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Abstract 

The cu.adrenoceptor antagonist properties of doxazosin and its enantiomers were characterized using human prostate tissue and cell 
membranes isolated from rat- I fibroblast expressing each of the cloned human (Y ,-adrenoceptor subtypes. In the (Y ,-adrenoceptor-binding 
studies on the human prostate with [ ‘Hldoxazosin and 2-{[ p-(3-[ ‘~s1],4-hydroxyphenyI)ethyl]aminomethyl]- I -tetralone ([ ‘?]HEAT), no 
significant differences were observed between racemic doxazosin. R-doxazosin and S-doxazosin (mean -log K, (p K,) values were 
8.60-8.63, 8.47-8.55 and 8.61-8.65, respectively), whereas the a,-adrenoceptor-binding studies with [‘H]rauwolscine and [ 3H]clonidine 
revealed that the a,-adrenoceptor-binding affinity of S-doxazosin (p K, = 5.01-5.94) was slightly (3. or 4-fold), but significantly lower 
than that of R-doxazosin (p K, = 6.47-6.54). Studies in phenylephrine-contracted prostatic tissue showed no significant difference in 
a,-adrenoceptor antagonist potency between racemic doxazosin, R-doxazosin and S-doxazosin (PA, values were 8.43 f 0.28, 8.64 i 0.56 
and 8.75 & 0.38, respectively). In the binding studies with cloned cY,-adrenoceptor subtypes using f3H]prazosin and [‘LSI]HEAT, racemic 
doxazosin, R-doxazosin and S-doxazosin showed no selectivity for the u,-adrenoceptor subtypes. The present study demonstrated that 
doxazosin and its enantiomers are highly selective cY,-adrenoceptor antagonists and that there is no evidence suggesting differential 
(Y,-adrenoceptor antagonist effects of doxazosin and its enantiomers in the human prostate. Doxazosin, therefore, could be described as 
displaying balanced activity across all three c~,-adrenoceptor subtypes. 
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1. Introduction 

Medical therapy of symptomatic benign prostatic hyper- 
plasia based on the pharmacological blockade of prostatic 
a-adrenoceptor was introduced nearly two decades ago 
(Caine et al., 1976). The rationale for the a-adrenoceptor 
blockade originated from an analysis of the pharmacology 
of prostatic contraction in vitro which showed that cy-adre- 
noceptors mediate contraction of the prostate (Caine et al.. 
1975). Although radioligand-binding experiments revealed 
that the densities of a, - and cw,-adrenoceptors are similar 
in human prostate adenomas (Leper and Shapiro, 1984: 
Shapiro and Lepor, 1986; Gup et al., 19901, isolated organ 

studies demonstrated that it was primarily the a,-adreno- 
ceptors which mediated contraction of the human prostate 
(Leper and Shapiro, 1984: Hieble et al., 1985; Shapiro and 
Lepor, 1986: Lepor et al., 1988a). Antagonists, such as 
phentolamine and phenoxybenzamine, which do not dis- 
criminate among (Y, - and cu,-adrenoceptors. antagonize 
pre-synaptic autoreceptors increasing circulatory and 
synaptic levels of noradrenaline resulting in tachycardia, 
hyperreninemia and attenuation of the therapeutically de- 
sired post-synaptic blockade (Graham and Pettinger. 1979: 
Langer et al.. 1980; Saeed et al.. 1982). Thus, medical 
therapy for benign prostatic hyperplasia has been directed 
toward selective a,-adrenoceptor antagonism. While selec- 
tive a,-adrenoceptor antagonists. such as prazosin, allevi- 
ate the urinary symptoms associated with benign prostatic 
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nists are hypotension, dizziness, fatigue and light-headed- 
ness (Lepor et al., 1990a; Fulton et al., 1995), which may 
arise from non-specific antagonism of the vascular and 
cerebral (Y, -adrenoceptors. 

Recent pharmacological and molecular biological re- 
search has demonstrated heterogeneity of LY, -adreno- 
ceptors. At least three native IX,-adrenoceptors have been 
identified pharmacologically, and three distinct a,-adreno- 
ceptors have been cloned (Bylund et al., 1994). The rela- 
tionship between the native and recombinant cu,-adre- 
noceptor subtypes has only recently been elucidated (Ford 
et al., 1994). Thus, current (Y, -adrenoceptor subclassifica- 
tion recognizes three subtypes which have been designated 

aIA’ aIB and aID’ with the corresponding cloned sub- 
types designated with lower-case letters cy ,il, LY,~ and cold 
(Hieble et al., 1995). Hirasawa et al. (1993) first cloned the 
human a!,,-adrenoceptor cDNA from human prostate. All 
three cr,-adrenoceptor mRNAs have been shown to be 
expressed in the human prostate, but the a,,-mRNA has 
been shown to be predominant in the prostatic stroma 
(Price et al., 1993; Tseng-Crank et al., 1995). Reports from 
several laboratories have shown that the ability of a series 
of selective antagonists to inhibit the contraction of human 
prostate smooth muscle correlates highly with their affinity 
for inhibition of radioligand binding to the recombinant 
a,,-adrenoceptor subtype (Forray et al., 1994; Marshall et 
al., 1995). These results strongly suggest that the contrac- 
tile response of the human prostate is mediated mainly by 
an a,,-adrenoceptor. Also in the vasculature, all three 
subtypes are found to varying extents. However, several 
studies on CY,-adrenoceptor subtypes in human tissues 
suggest that the cu,-adrenoceptor subtype which predomi- 
nantly mediates the contraction of human aorta and periph- 
eral artery may be different from that in the human prostate, 
by use of RNase protection (Price et al., 19941, radioligand 
receptor binding (Yamada et al., 1994) and isolated organ 
bath techniques (Hatano et al.. 1994). On this basis, selec- 
tive targeting of the subtype primarily involved in prostatic 
contraction (crtA > should reduce the degree of cardio- 
vascular changes and offer a theoretical clinical advantage. 
To explore further the opportunity to achieve subtype 
selectivity, the stereochemical specificity of the enan- 
tiomers of (Y, -adrenoceptor antagonists for cr-adreno- 
ceptor-binding sites has been investigated. As cr , -adreno- 
ceptor antagonists used for the treatment of benign pro- 
static hyperplasia, the two optical isomers of YM- 12617 
(tamsulosin) (Honda and Nakagawa, 1986; Honda et al., 
1987; Lepor et al., 1988b) and terazosin (Kyncl et al., 
1990; Meretyk et al., 1992) have already been reported to 
have differential LY,/(Y* adrenoceptor selectivity. Further- 
more, R-( - )-YM- 12617, the more potent enantiomer of 
YM- 126 17, displays selectivity for the (Y, -adrenoceptor 
subtypes (Knepper et al., 1995). 

