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Abstract

Background : Cardiac hypertrophy is often associated with atrial arrhythmias, but there are lim-
ited experimental reports on small animal models of hypertrophied atria. Transverse aortic con-
striction (TAC) is an established model for ventricular hypertrophy and causes atrial hypertrophy
and arrhythmias.

Purpose : We aim to investigate the atrial remodeling caused by an experimental model of ele-
vated afterload in rats.

Methods and results : Eight weeks after creating TAC, hemodynamic, histological, and electro-
physiological analyses were carried out in 8 week old rats. Sham operated rats were included as
controls. The whole-cell patch-clamp technique was used to record action potentials (APs) and
L-type Ca®" current in isolated atrial myocytes. TAC resulted in hypertrophy in atrial and ven-
tricular cardiomyocytes, accompanied by shortening of the atrial effective refractory period and an
increase in atrial fibrillation (AF) inducibility by rapid atrial pacing. Atrial hypertrophy was asso-
ciated with a shortening of AP duration and a decrease in L-type Ca®* channel current density.
Cavl.2 subunit mRNA expression was significantly reduced (» <0.05), which was paralleled by a
significant increase in ANF and BNP expression in the TAC group compared with that in the sham
group (p<0.05).

Conclusions : TAC causes left atrial hypertrophy, associated with alteration of electrophysiologi-

cal and molecular properties of L-type Ca®* channels.
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. often coexists with several cardiovascular disorders in
Introduction . . . . .
many patients, such as ischemic heart disease, cardiomy-
Atrial fibrillation (AF) is the most common sustained opathy, valvular disease, and hypertension?. The preva-
cardiac arrhythmia, and contributes to hospitalization, lence of AF in patients with left ventricular hypertrophy

morbidity, and mortality in the general population”. AF  and failure is estimated to be 15-30%, which is approxi-

Correspondce : Fumio Yamamoto, M.D. mately 10-fold higher than that in the general popula-

Department of Cardiovascular Surgery, Akita University tion”.  Although cardiac hypertrophy may be compensa-
Graduate School of Medicine, 1-1-1, Hondo, Akita 010- tory enlargement of the heart aimed at reducing stress
8543, Japan induced by pressure-volume overload”, hemodynamically
Tel : 81-18-884-6135 ) ] )

Fax : 81-18-836-2625 overloaded ventricles and/or atria are subject to cellular
E-mail : f-yama@cvs.med.akita-u.ac.jp structural and electrical remodeling®, which leads to the



Akita University

(30) L-type Ca?" current in experimental cardiac hypertrophy

occurrence of arrhythmias, including AF®.

A possible change in L-type Ca®* channel current (Ic,.)
is considered an important factor in electrical remodeling
of cardiac myocytes in AF or in dilated atria, contributing
to the shortening of the action potential (AP), the refrac-
tory period, or the formation of reentrant circuits”. In
contrast to tachycardia-induced ionic remodeling, howev-
er, several clinical and experimental studies have indicat-
ed a decrease, no change, or even an increase in I, den-
sity in chronic heart failure, depending on the experimental

)

conditions®. To better understand AF pathophysiology

in conjunction with hypertrophied atria, multiple animal
models have been developed. In particular, recent stud-
ies have reported small animal models of AF and/or he-
modynamically overloaded atria. These models include
rapid transesophageal atrial pacing in mice or rats*'”, ab-

t'Y, chronic treatment

13)

dominal aortocaval shunts in the ra

of rats with angiotensin II'?, Zucker obese rats
14)

, MONo-
crotaline-treated rats

rats™.

, and spontaneously hypertensive
These are commonly accepted as useful models,
because most animal models increase the inducibility of
AF in response to rapid atrial pacing. However, electro-
physiological properties of isolated atrial myocytes have
not yet been fully analyzed. In the present study, chron-
ic ventricular and atrial hypertrophy was induced by
transverse aortic constriction (TAC) in rats, and hyper-
trophy-induced changes in I, of left atrial (LA) myo-
cytes and their potential contribution to arrhythmogene-
sis were investigated.

