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INTRODUCTION 

Over the years, many papers have appeared describing the 
diencephalon of various vertebrates. However, as yet, no 
author has presented an analysis of this interesting and im- 
portant region in the mink. The study of this hitherto 
neglected form has been undertaken in the hope that it will 
contribute to the knowledge of this portion of the vertebrate 
nervous system. 

The description of the cellular pattern of the diencephalon 
of the mink (Mustela vison) is divided for convenience into 
two parts. The present study, which forms part I deals with 
the nuclear arrangement of the dorsal thalamus. Pa r t  I T ,  
which will appear at a later date, will consider the cellular 
structure of the epithalamus, subthalamus, and hypothalamus. 

A complete review of the literature describing the nuclear 
pattern of the dorsal thalamus will not be attempted here. I n  
1936 Ariens Kappers, Huber, and Crosby reviewed much of 
the data published about the diencephalon up to  that time. For 
an account of the earlier work reference should be made to 
their text. LeGros Clark ('36; see also '30, '31, '32), TValker 
('37a,b) and Solnitzky ('38) added further papers to the 
expanding literature on this region. In  1938 Walker ( '38a, b) 
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published his monograph on the primate thalamus and an 
account of the thalamus of the chimpanzee and, in the follow- 
ing year, Bodian ('39) brought out the first of his well-known 
papers on the diencephalon of the Virginia opossum. The next 
decade brought many more publications dealing with the same 
subject, among which are the papers by Bodian ( '40), Walker 
( '40), Ibrahim and Shanklin ( '41), Vogt and Vogt ( '41), Bo- 
dian ( '42), Rose ( '42), Krieg ( '44), Sheps ('45), Toncray 
and Krieg ('46), and Krieg ( '48). Also to be quoted are the 
papers of Clark ( '41), Solnitzky and Harman ( '43), and Har- 
man and Solnitzky ('44) in which the lateral geniculate body 
only was considered. 

TERMINOLOGY, MATERIAL AND METHODS 

The terminology employed is that used by workers at the 
University of Michigan, notably by Gurdjian ('27), Rioch 
( '29) and Ariens Kappers, Huber, and Crosby ( '36). I n  those 
instances in which the nomenclature adopted by these inves- 
tigators does not seem to be appropriate, the terminology bas 
been altered to fit more accurately the peculiarities of arrange- 
ment found in the diencephalon of the mink. 

The material is from the Huber Neurological Collection. 
It consists of a mink brain fixed in trichloracetic acid accord- 
ing to the method recommended by Huber, sectioned at  25 p in 
the coronal plane, and stained with toluidin blue. Photomicro- 
graphs at a magnification of 20 were made of selected sec- 
tions to  illustrate the essential features. 

For her encouragement and generous assistance during 
the course of this investigation, I express my gratitude to 
Pi.ofessor Elizabeth C. Crosby. I wish, too, to thank the 
authorities of Queen's University for a grant from the On- 
tario Research Fund in aid of the pfosecution of this study. 
My thanks are due, also, to Mr. George Smith, Research 
Technical Assistant in the Laboratory of Comparative Neu- 
rology at the University of Michigan, for the photomicro- 
graphs which accompany this paper. 
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The natural history of the mink is discussed in a paper in 
process of preparation by Jeserich.2 

DESCRIPTION 

A n t e r i o r  g r o u p  of nuc le i  

Three nuclei, nucleus anterodorsalis, nucleus anteroven- 
tralis, and nucleus anteromedialis, comprise the anterior 
group. They occupy tuberculum anterius at the rostral pole 
of the thalamus. 

N u c l e u s  an te rodorsa l i s  (figs. 1, 2, 3 ) .  This nucleus extends 
from the level of the posterior part of the anterior commis- 
sure to a plane through the middle of the optic chiasma. It 
has a computed length of 1.77 mm. It lies immediately subja- 
cent to stratum zonale and is separated by a fiborus band from 
nucleus anteroventralis and nucleus anteromedialis, which 
lie ventrolateral to it. I n  its rostral part, it is adjacent to the 
head of the caudate nucleus and is rounded in form. As it is 
traced caudally, it shifts ventromedially, becoming a flattened 
band overlying nucleus anteroventralis and nucleus antero- 
medialis. At the caudal end, it is extremely narrow. 

It is composed of closely packed polygonal cells with a vary- 
ing number of processes. Their cytoplasm stains deeply and 
is coarsely granular. There is a single, large, pale nucleus 
with a definite chromatin network and a single deeply stained 
nucleolus. 

N u c l e u s  a n t e r o v e n t r a l i s  and Nucleus anterornedia l is  (figs. 
1, 2, 3, 4 ) .  The cell mass which ultimately partially resolves 
into these two nuclei first appears at the same level as the 
posterior border of the optic chiasma and extends caudad to  
a distance of .325 mm beyond the caudal pole of nucleus antero- 
dorsalis. The whole has a computed length of 2.075 mni and 
lies ventrolateral to  nucleus anterodorsalis. That part of the 
mass which first appears is nucleus anteromedialis. As it 
is traced caudally, nucleus anteromedialis becomes more 

aM.  Jeserich, The Brainstem of the Mink. 



466 M. W. M. SLOANE 

clearly defined but on its superolateral aspect it is intimately 
related with nucleus anteroventralis. For several sections it 
is difficult to determine the boundary between the two nuclei 
but as the cells of nucleus anteromedialis stain more darkly, 
an approximate line of demarcation can be recognized. There 
appears to be an extension of cells from nucleus anteromedialis 
along the superomcdial border of nucleus anteroventralis. 
Farther caudally the ventromedial extremity of nucleus an- 
teromedialis extends toward the midline to pass over into 
nucleus commissuralis interanteromedialis, through which it 
is in communication with the corresponding nucleus of the 
other side (fig. 2) .  As nucleus commissuralis interanterome- 
dialis fades out, the cells of nucleus anteromedialis become 

ABBREVIATIONS 
A.PRE., area pretectalis 
COR.CALL., corpus callosum 
CO.HB., habenular commissure 
CO.PR., pmterior commissure 
FX., fornlx 
N.A.D., nucleus anterodorsalis 
N.A.M., nucleus anteromedialis 
N.A.V., nucleus anteroventralis 
N.CAUD., nucleus caudatus 
N.CENT.LAT., nucleus centralis later- 
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N.G.M., nucleus geniculatus medialis 
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arranged as a narrow band along the ventral aspect of nu- 
cleus anterovcntralis, which withdraws laterally to  form a 
rapidly diminishing clump of cells (fig. 3) .  At the same time, 
nucleus anteroventralis shifts toward the midline to replace 
nucleus anteromedialis. It, in turn, establishes a broad connec- 
tion with the other side through the nucleus commissuralis in- 

Fig. 1 Section through the rostra1 elid of the th:ilnmns at the level of thc 
rostra1 pole of nucleus uentrelis p m  ante1 ior and of nueltws reuniens. 

terantcroventralis (fig. 3). As the latter disappears, nucleus 
anteroventralis can be followed to its rather elongated caudal 
pole. 

The cells of nucleus anteromedialis are similar to those 
of nucleus anterodorsalis but the Nissl substance is not so 
abundant nor does it stain so darkly. The nucleus is paler 
and the clironiatin network is not so definite. 
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Due to fibers of passage, the cells of nucleus anteroventralis 
are disposed in bands of varying width. This nucleus may be 
said to  consist of a superomedial large cell portion and an 
inferolateral small cell portion, the extent of each varying 
from section to section. The large cells are polygonal in 
shape and resemble closely those of nucleus anteromedialis 

Fig. 2 Section through the th:il:imcis :it ii level sliglitly more caudal than fig- 
ure 1. 

though not so deeply stained. The small cells are fewer in 
number, variable in shape though tending to  be fusiform in 
outline, and stain very faintly. The nucleus is relatively large 
with a fairly well stained nucleolus. The chromatin network 
can be faintly seen. 

As has been pointed out, nucleus anteroventralis and nu- 
cleus anteromcdialis appear as a common cellular mass which, 
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farther caudally, only partially diff erentiates into two nuclei. 
Nissl (1889) united these nuclei in the rabbit under the same 
anterior ventral iiucleus, although he made secondary divi- 

Fig. 3 Section through the thalamus a t  the level of the caudal horder of the 
optic chiasrna. 

sioiis of the cell mass with which no later authors have agreed. 
Sachs ( '03b) called such a combination nucleus dorsalis mag- 
nus ; Vogt ( '09), in Ceropithecus, described a main anterior 
nucleus and a thin accessory nucleus commissuralis thalami 
pars dorsalis ; Friedman ( '12) also working with Ceropithecus 
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gave a description similar to that of C. Vogt. Foix and 
Nicolesco ('25) described only one anterior nuclear mass in  
man. LeGros Clark ('32) stated that undoubtedly what has 
been called nucleus anteromedialis in  some higher mammals is 
really a differentiated par t  of nucleus anteroventralis and 
that nucleus anteromedialis has become merged with iiucleus 
submcdius. Griinthal ('34) agreed with Foix and Nicolesco 
in his description of this nuclear group. Walker ('38a) men- 
tioned the poor definition between nucleus anteromedialis 
and nucleus anterovcniralis in the macque. S o  did Larsell 
('42, lit. cit., pps. 237-247), calling the composite cellular 
mass the chief anterior nucleus. Sheps ('45), however, rec- 
ognized in man a few cells which he termed nucleus antero- 
dorsalis arid described a nucleus ariteromedialis but could not 
delimit it from nucleus aiiteroventi.alis sincc he found the 
same type of cells in both nuclei. Toncray and Krieg ('46), 
working with macaque, noted the same lack of demarcation 
between these two nuclei. Phylogenetically, they stated, iiu- 
cleus aiiterodorsalis and nucleus anteromedialis regress and 
in man neither. can be found but riuclciis anteroventralis in- 
creases in  size in the phyletic scale forming most of the ail- 
terior group in the chimpanzee and the sole representative 
of this group in man. They adopted tlic riainc! nucleus anterior 
medioveiitualis. 

Mid-li izr g roup  of miclei  

Nuclcus puravc?ztricularis cnwtorior und posterior (figs. I ,  2,  
.?, 4). These nuclei have an  over-a11 length of 2.450mm. Nu- 
cleus paraventricularis anterior appears just as the postconi- 
missural fibers of the fornix and the anterior comrriissurc are  
disappearing from view. Beginning as a small group of cells, 
it enlarges rapidly to  form R broad band situated in the dor- 
soniedial angle of the thalamus. The nucleus of one side faces 
that of the other side across the intervening third ventricle. 
It is separated from the ependymal lining of the ventricle by 
a narrow band of fibers. The medullary stria lies above it 
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and nucleus parataenialis lies directly laterally and closely 
applied to it. Farther caudally, the nucleus becomes much nar- 
rower and elongated dorsoventrally, and the fiber band sepa- 
rating it from the ependyma thins out to the vanishing point. 
The cells of the dorsal portion of the nucleus stand out more 
prominently than those of the remainder. The nuclei para- 
veiitriculares anteriores form a V or Y around the cavity of 
the ventricle at  this point. Farther caudally, as the comis- 
sural nuclei are approached, nucleus paraventricularis an- 
terior is reduced dorsoventrally to allow for the conimunica- 
tion of these across the midline. Kuclear paraventricularis 
anterior now passes over into nucleus paraventricularis pos- 
terior, which, in turn, becomes elongated dorsoventrally. The 
more dorsal part of nucleus paraventricularis posterior stands 
out prominently in this region due to  a certain amount of 
overlap by nucleus paraventricularis anterior. Slightly far- 
ther caudally, the whole periventricular gray becomes less 
differentiated and nucleus paraventricularis posterior finally 
ends as scattered cells among the mass of periventricular fi- 
bers. It can be traced to  a level a short distance caudal to  the 
rostra1 end of the medial habenular nucleus. 

The cells of both nuclei are parallel to the ventricular wall 
and are fusiform in outline due to compression by the peri- 
ventricular fibers among which they lie. Their outstanding 
feature is a large, pale nucleus occupying almost the ~t7holc 
cell, but surrounded by a fairly well stained cytoplasm. The 
chromatin network of the nucleus is poorly dif€erentiatcti. 
There is a single well stained nucleolus. 

