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Abstract

Background—Atrial fibrillation (AF) contributes significantly to morbidity and mortality in
elderly patients and has been correlated with enhanced age-dependent atrial fibrosis. Reversal of
atrial fibrosis has been proposed as therapeutic strategy to suppress AF.

Objective—To test the ability of relaxin to reverse aged-dependent atrial fibrosis and suppress
AF.

Methods—Aged F-344 rats (24-months old) were treated with subcutaneous infusion of vehicle
or relaxin (0.4 mg/kg/day) for 2-weeks. Rat hearts were excised, perfused on a Langendorff
apparatus and stained with voltage and Ca2* indicator dyes. Optical mapping and programmed
electrical stimulation was used to test arrhythmia vulnerability and changes in electrophysiological
characteristics. Changes in protein expression and Na*-current density (In,) were measured by
tissue immunofluorescence and whole-cell patch clamp technique.

Results—In aged rats, sustained AF was readily induced with a premature pulse (n=7/8) and
relaxin treatment suppressed sustained AF by a premature impulse or burst pacing (n=1/6)
(p<0.01). Relaxin significantly increased atrial action potential conduction velocity and decreased
atrial fibrosis. Relaxin-treatment increased Nav1.5 expression (n=6; 36+10%) and decreased total
collagen and collagen I (n=5-6; 55-66+15%) in aged atria (p<0.05) and decreased collagen 1&I11
and TGF-f1 mRNA (p<0.05). Voltage-clamp experiments demonstrated that relaxin-treatment
(100nM for 2 days) increased atrial Iy, by 46£4% (n=12-13/group, p<0.02).

Conclusion—Relaxin suppresses AF through an increase in atrial conduction velocity by
decreasing atrial fibrosis and increasing Ing,. This data provides compelling evidence that relaxin
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may serve as an effective therapy to manage AF in geriatric patients by reversing fibrosis and
modulating cardiac ionic currents.
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Introduction

Atrial fibrillation (AF), a disease associated with high mortality, morbidity, and steep costs,
affects tens of millions of people worldwide and is increasing in prevalence.l A major factor
contributing to the increasing prevalence of AF is an aging world population. The
prevalence of AF is 0.12%-0.16% in people younger than 49 years, 3.7%-4.2% for those
60-70 years old, and 10%-17% for those 80 years or older.? The incidence of new onset of
AF roughly doubles with each decade of age, independent of the increasing prevalence of
known predisposing conditions.® Age is not a modifiable risk factor and even healthy adults
without traditional risk factors for AF are at ever increasing risk of developing AF. In the
Framingham Heart Study, AF was associated with a 1.5- to 1.9-fold increase in mortality
risk after adjusting for preexisting cardiovascular conditions.* Therefore, an otherwise
healthy adult without modifiable risk factors who develops AF will be at an increased risk of
death.

Just like many chronic diseases (hypertension, diabetes, heart failure, etc.), the normal aging
process can lead to structural changes of the atrial extracellular matrix (ECM) and enhanced
AF vulnerability as a result of the altered myocardial substrate (atrial structural
remodeling).? Fibrosis is a hallmark of arrhythmogenic ECM remodeling creating a barrier
to normal cardiac electrical impulse propagation by disrupting inter-myocyte coupling in the
atria. Increased collagen deposition has been well documented in AF patients compared
with control subjects.” Despite the role of atrial fibrosis in AF, current antiarrhythmic and
ablation therapies do nothing to mitigate or alter atrial fibrosis. Furthermore, in the geriatric
population, current rate and rhythm control strategies for AF are associated with decreased
efficacy and increased morbidity and mortality.

