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CALLOSUM
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1. Although many picturesque and useful anatomical names have been
the fruit of Renaissance ingenuity, such adventures in nomenclature were
not always happy. Often enough the resurgent imagination was allowed
too loose a rein. The term Aippocampus, first applied in 1587 by Julius
Caesar Arantius to a widely discussed region of the brain, is a notable
cagse in point. Since the time of Arantius’ suggestion no one has been
able to discover any resemblance, striking or remote, between the part
of the brain so Iabelled and the littie sea-horse fish known as hippocampus.

Frederick Lewis goes so far as to say that ‘‘the flight of fancy which
led Arantius to introduce the term, hippocampus is recorded in what is
perhaps the worst anatomical description extant.”

Not only is this original desciiption of the hippocampus thoroughly
unsatisfactory, but the effect of such a name applied to cerebral structures
has resulted in unnecessary confusion. Yet, in fairness to Arantius,
it must be said that he was not too strongly biased in his proposal. A
guotation from his brief chapter on this subject shows a considerable degree
of openmindedness. ‘“This recalls the image of a Hippocampus, that is,
of a little sea~horse. Rather, perhaps, it suggests the form of a white silk-
worm (Bombycinus vermis).”” On the basis of structural similarity there
is Iittle to recommend either hippoecampus or bhombyx. It was some whim
of popular favor rather then any insistency on the part of Arantius which
preserved one term and discarded the other, for, whatever its faults, Aippo-
campus has now received the approval of almost universal usage.!

1T am indebted to Doctor Samuel W, Lambert for the following ftraunslation of
Arantius’ description of the hippoeampus, which under the title of ““De cerebri par-
ticulis HHippocampum referentibus’ appears in Arvantius. De humanc foetu. .
Ejusdem anatomicorum observationum liber, etc. Venetiis, 1587, p. 44-45.

“Horum ventriculorum basi, quae intre ad medium respieit, candida insurgens
supereminet, & quasi adnascitur substantia, quae ab inferiori superficie, uelut addi-
tamentum extollitur, psalloidique corpori, seu testudini est continua, ac per longi-
tudinem, in anteriora, uersus frontem protenditur inaequalique, ac flexuosa figura
praedita est, quae Hippocampi, hoe est marint equuli efligiem refert, vel potius,
bombyecini vermisg candidi spinalis medullae initium hine inde amplexantis, formam
indicant, de cuius vsu alibi dicemus; huius particula caput referens tertio vocato
ventricule proxima est, reflexum uero corpus in caudam abiens, ad anteriora pro-
tenditur; quo cirea ad superiorum differentiam, Hippecampi, vel Bombyeini vermis

1



2 FREDERICK TILNEY

Objections to it have been raised from time to time during the past three
hundred years. Some proposals for substitutes have also been offered
but, unfortunately, without much in the way of improvement. Winslow’s
effort at reform in 1732 was largely futile. He saw in this region of the
brain a strong likeness to a ram’s horn and proposed the term Cornue arietes.
Ten years later Garengeot (1742), for no particular reason, gave this horn
idea certain lasting qualities by injecting a mythological flavor into it.
With quite gratuitous flattery for an Egyptian God of first rank he offered
to call this portion of the cerebrum the Cornu dmmonis. The god Amun
Kneph, with his noted temple in the Libyan desert, did especially well
at the hands of medicine. In addition to this famous horn in the brain,
he is memorialized by “The gum and sal ammoniac gathered from frees
and camel dung”’ (Hyrtl). But the Cornu Ammonis was destined to go a
long way despite its ridiculous origin. It was adopted by many earlier
anatomists and is still used with confidence by many modern authors.

ventriculos appellare libuit. Ilud praeterea obseruatione dignum relinquitur, quod
plexu e sinuum basi sublato, elegans quaedam, atque admirabilis, exiguorum qua-
muis vasorumn, propagatio canspieitur, quae in superioribus non est adeo artificiosa.
Quod ad eavitates, & religua, sic habet.

The following translation is by Dr. Samuel W. Lambert.

“At the lowest part of these ventricles a white structure rises up and projects
ahove asif it were an additional growth which faces internally and backwards toward
the middle line. This is continuous from its lower surfaces with the psalloid hody
or lyra and throughout its length anteriorly is stretched out unevenly and is provided
with a curved form which brings back a resemblance to the little marine horse: the
hippocampus, or rather to the white worm, the Bombyx, and points out the form
of the beginning spinal medulla coiling around its beginning. We will speak con-
cerning the use of this latter in another place.

The small portion of this hippocampus carrying the head is next to the ventricle
called the third, in fact the hody running to the tail is extended (forwards) at that
place in which is the division from the upper parts and it was pleasing to name those
the ventricles of the Hippocampus, or of the silk worm. Besides this remains worthy
of notice whenever the plexus is removed from the base of the sinuses that a certain
fine and noteworthy extension of markedly small vessels is observed which are not so
delicate in the upper parts. Because it is so arranged for the cavities and the rest
of these structures.

Commenting on Arantius’ chapter, Doctor Lambert says, ‘It is always difficult
translating anatomical Latin of the 18th century not to twist the author to fit in
with our modern ideas and to give the authors eredit for more imagination than any
of them had. You will remember that the physiology of the 16th century laid stress
on the cavities of the organs, heart, brain, lungs, kidney, ete., and not on the solid
walls. So far as the brain was concerned, the cavities were the essential portion
and by the pulsation of the brain distributed through the nerves a humor known as
animal spirit, animal referring to anima, the soui and not to animal, the brate. This
was distributed through the nerves which had channels in them through which this
elusive ‘‘hormone’ could travel, although these channels were not visible to the
human eye.”
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In the course of time, the original hippocampal idea received some em-
bellishments. The pes hippoeampi (major and minor) as well as hippo-
campal digitations were deseribed and to these was added Morand’s bird’s
claw {(calcar avis-—1744). All in all the hippocampus of the brain had now
become a weird creation which, starting as a fish, gradually acquired feet,
toes and claws. The biological dilemma was obvious. One way out of
the embarrassment was suggested by Mayer in 1799, who did not hesitate
to call upon an amphibious gquadriped mammal and designate this part
of the brain the pes Aippopotams.

Having thus run almost the entire gamut of the vertebrate phylum in
its onomatology, it only remained for the hippocampus to receive the bless-
ing of the Nomina Anatomica adopted in Basle (1895). According to this
commitment Cornu Ammonis is proscribed, pes hippocampi is excluded,
but strangely enough, calcar avis is found acceptable, while the hippoecam-
pus is sanctioned and retains its original prominence in full.

CIRCUMVENTION OF DIFFICULTIES IN NOMENCLATURE

The inconveniences of Arantius’ time honored conception are clearly
long past effective revision. Furthermore, it seems possible to overcome
these difficulties by defining precisely what is meant by this part of the
brain and its several constituents. In the following descriptions hippo-
campus and hippocampal formalion refer to one of the four pallial differ-
entiations of the cerebral hemisphere, namely, the archipalldum. This
division of the pallium is, as its name 1mplies, of greatest antiquity. It
occuples a position along the lower margin of the mesial surface of the
cerebral hemisphere and extends in a sweeping arch from the lower part
of the frontal region, above the optic thalamus and thence downward into
the hasal portion of the temporal region. It is especially distinguished
by the characteristics of its embryonic development. In this respect it
differs strikingly from the three other divisions of the cerebral pallium.
The several successive stages of embryonic development, therefore, afford
valuable guides in defining the limits and structures of the hippocampus.
My chief aim in these deseriptions is to disclose the unitary structural
nature of the archipallium among the mammals and thus to establish a
new basis for discussing the functions of the hippocampus. For special
definitions of structures entering into this part of the brain, I am indebted
to Dr. Marion Hines, whose excellent studies on the hippocampal region
I have found invaluable guides.

A particular feature, which has given rise to considerable confusion in
many descriptions, is the introduction of the corpus callosum into this
region of the brain. On the other hand, the presence of this commissural
body lends an especially stimulating interest to the study of the hippo-
campus.
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IT. METHOD AND MATERIAL

The disadvantages of studies based exclusively either upon comparative
anatomy or upon comparative embryology have often been emphasized.
It seemed desirable, therefore, in this investigation to carry on both ex-
plorations hand in hand in order to obtain as broad a survey of the field as
possible., Inasmuch as one of the interesting problems centers about the
relations of the corpus callosum to the hippocampus, the study was limited
to the mammals although the great significance of the reptilian brain with
reference to the archipallium cannot be overlooked.

In ordér to give uniformity totheinvestigation, wax plate reconstructions
were made of each brain studied. This method permitted the use of differ-
ent colored wax plates to represent the several different areas and constit-
uvents of the hippoeampus.

Embryological studies were confined to closely placed series of six
mammalian species including the opossum, rat, guinea pig, common pig,
cat and man. Sections were cut in the coronal and horizontal planes and
stained with hematoxylin-orange G., hematoxylin-eosin and cresyl-violet.

Serial sections of a number of adult mammalian brains, stained by the
Pal-Weigert method were also studied and, in several instances, recon-
structed. The plane of section in all such cases was horizontal. These
adult brains ineluded the kangaroo, mole, rat, cat, dog, giraffe, tapir, horse,
lemur, marmoset, South American monkey, macacus, baboon, gibhon,
orang-outang, chimpanzee, gorilla and man. The microscopic studies
were supplemented by gross dissections of the opossum, rat, cat, dog,
elephant, deer and man. '

The absence of monotremes, edentates and chiropteres from this list of
species leaves an unfortunate but unavoidable gap due to lack of such
specimens.

III. THE HIPPOCAMPUS IN ITS SIMPLEST MAMMALIAN FORM

The hippocampus in most mammals is complicated by its intimate rela-
tions with the corpus callosum. The easiest way of explaining these rela-
tions is to begin with a mammalian brain which has no corpus callosum.,
The Virginia opossum possesses several advantages for this purpose. Not
only is the hippocampus comparatively simple, but the animal as a whole
is so primitive that it has been called a “living fossil.” Thig marsupial is
the most ancient of extant, viviparous mammals. Its skeletal structure
has remained almost entirely unaltered since the Age of Reptiles. Yet
in spite of this extreme primitiveness, it follows, stage for stage, the
fundamental principles which underlie the growth of the brain in all
mammals. This feature of its development is particularly striking in the
origin and growth of its cerebral cortex.

The steps in this process are worth following closely. Immediately after
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the mantle layer makes its appearance in the endbrain, the cerebral hemi-
spheres pass through the successive phases of general, divisional and
local cortical differentiation. Each cortical division follows a mode of
specialization which is strictly its own and invariable, in all essential
details, from the lowest to the highest mammals. Even in the early stages
of growth, the divisional boundaries between the archicoriex (hippoeampus),
paleocortex, bulbar cortex and neocortex may be easily discerned.
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Five arches of the hippocampal region in 16 millimeler pouch young opossum

In the 16 mm. pouch young opossum, the region which contains the pri-
mordial elements of the hippocampus is sharply defined. It forms an arch
along the lower border of the mesial surface of the cerebral hemisphere.
From the standpoint of cellular organization this arch actually consisis of
five superimposed arches (fig. 1).

The first or outer arch extends upward from the basal portion of the frontal
region, backward above the optic thalamus and then downward into the
base of the caudal region. The upper border, throughout the entire extent
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of this arch, is continuous with the neocortex. No surface boundary line
marks the transition from the neocortex to this outer portion of the hippo-
campal arch. Cellular difference in these two areas do make a clear dis-
tinction between them.

The second arch occupies a position subjacent to the first. In regular
order, the third arch is situated subjacent to the second, the fourth to the
third and the fifth to the fourth. The positions and relations of these five
arches are shown in a reconstruction of the mesial surface of the hemisphere
in the 16 mm. pouch young opossum (fig. 1).

No markings on this surface of the brain as yet indicate the limits of the
separate arches. On the other hand, the differences in their cellular
specializations are pronounced enough to determine five distinet areas in
the brain wall. In view of ultimate differentiation and for purposes of
Inter identification the following equivalent terms will prove helpful:

~ The first arch or subicular areca.

- The second arch or fasciolar arca.
The third arch or dentaie area.
The fourth arch or epithelial area.
The fifth arch or choriotdal area.

The characteristic differences in the organization of these areas arc
illustrated in figure 2, S4, 4, DA, B4 and C4.

Cellular differences in five arches of 16 mallimeter pouch young opossum

The brain wall immediately below the lower limit of the neocortex
(fig. 2 N) shows marked changes in character. The germinal layer is
thicker, the mantle layer is especially prominent and the marginal zone
reduced to a thin stratum due to the extensive migration of mantle cells
intoit. The region with these features forms the subicular area (fig. 2 S4).
The arch which it forms extends from the base of the olfactory peduncle,
over the thalamus and then downward into the lowest portion of the caudal
region (fig. 1, Sl 4, Sec. 2).

The region subjacent to the subicular area shows further changes m
cellular arrangement. The germinal layer is less broad and its outer
boundary more sharply defined. The mantle layer i1s still prominent
although not so broad as in the subicular layer. The marginal layer is
relatively wide. This region forms the second hippocampal arch or fascio-
lar area (fig. 2 FA). It follows the same general direction asg the subicular
area from the base of the olfactory peduncle to the depths of the caudal
region (fig. 1, Sl. 4, Sec. 16).

The most striking cellular alteration occurs in the third hippocampal
arch or dentate area (fig. 204). The germinal layer is predominant in
this portion of the brain wall. Cells, with deeply staining nueclei and in
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densely compact arrangement, have migrated outward to such an extent
that the marginal zone is reduced to an extremely thin velum. It is diffi-
cult to distinguish those cellular differentiations which, in the subicular
and fasciolar areas, characterize the mantle layer. Following the course of
the hippocampal arches superimposed upon it, the dentate area extends
from the olfactory peduncle to the deeper portions of the caudal region
(fig. 1, Sl1. 4, Sec. 29). :

Fia. 2. HoRizoONTAL SECTIONS SEOWING UHARACTERISTIC AREAS OF MESIAL SURFACE
orF THE LuFT HEMISPHERE IN 16 mM. PoucH Young OrosstMm

Specimen No. 2005, Magnification X 70. N (slide 3, gection 27) neocortex; I
{slide 4, section 2) subicular area (S8A); 2 (slide 4, section 16) fasciolar area (FA);
3 (slide 4, section 29) dentate area (DA); 4 (slide 5, section 2) epithelial area (EA);
5 (slide 5, section 11} choricidal area (CA4).

The next succeeding or fourth arch does not participate directly in the
formation of the archicortex. It bearsimportant relations, however, tothe
development of the hippocampal commissure and the fimbria. This arch
forms the epithelial area (fg. 2 £A4). Its thickness is about one-half that
of the dentate area and its cells are arvanged as stratified epithelium.
Another of its distinguishing features is the absence of any marginal zone.



8 FREDERICK TILNEY

In its arched course it extends from the anterior pillar of the foramen of
Monro upward and backward above the foramen and, after circling the
lateral surface of the optic thalamus, it curves forward to terminate in the
posterior pillar of the interventricular foramen (fig. 1, Sl. 5, Sec. 2).

The fifth arch or choricidal area (fig. 2 C4) serves as a membranous
window which closes the space formed by the superimmposed arches above
it. The thickness of the brain wall is here reduced to a thin membrane.
The area consists of several layers of ependymal cells reenforced by a
growth of meningeal mesenchyme. This meningeal growth produces
several invaginations which, protruding into the lateral ventricle as
chorioidal folia, later give rise {o the chorioidal plexus. The chorioidal
area s attached throughout its entire extent to the lower margin of the
epithelial arca (fig. 1, SL. 5, See. 11).

The mesial surface of the brain wall, at this stage, is generally flat, with
the exception of a shallow groove which begins at the base of the olfactory
peduncle, extends upward and backward above the thalamus and descends
into the caudal region. This groove indicates the position in which the
Hippocampal Fissure subsequently develops (fig. 1), Its presence causes
- a slight bulging of the mesial brain wall into the lateral ventricle. Shallow
furrows surround this intraventricular bulging and mark the inception of
the Hippocampal Sulci.®

Five arches in the hippocampal region of the 25 millimeler pouch young
OPOSSUM

The differences characterizing the five arched areas in the hippocampal
region of the 16 mm. stage are more pronounced at 25 mm. Primary migra-
tory lamination from the germinal layer has formed an irregularly delimited
band in the subicular area quite unlike the narrow and well defined laming
of corresponding granule cells in the neocortex immediately above it.
The velum forming the marginal zone has thickened until it has attained
a depth nearly twice that of this layer in the neocortex. An irregular
migration of many scattered granule cells appears in this lamina of the
subicular area.

In the fasciolar avea primary migratory lamination has resulted in the
formation of a narrow band of granule cells set off by a sharp boundary
line from o broad marginal zone. The distinctness of this band as well as
its characteristic narrowness furnish the reasons for calling the region the
fasciolar area.

In the dentate area the disposition of the granule cells is altogether

*To avoid confusion the term sulcus is reserved for grooves in the ventricular
surface of the brain wall.
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different. These cells, forming a dense, compact stratum, have advanced
so far toward the outer surface of the brain wall that only an extremely
narrow marginal zone or velum appears external to them.

The most important advances of this stage have oceurred in the epithe-
lial avea. A well defined tract-bed has made its appearance in the base of
this area along the line of its contiguity with the dentate area. In spite
of the fact that its structure is definitely fibrillated, it has seemed wiser to
look upon 1t as the bed of a tract rather than a tract, until the nature of its
fibrils has been determined. The bed itself occupies the position of the
fimbria. It can be traced to the tip of the temporal horn of the lateral
ventricle. It follows the course of the epithelial area and extends forward
into the septum. All along the base of this area, the fimbrial tract-bed
appears as an ingrowth of fibrils between the ependymal lining on the
ventricular side and a thin layer of epithelium on its inner surface. As it
extends forward into the frontal region, it gradually increases in size and,
ot the junction of the epithelial area with the pars fenuis of the lamina ter-
minalis, undergoes a partial ecrossing to form the fimbrial decussation.
This decussation occupies a position in the lamina terminalis immediately
below the paraphyseal evagination and above the pars crassa which con-.
tains the fibrils of the massive anterior commissure. By this addition of
the fimbrial tract-bed, the hippocampal formation has acquired the last of
its arched structures.

