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Abstract

The objective of this study was to determine the responsiveness, af� nity constants and b -

adrenoceptor reserves for isoprenaline on the isolated aorta in the maturation of normotensive

and hypertensive rats. The effects of a very slowly reversible antagonist, bromoacetylal-

prenololmenthane (BAAM), on the relaxant responses of the aortae of 5- and 14-week-old

Wistar Kyoto normotensive rats (WKY) and spontaneously hypertensive rats (SHRs) to

isoprenaline were determined. Five-week-old SHRs are pre-hypertensive and the aortic rings

are less responsive to isoprenaline than age-matched WKY (pD2 values: WKY, 8.40 ; SHRs, 8.03).

Similar relaxant responses to forskolin were obtained on the aortae of 5- and 14-week-oldWKY

and SHRs. The KA value for isoprenaline at the aortic b 2-adrenoceptors of the 5-week-old WKY

was 2.1¬ 10­ 7 M, and similar values were obtained on the aortae of 5-week-old SHR and 14-

week-old WKY and SHRs. In the maturation of the WKY aortae from 5 to 14 weeks, there was

a reduction in the maximum response, a major loss of sensitivity and a loss of b 2-adrenoceptor

reserve for isoprenaline. On 5-week-old SHR aorta, the sensitivity to isoprenaline was 2.5-fold

lower, and the b 2-adrenoceptor reserve was less than on age-matched WKY. In the

development of hypertension on the SHR aorta from 5 to 14 weeks, there was a reduction in

the maximum response to isoprenaline. At 14 weeks, the sensitivity and the b 2-adrenoceptor

reserve to isoprenaline were similar, but the maximum responses were lower on the SHR than

WKY. As there are differences in pre-hypertensive SHR and age-matched WKY aortic responses

to isoprenaline, it is no longer valid to consider that the loss of responsiveness to isoprenaline

in hypertension is solely owing to the hypertension. There are no changes in af� nity, but major

changes in the sensitivity, maximum responses and aortic b 2-adrenoceptor reserves to

isoprenaline in the maturation of normotensive and pre-hypertensive aortae.

Introduction

b 2-Adrenoceptor responsiveness declines on arterioles and some veins between

young adulthood and old age in humans and rats (Fleisch 1980; Ford et al 1992).

On the rat aorta, the relaxant responses to isoprenaline are reduced with age,

whereas the responses to forskolin are not (Kazanietz & Enero 1991), and this

suggests that the loss of responsiveness is at the level of the b 2-adrenoceptor or G

proteins. The responsiveness to isoprenaline decreases on the Wistar rat aorta

during maturation from 5 to 10 weeks old (Borkowski et al 1992). There have been

no studies of the a� nity and receptor reserves for isoprenaline at the b 2-

adrenoceptor during maturation.
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b 2-Adrenoceptor responsiveness is selectively reduced

on veins and arterioles in human borderline hyper-

tension and hypertension (Feldman 1990; Naslund et al

1990; Feldman et al 1993). On arterioles, the losses of

b 2-adrenoceptor responsiveness and reserve in estab-

lished human and rat hypertension are considered by

most to be caused by the hypertension (Brodde & Michel

1992). On spontaneously hypertensive rat (SHR) aortae

in hypertension, the responsiveness to isoprenaline is

reduced, whereas that to forskolin is not (Asano et al

1988), suggesting that the loss of responsiveness is at the

level of the b 2-adrenoceptor or G proteins. The lesser

responsiveness to isoprenaline in the SHR may not be

caused by the hypertension, as the responsiveness is also

lesser on the femoral and superior mesenteric arteries of

pre-hypertensive SHRs (Fujimoto et al 1987).

