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Synthesis, Binding Properties, and ®F Labeling of Fluorocarazolol,
a High-Affinity f-Adrenergic Receptor Antagonist
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New f-adrenergic receptor antagonists, 2-(R)-(+)- and 2-(S)-(—)-1-(9H-carbazol-4-yl-oxy)-3-[[1-
(fluoromethyl)ethyllamino]-2-propanol ((S)- and (R)-fluorocarazolols), were labeled with fluorine-
18 at the no-carrier-added level by reductive alkylation of desisopropylcarazolol (4-(2-hydroxy-
3-amino-1-propoxy)carbazole) with [8F]fluoroacetone. The latter was prepared by nucleophilic
substitution of fluoride on acetol tosylate and may serve as a useful synthetic precursor for
other radiotracers. The radiochemical yield of ['®Flfluorocarazolol (500—1200 Ci/mmol) from
[18F]fluoride was 40 + 10% at the end of the 45 min synthesis. Chiral HPLC showed >99%
enantiomeric purity of 2-(S)- and 2-(R)-['8Flfluorocarazolols. The log P of fluorocarazolol was
2.2 at pH 7.4. The in vitro Kp values of (S)- and (R)-fluorocarazolol for the S-adrenergic receptor
were measured in a rat heart preparation to be Kp = 68 and 1128 pM, respectively.
Biodistribution experiments in mice demonstrated specific S-adrenergic receptor binding of
(S)-['8F]fluorocarazolol. (R)-['®FIfluorocarazolol showed no observable specific binding to
B-receptors in vivo. The uptake of (R)-[!*Flfluorocarazolol may therefore be used as an
estimation of nonspecific binding. Positron emission tomography images of pigs showed
receptor-specific uptake of (S)-[18Flfluorocarazolol in the heart and lung. Washout of dissociated
ligand from the tissue was observed only after 70 min postinjection. The maximum ratio of
specific to nonspecific uptake in pig heart and lung was ca. 10 at 150 min postinjection. Observed
levels of fluorocarazolol metabolites in mouse and pig blood were relatively low and remained
fairly constant during the period from 10 to 180 min postinjection. These results indicate that
(8)-(—)-[*8Flfluorocarazolol is of interest for use as a radiopharmaceutical for estimation of

B-adrenergic receptors with positron tomography.

Introduction

B-Adrenergic receptors play a role in many diseases
of the heart and the brain. They have been shown to
be altered in the brains of patients suffering from
schizophrenia, Alzheimer’s disease, panic disorder, ag-
ing, fear, anxiety, depression, and stress!~7. They may
also play a role in the regulation®7# of normal behavior.
In heart disease, -receptors are altered in heart failure
and in ischemia and infarction, important classes of
heart disease.? In both organs, the receptor concentra-
tions are also altered”1%:1! by the action of hormones and
drugs used in treatment. Changes in receptor concen-
tration, whether due to disease or treatment, produce
a variation in tissue response to catecholamines. We
are therefore interested in assessing receptor concentra-
tion in vivo by positron emission tomography (PET) for
the investigation of disease etiology and progression and
possibly in diagnosis and treatment. Iodopindolol and
iodocyanopindolol'2-18 have been labeled with radioio-
dine and used for in vitro determination of -receptor
densities. Though radioiodine can be used in single-
photon tomography (SPECT) imaging,!? the properties
of the iodine label makes these compounds unsuitable
for PET measurement of f-receptors. PET with labeled
high-affinity receptor ligands and an appropriate kinetic
modell®-28 gllows noninvasive in vivo assessment of
regional receptor concentrations. Several 5-adrenergic
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ligands have been labeled in attempts to measure
B-adrenergic receptors in vivo using PET. Propranolol,?*
practolol,?® and pindolol?® were labeled with 11C for PET
use, but specific binding to receptors in vivo was not
observable. Though these drugs are clinically effective,
their affinity for the receptor was insufficient to produce
the lasting, high proportion of specific binding necessary
for in vivo visualization. In contrast to other well-
known (dopamine and serotonin) receptors, specific
binding to S-adrenergic receptors seems to become
observable by PET only as the in vitro ligand—receptor
dissociation constant of a labeled antagonist drops below
300 pM. High-affinity ligands, [11C]-(S)-carazolol?” and
[UCICGP 12177,282° are the only ligands available that
can be used to observe specific binding of -adrenergic
receptors. Unfortunately, both of these ligands present
experimental difficulties. The decay rate of the 11C label
of carazolol is too fast to allow accurate measurement
of its slow rate of receptor—ligand complex dissociation
(k4). Because this rate is an important parameter in
the mathematical model!®~23 used to analyze binding
data, inaccuracy in its measurement can reduce the
accuracy of a receptor estimation. CGP 12177 has also
been labeled with 11C; however a standard kinetic model
could not be used?® for analysis. Known structure—
activity relationships for S-adrenergic antagonists sug-
gested that 1”-fluorocarazolol, an analog of carazolol,
should have a receptor affinity similar to that of
carazolol itself, although the substitution of fluorine
could alter3® the affinity ratio of fi- to B2-receptor
subtypes. The use of 18F as a label, with its half-life of
109.8 min as compared to the 20 min half-life of 11C,

© 1994 American Chemical Society
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Figure 1. Synthesis of (R)- and (S)-[18F]fluorocarazolol.

will allow collection of data for a sufficient time to
estimate a rate constant (k4) with an expected half-time
of 1-3 h. We therefore chose to label fluorocarazolol
with fluorine-18 and test its properties for the PET
study of S-adrenergic receptors in vivo.

Chemistry

The synthesis of [‘®FIfluorocarazolol is shown in
Figure 1. Acetol tosylate (1) was used as a substrate
for nucleophilic substitution with [18Flfluoride. It was
synthesized by two different methods according to the
amount of product required. To produce large quanti-
ties of 1, the reaction of acetol with tosyl chloride was
used. Though the yield was relatively low (10—15%),
the materials were inexpensive and readily available.
For small quantities, a-tosylation of acetone with hy-
droxy(tosyloxy)iodobenzene was more convenient and
gave a higher yield (55—60%). Reaction of acetol
tosylate with [*8F]fluoride under standard conditions
yielded [*®F1fluoroacetone (2) in 60 + 7% yield.
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Desisopropylcarazolol (5) was prepared with specific
chirality according to Berridge et al.?? in five steps. It
was recently reported3! that another group used this
procedure for conversion of 4-hydroxycarbazole (3) to
4-(2,3-epoxypropoxy)carbazole (4) with enantiomerically
pure glycidyl tosylate and observed greater than 10%
racemization. It was proposed®? that the sulfonate
leaving group be changed to reduce the degree of
racemization. However, in our hands, chiral HPLC
analysis has shown that both the R and S enantiomers
of 5 were produced with greater than 99% enantiomeric
purity by the originally published?? route. The analysis
was performed indirectly by using the final products of
interest. R, S, and racemic samples of 5 were prepared
from commercial glycidyl tosylate of corresponding
chirality. Fluorocarazolol and carazolol (produced by
the analogous reaction using acetone?” in place of
fluoroacetone) were then prepared from the different
samples of 5 and analyzed (Figure 2). No detectable
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Figure 2. Chiral HPLC analysis of (R)- and (S)- fluorocara-
zolol. On a Nacherey-Nagel nucleosil chiral 2 column eluted
with 54% THF, in n-heptane (with 0.5%, v/v, trifluoroacetic
acid), the two diastereomers of (S)-fluorocarazolol were further
separated (top chromatogram) while the two diastereomers of
(R)-fluorocarazolol were resolved (middle chromatogram).
Coinjection of 1% (R)-fluorocarazolol in (S)-fluorocarazolol gave
three measurable peaks (bottom chromatogram). Numbers
listed on the top of the peaks are retention times.