In search for an AF therapy, our group previously showed that the hormone relaxin
suppresses AF and reverse atrial fibrosis in the spontaneously hypertensive rat (SHR)
model.8 Relaxin treatment suppressed AF by several mechanisms including beneficial
effects on atrial structural and electrical remodeling. There was histological evidence of
reversal of atrial fibrosis and reduction of atrial myocyte hypertrophy. At the molecular
level, relaxin decreased the expression of several pro-fibrotic mediators including TGF-p1,
collagen I and 111, matrix metalloproteinases 2 and 9 and reduced connexin 43
phosphorylation. As proof of concept for its relevance to human hearts, human
cardiomyocytes derived from induced pluripotent stem cells (hiPS-CMs) were exposed to
relaxin for 1-2 days to reveal a doubling of the sodium current density, Iys, indicative of
electrical remodeling.8 The remodeling of the atrial myocardial substrate and its
electrophysiology collectively contributed to the suppression of AF by relaxin in the SHR
model.
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To test the actions of relaxin on age-induced AF, we used Fischer 344/Brown Norway F1
(F-344) rats which are recommended by the National Institute on Aging (NIA) as a model of
aged-related changes since this hybrid lives longer and has a more gradual rate of aging than
inbred rats.? Indeed, prior studies by Hayashi et al. demonstrated that 22—24 month-old F
344 rats are readily induced into AF by burst electrical pacing whereas younger F344 rats
(2-3 months old) were not inducible.1% Optical mapping of Langendorff-perfused hearts
showed a marked increase in conduction time in the atria of old rats and AF was sustained
by the propagation of 2—4 independent wave fronts.10 Old atria had significantly higher
levels of interstitial fibrosis (15-fold) but cell-cell uncoupling of young atria with heptanol
promoted the induction of atrial tachyarrhythmia but not AF.10 Here, we tested the
possibility that relaxin may be protective of age-dependent AF and age-related fibrosis
which is not secondary to cardiovascular pathology (hypertension, diabetes, heart failure,
etc.), but rather the normal aging process. In 24 month-old, otherwise healthy F-344 rats
(“aged rats™), we confirmed the prior findings and show that treatment with relaxin
suppresses AF by reversing atrial fibrosis and increasing conduction velocity and the sodium
current density, Ina.

Detailed descriptions of all methods used are included in the Supplemental Materials
section. Studies were performed in accordance with the Guide for the Care and Use of
Laboratory Animals and were approved by the IACUC at the University of Pittsburgh.

Animal Study Design

AF inducibility was studied in age-matched (24 months) and sex-matched (male) Fischer
344 rats (F-344 rat colony of the NIA) that were separated into two groups whereby the
control group treated with the vehicle (V) and the experimental group was treated with
relaxin (RLX; gift from Dr. Mario Bigazzi, Foundation for Research on Relaxin in
Cardiovascular and Other Diseases). RLX (400 ug/kg/day) or V were infused by osmotic
mini-pumps (ALZET) for 14-days.8 After 14-days, rats were anesthetized, their heart was
excised and then perfused on a Langendorff apparatus with physiological Tyrode’s solution.

Optical Mapping, Programmed Stimulation and Inducing AF

Rats were anesthetized with pentobarbital (50 mg/kg), injected with heparin (200 U/kg 1V),
then the heart was excised and perfused on a Langendorff apparatus with physiological
Tyrode’s solution then were stained with bolus injections of a voltage-sensitive dye and a
Ca2+ indicator, as previously described.1! Light was collimated, passed through 530 + 30
nm interference filters, split by a 560 nm dichroic mirror and focused on the atria.
Fluorescence from the heart was collected with tandem camera lenses, was split with a 600
nm dichroic mirror to focus images of the atria at short (570-595 nm) and long (610-750
nm) wavelengths on two CMOS cameras.!! Pixel resolution was 150x150 um?, and the data
was recorded and stored in 4-8 second intervals. To reduce motion artifacts, the hearts were
placed in a chamber and perfused with blebbistatin (3-5 uM) for 10 min. Local conduction
velocity (CV) vectors were calculated for each pixel then were averaged and calculated as
mean + SEM. CV restitution Kinetics curves were generated by plotting the mean CV vs.
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S1-S2 interval in milliseconds. To test AF vulnerability, each heart was paced from the RA
using a programmed stimulation protocol consisting of 10 S1 pulses at 250 ms cycle length

(CL) followed by a premature S2 pulse with progressively shorter S1-S2 intervals until loss
of capture or the initiation of AF occurred. Transient AF was defined as lasting <20 seconds
and self-terminated, whereas sustained AF lasted >3 minutes. AF vulnerability was then test
by pacing the LA.

