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Suppressive effects of somatostatin in dog Purkinje
fibres
'Cheng-I Lin, Mei-Tsu Su, Hsiang-Ning Luk & Hsueh-Ling Wu

Department ofPharmacology, National Defence Medical Centre, Taipei, Taiwan

1 The effects of somatostatin (SS, 1 nM-3 ILM) on the electrical and mechanical activities of isolated
Purkinje fibres of the dog were studied.
2 In most Purkinje fibres driven electrically in normal [K]i Tyrode solution, SS decreased the force of
contraction slightly and had very little effect on the fast response action potential. However, in sensitive
fibres SS induced a moderate reduction of action potential duration and contractile force in normal
[K]0 and depressed the slow response action potentials in high [K]0.
3 In spontaneously beating Purkinje fibres, SS decreased the regular rhythms slightly but abolished
bursts of fast rhythms at a concentration as low as 1 nM.

4 When the fibres were depolarized in the presence of 0.2 mm barium or in Na-free solution, SS
suppressed the Ca-dependent slow response action potentials.
5 These findings suggest that SS may suppress abnormal automatic activity of dog Purkinje fibres
through a reduction of transmembrane Ca influx or a modulation of intracellular calcium.

Introduction

The hypothalamic growth hormone release-inhibiting
factor, somatostatin (SS), is also distributed in peri-
pheral tissues such as alimentary tract, pancreas and
cholinergic postaganglionic neurones of the cardiac
vagus (Campbell et al., 1982). SS also acts as a negative
inotropic agent in isolated atria ofguinea-pig (Quirion
et al., 1979; Diez et al., 1985) and toad (Campbell et al.,
1982) but not in atria from rat and rabbit hearts. In a
clinical trial, intravenous SS has been shown to restore
sinus rhythm in 5 out of 6 patients with paroxysmal
supraventricular and junctional tachycardia (Greco et
al., 1984). A recent electrophysiological study in
human isolated atrial fibres revealed that the effects of
SS are highly dependent on the diastolic potential of
atrial fibres and that SS may suppress the spontaneous
low amplitude action potentials and the triggered
activity through a reduction of cellular Ca (Hou et al.,
1987). To the best of our knowledge, however, no
report exists concerning the electrophysiological
action of SS in ventricular tissues. We have therefore
performed experiments to see whether SS could also
induce antiarrhythmic effects in mammalian ven-
tricular tissues and to explore the underlying mechan-
ism for these actions.

'Author for correspondence.

Methods

Mongrel dogs of either sex weighing 5-10kg were
anaesthetized with sodium pentobarbitone
(30mgkg-', i.p.) and the heart was quickly excised.
Strands of Purkinje fibres with a diameter of 1 mm or
less were removed from ventricles and placed in a
tissue bath perfused with oxygenated (97% 02 and
3% C02) Tyrode solution at 370C. The composition
of normal Tyrode solution was as follows (mM):
NaCl 137, KC1 4, NaHCO3 11.9, NaH2PO40.5,
MgCl2 0.5, CaCl2 2.7 and dextrose 5.5. In the high [K]0
solution, [K]owas increased to 27mM and 5.5 x 10-7 M
adrenaline was added. In the Na-free solution, [Na]0
was substituted by tetraethylammonium (see Lin &
Vassalle, 1979). The preparations were driven at
60 min-' with suprathreshold electrical stimuli of 2 ms
duration provided by a Grass S88 stimulator. One end
of the preparation was fixed and the other end was
connected to a Grass FTO3C force-displacement
transducer. Transmembrane potentials were recorded
by means of two glass microelectrodes filled with
3M KCI and connected to a WPI 707 microprobe
system. Both electrical and mechanical events were
displayed simultaneously on a Tektronix 5223 storage
oscilloscope and a Grass polygraph. The tracings were
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recorded occasionally on film with a Tektronix C5C
camera.

Diltiazem was obtained from Tanabe Seiyaku Com-
pany. SS and other chemicals were obtained from
Sigma Chemicals. Values are expressed as means
± s.e. Statistical analysis was performed with
Student's t test and a P value smaller than 0.05 was
regarded as significant.

