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(8-[2-[4-(2-methoxyphenyl)-1-piperazinyl]ethyl]-8-azaspiro[4,5]decane-7,9-dione 

dihydrochloride;  

KMD-3213, 

(-)-1-(3-hydroxypropyl)-5-[(2R)-2-({2-[(2,2,2-trifluoroethoxy)phenoxy]ethyl}ami- 

no)propyl]-2,3-dihydro-1H-indole-7-carboxamide;  

NS-49,  

(R)-(-)-3’-(2-amino-1-hydroxyethyl)-4’-fluoromethanesulfonanilide hydrochloride;  

RS-17053, 

N-[2-(2-cyclopropylmethoxyphenoxy)ethyl]-5-chloro-α,α-dimethyl-1H-indole-3-
 

ethamine hydrochloride 
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Abstract 

The alpha-1L adrenoceptor (AR) was identified in rabbit ear artery by both functional and 

ligand binding studies.  In functional studies using arterial rings, the contractile response 

to NS-49 (alpha-1A and alpha-1L AR-selective agonist) was competitively antagonized 

with low affinities by prazosin, RS-17053 and 5-methylurapidil but with high affinities 

by tamsulosin and KMD-3213.  In contrast, the response to noradrenaline (nonselective 

alpha-1 AR agonist) was inhibited non-competitively by these antagonists (except 

5-methylurapidil) with Schild slopes different from unity. These results suggest that the 

response to NS-49 was mediated predominantly via alpha-1L ARs, whereas the response 

to noradrenaline was produced through two distinct alpha-1 AR subtypes (presumably 

alpha-1B and alpha-1L ARs).  In binding studies with intact segments of rabbit ear artery, 

[3H]-KMD-3213 bound with high affinity (pKD=9.7) to alpha-1 ARs, which were 

subdivided by prazosin, RS-17053, and 5-methylurapidil into two subtypes (alpha-1A 

and alpha-1L ARs).  In contrast, [3H]-prazosin binding sites in ear artery segments 

(pKD=9.8) were identified as alpha-1A and alpha-1B ARs.  In conventional binding 

studies using isolated rabbit ear artery microsomal membranes, [3H]-KMD-3213 binding 

sites were identified as alpha-1A ARs with high affinities for prazosin, RS-17053 and 

5-methylurapidil.  Our study indicates that an alpha-1L AR having a unique 

pharmacological profile coexists with alpha-1A and alpha-1B ARs in rabbit ear artery and 

can be identified either functionally or by binding studies using intact tissues but not 

microsomal membrane preparations.  
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Introduction 

Alpha-1 adrenoceptors (ARs) play a number of important roles in many 

physiological processes, and agonists and antagonists specific for alpha-1 ARs have been 

evaluated for a variety of diseases, such as hypertension, benign prostatic hyperplasia and 

stress incontinence (Hieble, 2000; Michelotti et al., 2000). At present, three distinct 

subtypes of alpha-1 ARs (alpha-1A, alpha-1B and alpha-1D) have been cloned and 

identified pharmacologically in native tissues (Hieble et al., 1995; Michel et al., 1995; 

Zhong and Minneman, 1999).  These three subtypes show different pharmacological 

profiles for various drugs, although prazosin, a classical alpha-1 AR antagonist showing 

high (sub-naomolar) affinity, can not discriminate between the three subtypes (Table 1).  

The alpha-1A AR shows higher affinities for KMD-3213, RS-17053, 5-methylurapidil, as 

compared with alpha-1B and alpha-1D ARs (Ford et al., 1996, Kenny et al., 1996; Honner 

and Docherty, 1999; Murata et al., 1999). Tamsulosin has a high affinity for all three AR 

subtypes, with a slightly low affinity for the alpha-1B subtype (Testa et al., 1997; 

Muramatsu et al., 1998b).  BMY 7378 is an alpha-1D-selective antagonist (Goetz et al., 

1995).  In addition to these three alpha-1AR subtypes (A, B and D), the presence of 

another alpha-1 AR subtype (the putative alpha-1L AR) has been identified using 

functional studies that reveal a unique pharmacological profile:  low affinity for prazosin, 

RS-17053 and 5-methylurapidil but high affinity for KMD-3213 and tamsulosin 

(Muramatsu et al., 1995a; 1998a; Ford et al., 1996, Murata et al., 1999).  However, the 

corresponding gene for the alpha-1L AR has not yet been identified.  

The alpha-1L AR has been detected in various tissues, such as rabbit thoracic aorta 

(Oshita et al., 1993), rat and human vas deferens (Ohmura et al., 1992; Amobi et al., 

2002), rabbit iris (Nakamura et al., 1999) and in the rabbit, rat and human prostate 
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(Hiraoka et al., 1995, 1999; Muramatsu et al., 1994; Ford et al., 1996).  These alpha-1L 

ARs have been identified primarily by functional studies, but have yet to be characterized 

by ligand binding studies.   Hiraoka et al. (1999) have reported that functionally, the 

alpha-1 ARs of rat prostate are of the alpha-1L subtype; but only the alpha-1A AR was 

detected by binding studies using microsomal membranes isolated from this tissue.  In 

rabbit iris, the alpha-1A AR is the major receptor subtype detected by RT-PCR and by 

membrane binding studies, but functionally, the alpha-1 AR-triggered contractions of the 

iris dilator muscle can be seen to be mediated via the alpha-1L AR subtype (Nakamura et 

al., 1999; Suzuki et al., 2002).  Thus, there is an apparent discrepancy between the 

alpha-1 AR subtypes detected by functional and by ligand binding studies.   

To characterize the pharmacological profiles of many receptors by radioligand 

binding criteria, most studies have used tissue-derived microsomal membrane 

preparations. However, it has been pointed out that tissue homogenization may cause 

dramatic changes in the membrane receptor environment, possibly leading to changes in 

receptor binding properties (Bylund and Toews, 1993).  Recently, we have re-evaluated 

the use of intact tissue segments for measurements of ligand binding, because intact tissue 

may reflect better the physiological state of a receptor.  This method would avoid 

changing receptor environment by homogenization and would avoid obtaining a low 

yield of receptor-bearing membranes after fractionation (Tanaka et al., 2004).  We 

hypothesize that the alpha-1L AR observed in functional studies might be identified in the 

intact tissue before, but not after tissue homogenization.  In a preliminary study, we used 

the intact tissue segment binding method to study ARs in rabbit thoracic aorta, a 

representative tissue showing diverse alpha-1L AR pharmacology (Oshita et al., 1993)  

