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Alpha-1D adrenoceptors are involved in reserpine-induced
supersensitivity of rat tail artery
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1 We examined reserpine-induced chemical denervation supersensitivity with special reference to
alpha-1 adrenoceptor (AR) subtypes.

2 Chronic treatment with reserpine for 2 weeks depleted noradrenaline in the tail artery and spleen of
rats. Noradrenaline in the thoracic aorta was negligible before and after reserpine treatment.

3 The treatment with reserpine produced supersensitivity in the contractile responses of the rat tail
artery to phenylephrine, 5-HT and KCl, resulting in leftward shift of concentration-response curves
(11.6-, 2.5- and 1.1-fold at ECs, value, respectively). These results suggest a predominant sensitization
of the alpha-1 AR-mediated response by reserpine treatment.

4 BMY 7378 at a concentration (30 nM) specific for blocking the alpha-1D AR subtype, but not
KMD-3213 at a concentration (10 nM) selective for blocking the alpha-1A AR subtype, inhibited the
supersensitivity of the phenylephrine-induced response in the reserpine-treated artery. On the other
hand, the response to phenylephrine in reserpine-untreated artery was selectively inhibited by the same
concentration of KMD-3213, but not by BMY 7378. Prazosin, a subtype-nonselective antagonist,
blocked the responses to phenylephrine with the same potency, regardless of reserpine treatment.

5 In the thoracic aorta and spleen, no supersensitivity was produced in the responses to
phenylephrine by reserpine treatment.

6 In a tissue segment-binding study using [*H]-prazosin, the total density and affinity of alpha-1 ARs
in the rat tail artery were not changed by treatment with reserpine. However, alpha-1D AR with high
affinity for BMY 7378 was significantly detected in reserpine-treated tail artery, in contrast to
untreated artery. Decreases in alpha-1A AR with high affinity for KMD-3213 and alpha-1B AR with
low affinities for KMD-3213 and BMY 7378 were also estimated in reserpine-treated tail artery.

7 Alpha-1D AR mRNA in rat tail artery increased to three-folds by reserpine treatment, whereas the
levels of alpha-1A and 1B mRNAs were not significantly changed.

8 The present results suggest that chronic treatment with reserpine affects the expression of alpha-1
AR subtypes of rat tail artery and that the induction of alpha-1D ARs with high affinity for
catecholamines is in part associated with reserpine-induced supersensitivity.
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Introduction

Supersensitivity is one of the classical and pharmacological
phenomena and is defined as an increase in functional affinity
(that is, a decreased ECsg) for agonists (Fleming ez al., 1973;
Fleming, 1976; Westfall, 1981). Supersensitivity may be caused
by a variety of procedures, including surgical and chemical
denervation and chronic treatment with antagonists (Westfall,
1981; Insel, 1989). The one common feature of these
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treatments has been reported that they all cause chronic
interruption of neuronal stimulation on target cells.
Reserpine depletes catecholamine in the adrenergic nerve
due to inhibition of catecholamine reuptake by binding the
pre-junctional storage vesicle for catecholamine (Berkowitz
et al., 1971; Stitzel, 1976; Giachetti & Shore, 1978). Chronic
treatment with reserpine is known to cause supersensitivity
of the adrenergic and nonadrenergic responses in sympathe-
tically innervated tissues, which has been respectively called
specific and nonspecific supersensitivities (Fleming et al.,
1973). In extensive studies, several mechanisms underlying
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the supersensitivity have been proposed; increases in the
density or affinity of postjunctional receptors (Bito & Dawson,
1970; Colucci et al., 1981), changes in the resting membrane
potential (Fleming & Westfall, 1975; Abel et al., 1981;
Fleming, 1987) and alterations of calcium homeostasis
(Hudgins & Harris, 1970; Carrier, 1975).

