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Abstract: Although treatment with natural products and the substances derived from them has gained much attention,
it is important to know the genomic safety of these substances prior to their use in humans. The present review aims to
present the current knowledge on the genoprotective effects and possible mechanism of actions of natural compounds.
Therefore, an up-to-date search was conducted using known databases such as PubMed, ScienceDirect, and
Clinicaltrials.gov. For the investigation of genotoxic/genoprotective activity of these substances, comet or micronucleus
assay were frequently used models applied through eukaryotic test systems, bacterial strains, cultured animal cells or
tissues (e.g., mice, rats) but also human by using oxidizing or carcinogenic agent-induced DNA damage capacity.
Findings suggest that several extracts, including those from medicinal plants, marine algae or their preparations,
antioxidants such as quercetin, retinoids, resveratrol, hyaluronic acid, carnosol, rosmarinic acid, and naringin have
shown genoprotective effects in various test systems. Antioxidant, anti-inflammatory, mitogenic, reduction of DNA
strand breaks and DNA lesions, formation of micronucleus, and chromosomal aberrations were the observed
mechanisms of action of genoprotective substances. In conclusion, this review highlights the importance of natural
products, especially dietary antioxidants, which can be safely used for the treatment of various diseases.

Keywords: Antioxidants; extracts; genoprotective effects; Comet assay; DNA damage. © 2021 ACG Publications. All
rights reserved.

1. Introduction

Studies related to genotoxicity and mutagenicity are essential in the identification of adverse effects of
drugs, cosmetics, industrial compounds, agrochemicals, food additives, natural toxins, and nanomaterials for
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regulatory purposes. In this context, evaluation of mutagenicity or genotoxicity provides an adequate
safeguard for a therapeutic substance and reduces the risks of cancer in humans and other animals [1]. In
cancer, besides a number of treatment strategies, including the new classes of these drugs, there is still a
challenge in the management concerning how to improve treatment efficacy and to diminish adverse effects.
In this respect, bioactive substances of natural origin are constantly developed, characterized, and checked by
applying various test models [2]. It is important to stress that risk assessment is crucial prior to administering
any therapeutic compound into an organism.

Although natural products are important for drug discovery, and herbal compounds are widely used to
treat different diseases, the number of reports exploring their clinical efficacy and safety is relatively small
[3-5]. Moreover, integrity and stability of genetic materials (e.g., DNA, RNA) are essential to an organism’s
health and survival [6]. Some of these natural products or their derivatives may be promising for the
development of dietary supplements or drugs [7-10]. In general, natural products contain a variety of
components which may be useful in protecting against cellular damage caused by mutagens [11-14]. For
example, dietary components and supplements such as coffee [15,16] and green tea [17-19], phytochemicals
[20-24], antioxidants [25,26], microbial metabolites [27], and synthetic compounds obtained from natural
products [28] have antioxidant and genoprotective effects in humans and experimental animals. Several
studies have shown potential antigenotoxicity in a variety of fruits, polysaccharides [29], plants, vegetables,
and natural resins [30]. Because of wide interest in the phytochemical pharmacological activities of natural
products and their derivatives, this review focuses on evaluating the genoprotective effects of natural
products and their derivatives on the basis of published reports. For this purpose, recent relevant references,
dealing with this subject have been acquired from different databases such as PubMed, ScienceDirect, and
Clinicaltrials.gov. This review should be a useful resource of information and a benefit to researchers in the
field.

2. Materials and Methods
2.1. Search Strategy

An up-to-date search (through January 2021 of known databases including PubMed, ScienceDirect,
and Clinicaltrials.gov using the keywords ‘genoprotective effect’” or ‘antigenotoxic’ paired with
‘antioxidants’, ‘medicinal plants’, ‘natural or herbal products’, or ‘phytochemicals’ was conducted; no
restrictions were imposed in the search strategy. The inclusion and exclusion criteria are given below.

2.2. Inclusion and Exclusion Criteria

Inclusion criteria were: (1) reports that discuss genoprotective effects of antioxidants, medicinal
plants, natural/herbal products, or phytochemicals, (2) reports with or without explained a proposed
mechanism of action, test concentration or dose, route of administration, test system or test model, and (3)
reports on crude extract, fractions, isolated substances or their derivatives of natural origin, such as from
medicinal plants, bacteria, fungi, algae, and marine substances. On the other hand, exclusion criteria included
(1) titles, abstracts, or contents not meeting the inclusion criteria, (2) data duplication in the databases, and
(3) data that were non-related to the searched keywords.

3. Results and Discussion
3.1. Findings

The search found 599 reports in the above-mentioned databases, with 78.3 and 21.7% reports from
ScienceDirect and PubMed, respectively. No reports were found in the Clinicaltrials.gov database. After
exclusion based upon above mentioned criteria, a total of 155 (25.9%) reports have been included in this
study.

Findings are classified in crude extracts and preparations, isolated substances, and synthetic
derivatives. Extracts are readily obtained and cost-effective, but the compositions can vary widely. Isolated
substances and synthetic derivatives are pure compounds, but they are likely to be unobtainable or very
expensive.
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3.2.1. Crude Extracts and Preparations

The comet assay (single-cell gel electrophoresis) represents a simple method by which the
breakdown of deoxyribonucleic acid (DNA) in eukaryotic cells can be measured. Cells embedded in agarose
on the slide are lysed with detergent and high salt concentration to form nucleoids containing supercoiled
loops of DNA linked to the nuclear matrix. Electrophoresis at basic pH results in structures resembling
comets, where the intensity of the comet tail in relation to the head reflects the number of DNA breaks and
become free to extend towards the positive end of the electrophoretic cell (anode) since DNA is negatively
charged [31,32]. This assay is a truly reliable method with a multitude of possible applications [33]. It can be
applied in testing new substances for their genotoxicity/genoprotective effects, for monitoring environmental
contamination with genotoxins, human biomonitoring and molecular epidemiology, and fundamental
research in DNA damage and repair [29,30,34]. By applying this test model, it is possible to recognize
specific kinds of damage of DNA and repair DNA lesions [31].

