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T. Homma et al., 2003

ITO a new pneumotoxic entity
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90% 10%

sintering

sputtering

ITO

Cummings et al., 2014

Cummings et al., 2016
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NaCl 0.9%
10x

ITO – 2 mg
10x

Histopathology (day 60) : alveolar level

Alveolitis

particles
PAP

ITO – 2 mg
40x

ITO – 20 mg
40x

Lison et al., 2013
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Huaux et al., 2018
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Verougstraete et al., 2004

Cobalt compounds

• Cobalt metal
• Cobalt chloride
• Cobalt sulfate
• Cobalt (II) oxide
• Cobalt (II,III) oxide
• Cobalt hydroxide
• Cobalt sulfide
• Cobalt octoate
• Cobalt naphtenate
• …

Grouping ?
Read across ?
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Lison et al., 2018

Co compounds

soluble in 
alveolar fluid ?

High cytotoxicity

Lo
w

cyto
to

xicity

yes

no

soluble in PL 
fluid ?

yes

no

stabilises 
HIF-1a ?

no

yes



06-12-18

10

20

HIF-1a

Normal 
conditions

Cobalt 
presence

Proteasome

Co ions

Lison et al., 2018
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LIB particles

Li-ion battery (LIB)

LIB use evolution

LiFePO4 (LFP), LiCoO2 (LCO), LiMn2O4 or Li2MnO3 (LMO),

Li4Ti5O12 (LTO), LiNiMnCoO2 (NMC), LiNiCoAlO2 (NCA)
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Co3O4

73 % Co

LiCoO2 (LCO)
60 % Co

LiNiCoAlO2 (NCA)
27 % Co

CoLiNiMnCoO2 (NMC)
1:1:1     20 % Co
6:2:2     12 % Co
8:1:1     6 % Co

LiFePO4 (LFP)

Li4Ti5O12 (LTO)

LiMn2O4 or Li2MnO3 (LMO)

Is lung toxicity due to Co?
Comparison of the lung toxicity of a large range of LIB particles
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Is lung toxicity due to Co?
Comparison of the lung toxicity of a large range of LIB particles

25
 No association with Co content
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Is lung toxicity due to Co?
Comparison of the lung toxicity of a large range of LIB particles
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 No association between Co %, Co bioaccessibility and LIB lung toxicity
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Comparison of the lung toxicity of a large range of LIB particles

+ particles

HIF-1a
24 h

cells

Epithelial cells
(BEAS-2B)

HIF-1a

27
 Association with biologically active Co (and other transition metals)
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Implication of HIF-1a in LCO toxicity:

Oro-pharyngeal aspiration

LCO or silica (2 mg)

3 dC57BL/6

Chetomin
0.5 mg/kg/d Inflammation
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 HIF-1a is implicated in LCO lung toxicity
 HIF-1a could represent a key event of LIB particle containing Co and/or transition metals

***

**

Others?

29

HIF-1a

Particles containing
transition metals

(Co, Ni)

LIB particles

Inflammation

FibrosisGenotoxicity

Societal usefulness
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Many physico-chemical properties of silica may impart toxicity

Crystallinity
(amorphous-crystalline/
crystalline polymorphs)

Morphology / Size

Si

Si-O

Surface radicals

Reactive oxygen
species

Fe2+

Metal ions

Si-O
H

Si
Si

O

Silanols
Surface charge

Al3+

Siloxanes

Large variety of physico-chemical features mostly in evolution with fast or slow kinetics

31

Variety of particles with different surface properties  reactivity  pathogenicity
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Synthetic vs natural quartz: silanol arrangements & membranolysis

2757=silanols 5.5 Å apart

Weakly-interacting silanols appear related to the membranolytic activity of natural quartz
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Analysis of silanol profile via Diffuse Reflectance IR spectroscopy Membranolytic activity (RBC lysis)

(Rimola et al., ACS Catal. 2018)
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IL-1β release correlates with silica hemolytic activity

33Pavan et al., Part & Fibre Tox, 2014

Macrophages

RBCs
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Proposed adverse outcome pathway (AOP) for silicosis and lung cancer 

Pavan & Fubini, Chem. Res. Toxicol. 2017

34

Messages 

•Impact sociétal
⁻ descriptive
⁻ dose-réponse
⁻ mécanisme … KE … PoD … acceptable exposure

• Trans-disciplinarité
⁻ in vitro alone ?
⁻ Tox et Ecotox (microbiote)
⁻ Hors toxicologie

• Un rôle pour
⁻ académiques
⁻ sociétés scientifiques
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