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Relaxant and P2-adrenoceptor blocking activities of (5 ) - ,  (+)- and 
(-)-pindolo1 on the rat isolated aorta 
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Abstract-The KCI contracted rat aorta is relaxed by procaterol, 
(&)-, (+)- and (-)-pindolol. The relaxations to procaterol. but not 
to (i)-pindolol, were prevented by 1CI 118,551 at M .  The 
relaxations to ( & )-pindolo1 are, therefore, not due to [j-adrenocep- 
tor agonism. At lo-’ M ICI 118,551, (&)-, (+)- and (-)-pindolo1 
were p2-adrenoceptor antagonists as they inhibited the relaxant 
responses of the aorta to procaterol. 

( f )-Pindolo1 is classified as a P-adrenoceptor antagonist which 
also exerts partial agonism at [hdrenoceptors (Fitzgerald 1984). 
P- Adrenoceptor antagonists with partial agonism have the 
potential to cause both vasodilation and vasoconstriction by 
acting as agonists and antagonists at  b-adrenoceptors, respect- 
ively. The vasodilator and vasoconstrictor activity of (+) -  and 
( -)-pindolo1 have not been determined. The present study has 
examined the effects of (&)-. (+)- and (-)-pindolo1 on the rat 
isolated aorta and their ability to cause a small relaxation of the 
KCI contracted preparation. The effects of IC1 118,551 (a P- 
adrenoceptor antagonist) on these relaxations were also exam- 
ined. Finally, the effects of (&)-, (+)- and ( - )  -pindolo1 on the 
relaxant responses of the rat aorta to procaterol (a potent and 
selective P2-adrenoceptor agonist, O’Donnell & Wanstall 1985) 
were investigated. 

Materials and methods 

Male Wistar rats (250-350 g) were stunned and exsanguinated. 
The thoracic aorta was removed and placed in Krebs solution. 
All experiments were performed in the presence of a modified 
Krebs solution [composition (mM): NaCl 116, KCI 5.4. CaClz 
2.5, MgC12 1.2, NaHP04 I .2, NaHCOi 22.0. D-glucose 1 1.2, Naz 
EDTA 0.041 which was bubbled with 5% COz in oxygen at 37 C. 
Contractile responses were measured isometrically with force 
displacement transducers (Grass model FTO 3C) and displayed 
on a polygraph (Grass model 79B). In each series ofexperiments, 
the groups of individual values obtained were compared by 
Student’s paired t-test and were considered to be significantly 
different when P<: 0.05. Mean values f s.e.m. were also 
obtained. 

A ring of rat aorta was suspended between stainless steel 
hooks under 1 g tension in 5 mL organ baths containing Krebs 
solution. Tissues were equilibrated for 30 rnin before exposure to 
phenoxybenzamine at  5 x lo-’ M for 30 min to block ?- 

adrenoceptors and extraneuronal uptake. Tissues were washed 
for 20 rnin and then contracted by 2 150 mg by the addition of 
KCI to the organ bath to give a final concentration of 2-3 x 10- 
M .  When the contraction was constant, three series of experi- 
ments were performed. 

The effects of‘pindolol alone compared with those ofprocaterol. A 
cumulative challenge with procaterol, (*)-, (+)- or (-)- 
pindolol at  10-9/10-8-10-5/10-4 M was made on a 4 min cycle. 

The effects of IC1118,551 on the relaxant responses to procaterol 
undpindolol. A 10 min challenge to procaterol or (k )-pindolo1 at 

M was made. Tissues were then washed for 60 rnin in the 
absence or presence of ICI 118,551 at 10- M before recontract- 

ing the rat aorta with KCI to a constant level and then repeating 
the challenge to procaterol or pindolol. 

The efects  of ICI 118,551 and pindolol on procaterol response 
curzvs. Three successive challenges of the KCI contracted aorta 
with procaterol produced identical relaxant curves (Doggrell 
1988). Each aorta was initially given a cumulative 4 rnin cycle 
challenge with procaterol in the absence of drugs. Tissues were 
then equilibrated for 45 rnin in the presence of ICI 118.551 or 
pindolol before the procaterol challenge was repeated on the 
recontracted aorta. Tissues were then equilibrated for a further 
45 min in the presence of a higher concentration of drug being 
tested, before a third contraction with KCI and challenge with 
procaterol. 

A.s.scs.sn~rnt U f ’  dutu. The maximal decrease in contractile re- 
sponse to each concentration of procaterol or pindolol was 
measured. These relaxant responses were calculated as a per- 
centage of the KCI contraction. When successive procaterol 
relaxant curves were obtained. if the maximal relaxant responses 
to procaterol expressed as a percentage of the KCI contraction 
were not significantly different between curves, all the relaxant 
responses were calculated as a percentage of the maximal 
relaxant response to procaterol i.e. normalized. For each 
normalized concentration-response curve, a slope and pD2 value 
was determined. The slope of the procaterol response curve 
(difference in percentage maximum of the responselunit of 
logarithm molar concentration of procaterol) and pD2 value 
were computed by regression line analysis over the steepest part 
of the response curve, which was usually between 20- 80% of the 
maximum response. For each tissue, the ability of the drug to 
alter responses to an agonist was expressed as the concentration 
ratio at 50% relaxation (the antilogarithm of the difference 
between the pD2 values in the presence and absence of the drug). 
When the effects of a drug were apparently compatible with 
competitive antagonism (i.e. there was no significant difference 
between the slopes of the response curves but a significant 
reduction in the pD2 values obtained after the addition of 
antagonist) PA? values were determined. For each tissue a PA: 
value was calculated from the formula p A ~ = p A , + l o g  (x -  1 )  
where PA, is the negative logarithm of the molar concentration 
of drug and x is the agonist concentration ratio at  50’% 
relaxation. 

