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Abstract

We investigated the expression and function of «,-adrenoceptor subtypes in the porcine renal artery. Reverse transcription polymerase
chain reaction (RT-PCR) and nucleotide sequencing indicated that the mRNAs for «,,- and «,,-adrenoceptors were expressed in the
porcine rena artery. Chloroethylclonidine, an «;5- and «,p-adrenoceptor antagonist, partially inhibited the phenylephrine-induced
contraction, while 3 nM BMY 7378 (8-[2-[4-(2-methoxypheny!)- 1-pi perazinyl]ethyl]-8-azaspiro[4.5]decane-7,9-dione dihydrochloride), an
a,p-adrenoceptor antagonist, had no effect. In contrast, 5-methylurapidil, an «,,-adrenoceptor antagonist, induced a rightward shift of
the phenylephrine concentration—response curve. The simultaneous measurement of cytosolic Ca?* concentration ([Ca?*],) and tension
revealed that chloroethylclonidine pretreatment abolished the phenylephrine-induced increases in [Ca?* ]; and tension in the Ca?*-free
solution. The application of 5-methylurapidil (3 nM) to the chloroethylclonidine-pretreated strips completely inhibited the 3 uM
phenylephrine-induced [Ca?" ], and tension increase in normal PSS, We concluded that both a,,- and «,g-adrenoceptors mediate the
phenylephrine-induced contraction of the porcine renal artery accompanied by an increase in [Ca?™ ];, and that a,,-adrenoceptors cause

Ca?* influx whereas «,g-adrenoceptors mainly mediate Ca?* release. © 1998 Elsevier Science B.V.
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1. Introduction

a,-Adrenoceptors play a crucial role in the regulation
of vascular tone and systemic blood pressure (Vargas and
Gorman, 1995). At least three «;-adrenoceptor subtypes
have been identified by pharmacological studies and by
molecular cloning. The «,-adrenoceptors are subclassified
into ayx-, a,5- and «,p-adrenoceptor subtypes based on
their pharmacological properties. «,,-adrenoceptors are
selectively antagonized by 5-methylurapidil, while o,g-
and «,y-adrenoceptors are sensitive to akylation by
chloroethylclonidine. In addition, «,y-adrenoceptors can
be sdlectively antagonized by BMY 7378 (8-[2-[4-(2-
ethoxypheny!)-1-pi perazinyl]ethyl]-8-azaspiro[ 4.5]decane-
7,9-dione dihydrochloride) (Goetz et al., 1995; Vargas and
Gorman, 1995). Although the nomenclature of these sub-
types and the alignment of the cloned subtypes to the
pharmacologically defined subtypes used to be confusing,
a generally accepted classification system is now available.
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According to this new classification system, the lower case
is used to represent the cloned subtypes, namely, «,,
(previous «,.), a,, (previous a,;) and a4 (previous a,,
or ag, /d), which show the same pharmacologic properties
with the pharmacologicaly identified aq,-, @;5- and
a,p-adrenoceptors, respectively (Minneman and Esben-
shade, 1994; Bylund et a., 1994; Michel et a., 1995;
Vargas and Gorman, 1995). This classification system is
therefore used throughout the article to avoid confusion.
a;-Adrenoceptor subtypes are widely distributed in vas-
cular smooth muscle, and more than one subtype is co-ex-
pressed in some vessels, as shown by functional studies,
receptor binding studies and mRNA analysis. However,
the distinct function of each «,-adrenoceptor subtype in
vascular smooth muscle has yet to be elucidated (for
review see Vargas and Gorman, 1995; Michel et al., 1995).
In cells of non-vascular tissues, it has been hypothesized
that «,5-adrenoceptors stimulate intracellular Ca?* release
whereas «,,-adrenoceptors induce Ca?* influx, as a result
of coupling to different signal transduction pathways (Han
et al., 1987, 1990b; Minneman, 1988; Tsujimoto et d.,
1989; Wilson and Minneman, 1990; Nomura et al., 1993;
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Horie et al., 1994; Blue et a., 1994). In contrast, severd
studies with rat vascular smooth muscle cells have indi-
cated that «,,-adrenoceptors induce both intracellular
Ca’* release and Ca?* influx (Oriowo et a., 1992, Ori-
owo and Ruffolo, 1992; Sayet et al., 1993; Lepretre et a.,
1994). The findings of Suzuki et al. (1990) for the rabbit
aorta, are consistent with the above hypothesis concerning
non-vascular tissues. It therefore remains controversial as
to whether or not this hypothesis is valid for vascular
smooth muscle.