racemization was present in either the carazolol or
fluorocarazolol samples prepared from either enanti-
omer of 5. The limit of detection was well below 1%
(Figure 2). It is likely that our use of the azeotropically
dried 4-hydroxycarbazole salt for the synthesis of 4 was
necessary to avoid racemization, though we have not
performed the synthesis without the drying step. An
additional feature is observable in Figure 2. There are
four possible diastereomers of fluorocarazolol because
the asymmetry of fluoroacetone causes a second chiral
center to be introduced during the reductive alkylation.
The two diastereomers derived from (S)-desisopropyl-
carazolol (2-(S)-fluorocarazolols) were separated on a
chiral analytical column with retention times of 18.9 and
19.7 min. The two diastereomers derived from (R)-
desisopropylcarazolol (2-(R)-fluorocarazolols) were not
separated under the same conditions and gave a single
peak at 22.2 min. The purpose of the chirality analysis
was only to verify stereoisomeric purity at the 2 position.
Though diastereomers of 2-(S)-fluorocarazolol were
observed, they were not separated for any further
experiments.

Purified [1®F]fluoroacetone (2) was reacted with 5
using sodium cyanoborohydride as the reducing agent
to give ['8F]fluorocarazolol (6). From a typical [18F]-
fluoride production run (15 uA bombardment for 45 min,
yielding 620 mCi of 18F-), 50 mCi of 18F~ was removed
for [18F1fluorocarazolol synthesis. At 45 min after the
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Table 1. Measured log P Values of [18F]Fluorocarazolol and
[C]Carazolol at Different pH Values

log P log P
pH fluorocarazolol carazolol pH fluorocarazolol carazolol
3.3 0.03 0.17 7.5 2.48 1.51
4.5 0.38 0.30 8.3 2.70 2.13
5.8 1.11 0.42 9.4 2.80 2.44
6.4 1.76 0.68 10.0 2.81 2.50
7.0 2.20 1.07 10.8 2.81 2.43

[18F]fluoride was introduced, 16 mCi of HPLC-purified
['8F]fluorocarazolol was obtained with a specific activity
of 5001200 Ci/mmol.

In order to characterize 6, nonradioactive (R)- and (S)-
fluorocarazolols were prepared by essentially the same
method shown in Figure 1 using commercially available
fluoroacetone. In this reaction, an excess of sodium
cyanoborohydride was observed to cause the production
of another compound which was not fully identified but
whose mass spectrum indicated the presence of boron.
This compound coeluted with fluorocarazolol on the
preparative HPLC system, and no other chromato-
graphic system was found which could separate them.
To prevent the formation of the boron-containing com-
pound, sodium cyanoborohydride was purified by crys-
tallization before use and was used at slightly less than
a stoichiometric ratio (mole ratio etic acid in the reaction
solution). The fluorocarazolol which was obtained was
a white solid which decomposed within a few weeks
when exposed to air at room temperature. The product
was successfully stabilized by preparation of the hydro-
chloride salt.

Biological Results

Octanol—Water Partition Coefficient. The lipo-
philicity of a radiotracer affects its tissue permeability
properties, and thus its ability to enter target tissues.
The octanol—water partition coefficients (P) at different
pH values of [*¥F}fluorocarazolol and, for comparison,
["'Clearazolol!® were therefore measured. The results
are shown in Table 1. Since the amino function depends
on the pH of the media, the partition coefficient of
fluorocarazolol can be considered as a function of the
partition coefficients of the free base, P(B), and the
protonated amine, P(BH):

) P(BH)
14 10PKPH gy qoleH-PK

(1)

From the measured partition coefficients as a function
of pH, the fluorocarazolol parameters in eq 1 were
determined by a least-squares curve fit to be P(B) = 645,
P(BH) = 1.0, and pK, = 7.5. The parameters similarly
calculated for carazolol were P(B) = 302, P(BH) = 1.7,
and pK, = 84.

In Vitro Binding. The measured binding affinities
(K4, pM) of (R)- and S-fluorocarazolol to -adrenergic
receptors in rat heart tissue were 1128 + 113 and 68 +
8, respectively. The values obtained for comparison
with (R)- and (S)-carazolol were 404 £+ 50 and 22 + 3.
The experimental data are shown in Figure 3. A
competitive binding assay against iodopindolol was
used. The values obtained for (R)- and (S)-carazolol
agree with reported333¢ literature values. Though the
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Figure 3. Inhibition of [*?’I]iodopindolol binding to rat heart membranes by increasing concentrations of carazolol analogs. Data
are the percentages of total specific binding as defined by 0.1 mM (—)-isoproterenol, mean =+ standard deviation for four experiments,
each conducted in triplicate. Curves were generated by nonlinear fit to the logistic equation using InPlot (GraphPAD software,
San Diego, CA). Binding affinities derived from the curve were (expressed as Ky): (S)-fluorocarazolol, 68 + 8 pM; (R)-fluorocarazolol,
1128 + 113 pM; (S)-carazolol, 22 + 3 pM and (R)-carazolol, 404 + 50 pM.

