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Pathological role of a constitutively active population of
o1p-adrenoceptors in arteries of spontaneously hypertensive rats
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1 The role of a constitutively active population of o;p-adrenoceptors was analysed in arteries
obtained from spontaneously hypertensive rats (SHR) and controls (WKY) divided into three
groups: young prehypertensive, adult hypertensive, and adult animals chronically treated with
captopril (50 mg kg=' per day orally) in order to prevent the hypertensive state.

2 In adult SHR, a significant increase in BMY 7378 potency (not in prazosin potency) was
observed in aorta, mesenteric artery, and the first and second branches of the small mesenteric
arteries with respect to WKY rats. This difference was not observed in iliac and tail arteries, which
suggests an increased functional role of ajp-adrenoceptors only in some vessels of SHR.

3 The increase in the resting tone (IRT) observed in absence of agonist, inhibited by BMY 7378,
that represents the constitutively active population of ojp-adrenoceptors, was also significantly
greater in aorta and mesenteric artery from adult SHR.

4 In young and captopril treated adult animals, no differences between strains with respect to
BMY 7378 potency, or IRT were observed.

5 The increase in the functional role of a;p-adrenoceptors and their constitutive activity observed in
hypertension is prevented by captopril treatment. The pathological consequence of this change is the
slower rate of recovery of the basal tone after removal of an adrenergic stimulus, observed in vessels
from hypertensive animals that had shown an increase in the functionality of constitutively active op-
adrenoceptors. This change was not observed in prehypertensive or captopril treated animals.
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Introduction

Molecular cloning techniques and pharmacological studies
have identified the existence of three subtypes of o;-
adrenoceptors, oy, ¢1p and o;p, all of which are expressed
in vascular smooth muscle and play a vital role in the
regulation of blood pressure. However, the functionality of
each subtype has not been well defined, and the reason for
the coexistence of different subtypes in the same tissue or for
the different distribution of the subtypes between vessels
remains unclear. In an attempt to clarify this question, we
have shown in previous studies (Noguera et al., 1996; D’Ocon
et al., 2000; Gisbert et al., 2000) that in vessels where o;p-
adrenoceptors have a functional role, this subtype exhibits
constitutive activity, while the o, and the o, subtypes do
not. Moreover, the o;p subtype seems to play a modulator
role, because the contractile response of the tissue to an
adrenergic stimulus can be sustained even when the agonist is
removed, thus preventing abrupt changes in the vessel calibre
and, consequently, sudden changes in blood flow in response
to adrenergic stimulation. In contrast, the lack of a functional
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population of o;p-adrenoceptors in a vessel warrants a quick,
fine adjustment of contractile tone and blood flow according
to the adrenergic stimulus (D’Ocon et al., 2000). An
imbalance in this modulating mechanism could give rise to
pathologies such as hypertension, in the pathogenesis and/or
maintenance of which o;p-adrenoceptors could play a role, as
has been postulated by different authors (Villalobos-Molina
& Ibarra, 1996; 1999; Xu et al., 1998; Ibarra et al., 1998;
2000; Villalobos-Molina et al., 1999). In order to assess this
hypothesis, we analysed the functional role of this subtype
and its constitutive activity in spontaneously hypertensive
rats. The study was done on three groups of animals: young
rats (6 weeks old) in a prehypertensive state; adult rats (16
weeks old) with the hypertensive syndrome; and adult rats
that had been treated from 6 to 16 weeks with captopril, an
antihypertensive agent that without acting directly on
adrenoceptors, prevents the hypertensive state.

Methods

Male normotensive (WKY) and spontaneously hypertensive
(SHR) rats aged 6 weeks were used (Harlan Interfauna
Ibérica, Barcelona, Spain) and housed under a 12-h light/
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dark cycle at 22°C and 60% humidity. Starting at 6 weeks,
some of the rats received captopril (50 mg kg~! per day in
drinking water), until the age of 16 weeks, while others were
given no drugs. Systolic blood pressure and heart rate were
measured weekly from the tail of unanaesthetized rats using a
plethysmographic method (LE 5650/6, Letica Scientific In-
struments, Barcelona, Spain). An average of six readings was
recorded for each animal. All experimental procedures were
approved by the Institutional Animal Care and Use
Committee.

