11C-carfentanil PET Images

1 mg Nalmefene

2 mg Naloxone

FIGURE 5. PET scans obtained 8 hr after the administration of 2 mg of
naloxone (left) and 1 mg of nalmefene (right). The binding of [''C]carfentanil
in the striatum and thalamus after nalmefene administration is significantly
less than that after naloxone administration.
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Metabolism of Technetium-99m-L,L-Ethyl Cysteinate
Dimer in Rat and Cynomolgus Monkey Tissue

Yusuke Inoue, Toshimitsu Momose, Tohru Ohtake, Junichi Nishikawa, Yasuhito Sasaki, Takaki Waritani and Minoru Inoue
Department of Radiology, University of Tokyo, and Daiichi Radioisotope Laboratories, Ltd., Tokyo, Japan

Technetium-99m-L,L-ethyi cysteinate dimer (*®*™Tc-ECD) is thought
to be hydrolyzed in the brain by an enzyme and to be trapped as a
hydrophilic product. We investigated the characteristics of the
enzymatic system that metabolizes ®**™Tc-ECD. Methods: In 50
mM phosphate buffer (pH 7.4), ®*™Tc-ECD was incubated with
various concentrations of homogenates of rat tissues (blood, liver
and brain) or cynomolgus monkey tissues (blood, liver, cerebral gray
matter, cerebral white matter and cerebellar gray matter), and the
metabolic rates were assessed. Inhibition studies were performed
using diisopropyl fluorophosphate, eserine and p-chioromercu-
ribenzoate as inhibitors. The metabolic rates in the brain homoge-
nates of rat and monkey were measured at various levels of pH,
ranging from 6.6 to 7.6. Technetium-99m-L,L-ethyl cysteinate dimer
metabolism was also examined in the presence of purified enzymes.
Results: In both species, the metabolic rate was high in liver tissue,
intermediate in brain tissue and low in blood. The rate in cerebral

Received Jul. 8, 1996; revision accepted Jan. 28, 1997.
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gray matter of cynomolgus monkey was higher than those in rat
brain, monkey cerebral white matter and monkey cerebellar gray
matter. All substances used as inhibitors depressed **™Tc-ECD
metabolism, and the response was different among tissues. Reduc-
tion in pH induced slight decreases in metabolic rate. Hydrophilic
conversion of ®®™Tc-ECD was observed after incubation with por-
cine liver carboxylesterase. Conclusion: These results support the
hypothesis that the hydrophilic conversion of ®®™Tc-ECD is medi-
ated by enzymes. It is also suggested that various enzymes catalyze
the hydrolysis of ®®™Tc-ECD and that the enzymatic system that
metabolizes ®*™Tc-ECD is different between tissues and between
species.

Key Words: technetium-99m-ECD; metabolism; in vitro

J Nucl Med 1997; 38:1733-1737

’I:echnetium-99m-L,L-ethyl cysteinate dimer (**™Tc-ECD), a
brain perfusion agent for SPECT, is widely used in various
clinical situations (/). After its intravenous injection, **™Tc-
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ECD is taken up by the brain in a distribution pattern approx-
imately consistent with regional cerebral blood flow and is
retained for a relatively long period. In contrast, radioactivity is
removed rapidly from the blood. This radiotracer is an excellent
brain perfusion agent, is stable in the brain and has rapid blood
clearance (2).

Enzymatic trapping is considered to be the mechanism by
which radioactive materials are retained in the brain after
99mTc-ECD administration (3—5). This radiotracer is lipo9£‘l11ilic
and crosses the blood—brain barrier. It is hydrolyzed to "™ Tc-
ethyl cysteinate monomer in the brain by an unknown enzyme.
The metabolite is hydrophilic and does not permeate the
blood-brain barrier; thus, “trapping” of radioactive material
occurs. The enzymatic process is also thought to be related to
the rapid clearance of ®™Tc-ECD from the bloodstream (3,4).

