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Introduction

Heart failure is a clinical syndrome that can result from any disorder that
impairs the ability of the ventricle to fill with or eject blood, thus rendering the
heart unable to pump blood at a rate sufficient to meet the metabolic demands of
the body. (Hunt et al, 2001)

Decompensated heart failure encompasses a group of related clinical
syndromes broadly defined as new or worsening symptoms or signs of heart
failure leading to hospitalization (Felker et al, 2003). The severity of
decompensated heart failure may range from mild volume overload in the setting
of nonadherence to diet or pharmacotherapy to life-threatening cardiogenic shock

and multiorgan failure (Petersen and Michael, 2008).

Impaired cardiac contractility plays a central role in heart failure ,activating a
series of maladaptive hemodynamic,structural and neurohormonal responses which
contribute to heart failure progression. (Tamagro et al, 2011). Inotrope
administration can greatly help to stabilise the patient and provides considerable
symptomatic and haemodynamic benefit in the short term. (Greenberg et al,
2003).

Treatment with conventional inotropes improves symptoms and
haemodynamics as it increases stoke volume and left ventricular ejection fraction
and reduces left ventricular filling pressures of decompensated heart failure
patients ,However their benefits can be counteracted by serious adverse effects

including neurohumoral activation, maladaptative remodeling ,intracellular
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calcium overload and hypotension which decreases coronary perfusion. (Tamargo
et al 2010).

These findings may be related to the fact that these agents increase
myocardial concentrations of CAMP, producing an increase in intracellular calcium
that possibly leads to myocardial cell death and/or increases lethal arrhythmias
(Felker et al, 2003). Hence, “classic” inotropic therapy in decompensated HF is
under reconsideration and “novel inotropic agents” are under clinical evaluation

to avoid classic inotropes side effects (Athanasios, 2003).
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Sarcomere

1] Physiological Anatomy

The cardiac myocyte is a specialized

muscle cell that is approximately 25 p in U |
diameter and about 100 p in length. The ; X 2
myocyte consists of bundles of myofibrils Actin: Myosin

that contain myofilaments. (Bazan et al, 2009).

Figure 1. Cardiac myocyte consists of
myofibrils, each of which contains myofilaments.
The sarcomere lies between two Z-lines.
(Klabunde, 2011)

a) Myofibrils.

The myofibrils have distinct, repeating microanatomical units, termed
sarcomeres, which represent the basic contractile units of the myocyte (Figure
1). The sarcomere is composed of thick and thin filaments termed myosin and
actin respectively. Chemical and physical interactions between the actin and
myosin cause the sarcomere length to shorten, and therefore the myocyte to
contract during the process of “excitation-contraction coupling” (Cannell and
Soeller, 1998). The interactions between actin and myosin serve as the basis

for the sliding filament theory of muscle contraction (Figure 2) (Clark, 2008).
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Figure 2 showing interaction between actin and myosin ( Klabunde , 2011)

b) Actin and myosin,

The sarcomere’s thick filament contains 300 myosin molecules which
contains adenosine triphosphatase(ATPase) that hydrolyzes adenosine
triphosphate (ATP) required for actin and myosin cross bridge formation
(Figure 3) (Katz, 1999).The thin filaments are composed of three different
types of protein: “actin, tropomyosin, and troponin” . Together, these are termed

the regulatory protein complex. (Bers, 2002).
¢) Tropomyosin and troponins

Interdigitated between the actin strands are rod-shaped proteins termed
tropomyosin. There are 6-7 actin molecules per tropomyosin. Attached to the
tropomyosin at regular intervals is the troponin complex; which is made up of
three subunits: troponin-T (TN-T), troponin-C (TN-C) and troponin-I (TN-I)
(Figure 3) (Stefancsik et al, 1998).

TN-T attaches to the tropomyosin while TN-C serves as a binding site
for calcium (Ca™) during excitation-contraction coupling (four Ca™ can bind
per TN-C). TN-I inhibits the myosin binding site on the actin (Sheldahl et al,
2003).
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Tropomyosin

Figure. 3 Troponin complex and acto-myosin interaction. The myosin head combines with
actin to produce force. Calcium binding to troponin C (TnC) results in a conformational
change of tropomyosin, troponin | (Tnl), and troponin T (TnT), allowing the myosin head to
attach to actin, facilitating the acto-myosin cross-bridge to cycle (Hasenfuss and Teerlink,
2011).

d) Cross bridging and acto-myosin interaction

Calcium is very important in acto-myosin interaction. When Ca"™" binds
to TN-C, there is a conformational change in the troponin complex such that
TN-1 moves away from the myosin binding site on the actin, thereby making it
assessable to the myosin head leading to contraction (Figure 3). When Ca'" is
removed from the TN-C by pumping into the sracoplasmic reticulum, the
troponin complex resumes its inactivated position, thereby inhibiting myosin-
actin binding leading to relaxation. TN-I is important in clinical practice
because it is used as a diagnostic marker for myocardial infarction (it is released

into the circulation when myocytes die) (Barry and Bridge, 2000).

N.B The strength of the myocardial contraction appears to be mediated
primarily by the degree of uncovering of the actin active sites as tropomyosin is
pulled away after Ca™ has bound to troponin. The magnitude of this effect is
dependent upon the affinity of troponin for Ca™ and the availability of Ca™
ions (i.e the magnitude of the Ca™ influx and accumulation during systole)
(Solaro and Van Eyk, 1996).