It should be noted that some of the controversy regard-
ing the role of «,-adrenoceptors in mobilizing Ca?* in
vascular smooth muscle might be due to the complexity of
the vessels, which have been characterized by other re-
searchers to contain both «,,- and «,g-adrenoceptors
(Han et a., 1990a; Piascik et a., 1994). Ancther problem
concerning this controversy is that the simultaneous mea-
surement of [Ca?* ], and tension of intact vascular strips
has not been previously performed to test this hypothesis
in vascular tissue. In one study, [Ca?* ], was measured in
enzymatically dispersed or cultured rat portal venous
smooth muscle cells (Lepretre et a., 1994). We thus
considered it to be essential to perform simultaneous mea-
surement of [Ca?* ], and tension on intact vascular strips,
in which the «,-adrenoceptor subtypes are well character-
ized by pharmacological and by molecular biological tech-
niques.

In the present study, we examined the effects of various
antagonists of «,-adrenoceptors on the phenylephrine-
induced contraction and determined the expression of
MRNA specific for each «,-adrenoceptor subtype by using
reverse transcription polymerase chain reaction (RT-PCR),
in order to characterize the function of «;-adrenoceptor
subtypes in the regulation of phenylephrine-induced con-
tractions of porcine renal artery. The simultaneous mea-
surement of [Ca?* ], and tension was performed to directly
show the role of each «,-adrenoceptor subtype in Ca?*
mobilization. The obtained results were consistent with the
hypothesis based on studies of non-vascular tissues.
Namely, a,,-adrenoceptors are suggested to induce Ca?*
influx, while «,5-adrenoceptors are considered to stimu-
late intracellular Ca?* release.

2. Materials and methods
2.1. Tension studies and [Ca® "], measurement

2.1.1. Tissue preparation

Kidneys were obtained from pigs of either sex from a
local slaughterhouse. They were brought to the laboratory
in a pre-aerated normal physiological salt solution (PSS)
immediately after the animals were killed. The third branch
of the porcine rena artery was isolated and the fat and
adventitia were carefully removed by dissection under a
binocular microscope. The vessel was then cut open longi-

tudinally and the endothelium was removed by rubbing the
lumina surface with a cotton swab to obtain medial strips
(approximately 1 X 3 x 0.1 mm). All procedures were done
in normal PSS aerated by mixed gas containing 5% CO,
and 95% O,.

2.1.2. Smultaneous measurement of [Ca?*]; and tension
The simultaneous measurement of [Ca®*]. and tension
of the porcine renal artery was done as previously reported
(Seguchi et al., 1996). In brief, to load fura-2 in the form
of acetoxymethyl ester (fura-2/AM), the strips were incu-
bated in Dulbecco-modified Eagle’'s medium containing 25
uM fura-2/AM dissolved in dimethyl sulphoxide and 5%
fetal bovine serum for 4 h at 37°C. After being loaded with
fura-2, the strips were rinsed with normal PSS to remove
the dye before starting the measurements. The strips were
mounted vertically in a quartz organ bath with one end
connected to a force-displacement transducer (strain gauge
TB-612T, Nihon Koden, Japan). Before the specific proto-
col, the strips were stimulated with 118 mM K™ for 10
min, every 15 min, until a stable contraction was obtained.
The resting tension was increased stepwise until the maxi-
mal contraction was achieved. The resting tension thus
obtained was about 350 mg. Changes in the fluorescence
intensity of the fura-2-Ca?* complex were monitored by
using a front-surface fluorometer specifically designed for
fura-2 fluorometry (model CAM-OF) (Abe et al., 1990;
Hirano et al., 1990). The ratio of the fura-2 fluorescence
intensities at 340 nm excitation to those at 380 nm excita-
tion, which were collected at 500 nm, was then monitored
to indicate the level of [Ca?*].. The ratio and tension were
expressed as a percentage, taking the values at rest in
normal PSS solution (5.9 mM K™*) and in depolarization
solution (118 mM K™*) to be 0% and 100%, respectively.

