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INTRODUCTION

The last decade has witnessed an unusual acceleration in
the study of the problems of diencephalic structure and fune-
tion in many laboratories. Much progress has already been
made by means of systematic comparative and experimental
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studies, and providing that too much is not expected in the
way of exact structural correspondence, the comparative
method will continue to be one of the principal tools of neuro-
logical investigators in achieving an understanding of the
structure and functions of the mammalian and human thala-
mus. Of primary importance in all comparative studies of
cerebral histology is the accurate and detailed description of
nuclear configurations, with special emphasis, in the modern
phase of localization studies, on the determination of accurate
limits of nuclear groups. This assumes as a fundamental
axiom what is now generally accepted, namely that morpho-
logical differentiation is invariably associated with more or
less functional differentiation of nervous centers. Even
where superficial examination reveals a cytoarchitecture in
the nature of a ‘nucleus diffusus,” as especially in certain
parts of the hypothalamus, a closer analysis of cell localiza-
tion and fiber connections, as suggested by, or in anticipation
of functional analysis with electrical and other methods, can-
not but be of ultimate importance in most cases.

With this in mind the present study was begun as a pre-
liminary to an analysis of a primitive and generalized mam-
malian brain by the methods of experimental neurology and
embryology. The opossum, among readily available mam-
mals, occupies a particularly strategic position with respect
to phylogenetic problems. Its relation to the reptiles on the
one hand, and to the higher mammals on the other, and, in
addition, as a ‘living fossil’ its relation to the diversely
adapted marsunpials as a relatively primitive and unspecial-
ized prototype, give it this position. Furthermore, the ready
availability of the amazingly immature pouch embryos sug-
gests many unique possibilities for embryological studies of
this animal. The fiber connections of the adult diencephalon
will be considered in the second report of this series, and an
experimental anatomical analysis of the thalamo-cortical con-
nections in a third report. Material is now available also for
the investigation of the histogenesis, including fibrogenesis of
the brain of the pouch embryos.
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It is interesting to mention here that these studies repre-
sent the continuation of a program of investigation of the
opossum brain in progress at the Hull Laboratories of Anat-
omy at The University of Chicago during the past 15 years,
under the supervision of Prof. C. Judson Herrick. The great
debt of comparative neurology to him, as well as my own
incalculable personal indebtedness, has become acutely evi-
dent to me during this phase of that program.

In the course of the opossum program, Loo (’30 and ’31)
has touched on the diencephalon in his detailed account of
the forebrain, as have Tsai (’25) and the present writer in
studies on the optic centers (’35 and ’37). Chu (’32 and ’32 a)
has published an account of the cell groups and fiber connec-
tions of the diencephalon of the opossum, but it has been felt
that his deseription and that of Warner on the hypothalamus
(’29) are not sufficiently detailed, especially as far as the
connections and the limits of nuclear masses are concerned,
to be an adequate basis for experimental or embryological
studies. The reader is referred to the papers of Loo (’30)
and Tsai (°25) for illustrations of the gross form of the fore-
brain and diencephalon.

These studies also form a part of the comprehensive pro-
gram of study of the vertebrate diencephalon which has been
in progress in the Laboratory of Comparative Neurology at
the University of Michigan during the past 13 years, under
the direction of the late Prof. G. Carl Huber and of Prof.
Elizabeth C. Crosby. For the privilege of taking part in this
program and making use of the extensive comparative ma-
terial of the laboratory, as well as for innumerable kindnesses
and invaluable consultations and counsel, I take this oppor-
tunity of expressing deep gratitude to Professor Crosby.

TERMINOLOGY AND LITERATURE

The rapidly expanding literature on the diencephalon has
sharply accentuated the problem of nomenclature. A com-
plete and rational standardization of terminology is of course
impossible until sufficient data have been accumulated to make
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possible reasonably aceurate homologies on morphological and
functional grounds. This probably will never be completely
realized because of the inherently plastic and dynamie nature
of nuclear differentiation in various vertebrate groups. This
does not preclude, nor diminish the importance of, a gradual
standardization of terminology, however. It seems fairly
clear that this now depends upon accurate topographical de-
sceription of nuclear groups, coupled with and controlled by
studies of the fiber connections of the nuclei with all avail-
able methods.

In the present study the attempt has been to make the de-
seription of nuclei sufficiently detailed, with the aid of numer-
ous figures in all conventional planes, so that there would be
no doubt as to the position and relations of all nuclei men-
tioned. In addition the fiber connections in normal material
have been considered, and experimental studies by the
methods of Wallerian and retrograde degeneration have been
carried out in an attempt to compare the opossum nuclei, on
the basis of fiber connections, with those of other less primi-
tive mammals recently studied with these methods. The termi-
nology used in this account follows, in general, that which
has gradually come into common use following the pattern
established for the dorsal thalamus by Nissl (1889 and ’'13)
in the rabbit, and later extended by Fortuyn (’12), d’Hol-
lander (’13), Gurdjian (’27), Clark (’29 and ’32), Rioch (’29),
Papez (’32), Crouch (’34 and ’34a), and many others, in
various mammals. The present account follows the termi-
nology of Gurdjian (’27) and Rioch (’29) more than that of
any other worker on the diencephalon, with additions or
changes only as appeared necessary. No general review of
the literature will be attempted here as this has been done
adequately in several places in recent years (Gurdjian, ’27;
Rioch, ’29; Clark, ’32; Ariéns Kappers, Huber and Crosby,
’36; and Walker, ’38). We have examined a great number
of the older and more recent descriptions of the nuclear pat-
terns in various mammals. These works have been reviewed
elsewhere and most of them have been of little value for our



DIENCEPHALON OF THE OPOSSUM. I 263

purpose because of the absence of adequate descriptions of
the fiber connections. The literature which we have found to
be of comparative value will be mentioned in connection with
our own findings.

MATERIAL AND METHODS

In this study of the nuclear masses of the opossum dien-
cephalon, every center was examined from the viewpoint of
its connections as well as of its location, and in addition the
experimental material on the thalamo-cortical connections
was found extremely useful. For convenience of publication,
the fiber connections and thalamo-cortical projection will be
considered separately in the second and third communica-
tions of this series, although it must be expressly stated that
the first three reports in this series of studies of the opossum
diencephalon represent work done as a unit on Nissl, Weigert,
and reduced silver material cut in the three conventional
planes.

We have been unusually fortunate in having available
abundant material prepared by the above-mentioned methods.
This material includes not only the excellent preparations of
the G. Carl Huber Neurological Collection of the Department
of Anatomy of the University of Michigan, but also some of
the material of the G. L. Streeter and R. E. Sheldon Collec-
tions, loaned to the Department of Anatomy at The Univer-
sity of Chicago, and made available for this study through
the kindness of Dr. N. L. Hoerr. In addition to the normal
material listed below, extensive use has been made of a large
number of complete series of sections of brains with small
and large cortical lesions (to be listed in the third report of
this series) which have been cut in various planes, and stained
with the methods of Nissl, of Weigert, and of the writer
(’37 a). All of the normal series listed below are complete:

Three Weigert-Pal series, cut in transverse, horizontal, and
sagittal planes, are from the University of Michigan collec-
tion. Three Weigert series, sectioned in the sagittal (Op.C.)
and transverse (Op.D, Op.E) planes, belong to the Streeter



264 DAVID BODIAN

Collection. The Nissl (toluidine blue) series, also from the
Huber Collection, include a transverse series (fixed in alco-
hol), horizontal and sagittal series (fixed in Huber’s fluid;
Huber, 27), and a transversely cut series (Didelphis mar-
supialis aurita, fixed in Huber’s fluid). Three transverse
reduced silver series were also available. Two of these series,
from the Huber Collection, were prepared by the method of
Ramén y Cajal; the other was stained by the method of
Bodian (’37) and cut at 20 p.

Figures 2 to 24 are drawings prepared by projecting the
outlines of the cell groups with an Kdinger apparatus at a
magnification of 20, and filling in the nuclear detail under
microscopic control. The drawings have been reduced to
one-fourth for publication.

DESCRIPTION OF NUCLEAR MASSES
Tae Dorsar. THALAMUS
Anterior nuclear group

The anterior nuclear group in the opossum can be clearly
subdivided into the three nuclei apparently characteristic for
most mammals so far described. The unitary nature of this
group is indicated by the close regional association of the
constituent nueclei, with mingling of cells of all three at their
borders, and by their connections. The anterior limit of all
of these nuclei in the opossum is formed by the vertically
streaming fibers of the stria medullaris (figs. 13, 14).

Nucleus anterior dorsalis (figs. 3, 4, 13, 19, 20). This
nucleus may be described as a wedge-shaped group of homo-
geneous and deeply staining cells of medium size, densely
packed. The base of the wedge is dorsolaterally placed and
adjoins the surface of the inconspicuous anterior tubercle of
the thalamus, just lateral to the stria medullaris. The nuecleus
anterior dorsalis first appears rostrally, along with the ante-
rior ventral nucleus, in a transverse plane a few sections in
front of the anterior tip of the habenular nuclei and passing
through the caudal fibers of the vertical portion of the stria
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medullaris. Rostrally this nucleus is bounded above and
medially by the stria medullaris and the nucleus parataenialis,
below and laterally by the nucleus anterior ventralis and
nucleus anterior medialis (fig. 3). Caudally the nucleus is
placed in a vertical position with the base of the wedge nar-
rowed, the stria medullaris and the nucleus medialis dorsalis
medially, and the nucleus lateralis pars intermedia laterally
(fig. 4). The nucleus anterior dorsalis, which is the smallest
of the anterior group, disappears caudally at the plane of the
rostral tip of the dorsal nucleus of the lateral geniculate body,
and here is replaced by the nucleus of the interanterodorsal
commissure, which occupies the same relations in several
sections caudal to the nucleus anterior dorsalis (fig. 5).
Nucleus anterior ventralis (figs. 3 to 5, 13, 14, 20, 21). The
nucleus anterior ventralis, the largest of this group, appears
rostrally in transverse series simultaneously with the nucleus
anterior dorsalis. It extends somewhat farther posteriorly,
however, where it passes over without clear demarcation into
the similar cells of the nucleus ventralis pars anterior at the
rostral extreme of the latter. The nucleus anterior ventralis
is a roughly ovoid mass of cells, well delimited from neigh-
boring groups and composed of fairly large, well staining,
and closely grouped cells (fiz. 13). In anterior sections it
reaches laterally to the surface of the thalamus (fig. 3). Here
it is bounded dorsally by the nucleus anterior dorsalis, ven-
tromedially by the nucleus anterior medialis, and ventrally
by the nucleus reticularis. Posteriorly, the intermediate part
of the lateral nucleus covers its dorsal and lateral surfaces,
the paracentral nucleus lies dorsomedially, the nucleus ante-
rior medialis ventromedially, and the anterior part of the
ventral nucleus forms the eaudal boundary (fig. 5).
Nucleus anterior medialis (figs. 3 to 5, 14 to 16, 21). This
nucleus is ovoid in shape and consists of cells similar in type
to those of the nucleus anterior ventralis, but clearly sepa-
rated from the latter by fiber bundles of the inferior thalamic
radiations (fig. 21). The nucleus anterior medialis is bounded
laterally by the nucleus anterior ventralis, dorsally in rostro-
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caudal order by the nucleus anterior dorsalis and the nucleus
paracentralis, medially by the nucleus subparataenialis, and
ventrally by the nucleus reticularis and the nucleus hypo-
thalamicus dorsalis (figs. 3, 14, 15). Posteriorly it is replaced
by the nucleus ventralis pars medialis, from which it is sepa-
rated for a few sections by the nucleus ventralis pars anterior
(fig. 16).

Medial nuclear group

This group of nuclei in the opossum is well developed and
apparently very similar to the homologous nueclei of other
lowly mammals.

Nucleus parataenialis (figs. 2 to 4, 16, 20, 21). The para-
taenial nucleus is a group of medinm and large multangular
and spindle-shaped cells intercalated between the nucleus
paraventricularis anterior and the nuclens medialis dorsalis.
It extends from the rostral end of the thalamus to a trans-
verse plane close to the caudal pole of the nuclens anterior
dorsalis. Rostrally it is found below and lateral to the ante-
rior paraventricular nucleus, with the stria medullaris in
front, above, and laterally (fig. 2). Farther caudally, the
habenular nueclei form its dorsal boundary, the nucleus medi-
alis dorsalis borders it laterally, and the nucleus anterior
dorsalis and its commissure form part of the ventral boundary,
along with the rhomboid and paracentral nuclei (figs. 3 and 4).
At its posterior end the parataenial nucleus merges imper-
ceptibly with the nucleus medialis dorsalis before being re-
placed by the latter. The lateral border of the parataenial
nucleus is not clearly separated from the nucleus medialis
dorsalis, with which it appears to be intimately associated.
Furthermore, the cells on the medial surface of the para-
taenial nucleus intermingle to a certain extent with those of
the lateral part of the anterior paraventricular nucleus, with
which it is also closely connected.

