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ABSTRACT The development of the thalamus was examined in normal and 
X-irradiated embryos from day 13 (El31 to  the day before birth (E22). The dif- 
ferentiating, radioresistant neurons of the lateral habenular nucleus, derived 
from a portion of the superior neuroepithelial lobule (SLl), were settling by day 
El5  and by this time the habenulopeduncular tract was forming. The neurons 
of the reticular nucleus, derived from the middle neuroepithelial lobe, began to 
settle on day E l5  but a massive migration was still evident on day E16. Adja- 
cent to the reticular nucleus the internal capsule appeared on day E16; this 
fiber bundle seemed to be continuous with fibers embedded in the first transi- 
tory zone of cells issuing from the dorsal neuroepithelial lobe. Because of the 
immaturity of the neocortex a t  this time, i t  was postulated that thalamocorti- 
cal fibers of the dorsal thalamus are the earliest components of the internal 
capsule. By day El7 all the sensory relay nuclei of the thalamus were recogniz- 
able and it was assumed that the second transitory zone issuing from the reced- 
ing dorsal neuroepithelial lobe contained the neurons of the later forming in- 
tralaminar nuclei. Suggestive evidence was obtained that the late arising neu- 
rons of the medial thalamus (the anterior nuclei, the mediodorsal nucleus, and 
some or all of the midline nuclei) originate in a portion of the superior neuro- 
epithelial lobule designated as SL2. 

Our present and previous studies showed that the major divisions of the hy- 
pothalamus and thalamus are derived embryonically from distinguishable parts 
of the third ventricle neuroepithelium. This implies that the third ventricle 
neuroepithelium has a “mosaic” organization and suggests that the fate of hy- 
pothalamic and thalamic neurons may be determined to some extent while 
their precursors are still proliferating. 

Several descriptions are available of the em- 
bryonic development of the mammalian thala- 
mus. Among them are the extensive studies of 
Miura (’33) and Rose (’42) in the rabbit; Niimi 
et al. (‘62) in the mouse; Str6er (‘56) and Cog- 
geshall (’64) in the rat;  and Gilbert (‘351, 
Cooper (’50) and Kahle (’56) in man. In the 
present study we seek to offer two contribu- 
tions to the subject. First, by utilizing quan- 
titative data about the time of origin of tha- 
lamic neurons in the rat (Altman and Bayer, 
’79a1, we shall attempt an earlier and a more 
definitive identification of presumptive tha- 
lamic structures than was hitherto possible. 

J. COMP. NEUR. (1979) 188: 501-524. 

Second, with the additional information avail- 
able about the deployment routes of neurons, 
based on the identification of internuclear cy- 
togenetic gradients (Altman and Bayer, ’79b), 
we shall try to identify the specific sites of ori- 
gin of various thalamic nuclei. This approach 
suggests that, as in the case of the hypothal- 
amus (Altman and Bayer, ’78d), thalamic 
nuclei originate from circumscribed patches 
in the neuroepithelial mosaic of the third ven- 
tricle. 

In our previous embryonic study (Altman 
and Bayer, ‘78d), we presented evidence that 
the ventral lobe and inferior lobule of the 
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diencephalic neuroepithelium generate the 
cells of the hypothalamus. In this study, we 
shall present evidence that the two portions 
of the superior lobule generate the nuclei of 
the epithalamus and the medial thalamus; the 
proliferative cells of the dorsal neuroepi- 
thelial lobe are the source of the neurons of 
the dorsal thalamus; and that the nuclei of 
the ventral thalamus originate from circum- 
scribed portions of the middle neuroepithelial 
lobe. 

MATERIALS AND METHODS 
The embryos were obtained from dated, 

sperm positive Purdue-Wistar rats (Altman 
and Bayer, '78d). The day of sperm positivity 
was counted as embryonic day 1 (El). Fetuses 
from control females were undisturbed prior 
to their removal while those from the experi- 
mental females were exposed to a single dose 
of 200R X-ray from a Maxitron 300 kV unit 6 
hours earlier. Fetuses from one or more con- 
trol and experimental females were removed 
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a t  daily intervals between days E13-E22 and 
immersed in Bouin's fluid for 24 hours. A total 
of 261 fetuses were prepared and examined. 

