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WhatWhat makesmakes nanosnanos differentdifferent in in 
termsterms of of toxicitytoxicity ??

The same physico-chemical properties that
make nanos so attractive for technological
applications are potential sources of 
concern for health :
– new properties
– larger surface area 
– greater surface reactivity
– larger and different biodistribution
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WhatWhat makesmakes nanosnanos differentdifferent in in 
termsterms of of toxicitytoxicity ??

The same physico-chemical properties that
make nanos so attractive for technological
applications are potential sources of 
concern for health :
– new properties
– larger surface area 
– greater surface reactivity
– larger and different biodistribution
– infinite diversity
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Chemically identical

Physically
significantly 
different

Role on biological
interaction?

Wang et al. 2005

RespiratoryRespiratory toxicitytoxicity of CNTof CNT

• biopersistence
• inflammation
• fibrosis
• genotoxicity
• cancer ?
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CNT not heated CNT 600 CNT 2400
Fe (‰) 0.0048 0.0051 0.0001
Co (‰) 4.94 5.44 0.0015
Al (‰) 19.7 22.5 3.7
Surface oxygen 3.45 0.57 0.10

• Presence of metallic contaminants ?
• Role of surface defects ?
• Carrier effect?
• Crystallinity?

HowHow cancan we we explainexplain thisthis toxicitytoxicity ? ? 
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Cellular parameters (3 days)

Muller et al., 2008
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Histological study (60 days)

CNT not heated CNT 2400

Muller et al., 2008

Fibrotic response (60 days)
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CNT 2400
low toxicity ?

Metallic contaminants

Surface defects
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CNT not heated CNT 600 CNT 2400
Fe (µg/l) 0.96 1.02 0.02
Co (µg/l) 988.7 1088.7 0.3
Al (µg/l) 3945 4499 741
Surface oxygen 3.45 0.57 0.10

Role of surface defects ?

Fenoglio et al., 2008
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Role of surface defects ?
Cell injury - 3 days
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RespiratoryRespiratory toxicitytoxicity of CNTof CNT

• biopersistence
• inflammation
• fibrosis
• genotoxicity
• cancer ?
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Muller et al., 2009
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CarcinogenicityCarcinogenicity of CNTof CNT

• Tagaki et al., 2008
MWCNT 27%>5 µm 
intraperitoneal, mouse p53+/-

• Sakamoto et al., 2009
MWCNT 27%>5 µm 
intrascrotal, rat (n=7)

DeterminantsDeterminants of CNT of CNT toxicitytoxicity

• for which endpoint ?

??+??Agglomeration

?(+)?++Length

+--++Surface defects

????+Metals

?????SWCNT vs MWCNT

…GenotoxCancerFibrosisGranulomaInflammation
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DeterminantsDeterminants ofof CNT/nano CNT/nano toxicitytoxicity ??

No one-size-fits-all

Several toxicity endpoints, 
expect several determinants.


