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Muscular System Functions

•Body movement

•Maintenance of posture

•Respiration

•Production of body heat

•Communication

•Constriction of organs and vessels

•Heart beat



Properties of Muscle

•Contractility
–Ability of a muscle to shorten with force

•Excitability
–Capacity of muscle to respond to a stimulus

•Extensibility
–Muscle can be stretched to its normal resting length and 

beyond to a limited degree

•Elasticity
–Ability of muscle to recoil to original resting length after 

stretched



Muscle Tissue Types

•Skeletal
–Attached to bones

–Nuclei multiple and peripherally located
–Striated, Voluntary and involuntary (reflexes)

•Smooth
–Walls of hollow organs, blood vessels, eye, glands, skin

–Single nucleus centrally located
–Not striated, involuntary, gap junctions in visceral smooth

•Cardiac
–Heart

–Single nucleus centrally located
–Striations, involuntary, intercalated disks





Muscle fibre:



The Sarcolemma

•The cell membrane of a muscle cell 

•Surrounds the sarcoplasm (cytoplasm of 
muscle fiber)

•A change in transmembrane potential begins 
contractions

•All regions of the cell must  contract 
simultaneously





Sarcoplasmic Reticulum (SR)

•A membranous structure surrounding each 
myofibril 

•Helps transmit action potential to myofibril

•Similar in structure to smooth endoplasmic 
reticulum

•Forms chambers (terminal cisternae) attached 
to T tubules 





Transverse Tubules (T tubules)

•Transmit action potential – impulses through 
cell

•Allow entire muscle fiber to contract 
simultaneously

•Have same properties as sarcolemma

•Filled with extracellular fluid



Triad

•Is formed by 1 T tubule and 2 terminal 
cisterna

Cisternae

•Concentrate Ca2+ (via ion pumps) 

•Release Ca2+ into sarcomeres to begin muscle 
contraction





Structural components of the 
Sarcomeres

•-The contractile 
units of muscle

•-Structural units of 
myofibrils

•-Form visible 
patterns within 
myofibrils



Myofibrils- 1-2um in diameter 

•Lengthwise subdivisions within muscle fiber
•Made up of bundles of protein filaments 

(myofilaments)
•Myofilaments - are responsible for muscle 

contraction 

2 Types of Myofilaments
•Thin filaments: 

–made of the protein actin

•Thick filaments: 
–made of the protein myosin



Organization of myofilaments I:



Myosin (Thick) Myofilament

•Many elongated myosin molecules shaped like golf clubs. 

•Single filament contains roughly 300 myosin molecules

•Molecule consists of two heavy myosin molecules wound 
together to form a rod portion lying parallel to the myosin 
myofilament and two heads that extend laterally. 

•Myosin heads

1-Can bind to active sites on the actin molecules to form 
cross-bridges. (Actin binding site)

2-Attached to the rod portion by a hinge region that can 
bend and straighten during contraction. 

3-Have ATPase activity: activity that breaks down adenosine 
triphosphate (ATP), releasing energy. Part of the energy is 
used to bend the hinge region of the myosin molecule 
during contraction



Actin (Thin) Myofilaments

Thin Filament: composed of 3 major proteins

1-F (fibrous) actin

2-Tropomyosin

3-Troponin

Two strands of fibrous (F) actin form a double helix extending the length of 
the myofilament; attached at either end at sarcomere.

Composed of G actin monomers each of which has a myosin-binding site

Actin site can bind myosin during muscle contraction. 

Tropomyosin: an elongated protein winds along the groove of the F actin 
double helix. 

Troponin is composed of three subunits: 

Tn-A : binds to actin

Tn-T :binds to tropomyosin,

Tn-C :binds to calcium ions. 







Sliding Filament Model of Contraction

•Thin filaments slide past the thick ones so that 
the actin and myosin filaments overlap to a 
greater degree

•In the relaxed state, thin and thick filaments 
overlap only slightly

•Upon stimulation, myosin heads bind to actin 
and sliding begins





Neuromuscular Junction

•Region where the motor neuron stimulates the muscle fiber

•The neuromuscular junction is formed by :

1. End of motor neuron axon (axon terminal)
•Terminals have small membranous sacs (synaptic vesicles) that 

contain the neurotransmitter acetylcholine (ACh)

2. The motor end plate of a muscle
•A specific part of the sarcolemma that contains ACh receptors

•Though exceedingly close, axonal ends and muscle fibers are 
always separated by a space called the synaptic cleft





Motor Unit: The Nerve-Muscle 
Functional Unit

•A motor unit is a motor neuron and all the 
muscle fibers it supplies

•The number of muscle fibers per motor unit 
can vary from a few (4-6) to hundreds (1200-
1500)

•Muscles that control fine movements (fingers, 
eyes) have small motor units

•Large weight-bearing muscles (thighs, hips) 
have large motor units



•Muscle fibers from a motor unit are spread throughout 
the muscle

–Not confined to one fascicle

•Therefore, contraction of a single motor unit causes 
weak contraction of the entire muscle

•Stronger and stronger contractions of a muscle require 
more and more motor units being stimulated 
(recruited)





Muscle Contraction Summary

•1-Nerve impulse reaches neuro- muscular 
junction

•2-Acetylcholine is released from motor neuron

•3-Ach binds with receptors in the muscle 
membrane to allow sodium to enter

•4-Sodium influx will generate an action 
potential in the sarcolemma



Muscle Contraction (Cont’d)

•5-Action potential travels down T tubule

•6-Sarcoplamic reticulum releases calcium

•7-Calcium binds with troponin to move the 
troponin, tropomyosin complex

•8-Binding sites in the actin filament are 
exposed



Muscle Contraction (cont’d)

•9-Myosin head attach to binding sites and 
create a power stroke

•ATP detaches myosin heads and energizes 
them for another contraction

•When action potentials cease the muscle stop 
contracting





Sk. Muscle relaxation

•1- Ca pumped back into sarcoplasmic 
reticulum.

