
Development of the Diencephalon in the Rat 
I l l .  ONTOGENY OF THE SPECIALIZED VENTRICULAR LININGS OF THE 

HYPOTHALAMIC THIRD VENTRICLE 

JOSEPH ALTMAN AND SHIRLEY A. BAYER 
Laboratory of Developmental Neurobiology, Department of Biological Sciences, 
f i r d u e  Uniuersity, West Lafayette, Indiana 47907 

ABSTRACT The development of the specialized linings of the hypothalamic 
third ventricle was examined autoradiographically in mature rats that were la- 
belled with 3H-thymidine during the developmental period, and in a closely 
spaced series of embryonic and infant rats. We distinguished in mature rats, 
apart from the typical ependymal wall, three specialized linings: the con- 
voluted ependyma, the laminated epithelium, and the tanycytic epithelium. 
The ventricular wall of most of the anterior hypothalamus, and of the dorsal 
portion of the posterior hypothalamus, is composed of ciliated ependymal cells 
and most of them are generated several days before birth, soon after the cessa- 
tion of neurogenesis in the adjacent hypothalamic nuclei. The cells of the ros- 
tral convoluted ependyma adjacent to the paraventricular nucleus are produced 
at  about the same time as the neighboring cells of the smooth ependyma. Its 
cells come from the same germinal region that we have assumed to generate 
the neurons of the magnocellular neurohypophysial secretory system. The 
structural differentiation of the convoluted ependyma starts after birth and is 
completed by the beginning of the second week. Many of the ependymal cells of 
the laminated epithelium are produced postnatally, and the production of the 
specialized cells that form a parallel subependymal row extends into the third 
week. These cells appear to arise from the same matrix that generates earlier 
the neurons of the dorsomedial and ventromedial hypothalamic nuclei; their 
structural differentiation begins during the second week. Also the cells of the 
tanycytic epithelium are produced mostly postnatally, predominantly during 
the first week. They appear to arise from the same matrix that generated ear- 
lier the neurons of the hypophysiotropic tuberomammillary and arcuate nuclei. 
It is postulated that these three specialized ventricular linings are specifically 
related to the three components of the endocrine hypothalamus with which 
they have shared neuroepithelial sites of origin. 

In most regions of the mature brain the ven- 
tricle is lined by ciliated, cuboidal ependymal 
cells. But there are several, as yet not fully 
enumerated specialized sites, where in the 
wall of the ventricle ependymal cells are in- 
terspersed with nonciliated cells or where 
these altogether replace the typical epen- 
dymal cells. The best studied of such regions is 
a portion of the hypothalamus associated with 
endocrine functions. 

According to recent descriptions (Scott et 
al., '74; Millhouse, '75)  based on light micros- 
copy (including Golgi studies) and electron 
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microscopy (including scanning EM), typical 
ependymal cells form the wall of the third ven- 
tricle in the anterior hypothalamus. In the 
posterior hypothalamus the dorsal half of the 
ventricular wall is likewise composed of cili- 
ated ependymal cells but there is a transi- 
tional zone below it  where these cells are 
interspersed with nonciliated cells that are 
studded with villiform processes or large bleb- 
like cytoplasmic protrusions (Bruni et al., '72; 
Kozlowski et al., '73) .  In the ventral aspect of 
the posterior hypothalamus in the vicinity of 
the median eminence ciliated cells are al- 
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together absent and cells with an elongated 
body and a single long process take their place. 
These cells are generally identified as tany- 
cytes (Horstmann, '54). The tanycytes (Leon- 
hardt, '66; Colmant, '67; Bleier, '71, '77; Mill- 
house, '71, '75; Kobayashi et  al., '72; Pilgrim, 
'74; Joseph and Knigge, '78) have three parts: 
a soma adjacent to the ventricle, a neck with 
filiform processes or "fuzz" on its surface in 
the periventricular region; and a tail that  can 
be traced into parts of the hypophysiotropic 
hypothalamus (the arcuate, tuberomammil- 
lary, ventromedial and dorsomedial nuclei), 
the pial surface of the ventrobasal aspect of 
the hypothalamus, and the median eminence. 
These specialized ventricular cells have been 
postulated to be involved in secretory activity 
(Lofgren, '59; Leveque and Hofkin, '61; Leon- 
hardt, '66; Defendini and Zimmerman, '78) 
and also in the uptake and transport of 
humoral substances, or receptor functions 
(Bleier, '71; Kobayashi et  al., '72; Scott et  al., 
'74; Mikami, '75; Joseph and Knigge, '78). 
There is also some evidence that the tanycytes 
may undergo morphologically and histochem- 
ically demonstrable changes in relation to 
phases of the reproductive cycle (Knowles 
and Anand Kumar, '69; Akmayev and Fide- 
h a ,  '76). 

