2

The Anatomy of the Hippocampus

Pradip Chauhan' e Kinjal Jethwa? e Ashish Rathawa? e Girish Chauhan* e
Simmi Mehra'

"Department of Anatomy, All India Institute of Medical Sciences, Rajkot, Gujarat, India;
*Department of Anatomy, SKBS Medical College and Research Institute, Sumandeep
Vidhyapeeth, Baroda, Gujarat, India; *Department of Anatomy, GMERS Medical College,
Junagadh, Gujarat, India; “Department of Oral Pathology, Government Dental College,
Jamanagar, Gujarat, India.

Author for correspondence: Pradip Chauhan, Department of Anatomy, All India Institute
of Medical Sciences, Rajkot, Gujarat, India. Email: prajjawalitresearch@gmail.com

Cite this chapter as: Chauhan P, Jethwa K, Rathawa A, Chauhan G, Mehra S.
The Anatomy of the Hippocampus. In: Pluta R, editor. Cerebral Ischemia. Brisbane (AU):
Exon Publications; 2021. Online first Sep 17.

Doi: https://doi.org/10.36255/exonpublications.cerebralischemia.2021.hippocampus

Abstract: The hippocampal formation is responsible for memory processing, learn-
ing, spatial navigation, and emotions. It includes the indusium griseum, longitudinal
striae, gyrus fasciolaris, hippocampus proper (cornu ammonis, dentate gyrus, and
subiculum) and part of the uncus. The hippocampus has the archipallial cortex and is
formed by the infoldings of the dentate gyrus, cornu ammonis and subiculum. The
dentate gyrus is a narrow crenated strip of grey matter. The dentate gyrus consists of
three layers, from the outside in: the molecular layer, granular layer, and polymorphic
layer. The granular neurons receive input from the parahippocampal gyrus (entorhi-
nal cortex) via the perforant pathway. The granular neurons send mossy fibers to the
apical dendrites of pyramidal cells present in the cornu ammonis. The axons of hip-
pocampal pyramidal cells form a sheet of white fibers known as the alveus which
continues as fimbria and fornix. The fornix projects into the septal area. From the
septal area few fibers synapse into the cingulate gyrus which returns to the hippocam-
pus. The neuronal intrinsic circuit, known as the Papez circuit of the hippocampus,
plays a crucial role in the memory processing.
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INTRODUCTION

The hippocampus is part of the limbic lobe buried in the medial part of the tem-
poral lobe and involved in memory processing, learning, spatial navigation, and
emotions (1). The hippocampal formation (formatio hippocampi) comprises
(Figure 1) indusium griseum, longitudinal striae, gyrus fasciolaris, hippocampus
proper (cornu ammonis, dentate gyrus and subiculum) and part of the uncus
(1-3). The hippocampal formation has archipallial cortex and develops along the
inferomedial surface of cerebral hemisphere; during development, it follows the
outer border of the C-shaped choroidal fissure (4). The hippocampus converts
short-term memory into long-term memory, solves spatial memory, and recollects
the past experiences of places. It also plays a pivotal role in emotions and behavior
of a person.
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Figure 1. Hippocampal formation and connection of fornix. A, Schematic diagram of medial
surface of the cerebral hemisphere showing dentate gyrus, cingulate gyrus, fornix,
mammillary body and paraterminal gyrus. B, Formation, course, and termination of fornix.
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INDUSIUM GRISEUM AND LONGITUDINAL STRIAE

Indusium griseum and longitudinal striae are vestigial parts of the hippocampal
formation (5). Indusium griseum is a thin sheet of grey matter above the corpus
callosum and traversed by pairs of medial and lateral longitudinal striae on each
side of the midline (5, 6). Anteriorly, the indusium griseum continues around
the genu and rostrum of the corpus callosum with the paraterminal gyrus (5-7).
The indusium griseum continues with the gyrus fasciolaris posteriorly around the
splenium of the corpus callosum (Figure 1) and then with the dentate gyrus (5-7).
The indusium griseum is continuous laterally with the cingulated gyrus through
the callosal sulcus (7).

