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AN ANALYSIS OF DIFFERENTIATION AND REGULATION 
IN THE MESENCEPHALON OF THE CHICK EMBRYO 

INTRODUCTION 

Beginning with the turn of the century, m4ch atten

tion has been devoted to neural tube regul.-.tion in Am· 

phibia. Many grafting ·and ·deficiency experiments have 

been performed not only in an attempt to determine ·the 

regenerative capacity of the amphibian neural tube, but 

also in an effort to learn more of the developmental 

nature and potentialities of the component subdivisions 

thereof. Although the experimental papers rel ting to 

these problems are too numerous to be critically re

viewed here, some of the ·di·sclosures more pertinent to 

the issue at hand will be cited. · 

Working with Ambystoma , ·Detwiler (17) showed that 

following unilateral excision of the medulla during 

stages 21 to 23 , a gradual restitution of the excised 

half may occur. In sueh cases the regulation was re... 

ported to have resulted from an extensive proliferation 

and migration of extra-ependymal cells of the intact 

contralateral half of the medulla. In later studies, 

Detwiler (21, 22) presented eYidenee to the ef fect that 

a similar regulation occurs subsequent to unilateral 
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excision of the esencephalon as well as of the brachial 

region of the spinal cord in embryos of stages 20 to 21 . 

Here again this regulation was reported to result from 

extensive proliferation and migration of cells from the 

int ct half . This was later observed to be augmented 

by a proliferation of ependymal cells on the operated 

side following the closure of the excision. 

lso working with Ambxstoma , Harrison (35) presented 

further evidence in regard to the regenerative capacities 

of the urodele neural tube. Subsequent to the removal 

(during stage 14) of one lateral half of the presumptive 

braln area of the neural plate , a restitution of the 

deficient area was observed to result . This regulation 

pegan as a regeneration from the opposite , intact side , 

and was later augmented by a general hyperplasia . On 

an average , the reconstituted half of the brain was found 

to be 71 per cent of normal by the time of complete yolk 

resorption. 

ore recently Holtzer (42} described in detail the 

course of regulation following the unilateral extirpation 

of spinal cord segments three , four, and five in Ambystoma . 

On the basis of observations made, he showed the medullary 

system to be mosaic in nature , at least in regard to the 

type of tissue potentially derivable from the presumptive 

plate areas . Thus the histological nature of the 
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reconstituted portion of the spinal cord \"'as concluded 

to be dependent on the type of cells contributing to its 

restitution, and this in turn wac found to depend upon 

the age of the embryo at the time of operation. It was 

observed th t following operation prior to the very 

early neurula stage. the reconstituted side of the spinal 

cord compared favorably . even in fine structural detail, 

to the opposite intact side. In such instances pre

sumptive motor , s ensory, and internuncial cells were 

contributed from the · intact h lf to the operated side. 

Through hyperplasia and further development these "stem" 

cells then differentiated into a comparatively normal 

lateral half of a spinal cord. However , progressive de

ficiencies in histological detail were found to occur 

concomitantly with increased age at operation. Such de

ficiencies were particularly pronounced with respect to 

the presumptive motor regions. For ex mple, the motor 

outer mantle cells failed, at least for the most part, 

to contribute to the regulation when the operation was 

performed during the early neurula stage. Therefore, 

the norm 1 derivatives of these cells were subsequently 

deficient or lacking. 

Though the course of rep rative events following 

hemilaterally produced deficiencies are quite well 

established for Ambystoma. , such knowledge is somewhat 
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sketchy with regard to the chick. Following removal 

of one half of the forebrain in 5 to 25 somite chicks, 

Waddington and Cohen (64) concluded that the remaining 

half could remodel itself into a complete forebrain. 

Later, Spratt (63) performed similar operations on the 

forebrain of 8 to 10 somite chick embryos and found 

little or no reconstitution of the extirpated h lf. 

\vork now in progress by the author (unpublished) dem

onstrates convincingly that following ablation of one 

half of the forebrain in 26 to Jcl hour chick embryos , 

the eontra l ateral 1 int ·1 ct h lf may develop into a cer

ebral hemisphere which is normal in size and gross 

structure , and which resembles in no way a complete 

forebrain, but r ather one half thereof. Further details 

concerning this matter are forthcoming . 

In 1950, Wenger (70} published data on which she 

concluded, among other things, that no regulation occurs 

following hemilateral extirpation of the spinal cord in 

15 to 25 somite chicks (at least under the ~articular 

conditions imposed by her ty e of operation). Watterson 

and Fowler (67) on the other hand showed conclusively 

that distinct regulation can occur in the chick spinal 

cord w~en the opposite sides are previously separated 

during the 17 to 28 somite stage and a mesodermal block 
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inserted between them . They found that such restitution 

as did occur involved almost exclusively t he alar plate 

deriv·tives. Birge and Hillem nn (5) also dem9nstrated 

that regulation may oc cur following hemilateral alar 

plate reduction in the metencephalon of 28 to J$ hour 

chick embryos. Subsequent to such loss, an extensive 

compensatory hyperplasia result~d in the presumpt ive 

anterior and middle cerebellar lobe arers of the intact 

alar plate. SimilQr oper tions however , did not indicate 

the occurrence of regulation in t he basal plate regions. 

