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Electrophysiological effects of imipramine in non-
treated and in imipramine-pretreated rat atrial fibres

J.Manzanares & J. Tamargo

Department of Pharmacology, School of Medicine, Universidad Complutense, Madrid-3, Spain

1 The effect of imipramine (Imip) in concentrations between 10~7M and 5 x 10™5M has been
studied on rat atrial transmembrane potentials. In another group of experiments the effect of Imip
was studied in atrial fibres from rats pretreated for 24 days with twice daily intraperitoneal injections
of Imip 7.5 mg/kg or saline.

2 In non-treated atria Imip depressed action potential amplitude and Vmax, reduced the resting
membrane potential and shifted the membrane responsiveness and recovery time curves downward
and to the right.

3 Imip also prolonged the action potential duration and the effective refractory period, lengthen-
ing the effective refractory period relative to action potential duration.

4 Pretreatment with Imip decreased the resting membrane potential, amplitude and Vmax of the
action potential and prolonged the effective refractory period. Further addition of Imip produced
similar but more marked changes than in non-treated animals.

5 Imip suppressed the spontaneous atrial automaticity as well as the abnormal automaticity
induced by BaCl,, aconitine, ouabain or isoprenaline.

6 The drug produced a negative inotropic effect and depressed the amplitude of the slow

contractions elicited by isoprenaline in K-depolarized atria.

7 It is concluded that even when the effects of Imip are similar to those of quinidine (group I of
antiarrythmics), it also produces a reduction in Ca and K conductances.

Introduction

The electrophysiological effects of imipramine
(Imip) have been studied in rat (Auclair, Guida &
Lechat, 1969) and guinea-pig ventricular muscle
(Garcia de Jalén, Rodriguez & Tamargo, 1978) and
in canine (Rawling & Fozzard, 1979; Weld & Bigger,
1980; Brennan, 1980) and bovine (Rodriguez &
Tamargo, 1980) Purkinje fibres. All these studies
have demonstrated that Imip reduced amplitude,
Vmax and conduction velocity of the action potential
and depressed membrane responsiveness in ventricu-
lar fibres. Moreover, Imip also suppressed the slow
action potentials induced by isoprenaline in ventricu-
lar muscle fibres (Garcia de Jalén et al., 1978).
Despite all these studies, there is little information
concerning the effects of Imip on atrial fibres. Matsuo
(1967) found that at low concentrations (0.1 pg/ml),
Imip did not alter the action potential configuration
or the spontaneous sinus rate of rabbit isolated atria,
whereas at higher concentrations, corresponding to
clinically toxic plasma levels, Imip also reduced
Vmax and conduction velocity with little change in
action potential configuration.

On the other hand, it is well known that some
effects of tricyclic antidepressant drugs appear only
after days or weeks of treatment and, to our know-
ledge, the electrophysiological effects of chronic
treatment with tricyclic antidepressants have not
been previously studied on cardiac fibres.

The present work was, therefore, undertaken to
study the electrophysiological effects of a wide range
of concentrations of Imip in rat isolated atria ob-
tained from control animals and in atria obtained
from rats treated for 24 days with Imip.

Methods

Sprague-Dawley rats (200-250 g) were killed by a
blow on the head and the hearts rapidly removed.
Right and left atria were dissected and placed in a
10 ml organ bath containing Tyrode solution as de-
scribed previously (Tamargo, 1980). Right atria were
allowed to beat spontaneously and left atria were
stimulated regularly at a basal rate of 3 Hz through
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bipolar platinum electrodes by square wave pulses
(1 ms duration, twice threshold strength). The fre-
quency and amplitude of contractions were recorded
isometrically by means of a Grass FT03 force-
displacement transducer on a Grass polygraph. Rest-
ing tension was adjusted to 1.0g and a 30min
equilibration period was allowed before control
measurements were made. The techniques used and
definitions of the sinus node recovery time and slow
contractions are as previously described (Tamargo,
De Miguel & Tejerina, 1982).

