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Fe iR

Atrial fibrillation is the most common cardiac arrhythmia seen in
clinical practice and induce cardiac dysfunction and stroke. Although
several antiarrhythmic drugs have been used in treating and preventing
atrial fibrillation, drugs with little adverse effects effectively to
prevent atrial fibrillation. Recent studies have shown that use of
3-hydroxy-3-methyl-glutaryl-coenzyme A (HMG-CoA) reductase inhibitor,
statins reduce the occurrences of atrial fibrillation clinically. However,
knowledge about the electrophysiological effects of statins on
cardiomyocytes and the mechanisms of anti- fibrillation were l1imited and
1t 1s not clear whether different statins may have different cardiac
effects. Pulmonary veins (PVs) were known to be important sources of
ectopic beats with the initiation of paroxysmal atrial fibrillation. Our
previous have found that PVs have cardiomyocytes with distinct
electrophysiological characteristics and arrhythmogenic activities.
Long-term rapid atrial pacing and inflammatory cytokine increased PV
arrhythmogneic activity. In contrast, nitric oxide was found to decrease
PV arrhythmogenic activity with the reduction of atrial fibrillation.
Because statins increases nitric oxide bioavailability and has
anti-infllammation effects, 1t is possible that the statins may inhibit
atrial fibrillation through the decrease of PV arrhythmogenic activity.
Therefore, the purposes of the present study are to investigate the effects

of statins on the arrhythmogenic activity of PV cardiomyocytes.

Methods: Conventional microelectrodes were used to record the action potential



(AP) and contractility in isolated rabbit PV tissue specimens before and after
the administration of simvastatin (0.1, 1 uM). L-NAME (100 uM)was
administrated in the presence of simvastatin (1 ulM).

Results: Simvastatin (1 uM, but not 0.1 uM) decrease the PV firing rates
from 1.7£0.1 to 1.5%0.1 Hz at one hour and achieve steady state firing
rates of 1.440.1 Hz at 2 hour. This effect is reversed after the
administration of L-NAME (100 uM, inhibitor of nitric oxide production).
Moreover, simvastatin (1 uM) mildly prolonged the action potential

duration from 88+7 ms to 937 ms (n=H).

Conclusion

We demonstrated the simvastatin may decrease the PV
arrhythmogenesis through the production of nitric oxide. These results
may underlie the anti-arrhythmic potential of statin and result in the

decrease of atrial fibrillation.

Key Word: Atrial fibrillation, electrophysiology, HMG-CoA, pulmonary

veln,



Introduction

Atrial fibrillation is the most common cardiac arrhythmia seen in clinical
practice and induce cardiac dysfunction and stroke [1-2]. Although several
antiarrhythmic drugs have been used in treating and preventing atrial
fibrillation, drugs with little adverse effects effectively to prevent
atrial fibrillation, especially in the presence of heart failure and
myocardial ischemia were still limited clinically. Recent studies have
shown that use of 3-hydroxy-3-methyl-glutaryl-coenzyme A (HMG-CoA)
reductase inhibitor, statins reduces the occurrences of atrial
fibrillation clinically [3-4] and administration of atorvastatin also
reduce the occurrence of atrial fibrillation and increase of action
potential duration in pericarditis animal model [5]. Moreover, statins
may prevent atrial remodeling, reduce the occurrence of atrial
fibrillation and attenuate the down-regulation of L-type calcium currents
in the long-term atrial pacing animal models. [6] Atrial remodeling due
to atrial tachyarrhythmias can alter atrial electrophysiology and promote
AF, and these alterationsare believed to contribute to both the occurrence
and the persistence of the arrhythmia. [7-10] These findings suggest the
potential antiarrhythmic effects of statins. However, knowledge about
the electrophysiological effects of statins on cardiomyocytes and the
mechanisms of anti- fibrillation were limited. Moreover, it is not clear

whether different statins may have different cardiac effects.



Pulmonary veins (PVs) were known to be important sources of ectopic
beats with the initiation of paroxysmal atrial fibrillation or the foci
of ectopic atrial tachycardia and focal atrial fibrillation [11-13]. Other
studies also suggested that PVs have a role in the maintenance of atrial
fibrillation [14-15]. Previous anatomical and electrophysiological
studies in isolated PV specimen have demonstrated that PVs contain a
mixture of pacemaker cells and working myocardium [16-20]. Our previous
studies have demonstrated the presence of spontaneous activities or high
frequency irregular rhythms in isolated canine PVs, which may underlie
the arrhythmogenic activity of these vessels [20]. After the isolation
of single cardiomyocytes, PVs were found to have cardiomyocytes with
distinct electrophysiological characteristics and arrhythmogenic
activities [21-23]. In addition, long-term rapid atrial pacing could
increase PV arrhythmogneic activity through the induction of triggered
activities, shortening of action potential duration or enhancement of
automaticity and contribute to the occurrence of atrial fibrillation
[20-21] The administration of thyroid hormone also was demonstrated to
increase PV arrhythmogenic activity [22]. All of these findings suggest
the critical role of PVs in the genesis of maintenance of atrial
fibrillation. Our previous studies have demonstrated that TNF-a increases
PV arrhythmogenic activity and was suggested to be underlying the
mechanism of inflammation induced-atrial fibrillation. [24] In addition,
nitric oxide was been demonstrated to reduce PV arrhythmogenic activity
and could be a potential antiarrhythmogenic drugs. [25] Previous studies
have shown that statins may increase nitric oxide bioavailability and also

have anti-infllammation effects [26-29], therefore, it is possible that



the statins may reduce the occurrence of atrial fibrillation through the
decrease of PV arrhythmogenic activity with the production of nitric oxide
and anti-inflammation. Therefore, the purposes of the present study are

to investigate the effects of statins on PV arrhythmogenic activity.

