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Toxicity of Rubber Accelerator 177

male and female rats. The data show that DCBS exerts general toxicity and
reproductive and developmental toxicity at relatively high doses.

DCBS was given to males during the premating and mating periods and to
females during the premating, mating, and pregnancy periods and shortly
after parturition. The dosage used in the current study was sufficiently high
that it should be expected to induce general toxic effects. As expected, general
toxicity, such as death, lowered body weight and food consumption, and toxico-
logic signs, was observed at 400 mg/kg bw per day. In males, lowered body
weight during the whole period of administration and salivation was noted
only in two of the 10 males at 400 mg/kg bw per day. In females, however, the
lowered body weight was found only on day 20 of pregnancy, and deaths and
significantly increased incidences of toxicologic signs, including decreased
locomotor activity, soil of the lower abdominal fur, and reddish tears, were
noted at 400 mg/kg bw per day. Some toxicologic signs during mid to late preg-
nancy and deaths during the periparturition period were noted in females.
These findings may suggest that female rats have a higher susceptibility to
the toxicity of DCBS than male rats. One possible explanation for the higher
susceptibility to DCBS toxicity in females may be enhancement of the toxicity
of DCBS by the stress of the pregnancy/parturition status in female rats. More
precisely, DCBS may be more toxic in females during pregnancy and/or lactation.

Reduced platelet counts at 6 mg/kg bw per day, increased serum levels of
total cholesterol at 25 and 100 mg/kg bw per day, and decreased serum levels
of sodium at 6 and 400 mg/kg bw per day were found. However, changes in
these parameters were thought to have no toxicologic meaning because these
changes were relatively slight and were not dose-dependent. Several organ
weights were affected by the administration of DCBS. Higher relative weight,
but not absolute weight, of the testis and liver in females were observed at 400
mg/kg bw per day. Body weights of male and female rats on the day of sched-
uled sacrifice were lowered at 400 mg/kg bw per day. The higher relative
weights of the testis and liver at the highest dose seem to be due to second-
arily lowered body weight, but not due to the direct effects of DCBS on the
organs. A decreased weight of the thymus was detected in both sexes at 400
mg/kg bw per day, and these changes were accompanied by atrophy revealed.
by histopathologic examinations. Atrophy of the spleen was also noted in
females at the highest dose. These findings may suggest that one of the target
systems of DCBS toxicity is the immune system. The increases in the absolute
weights of the kidney at 6, 25, and 100 mg/kg bw per day in male rats are
unlikely to be due to the toxic effects of DCBS, because the degree of changes
in absolute weight was relatively small and no changes were noted in relative
weight. Histopathologic examinations revealed the hyalin droplets in the
proximal tubular epithelium in the kidney at 100 and 400 mg/kg bw per day in
males. These histopathologic changes are thought to be due to the induction of
a2u-globulin accumulation (Hamamura et al., 2006). In the current study,
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this type of nephropathy was not detected in female rats. The nephropathy
induced by o2u-globulin accumulation is male rat-specific and is unlikely to
occur in humans (Hard et al., 1993). Consideration of these findings together
suggests that the histopathologic changes in the male kidney are not relevant to
human health although 100 mg/kg bw per day was an effect level in male rats.

Male reproductive parameters, including the histopathology of the repro-
ductive organs, were not affected by the administration of DCBS even at the
highest dose. These suggest that DCBS is not toxic to male reproduction in
rats. In female rats, no adverse effects on the maternal reproductive parame-
ters, including the mating index, fecundity index, and histopathology of the
reproductive organs, were found. However, deaths and toxicologic signs dur-
ing late pregnancy, a decrease in the gestation index, and total litter loss were
noted in females at 400 mg/kg bw per day. These indicate that DCBS pos-
sesses toxic effects on female reproduction at 400 mg/kg bw per day.

As for the developmental parameters, decreases in the numbers of corpora
lutea, implantations, total pups and live pups delivered, live birth index and
viability on PND 4, and an increase in the number of stillborn were detected
at 400 mg/kg bw per day. These findings indicate that DCBS is toxic to the
survival and growth of offspring and exerts developmental toxicity at 400 mg/kg
bw per day in rats.

In the current study, external malformations and variations of the inter-
nal organs were found in pups in the DCBS-treated groups. However, inci-
dences of pups with malformations and variations were very low and not
significantly different from those in the control group. No consistent tendency
was found in the incidence of pups with these morphologic alterations. Fur-
thermore, the external malformations and variations of the internal organs
observed in the current study are of the types that occur spontaneously among
control rat fetuses reported in the literature (Kameyama et al., 1980; Morita
et al., 1987; Nakatsuka et al., 1997, Barnett et al., 2000). Therefore, it seems
unlikely that the morphologic changes in pups observed in the current study
indicate a teratogenic response and that DCBS possessed teratogenic poten-
tial in rats. In the current study, external and internal examinations in the
newborn rats were performed, but no skeletal examinations were carried out.
To accurately evaluate the prenatal developmental toxicity, including terato-
genicity, it is necessary to interrupt pregnancy 12-24 h before the expected
term either by hysterectomy or the necropsy of maternal animals (Wilson,
1965, 1973).

The most deleterious effect of DCBS on reproduction and development is
the marked decrease in the number of live pups. The most striking adverse
effect noted in the current study is a total loss of pups until PND 4 at 400 mg/kg
bw per day. The primary effects may be on the gestation index for dams and
live birth index for pups, which appear to be affected at multiple points along
the female reproductive process, as well as an viability of neonatal pups. The
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current study was performed in compliance with the OECD guideline Com-
bined Repeated Dose Toxicity Study with the Reproduction/Developmental
Toxicity Screening Test, and this screening test guideline does not provide
complete information on all aspects of reproduction and development due to
the relatively small numbers of animals in the dose groups and selectivity of
the end points. In order to further evaluate the reproductive and developmen-
tal toxicity of DCSB in rats, a two-generation reproductive toxicity study is
currently in progress.

In conclusion, DCBS caused deaths in females, and decreased body weight
and changes in urinalysis, blood chemistry, and/or histopathology in both
sexes at 400 mg/kg bw per day. Adverse effects on reproductive and develop-
mental parameters were noted at 400 mg/kg bw per day. At this dose, all dams
lost their litters at delivery or by day 4 of lactation. The NOAEL for repeat
dose toxicity is considered to be 100 mg kg™! day™! in male and female rats,
and the NOAEL for reproductive/developmental toxicity is considered to be
100 mg kg day .

ACKNOWLEDGMENT
This study was supported by the Ministry of Health and Welfare, Japan.

REFERENCES

Akrochem. (2006). Accelerator DCBS (benzothiazyl-2-dicyclohekyl sulfenamide). Avail-
able at http://www.akrochem.com/pdfe/sulfenamides/z-dcbs.pdf.

Barnett, J. F., Jr., Lewis, D., Tappen, A., Hoberman, A. M., Christian, M. S. (2000).
Reproductive indices, fetal gross, visceral and skeletal alterations, sexual matura-
tion, passive avoidance and water maze data, a comparison of results in
CD(SD)IGS rats and CD(SD) rats. In: Matsuzawa, T., Inoue, H., eds. Biological
Reference Data on CD(SD)IGS Rats-2000. CD(SD)IGS study group. Yokohama:
Charles River Japan, Inc, pp. 159-73.

CERI (Chemicals Evaluation and Research Institute, Japan). (2002). N,N-
Dichlorohexyl-2-benzothiazolesulfenamide, Hazard Assessment Sheet, 2001-72
(Japanese). Available at http:/qgsar.cerij.or jp/SHEET/S2001_72.pdf.

Clayson, D. B., Krewski, D. R. (1990). Objectives of toxicity testing. In: Arnold, D. L.,
Grice, H. C., Krewski, D. R, eds., Handbook of in Vivo Toxicity Testing. San Diego:
Academic Press, pp. 3-18.

EA, MHW, and MITI (Environment Agency, Ministry of Health and Welfare, and Min-
istry of International Trade and Industry, Japan). (1988). Research of Designated
Chemical Substances, Planning and Coordination Bureau. Tokyo: Environment
Agency, No. 39, Environmental Health Bureau, Ministry of Health and Welfare,
No. 229, Basic Industries Bureau, Ministry of International Trade and Industry,
No. 85, March 31, 1984, and amendments, November 18, 1988.

