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| nduction of mesothelioma by a single intrascrotal administration

of multi-wall carbon nanotube in intact male Fischer 344 rats
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(%) Intraperitoneal injection of crocidoliteand MWCNT, 3 mg/mouse:
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Long Amosite Long MWCNT
Frustrated Phagocytosis by Peritoneal Macrophages

Intraperitoneal injection of long
and short amosite and MWCNT,
50 g/mouse: pleural
inflammatory and granuloma 7
days post dosing only with long
amosite and long CWNT.




Asbestos in the 20th Century -
are there associations with nanotechnologies?
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Fragen zur Exposition und Pathogenizit t von MWCNTSs

Mehrere Tierversuche zeigten Asbest-ahnliche Effekte
Sind MWCNTsweniger biologisch aktiv als Asbest Fasern?
Kontinuierliche Entwicklung neuer MWCNT s (niedrige Exposition?)

Kene Human-Daten ber Pathogenizitt (nur kurzim Gebrauch; niedrige
Toxizt t? | ngere Latenz?)

Gleicher Mechanismusder Effektebea Tier und M ensch:

Krebs (Lungentumor; Mesotheliom)
andere (pulmonale und pleurale Entz ndung, Fibrose)

Sind faser bezogene Parameter auf Pathogenizit t anwen dbar?
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Biokinetics of Nanoparticles in the Lungs

Deposited Dose

l

Lungs

Alveoli Trach.bronch.

Pleura ' Clearance
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Blood, Liver, Spleen, Bone Marrow

Modified from Kuempel et al., 2000; Muhlfeld et al., 2008
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Fluid turnover and lymphatic drainage from the pleural space.
Original figure from Staub et al., 1985 published in Owens and Milligan, 1995



Histograms of distribution vs. time post-exposur e to *C-tau-MWCNTs
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Key isto determinein vivo kineticseffects of inhaled MWCNTS:

What is the efficiency of trand ocation from the lung to the pleura?
What are the dimensions (length) of the translocated MWCNTS?
What is their biopersistence (acccumulation, clearance) in the pleura?
Do they cause inflammatory, granulomatous, carcinogenic effects?
What are the underlying mechanisms?

Impact of impurities, including endotoxin?

Elimination pathways?

Many methodological challenges



Pulmonary and Pleural Responsesin Fischer 344 Rats Following

Short-Term Inhalation of a Synthetic Vitreous Fiber

|. Quantitation of Lung and Pleural Fiber Burdens

THOMASR. GELZLEICHTER, EDILBERTO BERMUDEZ, JAMES B. MANGUM, BRIAN A.
WONG, JEFFREY |. EVERITT,1 AND OWEN R. MOSS

Fundamental & Applied Toxicology 30, 31-38 (1996)
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Sze distribution of Refractory Ceramic Fibers isolated from aerosol
and after 5 days of inhalation exposure in the lung and pleura of rats.




|ntra-cavitary Injection Studiesin Rodents:
High dose and dose rate haveto be considered
and compared to realistic in vivo dosing.

Example for rat:

based on equivalent surface area dose in lung and pleura.

3mg MWCNT i.p. injected (~600 cm? peritoneal surface)

equivalent alveolar surface area burden ~22 mg (~4400 cm? alveolar surface),
will be achieved by 8 hr. inhalation of 1.1 g/m?3 (20% deposition)

Inhaled concentration of 1 mg/m3 — 23 ngto pleura (0.11% translocation)

(compare to 3-3000 g bolus used in rodent studies)



Physico-chemical NP Properties of Relevance for Toxicology

Size (airborne, hydrodynamic)
Size distribution

Shape (morphology)
Aqgglomer ation/aggr egation

Surface properties:
- area (porosity)
- charge
- reactivity
- chemistry (coatings, contaminants)
- defects

Solubility (lipid, agueous, in vivo)
Crystallinity

Hydrophobicity

Bioavailable constituents
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Properties can change

-with: method of production
preparation process
storage

-when introduced into
physiol. media, organism

Key parameter: Dosel
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Multiwalled Carbon Nanotubes (MWCNT)

Original (Mitsui) N- doped (M. Terrones)
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DPPC/Alb-Dispersed Mitsui-MWCNTSs

200 nm
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| mpact of Impurities?
MWCNTsin normal Brightfield TEM Mode




Conc. (#/cc)

Carbon Nanotubes, Dispersion with Jet-O-Mizer
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SEM of Rat Alveolar MacrophagesIn Lung Lavage
20 hrs After Electrospray Inhalation Exposureto MWCNTSs

5890 K X 4 899 B 4.5mm  2E2 18Mar200% CPT3OT




SEM of Rat Alveolar Macrophages In Lung Lavage
20 hrs After Electrospray Inhalation Exposure to MWCNTSs












