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1-11C-Methyl-4-piperidinyl n-butyrate (11C-MP4B) is a new ra-
diopharmaceutical for the in vivo assessment of butyrylcho-
linesterase (BuChE) activity using PET. To quantify in vivo ac-
tivity of BuChE with a kinetic model, investigators must
determine the time course of radioactivity associated with un-
changed 11C-MP4B. We aimed at clarifying the metabolic fate
and whole-body distribution of intravenously administered 11C-
MP4B in man. Methods: High-performance liquid chromatog-
raphy and thin-layer chromatography assays were performed to
determine the amounts of intact 11C-MP4B and its radioactive
hydrolysis product in blood withdrawn during PET. In addition,
we evaluated the distribution and kinetics of 11C-MP4B uptake
in human brain and main organs. Results: The analysis of
plasma samples of 28 human subjects (10 patients with Alzhei-
mer’s disease [AD] and 18 healthy controls) showed that the
level of unmetabolized 11C-MP4B decreases rapidly from
28% � 14% (mean � SD) at 0.5 min to 7% � 6% at 15 min after
injection. Large individual variation was observed in the rate of
plasma 11C-MP4B hydrolysis, but no significant differences
were found in the degradation of 11C-MP4B either between male
and female or between healthy subjects and patients. The
whole-body distribution of 11C-MP4B showed the highest ac-
tivities in the urinary bladder, renal pelvis, stomach, salivary
glands, liver, kidneys, spleen, vertebral column, and brain. In
patients with AD, 11C-MP4B activity in the brain was highest in
cerebellum, followed by striatum, pons, and thalamus. Lower
11C-MP4B activity was seen in cortical areas. Conclusion: Our
results indicate that 11C-MP4B is excreted rapidly through the
renal system. Careful analysis of plasma metabolites is required
to determine the accurate arterial input function for quantitative
PET measurement. Biodistribution of 11C-MP4B in the brains of
patients with AD appears to be in accordance with the distribu-
tion of BuChE seen in postmortem studies of human brain,
except for the observed higher activity in striatum than in cortex.
Further studies of the cerebral distribution and regional kinetic
analysis of 11C-MP4B are in progress.
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Deficits in cholinergic function contribute to the pathol-
ogy of Alzheimer’s disease (AD) and other dementing dis-
eases, such as dementia with Lewy bodies and Parkinson’s
disease, that affect cognition, behavior, and activities of
daily living. Pharmacologic interventions directed toward
these deficits are based on acetylcholinesterase (AChE)
inhibition. Acetylcholine, a brain neurotransmitter, is basi-
cally degraded by 2 enzymes, AChE and butyrylcholines-
terase (BuChE), leading to termination of cholinergic neu-
rotransmission. Until recently, the role of BuChE has been
largely ignored. However, increasing evidence supports the
role of BuChE in the pathophysiology of AD. In severe AD,
the level of AChE is decreased by as much as 90% com-
pared with normal values, whereas the level of BuChE
increases by approximately 30% (1–3). In such cases,
BuChE may be a more appropriate therapeutic target. In-
deed, selective BuChE inhibitors in rodents have increased
acetylcholine concentration and improved learning and
memory (4). BuChE is expressed in the brain together with
AChE. In the brains of patients with AD, BuChE is highly
concentrated in and around the vessels with amyloid angi-
opathy and senile plaques along with �-amyloid (2,5).

PET can be applied to detect cholinergic deficits at an
early stage of a dementing disease and also to study the
effect of ChE inhibitors or other cholinergic drugs in vivo
(6–9). N-methylpiperidinyl esters have been extensively
characterized as synthetic substrates for AChE (7,10–12).
1-11C-Methyl-4-piperidinyl acetate (11C-MP4A) and 1-
11C-methyl-4-piperidinyl propionate (11C-MP4P) are al-
ready in clinical use for in vivo assessment of AChE
activity associated with AD using PET (13–15). 1-11C-
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Methyl-4-piperidinyl n-butyrate (11C-MP4B), a substrate
for BuChE but not for AChE, is a new radiopharmaceu-
tical for the in vivo assessment of BuChE activity using
PET (16). In the present study, we evaluated the biodis-
tribution and blood metabolism of 11C-MP4B in healthy
volunteers and patients with AD.

