SN KREZZ2MTIER Y R b

Kyushu University Institutional Repository

Chronic Toxicity of Indium Arsenide and Indium
Phosphide to the Lungs of Hamsters

TANAKA, Akiyo

Department of Hygiene, Faculty of Medicine, Kyushu University

HISANAGA, Akira

Faculty of Integrated Humane Studies and Social Sciences, Fukuoka Prefectural University

HIRATA, Miyuki

Department of Hygiene, Faculty of Medicine, Kyushu University

OMURA, Minoru

Department of Hygiene, Faculty of Medicine, Kyushu University

ftt

https://doi.org/10.15017/7238784

HIRIER : BREBEHES. 87 (5), pp.108-115, 1996-05-25. BREIEFS
N—o30:

HEFIBAMR

KYUSHU UNIVERSITY




108 Fukuoka Acta Med. 87(5) : 108—115, 1996

IR =

Chronic Toxicity of Indium Arsenide and Indium Phosphide
to the Lungs of Hamsters

Akiyo Tanaka?, Akira Hisanaca?, Miyuki HiraTA?, Minoru OMURAY
Yuji MakiTa®, Naohide INoue? and Noburu IsgiNiSHP

Y Department of Hygiene, Faculty of Medicine, Kyushu University 60, Fukuoka 812-82

D Faculty of Integrated Humane Studies and Social Sciences,
Fukuoka Prefectural University, Fukuoka 825

8 Department of Food and Nutrition, Faculty of Home Economics,
Nakamura Gakuen College, Fukuoka 814-01

Abstract Chronic toxicity of indium arsenide (InAs) and indium phosphide (InP) was studied in
male Syrian golden hamsters which received InAs or InP particles containing a total dose of 7.5
mg of arsenic or phosphorus by intratracheal instillations once a week for 15 weeks. As a control,
hamsters were treated with the vehicle, phosphate buffer solution. During their total life span, the
cumulative body weight gain of hamsters in the InAs group was suppressed significantly compar-
ed with that in the control group, but not in the InP group when compared with that in the control
group. Concerning the histopathological findings of the lung, the incidence rates of proteinosis-
like lesions, alveolar or bronchiolar cell hyperplasia, pneumonia, emphysema and metaplastic
ossification observed in the InAs or InP group were significantly higher than those observed in
the control group.

From these results, it would seem that InAs and InP produced severe damage to the lungs of

hamsters.

Introduction

Indium arsenide (InAs) and indium phosphide
(InP) are the IMI-V compounds of those semi-
conductor materials of choice such as gallium
arsenide (GaAs), for use in high-frequency
microwave and millimeterwave telecommuni-
cations and for use in ultrafast super com-
puters. To a great extent, it would seen that
GaAs is the most extensively used compound in
the semiconductor industry®'®. Due to the
increasingly frequent industrial use of these
materials, the question of whether the exposure
of semiconductor employees to these materials
is a potential occupational health hazard or not,
has been gaining attention.

To date, these materials, in particular InAs

or InP, have generated much controversy as
new semiconductor materials, especially
because of the potential toxicity of arsenic® or
indium compounds®. Both toxicological and
immunological studies concerning GaAs have
already been carried out by some researchers.
Webb et al.2V?22%) gnd Goering et al.® reported
the acute pulmonary toxicity of GaAs when
instilled to the trachea of rats.
chronic toxicity, Ohyama et al.'® reported the
positive effect of GaAs when instilled to the
hamster intratracheally, while Tanaka et al.!®
showed the increase of spontaneously-occurring
tumors in mice which received GaAs, gallium
phosphide (GaP) or gallium oxide (Ga, O;)
intraperitoneally. In addition, Sikorski et
al.!®9% and Burns et al.V demonstrated the

Regarding



Chronic toxicity of InAs and InP 109

immunotoxicity of GaAs in vitro or in vivo
using mice. Although it could be suspected that
inorganic arsenic compounds would be tumor-
igenic when used on laboratory animals, the
results of epidemiological studies have also
classified these compounds as tumorigenic to
the lung and skin®. Although Yamauchi et al.2®
recently reported the partial solubility of InAs
when given as a single sc injection to hamsters,
there have been no available data concerning
the chronic toxicity of InAs or InP. It is there-
fore essential for sufficient toxicity data to be
accumulated in order to estimate accurately the
risk to semiconductor workers from exposure
to these semiconductor materials.

The purpose of this study was to estimate the
chronic effects, if any, of InAs and InP. In
particular, we focused on the toxicity of these
materials to the lungs of hamsters, when in-
stilled intratracheally.