F-334 Rat Atrial Myocyte Isolation, Incubation and Immunofluorescence Imaging

Excised rat hearts were perfused for 5 min, treated with collagenase type 1l (2 mg/ml) for a
20 min at 37°C then the atria were minced in a stopping buffer and myocytes were allowed
to settle to form a pellet. The supernatant was removed and myocytes were re-suspended and
plated onto laminin-coated coverslips for 2 hours. The plating media was removed and
replaced by culture media. Atrial myocytes were incubated with or without 100 nM RLX.
After 48 hours, glass cover slips containing rat atrial myocytes were fixed with 2%
paraformaldehyde (PFA) followed by incubation with Nav1.5 primary antibody and then a
fluorescent secondary antibody conjugated with Alexa488. Images were obtained using an
inverted confocal microscope. Once optimal imaging parameters were determined, all
subsequent images were obtained using identical conditions. Intensity analysis was
performed using NIS Elements imaging analysis software.

RT-PCR Analysis and Immunofluorescence Imaging of Atrial Tissue

RT-PCR analysis was used to measure expression levels of RNAs of interest (collagen I,
collagen 111, TGF-B), which were normalized to GAPDH. Atrial tissues were fixed in 2%
PFA, equilibrated in 30% sucrose, and flash frozen. Frozen sections (7 micron thick) were
cut by cryostat and sections incubated with anti-collagen I or anti-Nav1.5 followed by
Alexa488-conjugated secondary antibodies and Phalloidin Cy3. Slides were viewed at 10—
20x with an inverted confocal microscope. Once optimal imaging parameters were
determined, all subsequent images were obtained using the same conditions. Intensity
analysis was performed using NIS Elements imaging analysis software. Collagen I to tissue
area ratio was calculated as previously described using the area stained with Phalloidin to
index tissue area, averaging 20—25 random fields per heart, with 5-7 rats per group.12 Mean
intensity analysis was performed using NIS Elements imaging analysis software. Primer
sequences are given in “Supplemental Materials”.

Electrophysiological Recordings of F-334 Rat Atrial Myocytes

Rat atrial myocytes were isolated and cultured as stated above. I, was measured using the
whole cell configuration of the patch-clamp technique. Currents were measured with an
Axopatch 200B amplifier. Iy, was elicited for a holding potential of =100 mV, and peak Iy,
was recorded during 50 ms voltage-clamp steps from —100 to +35 mV in 5 mV increments
proceeding a 200 ms conditioning pulse at =135 mV. Iy, was normalized to cell capacitance
and was reported as peak current density in pA/pF.
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AF vulnerability between the different groups was compared using Fisher exact test.
Parameters recorded under different S1-S2 were compared using ANOVA. For
immunofluorescence microscopy, comparisons among the 2 groups were performed using a
Student t-test. All results are reported as mean + SEM. For all tests, a value of P<0.05 was
considered to be statistically significant.

For additional details see “supplement materials”.

Aged rats are more susceptible to inducible AF than younger rats

Normotensive Wistar-Kyoto (WKY) rats aged 9—12 months were not vulnerable to AF
induced by a premature impulse® and burst pacing failed to elicit an arrhythmia in young (2—
3 months old) F-344 rats.10 Aging has been shown to be an independent risk factor for the
development of AF even without concomitant cardiovascular comorbidities;* hence we
wanted to study the effects of Relaxin on AF in a model of age-related AF in 24 month-old
F-344) rats that are otherwise ‘normal’ rats.10 Hearts were Langendorff-perfused, mapped
optically then programmed stimulation was applied to test AF vulnerability, as previously
described.8 AF was induced in 7 of 8 aged rats (Figure 1), which is in contrast to earlier
work with adult (9-12 month old) WKY or (2-3 months) F-334 rats where AF could not be
induced. After 2- weeks of Relaxin treatment there were no changes in blood pressure in
aged rats (see in Supplemental Materials), consistent with findings in SHRs.8 In aged rat
hearts, a single premature impulse close to the refractory period (S1-S2= 45 ms) induced a
transient arrhythmia (Figure 2A) while an impulse applied at a still shorter interval (S1-S2=
40 ms) produced a sustained AF (Figure 2B and 2C). The use of more provocative
arrhythmogenic techniques like burst pacing (10 stimuli, 10-ms apart) consistently induced a
sustained AF, which could be terminated with a transient bolus of KCI to restore sinus
rhythm.