Nucleus centralis medialis (figs. 2, 3 ) .  The rostra1 end of 
of this nucleus coincides with the level of nucleus commis- 
suralis interanteromedialis, which forms its dorsal boundary, 
and the nuclei paracentrales between which it lies and f rom 
which it is separated by periventricular fibers. Caudally the 
cells become more densely packed, so that the nucleus stands 
out prominently as a midline structure. It extends toward the 
paraceiitral nuclei with which it blends, all three forming a 
composite structure shaped like a bat or a sphenoid bone ly- 
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ing astride the midline. I n  the dog, Rioch divided the nucleus 
into a dorsal commissural portion and a ventral midline por- 
tion on either side of which lie nucleus submedius and nucleus 
reuniens. However, in the mink, as in  the cat, iiucleus reuniens 
is a much larger structure and there is no discernible ventral 
portion of nucleus centralis medialis, so that  nucleus centralis 
medialis of the mink represents the dorsal portion of this 
nucleus in the dog. Ventrally it is bounded by nucleus reuniens. 
Far ther  caudally the dorsal bouiidary is formed by nucleus 
rhomboidalis followed hy periventricwlar fibers. I n  the rostra1 
par t  of iiucleus centralis medialis the cells are  closely packed 
in  the midline but in the caudal portion they become arranged 
in  a V, the limbs of which coiinect the paracentral nuclei. The 
relatively few cells near the midline a re  aimiiged perpenciicu- 
larly along perivcntricular fibers. The caudal end of the nu- 
cleus consists of scattered cells among these fibers. 

The cells of nucleus centralis medialis are  rather small 
in  size arid rounded or polygonal in shape. The cytoplasm 
stains intensely and hornogeneously. The nucleus is relatively 
large and the chromatin reticuluni is stained almost as in- 
tensely a s  is the cytoplasm. The iiucleolus is centrally placed 
and, though colored deeply, does not stand out clearly due 
to the intense staining of the reticulum. 

Nuclezts reunic.n.7 (figs. 1, 2, 3, 4, 5). Xostrally riucleus 
rcuniens is of large size and rather triangular in  outline. It 
is divisible into a dorsolateral portion of larger, deeper stain- 
ing cells and a ventroinedial poi*tioii in which the cells are  
smaller, less nunierous, and not S O  well stained. At  this level, 
it lies between the vcntromedial extremities of the nuclei an- 
teromediales from which it is separated by the internal medul- 
lary lamina. Periventricular gray separates the correspond- 
ing nuclei across the midline. Far ther  caudally it lies ventral 
to nucleus paracentralis and nucleus centralis medialis and 
is interposed for a short distance between these two nuclei. 
It is separated laterally h? a fibrous band from the ventral 
extension of iiucleus paracentralis. Somewhat more caudally 
there is a definite commissural connection which can be fol- 
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lowed f o r  several sections before becoming a complete fusion 
of the two nuclei across the midline. At the rostra1 end of 
the habenular complex, nucleus reuniens becomes difficult 
to delineate, due to encroachment by nucleus ventralis pars 

Fig. 4 Section through the thalamus a t  the level of the caudal pole of nueleus 
ventralis pars anterior. 
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medialis. It is replaced at this point by nucleus commissuralis 
interventralis, which bounds it caudally. 

The cells along the lateral border of nucleus reuniens are 
larger and better stained, those of the medial and ventral por- 
tions are more faintly stained and fewer in number. This 
arrangement, however, does not obtain throughout. The cells 

Fig. 5 Section through the thalamus a t  the level of tlic caudal pole of iiu 
cleus submedius. 
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along the lateral margin are triangular and fusiform in shape 
with dense Nissl substance. The nucleus is relatively large 
with a well defined chromatin network. The nucleolus is well 
stained and centrally disposed. 

Nucleus rhomboidalis (figs. 2, 3, 4, 5 ) .  Nucleus rhomboi- 
dalis appears at the level of the rostra1 pole of nucleus cen- 
tralis medialis as a very small group of well stained cells on 
either side of the midline. They are dorsal to nucleus cen- 
tralis medialis and ventral to nucleus dorsomedialis. A little 
farther caudally, nucleus commissuralis interanteromedialis 
overlies nucleus rhomboidalis and forms its dorsal boundary. 
It now becomes compressed by, and intimately fused with, 
nucleus commissuralis interanteromedialis above and nucleus 
centralis medialis below. So complete is this blending that, 
were it not for a few more darkly stained cells interposed be- 
tween these structures, identification of nucleus rhomboidalis 
would be impossible. Nucleus commissuralis interanteroven- 
tralis now succeeds nucleus commissuralis interanteromedialis 
as the dorsal boundary of nucleus rhomboidalis. A short dis- 
tance father caudally, as nucleus commissuralis interantero- 
ventralis disappears, nucleus rhomboidalis expands and for 
the first time can be said to  be rhomboidal in form. The nu- 
cleus can be traced for some distance caudally but finally 
breaks up in the periventricular gray. 

The cells of this nucleus are easily seen because of the 
intensity of their staining. They are polygonal in form with 
abundant, coarsely granular Nissl substance. There is a 
single nucleus with a heavy chromatin network and a single 
intensely colored nucleolus. 

Nuclezls commissuralis imteramteromec~ialis (fig. 2 ) .  This 
nucleus appears first as a line of cells which rapidly widens 
into a well-marked band and which joins the two nuclei antero- 
mediales across the midline. It may be divided into a mid- 
line portion and a lateral extension on either side. The ex- 
tent of the latter parts cannot be determined as they mingle 
with the nuclei anteromediales so intimately that the boundary 
between the nuclei is lost. The nucleus commissuralis in- 
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teranteromedialis lies between nucleus commissuralis inter- 
anterodorsalis dorsally and nucleus rhomboidalis ventrally. 
Its lateral extensions are bounded dorsally by the lateral ex- 
tensions of nucleus commissuralis interanterodorsalis and 
ventrally by nucleus paracentralis. The nucleus gives way 
after a few sections to nucleus commissuralis interanteroven- 
tralis. 

The cells present no distinguishing features. They are of 
rather small size, polygonal in shape, and with a coarsely 
granular cytoplasm. The chromatin network of the nucleus is 
densely stained as in the single nucleolus. The cells appear 
to resemble those of nucleus anteromedialis except that they 
are smaller. 
Nucleus comnz.issuralis interavzterodorsalis (jig. 2 ) .  The 

lateral extensions of this nucleus are first to  appear, extending 
out dorsolaterally to  meet the anteromedial extremity of nu- 
cleus anterodorsalis. They are ventrolateral to nucleus para- 
taenialis and dorsomedial to nucleus anteromedialis. Caudally 
the lateral extensions unite with the central part of the nu- 
cleus which appears as a very narrow band across the midline. 
The cells of both parts are more loosely arranged because of 
periventricular fibers traversing the nucleus. This nucleus 
is also divisible into a central midline portion and two lateral 
extensions. 

The cells are paler than those of nucleus anterodorsalis 
and resemble those of nucleus parataenialis except that they 
are smaller in size. They are small and elongated in form 
with a finely granular cytoplasm, which stains faintly. The 
reticulum of the nucleus also stains rather lightly, so that 
there is little contrast between cytoplasm and nucleus. The 
nucleolus stains more intensely. 

Nucleus commissuralis i+xternmterovevztralis (fig. 3) .  This 
nucleus begins to replace nucleus commissuralis interantero- 
medialis before the latter has completely disappeared. It 
appears as a well-marked band which rapidly increases in 
size. It consists of a central portion, in which the cells are 
dark in color, and two lateral extensions, the cells of which are 
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lighter. The whole system unites the nuclei anteroventrales 
across the midline. The central part is bounded dorsally by 
the periventricular system, more laterally and dorsally lies 
nucleus dorsomedialis. Ventrally, nucleus cornmissuralis in- 
teranteroventralis is fused with nucleus rhomboidalis. A short 
distance caudally the lateral extensions become a mere line and 
they, along with the midline portion, disappear just caudal to  
the rostral pole of nucleus rhomboidalis. 

The cells are small, elongated, and have a finely granular 
cytoplasm which is moderately well stained. The nucleus has 
a well impregnated reticulum and the nucleolus stains only 
moderately well. 

Nucleus conwnissuralis interparataenialis (fig. 2 ) .  This is 
the most dorsal of all the midline nuclei. The lateral exten- 
sions are seen before there is any definite evidence of a mid- 
line portion. They extend from the ventromedial extremity 
of nucleus anterodorsalis to the periventricular system, which 
intervenes between them. Farther caudally, though it is not 
possible to determine the presence of a midline portion with 
definite boundaries, the cells of the central part of the nucleus 
appear. They infiltrate the periventricular fibers well across 
the midline. 

The cells present nothing of note except that they resemble 
those of nucleus parat aenialis. 

Nucleus commissuralis interdocsomedialis. Although it is 
not possible to make out a distinct nucleus, as the cells re- 
semble one another too closely, a definite commissural connec- 
tion between the nuclei dorsomediales can be followed across 
the midline. It begins at  the most rostral end of nucleus dor- 
somedialis, at the level of the rostral tip of nucleus rhomhoi- 
dalis, and lies ventral to nucleus paraventricularis anterior 
and dorsal to nucleus coinmissuralis interanterodorsalis. It 
can be followed through only 4 sections, ending abruptly, and 
having a total midline length of 0.1 mm. 

Nucleus conzmissvralis interveatralis (figs. 6 ,  7). This is 
also known as nucleus ventralis pars commissuralis and will 
be described in detail with the ventral nuclear group. 
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Medial group of nuclei 

Nucleus parataenialis (figs. I, 2, 3, 4). Nucleus parataeni- 
a h  begins at a level immediately caudal to the rostral end 
of the medial habenular nucleus, having a computed length of 
about 2.5 mm. It appears as a few scattered cells in tlie dorso- 
medial angle of the thalamus, ventral to stria medullaris and 
ventromedial to  nucleus anterodorsalis as well as lateral to 
nucleus paraventricularis anterior. At first it is triangular in 
outline, but soon assumes a somewhat rhomboidal shape. The 
nucleus increases considerably in size, the cells becoming more 
densely packed and staining more deeply; those of the infero- 
medial angle begin to shift toward the midline. Then, traced 
caudally, nucleus parataenialis becomes flattened and elon- 
gated and closely applied to nucleus paraventricularis an- 
terior, bending around its ventral end towards the midline. 
Due to  numerical reduction of cells, the nucleus now becomes 
smaller, extending from stria medullaris above, where it is 
drawn out to a narrow point, to the midline below where it is 
joined to its fellow of the opposite side by the small nucleus 
commissuralis interparataenialis. Traced still farther caudad, 
the nucleus retracts from the midline and, withdrawing dor- 
sally to a position underlying the stria medullaris, assumes a 
triangular form. It now loses its distinct outline and becomes 
a flattened band reaching laterally to nucleus anterodorsalis. 
It gradually diminishes in size until all that remain are a few 
cells along the ventrolateral border of stria medullaris. These 
finally fade out shortly after the rostral end of the medial 
habenular nucleus comes into view. 

The cells are polygonal and triangular in form. Most cells 
are well filled with coarsely granular, moderately well stained 
Nissl substance, although many have less cytoplasm and are 
paler in color. The nuclei have a heavy chromatin network 
with a single, darkly stained nucleolus. With the above noted 
exception, the cells generally resemble those of the anterior 
nuclear group. 
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Nucleus paracentralis (figs. 2, 3, 4 ) ,  Nucleus paracentralis 
is made up of a group of densely stained cells lying in the 
internal medullary lamina, closely applied to  the ventral 
border of nucleus anteromedialis and extending laterally be- 
tween this nucleus and nucleus ventralis pars anterior. As 
nucleus centralis lateralis appears, nucleus paracentralis joins 
the ventromedial tip of nucleus centralis lateralis with nu- 
cleus centralis medialis. Rostrally, it is bounded on the dorsal 
aspect by nucleus commissuralis interanteromedialis but more 
caudally, and throughout the rest of the extent of nucleus para- 
centralis, nucleus dorsomedialis forms the dorsal boundary. 
Ventrally, it is separated from nucleus submedius and nucleus 
ventralis pars medialis by fibers of the internal medullary 
lamina ; more medially nucleus reuniens is interposed between 
it and nucleus centralis medialis. Nucleus paracentralis pre- 
sents a ventral extension of its cells (fig. 3)  which, more cau- 
dally, fuses with the rostral pole of nucleus submedius. Far- 
ther caudally, as nucleus submedius disappears, the ventral 
boundary of nucleus paracentralis is formed by nucleus ven- 
tralis pars medialis and nucleus ventralis pars arcuata. The 
cells range from moderate to small in size and tend to be 
elongated and fusiform due to compression by fibers of the 
internal medullary lamina. The Nissl substance is coarsely 
granular and stains intensely. The nucleus has a dense reticu- 
lum and the nucleolus is single and also deeply stained. 

