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Abstract

Alterations in «,-adrenoceptor subtypes in aortas from 12-month-old spontaneously hypertensive rats (SHR) were studied in
functional studies and RNase protection assays. The norepinephrine-induced contraction, including maximum response and pD, values,
was not significantly different between the SHR and age-matched Kyoto Wistar (WKY) rats. The pA , values of the «;n-adrenoceptor
subtype-selective antagonist BMY 7378 (8-(2-(4-(2-methoxyphenyl)- 1-pi perazinyl)ethy!)-8-azaspiro(4.5)decane-7,9-dionedi hydrochl oride)
were increased from 810+ 0.12 in WKY rats to 8454 0.13 in SHR (P <0.05). The pA, values of the «,,-adrenoceptor
subtype-selective antagonist RS-17053 ( N-[2-(2-cyclopropylmethoxyphenoxy)ethyl]-5-chloro-«, a-dimethyl-1H-indol e-3-ethanamine hy-
drochloride) were reduced from 852+ 0.20 in WKY rats to 7.82+ 0.18 in SHR (P < 0.05), whereas the pA, values of the
a1,/ a,p-adrenoceptor subtype-selective antagonist WB4101 (2-(2,6-dimethoxphenoxyethyl)-aminomethyl-1,4 benzodioxane) were not
significantly different between WKY rats and SHR (9.05 + 0.22 versus 9.27 + 0.15, P > 0.05). Preincubation of preparations in 50 uM
chloroethylclonidine for 30 min irreversibly inhibited the norepinephrine-induced response more profoundly in aortas from SHR than in
aortas from WKY rats. The results of RNase protection assays showed that mRNAs for «,,- and «;g-adrenoceptor subtypes were
decreased and that MRNA for the «,p-adrenoceptor subtype was increased in aortas from SHR compared with WKY rats. The results
suggested that the o, ,-adrenoceptor subtype was decreased and the «;-adrenoceptor subtype was increased in aortas of 12-month-old
SHR. © 1998 Elsevier Science B.V.
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1. Introduction desensitization of adrenoceptors. In cultured rat and rabbit
aortic smooth muscle cells, adrenergic stimuli can induce
down-regulation of the «,z-adrenoceptor subtype (1zzo et
al., 1990; Chen et d., 1995). In cultured neonatal cardiac
myocytes, adrenergic stimuli differentially regulated the
three «,-adrenoceptor subtypes (Rokosh et al., 1996).
Therefore, in the aorta of spontaneously hypertensive rats
(SHR), the expression of «;-adrenoceptor subtypes may
be affected by a raised sympathetic tone, but this has not
yet been proved. In addition, the alteration of «,-adrenoc-
eptor-mediated contraction in SHR aorta is still controver-
sial. Our previous experiments showed that norepineph-
rine-induced contraction in SHR aorta was unchanged
compared with that in aorta from WKY rats (Han et 4.,
1992). But some other researchers reported that the aortic
contraction induced by norepinephrine was decreased
(Holck, 1986) or increased (Brown et al., 1994). There-
~* Corresponding author. Tel.: -+86-10-62092306; fax: -+ 86-10- fore, in the present studies we compared the contractile
62017700; e-mail: hangd@mail.bjmu.edu.cn responses induced by «,-adrenoceptor subtypes and mRNA

The «,-adrenoceptor in vascular smooth muscle plays a
vital role in the modulation of sympathetic nervous system
activity, regulation of blood pressure and maintenance of
homeostasis. Molecular cloning techniques and pharmaco-
logical studies have identified the existence of three sub-
types of «,-adrenoceptor, that is, a;,, a5 and aqp
(Graham et al., 1996). mRNA for all the three «,-adrenoc-
eptor subtypes is expressed in rat aorta (Piascik et al.,
1994; Xu and Han, 1996). Recent functional studies fur-
ther showed that «,-adrenoceptor agonist-induced contrac-
tion of rat aorta was mainly mediated by the «,y-adrenoc-
eptor subtype (Saussy et al., 1994; Testa et al., 1995).

