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Abstract: Mutagenic complications can cause disease in both present as well as future generations.
The disorders are caused by exogenous and endogenous agents that damage DNA beyond the
normal repair mechanism. Rapid industrialization and the population explosion have contributed
immensely to changes in the environment, leading to unavoidable exposure to mutagens in our
daily life. As it is impossible to prevent exposure, one of the better approaches is to increase the
intake of anti-mutagenic substances derived from natural resources. This review summarizes some
of the important plants in Saudi Arabia that might have the potential to exhibit anti-mutagenic
activity. The data for the review were retrieved from Google scholar, NCBI, PUBMED, EMBASE
and the Web of Science. The information in the study has importance since one of the major reasons
for mutation is viral infection. Considering the pandemic situation due to novel coronavirus and
its aftermath, the native plants of Saudi Arabia could become an important source for reducing
mutagenic complications associated with exogenous agents, including viruses.
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1. Introduction

The alteration of DNA leading to a heritable change in the nucleotide sequence is
called mutation. The agents that cause these alterations are referred to as mutagens
and are derived from sources of endogenous and exogenous origin [1]. Some of the
important endogenous reactions that cause the production of mutagens include oxidation,
methylation, deamination, and depurination. Although the body has mechanisms to repair
damaged DNA, oxidative damages are not perfectly repaired, leading to mutations [2].

The mutagens derived from exogenous sources include food products, environmental
pollutants, drugs, pesticides, viruses, and irradiation [1]. The human diet is known to
contain a great variety of natural mutagens and carcinogens. Some of the important
food mutagens identified are pyrrolizidine alkaloids, polycyclic aromatics, aflatoxins,
nitrosamines, and heterocyclic amines [3,4].

Mutations can be classified as genomic, point and chromosomal. Genomic mutations
refer to changes in the number of chromosomes, such as loss or gain of a single chromosome.
Point mutation means changes in the nucleotide sequence in one or a few codons and
includes base substitution (one base is substituted by another), deletion or addition of one
or more bases from one or more codons [5]. If additions or deletions change the reading
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frame of the DNA then they are known as frameshift mutations. Chromosomal mutations
are identified as morphological alterations in the gross structure of chromosomes and are
analysed by microscopic examination of cells at metaphase [6].

The end-results of mutation can be observed in both germ cells and somatic cells. If
germ cells are mutated, then the disorders are related to point and chromosomal mutations.
Germ cell mutations are reported to cause genetic disorders such as Klinefelter’s syndrome,
Down’s syndrome, Edward’s syndrome [5,7]. On the other hand, somatic mutation is
known to be the major cause of carcinogenesis. In addition, somatic mutation can also
cause diabetes, neurological disorders, heart ailments, and aging [8]. Further, lifestyle
parameters such as cigarette smoking, alcohol intake and inadequate physical activity have
been reported to amplify the deleterious effects of mutation [8,9].

In experimental studies, DNA- as well as RNA-containing viruses have induced
chromosomal changes and were found to be highly mutagenic. The virus has modified
the loci and the mutation rates of the virus were found to be extraordinary. The mutagenic
potential of the virus was reported to be the same as that observed with other exogenous
chemicals known to induce DNA defects in mammalian cells [10]. In the viral components,
the nucleic acid has shown the ability to damage DNA, while the protein components did
not have this potential in experimental studies. Point mutation was found to be the most
frequent and it occurred due to insertion of viral nuclear component into the host cells. In
this context, the pandemic due to coronavirus assumes prime importance and it is essential
to follow the outcomes of infection in recovered patients [11].

Substances derived from natural resources are reported to benefit against diseases
caused by environmental chemicals. These agents exert their action from multiple path-
ways. The phytochemicals present in a crude drug preparation have been reported to
play vital roles in pharmacological actions [12]. Oxidative stress is an important cause of
mutation. The antioxidant property exhibited by natural substances is reported to reduce
DNA damage [2]. This review summarizes the important plants of Saudi Arabia that have
antioxidant properties that might possess the potential to prevent mutations and their
complications.

