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Development of Radioligands for the Imaging of Cardiac 
P-Adrenoceptors Using SPECT. Part II: Pharmacological 

Characterization In Vitro and In Vivo of New ‘231-Labeled 
P-Adrenoceptor Antagonists 

Eric A. Dubois,J’2 G. Aernout Somsen,3 Jan C. van den Bo~,~ 
Anton G . M. Jamsen, 4 Hurry D. Batidq2 Gerard J. Boer,’ Eric A. van Royen,’ 

Martin Pfuffendorf’ and Pieter A. uun Zwieten2’3 
DEPARTMENTS OF ‘NUCLEAR MEDICINE, ‘PHARMACOTHERAPY AND 3CARDIOLOGY, ACADEMIC MEDICAL CENTER, 

UNIVERSITY OF AMSTERDAM, MElBERGDREEF 9, 1105 AZ AMSTERDAM, THE NETHERLANDS AND ‘CYGNE B.V. EINDHOVEN 

UNIVERSITY OF TECHNOLOGY, EINDHOVEN, THE NETHERLANDS 

ABSTRACT. Cardiac P-adrenoceptors are assumed to play a key role in chronic heart failure. Although 
several radioligands labeled with “C or ‘*F have been synthesized for imaging purposes with positron 

emission tomography (PET), so far no optimal ligands are available to image cardiac P-adrenoceptors using 
single photon emission tomography (SPECT). In the present study, we characterized four new synthesized 
analogues of the nonselective P-adrenoceptor antagonist 4-(3-t-butylamino-2-hydroxypropoxy)- 
benzimidazol-2-one (CGP12177) d an one analogue of the nonselective P-adrenoceptor antagonist penbuto- 
101. Using classical in vitro displacement studies with left ventricular tissue of New Zealand White rabbits and 

[‘251]iodocyanopindolol as a radioligand, binding affinity to the receptor was determined. From the four 
analogues, only (2’S,2”E)- [4-(3’-( l”,l’‘-d imethyl-3”-Iodo-2”propenylamino)-2’-hydroxypropoxy)]- 
benzimidazol-2-one proved to have a high affinity, with & = 1.25 2 0.09 nM, n = 3. The other analogues 

showed relatively low affinity, with K-values > 1 nM. The analogue of penbutolol ((S)-(-)-[l-(2- 
Iodophenoxy)]-3’s(tert-butylamino)-2’-propanol) also showed a & value of 0.64 * 0.26 nM, n = 3. Subse- 
quently, (2’S,2”E)-[4-(3’-( 1”,l”-dimethyl~3”-Iodo-2”propenylamino)-2’-hydroxypropoxy)]-benzimidazol-2- 

one and (S)-(-)-[ 1-(2-Iodophenoxy)]-3’-(tert-butylamino)-2’-propanol were radioactively labeled with lz31 
to study their biodistribution in New Zealand White rabbits and to determine specific binding. Significant 
uptake was observed in both lungs and left ventricles. However, both compounds showed high nonspecific 
binding in vivo because uptake of the radioligand could not be inhibited by preinjection of different (selective- 
and nonselective-adrenoceptor antagonists and hydrophilic and lipophilic antagonists) antagonists. In con- 

clusion, although two analogues showed reasonable affinity in vitro for the receptor, their binding in vivo 
proved to be largely nonspecific, suggesting that these two compounds are unsuitable for imaging purposes. 
However, because marked differences in affinity for the receptor were observed with only little structural 
changes between compounds, the present results offer future perspectives for the synthesis of a more specific 
radioligand. Copyright 0 1997 Eke&r Science Inc. NUCL MED BIOL 24;1:9-13, 1997. 
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INTRODUCTION 