Recently, alpha-1 ARs have been classified into at least
three subtypes, alpha-1A, -1B and -1D, in molecular and
pharmacological evaluations (Minneman et al., 1994; Hieble
et al., 1995; Michel et al., 1995; Piascik & Perez 2001). These
subtypes distribute distinctly and play key roles in adrenergic
functions in many tissues (McGrath & Wilson, 1988;
Muramatsu et al., 1995; 1998; Graham et al., 1996; Daly
et al., 2002). In rats, for example, the adrenergic contraction of
the tail artery is predominantly mediated by the alpha-1A AR
subtype (Lachnit et al., 1997; Murata et al., 1999; Gisbert et al.,
2003), while the adrenergic contractions of the thoracic aorta
and spleen are mainly through alpha-1D and alpha-1B AR
subtypes, respectively (Burt et al., 1995; Muramatsu et al.,
1995; Buckner et al., 1996; Saussy et al., 1996). Recent studies
further developed various drugs specific for each subtype.
Prazosin is a classical antagonist which shows no subtype
selectivity (Muramatsu et al., 1995; Hancock, 1996). BMY
7378 and KMD-3213 are well characterized as highly selective
antagonists for alpha-1D and alpha-1A AR subtypes, respec-
tively (Goetz et al., 1995; Shibata et al., 1995; Saussy et al,
1996; Yamagishi et al., 1996; Murata et al., 1999). Further-
more, several agonists including phenylephrine show relatively
high affinity for the alpha-1D subtype (Lomasney et al., 1991;
Buckner et al., 1996; Graham et al., 1996; Piascik & Perez,
2001).

Stassen et al. (1998) evaluated the relationship between the
presence of adrenergic nerves and the presence of alpha-1 ARs
in the arterial trees of rat, and suggested that the presence of
alpha-1 AR subtypes may be closely related to the sympathetic
innervation. They also demonstrated that chemical sym-
pathectomy of rats with 6-hydroxydopamine caused a distinct
reduction in alpha-lA AR subtype, concomitant with a
marked reduction of noradrenaline content. We hypothesized
that the supersensitivity may in part reflect the changes in
expression of alpha-1 AR subtypes. In the present study, we
examined a possible relationship between reserpine-induced
supersensitivity and alpha-1 AR subtypes. To this end, we
analyzed the concentration—contractile response curve for
phenylephrine, the binding of [*H]-prazosin, the effects of the
alpha-1 AR subtype-selective ligands KMD-3213 and BMY
7378, and the mRNA levels of alpha-1 AR subtypes.

Methods
Animals and administration of reserpine

Male Wistar rats (Charles River Japan Inc., Tokyo, Japan)
aged 7 weeks were used. The rats were weighed and
intraperitoneally administered reserpine at a dose of 1 mgkg™
once daily for 1 week and then 0.5mgkg™' for 1 week. The
body weight of reserpine-treated rats (243+7g, n=24) was
significantly lower, compared with reserpine-untreated rats
(346+7, n=23). A decrease in locomotor activity and diarrhea
was also observed in reserpine-treated rats. After reserpine
treatment for 2 weeks, rats were killed by exsanguination, and

the thoracic aorta, spleen and tail artery were isolated
carefully. The fat and connective tissues were removed from
the arteries and spleen immediately after isolation in modified
Krebs—Henseleit solution (NaCl: 120.7, KCI: 5.9, MgCl,: 1.2,
CaCl,: 2.5, NaH,PO, 1.2, NaHCO;: 25.5 and glucose:
11.5mM, pH 7.4) at 4°C.

Measurement of endogenous noradrenaline contents

The isolated rat tissues were weighed and homogenized in a
polytron homogenizer (setting 3 for 40s) at 4°C in 3.0ml
perchloric acid solution (0.4mM) containing 1.3mM Na,
EDTA and 5.3mM Na,S,0s. The homogenates were then
centrifuged (12000 x g at 4°C for 15min), and the supernatant
(0.1ml) was collected into a sample tube containing 0.1 ml
internal standard solution (10 ngml~" of 3,4-dihydroxybenzy-
lamine). Noradrenaline in the sample tubes was isolated using
batch alumina chromatography and analyzed using high-
performance liquid chromatography with electrochemical
detection (Shinozuka et al., 2001).