Figure 3 shows a reconstruction of the mesial wall of the hemisphere in
the 25 mm. pouch young opossum. The hippocampal groove is still
shallow although in the frontal and temporal regions it has begun to assume
considerable depth. These regional differences in the hippocampal groove
make it convenient to subdivide the mesial surface of the hemisphere into
certain quadrants. In the anierior quadrani, the hippocampal groove has
the greatest depth. It is directed obliquely upward and backward from
the base of the olfactory peduncle toward the vertex of the hemisphere.
From this region it extends backward and passes through the superior guad-
rant in which it is relatively shallow. In the posterior quadrant it turns
downward toward the temporal region and again acquires greater depth.
In the inferior quadrant the hippocampal groove extends forward into the
temporal region.

The subdivision of the mesial surface into these quadrants is especially
helpful in identifying the subsequent changes which take place in the
several parts of the hippocampus. A notable feature of this stage is the
marked expansion which has occurred in the temporal portion of the
hemisphere. This expansion is associated with the development of the
descending horn of the lateral ventricle.

As most of the elements ultimately entering into the hippocampal
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formation have made their appearance at this early stage, they may be

enumerated as follows: '
1. The five histologically distinet arched areas of the hippocampal
region (fig. 3). N }
2. The hippocampal groove which marks the subsequent 1ﬁ)os1t-mn.oi
the hippocampal fissure. The development of this groove is a(:coxn;:mn‘led
by a protrusion of the mesial brain wall into the lateral ventricle forming

Foremen of Monko

EIEB S uhm ui&r area. %Fm bria
dzha.L {al area.,

Fia. 3. RE(‘G‘E’STRULTIOV SHGWWG 1\IDSIAL SURFACE OF LDFT TIEMISPHERE IN 25 M.
Pouce Youxna OpossuMm

Specimen No. 2003. Magnification X 30

the Aippocampal eminence. A furrow on the ventricular surface, the in-
ferior hippocampal sulcus, forms a partial boundary of this eminence.

3. The subicular, fasciolar and dentate areas participate directly in the
formation of the archicortex (fig. 3).

4, The epithelial area, along its base, serves as a support for the in-
growth of the fimbrial tract-bed. By its ventral margin it gives attach-
ment to the chorioidal area from which the chorioid plexus of the lateral
ventricle is derived. Joining with the pars tenuis of the lamina terminalis
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it establishes a pathway across which the fimbrial tract-bed undergoes
partial decussation, the fimbrial decussation.

Hippocampal region in 35 mullimeter pouch young opossum

The 35 mm. pouch young opossum has acquired all of the parts which
enter into the hippocampus. Although these structures are relatively im-
mature, they foreshadow the ultimate differentiations in this region of
the brain. The additional features in the hippocampus at this stage
comprise the hippocampal commissure and the alveus together with fur-
ther specializations in the subicular, fasciolar and dentate areas (fig. 4).

pocampal Fissure.

B Quiarel

Yo st Quad.
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- HC ﬁi?fmg a,_mx)s_i, Commissure .

Fia, 4. RECONSTRUCTION SHOWING MESIAL Sunrack oF LEFT HEMISPHERE IN 35 M.
Pouce Younag OprossiiM

Specimen No., 2004. Magnification X 30

Certain of these hippocampal features show considerable variation n
the several guadrants of the mesial brain-wall. Cellular conditions in
the hippocampus of the anterior quadrant are shown in figure 5, A, B,
¢ and D. In the most cephalic portion of this quadrant (fig. 54) the
mesial wall presents a slight undulation which forms the anterior portion
of the hippoeampal groove (I7). In this region the marked deepening of
the marginal zone indicates the transition from archicortex to neocortex.
The shallow hippocampal groove produces a slight bulging of the brain
wall into the Iateral ventricle which forms the beginning of the hippo-

campal eminence (HE).



Fie. 5. TransversE SEctioNs SHOwWING CONSTITUCENTS OF Hirrocampran FORMATION
IN ANTERIOR QUADRANT OF 35 MM, PoucH YOUNG Qrossum

Specimen No. 2004, slide 27, section 9; slide 28, scction 16 ; slide 30, seetion 3;
slide 30, section 37. Magnification X 50. a, alveus; C, crescentic area; D, dentate
area; F, fasciolar area; FD, fimbrio-dentate fissure; fi, fimbrin; hippocampal
fissure; HE, hippocampal eminence; <k, inferior hippoeampal suleus; 1, lamina
mterposita; S, presubicular area; S, subicular aren; se, supracaudate suleus; sh,
superior hippocampal sulcus.
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The most pronounced changes, however, are due to cellular specializa-
tions which have occurred i the subicular area, as a result of which this
area undergoes further subdivision. Up to thix time differentiation
throughout the area -has remained uniform. This homogeneity is now
replaced by further local specialization.

The boundary between neocortex and archicortex, clearly indicated by
the increased depth of the marginal zone, is further emphasized by a re-
duction in the number of granule cells in the hippocampal region of transi-
tion. Beneath the granule layer of this area are six to eight rows of small
pyriform cells resting upon a compact mantle layer. This portion of the
archicortex forms the presubicular arca {PS in fig. 5). Adjacent to it, the
cortical organization shows still more pronounced modifications. The
marginal zone has inerecased in depth, external granule cells are almost
entirely lacking and the chief elements are large pyriform cells with faintly
staining cytoplasm. Because of itg cortical relations this region is called
the subicular area (S in fig. 5). The next succeeding portion of the archi-
cortex, designated the crescentic area (C in fig. 5), is distinguishable by its
general appearance in cross section as wetl as by its structural characteris-
tics. Its marginal zone is broad, its external layer of granule cells well
developed. Underlying these cells is a stratum of medium sized pyriform
cells six to eight rows deep. The pyriform cells rest upon a loose and
relatively narrow mantle layer. This area of the archicortex is in direct
relation with the summit of the hippocampal eminence (H£) and the apex
of the hippocampal fissure (/7). The manner in which it is curved about
the fissure causcs its characteristic crescentic appearance.

Due, therefore, to further cellular specialization, the original subicular
area of earlier stages becomes the presubicular area (PS8), the subicular
area (8) and the crescentic area (C).

In this guadrant the fasciolar (F in fig. 5) and the dentate areas (D in
fig. 5) complete the cortical elements of the hippocampal formation. The
cells of the fasciolar area are arranged in a narrow compact layer. They
consist of large pyriform elements with a few scattered granule cells.
The dentate area, on the other hand,is made up largely of gramile cells with
irregularly secattered pyriform cells beneath them.

Another feature of this stage is the appearance of a tract-bed situated
between the ependymal lining of the ventricle and the base of the archicor-
tex. It holds the position and relations ultimately maintained by the
alveus (¢ in fig. 5). Immediately ventral to the dentate area (D) is a
tract-bed representing the anterior projection of the fimbrial system (fi in
fig. 5).

As the hippocampal groove changes from its vertical to its horizontal
course in the anterior quadrant, it rapidly deepens to form an actual fissure
(H in fiz. 5B and 5C). With the deepening of this fissure the hippo-
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campal eminence (HE) in the lateral ventricle becomes more pronounced.
The hippocampal fissure, because of its increasing depth, acquires an up-
per and a lower lip. The upper lip consists of the presubicular and su-
bicular areas (PS8 and Sin fig. 5). The actual depth of the hippocampal
fissure is somewhat abbreviated by the development of the lamina inter-
posita (L in fig. 5C).  This lamina is an extension of the meningeal mesen-
chyme, which in the deeper portions of the fissure, causes a fusion between
the opposite surfaces of the zonal layer covering the subicular area (8)
above and the fasciolar area (F) below the fissure.

An undulation of the mesial surface below the hippocampal groove
marks the position of the fimbrial tract-bed (fi in fig. 5). As the lower
lip of the fissure increases in prominence (fig. 58 and ) this undulation
becomes deeper and forms the fimbrio-dentate fissure (FD in fig. 5C).

In the superior guadrant, the general plane of the hippocampus is hori-
zontal. The archicortical structures contained in it ecurve gently above
the roof of the diencephalon and form the vault of the hippocampal arch
(fig. 4)}. This region differs from the corresponding portion of the anterior
quadrant in several important details: first, in a marked deepening of the
hippocampal fissure with attendant changes in the disposition of the
dentate area; second, in alterations due to the presence of the massive
. hippocampal commissure; and third, in relation to the interventricular
canal. ,

The hippocampal fissure progressively increases in depth from the
anterior to the posterior limits of the superior quadrant. In consequence
the lips of the fissure become still more prominent. Most of this increased
prominence is due to expansion in the dentate area which has assumed the
appearance of a grooved flange forming the lower margin of the archicor-
tex (D in fig. 6). The groove of the flange is divected toward the lateral
ventricle, while its convexity gives contour to the well-rounded lower lip
of the hippocampal fissure. Two factors, in addition to cortical expansion,
appear to account for the changed disposition of the dentate area; namely,
the increasing mass of fibers from the hippocampal commissure (HC in
fig. 6, 4, B, C'and D) with the attendant deepeningof the fimbrio-dentate
fissure and the progressive increase in depth of the hippocampal fissure.
Cumulative effects of these factors upon the relations of the dentate
area become apparent with the appearance of the most cephalic fibers of
the hippocampal commissure (HC in fig. 64).

The continuity of the fasciolar and dentate areas, typical of the anterior
quadrant, shows an increasing tendency toward mmterruption at the junc-
tion of these two archicortival areas. When this interruption finally
ocecurs (fig. 6 C and D) the dentate ares assumes g kidney-shaped outline,
into the hilum of which the disconnected end of the fasciolar ares, projects
(fig. 6D). Structurally the dentate area consists of a narrow marginal
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zone, a dense layer of granule cells and an irregular stratum of medium
size pyriform cells. The area does not rest upon any diserete mantle

Fi1g. 6. TRANSVERSE SECTIONS SHOWING CONSTITUENTS OF HIPPOCAMPAL FORMATION
IN STPERIOR QUADRANT OF 35 M. Poucu Youna OpossuMm

Specimen No. 2004, slide 31, sections 7 and 8; slide 32, section 11; slide 33, section
17. Magnification X 50. a, alveus; C, crescentic area; D, dentate area; ¥, fasciolar
area; FD, Ambrio-dentate fissure; fi, fimbria; fe, foramino-olfactory suleus; H, hip-
pocampal fissure; HC, hippocampal commissure; HE, hippocampal eminence; 7,
intercalary area; ie¢, interventricular canal; 74, inferior hippocampal sulcus; L,
lamina interposita; PS, presubicular area; 8, subicular area; sc, supracaudate sulcus;
sh, superior hippocampal sulcus.

layer because of the interposition of large fiber bundles from the hippo-
campal commissure. Several strands of mantle cells, however, migrating
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from the summit of the hippocampal eminence, penetrate the fiber bundles
and make their way into the dentate hilum. Most of the pyriform cells
of the dentate area are of medium size but at the upper pole of this kidney-
shaped structure, the detached end of the fasciolar area projects into the
hilum and thus introduces a considerable number of larger pyriform cells,
The character, arrangement and relations of these cells give rise to a cor-
tical region differing sufficiently both from the fasciolar and dentate areas
to require special designation. Its inclusion i the dentate hilum suggests
the term intercalary area (7 in fig. 6D).

The other archicortical areas are essentially the same as in the an-
terior quadrant except that their structural details are more sharply
defined. The fasciolar area (¥ in fig. 6, A, B, € and D) consists of a moder-
ately broad marginal zone, a poorly developed granule layer, and a nar-
row somewhat loosely arranged stratum of large pyriform cells.  Fxeept
for several strands of mantle cells, this area rests upon no definite mantle
layer. The crescentic area (C in fig. 6 4, B, C and D) has an extremely
broad marginal zone, with a dense layer of granule and medium-sized
~pyriform cells resting upon a loose mantle layer. It stands out conspicu-
ously hecause of its shape and the intense staining reaction of its granule
cells.

The subicular area (S in fig. 6, A, B, C and D) is a striking feature of
the archicortex, here as elsewhere. Its marginal zone is relatively broad
but distinetly less than that of the crescentic area. The abscnee of
granule cells and the clustered, almost nuclear arrangementofl large pyri-
form cells distinguish it at once from adjacent areas.

The presubicular area (PS8 in fig. 6, A, B, €' and D) consists of a mar-
ginal zone considerably reduced in width. An ill defined granule layer and
a stratum of several rows of medium-sized pyriform eells are superimposed
upon a thick mantle layer?

In the posterior quadrant, the hippocampal formation begins its descent
into the temporal region, as shown in figure 7. The most notable feature
here is the increased depth of the hippocampal fissure with an attendant
inrolling of the fasciolar area. As a result of this inrolling, the area fasci-
olaris occupies a position internal to the dentate ares and in juxtaposition
with the fimbria (F in fig. 78). In the superior and anterior quadrants,
the dentate area is internal to the fasciolar area. The changed relations
of these two areas, caused by the inereasing depth in the hippocampal
fissure, has muech significance. This change, in its inception, is shown in
figure 74. It becomes progressively more marked in figure 7.5.

# This distinetion between the six areas of the archicortex is of much importance
from the phylogenetic standpoint. The recognition of these areas is likewise im-
portant in the further physiological analysis of this part of the brain. Cognizance
should also be taken of them in pathologieal desceriptions which usually speak too
loosely of lesions in the Cornu Ammonis or Hippocampus.
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All of the six cortical areas of the archicortex are well defined and may
be followed through the successive alterations which result in the inrolling
of the fasciolar area. The presubicular (PS), subicular (S), crescentic (Cy,
fasciolar (F), intercalary (I) and dentate (D) areas present their usual
characteristics in figure 74. The fasciolar area has assumed its actually
inrolled position in figure 78, and lics internal to the dentate area. Cer-

‘A

F1e. 7. TRANSVERSE SEcrions SHowing ConNsTrrunNTs OF HIPPOCAMPAL FORMATION
IN PosTeRIOR QUADRANT oF 35 MM. PoucH Young OPossuMm

Specimen No. 2004, slide 35, section 8; slide 38, section 10; slide 40, section 5;
slide 43, section 4. Magnification X 50. a, alveus; C, crescentic area; D, dentate
area; F, fageiolar area; /D, fimbrio-dentate fissure; fi, imbria; H, hippoecampal fis-
sure; HE, hippocampal eminence; I, intercalary area; {4, inferior hippoeampal sul-
cus; PS, presubicular area; S, subicular area; sc, supracaudate suleus; sh, superior
hippocampal sulcus.

tain structural modifications accompany this alteration in the relations of
these areas: first, an increase in the height of the lateral ventricle as it
enters into the formation of the trigonum ventriculi; second, a marked
expansion of the hippocampal eminence (HE); and third, a lengthening
of the fasciolar area (F) with a deepening of the hippocampal fissure (H).
The specific character of the intercalary area is shown in figure 74 S,
as is also the great depth of the hippocampal fissure.
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Hippocampal region in the 48 millimeler pouch young opossum

Besides marked expansion in the neocortex, the mesial wall of the brain
shows further changes in the hippocampus. In the anterior quadrant th.e
hippocampal fissure is shallow and the archicortical areas oceupy their
primitive relations (fig. 84, B and C). Sections through this quadrant
contain the typical succession of areas, le., I, the presubicular area;
2, the subicular area; 3, the crescentic area; 4, the fasciolar area; 4, the
dentate area. The cellular features of these areas are still poorly devel-
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T1ig. 8. REconsrrucTION SEHOwIiNGg Mregrin Surrack oF Lerr HEMISPHERR IN 45 MM,
Poucux Young OrossoMm

Specimen 2066, Magnification X 25

oped and lack the distinctness which characterizes them in the other
quadrants. Immediately beneath the dentate area, a large bundle of
fibers (D) extends backward in the upper border of the septum. An ox-
tremely shallow groove forms the boundary between these fimbrial fibers
and the dentate area. The groove becomes more pronounced as it ap-
proaches the superior quadrant where it assumes more definite appearance
as the fimbrio-dentate fissure.

Upon passing into the superior quadrani the hippocampal fissure at
once acquires greater depth, the prinecipal effect of which is a sharp inroll-
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ing of the fasciolar area. This area now disappears from. the mesial
surface of the brain, being lost to sight in the deep hippocampal fissure.
With the increasing depth of this fissure, the cortiecal inrolling continues to
such an extent that the presubicular and dentate areas are the only archi-
cortical structures to appear on the mesial surface. The results of this
cortical inrvolling first become apparent in the 35 mm. pouch young opos-
sum (fig. 7). In the 45 mm. pouch young opossum this reversed relation
of the two areas appears in the caudal portion of the superior as well as
in the posterior and inferior quadrants. The altered relations incident
to the cortical inrolling bring the fasciolar area (B) between the dentate
area (C) and the fimbria (D). Conditions in the anterior quadrant illus-
trate the primitive relations in the hippocampal region. The modifications
in the other quadrants indicate the extent to which the hippocampus has
departed from these earlier relations due to the increased depth of the
hippocampal fissure.

At this stage the epithelial and chorioidal areas are well defined. They
ocecupy their usual positions. The differentiation between the six cortical
areas of the archicortex; (I, presubicular, 2, subicular, 8, crescentic, 4,
fasciolar, &, intercalary, and 6, dentate areas) has acquired greater dis-

" tinetness.

