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Introduction
Uptake of multi-walled carbon nanotubes (CNTs) in cells has been observed but the
relevance of this finding is still unclear. Therefore, possible penetration in cells has to be
investigated. The aim of the present study is to investigate in vitro responses of different

cells after exposure to CNT. This work should provide more information about interactions
of CNT- and combination effects of CNT- with organic contaminants at the cellular level.

Material & Methods
Test systems
 Extended fish egg embryo toxicity test (120 hpf) with zebrafish Danio rerio – following
DIN EN ISO 15088 (2010)

Zebrafish culture
 Transgenic line of zebrafish containing a reporter gene for proteotoxic stress. The
promoter of the heat shock protein Hsp70 was closely tied to the open reading frame of the
green fluorescent protein (GFP).
 Wild type line (Danio rerio, own breed, original from IME Fraunhofer, Schmallenberg,
Germany)

 Neutral red retention assay with cell line RTL-W1 (rainbow trout liver cell line)
 LYES (yeast estrogen screen assisted by enzymatic digestion with lyticase) assay with
genetically modified Saccharomyces cerevisiae; ongoing experiments

CNTs
 Baytubes C 150 P (≥95% purity, Bayer, Leverkusen, Germany)
 14C-CNT (1.3 MBq/mg, produced in cooperation with Bayer Technology Services GmbH,
Leverkusen, Germany)
Dispersion preparation
Sonoplus HD 2070 ultrasonication tip (70 Watt, Bandelin, Germany) 0.2 sec pulse followed
by 0.8 sec pause. Sonication until no agglomerates were macroscopically visible in the
dispersions any more (10-20 minutes)

 MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, a yellow tetrazole)
bioassay with cell line H295R (human adrenocortical carcinoma cells); ongoing
experiments
 ER CALUX (Estrogen-Responsive Chemical-Activated Luciferase gene eXpression) assay
with cell line T47Dluc (genetically modified) combined with MTT

Results
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Fig.D: Cell vitality (% of control) of
T47Dluc in function of the CNT
concentrations after the ER CALUX
bioassay combined with the MTT
bioassay. The whiskers indicate the
standard deviation on the mean of
3 replicates.
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Fig.C: Accumulation of CNTs in fish
embryos (after decorionation) over
time. The whiskers indicate the
standard deviation on the mean of
10 replicates. The asterisks (**)
indicate
statistical
differences
between the treatments in glass and
plastic vials (t-test, p = 0.05).

 highest internal concentration after 72 h
 chorion strongly prevents
passage (cfr. Cheng et al., 2007)
 uptake probably during
hatching

Fig.E: Cell vitality (% of control) of
RTL-W1 in function of the CNT
concentrations after the neutral
red retention assay. The whiskers
indicate the standard deviation on
the mean of 3 replicates.
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Fig.A & B: Mortality rate [%] of
wild type zebrafish embryos in
function of the CNT concentrations
[0.1 mg/L - 100.0 mg/L] 96 h after
exposure in glass as well as plastic
vessels. The whiskers indicate the
standard deviation on the mean of
3 replicates (A; 1 replicate for B).
The dotted line shows the 10%
effect level.
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Conclusion & Outlook

Transgenic zebrafish

Glass
plastic
No expression of the reporter gene
No expression of the reporter gene
30% mortality at 10 mg/L and 100mg/L 10% mortality at 10 mg/L and 100mg/L
Significant difference

Accumulation of 14C-CNT in fish embryos
glass

plastic

Average uptake per embryo
7.6 ng 14C-CNT
6 ng 14C-CNT

Wild type zebrafish

glass
No lethal or sublethal effects

plastic
No lethal or sublethal effects

Limiting factors occurred due to test conditions:
too short exposure
no effect at tested concentrations
reduced bioavailability of CNTs because of agglomeration
and association to the test vessels
oAttachment or uptake of CNTs occurs after 72 and 96 hpf,
i.e. probably during hatching of embryos (Thurnherr et al. 2011)
oDecreased attachment/ uptake by afloat embryos
could be caused by movement and/or gill breathing of embryos
possible agglomeration due to larval movement in the water
No delayed hatching success could be observed in all three approaches.

Cell line assays
Neither cytotoxicity, nor estrogen effects of
CNTs could be observed until now. The
experiments are still running and a
combination effect of CNT and TCC is still
being implemented.
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