Functional studies

Tail artery tissue was cut into rings of approximately 2 mm in
length and then the endothelium was removed by gentle
rubbing with enamel-coated stainless steel wire. The rings were
suspended in a 2ml micro-organ bath filled with modified
Krebs—Henseleit solution gassed continuously with 95% O,
and 5% CO, at 37°C. The aorta tissue was cut helically and the
endothelium was removed by gentle rubbing with wet filter
paper. The spleen was divided into two longitudinal parts.
Aorta and spleen strips were mounted in a 20 ml of organ bath.
The resting tensions were 0.5 x g for the tail artery and 1 x g
for the aorta and spleen. After equilibration for at least 60 min,
phenylephrine, 5-HT or KCl was added to the organ bath in a
cumulative manner to obtain concentration—response curves
for contraction. In general, a lack of endothelial cells was
confirmed as a loss of acetylcholine-induced relaxation in the
first concentration—response curve for agonist and the third
concentration—response curve was used as control in each
preparation. Reproducibility between the third and fourth
concentration—response curves was confirmed in the parallel
experiments with vehicle. Various alpha-1 AR antagonists
were added to the organ bath 30min before evaluating the
fourth concentration—response curve for phenylephrine, 5-HT
or KCI. The contractile responses were recorded as changes of
isometric force via an isometric force transducer (model TB
612T, Nihon Kohden Co., Tokyo, Japan) and amplifier. The
responses to phenylephrine were obtained in the presence of
1 uM propranolol, but 0.1 uM rauwolscine also added in the
experiments with the tail artery tissue.

Tissue segment-binding study

Tissue segment binding of [*H]-prazosin was performed with
the method described by Tanaka et al. (2004). Briefly, the
isolated tail artery was cut lengthwise, yielding a rectangular
sheet of vascular smooth muscle. Like functional study, the
endothelium was removed by gentle rubbing with filter paper.
Then, the tissues were cut into about 28-30 small pieces
(approximately 3mm in length) under a stereoscopic light
microscope. The pieces were incubated for 10h at 4°C in 1 ml
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of incubation buffer (50 mM Tris—=HCI, 5mMm MgCl,, 100 mM
NaCl, pH 7.4) with [*H]-prazosin (302000 pM for saturation
experiments and 500 pM for competition experiments). After
incubation, the pieces were gently blotted and rapidly rinsed by
vortexing for 1 min with 1.5ml of incubation buffer at 4°C.
The pieces were then blotted and solubilized in 0.3N NaOH
solution to estimate the bound radioactivity and protein
content. Nonspecific binding was determined in the presence
of 30 uM phentolamine. The bound radioactivity was measured
by liquid scintillation counting. The protein contents were
determined by the method of Bradford (1976).

Measurement of alpha-1AR mRNA

Rat tail artery was rapidly removed, frozen in liquid nitrogen
and then stored at —80°C before use. Total RNA was
extracted using the QIAGEN RNeasy Mini-extraction kit
(QIAGEN Ltd, Valencia, U.S.A.). Real-time quantitative
PCR primers for alpha-1 ARs and beta-actin were designed
with the software Primer Express™. The sequences of the
PCR primer pairs used were as follows: alpha-la AR:
TGCACTCCGTGACTCACTACTACA, CCGCCCAGATA
TTGCAGAAC; alpha-1b AR: TTGGCGCTCCTCAGT
GTGT, GGAGGAAAAGAGGGCGTAGAA,; alpha-1d AR:
GACCGCTACTAGGTTGGAAGGA, GGTAGAAGGAG
CACACGGAAGA; beta-actin: ACCGTGAAAAGATGACC
CAGAT, CAGTGGTACGACCAGAGGCATA. The cDNA
template was synthesized from 1ug of total RNA by the
reverse transcriptase reaction, with the use of SuperScript™
First-Strand Synthesis System for RT-PCR kit (Invitrogen,
Carlsbad, U.S.A.) by the manufacturer’s method. The
synthesized cDNA corresponding to 50 ng of total RNA was
used for the real-time PCR. The real-time PCR was performed
with SYBR Green PCR Master Mix (Applied Biosystems,
Foster City, U.S.A.) according to the manufacturer’s method.
The quantitative PCR reactions were set up in 1 x SYBR
Green PCR Master mix, 400 nM each gene-specific primer and
the template cDNA. Then, the SYBR Green PCR was
performed as follows: initial incubations at 94°C for 10 min,
subjected to 40 cycles of PCR (94°C for 30s, 62°C for 15s and
72°C for 30s) using the ABI Prism 7700 Sequence detector
(Applied Biosystems, Foster City, U.S.A.). The generation of
PCR product was monitored at each cycle by increased SYBR
Green fluorescence compared to an inert reference control.
The resulted PCR products were confirmed to a single band by
electrophoresis.

