STUDIES ON THE DIENCEPHALON OF CARNIVORA

PART TI. CERTAIN NUCLEAR CONFIGURATIONS AND FIBER CONNEC-
TIONS OF THE SUBTHAT.AMUS AND MIDBERAIN OF
TiIE DOG AND CAT
DAVID McKENZIE RIOCH
National Research Fellow, Laboratory of Comparative Neurology, Department of

Anatomy, University of Michigan

POUR PLATKS (NINE FIGURES)

CONTENTS

Introduction ... ... . e 121
Description of nuelear masses and fiber connections ........... ... .. ... 122
Entopeduncular nueleus ......... . 122
Zoma INCETEA ...ttt e 123
Zona incerta proper .............. ...l 124

Zona incerta eaudalis ... ... .. 125
Nucleus subthalamicus ...... .. .. .. .. o i 126
Field H,; of Forel .. ... .. . . . . e 127
Field H, of Forel ... ... . . . 129
Nueleus ruber ... e 130
Substantia nigra ... o s 132
Diseussion ... ... .. 137
Biblography .o e 143
Plates 145

INTRODUCTION

In the first paper of this series a deseription was given of
the dorsal thalamus, epithalamus, and hypothalamng of the
dog on the basis of nuclear pattern. Tn the present paper a
similar account of the subthalamus of both the dog and cat,
together with a description and discussion of their fiber
connections, is presented. This investigation was carried out
on the same material as that used for the previous paper.
The pertinent literature will he congidered in connection with
the discussion of the fiber connections.
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DESCRIPTION OF NUCLEAR MASSES AND FIBER CONNECTIONS

The general structure and arrangement of the corpus
striatum, entopeduncular nucleus, zona incerta, nucleus sub-
thalamicus, substantia nigra, and nucleus ruber resemble the
configuration found in lower mammals (fig. 4). The system,
as a whole, is elongated in a cephalocaudal direction, the
nuclei lying one behind the other in relation with the descend-
ing motor paths from the cortex. The nucleus caudatus lies
almost entirely in front of the thalamus and has a very short
tail. The putamen and globus pallidus lie ventrolaterally
to the anterior portion of the thalamus, separated from it by
the internal capsule. The globus pallidus and putamen are
separated from each other by the lateral medullary lamina,
which is a well-developed struecture, but the two parts of the
globus pallidus are more or less fused together, the internal
medullary lamina being quite indistinet, more go in the cat
than in the dog. The caudate nucleus, the putamen, and the
globus pallidus belong to the striatum. The other nuclet men-
tioned at the beginning of this paragraph are the main nu-
clear coustituents of the subthalamus, which lies ventral to
the dorsal thalamus and to a plane through the sulens medius,
lateral to the hypothalamic areas, dorsomedial to the eerebral
pedunele, and which is directly continuous candally with the
tegmentum of the midbrain.

Entopeduncular nucleus

The entopeduncular nucleus consists of cells scattered be-
tween the fibers of the ansa lenticularis as the latter swing
across the internal capsule and first part of the peduncle to
enter the dorsally lying nuclei. The entopeduncular nuclens
in cat (fig. 4) is in direct continuity with the medial portion
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of the globus pallidus, and the only differentiations seen are
the more scattered arrangement and the slightly smaller size
of the cells. In the dog (fig. 8; Rioch, ’29, figs. 1 to 8) there
is an indefiuite separation between the entopeduncular nu-
cleus and the globus pallidus. In both these forms the cells
lie adjacent to the supra-optic and optie fibers as these fibers
swing along the surface of the brain outside of the peduncle.
The caudal pole of this group of cells lies in the lateral por-
tion of the peduncle, maintaining the same relation to the
optic and supra-optic systems. The cells of this nucleus are
clongated triangular to fusiform in shape, with two to three
long cytoplasmic processes. The eytoplasm contains coarse,
deeply stained granunles, densely arranged and extending mto
the processes. The cellular nuelens is small, oval to round,
and contains a coarse chromatin network and a single, deeply
stained nucleolus.

The entopeduncular nuclens receives large numbers of short
connections from the medial end of the globus pallidus and
also from the lateral medullary lamina. These end, in part
at least, in pericellular synapses around the cells of the
entopeduncular nucleus. Bundles of finer fibers come into
the nucleus through its dorgolateral border out of the internal
capsule. It is to be understood that this latter relation does
not mecessarily imply cortical connections, because in the
more anterior sections a large portion of the superior thalamic
radiations together with fibers from the caundate nuclets are
seen to cut across the internal capsule direeted toward the
lenticular nueleus.

As the nucleus is followed downward in relation with
peduncular fibers it receives connections from the dorsal
supra-optic decussation, the synapse being again pericellnlar.
The direction of the neuraxes is in large part dorsomedial
toward the inferior thalamie peduncle.

Zona incerta
The zona incerta is an area in the dorsal part of the sub-
thalamus which 1s characterized by the numerous fibers of
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passage rather than by its intrinsic nuclel. In the cat it can
be divided into two main zones: 1) the zona incerta proper,
2) the zona. incerta caudalis.

Zona incerta proper. The zona incerta proper is a more
or less cireumseribed nuclens, shaped like a eylindrical lens,
lying on the dorsal surface of the peduncle rostral and dorsal
to the nucleus subthalamicns. Its rostral margin lies at the
level of the posterior border of the chiasm and it extends
caudally a little past the rostral pole of the nucleus sub-
thalamicus. The field H; of Fore]l is medial to it; the field
H, lies ventromedial to its caudal surface. The ventral
boundary is formed by the peduncle, except at the caudal pole,
where the nueleus subthalamicus and fibers of ils capsule
extend between the two. The lateral boundary is formed by
the ventral part of the nucleus reticularis, with which in
places the zona incerta appears to be almost continuous.
The dorsal boundary is formed at first by the lamina medul-
laris externa and through its candal half by the zona incerta
caudalis. Caudally, also, it 1s separated from the zona
incerta caudalis by a thin fiber layer and is casily distin-
guished from the Iatter by its deeply staining ground-
substance.

The cells of the zona incerta proper are arranged trans-
versely between fibers. They are medium to small in size,
elongated triangular to fusiform in shape, with two to three
moderately long, thick, branching cytoplasmic processes. The
cytoplasm contains diffusely secattered, coarse, well-stained
granulations, which extend for a short distance out into the
processes. The cellnlar nucleus is large, oval, pale, with a
faint, rather coarse chromatin network and a single deeply
staining nucleolus.

The fibers coming into the zona incerta may be divided
into certain groups. Two forebrain components are present:
striatal connections through the ansa lenticularis and cortieal
connections from the internal capsule. The ansa is dis-
tributed mainly through the thalamic faseiculus of Forel (H;)
and to a less extent through the lenticular fasciculus (H.,).
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The internal capsule connections come from the retro-
lenticular portion of the internal capsule in the dog and cat
(homologous with the sublenticular region of human).