Nucleus centralis lateralis (figs. 3, 4, 5 ) .  At its rostral end, 
nucleus centralis lateralis appears to be an  extension of 
nucleus paracentralis, being joined to the latter by a narrow 
band of cells. At first it consists of a few moderately stained 
cells lying in the internal medullary lamina, which separates 
the anterior nuclear group from the ventral nuclear group. 
At some levels it is difficult to be sure whether the nucleus 
paracentralis extends farther laterally or the nucleus cen- 
tralis lateralis extends more medially, the two being intimately 
fused at  their adjacent extremities. Nucleus centralis lateralis 
is closely adherent, in its rostral part, to nucleus ventralis, 
the boundary between them being clearly distinct because the 
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dark cells of nucleus centralis lateralis stand out prominently. 
Farther caudally, the ventral and lateral nuclear groups ap- 
proach each other around the lateral tip of nucleus centralis 
lateralis. The medial boundary of the nucleus is difficult to  
determine at this point due to some darkly colored cells along 
the lateral border of nucleus dorsomedialis (fig. 4). The nu- 
cleus now turns directly dorsalward from the almost hori- 
zontal position it originally occupied. I n  this new location 
it lies in a vertical plane between the lateral and medial nu- 
clear groups. It becomes round or ovoid in outline and, a few 
sections farther caudally, suddenly ends, some scattered cells 
extending farther caudally after the disappearance of the 
main mass. This vertically disposed portion of nucleus cen- 
tralis lateralis is, in all probability, a primordial centrum 
me dianum . 

The cells of this nucleus are spindle-shaped and arranged 
parallel with the fibers of the internal medullary lamina, which 
are horizontally disposed. The cytoplasm is coarsely granu- 
lar and stains intensely. The nucleus is of relatively large 
size with a coarse chromatin network. The single nucleolus 
is also of a dark hue. The cells of the lateral portion are 
more rounded in form with blotchy, darkly colored Nissl 
substance. 

Nucleus subrnedius (figs. 2, 3, 4, 5) .  Nucleus submedius lies 
in the angle formed by nucleus paracentralis and its ventral 
extension. I t s  rostral tip appears as a few scattered well- 
stained cells at approximately the level of the rostral end of 
nucleus centralis medialis and nucleus paracentralis. Through- 
out its entire length, it is bounded dorsally by the internal 
medullary lamina and nucleus paracentralis. Nucleus sub- 
medius now shifts more closely into the angle of nucleus para- 
centralis and its ventral extension. The fiber layer between 
it and nucleus paracentralis is thin and the cells of the two 
nuclei intermingle to some degree. The mammillo-thalamic 
fasciculus lies ventrolateral to  it and separates it from nucleus 
ventralis pars medialis. At the same time, the ventral ex- 
tension of nucleus paracentralis becomes fused with the medial 
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border of nucleus submedius (fig. 3).  More caudally, nucleus 
submedius is fused with the ventral border of nucleus dorso- 
medialis, due to a thinning out of the cells of nucleus para- 
centralis. A few sections farther caudally, where the ventral 
extension of nucleus paracentralis has disappeared and nu- 
cleus rcuniens has shifted somewhat ventralward, the two nu- 
clei submedii are separated at  the midline by periventricular 
fibers. This separation is so narrow that it is difficult t o  
be certain that a commissural connection is not established. 
As the manimillo-thalamic tract shifts ventrally, nucleus sub- 
medius is separated from nucleus ventralis pars medialis by 
a fiber band but, at some levels, the cells of the former trans- 
gress this boundary to blend with those of the latter. At the 
caudal pole, the intermingling of the cells of nucleus sub- 
medius and nucleus ventralis pars medialis becomes so in- 
timate that it is impossible to find a definite boundary between 
them. Nucleus ventralis pars medialis thus comes to bound 
nucleus submedius caudally just a short distance behind the 
rostra1 pole of the habenular complex. 

The cells tend to be arranged in concentric circles and, for 
the most part, are rather pale in color. They vary in shape 
from oval to quadrangular. The cytoplasm stains only fairly 
well and is coarsely granular in appearance. Throughout the 
cytoplasm there is a suggestion of a pinkish coloration such as 
is found in the cytoplasm of the cells of nucleus dorsomedialis. 
The reticulum of the nucleus is not well formed and stains a 
pale hue. The nucleolus is single and darkly colored. 

Nucleus dorsomedialis (f igs. 1, 2, 3, 6). This is the largest 
nucleus of the medial group of nuclei and it appears at  the 
level of the anterior border of the optic chiasma. Its dorsal 
border is difficult and in places impossible to define, the cells 
being mingled rostrally with those of nucleus parataenialis, 
which forms its dorsal and medial boundaries. Laterally, it 
is separated from the nuclei of the anterior group by fibers 
of the internal medulIary lamina. At this level it is roughly 
triangular in outline. Farther caudally, the veiitromedial tip 
becomes wedged between nucleus commissuralis interpara- 
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taenialis and nucleus commissuralis interanterodorsalis. As 
nucleus parataenialis retracts dorsally, the nucleus dorso- 
medialis becomes much larger and occupies the space to tlie 
left. At the level of the rostral tip of nucleus rhomboidalis, 
there appears to be a definite commissural connection between 
the two nuclei dorsomediales. Nucleus dorsomedialis, at  this 
point, is bounded dorsally by nucleus parataenialis and nu- 
cleus anterodorsalis, medially by the periventricular gray, 
and ventrally by nucleus anteroventralis and nucleus com- 
missur alis inter an ter oveiit r alis. Farther caudally, nucleus 
rhomboidalis becomes its ventral boundary and nucleus an- 
teroventralis lies laterally but separated from it by the in- 
ternal medullary lamina. As nucleus anteroventralis retracts 
from the midline, nucleus dorsomedialis is bounded ven- 
trally by the internal medullary lamina and by nucleus para- 
centralis, which intervenes between it and nucleus submedius 
and nucleus ventralis pars medialis. The lateral boundary 
a t  this point is formed by nucleus anteroventralis and nucleus 
lateralis pars anterior with the internal medullary lamina in- 
terposed between them and nucleus dorsomedialis. Farther 
caudally, the lateral boundary is constituted, at first, by nu- 
cleus centralis and then by the primordial centromedian nu- 
cleus, as these lie in the internal medullary lamina. The 
separation does not appear to be complete for  there is a 
certain amount of intermingling of the cells of the nucleus 
dorsomedialis and the nucleus lateralis pars anterior on the 
dorsal side. The ventrolateral border of nucleus dorsomedialis 
is difficult to define in this region due to many intercalated 
cells in the internal medullary lamina. The primordial cen- 
tromedian nucleus, which now has become rather attenuated, 
separates nucleus dorsomedialis from the rostral pole of 
nucleus lateralis pars intermedius, which has appeared at this 
level. As nucleus centralis disappears, the caudal end of 
nucleus dorsomedialis is bounded by nucleus lateralis pars 
intermedius and nucleus lateralis pars posterior. The caudal 
pole of nucleus dorsomedialis hooks around the nucleus tractus 
habenulo-peduncularis lateralis, which it bounds laterally and 
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ventrally. As tractus habenulo-peduncularis finally extends 
to nucleus parafasicularis, the caudal extremity of nucleus 
dorsoniedialis becomes obliterated by the encroaching cells 
of nucleus lateralis pars  anterior. 

Tlie cells of nucleus dorsomedialis a re  of two types, this 
beconiing apparent a short distance caudal to  the rostral pole 
of the nucleus. The dorsoniedial corner of the iiucleus is com- 
posed of cells which are  almost invariably radially disposed 
from the dorsomedial angle. 

The cells are  larger, on the whole, than those of the main 
portion of the nucleus but are  much less numerous. They vary 
in form, some being quadrilateral, others triangular, a few 
spindle-shaped. The cytoplasm stains moderately well and 
the large nucleus has a fine reticulum, which is faintly stained. 
There is a single well stained nucleolus. These cells are 
mingled laterally with those of nucleus tractus habcnulo- 
peduncularis lateralis and nucleus tractus habcnulo-peduncu- 
laris medialis. 

The cells of the main par t  of nucleus dorsomedi a I‘ IS are  
smaller and more closely arranged and are  of variable shapes 
and sizes. The Nissl substance is densely paclied and deeply 
stained. The nucleus has a dense reticuluni and a single nu- 
cleolus, both of which are well stained. 

N u  cl cabs tract us ha h enzi 1 o - p  e di i~ cu 1 n r is 1 a tern 1 is ( fi.qs. 6, 7,  
8). Unlike the dog, in which it lies farther rostrallv. the lat- 
eral nncleus of the habenular complex in the mink does not 
appear until several sections caudal to the rostral pole of 
the medial nucleus of the habenular complex. Tractus hab- 
cnulo-peduncularis appears after the rostral pole of the 
lateral habeiiular nucleus is ~ w l l  foimed and, a t  this level, 
appears to he made up  largely of fibers arising from the lat- 
eral habenular nucleus, although it also receives fibers from 
the medial habeiiular nucleus. Nucleus tractas habenulo- 
pcduncularis lateralis is a group of cells arranqed in a V 
about the tract as it extends ventrad into the substance of 
nucleus dorsomedialis. Ventromcdially, nucleus tractns hah- 
enulo-peduncularis lateralis is bordered by the dorsomedinl 
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part of nucleus dorsornedialis. 1lor.e caudally, it is bounded 
hy nucleus tractus-habenulo-peduncularis medialis and, still 
farther caudally, by the periveritricular system. Ventrally 

Fig. 6 Section through the thalamus a t  the level of the rostral end of nucleus 
habenularis lateralis. 

and laterally is the rostral end of the main portion of nu- 
cleus dorsomedialis. The boundary between these nuclei is 
very definite. 

More caudally, nucleus tractus habenulo-peduncularis lat- 
eralis arid the h~benuIo-pednncular tract extend entirely 
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through nucleus dorsomedialis to nucleus parafascicularis, 
which now forms the ventral boundary, the main portion of 
iiucleus dorsomedialis persisting 011 the lateral aspect up to 

Fig. 7 Section through the thalamus at the level of the caudal t ip  of nucleus 
dorsomedialis. 

this point. The capsular fibers of the habenular complex lie 
dorsal to  iiucleus tractus habenulo-pcduncularis lateralis 
throughout. On the lateral side, the remaining portion of the 
main 01- principal part  of nucleus dorsoinedialis is finally 
replaced by nucleus lateralis pars posterior. Nuclc~is tractus 
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habenulo-peduncularis lateralis extends caudad beyond nu- 
cleus parafascicularis, being limited posteriorly by the nu- 
cleus lateralis pars posterior. 

Fig. 8 Section through the thalamus near the level of the caudal elid of nil- 
rleus habenularis lateralis. 

The cells of this nucleus are polygonal in form and rather 
large in size. The cytoplasm of the cell body is coarsely 
granular and stains quite deeply but the color does not ap- 
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pear to extend into the cell processes. I n  niany cells, thei*e is 
a narrow strip along the margin of the cell body that is also 
colorless. The reticulum of the nucleus is well formed and 
easily discerned in some cells but in others the nucleus is 
quite pale. The single dark nucleolus is rather small. 

Nucleus tractus habe~ulo-pedurzcularis wtdiitlis (figs. 6 ,  7 ) .  
This nucleus, together with the nucleus tractus habenulo- 
peduncularis lateralis, is bounded rostrally by, and is con- 
tinuous with, the cells of the dorsomedial portion of nucleus 
dorsomeclialis. The cells of its rostra1 end are  associated with 
fibers from the habenular complex, which run inedially and 
adjacent to the periventricular fibers. In this position, fibers 
and intercalated cells of the periventricular system lie medial 
to the nucleus ; laterally is nucleus tractus habenulo-peduncu- 
l a r k  lateralis and ventrally lies nucleus dorsomedialis. The 
nucleus extends dorsally toward the capsule of the habenular 
complex. Traced caudally, nucleus tractus habenulo-peduncu- 
laris swings laterad to skirt the medial margin of the main 
portion of nucleus dorsomedialis with which it seems to bc 
mingled. I t  enters an  interval between the nucleus tractus 
habenulo-peduncularis lateralis and the nucleus paraf ascicu- 
laris, which now forms the ventral boundary of the nucleus 
tractus ~iabenulo-peduncularis medialis. A t  the caudal pole 
of nucleus dorsomedialis, the cells of nucleus tractus liab- 
enulo-peduncularis medialis can no longer be recognized. 

Lying among the fibers from the medial nucleus of the hab- 
cnular-complex, the cells of the nucleus tractus habenulo- 
peduricularis medialis a re  spindle-shape. The cytoplasm is 
finely granular and stains moderately well. There is a den- 
dritic process on either end in which the Nissl granules may 
or  map not have taken the staiii. The nucleus is elongated, 
with a well formcd but poorly stained reticulum. There is a 
single dark nucleolus. 

