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Summary

Aim: As results of cardiac biopsies suggest, myocardial
B;-adrenoceptor density is reduced in patients with
chronic heart failure. However, changes in cardiac B,
adrenoceptors vary. With suitable radiopharmaceuticals
single photon emission computed tomography (SPECT)
and positron emission fomography (PET) offer the op-
portunity to assess B-udrenoceptors non-invasively.
Among the novel racemic analogues of the established
B,-selective adrenoceptor antagonist ICI 89.406 the
iodinated 2-HCI-H showed high offinity and selectivity to
3-adrenoceptors in murine ventricular membranes. The
aim of this study was its evaluation as a putative sub-
type selective (3,-adrenergic radioligand in cardiac imag-
ing. Methods: Competition studies in vitro and in vivo
were used fo investigate the kinetics of 2--ICIH binding
to cardiac (B-adrenoceptors in mice and rats. In addition,
the radiosynthesis of 2-'22HCIH from the silylated
precursor 2-SiMesCIH was established. The specific
activity was 80 6GBg,/pmol, the radiochemical yield
ranged from 70 to 80%.

Results: The unlabelled compound 2-HCIH showed
high B;-selectivity and -affinity in the in vitro competi-
tion studies. In vivo biodistribution studies apparently
showed low offinity to cardiac B-adrenoceptors. The
radiolabelled counterpart 2-'2HCHH showed a high
degree of non-specific binding in vitro and no specific
binding to cardiac (3,-adrenoceptors in vivo. Conclusion:
Because of ifs high non-specific binding 2-'22HCHH is

no suitable radiotracer for imaging in vivo.
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Schlisselworter
SPECT, PET, [;-Adrenozeptor Radioliganden, kardiale
Bildgebung

Zusammenfassung

Ziel: Bei chronischer Herzinsuffizienz existieren biop-
tische Hinweise auf eine Verminderung der kardialen
B3,-Adrenozeptoren bei variablen Ergebnissen fiir die

B, Adrenozeptoren. SPECT und PET ermdglichen mit
geeigneten Radiopharmaka, die B-Adrenozeptoren nicht
invasiv zu quantifizieren. Von den neu synthefisierten
racemischen Derivaten des B-selektiven Adrenozeptor-
Antagonisten ICI 89.406 zeigte in Untersuchungen an
Membranpriiparaten des Mausventrikels das iodierfe
Derivat 2-HCI-H eine hohe 3,-Affinitéit und -Selekfivitit.
Ziel dieser Studie war die Evaluation von 2-HICI-H als
maglichen subtypselektiven (3,-Adrenozeptorradioligan-
den der kardialen Bildgebung. Methode: Die Bindungs-
kinetik des 2--CI-H an B-Adrenozeptoren wurde in vitro
und in vivo an Méusen und Ratten in Kompetitionsstudi-
en untersucht. Die Radiosynthese von 2-'2HCH aus
dem silylierten Vorliufer 2-SiMes-ICI-H wurde etabliert
(spezifische Aktivitit: 80 GBq,/ymol; radiochemische
Ausheute: 70-80%). Ergebnisse: Nicht radioaktives
24HCHH zeigte in Initro-Kompetitionsstudien eine hohe
B,-Selektivitdit und -Affinitit. Allerdings ergaben In-vivo-
Biodistributionsstudien eine geringe apparente Affinitiit
20 den kardialen B-Adrenozeptoren. Die entsprechende
radioiodierte Verbindung (211 -ICHH) wurde in vitro
fast und in vivo als vdllig unspezifisch an kardiale
B3;-Adrenozeptoren gebunden. Schlussfolgerung: Die
Vorlufersubstanz 2-SiMes-/CFH wurde mit lod-125
markiert, um den (3,-Adrenozeptorantagonisten
2-'BHCHH zu erhalten, der wegen seiner unspezifischen
Bindung in vivo als Radiotracer ungeeignet scheint.
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Hohe unspezifische

Bindung des 3;-selektiven
Radioliganden 2-'?1-1C1-H

oceptors three distinct subtypes (B,
B,, B;) were identified and a fourth
one was postulated (4):
« [y-adrenoceptor agonists increase heart
rate and myocardial contractibility.
o [,-selective adrenoceptor agents cause
vasodilation and bronchodilation (3).
« The so called atypical B;-adrenoceptors
are involved in lipolysis (1).
« The putative subtype B4-adrenoceptor
was identified in cardiac tissue (2).

