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Abstract 1 

Background: The apamin-sensitive small-conductance calcium-activated K (SK) current (IKAS) 2 

modulates automaticity of the sinus node; IKAS blockade by apamin causes sinus bradycardia.  3 

Objective: To test the hypothesis that IKAS modulates ventricular automaticity. 4 

Methods: We tested the effects of apamin (100 nM) on ventricular escape rhythms in 5 

Langendorff perfused rabbit ventricles with atrioventricular (AV) block (Protocol 1) and on 6 

recorded transmembrane action potential (TMP) of pseudotendons of superfused right 7 

ventricular (RV) endocardial preparations (Protocol 2). 8 

Results: All preparations exhibited spontaneous ventricular escape rhythms. In Protocol 1, 9 

apamin decreased the atrial rate from 186.2±18.0 bpm to 163.8±18.7 bpm (N=6, p=0.006) but 10 

accelerated the ventricular escape rate from 51.5±10.7 to 98.2±25.4 bpm (p=0.031). Three 11 

preparations exhibited bursts of nonsustained ventricular tachycardia (NSVT) and pauses, 12 

resulting in repeated burst-termination pattern. In Protocol 2, apamin increased the ventricular 13 

escape rate from 70.2±13.1 to 110.1±2.2 bpm (p=0.035). Spontaneous phase 4 depolarization 14 

was recorded from the pseudotendons in 6 of 10 preparations at baseline and in 3 in the 15 

presence of apamin. There were no changes of phase 4 slope (18.37±3.55 vs. 18.93±3.26 mV/s, 16 

p=0.231, N=3), but the threshold of phase 0 activation (mV) reduced from -67.97±1.53 to -17 

75.26±0.28 (p=0.034). Addition of JTV-519, a ryanodine receptor 2 (RyR2) stabilizer, in 5 18 

preparations reduced escape rate back to baseline.  19 

Conclusions: Contrary to its bradycardic effect in the sinus node, IKAS blockade by apamin 20 

accelerates ventricular automaticity and causes repeated NSVT in normal ventricles. RyR2 21 

blockade reversed the apamin effects on ventricular automaticity. 22 

 23 

Key words: Automaticity, Calcium clock, Idioventricular rhythm, Purkinje cells, Purkinje fibers, 24 

Ryanodine receptor, Ventricular tachycardia   25 
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Introduction  1 

The apamin-sensitive small-conductance calcium-activated K (SK) current (IKAS) is richly 2 

expressed in the atria and pulmonary veins.1, 2 In addition to its influences on arrhythmogenesis 3 

3, 4, IKAS is also important in modulating the automaticity of various atrial structures.5, 6 The 4 

sinoatrial node (SAN) has all 3 subtypes of SK channels (SK1, SK2 and SK3). Heterozygous 5 

SK2-null mice have significantly reduced sinus rate as compared with wild type mice.5 Apamin, 6 

a specific SK channel blocker,7 prolongs action potentials (APs), slows diastolic depolarization 7 

and reduces pacemaker rate in isolated SAN cells and intact tissues.5, 8 Reduction of IKAS also 8 

reduces the automatic rhythm of the atrioventricular (AV) node and pulmonary veins.5, 8 Based 9 

on these findings, it is possible that suppressing the automatic focus in the pulmonary veins by 10 

IKAS blockers could potentially be useful in arrhythmia control. In comparison, very little 11 

information is available on the importance of IKAS in the ventricular escape rhythm in part 12 

because the normal ventricular myocytes express minimal or no IKAS.2, 9, 10 In contrast to 13 

ventricular myocytes, however, we have found that both SK2 proteins and IKAS are abundantly 14 

present in normal rabbit Purkinje fibers.11  Due to enhanced depolarization, Purkinje fibers are 15 

thought to be sources of automaticity and ventricular arrhythmias.12, 13 14 That hypothesis is 16 

supported by the discovery that primary idiopathic ventricular fibrillation (VF) in patients with 17 

normal ventricles is a syndrome characterized by dominant triggers from the distal Purkinje 18 

system.15 Since the molecular mechanisms underlying Purkinje fiber automaticity remain 19 

unclear, it is difficult to develop interventions to prevent these lethal cardiac arrhythmias.16 20 

