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Abstract 

The influence of (+)-tamsulosin, a selective a~A-adrenoceptor antagonist, on the positive inotropic effect and the accumulation of 
inositol phosphates that are induced via c~-adrenoceptors was studied in comparison with that of another alg-adrenoceptor ligand 
oxymetazoline in the rabbit ventricular myocardium. Phenylephrine elicited a concentration-dependent positive inotropic effect via 
a l-adrenoceptors in the presence of either (+)-bupranolol or S ( -  )-timolol. The mode of antagonism induced by (_)-tamsulosin on the 
effect of phenylephrine was dependent on the concentration applied: (+)-tamsulosin at 1 and 3 nM acted in a competitive manner, the 
slope of the regression line of the Schild plot being unity and the pA 2 value being 9.12; at l0 nM, it shifted further the 
concentration-response curve to the right without affecting the maximal response but the slope became less than unity. At 100 nM and 
higher, it suppressed the maximal response to phenylephrine. (+)-Tamsulosin effectively antagonized the positive inotropic effect of 
phenylephrine even after inactivation of am-adrenoceptors by treatment with chlorethylclonidine, which is an indication that the 
( + )-tamsulosin-sensitive subtype belongs to a class resistant to chlorethylclonidine. ( _+ )-Tamsulosin, over the range of concentrations at 
which it antagonized the positive inotropic effect mediated by al-adrenoceptors, did not affect the accumulation of [3H]inositol 
phosphates that was induced by l0 /xM phenylephrine. Oxymetazoline antagonized the positive inotropic effect of phenylephrine in a 
competitive manner without affecting the accumulation of inositol monophosphate induced by phenylephrine. These results indicate that 
the positive inotropic effect, mediated via (+)-tamsulosin- and oxymetazoline-sensitive subtype of cq-adrenoceptors, is exerted by a 
subcellular mechanism that is independent of the accumulation of inositol phosphates. 
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1. Introduction 

Myocardial al-adrenoceptors mediate the positive ino- 
tropic effect of  sympathomimetic amines in most mam- 
malian species, for example, the rabbit, rat, cat, ferret and 
human (Scholz, 1980; Endoh, 1982; Terzic et al., 1993). 
Inositol 1,4,5-trisphosphate (IP 3) and diacylglycerol, prod- 
ucts of  the acceleration of  the hydrolysis of phosphoinosi- 
tide that is induced by stimulation of  c~radrenoceptors, 
have been postulated to play a critical role as intracellular 
messengers in a~-mediated signal transduction in the 
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mammalian heart (Brown et al., 1985; Poggioli et al., 
1986; Otani et al., 1988; Scholz et al., 1988; Endoh et al., 
1991). However, the role of  this pathway in mediating the 
positive inotropic effect of  al-adrenoceptor agonists re- 
mains controversial. 

c~-Adrenoceptors can be divided into at least two phar- 
macologically distinct subtypes, CqA- and c~B-adrenoce p- 
tors. a~A-Adrenoceptors may be coupled to the accelera- 
tion of  the hydrolysis of phosphoinositide a n d / o r  to L-type 
Ca 2+ channels and may have a higher affinity than the 
C~lB-Subtype for antagonists such as WB 4101 {N-[2-(2,6- 
dimethoxyphenoxy)ethyl]-2,3-dihydro- 1,4-benzodioxin-2- 
methanamine}, 5-methylurapidil and (+)-niguldipine. The 
am-adrenoceptors are predominantly coupled to the accel- 
eration of  the hydrolysis of phosphoinositide and they are 
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irreversibly blocked by chlorethylclonidine, an alkylating 
agent (Han et al., 1987; Minneman, 1988: Terzic et al.. 
1993). Although both %A- and oqB-adrenoceptors are 
present in myocardial cells, the relative contribution of 
OelA- and cqB-adrenoceptors to the hydrolysis of phospho- 
inositide in the heart is not yet fully understood. Our 
previous studies with the subtype-selective antagonist 
chlorethylclonidine suggest that about 63% of %-adreno- 
ceptors in the rabbit ventricular myocardium are c~jB-adre- 
noceptors (Takanashi et al., 1991) and, moreover, there 
seems to be a very close correlation between the extent of 
inhibition by chlorethylclonidine of the positive inotropic 
effect and the accumulation of [3H]IP~ (inositol monophos- 
phate) or [3H]IP3 via stimulation of c~j-adrenoceptors 
(Takanashi et al., 1991: Yang and Endoh, 1994). By 
contrast, (+)-niguldipine has only a limited inhibitory 
effect on the positive inotropic effect and it does not 
influence the accumulation of inositol monophosphate, 
while WB 4101 shifts the concentration-response curve for 
phenylephfine, with partial inhibition of the acceleration of 
the accumulation of inositol phosphates (Endoh et al., 
1992a,b; Yang and Endoh, 1994), These findings suggest 
that the C~lA-adrenoceptors in rabbit ventricular my- 
ocardium might be heterogeneous. 

In recent years, molecular cloning of oz~-adrenoceptors 
from a variety of mammalian species has revealed the 
existence of three genes encoding distinct subtypes, o~u,, 
oq~ and Oqd (Lomasney et al., 1991; Hirasawa et al., 
1993; Rokosh et al., 1994). The cloned aib-adrenoceptors 
display a pharmacology similar to that of the originally 
defined am-subtype, while the cloned oq~-adrenoceptors 
may be the same as the pharmacologically defined OqA- 
subtype (Ford et al., 1994) and are referred to as oej,- 
adrenoceptors (Hieble et al., 1995). Hence, a distinction 
between the cloned subtypes (oq,,, O~jb and %0) and the 
classical pharmacologically defined subtypes (O~jA and 
oqB) is made by use of lower and upper case subscript 
throughout this study. 