EPA (US Environmental Protection Agency). (2001). Sulfenamide Accelerators Cate-
gory Justification and Test Rationale. Available at http://www.epa.gov/chemrtk/
sulfaccl/c13323tp.pdf.

— 202 —



180 Emaetal.

EPA (US Environmental Protection Agency). (2006). Sulfenamide Accelerators Category
IUCLID Data Set. Available at http//www.epa.gov/chemrtk/sulfaccl/c13323.pdf.

European Chemical Bureau. (2000). Existing-Chemicals IUCLID Data Set. Available at
http/fech.jre. iVDOCUMENTS/Existing-Chemicals/TUCLID/DATA_SHEETS/4979322,

Flexsys, 2006. Product Data SANTOCURE DCBS. Available at http//www.flexsys.com/
internet/pages/pds.jsp?Product = F1108&ProductForm = F1108220&bugMS = .pdf.

Hamamura, M., Hirose, A.,, Kamata, E., Katoku, K., Kuwasaki, E., Oshikata, T.,
Nakahara, Y., Ema, M., Hasegawa, R. (2006). Semi-quantitative immnohistochem-
ical analysis of male rat-specific 02u-globulin accumulation for chemical toxicity
evaluation. J. Toxicol. Sci. 31:35-47.

Hard, G. C., Rogers, 1. S., Baetcke, K. P., Richaeds, W. L., McGaughy, R. E., Valcivic, L. R.,
(1993). Hazard evaluation of chemicals that cause accumulation of a2u-globulin,
hyaline droplet nephropathy, and tubule neoplasia in the kidneys of male rats.
Environ. Health Perspect. 99:313-349.

Kameyama, Y., Tanimura, T., Yasuda, M. eds., (1980). Spontaneous malformations in
laboratory animals-photographic atlas and reference data. Cong. Anom. 20:25-106
(Japanese). .

MHW (Ministry of Health and Welfare, Japan). (1998). N,N-Dichlorohexy!-2-benzothi-
azolesulfenamide. Chemical toxicity database-Toxicity Testing Reports of Environ-
mental Chemicals (Japanese), Available at http://wwwdb.mhlw.go.jp/gine/htmV/
dbl.html. '

Morita, H., Ariyuki, F., Inomata, N., Nishimura, K., Hasegawa, Y., Miyamoto, M.,
Watanabe, T. (1987). Spontaneous malformations in laboratory animals: frequency -
of external, internal and skeletal malformations in rats, rabbits and mice. Cong.
Anom. 27:147-206.

Nakatsuka, T., Horimoto, M., Ito, M., Matsubara, Y., Akaike, M., Ariyuki, F. (1997).
Japan Pharmaceutical Manufacturers Association (JPMA) survey on background
control data of developmental and reproductive toxicity studies in rats, rabbits and
mice. Cong. Anom. 37:47-138.

OECD (Organization for Economic Co-operation and Development). (1981). OECD
Principles on Good Laboratory Practice. OECD Series on Principles of Good Labo-
ratory Practice and Compliance Monitoring, No. 1. Paris: OECD.

OECD (Organization for Economic Co-operation and Development). (1990). OECD Test
Guideline for Testing of Chemicals. Extended Steering Group Document, No. 3,
Combined Repeated Dose Toxicity Study with the Reproduction/Developmental
Toxicity Screening Test. Paris: OECD.

OECD (Organization for Economic Co-operation and Development). (2006). OECD
Integrated HPV Database. Available at http:/c83-hq.oecd.org/scripta/hpv/.

Tobe, M., Tanaka, S., Kawashima, K, Naito, K., Nakaji, Y., Imaida, K., Usami, M.,
Uchida, O., Kamata, E., Kodama, Y., et al. (1991) A study on the usefulness of the -
OECD Combined Repeat Dose and Reproductive/Developmental Toxicity Screen-
ing Test (ReproTox). Bull. Natl. Inst. Health Sci. 109:119-36 (Japanese).

Vorobera, R. S. (1969). N,N-Dichlorohexyl-2-benzothiazolesulfenamide. Chem. Abst. 71:176.

Wilson, J. G. (1965). Methods for administering agents and detecting malformations in
experimental animals. In: Wilson, J. G., Warkany, J., eds., Teratology: Principles
and Techniques. Chicago: The University of Chicago Press, pp. 262-77.

Wilson, J. G. (1973). Collection and interpretation of results. In: Wilson, J. G., ed. Envi-
ronment and Birth Defects. New York: Academic Press, pp. 173-93.

— 203 —



doiz10.1111/).1741-4520.2007.00 161 .x

ORIGINAL ARTICLE

Congenital Anomalies 2007: 47. 149-155 149

Evaluation of reproductive and developmental toxicity of the rubber
accelerator N,N-dicyclohexyl-2-benzothiazolesulfenamide in rats
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ABSTRACT Male and female Cri:CD(SD) rats were fed a
diet containing the rubber accelerator N,N-dicyclohexyl-2-
henzothiazolesulfenamide (DCBS) at 0, 1500, 3000, 6000 or
10 600 p.p.o. (0, 83, 172, 343 or 551 mg/kg bw/day in males and
0, 126, 264, 476 or 707 mg/kg bw/day in females) for a total of
57 days beginning 16 days before mating in males, and a total
of 61-65 days from 16 days hefore mating to day 21 of lactation
in females. Body weight gains and food consmmption were
reduced in males at 6000 p.p.m. and higher and in females
at 3008 p.p.m. and higher. The weights of the spleen at 6000
and 10 000 p.p.m. and of the thymus at 10000 p.p.m. were
decreased in females. No changes in estrous eyclicity, copulation
index, fertility index, gestation index, delivery index, precoital
interval or gestation length were observed at any dose of DCBS.
Numbers of implantations at 6000 and 10 000 p.p.m. and pups
delivered at 10 000 p.p.m. were reduced. There were no changes
in the sex ratio or viahility of pups. The body weights of male
and female pups were lowered at 6000 p.p.m. and higher
Decreased weight of the spleen in weanlings was also observed
in males at 1500 p.p.m. and higher and in females at
3000 p.p.m. and higher. The data indicate that DCBS possesses
adverse effects on reproduction and development in rats,

Key  Words:  developniental
benzothiazolesulfenamide.  rat,
accelerator

toxicity, N, N-dicyclohexyl-2-
reproductive  toxicity,  rubber

INTRODUCTION

Sulfenamide accelerator compounds wre widely used in the manu-
facture of amtomotive compartments and industrial rubber products
such as tires. hoses, conveyer belts, bushings seals, gaskets and
windshield wiper blades (EPA 2001).  N.N-Dicyclohexyl-2-
henzothiazolesulfenamide (DCBS, Fig. 1) is a sullenamide accel-
erator. The annual production level of DCBS in Japun wus
approxinitely 1000 tons in 1990-1993 and 1900 tons in 2000~
2003, Most of this amount was sold and handled domestically
(OBECD 2007). DCBS is used as an accelerator of vulcanization and
is completely reacted in the vulcanizing process (OECD 2007).
DCBS ix regulated in Germany for use in-articles that contaet food.
but is not regulated by the United States Food and Drug Adniinis-
tratton for use in food contact applications (Flexsys 20000,

Correspondence: Makato Ema DVML Phl). Division of Riskh Assessiment.
Biological Safery Research Center. National Institute of Flealih Sciences.
Tokyo 158-8501 Jupan. Email: cima@ihs zojp
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Exposure of workers hundling sulfenamide uccelerator muterials is
fikely to be highest in the area of materials packaging. During
waderial packout at the manufacturing site, ;and 10 4 lesser degree
during weigh-up activities at the consumer site. there is i possibility
of skin wad inhalation exposure. Although consumer exposure
should be minimal, the most likely route of consumer exposure is
skin contact with rubber or latex wticles (EPA 2001).

