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Abstract
Aim—Transient outward potassium current (Ito) is thought to be central to the activator has not been
pathogenesis of the Brugada syndrome (BrS). However, an Ito available with which to validate this
hypothesis. Here we provide a direct test of the hypothesis using a novel Ito activator, NS5806.

Methods—Isolated canine ventricular myocytes and coronary-perfused wedge preparations were
used.

Results—Whole-cell patch-clamp studies showed that NS5806 (10 μM) increased peak Ito at +40
mV by 79±4% (24.5±2.2 to 43.6±3.4 pA/pF, n=7) and slowed the time-constant increased of
inactivation from 12.6±3.2 to 20.3±2.9 ms, n=7. Total charge carried by Ito by 186% (from 363.9 ±
40.0 to 1042.0 ± 103.5 pA ms/pF, n=7). In ventricular wedge preparations, NS5806 increased phase
1 and notch amplitude of the action potential (AP) in epicardium, but not endocardium, and
accentuated the ECG J-wave, leading to the development of phase 2 reentry and polymorphic
ventricular tachycardia (n=9). While sodium and calcium channel blockers are capable of inducing
BrS only in right ventricular wedge preparations, the Ito activator was able to induce the phenotype
in wedges from both ventricles. NS5806 induced BrS in 4/6 right and 2/10 left ventricular wedge
preparations.

Conclusions—The Ito activator NS5806 recapitulates the electrographic and arrhythmic
manifestation of BrS, providing evidence in support of its pivotal role in the genesis of the disease.
Our findings also suggest that a genetic defect leading to a gain of function of Ito could explain
variants of BrS in which ST-segment elevation or J-waves are evident in both right and left ECG
leads.

Introduction
Brugada syndrome (BrS) is an inherited disease associated with phase 2 reentry, polymorphic
ventricular tachycardia (PVT) and sudden cardiac death in young adults with a structurally
normal heart. The ECG pattern of BrS is often concealed but can be unmasked or modulated
by fever, vagal stimulation and a number of pharmacological agents1. BrS has been linked to
decreased inward currents or increased outward currents during phase 1 accentuating the spike-
and-dome morphology of the AP mainly in the epicardium1. The transmural voltage gradient
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that develops gives rise to the characteristic ECG changes consisting of a down-sloping ST-
segment elevation or accentuated J-wave with a negative T-wave. In most cases, these ECG
changes manifest principally in the right precordial leads2, although BrS cases of left precordial
and inferior lead ST segment elevation have been reported3–5. ST segment elevation is often
accompanied by QT prolongation in the right precordial leads, due to accentuation of the
epicardial action potential notch6.

On a molecular level, BrS has been linked to mutations in the SCN5A gene7 encoding the
Nav1.5 channel α-subunit, in SCN1B8 encoding the sodium channel β1-subunit, in the
glycerol-3-phosphate dehydrogenase 1 like gene (GPD1-L)9 as well as in mutations in the
CACNA1c and CACNB2b genes6 encoding the α1 and β2b subunits of the L-type calcium
channel, respectively. Mutations in SCN5A, SCN1B and GPD1-L all reduced peak sodium
channel current (INa), whereas mutations in CACNA1c and CACNB2b lead to a decrease in L-
type calcium channel current. More recently, a mutation in the KCNE3 gene resulting in
increased Ito current has been associated with BrS10. Although a direct link to Ito has only
recently been established, Ito has long been thought to be central to the pathogenesis of BrS1.
The presence of a prominent Ito predisposes the myocardium to the development of a BrS
phenotype by amplifying phase 1 of the action potential (AP), thus leading to augmentation of
the notched appearance of the AP, most notably in the right ventricular epicardium. Ito is larger
in the right ventricle (RV) than in the left (LV)11, accounting for the appearance of ST segment
elevation in the right precordial leads. Furthermore, BrS is more prevalent in males than in
females, due at least in part to the presence of a more prominent Ito in RV of males12.

