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Rumex dentatus L. (Polygonaceae), also known as toothed dock or Aegean dock, is a medicinal plant with a high culinary value in addition
to being used as an ethnomedicinal plant. This review focuses on the botanical, nutritional, phytochemical, and pharmacological activities
of R. dentatus, as well as the future prospects for systematic investigations into these areas. R. dentatus has been subjected to scientific
evaluation, which has confirmed its traditional uses and demonstrated a wide range of biological and pharmacological potentials, including
antioxidant, anticancer, antifungal, antibacterial, anti-inflammatory, and other biological properties. Phytochemical analyses showed the
presence of anthraquinones, chromones, flavonoids, and essential oils. As a result of this current review, the medicinal significance of
R. dentatus has been confirmed, and future research on its unexplored aspects, such as the identification of pharmacologically active
chemical constituents and related mechanisms and safety, may be stimulated, with the goal of developing it into a drug.

1. Introduction

In earlier times, humans relied on a wide variety of sec-
ondary metabolites and natural products (NPs) for the
synthesis of medicines in order to treat a wide range of
diseases. NPs are typically obtained through the extraction
process from plants, animals, and even occasionally from
microbes [1]. In general, it has been stated that natural
products possess a number of pharmacological properties,
and it is utilised in a number of different therapeutic ap-
proaches [2]. According to the findings of Jaradat et al. [3], it
was found that 80 percent of the world’s population relies on
the use of NPs for their healthcare requirements [3, 4]. In

addition, it has been demonstrated that natural products
(NPs) play an essential role in the development and dis-
covery of new drugs and are capable of warding off a wide
range of diseases. This is demonstrated by the fact that 25%
of all drugs used in clinical practice are NP replacements [5].

As was discussed in the previous section, these NPs
exhibit a variety of pharmacological properties such as anti-
inflammatory [6], antibacterial [7], antihelminthic [8], an-
tioxidant [9], antiviral [10], anticancer [11], and antifungal
properties [12]. In addition, compounds derived from
natural sources that are known for their anticancer effects
include vincristine, vinblastine, paclitaxel, and camptothe-
cin, as well as their derivatives [13].
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FIGURE 1: Rumex dentatus global distribution. The occurrence records from the GBIF were used to create the following map: GBIF.org (22
June 2021) GBIF Occurrence Download https://doi.org/10.15468/dl.gexb3e.

A total of more than 150 species of plants are found in the
genus Rumex, which is extensively distributed around the
world. According to some research, quinones, especially an-
thraquinone, and flavonoids are the major secondary metab-
olites of this species [14]. It has a large number of medicinally
significant plant species that are beneficial in the treatment of a
variety of serious disorders [15]. Among them, R. dentatus is a
medicinally important plant and is distributed globally. The
roots of this species have been displayed to contain a number of
significant bioactive compounds such as quercetin, kaempferol,
myricetin, chlorogenic acid, and vitamin C [16]. This plant has
been reported to have anticancer, antibacterial, antifungal, anti-
inflammatory activities, etc. [16]. However, there does not
appear to be a complete compilation of scientific data on the
nutritional, phytochemical, and pharmacological profiling of
R. dentatus. The purpose of the current review is to provide
more detail regarding the pharmacological and biological
importance of R. dentatus in order to assist researchers in
comprehending the role that this substance plays in the process
of drug discovery and to encourage further investigation.

2. Diagnostic Features, Habitat, and
Global Distribution

R. dentatus, belonging to the flowering plant (Polygonaceae),
can grow up to 70 cm, is a tall herb that is usually unbranched
or sometimes branched from the base. Smaller stem leaves and
3-4 toothed wvalves are its distinguishing characteristics.
However, it is a highly polymorphic species; it is represented by
several (7) geographical races from South East Europe across
North Africa and the warmer parts of Asia [17], that are mostly
known taxonomically as subspecies [17]. A taxon native mostly
to East and South Asia such as India, Japan, China, and Korea
and typically recognized as R. dentatus subsp. klotzschianus.
Furthermore, R. dentatus subsp. halacsyi (R. X halacsyi) is
native to the Caucasus, East Mediterranean region, South and
East Europe, and parts of Central and Southwest Asia.

R. dentatus generally occurs in moist valleys, mountain
slopes, or plains to an elevation of 3000 m [18]. Its native
range is Tunisia to Indo-China. However, it is also intro-
duced to parts of Western Africa, Western Europe, and
North America. The global distribution shows that it occurs
predominantly in the subtropical to temperate regions of the
Northern Hemisphere (Figure 1).

3. Ethnobotany

The leaves of R. dentatus are refrigerant, diuretic, and uti-
lised as a cooling agent [19] and astringent [20]. The root of
R. dentatus is used in cutaneous disorders [21]. It is used as a
vegetable and as a purgative [22].

R. dentatus has also been reported to have toxic effects on
humans causing dysentery and gastric pains [23]. It is also
used as an appetizer and cholagogue [24]. Several other
studies reported that R. dentatus is used against ailments of
the integumentary system, gastrointestinal disorders, espe-
cially diarrhea, in wound healing and as an antidote, and
skin allergy. The fresh root of R. dentatus is chewed for some
time which helps to cure the tooth gum swelling [25]. Farooq
et al. reported that the root extract of R. dentatus is used
against constipation [26]. Two spoons of the root extract are
mixed with tea and taken daily for fifteen days. Other studies
have reported that R. dentatus is traditionally used for its
antitumor, antidermatitis, anti-inflammatory, tonic, laxa-
tive, diuretic, astringent, and bactericidal properties [27-29].
Ajaib et al. have reported that the leaves of R. dentatus are
used as carminative, diuretic, and stomachic [30].

4. Nutritional Composition

Plants have been used as therapeutic agents since the be-
ginning of time, both in unorganized and organized forms
[31]. R. dentatus is one of these plants that is widely rec-
ognized for its essential biochemical and nutritional position
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because it contains a reasonable amount of fat, fibres, car-
bohydrates, proteins, minerals, and vitamins. R. dentatus is
also recognized for producing a significant amount of
ethanol [32, 33]; dynamic sources of minerals and vitamins
always played an important role in times of food shortage
and are also used as traditional remedies for many ailments
[34]. A study in Pakistan analyzed the nutritional value of
different parts of the R. dentatus plant and showed that the
percentage of protein was highest in the stem (15.72) fol-
lowed by the flower (1.76), leaf (13.75), seed (12.12), and fruit
(10.50); the percentage of fat was highest in the root (14.66)
followed by the flower (13.00) and leaf (12.50); the per-
centage of fiber was highest in the fruit (11.67) followed by
the flower (10.88) and root (10.65); the percentage of car-
bohydrates was highest in the seeds (54.40) followed by the
fruit (52.84) and leaf (52.05) [35]. A recent study also
demonstrated that R. dentatus contains fiber (12.40%), fats
(2.83%), protein (11.95%), carbohydrates (56.37%), and
calories per 100g (298.75kcal). However, the mineral
composition was carbon (52.02%), oxygen (32.75%), Mg
(0.53%), potassium (8.00%), calcium (0.21%), and iron
(0.25%) [36]. In addition, this plant also possesses phyto-
chemicals which have a favorable impact on human health
[37]. Phytochemicals such as proteins, glycosides, carbo-
hydrates, flavonoids, alkaloids, tannins, phenols, saponins,
and steroids have been shown to have healing effects as well
as to have physiological activity in the body. Preliminary
phytochemical studies showed that R. dentatus contains
saponins, tannins, terpenoids, flavonoids, cardiac glycosides,
and alkaloids. Furthermore, syringic acid, vanillin, cinnamic
acid, benzoic acid, ferulic acid [36, 38, 39], chlorogenic acid,
myricetin, quercetin, vitamin C, and kaempferol were de-
tected by HPLC [16]. This composition indicates that
R. dentatus. Has a high nutritive value in terms of macro-
nutrients, micronutrients, and phytonutrients that are es-
sential for a healthy lifespan (Figure 2).