Only up to 6%: biodegradation has been determined for DCBS in
a ready biodegradubility test, und a measured log Kow value of 4.8
suggests that DCBS may have a high bioaccunudation potential
(OECD 2007). The possibility of such a chemical compound enter-
ing biological systems has woused great concern regarding its
toxicological potential. Generally, biologicul effects of chemicals
should be studied in laboratory animals to investigate their possible
wfluences on human health, and the results of animal tests of
chemical toxicity refevant to humans (Clayson & Krewski 1990).
However, very little information on the toxicity of DCBS has been
published. The toxie effects of DCBS have been briefly swmmanized
by the Ewropean Chemical Burean (2000) and US EPA (2001). It
was reported that the oral LDSO vadues were 107710 000 mgikg
bw in rats. the oral NOAEL for 44-day repeated dose tosicity was
higher than 100 mg/kg bw/day in rats, and no effects on reproduc-
tion were observed at doses up to 400 mg/ke bw/day in rats (EPA
2001). The oral LDSO value was 8500 mg/kg bw in mule mice. and
repeated daily inhalution exposure of male rats for 15 days wt
2 Wday and 350100 mg/m’ caused mucous membrane irtitation
{Vorobera 1969).

The Japancse Government (MHW 1998) conducted texicity
studies for DCBS. including ucute toxicity, in vitro genotoxicity and
repeat dose toxictty contbined with reproductive/developmental
toxicity as a pat of the Sufety Exarhination of Existing Chemical
Substances and Chemsical Sufety Progranunes. These  toxicity
studies are summnarized y the [UCLID Data Sets (EPA 20006),
OECD Sereening Tnformation Data Sets (OECD 2007) and the
Hazard Assessment Sheet (CERI 2002). We previously reported the
results of i sereening test Jor repeat dose toxicity combined with
a reproductive/developmental toxicity in rats. where DCBS at
100 mg/ke bw/day had o deleterious effect on reproduction and
development and caused a marked decrease tn the number of live
pups as well as a total loss of pups by postnatal day (PND) 4 (Ema
et al . 2007). The primary offeets may be on the gestation index for
diwms and live birth index for pups. hoth of which appear to be
affected at muliiple points along the female reproductive process.
The viability of neonatal pups may also be affected. To examine the
adverse effect of dictary DOBS on survival and growth of pups. 4
reproductive and developmetal oxicity study was performed in
rats given DOBS during an extended administration period up 1o the
weaning of pups.

@ 2007 The Authors
lournal comptlation © 2007 Lipanese Terwology Society
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Fig. 1 Structaral formula of N.N-dicycloheayl-2-benzathiazolesulfena-
micle.

MATERIALS AND METHODS

This study was performed in 2005-2006 at the Safety Research
Institute for Chemical Compounds (Sapporo, Japan) i compliance
with Law for the Humane Treatment and Management of Aninials
(f.aw no. 105, October 1. 19730 yevised December 220 1999,
Revised Law no. 221 revised June 22, 20035, Revised Law no. 68),

Standards Relating 10 the Care, Management and Refinement of

Laboratory Animals (Natification no. 88 of the Ministry of the
Enviromnent, Japan, April 28, 2006) and Fundunental Guidelines
Sfor Proper Conduct of Animal Experviment and Related Activities in
the Testing Facility under the Jurisdiction of the Minisiry of Health,
Labour and Welfare' (Notification no. 0601005 of the Health Sci-
ences Division. Ministry of Health, Labour and Wellure! Japun,
June 1, 2006).

Chemical and dosing

DCBS (CAS no. 4979-32-2) was obtained from Quchishinko
Chemical Industrial (Tokyo, Japan). DCBS in the form of of[-white
to tan granules is very slightly sojuble in water and methanol bt
soluble in oil. Its melting pointis 100-105°C. density is 1230 kg/ni?
and molecular weight is 347 (Flexsys 2000). DCBS (1ot no.
S08001) used in this study was 99.7% pure and was keptin a seajed
container under cool (1-8"C) und dark conditions. The purity and
stability of the chemical were verified by analysis using high-
performance liquid chromatography before and after the study. Rats
were given dietary DCBS at a concentration of 0 (control), 1500,
3000, 6000 or 10000 p.p.m. Males were fed a diet contuining
DCBS for a totul of 57 duys beginning 16 days before mating.
Females were fed a diet contatning DCBS for a total of 61-05 days
from 16 days before mating o 'day 21 of lactation throughout the
mating. gestation and Jactation periods. Control rats were fed a
basul diet only.

The dosage levels were determined based on the results of a
previous study in rats that were given DCBS by gavage at 0. 6. 25,
100, or 400 mg/kg bw/day for a total of 44 days from 14 days
before mating in males and a total of 40-51 days begiming 14 days
before mating to day 3 of lactation throughout the mating and
gestation periods i females (Fma ez af. 2007). In that study. toxi-
cologically significant changes wore observed only at 400 mg/ke
bw/day. Three of 10 females dicd during parturition. An increased

imcidence of females showing decreased Jocomotor activity. soil of

the Tower abdominal fur and reddish tears was observed. Decreased
bady weights were found in mades and females. Decreased weight
of the thymus in both sexes was noted. Decreases in the gestation

@ 2007 The Authors
Tournal compilation © 2007 JTapanese Teratology Sociely

M. Ema et al.

index. imumbers of corpora lutea. implantations. pups born and pups
hom alive, live birth index wnd viability index were delected.

Dosed diet preparations were formulated by mixing DCBS into
an appropriate amount of a powdered basal diet (CRF-I; Oriental
Yeast. Tokyo. Japan) for cach dietury concentration. Chemical
analysis showed that DCBS in the diet was stable for af Jeast
2] days at room temperaiure and the formulations were maintained
in a room tenipertture for no more than 21 days. Generally. the diet
was replaced once a week.

Animals and housing conditions
Sprague-Dawley (Crl:CD[SD]) rats were used throughout this
study. Rats of this strain were chosen because they are the most
comntonly used in reproductive wnd developmentdd toxicity studies
and historical control data are avatlable. Male and female rats at
nine weeks of age were purchased from the Tsukuba Breeding
Center (Charles River Laboratories Japan, Yokohwmat. Japan). The
rats were acclimated to the laboratory for six days prior 1o the start
of the experimeni. Male and female rats found 1o be in good heulth
were selected for use. Rats (FO) were randomly distributed into five
groups of six mules and six females cach, and all animals were
assigned a unique number and tattooed on the ear prior to the start
of the experiment. Animals were housed individually in suspended
wuminunystainless steel cages except during the acclimation,
mating and nursing periods. From day 17 of pregnancy to the day of
weaning, individual dums and hitlers were reared using wood chips
as bedding (White Flake: Charles River Laboratories Japan.).
Animals were reared on i basal diet or a diet containing DCBS
and filtered tap water ad libiem and maintained in oan air-
conditioned room at 22+ 3°C with a hunmidity of 50 1 20% and 4
12-h Jight (8:00-20:00/dark (20:00-8:001 cycle. The room was
ventilated 10-15 times/h.

Observations

All rats were observed twice a day for clinical signs of toxicity. The
hody weight wus recorded once a week for males and once a week
during the premating period, on days 0. 7, 14 and 20 of pregnancy.
and on days 0. 4, 7. 14 and 21 of Jactation for females. Food
consumption wus recorded once a week for males, and once a week
during the premating period. on days 0. 7. 14 and 20 of pregnancy
and on days 0. 7, 14 and 21 of lactation for females,

Ruts were euthanized by exsanguination under ether anesthesia,
Males were euthanized wt 17 weeks und females at 18 weeks on day
21 of lactation. The external surfaces of the rats were examined for
abnormalities. The abdomen and thoracic cavities were opencd and
gross internal examination was performed. In females, the number
of implantation sites was recorded. The brain, pituitary. thymus.
thyroid, liver, kidney, spleen, adrenal gland. testis, epididymis,
seminal vesicle, ventral prostate, ovary and uterus were weighed.
The thyroid and seminal vesicle were weighed afler fixation with
10% neutral buffered formalin.

Daily vagina) lavage samples from each female were evaluated
for estrous cyclicily for two weeks of the premating period. Females
with repeated 4-6 day cstrous cycles were judged to be normal.
Fach female rat was mated overnight with a single male rat of the
same dosage group until copulation occurred. During the mating
pertod. daily vaginagl smears were examined for the presence of
sperm. The presence of sperim i the vaginal siear and/or a vaginal
plug wus considered cvidenee of sneeessfu) mating (day 0 of preg-
nancy). Copulated females were checked for signs of parturition
three times a day on days 21-23 of pregnancy.