Tamsulosin, 5-[2-[[2-(2-ethoxyphenoxy)ethyl]-ami- 
no]propyl]-2-methoxybenzenesulfonamide-HCl, has been 
reported to be an extremely potent and highly selective 
antagonist of %-adrenoceptors (Honda et al., 1985) and it 
antagonizes the cq-mediated positive inotropic effect with 
high affinity, similar to that of prazosin, in the rabbit 
myocardium (Hiramoto et al., 1988). In receptor-binding 
assays, tamsulosin has been shown to have high affinity 
for C~A-adrenoceptors (Hanft et al., 1989; Garcfa-Sfiinz et 
al., 1995). In addition, among cloned subtypes of c~- 
adrenoceptors from the rat, this compound has a high 
selectivity for ara-adrenoceptors (Michel and Insel, 1994) 
and adrenoceptors of this type are known to exist in 
myocardial cells (Hirasawa et al., 1993; Rokosh et al., 
1994). It is also reported that oxymetazoline, another 
%-adrenoceptor ligand (Schtimann and Endoh, 1976), has 
selective affinity for the a~A- (Faure et al., 1994) or 
a~-adrenoceptor (Faure et al., 1994: Minneman et al.. 

1994: Schwinn et al., 1995). So, we carried out the present 
experiments to examine whether the antagonistic action of 
tamsulosin on the positive inotropic effect that is mediated 
by %-adrenoceptors might be associated with inhibition of 
the accumulation of inositol phosphates, in comparison 
with another c,~A-adrenoceptor ligand oxymetazoline, in 
the rabbit ventricular myocardium. 

2. Materials and methods 

2.1. Anah,sis o[' inotropic effects in isolated rabbit papil- 
[~IFV JtlIISCIC 

Male albino rabbits (1.8-2.2 kg) were anaesthetized 
with pentobarbital sodium (50 mg/kg i.v.) and then two or 
three papillary muscles were excised from the right ventri- 
cle of each rabbit. Muscles were mounted in 20-ml organ 
baths that contained Krebs-Henseleit solution (with 0.057 
mM ascorbic acid and 0.027 mM EDTA. 2Na to prevent 
autoxidation of the compounds examined). The solution 
was bubbled with 95% 02 and 5% CO 2 at 37°C (pH 7.4). 
The concentrations (raM) of the various components of the 
solution were as follows: Na +, 142.9; K +, 5.9; Mg 2+, 1.2: 
Ca 2~, 2.5; H2PO4-, 1.2; HCO:~-, 24.9; SO4-, 1.2; C1 . 
127.8; and glucose, 11.1. The muscles were stimulated 
electrically by square-wave pulses of 5-ms duration at a 
voltage about 20% above threshold and a frequency of 1 
Hz, During the equilibration period (60 rain) the muscles 
were initially stretched under a tension of 5 mN and the 
length was then adjusted to give 90% of the maximal 
developed tension. The dimensions of the papillary mus- 
cles used were as follows: length, 5.06 + 0.07 ram; cross- 
sectional area 0.55 + 0.02 mm 2 (n = 137). 

In all experiments, a /3-adrenoceptor antagonist (_+)- 
bupranolol or S(-)-t imolol (1 p.M each) was included in 
the buffer to avoid any possible modulation of responses 
by released noradrenaline and to ensure that the response 
to phenylephrine did not involve activation by /3-adreno- 
ceptors. At the beginning of each experiment, phenyl- 
ephrine (3 /,M) was applied at least twice until repro- 
ducible responses were obtained. The concentration-re- 
sponse curve for phenylephrine was determined for each 
preparation by cumulative addition of the drug. Each suc- 
ceeding concentration was added only after the preparation 
had achieved a steady-state response to the previous con- 
centration. After determination of the control concentra- 
tion-response curve for phenylephrine, the drug was washed 
out for at least 120 rain and then (+)-tamsulosin (1 nM-1 
/xM) or oxymetazoline (0.3-10 p,M) was allowed to act 
for 30 rain before the concentration-response curve for 
phenylephrine was determined again. In some experiments, 
preparations were treated with 10 /xM chlorethylclonidine 
for 30 rain with subsequent washing for 30 rain, and then 
the concentration-response curve for phenylephrine was 
determined as described above. At the end of each experi- 
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ment, the maximum contractile force was determined for 
each muscle by administration of isoprenaline (0.1 ~M-0.1 
mM). The response to phenylephrine was expressed as a 
percentage of the maximal response to isoprenaline. 

2.2. Quantitation of inositol phosphate 

The heart was quickly removed from a rabbit under 
anaesthesia with pentobarbital sodium and placed in 
Krebs-Henseleit solution, bubbled with 95% 0 2 and 5% 
CO 2, at 37°C in order to wash out the blood. The experi- 
mental procedure was the same as that described previ- 
ously (Takanashi et al., 1991). Slices of ventricular muscle 
(0.5 mm thick) were prepared with a tissue slicer (Arthur 
H. Thomas, Philadelphia, PA) in cold ( ~  4°C) Krebs- 
Henseleit solution. After being weighed, the slices were 
equilibrated in Krebs-Henseleit solution for 30 min at 37°C 
and then the slices were preincubated with 10 ~Ci /ml  
myo-[3H]inositol in Krebs-Henseleit solution for 120 min. 
After the preincubation, slices were washed with a fresh 
solution containing 5 mM myo-inositol and 10 mM LiCI 
and all the experiments were performed in the Li +-contain- 
ing solution. (+)-Bupranolol (1 ~M) was added to the 
solution 20 min prior to administration of the agonist to 
avoid any interference due to activation of /3-adrenocep- 
tors. (+)-Tamsulosin or oxymetazoline was allowed to act 
for 30 min before and during administration of 10 p~M 

