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1.
INTRODUCTION

Deseriptions of the fornix and septum have always
appeared as a pert of the olfactory system aand as such
their morphology has been classically desoribed by
seversal investigators in e number of mammals and reptiles
{10, 25, 27, 44, 46, 53, 72, 73, 91), 4All of these
studles were made from normal meterial., Only a few
morphologic studies in this aree were carried out by the
experimental method (24, 71, 30, 6), and in these
investigntions the Marchi or retrogrzde degeneration
methods were utilized with their inherent deficiencies.

Ramon y Cajel (72) indicuted thet thers were no
direot morphoioglc connections between the olfaciory
bulb and the hippocsmpus, However, it remained the
opinion of most students in the field that the hlppocampus
snd its assoclated structures were primarily olfactory
in funotion., ©Tvidence has mounted in the past thirty
ysars &g&insﬁ these areas being primarily olfactory in
neture. Swann (83, 84), in rats, found olfactory
diseriminetion to be unaffected by lesions in various
parts of the rhinencephalon including the hippoceampus
apnd fornix., Allen (4, 5), in dogs, found no change in
olfsctory conditioned reflexes when the greater part of
the hippocompus was removed, The possibllivy of & direct

projection from the olfrctory bulb to the hippocampus was
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tested anatomically by Clark and Meyer {20} in the rabbit
by the experimental method and using a silver staining
technique. They found that the fibers from the olfactory
bulb ended principally in the olfactory tubercle, the
prepyriform area and certaln amygdaellold nueclei. Thelr
results were confirmed in the monkey by Meyer ané Allison
(62) and in the marsupial by Adey (1) using similar
techniques. Electrophysiologle studies with stimulation
of the olfactory bulb of the cat by Rose and Woolsey (74},
Rerry et al. (12), Fox et al. (29), and by Keada (47) have
given a distribution of recorded potentials which agrees
¢losely with the above morphologic studies. Berry,
Hagamen, and Hinsey (12), in cats, recorded potentiels in
the hippocampus, fornix, and septum but the magnitude of
the potentlials was low and the latent period between
stimulation and evoked potential wes slow. These authors
conclude that if stimuli from the olfactory bulb do reach
the hippocampus and septum it must be through multisynaptic
pathways entering the entorhinal area to the hippocampus or
via the olfactory tubercls to the septum.

In 1937 Papez (65), on the basis of nsuronal
connections and clinieal studles proposed his theory of
emotion. He considered the hippocampus, fornix,

mamuillary body, anterior thalemic nuclei, and the gyrus



Da
eingull to coastitute an intepgrated circuld controlling
emetion, This gave impstus 0 numerous investlgators who
have since attempied to find funotions for various parts
of this cirouit and its associated nuclel.

In recent years there has been a great deal of
investigation of these rhinencephalic areas as they
pertain to affective, autonomic, somatic, and emotional
functions as well ag to thelyr part in psychomotor epillepsy.
These studles are multitudinous snd have been excellently
reviewed by several authors (16, 55, 56, 57, 58, 47, 66,
23, B8).

Studies of function which are limited to the fornix
{snd aippoocmmpus from which 1t arises) and zepltum have
been fewer in number. Splegel et al. (77} elicited rege
reactions in cats and dogs with bilateral lesions in the
fornix-hippocempal reglon and found these resctions to be
more severe when the septum was involved. Bard and
Mountoastle {11) wers not able to producse rage in cate
with & bilsteral removal of the nigyoaamgas and fornix.
These latter coaflieting results were also obtalned by
Rothfield and Harman (75) in cats.

Recent studies by several investigetors (14, 15, b1,
85) have shown changes in behavior following septal and
fornlx lesions in the rat. Bond et al. (13) saw theae

shanges also but their lesions involved the thalamus.
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Votuw {88, 89 reported asimilar behavioral changes bub
euphasized thet lerge bilsteral ablatlons of the septsl
aree were necessary to bring about such reactions. These
ghenges in affective bhehavior wers not noted by Wheaetley
{90), Harrison and Lyen (40, 41), Simpson (76), and Allen
{5, 8) in & vsriety of mammels with lesions of septal and
hippocampal arees, Calirns and Wosburg (19) noted no
behavior changes in the human following bilateral
fornicotomy. Zlectricel stimulation of the hippocempus
and fornix has boen carried out with consistent
behavicral changes in unanesthetized cats (48).

sSomatic motor movement hos beon ellclted in cats
with stimulation of the hippucampus by Vobtaw (88, 89).
Hodes et al. (43) achieved similsr results when
stimulating septel erveas, Kaada {(47) denled eny motor
response in the cat by stimulation of these areas and he
is supported in this result by Penfield {67) in the human.

Green and Arduini (33) noted & definite pattern of
electricel motivity in the hippocempus of rabhlts, oate,
and monkeys. Thls patiern was altered with erousal of
the animal and he could repeat this arousal pattern by
stimuletion of warious arecas including the fornix and
geptum.

Kabat, Megoun, and Renson {50}, Kebat {49), Hodes

and Magoun (42), end Gloor (31) heve elicited a variety



S
of cutonomic responses from stimulation of the septum.

Considerebie recent interest has centered around
the gos&ibiliﬁy that the septum and hippocampus msy be
assoclated with temporal lobe selzures. Creen and
Shimamoto (35) snd Lndy and Akert (8) by means of
gtimulation in animels beve zhown & low selzure
thresheld in the hippocampus end that these selzures
gpread rapidly to the rest of the limbie lobe, These
results were conflrmed by MacLean (57) in stimulation
of conscious cats. indy, Chinn, and Boan () heve
achleved similer results by stimulsting the septum of
the c¢at, while Green, Clemente, and DeGroot (34) were
able %o produce epllepsy with a lesion of the
hippocenipus in a cat. The pathways invelved in these
aeizures have been studled with repetitive stimulation
and measuremant of the resulting after-discharge by
Ajmone-Marsan snd Stoll (3) in the monkey.

The many studies involving funotion of the fornix
and septum hsve not all been proved morphologically.
They did give iﬂp@tua to the enastomists =2nd as a result
many experimental studies have coume forth iIn receant years
(64, 86, 60, 81, 37, 45). 3Several electrophysiological
gtudlies héve also appesred which have contributed to the

evalustion of the connections of these areas (79, 12, 21).
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These recent morphologic #nd electro-physiologiec
studies, as well as the aforementioned studies of
function in the fornix and septum, have been clouded
with many conflicting results in their anetomic content.
The sxtent and complexlity of the connections of the
fornix and septum and the conflieting opinioneg as to
thelr presence sre numerous and will be covered in the
discussion section of this paper.