Rats (6 weeks or 16 weeks old) were weighed, decapitated
and the heart and selected vessels were removed and
suspended in a 10 ml organ bath containing physiological
solution, maintained at 37°C and gassed with 95% O, and
5% CO,. An initial load of 1g was applied to each
preparation and maintained throughout a 75—90 min equili-
bration period. Tension was recorded isometrically by Grass
FTO3 force-displacement transducers, and the data were
recorded on a disc (MacLab).

Mesenteric arterial trees were dissected and a ring segment
(2 mm in length) from each arterial tree (first or second branch)
was mounted in a myograph (J.P. Trading, Aarhus, Denmark)
with separate 6 ml organ baths. Following a 30 min stabiliza-
tion period, the internal diameter of each vessel was set to a
tension equivalent to 0.9 times the estimated diameter at
100 mmHg effective transmural pressure (l19o=260-380 um
for the first branch and 1;oo=180-370 um for the second
branch) according to the standard procedure (Mulvany &
Halpern, 1977). Data were recorded on a disc (MacLab).

The composition of the physiological Ca*"-containing
solution was (mM): NaCl 118, KCl 4.75, CaCl, 1.8, MgCl,
1.2, KH,PO, 1.2, NaHCO; 25 and glucose 11. In Ca>*-free
solution CaCl, was omitted and EDTA (0.1 mM) was added.

Concentration-response curves to oj-agonists were per-
formed by addition of cumulative concentrations of pheny-
lephrine (1 nM—100 uMm) or noradrenaline (10 nM—30 uM) to
different vascular tissues. Contractions were expressed as a
percentage of the maximal contraction to the agonist (E.x).
The concentration (—log [M]) of agonist required to produce
50% of the maximal response (pECsy) was obtained from a
non linear regression plot (Graph Pad Software; San Diego,
California, U.S.A)).

Concentration-response curves of relaxation to selective o;-
adrenoceptor antagonists were performed by addition of
cumulative concentrations of prazosin (0.001 nM—1 uM) or
BMY 7378 (0.001 nMm—30 uM) to tissues in which sustained
contractions had been induced by a maximal concentration of
agonist. Relaxations were expressed as a percentage of the

maximum increment in tension obtained by agonist addition.
The concentration (—log [M]) needed to produce 50%
relaxation (pICsy) and the pseudo-Hill slope were obtained
from a non-linear regression plot (Graph Pad Software; San
Diego, California, U.S.A.).

The experimental procedure that evidenced the constitutive
activity of «jp-adrenoceptors is shown in Figure 1.

We have also analysed the kinetics of tissue relaxation after
agonist removal from the tissue bath. The washing procedure
was carried out by a total replacement of the bathing solution
by three repeated washes within the first 30 s and by two
other repeated washes every 5 min.

The results are presented as the mean+s.e.m. for n
determinations obtained from different animals. Where
ANOVA showed significant differences (P<0.05) the results
were further analysed using the Student Newman-Keuls test,
and differences were considered significant when P<0.05.

The following drugs were obtained from Sigma (St. Louis,
MO, U.S.A.): phenylephrine, (—)-noradrenaline, prazosin,
captopril or RBI (Natick, MA, U.S.A.): BMY 7378. Other
reagents were of analytical grade. All compounds were
dissolved in distilled water.

Results
Haemodynamic constants

Body weight, heart weight, heart/body weight ratios, systolic
blood pressure (SBP) and heart rate of WKY and SHR
animals are summarized in Table 1. We can observe that in
the group of young animals (6 weeks old), significant
differences were not found between SBP in WKY and SHR
rats, and the same occurs in the group of adult animals (16
weeks old) that received captopril 50 mg kg=—' per day.
However, in the adult animals without any antihypertensive
treatment there were significant differences in the haemody-
namic constants between WKY and SHR animals. Captopril
pretreated WKY rats showed decreased values of SBP and
heart rate with respect to untreated WKY animals (Table 1).

Functional role of o;p-adrenoceptors

First, concentration-response curves to agonist were per-
formed using the o;-selective agonist phenylephrine in aorta,
iliac, mesenteric and tail arteries, where a,-adrenoceptors
could play a functional role, and noradrenaline in first (SMA-
1) and second (SMA-2) small mesenteric branches, where the

Table 1 Mean body, heart weight and mean heart/body weight ratios, systolic blood pressure (SBP) and heart rate in young (6 weeks

old), adult (16 weeks old) and adult rats pretreated with captopril

Young rats

WKY SHR
Body weight, g 180+4 170+7
Heart weight, mg 582+16 7234 18***
Heart/body weight ratios 3.5+40.1 4.14+0.1*
SBP, mmHg 11742 129+12
Heart rate, beats/min 374+29 283+82

