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2003 :[7]. Nevertheless, in light of the findings described Ida-Eto
et'al. and. despxte this progressive cautionary market-withdrawal,

the proper approach to how to formulate the question of catisation
merits analysm before addressing causation per se. It will be helpful
to consider that no knowledge exists in complete mdependence of
the: ongmal question that led to that knowledge. Thus, the quality
of an observation is, to an often very relevant. degree, determined
by the question that prompted it [6].

First, it remains to be determined whether the dxscrete serotonin
neuronal prchferatmn found is persistent, funczzonaﬂy relevan-
tor detrimental. Attribution of function by virtue of proximity or
similarity to other neighboring neurons seems premature. Second,
human pathulogxcal evidence regardmg ma'eased cerebral seroto-
nergicinnervationin autistic b:ams, while very mtngmng, canalso
be subject to similar systemanc inquiry [3.4]: “Third, more impor-
tantly, the extrapolation of nervous system structure and function
findings from rodents to man rests upon generahzmg assumptions
of neural equivalence or parallelism that are weakened when the
object of study is autism. Such’ corresponéences are often uncrit-
ically accepted by the neuroscientific community. In the case of
vertebrates, restrain is encouraged:

“Looking at the brains of many animals, one has the feelmg
of being in a room, on the floor of which are closed boxes of
many shapesand sizes. Openmg any box; large or small, reveals
something hke an 1mmensely intricate and exquisite: assembiy
of componentsand circuits. The contents of each box resemble
the contents of the athers, veteach hasa distinct 1dent1ty and.
the assemblies are obvmusiy ﬁmmomng, ‘but not according to
any known paradigm.” [10] cited by [11]

Further, it will be difficult to safely ground any similaritiés
between the autistic mind and animals used to. model autism,
just as the sufmiarmes between normal human corisciousness and
animmal consciousness are mexcxrably constrained by the absence
of language, whn:h is prerequisite for thinking about thoughts,
an exclusive capacity of man [5]. Thus, it would be: ungrounded
in reality if we spoke of an animal model of the normal human
mind. No such model exists because the unly legitimate model of
the mind is the mind itself: Oniy selected aspects of animal neural
performance can be approached and, among these, only certain
aspects of behavmr canbe observed in the experimental, minimally
perturbed sefting, which differs i in many ways from the environ-
ment where autistic subjects are typwally diagnosed, studied and
cared for. What would we infer of the human mind if only-this
limited set of behaviors could be observed among all the sporadic
and sustained interactions that arise from all human beings that
surround us?

In conclusion, models can mimic the observed and offer new
unsuspected observations, but are not necessarily informative
about mechanism, such that disparate mechanisms ¢an lead to
indiscernible observations. Arguing that what characterizes behav-
ioris only that which is observable isto not expiam anything. And
causality can be erroneously simplified or misattributed when a
behavior is associated with an intervention, s;mply because many
facets of neural perfomance, identified with increasing frequency,
are sxlent from a behavioral point of view. What a person is in
terms of actions, potential, reflection or relation to his-entire body
will have to-await the rediscovery that man is the measure of all
things.
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Autism is often associated with multiple developmental anomalies including asymmetric facial palsy. In
order to establish the etiology of autism with facial palsy, research into developmental abnormalities of
the peripheral facial nervesis necessary. In the present study, to investigate the development of peripheral
cranial nerves for use in an animal model of autism, rat embryos were treated with valproic acid (VPA) in
utero and their cranial nerves were visualized by immunostaining. Treatment with VPA after embryonic
day 9 had a significant effect on the peripheral fibers of several cranial nerves. Following VPA treatment,
immunoreactivity within the trigeminal, facial, glossopharyngeal and vagus nerves was significantly
reduced. Additionally, abnormal axonal pathways were observed in the peripheral facial nerves. Thus, the
morphology of several cranial nerves, including the facial nerve, can be affected by prenatal VPA exposure
as early as E13. Our findings indicate that disruption of early facial nerve development is involved in the

‘Whole mount immunostaining

etiology of asymmetric facial palsy, and may suggest a link to the etiology of autism.