The hippocampal region in the 60 millimeter opossum

The hippocampus in the anterior quadrant at this stage can be easily
distinguished. The most cephalic portion of this archicortical region is
characterized, as in earlier stages, by the extreme shallowness of the
hippocampal fissure (H in fig. 94). On the other hand, the thickness of
the marginal layer as well as the bulging of the brain wall into the lateral
ventricle indicate the location of the hippocampal structures,

As vet, the archicortex, with the exception of a slight undulation in the
neighborhood of the hippocampal furrow (H), occupies a position in the
general plane of the mesial surface. With the appearance of an actual
hippocampal fissure (H in fig. 9 B, C and D) this relation of the archicortex
undergoes several changes. The hippocampus upon the surface is con-
siderably reduced in extent and at the same time inverted toward the
ventricle. As a result, the hippocampal eminence (HE) becomes larger
and the inferior hippocampal sulcus (¢/) occupies a more inferior position
in the ventricular wall. The retreat of the archicortex toward the ven-
tricle with the deepening of the hippocampal fissure affects the dentate
area last and least. The remainder of the archicortex, with the exception
of the presubicular area (PS in fig. 9 4, B, C and D) shows the effects of
inversion in a striking manner. The subicular area (S in fig. 9 4, B, C
and D) stands out at the end of the darkly staining presubicular area as a
loosely arranged nucleus. The crescentic area becomes well defined in
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the eaudal portion of the anterior quadrant (C in fig. 9C). In this region
it is also easy to distinguish the fasciolar, intercalary and dentate areas

Fia. 9. TRANSVERSE SECTIONS SHOWING CONSTITUENTS OF IHIPPOCAMPAL FOoRMATION
IN ANTERIOR QUADRANT OF 60 mym. Pouc YouNg OPossuUM

Specimen No. 2019, sections 165, 185, 210, and 220. Magnification X 50. «a, al-
veus; (I, erescentic area; D, dentate area; F, fasciolar aren; D, fimbria-dentate
fissure; fi, fimbria; fo, foramino-olfactory sulcus; I, hippocampal fissure; HC, hip-
pocampal commissure; HE, hippocampal eminence; 7, intercalary area; i/, inferior
hippocampal suleus; PS, presubicular area; S, subicular avea; se¢, supracaudate sui-
cus; sh, superior hippocampal sulcus.

(F, I and D infig. 9 C). The dentate area, which originally is in direct
continuity with the rest of the archicortex, has detached itself from the
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end of the fasciolar areas and is assuming the Hange-like appearance char-
acteristic of it in the other guadrants. The alveus (a in fig. 9 C) is still
better defined than in the more cephalic sections of this quadrant. Tt is
prominent as an arcuate sheet of fibers which extends from the mesial
tip of the dentate area and successively passes around the intercalary,
fasciolar, crescentic and subicular areas. In relation to the ventricle, it
occupies a subependymal position at the base of these cortical regions.
Its mesial portion lies between the dentate area and the septum. In
front of the inner extremity of the alveus is the fimbria, whose position
on the surface of the brain is marked by the fimbrio-dentate fissure (fig.
9 C. FD). Internal to the fimbria and immediately below the fimbrio-
dentate fissure is the pars tenuis of the lamina terminalis.

The outstanding change in the superior quadrant is produced by the
erossing fibers of the hippocampal commissure (fig, 10 4 and B, HC).
Most of the fibers pass directly to the alveus (a) and thus add to the size
of the hippocampal eminence. (HF). This hippocampal feature in the
superior quadrant furnishes one of the most striking points of contrast
between mammalian brains having a corpus callosum and those without
this commissure. The crossing hippocampal fibers not only increase the
size of the eminence, they also increase the degree of hippocampal inrolling
and give greater obliquity to the hippocampal fissure (H). In the anterior
quadrant the plane of this fissure is nearly horizontal; in the superior
quadrant, it has an inclination of about 45°,

The portion of the hippocampus which appears on the mesial surface
is less than in the anterior guadrant due to the further retreat of the
archicortex into the ventricle as the neocortex develops. Only a part of
the upper and lower lips of the archicortex surrounding the hippocampal
fissure is now visible upon the inner surface of the brain. In the upper
lip, the presubicular area (PS in fig. 10) can be seen on the surface; in
the lower lip is the dentate area, which now has its typical flange-like
appearance in cross-section (D in fig. 10). The structural features of
the remaining arcas of the archicortex have the same characteristies as the
corresponding areas in the anterior quadrant. The subicular area 1s
more prominent as a nuclear aggregation of pyriform cells with faintly
staining cytoplasm (S in fig. 10); the crescentic area is conspicuous because
of its shape and dense, darkly staining granule cells (C in fig. 10); the fasi-
olar area shows attenuation in size and cellular density (' in fig. 10);
and the intercalary area has its distinguishing features as a portion of the
archicortex inserted into the hilum of the detached, flange-shaped dentate
area (I in fig. 10).

The sulei of the ventricle have likewise been modified by the changes
occurring in the superior quadrant. The superior hippocampal sulcus
(fig. 10, sh) has become deeper and more widely separated from the in-
ferior hippocampal suleus (fig. 10, 7h), due to the expansion of the hippo-
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campal eminence. The inferior hippocampal sulcus becomes progressively
broader and more shallow (fig. 10 4, B, C and D, Zh) as it extends back-
ward. The foramino-olfactory sulcus (fig. 10 B, fo) becomes deeper and
swings inward as it approaches the foramen of I\/ionro which forms a long
canal beneath the hippocampal commissure,

Tre. 10. TraNsvERSE SEoTIONS SHOWING ConstrrueNTs oF HirrocaMprarn TorMa-
TION IN SUPERIOR QUADRANT oF 60 MM, Poucn Youna OrossuMm

Specimen No. 2019, sections 235, 240, 250 and 255. Magnification X 45. e, al-
veus; (, creseentic area; D, dentate area; 7, fasciolar area; FD, fimbrio-dentate
ﬁssure ﬁ, fimbria; fo, farammf}—{ﬁfae{,or}f Suicus H, hippocampal ﬁ;gsurc H{, hip-
peca,mpal commissure; HE, hippocampal eminence; I, intercalary area; ic, inter-
ventricuiar canal; 24, inferior hippocampal sulcus; PS presubzculdr area; S, subicu-
lar area; se, supracaﬁdate suleus; sh, superior thpoeam;}(ﬂ sulcus,

The fimbrio-dentate fissure undergoes less change in the superior
quadrant than the hippocampal fissure. It does, however, become less
prominent as the massive bundle of crossing hippocampal fibers increases
in size (fig. 10 B, FD). After the commissural fibers have ceased to cross,
the fimbrio-dentate fissure again becomes conspicucus (fig. 10 ¢, D).
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As in.sections through the anterior and superior quadrants, this fseure
establishes a I.)Otinda?‘y between the dentate area and fimbria. The main-
tenance of this relationship has important bearings on the changed posi-
tion of the fasciolar area which occurs in the posterior quadrant. The
exact course of the fibers forming the hippocampal commissure eannot
be determined with complete certainty in preparations made especially to
give cellular detail. The process of development, however, offers a fortu-
nate opportunity in this respect. All tract-beds and developing tracts
take a brilliant white or yellow stain until myelinization is far advanced.
In this way it is possible to gain a general idea of the course of many
fiber bundles. Much detail of the fibers entering the hippocampal com-
missure is thus disclosed. These hippocampal fibers- can be traced di-
rectly into the alveus. On the ventricular side they extend as far upward
as the superior hippocampal sulcus. They are interposed between the
ependyma of the ventricle and the successive arveas forming the archi-
cortex. After they sweep around into the region immediately beneath
the dentate area, they pass through the thick mesial wall formed by the
septum, enter the pars tenuis of the lamina terminalis and cross the mid-
line in this structure. Dorsal to these crossing fibers is a smaller bundle
of fimbrial fibers which undergoes decussation. Lying upon the back of
these commissural and decussating fibers, is a long, evaginated portion of
the third ventricle which ends in two outpouchings. The more ventral
of these diverticula is the paraphyseal pouch, the more dorsal, the peri-
physeal pouch.* -

The increased depth of the hippocampal fissure in the superior quadrant
results in further inrolling of the archicortex. The cortieal inrolling be-
comes so pronounced in the caudal region of this quadrant that the fasci-
olar area assuimes a position on the mesial surface of the hemisphere
(fig. 11). The occurrence of this cortical inrolling, with the attendant
change in the relations of the dentate and fasciolar areas, has already heen
mentioned in discussing the 45 mm. pouch opossum. It is a change to
be borne in mind since it has particular significance in the structural rela-
tions of these areas in all mammals which develop a corpus callosum. .

In the posterior quadrant the effects of the alteration in the relations of
the fasciolar and dentate areas are still morve striking. The change is
obviously due to the sharp downward turn of the hippocampus as it de-
scends into the temporal region. A deepening of the hippocampal fissure,
as well as a lengthening of the fasciolar area, accompany this descent {(fig.

1 Some years ago I described the periphyseul processes in petromyzon, amia ealva
and ameiurus nebulogus. I am strongly inclined to believe that the dorsal peri-
physeal pouch in opossum is the homologue of the extensive periphysecal processes
in certain fish. This question is of much interest but requires further investigation
hefore the homology can be definitely established,
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11a). Certain contrasts in the relations of the fasciolar an'd den’tate areas
in the several quadrants are illuminating. In the cephalic region of the
anterior quadrant the fasciolar area appears in the mesial surface of the
brain beeatse the hippocampal fissure is extremely shallow and no archi-
cortical inrolling has yet occurred (fig. 9 4, 7). With the deepening of the
fissure (fig. 9 B and €, H) the fasciolar area is carried inward toward the
lateral ventricle and away from the mesial surface. It is carried still

a

Tig. 11. TRANSVERSE SECTION SHOWING INROLLING OF [FAsCIonAR AREA AND X TRA-
YVENTRICULAR ALVETS IN 45 M. Poucs Younag Orossum

Specimen No. 2066, section 175. Magnification X 60. a, alveus; ez, extraven-
tricular alveus; C, crescentic area; D, dentate arvea; /', faseiolar area; I'D, fimbrio-
dentate fissure; fi, imbria; H, hippoecampal fissure; HE, hippocampaf eminenece; J,
intercalary area; n, neocortex; PS, presubicular avea; R, rhinal fissure; S, subicular
area,

farther inward and becomes invisible upon the surface throughout the
superior quadrant. Its disappearance from the mesial surface is due to
the cortical inrolling incident to increased depth of the hippocampal
fissure. But this same factor, i.e., the depth of the fissure which causes

the fasciolar area to disappear as a feature visible upon the mesial surface,

now causes it to reappear in the posterior quadrant as a prominent surface
element (fig. 11, F).
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Not only does the hippocampal eminence (HE) increase in size as the
archicortex extends downward into the temporal region, but certain
changes occur in the relation of important structures. Most conspicu-
ous among these alterations are those affecting the alveus. In other poi-
tions of the hippocampus, this broad sheet of nerve fibers has held a char-

I'ia. 12, TrRansvVERSE Sperions Ssmowing ConstrroENTs oF HirrocampPan FPorma-
10N IN PosTERIOR QUADRANT OF 60 MmM. PoucH Youwnag Orossum

Specimen 2019, sections 300, 320, 355, and 360. Magnification X 45. a, alveus;
C, crescentic area; D, dentate area; , fasciolar area; FD, fimbrio-dentate fissure;
fi, fimbria; H, hippocampal fissure; H, hippocampal commissure; HE, hippocampal
eminence; I, intercalary area; n, neocortex; IS, presubicular area; S, subicular area.

acteristic position, namely, at the base of the archicortex and immediately
internal to the ependyma of the ventricle. In other words, it is an intra-
ventricular structure (Vide ¢ in fig. 9 4, B and C; also fig. 10 4, B and C).
Such a statement, however, requires certain qualifications. It is true as
applied to the anterior quadrant and most of the superior quadrant. It
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is accurate only in part with reference to the posterior quadrans. In
this region of the hippocampus the inrolling of the archicortex, already
described in connection with the deepening of the hippocampal fissure,
produces not only a change in the fasciola-dentate relations, but an actual
eversion of the fasciolar cortex. As a result of this eversion, that portion
of the alveus which underlies the fasciolar area now occupies a position in
the mesial surface of the hemisphere; in other words, it has become an
extraventricular part of the alveus (¢ in fig. 12 4). During the process
which results in the eversion of the fasciolar ares, a marked alteration
occurs in the relation of the fimbria and the dentate arca. In most of its
extent, this bundle of fibers has held a position in immediate juxtaposition
with the dentate area. The fimbrio-dentate fissure has offered a constant
surface landmark identifying the intimacy of these two hippocampal
structures. But in the posterior quadrant this intimate rclationship is
lost. With the lengthening of the fasciolar area and the inrolling of the
archicortex, the fimbria hag given up its close relations with the dentate
~area (fi. in fig. 12 A). It has allied itself with the fasciolar area in such a
-way that quite a space exists between it and its former close structural
associate, the area dentata. In fact, it is in this space that the extraven-
tricular alveus makes its appearance {¢ in fig. 12 4 and B).

Partly as a consequence of the elongation of the fasciolar area and partly
because of the gradual alteration of the fimbria, the fimbrio-dentate fis-
sure (fd in fig. 12 4) has become broad and shallow. The hippocampal
fissure (M), however, especially the lamina interposita, shows marked
increase in length.

All of the archicortical areas are well defined in the posterior quadrant.
The presubicular, subicular, crescentic, fasciolar, intercalary and dentate
areas are easily identified in the cephaliec region of this quadrant. In the
more caudal portions of the gquadrant, the transition from archicortex to
neocortex above and from archicortex to paleocortex below, may be traced
without difficulty (fg. 12 B, € and D). The final detachment of the
caudal extremity of the dentate area by the hippocampal fissure is seen
in figure 12 D.

The hippocampus in the adult opossum

The reconstruction of the adult opossum brain shows the ultimate ef-
fects of archicortical inrolling. Increase in the dimensions of the neo-
cortex is not only a conspicuous feature of the mesial surface of the hemi-
sphere but a general decrease in the size of the presubicular area (fig. 13)
indicates the degree to which the archicortex has retreated into the hip-
pocampal fissure.

In the anterior quadrant, the fissure is shallow with the result that the
presubicular, fasciolar and dentate areas appear exposed on the surface.
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With the deepening of the fissure in the more caudal portion of this quad-
rant, the fasciolar area disappears and the fissure is now bounded, as in
most other portions of its course, by an upper lip consisting of the pre-
subicular area and a lower lip formed by the dentate ares.

The encroachments of the neocortex upon the hippocampus are still
more evident in the superior quadrant. The presubicular area is reduced
in its surface expression to a narrow band of cortical tissue while the sub-
icular, crescentic and fasciolar areas have undergone complete introver-
sion into the greatly deepened hippocampal fissure. In the caudal portion
of the fissure, the introversion is so extensive that the fasciolar area has
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Specimen No. 2013. Magnification X 15.

begun to assume a position inside of the dentate area, interpolated be-
tween the dentate and the fimbria. The epithelial and chorioidal areas
occupy their usual positions.

In the posterior quadrant, the hippocampus makes its sharp descent
downward into the temporal region and comes into relation with the
trigonum of the lateral ventricle. Here the archicortical introversion is
carried to its highest degree and the fasciolar area is most conspicuous in
1ts position inside of the dentate area.

In the inferior quadrant, the hippocampus bends directly forward at
right angles to its descending course, and extends into the temporal region
to come into relation with the temporal horn of the lateral ventricle. The
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Fig. 14. TRANSVERSE SEcTiONs SHowIiNg ConNsgriTueNTS OF HrirrocaMpPal FoRMA-
TION IN ANTERIOR (JQUADRANT OF THE ADULT OPORSUM

Specimen No. 2013, sections 410, 450, 485, and 505. «, alveus; C, crescentic arca;
D, dentate area; F, [asciolar area; #D, fimbrio-dentate fissure; fi, imbria; fo, fora-
mina-olfactory sulcus; H, hippocampal fissure; HC, hippocampal commissure; HE,
hippocampal eminence; 7, intercalary area; 1¢, interventricular canal; <%, inferior
hippocampal sulcus; PS8, presubicular area; S, subicular area; se, supracaudate sul-
cus; sh, superior hippoeampal sulcus.

hippocampal fissure again assumes much of its original depth and is
bounded by the presubicular and dentate areas.
Sections of the adult opossum brain at levels corresponding to those

%
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of the earlier stages previously discussed, show the cellular organization
at maturity. In the anterior quadrant both the mesial surface of the
hemisphere and the mesial wall of the lateral ventricle give evidence of
the hippocampal formation (fig. 14 4, B, C and D). Situated in the more
cephalic region of this quadrant, the hippocampal fissure (H in fig. 14 A),
appears as a shallow groove which ascends obliquely backward. Grouped
around the fissure are five of the six cortical areas which characterize the
hippocampus, namely, the presubicular (PS), the subicular (S), the
crescentic (C), the fasciolar (F), and the dentate (1), At the base of these
cortical areas lies the alveus (¢ in fig. 14), while at the ventral extremity
of the dentate area a slight undulation of the brain wall marks the hegin-
ning of the fimbrio-dentate fissure (FD in fig. 14 € and D).

The mesial surface of the lateral ventricle presents two elevations, the
upper and smaller of which is the hippocampal eminence (HFE), and the
Iower, the septal eminence (S). The two eminences are separated by the
inferior hippocampal suleus (zh) while the superior hippoecampal sulcus
- (sh) forms the upper boundary of the hippocampus.