The majority of these fetuses or dissected 
brains were embedded in paraffin and sec- 
tioned in the sagittal, coronal and horizontal 
planes at 6 pm. All sections were saved in 
fetuses aged E13-E14; every fifth section in 
fetuses aged E15-El6; every tenth section in 
fetuses aged E17-E22. Alternate sections were 
stained with cresyl violet and hematoxylin- 
eosin. 

The most symmetrically cut and best pre- 
served sagittal, coronal and horizontal sec- 
tions of the diencephalon were examined mi- 
croscopically and photographed a t  selected in- 
tervals. The prints were aligned and attached 
to each other to form long folding strips. This 
arrangement allowed us to compare the struc- 
ture of the thalamic region in different planes 
of sectioning within the same ages and across 
different ages in both normal and experimen- 
tal embryos. 

RESULTS 

Day E l  4 
In day El4  embryos (fig. 1) a zone of differ- 

entiating cells flanks the caudal aspect (fig. 
1C) of the middle neuroepithelial lobe. I t  is 
identified as the zona incerta, as it is the ear- 
liest arising structure in this region, with 
peak cell formation on day E l 3  (Altman and 
Bayer, '79a: fig. 10). Rostrally (figs. 1A,B) a 
thinner and less-well demarcated differentiat- 
ing zone is present along the middle lobe; i t  
may be formed of the first complement of set- 
tling neurons of the reticular nucleus in which 
cytogenesis peaks on this day and ends on day 
E l5  (Altman and Bayer, '79a: fig. 6). There 
are no settling elements present along the dor- 
sal neuroepithelial lobe and no clear evidence 
of afferent or efferent fiber tracts in any part 
of the presumptive thalamus. 

Day E l 5  
Considerable changes are taking place on 

day E l 5  (figs. 2-61. The settled cells of the 
zona incerta become dispersed (figs. 2B, 3G-H, 
4) and fibers may begin to traverse i t  (fig. 4A). 
The reticular nucleus (fig. 4) has grown in 
size, and as a semilunar structure in the 
horizontal plane (fig. 3H) i t  surrounds a tran- 

Fig. 1 Day El4  embryo. Coronal sections through the 
diencephalon from rostra1 to caudal (A-C). The differentiat- 
ing zone in C is identified as the zona incerta and the lat- 
eral hypothalamic area. 
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Fig. 2 Day E l 5  embryo. Sagittal sections showing the fiber tracts forming on this day: the posterior commissure, the 
habenulo-peduncular tract, and the mammillo-thalamic tract. A-D in boxes refer to coronal levels shown in figures 3A-D; 
E-H in boxes refer to horizontal levels shown in figures 3E-H. 
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Fig. 3 Day E l 5  embryos; planes of sectioning indicated in figure 2. Brain sectioned coronally, from rostra1 (A) to cau- 
dal (D). Another brain sectioned horizontally, from dorsal (E) to ventral (H). 
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Fig. 4 Day E15. Coronal sections from rostra1 (A) to caudal (B). In addition to the medial forebrain bundle and the stria 
medullaris, fibers may be present in the zona incerta (A) and the reticular nucleus (B). Dots in lumen indicate the sulci 
that separate the lobes of the third ventricle neuroepithelium that generate the epithalamus, dorsal thalamus, ventral 
thalamus, and hypothalamus, respectively. 
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Fig. 5 Day E15. Coronal section, high power. Note many mitotic cells near the lumen in the dorsal neuroepi- 
thelial lobe. Mitotic cells are also seen throughout the lobe and in the endal aspect of the first transitory zone of 
the dorsal thalamus. 
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Fig. 6 Day E15. X-irradiated embryo; coronal section. 
Pyknotic cells (dark dots) abound throughout the thalamus 
except in the differentiating lateral habenular nucleus, the 
zona incerta and, perhaps, the reticular nucleus. 

