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Abstract
Objectives—To assess muscarinic acetyl-
choline receptors (mAChRs) in the brains
of patients with progressive supranuclear
palsy and Parkinson’s disease, and to cor-
relate the cholinergic system with cogni-
tive function in progressive supranuclear
palsy and Parkinson’s disease.
Methods— Positron emission tomography
(PET) and [11C]N-methyl-4-piperidyl
benzilate ([11C]NMPB) was used to meas-
ure mAChRs in the brain of seven patients
with progressive supranuclear palsy, 12
patients with Parkinson’s disease, and
eight healthy controls. All of the patients
with progressive supranuclear palsy were
demented. The Parkinson’s disease group
consisted of 11 non-demented patients
and one demented patient. The mini men-
tal state examination (MMSE) was used to
assess the severity of cognitive dysfunc-
tion in all of the subjects. The modified
Wisconsin card sorting test (WCST) was
used to evaluate frontal cognitive function
in the non-demented patients with Par-
kinson’s disease and controls.
Results—The mean K3 value, an index of
mAChR binding, was significantly higher
for the frontal cortex in the patients with
Parkinson’s disease than in the controls
(p<0.01). By contrast, the patients with
progressive supranuclear palsy had no sig-
nificant changes in the K3 values of any
cerebral cortical regions. The mean score
of the MMSE in the progressive supranu-
clear palsy group was significantly lower
than that in the control group. Although
there was no diVerence between the Par-
kinson’s disease and control groups in the
MMSE, the non-demented patients with
Parkinson’s disease showed significant
frontal lobe dysfunction in the WCST.
Conclusions—The increased mAChR
binding in the frontal cortex of the patients
with Parkinson’s disease may reflect den-
ervation hypersensitivity caused by loss of
the ascending cholinergic input to that
region from the basal forebrain and may
be related to frontal lobe dysfunction in
Parkinson’s disease. The cerebral cortical
cholinergic system may not have a major
role in cognitive dysfunction in progressive
supranuclear palsy.
(J Neurol Neurosurg Psychiatry 1998;65:155–163)
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Progressive supranuclear palsy is a neurode-
generative disorder characterised clinically by
supranuclear gaze palsy, akinetic-rigid syn-
drome with dominant axial rigidity, frequent
falls, and pseudobulbar palsy.1 2 In addition,
cognitive dysfunction is one of the most
common presenting symptoms in progressive
supranuclear palsy.1–4 Albert et al3 coined the
term “subcortical dementia” to describe this
pattern of cognitive dysfunction. It has subse-
quently been applied to the cognitive dysfunc-
tion seen in other neurological disorders in
which the primary pathology is thought to be in
the subcortical structure, as in Parkinson’s
disease.4–6 The characteristic features are slow-
ness of information processing, altered person-
ality with apathy or depression, forgetfulness,
and defective ability to manipulate acquired
knowledge,3 6 all of which are similar to the
characteristics of frontal lobe dysfunction.5 6

The pathophysiological basis of subcortical
dementia, however, remains uncertain. Previ-
ously, we used PET and carbon-11 labelled
N-methyl-4-piperidyl benzilate ([11C]NMPB)
to measure muscarinic acetylcholine receptors
(mAChRs) in the brain of eight patients with
Parkinson’s disease and found mAChR hyper-
sensitivity in the frontal cortex, indicative of
dysfunction of the ascending cholinergic sys-
tem in that area.7 The cognitive dysfunction in
Parkinson’s disease may be related to impair-
ment of the ascending cholinergic system
which occurs in association with neuronal loss
in the nucleus basalis of Meynert.7–11 In
progressive supranuclear palsy, the cholinergic
deficiency has been reported in some nuclei of
the brainstem12–14 and basal forebrain,15 16 and
may be related to cognitive dysfunction as well
as to oculomotor disturbance and akinetic-
rigid syndrome. Here, we report the
measurement of mAChRs in 12 patients with
Parkinson’s disease, including seven patients
with Parkinson’s disease from our previous
report,11 and seven patients with progressive
supranuclear palsy, and discuss the role of the
ascending cholinergic system in these two dis-
eases.

