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=ABSTRACT=

Permissive action of thyroid hormone at the level of Ca channel and responsible mechanisms underlying thyroid
hormone-induced change in myocardial contractile state and T,-induced arrhythmias were investigated in rabbit
ventricular or atrial myocytes using whole cell patch clamp technique. Single cells were isolated by Langendorff
perfusion with collagenase. Cardiac myocytes were incubated in low-Cl-, high-K* medium containing 1M L-
triiodothyronine (T;) at 4°C for 2-10 hours.

The calcium currrent (Ic,) was increased in T, loaded cells, however, the shape of current-voltage curve and
reverse potential did not altered. Cyclic AMP, cyclic GMP, isoprenaline and 3-isobutyl-1-methyl-xanthine in-
creased I, in euthyroid and hyperthyroid conditions, and acetylcholine blacked the increase of Ic, in T, loaded
cells. The amplitude of I, was much larger after perfusing cGMP than cAMP in both conditions, whereas the
degree of increase of I, was greater after perfusing cAMP than cGMP in T, loaded cells. The degree of in-
crease of I¢, after perfusing isoprenaline or IBMX also was greater in T loaded cells than in control cells.
Background current induced by isoprenaline also increased in T; loaded cells. The Ca-release-dependent inward
current was increased in amplitude but its activation and inactivation time course was not changed in T; loaded
cells. Activation of Na-pump current was not changed in T, loaded cells. From the above results it is suggested
that thyreid hormone-induced increase in the contractile state of cardiac myocytes are accompanied by augmented
Ic, and the increase of Ca release from sarcoplasmic reticulum and the permissive action of thyroid hormone
to catecholamines could induce arrhythmias through the increase of l-, and background current.
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INTRODUCTION

Hyperthyroidism has been known to increase
the rate of tension development (Buccino et al,
1967) and the peak developed tension (Taylor
et al, 1969). As for the mechanism of the in-
creased cardiac contractility in the hyper-
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thyroid, some suggested that there may be
alterations in the regulation of Ca movements
within the cell (Nayler et al, 1971; Suko, 1973;
Limas, 1978; Guarnieri et al, 1980) and also
across the sarcolemmal membrane (Kim et al,
1987) while others proposed that increased car-
diac contractility in the hyperthyroid is due to
alterations in the myosin isoenzymes (Morkin
et al, 1983). Besides, thyroid hormone excess
shortens the cardiac refractory period, reduces
electrical threshold, increases the rate of
diastolic repolarization, and decreases the dura-
tion of the action potential (Dillmann, 1983).



100 Han, Kim, Han, Park, Hong, Leem, So, Ho, Earm and Sung

The enhanced reperfusion arrhythmiain hyper-
thyroid rats were significantly reduced by
verapamil (3 x 10-% M) (Miyazawa et al, 1989)
and the number of premature ventricular ex-
trasystoles per hour was significantly decreas-
ed during diltiazem therapy (Roti et al, 1988).
Thus Ca channel might be closely related to the
increased cardiac contractility and the genera-
tion of arrhythmia.

On the other hand, many symptoms of
thyrotoxicosis such as tachycardia, increased
cardiac output, tremor, sweating and ner-
vousness are suggestive of increased sym-
pathetic activity. However, there is no evidence
that hyperthyroid patients have increased cate-
cholamine secretion (Coulombe et al, 1976;
Coulombe et al, 1977). Instead, the existence
of an enhanced responsiveness to endogenous
catecholamines has been postulated since the
number and the affinity of §-adrenergic recep-
tors are increased in many tissues. Thyroxine
increases myocardial sensitivity to
catecholamines and other biogenic amines
(Coville & Telford, 1970). Through this per-
missive action, thyroxine might be able to in-
crease the cardiac contractility and induce
arrhythmia.

We performed this investigation in order to
see the mechanisms that thyroxine increases the
myocardial sensitivity to catecholamine at the
level of Ca channel and the effects of thyrox-
ine on ionic currents related to cardiac contrac-
tility, i.e., Ca current, Ca-release-dependent
inward current and Na-pump. Part of this work
has been presented in abstract form (Han et al,
1992).