2.1.3. Drug application

The competitive antagonists 5-methylurapidil and BMY
7378 were applied 10 min before the application of
phenylephrine unless otherwise indicated. The chloroethyl-
clonidine pretreatment involved incubating the strips in
PSS solutions containing a given concentration of
chloroethylclonidine at 37°C for 40 min, followed by
washing with PSS repeatedly every 10 min, for an addi-
tional 30 min. The same procedure was done in the
controls except that the antagonist was not added to elimi-
nate any possible time-related differences. The cumulative
dose—response curves of phenylephrine were made sepa-
rately in the presence or absence of antagonist and in
chloroethylclonidine-pretreated or -untreated strips. In the
[Ca®"] measurement protocol, one submaximal dose of
phenylephrine was applied.

2.2. RT-PCR and sequencing of PCR product

Total RNA was isolated from renal arterial smooth
muscle cells according to the method described by Chom-
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czynski and Sacchi (1987). Care was taken not to include
either the endothelium or the adventitia. Possible contami-
nating genomic DNA was digested by DNase. Since the
cDNA sequences for pig a,,- or ay,-adrenoceptors have
yet to be described, we designed the primers from the
conserved region of the known cDNA sequences for «,,
or «a,, based on the rat sequence. The oligonucleotides
used for the primers are as follows. For a,,, 5-ACTGAG-
GGAGATGGTGTGGA-3 (RT primer), 5-AAGT-
GACGCTCCGCATC CA-3 (PCR sense primer) and 5-
GATACCCGAGCCAAAATACTATTTT-3 (PCR anti-
sense primer). For ay,, 5-TCTTTTCCCTGGAGAAC-
TTA-3 (RT primer), 5-ACCGGCCACAACACATCAGC-
3 (PCR sense primer) and 5-CTGCCCAGAT GTCACA-
GAAG-3 (PCR antisense primer). RT-PCR was done as
previously described (Nishimura et al., 1996). In brief, the
total RNA (2 ug) from the porcine rena artery was used
for the RT reaction in a total volume of 20 wl. An aiquot
(1 ub) of RT product was amplified by PCR in a total
volume of 11 wl. The thermal cycle used in this study was
(1) denaturation for 30 s at 94°C, (2) annealing of primers
for 90 s at 55°C, (3) extension of primers for 30 s at 72°C.
The PCR amplifications were performed for 40 cycles. A
portion (10 wul) of the PCR mixture was electrophoresed in
3% agarose gel in a TAE buffer [40 mM Tris(hydroxy-

Lane 1 2 3 M

4 5 6

349 hp
258 bp
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Fig. 1. Detection of a,,- and «,y-adrenoceptor mRNAs by RT-PCR in
the porcine renal artery. PCR amplification of «4,- and «,-adrenoceptor
was performed for 40 cycles. The predicted sizes of these PCR products
are shown on the left (a,,) or right (ay,) of the photograph. The
experiments were done with the total RNA from 3 different pigs. The
lane marked ‘M’ represents the DNA size marker (¢$X174/Hinc Il
digest). The size of each band is, from top to bottom, 1057, 770, 612,
495, 392, 345+ 341+ 335, 297+ 291, 210 and 162 bp.

Al

5" cgg aaa aac gcc ccg gtc gga ggc agc ggg gtg acc
Arg Lys Asn Ala Pro Val Gly Gly Ser Gly Val Thr

agc gcc aag aac aag acg cac ttc tcc gtg aga ctc ctc
Ser Ala Lys Asn Lys Thr His Phe Ser Val Arg Leu Leu

aag ttt tcc cga gag aag aaa gcg gcc aag aca ctg ggc
Lys Phe Ser Arg Glu Lys Lys Ala Ala Lys Thr Leu Gly

ata gtg gtc ggc tgc ttc gtc ctc tgc tgg ctg cct ttt
Ile Val Val Gly Cys Phe Val Leu Cys Trp Leu Pro Phe

ttc tta gtg atg ccc att ggg tct ttc ttt cct gat ttc
Phe Leu Val Met Pro lle Gly Ser Phe Phe Pro Asp Phe

agg ccc tca gaa aca gtt ttt 3’
Arg Pro Ser Glu Thr Val Phe

B

5 gcc cac tgg gga gag ttg aaa aat gcc aac ttc act
Ala His Trp Gly Glu Leu Lys Asn Ala Asn Phe Thr