S ince the first classification of B-adren-

In the healthy heart, 3;-adrenoceptors play
the major role in the adrenergic control of
myocardial function. Biopsies and studies
post mortem showed that in a number of
heart diseases decreased myocardial [3-
adrenoceptor density is decreased with a
proportionally more pronounced down-
regulation of B;-adrenoceptors (3, 29). Im-
aging techniques, either single photon
emission computed tomography (SPECT)
or positron emission tomography (PET),
with appropriate radioligands offer the
possibility of assessing f-adrenoceptor den-
sity non-invasively in humans (19, 36).
Ligands such as radioiodinated cara-
zolol or iodinated derivatives of CGP 12177
were prepared for imaging [B-adrenocep-
tors with SPECT (7, 32). (S)- 'C-CGP
12177 was used with PET to quantify myo-
cardial -adrenoceptor density in the dis-
eased heart (24, 25, 38). Recently, (S)-'C-
CGP 12388 was presented as a more easily
synthesized radioligand for B-adrenocep-
tors (8,9). None of these radioligands, how-
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ever, are selective for distinct f-adrenocep-
tor subtypes.

The development of radioligands selec-
tive for f-adrenoceptor subtypes would of-
fer the possibility of measuring the changes
in the distribution of subtypes as well as the
total [B-adrenoceptor density. Although
studies of isolated myocardial membranes
showed that the [3,/B,-adrenoceptor ratio
changes in heart disease, subtype selective
radioligands are not available for routine
use in medical imaging (4). A few B;-adren-
oceptor selective radioligands, such as
(+-)-"C-HX-CH 44 (31) and (S)-''C-
bisoprolol (27), however, are in develop-
ment for PET (19).

The compound ICI 89.406 1a (18) is an
example for a designed [3;-selective adreno-
ceptor antagonist. It provokes effective
B-adrenoceptor blockade during exercise in
patients suffering from angina pectoris
(14). 1t is characterized by high affinity and
selectivity for B;-adrenoceptors as well as
by moderate lipophilicity. Furthermore, it is
amenable to labeling with 'C, 8F, or 2.
We predicted that this molecule can be
modified by radiolabelling of either of two
regions without loss of P;-adrenoceptor
affinity. It was selected, therefore, as basic
compound for the development of new
radiotracers for nuclear medical imaging.

Although it is known that the (S)-enan-
tiomers of compounds with a 1-amino-3-
aryloxy-2-propanol substructure are more
potent B-adrenoceptor ligands than the
corresponding (R)-enantiomers (16) we
synthesized a number of racemic com-
pounds with a 1-amino-3-aryloxy-2-pro-
panol core in order to obtain a diverse
range of compounds in a cost-effective and
fast manner (data not shown).

Different substituents were inserted
within both aromatic systems of ICI 89.406
1a. Affinities and selectivities were deter-
mined by using in vitro competition studies
using '»I-iodocyanopindolol (ZI-ICYP)
with mouse ventricular membrane prepara-
tions. As a result we identified 2-1-ICI-H 1b
as potential ligand for in vivo use. After
radiolabeling with %I and ''C it might turn
out as suitable for cardiac SPECT and PET
imaging, respectively.

The aim of the study presented here was
the evaluation of 2-I-ICI-H 1b as putative
subtype selective B;-adrenergic radioligand
for cardiac imaging. Competition studies
with (-)-[*H]JCGP 12177 performed in vivo
in rats confirmed the results obtained in
vitro. Subsequently, the radiolabelled
2-151 -ICI-H 1d was prepared to assess its
binding to isolated myocardial membranes
in vitro and its biodistribution in tissues
after intravenous injection into rats.

Material, animals, methods

Reagents, synthesis of
B;-adrenoceptor antagonists

()-CGP 12177-HCl was supplied by Tocris
Cookson (Bristol, UK). (-)*H-CGP 12177
was purchased from Amersham Pharmacia
Biotech (Amersham, UK). 15I-CYP was
obtained from Perkin Elmer Life Sciences
(Boston, USA). 'I-Nal for the radio-
iodination of the precursor compound was
obtained from Amersham Pharmacia
Biotech (Amersham, UK) with a specific
activity >0.6 TBq/mg iodide. All other
chemicals, reagents and solvents were

NH NH
LT O

Fig. 1 Chemical structure of (3;-adrenoceptor antagonists and precursors; X = (N (compound Ta): ICI 89.406);
X =1 (compound 1b): 2-1-ICI-H; X = SiMe; (compound 1c): 2-SiMes-ICI-H; X = "I (compound 1d): 2-'2-ICI-H
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of analytical grade and purchased from
commercial sources.