In the caudal half of the parataenial nucleus, the ventral
part of the nucleus forms a more or less circumseribed group
of cells more closely grouped than those of the rest of the
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nucleus. This group, which appears in some sections to be
intimately associated with the paracentral nucleus, bordering
it ventrally, has been described in the rat by Gurdjian, who
noted a characteristic plexus of nerve fibers within it in silver
preparations. This plexus is present in the opossum also,
but a similar less dense feltwork of mostly coarse fibers also
occurs in the rest of the parataenial nucleus and in the nucleus
medialis dorsalis.

Nucleus subparataemialis (figs. 3, 4, 16 to 18, 21). This
nucleus has not been described in the opossum before, but is
clearly present, although small, and is apparently similar to
the ‘noyau paramédial’ described by d’Hollander (’13) in the
rabbit. It appears to correspond to the medial part of the
nucleus medialis ventralis of Gurdjian (’27), to the dorso-
lateral large-celled part of the rostral portion of the nucleus
reuniens of Rioch (’29), and to at least a part of the nucleus
submedius of Papez (’32). At its anterior pole the nucleus
subparataenialis is directly below the anterior end of the
parataenial nucleus, and the similar cells of the two nuclei
intermingle to some extent, as remarked by Papez (’32) in
the armadillo. Both nuclei are bounded rostrally by the ver-
tical portion of the stria medullaris. In tracing transverse
sections caudally, or in longitudinal sections, the subpara-
taenial nucleus is seen to become separated very soon from
the parataenial nucleus by the interposed rhomboid nucleus.
Still farther caudally the nucleus centralis comes to occupy
a dorsal position with respect to the subparataenial nucleus.
The latter is bounded laterally throughout most of its course
by the nucleus anterior medialis, from which it is separated
in cell preparations by a fairly broad clear zone. Medially,
the subparataenial nucleus presses closely upon the nucleus
reuniens anterior, and caudally it is replaced by the nucleus
ventralis medialis. Its relation to the parataenial nucleus
will be considered in the discussion of its fiber connections.

Nucleus medialis dorsalis (figs. 3 to 8, 14 to 17, 19). This
is the largest nucleus of the medial group and extends almost
as far rostrally as do the anterior nuclei, appearing first as
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scattered cells among the fibers of the stria medullaris (fig.
15). The cells of this nucleus are large and multangular, and
intermingle freely with the smaller cells of the nucleus inter-
medialis dorsalis which separates the two nuclei mediales
dorsales. Rostrally the nucleus medialis dorsalis is covered
by the habenular nuclei and the stria medullaris dorsally, by
the nucleus anterior dorsalis and its commissure laterally,
and by the nucleus parataenialis medially (fig. 4). Farther
caudally it replaces the parataenial nucleus as a lateral neigh-
bor of the anterior paraventricular nucleuns, and is bordered
ventrolaterally by the nucleus paracentralis. The caudal
third or more of the nucleus medialis dorsalis is bordered
laterally by the nucleus parafascicularis, which finally re-
places it entirely (figs. 9, 14, 15, 19). The cells of the latter
two nuclel intermingle freely at their borders, which are con-
sequently not at all sharp. The cells of the parafascicular
nucleus are slightly smaller and more flattened than those of
the nucleus medialis dorsalis.

Nucleus paracentralis (figs. 4 to 6, 13 to 15, 20). The para-
central nucleus in the opossum is large and may be considered
to be a lateral extension of the central nucleus, with cells of
identical appearance, medium in size, and somewhat flattened
in the plane of the fibers of the central commissure. Along
with the central nucleus it is an interstitial nucleus of the
latter commissure, and in addition is the principal nucleus of
the internal medullary lamina, of which the central commis-
sure is a large component. The paracentral nucleus projects
forward slightly beyond the anterior limit of the central nu-
cleus to form the lateral boundary of the rostral end of the
rhomboid nucleus. It extends back a short distance caudal
to the middle of the central nucleus, where it merges with the
parafascicular nucleus and is replaced by it (figs. 14, 15).
At its anterior end, the paracentral nucleus is continuous
laterally with the nucleus of the interanterodorsal commis-
sure, which it replaces a few sections caudalward (figs. 5, 6).
Here it is in the path of the interanterodorsal commissure,
which forms part of the internal medullary lamina. Through-
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out its course, the paracentral nucleus separates the lateral
and ventral nuclei from the nucleus medialis dorsalis.

Nucleus parafascicularis (figs. 7 to 9, 13 to 15, 19). This
nucleus can be considered as the caudal extension of the para-
central nucleus, but is a clearly differentiated entity and is
also very intimately associated with the nucleus medialis dor-
salis. The cells of the latter mingle with those of the para-
fascicular nucleus at its medial border to such a degree that
a sharp boundary can nowhere be defined except where the
bundles of the fasciculus retroflexus intervene. In general,
the cells of the rostral part of the parafascicular nucleus are
flattened in comparison with those of the nuclens medialis
dorsalis. The most lateral cells are oriented in the plane of
the fibers of the internal medullary lamina, like those of the
paracentral nucleus, but the more medial cells may be ori-
ented in strands running in divers directions. The reason
for this is made apparent in fiber preparations, in which the
parafascicular nucleus is seen to be traversed by fibers of
several different systems.

Rostrally, where it is placed lateral to the large bundles
of the fasciculus retroflexus, the intermediate part of the lat-
eral nucleus and the principal ventral nucleus form its lateral
and ventrolateral boundaries, the nucleus centralis is below,
and the medial border is formed by the nucleus medialis dor-
salis and by Meynert’s bundle (fig. 7). At its caudal end, the
parafascicular nucleus proper is continuous above and poste-
riorly with the pars posterolateralis, and the cells of these
two parts mingle to a great extent (figs. 9, 14). The caudal
pole of the parafascicular nucleus abuts medially against the
infracommissural part of the nucleus paraventricularis poste-
rior, and the fasciculus retroflexus, which separates these two
nuclei in part (fig. 15).

Nucleus parafascicularis pars posterolateralis (figs. 8 to 10,
13, 14, 19). This nucleus appears to correspond to a similar
cell mass deseribed by Clark (’30 and ’31) and by Rioch (’31),
and which these authors have identified with the centre médian
of primates. It is continuous rostrally with the rest of the
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parafascicular nucleus, but its cells are more compactly
grouped and stain more deeply than those of the latter. It
appears rostrally at the level of the habenular commissure,
simultaneously with the rostral end of the pretectal nucleus.
It lies ventral to the latter, but does not extend so far caud-
ally. It lies dorsal to the caudal end of the principal ventral
nucleus, which is replaced still more caudally by the nucleus
subparafascicularis. Its relation to other surrounding nuclei
may be seen in the figures. Although the cells of this nucleus
mingle to some extent with the bordering nueclei, it is possible
in well-stained material to delimit it by the close grouping,
deep staining, and uniform medium size of the cells.

This nucleus in sagittal sections (fig. 13) also appears to
correspond to the caudal ‘‘noyaux semi-lunaires accessoires
du noyau sensitif’”’ of Ramoén y Cajal (’11) as he represents
it in fignre 261, E. Cajal describes collaterals of his ‘‘voie
sensitive centrale du trijumeau’’ to this nucleus (fig. 321).

Strands of small, flattened cells intercalated among the
large bundles of the fasciculus retroflexus are sometimes seen
in sagittal sections medial to the nucleus parafascicularis pars
posterolateralis (fig. 15). In some sections these cells appear
to be continuous with those of the lateral habenular nucleus
which in places stream down between the bundles of the
habenulo-peduncular tract. The most lateral of these cells
merge with those of the nucleus parafascicularis pars postero-
lateralis. Small strands of cells of the nucleus paraventricu-
laris posterior are also occasionally segregated by the
habenulo-peduncular fascicles in an inconstant manner, and
it thus appears likely that these small groups of cells in the
opossum have no special significance apart from their loca-
tion, and should not be considered as a distinet entity. How-
ever, it is also possible that some of these cells may corre-
spond to the medial and lateral nuclei of the habenulo-
peduncular tract described by Rioch (’29) in carnivores, in
which the cell groups of this region appear to be more highly
developed and apparently associated with the posterior para-
ventricular and parafascicular nuclei.
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Midline and commissural nuclei

In this group are included those gray centers of the dorsal
thalamus associated with the periventricular fiber system, and
with the abundant commissural fibers connecting the medial,
ventral, and lateral thalamic groups of both sides. Both the
medial and the midline gray centers are well developed in the
opossum and are closely comparable with the homologous
gray of the rat, as described by Gurdjian (’27).

There is considerable gray associated with the thalamic
commissures, with a few groups of cells sufficiently well de-
fined to justify separation into distinet nuclei. Chu (’32)
designated all of the gray between the medial groups as the
nucleus commissuralis. Here, part of this gray will be termed
the nucleus inter-medialis dorsalis to distinguish it from the
nuclei associated with the commissures of the ventral and the
anterior nuclear groups. These nuclei are very distinctive
in all of our material, but apparently were not recognized
by Chu.

Nucleus paraveniricularis anterior (figs. 2 to 7, 17 to 20).
The anterior paraventricular nucleus in the opossum is a
continuous and homogeneons mass of gray extending almost
the entire length of the thalamus, from the bed nucleus of the
anterior commissure in front to the nucleus paraventricularis
posterior behind. The cells throughout the column are of the
same type, although in the anterior third of the nucleus they
are more compactly grouped. The nucleus occupies the
dorsomedial angle of the thalamus anteriorly and, for most
of its course, borders closely the trough formed by the dorsal
part of the third ventricle. The gray of the nuclei of both
sides meets in the midline below the ventricle, but the latter
separates the main mass of the two nuclei throughout their
extent. The parataenial nucleus and, more caudally, the nu-
cleus medialis dorsalis, form the lateral boundary of the
anterior paraventricular nucleus, as noted in the description
of the former. The nucleus inter-medialis dorsalis lies ven-
tral to the anterior paraventricular nucleus throughout most
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of its course, and is not easily separable from it. KExcept at
the anterior pole of the thalamus, the habenular complex lies
directly dorsal to the anterior paraventricular nucleus. The
anterior compact part of this nucleus is divided roughly into
medial and lateral portions by the vertically coursing fibers
of the periventricular system, and especially by the fairly
large bundles of the medial olfacto-habenular tract.

Nucleus paraventricularis posterior (figs. 8 to 11, 15 to 18,
19 to 21). This nucleus, which corresponds to the nucleus of
the same name of the rat as described by Gurdjian (’27), is
a large and homogeneous mass of cells in the opossum, with,
however, numerous and diverse connections. It forms the
caudalmost cell mass of the dorsal thalamus near the mid-
plane and extends back into continuity with the central gray
of the superior colliculus (fig. 16). In transverse sections it
appears first rostrally below the caudal end of the habenular
nuclei and medial to the pretectal nucleus (fig. 8). At this
level it is above the nucleus inter-medialis dorsalis. At more
caudal levels through the posterior commissure (fig. 10) it
is seen to consist of a supracommissural portion below the
anterior edge of the tectum and a larger infracommissural
portion medial to the habenulo-peduncular tract. The cells
of the two parts are identical and are connected by cell
bridges in front of and through the posterior commissure
(fig. 16). Ventrally its cells fuse with those of the ventral
nucleus of the medial longitudinal fasciculus at the dorso-
caudal border of the latter (fig. 17), and ventrolaterally the
nucleus paraventricularis posterior is continuous with the
medial extension of the nucleus subparafascicularis (figs. 10,
21). Rostrodorsally the cells of the nucleus paraventricun-
laris posterior are also more or less continuous with and of
similar appearance to those of the lateral habenular nucleus
(fig. 16). Caudally it passes over without sharp boundary
into the interstitial nucleus of the posterior commissure. The
supracommissural portion of this nucleus corresponds to at
least part of the nucleus of the posterior commissure of Rioch
(’29) and to the pretectal area of Papez (’32). The infra-
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commissural portion is the posterior periventricular nucleus
of Papez (’32). The characteristic relationship of this nu-
clear mass to the posterior commissure, to the habenulo-
peduncular tract, and to the diencephalic periventricular
system of fibers suggest at least a partial homology with the
nucleus lentiformis thalami of Varanus, Lacerta, and Spheno-
don as described by Ariéns Kappers (’21), Beceari (’23), and
Cairney (’26) respectively.

