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Verapamil Impzirs Secretion of Stimulated Atrial Natriuretic Factor

in Humans
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The adaptation of the secretory rate of atrial natriuretic
factor to repeated adequate stimali and the influence of the
calciwem  “tagonist verapamil on the release of atrial natri-
uretic factor were investigated in 16 patients. Tn eight
patients (Group 1) right atrial pressure was abruptly
increased by rapid right ventricular pacing for 4 min
(stimralation T). After 2 15 min interval, the identical
stimulation was repeated (stimulation II). Eight patients
(Gmlp 2 underwenl the same protocel bul received 5 mg
after st 1

I’mng increased right atrial pressure in both groups
identically by 76%. In Group 1, release of atrial natriuretic
factor caused by the second stimulation (median 290 pg/ml
over basal) was significantly (2.5-fold) larger than atrial

natriuzetic factor release induced by the first stimulation
(median 1i6 pg/ml over basal). In the verapamil-treated
patients (Group 2}, the effect of right atrial pressure
increase on release of atrial natriuretic facter was abolished
after stimulation 11. In beth groups, changes in plasma
of cyclic it corre-
sporded to changes in atrial natriuretic 2ctor concentra-
tions.
Thus, the myoerdacrine cells are apparently capable of
a fast upward regulation of their response fo repeated
secretory stimuli. Verapamil appears to block the stimula-
tory effect of a sudden increase in right aisial pressure upon
release of atrial aatriuretic factor.
(J Am Coll Cardiol 1988;11:1199-203)

It has been demonstrated in various human and animal
madels that sudden increases in right atrial pressure induce
the release of atrial natriuretic factor (1-8). Rapid icul

release of atrial natriuretic factor in patients could be sup-
pressed by administration of a calcium antagonist. In a

pacing in patients with sinus rhythm proved to be a reliable
and effective method to provoke short-term increment in
tight atrial pressure as well as in atriat ic factor (9).

recently published study (13) it was demonstrated that
verapami! did not alter basal concentrations of atrial natri-
uretic factor in rats, whereas in iwo patients with essential

Little is known about the ceflular mechanisms involved in
the mediation of the release of atrial natriuretic factor. In
vitro experiments (10-12) suggest that secretion of atrial
natriuretic factor is a calcium-dependent process because
Bay K8644, a voliage-sensitive calcium channel activator,
induced a sustained increase in the secretory rate of atrial
natrmretu: factor. This eﬂ‘ect was abolished by simultaneous
ion of nifedi a petitive calcivm channcl

blocker (10).
These observations prompied us to examine whether the
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hyp ion who had elevated levels of atrial natriuretic
factor, a decline of the secretion rate of atrial natriuretic
factor and blood pressure was observed after 2 weeks of
herapy with mfedrpme (14). A differentiation between a
dirzet infl of lipine on the ion of atrial
natriuretic factor or an indirect effect due to the drop in
systemic arterial blood pressure was not possible. The
present stugy was igned to i igate the infl of the
calcinm il on the of atrial
natriuretic factor induced by a sudden increment in right
atrial pressure.

Methods

Study patients. Sixteen patients (5 female, 11 male, aged
38 to 66 years) with moderate coronary artery disease were
studied during diagnostic right and left heart catheterization
before left ventricular and coronary angiography. All pa-
tients hed normal ventricular and atrial pressures, a left
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ventricular ejection fraction >40% and stable sinus rhythm
al rest. Administration of nitrales, beta-receptor blocking
agents and calcium channel antagonists was terminated =48
h before the examination. None of the patients was receiving
digitalis. All patients had given informed consent.

Protocol. As we have shown in a previous study (9), right
ventricular pacing in patients with sinus rhythm results in
asynchronous contraction of the right ventricle and right
atrium and leads to a sydden increment in right atrial
pressure and subsequently to an increase in concentrations
of plasma atrial natriuretic factor.

The patients were classified into two groups: Group 1 {n
= 8) underwent right ventricular pacing at 150 beats/min for
a penod of 4 mm (,umulauon 1). After a 15 min intzrval, the

was repx d (stimulation II). Patients
of Group 2 (n = 8) were subjected to the same protocol
except that they received verapamil, 5 mg intravenously, at
the beginning of the 15 min interval after stimulation L. In all
patients, right atrial pi and sy ic blood p
were continuously meastured through catheters placed in the
right atrium and the femoral artery, respectively. A hipolar
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Figure 1, Effect of right ventricular stimulation (Stim) I and {1 (both
for 4 mix at 150 beats/min) on mean righi atrial pressure {RAP =
SD) Patients of Group 1 were untrealcrl Group 2 pauems received
Sm, after ion I s =
not mgmﬁcanl SR = sinus rhylhm before both stimulations.

