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Risk Assessment Risk Management

La evaluacion y control del riesgo de
productos gquimicos son procedimientos
Integrados.

'Tenhnleal..\ -

v La caracterizacion del riesgo se
define como la estimacion cuantitativa
y/o cualitativa de los efectos nocivos
asociados a los agentes quimicos.

Risk characterization ————»

|dentificacion del riesgo

« Capacidad inherente del compuesto
para producir efectos nocivos.

Evaluacion de toxicidad

« Efecto del compuesto en funcién de la
concentracion.

Valoracion de la exposicion

« Probabilidad de interaccién con el
compuesto.
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E Explosive © Cemburente

F* Extremadamente
Inflamable
F Facllmanto
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del ries
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Confirmacion de que un agente guimico es capaz de causar
un efecto adverso bajo determinadas circunstancias.

¢, Cuales son los productos quimicos presentes 7

M Peligroso e
para el medie A
ambiente

T+ Muy Toxico Xn Nocivo C Comrosivo

T Téxico Xi Irritante

Recogida y analisis de datos sobre
peligrosidad y toxicidad

Informacion acerca de las posibles
vias de transporte
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Evaluacion de to

Metodologias diversas cuyos resultados
deben ser integrados para permitir la
extrapolacion a condiciones humanas.

e Definir |la toxicidad del compuesto

e Definir los niveles de exposicion

» Dose-Response Curve
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low Dose of drug high



Incidental and .
accidental exposure ||

{cosmetics,
household accidents)

Majority
of
population
Very Very
sensitive insensitive

first responding

Medicinal drugs
(oral, intravenous, !
intramuscular) S 4
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4 > . : {bmg';mgb Dose (hypothetical units)

Occupational exposure ;
(oral, dermal, inhalation) |

Factores de riesgo

Vias de exposicion
Concentracion del compuesto
Duracion de la exposicion
Poblaciones expuestas
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Evaluacion toxicologica

e

10 100 1,000 10,000

Dose =
mg/kg of body mass

Diagnosis

of disease
212%
Education
and training

Toxicological 3,2%
and other safety
evaluation

9,93%

Fundamental
biology studies
34,7%

Production
and quality
control
of veterinary
medicine

2,42%

Production and

quality control of Research and development
human medicine of products and devices for
and dentistry human medicine and dentistry
13,6% and for veterinary medicine
28,4% -

animal

experimentation

En el aino 2005 se utilizaron en
Europa 12.1 millones de vertebrados
para experimentacion.



Evaluacion toxicolo

Toxicidad para la
reproduccion

Toxicidad aguda y
cronica
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Ensayos de
genotoxicidad

Ensayos de
hipersensibilidad

Estudios
toxicocinéticos
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Toxicidad para el
desarrollo

gica

Ensayos de
irritacion ocular
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comportamiento




Toxicological
endpoints

Type of animal test

Eye irritancy

Adult albino rabbit (3 animals)

Do effect monitored (21 days). Irmitancy is scored acoording to a
standard.

N 405: Acute eye imitation'Corrosion (updated 24 April 2002)

Skin irritancy and
COTT OG0

Adult alino rabbit {3 animak)
Drose applied on a shaved area of the skin. Irritancy is scored by
checking against control patch of skin.

N 404 Acute Dermal Irritation/Corrosion (updsted 24 April
2002)

Mo 434: Acute Dermal Toxicity — Fixed Dose Procedure (updating
puideline 404)

Carcinogenicity Animal

Test

Wery young rats or mice (at least 40d0)

Drses are adminisened either orally, dermally or inhalation.
Outcome of exposure is assessed by blood sampling, pathological
appearance and tissue and organ examination to detect cancerous
changes. Tests costs £2 million per chemical and take 5 years to
complete.

Mo 451 Carcinogenicity Studies {original 12" May 1981

Chronic toxicity

Rats (400) or dogs a5 second species {32).

Orral and inhalation routes of administration. Length of study from
12 months o 2 years.

Mo 452 Chronic Toxicity Studies (original 12" May 1981)

Skin allergy

OECD

Albine guinea pigs (17-30 per chemical)

Do substance is delivered to the skin by surface application or
imjection. Multiple doses applied in order o cause any local
reaction

N 4 Skin Sensitisation {updsted 27 July 1995)

Acute toxicity

Animal

Test

Usally rats {15-30 per chemical).

Oral dosing of animak and observation for 14 days. All animals
ame autopsied at the end of the st pericd. Sex-specific responses
are noted.