Accordingly, the goal of this study was to investigate the role of IKAS in modulating Purkinje fiber 21 

automaticity in normal rabbit hearts. 22 

 23 

Methods  24 

All experimental procedures were approved by the Institutional Animal Care and Use Committee 25 

of the Indiana University and the Methodist Research Institute, and were conducted in 26 
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compliance with the Guide for the Care and Use of Laboratory Animals.  A total of 19 adult (5-6 1 

months old) New Zealand white rabbits weighing 3.0–3.44 kg were used in this study.  2 

Protocol 1: Pseudoelectrocardiogram recording in hearts with atrioventricular block  3 

Nine rabbits were used for this protocol. After heparinization (5 mg/kg), the rabbits were 4 

euthanized by intravenous sodium pentobarbitone overdose (160 mg/kg, i.v.). The hearts were 5 

quickly removed and Langendorff perfused with Tyrode’s solution with the following composition 6 

(in mM): 125 NaCl, 24 NaHCO3, 1.8 NaH2PO4, 0.5 MgCl2, 1.8 CaCl2, 4 KCl and 5.5 glucose. 7 

The solution was bubbled with 95% O2 and 5% CO2 to maintain a pH of 7.40. The perfusion was 8 

maintained by a peristaltic pump with a constant flow rate of 30 mL/min. All chemicals were 9 

purchased from Sigma-Aldrich (St. Louis, MO). The right atria were cut open to expose the 10 

tricuspid annulus. Radiofrequency AV node ablation was performed to achieve complete AV 11 

dissociation. Afterwards the hearts were allowed to beat spontaneously. There were no 12 

attempts to pace either the atria or the ventricles because pacing could remodel the intracellular 13 

Ca distributions and IKAS expression.17, 18 Pseudoelectrocardiogram (pECG) was monitored 14 

using 2 electrodes placed on the left atrium (LA) and the right ventricle (RV). pECG was 15 

recorded continuously by the interactive software program Axoscope continuously throughout 16 

the entire experiment. The stabilization period lasted an average of 9.2±1.4 min. The ventricular 17 

escape rate at the end of that period was < 100 bpm (RR interval > 600 ms).  In the 18 

experimental group (N=6), we first recorded 10 min of pECG at baseline. We then added 100 19 

nM apamin into the perfusate and the pECG was continuously recorded for another 30 min. In 20 

the control group (N=3), we continuously recorded 50 min of pECG without adding apamin. 21 

 22 

Protocol 2: Transmembrane potential recording in pseudotendons 23 

The hearts were removed and Langendorff perfused as in Protocol 1. After stable spontaneous 24 

rhythm was observed for at least 5-min, the RV anterior wall was cut open. A RV flap was then 25 

created by cutting the anterior end of RV from the base to the apex along the right side of left 26 
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anterior descending coronary artery. The pseudotendons were quickly dissected between the 1 

free walls and the root of the papillary muscle of the tricuspid valve. Pseudotendons with free 2 

running Purkinje fibers were then placed in a Sylgard-coated chamber superfused with Tyrode’s 3 

solution at 37.0 ± 0.5 °C. The tissue was fixed by stainless steel pins at both ends to minimize 4 

motion. Transmembrane potentials (TMPs) were recorded by standard capillary glass 5 

microelectrodes drawn from borosilicate thin wall with filament glass (GC150TF-10, Warner 6 

Instrument Corp, Hamden, CT) filled with 3 M KCl with a tip resistance ≈ 20 MΩ. The 7 

microelectrode was mounted in the micromanipulators and connected by an Ag/AgCl holder to a 8 

high-input impedance amplification system. Under microscopic guidance, the tip of 9 

microelectrode was inserted into the pseudotendon at its junction with the endocardium to 10 

record from the Purkinje fibers. We also recorded from subendocardial myocytes for 11 

comparison.  An interactive software program Axoscope provided the data acquisition and AP 12 

parameter measurements. After 5 min of baseline recording, 100 nM apamin was added into the 13 

superfusate and the membrane potential was continuously recorded for 15 min.  In 5 14 

preparations, 1 µM JTV-519, a ryanodine receptor 2 (RyR2) stabilizer,19 was subsequently 15 

added into the solution in the continuous presences of apamin. Recordings continued for at 16 

least 10 min afterwards. 17 

Statistics and data analysis  18 

All values are expressed as mean ± SEM. Paired Student’s t-test was used to compare the 19 

variables before and after the agent administration from the same rabbits. Nonparametric 20 

signed rank test was used when the data are not normally distributed. Unpaired t test was used 21 

to compare the differences of delta escape rate between male and female. Friedman test was 22 

used to compare differences among three groups when the data are not normally distributed. 23 

