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A Study Group for Historical Control Data on Prenatal Developmental Toxicity Studies in Rodents

ABSTRACT Historical control data on rodent develop-
mental toxicity studies, performed between 1994 and 2010,
were obtained from 19 laboratories in Japan, including 10
pharmaceutical and chemical companies and nine contract
research organizations. Rats, mice, and hamsters were used
for developmental toxicity studies. Data included maternal
reproductive findings at terminal cesarean sections and fetal
findings including the spontaneous incidences of external, vis-
ceral, and skeletal anomalies. No noticeable differences were
observed in maternal reproductive data between laboratories.
Inter-laboratory variations in the incidences of fetuses with
anomalies appeared to be due to differences in the selection of
observation parameters, observation criteria, classification of
the findings, and terminology of fetal alterations. Historical
control data are useful for the appropriate interpretation of
experimental results and evaluation of the effects of chemical
on reproductive and developmental toxicities.

Key Words: developmental toxicity, fetal malformation, historical
control data, reproductive toxicity, rodent

INTRODUCTION

The availability of comprehensive historical control data is of
importance because a comparison of data from study controls with
historical control data may be beneficial to evaluate toxicity. His-
torical control data on reproductive and developmental toxicity
studies may be useful for the adequate interpretation of experimen-
tal results and evaluation of reproductive and developmental
toxicity. Historical control data may help to distinguish treatment-
induced changes from spontaneously occurring background
changes specific to the species/strains.

Rodents have been widely used in toxicological studies of phar-
maceuticals, crop protection compounds, and industrial chemicals,
while rats, mice, and rabbits are the more universally accepted
laboratory animal species for standardized developmental toxicity
testing (Wilson 1973; Schardein 2000; Barrow 2009). Historical
control data on reproductive and developmental toxicity studies in
laboratory animals have been previously reported in Japan by
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Kameyama et al. (1980), Morita et al. (1987) (Japanese Pharmaceu-
tical Manufacturer’s Association [JPMA] survey, data between
1980 and 1985), and Nakatsuka et al. (1997) (JPMA survey, data
between 1986 and 1993). Historical control data on reproductive
and developmental toxicity studies using rodents have been exten-
sively reported in abstracts; however, detailed information can not
be obtained from these abstracts. Reproductive data can be obtained
from a website for rats (CLEA Japan, Inc. 2007) and mice (Giknis
and Clifford 2007). Detailed information on reproductive and
developmental toxicity studies including spontaneous fetal malfor-
mations is available from a website for rats (CD[SD]IGS Study
Group 1998, 1999, 2000, 2001, 2003) and a chapter of a book for
rats and mice (Kimmel and Price 1990; Tyl and Marr 2006). Only
a few peer-reviewed studies are available for Wistar Hannover rats
(Aoyama et al. 2002; Liberati et al. 2002; Takeuchi et al. 2011). A
retrospective analysis of multi-generation studies using rats has also
been performed (Marty et al. 2009).

However, no historical control data have been published on repro-
ductive and developmental toxicity studies of rodents, except for
Wistar Hannover rats, over the last decade in Japan. Subtle changes
may occur with time due to genetic alterations in the strain or stock
of the species used and changes in environmental conditions both in
the breeding colony of the supplier and in the laboratory (Kimmel
and Price 1990). Therefore, examining changes in data over time
within historical control data and comparing study control data with
recent as well as cumulative historical control data are of importance.
We previously reported historical control data between 1994 and
2010 for developmental toxicity studies of rabbits (Ema et al. 2012).
Recent historical control data for rodents between 1994 and 2010
were collected and summarized in this paper.

MATERIALS AND METHODS

The participating laboratories in pharmaceutical and chemical com-
panies and contract research organizations are shown in Table 1.
Data were obtained from 19 laboratories in Japan, including 10
pharmaceutical and chemical companies and nine contract research
organizations. Data regarding terminal cesarean sections, fetal
external anomalies, and visceral and skeletal anomalies and varia-
tions in rodents were collected from developmental toxicity studies
conducted between 1994 and 2010. Data from range-finding studies
that utilized a small number of dams per group (less than 16 litters)
were not included in this dataset. Data were summarized separately
between 1994 and 2000 and between 2001 and 2010. The animal
strain was expressed as a brand name. Data were incorporated from
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Table 1 Participating laboratories and researchers
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Laboratory Researcher
Astellas Pharma Inc., Drug Safety Research Laboratories Seiki Matsuo
Hiroko Noyori
Public Interest Incorporated Foundation Biosafety Research Center, Foods, Drugs and Keiichi Itoh
Pesticides (BSRC) Ryota Tanaka

Bozo Research Center Inc.

Chiba Institute of Science, Faculty of Risk and Crisis Management

Daiichi Sankyo Co., Ltd., Medicinal Safety Research Laboratories

Dainippon Sumitomo Pharma Co., Ltd., Preclinical Research Laboratories

Eisai Co., Ltd., Tsukuba Drug Safety/Sunplanet Co., Ltd., Preclinical Safety Research
Laboratories

Ina Research Inc.

Institute of Environmental Toxicology, Toxicology Division

Kissei Pharmaceutical Co., Ltd.

Mitsubishi Chemical Medience Corporation, Kashima Laboratory

Mitsubishi Chemical Medience Corporation, Kumamoto Laboratory

National Institute of Advanced Industrial Science and Technology (AIST), Research
Institute of Science for Safety and Sustainability

National Institute of Health Sciences, Division of Risk Assessment

Nihon Bioresearch Inc.