phenylephrine. Phenylephrine was allowed to act for 5 min 
((+)-tamsulosin-treated group) or 30 min (oxymeta- 
zoline-treated group) and then the slices were quickly 
blotted and put into 1.0 ml of a mixture of chloroform, 
methanol and 12 N HCl (100: 200: 1, v / v )  to terminate 
the reaction. After addition of 0.2 ml of 5 mM EDTA, the 
tissue was homogenized with a homogenizer (Polytron 
PT-10; Kinematica, Lucerne, Switzerland). The tip of the 
homogenizer was rinsed with 0.5 ml of a mixture of 
chloroform, methanol, 12 N HCl and 5 mM EDTA 
(100 : 200 : l : 80, v /v) ,  and the rinsing fluid was added to 
the original solution. Chloroform (0.4 ml) and 5 mM 
EDTA (0.5 ml) were added sequentially and the samples 
were centrifuged at 1400 × g for 20 rain to separate the 
aqueous and organic phases. An aliquot of the aqueous 
layer was applied to a column that contained a 50% slurry 
of AGl-X8 (anion-exchange resin; 100-200 mesh; for- 
mate form; Bio-Rad, Richmond, CA). The column was 
washed first with 20 ml of distilled water and then glyc- 
erophosphoryl esters were eluted with 8 ml of a solution of 
5 mM sodium tetraborate and 60 mM sodium formate 
(Berridge et al., 1983). Aliquots of the eluate were moni- 
tored for radioactivity in a scintillation mixture (ACS-II; 
Amersham, Arlington Heights, IL) with a scintillation 
counter (TRI-CARB 1500, Packard, Downers Grove, IL) 
at a counting efficiency of 66%. [3H]IP1, [3H]IP 2 (inositol 
1,4-bisphosphate) and [3H]IP 3 were separately collected, 
and the radioactivity of each was quantitated. [3H]IP1 was 
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Fig. l. Influence of 1 /xM (+_)-tamsulosin on the basal force of contraction and on the positive inotropic effect of phenylephrine in the presence of 1 /xM 
bupranolol in isolated rabbit papillary muscle (l Hz, 37°C). A: phenylephrine control; B: phenylephrine in the presence of (_+)-tamsulosin. See text for 
details. 
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mainly used as an indicator of the extent of hydrolysis of 
phosphoinositide. 

2.3. Statistical analysis 

Experimental values are presented as means + S.E. In 
experiments to measure the force of contraction, ECsa 
values were obtained from an analysis of individual con- 
centration-response curves. Characteristics of pharmaco- 
logical antagonism were analysed by the method of Arun- 
lakshana and Schild (1959). Significance of differences 
were estimated by one-way analysis of variance (ANOVA) 
with Duncan's multiple range test and/or by Student's 
t-test where appropriate. A P value of < 0.05 was consid- 
ered to be significant. 

2.4. Drugs 

The drugs used were (+)-tamsulosin [(__+ )-5-[2-[[2-(2- 
ethoxyphenoxy)ethyl]-amino]propyl]-2-methoxybenzene- 
sulfonamide-HCl; Yamanouchi, Tokyo, Japan]; ( - ) -  
phenylephrine hydrochloride, (-)-isoprenaline hydrochlo- 
ride, oxymetazoline hydrochloride, lithium chloride, myo- 
inositol (Sigma, St. Louis, MO, USA); ammonium formate 
(Wako Pure Chemical, Osaka, Japan); (+)-bupranolol hy- 
drochloride (Kaken Pharmaceutical, Tokyo, Japan); 
chlorethylclonidine dihydrochloride, S(-)-timolol maleate 
(Research Biochemicals, Natick, MA); pentobarbital 
sodium (Abbott Laboratories, North Chicago, IL); myo-[2- 
3H]inositol (specific activity 86 Ci/mmol; Amersham, 
Buckinghamshire, UK). 
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Fig. 2. Effects of ( 5- )-tamsulosin on the concentration-response curve for the phenylephrine-induced positive inotropic effect (left and upper, middle right 
panels), and Schild plot of (_)-tamsulosin-induced antagonism against the effect of phenylephrine (lower right panel) mediated by oq-adrenoceptors, in 
the presence of 1 /~M bupranolol, in isolated rabbit papillary muscle (1 Hz, 37°C). Values presented are means _+ S.E. Numbers of experiments are 
presented in parentheses. The basal force of contraction before addition of phenylephrine was 6.51 5- 0.76 m N / m m  2 ; the maximum force determined with 
isoprenaline was 24.5 + 2.5 m N / m m  2 (n = 31). The slope of the regression line calculated by the least-squares method was 0.82 (r  = 0.99; n = 19). 
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3. Results 

3.1. Influence of ( 4-)-tamsulosin on the e~t-adrenoceptor- 
mediated positive inotropic effect 

The influence of (+__)-tamsulosin on the positive in- 
otropic effect of phenylephrine administered in a cumula- 
tive manner in the presence of 1 /~M bupranolol is shown 
in Fig. 1. (-I-)-Tamsulosin from 1 nM to 1 /zM did not 

significantly affect the basal force of contraction, while it 
antagonized the positive inotropic effect of phenylephrine 
in a concentration-dependent manner. (+)-Tamsulosin at 
1-10 nM shifted the concentration-response curves for 
phenylephrine in parallel to the right without affecting the 
maximal response to phenylephrine, while the mode of the 
antagonism was different depending on the concentration 
of (+)-tamsulosin. The pharmacological characteristics of 
the (+)-tamsulosin-induced antagonism of the positive 
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Fig. 3. Effects of ( + )-tamsulosin on the concentration-response curve for the phenylephrine-induced positive inotropic effect (upper and middle panels), 
and Schild plot of ( + )-tamsulosin-induced antagonism against the effect of phenylephrine (lowest panel) mediated by oq-adrenoceptors, in the presence of 
1 /zM S(-)-timolol,  in isolated rabbit papillary muscle (1 Hz, 37°C). The basal force of contraction before addition of phenylephrine was 9.78 + 1.17 
mN/nan2; the maximum force determined with isoprenaline was 29,4 + 5.0 m N / m m  2 (n = 34). The 213slope of the regression line calculated by the 
least-squares method was 0,69 (r  = 0.97; n = 18). 
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Fig. 4. Influence of treatment with chlorethylclonidine on the cq-adreno- 
ceptor-mediated positive inotropic effect in isolated rabbit papillary mus- 
cle (1 Hz, 37°C). The cumulative concentration-response curves for 
phenylephrine were determined with muscle preparations that were not 
treated ( O ;  n = 25) or were treated with 10 /zM chlorethylclonidine (O: 
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inotropic effect of phenylephrine that was mediated by 
ot~-adrenoceptors were analysed by drawing a Schild plot. 
The results are shown in lowest right panels in Fig. 2. The 
slope of the Schild plot for concentrations of 1 and 3 nM 
(+)-tamsulosin was 0.99, which was not significantly 
different from unity, and the line intercepted the x-axis at 
a p A  2 value of 9.12. However, when the higher concentra- 
tion of (___)-tamsulosin was included in the analysis, the 
slope of the Schild plot became 0.82 (Fig. 2), viz. less than 
unity (P  < 0.05), indicating interference of the theoretical 
competitive antagonism with the contribution of the sub- 
type that was less sensitive to (+)-tamsulosin. (4-)- 
Tamsulosin at 100 nM and higher shifted the curves to the 
right and downward as shown in the upper and middle 
right-hand panels in Fig. 2, while there was a partial 
contribution of /3-adrenoceptor-mediated response to very 
high concentrations of phenylephrine because the antago- 
nism by bupranolol was competitive (Kohi et al., 1993a). 
The positive inotropic effect of high concentrations of 
phenylephrine observed in the presence of bupranolol and 
( + )-tamsulosin at 100 nM and higher was decreased in the 
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Fig. 5. Influence of (±)- tamsulosin on the positive inotropic effect of phenylephrine ill muscle preparations treated with 10/zM chlorethylclonidine in the 
presence of 1 /zM bupranolol (1 Hz, 37°C). Control in chlorethylclonidine-treated muscle (©);  ( ± )-tamsulosin ( 0 )  in chlorethylclonidine-treated muscle. 
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was 27.7 ± 2.4 m N / m m  2 (n = 30). 
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presence of  another potent /3-adrenoceptor blocking agent, 
S ( - ) - t imolo l  as well, implying a contribution of the /3- 
adrenoceptor-mediated response indeed (Fig. 3). 