MATERIALS AND METHODS

Chemicals and Reagents
Tetraisopropyl pyrophosphoramide (iso-OMPA) and BuChE

(EC 3.1.1.8, from horse serum) were purchased from Sigma.
4-Butyryl-piperidine hydrochloride and 1-methyl-4-butyryl-piper-
idine hydrochloride were obtained from ABX Advanced Biochem-
ical Compounds. Sterile solvents used in the 11C-MP4B formula-
tion were obtained from the Pharmacy of Turku University
Hospital. Other chemicals were obtained from commercial sources
and were of analytic grade.

Preparation of 11C-MP4B
11C-MP4B was produced by the reaction of 4-butyryl-piperi-

dine, generated in situ from its hydrochloride salt using 1,2,2,6,6-
pentamethyl-piperidine (PMP), and 11C-methyl triflate in metha-
nol–acetonitrile for 1 min at 60°C. The crude product was purified
using high-performance liquid chromatography (HPLC) with a
�Porasil column (Waters). After addition of 0.3 mL of sterile
propylene glycol–ethanol (7:3 v/v) and 100 �L of 0.1 mol/L HCl,
the fraction containing the product was evaporated and redissolved
in physiologic phosphate buffer (0.1 mol/L, pH 7.4) and filtered
through a 0.2-�m Gelman Acrodisc 4192 sterile filter.

Quality control was performed using HPLC with a Waters
�-Bondapak C18 10 �, 3.9 � 300 mm column (Waters) and a
gradient of phosphoric acid (50 mmol/L) and acetonitrile. A ref-
erence material of MP4B was coinjected with the product and the
chemical identity of the product was verified by coelution of the
main ultraviolet-absorbing component with the response of the
radioactivity detector. The k� of 11C-MP4B in the analysis system
was 1.7.

Subjects
A healthy 22-y-old male volunteer was recruited for whole-

body PET of 11C-MP4B distribution. Twenty-eight subjects (10
patients with AD and 18 healthy controls) were studied for the
blood metabolism and distribution and biokinetics of 11C-MP4B in
the brain. Of the subjects, 18 were female and 10 male, and their
mean age was 67 � 6 y (range, 58–80 y). The studies were
reviewed and approved by the Joint Committee on Ethics of the
Turku University and the Turku University Hospital and by the
National Agency of Medicine. All the subjects gave their written
informed consent before participating in this study.

Whole-Body Distribution of 11C-MP4B
Whole-body PET was performed on a healthy volunteer using

an Advance PET scanner (General Electric Medical Systems)
operated in 2-dimensional mode. The imaging field of view in
axial length was 15.2 cm. Imaging was performed with the patient
in the supine position and arms alongside the body. Data acquisi-
tion started 10 min after an intravenous bolus injection of 725
MBq of 11C-MP4B, proceeding from the head to the pelvic floor,
excluding legs. Six bed positions were required for this measure-

ment, with a 5-min acquisition time for each position. The ac-
quired data were iteratively reconstructed with attenuation correc-
tion using the ordered-subsets expectation maximization (OSEM)
algorithm. Quantification of tracer uptake was performed by stan-
dard region-of-interest (ROI) analysis, followed by the calculation
of standardized uptake value (SUV). For each organ, circular ROIs
with fixed diameter of 3.0 mm (14 pixels) were drawn and aver-
aged on 3 coronal slices.

The subject was asked to void immediately before 11C-MP4B
injection. After completion of PET, the total activity in the whole
urine volume was determined within 50 min after the tracer ad-
ministration. A urine sample of 2.5 mL was measured with a
well-type �-counter (7.62 � 7.62 cm [3 � 3 in.]; Bicron) cross-
calibrated with a dose calibrator (VDC-404; Veenstra Instru-
ments), and the fraction of injected dose (%) excreted in the urine
was calculated.

Dynamic PET of Brain Area
PET was performed on the patients and healthy controls using

an Advance PET scanner operated in 3D mode. Two catheters
were inserted: in an anterior cubital vein for the injection of
11C-MP4B and in the opposite radial artery for the blood sampling.
Transmission scanning for attenuation correction was performed
before each emission scan. For dynamic PET, the subjects were
intravenously injected with 703 � 63 MBq of 11C-MP4B (range,
576–805 MBq) as a bolus during 80 s and promptly flushed with
saline after injection. The data acquisition started at the beginning
of injection (1 � 30 s, 4 � 15 s, 5 � 30 s, 2 � 60 s, 2 � 120 s,
6 � 300 s, and 2 � 600 s frames), with 60-min total duration.

