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Aliskiren suppresses atrial electrical and structural remodeling

in a canine model of atrial fibrillation
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Abstract Aliskiren, a direct renin inhibitor is expected to
achieve sufficient suppression of renin—angiotensin sys-
tem. We evaluated the effect of aliskiren on the electrical
and structural remodeling in a canine atrial fibrillation (AF)
model. Twenty-eight dogs were divided into three groups:
(1) pacing control group (n = 12), with continuous atrial
rapid pacing for 3 or 6 weeks, (2) pacing + aliskiren group
(n = 12), with oral aliskiren (30 mg/kg/day), and (3) sham
group (n = 4), no pacing nor drug administration. Electro-
physiological properties and AF inducibility were evaluated
every week. After the protocol, the left atrial tissue was
sampled for the further histological and mRNA analysis.
The electrical remodeling, AF inducibility, the left atrial
enlargement and interstitial fibrosis were observed in pac-
ing control group and were more prominent in the 6-week
protocol (vs. 3 week, p < 0.05). The mRNA expressions
of matricellular proteins exhibited upregulation in 3-week
pacing control, but these upregulations became insignifi-
cant in 6 weeks. In contrast, collagen type 3 exhibited sig-
nificant upregulation in 6 week but not in 3-week protocol.
These changes were suppressed in the pacing + aliskiren
group. Aliskiren suppressed the atrial remodeling in a
canine AF model. This effect was accompanied by the sup-
pression of tissue fibrosis.
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Introduction

Atrial fibrillation (AF) is the most common arrhythmia in
clinical practice, and it occasionally leads to serious cer-
ebral infarction [1-5]. Several basic studies demonstrate
the potential importance of the renin—angiotensin sys-
tem (RAS) on the occurrence of AF through a mechanism
that promotes electrical and structural atrial remodeling,
although it is suggested that angiotensin II receptor block-
ers (ARBs) could be used to suppress such atrial remod-
eling [6-10]. However, several large clinical trials failed
to demonstrate the efficacy of ARBs on suppression of
AF (i.e., “up-stream therapy” for AF) [11-13]. Although
the precise mechanism of this discrepancy between basic
researches and clinical trials is unclear, several possible
explanations have been proposed.

ARBs just block the receptor of the most downstream
component of the RAS without suppressing other parts of
the RAS, resulting in an increase in aldosterone level (i.e.,
the so-called “aldosterone breakthrough phenomenon™)
[14—17]. Moreover, recent reports have revealed an impor-
tant role of intracellular RAS in fibroblast proliferation
and interstitial fibrosis [18-20]. For example, ARBs and/
or angiotensin converting enzyme inhibitors (ACEIs) have
been shown to have negligible influence on suppressing
intracellular RAS, resulting in apoptosis of myocytes and
tissue fibrosis [18-20].

In contrast to traditional ARBs and/or ACEI, aliskiren
is a direct renin inhibitor that is used for antihyperten-
sive therapy. Aliskiren blocks the action of most upstream
components of the RAS [21]. In this context, we suggest
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that aliskiren should be effective in suppressing atrial
remodeling associated with AF. In this study, we evalu-
ated the effects of aliskiren on the progression of atrial
remodeling as an arrhythmogenic substrate in a canine
model of AF.

Materials and methods
Objectives and initial surgery

Twenty-eight adult female beagle dogs (10.5 £+ 1.1 kg)
were anesthetized using pentobarbital (30 mg/kg IV), and
butorphanol (0.3 mg/kg) was additionally administered
for analgesia. Anesthesia levels were monitored by eye-
lash reflex activity every 15 min and pentobarbital (5 mg/
kg IV) was added if necessary. Mechanical ventilation
was maintained via an endotracheal tube using a mechani-
cal ventilator (Model SN-480-5, Shinano Manufacturing,
Tokyo, Japan) with 100 % oxygen. End-tidal capnometry
was monitored throughout surgical procedures (CAPNOG-
ARD1265, Fukuda Denshi Co. Ltd., Tokyo, Japan). Body
temperatures were maintained at >37.0 °C throughout the
surgery (THARMO-FINER type N-1, Terumo, Tokyo,
Japan). Heart rate and rhythm were monitored using an
electrocardiogram (ECG). A catheter was inserted in the
right femoral artery to monitor the arterial blood pressure
and arterial oxygen pressure. Two pairs of stainless steel
wire electrodes were sutured against the epicardial surfaces
of the free wall of the right atrium (RA) in the pectinate
muscle area and left atrial appendage (LAA). The other

