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Action Potentials of Heart Cells
Cardiac muscle tissue describes the muscles that make up the heart. The cardiac muscle tissue is made up of two main cell types that are significant to the heart’s function of pumping blood. These two cell types are the cardiac muscle cells and the cardiac pacemaker cells. The cardiac muscle cells have striations and sarcomeres. Another feature that is observed microscopically with cardiac muscle tissue is the fact that they contain a high concentration of myoglobin and mitochondria which is important for energy production through aerobic processes. The cardiac muscle cells are widely branched and at the end of each branch are intercalated discs which join them to all for proper contractions and relaxations of the entire heart. The role of the cardiac muscle cells is to contract and thus enable the heart to act as a pump which pushes blood out of the heart and into the general circulation. The pacemaker cells, on the other hand, are found in the sinoatrial node in the right atrium. The pacemaker cells have a significant role as they generate regular electrical impulses that are sent through the entire heart and thus serve as initiators of contraction as well as keeping the heart’s contraction in rhythm. This paper elaborates on the mechanisms behind the functioning of the two cell types. 
The pacemaker cells produce action potentials in a spontaneous and regular fashion. Additionally, the pacemaker cells lack true resting potential (Klabunde, 2017). The pacemaker action potentials are categorized into three phases: phase 4, phase 0 and phase 3. Phase 4 is called the depolarization phase and this is where there is a slow inward current of sodium ions which are called funny currents. These ions initiate the depolarization which pushes the action potential to -50mV, where the calcium currents take over. The inward moving calcium ions depolarize the cells further to between -40mV to -30mV. Additionally, during phase 4 there is reduced outward movement of potassium ions. Phase 3 is caused primarily by continued and increased inward movement of calcium ions through the L type calcium ion channels. In phase 3, also called the repolarization phase, there is the opening of potassium channels which thus there is an increased outward movement of potassium channels. In this phase, there is also the inactivation of calcium channels thus there is no inward movement of calcium ions. 
The cardiac muscle cells action potentials, also called non-pacemaker action potentials, are divided into five phases: phase 0, 1, 2, 3 and 4. The phase 4 is the resting membrane potential which is about -90mV due to high outward potassium ion currents because potassium ion channels are open. Phase 0 is called the rapid depolarization phase and it is due to an increase in sodium ions moving into the cells. This is responsible for the fast response and is accompanied by the closure of potassium ion channels. Phase is the initial repolarization phase and is due to and is caused by a transient outward movement of potassium ions. Phase 2 is the plateau phase and is accounted for by the inward movement of calcium ions that puts a capping on the effect of the outward potassium ions. The repolarization phase, phase 3, is due to the continued opening of the potassium channels and thus there is an increased outward movement of potassium ions. During this phase, the calcium ion channels are inactivated and thus there is no inward movement of calcium ions (Kroeker, 2018). 
The main difference between the pacemaker cells potential and the cardiac muscle cells potential is the fact that the latter has a true resting membrane potential while the former does not have. The action potentials in the pacemaker cells produce slow depolarization while the action potential in the cardiac muscle cells produce fast depolarization and are thus termed fast response potential (Klabunde, 2017). The depolarization in pacemaker cells is primarily caused by the inward calcium ions while in the cardiac cells it is the inward sodium ions. The differences in the action potentials of the two different cell types is important as it enables them to achieve their intended targets; pacemaker cells serve to bring about regular electrical impulses that are transmitted through the entire heart by being transformed into cardiac potentials which serve to contract the heart muscles to enable pumping of blood. 
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