DENTATE GYRUS

The dentate gyrus (Figure 2) is a narrow crenated strip of grey matter and con-
tinuation of gyrus fasciolaris along the upper surface of the parahippocampal
gyrus (8). The dentate gyrus contains archtitectorial fascia dentata that consists of
three layers (Figure 2). Superficial to deep, the layers are: molecular layer, inter-
mediate granular layer, and multiform layer (8-10). The multiform layer contin-
ues with the CA4 region (hilus) of the cornu ammonis. The hilus and fascia
dentate collectively form the dentate gyrus (8, 9). The dentate gyrus is continuous
as a tail of the dentate gyrus (band of Giacomini) backwards and medially across
the uncus (8, 9). The band of Giacomini divides the uncus into two parts: the
uncinate gyrus anterior to the band of Giacomini and intralimbic gyrus posterior
to the band of Giacomini (8-11). The dentate gyrus is separated from the parahip-
pocampal gyrus by the hippocampal sulcus (8-11). Fimbria of fornix that covers
the dentate gyrus is separated from the dentate gyrus by the fimbrio-dentate
sulcus (8-11).

HIPPOCAMPUS

Hippocampus is an elongated convex structure deep in the medial temporal lobe
and presents an elevation (Figures 1 and 2) along the floor of the inferior horn of
the lateral ventricle (1, 2, 4). The hippocampus has the archipallial cortex and is
formed by the infoldings of the dentate gyrus, cornu ammonis and subiculum
(1, 4, 9-11). The subiculum is continuous with the six-layered neocortex (para-
hippocampal gyrus). During development, cornu ammonis and dentate gyrus are
folded into the inferior horn of the lateral ventricle at the hippocampal sulcus
(8-10); the process brings the outer molecular layers of the dentate gyrus and
subiculum close to each other (12).

The shape of the hippocampus in gross dissection looks like a seahorse
(genus Hippocampus) on the basis of which the structure is termed as ‘Hippocampus’.
The hippocampus is also known as ‘Ammon’s horn’ because the C-shaped coronal
section of the hippocampus resembles ram’s horn; the term ‘Ammon’s horn is
derived from the Egyptian deity with ram’s head (2). The hippocampus is also
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Figure 2. The hippocampus, dentate gyrus, subiculum, and entorhinal cortex. A, Coronal section
through the hippocampus and dentate Gyrus; B, Schematic diagram to show the histological
layers of the dentate gyrus and cornu ammonis.

known as ‘pes hippocampi’ because its anterior bulbous extremity is marked by a
number of grooves and the feature resembles a paw of an animal (4, 11). The
alveus, a thin sheet of white matter, covers the ventricular surface of the hippo-
campus (10, 11). The axons of hippocampal pyramidal cells form the alveus; the
fibers of the alveus converge at the medial margin of the hippocampus to form
fimbria hippocampi (4, 10, 11). The fimbria hippocampi proceed posteriorly cov-
ering the dentate gyrus and reach to the splenium of the corpus callosum; there-
after, continues with the fornix (2,4, 10, 11). The fimbrio-dentate sulcus separates
the fimbria and the dentate gyrus. The fimbria continues as fornix around the
thalamus separated by choroidal fissure containing choroidal plexus (9-11).
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MICROSCOPIC STRUCTURE

The dentate gyrusis the input channel of the hippocampal formation. Histologically,
the dentate gyrus consists of three layers (Figure 2), from the outside in: the
molecular layer, granular layer, and polymorphic layer (13, 14). The dentate gyrus
is semilunar in shape; convexity of which is directed towards the molecular layer
while the concavity is directed towards the cornu ammonis (2, 4, 10-14).
Dendrites of the granular neurons receive input from the para-hippocampal
gyrus (entorhinal cortex) via perforant pathway (Figure 3) (1, 10, 14). The axons
of the granular neurons synapse by mossy fibers with the apical dendrites of the
pyramidal cells present in the cornu ammonis. The three layers of cornu ammonis
(Figure 2) can be further subdivided into the following sublayers (9, 11, 14-17):

() Alveus: Efferent fibers from the axons of the pyramidal cells of cornu ammo-
nis form the alveus while some axon collateral re-enters the hippocampus.