Drugs used. The drugs used were all donated and were ICI 
I 18,551 [erythro-( f)-(7-methylindan-4-yloxy)-3-isopropylami- 
nobutan-2-01; ICI Ltd], (*)- ,  (+)- and (-)-pindolo1 (Sandoz) 
dissolved in equimolar tartaric acid and procaterol hydrochlor- 
ide (Warner Lambert). 

Results 

The rffects of drugs alone (Fig. I ) .  When the aorta had been 
contracted by the addition of KCI, it was relaxed by procaterol. 
2 M .  (&)-, (+)-and (-)-pindolol. 2 lo-’ M, all relaxed the 
aorta to a similar extent; the relaxations were smaller than those 
to procaterol (P20 .05  for each concentration). 
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was significantly more potent than ( f )- or (-)-pindolo1 as a P 2 -  

adrenoceptor antagonist ( P I  0.05). 
( f )-Pindolo1 decreases total peripheral resistance in man 

(Atterhog et al 1976; Velasco et a1 1980). A study of the effect of 
(+)- and (-)-pindolo1 on the dog isolated mesenteric artery has 
shown that (+)- and (-)-pindolo1 are equieffective vasodilators 
(Clark & Bertholet 1983). The present study, using the rat aorta, 
confirms that (k)-, (+)- and (-)-pindolo1 are equipotent 
vasorelaxants. 

It has been suggested that the vasodilation observed with ( f )- 
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FIG. I .  Relaxant responses of the KCI contracted rat aorta. 
Responses to procaterol (0). (*)-pindolo1 (A) ,  (+)-pindolo1 (A) 
and (-)-pindolo1 (H). All relaxations are calculated as a percentage 
of the KCI contraction. Each value is the mean fs.e.m. from 8 to 12 
animals. 

The effects of ICI 118,551 on the rela.uant responses. Two 
successive 10 min challenges of the KCI contracted aorta to 
procaterol or (&)-pindolo1 (both at  M) produced relaxa- 
tions that were not significantly different (n = 8. data not shown). 
The addition of ICI 118,551 at M between challenges 
significantly reduced the relaxations to procaterol from 38% of 
the KCI contraction f 8 (s.e.m.) to 19% f 3 (n = 8, P> 0.05). The 
relaxant responses to ( f )-pindolo1 were not altered by ICI 
118,551 being 20'% of the KCI contractionf4 before and 
25% f 3 (n = 8) after treatment with ICI 1 18,55 1. 

The effects of ICI 118,551 and pindolol on procaterol responsc 
curves. ICI 118,551 (3xIO- 'and 1 0 - 7 ~ ) , ( k ) - , ( + ) - a n d ( - ) -  
pindolol (all at  lo-*- M) produced rightward displacements 
of the procaterol relaxant response curves with no reduction in 
the maximum response (Figs 2,3). The submaximal responses to 
procaterol were inhibited by ICI 118,551 at  3 x 10 *and 10 M. 
by(?)-pindololat 10-8and 1 0 - 7 ~ ,  by(+)-pindololat 10-8and 

M, (see Table I for 
pD2 values). Analysis of the slopes at  the steepest part of the 
individual curves for procaterol illustrated that the slopes were 
not significantly different in the absence and presence of 1CI 
118,551 or (f)-, (+)- and (-)-pindolo1 and are therefore 
considered parallel (Table I) .  In some cases the mean response 
curves appeared to be more shallow in the presence of these 
antagonists (Figs 2, 3). ICI 118,551 (mean pA2=8.9), (&)-  
pindolol ( P A ~  = 8.7) and ( -  )-pindolo1 ( P A ~  = 8.6) were equipo- 
tent as Pz-adrenoceptor antagonists. (+)-Pindolo1 (pA2 = 9.3) 

M and by (-)-pindolo1 at  lo-' and 
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FIG. 2. Effect of ICI 118,551 on procaterol response curves. 
Responsesin theabsence(0)andpresenceofICI 118,551 at 3 x lo-# 
(0)  and M (v). Responses are calculated as a percentage of the 
maximum relaxation and plotted against the log of the molar 
concentration of procaterol. Each value is the meanks.e.m. from 9 
preparations. 