The inhibitory action of ( ± )-tamsulosin in the presence 
of  another /3-adrenoceptor blocker, S( - ) - t imolo l ,  1 /~M 
(Fig. 3), was very similar to that observed in the presence 
of  1 /xM bupranolol. The slope of  the Schild plot was 0.94 
for concentrations of 1 and 3 nM (+)-tamsulosin,  and the 
line intercepted the x-axis at a pA  2 value of  9.34. How- 
ever, when the higher concentration of 10 nM ( + ) -  
tamsulosin was included in the analysis, the slope of  the 
Schild plot became 0.69 (Fig. 3), which was less than unity 
( P < 0 . 0 5 ) .  (+_)-Tamsulosin at 100 nM suppressed the 
maximal response to phenylephrine more prominently in 
the presence of  timolol, indicating that timolol is more 
potent than bupranolol as a /3-adrenoceptor blocking agent. 

When the extracellular calcium concentration was de- 
creased to 1.25 mM from 2.50 mM, the maximal inotropic 
response to phenylephrine was significantly decreased to 
57.4 + 1.5% (n = 18) vs. 64.7 + 1.8% (n = 34, P < 0.01) 
of the maximal response to isoprenaline, while the basal 
force of  contraction did not change significantly. The 
inhibitory action of (_+)-tamsulosin (1 -10  nM) in the 
presence of  1.25 mM extracellular calcium concentration 
and 1 /zM timolol was essentially the same as that with the 
extracellular calcium concentration of  2.50 mM (n = 18; 
data not shown). 

3.2. Influence of (4-)-tamsulosin on the c~l-adrenoceptor- 
mediated positive inotropic effect in preparations treated 
with chlorethylclonidine 

Inactivation of  c~m-adrenoceptors by treatment with 10 
/xM chlorethylclonidine did not alter the basal force of  
contraction, but it shifted the concentration-response curve 
for phenylephrine to the right and decreased its slope (Fig. 
4). The maximal inotropic effect of  phenylephrine was 
diminished by 64.4% (to 19.0 __+ 1.2% of the maximal 
response to isoprenaline in chlorethylclonidine-treated 
muscles from 53.4 + 1.9% in the control) and the ECs0 for 
phenylephrine was increased 5.3-fold from a control value 
of 1.58 ± 0.13 /zM (n = 25) to 8.40 ± 0.62 /zM (n = 30) 
in chlorethylclonidine-treated muscles. 

In muscles treated with chlorethylclonidine, ( + ) -  
tamsulosin effectively antagonized the phenylephrine- 
induced positive inotropic effect (Fig. 5), an indication that 
the (±)-tamsulosin-sensitive subtype belongs to a class 
that is resistant to treatment with chlorethylclonidine. Be- 
cause very high concentrations of phenylephrine had to be 
used in chlorethylclonidine-treated muscles, the effect of  
phenylephrine that is mediated by fl-adrenoceptors dis- 
turbed the determination of the nature of the antagonism 
induced by (±)- tamsulosin in chlorethylclonidine-treated 
muscles. Although the maximal response to phenylephrine 
was apparently achieved even in the presence of high 
concentrations of (___)-tamsulosin, this may be due to the 

partial contribution of  the /3-adrenoceptor-mediated re- 
sponse seen at high concentrations of  phenylephrine (Fig. 
5). 

3.3. Influence of ( ±)-tamsulosin on the C~l-adrenoceptor- 
mediated accumulation of [ ~ H]inositol phosphates 

The influence of  (±)- tamsulosin on the accumulation 
of [3H]|P 1, [3H]IP2, [3H]IP3 in response to phenylephrine 
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Fig. 6. Influence of various concentrations of (+)-tamsulosin on the 
accumulation of [3H]IPI, [3H]IP2 and [3H]IP3 induced by phenylephrine 
after 5 min in the presence of 1 /xM bupranolol in slices of rabbit 
ventricular muscle. Values were determined after the administration of 
phenylephrine at 10 /zM (striated columns) or saline (open columns). 
Data are expressed as a percentage of the corresponding basal control 
levels that were determined simultaneously (mean+ S.E., n = 6 each), 
The mean radioactivity of control slices was 29.6+2.9 dpm/mg 
([3H]IPL), 23.0+2.7 dpm/mg ([3H]I.P2) and 13.3+3,1 dpm/mg 
([3H]IP3), respectively. The mean wet weight of the muscle slices was 
54.1 + 1.9 mg (n = 60). * ~ P < 0,01; * * * P < 0.1301 vs. the correspond- 
ing values with saline. 



288 H.-T. Yang, M. Endoh/European Journal qf Pharmacology 312 (1996) 281-291 

in the presence of 1 p,M bupranolol is shown in Fig. 6. 
Five minutes after the administration of 10 /zM phenyl- 
ephrine, the levels of [3H]IPj, [3H]IP2 and [3H]IP3 were 
increased to 150.6 + 4.5, 154.2 + 5.9 and 145.4 + 5.1% of 
the corresponding basal level, respectively, in the absence 
of (+)-tamsulosin. The increases in the levels of [3H]IP~, 
[3H]IP z and [3H]IP3 induced by phenylephrine were not 
significantly affected by (__.)-tamsulosin at 1 nM-I #M. 

