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ABSTRACT 
 

The aim of the present study to clarify the phytochemical constituents of Rumex plants, extraction, 
separation and structural identification of chemical components, provide theoretical support and 
scientific basis for its traditional use, further expand the application scope of traditional medicinal 
plant resources in Uzbekistan, and develop its potential value. Three known anthraquinone 
derivatives has been isolated from the chloroform fraction extract of Rumex pamiricus roots and two 
known compounds were separated from the ethyl acetate fraction extract of Rumex conglomeratus 
roots. Their structures were elucidated by extensive spectroscopic evidence and chemical methods. 
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Qualitative analyses of major phenolics by TLC analysis were also evaluated. The ester oil from the 
aerial parts of Rumex confertus and Rumex pamiricus, the gasoline, chloroform, ethyl acetate and 
butanol extracts of Rumex pamiricus aerial part and alcohol extract of Rumex pamiricus roots were 
tested in vitro for antimicrobial activity. 
This study aimed to determine the in vitro antimicrobial activity of the medicinal plants traditionally 
used in Uzbekistan against the microbial strains associated with infectious diseases. 
 

 
Keywords: Polygonaceae L.; Rumex pamiricus Rech. f.; Rumex conglomeratus Murray.; Rumex 

confertus Willd.; sorrel; dock; phenol; phenolic acid; flavonoid; anthraquinone; In vitro; 
antimicrobial; extract; fraction. 

 

1. INTRODUCTION 
 

In the field of medicinal chemistry natural 
products research, Uzbekistan is a latter-coming 
and less active player even though Uzbekistan 
has a very long history to use local medicinal 
plants to treat various diseases. In recent years, 
Uzbekistan government has launched several 
projects, to support scientists carrying out natural 
products research. As a result, in the course of 
our continued searching for bioactive compounds 
from Uzbekistan and in the territory of Central 
Asia plants we did find that Uzbekistan 
possesses a great biodiversity and a great 
chemical diversity as well.  
 

1.1 Importance of Medicinal Plants 
 

“Herbal remedies play an important role in 
modern medicine and it appears feasible that the 
compounds from herbs can be helpful in 
prevention or treatment of different diseases” [1]. 
“The interest of natural drugs as adjunctive 
therapy for acute and chronic diseases has 
grown significantly in the recent years” [2]. The 
phenolic compounds are of great importance in 
terms of various biological activities in the 
research work in this area. Phenolic compounds 
are probably the most explored natural 
compounds due to their potential health benefits 
as demonstrated in a number of studies. 
Continuing these studies, we began to study the 
phenols of the plants Rumex pamiricus, Rumex 
confertus and Rumex conglomeratus in order to 
isolate natural compounds from local plant raw 
materials and study their biological activity (Fig. 
1). The priority is this research to study the 
discovery of biological active substances 
constituents basis of genus Rumex plants in 
Uzbekistan and study chemical constituents of 
phenolic compounds.  
 

1.2 Role of Phenolic Compounds 
 

“Phenolic compounds are secondary metabolites 
that are derivatives of the pentose phosphate, 

shikimate and phenylpropanoid pathways in 
plants. Major polyphenolic compounds found in 
plants are flavonoids, catechins, 
epigallocatechin-3-gallate (EGCG), flavonones, 
iso-flavones, flavanols, anthocyanins, phenolic 
acids, stilbenes, flavonoids, chalcones, lignans 
etc. These compounds are secondary plant 
metabolites and possess antimicrobial, antiviral 
and anti-inflammatory properties along with high 
antioxidative activity. These properties make 
polyphenols interesting for the treatment of 
various diseases like inflammation, cancer and 
also used for anti-ageing purposes in cosmetic 
formulations as well as have nutraceutical 
applications”. [3]. Phenolic compounds are found 
in different organs and tissues of plants differ 
from each other not only in quantity but also in 
quality. Because their participation in various 
biochemical processes is determined by the 
structure and degree of polymerization. Most 
simple phenolic compounds are easily oxidized 
and are actively involved in metabolism. This is 
why they are concentrated in the tissues of 
leaves, flowers, and growth points, where most 
biochemical processes are most active [4].  
 

1.3 The genus Rumex and Distribution 
 

“The name Rumex derived from the Latin word 
for dart, alluding to the shape of the leaves. It is 
the largest genus of family Polygonaceae” [1]. 
“Plants of the genus Rumex L. (sorrel, dock) are 
widely distributed in North America, Central and 
Eastern Europe, Kazakhstan, the Far East and 
partly in the Caucasia, Russia and East Asia” [5-
7]. “This genus includes more than 250 species 
distributed worldwide. 16 species grow in 
Uzbekistan. Rumex pamiricus, Rumex Confertus 
and Rumex conglomeratus are the most 
common species among them” [2,8,9]. “Since 
ancient times, concoctions and tea from leaves 
and roots of Rumex L. species have been used 
to treat various intestinal inflammations” [2,10]. 
“The herb Rumex pamiricus belongs to the family 
of Polygonaceae which is widespread in Central 
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Asia (Pamir-Alay,Tian Shan, Dzungarian Alatau), 
Kashgaria. One of the most common type of 
Rumex is present in Uzbekistan (Samarkand and 
Kashkadarya regions). It grows along wet 
mountain meadows, along the banks of mountain 
rivers and lakes. Perennial herbaceous plant 
reaching 60–100 cm in height” [11]. “Since 
ancient times, concoction or tea from various 
parts of this herb has been used in folk medicine 
to treat diarrhea, dysentery, stercoral ulcer, as 
appetizer, analeptic medicine for lever, heart, as 
antihemorrhagic, to treat hepatitis, fever and 
other diseases” [2]. “The consumption of wild 
edible plants has been an integral part of human 
nutrition and traditional medicine since ancient 
times” [12,13]. “Thus, researchers began to pay 
more attention to wild flora. Plants of the genus 
Rumex are no exception. In addition, this plant 
genus is known as a super-producer of 
secondary phenolic compounds” [14]. “Wild 
plants are known to be a good source of primary 
nutritional compounds (proteins, fats, sugars, 
vitamins, and minerals)” [15]. “Wild plants contain 
various biologically active components that 
demonstrated health benefits effects (flavonoids, 
phenolic acids, anthocyanins, tannins, 
terpenoids, steroidal saponins, glucosinolates, 
and so on)” [13].  