Materials and Methods

Chemicals. InAs and InP, both of which had a
purity of more than 99.99 9%, were obtained
from Sumitomo Electric Industries (Osaka,
Japan). The phosphate buffer solution (0.025M,
pH 6.9) used was purchased from Katayama
Chemicals, Osaka, Japan. The sample of InAs

or InP was pulverized in an agate mortar and’

the mean count diameter for InAs and InP
particles was 3.9um, og (geometric standard
deviation) : 2.36 and 3.2um, og: 2.88, the parti-
cles being measured with an image analyzer
(Nikon Co. Ltd, Tokyo, Japan) using scanning
electron microscopy (T-220, JEOL Ltd., Tokyo,
Japan).

Animals and maintenance. All the hamsters
were male and were purchased at six weeks of
age from the colony of Kyudo, in Tosu, Japan.
The hamsters were raised under conventional
conditions at 22-25°C for two weeks until the
beginning of the experiment. Five hamsters
were housed in one aluminium cage and fed a
commercial diet (CE-2 pellets, Clea Japan, Inc.,
Tokyo, Japan), with drinking water available

ad lLbitum.

Experimental procedure These animals com-
prised 3 groups : The InAs group, the InP group
and a control group as shown in Table 1. Each
experimental group was composed of 30 ham-
sters. Their average body weights (mean=+S.
D.) at the beginning of the instillations were
125.1£8.3 g in the InAs group, 136.3+10.2 g in
the InP group, and 122.5%7.3 g in the control
group.
carried out according to the method of Ishinishi
et al.™ at 8 weeks of age. The hamsters were
given 0.1 ml of atropine sulfate subcutaneously
and were then anesthetized with a mixture of
5% diethyl ether and 95% oxygen in a desic-
cator for 5 min. The particles of semiconductor

The intratracheal instillations were

materials contained 0.5 mg of As or P. The
dose was chosen in accordance with that of
Ohyama et al.'”, which was half as much in this
study. The compounds were suspended in 0.2
ml of phosphate buffer solution and instilled
into the tracheas of anesthetized hamsters once
a week for 15 weeks by means of a microsyrin-
ge with a special metal needle. The control
group received 0.2 ml of phosphate buffer solu-
tion alone as the weekly dose/animal. The
phosphate buffer solution was sterilized in an
autoclave and particles of InAs or InP were
aseptically suspended in it.

Hamsters were allowed to die spontaneously
or were killed when moribund. Except for a
few animals lost through post-mortem changes
or cannibalism, all were autopsied. Those
which died were autopsied, and the principal
visceral organs were fixed in 109 formalin
solution. For the purpose of histopathological
examination, sections were prepared by conven-
tional methods and stained with hematoxylin
and eosin. Selected sections were stained with
periodic acid Schiff (PAS), alcian blue or
toluidine blue stain. The mortality curve of
each group examined was assessed by the
Kaplan-Meier method® and the cumulative
average body-weight gain in each group was
evaluated by the Student’s t-test. The Chi-
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square test was used for statistical comparison
of the incidence of tumors or lesions of the lung
in each group.

Results

Changes in the cumulative average body-
weight gain in each group following the initial
instillation are shown in Fig.1. A significant
difference in body-weight gain was noted
between the InAs and the control groups during
the instillation period and the observation
period. Although there was a significant differ-
ence between the InP and the control group
only over the period of from 40 to 42 weeks
following the initial instillation, there was a
similar trend concerning the change in body-
weight during the remainding period.

The survival rates of each group after 15
instillations were 96.7% (29/30) in the InAs
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Fig.1 Changes in the average body weight of the
InAs, InP and control groups following the
initial instillation (* : Significantly different
from the control group, P <0.05)

group, 86.7% (26/30) in the InP group and 96.7%
(29/30) in the control group, as shown in Table
1. During the instillation period, no significant
difference in the survival rate was noted
between the InAs, the InP and the control
groups. The mean number of survival days was
549.31+166.7 days in the InAs group, 432.8+
169.6 days in the InP group, 443.0+168.8 days in
the control group. All the hamsters had died by
the 849th day in the InAs group, by the 689th
day in the InP group and by the 737th day in the
control group, following the initial instillation.

The histopathological findings of the lung in
each group, with the exception of tumor forma-
tion, are shown in Table 2. The remarkable
finding within the lung was a proteinosis-like
lesion in both the InAs and the InP groups. This
lesion was identified as a greyish-white nodule
showing a variation of from 1 to 5 mm in size
macroscopically. The alveoli were filled with
an eosinophilic, mucinous, amorphous secre-
tion, and were expanded by the secretion which
was stained positively by the PAS and alcian
blue method, although not by the toluidine blue
method (Fig. 2). Alveolar epithelium flattened
or disappeared partly, and depositions of InAs
or InP particles were observed within or sur-
rounding this lesion. With the secretion, alveo-
lar macrophages.or lymphocytes infiltrated the
alveolar space slightly. In the region surround-
ing this lesion, alveolar or bronchiolar cell
hyperplasia with or without squamous cell
metaplasia could be seen.

