, Komopoe Haxoounoch 6 OUANa3oHe
0,0141-0,0159%. 3axniouenue. Pe3ynomamoi nposeoEHHbIX IKCREPUMEHTNOE NO3B0AIOM PEKOMEHO08ANb NPOBOOUNDL
OYEHKY Kauecmea nponoaucd no cOOEpICanuio KeMnghepona 8 OnvimHulx 06pazyax.

Kniwouegwie cnoea: npononuc, ¢prasononsi, oopauyeHHo-pasHas 6biCOKOIPHeKMUusHas HCUOKOCHHAA XPOMAMO-
epagus, memoo abconomHol epadyuposKu
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The aim of the study. This article is dedicated to the comparative assessment of flavones and flavonols composition
in various samples of propolis for providing the possibility of its standardization. Materials and methods. To carry out
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the research, 6 experimental samples of propolis were taken from different regions of Russia. Using those samples, we
prepared the extracts with 80% ethanol according to traditional scheme of making tinctures in the ratio of 1:10. After
that our extracts were filtered and used directly in the assessment. Chromatographic separation of spirit extracts of
propolis was carried out on a liquid chromatograph of “Agilent Technologies 1200 Infinity’, USA. The detection was
carried out on the basis of the diode array detector “Agilent 1200”. Results and discussion. Using the reversed-phase
HPLC in gradient elution regime we managed to identify flavonols and flavones. It was found out that the composition of
propolis has a stable composition of flavones and flavonols including quercetin, isoramnetin, 3,4 ’-dimethoxycempferol,

ramnetin, penduletin, kaempferol, ramnocitrin, galangin, kaempherid, chrysin and methoxyhalangin. Among the
identified components, the highest content is in flavonols, methoxyl derivatives ramnocitrin (22,0%), and kaempherid
(12,0%); in flavones it is chrysin(16,0%). The specific gravity of each component within the specified group was
calculated by the internal normalization method. It was established that about 84% of all flavonols are in kaempferol
and its methoxyl derivatives. The composition of flavones and flavonols can vary depending on the sample. Hereby,

kempferol was identified in all the studied samples, whereas some of the identified components were absent from

separate propolis samples. Propolis standardization by method of high-performance liquid chromatography in respect
of the content of flavonoids in terms of kaempferol as a stable, commercially most available component of propolis
was suggested. With the use of absolute calibration, the quantitative content of kaempferol in propolis samples was
determined in the range of 0.0141-0.0159%. Conclusion. The results of the carried out experiments made it possible
to recommend the quality assessment of propolis according to the content of kaempferol in the experimental samples.

Keywords: propolis, flavonols, reversed-phase high-performance liquid chromatography, absolute calibration
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BBEJIEHME. Ilpononuc — kielkas cMoiIucTas
cyOcTaHIms, coonpaeMas muiaMu ¢ MOYCK JICPEBHEB U
Moaudunupyemas umu csoumu ¢epmentamu [1]. TIpo-
MIOJIIC MOYKET UMETh pa3Hble I[BETa OT TEMHO-3€JIEHOTO
JI0 XKENTOTO M KPAaCHOI0; BKYC TOPBKHM KI'yduil, 3amax
cmonucteid [2]. Tlo ¢u3MKO-XMMHUYECKUM CBOMCTBaM
MIPONOJINC SBJISIETCS YHUKATBHBIM NPUPOIAHBIM MPOAYK-
TOM, B cOocTaB kotoporo Bxoaut oonee 800 Bemects [3].
[Ipomonuc BKIIIOYAET CIIEKTP IIEHHBIX OMOJIOTHYECKH aK-
THUBHBIX KOMIIOHEHTOB, II03TOMY HMEET Pa3HOOOPa3HYIO
(hapMaKoIOTrHUeCKyl0 akTHBHOCTh. B mepBylo ouepens,
JUISL TIPOTIOJINCA XapaKTepHBI BBIPAKCHHBIE aHTHOAKTe-
pHUalbHBIE, POTUBOBOCHAIUTENbHBIE, UMMYHOMOIYIH-
pYIOIIHE U MPOTUBOOITYXOJIEBBIE CBOIICTBA [4].

B mpomnomnuce comepKUTCS Psii MUKPOIEMEHTOB,
A30THCTBIX COEAMHEHUI — aMHJbl, aMUHBI, aMHHOKHC-
JIOTBL. B CIEZIOBBIX KOJIMYECTBaX OOHApYKUBAIOTCS BH-
tamuHbl. OnHako HauOONBIIYI0 (hapMaKOJIOTHUECKYTO
LIEHHOCTh HECYT MOJH(EHOINBI, IPEACTaBICHHBIE (r1aBo-
HOWJIaMH, (DEHOJIOKHCIIOTaMH, OKCUKOPHYHBIMH KHCIIO-
Tamu. DIaBOHOUIIBI MPOTIOIKCA UMEIOT Pa3HOO0Opa3HYIo
(hapMaKoJIOrHYECKyI0 aKTUBHOCTD, & UMEHHO, OKa3bIBaIOT
JKEJTUETOHHOE, MOYETOHHOE, KalWUIIpOyKpeIudtonee 1
MPOTUBOBOCTIATIUTENbHOE NieiicTBUE [3, 5, 6, 7, 8, 9].

Cpenu (hr1aBOHOMZOB MPOIOINCA MOXXHO BBIACIUTH
(r1aBOHOIBI, KOTOpBIE SIBISIOTCS Hauboiee pacrpocTpa-
HEHHBIMU TPEJCTaBUTEISIMH (DIaBOHOMJOB B TPHPOJIC
U 00JafaloT LIMPOKHM TEpaleBTUUECKUM 3(H(PeKToM
[10, 11]. B yacTHOCTH, KBEpPLIETHH UMEET MPOTUBOBOC-
MAJTUTENILHOE JICHCTBHE, TIOHW)KAET (aKTOphl pHCKa cep-
JICYHO-COCYIIMCTBIX 3a00NIeBaHUH W TO3UIMOHUPYETCS
KaK areHt, MOJABISIOUIMH TMpolecchl atreporenesa [12].
W3opaMHeTHH 3alyIaeT KapJIUOMHOLUTBI OT aKTHUBHBIX
(dopM KHCIIOpo/a, TTOABIIss aloNTo3, 00NIalaeT aHTUKaH-
LIEPOTEHHBIMH CBOMCTBAMU, MHAYLUPYS aloNTo3 KIETOK
MuenounHoi spurpoieiikemun [13]. 3,4’-aumMeTokcu-
KeMIT(pepos1, paMHETHH, TEHIYJICTHH MPOSBISIIOT MPOTH-
BOBOCHAJIUTENIbHYIO aKTHUBHOCTH [14]. 'amanrun cmoco-
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OeH NoaBiIATh (haKTOPHI, ONPENEISIONINE YCTOHINBOCTD
Oakrepuii k antuOuoTHKaM [15]. Kemmdepon 3amyckaer
poLeCC aronTo3a KJIETOK paka SIMYHUKOB, MMEET BhIpa-
JKEHHbIC aHTHOKCHIAHTHBIC CBOWCTBA, YTO IPOSBISETCS
B TMOABJICHUM OKCHJAIMOHHOTO cTpecca [16, 17]. Ipen-
TIOJIAraeTcst, 4To KeMndeposa o6nasaeT IpOTHBOBOCHAIIH-
TEJILHBIM U aHTHAJUICPTeHHBIM JISHCTBHEM, IIPETISITCTBYET
pasBuTHIO arepockieposa [18, 19, 20]. On Taxxke obnaa-
€T HeHPOIIPOTEKTOPHBIM e CTBHEM, PEIOTBpaIlas pas-
Butre Oone3nu [lapkuncona [21]. Kemmndepon mpemor-
BpaIllaeT pa3pylIeHHE KIETOK MOKETYT0YHOH JKee3bl OT
XpOHHUUECKOH runepriukemun [22]. B sxkcnepumenTax in
vivo xemrndepos crocodeH perynupoBarh TuddepeHiy-
alMIo NIPOA/IUIIOLUTOB, YTO MPOSIBIISIETCSI B YMEHBILICHUH
paspacTaHus *KUPOBOH TKaHHU [23].