5. Phytochemistry

Preliminary phytochemical studies revealed that R. dentatus
contains quinones, flavonoids, terpenoids, cardiac glycosides,
alkaloids tannins, and saponins [38]. A total of 63 compounds
have been isolated and identified. These compounds included
quinones, chromones, naphthalene glucoside, c-glucosyl
anthrones, flavonoids, stilbenes, and essential oils. In this
section, we will go through the key chemical ingredients of
this plant, their structures, and the portions of the plant that
are used for isolation (Table 1; Figures 3-7).

The Rumex genus is distinguished by the presence of a
significant proportion of anthraquinone derivatives. A
colorimetrical analysis revealed that R. dentatus contained
0.485% of anthraquinone derivatives, which was even
higher than the quantity found in other species of Rheum
[14]. R. dentatus roots were examined, and seven different
anthraquinones were found. Among them, physcion,
chrysophanol, emodin, endocrocin, physcion-8-O-f-D-
glucopyranoside, emodin-8-O-B-D-glucopyranoside, and
chrysophanol-8-O-B-D-glucopyranoside were identified as
major chemical constituents in this plant (Figure 3) [40].

V-

Rufnex Dentatus

Macronutrients
Protein, Fats, Carbohydrates, Fiber

Ficure 2: Nutritional composition of R. dentatus.

Two chromones (2-methyl-5-carboxymethyl-7-hydrox-
ychromone and 7-hydroxy-2,5-dimethylchromone) and two
naphthalene glucosides (6-methyl-7-acetyl-1,8-dihydroxy
naphthalene-1-O-$-D(L)-glucoside and 6-methyl-7-acetyl-
1,8-dihydroxy-3-methoxynaphthalene-1-O-f-D(L)-gluco-
side) have been isolated from this plant till now (Figure 3)
[40, 41, 51].

Six C-glucosyl anthrones were identified as rumejapo-
side E, rumejaposide F, rumejaposide G, rumejaposide H,
cassialoin, and rumejaposide from the roots of R. dentatus
(Figure 4) [42].

Till now, a total of six flavonoids have been isolated from
this plant. These flavonoids include quercetin, avicularin,
quercitrin, rutin, myricetin, and kaempferol (Figure 4)
[16, 43, 44].

Plant stilbenes, which are synthesized through the
general phenylpropanoid route, have only been detected in a
few higher-degree plant species thus far [52]. This plant was
shown to contain resveratrol and polydatin (Figure 4) [46].

There had been little research done on the volatile
components of R. dentatus. According to one study, the
essential oils found in the leaves of R. dentatus were
extracted by steam distillation and solvent extraction, and
then evaluated by GC/MS, yielding five distinct peaks that
could be differentiated. The most important and major
volatile chemicals were found in these peaks, and they were
a-thujene, limonene, fenchone, estragole, anethole, etc.
(Figure 5) [47].

Palmitic acid methyl ester, meristic acid methyl ester, 7-
C16:1, 10-oleic acid methyl ester, stearic acid methyl ester,
linoleic acid, linolenic acid methyl ester, C20:0 methyl ester,
hydrocarbon C23H48, C22:0 methyl ester, squalin, hydro-
carbon C44H90, C24:0 methyl ester, and C26:0 methyl ester
were identified by GC-MS in R. dentatus (Figure 6) [47].

Ten more chemical constituents were identified and
isolated from R. dentatus: isovanillic acid, succinic acid,
gallic acid, p-hydroxycinnamic acid, quercetin, hex-
adecanoic acid 2, n-butyl-beta-D-fructopyranoside, 3-
dihydroxy propyl ester, daucosterol, helonioside A, and
B-sitosterol. Furthermore, chlorogenic acid, vitamin C, vi-
tamin A, p-hydroxybenzoic acid, cinnamic acid, syringic
acid, ferulic acid, and vanillin benzoic acid which were also
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TaBLE 1: Chemical compounds isolated from Rumex dentatus.

Classification No Chemical component Part of plant Reference
1 Chrysophanol
2 Physcion
3 Emodin
Quinones 4 Endocrocin Root [40]
5 Chrysophanol-8-O-f-D-glucopyranoside
6 Physcion-8-O-f-D-glucopyranoside
7 Emodin-8-O-$-D-glucopyranoside
8 7-Hydroxy-2,5-dimethylchromone
Chromones 9 2—Methyl—5}icarbt))lxymethyl—7—}}’1ydroxychromone Root [40]
10 6-Methyl-7-acetyl-1, 8-dihydroxy-3-methoxy naphthalene-1-O-f-D(L)-
Naphthalene glucoside glucoside Root [41]
11 6-Methyl-7-acetyl-1, 8-dihydroxy naphthalene-1-O-f-D(L)-glucoside
12 Rumejaposide E
13 Rumejaposide F
C-Glucosyl anthrones i;l gsﬁ:g;ggzgz g Root [42]
16 Cassialoin
17 Rumejaposide I
18 Quercetin
19 Rutin [43]
20 Myricetin [16]
21 Kaempferol
22 Avicul.ar%n [44]
Flavonoids 23 Quercitrin Aerial part
24 Kaempferol 3-O-f-galactoside
25 Kaempferol 3-O-f-glucoside
26 Kaempferol 3-O-rutinoside [45]
27 Isorhamnetin 3-O-f-galactoside
28 Isorhamnetin 3-O-f-glucoside
29 Isorhamnetin 3-O-rutinoside
. 30 Resveratrol Root, stem, leaf
Stilbenes 31 Polydatin Root stem [46]
32 a-Thujene
33 Limonene
Monoterpenes 34 Fenchone Aerial part [47]
35 Estragole
36 Anethole
37 Meristic acid methyl ester
38 Palmitic acid methyl ester
39 Stearic acid methyl ester
40 10-Oleic acid methyl ester
41 Linoleic acid
42 Linolenic acid methyl ester
Fatty acid methyl esters 43 C20:0 Methyl ester Aerial part [47]
44 Hydrocarbon C23H48
45 C22:0 Methyl ester
46 Squalene
47 Hydrocarbon C44H90
48 C24:0 Methyl ester

49 C26:0 Methyl ester
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TaBLE 1: Continued.

Classification No Chemical component Part of plant Reference
50 Helonioside A
51 Gallic acid
52 Isovanillic acid
53 p-Hydroxycinnamic acid
54 Succinic acid Root (48]
55 n-Butyl-beta-D-fructopyranoside
56 Hexadecanoic acid 2, 3-dihydroxy propyl ester
57 Beta-sitosterol
58 Daucosterol [48]
59 Hexacosanoic acid [49]
h .
Others 60 Hexacosanol Aerial part [49]
61 Vitamin C [16]
62 Chlorogenic acid [16]
63 p-Hydroxybenzoic acid
64 Syringic acid
65 Vanillin
66 Benzoic acid Leaves and root [39]
67 Ferulic acid
68 Cinnamic acid
69 (S)- 4'-Methylnonyl benzoate Aerial part [50]
OR, o OH
R, HO 0 CH,
R; R,
o) R O
R, R, R, R, R
1 H CH, H H 8 CH;
2 H CH, OCH, H 9 CH,COOH CH,OH
OH
3 H CH, OH H OH 0
OH
4 COOH CH; OH H O OH (0]
HO
5 H CH; H glucose HLC
6 H CH; OCH;3 glucose
H,C R
7 H CH; OH glucose
R, Ry
10 glucose OH
11 OH glucose