Adult rats Pretreated adult rats
WKY SHR WKY SHR
26449 3294 6%** 288 +10 33944
905+22 1211 4 49%** 918+36 1110+31
3.340.1 3.740.1* 3.240.1 3.340.1
12448 176 +4%** 110+2# 110+4
290+ 14 3294 6* 178 + 17 154+15

Values were determined 24 h before the animals were sacrificed and are expressed as the mean+s.e.m. of n = 4—8 animals. * P<0.05,
**% P<0.001 vs respective WKY; # P<0.05, # P<0.01 vs untreated adult WKY.
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Figure 1 Experimental procedure designed to study the constitutive activity of ojp-adrenoceptors in rat aorta, iliac artery,
mesenteric artery, small mesenteric artery first (SMA-1) or second branch (SMA-2), and tail artery. Noradrenaline (NA) was added
in Ca®*-containing solution (Ca>") and after washing (W) and recovery of the basal tone, the tissue was incubated for 20 min in
Ca®*-free, EDTA-containing solution (Ca®"-free). After this time the agonist was applied (NA1, NA2) and washed until no
contraction or a residual one was induced, indicating depletion of internal Ca>" stores sensitive to noradrenaline. The tissue was
then incubated for 20 min in physiological Ca®*-containing solution and a spontaneous increase in the resting tone (IRT) of aorta,
iliac and mesenteric artery (not small mesenteric branches nor tail artery) was observed. In the experiments designed to assess the
effect of BMY 7378 on IRT, the vessel was pretreated with 0.1 uMm concentrations of the antagonist 10 min before the IRT and
during (20 min) it was induced for a second time. The magnitude of the IRT was taken as an indicator of the constitutively active
population of o;p-adrenoceptors present in a given vessel (Gisbert ez al., 2000).

contractile role of a,-adrenoceptors is excluded (Phillips et
al., 1998; Stam et al., 1999). The pECsy and the maximal
response to agonist obtained in different vessels from adult
SHR and WKY rats were summarized in Table 2 and the

mean concentration-response curves are illustrated in Figure
2. The results show that, in each of the vessels studied, the
potency of the agonist does not change between SHR and
WKY rats. The maximal response was not different between
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strains in most tissues and was obtained with phenylephrine
1 uM in aorta, 10 uM in mesenteric, iliac and tail arteries and
with noradrenaline 30 uM in SMA-1 and SMA-2.

In order to examine the functional role of the op-
adrenoceptor subtype in different vessels from young and
adult (treated and untreated with captopril) WKY and SHR
animals, concentration-response curves of relaxation to the
selective o;p-adrenoceptor antagonist BMY 7378 (0.001 nM—
30 uM) were obtained by addition of cumulative concentra-
tions of the antagonist to arteries in which sustained
contractions had been induced by maximal concentrations
of agonist.

The potency (pICsg) of this antagonist obtained in each
tissue from young and adult rats is summarized in Table 3
and is interpreted as an indicator of the functionality of the
op subtype in these tissues. The affinities for BMY 7378 at
oA~ o1g-adrenoceptor are about 6.2—6.7 and o;p-adreno-
ceptor about 8.2—8.3 (Kenny et al., 1995).

In young prehypertensive animals, the higher potency shown
by BMY 7378 in aorta, iliac and mesenteric arteries from WKY
and SHR animals suggests a major functional role of op-
adrenoceptors in the adrenergic response in these tissues. The
lower potency of BMY 7378 in tail artery and small mesenteric
arteries, first and second branch, indicates that the participa-
tion of ap-adrenoceptors in the functional response of these
vessels in WKY and SHR animals is not relevant. No
significant differences in BMY 7378 potency were found
between 6-week-old SHR and WKY rats (Table 3).

Table 2 E,.. and pECsy values for phenylephrine or
noradrenaline in the arterial vasculature of adult (16 weeks
old) WKY or SHR animals

Ema.\’ (’”N) pEC5()
WKY SHR WKY SHR
Aorta 6.75+£0.76 3.91+£0.44**%7.7540.127.53+0.07
Iliac 3.644+0.53 3.82+0.37 59840.126.35+£0.18
Mesenteric 3.62+0.50 3.72+0.45  6.314+0.106.1440.12
SMA-1 11.11+£1.01 11.80+£1.37  5.8240.08 5.93£0.10
SMA-2 7.2540.99 7.90+0.73  5.8140.135.76+£0.09
Tail 6.05£1.16 5.75+£0.86  6.114+0.07 5.884+0.07

Values are expressed as mean+s.e.m. of n =5-6 experi-
ments. ***P<0.001 vs WKY rats. The concentration-
response curves to the o;-agonists are shown in Figure 2.