However, in this tissue, the nonspecific binding of the radioligand probe was too high to 
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permit a clear evaluation of the AR subtypes present.  We therefore have turned to a 

smaller caliber vessel, the rabbit ear artery, with the expectation that a reduced amount of 

connective tissue in this preparation might lead to a lower degree of nonspecific binding 

of radioligand.  Using the rabbit ear artery, we compared the alpha-1 ARs characterized 

functionally by a contractile bioassay, with the ARs detected by radioligand binding 

methods using both tissue segments and isolated membrane preparations.  As radioligand 

probes, we used [3H]-KMD-3213 (selective for alpha-1A and alpha-1L ARs) and 

[3H]-prazosin (selective for alpha-1A, alpha-1B and alpha-1D ARs).  The alpha-1 

AR-mediated contractile responses in rabbit ear artery were produced by noradrenaline 

(subtype-nonselective) and NS-49 (selective for alpha-1A and alpha-1L ARs) and were 

characterized pharmacologically with the use of various alpha-1 AR antagonists. 
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Materials and methods 

 

Animals and tissue isolation 

Male albino rabbits (2.0-3.5 kg) were anaesthetized by injection of sodium 

pentobarbital (100 mg kg -1) into a marginal ear vein and killed.  The ears were removed 

and the central ear arteries were carefully isolated.  Then, fat and connective tissues were 

removed from the arteries in a modified Krebs-Henseleit solution (NaCl 120.7 mM, KCl 

5.9 mM, MgCl2 1.2 mM, CaCl2 2 mM, NaHPO4 1.2 mM, NaHCO3 25.5 mM and Glucose 

11.5 mM, pH 7.4) gassed with 95% O2 and 5% CO2. 

 

Functional studies 

The ear artery tissue was cut into rings of approximately 2 mm in length and then the 

endothelium was removed by gentle rubbing with an enamel-coated stainless steal-wire.  

The rings were suspended in an organ bath containing 5 ml of modified Krebs-Henseleit 

solution gassed continuously with 95% O2 and 5% CO2 at 37 °C.  Desipramine (0.1 µM), 

deoxycorticosterone acetate (5 µM) and propranolol (1 µM) were added in the bathing 

solution to block neural and extraneural uptake of noradrenaline and to block beta-ARs.  

The removal of endothelium was confirmed by investigating the non-relaxing response of 

acethylcholine.  Resting tensions of 0.5 g was applied to the ear artery rings.  After 

equilibration for at least 60 min, noradrenaline or NS-49 was added to the organ bath in a 

cumulative manner to obtain concentration-response curves.  Various alpha AR 

antagonists were added to the organ bath 60 min before and during the evaluation of 

cumulative concentration-response curves for noradrenaline or NS-49.  The contractile 

responses were recorded as changes in isometric force measured using an isometric force 
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transducer (T7-30, Orientec, Tokyo, Japan) and amplifier (AP-621G, Nihon Kohden Co., 

Ltd., Tokyo, Japan). 

 

Tissue segment binding experiments with rabbit ear artery 

Tissue segment binding experiments were performed according to the method described 

by Tanaka et al. (2004) with minor modifications including a small change in the 

bicarbonate concentration of the incubation buffer.  In the modified Krebs-Henseleit 

solution pH 7.4, gassed with 95% O2 and 5% CO2, the isolated ear artery was cut 

lengthwise and the endothelium was removed by gentle rubbing with filter paper.  Then, 

the tissues were cut into small pieces (approximately 4 mm in length) under a 

stereoscopic microscope. Usually, 30 pieces of ear artery were prepared from one rabbit 

and were used for one saturation or competition experiment.  Each piece was incubated 

with [3H]-KMD-3213 or [3H]-prazosin for 12 h at 4 °C in 1 ml of a Krebs incubation 

buffer.  The composition of the Krebs incubation buffer was essentially the same as a 

modified Krebs-Henseleit solution, except the NaHCO3 concentration was reduced to 

10.5 mM in order to adjust pH to 7.4 in air.  The osmolarity of Krebs incubation buffer 

was adjusted by adding NaCl.  In binding saturation experiments, concentrations of 

[3H]-KMD-3213 and [3H]-prazosin ranging from 50 to 1000 pM and from 30 to 250 pM, 

respectively, were used.  Binding-competition experiments were performed at a 

concentration of 500 pM for [3H]-KMD-3213 or 100 pM for [3H]-prazosin. After 

incubation, the pieces were gently blotted and rinsed during vortexing for 1 min with 2 ml 

incubation buffer at 4 °C.  The pieces were then blotted and solubilized in 0.3 M NaOH 

solution to estimate the radioactivity and protein content.  The specific binding was 

determined by subtracting the amount bound in the presence of 3 µM prazosin for 
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[3H]-KMD-3213 binding and 30 µM phentolamine for [3H]-prazosin binding from the 

total radioactivity bound per mg protein.    In preliminary studies, the same amount of 

specific binding sites was observed using a hydrophilic competing ligand, adrenaline.  

Thus, the specific binding sites measured in the present studies appeared not to reflect a 

nonspecific uptake of the radioligand into the cells.  Experiments were done in duplicate 

at each concentration of radioligand for a saturation experiment or at each concentration 

of competing ligand for a binding-competition experiment.  Radioactivity was measured 

by liquid scintillation counting using a water-miscible scintillation fluid (ULTIMA 

GOLD, Packard Bioscience, Groningen, Netherlands).
  

Protein concentrations were 

assayed according to the method of Bradford (1976) using bovine serum albumin as a 

standard. 

 

Membrane binding experiments with rabbit ear arteries 

The isolated rabbit ear arteries were pooled and stored in -80 °C before use.  The 

arteries were minced with scissors and homogenized in 40 volumes (V/W) of 

homogenization buffer (50 mM Tris-HCl, 100mM NaCl, 2 mM EDTA, pH 7.4) using a 

polytron homogenizer (specify setting 8, 5 x 20 sec at 4°C).  The tissue homogenate was 

subjected to centrifugation at 1,000 x g for 10 min at 4°C.  The supernatant was filtered 

through four layers of gauze (Type I) and then centrifuged at 80,000 x g for 30 min at 4°C.  

The resulting pellet was resuspended in ice-cold Tris assay buffer (50 mM Tris-HCl, 1 

mM EDTA, pH 7.4) and used for binding experiments in the Tris assay buffer.   In 

addition to this membrane preparation, the ear arteries were also homogenized in the 

Krebs incubation buffer used in the tissue segment binding experiments.  Upon this 

homogenization, proteinase inhibitors (Complete, EDTA-free tablet, cat. no. 1 873 580, 
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Roche, Penzberg, Germany) were added.  After centrifugation as mentioned above, the 

microsomal fraction was re-suspended in the Krebs incubation buffer and used for 

binding experiments.  

Binding experiments were conducted using the membrane fractions suspended in 

Tris assay buffer and in Krebs incubation buffer, respectively.  The membranes prepared 

from ear arteries of 7 - 9 rabbits were used for one saturation or competition experiment.  