Table 2. Tissue Distribution of (S)-['¥F]Fluorocarazolol in Mouse Organs?

time (min) blood heart lung brain liver kidney bone
nonpro* 10 0.56 £ 0.07 1.10 £ 0.17 6.40 + 0.58 1.18 £ 0.18 3.55 £ 0.27 4.18 £ 0.54 0.65 +£0.03
nonpro 20 0.71 £0.16 0.91 £0.13 7.46 £1.96 0.95 £ 0.13 2.54 + 0.05 2.89 £+ 0.67 0.65 +0.12
nonpro 40 0.69 +0.16 0.77£0.14 6.16 £ 3.06 1.09 £ 0.36 1.70 £ 0.55 2.01+044 0.71 £ 0.19
nonpro 60 0.60 £ 0.10 0.61 + 0.07 5.34 + 1.20 0.81 +0.03 1.32 £0.50 1.39 £ 0.39 0.72 4+ 0.18
nonpro 90 0.66 + 0.15 0.61 £0.12 5.88 £1.06 0.80 £0.16 1.09 £ 0.22 1.33 +0.39 1.13 +0.17
nonpro 120 0.52 +£0.18 0.45+0.14 4.82+1.78 0.64 £ 0.22 0.96 £ 0.10 0.83 £ 0.35 1.08 £+ 0.22
nonpro 180 0.43 £0.04 0.40 £ 0.06 4.80 +0.36 0.67 £0.10 0.88 £ 0.15 0.71 £ 0.11 1.90 + 0.42
pro** 10 0.39 £ 0.10 1.06 + 0.39 5.00+£1.98 1.23 £ 0.32 2.89 £ 0.38 418 £ 0.35 0.72+0.21
pro 20 0.43 £ 0.10 0.63 £0.10 3.26 £ 0.72 0.78 £ 0.27 1.85 +£0.32 2.19+ 043 0.86 + 0.52
pro 40 0.35 £ 0.07 0.51+0.14 1.98 £ 0.30 0.64 +0.22 1.66 £ 0.29 1.64 +0.38 0.64 +£0.14
pro 60 0.25 +£0.10 0.29 £0.12 1.10 £+ 0.30 0.25 £ 0.15 1.17 £ 0.68 1.28 + 0.72 1.10 £ 0.45
pro 90 0.34 £ 0.08 0.35 +£ 0.05 1.06 £ 0.22 0.38 £ 0.11 1.39 £ 0.31 092 +£0.11 0.72 £ 0.17
pro 120 0.13 £ 0.04 0.15 £ 0.04 0.52 & 0.24 0.11 £ 0.04 0.66 £ 0.21 0.38 £ 0.18 142 1+ 0.66
pro 180 0.15 £ 0.08 0.15 £ 0.09 0.72 £ 0.20 0.09 + 0.05 0.59 +£0.29 0.35+0.19 2,72 £ 0.57

@ Uptake is expressed as (unitless) fractional dose per fractional body weight of the organ. Values are expressed as average £ SD.
Data points for heart, brain, blood, lung, kidney, liver, and bone represent five mice at each data point. Data points for other organs
represent at least three mice. *: no propranolol preadministration. **: with propranolol preadministration.

affinity of (S)-fluorocarazolol for the receptor is less than
that of (S)-carazolol, with a K4 under 100 pM, it can
still be described as a very high affinity ligand. Inhibi-
tion binding in this tissue by (—)-isoproterenol gave the
biphasic curve expected from an agonist.3® Fluorocara-
zolol (Figure 3) gave a monophasic curve indicative of
an antagonist.?®> Moreover, the fluorocarazolol curve
was similar in shape to and only slightly shifted by a
lower receptor affinity than that of the parent compound
carazolol, a known receptor antagonist. To further
verify the antagonism of (S)-fluorocarazolol, heart rate
observations were performed in mice. Propranolol (88
mg/kg) altered heart rate from a base line average of
690 to 300 min~! (p <« 0.001); fluorocarazolol and
carazolol (5.5 mg/kg) lowered heart rate from a base line
of 640 to 37071 (p < 0.001) and 420 min~! (p < 0.001),
respectively. Control mice had heart rates which were

unchanged in both experiments (p > 0.4). These results,
together with the known relationships of §-adrenergic
receptor ligand structure to binding affinity and to
antagonism/agonism character, lead us to conclude that
fluorocarazolol, like carazolol, is in fact a high-affinity
pB-receptor antagonist.

Biodistribution in Mice. The in vivo tissue distri-
butions of (S)-(—)-[18Ffluorocarazolol and (R)-(+)-[18F]-
fluorocarazolol in selected mouse organs after iv injec-
tion are presented in Tables 2 and 3. The receptor-
blocked experiments were performed after an iv pread-
ministration of 200 ug (6.6 mg/kg) of propranolol.
Receptor-specific uptake was calculated as the difference
between the total (unblocked experiment) and nonspe-
cific (blocked experiment) binding.

As expected, significant differences (p < 0.01) due to
receptor blockade with propranolol were observed in the



Fluorocarazolol, a $-Adrenergic Antagoist

Journal of Medicinal Chemistry, 1994, Vol. 37, No. 20 3223

Table 3. Tissue Distribution of (R)-['8F]Fluorocarazolol in Mouse Organs®

time (min) blood heart lung brain liver kidney bone
nonpro* 10 057+ 006 093+007 813+406 082+015 308+0.19 460+047 0.67=+0.07
nonpro 20 0.75 £ 0.11 0.81 +0.11 510+1.81 066018 4.003+192 480+140 093+0.38
nonpro 40 0.63 £ 0.05 0.76 £ 0.11 3294097 0.73+£0.30 300+£094 330+117 095+0.12
nonpro 60 0.42 +0.12 0.56 + 0.28 2.39+1.10 0.37+0.19 2.56 + 0.92 2.63 +£1.13 1.08 £ 0.72
nonpro 90 0.43 + 0.12 0.46 +£0.13 1.55 £ 0.77 0.35 £0.15 1.25 £ 0.25 1.50 + 0.63 1.00 £ 0.32
nonpro 120 0.24 + 0.03 0.28 +0.15 1.29 £ 0.19 0.20 £ 0.07 0.94 + 0.64 1.00 £ 0.13 0.78 £ 0.23
nonpro 180 0.17 £ 0.09 0.14 + 0.07 0.84 £ 0.19 0.08 £ 0.06 0.78 £ 0.56 0.67 £ 0.30 1.25 £ 0.90
pro** 10 0.92 + 0.02 1.00 £ 0.06 5.23 £ 0.97 1.04 + 0.38 3.14 + 0.12 5.10 £ 0.63 0.67+0.18
pro 20 0.57 £ 0.08 0.85 + 0.09 3.87+0.39 . 1.22+0.48 3.00 + 0.69 4.43 + 0.70 0.77 £ 0.28
pro 40 0.57+0.08 073+0.07 200+039 090+0.22 211=+0.56 2.70 £ 0.90 0.83 £ 0.08
pro 60 0.63 £ 0.07 0.57 + 0.06 1.23 + 0.32 0.62 + 0.12 1.61 £ 0.42 1.67 £ 0.33 1.15 £ 0.27
pro 90 0.47+£0.19 048 £0.11 1.03 £ 045 0.42 +0.16 1.17 + 0.28 1.57 £ 0.70 1.57 £ 1.00
pro 120 030+017 027+0.08 045+019 012+0.06 094+0.14 063 +0.23 1.98 + 0.87
pro 180 0.09 + 0.02 0.10 £ 0.05 0.26 + 0.06 0.06 + 0.00 0.50 + 0.42 0.33 +£ 0.07 298 £0.72

a Uptake is expressed as (unitless) fractional dose per fractional body weight of the organ. Values are expressed as average + SD.
Data points for heart, brain, blood, lung, kidney, liver, and bone represent five mice at each data point. Data points for other organs
represent at least three mice. *: no propranolol preadministration. **: with propranolol preadministration.
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Figure 4. Specific uptake as the percentage of total uptake of (S)-[*¥F]fluorocarazolol in mouse heart, lung, and brain as a
function of time. Specific uptake is defined as the difference between the total uptake (untreated) and the nonspecific uptake