It 1s the purpose of this investigation to attempt
to resolve some of the ebove conflicts in morphology of

the septum and fornix by the experimental method.
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MATERIAL AND METHODS

The material studied ecm@risad the breins of forty
three healthy young sdult octs weighing between 1.6 and
2.0 kg Electrocoaguletive leslons were made with a
Johngon-Krieg modification of the Horsley-Clark
stereotaxiec instrument under light ilntraperitoneal
Nembutal anesthesia. Lesions were unllateral or
bilateral and involved the following areass: the
hippocampus and fimbria at various levels and to a
varying extent, the body of the fornlx complete and
partial, the ventral hippoocampal commissure, the column
of the fornix, the septal area in e variety of positions
and varying in extent, the anterior commissure, the stria
terminalis, the thalamus, and the stria medullaris.

Degeneration was allowed to continue for six %o
thirteen days, the optimum period for recognition of
primary neuronal and terminel degeneration. The animals
were then sacrificed by mesns of intraperitoneal
Nembutal followed by immedlate thoracotomy and
intracardiac perfusion with a solutiom of 15% formalin
to insure the guick and adequate fixation which is
necessary for the preservation of intect synaptic
terminals, The brains were removed and immersed in
15% formslin for e period of four or more weeks for

further fixetion. Following dehydration a series of
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every ifth or tenth section was mounted and steined by
g modification of the intensified protargol method as
deseribed by Stotler (80, 82), The blocks were cut in
the transverge plane.

Two normsl cats were carried as controls and prepared
by the seme method for comparison with experimental
material.

In many of the studles meantioned previously the
accepted VWelgert, Marohi, and Nissl proocedures have been
relied on for analysis of the material., 1In his
investigations of the normal nervous system, Ramon y Cajel
{72) made use of gilver stelning techniques. In thelr
atudies of the optie, audltory, snd other major fiber
systems Gleea snd Clark (32), Brodal (17}, Sprague and
Meyer (78), Stotler (8l1), and Nauta (64}, have found
gilver techniyues to be the most rellable and precise
method of studying filbsr degenersition in the ecentral
nervous sysbem. This superiority in the demonstration
of degenersted axones, Tine preterminal endings, and
terminel endings has led us to use gilver techulgues in
this atudy.

Histelogle study of all silver preparatlons was
carried out by observing fiber degesneration wﬁieh wes
either primary to & direct lesion of the tract or

secondary to destruection of their cells of origin.
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Degenercoting ribers appsar markedly argyrophilic wilth
gross Tragmentation and swellling. Omall preterminal
fibers when degensrated appear &3 a Tiasly granular
argyrophilic debris. Degensrating terminals appesr as
black swollen boutens, The degenerasted aross having
all been carried ssven to ten days show a rather marked
glesring of fregmented Tibers and terminal dsbris. 7This
results in a conspliouous loss of perieellulsr neuropil}
in the aress which are lnvolved.

A histologis anslysis of fifteen onts will be

pressnted to demonstrate the findinge in this study.
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RESULTS

A review of the literature dealing with the foraix
and septum reveals many discrepancies in nomenclature of
their subdivisions. Terms used by one suthor to describe
an area will often be used by others to denote en entirely
different atructure, iany of these struetures have heen
endowsd with & multiplicity of terms. ¥or this reason a
description of the fornix end septum with the anomenclature
%o be used 1n this paper would seem necessary before
desoriblng the results, 4 dlagrammatic summary of the
results of this study is shouwn in Figure 13.

The hippocampus in the cat begins venitrally and
8Qﬁ@wh&ﬁ posterior along the lateral wall of the lateral
ventricle and extends dorasally and then anteriorly. For
purposss of this paper it can be divided into two major
subdivisions. The first is en antero-dorsal pertion
lying in the dorssl wall of the lateral ventricle,
betwesn the dorsal aurfece of the thalamus and midbrain.
ventrally, and the corpus calloswn above, The most medial
anterlior portion of this structure is in contect with the
superior fornix sbove. The remsinder of the hippocampus
will be referred to as the ventro-poatero-lateral portion,
Phis lies as it is named in the lateral ventricle between
the brainstem medially and the temporul lobs laterally.

The hippocampal commissure or psalberium has been



il.
degoribed in many ways. In ths cat thers are two
~commlasural structures. The dorsal hippoocampal
commissure lies below the superior forulx snd extends
between the medial parts of the fornix at the lsvel of
the anterior extremity of the antero-dorsal hippocampus,
The ventral hippocempal commissure is much i&rgar-anﬁ
li=z 1n the posterior part of the geptum, dorsal and
just posterior to the anterior commissure, apnd caudal
to the descending column of the fornix.

The Tornix is divided into shree perts,

1. The dorsal fornix, also known @s the stris of

Lencisl, extends over the top of the eorpus
callosum to the genu and then vantrslly into
the lateral septal area.

2. The medial formix arises slong the superior
surface of the antero-dorsal hippocampus
between this structure and the eérgaﬁ callosum
dorsally, Rostrally it lies on either side of
the midline, A4t the level of the
poat commissural septum it curves ventrally as
the column and pillar of the fornix and then
descends posterlorly through the hypothelamus
as the descending coluwmn of the fornix. The
mediel fornix can be subdivided into two

divisions. The first, the mediel component,
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is & distinct bundle of fibers lying on either
side of the midllne, which descends im the
¢olumn of the fornix. This 18 referred to as
the supsyricr fornix. The sscond, lateral
component, lies lmmediately lateral to the
firat and is a group of fibers wiich arise in
the antero-dorsal hippocampus, but appear %o
pass forwerd contiguous to the lateral fornix.
These fibers take part im the dorsal hippocampal
commissure znd join the opposite superior fornix
to form the contralatsral component of the
solumn of the fornix. The superior fornix does
not teke part in the dorsal hippocampal
commissure,

The lateral fornix arises primarily in the

ventro-postero~iateral part of the hippocampus,
It is the largest division and contridutes to
the ventral hippocampal ewmmiésur@‘ it also
supplies afferents to both pre and post

commissural septel nuclei.

