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ABSTRACT

Erythropoietin (EPO) is a potent cardioprotective agent in models of myocardial ischemia
and reperfusion (I/R). Recently, it has been suggested that EPO may also reduce ventricular
arrhythmia following I/R. The present study investigated the role of neuronal nitric oxide
synthase (nNOS) in the antiarrhythmic effects of EPO. EPO treatment increased nNOS
expression in isolated neonatal mouse ventricular myocytes. Co-treatment with the PI3-kinase
inhibitor LY294002, or treatment of cardiomyocytes infected with a dominant negative
adenovirus targeted to Aktl (ADV-dnAktl) blocked the effects of EPO on nNOS expression
suggesting that EPO regulates nNOS expression via P13-kinase and Akt. To examine the in vivo
antiarrhythmic effects of EPO, wild-type (WT) and nNOS™ mice were anesthetized and, after a
baseline measurement, subjected to myocardial I/R to provoke ventricular arrhythmias. Pre-
treatment with EPO 24 hours prior to ischemia increased nNOS expression and significantly
reduced the number of premature ventricular contractions (PVCs), and the incidence of
ventricular tachycardia (VT) in WT mice. In contrast to this, treatment with EPO had no effect
on PVCs or the incidence of VT in nNOS™ mice. Furthermore EPO treatment after ischemia
significantly reduced the threshold dose of cesium chloride (CsCl) to induce VT. We conclude
that EPO protects the heart from spontaneous and CsCl-induced ventricular arrhythmia during

myocardial I/R via nNOS.
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Introduction

Erythropoietin (EPO) is a 30 kilodalton glycoprotein that is produced in the kidney and is
best known for its ability to regulate red cell production (Fisher, 2003). There is growing
evidence that EPO exerts tissue protective effects beyond its traditional role in hematopoiesis.
Indeed, EPO has been shown to act in a number of non-hematopoietic tissues including the brain
(Bernaudin et al., 1999), kidney (Katavetin et al., 2007), and heart (Calvillo et al., 2003). In the
heart, EPO is protective in models of myocardial infarction (MI) (Nishiya et al., 2006), ischemia-
reperfusion (I/R) injury (Calvillo et al., 2003; Burger et al., 2006), and cardiomyopathy (Kim et
al., 2008). EPO treatment also increases survival in a rodent model of doxorubicin-induced
cardiomyopathy (Hamed et al., 2006). Several mechanisms have been implicated in the
cardioprotective effects of EPO including reductions in infarct size (Hanlon et al., 2005),
apoptosis (Burger et al., 2006), and inflammation (Rui et al., 2005; Li et al., 2006) and the
promotion of angiogenesis (Nishiya et al., 2006). Recently, a report by Hirata et al. suggested
that EPO may also reduce I/R-induced ventricular arrhythmia via protein kinase B (Akt)
activation (Hirata et al., 2005).

Studies have shown that nNOS, a Ca**-dependent enzyme originally identified in the
brain, is also expressed in cardiomyocytes where it localizes to the sarcoplasmic reticulum (SR)
(Xu et al., 1999). In cardiomyocytes, nNOS is believed to play an important role in Ca?*
handling and the regulation of contractility (Xu et al., 1999; Sears et al., 2003). Indeed, deletion
of nNOS leads to increased intracellular Ca** and cell shortening in cardiomyocytes (Sears et al.,
2003). The increases in intracellular Ca** are associated with increases in L-type Ca** channel
activity (Sears et al., 2003; Heaton et al., 2006; Burkard et al., 2007), and a decrease in SR- Ca**

ATPase function (Burkard et al., 2007). A recent report by Gonzalez and colleagues found that
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deficiency in nNOS leads to spontaneous Ca** waves in isolated cardiomyocytes (Gonzalez et
al., 2007). These spontaneous waves were associated with deficient nitrosylation of ryanodine
receptors (RyR) and are thought to be pro-arrhythmogenic. Interestingly, inhibition of nitric
oxide (NO) production has been shown to be pro-arrhythmogenic in isolated rat and rabbit hearts
suggesting that NNOS-derived NO production may indeed play an important antiarrhythmic role
in the heart (Pabla and Curtis, 1995; Pabla and Curtis, 1996).