Thus in the chick, it is cle ~ r th~t the alar pl ate reas 

are capable of regulating for certain hemilateral de

ficiencies , at le st in certain areas of the e rly post

prosencephQlic neur 1 tube. Apparently t he b sal plate 

regions lack such a regulatory capacity at the develop

mental stages hitherto considered~ and if such a poten

tiality ever exists it must be lost relatively e rly in 

dev lopment. probably by the early neural plate stage or 

shortly thereafter. 

This paper relates to the development and regulation 

following the ablation of certain specific portions of 

the midbrain in the chick. The principal aims are these: 

(1) to learn whether any developmental relationships 

essential to norm&l, primary histogenesis exist between 

the several mesencephalic plate regions, and (2) to 
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determine the character or potentiality of these pl tes 

with respect to regulative and mosaic development . 
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MATH; IALS A D t!ETHODS 

Of a total of 239 chick embryos used in this study, 

144 were utilized for experimental purposes, while the 

remaining 95 embryos were set aside as controls. In

cubation temperature for both experimental and control 

animals was maintained at 100 to 101 degrees Fa.hrenheit, 

and at a relative humidity of 62 to 65 per cent, Alto

gether, seven sets of operations were performed. Prior 

to each set, three dozen White Leghorn eggs were in

cubated for 2g to 42 hours. The embryos selected for 

experimentation varied from 26 to 3$ hours of development. 

The fertility of the eggs used varied from $4 to 92 per 

cent. 

As stated previously, specific portions of the 

mesencephalon of the early chick embryo were abl ted by 

thermal electrocoagulation. This was accomplished by 

the use of microelectrodes used in combination with a 

high- frequency current supplied by a Birtcher spark~gap 

hyfrec tor. The electrodes were fashioned after those 

designed by Hillemann (3$) for ablating the pituitary 

rudiment in early chick embryos but with the principal 

exception that straight-tipped, steel electrodes of 

greater diameter (30 to 34 microns) were used. Approxi

mately one third of the operations were performed with 
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the aid of the Hillemann micromanipulator (36). For the 

remaining operations the micro lectrode was ad pted to 

fasten directly in the chuck of the hyfrecator handle so 

that the electrode could be manipulated manually. The 

latter method made possible a free dissecting motion in 

addition to the coagulating effect. 

Prior to operating, an opening approximately three 

eighths of an inch in diameter was made in the egg shell 

and the underlying shell membranes removed to expose the 

embryo. Following this, a glass needle ltas inserted 

through the roof of the poster~or portion of the prosen

cephalon. The needle w s then extended back through the 

mesocoel and lifted gently, splitting the roof of the 

mesencephalon along the midline. The midbr in w. s then 

spr•·d open to expose most favorably the intended lesion 

site, yet meanwhile separ ting this area as far as 

possible from the remainder of the mesencephalic tissue. 

The electrode was then inserted into the selected region 

and the tissue ablated . Following this operation, the 

coagulated tissue was removed with the aid of forceps 

and glass needles to provide a clean wound. The most 

suitable current w s found to vary between settings 50 

and 100 in the low intensity range (black outlet), and 

the desired extent of tissue coagulation was controlled 
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by the time of exposure . Expdsure periods of a few 

·seconds duration tere repeated successively until the 

spread of coagulation was seen to coincide tdth the in

tended extent of the lesion, All operations were carried 

out under semisterile conditions . 

The presumptive mesencephalic areas ablated have 

been grouped into the following lesion catagories: (l) uni ... 

lateral alar plate ablations , (2) unilateral alar and 

basal plate ablations (in whole or in part), (J) bilateral 

reduct. ion of ·the prospective alar plat s, (4) bilateral 

ablation of the basal plate regions, and (5) complete 

coagulation and removal of the entire midbrain. The 

overall mortQlity was 42 per cent. 

Subsequent to operation, the opening in each egg 

was either covered \dth a glass wind0\'1 and sealed with 

paraffin or closed with cellophane t ape . Both methods 

w·er found to work equally well. The eggs were then 

returned to the incubator f .or further development. Ex

perimental embryos were later sacrificed at various stages 

of development from 2 to 20 days. Of the control embryos, 

five were sacrificed daily f rom 2 to 20 days. In each 

group the midbr· in was sectioned in two animals while the 

other three were preserved and t.he brGiins used for gross 

comparisons. Both experimental and control embryos were 
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fixed in Bouin's solution , s ect ioning serially at 10 to 

15 microns , and sta ined in Harris• hematoxylin and 

eosin-Y .. 

Following hemilatera l •bl~tions of t he mesencephalic 

alar plates, a compensatory regulation in the form of a 

hyperplasia was found to occur. In establishing this to 

be a hyperplastic condition., cell counts were made in 

sample areas of the intact alar plate . These values were 

then contrasted with those gained from counts made in 

corresponding areas of control embryos i n an attempt to 

compare cell density. In etermining the extent of alar 

plate hyperplasia , tracings of the r egion in question 

were made (at a standard m«gnification of 18 X) of every 

llth section in each slide series. The squ r e area of 

ea ch tracing was then determined with the aid of a polar 

planimeter . With this information together with the 

number and thickness of the sect ions in eacl series, it 

was pos ible to d termin the approximate volume (in 

cubic microns) of the hyperplastic tissue. Such values 

were then compared with figures (derived in an identic 1 

manner) for similar areas in normal animals of corre

sponding age . 
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OBSERVATIONS 

For ease in discussion, the observations are 

presented under five subheadings conforming to the 

lesion eatagories mentioned under the section dealing 

with materials and methods . 