The septum lncludes the basal area of the hemisphere

iyling beneath the corpus callosum in the antero-medial
well of the hemisphere. It extends laterally as far as
the lateral ventricle, antero-posteriorly from the

frontal cortex to the wventral hippocampal commissure
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eénd ventrally %o tha disgonel band of Broes, tuberculum
clfactorium wund the precpbic area of the hypothalamus.
The S@?tum ig divlided into two major subdivisions.

i1, The medlal septum begins anteriorly at the

posterior border of the anterior olfactory
nucleus a8 the enterlor continuation of the
hippocampus or subcallossl arsa. From the
posterior edge of this nucleus the medial
septal nueleus begins and continues
poateriorly to the ventral hippoocampal
commisgure. The medial septel nucleus will
ineclude the nucleus septo-hippooampalis and
nueleus septalls trieangularis. Veatral to
the wmedial septal nucleus in the region of
the tuberculum olfectorium is the pucleus of
the dlagonel band. This nucleus extends
ventroleterally beneath the olfactory tubersle.
2. The lateral septum will be described as just
the lateral septal nucleus. Ths nucleus
acoumbens is often desmoribed with this area
anteriorly but this represents e medlial
extension of the caudate nucleus. The
lateral septal nucleus includes the bed
nueleus of the anterlor commissure as well

as the nucleus septalls fimbrielis whioh lies
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Just laterel to the column of the fornix.

The fornix and septum will be deacribed
a8 pre commissural and post commissural with
reference to their relatlonship to the
anterlior commissure,

Cat DW=90. Unilateral lesion; Light day degeneration.

The lesion end resulting degeneration in this case
are summarized im Figure 1. The main body of this lesion
lies in the antero-dorsal hippocempus, however, it
extends ventrally to involve the entire fimbria in the
most dorsal part of the ventro-postero-lateral
hippocampus. The superior fornix and small areas of
the corpus callosum, gyrus einguli, and the optie
radiation were also within the confines of the lesion.,

4 small area of destruction was found in the most ventral
portion of the ventro-postero~-lateral bippocampus. The
thalamus was inveded by a separate narrow lesicn which
cut directly through the pulvinar.

Complete degeneration of fibersg oceurs rostral to
the leslon in both the medial und latersl fornix on the
side of the lesion (Fig, 14). Degenerated fibers can
be seen crossing in the dorsal hippocampal commissure
and terminal degenerestion is noted at this level in both
the poliymorphic snd pyramidal layers of the antero-dorsal

hippocampus of the opposite side., Hormsl fibers from the
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fornix of the side without ¢ leslon can be seen erossing
in the ﬁarﬁal‘nip§aeam@sl commissure and entering the
degenerated alveus over the antero-dorsel hippocsmpus on
the side with the lesion. Rostral to the antero-dorgal
hippocampus a few degenerated fibers cun be seen passing
forward in the medisl fornlix on the nermal side.

A% the level of the ventral hippocampal eommissure
many degenerated fibers cam be seen entering the lateral
fornix on the opposite side. These degenerated fibers
are not seen in the undegenerated foranlx posterior to
the commissure und they can ba followed into the lateral
septal aree (Fig. 16). The fregmented argyrophiliec
fibers of the lateral fornix on the side of the lesion
can be followed eagily into the lateral septul nucleus,
both pre and post commissural, where there ls rather
marked terminal degeneration with clearing of the
neuropil throughout (Fig. 15). Terminal degeneration
was noted in the lateral septal nuelsus of the opposite
side but not to the extent with which it occours on the
side of the lesion.

Dogenerated fibers are seen pessing through the
medial septal nucleus (Fig,., 17) and the nucleus of the
dlagonal bend biletersally with a small amount of
terminal degenerstion in the medial septel nucleus of

both sides, Thegse degenerated fibres eppear Lo pass
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above the nucleus of the dliagonal band and then curve
leterally dorsal to the disgonal bend {Fig. 22) where
degenerated terminals were poted around the cells of the
islands of Celleja in the tuberculum olfactorium
bilaterally (Fig. 24}, The fibers of the disgonal band
were not degenerated, Argyrophilic debris was alsc
present in the lateral preocptic arees (Fig. 21).

The degensrated superior forailx on the side of the
lesion is Joined laterally, where it passes ventrelly as
the column of the fornix, by several normeal fibsrs from
the lateral division of the medlal fornix., These are
fivers thet have c¢rossed in the dorsal hippocempal
commissure. At the seame position on the opposite side
degenerated {iberg c¢an be seen Jjolning the normal column
of the fornix. /A8 the degenerscted column passes behind
the enterlor commissure 1t is jolined medlally by a group
of undegenerated fine fibers which sppesar toc curve
dorasally over the descending column of the foraix to
join its mediel side (Fig. 18)., The descending column
of the fornixz then passes through the hypothalamus to
the mammillery body where rather murked terminal
degenerstion snd gliosis is noted in the lateral part
of the medlel mammillery nucleus. There is also fiber
and terminal degenerstion in the ares between the

mammillery bodies snd the supramammillary decussation
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but no degenerated fibers could be followed caudal e
the mammillaery bodies. 4 few degenerating terminals
vere seen in the opposite mammillery body.

Many degenersting fibers and terminals were present
in the posterior thalamic nuelei4but they could be
followed easily to the leslon in the pulviner.

It is interesting to note thet with this complete
unileteral loss of the foranlx thet a thorough
examination revealed no degeneration in the stria
medullaris (Fig. 20), the hebenula, the anterior
thalamic nuclel, the extreme antarimr geptal areas, and
the hypothalamus other than in the mammillery bodies
snd the lateral preoptic areca.

Cat DW-87X. Bilatersl lesion; Thirteen day degeneration.

The leslon and resulting degeneration in this case
are summarized im Filgure 2, This is a lesion of the
fornix st the level of the ventral hippocampal commiasure.
The Tibers entering this commissure are completely
destroyed billaterally.

On one side the entire lateral and medlial fornix
with the column are destroyed as tley enter the
post commissural septum. The lesion extends somewhat
to involve the superior part of the lateral
postoonmissural septum and a small amount of the superior

medial and lateral precommissural septum. The lesion
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A peries of six drawings illustrating
representative sections of cat DW-80,
The extent of the lesion is shown in

1, &, and 3 (shaded area), Wote heavy
terminal (coarse stipple) end fiber
(interrupted lines) degeneration on

the homolateral side rostral to the
lesion (1-68) and moderate degenerstion
of terminals (fine stipple) and fivers
{interrupted lines) on the contralateral
side (1-6). WNote degeneration of the
dorsal hippocampul commissure (2) and
veatral hippocampal commissure (4.
Degensration of terminals end fibers in
the thalamus are shown in 2 and 3.
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also involves the corpus callosuwm.