METHODS

Preparations

Single atrial or ventricular cells of the rab-
bit in the euthyroid or in the hyperthyroid were
isolated by a method similar to that described
by Earm et al (1990). Briefly the heart was per-
fused with low Ca?*- Tyrode solution (30-50 uM
Ca*") containing collagenase (20 mg per 50 mi,
Worthington, type 1I) for 10-15 min by using

a Langendorff perfusion system. Atrial and
ventricular tissues were dissected out seperate-
ly and mechanically agitated to disperse the cells
and then stored in low-Cl-, high-K* medium in
the refrigerator.

Solution used to superfuse cells contained (in
mM): NaCl, 140; KCl, 5.4; CaCl,, 1.8; MgCl,,
1; NaH,PO,, 0.33; glucose, 5; HEPES, 35; ad-
justed to pH = 7.4 with NaOH. The internal
solution of the patch electrode to record Ca cur-
rent contained (in mM): Cs-aspartate, 110; Mg-
ATP, 5; di-Tris creatine phosphate, 2.5;
disodium creatine phosphate, 2.5; MgCl,, 1;
HEPES, §5; TEA-Cl (tetracthylammonium
chloride), 20; EGTA (ethyleneglycol-bis-
(B-aminoethyl ether) N, N, N’, N'-tetraacetic
acid), 5; adjusted to pH = 7.4 with CsOH. For
a solution to record an inward tail current Cs-
aspartate was replaced by equimolar K-
aspartate and TEA-Cl by KCI, EGTA was
decreased to 0.1 mM and the pH was adjusted
to 7.4 with KOH. For a solution to record a
background current activated by isoprenaline,
Cs-aspartate was replaced by 100 mM KCl and
20 mM taurine. In rabbit ventricular cells
isoprenaline activated the background current
similar to that in guinea pig ventricular cells in
the presence of internal taurine (see Leem et al
(1992)). We added Ni, Cd, Ba, ouabain and
ditiazem to the external solution to block Ca
current, Na-Ca exchange current, K current and
Na pump etc. The internal solution to record
Na pump current contained (in mM): NaCl, 30;
HEPES, 5; EGTA, 40; MgCl,, 10; TEA-CI, 20;
disodium creatine phosphate, 5; Na,-ATP, 5;
¢GMP, 0.1; GTP 1; adjusted to pH =7.4 with
KOH.

Induction of hyperthyroidism

To induce hyperthyroidism, we used L-
triiodothyronine (T;). Chronic hyperthyroidism
was induced by daily peritoneal injections of L-
tritodothyronine (Sigma), 0.1 mg/Kg/day for
7 days. Free T; levels were determined in the
serum using commercial kit (T; RIA Kkit,
Callestad, USA). Free T; levels were 0.42 +£0.33
pg/ml (n=35) in the euthyroid and 5.82 +2.42
pg/ml (n=4) in the hyperthyroid. The heart
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Fig. 1. Comparison of the change in heart rate in
hyperthyroid and euthyroid hearts. The
heart rate increased day by day in hyper-
thyroid rabbits. The heart rates in the hyper-
thyroid were 177 + 10/min(n=29), 207 + 17/
minfn=9j, 231 +48/min(n=9), 226 +22/
minfn=7), 220+ 23/min(n=6) 242+22/
minn=7) and 246+30/min(n=7) for
1,2,3,4,5,6 and 7 day, respectively. The
heart rates in the euthyroid were at the
ranges from 168/min to 196/min.

rate increased day by day from 177 + 10/min
(n=9) to 246+ 30/min (n="7) (Fig. 1) and body
weight decreased from 1.12+0.15Kg (n=5) to
0.98 +0.09 Kg (n=75) in the hyperthyroid.

In vitro hyperthyroidism was induced by
loading T; into isolated single cells in KB solu-
tion containing 1 uM T; at 4°C for 2-10 hours
(Felzen et al, 1989). The results about Ca cur-
rents obtained from 2 methods were similar, so
we mainly performed experiments in the con-
dition of in vitro hyperthyroidism.

Recordings of ionic currents

The cells were voltage-clamped by using a
whole-cell patch-clamp apparatus (Axopatch 2C
or List, EPC-7) according to the original techni-
que developed by Hamill et al (1981). Glass elec-
trode with resistance of 2-3 MQ were used. The
data were recorded on a pulse code modulator
(PCM) data recorder (NF, BR-6400) for future
analysis. Data were also displayed on a digital

oscilloscope (Hitachi, 6041) and pen recorder
(Gould, Recorder 220) and could then be direct-
ly reproduced onto an X-Y recorder (Graphtec,
MP4100). All values are expressed as
mean + standard deviation (S.D).