Hemilatera l .alar plate ablations . As an initial 

step in analyzing any relationships which might exist 

among the severa l mesencephali·C plates in their growth 

and differentiati·on , and in determining the ca pacity 

for regulation in the midbra in• the right alar plate 

was completely r emoved i n a number of embryos . Except 

f or the loss of the right alar plate and varying degrees 

ef destruction to the roof plate , the remainder of the 

midbrain was left intact. 

A total of 79 embryos survived this operation and 

were sacrificed at 2 to 20 days of development (Table 1). 

Histologi.cal examinations revealed that the development 

and differentiation of both right and left basal plates 

occurred in a completely normal manner in every instance 

(plate.) , figures 9 , 10, 11) . Moreover , these findings 

were verified also in the case of the floor plate . Thus 

the future motor and coordinative area s or the midbrain 

were found to be relatively unaffected by the loss of the 
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right alar plate. This holds true with r espect to both 

their growth and differentiation, and to their ra te of 

developme.nt. 

The fate of the i ntact left alar plate subsequent 

to .such operations was found to be in sharp contrast to 

that described for the underlying basal and floor plate 

areas. This alar plate region regularly underwent an 

extensive compensatory regulation, leading eventually to 

the formation of an optic lobe with a tectum comparable in 

size to the total tectal area of two normal optic lobes. 

The course of this compensatory regulation will be traced 

through developmental stages of 2 to 20 days (Table 1). 

In each animal sectioned on day two, the lesion area 

was found to be entirely clear of coagulated tissue. The 

neuroepithe ium of the intact dorso-lateral area (left 

presumptive alar plate together with approximately one 

half of the prospective roof plate) was flexed somewhat 

ventrally in the primary phase of closing the lesion area, 

though the lesion was seldom found to be closed over by 

m0re than one third. Little or no definite regulation 

could be substantiated on the basis of volumetric compari• 

sons between normal and experimental material. liistolog

ical studies on the other hand , indicated that regeneration 

was in an initial phase at the medial margin of the intact 

dorso- lateral plate where mitotic figures were found to be 

http:developme.nt
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somewhat more numerous than in other areas . In these 

t wo-day embryos , as well as in all older embryos 

having open les i on areas , the head mesenchyme con

densed up to the outer margin of the lesion, but extra

neural tissue was never seen to push into the open mesocoel 

with but few exceptions. In these r are instances, 

neighboring blood vessels had ruptured and numerous blood 

cells were found within the lumen of the neural tube. 

By the thirP, day definite regulative development was 

demonstrable by volumetric methods. Measurements on 

four animals revealed an expansion in t he intact dorso~ 

lateral region which on an average, attained a volume 55 

per cent as large as that normally produced by both alar 

plates (together with the roof plate) . This remaining 

alar plate region could under normal circumstances at 

least , be expected to constitute a mass equal to one half 

of the combined alar plate area of a normal embryo , but 

the additional volume increase amounted to a mass that was 

10 per cent larger than the normal area of one dorso

lateral plate . Thus the average extent of mass regulation 

based on measurements in these four embryos was 10 per 

cent . For the overall r ange of regulation in this group 

refer to Table 2. Aside from the increased regulation, the 

condition of the midbrain at three days as essentially the 

same as that for the two- day animals , with the exception 

that the lesion ha~ closed by one third to one half . 

I 



TABLE 1• CLASSIFICATION OF EXPERI~£NTAL 
A I M\LS IN ACCORDANCE \liTH 

LESION TYPES 

MESElWEPHALIC 
TISSUE ABLATED 

2 3 4 5 
EMBRYONIC AGE AT SACRIFICE 
6 7 8 9 Io 11 !2 13 14 15 16 18 26 

right alar 6 5 4 5 6 4 5 6 7 1 6 2 5 2 6 4 5 
plate 

right alar 
and right
ba sal plates

complete
partial 

right and 
left alar 
plates 

right and 
left basal 
plates 

total midbrain 
ablation 

2 2 
2 

1 
1 1 

1 
1 

3 
2 

3 
1 

2 
1 

3 
3 

2 2 
2 

l 1 2 l 1 2 2 2 

1 2 1 1 1 1 

3 1 2 1 1 

~ 
~ 
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The extent of regulation averaged 2g per cent by 

the fourth day of development, and the closing of the 

lesion ranged from one half to three fourths or slightly 

more at this time (plate 1, figure 1). 

In about one half of the specimens the margin of 

the presumptive tectum bordering the lesion was neither 

even nor distinct as in the other embryos; instead, 

fine fibrils from the glia extended out into the lesion 

area.. These fibrils appeared to have followed along 

the inner, membraneous-like surface of the condensed 

head mesenchyme bordering the external margin of the 

lesion opening. Furthermore , it seemed as though 

cells from the adjacent neuroepithelium had migrated 

along the course of these fibrils. Such occurrences, 

though not consistently found, might possibly afford 

an ezample of contact guidance (68). In cross-section, 

the regulating presumptive optic. tectum (of left alar 

plate origin} extended well across the midline where 

it flexed toward the lateral margin of the right basal 

plate . Except for a reduction in size and a persisting 

lesion opening, the prospective tectum had arched itself 

over the subjacent basal plates in a relatively typical 

manner. 



