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SOURCES AND TYPES OF CONTAMINANTS

 Genotoxic compounds from/in the food

 Water/cumulative effect

 Medicaments and cosmetic remedies

 Poisonous gases and fumes

 Viruses

 Radiation

Chemical agents 

Biological agents

Physical agents



 capability of substances to damage
DNA and/or cellular components 
regulating the fidelity of the 
genome—such as the spindle 
apparatus, topoisomerases, DNA 
repair systems and DNA 
polymerases —and includes all 
adverse effects on genetic 
information. 

 These potentially harmful effects on 
genetic material may be mediated 
directly or indirectly and are not 
necessarily associated with 
mutagenicity.

 Genotoxicity is therefore a broader 
term than ‘mutagenicity’, which 
refers to the capacity to give rise to 
mutations.

 Ρermanent changes in the structure and/or 

amount of the genetic material of an organism 

that can lead to heritable changes in its 

function, and it includes 

 Gene mutations

 Aneuploidy/Polyploidy: A condition in 

which the chromosome number of a cell or 

individual differs from a multiple of the 

haploid component for that species. It is a 

type of numerical aberration that involves an

individual chromosome or chromosomes but 

not entire set(s) of chromosomes
 Aneugen: An agent that induces aneuploidy in cells 

or organisms.

 Clastogenicity: The capacity to give rise to 

structural chromosomal aberrations in 

populations of cells or organisms

Genotoxic agent Mutagenic agent

Agent- A chemical, biological, or physical entity that 

contacts a target



GENOTOXIC AGENTS

Free radicals 

formation-oxidation of 

cellular 

macromolecules

Influence on 

topoisomerases, DNA  

repair system,  division 

spindle 



MUTAGENIC AGENTS



 Types of mutations: 

Gene mutations

a) Base supstitution

 1. nonsense mutations

 2. missense mutations-substitution of amino acid

 3. silent mutations

a. transitions A into G, G into (purine to purine), T into C, C intoT (pyrimidine to 

pyrimidine) 

b. transversions A into T, C; G into T, C; T into A, G; C into A, G.  (pyrimidine to 

purine or purine to pyrimidine). 

REMEMBER: A single base change will, after replication, result in the change of 

information on both DNA strands. A/T becomes G/C base pair as a result of a 

transition mutation: did A become G or did T become C? Two mispairs both results 

in AT in to GC transitions: A/C or G/T. 

b) Frameshift mutations:

small insertion or deletion of bases, e. g. +1, -2.  Cause protein-coding to be shifted 

out of frame. These usually result in shorter polypeptides but can occasionally 

cause ones longer than normal. 

 4. large rearrangements: deletions, insertions, inversions, translocations



What causes mutations? Mutagenesis can arise by mis-replication (mis-incorporation during DNA 

replication) or as the result of DNA modification post-replication. Spontaneous mutations are 

those that arise during normal reproduction/growth; "induced" mutations are the result of 

environmental mutagens including radiation and chemicals. There is a high correlation between 

mutagens and carcinogens; therefore there is much interest in the mechanisms of mutagenesis 

and the repair processes that function to avoid these mutations.

Spontaneous mutation is rare: 2-12x 10-6 (per generation per gene)-transitions, transversion, 

frameshifts, deletion, and insertions. Some large deletions occur between repeated sequences; it is 

not clear whether these are formed by normal recombination pathways and if they are associated 

with replication. 

Spontaneous mutations can be caused by

1. mistakes made during DNA replication (error rate 10-9)

2. environmental effect: UV light: thymidine dimer; X-ray: break sugar-phosphate DNA back bone; 

Oxidative damages: G --> 8-oxodG (pair with A)

3. chemical changes (hydrolysis): depurination; A,G --> O; deamination: C--> U

Mutagen treatment greatly increases the mutation rate

1. Exposure to: X-ray, UV light (also base modification agent that destroys pairing T-Tdimer)

2. Chemical treatment: 

• base analogs 5’-bromouracil pairs with A or G, 2-aminopurine pairs with T or C

• base modifications inducing misrepair: alkylating agent such as EMS (ethylmethane 

sulfonate) or N'methyl N'nitro N nitrosoguanidine (MNNG) (alkylate the O6 of guanine, which 

is highly mutagenic and causes mispairing with thymine); hydroxylating agent (add OH-group 

to C); deaminating agent such as nitrous acid or hydroxylamine (deaminate C to yield U)

• intercalating agent such as Acridine Orange, Ethidium Bromide (also frameshift mutagen); 

Base modifications which destroy pairing (benzo(a)pyrene, aflatoxin B1 (i.e. most carcinogens!) 

These mutagens or their metabolites modify DNA so that no specific pairing is possible)

3. Transposons that insert into a gene and disrupt the normal reading frame



Point mutations



Frameshift

Base  

supstitution



TYPES OF BASE SUPSTITUTIONS



Aneuploidy



aneugenicityclastogenicity

X-rays, 

cyclophosphamide, 

bleomycin radiomimetic

vincristine



CHROMOSOMAL ABERRATIONS-STRUCTURAL

CHANGES

Chromosomal and chromatid breaks

Acentric, bicentric 

and polycentric

Ring 

chromosomes





SISTERS CHROMATID EXCHANGE

Sisters chromatid exchange (SCE) frequency is a 

commonly used index of chromosomal stability in 

response to environmental or genetic mutagens. 

Symmetrical exchanges between newly replicated 

chromatids and their sisters can be visualized 

cytologically in vertebrate cells if the DNA of one 

chromatid is labelled with 5-bromodeoxyuridine 

(BUdR) during synthesis.