ggc ccc aac cag acc tcg agc aac tcc aca ctg ccc cag
Gly pro Asn GIn Thr Ser Ser Asn Ser Thr Leu Pro Gln

ctg gac atc acc agg gcc atc tcc gtg ggc ctg gtg ctg
Leu Asp Ile Thr Arg Ala Ile Ser Val Gly Leu Val Leu

ggt gcc ttc atc ctc ttt gcc atc gtg ggc aac atc ctg
Gly Ala Phe Ile Leu Phe Ala lle Val Gly Asn lle Leu

gtc atc ttg tct gtg gcc tgc aac cgt cac ctg cgg acg
Val Ile Leu Ser Val Ala Cys Asn Arg His Leu Arg Thr

ccc acc aac tac ttc atc gtc aac ctg gcc att gcec gac
Pro Thr Asn Tyr phe Ile Val Asn Leu Ala lle Ala Asp

ctg ctg cta agc ttc act gtg ctg ccc ttc tca gcg gcce
Leu Leu Leu Ser Phe Ser Val Leu Pro Phe Ser Ala Ala

ctg gag gtg ctg ggc tac tgg gtg ctg g 3’
Leu Glu Val Leu Gly Tyr Trp Val Leu

Fig. 2. The partial nucleotide (lower case) and deduced amino acid (upper
case) sequences for pig ay,- (A) and - (B) adrenoceptors. The
nucleotide sequences of the PCR products for a,,- and «,,-adrenoceptors
of porcine renal artery sample were determined by direct sequencing.

methyl)aminomethane-acetate (pH 7.5-7.8), 1 mM EDTAI
The gel was stained with ethidium bromide and photo-
graphed. The expected size of the product for «,,-adrenoc-
eptors was thus 258 bp while that for «,,-adrenoceptors
was 349 bp, according to the sequence of rat. The nu-
cleotide sequences of the PCR products for porcine a,-
and «,,-adrenoceptors were directly determined by Sawady
Technology (Tokyo), using an Autosequencer (373S, ABI,
Foster City, CA).
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Fig. 3. (A) The effects of various concentrations of chloroethylclonidine
(d; 0: control, O; 30 uM; @; 100 uM) pretreatment on the concentra-
tion—response curve for phenylephrine. The tension development was
expressed as a percentage of the 118 mM K *-induced contraction. The
values were expressed as the means+ S.E. (n=4). (B) A representative
recording of the effect of 3nM BMY 7378 on the contraction induced by
1 M phenylephrine. The trace shown is representative of three indepen-
dent experiments.

2.3. Chemicals and solution

Phenylephrine was purchased from the Sigma Chemical
(St. Louis, MA). 5-methylurapidil, BMY 7378
(8-[2-[4-(2-methoxyphenyl)-1-piperazinyl]ethyl]-8-
azaspiro[4.5]decane-7,9-dione dihydrochloride), and
chloroethylclonidine were purchased from Research Bio-
chemicals, (Natick, MA). Fura2/AM was obtained from
Dojindo (Kumamoto). Moloney Murine Leukemia Virus
reverse transcriptase, 5 X RT buffer, and 0.1 M dithio-
threitol were purchased from BRL (Gaithersburg). dNTPs
(dATP, dCTP, dTTP, dGTP) were from TaKaRa (Kyoto).
RNase inhibitor was purchased from TOYOBO (Osaka).
Tag DNA polymerase was from Pharmacia Biotech (Up-
psala). RQ1 RNase-free DNase was from Promega (Madi-
son, WI). All other chemicals were of the highest grade
commercialy available. The oligonucleotides for primers
were synthesized by Sawady Technology (Tokyo).

The composition of the normal PSS was (in mM): NaCl
123, KCl 4.7, NaHCO, 155, KH,PO, 1.2, MgCl, 1.2,
CaCl, 1.25, and p-glucose 11.5. The Ca?*-free solution
(Ca**-free PSS) contained 2 mM EGTA instead of 1.25
mM CaCl,. High K™ PSS was made by the equimolar
substitution of KCI for NaCl.