Doxazosin is a quinazoline derivative structurally re- 
lated to prazosin and terazosin (Fig. l), and a long-acting 
cu,-adrenoceptor antagonist (Fulton et al., 1995). Several 
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Fig. 1. Structural formulas of the LY, -adrenoceptor antagonists doxaaosin, 
prazosin and terazosin. Asterisk denotes the point of asymmetry. Prazosin 
haa no chiral center. Doxazosin and terazosin have one asymmetric 
carbon in the 1,4benzodioxan moiety and tetrahydrofuran moiety, respec- 
tively, therefore two optical enantiomers exist for each compound 

controlled clinical studies have demonstrated that doxa- 
zosin is an effective, safe and well-tolerated drug for the 
treatment of symptomatic benign prostatic hyperplasia 
(Fulton et al., 1995). Doxazosin has an asymmetric carbon 
at the 2 position of the 1,4-benzodioxan-2-ylcarbonyl ring, 
and two optical isomers, i.e. R- and S-forms, exist. De- 
spite the clinical efficacy of doxazosin, the cY-adrenoceptor 
antagonist properties of these enantiomers have not previ- 
ously been characterized in detail. The objective of the 
present study was to characterize the cr-adrenoceptor an- 
tagonist properties of doxazosin and its enantiomers in the 
human prostate and cloned human a,-adrenoceptor sub- 
types. Differential pharmacological properties of the enan- 
tiomers of doxazosin may have implications in the design 
of a new generation of prostate-selective (Y, -adrenoceptor 
antagonists for the treatment of benign prostatic hyperpla- 
sia. This study extends the work of Lepor et al. (1990b). 

2. Materials and methods 

2.1. Chemicals 

[ 3H]Prazosin (specific activity 2.7528 TBq/mmol), 
[‘251]HEAT (2-{[ p-(3-[ ‘251],4-hydroxyphenyl)ethyl]amino- 
methyl)- I-tetralone) (specific activity 8 1.4 TBq/mmol), 
[ “H]rauwolscine (specific activity 2.9785 TBq/mmol) and 
[ 3H]clonidine hydrochloride (specific activity 2.5456 
TBq/mmol) were obtained from DuPont/New England 
Nuclear (Boston, MA, USA). Doxazosin mesylate (race- 
mate), R-doxazosin (UK-36,528-27), S-doxazosin (UK- 
35.494-27) and [ ‘H]doxazosin methane sulphonate 
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(specific activity 1.04 TBq/mmol) were donated by Pfizer 
Central Research (Sandwich, Kent, UK). Terazosin hydro- 
chloride was obtained from Abbott Laboratories (Abbott 
Park, IL, USA). Phenylephrine hydrochloride, 5methyl- 
urapidil and phentolamine mesylate were obtained from 
Research Biochemicals International (Natick, MA. USA). 

2.2. Radioligand-binding studies on human prostate 

2.2.1. Tissue specimens 
Radioligand receptor-binding assays using human 

prostate were performed on slide-mounted tissue section 
according to the method of Kobayashi et al. (1993). Hu- 
man prostatic tissue was obtained from the benign ele- 
ments of the transition zone of eight patients with low 
volume prostate cancer undergoing radical prostatectomies. 
The tissue specimens were immediately transferred into a 
- 80°C freezer for storage. The frozen tissue sections were 
cut into an approximately rectangular configuration such 
that the weight of a single tissue section was estimated by 
the following equation: (length) X (width) X (thickness) X 
(tissue density). The prostatic tissues were embedded in 
O.C.T. compound and 20-pm-thick tissue sections were 
cut using a cryostat set at -20°C. The slide-mounted 
tissue sections were stored at - 80°C until the binding 
assays were performed. 

2.2.2. Optimal assay conditions; pre-incubation time 
Preincubation may be necessary to maximize specific to 

non-specific binding of ligand and to remove endogenous 
catecholamines from the samples. The requirement for 
pre-incubation is ligand dependent and needs to be deter- 
mined empirically for each ligand (Kuhar and Unnerstall, 
1990). In the present study, [3H]prazosin- and [“‘I]- 
HEAT-binding assays were carried out to characterize 
a,-adrenoceptor-binding properties of unlabeled doxazosin 
racemate ( rat-doxazosin), its enantiomers and terazosin 
racemate ( rat-terazosin). [ 3 H]Rauwolscine and [ 3 H]cloni- 
dine were used to characterize c-u,-adrenoceptor-binding 
properties of these competitors. To determine the require- 
ment for pre-incubation in the binding experiments on the 
slide-mounted human prostatic tissue sections using 
[ “H]doxazosin, [ “‘IIHEAT, [ 3H]rauwolscine and [‘HI- 
clonidine, total and non-specific binding of each radioli- 
gand was determined at varying pre-incubation intervals. 
The assays were performed in triplicate. After storage. the 
tissue sections were brought to room temperature and 
pre-incubated in Tris buffer (50 mM Tris . HCl, 10 mM 
MgCl?, pH 7.4) for 0, 5, 10. 20, 40 or 60 min. The tissue 
sections were incubated for 60 min at room temperature in 
100 ~1 of the appropriate ligand solution. Ligand solutions 
comprised fixed concentrations of [3H]doxazosin (2.8 and 
20 nM), [“‘IIHEAT (0.04 and 0.4 nM), [ 3H]rauwolscine 
(0.5 and 4.0 nM) or [3H]clonidine (6.0 and 40 nM). Total 
binding was determined by immersing the prostatic tissue 
sections in constant concentrations of the radioligands. and 

non-specific binding was determined in parallel experi- 
ments using the ligand solution with 10 PM phentolamine. 
Immediately after incubation, the tissue sections were 
briefly rinsed and then washed once in ice-cold Tris buffer 
for 5 min. The tissue sections were removed from the 
slides using Q-tip swabs. Tritium was determined by liquid 
scintillation counting after immersing the Q-tips in scintil- 
lation cocktail overnight. In the experiments using 
[ “‘IIHEAT. th e d pm values of the Q-tips were counted 
with an automatic y-counter. 

2.2.3. Incubation time 
The optimal incubation interval was determined by 

measuring total and non-specific binding of the radioligand 
at various incubation intervals between 1 and 60 min. The 
studies were performed at two constant concentrations of 
each radioligand as described above. 

2.2.4. Washing time 
The optimal washing time was determined by measur- 

ing total and non-specific binding of the radioligand at 
various washing intervals. The washing procedure con- 
sisted of a brief rinse followed by washing for various 
intervals (l-20 min) in the ice-cold Tris buffer. The 
studies were performed at two constant concentrations of 
each radioligand as described above. 