FISH-FLUORESCENT IN SITU

HYBRIDIZATION

 A technique in which a chemically modified DNA 
(or RNA) probe is hybridized with target DNA, 
usually present as a chromosome preparation on 
a microscopic slide. The chemical modification 
can be visualized using a fluorescent microscope 
either directly when the modification involves 
use of a fluorescent dye or indirectly with the use 
of a fluorescently labelled affinity reagent (e.g. 
antibody or avidin). Depending upon the type of 
probe used, this approach can be used to 
precisely map genes to a specific region of a 
chromosome in a prepared karyotype, enumerate 
chromosomes, or detect chromosomal deletions,
translocations, or gene amplifications in cancer 
cells. 



DNA REPAIR (THE CELL: A MOLECULAR APPROACH. 2ND EDITION.)

DNA UNIQUELY SERVES AS A PERMANENT COPY OF THE CELL GENOME, HOWEVER, CHANGES IN ITS STRUCTURE ARE OF

MUCH GREATER CONSEQUENCE THAN ARE ALTERATIONS IN OTHER CELL COMPONENTS, SUCH AS RNAS OR PROTEINS.
DAMAGE TO DNA CAN BLOCK REPLICATION OR TRANSCRIPTION, AND CAN RESULT IN A HIGH FREQUENCY OF MUTATIONS

SPONTANEOUS MUTATIONS MUTATIONS AFTER EXPOSURE



(1) DIRECT REVERSAL OF THE CHEMICAL REACTION RESPONSIBLE FOR

DNA DAMAGE

 removal of the damaged bases followed by resynthesis of the excised 

region

 pyrimidine dimers resulting from exposure to ultraviolet (UV) light and

alkylated guanine residues that have been modified by the addition of 

methyl or ethyl groups at the O6 position of the purine ring (then G 

connects with T and not with C)

energy from visible light is used to 

split the bonds forming the 

cyclobutane ring.



(2) REMOVAL OF THE DAMAGED BASES FOLLOWED BY THEIR REPLACEMENT

WITH NEWLY SYNTHESIZED DNA. WHERE DNA REPAIR FAILS, ADDITIONAL

MECHANISMS HAVE EVOLVED TO ENABLE CELLS TO COPE WITH THE DAMAGE

 damaged DNA is recognized and removed, either as free bases or 

as nucleotides. The resulting gap is then filled in by synthesis of a 

new DNA strand, using the undamaged complementary strand as 

a template.

A)base 

excision

repair

B) nucleotide

excision repair, 

humans repair

UV TT dimers on 

this way

E-coli:uvr A,B,C

Yeast: RAD 

14,25,4,3,1,2,10

Human:XP 

A,B,C,D,F,G,ERCC

1



C)MISSMATCH REPAIR-DETECTS AND EXCISES MISMATCHED BASES IN NEWLY

REPLICATED DNA, WHICH IS DISTINGUISHED FROM THE PARENTAL STRAND BECAUSE IT

HAS NOT YET BEEN METHYLATED (THOSE MUTATIONS HAVE PASSED REPLICATION AND

POLYMERASE)

E.coli

mammals



POSTREPLICATION REPAIR

A) Recombinational repair-homologous recombination (undamaged 

parental strand can be used to fill the gap opposite the site of damage in 

the other daughter molecule by recombination between homologous DNA 

sequences, gap filled in by DNA polymerase.)

B) error-prone repair-gap opposite a 

site of DNA damage is filled by newly 

synthesized DNA. And template is a 

damaged template strand, that lead to 

inaccurate DNA synthesis and frequent 

mutations. It is used only in bacteria 

that have been subjected to potentially 

lethal conditions, such as extensive UV 

irradiation. Such treatments induce the 

SOS response



NHEJ-NON HOMOLOGOUS END JOINING

 pathway that repairs double-strand breaks in DNA. NHEJ is 

referred to as "non-homologous" because the break ends are 

directly ligated without the need for a homologous template, in 

contrast to homology directed repair, which requires a 

homologous sequence to guide repair.

 bacterias (a Ku homodimer and the multifunctional

ligase/polymerase/nuclease LigD),

 yeast ( Mre11-Rad50-Xrs2, Pol4, Dnl4 and Lif1 ),

 mammals (Mre11-Rad50-Nbs1, Pol λ and Pol μ, DNA ligase 

IV and its cofactor XRCC4), 

 telomeres (dicentrics??)

 Active through whole cell cycle



MUTAGENIC AGENTS

 Ionising radiation

 Nonionising radiation

 Organic 

 Cytotoxic drugs 

(chemotherapy etc)

 pesticides

physical chemical

• The International Programme on Chemical Safety (IPCS), established in 1980, is a joint 

venture of the United Nations Environment Programme (UNEP), the International 

Labour Organization (ILO) and the World Health Organization (WHO).

• OECD- The Organisation for Economic Co-operation and Development

• ECHA- The European Chemicals Agency is the driving force among regulatory 

authorities in implementing the EU's groundbreaking chemicals legislation for the 

benefit of human health and the environment as well as for innovation and 

competitiveness. ECHA helps companies to comply with the legislation, advances the 

safe use of chemicals, provides information on chemicals and addresses chemicals of 

concern.



BEFORE INITIATING MUTAGENICITY TESTING ON A

PARTICULAR COMPOUND, THE FOLLOWING ASPECTS

SHOULD BE CONSIDERED:

 Chemical structure and class of the agent (possible 

structure–activity relationships) and

 Physicochemical properties, such as solubility and 

stability;

 Expected routes of metabolism, chemical and 

biological reactivity/activity, and  relationship to 

known genotoxic chemicals;

 Routes of exposure, bioavailability, and target 

organ(s).

