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ETthNGEPHALIC DEVELOPMENT AND DIFFERENTIATION

FOLLOWING EXPERIMENTAL LESIONS IN THE EARLY CHICK EiRYO
INTRODUCTION
Recently, Nieuwkoop (10, p.l05) concluded that the

differentiation of the primary regions of the central
nervous system

iii

Amphibia is based upon intermediate

degrees of counteraction between prosencephalic

differentiation tendencies of the once activated neural
field and a seconthry influence arising
esoderma1 plate.

fruiri

the cliorda-

He stated further, that the later

more detailed formation of the various sub-fields for
the differentiation of special organ systeuts depends on

properties intrinsic to the neural field itself.
This paper on the chick deals principally with

efforts directed toward deerrnining the relationships

existing between the developing metencephalic plates
and the possible effects of these relationships upon

their subsoqueri[

deveiopirieAIt

and diffei nLìctioii,

particularly with respect to the cer:bellar anlagen.
Some attention is also given to the developmental

relations existing between the metencephalon proper
and the other brain regions.

2

MATERIALS AND METHODS
A

total of 170 chick embryos were used for

experimental purposes along with 37 controls.

0f

the 170 experimentals, serial $ections were made of

the raetencephalon in 32 anima1

mental age from

5

to

lt

aay;

ranging in develop22 embryos varying from

to 20 days of development were pre e.red for cross
examination, while the remaining animals were excluded
from the analysis since they failed to reach a

significant age after the operation.
trois,

Of the 37 con-

the metencephalons of li embryos representing

developmental stages of

5

to l

days were serially

sectioned, while the metencephalons of 26 animais from
a to 20 days of development were used for gross study.

Eggs at room temperature were placed in an

electric incubator and maintained at a temperature of
loo degrees Fahrenheit, with a

reading of

6 -

am.

viet

bulb thermometer

The eggs were incubated for

/+0

- J3

hours and upon opening, the embryos were found to
range in developmental age from 30 - 3d hours.

The

wide variation in developmental age is explainable
chiefly on the basis of the fact that both pre- and

post-gastrulation embryos were simultaneously placed in
the incubator.

3

First an opening 3/

of an inch in diameter was

made at a point midway along the greater axis of the
egg.

Then employing a microelectrode activated by a

high-frequency current supplied by a Birtcher sparkgap hyfrecator, lesions by electrocoagulation (heat
coagulation) were made in specific areas of the

metencephalon.

The proper current intensity was found

to range between settings 75 and 100 in the low

intensity range (black outlet) and the proper extent
of tissue coagulation was controlled by the time of

exposure.

Exposure periods, each of three seconds

duration, were repeated at close Intervals until the
spread of coagulation was observed to coincide with
the intended lesion area.
The apparatus used in making the lesions was

essentially that described by hullemann (7, pp.34.9-350)
for ablating the pituitary rudiment in early chick

embryos, with the principal exception that straight,
steel electrodes of greater diameter

(4.0

microns)

were used in place of those made from irido-platinum

wire (25 microns).

This larger electrode was needed

to produce a greater electrocoagulating effect,

commensurate
destroyed.

.ith the

greater area of tissue to be

4.

The major number of lesions included unilateral

ablations (in whole or in part) of presumptive
metencephalic alar plates, basal plates, alar and
basal plates; bilateral ablations of the prospective

metencephalic alar plates; and bilateral ablation of

presumptive rnetencephalic basal plates in combination
with a unilateral alar plate ablation.

Other lesions

involved either the total destruction of the metencephalon, or the complete elimination of both mesen-

cephalon and prosencephalon.

Vhile at the time of

operation the developmental age of the embryos
ranged from 2

to 3

hours, those from 32 to 34 hours

were found to be most suitable for ease of operation.
After the operation, the opening in each egg was

covered with a glass window, sealed with paraffin and

returned to the incubator.