 
1.4 Source of Secondary Metabolites 
 
“Higher plants synthesize several thousand 
known different phenolic compounds and the 
number of those fully characterized is continually 
increasing” [16]. “Phenolic compounds are 
known to have strong antioxidant as well as 
cardioprotective, immune system promoting, 
antibacterial, anti-cancer, and anti-inflammatory 
effects” [14]. “Plants of the Rumex genus are rich 
in secondary metabolites, in particular flavonoids, 
phenolic acids and anthraquinones, which are 
likely to be responsible for the medicinal 
properties attributed to these species” [17]. “The 
list of anthraquinones particularly common in 

Rumex plants includes chrysophanol, physcion, 
emodin and their glycosides, rhein, nepodin, and 
so on” [14]. “These compounds also show 
anticarcinogenic, anti-inflammatory, antiarthritic, 
antifungal, antibacterial, antioxidant and diuretic 
activity” [18,19]. “Flavonoids are another 

important class of compounds that determine the 
therapeutic effect of Rumex plants. Derivatives of 
kaempferol, quercetin, apigenin, luteolin, and 
catechins, as well as derivatives of benzoic and 
cinnamic acids, lignans, coumarins, and 
proanthocyanidins, have been isolated from 

various Rumex species” [20]. “Flavonoids 
constitute the largest class of phenolic 
compounds with more than 3,000 structures. 
These consist of two aromatic rings bound 
together by three carbon atoms that form an 
oxygenated heterocycle. For many years there 
has been much interest in flavonoids because of 
their beneficial effects on human health: e.g. 
antioxidant activity, free radical scavenging 
capacity, digestive stimulation action, anti-
inflammatory, antimicrobial, antiviral, 
hypolipidemic, antimutagenic effects and 
anticarcinogenic potential” [21]. “Phenolic acids 

are further divided into hydroxycinnamic acid 
(HCA) and hydroxybenzoic acid (HBA). Phenolic 
acids account for about a third of the 
polyphenolic compounds in our diet and are 
found in all plant materials, but are particularly 
abundant in acidic fruits. Caffeic acid, gallic acid, 
ferulic acid are some common phenolic acids” 
[22]. “Fruits, vegetables, beverages such as tea, 
chocolate and wine are the chief sources of 
phenolic compounds in the human diet” [3, 23]. 
“This shows their potential as nutritional 
supplements, feed additives, and medicinal 
agents” [13, 24].  
 

1.5 Nutritional Aspects and Traditional 
uses of Rumex L. 

 
“Among wild plants, Rumex plants have a great 
potential. They are already widely used as food, 
fodder, melliferous, and medicinal plants” [7, 25, 
26]. “In some countries, the leaves of Rumex 
plants (such as R. vesicarius, R. acetosella, R. 
abyssinicus, R. crispus, R. induratus, R. 
sanguineus, R. obtusifolius, R. tuberosus, R. 
thyrsiflorus, and R. acetosa) are used for food, 
mainly as salads” [18,19]. “According to the 
literature information, several Rumex species are 
included in the pharmacopoeias of various 
countries. For example, R. crispus is listed in the 
American Herbal Pharmacopoeia as a general 
detoxifier and an agent for skin treatment” [27]. 
“The State Pharmacopoeia of the Russian 
Federation includes the roots of R. confertus as a 
herbal medicine, which is used in the treatment 
of liver diseases, dysentery, pulmonary and 
uterine bleeding, as well as a laxative” [28, 29]. 
“Rumex plants have traditionally been used as 
edible or medicinal plants in various regions of 
the world” [14,29]. “Several Rumex species have 
been used in traditional Chinese medicine (TCM) 
for the therapy of different diseases. R. dentatus, 
found almost everywhere in China, has been 
employed traditionally for the treatment of many 
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Fig. 1. R. pamiricus Rech. f. (1); R. confertus Willd. (2); R. conglomeratus Murray (3). Location: 
Beldersay, Chimgan mountains (Ugam Chatkal National Park), Tashkent region. (Pictures 

author: G.D.Shermatova) 
 