(ii) Stratum oriens: Contains a few inhibitory basket-cell interneurons; two
types of basket cells are observed in the stratum oriens. Axons and den-
drites of pyramidal cells, recurrent axon collateral, and commissural fibers
traverse the stratum oriens.

(ili) Stratum pyramidalis: Forms the principal cellular component of cornu
ammonis. 10-30 layers of pyramidal cells are present in the stratum pyram-
idalis; functionally, the pyramidal cells are excitatory. The pyramidal cells
have an apex and a base; the base is directed toward the alveus while the
apex is directed towards the outer molecular layer. Alveus and fimbria are
formed by the axons arising from the center of the base of pyramidal cells.
Dendrites arise from the base and apex of the pyramidal cells. The dendrites
arising from the base ramify in the stratum oriens and the basal dendrites
receive commissural fibers from identical areas of the contralateral hippo-
campus. Dendrites arising from the apex extend deeper to branch profusely
and apical dendrites receive commissural fibers from non-identical areas of
the contralateral hippocampus. Apical dendrites also receive afferents from
the entorhinal areas and mossy fibers from the dentate gyrus. Recurrent
collateral from the neighboring pyramidal cells synapses with the apical
dendrites.

(iv) Stratum radiatum: Comprises apical dendrites of the pyramidal cells and
some stellate cells.

(v) Stratum lacunosum-moleculare: Contains axons and interneurons. Inhibitory
interneurons from the stratum lacunosum-moleculare project into the ret-
rosplenial cortex.

ORGANIZATION OF PYRAMIDAL CELLS IN HIPPOCAMPUS

Cornu ammonis of the hippocampus can be subdivided into four regions
(Figure 2, 3): CA1, CA2, CA3, and CA4 (13-17). The CA1 is the largest region
and is delimited laterally by the presubiculum and medially by CA2. Most neu-
rons (90%) of CA1 are pyramidal cells (glutamatergic projection neurons) and the
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Figure 3. (Continued) Intrinsic neuronal circuit of the hippocampal formation. C, Perforant
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rest (10%) are interneurons. CA2 layer is present towards the dentate gyrus
bounded laterally by the CA1 and medially by the CA3 layer. CA2 of the cornu
ammonis receives input from the supramammilary region of the hypothalamus
but lacks input mossy fires from the dentate gyrus. CA3 layer is directed towards
the hilus of the dentate gyrus and is limited medially by the CA2 layer. The super-
ficial most cells of the CA3 are described as CA4 by some authors. The apical
dendrites of the CA3 layer receive mossy fibers from the granule cells of the den-
tate gyrus. Axons of the CA3 pyramidal cells contribute to the alveus, fimbria, and
fornix. Some CA3 axons give collateral fibers known as the Schaffer’s collaterals
which synapse with the dendrites of CA1 pyramidal cells. Axons from the CA1
pyramidal cells are connected to the subiculum neurons. Axons from the subicu-
lum neurons contribute to form the fibers of the fimbria and fornix via the alveo-
lar pathway (Figure 3).

CONNECTIONS OF HIPPOCAMPUS

The hippocampus receives afferents from the following structures (5, 17-24):

(i) Cingulate gyrus via cingulam.
(ii) The indusium griseum and septal nuclei through the fornix.
(iii) Contralateral hippocampus through the hippocampal commissure.
(iv) Outer part of the entorhinal area through the perforant pathway.
(v) Inner part of the entorhinal area and subiculum to the alveus through the
alveolar pathway.
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Efferent fibers from the hippocampus (Figure 1) are connected to the following
areas through the fornix (17-24):

(i) Gyrus fasciolaris, indusium griseum, cingulate gyrus, and septal nuclei
through the fibers of the dorsal fornix.
(i) Paraterminal gyrus, pre-optic, and anterior hypothalamic nuclei through
the pre-commissural fornix.
(iii) Anterior nucleus of thalamus, hypothalamic nuclei, mammillary body
through the post-commissural fibers.
(iv) Habenular nucleus via stria medullaris thalami.