Search Method

An online review of literature was conducted on PubMed, Google Scholar and Science
Direct websites using key words such as ‘Mutation’, ‘Plants’, ‘Antioxidant’, ‘Saudi Arabia’,
‘Phytochemicals’ and ‘Mechanism’. The review was conducted between the months of April
and May, 2021. The review resulted in 1080 articles in total. However, only 45 articles were
selected for the present study. The authors independently reviewed the titles, abstracts,
and text of the articles. The information such as English language, scientific content, study
design, route of administration, chemical analysis, biochemical estimation, and statistical
tests were considered the critical parameters for evaluating the content. Only articles
having this information were included for review [13].

2. How Does Oxidative Stress Contribute to Mutation?

Normal oxidative metabolism in the cells causes the formation of reactive oxygen
species (ROS) and they are known to play a role in both physiological and pathological
changes in the body. The beneficial action of ROS occurs when cells are exposed to
unpleasant situations such as noxia and infection. These responses include activation of
the cellular signalling system and usually take place at a low/moderate level of ROS. The
harmful effect of these species is termed oxidative stress and could damage biological
systems due to over-production of free radicals [14].

Damaging effects were found to occur in almost all the cellular components, including
nucleic acids, proteins, and lipids. Ageing, metabolic diseases, cancer and inflammatory
reactions are a few of the important pathological changes that occur due to oxidative
modification of biomolecules [15].



Appl. Sci. 2021, 11, 8494 3 of 14

As has been reported, lipid peroxidation could be both a free radical-mediated process
as well as a source of secondary free radicals. These free radicals are known to perform
the function of second messengers, directly react with other organelles and/or diffuse
into surrounding tissues to spread the lesion [16]. Previous research indicated that lipid
peroxidation is associated with the destruction of lipid membranes and is found to be
high in patients with diabetes, ischemic reperfusion injury, Alzheimer’s disease, and
autoimmune diseases [17].

The oxidative damage of proteins is reported to occur in three pathways: reaction
with oxidative products of lipids and carbohydrates, amino acid residue modification
and peptide cleavage [18]. Proteins containing arginine, cysteine, methionine, cystine,
tryptophane, tyrosine and histidine are considered to be the most vulnerable to oxidative
damage. Occurrences of age-related diseases such as arthritis and Alzheimer’s have been
strongly linked to the oxidative damage of proteins [19].

Several studies conducted in the past have demonstrated that nuclear components
such as DNA and RNA are vulnerable to oxidative damage. Damage to RNA will interfere
with protein synthesis, whereas DNA injuries are reported to be a major cause of age-
related diseases and cancer [20]. The studies suggest that DNA damage includes strand
breaks (single/double), cross linking of bases, modification of purine and pyrimidine bases.
The most common free radicals that are known to damage DNA include hydroxyl radical
(•OH), superoxide anions (O2

•−), hydrogen peroxide (H2O2), malondialdehyde (MDA),
xanthine oxidase (XO) and reactive nitrogen species (RNS) [21].

Earlier studies showed that O2
•− interferes with enzyme functions, increases the

proliferation of B-lymphocytes, and causes peroxidation of unsaturated lipids. H2O2 is
a potent oxidant, possessing the ability to kill any cell, and can induce changes in the
proliferation of cells by activating the NF-κ B [22].

One of the most unstable free radicals is •OH, which can react with any molecule in
the cell, such as nucleic acids, proteins, polysaccharides, and lipids. While MDA is formed
from lipid peroxidation and prostaglandin biosynthesis, its production is reported to be
associated with carcinogenesis [23]. Further, XO is found to be cytotoxic and produce a
considerable amount of O2

•− that has the tendency to cause DNA-strand breaks [24]. In
addition, inflamed tissues have been reported to produce nitric oxide and its derivatives.
These components can contribute to carcinogenesis by inducing DNA breaks and can also
act as a source of mutagens [25].

It is observed that almost all cells will undergo DNA damage after exposure to
oxidative stress. All the damage need not necessarily lead to mutation/cancer. The
damage of lower magnitude is reported to be efficiently repaired while highly damaged
cell undergoes apoptosis. However, the intermediate level of damage to DNA is the most
likely source of mutagenesis since the host system neither repairs it efficiently nor kills the
cells [26].