All image acquisition data were corrected for dead time, decay,
and measured photon attenuation and were iteratively recon-
structed with the OSEM algorithm. ROIs were selected to repre-
sent the areas of cerebellum, striatum, and cortex, and the radio-
activities (kBq/mL) for ROIs were computed.

Blood Sampling During PET
To obtain the input function, arterial radioactivity concentra-

tions were measured using an automated device (Fluid Radioac-
tivity Quantifier; General Electric Medical Systems) for the first 10
min after injection, thus covering the time of peak radioactivity in
blood. Manual sampling was used for the remainder of the study,
and the radioactivity was measured with an automatic �-counter
(1480 Wizard 3�; EG&G Wallac). In addition, arterial blood sam-
ples were obtained at 0.5, 1, 1.5, 3, 5, 7.5, 10, 12, and 15 min after
injection and further processed for chromatographic analyses, as
described above.

The blood samples (2 mL) were collected into heparinized tubes
containing 7.3 mmol/L of iso-OMPA, a selective inhibitor of
BuChE (17), to avoid in vitro hydrolysis of 11C-MP4B. Plasma
was obtained by centrifugation at 2,118g for 5 min at 4°C. For
radio-HPLC analysis, the plasma proteins were precipitated with
10% 5-sulfosalicylic acid (1:1 v/v). The supernatant obtained after
centrifugation (3,370g for 3 min at room temperature [RT]) was
further filtered through a 0.45-�m PVDF Acrodisc filter (Gelman).
For radio-TLC analysis, the plasma proteins were precipitated with
100% ethanol (1:1.5 v/v) followed by centrifugation (3,370g for 3
min at RT).

Radio-HPLC
The radio-HPLC system consisted of LaChrom (Merck Hitachi)

pump L-7100, ultraviolet detector L-7400, and interface D-7000; a
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radioisotope detector (Radiomatic 150TR; flow scintillation ana-
lyzer; Packard); and a computerized data acquisition system. Ra-
dio-HPLC was performed on an Ultracarb 7� ODS(19) column
(length, 250 mm; internal diameter, 10 mm; Phenomenex). The
column was eluted using a gradient of methanol in aqueous 0.1
mol/L sodium-acetate, 0.1 mol/L citric acid, 1 mmol/L EDTA, and
5 mmol/L sodium heptane-sulfonate, 6 mL/min. After analyzing
all plasma samples, an authentic standard containing 11C-MP4B
and its 11C-labeled metabolite was run on radio-HPLC. The 11C-
labeled hydrolysis product was prepared in vitro from 11C-MP4B
in a reaction catalyzed by BuChE; 10 �L of BuChE (0.05 units/
�L) were mixed with 200 �L of 11C-MP4B, incubated for 1 min
at RT and analyzed by radio-HPLC. The peaks of radioactivity
were integrated with PC, and compounds in samples were identi-
fied by comparing the retention times of 11C-MP4B and its labeled
metabolite. The k� values of 11C-MP4B and the metabolite 11C-
MP4OH were 2.0 and 0.3, respectively, in the radio-HPLC anal-
ysis.

Radio-TLC
For comparison, plasma supernatants were separated using

radio-TLC. Samples were applied on a Silicagel 60 F254 plate
(Merck) using a Linomat IV applicator (Camag) connected to
argon gas and developed with a mixture of ethyl acetate–
isopropanol–ammonia (15:5:1 v/v/v) for 10 min (12). The TLC
plate was briefly air dried and placed in a cassette in contact
with a phosphor imaging plate (BAS-IP MP2025; Fuji Photo
Film Co, Ltd.). The exposure time was 60 min. The distribution
of radioactivity on the plate corresponding to unchanged 11C-
MP4B and its hydrolysis product was visualized and quantified
using BAS-5000 phosphor imaging system (Fuji Medical Sys-
tems) and analyzed using Tina 2.0 software (Raytest Isotopen-
messgeräte GmbH). The identification of compounds in blood
plasma was based on the comparison of the retardation factor
(Rf) values of authentic standards—11C-MP4B, MP4B, and its
hydrolysis product MP4OH—which were detected by radioac-
tivity or by exposure to iodine vapor.