The females were allowed 1o deliver spontancously and nurse
thetr pups until PND 21, The day on which parturition was
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completed hy 13:00 was designated as PND 0. Total litter size and
the mumbers of hive and dead pups were recorded. Live pups were
counted, sexed. examined grossly and individually weighed on
PND 0. 4.7, 14 and 21. On PND 4, Jitters were randomly adjusted
1o cight pups comprised of fowr males and four females. No adjust-
ment was made for Jitlers with fewer than § pups. Selected pups
were assigned a unique number and tattooed on a limb on PND 4.
Unselected pups were necropsicd on PND 4. Weanlings were
necropsied on PND 2J and the brain, thymus, liver. spleen and
uterus were weighed.

Statistical analysis
Statistical analysis of the offspring wus casried out using the litter as
the experimental unit.

Body weight, body weight gain, food consumption. length of
estrous cycle. precoital interval. gestition length. number of
implantations and pups delivered. delivery index, organ weight.
organ/body weight ratio (relative organ weight) and the viability of
pups were analyzed for statistical significance in the following way.
Bartletts test of homogencity of viriance was used to determine il
ihe groups had cquivalent variances. I the variances were equiva-
lent. the groups were compared by one-way analysis of variance

Table 1

(ANOVA). If significant differences were found. Dunnctt’s multipke
comparison test was performed. 11 the groups did not have cquiva-
lent variances. the Kruskal-Wallis test was wsed 1o assess the
overall effects. Whenever significant differences were noted, pair-
wise comparisons were made by Mann-Whitney U-test. The inci-
dence of fenrales with nosmal estrous cycles. copulation index,
fertifity index, gestation index and neonatal sex ratio was analyzed
by the %7 test or Fisher's exact lest.

The (.05 level of probability wus wsed as the criterion for
significance.

RESULTS

Clinical ohservations, body weight and food consumption
(10 males and females)
No deaths were found in FO males and females. In males, there were
no conmpound related clinical signs of toxicity w any doses. Hema-
turia and soil of perigenital fur were each observed at 10 000 p.p.m.
in one fenmale,

Table 1 shows body weight gain in FO males and females during
dosing. In males, body wetght gain on days 0-7 of the dosing period
at 6000 p.pan. and higher was significantly lowered. In females.

Bady weight gains of TO parental male and female rats given N .N-dicyclohexyl-2-benzothiazolexulfenamide

Dose (p.p.m) 0 {Control} 1500 3000 6000 10 000
No. males (6] 0 6 6 6
Initial body weight (g)+ 36717 67 L6 366 ¢ 7 366 8 ‘ 366 L7
Body weight gain during dosing peviod ()7
Duays 0-7 480 1 104 36.8 4145 36.3 3 207 2521
Days 7-14 382 192 337 513 M558 35.2 295 185
Days 14-21 2171092 2731071 2 52 23.0 218 4 3
Duays 21-28 26.8 % 102 2571 83 223 %105 235 ¢ 2521050
Days 28-35 212 0 7.7 S ABS 1 126 240 3 1920 41
Days 3542 J4.8 1 69 6.5 2034069 1732 63 205+ 52
Days 4249 138 + 83 3.2 135727 19.8 2 5.5 172 +29
Days 49-56 14.8 ¥ 7.6 3 16.7 2.5.0 205 162 7.0 L35
No. females 6 6 6 6 6
Tnitial body weight (g7 38 06 239 7 237+ 5 238 T 6 237 27
Body weight gain during prcnmling period (gt
Days -7 65177 8.8 ¢ 8.8 68 " 46 65 9.7 ~103
Days 7-14 157 ¥ 835 16.3 4 6.9 142 59 122 180 13.0 1
Body weight gain during pregnancy (g)¥
Days 0-7 4531065 425 42 328 54 312 = 8.0% 195 ¢+ 12.0%
Days 7-14 383160 357 1 54 36.8 1 10 3327062 312 1 8.6
Days 14-20 76.7 1146 S 1 P B 758 124 687 7.7 6251122
Body weight gain during lactation (g)7
Days 04 28.0 1 157 108 1 247 28.0 0 157 82 87 =235
Days 4-7 6.5 027 120190 10.0 * 102 33073 0.5
Days 7-14 ) 1.3 0107 2173 4.2 ¢ 84 142 0 14 6.0
Ditys 14-21 -19.0 v J47 =317 099 -17.0 * 83 -3.8 098 260
FSigmticandy diftcient from the contral, £< 003 #“significant]y ditTesent rom the vontrol. 77 < .01,

TValues wre given as mean U SD Edita were obtained Trom Gve femades beesase one fennde wis exchnded @otal e loss oo diy 9 ol

lactation).
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body weight gains were decreased on days (-7 of the premaiing
period at 6000 p.p.m. and higher. on duays 0--7 of pregnuncy at
3000 p.pam. and higher. and on days 0-4 of Jactation at
10 000 p.p.m. Body weight gain on days 14-21 of lactation was
significantly increased at 10 000 p.p.m. .

In O males. food consumption was significantly decrease
during the first week at 6000 p.p.m. and higher and during the
second week at 10000 p.p.m. fn FO females. food consumption was
significantly decreased throughout the premating. pregnancy and
factation periods at 6000 and 10 000 p.p.m.. except on days 7-14
and  14-20 of pregnancy at 6000 p.pm A tendency towards
decreased food consumption was observed on days 0-7 of preg-
nancy at 3000 p.p.m.

The mean daily intakes of DCBS were 83, 172, 343 and
551 mg/kg bw in FO males, and 126, 264, 476 and 707 mg/kg bw in
FFO females for 1500, 3000. 6000 and 10 000 p.p.m., respectively.

listrous cyclicity (F0 females)
AN FO females showed normal estrous eycles i all groups, and the
length of the estrous eyeles was pot significantly different between

the control and DCBS-treated groups.

Reproductive and developmental effects

(0 parents/F1 offspring)

The reproductive and developmental parameters for IO parents/T']
offspring we presented in Tuble 2. 1o O parent aninials in all
groups. all pairs copulated. Wl male and female rats were fertile and
all femules delivered live pups. Al ruds of all groups mated within
four days. There were no significant differences between control
and DCBS-treated groups in copulation index. fertility index. ges-
tation index. precoital interval. gestation length, delivery index. sex
ratio of I'1 pups. or viability of F1 pups during lactation. Signifi-
cantly lower numbers of implantations at 6000 and 10 000 p.p.m.
and pups delivered at 10000 p.p.m. were observed. Body weights
of male pups were significantly Jowered on PND 4. 7 and 21 at
6000 p.pam. and on PND 7, 14 and 21 at 10 000 p.p.n In female

and 21 at 6000 p.p.m. and higher. No malformed pups were
detected in any groups.

Neeropsy and organ weights (1°0 males and females)

Atrophy of the thymus was found i two females at 10 600 p.pm.
No compound-related gross lesions of the reproductive organs were
noted in 'O males and females. In males. significantly increased
relative weights of the liver and Kidney were observed  at
10 000 p.p.m.

The organ weights of FO females we shown in Table 3. The body
weight at the scheduled terminal sacrifice was significantly lowered
at 6000 and 10 000 p.p.m. The absolute weight of the ovary was
significantly lowered at 10 000 p.p.m. Significantly increased rela-
tive weights were found for the pitnitary at 3000 p.p.n. e liver
at 6000 p.pon. and the brain. kidney and adrenal glnd at
10000 p.p.mi. The absolute and relative weights of the thymus w
10 000 p.pn. and the spleen at 6000 p.p.am. and higher were sig-
nificantly decreased.

Neceropsy and organ weights (K1 weanlings)

No compound relaied gross Jesions were observed in F1weanlings.
The orean weights of FI mule weanlings e presented in

Table 4 'The body weight at the scheduled sacrifice was signifi-

cantly reduced ut 6000 wnd HR000 p.pam. The absolute weights of

the brain at 6000 and 10000 p.p.me and the Tiver at 10 000 p.pa.
were also significantly reduced. The relative weights of the liver at
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1500 and 6000 p.p.m. und of the brain at 10 000 p.p.m. were sig-
nificantly increased. Significantly decreased absolute and relative
weights of the spleen. except for the relative weight at 3000 p.p.m..
were noled at 1500 p.p.m. and higher.

