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Cerebral muscarinic acetylcholinergic receptor measurement in Alzheimer’s
disease patients on "C-N-methyl-4-piperidyl benzilate
—Comparison with cerebral blood flow and cerebral glucose metabolism—
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Atsushi IcHIMIYA, ** Masashi TakiTa,** Koji Ocomori** and Kouji Masupa*
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We studied the cerebral muscarinic acetylcholinergic receptor (nACh-R) by means of }'C-N-
methyl-4-piperidyl benzilate (''C-NMPB) and positron emission tomography (PET) in Alzheimer’s
disease (AD) cases, and the findings were compared with the cerebral blood flow (CBF) and the
glucose metabolism (CMRGIc) to evaluate the relationship between the mACh-R and the CBF or
the CMRGilc. The subjects consisted of 18 patients with AD and 18 age and sex matched normal
volunteers. The patients were clinically diagnosed according to the criteria of the NINDS-ADRDA
as having “probable AD” and were thus classified into two groups (mild and moderate AD)
according to the severity of dementia determined by DSM-III-R. The CBF was measured by **"Tc-
HMPAO SPECT, and the CMRGIc was measured by '*FDG PET. The !'C-NMPB uptake was
evaluated by the graphical method and the ratio method (ROIs/Cerebellum). A significant mACh-
R decrease and more severe CMRGlc decrease in the cortical region was seen in mild and moderate
AD. The decrease in the CBF was not as obvious as that in the mACh-R and the CMRGlc.

Our study thus suggested that the mACh-R decreased in patients with AD, and that the **FDG PET

was the most sensitive method for detecting the degenerative regions in patients with AD.
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INTRODUCTION

THE “CHOLINERGIC HYPOTHESIS of geriatric memory dys-
function” was first presented by Bartus in 1982' and
Coyle later extended the cholinergic hypothesis to
Alzheimer’s disease (AD).? There have been several
reports on cerebral muscarinic acetylcholinergic recep-
tor (mACh-R) in AD patients, but the results are still
controversial. Mash et al.® reported a decrease in the
cerebral mACh-R by using *H-oxotremorine-M in AD
patients, and postmortem studies with *H-QNB did not
show any substantial changes. The in vivo study of the
mACh-R in AD with '**I-QNB and single-photon emis-
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sion tomography (SPECT) revealed a significant decrease
in the temporal and parietal cortices,* but a PET study
revealed no decrease in the mACh-R binding in AD with
HC-tropanyl benzilate (TRB).

IC-NMPB is a ligand which shows a greater brain
uptake and higher affinity for the mACh-R in the brain.b
This ligand was first synthesized for a PET study by
Mulholland et al.,” and high uptake into the human cortices
and basal ganglia was confirmed by Koeppe et al.,® but
preliminary results with '!C-NMPB by Zubieta et al. failed
to demonstrate any decrease in the mACh-R binding in
AD. In the present study, the mACh-R in AD patients was
evaluated with "C-NMPB, and then the findings were
compared with the cerebral blood flow (CBF) and the
glucose metabolism (CMRGIc) to evaluate the relation-
ship between them. And we also estimated the relationship
between the ''C-NMPB uptake and mental function in AD
patients.
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Table 1 Patient characteristics and clinical data

Intelligence test

Severity Duration Cerebral imaging
No. Age/Sex  of dementia WAIS-R from disease CT/MRI
(DSM-III-R) HDRS MMSE V-IQ P-IQ TIQ onset (years) atrophy WML
1 59/M mild 26 26 149 111 134 2 mild mild
2 60/F mild 20 20 nd. 0.5 moderate = —
3 64/F mild 15 23 95 105 100 1.5 mild —
4 67/F mild 7 14 67 60 62 7 mild mild
5 71/F mild 26 20 100 97 98 3 mild —
6 T4/F mild 21 20 90 90 92 1 mild mild
7 75/F mild n.d. 14 81 75 76 1 mild mild
8 53/M moderate 22 18 66 55 57 1 — —
9 57/F moderate 15 13 62 50 55 0.5 mild —
10 60/M moderate n.d. 9 n.d. 0.5 mild mild
11 60/M moderate 15 20 74 87 79 2 moderate —
12 61/F moderate 14 12 nd. 3 mild —
13 62/F moderate 3 6 49 0 42 2 moderate  mild
14 65/F moderate 19 23 113 96 105 3 mild mild
15 65/F moderate 22 21 92 80 85 3 mild mild
16 68/M moderate 6 14 55 52 51 0.5 moderate  mild
17 69/M moderate 23 23 102 100 101 1 mild —
18 80/F moderate 11 8 n.d. 4 moderate  mild