© 2011 ISDN. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Autism spectrum disorders (ASD) are neurodevelopmental dis-
orders characterized by impairment in social interaction and
communication, and are associated with repetitive behaviors and
interests (Charman et al., 2000; Filipek et al, 1999). ASD is
sometimes associated with multiple developmental anomalies,
including asymmetric facial palsy. The association of autism with
facial nerve (7th cranial nerve) palsy is described in several cases
of thalidomide embryopathy, Mébius sequence, CHARGE associ-
ation and Goldenhar syndrome (Ornitz et al., 1977; Gillberg and
Winnergard, 1984; Miller et al., 2005). The ability to make a facial
expression plays one of the most pivotal roles in emotional com-
munication. Therefore, a more complete understanding of the
development of the facial nerve and subsequently the innerva-
tion of the facial muscles in ASD patients will be indispensible for
establishing the pathogenesis of autism and its correlation with
developmental anomalies including facial palsy.

To examine the association between autism and embryonic
development of the nervous system, a rodent model of autism
can be utilized. Epidemiological studies revealed that thalidomide

* Corresponding author, Tel.: +81 059 232 1111x6327; fax: +81 059 232 8031.
E-mail address: ytashiro@doc.medic.mie-w.ac.jp (Y. Tashiro).

0736-5748/$36.00 © 2011 ISDN. Published by Elsevier Ltd. All rights reserved.
doi:10.1016/j.ijdevnen.2011.03.008

(THAL) or valproic acid (VPA) exposure during the first trimester in
humans causes higher incidence of autism in offspring (Stromland
etal., 1994; Williams et al., 2001), thus rat models of autism can be
generated by prenatal THAL or VPA exposure (Narita et al., 2002).
Prior studies have established the behavioral, biochemical and neu-
roanatomic similarities between human cases of autism and rats
exposed to VPA in utero (Narita et al., 2010, 2002; Miyazaki et al.,
2005; Rodier et al., 1996, 1997; Ingram et al., 2000).

Peripheral fibers of several cranial nerves and ganglia are altered
after in vitro exposure of mouse embryos to VPA (Gofflot et al.,
1996). Although oral administration of drugs for delivery via the
placenta is a well known procedure for in vivo study of the effects
of treatments, the effects of in utero VPA exposure on the periph-
eral fibers of cranial nerves have not been well characterized and
detailed statistical analysis of these effects is lacking.

The central regions of the cranial motor nerves form into nuclei
within the brainstem. Exposure to a single intraperitoneal dose of
350 mg/kg VPA after E11.5 results in a significant reduction in the
size of the trigeminal and hypoglossal nuclei in adults (Rodier et al.,
1996). Defects in the facial nucleus have not been reported, despite
the presence of abnormalities in this nucleus in some human cases
of autism (Rodier et al., 1996). Moreover, it is unknown if earlier
exposure to VPA can also affect the facial nucleus.

We have previously established a rat autism model by prenatal
exposure to VPA at E9 (Narita et al., 2002; Miyazaki et al., 2005).
Human VPA-induced autism is the result of fetal exposure to this
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Control

Fig. 1. 2H3-immunostained E13 embryo treated with VPA. (A and C) Control E13 embryo without in vivo VPA treatment. (B and D) E13 embryo treated in vivo with VPA,
There was no obvious difference in size and shape between the two groups. (C and D) Higher magnification views of the boxed regions in A and C, respectively. Cranial nerves

were observed in the branchial arches and around the optic cup. Scale bar: 50 pm.

teratogen during a critical period of development that corresponds
to rat stage E9. In the present study, to identify the initial period
in which VPA affects peripheral fiber development of the cranial
nerves in utero, VPA was administered to pregnant rats at various
stages and delivered to the embryos via the placenta. VPA-exposed
whole embryos were immunostained to visualize any effects on
their cranial nerves.