 Critical evaluation of available data prior to testing 

usually provides important information for choosing 

the appropriate in vitro assay(s), but even more so for 

the selection of appropriate in vivo studies



 (Q)SAR PREDICTIVE MODELS-JRC FROM 

EUROPEAN COMMISSION

 DANISH....

 ENCHANCED NCI DATABASE

quantitative structure-activity relationship (QSAR) 

in order to predict the biological activity and risk

assessment-correlates chemical structure to biological 

measurement



MAJOR COMPONENT OF QSAR MODELING

 Target properties (dependent variable)

Continuous (e.g., IC50); Categorical unrelated (e.g., 
different pharmacological classes); Categorical related
(e.g., subranges described as classes)

 Descriptors (or independent variables)

Continuous (allows distance based similarity), Categorical
related (allows distance based similarity), Categorical 
unrelated (require special similarity metrics)

 Correlation methods (with and w/o variable selection)

Linear (e.g., LR, MLR, PCR, PLS), Non-linear (e.g., kNN, 
RP, ANN, SVM)

 Validation and prediction

Internal (training set) vs. external (test set) vs. 
independent evaluation set



*Tropsha, Gramatica, Gombar. The Importance of Being Earnest: Validation is the Absolute 

Essential for Successful Application and Interpretation of QSPR Models. Quant. Struct. Act. Relat. 

Comb. Sci. 2003, 22, 69-77.)



*Tropsha, Gramatica, Gombar. The Importance of Being Earnest: Validation is the Absolute 

Essential for Successful Application and Interpretation of QSPR Models. Quant. Struct. Act. Relat. 

Comb. Sci. 2003, 22, 69-77.)







*Tropsha, Gramatica, Gombar. The Importance of Being Earnest: Validation is the Absolute Essential for 

Successful Application and Interpretation of QSPR Models. Quant. Struct. Act. Relat. Comb. Sci. 2003, 22, 69-77.)



IN VITRO AND IN VIVO TESTING

 general idea is to reduce use of animals in genotoxicity 
and mutagenicity testings

 according to that, there are 4 stages of testing of 
compounds;

•Proposed strategy

 - Stage 1 characterizes the substance based on existing 
data and knowledge

 - Stage 2 is a basic in vitro test battery for hazard 
identification

 - Stage 3 is a follow up stage in in vitro model systems. 
This stage is reached if one or more tests are positive in 
Stage 2

 - Stage 4 is in vivo. This stage is reached if one or more 
tests in Stage 3 are positive



PROCEDURE FOR TESTING OF CHEMICALS

Genotoxicity testing

Acute toxicity

Toxicokinetics Development 

toxicology

Subchronic toxicity 

(14-90 days) Exposure 

estimation;

environmental risk 

assessment

Pharmacological 

safety

Chronic exposure, 6 

months for rats, 9 months 

for other mammals

Metabolites 

toxicology
Metabolites 

identification

Cancerogenesis (2 years 

for rats)



IN VITRO TESTING

TWO OR THREE DIFFERENT TESTS IN BACTERIA AND MAMMALIAN CELLS ARE

SELECTED TO COVER THE END-POINTS OF GENE MUTATIONS, CLASTOGENICITY

(STRUCTURAL CHROMOSOME ABERRATIONS), AND ANEUPLOIDY (NUMERICAL

CHROMOSOME ABERRATIONS), TAKING INTO ACCOUNT PHYSICOCHEMICAL

CHARACTERISTICS

 A test for gene mutation in bacteria 

(bacterial reverse mutation assay) 

(OECD) Guideline 471 recommends the  

use of at least five strains of bacteria: 

 (i) Salmonella typhimurium TA1535, 

 (ii) S.typhimurium TA1537 or TA97 or 

TA97a, 

 (iii) S. typhimurium TA98,

 (iv) S. Typhimurium TA100, and

 (v) Escherichia coli WP2 or E. coli 

WP2uvrA or S. typhimurium TA102.

The choice of additional tests 

depends on the chemical 

structure and class of the agent

 In vitro mammalian assays: 
These assays should evaluate 
the potential of a chemical to 
produce point mutations, 
clastogenicity and/or 
aneugenicity, by using either 
mammalian cell lines or 
primary human cell cultures 
such as fibroblasts or 
lymphocytes (e.g. Mouse 
lymphoma TK assay or 
cytogenetic evaluation of 
chromosomal damage in 
mammalian cells via in vitro 
micronucleus test) 

In vitro tests In vitro tests



IN VITRO TESTING

 Positive: Substance is 
positive at one or more 
end-points of 
mutagenicity.

 Negative: Substance is 
negative in all test systems 
under appropriate in vitro
conditions; the substance 
is not mutagenic 
(genotoxic) in vitro and is 
predicted not to be 
mutagenic in vivo 

 Inconsistent, 
conflicting, or equivocal 
(i.e. borderline biological or 
statistical significance): All 
other substances.

 Positive: In vivo test; selection of an 

appropriate end-point; if necessary, 

further in vitro studies to optimize in 

vivo testing (e.g. kinetochore staining 

as an addition in the micronucleus 

assay of in vitro aneugens).

 Negative: Further in vivo testing is 

required only in the case of “high” or 

“moderate and sustained” exposure, or 

for chemicals of high concern.

 Inconsistent, conflicting, or 

equivocal results: Further in vitro 

testing to clarify positive or negative 

results; depending on whether the 

situation is resolved by further in vitro 

testing, proceed according to “Positive” 

or “Negative”.

Evaluation of in vitro 

testing results

Follow-up to in vitro 

testing



IN VIVO TESTING
SHOULD BE CHOSEN CAREFULLY TO AVOID AN UNINFORMATIVE OUTCOME.

