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R22 harmful if swallowed
(LDg, = 150-200mg/kg in rats)
R 36 irritant to eyes

R 37 respiratory irritant

R 38 irritant to skin

Mot carcinogenic,
but co-carcinogen (promotor)
Unclear mutagenicity

Embryonic malformations in
cat, dog, rat, mice, rabbit,
mon h'.E'_lll'
Unlikely to be brought to the
market today
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C.L. Haynes (2010): The emerging field of nanotoxicology

Anal. Bioanal. Chem 388, 587-588.
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Same Size - Different Materials
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Ti0, 10-20 nm

i Carbon Black (CB) 15 nm
LS Ce0, 20 nm
r 2r0, 1025 nm
Zn0 40 nm
AIOOH 40 nm
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Zinc-Story — essential or toxic on the Nano-Level?

NANOMMUNE
Immune cells respond to zinc nanoparticles and/or zinc ions
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No difference between nano or bulk ZnO particles
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Zn0 Toxicity is depending on the ZnO-material
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Effect of OTPA; 258 g/ml Znd
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Hypothetical Model of ZnO-NP Toxicity in Jurkat Cells

Zn-NPs dissolve mainly extracelludady and Zn®* rapidly enters the cells. To cope with the excess free
2, Zn® is stored in zincosomes and the expression of MT is upregulated. If the concentration of free
Zr#* is still too high, apoptotic cell death is initiated by a yet unknown mechanism (not via classical
apoptotic pathways but involving the production of ROS and the induction of endonucleasas which

fragment the DNA),
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CNT-Story — Medical Tool or highly Toxic
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MANLY

LETTERS
Oops They Did It Again! Carbon e
Nanotubes Hoax Scientists in Viability 1261~ 1268

Assays

& M, Ware-Hrirsch, K. Pulskamp, and H. F, Krug’

Fepscbppereairvar Kurfore, Sevivpie o Fevieofogy and Gewe iy,
Deparawasat of Mofveafar el Eroimvmas ! Towdsolags MO0 Fox Jfd0
L7820 Bawlenifer, Germam

Recmey Janey 22 N6 Reweed Burmeap Geomied’ Bhrk 2 300

AESTRACT
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products n bgs avoanis, e elecm on buvan lealth sl e sasiizamenl bave been adliedied 5 several siedies. Inbaladlan disdies is
wlid e subsverse applcatiang in vl havs Bes deaciibed with divergig resuls. Why saive iredicies @ Siong Ca0d iy e sorme do sl
il e el o beere. Dl Worn A58 el inciibaied sah carkon saonibes ke & dnng cyinioak: sPect wilhibi hie WIT asay aliei
3 bt reaschess ioaeghly SE%, whereas the dnre wealmend smith SWON T, but dewscdan with 'WST-1, reveals ro epiolcaiaiy. LOH F&ZE-

ur findings stlrnr;giylﬁl.;ggest I\;erifg;'inﬁhcytu;mi:iﬁ data with at least two or mo
ndependent test systems for this new class of materials (nanomaterials). Moreover,

intensely recommend standardizing nanotoxicological assays with regard to

terial used: there is a clear need for reference materials.
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Pulskamp, K., Diabaté, 5., Krug, H.F. (2007) Toxicol. Lett. 168: 58-T4
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CNT Suspension / Dispersion

WA e

al., 2003 J Nanosel
Nanotechnol

Organic Solvents / Biomolecules Biocompatible

Surfactants Surfactants

7.
“d"'",,,f.m annhasm designad paptide Nano-1 po lysorbats B0
. s Dieckmann GR ot al, 2003 Wick P et al, 2007
Islam et al. 2003
RACHIA 8 S0rRacRMTILS plusr onic F108
E0S, Triton), chlorefonm, Thamng M ai al, 2003
DMF. Mathylpymolidone NMP, atc.
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Mormphological Changes of Cells

5.5 witlt
0.7 witln

SWCNT 50%

N 24wl
¥ 0.4 wit
SWCNT 48%

incubation time 3 days; 15 pg / mil GNT
Wick et al. (2007) Toxicol. Lett. 168, 121-131
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Small Tubes - Big Bundles

LETTERS

Carbon nanotubes introduced into the
abdominal cavity of mice show asbestos-
like pathogenicity in a pilot study
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‘ TEM micrographs of Jurkat cells
after three days of incubation with
30 mg/ml

MWCHNT A (a-a"), Bay-Tubes
MWCNT B (b-b"), Nanocyl SA
MWCHNT C (c-¢"'), Cheap Tubes Inc.
Tubes {arrowheads) are present in
the cytoplasm of exposad cells.

