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Abstract . Effects of nicotine on the sinus rate and the contractile force were inves-
tigated to compare the effects on the right and left atrial muscles of rats. Nicotine (300 pM
and 1 mM) produced negative chronotropic and inotropic effects in the right atrium. The
effects were dose-dependent. The maximum responses were caused about 30 sec after
nicotine administration (1 mM), and the recovery period was almost 30 min. The depres-
sive effects were not modified by 1 xM atropine. In the left atrial muscle, nicotine (300 uM
and 1 mM) caused a negative inotropic effect. The muscle was electrically driven at
different stimulations (1 to 3 Hz). The depression was decreased with an increase in
stimulation frequencies (1 to 3 Hz). The negative inotropic effect reached its maximum in
about 60 sec and persisted for 30 min. The negative responses to nicotine (1 mM) were
stronger by 23% in the right atrium than in the left atrium stimulated at 3 Hz. There was
no difference between the negative inotropic effects by single and cumulative administra-
tions of nicotine in both right and left atrial muscles. These results suggest that the
negative chronotropic and inotropic effects of nicotine may be due to a direct action on the
cell membrane of rat atria, but not mediated through muscarinic and nicotinic acetylcholine
receptors. The difference between the right and left atrial muscles might result from their
characteristics for the sensitivity and/or binding sites of nicotine.

Index Terms

nicotine, chronotropic effect, inotropic effect, single and cumulative administrations, right
and left atria, rat heart
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Fig. 1. Negative chronotropic and inotropic effects of nicotine in rat right atrial muscle.

A : Contractile force and sinus rate recordings in 300 M nicotine. B At 1 mM. C:
Addition of nicotine (1 mM) in the pretreatment with atropine (1 xm).

Table 1. Effects of nicotine on the sinus rate and the contractile force in rat right and left atrial muscles

n Right atrial muscle Left atrial muscle
1 Hz 2 Hz 3 Hz
Sinus rate Contractile force Contractile force Contractile force Contractile force

Control 7 229.6+14.6 bpm 1.1+0.1¢g 0.5+0.2 g 0.6£0.2 g 0.7£0.2 g
Nicotine
30 uM 7 —1.9£1.8 2.1£0.6 —1.6+1.3 1.2£0.9 3.411.1
100 M 7 —8.4%1.5 —6.9£3.3 —0.84+2.3%** —9.1£2.0%** ~7.0£1.8**
300 M 6 —18.94+2.8* —18.044.0%* —15.7+2.6%** —18.344.2%** —11.7+2.0%**
1 mM 7 —48.14£6.2%** —b4.3+£4.3***a  —42.5+1.8*** —38.6£5.8%** —31.3+5.0%**

Values (%) represent mean = SEM.

bpm : beats/min. n: number of rats.

* 1 P<0.05, ** : P<0.01, *** . P<0.001, with respect to control value.

a . P<0.01, as compared between the effects at 3 Hz in right and left atrial muscles.
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Fig. 2. Time-dependent changes after nicotine administrations in rat right atrial

muscle.

A © Negative chronotropic effects at different concentrations (30 uM to 1
mM). B . Negative inotropic effects at different concentrations. Symbols
used are 30 M (filled circles), 100 M (squares), 300 xm (triangles), and 1
mM (open circles). Values represent mean = SEM. *: P<0.05, **:P<
0.01, ***P<0.001, with respect to control value.
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Table 2. Effects of nicotine on the sinus rate and the contractile force in
rat right atrial muscle in the absence and presence of atropine
n Right atrial muscle
Sinus rate - Contractile force
Control 7 229.6+14.6 bpm 1.10£0.1g
Nicotine (1 mM) alone 7 —38.6+1.5% —52.4+4.5%
Nicotine (I mM) +Atropine (1 M) 6 —31.9+2.3% —52.6+2.7%

Values represent mean = SEM.
bpm : beats/min. n : number of rats.
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Fig. 3. Negative inotropic effects of nicotine in rat left atrial muscle. The preparation was
driven at 3 Hz stimulation. A : Small depression of the contractile force induced by
300 M nicotine. B : Inhibition induced by 1 mM nicotine application.
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Time-dependent changes after nicotine administrations in rat left
atrial muscle. A : Negative inotropic effects at 1Hz at different
concentrations. B : Negative inotropic effects at 2 Hz. C: Negative
inotropic effects at 3 Hz. Symbols used are 300 xm (filled circles), and
1 mM (squares). Values represent mean = SEM. * : P<(.05, **: P<
0.01, *** : P<0.001, with respect to control value.
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Table 3. Effects of nicotine on the contractile force in rat left atrial
muscle in the absence and presence of hexamethonium

n Left atrial muscle
Contractile force

Control
Nicotine (1 mM) alone

Nicotine (1 mM) + Hexamethonium (1 mM) 4

7 0.50%0.2¢g
7 —39.0+4.7%
—52.5£6.0 %

Values represent mean = SEM.

The left atrial muscle was constantly stimulated at 1 Hz.

n . number of rats.
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Fig. 5. Comparison between the negative inotropic effects of nicotine in rat right and
left atrial muscles. Symbols used are right (filled circles) and left atria1
(squares) muscles. Values represent mean = SEM. # . P<0.01, as compared

between right and left atrial muscles.
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Fig. 8. Comparison between single and cumulative administrations of nicotine in
left atrial muscle of rat. A . Negative inotropic effects of nicotine by the
different administrations. The preparations were stimulated at 1 Hz. B :
Negative inotropic effects at 2 Hz. C . Negative inotropic effects at 3Hz.
Symbols used are single administration (filled circles) and cumulative
administration (squares). Values reresent mean = SEM. *:P<(.05, as
compared between right and left atrial muscles.
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