N u c l e m  prrrafusciculark (figs. 6, 7 ,  8) .  Nuclcus parafas- 
cicularis appears in the internal medullary lamina at the 
level of the caudal extremity of nucleus paracentralis. It 
extends from the periventricular system meclially, to the point 
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laterally at  which the fibers of the internal medullary lamina 
turn dorsad. Rostrally, it is bounded dorsally by the nucleus 
dorsomedialis and ventrally by nucleus ventralis pars com- 
missuralis, from both of which it is separated by fibers of 
the internal medullary lamina. Traced f artlier caudad, the 
dorsal boundary is augmented, being iiow formed by the nu- 
cleus tractus habenulo-pecluncularis lateralis and the caudal 
pole of nucleus dorsomedialis. At this point nucleus para- 
fascicularis is pierced, at an angle, by tractus liabenulo- 
peduncularis, the cells being crowded around the fibers of the 
tract as it progresses through the substance of tlie nucleus. 
Laterally, the cells are ryiore loosely arranged around fibers 
within tlie interiial medullary lamina. As the caudal end of 
nucleus dorsomedialis disappears, nucleus parafascicularis 
extends upward toward the capsule of the liabenular complex 
but is preveiited from coniirig into direct relationship with 
it because a part  of nucleus tractus haheuulo-peduncularis 
lateralis is always interposed between them. Throughout its 
extent, nucleus parafascicularis is bounded laterally by fi- 
bers of the internal medullary lamina, which separate it from 
the lateral and ventral nuclear groups. The caudal boundary 
is formed by nuclei of the posterior conimissure. 

The cells are arranged hoi5zontally along the fibers of tlic 
internal medullary lamina and almost parallel with the fibers 
of tractus babenulo-peduncularis. The cells along tractus 
habenulo-peduncularis appear to be larger than the other 
neurons, and are polygonal in form. The cytoplasm is finely 
granular and poorly stained. Each cell has a relatively large 
nucleus with a pale reticular network arid a single darkly 
colored nucleolus. Some of the cells in the internal medul- 
lary lamina are also polygonal but the majority of them are 
fusiform. The cytoplasm is coarsely granular avid the nu- 
elms is relatively large with a well formed reticulum, which 
stains more deeply than in the liabeiiulo-peduncular nuclei. 
There is a single dark nucleolus. 

T h e  niiclezis dorsomedialis is tlie nucleus riiedialis dor- 
salis of Gurdjian ('27) and of Rioch ('29) and the nucleus 
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medialis of Aronson and Papez ( '34), Krieg ( '44), and of 
Toncray and Krieg ( '46). It was not divided by Gurdjian 
('27) in the albino rat. In  the dog, Rioch ('29) was able to 
identify a main portion consisting of small and medium-size 
cells and a dorsomedial portion made up of somewhat larger 
cells. Aronson and Papez ('34), working with the macaque, 
made no division of the nucleus but described the larger 
darker cells along the periphery, which some other authors 
label their lateral, magnocellular part. Walker ('38a), also 
working with macaque, described nucleus dorsomedialis as 
having a ventromedial portion lying rostrally (which ap- 
parently corresponds to the pars magnocellularis of other 
authors including Rioch), a dorsolateral part composed of 
small cells (homologous, at least in part, with the small celled 
portion of other workers), and a posterolateral component 
within the internal medullary lamina composed of cells s h i -  
lar to those of nucleus centralis lateralis. According to 
Walker, these cells lying among the fibers of the internal 
medullary lamina should be considered to belong to  nucleus 
dorsomedialis because they degenerate in experimental le- 
sions of the prefrontal granular cortex. In  his paper on the 
chimpanzee, Walker ('38b) made no mention of a dorsolat- 
era1 part and divided the nucleus into only two portions. 
Bodian ('39) attempted no division of nucleus dorsomedialis 
in the Virginia opossum. Rose ('42) split nucleus dorsome- 
dialis of the sheep into a rostroventral part and a dorsocaudal 
part. In  marked disagreement with Gurdjian, Krieg ( '44), 
also using the albino rat, subdivided the nucleus into a me- 
dial part having a medium intensity of staining and a lateral 
part composed of darkly colored cells. In his investigation, 
Sheps ('45) identified two components, a medial one of small 
cells and a lateral magnocellular part, which forms a pe- 
ripheral coating around the medial element. The cells of this 
magnocellular part are very similar to those of nucleus para- 
centralis. In  their comparative study of the human thalamus, 
Toncray and Krieg ('46) recognized two parts of the dorso- 
medial nucleus ; one of these, a small collection of large cells 
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in the dorsomedial angle, is apparently homologous with 
Rioch's large cell portion in the dog. Thus Toncray and 
Krieg were at variance with Sheps on this particular point. 
In  his paper on the macaque, Krieg ('48) felt that nucleus 
dorsomedialis should be divided into only two parts, although 
he admitted the validity of recognition of a third part by 
other workers. 

I n  the mink, there is both a nucleus submedius and a nu- 
cleus ventralis pars medialis. Such an interpretation agrees 
with that of Rioch ( '29) for the dog, of Aronson and Papez 
('34) for the macaque, and of Walker ('38b) for the chim- 
panzee. Aronson and Papez considered nucleus submedius 
to be a part of nucleus ventralis and labelled it pars sub- 
media of nucleus ventralis. Sheps ('45) and Toncray and 
Krieg ('46) were apparently in agreement that the human nn- 
cleus submedius is similar to that of the macaque and that in 
man there is no nucleus ventralis pars medialis, its place be- 
ing taken by nucleus submedius. However, Krieg ( '48), upon 
re-examination of the material used in the previous paper 
( '46), (Toncray and Krieg, '46) believed that nucleus sub- 
medius is not so extensive as was described in the earlier 
paper. 

Nucleus centrum medianum has been relegated to different 
thalamic groups by various authors. The majority, including 
von Monakow (1895)' Winkler and Potter ('11, '14), Rioch 
( '29)' Walker ( '38a, b), Sheps ( '45)' and Toncray and Krieg 
( '46)' have put it with the medial group. Sachs ( '09b) and 
LeGros Clark ('32) placed it in the lateral group and Rose 
('42) and A r k s  Kappers, Huber, and Crosby ('36) included 
it with the ventral nuclear group. Aronson and Papez ('34) 
made it a part of their posterior group. LeGros Clark ('30, 
'31) described the centrum medianum as an elaboration of 
cells within the fibers of the internal medullary lamina and 
identified it in Tarsius and Microcebus. According to  Rioch 
('31) and Ingram, Hannett, and Ranson ('32)' a group of 
cells blended with the lateral portion of nucleus parafascicu- 
laris and scattered among the fibers of the internal medul- 
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lary lamina is, in the case of carnivores, a forerunner of the 
centrum medianum of higher mammals. Rioch believed that 
the centrum medianum is probably present in all mammals 
but is larger and better differentiated in the higher forms. 
Ariens Kappers, Huber, and Crosby ( '36) were in agreement 
with Rioch. Walker ('38b) stated that this nucleus is larger 
in the chimpanzee than in lower forms. Bodian ( '39), in his 
paper on the Virginia opossuIm, labelled a nucleus parafascicu- 
laris pars posterolateralis, which is rostrally continuous with 
nucleus parafascicularis. He believed it to be homologous 
with the centrum medianum of Rioch. Rose ('42) identified 
a centrum medianum in the sheep as a small area poorly de- 
limited from nucleus parafascicularis. Krieg ( '44) agreed 
with Clark in describing the nucleus as an elaboration of cells 
in the internal medullary lamina but Toncray and Krieg 
('46) defined the centrum medianum as a specialization of 
the caudal end of nucleus centralis lateralis. They did not 
believe that Bodian's nucleus parafascicularis pars postero- 
lateralis could be homologous with the centrum medianum of 
carnivores but thought it might correspond to  a part of the 
centrum medianum of higher forms. 

Ve&raE group of nuclei 

Nucleus ventralis pars anterior (figs. 1, 2, 3, 4,  5, 6 ) .  This 
portion of the ventral nuclear group lies farthest rostrally 
and the rostra1 pole appears as a sparse collection of faintly 
stained cells at  the level of the posterior limit of the an- 
terior commissure. There, it is bounded anteriorly, later- 
ally, and ventrally by fibers of the external medullary lamina, 
those on the lateral aspect intervening between this nucleus 
and the caudate nucleus and the internal capsule and, more 
caudally, the nucleus reticularis, while those on the ventral 
side of the nucleus intervene between it and the ventral 
thalamus. Dorsomedially the fibers of the fornix are inter- 
posed between nucleus ventralis pars anterior and the nuclei 
of the anterior group. Behind this level, the internal medul- 
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lary lamina is placed between nucleus ventralis pars anterior 
and nucleus reuniens. More caudally, pars anterior of nu- 
cleus ventralis is bounded medially by pars medialis of nu- 
cleus ventralis and, on its ventrolateral side, by nucleus 
ventralis pars externa. Then, these two portions of nucleus 
ventralis extend beneath pars anterior to form its ventral 
boundary. Still more caudally, nucleus ventralis pars arcu- 
ata replaces pars medialis and pars externa of the ventral 
nucleus as the ventral boundary of pars anterior and retains 
this position throughout the rest of the extent of pars an- 
terior. The dorsal boundary of nucleus ventralis pars an- 
terior is formed a t  this level by nucleus anteroventralis and 
nucleus centralis lateralis with which nucleus ventralis pars 
anterior appears to fuse because of the arrangement of the 
cells among the fibers of the thalamic radiations. As the caudal 
pole of nucleus anteroventralis is reached, it is replaced by 
pars intermedia of nucleus lateralis. More caudally pars 
anterior of nucleus ventralis becomes separated from the 
main mass of the ventral nucleus. I n  this region, pars inter- 
media of nucleus lateralis lies on the medial aspect of pars 
anterior of the ventral nucleus, and pars anterior of the lat- 
eral nucleus is adjacent to  it, dorsally. Both are separated 
from pars anterior of the ventral nucleus by fibers of the 
internal medullary lamina. Pars anterior finally becomes lost 
among these fibers. 

The cells of nucleus ventralis pars anterior are polygonal 
in form with several long cytoplasmic processes. The Nissl 
substance is coarsely granular throughout and stains mod- 
erately well. The color does not extend into the bases of the 
rather stout processes. The nucleus is large, almost filling 
the whole cell, and has a very fine reticulum. The nucleolus 
is single, rather small in size, and, though dark, is not so 
deeply colored as the nucleoli of cells in the other groups. 

Nucleus ventralis pars medialis (figs. 2, 3 ) .  The rostral 
pole of pars medialis of nucleus ventralis lies on approxi- 
mately the same level as the rostral pole of nucleus submedius. 
Here it is bounded dorsally by the internal medullary lam- 
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ina, ventrally by the external medullary lamina, which bounds 
the nucleus throughout its extent, and laterally by pars an- 
terior and pars externa of nucleus ventralis. Nucleus sub- 
medius lies medial to it but separated from it by fibers of 
the inferior thalamic peduncle. As it is followed caudally, 
it increases gradually in size and approaches the mammillo- 
thalamic tract. Pars  arcuata of nucleus ventralis supplants 
pars anterior of the nucleus as part of the lateral boundary 
of pars medialis, with pars externa completing this boundary. 
These form the lateral relationships of pars medialis for 
the remainder of its extent. 

At this point pars medialis presents a lateral extension, 
which forms, f o r  a short distance, a part of the dorsal bound- 
ary of pars arcuata. This extension disappears as pars arcu- 
ata rapidly enlarges, so that pars medialis is entirely medial 
to pars arcuata. At the caudal pole of nucleus submedius, 
pars medialis lies lateral to the fibers of the periventricular 
system and nucleus reuniens, mingling with both. Traced 
farther caudally, pars medialis goes over into pars commis- 
suralis of nucleus ventralis (nucleus commissuralis interven- 
tralis) but it is impossible to detect the place at which this 
happens in coronally sectioned material. This can be seen in 
sagittally sectioned material, as noted by Rioch in his studies 
on the dog. 

The cells of nucleus ventralis pars medialis are of average 
size and polygonal in shape with several processes on each 
cells. They bear a marked resemblance to the neurones of pars 
anterior of nucleus ventralis. The cytoplasm is granular and 
stains well, the color not extending into the processes. The 
nucleus is relatively large and contains a fine reticulum. The 
nucleolus is well impregnated and is rather small. Sur- 
rounding the mammillo-thalamic tract and bordering nu- 
cleus reuniens, there is a group of smaller cells, closely packed 
and polygonal in shape, in which the Nissl substance stains 
more intensely and the nucleus has a darker, coarser chro- 
matin network. At the caudal pole of the nucleus, the cells 
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are very small and are arranged horizontally along commis- 
sural fibers. 

