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REVIEW ON CHEMICAL CONSTITUENTS AND BIOLOGICAL ACTIVITIES OF GENUS
RUMEX

Abstract

Genus Rumex belongs to the family Polygonaceae that is distributed worldwide and used in the treatment
of different ilinesses. Different parts of this plant are employed in the treatment of a number of ailments
such as diarrhea, jaundice, hypertension, dermatopathy and inflammation. It was reported that they
possess anti-oxidative, antimicrobial, antiviral and anti-cancer activities due to the presence of several
phenolic constituents, anthraquinones and flavonoids such as rutin, luteolin and apigenin. Flavonoids play
an important role against cardiovascular diseases by reducing oxidation of low-density lipoproteins. This
article covers most of constituents of plants of genus Rumex reported from 20071 up to 2022. Furthermore,
the biological activities of plants of genus Rumex are presented.
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1. INTRODUCTION

Genus Rumex comprises about 200 species of annual, biennial, and perennial herbs in the
buckwheat Family Polygonaceae and are distributed worldwide in European, Asian, African and
American countries. Rumex is the second largest genus of Family Polygonaceae. (Andrea, 2015).
It is also located in Punjab and Khyber Pakhtunkhwa (KPK) provinces of Pakistan (Badshah,
2011). The Family Polygonaceae has 59 genera with 5109 species; of these 1266 are accepted
species names (The Plant List, 2013). Members of this genus are very common perennial herbs
with a native almost worldwide distribution, and introduced species growing in the few places
where the genus is not native. Many species of this genus are herbs but some are shrubs too and a
few are rhizomes. Their Leaves are arranged in alternating manner, sometimes hastate or sagittate.
These plants are edible and the leaves of most species contain oxalic acid, tannins, and many
have astringent and slightly purgative effects (Khalil, 2022).

Some species with particularly high levels of oxalic acid are called sorrels (including sheep's
sorrel R. acetosella, common sorrel R. acetosa, and French sorrel R. scutatus) (Tonny et al. 2017).
Some of these species are grown, as leaf vegetables or garden herbs, for their acidic taste (Luczaj,
2008). Moreover, many authors have examined the nutritional and dietary properties of the leaves,
stem and oils of these plants, and concluded that these have the prospect of creating a niche in the
food industry (Bae et al., 2012).

Researchers have reported that root and the whole plant is used as laxative, in rheumatism
skin diseases and bleeding of lungs (Vasas et al., 2015). Rumex is traditionally used in the
treatment of sexually transmitted diseases including AIDS (Vermani et al., 2001). Moreover, the
Ethiopian traditional knowledge applies many medicinal plants including this plant to treat
different viral infections (Shinwari, 2003). Reports of the chemical components of many of them
confirm that they can be promising to fight COVID-19 (Sumaira, 2014).

This article aims to provide an overview of medical wuses, chemical
constituents, pharmacological activities, toxicity, and safety of Rumex species indicating their
significance in phytotherapy and the possible interest of including some species of the genus
Rumex in the field of drug industry.

Table 1: Figures of the most common Rumex species

Rumex species Illustration Reference(s)

R. crispus (' Suzuki et al., 2006)

R. patientia (Mei et al., 2009)

R. dentatus (Usama et al., 2011)
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Rumex species Illustration Reference(s)
R. hastatus (Sumaira et al., 2014)
R. nepalensis (Yilmaetal., 2021)
R. roseus (Saoudi et al., 2021)
Table 2. Flavonoids isolated from the genus Rumex
Name Rumex species Structure Reference
(Part used)
Aloesin R. acetosa (Bicker et al., 2009)
(Flowers)
R. nepalensis (Yilmaetal., 2021)
(Aerial parts)
Avicularin R. acetosa (Bicker et al., 2009)
(Aerial parts)
Catechin R.. acetosa (Bello et al., 2019)
(Flowers)
R. nepalensis (Tonny et al., 2017)

(Aerial parts)

Epicatechin7-O-R-D | R.. acetosa
glucuronate (Flowers)

(Bicker et al., 2009)

P oay
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methoxyflavone

(Aerial parts)