sitory differentiating zone that flanks the dor- 
sal neuroepithelial lobe (figs. 3B-C, F-H). Be- 
cause this zone will be displaced laterally by 
later forming cells on subsequent days (see 
below) it is considered to be the first wave of 
transitory cells leaving the dorsal lobe. The 

cells of this transitory region retain some 
mitotic activity (fig. 5) and as undifferenti- 
ated elements are killed by low-level X-irradi- 
ation (fig. 6). Among the differentiating dien- 
cephalic structures that can be identified are 
the lateral habenular nucleus adjacent to  the 
superior lobule (figs. 3C, 4B). It is an early 
forming nucleus whose cytogenesis is nearly 
completed by day E l5  (Altman and Bayer, 
’79a: fig. 10). Most of the cells of the nucleus 
are spared by low-level X-irradiation (fig. 6) 
and in most (fig. 2) but not all E l5  embryos 
(fig. 3D?) the habenulopeduncular tract is 
identifiable. This suggests an immediate and 
very rapid growth of the axons issuing from 
this nucleus. Another identifiable dience- 
phalic structure is the medial geniculate nu- 
cleus (fig. 3G) which is the earliest forming 
component of the dorsal thalamus (peak for- 
mation, day E14; Altman and Bayer, ’79a: fig. 
12). At least two extrathalamic fiber tracts 
reach the thalamus: the stria medullaris (figs. 
2B-C, 3A,H, 4B) and the mammillothalamic 
tract (fig. 2C). The fibers of the latter must 
issue from the lateral mammillary nucleus in 
which cytogenesis comes to an end on day El5  
(Altman and Bayer, ’78c: fig. 9). But the most 
prominent fiber tracts are located outside the 
thalamus: the posterior commissure caudally 
(figs. 2A-B, 3D-E) and the medial forebrain 
bundle ventrolaterally (figs. 3A-C, 4). 

Day E l 6  
The striking developmental change in the 

rostra1 portion of the thalamus on day El6  is 
the appearance of the internal capsule (figs. 
7B, 8A,B, 9B,C, 11A). I t  is seen as a substan- 
tial aggregate of fibers, the “Stammbundel” of 
His (’04), in embryos in which the cortical 
plate is just beginning to form in the lateral 
aspect of the neocortex (figs. 8A-C). Its fibers 
could be traced no farther ectally than the 
basal aspect of the rudiment of the caudate- 
putamen (fig. 8A). Endally, the internal cap- 
sule is contiguous with fibers that traverse 
the reticular nucleus horizontally (figs. 7B, 
9C) and then may turn vertically (figs. 9C, 10) 
in the first transitory zone of the dorsal thala- 
mus. In view of the fact that cytogenesis is 
completed on day E l5  in the principal relay 
nuclei of the dorsal thalamus (the ventrolat- 
era1 and ventrobasal complexes, the lateral 
geniculate and medial geniculate nuclei; Alt- 
man and Bayer, ’79a: figs. 5, 6, 10, 121, and 
considering the added evidence that in the re- 
gion of the traversing fibers many of the cells 
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Fig. 7 Day E16. A, brain in sagittal section. Downward arrows indicate quasi-horizontal plane of the sec- 
tions shown in Band C. The relay nuclei are beginning to condensate and the internal capsule emerges. Upward 
arrows in A with letters in boxes refer to the quasi-coronal sections shown in figures 8A-D. 

have become radioresistant (fig. 111, it is sug- The neurons of the reticular nucleus, which 
gested that a t  this stage of development the are in the path of the fibers of the formative 
formative internal capsule is composed of internal capsule, are apparently still migrat- 
thalamocortical fibers. ing from the medial neuroepithelial lobe on 
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day E l6  (figs. 10, 11). This source is adjacent 
to the region where the cells of the zona in- 
certa are derived, the dorsal aspect of the 
diamond-shaped ventricle, suggesting that 
the reticular nucleus is part of the ventral 
thalamus. The possibility that some cells in 
this ventral thalamic region are derived from 
the lateral ventricle (its sulcus terminalis: 
Richter, '65) cannot be excluded (fig. 9A). 