Several mechanisms have been proposed for nuclear damage by free radicals. In one
of the accepted theories, it is suggested that H2O2 has the capacity to penetrate easily the
nuclear membrane and can form •OH by reacting with copper and iron ions. Although
•OH is very reactive, it does not have the ability to diffuse within the cell. Hence, this
mechanism is only applicable when •OH is generated from H2O2 by metallic reaction and
must be close to the nuclear components [27].

In another theory, it is speculated that oxidative DNA damage activates the nuclease
enzymes through a series of metabolic events. The activation of these enzymes has the
capacity to damage the cytoskeleton of DNA [28]. Homocysteine-mediated DNA damage
has also been implicated due to excess formation of ROS causing too much incorrect
inclusion of uracil during the process of DNA methylation. Abnormal methylated DNA
has been reported to play a role in carcinogenic progression [29].
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3. What Is the Role of Antioxidants in Mutagenic Complications?

Excessive oxidative stress diminishes the antioxidant level in the body by exhausting
or reducing their synthesis in the host cell. The antioxidant status in the body is maintained
by macromolecules through enzymatic and non-enzymatic reactions. The antioxidant
enzymes are superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx),
while the non-enzymatic action is performed by reduced glutathione, vitamin C, vitamin E,
flavonoids, carotenoids, thiol antioxidants, etc. [30].

According to the literature, SOD is a family of enzymes containing metallic ions and
they convert O2

•− to H2O2 [31]. The enzyme can be found practically in all aerobic life-
forms and can be classified into four families; Cu-SOD, Cu-Zn-SOD, Mn-SOD, and Fe-SOD.
The Cu-Zn-SOD enzyme is the human form of SOD [32]. O2

•− is the only known substrate
for SOD and the enzyme reacts by taking its electron. The enzyme is produced in response
to oxidative stress. SOD can be identified in a huge number of tissues and organisms
and is found to defend cells from harmful effects caused by O2

•−. SOD catalyzes the
conversion of O2

•− to H2O2 in biological systems, and the enzyme works in combination
with H2O2-removing enzymes, such as CAT and GPx [33].

CAT, another abundant enzyme, catalyses the breakdown of hydrogen peroxide into
water and oxygen. CAT, a heme-containing proteins is localized primarily in mitochondria
and in sub-cellular respiratory organelles. One of the first lines of defence against oxidative
stress is the GPx enzyme, and it requires glutathione as a cofactor. GPx is found to catalyse
the oxidation of GSH to GSSH at the cost of H2O2. GPx is also reported to contend with
CAT for H2O2 as a substrate and is the chief defence against small levels of oxidative stress.
Chemically, glutathione is a tripeptide and is considered as the major thiol antioxidant. It
is one of the components of the intracellular non-enzymatic antioxidant system. GSH is
abundant in the cytosol, nuclei and mitochondria and is the key water-soluble antioxidant
in these cellular compartments [34].

The reduced type of glutathione is known as GSH, and the oxidized form is called
GSSH (glutathione disulphide). The oxidized form of glutathione will remain within the
cells and the ratio of GSH/GSSH is considered to be an excellent measure of oxidative
stress. Extremely high concentrations of oxidized glutathione are found to damage many
enzymes oxidatively. On the other hand, glutathione reductase catalyses the NADPH
dependent reduction of oxidized glutathione, serving to preserve intracellular glutathione
supplies and favouring the redox position [35]. In addition to these enzymes, estimation
of malondialdehyde is also believed to be a pointer of oxidative stress. Malondialdehyde
is one of the end products of lipid peroxidation known as a thiobarbituric acid reactive
substance (TBARS) [36].

4. What Is the Role of Virus in Oxidative Stress and Mutations?

Viral infection is known to cause oxidative stress in the host cells. Earlier studies have
reported that the activation of phagocytes causes the generation of several types of ROS. In
addition, different pro-oxidant cytokines (TNF-α and IL-1) were found to be released by
phagocytes as well as the infected host cells in response to the viral infection [37]. Further,
viral infection was found to alter the balance between oxidant/antioxidant status in the
host cells. The infection can enhance the cellular pro-oxidants levels of iron and nitric
oxide and diminish the synthesis of antioxidant enzymes. The enzymes most frequently
affected were SOD, GPx and CAT. As reported earlier, ROS has the ability to damage every
organelle in the cell, including the nucleus [38].