Name Rumex species Structure Reference
(Part used)
Epicatechin ~ 3-O- | R. acetosa oH (Bello et al., 2019)
gallate (Flowers) = OH
HO O oty |
R. nepalensis \@) "0 (Bahadur et al., 2017)
(Aerial parts) OH o | S OH
~ OH
OH
Epicatechin R. acetosa on (Bello et al., 2019)
(Flowers) o “\Ci
“on
OH
Hyproside R.. acetosa (Bello et al., 2019)
(Aerial parts)
5-hydroxy-3'- R. crispus (Shafaghat et al. 2014)

Iso-orientin

R. acetosa
(Aerial parts)

OH

s(Kemper et al., 1999)

H

Isorhamnetin3-O-f-
galactoside

R. dentatus
(Aerial parts and
roots)

(Usama et al., 2011)

Isorhamnetin3-O-
rutinoside

R. dentatus
(Aerial parts and
roots)

(Usama et al., 2011)

kaempferol 3-O-B-

R. dentatus

(Usama et al., 2011)

roots)

OH

OH OH

glucoside (Aerial parts and

roots)
Kaempferol ~ 3-O- | R. dentatus (Usama et al., 2011)
rutinoside (Aerial parts and
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Name Rumex species Structure Reference
(Part used)
luteolin7-O- R. hastatus (Sumaira et al., 2014)
glucoside (Roots)
HO,, E!)” o ”
u)f L]) - OH
3-O-methyl R. nepalensis _OH (Yilmaetal., 2021)
epicatechin (Aerial parts) - R o
[
OH o Sy e
3-O-methyl R. acetosa (Bicker et al., 2009)
Quercetin flowers
Orientin R. acetosa (Bicker et al., 2009)
(Aerial parts)
Quercetin R.. acetosa (Bello et al., 2019)
(Aerial parts)
R. crispus. L (Oladayo et al., 2017)
(Aerial parts)
Quercetrin R. acetosa (Bello et al., 2019)
(Aerial parts)
Quercetin3-0O-3-D R. nepalensis (Atsushi et al., 2018)
glucuronate (Aerial parts)
Rutin R. hastatus (Sumaira et al., 2014)
(Roots)
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Name

Rumex species
(Part used)

Structure

Reference

3,6,3"-
Trimethoxyflavone

R. roseus
(Aerial parts)

(Wang et al., 2012)

(Saoudi et al., 2021)

Vitexin R. hastatus (Sumaira et al., 2014)
(Roots)
. acetosa icker et al.,
R Bick 1., 2009
(Aerial parts)
Table 3. Anthraguinones isolated from the genus Rumex
Name Rumex species Structure Reference
(Part used)
Aloesin R. nepalensis (Yilmaet al., 2021)
(Roots)
Asperfumin R. patientia O (Wang et al., 2014)
(Roots) (mc
OMe  OMe on
Cassialoin R. patientia (Wang et al., 2014)
(Roots)
Chrysophanol R. nepalensis P I (Yilmaet al., 2021)
" pai 999
R. patientia (Yang et al., 2013)
(Roots) I
R. japonicas (Lee et al., 2022)
(Roots)
Emodin R. nepalensis morr (Yilmaet al., 2021)
(Roots)
R. patientia . (Yang et al., 2013)
(Roots) Il
R. japonicas (Lee etal., 2022)
(Roots)
Neopodin-80-B-D | R. nepalensis s 4 e (Yilmaet al., 2021)
glucoside (Roots)
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Name Rumex species Structure Reference
(Part used)
Patientosides A R. patientia o (Yang et al., 2013)
(Roots) o 1 o
Patientosides B
Physcion R. patientia (Yang et al., 2013)
(Roots)
Rhein R. patientia (Yang et al., 2013)
(Roots)
R. japonicus (Lee et al., 2022)
(Roots)
Aloe-emodin R. patientia i (Mei et al., 2009)
o e
Chrysophanol-8- | R. patientia o, j’f' on (Mei et al., 2009)
O-b-D- (Roots) J
glucopyranoside oH o o o M
R. japonicus [‘//LMJAI al (Lee et al., 2022)
(Roots) HyG™ S~ ~0CH,
o
Physcion-1-O-p- R. patientia ) (Mei et al., 2009)
D- (Roots) o
glycopyranoside /Oéo'*
OH O O OH
OH
(o]
Emodin-6-O-B-D- | R. patientia (Mei et al., 2009)
glucopyranoside roots OH O ©OH
ot D8
i 0,0 CH,
HO™" OH o
Nepalenside A R. patientia (Mei et al., 2009)
HOA—T=0 0o o..
COOH
Nepalenside B R. patientia (Mei et al., 2009)
(Roots) OH
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Name Rumex species Structure Reference
(Part used)
1-0- R. patientia F ™ (Wang et al., 2014)
Methylemodin (Roots) O‘O cHe
Questin R. patientia oH o (Wang et al., 2014)
Roots ] I l
Rumejaposide E R. patientia FORG (Wang et al., 2014)
Root Ho R
(Roots) > o
o ? [s]]
A
8]
Rumejaposide | FDS o
o -
HO, — oH
g™ ; -
T T T T
OH o OH 0
1,2 Seco- | R. patientia on © Ox-OMe (Wang et al., 2014)
trypacidin (Roots)
O OME
MeO OH