Intracellular recordings

Spontaneously beating right atria and driven left atria
were pinned to the bottom of a 10 ml Lucite chamber
and superfused with Tyrode solution gassed with
95% 0,:5% CO; at 32°C. Transmembrane poten-
tials were recorded through glass microelectrodes
filled with 3M KC1 having resistances of 10-30
megohms, displayed via high-impedance, capacity
neutralizing amplifiers (WPI) and photographed on
film (Rodriguez & Tamargo, 1980). Transmembrane
action potential parameters measured included: ac-
tion potential amplitude, maximum rate of depolar-
ization (Vmax) and action potential duration meas-
ured to 50% (APDso) and 90% (APDyg) repolariza-
tion. The relationship between Vmax and the resting
membrane potential, i.e. membrane responsiveness,
was measured by stimulation in different K concent-
rations (2.7 to 13.4 mM; Rodriguez & Tamargo,
1980). The effective refractory period (ERP) and the
recovery time were measured by introducing prema-
ture test-stimuli with an intensity of twice the basic
stimulus and 2 ms duration, at different time intervals
after the preceding basic action potential. The inter-
polation and shift along the voltage axis was carried
out after every eight basic stimuli.

Spontaneous activity was induced in right atria by
adding BaCl, (0.2mM), ouabain (5x 107"m),

aconitine (10~°M) and isoprenaline (10~®M) to the
normal Tyrode solution. Atria were allowed to attain
stable spontaneous rhythms before adding increasing
concentrations of Imip to the perfusate.

Experiments in imipramine pretreated animals

In further studies, rats (200-250g) were injected
with Imip (7.5mg/kg twice daily i.p.) or saline
(1ml/kg) for 24 days. The animals were killed
12-16h after the final injection and both right and
left atria were set up for measurement of rate and
amplitude of contractions and for the recording of
transmembrane action potentials as described above.

Drugs

Imipramine hydrochloride (Ciba-Geigy) was dissol-
ved in distilled deionized water. Further dilutions
were carried out in Tyrode solution to obtain final
concentrations between 10~7M and 5 x 1075 M equi-
valent to 0.032 and 16.0 ng/ml, respectively. Other
drugs used were isoprenaline hydrochloride (Sigma),
BaCl, (Merck), aconitine (Sigma) and ouabain oc-
tahydrate (Sigma).

Throughout the paper, results are expressed as
mean ts.e.mean. Statistical significance was deter-
mined by Student’s ¢ test and differences were consi-
dered significant when P<<0.05.

Results

Electrophysiological effects of imipramine on atrial
fibres

The effects of Imip in concentrations between 107 M
and 5 x 1075 M were studied in 12 atria. The effects of
the drug were usually apparent within 5 min and
stabilized within 30 min. Control values of the meas-

Table1 Electrophysiological effects of imipramine on rat atrial fibres

Drug Resting
concentration potential Amplitude Vmax APDsy APDgyg ERP

(M) (mV) (ms) (VIs) (ms) (ms) (ms)
0o (14 82.3+0.4 105.7%t1.1 88.9+8.9 11.5+1.3 32.1+3.6 273+ 1.3
1077 (14) 82.3+0.5 105.8+1.6 70.1+6.7* 15.2+2.0* 44.5+6.0* 40.8+ 2.8*
10“6(14) 82.0+0.8 103.1+1.9* 61.2+5.6** 16.91+2.7** 50.2+7.4** 54.9% 5.0***
1075 (12) 81.3+1.2** 96.0+1.6*** 40.5t5.3*** 184+2.7** 54.0+7.1** 90.6 £10.5***

2.5%x1075 (12) 75.2+1.8%** 74.6+2.8*** 21.5+2.8%** 27.8+4.2%** 7351+9.6*** 112.8+66.9***