RESULTS

The effects of T, on Ca current

Cardiac contractility and the generation of
arrhythmia are closely related to Ca influx
through Ca channel (Reuter,1983; Tsien, 1983),
so we performed experiments on the effects of
T, on Ca current. T, increased Ca current at the
range from —20 mV to + 60 mV (Fig. 2A) but
did not change reversal potential and the bell-
shaped I-V curve (Fig. 2B). T, increased the
peak amplitude at 10 mV from 0.14 +£0.057
nA/50pF (n=10) to 0.22+0.074 nA/50pF
(n=12).

One uM isoprenaline known as $-agonist in-
creased Ca current by 171 +35% (n=>5) in the
euthyroid and by 203+51% (n=5) in the
hyperthyroid (Fig. 3A). The increase of Ca cur-
rent by IBMX (195+48%, n=35) or
isoprenaline and IBMX (206 + 50%, n = 5) were
similar to the increase of Ca current by
isoprenaline in the hyperthyroid. Acetylcholine
binds muscarinic receptor through which it
decreases cardiac contractility, Ca current and
the plateau of action potential (Biegon & Pap-
pano, 1980; Josepson & Sperelakis, 1983;
Carmeliet & Mubagwa, 1986). Acetylcholine
had no effect on Ca current in the euthyroid,
while acetylcholine decreased Ca current in the
hyperthyroid from 0.23+0.054 nA/50pF
(n=12) to 0.13+0.048 nA/50pF (n=6) (Fig
3B).

Isoprenaline increases intracellular cAMP via
GTP-binding proteins. To see whether T, in-
creases Ca current in the presence of cAMP
through the direct phosphorylation of Ca chan-
nel, we studied the effect of cCAMP on the in-
crease of Ca current by T;. When we used
internal solution containing 100 uM cAMP,
peak amplitude of Ca current at 10 mV was
0.30+0.120 nA/50pF (n= 13) in the euthyroid
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Fig. 2. Effect of thyroid hormone on the current-voltage relationship of the calcium current in rabbit ven-
tricular myocyte. The holding potential was —40 mV. In A, the calcium currents for depolarizing voltage-
clamp steps elicited from the holding potential to test potentials ranging from —30 to +50 mV for
200 msec. Traces of control and hyperthyroid myocytes are superimposed for each voltage. In B, the
current-voltage relation (I-V curve} was plotted and showed that thyroid hormone (filled circle) in-
creased the calcium current in the whole range of membrane potential and the peak activation of the
calcium current was activated at + 10 mV and its amplitude was 0.14 + 0.057nA/50pF in control and
0.22+0.074nA/50pF in hyperthyroid myocytes.
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Fig. 4. Effect of internal application of 100 uM cAMP on the activation and the current-voltage relationship
of the calcium current in hyperthyroid myocytes and control. In A, the calcium current traces activated
by cAMP at the membrane potential from —30 mV to +50 mV were shown in the two groups of
myocytes. In B, the current-voltage relationship was plotted and showed that in the presence of cAMP
the calcium current was greater in hyperthyroid myocytes (filled circle) than in control (open circle).
The peak current level was activated at + 10 mV in both cases and their amplitude were 0.43+0.118
nA/50 pF (n=9) and 0.30+0.120 nA/50 pF (n=13) in hyperthyroid cell and conirol, respectively.

Fig. 5. In hyperthyroid state, the activation (in A) and the curreni-voitage relationship (in B) before and after

internal application of cAMP. The calcium currents were increased by 100 uM cAMP (filled circle)
in the whole range of membrane potential.
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(Fig. 4) and was 0.43+0.118 nA/50pF (n=9)
in the presence of T, (Fig. 5A, right column and
5B, filled circle) but cAMP did not change the
reversal potential and the bell-shaped I-V curve
both in the euthyroid and in hyperthyroid.
Acetylcholine increases intracellular cGMP and
decreases Ca current (Hartzell & Fischmeister,
1986). To see the effect of acetylcholine on Ca
current in hyperthyroid, we used internal solu-
tion containing 100 uM ¢cGMP. Ca current in-
creased even in the case of 100 uM cGMP and
peak amplitude at 10 mV was 0.5240.200
nA/50pF (n=15) (Fig. 6). Thus cGMP alone
can increase Ca current contrary to the results
of other investigators (Hartzell & Fischmeister,
1986; Levi et al, 1989; Ono & Trautwein, 1991).
Ca current increased further in the presence of
T: and the peak amplitude at 10 mV was

