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General concepts

Toxicological
information

Body of toxicological (respiratory, cardiovascular)

knowledge ﬂ

ﬂ Nanomaterials fabricated because of the
properties at the “nano” scale
Nanomaterials produced by human Experimental studies, but :
activities, but not in relation with
“nano” properties : - small number
- Atmospheric pollution particles - most of them in vitro
- Fibers - few characterisation of the NM
Experimental studies - differente NM
Epidemiological studies - acute effects

!

Collectively, these data suggest that some
types of exposition to some manufactured
nanomaterials could have deleterious

, _ health effects
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Determinants of the potential toxicologic effects of
manufactured nanomaterials

e Exposition factors

- Sources : aerosols, solutions
- Route of entry : respiratory system, skin, gastro-intestinal

- Magnitude and duration of exposition

e Factors concerning the exposed organism

- Individual susceptibility : disease states
- Interacttion of nanomaterials with body components : proteins (pulmonary

surfactant, transferrin) cooper et al. int. J. Radiat. Biol. Relat. Stud. Phys. Chem. Med. 1979, 36:453-66

- Evolution of nanomaterials once they enter into the body

e Factors concerning the nanomaterials: physico-chemical
characteristics
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Respiratory exposure

Airways anatomy

Passage to the

SNC ?
Lypmpfinodes
Puimonary
Artarias
Brancii
Nonrespiratory
Branchioies . \ Fuimanary
§ i Yains
Raspiralory | :
Branciioles < i
7

Alveolar

Ducts A
Alvociar k
Sacs |

Systemic
translocation ?

Lanone & Boczkowski, Nanosafety Hub Meeting, Brussels 23 March 2007

Size of particles and site of deposition
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The deposition site depends on :
- particle’s size and shape,

- airways geometry, and

- ventilatory mode

Witschger O et Fabries JF. INRS, Hygiene et sécurité au travail , 2005
Oberdorster G et al. Inhal. Toxico. 2004, 16:437-445
Borm PJ et al. Partic Fiber Toxicol. 2006, 3:11



Determinants of the potential toxicologic effects of
manufactured nanomaterials
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Determinants of the potential toxicologic effects of
manufactured nanomaterials

Factors concerning the nanomaterials

r - surface area,

- cellular localization (internalization),

- The size : détermines Y _ o 3jization in the body (resp. system, skin),

~ - pulmonary and central nervous system translocation
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Particles size determines their inflammatory properties

Polystyrene particles, different diameters, IT instillation in rats. Animals examined at 24h.
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Inflammatory cellularity vs surface
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But....other factors exist I

TiO2 particles, IT instillation in rats. Animals examined a 24h.

Percent Neutrophils in BAL Fluids of Rats exposed to
Fine and Nano-sized TiO, Particulates
(Second Study)
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Determinants of the potential toxicologic effects of
manufactured nanomaterials

Factors concerning the nanomaterials

r - surface area,

- cellular localization (internalization),

- The size : détermines \  _ |, ajization in the body (resp. system, skin),

~ - pulmonary and central nervous system translocation

- Surface phenomena : area, reactivity, treatment ;
- Chemical composition, including transition metals and the capacity to generate
reactive oxygen species ;
- The shape ;
- Solubility and the capacity to form aggregates and/or aglomerats and the shape of
hese aggregates/aglomerates
- Charge ;
- Photoreactivity ;
- Cristaline structure ;
- The number of particles ;
- and other parameters :
methods de fabrication and stockage ;
ageing of particles
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Molecular mechanisms probably involved
in the toxicological effects of nanomaterials

Oxidative stress and inflammation are the most frequently cited mechanims
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Molecular mechanisms involved in
reactive oxygen species production

uv O :
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active groups
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UV activation of COmposntlon e.g.,

Ut|||zat|on of the capacity of nanomateralls to produce
reactive oxygen spemes as an indicator of potentlal toxmlty ?

PA Media interactions Redox cycling and
Dissolution ‘:A Dy particle dissolution, catalytic chemistry
P coating, passivation via coating metals
Coating may protect the and hydrophobicity/ (e.g.,Fe)
surface, change cellular hydrophilicity and organics
uptake or could lead to (e.g., quinones)

release of toxic chemicals
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Hydrophobicity—interactions H 20 OH Fenton chemistry
with cell membranes, determining uptake : '
Hydrophilicity—water suspendability

Nel A et coll. Science 2006
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