Fig. 1 Schematic of the

study protocol. Observations
started 1 week after the initial
surgery, and atrial rapid pacing

ends of the wire electrodes were tunneled subcutaneously
and exposed at the back of the neck. For continuous rapid
atrial pacing, a unipolar screw-in pacing lead (CapSure-
Fix 5568, Medtronic Inc., Minneapolis, MN, USA) was
inserted through the right external jugular vein, and the dis-
tal end of the lead was screwed into the endocardial side
of the right atrial appendage (RAA). The proximal end of
the pacing lead was connected to a rapid pulse generator
(Soletra®, Medtronic Inc.), which was implanted in a sub-
cutaneous pocket in the neck. In this study, atrioventricular
block was not produced to mimic the hemodynamic char-
acteristics of clinical cases of AF [22-25]. All studies were
performed in accordance with the guidelines specified by
the Animal Experimentation and Ethics Committee of the
Kitasato University School of Medicine, which were based
on the guidelines from Directive 2010/63/EU of the Euro-
pean Parliament on the protection of animals used for sci-
entific purposes.

Study protocol

Study protocol is schematically summarized in Fig. 1. All
dogs underwent echocardiography before initial surgery.
To obtain stable baseline conditions, each dog was allowed
to recover after the initial surgical procedure for at least
1 week without pacing. The 28 dogs were divided into the
following three groups: (1) pacing control group (n = 12),
(2) pacing + aliskiren (n = 12), and (3) sham (n = 4). In
the pacing control group, rapid atrial pacing (400 beats/
min) was initiated after 1-week recovery and continued
for 3 (n = 4) or 6 weeks (n = 8). In the pacing + aliskiren
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group, rapid pacing was similarly performed as in the pac-
ing control, i.e., for 3 (n = 4) or 6 weeks (n = 8), with
the addition of oral administration of aliskiren (30 mg/kg/
day). In the sham group, similar to other groups, initial sur-
gery was performed in the absence of pacing and/or drug
administration, and the dogs were put down after 6 weeks
of observation.

The 3-week protocol was used to specifically evaluate
histological and molecular changes of the atria. Rapid atrial
pacing was performed at an output of fourfold the diastolic
threshold and with a pulse width of 2 ms. Electrophysi-
ological properties were evaluated every week. At the end
of the 6-week protocol, the echocardiogram was recorded
and hemodynamic parameters were evaluated via catheteri-
zation under anesthesia with pentobarbital (30 mg/kg IV)
before final killing.

Evaluation of the electrophysiological properties

In the 24 dogs with continuous rapid pacing, the atrial
effective refractory period (AERP), the conduction time
(CT) substituted for the conduction velocity as the reflec-
tion of the conduction property, inducibility of AF by burst
pacing, and duration of induced AF were evaluated every
week as previously described [22-25]. All ECGs were
recorded using a polygraph system (Bioelectric AMPL,
NEC, Tokyo, Japan). Analog signals were converted to dig-
ital signals and stored on a computer hard disk (Power Lab,
ADInstrument, CO, USA) for data analyses [22-25]. Dur-
ing electrophysiological studies, rapid pacing was stopped
temporarily, and all measurements were performed after
pharmacological block of the autonomic nervous system
had been produced by infusing atropine 0.05 mg/kg and
propranolol 0.2 mg/kg [22-25].

