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ABSTRACT
This investigation confirmed decreases in muscarinic acetylcholine receptor (mAChR) concen-

tration in the hippocampus of patients with senile dementia of Alzheimer-type (SDAT) using a

binding assay with homogenate. We performed quantitative in vitro autoradiography of mAChR
in the hippocampus obtained at autopsy from non-demented controls and SDAT patients, who
had a marked memory disturbance since the early stage. *H-QNB (1.09nM) and *H-pirenzepine
(18.0nM) were used as ligands to label total mAChR and M1 receptors, respectively. Total mAChR
and M1 receptor densities showed a decrease by about 20% and 25%, respectively, in the CAl
area of SDAT cases, when compared with that of normal control cases. No changes were ob-
served in the dentate gyrus, CAS3, subiculum or entorhinal cortex. These observations are thought
to be partly causative of the marked memory deficits which appeared in these cases.
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Senile dementia of Alzheimer-type (SDAT) is a
progressive neurodegenerative disorder, character-
ized clinically by deficits in memory and cognition
with focal neurologic signs. It is characterized
pathologically by numerous senile plaques and neu-
rofibrillary tangles especially in the cerebral cortex,
amygdala and hippocampus.

Druchman and Leavitt (1974)® have shown that
anticholinergic drugs cause a memory disturbance
in healthy volunteers. Choline acetyltransferase
(CAT), a presynaptic cholinergic marker, has been
found to decrease in the autopsied brains of SDAT
cases®®. Whitehouse et al® have shown the selec-
tive loss of cholinergic neurons in the nucleus basa-
lis Meynert of SDAT, which projects cholinergic
fibers directly to the neocortex. Also, CAT activi-
ty has been observed in the senile plaques
immunohistochemically®®. These several observa-
tions suggest that impaired cholinergic neurons may
be one of the causes of SDAT.

A number of studies have dealt with changes of
muscarinic receptors (mAChR) in the SDAT brain.
Most of them have shown no changes in mAChR
in the cerebral cortex™%2#224  Nevertheless, a
decrease in mAChR in the hippocampus of SDAT
brains has been reported when compared with nor-

mal controls'®¥#2)  Recently, mAChR has been
divided into subtypes according to specific ligands.
Muscarinic agonist binding sites can be distin-
guished by three affinity states which display su-
per high, high and low affinities for agonists®.
There is another classification based on a high af-
finity antagonist for the muscarinic receptor sub-
types. M1 receptor has been defined as a high
affinity binding site for pirenzepine (PZ) and M2
as a low affinity binding site”. The relationship
between the classification based on agonist and an-
tagonist has not yet been clarified. We have adopt-
ed the latter classification in this paper. Several
groups have examined changes in muscarinic recep-
tor subtypes in the SDAT brain. Most of them have
studied merely changes in (H) and (L)"%?2?,
However, there have been few reports concerning
M1 or M2 receptors in the SDAT brain.

MATERIALS AND METHODS
The brains used in this study are shown in Ta-
ble 1. All cases had marked memory disturbance
since the early SDAT and progressed to the stage
of complete mental deterioration. One hemisphere
from each brain was frozen immediately after
removal and stored at -80°C. Another half was
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Table 1. Autopsied brains used in this study.

Patient Sex Age Postmortem delay Clinical Diagnosis onset Cause of death
Case (years) (hours) (age)

1* M 56 13 Polymyositis Bronchopneumonia
2% M 75 5 Crow-Fukase Disease Bronchopneumonia
3 M 44 9 SDAT 40 Bronchopneumonia
4 F 65 3 SDAT 59 Bronchopneumonia
5 F 87 5 SDAT 84 Bronchopneumonia

*: control, SDAT: Senile dementia of Alzheimer type

used for neuropathological investigation. The frozen

hemisphere was cut into 20 um thick coronal sec-

tions which were placed onto gelatin-chromium-

coated glass slides. Appropriate sections were then

o o o 200F
processed for in vitro quantitative receptor au- 2
toradiography. &
Brain sections were stored in the freezer until g