2. Materials and methods
2.1. Animals and teratogen exposure

All experiments involving animals were approved by the Community of Labora-
tory Animal Research Center at the University of Mie, Japan. Details of the teratogen
administration have been previously described (Narita et al., 2002, 2010; Miyazaki
et al., 2005). In brief, female Wistar rats (7-10 weeks old) were mated overnight and
the day of insemination was designated as E1. VPA was administered once during
the period spanning E8 through E11. On E8-10 or 11 at 3:00 p.m., 800 mg/kg VPA
was administered orally without sedation to dams in each group using an infant
feeding tube (Atom Medical, Tokyo, Japan) attached to a 2.5 ml disposable syringe.
We referred to prior animal experiments using these teratogens to determine the
doses of VPA (Ingram et al., 2000; Matsubara and Mikami, 1985). 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. Whole embryo immunostaining

Immunostaining on whole mount embryos was performed according to the
methods previously described (Lee et al., 1995) with some modification. At embry-
onic day 13 (E13) embryos were removed from the dams, fixed in 4% PFA overnight
and then stored in 100% methanol. For whole-embryo immunostaining, embryos
were incubated for 7 h at room temperature with the primary antibody, mouse 2H3
monoclonal anti-165 kDa neurofilament (Developmental Studies Hybridoma Bank);
the secondary antibody, Goat HRP-conjugated anti-mouse I1gG (Jackson Immuno),
was then applied followed by a diaminobenzidine-tetrahydrochloride (DAB) reac-
tion.

2.3. Statistical analysis

At least three different dams were analyzed for each condition and the number
of embryos is referred to in the text as “n=". Digital images were captured by a light

microscope equipped with a CCD camera. The intensity of the 2H3 immunostaining
and the size of the area covered by 2H3-positive fibers were measured with the
aid of Image ] software. The relative level of immunoreactivity was determined by
comparison with the intensity of staining in the oculomotor nerves, which showed
a similar intensity in all samples. The mean and standard deviation (S.D.) was cal-
culated, and differences among the developmental stages were evaluated with a
one-way ANOVA test.

3. Results

VPA was administered once during the period spanning E8
through E11. After in vivo treatment with VPA at E8, E9, E10 or
E11, no major malformations were observed during a gross sur-
vey of the E13 embryos (Fig. 1). The number of somites between
the upper and lower limbs was 14-16, although the crown-to-tail
lengths of the embryos treated with VPA at E11 were shorter than
those treated at other stages.

To examine the early development of cranial nerves, E13
embryos were immunostained with a 2H3 antibody. As this anti-
body recognizes all axons containing neurofilament 165 kD, most
peripheral nerves, including both spinal and cranial nerves, could
be visualized (Fig. 1). Each cranial nerve was identified based on its
position relative to the optic cup and branchial arches (Fig. 1C and
D). 2H3-positive fibers extending from the mesencephalon to the
optic cup are the oculomotor nerves (1il). 2H3-positive fibers that
have three branches, with the two most anterior branches located
around the optic cup and the most posterior branch located in the
1st branchial arch are trigeminal nerves (V). 2H3-positive fibers in
the 2nd branchial arch are the facial nerves (VII). 2H3-positive fibers
in the 4th, 5th and 6th branchial arch are the glossopharyngeal (1X),
vagus (X) and accessory (XI) nerves, respectively.

3.1. Trigeminal nerves

2H3-positive populations and their locations within the
embryos were similar in control and VPA-treated groups, although
the immunoreactivity of some cranial nerves in the VPA-treated
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Fig. 2. Trigeminal and oculomotor nerves of E13 embryos. (A and B) Typical 2H3-immunostained nerves around the optic cup, maxillary and mandibular regions and the 1st
branchial arch. Although immunoreactivity of the oculomotor nerves (11I) appears similar in the control and VPA-treated embryo, immunoreactivity of the trigeminal nerves
(V) in the VPA-treated specimen appears slightly weaker than that in control (C and D) Summary of immunoreactivity and the size of the immunostained area. Open bars
indicate the embryo treated without VPA and the filled bars indicate the embryo treated with VPA. Means = SD; *p<0.05, **p<0.01,***p<0.001.

embryos was slightly weakened (Fig. 1C and D). Almost no dif-
ference was observed in the immunoreactivity of the oculomotor
nerves (1l1) in the control and VPA-treated embryos (Figs. 1 and 2);
this allowed us to compare the immunoreactivity among groups
and for each cranial nerve by normalizing them to the immunore-
activity of the oculomotor nerves which were designated as 100%
immunoreactive.