This nucleus apparently decreases in size in higher mam-
mals, where its place is perhaps taken by more differentiated
centers. It is of much greater size in the opossum than in
the rat, as depicted by Gurdjian (’27).

Nucleus rhomboidalis (figs. 4 to 6, 15 to 18, 20). The rhom-
boid nucleus in the opossum is present in the rostral half of
the thalamus as a midline gray mass, located between the
anterior paraventricular nucleus above and the central nu-
cleus below. It extends slightly farther rostrally than the
central nucleus, however, as can best be seen in sagittal sec-
tions (fig. 17). Execept at its rostral end, where it is bordered
laterally by the paracentral nucleus, its lateralmost cells
mingle to some extent with those of its neighbor, the nucleus
medialis dorsalis, but it does not have the dense intercellular
feltwork of fibers characteristic of the latter nucleus. More
caudally, the nucleus medialis dorsalis also forms its dorso-
lateral boundary. The rhomboid nucleus fuses above and
caudally with the more scattered gray of the nucleus inter-
medialis dorsalis, which has similar cells.

In transverse sections, the rhomboid nucleus does not have
the shape that its name suggests, but at most levels consists
of two more or less compactly grouped cell masses connected
across the midline by less densely arranged cells, where the
numerous fibers of the periventricular system traverse it
(fig. 6). The cells of the rhomboid nucleus are somewhat
smaller than those of the nucleus medialis dorsalis and re-
semble those of the nucleus centralis, with which they inter-
mingle to some extent. The cells of the rhomboid nucleus,
however, are not oriented transversely, as are those of the
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central nucleus, since very few commissural fibers traverse
it except at its anterior pole. It thus appears to be asso-
ciated chiefly with the periventricular system of fibers rather
than with the commissural systems.

The caudal portion of the rhomboid nucleus has been desig-
nated by Chu (’32) as the nuclens medialis ventralis. We
have found no reason for thus separating it from the rest of
the rhomboid nucleus. The rhomboid nucleus as here de-
seribed corresponds to the nucleus of the same name of Rioch
(’29), Clark (’30), and Papez (’32).

Nucleus centralis (figs. 4 to 8, 16 to 18, 20, 21). The nucleus
centralis is a midline center which extends almost the entire
length of the thalamus. It lies dorsal to the nucleus reuniens
and the nucleus commissuralis interventralis and is covered
dorsally by the rhomboid nucleus rostrally, and the nucleus
inter-medialis dorsalis caudally. Laterally its cells are con-
tinuous with, and of the same type as, those of the nucleus
paracentralis. The two are separated in places by the verti-
cally coursing fibers of the thalamic radiations. The central
nucleus is apparently a bed nucleus for the large central
commissure, and its cells are oriented horizontally between
the fibers of the latter. In the middle portion of its rostro-
caudal extent, the central nucleus is in relation ventrally to
the nuclens commissuralis inter-ventralis anterior and the
nucleus ventralis medialis (figs. 6, 7, 16). More caudally, the
parafascicular nucleus replaces the paracentral nucleus as its
lateral neighbor, and the nucleus medialis dorsalis and nu-
cleus inter-medialis dorsalis cover it dorsally (figs. 7, 8).

At its caudal end, where it lies above the nucleus com-
missuralis interventralis, the central nucleus is traversed by
fibers passing between the ventral nuclei of both sides. It is
thus intimately associated, through its long rostrocandal ex-
tent, with the nuclei of the anterior, medial, and ventral
groups, as well as with other nuclei of the midline group of
which it forms an important part. It may be thought of as
being at the crossroads of the large and important periven-
tricular and commissural systems of fibers of the dorsal
thalamus.
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Nucleus reuniens anterior (figs. 3 to 7, 17, 18, 21). The
nucleus reuniens anterior consists of a midline group of eells
of medium size forming the ventral part of the massa inter-
media below the central nucleus. Rostrally it appears first
in transverse sections at the level of the commissura inter-
anterodorsalis, where it forms a small mass of vertically ori-
ented cells between the two subparataenial nuclei. It extends
caudally to the caudal border of the nucleus ventralis medialis
where it fuses with the nucleus reuniens posterior (figs. 17,
18). At its rostral end, the ventral part of the nucleus re-
uniens anterior is divided into bilateral halves by the third
ventricle, but farther caudally the ventral part spreads later-
ally beneath the subparataenial nuclei, which indent the
lateral surfaces of the nucleus reuniens anterior. Although
the cells of the nucleus subparataenialis are larger than those
of the nucleus reuniens anterior, they intermingle to a great
extent at the borders. In its caudal balf, where the nucleus
ventralis medialis replaces the nucleus subparataenialis as
the lateral neighbor of the nucleus reuniens anterior, the latter
is broader than at more rostral levels. Throughout most of
its extent the nucleus reuniens anterior is traversed by
vertical fibers of the periventricular system. It differs from
the nucleus reuniens posterior, with which it is continuous
caudally, in having very few commissural fibers, except dor-
sally where the ventralmost fibers of the central commissure
and the fibers of the commissura inter-ventralis anterior
Cross.

Nucleus reuniens posterior (nucleus commissuralis inter-
ventralis) (figs. 8, 9, 17, 18, 21). Between the two principal
ventral nuclei, caudal to the nucleus reuniens anterior and
below the nuecleus centralis, one sees a distinctive cell mass
which is fused laterally with the ventral nuclei, and rostrally
with the nucleus reuniens anterior. Caudally, it reaches to
the nucleus paraventricularis posterior and here to some ex-
tent is covered dorsally by the parafascicular nuclei. Below
it are the dorsal hypothalamic nuclei.
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This nucleus is in the course of the large interventral com-
missure, and forms a broad zone of fusion between the prin-
cipal ventral nuclei of the two sides. Its cells are continuous
with, and of the same type as, those of the nucleus reuniens
anterior. The relation to the large interventral commissure,
and other special connections, have led to this separate desig-
nation.

Nucleus inter-medialis dorsalis (figs. 6 to 9, 18). This
rather ill-defined gray is present in the midline between the
nuclei mediales dorsales and parafasciculares of both sides
throughout most of their extent. The cells are small and
oriented vertically, for the most part, between the fibers of
the periventricular system. Anteriorly the cells are rela-
tively few in number and scattered between the nuclei medi-
ales dorsales, with the anterior paraventricular nuclei above
and the rhomboid nucleus below. Posteriorly, between the
parafascicular nuclei, these cells are more numerous and com-
pact. They extend back as far as the caudal extreme of the
parafascicular nuclei, where they are replaced by the nucleus
periventricularis posterior. These cells were mentioned by
Gurdjian (’27) in the rat, but not described separately. They
were designated by Chu (’32) as the nucleus commissuralis
although they are not apparently associated with commis-
sural fibers but rather with fibers of the periventricular
system,

Nucleus commissuralis interanterodorsalis (figs. 3 to 5, and
13). This cell group is very characteristic in the opossum,
appearing medial to and at the caudal end of the nucleus
anterior dorsalis, in the course of the commissural fibers of
the latter nucleus. Anteriorly the cells are found closer to
the midline, mingling with those of the paracentral nucleus.
A few sections caudalward, the cells form a rather compact
group at the caudal pole of the nucleus anterior dorsalis. A
few sections posteriorly, they are replaced by the lateral wing
of the paracentral nucleus. Lying in the rostral part of the
internal medullary lamina, these cells are flattened, as a rule,
and are somewhat smaller than those of the anterior dorsal
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nucleus, which they resemble in their staining qualities. The
caudal part of this nucleus is comparable in its relations to
the nucleus centralis lateralis of other forms, as Clark (’30)
has shown.

Nucleus commissuralis inter-ventralis anterior (figs. 6, 17,
21). At the rostral end of the nuclens ventralis medialis, in
all specimens examined, one sees a condensation of cells be-
tween the nucleus centralis and the nucleus reuniens, sepa-
rated only in part from the former by commissural fibers.
These cells extend between the anterior parts of the two ven-
tral nueclei, but also merge with the cells of the nucleus cen-
tralis, which they resemble closely. This nucleus has a very
short rostrocaudal extent as does the nucleus ventralis ante-
rior. It is possible that this nucleus is also in the path of
fibers passing between the rostral poles of the medial parts
of the ventral nuclei.

Lateral and ventral nuclear groups

Nucleus lateralis pars anterior (figs. 4, 19). This nucleus
has not been described before in the opossum. It apparently
corresponds to the nucleus lateralis A of Tupaia (Clark, ’29)
and to the larger nucleus lateralis pars anterior of carnivores
(Rioch, ’29) which, as in the opossum, extend forward info
the anterior tubercle of the thalamus. The nucleus lateralis
pars anterior is a clearly differentiated, although very small
nucleus, in the opossum, composed of cells more compact and
more deeply staining than those of the nucleus lateralis and
of similar or of slightly smaller size. It appears on the
lateral wall of the anterior tubercle of the thalamus, near the
candal end of the nucleus anterior dorsalis and a few sections
rostral to the anterior end of the nucleus lateralis pars inter-
media. Here it is in the path of the superior thalamic radia-
tions and is bounded medially and ventrally by the nucleus
anterior ventralis, and dorsomedially first by the nucleus
anterior dorsalis and, more caudally, by the nucleus lateralis
pars intermedia. It is replaced caudally by the anterior tip
of the dorsal lateral geniculate nucleus, which forms a more
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prominent eminence on the lateral surface of the thalamus
and which is clearly separated from the nucleus lateralis pars
anterior in Nissl and in silver preparations.

Nucleus lateralis pars intermedia (figs. 4 to 10, 13, 19, 20).
The intermediate part of the lateral nucleus is one of the
most extensive nuclear masses in the dorsal thalamus. It is
first seen anteriorly at a level just behind the rostral end of
the habenula. Here it is in relation to the surface of the
thalamus dorsally, the nucleus anterior dorsalis medially, the
nuecleus lateralis pars anterior laterally, and the nucleus
anterior ventralis ventrally (fig. 4). More caudally the dor-
sal lateral geniculate nucleus replaces the nucleus lateralis
pars anterior as the lateral neighbor of the pars intermedia
and maintains this relation to their caudal poles. Caudal to
the anterior nuclear group, the pars infermedia is separated
from the medial group of nuclei by the internal medullary
lamina, reaches the dorsal surface of the thalamus, and is
bounded laterally by the lateral geniculate nuclei, ventro-
laterally by the reticular nucleus, and ventrally by the prin-
cipal ventral nucleus (fig. 6). At the caudal half of the
thalamus, the nucleus lateralis pars posterior forms the dor-
sal boundary of the pars intermedia, from which it is not
clearly separated. Near the caudal end of pars intermedia,
the nucleus parafascicularis and the nucleus parafascicularis
pars posterolateralis form its medial boundary, the nucleus
lateralis pars posterior lies dorsally, the lateral geniculate
nuclei laterally, the zona incerta ventrally, and the principal
ventral nucleus ventromedially (fig. 8). At the caudal tip
of the intermediate portion of the lateral nucleus, the medial
geniculate nucleus occupies a ventrolateral position relative
to it, and the pretectal nucleus a dorsomedial position. The
pars intermedia and the lateral geniculate nuclei disappear
caudally at about the same level. At caudal planes of the
thalamus, the boundaries of the nucleus lateralis pars inter-
media are quite indistinet, and it can be but poorly separated
from the pars posterior of the lateral nucleus, the principal
ventral nucleus, the medial geniculate nucleus, and the supra-
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geniculate nucleus. In Nissl preparations it is also not clearly
delimited from the dorsal lateral geniculate nuecleus, but, in
silver preparations, the characteristic neuropil of the latter
makes a clear-cut boundary evident.

Nucleus lateralis pars posterior (figs. 7 to 10, 13, 19). The
nucleus lateralis pars posterior occupies the dorsolateral sur-
face of the caudal portion of the thalamus, beneath the optic
tract. At its anterior end it displaces the intermediate part
of the lateral nucleus, with which it is continuous, from this
position and lies above and medial to the dorsal border of
the dorsal lateral geniculate nucleus (fig. 7). At the level of
the habenular commissure, the pretectal nucleus and nucleus
parafascicularis pars posterolateralis lie medially, the para-
fascicular nucleus ventromedially, the intermediate part of
the lateral nucleus ventrally, and the dorsal part of the lateral
geniculate nucleus ventrolaterally (fig. 8). This relation is
maintained more or less until the caudal end of the nucleus
is reached. Here the nucleus lateralis pars posterior is
bounded laterally by the optic tract, ventrally by the nucleus
geniculatus medialis, medially by the suprageniculate nucleus,
and dorsomedially by the pretectal nucleus (fig. 10).