Statistical significance was defined as P≤0.05. 24 

 25 

Results 26 
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Protocol-1: Pseudo ECG recording in AV block models 1 

All preparations exhibited a stable ventricular automatic rhythm after AV block.  Two types of 2 

pECG changes were noted after adding apamin to the perfusate in the experimental group 3 

(N=6). The first type occurred in all hearts and was characterized by a gradual increase of the 4 

ventricular beating rates accompanied with a decrease of the R wave amplitude, probably due 5 

to altered pacemaking site that changed the direction of propagation (Figure 1A). This was 6 

followed by gradual slowing of the ventricular activity to baseline. Figure 2 summarizes the 7 

differential effects of apamin on ventricular escape rhythm in all hearts studied. Figures 2A and 8 

2B shows the PP and RR intervals at baseline and 11 min after apamin, respectively. Apamin 9 

lengthened the PP intervals while shortened the RR intervals. Figure 2C shows the effects of 10 

apamin on atrial and ventricular rates all hearts studied. Apamin decreased the atrial rate from 11 

186.2±18.0 bpm to 163.8±18.7 bpm (N=6, p=0.006) but accelerated the ventricular rate from 12 

51.5±10.7 to 98.2±25.4 bpm (p=0.031). 13 

A second type of response was observed in 3 hearts (Figure 1B). It was characterized 14 

by bursts of rapid ventricular activation separated by long pauses. Because these tachycardia 15 

episodes usually had more than 3 beats and the rate was significantly faster than the escape 16 

rhythm, these episodes qualify as nonsustained ventricular tachycardia (NSVT). Within the 17 

NSVT episodes, the ventricular rate was initially fast followed by gradual slowing, leading to the 18 

termination of tachycardia. After a long pause, the NSVT then spontaneously reoccurred. This 19 

burst-termination pattern repeated itself multiple times before the end of the study. Figure 3 20 

shows the transition from first to second patterns of activation in 3 hearts studied. There was a 21 

slowing of ventricular escape rate and premature ventricular contractions (PVCs) prior to the 22 

first burst of NSVT.  23 

Figure 4 shows the ventricular escape rates (beats per min or bpm) for all hearts over 24 

the entire study. In the control preparations (N=3) without apamin, the ventricular escape rates 25 

were initially stable (66.3±11.1 bpm) followed by gradual reduction to 37.7±6.7 bpm (p=0.147) 26 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

7 

 

over the 50 min observation period (Figure 4A). No arrhythmias were observed. In comparison, 1 

the escape ventricular rates became irregular after adding apamin in the experimental group 2 

(N=6, Figure 4B). The irregularities of the heart rate reflect the occurrence of PVCs and NSVT. 3 

All hearts showed at least transient rate acceleration. Hearts 5, 7 and 9 showed burst 4 

termination pattern with lowest heart rate reaching zero.   5 

 6 

Protocol-2: Transmembrane potential recording in pseudotendons 7 

We attempted to study 22 isolated in vitro RV preparations but only 10 developed stable 8 

spontaneous rhythm when superfused with Tyrode’s solution with the RR intervals averaging 9 

778±77 ms. Figure 5 shows representative membrane potential recordings from a Purkinje fiber 10 

in the pseudotendon (A and B) and a ventricular myocyte from the endocardium (C and D). The 11 

APs of the Purkinje fibers but not the ventricular myocytes had spontaneous phase 4 12 

depolarization. Purkinje fibers also had longer APD80 (215.4±7.3 ms) than the ventricular 13 

myocytes (131.4±17.5 ms, p=0.017). Figure 6A and 6B show recordings before and after 14 

apamin administration, respectively. Figure 6C shows the overlapping tracings. While apamin 15 

did not change the slope of phase 4 depolarization (18.37±3.55 vs. 18.93±3.26 mV/s, p=0.231), 16 

it resulted in a decrease of the threshold of phase 0 activation (-67.97±1.53 to -75.26±0.28 mV, 17 

p=0.034, Figure 6D). However, only the black trace showed gradual phase 4 to phase 0 18 