Esterase is a candidate for the enzyme that catalyzes the
L\zndrolysis of *™Tc-ECD because the reaction that produces

Tc-ethyl cysteinate monomer is deesterification. Esterases
can be divided into three major classes: arylesterases, cholines-
terases and carboxylesterases, with many enzymes in each
class. Little is known about the enzyme involved in *™Tc-ECD
metabolism. We evaluated the metabolism of *™Tc-ECD in the
presence of tissue homogenates of rat and cynomolgus monkey.
The aim of this study was to investigate the characteristics of
the enzyme that catalyzes the hydrolysis of *™Tc-ECD.

MATERIALS AND METHODS
Radiopharmaceutical Preparation

We prepared *™Tc-ECD using a commercial two-vial kit. Vial
A contained 0.755 umol of ECD ligand, and vial B contained 1 ml
of phosphate buffer. Saline (3 ml) was placed into vial A, and 1 ml
of the solution in vial A was transferred to vial B, along with 111
MBq of fresh sodium **™Tc-pertechnetate solution in a volume of
1 ml. Sodium **™Tc-pertechnetate solution was obtained from a
commercial **Mo/**™Tc generator, from which the previous elu-
tion had been performed about 3 hr before. The solution in vial B
was allowed to stand at room temperature for at least 30 min, and
labeled ECD was thus prepared. The concentration of the ECD
ligand was 252 pM in the final solution, and the concentration of
radioactivity was about 37 MBg/ml.

Estimation of Lipophilic Content

The radiochemical purity (RCP) of *™Tc-ECD solution was
determined by thin-layer chromatography (TLC) on silica gel TLC
plates, using ethyl acetate as a solvent. A solution with a RCP of
>95% was used in the experiments.

The residual lipophilic content after the incubation of **™Tc-
ECD with animal tissue was also assessed by the same TLC. From
the tube containing the solution with radioactive material and
animal tissue, 0.5 ml of solution was transferred into the iced tube
with 2.5 ml of ethanol. After vortex mixing, the tube was
centrifuged at 1500 X g for 10 min, and an aliquot of the
supernatant was analyzed by TLC. The radioactivity in the precip-
itated portion was less than 1% of the radioactivity in the
centrifuged tube and was ignored in the analysis. The ratio of the
unmetabolized parent (R,) was determined as the ratio of the
radioactivity of Ry > 0.4 to overall radioactivity. The ratio of
metabolites (R,;,) was obtained from RCP and the parent ratio as
follows: R, (%) = [(RCP — R,)/RCP] X 100.

Effect of Unlabeled ECD

The metabolic rate of *™Tc-ECD was estimated in the presence
of various amounts of unlabeled ECD, and the effect of unlabeled
ECD on ™Tc-ECD metabolism was evaluated.

Unlabeled ECD was added to ™Tc-ECD solution, prepared as
described above, and a series of solutions with a particular

concentration of *Tc-ECD and various concentrations of unla-
beled ECD were produced. These solutions were transferred into
tubes containing tissue homogenates in 50 mM phosphate buffer
(pH 7.4) and were incubated at 37°C. The tissues used in this study
were rat blood (final concentration, 0.072 ml/ml), rat liver (0.0006
g/ml) and rat brain (0.006 g/ml). Assuming that the amount of
#9mTc-ECD and *Tc-ECD was negligible, the final concentration
of unlabeled ECD ranged from 2.52 uM to 570.2 uM. From the
tube, 0.5 ml of the solution was sampled 5, 10, 15, 20, 25 and 30
min after the start of incubation, and the ratio of metabolites in the
sample was assessed by TLC. The ratio was plotted against
incubation time, and linear regression analysis was performed by
the least squares method. The ratio of metabolites at time 0 was set
at 0. The metabolic rate (%/min) was defined as the slope of the
regression line. Ratios of metabolites above 15% were not used in
the analysis to assess the initial rate of reaction precisely. As
controls, “™Tc-ECD solutions with various concentrations of ECD
were placed into tubes containing 50 mM phosphate buffer without
animal tissue. They were incubated for 30 min, and the lipophilic
content was assessed after the incubation.

Metabolic Rate in Rat and Monkey Tissues

The metabolic rates of **™Tc-ECD in the tissues of rat and
cynomolgus monkey were estimated based on the initial rate of
reaction study.