Many studies have focussed on G protein function

and b 2-adrenoceptor± G protein coupling in the loss of

responsiveness to isoprenaline in ageing and hyperten-

sion (Fleisch 1980; Asano et al 1988; Gurdal et al 1995;

Feldman & Chorazyczewski 1997), with little consider-

ation of changes at the b -adrenoceptor alone. The aim

of our study was to determine the responsiveness, a� nity

and receptor reserves for isoprenaline at the level of the

aortic b -adrenoceptor in the maturation of normo-

tensive and hypertensive rats. We isolated the aorta

from 5- and 14-week-old Wistar Kyoto normotensive

rats (WKY) and SHRs. At 5 and 14 weeks of age, the

SHRs in our colony are pre-hypertensive and hyper-

tensive, respectively (Doggrell & Liang 1998; Nand &

Doggrell 1999). We investigated the eŒects of bromo-

acetylalprenololmenthane (BAAM), a very slowly re-

versible b -adrenoceptor antagonist (Surman & Doggrell

1993) on the isoprenaline responses. The data obtained

from contractility studies with BAAM can be used to

determine a� nity constants and percentage receptor

occupancy± response relationships for agonists at b -

adrenoceptors (Doggrell & Surman 1995; Doggrell et al

1998). A preliminary account of this data was presented

to the British Pharmacological Society (Doggrell &

Chen 1999).

Materials and Methods

Drugs

The drugs used were BAAM and forskolin (Research

Biochemicals Inc.), and ( ® )-isoprenaline bitartrate

(Sigma Chemicals Co.). Isoprenaline was dissolved in

distilled water; BAAM (10­ 1 m ) and forskolin (10­ 2 m )

were dissolved in absolute ethanol.

Animals

Breeding pairs of WKY and Okamoto SHRs were

purchased from the Animal Resources Centre, Perth,

Western Australia, and then colonies of these rats were

established in the Animal Resources Unit, School of

Medicine, The University of Auckland. Adult rats were

housed, three rats per cage, with free access to standard

rat chow and water. The Animal Ethical Committee at

the University of Auckland approved the experimental

procedures.

Measurement of blood pressure

Male 5- and 14-week-old WKY and SHRs were weighed

and then their tail cuŒpressure (which approximates

systolic blood pressure) was measured using a tail ple-

thysmograph (model 29 ; Life Sciences Inc). Two similar

readings of tail cuŒpressure in mmHg were obtained for

each rat.

General

Rats were stunned and exsanguinated. The thoracic

aorta was removed and placed in Krebs solution satu-

rated with 5% carbon dioxide in oxygen. All of the

experiments were performed in the presence of a modi-

® ed Krebs solution (composition in m m : 116 NaCl;

5.4 KCl ; 2.5 CaCl2 ; 1.2 MgCl2 ; 1.2 NaH2PO4 ; 22.0

NaHCO3 ; 11.2 d -glucose), which was bubbled with

5% CO2 in O2 at 37 ° C.

Contractility

Each endothelium-intact thoracic aorta ring of approxi-

mately 3 mm in length was suspended in a 5-mL organ

bath under 1.5 g tension. Contractile responses were

measured isometrically with force displacement trans-

ducers (Grass model FTO3.C) and displayed on a

polygraph (Grass model 79B). Aortae were equilibrated

for 30 min during which time 250 mL Krebs superfused

the tissues. Aortae were then treated with 10­ 4 m phen-

oxybenzamine for 40± 50 min to block a -adrenoceptors

and the extraneuronal uptake process. The tissues were

washed with 250 mL Krebs solution over 30 min and

then three series of experiments were performed.

In preliminary experiments, the eŒects of KCl were

evaluated. Each aorta was cumulatively challenged with

KCl (at 5, 10, 15 m m ), which was added to the bath

concentration on a 5-min cycle until a maximum re-

sponse was reached. Studies had shown that a maximal

response to individual concentrations of KCl was ob-
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tained in 5 min. The tissues were washed for 60 min with

Krebs solution and this produced a relaxation to base-

line. Some tissues were then challenged for a second

time to increasing concentrations of KCl. This study

showed that 40± 60% of the maximum response to KCl

was obtained with 15 m m KCl on the 5- and 14-week-

old WKY and SHRs, and that there were no diŒerences

between the ® rst and second challenge to KCl. Other

tissues were challenged with 15 m m KCl and the con-

tractions were measured every 5 min for 60 min. This

study showed that the contractions to 15 m m KCl were

maintained over 60 min.

In the second series, the responses to isoprenaline and

forskolin were determined. Tissues were contracted by

KCl and when a plateau response had been obtained, a

cumulative challenge with isoprenaline was made on a

5-min cycle. The tissues were then washed with 500 mL

Krebs solution over 60 min. Superfusion was stopped,

and tissues were contracted by KCl and challenged with

forskolin on a 10-min cycle.