Oxidative stress is an active area of research on the toxic mechanisms of wide varieties of substances,
and identification of antioxidant agents that might be helpful for human health [35]. Numerous ancient texts
from Chinese traditional medicine, Ayurveda and Siddha, and Japanese traditional medicine have indicated
that natural products have promising effects against oxidative stress and inflammation [36]. Cellular
antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx),
glutathione (GSH), glutathione S-transferase (GST) activity, as well as oxidative damage including lipid
peroxidation, protein and DNA oxidation, are used as biomarkers for oxidative stress, while micronucleus
(MN, also called small nucleus) test is used for the evaluation of chromosomal damage and as an indication
of genotoxicity [37]. A number of dietary components [38-51], medicinal plants [52-88] or other natural
extracts/preparations [89-103] have been found to act against oxidative stress-induced DNA damage in
various test systems.

Radiation, including X-rays, can cause increased oxidative stress, activation of the inflammatory
response, and accumulation of DNA damage, among other effects. Plant extracts and natural compounds or
their derivatives can protect or mitigate the harmful effects caused by radiation in different experimental
models. Therefore, photoprotective products based on natural compounds are continuously being developed,
and there is an increasing expansion of research in this field [104]. Reports suggest that plant extracts
[52,61,71,105-107] or other natural products [44] can act against radiation-induced genotoxic effects on cells/
tissues derived from plants and animals.

MN forms whenever a chromosome or a fragment of a chromosome is not incorporated into the
daughter nucleus during cell division. MN formation is a sign of genotoxic events and chromosomal
instability and is commonly observed in cancer cells. It also indicates genomic damage that can increase the
risk of developmental or degenerative diseases [108]. The MN test has been applied for more than three
decades to investigate an early warning of genotoxic/genoprotective properties of a wide variety of
substances [109]. A number of medicinal plants [14,56,110-113] or other natural extracts [89,114-116] have
been found to reduce MN formation in test systems.

On the other hand, chromosomal aberration (CA) or mutation is a missing, extra or an irregular portion
of chromosomal DNA. CA can occur in a typical number of chromosomes or a structural abnormality in one
or more chromosomes [117]. Armoracia rusticana, Ficus carica and Zea mays [105], Hemidesmus indicus
[118], olive leaf [119], bee-pollen or propolis [115], Bryoria capillaris [110], Orthosiphon stamineus [14],
Nigella sativa [113], and Parkinsonia aculeata [120] were found to reduce the CA in test systems.

Mutation is the alteration of the nucleotide sequence of genome that results from errors during DNA
replication or other types of damage to DNA caused by exposure to radiation or carcinogens [121]. Studies
have shown that the ethanol crude extract of Rhoeo discolor [122], fruit extract of Rosa roxburghii [123], oils
of fruit and leaf extract of Fagus orientalis [124], Saraca asoca bark extract [125], Cladosporium velox TN-
9S [89] and Opuntia microdasys extracts [97] have non- or anti-mutagenic effects in test systems. In addition
to genoprotective studies, septilin (a polyherbal drug formulation) has been reported to have a clastogenic
effect in Swiss mice [116], whereas hydroethanolic extract of Juniperus communis inhibited the mitogenic
effect of ethanol on Allium cepa meristem [126]. In Table 1 are listed crude extracts or preparations that have
activity against genotoxic effects of oxidizing, antineoplastic, radiation, or other toxic agents in various test
systems.
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Table 1. Genoprotective effects of crude extracts or preparations
Extracts/ Preparations Dose/Conc. Test system Test model Findings References
(R/IA)
Acacia salicina leaf 50, 250, and 500  Salmonella typhimurium and Comet assay: benzo[a]pyrene Ethyl acetate and methanol [166]
aqueous, methanol, and ug/plate human lymphablast cells and H,O2-induced DNA extracts decreased DNA
ethyl acetate extracts damage damage profile
Acalypha fruticosa aqueous 50 g pBR322 Comet assay: UV-photolyzed Reduces oxidative DNA [61]
and methanolic extracts and H,O2-induced DNA damage
damage
Aegle marmelos fruit 50,100, 150 and  Escherichia coli and human SOS chromotest and comet Antigenotoxic activity [83]
methanol, acetone and 200 pg/assay peripheral blood lymphocytes  assays
aqueous extracts
Aegle marmelos leaves 10 mg/mL Fish blood Micronucleus assay Antigenotoxic activity [84]
extracts
Agaricus bisporus - Raji cells (a human lymphoma  Comet assay: H,O-induced  Decreases oxidative DNA [91]
(fungus) cell line) oxidative damage damage
Agaricus blazei, Cordyceps 250, 500 and Human peripheral blood cells ~ Comet assay: H,O; induced  Significant antioxidant and [90]
sinensis, Coriolus 1000 pg/mL DNA damage oxidative DNA damage
versicolor, Ganoderma effects
lucidum, Grifola frondosa,
Lentinula edodes. Immune
Assist from six mushroom
extract
Amaranthus viridis 8, 16, 32 and 64 Human mononuclear cells Alkaline comet assay Methanol extract showed [101]
agueous, methanol, pg/mL DNA protective effect
chloroform and hexane
extracts
Allium sativum extract 170 pg/mL Human RD cells CdCly, 4-nitroquinolone-1 Antioxidant and reparative [52]
oxide and y-radiation activities
induced mutagenicity
Armoracia rusticana, Ficus - Meristematic cells of Vicia Gamma-ray induced DNA Decreases the frequency of [105]

carica and Zea mays

faba and marrow cells of mice

damage

chromosome aberrations
(CA)
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Extracts/ Preparations

Dose/Conc.
(RIA)

Test system

Test model

Findings

Azadirachta indica

Bacopa monniera aqueous
extract

Bryoria capillaris aqueous
extract

Camellia sinensis (black
tea) tea extract

Camellia sinensis (black
tea) tea extract

Camellia sinensis (green
tea) extract

100 and 200
ma/kg

50 mg/kg (i.p.)

