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THE capacity for continued growth and differentiation, up to a certain point, of
grafted fragments of the embryonic nervous system has been amply demon-
strated in lower vertebrates. In the chick, for example, it has been shown that
if segments of the spinal cord anlage are implanted on the allantois, the cells
of the neural plate show high powers of proliferation and typical nerve-cells
with abundant processes are formed (Danchakoff and Agassiz, 1924). In the
cord the three layers-ependymal, mantle, and marginal-are developed, and
the neuroblasts of the mantle layer become arranged in groups resembling the
ventral and dorsal horns of grey matter in the normal cord. Similar powers of
differentiation were found by Hoadley (1924) in portions of the embryonic
mesencephalon of chicks of 48 hours' incubation, which had been grafted on
the chorio-allantoic membrane. The roof of the mesencephalon acquired a
laminated structure similar to that which is characteristic of the tectum opticum
of a normal 8-day chick, with outer and inner cell layers and outer and inner
fibre layers.

As regards mammalian tissues, the differentiation of transplanted primordia
of the eye and ear of rabbit embryos grafted on to the omentum has been
demonstrated by Waterman (1932). The various layers of the retina (nuclear
layer, inner reticular layer, ganglion-cell layer, and nerve-fibre layer) can all be
recognized, and the optic nerve also commences its development. In the otic
primordia the maculae and cristoe acoustics of the labyrinth appear, sometimes
associated with identifiable ganglion-cells and nerve-fibres. Continued growth
of nervous tissues has also been observed in total or partial transplants of rat
embryos which have been grafted on to the chick chorio-allantois (Nicholas and
Rudwick, 1933). Thus the ectoderm of the medullary plate may form the main
subdivisions of the central nervous system, including a well-developed neural
tube and vesiculation of the cerebral region. Diencephalic diverticula may
appear and the mesencephalon may show a characteristic thickening of the roof.
Nerve-fibres wander out from the cord to end blindly in the surrounding
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mesenchyme, and the cellular arrangement inside the cord for a time proceeds
normally in its differentiation.

In none of these experiments has any attempt been made to determine how
far individual neurones in different parts of the brain can proceed in their
differentiation towards the attainment of the cytological characters of the
corresponding mature nerve-cells.

The present investigation of the capacity for self-differentiation of mam-
malian cerebral cortex was initiated by a consideration of its relative structural
independence of connections with other parts of the brain. In 1911 Nissl
reported that if portions of the cerebral cortex are separated from subcortical
centres in young rabbits, some cell atrophy occurs in the infragranular layers.
On the other hand, the superficial layers of the cortex show very little change
-indeed, they may even undergo further development. In a recent study of
the visual cortex in the macaque monkey (Le Gros Clark and Sunderland, 1939)
it was found that isolation from other parts of the brain led to remarkably
little change, except for the atrophy of certain large cells of the granular and
infragranular layers, a slight " thinning-out " of cells of all the layers, and the
disappearance of certain fibres. It thus appeared that most of the cells of the
visual cortex comprise an intrinsic cortical mechanism which is not dependent
for its normal existence and organization on connections with other parts of
the brain.

In considering the most suitable medium for the implantation of fragments
of embryonic cortex, the brain of young animals naturally suggested itself,
since this tissue may be presumed to supply an appropriate nutritional environ-
ment for the graft. Intracerebral implantation has been employed by previous
investigators for the study of the growth and differentiation of embryonic
tissues, but the earlier reports on this method were not encouraging. del Conte
(1907) concluded that in dogs brain tissue was definitely unfavourable for such
transplants, and he supposed this to be due either to the adverse influence of
certain cellular elements in the brain or to the sparsity of blood-vessels in the
white matter. However, he obtained good results with the intracerebral
implantation of pituitary tissue. Tiesenhausen (1909), in a comprehensive
study of the implantation of faetal tissues in fowls, also found practically no
success with grafts inserted into the brain. More recently, however, the
method has been used with excellent results by Willis (1935) in the case of rat
embryos. He injected minced tissues derived from rat embryos ranging from
the earliest phases of gestation up to the 3-5-cm. stage into the cerebral hemi-
spheres of young rats, and in many experiments he obtained the survival and
growth of tissues of various kinds. In no case, however, did he find in the
implants any surviving structures of the central nervous system. However, it
seems probable that the survival of neuroblastic tissue in these grafts may have
been prevented by the proliferative activity of mesodermal tissues introduced
at the same time.

