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The B-adrenoceptor antagonist pindolol, given p.o. (10 mg/kg, once a day for 7 days) to 4 and 24 week old male
spontaneously hypertensive rats (SHR) and Wistar Kyoto rats (WKY), decreased plasma angiotensin-converting
enzyme (ACE) activity only in young SHR. Kinetic studies indicated that the treatmert ¡educed the ACE maximal
velocity or the numbe. of available ACE molecules. In vitro studies showed that pindolol had no direct effects on the
activity of plasma ACE. A decrease in soluble (loosely bound) ACE activity was observed in th€ lung of young SHR
treated with pindolol. The results suggest that pindolol affects the site of origin of plasma ACE. The susceptibility of
young SHR to pindolol may indicate a probable role of B-adrenocepto¡s i¡ the regulation of ACE activily in
spontaneous (genetic) hypertension.

Plasma angiotensin-converting enzyme Pindolol Spontaneouslyhypertensiverats P-Adrenoceptors

taining vascular tone (Antonaccio and Kerwin,
1980).

We studied the effects of pindolol, a non-selec-
tive É-ad.enoceptor antagonist and widely used
antihypertensive drug, on plasma, lung and
mesenteric artery ACE of young (4 week old, pre-
or early hypertensive) and adult (24 week old)
SHR and their normotensive controls, Wistar
Kyoto rats (WKY).

2. Materials and methods

Pindolol was given orally for 7 days once a day
at a dose of 10 mg/kg to male 4 and 24 week old
SHR and WKY. Rats were decapitated 24 h after
the last treatment and trunk blood was collected in
heparinized tubes. ACE activity was measured by
a radiochemical method (Rohrbach, 1978). The
assay mixture (50 pl) contained 80 mM potassium
phosphate buffer, pH 8.0, 300 mM NaCl, 0.8 mM
p-chlorome rcuriphenylsulfonic acid and 5 mM
Iglycine-1 -ra C]hippuryl-L-histidyl-L-leucine (3.5
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l. lnbodüction

The renin-angiotensin system is controlled by a
number of factors, among which B-adrenoceptors
are well understood. In turn, the antihypertensive
action of B-adrenoceptor antagonists may be par-
t¡allv due lo anlagonism of the ren in-angiotensin
system (Jackson and Campbell, 1980). Alterations
of the renin-angiotensin system occur in sponla-
neously hypertensive rats (SHR). These animals
show low angiotensin-converting enzyme (ACE)
activity in plasma (Polsky-Cynkin et al., 1980). Ir
has been postulated that plasma ACE originated
in the lung, although endothelial cells in peripheral
vessels could also make a contribution (Caldwell et
al., 7976). Angiotensin II produced locally in
arterial tissues by ACE may be important in main-
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mci/mmol, New England Nuclear, Boston, MA)
as a substrate. Kinetic sludies for plasma ACE
were performed over six substrale concentrations
ranging from 0.125 1o 4 mM.

Lung tissue and mesenteric arteries were ho-
mogenized in 0.1 M potassium phosphate buffer
pH 8.0 in glass-to-glass tissue grinders. The homo-
genate was centrifuged at 130000 x g fo¡ 30 min,
yielding a pellet and a supernatant. This super-
natant was considered to be loosely bound (solu-
ble) ACE containing fraction (F, ). The pellet was
resuspended in the buffer containing 0.5% Triton
X-100, ultrasonicated and freeze-thawed 3 times in
order to solubilize parliculate enzymes. The homo-
genate was centrifuged at 10000 x g for 30 min;
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the supernatant was refer¡ed to as the F2 fraction
(particulate). Student's t-test was used to de-
termine the statistical significance of diffe¡ences
between groups.

3- Resulfs

Seven daily doses of pindolol dec¡eased the
heart weight in young SHR (500 + 7 mg/700 g

body weight in SHR-control and 436 + 16 mg/100
g body weight in SHR-pindolol, n:5, P < 0.01).
Plasma ACE activity was lower in both young and
adult SHR controls when compared to age-
matched WKY. Seven daily doses of pindolol fur-
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Fig. 1. Effecl of pindolol on plasma ACE activity of spontaneously hyper¡ensive ra¡s (SHR) and age-matched Wistar Kyoto rats
(WKY). (A) R€sults represent ñean i S.E.M. of groups of 5 rats, measured individually in duplicate. Substrate conc€ntration was 5

mM- Open column: control rats; shaded column: pindolol'treated rats. ' P < 0.05 vs. WKY-controli b P < 0.05 vs. WKY-pindolol;
'P<0.01 vs. SHR-control; d P<0.001 vs. WKY-controli e P<0.01 vs. WKY-control. (B) Michaelis-Men¡en plot and Lineweaver-