5, 10, 25, 50 and
100 pg/mL

10 or 25 mg/L

0.005-500
pg/mL

10 mg/L

Rats

Swiss mice (n = 6)

Cultured human lymphocytes

Jurkat T-cell line

Human lymphocytes

Jurkat T-cell line

Arsenic intoxication

Nicotine-induced toxicity

Alkaline comet assay

Iron-induced oxidation

Comet assay: H,O; or
gamma-rays (2 Gy dose)
induced DNA damage
Iron-induced oxidation

Significant reduction in the [112]
frequency of MN-induced

apoptosis and oxidative

stress

Antioxidative effect [56]
(restored superoxide

dismutase (SOD), catalase

(CAT), glutathione (GSH),
glutathione peroxidase

(GPx), alkaline phosphatase

(ALP), glutathione S-

transferase (GST) levels);

reduced the frequency of

micronuclei (MN) by

decreasing the incidence of
micronucleated

polychromatic erythrocytes

(MNPE)

Reduces the frequency of [110]
CA and MN formation in a
dose-dependent manner

Increases GPx levels; [39]
decreases oxidative DNA

damage (single strand

breaks)

Prevented strand DNA [44]
break or DNA damage at

lower doses

Decreases oxidative DNA [38]

damage (single strand
breaks)

References
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Extracts/ Preparations Dose/Conc. Test system Test model Findings References
(R/IA)
Camellia sinensis (green 0.005, 0.01 and Human peripheral lymphocytes Comet assay: H.O»-induced  Significant DNA damage [42]
tea) extract 0.05 %w/v DNA damage preventive capacity at
higher concentration
Camellia sinensis (green 200 mL of 1.5%, Human (n = 16) lymphocytes - Causes a significant [41]
tea) extract wiv increase in human DNA
repair enzyme oxoguanine
glycosylase 1 (after 1-2 h)
and heme oxygenase-1
(after 7 days)
Camellia sinensis (green 1.3-6.5 Hepatocytes, colonocytes and ~ Comet assay Lesser extent of oxidative [167]
tea) extract mg/kg/day for5  lymphocytes of rats (n = 5) DNA damage preventive
days capacity
Ceratonia siliqua extracts ~ 32.5-280 pg/mL  Murine leukemia cells L1210 Comet assay: H>0 - Antioxidant effect; [72]
mediated DNA damage decreased DNA damage
profile
Citrullus colocynthis fruit 0.5-3.5 mg/mL Mouse bone marrow cells Micronucleus assay: Reduces oxidative DNA [68]
extract cyclophosphamide-induced damage
DNA damage
Cladosporium velox TN-9S  125-500 ug/mL  Channa punctatus (fish) & Micronucleus assay Antioxidant, genoprotective [89]
Salmonella typhimurium His and non-mutagenic effects
strain
Cortex moutan and - Human DNA Comet assay: H,Oz-induced ~ Decreases DNA stand [58]
Rhizoma dioscoreae DNA damage break
aqueous extracts
Crocus sativus stigmas 5,20 and 80 Swiss mice Comet assay: methyl Extract reduced DNA [168]
aqueous extract & crocin mg/kg & 50, 200, methanesulfonate-induced damage at 5 mg/kg, while
and 400 mg/kg DNA damage in multiple crocin reduced DNA
(i.p.) organs damage in a dose-

dependent manner
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Extracts/ Preparations Dose/Conc. Test system Test model Findings References
(R/IA)

Cucurbitaceae (Momordica 5, 10 and 20 PBR322 DNA plasmid Comet assay: H.0; - Decreased oxidative DNA [73]
dioica, Citrullus mg/mL protection assay mediated DNA damage damage
colocynthus, Cucumis melo
var. agrestis) seeds (70%
aqueous methanol) extracts
Curcuma vamana - - H20,/UV-induced oxidative =~ DNA protection capacity [71]

DNA damage
Cyperus rotundus aerial 50, 200 and 500  Escherichia coli SOS chromotest assay Antigenotoxic and [103]
parts extracts: aqueous, pg/assay antioxidant activities
ethyl acetate, methanolic
and total oligomer
flavonoids
Daedaleopsis confragosa - Leukocytes Comet assay: H.0: - Significant protective [99]
(fungus) hot water extracts mediated DNA damage activity against DNA
of fruiting bodies and damage
mycelia
Daphne gnidium leaves 44,88 and 176 Mouse (n = 5) blood and Comet assay: methyl Protected cellular DNA [169]
methanol extract mg/kg kidney cells methanesulfonate-induced from oxidative stress

DNA damage
Detarium microcarpum 500, 1000 and Liver cells of NMRI female Comet assay: Induction of the expression [74]
fruit extract 2000 mg/kg mice cyclophosphamide-induced of antioxidant and DNA

DNA damage repair enzymes
Dianthus carmelitarum 100, 250 and 500  Human foreskin fibroblast Alkaline comet assay: H.O,-  Reduced H,O,-induced [100]
agueous extract pg/mL cells induced DNA damage DNA damage in a

concentration dependent
manner

Diospyros kaki fruit 50 pg/mL Human leukocytes Comet assay Inhibited DNA damage [49]
extracts induced by H,0-
Echinacea purpurea, 5-1000 pg/mL Caco-2 cells exposed to 24 h Comet assay: H.O.-induced  Increases reduced GSH [55]
Origanum vulgare, DNA damage content; reduces oxidative
Rosmarinus officinalis, and DNA damage