Methods

Experimental Animals

The protocols used in this study were approved by The
Animal Ethics Committee of Akita University School of
Medicine. Pressure overload was induced in isoflurane-
anesthetized Wistar rats (aged 8 weeks) through TAC.
After anesthesia was induced and maintained by sponta-
neous inhalation with 2-5% isoflurane, the transverse
aorta was accessed through the second left intercostal
space. A titanium clip was placed around the aortic arch
between the brachiocephalic and left common carotid ar-
teries, creating TAC. In sham operations, the procedure

was identical, except constriction of the aortic arch was
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not performed. The rats were then allowed to recover
and returned to their cages. All animals were main-
tained on a 12 : 12-h light-dark cycle for 8 weeks, while
allowed free access to food and water, and they were then

used for the experiments described below.

Echocardiographic Recording, Measurement of
Hemodynamic Parameters, and Electrophysiolog-
ical Studies (EPSs)

The TAC- and sham-operated rats were anesthetized
Under

spontaneous respiration, 2-dimensional transthoracic

by spontaneous inhalation with 2-5% isoflurane.

echocardiography with a 12-MHz probe was performed.
Parasternal short-axis views were recorded at the level
of the papillary muscles. The left ventricular end-dia-
stolic dimension and end-systolic dimension were re-
corded. Ejection fraction was calculated by the Teich-
holz method. The blood pressure of bilateral carotid ar-
teries was also recorded using a pressure transducer
connected to a monitor (DynaScope 5100E ; Fukuda
Denshi, Tokyo, Japan). A right cervical vein cutdown
was then performed and a 2-Fr quadripolar electrode
catheter with a 2-mm electrode distance (Ensemble ;
Japan Lifeline, Tokyo, Japan) was inserted into the coro-
nary sinus to perform the EPS. The tip of the catheter
was placed at the site where the amplitude of the atrial
wave was higher than that of the ventricular wave. A
surface electrocardiogram (lead II) was also recorded.
To measure the atrial muscle effective refractory period
(AERP), a programmable stimulator (SEN-7203 ; Nihon
Kohden, Tokyo, Japan) was used to deliver approximately
twice the threshold current with a 2-ms duration. The
AERP was measured at basic cycle lengths of 150 ms,
120 ms, and 100 ms.

lowed by a single extra-stimuli with various inter-

A train of 8 basic stimuli was fol-

vals. The interval was decreased in steps of 5 ms, and
AERP was defined as the longest interval that failed to
capture the atrial wave. To induce AE atrial burst pac-
ing was delivered through 2 poles on the electrode cathe-
ter by a programmable stimulator at an amplitude of 6
volts, a cycle length of 20 ms, a pulse duration of 6 ms,
and a stimulation time of 30 s. AF inducibility was de-
termined by calculating the number of AF episodes divid-

ed by the number of total procedures. The AF duration
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was defined as the interval between initiation and sponta-
neous termination of AE

Histological Study

Tissue samples from the left atrium (LA) and left ven-
tricle were fixed with 4% paraformaldehyde, embedded
in paraffin, and sliced into 5-pum-thick sections. Sec-
tions were stained with hematoxylin/eosin and Masson’s
trichrome. To quantitatively evaluate cell size, the
cross-sectional area of LA myocytes was measured from
a tissue section of the hearts in the TAC and sham groups
using confocal microscopy. In each field, the cross-sec-
tional area of all transversally cut myocytes showing a
nucleus was measured (LSM Image Browser, Zeiss, Ger-
many). At least 50 myocytes in each region were mea-

sured.

Cell isolation

Single LA myocytes were isolated from rat hearts us-

ing protocols as described previously'®.

Briefly, hearts
were rapidly excised and perfused at 37°C via the coro-
nary arteries with oxygenated normal Tyrode’s solution,
followed by a 5-min perfusion with a Ca®**-free Tyrode’s
solution. Hearts were then perfused with Ca**-free Ty-
rode’s solution containing 0.05% collagenase (Wako Pure
Chemicals, Osaka, Japan) and 0.005% elastase (Wako
The LA was
gently minced in the high-K* solution (KB solution) and

The cell

Pure Chemicals) for approximately 30 min.

the pieces were agitated to dissociate the cells.
suspension was stored at 4°C for later use.