Ono Pharmaceutical Co., Ltd., Safety Research Laboratories, Department of Biology &
Pharmacology

Otsuka Pharmaceutical Co., Ltd., Tokushima Research Institute

Safety Research Institute for Chemical Compounds Co., Ltd.

Shin Nippon Biomedical Laboratories (SNBL), Ltd., Drug Safety Research Laboratories

Shionogi & Co., Ltd., Drug Developmental Research Laboratories

Sumitomo Chemical Co., Ltd., Environmental Health Science Laboratory

Takeda Pharmaceutical Co. Ltd., Drug Safety Research Laboratories

Yoshihiro Katsumata
Masao Horimoto
Toshiki Matsuoka
Kazuhiro Shimomura
Akihito Yamashita
Hiroshi Inada

Maki Maeda
Hiroshi Mineshima
Hiroaki Hara
Tatsuya Shimizu
Hitoshi Hojo
Chizury Urakawa
Tkuro Takakura
Ryohei Yokoi

Ikuo Matsuura
Nobuhito Hoshino
Hiroyuki Izumi
Takafumi Ohta
Makoto Ema
Masato Naya
Akihiko Hirose
Mautsuko Hirata-Koizumi
Atsushi Ono
Katsumi Endoh

Yoji Miwa

Yukari Imai
Harutaka Oku

Yuko Tominaga
Tohru Uesugi
Sakiko Fujii

Kaoru Yabe

Hirohito Kato

Taishi Tateishi

Nao Nakano

Ryou Fukushima
Yoshinori Hosokawa
Kunifumi Inawaka
Kiyoshi Matsumoto
Toshiaki Yamauchi

a laboratory if the information was based on four studies or more for 2001 and 2010. Data were incorporated if there was one study or
Crlj:CD(SD) (former name: Crj:CD[SD]) rats, and three studies or more for SD rats from other breeders, other strains of rats, mice, and
more for Crl:CD(SD) (former name: Crj:CD[SD]IGS) rats between hamsters between 1994 and 2000 and between 2001 and 2010;
1994 and 2000, and 10 studies or more for Crl:CD(SD) rats between however, these data were not sufficient for a definitive analysis.
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The day of detection of copulation was designated as gestational
day (GD) 0. The category of fetal mortality included early
resorptions and late fetal deaths. Incidence data for fetal alterations
were based on the number of alterations observed in each category
as a percentage of the total number of live fetuses examined. If more
than one alteration was observed in a fetus, each was reported
individually. The incidence of fetuses with malformations or vari-
ations was expressed as a proportion of the total number of fetuses
with malformations or variations to the total number of fetuses
examined. The terminology used for fetal external, visceral, and
skeletal alterations was principally based on Horimoto et al. (1998)
and Makris et al. (2009).

RESULTS AND DISCUSSION

Mating and cesarean section data

All pregnant dams were prepared by natural mating in rats, mice,
and hamsters. Cesarean sections were performed on GD 20 or GD
21 in rat dams, on GD 17 or GD 18 in mouse dams, or on GD 14 in
hamster dams.

Mating and cesarean section data from Crlj:CD(SD) rats between
1994 and 2000 and from Crl:CD(SD) rats between 1994 and 2000
and between 2001 and 2010 are shown in Tables 2, 3 and 4, respec-
tively. The average pregnancy rate, number of corpora lutea,
number of implantations, number of live fetuses, and fetal mortality
were summarized in Table 5. Whereas the average values of fetal
mortality in Crlj:CD(SD) rats and Crl:CD(SD) rats were similar, the
average numbers of corpora lutea, implantations, and live fetuses in
Crl:CD(SD) rats were slightly smaller than those in Crlj:CD(SD)
rats. These phenomena were also observed in some surveys of the
CD(SD)IGS Study Group (1998, 2000). The values of reproductive
parameters of Crlj:CD(SD) were not clearly different from those of
the same rat strain previously surveyed in Japan (Morita et al. 1987;
Nakatsuka et al. 1997). No noticeable variation was observed in the
reproductive parameters of Crl:CD(SD) rats between the two inter-
vals evaluated (1994-2000 and 2001-2010).

The data from Jcl:SD, Sle:SD, and Wistar rats between 1994 and
2000 and between 2001 and 2010 are presented in Tables 6 and 7,
respectively. The data from mice and hamsters between 1994 and
2000 and between 2001 and 2010 are shown in Table 8. Although
the pregnancy rates of SD rats from other breeders (Jcl:SD and
Slc:SD), other strains of rats (Wistar rats), and mice were similar to
those of Crlj:SD(CD) and Crl:CD(SD) rats in most laboratories, a
relatively low pregnancy rate was noted in Wistar Hannover rats,
mice, and hamsters in remaining laboratories. The average numbers
of corpora lutea, implantations, and live fetuses of SD rats from
other breeders and Wistar rats (Crlj:WI and Jcl: Wistar) were similar
to those in Crlj:CD(SD) and/or Crl:CD(SD) rats. The value of fetal
mortality in SD rats from other breeders and Wistar rats, including
Wistar Hannover rats, was similar to that in Crlj:CD(SD) and/or
Crl:CD(SD) rats. The numbers of corpora lutea, implantations, and
live fetuses in Hannover Wistar rats were slightly smaller than those
in Crlj:SD(CD) and Crl:CD(SD) rats. These findings were consist-
ent with previous surveys, in which reproductive parameters, such
as the numbers of corpora lutea, implantations, and live fetuses,
were similar among three stocks of Wistar Hannover rats (Takeuchi
et al. 2011) and were smaller than those in SD rats (Aoyama et al.
2002; Liberati et al. 2002). More data are required for a definitive
analysis of historical control data in these animals.

