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Abstract
Peptides influence cardiac dysfunction; however, peptidergic modulation of contractile
performance remains relatively uncharacterized. We identified a novel human peptide that
modulates mammalian contractile performance. Members of the FMRFamide-related peptide
(FaRP) family contain a C-terminal RFamide but structurally variant N-terminal extension. We
report human RFamide-related peptide-1 (hRFRP-1) and rat RFRP-1 rapidly and reversibly
decreased shortening and relaxation in isolated mammalian cardiac myocytes in a dose dependent
manner. The mammalian FaRP, 26RFa, structurally related to RFRP-1 by only an RFamide did
not influence myocyte contractile function. The protein kinase C (PKC) inhibitor
bisindolylmaleimide-1 blocked hRFRP-1 activity. Pretreatment with pertussis toxin (PTX) did not
diminish hRFRP-1 influence on contractile function. In addition, intravenous injection of
hRFRP-1 in mice decreased heart rate, stroke volume, ejection fraction, and cardiac output.
Collectively these findings are consistent with the conclusion RFRP-1 is an endogenous signaling
molecule that activates PKC and acts through a PTX-insensitive pathway to modulate cardiac
contractile function. Taken together these negative chronotropic, inotropic, and lusitropic effects
of hRFRP-1 are significant; they suggest direct acute cellular and organ-level responses in
mammalian heart. This is the first known study to identify a mammalian FaRP with cardio-
depressant effects, opening a new area of research on peptidergic modulation of contractile
performance. The high degree of RFRP structure conservation from amphibians to mammals, and
similarity to invertebrate cardioinhibitory peptides suggests RFRP-1 is involved in important
physiological functions. Elucidation of mechanisms involved in hRFRP-1 synthesis, release, and
signaling may aid the development of strategies to prevent or attenuate cardiac dysfunction.
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1. Introduction
Heart failure is the leading cause of death, yet the peptidergic mechanisms involved in
cardiac dysfunction are not completely understood. Identifying small cardioregulatory
peptides is significant because it may provide potential target molecules for drug
development and therapeutic approaches to address cardiac dysfunction. The first RFamide-
containing peptide discovered was the invertebrate tetrapeptide, FMRFamide [19]. Isolation
of FMRFamide from clam ganglia as a cardioregulatory peptide led to the subsequent
identification of structurally-related bio- and cardio-active peptides throughout the animal
kingdom [7, 9, 10, 17]. The vast majority of FaRP-related cardiovascular research to date
has been done in invertebrates. Mammalian FMRFamide-related peptides (FaRPs) are of
interest in cardiovascular research because they are expressed in regions of the central
nervous system involved in cardiac regulation [2, 7, 10, 13, 15, 24, 30]. However, relatively
little is known about the influence of FaRPs on cardiovascular function in mammals.

The FaRP superfamily of FMRFamide-related peptides can be subdivided into smaller
groups based on the XRFamide motif, where X defines the subgroup. The invertebrate
myosuppressin peptides are members of the LRFamide subgroup. Myosuppressins have
been extensively studied in invertebrates as cardioactive peptides which decrease heart rate
and amplitude of ejection [1, 16, 18, 20-22, 26]. However, a cardioactive LRFamide peptide
has not been reported in mammals.

The mammalian RFamide-related peptide (RFRP) gene encodes RFRP-1, which contains a
C-terminal LRFamide [11, 13]. The human RFRP-1 peptide (hRFRP-1;
MPHSFANLPLRFamide) was isolated from human hypothalamus [23]. Structurally similar
peptides were isolated from frog brain (SLKPAANLPLRFamide) and bovine hypothalamus
(MPPSFANLPLRFamide), and predicted from the rat RFRP gene
(VPHSAANLPLRFamide) [5, 10, 11, 13]. Additionally, clusters of hRFRP-1
immunoreactive neurons and fibers are found in mammalian hypothalamus and nucleus
tractus solitarius, an important site for integrative regulation of the cardiovascular system
[10, 23, 24, 30]. However, the effects of RFRP-1 peptides on cardiovascular function are not
reported. Based on peptide structure and cellular expression our hypothesis was RFRP-1
may be a cardioactive peptide in vertebrates. To test our prediction, the functional effects of
hRFRP-1 were characterized in isolated mammalian cardiac myocytes and mouse hearts in
vivo.