Methods
SUBJECTS

We studied 12 patients with Parkinson’s
disease (11 women and three men with a mean
age of 59.1 years), seven patients with progres-
sive supranuclear palsy (four women and three
men with a mean age of 74.0 years), and eight
control subjects (four women and four men
with a mean age of 62.8) (table 1).
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All the patients with Parkinson’s disease sat-
isfied the research diagnostic criteria for
Parkinson’s disease17 and showed normal brain
CT. One patient (12) had dementia on the
basis of DSM-III-R criteria.18 The other 11
patients with Parkinson’s disease were not
demented; however, one (11) developed de-
mentia a year after the PET study. Five patients
with Parkinson’s disease (1–3, 5, and 8), who
responded well to levodopa after the PET
study, had not taken any antiparkinsonian
drugs before the PET study. The other patients
with Parkinson’s disease were treated with
levodopa with dopa decarboxylase (7, 9, and
12), dopa decarboxylase and amantadine
hydrochloride (4, 6 and 10), or dopa decar-
boxylase and bromocriptine (11). None of the
patients were treated with anticholinergic
drugs before the PET study. The 12 patients
with Parkinson’s disease in this study included
seven (2, 4–6, 8, 10, and 11) from our previous
report.11

All of the patients with progressive supranu-
clear palsy had supranuclear down gaze palsy,
akinetic-rigid syndrome with dominant axial
rigidity, postural instability, and dementia on
the basis of the DSM-III-R criteria.18 Six had
pseudobulbar palsy. Only one of the patients
with progressive supranuclear palsy (15)
showed tremor. All of them had no response or
a poor response to levodopa, except for one
patient (13), who was not tested with the drug.
All of the patients with progressive supranu-
clear palsy underwent brain CT, which showed
atrophy of the dorsal midbrain in six (13, 14,
and 16–19) and mild atrophy of the cerebral
cortex in three (17–19). Four patients with
progressive supranuclear palsy (15, 16, 18, and
19) had taken no neuropsychiatric drugs,
including levodopa, before the PET study. The

remaining patients with progressive supranu-
clear palsy had been treated with amitriptyline
(13), dopa decarboxylase, trihexyphenidyl, and
amantadine hydrochloride (14), and dopa
decarboxylase (patient 17) before the PET
study.
The eight control subjects were healthy vol-

unteers, and none of them had a history of
neurological or psychiatric disorders. None of
the controls were treated with any drugs before
the PET study.
Administration of all drugs in the patients

with Parkinson’s disease or progressive supra-
nuclear palsy was discontinued at least four
days before the PET study. Amytriptyline
(patient 13) and trihexyphenidyl (patient 14)
were discontinued two weeks before the PET
study. Clinical status (mental status,
neurological findings including parkinsonism,
Hohen and Yahr stage, and neuropsychological
tests; table 1) in the patients with Parkinson’s
disease or progressive supranuclear palsy was
evaluated on the day before the PET study—
namely, without antiparkinsonian drugs. The
mini mental state examination (MMSE)19 was
administered to assess the severity of cognitive
impairment. The modified Wisconsin card
sorting test (WCST)20 was used to assess fron-
tal cognitive function in the 10 patients with
Parkinson’s disease (1–8, 10, and 11) who were
not demented and in all of the controls.
This study was approved by the ethics

committee of the National Institute of Radio-
logical Sciences, and informed written consent
was obtained from all subjects.

POSITRON EMISSION TOMOGRAPHY

[11C]NMPB was prepared by N-methylation of
4-piperidyl benzilate with [11C]methyliodide.
The radiochemical purity of the ligand was

Table 1 Patient profiles

Case No Age/ sex
Duration of
illness (y) Dementia*

Supranuclear
down gaze palsy*

Psuedobulbar
palsy*

Postural instability
and falls*

Greater axial than
limb rigidity* Tremor*

Response to
levodopa

PD:
1 54/F 1 Nil Nil Nil Nil No + Good
2 68/M 1 Nil Nil Nil Nil No + Good
3 71/F 1.5 Nil Nil Nil Nil No ++ Good
4 60/M 3 Nil Nil Nil Nil No ++ Good
5 60/F 1 Nil Nil Nil Nil No ++ Good
6 49/M 3 Nil Nil Nil Nil No ++ Good
7 62/F 3 Nil Nil Nil + No ++ Good
8 55/F 5 Nil Nil Nil + No ++ Good
9 35/F 7 Nil Nil Nil + No +++ Good
10 66/F 6 Nil Nil Nil ++ No ++ Good
11 60/F 12 Nil Nil Nil ++ No ++ Good
12 69/F 6 ++ Nil Nil +++ No ++ Good
Mean 59.2 4.1
SD 10.0 3.3