Our earlier observations (Altman and 
Bayer, '78a,b) suggested that the specialized 
cells of the hypothalamic third ventricle are 
the latest forming elements of the hypothala- 
mus. Their cytogenesis and differentiation 
succeed the already late development of the 
neighboring nuclei of the so-called hypophys- 
iotropic area (Halasz, '72). The purpose of this 

study was to examine the time of origin of the 
ependymal and the specialized cells of this re- 
gion and follow their development through the 
postnatal period. There is, to our knowledge, 
no comprehensive treatment available of the 
development of the hypothalamic ventricular 
lining, although some aspects of it have been 
investigated (Fleischhauer, '66; Schachen- 
mayr, '67; Monroe and Paull, '74; Card and 
Rafols, '78; Walsh et  al., '78). Our examina- 
tion of mature brains indicated that a t  least 
three specialized regions of ventricular lining 
may be present in the rat  hypothalamus and 
that  these are contiguous with, and possibly 
related to, three components of the endocrine 
hypothalamus. 

MATERIALS AND METHODS 

In addition to the autoradiographic mate- 
rial described in the first paper of this series 
(Altman and Bayer, '78a) and the embryonic 
material described in the second paper (Alt- 
man and Bayer, '78b) we made use in this in- 
vestigation of two collections of developmen- 
tal  material available in our laboratory. The 
first consists of autoradiograms of postnatal 
rats injected either with a single dose of 3H- 
thymidine on days P1, P2, P13, P30 and P120 
and killed after injection over a period rang- 
ing from one hour to six months (Altman, '66: 
table 1) or injected with multiple doses over 
the neonatal and infantile period and killed on 
day P60 (Altman, '69a). The second collection 
consists of normal and X-irradiated brains 
ranging in age, at daily or semi-daily inter- 
vals, from PO to P20 and, a t  greater intervals, 
to P90 (Altman and Winfree, '77). In addition, 
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Fig. 1 Changing composition of the ventricular lining of the hypothalamic third ventricle in coronal sec 
tions from rostra1 (A) to caudal (D) in an adult male rat. 
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some use was made of early postnatal material 
prepared with the Golgi-Cox method. 

RESULTS 

Specialized linings of the hypothalamic 
third ventricle 

Figure 1 illustrates a t  low magnification 
the changing cellular composition of the wall 
of the hypothalamic third ventricle in selected 
coronal sections from a 60-day-old rat. A t  an- 
terior levels (fig. 1A) the ventricular lining 
consists of a monocellular sheet of typical 
ependymal cells. Caudally in the anterior hy- 
pothalamus, at  a level transecting the para- 
ventricular nucleus (fig. IB),  three distin- 
guishable modified linings appear: dorsally, 
the convoluted ependyma; ventrally, the lami-  
nated epithelium; and close to  the floor of the 
ventricle, the tanycytic epithelium. More cau- 
dally, at the level of the dorsomedial and 
ventromedial nuclei (fig. 1 0 ,  the typical 
ependymal lining becomes restricted to the 
roof of the third ventricle and most of its wall 
is lined by the three modified epithelia. Final- 
ly, in the caudalmost portion of the third ven- 
tricle (fig. lD), the convoluted ependyma and 
the tanycytic epithelium form the dorsal and 
ventral linings, respectively. 