The beta-actin gene was used as an internal control for
normalization of the data. The results were represented as a
ratio of interest to beta-actin.

Data analysis

Data were analyzed using commercially available software
(Graph Pad PRIZM®, Ver. 3.00, Graph Pad Software, San
Diego, U.S.A.). The maximal contractions induced by
phenylephrine, 5-HT and KCl in each preparation were taken
as 100%, and nonlinear regression analyses were applied to
sigmoid concentration—response curves for contractile ago-
nists. The pKy value was determined for a single concentration
of antagonist by the concentration-ratio method (Furchgott,
1972). Binding 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 the two-site model
was accepted. P-values less than 0.05 were considered
significant. Data are represented as the mean+s.e.m.

Drugs

The following drugs were used in this study: reserpine solution
(Apoprone Inj. 1 mg) was from Daiichi Pharmaceutical Co.,
Ltd. (Tokyo, Japan). (—)-Phenylephrine hydrochloride, pra-
zosin hydrochloride, 5-hydroxytryptamine creatinine sulfate
(5-HT) and propranolol hydrochloride were from Sigma-
Aldrich Co. (St Louis, U.S.A.). BMY 7378 and rauwolscine
hydrochloride were from Research Biochemical Inc. (Natrick,
U.S.A.). KMD-3213 was kindly provided from Kissei Phar-
maceutical Co., Ltd (Matsumoto, Japan). [°’H]-prazosin was
from Dupont-New England Nuclear Inc. (Boston, U.S.A.).
The stock solutions of prazosin and KMD-3213 were prepared
with ethanol and dimethylsulfoxide, respectively, and then
diluted with distilled water in functional experiments and with
incubation medium in binding experiments.

Results
Endogenous noradrenaline content

As shown in Table 1, the contents of noradrenaline varied
among tail artery, thoracic aorta and spleen tissues in
reserpine-untreated rats. In particular, the content of nora-
drenaline in the thoracic aorta was less than 1% of the values
measured for the two other tissues. Reserpine treatment for 2
weeks markedly reduced the noradrenaline content in the tail
artery and spleen and eliminated the amine in the thoracic
aorta.

Effects of reserpine treatment on the contractile responses
to phenylephrine and other drugs

Phenylephrine produced concentration-dependent contrac-
tions in isolated tail artery, thoracic aorta and spleen of rats.
Reserpine treatment caused a shift of concentration—response
curve to the left in the tail artery, resulting in supersensitivity
(Figure la). The pECs, values for phenylephrine were,
respectively, 7.1+0.1 and 6.0+0.1 in reserpine-treated and in
-untreated arteries, causing a 11.6-fold shift in the sensitivity.
Concentration—response curves for 5-HT and KCI were also
shifted to the left, especially at the low concentrations
(Figure 2). However, the shift of ECs, values (2.5-fold for
5-HT and 1.1-fold for KCI) was smaller than that of

Table 1 Tissue noradrenaline contents in tail artery,
thoracic aorta and spleen of rats

Tissues Reserpine-untreated Resperpine-treated
Trail artery 69.84+2.0 0.074+0.02%*
Aorta 0.334+0.05 0.0040.00
Spleen 44.4+5.1 0.384+0.25%*

**P<0.01, Significant differences vs reserpine treated in
unpaired ¢-test. pmolmg~' wet weight, mean+s.e.m. of four
independent experiments.
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Figure 1 Effect of reserpine treatment on the contractile responses

to phenylephrine in the tail artery (a), thoracic aorta (b) and spleen

(c) of rats. Maximal contractions induced by phenylephrine in each

preparation were taken as 100%. Circles: reserpine-untreated.

Triangles: reserpine-treated. Data represent the mean+s.e.m. of
9-10 independent experiments.

phenylephrine. The contractile responses to 5-HT and KCl
were not inhibited by 0.1 uM prazosin, regardless of reserpine
treatment.

