
J 1995 Stockton Press All rights reserved 0007-1188/95 $9.00 A

Mediation of noradrenaline-induced contractions of rat aorta
by the ClB-adrenoceptor subtype

'R. Testa, L. Guarneri, E. Poggesi, I. Simonazzi, C. Taddei & A. Leonardi

Research and Development Division, Recordati S.p.A., 20148 Milan, Italy

1 The subtypes of al-adrenoceptor mediating contractions to exogenous noradrenaline (NA) in rat
aorta have been examined in both biochemical and functional studies.
2 Incubation of rat aortic membranes with the irreversible xB-adrenoceptor antagonist, chloroethyl-
clonidine (CEC: 10 M) did not change the KD of [3H]-prazosin binding in comparison to untreated
membranes, but reduced by 88% the total number of binding sites (B.).
3 Contractions of rat aortic strips to NA after CEC (50 gM for 30 min) incubation followed by
repetitive washing, showed a marked shift in the potency of NA and a partial reduction in the maximum
response. The residual contractions to NA after CEC incubation were not affected by prazosin
(10 nM).
4 The competitive antagonists prazosin, terazosin, (R)-YM-12617, phentolamine, 5-methylurapidil and
spiperone inhibited contractions to NA with estimated pA2 values of 9.85, 8.54, 9.34, 7.71, 7.64 and
8.41, respectively.
5 The affinity of the same antagonists for the a1A- and xlB- adrenoceptors was evaluated by utilizing
membranes from rat hippocampus pretreated with CEC, and rat liver, respectively. 5-Methylurapidil
and phentolamine were confirmed as selective for the MlA-adrenoceptors, whereas spiperone was E1B-
selective.
6 A significant correlation was found between the pA2 values of the a1-adrenoceptor antagonists tested
and their affinity for the oEB-adrenoceptor subtype, but not for the m1A-subtype.
7 In conclusion, these findings indicate that in rat aorta most of the contraction is mediated by
OElB-adrenoceptors, and that the potency (pA2) of an antagonist in this tissue should be related to its
antagonistic effect on this subtype of the ml-adrenoceptor population.
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Introduction

Since the subdivision of a,-adrenoceptors into aIA- and MIB-
subtypes (Morrow & Creese, 1986; Han et al., 1987a,b), the
subtype(s) of al-adrenoceptor present in rat aorta have been
variously classified as a1B (Han et al., 1990; Eltze & Boer,
1992) both MIA and MIB (Tian et al., 1990) or atypical
(Muramatsu et al., 1991; Oriowo et al., 1992).

Recently, Aboud et al. (1993) stated that contractions of
rat aorta induced by noradrenaline (NA) are mediated by
non-a1A, non aIB-adrenoceptors, due both to the high potency
of the MIA-selective antagonists and the sensitivity to the
selective MlB-adrenoceptor alkylating agent, chloroethyl-
clonidine (CEC) (Han et al., 1987a).

This paper describes our attempts to characterize the a-
adrenoceptor(s) in rat aorta by use of CEC both in
biochemical and functional studies. In addition, since no
absolutely subtype-selective antagonists are available, the
potency of several al-adrenoceptor antagonists on rat aorta
was also evaluated and compared to their affinity for the MIA-
and mB-adrenoceptor subtypes determined in rat hippocam-
pus pretreated with CEC and rat liver, respectively. Some of
the affinities of the antagonists for the al-adrenoceptor sub-
types were previously published by our group (Testa et al.,
1993; Taddei et al., 1993).

Methods

Male Sprague Dawley rats (300-450 g) were obtained from
Charles River Italia.

'Author for correspondence.

Radioligand binding in rat aortic membranes

Preparation of membranes Rats were killed by cervical dis-
location and the thoracic aorta dissected, washed in saline
and homogenized in 50 vols of 50 mM Tris-HCl buffer
(pH 7.4) in a Polytron (speed 7, 2 x 20 s). The homogenate
obtained was filtered through four layers of cheesecloth,
divided in two parts and centrifuged at 49000 g for 10 min.
The pellets were resuspended in 50 vol of the ice-cold buffer,
incubated for 30 min at 37'C and recentrifuged at 49000 g for
10 min. When the effects of irreversible receptor inactivation
were studied, the buffer contained CEC (1OIM). The pellets
were washed once more in drug-free ice-cold buffer and
finally suspended in 160 vol of Tris-HCl.

