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Airborne or suspended nanoparticles are considered to pose a potential hazard

Nanotechnology

Nanomaterials

Nanoparticles
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Biokinetics of NP



Steffen Loft

Inhalation (mainly lung)

Ingestion (systemic)

Systemic diagnostic and therapeutics 

Wear on implants: autoimmune disease

Dermal exposure

In vivo genotoxic hazards of nanoparticles

In vivo – in vitro correlations of 
oxidative stress and DNA damage
Lung and liver as targets
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Silver nanoparticles of 60 nm by daily gavage (10 rats in each group): 
- vehicle control (10 ml/kg)
- low-dose group (30 mg/kg), 
- middle-dose group (300 mg/kg)
- high-dose group (1000 mg/kg). 

After 28 days of exposure no effect on
- micronucleated polychromatic erythrocytes (MN PCEs) 
- ratio of polychromatic erythrocytes among total erythrocytes
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Inflammation

Genotoxicity

Cancer

Oxidative stress Inflammation

Cancer

Oxidative stress

Nanoparticles

ROS
RNS

DNA repair
• Upregulation
• Inhibition 
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Relationship between
mutations in rat lung
epithelial cells 15 months
after exposure
in vivo
and 
in vitro in 
In vivo exposed BAL and 
epithelial cell line 
coculture
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Lung inflammation after particle administration

Stoeger T, Schmid O, Takenaka S, 
Schulz H. Inflammatory response to 
TiO2 and carbonaceous particles scales
best with BET surface area. 
Environ Health Perspect. 2007 
Jun;115(6):A290-1 

Surface area may be most important

Similar association for lung tumors
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Tumor induction correlates with particle surface area much better than with mass
independent on chemical composition with few exception (quarts)

Inhalation studies of different particles - Instillation studies
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DNA damage by particles in A549 lung epithelial cell and in isolated DNA
Diesel
particles

Increased strand breaks, guanine oxidation and TNF, IL1, 6, 8 mRNA
expression (20-500 ug/ml) in cells by NIST 1650 or 2975 diesel or street
particles

Similarly increased strand breaks in human lymphocytes (from 20 
ug/mL)

Only effect of street particles and not of diesel particles on 8-oxodG in 
isolated DNA (HPLC-EC) 

EM of UF

Dybdahl et al., Mutation Res 2004
Danielsen et al. Particle Fibre Toxicol 2008
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Møller et al. Tox Lett 2008
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No

FPG sites and strandbreaks in monoclear blood cells
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Role of TNF and PMN in TNF-/- inhaling diesel particles or carbon black x 4

DNA damage BAL cells

PMN infiltration

IL-6 mRNA
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after repeated dosage
(Saber et al. Arch Toxicol 2005)
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Compare wild type and ApoE-/- mice for susceptibility (carbon black)

Compare inhalation and instillation for effect (carbon black) 

Use instillation to compare a nanoparticle battery
• Carbon black 14 nm
• C60 0.7 nm
• SWCNT 0.9-1.7 x <1000 nm
• Au 2 nm
• Quantum dots 5 nm
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Characterize the aerosol



Steffen Loft

Characterize the suspensions
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Much stronger inflammatory response to instillation of carbon black (CB 14 
nm) 54 µg in ApoE-/- mice than in C57 mice after both 3 and 24 hr
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Much stronger inflammatory response to instillation of carbon black (CB 14 nm) 
18 or 54 µg than to inhalation of the same dose in ApoE-/- mice after 24 hr
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control Au C60 SWCNT CB QD620 QD621
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Inflammation and DNA damage 3 hr after instillation of 54 µg 
nanoparticles of gold (Au, C60, SWCNT, carbon black CB 14 nm) or to 
quantum dots (QD620, QD621) in Apo-/- mice
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Animal experiments show increased oxidative stress,  DNA damage and gene 
expression in colon, liver and lungs after low oral doses of diesel particles in feed
or by gavage and without signs of inflammation or mutagenicity (after 21 days)
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Groups of 8-10 rats received by gastric intubations

C60 Fullerenes

Single wall carbon nanotubes

0, 0,064 or 0,64 mg/kg

In saline or corn oil
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Danielsen et al. Mutation Res 2008; Folkmann et al. EHP 2009
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Strand breaks

FPG sites
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Particle (75 µg/ml; 8 rounds) CII mutation
frequency

Carbon black 22±4

Diesel 20±5

C60 fullerenes 13±4

Single wall carbon nanotubes 14±4

Quartz 16±6

Negative control 12-15

Positive control 151-395

Diesel: Environ Mol Mutagen 49:476-87, 2008
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Particles ROS IL1/6/8;TNF SB FPG CII mutation

Diesel SRM1650/2975 + ++ ++ ++ ++

Wood smoke - ++ +++ ++++ nd

Diesel extract ? + ++++ +++ nd

Wood smoke extract ? + +++++ +++ nd

Carbon black +++ + ++ ++ ++

C60 fullerenes +/- nd + + -

Carbon nanotubes ++/- nd + + -

Quartz + ++ - - -

Summary of effects of particles in THP1, A549 and MML cells

Danielsen et al. Particle Fibre Toxicol 2008; Dybdahl et  al. 2004; Jacobsen et 
al. Environ Mol Mutagen 2007+2008, Mutation Res 2007;  Kocbach et al. 
Toxicology 2008, Toxicol Appl Pharmacol 2008 
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in vitro in vivo
Particles ROS IL1-8 SB FPG CII mu- MCP SB     8-oxodG

TNF tation -1 BAL  oral/inhal.

Diesel ++ ++ ++ ++ ++ ++ ++ ++ / +-

Carbon black +++ + ++ ++ ++ ++ ++ /-

C60 fullerenes +/- + + - + - + /

SWCNT ++/- + + - +++ + + /

Quartz + ++ - - - (+++) (++)

QDots highly cytoxic +++ +++

Summary of effects of particles in cell culture and in vivo in apoE-/- mice and rats

Danielsen et al. Particle Fibre Toxicol 2008; Dybdahl et  al. 2004; Jacobsen et al. 
Environ Mol Mutagen 2007+2008, Mutation Res 2007, Particle Fibre Toxicol
2009; (Knaapen et al. Carcinogenesis 2002); Folkmann et al EHP 2009
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Conclusions: In vivo vitro genotoxicity of nanomaterials
Dosimetry and biokinetics more required in vivo 

Route of exposure
Inhalation or instillation - suspensions or aerosols 
Oral
Injection

Target tissues could include
Lung
Liver
Bone marrow 
Germ cells 

Endpoints include
Comet assay strand breaks and base oxidation
DNA base oxidation by chromatography 
Micronuclei
Mutations

Reasonable in vivo in vitro correlation for oxidative damage to DNA, mutations and 
inflammation with respect NP

No direct data on issues of size, charge etc. and genotoxicity of NP in vivo 