The three modified ventricular linings are 
illustrated at  higher magnification in figure 
2. A few capillaries appear to be embedded in 
the convoluted ependyma (fig. 2A). The lami- 
nated epithelium is composed of two layers: a 
somewhat irregularly arranged sheet of epen- 
dymal cells and a monocellular sheet of sub- 
ependymal cells (fig. 2A). The lightly staining, 
“cuboidal” ependymal cells (fig. 2B) become 
scarcer in the ventral direction, and where 
they become rare (fig. 2C) or disappear al- 
together (fig. 2D) the darkly staining cells, 
which assume an elongated shape, approxi- 
mate the lumen. The decrease in ependymal 
cells is associated with a reduction of cilia pro- 
jecting into the lumen (fig. 2C) and cilia be- 
come rare or absent in the zone devoid of epen- 
dymal cells (figs. 2D,E). The orthogonally 
oriented darkly staining cells appear to be as- 
sociated with fine processes and these are 
identified as tanycytes. The tanycytes are 
aligned regularly in some regions but are ir- 
regularly arranged in the basal aspect of the 
hypothalamus adjacent to the arcuate nucle- 
us and the median eminence (fig. 2E). Here 
and there a patch of subependymal layer bor- 
ders the layer of tanycytes (fig. 2E). The inter- 

digitation of the different layers is common in 
transitional regions. 

The complexity of the changing cellular 
composition of the lining of the hypothalamic 
third ventricle is illustrated in horizontal sec- 
tions in figure 3. (The photomicrographs were 
taken at  high magnification for cellular iden- 
tification and the montage was subsequently 
reduced.) As may be expected, in the rostra1 
half (preoptic area and anterior hypothala- 
mus) ependymal cells form the lining of the 
ventricle both a t  the dorsal (fig. 3A) and ven- 
tral (fig. 3B) levels. However, caudally the 
complex pattern differs a t  the two horizontal 
levels. Dorsally the laminated epithelium is 
extensive, and the tanycytic epithelium may 
be absent (fig. 3A); but the tanycytic epithe- 
lium is well represented ventrally in two sepa- 
rated zones (fig. 3B). The considerable length 
of the laminated epithelium is illustrated in 
an oblique horizontal section in figure 4 which 
also shows an anterior tanycytic epithelium 
that is not contiguous with the tanycytes of 
the arcuate nucleus area situated caudally. 

Cytogenesis of the linings of the 
hypothalamic third ventricle 

Most of the ependymal cells lining the ven- 
tricular wall of the anterior hypothalamus, 
and its dorsal aspect a t  more caudal levels, 
were intensely labelled in adult rats that were 
injected with 3H-thymidine on days E16+ 17. 
The majority of these cells were still labelled 
in rats injected on days E17+ 18, except that 
in a few isolated regions small patches of unla- 
belled cells were seen, usually arranged sym- 
metrically on both sides of the ventricle. This 
indicated that the earliest differentiating 
ependymal cells formed on day E16. In ani- 
mals injected on days E18+19, extended re- 
gions were identified in the anterior hypothal- 
amus and the dorsal region of the posterior hy- 
pothalamus where as many as half of the 
ependymal cells were no longer labelled. The 
alternation of labelled and unlabelled epen- 
dymal linings tended to coincide with the 
presence or absence of labelled cells in the 
adjacent hypothalamic nuclei. In animals 
injected on days E19+20 the majority of 
ependymal cells were no longer labelled in 
these regions, indicating that the bulk of the 
unspecialized ependymal cells of the hypo- 
thalamus form on days E l7  and E l8  (fig. 5). A 
few cells (about 5%) were labelled in this 
injection group, and all the later injected pre- 
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Fig. 2 A. The specialized linings of the posterior hypothalamus with ciliated and nonciliated compo- 
nents. B. Ciliated ependymal lining. C. Transitional zone with ciliated and nonciliated cells. D. Dorsal 
tanycytic lining. E. Ventral tanycytic lining with subependymal cells. 
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Fig. 3 Greatly reduced montage of a dorsal (A) and a ventral (B) horizontal section through the hypothal- 
amus and preoptic area of an adult rat. The changing cellular composition of the ventricular lining was 
determined before reduction. 
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natal groups (fig. 5B), perhaps suggesting a 
slow rate of turnover of ependymal cells in 
late fetuses. 