Congestive heart failure is accompanied by a significant increase in 

sympathetic activity and a subsequent decrease in P-adrenoceptor 

density. In patients with heart failure, enhanced sympathetic activ- 

ity leads to an increase in the release of the catecholamines nor, 

adrenaline and adrenaline. These neurotransmitters, as well as ex- 

ogenous agonists induce desensitization and subsequent downregu, 

lation of P-adrenoceptors (l-6). This downregulation has been 

established mainly in vitro, using homogenates of left ventricular 

tissue obtained during surgery or postmortem, as well as in animal 

models. Newly developed therapeutic strategies in patients with 
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congestive heart failure, such as the use of low-dose P-adrenoceptor 

antagonists, are aimed at reversing the neuro-endocrine changes 

observed in these patients. For this reason, it would be useful to 

assess P-adrenoceptor density in such patients before, during, and 

after pharmacological intervention, especially because little is 

known on the time course of changes in receptor density during the 

process of the disease, the spatial distribution of these receptors, the 

possible changes that occur during the disease and as a result of 

treatment. Because an increase in sympathetic activity is known to 

be closely related to the stage of the disease and its prognosis, it 

would be of clinical importance to image, and, if possible, quantify 

these receptors in vivo in patients with heart failure. 

Single photon emission tomography (SPECT) and positron emis- 

sion tomography (PET) both offer the possibility to design a non- 

invasive method to image P-adrenoceptors, if a suitable radioligand 

is available. Several attempts have been made to develop such 

radioligands. A variety of P-adrenoceptor antagonists have been 

labeled with “C or ‘sF in order to obtain potential PET-ligands. 
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TABLE 1. Inhibition Constant & and Relative Binding AF- 
finity (RBA) Values of CYBL3, CYBL4A, CYBL4E, 
CYBLSA, and CYBL6 as Compared to (S)-CGP12177 Ob- 
tained From Displacement Experiments Established in Ho- 
mogenates of Left Ventricular Tissue of New Zealand White 
Rabbits With [ 1251]-Iodocyanopindolol as the Radioligand 

Compound Ki (nmohl) RBA (%) 

(S)-CGP 12177 0.83 + 0.11 100 

CYBW 0.64 t 0.26 129 
CY BL4A 270 f  67* 0.31 
CYBL4E 18.4 k 2.3* 4.5 
CYBLSE 1.25 + 0.09 66.4 
CYBL6 11.7 + 2.5” 7.1 

Data are expressed as mean + S.E.M. (n = 3-5). 
*p < 0.05 versus (S)-CGP12177. 

However, limited success has been achieved so far due to the fact 

that most antagonists showed a high degree of nonspecific binding, 

or insufficient affinity for the receptor. CGP12177 (4-(3-t- 

butylamino-2-hydroxypropoxy)-benzimidazol-2-one) is a well 

known, potent nonselective P-adrenoceptor antagonist that has 

been labeled successfully with “C, although its specific activity 

showed a wide variety (from 400 to 1,300 mCi/mmol) at the time 

of injection (7-9). 

At present, no optimal radioligands are available for B-adreno, 

ceptor imaging using SPECT. Several investigators have studied the 

possible use of iodocyanopindolol labeled with “‘1 or rz31 as a 

radioligand. Unfortunately, although this compound showed high 

affinity for the P-adrenoceptor, it also displayed significant affinity 

for serotonergic receptors. 

The present study was undertaken to develop and evaluate new 

radioligands for the imaging of P-adrenoceptors using SPECT. Sev- 

eral analogues of CGP12177 were evaluated. In addition, an iodin- 

ated compound with a high stereochemical resemblance to the non- 

selective P-adrenoceptor penbutolol was examined. An accompa- 

nying paper describes the synthesis of these compounds, which have 

been characterized pharmacologically in the present study. Further- 

more, the biodistribution of two of these compounds, which may 

potentially useful radioligands, was established in rabbits. 

E. A. Dubois et al. 

MATERIALS AND METHODS 
Synthesis of CYBL3, CYBLAA, 
CYBIAE, CIBLSE, and cyBL6 

The (radio)synthesis and molecular characterization of the B-adre- 

noceptor ligands applied in the present study have been described in 

an accompanying paper. 

In Vitro Analysis 

ANIMALS. All animal experiments were conducted after approval 

by the Animal Ethics Committee of the University of Amsterdam. 

Male New Zealand White rabbits weighing 1.5-2.5 kg, were an- 

aesthetized with an intramuscular injection of xylazine (5 mg/kg) 

and ketamine (30 mg/kg), and subsequently sacrificed by an intra- 

muscular injection of pentobarbital (200 mg/kg). The thorax was 

opened and the heart was rapidly removed. The left ventricle was 

dissected, rinsed in 10 mL ice-cold 1 mM KHCO,. and freeze- 

clamped in liquid nitrogen. The lungs were rinsed in 10 mL 20 mM 

NaHCO, and also freeze clamped. Both preparations were stored at 

-80°C until used for radioligand binding experiments. 