2.4. Data analysis

The ECg, value, a concentration that increased tension
to 50% of the maximum response, and the slope factor
were determined from the cumulative concentration—re-
sponse curves fitted according to a four-parameter logistic
model (De Lean et al., 1987). The dissociation constant
(pKp) for an antagonist was derived from the equation
(Arunlakshana and Schild, 1959):

pKg =log(CR-1) — log( B)

where CR is the concentration ratio (ratio of ECg, valuein
the presence and absence of the antagonist) obtained with
the concentration (B) of a given antagonist. The values are
expressed as the means + S.E. Student’s t test was used to

200 —

>

150 4

100

50 4

Active Force (%)

-50

concentration of PhE (log [M])

B 100+
80 -
60
40 -

20 4

Active Force (%)

-20 T T T

Concentration of PhE (log [M])

Fig. 4. (A) The effects of various concentrations of 5-methylurapidil (O;
0: control, O; 3 nM, @; 10 nM, a; 100 nM) on the concentration—re-
sponse curve for phenylephrine. The developed tension was expressed as
a percentage of the 118 mM K *-induced contraction. The values were
expressed as the means+S.EE. (n=4 to 5). (B) The effects of 3 nM
5-methylurapidil (O) on the contraction induced by various concentra-
tions of phenylephrine (O; 0: control) in the strips pretreated with 30
M chloroethylclonidine. The developed tension was expressed as a
percentage of the 118 mM K *-induced contraction. The values were
expressed as the means+ SE. (n=4).
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determine statistically significant differences. P < 0.05 was
considered to be of statistical significance.

3. Reaults

3.1. Detection of «,-adrenoceptor subtype mRNAs in the
porcine renal artery

Fig. 1 shows the expression of «,,- and «,,-adrenocep-
tor mRNAS in the porcine rena artery, determined by
RT-PCR with total RNA prepared from porcine renal
artery specimens and the primers for each mRNA. PCR
amplification for both «,, and «,, was performed for 40
cycles. Bands of the expected sizes for ;- and ay-
adrenoceptors were clearly seen in all samples from 3
different pigs. In order to confirm the specificity of RT-
PCR for «,,- and a4 -adrenoceptors, the sequences of the

mssmms 10 min.

PCR products thus obtained were determined by direct
sequencing. The nucleotide and amino acid sequences for
the PCR product for «,,- and «,,-adrenoceptors are shown
in Fig. 2. Asthe sequences of pig «,,- and «,,-adrenocep-
tor mRNA have not yet been published, we compared
them with the corresponding regions of the «,,- and
aq,-adrenoceptor cDNA of other species. The similarities
of the nucleotide sequences in comparison with the corre-
sponding region of bovine, human, rabbit and rat o, -
adrenoceptor cDNA sequences (obtained from Genbank
data base) were 95.3, 92.5, 91.6 and 84.5%, respectively.
In contrast, those for the amino acid sequences were 98.6,
94.4, 93.0 and 91.6%, respectively. The similarities in the
nucleotide sequence of porcine «,-adrenoceptor to the
corresponding region of human, hamster and rat oy, -
adrenoceptor cDNA (Genbank date base) were 96.0, 91.6
and 92.3%, respectively. Those of the amino acid sequence
were 99.0%, 96.0% and 96.0%. These analyses thus
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Fig. 5. Representative recordings showing the effect of 3 uM phenylephrine on [Ca2* ]; and tension in the presence (A and C) or absence (B and D) of
extracellular Ca2* in strips unpretreated (A and B) or pretreated (C and D) with 30 wM chloroethylclonidine. In (B) and (D), 3 uM phenylephrine was
applied in the Ca*-free 2 mM EGTA solution. In (C), 3 nM 5-methylurapidil was added 3 min. after the contraction reached a steady state following the
application of 3 uM phenylephrine in the PSS solution. In (D) 30 uM histamine was added after the application of 3 wM phenylephrine in the Ca2*-free
2 mM EGTA solution. The traces shown are representative of three independent experiments.



100 Y. Zhou et al. / European Journal of Pharmacology 341 (1998) 95-103

strongly indicated that the RT-PCR performed in the pre-
sent study specifically amplified and detected porcine a,-
and a,,-adrenoceptor mRNAS.