In the thoracic aorta and spleen, phenylephrine also
produced concentration-dependent contractions (Figure 1b
and c). The pEC;, value for phenylephrine in the thoracic aorta
(7.240.1) was significantly higher than those in the tail artery
and spleen (6.0+0.1 and 5.3+0.1, respectively) of reserpine-
untreated rats, but was close to the pECs, (7.1 +0.1) measured
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Figure 2 Effect of reserpine treatment on the contractile responses
to 5-HT (a) and KCI (b) in the tail artery of rats. Maximal
contractions induced by 5-HT and KClI in each preparation were
taken as 100%. Circles: reserpine-untreated. Triangles: reserpine-
treated. Data represent the means+s.e.m. of four independent
experiments.

for the reserpine-treated tail artery. No significant shift was
produced by reserpine treatment in the concentration—
response curves for phenylephrine for the thoracic aorta and
spleen.

Effects of alpha-1 AR antagonists in tail artery

Since supersensitivity was more dominantly observed in the
responses to phenylephrine, it was evaluated which alpha-1
AR subtypes contribute to the supersensitivity in the response
to phenylephrine of reserpine-treated tail artery, by using three
alpha-1 AR antagonists (prazosin, BMY 7378 and KMD-
3213). Figure 3 shows the results obtained from the tail arteries
of reserpine-untreated and -treated animals. Prazosin at 10 nM
caused a parallel shift to the right in the concentration—
response curve for phenylephrine, yielding in a pKpy value
of approximately 9 in both reserpine-treated and -untreated
arteries (Table 2). BMY 7378 at 30 nM, a concentration specific
for the alpha-1D AR subtype, had no effect on the response to
phenylephrine in the untreated arterial tissue, but significantly
inhibited the response in the reserpine-treated arterial tissue
(PKp: 8.240.1). KMD-3213 at 10nM, which is a selective
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N. Taki et al Alpha-1D adrenoceptors in supersensitivity 651

a b c
. 100 ~ 100 A 100 4
2
T
(1]
Q.
)
[
>
(]
T 50 50 50 -
c
S
[7]
c
(7]
[

0 - 0 . 0 -

10 9 -8 7 6 -5 -4 -3 -10 -3 10 -9 -8 7 -6 -5 -4 -3

Phenylephrine (logM) Phenylephrine (logM) Phenylephrine (logM)

o
o
—h

__ 100 4 100- 100 1

&

T

(]

Q

o

°

2

S 50 50 50 -

c

(=]

@

c

(7

[t
0- . 0- . o+—e<A
-10 -3 -10 -3 0 -9 8 7 -6 -5 -4 -3

Phenylephrine (logM) Phenylephrine (logM) Phenylephrine (logM)

Figure 3 Effects of alpha-1 AR antagonists on the contractile responses to phenylephrine in the tail artery isolated from reserpine-
untreated (a—c) and -treated (d—f) rats. The maximum contraction induced by phenylephrine before treatment with antagonist was
taken as 100%. Circles: control responses before treatment with antagonist. Triangles: responses after treatment with 10 nM
prazosin (a and d), 30nM BMY 7378 (b and e) and 10nM KMD-3213 (c and f). Data represent the mean +s.e.m. of 4-5 independent

experiments.

Table 2 pKj values for alpha-1 AR antagonists in tail artery of rats

Reserpine-untreated

Resperpine-treated

Drug (concentration) —BMY 7378 +BMY 7378 (30 nM) —BMY 7378 +BMY 7378 (30 nM)
Prazosin (10 nM) 9.34+0.1 9.2+0.1 9.0+0.1 9.1+0.1

BMY 7378 (30 nM) NI 8.240.1 —
KMD-3213 (10 nm) 9.440.1 9.14+0.1 I 9.34+0.0

NI: No inhibition, mean+s.e.m. of 4-5 independent experiments.

The values represent pKp values in the absence (—) and presence (+) of BMY 7378.

concentration for the alpha-1A AR subtype, caused a right-
ward and downward shift of the concentration—response curve
for phenylephrine in untreated arterial tissue, an apparent pKg
value of 9.4+0.1. However, no shift was produced by 10 nM
KMD-3213 in the responses to phenylephrine of the reserpine-
treated arterial tissue, although the maximum contractions
induced by high concentrations (10 and 100 uM) of pheny-
lephrine were slightly attenuated (Figure 3). These results
indicated that the leftward shift in the concentration—response
curve for phenylephrine in the reserpine-treated artery were
caused by a BMY 7378-sensitive but KMD-3213-insensitive
component, which was not detected in the reserpine-untreated
arterial tissues.