RADIOLIGAND DISPLACEMENT EXPERIMENTS. Membrane prepara- 

tions of the left ventricles and lungs were used for radioligand dis- 

placement experiments. With some modifications, the method de- 

scribed by Engel et al. (10) was used: 100 mg left ventricular tissue 

was minced with scissors and homogenized in 10 mL ice-cold 1 mM 

KHCO, by a Polytron homogenizer (full speed 3 x 5 s). The ho- 

mogenate was centrifuged at 1,000 x g for 20 min. The supematant 

was filtered through four layers of cloth gauze and centrifuged at 

45,000 x g for 20 min. The pellet was resuspended, homogenized, 

and diluted to a level of 100 mL/g wet weight in incubation buffer 

(10 mM Tris/HCl, 154 mM NaCl, and 0.01% ascorbic acid, pH 

7.4). Lung tissue was prepared using the method described above for 

the preparation of left ventricular tissue, but with the use of 20 mM 

NaHCO, instead of 1 mM KHCO,, and by diluting the preparation 

to 400 mL/g wet weight instead of 100 mL/g wet weight. Aliquots 

of the membrane suspension (150 FL) were incubated with 50 PL 

[1251]iodocyanopindolol (ICYP) m a final concentration of 4.5 X 

lo-” M, and 50 ~.LL of one of the iodinated compounds in final 

concentrations ranging from lo-” to maximally 1O-3 M. The in- 

cubation was terminated by adding 3 mL ice-cold incubation buffer 

TABLE 2. Biodistribution Pattern of [ ‘Z31]CYBL5E in Anaesthetized New Zealand White Rabbits After Intravenous Injection 
of 50 pCi [‘231]CYBL5E 

Smirk 30 min lh 2h 4h 6h 24 h 

Left atrium 0.49 * 0.13 0.42 +_ 0.03 0.40 f  0.06 0.27 + 0.07 0.23 f  0.02 0.14 + 0.02 0.02 k 0.002 
Right atrium 0.42 + 0.08 0.29 + 0.03 0.28 f  0.04 0.24 + 0.02 0.18 f 0.01 0.12 * 0.004 0.09 * 0.002 
Left ventricle 0.90 k 0.09 0.65 k 0.03* 0.50 f  0.06 0.32 k 0.04 0.18 f 0.01 0.07 k 0.03 0.02 * 0.002 
Right ventricle 0.72 k 0.11 0.51 * 0.02 0.39 f  0.03 0.27 k 0.03 0.15 + 0.01 0.15 f  0.06 0.02 k 0.008 
Lung 3.37 * 0.33 2.07 + 0.07* 1.32 k 0.07* 0.79 * 0.13 0.53 k 0.05 0.29 + 0.02 0.06 f  0.005 
Intestine 0.28 + 0.03 0.32 + 0.08 0.32 + 0.11 0.35 * 0.05 0.10 + 0.02 0.14 + 0.02 0.13 f  0.07 
Spleen 0.61 * 0.14 0.41 i 0.04 0.79 * 0.37 0.20 + 0.02 0.15 + 0.01 0.06 + 0.005 0.03 +_ 0.007 
Liver 1.20 f 0.04 0.81 + 0.12 0.40 k 0.16* 0.36 k 0.13 0.17 + 0.001 0.12 + 0.01 0.03 * 0.001 
Kidney 2.78 f  0.33 1.42 k 0.33* 1.01 f  0.17 1.01 f  0.35 0.38 + 0.06 0.31 * 0.11 0.06 + 0.008 
Fat 0.06 f  0.006 0.05 k 0.007 0.03 + 0.002* 0.02 f  0.003 0.01 + 0.001 0.008 k 0.001 0.003 ?r 0.001 
Muscle 0.07 f  0.006 0.05 f  0.003 0.05 T 0.006 0.05 * 0.01 0.06 k 0.006 0.06 + 0.003 0.02 f  0.003* 
Brain 0.01 + 0.0004 0.007 + 0.001* 0.007 * 0.001 0.006 f  0.001 0.005 ? 0.001 0.003 + 0.001 0.001 f  0.0001 
Blood 0.08 k 0.007 0.04 f  0.003” 0.04 r 0.004 0.03 + 0.005 0.03 f  0.001 0.03 + 0.001 0.03 + 0.002 