Embryos were sacrificed

at various stages of development from

5

to 20 days;

developmental age was determined by comparisons with
normal control embryos and with the normal stages in
the development of the chick as set forth in Lilile
(9,

pp.7-9l).
Embryos prepared for histological examination

were fixed in

fluid; the brains were imbedded

ç

in paraffin, sectioned sorially at 10 nicrons and

stained with Harris' hematoxylin and eosin-Y.

ach

brain intended for gross study was removed from the
cranium and stored

in

10% formalin.

The slides were examined both under the micro-

scope and with a microrojector, the latter helpful
in making planimetric and other tracings for corn-

pansons of the cross-ssctional areus and mass of

experimental

and normal metencephalons or meten-

cephalic areas.

For making cell

counts

(based on

number of nuclei) to determine comparative cell density

in

corresponding areas of normal and experi-

mental metencephalons of equal developmental age, a

1üpple disc was employed.

OBSERVATIONS
Metencephalic lesions.

Following the electro-

coagulation lesions produced in embryos ranging from
2a to 3

hours of development, there was never observed

In even a single animal, regeneration of the neural

tube tissue with the exception of the restoration of
the ependymal layer.

In some cases the penetration of

the lesion was incomplete leaving a shallow layer of

neural tube tissue beneath the ablated area.

This

tissue always differentiated into the typical ependymal,

mantle and marginal layers, though the latter two were
always diminished in thickness in direct proportion to
the extent of the tissue ablated.

Lesions of the hemilateral type involving the

ablation of the right presumptive metencephalic alar
plate were made in 33 of the animals studied.
these,

19 embryos ranging from

5

to l

Of

days of develop-

ment were examined histologically while the remaining
14.,

ranging in age from

grossly (Table 1).

5

to 20 days were observed

In all cases in which the right

presumptive alar plate was eliminated, the left alar
plate along with the left and right basal plates of the

metencephalon were found to have developed independently
of the loss.

Furthermore, this independent development

7

was accompanied by typical histological differentiation,
a normai growth rate and typical gross morphology for

the basal plates in

al]..

cases observed and in all stages

of the left alar plate up to day 9.

By the 9th

(jay

the

anterior part of the remaining metencephalic alar plate
had fallen ventrally, fusing at the medial tip with the
left or right basal plate near the median raphe.

Also

noticeable by this time were the Indications of the
future anterior, middle, and posterior cerebollar lobes.
In every case all other brain regions outside of the

metencephalon developed true to form (Plate
1,

2,

3,

1,

Figures

4.).

Subsequent to day 9 part of the surviving alar
plate was observed to have undergone an extensive and

rapid increase in mass so that by day 10 the anterior

cerebellar lobe area appeared equivalent in volume to
the entire anterior cerebellar lobe of a normal embryo
of corresponding age.

Since in normal development the

cerebellum arises from the somatic sensory portions of
both metencephalic alar plates, this condition would

represent on behalf of the left alar plate a 100%
increase in volume beyond the mass which it would be
expected to form in a normal embryo.

By the use of

pJ.animetric and other tracings on serial sections the

gross volumes of the anterior cerebellar lobe of both

control and experimental animals were determined.

The

results of these methods confirmed the supposition of
this lOO

increiJse in volume in this portion of the

left alar plate.

This compensatory volumetric increase

was observed to be maintained through days 11 and 12.
Thus, in 11 animals varying from 10 to 12 days of

development each anterior cerebeliar lobe had
comparable to that of

a

a

volume

corresponding normal lobe

regardless of the fact that it had only one half of the
normal primordium.
To determine the histological basis for this

increase in volume on the part of the remaining alar
plate, counts for cell density per unit area were

made.

From

¿

to 10 different counts of cells in unit

areas of 290 square microns were made in each of the

molecular and granular layers as well as in the
rnedullary substance of the anterior cerebellar lobe
of the normal and experimental animals.

Because of

the somewhat uneven distribution of the cells in the

medullary substance, a larger unit area of 1156 square
microns was also used and found to yield data which

reflected a little more accurately the average cell
density in this area.

Cell counts for day 10 in both experirnentals and

normals gave average numbers of

¿4

and 12 cells per

unit area (290 square microns) for the medullary

substance, granular and molecular lay rs respectively,
or a ratio of 1:

2:

3.