Salvia officinalis extracts




Genetic-protective effects of natural products 440
Extracts/ Preparations Dose/Conc. Test system Test model Findings References
(R/IA)
Echinacea purpurea, four - U937 cells Comet assay: H.O, and tert-  Grapeseed polyphenols and [54]
plant extracts-grapeseed butylhydroperoxide-induced  bearberry showed strong
polyphenols, olive leaf DNA damage protective effects against
extract and bearberry oxidative DNA damage
Euterpe oleracea fruit 3.33,10.0 and Swiss albino mice Micronucleus assay and Subacute treatment [46]
16.67/kg body alkaline comet assay provided greater efficiency
weight in protecting against

doxorubicin -induced DNA

damage in liver and kidney

cells
Fagus orientalis fruit and - Allium cepa, Vicia faba, - Anti-mutagenic effects [124]
leaf extract oils Triticum aestivum, Arabidopsis

thaliana, and marrow cells of
Vistar rats
Ficus palmata bark (aq.) 2.5-20 pg/mL Plasmid DNA Ferric chloride induced DNA  Prevention of oxidative [70]
and leaf (methanol) extracts damage DNA damage
Fraxinus angustifolia 25, 50 and 100 Salmonella typhimurium Ames and umu test Antimutagenic and [80]
leaves and stem bark pg/mL antigenotoxic effects
ethanol extracts
Ganoderma lucidum - - Comet assay Potent antioxidant and [95]
(fungus) antigenotoxic effects
Ganoderma lucidum 0.0001-0.1% Lymphocytes of healthy Comet assay Genoprotective effect at [170]
(fungus) aqueous extract of female (n = 2) 0.0001% wiv
dried fruit bodies
Gentiana lutea methanol 0.03125-2.5 HepG2 cells and Salmonella Alkaline comet and Inhibition of genotoxicity [85]
extracts mg/mL typhimurium SOS/umuC assay in both models
assays

Ginkgo biloba leaf ethanol 1.2, 2.4, 12 and HT-29 cells Comet assay Antioxidant and [155]

extract and in vitro
simulated human digestion

24 pg/mL gallic
acid equivalents

antigenotoxic activities
persisted after in vitro
digestion
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Extracts/ Preparations Dose/Conc. Test system Test model Findings References
(R/IA)
Glycyrrhiza glabra 5.96 to 191 uM Escherichia coli and human SOS chromotest and comet Modulatory effect on [82]
methanol extract peripheral blood lymphocytes ~ assays genotoxicity
Gracilaria gracilis and 30 days treatment  Sparus aurata (fish) Extractable nuclear antigen Reduces DNA strand [6]
Fucus vesiculosus, Ulva and comet assay: breaks, chromosomal
rigida. Diet containing cyclophosphamide-induced lesions, and reducing
marine macroalgae genotoxic challenge test oxidative DNA damage
Gymnema montanum 200 pg/mL Human peripheral blood Comet assay: H,O; and Decreases sub-G1-DNA [62]
ethanol leaf extract lymphocytes and HL-60 cell methyl methanesulfonate content in cell cycle
line induced DNA damage analysis and apoptotic
frequencies
Hemidesmus indicus root 10 and 25 pg/mL  lymphoblastic leukemia cell - Prevented extracellular and [171]
hydroalcoholic extract line intracellular events
involved in DNA damage
Hemidesmus indicus root 2 to 32 pg/mL Cultured human lymphocyte Comet assay: cisplatin- Significant reduction in [118]
ethanol extract induced DNA damage frequencies of sister
chromatid exchanges, CA
and micronucleated
binucleate cells (MNBC) at
4 and 8 pg/mL
Hibiscus sabdariffa 0-1000 ng/mL Murine bone marrow (BMCs)  Comet assay: H2O»-induced  Increases GSH and SOD [69]
aqueous extract for 24 h exposure  cells DNA damage levels; decreases reactive
oxygen species (ROS) level
and oxidative DNA damage
profile
Hibiscus sabdariffa 13 mg gallicacid Human lymphocytes. Comet assay Prevented DNA damage [77]
aqueous extract equivalents/g dry
weight
Juniperus communis 5-100% v/v Allium cepa Comet assay Inhibited the mitogenic [126]
hydroethanolic extract effect
Koelreuteria paniculata - pUC18/calf thymus Fenton's reagent induced Both showed antioxidant [63]

leaf methanol extract and
hexane fraction

DNA damage

and DNA protective effects
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Extracts/ Preparations Dose/Conc. Test system Test model Findings References
(R/IA)
Lactuca sativa 50 and 400 N2a cells Comet assay: single cell gel Extract at 400 pg/mL [172]
hydroalcoholic extract of pg/mL electrophoresis reduced DNA
green leaf fragmentation
Melissa officinalis aqueous 100, 250 and 500 CF-1 male mice Alkaline comet and Antigenotoxic and [86]
and methanol extracts mg/kg micronucleus assays antimutagenic effects
Nigella sativa seed extract 10, 50 and 250 PC12 cells Alkaline comet assay: A dose-dependent [140]
pg/mL ischemic insult significant decrease in
DNA damage profile
Nigella sativa oil 2 mL/kg/day for  Adult female Sprague-Dawley  Micronucleus assays Reduces MN incidence, [113]
2 weeks rats DNA damage and CA
frequency
Olea europaea leaf extract 50, 100 and 200  Cultured human blood cells Permethrin-induced Increases antioxidant [119]
mg/L oxidative damage capacity; reduces sister
chromatid exchange and
CA in a dose-dependent
manner
Olea europaea leaf extract  0.125,0.5and 1 Human (n = 6) leukocytes Comet assay Reduces DNA damage [173]
mg/mL (attenuate formation of
DNA lesions) at smaller
concentrations
Opuntia microdasys 0.03-30 mg/mL Allium cepa Comet assay; H.O; - Anti-mutagenic effect [97]
extracts mediated DNA damage
Origanum vulgare ethanol 50, 100, 200, or Mouse bone marrow cells Micronucleus assay: Reduces the number of [111]
extract 400 mg/kg for cyclophosphamide-induced MNPE and normalized the
7 days DNA damage mitotic activity in a dose-
dependent manner
Origanum vulgare aqueous 2.5 and 5% DNA biosensor Square wave voltammetry Genoprotective and [102]

extract

(SWV) technique

antioxidative effects
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Extracts/ Preparations Dose/Conc. Test system Test model Findings References
(R/IA)

