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Short communication

a - and a -adrenoceptors mediate contraction in rat renal artery1D 1A
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Abstract

Ž .To investigate the a -adrenoceptor subtype s mediating contraction in rat renal artery, we have compared the effect of the1
Ž Ž Ž Ž . . . Ž .a -adrenoceptor antagonists, 5-methylurapidil, BMY 7378 8- 2- 4- 2-methoxyphenyl -1-piperazinyl ethyl 8-azaspiro 4.5 decane-7,9-1

. Ž y4 .dione 2HCl and chloroethylclonidine on functional responses to noradrenaline. A clear blockade by chloroethylclonidine 10 M of
noradrenaline-induced contraction was observed and, along with this effect, pK values of 9.12 and 8.40 for BMY 7378 and 9.75 andB

10.06 for 5-methylurapidil were obtained, indicating that the renal artery expresses the a -adrenoceptor subtype as the one involved in1D

contraction and not only the a subtype as has been reported. q 1997 Elsevier Science B.V.1A
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1. Introduction

a -Adrenoceptors have been classified into three sub-1

types named a , a and a , based on pharmacological1A 1B 1D
Ž .and molecular biology criteria Hieble et al., 1995 . These

a -adrenoceptors are inactivated by chloroethylclonidine1
Žwith the following sensitivity: a )a 4a Perez et1B 1D 1A

. Ž Ž Žal., 1994 . The recent discovery of BMY 7378 8- 2- 4-
Ž . . . Ž .2-methoxyphenyl -1-piperazinyl ethyl -8-azaspiro 4.5

.decane-7,9-dione 2HCl as a highly selective antagonist of
Ž .the a -adrenoceptor subtype Goetz et al., 1995 has1D

made it the pharmacological agent to use in order to
discriminate among the a -adrenoceptor subtypes present1

in different tissues. In this regard, rat aorta is now known
to express the a -adrenoceptor subtype as the one re-1D

Žsponsible for regulation of contraction in this artery Goetz
et al., 1995; Kenny et al., 1995; Piascik et al., 1995;

.Villalobos-Molina and Ibarra, 1996 and not the a -sub-1B
Ž .type as was originally reported Han et al., 1990 . In the

same line of thought, the aim of the experiments described
in this report was to re-evaluate the functional a -adrenoc-1

Ž .eptor subtype s present in renal artery since it has been
reported to express the a subtype, based on its insensi-1A

tivity to the alkylating agent, chloroethylclonidine, its sen-
sitivity to Ca2q channel blockers and the antagonism of

) Ž . Ž .Corresponding author. Tel.: 52-5 675-9341; Fax: 52-5 675-9168.

Ž5-methylurapidil Han et al., 1990; Piascik et al., 1994,
.1995 . However, the presence of the mRNA for the a -1D

adrenoceptor subtype has also been reported for this artery
Ž .Piascik et al., 1994, 1995 .

2. Materials and methods

2.1. Experimental procedure

Male Wistar rats 2–3 months of age and fed ad libitum
were used. The general procedure has been described

Ž .elsewhere Villalobos-Molina and Ibarra, 1996 . Renal
arterial rings were subjected to an initial optimal tension of
2 g as done in preliminary experiments using increments in
initial tension, to reach the optimal tension. The tissue was

Ž y7 .challenged with noradrenaline 10 M in the presence of
10y7 M propranolol and 10y7 M rauwolscine to block b-
and a -adrenoceptors, respectively, and washed every 302

min for 2 h. Reproducible cumulative concentration-re-
Ž y9 y6 .sponse curves to noradrenaline 10 to 10 M were

then obtained. The arteries were incubated with chloroeth-
Ž y4 .ylclonidine 10 M for 30 min, then thoroughly washed.

In the case of BMY 7378 or 5-methylurapidil, incubation
was for 30 min prior to and during stimulation with the
agonist. In a -adrenoceptor protection experiments, phen-1

Ž y6 .tolamine 10 M was present 15 min before and during
chloroethylclonidine incubation, then extensively washed
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out. In order to avoid fatigue of the arterial preparation, a
60-min recovery period was allowed between noradrena-
line curves, and to rule out any change in tissue sensitivity
to the agonist, due to the long duration of these experi-
ments, parallel assays were done, i.e., with control arteries
in the presence of the agonist and arteries in the presence
of the agonist plus the antagonist.

