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Identification of a;-adrenoceptor subtypes in the dog prostate
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Summary. The o;-adrenoceptor subtypes of dog prostate
were characterized in binding and functional experiments.
In saturation experiments, [*H]prazosin bound to o;-
adrenoceptors with high affinity. In the displacement
experiments, unlabelled prazosin and WB4101 biphasical-
ly inhibited the binding of 400 pM [*H]prazosin, suggest-
ing the presence of at least two distinct affinity sites for
prazosin or WB4101. The proportion of high-affinity sites
was approximately 10%. HV723 also recognized two
distinct affinity sites but the proportion of high-affinity
sites was approximately 20%. From these results the
presence of three distinct aj-adrenoceptor subtypes was
suggested: presumably subtypes a4 (high affinity for
prazosin and WB4101), oy (high affinity for only HV723)
and o,y (low affinity for the three antagonists) according
to the recently proposed oj-adrenoceptor subclassifica-
tion. The density of subtype a;; was much higher than that
of subtypes a;5 and oy subtypes. In the functional
experiments, prazosin, WB4101 and HV723 competitively
antagonized the contractile response to noradrenaline
with low affinities close to those estimated for the oy,
subtypes. These results suggest that the contractile re-
sponse to noradrenaline in the dog prostate is mediated
predominantly through oy subtype a-adrenoceptors.
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The secretory and contractile functions of the prostate
are under the control of the autonomic nervous system
[13, 24]. a-Adrenergic agonists produce a prominent con-
traction of the isolated prostate and increase urethral
resistance of the prostatic region in vivo in the dog and
human [3, 5, 8, 14, 23]. The a-adrenoceptors of the
prostate are predominantly of o, subtype rather than o,
subtype [4, 11].
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Radioligand binding studies with [*H]prazosin or
['*11BE2254 (2-[B-4-hydroxy-3-['**Iliodophenyl)-ethyla-
minoethyl]-tetralone) originally demonstrated at least
two separate populations of a;-adrenoceptors in various
tissues, which were designated o, and o3, respectively [9,
17]. The a;, subtype has high affinity for WB4101,
benoxathian and phentolamine, while the ;5 subtype has
a lower affinity for the competitive antagonists. However,
the two subtypes cannot be discriminated by prazosin and
yohimbine [10]. In contrast, subsequent functional studies
with blood vessels have suggested another subclassifica-
tion, in which a;-adrenoceptors can be classified into two
(0, Oyp) or three {0y, 0y and a;x) subtypes by their
different affinities for prazosin and HV723 (a-ethyl-3,4,5-
trimethoxy-a-[3-([2-(2-methoxyphenoxy)ethyl]-amino)-
propyl]benzeneacetonitrile fumarate) [7, 19]. This evi-
dence strongly suggests the existence of more than two
original o;-adrenoceptor subtypes (o;, and op). More
recently, a reconciliation of these different subclassifica-
tions was proposed, whereby a;, and ;5 subtypes can be
included in the o5 subtype of the a;y, 041 , 0y subclassifi-
cation [12, 20-22], because o, and op subtypes can be
identified as a single site with a high affinity for prazosin.
Criteria for the ay-adrenoceptor subclassification using
competitive antagonists are shown in Table 1.

Table1. A generalized a;-adrenoceptor subclassification, showing
the relative affinities of the subtypes for representative competitive
antagonists

oy Subtype Relative affinity
Prazosin WB4101 HV723
Oy
Oia High High Medium or low
o High Low Low
oyr Low Low Low
N Low Low High
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In the present study we have characterized the a;-
adrenoceptor subtypes of dog prostate in binding and
mechanical experiments.