Relaxin ameliorates inducible AF in aged rats

The most important and consistent finding was that relaxin treatment of aged rats for 2
weeks suppressed AF inducibility (Figure 1, Figure 2 D-F). Of the 6 aged rats treated with
relaxin, only 1 rat had an inducible AF which was transient. In contrast, the vehicle treated
rats were highly susceptible to inducible AF (n=7/8; P<0.01 versus relaxin treatment). More
robust attempts to elicit AF in relaxin treated aged rat hearts, such as varying the location of
the pacing electrode and burst pacing (10 stimuli, 10-ms apart) on either the right or left
atria, all failed to elicit sustained AF in most of the rats (Figure 1). The refractory periods
(between 45-50 ms) were not significantly different between the relaxin treated or vehicle
treated aged rats. However, relaxin treated aged rats were able to successfully conduct an S2
impulse of 45 ms without developing transient or sustained AF (Figure 2C), in contrast to
untreated aged rats (Figure 2A). Shorter S1-S2 intervals (<45 ms) did not succeed at
eliciting a propagated wave and these impulses did not precipitate a sustained AF (Figure
2D) as opposed to untreated aged rats (Figure 2B). In fact, even the most provocative
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arrhythmogenic burst pacing protocols failed to induce AF in the majority of relaxin treated
rats (Figures 1 & 2F).

Relaxin increases conduction velocity and improves restitution in aged rats

Conduction velocity (CV) and action potential duration (APD) restitution kinetics (RK)
were measured from the right and left atria (RA/LA) of aged rats, with or without relaxin
administration. Figure 3A shows a marked effect of relaxin on the restitution kinetics of CV
in the LA and RA compared with untreated hearts; namely, a large increase in CV
particularly for short S1-S2 intervals and a less-steep RK curve. When CV was measured
during simple S1 pacing, relaxin treated aged rats had a significantly higher CV regardless
of the S1 cycle length (Figure 3B). As the S1 cycle length decreases (heart rate increases)
the CV drops precipitously in the untreated aged rat hearts. In fact, at the shortest S1 cycle
length tested (125 ms); untreated aged hearts were unable to pace at this highest rate
representing a loss of restitution. Conversely, the relaxin treated aged rat hearts were able to
pace at every cycle length tested and were able to maintain a consistent CV regardless of S1
cycle length indicating an improvement in CV restitution in the atria. Relaxin treatment did
not significantly alter the APD restitution kinetics for LA and RA (data not shown).

Relaxin reverses age-related atrial fibrosis

Differences in the amount of atrial fibrosis between the untreated control group and the
relaxin treated group are shown in Figure 4A/C/D and B/E/F, respectively. After 2 weeks of
treatment, relaxin treated aged rats had an attenuation of fibrosis indicated by a significantly
lower atrial collagen to tissue ratio compared with untreated aged rats (P<0.001).
Specifically, relaxin decreased the ratio of collagen-I to atrial tissue area by 66% (Figure
4G) and the total collagen-to-tissue ratio by 55% (Figure 4H). Additionally, RT-PCR
analysis of atrial tissues demonstrate that relaxin decreases several pro-fibrotic mMRNA
transcripts for TGF-f, collagen I and collagen 111 by 25-33% (Figure 5). These findings are
consistent with our previous work as well as the work of others.8: 13