3.4. Influence of oxymetazoline on the otl-adrenoceptor- 
mediated positit~e inotropic effect and accumulation qf" 
[¢H]inositol monophosphate 

Oxymetazoline (0.3-10 #M) did not cause any ino- 
tropic effect by itself, but it antagonized the positive 

inotropic effect of phenylephrine in a concentration-depen- 
dent manner in the presence of 1 /xM bupranolol (Fig. 7). 
Oxymetazoline at 0.3-1 /xM shifted the concentration-re- 
sponse curves for phenylephrine to the right without affect- 
ing the slope or the maximal response to phenylephrine. 
The Schild plot yielded a linear relationship with a slope 
of 0.89 (not significantly different from the unity), and the 
line intercepted the x-axis at a pA~ value of 6.89. The 
maximal response to phenylephrine was suppressed in the 
presence of 10/xM oxymetazoline (Fig. 7, lower right-hand 
panel). 

The influence of oxymetazoline (0.3-10 #M) on the 
accumulation of [3H]IP] in response to phenylephrine in 
the presence of 1 /~M bupranolol is shown in Fig. 8. 
Thirty minutes after the administration of 10 /zM phenyl- 
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Fig. 7. Effects of oxymetazoline on the concentration-response curve for the phenylephrine-induced positive inotropic effect (upper and middle panels), and 
Schild plot of oxymetazoline-induced antagonism against the effect of phenylephrine (lowest panel) mediated by oq-adrenoceptors, in the presence of I 
/zM bupranolol, in isolated rabbit papillary muscle (1 Hz, 37°C). The basal force of contraction before addition of phenylephrine was 8.70 + 1.13 
mN/mm2; the maximum force determined with isoprenaline was 29.1 + 3.3 mN/mm 2 (n = 24, each). The lowest panel shows a Schild plot of 
oxymetazoline-induced antagonism against the effect of phenylephrine. The slope of the regression line calculated by the least-squares method was 0.89 
( r =  0.99; n = 18). 
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Fig. 8. Influence of various concentrations of oxymetazoline on the 
accumulation of inositol monophosphate ([3H]IPI) induced by 10 /xM 
phenylcphrine after 30 min in the presence of 1 /zM bupranolol in slices 
of rabbit ventricular muscle. Values were determined after the administra- 
tion of phenylephrine at 10 /xM (striated columns) or saline (open 
columns). Oxymetazoline was allowed to act 30 min before and during 
the administration of phenylephrine. Data are expressed as a percentage 
of the corresponding basal control levels that were determined simultane- 
ously (n ,= 7 each). The mean radioactivity of control slices was 30.3 + 2.4 
dpm/mg. The mean wet weight of the muscle slices was 64.3 + 1.8 mg 
(n = 70). 

ephrine, the level of [3H]IPt was increased to 150.8 +__ 6.3% 
of the basal level, which was not significantly affected by 
the presence of 0.3, 1, 3 and 10 /xM oxymetazoline. 

4. Discussion 

In isolated rabbit papillary muscle, the selective O/IA- 
adrenoceptor antagonist (_+)-tamsulosin (Honda et al., 
1985) antagonized the positive inotropic effect of phenyl- 
ephrine in a concentration-dependent manner: ( + ) -  
tamsulosin at 1 to 10 nM shifted the concentration-re- 
sponse curves for phenylephrine in parallel to the right 
without altering the maximal response, while the maximal 
response was attenuated at the relatively high concentra- 
tions of 100 nM and 1 /zM (Figs. 1-3). This result 
indicates that (+)-tamsulosin acts predominantly as a 
competitive antagonist of a~-adrenoceptors in rabbit ven- 
tricular muscle (Hiramoto et al., 1988). 

It has been reported that (+)-tamsulosin is a selective 
alA-adrenoceptor antagonist on the basis of its ability to 
discriminate between alA- and alB-adrenoceptor recogni- 
tion sites that have been labelled with [3H]prazosin (Hanft 
et al., 1989) and [ 3 H]tamsulosin (Garcfa-Sfiinz et al., 1995). 
This conclusion is supported by the results of Sudoh et al. 
(1992) who found that, after pretreatment with chlorethyl- 
clonidine of membrane fractions derived from various 
rabbit tissues including the heart, [3H]tamsulosin exhibited 
affinity for the remaining binding sites greater than that of 
[3H]prazosin or [3H]WB 4101, indicating that tamsulosin 
has high affinity for atA-adrenoceptors. However, it has 
become evident that certain characteristics of the tamsu- 
losin-induced antagonism are quite different from those of 
the antagonism induced by other a]A-adrenoceptor antago- 

nists. WB 4101 shifted the curve for the positive inotropic 
effect of phenylephrine by 1 log unit at 1 nM, whereas it 
did not cause a further shift at higher concentrations, 
probably because of the predominant contribution of ChB- 
adrenoceptors in rabbit ventricular muscle (Endoh et al., 
1992a). By contrast, (+)-niguldipine depressed the maxi- 
mal response to al-stimulation at concentrations as low as 
0.1 pM without producing a rightward shift of the concen- 
tration-response curve; this drug did not cause further 
inhibition at higher concentrations (Endoh et al., 1992b). 
(+)-Tamsulosin exhibited neither the saturation character- 
istics of WB 4101 nor the depression of the maximal 
response observed with (+)-niguldipine, so it is clearly 
different from the agents that have been previously recog- 
nized as selective antagonists of ala-adrenoceptors. In this 
context, it is noteworthy that the inhibitory action of 
(+)-tamsulosin was very similar to that of another a~n- 
adrenoceptor ligand oxymetazoline (Faure et al., 1994) in 
respect to the mode of antagonism (Schiimann and Endoh, 
1976) and dissociation from the accumulation of inositol 
phosphate induced by phenylephrine, as will be discussed 
later. 