The established [;-adrenoceptor antag-
onist ICI 89.406 1a (N-[2-[3-(2-cyano-phen-
0xy)-2-hydroxy-propylamino]-ethyl]-
N’-phenyl-urea) (11, 20) and its iodinated
analogue 2-I-ICI-H 1b (N-[2-[3-(2-iodo-
phenoxy)-2-hydroxy-propylamino]-ethyl]-
N’-phenyl-urea) (Fig. 1) were prepared
from  N-(2-amino-ethyl)-N’-phenyl-urea
hydrochloride, NaOH (10 mol/l), 2-(2-
cyano-phenoxymethyl)-oxirane and 2-(2-
iodo-phenoxymethyl)-oxirane, respectively.
Synthesis was according to the procedure
published elsewhere (18).

Preparation of 2-'2I-IC1-H 1d
and myocardial membranes

2-PLICI-H 1d, N-[2-[3-(2-[**T]iodo-phe-
noxy)-2-hydroxy-propylamino]-ethyl]-
N’-phenyl-urea, was prepared from the
precursor 2-SiMes3-ICI-H 1e¢, N-[2-[3-(2-
trimethylsilyl-phenoxy)-2-hydroxy-propy-
lamino]-ethyl]-N’-phenyl-urea  (39), by
iododemetallation reaction with '>I-Nal.
10 MBq n.c.a.'»I-Nal and N-chlorosuccin-
imide (NCS) were added to 2-SiMes-ICI-H
1c in acetic acid/NaOAc buffer, following
known radioiodination procedures (12).
The radiochemical purity of 2-"*I-ICI-H
1d was >95%. HPLC analysis of the pre-
pared radioligand did not show any radio-
chemical impurities within the y-range and
only the injection peak was detectable
within the UV-range. The authenticity of
the radiochemical product 1d was con-
firmed by the addition of a small amount of
the cold counterpart 1b to the y-fraction of
1d and co-injection onto the HPLC col-
umn. After verification of the authenticity
of the radiosynthesis the product fraction
was evaporated to dryness and redissolved
in varying volumes of a physiological buffer
(10 nmol/l Tris/HCI, 154 nmol/l NaCl,
0.1 mmol/l ascorbic acid, pH 7.4) for phar-
macological studies.

Membranes were prepared by homo-
genizing ventricles from DBA mice at 4°C
for 90 s in 1 ml of a buffer A (pH 7.4)
containing EDTA (10 mmol/), HEPES
(10 mmol/l), benzamidine (0.1 mmol/l),
using a Polytron PT 3000 (Kinematica,



Lucerne, Switzerland) (15). Homogenates
were centrifuged at 45 000 g for 15 min
at 4°C. The pellets were suspended in 1 ml
of buffer B (pH 7.4) containing EDTA
(1 mmol/1), HEPES (10 mmol/l),benzami-
dine (0.1 mmol/l) and recentrifuged at
45000 gfor 15 min at4°C.The pellets were
resuspended in 1 ml of buffer B and centri-
fuged at 10000 g for 10 min at 4°C. The
supernatants were recentrifuged at 45000 g
for 15 min at 4°C. The pellets, partially
enriched with membranes, were resuspend-
ed in buffer C (pH 7.4) containing Tris/HCl
(50 mmol/1), MgCl, (5 mmol/l) and stored
at -80°C.

Binding experiments and
competition studies in vitro

The prepared membranes were resuspend-
ed in buffer D (pH 7.4) consisting of
Tris/HCl (10 mmol/1), NaCl (154 mmol/l),
ascorbic acid (0.1 mmol/l) for the mea-
surement of B-adrenoceptor density using
IZI.CYP. Preliminary studies were carried
out to determine the optimal protein
content and incubation time of the binding
assays. In all subsequent studies 15 pg
membrane protein were incubated with
IZ1.CYP at 37°C for 60 min. Total -
adrenoceptor density was determined by
incubating 15 pg of membrane protein
with increasing concentrations of '>I-CYP
(1-300 pmol/l) in buffer D. Non-specific
binding was measured in the presence of
alprenolol 20 pwmol/l). Reactions were
stopped by filtering onto Whatman GF/B
filters, washed, and the membrane bound
activity was determined in a y-counter. The
maximum number of binding sites (B,
and the dissociation constants (Kp) were
calculated from plots according to the
method of Scatchard (23).