Data are expressed as mean (% ID x kg body weight/g tissue) k S.E.M., n = 3 per time point. 
* p < 0.05 vs. previous time point. 
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FIG. 1. In vivo inhibition of uptake of radioactivity in lung 

(upper panel), and left ventricular tissue (lower panel) after 
the intravenous injection of [ 1231]CYBL5E in the presence of 

a 5,OOOMfold excess of the P-adrenoceptor antagonists 
CGP12177, ICI118,551, (+)propranolol, -(-)propranolol, 
and atenolol. Data are expressed as means * SEM (% I.D. x kg 
body weight/g tissue, n = 3 per time point). 

to the entire mixture followed by rapid vacuum filtration through 

Whatman GF/C filters. Filters were washed twice with incubation 

buffer (3 mL), and counted for radioactivity at 74% efficiency in a 

Beckman y-counter. Nonspecific binding of ICYP to the membrane 

suspension was defined as the radioactivity bound in the presence of 

a high concentration of 10e5 M (k) CGP12177. Specific binding 

was defined as the total minus the nonspecific binding. Besides the 

newly synthesized iodinated compounds, we also tested the affinity 

of CGP12177 and penbutolol. 

CALCULATIONS. Displacement curves were fitted to the indi- 

vidual binding data by a computer program based on a sigmoidal 

model for a single receptor subtype (GraphPad, Software, San 

Diego, California, USA). The inhibition constant (K,) was derived 

from the equation K, = E&o/( 1 + L/KJ, where L equals the con- 

centration of the radioligand ICYP and Kd equals the affinity con- 

stant of ICYP for the B-adrenoceptor. In order to compare the 

affinity of different compounds, relative binding affinity (RBA) was 

calculated for each compound by dividing the K, value of each new 

agent by the K, of the most potent compound (x 100%). 

Biodistributim Studies 

Male New Zealand White rabbits weighing 2.5-3.5 kg were anaes- 

thetized with an intramuscular injection of xylazine (5 mg/kg) and 

ketamine (30 mg/kg). Subsequently, the animals received 50 PCi 

[1231]CYBL5E or [‘231]CYBL3 (specific activity >5,000 Ci/mmol) 

intravenously via an ear vein. Animals were sacrificed at 5, 15, 30, 

60, 120, 240 min, and 24 h after injection by intramuscular injec- 

tion of pentobarbital 200 m&g (n = 3 per time point). Blood was 

removed by a vacuum pump via an intracardial puncture. The or- 

gans were removed and weighed. Subsequently, radioactivity per 

individual organ tissue was measured using a y-counter (Auto- 

Gamma 5000, Packard Instruments Company, Downers Grove, IL, 

USA) at 51% efficiency, corrected for decay, weight, and body 

weight, and expressed as % injected dose (% I.D.) x kg body 

weight/g tissue. 

In an additional experiment, animals received an intravenous 

injection of 0.1 pmol (t)propranolol, ICI118,551, CGP12177, 

-( -)propranolol, or atenolol IV, or a vehicle injection, 10 min prior 

to the administration of the radioligand to establish nonspecific 

binding of the radioligand to the receptor (n = 5). These animals 

were sacrificed 4 h after the administration of the radioligand, when 

[‘231]CYBL5E was used and 1 h after injection when the radioligand 

was [‘231]CYBL3. 

STATISTICAL ANALYSIS. Data are expressed as means f SEM. Sta- 

tistical analysis of the results was performed using a nonparametric 

Mann-Whitney test. For the biodistribution studies, ANOVA with 

a Bonferroni test was performed. A p value < 0.05 was considered to 

indicate statistical significance of differences. 

DRUGS USED. (?)-CGP 12177 was obtained from Ciba-Geigy 

(Basel, Switzerland). ICYP (specific activity 2,200 Ci/mmol) was 

provided by Du Pont de Nemours, New England Nuclear (Boston, 

Massachussets, USA). Newly synthesized compounds were provided 

by Cygne B.V., Technical University Eindhoven, The Netherlands. 

All other chemical compounds were obtained from Sigma Chemical 

Co (St. Louis, MO, USA). 