The slope of the Schild plot for (5-)-tamsulosin was 
close to unity in only a limited concentration range and it 
became less than unity at the higher concentration, sug- 
gesting the possible involvement of more than one subtype 
in the effect of phenylephrine. Because rabbit ventricular 
muscle contains predominantly the chlorethylclonidine- 
sensitive am-subtype (Takanashi et al., 1991), we exam- 
ined the possible interference of crm-adrenoceptors, by 
pretreatment with chlorethylclonidine, in the antagonistic 
action of (_)-tamsulosin. Pretreatment with chlorethyl- 
clonidine markedly diminished the maximal response and 
elicited a rightward shift of the concentration-response 
curve for phenylephrine. These results are in agreement 
with previous findings in papillary muscles from the rabbit 
(Takanashi et al., 1991; Kohi et al., 1993a) and the rat 
(Williamson et al., 1994). After pretreatment with 10 /zM 
chlorethylclonidine, the ECs0 value for phenylephrine in- 
creased 5-fold (Fig. 4). Since the relationship between 
occupancy of ceradrenoceptors and the positive inotropic 
effect is non-linear, indicating the existence of spare recep- 
tors in rabbit papillary muscle (Hiramoto et al., 1988), this 
result might explain the chlorethylclonidine-induced right- 
ward shift of the curve for phenylephrine. 

Chlorethylclonidine might also bind to subtypes other 
than alB-adrenoceptors. In this context, current findings 
imply that chlorethylclonidine is selective for a~s-adreno- 
ceptors (Han et al., 1987; Minneman et al., 1988) and that 
it modifies the amino acid composition of atB-adrenoce p- 
tors but not that of a]A-adrenoceptors (Terman et al., 
1990). However, it has recently been shown that chloreth- 
ylclonidine binds also to a ~d- and a~a-adrenoceptors, with 
a rank order of crib > aid > a~a, when cloned adrenocep- 
tor subtypes are examined (Goetz et al., 1993). Such an 
effect of chiorethylclonidine might be responsible for the 
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modulation of the inhibitory action of (±)-tamsulosin in 
muscle preparations that were pretreated with chlorethyl- 
clonidine (Fig. 5). 

After treatment of preparations with chlorethylcloni- 
dine, (_+)-tamsulosin effectively antagonized the positive 
inotropic effect of phenylephrine, indicating that the ant- 
agonistic action of (_+)-tamsulosin does not involve o~ m- 
adrenoceptors. Michel and Insel (1994) reported that (_+)- 
tamsulosin has higher affinity for oq,- than for ce~h-adreno- 
ceptors, whereas it has a limited ability to select between 
a~a- and a~d-adrenoceptors. Since recent pieces of evi- 
dence indicate that oqd mRNA is present in the heart 
(Rokosh et al., 1994; Stewart et al., 1994), different sub- 
types that are sensitive to (_+)-tamsulosin but not sensitive 
to chlorethylclonidine might possibly contribute to the 
inhibitory action of ( _+ )-tamsulosin in the case of chloreth- 
ylclonidine-pretreated muscles (Fig. 5). ( _+ )-Tamsulosin at 
a concentration of 1 /zM markedly shifted the concentra- 
tion-response curve for phenylephrine to the right, indicat- 
ing that (±)-tamsulosin is a potent and effective ,X~A- 
adrenoceptor antagonist in the rabbit ventricular myo- 
card±urn. It was noted, however, in chlorethylclonidine- 
treated preparations that the /3-adrenoceptor-mediated ef- 
fect of phenylephrine appeared in the presence of high 
concentrations of (±)-tamsulosin and contributed partially 
to the maintenance of the maximal response to phenyl- 
ephrine, because phenylephrine had to be applied at very 
high concentrations (Fig. 5). 

It is noteworthy that (±)-tamsulosin at concentrations 
up to 1 /xM did not significantly affect the accumulation 
of [3H]IP3 that was induced by stimulation of a~-adreno- 
ceptors in rabbit ventricular myocardium. This result indi- 
cates a clear dissociation of the positive inotropic effect 
from the accumulation of inositol phosphates. Considering 
the close correlation between the inotropic effect and the 
response in terms of accumulation of inositol phosphates 
during activation of c~B-adrenoceptors (Takanashi et al., 
1991; Yang and Endoh, 1994) and the dissociative action 
of (+)-tamsulosin, we are inclined to postulate that stimu- 
lation of myocardial c~lA-adrenoceptors produces a posi- 
tive inotropic effect independent of the accumulation of 
inositol phosphates, in addition to a chlorethylclonidine- 
sensitive positive inotropic effect associated with accumu- 
lation of inositol phosphates. The previous findings in the 
rabbit ventricular myocardium that the antagonistic action 
of selective CqA-adrenoceptor antagonists, such as (+ ) -  
niguldipine (Yang and Endoh, 1994), HV 723 (Kohi et al., 
1993b) and WB 4101 (Yang and Endoh, 1994), on the 
positive inotropic effect of o<~-adrenoceptor stimulation 
was not or was associated with only partial inhibition of 
the accumulation of inositol phosphates induced by ce t- 
adrenoceptor stimulation support the above postulate of 
different mechanisms that are associated with or unrelated 
to the accumulation of inositol phosphates. The present 
findings with another Ce~A-adrenoceptor ligand oxymetazo- 
line (Faure et al., 1994), which antagonized the positive 
inotropic effect of phenylephrine mediated by o~-adreno- 

ceptors in a competitive manner but did not affect the 
accumulation of inositol monophosphate induced by 
phenylephrine, also support the postulate described above. 
In these studies, the accumulation of [3H]inositol phos- 
phates was measured in rabbit ventricular slices prela- 
belled with myo-[3H]inositol according to the method of 
Berridge et al. (1983). Although accumulation of [-~H]in- 
ositol phosphates may reflect the activation of phospholi- 
pase C subsequent to c~-adrenoceptor stimulation, it has 
been shown that myocardial aj-adrenoceptors are coupled 
also to activation of phospholipase D (Ye et al., 1994) and 
phospholipase A~ (Kurachi et al.. 1989). Namely, activa- 
tion of phospholipase D results in production of diacyl- 
glycerol, which may be shared by activation of phospholi- 
pase C. Therefore, the potential involvement of various 
types of phospholipase in oq-adrenoceptor-mediated regu- 
lation of myocardial contractility has to be taken into 
consideration and requires future study. 