transition, consistent with automaticity. The red trace showed abrupt transition, consistent with 19 

activation by propagated wavefront. These findings suggest that pacemaking site might have 20 

shifted after apamin, making it not possible to compare the threshold of activation at the 21 

pacemaking sites. 22 

Figure 7A shows the escape rates of all preparations. The rate increased from 70±13 23 

bpm immediately before the addition of apamin (red arrows) to 110±2 bpm (p=0.035) after 24 

addition of 100 nM of apamin (blue arrows). Figure 7B shows the ventricular rates of the second 25 
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group of 5 preparations. The rates were 80±12 bpm at baseline, 116±12 bpm after apamin and 1 

52±4 bpm after JTV-519 (p=0.009). Posthoc tests showed that the rates after apamin were 2 

higher than those at baseline and JTV-519 (p=0.017 and 0.015, respectively). However, the 3 

rates between baseline and JTV-519 were not significantly different (p=0.153). There were no 4 

differences between male and females in the delta heart rates before and after adding apamin. 5 

The delta escape ventricle rates were 45.3±16.0 bpm in males (n=4) and 32.8±7.0 bpm in 6 

females (n=6, p=0.444). 7 

 8 

Discussion 9 

An interesting finding of this study is that apamin, a highly specific IKAS blocker,7 has differential 10 

effects on atrial and ventricular rhythms. Consistent with previous reports,5, 6 apamin slows the 11 

atrial rate presumably initiated from the SAN. However, apamin accelerated the ventricular 12 

escape rhythm from the Purkinje fibers within pseudotendons. These findings may have 13 

important implications in the understanding of ventricular escape rhythms and ventricular 14 

arrhythmias in patients with normal hearts. 15 

 16 

Ca clock, IKAS and ventricular escape rhythm 17 

In SAN cells, automaticity depends on both membrane and Ca clocks.20 Among them, the Ca 18 

clock relies on spontaneous Ca releases from the sarcoplasmic reticulum via RyR2 that result in 19 

inward INCX during late diastolic depolarization. That mechanism is nearly the same in delayed 20 

afterdepolarization (DAD) where spontaneous Ca releases in the form of a Ca wave leads to the 21 

activation of INCX to cause depolarization of membrane potential.21 This Ca clock mechanism is 22 

important both in DAD and SAN automaticity.22  Optical mapping studies in intact canine right 23 

atria showed that spontaneous Ca releases from the SAN is responsible for sinus rate 24 

acceleration during isoproterenol infusion.23 Ryanodine with or without concomitant 25 

administration of thapsigargin prevented the spontaneous Ca releases and rate acceleration in 26 
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that model. JTV-519 suppresses spontaneous Ca release events and Ca waves in Purkinje 1 

cells from ischemic zones.24 In the present study, we showed that JTV-519 slowed the 2 

ventricular escape rhythm most likely due to inhibition of intracellular Ca recycling in the 3 

Purkinje cells of normal rabbit hearts.  4 

 5 

Heterogeneous distribution of IKAS and the mechanisms of ventricular rate control 6 

IKAS is heterogeneously distributed in the ventricles. It is normally not active in ventricular 7 

myocytes but is highly important to the repolarization of Purkinje fibers.11 Hirose et al25 reported 8 

that both normal and ischemic Purkinje fibers have spontaneous sarcoplasmic reticulum Ca 9 

release during the diastole. Cyclic diastolic increases in intracellular Ca may activate the SK 10 

channels before the AP upstroke occurs, although the open channel may conduct no or very 11 

little current at diastolic potentials. Once the membrane potential becomes less negative during 12 

the upstroke, the driving force for IKAS increases and the resulting outward IKAS opposes the 13 

inward INa, increasing the threshold. Apamin, which blocks IKAS, makes it easier for INa to 14 

depolarize the membrane, i.e., the threshold is lower and the ventricular rate is faster. An 15 

additional factor might be the heterogeneous distribution of SK channels. We found that the 16 

threshold of phase 0 activation was reduced by apamin while the slope of phase 4 17 

depolarization remains unchanged. However, in those tracings, the pacemaking site has also 18 

shifted as the post-apamin tracing did not show a gradual transition from phase 4 to phase 0. 19 