In most specimens the caudal part of the nucleus lateralis
pars posterior forms a distinct protuberance on the surface
of the thalamus, dorsal to the rostral end of the medial gen-
iculate body (fig. 10). The cells of the pars posterior of the
nucleus lateralis are slightly larger and stain more deeply
than those of the pars intermedia and, at the caudal end, are
more widely spaced due to the passage among them of the
large bundles of optic tract fibers bound for the tectum. This
caudal pole of the nucleus lateralis pars posterior is the dor-
sal nucleus of the medial geniculate body of Ramén y Cajal
(’11), and of other authors. Clark (’33) has pointed out that
this homology is erroneous, as also appears apparent from
our material.

Nucleus ventralis pars anterior (figs. 6, 14, 21). The nu-
cleus ventralis pars anterior is a small nucleus which sepa-
rates the nucleus anterior ventralis from the nucleus ventralis
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pars principalis and is not clearly separable from either. It
is connected across the midline with the opposite nucleus
ventralis pars anterior by numerous fibers and by a com-
missural cell mass, the nucleus commissuralis inter-ventralis
anterior. The cells of the nucleus ventralis pars anterior are
similar to those of the neighboring nuclei of the lateral and
ventral groups but are more scattered due to the passage of
the main bundles of the intermediate thalamic radiations
among them. The cells of the nucleus are thus frequently
seen to be oriented in short vertical strands. The nucleus
ventralis pars anterior stands out as a distinet entity in
longitudinal, and especially in horizontal, sections (figs. 16,
21). It has not been described before in the opossum, but
apparently corresponds to the anterolateral part of the ven-
tral nucleus described in Tupaia by Clark (’29).

Nucleus ventralis pars medialis (figs. 6,7,16). The nucleus
ventralis pars medialis replaces the nucleus anterior medialis
at the candal end of the latter, and extends back to the level
of the nucleus reuniens posterior, in which region it is re-
placed by the medial part of the nucleus ventralis pars prin-
cipalis. Throughout its relatively short rostrocaudad extent,
it lies between the principal ventral nucleus laterally and the
nucleus reuniens anterior medially, and its cells merge with
those of both of these nuclei. Above it at the rostral end is
the nucleus commissuralis inter-ventralis anterior and, more
caudally, the central nucleus lies dorsally. The nuclens ven-
tralis medialis in most places is clearly separated from the
nucleus reuniens and nucleus ventralis pars principalis by
fiber bundles, and its cells, in general, are more compactly
grouped and more deeply staining than those of the principal
ventral nucleus. This nucleus appears tc correspond to the
lateral part of the nucleus medialis ventralis of Gurdjian
(’27), but in the opossum is clearly associated with the ven-
tral nuclear group as noted also by Chu (’32). It seems to
correspond clearly to the anteromedial part of the ventral
nucleus of Tupaia (Clark, ’29).
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Nucleus ventralis pars principalis (figs. 7 to 10, 13 to 16,
20, 21). The principal ventral nucleus is a large, more or
less ovoid cell mass in the caudal half of the thalamus. It
replaces the nucleus ventralis anterior rostrally, where it is
separated ventrally and laterally from the reticular nucleus
by the external medullary lamina. It is here bounded dor-
sally by the nucleus lateralis pars intermedia, dorsomedially
by the paracentral nucleus, and ventromedially by the nucleus
ventralis pars medialis (fig. 7). After the disappearance
caudally of the latter nucleus, the nuclens reuniens posterior
joins the nuclei of both sides. At a level through the habenu-
lar commissure the principal ventral nucleus forms a large
ovoid mass bounded ventrally in lateromedial order by the
zona, incerta, field of Forel, and the nucleus hypothalamicus
dorsalis (fig. 8). At this level the nucleus lateralis pars
intermedia is lateral and dorsal, the parafascicular and cen-
tral nuclei are dorsomedial, and the nucleus reuniens poste-
rior separates the two principal ventral nuclei. At its caudal
end, the principal ventral nucleus appears as a round mass
in transverse sections, with the medial geniculate nucleus
laterally, the zona incerta ventrally, the subparafascicular
nucleus ventrally and medially, the nucleus parafascicularis
pars posterolateralis dorsomedially, and the nucleus supra-
geniculatus dorsolaterally (fig. 10). No pars dorsomedialis,
such as Gurdjian (’27) desecribed in the rat, is present in the
opossum. The principal ventral nucleus appears to corre-
spond to both the medial and lateral parts of the posterior
ventral nucleus of Tupaia (Clark, ’29).

The borders of the principal ventral nucleus are by no
means clear-cut in all places and the cells appear at times to
merge imperceptibly with those of the nucleus ventralis pars
anterior, the nucleus lateralis pars intermedia, the nucleus
ventralis pars medialis, and the nucleus reuniens posterior.
The cells of the medial part of the principal ventral nucleus
are spaced somewhat differently than are those of the rest
of the cell mass, due to the presence of many commissural,
as well as other, fibers.
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Geniculate nuclei and associated optic and auditory nucle
of the di-mesencephalic junction

Nucleus geniculatus lateralis dorsalis (figs. 5 to 10,19 to 21).
The lateral geniculate nuclei of the opossum, with some of
their connections, were described by Tsai (’25) and Chu (’32).
Experimental studies of the optic tracts and geniculo-cortical
projection have been published by Bodian (’35 and ’37).
These nuclei, which occupy the lateral surface of the thalamus,
underneath the optic tract, from the anterior thalamic tubercle
to the medial geniculate body, require no further description.
Their relations are indicated in the accompanying figures.
Although Nissl preparations show a certain degree of con-
tinuity between the dorsal lateral geniculate nucleus and the
surrounding nucleus lateralis, pars intermedia and pars
posterior, fiber preparations sharply delimit these nuclei be-
cause of the presence of a wealth of nerve fibers within the
dorsal lateral geniculate nucleus.

Nucleus pretectalis (figs. 8 to 11, 13, 14 and 19). The pre-
tectal nucleus is a large and very characteristic nuclear mass
in the opossum, in which it has been described by Tsai (’25)
and Chu (’32). Tt extends from the level of the habenular
commissure back to a position beneath the anterolateral part
of the optic tectum. It is largest just behind the rostral tip
and tapers off caudally. At its anterior end, as it replaces
the medial part of the nucleus lateralis pars posterior, it is
covered by the optic tract dorsally and is bordered laterally
by the nucleus lateralis pars posterior, ventrolaterally by the
nucleus lateralis pars intermedia, ventrally by the nucleus
parafascicularis pars posterolateralis and medially by the
nucleus paraventricularis posterior (fig. 8). Farther caudally
it is bounded dorsally by the pars caudalis, from which it is
not clearly separated. At this level the nucleus supragenicu-
latus lies ventrolaterally and the midbrain tegmentum ven-
trally and medially (fig. 11). The cells of the pretectal nucleus
are closely packed, small and medium in size, and resemble
those of the adjacent optic tectum. The nucleus pretectalis
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appears to correspond to the nucleus posterior of Ramén y
Cajal (’11), d’Hollander (’13), and others, and to the com-
bined pretectal and posterior nuclei of Gurdjian (’27) and
of Papez (’32). In view of the confusion of terminology which
has resulted from attempts to homologize the nuclei of this
region in higher mammals with those of lower forms, it is
felt that a satisfactory interpretation depends upon compari-
son with more or less closely related forms on the basis of
fiber connections as well as of topography. The interpreta-
tion of the opossum pretectal nucleus as the combined pre-
tectal and posterior nuclei of the rat as represented by
Gurdjian (’27) appears to satisfy these criteria of homology.
The relations in sagittal sections clearly are comparable with
the ‘noyau posterieure’ or ‘prébigéminal’ of Ramén y Cajal
(11, fig. 261, C), who described collaterals of medial lemnis-
cus fibers passing to this nucleus.

Nucleus pretectalis pars caudalis (figs. 12 to 15). This
nucleus was apparently not deseribed by Tsai (’25) or Chu
(’32). It is somewhat smaller than the pretectal nucleus, and
is directly dorsal and caudal to the latter (figs. 13 to 15). Its
cells are similar to those of the pretectal nucleus and also to
those of the deep gray of the tectum, with which it is continu-
ous caudally. In most sections its borders are well delimited
from those of its neighbors, however, and it has specific con-
nections. Behind the caudal end of the pretectal nuecleus it
lies above and medial to the medial geniculate body, replacing
the pretectal nucleus in this position. It appears to be chiefly,
if not entirely, a tectal center and is apparently related to
the optic tract.

Nucleus geniculatus medialis (figs. 10 to 12, 20, 21). The
medial geniculate body is the most caudal of the thalamiec
centers in the opossum, extending well back into the mid-
brain region as the characteristic rounded protuberance on
the lateral wall of the anterior mesencephalon. Tt appears
first rostrally at the anterior level of the posterior commis-
sure and is separated here from the lateral surface of the
thalamus by the caudal end of the dorsal nucleus of the lateral
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geniculate body (fig. 10). The nucleus lateralis pars posterior
is above and the intermediate portion of the lateral nucleus
in a dorsomedial position. The principal ventral nucleus is
situated medially and the zona incerta below. Farther caud-
ally (fig. 11), the suprageniculate and pretectal nuclei lie
dorsomedially and the nucleus subparafascicularis is in a
ventromedial position. Except at its rostral and caudal poles,
the medial geniculate body is composed of a marginal semi-
circular cell mass containing in its medial concavity a medial
or central cell group, with neurons of slightly larger size.
In fiber preparations the separation of the central from the
outer part is seen to be produced by a dense feltwork of fine
myelinated fibers between the two, permeating the central
portion to a greater extent than the outer mass. . This felt-
work of fibers is produced chiefly by the terminations of the
branchium of the inferior colliculus and by the fibers forming
the auditory radiation. The neurons of the two parts of the
medial geniculate nucleus intermingle to such an extent that
only a rarefied zone separates the two. The cells of the cen-
tral mass appear more densely packed and more deeply stain-
ing than those of the outer mass, whereas the cells of the
latter have a more or less concentric arrangement around the
central group. This arrangement of the parts of the medial
geniculate nucleus appears to be due not only to the fiber
architecture of the nucleus, but also to differences in the con-
nections of the parts. The central part suffers the greater
degeneration in ablation of the temporal cortex, whereas only
a few cells of the outer part are thus affected. Fibers of the
brachium of the inferior colliculus and lateral lemniscus con-
nect with both parts. It is likely that the central portion
corresponds to the pars magnocellularis of the carnivore
medial geniculate nucleus as described by Rioch (’29), and
the cup-shaped marginal portion to his pars principalis.

It has not been possible to identify in our material a ven-
tral part of the medial geniculate body, corresponding with
the ventral nucleus of the lateral geniculate body in its rela-
tion to the zona incerta (Clark, ’30 and ’33). At the rostral
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end of the medial geniculate body the ventral nucleus of the
lateral geniculate body extends below it for a short distance
(fig. 10). Farther caudally the zona incerta lies ventral to
the medial geniculate body (fig. 11) but clearly separated from
the latter by a fiber lamina. Caudal to this (fig. 11, right, and
fig. 12) the nucleus subparafascicularis is immediately ven-
tral to the medial geniculate body, but neither it nor the medial
geniculate body has been observed to bear any special rela-
tion to the zona incerta, except that of contiguity. It appears
conceivable that the nucleus subparafascicularis as here de-
seribed may correspond to the ventral nucleus of the medial
geniculate body of Clark (’33) and of Papez (’36). Neither
of these workers, however, mentions the mediorostral fusion
of this nucleus with the nucleus paraventricularis posterior.
This fusion, and the other relations and conneections of this
nucleus, as will be described in the next report of this series,
have led us to identify this nucleus in the opossum with re-
spect to its most obvious relation, namely its constant asso-
ciation with the tractus tecto-reuniens and related fiber
systems (see account of nucleus subparafascicularis). Fur-
thermore, it has not been possible to become convinced that
Kuhlenbeck (’35) in his study of the ontogeny of this region
in the rabbit has shown the separate existence of a ventral
part of the medial geniculate body, associated with the zona
incerta as described by Clark (’30). His figures give the
impression that he is dealing with the ventral nucleus of the
lateral geniculate body, which extends below the rostral pole
of the medial geniculate body, and with the zona incerta itself.
He does not mention a nuclear mass associated with the trac-
tus tecto-reuniens.

