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considered to be less differentiated'?. Few mast cells in the
membranes examined had discharged their granular contents.
Accounts of when mast cells first develop are conflicting'®;
however this report of the presence of mast cells at 3 days in
the chick yolk-sac vasculature is the earliest at which mast cells
have been identified. Recently mast cell precursors have been
discovered in the early mouse yolk sac at 9.5 days (equivalent
to 3 days of chick embryo development), but the method em-
ployed was not able to ascertain at what time the precursors
gave rise to characteristic mast cells'.
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Evidence for reopening of the cranial neural tube in mouse embryos treated with cadmium chloride

B.P. Schmid"3, J. Kao? and E. Goulding

Laboratory of Reproduction and Developmental Toxicity, National Institute of Environmental Health Sciences, P.O.Box 12233,
Research Triangle Park (North Carolina 27709, USA), 26 August 1983

Summary. Use of the whole-embryo culture technique resulted in experimental evidence that the pathogenesis of exencephaly in
mouse embryos after cadmium chloride treatment results from reopening of the cranial neural tube.
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Neurulation is one of the earliest and most important pro-
cesses that developing embryos undergo during the organ for-
mation phase. This process is a very complex one, during
which various morphogenetic events take place simultaneously
at an extremely rapid rate. In the mouse, for example, the cen-
tral nervous system (CNS) primordium is established within
about a two-day period.

It is known that chemicals can cause CNS abnormalities dur-
ing embryonic and fetal development, The most common CNS
defects are anencephaly in humans*> and exencephaly in expe-
rimental animals (for review, see Lemire et al.%). The patho-
genesis of these anomalies is as yet unknown, as is whether
they are due to non-closure or reopening of the neural tube.
This study reports the effects of cadmium chloride (CdCl,) on
the neural tube closure of mouse embryos. CdCl, was selected
for this study, as this chemical was shown to produce high
incidences of exencephaly in term mouse fetuses when adminis-
tered to pregnant mice during organogenesis®, as well as to
cause changes in the neuroepithelium during the process of
neural tube closure’. CdCl, administration to pregnant rats at
various intervals after copulation has shown the greatest per-
centage of accumulation in embryos which were at the early
phase of organogenesis'®.

Investigations were carried out with the aid of the postimplan-
tation embryo culture technique’. This method not only pro-
vides access to embryos at the early stages of organogenesis
but also enables direct extracorporeal observation and manip-
ulation of the embryos.

Material and methods. Medium preparation. The medium con-
sisted of 100% male rat serum. Blood for the serum was taken
from the dorsal aortas of CD-rats (Charles River Laboratories,
Wilmington, MA), and centrifuged immediately. The serum
was then decanted and stored at —20°C. All sera were carefully
thawed and heat-inactivated at 56°C for 40 min prior to use.
Culture conditions. Early organogenesis CD-1 mouse concep-
tuses (Charles River Laboratorigs, Wilmington, MA) were ex-
planted on day 8 (plug day = 0) and the maternal decidua and
Reichert’s membrane removed. The embryos (3-5 somites)
within their yolk-sacs and amnions were cultured at 37.5°C for

Effects of cadmium chloride on mouse neural tube tube development in
vitro observed after a) 24 h and b) 48 h exposure periods

Cadmium No. of embryos Embryos Mean

chloride treated showing open morphological

(x 1076 M) neural tubes score

a) 0.0 25 0(0) 282%0.1
1.1 14 0 (0) 26.1+0.1
1.3 14 0 26.3+0.2
1.6 6 0 26.2+£02

b) 0.0 82 0(0) 433402
1.1 13 4 (30.8) 39.5+1.3
1.3 10 2 (20.0) 42,6+ 04
1.6 14 7 (50.0) 37.1+£19

Numbers in parentheses: percentages.
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24 h or 48 h. Various concentrations of CdCl,, or the distilled
water vehicle, were present during the entire culture period.
Two embryos per bottle were cultured in 5 ml of serum, the
bottles were rotated at 11 rpm. Gassing conditions were as
described previously'!. All operations were carried out asepti-
cally, and no antibiotics were used. At the end of the culture
period the embryos were dissected from the yolk-sac and am-
nion. Embryos which had fully rotated, and had a heart beat
and fully developed yolk-sac blood circulation, were evaluated
according to a morphological scoring system'?. This scoring
system also included a check for neural tube defects.