0.63 +0.055 nA/50pF (n=11) (Fig. 7A, right
column and 7B, filled triangle). Effects of
cAMP and ¢cGMP on the current-voltage rela-
tionship of the calcium current were compared
in the euthyroid and hyperthyroid (Fig. 8). The
degree of increase of the calcium current was
greater in case of cCAMP than ¢GMP in hyper-
thyroid state; T, enhanced the response of the
calcium current to cAMP.

The effect of T, on background current activated
by isoprenaline

Catecholamines activated a background cur-
rent via cCAMP pathways and the background
current might induce arrhythmia especially in
ischemic hearts in which blood and urinary con-
centrations of noradrenaline, adrenaline or their

cQup
© CONTROL
- 13

A /50 0F

Fig. 6. Effect of cGMP on the activation and the current-voltage relationship of the calcium current in hyper-
thyroid state and control. 100 uM cGMP was applied from internal solution of the patch pipette. In
A, the calcium current traces activated by cGMP at the membrane potential from —30 mV to + 50
mV were shown in the two groups of myocytes. In B, the current-voltage relationship in control (open
circle) and hyperthyroid state (filled circle) were plotted on the normalized current scale with mem-
brane capacitance of 50 pF. The peak current level was activated at 10 mV in two groups of cells and
their amplitude were 0.63+ 0.055 nA/50 pF (n=11}and 0.52 +0.200 nA/50 pF (n = 15) in hyperthyroid

cells and control, respectively.
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Fig. 7. In hyperthyroid state, the activation (in A) and the current-voltage relationship (in B) before and after
internal application of cGMP. The calcium currents were increased by 100 uM cGMP (filled circle}
in the whole range of membrane potential.
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Fig. 8. Effects of cAMP and cGMP on the current-voltage relationship of the calcium current. Open circles,
control; filled circles, 100 uM cAMP; filled triangles, 100 uM\ ¢GMP. In A and B, effect of cAMP
and cGMP on the current-voltage relationship of the calcium currents were shown in normal control
and in hyperthyroid state, respectively. cAMP or cGMP alone increased the calcium current in both
control and hyperthyroid myocytes. The amplitude of the calcium current was greater after perfusing

c¢GMP than cAMP. In hyperthyroid state, the degree of increase of the calcium current was greater
in case of cAMP than cGMP.
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Fig. 9. Difference of the effect of isoprenaline on
background current between in euthyroid
and in hyperthyroid state in rabbit ven-
tricular myocyte. Pipette solution contain-
ed mainly KCI. In euthyroid state,
isoprenaline activated background current
and holding current shifted to inward direc-
tion at holding potential of —40 mV and
current amplitude was increased to inward
and outward direction. In hyperthyroid
state, the current amplitude was much larger
than that in euthyroid state. The difference
current (b-a or d-c in euthyroid or hyper-
thyroid state, respectively) was obtained by
subtracting the current traces of before (a
or ¢ in euthyroid and hyperthyroid state)
from after (b or d in euthyroid or hyper-
thyroid state) perfusing 4 uM isoprenaline
and normalized as cell capacity was 50 pF.

metabolic products increase (Egan et al, 1987,
1988; Noble et al, 1989; Noble, 1990). We tested
the possibility that T, might also increase the
myocardial sensitivity to catecholamine in this
background current. The background current
was recorded by using ramp pulse (0.8 V/sec)

T3

©® CONTROL

A )1SOPRENALINE

250pA

5ms

Fig. 10. Effect of isoprenaline cAMP on the inward
tail current in atrial myocyte in hyperthyroid
rabbit. The inward tail current was record-
ed at — 70 mV after depolarizing the mem-
brane to +40 mV for 2 ms. In hyperthyroid
state, the inactivation.time course of the in-
ward current was accelerated by superfusion
of 1 uM isoprenaline though its amplitude
was not so much changed.

from a holding potential of —40 mV. T; in-
creased the inward shift of holding current by
isoprenaline and the amplitude of the back-
ground current further in both the inward and
outward directions (Fig. 9, n=35).

