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In their investigations of Ammon’s 
horn, Ram& y Cajal (’01, ’11) and Lorente 
de N6 (’34) described collaterals of the 
axons of the pyramidal cells which turned 
away from the alveus and the fimbria, 
passed through the stratum lucidum, and 
then ran horizontally in stratum lacuno- 
sum of the molecular layer of the hippo- 
campus toward the subiculum. Such col- 
laterals which arise from the pyramidal 
cells of areas CA3 and CA4 of Lorente de 
N6 were first described by Schaffer and 
carry his name (Schaffer collaterals j .  
Moreover, there are similar collaterals com- 
ing from other pyramidal cells of the hip- 
pocampus. Although these fibers have not 
been traced beyond the confines of Am- 
mon’s horn, there is clear indication that 
impulses may leave this area of the brain 
by passing over fibers other than those of 
the fimbria-fornix system. 

In spite of these reports observers have 
often implied that the fornix is the only 
efferent pathway of the hippocampus. In- 
deed, Brodal (’47, page 195) stated: 
“There seems to be general agreement on 
the issue that the fornix represents the 
main, and probably the only, efferent path- 
way from the hippocampus.” Most au- 
thors have assumed this statement to be 
correct. 

In part I of this study (Votaw, ’59) it 
was shown that stimulation of the hip- 
pocampus resulted in face and body move- 
ments. Since these movements were not 
eliminated by fornix section, but could 
not be obtained when the cornu Ammonis 
was separated from the subiculum, it was 
concluded that the impulses mediating 
these responses were routed through the 
temporal lobe cortex. The present account 
is a description of the degenerations which 
resulted from the lesions which were placed 

in the animals used in part I of this study 
with especial attention to evidence of ana- 
tomical pathways other than the fornix 
which are efferent with respect to the 
hippoc ampus. 

As in the earlier study, the term hippo- 
campal formation (or hippocampal com- 
plex or hippocampal area) will be used to 
indicate the complex of dentate gyrus, 
Ammon’s horn and subiculum. The pre- 
subiculum, prosubiculum, subiculum, and 
entorhinal area will be treated as separate 
entities. The terms hippocampus and cor- 
nu Ammonis (Ammon’s horn j will be used 
interchangeably. The terminology applied 
to the layers and the regions of the hippo- 
campal formation is based on the work 
of Ram6n y Cajal (’11 j and Lorente de 
N6 (’34). The terminology used for the 
structures found within the hypothalamic 
area is that suggested by Rioch, Wislocki 
and O’Leary (’39) except for the mammil- 
lary body, for which reference was made 
to the very complete study of J.  Rose (’39). 

MATERIAL AND METHODS 

The brains of 6 of the 10 monkeys which 
were described in part I of this study were 
suitable for microscopic examination. 
These 6 monkeys (Macaca mulatta and 
Macacus cynamolgus) were unselected 
with reference to sex and their weight var- 
ied from 2.4 to 14.5 kg. No other pro- 
cedures were carried out on these monkeys 

1 Aid for research generously provided to Dr. 
Elizabeth C. Crosby by Parke, Davis and Company, 
Detroit, made possible the carrying out of this 
project. 

%Parts  1 and 2 of this study represent, in 
part, a dissertation submitted in partial fulfill- 
ment of the requirements for the degree of Doctor 
of Philosophy in The University of Michigan, 
1958. 
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except as explained in the previous part 
of this study. All the lesions were placed 
during sterile surgical procedures ac- 
complished with the aid of ether an- 
esthesia. 

The survival times after the final pro- 
cedure on each animal varied from two to 
7 weeks. ,411 animals were sacrificed with 
an overdose of a barbiturate anesthetic 
(evipal) and perfused intracardially with 
a solution of 10% formalin. The brains 
were then removed and fixed in 10% 
formalin. All such material was prepared 
according to the Marchi technique as modi- 
fied by Swank and Davenport ('35). 

