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Fig. 1. Analysis of mouse peripheral blood by flow cytometry. (A) Single cell populations were gated and further analyzed with anti-TER119 an-
tibody. (B) TER119-negative white blood cells were excluded from the gated single cell population. TER1 19-positive red blood cells (RBCs) were
gated and further analyzed with anti-CD24 antibody. (C) Approximately 1X 10° TER119-positive RBCs were analyzed for CD24 expression.
CD24-negative RBCs (GPI-Anchor -) were scored as Pig-4 mutants. In here, there were no obvious features in RBCs derived from Cg, treated
mice. (D) TER119-positive cells derived from ENU-treated mice were analyzed for CD24 expression.

Our data are consistent with the finding that Cg ad-
ministered by gavage to ICR mice is negative in the in
. vivo bone marrow micronucleus test (4). These reports
and our result suggest that intraperitoneal injection and
gavage of Ce are negative for genotoxicity on bone mar-
row cells including erythroid precursors and HSCs. In
both studies, however, the bone marrow was not ex-
posed to Ce directly. A recent report showed that in-
tratracheal instillation of Cg increased both mutation
frequency (gpt assay) and DNA damage (comet assay)
in the lung (3). From the mutation spectra, it was sug-
gested that oxidative DNA damage might be involved in
mutagenicity of Ce (3). Ceo-phagocytized macrophages
and granulomatous formations were also observed in
the lung (3). Additionally, intratracheal instillation of
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Cg could induce inflammatory responses in the lung
(13). It is known that reactive oxygen species (ROS)
generation by nanoparticles could be due to particle-cell
interactions, especially in the lungs where there is a rich
pool of ROS producers like the inflammatory phago-
cytes, neutrophols and macrophages (14). According to
these observations, it is possible that both direct ex-
posure to the target tissue and inflammatory response
are important factors in the evaluation of the genotoxic-
ity of Cso.

On the other hand, details of inflammatory responses
were unclear, but intraperitoneal application of Ce in-
duced no obvious change on exposed area except for
black patchy deposits on the serosal surfice in p53*/~
mouse (1). Therefore it is expected that ROS generation
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Fig. 2. Frequency of CD24-negative RBCs. At 2 and 8 weeks after
mice were treated with Cg (3 mg/animal), ENU (40 mg/kg), or sol-
vent, peripheral blood was withdrawn from the tail vein and RBCs
were analyzed by flow cytometry for CD24 expression. Values are the
mean+SD of data from 6 animals (Cg and solvent) or 5 animals
(ENU). P-values less than 0.0005 are indicated by asterisks.

by inflammatory responses might not occur and we de-
tected negative genotoxicity in our case.

Recent reports including our results about genotoxici-
ty of Cg are discrepant. However, it is known that Cg
have an ability to quench and generate ROS (15,16).
These discrepancies about genotoxicity of Cg may be
caused by a duality of Cg itself. At this time, we cannot
explain the mechanism(s) of Cg genotoxicity in detail,
but we suspect that it is complex and includes oxidative
DNA damages, inflammation, and other biological fac-
tors. To assess the genotoxicity of Ce more fully, we
need a comprehensive whole body survey.

Acknowledgement: This work was supported by
Health and Labor Sciences Research Grant, Japan,
Grant Number: H21-chemical-general-008, and Human
Science Foundation, Japan; Grant Number: KHB1006.

References
1 Takagi A, Hirose A, Nishimura T, Fukumori N, Ogata
A, Ohashi N, Kitajima S, Kanno J. Induction of
mesothelioma in p53+/~ mouse by intraperitoneal appli-
cation of multi-wall carbon nanotube. J Toxicol Sci.
2008; 33: 105-16.
2 Sakamoto Y, Nakae D, Fukumori N, Tayama K, Maeka-
wa A, Imai K, Hirose A, Nishimura T, Ohashi N, Ogata
A. Induction of mesothelioma by a single intrascrotal ad-

30

10

11
12
13

14

15

ministration of multi-wall carbon nanotube in intact male
Fischer 344 rats. J Toxicol Sci. 2009; 34: 65-76.
Totsuka Y, Higuchi T, Imai T, Nishikawa A, Nohmi T,
Kato T, Masuda S, Kinae N, Hiyoshi K, Ogo S,
Kawanishi M, Yagi T, Ichinose T, Fukumori N,
Watanabe M, Sugimura T, Wakabayashi K. Genotoxicity
of nano/microparticles in in vitro micronuclei, in vivo co-
met and mutation assay systems. Part Fibre Toxicol.
2009; 6: 23.

Shinohara N, Matsumoto K, Endoh S, Maru J,
Nakanishi J. In vitro and in vivo genotoxicity tests on
fullerene Cg, nanoparticles. Toxicol Lett. 2009; 191:
289-96.