Endothelium-denuded arteries were used in these exper-
iments, in order to avoid possible involvement of endothe-
lium-derived factors in the mechanical response. pA and2

Schild slopes were obtained as described by Arunlakshana
Ž .and Schild 1959 ; pK values were calculated as de-B

Ž .scribed by Furchgott 1972 . Statistical analysis was done
Ž .using the parallelism test Tallarida and Murray, 1981 and

Student’s t-test.

2.2. Drugs

Noradrenaline, chloroethylclonidine, phentolamine,
BMY 7378 and 5-methylurapidil were from Research Bio-

Ž .chemicals International Natick, MA, USA ; all other
reagents were of analytical grade from local sources.

3. Results

As can be observed in Fig. 1, noradrenaline elicited a
concentration-dependent response in renal artery, with a

Fig. 1. Effect of chloroethylclonidine and phentolamine prior to
chloroethylclonidine on noradrenaline-induced contraction in renal artery.

Ž y4Arterial rings were incubated for 30 min with chloroethylclonidine 10
. Ž y6 .M , or for 15 min with phentolamine 10 M prior to chloroethylcloni-

dine, then extensively washed out and exposed to noradrenaline. Results
Ž .represent the means"S.E.M. for 6 different preparations. Control v ,

Ž . Ž .chloroethylclonidine ' , phentolamine prior to chloroethylclonidine B .
Ž y7 .Experiments were done in the presence of propranolol 10 M and

Ž y7 .rauwolscine 10 M , b- and a -adrenoceptor antagonists, respectively.2

Fig. 2. Effect of BMY 7378 on noradrenaline-induced contraction in renal
Ž .artery. Arterial rings were incubated in the absence v , or the presence

y9 Ž . y8 Ž . y7 Ž .of 3.1=10 M B ; 3.1=10 M ' or 3.1=10 M % of BMY
7378, then were exposed to noradrenaline. Results represent the means"

S.E.M. for 6 different preparations.

Ž . y5maximal contraction 1.17"0.08 g at 10 M of the
Ž .agonist with an apparent pD ylog EC of 7.5. Incuba-2 50
Ž y4 .tion with chloroethylclonidine 10 M produced a small

Ž .increase in contraction 0.1"0.06 g that was persistent
after washout, displaced to the right the contractile re-

Ž .sponse to noradrenaline apparent pD of 5.8 and de-2
Ž .pressed the maximal effect 0.4"0.05 g . a -Adrenocep-1

Ž y6tor protection experiments showed that phentolamine 10
.M prevented chloroethylclonidine-induced alkylation of

Ž .the a -adrenoceptor s present in this artery; however, the1

noradrenaline-elicited contraction was shifted to the right,
with an apparent pD of 6.3 but the maximal effect2
Ž .0.96"0.22 g, Fig. 1 was reached. When the competitive
antagonist, BMY 7378, was used rightward shifts were
obtained, with changes in the pD but not in the maximal2

contraction in response to noradrenaline; however, the
Ž .parallelism test showed statistical significance P-0.05

y8 Ž .when 3.1=10 M of the antagonist was used Fig. 2 .
The same pattern was observed with 5-methylurapidil but
in this case the parallelism test showed a significant differ-

Ž . y8ence P-0.05 , when 10 M of the antagonist was used
Ž .not shown . Linear transformation of these curves gave
pK values of 9.12"0.13 at 3.1 nM, 8.40"0.13 at 310B

ŽnM and a Schild slope of y0.55 significantly different
.from 1, P-0.01 for BMY 7378 and a pA of 9.42"0.22;2

pK of 9.75"0.04 at 1 nM, 10.06"0.25 at 10 nM, withB
Ž .a slope of y1.32 not different from 1 for 5-methyl-

urapidil. In a different set of experiments, BMY 7378
Ž y9 y6 .3.1=10 to 10 M antagonized methoxamine-elicited
contraction in the renal artery, with a pK of 8.30"0.13B

at 3.1 nM, 7.07"0.18 at 1 mM, and a slope of y0.53.
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4. Discussion