TABLE 2. REGULATORY RATES IN THE IN'l'ACT ALAR PLATE 
FOLLO ING HEMILATERAL ALAR PLATE ABLATION 

AGE OF EMBRYOS NO. OF OVERALL RANGE AVERAGE EXTENT PER GENT SIZE OF 
IN DAYS El\<1BRY OS* OF REGULATION OF REGULATION REGULATED LOBE 

EXTENT COMPARED \1/ITH COMBINED 
TEGTAL AREA OF NORMAL 

2 
3 
4 
5 
6 
7 a 
9 

10 
11 
12 
13 
14 
15 
16 
18 
20 

8 
7 (4} 
5 ~4)
5 4} 
1 (4) 
4 (4)
a. (It) 
6 (4)

10 (4) 
1 ... 
8 (4) ...2 
8 (4) 
2 ... 
a (4) 
6 (4) 
5 (2) 

a :;: 

- ;R6~ 
l$ - 3$~ 
35 - 52~ 
47 - 68% 
60 - 7i% 

102 • 119% 
lll - 127/

75 - 93 .-
76 - 123~-96 • 109% 
_. 

97 - 104% 
97 .... 112% 
91 - 101% 

-1~ 
28% 
44.~54 
70% 

128~ 
118~ 

86%-98% -102%-100% 
106% 

96% 

* The number of embryos in each age group used 
for .the volumetric studies is given in parenthesis. 

-55~ 
64~ 
72%. 
77~ 
85~ 
114~ 
109% 

93% 
-.... 
99%-101%-100~ 
103~ 
98~ 
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That portion of the presumptive tectum to the left 

of the midline presented a normal differentiation into 

marginal and mantle layers by the fourth day. On the 

right side , relatively nonnal differentiation was found 

in the medial one half to two thirds of the tectum but 

the lateral one third to one half narrowed progressively 

to about one half or less of the normal thickness at 

the lateral margin (adjacent to the lesion opening) . 

In this lateral portion of the prospective tectum , 

distinct marginal and mantle layers were usually lacking , 

in which case the tissue resembled a typical neuroepithe

lium. 

An analysis of animals sacrificed on day five 

revealed an increased rate of regulation which averaged 

44 per cent (Table 2). As in the four- day embryos , the 

tectum presented normal differentiation on the left side 

but a retarded development in the lateral portion of the 

right side. Here again an opening between the right 

margin of the tectum and the lateral margin of the right 

basal plate usually persisted , though this gap was some

what diminished in size in comparison with the four-day 

stage . 

Observations made on day six and seven embryos showed 

a progressive increase in regulatory rate; this averaged 

54 per cent and 70 per cent respectively. During this 
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period the lesion opening was generally closed by a 

fusion of the right margin of the optic tectum with the 

lateral margin of the underlying basal plate. Though 

differentiation was again retarded by one. to t wo days 

in the extreme right portion of the tectum, marginal and 

mantle layers were always presented (plate 1, figure 2; 

plate 2 , figures 5 and 6) . 

By the eighth and ninth days, a conspicious increase 

in the rate of regulation had occurred . This averaged 

128% on day $ and 118~ on day 9 .{plate 2 , figures 7 '' '1d 

$; plate) , figure . 9) . Thus the optic tectum in these 

embryos constituted a mass ·larger than the combined 

tectal area of normal embryos of comparable age ( Tabl.e 2) • 

In the early stages of development {three to seven 

days) , the regulation consisted essentially of a 

regeneration of the neuroepithelium in such a manner a s 

to close the lesion. However, beginning on the seventh 

and eighth days , this regeneration was greatly augmented 

by a general hyperplasia within the developing optic 

tectum. This hyperplasia is cited as being chief'ly 

responsible for the ext ensive regulation occurring in 

the older stages (7 to 20 days). The compensatory 

volumetric increase affect-ed all portions of the tectum 

evenly , except for the non-cellular stratum. opticwn. In 
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embryos sacrificed on days 10 to 20 of development, the 
' rate of regulation averaged close to 100~ (plate 3, 

figures 10 and 11). 

In summarizing these observations, it may be 

stated that following the removal of the right presumptive 

alar plate in the 26 to 38 hour chick embryo, the 

remaining (intact) prospective alar plate undergoes a 

course of compensatory regulation which eventually leads 

to the formation of an optic tectum comparable in size 

to the combined tectal area of normal embryos of 

corresponding age . Although this optic lobe expands 

over and onto the right side of the brain, bilaterality 

was never atta ined to such an extent that two optic lobes 

were distinguishable. Instead; the optic tectum was 

broadly rounded with never any appearance of a roof plate, 

even though the presumptive anlage of this plate was most 

always left partially or wholly intact at the time of the 

operation . With but two exceptions, the tissue of the 

hyperplastic optic lobes in eight day to twenty day embryos 

was normal in arrangement. First, the developmental 

retardation noted in the extreme right portion of the 

tectal area in the early stages (three to seven days) 

was present to a greater or lesser extent up to l2to 15 
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days of development. In 18-day and 20-day animals this 

area was essentially normal. The second exception 

concerns the distribution of the optic fibers of the 

right optic tract. The distribution of these fibers 

can be grouped as follows: (1) stratum opticum on the 

right side of the optic tectum, (2) deep lying tissues 

on the left side of the tectum, and (3) irregular 

dispersal in the right basal plate. The distribution of 

these fibers usually involved at least two and often 

all three of the areas designated above:o In most cases, 

at least some of the fibers were distributed to the 

stratum opti.oum. This latter area was usually thinner 

on the right side of the tectum than on the left, due 

to the partial distribution of the fibers of the right 

optic tract to other areas. Those fibers distributed 

to the right basal plate were often seen to have con

verged on developing nuclei in the vicinity. 