On day El6  few of the dorsal thalamic nu- 
clei can be identified anteriorly, even though 
cytogenesis ended on the previous day. An 
aggregate of cells that may represent the set- 
tling neurons of the nucleus lateralis, pars an- 
terior is indicated in figure 9. Nuclear conden- 
sation is more apparent posteriorly (fig. 12) 
where the nucleus lateralis, pars posterior, 
and the dorsal and ventral nuclei of the lateral 
geniculate body are recognizable. The cells of 
the dorsal lateral geniculate nucleus are 
traceable to  the posterior extension of the dor- 
sal neuroepithelial lobe (figs. 12A,B), and the 
cells of the ventral lateral geniculate nucleus 
to the posterior extension of the middle lobe 
surrounding the diamond-shaped ventricle 
(figs. 12B,C). Although a few optic fibers were 
observed in some animals a t  the level of the 
optic chiasm, we could find no evidence that 
they have reached the lateral geniculate body. 

Days El 7 and El8 
A continuing trend in the E17-18 fetuses is 

the enlargement and progressive differentia- 
tion of the dorsal thalamus. The cells of the 
first transitory zone are gradually trans- 
formed into the recognizable nuclear compo- 
nents of the afferent relay nuclei: the medial 
geniculate nucleus (figs. 13D, 16E), and the 
dorsal lateral geniculate nucleus (figs. 12; 
13C,D; 16C,D), and the ventrobasal (figs. 13C, 
16C), and ventrolateral (figs. 13B, 16B) com- 
plexes. But a substantial, poorly differenti- 
ated zone remains medially; it is designated as 
the second transitory zone (figs. 13, 15, 16). 
The former dorsal neuroepithelial lobe is 
reduced on day E17, and by day El8 the fusion 
of the midline begins in the dorsal thalamus 
(figs. 16B,C). By day El7 the fibers of the in- 
ternal capsule can be traced to the white mat- 
ter of the neocortex (fig. 13A) and the cortical 
plate is growing in width in a progressive 
fashion (figs. 13, 16). We noted in a previous 
study ( ~ l ~ ~ ~ ~  and B ~ ~ ~ ~ ,  '78b) that by day 

Some corticofugal fibers seemed to have 

Fig. 8 Day E16. Quasi-coronal sections from rostra1 (A) 
to caudal (D). The internal capsule can be traced to the pri- 
mordium of the basal ganglia when the cortical plate is just 
beginning to form in the lateral aspect of the cerebral 

reached the level of the pontine gray; if so, we 
may assume that corticofugal fibers are also 

hemispheres. 
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Fig. 11 Day E16. X-irradiated embryo; coronal sections from rostra1 (A) to caudal (B). Pyknotic cells are abundant in 
medial half of thalamus but are sparse in the differentiating regions, including the first transitoryzone of the dorsal thala- 
mus that appears to be traversed by fibers. 
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approaching the thalamus. The optic chiasm 
is a pronounced feature by day El7  (fig. 14); 
by day E l8  i t  can be traced farther along the 
lateral aspect of the thalamus (figs. 16B,C). 

A new feature in day El7 fetuses is the 
emergence of a transitory zone in the anterior 
aspect of the superior lobule (figs. 13B,C); it 
appears to grow further on the subsequent day 
(figs. 15, 16B-D). We distinguished previously 
(Altman and Bayer, '78d: fig. 1) two compo- 
nents of the superior neuroepithelial lobule 
(SL1, SL2). I t  appears that in contrast to  SL1 
which generates the habenular nuclei, SL2 is 
the source of the medial thalamus, the midline 
thalamic nuclei and possibly of the rostrome- 
dial nuclei. Of the midline nuclei, the rhom- 
boid and reuniens nuclei form predominantly 
on day E16, and the paraventricular and para- 
tenial nuclei on day El7 (Altman and Bayer, 
'79a: fig. 6). The anterior portion of this ma- 
trix that continues into the foramen of Monro 
(figs. 13A, 16A) may be the source of the an- 
teroventral, anterodorsal, and anteromedial 
nuclei that form with a peak on day El6  (Alt- 
man and Bayer, '79a: fig. 6). Separate nuclei 
in the medial thalamus cannot be clearly rec- 
ognized on days El7  and E18. 

