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Abstract

The a -adrenoceptor subtype mediating noradrenaline-induced contractions of the guinea-pig isolated prostatic smooth muscle was1
Ž .investigated. Noradrenaline produced concentration-dependent contractions of the tissue with a mean pD value of 5.26"0.03 ns20 .2

Ž . ŽThese contractions were antagonised by prazosin, 2- 2,6-dimethoxyphenoxyethyl aminomethyl-1,4-benzodioxane hydrochloride WB-
. w Ž . x Ž . Ž .4101 , N- 2- 2-cyclopropylmethoxyphenoxy ethyl -5-chloro-a , a-dimethyl-1H-indole-3-ethanamine hydrochloride RS-17053 and R -

w ww Ž . x x x Ž .5- 2- 2- 2-ethoxyphenoxy ethyl amino -2-methylethyl -2-methoxybenzensulfonamide methanesulphonate hydrate tamsulosin . Mean p A2

or apparent pK estimates for the antagonism of noradrenaline were 8.15"0.05 for prazosin; 8.83"0.11 for WB-4101, 7.18"0.14 forB

RS-17053 and 10.11"0.12 for tamsulosin. The relatively low estimates of the apparent dissociation constant for all antagonists except
tamsulosin indicate that an a -adrenoceptor mediates noradrenaline-induced prostatic smooth muscle contraction in the guinea-pig1L

prostate gland. q 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Benign prostatic hyperplasia is a major disorder in
ageing men. It is essentially a stromal disease in which
symptoms including urinary outflow obstruction can be
relieved by blockade of a-adrenoceptors within the tissue
ŽCaine et al., 1975; see reviews by Kirby, 1989; Eri and

.Tveter, 1995; Hieble and Ruffolo et al., 1996 . The ratio-
nale for this use depends on the findings that the tone of

Žthe smooth muscle is increased by noradrenaline Caine et
.al., 1975 released from the dense sympathetic innervation

Žsupplying the prostate stroma Chapple et al., 1991; Guh et
.al., 1995 . Numerous clinical trials have now indicated the

efficacy of treatment with a -adrenoceptor antagonists;1

despite this, controversy continues as to the nature of the
adrenoceptor subtype that mediates these contractions.

There are three cloned a -adrenoceptor subtypes a ,1 1a

a , a , all of which exhibit a high affinity for prazosin1b 1d

) Corresponding author. Tel.: q61-3-9905-4866; fax: q61-3-9905-
5851.

Ž .see Bylund et al., 1998 . These three a -adrenoceptor1

subtypes have been characterised fully; but an additional
subtype, the a which may be a variant, or a low affinity1L

state of the a , has been proposed on the basis of1A
Žfunctional studies Muramatsu, 1992; Ford et al., 1997;
.Bylund et al., 1998 . Distinguishing features of this recep-

tor include low affinity for prazosin and low sensitivity to
w Ž . xN- 2- 2-cyclopropylmethoxyphenoxy ethyl -5-chloro-a ,

Ža-dimethyl-1H-indole-3-ethanamine hydrochloride RS-
. Ž .17053 Ford et al., 1996 . However, it has a high affinity,

Ž . w ww Žas does the a -adrenoceptor, for R -5- 2- 2- 2-etho-1A
. x x xxyphenoxy ethyl amino -2- methylethyl -2- methoxyben-

Ž .zensulfonamide methanesulphonate hydrate tamsulosin
Ž .Noble et al., 1997; Kava et al., 1998; Martin, 1999 . In
radioligand binding and molecular studies of human
prostate, the a -adrenoceptor predominates, but it has1A

been proposed that the a -adrenoceptor mediates the1L
Žcontractile effects of noradrenaline Muramatsu et al., 1994;

.Ford et al., 1996 .
The guinea-pig prostate gland may provide a suitable

experimental model of human prostatic smooth muscle
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Fig. 1. A representative trace showing the contractile effects of increasing
concentrations of noradrenaline in the isolated preparation of the guinea-
pig prostate.