[Tockonbky cocTaB (IaBOHOJIOB MPOIOJKCa B pas-
HBIX JIUTEPATypHBIX MCTOYHUKAX CYIIECTBEHHO BapbHU-
pYeT, a TakkKe OCTaéTcsi OTKPBITHIM BOIPOC IO KaKOH
IpyIIe BEUIECTB CTaHIapTU30BaTh JaHHBIH OOBEKT, TO
HEJBIO HacTosmIero MCCIeIOBaHUS SBHIACH OOBCK-
THUBHas CpaBHHTENIbHAs OLIEHKAa cocTaBa (JIaBOHOB H
(JIaBOHOJIOB B pas3NIMuHBIX OOpaslax Mporojinca s
YCTAHOBIICHHs] BO3MOXXHOCTH €r0 a/IeKBaTHOM cTaHap-
THU3AIIMY 10 YKa3aHHBIM IPYIIaM BEIIECTB.

MATEPHAJIbI U METO/bI. B kauectBe oObek-
TOB HCCJIEIOBAHUS B3SITHI 6 ONBITHBIX 00Pa31I0B MPOIIOJIH-
ca U3 pa3HbIx pernoHoB Poccuu. M3 onbITHBIX 00pa3noB
TOTOBWJIM M3BJICUYCHHUS CIIMPTOM ITHIOBBIM 80%-HBIM 110
TPaJIMIIMOHHOW CXEMe M3TOTOBJICHUSI HACTOEK B COOTHO-
menun 1:10. [NomyueHHbIC W3BICUEHUS (ITBTPOBATIH U
HCIIOJIb30BANH ISl HETIOCPEICTBEHHOTO aHAITH3a.

Xpomarorpaduyeckoe pasesaeHUue CHHPTOBBIX H3-
BJIEYECHHUH MPONOJIMCA TPOBOJUIN Ha )KUAKOCTHOM XpO-
Mmarorpade pupmsl «Agilent Technologies 1200 Infinity»,
CIIIA. [lerekiuio MpOBOAWIN C TMOMOIIBIO THOIHO-Ma-
TpUYHOTO neTekropa Agilent 1200.

MoOunbeHble  (a3bl TOTOBWIIM, HCIIOIB3YS BOXY
CBEPXUYMCTYIO (A7 SKUAKOCTHOW Xpomarorpaduu) wu
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ciupt 3TuiIoBkIH (o 'OCT P 51652). B kauectBe kuc-
JIOTHOTO MoAu(uKaropa IPUMEHSITH KUCIOTY MypaBbHU-
Hy0 (KBanuduKanms — X.4.).

Yucno TeopeTHYeCKUX TapelioK, XapaKTepusyroliee
3¢ PEKTUBHOCTD KOJIOHKH [24] BBICUUTHIBAIH 1O POPMY-
ne 1:

N =5,545%(-L—)? (1)
Hos

TJC ¢ — BpeMs YIACPKUBAHUS aHATH3UPYEMOTO KOM-
MTOHEHTA, MM;

1, s — IIMPHHA KA, MM Ha MOJIOBHHE BBICOTHI.

B kayecTBe ONTHMATBHOTO KPUTEPHUS B3ST MMOKa3a-
Tenb He MeHee 5000.

Kos¢dunument pasnenenns nukos R paccunToiBanm

o opmye 2:
Al

* Hosy + Hos)
rae Al — paccrosiHie MEXy BEpIIMHAMHU JBYX CO-
CEIHUX ITUKOB, MM;
}10'5(1), MO.S(Z) — HII/IpI/IHa Ha ITOJIOBHUHE BBICOTHI ITMKOB
ABYX KOMITIOHCHTOB, MM.

R

2)

Kos¢dpunment pasnenenns R jomken ObITh He Me-
Hee 1,5.

Koadduiment acummerpun nuka (Tf) OIIpeACIISIN
o hopmye 3:

_ Hoos
2% f 3)

I1e W, s — WMPHHA [1Ka Ha BeicoTe 5,0% oT 0azoBoif
JIMHUH, MM;

f — paccrosHue ot Hayana nuka Ha BeicoTe 5,0% oT
0a30BOIl JIMHUK IO TEPIEHANKYISAPA, TPOBEJCHHOTO M3
€ro BepIIUHBI, MM.

Koaduument acummerpun T, I0IKeH COCTABIATH
MeHee 2.

MoowunbsHas daza: 1,0%-HbIil BOTHBIN pacTBOp KHC-
JIOTBI MypaBbUHOH (A) — cnupT 3THNOBEINA 95%-Hb1ii (B);

KOJIOHKa cranbHas: Ascentis express C . 2,7um x
100 mm % 4,6 mm.

CKOPOCTh MOOHIBHOI (aser — 0,5 Mir/MuH;

TeMneparypa TepMocTara KoloHkH +35°C;

00b&M mpoOs! ananmuTa — 1 pl.

CocTtaB NMOABIKHOH (ha3bl MPOTPaMMHUPOBAIH B YC-
JIOBUSIX, YKa3aHHBIX B Tabiuue 1.

T

Taonuya 1 — Ycnogus snroupoeanus KOMNOHERMO8 nPonouca

Bpewmsi, Mun A, % b, %
0 90 10
40 10 90

JleTexiyio MpOBOAMIM NPH JUIMHAX BOJH: 268, 336
HM — 17151 (hriaBoHOB, 350, 360, 375 HM — 1 (pIABOHOJIOB.

Wnentndukaiyro KOMIIOHEHTOB OCYILIECTBIISUIN 10 Bpe-
MEHH Y/IEP)KHBAHUsL, Iy TEM CPABHEHHS! C COOTBETCTBYOLIMMH
CTaHJapTHBIMH 00pa3LaMH M 110 UTOraM JIETeKTUPOBAHUSL.

OTHOCUTENBLHOE COJEPIKAHNE OTIENIBHBIX KOMIIO-
HEHTOB B CyMMe€ OIPEAEIISIM C HOMOIIbI0 BHYTPEHHEH
HopManu3aiuu (popmyina 4):
Six100 4)

s

)(i:

rae Si — cpenHee 3HaUYCHUE TUIONIAN MTUKa aHaIuTa
Ha XpOMAaTorpaMMax CyMMBI;

>'S — cpenHee 3HaUEHNE CYMMBI IUIOIIAAEH ITUKOB Ha
XpoMaTorpaMmax.

PE3VJIBTATBI 1 OBCYKJAEHHME. B xone xpo-
Marorpauyeckoro pasjieleHHs YCTaHOBJIEHO, 4YTO B
IIPOIIOJICE MPUCYTCTBYET 12 KOMIOHEHTOB (PIABOHOBOMA
n (GIaBOHOJIOBOM NPUPOIBI. XpoMarorpamMma paszese-
HUSL CHMPTOBOTO WU3BJIEYEHHS W3 IIPOIOJHCA, 3aperu-
CTpHpOBaHHAs NpU A=375 HM JIMOAHO-MaTPUYHOIO Jie-
TEKTHPOBAHUS MPEJCTaBlIeHa HA PUCYHKe 1.

DADT D, Sig=375,4 Ref=off (2017-07-TT\PROPOLIS20-25.D)

mAU

140+

120

100

40+

14.100

Humerokcukemndepon
Kemndepua

34.172
PaMHOLUTPUH

Kemndpepon
38.339

.