These findings could be explained if the expression of IKAS is heterogeneous in the His-Purkinje 20 

system. Apamin unmasks faster pacing sites that had been suppressed by high IKAS expression 21 

leading to a shift in the dominant pacemaker site remote from the microelectrode recording site.  22 

Because we are limited by single cell TMP recordings, we cannot determine if other 23 

mechanisms are involved in the ventricular rate acceleration. 24 

 25 

Differential effects of apamin on SAN and Purkinje fibers 26 
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Because SAN automaticity also depends on the Ca clock mechanism,20, 23 the differential effects 1 

of apamin on SAN and Purkinje fiber require explanation. SAN cells lack significant IK1 and rely 2 

on G-protein gated K channels (Kir3 family).26, 27 It is possible that IKAS is needed to set the 3 

maximum diastolic potential for optimal ICa,L activation.  In isolated SAN myocytes, apamin was 4 

found to depolarize the maximal diastolic potential, reduce the rate of diastolic depolarization, 5 

raise the threshold for the AP upstroke and prolong APD.6  The first factor would tend to shorten 6 

SAN cycle length, but the latter three factors predominated to prolong SAN cycle length.  7 

Purkinje cells, on the other hand, repolarize to a more negative maximum diastolic potential and 8 

depend on activation of the INa, rather than the ICa, to generate the AP upstroke.  Presumably, 9 

these differences account for the different response to apamin.  Because apamin caused the 10 

site of the dominant pacemaker to shift to a location remote from the microelectrode, we were 11 

unable to determine how the maximum diastolic potential, rate of diastolic depolarization, 12 

threshold and APD were affected by apamin.  More detailed studies will be required to address 13 

the electrophysiological factors underlying the different pacemaking responses of SAN and 14 

Purkinje fibers to apamin.      15 

 16 

IKAS and the burst-termination pattern of cardiac arrhythmias 17 

In the present study we found that IKAS blockade often lead to intermittent bursts of NSVT but 18 

not torsades de pointes ventricular arrhythmias as observed in failing ventricles.3 The NSVT 19 

episodes were preceded by a period of increased PVCs with frequent long-short coupling 20 

intervals. These NSVT episodes are very similar to the nonsustained atrial tachycardia 21 

observed in atrial-specific Na/Ca exchanger (NCX) knockout mice.28 The alternating bursts and 22 

pauses occur in NCX knockout mice because of cellular Ca accumulation during spontaneous 23 

SAN pacemaker activity producing intermittent hyperactivation of SK channels.6 Hyperactivation 24 

of SK channels in the neurons causes afterhyperpolarization and terminates the neuronal 25 

activation, causing burst-termination patterns.29 Similarly, it was proposed that SK channel 26 
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hyperactivation can terminate the sinus node activation, causing pauses.6  However, IKAS 1 

hyperactivation cannot explain the NSVT and pauses in the present study because the NSVT 2 

was observed after apamin administration. The mechanisms of these burst termination patterns 3 

remain unclear.  4 

 5 

Clinical implications 6 

Purkinje potentials have been used to guide the ablation of VT and VF in patients both with and 7 

without heart diseases.15, 30-32 While there is growing consensus that the His-Purkinje system is 8 

an important source of ventricular arrhythmia,16 the mechanisms of arrhythmogenesis from the 9 

Purkinje fibers remain incompletely understood. We found that IKAS, a repolarization current 10 

normally presents in large quantities in the Purkinje but not ventricular cells,11 plays an 11 

important role in ventricular automaticity. IKAS blockade accelerates the automatic rhythm and 12 

may promote NSVT in hearts with AV block. These findings suggest that IKAS may be a new 13 

target for managing patients with VT/VF originating from the His Purkinje system of normal 14 

hearts. Drugs that block IKAS (such as amiodarone and ondansetron)33, 34 may be proarrhythmic 15 

in the His-Purkinje system while drugs that blocks RyR2 (such as JTV-519) may be 16 

antiarrhythmic. It may be clinically important to determine the IKAS blocking effects of commonly 17 

used drugs to fully assess their proarrhythmic potentials. 18 

 19 

Limitations 20 

We have attempted to study 10 LV preparations in Protocol 2, but none of them developed 21 

stable spontaneous rhythm. Therefore, we have no TMP data from the LV. JTV-519 while 22 

having an effect on SR Ca release may have effects on other ionic currents. Whether or not 23 

