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Abstract

Introduction. Golden dock (Rumex maritimus L., Polygonaceae) is used as a medicinal and food plant in Asian countries. The plant contains
phytochemicals of various classes: flavonoids, tannins, anthraquinones etc. Plant extracts exhibit antibacterial, antioxidant, anti-inflammatory,
astringent activity, and have antidiabetic potential. The plant is annual, and most of the biologically active substances accumulate in its
aboveground organs. An important problem is the standardization of Rumex maritimus and the development of regulatory documentation for
its the introduction to medical practice.

Aim. To conduct phytochemical analysis of the aerial part of golden dock.

Materials and methods. Air-dried aerial part of Rumex maritimus collected at flowering and beginning of fruiting stage, as well as individual
above-ground organs (leaves, flowers, fruits, stems), were used for obtaining the extracts. Qualitative analysis of the extracts was carried out
using reverse phase HPLC. The relative content of the components in the mixture was calculated by the method of simple normalization. Total
content of free anthraquinones and anthraglycosides in terms of chrysophanic acid was determined using spectrophotometric method after
acid hydrolysis. Total tannin content was calculated by titrimetric method.

Results and discussion. Flavonoids isoquercetin and avicularin were first discovered in the aerial part of Rumex maritimus. The dominant
component of the plant is rutin. Chrysophanol predominates among anthraquinones. The highest concentration of anthraquinones
(2.80 + 0.04 %) was found in flowers. Tannins accumulate mainly in leaves (9.97 + 0.02 %). A significant amount of tannins (6.60 + 0.03 %) and
anthracene derivatives (1.96 £+ 0.03 %) is contained in the whole aerial part.

Conclusion. Phytochemical analysis of the aerial part of Rumex maritimus showed the presence of a significant amount of anthraquinones.
As a plant raw material it is proposed to use the herb of Rumex maritimus. Standardization is recommended for anthraquinones in terms of
chrysophanic acid (at least 1.5 %).
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Pesiome

BBepeHwme. laBenb npumopckuii (Rumex maritimus L., Polygonaceae) ncnonb3yetca Kak nekapCcTBeHHOE 1 NuULLeBOe pacTeHne B cTpaHax Asuu.
PacteHune cofepxunt 6uonornyeckn aktusHble Belectsa (BAB) pasnnuHbix Knaccos: ¢pnaBoHOMAbI, AyOUIbHbIE BeLeCcTBa, aHTPaXMHOHbI 1 Ap.
M3BneyeHna n3 pacteHna nNpoABnAT aHTUOaKTepManbHylo, aHTUOKCUAAHTHYIO, MPOTUBOBOCMANNTENbHYIO, BAXYLLYIO aKTUBHOCTb, obnafaloT
NpoTVBOANAbETNYECKMM MOTeHUManom. PacTeHue ABNAETCA OAHONETHVWKOM, MO3TOMY 6onbluas yacTb GUONOrMYECKN aKTUBHbIX BELLECTB
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HaKan/MBaeTcs B Haf3eMHbIX opraHax. BaxHoW 3afjaueil ABNAeTCA CTaHAAPTM3aLUA CbipbA L. NMPUMOPCKOro 1 pa3paboTka HOPMATUBHOWN
LOKYMEHTaLuUu ANA ero BHeApPeHNA B MeANLUHCKYI0 MPaKTUKY.

Lienb. MpoecTn GUTOXMMUYECKNIA aHANN3 HaA3e€MHOI YacTy L. MPUMOPCKOTo.