PSP:
13 70/F 4 ++ +++ Nil ++ Yes Nil Not tried
14 70/F 3 + + + ++ Yes Nil Poor
15 76/F 4 + ++ + +++ Yes + Poor
16 78/M 6 ++ +++ ++ ++ Yes Nil Poor
17 79/M 6 +++ +++ ++ +++ Yes Nil Poor
18 75/F 7 +++ +++ ++ +++ Yes Nil Poor
19 70/M 13 ++ +++ ++ +++ Yes Nil Poor
Mean 74.0 6.1
SD 4.0 3.3

Control (n=8):
Mean 62.8
SD 10.8

*Antiparkinsonian drug free.
PSP=progressive supranuclear palsy; PD=Parkinson’s disease; D=levodopa; DD=levodopa+dopa decarboxylase; A=amitriptyline; TPH=trihexyphenidyl;
AH=amantadine hydrochloride; MMSE=mini mental state examination; WCST=Wisconsin card sorting test; CA=categories achieved; TE=total errors;
PEN=perseverative errors of Nelson; DMS=diYculty in maintaining set.
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greater than 97%, and the mean specific radio-
activity 31.9 (range 4.6 to 52.8) GBq/idmol. A
mean dose of 305 (range 190 to 400) MBq was
infused intravenously to each subject. The
brain radioactivity data were acquired on a four
ring PET system (Hitachi Med Co,
PCT3600W, 7 slice type) with an axial resolu-
tion of 12 mm and plane resolution of 8 mm,
full width at half maximum. The subjects’
heads were positioned to obtain sections 8, 22,
36, 50, 64, 78, and 92 mm above and parallel to
the orbitomeatal plane. A transmission scan for
attenuation correction was made with a

retractable 68Ge-68Ga source. Two minute serial
scans were made for 60 minutes.
Regions of interest (ROIs) in the brain were

delineated on integrated PET images obtained
0 to 60 minutes after injection. A rough outline
of ROIs, including the surrounding CSF space
and white matter, was delineated manually
with reference to the brain atlas of Matsui and
Hirano,21 and then the definitive ROIs were
automatically defined within the boundaries of
the just described outlines by a computer gen-
erated 70% isocontour for the cerebrum and a
55% isocontour for the cerebellum (fig 1). This
method was chosen to reduce the partial
volume eVect. The ROIs of the frontal, tempo-
ral, and occipital cortex, and the striatum and
thalamus were divided on the fourth plane.
The parietal cortex and cerebellum were drawn
on the seventh and second planes respectively.
The average of right and left values was calcu-
lated for each brain region.
The kinetics of [11C]NMPB in each brain

region was analysed by the graphical method
developed by Patlak et al.22 23 In this study, cer-
ebellar tissue activity was used as the input
function, because the cerebellum has few
specific mAChR binding sites.24 25 In a prelimi-
nary study, we confirmed that pretreatment
with intravenous injection of 30 mg/kg NMPB
in a rhesus monkey did not significantly aVect
the [11C]NMPB accumulation of radioactivity
in the cerebellum despite inhibition of more
than 80% in the cerebral cortex (unpublished
data).We calculated the ratio of radioactivity in
each target ROI to that in the cerebellum
(Atarget/Acb ratio), and “the normalised time” by
dividing the integrated cerebellar radioactivity
by the actual cerebellar radioactivity at each
time point. In each subject, the Atarget/Acb ratio
was plotted versus “the normalised time”. As

Figure 1 A process of ROI set up. (A) Outlines of ROIs were manually drawn first and then (B) ROIs were defined by
computer controlled delineation of percentage isocontour. Illustrations were not PET images but modified cuts from the atlas
of Matsui and Hirano.21

Table 1 Continued

Medication (mg/day)
Hoehn and
Yahr stage* MMSE*

WCST*

CA TE PEN DMS

Nil 1 30 6 12 2 0
Nil 1 30 3 31 6 1
Nil 1 30 5 17 5 1
DD300,AH150 1 28 0 39 17 1
Nil 2 30 5 16 6 0
DD300,AH150 2.5 30 6 12 1 0
DD300 3 30 4 12 1 2
Nil 3 27 3 15 4 3
DD300 3 30
D600,AH150 4 25 3 30 17 0
DD200,B7.5 4 23 1 35 12 2
DD300 5 16