Table 4. Phenolic and other compounds isolated from the genus Rumex

(Aerial parts)

Name Rumex species /Part Structure Reference
used
3,4-Dihydroxy- R. roseus o (Huyut et al., 2017)
5methoxybenzoic | (Aerial parts) /O:C;)L
; OH
acid
HO
OH
Chlorogenic acid | R. roseus i P N (Savran et al., 2016)

Epicatechin

R. roseus
(Aerial parts)

(Yahyaoui et al., 2018)

Wedelolactone

R. roseus
(Aerial parts)

(Weitkamp et al., 2009)

Pinostilbene

R. roseus
(Aerial parts)

(Yang et al., 2013)

Ethyl trans-2-
hydroxycinnamate

R. roseus
(Aerial parts)

(Shi et al., 2012)

Caffeic acid 1,1-
dimethylallyl ester

R. roseus
(Aerial parts)

(Garg et al., 2020)
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‘ oH

o

Name Rumex species /Part Structure Reference
used

Warfarin R. roseus ~F° (Garg et al., 2020)
(Aerial parts) O = O

3,6,3'- R. roseus o (Yang et al., 2013)

Trimethoxyflavon | (Aerial parts)

e 0.

\O

Shikonin R. roseus I T (Wang et al., 2012)
(Stem)

Trans-3,5,4'- R. roseus " (Wang et al., 2012)

trihydroxystilbene | (Stem)

Hexyl
cyclohexane

R.patientia (Roots)

S

(Saoudi et al., 2021)

hexahydro-3H-
indeno[1,2-b]
furan-2-one

-

Bicyclohexyl R. patienia (Roots) <:>_<:> (Saoudi et al., 2021)
8,8-Dimethyl - R. patientia (Roots) (Saoudi et al., 2021)
3a,4,5,6,7,8b-

o-Tocopherol

R. patientia (Roots)

(Saoudi et al., 2021)

y-Tocopherol

R. patientia (Roots)

(Saoudi et al., 2021)

3-amino-4-
hydroxybenzoic

R. crispus (Aerial parts)

(' Suzuki et al., 2006)

Gallic acid

R. crispus (Aerial parts)

(Huyut et al., 2017)

7-
Hydroxycoumarin
-3-carboxylic acid

R. crispus (Aerial parts)

HO o o
=
\Qi;(fo

(Wahdan et al., 2019)

4-
Hydroxytamoxife
n

R. crispus (Aerial parts)

(Shin et al., 2009)

() Fructofuranose

R. crispus (Aerial parts)

oH
/N\/\o
HO

OH
.
o
HO oy
HO N
o 1,

OH
e

(Yu et al., 2015)

This literature review on the phytochemistry of genus Rumex revealed the presence of 27
flavonoids such as rutin, luteolin and apigenin playing an important role against cardiovascular
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diseases by reducing oxidation of low-density lipoproteins, 23 anthraquinones, and a variety of
about 21 phenolic compounds in different parts of plants and extracts. These phytochemical
constituents are responsible for the diversity in the pharmacological potential of Rumex used in
the treatment of different illnesses.