2.2.5. CompetitiL:e binding studies 
Competitive binding experiments were performed on 

the slide-mounted tissue sections in the presence of a 
constant final concentration of a radioligand (6 nM 
[ ‘H]doxazosin. 0.1 nM [ “51]HEAT, 2 nM [ ‘H]rauwolscine 
or 1 h nM [’ Hlclonidine) and 12 different concentrations of 
an unlabeled competitor, rat-doxazosin, R-doxazosin, S- 
doxazosin or r-uc-terazosin (0.01 nM to 3.0 PM for 
[ 3 H]doxazosin and [ “’ I]HEAT binding; 3.0 nM to 1 .O mM 
for [“Hlrauwolscine and [‘Hlclonidine binding). The as- 
says were performed in triplicate for each concentration of 
competitors. Following a 20-min pre-incubation in Tris 
buffer ([’ Hldoxazosin and [ YIHEAT experiments only), 
the slide-mounted tissue sections were incubated in 100 ~1 
of ligand solution for 30 min ([ “SI]HEAT binding) or 40 
min ([ ‘Hldoxazosin, [ “H]rauwolscine and [ ‘Hlclonidine) 
at room temperature. Non-specific determinations were 
performed in parallel assays which contained 10 E_LM 
phentolamine. Immediately following the incubation, the 
tissue sections were briefly rinsed and washed once in the 
ice-cold Tris buffer for 2 min ([“H]rauwolscine and 
[3H]clonidine) or 4 min ([‘H]doxazosin) or 10 min 
([“‘l]HEAT). The tissue sections were removed from the 
slides with Q-tip swabs and the dpm values were measured 
as described above. Specific binding was determined by 
subtracting the non-specific binding component from total 
radioligand binding at the various competitor concentra- 
tions. Data were analyzed by a computerized non-linear 
regression program (PRISM; GraphPad Software, San 
Diego. CA. USA). 



2.3. Isometric tension studies 

Human prostatic tissue was obtained from the benign 
elements of the transition zone of nine patients with low 
volume prostate cancer undergoing radical prostatectomies. 
These tissues were placed in ice-cold Krebs solution (130 
mM NaCl, 15 mM NaHCO,, 5 mM KCl. 1.2 mM 
NaH?PO,, 1.2 mM MgSO,. 2.5 mM CaC12. 11.4 mM 
dextrose) before experimentation. The tissues were cut into 
strips approximately 1.5 mm in length and 200 mg in 
weight. These tissue strips were suspended in 5-ml organ 
baths containing Krebs buffer at 2 g resting tension (as 
determined by prior length tension studies). The baths 
were continuously bubbled with 95% 02/S% CO, and 
thermoregulated to 37°C. Isometric tension was measured 
with Grass FT03C force displacement transducers and 
recorded with a computer-based oscillograph and data 
acquisition system (CODAS; DATAQ Instruments, Akron, 
OH, USA). 

After a l-h resting tension equilibration, the tissues 
were challenged with 150 mM KC]. Prostatic tissue strips 
were then exposed to cumulative concentrations of phenyl- 
ephrine ( 1 X IO-* to 1 X lo- ’ M). Phenylephrine concen- 
tration-response experiments were performed in the ab- 
sence or presence of an antagonist. doxazosin or each of its 
enantiomers (1 X 10 ~’ to 1 X 10-h M). Before the addi- 
tion of phenylephrine, the tissue was equilibrated with 
antagonist for 30 min. The competitive antagonistic activi- 
ties were expressed as p A, values which were calculated 
from the Schild plots (Arunlakshana and Schild. 1959). 

2.4. Radioligand-hindirzg studies on the cloned human 
cu,-adrenoceptor subtyws 

2.4. I. Source of cell lines and cell culture 

Stably transfected rat- 1 fibroblast cell lines expressing 
each of the human a,-adrenoceptor subtypes were pro- 
vided by Dr. Paul Hayter, Pfizer Central Research (Sand- 
wich. Kent, UK). These cell lines had been transfected 
with the expression vector pcDNA3 containing the full- 
length cDNA constructs encoding each of the human 
a,-adrenoceptor subtypes. The cells were grown as mono- 
layers in Dulbecco’s modified Eagle’s medium (GIBCO, 
Grand Island, NY. USA) containing 2.5 mM glucose and 
supplemented with 5% fetal bovine serum, penicillin G (5 
U/ml), streptomycin sulfate (5 pg/ml) and gentamycin 
[G418 (350 Fg/ml)] in a 10% CO, atmosphere. 

2.4.2. Membrane preparutinn 
Transfected cells in culture dishes were washed with 

phosphate buffer saline, scraped into 5 ml of 5 mM 
Tris HCI, 5 mM EDTA, pH 7.5, and lysed by sonication. 
The cell lysates were centrifuged at 1000 rpm for 5 min at 
4°C to remove unbroken cells, and the particulate super- 
natant was centrifuged at 30 000 X g (15 000 rpm in a 
Sorvall RC-5 centrifuge using a Sorvall SA-600 rotor) for 

30 min at 4°C. The pellet was homogenized in 50 mM 
Tris . HCI. 1 mM MgCl?, 0.1% ascorbic acid, pH 7.5, and 
after measurement of protein concentration, stored at 
- 80°C until the binding assays were performed. Protein 
concentration was determined by a calorimetric assay us- 
ing a commercial kit, with bovine plasma y-globulin as the 
standard (Bio-Rad Laboratories, Hercules, CA, USA). 

2.4.3. Comprtitil~e binding studies 
Two separate radioligands. [ ‘Hlprazosin and [ ‘251]- 

HEAT, were used for the receptor-binding assays using 
membrane preparations from the transfected rat-l fibro- 
blasts. Competitive binding experiments were performed in 
the presence of a constant final concentration of a radioli- 
gand (0.5 nM [3H]prazosin or 0.08 nM [‘Zs~]~~~~) and 
18 different. increasing concentrations of an unlabeled 
competitor. rut-doxazosin, R-doxazosin, S-doxazosin or 
5-methylurapidil (0.3 pM to 100 PM). Binding was per- 
formed in a final volume of 250 ~1 in glass (for 
[’ Hlprazosin binding) or polypropylene (for [ “‘I]HEAT 
binding) test tubes. The assays were repeated in triplicate 
for each concentration of competitors. Membrane prepara- 
tions were incubated on a shaker for 60 min at 25°C. 
Non-specific binding was determined in the presence of 10 
PM phentolamine. The concentration of membrane protein 
was adjusted for each receptor subtype so that the total 
bound radioligand did not exceed 10% of the radioactivity 
added to the reaction mixture. The binding assays were 
terminated by filtration through glass fiber filter paper 
(Schleicher and Schuell #32), using a 24 well cell har- 
vester. The glass filter discs were washed 4 times with 4 
ml of ice-cold 50 mM Na-K phosphate buffer (pH 7.4; 
containing 10% w/v polyethylene glycol for [“‘I]HEAT 
binding) under vacuum suction. Tritium was determined 
by liquid scintillation counting after immersing the glass 
filter discs in scintillation cocktail overnight. In the experi- 
ments using [ “‘l]HEAT, the dpm values of the glass filter 
discs were counted with an automatic y-counter. Three 
separate competitive experiments were performed for each 
of the competitors. Data were analyzed by a computerized 
non-linear regression program. 