2.5 27.4 3.6 21.9 7.1 1.0
1.4 4.3 2.0 10.6 6.1 1.1

A30 3 16
DD100,TPH4,AH200 4 19
Nil 4 20
Nil 4 15
DD100 5 2
Nil 5 3
Nil 5 12

4.3 12.0
0.8 7.4

28.4 5.5 11.1 2.1 0
1.9 0.7 4.5 3.8 0
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the Atarget/Acb ratio increased linearly, the slope
of the regression line (K3) from 20 to 60 min-
utes was used to quantify mAChR binding. At
tracer doses, K3 approximates to the product of
the bimolecular association rate constant of
receptor binding and the maximal binding
capacity (Bmax). The ratios of the K3 values for
the frontal, parietal, and temporal cortex to the
value for the occipital cortex (F/O, P/O, and
T/O ratios) were calculated for each subject as
the index of the relative distribution of mAChR
binding in the cerebral cortex.
Metabolites of NMPB in the brain may

aVect K3 values in this analysis. However, the
amount is thought to be negligible, because a
metabolic study using a thin layer chromato-
graphic method in our institute indicated
that more than 95% of the radioactivity in
the brain is unmetabolised [3H]NMPB at
60 minutes after the injection in mice
(unpublished data).
The K3 values and F/O, P/O, and T/O ratios

were normalised by logarithmic transforma-
tion. A one way analysis of variance (ANOVA)

was used to analyse the diVerences among the
three groups in the K3 value of each ROI, age,
and score of MMSE.Where group eVects were
found, post hoc comparisons were made using
the Newman-Keuls test. Regional K3 diVer-
ences among the three groups were first
assessed using two way ANOVA. The student’s
t test was used to test the significance of the
diVerences between the 11 patients with
Parkinson’s disease and controls on theWCST.
Multiple regressions were used to determine
which factors (age, duration of illness, and
scores on the MMSE and WCST) contributed
to the diVerences in K3 values or F/O ratio.
Levels of significance were set at p<0.01.

Results
There was a significant group eVect for the
mean score of the MMSE (F=24.42,
p<0.000001), and post hoc analysis showed
that the mean score of the progressive supranu-
clear palsy group (n=7) was significantly lower
than the scores of the Parkinson’s disease
group (n=12, p<0.0005) and control group
(n=8, p<0.0005). There was no diVerence
between the Parkinson’s disease (n=12) and
control groups in the MMSE. In the WCST,
the Parkinson’s disease group (n=11) achieved
fewer sorting categories (p<0.01), produced
more total errors (p<0.01) and perserverative
errors of Nelson (p<0.05), and had more diY-
culty in maintaining set (p<0.05) than the con-
trols (table 1).
PET images (fig 2) showed that the uptake of

[11C]NMPB was highest in the striatum and
cerebral cortex, moderate in the thalamus, and
lowest in the cerebellum in all of the groups.
The anatomical structure corresponding to
each ROI was clearly distinguished on the PET
images. The accumulation of [11C]NMPB was
uniformly distributed in the cerebral cortex of
all the patients with progressive supranuclear
palsy and controls. In six patients with Parkin-
son’s disease (2, 3, 5, 6, 11, and 12), the accu-
mulation, however, was markedly increased in
the frontal cortex compared with the other cer-
ebral cortical areas.
Table 2 shows areas of ROIs, which were the

sums of left and right regions. The mean ROI
areas of the patients with progressive supranu-
clear palsy were not significantly diVerent from
those of the controls for all regions except the
temporal cortex (p<0.005). The mean ROI
areas of the patients with Parkinson’s disease
were similar to those of controls for all regions.
In all of the subjects, radioactivity increased

in each brain region except for the cerebellum
during the 60 minutes after the [11C]NMPB
injection. In the cerebellum, the radioactivity
peaked around 13 minutes and then decreased
slowly until the end of the study (fig 3). ANO-
VAs were applied to analyse the diVerences in
initial uptake of radioactivity in each ROI
among the three groups. There were no signifi-
cant diVerences in radioactivity of each ROI at
any time points until 8 minutes. The Atarget/Acb

ratio plotted versus “the normalised time”,
gave straight lines that increased up to the end
of measurement (fig 4).