3.2. Pharmacological characterization of «,-adrenoceptor
subtypes in the porcine renal artery

As shown in Fig. 3A, the maxima phenylephrine-
induced contraction was significantly inhibited by the pre-
treatment of the strips with 30 uwM chloroethylclonidine,
compared with the control contraction observed with no
chloroethylclonidine treatment (77.6 + 8.1% vs. 151.4 +
5.9% of 118 mM K™-induced contraction, mean + SEE.;
P < 0.001; n= 4). However, the inhibitory effect was only
partial, since the phenylephrine-induced contraction was
not further inhibited by increasing the concentration of
chloroethylclonidine to 100 uM (80.0 + 12.0%, mean +
SE., n=4; Fig. 3A). Fig. 3B shows a representative
recording of the effect of 3 nM BM Y7378, an «,-adren-
oceptor antagonist, on the contraction induced by 1 uM
phenylephrine. BMY 7378 (3 nM) had no effect on the
contraction induced by 1 wM phenylephrine. Even when
the phenylephrine concentration was reduced to 0.3 uM,
BMY 7378 (3 nM) had no effect (data not shown).

The concentration—response curves for phenylephrinein
the presence or absence of various concentrations of 5-
methylurapidil, an «,,-adrenoceptor antagonist, are shown
in Fig. 4A. 5-methylurapidil at concentrations of 3, 10 and
100 nM significantly shifted the concentration—response
curve for phenylephrine to the right, thus increasing the
EC,, values of phenylephrine from 0.38 + 0.07 to 0.70 +
0.09 uM (mean+ SE., n=4; P<0.05), 58+ 25 uM
(mean+ SE., n=4; P<0.05) and 26.9 + 7.9 uM (mean
+ SE., n=5; P<0.01), respectively. In addition, the
slope of the curve made in the presence of 100 nM
5-methylurapidil became shallower than that of the control
(0.96 + 0.09 vs. 1.77 +£ 0.21, n=5; P < 0.05). After pre-
treatment of the strips with 30 uM chloroethylclonidine, 3
nM 5-methylurapidil caused a further rightward shift of the
phenylephrine concentration—response curve (Fig. 4B),
thus significantly increasing the ECg, values from 1.73 +
050 to 6.0+ 1.6 uM (mean+ SE., n=4; P<0.05).
The derived pKy vaue for 5-methylurapidil under these
conditions was 8.96 + 0.04 (mean + SEE., n=4).

3.3. Smultaneous measurements of [Ca®*]. and tension

Fig. 5A and B show representative recordings of [Ca?* ],
and tension induced by 3 wM phenylephrine in the pres-
ence or absence of extracellular Ca?*. In normal PSS, the
phenylephrine-induced increase in [Ca?* ], was composed
of two phases, a transient phase followed by a plateau, and
was al so accompanied by a monophasic increase in tension
(Fig. 5A). In the Ca&*-free PSS, 3 uM phenylephrine
induced transient increases in [Ca®"], and tension (Fig.
5B). Fig. 5C and D show the 3 wM phenylephrine-induced

changesin [C&%* ], and tension of the strips pretreated with
30 wM chloroethylclonidine in norma PSS (C) or in
Ca’*-free PSS (D). In the normal PSS solution, 3 uM
phenylephrine still induced sustained increases in [Ca?* ],
(54.1%) and tension (52.3%), although they were much
smaller than those in the chloroethylclonidine-untreated
strips (69.8% for [Ca?* ], and 140.5% for tension; Fig.
5A). The application of 3 nM 5-methylurapidil induced
decreases in [Ca?* ], and tension, which nearly reached the
baseline (Fig. 5C). In the Ca?*-free PSS, the phenyl-
ephrine-induced transient increases in [Ca?* ], and tension
were completely abolished by the pretreatment with
chloroethylclonidine. However, the next application of 30
«M histamine induced transient increases in [Ca?*], and
tension (Fig. 5D), which were similar to those obtained
without chloroethylclonidine pretreatment (data not
shown).

4, Discussion

In the present study, we characterized the expression
and contraction-regulating function of «;-adrenoceptor
subtypes in the porcine renal artery and tested the hypothe-
sis that a,,-adrenoceptors induce Ca* influx, while
a4-adrenoceptors stimulate intracellular Ca?* release. The
major findings are that (1) the smooth muscle cells of the
porcine renal artery expressed both «;,- and a5 (Or a4,
and «,;,)-adrenoceptors as evidenced by pharmacological
analysis and mRNA analysis with RT-PCR, (2) «,,-adren-
oceptors only induced Ca?* influx, while a,-adrenocep-
tors mainly stimulated intracellular Ca2* release, as di-
rectly assessed by the simultaneous measurement of [Ca?* |,
and tension.