JTV-519’s effects on escape rate is exclusively due to its SR Ca release effects is unclear. 24 
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 1 

Figure 1. Effects of apamin on ventricular escape rhythm. There are two types of responses 2 

to apamin. A. acceleration of baseline rate. Subpanel a shows that apamin induced a gradual 3 

increase of the ventricular escape rate accompanied by a decrease of the R wave amplitude. 4 

The ventricular rate then slowly decelerated to baseline. b: Enlarged from the red box in a, 5 

confirming the presence of AV dissociation. B. Bursts of NSVT separated by long pauses. 6 

Subpanel a shows long pauses and intermittent clusters of ventricular beats after the 7 

administration of apamin. Subpanel b shows ECG enlarged from the red box from subpanel a.  8 
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 2 

Figure 2. Differential effects of apamin on atrial and ventricular rhythms. A. The PP 3 

interval and RR intervals at baseline. B. Apamin lengthens the PP interval but shortens RR 4 

interval in the same heart. C. Effects of apamin on atrial rate in all hearts studied. D. Effects of 5 

apamin on ventricular rate in all hearts studied. 6 
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Figure 3. First episodes of NSVT after addition of apamin. A, B and C show the first 2 

episodes of the NSVT in 3 different hearts 7.5 min, 11.5 min and 5 min, respectively, after 3 

apamin administration. Note the occurrence of premature ventricular contractions (blue arrows) 4 

prior to the NSVT episodes.  5 
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Figure 4. Apamin accelerates the ventricular escape rhythm in hearts with AV block. We 2 

calculated the rate in 10-s windows and plotted the results over time for all hearts studied. A. 3 

The escape ventricular rates in control group showed stable or gradually reduced rates without 4 

intermittent acceleration or long pauses. B. Apamin increased the escape ventricle rates and 5 

induced ventricular arrhythmia in the experimental group. Because of intermittent acceleration 6 

and long pauses, the rates varied considerably over time in this group of hearts. Red arrows 7 

indicate the time of apamin administration. Blue dots indicate the transient rate acceleration 8 

after addition of apamin. NSVT episodes and pauses occurred in hearts 5, 7 and 9. The rates of 9 

those hearts have large variations consistent with burst termination pattern.  10 
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Figure 5. TMP recording from Purkinje cells and ventricular myocytes. A. The 2 

microelectrode was inserted into a cell at the junction of pseudotendon and ventricular 3 

endocardium (blue circle). It is technically difficult to achieve stable impalement in the free 4 

running portion of the pseudotendon. B. The Purkinje cell action potential (AP), showing 5 

spontaneous phase 4 depolarization (arrow). C. The microelectrode was placed on the 6 

ventricular endocardium, slightly removed from the pseudotendon insertion. D. TMP recording 7 

of ventricular myocytes showing the absence of spontaneous phase 4 depolarization (arrow). 8 

Panels B and D were not recorded simultaneously.  9 

 10 
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Figure 6. TMP recordings from Purkinje cells and ventricular myocytes at baseline and 2 

after apamin. A. Purkinje AP at baseline. B. Purkinje fiber AP in the presence of apamin. C. 3 

Overlay of the Purkinje AP recorded at baseline (black) and after apamin (red). Note that the 4 

slopes of the phase 4 diastolic depolarization were the same between baseline and after 5 

apamin (purple box). D. Compared with baseline (black), apamin (red) had lower threshold 6 

potential for phase 0 depolarization (dotted line). However, there was abrupt transition between 7 

phase 4 and phase 0 in the red trace, suggesting that the pacemaking site has shifted. E. 8 

Ventricular myocytes AP at baseline and after apamin administration. There are rate related 9 

shortening of AP duration. No spontaneous phase 4 depolarization was noted. 10 
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Figure 7. Apamin increases while JTV-519 decreases phase 4 automaticity of Purkinje 2 

cells. A. Apamin administration (red arrows) increased the spontaneous AP rates in all 5 3 

Purkinje cells. B. In the presence of apamin, JTV-519 administration (blue arrows) decreased 4 

the spontaneous AP rates in all 5 Purkinje cells. C. The escape ventricle rate (EVR) of baseline 5 

(BL) and addition of apamin (APM) in all isolated RV Purkinje fibers. D. There were no 6 

difference of delta escape ventricle rate after adding apamin between male and female. 7 
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