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About quantitative determination of flavonoids in vegetative raw materials

Numerous researches show that the medicines created on the basis of flavonoids are high performance
antineoplastic tools, have antioxidatic properties, reduce risk of diseases of cardiovascular system. Currently
physical and chemical methods of the analysis, such as spectrophotometry, absorption spectroscopy are wide-
ly used for the identification and quantitative determination of flavonoids in medicines. However, combined
methods involving various variants of chromatographic separation of the investigated components are in-
creasingly spreading. Wide use of physicochemical and combined methods of analysis is primarily due to the
fact that these methods have a much greater sensitivity and selectivity in comparison with modern chemical
and electrochemical methods. Literary data on researching new, and also development and exploitation of ex-
isting methods for quantitive determination of flavonoids in vegetative raw were generalized and analyzed.
Special attention is paid to such analyzing methods as method of high-performance liquid chromatography,
spectrophotometry and chromato-mass-spectrometry. The HPLC method is a fast, highly reproducible meth-
od that requires a small amount of analyte and is used for quantitative, qualitative analysis and preparative re-
lease. The most accessible and objective method for controlling biologically active compounds in plant raw
materials is the chromato-mass-spectrometric method of analysis, which makes it possible to identify individ-
ual flavonoids, regardless of the presence of extraneous or related compounds. It is established that most of
the studies are based on the methods for the quantitative determination of flavonoids, set out in the European
and British pharmacopoeias, and are widely used to standardize many types of raw materials containing fla-
vonoids.

Keywords: flavonoids, quercetin, high-performance liquid chromatography, spectrophotometry, complexo-
metric titration.

Introduction

Currently pharmacologists are interested in substances of flavonoids group. Flavonoids are a group of
widespread natural antioxidants in which moleculestwo benzene rings linked by a three carbon fragment
containing oxygen. These compounds are a part of many medicines and dietary supplements (DS) and have a
number of beneficial properties for the human body. Numerous researches have shown that the medicines
created on the basis of these substances are highly effective antineoplastic means, have antioxidant proper-
ties, reduce risk of diseases of cardiovascular system [1-8].

It should be noted that valuable feature of flavonoids, along with high biological activity, is their low
toxicity.

Depending on the structure of the oxygen-containing fragment flavonoids are classified into several
classes (see Fig.). Depending on the number and the nature of substituents on the benzene rings flavonoids
subdivide also into subclasses [3, 9]. Flavonoids are widespread in flora, particularly in higher plants belong-
ing to the bean, Rosacea, Asteraceae, buckwheat families [3, 9].

Quercetin — 5,7,3’,4’-tetrahydroxyflavonol — one of the most widespread natural antioxidants of a se-
ries of flavonoids which is a part of many medicinal preparations and DS. It possesses a wide range of bio-
logical effect on a human body, in particular, anticancerogenic, anti-inflammatory, antioxidatic, antihista-
mine action, slows down processes of cell aging of a skin, cornea, myocardium [3, 9-12].

Materials and methods

Along with quercetin the reare relatively large amounts of individual flavonoids in plant facilities. So
the task of the selective isolation of their raw materials and their subsequent determination requires the use of
different methods of analysis of natural objects, which give the opportunity to fully characterize complex
composition and low content of flavonoids.

Currently, physical and chemical methods of analysis, such as spectrophotometry, absorption spectros-
copy widely used for identification and quantification of flavonoids in drugs. However, increasingly used the
combined methods, including various options for the chromatographic separation of the investigated compo-
nents. Wide use of the physical and chemical and combined analysis methods, first of all, is bound to the fact
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that these methods have considerably larger sensitivity and selectivity in comparison with the modern chem-

ical and electrochemical methods.
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Figure. Members of the main classes of natural flavonoids

The adsorption and chromatographic method is used for division of flavonoids among themselves and
separations from the accompanying substances [7].

Results and discussion

For determination of flavonoids in extracts from plants as well as in foods often use high-performance
liquid chromatography (HPLC) after pre-concentration of flavonoids using solid phase extraction. In this
case the selection or group identification of flavonoids is complicated by restriction of quantity of sorbents.

The HPLC method is a rapid, highly reproducible method which requires a small amount of an analyte
and is used for quantitative and qualitative analysis of preparative selection[13].

