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Different categoriesof nanomaterials

\
\?} LES DIFFERENTES CATEGORIES DE NANOMATERIAUX

Les matériaux
nanostructurés

Nanoparticules
(1-100 nm sur toute:
les dimensions

Matériaux nanoporeux
1 avec des pores de taille
\ nanomeétrique

Agrégats (amas de
particules soudées
ou fusionnées) et
agglomérats (amas
friables de particules)

Nanofeuillets,
nanoplaquettes (1-100 nm

Nanotubes, nanofibres sur une dimension) Nanocomposites
(1-100 nm sur deux composés pour tout ou
\ dimensions) partie de nano-objets /

Quelssontlesnanomatériaux:

Selonla CEE,l & QI BRAQnAtériaux soit naturel, soit formé accidentellement,soit
manufacturéet constituéde particuleslibresou sousforme R QI 3 BRI (B 3 £ @owmt S

au moins 50% des particulespresententune ou plusieursdimensionsexternesse situant
entrel nmet 100nm.Q
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C NanoparticlesNanotubes
- Natural

- Synthetic

- Nanoparticlesinteractions

(APPLICATIONS OF NANOPARTICLES |
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Nanoparticlescharacteristics

C Generalfeatures

- Nanopatrticles

x oNanosizearticle€ (NSP)

x OEngineeredhanoparticles (NP)
x dUltrafine particles (UFP)

- Size at leastone dimensionbetween1-100nm

- Highsurfacereactivity

- Exposureaccidentalor intentional

-Routes ofexposure inhalation, ingestion, skin uptake, and injection

The toxicity concern arises due to the fact that the particle are of size
that of biomoleculesand can interact with them in unanticipated ways
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Nanoparticlescharacterization

O O O O O 0 0O O O

Transmission Electron Microscopy (TEM)
Scanning electron microscopy (SEM)

X Ray Diffraction (XRD)

X ray photoelectron spectroscopy (XPS)
Dynamic Light Scattering (DLS)

Zeta potential

Thermogravimetric analysis (TGA)
Raman spectroscopy

FTIR (Fourier transform infrared spectroscopy)
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Nanotoxicology

C Nanotoxicologydefinition

Nanotoxicologyis the branch of sciencethat deals with
the study and applicationof toxicity of nanomaterials

C RatioBenefit/ Riskof nanomaterials: unknown

Dueto the wide rangeof applicationof nanoparticlesto
their presencein our environment and of their different
accumulation processes there iIs a need to develop
appropriated methodologies allowing to evaluate their
toxicity

Amongthesemethodologiesflow cytometry constitutesa
powerfullmethod
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Whichtoxic effects?

" . C Inflammation
C Oxidativestress

pes
A C Genotoxicity

e C Celldeath

V Thetoxicity candependon: chemicalcomposition, size, size distributioshape

agglomeration, surface properties, solubiligtystallinityof nanoparticle and of
nanoparticlesnteractions

V Thus eachnanoparticleconstitutesa particular case

V Consequentlythere is a realneedto developreliable, efficient, and rapid
methodsallowingto evaluatethe toxicity of nanoparticles

Flow cytometry offers thesepossibilities
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C TEM(ZnONP3

C TEM TiONtsAPTES

C TEM(TIO2NPSs)

Nanoparticlesstudied

— Counts(au)

ZnONPs
PrecursorsZnSQandNaOH
Conditions 90°C, atmospheric
pressure
Size
TEM 30-40nm
DLS (111.G:0.7) nm (HO)

(633t6) nm (medium)

TiONts
Precursors TiQ andNaOH10M
Conditions 15C0°C, hydrothermateactor, 36h
Functionalization APTES
Size
TEM 10 nm ¢iameter)
about 150 nm idength

Intensity (%)

C TEM :Ultrasmall
SuperParamagnetic
Iron Oxide(USPIO)
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Absorption and / or internalisation ohanoparticles
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Rihane N, Nury T, M'rad |, El Mir L, Sakly M, Amara S, Lizard G.

Microglial

cells (BW2)

internalize

titanium dioxide (TiCR)

nanoparticles toxicity and cellular responses Environ Sci Pollut Res
Int. 2016 23(10): 96909.
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Evidence ohanoparticlesinternalization

C Fluorescencenicroscopy. conventionaland confocalmicroscopy

USPIO (HB95)
with Rhodamine B
Oligodendrocytes

(158Ncellg

C Transmissiorelectron microscopy(cellularlocalizatior> Ay i1 SN} QG A 2y

TiO2, BV2 cells

USPIO (HB95)
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(158Ncelly
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Impact oncellviablity and / or cytoplasmicmembrane damage
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Impact on organellesmitochondria, lysosomesperoxisomes

C Mitochondria

V Transmembranenitochondrialpotential (stainingwith DIOC6(3))

V Mitochondrial massronylacridine orange andhitotracker)

V Apo2.7 (mitochondrial membrangrotein; apoptotic mitochondrie?)

¢ Lysosome

V Lysosomaintegrity (acridine orange)

V Lysosomamass Kysotrackej

V LysosomapH (LysoSensorellow/Blue DNEL60)
V Antibodiesanti-lysosome (LAMP)

C Peroxisome
V Peroxisomal mass (ABCD3, Pex14)
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Impact onoxidative stress and inflammation

C Oxidativestress
- ROS(DHE, EDCFDA)
- RNS{DAF2)

- lipid peroxidation: cisparinaricacid

antibodies(4-HNE)

DHE fluorescence (a. u.)

C

TiO2 (pgimL)

C Inflammation
Multiplexedflow cytometricanalyses

- Bio-Plex
was wash ° acquire
i ‘ + % +4-<E:> * :
interleukin Biotynilated Strep-PE
Fluorescent beads antibodies
coated with antibodies

-
Incubation (0.5 h) Incubation (o 5 h) Incubation (0.5 h)

b msh ° acquire
inte m PE- cowlcd
Fluorescent beads antibodies

coated with antibodies

Incubation (1.5 h) > Incubation (1.5 h)
- FBI i - ‘h i
e + + &K :> "’
interleukin Biotynilated trep-PE
Fluomsum beads antibodies
coated with antibodies
h Incubation (2 h) Incubation (1 h)

PrunetCet al. CytometryA. 2006 May;69(5):359-73.
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Nanoparticlesand genotoxicity

C DNA damage

V SubGlpeak(apoptoticcells internucleosomaDNAdegradatior)
stainingwith propidiumiodide

V TUNEImethod (apoptoticcells internucleosomaDNAdegradatior)

V COMET test

V OxidativeDNA damage (8xo-guanine)

C Impact oncellproliferation
V Cellcycleanalysiqpropidiumiodide; BUdR

V AntibodiesKi67, PCNA.
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