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Age-dependence of the effects of pinacidil on rat aorta 
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Queensland, St. Lucia. Brisbane, Queensland 4067, Australia 

Abstract-The effect of the Kt  channel opening drug, pinacidil, has 
been examined on aortic ring preparations from young (2 months) 
and aged (> 24 months) rats. The potency (neg log IC50) values for 
pinacidil in relaxing K (20 mM)-contracted preparations were in the 
range expected for its K +  channel opening (hyperpolarizing) effects 
but were not significantly different between young (6.34) and aged 
(6.31) rats. Thus, ageing does not affect the drug’s potency as a KC 
channel opening drug. The more marked depression of the maxi- 
mum response to noradrenaline by pinacidil (10 PM) in aged rats 
(85% reduction) compared with young rats (43% reduction), 
reflected a reduced a-adrenoceptor reserve for noradrenaline in 
preparations from aged rats. Pinacidil, in concentrations greater 
than 10 PM, was able to relax preparations contracted with 80 mM 
K+ suggesting that it may have a second mechanism which does not 
involve hyperpolarization. It was more potent in producing this 
effect on the preparations from aged rats. 

Vasodilator drugs are widely used in the treatment of hyperten- 
sion and other cardiovascular disorders. Since these conditions 
are particularly common in the elderly, it is important to 
examine the influence of age on the responsiveness of blood 
vessels to vasodilator drugs. It has already been shown that 
ageing influences the in-vitro responses of blood vessels to 
different vasodilators, e.g. B-adrenoceptor agonists (Fleisch 
1981; O’Donnell & Wanstall 1984, 1986), dopamine receptor 
agonists (Wanstall & O’Donnell 1988a) and calcium entry 
blocking drugs (Wanstall & O’Donnell 1988b, 1989), whilst 
having little or no effect on others, e.g. the nitrovasodilators 
(O’Donnell & Wanstall 1986; Wanstall & O’Donnell 1988a). 

The aim of this study was to examine the influence of age on 
pinacidil, a vasodilator drug which has been suggested to have 
the novel mechanism of opening K+ channels (Bray et al 1987). 
This drug has been examined on isolated aortic preparations 
from both young and aged rats. We have determined both its 
potency in relaxing K+-induced contractions and its effects on 
concentration-response curves to noradrenaline. 

Materials and methods 

Male Wistar rats either 2 months old (young, 250-375 g) or 24- 
29 months old (aged, 440-530 g) were used. 

Isolated single ring preparations (3 mm wide) ofventral aorta, 
from which the endothelium had been removed by gentle 
rubbing of the intimal surface, were set up in physiological salt 
solution (PSS) at 3 7 T ,  at a resting force of 10 mN, as described 
by Wanstall & O’Donnell (l988b). Force in the circular muscle 
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was recorded isometrically, using a Statham Universal Trans- 
ducer (UC3 and UL5). 

After an initial lh  equilibration period, each preparation was 
contracted with K+-depolarizing PSS (85.9 mM KCI) and 
relaxed with 100 ~ L M  3-isobutyl-I-methylxanthine. After wash- 
out of this drug, one or two further contractions to K+- 
depolarizing PSS were obtained. It has been found that this 
preliminary procedure results in preparations which have stable 
base-line tensions and which give consistent contractile re- 
sponses for the duration of the experiment (Wanstall & O’Don- 
nell 1988b, 1989). 

Experimental protocols and expression of data. In the first series 
of experiments, cumulative concentration-response (contrac- 
tion) curves to noradrenaline were obtained in the absence 
(control) and then in the presence of pinacidil (10 PM, contact 
time 30 min). Responses were expressed as a percentage of the 
maximum response to noradrenaline in the control curve so that 
any reduction in the maximum response could be determined. 
Control concentration-response curves to noradrenaline are 
reproducible in aorta from both young and aged rats (Wanstall 
& O’Donnell 1988b). 