Kinetics of 11C-MP4B in Human Blood
The comparison of plasma and metabolite kinetics (time course

of total radioactivity and metabolite-corrected radioactivity in ar-
terial plasma) of intravenously administered 11C-MP4B between
AD patients and healthy subjects was done by calculating the
corresponding half-life (t1/2/min) for each subject. The differences
between the 2 groups was assessed using a 2-tailed t test, and
statistical significance was inferred at P � 0.05.

Red Blood Cell Binding and Protein Binding
of 11C-MP4B

The ratio of radioactivity concentration in red blood cells versus
plasma was determined in one healthy subject. Twenty blood
samples were obtained from 0 to 50 min after intravenous injection
of 11C-MP4B. Whole blood was centrifuged at 2,118g for 5 min at
4°C to separate plasma and red blood cells. Aliquots (0.7 mL) of
plasma and red blood cell fractions were obtained, and the radio-
activity were measured with an automatic �-counter (1480 Wizard
3�; EG&G Wallac). Subsequently, plasma proteins were precipi-
tated with 10% 5-sulfosalicylic acid (1:1 v/v), centrifuged at
3,370g for 3 min at RT, and the radioactivity in supernatant and
sediment was measured using a well-type �-counter (7.62 � 7.62

cm [3 � 3 in]; Bicron). The percentage of radioactivity bound to
plasma proteins was calculated thereafter.

A fixed amount of 11C-MP4B was mixed with increasing con-
centrations of human albumin (fatty acid–free serum albumin;
Sigma Chemical) and incubated at 37°C for 1 h in phosphate-
buffered saline containing 10 mmol/L EDTA and 0.005% poly-
sorbate 80. After the incubation, the samples were loaded onto
Microcon YM-30 filters (regenerated cellulose membranes with a
nominal molecular weight limit of 30,000; Millipore) and centri-
fuged at 9,500g for 10 min at RT. Radioactivity was measured
from both the filtrate and the unfiltered solutions using a �-counter
(1480 Wizard 3�, EG&G Wallac). The amount of 11C-MP4B
bound to albumin was calculated by subtracting the amount of the
unbound (filtrate).

RESULTS

Preparation of 11C-MP4B
The radiopharmaceutical 11C-MP4B was obtained in high

radiochemical yields, 5–7 GBq, using a 40-min target irra-
diation with 17-MeV protons at 10 �A. The specific radio-
activity was higher than 37 GBq/�mol at the end of a 27- to
33-min synthesis. Radiochemical purity was higher than
99%, and the tracer was radiochemically stable for more
than 90 min.

Whole-Body Distribution of 11C-MP4B
The whole-body PET images of a healthy male volunteer

show that most of the radioactivity is distributed in the
urinary bladder, indicating prompt excretion through the
renal system. Renal pelvis, stomach, salivary glands, liver,
kidneys, spleen, and vertebral column were also clearly
visualized. However, the uptake in myocardium, pancreas,
and lungs was low (Fig. 1). The average, SD, minimum, and
maximum SUV values for the main organs are shown in
Table 1. As much as 37% of the injected dose was excreted
to urine voided immediately after PET, that is within 50 min
after the tracer administration.

In Vivo Distribution and Biokinetics of 11C-MP4B in
Human Brain

In the brains of AD patients, 11C-MP4B activity was
highest in the cerebellum, followed by striatum, pons, and
thalamus. Lower 11C-MP4B activity was seen in cortical
areas. Representative 11C-MP4B PET images of the brain of
an AD patient; the time–radioactivity curves for cerebellum,
striatum, and cortex; and the corresponding total and me-
tabolite-corrected radioactivity curves of the arterial plasma
are shown in Figure 2. The 11C-MP4B exhibits high initial
uptake followed by gradual decrease. Approximately 30
min after the injection, the amount of radioactivity reaches
a plateau in cerebellum, striatum, and cortex.