In summary, we have demonstrated in rabbit ventricular 
muscle that: (1) (+)-tamsulosin and oxymetazoline com- 
petitively antagonize the positive inotropic effect of 
phenylephrine acting via a chlorethylclonidine-insensitive 
subtype of al-adrenoceptor; (2) the functional antagonism 
is not associated with inhibition of the accumulation of 
inositol phosphate induced by a~-adrenoceptor stimulation; 
and, thus, (3) (±)-tamsulosin and oxymetazoline cause a 
clear dissociation of the positive inotropic effect from the 
accumulation of inositol phosphates that is induced by 
ce ~-adrenoceptors. 

Acknowledgements 

The present work was supported in part by Grants-in-Aid 
for Scientific Research on Priority Areas (Nos. 06264202 
and 06274201) from the Ministry of Education, Science, 
Sports and Culture (Japan). The authors thank the Uehara 
Foundation for the grant (1994-1995) given to Huang-Tian 
Yang. They are also grateful to Mr. I. Norota for his 
skillful technical assistance in generating some of the 
figures; to Yamanouchi Pharmaceutical (Tokyo) for the 
generous gift of (±)-tamsulosin; to Pfizer Taito (Tokyo) 
for prazosin; and to Kaken Pharmaceutical (Tokyo) for 
( ± )-bupranolol. 

References 

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

Berridge, M.J.. R.M.C. Dawson, C.P. Downnes, J.P. Heslop and R.F. 
Irvine, 1983, Changes in the levels of inositol phosphates after 
agonist-dependent hydrolysis of membrane phosphoinositides, 
Biochem. J. 212, 473. 

Brown, J.H., I.E. Buxton and L.L. Brunton. 1985, o~j-Adrenergic and 
muscarinic cholinergic stimulation of phosphoinositide hydrolysis in 
adult rat cardiomyocytes, Circ. Res. 57, 532. 

Endoh, M., 1982, Adrenoceptors and the myocardial inotropic response: 



H.-T. Yang, M. Endoh / European Journal of Pharmacology 312 (1996) 281-291 291 

do alpha and beta receptor sites functionally coexist?, in: Trends in 
Autonomic Pharmacology, Vol. 2, ed. S. Kalsner (Urban & 
Schwarzenberg, Baltimore) p. 303. 

Endoh, M., T. Hiramoto, A. lshihata, M. Takanashi and I. Norota, 1991, 
Myocardial a~-adrenoceptors mediate positive inotropic effect and 
change in phosphatidylinositol metabolism. Species differences in 
receptor distribution and the intracellular coupling processes in mam- 
malian ventricular myocardium, Circ. Res. 68, 1179. 

Endoh, M., M. Takanashi and I. Norota, 1992a, Role of alphalA adreno- 
ceptor subtype in production of the positive inotropic effect mediated 
via myocardial alpha I adrenoceptors in the rabbit papillary muscle: 
influence of selective alphalA subtype antagonists WB 4101 and 
5-methylurapidil, Naunyn-Schmiedeberg's Arch. Pharmacol. 345,578. 

Endoh, M., M.Takanashi and I. Norota, 1992b, Effect of (+)-niguldipine 
on myocardial al-adrenoceptors in the rabbit, Eur. J. Pharmacol. 223, 
143. 

Faure, C., C. Pimoule, S. Arbilla, S.Z. Langer and D. Graham, 1994, 
Expression of at-adrenoceptor subtypes in rat tissue: implications for 
et i-adrenoceptor classification, Eur. J. Pharmacol. 268, 141. 

Ford, A.P.D.W., T.J. Williams, D.R. Blue and D.E. Clarke, 1994, a l- 
Adrenoceptor classification: sharpening Occam's razor, Trends Phar- 
macol. Sci. 15, 167. 

Garcla-SNnz, J.A., M.T. Romero-Avila, R. Villalobos-Molina and K.P. 
Minneman, 1995, oq-Adrenoceptor subtype selectivity of tamsulosin: 
studies using livers from different species, Eur. J. Pharmacol. 289, 1. 

Goetz, A., M. Lutz, E. Carpi, I. Rimele and D. Saussy, 1993, Comparison 
of ligand affinities for cloned a~-adrenoceptor subtypes (Abstract), 
FASEB J. 7, A696. 

Hart, C., P.W. Abel and K.P. Minneman, 1987, oq-Adrenoceptor sub- 
types linked to different mechanisms for increasing intracellular Ca "-+ 
in smooth muscle, Nature (London) 329, 333. 

Hanft, G., G. Gross, J.J. Beckeringh and G. Korstanje, 1989, ai-Adre- 
noceptors: the ability of various agonists and antagonists to discrimi- 
nate between distinct [3H]prazosin binding sites, J. Pharma. Pharma- 
col. 41,714. 

Hieble, J.P., D.B. Bylund, D.E. Clarke, D.C. Eikenburg, S.Z. Langer, R.J. 
Lefkowitz, K.P. Minneman and R.R. Ruffolo, Jr., 1995, International 
Union of Pharmacology X. Recommendation for nomenclature of 
oq-adrenoceptors: consensus update, Pharmacol. Rev. 47, 267. 

Hiramoto, T., H. Kushida and M. Endoh, 1988, Further characterization 
of the myocardial oq-adrenoceptors mediating positive inotropic ef- 
fects in the rabbit myocardium, Eur. J. Pharmacol. 152, 301. 

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 atc-adrenergic receptor, Biochem. 
Biophys. Res. Commun. 195, 902. 

Honda, K., T. Takenaka, A. Miyata-Osawa, M. Terai and K. Shiono, 
1985, Studies on YM-12617: a selective and potent antagonist of 
postsynaptic al-adrenoceptors, Naunyn-Schmiedeberg's Arch. Phar- 
macol. 328, 264. 

Kohi, M., I. Norota, M. Takanashi and M. Endoh, 1993a, On the 
mechanism of action of the beta-1 partial agonist denopamine in 
regulation of myocardial contractility: effects on myocardial alpha 
adrenoceptors and intracellular Ca +* transients, J. Pharmacol. Exp. 
Tiler. 265, 1292. 

Kohi, M., H.-T. Yang and M. Endoh, 1993b, Myocardial alA-adrenocep- 
tor subtypes in rabbit: differentiation by a selective antagonist, HV 
723, Eur. J. Pharmacol. 250, 95. 

