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Abstract

Introduction. The study of the dynamics of accumulation of biologically active substances (hereinafter — BAS) in relation to the phenological
phases of plant development is of great scientific and practical interest. The quantitative content of aglycones and glycosides of flavonoids
depends on the life cycle of the plant and its vegetation phase.

Aim. To identify and quantify flavonoids in the underground organs of Rumex confertus Willd., Rumex aquaticus L., Rumex crispus L. and Rumex
obtusifolius L. harvested during different phases of vegetation.

Materials and methods. Extracts from the underground organs of the studied plants, obtained according to the method from the pharmacopoeial
article on R. confertus, were analyzed. Chromatographic separation and detection were performed on a Nexera-i LC-2040 high-performance
liquid chromatograph (Shimadzu Corporation, Japan). The chromatograph was equipped with a column thermostat, chromatography column
Grace HPLC-COLUMN 250 x 4.6mm platinum C8-EPS 5 mm (Grace, CLLIA) and Guard column Phenomenex SecurityGuard™ Cartridges Widepore
C18 4 x 3,0 mm, a degasser, an autosampler (injection volume: 10 pl), and an ultraviolet detector. Detection was carried out at a wavelength
A\ =365 + 2 nm. Mobile phase contains 0.1 % phosphoric acid in water (v/v) (eluent A); acetonitrile (eluent B) with flow rate: 0.9 ml/min.

Results and discussion. All studied objects were analyzed. The authenticity of the substances contained were confirmed using the external
standard, and their quantitative content was determined. The discovered and quantified substances were: 3-O-rutinoside of quercetin (rutin),
3-O-rutinoside of isorhamnetin (narcissin), 3-O-glucoside of kaempferol (astragalin), luteolin, kaempferol and isorhamnetin. 7-O-glucoside of
luteolin (cynaroside) and 7-O-beta-D-glucoside apigenin (cosmosiin) were not found. The aglycone luteolin had the biggest share in the total
quantitative content of flavonoids. It is noted that this aglycone is contained in larger quantities in relation to other flavonoids in all studied objects,
regardless of the phase of vegetation.

Conclusion. In the process of the research, a method for the quantitative determination of flavonoids in alcohol-water extracts was developed.
Aglycones and glycosides of flavonoids were identified and quantified in the underground organs of R. confertus Willd., R. aquaticus L., R. crispus L.
and R. obtusifolius L. of three different vegetations.
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Peslome

BBepeHue. /3yueHre JMHAMUKM HaKoMNeHUs GMONOrMyYeckn akTMBHBIX BelwecTB (ganee — BAB) npumMeHuTenbHO K deHonornyeckum dasam
pa3BUTWA pacTeHWi NpefcTaBiseT GOMbLION HayuHbI U MPaKTUYeCKU nHTepec. KonnyecTBeHHoe cofepKaHne arfivkoHOB W FUKO3UAOB
¢$naBoHOVAOB 3aBUCUT OT XKU3HEHHOTO LKA pacTeHna 1 ¢pasbl ero BeretaLuu.

Lenb. VigeHTndurkaumsa n KonnyectBeHHoe onpegeneHne ¢naBoHOMAOB B Nof3eMHblx opraHax Rumex confertus Willd., Rumex aquaticus L.,
Rumex crispus L. n Rumex obtusifolius L., cobpaHHbIX B pa3Hble da3bl BereTaLuu.

MaTepuanbl n meToAbl. /I3BneyeHnA 13 NoA3eMHbIX OPraHOB M3y4aeMblX pacTeHWi OblIn NosyyeHbl MO MeTOANKe 13 dpapMaKoneHo cTaTbu
Ha R. confertus. XpomaTorpaduueckoe pasgeneHvie 1 AeTeKTUPOBaHME OCYLECTBAANM Ha BbICOKOIPPEKTVBHOM XULKOCTHOM XpomaTorpade
Nexera-i LC-2040 (Shimadzu Corporation, inoHus). XpomaTtorpad ocHaléH KONIOHOYHBIM TePMOCTaTOM, XpoMaTorpaduyecko KonoHkon Grace
HPLC-COLUMN 250 x 4,6 mm nnatuHa C8-EPS 5 mm (Grace, CLUA) n konoHkoi Guard Phenomenex SecurityGuard™ Cartridges Widepore C18
4% 3,0 MM, ferasatopom, aBTocammniepom (06vem Beoga: 10 MKN) 1 ynbTpadnoneToBbiM AeTEKTOPOM. [leTeKTMpoBaHe NPOBOAUAN NPU ANIMHE
BOJIHbI A = 365 * 2 HM. MNofBrxHoW da3oii 6bia cmech 0,1%-11 docdopHo KucnoTsl B Boge (06./06.) (3n10eHT A); aueToHUTpun (3a10eHT B), ckopocTb
notoka: 0,9 Ma/MuH.

