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The Formation of the Front Part of the
Neural Tube

The textbooks generally follow the earlier descriptions
of the mode of formation of the front part of the neural
tube. For instance, His! observed a rostral and a caudal
region of this part of the neural tubz, which von Kupr-
FER? called archencephalon and deuteroencephalon re-
spectively. The latter was not considered to be distinctly
delimited caundally. The corresponding embryonic stage
was called the ‘two-vesicle-stage’.

As early as the 17th century a ‘three-vesicle-stage’ was
observed in chick embryos, arising according to voN
KuprrER by division of the deuteroencephalon into a
rostral dilation, the mesencephalon, and a caudal one, the
rhombencephalon. The archencephalon or, as it is also
called, the prosencephalon, remains on the other hand
undivided.

The final stage in external morphogenesis was de-
scribed as a cleavage of the prosencephalon into the tel-
encephalon and the diencephalon of the rhombencephalon
into the metencephalon and the myelencephalon, This is
the ‘five-vesicle-stage’. It is later transformed through
cell migrations, cell differentiations, and so on. In prin-
ciple, however, the division into five ‘vesicles’ is still used,
even when adult stages are described.

Von Kurrrer? already observed a primary transversc
banding before the closure of the neuropore and after that
a secondary neuromery. Hirr?® found a distinct neuromery
in, for example, living salmon embryos.

By examination of the ontogenesis of the neural tube in
embryonic stages following close upon each other, by
model construction on large scale, by graphic reconstruc-
tions, by section series cut in various directions and by
comparative studies, confirmation of such neuromeries
was provided by among others BERGQUIST#™7, KALLEN
and LiNDsxKoG®, SarTeErsDaL®?, BerGgQuist and KirL-
LEN16, KArrEn12-15 Later these observations were
confirmed by Wepin1%? SveETLOF!® and others. The
transverse banding can be followed right to the caudal end
of the neural tube. The neuromeres appear principally in
a rostro-caudal sequence (JoHNsoN'?, BERGQUIST,
KALLEN2), Besides voN KUPFFER’s two different succes-
sive neuromery systems, a third neuromery system has
been demonstrated, which appears after the other two.
The three phases of neuromery have been called pro-
neuromery, neuromery and postneuromery (BERGQUIST
and KALLEN!), They are separated by the interneuro-
meric phases I and II, during which the transverse band-
ing appears less distinct or is even quite extinguished,

During the postneuromery a longitudinal grouping of
the cell masses in the wall of the neural tube also appears.
These are the so-called His-Herrick longitudinal cell
columns. In this way a squared pattern arises. The single
squares have been called ‘Grundgebiete’ by BErGguisT
and ‘migration areas’ by BERGQUIST and KALLEN®IL,
These regions are later split and become more compli-
cated, From them cell groups can migrate during the so-
called successive migration phases I and 11 and by degrees
give rise to cortical layers or cerebral nuclei at the same
time as cell differentiation starts.

Contrary to the Herrick?® and KUHLENBECKZ-%¢
school, which analyses a theorectical ‘Bauplan’, BERG-
ouisT?? and BErGguisT and KALLEN* have stressed the
migration-area-pattern, which is based on experimental,
mitotic-analytic and comprehensive morphogenetic exam-
inations.

According to SAUER® mitotic activity is to be found
only in the neural epithelium adjacent to the ventricular
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lumen. After a sufficient number of cells have been
formed, they migrate laterally into the wall of the neural
tube. A correlation between mitotic activity developing
in this matrix layer, the neural epithelium and the form
pattern of the neural tube was confirmed by CoGHILL®.
BERrGgUIsT 22 found that, during the migration-area phase,
so-called proliferation furrows on the inside of the wall
of the neural tube are correlated with an increased mitotic
activity in the neural epithelium close to the neural tube
lumen (the neurocoel). KALLEN #1:2030 pointed out that in
neuromere bulges a higher mitotic frequency could also
be established. The interneuromic phases showed a falling
mitotic frequency (BERGQUIsT and KALLEN?). The suc-
cessive migration also precludes an increase in the nurmber
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Fig. 1. Diagram of proneuromery, neuromery and postneuromery
and of the interneuromere phases I and II between them.
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of mitoses in the neural epithelium (BEreguisT?!). Com-
Pare HAMBURGER 3%, HARKMARK 3%, SAETERSDAL?, HuGos-
SON3 and RUYDEBERG .

By exposing chick and mouse embryos to colchicin
KALLEN 3037 obtained embryos with mitotic cells arrested
In metaphase on the ventricular surface of the neural
tube. Simultaneously a marked deepening of the neurc-
meric folds and of the proliferation furrows was obtained
—probably due to the accumulation of cells at the ven-
tricular surface.

By time-lapse filming (MENKES®, BErGQUIST®) both
neuromere phases and interneuromere phases have been
observed in living chick embryos.

By the studies on proliferation patterns, the colchicine
experiments, and the time-lapse filming the purely mor-
Phologic results concerning neuromeries, interneuromere
Phases, migration areas and successive migrations have
been partially or entirely substantiated. The cause of the
different sequences of proliferation patterns is probably
of inductive nature but its detailed cause is unknown,
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Fig. 4, Diagram of the dynamics of the proliferation during early
CNS ontogenesis, ®) HampurGcer and Hamirton 4,
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The course of morphogenesis seems to proceed as fol-
lows: (1) Through induction from the chordamesoderm a
neural placode is formed. The placode forms a neural
groove, which, when it folds up, is divided into transverse
bands {proneuromeres), which can be followed right into
the caudal part of the neural groove. (2) The proneuro-
mery is succeeded by internenromeric phase I of very
short duration, during which the transverse banding ap-
pears less pronounced or is totally obliterated. {3) The
internenromeric phase I is succeeded by the most pro-
nounced transverse banding, the neuromery, which also
remains longest in the neural tube and like the proneuro-
mery extends mainly in a rostrocaudal sequence. (4) Inter-
neuromeric phase II then occurs in a similar way to
interneuromeric phase I. This phase also passes quite
rapidly. (5) The third phase of transverse banding, the
postneuromery, which arises after the interneuromeric
phase II, develops in a rostro-caudal sequence, but stops
in the caudal part of the brain. (6) At about the same
time as the postneuromery the His-Herrick cell columns
arise in the longitudinal direction. They cross the post-
neuromeres, giving rise to a squared pattern, the squares
of which frequently soon divide into smaller regions. They
have been called migration areas. (7) At the stage of CNS
development when postneuromeres or migration areas are
observed, vigorous cell migrations may take place in the
neural tube. The first migration (migration I) coincides
with these morphologic events. Later a second cell migra-
tion {migration II) can start independently in some par-
ticular parts of the embryonic brain. (8) Afterwards the
cell masses are arranged in cortical and nuclear structures
of the brain at the same time as cell differentiation ad-
vances. (9) The embryonic events from proneuromery
through the successive migrations are correlated with a
changing mitotic activity. {10) Secondary vesicles also
arise in the proneuromere stage as eye dilatations. Later
further evaginations arise as the hypothalamic sac, the
hemispheres, the epiphysis, the optic evagination, the
tectum and so on.

A description of early brain morphogenesis based on
the so-called brain vesicle stages does not appear to be
justified.

Zusammenfassung. Die Ontogenese des Zentralnerven-
systems durchlduft drei frithe Entwicklungsphasen: Pro-
neuromerie, Neuromerie und Postneuromerie. Danach
folgen: distale Zellmigrationen in die Neuralrohrwand.
Samtliche Phasen sind mit der Mitosenaktivitit korre-
liert.
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