Values are mean * s.e.mean. Number of observations (n) in parentheses. Readings started after 30 min of perfusion
with imipramine. APDsg and APDygg refer to action potential duration measured to 50% and 90 % repolarization,

repectively.
*P<0.05;**P<<0.01; ***P<0.001.
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ured parameters and values obtained after 30 min
exposure to different concentrations of Imip are
shown in Table 1. Records from a typical experiment
are shown in Figure 1. With the lowest concentration,
1077 M, aslight decrease in the Vmaxand a prolonga-
tion of the APD were noted. At 10~5M these changes
were exaggerated and the action potential amplitude
was decreased as well. With 10~5 M, the resting mem-
brane potential was decreased and thus a further
reduction in action potential amplitude and Vmax
was observed. At 2.5 x 10~3 M, the reduction of the
resting membrane potential and Vmax was accom-
panied by different degrees of conduction block be-
tween the stimulating and the recording electrode
sites. In fact, after 30 min in this concentration the
upstroke of the action potential frequently consisted
of two phases: a first phase markedly reduced in rate
and amplitude followed by a low rising secondary
depolarization up to the normal plateau level (Figure
le). At 5x 1075M the resting membrane potential
was decreased to —71.2+1.8mV and all fibres be-
came inexcitable within 15 min. Imip also produced
significant changes in the repolarization time course
of the action potential. In the presence of Imip the
slope of phases 2 and 3 decreased and the duration of

J
s

phase 3 increased which led to a concentration-
dependent prolongation in the APD at both 50% and
90% levels of repolarization.

The effects produced by concentrations of Imip up
to 1075 M were reversible within 60 min of perfusion,
with control Tyrode solution. At higher concentra-
tions the effects of Imip were only partly reversed
during the washout.

Effect of imipramine on membrane responsiveness and
recovery time

The effect of Imip on the relation between Vmax and
membrane potential at the onset of depolarization
(i.e. membrane responsiveness) was studied in 6 left
atria by recording the electrical activity during a
stepwise increase of the external K concentration. As
is shown in Figure 2, Imip, 5 x 107®M and 10~5M,
depressed the upper and flat portions more than the
steep portion of the S-shaped curve and, therefore,
shifted the curve along the voltage axis to more
hyperpolarized potentials. At 1075 M the maximum
value for Vmax at the normal resting potential was
markedly reduced and the membrane potential for
which Vmax is reduced to half of its maximal value,

50 mV
50 V/s

20 ms
50

Figure 1 Effects of increasing concentrations of imipramine (Imip) on transmembrane action potentials from arat
atrial fibre. The upper trace in each panel represents the transmembrane potential and the lower trace the maximum
rate of rise of the upstroke (Vmax). Records were obtained (a) before and (b, ¢, d and e) 30 min after beginning the
perfusion with different concentrations of Imip (10'7 M, 107 °Mm, 105mMand 2.5x 1075 M, respectively).
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Figure 2 Effects of imipramine (Imip) on membrane
responsiveness of an atrial fibre. The maximum rate of
rise (V/s) is plotted on the ordinate scale and the mem-
brane potential at the onset of depolarization (in ms) on
the abscissa scale. (@) Control; Imip (V) 5 x 10 6mand
(A) 1075 M. All perfusion periods, 30 min.

Ey, was shifted from —70.1+0.8 mVto —73.2+1.1.
mV (n = 6).

The effect of Imip on the recovery of Vmax was
studied in 12 atria. Figure 3 shows that Imip
(1077 M-1073 M) shifted the curve downwards and to
the right, slowing the recovery of Vmax. In the
absence of the drug, Vmax recovered with a time
constant of 24 ms and recovery time was increased to
95 ms in the presence Imip of 10~5 M. This prolonga-
tion of the recovery time explains the progressive
increase in the ERP and the decrease observed in the
Vmax of the first premature action potential illus-
trated in Figure 3.

Electrophysiological effects of chronic treatment with
imipramine in atrial fibres

The effects of chronic treatment with Imip
(7.5 mg/kg twice daily i.p. for 24 days) on action
potential characteristics in 22 atria are shown in
Table 2. The data obtained from animals treated with
saline were omitted because they were not signific-
antly different from the values obtained in non-
treated animals (Table 1). As is shown in Table 2 the
control values for APDsg and APDy, in Imip pre-
treated rat atria were not significantly different from
values obtained in non-treated atria (Table 1). How-
ever, in Imip pretreated atria the resting membrane
potential was significantly reduced in comparison
with non-treated atria (—80.7 £ 0.4 mV as compared
to —83.3+0.4mV; P<<0.001) and as a consequ-
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Figure 3 Effects of imipramine (Imip) on the recovery
time curve in rat atrial fibres. The maximum rate of rise
of premature responses expressed as percentage of the
maximum rate of rise in control solution is plotted on the
ordinate scale and the interval between basic driving
stimuli and test stimuli on the abscissa scale. (@) Con-
trol; Imip (A) 1077M, (O) 10 %M and (A) 107°Mm. All
perfusion periods, 30 min.