The biological profile of the compound
2-I-ICI-H 1b at ;- and [,-adrenoceptors
was assessed. For these studies, membranes
were incubated with a constant concen-
tration of 'I-CYP (80 pmol/l) and with
varying concentrations of 2-I-ICI-H 1b
(1 pmol/I-100 ymol/1). Competition bind-
ing curves were analyzed by nonlinear
regression analysis as previously described
(6,10).

Statistical analysis was performed using
Student's t test; p <0.05 was considered as
statistically significant.

Animals

Adult male Sprague Dawley rats (250-
320 g) were used. Experiments were
carried out by licensed investigators in
accordance with the British Home Office’s
recommendations in “Guidance on the
Operation of the Animals (Scientific Proce-
dures) Act 1986” (HMSO, February 1990).
Rats were anaesthetised by isoflu-
rane/N,0/O, and catheters (o.d. 1 mm)
were inserted into the ventral tail artery
and one lateral tail vein of each rat (13).
Animals were allowed to recover from the
anaesthesia for 2-3 h. During the stu-
dies rats were conscious but under light
restraint.

Radioligand or unlabelled antagonist
was injected as a bolus (1 pl/g body weight)
via the tail vein. Aliquots of each injectate
were diluted in ethanol/saline and meas-
ured to determine the radioactivity injected
into each animal. Six sequential arterial
blood samples (~100 pl) were drawn from
each animal. An aliquot of whole blood was
taken and the remainder centrifuged to
separate the plasma. Animals were sacri-
ficed by intravenous injection of sodium
pentobarbitone (Euthatal) at 200 mg/kg
body weight at 20 min and tissues rapidly
removed.

The thorax was opened by incision on
each side of the sternum. The heart and
lungs were removed together. The heart
was dissected into 5 regions (left and right
atrial walls, left and right ventricular
walls, interventricular septum) excluding
the heart valves. The individual lobes of the
lung were separated and samples (~50 mg)
taken from each lobe were combined.
Samples (100-200 mg) from liver, kidney,
and striated muscle were also removed.
A sample of urine was taken out of the
bladder. Tissue samples were blotted and
transferred to weighed vials for reweighing
and measurement of radioactivity.
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In vivo competition curves,

biodistribution

Unlabelled drugs were dissolved in
ethanol/saline (50/50, v/v). Appropriate
concentrations of each antagonist were
mixed with (+)-CGP 12177-HCI diluted in
ethanol/saline to give final concentrations
of unlabelled antagonists ranging from
1 nmol/ml to 10 umol/ml with (-)*H-CGP
12177 at ~1.48 MBq/ml, ~0.7 nmol/ml.

In one experiment, (-)*H-CGP 12177
was injected as a bolus (~0.7 nmol/kg,
1 ul/g body weight) via the tail vein 5 min
after predosing animals with a large dose
(10 umol/kg, 1 pl/g) of each unlabelled
antagonist (unlabelled (+)-CGP 12177
HCI, ICI 89.406 1a or 2-1-ICI-H 1b). In all
other experiments, (-)*H-CGP 12177, either
in ethanol/saline or mixed with increasing
concentrations of each unlabelled anta-
gonist, (+)-CGP 12177-HCI, ICI 89.406 1a
or 2-I-ICI-H 1b, was injected as a bolus
(1 pl/g body weight) via the tail vein.
Radioactivity in tissue samples was deter-
mined using an automated liquid scintilla-
tion counter (Beckman LS 6500). Radio-
activity was expressed as dpm/g wet tissue.

Previous experiments (13) showed that
tissue uptake of radioactivity was propor-
tional to the radioactivity injected if
the amount of (-)*H-CGP 12177 was
<1 nmol/g wet tissue. Therefore, to correct
for differences in animal body weight and
injected dose, results were expressed as
uptake index, defined as

radioactivity,,/tissue wet weight : radio-
activityiyieqea/body weight.