Figure 2 Integrated PET images of [11C]NMPB uptake in (A) a control subject, (B)
patient with progressive supranuclear palsy (13), (C) non-demented patient with
Parkinson’s disease (8), and (D) demented patient with Parkinson’s disease (12) obtained
40 to 60 minutes after injection. There is a high accumulation of radioactivity in the frontal
cortex of the patient with Parkinson’s disease (C,D), whereas the distribution of
radioactivity is homogeneous in the patient with progressive supranuclear palsy (B) and the
control (A).

Table 2 Pixels of ROI areas

Region PSP PD Control

Frontal 419.4 (63.1) 499.1 (70.0) 483.5 (74.5)
Parietal 473.0 (75.9) 556.9 (78.4) 580.1 (47.4)
Temporal 389.4 (51.6)* 601.8 (86.7) 603.8 (90.4)
Occipital 400.1 (79.7) 454.4 (55.8) 485.9 (83.8)
Striatum 215.0 (61.5) 254.8 (40.1) 256.0 (30.0)
Thalamus 120.7 (16.8) 152.2 (29.1) 161.0 (29.1)
Cerebellum 1123.4 (156.0) 1287.3 (297.6) 1312.6 (283.8)

Values are mean (SD) of pixels. One pixel is 1.875×1.875 mm2. RO=region of interest;
PSP=progressive supranuclear palsy; PD=Parkinson’s disease.
*p<0.005 v controls.
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Table 3 shows the results of the K3 values. A
two way ANOVA (factor 1 group; factor 2
region of ROI) showed a significant group
eVect (F=11.36, p=0.000026) and a significant
region eVect (F=18.91, p=0.2x10-13) for the K3

values of all ROIs. A group by region
interaction was not significant (F=1.27,
p=0.25). ANOVA showed a significant diVer-
ence for group eVect for the frontal cortex
(F=6.18, p<0.01). In the post hoc test, the
mean K3 value of the Parkinson’s disease group
was significantly higher (22%) than that of the
control group for the mean K3 value of the
frontal cortex (p<0.01) (table 3, fig 5 A).
Patient 11, who showed dementia a year after
the PET study, had the highest K3 value of the
frontal cortex in all of the subjects. The K3

value in the patient with dementia (patient 12)
was higher than the mean+2 SD of the K3 val-
ues in the controls for the frontal cortex.
Although the mean K3 values of the Parkinson’s
disease group were higher than those of the
controls for the parietal cortex (+16%),

temporal cortex (+16%), and striatum
(+16%), the diVerences were not significant.
The mean K3 values of the patients with
Parkinson’s disease were not diVerent from
those of the controls for the occipital cortex
and thalamus. In the progressive supranuclear
palsy group, the K3 values were similar to those
of controls for all cerebral regions.
The mean (SD) of the F/O ratios was 1.22

(0.16) in the Parkinson’s disease group, 0.97
(0.16) in the progressive supranuclear palsy
group, and 0.98 (0.07) in the controls. There
was a significant group eVect for the F/O ratio
(F=10.75, p<0.0005), and post hoc analysis
showed a highly significant diVerence between
the Parkinson’s disease group and the controls
(p<0.005) (fig 5 B). The mean (SD) of the T/O
ratio was 1.12 (0.14) in the Parkinson’s disease
group, 0.98 (0.08) in the progressive supranu-
clear palsy group and 0.96 (0.09) in the
controls. There was a significant group eVect
for the T/O ratio (F=6.32, p<0.01), and post
hoc analysis showed a significant diVerence
between the Parkinson’s disease group and the
controls (p<0.01, fig 5 C). The mean (SD) of
the P/O ratio was 1.21 (0.19) in the Parkinson’s
disease group, 1.10 (0.20) in the progressive
supranuclear palsy group, and 1.03 (0.13) in
the controls. There were no significant diVer-
ences in the P/O ratios of the three groups (fig
5 D). The demented patient (patient 12)
showed high F/O, T/O, and P/O ratios, and the
predemented patient (patient 11) showed high
F/O and T/O ratios and a high K3 value in the
frontal cortex (fig 5 B, C, D). The F/O, T/O,
and P/O ratios in the progressive supranuclear
palsy group did not yield significant differences
from those in the controls.
In the Parkinson’s disease and progressive

supranuclear palsy groups, there was no
significant correlation between the K3 value of
each ROI and age, duration of disease, severity
of disease, or scores on the MMSE. The
patients with Parkinson’s disease did not show
a significant correlation between their K3 values
or F/O ratio, and scores on the WCST.