Then, we examined the effects of prazosin and KMD-3213
in the continual presence of 30nM BMY 7378 in the organ
bath assay. In both reserpine-untreated and -treated arteries,

prazosin at 10 nM shifted the concentration—response curve for
phenylephrine, regardless of the presence of BMY 7378 in the
organ bath, resulting in a pKg value close to that measured in
the absence of BMY 7378 (Table 2). KMD-3213 (10 nM) also
inhibited the responses to phenylephrine in the presence of
30nM BMY 7378 with a comparable high affinity (pKg: 9.1 or
9.3) in both reserpine-untreated and -treated arteries, respec-
tively.

Effects of alpha-1 AR antagonists in thoracic aorta
and spleen

Concentration—response curves for phenylephrine in the rat
thoracic aorta were inhibited by 10nM prazosin or 30nM
BMY 7378. The inhibitory potencies were not affected by
reserpine treatment (Table 3). The contractile responses to

British Journal of Pharmacology vol 142 (4)
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phenylephrine in the spleen of reserpine-untreated or -treated
rats were inhibited by 10 nM prazosin, but not by 30nM BMY
7378 (Table 3). The responses in both the thoracic aorta and
spleen tissues were essentially unaffected by 10 nM KMD-3213.

[?H ]-prazosin binding in rat tail artery segments

Ligand-specific [*’H]-prazosin binding to the alpha-1 ARs of
the rat tail artery segments was detected. The binding
saturation isotherm revealed a high pKp value and a high
density of receptors in the rat tail artery. No significant
changes in these parameters were observed in the reserpine-
treated artery segments (Table 4).

KMD-3213 biphasically inhibited [*H]-prazosin binding to
alpha-1 ARs in both reserpine-untreated and -treated arteries
(Figure 4a). However, the proportion of high-affinity sites was
significantly lower (approximately 50%) in the reserpine-
treated artery-segments than that observed (approximately
60%) in the untreated arterial tissue (Table 4). BMY 7378
monophasically inhibited [*H]-prazosin binding with a low
affinity in the untreated artery, but yielded a biphasic binding
competition curve for the artery segments obtained from
reserpine-treated animals (Figure 4b). The proportion of high-
affinity sites for BMY 7378 was 34% (Table 4). Phenylephrine
showed a slightly but significantly higher affinity in the
reserpine-treated artery than in the untreated artery.

mRNA levels of alpha-1 AR subtypes in rat tail artery

Figure 5 shows the mRNA levels of three alpha-1 AR subtypes
in reserpine-untreated and -treated tail arteries, which were
represented as ratios to beta-action mRNA (5.89+1.22 and
4.41+1.12amol/50 ng total RNA, respectively, in reserpine-
untreated and -treated arteries). Alpha-1D AR mRNA
increased to approximately three-folds by reserpine treatment.
The mRNA levels of alpha-1A and -1B AR subtypes were not
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Figure 4 Competition curves for KMD-3213 (a) and BMY 7378
(b) against [*H]-prazosin binding to rat tail artery segments. Circles:
reserpine-untreated rats. Triangles: reserpine-treated rats. Data
represent the mean +s.e.m. of five independent experiments.

Table 3 pKj values for alpha 1-AR antagonists in isolated thoracic aorta and spleen of rats

Tissues Drugs

Thoracic aorta Prazosin (10 nM)
BMY 7378 (30 nM)
KMD-3213 (10 nm)
Spleen Prazosin (10 nM)
BMY 7378 (30 nMm)
KMD-3213 (10 nM)

NI: No inhibition, mean+s.e.m. of 3-5 independent experiments.