Naod01: Acute Oral Toxicity {deleted 20 December 2002)

N 420: Acute Oral Toxicity - Fixed Dose Method (adopied 20
Drecember 2001)

N 423: Acute Oral Toxicity - Acwie Toxic Class Method
{adopted 20 December 2001

Mo 425 Acute Oral Toxicity: Up -and Down -Procedure  {updated
23 March 2006)

Teratogenicity

Pll_‘!.'_,lld.lﬁ rats { B} or rabbit (48)
Droses delivered by mouth and the embryos killed and examined
for gross or more subtle changes.

Nao 421 Reproduction Developmental Toxicity Screening Test
-:t":llil.'_,ilfdl 27t Jlll_'r 1905,

Mutagenicity

OECD

Rats, mice or Chinese hamsters (minimum 400

Single or multiple orally/injecied doses are administered into the
oy cavity. Two control groups ane usaed {one receives no
chemical ver receives a chemical known o cause an
effect on genes). Tisswe sampling is performed up o 48 hrs afier
dosing.

Mo 478 Genetic Toxicology: Rodent Dominant Lethal Test
{ Updated guideline 4% April 19840

Repeat dose toxicity

Animal

Usually rats (40-B0 rats per chemical). Sometimes dogs ane also
used (32 dogs per chemical).

Animal repeatedly dosed with a chemical for 28-90 days. Dose
administered orally, dermally or inhaled.

Animals are then killed and their tissues examined pathologically
and biochemically

Nao407: Repeated Dose 28-day Oral Toxicity Study in Rodents
{updated 27 July 1995)

Nao 408: Repeated Dose 9-day Oral Toxicity Study in Rodents
{updated 21 September 1998)

N 409 Repeated Dose 9-day Oral Toxicity Study in Non-
Rusdents (updated 21 Sepember |998)

N 412: Repeated Dose Inhalation Toxicity {original 12 May
15510

Rie prosductive toxic ity Animal

Test

QOECD

Ruats {10} females (B0 pre gnant) and 40 males)

Drnoses administered during reproductive cycle. Assessment is
made on fertility, pregnancy. Tissue, brain or secondary sexual
systems are studied for effects.

Mo 42]: Reproduction’ Developmental Toxicity Screening Test
{original 27" July 19955,

Toxicokinetics Animal

Rodents and sometimes dogs (8 of each species).

Droses are adminisered (oral, inhalation, via the skin). Animals ane
then killed and examined for sccumulation of st substance in
presumed target organs. Excretion and metsholism time courses
ame also followed.

Mo 417 Toxicokinetics {updated 4% April 1984)

Endocrine dismptors

{ Table modified from BUAY repont {2001) and OECD Guideline for Testing of Chemicals — Section 4)

Currently no validated methods specific to endocrine dismptors.

Both in vive and ir vitre ane being developed.




Evaluacion toxicolégica

LD, : estimated dose that causes 50%
100~ mortality of tested organisms
LCs, : estimated concentration that causes
50% mortality of tested organisms

EC., : estimated concentration that causes
an effect (reduced reproduction, growth, etc)
on 50% of tested organisms

(%) (in relation to control)

IC5, : estimated inhibitory concentration that
reduces the normal response by 50%

NOEC : No Obhserved Effect Concentration

LOEC : Low Observed Effect Concentration

animal

experimentation

Others involving different percent change
(10%, 20%, etc)



Evaluacion toxicolégica

El uso de animales de experimentacion
permite la caracterizacion del riesgo
quimico y es un paso imprescindible
para cumplir con los requisitos legales.

Diferencias interespecificas
Diferencias de exposicion
Diferencias de dosis

The number of animal experiments per year

E
AMIMAL EXFERIMEMTZE

B FROCEDURESCHMORMAL AMIMALED
=

- FROCEDURES (GEMETICALLY
MODIFIED AMIMALZE)

1]
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Evaluacion toxicolégica

Jﬂf
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Métodos alternativos (1959)

e ——

(0F PRIGEIPLES OF
HUMANE
= efinamiento de los métodos de experimentacion animal. EXPERIMENTAL
TECHNIDUE

- eemplazo de las técnicas por otras que no utilicen animales.



Metodos alternativos

B Refinement

B Reduction

B Replacement



Metodos alternativos

OECD abolished the requirement for the
oral test (LD50) in 2002 (Test Guideline

401). B Refinement

100

ir
|

% Data Foint

Fespaonse (Fercent)

, LDSs0
10 15 gl 25 30 35
Dose (mg)

B Reduction

The dose of chemical calculated to be
lethal to 50% of the organisms in a
specific test situation.