Solutions

The composition of normal Tyrode’s solution was
(mmol/L) : NaCl 136, KCI 5.4, MgCl, 0.5, CaCl, 1.8,
NaH,PO, 0.33, HEPES 5.0, and glucose 5.5 (pH 7.4 with
NaOH). The composition of KB solution was (mmol/L) :
KOH 70, KC1 30, L-glutamic acid 70, taurine 20, KH,PO,
10, MgCl, 1.0, glucose 1.0, EGTA 0.3, and HEPES 10 (pH
7.4 with KOH). The pipette solution was composed of
(mmol/L) : KOH 130, aspartic acid 80, Mg-ATP 5, KCl
20, HEPES 5.0, EGTA 5, and Na,GTP 0.1 (pH 7.2 with
aspartic acid). Cs-Tyrode’s solution, which was pre-
pared by replacing the KCl in normal Tyrode’s solution
with equimolar CsCl, was used for measuring whole-cell

Ic... The Na*/K*-free pipette solution contained (mmol/
L) : CsOH 130, aspartic acid 80, TEA-CI1 20, Mg-ATP 5,
HEPES 5, EGTA 10, and GTP-Tris, (pH 7.4 with aspartic
acid).

Patch Clamp Experiments

The whole-cell voltage clamp method was used to re-
cord membrane currents. Patch pipettes were pulled
with a microelectrode puller (model P-97 ; Sutter Instru-
ment, Novato, CA, USA) and had a resistance of 2-5 MQ
when filled with internal solution. Membrane currents
were recorded in the voltage-clamp mode using a patch-
clamp amplifier (Axopatch B ; Axon Instruments, Burlin-
game, CA, USA). The AP was elicited with a 0.5-ms
depolarizing pulse at 0.5 Hz using a current-clamp mode.
Experimental protocols, data acquisition, and storage
were accomplished with CLAMPEX (Axon Instruments,

Burlingame, CA, USA) and a personal computer.

Reverse Transcriptase Polymerase Chain Reac-
tion (RT-PCR)

Total RNA was isolated from the LA and reverse tran-
scription was performed using standard methods. For
RT-PCR, 2.0 pl of template was used. Rat voltage-gat-
ed Ca*" channel Cavl.2 subunit, atrial natriuretic factor
(ANF), and brain natriuretic peptide (BNP) were then
amplified using the following specific primers (5” to
37): Cavl.2 forward, ATGACAGACGCTATGGGC
TATGAG ; Cavl.2 reverse, GCATGC TCATGTTTC
GGGGTTTGTC ; ANF forward, ACCTGCTAGACC
ACCTGGAGGAG ; ANF reverse, CCTTGGCTGTTA
TCTTCGGTACCG ; BNP forward, CAGAACAA TCC
ACGATGCAG ; and BNP reverse, CGGTCTATCTTCT-
GCCCAAA. Primers for B-actin were as follows : B-
actin forward, GCTACAGCTTCACCACCACA ; and
B-actin reverse, AGGAAGGAAGGCTGGAAGAG.
Comparative RT-PCR was performed under the same
conditions with 25 cycles.

Statistical Analysis

All statistical data are presented as means=*standard
error. The non-paired t-test was used to compare phys-
iological variations between the 2 groups. A difference

of p<0.05 was considered statistically significant.
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Results

Echocardiographic and Hemodynamic Measure-

ments

TAC resulted in cardiac hypertrophy and heart failure
at 8-10 weeks after surgery, as determined by echocar-
diographic recording and hemodynamic measurements.
Echocardiographic study showed hypertrophy of the left
ventricle with a significant increase in inter-ventricular
septum wall thickness (1.78+0.05 mm, #=14 in the TAC
group vs. 1.55+0.06 mm, n=17 in shams, »<0.05) and a
significant decrease in EF (72.8+4.2%, n=14 in the TAC
group vs. 89.5+3.3%, n=17 in shams, p<0.05) (Fig. 1A-
C). Hemodynamics studies showed that systolic blood
pressure between the bilateral carotid arteries was mark-
edly different in the TAC group (Fig. 1D). TAC caused a
pressure gradient of approximately 40 mmHg (41+5
mmHg, n=14) between the left and right carotid arteries.