Orthosiphon stamineus 250, 500 and Bone marrow cells of Bab/c Micronucleus assay Modulated MNPE/PMNE [14]
50% ethanol extract 1000 mg/kg mice ratio, mitotic index (Ml),

and CA values in mice,

suggesting genoprotective

potential
Panax quinquefolius 200 mL of Human (n = 7) lymphocytic Alkaline comet assay: UVg Protected cellular DNA [107]
(American ginseng) infusion irradiation induced DNA from oxidative stress

damage
Panax quinquefolius and - Human (n = 3) lymphocytes Comet assay: H,O2-induced  Reduces DNA damage [59]
Panax ginseng (American DNA damage score
and Asian ginseng)
Paullinia cupana hydro- 0.5,1,5,10and  Embryonic fibroblast cultured  Sodium nitroprusside Both showed antioxidant [66]
alcoholic extract 20 mg/mL (NIH-3T3) cells induced genotoxicity and DNA protective effects
Parkinsonia aculeata leaf 0.1-2.0 ppm Allium cepa Maleic hydrazide induced Increases Ml and great [120]
extract chromosomal aberration reduction in CA
assay

Phyllanthus orbicularis 10, 100 and 100  Plasmid DNA Radiation exposure Protective effect against [174]
extract pg/mL DNA damage induced by

environmental sunlight

radiation
Pinus banksiana and Picea 10 and 30 ug/mL  Human Jurkat T cells Comet assay: H.O.-induced  Increases GSH and CAT [57]
sitchensis extracts DNA damage levels; decreases

interleukin-2 (IL-2)

production and oxidative

DNA damage
Pinus halepensis aqueous 100, 250, 350 and  pBluescript M13 (+) plasmid DNA damage generated by DNA protective effects [78]
methanol extract 500 pg/mL DNA H>0; and UV radiations
Polyscias filicifolia 0.31-10 mg/L Salmonella typhimurium SOS/umuC assay Antigenotoxic effect [88]
methanolic extracts assays
Punica granatum aqueous 400, 600 and 800  Swiss albino mice Bone marrow micronucleus Antioxidant and [50]

leaf extracts

mag/kg

test

antigenotoxic potential
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Extracts/ Preparations Dose/Conc. Test system Test model Findings References
(R/IA)
Quercus ilex agueous 100, 250, 350 and  pBluescript M13 (+) plasmid DNA damage generated by DNA protective effects [78]
methanol extract 500 pg/mL DNA H>0; and UV radiations
Rhoeo discolor ethanol - Salmonella typhimurium and Ames test and comet assay Non-genotoxic and anti- [122]
crude extract hepatocyte cultures mutagenic effects
Rosa roxburghii fruit 2-50% v/v Salmonella typhimurium Ames test (metabolic Significant anti-mutagenic [123]
extract strains (TA98, TA100 and activated mutagens 2- effect
TA102 acetylaminofluorene and
aflatoxin B1)
Rubus fruticosus leaves, 400, 800 and Allium cepa assay H20,-mediated damage All the extracts expressed [79]
Vaccinium myrtillus leaves, 1200 pg/mL high protective activity
Potentilla erecta roots,
Geum urbanum aerial parts
and Phaseolus vulgaris
pods
Salvia officinalis and - Human HepG2 cells Comet assay: H.O. and 2,3-  Antioxidant and [67]
Thymus vulgaris dimethoxy-1,4- genoprotective capacity
naphthoquinone-induced
DNA damage
Saraca asoca bark extract 50, 100 and 500  Salmonella strains and Swiss Metabolic activation & Antigenotoxic and anti- [125]
mg/kg albino male cyclophosphamide induced mutagenic property
DNA damage
Schinus terebinthifolius 16.8, 33.6, and Allium cepa and Swiss mice Comet and micronucleus Promotes cellular genome [87]
leaves methanol extracts 50.4 mg/L assays integrity by desmutagenic
and bioantimutagenic
activities
Selaginella bryopteris - - - Anti-carcinogenic and [175]
chemopreventive activities
Solanum aculeatissimum, 25-100%w/w Human lymphocytes Comet assay: H,O.-induced  Inhibited oxidative DNA [76]

