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Autism is a behaviorally characterized disorder with impairments in social interactions, as well as
stereotyped, repetitive patterns of behaviors and interests. Exposure of rat fetuses to thalidomide (THAL)
or valproic acid (VPA) on the ninth day of gestation has been reported as a useful model for human
autism. We have shown that early serotonergic neural development is disrupted in these rats. In the
current study, we used a radial maze and open field experimental paradigm to investigate whether these
rats present behavioral and/or learning aberrations. THAL (500 mg/kg), VPA (800 mg/kg), or vehicle was
administered orally to E9 pregnant rats at 7-10 weeks of age. Although the mean number of correct and
incorrect arm choices in the initial eight arm choices did not differ between control and teratogen-
exposed groups, achievement of learning (seven or eight consecutive correct choices for 3 consecutive
days for individual rats) seemed to be impaired in teratogen-exposed groups. Interestingly, average time
to explore the maze task was shorter in the teratogen-exposed groups, indicating that correct choice
might be due to mere coincidence (i.e., nonexploratory movement). Unexpectedly, no significant
differences were observed in social interaction in these rats. These results indicate that prenatal
exposure to THAL and VPA might alter behavior in a manner that is, in part, consistent with human

Keywords:
Autism model animals
Nonexploratory movement

autism.

© 2009 Elsevier Ireland Ltd and the Japan Neuroscience Society. All rights reserved.

1. Introduction

Autism is a congenital neurodevelopmental behavioral disorder
that presents in early childhood and is characterized by impaired
socialization, communication abnormalities, as well as limited
activity and curiosity (Charman and Baird, 2002; Filipek et al,,
1999). Dysfunctions of the serotonergic system have been
implicated in autism, including hyperserotonemia (Anderson
et al,, 1987), and altered PET imaging results have been obtained
(Chugani et al,, 1997). The prevalence of autism appears to be
remarkably increasing (Muhle et al., 2004; Honda et al., 2005). This
explosive increase in the prevalence of autism is hardly explained
by simply widening diagnostic categories and increasing profes-
sional and public awareness. Therefore, unknown environmental
factors such as chemicals, ethanol, and maternal stress during the
earliest days of fetal life may be associated with autism (Lathe,
2006; Geier et al., 2009). Genetic factors have also been strongly

* Corresponding author at: Mie University, Graduate School of Medicine, 2-174,
Edobashi, Tsu, Mie, 514-8507, Japan, Tel.: +81 59 231 5003; fax: +81 59 232 8031.
E-mail address: narita_m@doc.medic.mie-u.ac.jp (M. Narita).

suggested from data of twin, family, and genetic association
studies (Campbell et al., 2006; Folstein and Piven, 1991; Muhle
et al., 2004).

The establishment of an animal model for autism is necessary to
understand the pathophysiology and treatment of the disorder.
Many studies have been conducted in primates and rodents to
develop an animal model of autism, including genetically induced,
lesion induced, and chemically induced animal models of autism
(see review, Sadamatsu et al., 2006). However, given the complex
nature of the disorder, no generally accepted model system has yet
been developed. The challenge tends to be replicating the
behavioral abnormalities such as hyperactivity and memory
deficit.

We have established an autistic rat model through prenatal
thalidomide (THAL) or valproic acid (VPA) exposure (Narita et al,,
2002) based on collected pathological data of the high incidence of
autism (Stromland et al,, 1994; Williams et al., 2001). In particular,
a study of patients in the Swedish THAL registry revealed that
about 30% of children exposed to THAL on the 20-24th day of
gestation became autistic, which is dozens of times more frequent
than in the general population (Miller and Stromland, 1993;
Stromland et al, 1994). Therefore, this animal model is quite

0168-0102/$ - see front matter © 2009 Elsevier Ireland Ltd and the Japan Neuroscience Society. All rights reserved.

doi:10.1016/j.neures.2009.09.001
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unique because it faithfully replicates the embryonic time course
of human THAL-induced autism. In these rats, we showed a
dramatic increase in serotonin concentration in the brain that was
observed only when animals were exposed to THAL on embryonic
9 (E9) (Narita et al., 2002), which is the critical period (human E20-
24) for the occurrence of autism in humans (Rice and Borone,
2000). Furthermore, we also recently demonstrated that these
abnormalities of the serotonergic system were due to early
embryonic serotonergic development (Miyazaki et al, 2005).
Similar results were also observed when using VPA exposure on E9,
indicating that both THAL and VPA induce similar changes on
serotonergic system, that may lead to autistic features.