Ž .because, as in the human, it 1 has a substantial stromal
Žcomponent with a high proportion of smooth muscle Ric-

. Ž .ciardelli et al., 1989 , 2 undergoes similar age-related
histological changes, with the possible lack of discrete

Ž . Ž .nodule formation Horsfall et al., 1994 , and 3 is affected
Ž .similarly by gonadal steroids Maini et al., 1997 . The

guinea-pig prostate gland also receives dense sympathetic
Žinnervation Ohkawa, 1983; Lamano Carvalho et al., 1986;

.Dhami and Mitchell, 1994; Lau et al., 1998 .

ŽOur recent functional studies with prazosin Lau et al.,
.1998 suggest that noradrenaline, acting at a -adrenocep-1

tors, as in the human, is the major neurotransmitter mediat-
ing field stimulation-induced contraction of stromal smooth
muscle. Similar conclusions have been reached by Ohkawa
Ž . Ž .1983 , Haynes and Hill 1997 and Najbar-Kaszkiel et al.
Ž .1997 . The subtype of a -adrenoceptor mediating the1

effects of noradrenaline on the smooth muscle of the
prostate stroma, has not, however, been determined in the
guinea-pig. Accordingly, the aim of this investigation was
to undertake a characterisation of the receptor.

2. Methods

2.1. Functional experiments

Prior approval for animal experimentation was obtained
from the Monash University Standing Committee on Ethics

Žin Animal Experimentation SCEAE Approval No.
.95r141 .

Prostate glands were dissected from male guinea-pigs
Ž . ŽMonash strain, 450–950 g as described previously Lau

Ž .Fig. 2. Log concentration–response curves to noradrenaline on isolated preparations of guinea-pig prostate in the absence open symbols and presence
Ž . Ž . Ž . Ž . Ž .filled symbols of a 10 nM prazosin, b 30 nM prazosin and c 100 nM prazosin. Values are mean"S.E.M. of ns4. d Schild regression analysis

Ž .with concentration ratio CR estimated from individual preparations of the guinea-pig prostate.
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.et al., 1998 . Three to four preparations per animal were
Ž .set up under 0.5 g force in 10 ml organ baths containing

Ž .Krebs–Henseleit solution comprising mM : NaCl 118.1,
KCl 4.87, KH PO 1.2, NaHCO 25.0, glucose 11.7,2 4 3

ŽMgSO P7H O 0.5, CaCl P2H O 2.5 pH 7.4, maintained4 2 2 2
.at 378C; bubbled with 5% CO in O . This was supple-2 2

mented with 10 mM cocaine, 10 mM b-oestradiol, to
block neuronal and extraneuronal uptake of noradrenaline,
respectively, and 1 mM propranolol, 0.1 mM idazoxan and
0.1 mM atropine to minimise the contribution of b- and
a -adrenoceptors, and muscarinic receptors to responses to2

noradrenaline. The prostatic preparations were allowed to
equilibrate for 60 min with bath medium changes every 10
min. Isometric contractions of the prostatic smooth muscle
were recorded with Grass FT03C force-displacement
transducers connected to a MacLab data acquisition sys-

Ž .tem Chart 3.3 interfaced with a Macintosh LC575 com-
puter.

Discrete log concentration–response curves were con-
Ž .structed to noradrenaline 0.1 mM to 1 mM , with a

contact time of 90 s for each concentration on a 10-min
dose-cycle. Two curves were constructed with an interval
of 1 h between them in the absence of an antagonist and
then a third curve was constructed in the presence of one
concentration of an antagonist or vehicle after a 60-min

Žpreincubation period. The antagonists were prazosin 10,
. Ž .30 and 100 nM , 2- 2,6-dimethoxyphenoxyethyl amino-

Ž Žmethyl-1,4-benzodioxane hydrochloride WB-4101; 10, 30
. Ž .and 100 nM , RS-17053 30, 100 and 300 nM and

Ž .tamsulosin 0.3, 1 and 3 nM . The vehicles were distilled
water for prazosin and tamsulosin, and 0.01% ethanol and
0.01% dimethylsulphoxide, for WB-4101 and RS-17053,
respectively.

