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Abstract: Indium Chloride-induced Micronuclei in
In Vivo and In Vitro Experimental Systems: Ryo
T akagi , et al. Department of Public Health and
Environmental Medicine, Jikei University School of
Medicine—Objectives: The aim of this study was to
investigate the genotoxic effects of indium trichloride
(InCl3·4H2O; InCl3) using the in vivo bone marrow
micronucleus test and the in vitro CHL/IU cell
micronucleus test. Method: BALB/c mice were
administered a single intraperitoneal (i.p.) injection of
InCl3 at a dose 0.625, 1.25, 2.5, 5, or 10 mg/kg b.w. The
frequency of micronuclei, the ratio of polychromatic
erythrocytes to normochromatic erythrocytes (P/N ratio)
and body weight gain were determined 24 h after
administration of the InCl3. In the in vitro micronucleus
test, CHL/IU cells were treated continuously for 24, 48,
or 72 h in the absence of S9mix (the continuous
treatment method) and/or for 6 h with or without S9 mix
followed by an 18, 42 or 66 h recovery time (the short
time treatment method). The frequency of micronuclei
was determined at the end of each culture period.
Results: The frequency of micronuclei induced by InCl3
increased in the in vivo erythroblast-erythrocyte
micronucleus test using BALB/c mice at doses of 2.5
and 5 mg/kg b.w. The P/N ratio, a marker of bone
marrow toxicity, decreased significantly following the
injection of InCl3. Body weight gain was also inhibited
by InCl3. InCl3 induced micronuclei in the CHL/IU cell
micronucleus test in both the continuous treatment
method and the short time treatment method, both with
and without S9mix. Conclusions: These results
suggest that InCl3 has a genotoxic effect on mammalian
cells both in vivo and in vitro.
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Indium compounds, including indium trichloride, are
used for the diagnosis of myelopoiesis, and in ceramics
for the manufacture of transparent conductive films for
liquid crystal and plasma flat-panel displays. The toxicity
of these compounds in humans has been attracting
increasing attention.
There is limited information available concerning
indium compounds, and they were thought to be safe until
the mid-1990’s. However, there have been cases of death
due to interstitial pneumonia that are thought to have been
caused by indium-tin oxide (ITO) inhalation 1), and
interstitial lung disease has been reported in workers
handling ITO 1–3). A recent study reported the carcinogenicity
of indium (III) phosphide (InP), which is a compound used
in semiconductors, and severe lung damage has also been
reported to be associated with other indium compounds
as well as InP4).
The demand for indium in Japan in 2007 was 1,146
tons, which accounted for 85% of the world demand5).
Moreover, 80% of all demand is for ITO5). The use of ITO
in the production of flat-panel displays poses a significant
health issue, especially in Japan.
It is known that indium trichloride accumulates in the
erythroblasts6, 7). This property makes it useful as a
diagnostic method for myelopoiesis7). Indium trichloride
is currently not thought to be a carcinogen like InP, but no
bone marrow erythroblast-erythrocyte micronucleus tests
have been reported for the compound. The bone marrow
erythroblast-erythrocyte micronucleus test, an in vivo
screening assay for detecting mutagens and carcinogens,
is widely used in cytogenetic studies8, 9). Micronuclei
commonly arise from acentric chromosomal fragments
that are not included in one of the daughter nuclei
following erythroblast division10).
The aim of this study was to clarify the genotoxic
activity of InCl3 using an in vivo bone marrow erythroblasterythrocyte micronucleus test and the in vitro CHL/IU cell
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line micronucleus test.

