EXPERIMENTAL STUDY

Bratisl Lek Listy 2008; 109 (3)
106-110

The microscopical structure of the hippocampus in the rat
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Abstract: The aim of this work was to study the rat's hippocampal formation by applying the light microscopic
methods. The histological methods used to explore this region of the rat’s brain were the Nissl technique, the
Bielschowsky block impregnation method and the rapid Golgi technique.

In the Nissl preparations, we identified only three fields of the hippocampus proprius (CA1, CA3 and CA4).
CA2 was distinguished in the Bielschowsky impregnated blocks. The rapid Golgi technique, according the
available literature, gives the best results by using the fresh samples. In this study, we reached good results
by using formalin fixed sections. The layers of the hippocampal formation were differentiated. The pyramidal
and granular cells were identified together with their axons and dendrites (Fig. 9, Ref. 22). Full Text (Free,

PDF) www.bmj.sk.
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Abbreviations: CA1 — regio I cornus ammonis; CA2 — regio I
cornus ammonis; CA3 — regio III cornus ammonis; CA4 — regio
IV cornus ammonis.

The microscopical structure of the hippocampal formation
has been studied intensively since the time of Cajal (1911) and
his student Lorente de N6 (1934). They modified Golgi’s method
to increase its effectiveness and used it in studying the cellular
architecture of the hippocampal formation in rodents (1, 2). By
the middle of the last century the hippocampal formation started
to be one of the most studied structures of the nervous system.

During the phylogenetic development from insectivores to
primates, the topographical position of the hippocampus has un-
dergone remarkable changes. As a consequence of these mor-
phological changes, the hippocampus is found deeper and deeper
in the temporal lobe (3).

The rat’s hippocampal formation occupies a large portion of
the ventroposterior and ventrolateral walls of the cerebral cortex
(4). We can observe the C-shaped hippocampus proper after the
removal of the thin entorhinal cortex. The ventromedial portion
of the hippocampus proper is the tuberculum hippocampi, which
is the homologous structure of the uncus gyri parahippocampalis
in primates. The tubercle continues into the dentate gyrus, which
extends dorsally under the corpus callosum to the septum. The
caudal and ventral borders of the dentate gyrus are formed by
the sulcus hippocampi. The fimbria hippocampi are observable
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in the lateral border of the hippocampus. It continues under the
corpus callosum as the fornix. Supracommissural hippocampus
(the indusium griseum) extends over the corpus callosum to the
anterior portion of the septum as thin strip of gray cortex (5, 6).

The hippocampal formation is subdivided into regions and
fields according the cell body location, cell body shape and size,
proximal terminations, complex spines, distal branching charac-
teristics and afferent and efferent projections (1). The hippoc-
ampus proprius, gyrus dentatus and subiculum are paradigm of
simple cortex, consisting primarily of one basic cell type and its
associated interneurons. These basic neurons are backed together
in one layer of a three-layered structure, in contrast to six layers
of neocortex (6). The dominant neurons in the hippocampus pro-
prius and the subiculum are the pyramidal cells. The size and the
density of these neurons are variable throughout the hippocam-
pus proprius. This fact was used to differentiate the fields of the
hippocampus proprius. Large number of spines was identified
on the dendrites of the pyramidal cells (1). Dendritic spines are
the major sites of excitatory synaptic transmission. Recent stud-
ies indicated that dendritic spines are highly dynamic structures.
Alterations of the spines have been observed in physiological
conditions such as memory and learning, and in pathological
conditions such as epilepsy and hypoxia. The alteration of the
dendritic arborization directly affects the number of the spines
and thus the function of the neurons. It has been reported that
the number of the dendritic spines in the CA1 pyramidal cells is
reduced in aged rats and in Alzheimer’s patients (7).

Granular neurons are the basic cells in the gyrus dentatus.
The term used for the axons of the granular cells is the mossy
fibers, because of their shape and course (8). In the hilum of the
gyrus dentatus, 21 types of cells were identified (9).