ence, both the amplitude (99.5+1.3mv) and the
Vmax (66.6+ 1.8 V/s) of the action potential were
also significantly reduced in Imip pretreated atria
(P<0.001).

To establish whether the effects of Imip were
potentiated in pretreated atria, they were superfused
with different concentrations of Imip,
1077M-2.5x 1075 M. Results obtained after 30 min
exposure to the different concentrations of Imip are
shown in Table 2. Imip, as in non-treated atria,
prolonged the APDsy and APDyg, reduced the amp-
litude and the Vmax of the action potential and
depolarized the resting membrane potential, but
changes in phase 0 characteristics were more marked
in treated than in non-treated atria. Thus, in non-
treated atria the resting membrane potential was
reduced at concentrations >10"°M and at
2.5% 1075 M it was depolarized to —74.6+2.8mV,
whereas in Imip pretreated atria the membrane po-
tential was depolarized at 10 M and at 2.5x 1075 M
the depolarization level reached —64.3+1.4mV
(P<0.001).

Effect of imipramine on the effective refractory period

The ERP, defined as the period in which no propa-
gated action potentials can be obtained, was
evaluated in 18 experiments. The control value of
ERP was 27.3+1.3ms. Table 1 shows that Imip
produced a concentration-dependent lengthening of
the ERP and Figure 4 shows the relation between
changes in ERP and APDy at different concentra-
tions of Imip. It is evident that between 10~7M and
1075M Imip the changes in ERP exceeded those in
the APD, so that the points representing these vari-
ables tend to fall below the line of identity. Accord-
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Table 2 Electrophysiological effects of imipramine in atrial fibres from rats treated for 24 days with imipramine

(7.5 mg/kg twice daily i.p.)

Drug Resting
concentration potential Amplitude Vmax APDsy APDgyy ERP
(M) (mV) (mV) (Vis) (ms) (ms) (ms)
0 (22 80.7£0.4 99.5+1.3 66.5+1.8 12.1+1.2 32.0%£2.1 33.1+1.9
1077 (22) 80.6*+0.4 98.9t1.1 64.7+1.8* 14.8+1.3** 38.2+2.6* 43.5+2.7
10~ (20) 79.6£0.5*** 97.3+1.3* 53.9+3.1*** 16.7+1.3** 47.812.5%** 56.6+4.2%**
1073 (20) 75.7X0.6*** 90.1 £ 1.2%** 32.0+2.6*** 22.1+3.0*** 61.0+4.1*** 127.5+15.8***

Values are mean * s.e.mean. Number of observations (n) in parentheses. Readings started after 30 min of perfusion
with imipramine. APDsg and APDygg refer to action potential duration measured to 50% and 90% repolarization

respectively.
*P<<0.05;**P<<0.01; ***P<<0.001.

ingly, the ration ERP/APD significantly increased at
107M, 10®M and 1073 M Imip from 0.86+ 0.04 to
0.94%0.05; 1.16*+0.16 and 1.92+0.31, respec-

tively.
In 12 Imip pretreated atria the control value of the
ERP was significantly longer (33.1%1.9ms;

P<0.001) than in non-treated atria but Imip pro-
duced a similar concentration-dependent prolonga-
tion of the ERP (Table 2).
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Figure 4 Effects of imipramine (Imip) on the relation
between action potential duration (APD) and the effec-
tive refractory period (ERP). Mean change in APD
(A APD) in ms is plotted on the ordinate scale and mean
change in ERP (A ERP) in ms on the abscissa scale.
Each point represents the mean of 10 experiments; bars
represent the s.e.mean. Imip (A) 1077 M, (O) 1075m
and (A) 1075 M.