Materials and Methods
Chemicals
InCl3·4H2O (InCl3: CAS; 10025-82-8) was obtained
from Aldrich (WI, USA). Fetal bovine serum, bovine
serum, trypsin, and glucose-6-phosphate were supplied by
GIBCO (NY, USA). Eagle’s minimum essential medium
was supplied by Sigma (MN, USA). NADH was obtained
from Roche (Mannheim, Germany). NADPH was
purchased from WAKO Pure Chem (Osaka, Japan). S9
was purchased from Kikkoman (Noda, Japan).
In vivo micronucleus test
1. Experimental animals
BALB/c AnNCrlCrlj male mice, at 7 wk of age and with
a body weight (b.w.) between 22 and 27 g, were obtained
from Charles River Japan (Yokohama, Kanagawa, Japan).
The mice were kept in an animal room that was maintained
at a constant temperature and humidity (24 ± 1°C and 50
± 5%, respectively) under a 12-hour light-dark cycle. The
mice were given water and a CRF-1 diet supplied by
Charles River Japan ad libitum. Each group used in the
micronucleus test consisted of five male animals. These
experiments were performed following the Guidelines on
Animal Experimentation of Jikei University.
2. Micronucleus test
①Induction of micronuclei by InCl3
InCl3 was dissolved in phosphate-buffered saline (PBS:
pH 7.2, Sigma, St. Louis, MO, USA). Groups of five male
mice were intraperitoneally (i.p.) administered InCl3 once
at a dose of 0.625, 1.25, 2.5, 5, or 10 mg/kg b.w. The
maximum dose was two times higher than the LD50 (5 mg/
kg) value of InCl3. The mice were sacrificed by cervical
dislocation 24 h after the administration of InCl3. Bone
marrow cell smears were prepared after flushing them out
with fetal bovine serum.
②Bone marrow preparation and evaluation of results
Bone marrow smears were stained with May GrünwaldGiemsa solution (1/150M Sörensen’s phosphate buffer
solution (pH 6.4)) as described by Schmid11). The number
of micronucleated polychromatic erythrocytes (MPCE) in
1,000 polychromatic erythrocytes (PCE) and the ratio of
PCE to normochromatic erythrocytes (P/N ratio; a marker
of bone marrow toxicity12)) per animal were counted under
a light microscope at 1,000x magnification. The data for
micronucleus induction were statistically evaluated using
Fisher’s exact test. The dose-response relationship was
evaluated using the Cochran-Armitage trend test. The data
for the P/N ratio were also statistically analyzed using
Student’s t-test.
3. In vitro micronucleus test
①Cells
CHL/IU cells were obtained from the National Institute
of Health Science (Japan). They were maintained in

Eagle’s minimum essential medium (medium)
supplemented with 10% heat inactivated (56°C for 30 min)
calf serum.
②Rat liver S9 and preparation of S9mix
Rat liver S9 fractions prepared from phenobarbital- and
5, 6-benzoflavone-induced male Sprague-Dawley rats
were used for this study. A 1 ml aliquot of S9 mix
containing 0.1 ml S9, 8 µmol MgCl2, 33 µmol KCl, 5 µmol
glucose-6-phosphate, 4 µmol NADPH and 4 µmol NADH
was used for the study.
③Test chemical treatment and slide preparation
This study was performed as described by Schmid with
minor modifications13, 14). In the continuous treatment
method, cultures of 1×105 CHL/IU cells were seeded in
60 mm plastic dishes and changed to fresh medium
containing InCl3 on the second day. The cells were
incubated for 24, 48, and 72 h in the absence of S9 mix
(24, 48, 72 h in the fig). For the short time exposure
method, the CHL/IU cells were treated with InCl3 for 6 h
with or without S9 mix and then washed 3 times with
medium and incubated in medium for 18, 42 or 66 h as a
recovery time (6–18 h, 6–42 h, 6–66 h in the fig). The
cells were divided into two groups. One group was used
to count the cell number using a hemocytometer after
trypsinization. The toxic effect (the growth ratio) of InCl3
on CHL/IU cells was calculated as a percentage of the
control. The other group of cells was washed 3 times with
PBS, and then detached by trypsinization. These cells
were washed 3 times with PBS and treated with 75 mM
KCl hypotonic solution for 10 min at room temperature.
The hypotonized cells were fixed in three changes of 1:3
acetic acid:methanol. Finally, the cells were suspended
in methanol containing 1.5% acetic acid and air dried on
clean glass slides. The cells were stained with Giemsa
solution. These experiments were performed using 3
dishes for each dose.
④Microscopic observation and statistical analysis
Only well-outlined cells with a single main nucleus
were counted under a light microscope at 600x
magnification. The frequency of micronucleated cells was
compared with those of the concurrent negative control
by the Cochran-Armitage test with Fisher’s exact text.