The cytogenesis of the convoluted epen- 
dyma adjacent to the paraventricular nucleus 
appeared to coincide with the rest of the epen- 
dymal lining of the nonendocrine hypothala- 
mus (fig. 5).  However, both the ependymal 
cells and the specialized cells of the ventricu- 
lar lining of the hypophysiotropic area and the 
more caudally situated convoluted ependyma 
arise a t  a later period. Figure 5 shows that  the 
cells of the tanycytic epithelium of the poste- 
rior hypothalamus are labelled in the E l 9  + 20 
group, in which few cells are labelled more 
dorsally. But the very same cells are still la- 
belled in the E21+ 22 animals (figs. 5B), even 
though by the latter date cell labelling in the 
adjacent arcuate nucleus reached a minimal 
level. The pattern of ventricular cell labelling 
in a single coronal strip through the rostra1 
portion of the posterior hypothalamus of a 
E21f  22 rat  is shown a t  a higher magnifica- 
tion in figure 6. Only a few cells are labelled 
dorsally (fig. 6A) in the ciliated ependymal 
layer. But many of the ependymal cells, and 
virtually all the subependymal cells, are la- 
belled in the laminated epithelium (fig. 6B). 
Likewise, practically all the cells of the 
tanycytic epithelium are labelled in the ven- 
t r a l  hypothalamus overlying the median 
eminence. 

The postnatally injected groups of animals 
showed that cytogenesis in the ventricular 
lining of the hypophysiotropic hypothalamus 
continues for some time after birth. In ani- 
mals injected with a single dose of 3H-thymi- 
dine on day P1 and killed six hours later there 
were many labelled cells in the ventral portion 
of the posterior hypothalamus (fig. 7A) but 
very few dorsally. In the same group of rats 
killed 15 days after injection (figs. 7B,C) the 
ventricular lining tended to be free of labelled 
cells dorsally but there was a high concentra- 
tion of these in the differentiating laminated 
neuroepithelium (fig. 7B) and tanycytic epi- 
thelium (figs. 7B,C). In animals injected with 
a single dose on day P1, or with multiple doses 
between days P1  and P3, few ependymal cells 
or none were labelled dorsally or in the region 
of specialized ventricular linings. However, 
many of the tanycytes and even more of the 
subependymal layer cells were labelled. The 
same pattern was noted in the animals 
injected with multiple doses between days P4 

Fig. 4 Changing composition of the ventricular lining 
of the hypothalamic third ventricle in a horizontal 8ec- 
tion. A, anterior portion; B, posterior portion. Identifica- 
tions were made before reduction. 

and P7 (fig. 81, days P8 and P11 (fig. 9) or be- 
tween days P12 and P15 (fig. 10). We gained 
the impression that  the proportion of labelled 
specialized cells progressively declined in 
these groups with delays in injection. 

Ontogeny of the linings of the hypothalamic 
third ventricle 

The regional differences in the embryonic 
maturation of the neuroepithelium of the hy- 
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Fig. 5 Autoradiograms of the posterior hypothalamus from a rat injected on days E19+20 IAi and 
E21+22 ( B i .  Only rare cells are lahelled in the ependymal lining (arrows) but most of the  cells of the 
tanycytic lining are labelled. 

pothalamic third ventricle paralleled, in gen- gion tha t  generates ependymal cells, when the 
eral, the regional differences in cytogenesis intermediate portion, regionally related to the 
obtained with autoradiography. This can be laminated epithelium (Altman and Bayer, 
seen in the  illustrations of the previous paper '78b: figs. 7B, 10A) and the ventral portion, re- 
tha t  show a decline by day E l 7  in the  thick- gionally related to the tanycytic epithelium 
ness of the  neuroepithelium dorsally, the re- (Altman and Bayer, '78b: figs. 1, 11, 13) are 
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Fig. 6 Cell labelling in the ventricular lining of the posterior hypothalamus of a rat injected on days 
E21+22. Coronal section: A, dorsal; B, ventral. Few cells are labelled in the smooth and convoluted epen- 
dymal lining, while most of the cells of the laminated and tanycytic epithelium are labelled. 
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Fig. 7 Coronal autoradiograms from postnatally injected rats. A. Region of arcuate nucleus from a rat 
injected on day PI and killed six hours later. Note labelling of proliferative cells of the neuroepithelium. B 
and C, coronal sections of the posterior hypothalamus (from rostra1 to caudal) from a rat  injected on day PI 
and killed 15 days later. Note virtual absence of cell labelling in the ependymal lining and the large propor- 
tion of labelled cells in the laminated and tanycytic ventricular walls. 
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Fig. 9 Coronal autoradiograms of the laminated epithelium from a rat injected with multiple doses on 
days P8-11 and killed on day P60. Many of the specialized (subependymal) cells of the laminated epithelium 
still labelled. B shows a portion of the region illustrated in A. 

apparently a t  the peak of their activity. More- 
over, in material that was adequately stained 
for the identification of ciliary tufts (fig. 11) 
we noted that cilia were already present in the 
diamond-shaped ventricle dorsally, and in the 
region below it, by day E17, the time when 
ependymal cells differentiate in large num- 
bers. Ciliary tufts were not seen more dorsally 
in the thalamic portion of the third ventricle, 
which fuses within a day or two (Altman and 
Bayer, '78b: fig. 1) or more ventrally where 

ciliated cells are scarcer or altogether absent 
in the mature brain. On day E l 7  mitotic activ- 
ity was still brisk in the ventral portion of the 
third ventricle and its floor (fig. 11). 

