Cardiovascular phys – Lang Ch 2
Characteristics of cardiac muscle cells
Contraction is triggered by a rapid voltage change across the cell membrane called and AP
Cardiac muscle AP differs from skeletal muscle in 3 ways:
1. Can be self generating
2. Can be conducted directly from cell to cell
3. Long duration which precludes fusion of individual contractions
Membrane potentials:
All cells have membrane potentials which are caused by the separation of electrical charges across the membrane itself
Potentials change depending on membrane permeability to specific ions (Na+, K+, and Ca2+)
Ions are able to move across the membrane through gates ion channels, and do so in the direction of concentration gradients and charge
Each ion has an equilibrium potential at which electrical forces exactly balance  concentration forces  at this point there is no net movement of the specific ion across the membrane
In a resting cardiac muscle cell there is more K+ inside, and more Na+ and Ca2+ outside the cell
Potassium equilibrium potential = -90mv
Sodium equilibrium potential = +70mv
Calcium equilibrium = + 100mv
Cardiac cell membrane is permeable to Na+ ,  K+ and Ca2+ (to a lesser extent)  therefore membrane potential will lie somewhere between all of the equilibrium potentials.  The potential at a given time will depend on the permeability of the membrane to each ion at any instant.
Under resting conditions most heart cells have membrane potentials that are closer to the K+ equilibrium potential (thus electrical and concentration gradients favor Na+ and Ca+ movement into the cell, however in a resting cell, the membrane is not very permeable to these ions and Na+ is being actively pumped out of the cell). 
Cardiac Action potentials:
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Aps of cells in different regions of the heart are different.
Specialized pacemaker cells  can spontaneously initiate and AP (slow response potentials). SA and AV node cells. “slow response”
Ordinary cardiac muscle cells require stimulation to generate an AP (non spontaneous; spontaneous only under pathologic conditions). “fast response”.


Note: in resting phase of both cell types, membrane is more permeable to K+ than Na+ or Ca2+
“fast response”:
Phase 0 - increase in Na+ permeability (influx); fast inward current of Na+
Phase 2 – (A) sustained reduction in K+ permeability.
                   (B) slowly developed and sustained increased permeability to Ca2+
                   (C) Na+/Ca2+ exchanger pumps 3Na+ in to 1Ca2+ out
Phase 3 – K+ permeability increases, Na+ and Ca2+ permeability decreases (“delayed outward current”)
Phase 4 – resting (close to -90mv)