FiGure 3: Chemical structures of quinones, chromones, and naphthalene glucosides.
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R,
OH
HO Y R,
OR;
OH (0)

Ry R, R;
18 OH H H
19 H OH Rutinose
20 OH OH H
21 H H H
22 OH H Arabinofuranoside
23 H OH Glucose
24 H H galactose
25 H H glucose
26 H H rutinose
27 OCH; H galactose
28 OCH; H glucose
29 OCHj; H rutinose

FIGURE 4: Chemical structures of C-glucosyl anthrones, flavonoids, and stilbenes.
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FIGURE 5: Chemical structures of monoterpenes.

detected by HPLC, fatty acid, and momoterpenes (Figure 7)
[16, 48-50].

6. Biosynthesis of Anthraquinones
and Chromones

Secondary metabolites that were extracted from R. dentatus
were quite comparable to those that are present in rhubarb;
it is possible that a polyketide pathway based on acetate

malonate for the biosynthesis of anthraquinones and
chromones found in R. dentatus is identical to that found in
rhubarbs (Figure 8) [53]. The C12 polyketide precursors are
formed by the condensation of one molecule of acetyl- CoA
with five molecules of malonyl-CoA, resulting in the for-
mation of a polyhexanone, which can then be converted into
various chromone intermediates containing either an ace-
toxyl at C-2 or C-5, depending on the polyketide precursor;
then, by loss of the carboxyl, the final product, 7-hydroxy2,5-
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FiGUre 7: Chemical structures of other compounds.
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FIGURE 8: Biosynthesis of anthraquinones and chromones.

dimethylchromone, is finally obtained (Figure 8) [40]. A
polyoctanone is formed when one acetyl-CoA molecule
condenses with the molecules of seven malonyl-CoA, and an
anthraquinone skeleton is formed after cyclization in the
case of the C16 polyketide precursors (Figure 8) [53, 54].

7. Pharmacological Activities of
Rumex dentatus

It is well recognized that R. dentatus possesses potentially
substantial biological actions against particular kinds of
cancer, reactive oxygen species, inflammations, microor-
ganisms, neurotoxicants, and carcinogens. Multiple in vitro
and in vivo studies have provided evidence that supports its
pharmacological profile as well as its mechanistic effects as
an anticancer drug.

7.1. Anticancer Activity. Cancer is the most difficult type of
disease to treat, and it can have fatal consequences. There
have been decades of enhanced research towards early
cancer diagnosis, improving chemotherapeutic abilities, and
improving prognostic results; nonetheless, this remains a
difficult undertaking to complete because of the inherent
molecular and genomic intricacies. Despite the fact that
several scientific studies have been carried out to better
understand the various components of cancer, no com-
prehensive and full solution has yet been established [55].
Dysregulated death of cells in tissues and unrestrained cell
division are the hallmarks of cancer [56, 57]. By moving
through blood and lymph, cancers can infiltrate neighboring
tissues of the same organ as well as distinct organs
throughout the body [57].

According to the International Agency for Research on
Cancer (IARC) estimates, roughly 7.6 million people die
from cancer every year across the world [58]. According to
the International Agency for Research on Cancer (IARC)
estimates, 17 million cancer cases were reported in 2018,
with a total of 9.5 million cancer deaths reported worldwide.
By 2040, it is anticipated that the worldwide cancer burden
would reach 16.3 million deaths and 27.5 million new cancer
cases, primarily as a result of population expansion and
ageing [59]. More than half of all fatalities worldwide, in
both industrialised and developing countries, are caused by
cancer, and cancer progression rates are continuously
growing [60, 61]. This increase can be attributed to a variety
of factors, including industrialization and socio-economic
growth, which have all had an impact on the overall quality
of life and the prevalence of poor lifestyles [62]. The two
most important factors are a decreased response to phar-
macotherapy and a low therapeutic index [63].

NPs derived from a variety of medicinal plants serve as
an excellent source of bioactive molecules for research [64]
because they have the potential to inhibit proliferation and
have anticancer properties [56]. As a result, if done effec-
tively, a complete examination of NPs could be a viable and
practical solution for determining the NPs’ medicinal po-
tential with known dosage profiles. The use of NPs and their
derivatives has made a realistic intervention to reduce cancer
incidence conceivably, and this method is increasingly being
more extensively adopted [65]. It has been demonstrated
that several of these naturally occurring multitarget chem-
icals are efficient in regulating the growth patterns, differ-
entiation, and proliferation rate of cancer cells [66].
According to the findings of certain researchers, NPs are
favoured in clinical medicine due to the fact that they have a
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FIGURE 9: Anticancer effects of R. dentatus via molecular modulations of both the canonical and noncanonical pathways.

low toxicity level, a high safety rating, and are simple to
obtain. By stimulating the production of antioxidant and
detoxifying enzyme systems, they have the potential to halt,
even reverse cancer progression [67]. The consumption of
NPs in the diet can reduce the chance of developing cancer
by twenty percent, as well as the mortality rate associated
with cancer by a factor of twenty thousand deaths each year
across the globe [67]. R. dentatus is an extremely diversified
plant. The molecular activity of diverse chemicals isolated
from this plant has been linked to its benefits in the
treatment of many acute and chronic disorders, including
malignancies, according to numerous studies. Cancer cells,
such as malignant cells, breast cancer MCF-7, oophoroma
SKOV-3, melanoma A375, and gastric cancer 7901, have
been proven to be susceptible to R. dentatus’ anticancer
effects. The antiproliferative action of this plant was dis-
covered to be associated with cell cycle arrest at the G0/G1
phase, as well as activation of apoptosis and accumulation in