There are numerous connections with fibers of the dorsal
supra-optic decussation (fig. 5). Some of these cross the
hypothalamic area to the medial end of the zona incerta; a
greater number run parallel with the optic tract, along the
base of the peduncle, and turn dorsalward, running through
the peduncle or around its lateral margin to enter the ventro-
lateral surface of the zona incerta. Many of these are fibers
of passage on their way to the tectum and are accompanied
in their further course by incerto-tectal fibers.

There are apparently connections between the zona incerta
and the nucleus geniculatus lateralis ventralis and also be-
tween the zona incerta and the ventral nucleus of the thala-
mus. The exact termination of these fibers was not found
in the material available. There are also connections of the
zona incerta with both the ventral and lateral hypothalamus,
especially with the nuclens hypothalamicus ventromedialis.
Conduction is in both directions, but with the emphasis on
the hypothalamico-incertal paths. There are quite numerous
fiber bundies which run caudally between the zona incerta
and the tegmental areas of the midbrain. The assumption
ts justified that this latter area and the tectum provide the
main efferent path for the zona incerta.

Zona wmcerta caudalis. The zona incerta caudalis (fig. 1)
lies around the dorsolateral margin of the peduncle, separated
from the zona incerta proper by a band of fibers largely the
dorsal supra-optic decussation. Laterally, it is continuous
with the caudal pole of the nucleus reticularis; medially, it
fuses with the field H; of Forel; ventrally, it lies on the
surface of the peduncle, and dorsally, it is limited by the most
caudal portion of the external medullary lamina. It is con-
tinuous with a group of cells extending among tecto-tegmental
fiber systems dorsocaudally and intermingles with the lateral
portion of the substantia nigra ventrocaudally. The cells are
slightly larger than those of the zona incerta proper, hut are
otherwise similar.
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The zona incerta caudalis, as the zona incerta, is in relation
with the dorsal supra-optic commissure and with the optic
tectum and receives connections from the striatum by way
of the lenticular fasciculus of Forel (H,). It also has hypo-
thalamic connections, some of which consist of fibers which
turn laterally out of the combined mammillo-thalamic and
mammillo-tegmental tracts. Many fibers from the decussa-
tion of Forel can be traced to the zona incerta caudalis. They
have the appearance of being true commissural fibers. Aber-
rant pyramidal tracts on the lateral side of the peduncle turn
dorsomedialward through this region, but any connection of
these with the cells cannot be determined.

Nucleus subthalamicus

The nucleus subthalamicus (figs. 1, 4, and 8) is a lens-
shaped mass of cells lying on the dorsomedial surface of the
peduncle, extending from the level of the infundibulum to
that of the middle of the mammillary nuclei. The mass of
cells curves around the medial surface of the peduncle, form-
ing a cap. Laterally, along the dorsal surface of the peduncle,
it continues as a narrow band of cells almost to the dorso-
lateral corner.

The rostral boundary is formed by the zona incerta, with
fibers of the ansa forming the rostral portion of the field
H, of Forel lying medially. The dorsomedial boundary also
is formed by the fleld H, of Forel. Ventromedially, there is
some fusion with the cells of the lateral hypothalamic area.
The pedunculus cerebri forms the lateral and ventrolateral
boundary. In the caudal portion the ventromedial part of
the nucleus subthalamicus extends toward the lateral mam-
millary nucleus. Caudally, it is separated from the sub-
stantia nigra by an area consisting mainly of fibers with
scattered cells which are econtinuous with the lateral mam-
millary nucleus ventrally, the zona incerta dorsally, the
lateral hypothalamic area rostrally, and the reticular sub-
stance of the tegmentum caudally. The fibers in this area
cousist of the anterior connections of the red nucleus and
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substantia nigra, with the dento-rubro-thalamie bundle and
with other less-known groups.

The cells of the nueleus subthalamicus are arranged for the
most part between fibers running in a lateromedial plane,
following the curve of the surface of the peduncle. The cells
are large, polygonal to triangular in shape, with moderately
long cytoplasmic processes, quite thick with a few branches.
The eytoplasm is filled with large, coarse, rod-shaped gran-
ules which stain deeply and extend along the processes. The
cellular nucleus is large, well ontlined, and shows a coarse,
well-stained, granular chromatin network and a single, moder-
ately large, deeply staining nucleolus.

Numerous fibers turn dorsally out of the pedunecle into the
nuecleus subthalamicus, some of which end there and others of
which are fibers of passage. Most of the latter rejoin the
peduncle. Fibers from the ansa lenticularis enter the ventral
surface of the nucleus subthalamicus by cutting directly
through the peduncle, and others enter the medial surface by
the lenticular fasciculus of Forel (1I,). Many of these fibers
come into synaptic relation with cells of the nucleus (fig. 5).
The larger number accumulate in a laver between the nucleus
and the peduncle and continue in that position candalward
to enter the anterior end of the substantia nigra (fig. 5).
These bundles are joined on the dorsal side by neuraxes of
neurones of the nucleus subthalamicus which follow the same
course. There are commissural connections {through the com-
missure of Forel with the nucleus of the opposite side. There
are also connections with the dorsal supra-optic decussation,
lateral portion, which are certainly not entirely commissural.
The adjacent hypothalamic regions and the zona incerta are
in relation with the nucleus subthalamicus by internuclear
fibers,

Field 1, of Forel

The field H, of Forel (figs. 1 and 8) is an area of fibers of
passage lying dorsolateral and then direetly caudal to the
medial hypothalamic area. Laterally, it is bounded by the
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zona incerta and then fused with the field H, of Forel; dor-
sally, it is bounded by the caudal portion of the external
medullary lamina; medially, it adjoins a region containing
large polygonal cells which form the extreme rostral pole
of the tegmental area of the midbrain; ventrally, it is bounded
by the mammillary nuclei, and caudoventrally, by the inter-
stitial nucleus of the decussation of Forel. The cells of the
region are similar to the cells of the zona incerta, but are
more scattered and elongated between fibers. There are also
a few larger elements.