As the hippocampal fissure turns backward into its horizontal course
(H i fig. 14 B, ¢ and D), the ventricular eminence of the hippocampus
(HE) increases in size and its limiting sulei become more sharply defined.
Cortical inrolling proceeds rapidly and the archicortical areas aequire
clearer definition. At levels marking the interruption between the fasci-
olar and dentate areas, the intercalary area makes its appearance {I in
fig. 14 D) thus completing the cortical specializations typical of the hippo-
campus. As in earlier stages, the hippocampal fissure increases in depth
and is bounded by an upper lip containing the presubicular area and a
lower lip composed of the dentate arca. A comparison of figure 14 4
and figure 14 ¢ shows the manner in which the archicortex has undergone
inrolling with the resulting formation of the hippocampal eminence.

In the caudal portion of the anterior quadrant the fimbrio-dentate
fissure is well defined (/7D in fig. 14 ). Below this fissure is a bundle of
fibers which forms the fimbria (fi). Extending from the fimbria toward
the lateral ventricle is a long, narrow band of fibers, at first situated be-
tween the fasciolar area and the septum, and then lying at the base of the
hippocampal eminence to form the intraventricular alveus {(a in fig. 14 C).
The foramino-olfactory sulecus has assumed its mesial inclination as it
approaches the foramen of Monro (fo in fig. 14 D).

The prinecipal changes occurring in the superior quadrant are determined
mainly by three factors; first, the further inrolling of the archicortex with
a deepening of the hippocampal commissure and fimbrial decussation;
second, the absence of the hippoeampal and fimbrial decussation; and
third, the junction of the foramino-olfactory suleus with the interventric-
ular canal.
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The decussating fibers of the fimbria as well as the commissural fibers
of the hippoeampus cross from one hemisphere to the other through the
pars tenuis of the lamina terminalis.

It seems probable that one influence, at least, determining the marked
inrolling of the archicortex in the superior quadrant is the incursion of the
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TF1g. 15. TravsvErse SEoTioNs SHowiNg CONSTITUBNTS OF THE HirrocamraLl For-
MATION IN THE SUPERIOR (QUADRANT OF THE ApULT OPOSSUM

Specimen No. 2013, sections 540, 570, 580 and 600. Magnification X 15. a, alveus;
C, crescentic area; D, dentate area; /, fasciolar area; D, fimbrio dentate fissure;
fi, fimbria; fo, fer&mmo-aifactory sulcus H, hlppocampal ﬁssure HC, hippocampal
commissure; HE hippocampal emmanee' 1 , intercalary aresa; e, interventricular
canal; ik, inferior hippocampal sulcus; I’S presublicular ares; S, subicular ares; se,
Supracauda,te suleus; sk, superior }uppocampal sulcus.

massive hippocampal commissure. Before this crossing takes place,
many fibers of the fimbria pass over to the opposite hemisphere, thus
forming a partial fimbrial decussation.

In the superior quadrant, cortical inrolling has advanced to such a
degree that ouly a small portion of the archicortex is visible on the mesial
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surface of the brain (fig. 15 4, B, C and D). The lips of the hippocampal
fissure consist of the presubicular (PS8} and dentate (D) areas.  So far has
the hippocampal cortex been carried inward toward the lateral ventricle
that only the inner angle of the dentate arca and a small portion of the
presubicular area remain exposed upon the surface.

The areas of the archicortex, already traced through the process of de-
velopment, have assumed the appearances of maturity. Their underlying
differences observed in earlier stages are now sublimated in adult form and
clearly justify the recognition of six distinet cortical regions in the hip-
pocampus, as follows:

1. The presubicular area is partly on the mesial surface forming the upper
lip of the hippocampal fissure. Its marginal zone is a little thicker than
that of the neocortex. The external granular layer is scanty, two to three
cells deep. There are six to eight rows of small and medium-sized pyram-
idal cells. The internal granular layer is wanting. The internal pyram-
idal layer containg a few large pyramidal cells. A few scattered stellate
cells form the multiform layer (PS in fg. 15 4, B, C and D). '

2. The subicular area is immediately adjacent to the presubicular area.
Its marginal zone is relatively thick. No granule cells are present. The
entive area consists of small and medium-sized pyramidal cells having a
nuclear arrangement and no evidence of stratification (8 in fig. 154, B,
- and D).

3. The crescentic area is easily distinguishable by its erescentic outline.
The marginal zone is fairly deep. The external granule layer is irregular
and consists of deeply staining granules and medium-sized pyramidal
cells. Tt has no internal granule layer, and only a few large internal
pyramidal cells, and a few multiform cells (C in fig. 154, B, C and D).

4. The fasciolar area has a marginal zone which is thicker than else-
where in the archicortex. The external granule layeris composed largely
of small and medium-sized pyriform ecells. There are a few scattered
pyramidal cells of comparatively large size but no internal granule layer
and only a few multiform cells (F in fig. 154, B, ¢ and D).

5. Intercalary area has a thick marginal zone, with some loosely scat-
tered pyriform and granule cells. It lacks an internal granule layer, but
has a number of pyriform and multiform cells in the deeper layers (7 in
fig. 154, B, C and D).

6. Dentate area, the marginal zone of which is of average thickness as
compared with that of the neocortex. The characteristics of this area are
the shape of the densely staining external granule layer and the con-
figuration of the entire area. In the hilum of the dentate arven there are
many satellate and multiform cells.  An internal granule layer is lacking
and the basal region of this area is composed of multiform cells with a few
pyriform elements (D in fig. 154, B, C and D).
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The plane of the hippocampal fissure in the superior guadrant has an
obliquity of about 45° to the mesial surface. The actual fissure itself is
deep and its prolongation, the lamina interposita, adds considerably to
its depth. Immediately below it is the fimbrio-dentate fissure which
marks the position of the fimbria. In figure 15 4, the fibers of the fimbrial
dceussation are seen passing through the upper margin of the septum
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Tig. 16. TRANSVERSE SEOTION SHOWING THE So-cALLED “ANTERIOR PIinrar or Fon-
nix’' 1w Aport Orossum

Specimen 2013, section 500, Magnification X 70. D, dentate arvea; FD, fimbrio-
dentate fissure; fi, imbria; fp, “anterior pillar of fornix;”’ H, hippocampal fissure;
PSS, presubicular area.

whence they enter the lamina terminalis to reach the opposite hemisphere.
A short distance in front of this decussation a bundle of fibers leaves the
fimbria (fig. 16 fp) to descend obliquely backward to the mammillary body.
This bundle, the so-called anterior pillar of the fornix, at first passes
through the septum, then above and bechind the anterior commissure, to
complete its course to the base of the brain in the wall of the third ven-



HIPPOCAMPUS AND THE CORPUS CALLOSUM 33

tricle. Since no portion of this bundle is here visible upon the mesial sur-
face of the brain, as it is in man, there are some apparent objections to
calling it the “‘anterior pillar of the fornix.”” However, its connections
and general relations leave no doubt that it is part of the fimbrial 8y S-
tem. It would seem that the introduction of the term “fornix,” to meet
the needs of human anatomy, has occasioned confusion in estimating
this part of the brain in its broader relations to mammals in general.
The conception of a vaulted arch, or fornix, in this region, with a
body supported by anterior and posterior pillars, has distinet advantages
for description. On the other hand, it is not without its embarrassments,
especially in such mammals as fail to present all of the characteristic
parts of the arch. Such a failure occurs, as already shown, in the
opossum. It also oeccurs in many other lower mammals. In fact it is
not until the higher mammals are approached that the concept which
prompted the term fornix has any real validity. More objectionable still
is the lack of dynamic significance in the term which fails to call attention
to the all-important feature of this bundle, namely, that it belongs to
the fimbrial system of fibers in the hippocampus.

The hippocampal commissure makes its appearance in the ecephalic
portion of the superior quadrant. The actual crossing of the commissural
fibers occurs in the pars tenuis of the lamina terminalis. The ventral
aspect of this massive commissure is in relation with the long and narrow
interventricular ecanal (¢¢ in fig. 15C). The approach of the foramino-
olfactory sulcus to the canal is shown in figure 154, fo. On the dorsal
aspect of the hippocampal commissure and near its cephalic extremity,
the fimbrial decussation crosses the midline. The main body of the com-
missural fibers extends outward toward the lateral ventricle to enter the
alveus (a in fig. 154, B, C and D). The fimbria occupies a position along
the dorsal aspect of the hippocampal commissure and immediately ventro-
lateral to the fimbrio-dentate fissure (FD in fig. 154, B, C and D). At
the caudal extremity of the commissure, where the hippocampal fibers
have ceased to cross, a massive bundle is formed which overlies the inter-
ventricular canal; it consists of fimbrial and commissural fibers (HC in
fig. 15C7).

The alveus appears as the direct continuation of the commissural fibers.
It extends over the entire ventricular surface of the hippocampal eminence
(HE in fig. 15) and is covered by the ependyma of the lateral ventricle.
The sulei in this ventricle are all clearly defined (fig. 15). The superior
hippocampal (sh) and the supracaudate (s¢) sulei are much deeper than
in the anterior quadrant because of the increase in size of the hippocampal
eminence and eaudate nucleus. The foramino-olfactory suleus turns
inward beneath the hippocampal commissure to join the interventricular
canal (¢ in fig. 150).
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In the posterior quadrant, the hippocampus ‘makes 4 turn ‘(‘lt‘)\-vmvm‘d
almost at right angles to its course in the superior Clw%{h’mit with the re-
<ult that the hippocampal eminence (HZ in fig. 174) is much clongated.
The six archicortical areas retain the same relative positions, although the
erescentic and faseiolar areas have become congiderably lengthened. Ac-
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Fra, 17. TRANSVERSE SeEcTIONs SHOwIiNg ConNsTITUuRNTS OF HirrocaMpran Forma-
TION IN THE POSTERIOR QUADRANT Or THE ApuLr OProssuM

Specimen No. 2013, sections 705, 755, 780 and 800. Magnification X 20. a, alveus;
nx, extraventricular alveus; ', crescentic area; D, dentate area; /7, {asciolar aren;
FD, fimhric-dentate fissure; fi, fimbria; I, hippocampal fissure; HE, hippocampal
eminence; {, intercalary area; ik, inferior hippocampal suleus; P8, presubicular
avea; I2, rhinal fissure; S, subicular area; s¢, supracaudate suleus; sh, superior hippo-
ampal sulcus.

companying this surface elongation, the hippocampal fissure (H in fig.
174) has increased in depth and caused a greater inrolling of the archi-
cortex. The results of this inrolling make the last statement seem para-
doxical inasmuch as part of the fasciolar area has assumed a position en-
tively outside of the lateral ventricle. It has, in fact, been everted so
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far cut of its former intraventricular position that it now forms an actual
part of the mesial surface of the hemisphere (I in fig. 174). Going along
with the fasciolar intraversion, the alveus conneeted with this area has
assumed an extraventricular position which accounts for the extraventrie-
ular alveus (¢ in fig. 174). The fimbria also has altered its relations.
The fasciolar area is now interposed between the dentate area and fimbria
(fi in fig. 174).

As the caudal extremity of the brain is approached the hippocampal
formation makes a sharp bend downward swhich brings it into relation
with the trigonum of the lateral ventricle. It then sweeps forward into
the temporal region. The plane of seetion, now at right angles to the sec-
tions of the superior quadrant, shows all of the constituent areas and parts
of the hippocampus cut lengthwise. Thus, in consequence of the deepen-
ing of the hippocampal fissure (/7 in fig. 178, C and D)), the fasciolar area
(I') occupies a position internal to the area dentata (D). The hippo-
ampal fissure extends from the upper to the lower limit of the dentate
area and appears to separate this region from the rest of the hippocampus.
Along the upper margin of the archicortex the presubicular area (PS)
is continuous with the neocortex while it adjoins the subicular area (S)
in the hippocampal fissure. The lower margin of the archicortex is con-
tinuous with the paleocortex whose lateral boundary, the rhinal fissure
(), marks the transition {o neocortex. Along this lower margin of the
hippocampus the regular succession of archicortical areas assumes its
usual arrangement in relation to the hippocampal fissure, the dentate
area (D) forming one lip, the presubicular {(PS) the other. The subicular
area {8) oeccupies its characteristic position, both in the posterior and
inferior quadrants, situated between the crescentic () and presubicular
arceas. As the hippocampus descends in its relation to the trigonum
ventriculi, the hippocampal eminence (HE), covered by the alveus (a),
assumes its greatest proportions. ' '

TV. NATURE AND CHARACTERISTICS OF THE HIPPOCAMPUS IN THE
MARSUPIAL BRAIN

The hippoeampus in the marsupial brain, such as that of the opossum,
possesses certain features which easily distinguish it. ’

In the first place, it is unitary in character, i.e., its cortical makeup and
general constituency is the same throughout its entire extent, regardless
of the position it may oceupy, whether in anterior, superior, posterior or
mferior quadrant.

In whatever region it may be viewed, the hippocampus consists of a
succession of identical areas through the middle of which passes a longi-
tudinal groove, the hippocampal fissure. From beginning to end, this
fissure is hounded by the same archicortical areas and the entire hippo-
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campus is so moulded that it forms four ma:jor flexures, 11.?;14111(3.13/'f t;he
anterior flexure, the superior flexure, the posterior flexure 'a,nd the inferior
flexure. To call these several flexures convolutions or gyl serves no good.
purpose, since all of them are identical in their (;011113_031151011 and are thus
merely flexures of one and the same tissue plane. This fact would become

, 5%}&1‘&«0#_? lexuve

TFia. 18. Diagrammatic reconstruection of the hippocampus of the opossum show-
ing the unitary nature of the archicortex which is made up of a serics of six super-
imposed arched areas, namely, the presubicular, the subicular, the crescentic, the
fasciolar, the intercalary and the dentate areas. C, crescentic area; D, dentate
area; F, fasciolar area; P’S, presubicular area; S, subicular area.

Fra, 19, DisgraMMaTIic RECONSTRUCTION OF STRETCHED OUutr HIPPOCAMPUS IN THE
Orossum

The several flexures have been eliminated by the stretching but the succession
of grehicortieal areas is retained in their general relation to the arehicortical groove
which forms the hippoeampal fissure. The intercalary area ig not shown in the
disgrams in figures 18 and 19.

obvious were it possible to stretch out the hippocampus between its two
ends and at the same time to flatten it so that the hippocampal fissure
no longer formed a deep groove dividing the archicortex into an upper and
a lower division (figs. 18 and 19).

In this light the unitary structural nature of the hippocampus becomes
clear. The futility of designating each flexure of such a unit-structure
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as a convolution or gyrus, with all the specificity which such terms imply,
is equally apparent.

The following succession of archicortical areas forms the hippocampus
in the adult opossum:

1. The presubicular area 4. The fasciclar area
2. The subicular area 5. The intercalary area
3. The crescentic area 6. The dentate area

Along the inner margin of the hippocampus runs a longitudinal bundle
of nerve fibers, the fimbria. All of these structures in their earliest form,
as they appear, for example in the reptilian brain, are spread out in such
a way as to occupy the mesial surface of the hemisphere and even to
extend outward over the vertex of the brain. In the mammal the entire
hippocampal formation retreats before the rapid expansion of the neo-
cortex with the resultant formation of the hippocampal fissure and the
protrusion of a large elevation of the mesial brain wall into the Iateral
ventricle, i.e., the hippocampal eminence.

Sueh are the relatively simple conditions of the hippocampus in the adult
opossumn and other marsupials like the kangaroco. How are these condi-
tions affected when the corpus callosum interpolates itself into the midst
of these hippocampal structures, ag it does in all higher mammals?

V. INTRODUCTION OF THE CORPUS CALLOSUM

Before this question can be approached, it is necessary to malke certain
enquiries concerning the corpus callosum. TFor example, how does this
structure establish itself as the predominant inferhemispheral commissure?
What is the origin of its commissural fibers? What means do thege fibers
employ in crossing from one side of the brain to the other? Irom what
point of the mesial wall do they emerge? Between what structures of
this wall do they penetrate? Do all of the callosal fibers make their ap-
pearance at the same time, or, if at different times, which are earliest and
which latest to appear? These are questions which have been much de-
bated and concerning which several differing opinions have been expressed.
Nothing approaching unanimity of viewpoint has yet been reached. The
present discussion offers the interpretation which is the result of this
study. Its relation to other points of view will be discussed later.

In arriving at any tenable conclusion coneerning the corpus eallosum,
it must be admitted at once that all mammals possessing this structure
pass through antecedent stages of development. These stages follow
closely those of the early brain-growth in marsupials. It may, therefore,
be said that there is a precallosal stage and a callosal stage.

The precallosal conditions are well illustrated in the 31 mm. embryo of
the domestic pig (fig. 20). Horizontal sections through such a brain show
the transition from the neocortex (N), to the subicular-area (S4 in I)
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and the subsequent histological changes which oceur in passing downward
across the mesial surface of the hemisphere. The characteristic features
of the fasciolar area (FA in 2), the dentate area (DA in 8), the epithelial
area (B4 in 4) and the chorioidal area (CA in 5) correspond in detail to
these same arcas in the early developing brain of a non-callosal mammal,
the opossum (see fig. 2). In all mammals which T have examined cmbry-
ologically and which develop a ccrpus callosum, this pre-callosal stage is

Fig. 20. HorizoNTAL SECTIONS OF THE LErT HEM1SPHERE IN 31 MM. Pia ivmanyo
SrOWING GBENERAL CHARACTERS OF HIPPOCAMPAL ARCHES

Specimen No. 2080, slide 12, seetion 9; slide 14, section 12; slide 15, sections 2 and
11; slide 18, section 11. Magnifieation X 30. N, neocortex; I, subicular arch; 2,
fasciolar arch; 3, dentate arch; 4, epithelial arch; §, chorioidal arch.

present. It creates the foundations out of which the entire hippoecampus
is formed and gives rise to the hippocampal arches which are the hasis
of the several archicorfical areas.