28.624
33.443 AxaueTn
FanaHruH

34.954
FeHkBaHUH
MeTokcuranaHruH

33.90:

MenayneTuH

KeBepueTtuH

38.705

24.938
5
0

T T T T
5 10 15 20

T T T T
25 30 35 40 mir

Pucynox 1 — Xpomamozpamma npononuca, 3apecucmpuposannas npu =375 um
OUOOHO-MAMPUUHO20 OCMEKMUDPOCAHUA
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Kak BugHO Ha nmpuBenéHHoM pucyHke 1, OOibIIMH-
CTBO KOMIIOHEHTOB, IPUCYTCTBYIOIIHUX HA XpOMATOrpam-
Me, pa3JensioTca o 0a30BOil JIMHMU, YTO CBUAETENb-
CTByeT O XOpOIleH CeJeKTUBHOCTH MHCIOIb30BaHHBIX

xpomarorpaduuecknx ycnoBuil. DddexkTuBHOCTE XpoO-
Marorpauyeckoil CUCTEMBI MOATBEPKIAIN ITyTEM pac-
4yéra KPUTEPHEB NMPUTOAHOCTH, PE3YJbTaThl MPUBEICHBI
B Tabnuie 2.

Tabnuya 2 — Kpumepuu npuzoonocmu xpomamozpaguueckoit cucmemul
0ns onpeodenenus Qaagonos u hnagononoe 6 nponoauce

t, N R T, A
24,938 143430 44,4 0,63 0,155
28,624 338364 2,0 1,06 0,1158
28,809 382507 1,04 0,56 0,1096
32,998 498600 3,37 0,87 0,11
33,443 819389 1,3 2,35 0,0869
33,539 587092 1,46 0,63 0,1030
34,172 419638 1,13 0,84 0,1242
34,498 247171 1,33 0,76 0,1633
34,954 504452 1,92 0,65 0,1158
37,539 726899 1,78 0,9 0,1036
38,339 555196 1,52 0,54 0,121
38,705 830006 1,95 0,53 0,1

1,— abconomnoe epems yoepacusanus, N — uucio meopemuueckux mapeiok, R _ koogppuyuenm pasoenenus nuxos, T, — ko-

opppuyuenm acummempuu, W, — wupuna nuxa na 6azoeo iunuu

[pencraeneHuble B TabnMIE 2, pe3ylbTaThl pacyé-
Ta KpuTepues npurognoctn (N>5000, R >1,5, T, <2),
B 00LIEM, COOTBETCTBYIOT peepHpyeMbIM 3HAUCHUSM.
CrienoBarenbHO, IpeCTaBICHHAs XpoMaTorpapudyeckast
CHCTEMa MOXXET ObITh IpH3HaHa 3)(HEKTUBHOM 14 OTIpe-
JeseHus (pIaBOHOB U (DJIABOHOJIOB B IIPOIIOJIHCE.

[Mony4eHHble B X01€¢ XpoMarorpadupoBaHus IJI0-

[aid MUKOB ()JIABOHOB ¥ (hIIABOHOJIOB, HCIIOIB30BAIIH
JUIS pacdéra OTHOCHUTEIBHOTO COJCPIKAHHS KaxI0TO
13 KOMIIOHEHTOB METOJOM BHYTpPEHHE#l HopMmaiu3a-
LM,

Pesynbrarhl 1eTEKTHPOBAHHS KOMIIOHEHTOB (iaBo-
HOB U (hJIABOHOJIOB U MX COJCPIKAHHUE B CyMME MPHUBE/IE-
HBI B TaOIHIIE 3.

Taonuya 3 — Komnonenmmuulil cocmae (h1aeonoe u (paasono106 RPonoaUca
U UX OMHOCUMETbHOE CO0EPIHCAHUE 8 CYMME

R VA-ClIeKTp KOMTOHCHTa Conepxanne KOMEIO— WnentndunmpoBaHHbINH
HEHTa B cymme, % KOMITOHEHT
24,938 0,72 Ksepuerun
28,624 7,72 Kemmndepon
28,809 4,86 AnureHnH
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Tpooonscenue mabnuyor 3

32,998 5,92 [ennynernn

33,443 7,7 Axanerud

33,539 15,9 Xpuzun*

34,172 8,9 Jlumetokcukemmdepos

34,498 22,1 PamuonmTpun

34,954 4,57 Tanmanrun

37,539 8,5 I'enkBanuH

38,339 11,95 Kemndepun

38,705 1,06 MeTtokcuramanrua

¥ s 8 s 8 % - vy s g g EINs s s s g s Ls s s = 8 38 3 be 5 o s 3 8 5 858 Bl o s s & & 3 8 o % s 3z 8§ & 3 Lo s 5 3 88 8 3 38 /|| & » 4 5 st
B 8 a8 ‘5 2 a8 b e b
2 b I I b I I k 1|
2 I & 2 & & 2
3 3 2 2 2 3 e 3
e I B 2 & a
A e s ls 3 & & 3 I

*na xpomamozpamme He yKa3am

[MponenTHOE pacnpeescHue GraBoHOB U (IABOHOIOB BHYTPH TPYIIIBI MPEICTABICHO HA PHCYHKE 2.
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Pucynox 2 — IIpoyenmnuoe pacnpedenenue piagono106 6 RPONOIUCE 6HYMIPU 2PYRND

JlanHble, npeacTaBieHHble B Tabnuie 3 ¥ Ha pu-
CYHKE 2, OKa3bIBAIOT, YTO B NPOIOJIMCE M3 HalJEHHBIX
KOMIIOHEHTOB HanOoJIbllee cofepKaHne IPUXOIUTCS Ha
(I1aBOHOJIBI, METOKCHIIBHBIE ITPOU3BOIHEBIE KeMIl(eporia
— pamuonutpuH (22,0%) u kempepun (12,0%), n3 doia-
BOHOB — XpH3HH (16,0%).

Opnako, cocraB (paBOHOB M (JIABOHOJIOB MOXKET
BapbUpPOBaTh B 3aBHCHUMOCTH OT obOpasua. Ilpu stom
BO BCEX M3YYEHHBIX OOBEKTaX HPUCYTCTBOBAI KEMII-
¢depoin, Torna Kak B OTAENBHBIX MpoOax IpoIoyHca
OTCYTCTBOBAJIM OT/EJIbHBIC U3 MJIECHTHU(QHUIIMPOBAHHBIX
KOMITOHEHTOB. [1o3TOMy Hamu mpeIokeHa CTaHAap-
TH3aLUs TMPOTIOJINCA IO COAEPKAHUIO (DIIABOHOMJIOB B

J-n
1

0 T T

nepecuére Ha KemIldepos, KaK MOCTOSHHBIH KOMIIO-
HEHT INpOIoJINCca U KOMMEpYEcKH Hambojee NOCTYyI-
HBIH.

JIJsl KOJIMYEeCTBEHHOTO OIpeaeseH s (JIaBOHOJIOB B
IIPOTIOJIHCE B IIepecyéTe Ha KeMII(epoll UCIIOIb30BaH Me-
TOA abCOIIOTHOM rpagyrpoBKu. Jliist aToro 3apanee Obu1a
IOCTPOEHA KalIMOpPOBOYHAS KPHBAs, IIPUTOTOBJIICHHAS
U3 TPagyUpOBOYHOIO PacTBOpa CTaHAAPTHOIO oOpasia
kemrdepona. JlnanazoH KOHIEHTpaUNi KaIHOPOBOYHBIX
pactBopoB coctasui 0,004—0,2%.

KanmnbpoBouHBIH rpadyK, OTpakaroIlUi 3aBHCH-
MOCTb ILIOIIAH MuKa (S) OT KOHIEHTPALMU BBEAEHHOTO
BemecTsa (C%), mpeicTaBieH Ha pUCYHKeE 3.