Results
In vivo micronucleus test
The frequency of micronuclei induced by InCl 3
increased in a dose-dependent manner in the in vivo bone
marrow erythroblast-erythrocyte micronucleus test using
BALB/c mice. Significant increases in the micronucleus
frequencies (p<0.05) were observed at doses of 2.5 and 5
mg/kg of InCl3, and the highest frequency of micronuclei
(6.3%) in erythrocytes was observed at a dose of 5 mg/kg
(Fig. 1).
The ratio of polychromatic erythrocytes to
normochromatic erythrocytes (P/N ratio), a marker of bone
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Fig. 1. The induction of micronuclei in mouse bone marrow by
injection of InCl3. The data reported are the means ±
SD. Each group used in the micronucleus test consisted
of five male animals. The statistical analysis was based
on the Cochran-Armitage test with Fisher’s exact test.
The frequency of micronuclei increased dosedependently (p<0.01) in the InCl3 group.
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Fig. 2. The effect of InCl3 injection on the P/N ratio. The data
reported are the means ± SD. Each group used in the
micronucleus test consisted of five male animals. The
statistical analysis was based on one way ANOVA with
Student’s t-test. * p<0.05, **p<0.01.

marrow toxicity, decreased significantly (p<0.05) in a
dose-dependent manner after the injection of InCl3 (Fig.
2). In addition, body weight gain was also inhibited
significantly (p<0.05) by the injection of InCl3 (Fig. 3).
In vitro CHL/IU micronucleus test
1. Continuous treatment method
Figure 4–1 shows the growth ratio of CHL/IU cells after
exposure to InCl3. The growth ratio of CHL/IU when cells
were exposed to InCl3 concentrations ranging from 0.3 to
5 µg/ml at 48 and 72 h was significantly lower (p<0.001)
than that at 24 h. The growth ratio was 27.3, 4.9 and 2.3%
at a dose of 5 µg/ml of InCl3 after 24, 48 and 72 h of
exposure, respectively. The frequency of micronuclei
induced by InCl3 increased (p<0.05) significantly at a dose
of 5 µg/ml after 24 h continuous treatment in the CHL/IU
micronucleus test. Similarly, a significant increase in the
micronucleus frequency (p<0.05) was observed at doses
of 1.25, 2.5, and 5 mg/ml of InCl3 after continuous
treatment for 48 or 72 h compared with 0 mg/ml (Fig.
4–2).
The frequency of micronuclei increased dosedependently at 24 h (p<0.005), 48 h and 72 h (p<0.001).
2. Short time treatment method
Figure 5–1 shows the growth ratio of CHL/IU cells after
short time exposure to InCl3 without S9 mix. The growth
ratio of CHL/IU decreased in a dose- and time- dependent
manner after exposure to InCl3 (p<0.001). The growth
ratios were 29.4, 3.9 and 4.5 % at a dose of 18.75 µg/ml
of InCl3 at 24, 48 and 72 h exposure, respectively.
Significant increases in the micronucleus frequency
(p<0.05) were observed at a dose of 9.38 µg/ml for 6–18

Fig. 3. Body weight gain after the injection of InCl3. The data
reported are the means ± SD. Each group used in the
micronucleus test consisted of five male animals.
Statistical analysis was based on one way ANOVA with
Student’s t-test. * p<0.05, ** p<0.01.

h (treatment-recovery) without S9 mix (Fig. 5–2).
Similarly, significant increases in the micronucleus
frequency (p<0.05) were observed at doses ranging from
0.59 to 18.75 µg/ml over 6–66 h without S9 mix (Fig.
5–2). The frequency of micronuclei increased dosedependently (p<0.001) during the 6–66 h time period (Fig.
5–2).
Figure 6–1 shows the growth ratio of CHL/IU cells after
short time exposure to InCl3 with the S9 mix. The growth
ratio of CHL/IU decreased in a dose- and time-dependent
manner after exposure to InCl3 (p<0.001). The growth
ratios were 40.5, 11.2 and 3.6% at a dose of 75 µg/ml of
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Fig. 4–1. The effect of InCl3 on the growth of CHL/IU cells (continuous treatment method). The data
reported are the means ± SD. These experiments were performed twice using 3 dishes for
each dose. The statistical analysis was based on one way ANOVA with Student’s t-test. The
% ratio of the control CHL/IU cell number decreased dose-dependently after 24, 48 and 72 h
(p<0.01) of treatment. The cell number was markedly decreased (0.313–5 µg/ml) after 48 and
72 h of exposure compared with 24 h ( , : p<0.05).

