HEART
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                                           Fig: Heart

Heart is a hollow muscular organ. It acts as a pump.

The heart is divided into four chambers:

· Right atrium

· Right ventricle

· Left atrium  

· Left ventricle
Heart has four valves: 

· Tricuspid valve                                A-V valve      

· Bicuspid valve/ Mitral valve

· Aortic valve                                     Semilunar valve

· Pulmonary valve
The heart is composed of three major types of cardiac muscle: 
· Atrial muscle 
· Ventricular muscle 
· Specialized excitatory and conductive muscle fibers
The heart is composed of three layers: 

· Epicardium (outer layer)

· Myocardium (middle layer)

· Endocardium (inner layer)
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· The heart is divided into four chambers consisting of two atria and two ventricles. The atria receive blood, while the ventricles pump blood.

· The right atrium receives de-oxygenated blood from the superior and inferior vena cava, blood then moves to the right ventricle through tricuspid valve. From right ventricle blood is pumped to the lungs through pulmonary trunk.
· The lungs oxygenate the blood and the oxygenated blood moves to the left atrium through four pulmonary veins.

· Blood moves from the left atrium to the left ventricle via the bicuspid valve. From the left ventricle blood is pumped out to the aorta, which circulates oxygenated blood to all the tissues of the body.

Types of Circulation:

There are two types of circulation:

a) Systemic Circulation (greater circulation)
b) Pulmonary Circulation (lesser circulation) 
Systemic circulation: The circulation of blood in which oxygenated blood is pumped from the heart to the body and deoxygenated blood is returned back to the heart. Systemic circulation occurs between the heart and the entire body.
Pulmonary circulation:  the circulation of blood in which deoxygenated blood is pumped from the heart to the lungs and oxygenated blood is returned to back to the heart. Pulmonary circulation only occurs between the heart and the lungs.
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RA=Rightatrium
RV=Right Ventricle
LA=Left Atrium
Lv=Left Ventricle

organs and tissues of the body





Phases of the action potential of cardiac muscle: 
· Phase 0 (depolarization): due to influx of Na+ by fast sodium channels. 
(Voltage-gated sodium channels (fast sodium channels) open and permit sodium to rapidly flow into the cell and depolarize it. The membrane potential reaches about +20 millivolts before the sodium channels close). 

· Phase 1 (initial repolarization): due to closure of fast sodium channels. 
· Phase 2 (plateau): due to influx of Ca++ through slow and prolonged opening of voltage gated calcium channels.
· Phase 3 (rapid repolarization):due to closure of  calcium channels and K+ efflux through potassium channels 
· Phase 4 (resting membrane potential): averages about −90 millivolts.
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Fig: Action potential of cardiac muscle
Plateau:

Plateau is a prolonged or sustained period of depolarization which occurs in cardiac muscle. 
Plateau occurs due to influx of Ca++ through slow and prolonged opening of voltage gated calcium channels.

Importance: Plateau greatly prolongs the period of depolarization and thus prolongs the action potential of cardiac muscle fiber.

Difference between action potential of cardiac muscle and skeletal muscle:

	Traits
	Action potential of cardiac muscle
	Action potential of skeletal muscle

	Depolarization
	Due to opening of voltage-activated fast sodium channels &  slow calcium channels, which are also called calcium-sodium channels 
	Due to opening of fast sodium channels

	Plateau
	Present
	Absent

	Duration of action potential
	Prolong
	Short


Properties of cardiac muscle:
· Autorhythmicity

· Conductivity

· Excitability

· Contractility

· All or none law

· Frank starling law

· Refractory period

· Functional syncitium
Autorhythmicity:

Without any external stimuli the heart muscle can initiate its own impulse at regular intervals.
Rhythmicity rate:
SA node: 70-80/min

AV node: 40-60/min

Purkinje fibers: 15-40/min

Pacemaker potential:
Rhythmically discharging cells have a membrane potential that, after each impulse, declines to the firing level and triggers the next impulse is called prepotential or pacemaker potential. 

Cause:
1. Decay of K+ channel

2. Opening of transient Ca++ channel
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                                                   Second
                                  Fig: Action potential of SA node
Excitability:
Cardiac muscle has the ability to respond to stimuli of adequate strength & duration.

It occurs in the following sequence of order:

a) Electrical change: Is the development of action potential

b) Chemical change: Break down of ATP to ADP & Pi & sliding of action over myosin.

c) Mechanical changes: Shortening of cardiac muscle & development of increased tension.

d) Thermal changes: During chemical change there is evolution of heat.
Bathmotropic agent: Agents which increases the excitability of heart.