Trigeminal nerves from the flexuous pons have three branches
which extend to the optic cup, maxillary and mandibular areas
(Fig. 2). Although the axonal pathways and distribution of nerves to
the target areas were almost identical in both groups, immunore-
activity in the E10 VPA-treated embryos was significantly reduced
compared to that of controls (Fig. 2A and B). Immunoreactiv-
ity (%) was 80.3+4.6 in the control group (n=10); 82.2+7.7 in
the E8 VPA group (n=6); 69.2+9.3 in the E9 VPA group (n=7);
74.6+6.1 in the E10 VPA group (n=11); and 73.8 +3.0 in the E11
VPA group (n=7). The difference between the control and E8 VPA
group was not significant. The immunoreactivity of the trigemi-
nal nerves in the E9-11 VPA groups was significantly lower than
that of the control group (p<0.05). The area of immunostained
trigeminal nerves (x 106 um?) was 1.53 +0.10 in the control group
(n=10); 1.34+0.20 in the E8 VPA group (n=6); 1.41 £0.08 in the
E9 VPA group (n=7); 1.40+0.16 in the E10 VPA group (n=11); and
1.08 £0.25inthe E11 VPA group (n=7; Fig. 2D). The area covered by
the immunostained trigeminal nerves in the E8-10 VPA groups was
significantly smaller than that of the control (p<0.05) and this dif-
ference was even more pronounced in the E11 VPA group compared
to the control (p<0.001).

3.2. Facial nerves

Facial nerves are located in the 2nd branchial arch (Fig. 3).
Axonal pathways in the VPA treated groups were truncated and
more defasciculated than those in the control group (Fig. 3A).
Immunoreactivity in E9-11 VPA-treated embryos was lower than
that of control embryos (Fig. 3B). Immunoreactivity (%) was
80.3+4.0 in the control group (n=10); 81.6+12.7 in the E8 VPA
group (n=6); 68.2+11.9 in the E9 VPA group (n=7); 70.7+9.2 in
the E10 VPA group (n=11); and 75.4+4.5 in the E11 VPA group
(n=7; Fig. 3B). There was no significant difference between the
control and E8 VPA group. The immunoreactivity of the facial
nerves in the E9-11 VPA groups was significantly lower than
that of the control group (p<0.01). The area circumscribed by the
immunostained facial nerves (x10° um?) was 4.74 +1.24 in con-
trols (n=10); 4.28 +1.17 in the E8 VPA group (n=6); 4.71+0.91 in
the E9 VPA group (n=7); 5.54 + 1.05 in the E10 VPA group (n=11);
and 4.27 +£1.16 in the E11 VPA group (n=7; Fig. 3C). There was no
significant difference between the control group and any of the VPA
groups.

To evaluate the morphological differences, the maximum
lengths along the proximal-distal or anterior-posterior axes within
the immunostained area were measured (Fig. 3D and E). The max-
imum length along the proximal-distal axis (mm) was 1.52+0.10
inthe control group (n=10); 1.41+0.15 in the E8 VPA group (n=6);
1.44+0.14 in the E9 VPA group (n=7); 1.50+0.13 in the E10 VPA
group (n=11); and 1.30£0.19 in the E11 VPA group (n=7; Fig. 3D).
While there was no significant difference between the control and
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Fig. 3. Facial nerves of E13 embryos. (A) Typical 2H3-immunostained nerves in the 2nd branchial arch. Facial nerves appear to be misrouted and defasciculated in the
VPA-treated embryo (right), compared to control (left). (B and C) Summary of immunoreactivity and the size of the immunostained area. (D and E) Summary of the maximum

length along the proximal-distal or anterior-posterior axes of the immunostained area.