0 0,1

T T 1

0,2

KoHueHTpauua CO kemndepona, %

Pucynok 3 — Kanuopoeounulii 2pagpux 3agucumocmu niaowaou RUKa om KOHYeHmpayuu Kkemngepona

B ykazaHHOM [uama3oHe KOHIIEHTpAIWid Kaauopo-
BOYHAs 3aBHCHMOCTh HMMeJa MPSAMOJIMHEHHYIO 3aBHCH-
MOCTb, yPaBHEHUE PETPECCUU UMEIIO BUA:

y=233267x

R? — xoaddunment koppemsiuuu cocraun 0,999,
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Tabnuya 4 — Codeporcanue kemngepona 6 OnvimHulx 0Opa3yax nponoauca

Ne onbiTHOTO 06pasia 1 2 3 4 5 6
MPOMOIHCa
Conepxanne kemrdepona, % 0,0149 0,0159 0,0156 0,0148 0,0149 0,0141

Hannple, npeacraBieHHble B Tabmuie 4, cBHie-
TENBCTBYIOT, YTO COAEPKaHNE KEMII(eposia B OTBITHBIX
o0pa3max mporonuca Haxonmwiock B auanasone 0,0141—
0,0159%.

[Ipononmc mpencrapiser coOoi KOHIIEHTPAT ITOH-
(eHONBHBIX COCAMHEHM, 3a CUET Yero oOiajaeT IIu-
POKHM CIIEKTPOM OHOJOTHYECKOH akTHBHOCTH. Hocu-
TeNnsIMH (hapMaKOIOTHUECKHX CBOWCTB B IPOIOJINCE, B
TIEPBYIO OYEPEb, IBISIFOTCS (HITaBOHOMIBI, IPEICTABICH-
HBIE WCKIIOYUTENFHO armukoHamu. Ilo mmerommmcs B
JIUTEpaType JaHHBIM U B XOZe COOCTBEHHBIX HCCIIEIOBA-
HUH, YCTaHOBJIEHO, YTO arJITUKOHOB B MIPOIOJIHCE BCTpe-
gaercs mopsiaka 10—15, 9To CymecTBeHHO 3aTpymHSET
CTaHIAPTH3AIHIO0 JaHHOTO 00bhekTa. OIHAKO, CYIIECTRY-
10T ()IaBOHOMIHBIC AIJIMKOHBI, KOTOPBIE MPUCYTCTBYIOT
MIPAaKTHYECKH BO BCEX HCCIEAOBAHHBIX 00pas3Iax Impo-
MOJIMCa B MA)KOPHBIX KOHLEHTpALUsIX. TakuM 0a30BBIM
(hmaBOHOMIOM, B TIEPBYIO OUEPEb, ABISETCS KeMII(Eepod.
OKOHOMHYECKas! JOCTYITHOCTh M XUMHUECKas CTaOMIIb-
HOCTh YKa3aHHOTO KOMIIOHEHTa JAETaeT ero ymnoOHBIM
CPEICTBOM ISl CTaHAApTH3anuK npornonuca. Ilepednc-
JICHHBIC TIPHYUHBI TIO3BOJIMIIN HaM BIIEPBbIC MPEITIOKUTH
CTaHAAPTHU3ALUIO TIPOIOJIKCA MO COIEPKAHUIO Kemrde-

pona. PazpaboranHas MeTOIMKa C WCHOIB30BAaHHEM a0-
COJIFOTHOM TPaIyHpOBKH OOJaJaeT JMHEHHOCTHIO, BOC-
MIPOU3BOIMMOCTBI0 U MOXKET OBITh PEKOMEHIOBaHA KaK
OZIMH U3 BapHAHTOB CTaHJAPTHU3AIMHN IIPOTIONIHCA.

3AK/IIOYEHHE. Takum obpa3oM, B Xofe IpOBe-
JNEHHBIX HCCIICAOBAaHUM, YCTAHOBJIEHO, YTO COCTaB H3Y-
YEHHBIX O00pa3lOB MPOMNONHCA XapaKTepH3yeTcs IOCTa-
TOYHO CTaOWMIIBHBIM, OTHOTHITHEIM Hab0poM (p1aBOHOJIOB,
BKJTIOYAIONINX: KBEPLETHH, HW30PAaMHETHH, PaMHETHH,
TICHAYIETHH, MIPON3BOAHBIE KeMI(epolia, TalaHrHH, Me-
TOKCHUTQJIAaHTHH. Bce KOMIIOHEHTBI XOPOIIO Pa3/ieIIsIFOTCS
B YCJIOBHSIX TPAIMEHTHOTO PEKMMa Xpomarorpaduposa-
Hus. JlomMuHMpYyronmME (praBOHOIAMH TIPOTIOHCA SB-
JISIFOTCST KeMI(EpO U €ro MPOU3BOIHBIE: PAMHOLIUTPHH,
keM(epu, KOTOpble 3aHMMAIOT B CpemHeM Okoio 84%
Bceil cyMMmBbI (hrmaBoHOIOB. MeTomoM aOCOIOTHOMN Tpaxy-
MPOBKU YJAJIOCh OLEHUTh KOJMYECTBEHHOE COICPIKaHUE
kemrdepora B HCCICAOBAHHBIX 00pasmax IPOIOIHCA.
BocnponsBoanmelii coctaB (hIaBOHOIOB B IIPOIONKUCE, HX
XOpoIee XpoMarorpauieckoe IMOBEACHNE B YCIOBHAX
oOpaieHHO-(ha3HOH BBICOKOA((EKTHBHOM >KUIKOCTHOM
Xxpomarorpauu MO3BOJISIIOT PEKOMEHAOBATh CTAHAAPTHU-
30BaTh MPOTOJIHC MO KeMI(epory.

INTRODUCTION. Propolis is a sticky resinous
substance collected by bees from treekidneys and
modified by their enzymes [1]. Propolis can have
different colors from dark green to yellow and red; its
taste is bitter and peppery, the odour is resinous [2].
According to its physicochemical properties, propolis
is a unique natural product, the composition of which
includes more than 800 substances [3]. Propolis includes
a range of valuable biologically active components,
and therefore has a variety of pharmacological
activities. Primarily propolis is characterized by strong
antibacterial, anti-inflammatory, immunomodulating
and antitumoral properties [4]. Propolis contains a
number of microelements, nitrogen compounds - amides,
amines, amino acids. In trace amounts, vitamins are
found. However, polyphenols represented by flavonoids,
phenolic acids and oxycinnamic acids are of the greatest
pharmacological value. Flavonoids of propolis have a
variety of pharmacological activities: choleretic, diuretic,
capillary-strengthening and anti-inflammatory effects [3,
5,6,7,8,9].

Among all the propolis flavonoids it’s possible to
extract the flavonols, which are the most wide-spread
natural representatives of flavonoids and have a broad
therapeutic effect [10, 11]. In particular, quercetin
has an anti-inflammatory effect, reduces risk factors
for a cardiovascular disease and is positioned as an
agent that suppresses atherogenesis [12]. Isoramnetin
protects cardiomyocytes from active forms of oxygen,

suppressing apoptosis, has anti-carcinogenic properties,
inducing apoptosis of myeloid erythroleukemia cells
[13]. 3,4’-dimethoxycempferol, ramnetin, andpenduletin
show anti-inflammatory activity [14]. Galangin is able to
suppress the factors determining the resistance of bacteria
to antibiotics [15]. Kaempferol starts the process of
apoptosis of ovarian cancer cells, has strong antioxidant
properties, which are manifested in the suppression of
oxidation stress [16, 17]. It is assumed that kaempferol
has anti-inflammatory and anti-allergic action, prevents
the development of atherosclerosis [18, 19, 20]. It also
has a neuroprotective effect, preventing the development
of Parkinson’s disease [21]. Kaempferol prevents
the destruction of pancreatic cells caused by chronic
hyperglycemia [22]. In experiments in vivo, kaempferol
is able to regulate the differentiation of proadipocytes,
which is manifested in a decrease in the growth of
adipose tissue [23].