Materials and methods
Binding study

Prostates were isolated from mongrel dogs (10~15kg) while they
were under pentobarbital anaesthesia. The prostate was homogen-
ized in 10volumes of buffer (TRIS-HCl 50 mM, NaCl 100 mM,
EDTA 2mM, pH 7.4) using a polytron (setting 8, 15sx 3) and glass
potter (10 min). The homogenates were centrifuged at 10000 g for
10min at 4°C. The supernatant was centrifuged at 80000g for
40 min and the pellets resuspended in the same volume of assay
buffer (TRIS-HCI 50 mM, EDTA 1mM, pH7.4). The pellet was
centrifuged again and the resulting pellet resuspended in 10 volumes
of buffer. All procedures for the preparation of membranes were
conducted at 4°C, and ice-cold buffers were used. The final pellet
was resuspended in assay buffer and used for the binding assay. The
membranes were incubated with [*H]prazosin for 30 min at 25°C.
Incubation volume was 1ml in all experiments. Reactions were
terminated by rapid filtration through a Brandel cell harvester onto
Whatman GF/C filters. The filters were then washed 4 times with
4 ml ice-cold 50 mM TRIS-HCl buffer (pH 7.4) and dried; the filter-
bound radioactivity was determined. Non-specific binding was
defined as binding in the presence of 1pM prazosin or 10pM
phentolamine. Assays were conducted in duplicate.

Binding data were analysed by the weighted least-squares
iterative curve-fitting program LIGAND [18]. The data were fitted
first to a one-site and then to a two-site model, and if the residual
sums of squares were statistically smaller for a two-site fit of the data
than for a one-site fit, as determined by F-test comparison, then the
two-site model was accepted. P values less than 0.05 were considered
significant.

Proteins were assayed according to the method of Bradford using
bovine serum albumin as standard [2].

Functional experiments

Dog prostate was isolated and cut into strips (2mm wide, 2mm
thick, 15mm long). The strips were mounted vertically in organ
baths containing 20 ml Krebs-Henseleit solution of the following
composition (mM): NaCl 112, KCl 59, MgCl, 1.2, CaCl, 2,
NaHCO; 25, NaHPO, 1.2, glucose 11.5. The medium was main-
tained at 37°C, pH 7.4, and was equilibrated with a gas mixture
consisting of 95% O, and 5% CO,. A resting tension of 0.5g was
applied and the responses were recorded isometrically through a
force-displacement transducer. The preparations were equilibrated
for 90 min before starting the experiments.

Concentration-response curves for noradrenaline were obtained
by adding the drug directly to the bathing media in cumulative
fashion. Desmethylimipramine (0.1 uM), deoxycorticosterone acet-
ate (SuM) and propranolol (3 uM) were present throughout this
series of experiments in order to block neuronal and extraneuronal
uptake of noradrenaline and to block B-adrenoceptors, respectively.
a-Adrenoceptor antagonists were present for 30 min before and
during the time concentration-response curves were obtained.

The pKg value was estimated according to Arunlakshana &
Schild [1]. Briefly, the concentration of noradrenaline necessary to
give a half-maximal responses in the presence of a-adrenoceptor
antagonist was divided by the concentration giving a half-maximal
response in the control to determine the agonist concentration ratio
(CR). Data were plotted as —log antagonist concentration (M) vs log
(CR-1), and pA; values were calculated from Schild plots along
mean slope and 95% confidence limits (95% CL); straight lines were

drawn by least squares linear regression. When the straight linehad a
slope of unity, the pA, value estimated was represented as pKp [1].

Statistical analyses

Experimental values are given as the mean + SEM. Results were
analysed by Student’s #-test and a probability of less than 0.05 was
considered significant.

Drugs

The following drugs were used: [*H]prazosin (specific activity
76.6 Ci/mmol; NEN, Boston, Mass., USA), prazosin hydrochloride
(Taito-Pfizer, Tokyo, Japan), phentolamine mesylate (Ciba, Basel,
Switzerland), WB4101 hydrochloride (2-(2,6-dimethoxy-phenoxy-
ethyl)-aminomethyl-1,4-benzodioxane hydrochloride, Funakoshi,
Tokyo, Japan) and HV723 (Hokuriku Seiyaku, Katsuyama, Fukui,
Japan), desmethylimipramine hydrochloride (Sigma, St. Louis,
Mo., USA), (—)-noradrenaline bitartate, deoxycorticosterone acet-
ate and (z)-propranolol hydrochloride (Nacalai, Kyoto, Japan).