E8-10 VPA groups, the maximum length along the proximal-distal
axis in the E11 VPA group was significantly shorter than that of con-
trol. The maximum length along the anterior-posterior axis (mm)
was 0.467 +0.068 in the control group (n=10); 0.424+0.058 in
the E8 VPA group (n=6); 0.482 +0.089 in the E9 VPA group (n=7);
0.643 +0.064 in the E10 VPA group (n=11); and 0.595+0.093 in
the E11 VPA group (n=7; Fig. 3D). While there was no significant
difference between the control and E8-9 VPA groups, the maxi-
mum length along the anterior-posterior axis in the E10-11 VPA
groups was significantly longer than that of control and it appears
that the axon bundles in these VPA groups became truncated and
defasciculated.

3.3. Glossopharyngeal nerves

The glossopharyngeal nerves are located in the most anterior
parts of the 4th through 6th branchial arches (Fig. 4A and IX).
Although the axonal pathways were almost identical in both the
control and VPA-treated groups, immunoreactivity in the E9-11
VPA-treated embryos had reduced immunoreactivity compared to
that of controls (Fig. 4). Immunoreactivity (%) was 85.1+4.2 in
the control group (n=10); 87.2+12.6 in the E8 VPA group (n=6);
75.3+12.2 in the E9 VPA group (n=7); 74.8+9.3 in the E10 VPA
group (n=11); and 79.0+4.5 in the E11 VPA group (n=7; Fig. 4B).
The difference between the control and E8 VPA group was not sig-
nificant. The immunoreactivity of the glossopharyngeal nerves in
the E9-11 VPA groups was significantly lower than that of the con-
trol group (p < 0.05). The area circumscribed by the immunostained
glossopharyngeal nerves (x 10° p.m?) was 3.50 -+ 0.83 in the control
group (n=10); 3.54+0.78 in the E8 VPA group (n=6); 3.82 +0.69in
the E9 VPA group (n=7); 4.134+0.92 in the E10 VPA group (n=11);
and 3.03 +0.56 in the E11 VPA group (n=7; Fig. 4C). There was
no significant difference between the control and any of the VPA
groups.

3.4. Vagus nerves

Vagus nerves are located in the middle part of 4th through
6th branchial arches (Fig. 4A and X). Although the axonal path-

ways were almost identical in both groups, immunoreactivity in
the E9-11 VPA-treated embryos was lower than that of control
(Fig. 4A). Immunoreactivity (%) was 88.7 + 3.9 in the control group
(n=10); 92.1+£14.1 in the E8 VPA group (n=6); 81.5+8.5 in the
E9 VPA group (n=7); 79.0+10.5 in the E10 VPA group (n=11);
and 81.5+4.4 in the E11 VPA group (n=7; Fig. 4D). The difference
between the control and E8 VPA group was not significant. The
immunoreactivity of the vagus nerves in the E9-11 VPA groups was
significantly lower than in the control group (p<0.01). The area of
the immunostained vagus nerves (x10° pm?) was 3.89+0.71 in
the control group (n=10); 3.38 £0.86 in the E8 VPA group (n=6);
3.52+0.45 in the E9 VPA group (n=7); 4.04+0.56 in the E10 VPA
group (n=11); and 2.80+0.31 in the E11 VPA group (n="7; Fig. 4E).
There was no significant difference between the control and the
E8-10 VPA groups. The area of the immunostained vagus nerves in
the E11 VPA group was significantly smaller than that of control
(p<0.01).

4. Discussion

In the present study, in utero treatment with VPA after embry-
onic day 9 was shown to affect the development of the trigeminal,
facial, glossopharyngeal and vagus nerves. Immunoreactivity of the
trigeminal, facial, glossopharyngeal and vagus nerves was signifi-
cantly decreased following treatment with VPA. Facial nerves in
VPA-treated embryos also showed abnormal axonal pathways thus
demonstrating that by E13 the morphology of several cranial nerves
can be affected by prenatal VPA exposure. Our findings obtained
with an animal model of autism demonstrate the progression of
multiple developmental abnormalities induced by VPA exposure,
and suggest research into further links between such developmen-
tal anomalies and ASD.