kinds of bacterial and fungal infections, e.g. 
dysentery, enteritis and acariasis” [30]. “R. 
crispus has a long history of domestic herbal use 
in India and Pakistan. It is a gentle and safe 
laxative and useful for treating a wide range of 
skin problems (sores, ulcers and wounds). The 
root of the plant is alterative, mildly tonic, 
antiscorbutic, cholagogue and astringent, while 
the seeds effective in the treatment of diarrhea” 
[31,32]. In Australia Rumex species are used for 
the treatment of stings [33]. The extracts of some 
Rumex species (R. hymenosepalus and R. 
maderensis) are used as a “blood depurative” or 
“blood purifier” [34,35]. “Literature demonstrates 
that R. hastatus is traditionally used in the 
treatment of sexually transmitted diseases, 
including AIDS” [36]. “R. nepalensis is applied to 
treat stomachache in Ethiopian regions. R. 
vesicarius is a wild edible Egyptian herb. In folk 
medicine, it is used as a tonic and analgesic and 
for the treatment of hepatic diseases, 
constipation, poor digestion, spleen disorders, 
flatulence, asthma, bronchitis, dyspepsia, 
vomiting and piles, among others” [37]. “The 
roots of R. confertus are used for liver diseases, 

dysentery, pulmonary and uterine bleeding, as a 
laxative, for hemorrhoids and anal fissures, 
externally for burns, wounds, stomatitis, 
gingivitis, and skin diseases in Russian 
Federation” [7]. “However, today, their 
biotechnological potential is becoming evident, 
and these species can act as a source of 
biologically active substances. The Rumex plants 
are abundant, undemanding, gain phytomass 
easily, and have a short vegetative cycle (and, as 
a consequence, can reproduce frequently 
throughout the year), thus they have a real 
advantage among wild plants of the temperate 
zone. It should also be noted that Rumex species 
have a high potential for regrowth after injury” 
[14]. 
 

2. EXPERIMENTAL PART  
 

2.1 Plant Material 
 

The aerial parts (during the flowering period on 
May 2020) and roots (on August 2020) of the 
plants were collected from Botanic Garden, 
Tashkent, Uzbekistan. 

 

1 
 

2 
 

3 
 

4 
 

5 
 

 

Fig. 2. Some pictures of the collected samples. The leaves of Rumex pamiricus Rech. f. (1); the 
roots of Rumex conglomeratus (2); the aerial part of Rumex confertus Willd. (3); The process 

of collecting R. Pamiricus Rech. f. (4); the seeds of Rumex confertus Willd. (5). Location: 
Tashkent Botanical Garden named after F. N. Rusanov. (Pictures author: G.D.Shermatova) 
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2.2 Extraction and Methods 
 

The roots of the herb Rumex pamiricus dried at 
room temperature, in shade. The pounded herb 
roots were first subjected to extraction in 
chloroform, then three times in 70% acetone 
hydrous solution. The acetone extract was 
distilled under vacuum, the remaining water 
solution was subjected to extraction with ethyl 
acetate. Ethyl acetate extracts were collected 
and were dehydrated by adding anhydrous salt 
Na2SO4. The dehydrated extract was filtered, its 
concentration increased under vacuum, the total 
phenols were precipitated by adding pure hexane 
to the condensed extract. The created precipitate 
was washed, and filtered and the extracted total 
phenols of chloroform and ethyl acetate fractions 
constituted 3.4% of the herb dry weight.  
 

2.3 Isolation and Results 
 

The roots are the best organs for the 
accumulation of anthraquinones [2]. The 

chloroform fraction subjected with column 
chromatography on KSK silica gel, eluted with a 
mixture of extraction benzene–ethyl acetate: 
(50:1, 40:1, 30:1, 20:1 and 10:1). The structure of 
chrysophanol, emodin and rhein (Fig. 3) was 
established on the basis of the analysis of the 
data of MS (Mass spectrometry), 

1
Н and 

13
С 

NMR spectra (Nuclear Magnetic Resonance), 
and of the DEPT (Distortionless Enhancement of 
Polarization Transfer), HSQC (Heteronuclear 
Single Quantum Coherence) and HMBC 
(Heteronuclear Multiple Bond Correlation) 
experiments. Qualitative analyses of major 
phenolics by TLC (Thin Layer Chromatography) 
analysis were also evaluated. 
 

2.4 Discussion 
 

The anthraquinones, chrysophanol, emodin and 
rhein have been isolated from other types of 
Rumex in studies before us. According to the 

literature: chrysophanol from roots of R. dentatus 
[30], emodin from roots of R. abssinicus [38], 
from leaves of R. chalepensis [39], rhein from R. 
acetosa [38], chrysophanol and emodin from 
roots of R. crispus [38], R. abysinica, R. patientia 
[39], R. nepalensis [40], and from the aerial parts 
of R. acetosa [41]. 

 
2.5 Extraction and Methods 
 
The Rumex conglomeratus (20 kg) were 

extracted with 60% acetone four times at room 
temperature, each one time one week. After 
filtration and condensed to little volume by Rotary 
evaporation machine, the concentrated liquid 
(most are water) was fractionated by EtOAc (1/4 
volume of water) five times, to give two parts, 
water layer and EtOAc layer. After filtration, the 
EtOAc layer was dried by Rotary evaporation 
machine to give 72.4 g of the EtOAc sample. 

 
2.6 Isolation and Results 
 
The EtOAc fraction was then subjected to Diaion 
HP 20SS column chromatography with MeOH 
containing increasing proportions of water (6 cm 
i.d.- 90 cm, 10-100%, 10% stepwise elution, 
each 3L), to afford seven fractions E1-E7. 
Fraction E-1 was further fractionated by 
Sephadex LH-20 column chromatography (7 cm 
i.d.-110 cm) with 10-100% MeOH(10% stepwice 
elution, each 3-L) and give to six fractions E1-1-
E1-6. And the fraction E1-2 were separated by 
column chromatography using the MCI gel CHP 
20P (3 cm i.d.- 40 cm) with 10-100% MeOH (5% 
stepwise elution, each 300 ml) to yield caffeic 
acid (Fig. 3) (0.092 g). Fraction E1-5 was 
successively applied to a Toyopearl HW 40F 
column chromatography (2 cm i.d.- 28 cm) with 
5-100% MeOH (5 stepwise elution, each 150 ml) 
to give rosmarinic acid (Fig. 3) (0.252 g). 