In the preparation of the microscopic 
slides, the sections were cut from 40 to 
50 ~1 in thickness. They were then ar- 
ranged serially and every 5th section 
mounted initially. After the original sur- 
vey of the material, additional sections 
were mounted in the areas of primary in- 
terest. Normal monkey brain serial sec- 
tions stained alternately by thionin and 
Weil techniques were available for com- 
parison. 

Since the Marchi method was used, it 
will necessarily limit the study to the de- 
generated myelinated paths of the central 
nervous system. It will be noted in these 
studies that some of the survival times 
are much longer than the usually accepted 
period of 14 to 21 days. Those specimens 
which came from the animals having long 
survival periods following the surgical pro- 
cedure are mostly better in quality than 
those from animals with short survival 
times. This is quite in accord with the 
study by Smith ('56a) who has noted that 
differences in staining result from differ- 
ent survival periods. This author con- 
cluded that probably not all fibers, for 
reasons unknown, degenerate at the same 
speed. Certainly, from the study at hand, 
it would seem that the degeneration, at 
least in the hippocampal system, occurs 
later than has been usually expected for 
the primate brain. 

Artefacts are a common finding in the 
use of this technical method. These can 
be eliminated, or at least reduced, as was 
suggested by Davenport and Swank ('35) 
and Smith ('56b). Smith, especially, has 
listed some of the artefacts and the pre- 
cautions to be used in both preparing and 

reading the slides. In this study, these 
suggestions were followed as closely as 
possible. 

The 6 animals used can be readily di- 
vided into three groups of two each ac- 
cording to the procedure which was carried 
out. In group 1, the cornu Ammonis was 
completely exposed unilaterally in one ani- 
mal and bilaterally in the other by means 
of parietotempor a1 cr aniectomies. The 
midportions of the inferior half of the 
superior temporal gyrus and of the superior 
half of the middle temporal gyrus were :ce- 
moved and the temporal horn of the 
lateral ventricle opened on one or both 
sides. The hippocampus then became vis- 
ible as a swelling on the ventromedial wall 
of the ventricle. A separate operation for 
each hippocampus exposed was necessary. 
After the stimulations already reported 
upon were completed (Votaw '59), an at- 
tempt was made to remove all of the cornu 
Ammonis unilaterally in the first animal 
and bilaterally in the other animal. 

In group 2 the same method of exposure 
as that employed for group 1 was used but, 
since exposure of the entire hippocampus 
was not desired, the lesions in the temporal 
lobes were kept as small as possible. Only 
a small area of both hippocampi in each 
animal was exposed. A small lesion was 
made, by means of a brain sucker, in the 
area which had previously been stimulated. 

The third group consisted of operations 
in which an electrode was placed with the 
aid of a No. 4 Lab-Tronics stereotaxic ap- 
paratus. After the unipolar electrodes were 
so placed (with a rectal plug used as the 
indifferent electrode) and stimulations car- 
ried out, lesions were made by passing a 
D. C. current of 0.3 ma for one minute 
through the circuit. 

Thus, in the three groups to be consid- 
ered; group 1 consists of two animals 
which have had complete removal of one 
or both of the hippocampi accompanied by 
a lesion in one or both temporal lobes. 
Group 2 is composed of two animals with 
small regional lesions in both hippocampi 
together with small lesions in both tem- 
poral lobes. Group 3 is made up of two 
animals with stereotaxically placed bilater- 
al lesions in the hippocampi and very min- 
imal damage to other parts of the brain 
secondary to the passage of the electrodes. 
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RESULTS 

The descriptions which follow report the 
microscopic findings in the brains of the 
three groups of animals just discussed, 
locating the lesions and describing the de- 
generation which resulted from them in 
each case. Special care has been exer- 
cised to differentiate true degenerations 
from artefacts, and no degenerated path 
is reported which could not be followed 
serially from the region of the lesion to the 
location in which terminal Marchi gran- 
ules were identified. 