It is expressed in weight of the chemical
(mg) per unit of body weight (kg) of the
test organism.

Replacement




Article 23(1):

In order to avoid unnecessary animal
testing, testing on vertebrate animals for
the purposes of this Regulation shall be

- undertaken only as a lastresort.

It iIs also necessary to take measures
limiting unnecessary duplication of other
tests.

Two-generation reprotox
Developm. tox study
Further mutagenicity
Skin sensitization
Long-term fish tox
Developm. tox screening
Accumulation
Short-term repeated dose
Carcinogenicity
Sub-chronic tox
Long-term repeated tox
Short-term fish

Acute inhalation tox
Acute dermal tox

Acute oral tox

fn vivo eye irritation

I'n vivo skin irritation
Long-term bird

Test animal need for different endpoints

(% of total test animals needed)




Normativa REACH

Registro
SETETe [
Autorizaciéon
Restricciéon

Article 12

Before new tests are carried out to determine
the properties listed in this Annex, all available
In vitro data, in vivo data, historical data, data

from valid Q(SAR) and data from structurally
related substances (read-across approach)
shall be assessed first.




Normativa REACH

Registro
Evaluacién

Autorizacion

Restriccion

Annex V-VIII

Before new tests are carried out to determine
the properties listed in this Annex, all available
In vitro data, In vivo data, historical data, data
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from valid Q(SAR) and data from structurally
related substances (read-across approach)
shall be assessed first.

Esquema de una estrategia integrada de ensayo inteligente.
(Modificada de Boghal y col. 2005).



Ensavos In vitro

Refinamiento

VENTAJAS
_&F

Versatilidad del disefio experimental.
Resultados mas rapidos y fiables

Menor coste economico.
Automatizacion y/o monitorizacion.
Utilizacion de material bioloégico humano.

Fracciones subcelulares

Laminas de tejidos LIMITACIONES
Organos perfundidos
Explantes

Reagregados celulares
Cultivos organotipicos 3D
Cultivos primarios

Lineas celulares

Simplicidad de los resultados
Complejidad de la interpretacion

Dificultad de extrapolacion
NO sustituyen ensayos in vivo
Requieren validacion




Ensayos in vitro

Registro La normativa REACH requiere ensayos in
. vitro para todos los compuestos quimicos
Evaluacion (Anexo V) y ademas métodos alternativos y
Autorizacién ensayos in vivo para sustancias que esten
presentes en cantidades > 10 Tm ( Anexos

Restriccion VI-X).

Annexes V to VIll of the REACH proposal include lists of tests which will be involved in the chemical safety
testing programme.

=  Annex V includes standard information requirements for substances manufactured or imported in
quantities of 1 tonne or more. In order to meet this requirement, data will generally be collected with
non-animal tests, with Annex V listing in vifro skin and eye imitation, in vitro sKin corrosivity, in vitro
mutagenicity, and non-animal ecotoxicity. There is one animal test listed, the Local Lymph Node Assay
for the determination of skin sensitisation. There is also an additional test proposed for acute toxicity;
the vote will determine whether this will be an animal or non-animal test.

= Annexes VI, VII and VIl provide additional standard information requirements for substances
manufactured or imported in quantiies of 10, 100, and 1,000 tonnes or more respectively. They are
mainly based on animal tests and do not include all validated non-animal tests currently available.

=  Annex X (previously Annex V of the Dangerous Substances Directive (67/548/EC), which provides a list
of test methods, does not include all in vifro and other non-animal tesis currently available; Annex X
details the animal test protocols.



Table 3 Overview of toxicological in vivo and in vitro testing methods accepted for regulatory purposes

Toxicological end point

In vivo methods (no. of OECD test guideline in brackets)

In vitro methods (no. of OECD test
guideline in brackets, if applicable)

1. Acute Toxicity

2. Dermal resorption

3. Phototoxicity

4. Skin irritation and
corrosion

5. Eye imritation and
COrTosion

6. Sensitation

7. Hepatotoxicity
8. Nephrotoxicity
9. Hematotoxicity

10. Cardiotoxicity

Acute Toxicity

Oral [401, 420 (fixed dose procedure),
423 (acute toxic class method),

425 (up-and-down pmcr:durﬂ}]f.

dermal (402, 434% or

inhalation [403, 433° (fixed concentration procedure),
436" (acute toxic class (ATC) method }]f