 
 

 
1 

 

 
2 

 

 
3 

 

 
4 

 

 
5 

 
Fig. 3. Chemical structures of isolated compounds 1–5: rosmarinic acid (1), caffeic acid (2), 

chrysophanol (3), emodin (4), rhein (5). All known pure compounds were isolated in our 
laboratory from Rumex pamiricus and Rumex conglomeratus plants for the first time 
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2.7 Discussion 
 

Rosmarinic acid and caffeic acid have been 
isolated from other species and families in 
previous studies and their properties have been 
studied. Rosmarinic acid was first isolated in 
1958 by Scarpati and Oriente from R. officinalis 
[42], from Melissa officinalis L.[43], from Hyptis 
atrorubens Poit [44,45], [46], [47,48,49,50], 
caffeic acid from the aerial parts of R. aquatica 
[39], rosmarinic acid and caffeic acid from leaves 
of R. acetosa, R. acetosella, R. confertus, R. 
crispus, R. maritimus, R. obtusifolius and R. 
sanguineus [14]. 
 

2.8 Data of Isolated Compounds 
 

1. Rosmarinic acid (1) [44]. C18H16O8. 

Yellow amorphous powder. ESI-MS 
(negative ion) m/z 359 [M-H]

−
; UV  max 

(CH3OH): 221, 330 nm; IR (KBr) (cm
-1

) 
vmax: 3382, 1697, 1606, 1522; 

1
HNMR 

(CD3OD):   7.52 (1H, d,   = 15.5 Hz, H-7′), 

7.04 (1H, d,   = 2.0 Hz, H-2′), 6.91 (1H, dd, 

  = 8.0, 2.0 Hz, H-6′), 6.75 (1H, d,   = 8.0 

Hz, H-5′), 6.70 (1H, d,   = 2.0 Hz, H-2), 

6.69 (1H, d,   = 8.0 Hz, H-5), 6.57 (1H, dd, 

  = 8.0, 2.0 Hz, H-6), 6.26 (1H, d,   = 15.5 

Hz, H-8′), 5.19 (1H, dd,   = 10.0, 3.5 Hz, H-

8), 3.06 (1H, dd,   = 14.5, 5.5 Hz, H-7a), 

3.00 (1H, dd,   = 14.5, 5.5 Hz, H-7b); 
13

C-

NMR (CD3OD):   174.3 (C-9), 169.4 (C-9′), 

149.5 (C-4′), 145.7 (C-7′), 145.0 (C-3), 
144.9 (C-4), 143.2 (C-3′), 130.4 (C-1), 
128.2 (C-1′), 122.2 (C-6), 121.4 (C-6′), 
117.6 (C-2), 116.3 (C-5), 116.1 (C-5′), 
115.8 (C-8′), 115.3 (C-2′), 77.8 (C-8), 38.9 
(C-7). 

 

2. Caffeic acid (2) [51], colorless acicular 

crystals, mp 222.1-225.8°C. HR- ESI-MS 
m/z 179.0378 [M-H]

- 
(calcd for C9H7O4, 

179.0344). 
1
H NMR (400 MHz, DMSO-d6, 

δ, ppm, J/Hz): 7.39 (1H, d, J=16.0, H-7), 
7.02 (1H, d, J=2.0, H-2), 6.94 (1H, dd, 
J=8.0, 2.0, H-6), 6,75 (1H, d,J=8.0, H-5), 
6.17 (1H, d,J =16.0, H-8). 

13
C NMR (125 

MHz, DMSO-d6, δ, ppm): 125.8 (C-1), 
115,6 (C-2), 144.3 (C-3), 148.1 (C-4), 
115.8 (C-5), 121.1 (C-6), 145.6 (C-7), 
114.6 (C-8), 168.2 (C-9). 

 

3. Chrysophanol (3) [52]. 
1
H NMR                

(600 MHz, CDCl3, δ, ppm, J/Hz): 12.14 
(1H, s), 12.03 (1H, s), 7.83 (1H, d, J = 6.8, 
H-5), 7.67 (2H, s, H-6, 4), 7.31 (1H, d, J = 
6.8, H-7), 7.12 (1H, s, H-2), 2.48 (3H, s, 3-
Me). ESI-MS m/z 255.0 [M + H]

+
. 

4. Emodin (4) [53]. Orange needles, 

C15H10O5, mp 254–256°C. 
1
H NMR (600 

MHz, acetone-d6, δ, ppm, J/Hz): 7.54 (1H, 
s, H-4), 7.23 (1H, d, J = 2.3, H-5), 7.12 
(1H, s, H-2), 6.63 (1H, d, J = 2.3, H-7), 
2.44 (3H, s, CH3). 

13
C NMR (125 MHz, 

CDCl3, δ, ppm): 190.9 (C-9), 181.4 (C-10), 
165.5 (C-3), 165.2 (C-1), 162.4 (C-8), 
148.8 (C-6), 135.8 (C-14), 135.8 (C-11), 
124.2 (C-5), 124.1 (C-7), 120.7 (C-13), 
113.7 (C-12), 108.8 (C-4), 108.0 (C-2), 
21.2 (CH3). 