While in the most brain regions neurogenesis is completed
by birth, the dentate gyrus represent a notable exception in the
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mammalian brain because its main neurons, the granular cells,
proliferate during an extended period that begins during gesta-
tion and continues into the postnatal period. There are new find-
ings suggesting that neurogenesis continues throughout the hu-
man life in the dentate gyrus (10). However the division of the
hippocampal pyramidal cell division is completed before birth,
the structure of the pyramidal cells is simple at birth. The pyra-
midal neuron undergoes process of postnatal maturation and pro-
liferation of their axonal connections and dendrites (11).

To study the effect of pathological processes, such as hy-
poxia and ischemia, on the hippocampal formation, it is neces-
sary to have anatomical knowledge of this region. Vulnerability
of neurons in the hippocampal formation to the pathological pro-
cesses is variable according the type of cells and the field, where
these cells are placed. The goal of this work was to explore the
fields, layers and cytoarchitectonic structure of the hippocampal
formation.

Materials and methods

The material for this study was supplied by the Institute of
Pharmacology in the Faculty of Medicine of Comenius Univer-
sity in Bratislava. The brains of six rats were dissected carefully
and fast after a decapitation of animals were immersed in 10 %
formalin solution.

After several weeks of fixation, the materials were processed
by three different techniques. Two brains were used for each tech-
nique.

The brains of the first group were processed according to the
Nissl technique (12). We used this method to illustrate the neu-
ral bodies and nuclei. The brains were cut in sections with 1-2
mm width of each in frontal and horizontal planes. The sections
passed through the procedure of washing, dehydration, clearing,
impregnation and embedding in paraffin. 10 um sections were
cut on a sliding microtome. The mounted sections were deparaffi-
nized in xylene and transferred to 5 % formalin for five minutes.
We washed the sections in 5 % acetic acid for five minutes, then
briefly in distilled water. In the next step sections were stained
for 30 minutes in 0.1 % toluidine blue solution in closed cell in
thermostat at 37 °C, then the cell with sections were kept to cool
at the room temperature. We washed the sections in distilled water
and differentiated in 96 % alcohol until the background was rela-
tively clear. Finally we washed the sections in absolute alcohol,
cleared in xylene and cover slipped.

The second group of brains was processed by the Biel-
schowsky block impregnation method (13). This method was
our choice in studying the neural projections and layers of the
hippocampal formation. We cut 2—3 mm thick blocks in hori-
zontal and frontal planes, and placed them in pyridine for 2 days.
Blocks were washed in running tap water overnight, then washed
in several changes of distilled water over 1 day. We treated the
blocks in silver nitrate solution for 5 days in dark, and then washed
in several changes of distilled water over 3 hours. The following
step was a treatment in ammonical silver solution for 4 hours,
then washing in distilled water (changed several times) for 2

hours. We reduced blocks in 20 % formalin for 12 hours, washed
in water for 1 hour and paraffin processed. 20 um sections were
cut on a sliding microtome. The deparaffinized sections were
placed for 15 min in 1 % gold chloride solution, followed by
treatment in 5 % sodium thiosulphate for 2 minutes. In the last
step sections were dehydrated, cleared and cover slipped.

Our last choice of staining method was the rapid Golgi tech-
nique, which was used profitably by Cajal. This method is used
in observation of individual cells together with their projections
(14, 15). We applied this impregnation method on the formalin
fixed brains of the third group. We cut pieces not more than 4
mm in thickness in horizontal and frontal planes, and immersed
them in osmium-dichromate solution at the room temperature
for 7 days. The pieces were transferred to 0.75 % aqueous silver
nitrate and kept for 24 hours in the dark. Then we placed the
pieces back to the same osmium-dichromate solution used in the
first step. They were left in this solution for 6 days. This step
was followed by an immersion of the pieces in silver nitrate so-
lution for 48 hours in the dark. Then we transferred them to a
new osmium-dichromate solution for 5 days. Again we repeated
the step with silver nitrate and increased the time solution for 3
days. The pieces were dehydrated in absolute alcohol for 5 min-
utes and embedded in soft paraffin matrix by pressing each piece
gently into the melted paraffin. We made 200 um sections on a
sliding microtome. The pieces were transferred individually from
the surface of knife to absolute alcohol for 15 minutes. Subse-
quently, we transferred the sections into oil of cloves for 15 minu-
tes. Finally the sections were mounted on glass slides, washed in
xylene and covered thinly by mounting medium.

Good sections from each group were signed and documented
as photomicrographs by using Olympus digital camera.

