
73DRUG DEVELOPMENT & REGISTRATION. 2023. V. 12, No. 2 
РАЗРАБОТКА И РЕГИСТРАЦИЯ ЛЕКАРСТВЕННЫХ СРЕДСТВ. 2023. Т. 12, № 2

https://doi.org/10.33380/2305-2066-2023-12-2-73-78
UDC 615.072:615.322 + 543.421/424

Research аrticle / Оригинальная статья 

Phytochemical Analysis of the Aerial Part of Golden Dock  
(Rumex Maritimus L.)
Vera V. Podgurskaya, Elena A. Luksha, Irina A. Savchenko, Irina N. Korneeva,  
Evgenia V. Ivanova
Omsk State Medical University, 12, Lenina str., Omsk, 644099, Russia

 Corresponding author: Vera V. Podgurskaya. E-mail: verapodgurskaya@mail.ru

ORCID: Vera V. Podgurskaya – https://orcid.org/0000-0002-2101-0924; Elena A. Luksha – https://orcid.org/0000-0003-4591-2508; Irina A. Savchenko – https://orcid.org/0000-0002-3283-0872; 
               Irina N. Korneeva – https://orcid.org/0000-0002-9285-2950; Evgenia V. Ivanova – https://orcid.org/0000-0002-9839-1104.

Received: 26.09.2022             Revised: 20.03.2023             Published: 25.05.2023

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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Резюме
Введение. Щавель приморский (Rumex maritimus L., Polygonaceae) используется как лекарственное и пищевое растение в странах Азии. 
Растение содержит биологически активные вещества (БАВ) различных классов: флавоноиды, дубильные вещества, антрахиноны и др. 
Извлечения из растения проявляют антибактериальную, антиоксидантную, противовоспалительную, вяжущую активность, обладают 
противодиабетическим потенциалом. Растение является однолетником, поэтому большая часть биологически активных веществ 
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накапливается в надземных органах. Важной задачей является стандартизация сырья щ. приморского и разработка нормативной 
документации для его внедрения в медицинскую практику.
Цель. Провести фитохимический анализ надземной части щ. приморского.
Материалы и методы. Для получения извлечений использовали высушенную надземную часть щ. приморского, а также отдельные 
высушенные надземные органы (листья, цветки, плоды, стебли). Качественный анализ извлечений проводили с использованием метода 
обращенно-фазовой ВЭЖХ. Относительное содержание компонентов смеси вычисляли методом простой нормировки. Суммарное 
содержание свободных антрахинонов и антрагликозидов определяли спектрофотометрическим методом в пересчете на хризофановую 
кислоту после проведения кислотного гидролиза. Количественное определение танинов проводили титриметрическим методом.
Результаты и обсуждение. В надземной части щ. приморского впервые обнаружены флавоноиды изокверцетин, авикулярин. 
Доминирующим компонентом сырья является рутин. Среди антраценпроизводных преобладает хризофанол. Наиболее высокая 
концентрация антрахинонов (2,80 ± 0,04 %) обнаружена в цветках. Дубильные вещества накапливаются преимущественно в листьях 
(9,97 ± 0,02 %). Значительное количество дубильных веществ (6,60 ± 0,03 %) и антраценпроизводных (1,96 ± 0,03 %) содержится в траве.
Заключение. Фитохимический анализ надземной части щ. приморского показал присутствие значительного количества антрахинонов. В 
качестве сырья предлагается использовать траву щ. приморского в стадии цветения. Предлагается проводить стандартизацию сырья по 
антраценпроизводным в пересчете на хризофановую кислоту (не менее 1,5 %). 

Ключевые слова: антрахиноны, флавоноиды, дубильные вещества, спектрофотометрия, ВЭЖХ
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INTRODUCTION

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–
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 

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

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 
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. 
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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: LC-20 Prominence 
chromatograph (Shimadzu) with a photodiode array 
detector; isocratic mode; PerfectSil Target HD ODS-3 5 µm 
4.6 × 200 mm analytical column; 254 nm wavelength 
detection; column temperature – room temperature; 
mobile phase rate of 0.5 ml/min; 20 µl 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; SupelcoInc, 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 
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.

BAS content in plant organs was calculated as 
g ∙ 100 g-1 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- 
teristics were specified: minimum value (xmin), maxi-
mum value (xmax), variance (S2), standard deviation (S), 
relative standard deviation (RSD), and a mean relative 
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 
set at p ≤ 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).

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, 
and epicatechin-3-gallate), phenolic acids (syringic, 
p-coumaric, ferulic, and caffeic), stilbenes (resveratrol) 
were detected in the plant raw materials.

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

Методы анализа лекарственных средств
Analytical Methods
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Table 1. HPLC-analysis of the extract from the aerial part  
of Rumex maritimis 
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Flavonoids, phenolic acids

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 47.15 253, 368 4.61

Anthraquinones

1 Emodin 9.23
253, 265, 288, 

439
4.96

2 Chrysophanol 21.18
256, 277, 287, 

429
7.99

3 Physcion 27.36
253, 266, 285, 

429
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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Aerial part 1.96

xmin = 1.94
xmax = 1.99
S2 = 0.0006

S = 0.03

1.28 1.45

Leaves 0.99

xmin = 0.96
xmax = 1.00
S2 = 0.0004

S = 0.02

2.12 1.20

Flowers 2.80

xmin = 2.77
xmax = 2.84
S2 = 0.0012

S = 0.04

1.25 2.03

Fruits 1.55

xmin = 1.52
xmax = 1.57
S2 = 0.0006

S = 0.03

1.63 1.45

Stems 0.67

xmin = 0.65
xmax = 0.69
S2 = 0.0004

S = 0.02

2.99 1.15

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 %).

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
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Table 3. Total content of tannins in terms of tannic acid  
in the aerial organs of Rumex maritimus
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Aerial part 6.60

xmin = 6.58
xmax = 6.64
S2 = 0.0012

S = 0.03

0.52 2.00

Leaves 9.97

xmin = 9.96
xmax = 9.99
S2 = 0.0002

S = 0.02

0.15 0.88

Flowers 7.10

xmin = 7.07
xmax = 7.13

S2 = 0.0009
S = 0.03

0.42 1.73

Fruits 5.19

xmin = 5.14
xmax = 5.23
S2 = 0.002

S = 0.05

0.87 2.60

Stems 0.71

xmin = 0.69
xmax = 0.72
S2 = 0.0003

S = 0.02

2.44 1.00

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.

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 %) and tannins (6.60 ± 
0.03 %) has been found. Thus, the aerial part of R. mariti-
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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