2.5. Statistical analyses 

Experimental values are given as a mean + S.E. Statisti- 
cal significance was assessed by one-way analysis of 
variance and unpaired, two-tailed t-test, and P < 0.05 was 
considered significant. 

3. Results 

3. I. Assay conditions 

The optimal pre-incubation interval for each radioligand 
was determined from two separate experiments. Each ex- 
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periment was performed with two different constant con- 
centrations of radioligand as described in Section 2. These 
preliminary experiments demonstrated that pre-incubation 
interval required of [ ‘Hldoxazosin and [ 12’I]HEAT is 20 
min, and that pre-incubation was not required for 
[3H]rauwolscine and [“H]clonidine. 

The optimal incubation interval for each radioligand 
was also determined from two separate experiments. Spe- 
cific binding of [‘H]doxazosin, [“5]HEAT, [“Hlrauwols- 
tine and [‘H]clonidine reached a plateu at 40. 30, 40 and 
40 min, respectively. 

II 10 9 8 7 6 5 

The optimal washing time for each radioligand was also 
determined from two separate experiments. A 4-min wash 
for [ ‘H]doxazosin, a IO-min wash for [““I]HEAT and a 
2-min wash for [3H]rauwolscine and [3H]clonidine after a 
brief rinse were considered optimal because the ratio of 
specific binding to non-specific binding was maximal un- 
der these washing conditions. 

3.2. Binding studies OII humarl prostatr 

The binding of [ ‘Hldoxazosin, [ ‘251]HEAT, [“HI- 
rauwolscine and [’ Hlclonidine on slide-mounted tissue 
sections of the human prostate was consistently saturable 
and of high affinity. The equilibrium dissociation constants 
(K,) and receptor densities (B,,,) were determined from 
Scatchard analyses of the saturation experiments (n = 8). 
The mean K, values for [” H]doxazosin, [ “‘I]HEAT, 
[ ‘Hlrauwolscine and [ “Hlclonidine determined from slide- 
mounted tissue sections of the human prostate were 2.45 * 
0.21 nM, 105.4 + 10.2 pM. 0.83 + 0.06 nM and 8.06 + 
0.60 nM, respectively. The Ly I -adrenoceptor density (mean 
B ,,,dh values) measured with [“H]doxazosin and [‘““IIHEAT 
were I. I9 _t 0.12 and 0.76 k 0. I 1 fmol/mg wet weight. 
respectively. The a,-adrenoceptor density (mean B,,,,, 
values) measured with [ 3 H]rauwolscine and [ 3 Hlclonidine 
were 0.54 * 0.09 and 0.56 + 0.11 fmol/mg wet weight. 
respectively. The proportions of specific binding to total 

11 10 9 6 7 6 5 
-log[Competitor] (hl) 

Fig. 2. Inhibition of specific binding of [ ‘Hldoxazoain (A) and [ “51]HEAT 
(B) to (y, -adrenoceptora in the human prostate by a-adrenoceptor antago- 
nists. Competitive binding experiments were performed on slide-mounted 
tissue sections in the presence of a constant final concentration of 
radioligand and varying concentrations of unlabeled rat-doxazosin (0). 
R-doxazosin (0). S-doxazosin (A ) and rat-terazosin (0 ). The assays 
were performed in triplicate for each concentration of unlabeled ligand. 
Each point represents the mean f S.E. of 6-7 experiments. 

binding of [‘Hldoxazosin, [ “‘I]HEAT. [3H]rauwolscine 
and [3H]clonidine were 23, 58, 78 and 74%. respectively, 
at ligand concentrations approximating their K, values. 

The affinities of rat-doxazosin, R-doxazosin, S- 
doxazosin and rat-terazosin for (Y ,- and cu,-adrenoceptors 
in the human prostate adenoma were determined using 

Table I 
Potency of ru-. R- and S-doxaaosin and rat-terarosin at the (Y,- and a,-adrenoceptors in the human prostrate 

Compound-binding site a, PK, [Nl(n,) cy- pK, [Nl(!?, 1 
[‘H]Doxazoain- [“‘IIHEAT- [ ‘H]Rauwolscine- 
binding site binding site binding site 

[‘H]Clonidine- 
binding site 

ru-Doxarosin 

R-Doxazosln 

S-Doxazosin 

mc-Terazouin 

X.63 + 0.07 [61 X.60 + 0. I3 [h] 
(0.98 i 0.03) ( I .07 i 0.04) 
8.55 i 0.08 [71 x.47 k 0.05 [7] 

( I .04 f 0.02) (1.00~0.01) 
8.65 f 0.08 [7] 8.61 i 0. I I [7] 

(1.02 * 0.02) (0.97 f 0.02) 
8.45 * 0.09 [6] X.31 k 0.1 I [6] 

(I.01 f 0.02) (I.01 *o.ol) 

6.26 t 0.07 “ [6] 
( I .oo rt_ 0.02) 
6.47 i 0. I I I’ [8] 

(0.90 -c 0.03) 
5.91 j: 0.08 [81 

(0.90 i- 0.03) 
5.80 z 0.13 [61 

! I .02 = 0.02) 

6.20 f 0. IO h [6] 
(0.96 + 0.02) 
6.54 f 0.1 I ’ [X] 

(0.99 + 0.04) 
5.94 & 0. I I [xl 

(0.99 + 0.05) 
5.82 i 0.14 [h] 

(0.96 f 0.02) 

@I/a? 
Selectivity 
ratio 

187-287 

107-140 

480-612 

33lL510 

Equilibrium competition experiments uere performed as described in Section 2. on slide-mounted human prostatic tissue specimena. Estimates of 
equilibrium inhibition constants are shown as pK, (-log K,) values and were determined by the non-linear regression analysis. N. number of 
experiments. ,I~, pseudo-Hill coefficient. The values are expressed as mean + S.E. 
a P < 0.05 when compared to the pK, value for S-doxazosin at the same radioligand-binding qites. 
h P < 0.0.5 when compared to the pK, value for R-doxazo\in at the same radioligand-binding \ites. 
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A. 

9 8 7 8 5 4 3 

B. 