RESULTS 

Radioligmd Binding Experiments 

The different K, values as well as the relative binding affinity values 

for the compounds studied are summarized in Table 1. CYBL4A 

proved to be significantly less potent than all other compounds used 

(K, + SEM in nM: 270 + 67, n = 3). CYBL4E (K, = 18.4 + 2.3 nM, 

n = 3) and CYBL6 (K, = 11.7 f 2.5 nM, n = 3) were nearly 

equipotent, both of them more potent than CYBL4A, but far less 

potent than CGP12177 (p < 0.05). CYBL5E (Ki = 1.25 + 0.09 nM, 

n = 3) and CYBW (K, = 0.64 * 0.26 nM, n = 3) showed similar 

affinity for the receptor, which did not differ from that of 

CGP12177 (K, = 0.83 f 0.11). 

These in vitro experiments indicate that CYBL5E and CYBW 

may be potentially suitable radioligands for imaging purposes, be- 
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cause their affinity for the receptor was relatively high and compa- 

rable to that of CGP12177. Therefore, in a subsequent study in 

vivo, ‘231-labeled CYBWE and CYBW (specific activity > 5,000 

Ci/mmol) were administered to New Zealand White rabbits to study 

the biodistribution of these compounds and to determine their spe- 

cific binding in vivo. 

f 0.02 was found for the brain. Maximal uptake was observed at 1 

h p.i. (0.37 c 0.01). 

Uptake in the lungs and left ventricle of [‘231]CYBL3 could not 

be blocked by a preinjection of 0.1 mmol (k) propranolol (Fig. 2). 

No displacement of [ 1231]CYBL3 was observed in other tissues rich 

in P-adrenoceptors, such as brain and kidneys. 

Biodistribution Studies DISCUSSION 

['231]CYF3L5E. The biodistribution pattern of [‘231]CYBL5E is sum- 

marized in Table 2. Radioactivity in the left ventricle of New Zeal- 

and White rabbits reached maximal values 5 min after the intra- 

venous injection of [‘231]CYBL5E (0.90 f 0.09% I.D. x kg body 

weight/g tissue, n = 3). After this time point, radioactivity decreased 

to reach a value of 0.07 + 0.03 at 6 h postinjection (p.i.; Fig. 3). 

Radioactivity in the lungs was substantial, with 3.37 f 0.32% I.D. 

x kg body weight/g tissue at 5 min after injection. Subsequently, 

radioactivity in the lungs decreased over time and amounted to a 

value of 0.29 + 0.02 at 6 h p.i.. Blood, muscle, and fat showed 

relatively low uptake values (ranging from 0.01 to 0.08% I.D. x kg 

body weight/g tissue). 

In this study, five new compounds were investigated for their bind- 

ing potency for the P-adrenoceptor: four different analogues of the 

potent, nonselective P-adrenoceptor antagonist CGP12177 

(CYBL4A, CYBL4E, CYBL5E, and CYBM) and one iodinated de- 

rivative of penbutolol, a nonselective P-adrenoceptor antagonist 

(CYBL3). 

The uptake of [‘231]CYBL5E in the lungs, established at 4 h p.i., 

could not be blocked statistically significant by 0.1 mmol (k) pro- 

pranolol, ICI118,551, -(-)propranolol, or atenolol. Only 

CGP12177 inhibited the uptake in the lungs slightly, although this 

effect did not reach statistical significance (Fig. 1, upper panel). A 

similar pattern was observed for the uptake of CYBL5E in the left 

ventricle (Fig. 1, lower panel). 

[1z3~]~~~3. The biodistribution pattern of [1231]CYBL3 is sum- 

marized in Table 3. Injection of [1231]CYBL3 resulted in a maximal 

uptake by the left ventricle of 0.91 ? 0.05% I.D. x kg body weight/g 

tissue (n = 3) 30 min after injection. After this time point, radio- 

activity decreased over time and amounted to 0.07 ? 0.02 at 6 h p.i. 