Although the THAL- and VPA-induced autistic rat might
replicate some of the autistic features in humans, its behavioral
evaluation is essential. In this study, we examined the effect of
embryonic exposure to THAL or VPA on spatial learning
performance in a radial 8-arm maze task and analyzed locomotor
activity, anxiety, and social behavior.

2. Materials and methods
2.1. Animals and teratogen exposure

All animal experiments were approved by the Community of
Laboratory Animal Research Center at the University of Tsukuba,
Japan. Details of the teratogen administration have been described
elsewhere (Narita et al,, 2002). In brief, female Wistar rats (SEASCO,
Saitama, Japan, 7-10 weeks old) were mated overnight. The day of
insemination was designated as E1. On E9 at 3:00 p.m., 500 mg/kg
THAL, 800 mg/kg VPA, or vehicle was administered orally to the
rats of each group without sedation using an infant feeding tube
(Atom Medical, Tokyo, Japan) attached to a 2.5 ml disposable
syringe. We referred to previous animal experiments using these
teratogens to determine the THAL and VPA doses (Matsubara and
Mikami, 1985; Ingram et al., 2000). THAL (Wako, Osaka, Japan) was
prepared by dissolving it in 5% Arabic gum (Wako) in distilled
water, and 5% arabic gum in distilled water was used as the vehicle
treatment. VPA was prepared by dissolving 2-propylpentanoic acid
(Sigma, St. Louis, MO, USA) in distilled water adjusted to pH 9.6
with sodium hydroxide. The dams were then housed individually
and allowed to continue their pregnancy or to raise their own
litters.

2.2. Eight-arm radial maze learning assay

The maze consisted of eight arms (nos. 1-8; 50 cm x 12 cm)
extending radially from a central area (20cm in diameter,
Neuroscience, Tokyo, Japan), which was a modification of the maze
originally developed by Olton and Samuelson (1976). The apparatus
was surrounded by various extra-maze cues visible to the rat such as
a laboratory bench, posters, and a clock. Placement of the maze and
cues was consistent for the duration of the experiment. At the end of
each arm, there was a cup that held a single 60-mg food pellet. The
animals were kept on a restricted diet prior to performing the maze
task to motivate the rats to seek the food rewards, and body weight
was maintained at 85 + 5% of their free-feeding weight over a 1-week
period, with water being available ad libitum. The restricted diet
persisted during the maze task. Rats were habituated to the maze for
30 min one day before commencing the first phase of training. Testing
was performed during the dark phase.

Male Wistar rats at 7-8 weeks of age were used for this
experiment. The maze test was performed once per day for 14
consecutive days. The rat was placed on the center platform that
was closed off by guillotine doors. After 20 s, the guillotine doors
were opened and the rat was allowed to make an arm choice to
obtain food pellets until all eight pellets had been eaten or 10 min

had elapsed. The performance of the animal in each trial was
assessed with the following parameters: the number of correct
choices in the initial eight chosen arms, the number of errors,
which was defined as choosing arms which had already been
visited, and the time elapsed before the animal ate eight pellets. If
the animals made seven or eight consecutive correct choices for 3
consecutive days, they were defined as having learned the maze.
Their behavior was monitored by an infrared video camera and
videotaped.

2.3. Open ﬁeid test

Male Wistar rats at 15 weeks of age were used for this
experiment. The apparatus consisted of a novel square box
(80 cm x 80 cm x 60 cm), divided into 16 small squares by means
of a grid of white painted lines. The box was located in a sound-
attenuated room. Each rat was placed in the center of the open field
and total ambulatory distance was determined over a 20 min
period for 3 consecutive days. To further investigate behavioral
reactivity under novel circumstances following 3 days of
experimentation in the open field, rats were re-introduced to
the open field on day 10 after a 7-day interval. The apparatus was
illuminated by a dim red light (250 W bulb). The video image of the
entire open field was displayed on a TV monitor, and peripheral,
central, total ambulation (number of squares crossed in the area),
and total ambulatory movement (m) were recorded. The apparatus
was cleaned with 10% water-alcohol solution before each test to
avoid possible bias due to odors and/or residues left by earlier
tested rats.