The lesion of the other side was similar except
that the superlor fornix snd column were spared.
However, the fibers which joln the column from the
lateral diviasion of the medisl foralx were involved
in the lesion as wag the strie terminalis and the
medial edge of the ocuudabe nucleus,

The side which had & lesion of both the lateral
and the mediel fornix shows rather widespread
degeneration. The desgocending column of the foranix in
the hypothalamus is completely degenerated but is
joined medlally by pﬂrﬁially degenerated fibers paszsing
pver it dorsally just posterior to the enterior
commissure (Fig. 19}. These fibers appesr to arlse
from the luteral poat commissural ssptum in the same
eres Trom which the strie medullaris arises., The
descending column of the fornix ends in the lateral
superior pert of the medial mammillary nucleus where a
marked gliosis end olearing of neuropil sre present.
Conaiderable fregmented argyrophilice debris 1s again
seen in the lmmedimte suprsmemmillary region below the
decussation but none can be followed into lower areas
of the brainstem. Ho degenerated fib@rm or terminals
were found in the midline hypothelamic nuclel or in the

perifornical region. Muny argyrophilic preterminals and
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terminals were noted im the laterel preoptic area of
the hypothalamus,

The post commissural septum on this side shows
eonsiderable terminal debris throughout but marked
clearing hes tsken place, The pre commissural septum
has many fragmented Tibers coursing through it with a
marked gliosis. Terminmal debris is widespresd in the
lateral septal nucleus but there hes been considerable
¢learing of the degeneruted neuropil. The fragmented
fibers csn be followed ventrally in the lateral septal
area where they course laterally above the diagonal
band =nd enter the islsnds of Julleja of the tuberculum
olfactorium where many swollen boutons and
argyrophilic preterminals are noted. The medial septal
pucleus and ventrally the nucleus of the dlagonal band
are spared as is the disgonal band.

The strie medullaris on this side was partially
degensrated throughout its course with terminal
degeneration noted in the habenuler nucleus in its
lateral puart.

A thorough search of the anterior thalamic nuclel
revealed no degener=tion.

Posterior to the lesion comsiderable degeneration
of the medial and lateral fornix were noted but this

disappeared &t a level just behind the dorssl hippooampal
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commissure., No degenerated fibers were found crossing
in the dorsal nipgacamgél commissure and no degenserated
fibers or terminsls could be seen entering the
antero-dorsel or veantro-postero-lateral hippocempus,

The side in which the column of the fornix wes
gpared along with the stria medullaris shows somewhatb
the sams pattern ef‘d@ga&eraticm. It differs in thaet
the descending column of the fsrﬁix showsg only a few
degenerated fiber& which epntered it from the lateral
division of the medial fornix at the level of the ventral
hippocampal commissure. There is only slight
degeneration in the mammillery body of the homolateral
gide. 4 few fragmented Tibers cam be seen crossing in
the hebenular commissure to aniar the habenula on this
gide. The degenerated stria terminalis can be followed
in the medisl preoptic area where it terminates.

Cat DW-93, Bilateral lesion; 7 day degeneration.

The lesion snd resultiag ﬁagéneration in this case
are summerized im FPigure 3. The lesion 1is approximately
the seme on both sides., It involves the antero~dorsal
hippocampus and the alveus on ita superior asurface,
lateral to the most poﬁtérior part of the superlor fornix,
Most of the corpus callosum and & small part of the gyrus
cingulil were also involved in the lesion. The ventrel,

medial, and most anterior parts of the antero-dorsal



Figure 2, 4 series of six dreswings lllustrating
representative seotions of oot DW-B7X.
The extent of the lesion ls shown in
4 and 5 (shaded srea), HNote the hea
terminal degeneration {coarse stip91;¥
of the septum (4) and fine terminal
degeneration (fine stipple) in the
lateral preoptiec area and olfactory
tuberele. The stria medullaris and
hsbenula are degenerated, (2, 3, 4).
Note almost totel loss of fibers of
the column of the fornix on one slde
and slight loss on the other in 4
{interrupted lines)}., Lesion of the
stria terminalis is shown (4) with
resultant degeneration of terminals
{(fine stipple) in the medial preoptic
arvea {(5). Note degeneration of the
fornix caudel to the leaion (3).
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hippocampus were not destroyed.

The pattern of degenerstion is the same on the two
sides, Anterior to the lesion the fib@ré crossing in the
dorsal hippocempal copmissure are completely degenerated
(Pig. 2B5). Degenserated fibers can be seen entering the
antero-dorsal hippocampus and considerable terminal
debris is noted around the pyramidal cells of the
polymorphic end pyramidal layers (Figs. 46, 47, 48). 1In
front of the dorsal hippocsmpul commissure degenerated
fibers can be seen in the latersl division of the medial
fornix. These fTibers join the column of the fornix and
pass through the hypothalamus to the mammillery bodies
where a small amount of degeneration is noted in the
medial memmillary nucleus. A rather marked amount of
debris is noted in the supramemmillary area with meny
apparently orossing fragmented fibers.

Thorough examination reveals no degeneration in the
hebenula, anterior thalamic nuelei, mediel or lateral
gseptum, preoptic snd other sareas of the hypothalamus,
There was no degensration in the diasgonal band or
tuberculum olfactorium (Fig, 23}. The ventro-postero~
lateral part of the hlppocampus is normal in all layers.
Cat K~15. vnilateral lesion; eight day generstion,

The lesion and resulting degeneration in this ocase

are sunmarized in Figure 4. The lesion is confined



Figure 3.

A series of five drawings illustrating
representative sections of cat DW-93,

A biletersl lesion of the anterodorsal
hippoocampus is shown in 1 {sheded aresa),
Note degenerated fibera (interrupted
lines) of the leteral division of the
nedial fornlx (2, 3, 4) and moderate
terminal degeneration (fine stipple)

in the mammillery body and
suprenemmillary area (2).
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mainly %o the superior purt of the ventro-postro-lateral
area of the hippocampus, It invoives the whole width of
the hiprocampus in this aree including the alveus and
fTimbris. The only other arcas of destruction involved
small portions of the temporal lobe and the optie
radiation.

Degeneruated flibers were noted in the fimbria above
the area of the lesion. 4t the level of the fornix the
degenerated fibers were limited to the luterel foraix.
No degenerated fibers could be found in the medial fornix,
or in the dorsal hippocempal commissure, &4ll layers of
the antero-dorsal hippocampus of both sides were free of
degenerating terminals and the ventro-postro-lateral
hippocsmpus of the opposite side is free of eny
involvement.

At the level of the ventral hippocampal comnissure
many degenerated fibers from the lateral fornix are seen
crossing to a similer position on the opposite side,
These degenerated fibers of both sides oan be followed
into the lateral septum both pre and post commissural.
None of these fibers can be Tound in the foranix of the
opposite side posterior to the commissure,

Meny swollen, argyrophilie fragments of fibers can
be geen coursing through the laterasl pre and post

commissural septum of both sides (Figs. 27, 28}, These
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arﬁ'fnr groater in number on the side of the lesion
(Fig. 27). & great many swollen boutons are noted in
the luteral septal nuelel and there is a rather marked
glioais amd cleering of pericellular neurcpil im these
arezg, Only a slight amount of terminal degeneration
wesg noted in the mediasl septal nucleus. The disgonal
bend end nucleus of the disgonal band show no
degenerstion. There is & very moderate amount of
terminal degeneration in the leteral preoptic area
bilaterally.