2-["1)I-ICI-H 1d (0.7-4.5 MBg/kg body
weight) was injected as a bolus (1 pl/g body
weight) via the tail vein (13, 35, 37).
Aliquots of each injectate were diluted in
ethanol/saline and measured to determine
the radioactivity injected into each animal.
Animals were given unlabelled 2-I-ICI-H
1b (1 pmolkg') or ethanol:saline, the
vehicle for injection, 5 min before injection
of the radioligand. Six sequential arterial
blood samples (~100 pl) were taken from
each animal at selected times after injec-
tion of radioligand. An aliquot of whole
blood was taken and the remainder cen-
trifuged to separate the plasma. Animals

Nuklearmedizin 4/2003



176
|

Riemann et al.

20 1

15 4
i
("]
5
& 10 4
o3
=

5 - ‘

Fig. 2

Radioactivity in fissues
20 min after intravenous
injection  of  (-)*H-CGP
12177 (0.7 nmol/kg) into
rats 5 min after injection
(iv) of: ethanol/saline
(black column), unlabelled
(+) CGP 12177 (1 pmol/
kg) (light gray), un-
labelled 1CI 89.406 Ta
(10 pmol/kg)  (dark
gray), unlabelled 2-1-1CI-H
1b (10 pmol/kg) (white)

were killed at 5-90 min and tissues rapidly
removed.

In the first experiment (6 rats), the head
was removed by large scissors, the brain
separated from the cranium, and brain
regions dissected. Brain dissection was
not carried out in subsequent experiments
(12 rats), but the thyroid was removed.

Other tissues were dissected as described
above. Tissue samples were blotted and
transferred to weighed vials for reweighing
and measurement of radioactivity using
an automated y-counter (Wallac Wizard
37, Perkin Elmer Life Sciences, Boston,
USA). Radioactivity was expressed as
cpm/g wet tissue.

Fig. 3

Uptake of radioactivity in
myocardium and lung of
rat at 20 min after co-
injection (i.v.) of (-)°H-
(GP 12177 (0.7 nmol/kg)
with:

ethanol/saline (o), in-
creasing doses of unlo-
belled (+)CGP 12177/H0
(1 umol/kg) (e ), unla-
belled 1C1 89.406 1a ( &),
unlabelled  2-1-ICI-H 1b
(v)

Each symhol represents
the value for an individual
rat. The solid lines indicate
values for the adminis-
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Results

Competition studies of
B;-adrenoceptor analogues

In vitro studies

The Scatchard transformation of the
binding of increasing concentrations of the
non-selective B-adrenoceptor antagonist
I5[-CYP to murine myocardial membranes
resulted in a linear curve. The correlation
coefficient was >0.95. Ky and B,,,, values
determined from three experiments for the
binding were 32.3 + 1.9 pmol/l and 38.6 +
2.9 fmol/mg protein, respectively.

In in vitro competition studies ICI
89.406 1a and its iodinated analogue 2--
ICI-H 1b competed for '»I-CYP binding
sites in mouse ventricular membrane pre-
parations. From these inhibition curves, the
ICy, values of both compounds were calcu-
lated by nonlinear regression analysis.
Then, these ICs values were converted into
the high- and low-affinity inhibition
constants (K;; and Ky,) using the Ky, value
of 'I-CYP by the method of Cheng and
Prusoff (5). Mean values (4 experiments)
of Ky; and Ky, of ICI 89.406 1a were 1.3 +
0.2 nmol/l and 160 + 40 nmol/l, respec-
tively. Corresponding values for 2-1-ICI-H
1b (6 experiments) were 0.045 =+ 0.005
nmol/l and 12 + 2 nmol/l, respectively.
The ratios between K, and Kj; represent
the [;-selectivities of the compounds
tested. The selectivity of 2-I-ICI-H 1b
(Kp/Ky; = 266 + 28) was greater than that of
ICI 89.406 1a (K;p/Ky; = 121 + 14).

The compound 2-I-ICI-H 1b had a high
affinity to [-adrenoceptors, was highly
selective for PB;-adrenoceptors but had a
relatively high lipophilicity at physiological
pH (logD = 1.19). This compound and the
key compound |Cl 89.406 1a (logD = 0.44)
were assessed in vivo against (-)*H-CGP
12177.