TOXICOKINETICS, METABOLISM, CHEMICAL REACTIVITY, AND MODE OF ACTION

HAVE TO BE CONSIDERED CAREFULLY.

 Typically, a bone marrow 
micronucleus or clastogenicity
test is conducted. However, if
there are indications that 
point to a more appropriate 
assay, then this assay should 
be conducted instead (e.g. 
mutagenicity study with 
transgenic animals; comet 
assay in stomach/small 
intestine/colon if there is no 
uptake via gastrointestinal 
tract; comet assay in the liver 
if there is metabolism to toxic 
species).

 Positive results: “In vivo somatic cell 

mutagen”. Testing for germ cell 

mutagenicity may be required.

 Negative: Further in vivo testing is required 

only in in vitro positive studies; again, the 

second in vivo test is chosen on a case-by-

case basis as stated above. If the test is

negative, then there is no evidence for in 

vivo mutagenicity.

 Equivocal results: may be due to low 

statistical power, can be improved by 

increasing the number of treated animals 

and/or scored cells. If unresolved, a second 

in vivo test is required, chosen on a case-by

case basis (ordinarily on a different end-

point or in a different tissue, depending on

toxicokinetics, metabolism, and mode of 

action); proceed according to “Positive” or

“Negative”.

Follow-up to in vivo 

testing



IN VITRO TESTING



GENETIC CHARACTERISTICS OF THE SALMONELA

TYPHIMURIUM AND ESCHERICHIA COLI STRAINS

RECOMENDED BY OECD GUIDELINE 471: 

Mutation bio chlD uvrB gal LPS defect Plasmid

hisG46

TA1535 Deletion rfa No plasmid

TA100 Deletion rfa pKM101

hisD3052

TA1538 Deletion rfa No plasmid

TA98 Deletion rfa pKM101

hisC3076

TA1537 Deletion rfa No plasmid

hisO1242

TA97

hisG428

TA104 Deletion rfa No plasmid

TA102 Wild type rfa pKM101, pAQ1

E.coli  WP2 uvrA Deletion No plasmid

E.coli  WP2 uvrA Deletion pKM101



PROPERTIES OF WILD TYPES OF BACTERIA-

PROTOTROPHS

 growth in minimal conditions (carbon source, 

anorganic  sources of phosphates and nitrogen)

 minimal media-activation of operons involved in 

biosynthesis of aminoacids, vitamins, nucleic 

acids...

 complete media-expression

of hydrolitic enzymes; degradation

of complex compounds present 

in complete media



Histidine operon

Histidin

e

SALMONELLA TYPHIMURIUM WILD TYPE



PROPERTIES OF WILD TYPES OF BACTERIA-

PROTOTROPHS

 Wild type of Salmonella typhimurium has 
functional operons

 Operon: inducible set of genes under one 
promoter-operator region

 Absence of any nutrient in growth media causes 
induction of operon

 Transcript of operon is polycystronic mRNA

 Translation of polycystronic mRNA results in 
synthesis of all enzymes needed for biosynthesis of 
missing nutrient

 Strains used in mutagenicity testing carry 
mutation at specific site in histidine operon

 Thus, those strains are considered to be histidine 
auxotrophs





PROPERTIES OF MUTANTS-AUXOTROPHS

 growth in minimal conditions (carbon source, 

anorganic  sources of phosphates and nitrogen) 

only if nutrients, for which operons are mutated, 

are added into media

 spontaneous reversion

 otherwise, only spontaneous

revertants grow



Histidine operon

Histidin

e

SALMONELLA TYPHIMURIUM MUTANT-

AUXOTROPH



USE OF SALMONELA TYPHIMURIUM MUTANTS

IN MUTAGENICITY TESTING – AMES ASSAY

 accessable genetic material (located in cytoplasm 

in the form of nucleoid)

 easy entrance of the tested chemical into the cell

 simulation of metabolic  events which occurs in 

mammal liver by adding liver fraction rich on 

metabolizing enzymes 

 detection of point mutations

 high correlation to carcinogens; 70-90 % of 

chemicals which show mutagenic character are 

proven to be human carcinogens



EXPERIMENTAL PROCEDURE

Salmonella typhimurium

Tested compound

Salmonella typhimurium

Tested compound

Metabolic activator



Histidine operon

Histidin

e

EVENTS IN THE CELL WHEN TESTED COMPOUND IS

MUTAGEN;

Reverse

mutatio

n



SALMONELLA TYPHIMURIUM STRAIN TA98

wild type-prototroph

hisD3052 mutation - -1 frameshift mutation in repetitive 

sequence CGCGCGCG

wild type: 

CGCGCCGCG ----mutation/his- TA 98 strain construction: 

CGCGCGCG ---- his- auxotroph

Tested compound is mutagen which causes frameshift mutation 

by insertion of the base;

TA 98

CGCGCGCG ---- his- auxotroph 

Induced revertant, PROTOTROPH:

CGCGCCGCG

Mutagen which causes 

frameshift mutation (+C)



SALMONELLA TYPHIMURIUM STRAIN TA100

wild type-prototroph
hisG46 mutation - base substitution; information for leucine (GAG/CTC) 
changed; new code codes for proline (GGG/CCC)

wild type: 
GAG ----mutation/construction of the TA 100  his- strain:

GGG ---- his- auxotroph

Tested compound is mutagen which causes base substitution G into A:

TA 100
GGG ---- his- auxotroph  proline

reverse mutation, PROTOTROPH:
GAG his+ leucine

Mutagen causes base 

substitution G into A



RESULTS OF EXPERIMENT?