Results and discussion. Tissue of the early somite stage embryos
(fig. 1) cultured in control serum for 24 h became extensively
differentiated into the primordia of neural, sensory, cardiac,
circulatory and hepatic tissues. At this stage the embryos con-
tained about 21 somites, were ventrally curved and the neural
regions were closed (table, a). Embryos cultured in the pres-
ence of CdCl, at concentrations as high as 1.6 uM were com-
parable in morphology and size to the control embryos, and
had comparable differentiation scores (table, a).

A concentration-dependent variety of dysmorphogenic effects
was, however, observed in embryos cultured in the presence of
CdCl, for 48 h. Non-closure of the cranial neural tube region
was highly evident (fig.2, table, b), indicating that the in vitro
system responded similarly to in vivo CdCl, treatment. The
abnormality was often associated with irregular fusion of the
telencephalic and mesencephalic regions, and with stunted
telencephalic hemispheres. Other differentiation parameters
were not significantly affected, as the morphological scores

Figure 1. Day-8 mouse conceptus after dissection of the maternal com-
partment (Theiler stage 12). Forehead region (FB) and somites (S) are
visible through the yolk-sac membrane (YS); EC: ectoplacental cone
(6.5:1).

CONTROL

Figure 2. Representative photomicrograph of mouse embryos cultured
for 48 h in either the absence (control) or presence of 1.6 uM cadmium
chloride (CdCl,). The open neural region in the mesen-/telencephalic
area is indicated by arrows.
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were comparable to those of the controls. No apparent adverse
effects were observed in the 82 control embryos also main-
tained for 48 h in vitro.

It has been shown that treatment of day-8 mouse embryos in
utero with 4 mg/kg CdCl, resulted in histopathological
changes of the neuroepithelium already 8 h after treatment®.
The effects observed were dark-staining bodies, and were inter-
preted as autophagic vacuoles, or cytolysosomes. These find-
ings indicate that alterations on a cellular level can occur be-
fore neural tube closure takes place. Nevertheless, as shown in
the present study, the cranial neural tube is able to close.
Reopening of the cranial neural tube, on other hand, may also
be the result of damage initiated in the neuroepithelium on
days 8-9 by CdCl,.

Most investigators have postulated from observations of
experimentally produced exencephaly in animals that the
origin of exencephaly is in most cases due to a failure of the
rostral part of the neural tube to close. These investigations
were carried out in whole-animal systems, which have the
disadvantage that direct access to the embryo is impossible.
Moreover, intra- and interuterine variability of the devel-
opmental embryonic stages is known to be great. In mice, for
example, intrauterine differences in embryonic development
have been shown to be four Theiler stages'®, which corre-
sponds to about a 2-day period. Our findings indicate that a 24
h CdCl, exposure period of mouse embryos in vitro resulted in
normal embryos, whereas 48 h CdCl, treatment caused a high
incidence of cranial neural tube defects. This suggests a re-
opening of the neural tube in this region within a few hours.
Basic mechanistic studies on this type of anomaly should
therefore be carried out under defined conditions, e.g. by the
use of the postimplantation embryo culture system.

Siegers and his collaborators recently reported that CdCl, con-
centrations measured in the amniotic fluid of smoking preg-
nant women averaged around 8 ng/mi'%. This concentration is
about !/,; of the lowest concentration causing exencephalies in
our in vitro experiments (1.1 pM). These low concentration
levels found in the immediate environment of the developing
human embryo could explain the fact that, though the terato-
genicity of CdCl, in experimental animals is well documented,
embryotoxic effects could not be found in the human off-
spring"®,
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