•2- release of Ca from troponin.

•3- cessation of interaction between actin & 
myosin.



Types of Muscle Contractions

•Isometric: No change in length(same measure or 
length) but tension increases

–Postural muscles of body

•Isotonic: Contraction against a constant load with a 
decrease in muscle length 

•Muscle tone: Constant tension by muscles for long 
periods of time





3 Phases of Twitch

1-Latent period before contraction:
the action potential moves through sarcolemma
causing Ca2+ release 

2-Contraction phase: 
calcium ions bind
tension builds to peak 

3-Relaxation phase: 
Ca2+ levels fall
active sites are covered
tension falls to resting levels



Summation of Contractions

•The electrical response of a muscle fiber to repeated 
stimulation is like that of nerve.

•When the contraction initiated by the first stimulus is 
just beginning. 

•However, because the contractile mechanism does not 
have a refractory period, repeated stimulation before 
relaxation has occurred produces additional activation 
of the contractile elements and a response that is 
added to the contraction already present. 

•This phenomenon is known as summation of 
contractions.



Multiple-Wave Summation

•As frequency of action 
potentials increase, 
frequency of 
contraction increases

•Action potentials come 
close enough together 
so that the muscle does 
not have time to 
completely relax 
between contractions.



–Incomplete tetanus

•Muscle fibers 
partially relax 
between contraction

•There is time for Ca 2+

to be recycled 
through the SR 
between action 
potentials



–Complete tetanus

•No relaxation 
between contractions

•Action potentials 
come close together 
that Ca 2+ does not 
get re-sequestered in 
the SR



Energy Sources 

•Muscle contraction requires energy, and 
muscle has been called "a machine for 
converting chemical energy into mechanical 
work." 



•-energy-rich phosphate compound that can supply this 
energy for short periods. 

•This compound is phosphorylcreatine, which is 
hydrolyzed to creatine and phosphate groups with the 
release of considerable energy .

•At rest, some ATP in the mitochondria transfers its 
phosphate to creatine, so that a phosphorylcreatine
store is built up. 

•During exercise, the phosphorylcreatine is hydrolyzed 
at the junction between the myosin heads and actin, 
forming ATP from ADP and thus permitting contraction 
to continue.



Energy Sources

•ATP provides immediate energy for muscle contractions from 
3 sources

–Creatine phosphate

•During resting conditions stores energy to synthesize 
ATP

–Anaerobic respiration

•Occurs in absence of oxygen and results in breakdown 
of glucose to yield ATP and lactic acid

–Aerobic respiration

•Requires oxygen and breaks down glucose to produce 
ATP, carbon dioxide and water

•More efficient than anaerobic



Energy for muscle contractions

Muscle fibers typically keep 4 to 6 seconds worth of 
ATP stored.  

Therefore the cell must very quickly begin generating 
more ATP.

1. First, use of creatine phosphate to make more 
ATP

adding the phosphate to ADP to create ATP  (about 20 seconds)

2- glycogyn hydrolsis →give energy for several minutes.



3. Aerobic respiration.  Used during light 
exercise and rest.  95% of 

all muscle energy is generated this way.  
Requires oxygen. 

4. Anaerobic respiration.  During more intense 
exercise (30 to 60 seconds)

but results in the build up of lactic acid 
(byproduct) in 

the muscles which promotes muscle fatigue and 
soreness







Slow and Fast Fibers

•Slow-twitch or high-oxidative
–Contract more slowly, smaller in diameter, better blood 

supply, more mitochondria, more fatigue-resistant than 
fast-twitch 

•Fast-twitch or low-oxidative
–Respond rapidly to nervous stimulation, contain myosin to 

break down ATP more rapidly, less blood supply, fewer and 
smaller mitochondria than slow-twitch

•Distribution of fast-twitch and slow twitch
–Most muscles have both but varies for each muscle







Fatigue

•Decreased capacity to work and reduced efficiency of 
performance

•Types:

–Psychological

•Depends on emotional state of individual

–Muscular

•Results from ATP depletion 

–Synaptic

•Occurs in neuromuscular junction due to lack of 
acetylcholine 



Smooth Muscle

•Characteristics
•Not striated

•Dense bodies instead of Z disks as in 
skeletal muscle

•Have noncontractile intermediate 
filaments

•Ca2+ required to initiate contractions
•Types

•Visceral or unitary
•Function as a unit
•Intestine &uterus.

•Multiunit
•Cells or groups of cells act as 

independent units
•In iris of the eye(fine graded 

contraction needed)





Functional Properties of Smooth 
Muscle

•Some visceral muscle exhibits autorhythmic
contractions

•Tends to contract in response to sudden 
stretch but no to slow increase in length

•Exhibits relatively constant tension: Smooth 
muscle tone

•Amplitude of contraction remains constant 
although muscle length varies





Cardiac Muscle

1. Cells/fibers are long, cylindrical fibers that are 
striated and branched. 

2. Tissue is under involuntary nervous 
control. 

3. Fibers are connected by intercalated discs 
to facilitate the passing of the contraction 
impulse through the tissue of the organ.  
Fibers are arranged in a spiral arrangement 
to help with coordinated heart contractions.

4. Fibers are located only in the heart. 