the sub-GI1 phase, as revealed by the methanol and chlo-
roform extracts of this plant. Moreover, Batool et al. con-
firmed that both methanolic and chloroform extracts
prevented the proliferation of malignant cells and triggered
their death by inhibiting the activation of nuclear factor-B
and its following transcripts, Bcl-xL, Bcl-2, cyclin D1, sur-
vivin, and XIAP, as well as the expression of NF-B (Figure 9).
The presence of caspase-3 in the cells confirmed the presence
of apoptosis in the cells as well. Malignant cells were also
rendered incapable of invasive and migrating due to the
effects of methanolic and chloroform extracts, which also
inhibited IBa phosphorylation in the tumour cells [68].
Furthermore, the antiproliferation activities were also per-
formed by Zhang et al. for isolated compounds from this
plant against breast cancer MCF-7, oophoroma SKOV-3,
melanoma A375, and gastric cancer 7901. The compounds
chrysophanol, 6-methyl-7-acetyl-1, 8-dihydroxy naphtha-
lene-1-O-B-D(L)-glucoside and 6-methyl-7-acetyl-1, and 8-
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TaBLE 2: Pharmacological effects of R. dentatus.
Phgrmacologlcal Extract/compound Detail M1n1mun? active In vit rolIn Reference
activity concentration/dose Vivo
Antiproliferative activity ICs, values (M)
MCE-7 204+7.8
Chrysophnol 7901 513 +265 [41]
A375 83.1 £35.1
SKOV-3 5.62+1.58
6-Methyl-7-acetyl-1, 8- MCE-7 269 +133
dihydroxy-3-methoxy A375 186+ 57 [41]
Anticancer naphthalene-1-O-f-D(L)- SKOV-3 40.7+23.1 .
Activity glucoside In vitro
6-Methyl-7-acetyl-1, 8- MCE-7 1580 + 1860
dihydroxy naphthalene-1- A375 275+ 143 [41]
O-B-D(L)-glucoside SKOV-3 174+ 114
Antiproliferative activity ICs, values
Methanol extract Breast cancer MDA-MB-231 cell 111 yg/mL [68]
chloroform extract .
line 83 ug/mL
Cytotoxic and antitumor
Methanol extract Ehrlich ascites carcinoma cell 250 pg/mL [43]
Ethanol extract
- Methanol extract Scavenging activity against DPPH,
Antioxidant Petroleum ether extract . . .
. hydroxyl, superoxide radicals, 50-300 pg/mL In vitro  [38, 39, 75]
activity Ethylacetate extract . S
catalase, and lipid peroxidation
Chloroform extract
Butanol extract
B. megaterium
B. subtilis
E. coli
70% Methanol extract S. aureus 5-25mg/mL [45]
K. pneumonia
Enterobacter
P. aeruginosa
Ethanol extract S/ exnert.
. . K. pneumonia Broth
Antibacterial Methanol extract E coli dilution/In
activity Ethyl acetate extract C 150-500 pg/mL . [38, 75]
P. aeruginosa vitro
Chloroform extract S, tvphimurium
Butanol extract - P
S. aureus
S. aureus
B. subtilis
Methanol extract M. luteys 20 mg/mL [76]
E. coli
P. picketii
B. bronchiseptica
Ethanol extract A. AV;;:VCZSIM
Methanol extract ) .
Petroleum ether extract f}cremomum
Ethylacetate extract P. dzmorpl/fosporum 150-500 pug/mL (38, 75]
C. albicans
Chloroform extract .
C. krusei
Butanol extract C. parapsilosis Broth
Antifungal - parapstic dilution/In
F. solani vitro
A. flavus
Methanol extract A Nzger.
Mucor species 12 mg/mL [76]
Hexane extract
A. alterata

A. fumigatus
F. moniliforme
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TasLe 2: Continued.
Phe‘lr.rnacologlcal Extract/compound Detail Mlnlmun‘l active In W.t roln Reference
activity concentration/dose VIvo
Methanol extract
Ethanol extract ICs, values (ug/mL)
Antiviral activity Benzene extract Dengue virus (DENV-2) 50 K8 In vitro [77]
0.154-0.499
Chloroform extract
Hexane extract
Antidiabetic activity
| Insulin resistance
|Hyperglycaemia
Ethyl acetate extract | Liver injury 50 mg/kg Orally/4 weeks  In vivo (50]
| Oxidative stress
Others TCarbohydrate metabolism
TPPARy
Methanol extract .
Hexane extract ];i’:;tcs’ii;l;}’ Howm 370 P In vitro el
Methanol extract P LCsp =42 ug/mL (78]
Hot water extract Molluscicidal activity 0.2% (w/v) [79]

dihydroxy-3-methoxy naphthalene-1-O-f3-D(L)-glucoside
were identified to have anticancer effects [41]. In addition,
several important major chemical constituents (emodin,
physcion,  physcion-8-O-$-D-glucopyranoside,  chrys-
ophanol, and chrysophanol-8-O-f-D-glucopyranoside) of
this plant isolated from other related species were proven to
have anticancer effects via multiple molecular signaling
pathways such as apoptosis intrinsic pathway caspase-3,
p53-dependent autophagy, cell cycle, PI3K-AKT, JAK-
STAT, MAPK-ERK, MAPK-JNK/p38, Wnt, and immuno-
modulation (TNF-«a- NF-xB) pathways (Figure 9) [69-71].
Overall, it has been confirmed that this medicinally im-
portant plant has active secondary metabolites, which might
be a rich source of anticancer drugs.

7.2. Antioxidant Activity. According to the World Health
Organization, almost 80 percent of the world’s population
uses herbal traditional medicines for primary health care,
with the bulk of these therapies containing plant extracts
as active ingredients [72]. Several studies have shown that
when our bodies are under stress, our bodies produce
more reactive oxygen species (ROS) than tenzyme anti-
oxidants. Superoxide anion radical (O,-), hydroperoxyl
radical (HO,), and hydroxyl radical (OH) are among
them, as are other non-free radicals such as H202 [73].
These free radicals, in the absence of antioxidants, aid in
the development of a range of diseases, including cancer,
diabetes, liver cirrhosis, atherosclerosis, cardiovascular
disease, inflammation, and a variety of neurological dis-
orders [38, 74]. Butylated hydroxy anisole (BHA) and
butylated hydroxytoluene (BHT) are synthetic antioxi-
dants that have been widely utilised in the food sector, but
they have been linked to carcinogenesis and liver cirrhosis
[73]. As aresult, natural antioxidants have received a lot of
attention in recent decades. Traditional medicines have
been used to treat various disorders for a long time, and
their scientific validation has led to the invention of a slew
of new pharmaceuticals.

Globally, the Rumex species have been widely used in
many traditional medical systems including Chinese,
Ayurvedic, and African medicine. In China, a juice made
from the roots has been used to treat bacterial and fungal
infections such as enteritis, dysentery, ascariasis, diarrhea,
and eczema [41, 42]. In India, the whole plant extract has
been used as an astringent [44].

Regarding antioxidant activity, the whole plant has
been tested using DPPH assay [38]. The ethanol extract
showed maximum inhibition (96%) at 300 ug/ml com-
pared to ascorbic acid (95%). Likewise, the methanol
extract showed 85% inhibition at the same dose. In ad-
dition, the butanol fraction showed 90% activity when
tested against lipid peroxidation assay (Table 2) [75].
From the results, it is evident that R. dentatus possess
highly significant antioxidant activity even comparable to
that of the standard, and thus could be used as an anti-
oxidant supplement.

7.3. Antibacterial Activity. Scientists are actively seeking
novel active chemicals from natural resources in their search
for new antimicrobials. In the past, phyto-remedies and
edible oils were extensively utilised to treat a variety of
infectious and noninfectious diseases [5]. There are various
studies which have reported the effectiveness of extracts
from R. dentatus against various pathogenic and non-
pathogenic bacterial strains (Table 2). However, the exact
compound responsible for such activities still awaits to be
identified, except hexacosanol which was derived from the
mentioned plant source and has been known to be effective
against many microbial species (Table 2).

7.4. Antifungal Activity. The widespread problem of anti-
biotic resistance, along with the high burden and newly
observed prevalence of invasive fungal infections, has
compelled researchers to look for innovative medicines that
have either no or little adverse effects. In recent years, there
has been a significant increase in the number of researches
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that focus on NPs and herbal medicine [5]. Almost, a total
of 100 NPs have been investigated in the last decade,
including polyketides, terpenoids, alkaloids, and other
peptides. Studies are limited on the antifungal efficacy of
R. dentatus. However, few studies have reported that
extracts or compounds from R. dentatus could potentially
inhibit various pathogenic and nonpathogenic fungi
growth (Table 2).