In the second series of experiments, preparations were 
contracted with KCI (20 or 80 mM-achieved by replacing the 
PSS with K +-depolarizing PSS containing the appropriate KCI 
concentration). The contraction induced by 80 mM KCI was 
maximal, and that induced by 20 mM KCI submaximal (young 
68%; aged 66% of the response to 80 mM KCI). In the absence of 
pinacidil, these contractions were sustained. Cumulative con- 
centration-response (relaxation) curves to pinacidil(O.1 to 300 
p ~ )  were obtained once the spasmogenic response had reached 
equilibrium. Responses were expressed as % reversal of the 
induced contraction and were plotted against pinacidil concen- 
tration on a logarithmic scale. The concentration giving a 50% 
relaxant response (IC50) was interpolated and the negative log 
IC50 was used as an expression of relaxant potency. 

Drugs and solutions. The drugs used were: 3-isobutyl-I-methyl- 
xanthine (Sigma); (-)-noradrenaline acid tartrate (Sigma) and 
pinacidil (gift from Leo Pharmaceuticals, Denmark). Stock 
solutions of noradrenaline (100 mM) and pinacidil(10 mM) were 
prepared in 10 mM HCI and of 3-isobutyl-I-methylxanthine (5  
mM) in 10 mM NaOH. Dilutions of drugs were made in PSS. 

The composition of the PSS was (mM): NaCl 118, KCI 5.9, 
CaCl2 1.5, MgS04 0.72, glucose 11.7, ascorbic acid 1.14 (95% 
02/5% COZ, pH 7.4). K+-depolarizing PSS had the same 
composition as above, except that either 80 mM or 20 mM NaCl 
was replaced with 80 mM or 20 mM KCI (total KCI concentra- 
tion = 85.9 mM or 25.9 mM). 
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Statistical analyses. Mean values are quoted together with their 
standard errors. The significance of differences was assessed by 
Student’s t-test or by the Mann Whitney U-test. 

Results 

Eflect ofpinacidil on concentration-response curves to noradrena- 
line. On aorta rats of both age groups, pinacidil(l0 p ~ )  caused a 
non-parallel shift in the concentration-response curves to norad- 
renaline and a depression of the maximum responses (Fig. 1). 
The maximum response was depressed more on the preparations 
from aged rats (85 12.3% reduction, n =4) than on those from 
young rats (43 f 8.4%, n = 5, P <  0.05, Mann Whitney U-test). 

The preparations from the aged rats were less sensitive to 
noradrenaline than those from young rats (mean neg log EC50 
values; aged 7.81f0.14, n=4;  young 8.38k0.03, n=5;  
0.01 > P>O.OOl, Student’s t-test). 
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FIG. 1. Mean concentration-response curves to noradrenaline in the 
absence (controls, --) and presence (- - -) of pinacidil(l0 p ~ ) ,  on 
preparations of aorta from young (0, n = 5) and aged (B, n =4) rats. 
Responses are expressed as Yo maximum response to noradrenaline 
in the control curves. Standard errors of the mean responses are 
shown except when smaller than the symbols. 
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FIG. 2. Mean concentration-response (relaxation) curves to pinacidil 
on preparations of aorta from young (-) or aged (- - -) rats. The 
preparations were contracted with KCI 20 mM (0 ,  n = 5) or 80 mM 
(0, n=4). Responses are expressed as % reversal of the induced 
contraction. Standard errors of the mean responses are indicated 
except when smaller than the symbols. 
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Potency of pinacidil on K+-contracted preparations of rat aorta. 
Pinacidil caused concentration-dependent relaxation of aortic 
preparations pre-contracted with 20 mM K+ (Fig. 2). In 
preparations from both young and aged rats, complete reversal 
of the induced contraction was achieved with 10 p~ pinacidil, 
and the negative log IC50 values were the same in both age 
groups (young, 6.34 0.04, n = 5; aged 6.3 1 f 0.08, n = 5; 
P >  0.05, Student’s t-test). 

Pinacidil also relaxed preparations contracted with 80 mM 
K+,  but it was less potent against this higher concentration of 
K +  (Fig. 2), and there was a small (2 fold) difference in potency 
between young and aged rats (mean negative log IC50 values, 
young 4.64 f 0.1 1, n = 4; aged 4.99 0.09, n = 4; 0.05 > P > 0.01, 
Student’s t-test). 