In vivo studies

The clearance of radioactivity from plasma
after intravenous injection of (-)*H-CGP
12177 into rats was rapid. Predosing
rats with unlabelled (+)CGP 12177/HCI
reduced the clearance. Unlabelled 2-1-ICl-



H 1b or ICI 89.406 lareduced the clearance
of radioactivity from plasma but to a lesser
extent (data not shown).

The distribution of radioactivity in rat
tissues is illustrated in figure 2. Predosing
with unlabelled (+)CGP 12177/HCI signi-
ficantly decreased the radioactivity in
myocardium and lung but not in the other
analysed tissues. Predosing with 10 pmol/
kg unlabelled 2-1-1CI-H 1b or ICI 89.406 1a
reduced the uptake of radioactivity in the
myocardium to a similar extent as (+)CGP
12177/HCI, but they exerted a weaker
effect on uptake in the lung. This differen-
tial effect is compatible with published data
showing that the proportion of f;- to
B,-adrenoceptors in rat heart and lung
differ. The majority of B-adrenoceptors in
rat myocardium are of the subtype B
(61%) whereas in the lung the subtype B, is
predominant (80%) (21, 30).

The effects of coinjecting unlabelled
(£)CGP 12177/HCI, (+)ICI 89.406 1a or
2-I-ICI-H 1b with (-)*H-CGP 12177 are
illustrated in figure 3. Increasing the dose
of (x)CGP 12177/HCl decreased the
uptake of radioactivity in myocardium and
lung, indicating competition for uptake
sites in these tissues, but not in liver, kidney
or muscle (data not shown).

Both ICI 89.406 1a and 2-I-ICI-H 1b
competed with (-)*H-CGP 12177 in the
myocardium and in the lung. In the myo-
cardium high doses of antagonists reduced
the uptake of radioacitivity to that
observed after large doses of (+)CGP
12177/HCI but there was no evidence of
differential binding to two subtypes of re-
ceptor. In the lung, however, neither ICI
89.406 1a nor 2-I-ICI-H 1b reduced uptake
to that observed for predosing with
(£)CGP 12177/HCL.

To compare the binding potential of the
three antagonists to myocardium, the data
were fitted to an equation of the form:

uptake index = B + (Bmax/KCGP 12177)*[1/(1
+ClKeopram + UKicrsoas + Ko ricrn)]

B: non-displaceable background, B,
maximal number of binding sites (pmol/g
wet tissue), C: injected (+)CGP 12177/HCI
(nmol/kg body weight), I: injected ICI
89.406 (nmol/kg body weight), J: injected
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Fig. 4 Binding of 'I-CYP and 2-'BI-ICI-H 1d to murine myocardial membranes incubated with: radioligand (black
column), radioligand with 4.6 nmol/! of unlabelled 2-1-1CI-H 1d (light gray), 20 pmol/! alprenolol (dark gray)

2-I-[ICI-H  (nmol’kg  body  weight),
Kcgpizizr: half saturation dose for (£)CGP
12177/HC1  (nmol’kg body  weight),
Kicigo 06 half saturation dose for ICI 89.406
(nmol/kg body weight), K, 1 jcr.q: half satu-
ration dose for 2-I-ICI-H (nmol/kg body
weight).

Non-linear least-squares estimates of
the parameters were obtained simultane-
ously using an iterative algorithm (17) with
B as a constant, C, I, and J as independent
variables, uptake index as the dependent
variable and By, Kegpii, Kicrso.os and
Ks.ricry as the fitted variables. Computed
values for By, Kcegpioir Kicisoos and
K, 11ci.g With standard errors were 4.7 +
0.9 pmol/g wet tissue, 0.58 + 0.24 nmol/
kg body weight, 15 + 4 nmol/kg body

weight, and 140 = 35 nmol’kg body
weight, respectively. The lines of best fit are
shown in figure 3.

A similar analysis could not be carried
out for the data from the lung, since it was
impossible to inject sufficient ICI 89.406 1a
or 2-I-ICI-H 1b to reduce radioactivity
to background (B). Lung data obtained
for (£)CGP 12177/HCI were fitted to the
following equation:

uptake index = B + (Bpu/Kegp 12177)*[1/
1+(C/Kegpiarm)]-

Computed values, with standard errors, for
B and Kegppazz were 74 £ 10 pmol/g
wet tissue, and 3.6 = 0.6 nmol/kg body
weight, respectively.