The present study examines the characteristics of a novel and unique Ito activator, NS5806, in
isolated canine ventricular myocytes and wedge preparations. NS5806 is shown to recapitulate
the electrocardiographic and arrhythmic manifestations of BrS, providing further evidence in
support of its pivotal role in the genesis of the disease. Our findings also suggest that a genetic
defect leading to a prominent gain of function of Ito could explain variants of BrS in which
ST-segment elevation or J-waves are evident in both right and left ECG leads.

Methods
NS5806

NS5806 was synthesized at NeuroSearch A/S, Ballerup, Denmark by reaction of 6-cyano-2,4-
dibromoaniline with sodium azide to form the respective 2,4-dibromo-6-tetrazolylaniline,
which was condensed with 3,5-bis-trifluoromethyl-phenylisocyanate to provide the target 1-
[2,4-dibromo-6-(1H-tetrazol-5-yl)-phenyl]-3-(3,5-bis-trifluoromethyl-phenyl)-urea
(NS5806). NS5806 was dissolved in DMSO (20 mM stock).

Experimental animals
This investigation conforms to the Guide for Care and Use of Laboratory Animals published
by the National Institutes of Health (NIH publication No 85–23, Revised 1996). Adult mongrel
dogs of either sex were anticoagulated with heparin and anesthetized with pentobarbital (30–
35mg/kg, i.v.). Their hearts were rapidly removed and placed in a 4°C cardioplegic solution
(in mM): NaCl 129, KCl 12, NaH2PO4 0.9, NaHCO3 20, CaCl2 1.8, MgSO4 0.5, glucose 5.5.

Isolation of adult canine cardiomyocytes
Myocytes from the midmyocardial (mid) region were prepared from canine hearts using
techniques previously described13; 14. A wedge consisting of the left ventricular free wall
supplied by a descending branch of the circumflex artery was excised, cannulated and perfused
with nominally Ca2+-free solution (mM): NaCl 129, KCl 5.4, MgSO4 2.0, NaH2PO4 0.9,
glucose 5.5, NaHCO3 20, bubbled with 95% O2/5% CO2 containing 0.1% BSA for a period
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of about 5 minutes. The wedge preparation was then subjected to enzyme digestion with the
nominally Ca2+-free solution supplemented with 0.5 mg/ml collagenase (Type II,
Worthington), 0.1 mg/ml protease (Type XIV, Sigma) and 1 mg/ml BSA for 8–12 minutes.
After perfusion, thin slices of tissue from the mid region (about 5–7 mm from the epicardial
surface) were shaved from the wedge using a dermatome. The tissue slices were then placed
in separate beakers minced and incubated in fresh buffer containing 0.5 mg/ml collagenase, 1
mg/ml BSA and agitated. The supernatant was filtered, centrifuged at 200 rpm for 2 minutes
and the myocyte containing pellet was stored in 0.5 mM Ca2+ HEPES buffer at room
temperature.

Voltage Clamp Recordings
Voltage-clamp and current-clamp recordings were made using a MultiClamp 700A amplifier
and MultiClamp Commander (Axon Instruments). Patch pipettes were fabricated from
borosilicate glass capillaries (1.5 mm O.D., Fisher Scientific, Pittsburgh, PA) using a gravity
puller (Model PP-830, Narishige, Tokyo, Japan) and the pipette resistance ranged from 1–3
MΩ. Cell capacitance was measured by applying -5 mV voltage steps. Electronic compensation
of series resistance to 60–70% was applied to minimize voltage errors. All analog signals (cell
current and voltage) were acquired at 10–50 kHz, filtered at 4–6 kHz, digitized with a Digidata
1322 converter (Axon Instruments) and stored using pClamp9 software.

Ito recordings were performed as previously described15. Initially the ventricular cells were
superfused with a HEPES buffer of the following composition (mM): NaCl 126, KCl 5.4,
MgCl2 1.0, CaCl2 2.0, HEPES 10, glucose 11, pH 7.4. The patch pipette solution had the
following composition (mM): K-aspartate 90, KCl 30, glucose 5.5, MgCl2 1.0, EGTA 5,
MgATP 5, HEPES 5, NaCl 10, pH 7.2. The APs were recorded in this solution. For Ito, IK1
and IKr measurements the HEPES buffer was supplemented with 300 μM cadmium to block
ICa and for IKr measurements 100 nM HMR1556 was present to block IKs. For ICaL
measurements, 5 mM TEA was added to the pipette solution to block potassium currents and
cadmium was not added to the HEPES buffer.