(Reobase: Is the magnitude of current just sufficient to excite a given nerve/ muscle.

Excitability is measured in terms of chronaxie.

Chronaxie: is the length of time a current twice the reobase intensity must be applied to produce a response.)
Contractility:

Contractility is the intrinsic ability of cardiac muscle to develop force at a given muscle length.

Factors affecting contractility of cardiac muscle:

· Intensity of stimulus: threshold stimulus ( All or none law)

· Timing of Stimulus: during refractory period (in ARP) conducted action potential cannot be elicited.
· Initial tension (Frank-Starling effect): Contraction is better when initial tension is high.

· Metabolic condition of the cells: O2 supply, nutrient supply, Ca++ & lack of toxin, temperature.

· Sympathetic stimulation: increases contraction

· Circulating catacholamine: increases contraction.

Ionotropic agent:

Positive ionotropic agent: Agents which increase contractility of heart.

Negative ionotropic agent: Agents which decrease contractility of heart.

Positive ionotropic agents are catecholamines, xanthines, glucagon & digitalis.
(Mechanism:

· Catecholamine: Exerts its effect via β1 adrenergic receptor         act via Gs            

            causes activation of adenyl cyclase          increases cAMP. 

· Glucagon increases cAMP.

· Xanthines (caffeine & theophyllines) inhibit break down of cAMP.
· Digitalis inhibit Na+K+ ATPase. Increase intracellular Na+ & Ca++.)
Negative ionotropic agents are quinidine, procainamide, burbiturate. Other conditions such as hypercapnia, hypoxia, acidosis also decrease contractility of heart.
Frank- Starling law: 
Within physiological limit, greater the initial length of cardiac muscle fiber, greater will be the force of contraction.

The length of the cardiac muscle fiber is proportional to EDV.

Relationship between ventricular stroke volume & EDV is called Frank- Starling curve.
All or none law: 
If an adequate stimulation is given to heart muscle, the heart muscle responds to its maximum but if stimulation is not adequate, it does not respond at all.
Refractory Period: 

The refractory period of the heart is the interval of time during which a normal cardiac impulse cannot re-excite an already excited area of cardiac muscle or it can be excited by a stronger stimulation. 
(Cardiac muscle is refractory to restimulation during the action potential.)

Refractory period is two types:

a) Absolute refractory period (ARP): It is the interval of time during which a normal cardiac impulse cannot re-excite an already excited area of cardiac muscle. 

ARP= Depolarization+Plateau+first 1/3 of repolarization(upto -50mv)
b) Relative refractory period (RRP): It is the interval of time during which cardiac muscle is more difficult to excite than normal but can be excited by a very strong excitatory signal.

RRP= Last 2/3 of repolarization upto baseline.
The normal refractory period of the ventricle is 0.25 to 0.30 second.
The refractory period of atrial muscle is much shorter than that for the ventri​cles that is about 0.15 second.
The refractory period of heart is prolonged due to presence of plateau. 
Advantages of prolonged refractory period of heart:

· Cardiac muscle is never tetanized, never fatigued.

· There is enough time for recovery of the cardiac muscle by getting nutrition & O2 supply.
Cardiac muscle is a syncytium:

Cardiac muscle fibers are made up of many indi​vidual cells connected in series and in parallel with one another. The cardiac muscle fibers are connected with each other by inter​calated discs. 
At each intercalated disc the cell membranes fuse with one another to form gap junctions that allow rapid diffusion of ions. Ions move in the intracellular fluid along the longitudinal axes of the cardiac muscle fibers & action potentials travel easily from one cardiac muscle cell to the next through intercalated discs.
Thus, cardiac muscle is a syncytium of many heart muscle cells in which the cardiac cells are so interconnected that when one cell becomes excited, the action potential rapidly spreads to all of them. 

The heart actually is composed of two syncytiums: the atrial syncytium and the ventricular syncytium. 

The atria are separated from the ventricles by fibrous tissue that surrounds the atrioventricular (A-V) valvular openings between the atria and ventricles. Normally, potentials are not con​ducted from the atrial syncytium into the ventricular syn​cytium directly through this fibrous tissue. Instead, they are conducted only by way of a specialized conductive system called the A-V bundle. 

Advantage of two func​tional syncytiums: Allow the atria to contract a short time ahead of ventricular contraction for effective heart pumping.