In 50 mM phosphate buffer (pH 7.4), “™Tc-ECD solution was
mixed with various concentrations of tissue homogenates and
incubated at 37°C. The tissues examined included rat blood (final
concentration, 0.025-0.15 ml/ml), rat liver (0.00025-0.002 g/ml),
rat brain (0.003-0.015 g/ml), monkey blood (0.01-0.08 ml/ml),
monkey liver (0.0003-0.002 g/ml), monkey cerebral gray matter
(0.0002-0.0024 g/ml), monkey cerebral white matter (0.001-
0.008 g/ml) and monkey cerebellar gray matter (0.002-0.01 g/ml).
The final concentration of the ligand was 25.2 uM. From the tube,
0.5 ml of solution was sampled S, 10, 15, 20, 25 and 30 min after
the start of incubation, and the ratio of metabolites was assessed by
TLC. The metabolic rate (%/min) was obtained by the method
described above. The relationship between the metabolic rate and
concentration of tissue was examined by linear regression analysis.

Inhibition Studies

Rat or cynomolgus monkey tissue and *™Tc-ECD were incu-
bated in the presence of esterase inhibitors, and the inhibitory
effects were investigated.

In 50 mM phosphate buffer (pH 7.4), with and without an
inhibitor, *™Tc-ECD was mixed with tissue homogenates and
incubated at 37°C for 30 min. The tissues examined in this study
were rat blood (final concentration, 0.09 ml/ml), rat liver (0.0008
g/ml), rat brain (0.007 g/ml), monkey blood (0.14 ml/ml), monkey
liver (0.0009 g/ml) and monkey cerebral gray matter (0.003 g/ml).
Diisopropyl fluorophosphate (DFP; 500 wM and 100 pM), eserine
(10 uM) and p-chloromercuribenzoate (PCMB; 5 mM and 1 mM)
were used as inhibitors. These substances are known to have an
inhibitory effect on esterase-mediated reactions (6). The final
concentration of ECD ligand was 25.2 uM. The experiments were
performed in triplicate. After incubation, 0.5 ml of solution was
sampled, and the ratio of metabolites was assessed by TLC. The
ratio of metabolites with an inhibitor was compared with that
without an inhibitor, and the presence of an inhibitory effect was
determined. In addition, **Tc-ECD and inhibitors were incubated
in 50 mM phosphate buffer at 37°C for 30 min without animal
tissue, and the radiochemical stability of **™Tc-ECD in the
presence of the inhibitors was examined.
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pH Dependence

The effect of pH on *™Tc-ECD metabolism in brain homoge-
nates of rat and cynomolgus monkey was examined.

The solution with **™Tc-ECD was placed into a tube containing
homogenates of rat brain (final concentration, 0.0063 g/ml) or
monkey brain (0.0022 g/ml) in 50 mM phosphate buffer and
incubated at 37°C for 30 min. The phosphate buffer ranged in pH
from 6.6 to 7.6. The final concentration of ECD ligand was 25.2
uM. After incubation, 0.5 ml of solution was sampled, and the ratio
of metabolites was assessed by TLC. In addition, incubation was
performed in the absence of brain homogenates, and the stability of
99mTc-ECD was evaluated at various levels of pH.

Metabolism by Purified Enzyme

It was also investigated whether purified or recombinant esterase
catalyzes the hydrolysis of “™Tc-ECD. The esterases examined
were porcine liver carboxylesterase, human recombinant acetyl
cholinesterase and horse serum butyl cholinesterase. Esterase (final
concentration, 10 units/ml) and *™Tc-ECD were incubated in 50
mM phosphate buffer (pH 7.4) at 37°C for 30 min. After incuba-
tion, the ratio of metabolites was determined by TLC. The
experiments were performed in triplicate.

RESULTS

Effect of Unlabeled ECD

Incubation without animal tissue did not change the RCP,
indicating the radiochemical stability of *™Tc-ECD under the
conditions provided in this study. The ratio of metabolites was
below 15% in every sample, and all seven points were used in
the linear regression in each experiment. The metabolic rate in
rat liver was reduced as the concentration of unlabeled ECD
increased, indicating an inhibitory effect of unlabeled ECD on
99mTc-ECD metabolism, and the rate at 570.2 uM was 44% of
that at 2.52 uM (Fig. 1). In rat blood and rat brain, the metabolic
rate was almost constant, irrespective of the concentration of
unlabeled ECD, and no substantial effect of unlabeled ECD was
observed.