For flavonoids columns with versed and phase sorbents and detection with a UV-visible detector with
variable wavelength are more used. Currently widely used photodiode detector, which allows to obtain UV-
visible spectrum of the substance simultaneously with the release of the peak in the chromatogram. This ex-
perimental reception considerably facilitates a problem of identification of substances. Mobile phases (eluent
systems) tend to be binary and contain acidic polar component (aqueous solutions of acetic, per chloric acid,
phosphoric acid or formic acid) and a less polar organic solvent (acetonitrile or methanol) [13, 14].

Gradient mode is most suitable for the separation of complex mixtures of flavonoids. For columns with
reversed-phase sorbents typical gradient programs are based on the use of mobile phases with prevalence at
the start of the proportion of polar solvent with a further gradual increase in the proportion of a less polar
solvent. Correlation peaks in the chromatogram is the most difficult task. A convenient technique is the use
of parallel chromatography of standard samples and compare them with the chromatogram of the investigat-
ed object. Standard substance should ideally be more akin flavonoids and have similar chromatographic
properties. When standard substance is chromatographed under the same conditions, but in parallel, it is
called an external standard. Internal standard (added to the investigated sample before putting into the chro-
matograph) must meet the following conditions: in the mixture should not contain analogous substance and
peakof standard must not overlap with any compound in the mixture. Such restrictions are absent in the case
of using an external standard.The advantages of an internal standard is the validation of extraction, sample
preparation, chromatographic procedures. Rutinum is often used as a standard substance for flavonoids, it is
a commercial available product. It is well suited for quantitative analysis of flavonol glycosides. For other
flavonoids which are contained in mixture such commercially available standards as apigenin-7-glucoside —
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for flavone glycosides, catechin — for flavan-3-ols, naringenin — for dihydroflavons, dihydroquercetin —
for dihydroflavonols, daidzein — for isoflavones can be used [13, 14]. For the quantitative analysis the graph
of concentration of the flavonoid versus the area of peak for each standard is constructed. The corresponding
calibration curves can be used for calculation of quantity of the flavonoid represented by each peak of HPLC
chromatogram. Currently, almost disappeared need for the construction of calibration curves due to provision
of chromatographs with computer system which is calculated area of peaks [14].

For the quantitative determination of flavonoids using volumetric methods of analysis. So the method of
complexometric titration of excess lead acetate, is not entered in the deposition reaction with flavonols, has
sufficient selectivity and allows the determination of flavonols in the presence of acetylsalicylic acids,
anthraquinones, coumarins. The method of oxidation of flavonoids with potassium ferrocyanide on
p-phenyl — aptronilic acid also belongs to a titrimetric method of the analysis. However the method is long
and has no selectivity.

Potentiometric titration of the quantitative determination of flavonoids relates to a method of electro-
chemical analysis, based on the measurement of change during the titration of the electrochemical potential
of the electrode immersed in the test solution. Quantitative determination of flavonoids in non-aqueous sol-
vent medium, for example, acetone, dimethylformamide, dimethylsulfoxide by a potentiometric method per-
haps with use as titrant of a hydroxide of a tetracthylammonium or sodium. This method gives more accurate
results, and does not require standard substances for quantifying compared with optical methods. Low sensi-
tivity (required for analysis 0.0005-0.001 g of substance) and poor selectivity for each of the classes difficult
to identify without prior separation of substances in raw materials and total preparations [15].

Reduction of flavonoids on a mercury dropping electrode is the basis for a highly sensitive
polarographic method of the analysis. The method allows to analyze the amount of flavonoids, in terms of
one of connections chosen as the standard. The method gives results more close to the true cooperative con-
tents for flavonoids unlike a spectophotometery of the colored complexes Flavonoids (flavanols) can be de-
fined against the background of 0.4 M ammonium chloride solution at a half-wave potential of 1.5V.
Polarographic method allows the presence of intramolecular bonds, the identification largest half-wave po-
tential, evaluate the reactivity of the individual groups in the molecule. In practice of the pharmaceutical
analysis and in particular industrially the polarographic analysis has difficulties as demands keeping of rig-
orous conditions of the accident prevention during the work with Hydrargyrum. The disadvantages of the
method are its low selectivity because of the close values of half-waves of potentials, in connection with
what is required, as in the case of spectral methods, preliminary separation of substances [16].