The incubation was carried out for 45 min at 30 °C in Tris assay buffer or for 4 h at 4 °C in 

Krebs incubation buffer.  In binding saturation experiments, 30 - 1000 pM 

[3H]-KMD-3213 was used.  Total incubation volume was 2 ml.  In binding-competition 

experiments, the membranes were incubated with 100 pM [3H]-KMD-3213 in rabbit ear 

artery in the absence or presence of unlabelled competing ligands.  Reactions were 

terminated by rapid filtration using a Brandel cell harvester onto Whatman GF/C filters 

presoaked 0.3 % polyethyleneimine for 15 min, and the filters were then washed three 

times with 5 ml of ice-cold washing buffer (50 mM Tris-HCl, pH 7.4) or Krebs incubation 

buffer, respectively.  The resulting filters were dried and the trapped radioactivity was 

quantified by liquid scintillation counting.  Non-specific binding of [3H]-KMD-3213 was 

defined as the binding in the presence of 3 µM prazosin.  Experiments were done in 

duplicate at each concentration of [3H]-KMD-3213 for a binding saturation experiment or 

at each concentration of competing ligand for a binding-competition experiment.  The 

protein contents of total homogenates obtained before centrifugation and of the 

microsomal membrane fractions were determined by the method of Bradford (1976).    

 

Data analysis 

Binding data were analyzed using commercially available software (Graph Pad PRISM®, 
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Ver. 3.00, Graph Pad Software, San Diego, USA).  Briefly the data were first fitted to a 

one- and then a two-site model, and if the residual sums of squares were statistically less 

for a two-site fit of the data than for a one-site, as determined by an F-test comparison, 

then a two-site model was accepted.  P value less than 0.05 were considered significant.   

Abundance of alpha-1 AR in rabbit ear artery was represented as binding capacity per mg 

of total tissue protein (Bmax: fmol mg-1 of total tissue protein in ear artery). That is, in the 

case of conventional binding experiments with membrane fractions, the proteins in the 

homogenates before fractionation were measured as total tissue protein.  Usually, the 

protein yield of membrane fractions was 1 mg from 12 - 13 mg of total tissue protein of 

rabbit ear artery.  In the case of intact tissue binding, the tissues were solubilized in 0.3 M 

NaOH solution and the total proteins were measured, as mentioned above. In functional 

studies, antagonist affinity estimates (pKB values) were obtained by plotting the data 

according to Arunlakshana and Schild (1959).  When the straight lines yielded a slope 

with unity, the pA2 value estimated was represented as the pKB value.  When a single 

concentration of antagonist was tested, the pKB value was also determined for a single 

concentration of antagonist by the concentration-ratio method (Furchgott, 1972).  

Data are represented as the mean ± s.e.m.  Results were analyzed for statistical 

significance using the Student’s t-test.  Probability of less than 0.05 was considered 

significant. 

 

Drugs 

The used drugs and their sources were following: [3H]KMD-3213 

((-)-1-(3-hydroxypropyl)-5-[(2R)-2-({2-[2-(2,2,2-trifluoroethoxy)phenoxy]ethyl}amino)

propyl]-2,3-dihydro-1H-indole-7-carboxamide, specific activity 1.92 TBq mmol-1), 
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KMD-3213 and tamsulosin from Kissei Pharmaceutical Co., Ltd. (Matsumoto, Japan); 

NS-49 ((R)-(-)-3’-(2-amino-1-hydroxyethyl)-4’-fluoromethanesulfonanilide 

hydrochloride) from Nippon Shinyaku Co., Ltd. (Kyoto, Japan); [3H]prazosin (specific 

activity 2978.5 GBq mmol-1) from Dupont-New England Nuclear Inc. (Boston, MA, 

USA). (-)-Phenylephrine hydrochloride, phentolamine hydrochloride, desipramine 

hydrochloride and prazosin hydrochloride from Sigma (St. Louis, MO, USA); 

(±)-Propranolol hydrochloride and deoxycorticosterone acetate from Nacalai tesque (Kyoto, 

Japan); BMY 7378  

(8-[2-[4-(2-methoxyphenyl)-1-piperazinyl]ethyl]-8-azaspiro[4,5]decane-7,9-dione 

dihydrochloride), RS-17053 (N-[2-(2-cyclopropylmethoxyphenoxy)ethyl]- 

5-chloro-α,α-dimethyl-1H-indole-3-ethanamine hydrochloride), 5-methylurapidil and 

rauwolscine hydrochloride from Research Biochemicals International (Natic, MA,USA); 

(-)-adrenaline bitartrate and (-)-noradrenaline hydrogen tartrate monohydrate from Wako 

Pure chemicals (Osaka, Japan).  Prazosin was dissolved in 50 % ethanol and diluted with 

distilled water in functional experiments and with binding buffer in binding experiments.  

The stock solution of KMD-3213, RS-17053 and 5-methylurapidil were prepared with 

dimethylsulfoxide, and then diluted with distilled water in functional experiments and 

with binding buffer in binding experiments.   
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Results 

 

Functional studies 

  Noradrenaline and NS-49 produced concentration-dependent contractions in rabbit ear 

artery.  The effective concentrations of noradrenaline spanned a wide range (0.1 nM – 10 

µM) and the pD2 value (7.6 ± 0.1, n = 34) was higher, as compared with those of NS-49 

(30 nM – 100 µM and 6.5 ± 0.1, n = 31) (Figure 1).  The contractile responses to 

noradrenaline and NS-49 were inhibited by various alpha-1 AR antagonists. However, 

some differences were observed for the inhibitory actions on both the responses caused 

by both agonists.  Figure 1 shows representative results for the inhibitory effects of 

prazosin.   Prazosin at 1 and 10 nM effectively inhibited the contractile responses to low 

concentrations of noradrenaline, suggesting that the contractile responses in this 

concentration range of noradrenaline are mediated through prazosin-high sensitive 

alpha-1 ARs, as demonstrated in rabbit thoracic aorta (Oshita et al., 1993; Muramatsu et 

al., 1998a).  At 100 nM prazosin produced a parallel rightward shift of the 

concentration-response curve for noradrenaline (Figure 1A).  On the other hand, the 

concentration-response curve for NS-49 simply shifted to the right after treatment with 

high concentrations of prazosin (100 and 1000 nM) (Figure 1B).  The slope of the Schild 

plot for prazosin deviated significantly from unity for the response to noradrenaline but 

not to NS-49 (Figure 2, Table 1).  The slopes of the Schild plots for tamsulosin and 

KMD-3213 were also different from unity for the response to noradrenaline but not for 

NS-49 (Table 1).  These results strongly suggested that, in contrast to the response to 

NS-49, the contractile response to noradrenaline was mediated through at least two 

distinct alpha-1 ARs which could be distinguished by the antagonists tested.  The pA2 or 
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pKB values for prazosin and KMD-3213 were significantly different (p < 0.05) for the 

responses triggered by noradrenaline and NS-49 (Table 1).  In contrast, 5-methylurapidil 

produced a simple competitive inhibition for the responses to both noradrenaline and 

NS-49, resulting in a Schild plot slope of unity and a low pKB value.  RS-17053 at 0.1 

µM had no inhibitory effect on both contractile responses. Therefore, the effect of a 

single concentration (1 µM) of RS-17053 was tested, with a low pKB value being 

estimated by the concentration-ratio method (Furchgott, 1972).  BMY 7378 (1 µM) and 

rauwolscine (1 µM) did not cause any inhibitory effects on the contractile responses to 

noradrenaline and NS-49.   