This data reveals a marked

agreement between the cell density per unit area of
Cell

normal and experimental animals of this age.
counts for days 11, 12, 14, and l
a

likewise showed

corresponding density between normals and experi-

mentais in the several layers.

This shows that the

voluiietric increase occuring in the remaining meten-

cephalic alar plate is of the nature of a hyperplasia
(Plate 2, Figures 5, 6, 7,

).

The early formation of the folia and their gross
and fine structure in the anterior lobe of the
experirnentals, as found on days 10 and 11, compared

closely with the normal.
sorne

In 12-day and older animals,

variations in the groes form or arrangement of

the folia were noted.

With reference to the anterior lobe on days 14

through l

(12 animals)

the increase in growth rate

attained by day 10 and sustained through days 11 and
12, was found to fall to an average of 75%.

Therefore,

the anterior lobes of these experinrentals were on the

lo

average 12.5

smaller than the normal anterior lobes

with which they were compared (Plate 3, Figures 9, 10).
In one animal at

14.

days the anterior lobe was

90% of the normal size; 33

of its total bulk was con-

tributed by the medial portion of the right alar plate
which escaped ablation,

It was calculated that the

anterior lobe tissue derived from the left alar plate
became hyperplastic to the extent of

3t

and constituted

67% of the whole anterior lobe.

Hyperplasia was also encountered in the middle
cerebellar lobe of the suriving left

alr

plate, but

it was somewhat variable in its extent in comparison

with that described for the anterior lobe.

On the 10th

day hyperplasia of this region varied along an antero-

posterior axis from 40 to 50% anteriorly to only 10 to
20% posteriorly.

By the 12th day of development

hc.ever, the hyperplasia of the middle lobe averaged
frdL
axis.

0 to 90%, and was uniform along the longitudInal
.'he

average extent of hyperplasia in this

region wao likewise found to drop to 75% after day
12 (Plate 3, Figures 11, 12; Plate

4.,

Figure 13).

ith respect to the posterior lobe of the

remaining left alar plate no appreciable hyperplasia was

11

observed in either the gross specimens or the histological
sections.

In all cases the posterior lobe structure

appeared equivalent to one lateral half of a normal
posterior lobe of equal development,

resenting a

normal auricle and folia typical in number and design
but extending only to the midline of the metencephalon
(íiate

+,

Figures 14, 15, 16).

In no instance was

any basal plate observed to be hyperplastic irrespective
of the various types of lesions produced.

Remnants of

basal plate tissue always developed proportionately
and at a normal rate.

The hyperplasla noted above was often accompanied
by a marked postero-lateral twisting of the folia toward

the lesion side.

This condition resulted in cases where

the cerebellum, developing from a left alar plate, was

attached ventrally only to the basal

homolateral side.

pLte

on the

In such cases the portions of the

folia extending out toward the lesion side, being

unattached ventrally, were free to expand in the line
of least pressure resistance.

It is suggested that

pressure exerted by the rapidly expanding right optic
lobe was mainly responsible for this peculiar orientation
of the folia.

12

In two animals sectioned on day 7 the posterior

half of the right presumptive metencephalic alar plate

had previously been ablated and the remaining anterior
half of this presumptive plate was separated from the
subjacent basal plate.

This metencephalic alar remnant

had obviously developed at a normal mitotic rate snd
in proportion to its original size.

It was found to

be typical In both histological and gross form.

When both presumptive metencephalic alar plates
were ablated

tiiC

remaining metencephalic tissue

differentiated into normal basal and floor plates.
Development in all other brain regions outside of
the metericephalon occurred without deviation from the

usual.

Such observations were made on 6 embryos

(Table 1).

Those instances involving a destruction of both

right alar and right basal plate regions of the

metencephalon gave results in keeping with Previous
statenents to wit: the left alar and basal plates
developed norraliy, as did the rest of the brain.
The only difference noted concerned the falling of
the free medial edge of the left alar plate so as to

contact and fuse with the medial edge of the left

basal plate.