Sodium currents were recorded as previously described16 in a low Na+ extracellular solution
(mM): CaCl2 0.5, Glucose 10, MgCl2 1.5, Choline-Cl 120, NaCl 5, HEPES 10, KCl 4, Na
acetate 2.8, CoCl2 1, BaCl2 0.1, pH = 7.4. The pipette solution consisted of: MgCl2 1, NaCl
15, KCl 5, CsF 120, HEPES 10, EGTA 10, Na2ATP 4, pH 7.2. All experiments were performed
at 37° C except for the sodium current recordings which were performed at room temperature.

Wedge preparations of the free wall from right and left ventricles
Transmural wedges were dissected from the base of the right (RV, 2 × 1.5 × 0.9 cm) and left
ventricles (LV, 3 × 2 × 1.5 cm). The preparations were initially arterially perfused with
cardioplegic solution. Subsequently, the wedge preparations were placed in a tissue bath and
perfused with Tyrode’s solution (mM): NaCl 129, KCl 4, NaH2PO4 0.9, NaHCO3 20, CaCl2
1.8, MgSO4 0.5, glucose 5.5, pH7.4 and bubbled with 95% O2 and 5% CO2 (37 ± 0.5°C). The
perfusate was delivered at a constant flow at 8–11 ml/min depending on the size of the wedge
and the pressure was monitored throughout the experiment (Table 1). Pacing stimuli was
delivered to the endocardial surface at 2 x the diastolic threshold of excitation (DTE). In all
experiments recordings were made at a basic cycle length (BCL) of 300, 500, 800 and 2000.
Unless otherwise indicated recordings at 2000 ms BCL are shown. The DTE was not affected
by NS5806 (Table 1). Recordings were obtained after > 1 hour after mounting for control and
30 min after application of NS5806. A transmural pseudo-ECG (ECG) was recorded using two
Ag/AgCl half cells placed at ~1 cm from the epicardial (+) and endocardial (−) surfaces of the
preparation. Intracellular recordings were obtained simultaneously from the subendocardium
(endo, approx. 2–3 mm from the endocardial surface) and from the subepicardium (epi, approx
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0–3 mm from the epicardial surface) using floating glass microelectrodes. ECG and AP signals
were amplified and/or digitized and analyzed using Spike 2 for Windows (Cambridge
Electronic Design [CED], Cambridge, UK).

Statistical Analysis
Results are presented as Mean ± SEM throughout the publication. Statistical comparisons were
made using One way ANOVA and Dunnet’s post test, unless otherwise indicated.

Results
The molecular structure of NS5806 is shown in Fig. 1A. Figs. 1B–F illustrate the effect of
NS5806 on APs and Ito recorded from myocytes isolated from the mid region of the canine
left ventricle. At a cycle length of 1 s, the AP recorded under control conditions exhibited a
prominent phase 1 repolarization resulting in a spike-and-dome morphology. Application of
10 μM NS5806 increased phase 1 leading to loss of the AP dome when phase 1 reached
potentials more negative than the threshold for activation of the L-type calcium current,
ICaL, (Fig. 1B). Loss of the dome was accompanied by a significant abbreviation of the
APD90, from 372±29.4 ms to 51.3±18.7 ms (n=5, p<0.05). NS5806 (10 μM) reduced the
maximal upstroke velocity of phase 0 (Vmax) by 9.8±3.4 % (from 407.2±34.4 to 367.0±32.7
V/s, n=5, p<0.05); the amplitude of phase 0 was unaffected (121.6±1.1 mV in control vs.120.3
±0.25 mV with NS5806, n=5). The concentration of NS5806 was based on preliminary
experiments in CHO-K1 cells expressing Kv4.3 and KChiP2, were we found an EC50 value
of 7 μM.