In modern science, for the detection and quantification of flavonoids in the plant material is also used
capillary electrophoresis method [17]. The method of a capillary electrophoresis is based on division of
components of the complex mixture in a quartz capillary under the influence of the enclosed electric field.
The microvolume of the analyzed solution is entered into the capillary beforehand filled with the suitable
buffer — electrolyte. After supplying a high voltage to the ends of the capillary (30 kV), the components of
the mixture begins to move through the capillary at different rates, depending primarily on charge and mass
(or rather — ionic radius) and, respectively, at different times reach the detection zone. The resulting se-
quence of peaks called electrophoregrams. Qualitative characteristic of the substance is the retention parame-
ter (during migration), and quantitative — height or peak area, which is proportional to the concentration of
the substance. The advantages of capillary electrophoresis are: high separation efficiency, economy (low
consumption of reagents) and expressivity.

Quantitative determination of the investigated flavonoid compound in the UV- and visible spectra based
on measurement of an optical density at a wavelength in maxima of absorption both solutions of the analyzed
substances, and solutions of their painted complexes. Spectrophotometric determination of the maxima of the
intrinsic absorption is one of the most common methods for the analysis of flavonoids. At the same time
serve as working ranges of lengths of waves as long-wave maxima for flavonoids — 330-370 nm, and
shortwave. Shortwave maxima, although more intense, but in many cases less suitable for analytical purpos-
es due to the small «area» top peak, which leads to large errors in the determination. The relative error of the
direct spectrophotometric determination is + 2—5 % and can be reduced in the differential analysis technique
to 0.5-1.0 %. The working range of concentrations of alcohol, water-alcohol solutions is from 5 to 20 g sub-
stance in 1 ml. With its high sensitivity, the method is not selective because they do not control the content
of each of the substances of the class of compounds [18].

Spectrophotometric or photometric determination by diazotization reaction were previously widely dis-
tributed in the analysis. The reaction is sensitive, but not selective, because along with flavonoids phenolic
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connections, pyrazyl ketones and other classes of connections give this reaction. Even total determination
with this reactant do not show the true content of the studied substances, both in cooperative phytochemical
medicines, and in vegetable raw materials.

Techniques of determination of flavanols on color complex compounds with aluminum chloride, zirco-
nium oxychloride (zirconyl chloride), gallium nitrate have larger specificity. The colored solutions have
maxima in intervals: 385-460 nm with aluminum chloride, 385-500 nm with zirconyl chloride, 400—455 nm
with gallium nitrate. Method using gallium nitrate, allowing quantification of 0.5 pg in 1 mL of the solution,
then zirconium oxychloride — 0.9-1.0 ug and aluminum chloride — 1-2 pg has the greatest sensitivity [19, 20].

Methods of the analysis of flavonoids with cobalt nitrite in the medium of an acetic acid at a wave-
length of 575 nm, and also with zinc and arsenic are described. It is possible to receive the true cooperative
maintenance of flavonoids by training of color complexes with metals only in the presence at connections of
identical quantity of the complexing centers. Despite these drawbacks, a method has been widely used in
determining total flavonoid content in raw materials and total phytochemical preparations. As a standard
used quercetin, kaempferol and their glycosides [9].

A photometric method for determining the complexation reaction with boric acid at a wavelength of
470 nm is widely used in determining the total amount of flavonoid compounds in plants. The technique has
the same disadvantages as the method of complexation with metal salts, and gives higher results but the sim-
plicity and availability of reagent allowed to use them for indicative determinations. As samples are used
aglycones, glycosides of flavones, flavonols, chalcones. Working concentration of solutions 1-10 ug/ml. The
relative error of determination is = 3.35 %.

Borohydride method is most sensitive in the range of spectrophotometric methods for the analysis of
flavanones (up to 0.5-1 ug/mL at wavelengths of 535-560 nm). Despite considerable selectivity, it is not
widely used because of the short time stability of the colored complex and poor reproducibility of results.

Fluorometric method is based on the complexone-forming properties of flavonoids, which is more sen-
sitive than spectrophotometric. It is possible to determine flavonoids quantitatively by this method, if in 1 ml
of solution — 0.05—1 ug of substance. The high sensitivity of fluorometric method allows us to use it for the
preliminary identification of biologically active substances in plant tissues. However, to obtain the correct
results in the analysis of raw materials and phytochemical preparations is possible only after separation of
substances by using various kinds of chromatography.