Several studies conducted in the past have demonstrated that after chronic viral infec-
tion (DNA/RNA virus), the integrity of the host cells is modified. The virus targets several
genes that regulate cell growth, cell differentiation, and cell-cycle and these are linked to the
alteration of host genomic components. These modifications are reported to contribute to
mutation and occurrences of several diseases, such as cancer [39]. A study conducted to de-
termine the etiology of mutation-related complications indicated that 20% of human cancers
are associated with viral infection. Several common viruses that cause infection in humans
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were found to be linked to this [40]. The most important among them are Epstein Barr virus
(EBV), hepatitis C virus (HCV), human T cell lymphotrophic type-1 (HTLT-1), hepatitis B
virus (HBV), human herpes type 8 (HH8)/Kaposi’s sarcoma herpes virus (KSHV), human
immunodeficiency virus (HIV) and human papilloma virus (HPV) [41].

Proto-oncogenes formed after viral infection are reported to be converted into onco-
genes through mutation. Studies have indicated that viral oncogenes augment this pro-
cess by different mechanisms such as addition, deletion, and/or substitution of nucleic
acids [42]. Both DNA and RNA virus are known to contain these oncogenes. Other con-
ditions, such as chronic inflammation that follows viral infection, were found to play a
key role in the mutation. Hyper-activation of the cytokines system during chronic inflam-
mation can induce DNA damage in the host cells and could contribute to mutation [43].
Furthermore, the activation of oncogenes, inhibition of tumor suppressor genes, and altered
function of immune cells in detecting and destroying mutated cells accelerate the process
of mutation-related diseases [44].

To date, the research conducted on coronavirus has not suggested mutations in host
cells. However, considering the fact that the RNA virus has the ability to modify the
integrity and function of the host nucleus, it is essential to devise plans before-hand to
reduce mutation-related problems in the future.

5. What Are the Strategies for Minimizing Mutagenic Complications?

One of the approaches to preventing mutation-related complications is to avoid
exposure to mutagens or to increase the intake of substances that possess antimutagenic
properties. Since oxidative stress is the chief reason for mutation, compounds having the
ability to increase antioxidant status are reported to exhibit anti-mutagenic potential [45].
These substances are known to balance the outcome of ROS through enzymatic and non-
enzymatic pathways. The substances provide excellent defences as they directly remove
free radicals from the biological system [46].

The literature suggests that methods by which the anti-mutagens wield their effects
are complex and often involve multiple activities. The important activities reported for
dietary and endogenous antioxidants include pharmacokinetic alterations in absorption,
protein binding, metabolism (detoxification), activation of mutagens and DNA repair
processes [47]. Interference with the P450-dependent biotransformation of mutagens is one
of the most specific mechanisms by which dietary components exert their effects [48].

Some of the known antioxidants, such as vitamins, have been reported to reduce DNA
damage. Their action involves breaking down a chain of events essential for mutagenesis
and can contribute to DNA repair mechanisms [30]. According to literature, one of the
main damaging intracellular ROS is hydroxyl radical (•OH) and vitamin E has reduced
H2O2-induced •OH production and successive DNA base pair adjustment in host cells.
Vitamin E is also reported to provide an inhibitory effect against the peroxynitrite mediated
DNA damage that is produced by immune cells during inflammation [49].

In addition to this, Vitamin E administration during radiation therapy to bone marrow
polychromatic erythrocytes, reduced oxidative stress-induced micronucleus development.
These inhibitory effects were reportedly due to the antioxidant potential as well as the
modulation of DNA repair structures and exclusion of damaged DNA from host cells [50].
In another study, it was observed that Vitamin A or retinol exhibited antimutagenic activity
due to its antioxidant properties. It was found to attenuate the oxidative stress-induced
DNA defects produced by benzo (a) pyrene, cyclophosphamide, aflatoxin B and 3-methyl
cholanthrene. Furthermore, the anti-mutagenic effects of vitamin A were also reported
against N-nitrosoamine compounds, quinoline derivatives, methyl methane sulfonate
(MMS) and bovine papilloma virus. The methods used to identify the anti-mutagenic
property were DNA fragments, sister-chromatid exchanges, micronuclei frequency and
chromosomal aberrations in different types of rodent cells [51]. Retinol, a known dietary
antioxidant, exhibited these effects by scavenging the chemical mutagens and their metabo-
lites. In addition, other mechanisms suggested for anti-mutagenic activity include DNA
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repair, prevention of conversion of oncogenic metabolites, and enhanced elimination of
chemical mutagens [52]. Further, the deficiency of vitamin A in some patients has been
associated with higher incidences of breast cancer [53].