Hypertension is accompanied by an elevated
sympatho-adrenal tone, which is frequently associated with
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Fig. 1. Effect of BMY7378 on the norepinephrine-induced contraction in aortas from WKY rats and SHR. Concentration—response curves for
norepinephrine in the absence (open circle) and presence of BMY 7378: 0.01 uM (filled circle), 0.1 uM (open triangle), 1 uM (cross). WKY rats (n = 8),

SHR (n= 4).

levels for the three «;-adrenoceptor subtypes in aortas
from 12-month-old SHR and WKY rats.

2. Materials and methods

2.1. Materials

Compounds were obtained from the following sources:
WB4101 (2-(2,6-dimethoxphenoxyethyl)-aminomethyl-1,4
benzodioxane), BMY 7378 (8-(2-(4-(2-methoxyphenyl)-1-
piperazinyl)ethyl)ethyl)-8-azaspiro(4.5)decane-7,9-dionedi-
hydrochloride), norepinephrine (Research Biochemicals,
Natick, MA); yohimbine, desmethylimipramine,
normetanephrine, (4 )-propranolol (Sigma Chemical Corp.,
St. Louis, MO); RS-17053 (N-[2-(2-cyclopropylmetho-
xyphenoxy)ethyl]-5-chloro-«, a-dimethyl-1H-indole-3-etha-
namine hydrochloride) (Roche Bioscience, USA).
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2.2. Functional experiments

Mae WKY and spontaneously hypertensive rats aged
12 months were killed by cervical dislocation. The full
length of aorta was dissected and placed in an ice-cold
Krebs—Ringer bicarbonate buffer (KRB) containing (in
mM) 120 NaCl, 5.5 KCl, 2.5 CaCl,, 1.2 NaH,PO,, 1.2
MgCl, 20 NaHCO,, 11 glucose and 0.029 Na,EDTA
equilibrated with 95% O,:5% CO,. The vessels were
cleaned of fat and connective tissue. The proximate end of
the thoracic aorta was cut into rings, 3 mm long, for in
vitro contractile studies. The remaining vessels were im-
mediately stored in liquid nitrogen for total RNA isolation.

The KRB used for the functional study contained 0.1
M desmethylimipramine and 1 M normetanephrine to
block the neuronal and extraneurona uptake of nor-
epinephrine, 1 uM (+)-propranolol to block B-adrenocep-
tors and 0.1 uwM yohimbine to block «,-adrenoceptors.
The ring segments were mounted at 37°C in 10 ml organ
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Fig. 2. Effect of RS-17053 on the norepinephrine-induced contraction in aortas from WKY rats and SHR. Concentration—response curves for
norepinephrine in the absence (open circle) and presence of RS-17053: 0.01 uM for WKY rat and 0.3 uM for SHR (filled circle), 0.3 uM for WKY rats
and 0.1 uM for SHR (open triangle), 0.1 uM for WKY rats and 3 uM for SHR. WKY rats (n=4), SHR (n=4).
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Fig. 3. Effect of WB4101 on the norepinephrine-induced contraction in aortas from WKY rats and SHR. Concentration-response curves for
norepinephrine in the absence (open circle) and presence of BMY 7378: 1 nM (filled circle), 3 nM (open triangle), 10 nM (cross). WKY rats (n = 4), SHR

(n=05).

baths containing KRB that was continuously equilibrated
with 95% O,:5% CO, and were attached to force-displace-
ment transducers. The preparations were equilibrated for 1
h at an optimal resting tension of 1.0 mg and primed twice
with 10 M norepinephrine. After thorough washing, a
cumulative norepinephrine concentration—response curve
was generated, followed by another 30 min wash. The
preparations were then incubated with increasing amounts
of BMY7378, WB4101 or RS-17053 for 45 min, after
which a second norepinephrine concentration—response
curve was generated in the presence of the antagonists.
pA , values were calculated by Schild plot. In chloroethyl-
clonidine experiments, the preparations were preincubated
with 50 uwM chloroethylclonidine for 30 min, then washed
for 45 min and the norepinephrine concentration—response
curve was repeated. EDg, values and 95% confidence
limits were calculated for all dose-response curves.