[3H]-prazosin binding studies Aliquots (2 ml) of aortic
membranes were incubated for 30 min at 25'C with different
concentrations of [3H]-prazosin ranging from 0.05 to 8 nM.
Non-specific binding was determined in the presence of
10 jLM phentolamine. Incubations were terminated by vacuum
filtration over 0.2% polyethyleneimine pretreated Whatman
GF/B fibre filters using a Brandel cell harvester. The filters
were then washed with 3 x 3 ml of ice-cold buffer and the
radioactivity retained on the filters was counted in 10 ml of
Filter Count (Packard) in a liquid scintillation spectrometer
(counting efficiency of 40%).

Functional studies using rat aortic strips

Spiral strips were prepared from each artery (1 strip per
aorta, fragments about 3 cm long were used) and suspended
in 20 ml organ baths containing Krebs bicarbonate buffer of
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the following composition (mM): NaCl 112.0, KCI 5.0, CaCl2
2.5, KH2PO4 1.0, MgSO4 1.2, NaHCO3 12.0 and glucose
11.1, equilibrated at 37°C with 95% 02: 5% CO2 and con-
taining desmethylimipramine (0.1 pM) and corticosterone
(1 gM) to block neuronal and extraneuronal uptake of NA,
(±)-propranolol (1 gM) to block P-adrenoceptors and yohim-
bine (0.1 tIM) to block M2-adrenoceptors.

Tissues were subject to a passive load of 1.5 g and change
in length measured with isotonic transducers (Basile 7006).

Tissues were allowed to equilibrate for 60 min and primed
twice with 1OpJM NA. After washing, the preparations were
equilibrated for a further 60 min and a cumulative
concentration-response curve to NA generated (generally
from 1 nM to 100ytM). Following washout of NA and re-
equilibration of the tissue (45 min), the drug to be tested was
added and after 30 min, a second NA cumulative
concentration-response curve constructed.
When CEC was the test-drug, following the 30 min incuba-

tion with the alkylating agent, the tissues were washed exten-
sively three times (in 0.5 h) before constructing the second
NA concentration-response curve. In order to evaluate the
effects of prazosin in tissues previously treated with CEC,
vascular preparations, subjected to the same protocol as
above and after developing the second NA concentration-
response curve, were washed with drug-free Krebs solution.
After re-equilibration (45 min) the tissues were further
incubated for 30 min with the antagonist before generating a
third NA concentration-response curve. Proper control
preparations treated with CEC and following vehicle incuba-
tion were prepared to verify any time-dependent change of
NA response.

Vascular endothelium was not specifically removed; how-
ever, no particular care was taken to avoid stretching or
damaging the luminal surface of the vessels, or to preserve its
integrity.

Affinity for the UA- and cxB-adrenoceptor subtypes

The affinity of different antagonists for the aXA- and aXB-
adrenoceptor subtypes was evaluated by studying their ability
to displace specific [3H]-prazosin binding from membranes of
rat hippocampus pretreated with CEC (MIA) and rat liver (aB)
according to the method of Morrow & Creese (1986) and
Taddei et al. (1993), respectively.

Data analysis

Values are arithmetic means ± s.e.mean. Saturation binding
data were obtained from pools of rat thoracic aortae, and the
experiments were conducted on four different pools of tis-
sue.
The saturation curves (Scatchard analysis) were analyzed

according to the method of Munson & Rodbard (1980),
using the non-linear curve-fitting programme LIGAND
(from N.I.H.) to determine the apparent dissociation con-
stant (KD) and maximum number of binding sites (B.) for
[3H]-prazosin.
The displacement curves of the antagonists on the MIA- and

a1B- adrenoceptor subtypes were analysed by non-linear curve
fitting of the logistic equation according to the method
reported by De Lean et al. (1978), utilizing the ALLFIT
programme (from N.I.H.). The ICm values and pseudo-Hill
slope coefficients were estimated by the programme. The
value for the inhibition constant, Ki, was calculated by use of
the Cheng & Prusoff (1973) equation:

Ki= ICm/(l + L/KD),
where L is the concentration of [3H]-prazosin used.