 

 [3H]-KMD-3213 and [3H]-prazosin binding to tissue segments of rabbit ear artery 

Since distinct alpha-1 ARs have been considered to be involved in the functional 

responses of rabbit ear artery to noradrenaline and NS-49, tissue segment binding 

experiments were done using [3H]-KMD-3213 and [3H]-prazosin as radioligand probes.  

Experiments were done using Krebs incubation buffer which was essentially identical 

composition with the Krebs-Henseleit solution used in the functional studies (see 

Method).  Figure 3 shows the representative saturation binding curves for 

[3H]-KMD-3213 and [3H]-prazosin. The specific binding of [3H]-KMD-3213 was 

approximately 90 to 70 % of the total binding at concentrations from 50 pM to 1000 pM 

and was saturated at concentrations over 600 pM (Figure 3A).  The binding saturation 

isotherm revealed that [3H]-KMD-3213 met the criteria for binding to a single set of sites.  

The dissociation constant (pKD) and maximal binding capacity (Bmax) were 9.7 ± 0.1 and 

218 ± 4 fmol mg-1 total tissue protein (n=5), respectively.  [3H]-Prazosin also showed a 

concentration-dependent binding, but the proportion of nonspecific binding was 
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significantly higher than that of the specific binding at concentrations higher than 250 pM 

(Figure 3B), in agreement with a previous report with rat thoracic aorta (Tanaka et al, 

2004).  Therefore, analysis of [3H]-prazosin binding to rabbit ear artery segments was 

done for concentrations ranging from 30 to 250 pM, resulting in pKD of  9.8 ± 0.2 and 

Bmax of 202 ± 39 fmol mg-1 total tissue protein (n=5). 

The pharmacological profiles of [3H]-KMD-3213 and [3H]-prazosin binding sites 

were examined in binding-competition experiments.  The results are summarized in Table 

2.  The binding of 500 pM [3H]-KMD-3213 to rabbit ear artery segments was biphasically 

competed for by prazosin, RS-17053 (Figure 4A) and 5-methylurapidil.  The proportions 

of high and low affinity sites were almost equal (Table 2).  Tamsulosin and KMD-3213 

showed single high affinities in binding-competition experiments.  However, BMY 7378 

competed for the [3H]-KMD-3213 binding with a low affinity (Table 2).   

[3H]-prazosin binding at a concentration of 100 pM was biphasically competed for by 

KMD-3213, RS-17053 (Figure 4B) and 5-methylurapidil, suggesting that [3H]-prazosin 

bound to two different alpha-1 AR populations in rabbit ear artery segments.  The 

proportions of high and low affinity sites were almost equal (Table 2).  Tamsulosin and 

BMY 7378 competed for [3H]-prazosin binding monophasically with high and low 

affinities, respectively.   

 

[3H]-KMD-3213 binding to rabbit ear artery membranes 

 The binding experiments with membrane preparations were done using conventional 

Tris buffer (Oshita et al., 1993; Yang et al., 1997) and in Krebs incubation buffer which 

was essentially identical with that used for intact tissue segment binding procedure.  In 

both cases, [3H]-KMD-3213 bound to the microsomal membrane fractions of rabbit ear 
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arteries with a high affinity (pKD= approximately 10, Table 3A).  The Bmax values of 

[3H]-KMD-3213 were 35 - 55 fmol mg-1 total tissue protein in both binding studies.   The 

amount of total binding was approximately one fourth of the binding capacity detected 

using the tissue segment binding assay.  

Prazosin and RS-17053 inhibited 100 pM [3H]-KMD-3213 binding in a monophasic 

manner with high affinities in the competition experiments with Tris assay buffer (Table 

3B).  The same results were obtained in Krebs incubation buffer.  Thus, prazosin and 

RS-17053 did not divide the [3H]-KMD-3213-binding sites into two components, in 

contrast with the results obtained using the tissue segment binding approach.  Figure 5 

shows competition curves for prazosin, tamsulosin and RS-17053 in Tris assay buffer.  

Tamsulosin, 5-methylurapidil and BMY 7378 also competed [3H]-KMD-3213 binding to 

rabbit ear artery membranes monophasically in Tris assay buffer (Table 3B).  Other 

membrane binding experiments were not done because of the limited amount of ear artery 

tissue available for the preparation of microsomal membranes. 
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Discussion 

The present study characterized in parallel, the pharmacological profiles of functional 

alpha-1 ARs of rabbit ear artery along with the ligand binding characteristics of the 

alpha-1 ARs detected using the intact tissue segment and membrane binding approaches. 

In the functional study, we used two distinct alpha-1 AR agonists, noradrenaline 

(subtype-nonselective) and NS-49 (selective for alpha-1A and alpha-1L ARs) 

(Muramatsu et al., 1995b).  NS-49, over a concentration range less than 3 logarithm units 

produced concentration-dependent contractions, which were shifted to the right in a 

competitive manner after treatment with various alpha-1 AR antagonists.  Since the 

slopes of the Schild plots were not different from unity, the responses to NS-49 appear to 

be mediated through a single alpha-1 AR subtype.  The estimated pKB values for prazosin 

(7.9), RS-17053 (6.3) and 5-methylurapidil (7.8) were low, while the values for 

KMD-3213 (9.3) and tamsulosin (9.9) were high.  At present, three alpha-1 AR subtypes 

(alpha-1A, alpha-1B, alpha-1D) have been cloned, all of which have been shown to have 

a sub-nanomolar affinity for prazosin (Hancock, 1995; Muramatsu et al., 1995a).  As 

described in Introduction and Table 1, the alpha-1A AR shows higher affinities for 

KMD-3213 (pKi or pKB = approximately 10.0), RS-17053 (> 8.0) and 5-methylurapidil 

(approximately 9.0), as compared with alpha-1B and alpha-1D ARs (Ford et al., 1996; 

