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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.
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What is Genotoxicity?

If a more detailed definition is made considering the direct and
Indirect effects that may occur in DNA:

 Induction of mutation

e 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).
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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.
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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; oo _,/f/
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Direct DNA damage Indirect DNA damage

Gene and protein
= alteration, oxidative
/ress, apoptosis

Alteration in DNA repair, cell
viability, proliferation

| cancer
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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.



Ames test

Bruce Ames (born 1928



Test
chemical

"

x®

"

S8 extract | :

from rat liver Incubate

E— ) I

Mixture plated
%: on medium lacking histidine

% : | .

his- Strain of 5. fyphimurium - - Incubate
(requires histidine)

Positive Result
{(high number of his
to his* suggests
presence of strong
mutagen)

.

Control plate



Ankara University

Faculty of Pharmacy

IARC CLASSIFICATION

e : Number of Genotoxic/Carcinogenic

Classification of carcinogens : :
chemicals 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 505 27
humans
4: Probably not carcinogenic to humans 1*

* Caprolactam.(common synthetic polymer)
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International Agency for Research on Cancer |AR( Manographs on the Evaluation of English | Francais m s 4

755 World Health Carcinogenic Risks to Humans Q
%7 Organization

MNEVYS MEETINGS CLASSIRCATIONS PUBLICATIONS PREAMBLE STARF

You are here: Home / Classifications / List of Classifications

AGENTS CLASSIFIED BY THE IARCMONOGRAPHS, VOLUMES 1—118

-List of Classifications

* Volumes 1-118 Group 1 Carcinogenic to humans 120 agents
v Alphabetical order Group 24 Frobably carcinogenic to humans 81
» CAS® Registry Number order Group 2B Possibly carcinogenic to humans z94
. Group 3 Mot classifiable as to its carcinogenicity to humans 505
b Cancer site
Group 4 Frobably not carcinogenic to humans 1

For definitions of these groups, please see the Preamble.

It is strongly recommended to consult the complete Monographs on these agents, the
publication date, and the list of studies considered. Significant new information might
support a different classification.

For agents that have not been classified, no determination of non-carcinoagenicity or owverall
safety should be inferred.

o List of classifications, Volumes 1-118 (embedded spreadshest)
o List of classifications by cancer site (POF filg)

o French version of the List of classifications by cancer site, as hosted by Centre Léon
Bérard

See Preventable Exposures Associated With Human Cancers (Cogliano et af,, 2011)
Althouagh care was taken in preparing these lists, mistakes may be present.
If vou find an error, please notify us at imo@iarc.fr.

‘ Last update: 13 April 2017

IARC, 150 Cours Albert Themas, 69272 Lyon CEDEX 08, France - Tel: +33 (D)4 72 72 84 B5
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- Agents Classified by the IARC Monographs, Volumes 1-125

B

L]
Graup1 Cartinagenic to humans 120 agents
Group 24 Prabably cartinagenic to humans B3 agents
Group 28 Possibly carcinogenic to humans 314 agents
Group3 Not classifiable as to its carcinogenicity to humans 500 agents

For definitions of these groups, please see the Preamble.

1tis strangly recommended to consult the complete Menagraphs on these agents, the publication date, and the list of studies considered. Significant new information might supporta different lasification.

For agents that have not been classified, no determination of nan-carcinagenicity or overal safety should be inferre,

List of Classifications (optimized for the latest versions ofthe browsers Chrome and Mazilla Firefox)
List of Classificatins by cancer site (POF file)

French version of the List of lassifications by cancer site, as hosted by Centre Léon Bérard

Soe Priventable Exposures Associated With Human Cancers {Cogliana et al., 2011)
Although care was taken in preparing these lists, mistakes may be present.

1fyou find an error, please notify us at ima@iarc .

- Last update: 18 February 2020
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Examples of International Agency for Research on Cancer

(IARC) Carcinogenic Classifications
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Since 1979,
Ny IARC has reviewed hundreds \.\, :
of products, chemical compounds,
lifestyles, viruses, workplaces
and other agents for their carcinogenic
potential. Here are some examples of

~ i l’.. ”
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| I , | Outdoor air pollution
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Note: Of the hundreds of ager
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CHEMICAL COMPOUNDS IN CIGARETTE SMOKE

THIS GRAPHIC OFFERS A SUMMARY OF A SELECTION OF HAZARDOUS COMPOUNDS IN CIGARETTE SMOKE & THEIR EFFECTS

The compounds shown below are all found in cigarette smoke. The mass figures, given in pg, take
into account both mainstream (inhaled) and sidestream smoke. 1 pg is equal to 1 millionth of a gram.

ESTIMATED NUMBER OF CHEMICAL Amounts of these compounds vary in different brands of cigarettes - these figures are approximate.