Degenerated fibers pass through the lateral
septal nucleus, curve medially and then laterally
shove the dlagonal bsnd to terminate in the islands
of Calleja in the olfactory tubercle (Fig. 26}, .again
this is more marked on the side of the lesion,.

The medial fornix was inteot bilaterally
throughout its course, No arses of degeneration were
found in or anesr the memmillery body. The anterior
- thalamug, other regions of the hypothalamus, strie
medullaris, hebenula, end the extrems anterlor septal
ereas were free of degenerution bllaterally.

Cat K=9, Unilateral leslon; seven dey degenerstion,
The lesion wes smell ond localized in the
ventro~postero~latersl hippocampus without involving

the alveus, No other neerby structures were lavolved



Flgure 4. 4 series of aslx drawings illustrating
representative sections of cat K-18,
The lesion of the ventro-postero-lateral
hippocempus is shown in 1 {sheded ares).
Degenerating fivers {interrupted lines)
are shown in the lateral formix (2, 3)
and vantral hippocempal commissure (4),
Hote heanvy degeneration of terminals
{coarse stipple) on the side of the
lesion end light terminal degeneration
{fine stipple) on the contralateral
glde. Note intuct dorsal hippocampal
commissure (uninterrupted lines (2).
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in this lealon.

Degeneration ocourred forward in & very narrow
area of the lateral part of the lateral fornix. The
pattern of degeneration was identical to that present
in cat K-15 but on a much smaller ascale.

Cat DW-77. Unilateral lesion; sight day degeneration.

The lesion and resulting degenerstion in this case
are summarized im Figure 5. The lesion in thls animal
destroyed the superior fornix posteriorly, the superior
surfece of the antero-dorsel hippocampus, and & part of
the most dorsal portion of the ventro-postero-lateral
hippocempus. Incidental involvement ocourred in the
gplenium of the corpus callosum and the superior
collioulus of thaet side,.

The superior fornix is degenerated in front of
the lesion, as it lies hetween the antero-dorsal
hippocampus and the corpus callosum. Ais it passes
forward normal fibers appear to join the superior
fornix from the antero~-dorsal hippocampusz. AL the
level of the dorsal hippocampal commissure the
superior foralx appears %o be about iwo thirds
degenerated., There are no degeneruted Tibors in the
alveus over the superior surfsce of the antero-dorsal
nippocampus at this level =nd the dorsal hippocampel

commissure is made up of normal fibers. The partially
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degenerated superior fornix can be followed lnto the
column of the fornix where it ls joined on its lateral
side by normal Tlbers from the lateral division of the
medlal Tornix. The cclumn then curves posteriorly in
the hypothelamus and the mummillary bodles show the
sume pattern of degeneration as seen in DW-90 and
DW-87X (Figs. 29, 30).

Degenerated fibers are present lm the medlal half
of the lateral fornix posteriorly (Figs. 31, 32, 38).
These flbers course to the post commissurel septum
where many of them oross to the opposite side in the
ventral hippocampal commissure, Others can be seen
descending and terminating in the lateral septal area
just avove and posterior to the anterior commissure.
This is the reglon from which the stria medullaris
appears to toke origin., Other degenerated fibers pass
to the pre commissural septum and th@ir degenerated
terminals can be seen in the medial septal nucleus and
the medlal part of the lateral septel nucleus. The
degensrated fibers could not be followed as far as the
tuberculum olfactorium,

Agein no degenerated terminals or fibers were
found in the thalamus, hypothalemus with the sxception
of the memmillary bodles, stria medulleris, or habenula,

No degeneration was noted in the preoptic area of the
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hypothulemus wnd there was pno upperent degensrrition
behind the lesion in any port of the hippocimpus.

On the side which had no lesion, degeneration wus
limited to those fibers entering it in the veuntral
hippocumpul commissure, These Tibers sppesr to follow
the seme pathwey noted in the septel area of the opposite
aide. The terminal degenerstion was not as greet in
extent a8 on the side of the lesion. No degenerated
fivers were found in the fornlx posterior to the ventral
hippocampal commissure.

Cat DiU-88., Bilateral lesion; eight day degenerution.

The lesion =nd resulting degeneratlon in this cose
aere summarized in Figure 6, The lesion in this animal .
was lorge. It beglns posteriorly where it destroys the
superior fornix and a purt of the flmbria at the
gsuperlior end of the ventro-postero-letersl hippoocumpus.
hs the leslon extends forward the dorsal hippocumpal
commissure is involved., The superior border of the
antero~dorsal hippoeumpus 1s cosgulated, asnterior to
the most rostral level of the hippocimpus the medial
fornix is destroyed vlong with the medlul one half of
the leteral fornlx. 4 large srea of corpus cullosum
and gyrus cinguli were lncluaed ln the area ol the
lesion. The lesions on sthe two sldos were identlcal,

Anterior to the lesion the fiders of the medial



Figure 5. 4 series of six dreawings 1llustrating
representutive sections of cat D77,
The lesion of the superior foranix and
superior surfuce of the antero-dorsal
hippocampus is shown in 1 (shaded area,
Resulting degeneration (interrupted
lines) is shown in the fornix and
‘ventral hippocampal commissure (4).
liodarutely heavy terminal degenerstion
is shown (ooarse stipple} in the
homolaterel mammiliary body end septum
{8, 4, 5, 6). Moderste degeneration
ef the contralateral septum (fine
stipple) is present in 5 end 6. lNote
no degeneration of strie medullaris
Or septo-mammillary tract {(4). The
terminal degeneration in the pre
commissural septum is meinly im the
medial pert of this structure (6),
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fornlx und the mediul one hulf of the latersl fornix ure
entirely degenerated (Figs. 34, 35). Neo degensruting
terminals could be found in any part of the ventro-
pogterco-luteral hippocumpus,., The antero-doraa
hippocumpus could not be exumined due to its involvenment
in thes lesion,.