In addition to this lesion, hyperplasia of the

Table 1 Dose and number of hamsters in the InAs, InP and control groups

Initia}l Nfo. oflgurvivors lI;Io. of

no. o after amsters

Group Dose hamsters instillations examined
(Sex) oo

InAs 0.5mg AsX15 30 (M) 29 (96.7) 27 (2)®

InP 0.5mg PX15 30 (M) 26 (86.7) 23 (3)=

Control 0.2mlx15 30 (M) 29 (96.7) 23 (6)®

a : No. of cannibalized hamsters
M : Male
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Table 2 Histopathological findings of the lung of hamsters in the InAs,

InP and control groups

Lung lesions %g%sa (121131)33 C?Z%t)r 0 1
Proteinosis-like lesion 20° 19°® 0
Alveolar or bronchiolar 16:® 9°® 0

cell hyperplasia
Squamous cell metaplasia 2 1 0
Purulent pneumonia 2 4 i
Pneumonia 26° 23°% 7
Emphysema 21% 11" 0
Metaplastic ossification 18° 12°¢ 5
Particle deposition 27" 23° 0

2 No. of hamsters examined

> Significantly different from the control group

(P<0.01)

¢ Significantly different from the control group (P<0.05)
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Fig. 2 Proteinosis-like lesion in the caudal lobe in the
InAs group. The hamster died on the 663rd day
after initial instillation. H. E. stain. X 126.

alveolar or bronchiolar cells, pneumonia, em-
physema, or metaplastic ossification of the lung
were seen extensively in most of the InAs-or
InP-treated hamsters. The difference in the
incidence rate of all these lesions, including the
proteinosis-like lesion, between the InAs or the
InP group, and the control group was signifi-
cant. Moreover, particles of InAs or InP de-
posited in the region of the alveolar septum and
alveolar space were seen in all of the hamsters
in both the InAs group and the InP group. In
addition to the lung lesions, deposition of parti-
cles was found in the lymph nodes in some of
the hamsters.

The tumor incidences including those of the
lung in each group are presented in Table 3.
Lung tumors were manifested in only 2 ham-
sters. There was an adenoma in one animal of
the InAs group which died on the 686th day
following the initial instillation. Microscopi-
cally, tumor cells with a multilayered lining
were dominant, widely accompanied with
squamous cell metaplasia, and the mucous was
often abundant in the lumina of the acinar
structures (Fig.3). The other tumor was an
adenoma manifested in a hamster of the control
group which died on the 737th day following the
initial instillation. The morphological pattern
of the tumor was that the cells were markedly
uniform and cuboidal and formed one or two
layers. On the other hand, no tumors of the lung
appeared in the InP group. Neoplasms other
than lung tumors comprised of 2 cystadenomas
of the liver, 1 adenocarcinoma of the pancreas,
1 adenocarcinoma of the adrenal gland and 2
malignant lymphomas of the lymph nodes in the
InAs group; 1 phaeochromocytoma of the
adrenal gland in the InP group; 1 papilloma of
the forestomach in the control group. The total
tumor incidence rates when lung tumor were
included, were 25.9% in the InAs group, 4.3% in
the InP group and 8.79 in the control group.
There was no significant difference concerning
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Table 3 Tumor incidence in hamsters in the InAs, InP and control groups

Organ in which InAs InP Control
tumor was manifested (27)® (23)® (23)8
Lung 1 0 1
Liver 2 0 0
Forestomach 0 0 1
Pancreas 1 0 0
Adrenal gland 1 1 0
Lymph node 2 0 0
No. of tumor-bearing 7 I 2
hamsters (%) (25.9) (4.3) (8.7

2 No. of hamsters examined

LR E TR NE ARG e N A RN
Fig.3 Adenoma in the caudal lobe in the InAs group.
The hamster died on the day 686th day after
initial instillation. H. E. stain. > 120.

the tumor incidence rate between each group.