Metabolic Rate in Rat and Monkey Tissues

Only three points each were used in the linear regression in
four experiments (0.15 ml/ml rat blood, 0.002 g/ml rat liver,
0.015 ml/ml rat brain and 0.002 g/ml monkey liver) because
ratios of metabolites were above 15% in four samples. In the
other experiments, four to seven points were used to determine
the metabolic rate (Fig. 2). There was a high positive correlation
between metabolic rate and the concentration of animal tissue
(Fig. 3). The y-intercept of the obtained regression line was
close to 0, and the metabolic rate was almost proportional to the
concentration of animal tissue. Corrected metabolic rate was
defined as metabolic rate (%/min) divided by the concentration
of animal tissue (ml/ml in blood and g/ml in the other tissues),
and the mean of the corrected metabolic rates in various
concentrations of each tissue was calculated (Table 1). In both
rat and cynomolgus monkey, the corrected metabolic rate was
low in blood and high in liver. The rates in intracranial tissues
were between those in blood and liver. The rate in cerebral gray
matter of cynomolgus monkey was higher than those in rat
brain, monkey cerebral white matter and monkey cerebellar
gray matter.
Inhibition Studies

After the incubation of **™Tc-ECD with inhibitors and
without animal tissue, RCP was unchanged, and **™Tc-ECD
was found to remain stable. The results of inhibition studies are
presented in Figure 4. The reaction in rat blood, rat liver,
monkey liver and monkey cerebral gray matter was depressed

by DFP. The rate of hydrolysis in rat liver was reduced in the
presence of eserine. Metabolism in tissues other than rat blood
was depressed by PCMB.

The radiochemical stability of *™Tc-ECD was confirmed in
the range of pH examined. The metabolic rate was slightly
reduced in brain homogenates of both species as pH decreased

(Fig. 5).

Metabolism by Purified

In the presence of porcine liver carboxylesterase, 80.8% of
99mTc-ECD was hydrolyzed in 30 min, whereas no substantial
ratio of metabolites was observed in the solution incubated with
human recombinant acetyl cholinesterase or horse serum butyl
cholinesterase.

DISCUSSION

Cerebral accumulation of **™Tc-ECD is thought to depend on
enzymatic trapping (3-5), and changes in metabolic activity
may cause changes in retention of the tracer. An understanding
of the enzymatic system seems to be important for the clinical
application and interpretation of SPECT using this radiophar-
maceutical. The results of this study support the hypothesis that
the metabolism of **™Tc-ECD is mediated by esterase. Some
characteristics of the enzymatic process were also elicited.

Effect of Unlabeled ECD

Technetium-99m-L,L-ethyl cysteinate dimer solution con-
tains **Tc-ECD and unlabeled ECD. The ligand labeled with
9Tc is considered to have the same chemical characteristics as
99mT¢c-ECD and to cause competitive inhibition of the enzyme
that metabolizes **"Tc-ECD. Unlabeled ECD may also be
assumed to have an inhibitory effect on **"Tc-ECD metabo-
lism. In the study with various concentrations of unlabeled
ECD, this effect was not observed in rat blood or rat brain.
Although an inhibitory effect was indicated in rat liver, it seems
to be small unless the concentration of unlabeled ECD is high.
The metabolic rate in the presence of 570.2 uM ECD is still
about half of the rate with 2.52 uM ECD. It should be noted that
a commercial kit contains only 0.755 wmol of ECD ligand.
Other studies, including determination of metabolic rate in
various tissues and inhibition studies, were performed with 25.2
uM ECD ligand, and the inhibitory effect of unlabeled ECD
appears to be limited. ECD is a relatively small molecule. The
coordination of *™Tc may substantially change its stereostruc-
ture and, consequently, its affinity to enzymes. The observation
in this study suggests that the presence of unlabeled ECD is not
a serious problem in investigating **™Tc-ECD metabolism.
However, because only rat tissues were examined, a larger
effect of unlabeled ECD cannot be excluded in monkey tissues.