Figure 3 Time course of [11C]NMPB accumulation in
(A) the Parkinson’s disease group, (B) the progressive
supranuclear palsy group, and (C) controls. The means
with SE bars are shown for the frontal cortex (solid circles)
and cerebellum (open circles).
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Discussion
NMPB, a cyclic aminoalkyl benzilate, has a
chemical structure similar to that of
3-quinuclidinyl benzilate (QNB) and (+)-
2NM tropanyl benzilate (TRB), and is a potent
antagonist.26-28 NMPB penetrates the blood-
brain barrier eYciently and possesses a high
order of receptor aYnity in vivo as well as in
vitro.25 28 29 Brain uptake of NMPB is fourfold
that of scopolamine and 2.5-fold that of TRB.30

mAChRs are pharmacologically classified into
three types, M1,M2, and M3, which correspond
to mRNA encoding m1, m2, and m3, respec-
tively. NMPB is likely to be non-specific to
mAChR subtypes just as QNB which shows a
high aYnity for all pharmacologically defined
mAChR subtypes.31 Regional brain distribu-
tion of [11C]NMPB agrees with that of
[3H]QNB binding.25 [11C]NMPB seems to bind
to mAChRs irreversibly during the PET
measurement, as the Atarget/Acb ratio increased
linearly in this study.
We found a significant increase in K3 values

(+22%) in the frontal cortex of the patients
with Parkinson’s disease, which confirms our
previous results for a few patients with Parkin-
son’s disease.11 However, the mean K3 values of
our patients with progressive supranuclear
palsy for the cerebral cortical regions, striatum,
and thalamus did not diVer significantly from
those of the controls. Ruberg et al32 reported
normal [3H]QNB binding in the frontal cortex
and the striatum in progressive supranuclear
palsy brains at postmortem, which agrees with
our results. However, Landwehrmeyer and
Palacios33 found reduction in the density of
[3H]N-methyl-scopolamine ([3H]NMS) bind-
ing sites in the striatum.
With the present technique other possibili-

ties for altered K3 should be considered, such as
eVects of altered cerebral blood flow (CBF)
and brain atrophy. The relative increase in
regional CBF compared with that in the
cerebellum may result in a spurious rise in the

K3 value. Nevertheless, such an explanation is
unlikely for Parkinson’s disease because CBF is
reported to be unchanged34 35 or decreased36 in
the frontal cortex of patients with Parkinson’s
disease. Brain CT of all the patients with
Parkinson’s disease showed no cerebral atro-
phy. In progressive supranuclear palsy, regional
CBF is reported to be decreased in the cerebral
cortex, striatum, and cerebellum, especially in
the frontal cortex.34 37 However, we calculated
K3 values using brain radioactivity obtained
after the peak on the cerebellar radioactivity
curve (20 to 60 minutes after injection), when
[11C]NMPB uptake is near equilibrium across
the blood-brain barrier, to minimise the possi-
ble eVect of CBF on K3. In addition, there was
no significant diVerence in the initial uptake of
[11C]NMPB, which reflects regional CBF,
among the three groups (fig 3). Three patients
with progressive supranuclear palsy (17–19)
showed mild atrophy of the cerebral cortex on
CT. Cerebral atrophy may lead to the underes-
timation of K3 values. The K3 value for the
frontal cortex and F/O ratio were low in two
patients (17 and 19), who showed cerebral cor-
tical atrophy on CT. In this study, ROIs were
automatically defined by a computer generated
isocontour to reduce the partial volume eVect
due to brain atrophy. However, It may be nec-
essary to consider the possible eVect of brain
atrophy on K3 values in these patients.
The patients with progressive supranuclear

palsy were significantly older than the patients
with Parkinson’s disease and controls. Binding
of mAChR is reported to decrease with age,38 39

although the K3 values were not significantly
correlated with age in any of the groups in this
study. The age eVect might have masked any
increases of K3 values in the progressive supra-
nuclear palsy group. We corrected the age
eVects on the K3 values of the patients with
progressive supranuclear palsy, according to
the report of Suhara et al (data not shown).39