In the isolated vascular preparations, 5-10 preparations
were used when the effects of CEC were studied, and at least
2 preparations were taken from different animals for each
concentration of the other antagonists tested. Only one
antagonist concentration was used for each preparation.

The concentration-response curves (before and after
antagonist incubation) were analysed by non-linear curve
fitting of the logistic equation as reported for the binding
studies. The statistical significance of the differences between
the parameters of the control concentration-response curve
and the curve obtained after drug incubation (ECm, slope,
E..), was examined by simultaneous fitting with the con-
sidered parameter shared as reported by De Lean et al.
(1978).
The dissociation constant of the agonist and the fraction of

receptors inactivated by incubation with CEC were evaluated
according to Furchgott & Bursztyn (1967).

Schild-plot parameters (pA2 and slope) were evaluated by
linear regression analysis according to Tallarida & Murray
(1987). The dose-ratios (DRs) (ECm ratios of NA) observed
after incubation with the different concentrations of the
antagonists were always corrected for time-dependent
changes in first and second curve locations, determined in
vehicle-treated time-matched control curves. Identity of the
experimentally derived DRs with a Schild plot slope of unity
was assessed by the F test for goodness of fit, according to
Munson & Rodbard (1980).

Correlation analysis between the functional activity of the
antagonists in rat aortic strips and their binding affinities at
al-adrenoceptor subtypes was assessed by least-squares linear
regression.

Drugs

The following drugs were used: [3H]-prazosin (7-methoxy-3H:
specific activity 76.2 Ci mmol ', batch 2825-078, NEN
Research Product, Dupont de Nemours Italiana);
chloroethylclonidine 2HCl, spiperone HC1, desmethylimi-
pramine HC1, 5-methylurapidil, (Research Biochemical Incor-
porated, Natick, U.S.A.); pargyline HCl, (-)-noradrenaline
C4H606, prazosin HC1, phentolamine-HCl, corticosterone,
(± )-propranolol HC1, yohimbine HC1, (Sigma-Aldrich,
Italy); nicardipine HC1, and (R)-YM-12617 HCO (tamsulosin)
were synthesized in Recordati laboratories.

In binding studies, the compounds were dissolved in
absolute ethanol. For the isolated vascular preparations,
CEC, prazosin, terazosin, and phentolamine were dissolved
in distilled water; nicardipine, 5-methylurapidil, and
spiperone were dissolved in aqueous N,N-dimethylformamide
and Tween 80 (both 1% v/v final concentration) as 1 mM
stock solutions and further diluted as necessary with distilled
water; (R)-YM-12617 was dissolved in dimethylsulphoxide
and water (1:1) at 1 mm, and further diluted as necessary
with distilled water.

Results

Effects ofCEC on [3H]-prazosin binding in rat aortic
membranes

The incubation of rat aortic membranes with 10 AM CEC did
not change the KD of [3H]-prazosin binding in comparison to
untreated membranes (KD values were 1.68 ± 0.53 and
1.28 ± 0.33 nM, respectively). In contrast, the total number of
binding sites labelled by [3H]-prazosin were significantly
reduced (by about 88%) from 1.80 ± 0.22 pmol g-1 fresh
tissue (untreated), to 0.22 ± 0.08 pmol g-' (after CEC). A
representative Scatchard plot of saturation assay in rat aorta
membranes is shown in Figure 1.
The nonlinear regression analysis revealed that the data

were best described by a model for one binding site, both
before and after CEC incubation.

Antagonism of noradrenaline-induced contractions in rat
aortic strips

The cumulative addition of NA to spiral strips of rat thoracic
aorta produced concentration-dependent contractions with a
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Figure 1 Scatchard plot representative from a single experiment of
[3H]-prazosin saturation binding in rat aortic membranes pretreated
(-) or not pretreated (0) with 10 pM chloroethylclonidine. In both
cases, the data were consistent with binding to a single site with
Bmax = 0.22 pmol g-' (KD = 1.68 nM) and Bma. = 1.80 pmol g-'

(KD= 1.28 nM), respectively.

