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CNS Cholinergic Innervation to the Hippocampus in the Rat Using

Pseudorabies Virus as a Neurotracer

The hippocampus is a central area of the memory-related neural system. Com-
bined immunohistochemistry against choline acetyl transferase and retrograde
transneuronal labelling of the pseudorabies virus were used to identify choliner-
gic neurons in the central nervous system projecting to the hippocampal for-
mation of the rat. Five to ten yL of Bartha strain of pseudorabies virus were
injected into the dentate gyrus, CA1 and CAS of the hippocampus of 20 Sprague
Dawley rats using stereotaxic instrument. Forty eight to 96 hr after the injection,
the brains were removed and the tissue sections were processed for double
immunofluorescence procedure using polyclonal antibodies against pseudo-
rabies virus or choline acetyl transferase. The double labelled neurons were
distributed at several different nuclei and the labelling patterns of three different
areas of the hippocampus were similar. These data suggests that the cholinergic
innervation to the hippocampus were distributed in a transsynaptic manner
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INTRODUCTION

Alzheimet’s disease is a progressive and neurodegenet-
ative disease of the central nervous system (CNS) mainly
characterized by the detetioration of memoty function.
The hippocampus is a central area of the memoty-related
neural system (1, 2), where it receives several axonal in-
nervations from different atea of the brain. Although the
medial septum and the diagonal band of Broca have been
known as majot ateas of cholinergic inputs to the hip-
pocampus (3-5), the precise location of the whole cho-
linetgic neutons in the central nervous system projecting
to the hippocampal formation have temained elusive due
to the lack of an approptiate transneuronal neurotracer
and labelling method.

Since Martin and Dolivo (6) first presented the idea,
vituses have been used as a transneuronal markers. The
Bartha strain of pseudorabies virus has been widely used
as a useful tool in the neuroanatomical studies (7-9).
Recently, acetylcholine has been reported as a neuro-
transmitter implicating in a vatiety of behavioral process
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including memory function and choline acetyl transferase
(ChAT), the synthesizing enzyme for acetylcholine (ACh),
has been recognized as a definite matker for cholinergic
neurons (10-13).

In this study, the transneuronal neurotracer, Bartha
strain of the pseudorabies virus, was used in combination
with the immunochistochemical procedures to identify and
compate the distributions of the CNS cholinergic neutons
projecting to the three different areas (dentate gyrus,
CAl and CA3) of the hippocampus.

MATERIALS AND METHODS

Adult 20 Sprague Dawley rats (230-350 g) were used
in this study. Animals were anesthetized with ketamine
HCI (0.75 mg/kg) and xylazine (1 mg/kg) ptiot to sut-
gical procedures. Injection of pseudorabies virus was
made into the dentate gyrus, CAl, and CA3 of the hip-
pocampus with an aid of the stereotaxic instrument.
Injection was cartied out following the midline incision
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of the scalp skin. The skull was pietced with biological
electric drill at various points from bregma [dentate
gyrus, 3.7 mm (AP), 2.4 mm (Lateral); CAl, 3.7 mm
(AP), 2.7 mm (Lateral)]; CA3, 3.7 mm (AP), 3.6 mm
(Lateral) and Hamilton syringe was lowetred vertically
undl it reaches the injection areas (denmtate gyrus, 3.2
mm; CAl, 2.6 mm; CA3, 3.6 mm). A total 5-10 yL
of the pseudorabies virus was injected slowly at the speed
of 1 yL pet min. Then sytinge was removed slowly and
surgical wounds were sutured with wound clips. Most of
the rats wete allowed to sutvive for 2-4 days post-
injection. All rats were reanesthetized in same manner
and petfused transcardially with 100-200 mL of hepa-
rinized saline (18C) followed by 400 mL of 4% para-
formaldehyde -lysine petiodate in 0.1 M sodium phos-
phate buffer (pH=7.4). The brains were temoved, placed
in the same fixative for 4 hr at 4°C, and then transferred
to 20% sucrose/0.1 M phosphate buffer solution until
sink fully at 4°C. The brains were cut in transverse plane
at 30 ym on a freezing microtome. The free floating tissue
sections wete processed for double immunofluotescence
procedure using polyclonal antibodies to pseudorabies
vitus or choline acetyl transferase. One of every six sec-
tions was incubated overnight at 38C with the mixtute
of rabbit ant-pseudorabies virus (1:100) and goat anti-
choline acetyl transferase (1:20, Chemicon Int’l Inc.,
diluted in 0.1 M sodium phosphate buffer containing 1%
notmal donkey serum and 0.3% Triton X-100). After 24
hr, the sections wete reacted for 2 hr with a cocktail of
FITC-labelled donkey anti-rabbit IgG (1:50, Jackson Im-
munoresearch Lab.) and TRITC-labelled donkey anti-
goat IgG (1:50, Jackson Immunoresearch Lab.). There-
after, the sections were washed, mounted onto gelatin-
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coated slides and coverslipped with glycerol-PBS (29:1).
Cells were counted as positive if a reasonable portion of
the cell body was visible in the section.