Although, as shown in table one, only

13

one animal had the above-described lesion complete,
some four other animals had this ty1e of lesion to

some extent and in these the results were also as

described.

Animals sacrificed beginning day 10

exhibited alar plate hyperplasia in keeping with the

observations discussed previously.
On the basis of two specimens,

in both of which

there was an ablation o± the right presumptive
metencephalic alar and basal plates together with the
loss of the ventral half of the left basal plate, it
was found that the remaining metencephalic tissue

presented typical differentiation.

Accordingly, the

free medial edge of the left alar plate droped
ventrally, fusing with the left basal plate remnant.
All extra-neural tissues of the head were found to be

normal at the level of the lesion in each of these
embryos as well as in all other embryos referred to
previously.
As another alternative, the entire metencephalon

was ablated in four animals.

Subsequent examinations

revealed in general a normal development for the
remaining brain regions.

Both the posterior end of

the midbrain and the anterior end of the medulla

11g.

healed over so as to close their respective portions
of the neurocoele.

The final type of lesion entailed the total

destruction of the embryonic brain ahead of the metencephalon in 6 embryo$.

In all cases the metencephalon

was found to have developed and differentiated normally.

Both the basal plates and the cerebellum displayed

characteristic gross form and histology.
Meninges.

In the area of the lesion the meninges

(pachymeninx, leptomeninx) were always found to develop

normally except for a partial retardation in the
appearance of the full vascular pattern normally
associated with the pia mater.

By day 12, however,

the vascular pattern of the lesion side was observed
to approach normal, and thereafter always presented
a

typical 4cture.
Neur 1 Crest.

The normal site for that portion

of the neural crest which gives rise to the Gasserian

ganglion is at the level of neuromeres 6 and 7.

Thus

when the right presumptive metencephalic al:r plate

together with the right half of the presumptive roof
plate are destroyed by electrocoagulation, the

15

overlying 5th nerve neural crest is also lost.

In no

instance where such destruction occurred did tLere

subsequently arise a Gasserian ganglion on the lesion
This indicates not only that there is no

side.

regeneration of this neural crest anlage if lost
after ZS hours of development but also, that there is
no compensating migration into the lesion site of

neural crest from the side opposite or from adjacent
anterior and posterior levels.

This contrasts with the

condition arising after removal of the right half of
the spinal cord together with the overlying neural

crest in the brachial region of Amblystoma embryos (stage
22).

As reported by Detwiler (4, pp.61-64)

such

operations are followed by the development of onehalf to all of the sensory ganglia on the operated
(right)

side, probably originating from crest cells

of the intact left sido.

Since in the chick, the neural crest overlying the
left side of the metencephalon was always left intact,
a

typical left Gasserian ganglion was always found.

In one embryo the lesion was of such a nature as to

destroy only the lateral 1/3 of the right presumptive
alar plate, leaving the medial 2/3 intact along with
the overlying neural crest.

Subsequent examination

16

revealed the formation of a normal full-sized Gasserian
ganglion.

Ependyma.

As mentioned previously the only

regeneration encountered in the lesion area was related
to the ependyma.

This restitution always began at the

margin of the intact ependyma (around the periphery of
the lesion) and proceeded centrally in such a manner as
to close the inner surface of the lesion area.

Exam-

inations of various age groups revealed that in general
the regeneration of the ependyrna occurred at a

relatively slow but constant rate.

Complete re-

establishment of this structure was usually not attained
until the 10th or 12th day of development, at which
time, as in all later stages, it was nearly always found
to be intact through the entire inner extent of the

ablated area.
This regenerated "ependyma" was of the nature of
a typical,

simple columnar epithelium, the cells of

which resembled those constituting the lamina

epithelialis of the roof of the 4th ventricle.
subjects

In

here regeneration was still incomplete the

free central margin appeared to be the region of

proliferation.

Here the cells tapered in type from

columnar, through cuboidal, to near squamous at the

17

extreme inner margin.