Relaxin increases the expression of voltage-gated Na* channels

The major electrophysiological change caused by relaxin treatment is a marked increase in
CV and the maintenance of those increased CV at decreased cycle lengths (increased heart
rate). In addition to reduced atrial fibrosis, an increase in the current density of voltage-gated
sodium channels, Ing, could help explain these changes in CV. To test the effects of relaxin
on Ing, We tested the effects of relaxin on Iyg density in F344 atrial myocytes. F344 rat atrial
myocytes were isolated and cultured in the presence or absence of 100 nM relaxin for 48
hours. Immunofluorescence was used to quantify the expression the voltage-gated sodium
channel, Nav1.5. Rat atrial myocytes cultured in the presence of relaxin demonstrated an
80% increase in the expression of Nav1.5 (Figure 6A and 6B). To build upon this
observation that relaxin upregulates the expression of Nav1.5, freshly isolated F334 atrial
myocytes were incubated with or without relaxin (100nM) and the current -to-voltage (I-V)
relationship was measured for Iy, after 48 hours. As shown in Figure 6C, 48 hours of
incubation with relaxin significantly increased Iy, density in atrial myocytes in the voltage
range of —60 to =50 mV (P<0.05) compared to untreated cells. At a voltage of -50 mV,
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exposure to relaxin increased the sodium current density by 46% over the control
(-15.33%0.68 pA/pF, controls, n=12; —22.39+0.60 pA/pF, relaxin, n=13; P<0.01). These
findings are consistent with the immunocytochemistry data showing that relaxin exposure to
atrial myocytes increases the expression of Nav1.5. In our aged rat experiments,
immunofluorescence microscopy was performed on LA tissue to determine if relaxin
treatment increases the expression of Nav1.5 as was observed in the cell culture
experiments. Relaxin treated aged rats had a 36% increased expression of Nav1.5 compared
to untreated aged rats (Figure 7).

DISCUSSION

Previous work has documented the role of aging on cardiac fibrosis, electrical remodeling
and increased susceptibility to arrhythmia in the rat heart.14 15 Aged (F-344) rat hearts
exhibit extensive interstitial fibrosis compared to young adult rats and this fibrosis has been
shown to facilitate arrhythmias perhaps by promoting generation of early
afterdepolarizations and ectopic activity leading to fibrillation.1® Our work builds upon and
reaffirms these concepts but more importantly, it also demonstrates that these age-related
changes are reversible and modifiable, not inexorable. Previous work has shown that aged
rat hearts are prone to atrial and ventricular fibrillation.14-16 These results are distinct from
our prior work in SHRs where chronic hypertension was the underlying catalyst for AF
susceptibility. Regardless of whether the etiology for AF vulnerability was a modifiable
(hypertension) or a non-modifiable risk factor (age), relaxin was able to suppress the
development of AF. In both models the mechanism of AF suppression appears to be through
an improvement in both atrial electrical and structural remodeling. Specifically, relaxin has
been shown to increase slow, pro-arrhythmic CVs by increasing Ing in SHR and aged rat
hearts. In isolated rat and hiPS-CMs, relaxin increases the Iyg Within 24 hours. In aged rats,
we now show that relaxin also has potent anti-fibrotic effects through the suppression of
collagen I and 111 deposition and by decreasing the pro-fibrotic mMRNA transcripts of TGF-f,
collagen I and collagen 111 resulting in a significant decrease in the ratio collagen to total
tissue in the atria. This reduction in fibrosis also has a beneficial effect on increasing CV.
Furthermore Relaxin enhanced the expression of Nav1.5 and its current, Iy, thereby
increasing CV and imparting an important component of the antiarrhythmic effects of
relaxin. Until now, it has not previously been demonstrated that aged-associated atrial
fibrosis is reversible. Furthermore, our work is exciting because it advances the novel
concept that relaxin, a hormone most closely associated with pregnancy, is a potent
antiarrhythmic and it’s antiarrhythmic properties are completely unlike all other classes of
antiarrhythmic therapies.