Even as late as the 70 mm. pig embryo there are no signs of a corpus
callosum; no fibers have begun to cross from one hemisphere to the other.

Hippocampal development in the 70 mm. pig embryo

In all descriptions of the hippocampus, the hippocampal fissure may be
utilized as the key feature. This fissure in the 70 mm. pig embryo forms
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n deep groove traversing the anterior, superior, posterior and inferior
quadrants of the mesial surface. It is deepest in the superior and inferior
quadrants but of sufficient depth in all regions to produce a more or less
prominent hippocampal eminence projecting into the lateral ventricle,
The hippocampal commissure is already well developed. It begins in front
of the foramen of Monro, ends immediately above it and has a cephalo-
caudal length of 1020 micra. The fibers of the commissure make their
crossing through the pars tenuis of the lamina terminalis. The fibers
of the fimbrial decussation lie below the hippocampal commissure and also
pass through the pars tenuis. The fimbria is well defined especially in
the anterior and superior quadrants. Its fibers pass longitudinally
through the basc of the épithelial area until they reach the lamina ter-
minalis where some of them undergo decussation while the remainder
extend downward in the septum forming what is generally called the “an-
terior pillar of the fornix.”” The position of the hippoeampal commissure
in close proximity to the foramen of Monro assumes much significance in
view of later changes occasioned by the appearance and growth of the
corpus callosum. _

At this stage in the development of the pig’s brain, all of the archipallial
areas in the hippocampus may he identified. The transition between the
neocortex and the presubicular arvea, although not so well defined as it
becomes later, may be clearly discerned. The subicular area is easily
distinguishable in all quadrants by its peculiar “nuclear arrangement’.
The erescentic area has become more pronounced than in earlier stages
because of the increased depth of the hippocampal fissure. Both the fasei-
olar and denfate areas are well differentinted; it is especially to be noted
that their most pronounced development has taken place in the superior
quadrant which is later most extensively involved by the ingrowth of the
corpus callosum. The alveus is fairly well defined and occupies its char-
acteristic subependymal position covering the hippocampal eminence.
In consequence of the general curvatures in the mesial and lateral surfaces
ol the hemisphere due to the rapid growth of the endbrain, the hippocam-
pus has undergone flexion at several points so that it i1s convenient to
speak of an anterior hippocampal flexure, a superior flexure, a posterior
flexure and an inferior flexure. All of these flexures may be identified in
the adult marsupial brain. In each instance they have the same signifi-
cance. They indicate that the hippecampus, having a unitary tissue
character throughout its entire extent is incidentally flexed at several
points to form certain flexures. In animals which develop a corpus cal-
losum these flexures increase in number and complexity but the underlying
unitary character of the tissues and structures entering into the hippo-
campus remain essentially unchanged.
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Early embryonic appearance of the corpus callosum

In the 83 mm. pig embryo the earliest portion of corpus callosum to
develop has made its appearance. The crossing callosal fibers are confined
exclusively to the anterior quadrant and are situated in the frontal region
in front of the anterior commissure. The first parts of the corpus callosum
to develop are therefore the cephalic portion of the truncus, the genu and
the rostrum. This statement applies equally to all other mammals em-
bryologically examined, including the rat, guinea pig, cat and man.
The relations of the several structures are best appreciated in eross-sec-
tions.

At the cephalic margin of the anterior commissure where the commis-
sural fibers are crossing over in the pars crassa of the lamina terminalis,
there is no evidence of any other erossing fibers, either of the corpus
callosum or of the hippoecampal commissure (fig. 21F). Dorsal to the
anterior commissure are the anterior pillar of the fornix (af), the long
interventricular canal of the foramen of Monro, (¢}, the cephalic portion
of the third ventricle (V8) and the anterior horn of the Iateral ventricle,
Forming the mesial wall of the lateral ventricle is the hippocampal forma-
tion. Its several areas, including the presubicular (£8), the subicular
(:8), the crescentic (C), fasciolar (F) and dentate (D) arcas, bear their usual
relations to the hippocampal fissure (H). Subjacent to the dentate arca
is the fimbria (fi) and, in its typical subependymal position, is the alveus,
only partially developed as yet. The characteristic position of the inter-
ventricular canal as it forms the connection between the third and the
lateral ventricles is shown in figure 21E. A short distance in front of
this canal (375 micra) the fibers of the hippocampal commissure (HC in
fig. 21.D) have established an ample crossing, the hippocampal formations
of the two sides have drawn closer together and the hippocampal eminence
is considerably reduced in size.

Still further toward the frontal pole of the hemisphere (500 micra)
the caudal-most fibers of the corpus callosum make their appearance (CC
in fig. 21C). They form a small but well defined strand lying upon the
dorsum of the hippocampal commissure (HC) and supporting upon their
own dorsal surface the dentate and fasciolar areas of the hippocampal
formation (D and I' in fig. 21C). Thus it is obvious that, in the pig,
the earliest developed fibers of the corpus callosum appear in the anterior
quadrant of the mesial surface of the end-brain in front of the interven-
tricular canal (foramen of Monro) and the anterior commissure. These
crossing fibers interpolate themselves between the hippocampal commis-
sure and the ventral portion of the hippocampus.

The manner in which the genu of the corpus callosum takes form is
illustrated in figure 21B. Here the upper and lower divisions of the
callosal fibers approach each other, fuse and cross the midline, (CC in
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Fra. 21. TraNsVERSE Sgorioxs oF 83 MM. Pre Emeryo SsowiNg BARLY APPEARANCE
oF CorpPUs CALLOSUM

Specimen No. 2079, sections 140, 150, 180, 185, 210 and 220. Magnification X 15.
AC, anterior commissure; af, anterior fimbria; ¢, crescentic area; cc, corpus callosum;
ch, chorioid plexus; D, dentate area; DS, dorsal sac; F, fasciolar area; fd, fuinbrio
dentate fissure; fi, fimbria; H, hippocampal fissure; HC, hippocampal commissure;
HE, hippocampal eminence; i¢, interventricular canal; n, neocortex; PS, presubicu-
lar area; S, subicular area; Sep, septum; Th, thalamus; V3, third ventricle.
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fig. 218). In making this crossing the callosal fibers pass through the
hippocampal formation in such a way as to divide it into a supracallosal
and a subrostral portion. Immediately in front of the genu these two
portions of the hippocampal formation are reunited and assume the char-
scteristics of the archicortex before it has felt the effects of introversion
caused by the deepening of the hippocampal fissure. (D in fig. 214.)

In following the further development of the hippocampus and its
changes incident to the growth of the corpus callosum, certain prineciples
should be borne in mind; first, that the crossing callosal fibers begin to
appear in and, for a considerable period, are exclusively confined to the
anterior quadrant, i.e., the portion of the mesial wall in frout of the
foramen of Monro and the anterior commissure; second, that these cross-
ing fibers penetrate the mesial wall of each hemisplere in such a manner
as to pass immediately beneath the hippocampus with the consequence
that the archicortex and its adnexal structures are situated dorsal to the
corpus callosum; and third, that the bridge provided for the actual cross
ing of the callosal fibers appears to be made up of cells in the epithelial
area which apans the gap between the two hemispheres.

As growth proceeds the archicortex covering the hippocampus is subject
to several decisive influences which modify its general configuration with-
out, however, in any way changing its essential relations or characters.

1. The caudal extension of the corpus callosum as it grows backward
into the superior quadrant, i.e., behind the foramen of Monro, carries with
it the growing structures of the archicortex located upon its dorsal surface.
2. The growth of the optic thalamus, from the first appearance of the
dorsal sac to the expanded caudal end of the pulvinar, causes a divergence
in the hippocampus originally occupying the superior quadrant. This
original portion of the hippocampus which occupies the superior quadrant
maintaing its connection with the portion of the hippocampus situated
above the corpus callosum. 3. The general growth of the brain wali
causes both the hippocampus and the corpus callosum to be flexed or hent
in such a way as to produce certain definite flexures in these structures.
The flexures in the corpus callosum consist of the genu, the rostrum, the
truncus and the splenium. The flexures of the hippocampus, which in
the main are best named from their relations to the corpus callosum, in-
clude the subrostral, the precallosal or pregenual, the supracallosal, the
posteallosal or post-splenial, the subcallosal, the subventricular, the
trigonal and the temporal flexures.

Neither the hippoeampus nor the corpus callosum is changed in any of
its fundamental features as it appears in these several flexures. In this
sense g unitary character dominates both structures. There can be no
doubt but that structurally the corpus callosum is identical throughout
its entire extent. The only differences in the hippocampus are dependent
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upon the degree to which the archicortex, in its several flexures has had
opportunity to develop.

VI, PROGREBSIVE CHANGES IN THE HIPPOCAMPUS OF THE EMBRYONIC PIG
BRAIN UP TO THE ADULT STAGE

Each step in the advancing growth of the hippecampus may be fol-
lowed through several embryonie stages up to adult conditions. Certain
comparative measurements of structures in the growing pig’s brain furnish
precision in estimating the extent of the developmental process,

The absence of any erossing callosal fibers up to the 70 mm. pig embryo
stage indicates the protracted length of time during which the pig brain
remains in its precallosal phase while the hippocampus retains its strictly
marsupial character. The corpus callosum has, however, made its appear-
ance in the 83 mm. stage in which all of the crossing callosal fibers are
limited to the anterior guadrant.

The corpus callosum tn the 90 mm. prg embryo

The 90 mm. stage is not materially different from the 83 mm. stage
except for such advances as ceccur due to the increases of growth. The
corpus callosum is still exclusively confined to the anterior quadrant and
therefore occupies a position in front of the foramen of Monro and the
anterior commissure.

All of the eight hippocampal flexures are distinguishable and the corpus
callogsum bears its characteristic relation to the hippocampus. Above it

and resting on its dorsal surface is the supracallosal flexure; in front of it,

the precallosal or pregenual flexure, while below the rostrum is the sub- -

rogtral flexure. The structural features of the archicortex are evident
in each of these flexures and the several areas typical of archicortical
development may be easily identified.

One fact about the portions of the hippocampus in relation with the
corpus callosum is t0 be noted, namely that while the characteristic fea-
tures of the archicortex may be readily discerned, they are less well de-
veloped than in the hippocampal regions which as yet have no contact or
direct relation with the corpus callosum. Thus the hippocampal areas in
the superior, posterior and inferior quadrants, all of them caudal to the
foramen of Monro, have greater volume and structural distinctness. The
introduction of the corpus callosum apparently retards the growth of the
hippocampus but it does not otherwise alter its differentiation, so that the

archicortex in contact with the corpus appears like hippocampal forma-

tion in miniature as contrasted with archicortex lacking such confact.
Another important factor in the development of the hippocampus is the

divergence which occurs in the mesial walls of the hemispheres as the

region of the thalamus is reached. This divergence begins with the ap-

Sy
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pearance of the cephalic extremity of the dorsal sac and contigues to in-
crease rapidly through the entire length of the dorsal thalamie surface.
The effect is striking and critical. The hippocampal formations, which,
in the.anterior quadrant, have had a parallel course in close apposition to
each other, now separate and continue to extend backward through the
superior and posterior quadrants, diverging at an angle of approximately
45 degrees.

In the 90 mm. pig embryo the growing corpus callosum has not yet en-
tered the superior quadrant nor has it reached the caudal extremity of the
hippocampal commissure. Nevertheless the continuity between the
hippocampus which rests upon the corpus callosum is still maintained with
the portions undergoing divergence. This continuity is established by a
portion of the hippocampus which later becomes the posteallosal or post-
splenial flexure. Inasmuch as the corpus callosum ig still too immature in
its development to permit recognition of the splenium, it appears more
conservative to speak of this connecting portion of the hippocampal for-
mation as the postcaliosal flexure.

The corpus callosum in the 125 mmn. pig embryo

Accepting the foramen of Monro as the point marking the boundary
" between the anterior and superior quadrants of the mesial surface, the cor-
pus callosum, in its entirety, is confined to the anterior quadrant in the
125 mm. pig embryo.

Heretofore, in earlier stages, (83 and 90 mum. embryos) the caudal ex-
tremity of the corpus callosum has not extended so far back as the caudal
extremity of the hippocampal commissure; now, however, the two great
commissures are coextensive, i.e,, their caudal extremities extend the same
distance behind the foramen of Monro. This relation is maintained
through all of the stages of further growth, with the result that the sple-
nium of the corpus callosum consists of two distinet groups of fibers,
superimposed one above the other; the callosal fibers ocecupy the dorsal
position and the fibers of the hippoeampal commissure, the ventral posi-
tion.

All of the flexures of the hippocampus, due to the introduction of the
corpus callosum, are well defined. The postcallosal and subcallosal flex-
ures have acquired greater distinctness because of the ecaudal extension
of the corpus callosum. At the same time the increasing divergence of
the hippocampal formation in the superior quadrant, i.e., hehind the
foramen of Monro, gives greater prominence to this portion of the archi-
cortex. |

The hippocampal eminence first appears well forward in the anterior
horn of the lateral ventricle. It makes a gentle projection into the ven-
tricle, separated from the corpus callosum, which lies above it, by the
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hippocampo-callosal sulcus. As it extends backward the eminence in-
creases in size until it forms a long tongue-like process projecting into the
ventricle. T'his process, in its most eephalic portion, consists exclusively
of nerve fibers but eventually forms an intimate association with the
archicortex of the subventricular flexure and, maintaining this close asso-
ciation, passes downward into the trigonal portion of the lateral ventricle.

The several archicortical constituents appear in all eight of the hippo-
campal flexures. In all of these flexures it is possible to identify the al-
veus and fimbria as well as the presubicular, subicular, erescentic, fasci-
olar and dentate areas. In the superior, posterior and inferior quadrants
these areas attain their most prominent development, while in the an-
terior, where they are in close contact with the growing corpus callosum,
they give the impression of definite retardation in growth. Such retarda-
tion affects especially the subrostral, precallosal, supracallosal, post-
callosal and subcallosal flexures. But even in these parts of the archi-
cortex, growth continues and keeps pace with the growing corpus callo-
sum until it reaches the limits of adult development. It is incorrect,
therefore, to look upon the callosal portions of the hippocampus, in any
true sense as atrophic. Rather is it the case that, because of the retarding
influences of the corpus callosum, they have had less than their full oppor-
tunity to develop as they do in non-callosal mammals, like the opossum.

The hippocampal fissure, in all stages of development, serves as a reli-
able landmark. It occupies its usual position and bears its characteristic
relation to the presubicular and dentate areas in all quadrants. In the
superior, posterior and inferior gquadrants, the fimbrio-dentate fissure is
well defined.

The corpus callosum in the 140 mm. pig embryo

In the pig’s brain of this stage, the first really ecritical change in the
growth of the corpus callosum takes place. The caudal extremity of the
callosum which, prior to this time, has occupied a position in the anterior
quadrant, in front of the foramen of Monro, has now extended backward
into the superior quadrant. By measurement it lies 2750 micra behind
the foramen whereas in the 125 mm. embryo it is situated 625 miecra in
front of this foramen. In consequence of this change the posteallosal and
subecallosal flexures have become more conspicuous (fig. 22, Specimen
2071, sections 465 and 470). Whether it is justifiable to call the caudal
extremity of the corpus callosum, before it has attained its full growth,
the splenium, is somewhat questionable. Doubtless, there are still more
crossing callosal fibers to enter the structure from the parietal and oceip-
ital regions of the hemispheres. Tor this reason, the growth of the corpus
callosum caudad appears to be something more than a mere par: passu
expansion with the fronto-caudal growth of the brain. However, this
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TP1a. 22. TRANSVERSE SECTIONS SHOWING MIDLINE AND Divercint HirrocaMpPAfL
Divisions 1w 140 mMm. P1c IismBrYO
Specimen No. 2071, sections 465 and 470. Magnification X 12. a, alveus; C,
crescentic area; ce, corpus callosum; D, dentate area; DFH, divergent hippoeampal
division; #, fasciolar area; fi, fimbria; &, hippocampal fissure; [, hippocampal
commissure; LV, lateral ventricle; mh, midline hippocampal division; n, neocortex;
S subicular area; 7', thalamus.
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may be, the caudal extremity of the callosum has most of the characteris-
tics of the splenium, namely, 1, a dorsal group of callosal fibers overly-
ing a ventral group which enters into the hippocampal commissure; 2, a
post-callosal flexure of the hippocampus caudal to the callosum which
connects a supracallosal with a subcallosal flexure; and 3, an approxima-
tion of these several flexures close to the midline. If, as is presumably
the case, additional fibers are still to enter the corpus callosum from the
parietal and occipital lobes, they may span the gap between the hemis-
pheres, either by utilizing the callosal fibers already present or by pene-
trating -the bridge of cells in the epithelial area which is situated dorsal
to the corpus. These, however, are not necessarily problems of the first
order, and the solutions here suggested for them may be sufficient for the
present.

This stage 1s significant, therefore, because it marks the extension of the
corpus callosum into the superior quadrant with the expansion of the
supracallosal, the postcallosal and the subcallosal flexures, The further
divergence of the subventricular flexure makes clear the reasons for its
fuller developmental appearance. It also ealls attention to the oppor-
tunities afforded for its further growth in contrast to those portions of the
archicortex which maintain close relations with the corpus callosum and
remain close to the midline. Egually important is the continuity main-
tained between the callosal portions of the archicortex and the subven-
tricular flexure. Structurally this continuity results in the formation of
a long loop which begins with the postcallosal flexure. It then swings
forward beneath the corpus callosum as the subeallosal flexure and turns
sharply outward to join the subventricular flexure which extends back-
ward beneath the body of the lateral ventricle until it arches downward
into the trigonum ventriculi. .