Miura D, Dobrovolsky VN, Kasahara Y, Katsuura Y,
Heflich RH. Development of an in vivo gene mutation as-
say using the endogenous Pig-A gene: 1. Flow cytometric
detection of CD59-negative peripheral red blood cells and
CD48-negative spleen T-cells from the rat. Environ Mol
Mutagen. 2008; 49: 614-21.

Miura D, Dobrovolsky VN, Mittelstaedt RA, Kasahara
Y, Katsuura Y, Heflich RH. Development of an in vivo
gene mutation assay using the endogenous Pig-A4 gene: II.
Selection of Pig-A mutant rat spleen T-cells with
proaerolysin and sequencing Pig-A cDNA' from the
mutants. Environ Mol Mutagen. 2008; 49: 622-30.
Dobrovolsky VN, Shaddock JG, Mittelstaedt RA, Man-
janatha MG, Miura D, Uchikawa M, Mattison DR, Mor-
ris SM. Evaluation of Macaca mulatta as a model for
genotoxicity studies. Mutat Res. 2009; 673: 21-8.
Phonethepswath S, Bryce SM, Bemis JC, Dertinger SD.
Erythrocyte-based Pig-a gene mutation assay: demonstra-
tion of cross-species potential. Mutat Res. 2008; 657:
122-6.

Miura D, Dobrovolsky VN, Kimoto T, Kasahara Y,
Heflich RH. Accumulation and persistence of Pig-A
mutant peripheral red blood cells following treatment of
rats with single and split doses of N-ethyl N-mtrosourea
Mutat Res. 2009; 677: 86-92.

Keller P, Tremml G, Rosti V, Bessler M. X inactivation
and somatic cell selection rescue female mice carrying a
Piga-null mutation. Proc.Natl Acad Sci U S A. 1999; 96:
7479-83.

Takeda J, Miyata T, Kawagoe K, Iida Y, Endo Y, Fujita
T, Takahashi M, Kitani T, Kinoshita T. Deficiency of the

" GPI anchor caused by a somatic mutation of the PIG-A

gene in paroxysmal nocturnal hemoglobinuria. Cell.
1993; 73: 703-11.

Hu R, Mukhina GL, Piantadosi S, Barber JP, Jones RJ
Brodsky RA. PIG-A mutations in normal hematopoiesis.
Blood. 2005; 105: 3848-54.

Park EJ, Kim H, Kim Y, Yi J, Choi K, Park K. Carbon
fullerenes (Cgs) can induce inflammatory responses in the
lung of mice. Toxicol Appl Pharmacol. 2010; 244:
226-33. :
Li JJ, Muralikrishnan S, Ng CT, Yung LY, Bay BH.
Nanoparticle-induced pulmonary toxicity. Exp Biol Med
(Maywood). 2010; 235: 1025-33.

Markovic Z, Trajkovic V. Biomedical potential of the
reactive oxygen species generation and quenching by



Mutagenicity of Fullerene in the Pig-A gene

fullerenes (Cqp). Biomaterials. 2008; 29: 3561-73. NanoGenotoxicology: the DNA damaging potential of
16 Singh N, Manshian B, Jenkins GJ, Griffiths SM, Wil- engineered nanomaterials. Biomaterials. 2009; 30:
liams PM, Maffeis TG, Wright CJ, Doak SH. 3891-914.

31



YAKUGAKU ZASSHI 131(2) 195—201 (2011) © 2011 The Pharmaceutical Society of Japan 195

—Review—
F/TYTILDIEEEZERROERH

IREHE, Y mAREAM, « FAEE,  BEREE, L REARK -
INERRESR, ¢ BRI K, MEFEXK, O EEH M

Importance of Researches on Chronic Effects by Manufactured Nanomaterials
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Manufactured nanomaterials are the most important substances for the nanotechnology. The nanomaterials pos-
sess different physico-chemical properties from bulk materials. The new properties may lead to biologically beneficial
effects and/or adverse effects. However, there are no standardized evaluation methods at present. Some domestic
research projects and international OECD programs are ongoing, in order to share the health impact information of
nanomaterails or to standardize the evaluation methods. From 2005, our institutes have been conducting the research on
the establishment of health risk assessment methodology of manufactured nanomaterials. In the course of the research
project, we revealed that the nanomaterials were competent to cause chronic effects, by analyzing the intraperitoneal ad-
ministration studies and carcinogenic promotion studies. These studies suggested that even aggregated nanomaterials
were crumbled into nano-sized particles inside the body during the long-term, and the particles were transferred to other
organs. Also investigations of the toxicokinetic properties of nanomaterials after exposure are important to predict the
chronically targeted tissues. The long lasting particles/fibers in the particular tissues may cause chronic adverse effects.
Therefore, focusing on the toxicological characterization of chronic effects was considered to be most appropriate ap-
proach for establishing the risk assessment methods of nanomaterials.

Key words——chronic toxicity; multi-wall carbon nanotube (MWCNT); fullerene
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