2.3. RNase protection assays
2.3.1. Isolation of total RNA

Frozen vessel tissues were divided into three pools, then
ground into a powder in liquid nitrogen and homogenized

with a high-speed homogenizer. The total RNA was then
extracted by the single-step method of Chomczynski and
Sacchi (1987). RNA samples were then quantified using a
spectrophotometer at 260 /280 nm and aliquoted in 30 wg.
The samples were stored at —70°C for later use.

2.3.2. RNA probe labeling

Antisense RNA probes were transcribed with T, or T,
RNA polymerase from DNA templates in the presence of
[a-*PJUTP and purified on an 8 M urea—6% polyacryl-
amide gel prior to use. The DNA templates for antisense
RNA synthesis were as follows.: for «,,-adrenoceptor
subtype, a487 bp (HindlIl /Xhol) fragment of «,;, cDNA;
for «,5-adrenoceptor subtype, a 306 bp (BamHI /Pstl)
fragment of «,; CDNA; for «,y-adrenoceptor subtype, a
414 bp (EcoRV /Smal) fragment of «,; cDNA. The
above three fragments were all cloned into pBluescript
SK(—). For GAPDH (glyceradehyde-3-phosphate dehy-
drogenase), a 316 bp fragment corresponding to 369—685
of GAPDH cDNA (Ambion); for cyclophilin A, a 318 bp
fragment corresponding to 98—416 of cyclophilin A cDNA
(Danielson et d., 1988). The fragment was produced by
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Fig. 4. Effect of chloroethylclonidine alkylation on the norepinephrine-induced contraction in aortas from WKY rats and SHR. Concentration—response
curves for norepinephrine in the absence (open circle) and presence of chloroethylclonidine (50 uM, filled circle).
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Fig. 5. Determination of mMRNA levels for the three «;-adrenoceptor
subtypes by RNase protection assays in aortas from WKY rats and SHR.
Y east tRNA was used as a control for nonspecific hybridization. GAPDH
and cyclophilin A were used as controls for input RNA. The similar
results were obtained in additional two experiments.

reverse transcription-polymerase chain reaction, then
cloned into pGEM-TEASY (Promega), and finally sub-
cloned into the EcoRI sites of pBluescript SK(—). The
insertion was oriented by restriction enzyme (Styl) analy-
sis. The size of the probes/protected fragments was as
follows. «,, subtype, 572/487; «,5 subtype, 356/306;
a,p Subtype, 459 /414; GAPDH, 355/316; cyclophilin A,
396,/318.

2.3.3. RNase protection assays

30 ug of tota RNA was used in RNase protection
assay with probes specific for each of the three rat «;-
adrenoceptor subtype mRNA as described and validated
previously (Xu and Han, 1996). 20 ug of tota RNA from
aortas was used in the RNase protection assay with probes
for GAPDH and cyclophilin A. The probes for GAPDH
and cyclophilin A were used as internal control. Autora-
diographic bands were quantified by imaging analysis
(LEICA Q550 IW, Germany).

Table 1

2.4. Data analysis

Data are presented as the means + S.D. Statistical anal-
ysis was performed by analysis of variance and t-test.

3. Results
3.1. Contractile response

3.1.1. Contractile response induced by norepinephrine
Norepinephrine induced contraction in a concentration
dependent manner. Neither pD, values (7.18 + 0.36 ver-
sus 7.09 + 0.28, n=11) nor maximal contractions (1391
+ 314 mg/mg tissue versus 1141 + 229 mg,/mg tissue,
n=11, P> 0.05) were significantly different between
preparations isolated from SHR and WKY rats.

3.1.2. Effect of a,-adrenoceptor subtype-selective antago-
nists on norepinephrine-induced aortic contraction

RS-17053, BMY 7378 or WB4101 competitively inhib-
ited norepinephrine-induced contraction, i.e. shifting the
curve to the right without causing a significant change in
the maximum contraction, in a concentration-dependent
manner in aortas isolated from SHR and WKY rats. The
p A, values of BMY 7378 were increased from 8.10 + 0.12
(sope=0.87 + 0.11, n=28) in WKY rats to 8.45+ 0.13
(sope=1.06 + 0.07, n=4) in SHR (P <0.05, Fig. 1).
The pA, values of RS-17053 were reduced from 8.52 +
0.20 (slope=0.68 + 0.10, n=4) in WKY ratsto 7.82 +
0.18 (dlope=0.98 + 0.11, n=4) in SHR (P < 0.05, Fig.
2). The pA, vaues of WB4101 were not significantly
different between WKY rats and SHR (9.05 + 0.22, slope
=0.9940.13, n=4 versus 9.27 + 0.15, slope=1.15+
0.14, n=5, P> 0.05, Fig. 3).

