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What is Genotoxicity? 

The fact that a chemical substance is genotoxic means that it can 

bind to the nucleophilic regions of the macromolecules (DNA…) 

due to its electrophilic property. Since DNA is a molecule that 

carries hereditary information; genotoxicity can be defined as a 

toxic effect that occurs in the genetic material of cells. 



If a more detailed definition is made considering the direct and 

indirect effects that may occur in DNA:  

• Induction of mutation  

• Observation of indirect events related with mutation 
(unplanned DNA synthesis etc.) 

• Observation of DNA damage (adduct products formation etc.) 

can be defined as a sequence of events (which can cause 
mutation). 

What is Genotoxicity? 
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Genotoxicity, Mutation and Cancer 

Mutation is permanent hereditary changes in somatic or germinal 

(sex) cells. Thus, the mutation can cause body cells to change 

and/or be transported to other generations by germinal cells. A 

genotoxic effect can often be repaired inside the cell and not cause 

mutations. However, genotoxic effects that cause irreparable 

damage are known to cause mutations. 



Many scientific studies support a significant relationship between 

genotoxicity and cancer.  

This relationship is the basis for the use of genotoxicity 

biomarkers as an indicator in human monitoring studies against 

the risk of cancer formation. 
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Genotoxicity and cancer relationship; 
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Genetic toxicity in danger or risk definition; 

The role of genetic changes in cancer development has further 

increased the importance of genetic toxicity tests in identifying 

potential carcinogens. Accordingly, short-term test methods that 

can show many cytogenetic changes that are thought to be related 

to cancer development have been developed. 
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Genetic toxicity in danger or risk definition; 

 

Many studies comparing the carcinogenic effects of chemical 

substances with these short-term tests have been conducted and are 

still continuing. At this point, no short-term test alone is sufficient 

to predict cancer. For this reason, more than one short-term test 

should be performed together in order to indicate that a chemical 

can cause cancer in humans. 
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Genetic toxicity in danger or risk definition; 

International Agency for Research on Cancer (IARC) reports that 

the vast majority of currently detected human carcinogens respond 

positively to the short-term tests Salmonella (Ames test) and 

chromosomal damage tests currently in use. However, it is not 

possible to detect that non-genotoxic (such as hormones) 

epigenetic carcinogens are carcinogenic by these short-term tests. 
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Classification of carcinogens 
Number of 

chemicals 

Genotoxic/Carcinogenic 

ratio (%) 

1: Carcinogenic to humans 120 83 

2A: Probably carcinogenic to humans 81 72 

2B: Possibly carcinogenic to humans 294 60 

3: Not classifiable as to its carcinogenecity to 

humans 
505 27 

4: Probably not carcinogenic to humans 1* 

IARC CLASSIFICATION 

* Caprolactam.(common synthetic polymer) 



http://monographs.iarc.fr/ENG/Classification/ 



https://monographs.iarc.fr/agents-classified-by-the-iarc/ 
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Genetic Biomonitoring; 

Genetic biomonitoring (occupational or environmental monitoring of genotoxic effects 

that may occur in a population that is exposed to a chemical) use genetic toxicology 

methods. Thus, genotoxic exposure in a certain population can be identified earlier. In 

addition, individuals at high risk can be identified and intervention priorities can be 

determined. The use of bioindicators in a group exposed to a factor both saves time and 

prevents the occurrence of undesirable effects (such as cancer). 

TIME 
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Samples taken or used in biomonitoring must meet many criteria, such as easy 

availability and representation of the target tissue.  

Below are the bioindicators used in genetic biomonitoring of genotoxic 

exposures and cell and tissue samples used for this purpose. 

Bioindicators Used in Genetic Biomonitoring Cell/Tissue Samples 

Chromosomal Abberation (CA) Lymphocytes 

Sister Chromatid Exchange (SCE) Lymphocytes 

Micronucleus (MN) Lymphocytes 

Point Mutation (HPRT) Lymphocytes and other tissues 

DNA adducts DNA isolated from cells or tissues 

Protein adducts Hemoglobin, Albumin 

DNA strand breaks (COMET) DNA isolated from cells or tissues 

Oncogen activation DNA or isolated specific proteins 

Mutations/oncoproteins Various cells and tissues 

DNA repair Cells isolated from blood samples 





IN VIVO GENOTOXICITY TESTS 
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The relationship between  
Genetic biomonitoring and cancer risk evaluation; 

Although the number of chemicals that induce cytogenetic changes 

in humans is limited, many known carcinogens have been found to 

cause damage in lymphocyte chromosomes. 

The amount of genetic damage occurring as in alkylating agents 

used in the treatment of vinyl chloride, benzene, ethylene oxide and 

cancer is an indication of exposure, that is, the damage increases as 

the exposure increases. Therefore, for example; positive results from 

tests performed after exposure to certain chemicals occupationally; 

it shows the obligations to perform various applications to improve 

workplace working conditions. 
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Much of the experience with cytogenetic biomonitoring 

applications results from high concentrations of occupational 

exposures. Many occupational exposures have been explored by 

different research groups. When these studies were compared with 

each other, it was seen that the studies on the detection of 

chromosomal damage and MN formation were more compatible 

with each other. 

The relationship between  
Genetic biomonitoring and cancer risk evaluation; 
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There are many occupationally exposed and genotoxic chemicals 

in IARC monographs groups 1, 2A and 2B. It is understood from 

the chromosomal damage and MN tests performed in the first 

group that many chemicals which are human carcinogens are also 

clastogenic. This relationship is perceived to be carcinogenic 

chemical substances at the same time being clastogenic. While this 

applies to most chemicals, not all chemicals. It is a known fact that 

not all carcinogens, even if their numbers, cause cytogenetic 

damage. 

The relationship between  
Genetic biomonitoring and cancer risk evaluation; 
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Cytogenetic data 

Humans Animals 

CA SCE MN CA SCE MN 

Group 1, Carcinogens to humans 

Arsenic and Arsenic compounds + + + + 

Asbestos ? - - 

Benzene + + + + 

Cyclophosphamide + + + + + 

Chrome compounds (+6) + + + + + 

Cigarette smoke + + + + 

Vinyl chloride + ? + + + 

Radon + - 

Nickel compounds + - ? 
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Cytogenetic data 

Humans Animals 

CA SCE MN CA SCE MN 

Group 2A, Probably carcinogenic to humans 

Adriamicine + + + + + 

Cisplatin + + + 

Epichlorohydrine + ? + - 

Group 2B, Possibly carcinogenic to humans 

DDT ? + - 

Stiren + ? + ? + + 

IARC: http://monographs.iarc.fr/ 
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