One laboratory determined fetal body weight with males and
females combined, and the remaining laboratories evaluated fetal
body weight for each sex separately. Male and female fetal weights

© 2014 Japanese Teratology Society
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should be determined separately because males are heavier than
females. The fetal weight varied with each laboratory and in
general, roughly related the time and GD of cesarean sections of the
dams. The rearing environment may have also had an impact on
fetal weight.

External anomalies

Table S1 shows data on external anomalies in Crlj:CD(SD) rats
between 1994 and 2000. The incidence of fetuses with external
malformations ranged from 0.04 to 0.53% between 1994 and 2000,
which was comparable to that of Crlj:CD(SD) rats in previous
surveys (0-1.33% in Morita et al. 1987; 0-0.51% in Nakatsuka
etal. 1997). In the previous survey (Nakatsuka et al. 1997), a few
cases of conjoined twins, but not conjoined triplets, were reported
in this rat strain. In the present survey, one case of conjoined triplets
was observed in one laboratory. However, no noticeable difference
was observed in the types of external anomalies reported between
the previous (Morita et al. 1987; Nakatsuka et al. 1997) and present
surveys.

Data for Crl:CD(SD) rats between 1994 and 2000 and between
2001 and 2010 are presented in Tables S2 and S4, respectively. The
incidence of fetuses with external malformations ranged from 0 to
0.36% between 1994 and 2000 and 0.05 to 0.18% between 2001
and 2010, which was comparable to that of Crl:CD(SD) rats in
previous surveys (0-0.34%) (CD(SD)IGS Study Group 1998, 1999,
2000, 2001, 2003). The incidence of fetuses with external malfor-
mations in Crl:CD(SD) rats was slightly lower than that in
Crlj:CD(SD) rats. No noticeable variability was observed in the
types of external anomalies between Crl:CD(SD) and Crlj:CD(SD)
rats or in the incidence of fetuses with external malformations in
Crl:CD(SD) rats between the two intervals evaluated (1994-2000
and 2001-2010).

Visceral anomalies

Data on visceral anomalies in Crlj:CD(SD) rats between 1994 and
2000 are presented in Table S7. The incidence of fetuses with vis-
ceral malformations ranged from 0.45 to 16.57% between 1994 and
2000. This incidence was within the range of previous surveys of
this rat strain (0-17.59% in Morita et al. 1987; 0.24-34.83% in
Nakatsuka et al. 1997). No noticeable difference was found in types
of anomalies between the previous (Morita et al. 1987; Nakatsuka
et al. 1997) and present surveys.

Data for Crl:CD(SD) rats between 1994 and 2000 and between
2001 and 2010 are presented in Tables S8 and S10, respectively.
The incidence of fetuses with visceral malformations ranged from 0
to 11.09% between 1994 and 2000 and 0.32 to 8.27% between 2001
and 2010. These incidences were within the ranges of those in the
previous surveys on this rat strain (0-26.3%) ( CD(SD)IGS Study
Group 1998, 1999, 2000, 2001, 2003). No clear difference was
noted in the types of anomalies between the previous and present
surveys.No noticeable difference was found in the types of visceral
anomalies between the two intervals evaluated (1994-2000 and
2001-2010).

Large variations were noted in the incidences of visceral malfor-
mations among laboratories between the previous (Morita et al.
1987; Nakatsuka et al. 1997; CD(SD)IGS Study Group 1998, 1999,
2000, 2001, 2003) and present surveys. This phenomenon appeared
to be due to differences in the classification of visceral anomalies
among laboratories. Visceral anomalies such as thymic cord and
some anomalies of the vessels were classified as malformations by
some laboratories, but as variations by other laboratories.
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Table 2 Mating and cesarean section data from Crlj:CD(SD) [former Crj:CD(SD)] rats between 1994 and 2000

Year 1994-2000 1994-2000 1994-2000 1995-2000 1995-2000 1994-1996 1994-2000 1994-2000
Treatmentt Vv \'% A% \% Y% Vv A% vV
Feed NMF CRF-1 CRF-1 NMF NMF MF CRF-1 CRF-1
No. dams 721 302 201 264 180 120 78 73
No. experiments 35 14 11 12 8 5 4 4
No. dams/experiment 16-24 19-25 17-20 20-24 21-25 24 19-20 17-19

Pregnancy rate (%)
Gestation day (hour)
of the cesarean

section
No. corpora lutea
No. implantations
No. live fetuses
Fetal mortality (%)%
Body weight (g)
All fetuses
Male
Female

96.2 (80.0-100)
20 (13:30-16:00)

17.0 (15.7-18.7)

15.9 (13.2-18.1)

15.0 (12.4-17.2)
6.0 (2.5-12.0)

3.73 (3.41-4.04)
3.55(3.32-3.83)

98.0 (95.0-100)
20 (9:00-11:00)

16.4 (14.4-17.6)
15.5 (13.1-16.8)
14.6 (12.6-13.8)
6.1 (2.2-13.8)

3.63 (3.48-3.87)
3.45 (3.31-3.70)

92.2 (81.8-100)
20 (10:00-12:00)

17.0 (15.2-19.4)

14.7 (12.9-16.8)

13.9 (11.8-15.8)
5.5(3.1-9.1)