In the main experiments, the eŒects of BAAM on the

isoprenaline responses were determined. A cumulative

challenge with isoprenaline was made on KCl-contrac-

ted aortae and then the tissues were washed with 500 mL

Krebs solution over 60 min. Tissues were treated with

BAAM or with the ethanol vehicle for 30 min and then

washed with 500 mL Krebs solution over 60 min. The

superfusion was stopped, the tissues allowed to stabilize

and a second challenge to KCl and isoprenaline was

made. Our studies showed that there was a small non-

signi® cant loss of responsiveness to isoprenaline in the

second compared with the ® rst challenge. In determining

the eŒects of BAAM, the eŒects of the second challenge

to isoprenaline on the tissues untreated with BAAM

were used as controls, in order to account for the small

loss of responsiveness to isoprenaline.

At the end of each experiment the aortae were re-

moved from the organ baths, blotted, weighed, and the

weights calculated as mg mm­ 1.

Data assessment

The contraction amplitude induced by KCl before the

addition of the relaxant agent was measured. Curves of

attenuation in response to isoprenaline and forskolin

were calculated in two ways. First, they were calculated

as percentage attenuation of the KCl contraction. From

this, the maximum attenuation was determined, with

abolition of contractile activity being an attenuation of

100% . Slopes of these concentration± attenuation re-

sponse curves (diŒerence in % attenuation of the

response}logarithm molar concentration) were com-

puted by regression line analysis over the steepest part

of the concentration± response curve. Second, in order

to obtain pD2 values (the negative logarithm of the

molar concentration that causes 50% of the maximum

attenuation), responses were calculated as a percentage

of the maximum attenuation observed with isoprenaline

or forskolin. The pD2 values were determined from

regression line analyses over 20± 80% maximum re-

sponse.

The dissociation constant (KA) of isoprenaline was

determined by the method of Furchgott & Bursztyn

(1967). Isoprenaline response curves were obtained from

untreated tissues and tissues that had been treated for

30 min with BAAM. The following equation describes

the relationship that exists between the concentration±

response curve of an agonist before and after partial

receptor inactivation with the slowly reversible antag-

onist BAAM :

1}[A] ¯ ((1 ® q)}qKA)­ 1}q[A « ]

where [A] and [A « ] are corresponding equieŒective con-

centrations of agonist before and after partial irrever-

sible receptor inactivation, respectively, and q is the

fraction of active receptors remaining after partial ir-

reversible blockade. KA values were determined from

plots of the reciprocals of isoprenaline concentration

before fractional receptor inactivation (1}[A]) against

the reciprocals of the corresponding equieŒective con-

centrations of isoprenaline after receptor inactivation

(1}[A « ]) for individual curves. Furchgott & Bursztyn

(1967) demonstrated that more accurate estimates of KA

values were obtained if only the equieŒective concen-

trations from the linear part of concentration± response

curves are used in `̀ double reciprocal ’ ’ plots. Therefore,

we used the equieŒective concentrations from the linear

part of the curves and these yielded straight lines in

accordance with receptor theory. The KA of isoprenaline

was then calculated from the slope and intercept of the

resulting `̀ double reciprocal ’ ’ plots by the following

equation :

KA ¯ (slope ® 1)}intercept

Fractional b 2-adrenoceptor occupancy by isoprenaline

was calculated for each bath concentration studied ([A])

using both the individual and mean dissociation con-

stant (KA) values obtained from the interaction of

isoprenaline with postjunctional b 1-adrenoceptors ac-

cording to the procedure of RuŒolo (1982). Thus, the

following relationship between agonist concentration

([A]) and dissociation constant was used to calculate b 2-

adrenoceptor occupancy by isoprenaline :

Receptor occupancy (% ) ¯ ([A]}(KA­ [A]))¬ 100



518 Ying-Yu Chen and Sheila A. Doggrell

The occupancy± response relationships were constructed

by plotting the calculated b 2-adrenoceptor occupancy

for isoprenaline against the corresponding response

from the normalized concentration± response control

curve.