Hg during stimulation I and from 4.9 £ 1.2t0 7.3 = 1.6 mm
Hg during stimulation 11. Verapamil did not alter the incre-
ment in right atrial pressure. Thus, each time pacing was

3 N 3 applled right atrial p ibya amount
fead placed in the apex of the right ventricle and a progi dent of the slimulation peri od lation 1 or I1)
mable external pacemaker were used for stimulation. The .14 ind dent of it admi
electrocardiogram (ECG) was d througl the Y blood p In both groups, esllmates of
study. mean systemic blood p were unch

Plasma radmmmunoassay. Artenal blood samples were o I. Mear: arterial was un-
taken in ice wat Whes  changed by cither pacing or verapamil administration.
before and after stimulati land Handi ly sepa- Bed Dy suher peein P

rated by centrifugation at 2°C and 2,800 rpm and stored at
=70°C until assayed. Plasma concemrauun of atrial natri-
wrelic factor was dbyr after ex-
traction through ODS-silica cartridges according te ti:2 pro-
cedure described for rat and human plasma samples (15).
Plasma levels of cycllc guanosme monophosphate (GMP)
were d by r of ethano!
samples (5).

Statistical analysis. The Wilcoxon matched pairs test was
used for statistical intraindividual evaluation. The Mann-

Atrial natriuretic factor (Fig. 2). In Group 1 and Group 2,
median plasma atrial natriuretic factor levels rose from 79
(range 46 to 299} to 258 (range 96 to 1,045) pg/ml (p < 0.01)
and from 58 (range 21 to 171) to 142 (range 90 to 308) pg/ml
(p < 0.02), respectively, during the first stimulation, that is,
before verapamii treatment in Group 2. For both groups the
amount of atrial natriuretic factor increase due to stimulation
1 showed no statistical difference.

Figure 2. Atrial natrivretic factor (ANF) plasma concentrations
during stimulation I1 (Stim 1I for 4 min at 150 beats/min) for each

Whitney U test was used for interindividual
Probability values <0.05 were considered significant.

Results

Right atrial pressure (Fig. 1). In control patients (Group
1), mean right atrial pressure was 4.5 = 2.3 mm Hg during
sinus rhythm before the first stimulation and increased
significantly to 7. 7 +2.5 mm Hg during the first sllmulauon
at 150 beats, ly after the termi of pac-
ing, right atrial pressure decreased 1o control values. With
the second stimulation also at a rate of 150 beats/min, right
atrial pressure again increased significantly, to 7.9 £ 2.2 mm
Hg. The i in right atrial was the same for
both stimulati In v il-treated patients (Group 2),
right atriat pressure increased from 4.6 + 0.7107.5 £ 1.7 mm

patient in Groups 1 and 2. Patients of Group 1 were untrented
Group 2 had received 5 mg of
lines represent median values. Abhrevnanons asin Flgure 1.
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Figure 3. Increases (A values) in atral natriuretic factor {ANF)
plasma concentration during stimutations I and I{ (Stim § and Stim
11, both for 4 min at 150 beats/min) for each patient in Groups | and
2 Pa(lcnts of Gmnp 1 were untreated; Group 2 received 5 mg

after sti L lines represent

median values.

Stimutation Il d right atrial p identicall
compared with stimulation 1 and provoked dlﬂerem in-
creases in median atrial natriuretic factor levels in the two
groups (Fig. 2). Median atrial natriuretic factor concentra-
tions just before stimulation 1 were 140 pg/m! (Group 1) and
(21 pg/ml (Group 2) (p = us). In the d Group 1.
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seen. Thus, after administration of verapamil, the stimula-
tory action of stimuiation If was impaired in comparison
with the effect of stimulation 11 in the untreated patients
{Graup 1} (p < 0.02}.

Cychc guarmsme monaphosphate. Median plasma cyclac
GMP ations (Fig. 4) ponded to the al
in plasma atrial natriuretic factor concentrations, increasing
during stimutation 1 from 3.1 to 4.9 pmol/mi (Group 1) and
from 2.8 to 4.6 pmol/m! (Group 2). During stimulation 11,
cyclic GMP increased from 5.4 to 8.5 pmol/mt in control
patients and from 4.3 1o 5.4 pmol/ml in verapamil-treated
patients. In both groups, increases in median cyclic GMP
were 1.8 pmol/mi after the first stimulation. In Group }
{control), cyclic GMP increased by 3.1 pmol/ml after the
second stimulation. However, in Group 2 (verapamit), me-
dian cyclic GMP increased by only 1.1 pmo¥ml after stimu-
lation II. There was a linear corrclation between atrial
natriuretic factor and cyclic GMP levels before stimulation 1
in both groups that was highly significant (r = 0.73, p <
0.003).

Discussion
Our results mdn:ate for the first time that the calcium
channel il is effeclive in nearly totally
ing the i p of atrial nateiuretic factor

median atrial natriuretic factor increased significantly (p <
0.01) to 488 pg/ml during stimulation 11, whereas in the
patients who received verapamit (Group 2), the median vaiue
was 157 pg/ml; in this group, stimulation Il caused no
significant increase in atrial natriuretic factor.