PesynbTaTbl n 06cyxaeHue. Bce nccnepyemble 06bekTbl 6bIIN MPOaHaNM3NPOBaHbl, C MOMOLLbIO BHELIHEro cTaHfAapTa bbina NoATBepXKaeHa
MOAJIMHHOCTb COAEPKALUMXCA BELWECTB U PacCuMTaHO MX KONMYeCTBEHHOe cofiepKaHue. [Ina BellecTs, KOTOpble Obinv MAEHTUGULMPOBaHbI —
npoBefeHa KonuyecTBEeHHaA oOLeHKa, cpean Hux: 3-O-pyTuHO3MA KeepuutuHa (pyTuH), 3-O-pyTuHO3MA M30pPaMHUTUHA (HapLUCCUH),
3-O-rnuko3ung kemndepona (acTparanuH), NIOTEONNH, KeMNPeposn 1 U30PaMHUTUH. 7-O-ranko3ng nioteonvHa (uuHaposua) n 7-O-B-D-rnuko3mng
anureHnHa (KOCMOCUMH) He obHapyXeHbl. Hanbonbwwii BKnag B obuiee cogepxaHve GnaBoHOMA0B BHOCUT arfiKOH — toTeonH. OTMeUeHo, uTo
3TOT arfIKOH COLlePXKNTCA B 6oNbleM KOoNMYecTBe Mo CPaBHEHMIO C APYrMU praBoHOUAAM BO BCEX UCCIeJOBaHHbIX 06beKTax, He3aBUCUMO OT
ba3bl Beretauum.

3aknoueHume. B npouecce nccnefoBaHna pa3paboTaHa MeETOAMKA KONMYECTBEHHOTO onpeaenieHna GplaBoHOMAOB B BOAHO-CMMPTOBbIX SKCTPaKTaX.
B nopsemHbix opraHax L. koHckoro, L. BogHoro, L. kypuaBoro u L. TynonncTHOro Tpéx pasnuuHbix Beretauuin 6oinm nageHTnduLunpoBaHbl 1
KOJIM4eCTBEHHO onpeAesneHbl arfIMKOHbI U FNKO3ubl pr1aBOHOMAOB.

KnioueBble cnoBa: pnasoHounabl, BIXKX-YO, nogzemHble opranbl, R. confertus, R. crispus, R. obtusifolius, R. aquaticus

KOH¢HVIKT NHTepecosB. ABTOpr A[EKNapPUPYIOT OTCYTCTBME ABHbIX N NOTEHLMAJTbHbIX KOHd)J'II/IKTOB NHTEPECOB, CBA3aHHbIX C ny6nv|KaLu/|e|7| HaCTOFILLl,eIZ
CTaTtbW.

Bknap aBTopoB. A. M. MNonysHoB u H. B. bobkoBa npmuaymanu u paspabotanu skcnepumeHt. A. M. MonysaHos, A. t0. Cokonosa n A.-[l. KonHoBa
aHanusmpoBanm o6bekTbl Ha BIXKX-YO. A. M. MNonyaHos, E. A. Manawenko u C.[. KynukoBa npuHumanu yyactve B o6paboTke AaHHbIX.
A. M. MNonysaHos, E. A. ManaweHko v H. B. bobkoBa yyacTBOBanu B HaNMCaHUK TEKCTA CTaTbu. Bce aBTOpbI yuacTBOBaNu B 06CyXAeHNN pe3ynbTaTos.

BnarogapHocTb. KonnekTeB aBTOpoB BblpaxkaeT bnarogapHocTb U. E. LoxnHy reHepansHomy gupektopy OO0 «LIOA» 3a nogaepKy Ha Bcex
3Tanax HayuyHou paboTbl.