DSM-III-R: Diagnostic and statistical manual of mental disorders, third edition, revised, mod.: moderate, HDRS: Hasegawa
dementia rating scale, MMSE: mini-mental state examination, WAIS-R; Wechsler adult intelligence scale, revised, T-IQ: Total
intelligence quotient, V-IQ: Verbal 1Q, P-IQ: Performance IQ, WML: white matter lesion(s), n.d.: study not done, —: Negative

SUBJECTS AND METHODS

The subjects consisted of 18 patients with AD and 18 age
and sex matched volunteers who were social workers. The
patients with AD were clinically diagnosed according to
the criteria of the National Institute for Neurological
Diseases and Stroke/Alzheimer’s Disease and Related
Disorders Association (NINDS-ADRDA) for the diagno-
sis of “probable Alzheimer’s Disease.”'® Any patients
with infarcts or multiple white matter lesions on MRI or
CT were excluded. The patients were classified into two
groups, the mildly demented group (mild AD) and mod-
erately demented group (moderate AD), according to the
severity of dementia based on the Diagnostic and Statis-
tical manual of Mental disorders, third edition, revised
(DSM-III-R).!" The intellectual function was also evalu-
ated with the mini-mental state examination (MMSE),2
the Hasegawa Dementia Rating Scale (HDRS)" and the
Wechsler Adult Intelligence Scale, revised (WAIS-R)
(Table 1).

The volunteers were selected after undergoing intelli-
gence tests, brain imaging such as CT and MRI and
chemical blood examinations.

!!C-NMPB was synthesized by N-methylation of 4-
piperidyl benzilate with ''C-methyliodide according to
the method of Suhara et al.'* Radiochemical purity was
98% and specific activity was from 3.89 to 4.61 GBg/
pmol. *FDG was synthesized by the method reported by
Bida et al."” Radiochemical purity was 95% and specific
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activity was 200 £ 50 GBq/umol. The radiochemical
purity of the *Tc-HMPAO (Ceretec®, Amersham Ltd.,
Amersham, UK) was 90%.

PET studies were performed with a PET system
HEADTOME-III (Shimadzu Corp., Kyoto, Japan) with a
spatial resolution of 8.2 mm full width at half maximum
(FWHM) which can simultaneously obtain 5 contiguous
slices. A transmission scan with a ®*Ge/**Ga ring source
was obtained previous to the emission scans for the
correction of attenuation. The !'C-NMPB PET data were
obtained every 2 min for 20 min, every 4 min for next 40
min, and at 70 and 90 min (the sampling time was 15
minutes) after the intravenous slow administration of 185
to 1,277 MBq of ''C-NMPB at levels of +2 cm, +3.5 cm,
+5 cm, +6.5 cm and +8 cm above the orbitomeatal (OM)
line. The CBF was evaluated by *™Tc-HMPAO SPECT.
#"Tc-HMPAO SPECT studies were performed with a
three headed SPECT system GCA 9300A/HG (Toshiba,
Tokyo, Japan), equipped with a fan beam collimator (64
X 64 matrix) which provides a spatial resolution of 7.4 mm
FWHM. Each detector continuously rotated 120 degrees
every 3 minutes in a clockwise and counterclockwise
direction for a total of 15 minutes. The axial slice distance
was 7.4 mm. The *"Tc-HMPAO SPECT data were ob-
tained from 15 to 30 min after the intravenous bolus
administration of 740 MBq of *"Tc-HMPAO. The *"Tc-
HMPAO image was reconstructed with a Butterworth
filter (cutoff 0.24 cycle/cm and order 8) and ramp filter,
and attenuation correction was done by the Chang method'®
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Fig. 1 Regions of interest (ROIs) in the '"C-NMPB uptake
images of a 70-year-old male normal volunteer. 1,2: cerebellum,
3,4: temporal cortex, 5,6: hippocampus, 7,8: frontal cortex,
9,10: striatum, 11,12: occipital cortex, 13,14: parietal cortex
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rNMPB ratio