The term H; is used here to designate an area containing
numerous fascicles, one of which is the thalamic fasciculus
of Forel. This latter fasciculus separates from the ansa
lenticularis at the medial boundary of the peduncle just
rostral to the nucleus subthalamiens and the field H, of Forel.
It passes a short distance caudalward and medialward to
join with the fascicles from the anterior capsule of the red
nucleus. Here some of the fibers turn rostrally and accom-
pany the dento-rubro-thalamic group, following a rostro-
dorsolateral course to the external medullary lamina. A few
fibers of the faseciculus turn eaundally toward the red nucleus.
The largest number of fibers in the field H; of Forel consists
of the fascicles of the dento-rubro-thalamic tract from the
anterior capsule of the red nucleus. Fibers, the origin of
which cannot be determined definitely, turn out of this region
in small compact bundles to the mnuclens parafasciculus,
bevond which they could not be traced. There are numerous
connections medially, especially just in front of the decussa-
tion of Forel, with the anterior pole of the central gray of
the aqueduct. The region also receives fibers from the decus-
sation of Forel and from the medial part of the dorsal supra-
optic decussation. The relation of thesc fibers {o the cells
could not be determined. Rostrally, the region is conneccted
by internuclear fibers with the zona incerta and hypothalamic
areas and, caudally, with the tegmentum.
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Field H, of Forel

The term field H, of Forel (figs. 1 and 8) 1s used to desig-
nate the region medial to the nucleus subthalamicus, bounded
rostrally and rostroventrally by the lateral hypothalamie area
and rostrodorsally by the zona incerta proper. Medially,
it fuses with the field H, of Forel and extends caudally into
the lateral capsule of the red nucleus. The cells of the region,
on the whole, resemble those of the field H; of Forel.

The so-called nuecleus of the field of Forel (fig. 1) consists
of moderately large elements scattered mainly through the
field H, and grouped in the region of juncture of the two
fields of Forel. These cells are polygonal to triangular in
shape, with long eytoplasmic processes. The cytoplasm con-
tains scattered, rod-like granulations which extend into the
dendrites. The cellular nucleus shows a coarse chromatin
network and a single deeply stained nucleolus.

The main fiber groups of the region consist of the lenticular
fascicle H, of Forel and fibers from the lateral capsule of
the red nuecleus. The former bundle (fig. 6) consists of fibers
from the ansa lenticularis, which reach the area either
through the nucleus subthalamicus or around its lateral or
medial borders, the majority of the fibers following the latter
course. The lenticular fascicle as a whole runs directly
caudalward to the red nucleus, losing some fibers on the way
to the reticular areas of the tegmentum and to the substantia
nigra. The majority of the fibers enter the red nucleus and
come into svnaptic relation with its cells. The dento-rubro-
thalamie group from the lateral capsule of the red nucleus
turns dorsally out of {he field H, of Forel at the level of
the zona incerta caudalis to enter the most caudal part of
the external medullary lamina. The dorsal supra-optic fibers
cross the rostral part of the area. Fibers of the decussation
of Forel cross the area more caudally. Included with these
are ansal fibers which interdigitate in the midline, just above
the decussation of the fornix, with the commissural fibers of
the decussation of Forel. They thus run from a ventrolateral
to a dorsomedial position to reach the field H, of Iforel of the
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opposite side. There are internuclear connections with the
lateral hypothalamic area, the nucleus subthalamicus, sub-
stantia nigra, and the tegmentum.

Nucleus ruber

The red nucleus (fig. 2) is one of the most prominent strue-
tures in the mesencephalon. Rostrally, it is more or less
continuous with the cells of the reticular formation of the
midbrain, which consists of large cells, scattered singly or
in groups among the fibers running forward from the anterior
capsule of the red nucleus. Such cells extend forward in
conjunction with these fibers (m.nterst.teg., fig. 2, also figs.
11 and 12, Rioch, ’29) and border medialward on cells inter-
mingled with the median longitudinal fasciculus apparently
there becoming part of a dorsal nucleus interstitialis, which
nucleus is included under n.interst.teg., in figures 9 and 10,
Rioch (°29).

The rostral pole of the red nucleus lies just in front of the
root of the oculomotor nerve, the large cells here forming a
more or less circumseribed group in a moderately deeply
stained ground-substance. 'The nucleus is surrounded by a
capsule of fibers separating it dorsomedially and dorso-
laterally from the tegmentum ; medially, from the central nu-
cleus of the tegmentum; ventromedially, from the inter-
peduncular nucleus; ventrally and ventrolaterally, from the
substantia nigra; caudally, it is continuous with the superior
cerebellar peduncle. The caudal boundary is sharp, lying a
few sections rostral to the rostral margin of the pons.

A rather indefinite division of the red nuecleus into two
parts can be made: 1) a compact, caudal portion, the cells
being mostly of the very large type (see below); 2) a more
loose, oral portion, the cells being both of the very large and
the less large types. In the oral portion the cells are grouped
somewhat in the form of a thick crescent, with the convex
surface facing ventrolaterally.

The cells of the red nucleus are moderately widely sepa-
rated with fibers running between them. There is no par-
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ticular arrangement with regard to the direction of the fibers.
The neurones are of three types, with some tranitional
forms: 1) Very large cells (fig. 9), larger than any in the
thalamus, polygonal in form, with numerous long processes.
The processes are thick at the base and contain scattered
granules, but rapidly become fine and clear. They give off
several branches. The cytoplasm is voluminous and is packed
with large, deeply staining, rod-shaped and round granula-
tions. The nuclei are round to oval and are relatively small.
They are pale, well outlined, and show coarse chromatin net-
work. 2) Less large cells (fig. 9). Most of the other cells
of the red nucleus are about half the size of the very large
cells, although elements of all sizes between the two are pres-
ent. These smaller cells are similar in all respeets in strue-
ture to the very large cells. 3) Scattered small cells (fig. 9).
A few scattered small cells, of an undifferentiated type, are
intermingled with the larger elements. These are more
numerous rostrally than at the caudal pole of the nucleus.

Obviously, the red nucleus receives crossed fibers from the
superior cerebellar peduncle. It is connected with the tectum
by three groups of fibers. The most medial of these accom-
pany the tecto-oculomotor and medial tecto-spinal bundles in
the stratum profundum and cross in the dorsal tegmental
decussation to the red nucleus of the opposite side (fig. 7).
Lateral to these are similar bundles crossed and uncrossed,
connecting the whole midbrain roof with the red nuclei (fig.
7). The third group of tectal bundles consists of a tract of
much finer fibers connecting the rostral portion of the red
nucleus and the reticular formation of the tegmentum, on
the one hand, with the superior collicular portion of the mid-
brain, on the other hand. These are accompanied by posterior
commisgsure components.

The red nucleus is connected with the striatal areas of the
forebrain by way of the lenticular fasciculus of Forel (fig. 6),
which is that part of the ansa lenticularis described above as
passing through the field H, of Forel. There may be a
further connection of the ansa with the red nucleus by fibers
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which turn caudalward out of the thalamic fasciculus of
Forel (H,) to enter the anterior capsule of the red nucleus.
Definite cortico-rubral connection could not be recognized in
the material available, although fibers were seen to leave the
medial border of the peduncle at the level of the caudal third
of the nucleus subthalamicus and to join the ventral bundles
of the lenticular fasciculus of Forel.

The red nucleus is connected with the surrounding teg-
mental area by internuclear fibers. Numerous neuraxes of
cells of the nucleus can be traced into these areas (fig. 9).
This provides for a discharge path by way of tegmental
centers. The major path is the crossed rubro-spinal tract
(von Monakow), which has been repeatedly deseribed.