L-type Ca?" current in experimental cardiac hypertrophy

Aortic Constriction Creates Cardiac Hypertrophy

The hearts were isolated at the 8th week post-opera-
tion. Fig. 2A shows representative heart views and a
cross-section of hematoxylin/eosin staining at the level
of the papillary muscle from TAC and sham-operated
We observed that the heart weight to body weight
ratio was significantly larger in TAC rats than in shams
(Fig. 2B) (»p<0.05).
was observed in the left ventricle and LA. Masson-tri-

rats.
Pressure-overloaded hypertrophy
chrome staining showed fibrotic change and an increase

in cell size in the LA of TAC rats (Fig. 3A).
sectional area of LA myocytes, measured from confocal

The cross-

microscopy imaging of tissue sections (Fig. 3A), was sig-
nificantly larger in the TAC group than that of shams
(143.4+5.36 pm?, #=100 vs. 82.3+2.83 um? n=100,
$<0.05) (Fig. 3B). We also measured the cell mem-
brane capacitance (C,) in EPS (Fig. 3C). The C, of LA
cells was significantly larger in the TAC group (100.3=
6.9 pF, #=34) than in the sham group (90.2+5.8 pF,
n=30, p<0.05).

TAC

IVS(mm) EF(%) sysBP (mmHg)
2 100 * L R L,R
18 | "‘ﬁ 200 M
1.4 80 100
12 70 50
6ol 0 )N
Sham TAC Sham TAC Sham TAC

Fig. 1. In vivo echocardiographic assessment.

A, Representative M-mode imaging of the left ventricular wall at

a level beneath the mitral valve recorded from a TAC rat (left) and sham control rat (right) 8 weeks after sur-
gery. B, Inter-ventricular septum wall thickness (IVS) was significantly increased in the TAC group compared
with the sham group. C, The ejection fraction (EF) was significantly decreased in the TAC group compared with
the control group. D, Systolic blood pressure of the right carotid artery was significantly higher than that of the

left carotid artery in the TAC group. The statistical data are presented as the means + SE.
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#5<0.05.
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Fig. 2. Cardiac hypertrophy in response to pressure overload. A, Images of the whole heart and a hematoxylin/
eosin stained cross-section of the left ventricle at 8 weeks after TAC or sham surgery. B, The heart weight to

body weight ratio was significantly increased in the TAC group compared with the sham group.
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Fig. 3. Left atrial cell hypertrophy in TAC. A, Masson’s trichrome staining and confocal microscopy imaging of
left atrial tissue from TAC and sham rats. B, Cross-sectional area (um?) of left atrial cells from the TAC and sham

groups as shown by confocal microscopy. C, Cell membrane capacitance (Cm) in left atrial myocytes.
*$<0.05, **p<0.01.

tistical data are presented as the means + SE.

EPS Findings and AF Induction

EPS studies showed that the AERP, measured by pro-
grammed atrial stimulation, was significantly shorter in
the TAC group than that in shams at cycle lengths of 150,
120, and 100 ms (p<0.05, Fig. 4A). Fig. 4B shows a
representative ECG record for AF induction. Atrial