In adult rats (16 weeks old), the potency shown by
BMY 7378 in the different arteries of WKY animals was
similar to that obtained in tissues from young animals (Table
3). However, if we compare the pICsy of BMY 7378 in SHR
and WKY adult animals, we can observe an increase in the
potency of BMY 7378 in all the vessels of the SHR group.
This increase was especially marked in the mesenteric vessels,
and statistically significant higher potency of BMY 7378 was
found in aorta, mesenteric artery, and SMA-1 and SMA-2 of
SHR with respect to WKY rats. Moreover, a significant
decrease in the pseudo Hill slope in aorta and mesenteric
artery of the SHR group with respect to WKY rats was
observed (Table 3, Figure 3).

However, in SHR animals treated with captopril (50 mg kg~
per day during 10 weeks) the potency of BMY 7378 in all the
vessels is similar to that observed in the same vascular tissue
obtained from captopril-treated WKY rats (Table 3, Figure 3).
Moreover, if we compare the pICsy of BMY 7378 in vessels
from treated and untreated WKY animals, we can observe that
after captopril treatment, the potency of BMY 7378 is lower in
aorta, iliac and mesenteric artery from treated WKY rats. In
addition, we observed a marked steeping of the concentration-
response curves (Figure 3).

In order to clarify that these changes in the potency of
BMY 7378 are directly related to a;p-adrenoceptor subtype
and were not a consequence of differences in «;-adrenocep-
tors in general, we tested prazosin, an oj-adrenoceptor
antagonist that does not discriminate between the three
subtypes of «;-adrenoceptors. No significant differences were
found in the potency (Table 4) or in the pseudo-Hill slopes
(results not shown) of prazosin in the different vessels
obtained from SHR and WKY animals.

1

Constitutive activity of o;p-adrenoceptors

Another set of experiments was performed to analyse the
constitutive activity of the population of o;p-adrenoceptors
present in each vessel. Figure 1 shows the experimental
procedure designed to study this constitutive activity which is
easily quantified by the increase in the resting tone (IRT)
observed in absence of agonist, after depletion of intracellular
Ca’" stores sensitive to noradrenaline and subsequent
exposure to Ca®*-containing physiological solution (Noguera
et al., 1996; Gisbert et al., 2000; D’Ocon et al., 2000).
Noradrenaline 1 yM in aorta, 10 uM in iliac, tail and

Table 3 plCs, values for the selective ajp-adrenoceptor antagonist BMY 7378 in the arterial vasculature of young rats (6 weeks old),
adult (16 weeks old) and adult rats pretreated with captopril 50 mg kg per day from age 6 to 16 weeks, WKY or SHR animals

Young rats Adult rats Pretreated adult rats
WKY SHR WKY SHR WKY SHR
Aorta 8.19+0.14 8.03+0.24 8.17+0.16 8.86+0.21* 7.0240.14%** 6.97+0.17%%*
(0.93+0.08) (0.6240.03)**
Iliac 7.4540.09 7.41+0.13 7.37+0.15 7.75+0.22 6.54+0.10%** 6.62+0.07%**
Mesenteric 7.98+0.21 7.94+0.23 7.27+0.10 8.07+0.12%** 6.51+0.07%** 6.43+0.13%**
(0.91+0.15) (0.5040.02)*
SMA-1 5.69+0.12 5.84+0.07 5.67+0.12 6.56 +0.26%* 5.64+0.05 5.58+0.03
SMA-2 5.64+0.07 5.8340.10 5.49+0.15 6.12+0.11%* 5.54+0.07 5.56+0.02
Tail 6.674+0.16 6.92+0.14 6.334+0.20 6.69+0.12 6.3440.17 6.434+0.14

Values are expressed as mean+s.e.m. of n = 5—9 experiments. *P <0.05, **P <0.01, ***P <0.001 vs untreated adult WKY rats. Values
in parentheses represent the pseudo-Hill slopes when significant differences between strains were observed. The concentration-response

curves to the antagonists are shown in Figure 3.