The research conducted on vitamin C/ascorbic acid suggests that it possesses antioxi-
dant properties against a variety of free radicals such as ONOO-, NO2, NO and hypochlor-
ous acid. Vitamin C has been tested extensively against mutagenic difficulties induced by
oxidative stress and was shown to mitigate the changes induced by gamma-irradiation [54].
In addition, vitamin C supplementation was found to rejuvenate other antioxidants such
as glutathione and carotenes. The ability of vitamin C to prevent mutagenic complications
has been linked to reduced chances of carcinogenesis [55].

6. How Can Plants Be Used as Preventive Medicine in Mutagenic Complications?

Plant resources from ancient times have been extensively studied and used for treating
various ailments. The extracts and several active ingredients of these natural sources are
reported to possess antioxidant potential. The important phytoconstituents known to
produce antioxidant activity are phenolic compounds, flavonoids, tannins, carotenoids,
diterpenoids, coumarins, anthraquinones, saponins, and xanthones [54,55]. Evidence from
previous studies suggest a strong relationship between antioxidant property and anti-
mutagenic potential [50–53]. Interestingly, some dietary components, such as tomatoes,
carrots, spinach, turmeric, mustard oil, and guava, were found to possess anti-mutagenic
potential due to antioxidant action [56]. Table 1 summarizes the important antioxidant
phytoconstituents reported for anti-mutagenic activity.

Table 1. Some important plants having antioxidant and anti-mutagenic properties.

Phytoconstituents Mode of Action Source Active Ingredients Antimutagenic Test References

Flavonoids
Neutralizes and scavenges

all types of oxidizing
radicals.

Millingtonia hortensis Hispidulin, hortensin S. typhimurium strain
(In-vitro) [57]

Glycyrrhiza glabra Quercetin, myricetin In vivo mouse micronucleus [58]

Ocimum basilicum Herperidine S. typhimurium strain
(In-vitro) [59]

Phenolic
compounds

Scavenges all types of free
radicals.

Camellia sinensis Epicatechin,
epigallocatechin In vivo mouse lymphoma cell [60]

Curcuma longa Curcumin In vivo rat micronucleus [61]
Syzygium aromaticum Eugenol In vivo mouse micronucleus

Tannins
Scavenges reactive oxygen
species and inhibits lipid

peroxidation.
Acacia nilotica Tannic acid, ellagic

acid, gallic acid
In vivo mouse micronucleus,

In-vitro S. typhi strain [62,63]

Carotenoids
Protects cell from free

radical attack and improves
the antioxidant status.

Daucus carota Beta-carotene,
canthaxanthine

In vitro callus culture cell
lines [64]

Diterpenoids
Counteracts against

oxidative stress-induced
lipid peroxidation.

Aquillaria agallocha Erythroxydiol In vivo rodent spleen DNA
damage [65]

Coumarins Reduces the effects of
oxidative stress.

Psoralea corylifolia Psoralen In vivo mouse micronucleus [66]

Selinum monniere Imperatorin S. typhimurium strain
(In-vitro) [67]

Anthraquinones Improves the status of
antioxidants. Aloe barborescence

Aloe-emodin-
anthraquinone,

anthrone
D. melanogaste phenotype test [68]

Saponins
Scavenges free radicals and
improves the functioning of

antioxidant enzymes.
Panax ginseng Ginseng saponin S. typhimurium strain

(In-vitro) [69]

Xanthones
Acts against

oxygen-derived free
radicals.

Visma amazonica Euxanthone S. typhimurium strain
(In-vitro) [70]

Monoterpenoids Protects against NADPH
induced oxidative injury. Cymbopogan citrates Citral In vivo mouse micronucleus [71]
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7. Which Are the Medicinal Plants of Saudi Arabia That Might Demonstrate
Anti-Mutagenesis?