Results

Somatostatin effects in normal andhigh [K]0

Figure 1 shows the differential effects of somatostatin
on the action potential and contraction of Purkinje
fibres driven electrically at 60 min-' in normal [K]0
Tyrode solution. Recordings in the left panel of Figure
la are an example of a reduction of action potential
duration at 50% repolarization (-20 ms) and a
decrease in the contractile force (-40%) induced by a
4min exposure to 1 nM SS. In most preparations,
however, even high concentrations (0.1-1 gM) of SS
induced only a small reduction of contractile force as
illustrated in a preparation shown in Figure lb. The
maximal change in force ofcontraction induced by SS
(from 1 nM to I gM) in 15 preparations are sum-
marized in Figure Ic. The changes in the upstroke
velocity (V..0) and the amplitude of action potential
were small (Figure 2a) except in one preparation with a
depressed fast response action potential. The V. was
reduced from 88 to 63 Vs-' after 5 min exposure to
1 nM SS as illustrated in Figure 2b. Results of the
electrophysiological effects of 1 nm and I yM SS in 11
normal preparations are summarized in Table 1.

Effects of SS were also studied in Purkinje fibres
depolarized in 27 mM [K]o in the presence of 0.55 tM
adrenaline. In preparations resistant to the effect ofSS
in normal Tyrode solution, the changes in the slow
response and force induced by SS were also small
(Figure Ib). In 8 preparations, I nM and 1 gM SS
decreased the amplitude of slow responses only
slightly by 2.1 ± 0.7mV and 2.3 ± 0.7mV (P< 0.02),
respectively. The force of contraction was reduced
markedly nevertheless by -31 + 11% (P< 0.05) and
by -46 ± 10% (P<0.01), respectively. When Purk-
inje fibres sensitive to the suppressive effects of SS in
normal [K]o were depolarized in high [K]0, SS
decreased significantly the upstroke velocity and the
amplitude of slow response action potential as well as
the force of contraction. Eventually the fibres could
become inexcitable and dropped beats occurred (right
panel in Figure la). The greater depression of slow
responses in high [K]0 indicates a larger reduction of
the transmembrane Ca influx (Sperelakis & Schneider,
1976) during SS exposure in the sensitive preparation.

Effects ofsomatostatin on normal andabnormal
automaticity

In 7 experiments, the Purkinje fibres were not driven
and 6 of them were discharged regularly at a rate of
24 ± 3.7 beats min-' with a mean maximum diastolic
potential of -78.9 ± 2.4mV in normal Tyrode solu-
tion. SS at a low concentration (1 nM) did not change
significantly the rate of spontaneous activity but at
a high concentration (1 jM) reduced the rate to
17.3 ± 4.7 (-6.7 ± 1.4beatsmin-', P<0.01). In one
spontaneously active preparation with a maximal
diastolic potential around -80 mV, the rate of firing
was not regular and bursts of fast rhythms (minimum
cycle length 1.2 s) intermingled with slow rhythms
(maximum cycle length 31 s). Bursts of fast rhythms
occurred every 4-5 min and each burst lasted about
1 min. The fast rhythms were preceded by oscillations
in diastolic potential and by a gradual acceleration of
the rate of firing from slow to fast. SS in a concentra-
tion as low as 1 nM abolished the fast rhythms and
suppressed further the slow rhythms.

In 6 experiments, Purkinje fibres were partially
depolarized in Tyrode solution containing 0.2mM
BaCl2 which is known to reduce membrane K conduc-
tance (DiFrancesco, 1981) and induce abnormal
automaticity in Purkinje fibres (Dangman & Hoff-
man, 1980). As shown in Figure 3a, exposure to Ba
caused a reduction of the diastolic potential and
decreased the upstroke velocity and the amplitude of
action potential. Eventually, spontaneous slow res-
ponses developed at a depolarized level. SS at a low
concentration (1 nM) reduced the rate of discharges
from 55 to 48 beatsmin-'. At a high concentration
(3 atM), the spontaneous activity was abolished com-
pletely (second panel in Figure 4b). This suppressive
effect could be antagonized by increasing [Cal0 from
2.7 to 5.4 mM (third panel) and mimicked by diltiazem
(1 JtM, fourth panel). Similar results were obtained in
another preparation. In the remaining 4 preparations,
however, no significant effects were induced by SS
(1 nM-I juM).