Separation of 11C-MP4B from Its Radioactive
Metabolite

Under the HPLC conditions described above, the reten-
tion times of 11C-MP4B and its hydrolysis product were
7.1 � 0.2 min (mean � SD; range, 5.9–8.9 min) and 2.8 �
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0.2 min (range, 2.6–3.0 min), respectively. A typical radio-
HPLC chromatogram is shown in Figure 3A. Using the TLC
method, the Rf values for 11C-MP4B and its blood metab-
olite were 0.67 � 0.04 (range, 0.57–0.73) and 0.56 � 0.06
(range, 0.43–0.65), respectively. A representative TLC plate
after separation and radiodetection is shown in Figure 3B.

Time Course of 11C-MP4B in Human Plasma
Arterial blood samples were collected from 28 subjects

during the 11C-MP4B PET. For the purposes of metabolite
analysis, plasma was isolated, deproteinized, and chromato-
graphically analyzed. The peaks of radioactivity were inte-
grated with a computer and decay corrected to the start of
the analysis. The chemical identity was determined by com-
paring retention times (HPLC) or Rf values (TLC) with
authentic standards.

The time course of 11C-MP4B in human arterial plasma
obtained by using radio-HPLC, radio-TLC, and combined
results of radio-HPLC and radio-TLC are shown in Figures
4A, 4B, and 4C, respectively. A triexponential function was
fitted to the mean values of 11C-MP4B. The percentage of
11C-MP4B declined rapidly. According to the radio-TLC
analysis, the mean (�SD) values (n 	 28) of 11C-MP4B
were 32% � 14%, 29% � 15%, 27% � 14%, 22% � 13%,
16% � 11%, 11% � 9%, 8% � 7%, 7% � 6%, and 7% �
7% at 0.5, 1, 1.5, 3, 5, 7.5, 10, 12, and 15 min, respectively,
after injection. According to the radio-HPLC analysis of the
same samples, the percentages of unchanged 11C-MP4B
were 25% � 14%, 22% � 13%, 20% � 13%, 15% � 12%,

12% � 9%, 6% � 6%, and 6% � 4% at 0.5, 1, 1.5, 3, 5, 10,
and 15 min, respectively, after injection. When the results of
both radio-HPLC and radio-TLC were combined, the values
of unmetabolized 11C-MP4B were 28% � 14%, 23% �
14%, 23% � 14%, 18% � 12%, 14% � 10%, 11% � 9%,
7% � 6%, 7% � 6%, and 6% � 6% at 0.5, 1, 1.5, 3, 5, 7.5,
10, 12, and 15 min, respectively, after injection.

The time course of total radioactivity and metabolite-
corrected radioactivity in arterial plasma was compared
between AD patients and healthy subjects. The mean t1/2 of
total plasma kinetics in patients with AD and normal sub-
jects was 1.65 � 0.73 min and 1.40 � 0.52 min, respec-
tively. The mean of t1/2 of metabolite-corrected plasma
kinetics in patients with AD and normal subjects was
5.03 � 2.19 min and 3.95 � 1.18 min, respectively. How-
ever, the differences between groups did not reach statistical
significance; P values were 0.28 and 0.18.

Protein Binding and Distribution of 11C-MP4B
in Human Blood

After intravenous injection of 11C-MP4B into the study
subjects, radioactivity cleared rapidly from blood and
plasma. The blood-to-plasma ratio of radioactivity was
about 1.0 and did not change appreciably over the 60-min
duration of the PET imaging. Approximately 17% of 11C-
MP4B radioactivity was bound to human plasma proteins.

The binding of 11C-MP4B to human albumin protein was
studied in vitro using the ultrafiltration method. The 11C-
MP4B binding to albumin was concentration dependent.
Under physiologic concentration (albumin concentration in
human plasma is 35–50 g/L [550–750 �mol/L]), approxi-
mately 20% of 11C-MP4B was bound to albumin (Fig. 5).