However, we did not find any significant diVer-
ence between the corrected mean K3 values in
the progressive supranuclear palsy group and
controls for any brain regions.
The present technique does not allow

determination of whether the increased K3 was
due to increased aYnity or increased density of
mAChR in Parkinson’s disease in this study.
Previous postmortem studies reported in-
creased mAChR density,7 10 and increased7 and
unchanged10 mAChR aYnity in the frontal
cortex in Parkinson’s disease. With the present
technique, we could not determine whether the
increased mean K3 value in the frontal cortex
was due to increases of postsynaptic or
presynaptic mAChRs, or both in Parkinson’s
disease in this study. Postsynaptic and presyn-
aptic mAChRs are thought to be M1 and M2
receptors, respectively.40 The frontal cortex is
especially rich inM1 receptors, and poor inM2
receptors.24 40 Lange et al10 reported that M1
receptors are increased, and M2 receptors are
decreased in the frontal cortex of brains from
patients with Parkinson’s disease. Choline
acetyltransferase (ChAT) activity is reported
to be markedly reduced in the frontal cortex
in Parkinson’s disease.7 8 10 Furthermore,

Table 3 Distribution of regional K3

Frontal Parietal Temporal Occipital Striatum thalamus

Parkinson’s disease:
1 0.0189 0.0193 0.0171 0.0176 0.0177 0.0128
2 0.0242 0.0263 0.0220 0.0165 0.0265 0.0125
3 0.0194 0.0204 0.0190 0.0143 0.0203 0.0103
4 0.0187 0.0182 0.0171 0.0180 0.0195 0.0125
5 0.0198 0.0196 0.0174 0.0148 0.0192 0.0120
6 0.0238 0.0211 0.0222 0.0192 0.0239 0.0180
7 0.0181 0.0196 0.0171 0.0161 0.0183 0.0122
8 0.0187 0.0169 0.0175 0.0163 0.0180 0.0155
9 0.0202 0.0204 0.0186 0.0174 0.0206 0.0140
10 0.0199 0.0197 0.0191 0.0194 0.0229 0.0151
11 0.0254 0.0242 0.0221 0.0199 0.0248 0.0153
12 0.0218 0.0208 0.0197 0.0147 0.0225 0.0111
Mean 0.0207* 0.0206 0.0191 0.0170 0.0212 0.0134
SD 0.0025 0.0025 0.0020 0.0019 0.0029 0.0022

Progressive supranuclear palsy:
13 0.0203 0.0222 0.0191 0.0173 0.0171 0.0160
14 0.0167 0.0172 0.0161 0.0173 0.0194 0.0118
15 0.0203 0.0239 0.0190 0.0172 0.0173 0.0159
16 0.0193 0.0152 0.0179 0.0200 0.0179 0.0083
17 0.0112 0.0149 0.0135 0.0138 0.0158 0.0095
18 0.0179 0.0217 0.0189 0.0191 0.0217 0.0184
19 0.0125 0.0184 0.0153 0.0165 0.0126 0.0084
Mean 0.0169 0.0191 0.0171 0.0173 0.0174 0.0126
SD 0.0037 0.0036 0.0022 0.0020 0.0029 0.0041

Control (n=8):
Mean 0.0170 0.0178 0.0165 0.0173 0.0183 0.0128
SD 0.0024 0.0016 0.0023 0.0029 0.0032 0.0030

*p<0.01 v controls.
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Parkinson’s disease brains show a loss of the
cholinergic neurons in the nucleus basalis of
Meynert,16 41 42 which diVusely projects to the
cerebral cortex, particularly the frontal and
parietal cortex.43–46 These findings suggest the
loss of presynaptic cholinergic neurons and
increased postsynaptic mAChR in the frontal
cortex in Parkinson’s disease. Therefore, the
increased mAChR binding in the frontal cortex
of the patients with Parkinson’s disease might
reflect postsynaptic denervation hypersensitiv-
ity due to presynaptic cholinergic deficiency.
There is no report on changes in mAChR