(propranolol preinjection).

heart, lung, brain, and blood with (S)-[18F]fluorocara-
zolol after 20 min postinjection, indicating specific
binding to -adrenergic receptors. Total binding in most
organs (except bone and intestines) decreased over time.
However, the maximum specific uptake was achieved
at 2 h postinjection in the heart, lung, and blood and at
3 h in the brain. Figure 4 shows the specific uptake as
a percentage of the total uptake in heart, lung, and
brain at different times. After 2 h postinjection, 86—
90% of the total uptake in the brain and lung was
specific, while 73~75% of uptake in the heart was
specific. The uptake in receptor-poor organs such as
kidney, liver, and fat did not change significantly as a
result of receptor blockade. In the muscle and spleen,
a low receptor-specific uptake was observed after 1 h
postinjection. In the small intestine, tracer uptake
increased as a result of receptor blockade. This is
probably due to nonspecific uptake in this well-perfused
organ and/or to hepatobiliary excretion, both of which

represent reservoirs for free ligand and could increase
as a result of the lack of ligand uptake in other, receptor-
rich organs.

The specific uptake of 2-(R)-[!FIfluorocarazolol in
mouse organs was much lower than that of (S)-[!8F]-
fluorocarazolol because of its significantly lower binding
affinity. Table 3 shows that, in all organs except bone
regardless of receptor content, no significant difference
was observed in uptake of 2-(R)-[18FIfluorocarazolol due
to receptor blockade by propranolol. This indicates
there was no measurable specific binding, as expected.
Soon after injection, the (R)-[18Ffluorocarazolol uptake
in heart, lung, brain, and blood was slightly higher than
the nonspecific uptake measured with (S)-[18F]fluoro-
carazolol after propranolol blockade. This may have
been due to the relatively low receptor affinity of the
ligand. Later, however, the (R)-[18F]fluorocarazolol
uptake with or without blockade was similar to the
measured nonspecific uptake of (S)-[1¥F]fluorocarazolol.
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Figure 5. Transaxial PET images of a pig after injection of
1.5 mCi (S)-['*FIfluorocarazolol (left image) and after a second
(0.9 mCi) radiotracer injection with a preadministration of 3
mg of propranolol iv (right image). Both images represent data
gathered between 30 and 60 min pos-injection. Residual
activity from the first image was subtracted from the second
image. The two images were normalized by dividing the pixel
values by the injected dose and were displayed on the same
scale.

Bone uptake is caused by release of [8F]fluoride?6-37
during metabolism of the tracer. (R)- and (S)-['®F]-
fluorocarazolol both gave the same bone uptake curve.
Initially very low, after 1 h postinjection, the bone
radioactivity increased. With propranolol preadminis-
tration, bone uptake increased more rapidly for both (R)-
and (S)-fluorocarazolol. The unitless uptake in bone
was <3 during the entire measurement period, indicat-
ing a reasonably low rate of metabolism of fluorocara-
zolol in mice.

PET Imaging of Pig Heart and Lung. PET images
of a pig using (S)-['8F Ifluorocarazolol with and without
propranolol blockade are shown in Figure 5. Both
images represent data gathered between 30 and 60 min
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after the radiotracer injection. Residual activity from
the first injection was subtracted from the second image,
and the images were normalized by dividing the pixel
values by the injected dose (mCi) and were then
displayed on the same scale. In the image of the
untreated pig, the heart and lung were clearly seen and
easily distinguishable from each other. Administration
of propranolol before tracer injection blocked the major-
ity of the uptake of (S)-['®F]fluorocarazolol in heart and
lung.

The quantified results are shown in Figures 6—8. The
figures show the decay-corrected radioactivity content
vs time in blood, heart, and lung, respectively. Blood
radioactivity (Figure 6) dropped rapidly in the first 3
min to 0.02—0.04 4Ci/mL per injected mCi and remained
near this range (decay corrected) throughout the study.
The blood radioactivity content was not changed by
propranolol pretreatment. This allows us to assume
that the input functions for the heart and lung were
similar with and without propranolol. Uptake in the
heart and lung was rapid, and the uptake in the lung
was higher than in the heart during the entire time
course. The difference between the uptake in the lung
and in the heart decreased with time. At 2 min
postinjection, the ratio of lung to heart uptake was 2.53,
which dropped to 2.0 at 20 min and to 1.4 at 144 min.
The washout of the tracer from the tissue after the
initial bolus was slow. The heart to blood ratio in the
unblocked experiment was 5:7, and the lung to blood
ratio was 7:10. A significant decrease in tissue uptake
due to propranolol blockade of specific receptor binding
was observed as early as 5 min postinjection. Later
than 1 h postinjection, more than 77% of the binding in
the heart, and 82% in the lung, was displaceable. The
specific uptake ratio (specific binding/nonspecific bind-
ing) in both organs continued to rise during the study
period, reaching a value of 10 by 150 min postinjection.
The nonspecific uptake in the lung was higher than in
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Figure 6. Uptake curve of (S)-['®F]fluorocarazolol with and without propranolol blockade in pig blood.
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Figure 7. Quantified uptake of (S)-[**F1flucrocarazolol with and without propranclol blockade in pig heart. Solid circles represent
the uptake of (S)-[*8FIfluorocarazolol in the untreated animal. Open circles represent the uptake of S- [Flfluorocarazolol following
propranolol administration. Residual activity from the first injection was subtracted from the second injection.
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Figure 8. Quantified uptake of (S)-[*8Flfluorocarazolol with and without propranolol blockade in pig lung. Solid circles represent
the uptake of (S8)-[8Flfluorocarazolol in the untreated animal. Open circles represent the uptake of (S)-[*¥Flfluorocarazolol following
propranolol administration. Residual activity from the first injection was subtracted from the second injection.

the heart at early times but equaled that of the heart
after 90 min postinjection.