The individual values (percentages, slope, pD2 values,

KA values) obtained from same age group rats were

compared by Student’ s unpaired t-test. Comparison

between multi-groups involved analysis of variance

testing followed by t-test. P ! 0.05 was considered

statistically signi® cant. Mean values³ s.e.m. were also

determined.

Results

Rat and aortae characteristics (Table 1)

WKY bodyweight, aorta weight and tail cuŒsystolic

blood pressure increased between 5 and 14 weeks of age.

The WKY and SHRs were age- and weight-matched at

5 and 14 weeks. At 5 weeks, the blood pressures and

aorta weights of WKY and SHRs were similar. The 14-

week-old SHRs had much higher blood pressures than

age-matched WKY. SHR aorta weights increased be-

tween 5 and 14 weeks, and at 14 weeks were greater than

those of age-matched WKY.

Relaxant responses to isoprenaline and
forskolin

Isoprenaline at 10­ 8 ± 10­ 5 m relaxed the KCl-contracted

WKY aortae (Figure 1). In the maturation of the WKY

aorta from 5 to 14 weeks, there was a rightward shift of

the isoprenaline response curve and a reduction in the

maximum responses to isoprenaline (maximal re-

sponses : 5-week-old, 115³ 6% , n ¯ 10; 14-week-old,

88³ 7% , n ¯ 9; P ! 0.01). This data, calculated as

Table 1 Age, bodyweight, tail cuŒblood pressure and thoracic aortae weight.

Age

(days)

Body weight

(g)

Blood pressure

(mmHg)

Aorta weight

(mg mm­ 1)

n

5-week-old

WKY 37³ 1 80³ 3 106³ 2 0.43 ³ 0.02 20

SHR 37³ 1 81³ 2 106³ 2 0.40 ³ 0.03 25

14-week-old

WKY 100³ 1 264³ 10g 139³ 3g 0.69 ³ 0.05g 23

SHR 98³ 1 281³ 12 202³ 3* 0.90 ³ 0.06* 17

Values are the mean³ s.e.m. (n ¯ number of rats). *P ! 0.01 between age-matched WKY and SHRs.

gP ! 0.01 between 14- and 5-week-old WKY.
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Figure 1 Relaxant eŒects of isoprenaline on the aortae of 5-week-

old WKY (*) and SHR (E) and 14-week-old WKY (+) and SHR

(D). Responsesare calculatedas% attenuationof the KCl contraction

and plotted against the negative logarithm of the molar concentration

of isoprenaline. Each value is the mean³ s.e.m. of 8± 14 values. Error

bars not shown are within symbol size.

a percentage of the maximum attenuation to iso-

prenaline, demonstrated a major loss of sensitivity to

isoprenaline on the WKY aorta from 5 to 14 weeks (pD2

values: 5-week-old, 8.40 ³ 0.04, n ¯ 10; 14-week-old,

7.21 ³ 0.10, n ¯ 9; P ! 0.01).

We also studied the responses to isoprenaline on SHR

aorta compared with age-matched WKY and showed a

lower sensitivity at 5 weeks, and a lower maximum
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Figure 2 EŒects of BAAM on the relaxant responses to isoprenaline on aortae from 5- and 14-week-old WKY and SHRs. Relaxant eŒects

of isoprenaline on the untreated aortae (^) and aortae treated with BAAM at 10­ 7 (*), 3 ¬ 10­ 7 (E) and 10­ 6 (U) m . Responses are calculated

as% attenuation of the KCl contraction and plotted against the negative logarithm of the molar concentration of isoprenaline. Each value is

the mean³ s.e.m. of 6± 14 values. Error bars not shown are within symbol size.

Table 2 KA values and percentage receptor occupancy± response relationships.