 

5. Rhein (5) [54]. C15H8O6, yellowish powder. 

ESI-MS m/z 307.2 [M + Na]
+
. 

1
H NMR (600 

MHz, DMSO-d6, δ, ppm, J/Hz): 8.15 (1H, d, 
J = 1.7, H-4), 7.78 (1H, d, J = 1.7, H-2), 
7.75 (1H, dd, J = 7.8, 1.0, H-5), 7.85 (1H, t, 
J = 8.0, 7.8, H-6), 7.42 (1H, dd, J = 8.0, 
1.0, H-7). 

13
C NMR (100 MHz, DMSO-d6, 

δ, ppm): 161.6 (C-1), 124.3 (C-2), 138.2 
(C-3), 118.9 (C-4), 119.6 (C-5), 137.7 (C-
6), 124.7 (C-7), 161.2 (C-8), 191.5 (C-9), 
181.2 (C-10), 133.4 (4a), 116.4 (8a), 118.4 
(9a), 134.1 (10a), 165.6 (COOH). 

 

3. ANTIMICROBIAL ACTIVITY 
 

Medicinal plants are widely used for the 
treatment of different infectious diseases. 
Infectious diseases caused by bacteria have a 
large impact on public health [55]. We studied 
the leaves and roots of Rumex confertus Willd. in 
vitro for antibacterial and fungal activity in the 
fractions of gasoline, chloroform, ethyl acetate 
and butanol in our previous work. As a result, it 
was found that the leaves of the Rumex 
confertus plant, chloroform and ethyl acetate 
fractions of the root part have antibacterial 
activity against fungi and positive bacteria [1]. 
Continuing these studies, the ester oil from the 
aerial parts of Rumex confertus and Rumex 
pamiricus, the gasoline, chloroform, ethyl acetate 
and butanol extracts of Rumex pamiricus aerial 
part and alcohol extract of Rumex pamiricus 
roots were tested in vitro for antimicrobial activity 
(Table 1). It was studied at the Institute of the 
Chemistry of Plant Substances named after 
Acad. S.Yu. Yunusov AS of Uzbekistan, 
Laboratory of Molecular Genetics by Dr. 
Sasmakov S.A. 
 

4. RESULTS 
 

As a result, the aerial part of the Rumex 
pamiricus plant, chloroform and ethyl acetate 
fractions showed moderate antimicrobial activity 
against gram-positive bacteria.  
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Table 1. In vitro screening results for antimicrobial activity 
 

Name of substances Inhibition zone diameter (mm) 

Gram-positive strains Gram-negative  strains Conditionally 
pathogenic fungus 

Bacillus 
subtilis 

Staphylococcus 
aureus 

E. coli Pseudomonas 
aeruginosa 

Candida albicans 

Ester oil of Rumex pamiricus Rech. f. aerial part 6 7 na na na 
Ester oil of Rumex confertus Willd. aerial part 6 6 na na na 
Alcohol extract of  Rumex pamiricus Rech. f. aerial part 10 8 na na na 
Gasoline extract of Rumex pamiricus Rech. f. aerial part 6 6 na na na 
Ethyl acetate extract of Rumex pamiricus Rech. f. aerial part 10 12 na na na 
Alcohol extract of  Rumex pamiricus Rech. f. root  na na na na na 
Butanol extract of  Rumex pamiricus Rech. f. aerial part 9 9 na na na 
Chloroform extract of  Rumex pamiricus Rech. f. aerial part 9 11 na na na 
Ampicillin  (10 µg/disc) 27 26 nt nt nt 
Ceftriaxone (30 µg/disc) nt nt 26 25 nt 
Flucanazole (25 µg/disc) nt nt nt nt 28 

na- not active; nt – not tested 
Inhibition zones ≤ 6-8 mm; 

Appreciable: 8-14 мм; 
Pronounced: 14-20 мм; 

Strong: ≤ 20 мм 



 
 
 
 

Shermatova et al.; CSIJ, 31(1): 15-25, 2022; Article no.CSIJ.86738 
 

 

 
22 

 

5. DISCUSSION 
 

Nowadays, the role of secondary metabolites as 
regulatory and adaptogenic is not questioned. 
For instance, the wide geographical distribution 
of the Rumex plants can be partly associated 
with the flexible system of secondary 
metabolism. In this study, wild plants with 
relatively uniform growing conditions were used. 
The collection sites were located in similar 
climatic and landscape conditions, with a low 
anthropogenic load. In addition, the plants were 
analyzed within the same ontogenetic phase- the 
flowering phase. This point is fundamental, as 
the level of regulatory secondary compounds can 
differ significantly at different stages of growth 
[14]. 
 

During the study process, it was observed that 
the difference in the color of R. pamiricus, a plant 
that grows in mountainous areas, and R. 
pamiricus, which grows in urban areas. That is to 
say, it was found that the redness characteristic 
of the genus R. pamiricus is not clearly visible in 
plants growing in the mountainous region (Fig. 
1), but is dark red in the city (Fig. 2). 
 

5. CONCLUSION 
 

1. Continuous studies on the chemical 
composition of Rumex pamiricus Rech. f. 
led to the isolation of anthraquinones: 
chrysophanol, emodin and rhein fro 

2. m the plant root extract using column 
chromatography on KSK silica gel. The 
structure of chrysophanol, emodin and 
rhein was established on the basis of the 
analysis of the data of MS, 

1
Н, and 

13
С 

NMR spectra, and of the DEPT, TLC, 
HSQC and HMBC experiments.  