Effects of imipramine on spontaneous activity

The effects of Imip on spontaneous activity were
studied in atrial fibres which were beating spontane-
ously at stable rates, and also in fibres in which BaCl,,
aconitine, ouabain or isoprenaline had enhanced the
spontaneous activity.

The effects of Imip on atrial rate were studied in 10
spontaneously beating right atria. Control spontane-
ous rates were 194.9%15.7 beats/min. Imip de-
creased in a concentration-dependent manner the
spontaneous activity as shown in Figure S5a. At
10-5M, Imip suppressed automatic firing in 2 atria
and in the other 8, atrial rate was decreased to
80.9 £ 14.6 beats/min (P < 0.001). Spontaneous fir-
ing ceased within 15min of perfusion with
2.5x107°M Imip. Automaticity reappeared within
5 min of washout with control Tyrode solution. In 9
Imip pretreated atria, control automatic rates were
not significantly different from those observed in
non-treated atria  (200.0+14.1  beats/min;
P> 0.05). At 1073 M Imip suppressed the automatic-
ity in 5 out 9 atria and in the other 4 atria the
automatic rate decreased to 30.0% 12.6 beats/min.
Imip, 2.5 x 10~°M caused cessation of spontaneous
firing of atrial fibres 5 min after initiating perfusion.
Imip also prolonged the sinus node recovery time in
spontaneously beating right atria. Control values of
this parameter in non-treated and Imip pretreated
atria were 285.0*16.0ms (n=8) and
278.0+27.0ms (n=28; P>0.05). In non-treated
atria a significant prolongation in the sinus node
recovery time was observed only at 10~5M Imip
(Figure 5b), whereas in pretreated atria a significant
prolongation was observed at concentrations
>1075m.

The effects of Imip on atrial fibres in which au-
tomaticity has been enhanced by BaCl,, aconitine,
ouabain or isoprenaline were studied in 13 right atria.
In 5 atria, spontaneous activity was induced by ad-



172 H. MANZANARES & J. TAMARGO

a b c
10071 2801- 100+
Xk Xk %k
*
_ * %k
I 2004
c % %k %k
g 50+ 50
-
o * %k Kk
*
* Ak *
*kkk
***A 1001
2 — I
T v LB T ' T T v v T T T T 1
c 100’7 10% 10% 104 c 1w’ 10% 10° c 10’ 1% 10°% 10°

Drug concentration (M)

Figure § Effect of imipramine (Imip) on (a) atrial rate, (b) sinus node recovery time and (c) contractile force of rat
isolated atria obtained from (@) non-treated and (A) Imip pretreated rats. Atrial rate, sinus node recovery time and
contractile force were plotted on the ordinate scale as percentage change and the concentration of Imip (M) on the
abscissa scale. Each point represents the mean of at least 7 experiments; vertical bars represent the s.e.mean.

*P<0.05;**P<0.01; ***P<0.001.

ding 0.2 mM BaCl, to the perfusate. Figure 6a shows
that Imip, 1075 M, slowed the spontaneous rate. The
continuous decrease in rate was associated with a
decrease in the amplitude, a prolongation in the APD
and a depolarization of the resting membrane poten-
tial. In these fibres the final regenerative response
was followed by subthreshold oscillations which were
suppressed within 2-3min of perfusion with the
membrane potential arrested at —57mV. Once the
state of low amplitude oscillations has been reached,
at least 5 min was required to restore normal rate
following drug washout.

The effects of Imip on the automaticity induced by
ouabain (5x 10~7M) aconitine (107M) and isop-
renaline (1075M) were studied in another 8 right
atria. As is shown in Figure 6b, Imip 1075 M, slowed
the spontaneous rate and effectively suppressed the
automaticity as well as the low amplitude oscillations
induced by ouabain. Imip, 10~%M, also suppressed
the increment in spontaneous rate induced by
aconitine (Figure 6c) and isoprenaline (not shown).
In all these experiments Imip produced effects simi-
lar to those described for Ba-induced automaticity
and spontaneous rate was suppressed with the resting
potential arrested at a depolarized level.