The peak contractile response in milligrams to each
concentration of noradrenaline was recorded and expressed
as a percentage of the maximum response of the second

Žconcentration–response curve in the absence of antago-
.nist to noradrenaline.
Noradrenaline pD estimates and antagonist-induced2

shifts in the position of the third curve relative to the
second curve were determined using GRAPHPAD PRISM
2.0. Antagonist dissociation constants, expressed as p A2

or apparent pK values, were determined as follows. IfB

the Schild regression analyses indicated that the slope was
not significantly different from unity, the slope was con-
strained to 1 and p A values were determined according to2

Ž .the method of Arunlakshana and Schild 1959 . Otherwise,
Ž .mean apparent dissociation constants K for each antag-B

onist concentration were calculated from concentration
ratios for each experiment using the equation: apparent

Ž .Fig. 3. Log concentration–response curves to noradrenaline on isolated preparations of guinea-pig prostate in the absence open symbols and presence
Ž . Ž . Ž . Ž . Ž .filled symbols of a 0.01% DMSO, b 30 nM RS-17053, c 100 nM RS-17053 and d 300 nM RS-17053. Values are mean"S.E.M. of ns4–5.
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Ž .Fig. 4. Log concentration–response curves to noradrenaline on isolated preparations of guinea-pig prostate in the absence open symbols and presence
Ž . Ž . Ž . Ž . Ž .filled symbols of a distilled water, b 0.3 nM tamsulosin c 1 nM tamsulosin and d 3 nM tamsulosin. Values are mean"S.E.M. of ns4.

Ž . Ž .K s antagonist concentration r concentration ratioy1 ,B
Žand converted to negative logarithms pK ; Furchgott,B

.1972 .

2.2. Drugs

Ž . ŽThe following drugs were used: y -arterenol nor-
.adrenaline bitartrate, atropine sulphate, cocaine hydro-

chloride, b-oestradiol and DL-propranolol hydrochloride
Ž . Ž .Sigma , idazoxan Reckitt and Colman, Hull, UK , pra-

Ž . Žzosin hydrochloride Pfizer, NSW, Australia , 2- 2,6-di-
.methoxyphenoxyethyl aminomethyl-1,4-benzodioxane hy-

Ž . Ž . wdrochloride WB-4101 RBI, Natick, MA, USA , N- 2-
Ž . x2-cyclopropylmethoxyphenoxy ethyl -5-chloro-a , a-di-

Ž .methyl-1H-indole-3-ethanamine hydrochloride RS-17053
Ž . Ž . w ww ŽTocris, Bristol, UK and R -5- 2- 2- 2-ethoxypheno-
. x x xxy ethyl amino - 2 - methylethyl - 2 - methoxybenzensul -

Ž .fonamide methanesulphonate hydrate tamsulosin
ŽYamanouchi Pharm; gift from Dr. J.P. Hieble, SmithKline

Table 1
Mean affinity estimates, expressed as p A or apparent pK values, for prazosin, WB-4101, RS-17053 and tamsulosin at a -adrenoceptors in the2 B 1

guinea-pig isolated prostate, with noradrenaline as the agonist

Ž .Antagonist Concentration nM n p A or pK Slope2 B
aŽ . Ž .mean"S.E.M mean"S.E.M.

aPrazosin 10, 30, 100 4 8.15"0.05 0.85"0.11
aWB-4101 10, 30, 100 4 8.83"0.11 0.95"0.29

RS-17053 30 4 No shifts
100, 300 4, 5 7.18"0.14

bTamsulosin 0.3 4 10.11"0.12
1, 3 4

a Ž .Since the Schild slope was not significantly different Student’s t-test, P)0.05 from unity, p A values for prazosin and WB-4101 were determined2

with slope constrained to 1.
b Ž .Tamsulosin, at 1 and 3 nM, caused a significant decrease to the maximal responses to noradrenaline see Fig. 4 . nsNumber of animals.
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. Ž .Beecham . Stock solutions of noradrenaline 100 mM ,
Ž . Ž .WB-4101 1 mM and RS-17053 10 mM were prepared

in catecholamine diluent, ethanol and dimethylsulphoxide,
respectively. All other drugs were dissolved in distilled
water.