The effect on the phase 1 repolarization suggested that Ito currents were increased by NS5806.
As a test of this hypothesis, we recorded Ito in midmyocardial cells using whole-cell patch-
clamp techniques (Fig. 1C–G). NS5806 (10 μM) significantly increased the magnitude of Ito
at all potentials greater than −30 mV (Fig. 1D). Inactivation was significantly slowed, as
reflected by an increase in time constant (τ, from 12.6±3.2 ms to 20.3±2.9 ms at +40 mV, n=7
p<0.05; Fig. 1E). The increased Ito peak-current amplitude together with the slowed
inactivation resulted in a near 3-fold increase in total charge as reflected by an increase in area
under the curve from 363.9±40.0 to 1042.0±103.5 pA ms/pF at +40 mV (n=7, p<0.05; Fig.
1F). The effects of the drug were fully reversed upon washout. Furthermore, the recovery from
inactivation of the Ito current was faster in the presence of NS5806 (10 μM) as shown in Fig.
1G. We also examined the effect of NS5806 on other currents known to contribute to the
development of the BrS phenotype. NS5806 (10 μM) caused a minor reduction in both INa and
ICaL as shown in Figs. 2A and B. As it has recently been suggested that the fast component of
the delayed rectifier current, IKr, can contribute to BrS in humans17 and an IKr agonist that
modulates ERG channels resulting in Ito-like currents has been reported18 we assessed the
effect of NS5806 on IKr in isolated endocardial myocytes. Endocardial cells were chosen to
minimize the impact of the Ito currents. We found that NS5806 (10 μM) caused a minor
reduction in IKr as shown in Fig. 2C. We found no effect of NS5806 on IK1 currents (Fig. 2D).

We next assessed the effect of increased Ito on the development of a BrS phenotype using
canine ventricular wedge preparations. Fig. 3A shows a representative example of the effect
of NS5806 (5–15 μM) in a RV wedge preparation. Increasing the concentration of NS5806
caused a progressive increase the epicardial phase 1 magnitude, whereas the APs of endocardial
cells were largely unaffected. The increase in the epicardial notch magnitude was accompanied
by an accentuation of the J-wave, or an apparent ST-segment elevation, on the ECG. The
attending delay in epicardial repolarization led to reversal of the direction of repolarization and
a progressive inversion of the T-wave corresponding to the type 1 BrS ECG. At a concentration
of 15 μM, NS5806 increased phase 1 causing loss of the AP dome at some epicardial sites.
The spike-and-dome AP morphology was maintained at other epicardial sites resulting in an
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epicardial dispersion of repolarization (EDR). Conduction of the AP dome from sites at which
it was maintained to sites at which it was lost caused local re-excitation via a phase 2 reentry
mechanism, leading to the development of closely coupled extrasystoles. The loss of the dome
in the epicardium also created a transmural dispersion of repolarization (TDR) and
refractoriness. The combination of EDR and TDR created a vulnerable window within the RV
preparation that when captured by a closely coupled extrasystole induced self-terminating runs
of rapid PVT. These runs of PVT often deteriorated to ventricular fibrillation. Washout of the
drug terminated the arrhythmia and restored AP towards control. We next investigated the
effect of NS5806 in the presence of the Ito inhibitor, 4-aminopyrodine (4-AP) as shown in Fig.
3B. Application of 4-AP (2 mM) abolished the epicardial notch and in the continued presence
of 4-AP, NS5806 (10 μM) failed to enhance the epicardial notch and the J-wave on the ECG.
In the presence of 4-AP and NS5806, there appeared to be some change in phase 2, which may
be due to an effect on ICaL (Fig. 2B). The arrhythmias could also be terminated by introducing
(4-AP) (2 mM) in the continued presence of 15 μM NS5806 (n=4, data not shown).