Chromato-mass spectrometers — method for analysis of mixtures, mainly organic substances and de-
termination of trace amounts of substances in the volume of liquid. The method is based on a combination of
the two independent methods — chromatography and mass spectrometry. With the first method, is per-
formed on the separation of the mixture, using a second — identification and determination of structure of
the substance, quantitative analysis. There are two options of chromato-mass spectrometers: a combination
of mass spectrometry with a gas-liquid chromatography (GC) or HPLC.

The paper contains idea of quantification of flavonoids in elderberry extract, enriched in phenolic acids,
polyphenolic flavonoids and other compounds through the use of mass spectrometry DART (Direct Analysis
in Real Time), which differs from the conventional mass spectrometry in that the ionization of low molecules
from the surface of the liquid or solid objects in the gas allows to do without stages of sample preparation
and chromatographic separation [21].

Conclusions

Flavonoids are extremely multifaceted. Equally, they are interesting as objects of study in Botany,
Pharmacognosy, Phytochemistry, and especially in pharmacy and medicine.

In this paper flavonoids mainly studied from chemical positions. Namely, the basic methods of quanti-
tative determination of flavonoids in herbal drugs are considered. Particular attention is paid to such methods
of analysis as a method of high performance liquid chromatography, spectrophotometry and gas chromatog-
raphy-mass spectrometry. The basis of most of the research is the method of quantitative determination of
flavonoids as set out in the European and British Pharmacopoeia, and is widely used for the standardization
of many raw materials containing flavonoids [22, 23]. It was established that the most reasonable and objec-
tive method for monitoring of biologically active compounds in plant material and summary of phytochemi-
cal preparations is chromato-mass-spectrometric analysis method that allows the identification of individual
flavonoids is not dependent on the presence of extraneous or related compounds.
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P.T. limxymanoBa, b.X. Mycab6aesa, P.C. A6ekora, H.b. Kacenosa

OciMaik muKizaTTarsl (JIABOHOMATEPAI CAHABIK AHBIKTAY JiCTEPi TYypabl

Kermrteren 3eprreyep OoiibiHIIA (hIIaBOHOUITEPre HETI3ereH penaparTap )XoFapsl ICHrel1e icikke Kapehl
Kypanmap Ooibin TaObUIambI, TOTHIFYFAa Kapchl KacHeTTepi 0ap KoHE JKYpPeK KaH-TaMbIp >KYHECiHIH
aypyJlapbIHbIH KayilliH a3aitansl. OIaBOHOMATEPIIH KYH/IBI €PEKIIETiri — OJap/blH YBITTBUIBIFBI TOMEH.
Kasipri ke3ne mopinik Kypangapiarbl (pJaBOHOMATEPl aHBIKTAY YIIiH cIeKTpodoTomMeTpus, abcopOLHsIIBbIK
CIIEKTPOCKONHSL CHSIKTBI, (HM3MKA-XUMMSUIBIK Tanfay oicTepi KEHiHEH KOJJaHbUIAABL 3epTTeleTiH
KOMIOHEHTTep/li XxpoMarorpadusuiblk 6eyaiH op TYpJi BapHaHTTapblH KaMTaMachl3 €TETiH Kypama aictep
Jie KeHiHeH naiinananyna. Kasipri ke3aeri XUMHUSIIBIK JKOHE JIEKTPOXMMHUSIIBIK 9JIiCTEPMEH CaJlbICTBIPFaHAa,
(bH3HKa-XUMHUSIIBIK JKOHE KOMOWHHUPIICHICH Tajlgay OAICTepiHIH KEHiHEH KOJAAHBUTYbI OJap/blH HEFYpIIbIM
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YJIKeH ce3iMTalIbIFbIHA JKOHE ipikTinirine OaitnanbicTel. JKymbicTa ©CIMIIK IIMKi3aTTarbl (GIaBOHOUATEPI
CaHJBIK aHBIKTAY/IbIH XKaHa dJIicTepi jKoHe Ka3ipri Ke3ae KOJJaHbLIaThIH SAICTEePl JaMbITY )KOHIHIeTI onelu
MONIMETTep  TaJaHAbl  KoHe  capanrtangsl.  JKorapbl  HOTWXKeNi  CYHBIKTBIK — Xpomarorpadus,
CrIeKTPO(OTOMETPHUSI KIHE XPOMATOMACCIIEKTPOMETPHSI CHSAKTBI dIicTepre epekiue Hazap Geminzi. JKoraps
HOTHXKETI CYHBIKTBIK XpoMaTorpadus — eTe Te3 KOHE JKAKChl OHAIPIICTIH, 3¢PTTEIETIH 3aTTHIH a3 MOJIIICPiH
KaXeT eTeTiH, CalalblK JKOHE CaHIbIK Talaay/a, 3aTTapAbl IpenaparThik 0ol anyaa KOJJaHbUIATBHIH JJIiC.
OcCIMIIK IUKI3aTTaFbl OMOJIOTHSUIBIK O€NCeHi 3arTapipl OaKbpLIAyIbIH C©H THIMJI JKOHE HAKTBI dJici —
XpomaToMaccnekTpoMeTpus. byn omic Oernme »xoHe (QuiaBOHOMATEpre yYKcac KOCBUIBICTApIbIH OOJybIHA
Toyenci3 Jkeke (aBoHOMATApAbl uaeHTH(UMKauusayFa MyMKiHOiK Oepeni. Kemrteren 3eprreynepain
EyponansIk sxoHe bputan apmaxoneschiHaa KepceTinreH GpIaBOHOMATAP/IbIH CAaHIbIK aHBIKTAy dJliCTepiHe
HEri3/IeNreHi aHbIKTalJIbl.