Nucleus ventralis purs externa (figs. 2, 3, 4,  5,  6, 7). Pars 
externa forms a relatively narrow strip along the ventrolat- 
era1 aspect of the rostral end of nucleus ventralis. Through- 
out its whole extent it is bounded ventrally by the external 
medullary lamina, which separates pars externa from nucleus 
reticularis, and medially by pars medialis of nucleus ven- 
tralis and by pars commissuralis of nucleus ventralis, which 
succeeds pars medialis. Dorsally, pars anterior of nucleus 
ventralis bounds pars externa at its rostral end. The cells 
of the rostral end of pars externa are similar in appearance 
to those of pars arcuata. Those cells which lie closer to the 
external medullary lamina are elongated due to compression 
by horizontally running fibers in this region. Traced farther 
caudally, pars externa rapidly expands in cross-sectional 
area until it makes up approximately one-third of the whole 
ventral nucleus. At this level, the rostral extremity of pars 
arcuata becomes evident, replacing pars anterior as the dor- 
sal boundary of pars externa. From here to its caudal ex- 
tremity, pars externa becomes progressively smaller. Thus its 
greatest elaboration is about in its rostral quarter. The last 
few cells of pars externa appear to blend with those of nu- 
cleus geniculatus medialis. The boundary between pars ex- 
terna and pars arcuata is difficult t o  find. It is determined 
by locating the indefinite fiber layer between the two nuclei 
and by cellular arrangement. 

The cells of pars externa are arranged for the most part 
along horizontally disposed fibers, lying parallel with the 
curvature of the nucleus. Ventrally, and especially more 
caudally, these fibers compress the constituent cells between 
them so that the latter are fusiform in shape. 

In  the region in which pars externa attains its greatest 
proportions, the cells are rather large and multipolar with 
coarsely granular, moderately stained cytoplasm. The nu- 
cleus is large, almost filling the cell with a well-developed chro- 
matin network. There is a single, centrally placed, darkly 
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hued nucleolus. The cells conforming with this description 
are grouped chiefly in the lateral part of the nucleus. Cau- 
dally, the cells are smaller and more elongated due to com- 
pression, but of essentially the same appearance. Cells with 
a clear zone about the nucleus, as described by Rioch in his 
studies on the dog, could not be seen. 

Nucleus ventralis pars arcuata (figs. 4, 5, 6, 7, 8). The ros- 
tral end of pars arcuata of the ventral nucleus is bluntly 
rounded and first appears at the level where pars externa 
has achieved its greatest dimensions. Pars arcuata rapidly 
expands in size at the expense of pars externa, as previously 
pointed out, so that the latter equally as quickly diminishes 
in size as it is followed caudally. The rostra1 end of pars 
arcuata is bounded on the dorsolateral aspect by pars an- 
terior and on its dorsomedial side by pars medialis. Ven- 
trolaterally, it is bounded by pars externa. As it is traced 
caudally, it extends dorsal to the internal medullary lamina, 
to  come into relationship with the fibers of this stratum and 
nucleus centralis lateralis, the cells of which lie among the 
fibers of the lamina. Pars medialis is now directly medial 
to pars arcuata and so remains. A short distance caudally, 
pars medialis passes over into pars commissuralis, which in 
turn becomes the medial boundary of pars arcuata. Pars ar- 
cuata expands in a more dorsal and lateral direction so that 
it finally replaces pars anterior. Still farther caudally, the 
dorsal boundary of pars arcuata is formed by pars inter- 
media of nucleus lateralis in addition to the primordial cen- 
tromedian nucleus, so that, ultimately, pars posterior of nu- 
cleus lateralis, more particularly its ventralis, forms the whole 
dorsal boundary of pars arcuata. At its caudal end, pars 
arcuata is bounded dorsally by portio ventralis of pars pos- 
terior of nucleus lateralis. Ventrally, the last cells of pars 
externa blend with nucleus geniculatus medialis, which now 
forms the ventral boundary of pars arcuata. Pars arcuata 
becomes compressed between the expanding nucleus genicu- 
latus medialis and the pars posterior of nucleus lateralis, be- 
ing reduced to  a narrow band, the cells of which blend with, 
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and become lost among, those of pars posterior of nucleus 
lateralis. 

The cells of pars arcuata are irregularly grouped and de- 
limited from those of pars externa, pars medialis, and pars 
commissuralis by indefinite fiber bands. They are all poly- 
gonal in shape but differ in staining reaction. In  some cells 
the cytoplasm is dark and coarsely granular. The nucleus 
is large with a well defined reticular network and a single, 
centrally placed nucleus. I n  other cells, the cytoplasm is 
lighter by comparison and more finely granular. The reticulum 
of the nucleus is more delicate and the nucleolus is single, well 
stained, and centrally placed. The lighter cells resemble 
closely those found in pars anterior of the nucleus ventralis 
and possibly predominate in pars arcuata. The darker cells 
resemble the large neurones described for the pars externa. 
They are grouped particularly in the dorsal and medial re- 
gions of the nucleus. I n  the dorsal region they mingle with 
the cells of nucleus centralis lateralis and in the medial re- 
gion may be grouped around what appears to be a fiber bun- 
dle entering the ventral nucleus from a dorsal direction. 
There is no pale perinuclear zone to  be seen as was found 
by Rioch in the cells of this nucleus in the dog. 

Nucletis ventralis pars cornmissuralis (f igs.  6, 7). This nu- 
cleus is shaped like a bow tie and extends from a level be- 
neath the caudal end of nucleus paracentralis, which forms 
its dorsal boundary, rostrally to  the caudal end of the dien- 
cephalon. I t s  ventral boundary, for approximately the rostral 
half of its extent, is nucleus reuniens, with which pars com- 
missuralis is fused. The rest of the ventral boundary is formed 
by the external medullary lamina. Wbereas, in the dog, the 
larger lateral portion of this nucleus extends farther rostrally 
and farther caudally than the smaller medial part, no such 
rostral extension can be made out in the mink, though the 
caudal extension is easily seen. The lateral portion of pars 
commissuralis blends laterally with nucleus ventralis pars me- 
dialis, but as the latter grows smaller and finally disappears, 
the latcral part of pars conimissuralis borders upon pars arcu- 
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ata and pars externa of nucleus ventralis. This relationship is 
maintained until the caudal extension of the lateral portion 
of pars commissuralis terminates. 

The cells of the medial portion of pars commissuralis are 
of a small, intercalated, fusiform variety, some being hori- 
zontally arranged along the commissural fibers, others being 
vertically disposed among the periventricular fibers. The cells 
of the lateral portion are larger and resemble closely the cells 
of pars medialis of nucleus ventralis. 

Lateral group of !nuclei 

Nucleus lateralis pars anterior (figs. 4, 5, 6 ) .  The rostral 
end of this nucleus extends into the anterior tubercle of the 
thalamus to a plane through the posterior limit of the optic 
chiasma. Its dorsal, medial, and lateral borders are rounded, 
but the ventral border is concave in form, being molded around 
the dorsal aspect of nucleus anteroventralis. The nucleus is 
separated from the ventricular ependyma by stratum zonale, 
and the internal medullary lamina separates it from nucleus 
anteroventralis ventrally. Throughout its whole length, the 
external medullary lamina separates it from nucleus reticu- 
laris. As it is traced caudally, pars anterior of nucleus lat- 
eralis enlarges, nucleus dorsomedialis forming its medial 
boundary as nucleus anterodorsalis disappears. Farther 
caudally, nucleus dorsomedialis is succeeded by the primor- 
dial centromedium nucleus as the medial boundary. Nucleus 
ventralis pars anterior forms the ventral boundary, a heavy 
fibrous layer being interposed between it and nucleus later- 
alis pars anterior. Still farther caudally, pars anterior of the 
lateral nucleus becomes progressively smaller and is com- 
pressed into the dorsolateral region of the thalamus by the 
rostral end of nucleus lateralis pars intermedia, which now 
forms its ventromedial boundary. The caudal end of the 
nucleus becomes lost among the cells of pars intermedia. 

There appears to be no regular arrangement of the cells, 
these being distributed rather irregularly. They are relatively 
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few in number and polygonal and triangular in shape. The 
protoplasm stains fairly well and contains some coarse granu- 
lar masses. The nucleus is large but docs not completely fill 
the cell. The chromatin network of the nucleolus is only very 
faintly stained in some neurons but it is more definite in 
others. The nucleolus is single, darkly stained, and centrally 
disposed. 

Nucleus lateralis pars intermedia (figs. 6, 7). This portion 
of nucleus lateralis first appears as scattered cells lying in 
the internal medullary lamina. The rostra1 boundary is the 
caudal end of nucleus ventralis pars anterior, nucleus lat- 
eralis pars anterior lies dorsally. Medial to pars intermedia 
is the primordial centromedian nucleus and ventral to it lies 
pars arcuata of nucleus ventralis. The external medullary 
lamina separates it from nucleus reticularis on the lateral 
aspect. 

The cells stain faintly though slightly more deeply than 
those of nucleus lateralis pars anterior, so that differentiation 
is very easy. They are disposed among the fibers of the region 
so that they lie in a roughly horizontal plane. Nucleus later- 
alis is well demarcated from the surrounding cell groups by 
well developed fiber bands in which lie intercalated cells. 
Pars intermedia expands rapidly in size in a dorsal direc- 
tion, encroaching upon the space occupied by pars anterior 
of nucleus lateralis until it reaches stratum zonale of the 
ventricular floor. Also, pars posterior of nucleus lateralis 
becomes differentiated, forming a part of the ventrolateral 
boundary of pars intermedia and shortly thereafter becoming 
the whole of this boundary. With the rapid increase in size 
of pars posterior of nucleus lateralis, pars intermedia of 
nucleus ventralis becomes compressed dorsally into a smaller 
space, being now bounded by pars anterior laterally, pars 
posterior ventrally, nucleus dorsomedialis medially, and stra- 
tum zonale of the ventricle dorsally. As pars posterior of 
nucleus lateralis becomes diff erentiated into its constituent 
parts, portio dorsalis and portio medialis of pars posterior 
form the ventral boundary of pars intermedia. Expansion of 
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portio dorsalis of pars posterior displaces pars intermedia 
toward the ventricle, at the same time forming its whole ven- 
tral boundary. Slightly farther caudally, the rostral end of 
pulvinar lies in close apposition to pars intermedia until 
pars intermedia disappears to be replaced by nucleus lat- 
eralis pars posterior, portio dorsalis, and the pulvinar. The 
outlines of pars intermedia are easily determined by cell dif- 
ferentiation and by rather well marked fiber bands, which 
separate it from surrounding nuclei. 

The arrangement of the cells is not uniform, f o r  they are 
grouped in clumps, whorls, and bands. There seems to  be a 
tendency, especially in the lateral part, for the cells to be 
lined up along horizontally running fibers. The cells are small 
in size and polygonal or triangular in shape. Some stain better 
than others but all are of the same type. The cytoplasm is 
coarsely granular and the nucleus is rather large, almost filling 
the cell. There is a darkly stained, centrally placed nucleolus. 

Nucleus lateralis pars posterior (figs. 6,  7, 8, 9, 10). Pars 
posterior of nucleus lateralis has been divided by some work- 
ers into three portions : portio dorsalis, portio medialis, and 
portio ventralis. Such subdivision depends upon slight cellu- 
lar differentiation and arrangement and upon ill-defined fiber 
bands, which only poorly demarcate one zone from the other. 
In  the mink, these three portions of pars posterior can be 
identified and are so described. 

This subdivision of pars posterior first becomes evident as 
the caudal tip of pars anterior of nucleus lateralis is reached. 
I ts  rostral end is bounded medially by pars intermedia of 
nucleus lateralis and ventrally by pars arcuata of nucleus 
ventralis but separated from them by fiber bands. Pars an- 
terior of the nucleus lateralis lies dorsally. A few sections 
farther caudally, a medial extension of pars posterior forms 
a ventral boundary of the primordial centrum medianum. Be- 
yond the caudal end of the primordial centrum medianum, 
the medial boundary of pars posterior is formed by nucleus 
dorsomedialis and the adjacent nucleus parafascicularis. For 
a short distance, the caudal end of pars commissuralis of 
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nucleus ventralis lies ventral to it. Farther caudally, tho 
rostra1 pole of the pulvinar appears on the lateral aspect 
of pars posterior, fitting into a concavity formed by pars 
intermedia and pars posterior. Still farther caudally, pars 
intermedia having disappeared, pars posterior reaches the 
ventricular floor. At the same time, the medial boundary has 
been formed by the habenular nuclei, nucleus tractus hab- 
enulo-peduncularis lateralis, and nucleus parafascicularis. For 
the short limit of its extent, nucleus limitans forms a small 
part of the medial boundary. The pulvinar and its pars dor- 
salis here form the lateral boundary of pars posterior. Toward 
its caudal end, pars posterior is bounded on the ventral as- 
pect by the external medullary lamina and nucleus geniculatus 
medialis, but on its medial side comes into direct contact 
with the nucleus of the optic tract and the nucleus of the 
posterior commissure, At this point, portio medialis and 
portio ventralis of pars posterior blend over into nucleus 
suprageniculatus, which owes its origin to a fusion of these 
two portions of pars posterior. Portio dorsalis persists for 
a short distance farther caudally, being replaced by the dimin- 
ishing caudal end of the pulvinar. 