While previous studies by our laboratory (Burger et al., 2006), and others (Rui et al.,
2005; Lee et al., 2006) have demonstrated EPO-mediated increases in endothelial nitric oxide
synthase (eNOS) expression and phosphorylation, the ability of EPO to regulate nNOS has not
been investigated. Moreover the role of nNOS in the antiarrhythmic effects of EPO is not known.
In the present study, we hypothesized that EPO increases nNOS expression in cardiomyocytes
and that EPO-mediated increases in nNOS protect the heart from ventricular arrhythmia. To test
our hypothesis we examined cardiac electrophysiology in EPO-treated wild-type (WT) and
nNOS™ mice subjected to I/R. Our results demonstrate for the first time that EPO reduces

ventricular arrhythmia during I/R through up-regulation of nNOS in cardiomyocytes.

Methods

Animals. WT and nNOS™ mice of C57BL/6 background were purchased from Jackson
Laboratory (Bar Harbor, ME) and a breeding program was implemented at the University of
Western Ontario animal care facilities. Animals were provided with water and food ad libitum
and housed in a temperature and humidity controlled facility with 12-hour light and dark cycles.

The investigation conformed to the Guide for the Care and Use of Laboratory Animals published
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by the US National Institutes of Health (NIH publication No. 85-23) and animal handling was
approved by the Animal Use Subcommittee at the University of Western Ontario, Canada.

I solation and Culture of Neonatal Mouse Ventricular Myocytes. Neonatal cardiomyocytes
were prepared according to the methods previously described (Song et al., 2000). Ventricular
myocardial tissues from WT mice born within 24 hours were minced in Hanks’ balanced salt
solution and cardiomyocytes were dispersed by 22.5 ug/ml liberase blendzyme 1V at 37 °C for
30 minutes. Isolated cells were pre-plated on polystyrene plates for 60 minutes to allow for the
removal of non-cardiomyocytes. Cardiomyocytes were then plated in M199 containing 10% fetal
calf serum on polystyrene plates coated with 1% gelatin. Cells were incubated at 37°C in a
humidified atmosphere containing 5% CO- for 48 hours after which they were treated with

recombinant human EPO (Eprex ®, Ortho Biotech, Canada) and/or the indicated reagents.

Real Time RT-PCR. Total RNA was isolated from cultured cardiomyocytes with TRIzol
reagent (Invitrogen) as described previously (Song et al., 2000; Hammoud et al., 2007). cDNA
was synthesized using M-MLV reverse transcriptase and random primers (Invitrogen,
Burlington, ON). Real-time PCR was conducted using SYBR Green PCR Master Mix as per the
manufacturer's instructions (Eurogentec, San Diego, CA). The oligonucleotide primers for nNOS
were sense 5’AAG TAC CCG GAA CCC TTG C 3’; and antisense, 5’GCT CCT GTG TTG
GCT GTC AC 3’. 28S rRNA was used as a loading control with oligonucleotide primers for
sense 5’ TTG AAA ATC CGG GGG AGA G 3'and antisense 5 ACATTG TTC CAA CAT
GCC AG 3'. Samples were amplified for 35 cycles using a MJ Research Opticon Real-Time PCR
machine. The levels of NNOS were compared to that of 28S rRNA, and the relative expression of

