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It is considered that the materials with new properties may lead to novel biological effects or unknown adverse
health effects. To gather proper hazard information, it is important to develop both experimental protocols and detec-
tion/measurement methods for nanomaterials in the body, in parallel. Since 2005, we are running research projects to
develop methods to monitor health risk effects for the assessment of manufactured nanomaterials funded by the Minis-
try of Health, Labour and Welfare. For the experimental protocols, these projects focus on the development of 1) in
vitro experimental systems, 2) in vivo experimental systems (mainly focusing on long-term health implication, especially
carcinogenesis) , and 3) proper inhalation system. Firstly, fullerene (C60), titanium dioxide and multi-walled carbon
nanotube were chosen to be tested because of their high production volume. Safety issues for new materials such as

nanoparticles is a new paradigm. The key is that the full scale exposure to the public has not been started yet. Therefore,
there is a good chance that information from hazard identification studies can be directly fed back to the product de-
velopment plan. Manufacturers can produce safer products without risking themselves waiting for the toxicology studies

to be finished after their products are widely marketed.
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» In 2004, the Technology Information Department of AIST
Iaunched an open forum entitled “Nanotechnology and
Society.”

» The first symposium (Feb. 2005) was organized by the
four national research institutes with four different
ministries.

National Institute of Advanced Industrial Science and Technology, AIST
National Institute for Materials Science, NIMS

National Institute for Environmental Studies, NIES

National Institute of Health Sciences, NIHS

Importance of multidiscipline network

» In 2005, the survey project of “Research Project on
Facilitation of Public Acceptance of Nanotechnology”
was conducted by the above four institutes and
universities. (funded by MEXT)

=) Political Proposals

In 2006, the second project of “The multidisciplinary
experts panel for nanotechnology implication”
(MEXT: Ministry of Education, Culture, Sports, Science and Technology)

Fig. 1. Importance of Multidiscipline Network

Research programmes or strategies designed to address human
health and/ or environmental safety aspects of nanomaterials;

* Ministry of Economy, Trade and Industry : (2006-2010) project

The NEDO project: “Evaluation of the Potential Risks of Manufactured
Nanomaterials based on Toxicity Tests with Precise Characterization.”

The project focuses on toxicity test protocols (mainly an inhalation test) and
a risk assessment methodology of manufactured nanomaterials.

* Ministry of the Environment : Nationl Institute of Environmental Sciences
(NIES) has started a nanotoxicology programme
— interaction of nano-fibers including CNT with cell membranes,
— tarnasepithelial and transpulmonary migration of manoparticles,
— invitro and in vivo toxicity assay of manomaterials
NIES has been investigating inhalation effects of atmospheric nanoparticlesfor the last 3 years

« Ministry of Health, Labour and Welfare :The National Institution of
Occupational Safety and Health (JNIOSH) will start a new research on

possible health issues in April 2007, due to exposure to nanomaterials in the
workplace.

*  MHLW the Office of Chemical Safety: NIHS

Fig. 2. Research Programmes and Strategies Designed to Ad-
dress Human Health and/ or Environmental Safety Aspects
of Nanomaterials

Recent research activities in NIHS granted by the
"Health and Labour Sciences Research Grants"
of the Office of Chemical Safety, MHLW

(Ministry of Health, Labour and Welfare)

Fiscal year

2004 Survey research of public information about health
implication of nanomaterials

2005 The initial research on methodology of health risk
assessment of manufactured nanomaterials started

2006 Restating the project of “Research on the hazard

(to 2008) characterization and toxico-kinetic analysis of
manufactured nanomaterials for the establishment of
health risk assessment methodology”, as the expanded
project,

2007 “Research on the dermal toxicity evaluation methodology

(to 2009) of the manufactured nanomaterials*

Fig. 3. Recent Research Activities in NIHS Granted by the
‘‘Health and Labour Sciences Research Grants’’ of the Office
of Chemical Safety, MHLW
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Predicted exposure and ADME

The major health concern may be caused by long-term deposition

Fig. 4. Predicted Exposure and ADME

Detection and measurement (2)

e Development of CNT detection method in the biological
samples  (e.g. Electron microprobe analysis)

Elements analysis:
ICP-MS
Fe: 0.35%
Pyrohydrolysis-Absoption -lon Chromatography
F : <5 ppm (n.d.)

MWCNT Characterization
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Fig. 5. Development of CNT Detection Method in the Bio-
logical Samples

Carcinogenetic promotion assay of
topically applied TiO, by c-Ha-ras rat

Animals: Male human Hras128

0 2 32

I . No. of
DMBA 2.5 mg in 0.5 ml acetone rats

f | Tio, 100 mg/0.5 miin Pentalan, 2w | 8

f | Pentalan 0.5 ml, 1w | 1

i

r | TPA 100 nmol/ 0.5 ml in acetone, 3/w | 9

Test compound, TiO, (Rutile d=20nm,no coating)
Suspended in Pentalan-408

Experimental Protocol for Promotion Assay of
Nano-size TiO,

Fig. 6. Carcinogenetic Promotion Assay of Topically Ap-
plied TiO, by c-Ha-ras Rat

Carcinogenetic promotion assay of TiO2
by intratracheal injection

MicroSprayer aerosolizer

Intrartacheal Spray P MODEL 1A—1B

0 2wk 4|wk 16 wk
No. of Rats
[DHPN] ] TiO2 500 ppm 13
10
[ DHPNT I saline | 10

Animals: Female human c-Ha-ras proto-oncogene transgenic rats

= DHPN: 0.2% in drinking water
3 without any treatment

% TiO2 suspension in saline or saline: 0.5 ml; once biweekly

Fig. 7. Carcinogenetic Promotion Assay of TiO, by In-
tratracheal Injection
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Asbestos-like fiber carcinogenesis assay of MWCNT
by intraperitoneal administration to p53+/- mouse

Experimental Design

~animal . p53+/- mouse (C57BL/6 back, 9 - 11weeks age)
4 groups (18 - 19 per group)

-administration : single intraperitoneal administration

1. MWCNT

2. furellene

3mg/animal = 1x109° f/animal

3mg/animal

3. crocidolite 3mg/animal = 1x10'°f/animal
4. vehicle

-sample preperation: suspended in 0.5%CMC solution, autoclaved,

added tween 80 (1%), and sonicated

Fig. 8. Asbestos-like Fiber Carcinogenesis Assay of MWCNT
by Intraperitoneal Administration to p53+/— Mouse
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WHO Workshop on Mechanisms of Fibre Carcinogenesis
and Assessment of Chrysotile Asbestos Substitutes
8-12 November 2005, Lyon, France "SUMMARY CONSENSUS REPORT”

* Methodological Aspects

Epidemiologic studies
a clear advantage, but does not always override
contrary findings from toxicological studies.

In in vivo animal studies,

» carcinogenic response (lung cancer, mesothelioma)
and fibrosis were considered to be the key effects;

« epithelial cell proliferation; and inflammation were not
regarded to be equally important indicators

« the sensitivity of lung tumors in the rat is clearly lower
than that in humans. (reason is still unclear)

« testing of fibres by intraperitoneal injection
represents a useful and sensitive assay,

Fig. 9. WHO Workshop on Mechanisms of Fibre Carcino-
genesis and Assessment of Chrysotile Asbestos Substitutes
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