Thurnherr et al. 2009, Nanotoxieology,
3, 319-334
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ROS and Mitochondria
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Shvadova et al. 2005
Am. J. Physiol. Lung Cell Mol
Physiol. 289, LE98-LTO8
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Contaminants in CNTs

DONALDSOM ET AL, sivacouocal soamces 0301 5-22 (006

Unpurified nanatube sample

/\

Manotubes Fesidual material
Single-walled husti-walled Metals Organics Suppor
::;t:;nm;;“mmmﬂmr 10100 nm diametar Typically Co, Fe Amophous calbon Typically fine
bundes hik: 4o Microstructurad aumina
e —  Manopariculate carbon (carbon I
ol blacks onions oxide, or silica
Widaly varying lengiha, typically tens of Carbon- - sk '
GO encapsulated fibers, elc.)
Creides

Flls. 4. Possible components in & sample of unpurihied CNT
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Contaminants and Acute Toxicity
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Fullerene Paradox: Radical Scavenger

Facrsinclogy of Daase 5, 120- 135 | 1060E]
Al Mo, (013

Buckminsterfullerenol Free Radical Scavengers
Reduce Excitotoxic and Apoptotic Death
of Cultured Cortical Neurons

Loy L. Dusgan,® Josaph K- Gabaalkzen,® Shan PLYe”
Tien-Sung Lin 7 and Denines W, Cho"
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Carboxvfullerene Prevents Iron-Induced Oxidative
Stress in Rat Brain

*tArm M. Y, Lin, *B. Y. Ch, IS5 D Wang. H-H. Yo §P. P, Kanakmnma.
AT-Y. Luh. *C. K. Chone adl "L T. Ho
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ant +Dpartm of O Matenal Tarusee Dinamie, Tepal. Taiow
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Fullerene Paradox: Oxidative Stress

[{%5% E’l{ﬁh ﬂnicle woiinge 113 | sosmew 10 | by 3004« Erviionmeatal Health Perspectives

Manufactured Nanomaterials (Fullerenes, Cy) Induce Oxidative Stress
in the Brain of Juvenile Largemouth Bass

Eva Oberdorster

Db Unbearsity Marine Loboratory, Bsautor, Nonh Canaling, US4, Dupariment of Blology, Southkin Meihodis Unilversity,
Dalas, Tewes, UEA

, Aeglathe £ B o A wL L enoed e oo
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Materials and Methods e @ Enit:ﬂ;;;*:ﬁ'
Fullerencs. Uncoated 99.5% pare fullerenes FlLSEVIER Mathre Erdron sl Resarah 2§ 10063 5559
{5ES, Homson, TX] were wazer solubilized Wi ehEver €T IR T e
wsing standand mechods (Deguchi e al, 200 §)

l'i:.' the Cerer for Bll.‘l.l-__'ll'_'l] and Ersamnmental Shomt communication

Manotechnology, Rice University {Houstan, i ; 3

TRy it e s il B £15iss ik Toxicity of an engineered nanoparticle
Brictly, fulkerencs (100 me/L) were dissolved {[ullerene, Cyy) in two aguatic species. Daphiia

in tetrahydmofuran {THE}, sparped with nicro-
gen, stirreel cvernizhe in the dark, and hitered
through & 0,22-pm nylon Osmonics filres

and fathead minnow ~

Shigian Zhu *, Eva Oberddester ™, Mary L Haasch *°
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R T Fisere, Dwderger, WY DERT-TN LRA
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* Paky Pahrene Mmas Laebrerpion Frogier, M LE4
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Small Balls (Cg,) = Big Pitfalls

in water

start

]::_

? Suspension
ffect Spohn P et al. (2009) Environ. No Effect
Pollut. 157:1134-139
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Toxic E

