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Gary Brady / SFCC Life Sciences /2014
Chapter 10 Notes: Muscular System
Myology = study of muscles

Kinesiology = the study of the movement of muscles

Derivation of muscle tissue = MESODERM germ layer

Muscle cells are NOT mitotically active.  They don't divide.  (Note: the smooth muscle of the uterus does divide by mitosis).

Muscle biomass = 40 to 50% of total body weight.

If 40%: 37% is skeletal muscle and 3% is cardiac muscle.

________________________________________________________

FUNCTIONS OF MUSCLE TISSUE: 
1. Produce skeletal movement (motion or locomotion)
2. Maintain posture and body position
3. Support soft tissues
4. Guard entrances and exits to provide voluntary control over swallowing, urination and defecation

5. . Maintain body temperature = thermogenesis (heat production)

6. MOVING SUBSTANCES:

a) cardiac muscle MOVES blood

b) smooth muscle MOVES food through the GI tract, moves sperm and ova through the reproductive tract and propels urine through the urinary system.

c) skeletal muscle MOVES lymphatic fluid and venous blood

7. Communication = Muscles are used for smiling and talking.
8. Energy storage = skeletal muscle stores carbohydrates as glycogen.  (75% of glycogen in the body is located in skeletal muscle; 25% is stored in the liver).

_________________________________________________________

CHARACTERISTICS OF MUSCLE TISSUE:

1. Electrical excitability (conductivity) = muscle fibers respond to stimuli by conducting electrical impulses called action potentials.

2. Contractility = muscle contracts and becomes shorter and thicker.  This produces movement.

3. Extensibility = ability of the muscle to extend (stretch) without being damaged.

4. Elasticity = muscle tissue is able to return to its original shape after extension or contraction.

_________________________________________________________

TYPES OF MUSCLE:

1. Smooth Muscle

Action = involuntary

App = nonstriated single fusiform-shaped cells, each having one centrally located nucleus.

Speed of Contraction = slowest
Loc #1 = organs (visceral)

Uterus, bladder, small blood vessels, digestive tract (which moves food by peristalsis when smooth muscle contracts).

Loc #2 =  nonvisceral

Arrector pili, large airways, iris of eye, large blood vessels.

_________________________________________________________

2. Cardiac Muscle

Action = involuntary

App = striated, branched cells containing one or two nuclei per cell.  Intercalated discs are in between the cells.  They provide strength and aid conduction of nerve impulses.

Loc = Heart

The heart contracts and relaxes rapidly.  A long refractory period allows the heart to rest in between beats, preventing tetany.

Note:  Cardiac muscle has autorythmicity.  It contracts without outside stimulation (no outside nerve innervation).

_________________________________________________________

3. Skeletal Muscle

Action = voluntary

(Can be made to contract and relax by conscious control).

App= striated, non-branched and multinucleated. Long, cylinder-shaped fiber with MANY peripherally located nuclei in each cell.

Speed of Contraction = fastest
Loc = connected to bones by tendons

_________________________________________________________

CHARACTERISTICS OF TYPICAL SKELETAL MUSCLE:

1. Origin = the more stationary point of attachment, (the bone that has little or no movement), and is usually the more proximal attachment.

2. Insertion = the more movable (and usually distal) attachment.

3. Belly (Gaster) = the thickest portion of the muscle.

_________________________________________________________

TERMINOLOGY:

1. Prime Mover (agonist) = the muscle that is in the most direct alignment with the muscle action.

2. Synergists = ALL the muscles that are working together to make a specific muscle movement.

3.  Antagonists = muscles on the opposite side of the muscle movement.  These muscles MUST relax for movement to occur.

NOTE:  Movement dictates which muscles are antagonists or synergists.

Example:

When movement is flexion of the elbow:

Prime mover = Brachialis (strongest elbow flexor)

Synergist = Biceps brachii

Antagonist = Triceps brachii

But when movement is extension of the elbow:

Prime mover = Triceps brachii

Synergist = Anconeus

Antagonists = Biceps brachii and Brachialis

_________________________________________________________

NAMING SKELETAL MUSCLES:

Muscles are named according to:

1. Direction of fibers relative to anatomical position such as rectus (parallel to body midline), oblique or transverse (horizontal to body midline).