The effects of T; on Ca-release-dependent inward
current

The inward tail current recorded by Earm et
al (1990, 1991) was closely related to in-
tracellular Ca transient, especially released from
SR and the current was inward current of Na-
Ca exchange (Earm & Noble, 1990). To see the
effect of T; on the intracellular Ca concentra-
tion and Na-Ca exchange, we performed ex-
periments on the effects of T on the inward tail
current. While MacKinnon & Morgan (1986)
reported that T; did not change the peak
average cytoplasmic calcium concentration dur-
ing contraction but enhanced the time course
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Fig. 11. Effect of thyroid hormone on the Na pump current in rabbit ventricular myocyte. The Na pump cur-
rent was measured as K-activated current. Following an equilibration period of 10-30 min in the stan-
dard superfusion medium, a K-free solution was applied to the ventricular myocytes. When the membrane
current at a holding potential of —20 mV had reached a constant value, short pulses of K-containing
(5 mM) media were repeatedly delivered to the cell. Since the evoked outward current was almost com-
Dletely inhibited by ouabain, a specific blocker of the Na-K pump, we conclude that the K-induced
outward current is the Na pump current. The characteristics of Na pump current were not significant-
ly different in euthyroid and hyperthyroid atrial myocytes.

of the calcium transient especially decay of the
peak calcium transient, our results showed that
in the hyperthyroid peak amplitude increased
from 200-400 pA to 300-700 pA but there was
no changes in the time to peak and inactivation
time course. Isoprenaline (1 uM) did not change
the peak amplitude but inactivation time course
in the presence of T; became faster (Fig. 10).

The effect of T; on Na-pump current

Na-pump regulates [Na]; which is closely
related to cardiac contractility and triggered ac-
tivity such as afterdepolarization. Recently Har-
rison et al (1992) reported the close relationship
between contraction and Na;. In general T, are
known to enhance the activity of Na-K pump.
T, enhanced enzyme activity of Na-K ATPase
(Ismael-Beigi & Edelman, 1971; Lo et al, 1976;
Ismael-Beigi et al, 1979; McDermott & Klein,
1983), the number of Na pump which binds to
ouabain (Edelman, 1974; Lo et al, 1976; Curf-

man et al, 1977; Lin & Akera, 1978; Kim &
Smith, 1985) and the number of functional Na
pump (Kim & Smith, 1984). As a result T; could
decrease Na;, cardiac contractility and sen-
sitivity to cardiac glycoside, e.g., ouabain., Thus
to see the effect of T; on Na-pump current, we
used a similar method that described by Gadsby
et al (1985). We activated Na-pump current by
changing external K from 0 mM to 5 mM in the
condition of 30 mM Na; (Fig. 11). This current
was also sensitive to ouabain. T; had no effect
on Na-pump current in T;-loaded cells for 2-10
hours (n=15).

DISCUSSION

In the present study we investigated the
mechanisms that thyroxine increased myocar-
dial sensitivity to catecholamine at the level of
Ca channel and the effects of thyroid hormone
on ionic currents related to cardiac contractili-
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ty and arrhythmia. The major findings were:
(1) Thyroid hormone increased calcium current
in the absence or presence of cAMP and the
degree of increase of Ca current by T; in the
presence of CAMP was greater than that in
c¢GMP. (2) The background current activated
by catecholamines was also increased by T;. (3)
The inward tail current, related to intracellular
Ca and Na-Ca exchange, was also increased by
thyroid hormone but Na-pump current was not
changed by thyroid hormone.

Ca channel plays a major role in regulating
cardiac contractility and heart rate (Reuter,
1983; Tsien, 1983). Ca channel itself is also
regulated by phosphorylation via cAMP
cascade. T; increased calcium current (Fig. 2)

and enhanced the response of calcium current.

