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· Skeletal muscle

· attaches to bone, skin or fascia

· striated with light & dark bands visible with scope 

· voluntary control of contraction & relaxation

· Packaged into skeletal muscles
· Makes up 40% of body weight
· Cells are striated

· Cells are multinucleate
· Nuclei are peripherally located

· Cardiac muscle

· striated in appearance and branched

· involuntary control

· autorhythmic because of built in pacemaker

· occurs only in the walls of the heart(called the myocardium)

· Each cell usually has one centrally-located nucleus

· Fibers joined by intercalated disks

· Smooth muscle

· in walls of hollow organs -- blood vessels & GI

· nonstriated in appearance

· Involuntary

· Fibers smaller than those in skeletal muscle

· Spindle-shaped; single, central nucleus

· More actin than myosin

· No sarcomeres

· May act like T tubules
· Grouped into sheets in walls of hollow organs

·  Longitudinal layer – muscle fibers run parallel to organ’s long axis

·  Circular layer – muscle fibers run around circumference of the organ

·  Both layers participate in peristalsis
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Similarities of Muscle Tissue

· Cells of muscles

· Are known as fibers

· Muscle contraction

· Depends on two types of myofilaments (contractile proteins)

· One type contains actin
· Another type contains myosin 

· These two proteins generate contractile force

· Plasma membrane is called a sarcolemma 

· Cytoplasm is called sarcoplasm
· Sarcolemma - cell membrane

· Surrounds the sarcoplasm (cytoplasm of fiber)

· Contains many of the same organelles seen in other cells

· An abundance of the oxygen-binding protein myoglobin
· Punctuated by openings called the transverse tubules (T-tubules)
Skeletal Muscle

Each muscle also contains:- 

· Connective tissue (Epimysium – Perimysium –Endomysium )

· Blood vessels(One artery+ One or more veins)

· Nerves (One nerve)

· Connective tissue and fascicles
· Connective tissue sheaths bind a skeletal muscle and its fibers together

· Epimysium – dense regular connective tissue surrounding entire muscle

· Perimysium – surrounds each fascicle 
(group of muscle fibers)

· Endomysium – a fine sheath of connective tissue squeezes each muscle cell

· Connective tissue sheaths are continuous with tendons
Myofibrils and Sarcomeres

· Striations result from internal structure of myofibrils

· Myofibrils
· Long rods within cytoplasm 

· Make up 80% of the cytoplasm 

· Are a specialized contractile organelle found in muscle tissue 

· A long row of repeating segments called sarcomeres (functional unit of Skeletal MT)

Sarcomere

· Basic unit of contraction of skeletal muscle

· Z disc (Z line) – boundaries of each sarcomere 

· Thin (actin) filaments – extend from Z disc toward the center of the sarcomere
· Thick (myosin) filaments – located in the center of the sarcomere 

· Overlap inner ends of the thin filaments

· Contain ATPase enzymes

Sarcomere Structure

· A bands – full length of the thick filament

· Includes inner end of thin filaments 

· H zone – center part of A band where no thin filaments occur

· M line – in center of H zone 

· Contains tiny rods that hold thick filaments together

· I band – region with only thin filaments

· Lies within two adjacent sarcomeres

Sarcoplasmic Reticulum and T Tubules in the Skeletal Muscle Fiber
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Mechanism of Contraction

· Sliding filament theory 

· Myosin heads attach to actin in the thin filaments 

· Then pivot to pull thin filaments inward toward the center of the sarcomere

Types of Skeletal Muscle Fibers

· Skeletal muscle fibers

· Are divided into 3 classes

· Slow oxidative fibers (Type I)

· Red Slow twitch

· Fast glycolytic fibers (Type IIx)

· White fast-twitch

· Fast oxidative fibers (Type IIa)

· Intermediate fibers

· Slow oxidative fibers (Type I)

· Red color due to abundant myoglobin

· Obtain energy from aerobic metabolic reactions

· Contain a large number of mitochondria

· Richly supplied with capillaries

· Contract slowly and resistant to fatigue

· Fibers are small in diameter

· Fast glycolytic fibers (Type IIx)
· Contain little myoglobin and few mitochondria 

· About twice the diameter of slow-oxidative fibers

· Contain more myofilaments and generate more power

· Depend on anaerobic pathways 

· Contract rapidly and tire quickly

· Fast oxidative fibers (Type IIa)

· Have an intermediate diameter

· Contract quickly like fast glycolytic fibers

· Are oxygen-dependent 

· Have high myoglobin content and rich supply of capillaries

· Somewhat fatigue-resistant

· More powerful than slow oxidative fibers
Developmental Aspects: Age Related

· With age, connective tissue increases and muscle fibers decrease

· Muscles become stringier and more sinewy

· By age 80, 50% of muscle mass is lost (sarcopenia)

· Decreased density of capillaries in muscle

· Reduced stamina

· Increased recovery time

· Regular exercise reverses sarcopenia
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Comparison of Skeletal, Cardiac, and Smooth Muscle

Characteristic Skeletal Cardiac Smooth

Body location

Mostly in walls of hollow

organs, such as the stomach,
Attached to bones or (some Walls of the heart respiratory tubes, bladder, blood
facial muscles) to skin vessels, and uterus

Cell shape and appearance

Single, very long cylindrical, Branching chains of cells; Single, fusiform, uninucleate; no
multinucleate cells with very uni- or binucleate; striations striations
obvious striations

Regulation of contraction  Voluntary Involuntary Involuntary
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Connective tissue Epimysium Endomysium
components
i—— Cells
Endomysium Endomysium
Perimysium

Epimysium, perimysium, and Endomysium attached to Endomysium

endomysium fibrous skeleton of heart
Presence of myofibrils Yes Yes, but myofibrils are of No, but actin and myosin
composed of sarcomeres irregular thickness filaments are present throughout
Presence of T tubules and T tubule SR

site of invagination

I band A band | band

Yes; two in each sarcomere Yes; at Z discs; larger
at A-l junctions diameter than those of
skeletal muscle

No; caveolae along the
sarcolemma
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Skeletal Cardiac

Smooth

Elaborate sarcoplasmic
reticulum

Yes Less than skeletal muscle;
scant terminal cisternae

Equivalent to cardiac muscle;
some SR contacts the
sarcolemma

Presence of gap No Yes; at intercalated discs Yes; in single-unit muscle
junctions
Cells exhibit individual
neuromuscular junctions
Yes No Not in single-unit muscle; yes in
multiunit muscle
Source of Ca®* for Sarcoplasmic reticulum (SR) SR and from extracellular fluid SR and from extacellular fluid

calcium pulse
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