Results and discussion
Under the term “hippocampal formation” we understand the

complex of the gyrus dentatus, the hippocampus proprius, the
subiculum and the area entorhinalis (16).
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Fig. 1. Horizontal section of the rat brain, stained with the Nissl method.
GD - gyrus dentatus, H — hilus fasciae dentatae, CA3 —regio I1I cornus
ammonis, CA1 — regio I cornus ammonis, S — subiculum, PrS — pre-
subiculum, PaS — parasubiculum, Ent — area entorhinalis.
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Fig. 2. Horizontal section of the rat brain illustrating the hilus of the
gyrus dentatus, stained with the Nissl method. G — the granular cells
of the gyrus dentatus, P — the pyramidal cells of CA3, H — hilus of
the gyrus dentatus.

Fig. 4. Horizontal section of the rat brain illustrating layers of CA3,
impregnated with the Bielschowsky method. AL — alveus, SO — stra-
tum oriens, SP — stratum pyramidale, SR — stratum radiatum, SLM —
stratum lacunosum-moleculare.

Fig. 3. Horizontal section of the rat brain illustrating the entorhinal
cortex, stained with the Nissl method. GD — gyrus dentatus, S — subi-
culum, PrS — presubiculum, PaS — parasubiculum, 1-6 — layers of
the entorhinal cortex.

All these structures can be observed in the horizontal section
of the rat’s brain stained by the Nissl technique. In the neurons
stained by this method the cytoplasm is colored bright blue to
bright violet, and the Nissl substance together with the nuclei
are colored dark violet (Figs 1-3). The dentate gyrus is observed
as coiled structure with opened concave part directed to the hip-
pocampus proprius. The gyrus dentatus consists of three layers.
Stratum moleculare is the superficial layer with scattered small
nervous cells. Stratum granulare is the middle layer with packed
oval shaped nervous cells, the granular cells. Stratum multiforme
contains polymorphic nervous cells.

The hippocampus proprius is subdivided into 4 regions ac-
cording density, size and branching of axons and dendrites of
the pyramidal cells (CA1-CA4). Each of these regions consists
of three layers: stratum moleculare, stratum pyramidale and stra-
tum multiforme. The stratum pyramidale contains bodies of the
pyramidal cells.

CAA4 is the continuation of the CA3 in the concavity of the
dentate gyrus. Hilus fasciae dentatae is the term used for the
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Fig. 5. Horizontal section of the rat brain illustrating CA2, impreg-
nated with the Bielschowsky method. CA3 —regio III cornus ammonis,
CAZ2 - regio II cornus ammonis, CA1 — regio I cornus ammonis.

complex of the pyramidal layer of CA4 and the stratum
multiforme of the gyrus dentatus. CA3 is the region with large
less densely packed cells. CA2 is a narrow transitional field be-
tween CA3 and CA1. We didn’t distinguish the field CA2 in the
sections stained by the Nissl technique. Densely packed medium
sized cells characterize CA1.

The subiculum is the transitional field between the three-
layered CA1 (archicortex) and the six layered area entorhinalis
(neocortex). The subiculum is subdivided into: subiculum
proprium, presubiculum and parasubiculum. The subiculum
proprium is the field continuous with CA1 and the parasubiculum
with the area entorhinalis. The presubiculm possess superficial
layer of moderately packed cells. The parasubiculum has super-
ficial layer with densely packed small cells. In both presubicu-
lum and parasubiculum the superficial layer is overlying a deeper
layer of small to medium sized cells similar to the deep layers of
the area entorhinalis. The subiculum proprium instead of the su-
perficial layer of cells contains loosely packed deep layer of py-
ramidal cells.
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Fig. 6. Horizontal section of the rat brain illustrating the multiform
layer of the gyrus dentatus, impregnated with the Bielschowsky
method. G — the granular cells, M — the mossy fibers, H — hilus of the
gyrus dentatus.

Fig. 7. Frontal section of the rat brain illustrating layers of the hip-
pocampus proprius, impregnated with the Golgi method. SO — stra-
tum oriens, SP — stratum pyramidale, SR — stratum radiatum, SLM
— stratum lacunosum-moleculare.