The sta-

burst pacing was performed through the transvenous
electrode catheter placed in the coronary sinus. Thirty-
second burst pacing induced AF reproducibly in all rats of
both groups and terminated spontaneously (Fig. 4B).
However, AF inducibility was significantly higher in the
TAC group compared with the sham group (p<0.05).
AF was induced 19 times in 20 procedures (95%) in TAC
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Fig. 4. Electrophysiological studies and AF induction in TAC. A, AERP measured during atrial-programmed
stimulation was significantly shorter in the TAC group than in sham rats at cycle lengths of 150, 120, and 100
ms. (¥<0.05) B, Typical surface electrocardiogram (ECG) recordings during induced atrial fibrillation (AF). AF
was reproducibly induced by 30-second atrial burst pacing from a transvenous electrode catheter via the cervical

vein and spontaneously terminated to sinus rhythm.

rats and 15 times in 22 procedures (68.2%) in sham
rats. The mean AF duration was significantly prolonged
in TAC rats compared with that in shams (101.5+31.7 s,
n=19 vs. 24.8+8.1 s, n=15, p<0.01).

plications, such as death or respiratory paralysis, were

No severe com-

observed with this stimulation protocol in any rats.

APs of Atrial Myocytes

The APs were compared between atrial myocytes of
TAC and sham-operated rats (Fig. 5A). APs in LA cells
displayed a different configuration between TAC and
sham rats. Repolarization of LA myocytes isolated from
sham-operated rats was characterized by a rapid phase 1
repolarization followed by gradual repolarization, whereas
repolarization of LA myocytes from TAC rats was more
linear in form, with a less pronounced phase 1 (Fig.
5A). As a result, the AP duration (APD) of TAC myo-
cytes was markedly shorter than that of sham myocytes
(67.3+10.2 ms vs. 89.5+9.3 ms for APDy, ; 18.5+3.9 ms
vs. 30.1+5.4 ms for APDs, respectively, <0.05), while
the APD,, was not significantly different between the 2
groups (7.9%£2.3 ms vs. 5.6+3.5 ms, Fig. 5C). No sig-

#39% 2 &

nificant difference in the resting membrane potential was
detected between TAC and sham rats. Interestingly,
spontaneous automaticity was recorded in 10 LA myo-
cytes of TAC rats, but not in sham-operated rats (Fig.

5B).

Electrophysiological Characteristics

Fig. 6A illustrates representative whole-cell current
recordings of LA myocytes in normal Tyrode’s solution
obtained with 300-ms command pulses to potentials be-
tween —100 and +60 mV from a holding potential of —50
mV in both the TAC and sham groups.
lution was a K*-rich internal solution and the external

The pipette so-
solution was normal Tyrode’s solution. The current-
voltage (I-V) relationship showed that the currents at the
end of the 300 ms pulses were markedly decreased in the
TAC group compared with those in the sham group (Fig-
ure 6B) (p<0.05). The current densities at the test po-
tential of +60 mV were 7.38+0.33 pA/pF (#=7) in the
TAC group and 14.06 +1.36 pA/pF (#=6) in the sham
group.

The L-type Ca®* channel current was recorded with
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1000ms
Fig. 5. Action potential and spontaneous automaticity of left atrial myocytes in rats.
potentials of left atrial myocytes of the TAC and sham groups.
C, Action potential duration (APD) values measured at 20%, 50%, and 90% repolariza-

recorded in the TAC rat.
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A, Representative action
B, Spontaneous automaticity of left atrial myocyte

tion in left atrial myocytes stimulated at 0.5 Hz are shown in the TAC (#=10) and sham (#=9) groups (*<0.05).

patch-clamp technique. Myocytes were internally dia-
lyzed with Cs*-containing solution and perfused with
Cs*-Tyrode’s solution. Fig. 6C shows representative
families of current traces recorded by depolarization for
300 ms from a holding potential of —40 mV to various po-
tentials between —70 and +60 mV in 10-mV incre-
ments. The I¢,. density was evaluated as a nisoldipine-
Fig. 6D shows the I-V

relation for 15 cells in the TAC group and 12 cells in the

sensitive (0.3 uM) current.

sham group. The Ic,. density was significantly smaller
in the TAC group than that in the sham group (i.e., Ic..
density at +10 mV was —7.60+0.33 pA/pF in the TAC
group and —9.15+0.30 pA/pF in the sham group,
$<0.05).