The embryonic, diamond-shaped lumen of 
the third ventricle is gradually diminishing in 
size and by the time of birth what remains is a 
small, oval-shaped hollow beneath the apex of 
the hypothalamic ventricle (the thalamic por- 
tion of the ventricle has fused by this time). 
This region is gradually transformed postna- 
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Fig. 10 Coronal autoradiograms from a rat injected with multiple doses on days P12-15 and killed on day 
P60. Dorsally (A) ependymal cells are not labelled but some of the specialized cells are labelled in the lami- 
nated epithelium ventrally (B). 

tally (fig. 12) into the convoluted ependyma 
adjacent to the paraventricular nucleus; the 
process may be largely completed by day P8 
(fig. 12D). However, the maturation of the 
parvicellular and magnocellular components 
of the paraventricular nucleus continues, in 
terms of areal and cellular growth, for some 
time (fig. 12E). 

At the coronal level of the ventromedial and 
dorsomedial nuclei (fig. 13) the ependymal 
cells tend to stain lightly within a few days 
after birth in the dorsal aspect of the third 
ventricle, but the cells that will differentiate 
as elements of the laminated and tanycytic 
epithelium tend to stain darkly. The devel- 
opment of the laminated epithelium is a 
protracted process. The cells stain darkly 

throughout the first week and it is rare to see 
cells in a subependymal position (fig. 14). By 
day P10 the segregation of subependymal cells 
is more prominent (fig. 15) but the process of 
differentiation may continue for some time 
thereafter. The laminated epithelium is con- 
tiguous with the meeting point of the dor- 
somedial and ventromedial nuclei (Altman 
and Bayer, '78a: figs. 17, 18) and concurrent 
maturation of this specialized ventricular lin- 
ing and of these nuclei is illustrated in figures 
14 and 15 in terms of the progressive growth of 
the U-shaped fibrous band that separates the 
ventromedial nucleus from the dorsomedial 
nucleus dorsally and from the arcuate nucleus 
ventrally. 

Although the cytogenesis of the tanycytes 
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related to the arcuate nucleus and the median 
eminence was still in progress for many days 
after birth, a few of them could be impreg- 
nated by the Golgi technique on day P5 (figs. 
16B, 17B). A few of the tanycytes had a long 
tail but most of them had a short process, and 
in some cases a bulbous tip was present that  
may have been a growth cone (fig. 17B). The 
major difference between immature and ma- 
ture tanycytes was the virtual absence of 

Fig. 12 The paraventricular nucleus and the  de- 
veloping convoluted ependyma in rats aged P2  (A), P4 (B), 
P6 (0. and P8 (D). The gross development of the epen- 
dymal loop appears to end by days P8-10 but there is an 
appreciable increase in the size of the paraventricular nu- 
cleus thereafter (El.  

Fig. 11 Coronal section through the third ventricle of 
a 17-day embryo. Note apparent presence of cilia in the 
diamond-shaped region of the ventricle. 
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Fig. 13 Lining of t he  third ventricle in a coronal sec- 
tion through the dorsomedial and ventromedial nuclei of a 
day P4 ra t .  Note some lightly staining cells dorsally. 

Coronal sections through the repon of t he  dor- 
somedial and ventromedial nuclei in rats aged days P2 
(A) ,  P4 iB) and P6 ( C ) .  Stars delineate the region where 
t h e  fibrous capsule will develop that  separates the ventro- 
medial nucleus from the  dorsomedial nucleus dorsally, and 
from the  arcuate nucleus ventrally. Arrows point to a few 
subependymdl cells by day P6. 

Fig. 14 

Figure 14 
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Fig. 16 Tanycytes above the median eminence in day P60 (A) and P5 (B) rats. The tail of the immature 
tanycytes tends to be short. Golgi-Cox. 