KA values

( ¬ 10­ 7) ( m )

% Receptor occupancy n

20% Response 50% Response 95% Response

5-week-old

WKY 2.1 ³ 0.7 3 ³ 1 9 ³ 2 45³ 8 10

SHR 2.6 ³ 0.8 6 ³ 1* 22³ 5* 68³ 6* 11

14-week-old

WKY 0.7 ³ 0.4 19 ³ 2g 43³ 4g 85³ 3g 15

SHR 0.9 ³ 0.4 20 ³ 4 44³ 6 89³ 2 9

Values are the mean³ s.e.m. (n ¯ number of aortae tested). *P ! 0.01 between 5-week-old WKY and

SHRs. gP ! 0.01 between 5- and 14-week-old WKY.

response at 14 weeks (Figure 1). On 5-week-old WKY

and SHR aortae, the maximum responses to iso-

prenaline were similar. On 5-week-old SHR aorta, the

sensitivity to isoprenaline was 2.5-fold lower than on

age-matched WKY (pD2 values : WKY, 8.40 ³ 0.04,

n ¯ 10; SHR, 8.03 ³ 0.10, n ¯ 14; P ! 0.05). This hypo-

responsiveness to isoprenaline was not apparent on 14-

week-old SHR aorta compared with age-matched WKY

(pD2 values: WKY, 7.21 ³ 0.01, n ¯ 9; SHR, 7.10 ³
0.11, n ¯ 8 ; not signi® cantly diŒerent).

Forskolin at 10­ 8± 10­ 5 m relaxed the KCl-contracted

aortae. The maximum responses and sensitivity to for-

skolin were not altered by the maturation of the WKY

aorta from 5 to 14 weeks (pD2 values: 5-week-old,

7.98 ³ 0.09, n ¯ 9; 14-week-old, 7.74 ³ 0.14, n ¯ 8; not

signi® cantly diŒerent). The aortic responses to forskolin
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were also similar on the aortae of 5-week-old WKY and

SHR, and were not altered by the onset of hypertension

from 5 to 14 weeks in the SHR (pD2 values: 5-week-old,

7.86 ³ 0.08, n ¯ 9; 14-week-old, 7.58 ³ 0.15, n ¯ 9; not

signi® cantly diŒerent).

Effects of BAAM on relaxant responses to
isoprenaline

Treatment with BAAM at 1 ¬ 10­ 7 ± 1 ¬ 10­ 6 m for 30 min

had no eŒect on the quiescent aortae of 5- and 14-week

old WKY and SHRs (data not shown). This BAAM

treatment, followed by washing for 60 min, had no

eŒect on the KCl contractions of the 5- and 14-week-old

WKY and SHR aortae (data not shown).

On the 5-week-old WKY aorta, BAAM at 1 ¬ 10­ 6 m

caused non-parallel rightward shifts of the isoprenaline

concentration± response curves with a reduction in the

maximum responses to isoprenaline (Figure 2). The

maximum responses to isoprenaline were 96 ³ 3% (n ¯
8) and 42 ³ 4% (n ¯ 14), P ! 0.01, on the 5-week-old

WKY aortae in the untreated and BAAM-treated, re-

spectively. The same treatment with BAAM (1 ¬ 10­ 6 m )

completely abolished the isoprenaline responses on

the 5-week-old SHR aorta (data not shown). A

lower concentration of BAAM (3 ¬ 10­ 7 m )was required

to cause non-parallel rightward shifts of the con-

centration± response curves with a reduction in the

maximum responses of the 5-week-old SHR aorta to

isoprenaline (Figure 2). The maximum responses were

82³ 6% (n ¯ 7) and 23 ³ 6% (n ¯ 9), P ! 0.01, on the

5-week-old SHR aortae in the untreated and 3 ¬ 10­ 7 m

BAAM-treated, respectively.

On the 14-week-old WKY and SHR aortae, treatment

with BAAM at 10­ 7 or 3 ¬ 10­ 7 m for 30 min caused non-

parallel rightward shifts of the isoprenaline concen-

tration± response curves with a reduction in the maxi-

mum responses (Figure 2). On the 14-week-old aortae,

similar KA values and b 2-adrenoceptor occupancy±

response relationship results were obtained with 10­ 7

and 3 ¬ 10­ 7 m BAAM, and the data has been combined.

On the WKY aortae, there was no change in a� nity

for isoprenaline, and a loss in b 2-adrenoceptor reserve

between 5 and 14 weeks. The isoprenaline KA value was

2.1 ¬ 10­ 7 m on 5-week-old WKY aorta. Isoprenaline

had to occupy about 3, 9 and 45% of the b 2-adrenocep-

tors on the 5-week-old WKY aorta, and this was

increased to 19, 43 and 85% at 14 weeks to produce 20,

50 and 95% of the maximum response, respectively

(Table 2).