MaTtepuanbl 1 meTogbl. 11 NoNyyYeHNs M3BAEUEHMIN NCMONb30BaNM BbICYLUEHHYIO Hafi3eMHYIO YacTb L. NPUMOPCKOTO, a TakXKe OTAesbHble
BbICYLUEHHble Hai3eMHble OpraHbl (MUCTbA, LUBETKM, NIoAbl, CTe6n1). KauecTBEHHbIV aHann3 13BIeYEHN MPOBOAMAN C UCMONb30BaHNEM MeToAa
obpalyeHHo-¢pa3oBon BIKX. OTHOCUTeNnbHOE copepaHne KOMMOHEHTOB CMeCU BbIYMCAANAM METOAOM MpPOCTON HopmupoBKu. CymmapHoe
cofiepKaHune cBOGOAHbIX aHTPAXMHOHOB 1 AaHTPArMKO3UAOB onpeaensany cnekTpodboTomMeTpuueckum METOAOM B nepecyeTe Ha Xpu3odaHoBYO
KNCNIOTY NOC/e NPoBeAeHNA KMCNOTHOro rmgponmnsa. KonnyectBeHHoe onpeaeneHre TaHVHOB NPOBOAWAN TUTPUMETPUYECKUM METOLOM.
PesynbTatbhl 1 o6cyxxpeHne. B Haf3emMHOM 4yacTu L. NPUMOPCKOro BrnepBble OO6Hapy»keHbl GnaBOHOWAbI W3OKBEPLETUH, aBUKYIAPUH.
[OMUHMPYIOWUM KOMMOHEHTOM Cbipbsl siBNseTcA pyTuH. CpeAn aHTpaLeHMpPoOM3BOAHbIX NpeobnagaeT xpusodaHon. Hanbonee BbicoKas
KOHLIeHTpauma aHTpaxmHOHOB (2,80 + 0,04 %) obHapyxeHa B uBeTKax. [lybunbHble BelecTBa HaKananBalOTCA NPEUMYLLECTBEHHO B IUCTbAX
(9,97 + 0,02 %). 3HaunTeNbHOE KONNYECTBO AYO6UNbHBIX BelwecTs (6,60 + 0,03 %) n aHTpaLeHNpousBoAHbIX (1,96 + 0,03 %) copepxnTcA B TpaBe.
3aknioueHmne. DUTOXUMMYECKNI aHANN3 HaZ3eMHOI YacTL L. MPMMOPCKOTrO NoKasas NpuUcyTCTBUE 3HAUNTENIbHOTO KONMYeCTBa aHTPaXMHOHOB. B
KayecTBe CbipbA NpeAsiaraeTca NCNonb30BaTh TPaBy L. MPUMOPCKOro B CTaauuy UBeTeHus. [peanaraetca NpoBoAMTb CTaHAAPTU3ALMIO CbIpbA NO
aHTpaLEeHNPON3BOAHBIM B MepecyeTe Ha Xp130o¢paHOBYLO KMCNOTY (He meHee 1,5 %).

KnioueBble cnoBa: aHTpaxmHOHbI, GraBoHomAbl, AyOunbHble BelecTBa, cnekTpodoTomeTpus, BIXKX

KoH$pnuKT nHTepecoB. ABTOPbI AeKNaprpyoT OTCYTCTBUE ABHBIX U MOTEHLMANbHBIX KOHIMKTOB MHTEPECOB, CBA3aHHbIX C NMybnuKaumeid HacToALen
cTaTbm.

Bknap aBtopos. B.B. lNoarypckaa mn E.A. JlyKwa BbINOAHWAN NUTEPATYPHbIA MOWUCK WU MPOBENN 3SKCMEepPUMEHTbl, aHanusnupoBann un
MHTepnpeTUpoOBanu faHHble, nogrotoBunu ctatblo. V. H. KopHeesa, /. A. CaBueHKo, E. B. iBaHOBa npoBoamnun skcnepumeHTbl, aHann3nposanu u
MHTEPNPeTUPOBaNM JaHHble, peAaKTNPOBau TEKCT. Bce aBTOpbI yuacTBOBanu B 06CYXAEHNUN pe3ynbTaTos.

BnarogapHocTb. bnarogapum 3a nepesog ctatbu C. A. [IMCKNaKoBY, 3aBeAyHoLLYI0 Kadenpon MexayHapogHbix cBazeit OMCKOro rocygapCTBEHHOrO
MeULMHCKOro yHUBEepCuTeTa.

Ana untuposaHua: Moarypckaa B.B., Jlykwa E.A., CaBueHko W.A., KopHeeBa W.H., MBaHoBa E.B. ®utoxmmmyeckuin aHanus HapsemHom
yacTu wasens npumopckoro (Rumex maritimus L.). Pazpabomka u pesucmpayus nekapcmeeHHeix cpedcms. 2023;12(2):73-78. https://doi.
org/10.33380/2305-2066-2023-12-2-73-78

INTRODUCTION

aboveground organs. The plant contains flavonoids (ru-
marin, hyperin, and rutin), tannins, alkaloids [2], anth-
raquinones (chrysophanol, emodin, and physcion), and
chromones [3, 4].

Rumex maritimus L. (golden dock) is an erect annual
herbaceous plant from the family Polygonaceae Juss. with
a height of 10 cm to 0.8-1.2 m [1]. The plant grows in the
European part of Russia, Ciscaucasia, Western and Eastern
Siberia, and the Far East (Primorsky Territory, Kamchatka,
and Amur Region) [1].

Currently, the plant is used by the population of
Southeast Asia as astringent, antidiarrheal, laxative,
antiflatulent and aphrodisiac agents [2-5]. The seeds are
used to treat flatulency and notalgia [3, 4], and the paste
from leaves is applied to cure burns, wounds, and itchy
areas [5, 6].

It has been experimentally established that the
methanol extract of the plant has astringent properties
and antibacterial, antioxidant, neuropharmacological [2-

The development of quality specifications for plant
raw materials is one of the important tasks to implement
the plant into medical practice. It is necessary to conduct a
qualitative and quantitative analysis of the aboveground
organs of R. maritimus and to determine the BAS groups
to provide the standardization procedure.