2. PHARMACOLOGICAL ACTIVITIES
2.1. Antioxidant and Anti-Inflammatory Activities

The antioxidant activity was recorded in several reports proving the antioxidant
potential of methanol and butanol extracts of roots of R. hastatus at different concentrations
using DPPH', ABTS +, 'OH, H2O, superoxide free radical scavenging, iron chelating power,
reducing power, B-carotene bleaching power and HPLC by which antioxidant capacity and
total phenolics and flavonoids were evaluated. The results showed that these extracts contain
the highest level of phenolic constituents like rutin, luteolin and vitexin playing an important
role in treating several illnesses including coronary heart diseases and breast cancer (Peterson
et al., 2003).

Further studies were carried out to determine anti-oxidant and cardiac depressant effect
of R. dentatus by using Langendorff’s isolated heart apparatus (Sumaira et al., 2014). The
results showed a remarkable antioxidant effect due to the presence of phenolic compounds
such as luteolin and rutin determined by spectrophotometry at 506 nm and HPLC and other
methods. Moreover, it was proved that R. roseus aerial part extracts showed effective
cytotoxic activities for both cancer cells HCT116 and MCF-7 (Saoudi et al., 2021).

In addition, another study carried out on R. acetosa and R. acetosella demonstrated that
they are considered as the most selective inhibitors of the COX-1 enzyme due to
anthraquinones, chrysofanol, emodin and epigallocatechine isolated from root extracts
(Mimica-Duki¢, 2016). Moreover, the extracts of R. nepalensis showed significant
antioxidant activities as reported by a study carried out by Gonfa et al. (Gonfa et al., 2021).

These studies proved the antioxidant effect of Rumex plant in the treatment of
rheumatoid and other inflammatory diseases.

2.2 Antiviral Activity

The antiviral activity of the acetone-water extract from the aerial parts R. acetosa was
reported (Gescher et al., in 2011). The fraction was reportedly containing high amounts of
oligomeric and polymeric proanthocyanidins and flavonoid. It displayed a significant
antiviral activity against herpes simplex virus type-1 (HSV-1). The HSV-1 specific inhibitory
concentration (IC50) and cytotoxic concentration (CC50) were determined using plaque test
and MTT assay on Vero cells. The R2 exhibited an IC50 of 0.8 ug/mL and a selectivity index
(SI) of approximately 100 when added to the virus inoculum for 1 h at 37 °C prior to infection.
The authors concluded that this antiviral activity was due to the presence of flavan-3-ols and
oligomeric proanthocyanidins in the extract (Gescher et al., 2011).

2.3 Antimicrobial Activity

Most antimicrobial bioactive compounds in plants are anthraquinones and flavonoids,
which are active against several human pathogenic bacteria (Mostafa et al., 2011). The
antimicrobial potential of Rumex was reported in a study carried out on different species that
compared the in vitro antimicrobial effect of different extracts of the leaves and roots using
technically graded solvents.

This study was done in vitro on n-hexane, chloroform parts of 14 Rumex species (R.
acetosella, R. acetosa, R. alpinus, R. aquaticus, R. conglomeratus, R. crispus, R.
hydrolapathum, R. obtusifolius subsp. obtusifolius, R. obtusifolius subsp. subalpinus, R.
patientia, R. pulcher, R. scutatus, R. stenophyllus and R. thyrsiflorus) against Staph.
epidermidis, S. aureus, MRSA, Bacillus subtilis, Moraxella catarrhalis, Streptococcus
pyogenes, S. pneumoniae, S. agalactiae, Pseudomonas aeruginosa, E. coli and Klebsiella
pneumoniae using the disc diffusion method. The extract of the aerial part and root of R.
aquaticus showed the highest antibacterial activity against most bacterial strains while the
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chloroform and n-hexane extracts prepared from the roots of the rest displayed lesser
antibacterial activity (Orban-Gyapai et al., 2017).