Since the composition of propolis flavonols varies
considerably in different literary sources, and the problem
according to what group of substances to standardize
this object remains unsolved, the AIM of this study
was an objective comparative assessment of flavones
and flavanols composition in various propolis samples
in order to establish the possibility of its adequate
standardization in these groups of substances.

MATERIALS AND METHODS. To carry out the
research, 6 experimental samples of propolis were taken
from different regions of Russia. Using those samples,
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we prepared the extracts with 80% ethanol according
to traditional scheme of making tinctures in the ratio
of 1:10. The obtained extracts were filtered and used
directly in the assessment.

Chromatographic separation of propolis spirit
extracts was carried out on a liquid chromatograph
of “Agilent Technologies 1200 Infinity”, USA. The
detection was carried out on the basis of the diode array
detector “Agilent 1200”.

The mobile phases were prepared with the use
of ultra-pure water (for liquid chromatography) and
ethyl alcohol (according to GOST R 51652). As an
acid modifier, formic acid was used (qualification —
chemically pure).

The number of theoretical plates characterizing the
efficiency of the column [24] was calculated according

to Formula 1: t
N =5,545x(——
X(luo,s) M)

where ¢ is retention time for the analyzed component;

1, s1s a peak width at the half-height, mm.

As the optimal criterion, the value not less than 5000
was taken.

The peak separation coefficient R was calculated
according to Formula 2:

Al

* Hos) t Hose2) @
Where Al is the distance between the peaks of two
adjacent peaks, mm;
Mo sy Mose 1S the peak width at the half-height of the
two components, mm.
Separation coefficient R should not be less than 1,5.
The peak asymmetry coefficient (Tf) is calculated

according to Formula 3:
_ Ho,os

=% f 3)
where u, . is the peak width at 5,0% height above
the base line, mm;

f is the distance from the beginning of the peak
at 5.0% height above the baseline to the perpendicular
drawn from its apex, mm.

The asymmetry coefficient T, should be not less than 2.

The mobilephase: 1,0% water solution of formic
acid (A) and ethanol 95% (B);

steel column: Ascentisexpress C 2,7um % 100 mm
x 4,6 mm,

mobile phase speed: 0,5 ml / min;

column thermostat temperature: +35°C;

sample volume: 1 pl.

The composition of the mobile phase was
programmed in the conditions shown in Table 1.

R

Table 1 — Conditions for elution of propolis components

Time, min A, % B, %
0 90 10
40 10 90

The detection was carried out at the following wave
lengths: 268, 336 nm (for flavones); 350, 360, 375 nm
(for flavonoles).

The components were identified by the retention
time, by comparison with the corresponding standard
samples and by the results of the detection. The relative
composition of individual components in sum was deter-
mined using of the internal normalization (Formula 4):

. Six100
Xi=
2.8 4)
where Si is the average area of the analyte peak on
the chromatograms of the sum;

>'S is the average value of the sum of peak areas on

chromatograms.

RESULTS AND DISCUSSION. In the course of
chromatographic separation it was found out that 12
components of flavone and flavonol nature are present
in propolis. The chromatogram of separation of spirit
extraction from propolis, recorded at A = 375 nm of
diode-matrix detection, is shown in Fig. 1.

As seen in Figure 1, most of the components present
on the chromatogram are separated along the baseline.
That indicates good selectivity of the chromatographic
conditions used.

The efficiency of the chromatographic system has
been confirmed by calculating suitability criteria. The re-
sults are shown in Table 2.

Table 2 — Criteria for suitability of a chromatographic system for determination
of flavones and flavonols in propolis

t, N R T, w,
24.938 143430 44.4 0.63 0.155
28.624 338364 2.0 1.06 0.1158
28.809 382507 1.04 0.56 0.1096
32.998 498600 337 0.87 0.11
33.443 819389 13 235 0.0869
33.539 587092 1.46 0.63 0.1030
34172 419638 .13 0.84 0.1242
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Table 2 continued

t, N R, T, w,
34.498 247171 1.33 0.76 0.1633
34.954 504452 1.92 0.65 0.1158
37.539 726899 1.78 0.9 0.1036
38339 555196 1.52 0.54 0.121
38.705 830006 1.95 0.53 0.1

t,— absolute retention time, N — number of theoretical plates, R — peak separation coefficient, T, — asymmetry
coefficient, W, — peak width at the baseline

DAD1 D, Sig=375,4 Ref=0ff (2017-01-TT\PROPOLIS20-25.D)
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26.406
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Fig. 1 — Chromatogram of propolis registered ati = 375 nm with diode-matrix detection

The results of calculating suitability criteria presented
in Table 2 (N> 5000, Rs> 1.5, Tf<2) generally correspond
to the referenced values. Consequently, the present
chromatographic system can be recognized as effective
for the determination of flavones and flavonols in propolis.

The peak areas of flavones and flavonols obtained

during chromatography were used to calculate the relative
content of each component by the internal normalization

method.

The results of the detection of components of
flavones and flavonols and their composition in sum are

given in Table 3.

Table 3 — The component composition of flavones and flavonols of propolis and their relative content in sum

Summed .
t, UV-spectrum of component concentration, % Identified component
24.938 0.72 Quercetin
28.624 7.72 Kaempherol
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Table 3 continued

28.809

4.86

Apigenin

32.998

5.92

Penduletine

33.443

7.7

Acacetin

33.539

15.9

Chrysin"

34.172

8.9

Dimethoxichempferol

34.498

22.1

Ramnocitrine

34.954

4.57

Galangin

37.539

8.5

Genkwanin

T

38.339

11.95

Kempherid

38.705

s s s = o3 E|L. s s s s L s s & s & 5 3 y s s s 5 8 & & & 8 2 . s v s 5 5 o8 1 o0 s oz 0z 5 8 Fl|lls s s s o558z t||llo x e s E 5 8 ¥ E .z 3 s s g} 4o o 3 s 8 u g oy}
E g F a1 F E a1 F 4 a|F 4| F d| F F
8 a1k 4k Ik 41 L 41k 4k 41k 11k 411 E
2 I+ 2 I 2 I 2 i 3
I I I 3 I I I a
I 3 I 3 I 3 I 8
I I I I I I I o

1.06

Methoxigalangin

*not shown on chromatogram
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The percentage distribution of flavones and flavonols within the group is shown in Figure 2.

Methoxigalangin
1% Caempferide

12%
Genkvanin
8%
Galangin

4%

—
Ramnocitrine
22%

Quercetin

Chrysin
16%

Kaempherol

8% .
Apigenin

5%
/_Penduletine
6%

Acacetin

Dimethoxichempferol
9%

Fig. 2 — The percentage distribution of flavones and flavonols within the group

The data presented in Table 3 and in Figure 2 show
that among the identified components, the highest
content is in flavonols, methoxyl derivatives: ramnocitrin
(22,0%), and kaempherid (12,0%); in flavones it is
chrysin (16,0%).

However, the composition of flavones and flavonols
can vary depending on the sample. Hereby, kempferol
was identified in all the studied samples, whereas
some of the identified components were absent from
separate propolis samples. Therefore, we proposed the
standardization of propolis according to the composition

J - peak square of SS kaempferol

of flavonoids in terms of kaempferol as a stable and
commercially most available component of propolis. For
the quantitative determination of flavonols in propolis,
the method of absolute calibration in terms of kaempferol
was used. For this purpose, a calibration curve prepared
from a calibration standard sample of kaempferol was
prepared in advance. The range of concentrations of
calibration solutions was 0.004-0.2%.

A calibration graph showing the peak area (S) as a
function of the concentration of the inserted substance
(C%) is shown in Figure 3.