Anterlorly the columns of the fornix are completely
degenerated, They cun be followed post commisasurally
whore they are joined medially by normal fibers which
appenr in the post commiasural septum in the ares from
shich the stris medullaris appears to arige., As the
descending columna puss through the hypothalumus none
‘0f the fornix fibers can be seen sntering the hypothalsmus,.
Degenerating terminuls are spresd throughout the lateral
part of the medlal memmillery nucleus, ageln considerable
argyrophilic debris is poted in the supremsmmillery area.
Theass fibers could not be followed into the tegmentum,

The degsnerated {ibers of the medieal one hall of the
latersl fornix cun be followed into the post commissural
septum where u few of the degenerzted fibers cross in the
superior portion of the wentral hippocompal commissure.
It appears however, that et least B0% of the commissure
i3 not degenercted und is mede up of normal fibers from
the luterul one half of the luteral fornix.

Rather widespresd terminal degeneration was noted
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in the mediul +nd luteral septel arezs both pre and
post commissural. This appesrs to be more marked in
the medlal septal nueclsus =nd the medisl one half of the
lateral septal nucleus (Fig. 37). There is a large
amount of gliosis and meny frugmented swollen fibers can
be seen coursing through the septum. Meny of these
fibers appeser to puss luterully ebove the disgonal bund.
4 few degenerated terminanls were seen in the islonds of
Gulleja of the olfuctory tubercle, The dlagonal band
and the pucleus of the dlsgonul band show no evidence
of degeneration., Very 1little terminal degeneration wusg
noted in the post commliasurel septum.

Numerous degesnercted terminsls and fibers were
found in the posterior thelemic nuclei. These fibers
gould bs followed into the white mutter of the lateral
part of the hemisphere, WNo degenmerabed materiasl could
ve found in the anterior thelamic nuclel and no
degenerution was noted in the stria medullaris (¥Fig. 36)
or habenula,

Aguin swollen terminals end argyophilic debris
wore noted in the lateral preoptic arsa of the
hypothalemus., The rest of the hypothalemus uand the
epithalumus were free of lanvolvement.

The gtrie of laneisi or dorsul foralx cuen be seen

sntering the luteral septum unterlorly. The Tiberas cre



Flgure 6. & serlies of six drawlngs 1llustrating
representative sectlions of cat DW-88,
The extent of the lesion is shown in
1 and 2 {shaded srea), Fiber
degeneretion (interrupted linss) is
represented in the medlal foralx and
medial half of the lateral foraix
bilaterally. MNote the lask of fiber
degeneration in the lateral helf of
the lateral fornix (3}, the ventral
hippocampal commigsure (4) and the
lateral part of the septum (6). Note
also moderate degencration of terminalis
(fine stippls} in the luteral preoptic
ares (5) znd olfactory tubercle {6?.
The stris medullaris (3, 4} and
hebenula (2) sre free of dsgeneration,
Hote the degeneration in the thalamus
(2) due to the lesion in parietal
white natter (1).
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degenerated blleaterslly snd considerable terminal debris
cun be seen in the lstercl septel nusleus. There is no
terminsl degenerction in the anterior continustion of
the hippocumpus.

Cat DN-94, Bilateral lealon; eight dey degenerction.

The leslon und resulting éﬁg@ﬂﬁrwﬁiﬂﬁ in this cuse
vre summerlzed in Figure 7. The leslon iz scmewhut
posterior at the level of the rostral end of the
artero-dorsal hippocsmpus. ‘The lesion on one ulde
destroysd the whole superior fornix, the dorsul surfuce
and alveus of the arterg-dorsul hippocempus, and a very
small pert of the fimbria in the superior extremity of
the ventro-postero-lateral hippocampus. The lesion of
the other side only destroyed u few of the dorsal fibars
of the superlor fornix and the alveus and superior
border of the antero-dorsal hippocumpus. The corpus
cullosum wes lnvolved sliightly on both sides,

Oa the side in which the eptire superior fornix
and & small asmount of the superior flmbrisc were involved
forward degeneration wes found ia the medisl fornix
(Fig., 38). Doegeneration in the column and the
memmillary body were nearly the same us thaet in
D77 snd DV-88,

On the side in which the superlor fornix was

d
only slightly involved there was only minimal



degeneration noted in the columns of the fornix.

The dorsal hippocampal commissure was partially
degenerated (Flg. 38). Argyrophilic terminal debris
was noted 1n the polymorphic and pyramidal layers of
the antero-dorsal hippocampus bilaterally. No
degeneration was found in the ventro-postero-lateral
hippocampus of either side,

It was interesting that no degenerated fibers
could be found entering the pre commissural septum,
the post commissural septum, the stria medullaris,
the hypothalamus other then the mammillary bodies,
nor the antsrior thalamic group of nuclei.

Cat K-11. Unilateral lesion; eight day degenersation,

In this cat the lesion was limited to the mediaml
fornix and a small amount of the antero-~dorsal
hippocampus and the alveus lying over it.

Degensrstlion oecurred in the same pattern as
was pressnt in cat DW-94 on the side with the lesion
of the superior fornix. In this animal a few
degenerated fibers were noted crossing in the dorsal
hippocampal commissure and a small amount of terminal
degenerstion could be found at this level in the
agpmsit@ hippocampus arcund the pyramidal cells. No
degeneration was found in the homolatersl hippocampus

in froat of the lesion., NMany normel fibers could be



Figure 7.

4 series of five dreawings to illustrate
repregentetive sectlions of oat D94,
The extent of thls lealon is represented
in 1 (shaded area). Note fiber
degeneration (interrupted lines} of the
medial fornix on the left, the lateral
division of the medial fornix on the
right, and the dorsal hippocempal
commissure, Terminal degeneration
(course stipple) occurred in the antero-
dorsal hippocampus (1} and mammillery
bodies (2). HNote Tibers of the lateral
division of the medlial fornix jolining
the column on the right (4, 5). Note
also the lack of degeneration in the
ventral hippocampal commissure (4),
preoptic area (5) stris medulleris (4)
and septum,
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seen entering the degensrated alveus on the slde of
the lesion «t the level of the dorsel hippocumpal
commissura.

Gat XK~l4. Unilateral leslon; six dey degensration.

The lesion and resulting degeneration in this case
are summarized im Figure 8, The lesion in this animal
was large but only involved the septel area. The area
of destruetion begins posteriorly in the post
commissural septum just below the ventral hippocampal
gonmissure and above the anterlor commissure. The
pillar of the fornix is destroyed along with the
geptum above and on the lateral side of the pillar,
This region of the septum is where the siria medullaris
and fivbera which join the fornix medislly are usually
noted to teke origin. The anterior commissure is not
inoluded in the lesion but the stria terminalis is
destroyed at this level.

The pre commissural lesion includes the fibers
from the lateral fornix as they enter the septum at
this level. The medisl and lateral septal nuclel are
destroyed for some distonoce enteriorly. The superior
mediel part of the dlsgonal band and the nuclsus of
the disgonal band are also incorporated in the lesicn.