Substantia nigra

The substantia nigra (figs. 2 to 4) is a large, cellular strue-
ture, roughly ellipsoid in shape, covering the dorsal and
medial surfaces of the peduncle. It extends from the level
of the rostral end of the posterior third of the mammillary
nuclel caudalward to the level of the rostral margin of the
pons. It reaches its greatest dimensions in the caudal half
of its rostral third, consisting only of scattered cells an-
teriorly and becoming a narrow band posteriorly. The sub-
stantia nigra may be divided into the following portions:
1) zona reticulata, 2) zona compacta, 3) pars lateralis.

The zona reticulata (figs. 2 and 4) first appears in the cross-
sections as scattered cells in the dorsomedial margin of the
peduncle. It remains as a small, indefinite group ventral to
the rostral pole of the zona compacta until about the level of
exit of the oculomotor nerve, where it becomes considerably
larger, the cells extending through the peduncle almost to
its ventral boundary. This increase in size takes place at
first medially and later laterally. At the level of the rostral
half of the nucleus interpeduncularis, the zona reticulata
diminishes in size and finally disappears about the level of
the middle of said nucleus.
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The cells are irregularly scatiered along fibers which run
diagonally through the peduncle, at times perpendicular to
the peduncular fibers. At places these fibers with the cells
form a sort of coarse reticulum. The cells are medium-sized,
slightly smaller, on the whole, than those of the zona com-
pacta, and fusiform to triangular in shape. They have long,
thick cytoplasmic processes which give off oeccasional finer
branches. The cytoplasm contains numerous rod-like granu-
lations, deeply stained, which are diffusely arranged and
extend for a short distance out into the processes. The cellu-
lar nueleus is moderately deeply stained and shows a coarse
chromatin network and a single deeply stained nucleolus.

The zona compacta (figs. 2 to 4) lics on the medial and
dorsomedial surface of the cerchbral peduncle, more or less
separated from the zona reticulata by the stratum inter-
medinm. TIts rostral pole lies at the level of the candal end
of the mammillary nuclei. The caudal pole of the zona com-
pacta is at the level of the anterior margin of the pons.
Ventrolaterally, throughout its extent this zone is in relation
with the peduncle; medially and dorsally, it is in relation with
several fiber systems, which are as follows: dorsomedially,
the field H, of Forel; laterally, the lateral tectal systems;
dorsocaudally, the medial lemniscus, and caudomedially, the
mammillary pedunele. Through its rosiral half the zona
compacta has a ecomma-shaped appearance, as deseribed by
Morgan (’27). It extends medially to the midline and to the
horder of the interpeduncular nucleus through a zone of scat-
tered cells. In this region at first it fuses laterally with the
zona incerta caudalis and then with the pars lateralis of the
substantia nigra. Gradually throughout its caudal half it
becomes a band of characteristic eells along the dorsal sur-
face of the peduncle from which seattered cells continue
dorsolaterally into the lateral system of tectal fibers. The
medial lemniscus, in turning dorsalward in the lower levels
of the midbrain, passes through the caudal pole of the zona
compacta.
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The cells of the zona compacta are moderately densely and
quite irregularly arranged. They vary in size, being small
anteriorly and at the extreme medial and lateral boundaries,
and large, mainly in the dorsomedial and caudal portions.
They are polygonal, triangnlar, and fusiform, with long cyto-
plasmic processes. The cytoplasm and nuclei otherwise
resemble those of the cells of the zona reticulata, except that
they stain more deeply.

The pars lateralis of the substantia nigra (Rioch, ’29, figs.
10 to 12) consists of a group of cells lying among diagonally
directed fibers in the dorsolateral corner of the peduncle,
dorsolateral to the other two parts of the substantia nigra.
Rostrally, it extends as far as does the zona reticulata and is
bounded rostrally, dorsally, and laterally by the zona incerta
caudalis. Medially, it connects with the zona reticulata and
then fuses with the zona compacta through a narrow band
of elongated cells. 1t fuses medially with the zona compacta
about the level of the posterior portion of the root of the
oculomotor mnerve. Laterally, at about the same level it
extends as intercalated cells info the lateral tectal systems.

The cells are irregularly arranged and are as large as
any in the substantia nigra. They resemble the cells of the
zone reticulata in all respects, except that they are larger
and slightly more elongated.

The substantia nigra is connected with a number of fune-
tionally different centers within the brain, among which may
be mentioned cortical, striatal, tectal, and cerebellar areas,
subthalamie, hypothalamie, and tegmental regions, and
secondary afferent centers of the brain stem and cord.

Throughout the whole extent of the substantia nigra,ﬁbers
turn dorsally from all levels of the peduncle to distribute
to the zona compacta (fig. 7). The cclls of the zona reticulata
lie in relation with these fibers.

The strio-nigral connections are through the ansa lenticu-
laris. These fall into two groups. The first consists of
bundles which accumulate between the nucleus subthalamicus
and the peduncle and enter the zona compacta through its
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rostral pole (fig. 5). These are accompanied by fibers from
the nucleus subthalamicus (p. 127). The second group con-
tinues in the medial margin of the peduncle, swinging into
the medial portion of the zona compacta in its rostral third
(fig. 7). There are also fibers out of the lenticular fasciculus
of Forel which turn lateralward into the substantia nigra.
The tectal conncetions of the substantia nigra may be
divided into four groups. The first of these is via the so-
called ‘courant de la calotte,” which is a diffuse group of fibers
leaving the dorsal surface of the substantia nigra throughout
its whole extent and running into and through the tegmentum
(fig. 7). Fibers from the rostral portion of this group run
into the posterior commissure, others are directed medially
toward the central gray of the aqueduct, and still others
dorsolaterally toward the deep layers of both superior and
inferior colliculi. The second group of connections with the
tectum runs with the lateral fibers of the stratum profundum.
Some swing ventrally and then medially through the tegmen-
tum and red nucleus, to cross in the middle tegmental decus-—
sation and enter the ventromedial margin of the substantia
nigra of the opposite side (fig. 7, tr.tect.nigr.). Others swing
more laterally and pass between the bundles of the medial
lemniscus to enter the dorsolateral surface of the substantia
nigra of the same side (fig. 7, {r.tect.nigr.). The third and
fourth groups of connections consist of two layers of verti-
cally running fibers which lic at the lateral margin of the
mesencephalon (fig. 7). The most rostral of both these
groups of fibers connect with the superior colliculus, but the
majority of the fibers connect with the inferior colliculus.
The more superficial of these two layers (fr.migro-tectlat.)
connects with the more superficial portions of the colliculi,
passes laterally to the lateral lemniscus and to the brachium
of the inferior colliculus, and enters the lateral portion of
the dorsolateral surface of the substantia nigra. Some of
the lateral fibers of this group pass between the fibers of the
peduncle and enter the substantia nigra from its ventral sur-
face (fig. 7). More caudally, a large number of the most
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superficial fibers of this layer continue ventrally, round the
ventral surface of the peduncle, into the pontine gray, the
medial fibers maintaining their relations with the substantia
nigra. In planes through the brachium of the inferior col-
liculug fibers are seen running out of the latter into this
layer. The deeper of the two superficial layers (tr.nigro-
tectaned.) connects with the deeper lavers of both the su-
perior and inferior colliculi. It extends vertically downward
medial to the lateral lemniscus and the brachium of the
inferior colliculus and reaches the medial portion of the
dorsolateral surface of the substantia nigra. In the caudal
planes these fibers interdigitate between the bundles of the
lateral and medial lemniscal systems,