2. Material and methods
2.1. Myocyte isolation and measurement of sarcomere length shortening in single
myocytes

Adult rat and rabbit ventricular cardiac myocytes were isolated as previously described
[27-29]. Hearts from Sprague-Dawley rats and New Zealand white rabbits were perfused
and enzymatically digested to isolate myocytes; the protocol was approved by The
University of Michigan University Committee on Use and Care of Animals (UCUCA) in
accordance with university and federal regulatory guidelines. Aliquots of isolated ventricular
myocytes were plated on laminin-coated glass coverslips in serum-containing Dulbecco's
Modified Eagle Media (Invitrogen, CA, US) supplemented with 5% fetal bovine serum, and
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50 U/ml penicillin and 50 μg/ml streptomycin (pen/strep; Sigma-Aldrich, MO, US). Two
hours later, media was replaced with serum-free M199 (Invitrogen) supplemented with 1.8
mM Ca2+, 10 mM HEPES, 10 mM glutathione, and pen/strep. Rat myocytes were
transferred to a stimulation chamber and electrically paced the day after isolation. Media
was changed daily for all myocyte preparations. Sarcomere shortening was detected using a
video-based detection system (IonOptix, MA, USA) as described earlier. Rat myocytes were
paced at 0.2 Hz and rabbit myocytes were paced at 0.5 Hz or 1 Hz for these studies.
Recordings were made prior to and at 1, 3, 5, 10 and 15 minutes after application of each
peptide concentration, the protein kinase C (PKC) inhibitor bisindolylmaleimide-1, (bis-1;
CalBiochem/EMD, NJ, US) in dimethyl sulfoxide (DMSO, Sigma-Aldrich), 3 hours after
treatment with pertussis toxin (PTX; Sigma-Aldrich), or media only (control). Signal
averaged data were analyzed to determine resting sarcomere length, shortening amplitude
(peak shortening), shortening rate (departure velocity), and re-lengthening rate (return
velocity), as previously described [27-29], in 6-26 myocytes from 3-5 rat hearts for each
peptide concentration, bis-1, PTX-pretreatment, and media only.

2.2. Peptide syntheses
Peptides were synthesized by standard Fmoc protocol. The following structures were
confirmed by amino acid analysis and mass spectrometry: MPHSFANLPLRFamide,
hRFRP-1, VPHSAANLPLRFamide, rat RFRP-1 (rRFRP-1),
LAEELSSYSRRKGGFSFRFamide, 26RFa(8-26), and KGGFSFRFamide, 26RFa(19-26).

2.3. Echocardiography
Echocardiograms were performed as previously described [3] according to the
recommendations of the American Society of Echocardiography. All echocardiography was
performed by one registered echocardiographer. Female C57BL/6 mice were weighed to
accurately calculate the amount of peptide delivered per kilogram body weight (kg bw).
Animal use for echocardiography was approved by The University of Michigan UCUCA in
accordance with university and federal regulatory guidelines. Physiological saline or peptide
was intravenously delivered via tail-vein injections to a total maximum volume of 150 μl to
achieve 5 μmols or 500 ηmols hRFRP-1/kg bw. Each animal was used only once for an
injectant, either physiological saline or peptide (n = 4-5). Briefly, a mouse was placed in an
induction chamber and lightly sedated with 4% isoflurane mixed with 100% oxygen, then
placed in a supine position on a heated platform with electrocardiogram contact pads
(VEVO™ mouse handling platform; VisualSonics, ON, CA), and its nose placed in a cone
with 1% isoflurane in 100% oxygen. High-resolution, two-dimensionally guided recordings
of amplitude and rate of motion (M-mode) were obtained with a real-time 30-MHz
microvisualization scanhead, RMV™ 707B, interfaced to a Vevo 770™ in vivo micro-
imaging system (VisualSonics). Heart rate along with left ventricular end-systolic and end-
diastolic dimensions were measured from the two-dimensional sector scans obtained from
the parasternal long axis and apical four chamber views using the conventions of the
American Society of Echocardiography. For each M-mode measurement, at least three
consecutive cardiac cycles were sampled. Left ventricular volumes were measured at end
systole (Vols) and end diastole (Vold) and used to calculate stroke volume (SV = Vold −
Vols) and ejection fraction (EF % = endocardial SV/endocardial Vold × 100). Cardiac output
(CO = endocardial SV × heart rate) was calculated from stroke volume and heart rate.