Fig. 5
Radioactivity in tissues 20
min after infravenous in-
jection of 2-'ZLICIH 1d
info rats (means with stan-
dard errors shown for 3
rats/group) 5 min after
injection (i.v.) of: ethanol/
saline (black column) or
unlabelled 2--1CI-H 1b
(1 pmol/kg) (gray)

Uptake index

- =
; & R
& &
e Q¥

Nuklearmedizin 4/2003



178
L

Riemann et al.

In vitro and in vivo binding studies
of 2-'21-IC1-H 1d

The in vitro binding of the [;-selective
adrenoceptor antagonist 2-'>I-ICI-H 1d
was compared to that of the nonselective
B-adrenoceptor antagonist 'I-CYP (Fig.
4). Using the three-fold K, concentration
total binding of both radioligands was

comparable. Radioligand binding in the
presence of an excess of the nonselective
B-adrenoceptor  antagonist  alprenolol
(20 umol/l) yielded a higher non-specific
binding of 2-'I-ICI-H 1d as compared to
I2I-.CYP. In addition, binding assays in the
presence of 4.6 nmol/l unlabelled 2-I-1CI-H
1b, a concentration at which ;- in contrast
to [,-adrenoceptors are occupied, were
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used to discriminate further between spe-
cific binding to ;- and P,-adrenoceptors.
I5[-CYP binding was reduced to a larger
extent by alprenolol than by 2-I-ICI-H 1b
revealing specific binding to both ;- and
B,-adrenoceptors. In contrast, 2-">I-ICI-H
1d binding was reduced to the same extent
both in the presence of 2-1-ICI-H 1b as well
as in the presence of alprenolol indicating
distinct binding to [3;- but not B,-adreno-
ceptors.

The first in vivo study assessed the effect
of increasing the amount of 2-'>I-ICI-H 1d
(0.75, 1.5, or 4.5 MBq/kg) injected either
5 min after ethanol/saline or 5 min after
unlabelled 2-1-ICI-H 1b. Rats were killed
at 20 min after injection of radioligand.
Uptake in all tissues increased linearly
with injected dose, predosing with 2-1-1CI-H
1b had no effect. Therefore, to correct for
differences in body weight and injected
dose, results were expressed as an uptake
index, as defined above for (-)*H-CGP
12177.

The distribution of radioactivity in rat
tissues at 20 min after injection of 2-'%I-
ICI-H 1d is illustrated in figure 5. Predosing
with unlabelled 2-1-ICI-H 1b did not
decrease the uptake of radioactivity.

Figure 6 shows the radioactivity in
plasma, myocardium, lung, and liver as a
function of time after injection of 2-'-
ICI-H 1d. The clearance of radioactivity
from plasma after intravenous injection of
2-LICI-H 1d into rats was rapid and
predosing rats with unlabelled 2-1-1CI-H 1b
had little effect. In the tissues, the maximal
uptake was observed at 2 min after injec-
tion. Afterwards, a loss in radioactivity was
observed. It was more rapid in liver and
lung than in myocardium. Predosing with
unlabelled 2-1-ICI-H 1b had little or no
effect on the uptake or loss of radioactivity.

Discussion

In the adrenergic control of myocardial
function f;-adrenoceptors play the major
role and account for 70-80% of cardiac
B-adrenoceptors. In cardiac biopsies of
patients suffering from chronic heart
failure a selective reduction in cardiac



B;-adrenoceptors was found while changes
in cardiac [3,-adrenoceptors varied (3, 28).
Therefore, a procedure for visualization
and quantification of f;-adrenoceptor po-
pulations rather than total B-adrenoceptor
densities in the heart would be of great
clinical interest (26). With suitable radio-
pharmaceuticals SPECT and PET offer the
opportunity to probe [-adrenoceptors
non-invasively (22).

First attempts were undertaken to
develop PB;-selective radioligands potential-
ly suitable for cardiac receptor imaging.
The most selective fB;-adrenoceptor ligand
known is CGP 26505, the (S)-isomer of
CGP 20712A (33). However, ''CGP 26505
showed a relatively high non-specific
binding and a rapid metabolism in vivo
(34). Concordantly, the B;-selective radio-
ligands "'C-bisoprolol and (+)"'C-HX-CH
44 showed a high degree of non-specific
binding in lung tissue that masked the heart
uptake, thus limiting their use for heart
studies with PET (27, 31). To sum up, no
B-selective radioligand suitable for the
non-invasive assessment of cardiac [;-
adrenoceptors is clinically established
neither for SPECT nor for PET imaging.