Solanum melongena and
Solanum torvum

oxidative DNA damage

damage
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Extracts/ Preparations Dose/Conc. Test system Test model Findings References
(R/IA)
Spondias mombin, 0.5-20 mg/mL Allium cepa assay Nitrate-induced Chemopreventive activity [81]
Nymphea lotus and Luffa chromosomal aberration through reduction of
cylindrica root aqueous cytological aberration
extracts
Stryphnodendron 0.012-3.92 Human keratinocytes and GEMO assay: H20-- Reduces oxidative DNA [75]
adstringens hydroalcoholic  mg/mL fibroblasts triggered DNA fragmentation damage
extract
Terminalia arjuna extracts ~ 50-200 pg/mL PC-12 cells Comet assay: H202-induced ~ Decreased DNA damage [64]
DNA damage
Vaccinium ashei berries 2.6-3.2 mg/kg Mouse hippocampus and Comet assay: H.O2-induced  Exerts a protective effect [53]
lyophilized extract of cerebral cortex DNA damage against DNA damage
Ziziphus jujuba fruit 250, 500, 1000 & Liver, kidney and bone Comet assay: methyl Inhibited DNA damage in a [176]
ethanol extracts or betulinic 10, 20, 40 pg/mL  marrow cells of mice methanesulfonate-induced dose-related manner
acid (24 h exposure) DNA damage
Plant and natural products
Bee-pollen or propolis 2.5% Oreochromis niloticus Comet assay Reduction in the frequency [115]
of CA, MN and DNA-
fragmentation
Black liquor waste (major ~ 50, 100 and 200 Mouse bone marrow cells Comet assay: Decreases MN frequency [114]
by-product of palm oil) mg/kg cyclophosphamide-induced and recovered
DNA damage polychromatic erythrocytes
(PCE)/ normochromatic
erythrocytes (NME) ratio
Buckwheat and tartary - Human hepatoma (HepG2) cell  Tert-butyl hydroperoxide Both decreased DNA [43]
buckwheat flour line induced DNA damage damage
Brewers' spent grain (a by-  2.5% v/v U937 cells Comet assay: H.O.-induced  Decrease DNA damage [65]
product of the brewing DNA damage
industry)
Coffea sp. Melanoidin- 50 pL HT-29 cells Alkaline comet assay Decrease DNA oxidative [177]

digested fractions of coffee
beans

damage
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Extracts/ Preparations Dose/Conc. Test system Test model Findings References
(R/IA)
Coffea sp. Spent coffee 37-1000 pg/mL.  Human (HeLa) cells at short (2 Comet assay: H-O.-induced  Significant decreased [40]
extract h) and long (24 h) exposure DNA damage oxidative DNA damage
times after 24 h exposure

Commercial grape- - Swiss mice X-ray radiation (50 cGy) Reduced the frequency of [178]
procyanidins and citrus induced genotoxicity MNPE in mouse bone
flavonoids extract marrow
Commercial orange juice - Human (n = 6) lymphocytic Alkaline comet assay: H,O,-  Decreases DNA damage [93]

induced DNA damage
Commercial Yunzhi extract 10*-10° pg/L Human lymphocytic Alkaline comet assay: H.O2-  Yunzhi at 10% ug/L [92]

induced DNA damage demonstrated a

genoprotective effect
against oxidative damage

Grape seed extracts 102-10"° g/mL Human lymphocytic Alkaline comet assay: H.0.-  Antioxidant capacity and [60]

induced DNA damage decrease DNA damage
Manuka honey 25-1000 pg/mL Human whole blood Comet assay: H,O2-induced  Significant protective effect [45]

DNA damage against DNA damage
Red wine powdered 200 ug/mL (24 h  Colon cancerous (HT-29) cell ~ Comet assay: oxidative stress Reduces oxidative DNA [98]
pomace seasonings preincubation) mediated DNA damage damage in cells
Roselle-Olive 125, 250 and 500  Rats Oxidative damage Decreases oxidative DNA [96]

mg/kg/day for 4 damage
weeks
Septilin (a polyherbal drug 125, 250 and Bone marrow and peripheral Micronucleus assay: No significant induction of [116]
formulation) 500 mg/kg blood cells in Swiss albino cyclophosphamide-indued MN, decreased clastogenic
mice DNA damage effect

Xiao Jian Zhong Tang - Human (n = 6) lymphocytic Alkaline comet assay: H.O,-  Decreases DNA damage [94]

(Chinese herbal
preparation)

induced DNA damage

ALP alkaline phosphatase, CA chromosome aberrations, CAT catalase, GPx glutathione peroxidase, GSH glutathione, GST glutathione S-transferase, 1L

interleukin, MI mitotic index, MN micronuclei, MNBC micronucleated binucleate cells, MNPE micronucleated polychromatic erythrocytes, NME

normochromatic erythrocytes, PCE polychromatic erythrocytes, ROS reactive oxygen species, SWV Square wave voltammetry.
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3.2.2. Isolated Substances

Oxidative stress is caused by an excessive production of reactive oxygen species (ROS) and an
imbalance between ROS and antioxidants, as well as a perturbation of cellular redox balance [127].
Reactive oxygen/nitrogen species (ROS/RNS) are represented by various types of radicals such as
superoxide anion radical, hydroxyl, alkoxyl, and lipid peroxyl radicals, nitric oxide, and peroxynitrite
that cause oxidative stress. Oxidative stress causes structural modifications and loss of functions of
cellular macromolecules, including carbohydrates, lipids, proteins, and nucleic acids (e.g., DNA,
RNA). Protein, including nucleoprotein damage may occur with thiol oxidation, carbonylation, side-
chain oxidation, fragmentation, unfolding and misfolding, resulting in loss of activity [128].

Natural antioxidants present in food and medicinal plants, such as polyphenols, flavonoids, and
carotenoids, have many important biological effects, including antioxidant, anti-inflammatory, anti-
aging, anti-atherosclerosis, and anticancer effects. Effective extraction and proper use of these
substances from food and medicinal plants are crucial for exploring the potential antioxidant sources,
and to promote their application [129]. Table 2 presents the substances isolated from various biological
sources that show genoprotective effects on experimental animals [112,130-132] or human and animal
cells [54,106,133-151] and tissues [152-155], Allium cepa assay [156], and on other test systems
[157,158]. Findings from this review suggest that substances of natural origin can act against
chemical/drug-induced oxidative stress on cellular DNA such as celastrol which has been proposed as
a therapeutic option to reduce cisplatin-induced nephrotoxicity [146]. Moreover, some substances such
as retinoids, isolated from the roots of Boerhaavia diffusa, increase the level of antioxidative enzyme
SOD [134], whereas naringin increases the levels of GPx and SOD in animal cells [152].