Ona yntuposaHus: lMNonysHo A. M., Cokonosa A.10., KoitHoBa A.-[l., KynukoBa C.[l., ManaweHko E.A., bo6bkoBa H.B. MaeHTndukauua n
KoNmuecTBeHHoe onpegeneHne ¢GnaBoHoMAoB MeTogom BIXKX-YO B cbipbe HEKOTOpbIX NpefcTaButenen popa Lasenb (Rumex) Tpex cpokos
BereTauun. Paspabomka u pezucmpayus aekapcmeseHHeix cpedcms. 2023;12(3):134-142. https://doi.org/10.33380/2305-2066-2023-12-3-134-142

INTRODUCTION

The discovery of new medicinal plant raw materials
sources becomes an important goal of scientific society.
To incorporate a new plant species as a medicinal
herb source, it is necessary to identify and quantify
the substances contained in it using the cutting-edge
technology.

Representatives of the Rumex genus of the Poly-
gonaceae family, which are widespread throughout

penes, terpene alkaloids, lignans, carotenoids, ascor-
bic acid, and anthracene derivatives [1]. According to
meta-studies, raw materials from representatives of
the genus Rumex (hereinafter — R.) can be used for:
mild forms of diabetes, constipation, various infections,
diarrhea, jaundice; as an antihypertensive agent and
hepatoprotector [2].

Polyphenols are an important group of BAS, con-
tained in the raw materials of representatives of the
Rumex genus, famous for their antioxidant activity and

the world, contain a few biologically active substances
(hereinafter- BAS): quinones, flavonoids, tannins, ter-

the ability to form chelate complexes with metals [3].
The group of polyphenols includes, among others, such
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substances as flavonoids and isoflavonoids, which the-
rapeutic potential is being widely discussed in the con-
text of their antioxidant activity, anti-aging properties,
anti-inflammatory activity, immunomodulatory activity
and cardioprotective effects [4]. The content of flavonoids
is usually studied in such species of the Rumes genus,
as: R. acetosa, R. hastatus, R. aquaticus, R. chalepensis,
R. crispus, R. dentatus, R. gmelini, R. japonicus, R. vesicarius,
R. luminiastrum, R. patientia, R. pictus, R. rechingerianus,
R. acetosaella, R. confertus [5].

In Russia, the only representative of the genus Ru-
mex — R. confertus — has been described as a medici-
nal plant raw material-a source of anthracene deriva-
tives; the raw material being used are the roots. The in-
formation about the total flavonoids content (TFC) in the
underground organs of R. confertus is scarce, however
there is some data about the TFC in leaves of this spe-
cies: 3.8 £ 0.2 % [6].

The study underground organs of some Rumex spe-
cies, widespread in Russia, is of great practical and scien-
tific interest, the species being: R. crispus, R. obtusifolius,
R. aquaticus. The TFC in the leaves of these species is
presented in the Table 1.

Table 1. TFC in the leaves of studied R.species, according
to the literature

Rumex species TFC, % [7]
R. crispus 9.2+0.5
R. obtusifolius 9.2+04
R. aquaticus No data available

According to the literature, there is a discrepancy
between the period of maximum content of various
groups of BAS in underground organs and the general-
ly accepted time of their harvesting [7, 8]. In this regard,
it is especially important to conduct a comparative ana-
lysis of the dynamics of the accumulation of flavonoids
in Rumex species, depending on their stage of vegetation.

Therefore, the purpose of this study is to identify and
quantify flavonoids in the underground organs of R. con-
fertus Willd, R. aguaticus L., R. crispus L. and R. obtusifolius L.
harvested during different phases of vegetation.

MATERIALS AND METHODS

Materials

The following reagents were used during the re-
search: acetonitrile, "for UHPLC" grade (PanReac, Spain);
phosphoric acid, "for HPLC" grade (Scharlau, Spain);
ethanol 95 % chemically pure grade (LLC TD "HIMMED",
Russia); demineralized water, purity class I. Stock stan-
dard solutions were prepared by dissolving an exact
sample weight of the substance in 95 % pure ethanol.

Equipment

The determination of the moisture content of the
crushed underground organs was carried out on an
Ohaus MB27 moisture content analyzer (Ohaus, USA).