One practical example of the efficacy of R. dentatus
against fungal pathogens is the use of this plant in traditional
Chinese medicine preparation against Netherland dwarf
fungal skin disease. This traditional Chinese medicine
comprises the following components: R. gmelinii root,
R. dentatus leaf, dried alum, Cucurbita moschata seed, Litsea
verticillata root, Portulaca oleracea, Firmiana platanifolia
seed, Fallopia multiflora root, Panax ginseng leaf, Astragalus
membranaceus root and Perilla frutescens stem. The prep-
aration method includes (1) breaking these components into
powder of 70-150 mesh; (2) feeding the powder to the
decoction container, adding water, soaking for 15-25 min,
heating to boil, decocting with low fire for 40-60 min,
separating decoction, decocting the dregs for 2-3 times,
collecting decoction, and filtering through filter screen of
100-150 mesh to remove residue; (3) pouring the decoction
to the decoction container, heating to 60-80°C, and evap-
orating at low temperature. This traditional Chinese med-
icine not only treats the Netherland dwarf fungal skin
disease, but also has the functions of inhibiting bacteria and
relieving itching, clearing away heat and toxic substances,
strengthening the spleen and stomach, improving the im-
munity, and promoting the recovery of rabbit hair. More
advantages include easy availability of components, scien-
tific compatibility, simple manufacture, low cost, quick ef-
fect, no toxicity or side effects, no easy recurrence, and a high
cure rate (>85%) [45, 49, 76].

7.5. Antiviral Activity. As a nasty particle wrapped up in a
protective protein shell, a virus is what it sounds like [80].
Human life is thought to be at risk from viral infections,
which are considered to be one of the most serious risks [81].
It is now common knowledge that NPs derived from a
variety of natural sources constitute the single most im-
portant source of antiviral agents for the treatment of
COVID-19 [82, 83]. Five different extracts were prepared
using ethanol, methanol, benzene, n-hexane, and chloro-
form solvents. It was found that the methanol extract of
R. dentatus had the greatest antiviral activity against DENV-
2 replication, with IC50 values of 0.154 and 0.234 micro-
grams per milliliter of solution, respectively, when applied
before infection with 45 and 90 PFU of virus, respectively
(Table 2) [77].

7.6. Anti-Inflammatory Activity. Inflammation can be
brought on by a number of different things, the most
common of which are tissue injury or damage and infection.
Carcinogenesis, autoimmune disorders, and cardiovascular
diseases are all related with inflammation, and inflammation
is often the result of these events as well [84]. When it comes
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to various circumstances, inflammatory responses can be
induced by a chronic infection or by exposure to noxious
substances that cause the inflammation to be activated. Both
of these scenarios are examples of situations in which in-
flammation can be activated. Many different intracellular
signaling pathways, such as transcription factors, kinases,
and cell surface receptors, are often dysregulated in chronic
inflammation. In a normal situation, inflammation kicks off
the activation of a number of different protein kinases,
including AKT/PI3K, MAPK, and JAK, in addition to the
families of protein kinases associated with the members of
these protein kinase families, with the intention of modi-
fying the progression of metastasis [85]. Several Rumex
species have been reported to have anti-inflammatory ac-
tivities such as R. vesicarius, R. nepalensis, and R. patientia
[86-88]. A study revealed that R. dentatus polyphenol-rich
extract upregulated PPARy, and suppressed inflammation
and oxidative stress [50]. Another study also showed that
R. dentatus methanolic extract exerts anti-inflammatory
effect at a dose of 500 mg/kg (p.o) in mice (Table 2) [16].
However, the exact compound responsible for such activities
still awaits to be identified.

7.7. Other Biological Activities. According to Elsayed et al.’s
findings, the aerial part of R. dentatus ethyl acetate extract
displayed a powerful antidiabetic action in rats with type 2
diabetes. The administration of R. dentatus extract to dia-
betic rats resulted in a reduction in hyperglycemia, an
improvement in glucose tolerance and insulin sensitivity, an
increase in liver glycogen, and a reduction in the activity of
enzymes involved in the metabolism of carbohydrates [50].
Another study reported that root extracts in methanol
(LD5,=2867.80) and hexane (LDsy,=437) were effective in
brine shrimp mortality assay at 1000 ppm [76, 78]. Fur-
thermore, another study reported that the hot water root
extract of R. dentatus exhibited molluscicidal activity against
the snails (Table 2) [79].

8. Conclusion and Future Perspectives

The significance of R. dentatus as a pleiotropic and phar-
macological agent against cancer, oxidative stress, inflam-
mation, and neurodegeneration is outlined in this paper.
Recent research conducted both in vitro and in vivo on a
variety of biological systems has provided evidence that
validates the pharmacological effects of the substance.
R. dentatus is an essential component in the fight against
cancer as well as inflammation, oxidative stress, and in-
fections caused by bacteria and fungi. It is still necessary to
conduct preclinical and clinical studies in order to fully
understand or identify the potential of R. dentatus as a
leading candidate for therapeutic agents in the treatment of a
variety of chronic diseases, despite the fact that R. dentatus
possesses good therapeutic potential.

Data Availability

All data generated or analyzed during this study are included
in this article.



Evidence-Based Complementary and Alternative Medicine

Consent

Not applicable

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

A.A.K.H, R. K, and E. K. A wrote the manuscript and were
involved with project concept and submission; F. Z, S. A. S,
LN.K,S.A.S,S.B.],S.AJF.K,N.U.R,J.K,A. H,and E. K.
A performed data collection; A. A. K. H and E. K. A revised
the manuscript and were responsible for final approval. All
the authors contributed to this manuscript. All the authors
have read and agreed to the published version of the
manuscript.

References

[1] A. Gurib-Fakim, “Medicinal plants: traditions of yesterday
and drugs of tomorrow,” Molecular Aspects of Medicine,
vol. 27, pp. 1-93, 2006.

[2] T. Xie, S. Song, S. Li et al., “Review of natural product da-
tabases,” Cell Proliferation, vol. 48, no. 4, pp. 398-404, 2015.

[3] N. A. Jaradat, R. Al-Ramahi, A. N. Zaid, O. I. Ayesh, and
A. M. Eid, “Ethnopharmacological survey of herbal remedies
used for treatment of various types of cancer and their
methods of preparations in the west bank-palestine,” BMC
Complementary and Alternative Medicine, vol. 16, no. 1, p. 93,
2016.

[4] H. M. Ahmed, S. Nabavi, and S. Behzad, “Herbal drugs and
natural products in the light of nanotechnology and nano-
medicine for developing drug formulations,” Mini-Reviews in
Medicinal Chemistry, vol. 21, no. 3, pp. 302-313, 2021.

[5] A. A. K. Khalil, A. S. Qazi, A. Nasir et al., “2-Methoxy-6-
Acetyl-7-Methyljuglone: a bioactive phytochemical with po-
tential pharmacological activities,” Anti-Cancer Agents in
Medicinal Chemistry, vol. 22, no. 4, pp. 687-693, 2022.

[6] A. Khan, N. A. Muhamad, H. Ismail et al, “Potential
nutraceutical benefits of in vivo grown saffron (crocus sativus
l.) as analgesic, anti-inflammatory, anticoagulant, and anti-
depressant in mice,” Plants, vol. 9, no. 11, p. 1414, 2020.