The cerebellar connections are by fibers of the superior
cerebellar peduncle which cross in the ventrocaudal portion
of the superior cerebellar decussation and end around the
ventromedial cells of the substantia nigra. These fibers
accompany the cerebello-tegmental fibers which run between
the substantia nigra and the red nucleus to pass forward and
lateralward to the tegmentum.

As the medial lemniscus passes through the caudal pole
of the substantia nigra fibers, some of which are probably
collaterals, are seen to leave the larger bundles and end in
svnaptic relations with the eells of the nucleus (fig. 3). There
are rather dense internuclear connections with the following
midbrain nuelei: the nucleus tractus peduncularis transversi,
the nueleus interpeduncularis, and the nucleus of the lateral
lemniscus. The nucleus tractus peduncularis transversi could
not be differentiated as separate from the medial portion of
the substantia nigra in the cell preparations (see also Friede-
mann, ’12). However, the position of the nuclens is easily
determined by the distribution of the fibers of the tract, which
are seen to leave the optie tract just ventral to the nucleus
geniculatus lateralis. They then turn candally and ventrally,
over the surface of the peduncle, and finally swing dorso-
medially (fig. 2) round its medial margin at the level of the
oculomotor nerve. The connections with the interpeduncular
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nucleus pass directly laterally from that nueleus to the ventro-
medial margin of the substantia nigra throughout the extent
of the former nucleus. The fibers connecting the nucleus of
the lateral lemnisens with the substantia nigra enter the latter
with the teetal connections in its dorsolateral portion. The
rostral portion of the substantia nigra is connected with the
nueleus of the opposite side through the rostral fibers of the
decussation of Forel.

Reference has already been made to the ‘courant de la
calotte,” or tegmental radiations of the substantia nigra (fig.
7). This consists of large numbers of irregular bundles of
fine fihers running dorsally from the surface of the sub-
stantia nigra throughout its whole extent. These enter iuto
the reticulum around the large bundles of the ascending tract
and as a system connect with the posterior commissure, with
both superior and inferior colliculi, and with the central gray
around the aqueduct. The direction of conduction could not
be determined in the available material. The evidence in the
literature, however, is that this is an etfferent system.

The present material vields no evidence for the presence of
nigro-fugal fibers enfering the peduncle.

DISCUSSION

In this discussion each nuecleus with its fiber connections
and the pertinent literature will be considered and then the
interrelation of the groups will be summarized briefly.

The entopeduncular nucleus is phylogenetically very old,
being present in submammalian and mammalian forms. This
has been described under the name of noyau du capsule
interne by Ramoén v Cajal (’11) for mouse and by Morgan
(27} for cat and as the entopeduncular nuclens by Gurdjian
(’27) for rat and by Le Gros Clark (729) for Tupaia minor.
Ramén v (Yajal described cortico-thalamie fibers to this nu-
cleus and efferent fibers from it running caudalward. Gurd-
jian and Morgan related it to the striatum, the latter specifi-
cally to the globus pallidus. The present account indicates
that the nuelens receives fibers from the globus pallidus and
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the putamen, and that it also receives fibers out of the in-
ternal capsule. These latter may be cortical or may be from
the caudate nucleus or the thalamo-striate radiations. The
entopeduncular nucleus contributes a large contingent of
fibers to join the ansa. There are two groups of fibers which
have a special interest from a phylogenetic standpoint, hav-
ing been previously described only in reptiles (Huber and
Crosby, '26) and birds (Huber and Crosby, ’29). These
groups consist of the connections of the dorsal supra-optic
system with the nucleus entopeduncularis, on the one hand,
and the connecction of this nucleus with the dorsal thalamus
by way of fibers joining the inferior thalamie peduncle, on
the other.

The zona incerta has been described by practically all
obscervers studying this region, but the nucleus has been so
poorly delimited that it is difficult to compare their desecrip-
tions of the fiber conncetions. Several recent workers
(Malone, '10; Morgan, '27; Papez, 29) called it the peri-
peduncular nucleus. It gshould be noted that in the Winkler
and Potter (’14) atlas on cat, the area labeled corpus sub-
thalamicus belongs to the zone incerta. Papez described a
reticular subthalamic nucleus medial to the peripeduncular
nucleus which is comparable to the fields H, and H, of Forel
of the present account and which has been regarded as the
medial part of zona incerta by several authors (Kolliker, "96;
Dejerine, ’01; Foix and Nicolesco, '25; Gurdjian, 27; Te
Gros Clark, ’29). Most anthors (Dejerine, '01; Foix and
Nieolesco, 25; Tsai, '25; Morgan, '27) relate the zona incerta
to descending striatal paths, including the bundles of Forel.
Papez deseribed strio-oculomotor and strio-peduncular fibers
to the zona incerta. Several authors (Dejerine, '01; Ramén y
Cajal, ’11; Papez, 29) described connections with the su-
perior cerebellar peduncle. Ramdén y Cajal (’11) also found
fibers into the region from the lemnisci systems. This latter
author and Gurdjian (’27) mentioned connections from the
internal capsule. von Monakow (’95) thought that the
cortical region rclated to this center included the temporal
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lobe, the operculum, aud the island, but that the cortical arca
was not sharply definable. Conneetions with the dorsal supra-
optic decussations were described by Tsal (°25) and Gurd-
jian (’27) and with the supramammillary decussation by the
latter observer. Incerto-tectal connections were described by
Gurdjian (’27) and Papez (’29), hoth of whom also found
efferent fibers to the tegmentum. Other conneections deseribed
are mammillo-incertal by Kalliker (’96) and hyvpothalamico-
incertal by Gurdjian ('27).

By limiting the zona incerta to the lateral part ot the
region, as has heen done in the preceding account of the
area in dog, the connections place it definitely on the efferent
side of the arc. It is seen to he a way station hetween the
striatal and possibly the cortical arcas of the hemisphere and
efferent centers of the midbrain as represented in the teetum
and tegmentum.