The cells comprising this

"ependytna" contrasted with those nornal1y lining

the netencepha1on in that bhey possessed considerably
nore cytoplasm, lacked the typical ependymal fibers

and presented a true columnar shape.

The lack of

differentiation on the part of these reconstituted
"ependymal" cells may possibly be ascribed to the
absence of some influence normally exertcd by the
adjacent mantle layer which was lost through the
These data, which were constant for all of

lesion.

the 30 cases studied,

suggests that the secializtions

characteristic of the normal ependymal cells are
brought about by an influence provided by the
externally adjacent mantle layer.
After complete re-esttblishment

subsecuent to a

hemilateral alar plate ablation, the 'tependyrna" was
commonly observed to enter into the formation of
choroid plexus-like folds in the region of the

posterior cerebellar lobe.

These often elaborate folds

projected transversely into the neurocoele and were
continuous with the choroid plexus of the Lth ventricle
(Plate

4.,

Figure

14.).

TABLE 1.

NUMBER OF ANIMALS FOR EACH LESION TYPE
WITH AGE AT SACRIFICE

METENCPHALIC
TISSUE LOST
right alar plate

5

7

8

9

2* 2* 1* 3*
2

posterior half of
right alar plate

10

DAY OF SACRIFICE
11 12 13 14

5*

1*

1*

2

1

1

2
2

1.5

16

20

1*

1*
1

18

2

2

2*

right and left alar
plates

i

1*

i

1*

i

right alar and right
basal plates
right aLir and right
basal plates along with
ventral half of left
basal plate
entire rnetencephalon

i

2*

1*
i

2*

PROSENCEPHALON AND
IVESENCEPHALON LOST

i

i

i

Asterisks denote specimens prepared histologically; all other animais
prepared for gross examinations.

îere
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DISCUSSION
On the basi$ of the observations cited above
concerning the various lesion3 in the metencephalon,
it

txiay

be stated that by 23 hours of development the

precuniptive netencepha1c 1late areas correspond

topogrc hically to their definitive positions.
at this tine

one of these presumptive

If

p1te regions

is ablated the definitive plate fails to develop,
f

if specific portions

and

a presumptive metencephalic

plate are destroyed, corresponding deficiencies

subsequently result.

In cases involving partial

plate ablation the lesions, like niarks, are traceable

during development.

Such methods revealed a

topographic correlation between particular portions
of a presumptive

pite

arising therefrom.

and the definitive tissue

These tendencies toward regional

differentiation which are far in advance of any

morphological designations krobab1y exist even
earlier than

2

hours.

The data concerning inter-metencephalic

differentiation obtained by observations made on the
various conbinatioris of metencephalic lesions may be
suaunarized as follows: when one or more of the
presuiriptive metencephalic plates were ablated in whole

20

or in part the remaining plates or portions thereof

were found to develop irrespective of the loss.

Furthermore, this aeveloprnent on behalf of the
surviving tissue was entirely normal in all respects
up to day 9 and thereafter with the exception of
the hyperplasia occurring within surviving alar plates

following unilateral alar plate ablations.

On the

basis of these consistent data it may be concluded
that in normal development, the metencephalic alar
and basal plates possess the potentiality to develop

independently of one another and, that no mutual or
specific induction or any other inducing relationship
exists between them which is essential in their

primary formation and differentiation, at least not
after

2

hours of development.

whether or not the independent developmental

nature of these metencephalic regions is due to
properties intrinsic to the neural subfields or
possibly to extra-neural stimulations, cannot be

established at this time due to the nature of the
experiments.

Pending further investigation one may

hypothesize that both intrinsic and extra-neural

properties are probably instrumental in such metencephalic differentiation.

The various plates of the

21

metencephalon are only portions of columns within the
central nervous systom and the priiiary differentiation
of these columns may be more closely related to

extra-neural influences than to factors intrinsic to
the primary divisions of the neural field.

If this

were true the gradation in form of the different
plates or columns may result from a counter-action

between extra-neural properties and neural field
tendencies or, this gradation may result in part from
a quantitative variation of extra-neural activity at

different levels of the neural tube.