Hemilateral alqr !1!!5! basal plate ablations . Thirty

five embryos having undergone this particular type of 

operation, were sacrificed on 2 to IS days (Table 1). 

Of these, 21 had suffered complete removal of the right 

alar and right basal plates (plate 1, figures 1, 2, 3; 

plate 2, figures 5 and 6). In these embryos the opposite 
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(intact) alar plate followed a course of regulative 

development identical to that discussed above except 

that the right margin of the optic tectum fused with 

the dorso- medial margin of the left basal plate . 

The fate of the intact basal plate area was found 

to be in distinct contrast to that described for the 

intact alar plate following hemilateral ablation. No 

distinguishable regulation was detectable in the intact 

basal plate follo~ing such experiments. In fact. the 

structure and development of this region , subsequent to 

the removal of the right alar and basal plates, was 

entirely normal as far as could be determined. Thus the 

absence of the right basal plate region had no notice

able effect on the primary growth and differentiation of 

the remaining portions of the midbrain within the period 

studied. In addition, no regeneration of the basal 

plate tissue removedt was observed to occur. 

In some 14 animals fixed on 3 to 18 days, various 

portions of the right alar and basal plates had been 

previously ablated. Here again the ensuing results 

differ with respect to these different plates . In the 

basal plate region, the deficiencies proved to be 

permanent without regeneration or regulation of any sort 

occurring . The unablated portions of the right basal 
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plate , as well as the oppos ite, intact basal plate 

regi on, developed normally and at a normal rate (plate 

2, figures 7 and 8) . In several cases , portions of 

the anlage for the right oculomotor nerve were destroyed 

in part . The r emainder differentiated in a typica l 

fashion forming an oculomotor nerve r educ ed in proport i on 

to the extent of destruction to the primordium. 

Following partia l alar plate r eduction , the remnant 

portions always differentiated into tectal tissue. 

Also , varying degrees of regulation were observed . 

Though a volumetric analysis of the extent of restitution 

was not attempt ed in any such case , certa in general 

observations may be worthy of note. The extent of 

regulation varied r oughly in proportion to the size of 

the ablation, being greater i n extent following large 

lesions than following smaller lesions. Also, no 

conspicious hyperplasia developed i n the contralateral 

( intact) alar pl ate unless considerable portions of the 

right alar pl ate had previously suffer ed reduction. 

One further noteshould be added . The t endency for 

regulation to occur appeared significantly greater \~hen 

portions were r emoved from t he lateral border of the 

presumptive alar plate (leaving at least some tissue 

intact medi ally) than when t he plat e was ent irely abl a ted 

for a cer tain distance along its longitudinal axis . 
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1 

Bilateral destruction £! ~ alar plates. The 

results of these experiments were seen in 12 embryos 

acrificed on days 5 to 18 {Table 1). Follouing operation, 

th basal plate regions fused together at their dorsa

medial margins . This fusion was usually accomplished by 

the fifth or sixth day. Except for this, the basal 

plates displayed typical gross histology , and evidently 

were relatively unaffected in their development by the 

bsence of the overlying alar plates (plate J , figure 12) . 

Bilateral removal 2f ~ basal plates . This 

particular type of operation proved to be the most 

difficult to achieve. It was never accomplished without 

the partial reduction of the anterior portions of the 

overlying alar plate areas. However, following such 

operations in seven embryos, the ala~ 
~
plate remnants 

were always observed to differentiate into tectal tissue . 

This tissue usually rounded up to form a distinct lobe , 

the ventral margins of which were fused to the anterior 

border of the metencephalic basal plates . Thus the 

absence of the mesencephalic basal plates appeared to 

have little or no effect on the primary histogenesis 

of· the overlying tissue within the period studied 

(Table 1) . 
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Total reduction ~ the midbrain . Studies made on 

11 embryos in which the complete mesencephalon had been 

previously ablated at 26 to 38 hours of development, 

revealed no apparent affect on the early histogenesis 

of either the forebrain or the metencephalon, except 

that both regions healed over to close the opening next 

to the lesion area. The cerebellum , met encephalic basal 

and floor plates, and the forebrain structures of all 

the animals studied revealed essentially typical gross 

form , size, and histology (plate 1, figure 4). No 

attempt was made to analyze the effect of such a deficiency 

on the fiber tracts and nuclear patterns in the older 

embryos. 
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DISCUSSIONS A D CONCLUSIONS 

On the basis of observ tions made subsequent to 

hemilateral ablation of the right pr sumptive alar 

plate in the midbrain of 26 to 38 hour chick embryos, 

it may be concluded that the remaining (intact) alar 

plate region possesses the potentiality to undGrgo a 

course of regulation leading to the establishment of an 

enlarged optic lobe with a tectum closely comparable 

in size to the combined tectal area of normal stages . 

In addition, the detailed histology of the tectum in 

such exper ental animals was found to be normal except 

for a&ight reduction in the thickness of the stratum 

opticum on the operated side . In no case did the intact 

alar plate region regulate for basal plate deficiencies . 

It is thus evident that even though the presumptive 

mesencephalic alar plate areas during these develop

mental stages (26 to 38 hours) are potentially capable 

of producing tissue in considerable excess of the volume 

normally formed, yet they can give rise only to the 

kinds of tissues which typically differentiate from the 

alar plates , at least under the conditions of this 

experiment . In other words , \mile such alar plate areas 

are determinate with respect to the quality of dif• 

ferentiation, they are less limit ed with respect to the 
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extent or quantity of development. 