Group 1 
The lesions in the hippocampi, on one 

side of one animal and on both sides of the 
other animal, were all similar. All layers 
of the cornu Ammonis were interrupted 
in areas CA2, and for most of the areas 
CA1 and CA3 which are contiguous with 
area CA2. The gyrus dentatus escaped 
injury. These lesions extended for the en- 
tire length of Ammon’s horn from its an- 
terior to near its posterior superior limit, 
with only the most posterior superior parts 
escaping any injury whatsoever. 

Degenerated fascicles can be traced from 
the area of the lesion, through what is left 
of the alveus bundle medial to the lesions, 
to the fimbria, and then to the body of the 
fornix. This degeneration is mostly limited 
to the side of the lesion with a very small 
amount entering the fornix body on the 
other side, arriving there by way of the 
hippocampal commissure. Such degenera- 
tion granules extend anteriorly to the level 
of the anterior commissure, where fibers 
are seen entering the precommissural and 
postcommissural fornix columns and the 
stria medullaris. 

The degenerated fibers pass, in large 
number, in front of the anterior commis- 
sure into the lateral septal nucleus, and 
terminal degeneration granules are found 
in this nucleus in high concentration. Evi- 
dences of a smaller terminal degeneration 
are also present in the medial septal nu- 
cleus. Some degenerated bundles can be 
followed through the medial septal area 
into the diagonal band of Broca, where ter- 
minal degeneration granules are again 
found. Most of this degeneration is ho- 
molateral to the lesion, only a very small 
amount being found on the opposite side. 

The postcommissural fornix column has 
degenerated granules which are easily fol- 
lowed to the medial mammillary nucleus, 
in which marked terminal degeneration is 
seen in the form of granules diffusely scat- 
tered over its entire extent. There is a 
small amount of terminal degeneration in 
the lateral mammillary nucleus as well. 
Along the path of the postcommissural for- 
nix, fibers turn off into the anterior hypo- 
thalamic area and to the ventromedial hy- 
pothalamic nucleus, but there are only a 
very few terminal granules in these latter 
two nuclei. There are some granules poste- 
rior to the mammillary body, reaching the 
areas about the superior and medial as- 
pect of the red nucleus, but they can not 
be followed with certainty from the post- 
commissural fornix columns. 

The stria medullaris contains a small 
number of degenerated fibers which reach 
the habenular nucleus. There is some 
terminal degeneration in the habenular nu- 
cleus of each side. 

In the animal having only a unilateral 
lesion of Ammon’s horn (fig. l ) ,  the de- 
generation in the body of the fornix and in 
the precommissural regions is very largely 
homolateral to the side of the lesion but 
the amount of degeneration in the stria 
medullaris and the postcommissural for- 
nix is about equal on the two sides. This 
indicates a principally unilateral (homo- 
lateral) discharge of the hippocampus to 
the septal nuclei and other precommissural 
areas and a principally bilateral distribu- 
tion of this discharge to the hypothalamus 
and habenular nuclei. The hippocampal 
commissure in this animal also has a large 
number of degenerated fibers, which can 
be followed to the hippocampus of the 
other side. 

Surprisingly, in spite of the massive le- 
sions in the hippocampi, less than 50% 
of the fibers in the body of the fornix, an- 
terior to the hippocampal commissure, are 
degenerated. It is estimated that three 
fourths or more of these fibers terminate in 
the septal nuclei and other precommissural 
regions. Only the remaining one-fourth en- 
ters the postcommissural fornix and the 
stria medullaris. Of the total number of 
fibers in the postcommissural fornix, only 
a very small number are degenerated. 
This would indicate a source other than 
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Fig. 1 Photomicrographs of brain of the monkey in group 1 who had a complete uni- 
lateral removal of the hippocampus. A, Level of the arch of the anterior column of the 
fornix. Note marked degeneration (black granules) in the column and the posterior as- 
pect of the lateral septal nucleus on the side of the lesion with much less degeneration 
on the the opposite side. Marchi. X 45. B, Mammillary bodies of the same animal. Note 
the equal distribution of the degeneration on the two sides. Marchi. x 30.5. A.C.F., ante- 
rior column of the fornix; L.S., lateral septal nucleus; L.V., lateral ventricle; M., mammillary 
body. 
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Ammon’s horn for a majority of the fibers 
in the anterior column of the fornix. 