For instance,

it is conceivable that a relationship exists between

the presence of the subjacent chorda-mesoderm and

basal plate formation.

When considering this suggestion

one should bear in mind that the basal plates and the

notochord have equal longitudinal extents, both ending
at the posterior limit of the diencephalon.

Likewise,

the influence of the chorda-mesodermal substrate on

the chemical environment at the level of the basal

plates may be related to the developmental precedence
in early embryogensis of the basal plate regions over

the alar plate areas.

That the mesodermal substrate

can influence the extent of mitosis in the neural tube
of Amblystoma has been shown by Harrison (6, p7O).

22

He found that the extent of proliferation of a regulatory

hyperplasia, occurring subsequent to the removal of one
lateral half of the presumptive hindbrain, was

significantly greater when the underlying mesoderm was
left Intact than when it was removed.

After the

establishment of the primary plates of the neural tube
or the tendencies leading to their formation, subsequent

differentiation into special systems

t

particular

levels probably results from factors intrinsic to the
primary divisions of the neural field.

This is in

keeping with the findings regarding the regional
independence of primary metencephalic differentiation
after 28 hours in the cnick.
As observed in all cases involving hernilateral

alar plate ablation, the surviving alar plate developed

normally up to day 9, after which high degrees of
hyperplasia developed in the anterior and middle

cerebellar lobes.

This hyperplasia occurred first in

the anterior lobe, regularly reaching 100% by day 10.
In the middle lobe, the development of the hyperplasia

was at a lower rate, occurring first anteriorly,

then

extending posteriorly and finally reaching an overall

maximum of 80 - 90% by the 12th day.

Thus it is seen

that the spread of hyperplasi3 proceeded cephalo-caudad.

23

Finally, after

ay 12 the extent of hyperplasia was

observed to drop to an average of 75% in both lobes.
It is difficult at present to enjoin known

cific chemical and physical mechanisms in an

attempt to explain fully the establishment of this

hyprplasia.

Tiowever,

the onset of this hyperplastic

growth rate, r;u1ariy occurring on day

9,

is

in all

probability related to a marked acceleration of the
mitotic rate appearing at the same time in normal
development.

The increase in mitotic rate normally

occurring, is first noticed at the tLne when the two

alar plates are fusing in the midline.

Since there

was never any restitution of the right alar plate

tissue lost, this compensatory hyperplasia, occurring

specifically within paricLiar regions of the renaining
left alar plate, should not be confused with the process
of regeneration.

Apparently the Lnechanism res»onsible

for this hyperplasia does not operate in the posterior

cerebellar lobe of chick embryos (at least within the
period studied)

since little or no regulation was

noted here.
The findings presented in this paper concerning
inetoncephalic differentiation subsequent to various

24.

degrees of hemliatoral ablation are In marked contrast
with observations made by Detwiler
(6,

(1+,

p.66)

,

Harrison

pp.6-7O) and others following unilateral excision

of various portions of the brain and spinal cord in

Amblystoma embryos.

They found in Aniblystoma, that

each excision was normally followed by regeneration of
the tissue lost.

Whether the differences in regulation

are due to primary differences in the mechanisms

effecting neural tube development in the two forms or
to the somewhat more advanced developmental stage of

the 2a hour chick embryo cannot as yet be stated.

Detwiler

(4.,

p.66)

concluded that the central

nervous system regulation occurring in Aznblystoma when
operated on in stage 20-21 resulted largely from

proliferation and

ìigration of cells from the sensory

(dorsal) region of the contra-lateral (intact) half.

In the chick the only regulation occurring in the

metencephalon, likewise affected the sensory (alar)
plate of the intact side.
(6,

pp.69-70)

On the other hand, Harrison

showed that when Amblystoma embryos

were operated on during stage 14, the rain contribution
to the regenerating side could arise from the ventral
or presumptive motor area of the intact half of the

prospective hindbrain.

These two views need not be

contradictory if one re1tes them to the developmental precedence in time of the ventral half of the
neural tube over the dorsal half in early embryos.
One might expect that as a result of this temporal

precedence the totipotence is lost earlier in the
ventral (motor) region of the neural tube than in the
dorsal (sensory)

portion.