2.4. Statistical analysis
All values reported are expressed as mean ± standard error of mean (SEM). Data were
analyzed using a 1-way analysis of variance (ANOVA) and a Dunnett's Multiple
Comparison Test was performed as a post hoc test; statistical significance was established at
a p value < 0.05. The half-maximal effective concentration (EC50) values were calculated
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from best-fit curves using either Microsoft Excel XP or GraphPad Prism 3.0 statistics
software (GraphPad, CA, USA).

3. Results
3.1. Human RFRP-1 produces dose-dependent effects on rat cardiac myocyte contractile
function

The influence of hRFRP-1 on cardiac function was measured in isolated adult rat cardiac
myocytes to test our hypothesis that this vertebrate FaRP is a cardioactive peptide in
mammals. Acute dose-dependent alterations in sarcomere shortening were measured over 15
minutes in response to 10−6 M to 10−11 M hRFRP-1 in isolated adult rat myocytes. There
was no significant effect of 10−11 M hRFRP-1 compared to control, and resting sarcomere
length remained unchanged at all peptide concentrations (Fig. 1A). Human RFRP-1 peptide
dramatically decreased shortening amplitude, and shortening and re-lengthening rates in the
isolated cardiac myocytes (Fig. 1B; Table 1). Significant reductions in the shortening and re-
lengthening rates were detected in response to concentrations of 10−10 M hRFRP-1 and
higher (Fig. 1B; Table 1). A ten-fold increase to 10−9 M hRFRP-1 and higher was required
to detect significant reductions in shortening amplitude (Fig. 1B; Table 1). The best-fit EC50
values were 5×10−10 M, 5×10−11 M, and 5×10−11 M for shortening amplitude, and
shortening and re-lengthening rates, respectively. These results demonstrate hRFRP-1
acutely modulates contractile function at the cellular level by directly acting on mammalian
cardiac myocytes.

3.2. Rat RFRP-1 mimics the influence of hRFRP-1 on rat cardiac myocyte contractile
function

To begin to investigate the structure specificity of RFRP-1 on contractile function we
compared the effects of two mammalian RFRP-1 peptides, rat and human, on isolated
cardiac myocytes. Rat RFRP-1 (VPHSAANLPLRFamide) differs from hRFRP-1
(MPHSFANLPLRFamide) by two amino acids in the N-terminal amino acid extension,
M1→V1 and F5→A5 (Table 2). The influence of 10−8 M rRFRP-1 was compared to 10−8

M hRFRP-1 and control (media only) in isolated adult rat cardiac myocytes (Fig. 2; Table
3). The rat RFRP-1 peptide decreased shortening amplitude, and shortening and re-
lengthening rates (−17.7 ± 4.3%, −22.1 ± 6.0%, −25.5 ± 3.9%, respectively; n = 12) without
significant changes in resting sarcomere length. Thus, similar changes were observed in the
shortening and re-lengthening rates with 10−8 M rRFRP-1 and 10−8 M hRFRP-1. However,
the greater effect of 10−8 M hRFRP-1 on shortening amplitude compared to 10−8 M
rRFRP-1 suggests the structure differences of the N-terminal extensions of these two
peptides may provide important clues into ligand binding and future characterization of an
RFRP-1 receptor(s).

3.3. The vertebrate FaRP 26RF, does not mimic RFRP-1 influence on rat cardiac myocyte
contractile function

RFamide-related peptide-1 structure-activity requirements were further investigated using
rat 26RFa [8], which is a FaRP and thus contains an RFamide C terminus. Although the
RFamide C terminus is identical, the structure and length of the 26RFa N-terminal extension
is different from RFRP-1. The effects of 10−8 M 26RFa(8-26)
(LAEELSSYSRRKGGFSFRFamide) and 10−8 M 26RFa(19-26) (KGGFSFRFamide) were
measured and compared to hRFRP-1 in isolated adult rat cardiac myocytes (Fig. 3; Table 4).
The decreases in shortening amplitude, and shortening and re-lengthening rates in response
to 10−8 M 26RFa(8-26) and 10−8 M 26RFa(19-26) were modest, not different from control
(p > 0.05), and statistically less than the response to 10−8 M hRFRP-1 (Fig. 3; Table 4; p <
0.05). These results provide direct evidence for the conclusion that the RFRP-1 N-terminal
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extension is required for its influences on cardiac contractile function, and the strictly
conserved C-terminal RFamide is not sufficient for the effect of RFRP-1 on mammalian
cardiac myocytes. These results show 26RFa peptides do not induce a RFRP-1-like response
in cardiac myocytes.

