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The term "genotoxicity" is defined as the presence of a substance that 
has a detrimental effect on the genetic material (DNA, RNA) of the cell, 
hence impairing the integrity of the cell. Mutagens called genotoxins 
can potentially damage DNA or chromosomal material, resulting in a 
mutation. Genotoxins are substances that can harm DNA or 
chromosomal structure, resulting in mutations. It can be radiation or 
chemicals. Regulatory agencies worldwide demand data on the new 
drug’s potential to cause genotoxicity as part of the safety evaluation 
process. While the damage to the germ cell will result in heritable 
disorders, the damage to the somatic cells will result in various 
diseases, including cancer. Regulatory agencies worldwide demand 
data on the new drug’s potential to cause genotoxicity as part of the 
safety evaluation process. 
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Introduction 

The degree to which a chemical 

compound or a specific combination of 

chemicals can harm an organism is known as its 

toxicity. Toxicity can refer to the influence on 

an entire organism, such as an animal, 

bacterium, or plant, as well as the impact on an 

organism's cell structure or an organ, such as 

the liver, through cytotoxicity or 

hepatotoxicity. A key idea in toxicology is that 

a toxin's effects are dose-dependent; for 

example, drinking too much water can cause 

water intoxication, yet even a chemical as 

poisonous as snake venom has a safe dosage 

range below which there are no detrimental 

effects to be seen. The concept of toxicity 

endpoints is being maintained as newer 

paradigms and metrics are emerging to replace 

animal testing [1]. 

Genotoxicity 

In genetics, the term "genotoxicity" 

indicates the presence of a substance that has a 

detrimental effect on the genetic material 

(DNA, RNA) of the cell, hence impairing the 

integrity of the cell. Mutagens called 

genotoxins can potentially damage DNA or 

chromosomal material, resulting in a mutation 

[19]. Radiation and chemicals are both 

potential genotoxins. The field of study known 

as genetic toxicology investigates agents or 

compounds that can harm a cell's chromosomes 

and DNA [11]. 

Genotoxins can be of the following category 

depending on their effects 

• Carcinogens or cancer-causing agents 

• Mutagens or mutation-causing agents 

 
• Teratogens or birth defect-causing 

agents 

In eukaryotic species, malignancy (cancer) 

may result from damage to somatic cells' 

genetic material. Alternatively, genetic damage 

to the germ cells may result in heritable 

mutations that cause birth abnormalities (Figure 

1). Any type of mutation is possible, involving 

the duplication, insertion, or deletion of genetic 

data. These mutations may result in several 

issues in the host, from various illnesses to 

malignancy [3]. Finding the substance or 

chemical, such as antimutagens/antiiclastogens 

(which suppress or inhibit the mutagenesis 

process by directly acting on the cell 

mechanism) and demutagens (which partially 

destroy or inactivate the mutagens), is one of 

the best ways to control the damage caused by 

mutagens and carcinogens. or fully, thereby 

affecting less population of the cell) from the 

medicinal plants to be used as antimutagenic 

and anticarcinogenic food or drug additives 

[18]. 

 

Fig 1: Risk of Genotoxicity 

Source [3] 
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Importance of genotoxicity 

Genotoxicity investigations are various in 

vitro and in vivo tests intended to find any drug 

or substances that may damage genetic material 

directly or indirectly in various ways. These 

tests should make it possible to spot potential 

risks for DNA fixation and damage [7]. Only 

genetic change, which includes the repair of 

DNA damage caused by gene mutation, 

extensive chromosomal damage, 

recombination, or numerical chromosomal 

changes, plays a role in the intricate process of 

heritable effects and cancer [4]. When a 

substance tests positive, it can be determined if 

it has the potential to be genotoxic and 

carcinogenic. Regulatory agencies worldwide 

demand data on the new drug’s potential to 

cause genotoxicity as part of the safety 

evaluation process [2]. Typically, the safety 

assessment includes consideration of 

genotoxicity and other toxicological endpoints 

[23]. 

Since both possible heritable germ cell 

damage and carcinogenicity have similar 

precursors, the same testing procedures are 

used in the early testing phases to anticipate 

both endpoints [18]. While showing a link 

between heritable disorders and exposure to 

specific chemicals has been challenging, a tie 

between the two has been established for 

carcinogenesis [26]. Studies on genotoxic 

effects have primarily been utilised to forecast 

a substance's carcinogenic potential [19]. 

 
Mechanism of genotoxicity 

The interactions of the genotoxic 

chemical with the DNA structure and sequence 

 

damage the genetic material [26]. These 

genotoxic agents interact with the DNA 

structure at a particular site or base sequence, 

resulting in lesions, breaking, fusion, deletion, 

mis-segregation, or non-disjunction, which 

results in damage and mutation [24]. For 

instance, the transition metal chromium 

interacts with DNA in its high-valent oxidation 

state to cause DNA lesions, which result in 

carcinogenesis [5]. High-valent chromium has 

been classified as a carcinogen because studies 

have shown that the mechanism of damage and 

base oxidation products for the interaction 

between DNA and high-valent chromium are 

related to the in-vivo creation of DNA damage 

leading to cancer in the population exposed to 

chromate. (Fig2). 