The organ weights of F1 female weanhings are presented in
‘Table 5. "The body weight at the scheduled sacrifice was signifi-
cantly reduced at 6000 p.p.m. and higher. Significantly reduced
absolute weights of the brain at 6000 and 10 000 p.p.n.. the liver at
JO 000 p.pm.. and the wtervs at 3000 p.p.n. and 10 000 p.p.m.
were also observed. The relative weight of the brain was signifi-
cantly increased at 10 000 p.p.m. The absolute and relative weights
of the spleen were significantly reduced at 2000 p.p.m. and higher.

DISCUSSION
This study was designed to assess the effects of DCBS on continu-
ous paruneters such as body weight and food consumption. as well
as endpoints for reproductive and developmental toxicity.

Significant decrcases in body weight gain and food consamption
were ohserved at 6000 p.p.m. and higher in FO males and females.
In females at 3000 p.pam.. body weight gain was significantly
decreased  during  early  preginancy. Food  consumption  also
decreased. but not significantdy. The data indicate that changes in
hody weight gain were associated with changes in food consump-
tion and that DCBS adversely allects body weight gain and food
consumption at 6000 p.p.m. in male rafs and 3000 p.p.m. in female
rats. The higher relative weights of the liver and kidney at the
highest dose in FO males seem o be due 1o secondary effects of
lowered body weight rather thun direct effects of DCBS on the
organs. More pronounced clfects on orgun weights were noted in
females. Lower absolute and relative weights of the thymus at
10 000 p.p.m. and spleen at 6000 p.pan. and higher were detected.
In owr previous study. histopathologica] examination reveuled
wtrophy of the thymus and spleen at 400 mg/kg bw/day (Ema er al.
2007). Other changes in female organ weight such as the relative
weights of the brain. pituitary, liver, kidney and adrenal gland. as
well as the absolute weight of the ovary are unlikely to be due to the
toxic effects of DCBS hecuuse the degree of chunges was relatively
smadl, no dose-dependency was shown and no changes were noted
in absolule or relative weight. These findings suggest that the
immune system may be a target of DCBS toxicity, and that female
rats have a higher susceptibility to the toxicity of DCBS than maule
rats. These findings are consistent with our previous study (EEma
et al. 2007). The higher susceptibility to DCBS toxicity in females
muy be explained by the stress of pregnancy and Tactation. DCBS is
likely 10 be not reproductively toxic in male rats because DCBS
caused neither puthological changes in male reproductive organs
nor changes in male reproductive parameters.

In owr previous study, DCBS given by guvage to rals at
400 me/kg bw/day Irom 14 days hefore mating to day 3 of lacta-
tion caused significant decreases in the gestation index. number of
corpora lutew. implantations. pups born and pups born alive. live
hirth index and viability index (Ema er of. 2007). This dose also
caused severe nadernal toxicity and a total Joss of pups by PND 4.
No maternal or reproductive/developmental toxicity was detected
at 100 mg/kg bw/day in our previous study. In the present study, no
serious reproductive difficultics were nofed even at the highest dose
of 10:000 p.p.an.. and necropsy of the reproductive organs revealed
no evidence of reproductive Taiture. Although decreased mmmbers
ol implantations and pups delivered were noted at the highest dose.
the viability of pups until weaning was not significantly decreascd.
In the present feeding study. the mear duily intukes of DCBS at the
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Table 2 Reproductive and developmental findings for FO parents/I*] ofTspring of rats given N.N-dicyclohexyl-2-benzothiazolesultenamide

Dose (p.p.m.) Control 1500 3000 6000 10000
No. pairs 6 6 0 6 6
Copulation index®

Mule/female (%) 100/100 1007100 1007100 100/100 100/100
Pre-coital interval (days)* 22 008 23012 32008 30009 27012
Fertility index¢

Male/female (%) 100/100 1007100 100/100 100/100 100/100
CGestation index (%) 100 100 100 100 100
Gestation length (days)! 222 ¢ 04 2221 04 n2 04 220 + 0.0 222 0 04
No. implantations® - 16.00 ¥ 1.8 150 109 16.3 £ 1.2 13.5 1 2.0% 128 1 1.2%
Delivery index (%) 95.8 + 8.0 96.7 * 3.7 95.8 L 5.3 95.6 * 8.1 86.7 ! 211
No. pups delivered® 153122 145 ' 1.0 15T V18 J3.0 ' 26 112 0 3.0%
Sex satio of FI pups' 0.467 0.448 0.564 (.526 0.463
Viability index (%)

PND (¢ 100 L0 H0 L0 100 £ 0 0 v o 9121129

PND 4* 99.1 £ 23 979 1 33 059 + 53 V0.6 122 72,1 1 408

PND 2} 97.9 .1 5.1 979 ¢ 5.1 100.0 = 0.0 89.6 . 255 833 408
Male pup body weight during lactation ()" » .

PND 0 6.8 ' 0.4 67107 63 ' 04 62 7 0.6 65" 0.7

PND 4 10.6 £ 09 103 1 0.8 9.6 + 0.6 91k ().75 91422

PND 7 187 + 1.3 177 1.3 176 £ 1.3 14.5 % 2.0%% 13.3 ) 3,70

PND 14 392 130 36.2 1 3.0 37.3%29 330240 26.3 & 7.2k

PND 21 670 1 46 61l 6.1 628+ 32 557 2 7.6% 440 Q9
Fentale pup body weight during Jactation (g)

PND 0 64 104 64 105 6.0 ¢ 0.3 58 00

PND 4 10,0 ¢ 1 9.9 1+ 0.7 90 06 87 v 07

PND 7 182 £ 20 174+ 07 16.0 © 1.2 138 & 3

PND 14 386 %35 36.1 1 21 350 24 T35 K 49F

PND 21 651 £ 52 60.1 4 3.7 58.2 %33 33.5 &+ 9.0*

#Significandy different from the control, P < (L0S5; “*significantly different from the control. P < 0.01.
“Values are given as imean ' SD: *copulation index (%) (number of animals with successful copulation/mumber of amimals paired) » 100;

“fertility index (%) (number of animals that impregnated « female or were pregnantnumber of wnimals with successful copulation) » 100
doestation index (%) (nmumber of females that delivered live pups/sumber of pregnant females) x 100; “delivery index (%) (number of pups
delivered/number of implantations) > 100: fsex ratio (total number of male pups/total number of pups delivered): *viability index en PND
() (number of live pups on PND O/number of pups delivered) » 100: “viability index on PND 4 (number of live pups an PND d/number of
live pups on PND ) » 100: 'viability index on PND 21 (number of live pups on PND 2H/number of live pups selected on PND 4) > 100,
idata were obtined o (ive hitters because one female cxpertenced total naade Liter foss by day I of tactaion: and *data were obtained from

five litters because one female experienced total hiter Toss by day 9 of luctaton.

PND. post natal day.

highest dose were 551 and 707 mg/kg bw in IO mules and females,
respectively. One possible explanation for the discrepancy in the
degree of reproductive and developmental oxicity between the
present and previous studies may be the difference in administra-
tion methad. Some studies have shawn that gavage and feed admin-
istration result in different toxicokineties for vinous chemicals
(Yuan eral. 1994, 1993). Further studies wre needed to clarify the
difference in DOBS toxicokineties between gavage and feed
administrations.