Metabolites of Fluorocarazolol in Blood. Me-
tabolites of fluorocarazolol in the blood were measured
between 6 and 120 min postinjection in the pig. Blood
samples were centrifuged to separate cells and plasma.
The plasma fraction contained fluoride, which was

collected on alumina; [18F]fluorocarazolol, which was
collected on a reverse-phase cartridge; and labeled
polar metabolites, which remained in solution. The
radioactivity fractions in the centrifuged pellet and on
the reverse-phase cartridge were found, by further
extraction with organic solvents and HPLC analysis, to
contain >95% [8F}fluorocarazolol. Unmetabolized [18F]-
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fluorocarazolol in the plasma represented 72 + 5% (SD)
of the total activity in the blood (ranging from 67% to
82%) and was 78 £ 5% of the radioactivity in plasma.
The metabolite fraction was 18% of the total blood
activity at 6 min postinjection and increased very slowly
over time. Between 15 and 120 min postinjection, the
metabolite fraction remained relatively constant at 29
+ 2% of the total blood radioactivity. Fluoride from
metabolic defluorination accounted for 15 & 5% of the
total blood activity during the entire time of measure-
ment,

Discussion

The work presented here to prepare and characterize
(8)- and (R)-[*8FHluorocarazolol is an extension of our
previous work with [11Clcarazolol, a high-affinity 5-ad-
renergic antagonist which showed specific receptor
binding observable by PET. The use of an !3F label
allowed us to prolong the in vivo observation of the
radiotracer in tissues of interest to 3 h postinjection.
The heart and lung are commonly recognized as con-
taining S-receptors. While there are significant species
variations, the §;-subtype®:3? is predominant in heart
and the Sg-subtype is predominant in lung. The brain
also contains S-receptors,*® and interest in these has
been growing in recent years. We feel that labeled
carazolol will be a useful radiopharmaceutical for
investigation of the S-adrenergic receptors in these
tissues. Blood cells have also been shown to have
significant S-adrenergic receptor content, probably mainly
of the Ss-subtype, in some species*! including man, and
this is a potential complication which may need to be
taken into account during future work to apply kinetic
models to the quantification of receptors in vivo.

Throughout this discussion, we will refer to (S)- and
(R)-fluorocarazolol as counterparts to (S)- and (R)-
carazolol which we previously investigated. Because
fluorocarazolol contains a second chiral center which is
introduced during the labeling reaction, the terms (S)-
and (R)-fluorocarazolol refer here to a presumably equal
mixture of the pair of diastereomers caused by the new
chiral center. p-Adrenergic ligands do not generally
possess chirality in this position, and the properties of
fluorocarazolol and carazolol are very similar. Also, the
fluorine atom which is responsible for the asymmetry
is not expected to greatly alter the interaction of the
ligand with the receptor,on the basis of known structure—
activity relationships.3® We therefore expected that the
diastereomers of each pair, if separated, would be
indistinguishable by their behavior in vive. In an
abstract presented since the completion of this work,*?
it was reported that, as expected, the separated (S,S)-
and (S,R)-fluorocarazolol diastereomers have identical
receptor-binding properties.

As shown in Tables 2 and 3 and Figures 4, 6, and 7,
a high level of specific uptake of (S)-[18F]fluorocarazolol
by f-adrenergic receptors was observed in mice and pigs.
In both animals, the total uptake in the lung was much
higher than in the heart during the time of measure-
ment. This is expected because the ligand was admin-
istered by iv injection, causing all of the injected dose
to pass through the lung before reaching the arterial
circulation. The lung therefore was able to extract a
larger percentage of the injected dose on the first pass
than any other organ, resulting in high specific receptor
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binding as well as high nonspecific uptake at early time
points. In the pig experiments, the nonspecific uptake
in the lung decreased much faster than in the heart
while the specific uptake curve had a similar shape to
that of the heart although its magnitude was higher.
Slow decreases in the specific uptake curves were
observed beginning at 70 min postinjection, which
indicated dissociation and washout of the ligand from
the receptor. The longer half-life of 18F, as expected,
allowed this process to be observed.

The observation of specific uptake of (S)-['8F]fluoro-
carazolol in potential tissues of interest is encouraging
and suggests that further work to develop the use of
(S)-['8FIfluorocarazolol for in vivo measurement of
B-receptors is justified. Although the specific binding
ratio in the mouse heart was relatively low, the ratio
observed in heart, lung, and brain would allow receptor-
binding measurements to be made if the kinetics are
appropriate to existing models. The low specific uptake
ratio observed in the mouse heart may be due to the
relatively low specific activity of the radiotracer. In fact,
with (S)-[}1C]carazolol, it was shown that an injection
of 2 nmol of radiotracer in a mouse was sufficient to
completely block the receptors, leaving no evidence of
specific binding. An injection of less than 0.25 nmol did
allow specific binding to be observed. It is therefore not
expected that the dose of fluorocarazolol used here (0.05
nmol or 1.6 nmol/kg) in the mouse would be free of
receptor-blocking effects. In the pig, the injected dose
was 0.06 nmol/kg and a higher specific uptake ratio was
observed. The relatively low specific activity of the
tracer was due to the specific activity of the fluoride
which we used for labeling and not from the labeling
process itself. Other materials have been labeled with
this fluoride to give products with similar specific
activities. Achievement of higher specific activity is an
obviously desirable goal which is separate from this
work. Another possibility which we were unable to
explore is that the subtype specificity of fluorocarazolol
might differ from that of carazolol and be partly
responsible for the observed difference in the binding
ratio between the two species.

Fluorocarazolol is a lipophilic ligand, and therefore
nonspecific uptake was expected to be significant at
early times. In the mouse and pig experiments, a dose
of propranolol was preadministered to block the recep-
tors and allow measurement of nonspecific tissue uptake
of the tracer. This method will not be applicable to
human subjects in later studies because a large $-ad-
renergic blocking dose may lead to cardiac arrhythmia
and death. Some receptor kinetic models do not require
independent estimation of nonspecific uptake; however
it may be necessary or at least advantageous to use an
experimental method to estimate the nonspecific tracer
uptake. From our results, it appears that (R)-['8F]-
fluorocarazolol may be useful for this purpose. In mice,
it was observed that at 3 h postinjection, the (R)-[18F]-
fluorocarazolol uptake in untreated animals was similar
to the (S)-[*®Flfluorocarazolol uptake after receptor
blockade by propranolol (Figure 9). Although the (R)-
enantiomer uptake might give a slight overestimation
of nonspecific uptake because it does have measurable
receptor-binding affinity, no experiments have shown
any evidence that significant in vivo specific binding is
observable with the R enantiomer. This is similar to
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Figure 9. Comparison of (R)-[**F]fluorocarazolol total uptake to (S)-[**F]fluorocarazolol nonspecific uptake at 3 h postinjection.

previous observations®~26 with relatively low-affinity
carbon-11-labeled fg-adrenergic receptor ligands. The
advantage of using (R)-['8F]fluorocarazolol to measure
nonspecific uptake is that the physical properties which
are related to nonspecific binding, such as lipophilicity
and solubility, must be the same for both enantiomers,
but there is no physiological response to the tracer
injection, and the specific receptor interaction is not
observable by PET.