y = 120.9x + 0.9 r = 0.72 p <0.0001
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Fig. 2 Correlation between the K value, which reflecting net
binding rate to mACh-R in this study, and the regional ''C-
NMPB uptake ratio ((NMPB ratio) in the 6 cerebral regions of
8 volunteers and 8 patients with AD. A positive correlation
between the K and the INMPB ratio was shown.

with an attenuation coefficient of 0.12 cm™. A lineariza-
tion correction of Lassen et al.'” was also performed (o
constant of 1.51 and Fr of 55 m//min was employed: «is
a correction factor for the linearization'” and Fr represents
cerebellar blood flow) because the *™"Tc-HMPAO SPECT
underestimates the CBF in the high flow region due to
accelerated back diffusion. And then the rCBF ratio
(cerebral blood flow in an interested region/cerebellar
blood flow) was obtained.

The CMRGlIc was measured by the "*FDG method. The
PET scan was started 63 min after the intravenous slow
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administration of 182 to 377 MBq of '*FDG. The PET data
were obtained for 16 min (8 min/frame) at 10 contiguous
slices (OM line +2 cm, +2.7 cm, +3.5 cm, +4.2 cm, +5 cm,
+5.7 cm, +6.5 cm, +7.2 cm, +8 cm and +8.7 cm, respec-
tively). Arterial blood was drawn every 15 sec for 2 min,
every 30 sec for 2 min, every 1 or 2 min for 4 min, every
4 min for 12 min and every 10 min for 50 min. The
regional CMRGlc (rCMRGIc) was calculated with the
model of Phelps et al.,' later modified by Brooks."” No
significant difference in the serum glucose concentration
was observed among the normal controls (101.4 £ 6.4 mg/
dl; mean £ SD) and patients with mild (106.8 + 6.4) or
moderate AD (108.4 £ 14.7). Each study was performed
within 2 weeks in 17 cases, within 1 month in 10 cases, and
within 3 months in 9 cases. No significant difference
between the patients with mild and moderate AD was seen
in the MMSE.

The regions of interest (ROIs) were first established
basis of the ''C-NMPB images (the cerebellum (14 x 18
mm), the frontal, the temporal, the parietal (14 X 18 mm)
and the occipital (10 x 18 mm) cortices, the hippocampus
(14 x 14 mm) and the striatum (multiangular shape)) (Fig.
1). We rotated and moved the images of "*FDG to coincide
with those of ""C-NMPB. The ROIs on *"Tc-HMPAO
images were separately drawn while referring to the ROIs
on '"C-NMPB images, because the *"Tc-HMPAO image
slice was thinner than that of the ''C-NMPB images. The
mean values in the ROIs on both sides were averaged into
a single value and compared in the age-matched normal
controls and the patients with AD.

We first used the graphical method of Gjedde and
Patlak?*2' modified by Suhara et al.'* and then used the
ratio method?? for a ''C-NMPB analysis. In the former
method, Suhara et al. used the cerebellar radioactivities as
an input function instead of the sequential arterial blood
plasma activities.'* With their method, we plotted the ratio
of radioactivity in a region of interest to that in the
cerebellum versus the normalized integral of radioactiv-
ity in the cerebellum. Between 40 and 120 min of the
normalized integral, the plotted points yielded a straight
line by the least squares fitting and the slope of the line (K
value), which has been thought to be net binding rate
including the association rate constant of the ligand with
the receptors'* and the possible effects of the ligand
transport rate (CBF X First pass extraction fraction).” In
the latter method, we used the ratio of radioactivity
(regional ''C-NMPB uptake ratio (NMPB ratio)) for 15
min (from 85 to 100 min) after injection.