The initial phase of r egulation occurrine in the 

intact mesencephalic alar plate, begins on the second 

or third day of development as a regeneration stemming 

from the neuroepithelium along the medial border of 

the intact (left) dorsolateral area. Such regeneration 

results in the closure of the wound by day six or seven, 

and this regenerative process is greatly augmented 

beginning on days seven to eight by a general hyperplasia 

occurring throughout the tectal area . On the eighth, and 

ninth days of development the tectal areas of the 

experimental embryos at least equal and usually exceed 

that of the combined tectal area of corresponding normals, 

and from days 10 to 20 the tectal area of such embryos 

compares closely with that of normal stages. 

The course of this compensatory regulation differs 

in detail from that found by Birge and Hillemann (5) to 

occur subsequent to hemilateral alar plate ablation in 

the chick metencephalon. In the latte! case , no 

r egulation on the part of the intact alar plate was 

found to occur until after day nine with but one 

exception. There was a slow r egeneration of a simple 

columnar epithelium which usually closed the lesion 

opening with a curtain- like regenerate by the lOth or 

12th day. This structure greatly resembled the lamina 
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epithelialis of the roof of the fourth ventricle, and 

was always seen to be continuous with the ependyma in 

the cases studied. Subsequent to day nine, an extensive 

hyperplasia was found to develop in the anterior and 

middle cerebellar lobe areas. 

It appears likely that the difference in the onset 

of regulation in these two brain regions may stem from 

basic differences in the normal growth rate of the alar 

plates of the midbrain and metencephalon. Up to day 

nine. the normal growth rate in the metencephalic alar 

plates is much less than that for corresponding areas 

in the midbrain. Subsequent to thi s stage however, a 

rapid growth phase normally begins in the metencephalon. 

This growth wave starts anteriorly in the alar plates 

and spreads cephalo-eaudally throughout the anterior 

and middle cerebellar lobes and finally reaches the 

posterior lobe area. The course of hyperplasia was 

found to follow this growth wave very closely, though 

little or no r gulation occurred in the po•terior 

cerebellar lobe. This absence of posterior lobe 

regulation may possibly be explained on the basis of 

both the delayed acceleration of growth characteristic 

of this region, and the somewhat slower rate of growth 

lasting for several days thereafter. As indicated above, 
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the growth rate throughout early development and up to 

day nine is much higher in the mesencephalic alar plates 

than in th corresponding ar~as of the metencephalon. It 

is possible that the earlier onset of regulation in the 

midbrain is explainable on this basis. In conclusion, 

it would appear that the onset and course of alar plate 

r egulation in the chick midbrain and metencephalon is 

closely related to periods ·of general growth acceleration 

which normally occur. 

Though only gross observations were made on remnant 

portions of the alar plate area subsequent to fractional 

hemilateral ablations, ce-rtain tentative conclusions may 

be dralitl. In the first place, the extent of regulation 

for such remnant areas varies roughly in proportion to 

the extent of tissue lost, and it appears that no 

conspicious hyperplasia occurs in the intact contra

lateral alar plate unless considerable portions are 

r emoved from the alar plate area of the operated side, 

Pending further i nvestigation, it may be suggested that 

there is more of a tendency for extensive regulation to 

occur in response to the removal of lateral portions 

of an alar plate than when this plate is completely 

ablated over a part of its longitudinal extent. 
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With respect to the f ate of the remaining mesen

cephalic basal plate following hemilateral basal plate 

reduction, the data presented under the section dealing 

with observations are consistent and of one accord. In 

such eases the intact basal plate developed unaffected 

by this loss , and no distinct or substantial basal plate 

regulation was distinguishable. Furthermore, following 

the partial reduction of a basal plate, corresponding 

localized deficiencies were always found while the 

uninjured tissue on the other hand, presented essentially 

normal composition. It is then quite clear that the 

mesencephalic basal plates of 26 to 38 hour chick embryos 

represent a mosaic system in which the material potentially 

derivable therefrom is distinctly limited with respect 

to both the kind of tissue and its total volume . 

Under observations, brief mention was made in 

regard to the varying extent of damage suffered by the 

presumptive roof plate during the electro-therDJal 

ablation of the right presumptive alar plate region. 

In some cases the entire roof plate area was left intact 

while in others it was almost cumpletely destroyed, but 

in most instances the extent of destruction varied between 

these extremes. However 1 no roof plate tissue was ever 

found to differentiate subsequent to such operations. On 

this basis it is suggested that the presumptive mesen

cephalic roof plate in the 26 to 38 hour chi ck is not a 
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mosaic system since it may form tectal tissue character

istic of the alar plate areas. Thus it appears that the 

roof plate region is the least determinate of any of the 

mesencephalic plates. Even so, there was no evidence 

that this area could differentiate into basal plate tissue 

since deficiencies in the latter were never reconstituted 

to any detectable extent . 

The course of mesencephalic regulation described 

in this paper is in general accord with the findings of 

Watterson and Fowler (67), Fowler (24), and Birge and 

Hillemann (5). Watterson and Fowler convincingly 

demonstrated regulatory potentiality in the brachial 

spinal cord of the chick. They found that subsequent 

to the separation of the lateral halves of the brachial 

spinal cord by mesodermal blocks during the 17 to 28 

somite stages, high degrees of hyperplasia developed in 

the alar plate regions in 11 of the 17 cases studied. 

However, little or no distinct regulation was found in 

the basal plate areas. Fowler (24) presented similar 

results in connection with his study of spina bifida in 

the chick, and while he noted extensive alar plate 

regulation in the brachial spinal cord, he found little 

or no distinct regulation affecting the basal plates . 