The ability to correct the blood curve of a receptor-
binding radiotracer for the presence of metabolites is
important because it affects our ability to apply the
kinetic model to the tracer distribution. The concentra-
tion of metabolites of fluorocarazolol in the blood
remained fairly flat over the entire time of measurement
(29 + 2% between 15 min and 120 min postinjection).
Although it is obvious that metabolites must have
accumulated in the total body throughout the study, the
balance between their production and removal from the
blood resulted in a metabolite level in the blood which
was almost constant. This simple metabolic profile is
similar to that observed for [11Clearazolol and should
allow reliable correction of the blood curve for PET
studies to be performed with relatively few metabolite
analyses.

Experimental Section

Chemical Synthesis. General. Melting points were
determined on an Electrothermal capillary apparatus and are
uncorrected. Thin layer chromatography was performed on
Merck silica gel F-254 glass plates, with visualization by UV
(254 nm). Flash column chromatography was performed on
Merck silica gel-60 (240 mesh). High-performance liquid
chromatography was performed on a Hewlett-Packard 1050
system with a multiwavelength UV detector and monitored
at 254, 285, and 315 nm. The column, solvents, and flow
parameters are given individually below. Proton NMR spectra
were obtained at 200 and/or 300 MHz and are reported in ppm
(0) relative to internal tetramethylsilane (0.00 ppm) or stan-
dard solvent peak (CD3;0D, 4.80 ppm; acetone-ds, 1.96 ppm).
Mass spectra were obtained on a Kratos MS25 RFA instru-
ment. Elemental analyses were performed by Galbraith
Laboratories, Inc.

Acetol Tosylate (1). Method a: To a 500 mL three-necked
flask fitted with a stirrer and a thermometer were added 7.41
g (0.1 mmol) of acetol and 30 mL of pyridine. The flask was
cooled in an ice—salt bath to below 0 °C. p-Toluenesulfonyl

chloride (20.74 g, 0.1 mmol) in 70 mL of pyridine was added
to the flask over 90—100 min. The temperature was kept
below 0 °C during the addition, and the reaction mixture was
then stirred at that temperature for 30 min. Iced deionized
water (1 L) and 125 mL of 1 N HC] were added, and the
mixture was extracted with 2 x 150 mL of methylene chloride.
The organic phases were combined and washed with 4 x 200
mL 0.5 N sulfuric acid and 200 mL water and then dried with
magnesium sulfate. The methylene chloride was rotary
evaporated to afford a light yellow oil. The product was
purified by vacuum distillation (0.005 mmHg, bp 70 °C).

Method b: To a 250 mL three-necked flask were added 2 g
of hydroxy(tosyloxy)iodobenzene (5 mmol; Aldrich) and 0.36 g
(6.2 mmol) of acetone in 100 mL of acetonitrile (freshly distilled
from calcium hydride). The mixture was kept under reflux
for 2 h before the solvent was rotary evaporated. The residue
was dissolved in 50 mL of methylene chloride, washed with 3
x 50 mL of water, dried with magnesium sulfate, passed over
a short alumina column, and evaporated. The residue was
recrystallized from petroleum ether.

Both methods yielded a white solid. Mp: 34—-35 °C (lit.*?
mp 35 °C). TLC: eluent, 3% CH30H in CH;Cly; Ry = 0.63. '"H
NMR (CDCls, 200 MHz, TMS added): 6 7.78 (d, aromatic 2H,
J = 8 Hz), 7.34 (d, aromatic 2H, .J = 8 Hz), 4.45 (s, 2H, CH;),
2.42 (s, 3H, CHas), 2.17 (s, 3H, benzyl CHj). IR: 3062, 2924,
1796, 1600, 1498, 1429, 1368, 1310, 1292, 1190, 1179, 1099,
1038, 972, 860, 789, 766, 668 cm ',

(R)- and (S)-Fluorocarazolol ((R)-6 and (S)-6). (R)- or
(S)-Desisopropylcarazolol®” ((R)-5) or (S)-5; 160 mg, 0.39 mmol)
was dissolved in 50 mL of CH30H; 50 uL (0.69 mmol) of
fluoroacetone (2) and 200 uL of acetic acid (3.5 mmol) were
added. To this mixture was added dropwise 16.4 mg (0.26
mmol) of sodium eyanoborohydride in 10 mL of CHsOH. The
reaction mixture was then stirred at room temperature for 2
h and the solvent rotary evaporated. The residue was dis-
solved in 100 mL of CH2Cls, washed with 2 x 100 mL of 0.5
M NaOH and 2 x 100 mL of water, dried with magnesium
sulfate, and evaporated. The crude product was chromato-
graphed on silica gel eluted with 2% CH3;0H in CH;Cl; to yield
fluorocarazolol ((R)-6 or (S)-6), 76 mg (62%). TLC: 4% CHs-
OH in CHCly; Ry = 0.34. HPLC: Alltech econosil silica
column, 10 um, eluted with 1% CH3;0H, 0.02% MeNH;, and
0.02% water in CHCl;, 2 mL/min; ¢tg = 7.90 min. 'H NMR
(CD3yCN): 6 8.26 (d, 1H, J = 8 Hz), 7.47 (d, 1H, J = 8 Hz),
7.36 (t, 1H, J = 7T Hz), 7.31 (t, 1H, J = 8 Hz), 7.18 (t, 1H, J =
7Hz),7.10(d, 1HJ =8 Hz), 6.70 (d, 1H, J = 8 Hz), 4.21-4.37
(m, 2H), 4.06—4.25 (m, 3H), 2.79—3.06 (m, 3H), 1.04 (m, 3H).
Optical rotation: 2’-(S)(—)-fluorocarazolol diastereomer pair,
[alp = —13.0° in CH3OH at room temperature. MS (M™* caled
for C1sHzN20oF): 316.2; found, 316.2. HRMS (M™* caled for
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C1eH21N20.F): 316.1587; found, 316.1586. Mass spectra were
performed for R and S diastereomer pairs separately.