Saudi Arabia is known as one of the oldest human habitats. The vast regions of the
country are known to contain several varieties of plant. Different provinces of Saudi Arabia
have different climatic conditions that support the growth of several rare categories of
fauna and flora [72]. Traditionally, the population of the country has used plant-based
medicine for treating various conditions, such as pain, inflammation, ulcers, helminthi-
asis, bronchoconstriction, depression, anaemia, and dysmenorrhoea [73]. These drugs
are commonly referred to in the Arabian Peninsula as ‘prophetic’ medicines. The thera-
peutic activities of some of them, like black seeds, costus, miswak, and fenugreek, have
been proven by scientific studies. However, many others are yet to be documented with
supporting evidence [74].

Traditional medicines derived from natural resources are typically devoid of major
side effects and are cost-effective. The Arabian Peninsula comprises Saudi Arabia, Kuwait,
Bahrain, Yemen, Qatar, United Arab Emirates and Oman. These regions have different
tribes and are known to practice ancient methods of healing diseases [75]. Saudi Arabia
is the largest country in terms of geography in the region and is comprised of mountains,
valleys, lava areas, meadows, and rocky deserts. The climatic variation supports the growth
of several species of fauna and flora that have medicinal properties [76].

According to one study, Saudi Arabia produces more than 900 genera comprising 2500
species of plants. More than 20% of them were found to be new and uncommon plants,
particularly native to this part of the world [77]. Another study suggested that the practice
of using traditional medicine is transferred from one generation to another [78]. This is
evident from the use of myrrh, black seeds and kawajawa in different natural remedies still
popular among the local population. Some of these substances are also commonly used in
the preparation of culinary and traditional dietary supplements [79].

A substance that has the ability to inhibit the function of oxidizing enzymes, prevent
the cellular damaging action of oxidizing agents, or repair the damage caused by oxidizing
agents can be referred to as an antioxidant [53]. Antioxidants exert their action by multiple
pathways, such as decreasing the localized concentration of oxygen free radicals, scaveng-
ing the free radicals, decomposing the lipid peroxide radicals, converting free radicals into
non-radical products, and breaking the process involved in free radical-mediated cellular
damage [55]. Several plant-isolated phytochemicals such as flavonoids, tannins, saponins,
and phenolic compounds have exhibited antioxidant potential. Natural substances hav-
ing these phytoconstituents could play a vital role in minimizing oxidative damage [54].
Identifying such natural sources not only provides scientific knowledge but also helps in
exploring their health benefits.

This review was planned with the intention to highlighting the rare and uncommon
plants that have been reported to possess medicinal properties. The information listed
in the following sections briefly summarizes the biological data that might provide a
direction for future studies to evaluate the therapeutic potential of plants (Figure 1) native
to Saudi Arabia.

7.1. Teucrium oliverium

The genus Teucrium contains several species that grow widely in the desert regions.
Teucrium oliverium (George Bentham, 1835) is a perennial plant which mostly grows in
the rocky runnels bearing sand layers. The plant belongs to the family Lamiaceae and
bears bright purple flowers [80]. Extracts of the plant are found to exhibit numerous
pharmacological activities, such as anti-diabetic, anti-nociceptive, hypolipidemic, anti-
cancer and antioxidant activities. Several important phytoconstituents have been isolated
and identified, including teucrolivins (A, B, C, D, E, and F) (Figure 2).
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Figure 1. Diagrammatic representation of potential antimutagenic plants of Saudi Arabia.

Figure 2. Structure of teucrolivin B isolated from T. oliverium [81].

These components, as well as the flavonoids, sterol, tannins, saponins, and coumarins,
are speculated to be responsible for the medicinal properties, including antioxidant effects.
The antioxidant activity was evaluated by the In-vitro 2,2-diphenyl-1-picryl hydrazyl
(DPPH) free radical scavenging method [81].
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7.2. Alhagi maurorum

Alhagi maurorum (Friedrich Medikus, 1787) is one of the common folk medicines
used in different regions of Saudi Arabia. It is an under-shrub, globrous plant belonging
to the family Fabaceae. The plant grows extensively in the deserts of the region and
is used as camel feed [82]. The plant is traditionally used as an appetizer, aphrodisiac,
tonic, anti-asthmatic, anti-rheumatic, diuretic, antipyretic, demulcent, expectorant, etc.
Even among the local population, the plant is famous as a laxative and is used in the
management of liver, gastrointestinal and urinary tract diseases. The literature suggests
that extracts of the plant contain several active ingredients like flavonoids, phenolic acids,
sitosterols, triterpenes, and proanthocyanidines [83]. Two flavonoids called isorhamnetin-
3-O-[alpha-1-rhamnopyranosyl-beta-D-glucopyranoside and 3-O-methylorobol isolated
from the extract were found to be possess antioxidant properties in the DPPH free radical
method [84].