FORNIX

Fornix forms efferent projection fibers of the hippocampus and also comprises
commissural fibers connecting the hippocampus of both sides (5, 10, 17-24).

Formation of fornix

Axons of pyramidal cells from the cornu ammonis with a major contribution from
the subicular complex forms the alveus. Alveus continues as a fimbria which is
separated from the dentate gyrus by the fimbrio-dentate sulcus. Continuation of
the fimbria is called the fornix.

Course of fornix

Fornix is divided into dorsal fornix and ventral fornix at the splenium of the cor-
pus callosum (Figure 1). The dorsal fornix runs along with the gyrus fasciolaris
and indusium griseum surrounding the outer surface of the corpus callosum. The
ventral fornix runs forward below the splenium of the corpus callosum and
around the pulvinar of the thalamus. Ventral fornix forms a pair of crura that run
forwards and converge to form the body of the fornix. Commissural fibers con-
nect the medial margins of both crura through the commissure of the fornix
(hippocampal commissures). Hippocampal commissures and the crura of the for-
nix are separated from the body of the corpus callosum by a space known as the
ventricle of the fornix.

Body of the fornix

The body of the fornix is a triangular structure having two symmetrical halves and
the apex of which is directed in front. Bilaminar septum pellucidum connects the
superior surface of the body of the fornix to the body of the corpus callosum. The
inferior surface is related to the ependymal roof of the third ventricle and the thala-
mus separated by tela choroidea (folding of pia mater containing the choroidal
plexus) and a pair of internal cerebral veins. Laterally, choroidal fissure separates
the body of the fornix from the thalamus. At the anterior interventricular foramen,
the body of the fornix diverges into a pair of columns of the fornix (Figure 1).
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The anterior commissure separates the fibers of the column into pre-commissural
fornix and post-commissural fornix. The pre-commissural fornix which mainly
contains axon fibers from the CA3 pyramidal cells continues with the para-terminal
gyrus. The post-commissural fornix forms the anterior boundary of the interven-
tricular foramen and then turns downwards and backwards beneath the ependyma
of the third ventricle to reach the mammillary body.

HABENULAR NUCLEI

The habenular nuclei are pairs of nuclei located in the habenular trigone. The
habenular trigone is a depression on either side of the pineal stalk bounded by the
stria medullaris (cranio-medially), superior colliculus (caudally), and pulvinar end
of the thalamus (laterally) (4, 7, 25-28). The habenular nuclei receive afferents via
the stria medullaris thalami from the septal area (subcallosal area) and pre-optic
nuclei (hypothalamus), via stria terminalis from the amygdaloid body and via fornix
from the hippocampus (1, 4-8, 25-28). Some stria medullaris thalami fibers pass
through the dorsal lamina of the pineal stalk and connect two habenular nuclei. The
commissural fibers connecting two habenular nuclei are known as habenular com-
missure. The habenular nuclei send efferent fibers to the interpeduncular nucleus
through the fasciculus retroflexus of Meynert. The interpeduncular nucleus projects
to the dorsal tegmental nucleus. Dorsal longitudinal fasciculus connects the dorsal
tegmental nucleus to the autonomic and reticular nuclei of the brainstem (1, 5, 25).

MAMMILO-TEGMENTAL TRACT

The mammilo-tegmental tract influences the brainstem and spinal cord for inte-
grated motor response (25). The mammilo-tegmental tract is a collection of effer-
ent fibers from the mammillary body to the midbrain tegmental nuclei. Efferent
fibers from the tegmental nuclei reach the reticular nuclei as reticulo-bulbar and
reticulo-spinal tract (26-28).