mean pECm value (- log ECm = concentration that produced
50% of the maximal tension attainable) of 7.35 (range
6.82-7.96), in agreement with that (7.77) reported by Ruffolo
& Waddel (1982).
The second of the paired control concentration-response

curves to NA was, in general, slightly shifted to the right of
the first curve, yielding a DR in the range 1.3-2.5.
The slopes and maxima of these curves were not statis-

tically different.
The NA concentration-response curve was partially but

significantly depressed (by about 25%) and markedly shifted
to the right after 30 min incubation (followed by repetitive
washout) with 50 gM CEC (Figure 2).
The plot of reciprocals of equieffective NA concentrations

before and after CEC incubation (not shown), according to
the method of Furchgott & Bursztyn (1967), enabled calcula-
tion of KA and the fraction (q) of the initial receptor pool
remaining after receptor inactivation. The pKA value (4.15;
-log KA, M) estimated for the agonist was clearly different
from that previously reported (6.58) by other authors utiliz-
ing dibenamine as an irreversible antagonist (Ruffolo &
Waddel, 1982). The number of remaining receptors
(q = 0.0008; <0.1%) suggests that almost all the adrenocep-
tors were inactivated by CEC.
To verify this hypothesis, the effect of prazosin (10nM,

30 min incubation) on NA-induced contraction of aorta
strips was evaluated in tissues pretreated, or not, with CEC.
As shown in Figure 3, prazosin induced a marked shift to the
right (by about 85 fold) of the NA concentration-response
curve (corrected DR = 34; apparent pKB = 9.5) in untreated
strips, but was practically inactive on strips previously
treated for 30 min (followed by repetitive washout) with
50 pM CEC.
The addition of the calcium entry blocker, nicardipine, (up

to 10 pIM) caused only a non-significant (in comparison to the
matched control preparations), non-concentration-dependent
rightward shift and a 8-15% depression of the maximum of
the concentration-response curve for the NA-induced con-

tractions (Figure 4). This suggests that dihydropyridine-
sensitive Ca2" channels are unlikely to be involved in
receptor-effector coupling in this tissue.

In order to confirm the results described above, the
potency of different ax-adrenoceptor antagonists in inhibiting
the noradrenaline-induced contractions of rat aorta was

assessed.
The antagonists caused parallel, concentration-related

shifts to the right of the NA concentration-response curves,

Figure 2 Effects of chloroethylclonidine (50 jiM, 30 min incubation
followed by washout) on contractions to noradrenaline (NA) in rat
aorta. Responses, expressed as a percentage of the maximum con-

traction obtained in the control (0) cumulative concentration-
response curve, are presented as mean± s.e. from at least 5
experiments.
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Figure 3 Effects of prazosin (10 nm, 30 min incubation) on contrac-
tions to noradrenaline (NA) in rat aorta untreated and previously
treated with chloroethylclonidine (CEC). In both cases the responses

are expressed as a percentage of the maximum contraction obtained
in the control (0) cumulative concentration-response curve. (a) NA-
response curve before (0) and after prazosin (V) in untreated
tissues. (b) Responses to NA in tissues before (0), following 30 min
CEC incubation and washout (0), and after further addition- of
prazosin (V). Data are presented as mean ± s.e. from at least 3
experiments in both cases.
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without affecting significantly the maximum contraction
caused by the agonist in comparison to that observed in the
matched control preparations. The slopes of the Schild plots
obtained with these compounds were found to be close to,
and not significantly different from, unity, suggesting that
simple competitive antagonism occurred.
The calculated pA2 values (slope constrained to unity)

given in Table 1 show that prazosin and (R)-YM-12617 were
the most potent antagonists. It is noticeable that, in our
experimental conditions, spiperone proved more potent than
5-methylurapidil as an antagonist of NA-induced contrac-
tions.

Affinity for the M)A- and ac,8-adrenoceptor subtypes

The potency of the compounds in displacing the [3H]-
prazosin specific binding in the different tissues tested is

summarized in Table 2. Prazosin and terazosin showed the
same affinity for the two a,-adrenoceptor subtypes, whereas
5-methylurapidil (Figure Sa) and (R)-YM-12617 were selec-
tive for the aIA-subtype, and spiperone (Figure 5b) was selec-
tive for the mB-subtype.
The pseudo-Hill coefficients for the inhibition of [3H]-

prazosin binding were found to be close to and not
significantly different from unity (not shown), indicating a
simple competitive antagonism.
The investigated antagonists generated a significant linear

correlation between their functional potency in terms of pA2
values evaluated on rat aorta and their binding affinity for
the mB-adrenoceptor subtype, but not with the affinity for
aMA-subtype (Figure 6). The obtained equations are the fol-
lowing (Y = X for identity; in parentheses the s.e. mean of
the slope; r2 = correlation coefficient):