The effect of verapamil to impair pressure-stimulated

after an abrupt increase in atrial pressure. This has not been
shown before in animals or humans. Because right atrial
and sy ic blood p were not affected by
verapamll |t appears that calcuumdependem celfular mech—
anisms are i d in the suppression of atrial natri

release of atrial natriuretic factor is illustrated in Figure 3.
During stimulation I the amount of atrial natrivretic factor
release {expressed as delta values) was ble in both

factor ion. V il apparently not only inhibits the
secretion that is induced by a single immediate increase in
right atnal pressum. but also blocks the potentiating effect of

groups (p = ns). However, in Group | (contro!), the median
increase due to stimulation 11 was 2.5 fold higher than that
due to stimulation I (p < 0.02). In the verapamil-treated
patients (Group 2), no significant difference between release
of atrial natriuretic factor due to stimulation I and II was
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] HEEE) GRUP 2
16
) ..
-

ST T Ay

on the release of atrial natriuretic
faclor.
Eﬂmafshglendrepeﬁcdﬂghﬂrﬂpfmeimn-
ments on refease of atrial natriaretic factor. Increments m
right atrial p induce of atrial i
factor (1—8) As previously shown (9), asynch con-

Figure 4. Cyclic guanosine monophosphate (¢<GMP}
. plasma concentrations in both groups during right veu-
tricular stimulations (Stim I, Stim 11, both far 4 min at
150 beats/min). Patients of Group I were untreated;
Group 2 received 5 mg verapamil intravenously imme-
. diately after stimulation 1. Horizental Himes represent
median values. Abbreviations as in Figure 1.
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traction of the ventricies and atria induced by rapid ventri-
cular pacing in pauems with sinus rhythm prevokes a sudden
and reproducibl in atrial p therefore, pac-
ing is appropriate to investigate (he influence of drugs on
secretion of atrial natriuretic factor.

Whereas right atrial pressure increased identically during
both stimulations, the relcase of atrial natriuretic factor
induced by the second stimulation in Group 1 was 2,5-fold
larger than that induced by the first stimulation. These
resuits indicate that the first secretory stimulus, that is, right
atrial pressure increment caused by stimulation I, appears to
have a “priming effect” on the release of atrial natriuretic
factor caused by the identical sccond stimulus (16).

Secretion of atrial natrivretic factor as a calcium-depend-
ent process; influence of the calcium channel blocker verapa-
mil. The myoend cells are ap ly capable of a fast
upward | of their resp to ad secretory
stimuli. This “priming effect™ has not been previously
demonstrated for atrial natriuretic factor but it is known for
other peptide hormones, such as insulin, for example (17).
After administration of verapamil in patients of Group 2, the
second stimulation did not induce a significant release of
atrial natriuretic factor and the “‘priming effect™ seen in
Group | was blunted. Our findings are in agreement with
data from other investigators (10-12) who showed in vitro
enhanced secretious rates of atrial natrivretic factor after
application of calcium agonists (for ¢xample, Bay K8644)
and d d that this sti y action can be blocked
by simulianeous administration of the calcium antagonist
nifedipine. The agreement of our findings with these results
supports the hypothesis that the observed effects were due
not to a possible interference of verapamil with the auto-
nomic nervous system but rather to its direct calcium
blocking action. Furthermore, it has been shown for other
peptide hormones that free intracellutar calcium often ap-
pears to play a key role in triggering their secretion rate
(18-20). Until now, the direct influence of calcium antago-
nists on the secretion of atrial natriuretic factor in humans
has not been clucidated.

In our protocol, the dose of 5 mg of verapamil showed no
effect on right atrial and systemic arterial blood pressure,
which indicates that the suppression of atrial natriuretic
factor is due not to hemodynamic changes but rather to a
direct interference with the cells that secrete atsial natri-
uretic factor,

Concentraiions of tie second messenger, cyclic guanosine
monophosphate. The increases in cyclic GMP, which is
known as the second messenger for atrial natriuretic factor
(21,22), support the observed changes in atrial natrivretic
factor. Between stimulations I and 11, cyclic GMP did not
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previgus study (23). The correlation between baseline levels
of plasma cyclic GMP and atrial natriuretic factor we found
in this study is comparable with recently reported data (24).
Concluslons. Our study supports for the first time in
humans the hypothesis that calcium plays a key role in the
secretion of atrial natriuretic factor. Repeated stimulations
of the secretary system by increase in right atrial pressure
result in an upward regulation of the release of atrial nat:i-
wretic factor. Voltage-sensitive calcium channel blockers
impair stimulated secretion of atrial natriuretic factor.

We thank Barbara Schiltte and Gabriele Heilig for their excellent technical
assistance.
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