nNOS was obtained.
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Western Blot Analysis. Total nNOS protein levels in cardiomyocytes and heart tissues (non-
ischemic region of the LV myocardium) were measured by western blot analysis. Briefly, 40 ug
of protein was separated by sodium dodecy! sulfate-polyacrylamide gel electrophoresis using
10% gels. Proteins were then transferred to nitrocellulose membranes and blots were probed with
antibodies against nNOS (1:2000, Sigma) and B-actin (1:2000; Sigma, Mississauga, ON). Blots
were then washed and probed with horseradish peroxidase-conjugated secondary antibodies
(1:2000; BioRad, Mississauga, ON) and detection was performed using an enhanced
chemiluminescent detection method and exposed to Kodak X-ray film until all bands were
clearly visible without detectable saturation. The developed film was scanned and the respective
band intensities were quantified using FluorChem 8000 (Alpha Innotech, San Leandro, CA).
Densitometric values of the bands were corrected for background. The densitometric ratio of

nNOS to B-actin is presented.

Adenoviral infection. Cardiomyocytes were infected with an adenoviral construct containing a
dominant negative mutant of Akt-1 (Adv-dnAktl, Vector Biolabs, Philadelphia, PA) at a
multiplicity of infection of 100 pfu/cell. Adenovirus-mediated gene transfer was implemented by
adding a minimal volume of M199 with 2% fetal bovine serum containing Adv-dnAktl. Viral
constructs containing green fluorescence protein (GFP) served as negative controls. After culture
for 2 h, the full volume of culture medium containing 10% fetal bovine serum was added. All

experiments were performed after 24 h of adenoviral infection.
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In vivo Erythropoietin Treatment. For in vivo studies, animals were subjected to one of two
dosing protocols. Protocol #1 consisted of EPO administration in advance of ischemia: EPO
(2500 U/kg) was injected intravenously 24 hours prior to surgery, and then a second time 30
minutes prior to surgery. Protocol #2 consisted of EPO administration after the onset of
ischemia: EPO (2500 U/kg) was injected intravenously in a single dose immediately after the

ligation of the coronary artery.

| schemia/Reperfusion. Adult nANOS™ mice and their WT littermates (males, 2-3 months old)
were subjected to I/R through ligation of the left coronary artery. Mice were anesthetized with
ketamine (50 mg/kg) and xylazine (12.5 mg/kg), intubated, and mechanically ventilated. A left
intercostal thoracotomy was performed and the left coronary artery was ligated by placing a
suture (8-0) around it. The lungs were then hyper-inflated using positive end-expiratory pressures
(3 cm H0), and the thorax was closed. The artery was occluded for 45 minutes to induce
ischemia after which the suture was loosened to allow reperfusion for 45 minutes.

Monitoring of ECG during I/R was performed in anesthetized mice using limb lead I with
needle electrodes inserted subcutaneously. ECG was recorded 5-min before (for baseline
measurements) and throughout the entire I/R protocol using PowerLab Chart 5.0 (AD

Instruments, Colorado Springs, CO).

Cesium Chloride Infusion. Following 6 hours of reperfusion, mice were re-anesthetized and the
jugular vein was cannulated and cesium chloride (CsCl) was infused using a syringe pump (Sage

Instruments). CsClI has previously been reported to induce VT in dogs (Jones et al., 2001). ECG
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was monitored using limb lead I with needle electrodes and recorded using PowerLab. The

minimum dose of CsCl required to induce ventricular tachycardia (VT) was determined.

ECG Analysis. Ventricular arrhythmias were analyzed offline according to the Lambeth
Convention guidelines for the analysis of experimental arrhythmias (Walker et al., 1988).
Premature ventricular contractions (PVCs) were defined as single premature QRS complexes in
relation to the P wave, and ventricular tachycardia (VT) was defined as a run of three or more
premature QRS complexes. The number of singlet and doublet PVCs, as well as the incidence of

VT, were quantified.