RT-PCR Analysis of Calcium Channels

RT-PCR confirmed that Cavl.2 mRNA levels were de-
creased, and ANF and BNP mRNA levels were increased
in LA myocardium of TAC rats compared with those of
sham rats (Fig. 7A).
Cavl.2 normalized to B-actin were significantly lower in

The mRNA expression levels of

the TAC group (2=5) than those in the sham group (#=5)
(0.51+0.06 vs. 0.69+0.07, p<0.05; Fig. 7B). The
mRNA expression levels of ANF and BNP normalized to
B-actin were significantly higher in TAC rats (#=5) than
those in sham rats (#=5) (ANE 0.51+0.03 vs. 0.29+0.14,
$<0.05; BNP, 0.62+0.11 vs. 0.21£0.10, p<0.05).

Discussion

In the present study, we showed that TAC efficiently
induced left ventricular and atrial hypertrophy, associated
with an increase in the inducibility of pacing-induced AF
in rats. LA cell size was significantly larger in TAC rats
than in sham-operated rats, as demonstrated by histolog-
Additionally,
interstitial atrial fibrosis was observed to a greater de-
The AERP of the

LA was significantly shorter and AF duration was signifi-

ical and electrophysiological experiments.

gree in TAC rats than in sham rats.

cantly longer in TAC rats than in sham rats. Moreover,
the Ic,. density of LA myocytes was decreased in TAC

rats compared with sham rats, accompanied by a signifi-
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Fig. 6. Electrophysiological characterization of left
atrial myocytes. A, Representative recordings of
whole cell currents at 36°C in left atrial myocytes were
obtained with the pulse protocol shown in the inset.
B, Current-voltage (I-V) relationships of whole cell
currents in left atrial myocytes isolated from the TAC
(black) and sham (white) groups. C, Representative
recordings of L-type Ca®" channel current (Ic,1), evalu-
ated as a nisoldipine sensitive current (0.3 uM). D,
I-V relationship of Ic,;. in left atrial myocytes from the
TAC (black) and sham (white) groups. Data are pre-
sented as means = SE. *p<0.05 compared with
sham myocytes.

cant reduction in mRNA expression of the Cavl.2 sub-
unit. All these findings indicate that TAC is a useful
method for producing LA hypertrophy and the resulting
alterations in electrophysiological properties of LA myo-
cytes, and for investigating the mechanism of pressure
overload-induced atrial remodeling.

Rat models of hypertrophy that lead to heart failure
have been extensively used for studies involving cardiac
function and related biochemical changes" ', In the
TAC model, heart failure develops in rats within 20-30
weeks after surgery'”, depending on the extent of the
stenosis. This model, which closely mimics chronic he-
modynamic stress or load observed in clinical heart fail-
ure, has proven useful for studying the progression to hy-

pertrophy and transition to heart failure!”.

However,
there is little information regarding atrial electric remod-
eling in an animal model of elevated afterload or hyper-
trophied atria. It has only been recently reported that

partial stenosis of the ascending aorta causes atrial re-

#39% 2 &
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Fig. 7. Comparative RT-PCR analysis of left atrial

cells from TAC rats. A, Expression levels of mRNA
of Cavl.2, ANF, BNP, and B-actin. B, Relative density
ratios to B-actin in TAC (#=5) and sham (z=5) rats.
Data are means + SE.  *$<0.05 vs. sham.

modeling, which involves increased inducibility of AF and
LA fibrosis'®.
was successfully carried out under spontaneous breath-

In the present study, the TAC operation

ing. The transverse aorta was accessed from the sec-
ond left intercostal space via the mediastinal space, and a
titanium clip was placed around the aortic arch. This
technique has been proven a safe, simple, and effective
technique for creating the model.