At each evaluation time point, ERP was measured at
the LA-free wall with basic drive cycle lengths (BCL) of
300, 200, and 150 ms. Pacing output was set at twice the
diastolic threshold during each evaluation. The coupling
interval of the premature stimulus was shortened by 2-ms
steps. The longest coupling interval of the premature beat
that failed to capture the atrium was determined as the
local AERP. Conduction time between the LA and RA
was measured during LA pacing at cycle lengths of 300,
200, and 150 ms. Because conduction velocity could not
be directly calculated in our study design, the conduction
property was expressed as the reciprocal of conduction
time (1/CT), and the values were expressed in percentages
as the %1/CT by dividing each piece of data by the data
for day O to exclude the influence of the difference in the
actual distance of the electrodes in each dog. To evaluate
AF inducibility, AF was induced with atrial burst pacing
for 3 s at the minimal pacing cycle length that achieved
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1:1 atrial capture at the LA. This pacing was delivered at
fourfold the diastolic threshold with a pulse width of 2 ms.
When AF was induced, its duration was measured. We
defined AF as a spontaneous irregular atrial rhythm lasting
longer than 1 s, and the duration of the induced AF was
subclassified as long (>10 s), medium (5-10 s), or short
(1-5 s). Atrial burst pacing for AF induction was delivered
five times at each evaluation time point during the entire
protocol.

Evaluation in echocardiography

To evaluate structural and functional cardiac differences
amongst the three groups, LA dimension (LAD), LA vol-
ume (LAV), left ventricular diastolic dimension (LVDA),
and left ventricular ejection fraction (LVEF) were evalu-
ated using echocardiography (EUB-6500 and EUP-S50,
Hitachi Medical Corporation, Tokyo, Japan) at initial sur-
gery and at the end of protocol for dogs in the CTL and
pacing + aliskiren groups. All dogs were not anesthetized
during the echocardiography. Changes in parameters were
calculated as ALAD, ALAV, ALVDd, and ALVEF by sub-
tracting the data at the time of initial surgery from the data
after 6-week pacing.

Administration of aliskiren

Aliskiren (30 mg/kg/day) was orally administered in 12 out
of 28 dogs starting 1 week preceding the initial surgery, and
they were assigned as the pacing + aliskiren group. This
protocol was designed to evaluate the effect of aliskiren on
atrial electrical remodeling as an “upstream therapy” for
the AF substrate, so that aliskiren was started 2 weeks prior
to the start of rapid pacing (Fig. 1).

Hemodynamic parameters

At the end of the each protocol, the following hemody-
namic parameters were evaluated by catheterization: sys-
temic blood pressure (BP), pulmonary arterial pressure
(PAP), pulmonary arterial wedge pressure (PAWP), central
venous pressure (CVP), and cardiac output in all 28 dogs.

Histology

After hemodynamic evaluation, all 28 dogs were put down
via pentobarbital overdose and small portions of LA-free
walls were excised from the area apart from the elec-
trodes and fixed for histological analysis. Tissue fibrosis
was evaluated by Azan staining, and the degree of fibrosis
was quantified by measuring the mean %area in digitized
images.
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Quantitative real-time reverse transcriptase polymerase
chain reaction (RT-PCR)

Total RNA was prepared from the small excised portion
of the LA-free wall using a total RNA isolation kit (SV
Total RNA Isolation System, Promega, Madison, WI,
USA). Complementary deoxyribonucleic acid (cDNA)
was synthesized from 3 pg of the total RNA with reverse
transcriptase (Invitrogen, San Diego, CA, USA) in a
final volume of 20 pwl. mRNA levels of the matricellular
protein-related and signaling molecules, i.e., fibronectin
1 (FN1), Periostin, type 3 collagen (COL3), monocyte
chemotactic protein (MCP1), and transforming growth
factor p (TGF-p), were evaluated by quantitative real-time
RT-PCR. These factors were selected as upregulated fac-
tors in global DNA profiling during our pilot study. The
level of beta-actin was also evaluated as an internal con-
trol. Real-time RT-PCR was performed with a Quanti-
Tect™ SYBR Green PCR Master Mix (Qiagen, Valencia,
CA, USA) and CFD 3240 Chromo4™ Detection System
(Bio-Rad Lab, Inc., Richmond, CA, USA) using each
primer pair. For the standard curve, the standard plas-
mid for each molecule was constructed as previously
described [23]. Serially diluted standard plasmids were
analyzed at the same time, and the absolute copy numbers
were calculated.