Regwding  the development of offspring. decreases in the
numbers of implotations and pups delivered and jowered body

weights of made and female pups were noted at 6000 p.p.m. and
higher. "These findings indicate that the dose level of 6U00 p.pan.
used in (his study wis potent enough to adversely affect the survival
and growth of pups. Reduced weight of the spleen was also
abserved in male and female weanlings. These lindings also sugeoest
thitt the immune system may be a twrget of DEBS toxicity. Other
changes in the weights of organs. such as the brain and liver in male
weanlings and the brain. liver and uterus in female weanhings are
unlikely 1o be due to the oxic effects of DOBS because the degree
of changex was relatisely small no dose dependency was shown.
no changes were noted in the absolute or relative weight. and also
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‘Table 3 Absolute und relative organ weights of IO female rats given N.N-dicyclohexyl-2-benzothiazolesulfenamide

Dosc (p.p.n.) Control 1500 3000 6000 10 000
No. fenules 6 6 6 6 . 5
Body weight ()7 331 ¢ I8 316 L 10 320 4 11 306 ' 14# 274 1 2=
Brain ()7 2,10 L 0.05% 211 0.08 210 £ 0.05 206 1040 2.06 1 0.03
0.63 ° 0.03% 0.67 ' 0.04 0.66 ' 0.02 0.67 ' 0.04 0.76 ' (.05%=
Pituitary (mg)+ 33 ¢ L6: 134124 154 +09 139119 ‘ 129 1 26
4,03+ 0.448 424 ¥ 0.65 481 + (.32 4.53 + 046 4.70 + 0.66
Thyroid (mg)¥ 183 * 3.6% 17.6 + 35 177+ 4.3 188 127 17.5 + 3.6
5.52 1 0.87§ 5551099 551 : 118 6151094 639 1 1.02
Thymus (mg)+ 255 + 47% ’ 205 . 63 237 . 45 186 1 89 116 + 6Q#=
77.1 1 144§ 05.0 t 19.6 742 1 1301 60.1 L 265 41.7 £ 19.9=
Liver (g)¥ 13.03 + 0.83% 1251 ¢ 0.7 1342 + 118 13.69 ' 0.68 1218 * 1.60
3.94 ¢ 0218 397 + 023 420 +0.27 448 ¢ 0.09%= 446 1 0.59
Kidney (g)¥ 234 1016 238 X 0.3 2353010 220 L 0.12 2510 041
0.71 L 0.048 0.75 + 0.05 0.74 + (.04 0.72 10.03 ().92 VR
Spleen (ing)¥ 682 & 74z 589 * 68 600 1 89 493 1+ 24 459 * 4
’ 2006 1 208 187 * 19 188 1 3 161 1 5%= 168 *+
Adrenal (mg)¥ 75.5 ¢ 11.0% 818 £129 77.0 ¢ 88 720t 8.8 882 t 83
229 ¢+ 328 260 ' 39 241 027 235 ' 28 324 0 3.8
Ovary (mg)v 109 ¢+ 183 H3 017 101 =5 101 110 75 42
' 329 ¢ 38§ 36.1 % 6.8 36 24 329 £39 271 & 64
Uterus (mg)+ 513 r 68% 465 £ 73 489 = 101 414 > 71 369 183
156 7 24§ 148 * 26 153 £ 32 135 2 22 132 * 50

FSignificawdy different from the control, P < 0.05: #*significamly differem from the control, P < 0.0].
Values are given as the mean 7 S.D: fubsolute organ weight: §relative organ weight {organ weight [g ormg}/100 g body weight).

Table 4 Absolute and relative organ weights for F1 male weanlings of rats given N.N-dicyclohexyl-2-benzothiazolesulfenamide

Dose (p.p.m.) Control 1500 3000 ) 6000 10 000
No. males 6 6 6 6 5
Body weight (g)+ 67.1 7 6.7 625445 638 142 553 ¢ 8.9% 43.8 1+ 10.6%=
Brain (g)t 1700 3 0.05% 1.63 £ 0.12 1.59 £ 0.04 1.51 + 0.05%% 145 & 0.1
255 021§ 261 024 250 L 015 278 4 042 344 % 0.74%
Thymus (mg)¥ 257 ¢ 44% 219 v 33 265 ' 45 246 ' 36 190 ' 65
382 ¢ 508 351+ 57 415 ¢ 39 449 + 60 424 1 5()
Liver (g)+ 256 ¢+ 0.35% 265 1029 2.69 % (.38 237+ 0.38 1.72 ¢ (.49
3.80 0178 422 £ 0.20% 420 & 0.37 430 ! g 390 + 022
Spleen (mg)+ 372 ¢ 63k 276 't 53w 296 1 32% 250 1 4 148 & 36*
556 & 84§ 442 1 80 466 1 56 452 337 4 3w

*Siguidicantly different from the conwrol. P < 0.05: *¥significantly different vom the control. P < 0.01.
i Values are given as mean U 8.1 zabsolule orgun weights §relative organ weight (organ weight {g or mgl/ 100 g body weight).

because the changes scem 1o be secondary effects of the lowered
hody weight. In the present study. external and internal morpho-
logical examinations of offspring were performed. but no skeletal
examinations were conducted. To accurately evaluate prenatal
developmental toxicity including teratogemicity, it is necessary to
interrupt preguancy 12-24h belore the expected term either by
hysterectonmy or the necropsy of maternal anumals (Wilson 1963).

@ 2007 The Authors
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The adverse cffects of DCBS on reproduction and development
noled i the present feeding study are almost consistent with the
findings of aur previous gavage study (hma er of. 2007). which
showed decreased numbers of implanttions and pups delivered and
decrensed body weight ol the pups at higher doses. These endpoints
appear to be alfected at multiple points of the female reproductive
and developmental process. The decreased number of tmplantations
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‘lable 5

Absolute and relative organ weights for F Temale weanlings of rats given N.N-dicyclohexyl-2-benzothiazolesulienamide

Dose (p.p.m.) Control 1500 3000 6000 10000
Nao. females 6 6 6 6 bt
Body weight (g)7+ 0657 172 Obd 3 9.9 406 S4.0 1 9.0% 28 90
Brain ()7 1.60 ' 0.09% 1.56 * 047 153 1 0.03 1.50 ¢ 0.05% 137 !
246 1 0.25§ 256 016 257 ' 018 284 1 039 3340
Thymus (mg)¥ 272 ¢ 463 253 0 33 252 427 243 1 S 216 ¢
415 1 56§ 415 + 57 422 v 37 456 1101 491 ¢
Liver (g)¥ 258 V031 247 1027 242 1 (.42 227 V043 1710
393 048 4.03 £ 0.22 24.02 o4l 4149 L 013 ..3,‘)(» !
Spleen (mg)v 360 ¢ 57% S296 1 16 267 1 60* 247 ¢ 50%= 163 15
5481 60§ 484 5 9 442 4 72% 456 1 37% 3710 S
Uterus tmgi 44.7 ' 6.6% 413 7 6.1 5.7 0 2% 420 ' 6.9 40
68.9 1 140 Temp.§ 67.7 L 98 60.0 .0 74 785 ¢ 108 7731

*Significandy difivrent from the control, P < (LOS: #* significandy difierent from the control. P < (.01

“Values are given as the mean @ $.D: Fubsolute organ weights §relative organ weight (organ weight Jg or mgl/100 g body weight),

was the most striking effect in the present study. in our previous
study. @ decreased number of corpora lutca was noted in lfemale
rats given DCBS (Ema er al. 2007). Therefore. it is likely that
the decreased number of tuplantations can be attributed to the
decreased number of corpors Jutea. The present study does not
provide complete information on all aspects of reproduction and
development due to the relatively smull numbers ol animals i the
dose groups and sclectivity of the eadpoints. To further evaluate the
reproductive and developmental toxicity of DCBS in rats. a two-
generation reproduciive toxicily study should be performed.
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Weh->T0d, ARTIRERENCES e MBI 3/EMBAREOH L BirEE L Db Y
D0 Tbx, FEREN & TR 22 58/ LM ERRBR O R b & USARBRAS R4 311l 3 2 KX o7&

Ly -

FUIDWNTHEEH L 7=,

SR 2T L LI VRARERD 4 £ Nl LT T ¥ DAY A T OAB. s

EIEFEES MR

45 (Reproduction) &1i3, Fi&(iékd ¢ 5

72O NER VL BREEME (reproduc-

tive toxicity) (2%, REABHO L MEEIZX T

HHEEINE TIRICEH T D B4 EM (develop-

mental toxicity) 2 & Eh 5. AHiEIZNT S
HELE L, MO ERIE NS WFHROZEAL
RN 2 4TE8 (RIE), BT R -
WOk, EAEEN, METTED, AN b, ERR
DHAVRRIES B 2 DIEH OBREIZIT T 55
BER) ThHo, FEBHELIZ, BOTKREI2 S
WOV & T OBEFEIZ & B IETE A R4 ORE
(JEC. JEheRE . ko, BEEkd) %