Oue connection of considerable interest to comparative
neurologists, which has been deseribed previously for rat
(Gurdjian, ’27) and apparently 1s present in the cat material,
is a bundle which extends from the ventromedial border of
the nuecleus geniculatus lateralis ventralis into the zona in-
certa. Whether the main bundle terminates here or passes
to lower centers it 1s impossible at present to determine. It
represents the fasciculus genicnlatus descendens of reptiles
(Beceari, ’23; Huber and Crosby, ’26).

The fields H; and H, of Forel are intimately associated
with the zona incerta and have been included with {his arca
by many observers. Practically all investigators agree as
regards the distribution of the thalamie and lenticular
fasciculi to these fields. Papez (’29) included this area in his
reticular subthalamic nucleus and deseribed to it terminals of
the brachium econjunctivum, fibers from the mammillo-thal-
amic traet, and efferent fibers to the corpus striatum which,
according to his account, ran in the thalamic fasciculus. The
hypothalamico-incertal conneetions deseribed by Gurdjian and
connections with the mammillary body described by Kolliker
(796) and Dejerine (’01) probably belong to this areca.

THE JOURNAL OF COMPARATIVE NEUROLOGY, VOIL. 49, No. 1
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From the observations recorded here and from the litera-
ture, it appears that this region is mainly one of fibers of
passage, both ascending and descending systems heing repre-
sented. The most important neurones of the region are the
large cells forming the nucleus of the field of Forel. These
apparently provide for synapses of the lenticular bundle of
Forel. The most specific connections to the area appear to
be from the hyvpothalamic region. This offers a means of
connecting the hypothalamic areas with the striatal system to
the red nucleus and substantia nigra.

The zona Incerta caudalis has been differentiated evto-
architectonically and is associated apparently with the lateral
aberrant pyramidal tracts, although the available material
does not show definite synapses. In other respeets it
resembles the zona incerta proper.

The nucleus subthalamicus, or the corpus Luysii of most
authors, has been described frequently. In Winkler and
Potter’s atlas of the cat it was termed the nucleus pedunculus
propriug cerebri. There is general agreement as to the con-
nections from the striatum by strio-luysian fibers from the
globus pallidus, by the ansa lenticularis, and by the lenticular
fasciculus of Forel (H,). Cortical connections were described
by Dejerine (’01) and Foix and Nicolesco (’25). Several
authors (Tsai, ’25; Gurdjian, '26; Kolliker, 96) have related
the nucleus with the dorsal supra-optic system. Kolliker (’96),
Dejerine (’01), and Foix and Nicolesco (’25) deseribed inter-
nuclear connections with the nueleus of the opposite side by
way of the supramammillary decussation of Forel. Bochenek
(’08) and Tsai (’25) carried fibers of the optie traet to this
nucleus. Very few authors have identified efferent tracts
from the nucleus subthalamicus. Morgan (27 a) found a
large fasciculus to the medial part of the substantia nigra
and the region ventral to the red nucleus, a few fibers of
which crossed to the nucleus subthalamicus of the other side.
Papez (’29) mentioned efferent fibers into the cerebral
peduneles and into the reticular formation, probably passing
to pons and cerebellum.
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In the material presented here the striatal conneetions via
the ansa and the lenticular fasciculus (H,) of Forel, pe-
duncular conunections, commissural connections with the nu-
clens of the opposite side through the supramammillary
decussation, and connections with the supra-optic decussation
were found. The efferent tract deseribed by Morgan was not
identified in this material, but a large number of mnon-
myelinated fibers were seen to leave the caudal pole of the
nucleus subthalamicus and to accompany fibers from the ansa
which had accumulated between the nneleus subthalamicus
and the pedunecle. The two components formed a single
group running along and through the medial margin of the
pednncle to enter the dorsal pole of the substantia nigra and
distribule around the eells of the zona compacta. No efferent
fibers from the nuclens subthalamicus into the peduncle, as
desceribed by Papez (’29), could be traced in the material.
Obviously, the nucleus subthalamicus is an important way
station in the passage of impulses in the efferent path from
striatal areas to lower centers of the same and opposite sides.

The relations of the red nucleus with the superior cere-
bellar peduncle, the lenticular fascieulus of Forel, and the
rubro-spinal path are agreed upon by most observers. Con-
nections through the posterior commissure with the contra-
lateral nucleus were described by Foix and Nicolesco (’25)
and internuclear commissural fibers by Gurdjian (’27). Defi-
nite evidence is presented in the present account for the tectal
connections hypothecated by Foix and Nicolesco (’25). The
neuraxes found conneeting the red nueleus to the tegmentum
indicate that the rubro-spinal is not the only discharge path
for this nucleus.

The substantia nigra, as a nnelear mass, has been recog-
nized for a long time and usually has been divided into a zona
reticulata and a zona compacta. Recently, Morgan (’27),
following Malone (’10), deseribed a medial group of cells,
a lateral group (the mmtrapeduncular nucleus of Jacobson),
both motor in type, and a central group (corresponding to
the reticular zone), sensory in tvpe. It was not possible in
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the available material to confirm this differentiation into
motor and sensory portions.

Most observers are agreed that the striatum discharges to
the substantia nigra by way of the ansa lenticularis. von
Monakow (’95), Dejerine (°01), Ramén y Cajal ('11), and
Foix and Nicoleseo (’25) deseribed cortico-nigral fibers.
Other afferent conneetions are the subthalamic fasciculus of
Morgan (’27) and fibers from the lateral border of the medial
lemniscus mentioned by Papez (29). Tsai ('25a, fig. 4)
showed four systems of fibers connecting with the substantia
nigra, but did not describe them: tractus teecto-nigralis,
tractus pretecto-tegmentalis, tractus cerebello-tegmentalis,
and tractus strio-nigralis. On the efferent side, Ramén y
Cajal (’11) deseribed fibers to the tegmentum and to the
posterior commissure; Foix and Nicolesco (°23) mentioned
this latter as the main efferent system and hypothecated a
descending tegmental path. The latter authors and also
Kawata (’27) described fibers from the subsiantia nigra
descending in the peduncle to lower centers, probably to the
pons.

The substantia nigra is usunally recognized as one of the
centers related with the striatum by way of the ansa, but its
fiber connections suggest that it has other, and possibly even
more important, funetions. The relations of the tectal con-
nections of the substantia nigra indicate that the most super-
ficial group is nigro-teetal as it enters the surface layers of
both colliculi. The two deeper groups are probably tecto-
nigral, since they are associated with the efferent bundles of
the tectum. The presence of nigro-tectal connections suggests
that the substantia nigra is a way station hetween the cortical
centers of the hemisphere and the roof of the midbrain. This
resembles the intermediating position of the pontine gray
hetween the cortical arcas of the forebrain and the cerebellar
cortex. The mnigro-tectal connections provide a discharge
path for the area by way of the tectum and then tecto-spinal
paths. The strio-nigral, cortico-nigral, and {ecto-nigral
bundles indicate that the subslantia nigra is a correlation
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center for efferent impulses from these areas. The connec-
{ions with the nucleus tractus peduncularis transversi, inter-
peduncular nucleus, the nucleus of the lateral lemniscus, and
with the medial lemniscus suggest further possibilities of the
modification of these impulses. The unquestioned presence
of a final common path from substantia nigra to motor
neurones has not been established as vet, the widely dis-
tributed ‘courant de la calotte,” or nigro-tegmental fasciculus,
being the most generally recognized efferent system.