(alA-adrenoceptor) Y = 0.978 (±0.031)X; r2= 0.38, NS
(alB-adrenoceptor) Y = 0.946 (±0.024)X; r2 = 0.77, P<0.01

Oc60
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Figure 4 Effects of vehicle (*) and 10 iM nicardipine (O) on
contractions to noradrenaline (NA) in rat aorta. In both cases the
responses are expressed as percentage of the maximum contraction
obtained in the control (0) cumulative concentration-response
curve. The points are the mean ± s.e. from at least 3 experiments.

Table 1 Estimated potency of a,-antagonists, expressed as
pA2 values from constrained Schild plots (slope = 1.00), for
competitive antagonism against noradrenaline-induced
contractions of rat aortic strips

Drugs

Prazosin
Terazosin
(R)-YM-12617
Phentolamine
5-Methylurapidil
Spiperone

Discussion

To characterize the population of a,-adrenoceptors present in
rat aorta, we studied the effects of CEC incubation on [3H]-
prazosin binding in membrane preparations from this tissue,
and the effects of this selective aB irreversible antagonist on
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CL

pA2

9.85 ± 0.10
8.54 ± 0.05
9.34 ± 0.07
7.71 ± 0.13
7.64 ± 0.04
8.41 ± 0.11

Results are presented as mean ± s.e. of n = 6-10
preparations for each pA2 determination.

Table 2 Affinities of antagonists (expressed as Ki, nM) for
the alA- and alB-adrenoceptor subtypes

Drugs

Prazosin
Terazosin
(R)-YM-12617
Phentolamine
5-Methylurapidil
Spiperone

0.93 ± 0.19
5.81 ± 1.57
0.20 ± 0.03
16.37 ± 4.75
4.66 ± 1.82

37.81 ± 5.82

alE

0.36± 0.11
3.55 ± 0.46
4.06 ± 0.95

89.33 ± 2.51
220.24 ± 30.29

2.03 ± 0.09

Rat hippocampus membranes pretreated with CEC (alkA)
and rat liver membranes (alB) were utilized as the source of
receptors. The slope of all the displacement curves were not
statistically different from unity. Data are the
mean ± s.e.mean of 2-4 experiments, each in triplicate.
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Figure 5 (a) 5-Methylurapidil and (b) spiperone/[3H]-prazosin com-
petition in rat hippocampal (alA, 0 ) and liver (a1B, *) membranes.
The points represent the mean ± s.e. percentage reduction of the
specific binding from 3 experiments each in triplicate. Lines through
the data were fitted by computer, assuming displacement from a
single recognition site.

748



R. Testa et al atlo-adrenoceptors mediate rat aorta contractions

Qz

I

ts

$,
QL

a
11-

10

(R)-YM-12617

9 3O Prazosin

5-Methylurapidil //

0 'flTerazosin
8- Phentolamine//

// o Spiperone

7 /

r2 = 0.38 (NS)

6 6 7 8 9 10 11

pA2

b
11-

10

D/

/ Prazosin

9
Spiperone0

Terazosin / o (R)-YM-12617

8 /

al //
7_ // 3 Phentolamine

3/ 5-Methylurapidil
go/ r2 = 0.77 (P< 0.01)

6 -~ I1 116 7 8 9 10 11

pA2

Figure 6 Correlation between the pA2 values of the investigated
a-antagonists on noradrenaline-induced contractions of rat aorta,
and their affinity expressed as pKi values for alA (a) and mIB-
adrenoceptor subtypes (b). Solid lines represent the 'equivalence'
lines (slope = 1). Dashed lines are the evaluated regression lines,
Y = mX (in parentheses the s.e. of the slope): alA-adrenoceptor
Y = 0.978 (+ 0.031)X; aIB-adrenoceptor Y = 0.946 (+ 0.024)X.

NA-induced contractions, as well as the potency of several
competitive antagonists in inhibiting contractions to NA.