Reserpine-untreated Reserpine-treated

10.2+0.3 10.1+£0.4
8.6+0.0 8.7+40.1
8.4+0.1 NI
9.5+0.2 9.4+0.2
NI NI
NI NI

Table 4 Pharmacological characterization of [*H]-prazosin-binding site in rat tail artery segements

Reserpine-untreated

Bmax (fmolmg~" protein) 524419
PKp 9.540.1
PKiyign
KMD-3213 9.7+0.1
(614+2%)
BMY 7378 6.440.1
Phenylephrine 4.340.2

Reserpine-treated

526+11
9.4+0.2
PKiron PKiign PKiron
7.54+0.1 9.340.1 7.2+0.2
(39+2%) (49+2%) (51+2%)
9.0+0.2 6.24+0.1
(34+2%) (66+2%)
54403

Mean +s.e.m. of 5-8 independent experiments. Numbers in parentheses show the proportion of the high- and low-affinity sites.
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pine-utreated rats (control). Shaded column: reserpine-treated rats.
Data represent mean +s.e.m. of the results obtained from 67 rats.
*Significantly different from reserpine-untreated rats.

significantly changed, although alpha-1A AR mRNA showed
a tendency of decrease.

Discussion

It has been well known that chronic treatment with reserpine
causes supersensitivity in the tail artery (Nasseri et al., 1985;
Duckles, 1991) and other tissues of rats (Pointon & Banerjee,
1979; Abel et al., 1985). The present study confirmed the
development of supersensitivity in the responses to phenyl-
ephrine, 5-HT and KCI in the rat tail artery. However, the
extent of supersensitivity varied between the agonists, a larger
leftward shift (11.6-fold) being observed in the response to
phenylephrine than in the responses to 5-HT (2.5-fold) and
KCI (1.1-fold). The supersensitivity in the responses to 5-HT
and KCI was evident at low concentrations of the agonists and
was resistant to prazosin, an alpha-1 AR-selective antagonist
(Hieble et al., 1995; Hancock, 1996), in contrast to the
response to phenylephrine. These results suggest that reserpine
treatment predominantly produces alpha-1 adrenergic super-
sensitivity, although the possible involvement of nonspecific
supersensitivity cannot be ruled out (Fleming et al., 1973).
What mechanisms might be involved in the adrenergic
supersensitivity induced in the reserpine-treated tail artery?
Stassen et al. (1998) suggested that the presence of alpha-1A
AR subtype was positively related to the sympathetic
innervation in several arteries of rats. However, adrenergic
supersensitivity has not yet been examined with special
reference to alpha-1 AR subtypes. Then, we analyzed the
alpha-1 AR subtypes responsible for the supersensitivity
according to the current alpha-1 AR classification (Hieble
et al., 1995), and with the use of both subtype-nonselective
(prazosin) and subtype-selective antagonists (BMY 7378 for
alpha-1D AR subtype, KMD-3213 for alpha-1A AR subtype),
as mentioned in Introduction. Prazosin inhibited the contrac-
tile responses of tail arteries to phenylephrine with high pKjp
values irrespective of reserpine treatment, suggesting that the
responses to phenylephrine are mediated through alpha-1 ARs

having a high affinity for prazosin. The supersensitivity in the
contractile response to phenylephrine was also inhibited by
BMY 7378 at 30nM, which is a specific concentration for
blocking the alpha-1D AR subtype (Hussain & Marshall,
1997; Murata et al., 1999), while the response in reserpine-
untreated artery failed to be inhibited by the same concentra-
tion of BMY 7378. Furthermore, the residual responses to
phenylephrine of the reserpine-treated tail artery in the
presence of 30nM BMY 7378 showed the same sensitivities
to prazosin and KMD-3213 as was observed in reserpine-
untreated artery (Table 2). These results strongly suggest that
the supersensitivity produced by low concentrations of
phenylephrine is produced via the alpha-1D AR, while such
a supersensitive response is absent in the untreated artery
segments (present study; Lachnit et al., 1997; Murata et al.,
1999), indicating apparent switching of functionally dominant
alpha-1 AR from alpha-1A to alpha-1D subtype by reserpine
treatment. In this regard, it is interesting to note that the
alpha-1D AR subtype is highly sensitive to catecholamines and
phenylephrine as compared with the alpha-1A and alpha-1B
AR subtypes (Lomasney et al., 1991; Buckner et al., 1996;
Graham et al., 1996). Additionally, the pECs, value (7.14+0.1)
for phenylephrine in the reserpine-treated tail artery was the
same as the pECs, value (7.2+0.1) in the thoracic aorta, where
the adrenergic responses to phenylephrine have been known to
be mainly mediated through alpha-1D ARs, irrespective of
reserpine treatment (present study; Buckner et al, 1996;
Muramatsu et al., 1998; Murata et al., 1999; Daly et al., 2002).