2.4. Social interaction test

Male Wistar rats at 14 weeks of age were used for this
experiment. Test rats were placed with an unfamiliar, nonexperi-
mental rat of the same size and gender under a dim red light
(250 W bulb) in a square box {50 cm x 50 cm x 30 ¢cm). Each rat
was videotaped for a 10-min period. The tapes were scored for
incidence of sniffing, dominant mounts, social grooming, chasing,
pinning, biting, boxing, and avoidance.

2.5. Statistical analysis

All data are presented as mean + SEM. Differences between
means were analyzed by a one-way or two-way repeated measures
analysis of variance (ANOVA) or Student’s t-test with a significance
level of P < 0.05.

3. Resuits
3.1. Radial maze test

Fig. 1A shows the mean number of correct arm choices in the
initial eight chosen arms. The number of correct choices obviously
improved over the initial 6-day acquisition period in both VPA- and
THAL-exposed and control groups as indicated by a one-way ANOVA
(VPA vs. control, P<0.01; THAL vs., control, P<0.01). Task
improvement did not differ between control and teratogen-exposed
groups as evaluated by two-way repeated measures ANOVA, There
also was a clear decrease in the number of incorrect choices in both
teratogen-exposed and control groups as indicated by a one-way
ANOVA (VPA vs. control, P < 0.01; THAL vs. control, P < 0.01)
(Fig. 1B), with no significant difference between teratogen and
controls either by two-way repeated measures ANOVA.

However, regarding total time spent consuming all eight
pellets, both VPA- and THAL-exposed rats spent significantly
shorter time as revealed by two-way repeated measures ANOVA
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(VPA vs. control, P < 0.01; THAL vs. control, P < 0.05) (Fig. 10).
Subsequent post hoc analysis (Tukey-Kramer's procedure as a
multiple comparison procedure) revealed that THAL-rats showed
significantly shorter time to spend consuming all eight pellets
compared to control rats (P < 0.05) on the first day of the trial.
These findings indicate that it took longer time for controls to finish
tasks compared to THAL- and VPA-rats. This longer time in control
rats could be explained by “careful investigation”. In other words,
the shorter time in teratogen rats might be due to their
“nonexploratory movement”, which is frequently observed in
human autistic patients.

To further characterize the acquisition performance of the
spatial learning task among groups, we defined “achievement of
learning” as the time when the animals made seven or eight
consecutive correct choices for 3 consecutive days. The percentage
of the cumulative number of rats that attained this criterion was
less in the teratogen groups (Fig. 2) than that in the control group,
suggesting that the teratogen rats performed poorly during
acquisition and had difficulty learning this task despite making
the same number of correct choices as control rats.
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Fig. 1. Radial maze tests. Number of correct choices during the first eight choices
(A), incorrect choices defined as choosing arms which had already been visited (B),
the time elapsed before the animal ate eight pellets (C) on the radial maze in
offspring exposed prenatally to THAL or VPA compared to control. Each point andits
vertical line indicate the mean and SEM, respectively, based on 12 rats in each
group.

3.2. Open field test

The open field test was performed to evaluate the movement of
rats in a free environment. As shown in Fig. 3, THAL- and VPA-rats
moved farther on the first trial compared to control rats (P < 0.05).
This hypermovement in teratogen-exposed rats disappeared in the
third trial, indicating that the THAL-exposed rats were only
hyperactive in an unfamiliar environment. To further investigate
behavioral reactivity under novel circumstances following 3 days
of experiments in the open field, rats were subjected to another
experiment on day 10 after a 7-day interval. Following the 7-day
interval, THAL-exposed rats tended to show hypermovement
again, although it was statistically not significant, suggesting that
the THAL-exposed rats became hyperactive again in the unfamiliar
environment, which mimics human autistic patients.

Arm preference of the hyperactive rats was examined in the
open field to exclude the possibility that hyperactivity in
teratogen-exposed rats was due to high anxiety. For this
experiment, the floor of the open field was divided into 16 small
squares by means of a grid of white painted lines (Fig. 4A). In an
open field test, animals with higher anxiety prefer corners to the
center. As shown in Fig. 4B, THAL and VPA had no significant effect
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Fig. 2. Percentage of the accumulated number of rats to reach the criterion on the
radial maze. When the animals made seven or eight consecutive correct choices for
3 consecutive days, they were defined as an achievement of learning.
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Fig. 3. Evaluation of the movement of rats in the free environment (open field tests).
Fach rat was placed in the center of the open field consisted of a square box
(80 cm = 80 cm x 60 cm}and total ambulatory distance was determined over a 20-
min period for 3 consecutive days. Rats were re-introduced in the open field on day
10 after 7-day interval for further investigation of behavioral reactivity under
novelty circumstances following 3 days of experiment in open field.
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Fig. 4. Occupancy in preferential area in the open field test for the analysis of
anxiogenic behavior. The floor of the open field was divided into 16 small squares by
means of a grid of white painted lines (A). THAL and VPA had no significant effect on
either occupancy of the center squares or corners of the apparatus (B).

on either occupancy of the center squares or corners of the
apparatus, indicating that hyperactivity in the teratogen-exposed
rats was not due to their high anxiety.