3.1.3. Effects of chloroethylclonidine on norepinephrine-
induced aortic contraction

Chloroethylclonidine irreversibly inhibited the nor-
epinephrine-induced response in aortas from WKY rats
and SHR. As shown in Fig. 4, norepinephrine-induced
responses were affected by chloroethylclonidine more pro-
foundly in the SHR aortas than in the WYK rat aortas. The
EC,, values were increased by 211 + 11 fold (n=5) and
30+ 6 fold (n=5) in aortas from SHR and WKY rats,
respectively. Maximum contractions were decreased more

Quantification of MRNA levels for three «;-adrenoceptor subtypes, GAPDH and cyclophilin A in aortas from 12-month-old SHR and aged-matched WKY

rats. Vaues are expressed as means + S.D.

n aqa ag aqp Cyclophilin A GAPDH
WKY 3 2719 + 366 1872 + 268 842 + 225 2560 + 233 4277 + 466
SHR 3 1372 + 2657 767 + 1172 1772 + 1692 2489 + 142° 3743 + 235°

%P < 0.05 compared with WKY rats.
®p > 0.05 compared with WKY rats.
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markedly in the SHR aorta (decreased by 35 + 2.7%) than
in the WKY rat aortas (decreased by 28 + 1.2%).

3.2. RNase protection assays

The mRNA levels for three «,-adrenoceptor subtypes
were determined in aortas from 12-month-old SHR and
aged-matched WKY rats. A representative autoradiography
of RNase protection assay is shown in Fig. 5. Quantifica-
tion of MRNAS showed that the mRNA levelsfor a,,- and
a,g-adrenoceptor subtype were decreased whereas the
MRNA level for a,y-adrenoceptor subtype was increased
in aortas from SHR. The mRNA levels for the * housekeep-
ing’ genes, GAPDH and cyclophilin A, were similar in
aortas of WKY rats and SHR (Table 1).

4. Discussion

Recent studies indicate that BMY 7378 is a selective
aqp-adrenoceptor  subtype antagonist which exhibits a
100-fold higher affinity for the cloned «,y-adrenoceptor
subtype than for the cloned «,,- and «,g-adrenoceptor
subtypes (Goetz et al., 1995). RS-17053 is a selective
a1, -adrenoceptor subtype antagonist which exhibits a 30
to 100-fold higher affinity for the cloned «,,-adrenoceptor
subtype than for the cloned «,5- and «,,-adrenoceptor
subtypes (Ford et a., 1996). WB4101 exhibits higher
affinity for the «,,- and «-adrenoceptor subtypes than
for the «,-adrenoceptor subtype (Minneman and Esben-
shade, 1994). Although chloroethylclonidine can inactivate
the three «,-adrenoceptor subtypes, there is a wide varia-
tion in sensitivity, with the «,,-adrenoceptor subtype be-
ing least sensitive and the a,5- and «,p-adrenoceptor
subtypes being decidedly more sensitive (Han et al., 1995).
In the present studies, we used BMY 7378, RS-17053,
WB4101 and chloroethylclonidine as tools to assess the
specific contribution of «,-adrenoceptor subtypes to nor-
epinephrine-induced contraction in aortas from WKY rats
and SHRs at the age of 12 months.