As previously stated,

lt was f uund that

following the complete ablation of the metencephalon
the other brain regions developed normally within the

period studied.

Likewise, when the prosericephalon and

midbrain were destroyed the metencephalon as well as
the medulla developed typically.

On the basis of

these observations it may be concluded that after 2

hours of development the prospective metencephalon is
not influenced in its primary development and

differentiation by those brain regions situated
anterior to it, nor is the metencephalon related

directly to the primary growth and organization of
the other brain regions.

It is probable that each

brain division in the chick possesses the potentiality
at an early (2

hours) age to undergo primary develop-

ment and differentiation independently of any
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relationships with the remaining brain divisions.
If the leptomeninges of the chick develop

chiefly from neural crest then, if the metencephalic

neural crest is involved in an ablation, one might
expect localized deficiencies to result in these

structures.

In substantiation of this reasoning, no

evidence of neural crest regeneration was found at
the level of the metencephalon in the chick.
ever,

How-

since both the pia mater and arachnoid were

seen to develop normally under these experimental
conditions, one is inclined to agree with Flexner
(5,

pp.3l-4.) who indicated in Amphibia, an

alternative origin for these structures, namely,
from mesodernial mesenchyme in situ.
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SUMJY
In

54.

chick embryos ranging from 2

- 3

hours

of development either the presumptive metencephalic

plates were ablated individually or in various

corn-

binations; the whole metencephalon destroyed, or the
pre-inetencephalic brain regions

coagulation.

ab1ted by electro-

subsequent to the operations the embryos

were sacrificed at developmental stages varying from
5

to 20 days; their brains were removed and subjected

to gross morphological and histological comparisons

with preparations of normal animals of corresponding
ages.
By such methods it was established that by 2

hours of development the presumptive metencephalic
plate areas correspond topographically to their definitive positions.

Furthermore, a topographic

correlation between particular areas of the presumptive
alar and ba;ai plates and the definitive tissues or

structures arising from them was observed.
That each presumptive metencephalic alar or
basal

late possesses the potentiality to undergo

primary development and differentiation irrespective
of the loss of one or all of the reminirig
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metencephalic plate regions was also established.
This independent development on behalf of each of these

metencephalic plates was entirely normal in all
respects up to day 9 and thereafter, with the principal

exception of hyperpasia occurring within the tissue
of surviving alar plates following unilateral alar

plate ablations.
The hyperplasia noted to occur on the 9th day of

developnent following unilateral ablation of one alar
plate was always confined to the anterior and middle

cerebellar lobe of the intact alar plate.

In such

experiments the anterior cerebellar lobe was

consistantly observed to become hyperplastic by lOO
on day 10.

The hyperplastic growth rate in the middle

cerebellar lobe was slower renching

O or 90% in

proportion by the 12th day of development.

Subsequent

to day 12 the extent of hyperplasia dropped to an

average of 75% in both anterior and middle cerebeliar
lobes.

No hyperplasia was observed in the posterior

cerebellar lobe or un any basal plate tissue.
In the complete ablation of both the

rosencerhalon

and mesencephalon, the metencephalon developed

normally within the period studied; similarly, when

the entir. metericephalon was destroyed the remaining

brain regions appeared relatively normal when
observed.

On the basis of these consistent data it

may be concluded that after 2g hours of dvelopment
the prospective metencephalon is not influenced in its

primary development and differentiation by those brain
regions situated anterior to it, nor is the meten-

cephalon directly related to the primary growth and

organization of the other brain regions.
When the neural crest overlying one lateral half
of the prospective rnetencephalon was destroyed by

hemilateral ablation no Gasserian ganglion was
subsequently formed on the lesion side.

Thus there

is no restoration of this neural crest anlage by

regeneration or migration of other crest cells after
2g hours of development.

Despite the loss of neural

crest the leptoneninges were observed to

deviop

normally in the lesion area except for a partial
retardation in the appearance of a full vascular

pattern associated with the pia mater.