High uptake in the lung was observed (16.7 * 0.4% I.D. x kg body 

weight/g tissue at 5 min p.i.) and also decreased over time (0.40 f 

0.09 at 6 h p.i.). Similarly, as observed for [‘231]CYBL5E, blood, 

muscle, and fat showed a relatively low uptake (values ranging from 

0.01 to 0.08% over the complete time span). In contrast to 

[1231]CYBL5E, which was hardly taken up by the brain, [1231]CYBL3 

displayed high uptake by the brain. Five minutes p.i., a value of 0.3 1 

Classical in vitro displacement experiments using homogenates 

of left ventricular tissue clearly demonstrated that CYBL4A, 

CYBL4E, and CYBL6 had a low affinity, compared to the reference 

antagonist CGP12177. In contrast, the P-adrenoceptor affinity of 

CYBW and CYBL5E proved approximately as high as that of 

CGP12177. An interesting phenomenon is the apparent crucial 

role of the alkylamino moiety in the side chain of CGP12177 and 

its analogues with respect to their specificity and affinity. When 

CYBWE and CGP12177 are compared, it is remarkable that sub- 

stitution of one of the methylgroups of the tert-butylamino moiety 

of the latter for an iodovinyl group results in a ligand with compa- 

rable affinity. This result suggests that the dimethyliodopropenyl- 

amino function of CYBWE might b e a substitute for the well known 

tert-butylaminofunction in the phenoxypropanolamines. In this 

way, a vast number of ligands suitable for labeling with 1231 are 

obtainable, because many representatives of this class have been 

reported and are in clinical use (11-12). When the two methyl- 

groups of CYBL5E are replaced for hydrogen atoms, the resultant 

ligand (CYBL4E) is approximately 15 times less potent. A shift of 

the iodine in the latter resulted in a decline in affinity of the 

resultant regioisomer CYBL4A. The low affinity of CYBL4A might 

be explained by the position of the iodine, which is apparently too 

close to the N-position of the side chain, because this N-atom is 

part of the phenoxypropanolamine moiety known to be essential for 

binding to the adrenergic receptor (1 l-l 2). The introduction of the 

E. A. Dubois et al. 

TABLE 3. Biodistribution Pattern of [‘231]CYBL3 in Anaesthetized New Zealand White Rabbits After Intravenous Injection 

of 50 pCi [ 1231]CYBL3 

Left atrium 
Right atrium 
Left ventricle 
Right ventricle 
Lung 
Intestine 
Spleen 
Liver 
Kidney 
Fat 

Muscle 
Brain 

Blood 

5min 

0.50 f 0.03 
0.28 f 0.01 
0.80 f 0.08 
0.70 r 0.08 

16.73 ir 0.37 
0.16 f 0.02 
0.39 + 0.008 
0.16 * 0.03 
1.54 k 0.20 
0.05 k 0.009 
0.02 k 0.005 
0.31 f 0.01 
0.08 f 0.009 

30 min lh 2h 4h 6h 24 h 

0.57 f 0.09* 
0.54 + 0.06* 
0.91 f 0.05 
0.76 + 0.06 
6.25 k 0.98* 
0.24 f 0.07 
0.70 * 0.20 
0.15 * 0.02 
1.29 +z 0.15 
0.06 + 0.01 
0.07 * 0.02 
0.36 +i 0.04 
0.06 f 0.005* 

0.51 f  0.03 
0.29 + 0.02* 
0.76 + 0.07 
0.60 zt 0.05 
3.40 * 0.39* 
0.27 f. 0.07 
0.80 + 0.12 
0.12 * 0.009 
0.96 k O.Ol* 
0.96 k 0.006 
0.07 f  0.01 
0.36 f 0.01 
0.04 it 0.006 

0.34 f 0.02 
0.22 * 0.02 
0.44 f 0.09* 
0.40 + 0.06 
1.40 f 0.23 
0.41 * 0.17 
0.49 + 0.04 
0.09 + 0.01 
0.51 + 0.01* 

0.04 r 0.007 
0.07 + 0.01 
0.26 of: 0.006* 
0.04 f 0.007 

0.13 + 0.008 
0.10 & 0.004 
0.11 f 0.008* 
0.11 * 0.002* 
0.51 + 0.05 
0.11 f 0.02 
0.17 * 0.04 
0.03 fc 0.002 
0.22 + 0.02 
0.01 + 0.003 
0.07 + 0.01 
0.11 f 0.003* 