[7] F. Kausar, M. A. Farooqi, H. M. U. Farooqi et al., “Phyto-
chemical investigation, antimicrobial, antioxidant and anti-
cancer activities of acer cappadocicum gled,” Life, vol. 11,
no. 7, p. 656, 2021.

[8] P. M. Guarrera, “Traditional antihelmintic, antiparasitic and
repellent uses of plants in central Italy,” Journal of Ethno-
pharmacology, vol. 68, no. 1-3, pp. 183-192, 1999.

[9] F. Khuda, Z. Ul Haq, I. Ilahi et al., “Synthesis of gold
nanoparticles using sambucus wightiana extract and inves-
tigation of its antimicrobial, anti-inflammatory, antioxidant
and analgesic activities,” Arabian Journal of Chemistry, vol. 14,
no. 10, Article ID 103343, 2021.

[10] A.S. Qazi, N. Akhtar, A. A. Khan Khalil, M. S. Ahmed, and
S. Mumtaz, “A possible role of medicinal plants in finding a
cure for covid-19,” Life Sciences, vol. 1, p. 5, 2020.

[11] J.-H. Kim, A. A. K. Khalil, H.-J. Kim, S.-E. Kim, and
M.-]. Ahn, “2-Methoxy-7-Acetonyljuglone isolated from
reynoutria japonica increases the activity of nuclear factor
erythroid 2-related factor-2 through inhibition of ubiquitin

13

degradation in HeLa cells,” Antioxidants, vol. 8, no. 9, p. 398,
2019.

[12] M. L. Choudhary, “Editorial for special issue of fitoterapia,”
Fitoterapia, vol. 83, no. 8, pp. 1299-1301, 2012.

[13] S. Gezici and N. Sekeroglu, “Current perspectives in the
application of medicinal plants against cancer: novel thera-
peutic agents,” Anti-Cancer Agents in Medicinal Chemistry,
vol. 19, no. 1, pp- 101-111, 2019.

[14] J. O. Midiwo and G. M. Rukunga, “Distribution of anthra-
quinone pigments in Rumex species of Kenya,” Phytochem-
istry, vol. 24, no. 6, pp- 1390-1391, 1985.

[15] L. Orhan, D. Deliorman Orhan, and B. Ozcelik, “Antiviral
activity and cytotoxicity of the lipophilic extracts of various
edible plants and their fatty acids,” Food Chemistry, vol. 115,
no. 2, pp. 701-705, 2009.

[16] M. Saleem, B. Ahmed, M. Karim et al.,, “Hepatoprotective
effect of aqeous methanolic extract of Rumex dentatus in
paracetamol induced hepatotoxicity in mice,” Bangladesh
Journal of Pharmacology, vol. 9, no. 3, pp. 284-289, 2014.

[17] “Polygonaceae in flora of Pakistan @ efloras.org,” 2021,
https://www.efloras.org/florataxon.aspx?flora_id=5&taxon_
id=10717.

[18] L. Anjen, B. Bojian, A. E. Grabovskaya-borodina, S. Hong,
and J. Mcneill, “Flora of China,” Small, vol. 5, pp. 277-350,
2003.

[19] F. Hussain, M. Islam, and A. Zaman, “Ethnobotanical profile
of plants of shawar valley, district swat, Pakistan,” Interna-
tional Journal of Biology and Biotechnology, vol. 3, pp. 301-
307, 2006.

[20] U. Ummara, T. Bokhari, A. Altaf, U. Younis, and A. D. Altaf,
“Pharmacological study of shogran valley flora, pakistan,”
International Journal of Scientific & Engineering Research,
vol. 4, no. 9, p. 1419, 2013.

[21] W. H. Hodge, “Glossary of Indian Medicinal Plants. R. N.
Chopra, S. L. Nayar, I. C. Chopra,” The Quarterly Review of
Biology, vol. 33, 2015.

[22] M. Barkatullah Ibrar and F. Hussain, “Ethnobotanical studies
of plants of charkotli hills, batkhela district, malakand,
Pakistan,” Frontiers of Biology in China, vol. 4, pp. 539-548,
2009.

[23] S. Al-Qura’n, “Ethnobotanical survey of folk toxic plants in

southern part of Jordan,” Toxicon, vol. 46, no. 2, pp. 119-129,

2005.

M. Dolatkhahi, A. Dolatkhahi, and J. B. Nejad, “Ethnobo-

tanical study of medicinal plants used in arjan-parishan

protected area in Fars province of Iran,” Avicenna Journal of

Phytomedicine, vol. 4, no. 6, pp. 402-412, 2014.

[25] S. Thapa, “Medico-ethnobotany of magar community in salija
VDC of parbat district, central Nepal,” Our Nature, vol. 10,
no. 1, pp. 176-190, 2013.

[26] F. Umar, A. Ghulam, M. L. S. Saggoo, and M. A. Dar, “Ethno
botany of some selected Monochlamydeae plant species from
the Kashmir Himalaya, India,” Journal of Medicinal Plants
Research, vol. 8, no. 23, pp. 834-839, 2014.

[27] M. Umair, M. Altaf, and A. M. Abbasi, “An ethnobotanical
survey of indigenous medicinal plants in Hafizabad district,
Punjab-Pakistan,” PLoS Ome, vol. 12, no. 6, Article ID
e0177912, 2017.

[28] Y. A. Litvinenko and R. A. Muzychkina, “Phytochemical
investigation of biologically active substances in certain
kazakhstan rumex species. 1,” Chemistry of Natural Com-
pounds, vol. 395, no. 5, pp. 446-449, 2003.

[29] R. A. A. Mothana, S. A. A. Abdo, S. Hasson,
F. M. N. Althawab, S. A. Z. Alaghbari, and U. A. Lindequist,

[24


https://www.efloras.org/florataxon.aspx?flora_id=5&taxon_id=10717
https://www.efloras.org/florataxon.aspx?flora_id=5&taxon_id=10717

14

“Antimicrobial, antioxidant and cytotoxic activities and
phytochemical screening of some yemeni medicinal plants,”
Evidence-based Complementary and Alternative Medicine,
vol. 7, no. 3, pp. 323-330, 2010.

M. Ajaib, M. Anjum, N. Malik, and M. F. Sidiqui, Ethno-

botanical Study Of Some Plants Of Darguti, Tehsil Khuiratta,

Kotli, Paksitan, 2016.

R. Girach, H. Khan, and M. Ahmad, Botanical Identification of

Thuhar Seldom Used as Unani Medicine, Hamdard Medicus,

Pakistan, 2003.

[32] C. Onwordi, A. M. Ogungbade, and A. Wusu, The Proximate

and Mineral Composition of Three Leafy Vegetables Commonly

Consumed in Lagos, Nigeria, African Journal of Pure and

Applied Chemistry, 2009.

P. Saikia, D. Ch, and R. Deka, “Mineral content of some wild

green leafy vegetables of north-east India,” Journal of

Chemical and Pharmaceutical Research, vol. 5, pp. 117-121,

2013.

G. Addis, K. Urga, and D. Dikasso, “Ethnobotanical study of

edible wild plants in some selected districts of Ethiopia,”

Human Ecology, vol. 331, no. 1, pp. 83-118, 2005.

I. Hameed and G. Dastagir, “Nutritional analyses of rumex

hastatus D. don, rumex dentatus linn and rumex nepalensis

spreng,” African Journal of Biotechnology, vol. 8,

pp. 4131-4133, 2009.