0386-9792/07/¥ 100/£{/ICLS

B30, bbb, EMEEIBEOMKE DO
286 A 78 XOBRRERIC & 5 REER KK
ORLFEEAEL ., XL EGULIZE 5 2 225
FHEEFENR&ETH B, SR EEERERO
Elg, WiFLHO AR AT 2 5 50 5 ¥
BHEHSNITHI L TH B2, EMORIEH
BERUOERNEE LT 572010, Bolit
DR & KIROZNEE TOEA 54 R
(R1) c8maEHRS LT, TOMOBE LT
5. WO EE Sh T ERTEE
EMIRER D 5 B HIK S RIS £ Co
RIrp OS5 A 175 ThE - IR R4
#6%%Lz%@é%ﬁ%%ﬁ%@,ﬁtﬁ
BRENTHY . 2HOBW & T 235k
EoNTW5, B0 DR DERE I
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R

EEFIEA

REFL

BRI/ ERRE ]
Repzod;é:tive cycle EAT70
SRER =
Yo7 ‘ Ll
BRE
1 &FEREH

LAY B T, IR B & TR

SYLIE TORED BT 7 > THIIMF L,
SOOI B & R RN 4B A BT 5720, 54
BASEIM, THDG, - HCTOERA RO LT
DL E TOWEARFEL THP

R EEREEICEDDIELHES

BRI L CE DB AT 5 Z L L
&0 EDFRNEA PRI AL C A A
W22 8nTESE, Z0&D kikERTiEE,
AKF-OUAEN TR I A LE X T B
ZEMNG ., b P TORERIRME K L T
5. RHIMIEE AR B EHEN TR, LI
UEAF 2 MRARBATTHTH B, Fuls i
MERB TR S N8 E, € MU 540008
HANOIERME O TEVERABE DA R & 1l &
N A RPRPEOFIG & BT 5.

ERREREFICHD DD RS

AR REEC S S RN TE AR 1 IR

1744 &£ FSOURNIC & 5 858k

1870 F FZ-—xIlL3b FROHEE

1902 & HFEEAE Y MADOT FIBERSICEL 3 BOAAME

1905 & MHEYHXFAOXBUBICLZ2RORES

1907 & FHEI U FADI) CRBEICLIER (BDOEEHBOESHER)
1911 F  HIRIYXFADF 7248510 L 2 B0ARBEORER

1913 & RIEFRBEHRNERER, DrYERIOESHER

1933F ESICARZRIELZT2ROBR GARERSHFEOGILEY)
1941 & b FEAERMESERES

1950 F XML T h2A0o 0450 MBOEES

1952 % k& MNARMAKIRE, 73/ 77U ICEBE NEROBISRIE

HURIANRE GBBE (270 ] BRI V1x5-4)
TRREICRIZTEZEBICHT 2BMHARE] BEEEEREREN (b EORPOHERE

[EXAOBMERBEOLEAR ] BELEBREAN (S, BaM, 184 BER

VIFNWNIFAXZR O~ (DES) RAOCEBRL»SEITIA-ZTROENA

FEFEI6CS [EFEROEBRESHICEDLDIAC NI A L HECDOWT

1953 BMFRILELICLBE MEROMBERE
1956 & AN T U F RTHA
1957 &
1961 HUKRKYA FEHSE KFDA 7523 R - SIS —KBEAT)
1963 &
H1KS1)
1967 F
U2 DIOFHBMET — 2 DEX)
1968 F  HF I@E [3-F~NE—]
1971 &
1982 & [EESKOLZLMHBROEMBICET IRE] (GLP) #HIE
1983 F A~NLFUFLRERL
1983 %F M1V bLF /1 (13<cis-retinoic acid) (L2t FRO/NE
1992 F b rMEFORPE X v 54Xy IHRE
1997
2000 &£

KA K51 - DO—EBeKET

EEF 1834 5 [EEROEERESHICOVTOHT K51 LOREICDVTY
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L7z, & MZBIL TE. 1870 2/ oo Sl &
F = — % (Quinine) DAL ORI E DOPIR
RS TTWTIN B . OB, K KYERIEN
fF, Z ML T b= 2 kB, BRYPEA
(5455, IR | A& B LN OB TEER .
J ¥4 F (Thalidomide) Hfl-. # % i,
JIFNAFAANZA LT - (DES:Diethystil-
bestrol}) 12L& 2 LWBOKNE, 1V FLF /4
(Isotretinoin) (Z& B/h A EMA X hTn
0. BNTERFETRELEHS ) Fv 1 F Rl
TH5H. 1954 HIZF A YOS a3y 4—L
tHiZBOTH Y Fv 4 FAGKR &4, 1957 4
10 2oy F el g% T, MERGE,
Fiahior 3 & L ORI E NS . IHR D 46 7
[HCHEe A, MEEEE UCIBRIm:, #5
BUTEM A <, 8OEMAHIE 5 <. kgD P
F A5 EONESEIT ARSEE L TR flibhh
B ZOf%, Y Fe A4 FEMBYIINZHH
LA N PE R A N B A2 135 Z &
HEd, 1961 FEMESH Y Fv{ Fide LT
a7z, ZoOF ) e KA EBL
T, ESOBEFEZAHARMR < &E
BT BERRIEORB L . BEriErohs,
DHAETIE 1963 & 4 HiZ [IRESORRYIZ &
EF BB 2 ARk | AR & 4558
o imEhsz ZoOmaEhAE TR IO
Bkt aiithili 4 F 74 Th o, 25
D % T E 1T IZ T -8R A3 &
. Zok, by OBUl£EC. BiToY
I8 A AP AR ER 1A AT 2000 11 12 H ISR 308 5
1834 4y & LTI &AL, ZH 4 F 74 /I
U 7z hy - THARD KGEHLED 7230 ORI A
YA T b Ts, |k='5'l<i|5£,a) HRGEHZ
PRAESONTT, AT, LM A4 5728
u,mexvahm.umw.mw,%W
RV 37 Q) (TR N R 31 : 37 A A e
DWTOEBOIARD ST 5, Humﬁqn
I C TR AP STl b R

BETIE . BT A o TRRARA

VERFEBENFE - 2007 G5 - 34 (59) 311
’Jr: VB A HOPE B oy . B

JRERG O IR Z B L S h T b

EZEmICLDE MIHITDFRE
&5 EB)PRERE DORIH D Df

1. ¥U K< A K~ (Thalidomide)

H1) K24 FIZIHU TS, WIass Tl e
PEAGE] X B HHIA T & b | TOIEEAR
IoTCLE»7. 424 FEynEo i
DEZDIIIZBWLTE, [RERHILFEIZD
VORI B A Y B kBRI
BORENTEHS T, A O TS o E £

PAZA R BV BRI A S A R & i X h
HALFIEUZ DO TO B GEHEMEIREE A DT X
NTOWZIT ELh 7, ThoEMiEE
HY AW
"JOJHSEEE& ELlZDOW TS/ T

OB ToORER B icirbhTuk
Motz L7zho T, MIEORERFERLA Tk
DA F@dEETohhr 0ot Lhk
W ) R4 FOSERCRLT, 5y
FEEUTY AREEAERZM A RX ST (IR
WERERENDETE2RIGEHD). LR
H— T4, 33, 4%, TJxby b, 7TLZ
DD G0 Bty B NV Bl 2070 ¢ T N a7 N =20
MaiEfidEkhnne, o4 ¥ K09k
MR H TN A L PRI A A E
REND., THF TSR BUEA: N A < JEHR
T2 55 BEMuTORNE IR K OF o

DFENVED SN B HIBREBENMNLS . &
MW TR S 5. 9Rp §REO I b
uknleaw&mmwm;o@zmmw'

20, fE A NGRS T B e,
Jlﬂ EhBRHE SRS PG ROy ¥ %
FEFYEZ 7)) — = v vl ICUHT 5 2 & 1d
BURMIZIZINMECH 5. Kalter (2003)° 1%, &
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312 (60) HFLEAF - W T74% - 35
BFROIEMHVEERBIIZ B O TR KAE & £l
T332 &) F~ 1 FHLEI»SmE hT
WA BUED AR/ E St RER ORIk & Hiib
Ao TLTE. ¥ Fv4 FOk MIkiT3
WA E B2 5 PRTE Gm kB35 &
WRTNS,