3.4. Human RFRP-1 produces cardio-depressant effects in mouse
The influence of hRFRP-1 on cardiovascular function in vivo was then studied to determine
whether integrated responses similar to the cellular effects were observed in mammals.
Cardiac function was measured by echocardiography after peptide or saline (control) was
delivered via intravenous tail-vein injections in mice [3]. Representative two-dimensional
M-mode recordings (Fig. 4) demonstrate diminished cardiac function in response to 5
μmols/kg bw hRFRP-1 compared to control. At both concentrations (5μmols and 500
ηmols/kg bw), hRFRP-1 produced a peak effect at 5 minutes post-injection with partial
recovery of cardiac function by 15 minutes. The higher dose of hRFRP-1 produced acute
and dramatic effects on cardiovascular function (n = 5; Fig. 4A, pre-injection; Fig. 4B, 5
minutes post-injection; Table 5) compared to the modest variations observed in the saline
control group (n = 4; Fig. 4C, pre-injection; Fig. 4D, 5 minutes post-injection; Table 5).
Interestingly, the negative chronotropic effect of the lower hRFRP-1 dose (500 ηmols/kg
bw) was absent. Although this dose significantly decreased stroke volume, ejection fraction,
and cardiac output, the relative magnitude was attenuated compared to the higher dose
(Table 5). These in vivo data are consistent with a direct dose- dependent effect of hRFRP-1
on myocardium which is in agreement with the influence of hRFRP-1 observed in isolated
adult rat cardiac myocytes.

3.5. Human RFRP-1 effects on rat cardiac myocyte contractile function in the presence of
bis-1, a PKC inhibitor

In order to initiate studies of the mechanisms involved in the influence of hRFRP-1 on
cardiac function, the PKC inhibitor bis-1 was used as previously established [27]. The effect
of PKC inhibitor bis-1 (500 ηM) on the influence of 10−8 M hRFRP-1 on shortening and
relaxation was measured in isolated adult rat cardiac myocytes over 15 minutes (Fig. 5,
Table 6). Bisindolylmaleimide-1 largely blocked the influence of 10−8 M hRFRP-1 on
shortening amplitude, and shortening and re-lengthening rates (−0.58 ± 4.8%, −12.3 ± 4.6%,
−5.6 ± 4.7%, respectively; n = 23) without significant changes in sarcomere resting length.
The effect of bis-1 on hRFRP-1 activity was statistically different from peptide in the
absence of the PKC inhibitor. Application of bis-1 dissolved in DMSO did not affect cardiac
myocyte contractile function (Fig. 5; Table 6). These results provide direct evidence to
support the conclusion that the influence of RFRP-1 on cardiac myocyte contractile function
involves activation of a PKC signaling pathway.

3.6. Human RFRP-1 effects on rat cardiac myocyte contractile function in the presence of
PTX, a Gi protein inhibitor

Next we examined the involvement of PTX-sensitive guanine nucleotide binding proteins (G
proteins) in the influence of hRFRP-1 on cardiac myocyte contractile function. Pertussis
toxin treatment of isolated cells was performed according to established methods [12].
Isolated adult rat cardiac myocytes were pretreated with 100 ηg/ml PTX for 3 hours before
cardiac myocyte contractility was measured in response to 10−8 M hRFRP-1 or media only.
The pretreatment had no effect on the influence of hRFRP-1 on myocyte contractile function
(Fig. 6; Table 7). The human RFRP-1 peptide decreased shortening amplitude, and
shortening and re-lengthening rates (−24.4 ± 4.3%, −26.0 ± 4.4%, −26.1 ± 4.6%,
respectively; n = 9) without significant changes in resting sarcomere length in PTX-treated
myocytes. Thus, similar changes were observed in the influence of hRFRP-1 on shortening
amplitude, and shortening and re-lengthening rates in the presence and absence of PTX
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pretreatment. PTX pretreatment also did not influence the application of media only on
contractile function (Fig.6; Table 7). These results suggest hRFRP-1 does not act through a
G inhibitory (Gi) protein-mediated signaling pathway to influence cardiac myocyte
contractile function. This is consistent with a mechanism activating PKC, which is
insensitive to PTX.