Skin absorption (427)f

Acute dermal irritation/corrosion (404)F

Acute eye irritation/corrosion (405)F

Skin Sensitisation (406)
Local lymph node assay (LLNA) (429)"

Repeated dose toxicity study in rodents oral (28 day) (407)%,
dermal (21/28—day) (410)! or inhalation
(28-day or 14-day study) (412)
Combined repeated dose toxicity study with the
reproduction/developmental toxicity screening test (422)"
Repeated dose 90-day toxicity study oral in rodents (408)
or non-rodents (409)%, dermal (411) or inhalation (413)°
Chronic toxicity studies (452)F

Skin absorption (428)"
3T3 NRU Phototoxicity test (432)f

Transcutancous clectrical resistance test

(TER) {43'3']1f
Skin corrosion: human skin model test (431)"

Membrane barrier test method for skin
corrosion (435)f

Embryonated chicken egg (HET-CAM)#
Isolated bovine cornea (BCOP)#
Isolated chicken eye (CEET)®

[solated rabbit eye (IRE)?

Lilienblum et al. (2008).
Arch Toxicol 82: 211-236



Table 3 Overview of toxicological in vivo and in vitro testing methods accepted for regulatory purposes

Toxicological end point

In vivo methods (no. of OECD test guideline in brackets)

In vitro methods (no. of OECD test
guideline in brackets, if applicable)

11. Endocrine effects

12. Neurotoxicity

13. Immunotoxicity

14. Prenatal development

Pre- and postnatal
development

15. Fertility

Two-generation reproduction toxicity study (416)"

Repeated dose 28-day oral toxicity study in rodents:

updated with parameters for endocrine effects
(May 2007 version) (4079

Delayed neurotoxicity of organophosphorus substances
following acute exposure (418)°

Delayed neurotoxicity of organophosphorus substances,
28-day repeated dose study (419)F

Neurotoxicity study in rodents (424)"

Prenatal developmental toxicity study (414)°

Two-generation reproduction toxicity study (416)"

Developmental neurotoxicity study (426)"

Combined repeated dose toxicity study with the
reproduction/developmental toxicity screening test (422)f

Reproduction/developmental toxicity screening test (421)F
Repeated dose 28-day toxicity study (407, 410, 412)f
Repeated dose 90-day toxicity study (408, 409, 411, 41 3)f
One-generation reproduction toxicity study (415)"

Two-generation reproduction toxicity study (416)"

Whole embryo culture (WEC)®
Micromass Test (MM)#
Embryonic stem cell test (EST)®

Lilienblum et al. (2008).
Arch Toxicol 82: 211-236



Table 3 Overview of toxicological in vivo and in vitro testing methods accepted for regulatory purposes

Toxicological end point In vivo methods (no. of OECD test guideline in brackets) In vitro methods (no. of OECD test
guideline in brackets, if applicable)
16. Genotoxicity, Mammalian erythrocyte micronucleus test (474) Bacterial reverse mutation test (471)"
mutagenicity Mammalian bone marrow chromosomal Saccharomyces cerevisiae,
aberration test (475) gene mutation assay (480)f
Sex-linked recessive lethal test in Drosophila Saccharomyces cerevisiae, mitotic recombination
melanogaster (477) assay (481 )t
Rodent dominant lethal test (478)" Mammalian chromosome aberration test (473)°
Mammalian spermatogonial chromosome Mammalian cell gene mutation test (476)
aberration test (483)
Mouse spot test {4‘84)f Micronucleus test (48??’:’}f
Mouse heritable translocation assay (483)° Sister chromatid exchange assay
in mammalian cells (479)°
Unscheduled DNA synthesis (UDS) test with DNA damage and repair, UDS
mammalian liver cells (486)F in mammalian cells (482)F
16. Carcinogenicity Carcinogenicity studies (451 ) Cell transformation assays

Combined chronic toxicity/carcinogenicity Studies (453)" (SHE, Balb/c 3T3, C3H10T)®

* Draft Test Guideline 434 Acute Dermal toxicity-Fixed Dose Procedure, May 2004 Version (http://www.occd.org/searchResult/

— 9 Draft Updated Test Guideline 407: repeated dose 28-day oral toxicity study in rodents; Updated with parameters for endocrine effects, May 2007 ——

version (http://www.oecd.org/document/55/0,3343,en_2649 34377 2349687 1_1_1_1,00.html)

® Draft Proposal for a New Guideline 487: in vitro micronucleus test, December 2006 Version (http://www.oecd.org/document/55/
0.3343.en_2649_34377_2349687_1_1_1_1.00.html)

