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Abstract

In perfused hearts, Ca’" influx through L-type Ca?" channels triggers Ca’" release from the
sarcoplasmic reticulum. In nearly all mammals, the inflow which activates the sarcoplasmic
reticulum Ca’" release occurs during phase 2 of the action potential. Interestingly, in murine
models, the triggering event occurs during phase 1 of the action potential. The objective of
this review is to determine how much Ca*" influx occurs during phase 1. Moreover, we want to
determine how much Ca?* gets into the myocytes when Kv4.3 is blocked with 4-aminopyridine (4-
AP). Moreover, we will evaluate changes in the open probability of Kv 4.3 following blockage via
4-aminopyridine (4-AP). To test whether a decrease in a transient K+ current (Ito) will enhance
Ca’ influx across the plasma membrane and increase the amplitude of Ca*" transients, pulsed
local-field fluorescence microscopy, recordings using sharp microelectrodes, measurements of the
developed pressure, and loose-patch photolysis were utilized. Furthermore, some experiments
were performed using loose patch photolysis to evaluate the amplitude of the Ca** in intact beating
hearts. Interestingly, 4-AP increased not only the time required for AP to reach 30% repolarization
but also the amplitude of Ca** transients in the epicardium in comparison to the endocardium.
Furthermore, the activation of Ito with N-[3,5-Bis(trifluoromethyl)phenyl]-N’-[2,4- dibromo-6-
(2H-tetrazol-5-yl)phenyljurea (NS5806) resulted in a reduction of Ca** current amplitude, which

led to a reduction of the amplitude of Ca”* transients.

Introduction

The time course of the cardiac ventricular Action Potential
(AP) is the initial biological event controlling contraction
during the cardiac cycle. Normally, the extended duration of the
ventricular AP increases the open probability of the L-type Ca?*
channel, leading to a sustained increase in Ca?* influx. In very
small mammals, the duration of the AP needs to be short enough
to handle the higher heart rate (600 beats/min for mice). This
physiological property led previous researchers to incorrectly
assume an absent plateau or phase 2 in the mouse ventricular
AP. However, experiments from our lab recording APs at the
intact organ level suggest that mouse ventricular AP does indeed
exhibit a phase-2, which is dependent on the activation of the
Na-Ca exchanger (NCX). Although, the membrane potential
of this phase-2 is more hyperpolarized when compared with
larger mammals. Furthermore, our experiments also strongly
suggest the influx of Ca?" triggering Ca? transients occur
during AP phase-1. This likely occurs due to the deactivation
of the L-type Ca?* current, which produces a tail current
triggering Ca?* release from the sarcoplasmic reticulum. This
has been proposed for dog, rat, and mouse. The experiments
performed in the ventricular epicardium under voltage-clamp
conditions show the activation of the L-type Ca?" current
but also the activation of the NCX. In the present review, we
propose to gauge the role of a key K+ conductance activated
during phase-1 repolarization in defining the transmural Ca?*
signaling. A combined and concurrent assessment of the
mechanical activity, AP kinetics, electrocardiograms (ECGs),
Ca?" transients, and Ca?" currents was performed on intact
perfused hearts when Kv 4.3 channels that were inhibited by
4-aminopyridine (4-AP) or activated with 1-[2,4-dibromo -6-
(1H-tetrazole-5-yl) -phenyl]-3- (3,5-bis-trifluoromethylphenyl)
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- urea (NS5806). Furthermore, the understanding obtained
from the experiments presented here will help us to recognize
pathophysiological mechanisms related to systolic heart failure
and define novel pharmacological interferences to treat this set
of clinical conditions.

Literature Review

The PLFFM approach was developed in our laboratory to
measure physiological data by exciting exogenous fluorescent
indicators and sensing the light emitted by these molecules
present in the tissue. In PLFFM, the excitation and emitted light
is conducted through a multimode optic fiber located either in
the epicardium or in the endocardium. The measurement in these
two regions allowed comparing the physiological properties
of the epicardium and the endocardium where we measure
membrane potential and Ca?* transients. To study the time course
and the physiological distribution of the signal, the emitted light
from different sites must be recorded simultanecously from the
epicardium and the endocardium.

The light source is a 532 nm, solid-state neodymium-doped
yttrium-aluminum-garnet laser (Enlight Technologies), and
we measure from the epicardium and the endocardium using
optical fibers having a numerical aperture of 0.67. The beam is
focused either with an aspheric lens or a microscope objective.
The lens focused the light beam into an optical fiber that was in
contact with the tissue. For endocardial measurements, we made
a small incision on the surface of the left ventricular free wall,
facilitating the placement of the fiber onto the epicardium and
the endocardium.

Loose-Patch Photolysis (LPP)
The Loose-Patch Photolysis (LPP) permits the measurement of
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ionic currents in an intact heart during triggered physiological
Aps. This includes PLFFM photo-breaking compounds with
Ultraviolet (UV) pulsing, microelectrode measurements, and
loose-patch recordings.