False positive results

False negative results

Positive control

Negative control



RESULTS INTERPRETATION - QM

 Results can be expressed as a ratio between 

induced (colonies grown on minimal plate after 

treatment with certain concentration of certain 

chemical) revertants and spontaneous (colonies 

grown on minimal plate after treatment with 

negative control) revertants ; Qm

 Qm around 1 – chemical is not mutagenic

 Qm higher than 2 – chemical induces reverse 

mutations in treated cells – mutagenic chemical

 Qm smaller than 1 – chemical is toxic



RESULTS INTERPRETATION – FREQUENCY

OF MUTATION; FMUT

 More precise interpretation

 Number of induced or spontaneous revertants are 

expressed in relationship to the total number of 

the cells grown after treatment with chemical or 

negative control

 The total number of the cells is determined on 

complete plates

 Comparison of frequencies of mutations gives 

insight in mutagenicity potential in direct 

relationship to the cell survival 



EXAMPLE

Concentration

ZY (μM)
CFU/mL

Number of

revertants/mL
Fmut

Qm

10 1.01X109 430

20 0.98x109 400

30 0.60x109 500

40 0.50x109 1000

Negative

control
1x109 450



IN VITRO MAMMALIAN CELL GENE

MUTATION TEST

 The in vitro mammalian 
cell gene mutation test 
is used to detect gene 
mutations

 Suitable cell lines 
include L5178Y mouse 
lymphoma cells, the

 CHO, AS52 and V79 
lines of Chinese hamster 
cells, and TK6 human 
lymphoblastoid cells

 The most commonly-used 
genetic endpoints measure 
mutation at thymidine kinase
(TK), hypoxanthine-guanine 
phosphoribosyl transferase
(HPRT),and a transgene of 
xanthineguanine
phosphoribosyl transferase
(XPRT)

 The TK, HPRT and XPRT 
mutation tests detect different 
spectra of genetic events. The 
autosomal location of TK and 
XPRT may allow the detection

 of genetic events (e.g. large 
deletions) not detected at the 
HPRT locus on X-chromosomes

Cell lines Endpoints



IN VITRO MAMMALIAN CELL GENE

MUTATION TEST

 Tests conducted in vitro 
generally require the use 
of an exogenous source of 
metabolic activation. This 
metabolic activation 
system cannot mimic 
entirely the mammalian in 
vivo conditions

 Positive results which do 
not reflect intrinstic 
mutagenicity may arise 
from changes in pH, 
osmolality or high levels of 
cytotoxicity

 Cells deficient in thymidine kinase
(TK) due to the mutation TK+/- to
TK-/- are resistant to the cytotoxic
effects of the pyrimidine analogue 
trifluorothymidine (TFT). 

 Thymidine kinase proficient cells 
are sensitive to TFT, which causes 
the inhibition of cellular 
metabolism and halts further cell 
division. 

 Thus mutant cells are able to 
proliferate in the presence of TFT, 
whereas normal cells, which contain 
thymidine kinase, are not. 
Similarly, cells deficient in HPRT or 
XPRT are selected by resistance to 
6-thioguanine (TG) or 8-azaguanine 
(AG).

Limitations Principle of the method



IN VITRO MAMMALIAN CELL GENE

MUTATION TEST

 Cells in suspension or monolayer 

culture are exposed to the test 

substance, both with and without 

metabolic activation, for a suitable 

period of time and subcultured to 

determine cytotoxicity and to allow 

phenotypic expression prior to 

mutant selection 

 Cytotoxicity is determined by 

measuring the relative cloning 

efficiency (survival) or relative 

total growth of the cultures after 

the treatment period. 

 The treated cultures are 

maintained in growth medium for 

a sufficient period of time, 

characteristic of each selected locus 

and cell type

 Sufficient time of incubation will
allow near-optimal phenotypic 
expression of induced mutations

 Mutant frequency is determined by 
seeding known numbers of cells in 
medium containing the selective 
agent to detect mutant cells, and in 
medium without selective agent to 
determine the cloning efficiency 
(viability). 

 After a suitable incubation time, 
colonies are counted. The mutant 
frequency is derived from the 
number of mutant colonies in

selective medium and the number of 
colonies in non-selective medium

Principle of the method - continued



IN VITRO MAMMALIAN CELL GENE

MUTATION TEST

 Data include cytotoxicity and viability 

determination, colony counts and 

mutant

 frequencies for the treated and control 

cultures

 In the case of a positive response in 

the L5178Y TK+/- test, colonies are 

scored using the criteria of small and 

large colonies on at least one 

concentration of the test substance 

(highest positive concentration) and on 

the negative and positive control.

 In the TK+/- test, colonies are scored 

using the criteria of normal growth 

(large) and slow growth (small) 

colonies

 Mutant cells that have suffered the 

most extensive genetic damage have 

prolonged doubling times and thus 

form small colonies

 This damage typically ranges in 
scale from the losses of the entire 
gene to karyotypically visible 
chromosome aberrations

 The induction of small colony 
mutants has been associated with 
chemicals that induce gross

 chromosome aberrations

 Less seriously affected mutant cells 
grow at rates similar to the 
parental cells and form large 
colonies

 Survival (relative cloning 
efficiencies) or relative total growth 
should be given. Mutant

 frequency should be expressed as 
number of mutant cells per number 
of surviving cells.

Results and interpretation



The mouse lymphoma TK assay (MLA) test 

 can detect mutagenic and clastogenic events at the thymidine 

kinase (tk) locus of L5178Y mouse lymphoma tk ( +/- ) cells by 

measuring resistance to the lethal nucleoside analogue 

triflurothymidine (TFT). Cells may be plated for viability and 

mutation in semi-solid agar (agar assay) or in 96-well 

microtitre plates (microwell assay). When added to selective 

medium containing TFT, wild-type tk ( +/- ) cells die, but TFT 

cannot be incorporated into the DNA of mutant tk ( -/- ) cells, 

which survive to form colonies that may be large (indicative of 

gene mutation) or small (indicative of chromosomal mutation) 

in nature. Mutant frequency is expressed as the number of 

mutants per 10(6) viable cells.