0 
9 8 7 8 5 4 3 

-log[Competitor] (M) 

Fig. 3. Inhibition of specific binding of [3H]rauwolscine (A) and 
[‘H]clonidine (B) to a,-adrenoceptors in the human prostate by cu-adre- 
noceptor antagonists. Competitive binding experiments were performed 
on slide-mounted tissue sections in the presence of a constant final 
concentration of radioligand and varying concentrations of unlabeled 
rat-doxazosin (01, R-doxazosin (01, S-doxazosin (A) and rat-terazosin 
(0 ). The assays were performed in triplicate for each concentration of 
unlabeled ligand. Each point represents the meankS.E. of 6-8 experi- 
ments. 

competitive inhibition experiments. The composite com- 
petitive inhibition plots for rat-doxazosin, its enantiomers 
and rat-terazosin in each radioligand binding are shown in 
Figs. 2 and 3. All the individual competition plots obtained 
using human prostate tissue were consistent with a single 
binding site model, and the pseudo-Hill coefficients were 
not different from unity (Table 1). The mean pK, ( - log 
K,) values determined from the individual competitive 
inhibition assays are summarized in Table 1. The pKi 
values for the same competitor generated from two sepa- 
rate radioligands, i.e. [ “H]doxazosin and [ 12”I]HEAT for 
the (Y ,-adrenoceptors or [ 3H]rauwolscine and [ ‘Hlcloni- 
dine for the a,-adrenoceptors, showed an excellent agree- 
ment. The mean pK, values for all competitors tested in 
this study were consistently lower at the [3H]rauwolscine- 
and [ 3 H]clonidine-binding sites compared with the 
[‘H]doxazosin- and [‘“I]HEAT-binding sites. In the com- 
petitive binding studies with [ 3 H]doxazosin and 
[ izsl]~~~~, no significant differences in the mean pK, 
values were observed between rat-doxazosin, R-doxazo- 
sin and S-doxazosin. The competitive binding studies with 
[ 3 H]rauwolscine and [ 3 Hlclonidine revealed differences in 
the mean p K, values between rat-doxazosin, R-doxazosin 

-Log[Antagonist] (M) 

Fig. 4. Schild plots of the inhibition by a-adrenoceptor antagonists of the 
phenylephrine-induced contraction of the isolated human prostate. Strips 
of human prostate were incubated in the absence or presence (IO-’ -IO-’ 
M) of rat-doxarosin CO), R-doxaaosin (0) and S-doxazosin (A ), and 
the contractions induced by cumulative concentrations of phenylephrine 
(IO-’ -IO-’ M) were measured. Each point represents the mean +S.E. 
of 4-5 experiments. 

and S-doxazosin. S-doxazosin (pK, = 5.91-5.94) was 
slightly (3- or it-fold), but significantly less potent in 
inhibition of [3H]rauwolscine and [3H]clonidine binding 
than R-doxazosin (pK, = 6.47-6.54). From the K, values 
obtained in [ 3H]doxazosin or [ ‘Z5~]HEAT binding and 
[ “Hlrauwolscine or [ 3H]clonidine binding, it was possible 
to compare the selectivity of individual antagonists for 
(Y, -adrenoceptors (Table 1). R- and S-doxazosin displayed 
107- 140 and 480-612 times higher affinity for cu,-adre- 
noceptors than for cr,-adrenoceptors, respectively. 

3.3. Isolated organ studies with human prostate 

To characterize the functional properties of doxazosin 
and its enantiomers, the post-junctional (Y, -adrenoceptor 
blocking potencies of these antagonists were evaluated in 
smooth muscle strips of the human prostate using phenyl- 
ephrine as the selective a!, -adrenoceptor agonist. a, -adre- 
noceptor stimulation by phenylephrine produced concen- 
tration-dependent increases in tension of the human prostate 
(EC,, = 3.25 & 0.83 X 10mh M). rat-Doxazosin, R- 
doxazosin and S-doxazosin produced parallel and concen- 
tration-dependent shifts to the right of phenylephrine con- 
centration-response curves without a reduction of the max- 

Table 2 
Potency of rut-. R- and S-doxazosin to inhibit phenylephrine-induced 
contraction of prostate smooth muscles 

Compound N PA, Slope 

rat-Doxazosin 5 8.43 f 0.28 0.94 ri: 0.07 
R-Doxazosin 4 8.5810.40 0.88 f 0.07 
S-Doxazosin 4 X.75 kO.38 0.95 * 0.09 

Data shown as mean + S.E. of the p Al and slope estimates with a number 
of experiments (N ). 



Table 3 
Competition by TUG, R- and S-doxazosin and 5-methylurapidil for 
specific [3H]praaosin binding at the cloned human cu,-adrenoceptors 

Compound PK, (fl”) 

ffia Dllh ff,tl 

rat-Doxazosin 8.70 f 0.03 9.14iO.l I 8.78kO.16 
(0.96 + 0.02) (0.95 kO.03) (I .02 kO.03) 

R-Doxazosin 8.71 +0.16 9.07 + 0.25 8.88 f 0.08 
(0.99 + 0.02) (0.93 f 0.03) (0.98+0.01) 

S-Doxazosin 8.69iO.06 9.03 i 0. I4 8.97 i 0.09 
(1.01 +0.03) (I.01 +0.03) (1.01 kO.02) 

S-Methylurapidil 8.81 +O.l” a.h 
(1.02+0.0;) 

7. I I + 0.07 b.c 7.93 +0.09 .Lc 
(0.97 IO.041 (1.00I0.02) 

Equilibrium competition binding experiments using [ ‘Hlprazosin were 
performed in membrane preparations from cultured rat-l fibroblasts 
stably transfected with the cloned human (Y,.>- and u,h-adrenoceptors. 
Estimates of equilibrium inhibition constants are shown as pK, ( -log 
K,) values and were determined by non-linear regression analysis. 11~. 
pseudo-Hill coefficient, The values are expressed as mcank SE. of 3 
independent experiments. 
d P < 0.05 vs. Nlh. h P < 0.0s vs. ru,L,. L P < 0.05 vs. a,,$, 

imal response. The slopes of the Schild plots were close to 
unity for all antagonists tested (Fig. 4, Table 2), suggesting 
that these antagonists competitively inhibited the contrac- 
tile responses elicited by phenylephrine in the human 
prostate. The mean pA2 values for rut-, R- and S- 
doxazosin are presented in Table 2. There were no signifi- 
cant differences in the PA, values between rat-doxazosin. 
R-doxazosin and S-doxazosin. 