SPECIFIC examples:

Rectus abdominis

Internal obliques

External obliques

Transversus abdominis

2. Location, according to what bone it is on.

SPECIFIC example = Brachialis

3. Size.

SPECIFIC examples:

Big =

Gluteus MAXIMUS

VASTUS lateralis

Adductor MAGNUS

Small =

Gluteus MINIMUS

Long =

Adductor LONGUS

Short =

Adductor BREVIS

4. Origin and Insertion.

SPECIFIC examples:

Stylohyoid

Sternocleidomastoid

Coracobrachialis

5. Shape.

Rhomboid = Rhomboideus major

Trapezoid = Trapezius

Triangular = Deltoid

Saw-toothed = Serratus anterior

6. Number of attachments.

Biceps = 2

Triceps = 3

Quadraceps = 4

7. Action.

Flexion = Flexor carpi ulnaris

Extension = Extensor carpi ulnaris

Abductor = Abductor pollicis longus

Adductor = Adductor magnus

Pronator = Pronator teres

Supinator = Supinator

Braces (makes more rigid) = Tensor fasciae latae

_________________________________________________________

Be able to give a SPECIFIC muscle name for various characteristics.***

_________________________________________________________

SKELETAL MUSCLE CONNECTIVE TISSUE

Connective tissue surrounds and protects muscle tissue.

1. Endomysium = wraps each individual muscle fiber.

Note:  muscle fiber = myofiber = muscle cell

2. Perimysium = covers BUNDLES of fibers.

Note: Fasciculi or fascicle = bundle of muscle fibers.

3. Epimysium = wraps the ENTIRE muscle.

_________________________________________________________

Fascia = sheet of fibrous connective tissue underneath the skin (superficial fascia), or around muscles and organs of the body (deep fascia).

Tendon = Dense regular connective tissue that connects muscle to bone.

Aponeurosis = broad sheet-like tendon that joins two muscles or a muscle with a bone.

Example = gala aponeurotica, the broad sheet-like tendon that joins the frontalis muscle of the skull with the occipitalis muscle.  Both muscles and the aponeurosis that joins them are called the epicranius muscle.

_________________________________________________________

PHYSIOLOGY OF MUSCLE CONTRACTION:
SKELETAL MUSCLE CELL:

1. Muscle cell is fused longitudinally with other muscle cells.

2. Sarcolemma = Plasma membrane that covers each muscle cell (muscle fiber / myofiber).

3. (Transverse) T-tubule = tunnel-like extensions of the sarcolemma that pass through the muscle fibers at right angles.  (filled with extracellular fluid).

4. Sarcoplasmic reticulum (SR) = encircles each myofibril.

FX = store calcium

(Note:  release of calcium by SR triggers muscle contraction)

5. Mitochondria = produce ATP in muscle cells.

(Note: myoglobin stores oxygen until needed by mitochondria to generate ATP)

6. Myofibrils = fibers that run longitudinally through skeletal muscle cells and cause striated appearance of skeletal muscle.

Myofibrils contain thick (myosin) and thin (actin) filaments.

a) A-band = thick filament made of myosin AND actin

Note:  The A-band is a dark area inside the sarcomere.

Sarcomere = the basic functional unit of skeletal muscle.  It's a compartment inside the myofibril, the contractile unit inside a striated muscle fiber extending from one Z-disc to the next Z-disc.

b) I-band = thin filaments made of actin, a less dense light colored area of the sarcomere.

The Z-disc passes through the center of each I-band.

c) H-zone = narrow area in the center of each A-band that contains only thick filaments.

d) M-line = protein molecules in the center of each H-zone that connect adjacent thick filaments.

_________________________________________________________

MOTOR NERVE FIBERS

Motor neurons from the central nervous system (CNS) stimulate skeletal muscle contraction.

Motor Unit = ONE motor neuron and ALL the muscle fibers it stimulates.

Motor units vary in the number of muscle cells involved, depending on the strength or delicacy needed for the area in which they are found.

Examples:

In the eye, where very small, precise movements are required, ONE motor neuron may control only 10-15 muscle cells.

In the hand, where both precision and strength are needed, each motor nerve may synapse with 10-100 muscle cells.

A single motor neuron may innervate as few as 10 and as many as 2000 muscle fibers.  Average = 150 muscle fibers per motor neuron.

_________________________________________________________

ALL OR NONE PRINCIPLE
Muscle cells contract all the way or not at all.

Individual muscle fibers contract to their fullest extent.  They do NOT partially contract.