Effects ofsomatostatin on slow responses developed in
Na-free TEA solution

When all sodium in Tyrode solution was substituted
with tetraethylammonium, Purkinje fibres depolar-
ized and developed spontaneous low amplitude
action potentials (Lin & Vassalle, 1979). As shown
in Figure 4, low amplitude action potentials with a
spontaneous firing rate of 19 min-' were induced
after exposure to Na-free solution for 10 min. SS
abolished the spontaneous activity within 2 min. This
effect is reversible after washout of SS. Diltiazem
(0.1 jAM) decreased the spontaneous rate (from 19 to
8 min-') transiently and abolished the spontaneous
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Figure 1 Effect of somatostatin (SS) on electromechanical activity of dog Purkinje fibres. In (a) the bottom traces
show the recordings of contractile force in slow speed in normal [K]0 (4 mm, left panel) and in 27mm [K]b Tyrode
solution plus 0.55 JiM adrenaline (right panel). Upward and downward arrows indicate the start and end of SS (I nM)
exposure. The fast speed recordings of twitch (upper traces) and action potentials (middle traces) before and during SS
exposure (triangle) were superimposed in the left panel. In the right panel, the dot and triangle on top of slow speed
force recording indicate the time at which the fast speed action potential (upper traces) and twitch (middle traces) were
taken before (dot) and during SS exposure (triangle). In (b), another preparation was perfused in the absence and
presence (triangles) of 1 JAM SS in normal (left panel) and high [K]0 (right panel) solution. In (c) the inotropic effect ofSS
in Purkinje fibres obtained from 15 dogs are shown. The ordinate scale gives the mean and s.e. ofchange in contractile
force in %. The abscissa scale shows the logarithmic concentrations of SS. n = 15 in 1 nm and I jAM SS; n = 6 in other
concentrations. *P <0.05, **P <0.01.
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Table 1 Effects of somatostatin (SS) on action potential characteristics of dog Purkinje fibres in normal Tyrode
solution (mean ± s.e).

Control
SS (10-9M)
Difference
SS (10-6M)
Difference
n

Vma
(Vs ')

324.3 ± 44.2
298.0±44.3
-26.3 ± 16.8
308.3 ± 48.3
- 16.0 ± 22.2

6

APA
(mV)

125.2 ± 1.0
122.2 ± 1.3
- 3.0 ± 1.3*
122.6 ± 1.7
- 2.6 ± 0.9*

11

APA50
(Ms)

258.2 ± 10.4
239.2 ± 11.0
- 19.0 ± 5.7**
243.6 ± 10.0
-14.6± 10.6

11

APD90
(Ms)

384.4 ± 8.0
358.5 ± 8.0
-25.9 ± 7.5**
362.4 ± 9.5
-22.0± 11.5

11

V , maximum upstroke velocity of depolarization; APA, action potential amplitude; APD50, APD90, action potential
duration at 50% and 90% repolarization, respectively; n = number of preparations. In comparison with control,
P <*0.05; **0.01 (Student's paired t test).

activity completely at a higher concentration (0.3 gIM).
In 3 experiments, the maximum diastolic potentials
were reduced from -82.3 ± 2.6mV in normal Tyrode
solution to - 40.7 ± 3.5 mV in Na-free solution and
spontaneous low amplitude action potentials
appeared at a rate of 30 ± 6 beats min- '. Exposure to
1 gLM SS abolished spontaneous activity in all 3
preparations in 147 ± 48 s.
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Discussion

The present study shows that there is differential
sensitivity of dog Purkinje fibres to the actions of SS.
In most preparations, SS (1 nM-l tIM) induces very
little change in action potential characteristics. In
sensitive fibres, however, SS at a concentration as low
as 1 nM induces a moderate reduction of action
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Figure 2 Effect of somatostatin (SS) on rate of upstroke (V.) of phase 0 depolarization in Purkinje fibres with
normal (a) and depressed (b) fast response action potentials. In each panel, upper traces show the action potential at
slow speed and the phase 0 depolarization at fast speed whereas the lower trace shows the 'V. at fast speed. The
preparations were driven at 60 min-' in normal Tyrode solution before (Control, left panels) and after exposure to SS
(1 pM in a and 1 nm in b, right panels) for 5 min.
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Figure 3 Effects of somatostatin (SS) on spontaneous slow response action potentials in Purkinje fibres depolarized
with barium chloride (Ba 0.2 mM). In (a), the first and second panels show action potentials (upper traces) and twitches
(lower traces) ofthe Purkinje fibre preparation driven at 60 min-' in the absence (Tyr) and presence of 0.2mm Ba. The
third and fourth panels show the spontaneous activity before and during SS (1 nM) exposure. In (b), bottom traces show
the slow speed chart recordings of action potentials before (first panel), during SS exposure (3 juM, second panel) and
after washout. During the recovery, [Cal. was increased from 2.7 to 5.4mM (third panel) and then finally I jLM diltiazem
was added (fourth panel). Dots and dashed lines above chart recordings indicate the time at which the fast-speed
oscilloscopic traces of action potentials, their first derivatives and twitches shown at the top were recorded.

potential duration and contractile force in normal [K]0
and depresses the slow response action potential in
high [K]0 SS also suppresses calcium-dependent spon-

taneous small amplitude action potentials in Ba-
depolarized fibres or in fibres perfused with Na-free
solution. The results suggest that SS should have no
major undesirable effects on electromechanical
activity of normal Purkinje fibres but might suppress
abnormal automaticity in depolarized fibres through a
reduction of transmembrane Ca influx.

