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...The central question is this: do nanoparticles have properties

Nanotoxicology

affecting either exposure or hazard that are fundamentally
different from those shown by larger particles of identical
composition ? This remains an open guestion.”

(Auffan et al, Nature Nanotoxicology, 2009 )

Interaction of Fe, O nanoparticle
| with cell membrane (x 45 000)




Nanotoxicology
Specific toxicity of nanoparticle (?)

Physical consequences of particle size reduction (f or a same mass

dose)
Increase in particle number

Increase in total surface area

(Adapted from Oberdorster et al, 2005)



Nanotoxicology
Specific toxicity of nanoparticle (?)

Literature review (Auffan et al, Nature Nanotoxicology, 2009 )

“....particles larger than 30 nm do
not in general show properties that
would require regulatory scrutiny
beyond that required their bulk
counterparts.”

Number of scientific publications

Critical diameter (nm)
below which specific nanoscale effects occur




Metal oxides

Metal oxide nanoparticles : in the OECD list

List of Manufactured Nanomaterials for Phase One of the OECD Testing
Programme (www.oecd.org/env/nanosafety)

* Fullerenes (C60)

* Single-walled carbon nanotubes (SWCNTS)
*  Multi-walled carbon nanotubes (MWCNTS)
«  Silver nanoparticles

 Iron nanoparticles The toxicity of metal oxide
-«  Carbon black particles can involve their surface
- Titanium dioxide reactivity

¢ Aluminium oxide
* Cerium oxide

e Zinc oxide

< Silicon dioxide

* Polystyrene

« Dendrimers

« Nanoclays




Redox properties

Iron oxides (e.g. Fe,03, Fe;0,)
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Metal oxides

Reactive
Oxygen
Species

Question : increase in

redox activity in case of
nanoparticles?
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Genotoxicity
Genotoxicity and carcinogenesis

CHEMICAL

Preneoplastic
lesion

Initiated cells

|

Genetic change % Genetic change

» TUMOR
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| (back to normal) L | expension

Cell death

Genotoxicity
* * All physical and functional DNA alterations, €.g. :

* DNA lesions
* Chromosomal alteration (e.g : micronuclei formation)
Mutagenesis

Gene activation




DNA lesions

CHEMICALS
UV, X, g... rays
ROS:

Alkylating agents

Crosslinking agents

OH—

alkyl —

Genotoxicity

Single or double DNA strand
breaks

Base modifications (= DNA
adducts) : oxidation,
alkylation, crosslinks...

Structural DNA instability

Some lesions can be repaired




Genotoxicity
Chromosomal alteration: Micronuclel formation

Chromosome | Normal mitosis:
| maintenance of the

| genetic integrity

Micronucleus

Micronucleus

| Chromosomal | Lost of an entire
| breaks CHEMICAL | chromosome

CHEMICAL




Experimental procedures

In vitro study
Syrian hamster embryo (SHE) cells

Metal oxides particles
TiO, anatase and rutile
Fe,O, (magnetite) and Fe,O, (hematite)
Nano- and micro-scale particles
Chemical/physical characterization

Cellular uptake
Electronic microscopy

Cytotoxic assays
Cell growth inhibition
Intracellular ROS

Genotoxic assays
Comet assay _ _
Micronucleus assay Question : Are nanoparticles more

cytotoxic or more genotoxic than
microparticles?




TiO, Anatase nano
Particle size : 14 nm
Surface area : 149 m?/g

TiO, Rutile nano
Particle size: 62 x10 nm
Surface area : 148 m?/g
Silica impurity (~ 14%)

Particle characterization

TiO, Anatase micro
Particle size : 160 nm
Surface area : 9 m?/g

TiO, Rutile micro
Particle size: 530 nm
Surface area : 3 m?/g

Experimental



Fe;O, nano
Particle size: 29 nm
Surface area : 40 m?/g

Fe,O5; nano
Particle size: 35 nm
Surface area : 39 m?/g

Particle characterization

Fe;O, micro
Particle size: 156 nm
Surface area : 7 m?/g

Fe,O3 micro
Particle size: 147 nm
Surface area : 6 m?/g

Experimental



. . Experimental
Cellular interaction P

Cell (in division)

e.g. : SHE cell exposed to Fe,O,
nanoparticles

Nanoparticles
(aggregated)



Experimental
Cellular uptake g

Nucleus

Cytoplasm

e.g. : Ultrafine cell section following exposure to TiO,
nanoparticles (—» )




. Y Experimental
Cytotoxicity: Cell growth inhibition assay

CONTROL

EXPOSED

A

% Exposure

eath (apoptosis,
necrosis) or division
blockage

% Cell growth inhibition =

100x Nb of cells in exposed culture

Nb of cells in control culture




Growth inhibition

Experimental

Cell growth inhibition (72h exposure)
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Growth inhibition
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Cell growth inhibition (72h exposure)
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Experimental

Cytotoxicity: Intracellular ROS assay

DCFDA*

Cellular

esterases K

DCFDA ¥> DCF ———

Cytoplasm

Following particle exposure, DCFDA
Is added to cell cultures

Fluorescence is detected by flow
cytometry (20 000 cells/assay)

ROS induction =

Fluorescence in exposed cells

Fluorescence in control cells

* Dichlorodihydrofluorescein diacetate is used as a fluorescent probe



Experimental
Intracellular ROS (72h exposure)

ROS induction
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Experimental

Genotoxicity: Comet assay

Detection of multiple DNA lesions in alkaline condition (favoring DNA strand breaks)

Following exposure to particles, cells are incorporated into an agarose gel, DNA
fragments are separated by electrophoresis and stained with a fluorescent DNA dye

- Electric field +

—— Intact DNA

—— Fragmented DNA

short fragments

= —

Head Tail

< >
Total

Intact nucleus Nucleus with DNA lesions

Single cell analysis (100 cells/assay)

% DNA lesion =
100x Tail DNA intensity (fluorescence)

Total DNA intensity (fluorescence)
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Experimental
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rutile micro
micro

TiO, anatase nano = TiO, anatase micro
TiO, rutile nano < TiO,, rutile micro

Fe,O, nano = Fe,O, micro
Fe,O, nano = Fe, O, micro




Experimental
Genotoxicity: Micronucleus assay

Cell cultures are exposed to particles

After at least one cell division, cells are stained
with a DNA dye (e.qg. fluorescent)

Microscopic observation ( 2000 cells/assay)

% Micronucleated cells =

100x No. of cells with (at least) 1 micronucleus

Total No. of cells




Experimental
Micronuclel formation (24h exposure)

% Micronucleated cells
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Particles do not induce a significant increase in micronuclei formation




Conclusion: Nanosize effects ?

Nanosize effects
Cell growth inhibition (TiO, anatase, TiO, rutile and Fe,05)
Intracellular ROS (TiO, anatase and Fe,0;)

Absence of nanosize effects
DNA lesions (TiO, rutile micro > TiO, rutile nano)
Micronuclei formation (no induction by nano- or microparticles)

Published data

Cytotoxicity and genotoxicity induced by metal oxide nanoparticles are
not always higher than those induced by their bulk counterparts

Results strongly depend on nanoparticle manufacturers and
experimental models
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