We chose IClI 89.406 la as the key
compound for f;-adrenoceptor radioligand
development on the basis of its high affinity
and selectivity for [-adrenoceptors,
moderate lipophilicity (logD = 0.44) and
amenability to labeling with %I and ''C.

A promising B-selective derivative of
ICI 89.406 1a was the iodinated analogue
2-I-ICI-H 1b. In vitro competition studies
using mouse ventricular membrane pre-
parations showed its high affinity to
B-adrenoceptors and its high selectivity for
B;-adrenoceptors (Kp,/Ky; = 265). Howev-
er, its lipophilicity (logD = 1.19) is higher
than that of the parent compound (logD =
0.44). The key compound ICl 89.406 1a and
2-I-ICI-H 1b were assessed in vivo in rats
against (-)°’H-CGP 12177. Both ICI 89.406
1a and 2-I-ICI-H 1b competed with (-)*H-
CGP 12177 in the myocardium and in the
lung. In the myocardium a higher dose of
2-I-ICI-H 1b (~10 pmol/kg) than ICI 89.406
1a (~1 umol/kg) was needed to block the
uptake of (-)*’H-CGP 12177 radioactivity
but there was no evidence of differential
binding to two subtypes of receptor.

In contrast to the myocardium, ICI
89.406 1a and 2-I-ICI-H 1b had similar
effects on the uptake of (-)*H-CGP 12177
radioactivity in lung. Even at high doses,
neither antagonist reduced lung uptake to
that observed for predosing with (+)CGP
12177/HCI. These results are consistent,
however, with both ICI 89.406 1a and its
analogue 2-I-ICI-H 1b being selective for
B;-adrenoceptors as it is known that about
61% of B-adrenoceptors in rat myocardium
are of the f;-subtype whereas around 80%
of B-adrenoceptors in lung are of the [3,-
subtype (21, 30).

The silylated precursor, 2-SiMes-ICI-H
1c, was synthesized and used to prepare
radiolabelled 2-'>I-ICI-H 1d as a potential
radioligand for the non-invasive assess-
ment of (;-adrenoceptors in the heart. The
binding of this radioligand was assessed in
vitro and in vivo. 2-'*I-ICI-H 1d showed a
considerably higher non-specific binding in
vitro than the non-selective reference
substrance 'PI-CYP. These findings were
confirmed in vivo at different concentra-
tions of 2-"I-ICI-H 1d. In biodistribution
studies in rats no detectable displacement
of lung or heart radioactivity concentration
was observed after pretreatment with
propranolol or 2-I-ICI-H 1a. This may be
due in part to its relatively high lipophilicity
after substitution of the cyano moiety by
iodine. Therefore, the lack in specific bind-
ing of 2-'I-ICI-H 1d to the myocardium
in vivo may be due to its high degree in
non-specific binding.

Furthermore, the prepared 2-'*I-ICI-H
1d was a racemic mixture. It is known that
the (S)-enantiomers of compounds posess-
ing the 1-amino-3-aryloxy-2-propanol
substructure are more potent -adrenocep-
tor ligands than the corresponding (R)-
enantiomers (16). With respect to the
non-selective [(-adrenoceptor antagonist
SH-CGP 12177, specific uptake of both
(£)°H-CGP 12177 and (-)*H-CGP 12177 to
myocardium and lung was observed in vivo
in rats (13). However, the racemic mixture
of 2-'I.ICI-H 1d showed no specific
binding at all. Therefore, it is unlikely that a
sufficient specific binding will be obtained
by its pure (S)-enantiomer.
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Conclusion

The racemic [3;-adrenoceptor radioligand
2-I.ICI-H 1d has been evaluated both
in vitro and in vivo. Because of its high
non-specific binding it turned out as not
suitable for SPECT or PET imaging in vivo
using 12T and 'C, respectively. Future stud-
ies will concentrate on the preparation of
the (S)-enantiomer of the more hydrophilic
2-5LICI-COOH (logD = 0.77) and on
further derivatives of 1Cl 89.406 1a as puta-
tive subtype selective f;-adrenergic radio-
ligands for SPECT or PET.
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