DISCUSSION
11C-MP4B, a substrate for BuChE, is a promising new

tracer for the in vivo evaluation of BuChE activity using
PET. This study describes for the first time the whole-body
distribution and the metabolic fate of intravenously admin-

TABLE 1
SUV For Main Organs in Whole-Body 11C-MP4B PET

Organ

SUV (g/mL)

Mean SD Min Max

Urinary bladder 9.02 0.97 7.04 10.37
Renal pelvis 8.27 3.69 2.76 13.41
Stomach 6.83 1.10 4.18 8.51
Salivary gland 3.34 0.54 2.29 4.17
Liver 2.68 0.36 2.07 3.49
Kidney 2.43 0.44 1.51 3.11
Spleen 2.17 0.26 1.84 2.84
Vertebral column 2.13 0.31 1.52 2.66
Brain 1.82 0.48 0.63 3.28

Min 	 minimum; Max 	 maximum.

FIGURE 1. Whole-body PET images of 22-y-old man, showing
distribution of intravenously administered 11C-MP4B. Accumula-
tion of tracer is clearly visible in urinary bladder, renal pelvis,
stomach, liver, vertebral column, and salivary glands (arrows).
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istered 11C-MP4B in humans. Our results reveal that 11C-
MP4B is cleared very rapidly from blood and is rapidly
excreted through the renal system. Furthermore, metabolite
analysis showed a dramatic metabolization of 11C-MP4B in
blood circulation.

Regarding the preparation of 11C-MP4B, some precau-
tions were observed. To prevent radiolysis, sterile propylene

glycol–ethanol (7:3 v/v) was added to the HPLC-purified
product before evaporation. Since the free base of the prod-
uct, 11C-MP4B, is volatile at reduced pressure, a small
amount of hydrochloric acid was added to the HPLC-puri-
fied product before evaporation to convert it into a hydro-
chloride salt, which is not volatile. It has been reported that
the addition of hydrochloric acid before the evaporation of

FIGURE 2. (A) PET images showing radioactivity distribution in brain of AD patient (70-y-old man) after 731-MBq intravenous
injection of 11C-MP4B. Images are summated from 20 to 40 min after injection and color coded according to amount of
radioactivity, from dark blue (lowest) to hot red (highest). (B) Time-radioactivity curves for cerebellum, striatum, and cortex and
corresponding total and metabolite-corrected radioactivity curves of arterial plasma.

FIGURE 3. (A) Representative radio-HPLC chromatogram of an arterial plasma sample showing 2 peaks identified as metabolite
and intact 11C-MP4B. Retention times for peaks were 2.85 and 6.51 min, respectively. (B) Radioactivity in TLC plate of arterial
plasma samples taken 0.5–15 min after injection (lanes 1–9). Spots for 11C-MP4B (a, Rf 	 0.69) and its metabolite (b, Rf 	 0.51) were
clearly visible in each sample. Lanes 10, 11, and 12 correspond to authentic standards: MP4B, MP4OH, and 11C-MP4B,
respectively. The nonradioactive compounds were visualized afterwards by exposure to iodine vapor. (C) Representative chro-
matogram of lane 7.
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a structurally similar radiopharmaceutical, 11C-PMP or 11C-
MP4P, led to significant product degradation (18). We did
not experience any significant product degradation during
evaporation, which suggests that the degradation reported
by Snyder et al. (18) was not due to acidic decomposition,
but rather to radiolysis, which in our method was efficiently
suppressed by the addition of propylene glycol–ethanol
before evaporation. In recent reports on the production of
another 11C-MP4B analog, 11C-MP4A, the acidification
with hydrochloric acid before evaporation did not lead to
significant product degradation either (6,9).

Since 11C-MP4B is excreted in the urine, the bladder and
urinary tract showed intense activity; thus, they are the
critical organs. The radiation burden to the urinary wall can
be reduced by maximizing the initial bladder content vol-
ume at the time of injection. Uptake in the stomach and in
salivary glands reflects accumulation in mucosa in general.
Furthermore, the clear uptake in vertebral column may
indicate bone marrow involvement. For accurate radiation

FIGURE 4. Concentration (%) of 11C-MP4B in human arterial plasma during PET as a function of time. Results are from 28
subjects for radio-HPLC (A), radio-TLC (B), and combined results of radio-HPLC and radio-TLC (C). Individual results (E),
triexponential curve fit (lines), and SD (columns) are shown.

FIGURE 5. Albumin binding of 11C-MP4B determined in vitro.
Line represents mean values of experiments (n 	 3).
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dosimetry of 11C-MP4B PET, the effective dose of the
critical organs should be defined.