3.4. Binding studies on the cloned human a,-adrenoceptor 
subtpes 

Membrane preparations from rat- 1 fibroblasts stably 
transfected with the cloned human a,-adrenoceptor c- 

Table 4 
Competition by IXC-, R- and S-doxazosin and 5-methylurapidil for 
specific [“‘I]HEAT binding at the cloned human c~,-adrenoceptors 

Compound PK, (n,,) 

ala alh ald 

rcrc,-Doxazosin 8.61 *0.08 8.83 kO.23 8.76+O.l1 
(l.02~0.01) (0.99 * 0.02) (0.95 + 0.02) 

R-Doxazoain 8.7Si0.18 8.x9+0.17 8.64 i 0.22 
(I.01 +0.04) (0.98 f 0.03) (0.99 * 0.02) 

S-Doxarosin 8.95 i 0.07 8.69kO.26 8.85kO.14 
( I .02 + 0.02) (0.96 + 0.06) (0.97 + 0.02) 

S-Methylurapidil 8.75+0.14”.’ 
(0.98 IO.03) 

6.68+0.10 b,‘ 7.91 +0.21 >Li 
(0.94 + 0.02) (0.93 + 0.0.5) 

Equilibrium competition binding experiments using [“‘I]HEAT were 
performed in membrane preparations from cultured rat-l fibroblasts 
stably transfected with the cloned human ala-, (Y,~- and a,,-adreno- 
ceptors. Estimates of equilibrium inhibition constants are shown as pK, 
( -log K,) values and were determined by non-linear regression analysis, 
,zH, pseudo-Hill coefficient. The values are expressed as mean f S.E. of 3 
independent experiments. 
“P<O.O5 vs. CYlh. hf <o.os VS. CYld. L P<O.O5 vs. ala. 

DNAs exhibited saturable binding of [‘Hlprazosin and 
[ lz5 I]HEAT. The mean K, values for [‘Hlprazosin bind- 
ing (n = 3) at the ala-, LY,~- and a,,-adrenoceptors were 
0.36 t0.0.5. 0.38 f0.04 and 0.53 i 0.05 nM, respec- 
tively. and the mean B,,, values were 2.6 + 0.7, 6.9 * 1.9 
and 1.8 * 0.4 pmol/mg protein, respectively. The mean 
K,, values for [12’I]HEAT binding (n = 3) at the ala-, 

fflh- and cu,,-adrenoceptors were 85.3 + 10.8, 96.5 + 5.8 
and 77.7 * 8.1 pM, respectively, and the mean B,,, val- 
ues were 2.7 + 0.03, 2.6 * 0.7 and 1.7 _t 0.2 pmol/mg 
protein, respectively. 

The affinities of rut-doxazosin, R-doxazosin, S- 
doxazosin and 5-methylurapidil for the cloned human ala-, 
CY ,,,- and a,,-adrenoceptors was determined using competi- 
tive inhibition experiments. All the individual competition 
plots for the recombinant human cy , -adrenoceptor subtypes 
were consistent with a single binding site model, and the 
pseudo-Hill coefficients were all close to unity (Tables 3 
and 4 1. The mean p Ki values determined from the individ- 
ual competitive inhibition assays using [ ‘Hlprazosin and 
[‘“1]HEAT are summarized in Tables 3 and 4, respec- 
tively. In the competitive inhibition of either [‘Hlprazosin 
or [‘x I]HEAT binding, rat-doxazosin, R-doxazosin and 
S-doxazosin showed no significant differences in their 
mean p K, values between the different (Y, -adrenoceptor 
subtypes. In addition, the mean pK, values for doxazosin 
and its enantiomers at the same a,-adrenoceptor subtype 
were almost equivalent. In the competitive inhibition of 
both [“Hlprazosin and [I” IIHEAT binding, 5-methyl- 
urapidil showed marked differences in its potency to in- 
hibit radioligand binding to the three different recombinant 
(Y, -adrenoceptor subtypes. 5-Methylurapidil was 50- I 17- 
fold more potent at the a,,-adrenoceptor (pK, = 8.75- 
8.8 1) compared to the (Y ,b- adrenoceptor (p K, = 6.68-7.11) 
and 7-8-fold more potent at the a,,-adrenoceptor com- 
pared to the a,<,-adrenoceptor (p K, = 7.9 l-7.93). 

4. Discussion 

In this study, we have evaluated the n-adrenoceptor 
antagonist activities of doxazosin and its optical isomers in 
vitro. Radioligand binding and isolated organ techniques 
were used to estimate the potency of rut-, R- and S- 
doxazosin at the a-adrenoceptors. One important observa- 
tion from this study was that all these compounds exhib- 
ited significant selectivity for a,-adrenoceptors over (Y?- 
adrenoceptors. In the radioligand-binding studies using 
isolated human prostatic tissue, rat-, R-, S-doxazosin and 
rrrc,-terazosin showed higher affinity for a,-adrenoceptors 
than for a,-adrenoceptors by two to three orders of magni- 
tude. For a, -adrenoceptor-binding affinity, no significant 
differences were observed between rat-doxazosin and its 
component enantiomers. These compounds were approxi- 
mately equipotent compared to rut-terazosin in a,-adre- 
noceptor antagonist activity. This is consistent. at least in 
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the case of the racemates, with the clinical profile of these 
agents in benign prostatic hyperplasia and hypertension. 

The &n,X value obtained by saturation analysis for 
[lZS~l~~~~ binding to human prostate tissue sections was 
lower than the value obtained for [‘H]doxazosin. This 
result might indicate that doxazosin could also interact 
with other sites in addition to a,-adrenoceptor sites. Alter- 
natively, this result may reflect intrinsic differences in the 
lipophilicity (tissue permeability) of the two ligands. Dif- 
ferences in ligand lipophilicity may also explain our un- 
common finding of equivalent numbers of a>-binding sites 
using an a,-agonist ([ ‘Hlclonidine) and an cr,-antagonist 
([ ‘Hlrauwolscine). 

Rat-, R- and S-doxazosin all competitively antagonized 
the phenylephrine-induced contractile response of isolated 
human prostate in organ bath studies. Based on p A, 
values, doxazosin and its enantiomers were equipotent in 
blocking post-synaptic cr , -adrenoceptors in the human 
prostate. Thus, both the receptor-binding and functional 
studies indicated that there is no stereochemical specificity 
of doxazosin for the a,-adrenoceptors in human prostate. 

Recent comparative binding and functional studies have 
provided the most compelling evidence that the tension of 
human prostatic smooth muscle is mediated primarily by 
the a,,-adrenoceptor (Forray et al., 1994; Marshall et al., 
1995). The affinities of doxazosin and its enantiomers for 
the a,-adrenoceptor subtypes were determined in radioli- 
gand-binding studies using the membrane preparations ob- 
tained from rat-l fibroblasts expressing the human CY,~-, 
crlh- and a,,-adrenoceptor subtypes. rat-. R- and S- 
doxazosin all proved to be potent antagonists with bal- 
anced activity across all three cloned human cu,-adreno- 
ceptor subtypes, while 5-methylurapidil showed selectivity 
for the human cr,-adrenoceptor subtypes with a rank order 
of potency of cola > (Y,~ > a!,,,. These results are consis- 
tent with earlier reports describing the potency of cu-adre- 
noceptor antagonists at the cloned human and animal 
a,-adrenoceptors (Forray et al., 1994; Kenny et al., 1994). 