In the present study rabbit embryos of 15 to 20 days were used and portions
of foetal cortex were freed from their mesodermal coverings before being im-
planted as isolated fragments into the cerebral hemispheres of young rabbits.
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NEURONAL DIFFERENTIATION IN FIETAL CORTICAL TISSUE 265

Methods
Under ether aneesthesia and with a strictly aseptic routine the rabbit embryos were

removed from the uterine cornua and placed in sterile saline solution. With the aid
of a binocular microscope and fine ophthalmic instruments, the skin and the subjacent
mesodermal tissues were stripped off the surface of the feetal brain. Fragments of
the exposed cortical surface of the cerebral hemispheres were then excised and placed
in sterile saline in an incubator while preparations were made for their implantation.

The host animals were young rabbits aged about six weeks. Under ether anxsthesia
and with an aseptic operative technique, the roof of the skull was exposed by a
longitudinal skin incision, a small trephine hole was made over the frontal region of
one cerebral hemisphere, and the dura mater opened. For the insertion of the
foetal cortical tissue a sternal puncture needle with a bore of 2-2 mm. was employed.
The usual pattern was modified by bluntly bevelling the end and by providing it with
an accurately fitting plunger which, when pushed home, projects 1 mm. beyond the
open end of the needle. A fragment of foetal cortex was placed just within the lumen
of the needle and the latter was then introduced obliquely through the trephine hole
and pushed into the brain of the host until (as judged by previous dissections) it had
reached the cavity of the lateral ventricle. The plunger was then pushed home and
the needle withdrawn. The slight degree of venous hemorrhage from the brain
which usually followed this procedure was easily arrested by the local application of
a pledget of cotton-wool soaked in hot saline. The scalp wound was closed with
sutures.

The host rabbits were killed about four weeks after the operation. In each case
the brain was removed immediately after death and the hemisphere containing the
implanted tissue placed in 70 per cent. alcohol. After fixation for 2 days the region
of the implantation was exposed by a coronal incision and the cut surface inspected
with a binocular microscope. Suitably trimmed blocks were then prepared, embedded
in paraffin, and sectioned serially at a thickness of 15,u. Alternate sections were
stained with Borell's methylene blue and Bodian's protargol technique, thus providing
the material for a correlated study of cellular architecture and fibre pattern.

In many of these experiments the implanted neuroblastic tissue had survived and
had undergone some degree of growth and differentiation. This was usually most
marked in the wall of the lateral ventricle, though in some cases masses of nervous
tissue had also developed near the base of the brain in the region of the tuberculum
olfactorium.

Results
On first inspection of the serial sections in the successful experiments, the

most striking feature of the grafted tissue is the degree to which individual
neurones had undergone cytological differentiation, and the present report is
primarily concerned with this phenomenon. The neuronal differentiation may
best be described by reference to one experiment (rabbit 62) in which a circum-
scribed mass of neural tissue had grown in the hippocampus and fornix where
these structures project into the cavity of the anterior part of the lateral ventricle.
In this instance a fragment of cortex from a 15-day embryo was implanted in
the brain of a 6-weeks-old rabbit on 9th September, 1939, and the animal was
killed 32 days later. If the cells of the implanted tissue had continued to grow
and undergo differentiation at the normal rate, therefore, they would be
expected to have reached a stage of development equivalent to that of an
18-days-old rabbit.