We calculated the K and the rNMPB ratio in the 6
cerebral regions of 8 volunteers and 8 patients with AD
(total 96 regions) and evaluated the correlation between
the two parameters by means of a single regression
analysis. A positive correlation was then seen between the
K and the INMPB ratio (Y = 120.9X +0.9,r=0.72,p <
0.0001; Fig. 2). Thus we use the INMPB ratio for a ''C-
NMPB analysis instead of the K value. Then we compared
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in the INMPB ratio#, the rCBF ratio## and the rtCMRGlc

Table 2 Comparisons between normal controls and patients with Alzheimer’s disease

Study Location Normal controls mild AD moderate AD
(mean x SD) (mean £ SD) (mean = SD)
rNMPB ratio Frontal cortex n=18 2.68+0.32 n=7 2.41+£0.30 n=11 2.26 £0.50*
Temporal cortex 2.68+£0.33 235+0.25 227 +0.42*
Parietal cortex 2.85+0.40 2.34+031% 2.25 £ 0.50%*
Occipital cortex 3.07+£042 2751022 2.64 £ 0.39*
Hippocampus 2.29 +0.31 1.97 £0.30 1.88 £ (0.27**
Striatum 3.10+0.39 3.03+0.28 2.81 £0.57
rCBF ratio Frontal cortex n=18 0.81x0.10 n=7 0.75+£0.09 n=11 0.72£0.09
Temporal cortex 0.78£0.06 0.71 £0.08 0.72 £0.07
Parietal cortex 0.8210.09 0.71£0.12 0.70 £ 0.13*
Occipital cortex 0.78+0.13 0.78 £0.10 0.76 £0.10
Hippocampus 0.71 £0.07 0.60 £ 0.04** 0.66 £ 0.08
Striatum 0.9210.12 0.88+£0.10 0.95+0.11
rCMRGlc Frontal cortex n=13 7.67+0.69 n=6 659%£0.71* n=7 5831 ]1%x*
Temporal cortex 7.4510.73 6.07 £ 0.78* 5.78 £ 1.27**
Parietal cortex 7.90 £ 0.89 6.15+1.16* 6.09 + 1.90*
Occipital cortex 7971092 6.91+0.75 6.99+1.24
Hippocampus 5.82+0.79 4.80+0.55* 4.78 £ 0.39**
Striatum 8.29+0.68 7.31 2094 7.04 £ 0.90*

#: Cerebral ''C-NMPB radioactivity in the region of interest/Cerebellar radioactivity
#H#: Cerebral blood flow in the region of interest/Cerebellar blood flow
AD: Alzheimer’s disease, Significant decrease between the normal controls and AD, *: p < 0.05, **: p < 0.01, ***: p < 0.001

the INMPB ratio, the rCBF ratio and the rtCMRGlc by
using the AD/NC ratio (the mean value for the patients
with AD/the mean value of the normal controls).

This study was approved by the committee for the
clinical application of cyclotron-producing radionuclides
in Kyushu University Hospital, and informed consent was
obtained from all normal volunteers, patients and/or their
families before the PET and SPECT study.

STATISTICS

Statistical analyses were performed according to the
following methods. The comparisons of the INMPB
ratio, the rCBF ratio and the rtCMRGIc among the nor-
mal controls and the two groups of patients with AD
were done by One-way Factorial Analysis of Variance
(ANOVA) and multiple comparison tests and Scheffe’s
method as a Post-Hoc test.?? Correlations between the
rNMPB ratio, the rCBF ratio, the rCMRGIc and the
MMSE (or HDRS) were evaluated by Spearman rank
correlation and multiple comparison tests (Bonferroni).?*
The correlations and differences in comparisons were
assessed at a significance threshold of p < 0.05.