3.7. Human RFRP-1 attenuates rabbit cardiac myocyte contractile function
Our research turned to rabbit cardiac myocytes to further evaluate the effects and
mechanism of the conserved RFRP-1 peptide in cardiac function. Human RFRP-1 was
examined in isolated adult rabbit cardiac myocytes due to their similarity in heart rate
compared to humans, relative to rat. At sub-nanomolar concentrations of hRFRP-1 the
peptide significantly reduced mammalian cardiac function. Compared to media only
(control), 10−10 M hRFRP-1 dramatically decreased shortening amplitude and re-
lengthening rates in isolated adult rabbit cardiac myocytes (Fig. 7). The shortening rate also
decreased in response to 10−10 M hRFRP-1; however, it was not significant in the myocytes
studied. The recordings were made at 0.5 Hz (Fig. 7) and at 1 Hz (results not shown) to
assess both shortening and the potential to initiate arrhythmic contractions. Arrhythmic beats
and after-contractions were not observed in response to hRFRP-1 at either pacing frequency.
These functional results establish that physiologically relevant concentrations of hRFRP-1
dramatically decreased contractile function in both rat and rabbit cardiac myocytes and
suggest hRFRP-1 may play a direct role in modulating mammalian cardiac function.

4. Discussion
Our results are the first to describe the specific cellular and integrated cardiac actions of
mammalian RFRP-1. Dose-dependent cardiac effects were found at the cellular level using
two mammalian orthologs, hRFRP-1 and rRFRP-1 and two mammalian models, rat and
rabbit (Figs. 1, 2, 7) and at the organ system level in mammals (Fig. 4). These cardiac
responses were over a concentration range that would be expected if a peptide is released as
a neuro-hormonal modulator of cardiovascular function. The consistency of the cardio-
depressant effects in multiple mammalian models and with the two mammalian orthologs
suggests RFRP-1 plays a role in modulating cardiac performance. Until now, there has been
no published work about the effects of the highly conserved RFRP-1 peptides on
mammalian cardiac function.

Members of a FaRP subgroup defined by XRFamide generally have similar functional
activities, which may be different from other subgroups within the RFamide superfamily.
The invertebrate LRFamide myosuppressin family of peptides has been studied extensively
in invertebrates as cardioinhibitory peptides that decrease heart rate and amplitude of
ejection [1, 20-22, 26]. In the present study we report the novel finding that RFRP-1, a
mammalian LRFamide peptide, dramatically decreases cardiac function. This conservation
of structure and activity indicates members of the LRFamide subgroup decrease cardiac
function in invertebrates and mammals and may act through a common mechanism across
phylogeny. Structural and functional similarity of neuropeptides and their receptors across
the animal kingdom [25] suggests studies in invertebrates such as Drosophila melanogaster
may shed light on how a conserved peptide acts in mammalian cardiovascular physiology.

Recently, another vertebrate FaRP, 26RFa was reported to increase heart rate and blood
pressure in rat [8]. Our studies show no significant effects of this FaRP on isolated cardiac
myocyte shortening or relaxation (Fig. 3). Although 26RFa shares a common C terminus
with RFRP-1, our results show the RFRP-1 N-terminal sequence is required for
cardiomyocyte-specific effects. This structure-specific, high affinity response observed with
hRFRP-1 but not 26RFa is consistent with a novel peptidergic receptor, most likely linked to
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one or more cellular signaling pathways. In addition, the substantial functional response to
nanomolar RFRP-1 (Figs. 1, 2, 7) is consistent with a pathway utilizing a high affinity
receptor. Though the identity of the RFRP-1 cardiac receptor and molecular signaling
mechanisms are not yet known, other FaRPs likely act through G-protein coupled receptors
in the brain [11, 13]. The ability of bis-1 but not PTX pretreatment to block the influence of
hRFRP-1 on cardiac function suggests the peptide activates a PKC pathway but does not
signal through a Gi protein.