3. The 60% acetone extracts of Rumex 
conglomeratus Murray was successively 
separated by MCI gel CHP 20P, and 
Toyopearl HW 40F column 
chromatography to yield two compounds. 
Their structures were elucidated by 
spectroscopic analyses as: rosmarinic acid 
and caffeic acid. 

4. The ester oil from the aerial parts of 
Rumex confertus and Rumex pamiricus, 
the gasoline, chloroform, ethyl acetate and 
butanol extracts of Rumex pamiricus aerial 
part and alcohol extract of Rumex 
pamiricus root were tested for antimicrobial 
activity. As a result, the aerial part of the 
Rumex pamiricus plant, chloroform and 
ethyl acetate fractions showed moderate 

antimicrobial activity against gram-positive 
bacteria. 

 

ACKNOWLEDGEMENTS 
 
I would like to express my feelings of gratitude 
for the kind support and guide of my supervisors 
Dr. Shamuratov B.A, Prof. Mavlyanov S.M,, Prof. 
Zhang Y.J. Also, I thank Dr. Bobakulov X.M for 
his assistance in determining the structures of 
chemical compounds and deeply thank the 
anonymous reviewers and the editorial 
committee who contributed to substantially 
improve the manuscript. 
 

DISCLAIMER 
 
The products used for this research are 
commonly and predominantly use products in our 
area of research and country. There is absolutely 
no conflict of interest between the authors and 
producers of the products because we do not 
intend to use these products as an avenue for 
any litigation but for the advancement of 
knowledge. Also, the research was not funded by 
the producing company rather it was funded by 
personal efforts of the authors. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Shermatova GD, Zhang YJ, Davranov K. 

Antibacterial and antifungal activities of 
rumex confertus willd. International Journal 
for Research in Applied Science & 
Engineering Technology. 2021;9/12:1855-
1856. 

2. Shermatova G. Emodin, an anthraquinone 
derivative from Rumex pamiricus Rech. f. 
Universum: chemistry and biology. 
2022;3/93:28-31. 

3. Kumar H, Choudhary N, Varsha, Kumar N, 
Suman, Seth R. Phenolic compounds and 
their health benefits: A review. Journal of 
Food Research and Technology. 
2021;2/2:46-59. 

4. Shermatova GD, Shamuratov BA, 
Mavlyanov SM. Tannins from rumex 
confertus willd. Uzbek Chemistry Journal. 
2012;3:11-13. 

5. Kołodziejek J. Growth performance and 
emergence of invasive alien Rumex 



 
 
 
 

Shermatova et al.; CSIJ, 31(1): 15-25, 2022; Article no.CSIJ.86738 
 

 

 
23 

 

confertus in different soil types. Scientific 
Reports. 2019;9/1:1-13.  

6. Kholmatov HKh, Habibov ZN, 
Olimkhodjaeva NZ. In book: Medicinal 
herbs of Uzbekistan. Ibn Sino. 1991;93-94. 

7. Podgurskaya VV, Luksha EA, Gushchina 
ES, Savchenko IA, Korneeva IN, Kalinkina 
GI. Biological activity of the genus Rumex 
(Polygonaceae) plants. Chem. Plant Raw 
Mater. 2021;2:59–78.  

8. Shermatova GD, Shamuratov BA. 
Flavonoids of Rumex pamiricus. Bulletin of 
National University of Uzbekistan. 2013; 
4/2:232-233. 

9. Rao KNV, Ch S, Banji D. A study on the 
nutraceuticals from the genus Rumex. 
Hygeia. J.D.Med. 2011;3/1:76-88. 

10. Babulka P. The Rumex, from ethnobotany 
to modern phytotherapy (Rumex spp.), 
[Les Rumex, de l’ethnobotanique á la 
phytothérapie moderne (Rumex spp.)], 
Phytothérapie. 2004;5:153-156. 

11. Vvedensky AI, Korovin EP. In book: Flora 
of Uzbekistan. Publishing House of the 
Academy of Sciences of the UzSSR. 
Tashkent. 1953;2:102-113. 

12. Carvalho AM, Barata AM. The 
consumption of wild edible plants. In book: 
Wild Plants, Mushrooms and Nuts: 
Functional Food Properties and 
Applications; Edited by Ferreira I.C.F.R, 
Morales P, Barros L. John Wiley & Sons, 
Ltd. 2017;159–198. 

13. Ceccanti C, Landi M, Benvenuti S, 
Pardossi A, Guidi L. Mediterranean wild 
edible plants: Weeds or “New Functional 
Crops”? Molecules. 2018;23:2299. 

14. Feduraev P, Skrypnik L, Nebreeva S, 
Dzhobadze G, Vatagina A, Kalinina E, 
Pungin A, Maslennikov P, Riabova A, Krol 
O, Chupakhina G. Variability of phenolic 
compound accumulation and antioxidant 
activity in wild plants of some rumex 
species (Polygonaceae). Antioxidants. 
2022;11/2:311. 

15. Puccinelli M, Pezzarossa B, Pintimalli L, 
Malorgio F. Selenium biofortification of 
three wild species, Rumex acetosa L., 
Plantago coronopus L., and Portulaca 
oleracea L., Grown as Microgreens. 
Agronomy. 2021;11:1155.  