The aim of the study was to perform the phytoche-
mical analysis of the aerial part of golden dock (Rumex
maritimus L.).

MATERIALS AND METHODS

The objects of the study were both the aerial part

4, 7], anti-inflammatory and analgetic characteristics [8].
The ethanolic plant extract is characterized by an anti-
diabetic potential due to its ability to inhibit the formation
of glycation end-products [9].

R. maritimus is an annual plant; therefore, biologi-
cally active substances (BAS) accumulate mostly in its

of the plant and the plant components, such as leaves,
stems, and flowers, collected in the flowering period
(July 2021), and fruits, gathered in the period of full
ripening (August 2021). Plant raw materials were
collected in Omsk Oblast (Lyubinsky Rayon, the Avlukha
River). Plant raw materials were air-shade dried.



Chemical compounds analysis was performed using
a reverse-phase HPLC method: 2.0 g of the plant raw
materials were placed in a round-bottom flask, 50 ml of
80 % ethanol was added and the mixture was heated in
a boiling water bath for 40 min. The obtained extract was
refined through a paper filter into a 50 ml volumetric flask
and adjusted to the mark with 80 % ethanol.

Chromatography conditions:
chromatograph (Shimadzu) with a photodiode array
detector; isocratic mode; PerfectSil Target HD ODS-3 5 um
4.6 X200 mm analytical column; 254 nm wavelength
detection; column temperature - room temperature;
mobile phase rate of 0.5 ml/min; 20 pl injection volume.
The following mixtures were used for the mobile phase:
acetonitrile / water (70:30) (for anthraquinone analysis);
acetonitrile /5 % acetic acid (20:80) (for the analysis of
other phenolic compounds).

Compounds were identified using the standard
samples (Sigma Aldrich, USA: chrysophanol, 98 % purity,
the expiry date 02.2024; physcion, 98 % purity, the
expiry date 09.2023; emodin, 97 % purity, the expiry
date 09.2023; vanillic acid, 97 % purity, the expiry date
06.2026; 2-hydroxycinnamic acid, 97 % purity, the expiry
date 08.2024; 3-hydroxycinnamic acid, 99 % purity, the
expiry date 04.2024; chlorogenic acid, 95 % purity, the
expiry date 02.2025; syringic acid, 95 % purity, the expiry
date 02.2025; p-coumaric acid, 98 % purity, the expiry
date 08.2023; ferulic acid, 99 %, the expiry date 07.2025;
quercetin, 95 % purity, the expiry date 06.2026; avicularin,
90 % purity, the expiry date 03.2025; resveratrol, 99 %
purity, the expiry date 08.2025; catechin, 99 % purity,
the expiry date 11.2023; Supelcolnc, USA: caffeic acid,
99.3 % purity,the expiry date 01.2025; isoquercetin, 98%
purity, the expiry date 04/2024; gallic acid, 95 % purity,
the expiry date 11.2024; (-)-epigallocatechingallate, 98%
purity, the expiry date 12.2023; Acros Organics B.V.B.A,
Belgium: rutin, 97 % purity, the expiry date 08.2025. The
relative compound ratio (%) was calculated by a simple
normalization method from the chromatographic peak

LC-20 Prominence

area ratio.

Total tannin content was measured by permangano-
metric titration according to the Guidelines of the Rus-
sian State Pharmacopoeia XIV edition (GPM.1.5.3.0008.15
«Tannins ratio determination in medicinal plant raw ma-
terials and herbal medicinal products»).

To quantify free anthraquinones and anthraglyco-
sides ratio, the method described in [10] was used, based
on the acid hydrolysis of anthraglycosides, including agly-
cones extraction with chloroform, and their further re-ex-
traction with the alkaline ammonia solution.
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BAS content in plant organs was calculated as
g-100 g' DW (dry weight) of the plant raw materials
and expressed as per cent (%) equivalent. Statistical
processing was carried out according to the Russian State
Pharmacopoeia, GPM.1.1.0013.15 «Statistical processing
of the chemical experiment results». Each experiment was
performed five times.

To obtain data, the following metrological charac-
min), maxi-
)i variance ($?), standard deviation (S),
relative standard deviation (RSD), and a mean relative

teristics were specified: minimum value (x
mum value (x

error. The results were described as the mean + stan-
dard deviation.

Independent sample t-test was used to compare the
BAS ratio in different organs. The significance level was
setatp <0.05.

RESULTS AND DISCUSSION

It has been detected by HPLC method that rutin is a
dominant component of the aerial part of R. maritimus,
28.15 % in a sample (Figure 1, Table 1).

mAU
[254nm4nm (1.00)

g

Figure 1. HPLC-chromatogram of the extract from the aerial part
of Rumex maritimes (mobile phase: 20 % acetonitrile - 80 % acetic
acid 5 %).