The descending column of the fornix in the
hypothalemus appears to be completely degenerated.

Terminal degeneration appearing in the mammnililary
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body end suprememmillory srea on the side homolateral
%o the lesion was the aame usg was found with lesions
of the satero-dorssl hippocampus snd superior fornix
in cats DI-00, DU-B7X, DW-88, DWe04, und K«~ll. The
normal fibers which joined the foraix medlally in the
post commissural septum in the above cuts were reduced
to fragments of ergyrophilioc materisl in this
praparation {Figs. 41, 42, 43},

The fibers of the strias medulloris are completely
degenerated (Flgs. 44, 45) end verminal degensration
is present in the lateral part of the habenular
nucleus, Some degenerated [ibers can‘ba seen crossing
in the habenular commissure to termlnate im the medial
habenuler nucleusa of the opposite side,

Rather marked glioslis and degeneration of fibers
and terminals were noted in the medial and lateral
septal nuclel veatral to the lesion. Terminal
degenerstion wasg found in the nucleus of the diagonal
band end & few of the fibers of the disgonal band
appear fraugmented, Again degenersted {libers could he
geen moving laterslly above the dlagonal bend toward
the islinds of Calleja where some terminel debris was
noted, The extreme anterior exbtent of the geptum ls
free of degenerstion and the stria of lencisl 1s int=zoct,

Posterior to the lesion there was no degensration

in any pert of the formix, the hippocumpus, or in the



Flgure 8,

A series of five drewings to illustrate
representative sections of cat Ewld. 4
lesion of the post commissursl septum
and the pliilar of the Tornix is
represented in 3, 4, and § (shaded area)
with resulting fiber degeneration
{interrupted lines) in the stria
medullaris thalemi {(1-3) and fibers of
the septum Jjoining the fornix on its
medial side. The lesion in the stria
terminalis is shown in (4) with bterminal
degeneration (stipple) ln the mediel
preoptlc area (4), The lesion extends
to include the whole pre comaissural
sepbtum and nucleus of the disgonal band
in 8. Degeneration of terminals (coarse
stipple} is shown in the olfactory
tubercle and nucleus of the diagonal
band (5). Note degemeration in hebenula
bilaterally (1),
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dorsal snd veatrel hippecampal comnissures,

The degenerated fibers of the strle terminalils
could be followed into the medlal preoptlc area.
There was no other evidence of degeneration in any
part of the hypothalamus. The anterior thalamic nuolel
showed no abnormelity.
Cat D=-89. Unilateral lesion; twelve day degenerution.

The lesion and resulting degenseration in this casge
are summarized ia Figure 9. The leslon begaen in the
post commissural region where 1t destroyed a small
portion of the ventral hippocampal commissure, the
anterlior commissure, and the superior preoptic area.
Approximately one half of the pillar of the fornix was
involved amlong with a part of the septal area lateral
to it as in Cut K-l4, In the pre commissural septum
the lesion involved the medial septal area in its whole
dorso-ventral extent including the diagonal bend and
the nuecleus of the disgonel bund. The lateral septal
ares and strie 3rmimalls’ware gpared in this lealon.

The pattern of degenmeration was identical to that
in Cat K-l14 except that the lateral septal nucleus,
isl:nds of Celleja and medial preoptic area were spared
of degeneration., The diagonal band in this leslon was
degenerated for oanly a short distance beyond the lesion.

A small lesiom wes noted in the ventral portion of
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the corpus csllosum, Just above the septum., From this
lesion degenerated Tibers could be seen termlnating in
the medial septum anteriorly but none could be followed

into the corpus callosum behind the lesion (Figs. 49,

50, Bl).
Cat K~l8; Cet DU~165., Unlleteral lesion; ten day
degeneration.

The lesion and resulting degeneration in these
cuses are summarized in Figure 10, The lesion in these
two animels involwed the latersl pre emmmiséur&l septum
guperiorly. The lesion was Just in front of the
anterior commissure and involved none of bthe poat
commissural geptum. The pre commissural fibers of the
lateral Toranix were destroyed.

On the side of the lesion there was a marked
cleering of fibers and debris in the lateral septal
pucleus but a large amount of argyrophilic debris
nevertheless remained throughout. & few degenerated
fivers which appear to come from the leteral septal
arsa could ﬁe followed leterally svove the dlagonal
bend. Thers wes some clearing of neuropll and terminal
degeneration in the 1lslonds of Calleja.

There was no degeneration behind the lesion in any
part of the foranix or hippocampus, The epithalamus,

thalamus, and hypothalamus were free from any abnermality.



Figure 9.

A series of five drawings to 1llustrste
representative gections of cat DUBS. 4
lesion is shown of the post commissursl
septum, column of Tornix, and a small
part of the anterior commissure and
dorsal preoptlc arsa {(4) (shaded areas).
The lesion extends to the medial pre
commigsural septum {6), Degeneration of
fibers (interrupted lines) is shown in
the stria medulleris thalamil and
descending column of the formix (1~3).
Note terminal degeneration (stipple) in
the homolateral lateral habenula and
contraluteral medlal habenula.
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Cat K5, Unilateral lesion; seven day degeneration.

The lesion was confined to the lateral pre
commizgaural septum in its whole dorsee-ventral sextent
from the apterior commissure to, but not including,
the nuoleus accumbens, There was a smell lesion in
the lateral pre commissural fornix. |

" Technicnl difficulty prevented eny evaluatlion
of the degenerstion in the lower h&lf of these gsections.
The lesion was gignificant, however, in that there was
no degeneration in any part of the fornix or hippocsmpus
behind the lesion., Another important finding was a lack
of degeneration in the strie medullaris, habenula, and
thelamus.
Cat E=16. Unllueteral lesionj eight day degensration,

The lesion and resulting degenerstion in this case
are swmarized in Figure 1ll. This lesion was limited to
the post commissural septum cnd the veatral hippocampal
commigsure. It involved the whole lateral fornix as i%
entered the post commissural septum, thereby cutting
all of the {ibers of the ventral hipyocumpal commissure.,
About two thirds of the medial fornix was destroyed as
it descends ventrally as the ocolumn of the foramix. The
majority of the post coumissural septum was destroyed.
None of the lesion extended to the pre eéﬁmiaﬁural

septum. The corpus callosum and gyrus eclnguli were



Figure 10.