The impression obtained from examination of the text-
figure 2 of Clark (’33), showing a sagitfal section of the brain
of Tarsius, is that his geniculo-subthalamic tract represents
part of our tractus geniculatus descendens, described in the
second report of this series. As far as can be ascertained,
the tractus geniculatus descendens in all of its relations has
not been described in detail in mammalian brains up to the
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present. In the opossum, as will be pointed out further in
the second report of this series, this bundle, derived from the
ventral nucleus of the lateral geniculate body and from the
zona incerta, passes caudalward underneath the medial genicu-
late body on the pathway to various tegmental centers. It
may be tentatively suggested that some of the scattered cells
of the so-called ventral nucleus of the medial geniculate body
of other authors may consist of interstitial cells in the course
of this bundle, which as far as has been discovered, bears no
relation to the medial geniculate body or to auditory path-
ways.

Nucleus suprageniculatus (figs. 10, 11). This nucleus, not
previously described in the opossum, appears to correspond
exactly to the nucleus suprageniculatus described in ecarni-
vores by Rioch (’29). As noted by the latter author, this
nucleus fuses both with the lateral nucleus and with the medial
geniculate nucleus, the cells of all being similar in appearance.
The nucleus suprageniculatus is small but well defined and
is present in all sections through the middle two-thirds of the
medial geniculate nucleus. At its anterior end it is separated
from the latter nucleus by the nucleus lateralis pars poste-
rior, but throughount the rest of its extent it lies directly dorso-
medial to the marginal part of the medial geniculate nucleus.
It cells are somewhat larger than those of the latter but
merge imperceptibly with them in many places. At all levels
in which it is present the suprageniculate nucleus lies between
the pretectal nucleus and the medial geniculate nucleus.

Nucleus subparafascicularis (nucleus of the tractus tecto-
reuniens) (figs. 10 to 12, 13 to 16, 20, 21). The nucleus sub-
parafascicularis is a quite large nucleus in the opossum, ex-
tending from the medial and caudoventral border of the
medial geniculate nucleus, forward and medially to the caudal
border of the nucleus reuniens posterior, in which region it
is continuous with cells of the nucleus paraventricularis poste-
rior. These relations are best seen in horizontal sections
(figs. 20, 21). In these sections it separates the principal
ventral nucleus of the thalamus from the tegmental region
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of the midbrain. This is also evident in medial sagittal sec-
tions (figs. 13 to 16) in which its relations to the nucleus
parafascicularis pars posterolateralis above and the zona in-
certa below are also shown. In caudal levels of transverse
series the nucleus of the tecto-reuniens bundle hugs the medial
and ventral borders of the medial geniculate body (figs. 11,
12) and its cells extend laterally almost to the surface of the
thalamus, in the angle between the medial geniculate body
and the cerebral peduncle. Its cells mingle to some extent
with those of the marginal part of the medial geniculate body
(fig. 11), and more caudally with the cells of the anterior pole
of the nucleus parabigeminus.

Only the anterior end of this nucleus, where it fuses with
the anteroventral extremity of the nucleus paraventricularis
posterior, was described by Chu (’32), who called it the nu-
cleus subfascicularis. Papez (’32) also described a similar
nucleus in the armadillo, which he thought corresponded to
the nucleus subparafascicularis of Rioch (’29) in earnivores.
In this we can concur, but consider this nucleus to be perhaps
partly comparable to the nucleus Z deseribed by Huber and
Crosby (’26) in the alligator in relation to the tractus tecto-
reuniens.

Papez (’36) has compared the so-called ventral nucleus of
the medial geniculate body of mammals with the nucleus Z
of Huber and Crosby, which further suggests the possibility
that the so-called ventral nucleus of the medial geniculate
body is really a lateral extension of the nucleus subpara-
fascicularis. In our material it is the nucleus subparafascicu-
laris, rather than the medial geniculate body, which is con-
nected with the nucleus reuniens posterior and which forms
a bridge between the nucleus reuniens posterior and the
medial geniculate body. We are not prepared to discuss here
the subtle questions of the genetic origins of the dorsal and
ventral parts of the medial geniculate body, in the sense of
Clark, Kuhlenbeck (’35), and Papez, but are not convinced
that all the facts necessary for a solution of this problem are
available as yet. The significance and connections of this
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region will be discussed in greater detail in the second paper
of this series.

Nucleus parabigeminus (nucleus of the inferior quadri-
gemanal brachium) (figs. 12, 21). This nucleus, the ‘nucleus
del corpo parabigemino’ of Castaldi (’26), and the most ros-
tral of the various nuclei of the lateral lemniscus of other
authors, is present within the eminence on the lateral sur-
face of the midbrain formed by the brachium of the inferior
colliculus. It is composed of medium sized cells and some
smaller cells which mingle rostrally with the most caudal
cells of the nucleus subparafascicularis (fig. 21). The rostral
pole of this nucleus overlaps slightly the medial border of
the caudal pole of the medial geniculate nucleus (fig. 12).
The caudal part of the nucleus consists of scattered cells in
the course of the brachium, and can be followed as far caud-
ally as the caudal border of the superior colliculus. This
nucleus probably corresponds to a similar, but much larger
nucleus in Tarsius which Clark (’33) has identified as the
nucleus isthmi.

TaE VENTRAL THALAMUS OR SUBTHALAMUS

For a review of the literature on this portion of the dien-
cephalon, the reader is referred to the paper of Rioch (729 a).

Nucleus entopeduncularis (figs. 2 to 4, and 22). Loo (’31)
has described several cell groups in the opossum which he
terms the entopeduncular nuclei. Of these the cells inter-
calated among the fibers of the ansa peduncularis, and more
or less continuous with the cells of the globus pallidus form
the nucleus entopeduncularis proper, following the nomen-
clature of Rioch (’29a). The other groups consist of inter-
stitial cells of the cerebral peduncle and are extremely few
except at the medial and superior borders. These are the
intrapeduncular and suprapeduncular groups of Loo (’31).
The intrapeduncular group is found chiefly in the course of
the medial, or strio-tegmental, bundles of the peduncle. The
entopeduncular nucleus proper in the opossum consists of
relatively few cells, slightly smaller than those of the globus
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pallidus, which extend medially from the latter nucleus among
the fibers of the ansa peduncularis. This nucleus can be
recognized with certainty only in levels through the anterior
half of the optic chiasm.

The relatively small size of the entopeduncular cell group
in the opossum may perhaps be correlated with the relatively
small size of the globus pallidus.

Nucleus reticularis (figs. 3 to 6, 13, 14, 20, 21). This nu-
cleus, characteristic in all mammals, extends from the ante-
rior pole to about the center of the thalamus, where it is
replaced by the zona incerta, which overlaps it for some dis-
tance (fig. 13). The nucleus reticularis is an interstitial
nucleus in the thalamic radiations and is bordered ventro-
laterally by the internal capsule, except at its posterior end,
where the zona incerta separates it from the cerebral pedun-
cle. Dorsally, the reticular nucleus borders the anterior,
lateral, and ventral nuclear groups in turn. These relations
can be seen in the figures. Laterally, the reticular nucleus
reaches almost to the surface of the thalamus, from which
it is separated more caudally by the ventral part of the lateral
geniculate body. Medially it is in close relation to the medial
reticular nucleus which separates it from the nucleus hypo-
thalamicus dorsalis (fig. 5). The latter in the opossum is
more or less continuous laterally with the zona incerta. Caud-
ally the cells of the nucleus reticularis gradually merge with
those of the zona incerta.

Nucleus reticularis pars medialis (figs. 4, 5, 15). At the
medial tip of the reticular nucleus, in sections rostral to the
anterior end of the zona incerta, one sees in the opossum a
sizable and compact group of cells, slightly smaller than
those of the reticular nucleus, but otherwise similar in appear-
ance. These cells merge with those of the reticular nucleus
in places, but often are sharply separated by fibers of the
inferior thalamic radiations. This group apparently has not
been described separately before, but appears to be a con-
stant medial differentiation of the reticular nucleus in all of
our material. It is in close relation medially with the nucleus
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hypothalamicus dorsalis, which anteriorly has a cup-shaped
lateral margin in which the medial reticular nucleus is placed.
Below the latter nucleus are the lateral filiform nucleus and
the lateral hypothalamic nucleus.

Nucleus geniculatus lateralis ventralis (figs. 5 to 10, 20, 21).
‘We wish to add to Tsai’s desecription of this nucleus in the
opossum (’25) only the observation that it is intimately asso-
ciated with the zona incerta, with which its cells merge to a
great extent. Caudally it extends below the anterior end of
the medial geniculate body.

Zona incerta (figs. 6 to 11, 13, 14). The uncertain zone in
the opossum is a fairly large and characteristic gray area,
which appears in transverse sections as a transverse band of
small, flattened cells above the dorsal and dorsomedial aspects
of the cerebral peduncle. It extends from the infundibular
region back to a transverse plane through the middle of the
medial geniculate body. Anteriorly, it is placed between the
reticular nucleus above and the lateral hypothalamie nucleus
below, and its cells merge medially with those of the dorsal
hypothalamic nucleus. Farther caudally, it becomes continu-
ous laterally with the ventral nucleus of the lateral genicu-
late body, and medially with the field of Forel. Here it is
dorsal to the subthalamic nucleus (figs. 8 and 9). Caudal to
the reticular nuecleus, it is bounded dorsally by the external
medullary lamina, and more caudally by the medial genicu-
late body (figs. 10, 11). The grouping of the cells among the
fibers of passage gives a picture suggestive of the division
of the zona incerta into two parts as in the carnivores (Rioch,
29 a).

Field of Forel (figs. 8 to 10, 14, 15). The field ‘H’ of Forel
is found in the opossum in the caudal third of the dienceph-
alon. It consists of an area of small and medium cells, with
occasional large cells, dorsal and caudal to the lateral hypo-
thalamic nucleus, with which it is continuous. It is also con-
tinuous with the zona incerta laterally and with the posterior
and dorsal hypothalamic nuclei medially. This area of diffuse
gray is the field of passage of many fibers, especially the
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lenticular bundles, which correspond to the bundles H,; and
H, of Forel (1877). The scattered gray of the field ‘H’ of
Forel should probably not be considered as a nuclear and
functional entity, but is an area of diffuse gray of uncertain
relationships, associated rostrally with the hypothalamus and
caudally with the midbrain tegmentum and the tegmental
bundles, as noted in the early descriptions of Forel (1872
and 1877).

Nucleus subthalamicus (figs. 8 to 10, 13, 14, 22). The nu-
cleus subthalamicus or corpus Luysii is a lenticulate group
of fairly large cells which lies on the medial surface of the
cerebral peduncle in the caudal third of the thalamus. It is
bounded above by the zona incerta, dorsomedially by the field
of Forel, and medially by the lateral hypothalamic nucleus,
which separates it at its caudal end from the supramamillary
nucleus. The latter and the subthalamic nucleus extend caud-
ally to about the same level.

Tae HyrpoTHALAMUS AND THE PREOPTIC AREA

In addition to some of the most characteristic nuclei of the
diencephalon, such as the tangential, filiform, and mammil-
lary nuclei, the hypothalamus contains some of the most un-
differentiated and ill-defined cell groups. Consequently, it is
impossible in some cases to delimit accurately nuclear areas
such as the periventricular, dorsomedial, and posterior hypo-
thalamie nuclei in the opossum, in which these groups merge
imperceptibly into one another. However, the essential fea-
tures of nuclear topography are sufficiently clear to make
possible a clear definition of boundaries in some cases and an
adequate, though approximate, delimitation in other cases,
for the purposes of homology and functional analysis.