Results
Saturation experiments with [ H]-prazosin

[*H]prazosin at concentrations ranging from 20 to
3000pM was used to label aj-adrenoceptors of dog
prostate. The specific binding was approximately 60% of
the total binding at 400 pM [*H]prazosin and showed a
biphasic saturation curve at the concentrations tested
(Fig. 1). A Scatchard plot of the binding data did not
appear to be linear, but LIGAND analysis fitted the data
to a one-site model better than a two-site model; the
resultant affinity constant (pKp) and number of maximal
binding sites (By.) were 9.20+0.14 and 23.1:9.9
fmol/mg protein, respectively. However, since the binding
at lowest two points was scattered and two distinct affinity
sites for prazosin were detected in displacement experi-
ments (see below), we analysed the binding data obtained
at higher concentrations of [*H]prazosin (Fig. 1, inset
dashed line) this resulted in lower estimates for the pKp
value (8.86 +0.17) and a higher B, (127.8 +31.5 fmol/mg
protein).

Effects of competitive antagonists on [*H]prazosin binding

The pharmacological profile for [*H]prazosin binding
sites was examined in displacement experiments. When
binding of 400 pM [*H]prazosin was displaced by unla-
belled prazosin and WB4101, shallow displacement
curves were seen. Computerized analyses revealed that the
antagonists discriminated between two distinct affinity
sites (Table 2). Thus, the pK, values for prazosin deviated
from the single pKp value (9.20+0.14) obtained in the
saturation experiments with [*H]prazosin. The pro-
portion of low-affinity sites for prazosin and WB4101
amounted to approximately 90 % of the total binding sites
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Fig. 1. Saturation curve of the specific [*H]pra-
zosin binding to dog prostate membranes and
the Scatchard plot (inser). [*H]prazosin 20~
3000 pM was used. The data were obtained from
a single experiment where each point is the mean
of duplicate determinations. Straight lines and
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Table 2. Inhibition of 400 pM [*H]prazosin binding to a;-adrenocep-
tor of dog prostate

Antagonist n Slope  pKinig PKiiow % low
factor

Prazosin 6 0.51 10.02£0.26 8.35+0.39 925

WB4101 5  0.58 10.55+0.11 8.29+0.43 90.2

HV723 3 075 10.67 +0.27 8.14+0.51 83.6

Data shown are mean + SEM; #n, number of experiments. Displace-
ment experiments were done with 400 pM [*H]prazosin

PKinign and pKii.w, negative log of the equilibrium dissociation
constants (—logM) at prazosin high- and low-affinity sites for
antagonists tested; % low, population binding at the low-affinity site
compared with the total specific binding sites

Table3. o,-Adrenoceptor affinities for prazosin, WB4101 and
HV723 in dog prostate (functional study)

Antagonist pKe Slope (95% CL)
Prazosin 7.90£0.07 1.071 (0.780 - 1.363)
WB4101 8.38+0.23 1.293 (0.608-1.979)
HV723 8.13+0.11 1.249 (0.872-1.626)

CL, Confidence limits

(Table 2). HV723 also detected two distinct affinity sites,
but the proportion of the low-affinity sites (approximately
80%) was lower than those for prazosin and WB4101,

Effects of prazosin, WB4101 and HV723
on noradrenaline-induced contractions in the dog prostate

Noradrenaline at concentrations in excess of 107’M
produced a concentration-dependent contraction in the
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Fig. 2. Schild plots for the competitive inhibition of noradrenaline-
induced contractions by prazosin (@), WB4101 () and HV723 (A)
in the dog prostate. Each point is the mean of data obtained from six
to eight preperations and vertical lines show the SEM. For pKjy
values and slopes see Table 3

isolated dog prostates (pD;=5.91+0.09, n=22). The
contractile responses to noradrenaline were attenuated by
prazosin, WB4101 and HV723. Figure 2 shows the Schild
plots. The slopes were close to unity for all the antagonists
tested, indicating that the three antagonists competitively
inhibited the contractile responses to noradrenaline. pKg
values ranging from 7.9 to 8.4 were estimated for the
antagonists tested; the values agreed well with the low pK;
values obtained in the displacement experiments (Ta-
bles 2, 3).
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Discussion

[*H]Prazosin bound to the dog prostatic membranes with
a high affinity and the binding was inhibited by three
representative oj-adrenoceptor antagonists (prazosin,
WB4101 and HV723). These results indicate that the
[*H]prazosin binding sites display an o;-adrenoceptor
specificity.