CHROMOSOMAL ABERRATIONS- OECD 473 

 cell culture, mitosis essential, colchicine or Colcemid®, false positive results: marked changes in 

pH or osmolality, or by high levels of cytotoxicity

• Lymphocytes in whole blood treated with anti-coagulant or isolated and cultured at 37°C in the 

presence of a mitogen e.g. phytohaemagglutinin (PHA). -approximately 18-35 years of age), 

healthy, non-smoking individuals with no known recent exposures to genotoxic chemicals or 

radiation (females more breaks than males, induction more with age!!) Lymphocytes 48 hours

• Cell lines (number of cells in every plate or well)

• METABOLIC ACTIVATION 1-10% v/v: co-factor supplemented post-mitochondrial fraction 

(S9) from the livers of rodents treated with enzyme-inducing agents such as Aroclor 1254 or a 

combination of phenobarbitone and β-naphthoflavone

• SOLVENT (PBS, DMSO…) Generally organic solvents should not exceed 1% (v/v) and aqueous 

solvents should not exceed 10% (v/v) in the final treatment medium. 

• POSITIVE (clastogen) AND NEGATIVE CONTROL, AND SOLVENT

• Relative Population Doubling , mitotic index

• CYTOTOXICITY WITH AND WITHOUT METABOLIC ACTIVATION

• DUPLICATE CULTURES

• AT LEAST 3 CONCENTRATIONS, NOT exceedIing 50% cytotoxicity because higher levels 

may induce chromosome damage as a secondary effect of cytotoxicity

• In the first experiment, cells should be exposed to the test substance both with and without 

metabolic activation for 3-6 hours, and sampled at a time equivalent to about 1.5 normal cell 

cycle length after the beginning of treatment (some chemicals need more than 1.5!!!!!!)

• 200 well-spread metaphases

• Chromatid- and chromosome-type aberrations should be listed separately with their 

numbers and frequencies for experimental and control cultures. Gaps are recorded and reported 

separately but not included in the total aberration frequency



Mammalian micronucleus cytome assay in vitro

(cytochalasin B blocked) OECD 487

 The in vitro micronucleus (MNvit) test is a genotoxicity test for the detection of micronuclei (MN) in 

the cytoplasm of interphase cells. 

 Micronuclei may originate from acentric chromosome fragments (i.e. lacking a centromere), or whole 

chromosomes that are unable to migrate to the poles during the anaphase stage of cell division.

 Therefore the MNvit test is an in vitro method that provides a comprehensive basis for investigating 

chromosome damaging potential in vitro because both aneugens and clastogens can be detected in cells 

that have undergone cell division during or after exposure to the test chemical. 

 Micronuclei represent damage that has been transmitted to daughter cells, whereas 

chromosome aberrations scored in metaphase cells may not be transmitted. In either case, the changes 

may not be compatible with cell survival. 

 cultures of cell lines or primary cell cultures of human or rodent origin

 when evaluating chemical hazards to consider the p53 status, genetic (karyotype) stability, DNA 

repair capacity and origin (rodent versus human) of the cells chosen for testing

 The same as for CA

 . If cytoB is dissolved in DMSO, the total amount of organic solvent used for both the test chemical and 

cytoB should not exceed 1% (v/v). CytoB should be used as a cytokinesis blocker when human 

lymphocytes are used because cell cycle times will be variable among donors and because not all 

lymphocytes will respond to PHA stimulation. CytoB is not mandatory for other cell types if it can be 

established they have undergone division

 At the present time, no aneugens are known that require metabolic activation for their genotoxic 

activity

 Lymphocytes treatment with test chemical 44-48 h after PHA stimulation

 CBPI, RI…(500 cells)

 Duplicate, 2000 binucleated cells





IN VIVO TESTING



Mammalian Erythrocyte Micronucleus Test OECD 474(1997, 2014)

 5 animals of one seks 5-6 weeks old at

 the beginning of treatment

 Bone marrow (femurs or tibias)

 Or whole blood

 The mammalian in vivo micronucleus 

 test is used for the detection of damage

 induced by the test chemical to the

 chromosomes or the mitotic apparatus of erythroblasts. The test evaluates 

micronucleus formation in erythrocytes sampled either in the bone marrow or 

peripheral blood cells of animals, usually rodents.

 When a bone marrow erythroblast develops into an immature erythrocyte (sometimes 

also referred to as a polychromatic erythrocyte or reticulocyte), the main nucleus is 

extruded; any micronucleus that has been formed may remain behind in the 

cytoplasm. Visualisation or detection of micronuclei is facilitated in these cells because 

they lack a main nucleus. An increase in the frequency of micronucleated immature 

erythrocytes in treated animals is an indication of induced structural or numerical 

chromosomal aberrations.