In the competitive radioligand-binding studies on the 
human prostate, it was noteworthy that the binding affinity 
of S-doxazosin for the cr,-adrenoceptors was slightly lower 
than that of R-doxazosin. In contrast to the a!,-adreno- 
ceptor affinities, the a,-adrenoceptor affinities of these 
two enantiomers were both very low, yet significantly 
different. Thus, the S-doxazosin exhibited a higher u,/(Y? 
adrenoceptor selectivity ratio (480-6 12) in the human 
prostate as compared to the R-isomer (107- 140). and 
rat-doxazosin showed intermediate selectivity between its 
component enantiomers. The LY, /a2 adrenoceptor selec- 
tivity of rat-doxazosin and rat-terazosin in the present 
study was in agreement with the results in other studies 
(Kyncl et al., 1990; Lepor et al., 1988c1990bl. 

The role of a,-adrenoceptors in the human prostate is 
equivocal. The present study confirmed that the density of 
a,-adrenoceptor is almost of the same order of magnitude 
as Lu,-adrenoceptors in the human prostate. Some investi- 

gators have reported that the efficacy of a selective a,- 
adrenoceptor antagonist prazosin in relieving the irritative 
symptoms is less than that of a non-selective a-adreno- 
ceptor antagonist phenoxybenzamine (Hedlund et al., 1983; 
Caine, 19861. Radioligand-binding studies have suggested 
that there might be an increased a,-adrenoceptor density 
in prostate adenomas obtained from men with symptomatic 
benign prostatic hyperplasia (Gup et al., 1990). Shapiro et 
al. (1987) have shown that canine prostatic urethral pres- 
sure is modulated by clonidine, a selective a,-adreno- 
ceptor agonist. Paradoxically, human prostate smooth mus- 
cle responds minimally to a,-adrenoceptor agonists in 
vitro (Leper et al., 1988a). The cu,-adrenoceptors in human 
prostate are presumably located pre-synaptically and in- 
hibit the release of noradrenaline via an action on the 
autoreceptors. Accordingly, it does not seem that a!,-adre- 
noceptor blockade exerts relaxing effect on the human 
prostate smooth muscle. Moreover, non-selective c+adre- 
noceptor antagonists. such as phenoxybenzamine, have 
significant adverse events. and their therapeutic effect is 
possibly transient because the loss of a,-adrenoceptor- 
mediated feedback control results in increased release of 
noradrenaline and the development of tolerance due to 
increased intrasynaptic noradrenaline levels. In the treat- 
ment of benign prostatic hyperplasia, therefore, an (Y,- 
adrenoceptor antagonist with minimal activity at the cr?- 
adrenoceptor is clinically desirable. In this context, rac- 
doxazosin and its two optical enantiomers all represent 
desirable agents for the treatment of benign prostatic hy- 
perplasia, because all these drugs would have virtually no 
effect on a,-adrenoceptors at the plasma levels achieved at 
therapeutic doses. 

Acknowledgements 

This work was supported by the Pfizer Pre-Clinical 
benign prostatic hyperplasia Grants Award Program 94-S- 
0035. Paul D. Walden was supported in part by Synaptic 
Pharmaceutical Corporation. Drs. Paul Hayter and Geoff I. 
Johnston of Pfizer Central Research are acknowledged for 
providing the rat-l cells transfected with cDNAs encoding 
the human a,-adrenoceptors. Dr. Michael G. Wyllie of 
Pfizer provided helpful comments and discussion through- 
out this work. 

References 

Arunlakshana, 0. and H.O. Schild, 1959, Some quantitative uses of drug 
antagonists. Br. J. Pharmacol. Chemother. 14. 48. 

Bylund, D.B.. D.C. Eikenburg, J.P. Hieble, S.Z. Langer, R.J. Lefkowita. 
K.P. Minneman, P.B. Molinoff. R.R. Ruffolo, Jr. and U. Trendelen- 
burg, 1994, IV. International union of pharmacology nomenclature of 
adrenoceptors, Pharmacol. Rev. 46, I2 I. 

Caine, M., 1986, The present role of alpha-adrenergic blockers in the 
treatment of benign prostatic hypertrophy, J. Ural. 136, I. 



Caine. M., A. Pfau and S. Perlberg, 1976. The use of alpha-adrenergic 
blockers in benign prostatic obstruction, Br. J. Ural. 48. 255. 

Caine, M., S. Raz and M. Zeigler, 1975, Adrenergic and cholinergic 
receptors in the human prostate. prostatic capsule and bladder neck. 
Br. J. Urol. 37. 193. 

Ford, A.P.D.W., T.J. Williams. D.R. Blue and D.E. Clarke. 1994. cy,- 
Adrenoceptor classification: sharpenin, ~7 Occam’s razor. Trends Phar- 
macol. Sci. 15. 167. 

Forray. C.. J.A. Bard, J.M. Wetrel. G. Chiu, E. Shapiro, R. Tang. H. 
Lepor, P.R. Hartig, R.L. Weinshank. T.A. Branchek and C. Glu- 
chowski. 1994. The cu,-adrenergic receptor that mediates smooth 
muscle contraction in human prostate has the pharmacological proper- 
ties of the cloned human cyic subtype. Mol. Pharmacol. 35. 703. 

Fulton. B., A.J. Wagstaff and E.M. Sorkin, 1995. Doxazoain. An update 
of its clinical pharmacology and therapeutic applications in hyper- 
tension and benign prostatic hyperplaaia. Drugs 49, 295. 

Graham, R.M. and W.A. Pcttinger, 1979, Effects of praro\in and phento- 
lamine on arterial pressure. heart rate. and renin activity: evidence in 
the conscious rat for the functional \ignificance of the presynaptic 
cu-receptor, J. Cardiovasc. Pharmacol. I. 497. 

Gup, D.I., E. Shapiro. M. Baumann and H. Lepor, 1990. Autonomic 
receptors in human prostate adenomas. J. Ural. 143. 179. 

Hatano. A., H. Takahashi. M. Tamaki. T. Komeyama, T. Koirumi and M. 
Takeda. 1994. Pharmacological evidence of distinct cu,-adrenoceptor 
subtypes mediating the contraction of human prostatic urethra and 
peripheral attcry. Bt. J. Pharmacol I 13. 723. 

Hedlund, H., K.-E. Andersson and A Ek, 1983, Effects of prazosin in 
patients with benign prostatic obstruction. J. Ural. 130. 275. 