The corpus callosum of the 165 mm. and 185 mm. prg feluses

In the fetal pig brain growth has determined proportional exXpansions
in all of the hippoeampal flexures and, at the same time, produced greater
cellular differentiation in all archicortical areas. The distinctions already
recognized, now become so striking as to put the unitary character of the
cortex covering the hippocampus entirely beyond dispute. From one
end of the archicortex to the other, from the subrostral, through the
precallosal, supracallosal, postcallosal, subventricular, trigonal and tem-
poral flexures, the same succession of areas characterizes the tissue. The
typiecal relations of thesc areas to the hippocampal and fimbrio-dentate
fissures are maintained, while the intraventricular sulei hold their identi-
fying positions relative to the several features of the ventricle.

In the 165 mm. pig fetus the caudal extremity of the corpus callosum
has extended 3500 micra behind the foramen of Monro, while in the
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185 mm. pig fetus the post-foraminal distance is 4500 micra. Both of
these stages show, with greatest clearness, the manner in which the
supracallosal flexure is continued around the caudal end of the corpus
callosum and then forms the long subcallosal loop connecting with the
subventricular flexure (see table 1),

TABLE 1
Cephalo-caudal growth of structures in the hippocampal region in the pig

TOTAL LENGTI OF ANIMAL

225
£3 a0 125 1440 185 mim,
mm. min, mm. mm. mm. | (new Adult
horn)

micra | micrae | micra | micra | wmicra | miera | micra

Corpus callosum.................... 750| 1,360| 1,425; 6,125| 8,375/13,750|25, 800
Supracallosal flexure. ............... 625| 1,340| 1,420 6,115] 8,360(13,740(25, 500
Subrostral flexure. ........ ... ...... 375 440 625 1,000{ 2,125 2,250| 3,450
Subeallosal flexure. ................. * * 50] 1,000} 2,000{ 3,125| 6,750
Subventricular flexure.............. 750 980| 1,000{ 1,200f 1,375] 1,875 5,100
Hippocampal commissure........... 775 860 1,875 4,625] 7,675{10,200
Anterior commissure................ 250 280 300 375 375 500 650
IN PRONT OF FORAMEN BACK OF FORAMEN

Relation of caudal extremity of cor- .
pus callosum to foramen of Monro..| 1,125{ 620 625| 2,750] 4,500 7,750{15,600

* Not yet present.

% Corpus callosum in the newborn and adult pigs
3

The brains of the newhorn and adult pigs complete the story of callosal
growth. With the exception of relative differences in size, the one dupli-
cates the other. For example, in the adult the caudal extremity of the
corpus callosum lies 15600 micra behind the foramen of Monro, while in
the one day old suckling this distance is 7750 micra. A tabulation of the
comparative lengths of the several essential structures in the hippo-
campal region from the 83 mm. stage to full maturity is shown in table 1.
Through these figures it is possible to trace the gradients of hippocampal
development as they affect the pig brain.

The process of growth shows clearly that the corpus callosum begins its
development in the anterior quadrant and thus in a portion of the mesial
surface of the hemisphere in front of the foramen of Monro and the an-
terior commissure. It also indicates that the crossing callosal fibers
bridge the gap between the two hemispheres either by traversing fibers of
the hippocampal commissure already laid down or by using cell bridges
formed by the epithelial area. Before passing over from one hemis-
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phere to the other, the fibers destined to form the corpus callosum pene-
trate the mesial wall at a level immediately in front of the hippoeampal
formation and thus when they do cross, they, so to speak, carry the
hippocampus on their back.

The fibers which enter and form the eorpus callosum all arise in the

neocortex. With reference to the localities of their origin, they spring

from three mam sources, namely, the neocortex above the septum,
the neocortex in front of it and the neocortex below it. The callosal
fibers derived from these several cortical regions form a lamina of con-
siderable thickness which, according to its topographical relations, pre-
sents three rather distinct divisions, i.e., the dorsal division, the frontal
division and the ventral division. All three of these divisions converge
upon the centrum callosum, which consists of a collection of fibers about to

make their way through the mesial wall to enter the corpus callosum. In

the adult, the fibers forming the callogal lamina are situated immediately

beneath the ependymal lining of the veniricle and constitute what is
usually called the fapetum. Before entering the corpus callosum, the .

fibers from the necocortex above the septum pass downward into the °

centrum callosum; the fibers from the cortex in front of the septum pass .

i

backward while the fibers from the cortical areas below the septum ex- |
tend upward. This arrangement of fibers entering the corpus callosum |

obtains in the anterior quadrant only. It results in the formation of the :

rostrum, genu and anterior portion of the truncus.

In the superior quadrant, the fibers entering the corpus callosum make
their way to the centrum eallosum from the parietal, temporal and occip-
ital lobes. Their approach to the centrum from the occipital region
takes the form of a heavy lamina resembling that in the frontal lobe and
called the forceps major. The fibers from the occipital lobe, upon enter-
ing the eaudal extremity of the corpus callosum, form a thickened portion
of that body which, with the addition of the caudal fibers of the hippo-
campal commissure, constitute the splenium. The portion of the corpus
callosum between the splenium and the genu forms the truncus.

Fiber systems of the hippocampus

Throughout its entire extent the corpus callosum is in close contact
with the fiber systems of the hippocampus. These fiber systems are two
in number, namely, the alveal system forming the alveus and the fimbrial
system forming the fimbria. Under cover of the ependymal lining, the
alveus forms the floor of the ventricle just as the tapetum of callosal
fibers forms its roof. This statement should necessarily be modified
because of the several curves in the lateral ventriele. ’

In the anterior quadrant the hippocampal fiber systems occupy the
dorsal portion of the septum and lie immediately beneath the corpus
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eallosum. A shallow furrow in the lateral ventricle, the hippocampo-
callosal sulcus, partially separates the callosal and hippocampal fibers
although, in larger part, they are in direct contact. The hippocampal
fibers, in the superior quadrant, form a long tongue-like process extending
into the lateral ventricle, and spring from a broad central base closely
adherent to the under surface of the corpus callosum. The more dorsal
fbers in the base and tongue-like extension of this process belong to the
alveal system while the ventral fibers are constituents of the fimbrial
system.

Both the subeallosal and the subventricular flexures of the hippocampus
actually bear a contact relation with these hippocampal fiber systems,
Furthermore the splenium of the corpus callosum does not consist ex-
clusively of callosal fihers, but in its ventral portion is largely augmented
by fibers constituting the hippocampal commissure. In the strict sense,
however, the hippocampal fiber system of the pig is commissural from its
first appearance in the septum to its termination in the splenium.

If a simile might prove at all helpful, it could be said that the callosal
and hippocampal fiber systems resemble two parallel sets of wings, the
upper or callosal set, spread out above the body of the lateral ventricle,
the lower or hippocampal set, extending beneath the ventricle, but hoth
sets joined at the middle to a long, stout body. The ventral part of this
body surrounds the subceallosal flexures of the right and left sides, while
each wing of the lower set embraces the respective subventricular flexure
of the hippocampus.

The hippocampal formation

The analysis which seems to lend itself to most effective deseription,
subdivides the hippocampal formation into two major divisions: 1, a
midline hippocampal division which, bécause of the development of the
corpus cailosum, persistently holds its position close to the midline of the
brain; and 2, a divergent hippocampal division which, under the influence
of thalamie development, tends to diverge more or less from the midline.

Added to the effects of these factors must also be cousidered the results
of Hexures which occur in the corpus callosum and in the brain as a whole.

Such an analysis, based on the developmental stages of the pig’s brain,
demonstrates clearly how the relatively simple conditions of the non-
callosal brain, such as that of the opossum, assume the far more complex
dispositions of the mammalian brain in general. «

Followed quadrant by quadrant, the hippocampal changes of the cal-
losal brain stand out with distinctness. In the anterior quadrant, i.e.,
in front of the foramen of Monro, these changes confine themselves
exclusively to the midline division of the hippocampus. They are deter-
mined by two factors, first, the crossing of the callosal fibers which first
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appear in this quadrant, and second, the flexions which occur in the corpus
callosum due to growth of the mesial wall of the brain. The erossing
callosal fibers pass beneath the hippocampal formation in such a manner
as to surround all of the archipallial struetures. All of the archicortical
areas as well as the hippocampal fiber-systems, the alveus and the fimbria,
thus lie inside of or above the encircling callosal fibers.

The transition from the neocortex to the archicortex has its typical
characteristies and the hippocampal fissure serves as the usual landmark
in relation to the several archicortical areas. There is no difficulty in
distinguishing the presubicular, subicular, crescentie, fasciolar and den-
tate areas. IZven the usual detachment between the fasciolar and dentate
areas has occurred and the intercalary area is discernable in places.

Curvature in the corpus callosum determines three flexures in the hip-
pocampus of this region, namely, the subrostral, the precallosal and the
cephalic portion of the supracallosal flexure. The hippocampal fissure is
less deep in the precallosal and subrostral areas with the consequence that
the several archicortical regions oceupy more exposed positions in the
mesial wall of the hemisphere. '

The corpus callosum, as it extends into the superior quadrant, affects both
the midline and the divergent divisions of the hippocampus. Its progres-
sive growth caudad, during later stages of development, is accompanied
by corresponding growth in all of the hippocampal struetures. The
appended tabulation (table 1) indicates the comparative rates of expan-
sion in certain outstanding structures of the hippocampal region. From
these figures it is obvious that actual growth has oceurred in all portions
of the midline division of the hippocampal formation. This fact seems
to have definite significance. It apparently justifies the view that this
division of the hippocampus is not necessarily retrograde in function but
since it has kept pace structurally with adjacent tissues, may still retain
some of its inherent activities. As the figures show, there has oceurred a
great expansion in the supracallosal flexure while passing from earlier
embryonic stages to adult life. Not only is this expansion marked, but,
during its entire course of growth all of the salient histological features of
the archipallium have retained their identity, bave, indeed, gained both
in the definition and maturity of their essential characteristics. Such per-
sistency in tissue viability does not predicate the vestigal tendencies .
usually attributed to this portion of the brain which, in general usage, is
somewhat disparagingly called the indusium griseum. A similar viability
occurs in other portions of the midline hippocampal division. The post-
- callosal flexure expands with the expansion of the splenium and likewise
maintains the integrity of all of its archicortical areas; then, as the sub-
callosal flexure, it swings forward beneath the splenium, still in close appo-
sition to the midline. This loop-like part of the hippocampus, first pass-
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ing around the splenium and then extending forward beneath it, forms the
connecting link with the divergent hippocampal division.
. In the light of developmental events, it is beyond doubt the successive
" increments of callosal fibers which supply the main increases in the
cephalo-caudal length of the corpus callosum. This factor also underlies
the progressive additions in all structures belonging to the midline divi-
"~ sion of the hippoecampus.
" The loop established by these portions of the hippocampal formation,
including the supracallosal, postcallosal and subecallosal flexures, lies in
the vertical plane. Anocther and, in many respects, still more conspicu-
ous hippocampal loop occupies this same general region beneath the corpus
- callosum. In this case, however, the plane of the loop is horizontal
and extends outward below the body of the lateral ventricle. The rela-
tions of these two loops have led to much confusion in deseription and
to unfortunate superfluity in nomenclature. The inner limb of the hori-
zontal loop which is formed by the subcallosal flexure of the hippocampus
extends forward, in a2 midline position, for a considerable distance beneath
the corpus callosum. Ultimately it is joined by the diverging portion of
the hippocampal formation which at first turns outward at right angles
under the lateral ventricle and then sweeps backward as the subventricu-
lar flexure. The flexures in the caudal region of the corpus callosum
thus form two highly important loops which participate in the transition
from the midline to the diverging portion of the hippocampal formation.
/" These two loops may be traced in their continuity as follows: Begin-
/ ning with the supracallosal flexure as the superior limb of the vertical
i loop, the posteallosal flexure arches around the splenium and, still in a
\ midline position, is carried forward as the subecallosal flexure beneath the
| corpus callosum. This flexure is also the inner limb of the horizontal
+ loop and thus the connecting link between the midline and diverging por-
"tions of the hippoecampus. ‘
“~The distinetion between the vertical and horizontal loops is striking.
‘It does not, however, depend on the differences in the kind of cellular
specialization, for in both regions all of the archicortical arcas can be iden- -
tified. In the horizontal loop the hippocampal tissues have escaped the
retarding effects imposed by contact with the corpus callosum and have
been afforded more ample opportunity to expand by their extension into
the lateral ventricle where they form the prominent hippocampal emi-
nence. All of the histologieal characteristics of the hippocampus are more
highly developed in the horizontal than in the vertieal loop and the sev-
eral structures have attained greater dimensions.
As the hippocampal formation approaches the trigonum of the lateral
ventricle, it makes another sharp bend, this time downward, to form the
trigonal flexure. Here the hippocampus lies behind the optic thalamus.
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It retains all of the highly specialized features of the subventricular
flexure and projects into the wventricle to form the most conspicuous
portion of the hippocampal eminence.

On reaching the temporal region the hippocampus undergoes its last
major flexion. It swings forward in relation to the temporal horn of the
lateral ventricle and extends forward to its tip. This part of the hippo-
campal formation constitutes the temporal flexure.

It has been shown that, in the pig’s brain, the hippocampus, which
represents the archicortex, retains its structural integrity throughout its
entire extent.

This structural Integrity is based upon the conditions of the noncallosal
brain, such as that of the opossum. It includes the differentiation of six
specific archicortical areas, i.e., 1, the presubicular; 2, the subicular; 3,
the crescentic; 4, the fasciolar; 5, the interealary and 6, the dentate areas.
To these six archicortical areas should be added the specialization of two
hippocampal fiker systems, na,mely, the alveal system and the fimbrial
system.

The hippocampus in the pig’s brain passes through a precallosal phase
of considerable duration, in which the disposition of the archicortex
closely resembles that of the marsupial. In particular, it manifests
flexures in the frontal, parietal, oceipital and temporal regions of the
mesial surface of the hemisphere.

The introduction of the corpus callosum increases the number of these :

flexures and otherwise complicates their relations.

The flexures directly influenced by the development of the corpus

callosum are five in number, namely, 1, the subrostral; 2, the precallosal;
3, the supracallosal; 4, the postcallosal; and 5, the subcallesal flexure. All
of these regions of the hippocampus in consequence of their intimate rela-
tion with the corpus callosum retain a close connection with the midline

of the brain. It is advantageous for several reasons to distinguish them

collectively as the midlene division of the hippocampus. This midline
hippocampal division is in contrast with the divergent hippocampal divi-

S

B

sion, because the latter diverges from the midline to such an extent that

it forms a large protrusion into the body, trigonum and temporal horn of
the lateral ventricle to form the hippocampal eminence. Furthermore the
divergent division, because of its relations with the lateral ventricle, has
opportunity to attain its full structural expansion, whereas the midline
division is definitely retarded in its growth by reason of its relations with
the corpus callosum.

The flexures of the h;ppocampuq not influenced by the development of
the corpus callosum are three in number, namely, the subventricular,
the trigonal and the temporal flexures.

There are thus a total of eight flexures affecting the hippocampus. The



54 FREDERICK TILNEY

objection to calling any or all of these flexures either distinctive gyri or
convolutions with special names is revealed by the fact that they are,
in the strict sense, parts of one and the same arvchicortical tissue with com-
plete identicality of structure. Their only differences are incidental to
their relations to the corpus callosum and lateral ventricle.

Every hippocampal flexure, whether in the midline or the divergent
division, consists of the same series of archicortical areas in the following
order from the outer to the inner margin of the hippocampus: 1, the pre-
subicular; 2, the subicular; 3, the erescentic; 4, the faseiolar; 5, the inter-
calary; and 6, the dentate. The fimbrial and the alveal fiber-systems
likewise enter into the formation of every flexure. The fimbria forms the
actual inner margin of the hippocampus. In the anterior quadrant it is
the most mesial hippocampal component and rests on the dorsal surface
of the corpus callosum. It should be born in mind, however, that in the
region of the genu and the rostrum this relation is changed to the anterior
and ventral surfaces respectively. In this position the fimbria represents
the structure usually designated the striae Lancisii.

In the subventricular, trigonal and temporal flexures, the fimbria has
greater dimensions and lies in close relation with the dorsal surface of the
thalamus from which it is separated by the chorioidal fissure. Part of
the chorioidal plexus for the lateral ventricle passes through this fissure.
The anterior portion of the fimbria extends forward above the roof of the
third ventricle, sweeps around the foramen of Monro and, in greater part,
behind the anterior commissure to enter the basal region of the interbrain.
This portion of the fimbria is usually called the “anterior pillar of the
fornix.”” In most mammalian brains below the higher primates, no such
pillar, in faet no structure resembling the fornix or vault, can be dis-
tinguished, inasmuch ag the fimbrial fibers run a much shorter cowrse than
in man and are more closely invested by adjacent structures. In the
brain of the higher anthropoids and man, tize anterior pillar of the fornix
is demonstrable, although its functional significance as part of the fimbrial
system 1s definitely obscured by labeling it with & term which has justifi-
able application to a small group of mammals only.

The fibers of the alveal system are present in all flexures of the hippo-
campus. In the midline division, they lie internal to the descending cal-
lesal lamina. In the divergent division, they form a broad but thin sheet
of nerve fibers covering the ventricular surface of the hippocampal emi-
nence. As this sheet approaches the midline, it undergoes crossing and
establishes the hippocampal commissure which extends forward, attached
to the under surface of the corpus callosum, from the splenium to the
septum.

The hippocampal fissure affords the most reliable landmark in the en-
tire hippocampus. Its invariable relations to the several archicortical
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arecas furnishes a consistent guide for the identification of the different com-
ponents in this part of the bran.

VII. EVIDENCE FROM THE DEVELOPMENTAL HISTORY OF OTHER MAMMALS
POSBESSING A CORPUS CALLOSUM

- Equally strong evidence concerning the relations of the hippocampus
to the corpus callosum is offered by other eutherian mammals. The
developmental process of the brain has been similarly studied by the
reconstruction method in the rat, guinea pig, cat and man.