If alpha-1D ARs are actually involved in the adrenergic
supersensitivity observed, we anticipated that the subtype
should be also detected in the binding study. A previous study
with microsomal fractions of rat tail artery demonstrated that
the density and affinity of ['*’I]-BE-2245-binding sites did not
change after treatment with reserpine (Nasseri et al., 1985). In
the present study, we used a tissue segment-binding method
which allows for a more efficient detection of receptors
without a loss of receptor that has been observed upon
homogenization and isolation of microsomal membranes
(Tanaka et al., 2004). Using this method, we also observed
that there were no significant changes in the density and
affinity of [*H]-prazosin-binding sites after treatment with
reserpine (Table 4). However, binding competition experi-
ments clearly demonstrated an appearance (34% of total
density in proportion) of high-affinity sites for BMY 7378
(most likely alpha-1D AR subtype) and a reduction (from 60
to 50%) of KMD-3213 high-affinity sites (alpha-1A AR
subtype) by reserpine treatment. Since KMD-3213 low-affinity
sites can be characterized as alpha-1B and/or alpha-1D AR
subtypes, the low-affinity sites in reserpine-untreated tail
artery (approximately 40% of total density) appeared to
correspond to alpha-1B AR subtype, while the proportion in
reserpine-treated artery (approximately 50% of total density)
seemed to be composed of both alpha-1D AR subtype (34%,
BMY 7378 high-affinity sites mentioned above) and the
remaining alpha-1B AR subtype (approximately 16%),
although this estimation must be confirmed by alpha-1B AR
selective drugs. From these data, together with no change in
total alpha-1AR density, it is likely that reserpine treatment
causes an induction of alpha-1D AR subtype and conversely
reduces the densities of both alpha-1A and -1B AR subtypes in
the rat tail artery (Table 4). Stassen et al. (1998) reported that
chemical sympathectomy with 6-hydroxydopamine caused a
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reduction of alpha-1A AR subtype and an increase in non-
alpha-1A AR subtypes in the small or resistance-sized
mesenteric arteries of rats. In agreement with these observa-
tions, alpha-1D AR mRNA increased to three-folds by
reserpine treatment. However, mRNA levels of alpha-1A and
alpha-1B ARs were not significantly changed after treatment
with reserpine. Thus, it is likely that, although the observed
upregulation of alpha-1D AR may be associated with its
induction, the expression level of three alpha-1AR subtypes
might be also regulated at post-transcriptional processes.

Recently, it has been demonstrated that alpha-1 ARs
distribute in not only smooth muscle cells but also adventitial
fibroblasts and other types of cells in rat thoracic aorta (Faber
et al., 2001). Therefore, it is unlikely that [*H]-prazosin-binding
sites and alpha-1 AR mRNAs detected in the tail artery
segments reflect alpha-1 ARs occurring in the smooth muscle
only (Tanaka et al., 2004). Thus, even though the density and
mRNA level of alpha-1 ARs did not change, we must clarify in
further studies whether the amount of alpha-1 ARs in smooth
muscle is actually the same regardless of reserpine treatment.

Alpha-1D AR subtype is known to be constitutively active
and undergo phosphorylation or sequestration, as compared
with the alpha-1A and alpha-1B AR subtypes (Gisbert et al.,
2000; McCune et al., 2000). From these data, together with the
high affinity of the alpha-1D AR subtype for catecholamines, it
is possible that most of the alpha-1D AR subtype is sequestered
or downregulated under sympathetically innervated conditions
and that this process may be reversed by sympathetic
denervation, resulting in an upregulation of the alpha-1D AR.
It is also interesting to note in this regard, that the alpha-1D AR
subtype can be readily detected in both functional and ligand-
binding studies using the rat thoracic aorta (Buckner er al.,
1996; Muramatsu et al., 1998; Tanaka et al., 2004). Importantly,
this tissue is not sympathetically innervated (Table 1 in the
present study; Berkowitz et al., 1971; Stassen et al., 1998).

In the present study, reserpine-induced supersensitivity was
observed in the tail artery but not in the thoracic aorta and
spleen. As mentioned above, a lack of supersensitivity in the
thoracic aorta might be anticipated, because the sympathetic
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