O T T

0 0,1

f SS k ol, %

Fig. 3 — Calibration graphic of peak area versus concentration of kaempferol

In the indicated range of concentrations, the
calibration dependence had a rectilinear dependence and
the equation had the form:

y =33267x

R?, a correlation coefficient, equals to 0,999. That
shows the linear dependence between the concentration

of the standard sample of kaempferol and its peak
square.

The results of the calculation of the kaempferol
composition in propolis different test samples are shown
in Table 4.
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Table 4 — The content of kaempferol in propolis

Ne experlmentaI. sample | ) 3 4 5 6
of propolis
Composition of kaempferol, % 0.0149 0.0159 0.0156 0.0148 0.0149 0.0141

The data presented in Table 4 indicates that the
content of kaempferol in the pilot propolis samples was
in the range 0.0141-0.0159%.

Propolis is a concentrate of polyphenolic compounds,
due to which it has a wide spectrum of biological activity.
The carriers of propolis pharmacological properties
are primarily flavonoids, represented exclusively by
aglikones.

According to the data available in the literature and
in the course of the research of our own, it has been
established that in propolis aglikones occur in the range of
10-15, which significantly complicates the standardization
of this object. However, there are flavonoid aglycons,
which are present in almost all propolis samples in
major concentrations. Such a basic flavonoid is primarily
kaempferol. The economic availability and chemical
stability of this component makes it a convenient means
for standardizing propolis. These reasons allowed us to
propose a novel standardization of propolis according
to the composition of kaempferol. The developed

technique with the use of absolute calibration has linearity,
reproducibility and can be recommended as one of the
options for standardization of propolis.

CONCLUSION. Thus, in the course of the carried
out research, it has been established that the composition
of the propolis samples is characterized by a fairly
stable, same-type set of flavonols, including: quercetin,
isoramnetin, ramnetin, penduletin, kempferol derivatives,
galangin, methoxyhalangin. All the components
are well separated under the conditions of gradient
chromatography. The dominant propolis flavonols are
ramnocitrine, kaempferol, camphoride, the derivatives
of caffefer occupy an average of about 84% of the total
amount of flavonols. By method of absolute calibration,
it was possible to estimate the quantitative composition
of kaempferol in the investigated propolis samples.
The reproducible composition of flavnols in propolis,
their good chromatographic behavior under RP HPLC
conditions allow us to recommend the standardization of
propolis in terms of kaempferol.

10.

11.

12.

13.

14.

15.

252

Bubauorpadunueckuii cnmcox
Ramadan A., Soliman G., Sawsan S. Mahmoud, Salwa M. Nofal, Rehab F. Abdel-Rahman. Evaluation of the
safety and antioxidant activities of Crocus sativus and Propolis ethanolic extracts // Journal of Saudi Chemical

Society. Vol. 16. Is. 1. P. 13-21.

Felipe C. da Silva, Carmen S. Favaro-Trindade, Severino M. de Alencar, Marcelo Thomazini, Julio C.C. Balieiro.
Physicochemical properties, antioxidant activity and stability of spray-dried propolis // Journal of ApiProduct and
ApiMedical Science. 2011. Vol. 3. Is. 2. P. 94-100. DOI 10.3896/IBRA.4.03.2.05

Wpamesckas E.b., Jlebenes B.U., Pszanosa O.A, ITo3nsxoBckuii B.M. Dkcnieptusa npoayKTOB MUYETOBOACTBA.
KauectBo u 0e3omacHocth. Cub. yHuB. u3a-so: HoBocubupck, 2007. 208 c.

Watanabe M.A., Amarante M.K., Conti B.J., Sforcin J.M. Cytotoxic constituents of propolis inducing anticancer
effects: a review // JPP. 2011. Vol. 63. Is. 11. P. 1378-1386. DOI: 10.1111/j.2042-7158.2011.01331.x
Bpacnasckuii B.b., Kypkun B.A. HccnenoBanue 31eKTPOHHBIX CIIEKTPOB (DIIaBOHOWIOB TOTIONS U Tporioiunca //
Menunacknii anmeManax. 2011. Nel15(2). C. 140-144.

Tuxonos A.W., Apueix T.I., Uepnsix B.II., 3ynanen M.A., TuxonoBa C.A. Teopus u npakTuka IpoOU3BOJCTBA
JIEKapCTBEHHBIX MPENapaToB Mpormoauca. XapbkoB: «OcHoBay, 1998. 384 c.

ompagko C.A., I'ypesnu A.H., KomocoB M.H. ®raBoHOMIHEIE KOMIIOHEHTHI IpOIIONHca // XUMUS TPUPOTHBIX
coequuaeHni. 1969. Ne 6. C. 476-482.

Cumonsa E.B., FOpkosa E.A., Kapare3osa C.T. Onpenenenue ¢praBOHOHIOB B IPOAYKTax muenoBoacTsa / Ha-
Y4HAs TUCKYCCHSI: BOIIPOCH MEIUIIMHBI: MaTepuaibl | MexxTyHapo HOW 3a09HON HAyYIHO-TIPAKTUIECKON KOoH(pe-
penun. M.: Mex1yHapoJHblii 3204HBIN LIEHTP HayKHu U oOpazoBanust, 2012.

Coxoso U.B., Topros 1.B. dnaBoHOMIHBIE arIMKOHBI B IIPOTIOJINCE M €r0 UCTOYHUKAX // XUMHS IPUPOTHBIX
coequneHui. 1990. Ne 4. C. 550-551.

Tapaxosckuii 10.C., Kum 10.A., A6apacuios b.C., Myzadapos E.H. ®naBonousr: Onoxumusi, Onopusmka, me-
nuiuHa. [ymuno, 2013. 310 c.

ycroB B.B., Tepax E.U. [Ipumenenne ¢aBononnos B menunuHe / Hayanoe coobuiectBo crynenros XXI cro-
netnsi. XXX MeXIyHapoaHas CTyleHUYeCKas HaydHO-TIpakTHdeckas koHpepenmus. 2015. Ne 4(29). URL: http://
sibac.info/archive/nature/4(29) (nara obpamenwns: 04.04.2018).

Kleemann R., Verschuren L., Morrison M., Zadelaar S., van Erk M.J., Wielinga P.Y., Kooistra T. Anti-
inflammatory, anti-proliferative and anti-atherosclerotic effects of quercetin in human in vitro and in vivo models
// Atherosclerosis. 2011. Vol. 218. P. 44-52.

Sun B., Sun G.B., Xiao J., Chen R.C., Wang X., Wu Y., Cao L., Yang Z.H., Sun X.B. Isorhamnetin inhibits H(2)
O(2)-induced acti-vation of the intrinsic apoptotic pathway in H9¢2 cardiomyocytes through scavenging reactive
oxygen species and ERK inactivation // J.Cell Biochem. 2012. Vol. 113. P. 473-485.

Martinez J., Silvan A.M., Abad M.J., Bermejo P., Villar A., S6llhuber M. Isolation of two flavonoids from
Tanacetum microphyllum as PMA-induced ear edema inhibitors // Journal of Natural Products. 1997. Vol. 60(2).
P. 142-144.

Eumkeb G., Sakdarat S., Siriwong S. Reversing beta-lactam antibiotic resistance of Staphylococcus aureus with
galangin from Alpinia officinarum Hance and synergism with ceftazidime // Phytomedicine. 2010. Vol. 18. P. 40-45.


http://sibac.info/archive/nature/4(29)
http://sibac.info/archive/nature/4(29)
https://www.ncbi.nlm.nih.gov/pubmed/?term=Silv%C3%A1n%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=9051913
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abad%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=9051913
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bermejo%20P%5BAuthor%5D&cauthor=true&cauthor_uid=9051913

Pharmacy & Pharmacology V. 6 N 3, 2018 DOI:10.19163/2307-9266-2018-6-3-241-254

16.

17.

18.

19.

20.

21.

22.

23.

24.