4.1. Technical considerations

Our identification of the cranial nerves was based on the
immunoreactivity of the 2H3 antibody and the location of the
nerves in relation to the optic cup and branchial arches. During
whole-embryo immunostaining, penetration of the antibody into
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Fig. 4. Glossopharyngeal and vagus nerves of E13 embryos. (A) Typical 2H3-immunostained nerves in the region of the 4-6th branchial arch. Although immunoreactivity of
the accessory nerves (XI) appears similar in the control (left) and VPA-treated embryo (right), immunoreactivity of the glossopharyngeal (1X) and vagus (X) nerves in the VPA-
treated embryo appears to be slightly weaker than that of the control. (B and C) Summary of immunoreactivity and size of the immunostained area of the glossopharyngeal
nerves. (D and E) Summary of immunoreactivity and size of the immunostained area of the vagus nerves.

the tissue is critical for proper antigen recognition. In addition to
peripheral, cranial and spinal nerves, some mesencephalic nerves
were also visible (data not shown); these corresponded to the
medial longitudinal fasciculus nerves (Easter et al., 1993) which
are located in the neural tube and are deeper than the periph-
eral nerves. The ability to visualize these deeper nerves indicates
that penetration of the antibody was sufficient to visualize all
of the peripheral nerves. Since the 2H3 antibody recognizes only
those axons containing neurofilament 165 kD, it was impossible to
observe immature axons or the most distal parts of the axons which
contain little neurofilament (Tang and Goldberg, 2000).

Additionally, since the 2H3 antibody recognizes all axons con-
taining neurofilament, it was not possible to distinguish facial
nerves from vestibulocochlear nerves in the 2nd branchial arch.
However, while vestibulocochlear nerves terminate at the otic
vesicle located in the proximal region between the 2nd and 3rd
branchial arches, the facial nerves terminate in the distal muscle
targets (Noden, 1993). Therefore most of the 2H3-positive fibers
that we observed in the 2nd branchial arches must be components
of the facial nerves.

Use of the 2H3 antibody did enable us to compare all cranial pop-
ulations among the different experimental groups, including those
from previous studies in which 2H3 was used for in vitro analysis.
Thus 2H3 immunostaining is an appropriate tool for evaluating the
development of cranial nerves after in vivo treatments.

The quantification of immunoreactivity was based on relative
values equilibrated to the immunoreactivity of the oculomotor
nerves. Our observation that oculomotor nerve immunoreactivity is
similar between control and VPA-treated groups is consistent with
previously reported in vitro data (Gofflot et al., 1996). In the present
study, we have provided the first description based on numerical
quantification of axonal neurofilament intensity after in vivo VPA
treatment.

4.2. Morphological abnormalities of the cranial nerves

VPA-treatment at E8 affected few cranial nerves, while VPA-
treatment after E9 affected several cranial nerves. The short
pharmacokinetic half life of VPA in rodents (Nau et al., 1981) sug-
gests that the effects of VPA would be limited to a narrow temporal

window. Thus VPA treatment at E8 was likely too early to affect the
progenitor cells of cranial nerves which are born after E9. Consistent
with this, the ratio of progenitor cells that are influenced by VPA
increases as development progresses. Thus the differences in neu-
ropathy observed by varying the dosing date appear to correspond
to the presence of cranial nerve progenitor cells, suggesting that
VPA affects the environment in which cranial nerves differentiate.

Following VPA-treatment after E9, immunostaining in the
trigeminal, facial, glossopharyngeal and vagus nerves became faint
(Figs. 2-4). This result may be due to the decreased number of
axons and the number of cells in their ganglia or nuclei, since the
birth dates of most of these nuclei and ganglia correspond with
this stage of VPA administration (Altman and Bayer, 1982). VPA is
known to affect cell division and the cell cycle by disturbing his-
tone deacetylation and thus may diminish cell numbers within the
ganglia and nuclei (Phiel et al., 2001; Chen et al., 2007). Further
analysis of ganglion cell formation or nucleogenesis would clarify
this possibility. Cranial nerves that contained populations with pla-
codal origins (Noden, 1993) showed weak immunoreactivity; this
suggests that VPA may also have an effect on the cell migration and
aggregation that is necessary for formation of peripheral cranial
ganglia.

