Evolucion de las herramientas toxicologicas
para la evaluacion de nanoparticulas
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Nacimos para innovar y NUESTRA VISION es ser referente, con proyeccion
internacional, y proveedores de conocimiento tecnoldgico.

# Un proyecto con el compromiso de todas las personas
# Una apuesta decidida por la innovacion tecnolégica
 Una integracion de tecnologias internas y externas

# Una estrategia centrada en nuestros grupos de interés
# Una gestion basada en la mejora continua
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Productos nano
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Aplicaciones seguras
Opinidn publica positiva

EU votes for labels on
nano, cloned and GM
food

Ecologist
5tih May, 2010

UK and other member states
expected to fight proposals
to bring in compulsory
labelling for consumers on
novel foods

MEPs have voted almost unanimously in
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Health and Fitness Subcategory

Total Products Listed

EEUU > Europa > Asia

Fuente.: Nanotechnoloqgy consumer proauct inventory

La legislacion actual no es capaz de evaluar la seguridad de los nanomateriales:
*Pérdida de competitividad

*Pérdida de confianza del consumidor
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Definicibn —son materiales (origen natural, accidental o manufacturado) cuyos
principales constituyentes tiene una dimension entre 1-100 nm. En el caso de
aglomerados o agregados 50% de estos materiales poseen una o mas dimensiones
en la nanoescala.

Tamano Numero | Area de
superficie

] cm 6.cm2
I mm 1000 60 cmZ
Total Surface Area
2T folalEugsceition 1 um 10™12 6000 cm?2
A mmicubes Total Surface Ares
D e I nm 10~21  60.000.000 cm?2

Mayor area de superficie > reactividad > contacto con células y tejidos
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¢,Por qué preocuparse?

*Entidades nuevas desde un punto de vista toxicologico
Utilizacion de masa como medida puede no ser adecuado
*/{Son adecuados los procedimientos habituales?
Diversidad de nanomateriales (inorganico, organico)
*Solubilidad, aglomeracion

*Calidad del preparado, pureza

*Deteccion y caracterizacion del nanomaterial

Agua Glucosa  Anticuerpo Virus — Bacteria  célula cancerigena punto pelota de tenis
Las nanoparticulas tienen
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Premisas
La Unica caracteristica comun entre nanoparticulas es el nombre!

Nanotubos de carbono Dendrimeros Quantum dots Dioxido de titanio




Evaluacion toxicologica
Tamano? |dentificar caracteristicas/
Longitud? » Tests que sirvan para predecir
Presencia/ausencia de catalizadores? toxicidad
Estado puro? (pristine nanomaterials)
Funcionalizados? ‘

Diseno seguro/Safe by design
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TOXICOLOGICAL HIGHLIGHT

How Meaningful are the Results of Nanotoxicity Studies in the
Absence of Adequate Material Characterization?

Dravid B. Warheit'

DePivet Haskall Glodur! Conters flor Hualtk avd Ervimonme sal Selonces, Newad:, De keware

Rensval Movesber 6 07, & cpas Mowesbes 6, 007

For the very few people who may not have an understamding
ol nanolechnology, here & a quick overview. Nanokechnology
# an emerging multdiciplnary technology thal myvolves the
synthests of moleades in the nanmeale {ie, 107 m) sine
range. The origin of the temm “nanotechnology™ & derived
from the Creek word “name.” meming “dwarl” Fom
a chemistry and material science perspeetive, the development
of mew products using nanomsterials is exciting because, for
& given particle-lype, &8 one moves down the nanoscale (ie., a
the particle sime is decressed within the nanoesle range),
fundamental physcal and chemical properiess appear o
change—aollen yielding completely new and differen physi-
calichenical properties.

For titanium particle-types, lose their whie
color and become eolorless 3 decre adng st anges < mm

sgmificant roles i the develogm af icle-relsted
lung oxicity. In paticular, some -epmundﬂ.e that mhaled
ultrafme hanopaniclks, folwing depodtion n the alveols
regions of e lung, largely eseape alveolsr mscrophape
surveillance and tranamigrate 1o the pulmonary miersitiom or
the sydemic creulstion following deposiion in the alveolsr
regions of the lung | Donakdson er of, 2001; Oberdorster,
AWK Alematively, other recent studbies mdicate that the
moxicity of some nanopartioubstes may be relsied, in large parn,
o the surface reactivily of the panicles, mdicating thal the
marticl surfsce—cellular inmersctions may take precedence aver
e e paiicle o particle smefurface mea per = in
miluencing the development of inflammatory and cyioxic
megponass in the lung (Warheil ef af, A07ab).