“fuzz” on the  neck and initial portion of the 
tail in the day P5 rats. 

DISCUSSION 

The cellular heterogeneity of the  lining of 
t he  hypothalamic third ventricle was noted by 
some early investigators (Agduhr, ’32) and 
has been amply documented in recent studies 
utilizing both classical and modern tech- 
niques (Scott e t  al., ’74; Millhouse, ’75). A gen- 
eral distinction tha t  is often made is between 
the  ciliated ependymal lining of t he  anterior 
hypothalamus and dorsal posterior hypothala- 
mus, and the  nonciliated, tanycyte-rich lining 
of the ventral portion of the posterior hypo- 
thalamus. But further subdivisions have been 
suggested, for instance, a subdivision of the 
tanycytic region into a dorsal and ventral re- 
gion (Card and Rafols, ’78; Walsh et  al., ’78). A 
detailed subdivision of t he  entire diencephalic 
wall, including the  circumventricular organs, 
into a total of ten regions (zones A-K) was pro- 

posed by Jennes and his collaborators (Jennes 
et  al., ’77) on the  basis of scanning electron 
microscopic studies in the rat. Our observa- 
tions based entirely on light microscopic tech- 
niques suggested tha t  in addition to the  gen- 
erally recognized regions lined by typical 
ependymal cells, there are at least three spe- 
cialized linings tha t  occupy specific regions of 
the ventricular wall of the hypothalamus. We 
referred to these as t he  convoluted ependyma, 
the laminated epithelium and the  tanycytic 
epithelium. 

The convoluted ependyma 
We were able to distinguish two discon- 

tinuous regions with convoluted ependymal 
lining. The first is a small, circumscribed 
locus in the  anterior hypothalamus, adjacent 
to the  paraventricular nucleus. The second is 
a n  extensive area in the  posterior hypothala- 
mus tha t  is situated rostrally between the  
ependymal lining and the laminated epithe- 
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Fig. 17 Tanycytes in day P60 (A) and P5 (B) rats at higher magnification. Note the “fuzz” (arrows) on 
the periventricular portion of the tanycytes in the mature animal and their virtual absence in the infant. 

lium, and more caudally above the tanycytic 
lining (fig. 5). The convoluted ependyma is ap- 
parently formed of ciliated ependymal cells 
that  arise relatively early, as do cells of the 
smooth ependymal lining. The only difference 
that can be noted with light microscopy is the 
folding of the surface and the presence of cap- 
illaries in the interior of the folds. We noted 
that the rostra1 convoluted ependyma arises 
in the same region (the diamond-shaped neu- 
roepithelium) as the neurons of the para- 
ventricular nucleus, the magnocellular inter- 

nuclear neurons, and the neurons of the 
supraoptic nucleus (Altman and Bayer, ’78b: 
figs. 7, 8). Since the two latter components of 
the neurohypophysial secretory system are in- 
timately associated with blood vessels, i t  is 
conceivable that the convoluted ependyma 
provides a hematic interface for the neurons 
of the paraventricular nucleus. Another re- 
lated possibility that  is suggested by the re- 
semblance of this region to the choroid plexus, 
and by the intimate involvement of the neu- 
rohypophysial system in the regulation of 
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water balance, is that  the extended surface of 
the convoluted ependyma provides a larger in- 
terface with the ventricular cerebrospinal 
fluid. The relation of the caudal convoluted 
ependyma to specific hypothalamic nuclei re- 
mains to be determined. 

The laminated epithelium 
The laminated epithelium is a complex and 

heterogeneous structure and any definitive 
statement about its organization must await 
further work with light- and electron micros- 
copy. In its focal portion, the laminated epi- 
thelium is composed of a juxtaventricular 
zone of pale epithelial cells (smooth or con- 
voluted) and, separated from i t  by a cell-free 
zone, of a subventricular zone of darkly stain- 
ing, elongated cells. The dark cells tend to be 
oriented a t  a right angle to the ventricular 
wall and usually form a monocellular sheet. In 
the transitional zone ventrally the ependymal 
cells become scarcer and the dark cells approx- 
imate the lumen. Still more ventrally tightly 
packed dark cells form the lining of the ventri- 
cle. The juxtaventricular dark cells may be 
identical with the “dorsal zone” tanycytes 
that have been described as lacking a neck 
portion (Card and Rafols, ’78) and whose soma 
abuts directly the ventricular lumen (Walsh 
et  al., ’78). But the latter characterization 
cannot apply t o  the subventricular zone of 
dark cells. 