Burk recipr()cal plot for plasma ACE of 4 week old rats. Results represent m€ans of duplicate samples, from one typical experimenl.
This experimenr was replicated three times with similar resul¡s: Kñ (mM): SHR-pindolol, 1.34+0.08; SHR-control, 1.30t0.05;
wKY-pindolol. l.¿10t0.08: WKY-control,1.42X0.o4. V-a" (nmol/r1l per h): SHR-pindolol, 2.04+0.18 * **; SHR-conlrol. 3.18i
0.21 *i WKY-pindolol, 4.23 t 0.23; WKY-control, 4.38 + 0.32. * P < 0.05 vs. WKY-control, *" P < 0.05 vs. SHR-control.
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TABLE 1

Effect of pindolol on lung and mesenteric artery ACE activity of young spontaneously hypertensive rats (SHR) and Wislar Kyoto rats
(wKY). Young (4 week old) rals were given pindolol (10 mglkg p.o. once a day) for 7 days. The ACE activity (pmol/Fg proreñ pcr
h) was measured 24 h after the last ¡rea¡ment. Values represent mean 1S.E.M. of 5 duplicate de(erminations performed in individual
animals.

WKY-contro¡ WKY-pindolol SHR-contro¡ SHR-pindolol

LunC
F,
F2

Mesenteric artery
Fr

F,
Rat¡oofnb4+F)
Lung

artery

61 to
602 t 83

26 x 6"n
409 +22^

59
635

+9
!64

t5
x22 "

i 0.5

a 2.0 '

40
424

4.6

26.3

5.1 + 0.5

42.0 ! 4.1

0.0891 0.007

0.109+ 0.010

0.0931 0.006

0.115 + 1.012

0.08ó+ 0.007

0.146+ 0.025

0.058+ 0.010 4b3

0.0921 0.015

3.4 a 0.6

34.2 ! 5.8

5.2 r 0.6

40.8 + 5.6

' P <0.05 compared to WKY-control; 6 P <0.01 compared ¡o WKY-pindolol: 'P < 0.05, compared to SHR-control.

ther decreased plasma ACE activity only in young,
prehypertensive SHR (fig. 1A). This reduction in
plasma ACE of SHR after pindolol did not appear
to be related to a modification of enzyme affinity
for the substrate, bul to a decreased maximal
velocity or number of available enzyme molecules
(fig. 1B). In vitro studies showed that pindolol had
no direct effects on ACE activity determined over
pindolol concentrations ranging lrom 2 x 10 7 to
2 x l0 r M (data nor shown).

The ACE activity in the F2 fraction (par-
ticulate) of lung in young control and pindolol-
treated SHR was significantly lower than that in
cont¡ol WKY (table 1). In the F, fraction from
lung, the ACE activity in pindolol-treated SHR
was significantly decreased when compared to
thcse of pindolol-t¡eated WKY and control WKY.
Conversely, in WKY, pindolol had no effects on
ACE activity. In addition, when the ratio of ACE
activity of F, to the combined activities of F¡ + Fl
was calculated, it was observed that pindolol sig-
nificantly decreased the ratio of soluble to the
combined soluble and particulate ACE activities
only in young SHR. In addition, particulate ACE
was low in mesenteric arteries of young control
SHR when compared to control WKY (table l).

4. Discussion

The alterations in plasma, lung and mesente¡ic
artery ACE present in young SHR may be geneti-

cally determined and could be related to local
alterations in angiotensin metabolism. The effects
of pindolol on plasma ACE are only evident in
young prehypertensive SHR. B-Adrenoceptor
antagonists clearly reduce blood pressure in SHR
only when treatment is started in the young animals
(tucher et a1.,7979). Thus, the effect of pindolol
on plasma ACE of SHR could be related to its
therapeutic effect.

Pindolol treatment may also affect the sites of
origin of plasma ACE. The ACE ratio of \ (solu-
ble) to the combined activities of F, + F, in lung is
decreased by pindolol in young SHR, suggesting a
possible role in the regulation of the ratio of
soluble to particulate ACE. Pindolol could pro-
duce this effect directly, or indirectly through its
suppressive effects on thyroid function. Particulate
ACE is converted to the soluble fo¡m which is
€xcreted from the endothelial cells into the blood
(Friedland and Silberstein, 1983), a process reg-
ulated by a chymotrypsin-like esteroprotease,
which in turn is induced by triiodothyronine
(Silberstein et al., 1983).

It is of interest that the effects of pindolol occur
only in young hypertensive animals. The suscept-
ibility of young SHR to the effect of the B-adren-
oceptor antagonist on ACE activity may be corre-
lated with the increased peripheral sympathetic
activity observed in these animals (Grobecker et
al., 1975). As an alternative explanation, since
B-adrenoceptors regulate membrane phospholipid
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metabolism and determine the activity of mem-
brane-bound enzymes, our results could be related
to altcrations in membrane phospholipid metabo-
lism in this hypertensive model (Koutouzov et al.,
1983).
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