Recent studies measuring mRNA demonstrated that rat
Žrenal artery expresses a -adrenoceptors Piascik et al.,1D

.1994, 1995; Guarino et al., 1996 . The renal vessel con-
Ž .tains an amount of mRNA for the a -adrenoceptor1D

Ž .comparable to that of the aorta Piascik et al., 1995 ;
however, these and other authors have reported that this
artery expresses the a -adrenoceptor subtype as the pre-1A

dominant regulatory adrenoceptor for contraction, based on
its resistance to the alkylating effect of chloroethylcloni-

Ž .dine Han et al., 1990; Piascik et al., 1994 , and to the
Ž .weak antagonist effect of BMY 7378 Piascik et al., 1995 .

In contrast with these reports, our results show clearly that
the interaction of chloroethylclonidine with a -adrenocep-1

Ž .tors, a produced a discrete contraction in the renal artery,
Žprobably due to a postreceptor effect similar actions of

chloroethylclonidine have been observed in rat aorta
Ž .. Ž .Muramatsu et al., 1990; O’Rourke et al., 1995 ; b
shifted to the right the noradrenaline contractile effect,
which was prevented in part by protecting the a -adrenoc-1

Žeptors with phentolamine similar results have been re-
Ž .ported by O’Rourke et al. 1995 who used noradrenaline

. Ž .or prazosin to protect the receptor ; and c depressed the
maximal effect. The contraction obtained after chloroethyl-
clonidine treatment could be explained if the a -adrenoc-1A

Žeptors present in the tissue Piascik et al., 1994; Guarino et
.al., 1996 , but not inactivated by the alkylating agent, were

responding to high noradrenaline concentrations or if there
was incomplete inactivation of the a -adrenoceptor popu-1D

lation in the artery. This result indicates that the a -adren-1

oceptor present in the renal artery is of either the a or1D

the a subtype; however, along with those effects, BMY1B
Ž .7378 at 3.1 nM showed a high pK value 9.12 which isB

similar to that reported in other arteries expressing the
Ža -adrenoceptor Goetz et al., 1995; Piascik et al., 1995;1D

.Villalobos-Molina and Ibarra, 1996 as well as in human
Ž .and rat cloned a -adrenoceptor Goetz et al., 1995 , and a1d

Schild slope of y0.55 which is similar to that of 0.65
Ž .found by Piascik et al. 1995 . These findings are consis-

tent with the suggestion that noradrenaline activates more
Žthan one a -adrenoceptor type present in this artery Kenny1

.et al., 1995 . In addition, the pK values for 5-methyl-B
Ž .urapidil were also high 9.75–10.06 and the Schild slope
Ž .was not different from 1 y1.32 , excluding the presence

of the a -adrenoceptor as a mediator and leaving the a1B 1A

subtype as the other adrenoceptor involved, yet playing a
minor role in contraction in the renal artery, even though
the mRNA for this subtype is 30 times more abundant than

Ž .that for the a subtype Guarino et al., 1996 . In the1D
Ž .study reported by Piascik et al. 1995 , the authors found a

weak BMY 7378 antagonism to phenylephrine-induced
contraction in the renal artery. Furthermore, in the present
study we found that another selective a -adrenoceptor1

agonist, methoxamine, was antagonized by BMY 7378
Žwith lower affinity pK , 8.30 at 3.1 nM and 7.07 at 1B

.mM of the antagonist and Schild slope of y0.53 , suggest-
ing that there is a heterogeneous receptor population. In
support of this suggestion there appear to be subtypes of

Ž .the a -adrenoceptor Hussain and Marshall, 1996 . In1D

conclusion, our results indicate that the a -adrenoceptor1D

plays a predominant role in contraction of the renal artery
and suggest that rat vasculature expresses this subtype.
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