Terminal degeneration is present in the 
granular and in the polymorphic cell lay- 
ers of the dentate gyri. Whether this is 
due to direct injury from the lesion or to 
degenerated fibers which arise or have 
passed through the area of the lesion can 
not be ascertained. 

There is fiber degeneration in the al- 
veus and in the tangential layer of the 
uninjured portion of area CA1. Degen- 
erated fibers can also be seen in the 
prosubiculum and in both the alvear and 
perforating pathways leading to the hip- 
pocampal gyrus proper. Because of the 
nature of the lesion, it can not be de- 
termined with accuracy whether the de- 
generation in the alveus and the perfo- 
rating pathways is due to injury of the 
cornu Ammonis or destruction in the 
lateral hemisphere wall. However, since 
the concentration of the degeneration is 
greatest adjacent to the hippocampus and 
diminishes rather regularly as the dis- 
tance from the hippocampus is increased, 
the indications are that at least some of 
these fibers are due to the lesion in Am- 
mon’s horn. Undoubtedly, some of these 
degenerated fibers are from the lesion 
in the lateral part of the temporal lobe 
and since the fibers from the temporal 
lobe lesion and the hippocampal lesion 
intermingle, obviously the origin of any 
particular degenerated fascicle can not 
be ascertained. 

Degenerated fibers enter the striae of 
Lancisius and travel the entire length of 
this structure. The granules can be fol- 
lowed around the genu of the corpus 
callosum and into the anterior reaches of 
the hippocampal rudiment. A few fibers 
turn off into the cingulate gyrus along 
this path and a few terminal granules 
are found scattered through the layers 
of this gyrus. 

The lesions in the temporal lobe have 
resulted in degeneration in temporoteg- 
mental and temporopontine pathways and 
such degenerated fascicles can be fol- 
lowed to their destinations. There is also 
a marked degeneration of corticothalamic 
fibers passing from the injured temporal 
lobe area to the anterior and lateral nu- 
clei of the thalamus and especially to 

the pulvinar. The stria terminalis has 
been interrupted on one side and degen- 
erated fibers can be followed along this 
path to the amygdaloid nucleus in one 
direction, and to the anterior commis- 
sure, the preoptic area, and, possibly, the 
septa1 nuclei in the other direction. 

Group 2 
There were 4 lesions in these two 

animals, one in each cornu Ammonis. 
All the lesions are limited to the middle 
half of each hippocampus. In one ani- 
mal, the lesion on one side has involved 
all layers of area CA3 and part of the 
bordering CA2 for approximately one 
fourth of the anterior to posterior length 
of the hippocampus. It is located in the 
posterior part of the anterior third of 
this structure. In the other hemisphere 
of this same animal, the lesion involves 
area CA2 and a small part of area CA3 
over the middle third of Ammon’s horn. 

In the second animal of this group, 
the lesion on one side has destroyed area 
CA3 and also has involved all the layers 
of the dentate gyrus as well. This de- 
struction is present over the middle third 
of the length of the hippocampus. In the 
other hemisphere of this animal a single 
knife cut was made at the midpoint of 
the hippocampus at right angles to its 
long axis. This cut passed through all 
the layers of the dentate gyrus, and areas 
CA3, CA2, and most of CA1. 

It should be noted that, in all cases, 
the alveus has been cut. Also, in two of 
these lesions, the dentate gyrus has been 
involved. In both animals there are le- 
sions in the lateral part of the temporal 
lobe which are smaller than those in 
group 1, but still of significant size so 
that the degeneration from these areas 
must be considered. 

Degenerated fibers from the side of 
the lesion, enter the alveus and the fim- 
bria through which they can be traced 
to the fornix as before. This degenera- 
tion can be followed into the postcom- 
missural fornix and precommissural for- 
nix and has the same distribution as the 
similarly degenerated fibers described in 
group 1. The amount of the degenera- 
tion found in these various regions ap- 
pears to be somewhat proportional to the 
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amount of damage in the hippocampus, 
as would be expected. There is no evi- 
dence of specific localization, within the 
body of the fornix, of fibers from partic- 
ular regions of Ammon’s horn. 