In Fig. 1 is shown a photomicrograph of a coronal section through the
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266 W. E. LE GROS CLARK

lateral ventricle and hippocampus of rabbit 62, which illustrates the general
appearance of the implanted tissue under a low-power objective. It has
established itself in the substance of the hippocampus and dorsally it forms a
surface eminence bulging into the cavity of the lateral ventricle. Below it
extends into the column of the fornix, and here it also forms a surface eminence
on its lateral aspect.

The nerve-cells of the implant show a definite grouping and they have
clearly undergone a segregation in relation to their cell-type. Clusters of large
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Fig. I.-Coronal section through the lateral ventricle and hippocampal formation of rabbit 62,
showing the mass of nervous tissue developed from implanted fsetal cortex. Borell's
methylene blue ; x 30.

cells are distinctly segregated from groups of medium-sized and small cells, and
sometimes demarcated by relatively acellular zones. The arrangement of the
cells in each group shows considerable variation. They may form an irregular
clump, but not infrequently they are disposed in whorls or in a somewhat
indistinct laminar formation. The latter is of particular interest, since a
laminar pattern is characteristic of the normally developed cerebral cortex.

Before describing the neuronal differentiation in the implanted tissue,
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NEURONAL DIFFERENTIATION IN F(ETAL CORTICAL TISSUE 267

reference should be made to the structure of the normal embryonic cortex. In
a rabbit embryo of 15 days (of which a borax-carmine series of sections was
available for study), the cerebral cortex on the lateral surface of the hemisphere
shows almost no differentiation (Fig. 2a). A continuous layer of neuroblasts,
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Fig. 2.-(a) Section of cerebral cortex of a I 5-day rabbit embryo. The cavity of the lateral
ventricle is below. Borax carmine; x 350. (b) Section of the cortical layer of cells in a 20-day
rabbit embryo. Above is the zonal layer of the cortex, below is seen the superficial part of
the intermediate zone of the wall of the cerebral vesicle. Borell's methylene blue; x 350.

the germinal layer, extends from the cavity of the lateral ventricle towards the
surface of the brain. At the surface is a thin marginal layer. The neuro-
blasts are rounded or oval in shape, with a relatively large, lightly staining
nucleus and a minimal amount of cytoplasm. With ordinary staining methods
no cell-processes are visible. Mitoses can be seen throughout almost the
whole thickness of the cortex, but they are more abundant among the deeper
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cells near the ventricular cavity. At this stage there is no differentiation of the
cortical cells into layers except in so far as the most superficial cells are almost
free of mitotic figures.

At 20 days the cortex has already undergone some differentiation (Fig. 2b),
for a cortical layer of cells has now become separated from the germinal layer
by an intermediate zone in which neuroblastic cells are relatively few and
scattered. The cortical layer has a thickness of 0O15 mm. and consists of
densely packed neuroblasts, many of which have assumed a pyramidal form
with a well-marked apical process. In silver-stained preparations this process
can be traced for some distance towards the marginal layer on the surface of the
cortex. No basal dendrites are visible, though their incipient development is
in some cases indicated by an angulation of the basal part of the cell. The
developing pyramidal cells have nuclei which are oval and darkly staining,
and among them are numerous neuroblasts of a more embryonic type. These
are rounded or oval cells with larger, more rounded, and more lightly staining
nuclei, and they show no visible processes. There is as yet no apparent
stratification of the cells of the cortical layer.

In the intermediate zone, which separates the cortical layer of cells from
the germinal layer of the ependymal zone, are scattered fusiform cells with
elongated, narrow nuclei, and fine protoplasmic processes which are for the
most part directed towards the surface. In their general character and arrange-
ment, and in their relation to the subjacent germinal layer, these cells recall
the appearance of cells migrating out from the margin of explanted fibroblastic
tissue ; indeed, such a movement of cells is commonly presumed to occur in
the process of development and differentiation of the cortex. The neuroblasts
produced by the proliferative activity of the germinal layer are described as
migrating superficially to take part in the formation of the cortical layer of
cells. However, no active amceboid movement has been directly demonstrated
in the cells of the intermediate zone, though their general appearance in sectioned
material and the morphological contrast which they show to the cells of the
cortical layer and the germinal layer suggest that this may indeed be the case.