Wenger (70), on the basis of hemilateral extirpation 
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experiments, concluded that the presumptive basal plate 

regions of the brachial spinal cord in the 15 to 25 

somite chick constitute a rigid mosaic system. However, 

she failed to find any regulation rel.ating to the intact 

alar plate areas i n any of the four embryos studied. 

Even though the occurrence of alar pl ate regulation in 

the chick brachial spinal cord has not been consistently 

reported , the weight of the evidence at hand indicates 

that this area at least possesses such potentialities, 

and that under proper experimental conditions, it tends 

to undergo regulation more often than not. Following 

hemilateral ablations in the metencephalon of 28 to JS 

hour chicks , Birge and Hillemann (5) demonstrated the 

consistent development of high degrees of hyperplasia 

in the intact alar plate, but fa.iled to detect any 

regulation on the part of the intact basal plate area. 

Regarding the subject of regulation in the neural 

tube of the chick• certain general conclusions can now 

be presented on the basis of existing information. 

These general conclusions are made with respect to the 

brachial spinal cord , metencephalon and mesencephalon 

of the early chick embryo (four to twenty- eight sornites) 

and probably also hold true for the remainder of the 
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post- prosencephalic neural tube . These conclusions 

are as follows: {1) one presumptive alar plate is 

potentially capable of ext nsive alar plate regulation 

when separated from the opposite alar plate region; 

(2) the tissue produced as a result of such regulation 

may be as much as twice the volume normally derived from 

one alar plate, but histologically always characteristic 

of the tissue of the dorso- lateral sensory area; (3) the 

basal plates under similar experimental conditions 

exhibit no appreciable regulation , but behave on the 

order of a relatively rigid mosaic system; (4) it is 

tentatively suggested that the roof plate area is the 

least specialized of all the plates from the standpoint 

of differentiation potential since it can under certain 

conditions develop into tissue characteristic of the alar 

plate regions . 

In comparing neural tube regulation in the chick 

and in Ambystoma , the most essential difference concerns 

the basal regions . In early Ambystoma embryos (prior 

to early neurula stage) Holtzer (42) among others, has 

shown that one presumptive basal plate is potentially 

capable of reconstituting the opposite basal plate 

following hemilateral excision . However , basal plate 

regulation in Ambxstoma decreases markedly in extent 
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concomitantly with increased age at operation. Though 

the fact that distinct basal plate regulation has not 

been demonstrated in the chick may possibly be ascribed 

to basic differences bet een these presumptive ventro

lateral motor areas in the chick and in Ambystoma , a 

more acceptable explanation can probably be found in 

considering the correlation existing between the age 

of operation and the extent of regulation which is 

lmown to exist in Ambystoma . It is quite possible that 

the presumptive basal plate regions in the chick embryo 

are potentially capable of regulative growth at some 

time during early development (probably during the 

neural plate stage) . Thus it is quite possible that 

the pot entialities for neural tube regulation in the 

chick and in Ambystoma are quite similar. 

As mentioned earlier, a part of this study was 

directed toward ascertaining whether or not any develop~ 

mental relationships exist among the several mesen

cephalic plates of the young chick embryo (26 to J8 

hours). essential to their normal differentiation . On 

the basis of analyses presented under observations, and 

made subsequent to the different hemilateral and bilateral 

lesion types, certain conclusions become evident. By 

26 to .38 hours of development, a mesencephalic basal 
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plate is potentially ca pable of undergoing primary 

growth and differentiation in the absence of either the 

opposite basal plate or the overlying a+ar plate regions. 

Thus it may be concluded that by 26 hours of develop

ment , no relationships essential to primary basal plate 

development exist either between the two basal plates 

themselves, or between the basal plate areas and the 

overlying alar plates. Basal plate regions which 

developed under these experimental conditions were 

at least grossly normal in their histological structure. 

Likewise , it appears that the alar plate areas possess 

the potentiality to undergo typical histogenesis 

independently of the bas al plate regions . However, a 

certain inter-alar plate association may exist under 

normal circumstances, since following hemilateral alar 

plate ablation , the intact dorso-lateral sensory area 

undergoes a course of regulative development . Apparently 

this association is one which pertains to the extent of 

tissue production, but not to the type of tissue produced. 

These conclusions are in close agreement with those of 

Birge and Hillemann (5) regarding the chick metencephalon. 

As previously stated , it was found that subsequent 

to the complete ablation of the midbrain , t he remaining 

brain regions displayed relatively norma l development 



35 

within the period studied. These findings indicate that 

the mesencephalon exerts no appreciable morphogenetic 

effect on the development of the other brain regions, at 

least not after 26 hours of development. These findings 

are likewise in accord with those concerning the chick 

metencephalon (5). Similarly , Detwiler (lS) working 

~th Ambystoma concluded that the forebrain exerts no 

morphogenetic influence on the development of the 

medulla. 
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SUMMARY 

1. In 144 chick embryos ranging from 26 to 38 

hours of development, either the presumptive mesen

cephalic plate regions were ablated individually or 

in various combinations, or the entire midbrain was 

destroyed. Subsequent to such operations the embryos 

were sacrificed at developmental stages varying from 

2 to 20 days, and the brains were removed and 

histologically analyzed. 

2. On the basis of observations made subsequent 

to hemilateral removal of the right mesencephalic alar 

plate area, it is concluded that the remaining (intact) 

alar plate region possesses the potentiality to undergo 

a course of extensive regulation. 