The entopeduncular nucleus, the zona ineerta, the fields of
Forel, the nuclens subthalamicus, the red nucleus, and the
substantia nigra fall into a common group through their
relations with the ansa lenticularis. Consequently, their dif-
ferentiation from each other depends upon their fiber rela-
tions with other than striafal arcas. In this respect certain
connections may be said to be characteristic for each nueclear
mass: for the entopeduncular nucleus, the dorsal supra-optic
system in relation with the connection of the nncleus with the
dorsal thalamus; for the zona incerta, the dorsal supra-oplic
system in relation with the tectal connections; for the fields
of Forel, a possible hyvpothalamico-rubral pathway; for the
nucleus subthalamicus, commissural connections and the dor-
sal supra-optic system in relation with the subthalamico-
nigral fasciculus; for the red nucleus, the dominating cevebel-
lar connections with some fibers from the tectum; and for
the substantia nigra, a preponderance of tecto-nigral and
nigro-tectal paths.
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PLATE 1
EXPLANATION OF FIGURES

1 Transverse section through the level of the nucleus subthalamicus, Adult
cat.  Toluidin-blue preparation (1928.143:1). X 7. aeq., acqueductuns;
a.pretect., arca preteetalis; com.post., commissura posterior; f., fornix; H,,
field H, of Forel; II,, field I, of Forel; Lam.e, laminag medullaris externa; lLm.i.,
lamina medullaris interna; a.com.post., nuclei commissurae posterioris; wn.g.ld.
parv., nueleus geniculatus lateralis dorsalis, lamina parvecellularis; a.g.l.d.pr.p.,
nucleus geniculatus lateralis dorsalis, lamina principalis posterior; n.g.m.m.,
nucleus geniculatus medialis, pars magnocellularis; n.g.m.pr., nucleus geniculatus
medialis, pars prineipalis; =, nueleus of the field H, of Forel; n.lent.mes.,
nucleus lenticularis mesencephali; wmam.lal., nucleus mamillaris lateralis;
n.mam.med., nuelens mamitlaris medialis; n.peref.. nuelcus parafascicularis;
n.sub-paraf.,, nucleus subparafascieularis; a.subthel., nuecleus subthalamicus;
n.supra-gen., nucleus suprageniculatus; m.supra-mam., nueleus supramamillaris;
nwent.arc., nueleus ventralis, pars arcuata; nwenf.ani., nucleus ventralis, pars
anterior; m.venlext., nucleus ventralis, pars externa; ped.cer., pedunculus
cerebri; periv.gr., periventricular gray; tr.hab.-ped., tractus habenulo-pedunecu-
laris; ftr.mam.-thal., tractus mamillo-thalamicus; #r.opt., tractus opticus: wvent.
I11., ventriculus tertius; z.inc.caud., zona incerta caudalis; z.ine.pr., zona incerta
proper. ‘

2 Transverse section through the level of the root of the oculomotor ncrve.
Adult cat. Toluidin-blue preparation (1928.105:1). X 7. aecq., acqueductus;
br.colinf., brachium colliculi inferioris; col.sup., collieulus superior; com.col.sup.,
commissura colliculi superioris; f.l.m., fasciculus longitudinalis medialis; lm.,
lemniscus medialis; w.cent.tcg., nucleus centralis tegmenti; n.com.post., nuclei
commissurae posterioris; n.Dark., mucleus of Darkschewitsch; w.E.-W., nucleus
of Edinger-Westphal; n.f.lom., nucleus fasciculi longitudinulis medialis; n.inter-
ped.. nucleus interpedunculuris; w.interst.feg., nuclens interstitialis tegmenti;
ndat.teg., nucleus lateralis tegmenti; n.N.III, nucleus nervi oculomotorii; n.rub.,
nueleus ruber; m.tr.ped.tr., nucleus tractus peduncularis transversi; n.wemt.leg.,
nucleus ventralis tegmenti; N.IZI, nervus oculomotorius; ped.cer., peduneulus
serebri; s.n.comp., substantia nigra compacta; saret., substantia nigra reticu-
laris; str.elboned., stratam album mediale; stralb.pro., stratum album  pro-
fundum; str.gr.cent., stratum griscum centrale; str.gromed., siratum grisewm
mediale; str.gr.pro., stratum grisenm profundum; str.gr.sup., stratum griseum
superiore; str.opi., stratum opticum; sir.z., stratum zonale; tr.hab.-ped., tractus
habenulo-peduneularis; tr.ped.tr,, tractus peduncularis transversus,
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PLATE 2
EXPLANATION OF FIGURES

3 Transverse section through the level of the anterior margin of the pons.
Adult eat. Toluidin-blue preparation (1928.90:1). X 7. acq., acqueductus;
br.coliinf., brachium colliculi inferioris; &r.pont., brachium pontis; colinf., col-
liculus inferior; ecom.colinf., commissura ecollienli inferioris; dec.ped.cer.sup.,
decussatio pedunculi cerebelli superioris; dee.teg.dor., decussatio tegmenti dor-
salis; f.l.m., fasciculus longitudinalis medialis; LI, lemnisecus lateralis; Lm.,
lemniscus medialis; n.cent.teg.,, nucleus centralis tegmenti; n.flim., nuecleus
fascieuli longitudinalis medialis; n.interped., nucleus interpeduncularis; n.lat.teg.,
nuelens lateralis tegmenti; n.Ll., nueleus lemnisel lateralis; n.N.JV, nucleus nervi
trochlearis; #n.N.V.mes., nuecleus mnervi trigemini mesencephalici; n.pont.let., nu-
cleus pontis lateralis; ped.cer., pedunculus cerebri; pons, pons; s..comp., sub-
stantia nigra compaeta; str.gr.cent., stratum griseum centrale; tr.oub.-sp., tractus
rubro-spinalis; f{r.tect.-sp.med., tractus tecto-spinalis medialis.