The cells of portio dorsalis are rather small, not too numer- 
ous, and show a range in staining reaction from intensely 
da.rk to light. Although there are occasional polygonal or 
triangular neurons present, the cells are predominantly fusi- 
form in shape and tend to be arranged horizontally. Some are 
dark, others light, but the essential structure appears to be 
the same in both types. The cytoplasm is granular, perhaps 
coarser in the darker cells. The nucleus is of good size with 
a definite chromatin network and a deeply stained nucleolus. 
The nucleolus appears to be centrally placed in most cells 
but occasionally appears to be eccentrically situated. 

The cells of portio medialis have no definite arrangement, 
are numerically greater than those of portio dorsalis and 
appear to be of two kinds - a dark staining and a light stain- 
ing cell. The darker cells appear much the same as those found 
in portio dorsalis, some of them having an eccentrically 
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placed nucleolus as had some cells of portio dorsalis. The 
lighter cells are of various shapes and all parts are poorly dif- 
ferentiated. They have a foamy appearance but no other 
sigriifican t f ea tur e s. 

The cells of portio ventralis are relatively few in number 
and diffusely scattered throughout the stroma. They vary in 
size and shape but are all rather deeply stained. On the 
whole they are smaller than those of either portio dorsalis 
or portio medialis. The cytoplasm is granular, and the 
nucleus is of relatively large size with a definite chromatin 
network and a centrally placed, dark nucleolus. 

Nucleus of t he  opt ic  tract (figs. 9, 10) .  This nucleus be- 
gins at the level of the habenular commissure and extends 
caudally for a computed distance of approximately 0.3 mm. 
On the medial side lies the pretectal area, on the lateral side 
portio dorsalis and portio medialis of pars posterior of nu- 
cleus lateralis. Ventrally it is related to the nucleus of the 
posterior commissure and fibers of that commissure. Dorsally 
it extends to the stratum zonale of the ventricular floor. At 
its caudal end, the pulvinar forms its lateral boundary. It 
lies along the course of the optic tract fibers. 

The cells are closely grouped in a narrow column and 
stand out prominently due to this compact arrangement and 
to  their intense staining reaction. They are polygonal in 
shape, with a dark, coarsely granular cytoplasm. The color 
does not extend into the processes. The nucleus has a well 
impregnated, centrally placed nucleolus and a definite chro- 
matin network. 

Nucleus Zivnitans (fig. 8) .  Nucleus limitans has an ap- 
proximate rostrocaudal length of 1.07mm. It stands out 
prominently as a small clump of darkly stained cells in the 
internal medullary lamina. I ts  rostra1 end begins at a level 
just caudal to the caudal tip of nucleus dorsomedialis. I n  
this position it lies lateral to  the dorsal tip of nucleus para- 
fascicularis and nucleus tractus habenulo-peduricularis lat- 
eralis. Dorsal to it lies portio medialis of pars posterior of 
nucleus lateralis and lateral to it is portio ventralis of pars 
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posterior. Far ther  caudally it shifts its position slightly and 
changes shape from a rounded clump to iiii elongated coluniri 
of cells. Portio medialis of pars  posterior of iiuclcus lateralis 
HOW lies lateral to it and portio dorsalis of pars posterior 
forms its dorsal boundary. A snia11 par t  of the periventricu- 
lar gray lies medially. Otherwise its relationships reiviairi uii- 
altered throughout its short extent. 

Tlie cells of this nucleus tend to be rather sniall arid fasiforin 
in shapcl, due probably to compression by tlie fibers of tlie 
internal medullary lamiria among which tliev lie. There are 
some cells of triangular outline prescnt. The cytoplasni is 
dark a n d  coarsely granular and the stain extends into the 
cell processes. The nucleus has a dense chromatin network 
and a dark, centrally placed nucleolus. 

Tlie pnlvinar in the mink is 
divisible into three parts on a basis of cell tvpe arid arrange- 
ment: a pars  niedialis. ;? pars  lateralis, and a pars dorsalis. 
Tts rostral pole is rounded and first appears in the dorso- 
lateral angle of the thalamus. T t  overlaps the caudal end of 
pars intermedia of nucleus lateralis for a short distance. It 
is bounded here by pars  intermedia and pars  posterior of 
nucleus lateralis on the medial side. and pars posterior con- 
tinues around it to form its ventral boundary as  well. T11c 
external medullary lamina is related to the pulvinar on the 
lateral aspect and separates it from nucleus reticularis. Rome 
distance farther caudally, the pulviriar is bonridctl dorsnlly by 
pars dorsalis pulvinaris and med i~ l ly  by portio dorsalis and 
portio niedialis of pars  posterior of nucleus lateralis. Ven- 
trally lies portio ventralis of pars posterior of iiucleus latcr- 
alis, laterally is the external medullary laniina. Ifore caudally, 
the rostra1 end of nucleus peniculatus lateralis dorsalis is 
related to it on the lateral side. Still farther caudally, nu- 
cleus suprngeniculatus has a ventromedial position. Tts cau- 
dal pole is bounded by nucleus geniculatus medialis. Tllat 
par t  of tlie pulvinar which lies caudal to a point approxi- 
matcly a t  the level of the caudal c>stremity of pars interiricdia 

Pzilviiinr ( f i . 4 ~ .  8 ,  9.  10) .  
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of nucleus lateralis corresponds to nucleus posterior of other 
forms and includes portions of pars medialis and pars lat- 
erali s. 

Pars medialis pulvinaris is larger than pars lateralis. The 
cellular elements are densely packed and show no particular. 
pattern of arrangement being grouped in clumps and whorls. 
There is a mixture of cells of various shapes, all of wliicli 
tend to be small. They do not stain quite so deeply as do 
thosc of the lateral part, tliough some cells are inipregnated 
better than others. The cytoplasm is granular and the nu- 
cleus almost fills the cell. The chromatin network of the 
nucleus is dense and there is a dark, centrally placed 
nucleolus. 

Pars  lateralis pulvinaris is separated from pars mediali? 
in the rostra1 part  of tlic pulvinar by a well marked fiber band. 
The cells are about the same size as the larger cells of tlic 
medial portion but are fewer in number, and the cytoplasm 
is stained more deeply. They are arranged along horizontally 
disposed fibers and are predominantly trianqular and fiisiforni 
in shape, due to compression Iny these fibers. Traced cau- 
dally, the cells of the lateral portion diminish and disappear 
lonc before those of the medial par t  so that tlic caudal pole 
of the pulvinar is composed entirely of pars medialis. 

Pars dorsalis pulvinaris corresponds to pulviiiar posterior 
of other forms and occupies the dorsolateral angle of tlic 
thalamus. It appears to be an cvtcnsion of pars lateralis, 
which begins by swinging around the lateral side of the ros- 
tral end of the pulvinar into a position dorsal to  it and is 
prolonged caudally almost as far  as the caudal pole of the 
pulvinar. Pars  dorsalis forms a broad band hounded dor- 
sally by stratum zonale of the ventricle, medially by portio 
dorsalis of pars posterior of nucleus lateralis, and ventrally 
by the pars medialis and pars lateralis of the pulvinar. Lat- 
erally it is bounded by the external mednllarp lamina. Far-  
ther caudally, the lateral boundary is formed by nucleus gcn- 
iculatus lateralis dorsalis and the ventral boundary is the 
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pulvinar aiid the portio doiwdis of pars posterior of nucleus 
latcralis. A short distalice farther caudally, its attenuated 
caudal pole is replaced by the pulvinar. It is indistinctly 
mai.ked off by fiber bmds  but its bouiidarics call be seen with- 
out difficulty. 

The cells of pars dorsalis pulviiiai-is are similar to  those 
of pars lateralis pulviiiaris except that thcy appear to  he less 
deeply stained. They are arranged roughly along horizoii- 
tally running fihcm and arc triangular and fusiforrii in shape. 
They have a coarsely granular, -c\~cll impregnated cytoplasm ; 
the iiucleus has a definite chroniatin network, and a well 
defined, centrally placed nucleolus. Throughout its rostro- 
caudal extent, the cells of pars dorsalis pulvinaris arc ir- 
regularly blended with those of pars lateralis pulvinaris. 

Area  prrtectulis (figs. .9, 10). l!he rostral limits of this 
region begin at the level of the habenular commissurc. The 
area is small in extent rostrally but rapidly expands caudally 
iiito a zone of considerable proportions. Its rostral extremity 
is limited in front by portio dorsalis of pars posterior of 
nucleus lateralis, dorsally by stratum zoiialc, and laterally 
by the nucleus of the optic tract. Ventral to  it lies the pos- 
terior cominissure with its nucleus. Thr.oughout the rest of 
its extent it is boundcd laterally by the nucleus of the optic 
tract assisted by pars medialis of nucleus lateralis pars pos- 
terior f o r  a short distance and then hy the pulviiiar. The 
niidbrain is vciitral to it. Toward its caudal extremity, area 
pretcctalis diminishes in size and ends by hecoming continu- 
ous with the gray of the superior colliculus. 

The cells of area pretectalis do not have any particular 
pattern of arrangement, although in  some scctions there is a 
suggestion that they are disposed along fibers radiating out 
from the midline. They are predoruiiiiantly triangular in form 
with some fusiform and an occasional polygonal cell among 
them. The cytoplasm stains exceedingly faintly iniid is finely 
grariular. The chromatin network of the iiucleus is colored 
very faintly but a definite structure can be made out. The 
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outline of the nucleus is not discernible in many cells but 
in others is easily seen. The nucleolus is dark and centrally 
placed. 

Nucleus swprugeiziculatus (fig. 10). This area is an indefinite 
cellular mass which first appears at the level of the hab- 
enular commissure. It is formed by compression of portions 
of both portio medialis and portio ventralis of nucleus lat- 
eralis pars posterior by the expanding pulvinar and the 
rostral pole of nucleus geniculatus medialis. Its rostrocaudal 
extent is very short and it ends by fusing with the overlying 
pulvinar. Throughout its limited extent it is bounded lat- 
erally by nucleus geniculatus lateralis dorsalis ; and ven- 
trally by nucleus geniculatus medialis, with which it is 
blended. On the dorsal aspect lies the pulvinar and on the 
medial side structures of the midbrain. 

The cells resemble those of the nuclei from which nucleus 
suprageniculatus originated. They have no particular ar- 
rangement and are a mixture of polygonal, triangular, and 
bipolar types ; the majority of them are lightly stained. The 
cytoplasm is finely granular. The reticulum of the nucleus 
is extremely delicate but the nucleolus is quite apparent and 
centrally placed. 

ATucleus reticulnris (jigs. 2, 3, 4, 5, 6,  7, 8). Nucleus reticu- 
laris forms an irregular arc about the rest of the thalamus. 
Medially it is bounded by the external medullary lamina, 
which separates it rostrally from the anterior and ventral 
nuclear groups and more caudally from the lateral and ven- 
tral nuclear groups. Laterally it is bounded by the internal 
capsule and rostrally, near its dorsal tip, by stria terminalis, 
which separates it from the caudate nucleus. The rostral pole 
is on a level with the anterior part of the optic chiasnm and, 
in this situation, the nucleus consists of a band of loosely ar- 
ranged, medium-sized cells, which show some tendency to  be 
disposed in an outer and an inner zone. The dorsal tip of 
the nucleus extends toward the ventricle but hardly reaches 
the stratum zonale of the ventricular floor. Ventrally, nu- 
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cleus reticularis blends with zona incerta, the point of union 
being easily distinguishable. Followed caudally, nucleus reticu- 
laris, due to the rapid increase in the size of the thalamus, 
is displaced laterally and ventrally. The more ventral por- 
tion of the nucleus becomes crowded into the angle between 
the cerebral peduncle and the optic tract where it ends by 
mingling with nucleus geniculatus lateralis ventralis. 

On a basis of cell type and arrangement, nucleus reticu- 
laris can be divided into a ventral and a dorsal segment. The 
cells of the ventral segment are polygonal in shape and 
have several long, branching processes, in which the cytoplasm 
remains unstained. The cytoplasm of the cell body stains 
deeply and is coarsely granular. The nucleus is placed closer 
to one end of the cell so that all the cytoplasm is collected at  
the opposite end. There is a definite nuclear reticulum and 
a single, centrally situated, dark nucleolus. 