M easur ement of Infarct Size. Infarct size was measured as described previously (Burger et al.,
2006). Briefly, following reperfusion the coronary artery was re-ligated using the same suture.
Evans blue dye was injected into the left ventricle via the cannulated right carotid artery to
distinguish between perfused and nonperfused areas of the heart. Hearts were excised and cut
into four transverse slices of approximately equal thickness from apex to base. The sections were
stained with triphenyltetrazolium chloride (TTC) for 30 min at room temperature. Since TTC
stains viable tissue a deep red color, unstained tissue was presumed to be infarcted. Sections
were weighed and each side of the section was photographed. The non-ischemic area (blue), the
area at risk (red) and the infarct area (pale) were measured as a percentage of overall area using
SigmaScan Pro (SPSS Inc, Chicago, IL) and normalized according to weight of the individual
sections. Infarct size is expressed as a percentage of the weight of infarct area to the weight of

the ischemic area at risk.
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Statistical Analysis. All data are expressed as mean + SEM. Statistical significance was
assessed using the Student t-test, ANOVA, or two-way ANOVA followed by the Bonferroni
post-hoc test where appropriate using Prism 4.0 (GraphPad Software, La Jolla, CA). Differences

were considered significant at the level of P<0.05.

Results

Erythropoietin treatment increasesnNOS expression in cardiomyocytes. To determine if
EPO treatment can increase NNOS expression levels in cardiomyocytes, cells were treated with
20 U/mL of EPO. This dose was previously found to up-regulate eNOS in cultured
cardiomyocytes (Burger et al., 2006). Treatment with EPO significantly increased nNOS mRNA
expression peaking at 4 hours (Fig. 1A, P<0.05) and nNOS protein expression peaking at 16

hours (Fig. 1B, P<0.05).

Role of PI3-kinase/Akt in EPO-mediated increasesin nNOS expression. To determine if Akt
activation is responsible for the increases in nNOS expression seen after EPO treatment,
cardiomyocytes were incubated with EPO in the presence of LY294002 (a P13 kinase inhibitor)
or Adv-dnAktl. Akt has previously been shown to be important in EPO-mediated
cardioprotection (Burger et al., 2006) and in the regulation of nNOS expression (Han et al.,
2007; Nakata et al., 2007). Treatment with LY294002 or the Adv-dnAktl had little effect on
basal NNOS expression after 24 h; however EPO-mediated increases in NNOS protein expression

were blocked in the presence of LY294002 or Adv-dnAktl (Fig. 2A and B).

10

¥20z ‘8T |udy uo sfeulnor 134SY e Blo'seuuno fiadse ed| wouy papeojumoq


http://jpet.aspetjournals.org/

JPET Fast Forward. Published on March 23, 2009 as DOI: 10.1124/jpet.109.150896
This article has not been copyedited and formatted. The final version may differ from this version.

JPET #150896

EPO treatment prevents |/R-induced ventricular arrhythmia. The role of nNOS in the
antiarrhythmic effects of EPO was examined using an in vivo model of I/R-induced ventricular
arrhythmia with 45 minutes of ischemia followed by 45 minutes of reperfusion. Pre-treatment
with EPO using Protocol #1 increased myocardial nNOS expression (Fig. 3A). The increases in
nNOS expression were associated with reductions in the number of I/R-induced PVCs (Fig. 3B)
and the incidence of VT (Fig. 3C) in WT mice. However, EPO pre-treatment had no effect on
I/R-induced PVCs or the incidence of VT in nNOS” mice (Fig. 3B and C). No changes were
observed in heart rate amongst any treatment groups (Fig. 3D). Representative tracings are

shown in Figure 4. Our results suggest that EPO reduces I/R-induced arrhythmia via nNOS.

EPO treatment reducesinfarct sizein WT and nNOS” mice. It has been reported by a
number of labs, including ours, that EPO treatment protects the heart from I/R-induced injuries
(Hirata et al., 2005; Burger et al., 2006; Liu et al., 2006). However the role of nNOS in EPO-
mediated reductions in infarct size is unclear. In addition to ventricular arrhythmia, we examined
the effects of EPO pre-treatment on infarct size in WT and nNOS™ mice. EPO pre-treatment
using Protocol #1 significantly reduced infarct size to a similar extent in both WT and nNOS™
mice following I/R (P<0.05, Fig. 5) suggesting that nNOS is not involved in EPO-mediated

reductions in infarct size.