Discussion 

This study has shown that pinacidil(l0 p ~ )  caused more marked 
depression of contractions to noradrenaline in aortic prep- 
arations from aged rats than in those from young rats. This 
observation resembles previous findings with the calcium entry 
blocking drugs, diltiazem and felodipine (Wanstall & O’Donnell 
1989) and can be explained if the mechanism of action of 
pinacidil is considered. The opening of K +  channels by drugs 
such as pinacidil is associated with hyperpolarization of the cell 
membrane (Southerton et a1 1988). Hyperpolarization can then 
(a) functionally antagonize depolarizing spasmogens by oppos- 
ing the induced depolarization (Hof et a1 1988) or (b) non- 
competitively antagonize non-depolarizing spasmogens by 
reducing the availability of CaZ+, for contraction (Bray et al 
1988). The mechanism@) whereby the latter occurs remains to be 
elucidated, but could involve one or more of the following; the 
closing of voltage-operated CaZ+ channels, inhibition of the 
opening of receptor-operated channels (Videbaeck et a1 1988), 
inhibition of Ca2+ entry through a Na+/Ca2+ exchanger (Cook 
et a1 1988) and/or increased uptake of Ca2+ into the sarcoplas- 
mic reticulum (Erne & Hermsmeyer 1987). 

Irrespective of whether pinacidil is acting as a functional or as 
a non-competitive antagonist of noradrenaline in rat aorta, a 
greater effect of pinacidil in aged rats can be predicted in light of 
the reduced a-adrenoceptor reserve for noradrenaline in these 
preparations with ageing. The reduced receptor reserve was 
established in a previous study on aortic tissues from aged rats 
(Wanstall & O’Donnell 1988b) and is reflected in the present 
study in the reduced potency of noradrenaline. According to 
theory, the smaller the receptor reserve for a spasmogen, the 
greater will be the depression in the maximum response to the 
spasmogen by a non-competitive antagonist or by a functional 
antagonist (van den Brink 1969, 1973). 

On blood vessel preparations, including rat aorta, pinacidil 
has very little blocking effect on concentration-response curves 
to K +  (Bray et a1 1987; Wanstall & ODonnell unpublished 
observations). Therefore, to quantify its effects on K+-depolar- 
ized preparations in aorta from young and aged rats, its potency 
in relaxing K +  pre-contracted preparations was determined, i.e. 
negative log IC50 values were obtained. On preparations 
contracted with 20 mM K+ there was no difference in the potency 
of pinacidil between young and aged rats. This suggests that age 
does not influence the concentration range over which pinacidil 
causes hyperpolarization. Measurements of membrane potential 
would be required to confirm this conclusion. 

Contractions to 80 mM K +  are characteristically resistant to 
K+ channel opening drugs because this concentration of K +  
ensures that the cell membrane remains depolarized regardless 
of whether the K+channels are open or not. Thus, in the present 
study, negligible relaxant responses were obtained on 80 mM 
K+-contracted preparations when using concentrations of pina- 
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cidil which were effective against 20 mM K + .  Relaxation did, 
however, occur at  higher concentrations of pinacidil (> 10 p ~ ) .  
This observation appeared to be contrary to the data of Weston 
et a1 (1988) and may indicate a secondary relaxant mechanism 
unrelated to the opening of K +  channels. Furthermore, at  these 
higher concentrations of pinacidil, there was an age-related 
increase in its potency, but this cannot be interpreted without 
knowing the ‘mechanism involved in the postulated second 
action of pinacidil. 

The main conclusions from this study of pinacidil on aorta 
from young and aged rats are that ageing appeared to have no 
influence on its potency as a hyperpolarizing agent and ageing 
increased its effectiveness against noradrenaline; this was pre- 
dictable in view of the known reduction in the a-adrenoceptor 
reserve for noradrenaline in aorta from aged rats, and the non- 
competitive or functional nature of the antagonism between 
pinacidil and noradrenaline. Also, a t  high concentrations 
another vascular relaxant action may occur and this action may 
be influenced by age. The mechanism underlying this second 
action remains to be established. 
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