Kenny et al., 1996; Honner and Docherty, 1999; Murata et al., 1999).  Tamsulosin has 

comparably high affinities for the three AR subtypes with a slightly lower affinity for the 

alpha-1B AR (> 8.5) (Testa et al., 1997; Muramatsu et al., 1998b).  BMY 7378 is known 

to be selective for the alpha-1D AR (> 8.0) compared with its affinities (< 7.0) for the 

alpha-1A and alpha-1B ARs (Goetz et al., 1995). These pharmacological criteria 

determined for alpha-1A, -1B and -1D ARs are not in accord with the functional affinities 
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estimated for the NS-49-mediated contractile responses of the rabbit ear artery.  Rather, 

the functional affinities more accurately reflect those of the putative alpha-1L AR, which 

has been demonstrated to have low affinities for prazosin (approximately 8.0), RS-17053 

(7.0) and 5-methylurapidil (8.0) and high affinities for KMD-3213 (10.0) and tamsulosin 

(10.0) (Muramatsu et al., 1995a; 1998b; Ford et al. 1996; Murata et al., 1999; Amobi, et al, 

2002).  

In contrast, the response to noradrenaline in rabbit ear artery was complex, because of 

the wide range (approximately 5 logarithm units) of concentrations of noradrenaline that 

were necessary to complete the concentration-response curve.  Further, the slopes of the 

Schild plots for prazosin, tamsulosin and KMD-3213 deviated from unity.  These results 

suggest that the concentration-response curve for noradrenaline may be due to at least two 

distinct alpha-1 AR subtypes, as suggested in rabbit thoracic aorta (Oshita et al., 1993).  

High pA2 or pKB values for prazosin and tamsulosin but low affinity for KMD-3213, 

5-methyurapidil, RS-17053 and BMY 7378 prove an involvement of alpha-1B AR 

subtype. Low affinity (pKB: 7.9 and 7.2) for 5-methylurapidil has also been reported in 

the contractile responses to phenylephrine and noradrenaline of rabbit ear artery (Fagura 

et al., 1997; Testa et al., 1997).  

Then, we examined the alpha-1 AR subtypes detected in the rabbit ear artery using 

ligand binding methods.  Two different approaches were used for the binding study.  The 

first approach uses intact tissue segments, which permit a detection of binding without 

changing the receptor environment by homogenization or without a loss in the yield of 

receptor-bearing membranes upon homogenization and fractionation (Tanaka et al., 

2004).  [3H]-KMD-3213 was used to detect the alpha-1L AR because this ligand has been 

shown to have a high affinity for not only the alpha-1A AR but also the alpha-1L AR 
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(present functional study; Murata et al., 1999).  [3H]-KMD-3213 bound monotonically to 

alpha-1 ARs of rabbit ear artery segments with a high affinity.  However, in 

binding-competition experiments the binding sites were divided into two distinct 

components having different affinities for RS-17053, prazosin and 5-methyurapidil.  

[3H]-KMD-3213 binding sites were also highly sensitive not only to KMD-3213 but also 

to tamsulosin.  According to the alpha-1 AR subclassification mentioned above, the 

present results indicate that [3H]-KMD-3213 binding sites in rabbit ear artery segments 

are composed of alpha-1A and alpha-1L AR subtypes.  On the other hand, [3H]-prazosin 

binding sites in rabbit ear artery segments showed high affinity for not only prazosin but 

also tamsulosin and were separated into two components by KMD-3213, RS-17053 and 

5-methylurapidil.  It would appear that the high affinity sites for the later three 

compounds correspond to alpha-1A subtype but that the low affinity sites correspond to 

alpha-1B subtype.  Since a low concentration of [3H]-prazosin (< 250 pM) was used 

because of elevating proportion of the nonspecific binding at the higher concentrations of 

[3H]-prazosin, it appeared that [3H]-prazosin bound to prazosin-high affinity sites only.  

Thus, it seems that [3H]-KMD-3213 detects alpha-1A and alpha-1L ARs in the intact 

tissue segments of rabbit ear artery, while [3H]-prazosin binds selectively to alpha-1A and 

alpha-1B ARs.  Since the abundance (Bmax) of binding sites of both radioligands was 

almost equal and since the proportions of each subtype in the binding sites were almost 

same (Table 2), alpha-1A, alpha-1B and alpha-1L ARs are estimated to occur in the ratio 

of approximately 1: 1: 1 in the rabbit ear artery.  These binding results suggest, together 

with the results in functional studies, that both alpha-1B and alpha-1L AR subtypes are 

mainly involved in the contractile responses in the rabbit ear artery. 

On the other hand, in contrast with the intact tissue segment binding data, 
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[3H]-KMD-3213-binding sites in the membrane preparations of rabbit ear artery were 

identified as a single alpha-1A AR component having high affinities for prazosin, 

RS-17053 and 5-methylurapidil.  Alpha-1L ARs could not be detected in the membrane 

preparations, even though the binding conditions were identical with those used for the 

intact tissue segment binding procedures.  The classical radioligand binding assay using 

microsomal membrane preparations eliminates some nonspecific binding (Bylund and 

Toews, 1993; Mackenzie et al., 2000) but may result in a loss of receptors upon 

homogenization and fractionation (Tanaka et al., 2004).  This type of loss of receptor 

upon homogenization has been suggested to be especially important for small tissues 

(Colucci et al., 1981; Faber et al., 2001).  In the present study as in previous reports, the 

amount of specific [3H]-KMD-3213-binding sites in the microsomal membrane fraction 

was approximately 25 % of that estimated using the intact tissue segment binding 

procedure.  The specific [3H]-KMD-3213-binding sites apparently lost upon preparing 

the membranes after homogenization were not detected either in the pellets obtained after 

centrifugation at 1,000 x g or in the supernatant fraction after micorosomal centrifugation 

(data not shown).  From these results, the disappearance of alpha-1L ARs might be in part 

accounted for by a substantial loss in the yield of receptor-bearing membranes upon 

homogenization and fractionation.  However, a selective loss of alpha-1L AR, in contrast 

with the alpha-1A AR, cannot be ruled out.  Since tissue homogenization changes 

receptor environment, binding to receptors in membrane preparations may not reflect the 

binding to receptors present in intact cells (Bylund and Toews, 1993).  It is possible that a 

selective loss of the alpha-1L AR binding phenotype is related to a conformational 

modification or the environmental changes caused by homogenization.  Further studies 

will be required to clarify this issue. 
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Ford and co-workers demonstrated that the human alpha-1A AR expressed in chinese 

hamster ovary cells had alpha-1L AR characterization in the whole cell binding assay 

with [3H]-prazosin and in the bioassay measuring inositol phosphate accumulation at 37 