Methods
Rabbit PV Tissue Preparations

The investigation conformed to the institutional Guide for the Care
and Use of Laboratory Animals. Rabbits (1-1.5 Kg) were anesthetized with
an intraperitoneal injection of sodium pentobarbital (40 mg/kg). A
mid-1line thoracotomy was then performed and the heart with the lungs was
removed. For dissection of the PVs, the left atrium was opened by an
incision along mitral valve annulus extending from the coronary sinus
to the septum in Tyrode’ s soluton with a composition (in mM) of 137 NaCl,
4 KC1, 15 NaHCOs, 0.5 NaH:POs, 0.5 MgCl. 2.7 CaCl:, and 11 dextrose. The PVs
were separated from the atriumat the left atrium-PV junction and separated
from the lungs at the ending of the PV myocardial sleeves. One end of the
preparation, consisting of the PVs and atrium-PV junction, was pinned with
needles to the bottom of a tissue bath. The other end was connected to
a Grass FT03C force transducer with a silk thread. The adventitia of the
PVs faced upwards. The tissue was superfused at a constant rate (3 ml/min)
with Tyrode’ s solution which was saturated with a 97% 0:-3% CO: gas mixture.
The temperature was maintained constant at 370C and the preparations were
allowed to equilibrate for 1 hour before the electrophysiological study.
FElectrophysiological and pharmacological studies

The transmembrane action potential (AP) of the PVs was recorded by



means of machine-pulled glass capillary microelectrodes filled with 3M
of KCl and the PV preparation was connected to a WPI model FD223
electrometer under tension with 150 mg. The electrical and mechanical
events were displayed simultaneously on a Gould 4072 oscilloscope and
Gould TAll recorder. The signals were recorded with DC coupling and a
10-KHz low-pass filter cutoff frequency using a data acquisition system.
Signals were recorded digitally with 16-bit accuracy at a rate of 125 KHz.
An electrical stimuli with a 10-ms duration and suprathreshold strength
(30% above the threshold) were provided by a Grass S88 stimulator through
a Grass SIUSB stimulus isolation unit. Different concentrations of
simvastatin (0.1, 1 uM) were sequentially superfused to test the
pharmacological responses. The 90% and 50% AP durations (APDw, APDsi), AP
amplitude (APA), and contractile force were measured during 2 Hz
electrical stimuli before and after the drug administration.
Results

As the tracing shown in Figure 1, in the PVs with spontaneous activity,
simvastatin (0.1 uM) did not change the PV firing rates significantly.
However, the PV firing rates decreased from 1.7+0.1 to 1.5+0.1 Hz (n=3)
after the administration of simvastatin (1 uM) for one hour. The firing
rates were further decreased to 1.4+0.1 Hz after the administration of
simvastatin (1 uM) for 2 hours. Figure 2 shows the tracing after the
administration of simvastatin (1 uM).

In the PV without spontaneous activity, simvastatin (0.1 uM) did not
change the AP duration in PV cardiomyocytes. However, simvastatin at the
concentration of 1 uM prolonged the AP duration from 88%+7 ms to 937 ms

(n=5) after the administration for 3 hours. The simvastatin (0.1, 1 uM)



did not change the resting membrane potential, amplitudes of AP and
contractility or vessel tone. Figure 3 shows the AP morphology before and
after the administration of statin.

In order to evaluate the mechanism of statin on PV electrical activity,
L-NAME was administrated in the PV treated with simvastatin (1 uM) for
3 hours. As the tracing show in Figure 4, the administration of L-NAME
(100 uM) accelerated to the PV firings rates, which suggests that
simvastatin may reduce PV electrical activity through the production of
nitic oxide.

Discussion

Previous studies have shown that statin may have a beneficial effect
on the prevention of atrial fibrillation [3-5]. Gaspo et al. have found
that stain may attenuated the rapid atrial pacing-induced electrical
remodeling, which suggested the anti-arrhythmic potential of statin [6].
However, vitamins C and vitamins E did not have effect on atrial electrical
activity which suggested that the anti-arrhythmic potential of statin did
not arise frome the anti-oxidants effects. In this study, for the first
time, we demonstrated that statin may alter the PV electrical activity.
Not only prolonged the AP duration, stain also decreases the PV firing
rates. All of these findings may reduce PV arrhythmogeneis to result in
the decrease of atrial fibrillation.

Previous studies have shown that nitic oxide may reduce PV
arrhythmogenesis through the decrease of transient inward currents [25].
Statin has been shown to induce the occurrence of nitric oxide [26].
Therefore, it i1s possible that statin may reduce the PV arrhythmogenesis

through the production of nitric oxide. In this study, administration of



L-NAME may reverse the inhibitory effects of statin. which suggests that
statin may reduce PV arrhythmogenesis due to the production of nitric
oxide.

Conclusion

We demonstrated the simvastatin may decrease the PV
arrhythmogenesis through the production of nitric oxide. These results
may underlie the anti-arrhythmic potential of statin and result in the

decrease of atrial fibrillation.
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Figure Legends

Figure. 1. The tracings showing the PV firing rates before and after the
administration of simvastatin (0.1 uM).

Figure 2. The tracings showing the PV firing rates before and after the
administration of simvastatin (1 uM) at different time..

Figure 3. Effects of simvastatin (0.1, 1 uM) on the AP morphology of PV tissue
specimen.

Figure 4. Effect of L-NAME on simvastatin-altered PV electrical activity.
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