RESULTS
1. The rNMPB ratio, the rCBF ratio and the rCMRGlc
in the patients with AD

The rNMPB ratio, the rCBF ratio and the rCMRGIc¢ in
each cerebral region in the patients with mild and moder-
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ate AD and the normal controls are shown in Table 2.
There were no significant differences between mild and
moderate AD in the three values, but some differences
were observed between AD and the normal controls. The
rNMPB ratio revealed a significant decrease in moderate
AD in all cerebral cortices (p < 0.05-0.001), but in mild
AD, a significant decrease was seen only in the parietal
cortex (p < 0.05). The rCBF ratio revealed no significant
decrease in the cerebral cortices except in the hippocam-
pus in mild AD (p < 0.05) and the parietal cortex in
moderate AD (p < 0.05). The rCMRGIc revealed a signifi-
cant decrease in the cerebral cortices in mild AD (p <
0.05). In moderate AD, a much more severe decrease in
rCMRGic was observed (p < 0.05-0.001).

In the rCBEF ratio, the decrease in the AD/NC ratio in
mild AD was as much as that in moderate AD, but both in
the INMPB ratio and in the rCMRGlc a larger decrease in
the AD/NC ratio was seen in cases of moderate AD than
in those with mild AD. In mild AD, the decrease in the
AD/NC ratio in the INMPB ratio was close to that in the
rCBF ratio rather than that in the rCMRGlc. In moderate
AD, the decrease in the AD/NC ratio in INMPB ratio was
more similar to that in the tCMRGiIc than that in the rCBF
ratio.

2. Correlation between the rNMPB ratio, the rCBF
ratio, the rCMRGlIc and the MMSE (or HDRS)

We calculated the p (coefficient of Spearman rank corre-

lation) and p-value for the INMPB ratio, the rCBF ratio,

the rCMRGIc and the MMSE in each cerebral region
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Table 3 Spearman rank correlations between the INMPB ratio#, the rCBF ratio##,
the rtCMRGilc, and the MMSE in Alzheimer’s disease

rNMPB ratio rCBF ratio rCMRGlc
Location (ni= 18 m=f=6112) (=18t =65 12) (i=130mf=58)
p p P

Frontal cortex 0.32 0.23 Q%
Temporal cortex 0.67** 0.58* 0.70*
Parietal cortex 0.68** 0.32 0.61*
Occipital cortex 0.37 = (2 0.53
Hippocampus 0.26 -0.03 0.58*
Striatum 0.32 -0.07 Q:78%%

#: Cerebral ''C-NMPB radioactivity in the region of interest/Cerebellar radioactivity
#i#: Cerebral blood flow in the region of interest/Cerebellar blood flow
p: coefficient of Spearman rank correlation, *: p < 0.05, **: p < 0.01

"1"C-NMPB uptake

CBF

CMRGIc
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Fig. 3 The ""C-NMPB uptake (upper rows), CBF (middle rows) and CMRGlc (lower rows) images
of a 60-year-old patient with moderate Alzheimer’s disease. A decrease in the ''C-NMPB uptake and
the CBF was observed in the frontal, temporal and parietal cortices while a much larger decrease in the

CMRGlc is also seen in the same regions.

(Table 3). A positive correlation between the INMPB
ratio and the MMSE was observed in the temporal (p =
0.67) and the parietal cortices (p = 0.68). A positive
correlation between the rCMRGIc and the MMSE was
also observed in the frontal (p =0.72) and temporal cortex
(p=0.70), the hippocampus (p = 0.58) and the striatum (p
=0.78). A positive correlation between the rCBF ratio and
the MMSE was observed only in the temporal cortex (p =
0.58). We also calculated the p and p-value for the afore-
said three parameters and the HDRS in each cerebral
region. A positive correlation between the INMPB ratio
and the HDRS was observed in the temporal (p = 0.57)
and the parietal cortices (p = 0.56). A positive correlation
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between the rCMRGIc and the HDRS was also observed
in the frontal cortex (p = 0.74) and the temporal cortex (p
=0.64). A positive correlation between the rCBF ratio and
the HDRS was observed only in the temporal cortex (p =
0.63).

A significant difference was not observed among the
three parameters because of the small number of subjects.