The cells of the dorsal segment are much less numerous than 
those of the ventral segmeiit and are very light in color. 
Caudally, the cells of this segment are very sparse and ir- 
regularly placed. Otherwise there are no essential differ- 
ences. The ventral segment ends at  the level of the rostra1 
limit of the posterior cominissure but the dorsal segment dis- 
appears farther rostrally, just as the optic fibers are about 
to  enter nucleus geniculatus lateralis dorsalis. 

In the dog, Rioch ('29) divided the pulvinar into a lateral 
superior part, a lateral inferior part and a medial part. He 
also described a nucleus posterior. Ingram, Hannett, and 
Ranson ('32), studying the cat, recognized a pulvinar pars 
posterior and a nucleus posterior. Their nucleus posterior 
corresponds to pars inferior of other workers and pars 
geniculata of Rose ( '43). Crouch ( '34) was able to distinguish 
three components of the pulvinar in the macaque: pars me- 
dialis, pars lateralis, and pars inferior. The pars medialis, 
which he subdivided into pars superior, pars intermedia, and 
pars inferior, comprises three-quarters OF more of the pul- 
vinar. Pars lateralis he divided into pars superior and pars 
inferior as did Rioch in the dog and Krieg, later, in the 
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macaque. His portio inferior corresponds to that of other 
workers. Aronson and Papez ('34), working on the dien- 
cephalon of Pithecus rhesus, identified 4 parts of the pul- 
vinar, which they numbered l, 2, 3, 4. Pulvinar l of their 
description lies most laterally and ventrally. It is homologous 
with nucleus posterior in the dog and the cat. Pulvinar 2, 
according to these authors, corresponds to the area labelled 
pulvinar by Rioch in the dog and by Ingram, Hannett, and 
Ranson ( '32) in the cat. Pulvinar 3 homologizes with pulvinar 
posterior in the dog and in the cat. Pulvinar 4 lies too far 
medially to be homologous with any part of pulvinar in 
Rioch's description but appears to correspond to nucleus 
lateralis pars posterior (portio dorsalis) in the dog. Walker 
( '38a) in the macaque and ( '38b) in the chimpanzee and Sol- 
nitzky ('38) in Sus scrofa recognized three parts of the pul- 
vinar - a lateral, a medial, and an inferior. In  the Virginia 
opossum, Bodian ( '39) identified no pulvinar and no nucleus 
posterior. Ibrahim and Shanklin ('41) were able to divide 
the pulvinar of the coney into three component parts - pars 
principalis, pulvinar posterior, and pulvinar pars inferior 
with a nucleus posterior. Rose ('42) thought that the pulvinar 
in the sheep was divisible into only two parts, a pulvinar 
proper and a pars geniculata. The latter corresponds to pars 
inferior of other workers. Rose was unable to make any sub- 
division of his pulvinar proper. Sheps ( '45) and Toncray and 
Krieg ('46), in their description of human material, divided 
the pulvinar into medial, lateral, and inferior portions. Krieg 
( '48), in his study of macaque diencephalon, again identified 
three regions in the pulvinar - medial, lateral, and dorsal 
portions. 

Metathalamus 

Nucleus geniculatus medialis (figs. 8, 9, 10). The rostra1 
pole of this nucleus begins a t  the level of the cephalic border 
of the mamniillary bodies and at the extreme caudal tip of 
pars externa of nucleus ventralis. It is bounded dorsomedially 
by a narrow band made up of the last few cells of pars 
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extcriia of iiucleus ventralis, which merge with it. Ventro- 
laterally it lies against the external capsule, which separates 
it from nucleus reticularis and zona incerta. Slightly more 
caudally, pars arcuata of nucleus ventralis forms a dorso- 
medial relationship. Still farther caudally portio ventralis 
of pars posterior of nucleus lateralis is placed dorsomedially 
for a short distance; at this level nucleus geniculatus lateralis 
dorsalis has appeared on its lateral aspect with the external 
capsule intervening. Nucleus geniculatus medialis now ex- 
pands rapidly resulting in the formation of nucleus supra- 
geniculatus, with which it is intermingled and which is re- 
lated to it dorsally. More caudally, the pulvinar succeeds 
nucleus suprageniculatus in this position. Medially and ven- 
trally the medial geniculate nucleus is adjacent to the struc- 
tures of the midbrain. 3Ieanwhile nucleus geniculatus lat- 
eralis dorsalis has expanded in size, lying lateral to nucleus 
geniculatus medialis throughout most of the rest of its es- 
tent but separated from this latter nucleus by is own fibrous 
capsule. Nucleus geniculatus medialis continues to expand in 
a ventrolateral direction finally reaching the external surface 
on the ventrolateral aspect of the midbrain. At the caudal 
end of iiucleus geniculatus lateralis dorsalis, nucleus genicn- 
latus medialis lies between the superior and the inferior 
brachia. 

Nucleus geniculatus medialis of the mink is divisible into 
three parts : pars compacta, pars principalis, and pars magno- 
cellularis. The rostra1 pole of the nucleus is formed by pars 
compacta, which is mingled here with pars externa of nucleus 
ventralis. A short distance farther caudally, pars compacta 
cxtends downward and laterad to bring it into relationship 
with zona incerta and nucleus geniculatus lateralis ventralis. 
Pars compacta finally comes to the surface on the lateral 
aspect of the brain stem. Pars magnocellularis consists of a 
group of larger, darkly stained cells lying along the ventro- 
medial border of nucleus geniculatus medialis and surrounded 
on three sides by the cells of pars compacta. Although pars 
principalis constitutes the larger part of the nucleus, it does 
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not Gxteiid so f a r  caudally, the caudal pole of the nucleus be- 
ing formed by pars compacta. 

Rostrally, nucleus geniculatus medialis is bounded dorso- 
medially by pars externa and then by pars arcuata of nucleus 
ventralis. Ventrolaterally, it is next to zona incerta and nu- 
cleus reticularis, from which it is separated by fibers of the 
external medullary lamina. Farther caudally, the dorsoinedial 
boundary is formed, for a short distance, by portio ventralis 
of pars posterior of nucleus lateralis, then by nucleus supra- 
geniculatus. On the lateral side is the rostra1 pole of the 
iiucleus geniculatus lateralis dorsalis and on the medial side 
the structures of the midbrain. Still farther caudally, the 
pulvinar is dorsal to it. Nucleus geniculatus lateralis dor- 
salis lies lateral to it throughout its extent but separated 
from it by a fiber layer. The nucleus finally reaches the lat- 
eral surface of the brain stem between the cerelwal peduncle 
and the optic tract. It ends at approximately the posterior 
border of the superior colliculus. 

The cells of pars magnocellularis are larger than those of 
pars compacta, which almost surround them. They are poly- 
gonal in shape with several branching, filamentous processes. 
The cytoplasni stains darkly and is coarsely granular. The 
nucleus is large, almost completely filling the cell. It has a 
coarse chromatin network and a centrally placed nucleolus. 
The cells of pars compacta are smaller, rather numerous, dark 
in color, and rounded or polygonal in shape and possess sev- 
eral slender processes. Those cells around the periphery are 
fusiform, apparently due to pressure exerted upon them by 
the fibers of the capsule surrounding the iiucleus among 
which they lie. The staining characteristics are very similar 
io  those of the cells of pars magnocellularis but tlie nucleolus 
is eccentrically placed. 

The cells of pars principalis are considerably fewer in num- 
ber and seem to be arranged along horizontally and diag- 
onally running fibers. They are polygonal, triangular, or fusi- 
form in outline and stain less deeply than those of the other 
two parts. The cell processes are long, filamentous, and 
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branching. The cytoplasm stains moderately well and is 
coarsely granular. The nucleus is relatively large and very 
nearly fills the cell. The nuclear reticulum is easily dis- 
cernible and the single dark nucleolus is eccentrically placed 
in many, though not in all, cells. 

Nucleus geniculatus lateralis dorsalis (figs. 8, 9, 10). In  
material sectioned in a coronal plane, nucleus geniculatus 
lateralis dorsalis first appears at the level of the caudal end 
of nucleus limitans in the dorsalateral corner and in the ven- 
trolateral angle of the thalamus. Traced caudally, these two 
areas fuse at  about the level of the caudal end of the pulvinar 
to form a large mass. This mass lies on the lateral aspect of 
the pulvinar, the nucleus suprageniculatus, and the nucleus 
geniculatus medialis. Laterally, it is related to the fibers of 
the optic tract. Nucleus geniculatus lateralis dorsalis rapidly 
attains its maximum size and then becomes progressively 
smaller as it is followed caudally. It is separated from nucleus 
geniculatus medialis by a fibrous capsule. Its caudal tip lies 
a short distance rostral to the caudal end of nucleus genicu- 
latus medialis and about equidistant between the rostral and 
caudal poles of the gray of the superior colliculus. 

From about the level of the caudal end of the pulvinar, nu- 
cleus geniculatus lateralis dorsalis is semi-discoid in shape, 
the convexity facing laterally. The left nucleus, as viewed 
from behind, is roughly C-shaped. It is composed of 4 lam- 
inae each forming an incomplete ring and each with a gap 
on the medial side forming a hilum. The rings or laminae 
fit one inside the other but are separated from each other by 
fiber layers for some distance from the hilum. Traced cau- 
dally, the diameter of each ring becomes progressively less 
and the hilar aperture becomes gradually smaller as each 
section is taken closer to the periphery of the ring. 

As material sectioned in the sagittal plane was not avail- 
able, a paper model of the nucleus was constructed so that it 
could be visualized in three dimensions. By this means it 
was seen that nucleus geniculatus lateralis dorsalis is C- 
shaped in the sagittal plane also, i.e. if the right nucleus is 
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viewed from its lateral aspect; or reverse C-shaped if the 
left nucleus is viewed from its lateral aspect. Its greatest 
diameter is the dorsoventral one, the anteroposterior and side 
to side measurements being much less. 

The most superficial and posterior layer is designated lam- 
ina posteroexterna and the deepest and most anterior layer 
is lamina anterointerna. The two laminae which lie between 
them are called lamina intermediomedialis and lamina inter- 
mediolateralis, their names indicating their relative positions. 

The cells of each of the 4 laminae are more densely grouped 
on the lateral side than on the medial side. Lamina post- 
externa is composed of cells which tend to be small in size 
and somewhat elongated due to pressure by surrounding fi- 
bers. Their staining reaction is variable, some cells being 
very light while others are darker. The nucleus is filled with 
a fine reticulum and the nucleolus is intensely colored, very 
small, and centrally placed. The cells of lamina intermedio- 
lateralis are rather large and of variable shape. The cyto- 
plasm is dark and blotchy and the nucleus contains a heavy 
chroma tin network. The nucleolus is intensely stained and 
centrally placed. Lamina intermediomedialis is made up of 
cells of assorted sizes and shapes but small cells appear to 
predominate. The cytoplasm is dark and blotchy and the nu- 
cleus approximates it so closely in color that it is difficult 
to see the outline of it. The nucleolus is small and of dark 
hue. The cells of lamina anterointerna are of moderate size, 
polygonal in shape, and well impregnated. Here too, the nu- 
cleus is also deeply stained so that its outline is indefinite. 
The nucleolus is dark and centrally placed. 

Nucleus gerticulatus lateralis vemtralis (figs. 9 , I O ) .  This nu- 
cleus is placed somewhat farther rostrally than nucleus gen- 
iculatus lateralis dorsalis. It lies dorsomedial to the optic 
tract and ventrolateral to the ventral segment of nucleus 
reticularis. It will be discussed in more detail with the 
description of the subthalamus. 



514 M. W. M. SLOANE 

Rioch ( '29) divided the nucleus geniculatus inedialis of the 
dog into a pars magnocellularis and a pars principalis. Le- 
Gros Clark ( '32) identified three parts in the nucleus, a dorso- 
lateral, a caudoventral and an intervening small-celled por- 
tion said to be derived from the ventral nucleus. He regarded 
the dorsolateral element as probably a caudal extension of 
nucleus suprageniculatus and the caudoventral component as 
apparently the functional equivalent of nucleus geniculatus 
lateralis ventralis. Aronson and Papez ('34) in Pithecus 
rhesus recognized a large lateral parvocellulai- (principalis) 
portion apparently homologous with Rioch's pars principalis 
and a small, niedially placed magnocellular portion corre- 
sponding in part to Rioch's pars magnocellularis. Ibrahim 
and Shanklin ( '41)' in the coney, described the nucleus as 
composed of a pars superior, a pars lateralis and a pars 
medialis. In  man, Toncray and Krieg ('46) made a similar 
division of the nucleus, that is, divided it into a large-celled 
medial part with a greater cross-sectional area than the small- 
celled lateral element. Icrieg ( '48)' studying macaque, agreed 
with other workers in describing a larger, lateral pars parvo- 
cellularis and a smaller, medial pars magnocellularis. 