Another study was conducted in order to determine the bactericidal properties of R.
crispus using graded concentration of the plant extracts, to determine the minimal inhibitory
concentration (MIC) against the following chosen bacterial strains (Gram-negative: K.
pneumoniae, P. aeruginosa, E. coli, and V. cholera., Gram-positive: B. subtilis, S. aureus, S.
pyogenes, and B. cereus). The acetone extract of the root revealed the highest antimicrobial
potency with the lowest MIC value of <1.562 mg/mL, in all the strains of bacteria. In addition,
the ethanol extract of the root and methanol extract of the root showed high inhibitory
capacity of the bacteria (Oladayo et al., 2017).

Other species such as Rumex nervosus showed inhibitory effects against many
pathogens such as Staphylococcus aureus, Micrococcus luteus, Escherichia coli, and
Pseudomonas aeruginosa (Khurram et al., 2009).

2.4 Cytotoxic Activity

A study carried out by Rahmani et al. determined the cytotoxicity of different extracts
of Rumex. roseus on two different human cell lines, MCF-7 and HCT-116. (Rahmani et al.,
2019). The activity was assessed by a 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide (MTT) colorimetric assay. The absorbance was measured at 605 nm. Tamoxifen was
used as a positive reference. The cytotoxic effect of the extract was estimated based on the
percentage of growth inhibition. The highest cytotoxic activity against HCT-116 and MCF-7
was recorded for the dichloromethane extract with 62.1 and 80.0% inhibition at 50 mg/L,
respectively. Another assay demonstrated the cytotoxic effect of R. crispus against two cancer
cell lines (HCT-116 and MCF-7) and its potential to inhibit their growth (Saoudi et al., 2021).

Although there are reports on antitumor activity of Rumex hymenosepalus and R.
dentatus (Chen et al., 2003). Moreover, R. rothschildianus showed significant inhibition of
both HeLa and MCF7 cell lines related to its high content of terpenes and steroids.

2.5 Antitrypanosomal

A study revealed the antiplasmodial activity of R. crispus extracts where the solvent
extracts were subjected to an in vitro screening against malaria-causing parasite (P.
falciparum strain concentration) and compared with the positive control (chloroquine).
Methanol extract of the leaf (LF-MEE; 1C50: 15 xg/mL) showed a strong inhibition of P.
falciparum causing viability of the parasite to be less than 50% (Oladayo et al., 2017).

2.6 Neurological Activity

The neurological potential was also measured (Ahmad et al., 2015) using different
extracts of R. hastatus (Hexane, chloroform, ethyl acetate, agqueous fraction, crude saponins
and flavonoids). Acetylcholinesterase (AChE) and butyrylcholinesterase, at various
concentrations (125, 250, 500, 1000 upg/mL), were investigated using Ellman’s
spectrophotometric analysis. The study revealed that all the fractions exhibited moderate to
high AChE inhibition supporting the potential role of R. hastatus in the treatment of various
nervous disorders.

2.7 Anti Obesity Activity

A study, carried out to evaluate the anti-obesity effect of R. rothschildianus, showed
that the acetone fraction exerted the greatest inhibitory action on a-glucosidase with an 1Csg
of 54.9 + 0.3 pug/ml, compared that of acarbose. Moreover, this study revealed that the anti-
diabetic effect is mediated by inhibiting a-amylase (Jaradat et al., 2021). The significant anti-
diabetic activity of R. nervosus was also observed by comparing different extracts of this
plant with glibenclamide proving that the plant root juice can be used in the treatment of
diabetes according to the traditional Indian medicinal systems (Muthukumran et al., 2011).
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3. DISCUSSION

Plants are the source of phytochemicals and possess several biological activities. The
functional property of a plant relies upon the different secondary metabolites it possesses
(Murugan et al., 2014). They determine the antioxidant, anti-inflammatory and antimicrobial
capacity correlated to their redox properties in adsorbing and scavenging of free radicals (Adebayo
etal., 2008). Among the phytochemicals namely polyphenols, anthraquinones and flavonoids have
been proven to be of great importance because they help the human body to fight diseases.
Flavonoids act as potent antioxidants but depend on their molecular structures and the position of
the hydroxyl group on the chemical structure. It is therefore important to carry out more than one
type of antioxidant assay to cover the different mechanisms of antioxidant action.