Fig. 4–2. The frequency of micronuclei in CHL/IU cells induced by InCl3 (continuous treatment
method). The data reported are the means ± SD. These experiments were performed twice
using 3 dishes for each dose. The statistical analysis was based on the Cochran-Armitage test
with Fisher’s exact test. , , : p>0.05, , , : p<0.05. The frequency of micronuclei
increased dose-dependently after 24 (p<0.005), 48 and 72 h (p<0.001) of exposure,
respectively. A significant increase in the micronucleus frequency (p<0.05) was observed at
doses of 1.25, 2.5, and 5 mg/ml of InCl3 after continuous treatment for 48 or 72 h, compared
with 0 mg/ml.

105

106

J Occup Health, Vol. 53, 2011

Fig. 5–1. The effect of InCl3 on the growth of CHL/IU cells
(short time exposure method without S9 mix). The
data reported are the means ± SD. These experiments
were performed twice using 3 dishes for each dose.
The statistical analysis was based on one way ANOVA
with Student’s t-test. The % ratio of the control CHL/
IU cell number decreased recovery time-dependently
(18, 42 or 66 h) in the 6–18, 6–42 and 6–66 h groups
(p<0.05). The cell number was markedly decreased
(1.17–18.75 µg/ml) in the 6–42 and 6–66 h groups
compared with 6–18 group ( , : p<0.05).

Fig. 5–2. The frequency of micronuclei in CHL/IU cells after
exposure to InCl3 (short time treatment method
without S9 mix). The data reported are the means ±
SD. These experiments were performed repeated
twice using 3 dishes for each dose. The statistical
analysis was based on the Cochran-Armitage test
with Fisher’s exact test. , , : p>0.05, , , :
p<0.05. Significant increases in micronucleus
frequency (p<0.05) were observed at doses of 0.59–
18.75 µg/ml for 6–66 h without S9 mix, compared
with 0 mg/ml. The frequency of micronuclei increased
dose-dependently (p<0.001) over 6–66 h of
exposure.

InCl3 over 6–18, 6–42 and 6–66 h exposure, respectively
(Fig. 6–1). Significant increases in the micronucleus
frequency (p<0.05) were observed at doses of 18.75 µg/
ml over 6–18 h (treatment-recovery), 2.34–75 µg/ml over
6–42 h and 4.69–18.75 µg/ml over 6–66 h with S9 mix,
respectively (Fig. 6–2).
The frequency of micronuclei increased dosedependently (p<0.001) over 6–66 h (Fig. 6–2).
3. Comparison of the micronucleus induction
intensity
The highest micronucleus frequency per unit
concentration (micronucleated cells/µg/ml) was 20.1 in
the short time exposure method without S9 mix at a dose
of 0.59 µg/ml over 6–66 h. On the other hand, the
micronucleus frequency per unit concentration was 7.1
and 3.3 in the continuous treatment method (1.25 µg/ml
for 48 h) and in the short time exposure method with S9
mix (2.34 µg/ml for 6–42 h), respectively. The highest
frequency of micronuclei induced by InCl 3 in all
experiments was observed at doses of 18.75 µg/ml over
6–66 h without S9 mix (29.3% , p<0.05).