Immuno-fluorescence staining evaluations
of fibronectin 1 and type 3 collagen

Immuno-fluorescence staining of FN1 and COL3 was
performed as follows. Small sections of LA tissue in all
dogs were fixed in 2 % paraformaldehyde for 1 h and then
replaced by 30 % saccharose and embedded in OCT com-
pound. Frozen 4-um sections were rinsed using phosphate-
buffered saline (PBS) and blocked using 0.2 % bovine
serum albumin for 30 min. Then, each section was acti-
vated by anti-fibronectin antibody [IST-9] (ab6328; Abcam
plc, Cambridge, UK) or by anti-collagen type 3 antibody
(Quartett GmbH, Berlin, Germany) for 1 h. Finally, all
sections for both FN1 and COL3 were activated by Alexa
Fluor 594 goat anti-mouse IgG antibody for 45 min, and
observed by Olympus DP70 (Olympus, Japan) fluores-
cence microscope.

All objective analyses were performed by two blinded
investigators.

Statistical analysis

All data are expressed as mean = SE. ANOVA test was
applied to comparison among the three groups. The data
between the unpaired two groups were compared using
Student’s ¢ test. Paired ¢ test was applied for comparing

data at each measurement time points with day O in each
group. A p value <0.05 was considered significant.

Results
Changes in the electrophysiological parameters

Figure 2 exhibits the changes in AERP and 1/CT, i.e.,
AAERP and %1/CT, along the time course of rapid atrial
pacing. In the pacing control group, AERP was rapidly
shortened in the first week of rapid pacing and continued
till the end of the protocol as previously reported [24, 25].
In the pacing + aliskiren group, the AERP was shortened
similarly (Fig. 2a—c). The degree of AERP shortening in
the pacing + aliskiren group was consistently smaller than
that in the pacing control group, but differences reached
significance only in the first 3 weeks of BCL 200 ms pro-
tocol (Fig. 2b). The %1/CT decreased gradually from base-
line to the end of the study in both pacing control and pac-
ing + aliskiren groups (Fig. 2d—f). The degree of %1/CT
decrease was generally smaller in the pacing + aliskiren
group than in the pacing control group, and the differences
were significant in the later phases of the 6-week protocol
in BCLs of 150 and 200 ms.

AF inducibility and the duration of AF

Figure 3 shows changes in AF inducibility over the course
of the pacing protocol. AF inducibility tended to increase
gradually over time in both groups, reaching significantly
higher levels in the pacing control group in the later phase,
i.e., 3-6 weeks, of the 6-week protocol (Fig. 3). In later
phases of the 6-week protocol during the analysis of AF
duration, incidence of long AF was significantly higher
in the pacing control group than in the pacing + aliskiren
group (Fig. 3). All episodes of induced AF were spontane-
ously terminated, and chronic AF was not induced in this
study.

Parameters in echocardiography

Figure 4 shows echocardiographic outcomes. In the pac-
ing control group, both 3- (n = 4) and 6- (n = 8) week-
paced dogs exhibited slight enlargements of LAV, LAD,
and LVDd and slight decreases in LVEF after pacing.
Therefore, ALAV, ALAD, and ALVDd were positive and
ALVEF was negative. The pacing + aliskiren group out-
comes were similar to those of the pacing control group,
except that the degree of LA enlargement tended to be
smaller. The ALAV was significantly smaller in the pac-
ing + aliskiren group than in the pacing control group in
both 3- (n = 4) and 6- (n = 8) week-paced dogs.
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Fig. 2 Changes in electrophysiological parameters. a—c The changes
in AAERP, and d-f exhibit changes in %1/CT with 3 BCLs. Over
the course of the protocol, AERP shortening (negative AAERP) and
decrease in %1/CT were observed in all BCLs. When comparing
the pacing control (n = 12) and pacing + aliskiren groups (n = 12),

Hemodynamic parameters

Hemodynamic evaluation at the end of the 6-week protocol
resulted in no significant differences among pacing control
and pacing + aliskiren groups or between the 3- (n = 4)
and 6- (n = 4) week-paced dogs for BP, PAP, CO, PAWP,
and CVP.

