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Pathophysiology Case Study: Resting Membrane Potential
Jean was a 54-year old woman recently hospitalized and diagnosed with congestive heart failure. Upon discharge from the hospital, she was given a prescription for Lasix (furosemide) 20 mg p.o. daily. After 1 week at home she had lost 3 pounds of water weight. She was very excited about this weight loss and decided “If 1 pill is good, 2 pills are better” and so she began to take 40 mg of furosemide daily. A week later she presents to the emergency room with generalized weakness, leg cramps, constipation, and “strong” heartbeats.

1. What was the likely cause of Jean’s symptoms?
· Hypokalemia due to inappropriate intake of furosemide
· possibly also saline/fluid volume deficit

2. What is the major intercellular cation, and what is its role in the action potential of neurons and muscle cells?  
· Potassium
· The difference between potassium (K+) inside the cell and sodium (Na+) outside is what CAUSES the resting membrane potential (RMP).  To create the RMP across a cell's plasma membrane, K+ and Na+ gradients are established by the sodium-potassium pump, which transports 2 potassium ions inside and 3 sodium ions outside with each adenosine triphosphate (ATP) molecule. This makes the cell relatively more positive outside (or relatively more negative inside) at rest. When the cell depolarizes, permeability changes, K+ rushes out and Na+ rushes in to try to establish electroneutrality. Then when the cell repolarizes, K+ is pumped back in and Na+ out, to re-establish the gradient.

3.  What were the effects of Jean’s electrolyte imbalance on the resting membrane potential of her neurons and muscle cells and on the threshold for an action potential?

· Serum hypokalemia causes hyperpolarization of the RMP (the RMP becomes more negative) due to the altered K+ gradient.
· As a result, a greater than normal stimulus is required for depolarization of the membrane in order to initiate an action potential (the cells become less excitable).

4.  Relate what was occurring in Jean’s cells to her musculoskeletal and gastrointestinal symptoms.
· An increased action potential threshold and lack of K+ for cellular membrane repolarization led to decreases in skeletal and smooth muscle contraction. Thus, skeletal and smooth muscle cells, as well as nerve cells, were affected. This leads to weakness (skeletal muscle effect), constipation (smooth muscle effect) and change in heartbeats (cardiac muscle effect).
5.  How do cardiac and muscle cells respond differently to alterations in serum potassium levels?
· Cardiac cells become hyperexcited in hypokalemic states.
· Ventricular repolarization is delayed (QT interval is prolonged) leading to increased risk of dysrhythmias.
· Non-cardiac muscle cells and nerve cells become less excitable in hypokalemia.
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