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MUSCULAR SYSTEM
Functions: Movement; Generate internal heat/homeostasis
3 TYPES OF MUSCLE TISSUE
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SKELETAL (STRIATED MUSCLE)
Body muscles attach to bone/produce movement
Voluntary-Controlled by Somatic Nervous System (SNS)

Striated (bands) due to SARCOMERES (contractile units)
Muscle fibers made of bundles of strands called MYOFIBRILS
MULTINUCLEATED (many nuclei just under cell membrane)
Fast powerful contraction; can’t be sustained as long as other types
SMOOTH
Involuntary- controlled by Autonomic Nervous System (ANS)
Found in walls of digestive tract, urinary bladder, arteries, other internal organs
Cells elongated, NOT STRIATED; form sheets instead of bundles

Single nucleus
Contract slowly, but sustained (remain contracted longer than skeletal)
CARDIAC- Found in heart
Cells have single nucleus
Involuntary - controlled by Autonomic Nervous System (ANS)
Branched/striated
Fibers connect via INTERCALATED DISCS = relay signals from cell to cell (sync heartbeat) 
Fast contraction (like skeletal) but can sustain contraction longer (like smooth)
MUSCLE CELL STRUCTURE
Many mitochondria for energy
Muscle cells store GLYCOGEN & CREATINE to regenerate ATP

Extensive SMOOTH ER (SARCOPLASMIC RETICULUM) stores Ca++
Nucleus (nuclei) pushed to edges underneath cell membrane makes space for MYOFIBRILS

Multiple nuclei in SKELETAL muscle due to fusion of many cells (called MYOBLASTS)
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ATTACHMENT:
TENDONS attach muscle to bone
LIGAMENTS join bones together at joints

BUILDING MUSCLE
Adult mammals have fixed number of muscle cells
Build muscle by enlarging existing cells; NOT by adding more cells

LACTIC ACID
If oxygen is not available, muscle cells use fermentation (glucose → lactic acid)
Original idea: Lactic acid = BAD; lactic acid build up causes “burn”/fatigue

New idea: Lactic acid = fuel; muscles make it deliberately and burn it for energy
Muscles in trained athletes have adapted to burn lactic acid more readily/absorb it more efficiently 

Muscles can also burn fatty acids from blood for energy

[image: image5.png]



SARCOMERE = functional UNIT 
between Z lines

Thick filaments made of MYOSIN; 
thin filaments made of ACTIN
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MUSCULAR CONTRACTION
Electrical gradient set up across the muscle cell membrane by Na+-K+ pump
The outside is more positive than the inside
Stimulus causes an instantaneous reversal of this polarity, causing the muscle to contract  
Interactions of proteins (ACTIN, MYOSIN, TROPONIN, and TROPOMYOSIN) cause contraction

A motor unit = collection of several hundred muscle fibers controlled by one axon 
ACTION POTENTIAL:

 - generated from Acetylcholine released at NEUROMUSCULAR JUNCTION; 
 - spreads along surface of fiber, through network of T-tubules; conducted into interior 

 - Ca++ floods from ENDOPLASMIC RETICULUM (SARCOPLASMIC RETICULUM) into interior of fiber
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Calcium ions 
- are required 
- released into the sarcomere when a muscle is     
     stimulated to contract
- pumped back into SARCOPLASMIC RETICULUM
   when contraction over
- if Ca++ remains available contraction continues
ATP 
- provides energy for myosin/actin interactions and 
    pumping of Ca++ by sarcoplasmic reticulum 