3. Typical images of moderate AD

A 60-year-old male patient is shown in Fig. 3. His MMSE
was 9. He had experienced memory disturbance for 5
months and the illness had progressed substantially over
the previous two months.
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DISCUSSION

1. mACh-R changes in patients with AD

Postmortem studies of cerebral mACh-R in AD with *H-
QNB revealed no substantial overall changes compared to
the normal controls.?® In the human in vivo mACh-R
studies of patients with AD by means of '*’I-QNB and
SPECT,*** a significant decrease in '>I-QNB uptake
was observed in the temporal and parietal cortices, but a
human PET study with ""C-TRB® and ""C-NMPB?® re-
vealed no loss of the mACh-Rs in patients with AD. On
the other hand, our study revealed a decrease in ''C-
NMPB uptake in AD. There are several possible reasons
for the discrepancies between the three studies.

A previous in vitro study suggested that preferential
losses of cortical M2 muscarinic receptors occurred in
AD.* Both ''C-NMPB and "'C-TRB do not appear to be
specific for either the M1 or M2 muscarinic subtypes.?
The difference between ''C-NMPB and !"C-TRB in the
ratio of M1/M2 binding rates may therefore be attributed
to the discrepancies in the accumulation of ligands. Com-
parison of the two ligands in monkey studies suggests that
""C-NMPB interacts more rapidly with the receptors and
has a smaller apparent volume of distribution than !'C-
TRB. This means that !'C-NMPB may have better sensi-
tivity to the number of receptors in areas of highest
concentration (cerebral cortex and striatum).* The differ-
ence in the sensitivity to the number of receptors may also
be attributed to the discrepancies.

Zubieta et al. recently reported a decrease in the ligand
transport rate and no decrease in the binding potential in
patients with AD by using ''"C-NMPB and PET, and thus
concluded that previous reports of focal reduction in
mACh-R ligand distribution were caused by alterations in
the radiotracer transport and not in the receptor binding.’
In our study, we used the INMPB ratio as an index of the
net binding rate. A decrease in the INMPB ratio is attrib-
uted to decreased mACh-R or decreased radiotracer trans-
port or both, but the discrepancy between the INMPB
ratio and the rCBF ratio is much clearer in moderate AD
than in mild AD, so that the change in the INMPB ratio
may mean not only a change in the radiotracer transport
but also a change in mACh-R. Asahina et al. also reported
a discrepancy between the K and the CBF in their !'C-
NMPB study of patients with Parkinson’s disease, or an
increase in K despite a decrease or lack of change in
CBE.»

2. Comparative studies of mACh-R, CMRGlc and CBF
in patients with AD
Zubieta et al. also reported no mACh-R decrease in the
hypometabolic cortical region in AD, but our results
revealed a significant mACh-R decrease in the cortical
region in mild and moderate AD. The discrepancies
between Zubieta’s results and ours may partly be due to
the difference in the severity of the patients’ symptoms. In
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moderate AD in our study, a large decrease in the INMPB
ratio and the rtCMRGlIc was seen in cerebral cortices.
Assuming that cholinergic cell loss exists in these regions,
we can interpret these outcome well. Even in mild AD, a
reduced glucose utilization was found to be related to the
neuronal dysfunction originating in synaptic damage
(which may include a decrease in the mACh-R), because
in mild AD, glycolytic metabolism (which mostly occurs
in dendrites or axons) shifts to an oxidative metabolism
(which is localized to the mitochondria).” Fukuyama’s
study alsorevealed a decrease in rCBF in the hypometabolic
region in AD. In our study, the decrease in the rCBF ratio
and rCMRGlc in mild AD is larger than those in moderate
AD in the hippocampus. These unexpected results may be
due to the fact that some patients with mild AD were
diagnosed when they experienced only memory distur-
bance, because the most characteristic and earliest clinical
manifestation in patients with AD is a disturbance of
memory*® and hippocampal hypoperfusion and hypo-
metabolism are noted in patients with memory distur-
bance.*

In a previous study with '*I-QNB SPECT and "*FDG
PET, mACh-R showed larger defects than glucose me-
tabolism in demented patients.?® And comparative
studies of '*I-QNB and '*IMP,* and of '*I-QNB and
#"Tc-HMPAO? in AD revealed a relatively preserved
mACh-R despite the CBF decrease. In our study, ¥FDG
PET was the most sensitive method for detecting the
degenerative regions among the three parameters. The
discrepancies between earlier comparative studies and
our findings are considered to be due to the difference in
the severity and pathological stage of the subjects, as well
as due to the differences in the ligands ("'C-NMPB and
'[-QNB) and the instruments (PET and SPECT). Our
results were not considered to show any difference in
spatial resolution because the spatial resolution of our
SPECT (7.4 mm) is superior to that of PET (8.2 mm) in
FWHM.