Materials Mest Life

Conclusion for Toxicity of Nanomaterials (1)

® Zinc as an essential element exhibits toxicity in high doses

® ZnO-NP induce toxicity exclusively via the dissolution of Zn?* ions

® Carbon Nanotubes exhibit toxicity in dependence on their
contaminant content and length

® |If purified (no amorphous carbon, no or less catalytic metals)
biclogical activity is strongly reduced

" Long term studies (several months) within cells in culture reveal no

biological alterations or responses but the uptake and accumulation
within vesicular structures of the cells

" MWCNTs start to have a biological effect in vitro when highly
agglomerated

® Invivo the situation is clearly changed and frustrated macrophages
induce severe reactions when exposed to long and rigid CNTs

® Fullerenes seem not to induce any oxidative stress response

EMPA &
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More Pitfalls and Flaws
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Same Size — Different Materials
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Schematic illustrations of the conceivable interaction of insoluble
particles with submersed cells grown at the bottom of a well, filed
with an appropriate medium of height h. (A) Previously employed
picture, (B) more appropriate concept discussed in this study. The
number of particles in (A) and (B) is the same.

Wittmaack, K. {EIEIHlAEE Mano, 5 3766-3778

14,10 2011, Nano-BioMed Triest m°
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TiO,(80) particles (27 pg/mL)

At the quoted heights (h) of the media, the
mass concentration converts to maximum
achievable areal densities of (A-C)

8.4 pg/cm? and (D-J) 25.2 pglem? o sy
(corresponding thicknesses 21.5and 64.5 & o
nmy) : :
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Original

Lung Carcinogenic Bioassay of Cu0O and TiO, Nanoparticles
with Intratracheal Instillation Using F344 Male Rats

MMasanao Yokohira®, Nozonu Hashmnoto!, Ketko Yamakawa®, Satoslu Suzuka',
Kousuke Saoo’, Toshova Ko, and Katsum Inmda®

0.5 mg/rat lung: no evidence for carcinogenicity

Infealation Toxieelogy, 2009; 21051 144-157

RESEARCH ARTICLE

Carcinogenicity of inhaled nanoparticles
Markus Holler

Advtsory Oyftee for Risk Assesumend, Dorimeand, Cermmany

A minimum of 5 X 3 mg/rat lung, maximum 20 x 6 mg/rat lung
by instillation = carcinogenicity!

T R K, 14.10.2011, Nano-BioMed Triest mﬂ
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Calculated Overload

Rat lung weight: 0.9 g

Macrophage count: 1.200.000

0,5mg/lung = 416 pg / cell: no effects (Yokohira et al., 2009)
15mg/lung = 12.500 pg [ cell

E induction (Roller, 2009
120maAung =+100:000 pg / cet [ rovrinduction (Roller ].

Irreversible Pulmonary Changes Induced
in Rat Lung by Dust Overload

by Bernd Bellmann,' Hartwig Muhle,’
Otto Creutzenberg,' and Robert Mermelstein®

3mg/lung = 2.500 pg / cell reflects overload conditions

B rwmenad Healith Fempeoivea
Mol 97 op. IAQ-I9_ I99T

{ _'ﬁ.ﬁ:ﬂ. Nano-Bio-Med Triest m°
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Experiments and their Consequences

Nanoparticles activate the NLR pyrin domain containing
3 (Nlrp3) inflammasome and cause pulmonary
inflammation through release of IL-1a and IL-1p

= Amir 5. Yazdi®, Greta Guarda®, Micolas Riteau®, Stefan K. Drexler®, Aubry Tardivel®, lsabelle Couillin®,
rd and lirg Tschopp™®
]

eparrnent of Bodembry, Unhersty of Lausarme, CH-1066 Epaingss, Swizedand: and "Laboratary of Malsulsr immunsiogy and Embryelogy,
Uriyenity of Orlesns and Centre Mationsl de ls Becherche Soentifique, F4A5T Orlsar, Franos