“Slow response”
Unstable, slowly depolarizing “resting” potential
Slow depolarization of the membrane due to:
1. Progressive decrease in membrane permeability to K+
2. Slight increase in permeability to Na+ (infux)
3. Slight increase in permeability to Ca2+ (influx)
Inward movement of positively charged ions  reaches threshold potential  AP is generated
Phase 0 – slow or absent
Slow rise primarily due to inward movement of Ca2+
Note: rapid depolarization to threshold potential is usually an event forced on the cell by the occurrence of an action potential in an adjacent cell , where as slow depolarization to threshold occurs when a cell itself spontaneously and gradually loses its resting polarization (which normally happens only in the SA node).  All cardiac cells are potentially capable of having either type of AP, depending on how fast they depolarize to threshold potential. 
Ion Channels:
Polypeptides that span the membranes. Can be voltage gated or ligand gated. 
Have activation and inactivation gates. In order for a channel to be open to allow an ion to move through, both gates need to be open. 
Activation and inactivation gates open and close at different times which determines timing and extent of membrane permeability to specific ions
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Conduction of Aps:
Aps are conducted over the surface of individual cells because depolarization of one area of the membrane produces currents in the ICF and ECF that passively depolarize adjacent areas of the membrane to their voltage threshold for active depolarization
Cardiac muscle cells are connected end to end via intercalated discs. These discs contain gap junctions (made up of connexin proteins) that provide low resistance electrical connections between the cells to allow propagation of the AP from one cell to another. Intercalated discs also contain mechanical attachments (desmosomes). 
Muscle cells also branch so this contributes to rapid spread of an AP. 
Conduction velocity depends on:
 1. Diameter of the muscle fiber
 2. Intensity of local depolarization currents  (determined by rate of rise of the AP; ie rapid   depolarization favors rapid conduction)
3. Velocity depends on resistive/capacitive properties of the cell membrane, gap junctions and cytoplasm
Examples:  Delayed conduction at Av Node b/c  cells here  have small diameter and slow rate of rise of AP.  
Control of heart rate:
The interval between heart beats is determined by how long it takes the membranes of the pacemaker cells to spontaneously depolarize to the threshold level.
Influence on automaticity of SA nodal cells come from the autonomic NS; fibers from both symp and parsymp terminates on cells of the SA node. These fibers can modify the intrinsic rate
Parasym innervation via the vagus  release Ach which acts on muscarinic receptors. Ach increased permeability of the cell membrane to K+ and decreases the diastolic permeability of Na+; this results in (1) hyperpolarization of the resting membrane potential (by bringing it closer to the K+ equilibrium potential) and (2) slows the rate of spontaneous depolarization of the resting membrane. These effects prolong the time between beats by prolonging the time required for the resting membrane to depolarize to the threshold level. 
Sympathetic stimulation  norepi which acts on B1 receptors on the cardiac muscle cells of the SA node  increased influx of Na+ and Ca2+ during the diastolic interval. These changes increase heart rate by increasing rate of diastolic depolarization.
Increase in symp stim also increases conduction velocity (positive dromotropic effect); opposite occurs with parasymp stim. These effects are mainly noted at the AV node. 
Mechanical activity of the heart:
Features of cardiac muscle: 1. Myofibrils arranged in sarcomeres 2. SR which stores calcium 3. Regularly spaced invacingations of the cell membrane (sarcolemma) called  T tubules, which are connected to parts of the SR, which allows carry of the AP signal to the inner part of the cell 4. Large number of MT
Excitation contraction coupling: 
· The mechanism by which Aps trigger mechanical contraction.
· The major event is a large increase in intracellular Ca2+
· AP is generated  wave of depolarization carried over the muscle cell surface and down the T tubules  entry of calcium into the cell via L-type calcium channels (in the sarcolemma)  rhis localized increase in Ca2+ result s in massive release of Ca2+ is from the SR into the intracellular fluid (calcium induced calcium release) (via opening of calcium sensitive release channels on the SR)  calcium interacts with troponin C and a conformational change results in movement of troponin and tropomysin to expose the actin sites that participate in cross bridge formation. 
· Once finished, 80% of calcium is pumped back into the SR (active proves via Ca2+ ATPase), 20% is extruded from the cell via Na+/Ca2+ exchanger or via sarcolemma Ca2+ATPases
· This process differs from that of skeletal muscle in that it may be modulated. Contraction strength may vary (generally depends on the amount of Ca2+ present and thus the number of cross bridges activated)
· The duration of the cardiac muscle contraction is approximately the same as the duration of the AP. Therefore cardiac muscles have a refractory period (unable to develop tetanic  contraction).
Cardiac muscle mechanics:
Isometric (fixed length) contraction  the muscle develops tension when it contracts (tension depends on the load)
· Muscle length influences tension generated when contracted
· Resting tension  the force required to stretch a resting muscle
· Active tension  the tension the muscle develops when it is stimulated to contract
· Total tension  sum of the resting and active tension
· The active tension developed depends very much on the muscle length at which thecontraction occurs; the maximum active tension occurs at an intermediate muscle length (lmax); (likely due to (1) actin and myosin overlap (2) sensitivity of the myofilaments to calcium (3) amount of calcium released with excitation
Isotonic (fixed tension) contraction  muscle shortens with a specific velocity depending on the load placed on the muscle
Cardiac muscle contractility:
·  Any intervention that increases the peak isometric tension that a muscle can develop at a fixed length is said to increase cardiac muscle contractility (positive inotropic effect). 
· Norepi is a positive inotrope; it has this effect at every length. It causes increased muscle shortening by changing the final (not initial) muscle length asscoaited with afterload contractions
· Norepi  B1 receptor activation  activation of G protein cAMP protein kinase A  ca2+ channel phosphorylation  increased calcium influx during the plateau phase of the AP
· Norepi has a positive lusotropic effect (increased rate of relaxation) as it stimulates phosphorylation of the regulatory protein phospholamban which increases the rate of Ca2+ retrapping into the SR
Law of Laplace:
Relationship exists between total wall tension and internal pressure in any hollow vessel with circular containing walls.
Total wall tension (T) = P (intraventricular pressure) x r(interal wall radius)
T= P x r

Questions:
1. For fast response Aps what happens during the following phases with respect to ion movement?
Phase 0 – 
Phase 2-
Phase 3- 
Phase 4 -
2. Very high sympathetic stimulation can result in tetanic contraction of the cardiac muscle. T or F?
3. In excitation contraction coupling, what is the major event that results in increased intracellular Ca2+
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