The RT-PCR analyses indicated that both «,,- and
aq-adrenoceptor mRNAs were expressed in the porcine
rena artery (Fig. 1). The specificity of the RT-PCR was
confirmed by the direct sequencing of each PCR product
(Fig. 2). The co-expression of «a,,- and «,,-adrenoceptor
MRNAS in the same vascular smooth muscle cells is well
documented (Vargas and Gorman, 1995). In addition, the
MRNA of both receptor subtypes has also been detected in
the rat renal artery by in situ hybridization (Piascik et al.,
1994). The results of the present study are therefore consis-
tent with those of previous reports.

We next examined whether or not both subtypes of
a,-adrenoceptor were involved in regulating the contrac-
tion of the porcine renal artery. In the functiona study, we
observed that pretreatment of the strips with 30 uM
chloroethylclonidine significantly depressed the maximal
phenylephrine-induced response (Fig. 3A). This result thus
indicated that «,5- and/or «,y-adrenoceptors are involved
in the contraction of the porcine renal artery, since
chloroethylclonidine blocks both «,5- and «,,-adrenocep-
tors (Minneman and Esbenshade, 1994; Vargas and Gor-
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man, 1995). However, BMY 7378, with pK, values of
9.4, 7.2 and 6.6 for human o 4-, a,,- and «a,,-adrenocep-
tors, respectively (Goetz et al., 1995; Vargas and Gorman,
1995), failed to influence the phenylephrine-induced con-
traction at a concentration of 3 nM (Fig. 3B), suggesting
that «,y-adrenoceptors have, if any, negligible effects on
the contraction of the porcine renal artery. However, ag-
adrenoceptors may not be the only «,-adrenoceptor sub-
type mediating contraction of the porcine rena artery,
because 30 wM chloroethylclonidine pretreatment only
depressed about half of the maximal phenylephrine-induced
response and the effect was not significantly enhanced by
increasing the chloroethylclonidine concentration up to
100 wM. The partia inhibition of the phenylephrine-
induced contraction by chloroethylclonidine pretreatment
could be explained by the presence of another «,-adrenoc-
eptor subtype which regulates contraction, namely o, -
adrenoceptors. The existence of functioning «,,-adrenoc-
eptors in the porcine rena artery was confirmed by the
inhibitory effect of 5-methylurapidil, a selective aq,-
adrenoceptor antagonist (Fig. 4). The effective concentra-
tions of 5-methylurapidil (around 3 nM) closely agree with
those of previous reports (Furukawa et al., 1995; Vargas
and Gorman, 1995). In addition, the shallow curve dope
caused by 100 nM 5-methylurapidil further supported the
involvement of both «,-adrenoceptor subtypes in regulat-
ing contraction, as 5-methylurapidil may also serve as an
a,g-adrenoceptor antagonist at higher concentrations
(Michel et al., 1995; Vargas and Gorman, 1995). This was
demonstrated when «,; was inactivated by pretreatment
with 30 wM chloroethylclonidine. Under this condition, 3
nM of 5-methylurapidil further caused a rightward shift of
the phenylephrine concentration response curve, and
yielded a pKy value of 8.96 (Fig. 4B), which is character-
istic of this antagonist for a,,-adrenoceptors (Furukawa et
al., 1995; Vargas and Gorman, 1995). This result, per se,
favors that «,p-adrenoceptors have, if any, negligible ef-
fects on the contraction of the porcine renal artery, since
chloroethylclonidine only acts as a partial irreversible an-
tagonist of «,y-adrenoceptors (Vargas and Gorman, 1995).
The above observations together indicated that both o, -
and «,z-adrenoceptors are present and functioning in the
porcine renal artery.

After establishing that the porcine renal artery has both
aa- and «,g-adrenoceptors, we tested the above-men-
tioned hypothesis by simultaneously measuring [Ca?" ];
and tension. As shown in Fig. 5A and B, the phenyl-
ephrine-induced increase in [C&2*], in the normal PSS
solution consisted of two components, namely, intra-
cellular Ca** release and Ca?* influx dependent on the
presence of extracellular Ca?*. The intracellular Ca2*
release in the absence of extracellular Ca®* was com-
pletely abolished by the pretreatment of the strips with 30
uM chloroethylclonidine (Fig. 5D), thus indicating that
intracellular Ca®" release is mediated exclusively by the
a,5-adrenoceptor subtype. The possibility that chloroethyl-