0.03 f 0.003 

0.06 2 0.01 

0.06 * 0.01 
0.07 + 0.02 
0.06 + 0.01 
0.39 k 0.09 
0.07 + 0.02 
0.11 f 0.03 
0.02 I? 0.004 
0.14 * 0.03 
0.009 f 0.003 
0.06 + 0.02 
0.07 * 0.01 
0.02 f 0.004 

0.02 * 0.003 
0.02 k 0.003 
0.02 * 0.002 
0.02 f 0.01 
0.08 + 0.005 
0.02 + 0.003 
0.02 + 0.0002 
0.01 & 0.001 
0.05 !I 0.0001 
0.006 f 0.0003 
0.02 + 0.006 
0.006 + 0.0001 
0.02 f 0.004 

Data are expressed as mean (% I.D. x kg body weight/g tissue) + S.E.M., n = 3 per time point. 
* p C 0.05 vs. previous time point. 
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FIG. 2. In vivo inhibition of uptake of radioactivity in lung 
and left ventricular tissue after the intravenous injection of 
[‘231]CYBL3 in the presence of an excess (5,000x) of pro- 
pranolol. Data are expressed as mean * SEM (% I.D. x kg 
body weight/g tissue, n = 3 per time point). 

benzene ring in the side chain, as in CYBL6, apparently caused too 

much sterical hindrance, thereby reducing binding to the receptor. 

Because a possible radioligand should display high affinity (prefer- 

ably K, < 1 nM) for the receptor to be potentially useful for receptor 

imaging, three analogues of CGP12177, i.e., CYBL4A, CYBL4E, 

and CYBL6 are not suitable for receptor imaging and were therefore 

not selected for further in vivo biodistribution studies. 

In contrast, CYBL5E and CYBW may be potentially useful as 

radioligands for receptor imaging. These two compounds were 

therefore prepared as lZ31-labeled agents with specific activities > 

5,000 Ci/mmol and, subsequently studied in vivo using New Zeal- 

and White rabbits. 

[‘*-‘IlCYBL5E showed high uptake in both the left ventricle and 

lungs of these animals after intravenous administration. However, 

radioactivity levels diminished rapidly over time. This finding sug- 

gests relatively strong nonspecific binding in the target organs, al- 

though muscle and fat, tissues that are believed to mirror nonspe- 

cific binding, captured low levels of radioactivity. The uptake of 

[1231]CYBL5E could not be inhibited by pretreatment with propran- 

0101, ICI1 18,551 or atenolol, which is again indicative for the ab- 

sence of specific binding. CGP12177 proved able to decrease the 

uptake of [‘231]CYBL5E somewhat, but this is probably caused by a 

high degree of similarity in chemical structure between these two 

compounds. Concomitantly, these data suggest that, although 

CYBL5E displays high affinity for the receptor in vitro, most of the 

binding observed in vivo is nonspecific. 

Similarly, as observed for [‘231]CYBL5E, radioactivity levels in 

the left ventricles and lungs of these animals decreased rapidly over 

time after intravenous administration of [1231]CYBL3, also suggest- 

ing nonspecific binding. The uptake of [‘Z31]CYBL3 in the lungs 

and left ventricles of these animals could neither be blocked by 

pretreatment with propranolol. It is unlikely that the lack of detec- 

tion of specific binding in vivo of both [‘231]CYBL5E and 

[‘231]CYBL3 is due to the fact that only a 5,000-lO,OOO-fold excess 

of propranolol was used. Using the same experimental conditions, 

but a different radioligand, we were able to detect specific binding 

in pulmonary tissue (13). 

CONCLUDING REMARKS 

The present data demonstrated that, although CYBW and CYBL5E 

display high affinity for the P-adrenergic receptor in vitro, their 

binding in vivo is highly nonspecific. It is not likely that this phe- 

nomenon may be explained by rapid in vivo degradation of 

[‘231]CYBL3 and [‘231]CYBL5E, because the uptake of lz31 in organs 

like kidney and liver is low and not increasing over time. Therefore, 

these data unfortunately indicate that [‘231]CYBL3 and 

[‘231]CYBL5E are not suitable as radioligands for the in vivo imag- 

ing of P-adrenoceptors using SPECT. The high affinity for CYBLSE 

suggests a direction for further research. 

This study was supported financially by grant D92.015 firnn The Neth- 
erlands Heart Foundation. 
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