In the germinal matrix of the cortex of the 20-day rabbit embryo the neuro-
blasts are very closely packed together. Mitoses are frequently to be seen in
the cells which lie alongside the ventricular cavity, and the most superficial
cells become elongated and send fine protoplasmic processes up into the
intermediate layer.

In the implanted cortex of rabbit 62, pyramidal cells typical of those found
in the normal mature cortex are plentiful. They may reach a width of 15-2O0.
at their base and they give off stout apical dendrites which, even in methylene
blue sections, can often be followed for a considerable distance. A group of
these cortical pyramidal cells is shown in Fig. 3a, and for comparison the
pyramidal cells from the infragranular layers of the limbic area of the cortex
of a 3-weeks-old rabbit are shown in Fig. 3b (at the same magnification). It
will be observed that in respect of size and differentiation the comparison is
very close. In the photomicrograph of the implanted cortex the pyramidal
cells are in general orientated in the same direction ; they show the normal
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NEURONAL DIFFERENTIATION IN F(ETAL CORTICAL TISSUE 269

content and arrangement of Nissl substance (which may extend for some way
along the apical process), and the nucleus is quite normal in appearance. In
many cells the apical dendrite can be seen to give off collaterals at approximately
right angles and to end in a terminal dichotomization. Basal dendrites are also
frequently quite evident, extending laterally from the basal angles of the
pyramidal cell.

In the protargol sections the pyramidal cells do not stand out as con-
spicuously as in the methylene blue sections. The cell-bodies are not im-
pregnated as deeply as the pyramidal cells in the cortex of the host brain.
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Fig. 3.-(a) Large pyramidal cells of cortical type from the implanted tissue in rabbit 62-
Borell's methylene blue; x 350. (b) Large pyramidal cells from the infragranular layer of
the limbic area of the cortex in a 3-weeks-old rabbit, for comparison with Fig. 3a. Borell's
methylene blue; x 350.

Nevertheless, many of them show a distinct neurofibrillar structure. The
apical dendrites and in some cases the basal dendrites also are more heavily
impregnated and in their proximal portions they may show exceptionally clear
neurofibrillk.

It has been noted that some groups of pyramidal cells show a fairly regular
orientation so that their apical processes extend in the same direction. This
is by no means always the case, however, for in other groups the pyramidal
cells may be irregularly disposed in a manner which is apparently quite hap-
hazard. Where a whorl arrangement of cells is present the apical processes
are commonly directed towards the centre of the formation. In other cases
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it may be observed that the apical processes extend towards a zone of smaller
cells which present a striking similarity to the more superficially placed cells of
the normal mature cortex. In other words, a type of lamination characteristic
of the mature cortex is reproduced. These smaller cells are characteristically
closely packed together, and in their arrangement and morphology they may be
compared to the lamina granularis externa-particularly of the limbic areas of
the cortex. In Fig. 4a is shown a photomicrograph of such cells in the im-
planted tissue, and for comparison (at the same magnification) the cells of the
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Fig. 4.-(a) Group of small cells of cortical type from the implanted tissue in rabbit 62. Borell's
methylene blue; x 350. (b) Cells of the lamina granularis externa from the cortex of a
3-weeks-old rabbit, for comparison with Fig. 4a. Borell's methylene blue; x 350.

lamina granularis externa of a 3-weeks-old rabbit are shown in Fig. 4b. In
the latter they are seen to be rounded or sub-triangular and to give off short
apical processes which undergo a rapid dichotomization, those of the more
superficial cells ramifying in the lamina zonalis of the cortex. In the implanted
cortical tissue the cells appear somewhat larger and they are less regularly
arranged. They give off similar short dendritic processes, which are, in general,
orientated in a common direction and ramify freely.