In human AF, structural remodeling is characterized by atrial enlargement and tissue
fibrosis. Fibrosis promotes AF by interrupting fiber bundle continuity and causing local
conduction disturbances.1’ Atrial fibrosis appears to be a common endpoint of a wide range
of AF-promoting conditions and predicts recurrences.® Furthermore, AF appears to
promote further development of atrial fibrosis, which is an important contributor to
therapeutic resistance in patients with long-standing AF.1° To date, no therapies have been
developed to effectively reverse atrial fibrosis, however, relaxin may offer promise in
addressing this unmet clinical need.
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One of the most exciting aspects of relaxin therapy as a potential treatment for AF and
underlying atrial fibrosis is that relaxin is already being studied in humans. In the RELAX-
AHF trial, over 1100 patients were randomized and 567 received serelaxin therapy.2°
Although designed and powered to primarily study relief of dyspnea secondary to acute
heart failure, 52% of the patients enrolled had a history of AF and 41% were in AF at the
time of enrollment.20 Given that serelaxin has been shown to be safe in clinical trials
composed of a high percentage of AF patients and patients at high-risk for the development
of AF,20. 21 along with our work demonstrating the ability of relaxin to suppress AF,8 there
appears to be a rational basis to study serelaxin in human AF trials. To date, there has been
no published subgroup analysis from the RELAX-AHF trial with respect to AF. All
currently published data from the RELAX-AHF trial does not extend beyond 180-days post-
serelaxin treatment. Therefore, the opportunity does exist for future retrospective analysis of
the effects of serelaxin on AF in the RELAX-AHF patient population. Such analysis could
be instrumental to better understand the effects of serelaxin on AF and could be useful in
generating hypotheses for future randomized clinical trials in AF. A recent subgroup
analysis comparing mode of death in patients from the RELAX-AHF trial showed that the 6-
month mortality benefit from serelaxin is driven by a reduction in sudden cardiac death and
other cardiovascular death (predominately stroke) but not from a reduction in heart failure
death.22 Our data indicates that relaxin promotes beneficial cardiac electrical remodeling
and suppresses AF. These changes may be occurring in serelaxin treated patients and may
help to explain the reduction in sudden cardiac death and death from stroke, respectively.23
Based on the data from clinical trials as well as basic and translational studies, relaxin
represents an exciting new and potentially beneficial therapy in AF.

Conclusions

The major findings of our work demonstrate that aged rat hearts have a significant
susceptibility to inducible AF triggered by premature atrial impulses and that treatment of
aged rats with relaxin for 2-weeks suppressed the development of AF. Relaxin significantly
reversed atrial fibrosis, increased atrial CV and improved atrial restitution during fast S1
pacing. The increase in atrial CV and improved restitution is a function of both the
upregulation of Nav1.5 resulting in an increase in Iy, density combined with the reversal of
atrial fibrosis. These results suggest that within the aged atria, the pleiotropic hormone
relaxin has antifibrotic and antiarrhythmic properties.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

AF atrial fibrillation

AP action potential

cv conduction velocity

ECM extracellular matrix

F fluorescence

hiPS-CMs human induced pluripotent stem cells derived cardiomyocytes

LA left atrium

PBS phosphate-buffered saline

RA right atrium

RLX relaxin

RK restitution kinetics

SHR spontaneously hypertensive rat

TGF-41 Tumor Growth Factor 1

\V/ vehicle

WKY Wistar-Kyoto
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Clinical Perspectives

Current management strategies for AF focus on treatment of the underlying rhythm by
either ventricular rate control or maintenance of sinus rhythm though ablation or
antiarrhythmic therapy. These strategies do not directly address the underlying problem
in AF, which is structural and electrical remodeling of the atrium. Furthermore, in the
geriatric population, our rate and rhythm control strategies are less efficacious and cause
greater morbidity and mortality than in younger AF populations. Our manuscript
demonstrates that relaxin suppresses AF in aged rats and does so by directly reversing
age-related structural and electrical atrial remodeling which is in contrast to all other
currently used treatment modalities for AF. Unlike most preclinical studies which show
promising benefit but are totally unproven in humans, relaxin has been extensively
studied in human clinical trials and has been shown to be safe and effective in patients. In
the RELAX-AHF trial, relaxin was shown to improve 6-month mortality in heart failure
patients by decreasing stroke and sudden cardiac death. Our preclinical studies provide a
rationale for extending the use of relaxin beyond acute decompensated heart failure to the
field of atrial fibrillation. Besides its safety profile, relaxin may represent a superior
alternative to our current treatment strategies for geriatric AF patients by directly
addressing the underlying atrial remodeling driving AF. Both subgroup analysis of
existing clinical trial data and future randomized clinical trials specifically designed for
AF end points will be necessary to translate this promising therapy into clinical reality.

