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Definitions & Equations

· Isotonic contraction is muscle shortening against a constant load. Isometric contraction involves no change in the length of the muscle, but tension is still produced. When you try to lift a weight, your muscle will initially contract isometrically until enough tension is generated to exceed the load. Then, the muscle contracts isotonically, and continues to shorten until it reaches the length (according to the length tension curve) at which max tension equals load.

· When talking about the forces produced by a muscle, passive force refers to resistance to stretch of the muscle. Active force refers to tension produced by actin/myosin interaction, and the total force is the sum of the two.

· Starling's Law of the heart basically states that with increased stretching of the myocardial fibers, there will be a greater strength of contraction, and a resultant increase in stroke volume. Therefore, an increase in venous return (preload) results in an increased Cardiac output.

· The Law of Laplace states that with a greater radius of the ventricle, a greater amount of tension must be produced in order to overcome a given afterload. This suggests that peak tension is produced at the beginning of ventricular contraction, when the radius of the ventricle is greatest, and decreases as blood is ejected.

· Preload is determined by venous return and affects the force of contraction of the ventricle by the degree of stretching of the myofibers. Afterload is the force against which the heart must work in order to get blood out into the circulation.
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Cardiac Output: CO = HR * SV;       You get this equation later (  [image: image2.wmf]difference
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Law of La Place:   where T is tension P is pressure, r is radius of the chamber, and h is the wall thickness
Electrophysiology of the Heart

1. What is the difference between the relative and absolute refractory periods of a cardiac AP?

Absolute: Fast Na+ channels are inactivated and cardiac cell is inexcitable. A new AP CANNOT be initiated during ARP because the voltage must drop below a certain voltage in order for the fast Na+ channels to be reactivated .

Relative: A second AP can be initiated during the RRP only if the stimulus is stronger. The fast Na+ can be activated, but there is still a significant outward K+ current.
2. Which division(s) of the ANS influence HR at rest? During a fight or flight response?

At rest, both SNS and PSNS are active in determining HR, but PSNS dominates, and HR is slower. During a panic response, discharge from the SNS increases, as does catecholamine release from the adrenal medulla. These not only cause an increase in HR by stimulating the SA node in the R. Atrium, but also cause an increase in contractility of the heart as well as BP.
3. What is a positive inotropic effect and what are some causes of it? What is a negative inotropic effect and what are some causes of it?

Positive inotropic effect is a change that results in a stronger contraction of the cardiac muscle. This can be caused by norepinephrine, increase in HR (due to accumulation of Ca++) and certain drugs like digoxin.

A negative inotropic effect is a change that results in a decrease in the force of cardiac contraction. It can be caused by PS cholinergic stimulation of the heart, Beta adrenergic Receptor Blocking drugs such as propranolol, and myocardial infarction/ ischemia.
4. Preview the events of the cardiac cycle.

We will go over this in excruciating detail in Session 2. See syllabus for graphic representation.

5. Name the four heart sounds and what they represent.

S1‑ mitral/tricuspid valves close.(AV valves) Ventricular pressure>Atrial pressure.

S2‑ semilunar valves close, (pulmonary/aortic valves) end systole, begin diastole

S3‑ rapid passive filling of diastole (young people)

S4‑usually not detectable by simple stethoscope, rapid active filling during atrial contraction.
autonomic nervous system

6. Where are nicotinic receptors located and what is the effect of ACh‑nicotinic receptor interaction?

They are located at all autonomic ganglia and at NMJ. Interaction of ACh with the receptor causes an increase in post‑synaptic permeability to Na+ and K+ and membrane depolarization. Although both Na+ and K+ permeability increase, more Na+ moves in than K+ out, so you end up with depolarization. Interaction always results in an EPSP, which, at the NMJ is called the end plate potential. Nicotinic Receptors are Class I cholinergic receptors.

7. Where are muscarinic receptors located and what is the effect of ACh‑muscarinic receptor interaction? 

They are located at the target organs of the PSNS as well as sweat glands, which are sympathetically innervated, but still use ACh at their terminals and muscarinic receptors. The effects of ACh interaction at the muscarinic receptor can be either EPSP or IPSP. IPSP results when there is an increase in K+ conductance and hyperpolarization. EPSP results when there is a decrease in K+ conductance or an inc. in Ca++ conductance and resultant depolarization. 

8. Why is it that the effects of neurotransmitters on post‑synaptic cells can last long after the neurotransmitter has dissociated from the receptor?

Activation of the receptors results in activation of second messenger pathways. Once these pathways are activated, it doesn't matter if the NT is still there because the pathways are still active, and the cell response will continue. The NT is actually in contact with the receptor for an extremely short amount of time. The type of receptor in which this happens is called a class II receptor. 

Please note the below information was NOT covered in your syllabus this year.  Skeletal muscle and reflexes will be covered in the Spring Quarter.  However, it would be advisable for you to obtain an understanding of this material which is briefly presented below.  An understanding of muscle contraction will help you better understand the cardiophysiology.  Dr. Carlsen advises you to read the recommended textbook on the subject matter.  