MAMMILO-THALAMIC TRACT

The mammilo-thalamic tract connects the mammillary body to the anterior
nucleus of the thalamus (25-28). The efferent fibers from the anterior nucleus of
thalamus reach the cingulate gyrus. From the cingulate gyrus, some fibers project
back to the hippocampus.

HIPPOCAMPAL FORMATION AND MEMORY

One of the functions of the hippocampus is converting short-term memory into
long-term memory. The long-term memory is maintained by a unidirectional
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progression of synaptic connections through the intrinsic hippocampal circuitry
(Figure 3).

Papez circuit

Hippocampal circuitry postulated by Papez is called as ‘Papez circuit’ and is
adapted as a memory circuit. The Papez circuit is believed to be responsible for
emotional integration and for recent memory trace (1, 4, 7-10, 25-28). The Papez
circuit includes the hippocampus, fimbria, fornix, mammillary body, anterior
nucleus of the thalamus and cingulate gyrus (Figure 3A). The entorhinal cortex
receives sensory information from the association areas of the frontal lobe, parietal
lobe, and temporal lobe. The information is converted into memory through the
Papez circuit.

Short-term memory (episodic memory) is facilitated by unidirectional activa-
tion of synaptic connection as follows:

(i) Activation of the entorhinal cortex (parahippocampal gyrus) by input from

the neocortex and limbic system.

(ii) Stimuli pass from the entorhinal cortex to the dentate gyrus via perforant
path and then pass through the CA3 area.

(iii) Schaffers collaterals from the CA3 transfer stimuli to the CAl; then CAl
efferent synapse at the subiculum.

(iv) Efferent fibers from the subiculum again project back to the entorhinal
cortex.

Connections between the CA3 and dentate gyrus, and between CAl and CA3,
lack feedback loop. Alveus, fimbria, and the fornix formed by the axon fibers of
the CA3 pyramidal cells and neurons of the subiculum are the major hippocampal
output. Fibers from the pre-commissural fornix (derived from the CA3) are con-
nected to the lateral septal nucleus, and fibers of the post-commissural fornix
(derived from the subiculum) are connected to the mammillary bodies and the
hypothalamic nuclei.

Rapid formation of new memory

Long-term potentiation (LTP) is a mechanism for the rapid formation of new
memory. The long-term potentiation increases synaptic efficiency following the
high frequency activity of the pre-synaptic terminal. This mechanism involves
Schaffer’s collaterals and mossy fibers of the hippocampus. This effect lasts for
many days leading to increased activity of the post-synaptic neurons. The high
frequency activity is responsible for the accumulation of the calcium ions in post-
synaptic neurons which triggers the LTP. Even though the original external stimu-
lus has stopped, the impulses are transmitted frequently from the synapses of the
hippocampal formation in the LTP.

Spatial memory

The hippocampus contains cells (place cells) encoding the spatial memory; these
cells are responsible for recalling a place and recalling a route to reach the place.
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Sommer’s sector

Large pyramidal cells of the CA1 (an area known as Sommer’s sector) are extremely
sensitive to the oxygen lack; these cells necrose within a few minutes in compro-
mised blood supply. In a condition leading to cerebral ischemia, the subject may
lose the memory of the preceding few hours of the incident.

BLOOD SUPPLY AND DRAINAGE OF HIPPOCAMPUS

Hippocampus plays an important role in the formation of memory, and the
dysfunction of the hippocampus leads to neurological disorders like Alzheimers
disease and epilepsy (1, 8, 29). Hippocampus is supplied by the branches of the
posterior cerebral artery and anterior choroidal artery (1, 8, 30).

Posterior cerebral artery

Posterior cerebral artery is the terminal branch of the basilar artery. It joins with
the posterior communicating artery to complete the circle of Willis (1, 8). The
posterior cerebral artery can be divided into four segments, and it gives three
major branches: cortical branches, postero-lateral striate branches, and posterior
choroid artery (29, 30). The second part of the posterior cerebral artery (from the
posterior communicating artery to the posterior margin of the midbrain) gives the
anterior inferior temporal artery and the anterior hippocampal-parahippocampal
artery which supply the entorhinal area (1, 29, 30). The posterior parahippocam-
pal artery arises from the posterior inferior temporal artery (branch of the poste-
rior cerebral artery). The parietooccipital arterial trunk (the branch from the
fourth part of the posterior cerebral artery) also supply the parahippocampal
gyrus and hippocampus.

