NEUROFIBRILLAR DIFFERENTIATION IN 8- TO 14. SOMITES
CHICK EMBRYOS

EROS ABRANTES ERHART *

The beginning of the neurofibrillar differentiation and the development of
young neuroblasts in mammals, birds and amphibians attracted the attention
of several authors, among them: His38, Cajal3, Collin+4, Gerinié, Cowdry 5,
Tello 19, Windle and Austin 11, Angulo y Gonzalez2 and Aboulafia!. How-
ever, none of them pointed out the presence of fibrillar structure in chick
embryos younger than 15 somites. Windle and Austin state: “No trace of
neurofibrillar differentiation was observed in chicks smaller than 15 somites
but fibrils seem to be forming in 15- and 16- somite specimens.... Our
observations on 15- to 18- somite chick embryos agree fairly well with those
of Cowdry. This investigator found a few cells of the mid-brain with fibrils
at 15 somites”.

Our own investigations showed that the neurofibrillar differentiation could
be observed in much younger chick embryos, in the rhombencephalic wall
of a closing neural tube. Such a differentiation seems to follow definite pat-
terns, since the neuroblasts which first appeared in all the studied chick
embryos were restricted to definite areas.

Our thanks are due to Dr. Rita Levi-Montalcini and Dr. Viktor Ham-
burger for their advice and criticism throughout this investigation.

MATERIAL AND METHOD

The material used were chick embryos considered normal according to the stage
series of Hamburger and Hamilton?. They were impregnated with silver following
De Castro’s modification of Cajal’s method (for details see Levi-Montalcini?) and
studied in transverse serial sections.

As is known, the silver-reduction techniques employed for impregnating embryo-
nic nerve tissue are not uniform concerning the strength of the silver deposition.
In our cases the neurofibrillar differentiation could be seen clearly in 23 of the 8-,
10-, 11-, 12-, 13- and 14- somite chick embryos that were impregnated; in others,
the reaction failed completely or was very light.

To establish the primitive patterns shown by these embryos, a number of older
ones were also studied in order to follow the progressive differentiation. The older
the embryo, the more constant is the silver reaction.

Trabalho realizado no Departamento de Zoologia da Washington University, St
Louis, Missouri (Prof. V. Hamburger). Apresentado sob forma de Tese de Doutora-
mento, defendida na Fac. Med. da Univ. de S&o Paulo em 12 setembro 1956,

* Assistente do Departamento de Anatomia, Seccio de Neuranatomia, Fac. Med
da Univ. de S&o Paulo (Prof. O. Machado de Sousa); Fellow da W. K. Kellogg Founda-
tion em 1954-1955.
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OBSERVATIONS

The youngest embryo in which fibrillogenesis could be observed was an
8- somite embryo. Several neuroblasts (32 in 54 sections) were recognizable
by their neurofibrils, which appear as very delicate black-brownish threads,
about the nuclei of rounded or spindle-shaped cells located in the lateral
neural wall adjacent and just caudal to the otic invagination (figs. 1 and 2).
The neural tube at this level is still open. Some of the neuroblasts are
apolar (according to Angulo y Gonzalez 2), but the typical bipolar ones are
predominant. They are situated at various distances from the ependymal
membrane, even in the outer zone. As their axonal process cannot be traced
because they are still very short, it is impossible to classify such cells function-
ally. The other levels of the nervous system did not show cells undergoing
neurofibrillar differentiation.

At the 10- and 11- somite stages, the neurofibrillar differentiation showed
up as in the 8- somite embryo: it was restricted to the neural tube wall
adjacent and just caudal to the incipient otic vesicle. Here, too, the grow-
ing axons were very short and did not permit a definite functional classifica-
tion. However, a comparison with cells in the same location in later stages
makes it probable that we are dealing with prospective association or reticular
neurons.

At 12 somites, the neurofibrillar differentiation is more evident and the
neuroblasts are no longer confined to the region of the otic invagination; a
few are also evident at the junction of prosencephalon and mesencephalon
(figs. 3 and 4). The general morphology of these cells is the same as that
of the rhombencephalic neuroblasts of the 8- somite stage. The rhomben-
cephalic neuroblasts of the 12- somite embryos, although more numerous at
the level of the otic invagination, can be found throughout most of the lateral
walls of this brain stem segment. They are situated at various distances
from the ependymal membrane and are typically bipolar or unipolar; as the
latter (fig. 5) show already growing axons coursing ventrad toward the floor
plate, inside the walls of the neural tube, they can be identified as reticular
or association neurons.