pindolol may be due to agonism a t  /I>-adrenoceptors (Fitzgerald 
1984). However, Clark & Bertholet (1983) noted that the 
evidence for this was incomplete and inconclusive. Thus 
although propranolol, a nonselective P-adrenoceptor antago- 
nist, did inhibit the vasodilator action of pindolol in the dog 
mesenteric artery, the concentration required to produce a 
measurable displacement of the dose-response curve for pindo- 
lo1 (i.e. M propranolol) produced a much greater inhibition 
of the responses to isoprenaline. 1CI 118,551 is a selective j2- 
adrenoceptor antagonist having a pA2 of 8.7 at P 2 -  (guinea-pig 
trachea) and 7.0 at  PI-adrenoceptors (guinea-pig atria, O'Don- 
nell & Wanstall 1980). The rat aorta contains both PI- and P2- 
adrenoceptors mediating relaxation with the PI-adrenoceptors 
being the minor population (O'Donnell & Wanstall 1984). 
Procaterol is a highly selective P2-adrenoceptor agonist which 
relaxes the KCI-contracted rat aorta (O'Donnell & Wanstall 
1985, and this study). The present study illustrates that 1CI 
118,551 inhibits the procaterol response curves of the rat aorta 
with a pA2 of 8.9. However, the relaxation to (f)-pindolol was 
not prevented by pretreatment with ICI 118,551 at  M, a 
concentration that would produce antagonism at PI -  and /I>- 
adrenoceptors. Consequently it is unlikely that these relaxations 
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FIG. 3.  Effect of (*)- (top), (+)- (middle), and (-)- (bottom) 
pindolol on procaterol response curves. Top: responses in the 
absence (0) and presence of (+)-pindolo1 at (0)  and lo-' M 
(v). Middle: res onses in the absence (0) and presence of (+)- 

absence ( A )  and presence of (-)-pindolo1 at lo-* M (A) and M 
(H). Responses are calculated as a percentage of the maximum 
relaxation and plotted against the log of the molar concentration of 
procaterol. Each value is the mean k s.e.m. from 8 to 9 animals. 

pindolol at 10- P (B) and 1 0 - 7 ~  (v). Bottom: responses in the 
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Table 1. Effects of procaterol response curves. 

Antagonist concn (M) 
Control 
ICI 118,551, 3 x \OW8 
ICI 118,551, 10- 

Control 
(f)-Pindolol, lo-* 
(f)-Pindolol, 
Control 
(+)-Pindolol, lo-* 
(+)-Pindolol, 
Control 
(-)-Pindolol, 
(-)-Pindolol, 

Slopes" 
47+8 (9) 
35 + 7 (9) 
37 f 7 (9) 
56L-7 (9) 
46 f 7 (9) 
45f 10 (9) 
43k8  (8) 
3327  (8) 
53f 10 (8) 
50k7  (8) 
3828  (8) 
51 k 9  (8) 

PD2a 
7.90 + 0.12 (9) 
6.56k0.17 (9)* 
5.99k0.13 (9)* 
7.37f0.16 (9) 
6.34k0.23 (9)* 
5.87 f 0.28 (9)* 
7.85f0.20 (8) 
6.59k0.24 (8)* 
51820.25 (8)* 
7.32 f 0.09 (8) 

6.39 0.26 (8)* 
5.51 k0.35 (8)* 

pA2" 

8.9 k 0.2 (9) 
8.9 +0.2 (9) 

8.9f0.2 (9) 
8.5 f 0.3 (9) 

9.1 f0.5 (8) 
9.5 f0.2 (8) 

8.5f0.5 (8) 
8.7 2 0.4 (8) 

"Mean & s.e.m. 
(n) =number of animals. 
* PiO.05 ,  paired t-test with own control. 

are due to stimulation ofeither the P I -  or &adrenoceptors of the 
rat aorta. 

Adrenaline, and possibly noradrenaline, stimulates vascular 
P2-adrenoceptors to produce vasodilation (Fitzgerald 1984). 
Inhibition of this vasodilation produces an increase in blood 
pressure (Fitzgerald 1984) and is an unwanted effect in hyperten- 
sion. Previous studies using both the guinea-pig trachea and the 
soleus muscle (Jeppsson et al 1984; Walter et al 1984) have 
demonstrated that (-)-, but not (+)-pindolo1 is a potent /I*- 
adrenoceptor antagonist. In the present study using the rat 
aorta, (-)-pindolo1 had a similar potency as a P2-adrenoceptor 
antagonist as previously reported using the guinea-pig trachea/ 
soleus muscle. In this study (+)-pindolo1 was also a potent Pz- 
adrenoceptor antagonist. Recently I showed KF-4317 (4-(2- 
hydroxy-3-(( 1 -methyl-3-phenylpropyl)amino)propoxy) benze- 
neacetamide), which is a weak antagonist at  the Pl-adrenocep- 
tors of the guinea-pig trachea (Kubo et al 1983), to be a potent 
antagonist at the /?*-adrenoceptors of the rat aorta (Doggrell 
1988). This indicates that there may be some differences between 
the /j'2-adrenoceptors of the guinea-pig trachea and aorta. 

This project was supported by the National Heart Foundation 
of New Zealand. 
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