7.3. Echium arabicum

The genus Echium belongs to the family Boraginaceae. Several species of the family
are used traditionally for medicinal purposes. Echium arabicum (Fitter, 1974) is a woody
shrub, an annual biennial or perennial flowering plant. In several places, the plant is used
as an ornamental plant and in gardens. Since the plant is hardy, it adapts well to the
harsh climatic conditions of Saudi Arabia [85]. Predominantly, the plant is popular for
its sedative, anti-inflammatory, antioxidant, and anxiolytic properties, and can be used
for skin abrasions and insect/snake bites. As reported, the plant is known to contain
several vital components responsible for its medicinal properties, and among them are
naphthoquinones, flavonoids, terpenoids, and phenols [86]. The flavonoids isolated from
E. Arabicum extract such as luteolin-7-O-glucosides, myricetin and quercetin have shown
antioxidant activity in the DPPH assay [87].

7.4. Ducrosia anethifolia

Ducrosia (Francois Ducros, 1822) species belong to the Apiaceae family and are en-
demic to the Persian and Arab regions. The plant is a biennial with white flowers and can
be found in the deserts of the Arar valley in Saudi Arabia [88]. Several phytochemical in-
gredients have been isolated and identified. Important among them are alkaloids, tannins,
flavonoids, essential oils, glycosides and phenolic derivatives. The major constituents re-
ported to possess antioxidant activity by the DPPH method is alpha-pinene, beta-myrcene,
beta-pinene and limonene. Pharmacological studies suggest that the plant has therapeutic
properties such as antioxidant, anti-cancer, anti-diabetic, anxiolytic, anti-inflammatory,
antifungal, antiviral and may be active against neurological diseases [89].

7.5. Chenopodium murale

Chenopodium murale (Carl Linnaeus, 1778) is an annual herb that is conventionally
used in the treatment of liver diseases. The plant is a member of the Chenopodiaceae and
can be found in the Taif region of Saudi Arabia [90]. Phytochemical investigation of the
extract has shown the presence of phenols, flavonoids, tannins, saponnins, terpenoids,
caumarins, steroids, and anthraquinones. These components have been linked to the
medicinal properties of the plant and the most important among them are anti-bacterial,
digestive problems, sterility, anxiolytic, and anti-hypertensive. The antioxidant potential of
the plant has been linked to the presence of tannins such as gallic acid and the tests were
conducted by DPPH and 2,2′-azo-bis (3-ethyl benzothiazoline-6-sulphonic acid (ABTS) free
radical scavenging methods [88,91].

7.6. Heliotropium ramosissimum

Heliotropium ramosissimum (Drubrovinskii, 1947) is a member of the Boraginaceae,
commonly found in the moderate and tropical areas of Saudi Arabia. Heliotropium is de-
rived from ‘heliotrope’, meaning the leaves of the plant turn in the direction of the sun [92].
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Several pharmacological activities have been reported for the plant, such as antibacterial,
anti-inflammatory, anti-nociceptive, anti-convulsive, anti-neoplastic, anti-diuretic, nephro-
protective, anti-fertility, and analgesic. The important active constituents identified are
alkaloids, phenolic compounds, terpenoids, quinines, and flavonoids. The antioxidant
property has been linked to the presence of phenols, dimethoxy flavones, methyl galangin,
chlologenic acid, and filifolinols. The methods used to determine the antioxidant property
were lipid peroxidation, hydrogen peroxide and nitric oxide scavenging in vitro tests [93].