In all of these mammals, which possess a corpus callosum, the brain
passes through a relatively long precallosal phase, followed by a callosal
stage duplicating, in all particulars, the characteristics of development in
the pig’s brain.

TLikewise, in all of these animals, the corpus callosum first appears in the
anterior quadrant, i.e., in front of the foramen of Monro and anterior
commissure. IFrom this starting point it extends backward through the
superior quadrant, i.e., behind the foramen of Monro. Its growth and
expansion are attended by certain local specializations, such as the ros-
trum, the genu, the truncus and the splenium. In relation to these
specializations, the hippocampus s essentially similar in all species. No
essential differences occur in the development of the midline hippocampal
division in any of these species.

For the most part, the divergent hippocampal division is marked by a
striking similarity of structural detail in all mammals. In the human’
brain, the subeallosal and subventricular flexures, such conspicuous fea--
tures in other animals, are either absent or only slightly developed. Here
also the posteallosal flexure crosses the splenium obliquely and thus joins
the trigonal flexure directly. With these exceptions, the process of de-
velopment in the corpus callosum and hippocampus in all eutherian mam-
mals which I have examined is identical.

Reconstruction of the corpus callosum in adult mammalian brains esp'ecially
prepared by the Pal-Weigert method

The adult brains of sixteen species, representing four different orders,
were examined in serial sections prepared by the Pal-Weigert method.
This procedure offered opportunity to study, with greater exaciness, the
nerve fibers entering into the hippocampus and, at the same time, to fol-
low the structural details of this region of the brain in a fairly diversified
group of mammals. Reconstructions by the wax-plate method were
made of eight of these brains, the reproductions of which are given in

figures 23 to 31.
. Tapir bairdi is a representative of one of the three living genera of peni-
sodactyles, namely the horses, tapirs and rhinoceroses. These animals
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constitute the suborder of ungulates, characterized by the fact that the
middle digit of the fore and hind foot is pre-eminent. It is for this reason
that they are called odd-toed ungulates. The tapir belongs to a family
fully as ancient as the horses and is, in many respects, ’the' mosf; ancient
perisodactyle form at present inhabiting the earth. It lives in South
and Central America, in the Malay Peninsula and in the islands of Java
and Sumatra. '

The hippocampus and corpus callosum in the tapir have all of the charace-
teristic features of this cerebral region in the eutherian mammal (fig. 234).
The hippocampal formation, consisting of the typical succession of six
archicortical areas, presents eight characteristic flexures. Striking fea-
tures involving these flexures occur in certain regions. For example, the
subrostral flexure occupies a more exposed position in the mesial wall than
in mammals generally, although this disposition is not uncommon in many
other animals because the hippocampal fissure is usually most shallow in
this region of the brain.

The preeallosal and supracallosal flexures are typical in all respects and
especially characterized by a deep hippocampal fissure with its usual
archicortical boundaries. In the remainder of the midline hippocampal
division, including the posteallosal and subeallosal flexures, the structural
modifications in the hippoecampus are noteworthy. The most conspicuous
change is due to the fact that the hippoecampal fissure becomes extremely
shallow in the postcallosal area and thus creates the impression that the
fissure actually terminates in this region (fig. 234). Such a condition is
found in many mammalian brains. Indeed, in the same brain it may
even be the case that the hippocampal fissure in this area of one hemi-
sphere is well defined, but in the other hemisphere so shallow as to be a
most indistinet landmark. This apparent failure of the hippocampal
fissure to develop in the posteallosal area has led to certain misconcep-
tions of this region. It has been asserted that the hippocampal fissure,
not only terminates at this point but that the portion of it which appears
above the corpus callosum is a neomorph. Nothing, in my opinion, could
be further from the truth, for the apparent interruption of the hippo-
campal fissure is due to the fact that the fissure becomes so shallow that
the crescentic area of archicortex comes to the surface of the mesial wall.

In general, it may be said that no actual interruption in the hippo-
campal fissure oceurs in this posteallosal or any other region of the brain.
The unbroken continuity of the fissure, from one end of the hippocampus
to the other, may be established by careful histological studies of the
archicortical areas forming the fissural boundaries.

The subeallosal flexure of the hippocampus, (fig. 234) not only attains
unusual dimensions in the dentate area but the subicular area is especially
conspicuous (D and 8 in fig. 234).
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In the divergent hippocampal division, the subventricular flexure effects
its typical connection with the subeallosal flexure and forms the loop
which eventually turns backward beneath the body of the lateral ventricle
to descend into the trigonum ventriculi. At the lower extremity of the
trigonal flexure, the hippocampus hends sharply forward to form the

temporal flexure.
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The two hippocampal fiber-systems, forming the alveus and the fimbria
respectively, occupy their characteristic positions and maintain their
usual relations.

In the midline division of the hippocampus a slender cord of nerve fibers
extends along the inner margin of the archicortex of the subrostral pre-
callosal, supracallosal, postecallosal and subcallosal flexures. In its course,
it lies mesial to the dentate area and in surface relief appears as a long,
cord-like elevation usually referred to as the median stria or nervus Lan-
cisii. Lateral to and running parallel with this fiber-bundle is a second
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and lesser elevation of nerve-fibers forming the lateral stria. Both of
these long, narrow bundles participate in the formation of the fmbrial
system. They are shown in cross-section in figure 24 A and B , {ms and
Is). The median and lateral strize are related to the midline division of
the hippocampus. They may be traced from the beginning of the sub-
rostral flexure, through the precallosal, supracallosal, posteallosal and sub-
callosal flexures. At the cephalic extremity of the subeallosal fHexure
they appear to enter the septal portion of the fimbrial system. In their
further course, they pass behind the anterior commissure and are thence
continued into the lateral wall of the third ventricle. The more detailed
analysis of these strine must await further investigation of the fimbrial
system as a whole.

In the divergent division of the hippocampus consisting of the sub-
ventrieular, trigonal and temporal flexures, the fimbria as well as the
archicortical areas are greatly increased in size.

The fimbrio-dentate fissure is well defined and the inner margin of the
fimbria gives attachment to the chorioidal lamina which enters the trigo-
nam and body of the lateral ventricle through the chorioidal fissure.

The alveal system of nerve fibers makes its first appearance in the
lateral portion of the septum immediately in front of the foramen of
Monro. It forms a fiber system apparently distinet from but intimately
intermingled with the fimbrial system which occupies a mesial position
in the septum. In the tapir the alveus retains iis intraventricular posi-
tion and forms a long sheet of nerve fibers which covers the hippocampal
eminence from its cephalic to its caudal extremity. From its beginning
in the frontal region, the alveal system maintains a close relation with
the under surface of the corpus callosum. Beneath the splenium and
caudal portion of the callosal truncus, the crossing fibers of the alveus
inerease in number to form the massive hippocampal commissure.

Attention has already been called to the extent of the hippocampal
eminence, which makes its appearance well forward in the body of the
lateral ventricle. The ventricular protrusion in this region is not asso-
elated with the inversion of the hippocampal fissure, but rather with the
extensive ingrowth into the ventricle of fibers entering the alveal system.
The hippocampal eminence asswmes it greatest prominence in relation to
the trigonum ventriculi and the temporal horn of the ventricle. It is,
of course, in these regions that the hippocampal structures acquire their
largest dimensions and here also, the hippocampal fissure is the deepest
and so occasions the greatest degree of archicortical inrolling into the
ventricle. '

The hippocampal eminence as a whole is generally pyriform in shape
with its apex in the body of the lateral ventricle above the foramen of
Monro and its base in the trigonum and temporal horn. In contour, the
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eminence is generally smooth and without surface irregularities. Noth-
ing in its configuration justifies the recognition of subdivisions such as
Hippocampus major and minor, Pes hippocampi, Calear avis or any
other surface feature meriting special designation.

With the exception of two regions, the subrostral and posteallosal flex-
ures, the hippocampal fissure exhibits great depth. It may be traced
from one end of the hippocampus to the other, without interruption.
The fimbrio~-dentate fissure is well marked in the subventricular, trigonal
and temporal flexures. ' ‘

All of these hippocampal features in the tapir establish a comumon bond
of resemblance among the lower forms of mammals. It is only in the case
of higher mammalian brains, such as those of the higher primates, that
any notable departure from the common ground plan exists. This de-
parture is apparently eaused by the rapid and extreme growth of the
frontal lobe in the monkeys, higher apes and man.

Fguus

The reconstruction of the hippocampal formation in the horse, as in the
tapir, shows the essential characteristics of this region. The model,
unfortunately, is incomplete in its cephalic portion because the serial sec-
tions in the frontal area were too defective to permit reconstruction (fig.
23B). In other respects, the features of the hippocampus closely resem-
ble those of the tapir. The subrostral, supracallosal, postecallosal and sub-
callosal flexures occupy their usual positions in the midline hippocampal
division, Two characteristics of the hippocampal fissure are noteworthy,
namely, a depth in the subrostral portion of the fissure greater than in
the tapir and a striking fissural prominence in the postecallosal flexure.

Comment has already been made of the tendency for the hippocampal
fissure in many mammals to become extremely shallow in the postcallosal
region. This tendency may be an individual variant in all mammals or
it may be a highly characteristic feature in certain species.  In any cvent,
the posteallosal portion of the hippocampal fissure in the specimen here
presented is extremely deep and distinct.

The fissure extends forward beneath the corpus callosum where it con-
tinues to hold a position close to the midline. It then twrns outward at
right angles and is finally deflected backward to become a distinguishing
landmark in the subventricular flexure.

The hippocampal fissure of the horse has its greatest depth in the long
trigonal flexure (fig. 23B). It also represents a deep archicortical inrolling
in the temporal flexure. As in other mammals examined, the boundaries
of this fissure are the same. The dentate area forms one lip and the
subicular area, the other.
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The six typical areas of the archicortex have their greatest siructural
distinetness in the divergent division of the hippocampus, but the general
histological features of the several diiferent archicortical areas may be
observed in all parts of the midline hippocampal division as well, That
portion of the hippocampus, therefore, in intimate relation with the corpus
callosum, bears all the identifying features of the archicortex. These
features are, however, less outstanding than in the hippocampal regions
which have no callosal contact. The differences between the midline and
divergent divisions of the hippocampus are thus not in the kind but in
the degree of development. . The reasons for regarding the midline hippo-
campal division, although developmentally retarded, homodynamous with
the more fully developed divergent division, have previously been dis-
cussed with reference to the growth of the pig brain (page 48).

Another feature in the close structural correspondence between the two
hippocampal divisions, 18 the presence of a long and slender cord of nerve-
fibers which lies mesial to the dentate area in the subrostral, supracallosal,
posteallosal and subcallosal flexures. Topographically and in other
respects this cord of fibers appears to be related to the fimbrial system
just as the more massive bundle in the subventricular, trigonal and tem-
poral flexures is of this system.

In cross-section, the fimbrial fibers in the midline division of the hippo-
campus have the same disposition asin the tapir. They appear as two long,
parallel cords of nerve fibers forming the median and lateral striac. A%
the cephalic extremity of the subcallosal flexure these two ﬁber—strands
become continuous with the septal portion of the fimbria.

The alveal system makes its first appearance as part of the hippocampal
eminence which projects into thé lateral ventricle immediately in front
of the foramen of Monvo. It forms a long sheet of nerve fibers which
covers the eminence from its small cephalic protrusion into the ventricle
to its greatly expanded portion in the trigonum and temporal horn.

In all of its chief features, including fiber systems, cortical areas, divi-
stons and relations, the hippocampus of these two perisodactyles, cor-
responds so closely that the same descriptive rveview may be apphed to
both of them.

Geirafla camelopardalis
The reconstruction of the hippocampal region in the giraffe (fig. 25)
is incomplete in the frontal region. Its features in the more caudal

areas of this huge artiodactyle ungulate bear a striking resemblance to

those of the horse and the tapir.
The continuity of the hippocampal fissure may be traced in its rela-

tions to the supracallosal, posteallesal, and subealosal flexures. As in
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the horse, the posteallosal portion of the fissure is deep and, with increas-
ing depth, is continued into the subventricular, trigonal and temporal

flexures
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The two hippocampal loops, which apparently characterize all mammals
except the higher primates, are prominent in the giraffe. The loop form-
ing part of the midline division of the hippocampus is well developed, and
its junction with the divergent hippocampal division produces the con-
tour typical of this region of the brain.

In one particular the hippocampus in the giraffe is different from that
in either the horse or tapir; the fibers entering the alveal system project
much farther outward into the body of the lateral ventricle where they
form a long intraventricular shelf. This feature may be a characteristic
of the artiodactyle ungulates as it also occurs in the pig’s brain. Any
conclusion of this kind, however, must depend on the microscopic exami-
nation of a much greater number of artiodactyles than the present ma-
terial affords.

Felis domeslicus

The corpus callosum in the reconstruction of the cat brain (fig. 26),
shows a well developed rostrum, genu, truncus and splenium. The sep-
tum 1s thick. Its mesial surface is composed of nerve fibers continuous
with the fimbrial system which pass downward behind the anterior com-
missure.

The relations of the two fiber systems in the cat are similar to those in
most lower mammals. Alveal fibers cover the hippocampal eminence and
enter the hippocampal commissure which forms a massive bundle beneath
the corpus callosum. Fimbrial fibers form a long arching bundle which
extends upward {rom the temporal region and then forward and down-
ward into the septum. This bundle in its caudal portion corresponds to
the so-called ““posterior pillar of the fornix,” the arched portion, to the
“body of the fornix,” and the septal portion, to “the anterior pillar of the
fornix.”

These twao great fiber-systems, the alveus and fimbria, bear their char-
acteristic relations. The alveus In its greater part Is intraventricular
while the fimbria is extraventricular. Both systems maintain contact
with each other in the region of the chorioidal fissure, along which line
there appears to be some interchange of fibers between them.

Eight typical hippocampal flexures, including the subrostral, precallosal,
supracaliosal, posteallosal, subcallosal, subventricular, trigonal and tem-
poral, are well defined in the cat’s brain. The unitary histological nature
of the cortical tissue throughout all of these flexures is attested by the
appearance of the six characteristic areas of the archicortex which occur
and are disposed in their usual relations in all parts of the hippocampus.

The hippocampal fissure, with the dentate area forming one boundary
and the subicular area the other, extends without interruption from the
subrostral rvegion to the splenium. Directly behind the splenium, the
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fissure becomes somewhat shallow, but again assumes great depth in the
subeallosal area. The hippocampal fissure has greatest prominence in
the subventricular, trigonal and temporal areas. In these latter areas the
fimbrio-dentate fissure is most conspicuous but it may be identified, even
if somewhat indistinet in all parts of the hippocampus.
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The midline hippocampal division shows the usual histological retarda-
tions incident to.its contacts with the corpus callosum. On the other
hand, the divergent division gives evidence of extensive expansion appar-
ently in consequence of its access to the lateral ventricle.

The hippocampal eminence makes its first appearance i the body of
the lateral ventricle immediately in front of the foramen of Monro. It
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has its usual pyriform contour, with apex pointing forward and base
lying in the frigonum and temporal horn. It is covered by the thin
subependymal sheet of fibers which forms the alveus.

Fibers, which now may be referred to as constituting the midline imbria,
have their characteristic arrangement in forming the mesial stria along
the dorsum of the corpus callosum.

In a small portion of the trigonal region, the fasciolar area occupies an
extraventricular position due to the marked inrolling of the archicortex.
An extraventricular alveus is present in this same area.

Scallops

The reconstruction of the hippocampus in the common mole reveals the
identifying characteristics 1 this region of the insectivore brain. The
corpus callosum is relatively short and thin. More than half of it lies
in the anterior quadrant, i.e., in front of the foramen of Monro. The
rostrum and genu are poorly developed and consequently the subrostral
and precallosal flexures of the hippocampus are not as conspicuous as in
most other mammals (fig. 27). The anterior commissure is unusually
large.

Another peculiarity in the mole is the great thickness of the septum and
the massive fiber system which constitutes the entire septal surface of the
mesial wall. This system is continuous with the fibers forming the alveus
and the fimbria. :

The hippocampal fissure forms, as in other mammals, the identifying
landmark for the hippocampal formation. It begins as a relatively shal-
low groove immediately in front of the callosal genu and extends back-
ward without interruption through the supracallosal flexure. Continuing
its course as a still deeper groove, the fissure passes downward hehind the
splenium and then, for a short distance, forward in relation with the sub-
callosal flexure. It is, bowever, in the subventricular, trigonal and tem-
poral flexures that the hippocampal fissure acquires its greatest depth.

The eight flexures of the hippocampus are all well defined, although the
subrostral and subecallosal flexures are less extensive than in other
mamimals.

Six typical areas of the archicortex are distinguishable and bear their
usual relations to the corpus callosum and the hippocampal fissure.

In the midline division of the hippocampus, the archicortical areas have
their characteristic retardation in histological specialization. The diver-
gent division, on the other hand, shows, in a pronounced manner, the
expansive effects due to proximity to the lateral ventricle as well as the
avoidance of growth limiting influences occasioned by contact with the
corpus callosum. The dentate area in this division of the hippocampus
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is especially conspicuous because of its unusual size. It‘ is, in faet, of far
greater surface extent than in any other mammal examined.

The hippocampal eminence has its typical pyriform contour with its
apex well forward in the body of the lateral ventricle and its greatly ex-
panded base protruding into the trigonum wventriculi and temporal horn.

Longitudinal bundles of nerve-fibers form the median and lateral striae
which run their usual course in relation to the corpus callosum and fimbria,
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Lemur mongoz

Occupying a position on the lowest level of the primates, the lemur, as
might be expected, retains many characteristics of lower mammals. Such
retention is especially apparent in the hippocampus, nor is it surprising
that this ancient feature of the brain should show so little of progressive
advancement in animals definitely on the borderline between the simpler
and most highly developed mammals.