In  many mammals, nucleus geniculatus lateralis consists of 
a dorsal and a ventral component, the dorsal entity extending 
farther caudally than the ventral one. Nucleus geniculatus 
lateralis dorsalis becomes progressively elaborated, in the 
phyletic scale, although nucleus geniculatus lateralis ventralis 
diminishes in size, until, in higher primates, it disappears, 
except for a possible vestige. In  lower mammals, as described 
by Papex ('32) and Solnitzky ( '38) ,  nucleus geniculatus lat- 
eralis dorsalis is a relatively small and undifferentiated struc- 
ture, but in carnivores, Thuma ('28) and Rioch ('29) iden- 
tified 4 laminae. In  primates, Aronson and Papez ('34) 
LeGros Clark ( '41)' Solnitzky and Harman ('43) and Harman 
and Solnitzky ( '44) identified 6 layers in the nucleus. Toncray 
and Krieg ( '46) and Krieg ( '48) found the same number in 
in an. 
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SUMMARY 

I n  general, the nuclear pattern of the dorsal thalamus of 
the mink is the same as that of other mammals. However, 
there are certain differences in structure which suggest that 
the mink is one of the most highly organized carnivores. 

The anterior nuclear group of the thalamus in the mink 
tends to approximate the pattern found in more highly or- 
ganized mammals. As was pointed out in the description of 
this nuclear group, there is poor definition between nucleus 
anteroventralis and nucleus anteromedialis. The same is true 
in the macaque according to Walker ('38a)' Larsell ('42), 
and Toncray and Krieg ( '46). Similar observations with 
regard to this nuclear group in man were made by Foix and 
Nicolesco ( 'as),  Griinthal ( '34), and Sheps ( '45). 

There are no significant departures from the arrangement 
found in other forms in the case of the midline group of 
nuclei. 

Nucleus dorsomedialis in the mink corresponds to the nu- 
cleus of that name described by Rioch ('20) in the dog. The 
peripheral band of darkly stained cells noted by other workers 
is present ; some cells are distinctly within the nucleus proper, 
others lie among the fibers of the internal lamina. This band 
is not designated as a third part of the dorsomedial nucleus 
in the mink although, as pointed out 1117 Walker ( '%a), its 
component cells belong to that nuclear group. There is only 
a short comniissural connection between the nuclei of the 
two sides in contrast t o  the almost complete fusion across the 
midline of nuclei dorsomediales in the macaque, as described 
by Aroiison and Papez ( '34). 

Although both nucleus submedius and pars medialis of nu- 
cleus ventralis are present and easily identified in the mink, 
there is considerable blending of the two masses. This may 
presage a more complete fusion as Sheps ( '45) and Toncray 
and Krieg ('46) have described in man. There is a pri- 
mordium nucleus centrum inedianuni of lesser rostrocaudal 
extent than its counterpart in the dog and cat. 
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The ventral nuclear group ill the mink corresponds to that 
which has been found in other forms. 

In the lateral nuclear group the pulvinar requires special 
mention. The pulvinar of the mink corresponds closely to 
that of the macaque as described by Krieg ( '48). He rec- 
ognized a pars inferior (pars geniculata of other workers) 
but felt that it rightfully belongs to pars medialis. No such 
extension of the pulvinar can be found in the mink. The pars 
medialis of the mink makes up the caudal pole of the pulvinar 
as it does in the macaque. Like Rioch ( 'as) ,  Krieg ( '48) sub- 
divided his pars lateralis into superior and inferior portions ; 
such a subdivision is not possible in the mink. I n  his pars 
dorsalis Tcrieg was able to distinguish three strata which' are 
not evident in the mink. It is more difficult to compare our 
results with the account of the pulvinar of the macaque 
given by Aronson and Papez ( '34). Their pulvinar 1 would 
appear to correspond to the caudal end of pars medialis of 
the pulvinar of the mink. Pulvinar 2 of their division would 
seem to include the rostra1 portion of pars lateralis and per- 
haps pars dorsalis of the pulvinar in the mink. Pulvinar 3 
and the caudal end of pulvinar 2 homologize with pars me- 
dialis of the pulvinar in mink except f o r  its caudal end, 
which forms the caudal pole of the pulvinar and which, as 
stated above, corresponds to pulvinar 1. There is no part 
of the pulvinar in the mink (or the dog) which is homologous 
with the more medially situated pulvinar 4 of the macaque. 
Rioch's lateral superior portion of pulvinar in the dog oc- 
cupies the same position as  pars dorsalis of pulvinar in the 
mink. The pulvinar in the mink is similar to that of more 
specialized forms. 

Pars magnocellularis of nucleus geniculatus medialis in 
the mink resembles its homologue in other forms but appears 
to be somewhat smaller. Pars  compacta may be a result of 
compression of the cells of pars principalis between the cere- 
bral peduncle and the nucleus geniculatus lateralis dorsalis 
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and may not be a true third part of nuclcus geniculatus 
medialis. 

It seems preferable to name the laminae of nucleus genicu- 
latus lateralis dorsalis in the mink according to their position 
rather than their cell type. On this basis, lamina postero- 
cxterna in the mink corresponds to lamina parvocellularis of 
Rioch ('29) in the dog. Lamina intermediolateralis of the 
mink is homologous with pars magnocellularis of the dog. 
Lamina interniediorvi~dialis and lamin2 anterointerna of the 
mink homologize with lamina principalis posterior and lam- 
ina principalis anterior of Rioch, respectively. 

LITERATURE CITED 

ARIENS KAPPERS, C. U., G. C. HUBER AND E. C. CROSBY 1936 The comparative 
anatomv of the nervous system of vertebrates, including man. The 
MarMillan Co., New York. 2 vols. 

ARONSON, 1,. R., AND .T. W. PAPEZ The thalamic nuclei of Pithecus (Ma- 
cacus) rhesus. Arch. Neur. Psychiat., 3%: 27-44. 

RODIAN, D. 1939 Studies on the diencephalon of the Virginia opossum. I. Thc 
nuclear pRttern in the adult. J .  Comn. Nenr.. 77: 924-233. 

1940 Stndies on the dieneephalon of the Virginia opossum. IT. 
Fiher connections in normal and experimental material. J .  Comp. 
Neur., 7%': 207-397. 

1942 Studies on the diencephalon of the Virginia opossum. 111. 
Thalamo-cortical projection. J. Comp. Neur., 77 : 525-575. 

CLARK, W. E. LEGROS 1930 The thalamus of Tarsius. J. Anat., 64:  371-414. 
1931 The brain of Mierocehns mnrinus. Pror. Zool. Roc. London, 

1932 The structure and connections of the thalamus. Brain, 5.5: 

1936 Functional localization in the thalamus and hypothalamus. 
J. Ment. Sei., 82: 99-118. 

1941 The lateral geniculate body in platprrhine monkeys. .T. 
Anat., 7 6 :  131-140. 

CROUCH, R.  L. 7934 The nuclear configuration of the thalamus of macacus 
rhesus. J. Comp. Neiir., 5.9: 451-484. 

FOIX, C., ET J. NICOLESCO 1925 Anatomie c6r6hrale; les novaiix aris centrauv 
et la r6gion m6senc4phalo-sous-optique. Masson et  Cie, Paris. 

FRIEDNANN, M. 3 912 Die Cytoarchitektonik des Zwischenhirns der Cercopithe- 
ken mit besonderer Beriicksichtiqunq des Thalamus opticits. J. f .  
Psgchol. u. Neur.. 18: 309-378. 

Der Zcllbau im Thalamns der Saiiger und des Menschen. 
J. f .  Psychol. n. Neur., 4 6 :  43-112. 

1934 

pt.  1: 463-486. 

406-470. 

GR~NTHAL,  E. 1934 



518 M. W. M. SLOANE 

G T R D J I ~ N ,  E. 8. 1927 Thc dieiieeplialon of the albino rat .  Studies on tlie 
hraiii of the rat. J. Comp. Neur., 43: 1-114. 

RARWAX, P. S., BND 0. SOLNITZXV The lateral geniculatr complex of the 
platyrrhiiie monkey, Cebus fatuellus. J. Comp. Seur., 81 : 227-247. 

IBR-?HIN, kt., &AND J&r. M. 8 I I S N R L I N  The dieneephaloll of the coney, Hyrax 
syriaca. J. Comp. New., 75: 427-485. 

IXGRAM, W. R., F. J. HANNBTT AND S. W. RANSON The topography of the 
nuclei of tlie dienceplialon of the cat. J. Pomp. Neur., 5,5: 333-394. 

KRIEG, W. J. S. 3944 The medial region of the thalamus of the albino rat. 
J. Comp. Neur., 80: 381-415. 

A reconstruction of the clie~~cephalie nnelri of Maenens rhesus. 
J. Comp. Neur., 88: 1-51. 

LARSELL, 0. 3943 Anatomy of the nervous system. D. Appleton Centnrp Com- 
pany, N e w  York. 237-247. 

TON MONAKOTT, C. 1895 Experitnentelle uiid patholoeisrh-anatomiscli~ tinter- 
suehungen iiher die Hai~henregion, d m  Sehhiigel nnd die Regio sill,. 
thalamirn nebst Eritragen zur Keiintnis friih erworhener. Gross- und 
Kleinhirndefects. Arrh. f .  Psvchint.. 9 7 :  1-128, 386-478. 

R’IsRL, F. 2889 Die Keriic des Thalamus heim Knniiichen. Tagehlatt der 62. 
TTersammlnng dentscher RTatnrforscher iiiid Arzte ill HeidelherP. 18. 

PAPEZ, W. J. 1932 The thalamic iiuclri of the nine handed armadillo (Tatusia 
noveincincta). J. Comp. Nenr., 56 : 49-103. 

RIOPH, D. McIC. 1929 Studies on the diencephaloii of caririrorn. I. The nuclear 
ronfigoratioii of the thalamus, epitlialamus and hypothalnmus of the 
dog and cat. J. Comp. R’eur., 49:  1-119. 

1931 h note on the center median iii~clriin o f  Tmys. J. Bnat., G.5: 
394-32 7. 

ROSE, J. E. 1942 The thalamns of the sheep: cellulal~ aiid fibrous structure and 
coniparisoii with pig, rabbit and rat. J. Comp. ATeur., 77: 469-523. 

SACHS, E. 1909a Eine vergleichende anatomische Studie des Thalamus opticus 
rler Siiiigetiere. Arh. a .  d. New.  Inst. a. d. Wiener TTnir., 1 7 :  280- 
306. 

On the strurtnre and fuiictional relations of the optic thala- 
niiis. Rrain. 32: 95-186. 

SHEPS, J. G.  1945 The nuclrar confignratioii and corticnl coimections of the 
human thalamus. J. Comp. Nenr., 8 5 :  7-56. 

SOLWITZXP, 0. 7938 The tlralamic nuclei of Sns scrofa .  J .  Comp. Kenr., G9: 

SOLNITZKY, O., AND P. J. HARMAN The lateral geniciilate complex in the 
spider monkey, Ateles ater. Yale .T. Riol. and  Med., 1.5: 615-639. 

THITJMA, R. D. 1928 Rtridies on the diencenhalon of the cat. I. The cyto- 
areliitccture of the corpiis geniculntuni laterale. .T. Comp. Seur. ,  46:  
173-1 99. 

The nuclei o f  the human thalamns; 
a comparative approach. J. Comp. Neiir., 85: 421-460. 

1909 La myeloarchitecture dn tha1:imus du crrcopitliPque. .T. f. Pwrhol. 
11. Neur., l d :  285-324. 

1944 

1941 

1932 

1948 

190913 

121-169. 
1943 

TONCR~I’,  .T. F.. ~ N D  W. J. R.  RRIEG 

VOGT, C. 

1946 



DIENCEPHALON OF MINK 519 

VOGT, C., AND 0. VOGT 

WALKER, A. E. 1937a The thalamus in relation t o  the cerebral cortex. J. N e n .  
and Ment. Dis., 85: 249-261. 

1937b Note on thalamic nuclei of macaca mulatta. J. Comp. Keur., 
66: 145-155. 

1938a The primate thalamus. Univ. of Chicago Press, Chicago. 
321 pp. 

~- 193833 The thalamus of the chimpanzec. 11. Its nuelear structure, 
normal and following hemideeortication. J. Comp. Neur., G9 : 487-507. 

1940 The medial thalamic nucleus. A comparative anatomical, 
physiological and clinical study of the nucleus medialis dorsalis thalami. 
J. Comp. Neur., 73: 87-115. 

WINKLER, C., AND A. POTTEE 1911 An anatomical guide to experimental re- 
searches on the rabbit’s brain. Amsterdam, W. Verslup. 

An anatomical guide to  experimental researches on the cat’s 
brain. Amsterdam, W. Versluys. 

1941 Thalamusstudien 1-111. J .  f .  Psychol. u. Neur., 50 
3 2-1 52. 

1914 