Objects of study

The underground organs of Rumex confertus Willd.,
Rumex aquaticus L., Rumex crispus L. and Rumex obtusi-
folius L. were collected for this study. They were harves-
ted during the spring regrowth period (April-May 2022) -
(hereinafter - "regrowth"), during the flowering period
(June-July 2021) - (hereinafter - "flowering"), during the
withering period of the aerial part (October 2021) - (he-
reinafter — "overhead part dieback"). All the objects’ data
are presented in Table 2.

The harvested underground organs were washed
with cold water. Before drying, the more massive under-
ground organs were divided lengthwise into two parts.
Drying was carried out at room temperature in a well-ven-
tilated area, with no access to sunlight. The moisture
content of the dried raw materials was determined using
a moisture meter and did not exceed 13 %. Water-alco-
hol extracts were obtained from raw materials with a ra-
tio of 1 g sample of medicinal plant materials in 50 ml of
extractant.

Chromatographic separation and detection were per-
formed on a Nexera-i LC-2040 high-performance liquid
chromatograph (Shimadzu Corporation, Japan) equipped
with a column thermostat, chromatography column
Grace HPLC-COLUMN 250 x4.6 mm platinum C8-EPS
5 mm (Grace, CLLLA) and Guard column Phenomenex Se-
curityGuard™ Cartridges Widepore C18 4 x 3,0 mm, a de-
gasser, an autosampler (injection volume: 10 pl), and an
ultraviolet detector. Detection was carried out at a wave-
length A=365+2 nm. Mobile phase contains 0.1 %
phosphoric acid in water (v/v) (eluent A); acetonitrile
(eluent B) with flow rate: 0.9 ml/min. The composition
gradient of the mobile phase is shown in Figure 1.
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Figure 1. Gradient elution scheme

The primary data were processed using LabSolutions
Single LC software (Shimadzu Corporation, Japan).
RESULTS AND DISCUSSION
Method development

To identify and determine the quantitative content
of the BAS, the HPLC-UV method was chosen. The con-
ditions for chromatographic separation were adjusted
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Object of research Photo of underground organs

Vegetative phase,

harvesting period Harvesting place

Rumex confertus Willd.

regrowth, April 2022

Rogovskoye, Moscow, Russia

flowering, June 2021 Coordinates: 55.245626, 37.009576

dieback, October 2021

Rumex crispus L.

regrowth, April 2022

Krasnopakhorskoye settlement Moscow,
Russia
Coordinates: 55.384859, 37.225441

flowering, June 2021

dieback, October 2021

Rumex obtusifolius L.

L L it ot o e o o | i Hﬁﬂ|ﬂﬂ|ﬂ1'11‘1Iﬂ]NEﬁlqﬂUi?H',U«hiHﬂ]”l[‘lﬂlfﬂ."‘yﬂ\}I
2 3 456 78 9 01 23 W67 8202

regrowth, April 2022

Rogovskoye settlement, Moscow, Russia

flowering, June 2021 Coordinates: 55.245626, 37.009576

dieback, October 2021

Rumex aquaticus L.

L3 ] 7 e e
” B %15 BT BN 22

regrowth, April 2022

flowering, July 2021 Rogovskoye settlement, Moscow, Russia

Coordinates: 55.245626, 37.009576

dieback, October 2021

experimentally, based on previous studies and publi-
cations [9]. The flow rate and gradient scheme were
changed as well as the usage of phosphoric acid as a
modifier was favored over the formic acid, Figure 2 shows
chromatogramms of standard solutions of substances
used in the experiment, Figure 3 shows chromatogramms
of extracts from underground organs of the studied
objects of various phases of vegetation.

For all the studied objects, the values of the
quantitative content of flavonoids in terms of absolutely
dry raw materials, in%, were calculated and presented in
Table 3.

Cynaroside and cosmosiin were not found in any of
the objects. The Table 4 compares the content of some
flavonoids in different species.

The aglycone luteolin has the biggest share in the
total quantitative content of flavonoids. It is noted that
this aglycone is contained in larger quantities in relation
to other flavonoids in all studied objects, regardless of the
vegetation phase. Meanwhile, the luteolin glycoside was
not found in any of the objects.

The total content of detected flavonoids in each
species was calculated for each vegetation phase in Tab-
le 5 and shown in Figure 4.