Following the various types of lesions no
regeneration of the ablated neural tube tissue was found
to occur except for the restitution of the

"eendyma,
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the cells of which were of the tall columnar variety
and lacking the

ty4cal

ependyrial modifications.

The

absence of specialization on the part of the

reconstituted cells may oossibly be ascribed to the
failure of

sorne

influence normally exerted by the

adjacent mantle layer.
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EXPLANATION OF PLATES
PLATE i
Figure 1.

Cross-section through anterior lobe of
metencephalon of 9-day chick embryo
showing loss of right alar plate and partial
reduction of right basal plate. 4.0 X.

Figure 2.

Cross-section through the middle lobe o
the metencephalon of the same embryo; right
alar plate absent and remaining plates
normal. 40 X.

Figure 3.

Cross-section at the level of the uvula
of the posterior cerebellar lobe of same
embryo. 4.0 X.

Figure 4.

Cross-section at the level of the riodulus
of the posterior cerebellar lobe of same
embryo. 4.0 X.
PLATE 2.

Figure

5.

Cross-section through anterior part of
anterior cerebellar lobe of a normal
10-day embryo.
25.6 X.

Figure 6.

Cross-section through anterior part of
anterior cerebellar lobe of experimental
1Oday embryo; lesion involved total
ablation of right metencephalic alar and
basal plates; anterior cerebeliar lobe
of left alar plate origin only.
25.6 X.

Figure 7.

Cross-section through posterior portion
of anterior cerebellar lobe of 10-day
embryo; lesion involved total ablation
of rïght alar plate; right basal plate
reduced approximately 2/3 by lesion.
25.6 x.

3L.

Figure

d.

Cross-section through extreme posterior
portion of anterior cerebeliar lobe of
a 10-day embryo; right alar plate
ablated
except for small medial remnant; right
basal plte somewhat reduced by lesion;
right V nerve and gcnglion absent.

2.6

X.

PLATE 3

Figuie

9.

Figure 10.

Cross-section through anterior cerebellar
lobe (left alar plate origin) of an
day embryo showing structure and
arrangement of folia; right alar plate
ab1ted in toto, 25.b X.
Cross-section through two folia of the
anterior lobe of a left alar plate
cerebellum along with regenerated pia
mater, both showing normal histology;
right
alar lte totally ablated; lJ- day
embryo.
200
X.

Figure 11.

Cross-section through middle cerebellar
lobe at level of nerve V; normal
10-day
embryo.
25.6 X.

Figure 12.

Cross-section through middle cerebellar
lobe of a 10-day embryo at level of
nerve
V; left alar plate ablated;
right
triemina1 nerve and ganglion absent.
25.6 X.
PLATE

Figure 13.

4.

Cross-section through metencephalon of a
at level of hiiddle cerebellar
lobe; right alar plate and greater
portion
of right basal plate ablated.
25.6 X.

13-ay embryo

Figure 14.

Cross-section through posterior cerebellar
lobe in a 10-day embryo; right alar
plate
destroyed; ependyína regenerated; choroid
plexus-like folds forming.
25.6 X.
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Figure 15.

Cross-section through posterior cerebellar
lobe at level of auricle of same embryo;
right aLr pinte destroyed.
25.b X.

Figure 16.

Cross-section through posterior cerebeliar
lobe of a 14-day embryo; right alar plate
and a moderate portion of right basal plate

ablted.

20 X.

KEY TO FIGURES
- auricle of cerebe11u
AL - anterior cerebellar lobe
G
- granular layer of cerebellar cortex
LA - left alar plate
LB - left basal plate
LV - left trigeminal gaig1ion and nerve
M - medulla
NB - midbrain
MO - molecular layer of cerebellar cortex
MS - medullary substance of cerebellum
N - nodulus
P
- Purkinje cell layer of cerebellar cortex
PM - pia mater
PY - pyrarnis
RA - right alar plate

A

RB - right basal plate
RE - regenerated ependyma
RV - right trigeminal ganglion and nerve
T
- transition into alar plate of medulla
- uvula
U
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