Luo H., Rankin G.O., Li Z., Depriest L., Chen Y.C. Kaempferol induces apoptosis in ovarian cancer cells through
activating p53 in the intrinsic pathway // Food Chem. 2010. Vol. 128. P. 513-519.

Nirmala P., Ramanathan M. Effect of kaempferol on lipid peroxi-dation and antioxidant status in 1,2-dimethyl
hydrazine induced colorectal carcinoma in rats // Eur.J.Pharmacol. 2011. Vol. 654. P. 75-79.

Huang C.H., Jan R.L., Kuo C.H., Chu Y.T.,, Wang W.L., Lee M.S., Chen H.N., Hung C.H. Natural flavone
kaempferol suppresses che-mokines expression in human monocyte THP-1 cells through MAPK pathways //
J.Food Sci. 2010. Vol. 75. P. 254-259.

Lin MK, Yu Y.L., Chen K.C., Chang W.T., Lee M.S., Yang M.J., Cheng H.C., Liu C.H., Chen D., Chu C.L.
Kaempferol from Se-men cuscutae attenuates the immune function of dendritic cells // Immunobiology. 2011.
Vol. 216. P. 1103-1109.

Xiao H.B., Lu X.Y., Sun Z.L., Zhang H.B. Kaempferol regulates OPN-CD44 pathway to inhibit the atherogenesis
of apolipoprotein E deficient mice // Toxicol.Appl.Pharmacol. 2011. Vol. 257. P. 405-411.

Li S., Pu X.P. Neuroprotective effect of kaempferol against a 1-me-thyl-4-phenyl-1,2,3,6-tetrahydropyridine-
induced mouse model of Parkinson’s disease // Biol.Pharm.Bull. 2011. Vol. 34. P. 1291-1296.

Zhang Y., Liu D. Flavonol kaempferol improves chronic hyper-glycemia-impaired pancreatic beta-cell viability
and insulin secretory function // Eur.J.Pharmacol. 2011. Vol. 670. P. 325-332.

Byun M.R., Jeong H., Bae S.J., Kim A.R., Hwang E.S., Hong J.H. TAZ is required for the osteogenic and anti-
adipogenic activities of kaempferol // Bone. 2012. Vol. 50. P. 364-372.

European Pharmacopoeia. 8th ed. — European Directorate for Quality of Medicines and Health care. Strasbourg,
France; 2012. 2727 p.

10.

11.

12.

13.

14.

15.

16.

17.

References
Ramadan A, Soliman G, Sawsan SM, Salwa MN, Rehab F Abdel-Rahman. Evaluation of the safety and anti-
oxidant activities of Crocus sativus and Propolis ethanolic extracts. Journal of Saudi Chemical Society. 2012
Jan;16(1):13-21.
da Silva FC, Favaro-Trindade CS, de Alencar SM, Marcelo Thomazini, Julio CC Balieiro. Physicochemical prop-
erties, antioxidant activity and stability of spray-dried propolis. Journal of ApiProduct and ApiMedical Science.
2011;3(2):94-100. DOI 10.3896/IBRA.4.03.2.05
Ivashevskaya EB, Lebedev VI, Ryazanova OA, Poznyakovskiy VM. Ekspertiza produktov pchelovodstva.
Kachestvo i bezopasnost’ [Expertise of bee products. Quality and safety]. Novosibirsk: Sib. univ. izd-vo; 2007.
208 p. Russian.
Watanabe MA, Amarante MK, Conti BJ, Sforcin JM. Cytotoxic constituents of propolis inducing anticancer ef-
fects: a review. JPP. 2011 Sep 27;63(11):1378-86. DOI: 10.1111/5.2042-7158.2011.01331 x.
Braslavskiy VB, Kurkin VA. Issledovaniye elektronnykh spektrov flavonoidov topolya i propolisa [Study of elec-
tronic spectra of poplar and propolis flavonoids]. Medical Almanac. 2011;15(2):140-144. Russian.
Tikhonov Al, Yarnykh TG, Chernykh VP, Zupanec IA, Tihonova SA. Teoriya i praktika proizvodstva lekarstven-
nykh preparatov propolisa [Theory and practice of production of medicinal preparations of propolis]. Kharkov:
«Osnovay; 1998. 384 p. Russian.
Popravko SA, Gurevich Al, Kolosov MN. Flavonoidnyye komponenty propolisa [Flavonoid components of prop-
olis]. Khimiya prirodnykh soyedineniy. 1969;6:476-482. Russian.
Simonyan EV, Yurkova EA, Karagezova ST. Opredeleniye flavonoidov v produktakh pchelovodstva [Determina-
tion of flavonoids in bee products]. In: Nauchnaya diskussiya: voprosy meditsiny [Scientific discussion: questions
of medicine]. Proceedings of I International Correspondence Scientific and Practical Conference. Moscow: Me-
zhdunarodnyy zaochnyy tsentr nauki i obrazovaniya; 2012. Russian.
Sokolov IV, Torgov IV. Flavonoidnyye aglikony v propolise i yego istochnikakh [Flavonoid aglycons in propolis
and its sources]. Khimiya prirodnykh soyedineniy. 1990;4:550-1. Russian.
Tarakhovskiy YuS, Kim YuA., Abdrasilov BS, Muzafarov EN. Flavonoidy: biokhimiya, biofizika, meditsina [Fla-
vonoids: biochemistry, biophysics, medicine]. Pushchino: Synchrobook; 2013. 310 p. Russian.
Shustov V'V, Terakh EI. Primeneniye flavonoidov v meditsine [The use of flavonoids in medicine]. In: Nauchnoye
soobshchestvo studentov XXI stoletiya [Scientific community of students of the XXI century]. Proceedings of
XXX International Student Scientific and Practical Conference [Internet]: 2015;4(29) [cited 2018 Apr 04]. Avail-
able from: http://sibac.info/archive/nature/4(29). Russian.
Kleemann R, Verschuren L, Morrison M, Zadelaar S, van Erk MJ, Wielinga PY, Kooistra T. Anti-inflammatory,
anti-proliferative and anti-atherosclerotic effects of quercetin in human in vitro and in vivo models. Atheroscle-
rosis. 2011;218:44-52.
Sun B, Sun GB, Xiao J, Chen RC, Wang X, Wu Y, Cao L, Yang ZH, Sun XB. Isorhamnetin inhibits H(2) O(2)-in-
duced activation of the intrinsic apoptotic pathway in H9¢2 cardiomyocytes through scavenging reactive oxygen
species and ERK inactivation. J.Cell Biochem. 2012;113:473-485.
Martinez J, Silvan AM, Abad MJ, Bermejo P, Villar A, S6llhuber M. Isolation of two flavonoids from Tanacetum
microphyllum as PMA-induced ear edema inhibitors. Journal of Natural Products. 1997;60(2):142-4.
Eumkeb G, Sakdarat S, Siriwong S. Reversing beta-lactam antibiotic resistance of Staphylococcus aureus with
galangin from Alpinia officinarum Hance and synergism with ceftazidime. Phytomedicine. 2010;18:40-5.
Luo H, Rankin GO, Li Z, Depriest L, Chen YC. Kaempferol induces apoptosis in ovarian cancer cells through
activating p53 in the intrinsic pathway. Food Chem. 2011;128:513-9.
Nirmala P, Ramanathan M. Effect of kaempferol on lipid peroxi-dation and antioxidant status in 1,2-dimethyl
hydrazine induced colorectal carcinoma in rats. Eur. J. Pharmacol. 2011;654:75-9.

253


https://doi.org/10.19163/2307-9266-2017-5-1-49-63

(Dapmauesmuqecmm U MOKCUKO102UUEeCKas Xumus

D T 6MNe 3, 201
Pharmaceutical and Toxicological Chemistry apuayi u gapyaronozu T. 6 Ne 3, 2018

18. Huang CH, Jan RL, Kuo CH, et al. Natural flavone kaempferol suppresses chemokines expression in human
monocyte THP-1 cells through MAPK pathways. J. Food Sci. 2010;75:254-9.