British Journal of Pharmacology vol 135 (1)
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Figure 2 Cumulative concentration-response curves to phenylephrine or noradrenaline in thoracic aorta (a) mesenteric artery (b),
first (c) or second (d) branch of the small mesenteric arteries (SMA), iliac artery (e) and tail artery (f) obtained from adult SHR or
WKY rats. Data are means+s.e.mean of 5—6 experiments and are expressed as a percentage of the maximal contraction to the

agonist. The E,.x and the pECs, values are shown in Table 2.

mesenteric arteries or 30 uM in small mesenteric arteries (first
and second branches) evoked a sustained contraction, that
was used as a control of the maximal response obtained with
this agonist in each preparation.

After removal of the agonist by repeated washings, the
return to the baseline was slower (Figure 4) in aorta, iliac,
mesenteric and tail artery than in small mesenteric artery
(first and second branch) from normotensive rats; this

confirms previous results obtained in Wistar rats (Gisbert et
al., 2000; D’Ocon et al., 2000). In vessels from SHR adult
animals, that showed an increased potency of BMY 7378 as
compared with WKY rats, the return to the baseline was
significantly slower (aorta, mesenteric artery and first and
second small mesenteric branches) than the decay observed in
the same vessels obtained from WKY animals (Figure 4a—d).
This difference was not detected when the vessels were

British Journal of Pharmacology vol 135 (1)
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Figure 3 Cumulative concentration-response curves of relaxation for BMY 7378 on phenylephrine induced contraction in aorta
(a), mesenteric artery (b), and on noradrenaline-induced contraction in first (¢) or second (d) branch of the small mesenteric arteries
(SMA), obtained from adult SHR or WKY rats pretreated or not with captopril (50 mg kg~ per day orally) from age 6— 16 weeks.
Data are means+s.e.mean of 5—9 experiments. The pICsy values are shown in Table 3.

Table 4 plCsy values for the selective oj-adrenoceptor
antagonist prazosin in the arterial vasculature of young (6
weeks old) and adult (16 weeks old) WKY or SHR animals

Young rats Adult rats
WKY SHR WKY SHR
Aorta 9.83+0.15 10.2+0.13 9.1640.15 9.514+0.13
Iliac 8.714+0.21 9.114+0.25 9.1740.13 9.14+0.19
Mesenteric 10.1+0.17 10.14+0.09 10.24+0.18 10.2+0.14
SMA-1 8.2240.36 8.1340.39 7.9440.18 8.09+0.16
SMA-2 8.91+0.12 8.00+0.08 8.254+0.15 8.08+0.13
Tail 8.94+0.31 9.074+0.19 8.744+0.32 8.57+0.12

Values are expressed as meants.e.m. of n=4-8 experi-
ments.

obtained from rats pretreated with captopril. In this case, the
return to the baseline after washing the agonist was as fast as
in WKY animals (Figure 4a—d).

In iliac and tail artery, where the potency of BMY 7378
was similar in WKY and SHR animals, no differences were
observed in the decay of noradrenaline-induced contraction
after removal of the agonist (Figure 4e,f).

We then changed to a Ca®"-free solution and a slight
decrease in the baseline (10—20% of the control response

to noradrenaline) was obtained in aorta, iliac, mesenteric
and tail arteries but not in SMA (Figure 1). After 20 min
in this medium, the addition of noradrenaline also induced
a contraction in all the vessels (NA1 in Figure 1). Either
no contraction or a residual one was evoked upon a second
application of the agonist (NA2 in Figure 1) in the same
solution. The tissue was then incubated for 20 min in Ca®*-
containing solution and a spontaneous increase in the
resting tone (IRT) was observed in aorta, iliac and
mesenteric artery, but not in SMA-1 and SMA-2 or tail
artery (Figure 1). The magnitude of the IRT was expressed
as a percentage of the noradrenaline-induced contraction
obtained in Ca’*-containing solution after subtracting the
decrease in the baseline when we change to a Ca’'-free
solution.

Comparative analysis of the IRT, obtained in different
vessels of each group of animals gives evidence that it is
significantly higher in aorta and mesenteric arteries from
adult SHR than from respective WKY rats (Figure 5), but
this difference is not appreciable when the SHR animals had
been pretreated with captopril. In this respect, no differences
was detectable in young rats. Moreover, the IRT observed in
pretreated WKY animals is lower than that obtained in non
captopril treated WKY rats, which means that it follows the
same pattern as the potency of BMY 7378 does (Figure 5,
Table 3).