Kinm ce30ep: ¢naBoHOMITAp, KBEPLETHH, KOFaphl camanbl CYHBIK XpoMarorpadus, creKkTpodoTroMerpus,
KOMILIEKCOMETPHUSIIBIK TUTPIIECY.

P.T. lumxymanoBa, b.X. Mycab6aesa, P.C. A6ekoBa, H.b. Kacenosa

O MeToaaxX KOJMYECTBEHHOTO onpeaeaeHusi GJaBOHOUIOB
B PACTUTEJIbLHOM ChIpbe

MHOro4HClIeHHbIe HCCICI0BAHMU TOKA3bIBAIOT, YTO MPEHapaThl, CO3/IaHHbIC Ha OCHOBE (pJIABOHOMIOB, SIBJIS-
I0TCSl BBICOKOA()()EKTUBHBIMH TPOTHBOOITYXOJICBHIMU CPEACTBAMH, 00Jaal0T aHTHOKCHAAHTHBIMU CBOWCT-
BaMH, CHIDKAIOT PHCK 3a00JIeBaHMi CeplIeyHO-COCYAUCTON CHCTeMBbl. B HacTosiiee Bpemst A1 uAeHTH(HKa-
UM U KOJIMYECTBEHHOTO OIIPEeIeHHsT ()JIABOHOUIOB B JICKAPCTBEHHBIX CPEACTBAX IMIMPOKO HCIOJIB3YIOTCS
(U3UKO-XMMHUYECKHE METOIbl aHalM3a, Takhue Kak CreKkTpodoromerpus, abCOpOIMOHHAS CIIEKTPOCKOIHSI.
OpnHako Bce OoJblee paclpOCTPaHCHUE MOTYJaroT KOMOWHHPOBAHHBIE METOMbI, BKIIIOYAIOIINE PA3IHIHBIC
BapHaHTEl XpoMaTorpaduueckoro pasjeiaeHus HccieayeMbx koMrnoHeHToB. lllupokoe mcnons3oBanne ¢u-
3MKO-XMMHYECKUX 1 KOMOHHHUPOBAHHBIX METO/IOB aHAIIK3a, B IEPBYIO OYEpe/ib, CBSI3aHO C TEM, YTO 3TH Me-
TOJBI 00JIA/IAI0T 3HAYUTEIBHO OOJTbIIICH YyBCTBUTEIBHOCTHIO M CEJICKTUBHOCTHIO [0 CPABHEHHUIO C COBPEMEH-
HBIMH XMUMHYECKHUMH U JJICKTPOXHUMHUYECKUMU MeTogaMu. B pabore 06001ieHb!l 1 MpoaHaTM3upOBaHbI JIUTe-
paTypHbIe JaHHBIE MO pa3pabOTKe HOBBIX, @ TAKXKE PA3BUTHIO U MPUMEHEHHUIO CYIIECTBYIOIIMX METOJOB KO-
JIMYECTBEHHOTO ONPEAENICHUs (IaBOHOUIOB B PACTUTENHHOM chIpbe. Oco0oe BHUMaHHE y/eTIeHO TaKuM Me-
TOJIaM aHaJN3a, KaKk METOJ BhICOK03((eKkTHBHOI sxuakocTHON xpomaTtorpaduu (BOXKX), cnekrpoporomer-
pust u xpoMmaromaccrekrpomerpusi. Meronq BOXKX sBiseTcss OBICTPBIM, XOPOIIO BOCHPOU3BOANMEBIM METO-
JIOM, KOTOPBIA TpeOyeT Majoro KOJMIecTBa aHAIH3HPYEMOTO BEIECTBA M HUCIIONB3YeTCs I KOJIMIEeCTBEH-
HOT0, Ka4eCTBEHHOI'0 aHajM3a U MPenapaTHBHOro BbiaeeHus. Hanbosee OCTYHBIM U 0ObEKTHBHBIM METO-
JIOM KOHTPOJIsi OMOJIOrMYECKH aKTHBHBIX COSAMHEHHH B PACTHUTEIBHOM CHIPHE SIBISICTCS XPOMATOMACCIICK-
TPOMETPHUYCCKHI METOJ| aHaIK3a, MO3BOJISAIOINA HACHTU(UIUPOBATh OTACIbHBIC (HJIAaBOHOHIBI HE3aBUCUMO
OT MPHUCYTCTBHS HOCTOPOHHUX MJIM POJICTBEHHBIX COSIHMHEHHU. Y CTAHOBICHO, YTO OOJIBIIMHCTBO UCCIIEI0Ba-
HUM OCHOBaHBI HA METOIMKAX KOJMYECTBEHHOTO ONpeieNieHns (pJIaBOHOUAOB, N3JI0KEeHHbBIX B EBponelickoii u
Bpuranckoit (hapmakomnesx ¥ MUPOKO MPUMEHSIEMBIX Ul CTaHIapTH3AIl[Md MHOTHX BHJIOB CHIPBS, COJEpKa-
mUX (IIAaBOHOHIBL.