Incubation of rat aorta membranes with CEC induced a

significant decrease (88%) in the total number of binding
sites without affecting the KD for [3H]-prazosin.

Nonlinear regression analysis of the saturation experiments
revealed that the data best fit to a model for one binding site,
indicating that a single population of receptors is labelled by
[3H]-prazosin.

In the functional studies with rat aorta, 50 jiM CEC

induced a marked parallel shift to the right of the NA

concentration-response curve and a depression in the max-

imum tension attainable. The EC50 of the agonist increased
from 12 nM to M. The results are in agreement with

previously published data reported by other authors (Han et

al., 1990; Aboud et al., 1993). Moreover, we found that the

receptors remaining after incubation of rat aortic strips with

CEC were insensitive to prazosin. In these experiments, while

prazosin (10 nM) in absence of CEC treatment showed a 34

fold shift to the right of the NA concentration-response
curve, after CEC incubation a non-significant shift of the NA
curve was observed with the drug. These findings are in
agreement with those reported by Oriowo & Bevan (1990),
who demonstrated that CEC unmasks a non-a-adrenoceptor
site in the rat aorta, insensitive to phenoxybenzamine,
prazosin, WB4101 and yohimbine. The KA value of the
agonist calculated after CEC incubation (4.15) is in agree-
ment with these observations.

In fact, it has been reported that the KA of NA in this
tissue utilizing dibenamine as irreversible antagonist (Ruffolo
& Waddel, 1982) is 6.58 and we confirmed this result utilizing
phenoxybenzamine as irreversible antagonist (KA = 6.46; data
not shown). These findings indicate, on the whole, that the
receptors remaining after CEC incubation cannot be con-
sidered ax-adrenoceptors.

In addition, it is well known that the smooth muscle
contractions elicited by (XA-subtype receptor activation are
dependent on Ca2" influx through the dihydropyridine-
sensitive channels, while contractions elicited by the activa-
tion of alB-adrenoceptors are independent of extracellular
Ca2+ influx (Minneman, 1988; Han et al., 1990). In our
experimental conditions, the calcium entry blocker, nicar-
dipine caused only a non-significant, non-dose-dependent
slight rightward shift and depression of the maximum of the
concentration-response curve to NA, as reported by Han et
al. (1990) after nifedipine incubation.
The competitive antagonists prazosin, terazosin, (R)-YM-

12617, phentolamine, 5-methylurapidil and spiperone
inhibited contractions to NA with pA2 values of 9.85, 8.54,
9.34, 7.71, 7.64 and 8.41, respectively. Though the present
functional evaluations did not provide the most precise
estimates of the antagonists affinity, owing to the limited
series of experiments and at least in some cases the narrow
range of concentrations tested, the pA2 value of prazosin (or
the apparent pKB = 9.5) derived is in agreement with
previously reported data showing affinity values (pA2) of
10.42 (Hamed et al., 1983), 10.30 (Martinotti et al., 1991),
9.89 (Muramatsu et al., 1990), 9.45 (Aboud et al., 1993) and
10.6 (Oriowo et al., 1990). Also our pA2 values for phen-
tolamine and 5-methylurapidil are similar to those previously
obtained by other authors (Muramatsu et al., 1990; Hamed
et al., 1983; Aboud et al., 1993).

Recently, Aboud et al. (1993) stated that contractions of
rat aorta to NA are mediated by non-alA, non-mIB-
adrenoceptors, due to the simultaneous presence of sensitivity
to CEC (@IB) and to the high potency of selective a1A-
antagonists. Therefore, we evaluated the affinity of the tested
antagonists for the (lA-adrenoceptor subtype in rat hip-
pocampal membranes after CEC inactivation (Morrow &
Creese, 1986), and the affinity for the (1B-adrenoceptor sub-
type in rat liver membranes since this tissue contains mainly
this (x-subtype (Garcia-Sainz et al., 1992; Taddei et al.,
1993). Rat aortic membranes were not utilized to evaluate
the affinity for the MIB-adrenoceptors because of the low
number of specific binding sites for [3H]-prazosin. We
confirmed that prazosin and terazosin do not discriminate
between the xl-adrenoceptor subtypes, whereas 5-
methylurapidil and (R)-YM-12617 were confirmed as clearly
the most active on alA-adrenoceptors, and spiperone on MB-
adrenoceptor subtypes. The selectivity ratios (pKi
hippocampus/pKi liver) obtained by us with phentolamine
and spiperone (5.5 and 0.04, respectively) were fully in agree-
ment with those previously reported by Michel et al. (1989),
who used rat submaxillary gland and liver as sources of O1A-
and (lB-adrenoceptor subtypes, respectively.
The pA2 values obtained with the antagonists in the course