It has been shown that somatostatin prevented
growth hormone release in perifused somatotrophs by
blocking the action of cyclic AMP and by decreasing
Ca influx into the cell (Kraicer & Chow, 1982).
Somatostatin also inhibited insulin and glucagon
secretion in pancreatic islets and this effect was readily
reversed by calcium ionophore A23187 (Fujimoto &
Ensinck, 1976) or high calcium (Taminato etal., 1975).
In guinea-pig atria the negative inotropic effect of SS
was associated with a decrease of the plateau of fast
action potential and the amplitude and rate of rise of

the slow action potential (Diez et al., 1985). SS also
decreased 45Ca uptake in atrial tissues (Diez &
Tamargo, 1987). In human isolated atrial fibres
obtained at cardiac surgery, SS decreased dose-depen-
dently the contractile force (Hou et al., 1987) and
inhibited the noradrenaline-induced positive inotropic
effect (Franco-Cereceda et al., 1986). The inhibition
was atropine-resistant and could be reversed by
increasing [Ca].. All these results suggest that the
suppressive effects ofSS in atrial fibres are related to a
reduction of Ca influx across sarcolemma.
Very little is known about the effect of SS on

ventricular tissues. In toad ventricle, SS in concentra-
tions up to 6 JM had no effect on the force of beat
(Campbell et al., 1982). In patients with high renin
hypertension, however, SS (when administered with
furosemide) decreased the cardiac and stroke index
(Rosenthal et al., 1978). The present study shows that
in isolated dog Purkinje fibres, SS in concentrations up
to 1 ;IM changed the high amplitude action potentials
very little but suppressed dose-dependently the force
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Figure 4 Effects of somatostatin (SS) on spontaneous action potentials in Purkinje fibres perfused in Na-free solution.
In (a) oscilloscope traces ofaction potentials in normal Tyrode solution (Tyr) and in a solution in which all Na had been
replaced by tetraethylammonium (Na-free) are shown. In (b) panels show the chart recordings of slow response action
potentials before (Control), during SS exposure (1 jM, 2 min) and after washout (Wash) ofSS in Na-free solution. Bars
above chart recordings indicate the time at which the faster speed recordings in (a) were taken. In (c) and (d), diltiazem
(0.1 and 0.3 gAM, respectively) was added to the Na-free solution at arrows. In (c) 0.1 LM diltiazem was added to the Na-
free solution at arrow. After washout, 0.3 tiM diltiazem was added again in (d). The break in trace was 3 min.

of contraction. When the fibres were partially
depolarized in high [K]0 solution in the presence of
adrenaline, SS could induce a decrease in the upstroke
velocity and the amplitude of slow response, indi-
cating a reduction of transmembrane Ca influx
(Sperelakis & Schneider, 1976). This conclusion is
further supported by the findings that SS suppressed
the abnormal automaticity in Ba-depolarized fibres
(Figure 3, also see Dangman & Hoffman, 1980) and
the Ca-dependent slow responses in Na-free solution
(Figure 4, see Lin & Vassalle, 1979). The latter findings
also provide evidence that SS still suppressed slow
action potentials in the absence of adrenaline.

However, the present results do not exclude other
mechanisms for the cardiac effects of SS. It has been
shown that SS inhibits the release of growth hormone
from purified somatotrophs by blocking the action of
cyclic AMP as well as by decreasing Ca influx into the
cells (Kraicer & Chow, 1982). Thus SS could act

through its cyclic AMP lowering effect which would
compromise the function of the calcium channel at
sarcolemma and the regulation of intracellular cal-
cium by the sarcoplasmic reticulum. In addition, the
suppression of Am... in depressed fast response action
potential (Figure 2b) and the abolition ofbursts of fast
rhythms in spontaneously active Purkinje fibres with
high level of MDP (-80 mV) also indicate an
inhibitory action on sodium influx. However, the
amplitude and the V.,, of phase 0 depolarization of
most Purkinje fibres with fast response are only barely
affected by SS (Table 1) suggesting a minimal effect on
the fast Na inward current in normal ventricular
conducting tissues.
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