Histological changes

Figure 5 shows atrial histological changes in HE and
Azan staining (a, b). In comparison with the sham group
(n = 4), the pacing control group (n = 4) exhibited slight
misalignment of myocytes, and interstitial fibrosis at the
3-week time point, which worsened at the 6-week time
point (n = 8) in the Azan staining. In contrast, in the pac-
ing + aliskiren group, histological findings were negated at
both 3-week (n = 4) and 6-week time points (n = 8). When
comparing the fibrotic area as %area in digitized images
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the degree of AAERP changes and %1/CT decrease were generally
smaller in the pacing + aliskiren group than in the pacing control
group, although the significant differences were observed only at lim-
ited points

(c), the degree of fibrosis was increased in the pacing con-
trol group compared with that in the sham group, and it was
significantly suppressed in the pacing + aliskiren group at
both 3- and 6-week time points in comparison with the pac-
ing control group.

Expressions of fibrosis- and inflammation-related genes

Figure 6 shows mRNA expression levels of inflamma-
tion- and fibrosis-related genes. At the 3-week time point,
mRNA expressions of MCP1 and fibronectin 1 were upreg-
ulated in the pacing control group (n = 4) in comparison
with the sham group (n = 4), but these upregulations were
suppressed in the pacing + aliskiren group (n = 4). At
the 6-week time point, aliskiren tended to suppress these
upregulations, but the difference between the pacing con-
trol (n = 8) and pacing + aliskiren groups (n = 8) became
insignificant. In contrast, upregulation of COL3 was insig-
nificant at week 3, but became significant at week 6. This
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Fig. 3 Changes in AF induc-
ibility along the time course.
The left and right bars in each
pair of bars indicate the data of
the pacing control (n = 12 in
0-3 weeks, n = 8 in 4-6 weeks)
and pacing + aliskiren groups
(n =12 1in 0-3 weeks, n = 8 in
4-6 weeks), respectively. The
solid, gray and white colors
indicate induced AF durations.
The AF inducibility tended to
increase gradually over time in
both groups, and was sig-
nificantly higher in the pacing
control group in the later phase
of the 6-week protocol. The
incidence of long AF was sig-
nificantly higher in the pacing
control group compared with
that in the pacing + aliskiren
group during the later phase
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Fig. 4 Changes in echocardiographic parameters. In the pacing con-
trol group, both 3- (n = 4) and 6- (n = 8) week-paced dogs exhibited
slight enlargement of LAV, LAD, and LVDd and slight decrease in

pacing control pacing+aliskiren

pacing control pacing+aliskiren

dency, but the degree of LA enlargement tended to be smaller. The
ALAV was significantly smaller in the pacing + aliskiren group than
that in the pacing control group in both 3- and 6-week-paced dogs

LVEF after pacing. The pacing + aliskiren group showed similar ten-
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e

B Azan staining

sham

Fig. 5 Histological findings of HE staining (a) and Azan staining
(b). In comparison with the sham group, the pacing control group
exhibited slight misalignment of myocytes, fatty degeneration, and
interstitial fibrosis even at 3-week time point (n = 4), which became
more prominent at the 6-week time point (n = 8). In contrast, in the

upregulation of COL3 was also suppressed by aliskiren.
TGF-B did not exhibit any significant changes at both 3-
and 6-week time points.

Expression of FN1 and COL3 were also evaluated by
immuno-fluorescent staining (Fig. 7). Expression of FN1
seemed to be enhanced in the pacing control group in
comparison with the sham group. However, this enhance-
ment was not observed in the pacing + aliskiren group.
At the 6-week time point, expression of FN1 decreased
in total in comparison with the 3-week time point in the
pacing control group, but the complexity of FNI1 was
enhanced and polymerized, and was localized in the spe-
cific area of interstitial connective tissue. In contrast,
expression of COL3 was not observed at the 3-week time
point, but clearly appeared at the 6-week time point in
the pacing control group. This expression of COL3 was
almost totally negated in the pacing + aliskiren group
even at 6-week time point. This result was almost simi-
lar to the results obtained in the examination of mRNA
expressions.
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pacing + aliskiren group, histological findings were almost totally
negated. In the comparison of fibrotic area (c), the degree of fibro-
sis increased in the pacing control group in comparison with the
sham group (n = 4), and it was significantly suppressed in the pac-
ing + aliskiren group at both 3 (n = 4) and 6 (n = 8) weeks