Particle surface and interfaces are mportan components of

(her particle-types, known for electrical insulating
may become condustive st the nanoscale; or imsoluble
abasmees can become mone soluble below 100 nm
Accordingly, these slerations i physical properties have
menerated preal mierest in this new technelogy (Colvin, 2008,

Giiven the exnciiement asocisted with all of the memotech-
nelogy applications, evalusting the potential hasards related 1o
exposunes 1o nanoscale malerials and 15 products has become
am emerging anesin laxicology and health risk ssesament The
development of a safety database for mnoscale panicles is
evolving as new particks, malerals, and expotune melh
odologies are being developed (ie., implcsions resesnch).
Manoparticle-types (oflen defined & < 100 mm m one dimen-
don) may have diferent health impacs when compared 0
fne-sdzed (bulk) pafticle-types of smilar chemical composi-
tam. In this regard, dats from some pulmonary sty dudies
n rals demonarate thal e xposune 1o uliralnemanopanicks pro-
duce Mty resgs when e with larger-
szed particles of dnile chemicsl composition {Dnaldson
ef af., A, Oberdiorster, 20000, Particle surface anea and
particle number detemminations have been postulsied o play

! For coree gpoadeace vian Bl david bowarbe i dugent ooes

As the gatick s is neduced, the
roportion of soms found st the surfsce 15 enhanced relstive
i the propanion made i3 volume, This resulls m manoscals
particks, which are likely 1o be more resctive, thus genersting
more effective catalyds from an applications stndpodn.
However, from a heshh mplicstions perspective, nesctive
Eroups on & partcle surface are 1kely 1o modily the biological
ipotemially toxdeological) effects.  Therefore, changes in
surface chemidry formung the “shell ™ on a (core) nandopanicle-
type may be importnt and relevan for heslth effects. In
addition, surface costings can be ubibized 1o aler surface
roperties of mnomrtcks o prevent aggregation or agglom-
eration with differenl particl-lypss, adir can sere 1o
“pamivaie” the particlke-type 10 mitgae te effecs of
ultraviolsl radiation induced reactive oxidants. 1 # inlenssting
o noke that surface coatings, finctioning to neduce aggregstion
and o facilitsle paticle dispersion, enhance the elficacy of
the panticle-type in i: devigned application, bul may slso
acceleraie ol the icke o the B

tract Lo the sysdemic circulstion and thershy significanly in
creade menoparticle dgrbution throughout the body (Borm
et al., 2006; Oberdorster et al, 2005 ). To capture ihis concept)
of the i of hell dymamics, it

partick
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Particle and Fibre Toxicology

Review

()

BioMied Contra

The limits of testing particle-mediated oxidative stress in vitro in
predicting diverse pathologies; relevance for testing of

nanoparticles

Ken Donaldson*!, Paul JA Borm?, Vincent Castranova® and Mary Gulumian?
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NANOTOXICOLOGY

Signs of stress

What is the best way to find out if nanoparticles are toxic? New results suggest that measuring oxidative
stress could eventually allow us to screen the thousands of new nanoparticles made every year.

Vicki Stone™ and Ken Donaldson?
are at 'Cenre for Health and Environment, School
of Life Sciences, Napier University, Edinburgh EH10
5DT, UK; *MRC/University of Edinburgh Centre for
Inflammation Research, Queen’s Medical Research
Institute, Edinburgh EH16 4T, UK.

e-mail: v.stone@napier.ac.uk;

ken.donaldson@ed.ac.uk

he rapid expansion of nanotechnology
T has resulted in a vast array of
nanoparticles that vary in size,
shape, charge, chemistry, coating and
solubility. Take carbon nanotubes, for
example, which have been intensively
studied because they have new and
unusual mechanical, electronic and other
properties. The potential toxicity of these
materials has attracted attention because of
their apparent similarities to asbestos and
other carcinogenic fibres (Fig. 1). Carbon
nanotubes are long, thin (just nanometres
in diameter) and insoluble — all factors
that contribute to fibre toxicity in the

Figure 1 A rat lung cell attempting to ingest carbon
nanotubes that are longer than the distance that
the cell can stretch, which means that the rat
cannot remove such nanotubes from the budy

This optical py image is
with confocal images of the protein cytoskeleton

nanomaterials cause most oxidative injury
within cells’.

However, when testing the toxicity
induced by carbon nanotubes, should we
consider single- or multiwalled tubes? Long
or short nanotubes? How long or short?
Should we remove metal catalysts? Do we
use functionalized or non-functionalized
particles? Should we use pristine tubes
or should they be tested in the form in
which they might actually be used? The
list of variations is endless and poses a real
problem for toxicologists.

However, the challenge for
toxicologists is not to test every variation
of a new nanoparticle generated but,
instead, to identify key factors or tests
that can be used to predict toxicity,
permit targeted screening and allow
materials scientists to generate new, safer
nanoparticles with this structure-toxicity
information in mind.