Both anterior and posterior to these 
limited lesions, degeneration is found in 
the alveus. Fibers can be seen leaving 
this bundle to enter the stratum oriens, 
the stratum pyramidale, and the stratum 
radiatum of Ammon’s horn, and the poly- 
morphic cell and the granular cell layers 
of the dentate gyrus. Terminal degenera- 
tion granules are found in all of these 
layers. In the cornu Ammonis, this ter- 
minal degeneration is present in all areas 
but is greater in amount in the region 
where the lesion is located and slightly 
anterior and posterior to it. For example, 
if the lesion is in area CA3, then the 
main concentration of the associated de- 
generation is found in area CA3 both 
anterior and posterior to the lesion. This 
limited series of lesions, then, affords 
some evidence that any given hippocam- 
pal area is associated both anteriorly and 
posteriorly with other areas of the hippo- 
campal formation. 

Degeneration can be followed from the 
region of the lesions, through the alveus 
bundle and into the alvear pathway as 
i t  is curving around the inferior border 
of the lateral ventricle. These fibers ap- 
:?ear to turn out into both the hippo- 
campal and the inferior temporal gyri, 
in which regions terminal granules can 
be found. Again, care must be taken in 
interpreting these findings because of the 
rather large lesions in the temporal gyri. 
However, this path can be followed in 
its entirety and can be separated from 
the degeneration caused by the temporal 
lesions, and therefore it is regarded as 
highly probable that these degenerated 
fascicles represent a hippocampotemporal 
pathway. This degeneration is found at 
all levels of the lesion and for a slight 
distance anterior and posterior to it. 

As in group 1, the lesions in the tem- 
poral lobe have resulted in degeneration 
in the temporothalamic, temporopontine, 
and temporotegmental pathways. This 
degeneration is distinct and separate from 
that described in the hippocampal re- 
gions. There is also some cortico-cortical 

degeneration, which is also easily distin- 
guishable from the hippocampal temporal 
degeneration. 

Group 3 

The lesions to be described in this group 
are limited to two. One was located in 
the midregion of the hippocampus, the 
other in the posterior region. Both were 
confined to about one fourth of the length 
of the hippocampus. Both involved area 
CA1, a small part of the contiguous area 
CA2, but, in one animal, the lesion ex- 
tended into the prosubiculum for a short 
distance. There was no damage to the 
dentate gyrus in either case. 

Again, degeneration granules could be 
followed into the alveus, fimbria, and for- 
nix, and, through the fornix, distributed 
to all of the areas described in group 1. 
The degeneration of association fibers de- 
scribed in group 2 is also present in these 
brains. However, as expected, the termi- 
nal degeneration is now more concen- 
trated in areas CA1 and CA2, both ante- 
rior and posterior to the site of the lesion. 

From the area of the lesion, definite 
degeneration granules can be followed 
through the perforating pathways and the 
alvear pathways to the lateral side of the 
lateral ventricle. The involved fibers turn 
away from the lesion and the alveus, con- 
tinue around the inferior border of the 
lateral ventricle, and then ascend along 
the lateral side of the lateral ventricle 
(fig. 2). In their course, some fibers en- 
ter the hippocampal gyrus or the inferior, 
the middle, or the superior temporal gy- 
rus. There is only a little evidence of 
degeneration beyond the confines of the 
temporal lobe, and the granules can not 
be followed to any specific region with 
certainty. The electrode paths have passed 
through the cortical structures to reach 
the hippocampal area. However, there is 
no significant degeneration from such 
cortical areas, and it is believed that the 
degeneration in the temporal cortex is 
due to the lesion in the cornu Ammonis. 
Again the result suggests the existence 
of a hippocampotemporal pathway. 