use. The hippocampal sections dissected from the 0

whole were incubated simultaneously. To label to- = 100F

tal mAChR, two sections of the each hippocampus &

were incubated for 60 min at room temp. in 0.1 M

phosphate buffer (pH7.4) (NaH,PO,2H,0,

Na,HPO, 12H,0) containing 1.09 nM °®H-

quinuclidinyl benzilate (QNB) (43.6 Ci/mmol, New A CcACACACA C8

England Nuclear (NEN)). For labeling M1 recep- DG CA3 CAL - Sub. “Ent Cx

tors, they were incubated for 90 min at room temp.
in 50 mM Na-K phosphate buffer (pH7.4)
(KH,PO,, Na,HPO,12H,0) containing 18.0 nM *H-
PZ (85.0 Ci/mmol, NEN). The non-specific binding
of *H-QNB and *H-PZ was determined using the
other section of each brain incubated in the
presence of 1uM atropine and 1M PZ, respective-
ly. After the incubation, sections were rinsed in the
cold buffer, for 6 and 10 min, respectively, dipped
in distilled water to remove ions, and then rapidly
dried with a cold-air drier. Incubated sections were
subsequently placed in cassettes and exposed to a
tritium-sensitive film (Sakura) with *H-standard
microfilm (Amersham) for 28 or 42 days, respec-
tively. After exposure, the films were developed,
then rinsed in running water for 30 min, and dried
at room temp. The developed films were quantita-
tively analyzed using IBAS II (Zeiss), a computer-
ized densitometer.

RESULTS

Autoradiographs of *H-QNB binding to the total
population of muscarinic receptors are shown in
Fig. 1. The distribution of *H-QNB binding sites
was  in agreement with previous reports*®, and
that in SDAT cases was very similar to the con-
trol cases. The receptor density was calculated in
the DG, CA3, CAl, subiculum and entorhinal cor-
tex (layers II-III and TV-VI). In the CA1 area, near-
ly a 20% decrease in density of *H-QNB binding
sites was recognized (Fig. 2) by densitometry.

The distribution of *H-PZ binding sites (M1
receptors) was similar to that of *H-QNB binding
sites, while there were few M1 receptors in the

Fig. 2. Density of *H-QNB binding sites in the den-
tate gyrus (DG), CA3, CAl, subiculum (Sub) and en-
torhinal cortex (Ent. Cx.) in normal individuals (open
columns) and in SDAT (hatched columns). Values are
expressed as the mean of experiments.

—

(=3

=
I

o

=

=)
I

fmol/mg wet tissue

CA CA CA CA CA CA
DG CA3 CAl  Sub. I-II IV-VI
Nnt. Cx.

Fig. 4. Density of *H-PZ binding sites in the dentate
gyrus, CA3, CAl, subiculum and entorhinal cortex in
normal individuals (open columns) and SDAT (hatched
columns). Values are expressed as the mean.

lateral geniculate body and thalamus (Fig. 3). Fig.
4 shows the M1 receptor density in the DG, CAS,
CA1, subiculum and entorhinal cortex of control
and SDAT cases. The M1 receptor decreased in the
CAl of SDAT brains by about 25%, when com-
pared with the control cases.
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Fig. 1. Color imagings of the distribution of mAChR labeled by *H-QNB in the hippocampal regions of
two control cases (case 1 and 2) and two SDAT cases (case 3 and 5). MAChR densities in the CA1 of
SDAT decreased when comparaed with the control subjects. Ent: the entorhinal cortex DG: the dentate
gyrus LG: the lateral geniculate body tCD: tail of the caudate Sub: the subiculum.

Fig. 3. Color imagings of the distribution of *H-PZ labeled M1 in the hippocampus of two control and
two SDAT cases. There were low M1 receptor densities in the lateral geniculate body. M1 receptor densi-
ties in the CA1 of SDAT show a decrease compared with the control values.
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Table 2. Summary of quantitative studies on changes of mAChR in the hippocampus of SDAT, using homogenate.

AUTHORS LIGAND CONC. CONT. SDAT INH. SUB.
Davies & Verth (1978)* *H-QNB 10nM 451 402
Reisene et al. (1978  °*H-QNB  0.14nM 553 1531
Rinne et al. (1985)°  °H-QNB  sat. 401 3231
Nordberg et al. (1986) H-QNB  0.2nM 327 243 CB SH 11.0% 9.7%
H 16.0% 18.8%
L 74.8% T1.7%
Shimohama et al. (1986) *H-QNB  sat. 717 4691
Reinikainen' et al»-- (1987  SH-QNB  0.6nM 512 3231
Smith et al. (1988  *H-NMS  2.4nM 551 465 CB H 265 2251
L 286 239
P2 M1 418 332
M2 191 155
Araujo et al. (1988) SH-PZ sat. M1 287 3581
*H-ACH  sat. H 39.3 17.11
Rinne et al, (1978  *H-QNB  1.0nM 378.3 3206/ CB H 106.7 83.61
L 273 237

INH.: inhibitor, SUB.: subtype of mAChR, CB: carbachol
| : significant decrease compared with control values.

T . significant increase compared with control values.