Kurachi, Y., H. Ito, T. Sugimoto, T. Shimizu, I. Miki and M. Ui, 1989, 
o~-Adrenergic activation of the muscarinic K ÷ channel is mediated by 
arachidonic acid metabolites, Pfltigers Arch. 414, 102. 

Lomasney, J.W., S. Cotecchia, R.J. Lefkowitz and M.G. Caron, 1991, 
Molecular biology of c~-adrenergic receptors: implication for receptor 
classification and for structure-function relationships, Biochem. Bio- 
phys. Acta 1095, 127. 

Michel, M.C. and P.A. Insel, 1994, Comparison of cloned and pharmaco- 
logically defined rat tissue otl-adrenoceptor subtypes, Naunyn- 
Schmiedeberg's Arch. Pharmacol. 350, 136. 

Minneman, K.P., 1988, t~l-Adrenergic receptor subtypes, inositol phos- 
phates, and sources of cell Ca 2+, Pharmacol. Rev. 40, 87. 

Minneman, K.P., C. Han and P.K. Abel, 1988, Comparison of at-adren- 
ergic receptor subtypes distinguished by chlorethylclonidine and WB 
4101, Mol. Pharmacol. 33, 509. 

Minneman, K.P., T.L Theroux, S. Hollinger, C. Han and T.A. Esben- 
shade, 1994, Selectivity of agonists for cloned a i-adrenergic receptor 
subtype, Mol. Pharmacol. 46, 929. 

Otani, H., H. Otani and D.K. Das, 1988, %-Adrenoceptor-mediated 
phosphoinositide breakdown and inotropic response in rat left ventric- 
ular papillary muscle, Circ. Res. 62, 8. 

Poggioli, J., J.C. Sulpice and G. Vassort, 1986, Inositol phosphate 
production following cq-adrenergic, muscarinic or electrical stimula- 
tion in isolated rat heart, FEBS Lett. 206, 292. 

Rokosh, D.G., B.A. Bailey, A.F.R. Stewart, L.R. Karns, C.S. Long and 
P.C. Simpson, 1994, Distribution of o~ IC-adrenergic receptor mRNA 
in adult rat tissues by RNase protection assay and comparison with 
otlB- and ctlD, Biochem. Biophys. Res. Commun. 200, 1177. 

Scholz, H., 1980, Effects of beta- and alpha-adrenoceptor activators and 
adrenergic transmitter-releasing agents on the mechanical activity of 
the heart, in: Handbook of Experimental Pharmacology, Vol. 54/I, 
ed. L. Szekeres (Springer, Berlin) p. 651. 

Scholz, J., B. Schaefer, M. Schmitz, H. Scholz, M. Steinfath, M. Lohse, 
U. Schwabe and J. Puurunen, 1988, Alpha-1 adrenoceptor-mediated 
positive inotropic effect and inositol trisphosphate increase in mam- 
malian heart, J. Pharmacol. Exp. Ther. 245, 327. 

Schiimann, H.-J. and M. Endoh, 1976, a-Adrenoceptors in the ventricular 
myocardium: clonidine, naphazoline and methoxamine as partial c~- 
agonists exerting a competitive dualism in action to phenylaphrine, 
Eur. J. Pharmacol. 36, 413. 

Schwinn, D.A., G.I. Johnson, S.O. Page, M.J. Mosley, K.H. Wilson, N.P. 
Worman, S. Campbell, M.D. Fidock, L.M. Furuess, D.J. Parry-Smith, 
B. Peter and D.S. Baily, 1995, Cloning and pharmacologic characteri- 
zaion of human oq-adrenergic receptor: sequence corrections and 
direct comparisons with other species homologues, J. Pharmacol. Exp. 
Ther. 272, 134. 

Stewart, A.F.R., D.G. Rokosh, B.A. Bailey, L.R. Karns, K.C. Chang, 
C.S. Long, K.-I. Kariya and P.C. Simpson, 1994, Cloning of the rat 
a~c-adrenergic receptor from cardiac myocytes, a~c, t~a, and eqo 
mRNAs are present in cardiac myocytes but not in cardiac fibroblasts, 
Circ. Res. 75, 796. 

Sudoh, K., M. Takanashi, O. Inagaki, H. Yazawa, K. Honda and T. 
Takenaka, 1992, Characterization of a newly synthesized radioligand 
[ 3 H]-YM617 and its selectivity for a radrenoceptor subtypes in rabbit 
tissues, Jpn. J. Pharmacol. 58 (Suppl. I), 387. 

Takanashi, M., I. Norota and M. Endoh, 1991, Potent inhibitory effect of 
chlorethylclonidine on the positive inotropic effect and phosphoinosi- 
tide hydrolysis mediated by alpha~-adrenoceptors in the rabbit ven- 
tricular myocardium, Naunyn-Schmiedeberg's Arch. Pharmacol. 343, 
669. 

Terman, B.I., R.P. Riek, A. Grodski, H.-J. Hess and R.M. Graham, 1990, 
Identification and structural characterization of a~-adrenergic recep- 
tor subtypes, Mol. Pharmacol. 37, 526. 

Terzic, A., M. PucEat, G. Vassort and S.M. Vogel, 1993, Cardiac 
oq-adrenoceptors: an overview, Pharmacol. Rev. 45, 147. 

Williamson, A.P., E. Seifen, J.P. Lindemann and R.H. Kennedy, 1994, 
WB 4101- and CEC-sensitive positive inotropic actions of phenyl- 
ephrine in rat cardiac muscle, Am. J. Physiol. 266 (Heart Circ. 
Physiol. 35), H2462. 

Yang, H,T. and M. Endoh, 1994, Dissociation of the positive inotropic 
effect of methoxamine from the hydrolysis of phosphoinositide in 
rabbit ventricular myocardium: a comparison with the effects of 
phenylephrine and the subtype of the alpha-1 involved, J. Pharmacol. 
Exp. Ther. 269, 732. 

Ye, H., R.A. Wolf and P.B. Corr, 1994, Phosphatidic acid increases in 
response to noradrenaline and endothelin-I in adult rabbit ventricular 
myocytes, Cardiovasc. Res. 28, 1828. 