remaining 10–20% being used in low melting metal
bonding agents in CIGS solar batteries5).
InP, which is a compound used in semiconductors,
induces not only severe lung damage, but also cancer4).
Gottschling et al.15) reported the inhalation of InP causes
pulmonary inflammation associated with oxidative stress.
They postulated the existence of an inflammationcarcinoma sequence induced by InP inhalation in which
chronic, prolonged inflammation is associated with the
release of highly reactive oxygen and nitrogen species
from inflammatory cells15). Moreover, InP is classified in
Group 2A (extraordinarily high incidence of malignant
neoplasms of the lung in rats and mice, increased incidence
of pheochromocytomas in rats, and increased incidence
of hepatocellular neoplasms in mice) by the International
Agency for Research on Cancer (IARC)16). There is a
significant increase in micronucleated polychromatic
erythrocytes in male, but not in female, mice exposed to
InP4). These observations suggest that oxidative stress
induced by InP has not only genotoxic, but also is
tumorigenic, potential.
ITO exposure in the work environment generates
interstitial pneumonia1–3). Since indium continues to be
used in various industries, it is necessary to clarify the
carcinogenicity of indium compounds. In this study, we
performed in vivo and an in vitro micronucleus tests to

Discussion
Approximately 80–90% of the indium used in Japan is
used in the manufacture of transparent conductive films
for liquid crystal and plasma flat-panel displays, with the
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Fig. 6–1. The effect of InCl3 on the growth of CHL/IU cells
(short time exposure method with S9 mix). The data
reported are the means ± SD. These experiments
were performed twice using 3 dishes for each dose.
The statistical analysis was based on one way ANOVA
with Student’s t-test. The % ratio of the control CHL/
IU cell number decreased recovery time-dependently
(18, 42 or 66 h) in the 6–18, 6–42 and 6–66 h groups
(p<0.05). The cell number was markedly decreased
(2.34–75 µg/ml) in the 6–42 and 6–66 h groups
compared with 6–18 group ( , : p<0.05).

predict the carcinogenicity of indium trichloride. Indium
tin oxide (ITO) particles induce an increased frequency of
micronuclei in type II pneumocytes in vivo but not in lung
epithelial cells in vitro, thus suggesting the preponderance
of a secondary genotoxic mechanism17). Lison et al.17)
demonstrated in experimental animals that ITO particles
are capable of generating hydroxyl radicals via the Fenton
reaction, which then cause cytotoxicity in macrophages
and trigger an inflammatory lung reaction. These data
would explain the pulmonary manifestations reported in
workers exposed to ITO1–3, 18). The in vivo genotoxic
potential of ITO particles for lung epithelial cells indicates
their capacity to induce lung cancers17). These results also
show the relationship between free radicals and the
genotoxic and/or tumorigenic potential.
Rowlands19) reported that indium compounds (including
indium trichloride) show great potential as reagents in
radical reactions. On the other hand, Dusre et al.20)
reported that mitomycin C (MMC) induced not only DNA
damage (alkylation and DNA DSB) but also stimulated
oxy-radical formation. It is reported that ascorbic acid,
an antioxidant chemical, decreased the frequency of
micronuclei induced by MMC21). It is considered that the
mechanism of micronucleus induction may therefore
involve free radicals.
In the present study, InCl3 showed toxic effects through
reduction of body weight and the decrease of the P/N ratio
in BALB/c mice. In particular, the decrease in the P/N
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Fig. 6–2. The frequency of micronuclei induced by InCl3
exposure (short time treatment method with S9 mix).
The data reported are the means ± SD. These
experiments were performed twice using 3 dishes
for each dose. The statistical analysis was based on
the Cochran-Armitage test with Fisher’s exact test.
, , : p>0.05, , , : p<0.05. Significant
increases in the micronucleus frequency (p<0.05)
were observed at doses of 18.75 µg/ml over 6–18 h
(treatment-recovery), 2.34–75 µg/ml over 6–42 h
and 4.69–18.75 µg/ml over 6–66 h with S9 mix.
The frequency of micronuclei increased dosedependently (p<0.001) over 6–66 h.