Chur data suggest thal nase-Til: slsould e wed with greaer Similar words of caution were exproessed mothe last century
q_'.:ul_iuu:. II:.:||| E ul.lr:\_.nll:.' usiil. The manulsciure ol TiCd; nani fedloming the first evidence for association between lung inflam-
grartiches @ a huge mdustry: about 2 million tons per year are mation ond ashestos inhalation, Yet it ook almost 1K) y, amil
prvluccd wosldhwide. In addehion (o geanl, osnclics, Suimsensen, — :
e vikammins, mamoparikcles can B found im0 oothpaste, Tood ool
CEanls, nalniol su PR ments, and haeieds o (dher persoil
ware prodes i, When this siclespread vsage s comaidered m Dighi IL-1 R "n"l.'ll-l|illj.' 'ih:'lllﬁh i st o iom of e bser 1L Do pnad 1L-) I!.
off Ehee adifa presented above, the potential risk of inflammation- e bope thal fotene decimons will be made 10 prosent possible
driven cuncer i o particular concern, cspecially for people ocou- morbadity and perhaps mortlity.
pationally exposed 10 high comcentrations of TeO: nanoparticles.

Better precontions msi be taken to limid the ingestion of these
partickes, both in manufaciuring and in everyday contact with Proc. Natl. Acad. Sei U. 8. A 107, 19449-19454 (2010)

nEmgEriicke-containing swhslanoes
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Concentrations and Doses

In Vitro: In Vivo:

Titaniumdioxide and siliciumdioxide Intranasal application and broncho-
nanoparticle induce the Nirp3 alveolar lavage (BAL). TiO, (7.5-30
inflammasom in mouse- and human mg/kg) in sodiumchloride solution or
macrophages and human only medium were administered via
keratinocytes. nasal instillation (40 pl with anesthesia).
THP1 cells treated with MSU (300 Peritonitis was induced in 6- to 10-
pg/mL), TiO, 20 nm (200 pg/mL), weeks old mu:e aﬂer injection of 1-1.5

TiO; 80 nm (200 pg/mL), Si0O; 15 nm mg of ti
(200 pg/mL), and Zn0O 15 nm (200
pg/mL) for 6 h.

’ fﬁ us negvﬁ'féﬁesms per mouse, for the .
(-r” ace\s ¥ _—  measurement of mesothelioma-like

P a" S alterations under ,realistic” conditions
\\ / (Poland et al., 2008)

EMPA
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Wrong Conclusions
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news(@nature.com

The bEst in science jaurmailism

Publishad oeline: 18 June 2006; | doi:10. 1038/ newsDaal 2-14
Manoparticles in sun creams can stress brain cells

Tiny grains send cells into potentially dangerous overdrive.

Ehilip Ball
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# die tageszeitung

Sun creams may disintegrate you brain

Hear Tindan
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Titanium Dioxide (P25) Produces
Reactive Dxygen Species in
Immortalized Brain Micreglia (BV2):
Implications hr Nanoparticle
Newrataxicity'
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Suncream could causa
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Risk Assessment IS Important

v

Risk
_ Characterisation
i ¥

-~

.RlB]_ ._". . Krug & Wick (2011) Angew. Chem.
Haﬂaﬂﬂl‘ﬁﬂlﬂ. Int. Ed., 50 (6): 1260-1278
1 &

¥ ¥ ¥

Risk Risk Risk
Prevention Mitigation Communication
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Three Nanotox-Principles

® The Transport-Principle

Limbach LK, Wick P, et al. (2007). Environ. Sci. Technol. 41:4158-4163

m The Surface-Principle

Mal et al. (2006) Science 311: 622-627
Oberdorster et al., (2000) HEI-Report 96

® The Material-Principle

Krug & Wick (2011) Angew. Chem. Int. Ed., 50 (6): 1260-1278
_. _'ﬁ.-ufx-n. Nano-fio-Med Triest m°




Small Size but very large specific Surface
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(Material)Surface Properties!

Uy 0 Excited state

electron-d onor
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Xia et al. (2009) Annu. Rev. Public Health 30: 137-150
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new models and
harmonizing
activities
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STANDARD PROCEDURES FOR NANOPARTICLE TESTING
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Placenta: an efficient barrier for nanoparticles?