 acridine orange or Hoechst 33258 plus pyronin-Y, anti-kinetochore antibodies , FISH 

with pancentromeric DNA probes, or primed in situ labelling with pancentromere-

specific primers

 500 erythrocytes for bone marrow and 2000 erythrocytes for peripheral blood for 

immature and mature erythrocyte rates

 4000 immature erythrocytes per animal should be scored for the incidence of 

micronucleated immature erythrocytes 



In vivo mammalian alkaline (single cell gel electrophoresis) 

comet assay OECD  489

 recognises primary DNA damage that would lead to gene mutations and/or chromosome 

aberrations, but will also detect DNA damage that may be effectively repaired or lead to cell 

death. Under alkaline conditions (>pH 13), it can detect single and double stranded breaks, 

resulting, for example, from direct interactions with DNA, alkali labile sites or as a 

consequence of transient DNA strand break

 Cross-links cannot be reliably detected with the standard experimental conditions of the comet 

assay. Under certain modified experimental conditions, DNA-DNA and DNA-protein 

crosslinks, and other base modifications such as oxidized bases might be detected

 Cells/nuclei are treated with lysis buffer to remove cellular and/or nuclear membrane, and 

exposed to strong alkali e.g., pH≥13 to allow DNA unwinding and release of relaxed DNA loops 

and fragments. The nuclear DNA in the agar is then subjected to electrophoresis. Normal non-

fragmented DNA molecules remain in the position where the nuclear DNA had been in the 

agar, while any fragmented DNA and relaxed DNA loops would migrate towards the anode. 

After electrophoresis, the DNA is visualized using an appropriate fluorescent stain. 

Preparations should be analysed using a microscope and full or semi-automated image analysis 

systems. The extent of DNA that has migrated during electrophoresis and the migration 

distance reflects the amount and size of DNA fragments.%DNA in TAIL



 Common laboratory strains of healthy young adult rodents (6-10 weeks old at start of treatment 

though slightly older animals are also acceptable) are normally used. For rodents, the temperature 

in the experimental animal room ideally should be 22oC (±3oC). The relative humidity ideally 

should be 50-60%, being at least 30% and preferably not exceeding 70% other than during room 

cleaning. Lighting should be artificial, the sequence being 12 hours light, 12 hours dark. For 

feeding, conventional laboratory diets may be used with an unlimited supply of drinking water. 

 For rodents, the temperature in the experimental animal room ideally should be 22oC (±3oC). The

 relative humidity ideally should be 50-60%, being at least 30% and preferably not exceeding 70% 

other

 than during room cleaning. Lighting should be artificial, the sequence being 12 hours light, 12 

hours dark.

 For feeding, conventional laboratory diets may be used with an unlimited supply of drinking water. 

 a group of a minimum of 5 analysable animals of one sex

 The positive control substances should be shown to induce DNA strand breaks in all of the tissues 

of interest for the test chemical, and EMS is likely to be the positive control of choice since it has 

produced DNA strand breaks in all tissues that have been studied. 

 The study should aim to identify the maximum tolerated dose (MTD), defined as the dose inducing 

slight toxic effects relative to the duration of the study 

 or a non-toxic test chemical, with an administration period of 14 days or more, the maximum 

(limit) dose is 1000 mg/kg bodyweight/day. For administration periods of less than 14 days the 

maximum (limit) dose is 2000 mg/kg bodyweight/day. 

 Therefore, routes of exposure such as dietary, drinking water, topical, subcutaneous, intravenous, 

oral (by gavage), inhalation, intratracheal, or implantation may be chosen as justified

 Slide preparation

 Lysis fresh cold

 Denaturation fresh cold

 0.7 V/cm for at least 20 minutes.

 SYBR Gold, Green I, propidium iodide or ethidium bromide

 Hedgehogs (or clouds, ghost cells)



STRATEGY FOR GERM CELL TESTING

WHEN INFORMATION ON THE RISK TO THE OFFSPRING OF EXPOSED INDIVIDUALS IS

IMPORTANT, THE FOLLOWING GERM CELL TESTING STRATEGY IS RECOMMENDED. FOR

SUBSTANCES THAT GIVE POSITIVE RESULTS FOR MUTAGENIC EFFECTS IN SOMATIC CELLS IN

VIVO, THEIR POTENTIAL TO AFFECT GERM CELLS SHOULD BE CONSIDERED. IF THERE IS

TOXICOKINETIC OR TOXICODYNAMIC EVIDENCE THAT GERM CELLS ARE ACTUALLY EXPOSED

TO THE SOMATIC MUTAGEN, IT IS REASONABLE TO CONCLUDE THAT THE SUBSTANCE MAY

ALSO POSE A MUTAGENIC HAZARD TO GERM CELLS AND THUS A RISK TO FUTURE

GENERATIONS.

 tests in germ cells per se (gene mutation 

tests in transgenic animals, gene 

mutations in the Expanded Simple

Tandem Repeat (ESTR) assay, 

chromosomal assays (including those 

using fluorescence in situ hybridization 

(FISH), comet assay, and DNA 

adduct analysis

 tests to detect effects in the offspring (or 

potential offspring) of exposed animals

1) clastogenicity in rodent

spermatogonial cells (class 1): OECD 

Guideline 483 (2015) (OECD,1997)

I class

 This in vivo cytogenetic test detects structural chromosomal

aberrations in spermatogonial mitoses.

 To detect chromatid-type aberrations in spermatogonial cells, 

the first mitotic cell division following treatment should be 

examined before these aberrations are converted into 

chromosome-typeaberrations in subsequent cell divisions. 

 A number of generations of spermatogonia are present in the 

testis (4), and these different germ cell types may have a 

spectrum of sensitivity to chemical treatment. Thus, the 

aberrations detected represent an aggregate response of 

treated spermatogonial cell populations. The majority of 

mitotic cells in testis preparations are B spermatogonia, 

which have a cell cycle of approximately 26 hr

 Prior to euthanasia, animals are treated with a 

metaphasearresting agent (e.g., colchicine or Colcemid® ). 

Chromosome preparations are then made from germ cells and 

stained, and metaphase cells are analyzed for chromosome 

aberrations. 