Our study demonstrated that the incidence and dura-
tion of pacing-induced AF were increased in the TAC
group compared with those in the sham group, which is
consistent with findings by Kim ef al.'®. They showed
that, using rats with banding of the ascending aorta,
hearts with elevated afterload were associated with
marked LA hypertrophy and fibrosis. They also report-
ed that vectorial conduction velocity was decreased and
inhomogeneity in conduction was significantly enhanced
without changes in the AERP.  This finding is in contrast
to the present study where the duration of the AERP and
AP was significantly shortened in LA hypertrophy in
TAC rats compared with shams. In the study by Kim et
al.'®, LA hypertrophy was induced by banding of the as-
cending aorta, whereas TAC was used in the present
study, where a significant pressure gradient was observed
between the left and right common carotid arter-

16)

ies. Kim ef al."” measured the AERP using excised
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hearts, while we performed iz vivo measurements of
AERP. Furthermore, 3-4-week-old rats were used in
the study by Kim et al.'®. In our study, we used
8-week-old rats at the time of surgery. Therefore, the
discrepancy between studies might be partially explained
by the different experimental conditions. Alternatively,
the severity of myocardial hypertrophy might have been
In our model, the EF

was markedly reduced with a significant increase in the

different between the two studies.

mRNA expression of ANF and BNP, which are known as
important biomarkers in the diagnosis of heart failure.
The inducibility and the duration of AF were much great-
er in the present study than those in the study by Kim et
al.®, where LA hypertrophy was achieved without heart
failure. In addition, spontaneous automaticity was re-
corded in isolated LA myocytes of TAC rats (Figure
5B). Spontaneous automaticity is a potential cellular
trigger for atrial arrhythmias associated with cardiac hy-

18)

pertrophy It has been also suggested that focal activ-

ity due to SA is one of the major mechanisms underlying

atrial arrhythmias'®.

Therefore, atrial and ventricular
hypertrophy, and resulting heart failure appeared to be
more severe in the present study than those in the study
by Kim et al.’®. Nevertheless, all these findings are
consistent with the view that atrial enlargement and hy-
pertrophy are causal factors for the increased susceptibil-
ity to AE

The present findings also indicate that shortening of
the AERP and AP duration facilitates AF inducibility in
hypertrophied atria. The reduced expression of Ic,, may
have contributed to changes in APs, although remodeling
of other ion channels, such as transient outward K* chan-
nels, also may have played a role. In the present study,
Ica current density was significantly reduced in LA myo-
cytes of TAC rats compared with sham-operated rats, ac-
companied by a decrease in Cav1l.2 mRNA expression.
Electrophysiological remodeling in left ventricular hyper-
trophy and heart failure has been extensively studied*".
Although several clinical and experimental studies have
indicated a decrease, no change, or even an increase in
Ic., density in CHF®, it is generally agreed that mild hy-
pertrophy does not appear to affect Ic,;, abundance and
function, whereas the development of severe hypertro-

phy is associated with a reduction in channel abundance

and function®*%,

In this respect, the reduction in Ic,.
current density supports the notion that severe LA hy-
pertrophy associated with heart failure was induced by
the TAC procedure in the present study.

Rat atrial myocytes display a characteristic shape of
APs. Early repolarization is followed by a low level of
plateau, producing a notch at the beginning of the plateau.
The change in AP configuration is dependent on the bal-
ance between inward and outward current systems. In
addition to the contribution of I, to the plateau, I, is
strongly involved in the early phase of repolarization®”.
It has been shown that chronic pacing-induced atrial re-
modeling involves a progressive attenuation in the rate of
adaptation to the AERP, which is paralleled by a reduction
A marked de-
crease in the outward current observed in the present

of I, and transient outward K* current.

study (Fig. 6) might be consistent with this view.

In conclusion, the present study demonstrates that
cardiac hypertrophy induced by the TAC operation re-
sults in arrhythmogenic remodeling of the LA, such as
shortening of repolarization and down-regulation of I¢c,
and possibly transient outward K* current, in a similar
manner to chronic hemodynamic stress or load observed
in clinical heart failure. These results indicate that left
ventricular hypertrophy and heart failure cause increased
hemodynamic load in the LA, resulting in structural and
electrophysiological remodeling in LA myocytes.
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