Ammion
(partiall
r

Placenta in cross-section
at umbilical cord
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Human Placenta shortly after Delivery
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Experimental Set-Up

Materials Meet Life

Materials Meat Lifa
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Re-circulating Placenta Perfusion Model

0 veateen mOCK

12 mlimin @ —
Matemnal Circuit PRESEURE LT B sueee e
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]
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WATER. BATH ©
HEATING
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Mok A, O WATER BATH WATEA BATH
developed by Panigsel M, et 1967 and improved by Schneider et al 1972
Materials Meat Life HF Kirug. 14102011, Nano-Bio-Med Triest m°
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Placenta Barrier Capacity is Size Dependent
F/IM Ratio 3h M beads
W 14 C-antipyrine
e O0.T5
o
:
i
& 0.5
E
2
B n.25 -
E
1]

ctrl A0 nm

(at least n=4; mean £ S.E.M.)
Wick et al., 2010, Environ. Health Perspect. 118: 432436
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Future Challenges in Nanotoxicology

Outcome of the 2" Minisymp. Nanotoxicol. Stockholm 2010

Exposure & Environment

Foreign Entities vs. Endogenous Entities
Don’t Believe a Single Method

Method Reliability

In Vitro = in Vivo Correlation
Nano-Specific Signatures

REACH

Challenges for Regulatory Activities
Fibre Paradigm Revisited
Crowns/Coronas out of Proteins, Lipids and ...7
How to define “Biopersistence”?

ME Crug. 14.10.2011, Nano-Bic-Med Triest m°
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Future Needs of Nanotoxicology

® The huge amount of new chemicals and expected new
nanomaterials on the market raises the question for altermnative
methods for a first screening

® |In vitro methods should be reliable, robust, sensitive and
predictive

m Without a responsible process of marketing
“nanotechnologies” will fail within the next decade

m Support of (nano)toxicological activities/projects is
continuously needed; risk characterisation and assessment is
crucial

m Comparability of Tox-studies is mandatory and should be
achieved by use of standardised methods, reference materials
and the appropriate controls in each experimental set-up

EMPAY
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Conclusions

There is still research need on “nano-risk” but

= We should use improved and comparable
methods

" We should use the correct controls and, if
available, a reference material

= Concentrations should be kept in the right range

"= No genotox studies with cytotoxic
concentrations or overload conditions

ME Crug. 14.10.2011, Nano-Bic-Med Triest m°
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Important questions for Nanotoxicologists

m Do living organisms “see” the nanomaterial?

m How does coverage of nanoparticles by biological
material alter toxicity of NP?

m |s agglomeration/aggregation reducing all nanceffects?

m How can we overcome interference of nanomaterials
with the assay systems?

= Why don’t we have an agreement on controls and
reference/benchmark materials?

m |s the application of huge concentrations in vitro justified
by the limitations in treatment-time?

m What about long-term effects?

m Do we need additional millions of animals to test this?
EMPA &
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Changing Paradigms
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COMMENTARY

Safe handling of nanotechnology

The pursuit of responsible nenotechnologies can be tackled through a seres of grand challenges,
argue Andrew D. Maynard and his co-authors

)
P Particle and Fibre Toxicology o A
B Partide and Fibre Toxicology 2005, 2:8

Principles for characterizing the potential human health effects
fram exposire ta nanomaterials: elements of a screening strategy
Cunter Dberddrzter!, Androw .".|.|'!.'|'|.'.:-.1-'. Ken Donaddwond,

Vincent Castranova®, Julie Ficmpatrick®?, Kevin Ausman®, Janet Caiter’,
Barbara Kam® .'|"-'.'-'|§:-'ul-l'I!-'. qu."-'“ll.g"'. David Lail!, 5\:-\."}‘:-|'|-."."|. CHins,

Maney Monteiro-Riviene! 3. David Waitweit -‘. Hone "I'.'ll'l:_-:' Lamd A fepoit I
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J-P. Kaiser A, Strasser . inst Mod. Res., Mabouma
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