Metabolic Rate in Rat and Monkey Tissues

Because excessive reaction causes underestimation of the
reaction rate in an initial rate of reaction study, ratios of
metabolites above 15% were excluded in the linear regression
analysis. In four experiments, only three points were used in the
analysis, and this appears to impair the reliability of the results
of these experiments. In other experiments, four or more points
were used.

The metabolic rate in tissue homogenates of rat and cyno-
molgus monkey was proportional to the concentration of each
tissue, indicating that the reaction is a first-order reaction to the
tissue concentration. This is consistent with the hypothesis that
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FIGURE 1. Effect of unlabeled ECD on **™Tc-ECD metabolism in homogenates of rat blood and tissues.

the hydrophilic conversion of *™Tc-ECD depends on a sub-
stance in the tissue.

The metabolic rate was first calculated as the amount (in
mole) of the parent compound metabolized per minute and
expressed as a percentage of the initial amount of the parent,
then corrected for tissue concentration. The corrected metabolic
rate was expressed as %/min/(g/ml) or %/min/(ml/ml). Insofar
as the concentration of labeled ECD is low, the metabolic rate
in the unit of mole/min/(g/ml) is assumed to be proportional to
the “™Tc-ECD concentration. The rate expressed in the unit of
%/min/(g/ml) should be constant, irrespective of the *™Tc-
ECD concentration, and thus the rate is considered to be an
index of metabolic activity in the tissue. This does not hold true
when the metabolic rate is measured in a solution with a high
concentration of substrate compared with the Michaelis—Men-
ten constant of the enzyme. Walovitch et al. (5) reported a
Michaelis—Menten constant of 11.05 pM in brain tissue of
rhesus monkey. We prepared *™Tc-ECD using the kit and a
small amount of “*™Tc-pertechnetate. Although the solution
incubated in our experiments had a high total concentration of
labeled and unlabeled ECD relative to the reported Michaelis—
Menten constant, it is considered to have contained only a trace
amount of labeled ECD. Although the presence of unlabeled
ECD may have interfered with the reaction, the inhibitory effect
of unlabeled ECD was considered to be small. The metabolic
rate obtained in this study appears to approximately represent
the metabolic activity in the tissue.

In cynomolgus monkey the metabolic rate in cerebral gray
matter was higher than those in cerebral white matter and
cerebellar gray matter. It has been proposed that metabolic
activity is higher in baboon brain than in baboon cerebellum (7),
although no comparison between gray and white matter was

made. The metabolic activity in the brain may influence the
efficiency of retention in the brain and, consequently, in SPECT
images using ™Tc-ECD. High metabolic activity in cerebral
gray matter could make the contrast between gray and white
matter higher. Different kinetics between gray and white matter
have been shown for '*I-labeled isopropyl iodoamphetamine
(8), and there may be such a difference for *™Tc-ECD. The
difference between cerebral and cerebellar gray matter may
reduce cerebellar accumulation relative to cerebral accumula-
tion. High accumulation in the medial aspect of the occipital
lobe is reported in normal human subjects who have their eyes
closed (9). This may be attributable to regional differences in
metabolic activity in the human brain. It has not been deter-
mined whether the differences in metabolic activity actually
cause differences in the efficiency of brain retention. The
relation between regional metabolic activity and brain SPECT
images using **"Tc-ECD remains to be investigated.

Rat brain was not divided into gray and white matter.
Although this makes detailed comparison between rat brain and
monkey brain difficult, metabolic activity in rat brain seems to
be lower than that in monkey brain. Low metabolic activity may
explain, at least in part, the poor retention of *™Tc-ECD in rat
brain (5). In both species, metabolic activity in liver was high,
and activity in blood was low. The liver may play an important
role in extracranial metabolism to excrete the radioactive
material, although other organs such as kidney and lung may
also act as metabolic organs (7,10).