T OECD Guidelines for the testing of chemicals (http://oberon.sourceoecd.org/vi=5003995/cl=13mw=1/rpsvicw/vhosts/oecdjournals/1 6073 10x/
vInd/contpl-1.htm);

£ Tests listed only in Annex V of Directive 67/548/EEC or accepted by regulatory authorities of some EU Member States Lilienblum et al. (2008)
Arch Toxicol 82: 211-236



&a Ensayos In vitro

AnnexV (> 1 tonne) 100

e Skin irritation/corrosion (in vitro)

e Eye irritation (in vitro)

e Skin sensitization (LLNA)

e Mutagenicity (in vitro)

e Acute toxicity test (in vivo / in vitro)

(]
—_

% Ciata Point

Fesponse (Fercent)

LOGD

The principles of the three allernative methods
420 (Fixed Dose) 423 (Acute Toxic Class) 425 (Up and Down)

Methodology Single bolus dose. Young adult rats (one sex). Oral gavage with constant volume or concentration, clinical observations,
bodyweight, mortality over 14 days. Necropsy al termination.

Sighting study Yes No No

Dose levels ' ' Starting at best estimate of LDS0 (or 175 mg/kg) and

=1

using dose progression factor of 3.2, single animals

3 rats per dose level dosed until one of three stopping criteria met

Aim [dentily lowest lixed dose causing Identily lowest lixed dose causing Estimate LD350
evident toxicity mortality

Outpul Range estimate of LD3S0 Range estimate of LDS0 Point estimate of LD5S0 with confidence intervals.
Signs ol acule toxicily. Signs ol acule loxicity. Signs ol acute toxicity.
Targel organ(s) Targel organ(s) Target organ (s)
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s Ensayos in vitro

AnnexV (> 1 tonne)

Skin irritation/corrosion (in vitro)
Eye irritation (in vitro)

Skin sensitization (LLNA)
Mutagenicity (in vitro)

Acute toxicity test (in vivo / in vitro)




in vitro

n

& Ensayo

= CITOTOXICIDAD 5
Efectos adversos o interferencias con
estructuras y/o propiedades esenciales para

AnnexV (>1tonne)

Skin irritation/corrosion (in vitro) la supervivencia, proliferacién y/o funcién
Eye irritation (in vitro) celular

- Skin sensitization (LLNA)

e Mutagenicity (in vitro) Efectos

e Acute toxicity test (in vivo / in vitro) toxicos

Dug

Oxidation 2 Conjugation

(Cytochrome Pdsﬂ'sl/ N:Iucumni ation etc
Conjugation
etaboli

e ——— Stable Adducts

Renal Elimination Biliary Elimination
(Urine) (Stool)

Dosis efectiva

~ ©® Metabolito inocuo y eliminacion.

® Eliminacion incompleta del toxico y
sus metabolitos.

2 Metabolito activo mas toxico que el
compuesto original.
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a Ensayos In vitro

AnnexV (> 1 tonne)

Skin irritation/corrosion (in vitro)
Eye irritation (in vitro)

- Skin sensitization (LLNA)

e Mutagenicity (in vitro)

e Acute toxicity test (in vivo / in vitro)
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A& Ensayos In vitro

AnnexV (> 1 tonne)

Skin irritation/corrosion (in vitro)
Eye irritation (in vitro)

- Skin sensitization (LLNA)

e Mutagenicity (in vitro)

e Acute toxicity test (in vivo / in vitro)

£ La mayoria de compuestos quimicos refiejan su
toxicidad a nivel basal.

£ Un reducide niimero de sustancias son téxicas

—por-interferencia con funciones organc-especificas
o extracelulares.
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AnnexV (>1tonne)

SKin irritation/corrosion (in vitro)
Eye irritation (in vitro)

- Skin sensitization (LLNA)

e Mutagenicity (in vitro)

e Acute toxicity test (in vivo / in vitro)

basal

{ATP |«

~un proceso o estru

AP ALY

Multiple
downstream effects

Sensibilidad es similar en tipos
celulares de distinto origen.

vos In vitro

CITOTOXICIDAD
Efectos adversos o interferencias con
estructuras y/o propiedades esenciales para
la supervivencia, proliferacion y/o funcion

celular

MEMBRANE | _
DAMAGE )

CYTOSKELETAL
DAMAGE
Mitochondria

Membrane damage

Efectos
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DNA DAMAGE,
ACCUMULATION OF
MISFOLDED PROTEINS
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membrane
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Loss of cellular
components

‘
CELL DEATH
(mainly by apoptosis)

Cell death Enzymatic
digestion of

cellular components
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v Toxicidad aguda in vitro

La calidad y especificidad de los datos
generados por los ensayos in vitro dependen
de varios factores:

e Correcta eleccion del modelo bioldgico.
e Seleccion de los parametros adecuados

e Valor predictivo del modelo.