A series of three dravwings to illustrate
sections of cats K-18 and DW-165. 'The
lesion is shown in the superior part of
the lateral pre commissurasl septum
{shaded erea). Degeneration of terminals
{stipple) ocours in the medial and
lateral pre commissural septum below the
lesion (3) and in fivers {interrupted
lines) ocoursing sbove the dlagonal band
(3)s Note the terminal degenerution in
the islands of Celleja of the olfactory
tubercle (3}, Note also the undegenerated
stria medulleris apd fibers 9e1ning the
fornix on its medial side {1j.
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involved slightly but no other siructures were injured,

The descending column of the fornix =nd its
afforent terminals in the mammillary body on the side
of the lesion were degenerated as in cat K-l4 and
others. Degensrated fibers could be seen crossiang %o
the normel side in the ventral hippoecampal commissure,.
These crossed fibers could not be followed in the fornix
caudal %0 the lesion and ezamination of the entire
hippocumpus on the normal side revealed no aboormality.

Degeneration of fibers snd terminals ocourred in
the lateral septel nucleus and islands of Celleja
bilaterelly, und there was a siight degeneration in
the medial septal nuclei. The degenerstion here waes
the same as in ost K-18,

& striking finding in this anlmel was the nearly
complete degeneration of the stria medulleris with
terminal degenerstion in both haebenular anuclei. The
fibers which have been described in previous lesions
{(E-14) as joining the medlal side of the descending
column of the foranix after pessing over it dorsully,
are also completely degenerated in this ocat,

Agein no degeneration was noted behind the lesion
in the fornix =snd hippocumpus., The thalamus and
hypathalamus, other thon the laterel preoptic area

end memmillary bodies were free of degenerstion,



Flgure ll. A series of flve drawings to illustrate
representative sections of cat K-16.
The extent of the lesion is shown in
$ and 4 (shaded area), Hote fiber
degeneration (interrupted lines) in
the veatral hippocampal commissure
{(3) and stria medulleris (3). The
fibers joining the fornix column on
its medial slde are also degenerated
{3)s Terminal degeneration {stipple)
of the septum {5}, olfsctory tubsrole
{5), lateral preoptic area (4), =nd
habenula (1) sre shown.
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Cat DW-146. Unilateral lesion; six day degeneration.

The lesion snd resulting degenerstion in this case
are summerized in Figure 12. This was a remarkeble lesion
in thet it appeared to follow the path of the inferior
thalamic peduncie., The area of destruction began
posteriorly Jjust lateral to the descending column of the
fornix snd then extended forwerd snd upwaerd to reach the
third ventricle et a level just posterior o the anterior
commissure (Fig. 39). Throughout its course the lesion
remained lateral to the post commissural fornix end
septum, The stria terminalis was destroyed on the side
of the lesion along with o emall srea of the dorsal
preoptic area ventrally. The lesion also included the
mammillothalamic tract.

Rather marked degeneration wes noted in the
anterodorsal, anteroventral, snd enteromedian thalamioe
nuclel (Fig. 40},

4 remarksble finding was the complete lack of
degenerntion in the strie medullaris (Fig. 39) and
habenula @ﬁ‘%&li a8 in the fornix end hippecampal areas,
Ho degeneration was found in any pert of the septum or
basal clfactory areas.

The frogmented fibers of the stria terminalis could
be followed into the medial precptic region where a

moderate amount of argyrophilic terminal debris was noted.



Flgure 12, A serles of three drawings to iliustrate
representative sections of cet DW-148,
The lesion of the medial thalamus
iavolves most of the inferior thalemio
peduncle (13} (shauded area).
Degensration ocours in the anterior
thalamic nuelel {1, 8) (stipple)}. Note
that there is no degeneration of the
stria medullaris (1, 2},
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Figurs 13,

& sochematlic diagram representing a
partial summary of the connections
of the fornix end septum in the oat.
Heavy lines represent a large amount
of fibers end fine lines amell
contributions of Tibers.
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50.
DISCUSSION
Origin of the Fornix

The origin of the fornix from the pyramidal cells
in the strutum lucidum of the hippocampus was described
in the sarly literature by ariéns Kappers, Huber and
Crosby (10}, Ramon y Cajal (72), and Lorente de N& (54).
liore recently Allen (6), in Nissl preparations of the
dog brain following section of the fornix, found
complete chromatolysls of the pyramidal cells of the
hiprocampus, 4llen also noted chromatolysis im a
number of cells of the polymorphiec layer of the dentote
gyTiLg .

Daitz and Powell (22) noted & eomplete absence of
any demonstrable change in the cells of the hilppocampus
in Nissl preparstions sfter complete section of the
foranix in the rat, rabblit, 2nd monkey. They used both
short ¢nd long term experiments with the same results,
These investigutions have been repeated with similar
results in monkeys by Molardy (60) andé Simpson (76).

“hatever the cellular origin of these fibers it
is generally mocceptad that axons from the hippocampus

sach the alveus, Daitz and Powell (22), in their
studies of retrograde degeneration following lesions
of the fimbrie al@ne; noted degeneration of the alveus

over the venitral surface of the hippocampus as well as
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the lateral two thirds of the dorsal surfece. With
lesions that ianvolved the superior fornlx, es well as
the fimbria; the whole slveus appears degenerated.

Simpson (76), while working with monkeys,
describsd & topographicszl relationship bstween the
fivers of the fornix and their origlin in the
hippocempus, He found that the slveus of the
anterior part of the hippocampus projects to the
lateral fornixz while the more posterior alveus
projecta to the medial fornix. Suppert for this was
shown, also in the monkey, by Bucy and Kllver (18).
Neuta {64) and Valenstein and Nauta (86} confirmed
these results in the gulnea plg, cat, monkey, and
rat. Using silver technigques they noted that lesions
in the mors dlstel perts of the hippocampus cause
degeneration in the more lateral parts of the foralx
while those of the proximal hippocempus result in
degeneration of the mediasl fornix.

o cellulsr studies were carried out in this
paper but several relatively discrete lesions were
made in various perts of the hippocampus which gave
indications of & distinot topographiesl organization
of the fornix and hippocampus. In cat ﬁuuga 8 lesion
of the antero-dorsal hippocampus and the fimbria of

the ventro-postero=-lateral hippocampus resulted in



B2,
complete degeneration of both medial and lateral foranix.
Leasions which involve mainly the antero~dorsal
hippocampus (DW=88, Di«77, Di-88, DW-94) show antegrade
degeneration of the medial fornix while lesions of the
ventro-postero~iateral hippocampus as iz K«15 and K=-9
resulted in degeneration of the lateral fornix. The
lesion in ocut @ﬁ*??‘Wﬂﬁ interesting in thet although
the lesiom involved the superlor fornix posteriorly,
normal fibers entered this bundle as it proceeded
anterlorly above the antero-dorsal hippocampus. By
the time i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>