COMPOUNDS IN CIGARETTE SMOKE

0 - Approx. 680-1571pg per cigarette
- Known animal carcinogen
J‘L - Probable human carcinogen
-Irritant to skin & eyes
H3C H . Irritant to respiratory tract

1,3-BUTADIENE

- Approx. 36-191pg per cigarette
- Known human carcinogen
- Suspected human teratogen
- Irritant to eyes & skin
-Irritant to upper respiratory tract
ACROLEIN
Approx. 63-306pg per cigarette

o - Possible human carcinogen
- Known DNA mutagen
Irritant to skin & nasal passages

H -May contribute to heart disease

POLYAROMATICS

Large class of compounds

‘ - Includes benzo[a]pyrene:
- Known human carcinogen
OO - Known DNA mutagen
- Affects reproductive capacity

- Up to 0.14pg per cigarette

~ - Approx. 919pg per cigarette
N - Addictive
-Increases heart rate
- Increases blood pressure
- Increases blood glucose
- Lethal dose: around 500-1000mg

N-NITROSAMINES

- Large class of compounds

- Several are tobacco-specific

- Known human carcinogens

- Most carcinogenic: NNK & NNMN

- NNK: approx. 0.3pg per cigarette
- NNN: approx. 2-50pg per cigarette
- May cause reproductive damage

- Approx. 46-272ug per cigarette
- Known human carcinogen

- Damages bone marrow

- Lowers red blood cell count

- May harm reproductive organs

AROMATIC AMINES
NUMBER OF THESE COMPOUNDS WITH e s ammonaohihatene:
CONFIRMED CARCINOGENIC ACTIVITY QQ et i ey o8

- Approx. 0.04pg per cigarette
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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).

Use of Bioindicators

Exposure TIME Effects

Bioindicators Bioindicators

Exposure | } 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

Chromosomal Abberation (CA)
Sister Chromatid Exchange (SCE)
Micronucleus (MN)

Point Mutation (HPRT)

DNA adducts

Protein adducts

DNA strand breaks (COMET)
Oncogen activation
Mutations/oncoproteins

DNA repair

Cell/Tissue Samples

Lymphocytes

Lymphocytes

Lymphocytes

Lymphocytes and other tissues
DNA isolated from cells or tissues
Hemoglobin, Albumin

DNA isolated from cells or tissues
DNA or isolated specific proteins
Various cells and tissues

Cells isolated from blood samples



EU Regulatory Overview

Cosmetics Chemicals | Biocides |Plant Protection Products Pharmaceuticals

Regulation (EC) Reogulation (EC) Regulation (EC) ICH Guidelne

Regulaton (E
No. 122372009  No.1807/2006 @ cguiavon (EU) No. 1107/2009 S2(R1), 2011

No. 528/2012

SCCS notes 1564/15 REACH Nos. 283-284/2013

T |

In vitro test battery In vitro test battery l
3 tests covering Usually 3 tests covering 3 endpoints
3 endpoints

Option 1 Option 2

2 in vitro tests 1 in vitro test
v (Ames test)

{11 March 2013, full (if positive in vitro) required) 1 In vivo test In vivo assessment
ban of animal testing) in two tissues and
l two different
endpoints
(a maximum of
No in vivo testing In vivo tes! two tests)




IN VIVO GENOTOXICITY TESTS

chromosomal
analysis

mammalian ‘
germ cell mouse spot
cytoge netic . B test
assay ‘
in vivo
genotoxicty
tests

mouse
heritable micronucleus
translocation test
assay




Ames test MLA/HPRT Micronucleus test Chromosomal aberrations

S. typhimurium &
E. coli Nucleus
Selection of aberrations
I .
Selection of gene Changes in Structure of
revertants ‘ structure or chromosomes
mutations
number of
chromosomes

Bacteria— gene mutations Rodent or Human cells— genes, chromosomes, nuclei
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sister strand
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Comet categories for visual scoring - classify 100 comets as 0-4

0 1 2
3 4

CHO cells treated with Ethyl methanesulfonate; Magnification 400X
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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 iIs 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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~ The relationship between
Genetic biomonitoring and cancer risk evaluation;

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.
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~ The relationship between _
Genetic biomonitoring and cancer risk evaluation;

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.
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Group 1, Carcinogens to humans
Arsenic and Arsenic compounds

Asbestos

Benzene

Cyclophosphamide

Chrome compounds (+6)

Cigarette smoke

Vinyl chloride

Radon

Nickel compounds

Cytogenetic data

Humans
CA SCE MN

+ +
2

+

+ +

+ +

+ + +

+ 2

+

+ =

CA

Animals
SCE

MN



Ankara University

Faculty of Pharmacy

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/



Ankara University

Faculty of Pharmacy

CANCER -
RISK e O s @,
£ s S o

. duciion 0 ST corangerer

. (RNORV:
ﬂ_ AR oS \reokod®
D T O et N e
- Sl o WO o SOV avents ao\e
“ \“én(“:‘ ?ﬁ‘m‘n\ gﬁ“e oy it 'N ot




WP, Ankara University

&Y  Faculty of Pharmacy

SCIENTIFIC STUDY
SAMPLES
PERFORMED IN
OUR
DEPARTMENT



Ankara University

Faculty of Pharmacy

Arch Environ. Cootam Tomicol 41, 241248 (2001 O =
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Correlation Between Lead Exposure Indicators and Sister Chromatid Exchange
(SCE) Frequencies in Lymphocyvites from Inorganic Lead Exposed Workers