Flavonoids also have biochemical effect inhibiting a number of enzymes such as aldose
reductase, xanthine oxidase, phosphodiesterase, lipoxygenase, etc. They have been found to have
anti-inflammatory activity in both proliferative and exudative phases of inflammation and exert a
regulatory role on different hormones like estrogens, androgens and thyroid hormone (Hema et
al., 2009).

The literature review of the phytochemistry and the pharmacology of genus Rumex revealed
the anti inflammatory activity of different species mainly R. hastatus and R. dentatus due to their
high phenolic contents including flavonoids such as rutin, luteolin and vitexin. These phenolic
compounds play an important role in treating several illnesses including coronary heart diseases
(Giampaoli et al., 1995) and breast cancer (Peterson et al., 2003).The plants-derived polyphenols
exhibit typical inhibitory trend against in vitro and in vivo oxidative reactions (Bahramika et al.,
2009) due to redox properties. Therefore, it can be stated that tested plants may have important
role as free radicals scavengers to the substantial content of phenolics and flavonoids.

Moreover, the anti-oxidant and cardiac depressant effect of Rumex dentatus using
Langendorff’s isolated heart apparatus (Sumaira et al., 2014) revealed a remarkable effect due to
the presence of phenolic compounds.

In the reported cytotoxicity of R. crispus against two cancer cell lines (HCT-116 and MCF-
7) indicated its potential to inhibit their growth (Saoudi et al., 2021).

Literature survey showed the broad antimicrobial potential of Rumex. Some species were
antibacterial, while others are potent antiviral (Atsushi, 2018). An in vitro study of 14 Rumex
species roots revealed the highest antimicrobial potency with the lowest MIC value of <1.562
mg/mL for all the tested bacteria strains. In addition, the ethanol extract and methanol extract of
the root of R. aquaticus showed a high inhibitory capacity of the bacteria (Oladayo et al., 2017).

R. nervosus exerted inhibitory effects against many pathogens such as Staphylococcus
aureus, Micrococcus luteus, E. coli, and Pseudomonas aeruginosa (Khurram et al., 2009).

Hopefully, based on the promising results collected in this manuscript, we recommend
further research to be conducted on the extracts of this plant in order to identify other molecules
responsible for the biological activities found in previous papers as each of the above-discussed
pharmacological activities is related to a special bioactive component.

4. CONCLUSION

This review of genus Rumex highlights diversity of the bioactive compounds presence
mainly anthraquinones, flavonoids, phenols, and saponins, and the potential to target in drug
manufacturing and development for the treatment of various diseases that provide scientific
evidence for some popular uses in several fields. Based on the result we conclude that Rumex
species could be considered as an important natural antioxidants and effective cytotoxic against
cancer cells.

Based on the reported data present in this review it is recommended that further research
should be carried out in order to identify new biologically active-principles and mode of action for
pharmaceutical industry and incorporation to maintain overall good wellbeing. Many efforts
needed to be done by the researchers to find out more bioactive compounds of plants of genus
Rumex. Additional efforts are needed to explore possible incorporation of these compounds in
pharmaceutical industry. The reason is that they play an important role in human health, both as
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part of a balanced diet and as pharmaceutical agents, due to their potential for the prevention and
treatment of cardiovascular disease, cancer and other diseases.

Based on the antimicrobial results, it is possible to conclude that Rumex extracts exhibited
a broad range of antimicrobial activity such as R. crispus, R nervosus, R. hastatus R. dentatus and
other species and thus can be used as antimicrobial agents in new drugs for therapy of infectious
diseases.

Moreover, it is necessary to carry out more detailed phytochemical investigations to identify
the active principles and mode of action as there is a strong correlation between the occurrence of
flavonoids and other phenolic constituents maintaining overall good wellbeing.
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