RESULTS

Immunohistochemical localization of PRV-Ba and ChAT

After injection of pseudorabies virus (PRV-Ba) into the
dentate gyrus, CA1 or CA3 atea of the hippocampus and
double immunofluotescent staining, both PRV-Ba and
ChAT immuno-positive cells were observed in several
different nuclei of the brain from the cetebrum to the
brainstem in same manner (Table 1). Most of the positive
neurons wete multipolar in shape (Fig. 1).

Distribution of the PRV-Ba and ChAT positive cells

The PRV-Ba and ChAT positive cells were distributed
differently in labelling intensity according to the nuclei.
Among the positive nuclei, the medial septal nucleus, the
nucleus of the diagonal band, the entorhinal cortex, the
central amygdala, the lateral hypothalamic atea and the
bed nucleus of stria terminalis showed strong positive
labelling (Table 1, Fig. 1). The agranular insular cortex,
gigantocellular reticular nucleus showed weak labelling.
The caudate putamen, the dotsal motor nucleus of vagus
netve, the insular cortex, the primary motor area, the
medial preoptic nucleus, and the reticular nucleus showed
moderate positive labelling to both PRV-Ba and ChAT.
The labelling pattetns of the dentate gyrus, CAl and
CA3 wete similar through the whole brain atea.

Table 1. Quantitative analysis of the double immunoreactive cells in the brain after PRV-Ba injection into the dentate gyrus CA1,

or CA3 area of the hippocampus

Injection site

Nucleus

Dentate gyrus CA1 CA3
Agranular insular cortex (Ald) + + +
Bed nucleus of stria terminalis (BNST) +++ +4++ Lt
Central amygdala (CeA) +4+ 44t .
Caudate putamen (CP) ++ ++ 44
Dorsal motor nucleus of vagus nerve (DMV) ++ ++ 44
Entorhinal cortex (ENT) +++ ++4+ .
Gigantocellular reticular nucleus (GRN) + + +
Insular cortex (ICj) ++ 4+ 44
Lateral hypothalamic area (LHA) +++ +++ +++
Primary motor area (MOp) ++ +4+ +4+
Medial preoptic nucleus (MPO) ++ ++ ++
Medial septal nucleus (MS) +++ +++ +++
Nucleus of the diagonal band (NDB}) +++ +++ +++
Reticular nucleus (RTN} ++ ++ +4

Immunoreactivity: 4+, moderate; ++, intermediate; +++, strong
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Fig. 1. Pseudorabies virus (PRV) (FITC) and choline acetyl transferase (ChAT) (TRITC)-double labelled cells in the different brain
areas after PRV injection into the hippocampus of the rat. A, B: lateral hypothalamic area (LHA); C, D: central amygdala (CEA);
E, F: nucleus of diagonal band (NDB); Bar=250 um.

DISCUSSION including the septohippocampal system are thought to
play a crucial role in the petformance of a vatiety of
The hippocampus is widely believed to exert an im- complex learning and memoty tasks (14, 15). In cogni-

portant influence on memoty. Several neuronal pathways tive and memoty processes, cholinergic involvement has
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been known as one of the most important transmitter
system. Previous studies have shown that PRV-Ba pro-
duces highly specific infections within a given group of
synaptically connected neurons without spreading to ad-
jacent, functionally untelated neuronal netwotks (16-20).
In as much as we have used this genetically attenuated
strain of the vitus, and not the wild type forms which
can produce non-specific labelling (21), out results pro-
vide evidence for the longheld, but hitherto unsubstan-
tiated, belief that certain subsets of central neutons ate
able to influence memoty function via a neurally medi-
ated mechanism.

In the present study, we examined the transsynaptic
cholinergic circuitty projecting to the dentate gyrus, CAl
ot CA3 of the hippocampus using the pseudorabies virus
as a neurotracer. The location of the transsynaptically
labelled neurons is, in general, consistent with eatlier
studies showing that lesions or stimulation of some brain
regions affect memoty function independent of the hip-
pocampus.

Our results show that cholinergic innervations ate
localized in the medial septal nucleus, the nucleus of the
diagonal band, the entorhinal cortex, which are known
as three major cholinergic nuclei to the hippocampus (4,
5, 13). These results indicate that the pseudorabies virus
could label the primaty cholinergic nuclei innetvating the
hippocampus  specifically. Additionally, the labellings
wete also appeared at the several nuclei including the
central amygdala, the lateral hypothalamic area, and the
bed nucleus of stria terminalis.

These results are also related to the tracer’s charac-
teristic that the vitus could go across the neuronal syn-
apses (7, 16-20), and these nuclei may be connected to
the hippocampus over one ot mote synapses through the
three major cholinergic nuclei projecting to the hippo-
campus. And these cholinergic neurons could be an im-
portant clue that the memoty-related cholinergic func-
tions may be controlled by ot with higher cholinergic
neurons innervating them.

In the present work, the labelling patterns wete re-
vealed similar in three different area groups of the hip-
pocampus. Such findings suggest that the hippocampus
may be received same cholinergic extrinsic innetvations
from the brainstem to cerebrum. Our data based on the
motphological netwotk could not explain whether all the
systems may wortk at the same time or wotk separately.
Futther electrophysiological studies may be needed to
reveal this mechanism.

In conclusion, the present study with PRV-Ba as a
transneuronal tracer provides a new information about
the location and disttibution of the central cholinergic
nuclei innervating the dentate gyrus, CAl, and CA3 of
the hippocampus.
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