Fluorocarazolol Hydrochloride. Fluorocarazolol (76 mg;
either (S,8/R)-6 or (R,S/R-6) was dissolved in 10 mL of CH,-
Cl; and exposed to excess HC1 vapor from a 12 N HCI solution
in a closed vessel. Fluorocarazolol hydrochloride precipitated
as a white solid and was filtered (80 mg, 94%). 'H NMR (CDs-
OD): §8.15(d, 1H,J = 7 Hz), 7.32 (d, 1H, J = 8 Hz), 7.23 (1,
1H,J =7 Hz), 7.21 (t, 1H, J = 8 Hz), 7.05 (d, 1H, J = 8 Hz),
7.02 (d, 1h, J = 7 Hz), 6.61 (d, 1H, J = 8 Hz), 4.34—4.64 (m,
2H), 4.34—4.42 (m, 1H), 4.13—-4.29 (m, 2H), 3.58—3.69 (dm,
1H), 3.27-3.48 (m, 2H), 1.17-1.34 (m, 3H). Optical rota-
tions: 2’-(R)-(+) diastereomer pair, [a]p = +18.6° in CH30H,;
2'-(S)-(-) diasteriomer pair, [a)p = —19.0° in CH;0H at room
temperature. Chiral HPLC: Macherey-Nagel nucleosil chiral
2 column, eluted with 53.5% THF, 46% n-heptane, and 0.5%
trifluoroacetic acid; tg (R)-fluorocarazolols = 22.2 min, (S)-
fluorocarazolols = 18.9 and 19.7 min. Elemental analysis was
obtained for both diastereomer pairs separately. (CisHoaN3Oo-
FCHC,H,N,F.

[8F]Fluoroacetone (2). ['*F|Fluoride obtained* by 17
MeV proton bombardment of 95+% [*Olwater was added to
a vessel containing 1.8 mg of potassium carbonate and 13 mg
of 4,7,13,16,21,24-hexaoxa-1,10-diazabicyclo[8.8.8]hexacosane
(kryptofix 222). The water was evaporated under reduced
pressure at 110 °C and recovered. Anhydrous acetonitrile (2
x 2 mL; previously distilled over calcium hydride) was added
and evaporated under a helium stream to dry the mixture. A
solution of anhydrous acetonitrile (200 L) containing 2 mg of
acetol tosylate (1) was added to the reaction vessel which was
sealed and heated at 80 °C for 5 min. Then ['*Flfluoroacetone
(2) was distilled along with reaction solvent under a helium
stream and collected into 500 uL of dry acetonitrile at 0—5
°C. No other product was detected by HPLC using radiation
and refractive index detectors or by GC using a thermocon-
ductivity detector. The product was identified by chromato-
graphic comparison with authentic fluoroacetone (Aldrich
Chemical Co.). HPLC: Alltech econosil C-18 column, 10 um,
eluted with water; fluoroacetone ¢g = 4.30 min. GC: Alltech
RSL 150 capillary column, 55 °C, flow, 4.8 mL of He min™%;
fluoroacetone tgr = 3.38 min.

[18F1Fluorocarazolol ((R-6) or (S)-6). [*FIFluoroacetone
(2) was trapped in 500 uL of CH30H containing 2.0 mg (6.3
umol) of (R)- or (S)-desisopropylcarazolol ((R)-5 or (8)-5), 4 uL.
of acetic acid, and 0.1 mg (1.5 umol) of sodium cyanoborchy-
dride. The reaction mixture was heated to 80 °C for 15 min
in a sealed vessel. The solvent was evaporated and the residue
dissolved in 500 uL of the HPLC eluent described for unlabeled
fluorocarazolol, filtered, and chromatographed. The fraction
eluting from 7.8 to 9.5 min was collected. The product identity
was verified using the analytical HPLC system described above
and by TLC on silica gel eluted with 4% CH3;OH in CH,Cl..
Rys: [¥Ffluorocarazolol, 0.34; desisopropylcarazolol, <0.1. The
retention times and R/s were identical for [*®F]fluorocarazolol
and [¥FIfluorocarazolol. No UV-absorbing or radioactive
impurities were observed on either system.

In Vitro Binding Assay. Rat hearts were slowly thawed,
minced, and homogenized in 20 volumes of ice-cold HEPES-
buffered isotonic sucrose (pH brought to 7.4 with Tris base)
containing the protease inhibitors (1,10)-phenanthroline (100
#M) and phenylmethanesulfonyl fluoride (50 #M) by using a
polytron (Tekmar tissuemizer; at 80 for 2 x 15 s). Homoge-
nates were centrifuged at 1000g for 5 min at 4 °C to remove
nuclei and debris. The pellets (P1) were resuspended in 20
mL of homogenization buffer and centrifuged again at 1000g
for 5 min. The combined supernatants were centrifuged at
48000g for 18 min at 4 °C, and the resulting P2 pellet was
resuspended in 10—25 volumes of 50 mM Tris-HCl buffer (pH
7.7) containing 5 mM EDTA. After recentrifugation at 48000g
for 18 min, the resulting membrane pellet was resuspended
in Tris-HCl containing 25 mM NaCl, preincubated for 30 min
at 25 °C, chilled on ice, centrifuged again, resuspended a final
time in Tris-HCI alone, centrifuged, flash frozen, and stored
at —70 °C. Radioligand-binding assays with [1#Iliodopindolol
were performed by a modification of methods*®46 previously
described. Membranes were slowly thawed and resuspended
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in Tris-HCI buffer (50 mM, pH 7.7 at 25 °C) at a concentration
of 1 mg of protein/mL. Assays were conducted in a total
volume of 250 uL of test compound and (—)-isoproterenol or
0.1% ascorbic acid vehicle. Incubations (60 min at 25 °C) were
initiated by the addition of membrane. Nonspecific binding
was defined in the presence of (—)-isoproterenol (0.1 mM).
Incubations were terminated by vacuum filtration over Reeves-
Angel glass fiber filters using a cell harvester (Brandel). The
filters were washed four times with 5 mL of ice-cold Tris-HCI
and assayed in a gamma counter. Radioligand-binding data
were analyzed by nonlinear curve fitting*” as previously
described.

Biodistribution of (R)-['F]6 and (S)-['®F16 in Mice.
Male, 25—30 g, CF-1 mice (Charles River Labs) were obtained.
Thirty minutes before the tracer injection, the mice were
injected with 2 mg of sodium pentobarbital ip and the
anesthesia was allowed to take effect. Those mice which were
to receive propranoclol were then injected via the tail vein with
0.1 mL of 1 mg/mL propranolol iv solution. The labeled (R)-
['8F16 or (S)-['®F16 was injected through the tail vein ap-
proximately 30 min after the propranolol injection. Each
mouse received 0.1 mL of solution which contained 1-2 mCi/
mL of (R)-[18F]6 or (S)-['8F16. At predetermined times after
the tracer injection, the mice were sacrificed by cervical
dislocation and organs were sampled and placed in weighed
vials for counting. Samples were weighed immediately after
counting. Each injected dose was weighed by difference in the
injection syringe, and the actual injected dose was determined
using standards. The standards were prepared by performing
two similar weighed injections in 25 mL volumetric flasks and
assaying weighed 0.1 mL samples interspersed with the tissue
samples. This data was used to calculate uptake in each tissue
sample in terms of the percentage of injected dose per gram
of tissue (% ID/g). The % ID/g number was then multiplied
by the measured body weight of each animal (% ID/g x animal
wt/100) to obtain the normalized organ uptake, which is the
fractional dose uptake per fractional body weight. The nor-
malized uptake values were unitless and used for group
comparisons.