ratio suggests that InCl 3 affects the bone marrow
erythropoiesis by inducing chromosome aberration.
Suzuki et al.12) suggested that the decrease in the P/N ratio
induced by bone marrow suppression may cause an
increase of micronuclei in vivo. It is generally considered
that a chemical which induces micronuclei usually also
induces a decrease in the P/N ratio. These phenomena
occur because of the inhibition of erythroblast division
(suppression of erythropoiesis) by the chemically-induced
chromosome aberration. The frequency of micronuclei at
a dose of 10 mg/kg in our study was lower than that of 5
mg/kg. It is considered that micronuclei did not increase
because the strong toxic effect of 10 mg/kg InCl 3
suppressed erythroblast division.
It is known that InCl3 accumulates in bone marrow
erythroblasts, thus making the compound useful in the
diagnosis of myelopoiesis6), and this results suggests that
InCl3 might induce micronuclei in erythroblasts.
A number of studies have shown that the administration
of soluble indium as InCl3, or InAs particles, lead to the
potent induction of heme oxygenase, which is the ratelimiting enzyme in the heme degradation pathway. The
induction of this enzyme is used as a molecular marker of
oxidative stress16, 22–24). The primary genotoxic mechanism
of InCl3 may thus involve oxidative stress, similar to InP15)
and ITO17). However, precancerous change in the lung
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was caused only by InAs when indium arsenide, gallium
arsenic or arsenious acid were administered intratracheally
to hamsters25). These results also suggest that indium
possibly induces carcinogenesis and mutagenesis in
vivo.
Similarly, InCl3 induced micronuclei in the in vitro
CHL/IU micronucleus test. The positive result in the CHL/
IU test may have been due to the chemical structure, watersoluble properties and/or the direct exposure of cultured
cells. The highest frequency of micronuclei was observed
in the short time treatment method without S9 mix. For
InCl3, the frequency of micronuclei became higher under
exposure to a high concentration for a short time and using
a long recovery time. The S9 mix may decrease the
frequency of micronuclei. Because InCl3 is changed into
In (OH)3 in neutral and alkali solutions26), In (OH)3 may
induce micronuclei under this experimental condition.
The growth of CHL/IU cells was inhibited dose- and
time- dependently after treatment with InCl3. This is likely
because the genotoxic effects of InCl 3 cause the
micronucleus induction to occur in tandem with the extent
of growth inhibition of the CHL/IU cells.
Based on the in vivo and in vitro genotoxic test results,
we hypothesized that the indium compounds most likely
exert their genotoxic effects through accumulation of
indium in target cells.
In the Ames test, InCl3 did not induce mutagenic activity
with and without S9mix in the TA100, TA2637, TA94,
TA98, WP2uvrA+ and WP2uvrA–27) strains. These results
suggest that InCl3 may not induce mutagenicity in a
bacterial mutation test system27), however, it did induce
micronuclei in mammalian cells in both in vivo and in vitro
test systems in our study. Further studies are therefore
needed to clarify the relationships between the mechanisms
of tumor inducibility and micronucleus inducibility by
InCl3.

References

1) Homma T, Ueno T, Sekizawa K, Tanaka A, Hirata M.
Interstitial pneumonia developed in a worker dealing
with particles containing indium-tin oxide. J Occup
Health 2003; 45: 137–9.
2) Homma S, Miyamoto A, Sakamoto S, Kishi K, Motoi
N, Yoshimura K. Pulmonary fibrosis in an individual
occupationally exposed to inhaled indium-tin oxide. Eur
Respir J 2005; 25: 200–4.
3) Hamaguchi T, Omae K, Takebayashi T, et al. Exposure
to hardly soluble indium compounds in ITO production
and recycling plants is a new risk for interstitial lung
damage. Occup Environ Med 2008; 65: 51–5.
4) National Toxicology Program. Toxicology and
carcinogenesis studies of indium phosphide (CAS No.
22398-90-7) in F344/N rats and B6C3F1 mice
(inhalation studies). Natl Toxicol Program Tech Rep
Ser.; NIH Publication No. 01-4433, Research Triangle
Park, NC. 2001; 499: 7–340.