At 13 and 14 somites the same pattern is observed with an increasing
number of differentiating neuroblasts. The ones located in the prosencepha-
lon-mesencephalon junction (figs. 6 and 7), send their axons caudad so as
to form what seems to be the primordium of the fasciculus longitudinalis
medialis. The rhombencephalic neuroblasts, at this stage, are disposed in
three more or less distinct groups: one, cranial to the otic vesicle at the
trigeminal level; another, at the otic vesicle level; and a third, at the vagus
level. They can be seen either in the basal or alar plates (fig. 8) with
growing axons coursing ventrad, craniad or caudad inside the neural walls
so as to form the primordia of the association and cordonal systems. Al-
though we were not able to see axons leaving the neural tube, this grouping
might indicate a relation of these association neurons to the primordia of the
cranial motor nuclei V, VII and vagal complex, which are the first to appear
at the end of the second day of incubation.
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PLATE I

Photomicrographs taken from silver-impregnated chick embryos transverse sectioned

10 4; they were not retuched. Figs. 1 and 2: 8-somite stage. Evident neuroblasts in

the still open rhombencephalic neural tube adjacent and just caudal to the otic in-

vagination (x1,000). Fig. 3: 12-somite stage. Neurofibrillar differentiation begin-

ning to appear at the prosencephalon-mesencephalon junction (x240). Fig. 4: Detail

of figure 3 showing one neuroblast (x1,400). Fig. 5: 12-somite stage. Unipolar
neuroblast at the otic invagination level (x 1,000).



302 ARQUIVOS DE NEURO-PSIQUIATRIA

PLATE II

Photomicrographs taken from silver-impregnated chick embryos transverse sectioned

10 4; they were not retuched. Fig. 6: 14-somite stage. Level of the prosencephalon-

mesencephalon junction (x240). Fig. 7: Detail of figure 6 showing the neuroblasts

(x1,400). Fig. 8: 14-somite stage. Neuroblasts with growing axons in the lateral
neural wall of the rhombencephalon (x 1,000).

DISCUSSION AND CONCLUSIONS

Our knowledge of the first differentiation of neuroblasts is scanty be-
cause we have to rely mainly on silver-impregnations. Once a cell exhibits
an affinity for silver, we are certain that it has acquired the properties of
a neuroblast, but we know that the results of impregnation are not uniform
cause we have to rely mainly on silver-impregnations. Once a cell exhibits
at the time of fixation may play a role. As information on this topic is
still missing, the present investigation was mainly focused on the early ap-
pearance of the neurofibrillar differentiation in the chick embryo.
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Concerning the levels of the nervous system and the type of cells with
which the differentiation begins, our own results agree with those of Cowdry 5,
Tello 1 and Windle and Austin 11, who pointed out that the first neurons to
differentiate are association neurons, which appear in the rhombencephalon
and at the mesencephalon-prosencephalon junction. Furthermore, Windle
and Austin state that prior to the end of the second day of incubation,
primary visceral motor neuroblasts are also present and the anlagen of such
adult tracts as the medial longitudinal and reticulo-spinal fascicles can be
seen. However, we were able to trace the neurofibrillar differentiation to
stages much earlier than had been observed before; as can be seen in our
8- somite chick embryo, clearly reacting neuroblasts are already present in
the still open rhombencephalic wall.

Another interesting point that could be observed, and as far as we know
was not previously mentioned, is the position inside the neural tube of the
first neuroblasts to appear, the ones which will become reticular and associa-
tion neurons. Although they obey patterns of distribution along the main
axis, they do not seem to follow a dorso-ventral pattern in the tube; they
appear throughout the entire neural wall. This point should be carefully
studied in further investigations.

RESUMO

Com o intuito de estudar o inicio da diferenciacao neurofibrilar de neuro-
blastos foram preparados cortes seriados de embrides de galinha impregnados
pela prata, modificagcdo de De Castro do método de Cajal.

A diferenciacao neurofibrilar inicia-se em fases mais jovens que as des-
critas na literatura. Em embrides de galinha de 8 somitos, os primeiros neuro-
blastos sao encontrados na regido rombencefalica do tubo neural, ainda aberto,
na altura da invaginacido o6tica. Aos 12 somitos, os neuroblastos comecam
a aparecer, também, na juncdo prosencéfalo-mesencefalica, e aos 14 somitos,
bem mais diferenciados, apresentam evidente,aumento numérico.

Os neuroblastos localizados na jungdo prosencéfalo-mesencefalica enviam
seus axodnios caudalmente, constituindo o que parece ser o primoérdio do fas-
ciculo longitudinal medial. Os neuroblastos rombencefalicos enviam seus axo-
nios ventral-, cranial- e caudalmente, na espessura das paredes neurais, cons-
tituindo, provavelmente, os primordios dos sistemas cordonais e de associacao;
por apresentarem-se mais ou menos grupados nos niveis do trigémio, facial
e vago, talvez induzam, também, a pré-organizacao dos primérdios dos nii-
cleos motores dos nervos V, VII e do complexo vagal.
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