Muscle contraction — force summation

Force summation:
Increase in contraction
intensity as a result of the
additive effect of individual
twitch contractions

Tetanization

—

(1) Multiple fiber
summation:

Strength of muscle contraction
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Figure 6-15

simultaneously (fiber
recruitment)

* Size principle . . .
o frabor j—L (2) Frequency s@results from an increase in
the frequency of contraction of a single motor unit
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If a muscle fiber is restimulated
after it has completely relaxed,
the second twitch is the same
magnitude as the first twitch.
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| If a muscle fiber is

| restimulated before it
| has completely relaxed,
| the second twitch is

: added on to the first

| twitch, resulting in

| summation.

If a muscle fiber is stimulated

so rapidly that it does not have an
opportunity to relax at all between
stimuli, a maximal sustained
contraction known as tetanus occurs.

Vi) W o8 &

Time

N re b Gwla o e
(lefractory  guiod

© Brooks/Cole - Thomson Learning

19

/9 Csnknovs (’,o/\\'fn(.\rfc‘f\\

W D e,
Consiemt W:« Casls
Conkreetron -

4 If musde iv  Samdlaied
before Complert (eloxcten
he) olcuredy e e
hottlh W Sum  wiV-

“"‘ “wn»l oNne.




5/4/2024

Summary

Determinants of Whole-Muscle Tension in Skeletal Muscle

* Number of Fibers Contracting = keston ) o iy Y Rins Numby o

Rhenr
e Number of motor units recruited™

* Number of muscle fibers per motor unit
* Number of muscle fibers available to contract (size of muscle)

* Tension Developed by Each Contracting Fiber = 25 fer o4t S35 i bowenst 20 5

* Frequency of stimulation (twitch summation and tetanus)*

* Length of fiber at onset of contraction (length—tension relationship) =
* Extent of fatigue (=« %5 _ e v .

e Type of fiber (fatigue-reséofgtant oxidative or fatigue-prc;ne glycolytic)
* Thickness of fiber (strength training and testosterone)
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The Staircase Effect (Treppe)
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* When a muscle begins to contract after a long period of rest, its
initial strength of contraction is smaller than the strength of muscle
later.

* That is, the strength of contraction increases to a plateau, a
phenomenon called the staircase effect, or treppe.

* it is believed to be caused primarily by increasing calcium ions in the
cytosol because of the release of more and more ions from the
sarcoplasmic reticulum with each successive muscle action potential
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Energy for muscle contraction

* Most of the energy required for muscle contraction is used to trigger the walk-
along mechanism whereby the cross-bridges pull the actin filaments, but small
amounts are required for the following:

* (1) pumping calcium ions from the sarcoplasm into the sarcoplasmic reticulum
after the contraction is over; and

* (2) pumping sodium and potassium ions through the muscle fiber membrane to
maintain an appropriate ionic environment for the propagation of muscle fiber
action potentials

* The concentration of ATP in the muscle fiber, about 4 millimolar, is sufficient to
maintain full contraction for only 1 to 2 seconds at most. The ATP is split to form
ADP, which transfers energy from the ATP molecule to the contracting machinery
of the muscle fiber



Energy for muscle contraction

ADP rephosphorylation and generation of newer ATP

* The first source of energy that is used to reconstitute the ATP is the substance phosphocreatine,
which carries a high-energy phosphate bond similar to the bonds of ATP. Therefore,
phosphocreatine is instantly cleaved, and its released energy causes bonding of a new phosphate
ion toto reconstitute the ATP.

* Glycolysis Rapid enzymatic breakdown of the glycogen to pyruvic acid and lactic acid liberates
energy that is used to convert ADP to ATP; the ATP can then be used directly to energize
additional muscle contraction

* Oxidative metabolism, which means combining oxygen with the end products of glycolysis and
with various other cellular foodstuffs to liberate ATP. More than 95% of all energy used by the
muscles for sustained long-term contraction is derived from oxidative metabolism.



Mechanisms of excitation-contraction coupling and

ATP, Adenosine triphosphate.
RyR, ryanodine

receptor Ca2+ release channel;
SERCA, sarcoplasmic reticulum
Ca2+-ATPase
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relaxation in cardiac muscle.
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