Discussion

This study evaluating the effects of aliskiren, a direct
renin inhibitor, on the canine AF model has exhibited sev-
eral interesting findings. First, aliskiren suppressed elec-
trophysiological changes, such as AERP shortening, 1/
CT decrease, and increase in AF inducibility, in the LA.
Second, aliskiren also suppressed the increase in LAV,
i.e., structural remodeling of the LA. Third, aliskiren sup-
pressed tissue fibrosis at both 3- and 6-week time points.
Fourth, the time course of the upregulations of tissue
fibrosis mediators, such as FN-1, MCP-1, and periostin,
was initially documented in the earlier phase, but these
changes were rather converged in the later phase. In con-
trast, the upregulations of COL3 were observed more
prominently at the later phase of the protocol, which sug-
gests that upregulation of COL3 may be preceded by tem-
poral upregulations of tissue fibrosis mediators. Finally,
aliskiren appeared to suppress upregulations of various
mediators such as COL3.
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Fig. 6 Comparison of mRNA expressions of fibrosis- and inflam-
mation-related genes. At the 3-week time point, mRNA expres-
sions of MCP1 and fibronectin 1 were upregulated in the pacing
control group (n = 4) in comparison with the sham group (n = 4),
but these upregulations were suppressed in the pacing + aliskiren
group (n = 4). At the 6-week time point, aliskiren tended to suppress

Suppressive effect of aliskiren on the electrical
remodeling in the LA

To the best of our knowledge, this report is the first docu-
mentation of suppressive effects of aliskiren on AF in a
canine atrial rapid pacing model. The degree of suppression
of AERP shortening was less prominent and insignificant
in part, but it was similar to the efficacy of other anti-RAS
medicines [9, 24, 25]. The suppressive effect of aliskiren
on AF inducibility was considered to mainly depend on the
suppression of 1/CT decrease and/or interstitial fibrosis. In
our canine model of AF, we have previously reported sev-
eral possible medicines, including olmesartan, which could
suppress atrial remodeling, but significant suppression was
observed mainly in the right atrium and sometimes not in
the LA in part [9, 10, 24, 26]. The mechanism of the dif-
ference between the RA and LA is still unclear [9, 10, 24,

* :p<0.05 vs. pacing control, +:p<0.05 vs. sham

upregulations but the difference between the pacing control (n = 8)
and pacing + aliskiren groups (n = 8) became insignificant. The
upregulation of COL3 was insignificant at 3 weeks, but became sig-
nificant at 6 weeks. This upregulation of COL3 was also suppressed
by aliskiren. TGF-$ did not exhibit any significant changes at both
3- and 6-week time points

26], but at least in the present study, aliskiren suppressed the
atrial remodeling in the LA. Aliskiren was the first medi-
cine that suppressed the atrial remodeling of LA at least in
our canine model of AF. Considering LA is the main stage
of AF substrate, aliskiren may be an effective therapy for
early-stage AF. Recently, Zhao et al. [27] have reported that
aliskiren would exhibit suppressive effect on the changes
in ion channel expressions in the atrial tachycardia-induced
atrial fibrillation model. In our present study, we cannot
discuss about the ion channel expressions which were not
evaluated in this study, but the ERP was not significantly
modified by aliskiren. The reason of this discordance is
unclear, but it may depend on the slight difference in the
model itself. The mechanism of suppressive effect of
aliskiren should be considered to appear through its effect
on the conduction property and the expressions of matricel-
lular proteins and collagen at least in our present study.