3.35(3.14-3.78)
3.19 (2.97-3.58)

98.5 (90.9-100)
20 (13:00-16:00)

18.7 (17.7-19.6)

16.8 (15.7-17.7)

15.8 (14.9-16.6)
6.5 (4.4-8.5)

3.76 (3.59-3.88)
3.56 (3.44-3.66)

98.3 (95.5-100)
20 (9:00-12:00)

18.0 (16.6-19.9)

15.5 (15.0-16.5)

14.6 (14.2-15.4)
6.0 (3.3-8.9)

3.40 (3.35-3.48)
3.23(3.17-3.31)

95.8 (91.7-100)
20 (9:00-12:00)

17.0 (16.4-17.2)

15.8 (14.8-16.8)

14.4 (13.7-15.0)
8.1(5.9-9.9)

3.44 (3.23-3.58)
3.53 (3.42-3.58)
3.34 (3.23-3.42)

97.5 (95-100)
20 (13:00-16:00)

17.4 (16.7-17.9)

16.5 (15.6-17.3)

15.8 (15.2-16.4)
4.3(2.7-5.3)

3.46 (3.45-3.48)
3.54 (3.51-3.57)
3.38 (3.35-3.42)

91.3 (85.0-95.0)
20 (9:00-12:00)

17.4 (16.7-18.1)

15.4 (14.9-15.7)
14.7 (14.3-15.2)
4.3 (2.6-7.0)

3.44 (3.36-3.48)
3.52 (3.45-3.55)
3.38 (3.29-3.45)

TV, Vehicle-treated.

F(Number of early resorptions and late fetal deaths/number of implantations) x 100.
Minimum and maximum values from independent experiments are given in parentheses.
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Table 3 Mating and cesarean section data from Crl:CD(SD) [former Crj:CD(SD)IGS] rats between 1994 and 2000

Year 1994-2000 1996-2000 1997-2000 1999-2000 1997-2000 1998-2000 1996-2000 19992000 2000 1994-2000 1997 19942000
Treatmenty \% ' A% \% A\ A\ v v v \% NV v

Feed CR-LPF CRF-1/CR-LPF CRF-1 NMF CRF-1 CRF-1 NMF NMF CRF-LPF CRF-1 CRF-1 CRF-1

No. dams 393 217 147 125 113 94 99 90 80 77 60 58

No. experiments 20 1 7 6 6 5 4 4 4 4 3 3

No. dams/experiment 19-20 19-22 19-24 20-22 16-20 18-20 19-36 21-25 18-20 18-20 20 18-21
Pregnancy rate (%) 98.3 97.3 (95.0-100) 97.5 (95.0-100) 99.2 (95.5-100) 97.1 (94.2-100) 93.0 (90.0-100) 98.8 (95.0-100) 98.9 (95.5-100) 93.8 (90.6-98.4)  96.3 (90.0-100) 100 93.5 (90.0-95.5)
Gestation day (hour) of 20 (9:00-12:00) 20 (8:00-11:00) 20 (9:00-12:00) 20 (13:00-16:00)  20(9:00-12:00) ~ 20 (9:00-12:00)  20(13:30-16:00)  20(9:00-12:00) 21 (9:00-12:00) 20 (13:00-16:00) 20 (9:00-11:00) 20 (9:00~12:00)

the cesarean section
No. corpora lutea
No. implantations
No. live fetuses
Fetal mortality (%)%
Body weight (g)
All fetuses
Male

Female

15.7 (14.9-16.4)
14.8 (13.3-15.8)
14.1 (12.9-15.0)
4.8 (1.9-10.8)

3.47 (3.34-3.61)
3.30 (3.13-3.42)

16.1 (15.1-17.3)
14.8 (13.7-16.0)
14.2 (13.3-15.3)
4.2(2.2-7.3)

3.88 (3.60-4.01)
3.67 (3.46-3.77)

16.0(15.5-16.9)

14.6 (13.7-15.1)

14.0 (13.5-14.6)
3.8(0.4-5.7)

3.52(3.33-3.63)
3.34(3.19-3.43)

17.4 (16.6-18.0-)

15.6 (14.7-16.2)

14.9 (14.1-15.6)
4.8(3.6-6.3)

4.20 (4.07-4.31)
3.98 (3.89-4.07)

16.2 (15.6-16.5)

15.5(15.1-16.2)
14.8 (14.3-15.5)
4.7 (3.4-5.8)

3.62 (3.55-3.70)
3.44 (3.37-3.50)

153 (14.9-15.7)
13.7 (11.8-14.6)
12.9 (11.6-13.5)
5.2(2.8-7.6)

3.97 (3.84-4.10)
4.07 (3.93-4.18)
3.83 (3.73-3.97)

16.1 (15.7-16.3)
15.5 (14.9-15.9)
14.7 (14.3-15.2)
4.9 (4.0-6.8)

4.11 (4.00-4.19)
3.89 (3.82-3.96)

16.5 (15.6-17.9)

14.9 (14.5-15.3)

13.9 (13.6-14.2)
6.4 (5.6-7.1)

3.62 (3.45-3.77)
343 (3.31-3.58)

14.6 (13.7-15.7)

13.8 (12.8-14.8)

13.3 (12.4-14.1)
49 (2.1-1.5)

5.39 (5.29-5.49)
5.11 (5.03-5.25)

15.9 (15.6-16.1)

15.1 (14.3-15.5)
14.2 (12.7-15.0)
7.2 (3.1-15.4)