Y. Dhayde! H 5. Siiwen.! & Awdin® Q. Cander * H Thrsal * A Tsimer,* M. Vimral”

! Univarsity of Ankara, Facalty of Pharmacy, Departmant of Toxicology, 06100, Tandogan, Ankara, Teziey
* Golhang Militery Medical Acadepyy, Deparment of Pharmacestical Texdcology, Ankars, Texkey

' The National Institete of Occupational Safety and Health, Ettmesget, Ankara, Turkey

Beceived: 7 September 20000 Accepted: 25 Febroary 2001

Abstract. Inorzanic lead exposure was studied in 31 volhmtesrs rect mechanizm of lead-induced DA damage (Hirakn and

employed in storage battery plamt. The genotoeicity of lead was Famanishi 1994). However lead ioms have no ability to
measured in terms of sister chromatid exchange (SCE). Eryth- generate highly reactive hydrosyl radical {OH) from super-
recvie S-aminolevulinic acid dehvdromensse (ATATY) actvity. mxide radical (0.7 or HuDe Himskn and Kawanishi 1006

Table 2. PhB: and 5CE frequensies in groups 4 B, and C

14
A

. Group A Gomp B Gromp C i2 4 . _# aw
Parameters Conol Group o= 11, < 20 pg/dl) (0 = B, 4050 pedl) o = 1, = 50 peil) TELE G.:‘-'EE-I ;]‘_;.5'5?5- . » %
Blood Pl {pg/dl) 111+113 3L56 + 47" 2470+ 3 76% 5245 + D3g*= g i . ® ]
mean + 50 (ange) (£.11-14.71) (22,2230 B1) (#2940 (51051 51) Al |
SCECell 346 + 047 6.81 + 153" 173 =203~ 064 + 207
mean + 50 (rangs) (1811 31) (3921177 (420-1120 (8. 17-11.11) 1 ‘I
* Statistically hizher from the control growp (p < 0.001) 1
® Staristically higher from group A& (p < 0.001). b
 Sratistically hizher from prowp B (p < 0.001). ¢ w3 4 MW
4 The differenre was not statistically significant when compared with proup & (p = 0.05). Bizod wad concentration, |5/l

“ The difference was not statistically significant when conpared with groap B (p = 0.05).
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Influence of 6-aminolevulinic acid dehydratase (ALAD)
polymorphism on the frequency of sister chromatid exchange
(SCE) and the number of high-frequency cells (HFCs) in

lymphocytes from lead-exposed workers

Tabls 3

Yalein Duydu®, Halit Sinan Siizen

Deparmment of Toxicology, Faculty of Pharmacy, Ankara University, 00100 Tandogan, Ankara, Turkey

Fecemved § December 2002 ; recerved in revised foam 22 May 2003 ; accepted 7 July 2003

Compariven of Pb-B lemls, SCE and HFC valugs m ALAD 1-1 and AT.AD 1-2 workers
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HFCs (total calls)
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HFC outlisrs
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Fig. 1. Frequency histograms of SCE per cell values from control
zroup, lead-exposed workers with ALATY 1-]1 zenotype, and ATATY
1-2 genotvpe. Black bars represent the HFCs.
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Environmental and Molecular Mutagenesis 47:185-191 (2006)

Increased Sensitivity to Mitomycin C-Induced Sister
Chromatid Exchange in Lymphocytes From Patients
Undergoing Hyperbaric Oxygen Therapy

Yalcin Du;.rdu,]' Aylin l:.'lsiiindué,] Jlﬂthmn?:iJlﬂlq‘.r-:lln,2 Ayse Eken,”
Kadir IZII"Lim'.I-:xr,3 and Giinal Uzun®

' Depariment of Toxicology, Facully of Pharmacy, Ankara University,
Tandodan, Ankara 06100, Turkey
%Depariment of Pharmaceutical Toxicology,
Giilhane Military Medical Academy, Ankara, Turkey
*Submarine Diseases and Cenire of Hyperbaric Oxygen Treatment,
Gulhane Military Medical Academy, Ankara, Turkey
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Fig. 1. Chart 1-12: mean SCE frequencies for individual volunteer patients, I: immediately before the first HBOT
session; II: at the end of the 1st HBOT session; I: at the end of the 5th HBOT session; IV: at the end of the 10th
HBOT session; V: 1 day after completion of HBOT (O: without MMC; ®: 20 ng/ml MMC; A: 40 ng/ml
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Fig. 1. SCE [‘Ié‘quﬁ'll{.‘i.é‘h of CWP pi."[-lt"l'l.[. coal worker., and control ﬁg. 2. MN [.I'.‘.":.lLl'.‘.'I'I.'L'i.'.‘.'h of CWP Pi:[i.’.‘.‘l'l.[. coal worker, and control
groups (mean = S.E.). *F < (.01 compared to coal worker and control groups (mean = S.E.). *F < (.01 compared to coal worker and control

groups (Student r-test). groups (3" t2st).