· A motor unit is all of the muscle cells innervated by a single motor neuron. All the fibers of a motor unit have the same metabolic and contractile properties.

· Tetanus refers to the arrival of a second action potential at the NMJ before the muscle force has returned to baseline. This causes a stronger contraction of the skeletal muscle; i.e. there is an additive effect. Tetany can be either fused or unfused depending on how close together the AP's are.

skeletal muscle

1. Describe or draw the basic structure of skeletal muscle by defining the following terms: muscle fascicle, myofiber, myofibril, myofilaments, sarcoplasmic reticulum, and sarcolemma, T‑tubules.

Myofilaments are composed of actin and myosin. Chains of myofilaments are arranged into myofibrils, which are then grouped into muscle fibers, which are then grouped into muscle fascicles. The myofibers are actually the individual multinucleated muscle cells, and their cytoplasm is filled with myofibrils. The sarcolemma is the membrane that surrounds each myofiber. It consists of invaginations called T‑tubules. When an action potential reaches the muscle cell and the sarcolemma is depolarized, this depolarization spreads down the t‑tubule to the interior of the cell, where it stimulates the release of Ca++ from the sarcoplasmic reticulum.

2. Briefly describe the contractile process. Based on this description, how would you explain the physiology behind rigor mortis?
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Basically, the thin filaments slide over the thick filaments. The myosin molecules are arranged such that with each flexion of the crossbridges, Z lines move closer together.

Rigor mortis results when the muscles are depleted of ATP and the crossbridges cannot dissociate. Interaction between actin and myosin persists and the muscle fiber cannot relax. This results in the stiffness of rigor mortis.

3. Describe the steps involved in excitation‑contraction coupling starting with the action potential and ending with actin‑myosin binding.

E‑C coupling is transduction of the electrical energy of an action potential to the mechanical energy of a muscle contraction. The steps are: AP, release of Ach, binding of Ach to nicotinic receptors at muscle end plate, increase Na+ and K+ permeability, depolarize sarcolemma, conduction to T‑tubules, release of Ca++ from SR, Ca++ interacts with troponin which removes inhibition of tropomyosin, and allows actin‑myosin binding. Relaxation of the muscle involves the active transport of Ca++ back into the SR, release of Ca++ from troponin, and cessation of interaction between actin and myosin. ( If the muscle is depleted of ATP, the muscle will fail to relax. This is called a contracture - just for your own personal edification!)

4. a) What effect will a load have on velocity of muscle contraction and extent of skeletal muscle shortening?
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Velocity  = Slope

You can lift a lighter load more rapidly than a heavier load (dec. load, inc. velocity). This makes intuitive sense, but someone took the time to prove it by measuring the rate of shortening at different loads. How fast a muscle contracts depends on the type of myosin in the fiber, how fast the crossbridges can cycle, and a lot of other complicated stuff about which you should not fret. In general, with a decreased load, you see an increase in crossbridge cycling, and increase in velocity of shortening. It is also important to note that the extent of muscle shortening depends on load too. (inc. load, dec. amount of shortening) If you are doing curls with a two pound weight, you will be able to flex your forearm all the way to you shoulder. But, if you try to do it with a 100 lb. weight, your muscle will not be able to shorten as much, and your forearm will not travel as far. How far the weight moves is a direct indication of how much the muscle has shortened. More about this in b).

b)   Describe the chronology of isometric contraction and isotonic contraction in a moving muscle, and relate the events to

      the force tension relationship, velocity and extent of muscle contraction.

Initially, your muscle (whatever muscle you choose. Isn't this fun?.) will contract isometrically. That is, it will not shorten, but microscopically, actin and myosin are forming crossbridges. At some point, this isometric contraction will generate some amount of force greater than the weight that you are trying to lift, say 60 pounds. This is not necessarily the maximum force that your muscle can generate‑the important point is that it is greater force than that which you are trying to move. (If it were equal to or less than the force that you were trying to move, you would not move anything anywhere!) At this point, the muscle will begin to shorten, i.e. contract isotonically. As it shortens, your arm (or whatever muscle you were fantasizing about) flexes. It will continue to move until it has shortened to the point where the max tension produced is equal to the load ( according to the length tension relationship) . If it continued to shorten beyond this point, it would generate less tension.  

c) When is the POWER of muscle contraction greatest? Draw the relationship of power to velocity and force.
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The power is equal to the force of the contraction times the velocity. It is maximum when the force and velocity are moderate

5. Draw the relationship between a cardiac AP and cardiac muscle contraction. How does this situation compare to excitation contraction coupling of skeletal muscle? 
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In skeletal muscle, the electrical event is over before the contraction begins, but in cardiac muscle, the electrical and mechanical events overlap considerably. Tetany is not possible in cardiac muscle because of the prolonged refractory period. Once a second AP can be initiated, the cardiac muscle cell is pretty well relaxed.
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