Heart Rhythm. Author manuscript; available in PMC 2017 April 01.




1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Henry et al.

80 -
60+
2\:
=
g 40-
(0]
o
20 -
O_
70
60 -
50 -
:\o‘ )}
< 40
c ]
(]
S 30-
()
e
20-
10-
0-

S1-S2 Pacing Protocol

n=7

I AGED +Vehicle
[ AGED +RLX

Sustained AF

Burst Pacing Protocol

Transient AF

n=5

I AGED +Vehicle
N AGED +RLX

Sustained AF

Transient AF

n=5

No AF

n=

No AF

Page 12

Figure 1. Inducibility of atrial fibrillation (AF) in aged rats treated with relaxin (RLX) or vehicle

Aged rats were readily inducible into sustained AF while RLX treated aged rats were

considerably more refractory to inducible AF.
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Figure 2. Relaxin treatment (RLX) significantly decreases AF inducibility in aged rats
A: Representative action potential (AP) tracing in an aged rat. A premature pulse (S1-S2

interval 45 ms) elicits a transient episode of AF. B/C: When a shorter S1-S2 interval of 40
ms is delivered, sustained AF is induced. D: Representative AP tracing in an RLX treated
aged rat. A premature pulse (S1-S2 interval 45 ms) is longer than the refractory period and
captures. E: When an S1-S2 impulse which is shorter than the refractory period is delivered,
no capture occurs. F: Burst pacing was unable to elicit AF in RLX treated aged rats.
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Figure 3. Restitution kinetics (RK) of conduction velocity (CV) during S1-S2 (A) and S1 (B)

pacing

RK measured for CV from the left and right atrium (LA and RA), respectively. All values

are reported as mean = SEM.
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The top panels are atrial immunohistological sections (20x) of aged rat hearts treated with
vehicle (A) or relaxin (B). Phalloidin is represented in red and collagen I in green. The

middle panels are aged rat atrial sections (40x) stained with picrosirius red. Dark red

staining denotes fibrosis. Images C&D are from vehicle treated aged rats imaged under non-
polarized (C) and polarized light (D). Images E&F are from relaxin treated aged rats under
non-polarized (E) and polarized light (F). G and H quantify the collagen | or collagen to

tissue ratio.
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Figure 5. Relaxin treatment decreases expression of fibrosis related transcripts
Relative expression of profibrotic transcripts in relaxin treated aged rats relative to untreated

controls isolated from atria tissue. All values are reported as mean + SEM; *P<0.05.
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Figure 6. Relaxin (RLX) treatment of F-344 rat atrial myocytes increases expression of voltage-
gated Na* channels

A: F-344 rat atrial myocytes were co-incubated with 100 nM RLX for 48 hours. As
measured by immunofluorescence, the relative expression of Nav1.5 is increased by RLX.
B: The left and right panels (40x) show representative rat atrial myocytes stained with
Nav1.5 antibody without and with 100 nM relaxin, respectively. C: Current-to-voltage (I-V)
plots for control and RLX-treated rat atrial myocytes demonstrate an upregulation of Na*
current density. All values are reported as mean + SEM.
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Figure 7. Relaxin increases expression of voltage-gated Na* channels in the atria of aged rats
A representative image of left atrial tissue from an aged rat treated with vehicle (A) or

relaxin (B). As measured by immunofluorescence, the relative expression of Nav1.5 is
increased by relaxin (C). All values are reported as mean + SEM.
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