Hieble. J.P.. D.B. Bylund. D.E. Clarke. D.C. Eikenburg. S.Z. Langer. R.J. 
Lefkowitr, K.P. Minneman and R.R. Ruffolo. Jr.. 1995. International 
union of pharmacology. X. Recommendation for nomenclature of 
cu,-adrenoceptora: consensus update, Pharmacol. Rev. 47, 267. 

Hieble. J.P., M. Caine and E. Zalaznik. 1985. In vitro characterization of 
the cr-adrenoceptors in human pro\tate. Eur. J. Pharmacol. 107. I I I. 

Hirasawa. A., K. Horie, T. Tanaka. K. Takagaki, M. Murai, J. Yano and 
G. Tsujimoto. 1993. Cloning, functional expression and tissue distri- 
bution of human cDNA for the ru,,-adrenergic receptor, Biochem. 
Biophys. Res. Commun. 195, 902. 

Honda. K. and C. Nakagawa, 1986. Alp/~- I adrenoceptor antagonist 
effects of the optical isomers of YM-12617 in rabbit lower urinary 
tract and prostate, J. Pharmacol. Exp. Ther. 239, 5 12. 

Honda. K.. C. Nakagawa and M. Terai. 1987, Further studies on (il. 
YM-12617. a potent and selective cu,-adrenoceptor antagonist and its 
indivlidual optical enantiomers. Naunyn-Schmiedeberg’s Arch. Phat- 
macol. 336. 29s. 

Kenny. B.A.. A.M. Read. A.M. Naylor, P.M. Greengrass, A.J. Carter and 
M.G. Wyllie. 1994. Effect of alpha, adrenoceptor antagonists on 
prostatic pressure and blood pressure in the anesthetized dog, Urology 
44. 53. 

Knepper. S.M.. S.A. Buckner, ME Brune, J.F. DeBemardis. M.D. 
Meyer and A.A. Hancock. 1995. A-61603, a potent N I-adrenergic 
receptor agonist, selective for the cy I A receptor subtype. J. Pharma- 
co]. Exp. Ther. 274. 97. 

Kohayashi. S.. R. Tang. E. Shapiro and H. Lepor. 1993. Characterization 
and localization of prostatic alpha, adrenoceptors using radioligand 
receptor binding on slide-mounted tissue section, J. Urol. 150, 2002. 

Kuhar. M.J. and J.R. Unnerstall. 1990, Receptor autoradiography, in: 
Methods in Neurotransmitter Receptor Analysis. eds. H.I. Yamamura. 
S.J. Enna and M.J. Kuhar (Raven, New York) p. 177. 

Kyncl, J.J., B.W. Horrom, C.W. Nordeen, E.N. Juberg and E.N. Bush, 
1990. Terazosin enantiomers: alpha adrenoceptor interaction and anti- 
hypertensive properties, Eur. J. Pharmacol. 183. 82X. 

Langer. S.Z.. I. Cavero and R. Massingham. 1980. Recent developments 
in noradtenergic neurotransmission and its relevance to the mecha- 
ntsm of action of certain antihypertensive agents. Hypertension 2, 
372. 

Lepw. H. and E. Shapiro, 1984, Characterization of alpha, adrenergic 
receptors in human benign prostatic hyperplasia, J. Urol. 132. 1226. 

Lepor. H., D.I. Gup. M. Baumann and E. Shapiro. 198&l, Laboratory 
a\es\ment of terazosin and alpha- I blockade in prostatic hyperplasia, 
Urology 32 (SuppI.). 21. 

Leper. H., M. Baumann and E. Shapiro. 1988b. The stereospecificity of 
LY2.53352 for cu,-adrenoceptor binding sites in the brain and prostate. 
Br. J. Pharmacol. 95. 139. 

Lepor. H.. M. Baumann and E. Shapiro. 1988c, The alpha adrenergic 
binding propertie\ of terazosin in the human prostate adenoma and 
canine brain. J. Lrol. 140. 664. 

Lepor, H., G. Knapp-Maloney and H. Sunshine, l990a. A dose titration 
,tudy evaluating rerazosin, a selective. once-a-day cr.blocker for the 
treatment of symptomatic benign prostatic hyperplaaia. J. Ural. 144, 
1393. 

Lepor. H.. M. Baum,mn and E. Shapiro, l990b. Binding and functional 
properties of doxazosin in the human prostate adenoma and canine 
brain. Prostate 16. 29. 

Marshall. 1.. R.P. Burt and C.R. Chapple. 1995, Noradrenaline contrac- 
tions of human prostate mediated by 01,~. f N, ,-ladrenoceptor subtype. 
Br. J. Phatmacol. 115, 781. 

Meretyk. S.. R. Tang. E. Shapiro, J.J. Kyncl and H. Lepor. 1992, 
u ,-Adrenoceptor properties of terazosin HCI and its enantiomers in 
the human prostate and canine brain. Prostate 20, 159. 

Price. D.T., D.A. Schwinn. J.W. Lomasney. L.F. Allen, M.C. Caron and 
R.J. Letkovvitz. 1993, Identification. quantification. and localization 
of mRNA for three distinct alpha, adrenergic receptor subtypes in 
human prostate, J. Urol. 150, 546. 

Price. D T.. R.J. Letkowitr, M.G. Caron, D. Berkowitz and D.A. Schwinn, 
1994. Localization of mRNA for three distinct a,-adrenergic receptor 
subtypes in human tissues: implications for human a-adrenergic 
physiology. Mol. Pharmacol. 45, I7 I. 

Saeed. M.. 0. Sommcr, J. Holtz and E. Bassenge, 1982. n-Adrenoceptor 
blockade by phentolamine causes p-adrenetgic vasodilation by in- 
creased catecholamine release due to presynaptic n-blockade, J. 
Cardiovasc. Pharmacol. 4. 44. 

Shapiro. E. and H. Lepor, 1986. Alpha! Adrenetgic receptors in hyper- 
plastic human prostate: identificatton and characterization using 
[‘H]rauwolscine. J. Urol. 135, 1038. 

Shapiro. E.. J.E. Tsitlik and H. Lepor. 1987, Alpha, adrenergic receptors 
in canine prostate: biochemical and functional correlations. J. Ural. 
137. 565. 

Tseng-Crank. J.. T. Kost. A. Goetz, S. Hazum. K.M. Roberson, J. 
Haizlip. N. Godinot, C.N. Robertson and D. Saussy, 1995. The 
tu,,-adrenoceptor in human prostate: cloning. functional expression, 
and localization to specific prostatic cell types. Bt. J. Pharmacol. 115, 
1475,. 

Yamada. S.. M. Suzuki. C. Tanaka R. Mori. R. Kimura. 0. Inagaki, K. 
Honda. M. Asano, T. Takenaka and K. Kawabe, 1994. Comparative 
study on a,-adrenoceptor antagonist binding in human prostate and 
aorta. Clin. Exp. Pharmacol. Physiol. 2 I. 405. 