On the 5- and 14-week-old SHR aortae, the iso-

prenaline a� nity constants were similar to age-matched

WKY (Table 2). On the 5-week-old SHR, there was a

lesser b 2-adrenoceptor reserve for the responses than on

age-matched WKY aortae (Table 2). By 14 weeks, there

was a similar b 2-adrenoceptor reserve on WKY and

SHR aortae (Table 2).

Discussion

We have previously shown that the 5- and 14-week-old

SHRs in our colony are pre-hypertensive and hyper-

tensive, respectively (Doggrell & Liang 1998; Nand &

Doggrell 1999). The blood pressure recordings in the

present study con® rmed this. Hypertension induces hy-

pertrophy of blood vessels subject to systemic pressure

(Diez 1992). In the present study, there was a weight

gain on 14-week-old, but not 5-week-old, SHR aorta.

This weight gain may represent hypertrophy or hy-

perplasia.

The responsiveness of the rat aorta to forskolin is not

altered in ageing (Kazanietz & Enero 1991) or hyper-

tension (Asano et al 1988). In addition, our study shows

that the responsiveness to forskolin on the aorta is

similar in maturation, and at the onset of hypertension.

As there are no changes in responsiveness to forskolin,

the diŒerence in responses to isoprenaline that we ob-

served in maturation, pre-hypertension and hyperten-

sion cannot be owing to any non-selective changes in

contractility, and must have occurred at the level of the

b 2-adrenoceptor or G protein.

This is the ® rst study to report a major loss of

sensitivity, a reduction in maximum, and a loss of b 2-

adrenoceptor reserve to isoprenaline in the maturation

of WKY aorta from 5 to 14 weeks. A previous study

has shown a similar loss of sensitivity and maximum

response in the maturation of the Wistar aorta from 5 to

15 weeks (Borkowski et al 1992). There are further

losses in sensitivity and maximum responses to b 2-

adrenoceptor stimulation with ageing (Fleisch 1980).

One implication of this ® nding is that in the evaluation

of drugs that have b 2-adrenoceptor-mediated eŒects, the

animals should be age-matched.

Low concentrations of noradrenaline contract and

then higher concentrations stimulate the aortic b 2-

adrenoceptors to reverse the contraction (Arribas et al

1994). There is a lesser reversal of the noradrenaline

contractions on the 5-week-old SHR than age-matched

WKY aorta (Arribas et al 1994), and this suggests a

lower responsiveness to b 2-adrenoceptor stimulation on

pre-hypertensive SHR aorta. This was con® rmed in the

present study showing a lower sensitivity to isoprenaline
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on pre-hypertensive SHR compared with age-matched

WKY aortae.

A previous study showed no diŒerence in the sen-

sitivity to isoprenaline on phenylephrine-contracted

aortae of pre-hypertensive SHRs compared with age-

matched Wistar rats (Borkowsi et al 1992). A major

diŒerence between our study and that of Borkowski et al

(1992) is the use of diŒerent control rats : WKY and

Wistar, respectively. Other diŒerences are the pre-con-

tracting agent and magnitude of contraction. Both the

pre-contracting agent and the magnitude of contraction

in¯ uence the vasodilator potencies of drugs (O’Donnell

& Wanstall 1987). We pre-contracted to 50% maximum

KCl contraction, and the sensitivity to KCl was similar

on 5- and 14-week-old WKY and SHR aortae.

DiŒerences in pre-contractions to 40 m m KCl are re-

sponsible for apparent diŒerences in relaxations to iso-

prenaline between WKY and SHR mesenteric resistance

arteries (Blankesteijn et al 1996). Borkowski et al (1992)

pre-contracted to 80% maximum phenylephrine re-

sponse, and the sensitivity to phenylephrine wasdiŒerent

on 5-week-old Wistar and SHR aortae. This diŒerence

in sensitivity to phenylephrine may have aŒected the

relaxant responses to isoprenaline.