°C, suggesting that alpha-1L AR may be a physiological phenotype of alpha-1A AR 

observed in the intact cells (Williams et al., 1996; Ford et al., 1997).  However, the 

present study shows that both alpha-1L and alpha-1A ARs coexist in the intact tissue of 

rabbit ear artery.  Recently, we have found that [3H]-KMD-3213 bound to only alpha-1A 

ARs in the intact segments of rat tail artery (Muramatsu et al., unpublished observations), 

where functional alpha-1A and alpha-1B ARs but not alpha-1L ARs have been 

demonstrated (Lachnit et al., 1997; Murata et al., 1999; Taki et al., 2004 ).  Therefore, 

even though alpha-1A and alpha-1L ARs may be derived from the same gene, it is likely 

that both the subtypes are not necessarily expressed in parallel manner.  It is interesting to 

note that alpha-1L ARs have not been observed ubiquitously in alpha-1A AR-expressing 

tissues (Muramatsu et al., 1995a).  Amobi et al. (2002) recently reported that the 

adrenergic contractions of human vas deferens were mediated by alpha-1L AR in the 

longitudinal muscle but by alpha-1A AR in the circular muscle, demonstrating an 

independent distribution of functional alpha-1A and alpha-1L AR subtypes.   

In conclusion, the present study shows that the alpha-1L AR subtype can coexist with 

alpha-1A and alpha-1B ARs in the rabbit ear artery and that the alpha-1L subtype can be 

identified as a distinct entity either functionally or by a ligand binding approach using  

intact tissue but not microsomal membrane preparations.  The mechanism that accounts 

for the existence of the alpha-1L AR subtype, possibly as a pleiotropic form of the alpha-1 

AR, remains a most interesting topic for further study. 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on April 20, 2004 as DOI: 10.1124/jpet.104.066985

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #66985 

 22

Acknowledgements 

We are particularly indebted to the two expert JPET reviewers of this manuscript for 

their critical comments and very thoughtful suggestions.  We also express our great 

appreciation of Professor M.D. Hollenberg (University of Calgary) for his helpful 

discussions concerning our experimental approach and for his scrutiny of our manuscript.   

 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on April 20, 2004 as DOI: 10.1124/jpet.104.066985

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #66985 

 23

References 

 

Amobi NIM, Guillebaud J, Kaisary AV., Turner E and Smith ICH  (2002)  Discrimination 

by SZL49 between contractions evoked by noradrenaline in longitudinal and circular 

muscle of human vas deferens.  Br J Pharmacol 136:127-135. 

 

Arunlakshana O and Schild HO  (1959)  
 
Some quantitative uses of drug antagonists. Br 

J Pharmacol 14:48-58. 

 

Bradford MM  (1976)  A rapid and sensitive method for the quantitation of microgram 

quantities of protein utilizing the principle of protein-dye binding. Anal Biochem 

72:248-254. 

 

Bylund DB and Toews ML  (1993)  Radioligand binding methods: practical guide and 

tips.  Am J Phisiol 265:L421-L429. 

 

Colucci WS, Gimbrone MA Jr and Alexander RW
 
 (1981)  Regulation of the postsynaptic 

alpha-adrenergic receptor in rat mesenteric artery.  Effects of chemical sympathectomy 

and epinephrine treatment.  Circ Res 48: 104-111. 

 

Faber JE, Yang N and Xin XH  (2001)  Expression of alpha-adrenoceptor subtypes by 

smooth muscle cell and adventitial fibroblast in rat aorta and in cell culture.  J Pharmacol 

Exp Ther 298: 441-452. 

 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on April 20, 2004 as DOI: 10.1124/jpet.104.066985

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #66985 

 24

Fagura MS, Lydford SJ and Dougall IG  (1997)  Pharmacological classification of 

alpha-1 adrenoceptors mediating contractions of rabbit isolated ear artery: comparison 

with rat isolated thoracic aorta.  Br J Pharmacol 120:247-258. 

 

Ford AP, Arredondo NF, Blue DR Jr, Bonhaus DW, Jasper J, Kava MS, Lesnick J, Pfister 

JR, Shieh IA, Vimont RL, Williams TJ, McNeal JE, Stamey TA and Clarke DE  (1996)  

RS-17053 (N-[2-(2-cyclopropylmethoxyphenoxy)ethyl]-5-chloro-alpha, 

alpha-dimethyl-1H-indole-3-ethanamine hydrochloride), a selective alpha 

1A-adrenoceptor antagonist, displays low affinity for functional alpha 1-adrenoceptors in 

human prostate: implications for adrenoceptor classification.  Mol Pharmacol 

49:209-215. 

  

Ford APDW, Daniels DV, Chang DJ, Gever JR, Jasper JR, Lesnick JD and Clarke DE 

(1997)  Pharmacological pleiotropism of the human recombinant alpha-1A adrenoceptor.  

Br J Pharmacol 121:1127-1135. 

 

Furchgott RF  (1972)  The classification on adrenoceptors (adrenergic receptors).  An 

evaluation from the standpoint of receptor theory,  in Handbuch der Experimentellen 

pharmacology Vol. 3 (Blaschko, H. & Muscholl, E eds) pp283-335 Springer, New York. 

 

Goetz AS, King HK, Ward SDC, True TA, Rimele TJ and Saussy, DL Jr  (1995)  BMY 

7378 is a selective antagonist of the D subtype of alpha-1 adrenoceptors.  Eur J 

Pharmacol 272:R5-R6. 

 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on April 20, 2004 as DOI: 10.1124/jpet.104.066985

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #66985 

 25

Hancock AA  (1995)  Alpha1 adrenoceptor subtypes: a synopsis of their pharmacology 

and molecular biology.  Drug Development Res 39:54-107. 

 

Hieble JP, Bylund DB, Clarke DE, Eikenburg DC, Langer SZ, Lefkowitz RJ, Minneman 

KP and Ruffolo RR Jr  (1995)  International Union of Pharmacology. X. 

Recommendation for nomenclature of alpha-1 adrenoceptors: consensus update. 

Pharmacol Rev 47:267-270. 

 

Hieble, JP (2000) Adrenoceptor subclassification: an approach to improved 

cardiovascular therapeutics.  Pharm Acta Helv 74:163-171. 

 

Hiraoka Y, Ohmura T, Sakamoto S, Hayashi H and Muramatsu I  (1995)  Identification of 

α1-drenoceptor subtypes in the rabbit prostate.  J Auton Pharmacol 15:271-278. 

 

Hiraoka Y, Ohmura T, Oshita M, Oshita M, Watanabe Y, Morikawa K, Nagata O, Kato, H, 

Taniguchi T and Muramatsu I  (1999)  Binding and functional characterization of alpha-1 

adrenoceptor subtypes in the rat prostate.  Eur J Pharmacol 366:119-126.  