3. The initial phase of this regulative develop

ment begins on days two to three as a regener ation 

stemming from the neuroepithelium along the medial 

border of the intact alar plate area. This regeneration 

accomplishes the closure of the wound by day six or 

seven, and on days seven to eight it is greatly augmented 

by a general hyperplasia which occurs throughout the 

regulating tectal area. By the eighth and ninth days 

of development, the regulating tectal area rea ches on 
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an average a size larger than the combined t ectal area 

of a norma l embryo, and from 10 to 20 days of develop

ment the s i ze of such r egulat ing optic lobes compares 

favorably with the combined tectul area of normal 

animals . 

4. Following hemilateral basal plate ablation, 

the intact ba•·al plate area followed a normal course 

of differentiation and exhibited a normal growth r ate. 

Since no basal plate regulation was found to occur, it 

may be concluded that the basal plate r egions in the 

26 to 38 hour chick embryo represent a r ather rigid 

mosaie system. 

5. The roof plate area was found to be the least 

determinant of the mesencephalic plates during this 

period of development ( 26 to 38 hours) • \Vhile the 

basal plates lack the capacity for regulative develop

ment during this period, and while the alar plates are 

capable of regulating for alar plate deficiencies only, 

the roof plate can take part in alar plate r egulation 

and thus give rise to a type of tissue other than that 

normally produced. 

6. In the discussion, certain general conclusions 

are considered which relate to regulation in the post

prosencephalic neural tube of the chick, and a comparison 
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is made regarding neural tube regulation in the chick 

and in Ambystoma. 

7. It is also evident that by 26 hours of develop

ment, no relationships essential to primary basal plate 

development exist either between the two basal plates 

themselves, or betv.n~en the ba sal plate areas and the 

overlying alar plates. Similarly it appears that the 

alar plate areas possess the potentiality to undergo 

typical histogenesis independently of the basal plate 

regions. However, a certain degree of inter-alar plate 

association relating to the extent of tissue production 

appears evident on the basis of the course of regulative 

development occurring in the alar plate r egion subsequent 

to hemilateral ablation. 

e. Following the complete destruction of the mid

brain, the remaining brain regions developed normally 

hdthin the period studied).. Therefore the mesen• 

cephalon exerts no appreciable morphogenetic effect on 

the primary development and differentiation of the 

remaining brain regions, at least not after 26 hours 

of development,., 
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EXPLANATION OF PLATES 

PLATE 1 

Figure 1. Cross-section through the head of a four-day
chick embryo at the level of the midbrain. 
The right alar and basal plates were previously
ablated at JO hours of development. The 
optic tectum has been partially reconstituted 
on the lesion (right) side , but the right
mesencephalic basal plate is entirely absent. 
The left mesencephalic basal plate is normal 
in structure however. 28 X. 

Figure 2. Cross-section through the midbrain of a 
six•day chick embryo in which the right half 
of the mesencephalon was ablated early in 
development. The structural pattern is 
essentially the same as that described for 
figure 1, except the optic tectum shows a 
greater extent of regulation (47 per cent).
28 x. 

Figure .). Cross-section through the midbrain of a 
nine-day chick embryo in which the right alar 
plate, right basal plate, and the roof plate 
were ablated at )2 hours of development. The 
lesion has been closed by the fusion of the 
optic tectum with the left basal plate . The 
latter is normal in structure, but the right
basal plate is entirely lacking. 20 X. 

Figure 4. Cross-section through the anterior portion of 
the metencephalon of an eight-day chick embryo.
The metencephalon is normal in structure 
regardless of the absence of the midbrain 
which was removed at 28 hours of development.
28 x. 

PLATE 2 

Figure 5. Cross section through the mesencephalon
of a six-day chick embryo in which the right 
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half of the midbrain was ablated at 30 hours 
of development. The structure of t his region
is essentially the same as that seen in 
figure 2, except a greater extent of 
regulation is indicated {68 per cent). 28 x~ 

Figure 6. Cross-section through the midbrain of a seven
day embryo. In t his animal the right mesen
cephalic alar plate and most of the under
lying basal plate were removed during the 
operation. The basal plate tissue, including
the fragment on the right side, is normal in 
structure, and the optic tectum shows an 
average extent of regulation (70 per cent).
20 x. . 

Figure 7. Cross-section through the anterior level of 
the mesencephalon of an eight-day embryo in 
which the right alar plate was previously
removed. 20 X. 

Figure 8. Cross-section through the middle of the 
mesencephalon of the same embryo. At this 
level the right basal plate was slightly
ablated during the operation. 20 X. 

PLATE 3 

Figure 9. Cross-section through the midbrain of a 
nine-day chick embryo in which the right 
alar plate was ablated at 33 hours of develop
ment. 20 x.. 

Figure 10. Cross-section through the mesencephalon of a 
14-day chick embryo. The right alar plate 
was removed during early development. .• 15 X. 

Figure 11. Cross-section through the midbrain of a 
16-day embryo in which the right alar plate 
was previously removed. 15 X. 

Figure 12. Cross-section made at the anterior level of 
the mesencephalon in a 12-day embryo. Both 
alar plate areas were ablated at JO hours 
of development. The two mesencephalic
basal plates are typical in structure. 
20 x. 
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PLATE 1 

•F IG.I FIG. 2 
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PLATE 2 

FIG.5 FIG . 6 
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PLATE 3 

.. 

FIG . II FIG . I2 