Nel and co-workers have now taken a
major step in this direction by systematically
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Registro Europeo de Productos Quimicos (REACH)

—
e
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En Europa existe el Registro Europeo de Productos Quimicos (REACH). EI REACH (registro,
evaluacion, autorizacion y restriccion) es un sistema integrado Unico europeo y nace con el fin de:

a. Proteger la salud humana y del medio ambiente

b. Mantenimiento y promocion de la competitividad
de la industria europea

a. Transparencia

b. Integracion con esfuerzos similares

c. Disminucion de las pruebas con animales

Los estudios toxicoldgicos que exige REACH no estan adaptados para estudios a nanoparticulas.
Desde Europa se esta reformando la normativa para que se permita evaluar la seguridad de los
productos nano.

[11]
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*Kit de irritacion Episkin

*Corrosividad en piel Episkin, Epiderm y TER

*Phototoxicidad 3T3 NRPT

*Absorcion en piel (humano/cerdo) con Franz cells

*Genotoxicidad (AMES, micronucleous test, mamifero)
*Embriotoxicidad (células madre embrionarias, ensayo micromasa y
embrion total)

Ninguno ha sido validado para nanoformulaciones

Proyectos del FP6 y FP7 estan enfocados en el desarrollo de nuevas estrategias /7
vitro: Nanoderm, Nanother, Skintreat...




a Jornada REMA

OECD

nceouliIvviviico

LELSACN,  SUSTANCIAS QUIMICAS (REACH/CLP) m

comerciales/uso ™
Identificacion

: . peligrosidad A~ 4
Ambito regulatorio valuacion de [EGISLACION
. Seguridad y
.rle'sgo?s, Salud L3boral
Eliminacion
residuos,
emisionesy
. ' s Ty - - . . \
EMA PRODUCTO g PROTECCION
*Contacto con AMBIENTAL

*Operaciones

ECHA alimentos tratamiento

*Aguas

*Productos (incineracién Suelos
farmacéuticos vttt ‘ «Calidad del aire

EFSA *Cosmética *Corrientes especificas *IPC (ODF, G_IF' )
*ROHS (AEE) (WEEE., ELV, Envases *Responsabilidad M.A.

|__DISENO FABRICACION DISTRIBUCION usSo FIN DE VIDA

ESTRATEGIAS DE CICLO DE VIDA  (JRC-IES-LCT)

[13]



6 Jornada REMA

‘Are any nanocscale
materials included in
this application? Mo

Mo data entry is
NEcessarny.

What nanomatenal is included in the
product, and what is its source?

v

I= the nanomaterial a reformulation of a
previously approved product?

'

‘What is the nanomaterial functionality (e.g., camier,
excipient, API, packaging, or cther)?

I

Is the nanomaterial scluble (e.g., nanoerystal) or inscluble (e.g., gold
nanoparticle) in an agueous environment?

Please indicate the reason why the
particle size information iz not included.

What is the reported particle size and size distribution?

+

What other properties of the nanomaterial were reported in the
application? (See Attachment E)

!

List all technigues used to
characterize the nanomaterial.

Source: Nanomaterial product review flowchart (Office of Pharmaceutical Science 2010)
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Genotoxicidad

Uptake celular : F g . o'
- B Clfotoxicidad
Inflamacion “ .
Stress celular

Se ha observado una correlacion entre el area de superficie, capacidad de
generacion de stress celular y efectos proinflamatorios
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Permeabilidad

Absorcion percutanea

Transwell
insen

Cell

monolayer

Permeable
membrane

- Apical
chamber

Basolateral
chamber

Vectorial transport

Problematica:

*Deteccidon
*Cuantificacion

*Standards
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PIEL

*Evidencia de que existe penetracion (principalmente stratum spinosum y
quizas dermis para particulas muy pequenas (<10 nm)|

*No hay evidencia de que particulas > 20 nm penetren
La piel

*Es posible que areas de la piel tenga absorcion diferente (flexing)
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Rutas de exposicion-Piel

*A pesar de que estos productos se
deben utilizar en piel sana, un 2% de la
poblacidén europea padece eczema y una
gran proporcion es atopica

Se desconoce el
comportamiento de  estas
formulaciones en piel
envejecida
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PTO: Coordinacién y Gestion
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PT6: Aplicaciéon Caso de Estudio Singular

PT8: Actividades de Posicionamiento
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NANOREG — A common European approach to the regulatory testing of
nanomaterials

Input from regulators and
legislators

NANOREG SCHEME

Synthesis and characterisation

O

Requirements of

regulators and legislator

O

Strategy

: O
[oN

S LCA
Al

Q O

General knowledge

approved

Toxicity testing in vitro/in vivo

Available and validated

Available not validated

il

Not available'y >

Case studies

V

v

Validation
AN

Desarrollo

Answers
and
solutions

v
TOOLBOX
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Parque Tecnoldgico de Bizkaia, Edificio 202

48170 Zamudio | Bizkaia | Spain
T.0034 94 6002323
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