British Journal of Pharmacology vol 135 (1)
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Figure 4 Time course of the decay in the maximal contractile response to noradrenaline after removal of the agonist in thoracic
aorta (a), mesenteric artery (b), and first (c) or second (d) branch of the small mesenteric arteries (SMA), iliac (e), and tail arteries
(f), obtained from adult WKY or SHR animals pretreated or not with captopril (50 mg kg ™' per day orally) from age 6—16 weeks.
Data are means+s.e.mean of 5-9 experiments. *P<0.05, **P<0.01, ***P<0.001 vs untreated WKY rats.

Inhibition of the IRT was obtained by addition of 0.1 um
BMY 7378, 10 min before and during the loading period in
Ca?* containing solution. In all cases, the IRT observed in
aorta, iliac and mesenteric artery from SHR and Wistar rats
during this period in presence of BMY 7378 was almost
completely inhibited (Figure 6) as compared with the IRT
observed in absence of the antagonist. This result relates the
IRT to a constitutively active population of a;p-adrenocep-
tors, as has been previously shown (Gisbert et al., 2000;
D’Ocon et al., 2000).

Discussion

The aims of the present work were: first, to analyse the
functional role of o;p-adrenoceptors in arterial vessels
obtained from spontaneously hypertensive rats (SHR);
second, to determine whether this subtype exhibits constitu-
tive activity in these vessels; and third, to clarify the role of
the ajp-adrenoceptor in hypertension. For this purpose we
designed our study using different arterial vessels (aorta, iliac,
mesenteric, first and second branches of small mesenteric bed,
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Figure 5 Increase in the resting tone (IRT) observed in different
vessels obtained from young (a), adult (b), and captopril pretreated
adult animals (c), after depletion of noradrenaline-sensitive internal
calcium stores and posterior loading in calcium containing solution in
absence of the agonist (see experimental procedure in Figure 1).
Captopril was administered orally in a dose of 50 mg kg~ per day
from age 6 to 16 weeks. Data are means +s.e.mean of 5—9 experiments.
*P<0.05, **P<0.01, ***P<0.001 vs untreated adult WKY rats.

and tail) obtained from two different groups of animals
depending on their age. The younger group (6 weeks old)
included controls (WKY) and SHR animals in a pre-

{(a) Young rats
1257 ZZBWKY
N SHR
100+
g :
g 754
& 8 BMY 7378
; 50 0.1 uM
251
0- - :
aorta iliac mesenteric
(b) Adultrats
1259 eZAWKY
. SHR
1001
]
B 75
£5
& 5 BMY 7378
S sof 0.1 M
s
251

mesenteric

aorta iliac

Figure 6 Inhibition by BMY 7378 (0.1 uM) of the increase in the
resting tone (IRT) observed in different vessels obtained from young
(a) and adult animals (b), after depletion of noradrenaline-sensitive
internal calcium stores and posterior loading in calcium containing
solution in absence of the agonist (see experimental procedure in
Figure 1). Data are meansts.e.mean of 5-9 experiments.
***P<0.001 vs IRT obtained in absence of BMY 7378.

hypertensive state as indicated by blood pressure. The group
of adults (16 weeks old) included WKY rats with normal
blood pressure values, and SHR animals with the higher
blood pressure values typical of a hypertensive state. The
adult group also included WKY and SHR animals treated
from 6 to 16 weeks of age with captopril at a dose that
prevents the hypertensive state. The weekly measurement of
blood pressure confirmed this point.

In order to analyse the functional role of «;p-adrenocep-
tors we used BMY 7378, a selective ajp-adrenoceptor
antagonist (Goetz et al., 1995), as a relaxant of phenylephrine
or noradrenaline-induced maximal contraction in each vessel,
and in these conditions the potency of BMY 7378 as a
relaxant can be interpreted as an indicator of the functional
role of the oyp-subtype in each tissue, as we have previously
shown in Wistar rats (Gisbert et al., 2000).

If we compare the potency of BMY 7378 in vessels from
WKY animals of different ages, the results obtained show
that ojp-adrenoceptors play a significant role in adrenergic
responses of aorta, iliac and proximal mesenteric artery, but
not in the first and second branches of the mesenteric bed or
in tail artery. These results corroborate previous data
describing the same functional role for «;p-adrenoceptors in
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these vessels (Kenny et al., 1995; Piascik et al., 1995; Graham
et al., 1996; Hussain & Marshall, 1997; Lachnit et al., 1997,
Hrometz et al., 1999; Gisbert et al., 2000).