19. Lin MK, Yu YL, Chen KC, Chang WT, Lee MS, Yang MJ, Cheng HC, Liu CH, Chen D, Chu CL. Kaempferol
from Semen cuscutae attenuates the immune function of dendritic cells. Immunobiology. 2011;216:1103-9.

20. Xiao HB, Lu XY, Sun ZL, Zhang HB. Kaempferol regulates OPN-CD44 pathway to inhibit the atherogenesis of
apolipoprotein E deficient mice. Toxicol. Appl. Pharmacol. 2011;257:405-11.

21. Li S, Pu XP. Neuroprotective effect of kaempferol against a 1-me-thyl-4-phenyl-1,2,3,6-tetrahydropyridine-in-
duced mouse model of Parkinson’s disease. Biol. Pharm. Bull. 2011;34:1291-6.

22. Zhang Y, Liu D. Flavonol kaempferol improves chronic hyper-glycemia-impaired pancreatic beta-cell viability
and insulin secretory function. Eur. J. Pharmacol. 2011;670:325-32.

23. Byun MR, Jeong H, Bae SJ, Kim AR, Hwang ES, Hong JH. TAZ is required for the osteogenic and anti-adipo-
genic activities of kaempferol. Bone. 2012;50:364-72.

24. European Pharmacopoeia. 8th ed. Strasbourg, France: European Directorate for Quality of Medicines and Health

care; 2014. 2727 p.

KondumkT nnrepecon
ABTOpLI 3asBJISIOT 00 OTCYTCTBHUHU KOH(bHHKTa HUHTEPECOB.

Conflict of interest
The authors declare no conflict of interest.

ABTOpBI:

Jynuna Examepuna Bukmopoena — acnupaum xa-
@eopvl papmayeemuueckoli xumuu U QGApMaKocHO3UU
®@I'AOY BO HUY «benlV» Munobpuayku Poccuu. O6-
JIACMb HAYYHBIX UHMEPECOos: hapmayeemuieckast Xumus,
gapmakoznosus. E-mail: 583404@bsu.edu.ru, ORCID:
0000-0001-5081-2785.

IHucapee /Imumpuii Heanoeuu — ooxmop ¢ap-
Mayesmu4eckux Hayk, ooyewm, npogeccop kagheopul
papmayesmuyeckou xumuu u gpapmaxocnosuu PIA0Y
BO HUY «bBerl'V» Munobpuayxu Poccuu. Obracmo
HAayuHblX UHmMepecos: papmayesmuyeckas Xumus, gap-
maxoenosus.  E-mail:  pisarev@bsu.edu.ru, ORCID:
0000-0002-2996-7712.

Hosukoe Onez Onezosuu — ooxmop papmayes-
muyeckux Hayk, npogheccop, 3asedyrouguil Kageopor
Gapmayesmuueckoti xumuu u papmaxoenozuu PIA0Y
BO HUY «Benl'Y» Munobpuayxu Poccuu. Obracme
HAYYHBIX UHMEPECos: (apmayesmuyeckas xXumust, gap-
maxoenosusa. E-mail:  novikov@bsu.edu.ru, ORCID:
0000-0003-3145-6783.

Maniomuna Anacmacus IOpveena — rxanouoam
papmayesmuueckux Hayk, ooyewm kageopol papma-
yeemuyeckou xumuu u papmarxoenosuu DPIrAO0Y BO
HUY «berl’Vy Munobpnayxu Poccuu. Obnacme nayu-
HbIX uHmepecos: papmayesmuyeckas xumus, gapma-
koernosusi. E-mail: malyutina_a@bsu.edu.ru, ORCID:
0000-0001-6170-2151.

Bacunvee I'eopeuni Bnadumuposeuu — cmapuiuii
npenooagamens Kageopvl hapmayesmuieckoll Xumuu u
dapmaroerosuu @IA0Y BO HUY «benl V» Munobpna-
yru Poccuu. Obnacme Hayunvix unmepecos: papmayes-
muyeckas xumus, gapmaxoenozusn. E-mail: vasilyev@
bsu.edu.ru, ORCID: 0000-0003-4847-7476.

Bacunveea HOnusa I'ennadveena — acnupanm Ka-
Geopul papmayeemuueckol xumuu U QPapMaKocHO3UU
®@I'AOY BO HUY «benlV» Munobpuayxu Poccuu. O6-
JACMb HAYYHBIX UHMEPECO8: hapmayeemuieckas Xumus,
dapmaroenosus. E-mail: 689014@bsu.edu.ru, ORCID:
0000-0003-1471-5309.

Authors:

Lupina Ekaterina Viktorovhna — post-graduate
student in the Department of Pharmaceutical Chemistry
and Pharmacognosy, Belgorod State National Research
University. Research interests: pharmaceutical chemistry,
pharmacognosy. E-mail: 583404@bsu.edu.ru, ORCID:
0000-0001-5081-2785.

Pisarev Dmitriy Ivanovich — PhD (Pharmacy),
Associate  Professor, Professor of Pharmaceutical
Chemistry and Pharmacognosy Department, Belgorod
State National Research University. Research interests:
pharmaceutical chemistry, pharmacognosy. E-mail:
pisarev@bsu.edu.ru, ORCID: 0000-0002-2996-7712.

Novikov Oleg Olegovich — PhD (Pharmacy),
Professor, Head of Pharmaceutical Chemistry and
Pharmacognosy Department, Belgorod State National
Research University. Research interests: pharmaceutical
chemistry, pharmacognosy. E-mail: novikov@bsu.edu.ru,
ORCID: 0000-0003-3145-6783.

Malyutina Anastasiya Yurevna — PhD (Pharmacy),
Associate  Professor of Pharmaceutical Chemistry and
Pharmacognosy Department, Belgorod State National
Research University. Research interests: pharmaceutical
chemistry, pharmacognosy. E-mail: malyutina_a@bsu.edu.ru,
ORCID: 0000-0001-6170-2151.

Vasilyev Georgy Viadimirovich — Senior Lecturer
of Pharmaceutical Chemistry and Pharmacognosy
Department, Belgorod State National Research
University. Research interests: pharmaceutical chemistry,
pharmacognosy. E-mail: vasilyev@bsu.edu.ru, ORCID:
0000-0003-4847-7476.

Vasileva Yulia Gennadievna— post-graduate student
in the Department of Pharmaceutical Chemistry and
Pharmacognosy, Belgorod State National Research
University. Research interests: pharmaceutical chemistry,
pharmacognosy. E-mail: 689014@bsu.edu.ru, ORCID:
0000-0003-1471-5309.

IMocrynuna B pegakuuto: 02.04.2018
OTtmpasnena Ha nopabotky: 27.05.2018, 03.06.2018
[punsra x megarn: 21.06.2018

Received: 02.04.2018
Sent back for revision: 27.05.2018, 03.06.2018
Accepted for publication: 21.06.2018

254


https://orcid.org/0000-0001-5081-2785?lang=ru
https://orcid.org/0000-0001-6170-2151

	_GoBack
	_Ref515878815
	K.A. Alexeeva, D.I. Pisarev, O.O. Novikov, A.Yu. Malyutina
	ХИМИЧЕСКОЕ ИЗУЧЕНИЕ СОСТАВА ФЛАВОНОВ И ФЛАВОНОЛОВ 
В ПРОПОЛИСЕ

	Е.В. Лупина, Д.И. Писарев, О.О. Новиков, А.Ю. Малютина, 
Г.В. Васильев, Ю.Г. Васильева
	CHEMICAL STUDY OF FLAVONS AND FLAVONOLS COMPOSITION 
IN PROPOLIS

	E.V. Lupina, D.I. Pisarev, O.O. Novikov, A.Yu. Malyutina, 
G.V. Vasilev, Yu.G. Vasileva