Heart Rate Experiments in Mice. Unanesthetized CF-1
mice (30 g) were injected with propranolol ip (1 mg/mL USP,
0.8 mL, 88 mg/kg) or carazolol or fluorocarazolol iv (5.5 mg/
kg, 0.1 mL of 0.5 mg/mL in 20% ethanol in physiological saline
USP). At least three cbservations were made for each condi-
tion. In both experiments, control mice received identical
injection solutions without drug. The heart rate of each mouse
was measured before and 30 min after drug injection.

PET Scanning. Young pigs weighing approximately 30 kg
were obtained locally and housed at least 1 day in the
university’s animal facility. They were anesthetized with
sodium pentobarbital and intubated as a precaution against
the possibility of respiratory failure. Two 20 G catheters were
placed in ear veins for tracer and anesthesia administration
during the study. The pigs were kept anesthetized throughout
all procedures with incremental administrations of pentobar-
bital as required. A femoral artery was exposed surgically
through which a 6 Fr Cooks pigtail catheter was placed into
the descending aorta within 15 cm of the heart and verified
by fluoroscopy. A continuous drip of a solution of heparin (10
units/mL) in sterile physiological saline solution was main-
tained through all catheters, except during injection and blood
sampling. Scans were performed on a modified PETT Elec-
tronics/Scanditronix Superpett 3000, a time of flight (BaF)
scanner with four rings of detectors producing seven tomo-
graphic slices. The instrument has an experimentally deter-
mined in-plane resolution of 4.8 mm and an axial resolution
of 11.5 mm in the low-resolution mode used for this study.
Modifications to the scanner included installation of energy
discriminators for each detector crystal, an improved time of
flight resolution filter, addition of total randoms and continu-
ous dead time corrections, and improved reconstruction soft-
ware. The reconstruction filters had an in-plane resolution
of 12 mm. After each animal was positioned in the scanner
with the heart in the center of the scanning zone, a 60 min
attenuation measurement was performed using a 3 mCi
rotating %8Ge/®Ga source.
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The specific activity of (S)-['**F]Flucrocarazolol was 300—
1200 Ci/mmol and measured at the time of injection. A 2—5
mL bolus injection of 0.9—1.5 mCi of (S)-[*F]fluorocarazolol
was performed in an ear vein and followed by an immediate
10 mL bolus of normal saline solution to ensure a complete
injection. The injection syringe was assayed for radioactivity
before and after each injection, and the assays were corrected
for decay to the time of injection to calculate the administered
dose. List mode data collection was begun at the time of
injection and continued for 170 min.

Blood samples were withdrawn at 5 and 10 min intervals
throughout the scan both for measurement of blood radioactiv-
ity content and for analysis of metabolites. At 170 min after
the radiotracer injection, propranolol (3 mg i) was adminis-
tered. Thirty minutes after the drug administration, a second
bolus of (S)-[*¥Flfluorocarazolol was given and the second set
of PET scans was begun, following the same procedure as the
first. Then a final perfusion scan was performed from 5 to 15
min after injection of 10 mCi of 3NH; for independent
delineation of the myocardium.

Data Analysis. The list mode data from the first 10 min
of each scan were reconstructed into 10 tomographic images,
each representing 1 min of collected data. Additional images
were reconstructed from 5 min time intervals beginning 10
min after and continuing to the end of the study. During data
reconstruction, the total system count rate, in 1 s time
intervals, was used to calculate and apply dead time correc-
tions for each time interval using a paralyzable*® method,
though the count rates from these studies were such that the
dead time correction was small. The dead time parameter (1)
was previously determined from phantom studiestobe 1.41 s
for our system. The images were corrected for random counts
using the time of flight (TOF) characteristics of the camera.
Random events were assumed to be uniformly distributed
across the imaging field prior to the attenuation correction.
Events detected in pixels at the periphery of the imaging field
at least 16 cm from the subject were measured. The average
number of random events per pixel was then adjusted by the
attenuation correction factors for each image pixel and sub-
tracted from the image data. This has been validated using
phantom studies in which PET data were acquired continu-
ously during decay. In the resulting images, the corrected
count total per pixel was converted into units of xCi/cm? using
the camera calibration data.

For each study, the images acquired between 30 and 60 min
after injection were summed to produce one high-count, high-
contrast image on which regions of interest representing
myocardium, lung, and the ventricular cavity were easily
defined. The regions of interest were well within, and centered
on, their respective areas in order to avoid strong partial
volume effects. Other than these precautions, there was no
attempt to make corrections for partial volume error. The
regions of interest were then applied to the entire sequence of
images to generate quantitative time—activity curves for each
region during each study. The resultant curves were corrected
for the radioactive decay of the label, and the scale was
normalized by dividing by the injected dose. In the data from
the second set of images, a correction was made for the residual
activity in each tissue (heart and lung) which remained from
the first injection. The radioactivity which was observed in
each region at the end of the first set of data acquisitions (170
min after the first injection) was decay corrected to the
beginning of the following scan (210 min after the first
injection). That value was taken as the residual activity from
the first injection. The decay-corrected value of the residual
activity was then subtracted from the decay-corrected curve
of the following scan, before normalization for injected dose.
Though this technique resulted in a small overcorrection due
to the slow decline in the residual activity curve, the error was
small relative to the magnitude of the correction.

Metabolism of Fluorocarazolol in Mice and Pigs.
Blood samples were taken from mice and pigs at various times
after the radioligand injection. For each analysis, 0.5 mL of
blood was added to 0.5 mL of ethanol or saline. The samples
with ethanol were vortex mixed and ultrasonicated for 5 min.
They were then centrifuged in an Eppendorf (Model 5414;
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16000g) bench-top centrifuge for 6 min, and the supernatant
was collected. The pH of the supernatant was then adjusted
to about 8 using saturated aqueous potassium bicarbonate.
The supernatant was then passed over an neutral alumina
cartridge followed by 0.5 mL of ethanol to remove [1*F]fluoride.
The solution was diluted to 10 mL with water and passed over
a Sep-Pak cartridge, which retained unchanged fluorocara-
zolol. The cartridge was washed with 2 x 10 mL of water to
remove metabolites, and then the centrifuged pellet, alumina
column, C-18 cartridge, and water fractions were assayed for
radioactivity. HPLC confirmed that the radioactivity in the
pellet represented more than 95% fluorocarazolol. Indepen-
dent standards and HPLC were used to verify that the activity
in the Sep-Pak cartridge was unchanged fluorocarazolol and
the activity in the alumina column was fluoride.
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