Sat: saturation experiments.

(fmol/mg protein)

a):  Number of binding sites was determined at only one concentration of radio-ligand.

b):  Th
ey H:

ratios of muscarinic receptor subtypes were obtained from inhibition curves.
The amount of *H-NMS (2x107"M) was displaced in the presence 3x10™*M carbacol.

L: The residual specific binding sites were in the presence of 3x107*M carbacol.

Mi:
M2:

DISCUSSION

Recent studies on changes in mAChR in the
SDAT brain have shown no changes in the cerebral
cortex and decreases in the hippocampus of the
SDAT brains. We can summarize thus reports
describing changes of mAChR in the hippocampus
of SDAT cases (Table 2). These studies can be
divided into three groups according to methodolo-
gy. 1) Kd and Bmax were analyzed by saturation
experiments?'?¥, 2) The number of binding sites
was obtained at a certain concentration of *H-
ligand™%%0#)  3) The population of each muscarin-
ic receptor subtype was obtained from inhibition ex-
periments!'®??, Davies and Verth (1978)" failed to
show any significant decrease in mAChR in SDAT.

Two studies employed in vitro quantitative recep-
tor autoradiography''®. These studies used *H-n-
methyl scopolamine (NMS) as a ligand and showed
no significant difference in mAChR concentration
of the hippocampus between control and SDAT
cases. These results were in agreement with those
shown by Smith et al (1988)*, who investigated
changes in mAChR of SDAT with homogenate us-
ing "H-NMS as a ligand. However, many groups
have shown a decreased mAChR in the hippocam-
pus using *H-QNB as a ligand. Probst et al
(1988)" showed a significant decrease in mAChR
density in the CA1 area of clinicaly severe cases.
Whether the decrease in mAChR occurs or not
seems to result from the difference in the clinical

The amount of *H-NMS (2x10°M) bound multiplied by 2.
The amount of *H-NMS (2.4 x197"M) bound in the presence of PZ (2x 107°M) multiplied by 1.6.

background of SDAT brains and to be dependent
on the chief clinical symptoms, such as memory dis-
turbance or other mental disorders. Another pos-
sibility is ascribable to the difference in the ligand
used: NMS or QNB. We investigated changes of
mAChR in the hippocampus of SDAT using *H-
QNB as a ligand, and noticed a decrease in the
mAChR density in the CAl area. Since we exa-
mined brains from clinically advanced cases, our
data were in accordance with those of the severe
cases reported by Probst et al'®.

There have been very few reports on the changes
of M1 (high affinity PZ binding sites) in the hip-
pocampus of SDAT cases. We studied the changes
of M1 in the hippocampus of SDAT using *H-PZ
as a ligand and confirmed the decrease in M1
receptor density in the CAl area. Smith et al
(1988)* have reported on the lines of results em-
ploying similar methods, by which the M1 recep-
tor concentration was obtained from an inhibition
curve of *H-NMS (2.4 nM) with 2x10~°M PZ us-
ing homogenate. On the contrary, Araujo et al
(1988)" reported an increase in *H-PZ binding
sites in the hippocampus of SDAT through satura-
tion experiments with homogenate tissues. They
speculated that the increase might be due to post-
synaptic up-regulation. The difference from our
results could be attributed to the difference of stage
in the course of the disease.

The cholinergic fibers in the hippocampus are
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mainly projected from the septum via fimbria-
fornix'®!¥, Lesion of the fimbria failed to cause
changes in muscarinic receptors in the rat
hippocampus'®®, Our data along with those by
Overstreet et al'® and Sabato et al*® suggest that
the decrease in mAChR in the CA1 area of SDAT
would not be produced by degeneration of choliner-
gic neurons in the septum, but by a postsynaptic
degeneration in the hippocampus.

A positive correlation has been reported between
decrease in CAT activity and memory functior:'"#?,
Furthermore, a bilateral lesion limited to the CA1l
area of the hippocampus has been shown to cause
enduring memory impairment by Zola-Morgan et al
(1986)*”. Taking these data into consideration, the
decreases in mAChR in the CA1l of SDAT brains
may closely correlate with the intensive memory
dysfunction from the early stage of SDAT.

In conclusion, we confirmed the decrease in
mAChR and M1 receptor (high affinity PZ binding
sites) in the CA1 area field of the hippocampus us-
ing in vitro quantitative receptor autoradiography.
Besides the degeneration of cholinergic neurons
hitherto described, emphasis should be placed on
the decrease in mAChR density in the CA1 area.
This may be pathogenesis of marked memory dis-
turbance during the early stage of the disease.
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