The effects of NS5806 on notch magnitude and J-wave amplitude on both left (LV) and right
ventricular (RV) wedges are summarized in Figs. 4A and B. In both RV and LV preparations
there was a concentration-dependent increase in the size of the epicardial notch, whereas the
endocardium was largely unaffected. In addition to the effect on the notch, the time from onset
of the epicardial AP to the peak of phase 2 (the time to peak-plateau), was significantly
augmented by increasing concentrations of NS5806 (Fig. 4C) whereas the repolarization time
(APD90 minus the time to peak-plateau) remained constant (Fig. 4D). Superimposed traces
recorded from the epicardium in the absence and presence of NS5806 illustrate that the drug
effect was mainly on notch magnitude and time to peak-plateau whereas the time and
morphology of the repolarization phase were largely unaltered (Fig. 4E).

NS5806 prolonged epicardial APD90 and QT interval in both LV and RV preparations (Figs.
5A and B). Fig. 5C shows the inter-dependence of APD90 and notch amplitude in epicardium
following exposure to increasing concentrations of NS5806. The prolongation of the APD90
was significant only in epicardium, where repolarization was delayed more than in
endocardium. Fig. 5D presents a plot of TDR under the various conditions tested. TDR was
greatest just before and after loss of the epicardial AP dome. The effective refractory period
increased in proportion to the increase in APD90 (Table 1).

The arrhythmias associated with BrS often occur at rest while at higher heart rates, there is a
normalization of the ECG. In agreement with these observations, we found the epicardial notch
magnitude was higher at slow rates, most pronounced in the RV wedges (Figs. 6A and 6B).
The smaller epicardial notch magnitude at 300 and 500 ms BCL pacing is due to some
inactivation of Ito (Fig. 1G). Application of NS5806 sped up the recovery of the Ito currents
(Fig. 1G) resulting in a relatively larger epicardial notch magnitudes at faster pacing in both
RV and LV wedges. The BrS phenotype is also modulated by autonomic influences on the
heart. The syndrome can be unmasked by vagal stimulation whereas sympathetic stimulation
is effective in preventing the ECG and arrhythmic manifestations of BrS19. In another series
of experiments, we examined the effect of sympathetic agonists. Fig. 6C shows representative
recordings of APs from LV ventricular wedge preparations recorded under control conditions,
after NS5806 (15 μM), and after NS5806 (15 μM) + isoproterenol (iso, 25 nM). Fig. 6D
illustrates composite data from 3 experiments. Iso reversed the effects of NS5806 towards
control values.

While sodium and calcium channel blockers are capable of inducing BrS only in RV wedge
preparations, the Ito activator was able to induce the phenotype in wedges from both the RV
and LV of the canine heart. Fig. 7 shows representative recordings from a LV wedge exposed
to increasing concentrations of NS5806. As with RV wedge preparations, the size of the
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epicardial notch was progressively more accentuated with a parallel increase in the amplitude
of the J wave. At a concentration of 15 μM NS5806 induced PVT (Fig. 7B). Two epicardial
AP recordings were recorded simultaneously to demonstrate the heterogeneity in the tissue.
Although PVTs were inducible in preparations from both RV and LV, the RV was more
sensitive, most likely due to the higher intrinsic levels of Ito. At a concentration of 15 μM,
NS5806 induced BrS in 4 out of 6 RV wedge preparations compared to 2 out of 10 LV wedge
preparations (Fig. 7C). The depth of the epicardial notch under control condition was an
important determinant of whether or not arrhythmias would develop (Fig. 7D).

Discussion
In this study, we introduce and characterize the first known Ito activator and use it to generate
a new experimental model of BrS. The Ito activator NS5806 is shown to increase peak Ito
amplitude and to delay inactivation in isolated cardiomyocytes resulting in an accentuated
phase 1 repolarization accompanied by loss of the AP dome in mid- and epicardial cells.

A link between mutations in genes responsible for the Ito current and the development of BrS
was recently reported by Delpón and coworkers, where a mutation in the KCNE3 gene was
found to be associated with the development of BrS10. KCNE3 normally interacts with Kv4.3
to suppress Ito

20 and the mutation in KCNE3 was shown to result in a gain of function in
Ito

10. The results of our study using the Ito activator are consistent with the clinical observations
that an enhancement of Ito can lead to the development of BrS.