3. Results

Noradrenaline produced concentration-dependent con-
tractions of isolated preparations of guinea-pig prostate

Ž .gland Fig. 1 . The pD estimate for noradrenaline was2
Ž . Ž5.26"0.03 ns20 animals ; vehicles distilled water,

ns4; 0.01% ethanol, ns4 and 0.01% dimethylsulph-
. Žoxide, ns5 were without effect on these estimates two-

.way Analysis of Variance, P)0.05 . The log concentra-
tion–response curves to noradrenaline were shifted signifi-

Ž .cantly to the right P-0.05 in a parallel fashion by
Ž . Žprazosin 10, 30 and 100 nM; Fig. 2 , WB-4101 10, 30

. Ž .and 100 nM and RS-17053 100 and 300 nM; Fig. 3 .
Ž .RS-17053 30 nM did not produce significant shifts. As

Ž .shown in Fig. 4, tamsulosin 0.3, 1 and 3 nM produced
significant rightward shifts in the log concentration–re-
sponse curves to noradrenaline; however, at 1 and 3 nM,
maximum responses to noradrenaline were decreased by

Ž20.7"9.1% and 53.3"6%, respectively ns4, Student’s
.t-test, P-0.05 . Mean affinity estimates for prazosin,

WB-4101, RS-17053 and tamsulosin at a -adrenoceptors1

in the guinea-pig isolated prostate were determined and
shown in Table 1.

4. Discussion

The estimates of the affinities of the antagonists for the
receptor activated by application of noradrenaline are simi-
lar to those reported to antagonise the effects of noradrena-

Ž .line on human fibromuscular stroma. Ford et al. 1996
reported estimates of 6.89 for RS-17053, 8.94 for prazosin

Ž .and 8.9 for WB-4101; while Muramatsu et al. 1994
reported estimates of 8.3 and 8.4 for the latter two antago-
nists. Comparable estimates have recently been reported
for antagonists including WB 4101 and prazosin on the

Žeffects of noradrenaline on the rat prostate stroma Hiraoka
.et al., 1999 . In the latter study, it was concluded that, as

in the human, an a -adrenoceptor subtype mediated theIL

effects of noradrenaline. Our finding that tamsulosin
Ž .Honda and Nagagawa, 1986 yielded a mean pK esti-B

mate of 10.11 versus noradrenaline is also consistent with
this conclusion since it exhibits a similar affinity at a -1A

Ž .and a -adrenoceptors Kava et al., 1998 . In addition, ourIL

finding that this antagonist, at higher concentrations, re-
duced the maximal responses to noradrenaline is reminis-

Žcent of its effects on the human prostate Ford et al., 1996;
.Muramatsu et al., 1998 . This finding also indicates that

the low estimates we obtained for the other adrenoceptor

antagonists do not simply reflect a species difference in
their affinities for a-adrenoceptors as reported several

Ž .years ago by Ruffolo et al. 1982 . The present data raised
the possibility that an a -adrenoceptor mediates nor-IL

adrenaline-induced contractions of guinea-pig prostate
smooth muscle, indicating it may be suitable as a model
tissue for screening drug actions at prostatic a -adrenocep-1

tors.
Interestingly, the rightward shifts induced by prazosin

in the positions of the log frequency–response curve to
electrical field stimulation of nerve terminals present in the

Ž .guinea pig stroma Lau et al., 1998 , were comparable in
magnitude with those seen for the log concentration–re-
sponse curve to exogenous noradrenaline. This observation
is consistent with the possibility that the receptor mediat-
ing the effects of neurally released noradrenaline may also
be of the a -adrenoceptor subtype. It was for that reason,IL

and in accord with previous investigations by Ford et al.
Ž .1996 that we chose noradrenaline, rather than phenyl-
ephrine for use as the agonist in the present study. In our
earlier study of the effects of prazosin on field
stimulation-induced contractions, inhibitors of cate-
cholamine uptake and antagonists of b- and a -adrenocep-2

tors, and of muscarinic receptors were not included in the
bathing medium. Accordingly, further investigation of the
interaction of additional a -adrenoceptor antagonists on1

responses to noradrenaline released from sympathetic ter-
minals within the prostate tissue will, however, be required
to establish whether the a -adrenoceptor also mediatesIL

the effects of noradrenaline released from sympathetic
nerve terminals within the prostate gland.
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