3. The relationship between mACh-R, CMRGlc, CBF
and mental function in AD patients
We evaluated the correlation between the INMPB ratio,
the rCBF ratio, the rCMRGlIc and the MMSE (or HDRS)
in AD. The MMSE (or HDRS) was employed to evaluate
the cognitive aspects of mental function. The rCMRGlc
was associated with the MMSE in most cerebral regions,
and was associated with the HDRS in the frontal and
temporal region. Alavi et al. reported a significantly high
correlation between the whole cerebral CMRGlc and the
MMSE in AD (p = 0.60, p < 0.01).” There was also a
correlation between the rCBF ratio and the MMSE and
HDRS in the temporal region in our study, and some
previous reports also support our results .3 The INMPB
ratio was associated with the MMSE (or HDRS) in the
temporal and parietal regions. Although no significant
difference was observed among the three parameters
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because of the small number of subjects, the TCMRGlc
showed a close correlation with intellectual function. This
may confirm that "*FDG PET was the most sensitive
method for detecting the degenerative regions in AD.

4. The analytical methods in mACh-R measurement
We first used the Graphical method'*?%?! and then used the
ratio method? to analyze the '"C-NMPB uptake. The
Graphical method can be used to measure the net accumu-
lation of tracer when the dissociation constant is assumed
to be negligible. The K value provided by this method is
proportional to the receptor binding rate, assuming that
the distribution volume of free ligand is constant.” We
used the cerebellar radioactivities instead of the plasma
input function, because the cerebellum contains few mus-
carinic cholinergic receptors® and the cerebellar radio-
activities mainly represent the plasma radioactivities if
the non-specific binding is negligible. The ratio method
never needs either a kinetic analysis or a dynamic scan,
and therefore seems appropriate for demented patients
who cannot keep still. We used PET data scanning from
85 to 100 min after injection, because the CBF mediates
receptor binding in soon after injection, and because the
intersubject deviations increase after that time for the
insufficient radioactivities. The !C-NMPB doses admin-
istered were between 6 and 127 ug and no correlation was
seen between the injected mass and the cerebral !'C-
NMPB uptake. The percent injected dose (decay cor-
rected) in the whole brain at 90 min postinjection aver-
aged 2.8% (range 1.1-4.0%) across 11 volunteers while
assuming a cerebral volume of 1,200 m/. The average
cerebral concentration of 'C-NMPB ranged from 0.5 to
6.1 nmol and it was below the in vivo estimates of the
mACh-R concentration (not saturated) with ''C-TRB.*
We therefore used the INMPB ratio to evaluate mACh-R.
In the neuroreceptor imaging, the CBF delivered ligand
into brain tissue through the blood-brain barrier and
thereby affected ligand-receptor binding. It is therefore
necessary to determine the ligand kinetics in vivo to
accurately evaluate receptor binding. These two methods
are simple but easily biased due to the blood-brain barrier
transport compared to the 3- or 4-compartment model
analysis,* and they are also biased because of the change
in cerebellar blood flow because the cerebellum was used
as the standard region. The CBF effect on the INMPB
ratio must therefore be considered when we interpret the
data obtained. The discrepancy between our results and
those of Zubieta may be due to the differences between the
analytical methods (rNMPB ratio vs. 3-compartments
model analysis), although a decrease in mACh-R in the
hypometabolic cerebral cortices in AD did seem to exist.

CONCLUSION

The results of our study suggest that mACh-R decreased
in patients with AD, and that '®)FDG PET was the most

Vol. 12, No. 1, 1998

sensitive method for detecting the degenerative regions in
patients with AD.
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