In rksumk, a study of the microscopic 
material has shown: ( 1  ) Lesions of the 
hippocampus result in degeneration of the 
fibers within the fornix, although the 
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Fig. 2 Photomicrographs of brain of a monkey in group 3 with a stereotaxically placed 
lesion in the hippocampus. A, Note the edge of the lesion in  the hippocampus and the de- 
generated fibers curving around the inferior edge of the lateral ventricle and entering the 
cortex on the lateral side (bottom of photographs) of the ventricle. Marchi. x 94. B, Same 
monkey showing degeneration all along the lateral side of the lateral ventricle with some 
fibers turning into the temporal lobe gyri. Marchi. X 50. L.V., lateral ventricle; CAI,  area 
CAI of the hippocampus. 
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amount of such fibers, following almost 
complete destruction of the hippocampus 
is still less than 50% of the total num- 
ber of fibers in the body of the fornix. 
( 2 )  The largest proportion of the fibers 
degenerated in the fornix as a result of 
hippocampal lesions enters the precom- 
missural fornix column and ends mainly 
in the lateral septal nucleus with some 
small distribution to the medial septal 
nucleus and the diagonal band of Broca. 
(3)  A smaller number of fibers enters 
the postcommissural fornix and ends 
chiefly in the medial mammillary nucleus 
with a small distribution to other hypo- 
thalamic nuclei; another small group 
passes through the stria medullaris to the 
habenular nuclei. ( 4 )  Postmammillary 
fornix fibers have been indicated but not 
definitely demonstrated. (5)  Intrahippo- 
campal association fibers can be traced 
both anterior to and posterior to the le- 
sions in Ammon's horn. (6)  Degenerated 
fibers resulting from lesions in cornu Am- 
monis turn out into the white matter of 
the temporal lobe and _end in the hippo- 
campal gyrus, the inferior and the middle 
temporal gyri, and the superior temporal 
gyrus. 

DISCUSSION 

Brodal ('47) concluded from the ana- 
tomic and physiologic data at hand, that 
the hippocampus was an effectory struc- 
ture. The fornix has been considered for 
some time as the efferent pathway of the 
hippocampus. This has not always been 
true. Prior to the work of Ram6n y Cajal 
done in 1901 (and reviewed by him in 
1911) i t  was assumed that the fimbria 
was the main afferent supply to the 
cornu Ammonis. Cajal concluded that the 
afferent supply to Ammon's horn was 
mainly from three sources (from the area 
entorhinalis, from the gyrus limbicus 
through the cingulum, and the striae 
Lancisii) and that the fimbria-fornix sys- 
tem was chiefly efferent. 

In descriptions of normal mammalian 
material, many of the earlier authors (Ra- 
m6n y Cajal, '01, '11; Lorente de N6, '33, 
'34; and others reported in Kappers, Hu- 
ber, and Crosby, '36) described various 
connections of the fornix to the habenula, 
the anterior thalamic nuclei, the septal 
area, the nucleus accumbens, the preop- 

tic area, the diagonal band of Broca, the 
mammillary body, the hypothalamus an- 
terior to the mammillary body, and the 
midbrain posterior to the mammillary 
body. Nauta ('56), using a silver tech- 
nique designed by himself confirmed all 
of these connections in the rat. Gerebt- 
zoff ('39, '42), in addition to the above 
connections, found fibers to the pineal 
body, the lateral hypothalamic area, and 
the tegmentum near the raph6 in the 
guinea pig. He considered all such con- 
nections to be homolateral. 

Many other observers have studied this 
system. Observations on normal material 
have been made by Loo ('31, opossum), 
Marburg ('44, man), and Jeserich ('45, 
mink). Experimental work has been car- 
ried out by Fox ('43, cat), Allen ('44, 
dog), Sprague and Meyer ('50, rabbit), 
Morin ('50, guinea pig), Crosby and 
Woodburne ('5 1, monkey), Simpson ('52, 
monkey), Daitz and Powell ('54, rat, rab- 
bit, and monkey), Powell and Cowan ('55, 
rat, rabbit, and monkey), McLardy ('55a, 
'55b, monkey), Guillery ('56, rat), and 
Johnson ('59, guinea pig). 