of our experiments gave significant correlation with their
affinity for the M1B-adrenoceptor, and showed a lower degree
of correlation with their affinity for the alA-adrenoceptor
subtype.
When some of these antagonists were tested on rabbit

urethra, a tissue containing mainly the alA subtype, their

--Aw ---
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functional potency correlated better with their binding
affinity for the alA-adrenoceptor than for the alB-subtype
(Testa et al., 1993), supporting the soundness of this app-
roach.

In our opinion, all the findings reported in the present
work clearly indicate that in rat aorta most of the contrac-
tion to NA is mediated by alB-adrenoceptors, and that the
potency (pA2) of an antagonist in this tissue parallels its
receptor binding affinity for this subtype of the ax-
adrenoceptor population.

The authors gratefully acknowledge the skilful technical assistance of
Mrs S. Schiavi and C. Destefani.

Note added during revision of the manuscript
In a recent paper, Eltze (1994) reported an excellent correlation
between the affinities (pA2 values) of several a,-adrenoceptor
antagonists (including those used in our study) evaluated on guinea-
pig spleen, and their pKi values for the rat liver mB-adrenoceptors
(reported by Taddei et al., 1993), concluding that the a,-
adrenoceptor mediating smooth muscle contraction of this tissue-can
be best characterized as being of the B subtype.

Furthermore, this author showed a significant correlation between
the affinities (pA2 values) of these antagonists on guinea-pig spleen,
and the affinities (pA2 values) of the same compounds evaluated on
rat aorta, but not with the affinities (pA2 values) evaluated on rat vas
deferens (a tissue expressing the aIA-adrenoceptors).

References

ABOUD, R., SHAFII, M. & DOCHERTY, J.R. (1993). Investigation of
the subtypes of a1-adrenoceptor mediating contractions of rat
aorta, vas deferens and spleen. Br. J. Pharmacol., 109, 80-87.

CHENG, Y.C. & PRUSOFF, W.H. (1973). Relationship between the
inhibition constant (Ki) and the concentration of inhibitor which
causes 50 percent inhibition (ICm) of an enzyme reaction.
Biochem. Pharmacol., 22, 3099.

DE LEAN, A., MUNSON, P.J. & RODBARD, D. (1978). Simultaneous
analysis of families of sigmoidal curves: application to bioassay,
radioligand assay, and physiological dose-response curves. Am. J.
Physiol., 235, E97-E102.

ELTZE, M. & BOER, R. (1992). SDZ NVI 085 discriminates between
rat vas deferens alphaia- and rat aorta alphalb-adrenoceptors.
Arch. Pharmacol., 345, R108.

ELTZE, M. (1994). Characterization of the al-adrenoceptor subtype
mediating contraction of guinea-pig spleen. Eur. J. Pharmacol.,
260, 211-220.

FURCHGOTT, R.F. & BURSZTYN, P. (1967). Comparison of dissocia-
tion constants and of relative efficacies of selected agonists acting
on parasympathetic receptors. Ann. NY Acad. Sci., 144,
882-898.

HAMED, A.T., JOHNSON, T.D., CHARLTON, K.G. & CLARKE, D.E.
(1983). Pharmacological characterization of x-adrenoceptor sub-
types in rat isolated thoracic aorta. J. Auton. Pharmacol., 3,
265-273.

HAN, C., ABEL, P.W. & MINNEMAN, K.P. (1987a). Heterogeneity of
al-adrenergic receptors revealed by chloroethylclonidine. Mol.
Pharmacol., 32, 505-510.

HAN, C., ABEL, P.W. & MINNEMAN, K.P. (1987b). cl-adrenoceptor
subtypes linked to different mechanisms for increasing intracel-
lular Ca2l in smooth muscle. Nature, 329, 333-335.