The descriptions already given for the horse, tapir, cat and mole, might,
with a few modifications, be equally well applied to the lemur. The one
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great characteristic of the higher primate brain has not yet made the
weight of its influence felt upon these transitional members of the order,
The consequences of great expansions in the frontal and parietal areas are
still 1o be fortheoming,.

The corpus callosum (fig. 28) in the lemur has all of the typical features of
this structure in eutherian mammals, including its several recognized
parts, the rostrum, genu, truncus and splenium as well as its relations to
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the hippocampal commissure and to the midline division of the hippo-
campus.

The midline and divergent hippocampal divisions are well defined and
the two loops, one passing around the end of the splenium and the other
extending outward beneath the body of the lateral ventricle, are conspicu-
ous in the lemur. Again, as in other mammals deseribed, the influences of
the corpus callosum and thalamus upon the hippocampal structures
are clear.
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The lemur is in close correspondence with other mammals in the number
of its hippocampal flexures and its archicortical areas. EKight flexures
affect the hippocampus; these include the subrostral, precallosal, supra-
callosal, posteallosal, subcallosal, subventricular, trigonal and temporal
flexures. Throughout its entire extent the hippocampal formation pre-
sents a unitary histological appearance. The archicortex in all regions of
the hippocampus shows the six typieal areas, namely, the presubicular,
subicular, crescentic, fasciolar, intercalary and dentate.

These areas have their usual arrangement with reference to the hippo-
campal fissure, the subicular area forming one boundary of the fissure,
the dentate area, the other. The fissure, as in other instances, is most
shallow in the subrostral flexure. Its depth in the postcallosal flexure is
considerable, while it becomes deepest in the trigonal and temporal flex-
ures. A well developed fimbrio-dentate fissure cccurs in the divergent
division of the hippocampus.

The fimbria and alveus have their usual positions and relations, Noth-
ing in the reconstruction of the lemur seems to justify the designation of
“pillars of the fornix”. The fiber system forming the inner margin of the
hippocampus constitutes the fimbria, the anterior portion of which is
incorporated in the septum, and is thus without clear surface delineation.

What may be spoken of as the midline fimbria occupies the charac-
teristic position and relations on the dorsum of the corpus callosum.

The hippocampal eminence is characteristically situated in the body,
trigonum and temporal horn of the lateral ventricle. It is typically pyri-
form in contour with a long apex which begins immediately in front of the
foramen of Monro. No surface markings make any special subdivisions
distinguishable,

In a small portion of the hippoeampus near the base of the trigonal
flexure, the fasciolar area is partially extraventricular; a correspondingly
small portion of the alveus is also extraventricular.

Primate changes in the brain which effect the hippocampus

In primates more advanced than the lemurs, certain progressive modifi-
cations of the brain have had a profound influence upon the hippo-
campus. These changes do not wait upon the appearance of the highest
anthropoid apes, like the gorilla and chimpanzee. They begin to develop
in the bumbler South American monkeys. In essence, they consist of
specific enlargements in the cerebral hemispheres, of expansions in par-
ticular areas of the neocortex.

Chief in importance are the increments, both in size and definiteness,
which occur in the frontal lobe. But these expansions are also attended
by marked additional growth in the parietal and temporal lobes. The
increasing expansions in these three highly important lobes occasion a
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corresponding inerease in the number of nerve cells and nerve fibers in
the brain so that the needs of interhemispheral communication become
greater. Effects of such growth are ultimately reflected upon the corpus
callosum which consequently gains considerably in length. In the main,
this elongation appears in the callosal trunk, with the result that the dis-
tance between the genu and splenium is disproportionately longer than in
lower mammals.

From such evidence as is available, it seems elear that the corpus cal-
losum begins to develop in the frontal region, in front of the [oramen of
Monro and the anterior commissure. It then grows backward above the
dorsal surface of the optic thalamus.

The early accession of callosal fibers from the frontal, parietal and tem-
poral lobes would thus tend to carry the splenium caudad in such a way
as to bear with it the hippocampal commissure and at the same time
cause an elongation of the longitudinal fibers of the fimbria.

It would be interesting to know what adaptive modifications in behavior
lie behind these changes in the primate brain. Whatever they may have
been and however much open to controversy, it is certain that they began
to take effect early in the history of the most primitive monkeys. Tree
life and the development of quadrumanous specializations are not to be
minimized as decisive influences which bore great weight in the expan-
sions of the frontal and parietal lobes. From these sources of increased
cerebral power radiated many secondary structural modifications, among
which were the changes in the hippocampus.

In the primitive South American monkeys, which in addition to four
hand-like extremities, possess a prehensile tail often spoken of as a “fifth
hand”’, the frontal and parietal lobes are already well developed. Mycetes,
the howling monkey, is a good example of this group. LEffects of frontal,
parietal and temporal expansions are visible in the corpus callosum and
especially in the hippocampus. Not only is the callosal elongation con-
spicuous, but the hippocampal changes are even more noteworthy. In
all monkeys and apes these changes are of a similar character and re-
stricted to similar regions of the hippocampus. They affect the posteal-
losal, trigonal and temporal regions almost exclusively and consist of
(1) a nearly complete suppression of the subeallosal flexure; (2) a marked
abbreviation of the subventricular flexure; (3) an oblique instead of a
perpendicular course of the postecallosal flexure in descending from the
midline downward and outward to join the subventricular flexure; (4)
the appearance of irregular dentations in the dentate area of the trigonal
flexure; and (5) the beginning of the dentate retroversion which forms the
uncus. All of these hippocampal modifications have their inception in
mycetes. The prominent loop, which in lower mammals is formed by the
subeallosal and subventricular flexures, does not appear. The obliquity



70 FREDERICK TILNEY

at which the posteallosal flexure passes across the splenium ig still further
inereased in the baboon with the result that the hippocampal fissure passes
diagonally across the splenium. This disposition of the fissure in the
baboon is also true in macacus rhesus and in the gibbon, orang ouiang,
chimpanzee and gorilla.

The reconstruction of the hippoecampal region in the gorilla represents
the conditions in all of the anthropoid apes, proanthropoids and lower

monkeys.
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Gortlla
The corpus callosum in the gorilla (fig. 29} shows in marked degree
the elongation of the truncus. There is a similar lengthening of the
rostrum as well as of the septum, which now is referred to as the sep-
tum pellucidum because of its reduction in thickness due to the develop-
ment of a well defined eavum pellucidum. The cavum is, in general, a
primate characteristic in the septal region. It is poorly defined in most of
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the lower primates but a prominent feature in all of the great anthropoids
and man. In subprimate mammals, the septum is heavy and thick; it
has but little translucency and is either devoid of a cavum altogether or
develops irregular and unconnected lacunae hetween the otherwise ad-
herent leaves of the right and left septa. A lateral and a mesial set of
nerve fibers constitute the main bulk of the septum but between them is
interspersed an irregular mass of gray matter containing small groups of
nerve cells of different sizes.

The elongated corpus callosum tends to emphasize the prominence of
several parts of the neocortical commissure and gives the rostrum, the
gemu, the truncus and the splenium even sharper definition than in lower
mammals. The splenium, as usual, consists of two groups of crossing
fibers, namely, the caudalmost callosal fibers and the fibers of the hippo-
campal commissure. The latter structure appears less extensive than
in the general run of animals.

While the midline hippocampal division has most of the characteristies
common to other species, including the several flexures of the hippo-
campus, the six typical archicortical areas, the hippocampal fissure and
the midline fimbria, it shows a significant departure in the region of the
splenium. This departure involves the postcallosal flexure which descends
obliquely downward and outward to join a greatly shortened subventric-
ular flexure. Furthermore the subcallosal flexure, by the caudal exten-
sion of the splenium, has been suppressed so that the loop of archipallium
which offers identifying features of the hippocampus i lower mammals,
does not appear in gorilla. Shortening of the subventricular Hexure in
conjunction with this suppression of the subcallosal flexure produces a
more direct and less cireuitous passage of the midline into the divergent
hippocampus. These structural modifications are undoubtedly secondary
changes due to the elongation of the corpus callosum.

In estimating the morphological significance of these secondary modifi-
cations, the expansions especially in the frontal and parietal Iobes should
not alone be taken into account. The obvious cephalo-caudal elongation
of the optic thalamus is also an important factor. In all probability it
exerts its influence in consequence of growth in the neothalamus and cor-
responding increages in the volume of thalamo-cortical pathways, par-
ticularly to the frontal and parietal areas. '

Because of changes induced by the increased size of the frontal and
parietal lobes, the number of flexures in the hippoecampus is actually re-
duced in the gorilla. Instead of eight such flexures characteristic of most
other species, there are in the gorilla but seven. The subecallosal flexure
does not appear and the subventricular flexure is much reduced in size.
On the other hand, the six archicortical areas maintain all of their typical
distinetness and relations t8 the hippocampal and fimbrio-dentate fissures.
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The alveus and fimbria retain their usual relations but, due to the cal-
losal elongation, the fimbria has more of the appearance associated with
generally accepted descriptions of the fornix. The body of this structure
which is long and slender, arches above the dorsal surface of the thalamus;
its anterior pillar, more discretely defined than in most lower species, gives
the impression of a distinet support to the vault of the fornix. The de-
scending or posterior pillar of the fornix, constituting the portion of the
fimbrial system in relation with the trigonum ventriculi and temporal
horn, likewise appears as a pillar supporting the arch of the fornix, How-
ever satisfying this conception of the fimbrial system may be in gorilla and
other higher primates, it is only with difficulty and many objections that
it may be applied in lower mammals. Furthermore its very succintness
obscures, to a considerable extent, at least, the important fact that the
fornix, so called with some justification in man and the higher primates,
represents the fimbria and all that this great system of fibers signifies in
the organization of the hippocampus.

The midline fimbria, occupying its relations to the so-called indusium
griseum, starts in the subrostral flexure and encireles the genu and truncus
of the corpus callosum. After passing across the splenium it enters the
subcallosal portion of the fimbria.

The hippocampal eminence is chiefly prominent in the trigonum ven-
triculi and in the temporal horn. It has a slender extension which projects
forward into the body of the lateral ventricle and terminates a short dis-
tance in front of the foramen of Monro. This projection consists ex-
clusively of fibers of the alveal and fimbrial systems. The alveal fibers
are in immediate contact and continuous with the under surface of the
corpus callosum. Dependent from the alveal fibers and forming a shelf
which projects into the lateral ventricle, the fibers of the fimbria extend
forward and finally sweep downward in front of the foramen of Monro to
form the anterior pillar of the fornix.

The hippocampal eminence is generally regular in outline and presents
no special surface markings which merit special designation.

In a small region near the base of the trigonal flexure, the fasciolar area
and alveus are extraventricular.

Types of hippocampal formation in the mammalian brain

The three major types of hippocampal formation are well represented
in the opossum, the elephant and man. = Certain modifications or variants,
whiech may, perhaps, deserve the title of subtypes, are easily comprehended
within this classification. The identifying distinctions are in all instances
the same.

In the first place, there are the features which distinguish between the
midline and divergent divisions of the hippocampus, whether in the non-
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callosal or callosal mammal. In either case, the great expansion of the
optic thalamus produces a definite divergence of the hippocampal forma-
tion in the region of the brain caudal to the foramen of Monro and the
anterior commissure.

Secondly, there is the fact that, wherever the hippocampus has free ac-
cess to the lateral ventricle, it undergoes characteristic expansions, whereas
it exhibifs retardation whenever it is prohibited from such access.

Thirdly, the fundamental hippocampal flexures, however modified or
complicated by the interpolation of the corpus eallosum, may be identified
in all mammals,
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Specimen No. 110, Magnifieation X 2

The hippocampal formation in the opossum has already been considered
in detail and its appearance in the adult shown in figure 13.

In the gross dissection of the African elephant, (Elephas Africanus)
the hippocampus shows all the effects incident to the introduction of the
corpus callosum which as usual consists of a rostrum, genu, truncus and
splenium (fig. 30).

As in most eutherian mammals, the splenium comprises a large ventral
group of fibers forming the hippocampal commissure and a dorsal segment
representing commissural fibers from the neocortex.

The hippocampus displays its eight characteristic flexures, including the
subrostral, the precallosal (pregenual), the supracallosal, the posteallosal
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(postsplenial), the subcallosal (subsplenial), the subventricular, the
trigonal and the temporal flexure.

The midline hippocampal division, due to the presence of the corpus
callosum, has all the features typical of this structure in the eutheria.
The main portion of the hippocampus is excluded from the body of the
lateral ventricle by the interposition of callosal fibers.

The divergent division of the hippocampus beneath the splentum swings
sharply away from the midline and in consequence forms well defined
subecallosal and subventricular flexures. In this manner, the two hippo-
campal loops, so characertistic of most callosal brains, are clearly outlined.
The vertical loop, comprised of the supracallosal and the posteallosal flex-
ure passes around the splenium. It joins the horizontal loop, consisting
of the subventricular flexure, by means of the subcallosal flexure (fig. 30).

The hippocampal fissure may be traced, without interruption, through
each of the several flexures from one end of the hippocampus to the other.
In the left hemisphere of this particular specimen, the fissure becomes very
shallow. It is discernable however, and may be followed into the sub-
callosal flexure, where it again assumes greater depth. Sections of the
posteallosal region, in which the hippocampal fissure has become so shal-
low as to create the impression that it actually terminates at this point,
reveal how unwarranted such a supposition is. As a matter of fact these
sections show that all of the boundaries of the fissure are present. The
fissural floor, consisting of the crescentic area, has been raised almost to
the general level of the mesial surface of the hemisphere and has thus
considerably increased the distance between the usual boundaries of the
hippocampal fissure, namely the dentate area on one side and the subicular
area on the other.

This tendency on the part of the fissure in the postcallosal region, fo be
deep or shallow may offer further morphological criteria for the recogni-
tion of certain subtypes in the classification of the mammalian hippo-
campus. In this light it would be possible to identily sub-types in which
the hippocampal fissure is either extremely shallow or extremely deep,
in the posteallosal region of both hemispheres or shallow in one hemisphere
and deep in the other. While such suggestions may prove to have little
or no importance, it nevertheless seems desirable to draw attention to
them because of the possible physiological or morphological significance
which they may represent.

Gross dissections of several other mammals, including the black bear
(Ursus Americanus), wolf {Canis occidentalis), calf (Bos taurus), Aoudad
(Ammotragus lervia), sheep (Ovis aries) and llama (Llama vicugna),
together with others previously comnsidered, justify the conclusion that
there is a type of hippocampus characteristic of eutherian mammals
exclusive of the higher primates. The chief features of this type of hippo-
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campal formation reveal themselves both in the midline and divergent
divisions. They are especially notable in the formation of the postcallesal,
subcallosal and subventricular flexures as well as in those two remarkable
loops of the hippocampus, one of which sweeps around and under the
splenium while the other extends out laterally beneath the body of the
lateral ventricle to become continuous with the trigonal flexure.

Still a third type of hippocampal formation, already indicated in the
descriptions of the anthropoid apes, may be found in the gross dissection
of the human brain. The dissection in this instance is of the left hemis-
phere of a two months old child (fig. 31). The most noteworthy features
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here are the marked cephalo-caudal lengthening of the corpus callosum
and the suppression of both the subcaliosal and subventricular flexures.
The posteallosal flexure passes obliquely downward and outward to join
the trigonal flexure. The lengthening of the corpus callosum in response
to the increased size in the frontal, parietal and temporal lobes has already
been discussed. The probable effects of this callosal Iengthening on the
position of the hippocampal commissure, on the posteallosal, the subeal-
losal and subventricular flexures has also been considered.

These changes in man appear to result in the loss of two of the usual
flexures of the hippocampus, but the development of the uncus at the
extreme cephalic end of the temporal flexure introduces an element which
malkes its appearance in the most advanced anthropoids and man. Added
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to this uncal flexure, is the marked dentation in the dentate area. Such
a toothed-like configuration is not unfamiliar in lower mammals. Usually
it affects the subicular rather than the dentate area. Only in the an-
thropoid apes does it become at all conspicuous, while its prominence in
man is undoubtedly the reason for calling this region the “fascia dentata’.

The three major types of hippocampal formation, as it oceurs in mam-
mals, are therefore; 1, the marsupial type characteristic of mammalian
brains before the corpus callosum has made its appearance, this type of
hippocampus, in all probability, is also characteristic of the monotreme
brain; 2, the general eutherian type which appears in all mammals pos-
sessing a corpus callosum up to and including the lemurs; and 3, the pri-
mate type common to all monkeys, apes and higher anthropoids. It at-
tains the culmination of its developmental refinement in man.

Tt is probable that this classification does not make provision for all
of the possible types of hippocampus which this part of the brain may
later be shown to embrace in mammals. Certain sub-types have already
been suggested in this discussion, but it seems reagonably clear, from what
is already known, that regardless of the number of hippocampal varieties
and subvarieties, one constant, common feature will be found to run
through them all, namely the unitary structural nature in the organiza-
tion of the archipallium. Comprehended within this unitary nature of
the archipallium are such preeminent features as the succession in parallel
with each other of six archicortical areas including the presubicular, the
subicular, the crescentic, the fasciolar, the intercalary and the dentate
area; the histological constancy and specificity of these areas; the con-
tinuity of the hippocampal fissure in relation to these areas from one end
of the hippocamypus to the other; the constancy in the relations of the two
great hippocampal fiber systems, the alveus and fimbria; and the effects
of proximity to the lateral ventricle upon the development of the hippo-
campal formation.

The consideration of further details in the human hippocampus together
with a critical review of the literature on the hippoecampal formation and
the corpus callosum will appear later in Part I1 of this paper.
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