3.2.3. Synthetic Derivatives

Cyclophosphamide (CP) has been recognized as one of the most widely used antineoplastic
drugs, apart from being a powerful immunosuppressive agent. It is also the most frequently used drug
in blood and marrow transplantation (BMT), but its adverse effects are hepatotoxicity and
genotoxicity. It has been shown that CP, at relatively large concentrations, induces cytogenotoxic
effects on certain types of cells, including bone marrow stem cells, liver, and intestinal epithelium of
the host [159]. Alternatively, oxovanadium-L-cysteine methyl ester (1, 3, and 5 mg/kg) significantly
reduced CA, MN formation, and DNA fragmentation in mouse lymphocytes, and could protect against
CP-induced hepatotoxicity and genotoxicity in vivo [160].

On the other hand, hydrogen peroxide (H2>O-) can oxidize a wide range of substrates including
genetic material and causes biological damage. It can generate hydroxyl radicals (*OH) and higher
oxidation states of iron, which could be toxic for normal cells [161]. Interestingly, mycosporine-2-
glycine (0.1-100 pM) a natural substance used as a sunscreen, was found to have significant
antioxidant activity and protect against H,O»-induced oxidative damage to DNA in human melanoma
(A375 and NHSF) cells [162].

Doxorubicin (DOX) is a widely used drug in the treatment of a broad spectrum of human types
of cancer. However, it causes myelosuppression and genotoxicity that may cause secondary
malignancy and dose-dependent cardiotoxicity [163]. It interacts with DNA by intercalation and
inhibits macromolecular biosynthesis [164]. It also stabilizes the topoisomerase II complex that can
increase quinone-type free radical production, and therefore having a cytotoxic effect on cells [165].
Hajra, Patra, Basu and Bhattacharya [163] analyzed the bioactivity of indole-3-carbinol against DOX-
induced toxicity in mice. They have found that indole-3-carbinol at 20 mg/kg has antioxidant and anti-
inflammatory effects in Swiss albino mice, and they have suggested that this compound has promising
chemo-protective effects against DOX-induced toxicity, therefore, they have suggested that it could be
used as an adjuvant treatment in chemotherapy [163]. Table 3 presents some genoprotective synthetic
derivatives.
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Table 2. Genoprotective effects of isolated compounds

Isolated compounds Dose/Conc. (R/A) Test system Test model Findings References
BTK-8L from plant - - Tetrachloromethane-induced  Lowering of the death rate [130]
steroids toxicity
B-Carotene 5 mg/kg (p.o.) for 7 Rats Gamma irradiation (7 Gy) Significant inhibition of [136]

consecutive days exposure fequency of micronucleus (MN)
formation, the ratio of
PCES/NCEs and the mitotic
index (M) in the bone marrow
cells
Carnosol - PNT2 (nhormal X-ray doses (4, 6, 8 and 10 Decrease DNA damage [142]
prostate) and Gy) induced DNA damage
B16F10
(melanoma) cell
lines
Celastrol 50, 100 and 200 NRK-52E cells  Alkaline comet assay. Reduced DNA damage. [146]
nM Cisplatin-induced Improved oxidative stress
nephrotoxicity markers.
Chlorogenic acid 200 uM HL-60 cells Comet assay / 4- Antigenotoxic and antioxidative [147]
nitroquinoline 1-oxide effect
Chlorogenic acid 5and 50 uM HL-60 cells Micronucleus assay Significant genoprotective [148]
capacity
Citroflavan-3-ol - U937 cells Comet assay: hydrogen Showed protective effects against [54]
peroxide (H202) and tert- oxidative DNA damage
butylhydroperoxide induced
DNA damage
Curcumin 100 mg/kg Lung and livers ~ Benzo(a)pyrene-induced Significantly decreased the levels [153]
of male Swiss DNA damage of 8-oxo0-2'-deoxyguanosine
albino mice content and %DNA in the comet
tail in both tissues
Curcumin 100 mg/kg (p.o.) Rats Micronucleus assay: Significant reduction in MN [131]
cypermethrin-induced DNA  formation and, marked reduction
damage in DNA damage
Curcumin 100 mg/kg daily for Rats Comet assay: mancozeb- Genoprotective effect [132]
10 weeks induced genotoxicity

448



449 Torequl Islam et.al., Rec. Nat. Prod. (2021) 15:6 433-462
Isolated compounds  Dose/Conc. (R/A) Test system Test model Findings References
Cynarin 12-194 uM Human Chromosome aberrations, Antigenotoxic effects rather than [150]
lymphocytes sister chromatid exchanges,  genotoxic effects
micronucleus, and comet
assays
Essential oils from - SOS Chromotest  UV-induced DNA damage  Reduced DNA damage [157]
Lippia spp.
Epigallocatechin 0.5and 5 uM HL-60 cells Micronucleus assay Significant genoprotective [148]
gallate capacity
Flavonoids from 2 g for 6 months Buccal epithelial Comet assay Dark chocolate significantly [144]
cocoa cells prevented DNA damage and
improved the nucleus integrity
Gambogic acid 0.01-1.0 mM Allium cepa Chromosomal aberration Antigenotoxic effect at lower [156]
assay: H.O»-induced DNA concentration
damage
Gallic acid 100, 200 and 400 Swiss albino Bone marrow and peripheral  Reduced the frequency of [149]
mg/kg mice blood micronucleus assays micronucleus and DNA strand
and comet assay breaks induced by
cyclophosphamide.
Geraniol 10-100 pg/mL Human N-methyl-N"-nitro-N- Reduced the frequency of [145]
lymphocyte nitrosoguanidine induced chromosome aberrations and MN
DNA damage
Hyaluronic acid 0.2% Cultured human  Alkaline comet assay: Decrease DNA damage (tail [139]
corneal benzalkonium chloride- length and tail moment, and by
epithelial cells induced DNA damage yYH2AX foci formation) and cell
apoptosis
Morin 5-20 uM Pancreatic - Comet assay: H,O»- induced Reduced DNA damage [143]
cells DNA damage
Myricetin 25-100 M Primary rat Ferric nitrilotriacetate Decreased oxidative DNA [135]