If we compare the results obtained in the different strains,
and taking account that the potency of the agonist does not
change between SHR and WKY rats, the higher potency and
lower pseudo-Hill slope shown by BMY 7378 in some arterial
vessels of adult SHR animals with respect to WKY, together
with the fact that prazosin showed the same potency and
pseudo-Hill slope in these vessels, demonstrates the increased
functionality of the ajp-adrenoceptor respect to the other
subtypes in some vessels from adult SHR animals, especially in
aorta and the mesenteric arterial tree. This observation,
together with the fact that in prehypertensive animals (young
rats) no differences were found between the potency and
pseudo-Hill slope of BMY 7378 in vessels from WKY and
SHR rats, suggests that either the o;p-adrenoceptor is involved
in the genesis and/or maintenance of high blood pressure or
that an increase in the functional role of the o;p-adrenoceptors
is a consequence of the hypertensive state. These suggestions
are strongly supported by the fact that in captopril treated adult
SHR animals, where a hypertensive state is avoided, the
potency shown by BMY 7378 in the different vessels was
similar to that observed in the group of captopril treated WKY
rats. These results corroborate previous data showing higher
mRNA levels for the a;p-subtype in aortas of SHR than in
WKY rats (Xu et al, 1998) and also demonstrating an
increased functionality of o;p-adrenoceptors in SHR animals
(Villalobos-Molina & Ibarra, 1996; 1999; Villalobos-Molina et
al., 1999). Until now, however, the exact role of this subtype in
hypertension was not clear.

After showing the existence of an increased functionality of
o p-adrenoceptors in some vessels from hypertensive rats, our
second aim was to determine whether this increased
functionality was accompanied by an increased population
of constitutively active a;p-adrenoceptors because, as has
been pointed out above, this subtype has a peculiar
behaviour that differentiates it from the other two subtypes:
it shows constitutive activity in physiological conditions
(Noguera et al., 1996; Garcia Sainz & Torres Padilla, 1999;
Gisbert et al., 2000; McCune et al., 2000).

In order to confirm this point, we used the experimental
procedure that permits us to easily quantify this constitutive
activity (Noguera & D’Ocon, 1993; Noguera et al., 1996;
1997; 1998; Gisbert et al., 2000; D’Ocon et al., 2000). In
aorta, iliac and proximal mesenteric artery from Wistar rats
(Noguera et al., 1996; Gisbert et al., 2000; D’Ocon et al.,
2000), noradrenaline releases Ca®>" from internal stores by
activating oj-adrenoceptors, and during the posterior loading
in Ca®"-containing solution in the absence of the agonist, an
increase in the resting tone (IRT) and inositol phosphate
accumulation were observed (Gisbert et al., 2000). As has
been analysed and discussed in previous papers (Noguera &
D’Ocon, 1993; Noguera et al., 1996; 1997; 1998; Gisbert et
al., 2000), endogenous or exogenous agonists are not present.
Therefore, the fact that the IRT and the inositol phosphate
accumulation related to it were inhibited by prazosin and
BMY 7378, the selective antagonist of the ojp-subtype,
suggests the existence of a population of «;p-adrenoceptors
that temporarily remains in a constitutively active state, and
the IRT provides the functional evidence of a constitutively
active population of native ojp-adrenoceptors. That this IRT

is closely related to oj-adrenoceptors and not just to the
emptying of intracellular Ca>" pools is demonstrated by the
fact that depletion of internal Ca®"-stores by methoxamine
and phenylephrine also elicits an IRT, whereas clonidine,
serotonin, caffeine, ryanodine, thapsigargine and cyclopiazo-
nic acid, which also depleted internal Ca** stores, did not
elicit any IRT (Noguera & D’Ocon, 1993; Noguera et al.,
1996; 1998). Moreover, the fact that this IRT was not
observed in tail, distal mesenteric and small mesenteric
branches (Gisbert et al., 2000; D’Ocon et al., 2000), where
a population of o;4- and/or ojg-adrenoceptors but not o;p-
adrenoceptors has been described (Hussain & Marshall, 1997;
Lachnit er al., 1997; Hrometz et al., 1999; Gisbert et al.,
2000), suggests that these subtypes do not show constitutive
activity.