No attempt to subdivide the nuclear groups of the hypo-
thalamus can be entirely satisfactory, since the interrelation-
ships of the constituent nuclei are quite intimate. Further-
more, the principal afferent and efferent connections of any
selected group of nuclei are sure to overlap with those of a
neighboring group, so that any subdivision, such as the rostro-



292 DAVID BODIAN

caudal subdivision proposed by Clark (’36 and ’38) and others,
must, in the nature of things, be arbitrary on both cytotopo-
graphic and functional grounds. A more general subdivision,
the significance of which has been emphasized by Crosby and
‘Woodburne (’39) in a recent comparative study, is the sepa-
ration of the hypothalamic gray into three longitudinal re-
gions, periventricular, medial, and lateral. This subdivision
will be followed in the present account, and has the advan-
tage of being based upon the established dynamies of onto-
genetic and phylogenetic differentiation, as well as following
the prineipal lines of fore and aft conduction. Superimposed
upon this primitive mediolateral subdivision is, of course,
the complicating differentiation in the dorsoventral and ros-
trocaudal planes, and here any attempt at further subdivision
strikes the snag of interwoven connections, as will be appar-
ent in the considerations of the second report of this series.
In general, however, the nuclei of the three longitudinal sub-
divisions have been arranged in rostrocaudal order in this
account, with a few exceptions in the case of the medial group
in anticipation of relationships to be brought out in the dis-
cussion of the fiber connections.

Periwentricular region (grisea centralis)

Nucleus preopticus periventricularis (figs. 2, 3, 18, 22).
Loo (’31) has described the preoptic area in the opossum in
considerable detail, so that no further discussion is needed
here. It is enough to mention that the periventricular pre-
optic nucleus, as represented here, corresponds only to the
pars medialis of Loo’s preoptic periventricular nucleus and
is continuous caudally with the nucleus hypothalamicus peri-
ventricularis.

Nucleus hypothalamicus periventricularis (figs. 4 to 7, 18).
This is the gray which lines the third ventricle in the hypo-
thalamic region. It is composed of small neurons and is
nowhere more than several cells in width. It appears at the
caudal border of the optic chiasm, where it is continuous
anteriorly with the preoptic periventricular gray, and ex-
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tends caudally to the level of the dorsal premammillary nu-
cleus. One may speak of an anterior part extending back to
the dorsomedial hypothalamic nucleus, in which region it is
continuous caudally with the posterior part, but such a de-
limitation of these gray masses is arbitrary. Laterally, the
anterior part of the periventricular nucleus is bounded by
the anterior and ventromedial hypothalamic nuclei in turn.
Below it is in relation to the nucleus supraopticus diffusus.
The posterior part extends caudally to the level of the poste-
rior end of the stalk of the hypophysis. Continuous with it,
below the ventricle, in the midline, is a denser accumulation
of cells of similar type, the ventral premammillary nucleus.

Nucleus ovoideus (figs. 2, 3, 16 to 18). This gray mass
represents a condensation of the periventricular gray of the
rostroventral part of the hypothalamic periventricular nu-
cleus. It is clearly identical with the nucleus of the same
name described in the rat by Gurdjian (’27) and was de-
seribed by Loo (’31) in the opossum as the pars suprachias-
matica of the preoptic periventricular nucleus. It extends
rostrally into the preoptic area and caudally into the anterior
hypothalamie region, and it is continuous with the periven-
tricalar nuelei of both regions.

Nucleus premamillaris dorsalis (figs. 8, 9, 18). The pre-
mammillary nuclei in the opossum appear to be enlarged
portions of the periventricular nucleus. In longitudinal sec-
tions it is especially evident that the dorsal premammillary
nucleus is an enlarged caudal continuation of the nucleus
hypothalamicus periventricularis (fig. 18). The cells of the
two are identical and no separation can be made on cyto-
architectural grounds. Caudal to a transverse level near the
posterior end of the hypophyseal stalk, the dorsal part of the
periventricular gray medial to the ventromedial hypothalamic
nucleus gradually enlarges laterally and remains large up
to the caudal end of the ventromedial nucleus, in which region
it also disappears, being replaced by the posterior hypo-
thalamic nucleus (figs. 8,9). This mass of gray is continuous
ventrally with the ventral premammillary nucleus, which is
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characterized by a denser grouping of cells. 1t is bounded
dorsally by the posterior hypothalamic nucleus. The en-
larged portion of the dorsal periventricular hypothalamic
gray anterior to the mammillary nuclei will be referred to
as the dorsal premammillary nucleus in this account.

Nucleus premamillaris ventralis (figs. 6 to 10, 17, 18). The
ventral premammillary nucleus may be considered as a caudal
enlargement of the ventral part of the nucleus hypothalami-
cus periventricularis, beginning anteriorly somewhat rostral
to the anterior pole of the dorsal premammillary nucleus
(fig. 17). It also extends much farther caudally than the
dorsal premammillary nucleus and can be traced caudally to
the middle third of the mammillary nuclei. It is continuous
dorsally with the dorsal premammillary nucleus at first, but
more caudally the posterior hypothalamic nucleus and, still
more caudally, the mammillary nuclei form its dorsal boun-
dary. At the caudal end of the infundibular recess, it ex-
tends below the ventricle, fusing with its fellow of the opposite
side, and finally becomes a midline cell mass below the ante-
rior part of the mammillary bodies (fig. 10). Here it sur-
rounds the recessus mamillaris.

Medial region

Nucleus preopticus medialis (figs. 2, 3, 16, 17, 22). This
cell mass has been described in sufficient detail by Loo (’31).
It corresponds to the anterior and principal preoptic nuclei
of his deseription, and is continuous caudally with the ante-
rior hypothalamic nucleus.

Nucleus hypothalamicus anterior (figs. 4, 5, 16 to 18, 22).
This nucleus forms a transition zone between the medial pre-
optic area and the more caudal medial hypothalamic nuclei
and 1s not clearly separable from either. It has a short
rostrocaudal extent above the posterior half of the optic
chiasm and the nucleus tangentialis pars tuberalis. Lateral
to the anterior hypothalamic nucleus are the fornix and lateral
hypothalamic nucleus. Below is the nucleus supraopticus
diffusus, medially, the nucleus hypothalamicus periventricu-



DIENCEPHALON OF THE OPOSSUM. I 295

laris, and above, the filiform nucleus and the nucleus hypo-
thalamicus anterior pars dorsalis. The cells of the anterior
hypothalamic nucleus are small and medium in size, stain
moderately well, and resemble the cells of the preoptic area
and of the ventromedial hypothalamic nucleus.

Nucleus hypothalamicus anterior pars dorsalis. This nu-
clear group is composed of cells more closely packed than
those of the rest of the anterior hypothalamic nucleus, with
which however it fuses ventrally. The pars dorsalis is found
below and lateral to the filiform nucleus (fig. 5). Farther
caudally it is bounded ventrally by the dorsomedial hypo-
thalamic nucleus. Here it fuses dorsally with the nucleus
hypothalamicus dorsalis (figs. 6, 16).

Nuclei magnocellulares hypothalami. The term nuclei
magnocellulares hypothalami will be used in this account as
a generic designation for the following nuclei, since they
possess several important characteristics in common, includ-
ing a probable association with the pars nervosa of the hy-
pophysis:

Nucleus tangentialis pars supraoptica (nucleus supraopti-
cus).

Nuecleus tangentialis pars tuberalis.

Nucleus tangentialis pars diffusa.

Nucleus filiformis pars paraventricularis (nucleus paraven-
tricularis).

Nucleus filiformis pars lateralis.

Rothig (’11) noted the close relationship of the cells of
these groups in Didelphis marsupialis, and considered them
all to be homologous with the preoptic magnocellular nucleus
of fishes, Amphibia, and reptiles. Similar conclusions have
been reached by Spiegel and Zweig (’17), Scharrer (’33),
Meyer (’35), and others. Malone (’16), Gagel (’28), Nico-
lesco and Nicolesco (’29), Scharrer (’33), Scharrer and
Gaupp (’33), Meyer (’35), Boon (’38), and others, have noted
the similar cytological characteristics of these cells, and their
rich vascular supply, as well as their intimate relationship
to the capillaries and small blood vessels. Scharrer (’33)

THE JOURNAL OF COMPARATIVE NEUROLOGY, VOL. 71, NO. 2



296 DAVID BODIAN

has described cytoplasmic ‘colloid’ globules in the cells of
these nuclei in various vertebrates and, on this basis, and
because of the intimate association with blood vessels, has
suggested that these cells are secretory in nature. Kvery one
of the above-mentioned characteristics is clearly evident in
the opossum, in which all of these nuclei form a continuous
chain of large cells, as has been noted by many in other
mammals including man (Gagel, '28; Meyer, ’35; Clark, ’36
and ’38, and others).

Furthermore, in one of our reduced silver preparations,
prepared by an accidental modification of the protargol
method (Bodian, ’37), all of the cells of the nuclei magno-
cellulares hypothalami are deeply and differentially stained,
in striking contrast to all of the other cells of the hypo-
thalamus, large and small, which are much less heavily im-
pregnated with silver (fig. 1). It is interesting to note that
Gagel (’28), working with the Bielschowsky method on human
material, found that the neurofibrils in these cells showed
very poorly, and that the silver was deposited instead in the
form of fine granules.

Nucleus tangentialis (figs. 1 to 6, 13 to 18). The nucleus
tangentialis of Ramén y Cajal (°11) has been described and
figured in some detail in the opossum, as the nucleus supra-
opticus, by Loo (’31). We have followed Gurdjian (’27) and
others in using Ramén y Cajal’s term, because the designa-
tion of nucleus supraopticus, first used by von Lenhossék
(1887) to describe an entirely different entity (see Malone,
16, p. 473), leads to possible confusion with neighboring
unrelated nueclei, such as the nuecleus supraopticus diffusus
and the nucleus suprachiasmaticus. Meynert’s earlier term,
ganglion opticum basale, has been discarded generally, as
being inappropriate for this non-optic center.

The prominent and characteristic tangential nucleus has
achieved considerable importance in recent years with the
description of its connections with the pars nervosa of the
hypophysis (Kary, ’24; Pines, ’'25; Stengel, '26; Greving,
'28; Laruelle, ’34; Roussy and Mosinger, 34 and ’35; Fisher
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et al., ’35; Rasmussen, ’37) and with the demonstration of
its probable role in the hypothalamic water metabolism
mechanism (see Fisher, Ingram and Ranson, ’35 and ’38).
In the opossum, the principal part of the tangential nucleus
is perched above the dorsolateral angle of the optic chiasm
(fig. 3), astride the di-telencephalic fissure. It consists of a
homogeneous group of cells, separated only in some sections
into lateral and medial portions by the large vessels which
enter at the afore-named fissure. This conspicuous group of
large, deeply staining cells, which we shall call the pars
supraoptica, connects with its fellow of the opposite side by
strands of cells which extend medially and caudally along
the dorsal surface of the chiasm and meet in the midline be-
hind the chiasm in a group of cells stretched along the ventral
surface of the tuber cinereum between the optic tracts, below
the anterior part of the ventromedial hypothalamic nucleus
(fig. 5). These cells forming the pars tuberalis are more
numerous on either side of the midline than in the midplane,
where a few scattered cells surround the anterior part of the
base of the hypophyseal stalk. The lateral portions extend
farther caudally, at the medial angles of the optic tracts,
where they disappear before reaching the transverse plane
passing through the center of the hypophyseal stalk (fig. 6).

From the supraoptic parts of the tangential nucleus, near
the caudal border of the chiasm, numerous cells forming the
pars diffusa of the tangential nucleus extend along prominent
blood vessels dorsally toward the lateral part of the nucleus
filiformis, with which they actually merge in some sections
(figs. 1, 4). These cells perhaps correspond to the anterior
part of the nucleus tubero-mamillaris of Malone (’16). In
the opossum they are clearly continuous with the pars supra-
optica of the tangential nucleus,

Nucleus filiformis (figs. 2 to 6, 16 to 18, 22). This nucleus
has been described in the opossum by Rothig (’°09), by Loo
(’31), and by Chu (’32) as the nucleus magnocellularis hypo-
thalami. Loo described it in some detail, reconstructed it,
and divided it into medial and lateral portions. This nueleus
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corresponds to the nucleus filiformis of Fortuyn (’12), Nissl
(’13), Gurdjian (’27), and others, and to the nucleus fili-
formis principalis of Rioch (’29). It is the nucleus para-
ventricularis of Malone (’10 and ’16), and the ‘noyau sous-
ventriculaire’ of Ramén y Cajal (’11). In the opossum, as
Loo pointed out, it appears to be as much a preoptic nucleus
as a hypothalamic one. In the rat and dog (Gurdjian and
Rioch) it is largely if not entirely placed within the anterior
hypothalamic area. In the opossum, Lioo and Chu recognized
only large and deeply staining cells in this nucleus. In addi-
tion to these large cells, it is clear that a considerable number
of small and medium sized, poorly staining cells of oval and
spindle shapes are present as well, and continuous with iden-
tical cells of the preoptic and hypothalamic periventricular
nuclei. These cells are found along with the large cells only
in the paraventricular or medial part of this nucleus, how-
ever, and are comparable with similar cells described by
Gurdjian in the rat and by Malone (’16) and by Greving
(’28) in man. In the rat the small cells are medially placed,
the medium sized cells more laterally, and the large, deeply
staining cells dorsally within the nucleus. In the dog, accord-
ing to Rioch, only small and medium sized cells occur, both
with deeply staining granulations, in the nucleus filiformis
anterior, which is placed between the preoptic and hypo-
thalamic areas. His nucleus filiformis principalis, which is
composed of larger, compactly grouped cells, corresponds in
position with the caudal portion of the paraventricular part
of the filiform nucleus of the opossum.