Our experiments showed that a «,-adrenoceptor sub-
type-selective antagonist, BMY 7378, more potently antag-
onized, whereas a a,,-adrenoceptor subtype-selective an-
tagonist, RS-17053, less potently antagonized the nor-
epinephrine-induced responses in the SHR aorta than in
the WKY rat aorta. This suggests that the «;,,-adrenocep-
tor subtype plays more, and the «,,-adrenoceptor subtype
plays less, of a role in aortic contraction in SHR than in
WKY rats. Since WB4101 has high affinity for both o ,-
and «,5-adrenoceptor subtypes, the influence of an in-
crease in the a,p-adrenoceptor subtype and a decrease in
the «,,-adrenoceptor subtype was balanced out. There-
fore, the pA, values of WB4101 were unchanged in SHR
and WKY rats. The observation that the SHR aortas were
affected more profoundly by chloroethylclonidine than
were WKY rat aortas further supports the above conclu-

sion. The alteration in «,-adrenoceptor subtype mediated-
response may reflect either changes at a receptor level or
changes in post-receptor mechanisms. Because there was
too little tissue to alow determination of receptor protein
by radioligand binding assay, we detected mMRNASs for the
three «,-adrenoceptor subtypes in aortas from SHR and
WKY rats. The results of RNase protection assays showed
that mRNAs for «,,- and «,g-adrenoceptor subtypes were
decreased in the aortas from SHR, whereas mRNA for the
a,p-adrenoceptor subtype was increased compared with
that in the WKY rats. It is known that the mRNAs for the
three «,-adrenoceptors are localized specifically in the
medial layer of the aorta (Piascik et al., 1994). Therefore,
MRNA levels detected in the present studies basically
reflect the change in mMRNAS for the three «,-adrenoceptor
subtypes in vascular smooth muscle, although total RNA
was extracted from intact vessels containing not only
smooth muscle cells but also adventitia and endothelium.
These results are in a good agreement with our functional
data. Therefore, we infer that in the aorta from SHR, there
are fewer a,, and a5 subtype receptors and more a;p
subtype receptor than in aorta from age-matched WKY
rats.

It has been well documented that «,-adrenoceptor ago-
nist-induced aortic contraction is mainly mediated by the
a,p-adrenoceptor subtype in young rats (Saussy et al.,
1994; Testa et al., 1995). However, the «,,-adrenoceptor
subtype become increasingly important in aortic contrac-
tion with aging (Gurdal et al., 1995). Our previous func-
tional studies also revealed that in aortas from 12-month-old
WKY rats a,,- and «a,p-adrenoceptor subtypes jointly
mediated aortic contraction (Lu et a., 1997). The results of
the present studies show that in the aortas isolated from
12-month-old WKY rats, the pA, values of RS-17053
were higher, while the pA, values of BMY7378 were
lower than the pA , values obtained for aortas from young
rats (10-week-old) in our previous experiments (7.85 +
0.20 for RS-17053 and 8.68 4+ 0.20 for BMY 7378, Lu et
al., 1997) and Ford's experiments (7.7 + 0.1 for RS-17053
and 8.5+ 0.2 for BMY 7378, Ford et al., 1996). In addi-
tion, the Schild plot slopes were significantly less than
unity. These results further suggest that in aortas from
12-month-old WKY rats, not only the «,y-adrenoceptor
subtype, but also the «,,-adrenoceptor subtype mediates
norepinephrine-induced contraction. However, in the aor-
tas from 12-month-old SHR the sensitivity to BMY 7378
was increased and the sensitivity to RS-17053 was de-
creased significantly. The p A, values of the two antago-
nists were close to those in young WKY rats (Lu et al.,
1997) and the slopes were not significantly different from
unity. These results suggest the effect of age-related
changesin «,-adrenoceptor subtypesis probably * buffered’
in SHR.

The pathophysiological significance in the change in
a,-adrenoceptor subtypes in vascular smooth muscle is
still unclear. The different «,-adrenoceptor subtypes may
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play different roles in mediating proliferation and hypertro-
phy of smooth muscle cells (Yu et al., 1996; Chen et al.,
1995) and even have the opposite influence on the hyper-
trophy (Chen et al., 1995). Thus, changesin «,-adrenocep-
tor subtypes in blood vessels may be involved in the
pathogenesis of hypertension. However, our preliminary
data showed that the subtypes of «;-adrenoceptor present
in aortas from 3-month-old SHR were not different from
those in aortas of age-matched WKY rats, although the
systemic blood pressure is significantly elevated. There-
fore, the change in «,-adrenoceptor subtypes seems to be
alink in the vicious circle rather than the original cause of
the hypertension.
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