to isoprenaline (Fig. 3). These results suggest
that T; increases the number of the B-adrenergic
receptor or enhances the function of the calcium
channel. The response of calcium current to T;
in the presence of cAMP suggest that T, can in-
crease Ca current without the increase of the
number of B-adrenergic receptors. The degree
of increase of Ca current by T, was greater in
the presence of cAMP than ¢cGMP (Fig. 8),
although c¢cGMP itself increased Ca current
much more than cAMP, that is, the absolute
value of Ca current at 10 mV was slightly larger
in the presence of cGMP than cAMP. Thus T,
has permissive action on the process through
which cAMP increases Ca current; thyroxine
can enhance Ca channel activities through the
increase of Ca channel densities or sensitivity
to phosphorylation. The results that cAMP in-
cresing agents, i.e., isoprenaline, IBMX, in-
creased Ca current further in the hyperthyroid
and acetylcholine reduced only the increase of
Ca current by Ts(see also Heschler et al, 1986)
also suggest that T; act through cAMP-cascade.
Acetylcholine does not appear to increase in-
tracellular cGMP and decrease calcium current
through ¢cGMP-stimulated phosphodiesterase
(Hartzell & Fischmeister, 1986) but may have
an effect on Ca channel via GTP-binding pro-
teins. Since cGMP increased calcium current in
the euthyroid(Fig. 6A), the mechanism that
c¢GMP increases calcium current is different

from ¢cGMP-inhibited phosphodiesterase (Ono
& Trautwein, 1991). This mechanism was slight-
Iy enhanced by T; and involved in the modula-
tion of calcium channel independently of
T;-sensitive cAMP mechanism.

Acute myocardial infarction releases
catecholamines and the higher the level of
catecholamine the greater the risk of severe ar-
rhythmia(Jewitt et al, 1969). Isoprenaline ac-
tivated a background current more larger in the
presence of T;. These results together with the
effects of T; on Ca currents indicate that ar-
rhythmia induced in the hyperthyroid reflects
the increase of the susceptibility to ar-
rhythmogenic currents and increased respon-
siveness to isoprenaline effect on Ca current.
Results from experiments on inward tail cur-
rents also suggest that arrhythmogenic Na-Ca
exchange current might induce arrhythmia in
the condition of digitalis toxicity (Noble 1986;
Fedida et al, 1987a, b).

In our experiments T increased not only Ca
current but inward tail current related to in-
tracellular Ca. These results show that T; could
increase the cardiac contractility and maximal
amplitude of contraction. While there was no
change in the inactivation time course and the
time to peak of inward tail current in our
results, other investigators(Buccino et al, 1967;
Taylor et al, 1969; Johnson et al, 1973; Sharp
et al, 1985) reported that thyroid hormone
enhanced the relaxation rate of contraction and
shortened the time to peak amplitude of con-
traction. However since thyroid hormone also
increased the activity of ATPase(Hoh et al,
1978; Flink et al, 1979; Morkin et al, 1983), the
effects of thyroid on [Ca]; transients together
with the effect on myosin ATPase might
enhance the relaxation of contraction and
shortened the time to peak amplitude of con-
traction. The result that T; increased the peak
amplitude of inward tail current but did not
change the time course of activation and inac-
tivation suggests that T; enhanced the release
and reuptake function of sarcoplasmic
reticulum (SR). Alternatively it suggests that the
function of SR can handle such an intracellular
Ca transient increase. Since isoprenaline
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enhanced the time course of activation and in-
activation of Ca-release-dependent inward cur-
rent, it is more possible that T; enhanced the
release and reuptake function of SR.
Because T; did not enhance the activity of
Na-K pump, the other possibility to be con-
sidered would be related with the control of
[Ca];. Recently Gao et al,(1992) reported that
B-stimulation can increase pump current(Ip),
but only if [Ca); is above about 150nM in rat
and guinea-pig ventricular myocytes. Therefore
further studies need whether or not T; also
would increase Ip in case of high [Ca];, above
about 150nM. Secondly if T; influence activity
of Na-K pump by enhancing protein synthesis,
loading T, into cells for less than 12 hrs at 4°C
would not be enough for such process to occur.
Felzen et al(1989;, however, performed experi-

ment on in vitro effects of triiodothyronine and .

reported that the presence of cycloheximide
abolished action potential duration(APD)
shortening by T; after superfusion of cyclohex-
imide for 2hr at 36°C. Because the effect of
thyroxine on Ca current was same both in vivo
hyperthyroid and in vitro hyperthyroid in our
result, the possibility that thyroxine enhanced
the activities of Ca channel and Na-pump
through different routes cannot be excluded.

In conclusin, our results demonstrate that T,
increases Ca influx, Ca released from sar-
coplasmic reticulum and isoprenaline-activated
background current, to change cardiac contrac-
tility and induce arrhythmia and could interact
with cAMP-cascade.
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