Apparently, then, a constant feature of this cell mass is
its position in the dorsal periventricular region of the pre-
optic and anterior hypothalamic areas, where the typical
large cells may be more or less intermingled with the small
undifferentiated cells of the periventricular gray.

Nucleus filiformis pars paraventricularis. The paraven-
tricnlar part of the filiform nucleus extends from a trans-
verse plane through the middle of the optic chiasm, to its
caudal limit near the anterior end of the hypophyseal stalk.
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Rostrally it is continuous with the periventricular preoptic
nucleus, the cells of which are identical with the small cells
of the paraventricular part of the filiform nucleus. Through-
out its course it has a roughly triangular shape, with a broad
base clearly applied to the third ventricle and with an apex
directed laterally. In the anterior part of its extent its lateral
boundary is formed by the nucleus preopticus medialis (figs.
2, 3), but farther candally it is placed in the angle between
the nucleus hypothalamicus dorsalis and the dorsal part of
the nucleus hypothalamicus anterior. Here it connects later-
ally with the lateral filiform nucleus by means of a few rows
of cells (fig. 5). The nucleus hypothalamicus dorsalis forms
most of its dorsal boundary (fig. 17).

Nucleus filiformis pars lateralis (figs. 4, 5, 14, 15). The
nucleus filiformis pars lateralis is a small nucleus which is
continuous with the nucleus filiformis pars paraventricularis
medially and with the scattered perivascular cells of the dif-
fuse part of the tangential nucleus ventrolaterally, as already
described. It differs from the nucleus filiformis pars para-
ventricularis in that it contains only large cells. It appears
anteriorly in the lateral hypothalamic area, below the nucleus
reticularis pars medialis, and does not extend so far caudal-
ward as does the paraventricular part of the filiform nucleus.

Nucleus supraopticus diffusus (figs. 5,17, 18). This nucleus
was described by Loo (’31) in the opossum, as the nucleus
suprachiasmaticus diffusus. The present term was used by
Gurdjian (’27) and Rioch (’29), who considered this nucleus
to be a bed nucleus for the supraoptic decussations. In the
opossum it appears to consist of a small, diffuse group of
cells, similar to those of the anterior hypothalamic nucleus,
placed in the midline between the ventricle and the tuberal
part of the tangential nucleus, behind the optic chiasm.

Nucleus hypothalamicus ventromedialis (figs. 6 to 8, 16 to
18). This nucleus is one of the most prominent and clearly
delimited cell groups of the hypothalamus, and is the prineci-
pal nucleus of the tuber cinereum. It is ovoid in shape and
extends from the posterior border of the optic chiasm to the
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anterior limit of the mammillary nuclei (fig. 16). It is placed
just lateral to the periventricular hypothalamic nucleus, and
caudally is lateral to the dorsal premammillary nucleus.
Laterally its cells mingle to a certain extent with those of
the lateral hypothalamic nucleus. TIts dorsal boundary is
formed rostrally by the nucleus hypothalamicus dorsomedialis
and caudally by the posterior hypothalamic nucleus. It cells
are of medium size, deeply staining and closely grouped.

Nucleus hypothalamicus dorsomedialis (figs. 6, 16, 17, 22).
This cell mass is much less clearly delimited than the ventro-
medial nucleus, and extends as far rostrally as the latter
nucleus but only half as far caudally. It is situated just
dorsal to the ventromedial nucleus and is replaced caundally
by the posterior hypothalamic nucleus, with which it merges
imperceptibly (fig. 16). Laterally its cells also mingle with
those of the lateral hypothalamic nucleus. It is bordered
above by the nuclens hypothalamicus dorsalis. Its cells at
the rostral and dorsal angle are slightly larger than those
of the ventromedial nucleus. Here the dorsomedial nucleus
is below the caudally projecting dorsal part of the anterior
hypothalamic nucleus. Farther caudally and ventrally the
cells are smaller and are identical in appearance with those
of the posterior hypothalamic nucleus.

Nucleus hypothalamicus posterior (figs. 7 to 9, 16 to 18, 22).
The nucleus hypothalamicus posterior makes its appearance
at the caudal end of the dorsomedial nucleus, where it occu-
pies the same relative position with reference to the sur-
rounding gray centers. At its dorsocaudal pole it becomes
continuous with the ventral nucleus of the medial longitudinal
fasciculus, being separated from the latter to some extent by
the tractus mamillo-thalamicus (fig. 17). The cells at the
dorsolateral angle of this nucleus mingle with those of the
field of Forel, which borders it laterally, and form finger-like
processes around the bundles of the fasciculus retroflexus.

Nucleus hypothalamicus dorsalis (figs. 3 to 8, 15 to 18).
This nucleus is the gray mass which Chu (’32) described as
the nucleus filiformis. It appears in general that the dorsal
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hypothalamic area has been variously differentiated in the
mammals described, and the exact homologies of some of the
groups do not seem to be altogether clear. Gurdjian did not
describe any separate nucleus that might correspond to the
nucleus hypothalamicus dorsalis in the rat, but apparently
the dorsal part of his nucleus dorsomedialis has similar rela-
tions (’27). Rioch’s nucleus hypothalamicus parvocellularis
corresponds in cell type and position with the rostral end
of our nucleus hypothalamicus dorsalis, and in addition his
dorsal hypothalamic area appears to be homologous with the
rest of this nucleus (’29). In the opossum the cells of the
anterior half of the nucleus hypothalamicus dorsalis are much
more compactly grouped than those of the caudal part of
the nucleus.

The nucleus hypothalamicus dorsalis extends almost the
entire length of the thalamus, from a transverse level through
the posterior third of the optic chiasm to one through the
anterior limit of the posterior commissure, where it is re-
placed by the most ventral part of the nucleus paraventricu-
laris posterior (fig. 17). Throughout its entire course it is
situated below the nucleus reuniens near the midline and thus
separates the dorsal thalamus from the hypothalamus. Ante-
riorly it is above the filiform nucleus, but, at the caudal end
of the latter, it touches below the dorsal part of the anterior
hypothalamic nucleus, which has similar cells (figs. 6, 16).
In its caudal half, the nucleus hypothalamicus dorsalis is
bounded ventrally by the nucleus hypothalamicus posterior.
Laterally, it borders closely on the nucleus reticularis pars
medialis in its anterior half, but in its caundal half is inti-
mately associated with the zona incerta and, at its caudal
end, with the cells of the field of Forel (figs. 6 to 8).

Corpus mamaillare (figs. 10, 11, 16 to 18). The mammillary
bodies of the opossum have been desecribed by Tsai (’25) and
by Chu (’32). The nuclear arrangement appears to be com-
parable to that described in the rat by Gurdjian (°27). The
terminology of the various authors varies considerably,
although most workers agree as to the presence of a rela-



302 DAVID BODIAN

tively large medial group and a smaller lateral part. This
disparity in size, however, is not great in the opossum. The
terminology to be used here follows in general that used by
Gurdjian in the rat, and differs from that of Tsai and Chu.

The mammillary bodies of the opossum occupy the base of
the diencephalon behind the infundibulum, and extend back
beneath the tegmental region of the anterior mesencephalon.
The cells of all the constituent nuclear parts are more or less
similar in type, being small and medium in size. The cells
of the pars lateralis and those of the pars medialis are more
compactly grouped than elsewhere. The posterior fusion of
the lateral parts of the medial mammillary nuecleus, as Gurd-
Jian (’27) described it in the rat (nucleus mamillaris medi-
alis pars posterior), does not occur in the opossum.

Nucleus mamillaris pars mediana. This nucleus is the first
to appear anteriorly and occupies a midline position through-
out most of the extent of the mammillary bodies, but it is not
present at the caudal end of the nuclear group. At its ante-
rior end it is placed directly below the supramammillary
nucleus, above the nucleus mamillaris pars commissuralis
anteroventralis, and medial to the bundles of the mammillo-
tegmental tract. Farther caudally, the nucleus mamillaris
pars commissuralis posterodorsalis forms its dorsal boun-
dary. The cells of this principal medial nucleus are small
and medium in size, closely grouped except caudally, and in
fiber preparations are seen to be surrounded by a dense felt-
work of fibers.

Nucleus mamillaris pars medialis. This is a small group
of cells which present as a distinet mass, separate from
the median nucleus, only at the rostral end of the latter. It
lies at the lateroventral angle of the median nuecleus, be-
tween the latter and the lateral mammillary nucleus. The
cells of this small nucleus are more compactly grouped and
apparently more deeply stained than those of the other mam-
millary nuclei. At its caundal end it merges with a lateral
extension of the median nucleus.
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Nucleus mamillaris pars lateralis. The lateral mammil-
lary nueclei form the principal bulk of the caudal half of the
mammillary bodies. At the rostral end they are separated
from the median nucleus by the mammillo-tegmental bundles,
and form comma-shaped masses with concavities directed
medially. Caundally they are covered by the mammillary cap-
sule and form the lateral rounded prominences of the mam-
millary bodies. The cells of this group are compactly grouped,
especially ventrally, but become more scattered caudally,
where they comprise the entire masses of the caudal poles of
the mammillary bodies.

Nucleus mamillaris pars commissuralis anteroventralis.
This nucleus forms a transverse strip of cells between the
ventral premammillary nucleus and the median mammillary
nucleus and connects the two lateral mammillary nuclei (fig.
10). The cells are similar to those of the latter.

Nucleus mamillaris pars commissuralis posterodorsalis.
This nucleus is prominent in the opossum, and first appears
rostrally somewhat behind the anterior end of the median
mammillary nucleus, where it occupies a position between the
latter and the supramammillary nucleus. It forms a trans-
verse band of cells, slightly larger than those in the median
nucleus, and connects laterally with the nucleus mamillaris
lateralis.

Nucleus supramamilaris (figs. 10, 11, 16 to 18, 22). This
nucleus is quite prominent and discrete in the opossum and
apparently is entirely comparable with that deseribed in
carnivores by Rioch (’29). It lies above the medial mam-
millary nuclei throughout most of its extent, with the poste-
rior hypothalamic nucleus rostrally and dorsally placed. It
lies below, and partly in the course of, the supramammillary
decussation, and consists of medium-sized, well-staining cells,
which resemble those of the posterior hypothalamie nucleus,
and those of the midbrain tegmentum which mingle with
those of the supramammillary nuclei to a certain extent. An-
teriorly the nuclei of both sides are fused in the midline, with
lateral wings separated from the central mass by the mam-



304 DAVID BODIAN

millo-thalamic bundles. Posteriorly, the nuclei separate, and
gradually disappear near the caudal end of the mammillary
nuclei.

At the caudal end of the supramammillary nucleus one sees
a group of smaller cells just dorsal to the supramammillary
nucleus. These cells are similar to, and continuous with,
those of the surrounding midbrain tegmentum, but they form
a condensation in the course of the supramammillary decussa-
tion. This group of cells appears to correspond to that
labeled by Rioch (’29) as the nucleus interstitialis pars de-
cussationis supramamillaris.

Lateral region

Nucleus preopticus lateralis (figs. 2, 3, 13 to 15, 22). This
nucleus 1s continuous with, and indistinguishable from, the
lateral hypothalamic nucleus, both being interstitial nuclei
of the medial forebrain bundles. It corresponds to both the
nucleus preopticus interstitialis and the nucleus preopticus
magnocellularis of Loo (’31).