HAN, C., LI, J. & MINNEMAN, K.P. (1990). Subtypes of a,.
adrenoceptors in rat blood vessels. Eur. J. Pharmacol., 190,
97-104.

GARCIA-SAINZ, J.A., ROMERO-AVILA, M.T., ALCANTARA-
HERNANDEZ, R., MACIAS-SILVA, M., OLIVARES-REYES, J.A. &
GONZALES-ESPINOSA, C. (1992). Species heterogeneity of hepatic
cxi-adrenoceptors: O1A, aiB and axc subtypes. Biochem. Biophys.
Res. Commun., 186, 760-767.

MARTINOTTI, E., BRESCHI, M.C., OMINI, C., PANI, M., CIUCCI, M.A.
& NIERI, P. (1991). Comparative study of postsynaptic a-
adrenoceptors in aorta obtained from human and other mam-
malian species. Pharmacol. Res., 23, 57-69.

MICHEL, A.D., LOURY, D.N. & WHITING, R.L. (1989). Identification
of a single al-adrenoceptor corresponding to the a,8-subtype in
rat submaxillary gland. Br. J. Pharmacol., 98, 883-887.

MINNEMAN, K.P. (1988). ml-Adrenoceptor subtypes, inositol phos-
phates, and sources of cell Ca". Pharmacol Rev., 40,
87-119.

MORROW, A.L. & CREESE, I. (1986). Characterization of m-
adrenoceptor subtypes in rat brain: a reevaluation of PIHJWB4101
and [3H] prazosin binding. Mol. Pharmacol., 29, 321-330.

MUNSON, P.J. & RODBARD, D. (1980). LIGAND: a versatile com-
puterized approach for characterization of ligand-binding
systems. Anal. Biochem., 107, 220-239.

MURAMATSU, I., OHMURA, T., KIGOSHI, S., HASHIMOTO, S. &
OSHITA, M. (1990). Pharmacological subclassification of m,-
adrenoceptors in vascular smooth muscle. Br. J. Pharmacol., 99,
197-201.

MURAMATSU, I., KIGOSHI, S. & OHMURA, T. (1991). Subtypes of
al-adrenoceptors involved in noradrenaline induced contractions
of rat thoracic aorta and dog carotid artery. Jpn. J. Pharmacol.,
57, 535-544.

ORIOWO, M.A. & BEVAN, J.A. (1990). Chloroethylclonidine unmask a
non-g-adrenoceptor noradrenaline binding site in the rat aorta.
Eur. J. Pharmacol., 178, 243-246.

ORIOWO, M.A., NICHOLS, A.J. & RUFFOLO, R.R. JR. (1992). Recep-
tor protection studies with phenoxybenzamine indicate that a
single al-adrenoceptor may be coupled to two signal transduction
processes in vascular smooth muscle. Pharmacology, 45,
17-26.

RUFFOLO, R.R. JR. & WADDELL, JE. (1982). Receptor interactions
of imidazolines: m-adrenoceptors of rat and rabbit aortae
differentiated by relative potencies, affinities and efficacies of
imidazoline agonists. Br. J. Pharmacol., 77, 169-176.

TADDEI, C., POGGESI, E., LEONARDI, A. & TESTA, R. (1993).
Affinity of different al-agonists and antagonists for the ml-
adrenoceptors of rabbit and rat liver membranes. Life Sci., 53,
PL177- 181.

TALLARIDA, R.J. & MURRAY, R.B. (1987). Manual of Pharmacologic
Calculations with Computer Programs, 2nd edition. Berlin:
Springer-Verlag.

TESTA, R., GUARNERI, L., IBBA, M., STRADA, G., POGGESI, E.,
TADDEI, C., SIMONAZZI, I. & LEONARDI, A. (1993). Charac-
terization of ml-adrenoceptor subtypes in prostate and prostatic
urethra of rat, rabbit, dog and man. Eur. J. Pharmacol., 249,
307-315.

TIAN, W.N., GUPTA, S. & DETH, R.C. (1990). Species differences in
chloroethylclonidine antagonism at vascular al adrenergic recep-
tors. J. Pharmacol. Exp. Ther., 253, 877-883.

(Received March 10, 1994
Revised September 29, 1994
Accepted October 12, 1994)