In spite of various species differences, 
all of the above authors are in agreement 
on most of the findings. All report fornix 
fibers ending in the mammillary body. 
Sprague and Meyer, and also Guillery, sug- 
gested that some of the fibers to the mam- 
millary body are crossed. In the present 
experiments it was noted that the degen- 
eration in the mammillary bodies is almost 
always equal, and indicates a bilateral dis- 
tribution to this area. Many authors have 
indicated that there is a postmammillary 
component of the postcommissural fornix 
column; however, this varies in size among 
the mammalian species, being found par- 
ticularly clearly in the rabbit and the rat. 
The degeneration described in this paper 
neither proves nor disproves the presence 
of any postmammillary fibers in the for- 
nix system of the monkey. 

The earlier authors mentioned found fi- 
bers of the postcommissural fornix ending 
in other hypothalamic nuclei as well as in 
the mammillary body. While most of the 
recent authors neglect to comment on this 
fact, Powell and Cowan ('55) and Crosby 
and Woodburne ('51) found them, Allen 
('44) suggested that they were present, 
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and Sprague and Meyer denied their ex- 
istence ('50). Since in the Marchi tech- 
nique the actual ending of the fibers can 
not be found, the results are only sug- 
gestive, but it is very probable that such 
fibers extend at least to the ventromedial 
hypothalamic nucleus. 

None of the previous investigators has 
mentioned the proportion of fibers in the 
postcommissural fornix which arise in the 
hippocampus. Certainly, according to the 
experiments here reported, very few fibers 
of the postcommissural column originate 
in this area since massive lesions in cornu 
Ammonis resulted in only a small partial 
degeneration of the column. It is evident 
that part of the discharge to the mam- 
millary body and to the other hypothal- 
amic nuclei originates in areas other than 
the hippocampus. 

Many observers have noted a discharge 
from the fornix into the dorsal thalamic 
structures, mainly the anterior thalamic 
nucleus. Nauta ('56) has recently re- 
ported such a connection. Guillery ('56) 
also observed this termination. Other 
workers have not mentioned it and it 
must be assumed that such fibers were 
not found. Neither are any such fibers 
degenerated in the present experiments. 

Nauta ('56) and Marburg ('44) are 
recent experimentalists who have de- 
scribed a habenular connection in the for- 
nix. Sprague and Meyer ('50) did not 
find one. The present experiments show 
that this connection is small, but present, 
and is bilateral in distribution, at least 
for the monkey. 

Again, the earlier authors reported pre- 
commissural fornix fibers ending in the 
septal nuclei, the nucleus accumbens, the 
preoptic area, and the diagonal band of 
Broca. Fox ('43) found Marchi degenera- 
tion in the lateral septal nucleus as did 
Jeserich ('45). McLardy ('55b) reported 
a moderate termination in this nucleus 
after the iornix fibers had crossed, but 
most observers have found these endings 
to be homolateral. In the degeneration 
studies at hand, there is a marked de- 
generation in the lateral septal nucleus, 
with a partial degeneration on the oppo- 
site side, signifying some (though very 
little) crossing, of the precommissural 
fornix fibers. In the experiments here 

reported there is also degeneration in the 
diagonal band of Broca. No degeneration 
was found in the nucleus accumbens or 
in the preoptic area that could be clearly 
differentiated as being of fornix origin. 