Nucleus hypothalamicus lateralis (figs. 3 to 9, 13 to 15, 22).
This nucleus extends the length of the thalamus and is con-
tinuous in front with the lateral preoptic nucleus and behind
with the interstitial tegmental nucleus of the midbrain (fig.
14). It is impossible to draw a line anywhere between these
nuclei so that arbitrary limits are set for the lateral hypo-
thalamie nucleus at the optic chiasm and at the level of the
mammillary nuclei. The lateral hypothalamic nucleus is a
diffuse, interstitial nuecleus in the course of the medial fore-
brain bundle. It is bordered dorsolaterally by the internal
capsule, medially by the medial group of hypothalamic nuclei
as seen in the figures, and above by the reticular nucleus, the
nucleus hypothalamicus dorsalis, the zona incerta, and the
field of Forel, in rostro-caudal order. The cells are medium
and large in size and stain well as a rule. Rostrally the
ventral border is formed by the optic tract and the tangential
nucleus, but caudally it extends to the ventrolateral surface
of the hypothalamus. Caudally, its cells fuse medially with
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those of the dorsomedial, ventromedial, and posterior hypo-
thalamic nuclei, and in a position just lateral to the ventro-
medial nucleus form a denser group of large cells around the
fornix bundle. This condensation of cells has been called
the nueleus perifornicalis by Chu (’32), and is probably only
in part the nucleus perifornicalis of Rioch (’29), who recog-
nized that the accumulations of cells around the fornix bundles
in the hypothalamus were always identical in type with those
of the region through which the fornix passed. This has
seemed quite clear in our preparations and consequently no
separate nucleus perifornicalis will be described.

It is a matter of some interest, however, that in addition
to the large cells around the premammillary portion of the
fornix, large cells are scattered throughout the lateral hypo-
thalamic area and mingle with similar cells between the bun-
dles of the medial part of the cerebral peduncle (the supra-
peduncular and intrapeduncular nuclei of Livini, '07, and of
Loo, ’31). These cells very likely correspond at least in part
to the large cells of the nucleus tubero-mamillaris of Malone
(’16), and Clark (’36) has recently emphasized the fact that
such large cells are especially numerous in man.

The large cells of the lateral hypothalamic nuecleus just
discussed should not be confused with the large cells of the
nucleus tangentialis pars diffusa, which are scattered in the
anterior part of the lateral hypothalamic nucleus, and have
special cytological characteristics linking them with the cells
of the filiform nucleus and of the principal or supraoptic
part of the tangential nucleus.

Taes EritHALAMUS

Nucleus habenularis medialis (figs. 4 to 8, 16 to 18). The
medial habenular nucleus extends from a level just caudal to
the anterior end of the thalamus to a level near the anterior
end of the nucleus paraventricularis posterior. It is placed
in characteristic fashion just below the taenia thalami, bor-
dering on the ependyma of the third ventricle and medial to
the stria medullaris and the lateral habenular nucleus (fig. 5).
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It lies above the nucleus paraventricularis anterior, except
caudally, where the nucleus paraventricularis posterior lies
ventrally (fig. 8). At the caudal end of the thalamus, the
habenular commissure and pineal body cover the medial
habenular nucleus dorsally. The medial habenular nucleus
shows the characteristically close grouping of deeply staining,
medium sized cells. It has been divided into dorsal and ven-
tral parts by Tsai (’25) and Chu (’32) in the opossum, and
by others in various mammals. These parts in the opossum
are separated by fibers of the stria medullaris, and are prob-
ably not significantly different in other respects.

Nucleus habenularis lateralis (figs. 4 to 7, 14 to 16). The
lateral habenular nucleus extends almost as far rostrally as
the medial habenular nucleus, but does not reach so far caud-
ally. Throughout its entire extent it is lateral to the medial
habenular nucleus and medial and ventral to the stria medul-
laris (fig. 6). The nucleus medialis dorsalis forms its ven-
tral boundary. It is composed of cells more loosely arranged
than those of the medial habenular nucleus, and of small and
medium size. It may be roughly divided in the middle two-
thirds of its course into a dorsal portion, containing more
large cells, and a ventral portion composed of smaller and
more scattered cells. These two portions blend into each
other imperceptibly (fig. 15), and caudally merge with the
cells of the nucleus paraventricularis posterior.

DISCUSSION AND SUMMARY

The description of the nuclear groups in the preceding
pages has been conditioned by and dependent npon a con-
current study of the fiber connections in normal and experi-
mental material. These connections will form the subject of
the two subsequent reports in this series. Since an adequate
understanding of the nuclear configuration of the dienceph-
alon cannot be achieved without a coordinative consideration
of the fiber connections of the nuclear masses, a detailed dis-
cussion of the separate cell groups will be reserved for the
second of this series of reports.
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It has frequently been remarked that the diencephalic pat-
tern within the mammalian group is relatively uniform
(d’Hollander, ’13). To this statement the opossum dienceph-
alon forms no exception. Considered as a whole, this un-
doubtedly generalized mammalian diencephalon is remarkable
not only for its primitive features, of which there are abun-
dant examples, but also for its possession of most of the
typical features of higher mammalian brains.

Comparison with other mammalian brains, most of the
available descriptions of which we have examined care-
fully, reveals no outstanding specializations in the opossum,
although most of the nuclei are clearly differentiated. In
general, the closest resemblances appear to occur between the
opossum and the rat, as described by Gurdjian (’27), Tupaia,
as deseribed by Clark (’29), and the armadillo, as described
by Papez (’32) and Howe (’33). The difficulties of homology
of most groups are not inordinately great, except for the
barriers interposed by differences of terminology, and by
inadequate deseriptions of the connections of nuclear masses
and of their precise limits.

Special consideration has been given to some of the centers
hitherto not described adequately in the opossum, and to those
centers which have recently been the subject of morphological
and physiological investigations in other mammals. Among
these may be mentioned, in the dorsal thalamus, the nucleus
subparataenialis, the nucleus paraventricularis posterior, the
pretectal nucleus, and the medial geniculate nucleus and its
associated center, the subparafascicular nucleus; in the ven-
tral thalamus, the medial reticular nucleus; and in the hypo-
thalamus, the magnocellular nuclei and the dorsal hypo-
thalamic nucleus.
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EXPLANATION OF PLATES

Figures 2 to 22 drawn at X 40 and reduced to X 10.

ABBREVIATIONS

acq., acqueductus cerebri

e.pineale, corpus pineale

caps.int., capsula interna

ch.opt., chiasma opticum

col.forn., ecolumna fornicis

col.sup., colliculus superior

com.ant., commissura anterior

com.ant.bed, bed nucleus of com.ant.

com.hab., commigsura habenularum

com.post., commissura posterior

FF, Forel’s field H

gl.pal., globus pallidus

gr.cent., stratum griseum centrale

hypoph., hypophysis cerebri

n.ant.dor., nucleus anterior dorsalis

n.ant.med., nucleus anterior medialis

n.ant.vent., nucleus anterior ventralis

n.cint.-a.dor.,, nucleus commissuralis
interanterodorsalis

n.c.int.-vent.ant., nucleus commissuralis
inter-ventralis anterior

n.cent., nucleus centralis

n.cent.teg., nucleus centralis tegmenti

n.Dark., nucleus of Darkschewitseh

n.E.-W., nucleus of Edinger-Westphal

n.entoped., nucleus entopeduncularis

n.fil.lat., nucleus filiformis pars lateralis

n.fil.parav., nueleus filiformis pars para-
ventricularis

n.g.l.d., nucleus geniculatus lateralis
dorsalis

n.g.l.v., nucleus geniculatus lateralis
ventralis

n.g.m.cent., nucleus geniculatus medialis
pars centralis

n.g.m.marg., nucleus geniculatus medi-
alis pars marginalis

n.hyp.ant., nucleus hypothalamicus an-
terior

n.hyp.ant.dor., nucleus hypothalamieus
anterior pars dorsalis

n.hyp.dor., nucleus hypothalamicus dor-
salis

n.hyp.dor.med., nucleus hypothalamicus
dorsomedialis

n.hyp.lat., nucleus hypothalamicus later-
alig

n.hyp.periv., nuecleus hypothalamicus
periventricularis

n.hyp.post.,, nucleus hypothalamicus
posterior

n.hyp.vent.med., nucleus hypothalamicus
ventromedialis

n.inp., nucleus interpeduncularis

n.int.com.post., nucleus interstitialis
commissurae posterioris

nant.F.L.M., nucleus interstitialis fas-
ciculi longitudinalis medialis

nint.-med.dor., nucleus inter-medialis
dorsalis

n.lat.ant., nucleus lateralis pars anterior

n.lat.hab., nueleus habenularis lateralis
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nlot.intermed., nucleus lateralis pars
intermedia

n.lat.post., nucleus lateralis pars poste-
rior

n.lat.prof., nucleus lateralis profundus
tegmenti

n.mam.c.a.v., nueclens mamillaris pars
commissuralis anteroventralis

n.mam.c.p.d., nucleus mamillaris pars
commissuralis posterodorsalis

n.mam.lat.,, nucleus mamillaris
lateralis

n.mam.m., nucleus mamillarig pars medi-
ana

n.mam.med., nucleus mamillaris pars
medialis

n.med.dor., nueleus medialis dorsalis

» med.hab., nueleus habenularis medialis

n.mes.V., nucleus mesencephalicus V

n.opt.leg., nucleus opticus tegmenti

n.0void., nucleus ovoidens

n.p.p.infracom., nucleus paraventricu-
laris posterior pars infracommissu-
ralis

n.p.p.supracom., nucleus paraventricu-
Jaris posterior pars supracommissu-
ralis

n.parabigem., nueclens parabigeminus

n.paracent., nucleus paracentralis

n.paraf., nucleus parafascicularis

n.paraf., pars p.l.,, nucleus parafascicu-
laris pars posterolateralis

n.parataen., nueleus parataenialis

pars

r.paravent.ant., nucleus paraventricu-
laris anterior
n.premam.dor., nucleus premamiliaris

dorsalis

n.premam.vent., nuoclens premamillaris
ventralis

n.preop.lat., nucleus preopticus lateralis

n.preop.med., nucleus preopticus medi-
alis

n.preop.periv., nueleus preopticus peri-
ventrienlaris

n.pret., nucleus pretectalis

n.pret., p.caud., nucleus pretectalis pars
caudalis
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n.ret.,, nucleus reticularis

n.ret.med., nucleus reticularis pars medi-
alis

n.reun.ant., nucleus reuniens anterior

n.reun.post., nuecleus reuniens posterior

n.rhomb., nucleus rhomboidalis

n.ruber, nuecleus ruber

n.subparaf., nueleus subparafaseicularis

n.subparataen., nucleus subparataenialis

n.subthal., nucleus subthalamicus

n.supragen., nucleus supragenicnlatus

n.supramam., nucleus supramamillaris

n.supracp.diff., nucleus supraopticus dif-
fusus

n.tang.diff., nucleus tangentialis pars
diffusa

#n.tang.supraop., nucleus
pars supraoptica

n.tang.fuber. (or tub.), nucleus tangen-
tialis pars tuberalis

tangentialis

n.veni.ant.,, nucleus ventralis pars an-
terior '

n.vent.F.L.M., nucleus ventralis fascicu-
Ii longitudinalis medialis

nvent.med., nucleus ventralis pars medi-
alis

n.vent.pr., nucleus ventralis pars prin-
cipalis

n.vent.teg., nueleus ventralis tegmenti

n.1I1, nucleus oculomotorius

ped.cer., pedunculus eerebri

rJII, radix nervi oculomotorii

rec.infund., recessus infundibuli

s.migre, substantia nigra

stria med., stria medullaris

stria term., stria terminalis

stria term.bed, bed
term,

nucleus of stria
subcom., subcommissural organ
tr.hab.ped.,
larig
tr.mam.teg., tractus mamillo-tegmentalis
tr.mam.thal., tractus mamillo-thalamicus
tr.opt., traetus opticus
#.inc., zona incerta

tractus habenulo-peduncu-
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= =——N.TANG-TUB-

Fig.1 Photomicrograph at X 20, showing the nuclel magnocellulares hypothalami. The
pars supraoptica of the tangential nucleus lies rostral to this level. Reduced silver preparationm,
protargol method. Series V34, 13-1-4.
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Figs.2to12 A serjies of drawings of 50 u transverse paraffin sections, stained with toluidin
lue. The levels shown are spaced at intervals of ten to fifteen sections and, relative to figure
2, subsequent figures represent seetions 10, 20, 30, 40, 55, 65, 75, 90, 100, and 115, respectively.
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Figs. 13 to 18 A series of drawings of 30 u sagittal paraffin sections, stained with toluidin
blue. The levels shown are spaced at intervals of five to ten sections and, relative to figure 13,
subsequent figures represent sections 10, 15, 25, 30 and 35, respectively.
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Figs. 19 t0 22 A series of drawings of 40 u horizontal paraffin sections, stained with toluidin
blue. Relative to figure 19, the subsequent figures represent sections 30, 45, and 100, re-
spectively.
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