subtype in brain from patients with progressive
supranuclear palsy. M2 receptors may be
decreased in the cerebral cortex, because neu-
ronal loss in the nucleus basalis of Meynert is
also seen in progressive supranuclear palsy.
However, neuronal loss in progressive supranu-
clear palsy is mild compared with that in
Parkinson’s disease,16 and ChAT activity is
unchanged47 or mildly decreased32 in the
cerebral cortex in progressive supranuclear
palsy. These findings suggest that the deficit of

presynaptic mAChR is mild in progressive
supranuclear palsy. If this is the case, postsyn-
aptic mAChR might not have remarkable den-
ervation hypersensitivity.
In the striatum of patients with progressive

supranuclear palsy, mAChR was reported to be
unchanged in a study using [3H]QNB,32 and
reduced in a study using [3H]NMS.33 The dif-
ferent results may be attributed to the different
ligands used. Landwehrmeyer and Palacios33

speculated that reduction of [3H]NMS binding
sites in the striatum in progressive supranu-
clear palsy might reflect a loss of the M2 recep-
tor thought to be expressed on cholinergic
interneurons, which is decreased in the stria-
tum in progressive supranuclear palsy.48 How-
ever, alteration of M2 receptors may not have a
major eVect on total mAChR, because there
are few M2 receptors, whereas there are
numerous M1 receptors in the striatum.24 40 In
addition, ChAT activity has also been reported
to be both unchanged47 and decreased32 in the
striatum in progressive supranuclear palsy.

Figure 5 Scatter diagram showing data of individual patients for the three groups. (A) K3 values in the frontal cortex.
(B) The frontal/occipital cortex ratios of the K3 values (F/O ratio). (C) The temporal/occipital cortex ratios of the K3

values (T/O ratio). (D) The parietal/occipital cortex ratios of the K3 values (P/O ratio). Numbers 11 and 12 beside
symbols indicate patient 11 (predemented) and patient 12 (demented), respectively.
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Disruption of the cerebral cholinergic sys-
tem has been postulated to have a major role in
the cognitive dysfunction found in neurological
diseases. Alzheimer’s disease shows reduced
cerebral cortical ChAT activity which is corre-
lated with the degree of dementia.49 The
decreased ChAT activity in the cerebral cortex
in demented Parkinson’s disease is as severe as
that seen in Alzheimer’s disease, and it is
correlated with the degree of intellectual
dysfunction.7–10 In this study, the WCST results
indicated that even the non-demented patients
with Parkinson’s disease had frontal lobe
dysfunction. Cognitive dysfunction in the
patients with Parkinson’s disease may be
attributed to cholinergic deficits in the frontal
cortex as suggested by the hypersensitivity of
the mAChRs. The patient (12) who had
dementia showed a high K3 value in the frontal
cortex and high F/O, T/O, and P/O ratios. In
addition, the patient (11) who developed
dementia a year later, showed the highest K3
value in the frontal cortex, and high F/O, and
T/O ratios (fig 5). However, we did not find a
significant correlation between the WCST
results and K3 values for the frontal cortex in
Parkinson’s disease. As the increased K3 values
just reflect postsynaptic compensative changes,
the increase in K3 values may not be simply
proportional to the degree of presynaptic
cholinergic deficiency.
Our patients with progressive supranuclear

palsy did not show an alteration of mAChR in
the cerebral cortex, although all of them had
dementia. Kish et al 47 suggested that the cogni-
tive impairment in progressive supranuclear
palsy is probably related to changes in the non-
cholinergic neurotransmitter system, because
they found no reduction of ChAT activity in
the cerebral cortex, hippocampus, and amy-
gdala in demented patients with progressive
supranuclear palsy. By contrast, Ruberg et al 32

reported that the innominatocortical choliner-
gic system may have a role in intellectual
dysfunction in progressive supranuclear palsy,
because they found decreased ChAT activity in
the frontal cortex. However, the reduction of
ChAT activity in progressive supranuclear
palsy (−21%) was mild compared with that in
Parkinson’s disease (−40%) in their study.7 32

In addition, neuronal loss in the nucleus basa-
lis of Meynert in progressive supranuclear
palsy is more mild than that in Parkinson’s
disease.16 Javoy-Agid50 recently argued that
progressive supranuclear palsy is not associated
with a marked cholinergic deficiency in the
cerebral cortex. Taken together, these findings
suggest that the innominatocortical cholinergic
system may not have a major role in cognitive
disturbance in progressive supranuclear palsy.
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