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Interaction of technically relevant nanoparticles with cells
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In the framework of a cooperative project, funded by the German Federal Ministry of
Education and Research (BMBF), we are investigating the interaction of technically relevant
nanoparticles (NP) with cells, using physico-chemical, biochemical and molecular biological
methods as well as microscopical techniques. In detail, we are quantifying cell attachment and
proliferation, investigating cytotoxicity, analysing several markers for cellular events like
apoptosis on protein and RNA level and characterise changes of cell morphology due to
interaction with NP with SEM, TEM and fluorescence microscopy. Finally, we also want to
shed light upon uptake into and distribution of the NP inside the cells. We have started our
study using tungsten carbide nanoparticles (WC — Fig. 1a) which are produced for cutting
tools at industrial scale — and single wall carbon nanotubes (SWCNT - Fig. 1b) on several

primary cells and cell lines from humans, rats and fish.

WC agglomerates

SWCNT bundie

Torm

Fig. 1a: WC nanoparticles (embedded in epoxy resin, Fig. 1b: SWCNT (embedded in epoxy resin, ultra thin
ultra thin cut/50 nm; TEM) cut/50 nm; TEM)

A critical property of NP-cell (or tissue) interaction is their size, which has been shown by
several studies in the last years. Due to the propensity of NPs to agglomerate in aqueous
media this seems to be a serious issue for cell culture experiments with NPs. Investigating the
agglomeration behaviour of WC nanoparticles in DMEM cell culture medium we found that
addition of 10% foetal calf serum (FCS) — a common additive for cell culture — prevents
agglomeration effectively. Fig. 2 shows the change of averaged agglomerate size of WC NPs
over time in DMEM without and with 10% FCS by comparison.



Fig. 2: Agglomeration behaviour of WC
nanoparticles, suspended in DMEM cell culture
medium at 25°C without and with 10% foetal calf 1000 .
serum (FCS), respectively. It is obvious that presence I
of FCS stabilises WC nanoparticles and prevents
agglomeration. No change of Z-average could be
observed in the presence of 10% FCS, even after
several hours of incubation. Instrument used:
Zetasizer Nano ZS.
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We have investigated cytotoxicity of WC NPs in several cell culture models, adding the
particles as suspensions on top of adherent cells. Whereas no significant effects were detected
with primary rat neurons, a slight cytotoxicity was found using oligodendroglia cells (cell line
OLN 93, rat) at WC concentrations of 10 pg/ml (Fig. 3).

o Fig. 3: Vitality of oligodendroglia cells (cell line
Vitality of OLN 93 cells (MTT test) after OLN 93, rat) after treatment with WC
treatment with WC nanoparticles o2 X .
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Quantification of apoptotic cells using the TUNEL assay revealed that WC NPs have a slight
effect on apoptosis — more pronounced for neurons than for the oligodendroglia cell line OLN
93.

Using scanning electron microscopy (SEM), WC nanoparticles could be visualised on top of
the cells. Fig. 4 shows oligodendroglia cells (OLN 93), 3 d after seeding and incubation with
10 pg/ml WC NP for 1 h. The left image (4a) is the micrograph, taken with the secondary
electron detector (SE-detector), whereas the right one (4b) shows the backscattered electrons
(BSE-detector). Applying a high acceleration voltage of 15 kV each, elements with high
atomic numbers like tungsten appear lighter. The white spots on top of the cell membrane
correspond therefore to the WC NPs. TEM investigations concerning NP distribution inside
the cells are just under way. Additional experiments have been performed using primary
astrocytes and neuronal stem cells (both from rats), CaCo-2 (human colon cell line), HaCaT
(human dermal keratinocyte cell line), A549 (human lung cell line), PAC2 (embryonic cell
line from zebra fish) and RTgill-W1 (gill cell line of the rainbow trout) — also with SWCNT.



Fig. 4a: OLN 93 cells, incubated with 10 pg/ml WC  Fig. 4b: OLN 93 cells, incubated with 10 pug/ml WC
NP for 1 h. SE-detector image (4000x) NP for 1 h. BSE-detector image (4000x%)

In a second approach, we are investigating at the Max Bergmann Center interaction of NPs
with a small model organism — C. elegans, a worm from the nematode family, which is used
as model system in biology since decades. The advantage of using a living animal is that NPs
will interact with organised tissues, especially the skin and intestine, instead of single cells.
This is of course a situation much closer to the exposure of humans to NPs. However, C.
elegans is still small enough to follow the NPs up to the cellular level. We have started using
defined gold NPs (clusters and rods) and Q-dots; the latter to be also able to visualise the
uptake processes by video fluorescence microscopy. Fig. 5a shows as example a SEM image
(BSE-detector) of Au NPs inside of C. elegans after three days of exposure. Fig. 5b is a
fluorescence micrograph, showing Q-dots (red fluorescence) inside the intestine, also after 3

days of exposure.

Maon. Det WD b=
1000 CL 95

Fig. 5a: SEM micrograph of a worm after three days Fig. 5b: Fluorescence micrograph, showing Q-dots
of feeding with Au NP. BSE-detector image, 30 kV (red fluorescence) inside the intestine of C. elegans

After localisation of NP uptake with fluorescence and scanning electron microscopy, TEM
investigations will be performed to look into the cellular and sub-cellular distribution.
The authors thank the GERMAN FEDERAL MINISTRY OF EDUCATION AND RESEARCH (BMBF)

for funding and MG is grateful for receiving a travel grant from the MINISTRY OF HEALTH
AND LABOUR OF JAPAN.
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Fig. 1 Time-course of the liposome images and its fluorescence intensity profile.
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[FE&] VU LY (Paramecium caudatum) V35 B4 THERICE > EBREMOK
HE (EREMOE Y JNE) OBRIZ. BWALECESHFEN 2 EEHZRUS L THEL
EINTNAHEMEEDCEREN TH L. ABRIZBVWTE NI T U T EEREHE L,
B s Ol I EOEMERMBEYSC T/ U1 XOWKF BRI ICE D A
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FARD I EITL > T L 7z,
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DEIIHTHIEEIE - <BO N7z, £, HEEFOMRICH T 2ZEZHN
EEBRTHINGOF /HTFOMBERERRD 5oz LML . #EE&ET T L THEL
OHICA PN EHE T THRICKH U TR, BERRWEZENENZ, HHREe3O 2D
DRFICLD2EES T, BEZTHRICHTIEEITZIEAERD SN2 727%, BHII
CEHREGZFELZEAT THRZAWEESG, 100pnyml OI/N)V T =51 bR
FTEELLEBRETEH, XEROHBOKELRLZREOERNTEICHEENZ, L
L. ZOEBREOMIIZFEAZDIT TR  HOROENEET L2 EVNIHENEE T,
HEZ0HDEIBEETHMORETHEHEEZRTZOTHS, ZNUI—D0OMEOFIZHEF
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