The area entorhinalis is composed of 6 layers. The most su-
perficial layer (I) is the plexiform layer. The large stellate cells
are located in the second layer (II). Medium sized pyramidal
cells characterize the third layer (IIT). The fourth layer is a cell-
spares area with few scattered large pyramidal cells. The fifth
(V) and the sixth layer (VI) are composed of small and medium
sized cells.

In the brains of the second group, where we used the Biel-
schowsky impregnation method, the nerve fibers are stained in
black and the neurons in brown (Figs 4—6). In these prepara-
tions, the dendrites of the granular cells in the gyrus dentatus are
observable. We found here the polymorphic cells characterizing
the hilus, too. The mossy fibers (axons of the granular cells) de-
scend toward the CA3 field.

Fig. 8. Horizontal section of the rat brain viewing the structure of the
pyramidal cell in CA3, impregnated with the Golgi method. PB —body
of the pyramidal cell, Ax — axon of the pyramidal cell, AD — apical
dendrite of the pyramidal cell, BD — basal dendrites of the pyramidal
cell.

Fig. 9. Horizontal section of the rat brain viewing the structure of
the granular cell in the gyrus dentatus, impregnated with the Golgi
method. GB — body of granular cell, Ax — axon of the granular cell,
D — dendrites of granular cells.

The fields of the hippocampus proprius are distinguishable.
The CA2 lies as a narrow transitional field of cells between CA3
and CA1. Cajal subdivided the hippocampus proprius in 6 lay-
ers according the position of the nervous cells bodies and rami-
fication of the nervous fibers. These layers are recognized in the
preparations of the second group. The alveus is the layer on the
ventricular surface of the hippocampus. It contains the axons of
the pyramidal cells. Stratum oriens is the second layer contain-
ing the basket cells. In the stratum pyramidale, we find bodies of
neurons. The stratum radiatum consists of the dendrites of the
pyramidal cells. In the stratum lacunosum-moleculare, the long
apical dendrites of the pyramidal cells extend. The stratum
radiatum and the stratum lacunosum-moleculare continue with
the stratum moleculare of the subiculum.

The nerve cells, dendrites, axons and the terminal arboriza-
tions are stained dark brown against yellow background in the
preparations impregnated by the rapid Golgi method (Figs 7-9).
Only small number of nervous cells is stained. The cell body
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together with its projections is impregnated, so we could study
the cell as an individual unit. The bodies of the granular cells
and its dendrites, which project to the molecular layer of the
gyrus dentatus, are recognizable. The six layers of the cornu
ammonis are identifiable. The pyramidal cells are characterized
by the apical dendrites, which extend to the stratum radiatum
and the stratum lacunosum-moleculare, and the basal dendrites
extending to the stratum oriens. Axons of the pyramidal cells
extend mainly to the alveus.

The rat hippocampal fields can be observed in the horizontal
sections of the brain. In the Nissl stained sections, most authors
rarely identify the CA2 (5). This finding was confirmed in the
Nissl preparations used in this work. In the literature, the classi-
cal histological choice to distinguish the CA2 is the Golgi method,
where the pyramidal cells of CA2 lacks the spiny thorns on the
apical dendrites (17). In this work we identified CA2 by using
the Bielschowsky impregnation method.

The best results of the rapid Golgi technique are reached by
using fresh specimens (14). In our experiment we have obtained
better results by using the formalin fixed sections, where the cy-
toarchitectonic structure of the hippocampus proprius and gyrus
dentatus is observable.

Experimental studies proved that the hippocampus has a
prominent role in the process of learning and memory (17, 18).
Other important role of the hippocampus is its function in con-
trolling the behavior related to food and appetite (19).

The experimental animal models proved that the pyramidal
cells of the CA2 are the most affected hippocampal cells in the
course of the Alzheimer’s disease and the temporal lobe epi-
lepsy (20, 21). The most vulnerable hippocampal cells to hy-
poxia are the pyramidal cells of CA1 and CA3 (22).

Based on these facts we can conclude that the changes of the
hippocampus after pathological processes are mostly shown to
be field-specific. Understanding mechanisms of these processes
has to be based on the knowledge of the hippocampal cytoarchi-
tecture. The present study describes and defines the hippocam-
pal fields and their boundaries to conduct neuroanatomical stud-
ies on the hippocampus of the rat.
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