Day E l 9  
Among the notable events on this day is 

the settling of the cells of the second transi- 
tory zone of the dorsal thalamus. On the basis 
of qualitative autoradiographic observations 
that indicated a relatively late forming belt 
along the medial wall of the afferent relay nu- 
clei (Altman and Bayer, '79a: fig. 51, we tenta- 
tively postulated that this second wave of cells 
from the dorsal neuroepithelial lobe generates 
the intralaminar nuclei, notably the central 
lateral (figs. 18D,E) and parafascicular nuclei 
(fig. 18F). Another important event is the set- 
tling of the components of the medial thala- 
mus: the mediodorsal nucleus becomes vague- 
ly delineated (figs. 18B-D) as are the later- 
forming rhomboid-reuniens (figs. 18A,B) and 
paraventricular-paratenial complexes (figs. 
18B,C). Interestingly, active germinal ma- 
trices still remain a t  circumscribed points of 
the third ventricle. Since the only structure 
that acquires a few neurons on day E l9  is the 
medial habenular nucleus (Altman and Bayer, 
'79a: fig. 101, we assume that the ongoing cell 

Fig. 13 Day E17. Coronal sections from rostra1 (A) to 
caudal (D); compare with figure 8. Note growth of the rudi- 
ment of the medial thalamus rostrally and the second tran- 
sitory zone of the dorsal thalamus more posteriorly. 
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Fig. 14. Day E17. Fibers of the optic chiasm. 

proliferation is associated with the production 
of glial and ependymal cells. 

Days E20 to E22 
After the production of neurons has come to 

an end, there is a shift in development from 
gross histological transformations to regional 
changes in the size and shape of perikarya, 
their geometric relations to one another, in 
the ratio of perikarya and neuropil, and so 
forth. By day E22, the day preceding birth, all 
the individual nuclei of the thalamic region 
are identifiable (figs. 19, 20) with the possible 
exception of some nuclei of the latest forming 
medial thalamus, i.e., the paraventricular and 
paratenial nuclei, and the reuniens and rhom- 
boid nuclei. 

DISCUSSION 

Neuroepithelial sources of the principal 
divisions of the thalamus 

In the preceding paper (Altman and Bayer, 
’79b), we suggested a classification of the thal- 
amus into five principal divisions: the epithal- 
amus, the medial, dorsal, ventral, and poste- 

rior thalamus. The classification was based on 
radiographic evidence, namely, regional dif- 
ferences in the time and duration of cyto- 
genesis and/or differences in the pattern of in- 
ter- and intranuclear cytogenetic gradients. 
In the present study, we tried to locate the 
specific germinal sources of these postulated 
principal components of the thalamus. 

According to our radiographic evidence, the 
epithalamus differs from other regions of the 
thalamus by its prolonged cytogenesis and its 
independent inter- and intranuclear gradi- 
ents. The “directional arrow” provided by the 
strict lateral-to-medial gradient (Altman and 
Bayer, ‘79b: figs. 6-9) pointed to a part of the 
superior neuroepithelial lobule, referred to as 
SL1 (Altman and Bayer, ’78d: fig. 1) as a 
source of cells of the epithalamus. Indeed, this 
region of the neuroepithelium remains mitoti- 
cally active beyond all other regions of the 
thalamus. I t  resembles in this respect the neu- 
roepithelium of the inferior lobule that gen- 
erates the neurons and specialized ependymal 
linings of the endocrine hypothalamus. In 
terms of developmental characteristics, the 
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Fig. 15 Day E18. Sagittal section. Letters in boxes indicate planes of the coronal sections shown in figure 16. The py- 
ramidal tract is visible above the emerging pontine nuclei. 

epithalamus bears closer resemblance to the 
hypothalamus than the thalamus. 