C. primarios Lineas

10° . Transformation
L Primary | : Continuous
10" L Culture | Finite Cell line ! Cell Line
2 10 b :
g ' 1st Subculture
z u , 2nd Subculture
% 19 — ]
O '
.g 10% Senescence arid Cell Death
E L}
E
10
5 100 r :
O :
: Subculture Interval
10" F . :
A Serial Passage '
10- / I N It 1 M 1 " 1 M 1 L 1 N 1 I/,I 1
/ V] 2 4 6 8 10 12 14 100

Explantation Weeks in Culture




Table 1 | Popular mammalian culture cells

Cell name Ongmn Charactenstics Reference

LI TIan Cervc
Hurnan en '|t:|r'-.-'

Las lineas celulares de mamifero son
las mas empleadas.

e Obtencidn de resultados reproducibles
y relevantes.

.
L

E
E
£
£
3

Time (hours)




S Toxicidad aguda in vifro

La calidad y especificidad de los datos
generados por los ensayos in vitro dependen
de varios factores:

e Correcta eleccion del modelo bioldgico.
e Seleccion de los parametros adecuados

e Valor predictivo del modelo.

INHIBICION VIABILIDAD CELULAR DIFERENCIACION
DE LA
PROLIFERACION METABOLISMO MEMBRANA FUNCIONAL/MORFOLOGICA

——— —-— -

4%?&%&5 Eﬂﬁﬁlﬁ - Inhibicién metabdlica - Captacion Rojo Neutro - Grupos de células
- Cantidad de proteina - Reduccion MTT - Exclusion Azul Tripan - Morfologia intracelular
- Contenido/sintesis ADN - Pérdida de adhesion




Toxicidad aguda in vitro

~

e Propiedades fisico-quimicas

e Presencia en el medio

e Estudios epidemiologicos

e Datos toxicoldgicos previos in vivo e in vitro

Number of cells




Toxicidad aguda in vifro

Lectura espectrofotométrica

Andlisis de datos

Parametros clasicos de citotoxicidad basal

Morfologia general
| Reticulo mitocondrial

{ Compartimento endosomal

- ‘# Citoesqueleto

e Microtubulos
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PROLIFERACION VIABILIDAD MORFOLOGIA

‘ I | In vitro assessment of the cytotoxic and mutagenic potential
' of perfluorooctanoic acid

MECANISMO DEACCION ’ d T . Pérez Martin®, ( rero™”, A, Peropadre ?, E. a Pefia®, M. Hazen**
4 Deps o de Biol! 4 te IV (/Darwin, 2, Cantoblanco, 28049 Madrid, Spain

0
{  CAS335-67-1

Estudios recientes de biomonitorizaciéon revelan el predominio de los niveles de
PFCs, particularmente PFOA, en tejidos de la fauna de todo el mundo asi como
en el suero de las poblaciones generales humanas .

Las investigaciones no sugieren una asociacion consistente entre la exposicion al
PFOA y problemas de salud significativos aunque el compuesto es considerado
como un “probable” carcindégeno para los seres humanos (EPA, 2002).
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—#—CPT —F—RN —d— MTT

Los ensayos de citotoxicidad basal
muestran que las mitocondrias son la
principal diana celular del PFOA.
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® Generacion de radicales libres de oxigeno
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Plasma membrang
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Muerte celular

- Observacion y recuento de morfologias nucleares.
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| Integridad del | Sistemade
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Cytotoxic effects in mammalian Vero cells exposed to
pentachlorophenol
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A pesar de que el uso esta restringido en E.E.U.U. y Europa, se han detectado
niveles de PCP en tejidos de la fauna de todo el mundo asi como en el suero de
las poblaciones generales humanas.

Es considerado un contaminante prioritario debido a su lenta e incompleta
biodegradacion y puede producir problemas de salud significativos al ser

considerado como disruptor endocrino y “probable” carcindbgeno en humanos
(ATSDR, 2001).
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Los ensayos de citotoxicidad basal
muestran que las mitocondrias y los
lisosomas son dianas intracelulares
celulares del PCP.
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