Results from the present study also demonstrate similar and different effects of RFRP on
isolated mammalian cardiac myocytes compared to cardiac function in the intact animal
(Figs. 1, 2, 7 versus Fig. 4). The profound decrease in heart rate in vivo was not reflected in
detected rhythm disturbances in the isolated myocyte. This difference may be due to effects
on neural targets present in the in vivo studies. Although rhythmic disturbances were not
detected at pacing frequencies including 0.2, 0.5, and 1 Hz in the isolated myocyte studies, it
remains possible this aspect of the response may not be evident at the lower pacing
frequencies used for the functional studies in isolated myocytes. Human RFRP-1 induced a
decrease in systolic function observed in vivo that was consistent with the cellular response,
an indication that the in vivo effect is due at least in part to a direct suppression of cardiac
myocyte contractile function. However, the slowing of relaxation observed in isolated adult
myocytes was not detected in vivo. This slowing of in vitro re-lengthening and lack of
change in in vivo diastolic performance may reflect variability in the non-invasive
assessment of diastolic performance, attenuated detection due to rate-related changes in
function [6], and/or the influence of factors such as load and compensatory responses within
a whole animal model.

Neurohormones play a critical role in modulating heart function under physiological as well
as acute and chronic pathophysiological conditions. The study of β-adrenergic signaling has
been investigated under physiological and pathophysiological conditions, [4, 14], yet other
neurally-mediated signaling pathways may also play significant roles in the regulation of
heart function. Of particular interest are small peptidergic signaling molecules with
cardioregulatory properties. The present work describes the substantial and consistent
cardiac response to a conserved mammalian FaRP dodecamer, which may prove to be a
target for future drug development, and diagnostic and/or therapeutic treatments.
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Fig. 1.
Basal sarcomere length and percent change in peak shortening, departure velocity, and
return velocity in response to 15 minute perfusion with 10−6 M to 10−11 M hRFRP-1 at
37°C and paced at 0.2 Hz in isolated adult rat cardiac myocytes (Table 1). Fig. 1A. The
resting sarcomere lengths were 1.76 ± 0.01 μm (baseline), 1.76 ± 0.01 μm (1 minute), 1.76
± 0.01 μm (3 minutes), 1.76 ± 0.01 μm (5 minutes), 1.75 ± 0.01 μm (10 minutes), and 1.75
± 0.01 μm (15 minutes). Fig. 1B. Percent change in peak shortening, departure velocity, and
return velocity during 15 minutes perfusion with peptide. Values for each concentration (y-
axis; hRFRP-1 (log [ ])) were compared to media control (C) with 1-way ANOVA followed
by a Dunnett's Multiple Comparison Test with p < 0.05 considered statistically significant
(*; Table 1). The best-fit EC50 values were calculated to be 5×10−10 M (peak shortening),
5×10−11 M (departure velocity), and 5×10−11M (return velocity). Recordings were made
from n = 7-20, 1-day and 2-day myocytes isolated from n = 1-4 hearts.
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Fig. 2.
Percent change in baseline sarcomere length (SL), peak shortening, departure velocity, and
return velocity in response to 15 minutes of perfusion with 10−8 M rRFRP-1, 10−8 M
hRFRP-1, and control (media, only) in isolated adult rat cardiac myocytes (Table 3). There
were no significant changes in baseline sarcomere length. The influence of 10−8 M rRFRP-1
and 10−8 M hRFRP-1 on departure velocity and in return velocity were comparable and
significantly different from control values; however, 10−8 M rRFRP-1 did not produce the
significant decrease in peak shortening observed with 10−8 M hRFRP-1 and was not
significantly different from the media only control response. Data were analyzed using 1-
way ANOVA followed by a Dunnett's Multiple Comparison Test with p < 0.05 considered
statistically significant (*; Table 3). Recordings were made from n = 12-14, 1-day and 2-day
myocytes isolated from n = 2-4 hearts.
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Fig. 3.