Rose (‘42) suggested the separation within 
the classical “dorsal thalamus” of a medial 
and a dorsal division. We adopted this in the 
preceding paper (Altman and Bayer, ’79b) on 
the basis of profound differences in the time of 
origin of neurons in these two regions. The em- 
bryological evidence suggests that the pear- 
shaped (anteroposteriorly) rostromedial nu- 
clei, composed of the anterior nuclei and the 
mediodorsal nucleus, originate in that divi- 
sion of the superior neuroepithelial lobule 
that we previously designated as SL2 (Altman 
and Bayer, ‘78d: fig. 1). The epithalamus and a 
portion of the medial thalamus, which collec- 
tively stem from the late-arising and long-per- 
sisting superior neuroepithelial lobules, share 
an intimate connection with the limbic sys- 
tem (Altman and Bayer, ’79b: fig. 20).  As a 

generalization we may then state that cells of 
the “limbic thalamus” are generated later and 
from a different component of the third ven- 
tricle neuroepithelium than cells of the “sen- 
sory thalamus.” 

Within the more narrowly conceived “dorsal 
thalamus,” we distinguished two components, 
the laterally situated “relay nuclei” and the 
more medially situated belt of “intralaminar 
nuclei” (Altman and Bayer, ’79b). The dif- 
ference in the time of origin of neurons was 
small and the distinction was motivated pri- 
marily by the reviewed evidence of differen- 
tial connectivities. The distinction was sup- 
ported by embryological observations of two 
waves of migratory cells (with many mitotic 
elements) in the region surrounding the dorsal 
neuroepithelial lobe. The second transitory 
zone was still prominent when all the relay 
nuclei were clearly identifiable; this sug- 
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gested that  i t  contained mainly the cells of the 
later forming intralaminar nuclei. By day E l 7  
the neuroepithelium of the dorsal lobe was dis- 
appearing and the midline fusion of the thala- 
mus began in this region. 

We were able to trace two “streams” of spin- 
dle-shaped cells from the middle neuroepithe- 
lial lobe. One was prominent on day E l 5  ante- 
riorly and was identified as the presumptive 
reticular nucleus. The other was seen most 
clearly one to two days later and was followed 
to the site of the pars ventralis of the lateral 
geniculate body. The neuroepithelial source of 
the other components of the ventral thalamus 
could not be established in our embryonic ma- 
terial. There were indications that  the subtha- 
lamic nucleus arises caudally. We shall return 
to this problem in future studies dealing with 
cytogenesis of the posterior thalamus, pretec- 
tal  area and midbrain. 

This embryonic study of thalamic develop- 
ment, combined with the previous study of hy- 
pothalamic development (Altman and Bayer, 
’78d) indicate that the major nuclear divisions 
of the mature diencephalon are relatable to 
identifiable proliferative divisions of the third 
ventricle neuroepithelium of the early embryo 
(fig. 21). This implies that  the future identity 
of neurons is already specified while the pre- 
cursor cells are proliferating. The cellular 
identity of some classes of presumptive neu- 
rons may also be specified quite early. How- 
ever, we have obtained no evidence that dif- 
ferent classes of neurons within a thalamic 
nucleus might be derived from different ger- 
minal sites or a t  different times as, for in- 
stance, in the case of the cerebellar cortex 
(Altman and Bayer, ’78a). 

Some observations on the earliest 
fiber tracts of the thalamus 

The techniques used in these studies are not 
suited for the tracing of the development of af- 
ferent and efferent connections of the thala- 
mus. But a few observations have been made 
on the early appearance of some large fiber 
bundles which could be a starting point for 
future studies. 