3.3. Social interaction test

Human autistic patients often show impairments in social
interaction such as deficits in eye contact and difficulty being
friendly. We analyzed and quantified markers for social interaction
including sniffing, dominant mounts, social grooming, chasing,
pinning, biting, boxing, and avoidance for 10 min to determine
whether THAL- or VPA-exposed rats show impaired social
interaction. None of the factors were statistically different between
the control and teratogen rats (data not shown).

4. Discussion

The results of these experiments indicate that prenatal
exposure to VPA or THAL on day 9 of gestation exerts a long-
term influence on learning performance and behavior after birth.
There was obvious improvement in the radial maze performance
even in the teratogen groups, which did not statistically differ from
that of control rats. The longer time spent in control rats is thought
to be due to careful exploratory behavior such as door investiga-
tion, which decreased through training, In contrast, because there
seemed to be no careful door investigation in VPA- and THAL-
exposed rats, apparent memory acquisition in the number of
correct and incorrect choices in these rats might have been
accidental. A decrease in careful investigation, in other words
“nonexploratory movement” in VPA- and THAL-exposed rats is
known in human autism and is suspected to be linked to cerebellar
anomalies (Pierce and Courchesne, 2001).

Maze performance in correct choices and incorrect choices in
teratogen-exposed rats did not differ from that of controls.

However, judging from the results of “achievement of learning”,
we still believe that the THAL-rats as well as VPA-rats showed
learning difficulty because “achievement of learning” was
impaired in THAL- and VPA-rats. Achievement of learning was
defined as seven or eight consecutive correct choices for 3
consecutive days for individual rats. Therefore, achievement of
learning is thought to reflect individual improvement in evaluating
learning performance compared to correct choices and/or incorrect
choices (only evaluating by average number), although hard to
evaluate in statistics,

The total ambulatory distance in the teratogen groups was
significantly longer on the first trial of the open field test than the
control group. Because this hyperactivity was not due to
hyperanxiety as evaluated by preferential occupancy, longer
ambulatory distance in the teratogen groups might be explained
by hyperactivity in an unfamiliar environment, which is often
observed in human autism. The fact that hyperactivity was
gradually corrected to the control level through trial is consistent
with the above interpretation.

It was unexpected to find no significant differences in the social
interaction tests. It is plausible that the number of animals tested
(n=7-8/group) was not enough to detect differences among the
groups. Alternatively, it is possible that impaired social interaction
could not be detected by the methods we chose. Therefore, further
research including methodology for choosing behavioral instru-
ments will be required to evaluate social interaction behavior in
these rats.

The detailed molecular linked histological findings previously
reported to be the basis of the behavioral abnormalities observed
in the current study, such as nonexploratory movement and
hyperactivity in an unfamiliar environment, are unknown.
However, caudal displacement of 5-hydroxytryptamine neurons
in the dorsal raphe nucleus of the hindbrain elicited by THAL and
VPA (Miyazaki et al., 2005) is thought to result in alterations of the
serotonergic pathway, which causes behavioral alterations based
on the serotonergic neuron. In fact, McNamara et al. (2008)
recently reported behavioral changes caused by the serotonergic
agonist 5-methoxytryptamine, indicating that serotonergic altera-
tion might cause behavioral change. However, further studies are
necessary to elucidate this issue.

Although autism induced by THAL or VPA does not account for
the vast majority of human autism cases, THAL or VPA autism
model rats exposed especially on E9 are still important because the
strategy we took is the same form as that seen in humans. Although
other VPA autistic rat models have been reported to date, most
studies were designed to expose teratogens later in pregnancy
(E12.5 or E15) (Schneider and Przewtcki, 2005), which does not
duplicate what happens in humans. Therefore, we are investigating
the molecular basis of behavioral alteration in an ongoing study.
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