In other parts of the implanted tissue circumscribed groups of small nerve-
cells are found closely packed together and resembling in their general appear-

270

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol P

sychiatry: first published as 10.1136/jnnp.3.3.263 on 1 July 1940. D
ow

nloaded from
 

http://jnnp.bmj.com/


NEURONAL DIFFERENTIATION IN F(ETAL CORTICAL TISSUE 271

ance the cells just described. They are somewhat smaller, however, and show
no definite orientation. Their processes, also, are shorter and finer. They are
quite similar in their morphology and disposition to the stellate cells of the
lamina granularis interna of the adult cortex. Such a group of cells is shown
towards the centre of the photomicrograph in Fig. 1.

In the protargol sections most of the cell groups of the implanted tissue
are seen to be pervaded by a fine plexus of nerve fibres. In some areas, also,
well-defined fasciculi are present among the groups, with a tendency to run
circumferentially about a collection of cells where these are arranged in a whorl
formation. Where the large pyramidal cells show a regular orientation the
nerve-fibres may be loosely disposed in fasciculi which have the same direction
as the apical processes of the pyramids, recalling the arrangement of the radial
fibres in the adult cortex. The origin and destination of these fibres have yet
to be traced.

In general the implantation and growth of faetal tissue has provoked very
little or no reaction in the host tissue. In some regions there are small areas
of gliosis which are almost certainly due to local injury sustained during the
operative procedure of implantation. In the implanted tissue itself local
patches of dense neuroglial tissue are found, which are presumably derived
from the proliferation of spongioblastic elements in the fcetal cortex. Such a
patch is seen in the photomicrograph in Fig. 1 at the summit of the eminence
which projects into the lateral ventricle from the dorsal surface of the hippo-
campus.

Discussion
The experiment recorded in this paper demonstrates the viability of cortical

neuroblastic tissue which has been implanted into the brain of a young animal.
It also demonstrates its capacity for continued growth and differentiation. In
the implanted tissue are to be found fully differentiated neurones similar to
those which are normally present in the different lamine of the adult cortex.
These neurones attain to their mature size and shape and they give rise to
dendritic processes of a normal character. They show a segregation into
groups in relation to their cell-type, and there is some evidence of an attempt
at an organization comparable to that which is normally found in the mature
cortex. It thus appears that the differentiation of cell-types can occur inde-
pendently of the normal connections of the cortex with other parts of the
central nervous system, and this is possibly also the case with their organization
into the characteristic cortical lamine. The common orientation of cells and
their processes which is found in some groups in the implanted tissue may be
an expression of an orientation which was already present in the cortex of the
15-day rabbit embryo and which was not disturbed in the course of implanta-
tion or it may be the result of some extrinsic influence or mutual interaction
affecting the neuroblasts during their development in the host tissue. This
raises a problem which requires further investigation by experimental embryo-
logical methods. It has been abundantly demonstrated from previous studies
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of transplanted embryonic material and of the culture in vitro of nervous tissue
that the outgrowth of cell-processes is dependent on an inherent capacity of the
neuroblast and not on the establishment of a normal functional relation with
other neurones or with effector mechanisms and sensory surfaces. The present
observations lead to the inference that the differentiation and orientation of
dendritic processes in cortical neurones are likewise not dependent upon
influences related to an excitatory field to which the neuroblasts may be
presumed to be exposed during their normal development.

Summary
Fragments of embryonic cortex removed from rabbit embryos and im-

planted into the brains of young rabbits continue to grow and to undergo
differentiation.

Typical mature cortical neurones, characteristic of the various lamine of
the adult cortex are found. They show a tendency to organization in groups
and laminx similar to those which are normally formed in the development of
the cortex.
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