We are not the ® rst to report a lower responsiveness

to isoprenaline on SHR pre-hypertensive vessels. A

lower responsiveness to isoprenaline also occurs on the

femoral and superior mesenteric arteries of pre-hyper-

tensive SHRs (Fujimoto et al 1987). The lower respon-

siveness to isoprenaline of pre-hypertensive SHR vessels

cannot be caused by the hypertension, but is associated

with the onset of hypertension.

The major aim of the present study was to determine

whether there were any diŒerences in the a� nity and b 2-

adrenoceptor reserves for isoprenaline in maturation,

pre-hypertension and hypertension by investigating the

eŒects of BAAM. To be valid, the KA values derived

from contractility studies with very slowly reversible

antagonists should be independent of the concentration

of antagonist (Kenakin 1987). In the present study,

similar results were obtained with two concentrations of

BAAM on the 14-week-old aortae, and this validates

our use of BAAM to derive KA values.

Similar KA values (1± 2 ¬ 10­ 7 m ) for isoprenaline were

obtained on the 5- and 14-week-old WKY and SHR

aortae. These values are similar to those previously

reported for b 2-adrenoceptors on the portal veins of

WKY and SHR (Doggrell & Surman 1995). This sug-

gests that the binding sites of the b 2-adrenoceptor for

isoprenaline on the aorta are not diŒerent in maturation,

pre-hypertension and hypertension. Radioligand studies

have previously demonstrated that the dissociation con-

stants for iodocyanopindolol at the b -adrenoceptors in

13-week-old WKY and SHR femoral and mesenteric

arteries are similar (Asano et al 1991).

On the 5-and 14-week-old SHR aortae, a lower con-

centration of BAAM was required to cause non-parallel

rightward shifts of the isoprenaline± response curves

than on the 5-week-old WKY aorta. As the KA values

were similar on 5- and 14-week-old aortae, this suggests

that there is a lower b 2-adrenoceptor reserve for iso-

prenaline on 5-week-old SHR and 14-week-old WKY

and SHR aortae than on 5-week-old WKY aorta. Our

calculations showed a lesser b 2-adrenoceptor reserve for

isoprenaline on the aorta of 5-week-old SHR than

age-matched WKY aorta. A lesser number of b -

adrenoceptors has previously been demonstrated on the

pre-hypertensive}borderline hypertensive SHR aorta

(Limas & Limas 1979).

There was some loss of receptor reserve on both the

WKY and SHR between 5 and 14 weeks resulting in

similar b 2-adrenoceptor reserves for isoprenaline being

present on 14-week-old WKY and SHR aortae. This

result is in agreement with radioligand binding studies

of b -adrenoceptor numbers in other blood vessels of

similarly aged SHRs. The 13-week-old WKY and SHR

femoral and mesenteric arteries have a similar number

of b -adrenoceptor binding sites (Asano et al 1991).

Despite there being few studies of the SHR in pre-

hypertension, it is widely accepted that the changes in

responses mediated by b 2-adrenoceptors in hypertension

are caused by the hypertension (Brodde & Michel 1992).

Our study shows that there are considerable diŒerences

in the isoprenaline} b 2-adrenoceptor responses before

hypertension, which are not apparent in early hyper-

tension. These are a lesser sensitivity and a lower b 2-

adrenoceptor reserve for isoprenaline on the aorta of

the pre-hypertensive SHR compared with age-matched

WKY, and these diŒerences are lost in early hyper-

tension. The diŒerences in isoprenaline} b 2-adrenocep-

tor responses in pre-hypertension may be distinct, or

pre-determinants of the diŒerences in early hyperten-

sion. The major diŒerence in isoprenaline} b 2-adreno-

ceptor responses in early hypertension was a reduction

in the maximum response in the hypertensive SHR

compared with the age-matched WKY.

In conclusion, a major ® nding of the present study is

that there are diŒerences in pre-hypertensive SHR and

WKY aortic responses to isoprenaline. Thus, the widely

held view that the loss of responsiveness at b 2-adreno-

ceptors in hypertension is solely owing to the hyper-

tension is no longer valid. Another major ® nding of the

present study is the substantial changes in the sensitivity,

maximum responses and aortic b 2-adrenoceptor reserves
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to isoprenaline in the maturation of normotensive and

pre-hypertensive aortae. Further studies will be required

to determine whether this ® nding is limited to the aorta

or observed in other vascular tissue.
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