3.85(3.75-3.98)
3.96 (3.83-4.09)
3.75 (3.67-3.86)

15.5(15.1-15.9)

15.0 (14.5-15.4)

14.2 (13.8-14.6)
5.6 (4.7-6.8)

3.81 (3.80-3.83)
3.62 (3.60-3.65)

15.9 (15.7-16.2)
14.2 (14.0-14.3)
134 (13.2-13.7)
5.0 (3.7-6.0)

3.66 (3.64-3.70)
3.76 (3.72-3.81)
3.56 (3.54-3.61)

1V, Vehicle-treated; N, Non-treated.
#(Number of early resorptions and late fetal deaths/number of implantations) x 100.
Minimum and maximum values from independent experiments are given in parentheses.
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Table 4 Mating and cesarean section data from Crl:CD(SD) [former Crj:CD(SD)IGS] rats between 2001 and 2010

Year 2001-2010 2001-2010 2001-2010 2001-2010 2001-2010 2001-2010 20012009 2001-2010 2001-2010 2001~2010 2004-2010

Treatment} A\ % v \% 4 v v A\ v Y NIV

Feed CE-2/CRF-1 NMF NMF CRF-1 CRF-1 CRF-1 CRF-1 CRF-1 CR-LPF CRF-1 CRF-1

No. dams 1064 934 717 565 567 479 346 332 290 279 92

No. experiments 55 47 36 29 28 25 17 16 i3 12 10

No. dams/ 17-24 17-22 19-24 18-20 19-24 16-20 19-22 18-22 17-20 20-23 17-20
experiment

Pregnancy rate (%) 96.0 (85.0-100) 98.1 (85.0-100) 98.5 (95.0-100) 97.4 (90.0-100) 99.2 (95.0-100) 95.8 (80.0-100) 98.8 (95.0-100) 97.9 (90.0-100) 96.7 100 96.0 (85.0-100)

Gestation day (hour) of
the cesarean section

No. corpora lutea

No. implantations

No. live fetuses

Fetal mortality (%)%

Body weight (g)

All fetuses

Male

Female

20 (9:00-12:00)

15.7 (13.8-17.6)

14.8 (13.1-16.4)

14.1 (12.4-15.4)
4.8(2.0-9.3)

3.81(3.58-4.01)
3.62 (3.38-3.81)

20 (13:00-16:00)

16.6 (14.6-18.4)
14.9 (13.0-16.2)
142 (12.5-15.3)
4.8 (0.8-8.6)

4.18 (3.99-4.36)
3.96 (3.76-4.16)

20 (13:30-16:00)

15.6 (14.1-16.3)

14.7 (13.1-15.5)

132 (12.3-15.1)
5.1(26-9.0)

4.11 (3.95-4.25)
3.90 (3.72-4.05)

20 (8:00-11:00)

15.1 (13.9-16.2)

142 (12.5-15.2)

13.5 (11.8-14.6)
45(2.0-8.0)

3.94 (3.85-4.09)
3.72 (3.63-3.85)

20 (9:00-12:00)

153 (14.4-16.5)
14.6 (13.3-14.8)
138 (12.5-14.8)
5.5(2.3-10.2)

20 (9:00-12:00)

153 (14.3-16.1)
14.2 (13.3-15.5)

13.4(124-14.8)
5.5(25-9.1)

4.07(3.93-4.20)
4.06 (3.85-4.29)
3.84 (3.62-4.11)

20 (9:00-12:00)

15.9 (15.0-16.8)
15.0 (13.5-16.2)

142 (12.8-15.5)
6.2(3.1-9.9)

3.53 (3.29-3.86)
3.33(3.13-3.60)

20 (13:00-16:00)

158 (15.1-17.1)

14.8 (14.1-15.4)
143 (13.6-15.0)
3.6(2.1-6.4)

406 (3.96-421)
385 (3.76-3.97)

20 (9:00-12:00)

149 (14.4-15.9)
14.1 (13.5-14.8)
13.4 (12.9-14.0)
5.3(18-8.0)

20 (9:00-16:00)

154 (14.7-16.3)

14.8 (13.8-15.9)

14.0 (13.0-14.9)
59(3.5-8.0)

3.54 (3.42-3.65)

20(9:00-11:00)

154 (14.9-16.2)

145 (13.9-15.1)

13.6(12.7-14.3)
6.0 (3.3-9.4)

3T7 (360403
3.56 (340-3.81)

TV, Vehicle-treated; N, Non-treated.
£(Number of early resorptions and late fetal deaths/number of implantations) x 100.
Minimum and maximum values from independent experiments are given in parentheses.
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Table 5 Summary of historical control data on developmental toxicity studies in rodents