Effect of imipramine on atrial contractile force
The effect of Imip on contractile force was studied in

14 left atria driven at a basal rate of 3 Hz. Control
values for the amplitude of contractions were similar

in non-treated (310.6+33.2mg, n=7) and in Imip
pretreated atria (286.2+22.9mg; n=7). In non-
treated atria, Imip only at concentrations higher than
10-%M, produced a significant decrease in contractile
force (Figure 5c), whereas in pretreated atria con-
tractile force was significantly decreased at all con-
centrations tested. Furthermore, in non-treated
atria, contractile force was suppressed by 5 x 107M
whereas at 2.5 x 1075 M Imip suppressed contractile
force in Imip pretreated left atria.

In another group of experiments after 30 min of
equilibration the atria were incubated in high potas-
sium (27 mM) Tyrode solution. Adding isoprenaline
(107°M) to the bath restored atrial excitability, i.e.
slow responses, and the preparations were driven at a
constant rate of 0.4 Hz to avoid deterioration. Imip
(10-%M, 10-5M and 2.5 x 1075 M) significantly re-
duced the amplitude of the slow contractions by
17.5+6.0%, 51.5+8.9% and 93.4* 3.1%, respec-
tively. This negative inotropic effect was rapidly re-
versed following the drug washout or by increasing
the external Ca concentration in the bathing media.
These results seems to indicate that Ca antagonizes
the depression of slow atrial contractions induced by
Imip.

Discussion

The effects of Imip in a range of concentrations
between 0.031 and 16.0 pg/ml were studied in rat
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Figure 6 Effects of imipramine (Imip) on spontaneous action potentials in rat atrial fibres. Spontaneous activity
was induced by adding (a) BaCl,, 0.2 mM; (b) ouabain, 5 X 10~7 Mor (c) aconitine, 10~ M. Panels from left to right
were recorded under control conditions and at different times after adding Imip 10~5Mto the perfusion solution. In
all cases, Imip produced a pronounced decrease in the amplitude of the action potential and the spontaneous activity
was suppressed with the membrane potential arrested at a depolarized level.

atrial fibres. In studies of patients treated with
30-350 mg of Imip daily, the average plasma levels
ranged from 34 to 600ng/ml (1.06x10""M to
1.87 x 10~%M; Glassman, Perel, Shostak, Kantor &
Fleiss, 1977; Biggs, 1978; Hollister, 1979); there-
fore, the concentrations used in this study comprised
both therapeutic and toxic plasma levels attained in
depressed patients treated with Imip. However, it is
very difficult to equate the concentrations of Imip in
the present study with the serum concentrations in
man (Asberg, 1974; Glassman & Perel, 1973).
Moreover, in vivo, Imip is rapidly desmethylated to
desipramine, which has been demonstrated to be
more potent than Imip in guinea-pig ventricular mus-
cle fibres (Tamargo, Rodriguez & Garcia de Jalon,
1979).

The results of this paper demonstrate that in rat
isolated atrial fibres Imip: (a) reduced action poten-
tial amplitude, Vmax and membrane responsiveness
and this effect was enhanced in high K,; (b) depolar-
ized the resting membrane potential and decreased

atrial excitability; (c) prolonged the APD and the
ERP, increasing the ratio ERP/DPA; (d) suppressed
spontaneous activity and (e) produced a negative
inotropic effect. All these effects are similar to those
of the so-called class I antiarrhythmics (Vaughan
Williams, 1970). Therefore, the association of Imip
with these drugs would be expected to increase the
likelihood of cardiotoxicity. At low concentrations,
< 107%™, Imip reduced the amplitude and Vmax of
the action potential without altering the resting mem-
brane potential. These results suggest that Imip inhi-
bited the activation of the fast inward Na current in
atrial fibres. Similar results have been previously
described in rabbit atrial fibres (Matsuo, 1967) as
well as in ventricular muscle (Auclair et al., 1969;
Garcia de Jalon et al., 1978; Rodriguez & Tamargo,
1980) and Purkinje fibres (Rawling & Fozzard,
1979; Rodriguez & Tamargo, 1980; Weld & Bigger,
1980). At higher concentrations Imip decreased the
amplitude and Vmax of the action potential and
decreased the resting membrane potential, that exp-
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lains a further reduction in phase 0 characteristics.
Imip also shifted the membrane responsiveness curve
to more negative values and prolonged the recovery
time. Because of reduced responsiveness and a slow-
ing of the removal of inactivation, the membrane has
to repolarize to more negative values before re-
excitation can occur, resulting in a prolongation of
the ERP independent of any change in APD (Vau-
ghan Williams, 1958).