@ Springer



98

Heart Vessels (2017) 32:90-100

sham

A immuno-fluorescent
staining of FN1

6W
100pm
—_,

B immuno-fluorescent
staining of COL3

Fig. 7 Immuno-fluorescent staining of FN1 (a) and COL3 (b). The
expression of FN1 was enhanced in the pacing control group (n = 4)
in comparison with the sham group (n = 4), but this enhancement
was not observed in the pacing + aliskiren group (n = 4). At the
6-week time point, expression of FN1 appeared to be decreased in
total in comparison with the 3-week time point in the pacing control

Suppressive effect of aliskiren on the atrial fibrosis
and structural remodeling

Our results indicate that aliskiren suppressed atrial structural
remodeling being independent of improvements in left ven-
tricular function [24, 26]. Moreover, histological evaluation
revealed the suppressive effect of aliskiren on interstitial fibro-
sis and degeneration of myocytes. This is consistent with the
findings of De Mello et al. who reported that there is a correla-
tion between 1/CT decrease and interstitial fibrosis, indicating
that the suppressive effects of aliskiren on tissue fibrosis may
be involved in the mechanism of suppression of 1/CT decrease
[28]. This mechanism appears to be similar to the effects of
ARBS on such structural remodeling in AF model.

Mechanism of suppression of atrial tissue fibrosis

Quantification of the expression of mRNA revealed
the upregulation of some matricellular proteins and

@ Springer
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group (n = 8), but the complexity of FN1 was enhanced and polym-
erized, and was localized in a specific area of the interstitial connec-
tive tissue. The expression of COL3 was not observed at the 3-week
time point, but clearly appeared at the 6-week time point in the pac-
ing control group (n = 8). The expression of COL3 was negligible in
the pacing + aliskiren group (n = 8)

extracellular matrix-related genes, such as FN-1, MCP-
1, or periostin. Interestingly, such upregulations appeared
in the relatively earlier phase in this study protocol, i.e.,
at 3 weeks, preceding the appearance of COL3 prolifera-
tion. This clearly indicates that the upregulation of these
mediators are the mechanism of later tissue fibrosis at least
in this model of AF. Immuno-fluorescent staining also
revealed that FN-1, one of the multifunctional matricel-
lular proteins, showed marked increase in the pacing con-
trol group at 3 weeks. In addition, consistent with mRNA
analysis, expression of FN-1 decreased at 6 weeks, but it
appeared to be polymerized and localized. Because FN-1
is also an important mediator of inflammation, subsequent
appearance of myocyte degeneration and tissue fibrosis
may be explained by FN-1 upregulation during the early
phase [29, 30]. Although aliskiren may potentially sup-
press COL3 upregulation during the later phase, suppres-
sion of the upregulation of matricellular proteins during
the early phase is probably a main mechanistic influence
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of aliskiren on the suppression of atrial remodeling.
The recent reports also suggest the suppressive effect of
aliskiren on tissue fibrosis through the suppression of
intracellular RAS, even in other organs [31]. Other reports
also evaluated the effect of aliskiren on pulmonary-atrial
conduction triggering AF, and they documented suppres-
sion of CV decrease and an increase in AF inducibility
[28, 32]. These findings are compatible with the results of
our present study.

Limitations

The present study has several limitations. First, we did not
evaluate the ion-channels or transporters, which may influ-
ence ERP. Second, we did not evaluate the localization and
expression of connexin families, which can strongly influ-
ence 1/CT. Third, 1/CT was not the actual reflection of the
conduction velocity because the distance between two elec-
trodes was not measured and fixed by enlargement of atrial
geometry. Forth, we did not evaluate the systemic effect
of aliskiren particularly on the levels of RAS components.
Finally, the sampling time point was totally limited, but
it was difficult to design a study using a large number of
medium-sized animals. In future, these limitations should
be studied with different designs.

Conclusion

Aliskiren suppressed AF inducibility in canines. This effect
was accompanied by and possibly resulted from the sup-
pression of tissue fibrosis. Moreover, aliskiren suppressed
the excess MCP1 and FNI1 in relatively early phase of the
atrial remodeling, and it was considered to result in the
later suppression of COL3 upregulation and subsequent
suppression of atrial tissue fibrosis.
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