Crlj:CD(SD) Crl:CD(SD) Jel:Wistar Wistar Crlj:CDI(ICR) Slc:Syrian

Animals rats rats Jel:SD rats Slc:SD rats Crlj:WI rats rats Hannover rats mice hamsters
Year 1994-2000  1994-2000 2001-2010  1994-2000  2001-2005 1995-1997 1997-1999  2002-2009 2001 20012010 2000-2009 1999
Pregnancy rate (%) 91.3-98.5 93.0-100 95.8-100 90.6-100 95.8-97.5 95.0 95.0-95.5 95.0-98.3 91.7 87.2-100 72.7-100 88.9
No. corpora lutea 16.4-18.7 14.6-17.4 14.9-16.6 16.7-18.4 17.1-19.9 15.7 16.4-17.9 17.3-17.6 15.9 11.5-14.1 13.1-15.6 15.6
No. implantations 14.7-16.8 13.7-15.6 14.1-15.0 16.1-16.8 16.2-17.0 14.7 15.7-16.4 16.1-16.4 14.9 9.6-12.7 11.6-14.6 14.7
No. live fetuses 13.9-15.8 12.9-14.9 13.2-14.3 14.9-15.6 15.3-15.7 13.3 15.2-15.5 15.2-15.3 13.5 9.0-12.2 11.2-14.1 12.1
Fetal mortality (%) 4.3-8.1 3.8-72 3.6-6.2 4.9-1.7 5.8-7.1 5.6 3.5-54 5.7-7.2 9.4 4.2-79 3.2-9.3 17.6
Incidence of fetuses with 0.04-0.53 0-0.36 0.05-0.18 0-0.27 0-0.16 0.13 0-0.34 0-0.11 0 0-0.59 0-0.36 1.44

external malformations

(%)7
Incidence of fetuses with 0.45-16.57 0-11.09 0.32-8.27 0-11.93  0.58-5.05 20.16 1.45-15.09 0.71-8.88 0 0-19.28 0-15.17 2.27

visceral malformations

(%)t
Incidence of fetuses with 0-3.97 0-8.02  0.10-0.56 0-1.07 0-1.12 0.49 0-4.00 0 1.29 0-24.49 0-2.02 4.79

skeletal malformations

(%)t

Incidence of fetuses with 3.60-8.36 6.98-22.98 9.42-17.63 30.60-62.37 38.55-43.45 6.85 18.0043.11 13.91-36.99 11.61 31.56-67.35 33.16-64.71
skeletal variations (‘%)T

78.717

Data are expressed as minimum and maximum values.
+The incidence of fetuses with malformations is expressed as a proportion of the total number of fetuses with malformations to the total number of fetuses examined.
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Table 6 Mating and cesarean section data from Jcl:SD, Sle:SD, and Crlj:WI rats between 1994 and 2000

Strain Jel:SD Jcl:SD Jcl:SD Jel:SD Jel:SD Slc:SD Crlj:WI Crlj:WI
Year 1994-2000 1994-1997 1997-2000 1994 1998 1995-1997 1999 1998
Treatmentt \% \' A% A% Vv A% vV A%
Feed CA-1 CE-2 MF NMF CRF-1 NMF NMF CRF-1
No. dams 216 76 48 24 19 57 21 19
No. experiments 11 4 2 1 1 3 1 1
No. dams/experiment 18-23 16-21 24 24 19 19-19 21 19
Pregnancy rate (%) 96.8 (90.0-100)  90.6 (80.0-100) 100 100 95.0 95.0 95.5 95.0
Gestation day (hour) of 21 (9:00-12:00) 20 (9:00-12:00) 20 (9:00-12:00) 20 (13:30-16:00) 21 (8:00-11:00) 20 (13:30:16:00y 20 (13:00-16:00) 20 (8:00-11:00)
the cesarean section
No. corpora lutea 18.4(17.2-19.5)  17.9 (16.5-18.8)  16.7 (16.6-16.8) 17.3 183 15.7 (15.1-16.7) 17.9 164
No. implantations 16.8 (15.8-17.9) 16.5(15.3-17.5)  16.2(15.9-16.4) 16.8 16.1 14.7 (14.6-14.9) 16.4 15.7
No. live fetuses 155 (14.4-16.4) 153 (14.4-16.0) 14.9 (14.5-15.3) 15.6 15.2 13.3 (13.3-14.5) 15.5 15.2
Fetal mortality (%)+ 7.7 (4.0-11.0) 7.0 (5.3-8.5) 7.6 (6.7-8.5) 6.7 49 5.6(2.9-8.9) 54 35
Body weight (g)
All fetuses 5.17 (5.06-5.33)  4.11 (4.04-4.19)  3.94 (3.79-4.07)
Male 530(5.17-5.51) 4.20(4.134.24) 4.07 (4.074.07) 4.13 5.77 3.98 (3.92-4.03) 4.20 3.95
Female 5.03(4.90-5.16)  4.00 (3.93-4.08)  3.80 (3.79-3.81) 391 5.40 3.79 (3.73-3.85) 4.00 3.77

TV, Vehicle-treated.

§2APNIS JUIPOL HO DIDP [DOLIOISTE]
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F(Number of early resorptions and late fetal deaths/number of implantations) x 100.
Minimum and maximum values from independent experiments are given in parentheses.
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Table 7 Mating and cesarean section data from Jcl:SD, Crlj:WI, Jcl:Wistar, and Wistar Hannover rats between 2001 and 2010