EPO treatment at ischemiareduces VT threshold following CsCl infusion. Clinically,
extended pre-treatment such as that used earlier in this study may not be possible in patients with
acute MI. To determine if EPO confers cardioprotection when administered after the onset of

ischemia, we examined the effects of EPO (2500 U/Kkg, i.v., Protocol #2) administered

11
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immediately after ischemia. Six hours after reperfusion, animals were exposed to increasing
concentrations of CsCl and the threshold concentration of CsCl to induce VT was determined.
EPO treatment did not significantly reduce the VT threshold dose in sham operated animals (Fig.
6A). However, EPO treatment significantly increased the threshold dose of CsCl to induce VT
following I/R in WT mice (Fig. 6B). The protective effects of EPO were not seen in sham-
operated or ischemia-reperfused nNNOS™ mice (Fig. 6A and B). Representative tracings of WT

and nNOS™ mice subjected to I/R are seen in Fig. 6C.

Discussion

The principal finding of this study is that treatment with EPO increases nNOS expression
in cardiomyocytes and in the myocardium. These increases in nNNOS expression are mediated via
PI3-kinase and Akt, and appear to be involved in the antiarrhythmic effects of EPO. Therefore
we confirmed an antiarrhythmic effect for EPO and demonstrate for the first time, the
requirement of NNOS in EPO-mediated reductions in ventricular arrhythmia during myocardial
I/R in mice.

The role of EPO in the protection of the heart from injury has been extensively studied
and it is becoming increasingly clear that EPO provides significant protection from cell death
and cardiac dysfunction (Joyeux-Faure et al., 2005; Burger et al., 2009). Indeed, EPO may even
decrease mortality in rodent models of cardiomyopathy and pressure-overload (Hamed et al.,
2006; Asaumi et al., 2007). In this study, we found that EPO reduced infarct size and arrhythmia
following I/R in mice. Small animal models are of significant benefit because of the ease of
tissue collection and the finite control of select experimental conditions. However, small animal

models have inherent limitations as they may not behave in the same way as the human
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population. For example, the mouse heart is approximately 1/2000™ the size of the adult human
heart and is more resistant to VF than the human heart (Verheule et al., 2006). Nevertheless, the
protective effects of EPO during I/R have also been demonstrated in several large animal
models. Parsa et al. observed reductions in infarct size and an improvement in heart function
following EPO treatment in rabbits with I/R (Parsa et al., 2004). Similar effects have been found
in dogs (Hirata et al., 2006) and pigs (Krishnagopalan et al., 2002), although I/R in sheep did not
have reductions in infarct size (Olea et al., 2006). In humans, high serum levels of EPO are
associated with smaller infarct sizes in patients with acute myocardial infarction (Namiuchi et
al., 2005), and EPO administration improves heart function in anemic patients with heart failure
(Mancini et al., 2003). However, the protective effects of EPO in non-anemic patients with a
coronary occlusion have yet to be confirmed although clinical studies are ongoing (Belonje et al.,
2008). Until recently, it was not known if EPO treatment had any effect on cardiac
electrophysiology. The present study demonstrated that EPO pre-treatment significantly reduced
ventricular arrhythmia in a mouse model of myocardial I/R. This observation is in agreement
with the initial observations of Hirata et al. who observed P13-kinase-dependent reductions in
ventricular fibrillation following myocardial I/R in dogs (Hirata et al., 2005).

Interestingly, we found that EPO-mediated reductions in spontaneous arrhythmia
following pre-treatment, and EPO-mediated reductions in CsCl-induced arrhythmia when
administered after ischemia. The observation that EPO treatment still provides protection when
administered after the onset of ischemia is of significant therapeutic relevance. Pre-treatment
with EPO may be of some benefit in high-risk individuals; however, in patients suffering from
coronary artery occlusions, therapeutic intervention usually begins after the onset of symptoms.