Knouesvie cnosa: q)HaBOHOHIIbI, KBCPUCTUH, BI)ICOKOS(b(i)eKTI/IBHaSI JKUAKOCTHAA XpOMaTOFpaq)I/ISI, CIICKTPO-
q)OTOMeTpI/ISI, KOMILJICKCOMETPHUICCKOE TUTPOBAHUE.

References

1 Arredondo, M.F., Blasina, F., Echeverry, C., Morguio, A., Ferreira, M., & Abin-Carriguiry, J.A. et al. (2004). Cytoprotection
by Achyroclinesatureioides (Lam) D.C. and some of its main flavonoids against oxidate stress. Ethnopharmacology, 91, 1, 13-20.

2 Tsao, R., & Deng, Z. (2004). Separation procedures for naturally occurring antioxidant phylochemicals. Chromatogr. B., 812,
1-2, 85-99.

3 Andersen, O.M., & Markham, K.R. (2006). Flavonoids: chemistry, biochemistry and applications. Boca Raton: Taylor &
Francis Group. LLC.

4 Blasa, M., Candiracci, M., Accorsi, A., Piacentini, M.P. & Piatti, E. (2007). Honey flavonoids as protection agents against
oxidative damage to human red blood cells. Food Chem., 104, 4, 1635-1640.

5 Soobrattee, M.A., Neergheen, V.S., Luximon-Ramma, A., Aruoma, O.I., & Bahorun, T. (2005). Phenolies as potential anti-
oxidant therapeutic agents: Mechanism and actions. Mutation Res., 579, 1-2, 200-213.

6 Ninfali, P., Bacchiocca, M., Antonelli, A., Biagiotti, E., Di Gioacchino, A.M., & Piccoli, G. et al. (2007). Characterization
and biological activity of the main flavonoids from Swiss Chard (Beta vulgaris subspecies cycla). Phytomedicine, 14, 2-3, 216-221.

7 Ferreira, R. de Q., & Avaca, L.A. (2008). Electrochemical determination of the relative capacity: the Ceric Reduc-
ing/Antioxidant Capacity (CRAC) assay. Electroanalyses, 20, 12, 1323-1329.

106 BecTHuk KaparaHauHckoro yHvusepcuTeTa



About quantitative determination ...

8 Zielinka, D., Wiezkowski, W., & Piskula, M.K. (2008). Determination of the relative contribution of quercetin and its
glucosides to the antioxidant capacity of onion by cyclic voltammetry and spetrophotometric methods. Agric. Food Chem., 58, 10,
3524-3531.