 

Honner V and Docherty JR  (1999)  Investigation of the subtypes of alpha-1 adrenoceptor 

mediating contractions of rat vas deferens.  Br J Pharmacol 128:1323-1331. 

 

Kenny B, Ballard S, Blagg J and Fox D  (1997)  Pharmacological options in the treatment 

of benign prostatic hyperplasia.  J Med Chem 40:1293-1315. 

 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on April 20, 2004 as DOI: 10.1124/jpet.104.066985

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #66985 

 26

Lachnit WG., Tran AM, Clarke DE and Ford A.P.D.W.  (1997).  Pharmacological 

characterization of an alpha 1A-adrenoceptor mediating contractile responses to 

noradrenaline in isolated caudal artery of rat.  Br J Pharmacol 120:819-826. 

 

Mackenzie JF, Daly CJ, Pediani JD and McGrath J.C  (2000)  Quantitative imaging in live 

human cells reveals intracellular alpha-1 adrenoceptor ligand-binding sites.  J Pharmacol 

Exp Ther 294:434-443. 

 

Michel MC, Kenny B and Schwinn DA  (1995)  Classification of α1-adrenoceptor 

subtypes.  Naunyn-Schmiedeberg’s Arch Pharmacol 352:1-10. 

 

Michelotti G.A, Price DT and Schwinn DA  (2000)  Alpha-1 adrenoceptor regulation: 

basic science and clinical implications.  Pharmacolol Ther 88:281-309. 

 

Muramatsu I, Oshita M, Ohmura T, Kigoshi S, Akino H, Gobara M and Okada K (1994)  

Pharmacological characterization of alpha-1 adrenoceptor subtypes in the human 

prostate: functional and binding studies.  Br J Urol 74:572-578. 

 

Muramatsu I, Ohmura T, Hashimoto S and Oshita M (1995a)  Functional 

subclassification of vascular alpha1 adrenoceptors. Pharmacol Commun 6:23-28. 

 

Muramatsu I, Ohmura T and Kigoshi S (1995b)  Pharmacological profiles of a novel 

alpha-1 adrenoceptor agonist, PNO-49B, at alpha-1 adrenoceptor subtypes. 

Naunyn-Schmiedeberg’s Arch Pharmacol 351:2-9. 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on April 20, 2004 as DOI: 10.1124/jpet.104.066985

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #66985 

 27

 

Muramatsu I, Murata S, Isaka M, Piao HL, Zhu J, Suzuki F, Miyamoto S, Oshita M, 

Watanabe Y and Taniguchi T (1998a) Alpha1-adrenoceptor subtypes and two receptor 

systems in vascular tissues.  Life Sci 62: 1461-1465. 

 

Muramatsu I, Taniguchi T and Okada K (1998b)  Tamsulosin: alpha-1 adrenoceptor 

subtype-slectivity and comparison with tetazosin.  Jpn J Pharmacol 78:331-335. 

 

Murata S, Taniguchi T and Muramatsu I  (1999)   Pharmacological analysis of the novel, 

selective alpha1-adrenoceptor antagonist, KMD-3213, and its suitability as a tritiated 

radioligand. Br J Pharmacol 127:19-26. 

 

Nakamura S, Taniguchi T, Suzuki F, Akagi Y and Muramatsu I  (1999)  Evaluation of 

α1-adrenoceptors in the rabbit iris: pharmacological characterization and expression of 

mRNA.  Br J Pharmacol 127:1367-1374. 

 

Ohmura T, Oshita M, Kigosh, S and Muramatsu I  (1992)  Identification of alpha-1 

adrenoceptor subtypes in the rat vas deferens: binding and functional studies.  Br J 

Pharmacol 107:697-704. 

 

Oshita M, Kigoshi S and Muramatsu I  (1993)  Pharmacological characterization of two 

distinct α1-adrenoceptor subtypes in rabbit thoracic aorta.  Br J Pharmacol 

108:1071-1076. 

 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on April 20, 2004 as DOI: 10.1124/jpet.104.066985

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #66985 

 28

Suzuki F, Taniguchi T, Nakamura S, Akagi Y, Kubota T, Satoh M and Muramatsu I  

(2002)  Distribution of alpha-1 adrenoceptor subtypes in RNA and protein in rabbit eyes.  

Br J Pharmacol 135:600-608. 

 

Tanaka T, Zhang L, Suzuki F and Muramatsu I  (2004)  Alpha-1 adrenoceptors: 

evaluation of receptor subtype binding-kinetics in intact arterial tissues and comparison 

with membrane binding.  Br J Pharmacol 141, 468-476. 

 

Taki N, Tanaka T, Zhang L, Suzuki F, Israilova M, Taniguchi T, Hiraizumi-Hiraoka Y, 

Shinozuka K, Kunitomo M and Muramatsu I (2004) Alpha-1D adrenoceptors are 

involved in reserpine-induced supersensitivity of rat tail artery.  Br J Pharmacol, in press. 

 

Testa R, Guarneri L, Angelico P, Poggesi E, Taddei C, Sironi G, Colombo D, Sulpizio AC, 

Naselsky DP, Hieble JP and Leonardi A  (1997)  Pharmacological characterization of the 

uroselective alpha-1 antagonist Rec 15/2739(SB 216469): Role of the alpha-1L 

adrenoceptor in tissue selectivity, Part II.  J Pharmacol Exp Ther 281:1284-1293. 

 

Williams TJ, Clarke DE and Ford APDW   (1996)   Whole-cell radioligand-binding assay 

reveals alpha-1A adrenoceptor (AR) antagonist profile for the human cloned alpha-1L 

AR in chinese hamster ovary (CHO-K1) cells.  Br J Pharmacol 119:359P. 

 

Yang M, Verfurth F, Buscher R and Michel MC  (1997).  Is alpha-1D-adrenoceptor 

protein detectable in rat tissues?  Naunyn-Schmiedeberg’s Arch Pharmacol 335:438-446. 

 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on April 20, 2004 as DOI: 10.1124/jpet.104.066985

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #66985 

 29

Zhong H and Minneman KP  (1999)  Alpha-1 drenoceptor subtypes.  Eur J Pharmacol 

37:261-276. 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on April 20, 2004 as DOI: 10.1124/jpet.104.066985

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #66985 

 30

Footnotes 

This work was in part supported by Grant-in-Aid for Scientific Research (B, C) and 

the 21st COE Research Program (Medical Science) from the Ministry of Education, 

Culture, Sports, Science and Technology of Japan and by a grant from Smoking Research 

Foundation of Japan. 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on April 20, 2004 as DOI: 10.1124/jpet.104.066985

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #66985 

 31

Legends for figures 

 

Figure 1 Effects of prazosin in the concentration-responses for noradrenaline (A) and 

NS-49 (B) in rabbit ear artery.  Maximum contractions induced by noradrenaline or 

NS-49 in the absence of prazosin were taken as 100 % (control).  Each point represents 

the mean and s.e.m. of 5-12 experiments.  