2. N7 7% (Bendectin)

Ny FoFy M2z I HOFFYT 3
V. bR O S 4 o ¥# 3B,
DEA) SIS LT 1956 F-4 5 K0 2
LU - 2t 6 5 S h . KIE D 25%0D
RERiHFH L 22 & Bff G s T B9, A3EIR
RID A E R EMBEL 28 W IR A&
NYTUFrOESFEEHIZI D0 TO K%
F oy o R=UHTHONRY, FDATE, A3k
MUEFIEEOBR S L a» 721282 hb 5
T FOBNFIF L OED FIFTRALD &
HHBHAEL =T Emb . 19834124 L
L o t3IRFEEdb LAY, 5. 99
Fhlve VERHEHOT, kiR 4%
TR TY . b Mkt AMAMMEE L%
FTAHR/REE R Tz,

3. 7> KO4 > (Androgens)

oIy,

ELEY N, Ty b, YA, INLAHX —,
INY XX, 73X %5, vHEY

ZREIZ BV THERR
IZHEVE(L 251 2424 2 &A%, 1936 ~ 1950
CFTIIWE IR T, 20O HD 1953 4
B MW T, HASEDIEE D Methylandro-
stenediol 1”"’ S KB DY R IR
o ARl
4., FOSAFOR
Ethisterone (22T 4 F OMERG RO MY
LA ERITIEHN 1942 FlIRE EhTO
2. LU, BBIRRRREEMEHDONELT
A4 UBEWPEOD 72 9 I ZATAR DI W%+w%
Vi E N VA S SR BRI
gt

v.eYYBEOIEE bR

5. iEgK

POCHEEIZ DO TS B 28R T HEHRR O3
Blic EOFF AR BREE RV IS E & h /e,
ZOH%. ¥ MIB 3HUESEO BRI
T 5 EIIED T b 720,

6. E4I AR

Va3 ADRERIEMEIZ D0 TIE 1953 i
FTTUMS SN TR, £/, €7 30 A

kD Isotretinoin v F / 4 VML D

Etretinate (= -2\ TIX B4 288 T 14 M 238
BHENTOE, L LEAS, (1D 20
RERE LTRRENAHICE MBI 3%%E
W OGS A s X L7 o0

tt%:&ﬂAZ?ﬁEEﬂib‘
RETNTULWBIEER

HME LB LONRE PR THE L b
PEXOCEMNI BT S REALT - 2018615
& KRR, YEE, VB, REEREFE O LT
N ORE#ME E T 2 & % JEHEIC Schardein
& Macina (2006) 7 #%%42 L 7= 50 DL HE D
5 HD A2 FDOEESIZONT, b P BLUHE
SRapn CRAEBGMSRE S AEER 2L
2z, B MIZBOWT, EHREAHOMRE S5 &
D13 40 (95%) . BOELEHOBRE N H 5 & DI
24 (57%) , BEEREHEOME A H 5 & DId 21
(50%) , MERBEAEDEE 25 % & DIT 16 (38%)
Tho7=. b TREEE, 1. HEb LU
PERERF O RTOFE RO % 739 & i
SR TWHWABDIiF, PiEE 3 (Aminopterin,
Cyclophosphamide, Methotrexate) , /14 % 3k
(Paramethadione) , ACE £ » k&% — (Capto-
pril) , HiAIKNR Al (Methimazole) , it EEIA &)
(Warfarin) . ‘Fi3fniiE% (Ergotamine) @ 8
S (19%) THH. TholdRbBORE
MMtE LBz oh5. b b TREEE, JEC,
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®2 b FTRESBHHBESNTLIERZROE FSLUBYTOREREORSSF

EHE b MIBUARESE (BEF) BB 5REBE (BEFE)

RN

Aminopterin B/OBOESR. T (1952) vy AR (1950). v FEHE (1954)
Busulfan DE/MR/ERBB/IPESH, BREE, %L (1960) 5 hEREIERIE (1964), ¥ RERH (1966)
Chlorambucil ET (1962), BR/RESH (1963) v 7 AR HERER, DEH (1956)
Cyclophosphamide BH/OE/REE. ERARE (1964) Ty MR, BREREE, BRI (1962)
Methotrexate BB/ B/BAE/MIB 5 R, (1968) >y NEEEAEEH, OB (1967)
Cytarabine T (1978), BHEA/E K (1980) 7 MER/EIVRER, OER, T (1968)

Mechiorethamine

Vitamin A
Isotretinoin
Etretinate
Tretinoin
Acitretin
Phenytoin
Phenobarbital
Paramethadione
Primidone
Carbamazepine
Valproic acid

Ethisterone
Methyltestosterone
Norethindrone
Medroxyprogesterone
Danazol

Streptomycin
Tetracycline
Trimethoprim

Penicillamine
Methylen Blue

T (1962). B/HEAW/EBI/EER (1974)

RESH (1965)
E&R (1983)
BIR/BET RS (1984)
&R (1991)
BT (1994)

R (1964)
R (1964)

DEOE/SH/EREEDR/OERSHE, EC (1970

HERE. KEEE (1973)
RERICHZHLE (1979
PRE/BS DR/BRET, MEREE (1980)

ZRMEAL (1955)
TR (1957)
ZRgEMAE (1958)
ZREAL (1963)
ST (1978). Witk (1981)

#EE (1950)
/B KEBEIL (1961)
DMEFR/OBEREST (2000)

HLEMER/GEN. KBRT. T (1971)
BERE (1990)

Zv FER, REEE, BB (1948)

v bREREVEER (1953)

Y XER; (1982)

THFESRAE (1981)

v 7 AR/ R RO E R (1967)
TH KT R/Ty PEERERS (1985)

< A%H (1966)

v AOQER (1977)

Zw MARET, RREE, HBER (1976)
v I RAOER (1975)

7 ARIRHRFGH (1977)

v AR (1971)

7Y ¥R OWMIE (1942)
Y XYL R DL (1947)
v AR R OWMAE (1972)
5w FMERSROWMIE (1960)
Ty MY X TREBM (Physicians' Desk Reference, 2002)

v RGEMEBAIRIDZE (1963), =7 XNEKE (1985)
Sy FARBREKI, 25 —4HEK (1968)
Ty METFME (1969)

T BN, REEE. EEME (1972
vy LR, BERE (2000)

7Y XERREEE (1938)

Quinine Big®E (1933;

Propyithiouracil HIRREE (1946) BTy FRRIREE (1948)

Thalidomide THSURIE (1959) o4 ¥R, B (1963), VMBS (1964)
Disulfiram MR RS, SE (1965) 5y RERERFE (1974)

Warfarin RZH, HEREREE (1966) IOROER, HO. BRET (1971)

Methimazole WS H, MEEE (1966) Ty FERTTEE(E (1982)

Diethylstilbestrot ERa A (1970) 7 MEE (1940

Ergotamine LIRS, T (1971) Zy by X{EBRRKRE, S{LER (1973)

Propranolol FEARREE (1974) Z o MHERBEY, HEREEE (1985)

Captopril B h/ARE/ MRS (1981) Y F¥e IR (1980)

Misoprostol B/ELEH (1991) Fy MEKIEE (BHR0 ~ 7 BICERIZS) (1982)
Pseudoephedrine mazaE s (1992) 7y MERARIFE/F{LELE (1989)

Fluconazole EE/OEBIRER (1092) Z v NOER, HHRESERRY, KBS, 7% ¥R& (unpublished data)
Valsartan SEE/PAR/E BB RS (2001) DY X/TIRITy MEMIE, REEE (unpublished data)

. MEEEREEO S b0 3 OOMD S FEE 4
EFRTAEHEINTWEDIZ13 31%). 22
DOROBLPEELAERT S ERHE XN THED

139 (21%), 1 DORO R RE

Hkld s

AN THBDIF 12 (29%) THo7z. kb
TR EHEDO WIS 0 £ 3HVA, I
WD IEIENEHE IS FERBYIMIZ I\ T & BT,

RO LTI EBERETH 0, ke
FUMEROMH I T 2 MRS K-> THED
D55, BEMIETD FENKEREEDTS ~
L0%DHE THZ D . Zh5DROEEFIZIE
RO 35 <, BRFEHED 20 P EE X
WASEME A4 LTV B EDMEE H B9, 7,
FIEEBIVEE . A KFN, skt EhpeEd & o
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