In general, to develop a biomathematic model to interpret
the kinetics of radioactivity uptake in the target tissue, it is
crucial to understand the metabolism of the new imaging
agent. Quantifying metabolic processes with dynamic PET
and tracer kinetic modeling relies on the time course of
intact tracer in plasma, that is, the input curve. Careful
validation of the quantification procedure, that is, the frac-
tional rate of 11C-MP4B hydrolysis, is necessary because
PET is a single-signal technique, and the in vivo–formed
radioactive metabolites might contribute to the signal, thus
disturbing data analysis. In the present study, analysis of
11C-MP4B metabolites in plasma was performed during the
PET examination with 11C-MP4B in 28 human subjects
(58–80 y of age), including 18 healthy volunteers and 10
patients with AD. Arterial plasma samples were obtained at
0.5–15 min after intravenous injection of the tracer and were
analyzed by radio-HPLC and radio-TLC. Human plasma
contains approximately 8 ng/mL of AChE and 3,300 ng/mL
of BuChE (19); therefore, inhibition of in vitro hydrolysis of
11C-MP4B was required. The concentration of iso-OMPA
used in this study was 7.3 mmol/L, which has been shown
in our laboratory to be sufficient (data not shown). It was
found that intravenously injected 11C-MP4B is rapidly hy-
drolyzed in blood circulation. Thus, as soon as 15 min after
the injection, the parent tracer represented only 6% of the
total radioactivity in plasma. Although large individual vari-
ation was observed in the rate of plasma 11C-MP4B hydro-
lysis, no significant differences were found either between
men and women or between normal subjects and patients.
When the mean fraction of unchanged 11C-MP4B at each
time point was used, instead of individually measured me-
tabolite data, for the arterial input function, as high an error
as 31% � 14% (range, 6%–68%) occurred in the k3 value
of the 11C-MP4B, representing BuChE activity in the brain.
These results indicate that the mean percentage of un-
changed 11C-MP4B fraction in subjects cannot be used as
the standardized value and that the analysis of metabolites
in plasma is necessary to determine the exact arterial input
function for quantitative PET measurement.

In the case of 11C-labeled compounds, the radio-HPLC is
often the most appropriate technique for plasma radioactive
metabolite analysis (20). However, the described radio-TLC
method for the separation of 11C-MP4B and its hydrolysis
product was more sensitive than the radio-HPLC method,
which is of importance when it comes to the analysis of
samples with low radioactivity. The radioactivity in circu-
lating blood decreased rapidly after intravenous injection of
11C-MP4B; consequently, the radio-TLC was a more con-
venient method in the respect that all radioactivity applied
on the plate can be accounted for and quantified. The
radio-TLC method using ethyl acetate–isopropanol–ammo-
nia yielded better separation between 11C-MP4B and 11C-
MP4OH than the method using dichloromethane–metha-

nol–ammonia as described by Snyder et al. (16). Since 11C
has a short half-life of 20.4 min, the amounts of 11C-MP4B
and the metabolite, 11C-MP4OH, in plasma at 20–60 min
after injection could not be determined reliably using either
radio-TLC or radio-HPLC but had to be estimated by ex-
trapolation.

Although the PET brain activity measurements are not
the main topic of this paper, we have provided some results
for brain distribution (Fig. 1). In brains of patients with AD,
11C-MP4B activity was the highest in cerebellum, followed
successively by striatum, pons, and thalamus. The cortical
areas exhibited lower activity. The biodistribution of 11C-
MP4B in brains of patients with AD are in accordance with
the neuroanatomy of BuChE seen in postmortem studies of
human brain, except the observed much higher uptake in
striatum than in cortex (21). Further studies with larger
number of AD patients to better characterize the value of
11C-MP4B PET for the evaluation of cerebral BuChE ac-
tivity are in progress. These studies will include calculations
of regional kinetic parameters; for example, to clarify
whether the cholinesterase treatment affects 11C-MP4B up-
take in human brain.

CONCLUSION

Our study suggests that although 11C-MP4B PET may
provide information on in vivo activity of BuChE, careful
metabolite analysis of plasma is essential to determine the
exact arterial input function for quantitative PET measure-
ments. In addition, subsequent prospective studies for the
radiation dosimetry of 11C-MP4B PET are suggested.
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