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Autorhythmic cell
__potential change lon channel gating lon movement
Pacemaker potential

Initial period of Funny channels open Sodium moves in,
spontaneous potassium moves out

Latter period of T-type calcium channels Caicium moves in

Repolarization phase of Potassium channels Potassium moves out
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Phase of centractile cell
action potential lon channel gating lon movement
0 Rapid depolarization Sodwm channels open Sodium maoves in
1 Small repotarization Sodium channels inactivate Sodium movement in decreases
2 Platesu Potasssum inward rectifier Potassium movement out
channels close decreases
Calcium L-type channels Calcium moves in
open
3 Repolanzation Potassium delayed Potassium moves out
rectifier channels open
Calicium L-type channels Calcium movement in
close decreases
4 Resting potential Potassium channels (both Potassium moves out
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@ Ma* channels open

D MNa* channels close

=) Ca?+ channels open; fast K+ channels close

@ Ca?+ channels close; slow K* channels open

a Resting potential

 The refractory period is short in skeletal muscle, but very long in cardiac
muscle.

 This means that skeletal muscle can undergo summation and tetanus, via
repeated stimulation

e Cardiac muscle CAN NOT sum action potentials or contractions and can’t be
tetanized
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Epinephrine from adrenal medulla
Norepinephrine from sympathetic neurons

I
bind to

b, receptors on
myocardial contractile cell

1]
that activate

cAMP second
messenger system

I
resulting in phosphorylation of
1

Y 1
Tt
' 1Ca?+-ATPase activity of ;
[ Open time increases ] lasmic rdiculutlrl s
! f }
( {Ca?* entry from ECF } Ca?* stores in SR ] E’* removed from cytosol fasa
¥ ¥
[ fCa2* released through ] [ Time of Ca-troponin
Ca?*-induced Ca?* release binding shorter
t 1

[ More forceful contraction ] (Shorter duration of c-ontracllon]
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Effects of Parasympathetic Activity on Heart Rate

Increased parasympathetic activity

(vagys narve)

Muscarinic Chelinergic Receptors in SA Node
}

Increase open state of K channels and closed state
of caleium channels

Decrease rate of spontaneous depolarization and hyperpolarize cell

Decrease heart rate
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Multi vs. Single-Unit Muscle

Autonomic
neuron
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(a) Multi-unit smooth muscle

-

Autonomic

neuron

varicosity
s =

Gap junction

(b) Single-unit smooth muscle
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CAUSE:
1. Waxing & waning JMseslg blasof the pumping of Na ions

2. Conductance of the ion channels increase & decrease rhythmically
IMPORTANCE:
When the peak of the slow wave reaches about -35 mv, threshold is reached and an

AP develops & leads to a contraction.
Thus, at peak of the slow waves an AP can occur.
These slow waves are called as Pacemaker waves.
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SMOOTH MUSCLE CONTRACTION SEQUENCE OF EVENTS:
Binding of Ach to the receptors
N
Increased Influx of Ca into the cell from the following sources:
1. ECF thru Ca channels
2. Careleased from SR
3. Stretch-activated Ca channels when memb. Deformed
4. Chemical-gated Ca channels by NT & hormones
N
Ca binds to Calmodulin
N
Ca-Calmodulin activates the enzyme: Myosin light chain kinase MLCK or simply
Myosin kinase

N
Phosphorylation of myosin, using energy & Pi from ATP
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Increased ATPase activity & binding of myosin to actin

N

Contraction of smooth muscle
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Le couplage excitation-contraction
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o subunit with GTP
binds to Ca®* channel
and causes it to open

Myosin
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* Smooth muscle has more voltage-gated calcium channels and very few

voltage-gated sodium channels than skeletal m.
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