Percent change in baseline sarcomere length (SL), peak shortening, departure velocity, and
return velocity in response to 15 minutes of perfusion with 10−8 M 26RFa(8-26), 10−8 M
26RFa(19-26), 10−8 M hRFRP-1, or control (media only) in isolated adult rat cardiac
myocytes (Table 4). There were no significant changes in baseline sarcomere length. There
were no significant effects on peak shortening, departure velocity, and return velocity in
response to 10−8 M 26RFa(8-26) or 10−8 M 26RFa(19−26). Data were analyzed using 1-
way ANOVA followed by a Dunnett's Multiple Comparison Test with p < 0.05 considered
statistically significant (*; Table 4). Recordings were made from n = 17-20, 1-day and 2-day
myocytes isolated from n = 2 hearts.
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Fig. 4.
Representative M-mode images in response to hRFRP-1 and saline (control) on mouse heart.
Intravenous administration of hRFRP-1 at 5 μmols/kg bw (n = 5) resulted in acute and
dramatic effects on heart function (Fig. 4A = pre-injection; Fig. 4B = 5 minutes post-
injection). Composite results for echocardiographic studies are shown in Table 5. However,
saline (n = 4) did not result in dramatic changes in cardiac function (Fig. 4C = pre-injection;
Fig. 4D = 5 minutes post-injection). Data were analyzed using 1-way ANOVA followed by
a Dunnett's Multiple Comparison Test with p < 0.05 considered a statistically significant
difference from control (*; Table 5).
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Fig. 5.
Percent change in baseline sarcomere length (SL), peak shortening, departure velocity, and
return velocity in response to 15 minute perfusion with 10−8 M hRFRP-1 in the presence of
5 × 10−7 M bis-1, or 10−8 M hRFRP-1 only, and controls of 5 × 10−7 M bis-1 or media only
(Table 6). There were no significant changes in baseline sarcomere length. The influence of
10−8 M hRFRP-1 in the presence of 5 × 10−7 M bis-1 was blocked and was not significantly
different from control on peak shortening, departure time, and return velocity. Application
of bis-1 in DMSO was not significantly different from control. Data were analyzed using 1-
way ANOVA followed by a Dunnett's Multiple Comparison Test with p < 0.05 considered
statistically significant (*; Table 6). Recordings were made from n = 6-23, 1-day and 2-day
myocytes isolated from n = 1-3 hearts.
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Fig. 6.
Percent change in baseline sarcomere length (SL), peak shortening, departure velocity, and
return velocity in response to 15 minute perfusion with 10−8 M hRFRP-1 after the
pretreatment of myocytes with 10−7 M PTX, 10−8 M hRFRP-1 only, and controls of media
only in myocytes pretreated with 10−7 M PTX or media only in myocytes not pretreated
with PTX (Table 7). There were no significant changes in baseline sarcomere length. The
influence of 10−8 M rRFRP-1 in myocytes pretreated with 10−7 M PTX and 10−8 M
hRFRP-1 only on departure time and in return velocity were comparable and significantly
different from control values. Data were analyzed using 1-way ANOVA followed by a
Dunnett's Multiple Comparison Test with p < 0.05 considered statistically significant (*;
Table 7). Recordings were made from n = 7-9, 1-day and 2-day myocytes isolated from n =
2-3 hearts.
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Fig. 7.
Representative sarcomere shortening traces in isolated adult rabbit cardiac myocytes paced
at 0.5 Hz. Fig. 7A. A signal-averaged recording from 10 traces was made in myocytes 1 day
after isolation (n = 3). Recordings show shortening before and 15 minutes after initiating
perfusion with 10−10 M hRFRP-1 or media (control) at 37°C. Fig. 7B. Percent change in
peak shortening, departure velocity, and return velocity.
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Table 5

Echocardiographic assessment of mouse cardiovascular function in response to intravenous hRFRP-1 at 5
minutes (* denotes statistical significance from control, p < 0.05).

% Change (mean ± SEM)

HR SV EF % CO

Saline −17 ± 6% 17 ± 3% 32% ± 3% −20 ± 2%

500 ηmol/kg bw hRFRP-1 −25 ± 2% −28 ± 10%* −33% ± 10%* −44 ± 9%*

5 μmol/kg bw hRFRP-1 −54 ± 7%* −57 ± 9%* −49% ± 8%* −79 ± 7%*
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