hepatocytes

induced genotoxicity

damage
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Isolated compounds  Dose/Conc. (R/A) Test system Test model Findings References
Naringin 2.5 at50 pM DNA biosensor  Square wave voltammetry Higher antioxidant effect at [158]
(SWV) technique concentration of up to 10 uM. No
clear conclusion, an excessive
naringin concentration induces
DNA oxidation
Naringin 20 and 40 mg/kg Liver kidney and - Significantly increased in GPx [152]
brain cells of and SOD, while reducing lipid
Balb/C mice peroxidation at 40 mg/kg
Pelargonidin chloride 0.5 uM HL-60 cells Comet assay / 4- Antigenotoxic and antioxidative [147]
nitroquinoline 1-oxide effect
Pelargonidin chloride  0.05 and 0.5 uM HL-60 cells Micronucleus assay Significant genoprotective [148]
capacity
Piperine 20 mg Lung and livers  Benzo(a)pyrene-induced Significantly decreased the levels [153]
of male Swiss DNA damage of 8-0x0-2'-deoxyguanosine
albino mice content and %DNA in the comet
tail in both tissues
Polysaccharides from 20 mg/kg (14 days) Bone marrow Comet assay Reduced the intensity of [154]
Tussilago farfara cells and small polychemotherapy-induced
intestinal apoptosis and DNA damage
epithelium in
C57BI/6 mice
Quercetin 0.01-100 uM NCTC 2544 H202and UVc radiation Genoprotective activity on [137]
cells induced genotoxicity mitochondrial DNA
Quercetin 10-100 mg/kg body  Swiss mice Gamma radiation exposure  Mitigation of radiation-induced [151]
weight mortality and cytogenetic
damage
Retinoids isolated - Caco-2 cells Comet assay: H.O2-induced  Boeravinone G increased SOD [134]
from the roots of DNA damage activity and reduced DNA
Boerhaavia diffusa damage
Resveratrol 10 and 100 nM HL-60 cells Micronucleus assay Significant genoprotective [148]

capacity

450



451 Torequl Islam et.al., Rec. Nat. Prod. (2021) 15:6 433-462
Isolated compounds  Dose/Conc. (R/A) Test system Test model Findings References
Resveratrol - U937 cells Comet assay: hydrogen Showed protective effects against [54]
peroxide (H20,) and tert- oxidative DNA damage
butylhydroperoxide induced
DNA damage
Resveratrol 100 uM C6 astrocyte cell  Ammonia-induced DNA Prevented DNA damage [133]
line damage
Resveratrol 10, 15, 25, 40, 75 Lymphocytes Aflatoxin Bi-induced DNA  Reduced DNA damage that leads [141]
and 100 uM damage to the formation of chromosomal
aberrations (CA) and sister
chromatid exchanges
Rutin 10-100 mg/kg body  Swiss mice Gamma radiation exposure  Mitigation of radiation-induced [151]
weight mortality and cytogenetic
damage
Rosmarinic acid 10-40 uM Human (n =2) Micronucleus assay and X-  Significant genoprotective [106]
lymphocytes &  ray-induced genotoxicity capacity
melanoma cells
Thymoquinone 1,5and 10 pg/mL  PC12 cells Alkaline comet assay: A dose-dependent significant [140]
ischemic insult decrease in DNA damage profile
Vitamin E and F 50 and 100 mg/kg  Rats Arsenic-intoxication Significant reduction in the [112]
frequency of MN-induced
apoptosis and oxidative stress
Zingerone 10 pg/mL Human Cytokinesis blocked Protective effect against DNA [138]
lymphocytes micronucleus assay: 2Gy damage

gamma radiation induced
DNA damage
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Table 3. Genoprotective effects of synthetic derivatives from natural products.

Derivatives Dose/ Test system Test model Findings References
Concentration
Indole-3- 20 mg/kg Swiss albino  Comet assay: Antioxidant, [163]
carbinol mice doxorubicin- anti-
induced genotoxic inflammatory
and
genoprotective
effects
Mycosporine-  0.1-100 pM Human Comet assay: Protected the [162]
2-glycine melanoma hydrogen peroxide DNA against
(A375 and induced DNA oxidative
NHSF) cell damage damage
lines
Oxovanadium- 1,3 and5 Mouse Comet assay: Significant [160]
L-cysteine mg/kg lymphocytes  cyclophosphamide-  reduction of
methy| ester induced DNA chromosomal
damage aberrations,
micronuclei

formation, DNA
fragmentation

4. Conclusions

The data presented in this review indicate that several substances derived from natural origin can
be developed as commercial products for human medicine, veterinary medicine, and for healthy food as
well as for plant protection. The findings of this critical review also indicate that the pharmaceutical
industry moves towards screening of synthetic chemical libraries for substances that are effective against
many potential therapeutic targets, including new targets identified from the human genome sequencing
project, largely to exclude natural products. Considering the high volume of natural products sold in the
different countries for therapeutic purposes, it is important to know their efficacy and safety. This review
analyzes a number of medicinal herbs, fungi, and marine products, as well as their derivatives which have
genoprotective effects in different prokaryotic and eukaryotic test systems. Accordingly, this paper might
be a source of information to researchers, especially to those who work in the field of development of
drugs from natural origin.
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