It is well established that mutations leading to a decrease in INa or ICaL can also cause BrS in
humans6–9. Previously developed experimental models of BrS, consistent with these
genotypes, involved the use of sodium and calcium channel blockers such as terfenadine and
verapamil in right ventricular wedge preparations21–23. Other experimental models of BrS
involved the use of IK-ATP activators such as pinacidil12. The new experimental model,
involving the use of an Ito activator, recapitulates all of the electrographic and arrhythmic
manifestation of BrS, thus providing evidence in support of a pivotal role for Ito in the genesis
of the disease.

BrS is a right ventricular disease in which ST segment elevation is usually limitedto the right
precordial leads. The right ventricular manifestations of the disease are thought to be due to
the prominence of Ito in right vs. left ventricular epicardium12. Less commonly encountered
is a variant of BrS in which ST segment elevation is present in the left or inferior leads or
throughout the precordium3–5; 24–26. A single BrS patient carrying a SCN5A mutation
exhibiting ST elevation in the right and in the inferior leads has previously been described5,
however the ST elevation in the inferior leads were only found in 1 out of 4 family members
and other gene candidates were not studied. Our results demonstrate for the first time the ability
to induce BrS phenotype in left ventricular tissues. NS5806 was able to induce the phenotype
in wedges from both RV and LV of the canine heart, suggesting that augmentation of Ito could
induce the BrS phenotype in any region of the heart. This suggest that a genetic defect leading
to a prominent gain of function of Ito could explain variants of BrS in which ST segment
elevation or J-waves are evident in right, left or inferior ECG leads.

Arrhythmias associated with BrS are often triggered by vagal influence and bradycardia1. We
found that in both RV and LV, the effect of NS5806 to amplify the epicardial notch magnitude
was bradycardia-dependent (Figs. 6A–B). Furthermore, theeffect of sympathetic influences to
reverse the effects of the Ito activator to induce the BrS phenotype (Figs. 6C–D), is consistent
with the ameliorative effects of β-adrenergic agonists in the clinic where isoproterenol has been
shown to be effective in normalizing the ST-elevation and in controlling electrical storm in
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BrS patients27; 28. This effect is due to the positive chronotropic effect and increased calcium
current secondary to increased intracellular cAMP rather than inhibition of Ito.

Our new experimental model of BrS also recapitulates the clinical finding that a slight increase
in QT interval is observed in the right precordial leads in association with ST segment elevation
in some BrS patients6. Our model shows that the prolongation of APD90 in the epicardium is
caused by an increase in time-to-peak plateau following exposure to increasing concentrations
of NS5806 (Fig. 5).