Inhibition Stud
Substances that are known to inhibit esterase had an inhibi-
tory effect on the hydrolysis of **"Tc-ECD, consistent with the
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FIGURE 3. Relationship between metabolic rate and concentration of tissue homogenates of rat and cynomoligus monkey. (A-C) Rat tissues. (D-H)

Cynomolgus monkey tissues.

TABLE 1
Metabolic Rate Corrected for Concentration of Animal Tissue
Metabolic rate
Species Tissue [%6/minv(g/mi)]*
Rat Blood 83+03
Liver 790.0 + 38.0
Brain 83.6 + 3.3
Cynomolgus monkey Blood 36+05
Liver 703.4 = 47.2
Cerebral gray matter 2059 + 54
Cerebral white matter 111.2+50
Cerebellar gray matter 1085 += 17.7

Values are presented as mean * s.d.
*%/min/(mV/mi) in blood.

hypothesis that its metabolism is catalyzed by esterase. In some
experiments, the ratio of metabolites exceeded 15%, which was
the upper limit to include in the analysis in the metabolic rate
study. This may impair the proportionality between true meta-
bolic activity and observed ratio of metabolites; however, it
does not seem to be a substantial problem in investigating
whether the inhibitory effect is present or not.

Inhibitory response differed among the tissues. Carboxyles-
terase is inhibited by DFP, cholinesterase is inhibited by DFP
and eserine and arylesterase is inhibited by PCMB (6). Based on
the results of the inhibition studies, it is supgg‘sed that the
enzymes that mainly catalyze the hydrolysis of >™Tc-ECD are
arylesterase in rat brain and monkey blood and carboxylesterase
in rat blood. Both arylesterase and carboxylesterase are thought
to act in monkey liver and monkey cerebral gray matter. In rat
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FIGURE 4. Results of inhibition studies in rat and cynomolgus monkey. No Addition = incubation with no inhibitor.

liver, arylesterase and cholinesterase are thought to mediate
9mT¢c-ECD metabolism, although carboxylesterase may also be
involved.

Various enzymes catalyze the hydrolysis of *™Tc-ECD, and
the enzymatic systems are different between tissues and be-
tween species. In investigating the metabolism of **™Tc-ECD,

16
o2 141
-’
2 12 )
-— .r’
8 10-
8
o 8]
=
]
o 4 —=— RatBrain
= | T oo Monkey Brain
g 21
0 . T T . . r
64 66 68 70 72 74 76 7.8
pH

FIGURE 5. Effect of pH on ®**™Tc-ECD metabolism in brain homogenates of
rat and cynomolgus monkey.

1736 THE JourRNAL OF NUCLEAR MEDICINE * Vol. 38 « No. 11 «

attention should be paid to the quantitative and qualitative
differences in the enzyme among tissues.

pH Dependence

Considering that the brain retention of *™Tc-ECD depends
on the enzyme, we studied the pH dependence of the enzyme in
the clinical range of pH. A slight decrease in metabolic rate was
observed in rat and monkey brain at a low level of pH. The
change in metabolic rate was small, however, compared with
the regional difference in monkey brain. The effect of pH on
9mTc-ECD metabolism does not seem to create serious prob-
lems in SPECT imaging using this radiopharmaceutical.

Metabolism by Purified Enzyme

Walovitch et al. () reported that neither acetyl cholinesterase
nor butyl cholinesterase mediates the metabolism of **™Tc-
ECD. This was confirmed by our experiment. On the other
hand, the radiopharmaceutical was hydrolyzed when incubated
with porcine liver carboxylesterase, confirming that the metab-
olism of *™Tc-ECD can be catalyzed by esterase.

Technetium-99m-L,L-ethyl cysteinate dimer metabolism is
mediated by an enzyme, which is probably esterase. Arylester-
ase, carboxylesterase and cholinesterase may be involved in the
reaction, and different enzymes may play main roles in different
tissues. Catalytic activity has a wide range among tissues and
may vary even within the intracranial regions.

Incubation of *™Tc-ECD with tissue homogenates does not
yield detailed properties of the enzymes, and protein resolution
would aid in further investigation.
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CONCLUSION
These studies suggest:

1. Various enzymes catalyze the hydrolysis of *™Tc-ECD,
and the enzymatic systems are different between tissues
and between species.