16. Lattanzio V. Phenolic compounds: 
Introduction. Springer-Verlag Berlin 
Heidelberg. 2013;50:1543-1580.  

17. Prakash MA, Sharifi RM, Shariati MA, 
Mabkhot YN, Al-Showiman SS, Rauf A, 
Salehi B, Zupunski M, Gusain P. et al. 

Bioactive compounds and health benefits 
of edible Rumex species. A review. Cell. 
Mol. Biol. 2018;64:27–34. 

18. Li Y, Jiang JG. Health functions and 
structure-activity relationships of natural 
anthraquinones from plants. Food Funct. 
2018;9:6063–6080. 

19. Diaz-Munoz G, Miranda IL, Sartori SK, de 
Rezende DC, Diaz MAN. Chapter 11-
Anthraquinones: An overview. In Studies in 
Natural Products Chemistry; Atta-ur-
Rahman. Elsevier. 2018;58:313–338. 

20. Balog K, Svircev E, Lesjak M, Orcic D, 
Beara I, Franciskovic M, Simin N. Phenolic 
profiling of Rumex L. species by means of 
the LC-MS/MS. Planta Med. 2012; 
78/11:12. 

21. Samsonowicz M, Regulska E. 
Spectroscopic study of molecular structure, 
antioxidant activity and biological effects of 
metal hydroxyflavonol complexes. 
Spectrochim. Acta Part A: Mol. 
Biomol.Spectrosc. 2017;173:757–771. 

22. Spencer JP, Mohsen MM, Minihane AM, 
Mathers JC. Biomarkers of the intake of 
dietary polyphenols: strengths, limitations 
and application in nutrition research. British 
Journal of Nutrition. 2008;99/1:12-22. 

23. Tsao R. Chemistry and biochemistry of 
dietary polyphenols. Nutrients. 2010; 
2/12:1231-1246.  

24. Faehnrich B, Franz C, Nemaz P, Kaul HP. 
Medicinal plants and their secondary 
metabolites - State of the art and trends in 
breeding, analytics and use in feed 
supplementation with special focus on 
German chamomile. J. Appl. Bot. Food 
Qual. 2021;94:61–74. 

25. Bello OM, Fasinu PS, Bello OE, 
Ogbesejana AB, Adetunji CO, Dada AO, 
Ibitoye OS, Aloko S, Oguntoye OS. Wild 
vegetable Rumex acetosa Linn. Its 
ethnobotany, pharmacology and 
phytochemistry. A review. S. Afr. J. Bot. 
2019;125:149–160. 

26. Vasas A, Orbán-Gyapai O, Hohmann J. 
The genus rumex: Review of traditional 
uses, phytochemistry and pharmacology. 
J. Ethnopharmacol. 2015;175:198–228.  

27. Pinela J, Carvalho AM, Ferreira ICFR. Wild 
edible plants: Nutritional and toxicological 
characteristics, retrieval strategies and 
importance for today’s society. Food 
Chem. Toxicol. 2017;110:165–188.  

28. Upton R, Graff A, Jolliffe G, Länger R. 
Williamson E. American herbal 
pharmacopoeia: botanical 



 
 
 
 

Shermatova et al.; CSIJ, 31(1): 15-25, 2022; Article no.CSIJ.86738 
 

 

 
24 

 

pharmacognosy-microscopic 
characterization of botanical medicines; 
CRC Press: Boca Raton, FL, USA; 2016. 
ISBN 1420073281.  

29. Emshanova SV, Potanina OG, Budanova 
EV, Chistyakov VV. (Eds.). 
Gosudarstvennaya farmakopeya 
rossiyskoy federatsii XIV izdaniye. In [State 
Pharmacopoeia of the Russian Federation 
XIV edition]. Ministry of Health of Russian 
Federation. Moscow, Russia. 2018;4:1844. 

30. Zhang H, Guo Z, Wu N, Xu W, Han L, Li N, 
Han Y. Two novel naphthalene glucosides 
and an anthraquinone isolated from 
Rumex dentatus and their antiproliferation 
activities in four cell lines. Molecules. 
2012;17/1:843–850. 

31. Pareek A, Kumar A. Rumex crispus L.- A 
plant of traditional value. Drug Discovery. 
2014;9/20:20–23. 

32. Ahmad SS, Erum S, Khan SM, Nawaz M, 
Wahid A. Exploring the medicinal plants 
wealth: a traditional medico-botanical 
knowledge of local communities in Changa 
Manga Forest, Pakistan. Middle-East 
Journal of Scientific Research. 2014; 
20/12:1772–1779. 

33. Packer J, Brouwer N, Harrington D, 
Gaikwad J, Heron R, Elders Y.C, 
Ranganathan S, Vemulpad S, Jamie J. An 
ethnobotanical study of medicinal plants 
used by the Yaegl aboriginal community in 
northern New South Wales, Australia. 
Journal of Ethnopharmacology. 
2012;139/1:244–255. 

34. Rivero-Cruz I, Acevedo L, Gurerrero J.A, 
Martinez S, Bye R, Miranda PR, Franzblau 
S, Timmermann BN, Mata R. 
Antimycobacterial agents from selected 
Mexican medicinal plants. Journal of 
Pharmacy and Pharmacology. 
2005;57/9:1117–1126. 

35. Tavares L, Carrilho D, Tyagi M, Barata D, 
Serra AT, Duarte CMM, Duarte RO, 
Feliciano RP, Bronze MR, Chicau P, 
Espirito-Santo MD, Ferreira RB, dos 
Santos C.N. Antioxidant capacity of 
Macaronesian traditional medicinal plants. 
Molecules. 2010;15/4:2576–2592.  