Fiber tracts could not be identified in the 

Fig. 16 Day E18. Coronal sections from rostra1 (A) to 
caudal (E). Continuity seems to be established between the 
internal capsule and the cortical white matter (A-B). From 
the optic chiasm (B) the optic fibers can be traced laterally 
(0. The neuroepithelium of the medial thalamus is still ob- 
vious (A-B) but the incipient fusion of the third ventricle is 
indicated at the level of the dorsal thalamus. 
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Fig. 17 Day E19. Sagittal section. 

thalamus on day E14, when the medial fore- 
brain bundle was already evident ventrally 
and the posterior commissure caudally. But by 
day E l 5  three fiber bundles could be recog- 
nized in the thalamus: the habenulopeduncu- 
lar tract, the stria medullaris, and the mam- 
millothalamic tract. (Our observations differ 
by 1 day from the report of Coggeshall "641 
who noted these fiber tracts in day E l 4  rat 
embryos.) We may presume that the haben- 
ulopeduncular tract contained efferent8 of the 
lateral habenular nucleus that forms between 
days E13-16 and which already has many 
radioresistant (that is, differentiating) neu- 
rons on day E15. The stria medullaris is a het- 
erogeneous fiber bundle (Nauta and Hay- 
maker, '69; Herkenham and Nauta, '77); 
these early fibers may represent afferents to 
the lateral habenular nucleus from the early 
forming lateral hypothalamic and preoptic 
areas (Altman and Bayer, ' 78~) .  The early ap- 
pearance of the mammillothalamic tract is of 
particular significance insofar as the neurons 
of its target structures, the anterior nuclei 
(Powell and Cowan, '54; Guillery, '57; Cruce, 
'75) begin to form on day E l 5  (Altman and 
Bayer, '79a: fig. 6). This would suggest that 
the earliest afferents of the anterior nuclei 
may take up their position while the neurons 

are still being generated a t  a distant site. But 
in the case of the lateral geniculate nucleus, 
pars dorsalis, the settling of neurons may coin- 
cide or even precede the arrival of optic fibers. 
Neuron generation comes to an end on day 
E l 5  (Altman and Bayer, '79a: fig. 12) while 
the optic tract fibers do not reach the region of 
the chiasma before day E16, and the lateral 
aspect of the thalamus until day El7  or later. 

The internal capsule was evident by day 
El6  and by this time a large component of the 
neurons of the reticular nucleus have settled 
around this site. But in methacrylate-em- 
bedded material (work in progress) we ob- 
served fiber bundles in the first transitory 
zone of the dorsal thalamus as early as day 
E15, and some cells were observed here with 
axon-like processes. It appears likely, there- 
fore, that the internal capsule contains from 
the beginning a complement of thalamocorti- 
cal fibers. Since pyramidal cells in the cortex 
do not arise until day E l 6  (Berry and Rogers, 
'65; Hicks and D'Amato, '68; Bisconte and 
Marty, '75; unpublished observations), com- 
bined with the fact that a cortical plate does 
not appear until day 16 in the earliest matur- 
ing lateral aspect of the neocortex (fig. 81, 
tend to rule out the early presence of cortico- 
thalamic fibers in the internal capsule. It also 
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Fig. 18 Day E19. Coronal sections from rostra1 (A) to caudal (F). All the major nuclei of the dorsal thalamus are identi- 
fiable and the condensation of the nuclei of the medial thalamus has begun. The optic tract is traceable to the lateral 
geniculate body (C-E). 
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Fig. 19 Day E22. Coronal sections, from rostra1 (A) to caudal (El. All the major nuclei of the thalamus are identifiable 
on the day before birth. 
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Fig. 20 Day E22. Horizontal sections, from dorsal (A) to ventral (D). 
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Fig. 21 Schematic diagram of the proposed derivation of the major divisions of the diencephalon (including 
the hypothalamus) from the neuroepithelial lobes and lobules of the embryonic third ventricle. 

suggests the possibility of the arrival of thal- 
amocortical fibers in the neocortex when the 
cortical plate is just beginning to form. 

However, the precise relationship between 
cytogenesis and axonogenesis a t  different 
brain sites, and between neuronal differentia- 
tion and the arrival of afferents, will have to 
be determined with techniques specially de- 
signed for the tracing of embryonic fiber con- 
nections. 
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