2. pH has little effect on **™Tc-ECD metabolism in the
brain.

3. There are regional differences in intracranial metabolic
activity in cynomolgus monkey.

4. In both rat and cynomolgus monkey tissue, metabolic
activity is low in blood, intermediate in brain and high in
liver.

It remains to be determined whether regional dlfferences in
metabolic activity in the intracranial tissues influence **™Tc-
ECD SPECT images.
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Imaging Nicotinic Acetylcholine Receptors with
Fluorine-18-FPH, an Epibatidine Analog
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Nicotinic acetyicholine receptors (NAChRs) have been implicated in
a variety of central processes, such as learning and memory and
analgesia. These receptors also mediate the reinforcing properties
of nicotine in tobacco products and are increased in postmortem
samples of brains of smokers. On the other hand, brains of individ-
uals who have died from dementia of the Alzheimer type show
abnormally low densities of nAChREs. In this study, the distribution
and kinetics of [(+)-exo-2-(2-['®F] fluoro-5-pyridyl)—7-azabicy-

clo[2.2.1}heptane ('®F-FPH), a high-affinity nAChR agonist, was
evaluated in a baboon using PET. Methods: After intravenous
injection of 5 mCi [185 MBq] '®F-FPH into a 25-kg anesthetized
baboon, sequential quantitative tomographic data were acquired
over a period of 150 min. Regions of interest were placed and
time-activity curves were generated. Brain kinetics of the radiotracer
were calculated, and the in vivo regional binding in the baboon brain
was compared with the known in vitro regional distribution of
nAChRs in the rat and human brain. Results: Brain activity reached
a plateau within 60 min after injection of the tracer, and the binding
was reversible. Elimination of '8F-FPH was relatively rapid from the
cerebellum (clearance t,,, = 3 hr), intermediate from the hypothal-
amus/midbrain (t,,, = 7hr)andslowfromthethalamus(t,,2 =16 hr).

Radioactivity due to '®F-FPH at 130 min postinjection was highest in
the thalamus and hypothalamus/midbrain, intermediate in the neo-
cortex and hippocampus and lowest in the cerebellum. Subcutane-
ous injection of 1 mg/kg cytisine 45 min after injection of the
radiotracer reduced brain activity at 130 min by 67%, 64%, 56%
and 52% of control values in the thalamus, hypothalamus/midbrain,
hippocampus and cerebellum, respectively. The regional binding of
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8F-FPH at 130 min was highly correlated with the known densities
of nAChR measured in vitro in human (r = 0.81) and rat brain (r =
0.90). Conclusion: These results demonstrate the feasibility of
imaging nAChRs in vivo. Fluorine-18-FPH appears to be a suitable
tracer to study nAChRs in the human brain.

Key Words: nicotinic receptors; PET; nonhuman primate; brain;
epibatidine
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Nicotinic acetylcholine receptors (nAChRs) have been impli-
cated in a variety of central processes, such as learning and
memory (/-4) and antinociception (5). These receptors also
mediate the reinforcing properties of nicotine in tobacco prod-
ucts (6,7). The loss of cholinergic neurons in the basal forebrain
has been associated with a variety of pathological disorders,
such as senile dementia of the Alzheimer type, Huntington’s
and Parkinson’s diseases and progressive supranuclear palsy
(8-15).

Neuronal nAChRs are ligand-gated ion channels composed
of two kinds of subunits (a and B) (/). There are at least three
subtypes of nAChRs in the central nervous system as identified
by radioligand binding techniques (/,16): (a) those with high
afﬁmty for (- )-mcotme which are labeled by agonists such as

3H-acetylcholine and *H-cytisine (nicotine/ACh) (17); (b) those
with high affinity for '?°I-a- bungarotoxm (aBgT) (18); and (c)
those that selectively recognize neuronal bungarotoxin (n-BgT)
(19). The pharmacological profile of a receptor subtype is
related to its subunit combination. There is a good correlation
between the distribution of nAChRs with the a482 subunit
combination and the distribution of high-affinity nicotine/ACh
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