BriHan:
BrHan: WIST@Jcl  BrlHan: Wist@Jcl  BrlHan: WIST@Jcl WIST@]Jcl
Strain Jci:SD Jel:SD Crlj:WI Crlj :WI Jel: Wistar (GALAS) (GALAS) (GALAS) (GALAS) Crl:Wi(Han) Crl:WI(Han) RecHan: WIST
Year 2001-2003 2005 2002-2009 2007 2001 2002-2010 2001-2010 2004 2009 2010 2001 2010
Treatment} v v A% \ \% v \% \' v v v N
Feed NMF MF NMF CE-2 MF MF CRF-1 CE-2 CE-2 CRF-1 CE-2 NMF
No. dams 39 24 59 19 24 191 134 20 19 41 19 79
No. experiments 2 1 3 1 1 8 6 1 1 1 1 1
No. dams/experiment 19-20 24 1920 19 24 23-24 21-23 20 19 41 19 79
Pregnancy rate (%) 97.5 (95.0~100) 95.8 98.3 (95.0-100) 95.0 91.7 97.4 (95.8-100) 95.8 (91.7-100) 100 95.0 87.2 95.0 98.8
Gestation day (hour) of 20 (13:00-16:00) 20 (9:00-12:00) 20 (13:00-16:00) 20 (9:00-12:00) 20 (9:00-12:00) 20 (9:00~12:00) 20 (9:00-16:00) 20 (9:00-12:00) 20 (9:00-12:00) 20 (9:00-11:30) 20 (9:00-12:00) 20 (13:00-16:00)
the cesarean section
No. corpora lutea 19.9 (18.9-20.8) 17.1 17.3 (16.4-18.1) 17.6 15.9 13.8 (13.3-14.4) 13.2 (12.6-14.1) 13.6 14.1 11.5 13.4 13.8
No. implantations 17.0 (16.4-17.5) 16.2 16.1 (15.9-16.5) 16.4 4.9 12.7 (12.0-13.3) 12.3 (11.7-13.0) 122 127 9.6 122 12.1
No. live fetuses 15.7 (15.0-16.4) 153 15.2(14.9-15.4) 153 13.5 11.9 (11.4-12.2) 11.3 (10.9-12.1) 1.7 122 9.0 1.7 11.3
Fetal mortality (%)% 7.1 (6.0-8.2) 58 5.7 (4.6-6.3) 72 94 5.8 (3.7-8.9) 7.9 (4.9-14.0) 45 4.7 6.3 4.2 6.3
Body weight (g)
All fetuses 3.99 315 3.48 (3.35-3.62) 3.37 3.51
Male 4.43 (4.40-4.45) 4.06 4.29 (4.21-4.35) 3.83 3.25 3.57 (3.52-3.62) 3.40(3.31-3.52) 3.45 3.49 3.79 3.89
Female 4.15 (4.074.23) 3.91 4.02 (3.914.09) 3.59 3.05 3.39 (3.35-347) 3.22(3.12-3.35) 323 3.34 3.61 371

1V, Vehicle-treated; N, Non-treated.

#(Number of early resorptions and late fetal deaths/number of implantations) x 100.

Minimum and maximum values from independent experiments are given in parentheses.
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Table § Mating and cesarean section data from mice and hamsters

Species Mice Mice Mice Mice Mice Hamsters

Strain Crlj:CD1(CR) Crlj:CDI(ICR) Crlj:CDI(ICR) Crlj:CDI(ICR} Crlj:CDI(ICR) Sle:Syrian

Year 2000 2001-2009 2002-2009 2004 2002 1999

Treatment? % A% A% Y% Y% A%

Feed CE-2 CRF-1 CE-2 NMF CRF-1 CRF-1

No. dams 16 254 98 21 20 23

No. experiments 1 13 5 1 1 1

No. dams/experiment 16 16-23 16-23 21 20 23

Pregnancy rate (%) 72.7 82.7 (72.0-92.0) 78.9 (68.0-92.0) 95.5 100 88.9

Gestation day (hour) of the 18 (9:00-12:00) 18 (7:00-10:00) 18 (9:00-12:00) 17 (13:00-16:00) 17 (9:00~12:00) 14 (9:00-11:00)
cesarean section

No. corpora lutea 13.1 14.0 (11.7-16.2) 14.0 (13.3-14.8) 15.6 14.7 15.6

No. implantations 11.6 12.4 (9.9-14.3) 12.6 (12.1-13.5) 144 14.6 14.7

No. live fetuses 11.2 11.5(9.0-13.1) 11.7 (11.3-12.3) 134 14.1 12.1

Fetal mortality (%)% 32 7.7 (4.6-9.4) 9.3 (6.2-14.0) 7.7 3.0 17.6

Body weight (g)

All fetuses 1.02

Male 1.51 1.45 (1.39-1.50) 1.45 (1.39-1.51) 1.19 1.05 1.60

Female 1.44 1.39 (1.35-1.43) 1.39(1.32-1.41) 1.13 0.99 1.50

1V, Vehicle-treated.

+(Number of early resorptions and late fetal deaths/number of implantations) x 100.

Minimum and maximum values from independent experiments are given in parentheses.
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Skeletal anomalies

Table S13 shows data on skeletal anomalies in Crlj:CD(SD) rats
between 1994 and 2000. The incidence of fetuses with skeletal
malformations ranged from 0 to 3.97% and was slightly over the
range reported previously in this rat strain (0-0.85% in Morita et al.
1987; 0-2.74% in Nakatsuka et al. 1997). This appears to be due to
the higher incidence of cleft sternebrae detected in one laboratory.
This anomaly was also observed in a previous survey (Nakatsuka
et al. 1997).

Data for Crl:CD(SD) rats between 1994 and 2000 and between
2001 and 2010 are presented in Tables S14 and S16, respectively.
The incidence of fetuses with skeletal malformations ranged from 0
to 8.02% between 1994 and 2000 and 0.10 to 0.56% between 2001
and 2010. Although this incidence between 2001 and 2010 was
within the ranges of that previously reported in this rat strain
(0-5.2%) (CD(SD)IGS Study Group 1998, 1999, 2000, 2001,
2003), the incidence between 1994 and 2000 was slightly over the
ranges previously reported. This appears to be due to the higher
incidence of split costal cartilage and cleft sternebrae (5.28%)
found in one laboratory. These anomalies were also observed in
previous surveys (Morita et al. 1987; Nakatsuka et al. 1997). No
clear difference was observed in the types of anomalies between the
previous and present surveys.