In the clinical setting in patients, episodes of ventricular arrhythmia are present up to 12-48 hours
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after the onset of MI (Campbell et al., 1981; Antman et al., 2004). In our model, EPO
significantly reduced CsCl-induced arrhythmia 6 hours after reperfusion. CsCl was chosen to
induce arrhythmia because spontaneous arrhythmia was no longer present after 6 hours of
reperfusion in our mice. There is evidence of a role for the L-type Ca®* channel in I/R-induced
ventricular arrhythmia (Zaugg, 2004), and in CsCl-induced ventricular arrhythmia as a result of
early afterdepolarizations (Marban et al., 1986). However, it should be noted that the precise
mechanisms by which CsCl and I/R induce ventricular arrhythmia may differ and CsCl
administration may not model what is clinically seen with delayed ventricular arrhythmia
following myocardial ischemia. Thus it is important to replicate the effects of EPO and nNOS on
ventricular arrhythmia in a large animal model, such as the canine coronary occlusion, and in the
patient population using selective nNOS inhibitors. Nevertheless, these results suggest that EPO-
mediated increases in nNOS protect mice from spontaneous ventricular arrhythmia and CsClI-
induced ventricular arrhythmia during I/R. While further studies on the anti-arrhythmic effects
of EPO, when administered post-ischemically, are merited, the present study suggests that EPO
may be of therapeutic benefit to the patient population post-Ml.

nNOS deletion is associated with arrhythmogenic spontaneous Ca** waves in isolated
myocytes (Gonzalez et al., 2007). However, to date, the role of NNOS in cardiac
electrophysiology in vivo has not been clarified. Our study provides the first in vivo evidence of
increased arrhythmia in nNOS™ mice. Furthermore, we tested the hypothesis that EPO protects
the heart from I/R-induced ventricular arrhythmia via up-regulation of nNOS. In support of this,
we demonstrated that EPO treatment increases nNOS expression in vitro and in vivo. The
increase in nNOS expression appears to be mediated by Akt since EPO’s effects on nNOS were

blocked by the PI3-kinase inhibitor LY294002 or an adenoviral dominant negative construct
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targeted to Akt. Additionally, EPO-mediated reductions in arrhythmia appear to be mediated, at
least in part, by nNOS since no antiarrhythmic effects were seen following EPO treatment in
nNOS™ mice. Thus our study provides strong evidence of a role for Akt-dependent increases in
nNOS expression in the antiarrhythmic effects of EPO.

Recently we reported eNOS-dependent reductions in infarct size in a mouse model of I/R
(Burger et al., 2006). To determine if EPO-mediated increases in nNOS were involved in EPO’s
infarct size-limiting effects, we measured infarct size in EPO-treated WT and nNOS™ mice
following I/R. As expected, EPO significantly reduced infarct size following I/R in WT mice.
However, the infarct size-limiting effects of EPO were also seen in nNOS™ mice suggesting that
nNOS is not involved in EPQO’s infarct size-limiting effects. This result is not entirely surprising
given a previous report by Jones and colleagues which found that nNOS does not exert any
effects on infarct size following I/R (Jones et al., 2000). Importantly however, the observation
that NNOS mediates the antiarrhythmic, but not infarct size-limiting effects of EPO, rules out the
possibility of EPO’s antiarrhythmic effects being completely attributable to infarct size reduction
in our model.

In summary, the present study demonstrated that EPO treatment increases nNOS
expression in cardiomyocytes. Moreover, we established an important role for nNOS in
mediating the antiarrhythmic effects of EPO during myocardial I/R in mice. Therefore, this study
broadens our understanding of the mechanisms by which EPO exerts its antiarrhythmic effects in

myocardial I/R.
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Legendsfor Figures:

Fig. 1. Erythropoietin (EPO) increases nNOS expression in neonatal mouse ventricular
cardiomyocytes. A: EPO (20 U/mL) increased nNOS mRNA levels as measured by real time
RT-PCR in cardiomyocytes after 4 and 8 hours of treatment. B: EPO increased nNOS protein
levels as measured by western blot in cultured cardiomyocytes after 8, 16, and 24 hours of

treatment. Data are mean + SEM from 4-6 independent experiments *P<0.05 vs. control (Ctrl).