 

Fig 2: Mechanism of genotoxicity Source [7] 

 

Reactive oxygen species cause one of 

DNA's most abundant oxidative lesions and are 

8- hydroxy deoxyguanosine (8-OHdG), a 

potent mutagenic lesion. Reactive aldehydes, 

such as 4-hydroxynonenal (4-HNE), are 

produced by the breakdown of lipid peroxyl 

radicals, the major free radical intermediate of 
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lipid peroxidation [10]. Numerous studies have 

suggested that 4-hydroxynonenal might boost 

cell proliferation, differentiation, and 

cytoprotective response by impacting 

numerous signaling pathways [9]. 

Genotoxicity assay 

A genotoxicity assay is performed to 

check the genotoxic potential of drugs and 

chemicals and the presence of Geno-toxicants 

inthe natural system (Geno-toxicant pollution) 

[21]. There are two approaches to 

genotoxicity assay 

• In vitro assay 

• In vivo assay 

There are many in-vitro genotoxicity 

testing methods available. Some of the 

commonly used tests are as follows: 

1.  Mammalian chromosome aberration test 

The primary goal of the mammalian 

chromosome aberration test is to find the 

agents that can alter the structure of 

chromatids, which are the most frequent type 

of structural alteration in chromosomes 

[25]. This test can also be used to detect 

polyploidy and duplication, two additional 

kinds of chromosomal abnormalities [7]. 

Although there isn't always a direct 

association, a positive test result indicates a 

possible mutagenic or carcinogenic substance 

[22]. 

 
2. Bacterial reverse mutation test 

Ames developed bacterial reverse 

mutation testing. The bacterial reverse mutation 

test is used to identify the mutation spots, which 

may involve substitution, deletion, or addition 

of one or more DNA base pairs, in Salmonella 

typhimurium and Escherichia coli strains that 

 

require amino acids [9]. The basic idea behind 

the test is that once the mutation has been 

found, it may be corrected, restoring the mutant 

cell's capacity to synthesis histidine. The 

parent test strain's capacity to proliferate in the 

absence of amino acids is used in this test to 

distinguish between different bacterium cells 

[19]. As an initial screening test for 

genotoxicity or mutagenicity, the bacterial 

reverse mutation test is frequently employed 

since it is quick, affordable, and simple to carry 

out [13]. 

 
3. Mammalian cell gene mutation test 

This test is used to identify gene 

mutations brought on by chemicals. The 

L5178Y mouse lymphoma cell line, the CHO, 

CHO-AS52 and V79 lines of Chinese hamster 

cells, and the TK6 human lymphoblastic cell 

line are examples of frequently used cell lines. 

Thymidine kinase (TK), hypoxanthine-guanine 

phosphoribosyl transferase (HPRT), and a 

transgene of xanthine-guanine phosphoribosyl 

transferase (XPRT) mutation are among the 

outcomes that are detected [20]. 

4. Comet assay 

It is one of the often employed in-vivo 

assays for determining the risk of substances 

with the potential to cause genotoxicity or 

mutagenicity [12]. It aids in detecting DNA 

damage and finds a variety of primary DNA 

lesions that cannot be found with any other 

assays. A wide range of tissues or unique cell 

types can be subjected to this test. It needs a few 

cells per sample, can be finished quickly, and is 

sensitive to very low amounts of DNA damage 

[13]. 
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Fig. 3:   DNA   damage   (Head,   tail) 

Source[12] 

5. Micronuclei test 

It is a test to determine the extent of 

chromosomal or spindle damage. The cell 

may get damaged upon exposure to the 

mutagen, and upon division, it will produce a 

tiny micronucleus in addition to the main 

nucleus. Micronuclei form when replicating 

cell populations experiences chromosomal 

breakage by clastogens (agents that cause 

chromosomal breakage) or chromosome loss 

by mitotic spindle failure [17]. This test, 

which is equally sensitive to the time- 

consuming cytogenetic analysis, can also be 

used to evaluate the cytogenetic damage 

brought on by exposure to genotoxic 

substances [5, 23]. 

 

 

 

 

 

 

 

 

Fig.4: Micronuclei Source [7] 

Conclusion 

Genotoxins are substances 

that can interact with DNA, altering its 

structure and producing mutations 

that can result in cancer. Genotoxic agents 

interact with the DNA structure at a particular 

site or base sequence, resulting in lesions, 

breaking, fusion, deletion, mis-segregation, or 

non-disjunction, which results in damage and 

mutation. In eukaryotic species, malignancy 

(cancer) may result from damage to somatic 

cells' genetic material. Alternatively, genetic 

damage to the germ cells may result in heritable 

mutations that cause birth abnormalities. To 

prevent the potential harm that can result from 

it, it is crucial to conduct genotoxicity tests. 
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