The laminated epithelium is not often com- 
mented upon, although it can be identified in 
many illustrations of the hypothalamus in dif- 
ferent species; for instance in Christ’s (’69) 
atlas of the hypothalamus of the rat, dog and 
monkey. In their recent study, Walsh et  al. 
(’78) noted a “row of cells deep and parallel to 
the surface ependyma in the dorsal zone of 10- 
day specimens” and added that they “may rep- 
resent migratory neuro- or possibly glioblasts” 
(p. 386). This is an attractive hypothesis since 
subependymal layers elsewhere in the brain 
constitute proliferative matrices that may 
generate glia (Smart, ’61) or neurons (Altman, 
’69b). However, our observations indicated 
that, as a separate sheet, the subependymal 
zone is just beginning to form during the sec- 
ond week postnatally and that  it is prominent 
in adults (all our autoradiograms are from 60- 
day-old male rats). Moreover, we noted that 
the labelling of these cells declined in animals 
injected with multiple doses of 3H-thymidine 
in the successive postnatal groups and that 

these cells could no longer be labelled with 
single injection on days PI3 or P30. These 
subependymal cells do not resemble prolifera- 
tive elements and appear to be embedded in an 
organized structural matrix. 

Our developmental observations indicate 
that the cells of the laminated epithelium 
arise from the same portion of the germinal 
matrix as the neurons of the dorsomedial and 
ventromedial nuclei: the ependymal cells rela- 
tively late pre- or perinatally; the subepen- 
dymal cells mostly postnatally. Our observa- 
tion in adult material also indicated a re- 
lationship between these two hypothalamic 
nuclei and the laminated epithelium for the 
latter is typically located at the medial meet- 
ing point of the “wings” formed by the dor- 
somedial and ventromedial nuclei. I t  is con- 
ceivable that the laminated epithelium is 
structurally and functionally associated with 
these two nuclei. 

The tanycytic epithelium 
The epithelium composed predominately of 

tanycytes is the best known of the specialized 
linings of the hypothalamic third ventricle 
(Bleier, ’71, ’77; Millhouse, ’71, ’75). Their 
morphological association with the arcuate 
nucleus, the tuberal region and the median 
eminence is well established. There is accu- 
mulating evidence of the involvement of these 
tanycytes in the functions of the hypophys- 
iotropic area of the hypothalamus (Joseph and 
Knigge, ’78). According to Walsh et  al. (’78) 
the apical portion of the ventral zone tany- 
cytes is well developed in infant rats in con- 
trast to the dorsal zone tanycytes that show 
immature characteristics. This regional de- 
velopmental difference is compatible with our 
autoradiographic observations that ventricu- 
lar cytogenesis comes to an end earlier in the 
floor of the third ventricle adjacent to the 
arcuate nucleus than more dorsally. However, 
our Golgi studies indicated that the ventral 
zone tanycytes are far from being mature on 
day P5 as their neck portion tends to be devoid 
of those fine processes that characterize ma- 
ture tanycytes. 

Summary  comments 
The hypothalamus is involved in the regula- 

tion of a variety of somatic and visceral func- 
tions. I t  is reasonable to assume that parts of 
the hypothalamus that have modified ven- 
tricular linings represent those of its compo- 
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nents that are directly involved in the regula- 
tion of humoral functions in general and endo- 
crine functions in particular. Our preceding 
studies (Altman and Bayer, '78a,b) indicated 
that the hypothalamic structures that regu- 
late neurohypophysial functions (the para- 
ventricular, internuclear and supraoptic mag- 
nocellular neurons) arise relatively early. Our 
present study suggests that  a specialized lin- 
ing that may be related to the paraventricular 
nucleus, the rostra1 convoluted ependyma, 
forms early and may mature before birth. Our 
previous studies showed that the components 
of the hypophysiotropic area (Halasz, '72) 
arise relatively late, and here we obtained evi- 
dence that the two modified epithelia associ- 
ated with them structurally, the laminated 
epithelium and the tanycytic epithelium, 
form late, indeed may be the latest forming 
elements of the hypothalamus. 
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