4 Sagittal section passing through diencephalon just medial to the geniculate
bodics. Adult cat. Toluidin-blue preparation (1928.80:2). X 7. a.preopl.,
area prcoptica; a.pretect., area pretectalis; ch.opt., chiasmum opticum; colinf.,
colliculus inferior; col.sup., eolliculus superior; com.ant., commissura anterior;
com.post., commissura posterior; H,, field H; of Forel; H,, fleld H, of Forel;
{.l., lemniscus lateralis; l.m., lemniseus medialis; #n.caud., nucleus caudatus;
n.entoped., mnucleus entopeduncularis; n.lat.ant.,, nueleus lateralis anterior;
n.latinter., nucleus lateralis intermedius; n.lat.postw., mueleus lateralis pars
posterior, portio ventralis; =.laf.teg., nucleus lateralis tegmenti; a.pontlat.,
nuclens pontis lateralis; n.post., nucleus posterior; mn.ret., nueleus rveticularis;
n.subthal.,, nucleus subthalamicus; n.supra-gen., nueleus suprageniculatus;
mlang., nucleus tangentialis; w.vent.ant., nucleus ventralis, pars anterior; w.vent.
are., nuecleus ventralis, pars arcuata; n.vent.exf., nueleus ventralis, pars externus;
ped.cer,, pedunculus cercbri; ped.cer.sup., pedunculus cerebelli superioris; pons,
pons; pul., pulvinar; snm.comp., substantia nigra compacta; sa.ret., substantia
nigra reticularisy z.ine.pr., zona incerta proper.
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PLATE 2

EXPLANATION OF FIGURES

5 Sagittal section in a plane through the lateral margin of the superior cerc-
bellar peduncle, Three-day-old puppy. Pyridine-silver preparation (1929.77:5).
X 10. col.inf., colliculus inferior; col.sup., colliculus superior; dec.supra-opt.dors.,
decussatio supra-optica dorsalis; L7, lemnisceus lateralis; Lm., lemniscus medialis;
n.subthal.,, nucleus subthalamicus; ped.cer., pedunculus cerebri; ped.cer.sup., pe-
dunculus cerebelli superioris; pons, pons; s.a.comp., substantia nigra compacta;
tr.ine.-fect., tractus incerto-tectalis; tr.opt., tractus opticus; tr.str.subthel.nigr.,
tractus strio-subthalamico-nigralis; z.ne.pr., zona incerta proper.

6 Ragittal section in a plane through the lateral margin of the red nucleus.
Three-day-old puppy. Pyridine-silver preparation (1929.37:1). X 10. colinf.,
colliculus inferior; col.sup., colliculus superior; dec.supra-opt.dors., decussatio
supra-optica dorsalis; f.H, fasciculus lenticularis of Forel; ILm., lemniscus
medialis; w.ub., nucleus ruber; n.subthal., nucleus subthalamicus; ped.cer.,
pedunculus eerebri; ped.cer.sup., pedunculus cerebelli superioris; ponrs, pons;
sn.comp., substantia nigra compacta; fr.ine.-tect., tractus incerto-tectalis; fr.opt.,
tractus opticus; tr.str.subthalnigr., tractus strio-subthalamico-nigralis; fr.tect.
teg., tractus tecto-tegmentalis,
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PLATE 4

EXPLANATION OF FIGURES

7 Transverse section passing through the red mnueclens behind the level of
the exit of the oculomotor nerve. Three-day-old puppy. Pyridine-silver prepa-
ration (1929.87:5). X 5%  acqg., acqueductus; col.sup., colliculus superior;
#E.-W., nucleus of Edinger-Westphal; n.interped., nucleus interpeduncularis;
a.N.JII, nucleus nervi oculomotorii; n.N.V.mes., nucleus nervi trigemini mesen-
cephaliei; w.rub., nucleus ruber; ped-cer., pedunculus ecerebri; sa.comp., sub-
stantia nigra compacta; s.n.ret., substantia nigra reticularis; str.alb.pro., stratum
album profundum; tr.aigro-teeilat., tractus nigro-tectalis lateralis; tr.nigro-tect.
med., tractus nigro-tectalis medialis; tr.pigro-teg., tractus nigro-tegmentalis;
tr.str.-nigr., tractus strio-nigralis; tr.iect.-nigr., tractus tecto-nigralis; #r.tect.-
rub.lat., tractus tecto-rubralis lateralis; tr.lect.-rub.med., tractus tecto-rubralis
medialis.

8 Transverse section through the level of the rostral pole of the nucleus
geniculatus lateralis dorsalis.  Adult dog. Toluidin-blue preparation (1928,
258: 1). X 5% a.pretect., area pretectalis; f., fornix; #f,, field H, of Forel;
H,, field H, of TForel; lat.hyp., lateral hypothalamic area; n.cent.lat., nucleus
centralis lateralis; mn.cemt.med., nucleus centralis medialis; a.entoped., nucleus
entopeduncularis; =.g.ld.parv., nuclens geniculatus lateralis dorsalis, lamina
parvocellularis; n.g.l.d.pr.a., nucleus geniculatus lateralis dorsalis, lamina prinei-
palis anterior; n.g.lLd.pr.p., nuclens geniculatus lateralis dorsalis, lamina princi-
palis posterior; n.g.m.m., nucleus geniculatus medialis, pars magnocellularis;
n.g.m.pr., nucleus geniculatus medialis, pars prineipalis; x.hab.at., nuelens
habenularis lateralis; n.hab.med., nucleus habenularis medialis; n.hyp.post., nu-
cleus hypothalamiens posterior; mn.inter-vent., nucleus commissuralis interven-
tralis; n.lat.post.d., nucleus lateralis pars posterior, portio dorsalis; n.lat.post.m.,
nuclens lateralis pars posterior, portio medialis; a.let.post.v., nucleus lateralis
pars posterior, portio ventralis; n.mam.lat., nucleus mamillaris lateralis; a.nam.
med., mnucleus mamillaris medialis; #n.med.dor,, nueleus medialis dorsalis;
a.paraf., nucleus parafaseieularis; n.paravent.post., nucleus paraventricularis pos-
terior; m.ref., nucleus reticularis; n.sub-paraf., nucleus subparafascicularis;:
n.swhthal., nuecleus subthalamicus; n.supra-maem., nueleus supramamillaris; n.tr.
h.-pl., nuclens tractus habenulo-peduncularis lateralis; n.tr.h.-p.m., nucleus
tractus habenulo-peduncularis medialis; nvent.are, nuocleus ventralis, pars
arcuata; n.went.ext., nucleus ventralis, pars externus; ped.cer., pedunculus cerebri;
pertv.gr., periventricular gray; pul, pulvinar; str.med., strin medullaris; subs.
gr.pre-gen., substantia grisea pregeniculata; ¢r.mam.-thal., tractus mamillo-
thalamicus; tr.opt., tractus opticus; z.ime.pr., zona incerta proper.

9 Neurones of the nucleus ruber, showing axones passing dorsolaterally into
the tegmentum and ventrolaterally toward the substantia nigra. The relative
sizes of the types of cells are also shown, Three-day-old puppy. Pyridine-silver
preparation (transverse serics 1929.81:6). X 167.
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