Following the same experimental procedure as that
described in Wistar rats, an IRT was observed (see Figure
1) only in vessels where o;p-adrenoceptors play a functional
role such as aorta, iliac and proximal mesenteric arteries from
WKY and SHR animals, but not in small mesenteric
branches (first or second) or tail artery, where o p-
adrenoceptor does not intervene in the response to adrenergic
stimulation. The fact that the IRT observed can be inhibited
by BMY 7378 (Figure 6) in conditions in which the presence
of exogenous or endogenous agonists can be ruled out
confirms the existence of a population of o;p-adrenoceptors
with constitutive activity in these vessels, as has been
previously shown in Wistar rats (Noguera & D’Ocon, 1993;
Noguera et al., 1996; Gisbert et al., 2000). The present results
also show that the magnitude of the IRT, which represents
the population of constitutively active o;p-adrenoceptors, is
significantly increased in aorta and mesenteric artery from
adult SHR with respect to WKY animals, but no significant
changes were observed between the two strains in young
animals or captopril pretreated adult animals.

On the basis of these results we can conclude that in some
vessels from hypertensive animals, there is an increased
functionality of the o;p-subtype, accompanied by an
increased population of constitutively active receptors. In
vessels from prehypertensive animals or pretreated animals
where the hypertensive state was avoided, no significant
differences were found in the functionality of o;p adrenocep-
tors nor in their constitutively active population. However,
these results are only a pharmacological curiosity if they are
not related to the pathogenesis or maintenance of hyperten-
sion. Our third proposal was to find the possible relationship
between the increased op-adrenoceptor population and
constitutive activity on the one hand and the genesis and/or
maintenance of the hypertensive state on the other.

It is well known that hypertension is accompanied by an
elevated sympatho-adrenal tone and recent findings (Ibarra et
al., 1998; Xu et al., 1998; Villalobos-Molina & Ibarra, 1999;
Villalobos-Molina et al., 1999) point to an important role for
the ojp-subtype in this pathology and suggest that the
receptor appears first in the vasculature followed by the
increase in blood pressure (Villalobos-Molina et al., 1999).
However, the pathophysiological significance of this observa-
tion is still unclear. Our hypothesis is that an increased
functional expression of o;p-adrenoceptors could be the
reason behind this elevated sympatho-adrenal tone observed
in SHR animals and other models of hypertension (Marin,
1993, Villalobos-Molina & Ibarra, 1999).
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According to our previous work (Gisbert et al., 2000;
D’Ocon et al., 2000), in physiological conditions, after
noradrenaline-induced contraction and removal of the
agonist, in vessels where the o p-subtype exhibits a functional
role such as aorta, iliac and proximal mesenteric artery, the
population of o p-adrenoceptors that remains temporarily in
a constitutively active state is responsible for the slow
disappearance of the contractile response to the agonist. This
mechanism is not observed in vessels where o;p-adrenocep-
tors do not seem to play a functional role such as distal
mesenteric artery, small mesenteric branches and tail artery.
Therefore, the constitutively active population of op-
adrenoceptors plays a modulator role in the vasculature
preventing abrupt changes in the vessel calibre when the
adrenergic stimulus disappears. We propose that an imbal-
ance in this modulatory mechanism, due to the increased
constitutively active population of o;p-adrenoceptors ob-
served in our conditions, would maintain the contractile tone
pathologically elevated when the stimulus disappears and that
this phenomenon could be involved in the genesis and/or
maintenance of the hypertension.

In order to confirm this, we have compared the response to
noradrenaline in different arterial vessels, and analysed the
kinetics of disappearance of the contractile tone when the
agonist was removed. The results obtained show significant
differences between certain vessels from adult SHR and
WKY animals in the time course of the decay of the maximal
response to noradrenaline after removal of the agonist. The
vessels that gave significant differences were aorta, mesenteric
artery and, to a lesser extent, small mesenteric branches
(Figure 4), all of which also showed an increased population
of functionally active o;p-adrenoceptors (Table 3). Differ-
ences were not observed in iliac or tail artery (Figure 4),
vessels in which no statistically significant differences between
o p-functionality in WKY and SHR animals were found. In
addition, animals pretreated with captopril in order to avoid
the hypertensive state did not show any significant differences
between the two strains in the decay of contraction after
agonist removal, nor significant differences in the constitu-
tively active population of a;p-adrenoceptors.

The slower decay in the contractile tone of the aorta and
mesenteric vessels from SHR animals after agonist removal
implies that when the agonist disappears, the tone of the
vessel remains significantly elevated for more than 10 min in
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