9 Korulkin, D.Yu., Abilov, Zh.A., Muzychkina, R.A., & Tolstikov, G.A. (2007). Prirodnye flavonoidy [Natural flavonoids].
Novosibirsk: Geo [in Russian].

10 Tan, W., Li, M., Zhang, Y., Tong, Y., Xiao, D., & Ding, J. (2003). Quercetin, a dietary-derived flavonoid, possesses
antiangiogenic potential. Eur. J. Pharm, 459, 2-3, 255-262.

11 Belikov, V.G. (2003). Farmatsevticheskaia khimiia: v 2 ch. Ch.2 Spetsialnaia farmatsevticheskaia khimiia [Pharmaceutical
chemistry. in 2 parts. Part 2. Special pharmaceutical chemistry]. Pyatigorsk [in Russian].

12 Bozin, B., Mimica-Dukic, N., Samojlik, I., Goran, A., & Igic, R. (2008). Phenolics as antioxidants in garlic (Allium sativum
L., Alliaceae). Food Chem., 111, 4, 925-929.

13 Tiukavkina, N.A., Zurabyian, S.E., & Beloborodov, V.L. (2008). Orhanicheskaia khimiia: v 2 kn. Kn.2: Spetsialnyi kurs
[Organic chemistry: in 2 books. Book 2: Special course]. Moscow: Drofa [in Russian].

14 Sychev, S.N., Sychev, K.S., & Havrilina, V.A. (2002). Vysokoeffektivnaia zhidkostnaia khromatohrafiia na mikrokolonoch-
nykh khromatohrafakh serii «Milikhromy [High-performance liquid chromatography on microcolumn chromatographs of the
Milichrom series]. Orel: OGTU [in Russian].

15 Vasilev, V.P. (2002). Analiticheskaia khimiia. Fiziko-khimicheskie metody analiza [Analytical chemistry. Physicochemical
methods of analysis]. (2nd ed.). Moscow: Drofa [in Russian].

16 Lebedeva, M.1. (2005). Analiticheskaia khimiia i fiziko-khimicheskie metody analiza [Analytical chemistry and physicochem-
ical methods of analysis]. Tambov: TGTU [in Russian].

17 Abdullabekova, V. Kh. (2009). Identifikatciia rutina v rastitelnom syre metodom kappiliarnoho elektroforeza [Identification
of rutin in plant raw materials by the method of capillary electrophoresis]. Vestnik farmatcii. — Bulletin of Pharmacy, 3, 23-28 [in
Russian].

18 Zolotov, Yu. A., Dorokhova, E.NN., & Fadeeva, V.I. (2002). Osnovy analiticheskoi khimii. v 2 kn. Kn. 2. Metody
khimicheskoho analiza [Fundamentals of analytical chemistry. In 2 books. Book 2. Methods of chemical analysis]. Moscow:
Vysshaia shkola [in Russian].

19 Tliasova, S.M., & Popov D.M. (2005). Vyiavlenie flavonoidov v listiakh kaliny [Detection of flavonoids in leaves of the vi-
burnum)]. Farmatsiia — Pharmacy, 5, 12—15 [in Russian].

20 Ozhigova, M.G., Bogma, M.V., & Teslov, L.S. (2006). Kolichestvennoe opredelenie summarnoho soderzhaniia flavonoidov
v listyah Urticadioica (Upticaceae) spektrofotometricheskim metodom [Quantitative determination of the total content of flavonoids
in leaves of Urticadioica (Upticaceae) by spectrophotometric method]. Rastitelnye resursy. — Vegetable resources, 42, 2, 126-130.
[in Russian].

21 Chernetsova, E.S., Morlok, G.E., & Revelskii, Ch.A. (2011). Mass-spektrometriia DART i ee primenenie v khimicheskom
analize [DART mass spectrometry and its application in chemical analysis]. Uspekhi khimii. — Advances in Chemistry, 80(3), 249—
271 [in Russian].

22 British Pharmacopoeia 2009. (2008). BHMA, Bournemouth: Crown Publishers.

23 European Pharmacopoeia 6th Edition. (2007). Council of Europe European — European Directorate for the Quality of Med-
icines.

Cepusa «Xumunsy». Ne 3(87)/2017 107