36. Sahreen S, Khan MR, Khan RA. 
Comprehensive assessment of phenolics 
and antiradical potential of Rumex 
hastatus D. Don. roots. BMC 
Complementary and Alternative Medicine. 
2014;14/1:1–11. 

37. El-Hawary SA, Sokkar NM, Ali ZY, Yehia 
MM. A profile of bioactive compounds of 

Rumex vesicarius L. Journal of Food 
Science. 2011;76/8:1195–1202. 

38. Shafiq N, Saleem M, Kousar S, Sahar M, 
Hussain SM, Jabeen F. Investigation of 
genus Rumex for their biologically active 
constituents. Life Science Informatics 
Publications. 2017;2/6:148-165. 

39. Abdul Khabir Khan. Phytochemical 
screening on the constituents of Rumex 
obtusifolius .Ph.D thesis. 2017;29. 

40. Gautam R, Karkhile KV, Bhutani KK, 
Jachak SM. Anti-inflammatory, 
cyclooxygenase (COX)-2, COX-1 
inhibitory, and free radical scavenging 
effects of Rumex nepalensis. Planta 
medica. 2010;76/14:1564-1569. 

41. Lee NJ, Choi JH, Koo BS, Ryu SY, Han 
YH, Lee SI, Lee DU. Antimutagenicity and 
cytotoxicity of the constituents from the 
aerial parts of Rumex acetosa. Biological 
and Pharmaceutical Bulletin. 2005;28 
/11:2158-2161. 

42. Al-Dhabi NA, Arasu MV, Park CH, Park 
SU. Recent studies on rosmarinic acid and 
its biological and pharmacological 
activities. EXCLI J. 2014;13:1192-1195. 

43. Caleja C, Barros L, Prieto MA, Barreiro 
MF, Oliveira M. Beatriz PP, Ferreira ICFR. 
Extraction of rosmarinic acid from Melissa 
officinalis L. by heat-, microwave- and 
ultrasound-assisted extraction techniques: 
A comparative study through response 
surface analysis. Elsevier. 2017;186:297-
308. 

44. Abedini A, Roumy V, Mahieux S, Biabiany 
M, Standaert-Vitse A, Riviere C, Sahpaz S, 
Bailleul F, Neut C, Hennebelle T. 
Rosmarinic acid and its methyl ester as 
antimicrobial components of the 
hydromethanolic extract of Hyptis 
atrorubens Poit. (Lamiaceae). Evid Based 
Complement Alternat Med. 2013;4:604536. 

45. Gun-Dong Kim, Yong Seek Park, Young-
Ho Jin, Cheung-Seog Park. Production 
and applications of rosmarinic acid and 
structurally related compounds. Appl 
Microbiol Biotechnol. 2015;99:2083–2092. 

46. Kim JK, Park SU. Flavonoids for treatment 
of Alzheimer’s disease: An up to date 
review. EXCLI. 2021;20:495-502. 

47. Bankova V, Trusheva B, Popova M. 
Caffeic acid phenethyl ester (CAPE) 
Natural sources, analytical procedures and 
synthetic approaches. 2018;71/9:1157-
1169.  

48. Alam M, Ahmed S, Elasbali AM, Adnan M, 
Alam S, Hassan MI, Pasupuleti VR. 



 
 
 
 

Shermatova et al.; CSIJ, 31(1): 15-25, 2022; Article no.CSIJ.86738 
 

 

 
25 

 

Therapeutic Implications of Caffeic Acid in 
Cancer and Neurological Diseases. Front. 
Oncol. 2022;12:860508. 

49. Koyuncu I. Evaluation of anticancer, 
antioxidant activity and phenolic 
compounds of Artemisia absinthium L. 
Extract. Cell Mol Biol. 2018;64/3:25-34. 

50. Jiang RW, Lau KM, Hon PM, Mak TCW, 
Woo KS, Fung KP. Chemistry and 
biological activities of caffeic acid 
derivatives from Salvia miltiorrhiza. 
2005;12/2:237-246.  

51. Chen S, Wang FF, Chen Y, Li MS, Zhang 
B, Luo JZ, Song XX, Li JJ, Qin F. Chemical 
constituents of Corydalis saxicola. Chem 
Nat Compd. 2022;58:119-121. 

52. Qi J, Zhao P, Zhao L, Jia A, Liu Ch, Zhang 
L, Xia X. Anthraquinone derivatives from a 

sea cucumber-derived trichoderma sp. 
fungus with antibacterial activities. Chem 
Nat Compd. 2020;56:112–114. 

53.  Zhu YY, Yu G, Wang YY, Xu JH, Xu FZ, 
Fu H, Zhao YH, Wu J. Antiviral activity and 
molecular docking of active constituents 
from the root of Aconitum carmichaelii. 
Chemistry of Natural Compounds. 
2019;55:189–193. 

54. Qian YX, Kang JC, Luo YK, Yang XB, He 
J, Wang L. Secondary metabolites from 
endophytic pestalotiopsis microspora and 
their P-glycoprotein inhibitory activity. 
Chemistry of Natural Compounds. 
2021;57:924–926. 

55. Vu TT, Kim H, Tran VK, Dang QL, Nguyen 
HT, Kim H, Kim IS, Choi GJ, Kim JC. BMC 
Complement Altern Med. 2016;16/32. 

_________________________________________________________________________________ 
© 2022 Shermatova et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/86738 

http://creativecommons.org/licenses/by/4.0