M. Ibrahim, “Proximate nutritional, elemental and phyto-

chemical analysis of selected wild edible plants of district

Malakand, Pakistan,” Pure and Applied Biology, vol. 10, no. 3,

2021.

H. Farhan, H. Rammal, A. Hijazi, H. Hamad, and B. Badran,

“Phytochemical screening and extraction of polyphenol from

stems and leaves of a lebanese euphorbia macrolada schy-

zoceras Boiss,” Annals of Biological Research, vol. 3,

pp. 149-156, 2012.

H. Nisa, A. N. Kamili, S. A. Bandh, A. Shajr-ul, B. A. Lone, and

J. A. Parray, “Phytochemical screening, antimicrobial and

antioxidant efficacy of different extracts of rumex dentatus

L.-alocally used medicinal herb of Kashmir Himalaya,” Asian

Pacific Journal of Tropical Disease, vol. 3, no. 6, pp. 434-440,

2013.

[39] A. A. Elzaawely and S. Tawata, “Antioxidant capacity and
phenolic content of rumex dentatus L. grown in Egypt,”
Journal of Crop Science and Biotechnology, vol. 15, no. 1,
pp. 59-64, 2012.

[40] J. J. Zhu, C. F. Zhang, M. Zhang, and Z. T. Wang, “An-
thraquinones and chromones from rumex dentatus,” Bio-
chemical Systematics and Ecology, vol. 34, no. 10, pp. 753-756,
2006.

[41] H. Zhang, Z. Guo, N. Wu et al, “Two novel naphthalene
glucosides and an anthraquinone isolated from rumex den-
tatus and their antiproliferation activities in four cell lines,”
Molecules, vol. 17, no. 1, pp. 843-850, 2012.

[42] J. J. Zhu, C. F. Zhang, M. Zhang et al., “Separation and

identification of three epimeric pairs of new C-glucosyl

anthrones from rumex dentatus by on-line high performance
liquid chromatography-circular dichroism analysis,” Journal

of Chromatography A, vol. 1217, no. 33, pp. 5384-5388, 2010.

R. Sharma, R. Jandrotia, B. Singh, U. Sharma, and D. Kumar,

“Comprehensive Metabolomics Study of Traditionally Im-

portant Rumex Species Found in Western Himalayan Re-

gion,” Natural Product Communications, vol. 13, p. 189, 2018.

[44] C. P. Khare, “Rumex dentatus linn,” Indian Medicinal Plants,
vol. 1, 2007.

(30

[31

(33

(34

[35

[36

[37

(38

[43

Evidence-Based Complementary and Alternative Medicine

[45] U. W. Hawas, E. F. Ahmed, A. F. Abdelkader, and
H. A. A. A. Taie, “Biological activity of flavonol glycosides
from rumex dentatus plant, an Egyptian xerophyte,” Journal
of Medicinal Plants Research, vol. 5, pp. 4239-4243, 2011.

[46] S. M. Jeelani, U. Farooq, A. P. Gupta, and S. K. Lattoo,
“Phytochemical evaluation of major bioactive compounds in
different cytotypes of five species of rumex L,” Industrial
Crops and Products, vol. 109, pp. 897-904, 2017.

[47] M. A. A. Elfotoh, K. A. Shams, K. P. Anthony et al., “Lipo-
philic constituents of rumex vesicarius L. and rumex dentatus
L,” Antioxidants, vol. 2, no. 3, pp. 167-180, 2013.

[48] J.J. Zhu, C. F. Zhang, M. Zhang, and Z. T. Wang, “Studies on
chemical constituents in roots of rumex dentatus,” Zhongguo
Zhongyao Zazhi, vol. 31, no. 20, pp. 1691-1693, 2006.

[49] M. S. Rehan, F. A. Ansari, O. Singh, and O. Singh, “Isolation,
identification, antibacterial activity and docking of fatty acid
and fatty alcohol from rumex dentatus leaf extract,” Inter-
national Journal of Pharmaceutical Sciences Review and Re-
search, vol. 64, no. 1, pp. 7-11, 2020.

[50] R. H. Elsayed, E. M. Kamel, A. M. Mahmoud et al., “Rumex
dentatus L. phenolics ameliorate hyperglycemia by modu-
lating hepatic key enzymes of carbohydrate metabolism,
oxidative stress and PPARy in diabetic rats,” Food and
Chemical Toxicology, vol. 138, Article ID 111202, 2020.

[51] S.Jan, A. N. Kamili, J. A. Parray, and Y. S. Bedi, “Differential
response of terpenes and anthraquinones derivatives in rumex
dentatus and lavandula officinalis to harsh winters across
north-western Himalaya,” Natural Product Research, vol. 30,
no. 5, pp. 608-612, 2016.

[52] J. Chong, A. Poutaraud, and P. Hugueney, “Metabolism and
roles of stilbenes in plants,” Plant Science, vol. 177, no. 3,
pp. 143-155, 2009.

[53] Y. Kashiwada, G. I. Nonaka, and I. Nishioka, “Studies on
rhubarb (rhei rhizoma). V. Isolation and characterization of
chromone and chromanone derivatives,” Chemical and
Pharmaceutical Bulletin, vol. 32, no. 9, pp. 3493-3500, 1984.

[54] G. Shamim, S. K. Ranjan, D. M. Pandey, and R. Ramani,
“Biochemistry and biosynthesis of insect pigments,” European
Journal of Entomology, vol. 111, no. 2, pp. 149-164, 2014.

[55] A. Mantovani, P. Allavena, A. Sica, and F. Balkwill, “Cancer-
related inflammation,” Nature, vol. 454, no. 7203,
pp. 436-444, 2008.

[56] A. Bishayee, S. Ahmed, N. Brankov, and M. Perloff, “Tri-
terpenoids as potential agents for the chemoprevention and
therapy of breast cancer,” Frontiers in Bioscience, vol. 16, no. 1,
p. 980, 2011.

[57] S. Fulda, “The mechanism of necroptosis in normal and
cancer cells,” Cancer Biology & Therapy, vol. 14, no. 11, p. 999,
2013.

[58] J. C. Brown, K. Winters-Stone, A. Lee, and K. H. C. Schmitz,
“Physical activity, and exercise,” Comprehensive Physiology,
vol. 2, p. 2775, 2012.

[59] F. Bray, J. Ferlay, I. Soerjomataram, R. L. Siegel, L. A. Torre,
and A. Jemal, “Global cancer statistics 2018: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers
in 185 countries,” CA: A Cancer Journal for Clinicians, vol. 68,
no. 6, pp. 394-424, 2018.

[60] R. Siegel, D. Naishadham, and A. Jemal, “Cancer statistics,
2012,”> CA: A Cancer Journal for Clinicians, vol. 62, no. 1,
pp. 10-29, 2012.

[61] F. Bray, J. S. Ren, E. Masuyer, and J. Ferlay, “Global estimates
of cancer prevalence for 27 sites in the adult population in
2008,” International Journal of Cancer, vol. 132, no. 5,
pp. 11331145, 2013.