It is surprising that even after almost 
complete destruction of Ammon's horn, 
the degeneration found in the body of 
the fornix is less than 50% of the total 
number of fibers there. This would seem 
to indicate that some of the fibers in the 
body of the fornix originate from regions 
other than the hippocampus. It is difli- 
cult, then, to agree with Allen ('44) that 
all of the fibers of the fornix are hippo- 
campal in origin. McLardy ('55b) in the 
monkey and Daitz and Powell ('54) in 
the rat, the rabbit, and the monkey re- 
ported retrograde cell degeneration in the 
medial septal nucleus after transection of 
the body of the fornix. Kappers, Huber, 
and Crosby ('36), and Morin ('50) de- 
scribed septoammonic paths within the 
fornix. These same paths were denied 
by Ram6n y Cajal ('11) and Lorente de 
N6 ('34). Most of the present anatomical 
investigations also deny such fibers. By 
the evoked potential technique, Campbell 
and Sutin ('53) and Green and Adey 
('56) obtained responses in the hippo- 
campus on stimulation of the septal area. 
Green and Arduini ('53, '54) noted that 
the hippocampal responses to brain stem 
stimulation, and to visual, auditory, and 
somatic stimuli, were eliminated by le- 
sions of the fornix and the septal region. 
Cragg and Hamlyn ('57) and Stoll, Aj- 
mone-Marsan, and Jasper ('51) picked up 
impulses in the presubiculum and the 
temporal pole following stimulation of the 
septal area in the rabbit and the cat. 
Votaw ('60) in a combined stimulation 
and degeneration experiment, showed the 
presence of septoammonic fibers in the 
monkey. Such observations indicate that 
the septal area discharges to the hippo- 
campal region and that these discharges 
take place through the fornix system. 
Thus we can not agree with many authors 
that the fornix is solely an efferent tract 
with respect to the hippocampus. 

As alluded to by some authors (Ram6n 
y Cajal, '11; Lorente de N6, '34), there is 
evidence in this series of experiments that 
intrahippocampal association fibers exist. 
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These appear to be localized within Lor- 
ente de N6's areas and oriented in a 
longitudinal fashion. Localized lesions of 
the hippocampus result in degeneration 
in the hippocampal layers both anterior 
and posterior to the lesion. Morin ('50) 
also found such fibers. 

Although no precise localization pattern 
can be mapped according to the present 
set of experiments, it is noted that there 
is a definite efferent discharge of the 
cornu Ammonis which is projected to 
most of the temporal lobe. This is given 
further importance when somatic motor 
responses secondary to stimulation of the 
hippocampus are not eliminated by for- 
nix section, but are eliminated by sepa- 
rating it from the subiculum, as reported 
in part I of this study (Votaw, '59). 
Thus, it is very difficult to agree with 
the general feeling that the fornix repre- 
sents the only known efferent pathway 
of the hippocampus. Morin and Green 
('53) and Green and Adey ('56) found, 
by evoked potential technique, that stim- 
ulation of the hippocampus resulted in a 
discharge into the lateral part of the tem- 
poral lobe. Such discharge was not elim- 
inated by fornix section. It appears that 
the efferent discharge of the hippocampus 
by way of the temporal lobe is an im- 
portant one. 

The author has suggested in part I of 
this study that the hippocampus projects 
to the temporal lobe area where it is 
known that motor responses of an extra- 
pyramidal nature can be obtained (Votaw, 
'59). He thus concluded that the move- 
ments obtained from stimulation of the 
hippocampus, also reported in part I, are, 
perhaps, a part of the normal functioning 
of the hippocampus, mediated by way of 
the temporal lobe and not by way of the 
fornix. The degeneration studies here re- 
ported support this view in that they indi- 
cate, anatomically, the presence of a hip- 
pocampotemporal pathway. 

CONCLUSIONS 
1. An investigation of the degeneration 

resulting from various lesions placed in 
the corm Ammonis of the monkey has 
been carried out utilizing the Marchi tech- 
nique. 

2. Degeneration from such lesions is 
found in the fornix and the previously re- 
ported distribution of these fibers, as found 
in the literature, has been documented ex- 
cept that no degeneration was found in 
the preoptic area, nucleus accumbens, an- 
terior thalamic nucleus, pineal body, and 
not definitely shown for postmammillary 
areas. 

3 .  A rich intrahippocampal associative 
connection has been indicated. 

4. In addition to the well known con- 
nections of the cornu Ammonis, a definite 
and important efferent hippocampotem- 
poral path, discharging from the hippo- 
campus to the hippocampal gyrus and to 
other gyri of the temporal lobe, has been 
identified. 
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