Facial nerves in VPA-treated embryos showed abnormal axonal
pathways (Figs. 2 and 3) suggesting that the expression of axon
guidance or cell adhesion molecules were disturbed by VPA treat-
ment. To examine this possibility, systematic expression analysis or
subtraction assays between control and VPA-treated animals could
be used to elucidate these molecular mechanisms.

Another possible explanation for the abnormal axonal path-
ways observed in the facial nerves is that VPA exposure may
have changed the identity of the rhombomeres. Various combi-
nations of Hox gene expression are used to specify individual
rhombomeres as well as regulate the differentiation of cranial neu-
rons (Yamamoto and Schwarting, 1991; Noden, 1993; Erzurumlu
et al,, 2010). Retinoic acid contributes to the caudalization of the
rhombencephalon (Altmann and Brivanlou, 2001; Yamada, 1994)
and VPA has been associated with retinoic acid responsive elements
as well as alteration of Hox gene expression (Conlon and Rossant,
1992; Langston and Gudas, 1992). Animals exposed to retinoic acid
inutero have similar patterns of craniofacial, limb, and heart defects
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as those exposed to VPA (Ehlers etal, 1992). These reports indicate
that VPA-exposure affects developmentin the rhombencephalon
Oculomotor nérves in the mesencephaicn were not affected
by VPA exposure (Fig: 2} and our observation is consistent with
previously reported in vitfo-data ({}c}fﬁof etab, ‘1996), Ocular
motility is regulatéd by the. oculomotor, 'och}ear and abducens
nerves (Yamamom and: Schwax fmg, 19 1)’ ‘While the oculomo-
tor and trochlear nerves originate from the mesencephalon. the
abducens nerves originate from the rhembencephalen (‘x’amamota«
and Schwartmg, 19971 ). Inautism patients, abduction defects inocu=
lar mntxhty are mos commonly observed (Millereta .;2605} These’
findings also support the idea that VPA—exposure has a’ greater

effect on develapment in. the rhombencephalun than the mesen-:

cephalon.
4.3. Clinical significance

The embryomc stage E9-11inrat, when VPA treatmer;t hegms'

Erzummtu 6t aL, 201{}) corresponds to he 3rd weék‘ in human"
gestancn. Pregnant women administered VPA durmg these'stages
‘sometimes give birth to children with fatal. valproate syndmme

(Miller: etial., 2005; Orncy 2009). The: pharmacckmetxr: half life
of VPA in-humans is ten fold longer than in rodents (Nsu et-al,
1981}, suggestmc that the effects of VPA~treannent on the devel-

opment of cranial nerves that we cbsewed in ' the rat would be:

miore pronounced in humans. The combmatlon of observation and

statistical analysis we presented here will contribute fo the over-

all understandmg of cranial nerve develapmént and’ may be. used
to determine more appropriate conditions for drug administration
dunng pregnancy.

Currently; it is unknown: if abnormal morphogenesis during
these early stages causes postnatal pl ys;ologzcaf dysfuncnon Dur-
ing development of the facial nerve nuclei in autism patients,
dtsc:rdered caudal rnigration was shown ‘to cause facial disease
(Rodieretal, 3996) Analysis of eyeblmk in VPA—exposed rat mod-
els of autism may help to determme the level of function of the
facial nerve: Furthermore, given: that the giossopharyngeal and
vagus nerves contribute to the reguiatmn of circulation and respi-
ration (Dam;mey, }994 Chan and Sawchenko,; 1998), the obsetved
anemalous development of these nerves suggests that physiolog-
ical functions such-as baroreflex should also be examined. These
and further findings may-aid i in the éluz:idatmn of the mechanisms
underlymg multiple inherent diseases.
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