 

Figure 2 Schild plots for antagonism of prazosin, tamsulosin and KMD-3213 in the 

contractile responses to noradrenaline (A) and NS-49 (B).  Each point represents the 

mean and s.e.m. of 4-12 experiments. 

 

Figure 3 Saturation curves of [3H]-KMD-3213 (A) and [3H]-prazosin (B) binding to the 

intact tissue segments of rabbit ear artery.  The specific binding was determined by 

subtracting the amount bound in the presence of 3 µM prazosin for [3H]-KMD-3213 and 

30 µM phentolamine for
 
[3H]-prazosin from the total radioactivity bound per mg protein.  

Each point represents the mean of duplicate determinations.  The figure shows a 

representative result and the similar results were obtained in four other experiments. 

 

Figure 4 Competition experiments of [3H]-KMD-3213 (A) and [3H]-prazosin (B) 

binding to rabbit ear artery segments by various alpha-1 AR antagonists.  

[3H]-KMD-3213 (500 pM) and [3H]-prazosin (100 pM) were incubated with rabbit ear 

artery segments in the absence and presence of unlabeled drugs.  Each point represents 

mean ± s.e.m. of 4 experiments.   
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Figure 5 Competition experiments with various alpha-1 AR antagonists against 

[3H]-KMD-3213 binding to membranes prepared from rabbit ear artery. Experiments 

were done in Tris assay buffer and at 100 pM of [3H]-KMD-3213.  Each point represents 

mean and s.e.m. of 4 experiments. 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on April 20, 2004 as DOI: 10.1124/jpet.104.066985

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #66095 

Table 1  Functional affinities of alpha-1 AR antagonists estimated in the 

contractile responses to noradrenaline and NS-49 of rabbit ear artery 

Noradrenaline  NS-49 

Antagonist 
Subtype 

selectivity 
pA2 or pKB 

(slope, 95% CL) 

  pKB      

(slope, 95% CL) 

Prazosin A, B, D > L 
 9.3 ± 0.1  

(0.69, 0.55-0.84) 

  7.9 ± 0.1 c 

(0.90, 0.74-1.05) 

Tamsulosin A, D, L ≥ B 
 9.6 ± 0.1  

(0.66, 0.54-0.90) 

  9.9 ± 0.1   

(0.87, 0.56-1.18) 

KMD-3213 A, L > B, D 
 7.3 ± 0.1  

(0.81, 0.57-0.95) 

  9.3 ± 0.1 c   

(0.92, 0.75-1.09) 

5-Methylurapidil A > D, L > B 
7.8 ± 0.1  

(0.87, 0.73-1.01) 

 7.8 ± 0.2  

(1.09, 0.79-1.39) 

RS-17053 A > B, D, L 6.3 ± 0.3 a  6.3 ± 0.3 a 

BMY 7378 D > A, B, L         
  

  b                      b 

Subtype selectivity: alpha-1AR subtype selectivity was listed.  A, B, D and L 

represent alpha-1A, -1B, -1D and -1L AR subtypes, respectively. 

Slope, 95% CL: Schild slope and 95% confidence limits were listed. 

a: This pKB value was estimated at 1 µM RS-17053 by the concentration-ratio method 

(Furchgott, 1972). 

b: no inhibition at 1 µM BMY 7378 

c: p < 0.05, Significantly different from the value in the response to noradrenaline 

(Student’s t-test) 

Data represent mean ± s.e.m. of 4-12 experiments.
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Table 2  Binding affinities for various alpha-1 AR antagonists estimated in intact tissue segment binding  

of rabbit ear artery 

[3H]-KMD-3213 [3H]-prazosin 
Drug 

pKihigh (% high) pKilow (% low) pKihigh (% high) pKilow (% low) 

Prazosin 9.9 ± 0.2 (40) 8.3 ± 0.2 (60) 9.3 ± 0.1  

Tamsulosin 9.9 ± 0.1  9.7 ± 0.2  

KMD-3213 9.5 ± 0.1  9.7 ± 0.1 (53) 6.7 ± 0.5 (47) 

RS-17053 8.4 ± 0.1 (46) 6.3 ± 0.3 (54) 8.4 ± 0.2 (44) 6.4 ± 0.2 (56) 

5-Methylurapidil 9.4 ± 0.1 (44) 8.1 ± 0.4 (56) 8.9 ± 0.2 (46) 6.5 ± 0.3 (54) 

BMY 7378  5.6 ± 0.1  5.7 ± 0.1 

Tissue segment binding experiments were carried out in Krebs incubation buffer at 4 °C.  

The concentration of [3H]-KMD-3213 and [3H]-prazosin used in competition experiments were 500 and 100 pM, respectively.   

Data represent mean ± s.e.m. of 4 experiments, in which each experiment was done using intact tissue segments of ear arteries isolated 

from one rabbit. 

pKihigh and pKilow : negative logarithm of the equilibrium dissociation constants at high and low affinity sites for tested drugs. 

Parentheses indicate the proportion of high or low affinity sites. 
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Table 3  Binding of [3H]-KMD-3213 in microsomal membrane fractions 

prepared from rabbit ear artery and binding affinities of various alpha-1 AR 

antagonists 

A. saturation experiments 

Incubation buffer pKD 
Bmax 

 (fmol mg -1 total tissue protein) 

Tris 10.0 ± 0.1 53 ± 6 

Krebs 9.9 ± 0.1 35 ± 4 

 

B. competition experiments 

pKi 
Drug 

Tris Krebs 

Prazosin 9.2 ± 0.1 9.8 ± 0.3 

Tamsulosin 9.9 ± 0.1  

RS-17053 8.0 ± 0.3 8.2 ± 0.1 

5-Methylurapidil 9.0 ± 0.1  

BMY-7378 6.3 ± 0.1  

Saturation (A) and competition (B) experiments with [3H]-KMD-3213 were conducted 

in Tris buffer at 30 °C or in Krebs incubation buffer at 4 °C (see Method).  

Competition experiments were carried out at 100 pM of [3H]-KMD-3213. 

Data represent mean ± s.e.m. of 4 experiments, in which ear arteries isolated from 7 - 9 

rabbits were used to prepare the membranes for each experiment.  
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A. Noradrenaline

B. NS-49

Figure 1
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A. Noradrenaline

B. NS-49

Figure 2
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A. [3H]-KMD-3213

B. [3H]-Prazosin

Figure 3 JPET #66985
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Figure 4 　

A. [3H]-KMD-3213

B. [3H]-Prazosin
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Figure 5
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