In the saturation experiments a single affinity site for
prazosin was recognized, whereas two distinct affinity
sites for prazosin were detected in the displacement
experiments. This discrepancy may be due to the pro-
portion of prazosin high-affinity sites being low; accurate
quantitation of a subpopulation of less than 10% is
impossible with the computer analysis used [6, 15].
Therefore, the pKp value (9.20 +0.14) obtained with a
one-site model seems to be an intermediate value between
the two pK; values obtained in the displacement experi-
ments. Since a predominance of prazosin low-affinity was
found in the displacement experiments, we roughly esti-
mated the binding parameters of the low-affinity site from
the data obtained with high concentrations of
[PH]prazosin in the saturation experiments. As a result, a
lower affinity constant (pKp = 8.86 +0.17) consistent with
a low pK; value (8.35+0.39) in the displacement experi-
ments and a higher density of o;-adrenoceptors
(127.8 +31.5fmol/mg protein) were estimated. The den-
sity of ay-adrenoceptors in dog prostate is close to the
value for human prostate reported by Chapple et al. [4]
but lower than the value reported by Yamada et al. [25,
26].

ay-Adrenoceptors are not homogeneous and it has
been suggested that they exist as several subtypes[7, 9, 10,
19]. As mentioned in the Introduction, two original
subclassifications (the a4, op subclassification and the
o, 01, oy subclassification) were recently reconciled
because the oy, and o, subtypes were recognized to be
single high-affinity site for prazosin (0y) in the oy, o5,
oy subclassification (Table 1) [21]. According to the
generalized subclassification, the presence of three dis-
tinct o,-adrenoceptor subtypes can be read from the
results in Table 2. The proportions of o, (prazosin and
WB4101 high-affinity site), o1y (HV723 high-affinity site)
and a5 (low-affinity site for all the antagonists used)
subtypes are estimated at 10%, 20% and 70 % respectively
of the total specific binding sites recognized by 400 pM
[*H]prazosin (Table2). The high density of the a;
subtype implies it has a more important role in the
physiological response.

Functional studies reveal that prazosin, WB4101 and
HV723 competitively antagonize the contractile response
to noradrenaline with low affinities (pKg) ranging from
7.9 to 8.4. Therefore, there is a good agreement between
the pKg values and the pKy ., values in the displacement
experiments, strongly suggesting that the contractile re-
sponse to noradrenaline in the dog prostate is predomi-
nantly mediated through o, subtype adrenoceptors.
However, a minor contribution of a;4 or oy subtypes
cannot be ruled out completely.

We have shown previously that the contractile re-
sponses to noradrenaline of dog mesenteric and carotid

arteries were mediated through o;y and o, subtypes,
respectively [19, 20]. This evidence, together with the
present results, suggests a regional difference in oy-
adrenoceptor subtypes involved in noradrenaline-induced
contraction.

Chapple et al. [5] have reported that the oz subtype
comprises the majority of a;-adrenoceptors in the human
prostate, according to the criteria of the original s, 0ip
subclassification [9, 17]. The pA, values for prazosin
reported are 9.1 [4] and 8.8 {16], which are much lower
than the affinity constant of prazosin high-affinity sites
(c1gr). More recently, we also confirmed similar lower
sensitivity for prazosin of human prostate a,-adrenocep-
tors (pA,=approximately 8.3: . Muramatsu et al., un-
published observations). These results suggest that o;-
adrenoceptors involved in noradrenaline-induced con-
traction of human prostate may be predominantly o
subtype according to our generalized a;-subclassification
(Table 1).

In conclusion, the present study shows the existence of
three distinct o;~adrenoceptor subtypes in the dog pros-
tate, presumably o4, 011 and oy subtypes according to
the recent a;-adrenoceptor subclassification[12,20-22]. It
is likely that o,y is the main subtype involved in noradren-
aline-induced contraction of the dog prostate.
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