 Healthy young adult male animals (8-12 weeks old at start of 

treatment)

 Solvents: solvents/vehicles include water, physiological saline, 

methylcellulose solution, carboxymethyl cellulose sodium salt

solution, olive oil and corn oil

 Test material preparation:solid, liquid, gas?

 5 male animals per group.



 In the highest dose group two sampling times after treatment are used. 
Since the time required for uptake and metabolism of the test substance(s), 
as well as its effect on cell cycle kinetics, can affect the optimum time for 
chromosomal aberration detection, one early and one late sampling time 
approximately 24 and 48 hours after treatment are used

 Prior to euthanasia, animals are injected intraperitoneally with an 
appropriate dose of a metaphase arresting chemical (e.g. Colcemid® or 
colchicine). Animals are sampled at an appropriate interval thereafter. For 
mice and rats, this interval is approximately 3 - 5 hours.

 rm cell suspensions are obtained from one, or both, testes, exposed to 
hypotonic solution and fixed following established protocols

 200 well spread metaphases should be scored for each animal

 Chromosome and chromatid-type aberrations should be recorded separately 
and classified by sub-types (breaks, exchanges). Gaps should be recorded, 
but not considered, when determining whether a compound induces 
significant increases in the incidence of cells with chromosomal aberrations



II class-heritable effects

2) the rodent dominant lethal test (class 2): OECD (2015) 
Guideline 478 (OECD, 1984);

to investigate whether chemical agents produce mutations resulting from chromosomal 
aberrations in germ cells. In addition, the dominant lethal test is relevant to assessing 
genotoxicity because, although they may vary among species, factors of in vivo metabolism, 
pharmacokinetics and DNA-repair processes are active and contribute to the response. 
Induction of a DL mutatio

 DL mutations cause embryonic or fetal death

 requires a large number of animals and is labour-intensive; as a result, it is very expensive 
and time-consuming to conduct. 

 Because the spontaneous frequency of dominant lethal mutations is quite high, the 
sensitivity of the assay for detection of small increases in the frequency of mutations is 
generally limited

 Mice and rats

 male animals are exposed to a test chemical by an appropriate route of exposure and mated 
to untreated virgin females

 Following mating, the females are euthanized after an appropriate period of time, and their 
uteri are examined to determine the numbers of implants and live and dead embryos. The 
dominant lethality of a test chemical is determined by comparing the live implants per 
female in the treated group with the live implants per female in the vehicle/solvent control 
group.





3) the mouse heritable translocation assay (class 2): OECD Guideline 485 

(OECD, 1986)

 The mouse heritable translocation test detects structural and numerical chromosome

changes in mammalian germ cells as recovered in first generation progeny.

 The types of chromosome changes detected in this test system are reciprocal translocations 

and, if female progeny are included, X-chromosome loss. Carriers of translocations and XO-

females show reduced fertility which is used to select F1 progeny for cytogenetic analysis. 

Complete sterility is caused by certain types of translocations (X-autosome and c/t type). 

Translocations are cytogenetically observed in meiotic cells at diakinesismetaphase I of male 

individuals, either F1 males or male offspring of F1 females. The XO females are 

cytogenetically identified by the presence of only 39 chromosomes in bone marrow mitoses.

 One dose level is tested

 Routes of administration are usually oral intubation or intraperitoneal injection. Other 

routes of administration may be appropriate. Maximum utility for risk assessment is 

obtained when the route of administration is relevant to human exposure.

 Two treatment schedules are available. Single administration of the test substance is most 

widely used. 

 a) Fertility testing Reduced fertility of an F1 individual can be established by litter size 

observation and/or analysis of uterine contents of female mates.

 b) Cytogenetic analysis:Translocation carriers are identified by the presence of multivalent 

configurations at diakinesis-metaphase I in primary spermatocytes. Observation of at least 

2 cells with multivalent association constitutes the required evidence that the tested animal 

is a translocation carrier. A minimum of 25 diakinesis-metaphase I cells per male must be 

scored microscopically. Examination of mitotic metaphases, spermatogonia or bone-marrow, 

is required in F1 males with small testes and meiotic breakdown before diakinesis or from 

F1 female XO suspects. 



RECENTLY APPROVED ASSAY FOR IN VIVO

GENOTOXICITY TEST GUIDELINES

 Gene mutations and chromosomal 
rearrangements (the latter 
specifically in the plasmid and Spi-
assay models) / Since the 
transgenes are transmitted by the 
germ cells, they are present in every 
cell. Therefore, gene mutations 
and/or chromosomal 
rearrangements can be detected in 
virtually all tissues of an animal, 
including target tissues and specific 
site of contact tissues. 

Transgenic rodent 

(TGR) somatic and germ 

cell gene mutation 

assays, EU: B.58, OECD: 

488 (2011, 2013)

Transgenic mutation assays are used to identify and 

characterize genotoxic hazards and for determining the mode 

of action for carcinogens. The three most popular transgenic 

mutational models are Big Blue® (rats or mice), Muta™ 

mouse (mice), and gpt-delta (rats or mice). The Big Blue® and 

Muta™ mouse models use the cII gene as a reporter of 

mutation whereas gpt-delta rodents use the gpt gene and the 

red/gam genes (Spi− selection) as mutation reporter genes. 

Here we describe methodology for conducting mutation assays 

with these transgenes. Transgenes recovered from tissue 

DNA are packaged into infectious lambda phage, bacteria are 

infected with the phage, and cII-mutant and Spi− plaques and 

gpt-mutant colonies are isolated using selective conditions 

and quantified. Selected mutants can be further analyzed for 

identification of small sequence alterations in the cII and gpt

genes and large deletions at the Spi− locus.