7.7. Conyza dioscordis

Conyza dioscordis (Christian Lessing. 1832) is a wild plant that grows in several places
in the Middle Eastern regions, including Saudi Arabia. The plant belongs to the Asteraceae
family and is frequently used as a folk medicine. The phyto-ingredients identified are
phenols, flavonoids, glucosides, alkaloids, sterols, triterpenes, beta-sitosterol, alpha-amyrin,
etc. [94]. Screening for therapeutic activity indicated that the plant’s extract showed
promising effects in treating rheumatic pain, epilepsy, colic pain, ulcers, colds, diarrhoea,
diabetes, and microbial infections. Antioxidant studies indicated that extracts of the plant
reduced ROS-mediated changes and were attributed to the presence of components such
as gallic acid, quercetin and kemperol. The in vitro DPPH free radical scavenging method
was employed to determine the antioxidant property [94,95].

7.8. Cleome droserifolia

According to literature, the Cleome (Ali, 1977) genus is the largest member of the
family Cleomaceae. The plant is widely distributed in the dry and semi-arid regions
of Saudi Arabia and other Middle Eastern countries. The plant is a perennial, aromatic
shrub, popular among several tribes of the region [96]. Traditionally, the plant is used
for the treatment of stomach aches, skin allergies and open wounds. Several important
phytochemicals have been isolated and characterized. The plant is reported to contain
high concentrations of flavonoids, terpenes, glucosinolates, anthocyanin alkaloids and
polyphenols. Pharmacological screening indicated that extracts of the herb possess anti-
diabetic, antioxidant, hepatoprotective and anti-cancer properties. These activities are
linked to the phyto-components present in the plant. In vitro DPPH and ABTS tests were
carried out to determine the antioxidant property. The important constituents identified
were rutin, naringenin, kaempferol and p-coumaric acid [97].

7.9. Euphorbia schimperiana

The family Euphorbiaceae contains several plants that range from woody trees to
simple weeds. Different species of the Euphorbia plant (Scheele, 1844) have been known
since ancient times for their medicinal activities. The plant grows well in moderate tem-
perate areas and can be found in the western provinces of Saudi Arabia (98). The plant
and its extract are reported to exhibit a range of pharmacological actions, such as anal-
gesic, anti-ulcer, antioxidant, anti-inflammatory, antiviral, anti-spasmodic, skin allergy
and anti-cancer actions. The important active ingredients that were identified for the
above activities are triterpenes, flavonoids, alkaloids, tannins, and sterols. The presence of
specific diterpenes such as phorbids, ingenane, tigliane, and daphnane are reported for
their potential pharmacological activities [98]. In addition, the phenolic components such
as quercetin-7-O-β-D-glucoronside and 3-methyl-quercetin-7-O-β-D-glucoronside were
identified for their antioxidant activity by the DPPH free radical assay [99].

7.10. Origanum syriacum

These are aromatic plants (Nathan Ben Abraham, 1977) belonging to the family
Lamiaceae. The plant is widely grow in the Mediterranean region and can be found in
several places in Saudi Arabia. The medical uses of the plant are popular among different
tribes of the country and are used for treating pain, infection, and diseases of the skin [100].
Pharmacological screening suggests that the plant possesses blood cholesterol lowering,
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hypoglycaemic, antibacterial, anti-carcinogenesis, anti-inflammatory, antioxidant, antiviral
and anti-cardiovascular disease properties. These activities have been strongly related to
the essential secondary metabolites of the plant. Some of the important among them are
polyphenols, flavonoids, volatile oils, sterols, and terpenes. The antioxidant activity is
linked to catechin, gallic acid, quercetin, and hesperidin and the assay was undertaken by
the DPPH method [101].

8. Conclusions

The present review summarized the mutation and related complications of host cells.
DNA damage due to oxidative stress is the major cause of mutation-induced diseases such
as cancer. Antioxidants have an important role in minimizing mutagenic defects. Medicinal
plants native to Saudi Arabia such as Teucrium oliverium, Alhagi maurorum, Echium ara-
bicum, Ducrosia anethifolia, Chenopodium murale, Heliotropium ramosissimum, Conyza dioscordis,
Cleome droserifolia, Euphoria schimperiana and Origanum syriacum have shown significant
antioxidant properties. These plants have the potential to exhibit antimutagenic effects
since they contain the vital phytoconstituents essential for activity. Future research on these
plants might explore their true potential and the possibility of using them as prophylactic
agents in reducing the complications of exogenous mutagens such as viruses.
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