Evidence-Based Complementary and Alternative Medicine

(62]

(63]

(64]

(65]

[66]

(67]

(68]

(69]

(70]

(71]

(72]

(73]

(74]

(75]

(76]

(77]

C. Hin Cho and J. Yu, INFLAMMATION TO CANCER
Advances in Diagnosis and Therapy for Gastrointestinal and
Hepatological Diseases, World Scientific, Singapore, 2012.
H. R. David, “Rudolf virchow and modern aspects of tumor
pathology,” Pathology, Research & Practice, vol. 183, no. 3,
pp. 356-364, 1988.

J. C. Espin, M. T. Garcia-Conesa, and F. A. Tomds-Barberdn,
“Nutraceuticals: facts and fiction,” Phytochemistry, vol. 68,
no. 22-24, pp. 2986-3008, 2007.

M. Khan, A. Maryam, J. I. Qazi, and T. Ma, “Targeting ap-
optosis and multiple signaling pathways with icariside II in
cancer cells,” International Journal of Biological Sciences,
vol. 11, no. 9, pp. 1100-1112, 2015.

1. Sarfraz, A. Rasul, F. Jabeen et al.,, “Fraxinus: a plant with
versatile pharmacological and biological activities,” Evidence-
based Complementary and Alternative Medicine, vol. 2017,
Article ID 4269868, 12 pages, 2017.

P. Pratheeshkumar, C. Sreekala, Z. Zhang et al., “Cancer
prevention with promising natural products: mechanisms of
action and molecular targets,” Anti-Cancer Agents in Me-
dicinal Chemistry, vol. 12, no. 10, pp. 1159-1184, 2012.

R. Batool, E. Aziz, B. K. H. Tan, and T. Mahmood, “Rumex
dentatus inhibits cell proliferation, arrests cell cycle, and
induces apoptosis in MDA-MB-231 cells through suppression
of the NF-«B pathway,” Frontiers in Pharmacology, vol. 8,
p. 731, 2017.

M. Adnan, A. Rasul, G. Hussain et al., “Physcion and physcion
8-0-f-D-glucopyranoside: natural anthraquinones with po-
tential anticancer activities,” Current Drug Targets, vol. 22,
no. 5, pp. 488-504, 2021.

H. Svitina, J. Hamman, and C. Gouws, “Molecular mecha-
nisms and associated cell signalling pathways underlying the
anticancer properties of phytochemical compounds from
Aloe species (Review),” Experimental and Therapeutic Med-
icine, vol. 22, no. 2, p. 852, 2021.

E. K. Akkol, I. I. Tatly, G. $. Karatoprak et al., “Is emodin with
anticancer effects completely innocent? Two sides of the coin,”
Cancers, vol. 13, no. 11, p. 2733, 2021.

H. M. Ahmed, “Ethnopharmacobotanical study on the me-
dicinal plants used by herbalists in Sulaymaniyah province,
Kurdistan, Iraq,” Journal of Ethnobiology and Ethnomedicine,
vol. 12, p. 8, 2016.

D. Krishnaiah, R. Sarbatly, and R. Nithyanandam, “A review
of the antioxidant potential of medicinal plant species,” Food
and Bioproducts Processing, vol. 89, no. 3, pp. 217-233, 2011.
S. Ahmad, F. Ullah, M. Ayaz, A. Sadiq, and M. Imran,
“Antioxidant and anticholinesterase investigations of rumex
hastatus D. don: potential effectiveness in oxidative stress and
neurological disorders,” Biological Research, vol. 48, p. 20,
2015.

N. Humeera, A. N. Kamili, S. A. Bandh, S. u Amin, B. A. Lone,
and N. Gousia, “Antimicrobial and antioxidant activities of
alcoholic extracts of rumex dentatus L,” Microbial Patho-
genesis, vol. 57, pp. 17-20, 2013.

N. Fatima, M. Zia, R. Riaz-ur et al., “Biological activities of
rumex dentatus L: evaluation of methanol and hexane ex-
tracts,” African Journal of Biotechnology, vol. 8, pp. 6945-
6951, 2009.

V. Chow, R. Batool, E. Aziz, T. Mahmood, and B. Tan,
“Inhibitory activities of extracts of rumex dentatus, com-
melina benghalensis, ajuga bracteosa, ziziphus mauritiana as
well as their compounds of gallic acid and emodin against
dengue virus,” Asian Pacific Journal of Tropical Medicine,
vol. 11, no. 4, p. 265, 2018.

15

[78] O. L. Demirezer and A. Kuruiiziim, “Rapid and simple bio-
logical activity screening of some rumex species; evaluation of
bioguided fractions of R. scutatus and pure compounds,”
Zeitschrift fiir Naturforschung C, vol. 52, no. 9-10, pp. 665-
669, 1997.

[79] S.Y.Liu, F. Sporer, M. Wink et al., “Anthraquinones in rheum
palmatum and rumex dentatus (polygonaceae), and phorbol
esters in jatropha curcas (euphorbiaceae) with molluscicidal
activity against the schistosome vector snails oncomelania,
biomphalaria and bulinus,” Tropical Medicine and Interna-
tional Health, vol. 2, pp. 179-188, 1997.

[80] M. N. Sohail, F. Rasul, A. Karim, U. Kanwal, and
I. H. Attitalla, “Plant as a source of natural antiviral agents,”
Asian Journal of Animal and Veterinary Advances, vol. 6,
no. 12, pp. 1125-1152, 2011.

[81] T. Arakawa, H. Yamasaki, K. Ikeda, D. Ejima, T. Naito, and
A. H. Koyama, “Antiviral and virucidal activities of natural
products,” Current Medicinal Chemistry, vol. 16, no. 20,
pp. 2485-2497, 2009.

[82] A.-L. Liu, G.-H. Du, A.-L. Liu, and G.-H. Du, “Antiviral
properties of phytochemicals,” Dietary Phytochemicals and
Microbes, vol. 978, pp. 93-126, 2012.

[83] M. Yonesi and A. Rezazadeh, Plants as a Prospective Source of
Natural Anti-viral Compounds and Oral Vaccines against
COVID-19 Coronavirus, Preprints, 2020.

[84] Y. Wu, S. Antony, J. L. Meitzler, and J. H. Doroshow,
“Molecular mechanisms underlying chronic inflammation-
associated cancers,” Cancer Letters, vol. 345, no. 2,
pp. 164-173, 2014.

[85] S. Shalapour and M. Karin, “Immunity, inflammation, and
cancer: an eternal fight between good and evil,” Journal of
Clinical Investigation, vol. 125, no. 9, pp. 3347-3355, 2015.

[86] H. Silleyman, L. O. Demirezer, A. Kuruiiziim et al., “Anti-
inflammatory effect of the aqueous extract from rumex
patientia L. roots,” Journal of Ethnopharmacology, vol. 65,
no. 2, pp. 141-148, 1999.

[87] R. Gautam, K. V. Karkhile, K. K. Bhutani, and S. M. Jachak,

“Anti-inflammatory, cyclooxygenase (COX)-2, COX-1 in-

hibitory, and free radical scavenging effects of rumex nep-

alensis,” Planta Medica, vol. 76, no. 14, pp. 1564-1569, 2010.

L. Salah Eddine and A. Rebiai, “In vitro antioxidant, anti-

inflammatory and anticholinesterase activities of Rumex

vesicarius L Green synthesis of metal oxides nanoparticles
using leaves extract and assessment of their biological ac-
tivities View project Call for Papers: the 1st IEEE Interna-
tional Conference on Communications, Control Systems and
Signal Processing CCSSP 2020 View project,” Artical Journal
of Pharmacy Research, vol. 9, 2015.

(88