Skeletal variations

Data on skeletal variations in Crlj:CD(SD) rats between 1994 and
2000 are presented in Table S19. The incidence of fetuses with
skeletal variations ranged from 3.60 to 8.36%. This incidence was
within the range of a previous survey of this rat strain (1.82-
28.13%) (Nakatsuka etal. 1997). No noticeable difference was
found in the types of anomalies between the previous (Morita et al.
1987; Nakatsuka et al. 1997) and present surveys.

Data for Crl:CD(SD) rats between 1994 and 2000 and between
2001 and 2010 are presented in Tables S20 and S22, respectively.
The incidence of fetuses with skeletal variations ranged from 6.98
to 22.98% between 1994 and 2000 and 9.42 to 17.63% between
2001 and 2010. These incidences were within the ranges of those
in previous surveys of this rat strain (6.8-35.7%) (CD(SD)IGS
Study Group 1998, 1999, 2000, 2001, 2003). No clear difference
was observed in the types of variations between the previous and
present surveys. No noticeable difference was found in the types of
skeletal variations between the two intervals evaluated (1994-2000
and 2001-2010).

CONCLUSION

Historical control data on rodent developmental toxicity studies,
which were performed between 1994 and 2010, were obtained from
19 laboratories in Japan. Summary of historical control data on
developmental toxicity studies in rodents was shown in Table 5.
Inter-laboratory variations in the incidences of fetuses with altera-
tions appear to be due to differences in the selection of observation
parameters, observation criteria, classification, and terminology of
fetal alterations. This survey provides information on historical
control data of Crlj:CD(SD), which was completely withdrawn
from the Japanese market in 2007, and Crl:CD(SD) rats, which have
been developed and completely replaced Crlj:CD(SD) in 2007.
Initial information on Wistar Hannover rats, which have been
recently introduced into Japan, mice, and hamsters has also been
provided in this survey. These historical control data may be helpful
in interpreting the effect of chemicals in reproductive and develop-
mental toxicity studies. However, the continuous accumulation of
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historical control data is needed for an adequate evaluation of repro-
ductive and developmental toxicity data. To further interpret this
data and its assessment for human health, it is necessary to harmo-
nize the classification and terminology of fetal alterations.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the online
version of this article:

Table S1. External anomalies in Crlj:CD(SD) [former Crj:CD(SD)]
rats between 1994 and 2000.

Table S2.  External  anomalies in
Crj:CD(SD)IGS] between 1994 and 2000.
Table S3. External anomalies in Jel:SD, Slc:SD, and Crlj:WI rats
between 1994 and 2000.

Table S4. External anomalies in  Crl:CD(SD)
Crj:CD(SD)IGS] rats between 2001 and 2010.

Table S5. External anomalies in Jel:SD, Crlj:WI, Jcl:Wistar, and
Wistar Hannover rats between 2001 and 2010.

Crl:CD(SD)  [former

[former

Table S6. External anomalies in mice and hamsters.

Table S7. Visceral anomalies in Crlj:CD(SD) [former Crj:CD(SD)]
rats between 1994 and 2000.

Table 58.  Visceral  anomalies in
Cri:CD(SD)IGS] between 1994and 2000.
Table S9. Visceral anomalies in Jel:SD, Sle:SD, and Crlj:WI rats
between 1994 and 2000.

Table S10.  Visceral anomalies in  Crl:CD(SD)
Cri:CD(SD)HIGS] rats between 2001 and 2010.

Table S11. Visceral anomalies in Jel:SD, Crlj:WI, Jcl:Wistar, and
Wistar Hannover rats between 2001 and 2010.

Table S12. Visceral anomalies in mice and hamsters.

Crl:CD(SD)  [former

[former

Table 513.  Skeletal anomalies in  Crl:CD(SD) [former
Crj:CD(SD)] rats between 1994 and 2000.
Table S14.  Skeletal  anomalies in  Crl:CD(SD)  [former

Crj:CD(SD)IGS] between 1994 and 2000.

Table S15. Skeletal anomalies in Jcl:SD, Sle:SD, and Crlj:WT rats
between 1994 and 2000.

Table S16.  Skeletal anomalies in  Crl:CD(SD)
Crj:CD(SD)IGS] rats between 2001 and 2010.

Table S17. Skeletal anomalies in Jel:SD, Crlj:WI, Jcl:Wistar, and
Wistar Hannover rats between 2001 and 2010.

Table S18. Skeletal anomalies in mice and hamsters.

[former

Table 519.  Skeletal  Variations in  Crlj:CD(SD)  [former
Crj:CD(SD)] rats between 1994 and 2000.
Table S20.  Skeletal  variations in  Crl:CD(SD) [former

Crj:CD(SD)IGS] between 1994 and 2000.

Table S21. Skeletal variations in Jcl:SD, Slc:SD, and Crlj:WI rats
between 1994 and 2000.

Table §22.  Skeletal  variations in  Crl:CD(SD)
Crj:CD(SD)IGS] rats between 2001 and 2010

Table 523. Skeletal variations in Jcl:SD, Crlj:WI, Jcl:Wistar, and
Wistar Hannover rats between 2001 and 2010.

Table S24. Skeletal variations in mice and hamsters.

[former
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