J Occup Health, Vol. 53, 2011

5) Minami H. Demand, supply, and price trend etc. Metal
resource report 2007; 37: 171–6 (in Japanese).
6) Staub RT, Gaston E. 111In-chloride distribution and
kinetics in hematologic disease. J Nucl Med 1973;
14:456–7.
7) Kan M, Miyamae T. Bone marrow scintigraphy with
111 In-chloride. A clinical study for systemic
hematopoietic disorder. Radioisotope 1977; 26: 852–7
(in Japanese).
8) Von Ledebur M, Schmid W. The micronucleus test.
Methodological aspects. Mutat Res 1973; 19: 109–17.
9) Heddle LA. A rapid in vivo test for chromosomal
damage. Mutat Res 1973; 18: 187–90.
10) Duncan AMV, Heddle JA, Blakey DH. Mechanism of
induction of nuclear anomalies by γ-radiation in the
colonic epithelium of the mouse. Cancer Res 1985; 45:
250–2.
11) Schmid W. The micronucleus test. Mutat Res 1975; 31:
9–15.
12) Suzuki Y, Nagae Y, Li J, et al. The micronucleus test
and erythropoiesis. Effects of erythropoietin and a
mutagen on the ratio of polychromatic to normochromatic
erythrocytes (P/N ratio). Mutagenesis 1989; 4: 420–4.
13) Li J, Suzuki Y, Shimizu H, et al. In vitro micronucleus
assay of 30 chemicals in CHL cells. Jikeikai Med J 1993;
40: 69–83.
14) Matsushima T, Hayashi M, Matsuoka A, et al. Validation
study of the in vitro micronucleus test in a Chinese
hamster lung cell line (CHL/IU). Mutagenesis 1999; 14:
569–80.
15) Gottschling CB, Maronpot RR, Hailey RJ, et al. The
Role of Oxidative Stress in Indium Phosphide-Induced
Lung Carcinogenesis in Rats. Tox Sci 2001; 64: 28–
40.
16) IARC. (2006) Cobalt in Hard Metals and Cobalt Sulfate,
Gallium Arsenide, Indium Phosphide and Vanadium
Pentoxide. IARC Monographs on the Evaluation of
Carcinogenic Risks to Humans Volume 86. p.220.
17) Lison D, Laloy J, Corazzari I, et al. Sintered IndiumTin-Oxide (ITO) Particles: A New Pneumotoxic Entity.
Tox Sci 2009; 108: 472–81.
18) Chonan T, Taguchi O, Omae K. Interstitial pulmonary
disorders in indium-processing workers. Eur Respir J
2007; 29: 317–24.
19) Rowlands GJ. Synthetic methods. Part (i) Free-radical
reactions. Annu Rep Prog. Chem Sect B 2003; 99:
3–20.
20) Dusre L, Covey JM, Collins C, Sinha BK. DNA damage,
cytotoxicity and free radical formation by mitomycin C
in human cells. Chem Biol Interact 1989; 71: 63–78.
21) Kishnaja AP, Sharma NK. Ascorbic acid potentiates
mitomycin C-induced micronuclei and sister chromatid
exchanges in human peripheral blood lymphocytes in
vitro. Teratog Carcinog Mutagen (Suppl 1). 2003: 99–
112.
22) Wood JS, Carver GT, Fowler BA. Altered regulation of
hepatic heme metabolism by indium chloride. Toxicol
appl Pharmacol 1979; 49: 455–61.
23) Fowler BA. Mechanisms of indium, thallium, and arsine
gas toxicity: Relationship to biological indicators of cell

Ryo Takagi, et al.: Genotoxic Effect of Indium Chloride

injury. In: Clarkson TW, Friberg L, Nordberg GF, Sager
PR, eds. Biological Monitoring of Toxic Metals. New
York: Plenum Press; 1988. p. 469–78.
24) Conner EA, Yamauchi H, Fowler BA. Alternations in
the heme biosynthetic pathway from the Ш-V
semiconductor metal, indiumarsenide (InAs). Dche—
biol Interact 1995; 96: 273–85.
25) Tanaka A, Hisanaga A, Hirata M, Omura M, Makita Y,
Inoue N, Ishinishi N. Chronic toxicity of indiun arsenide

109

and indium phosphide to the lungs of hamsters. Fukuoka
Acta Medica 1996; 87: 108–15.
26) Wang L, Pérez-Maqueda LA, Matijević E. Rapid
preparation of uniform colloidal indium hydroxide by
the controlled double-jet precipitation. Colloid Polym
Sci 1998; 276: 847–50.
27) Ishidate M Jr (Ed). Data Book for Mutagenicity Tests
on Chemicals in Bacteria, LIC/Tokyo (Tables in
English). 1991.