clonidine might have a non-specific inhibitory effect on
intracellular Ca?* release was ruled out, because the intra-
cellular Ca?* release induced by 30 wM histamine was
not inhibited (Fig. 5D). The increases in [Ca®"] and
tension induced by phenylephrine in the chloroethylcloni-
dine-treated strips in the normal PSS were considered to be
the result of Ca?* influx, because the intracellular Ca?*
release mediated by «,g-adrenoceptors was completely
inhibited by chloroethylclonidine treatment, as mentioned
above. This Ca2" influx component must thus have been
mediated by «,,-adrenoceptors, since this component was
completely inhibited by 3 nM 5-methylurapidil (Fig. 5C).
The simultaneous measurement of [Ca?*]. and tension
therefore identified the o,-adrenoceptors that mediate Ca?*
mobilization in the intact porcine renal artery, and the
results closely correlated with the results reported for
non-vascular tissue specimens (Han et al., 1987, 1992,
Tsujimoto et al., 1989; Horie et a., 1994; Blue et a.,
1994) and for a tension study with the rabbit aorta (Suzuki
et al., 1990).

This is the first study to show direct evidence of
differences in the «,-adrenoceptor subtype involved in
Ca?* mobilization in intact vascular smooth muscle. These
differences have been suggested to be due to different, yet
still to be defined, signal transduction pathways. It has
been assumed that «,,-adrenoceptors are directly coupled
to the Ca®* channel and that «,-adrenoceptors activate
phospholipase C and induce formation of inositol 1,4,5-tri-
phosphate (IP;) (Han et al., 1987, 1992; Minneman, 1988),
or that each of the above subtypes is coupled to a different
G protein (Han et al., 1990b). It has been also reported that
a,-adrenoceptors stimulate Ca?* influx by an agonist-op-
erated Ca?* channel (Nomura et al., 1993; Blue et al.,
1994; Esbenshade et al., 1994). In the present study, we
were unable to confirm this because of the existence of
both «,,- and «,g-adrenoceptors and the lack of an
irreversible antagonist for «,,-adrenoceptors. However,
we speculate that «,5-adrenoceptors, besides causing Ca?*
release, may also be partly responsible for Ca?* influx,
since the level of the phenylephrine-induced increase in
[Ca?" ] after the treatment with chloroethylclonidine was
much smaller than that after treatment with vehicle (Fig.
5D).

Contrary to the findings of the present study, other
reports have demonstrated no difference in Ca* mobiliza-
tion between the signal transduction mechanism activated
by two «,-adrenoceptor subtypes (Oriowo et a., 1992;
Oriowo and Ruffolo, 1992; Hara et al., 1993; Sayet et 4.,
1993; Lepretre et al., 1994). Such a discrepancy might
arise for the following two reasons. (1) Some difficulties
exist in the characterization of the «;-adrenoceptor sub-
types in intact tissues. In the rat portal vein myocytes for
example, Sayet et a. (1993) and Lepretre et al. (1994)
reported that «,,-adrenoceptors were expressed, while
Han et al. (1990a) reported that both - and o g-adren-
oceptors were expressed. In addition, regarding the rat
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aorta, three different results have been reported, namely,
only one «,-adrenoceptor subtype (Oriowo et al., 1992;
Oriowo and Ruffolo, 1992), one «,5-adrenoceptor subtype
(Testa et a., 1995), or both the a,- and «,z-adrenocep-
tors subtypes (Vargas and Gorman, 1995). (2) There are so
far only limited data available on the direct measurement
of [Ca* ], in relation to the a,-adrenoceptor subtypes, as
mentioned in Section 1. We thus used both RT-PCR to
examine mRNA expression and pharmacological methods
to determine the «-adrenoceptor subtypes involved. The
function of each subtype in Ca?" mobilization was thus
assessed by the direct measurement of [Ca?* ] in intact
vascular strips.

In summary, the porcine rena artery expresses both
aq,- and a,g-adrenoceptors, as evidenced by RT-PCR and
direct sequencing, and both subtypes are involved in the
regulation of the porcine renal artery, as evidenced by the
findings of the pharmacological study. In addition, by
simultaneously measuring [Ca®"], and tension, we con-
firmed the different role of «,,- and «,g-adrenoceptorsin
mediating Ca?* mobilization in vascular smooth muscle.
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