The total value allows us to conclude that the content
of substances from the group of flavonoids is quite low.
For three representatives of the R. genus, the highest
content of flavonoids was noted in the flowering phase,
the exception being R. confertus. The content of the
studied flavonoids in R. aquaticus in the flowering phase
is twice as high as in the other studied species.
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Figure 2. Chromatogramms of standard solutions of substances
Table 3. Content of the amount of certain flavonoids, in %
The content of the amount of certain flavonoids, in %
Vegetation phase
R. confertus R. crispus R. obtusifolius R. aquaticus
The content of narcissin, in %
Regrowth - 0.003 +0.001 0.009 +0.001 0.025 +0.001
Flowering 0.008 + 0.001 0.011 +£0.002 0.016 +0.002 0.054 +0.003
Dieback 0.002 £0.001 0.002 £0.001 0.006 +0.001 0.028 £0.001
The content of rutin, in %
Regrowth - 0.004 £ 0.001 - 0.029 + 0.001
Flowering - 0.003 = 0.001 - 0.023 £ 0.001
Dieback - 0.002 + 0.001 - 0.026 + 0.001
The content of luteolin, in %
Regrowth 0.409 £0.023 0.056 £ 0.004 0.138 £0.009 0.298 + 0.029
Flowering 0.323+0.011 0.305+0.030 0.383+0.018 0.888 + 0.034
Dieback 0.059 +0.003 0.022 +£0.001 0.018 £ 0.003 0.138 £ 0.012
The content of isorhamnetin, in %
Regrowth 0.019 + 0.002 0.027 + 0.003 0.017 £ 0.001 0.065 + 0.001
Flowering 0.008 + 0.001 0.026 + 0.001 0.020 + 0.001 0.025 + 0.001
Dieback 0.005 +0.001 0.004 £ 0.001 0.005 £0.001 0.011 +0.001
The content of astragalin, in %
Regrowth - 0.026 +0.001 0.023 £ 0.001 0.005 + 0.001
Flowering - 0.002 + 0.001 0.017 £ 0.001 0.004 + 0.001
Dieback - 0.004 + 0.001 0.019 +0.001 0.004 + 0.001
The content of kaempferol, in %
Regrowth 0.003 £0.001 0.005 £0.001 0.005 £ 0.001 0.010 £0.001
Flowering 0.002 = 0.001 0.006 = 0.001 0.007 = 0.001 0.013 £0.001
Dieback - - 0.002 = 0.001 0.005 £+ 0.001

Note. The percentage value is indicated as the arithmetic mean + standard deviation.

.I 3 8 PA3PABOTKA U PETUCTPALNA IEKAPCTBEHHbIX CPEACTB. 2023.T. 12, N° 3
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Figure 3. Chromatogramms of the extracts from the underground organs.

A - Rumex aquaticus L.; B - Rumex confertus Willd.; C - Rumex crispus L.; D - Rumex obtusifolius L. The black line is the flowering phase, the
green line is the end of the growing season, the yellow line is the beginning of the growing season
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Figure. 4. Diagram of the total quantitative content of flavonoids

Table 4. Physical and chemical properties of the analyzed substances

Compound Structural formula Content
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Table 5. The content of certain flavonoids, in %

Vegetation phase
R. confertus
R. crispus
R. obtusifolius
R. aquaticus

Spring regrowth 0,431 0,121 0,194 0,433

Flowering 0,341 0,353 0,443 1,008

Aboveground part dieback 0,066 0,035 0,051 0,211

It can be noted that there is a trend of low content
in the overhead part dieback. The results obtained
allow us to judge the prospects for further study of the
dynamics of BAS accumulation in representatives of the
genus Rumex in underground organs, depending on the
phenological phase of the plant.

CONCLUSION

In the process of the research, a method for the
quantitative determination of flavonoids in alcohol-water
extracts was developed. The method allows to determine
the presence of accurately and reliably one of the BAS
groups - flavonoids. The discovered and quantified
substances were: 3-O-rutinoside of quercetin (rutin),
3-O-rutinoside of isorhamnetin (narcissin), 3-O-glucoside
of kaempferol (astragalin), luteolin, kaempferol and
isorhamnetin. 7-O-glucoside of luteolin (cynaroside) and
7-O-beta-D-glucoside apigenin (cosmosiin) were not
found.
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