Discussion

The results of the present study indicate the
pulmonary or systemic toxicity of InAs or InP
instilled
Marked histological findings of the lung were

particles when intratracheally.

noticed in our three groups. The alveolar
proteinosis-like lesions which were noted, need
to be considered carefully, especially as to their
relation to these particles. Corrin and King?®
identified the manifestation of alveolar
proteinosis in rats following the inhalation of
silica experimentally. Since then, this lesion
has also been observed in the case of nickel,
carbon dust and some kinds of drugs. However,
in this study, accompanying the hyperplasia of

the alveolar or bronchiolar cell surrounding this
lesion, expansion of the alveolar space plus
general disappearance of the alveolar cells
this
Although, it was not clear whether this his-

were both observed within lesion.

tological change was actually alveolar
proteinosis or not, it clearly showed that the
pathological lesion bearing resemblance to
alveolar proteinosis was induced by the expo-
sure of InAs or InP particles and that the secre-
tions which accumulated in the alveolar space
may have been secreted from alveolar cell type
II.

Concerning other lesions besides alveolar
proteinosis like lesion, alveolar or bronchiolar
cell hyperplasia and emphysema were observed
only in the InAs and InP groups, and the inci-
dence rates of those, together with metaplastic
ossification increased significantly in these
groups. Such increased incidences of these
lesions seem to be due to the chronic physical
action of the particles concerned, rather than to
their actual chemical properties. The appear-
ance of these lesions may be related to the
particle diameter and the given dose of InAs or
Webb et al.?® reported that

intratracheal instillation of a smaller size of

InP particles.

GaAs particles to rats induced more serious
acute pulmonary pathogenic lesions and more
rapid signs of systemic arsenic toxicity than
that seen in their previous study which used
larger fractions of GaAs particles. In addition,
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Ohyama et al.!” reported that there were
scarcely any particles in the lungs of the ham-
sters when 0.25 mg of As, as a weekly dose/
animal of GaAs particles, were instilled to the
trachea for 15 weeks, although no information
concerning the particle diameter was given.
However, in this study, the mean count diame-
ters of InAs or InP particles were relatively
large and the dose (0.5 mg of As or P as a
weekly dose/animal) was twice as much
compared to that given in their study. A high
dose and a large particle diameter are both
likely to lead to a decrease in particle clearance
from the lung, to produce severe damage to the
lung in hamsters, and to influence the signifi-
cantly suppressed body-weight gain in the InAs
group, and probably in the InP group. These
findings were inconsistent with the results of
Webb. et al.?®. However, from the fact that
arsenic shows a great affinity for red blood
cells in rats?? but not in hamsters, the differ-
ence in species (rat or hamster) is a noticeable
factor regarding the appearance of toxicity of
arsenic, although it is not apparent whether the
smaller size of particles caused severe damage
to the lung in the chronic toxicity study, or not.
On the other hand, there were no marked find-
ings concerning the total tumor incidence or
lung tumor incidence in either of the 2 experi-
mental groups compared with the control
group. This result supports the finding reported
by Ohyama et al.*® who reported that GaAs had
no apparent tumorigenicity when instilled to
the trachea of hamsters. Moreover, Tanaka et
al.’® reported the systemic injury and signifi-
cantly increased spontaneous-occurring tumors
of mice when GaAs or gallium phosphide (GaP)
particles were injected intraperitoneally, but
not subcutaneously. However, many
epidemiological studies have shown a causal
relationship between exposure to inorganic
arsenic compounds and skin or lung cancer®,
and some recent animal experiments have
revealed tumorigenicity of inorganic arsenic
compounds, especially calcium arsenate, to the

respiratory organs'???, Furthermore, GaAs or
InAs was only slightly soluble in vivo, and
inorganic arsenic compounds are released par-
tially from GaAs or InAsi421222520  [n thig
study, the total tumor incidence rate in the InAs
group was increased, but was not significantly
different compared with the control group. The
larger number of survival days observed in the
InAs group may contribute to the increased
tumor incidence rate. However, we cannot
ignore such an elevated manifestation of
tumors in the InAs group, although it was not
clarified whether this was due to the effect of
arsenic or indium released from the InAs parti-
cles or to the direct effect of the InAs particles
themselves.

There has so far been no study which could
explain categorically whether or not there is a
relationship between exposure to semiconduc-
tor materials and the incidence of adverse
health effects. Sorahan et al.'® reported that
there was no increasing mortality from any
cancers in a cohort of semiconductor workers,
even though threed cases of melanoma were
found, since this was not a significant increase.
Pastides et al.'¥ reported an increased rate of
spontaneous abortion and general illness symp-
toms among workers in semiconductor fac-
tories. Based on our findings in this study,
taken together with those findings in other
studies, we would strongly maintain that InAs
and InP particles induce pulmonary or systemic
toxicity when instilled intratracheally to ham-
sters, and we feel that it is thus necessary to pay
much greater attention to the exposure to semi-
conductor materials, such as InAs or InP parti-
cles.
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