Anterior choroid artery

Anterior choroid artery is the branch of the internal carotid artery. It originates
from the distal part of the internal carotid artery, just after the origin of the poste-
rior communicating artery, and runs into the subarachnoid space. The segment of
the anterior choroid artery up to the inferior horn of the lateral ventricle is known
as cisternal segment. The anterior choroid artery gives branches to form the cho-
roid plexus for the inferior horn of the lateral ventricle. In addition, the anterior
choroid artery also supplies the optic tract, the uncus, the globus pallidus, lateral
geniculate body, and the internal capsule. The perforating branches of the anterior
choroid artery supplies the amygdala and the hippocampus (1, 30).

The anterior hippocampal arteries supply the uncus and the head of the hippo-
campus, while the posterior hippocampal arteries supply the body and tail of the
hippocampus (29, 30). The anterior hippocampal arteries (branch of the anterior
inferior temporal artery) enter into the uncal sulcus and supplies the head of the
hippocampus. It emerges on the surface of the pyriform lobe and supplies to the
adjacent entorhinal area. The posterior hippocampal arteries run in the superficial
course of the hippocampal sulcus; along the terminal segment, it gives longitudinal
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large and small branches. The large branches penetrate the hippocampus and small
branches supply the margo denticulatus and fimbriodentate sulcus. The longitudi-
nal branches form a rich anastomosis along the hippocampal sulcus (1, 29, 30).

The intrahippocampal arteries (deep branches) can be classified as large ven-
tral, small ventral, large dorsal, and small dorsal branches. The large ventral intra-
hippocampal arteries supply stratum lacunosum, stratum pyramidalis, molecular
layer of dentate gyrus, and CAl and CA2 region of the cornu ammonis. The large
dorsal intrahippocampal arteries supply the granular layer of the dentate gyrus,
and CA3 and CA4 regions of the cornu ammonis. The small ventral intrahippo-
campal arteries supply the proximal part of the dentate gyrus. The small dorsal
intrahippocampal arteries (also known as straight arteries) runs into the fibrio-
dentate sulcus and supplies the adjacent areas.

Venous drainage

The deep hippocampal veins (intrahippocampal veins) are two types: sulcal
intrahippocampal veins and subependymal intrahippocampal veins. The sulcus
intrahippocampal veins originate from the CAl and CA2 areas and reaches
the superficial hippocampal sulcus and receive tributaries from the stratum
moleculare. The subependymal intrahippocampal veins can be observed on the
ventricular surface of the hippocampus. The deep hippocampal veins of CA2 and
subiculum drain into the subependymal intrahippocampal veins (1, 29, 30).
Superficial hippocampal veins form two longitudinal superficial venous arcade to
cover the fimbriodentate sulcus and the superficial hippocampal sulcus. The
venous arcade of the fimbriodentate sulcus receives subependymal intrahippo-
campal veins. The venous arcade of the superficial hippocampal sulcus receives
deep intrahippocampal veins (29, 30). Both longitudinal superficial venous
arcades unite at the anterior and posterior ends. Anterior end drains into the
inferior ventricular vein and posteriorly drain into medial atrial vein. Inferior
ventricular vein and medial atrial vein drain into the basal vein.

The blood vessels supplying the hippocampus have small calibers and are
more prone to thrombus formation. The thrombosis of the hippocampal arteries
leads to damage and death of pyramidal neurons of the hippocampus which is
characteristic for Alzheimer’s disease.

CONCLUSION

Hippocampal formation is a crucial structure for the memory processing and
emotional integration. Bilateral hippocampal damage may result in antegrade
amnesia; the condition in which the brain fails to establish new long-term
memories.
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