1 - Gallic acid; 2 - rutin; 3 - isoquercetin; 4 - avicularin; 5 -
quercetin

Chrysophanol is a key component among anthraqui-
nonesis, 8 % relative content in the sample (Figure 2,
Table 1).

Qualitative analysis of the ethanol extract fractions
from the aerial part of the R. maritimus has been
studied earlier [11]. In addition to the compounds listed
above, catechins (catechin, epigallocatechin-3-gallate,
(syringic,
p-coumaric, ferulic, and caffeic), stilbenes (resveratrol)

and epicatechin-3-gallate), phenolic acids

were detected in the plant raw materials.
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mAU
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Figure 2. HPLC-chromatogram of the extract from the aerial
part of Rumex maritimus (mobile phase: 70 % acetonitrile -
30 % water).

1 - emodin; 2 - chrysophanol; 3 - physcion

Table 1. HPLC-analysis of the extract from the aerial part
of Rumex maritimis
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1 Gallic acid 4.09 239,279 24.7
2 Rutin 7.29 254,354 28.15
3 Isoquercetin 10.25 255, 263,352 11.31
4 Avicularin 12.90 239, 265, 341 2.82
5 Quercetin 4715 253,368 4.61
Anthraquinones
. 253, 265, 288,
1 Emodin 9.23 439 4,96
2 | Chrysophanol 21.18 256,277,287, 7.99
429
3 | Physcion 27.36 253, 16269 285, 3.29

According to the results of spectrophotometry
(Table 2), it has been found that a large rate of
anthracene derivatives is contained in the aerial part
(1.96 £ 0.03 %) of the plant. That is comparable to
senna leaves, in which, according to PM.2.5.0038.15
of the Russian State Pharmacopoeia, must contain

at least 1.35% of the total amount of anthracene
aglycones equivalent to chrysophanic acid. The hi-
ghest concentration of anthraquinones was detected
in flowers (2.80+0.04 %). Antibacterial activity of
R. maritimus is stipulated by the presence of anth-
raquinones in high ratio. Moreover, the extracts and
individual anthraquinones derived from the plant are
considered promising in the treatment of oncological,
inflammatory, fungal, viral (including SARS-COVID-19
infection) and other diseases [12, 13].

Table 2. Total content of anthraquinones in terms
of chrysophanic acid in the aerial organs of Rumex maritimus
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Table 3 presents the results of the quantitative
determination of tannins. Tannins occupy in the plants
from 5 to 10 % of the dry weight [14] and accumulate
in bark, stems, fruits and seeds, roots, flower buds and
leaves [15]. A very high content of tannins (6.60 + 0.03 %)
has been detected in the aerial part of R. maritimus,
explaining the antidiarrheal effect of R. maritimus extracts.
The highest content of tannins has been found in the
leaves (9.97 £ 0.02 %).



Table 3. Total content of tannins in terms of tannic acid
in the aerial organs of Rumex maritimus
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The conducted studies show that the aerial part
of R. maritimus should be considered as a source
of anthraquinones and tannins. It is proposed that
R. maritimus raw materials are to be standardized in
anthracene derivatives equivalent to chrysophanic acid
(not less than 1.5 %).

Due to the fact that a large number of anthraquinones
and flavonoids accumulate in flowers, it is recommended
to collect plants at the flowering stage. At the same
time, it is not advisable to use flowers as the plant raw
materials, since their specific weight in the total mass of
the aerial part is less than 3 %.

The stems of R. maritimus do not accumulate signi-
ficant amounts of biologically active substances; there-
fore, while collecting the plant raw materials, it is sug-
gested to remove large stems from the aerial part.

The quantitative determination of the dominant com-
ponents (flavonoids) was not carried out due to the fact
that that at present there is no method for determining
flavonoids in this raw material.

Memodsl ananusa nekapcmeeHHbIX cpedcme
Analytical Methods

CONCLUSION

As a result of the studies flavonoids: isoquercetin and
avicularin were first detected in the ethanol extract from
the aerial part of R. maritimus. It has been established
that rutin is a dominant component of the plant. A
new method is required to be developed for flavonoids
quantitative determination (equivalent to rutin) in the
plant raw materials.

In R. maritimus herb, the dominant presence of
anthraquinones (1.96 £+ 0.03 %) (6.60 =
0.03 %) has been found. Thus, the aerial part of R. mariti-

and tannins

mus (herb) is to be considered as a source of BAS.

Based on the conducted studies, the aerial part of
the plant (herb) in the flowering stage is proposed to
use as the plant raw materials. The plant raw materials
are to be standardized in anthraquinones equivalent to
chrysophanic acid. The data obtained will be applied to
develop quality specifications for "Golden Dock herb
("Rumicis maritimi herba")".
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