The Loose-Patch Pipette (LPP) was made with a giant glass
patch pipette and the tip was heated with a torch to decrease the
diameter size of one end to ~ 200 pm. This allows the optical
fiber to be placed at the tip of the pipette. This fiber was used to
record action potentials or Ca?" transients using a potentiometric
dye (di-8- Anepps) and the Ca?* indicator Rhod-2. Small UV light
pulses were used to break photosensitive compounds, allowing
us to measure membrane currents during an action potential.
The giant patch pipette was filled with Tyrode’s solution. A
micromanipulator was used to place the patch pipette on the
epicardium of the ventricle, where the interior of the patch
pipette was voltage-clamped with the same potential as the bath.
A flash photolysis system let us fractionally change the L-type
Ca?" current ionic current (i.e., Ca*" currents by photolyzing
nifedipine) under the loose-patch pipette. Nifedipine was locally
photo-inactivated by UV illumination generated by a diode-
pumped solid-state UV laser (355 nm). UV light was applied
through an external quartz multimode fiber-optic or by a fiber
positioned inside the patch pipette. The distinction between the
total current measured in the presence and the absence of the
drug permits us to reveal the current that was pharmacologically
blocked. As the area under the pipette is much smaller than the
space constant, the neighboring tissue imposes an electrotonic
coupling. This electrotonic coupling will act as an electric
sink and impedes the activation of the photolitically activated
current from producing any changes in the local AP. As the
transmembrane current there does not produce a change of the
membrane potential, mimics what happens under a voltage-
clamp condition, but in this case, the ventricular syncytium is
acting as a spatial clamp. Finally, hearts were paced between
4-6 Hz at 33°C.

Discussion

We have given proof that unequivocally proposes the Ca*
flood which prompted an actuation of Ca** homeless people
happens during stage 1 of the activity potential. Moreover, the
energy of this quick repolarization can handle contractility in
mice hearts. The principle property is the presence of a solid
stage 1 during the early repolarization of the activity potential.
This occasion allows the core of a mouse to beat at a very high
recurrence. The idea that the stage 1 pace of repolarization
could be engaged with managing the adequacy of Ca?" drifters
has been generally bantered by a few creators. Besides, in this
audit, we incorporated, at the flawless heart level the connection
between the pace of stage 1 repolarization, Ca>* convergence,
and contractility all through the free ventricular divider. The Ito
current is encoded by two qualities, Kv 4.2 and Kv 4.3 shows
expanding convergences of 4-AP brought about expanded
systolic tensions, an impact recently saw in confined myocytes
depicted by was expanding the centralization of 4-AP to 100
uM expanded the mechanical shortening of mouse myocytes.
Besides, our tension accounts were made under isotonic
conditions at a consistent burden, proposing an expansion in the
strain during 4-AP was because of the obstructing impact of this
medication on the stage 1 repolarization of the AP.
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Information gave in show perfusion 4-AP dialed back the AP
repolarization during stage 1. Besides, the impact on APD30
was a lot bigger than on APD90. In addition, as we recently
demonstrated, APs recorded from various ventricular areas on
perfused heart shows a significant stage. The transmural ECG
accounts in mouse hearts showed an eminent J wave. This J
wave happens due to the various paces of repolarization during
the AP stage 1.

Tests depicted in show 4-AP perfusion in flawless mouse
hearts decreased the plentifulness of the J wave and essentially
augmented its half term. One probably impact for the decrease
in the abundancy of the J wave could be that 4-AP lessens the
progressions among the epicardial and endocardial pace of stage
1 repolarization.

Results introduced show the distinction among epicardial and
endocardial AP repolarization during stage 1. This variety can be
depicted by a lessened articulation of Kv 4.3 at the endocardium
ventricular layer. Amazingly, the distinctions among endocardial
and epicardial APD30 were profoundly diminished when the
heart was coronary perfused with 100 uM 4-AP. Much more,
no huge changes were seen at the APD90 level in the two
districts during the 4-AP treatment. 4-AP biggerly affected the
epicardium because of the greater articulation of Kv. 4.3 in
this ventricular layer. The way that 4-AP largerly affected the
epicardial than on the endocardial, is on the grounds that there
is a bigger articulation of Kv. 4.3 in the epicardium.

100 puM 4-AP smallerly affected the plentifulness of the
endocardial Ca*" transient than on the epicardial Ca®" transient.
Our trials were performed at 33°C and 7 Hz. 4-AP significantly
affected both stage 1 repolarization and the sufficiency of Ca**
transient during systole.

We have laid out the LPP procedure permits the recording of
Ca*" flows at the entire heart level. Also, outlines 4-AP perfusion
expanded the sufficiency of the L-type Ca?" current. In like
manner, assuming a similar strategy were applied when Ito had
been to some degree impeded with 100 uM 4-AP, the impact
would turn out to be significantly bigger.

Curiously, the APD30 estimations displayed in become a lot
quicker while following 10 pM NS5806 perfusion. Stage 1
repolarization profoundly affected epicardial and endocardial
contractility.10 uM NS5806 sped up stage 1 hence, lessening
the ventricular created pressure

Besides, a huge change was seen in the sufficiency, the ascent
time, and the half span of the Ca?" drifters in the epicardial layer.

This impact relates very well with the impact of NS5806 on
the L-type Ca?* flows. This information further sets the thought
that Kv.4.3 channels direct contractility. Besides, NS5806
just communicates with KChiP, an administrative subunit that
cooperates with Kv. 4.3 channels.

Conclusion

Taken together, the outcomes introduced in this audit illustrate,
interestingly, the job of Ito in clarifying how cardiovascular
contractility is decreased when the heart is perfused with
NS5806. Moreover, ventricular myocytes are electrically
coupled through connexins 43. At last, this progression
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