Fig. 2. Inhibition of PI3-kinase/Akt-1 decreases erythropoietin (EPO)-mediated NNOS
expression. Cultured cardiomyocytes were treated with 20 U/mL of EPO alone or in combination
with 10 uM of the P13-kinase inhibitor LY294002 (LY, A) or 100 pfu/cell of an adenoviral
dominant negative Akt-1 construct (ADV, B). nNOS protein levels were measured by Western
blot analysis after 24 h of EPO treatment and are expressed as the ratio of nNOS/actin. Inserts
are representative blots. Data are mean + SEM from 3-4 independent experiments. *P<0.05 vs.

control (Ctrl), TP<0.05 vs. EPO treatment alone.

Fig. 3. Effect of erythropoietin (EPO) on nNOS expression and ventricular arrhythmia in vivo.
Wild-type (WT) mice were treated with EPO (2500 U/kg, IP) 24 hours as well as 30 minutes
prior to analysis. A: EPO increased myocardial nNOS expression as measured by western blot
analysis. Data are expressed as the ratio of nNOS/actin. Inserts are representative blots. *P<0.05
vs. control (Ctrl), n=4 mice per group. B-D: WT and nNOS™ mice were treated with EPO (2500
U/kg, IP) or equivalent volume saline 24 hours as well as 30 minutes prior to surgery. Mice were
then subjected to 45 minutes of myocardial ischemia followed by 45 minutes of reperfusion and

cardiac electrical activity was monitored using a single limb lead | electrocardiogram (ECG). B:
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Total number of premature ventricular contractions (PVCs). C: Incidence of ventricular
tachycardia (VT). D: Heart rate was not significantly different across all treatment groups.

*P<0.05 vs. genotype saline treatment, TP<0.05 vs. WT saline treatment, n=8-15 mice per group.

Fig. 4. Representative limb lead | electrocardiogram (ECG) tracings of saline and erythropoietin
(EPO) treated wild-type (WT) and nNOS™ mice. Shown are representative premature ventricular
contractions (PVCs, indicated by the arrows) following myocardial ischemia and reperfusion

(I/R) in anesthetized and artificially ventilated mice.

Fig. 5. Erythropoietin (EPO) reduces infarct size in wild-type (WT) and nNOS™ mice. Mice
were pre-treated with saline or 2500 U/kg of EPO 24 hours, as well as 30 minutes prior to
surgery. Myocardial ischemia was induced by occlusion of coronary artery for 45 minutes
followed by 45 minutes of reperfusion. Infarct size was expressed as a percentage of area at risk.
Inserts are representative sections of TTC stained hearts corresponding to each treatment group.

Data are mean + SEM from n=5-6 mice per group. *P<0.05 vs. genotype saline treatment.

Fig. 6. Effects of erythropoietin (EPO) treatment on VT threshold dose of Cesium chloride
(CsCl) in WT and nNOS™ mice. WT and nNOS™™ mice were subjected to sham surgery (A) or 45
minutes ischemia followed by 6 hours of reperfusion (B). EPO (2500U/kg) was administered
immediately after ischemia. Following reperfusion, mice were exposed to increasing
concentrations of CsCl and the minimum dose required to induce ventricular tachycardia (VT)
was determined. Data are mean + SEM from n=4-5 mice per group. *P<0.05 vs. WT saline

treatment, tP<0.05 vs WT EPO treatment. C. Representative limb lead | ECG tracings
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demonstrating VT threshold dose of CsCl in WT and nNOS™ mice post I/R with and without

EPO treatment. Arrows indicate VT.
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