In contrast to the results reported by Matsuo
(1967) in rabbit atria, Imip also decreased the slope
of phases 2 and 3 and prolonged the APD in rat atria.
This prolongation might be caused by an increase in
the slow inward Ca current (I;) or by a decrease in
outward current or both. Imip exerted a negative
inotropic effect and reduced the amplitude of the
slow contractions and this latter effect was reversed
by increasing the Ca concentration in the perfusate.
Thus, Imip seems to reduce the I that could explain a
shortening but not the prolongation of the APD
found in this paper. Therefore, it might be possible
that this prolongation could be due to a decrease in K
conductance. In fact, a reversible reduction in I;; and
in outward current (IK,, IK;) has been reported in
bovine isolated ventricular myocytes (Isenberg &
Tamargo, unpublished). A decrease in I; might exp-
lain the negative inotropic effect of Imip. Decreased
myocardial contractility including occasional de-
velopment of congestive heart failure has been re-
ported in patients receiving therapeutic (Alexander
& Nino, 1968; Jefferson, 1975) or toxic doses of Imip
(Raeder, Burckhardt, Neubauer, Walter & Gastpar,
1978).

Cardiac arrhythmias may be produced by en-
hanced automaticity and/or depressed conduction
velocity (Hoffman & Rosen, 1981). The present
results demonstrate that Imip may suppress arrhyth-
mias which may result from both mechanisms. Oua-
bain, aconitine, BaCl, and isoprenaline increase
atrial automaticity (Hoffman & Cranefield, 1960;
Trautwein, 1963) and may generate triggered activi-
ty (Cranefield, 1975). Imip decreased the sinus rate
and suppressed the atrial arrhythmias induced by
these four agents which suggests that it might sup-
press both arrhythmogenic mechanisms. This inhibit-
ory effect cannot be attributed to an increase in K
conductance since Imip suppressed the Ba-induced
automaticity. A decrease in the steady-state conduc-
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ocity that may result in the development of areas of
unidirectional block and re-entry. These effects may
explain the bradycardia and asystole (Jefferson,
1975; Biggs, Spiker, Petit & Ziegler, 1977) and the
premature atrial complexes observed in patients with
Imip plasma levels over 1000 ng/ml (Biggs et al.,
1977).

Chronic administration of Imip produced signific-
ant changes in the electrophysiological properties of
atrial fibres. The reduction of phase O characteristics
and the prolongation of the ERP suggest that Imip
might alter the Na current kinetics, whereas the
reduction of the resting membrane potential suggest
that Imip might reduce K conductance. However, the
dose used in this study (15 mg/kg daily) is about 10
times an average daily dosage(75 —300 mg daily; Bal-
dessarini, 1980) and plasma concentrations would be
even higher than those found after an accidental
overdosage. Further studies are required in chroni-
cally treated animals to define the effects of Imip.

The clinical significance of these results remains to
be determined. In addition to the direct effects, Imip
also exerted indirect, sympathomimetic and an-
ticholinergic, effects (Stimmel, 1979) and the in-
teraction between these effects have not been ex-
amined in this study. Thus, the tachycardia reported
at therapeutic doses of Imip has been attributed to
these indirect effects that counteract the direct nega-
tive chronotropic effect of Imip (Raisfeld, 1972).
Moreover, the sympathomimetic effects shortened
(Ledda, Mugelli & Mantelli, 1978), wheras the direct
effects prolonged the APD, thus increasing the dis-
parity in APD and in the recovery of atrial excitabili-
ty. Both could result in atrial re-entrant rhythms in
vivo.
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