In summary, our experimental model recapitulates the electrocardiographic manifestations of
BrS and should prove useful in further assessment of the cellular mechanisms underlying the
development of arrhythmias associated with BrS and particularly valuable in the identification
of pharmacological agents useful in the approach to therapy.
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Figure 1.
A) Chemical structure of the diphenylurea 1-(3,5-Bis-trifluoromethyl-phenyl)-3-[2,4-
dibromo-6-(1H-tetrazol-5-yl)-phenyl]-urea compound, NS5806. B) Action potentials recorded
from a canine left ventricular (LV) midmyocardial myocyte before (black) and at 6, 10 and 14
s after 10 μM NS5806 (grey). Basic cycle length (BCL) = 1 s. Representative of n=5. C)
Representative Ito currents recorded from isolated LV midmyocardial myocytes in the absence
and presence of 10 μM NS5806, n=7. D) Current-voltage (I–V) relation of peak Ito before and
after 10 μM NS5806. E) Time constant of decay of Ito before and after 10 μM NS5806. F)
Graph showing area under the curve, reflecting the total charge carried by Ito. G) Ito recovery
from inactivation using a two pulse protocol. Statistical significance was evaluated by paired
t-test.
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Figure 2.
Effect of NS5806 on INa and ICaL currents recorded for isolated canine left ventricular (LV)
midmyocardial cells and on IKr in endocardial LV myocytes. A) Representative INa traces and
average I–V relation recorded before and after 10 μM NS5806 (n=4). B) ICaL currents were
elicited by the shown protocol preceded by 5 pre-pulses (from −80 mV to +20 mV for 200 ms)
to ensure constant load of the sarcoplasmic reticulum. Representative ICaL traces and average
I-V relations recorded before and after 10 μM NS5806 (n=6). C) Representative IKr currents
and IKr tail currents measured at −35 mV as a function of voltage at the preceding voltage-step
before and after application of 10 μM NS5806 (n=7). D) Representative IK1 recordings in
midmyocardial cells (n=8) and the current-voltage relationship at the end of the step protocol
before and after application of 10 μM NS5806. Statistical significance was evaluated by paired
t-test.
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Figure 3.
Effect of NS5806 to induce the electrocardiographic and arrhythmic manifestation of Brugada
syndrome in a canine right ventricular wedge preparation paced from the endocardial surface
at a BCL of 2 s. A) Endo-and epicardium action potentials and ECG were recorded before and
after 5, 10 and 15 μM NS5806, as well as after 30 min of washout. 15 μM NS5806 induce
polymorphic ventricular tachycardia (PVT). Representative of n=4. B) 2 mM 4-aminopyrodine
(4-AP) blocked Ito and prevented 10 μM NS5806 from increasing the epicardial notch in a left
ventricular wedge. Representative of n=4.
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Figure 4.
Effect of NS5806 on action potential (AP) parameters recorded from canine right (RV) and
left (LV) wedge preparations paced at a BCL of 2 s. Composite data of the effect of NS5806
(0–15 μM) on: A) AP notch magnitude as % of the phase 2 amplitude. B) J-wave amplitude
as % of R-wave amplitude. C) Time to peak-plateau in epicardial APs D) Repolarization time
measured as action potential duration (APD90) minus time to peak-plateau. E) Superimposed
LV epicardial APs recorded in control (black trace) and after 15 μM NS5806 (grey trace). The
APs were superimposed at the time of peak of phase 2. n=5–8.
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Figure 5.
Effect of NS5806 (0 to 15 μM) on action potential duration (APD90), QT interval, and
transmural dispersion of repolarization (TDR) in canine right (RV) and left (LV) ventricular
wedge preparations. BCL = 2 s. A) APD90; B) QT interval; C) Epicardial ADP90 plotted as a
function of epicardial notch magnitude. D) TDR calculated as the time interval between
repolarization of the endocardial and epicardial action potentials measured at 90%. For the RV
preparations, TDR was measured just before and after the dome was lost in the presence of 15
μM NS5806. n=5–8.
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Figure 6.
The effect of NS5806 (10 μM) at different pacing rates on the epicardial notch magnitude.
A) Representative APs recorded at increasing BCL from 300 to 2000 ms from canine right
(RV) and left (LV) ventricular wedge preparations. B) The epicardial notch magnitude is
plotted as % of phase 0 amplitude. (n=4–6). C) Effect of isoproterenol (25 nM) to reverse the
effect of NS5806 (15 μM) in a left ventricular wedge preparation. Representative of n=3. D)
Mean data showing effect of NS5806 and NS5806+iso on various electrophysiological
parameters. Results were compared by Friedman test and Dunns post test.
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Figure 7.
Effect of NS5806 to induce the electrocardiographic and arrhythmic manifestation of Brugada
syndrome in a canine left ventricular (LV) wedge preparation paced at a BCL of 2 s. A)
Representative recordings of APs and corresponding ECG before and after NS5806 (0–15 μM).
B) The same preparation following 35 min exposure to 15 μM NS5806 showing development
of polymorphic ventricular tachycardia (PVT). The arrows indicate paced beats. C) Incidence
of PVT in the presence of 15 μM NS5806 in right ventricular wedges (RV) vs. LV wedge
preparations. D) Size of the epicardial notch in control in preparations exhibiting PVT (n= 6)
vs. preparations without PVT (n=5), Results from RV and LV wedge preparations are pooled.
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