_________________________________________________________

PHYSIOLOGY OF MUSCLE CONTRACTION

9 Steps:

1. Nerve impulse arrives at axon terminal of motor neuron and triggers release of acetylcholine (Ach).

2. Ach diffuses across synaptic cleft, binds to its receptors in the motor end plate and triggers a muscle action potential.

3.  Acetylcholinesterase (Ach-ase) in the synaptic cleft destroys Ach so another muscle action potential does not arise unless more Ach is released from the motor neuron.

4. The muscle action potential travelling along the T-tubule opens calcium ion release channels in the sarcoplasmic reticulum (SR) membrane which allows calcium ions to flood into the sarcoplasm.

5. Calcium binds to troponin on the thin (actin) filament, exposing the binding sites for myosin.

6. CONTRACTION occurs when the "powerstroke" uses ATP.  Myosin heads bind to actin, swivel and release.  Thin filaments are pulled toward the center of the sarcomere.

7. Calcium release channels in the sarcoplasmic reticulum close and calcium active transport pumps use ATP to restore low level of calcium ions in the sarcoplasm.

8. Troponin / Tropomyosin complex slides back into position where it blocks the myosin binding sites on actin.

9. Muscle RELAXES.

_________________________________________________________

SUMMARY:

Actin and myosin are the two contractile proteins in muscle.

Thick filaments of myosin have heads which are negatively charged and repel the thin actin filaments.

Attached to each myosin head is a molecule of ATP.

Thin actin filaments are negatively charged and repel one another.

A nerve impulse is sent through the motor unit.

The sarcolemma is depolarized.

Depolarization continues down the T-tubule.

The sarcoplasmic reticulum is depolarized which creates pores in its membrane causing calcium ions (ca++) to leak out.

Calcium bonds to the actin chain via troponin and changes the overall charge to positive.

Actin and myosin are now attracted to each other because of their positive / negative charges.

As they are pulled together, the myosin head is folded down (powerstroke) advancing the actin chain along the length of the myosin chain.

Sarcomeres shorten and the entire muscle contracts.

_________________________________________________________

TYPES OF MUSCLE CONTRACTION:

1. Twitch = brief contraction of ALL muscle fibers in a motor unit in response to a single action potential.

See twitch contraction myogram.  Note contraction (depolarization) and relaxation (repolarization) phases.  Also note that during the latent period the sarcolemma is depolarized and repolarized by the stimulus (action potential) and the sarcoplasmic reticulum releases calcium ions.

2. Wave Summation = increased strength of a contraction resulting from the application of a second stimulus BEFORE the muscle has completely relaxed after a previous stimulus.

3. “Treppe” = increased strength of contraction resulting from the application of a second stimulus AFTER the muscle has completely relaxed subsequent to a previous stimulus.  Between 10 and 20 stimuli per second will produce a myogram showing the stair step phenomenon of treppe.

4. Tetanus (Two types):

a) Incomplete Tetanus = a sustained muscle contraction with partial relaxation between stimuli.

Muscle is stimulated 20-30 times per second.  The myogram shows a stair step effect, with each of the first few contractions being a little stronger than the last.

b) Complete Tetanus = a sustained muscle contraction with NO relaxation between stimuli.  (Muscle is stimulated 80-100 times per second).  The myogram goes straight up with no stair steps, levels off and then drops back down when the muscle fatigues.

_________________________________________________________

RECRUITMENT = the process of increasing the number of active motor units, which prevents fatigue and provides even muscle contraction rather than a series of jerky movements.

_________________________________________________________

MUSCLE CONTRACTIONS:

Isotonic = muscle contracts and shortens, and bones MOVE.

Isometric = muscle contracts but does not shorten, and bones do NOT move.

ISOTONIC CONTRACTIONS (2 types):

1. Concentric = muscles shorten, bones move, and angle at joint decreases (flexion).

2. Eccentric = overall length of muscle INCREASES during a muscle contraction, and the angle at joint increases (extension).

_________________________________________________________

SKELETAL MUSCLE FIBERS (Three Types):

Note: A skeletal muscle fiber is either "slow" or "fast" depending on how fast ATP is hydrolyzed in the myosin heads.

1. Slow fibers = 

RED muscle fiber (high in myoglobin content and has many mitochondria). 

Smallest diameter, so least powerful. 

Slow contraction rate.

High fatigue resistance

Location = neck muscles, back and calf muscles.

2. Intermediate fibers = 

WHITE muscle fiber, myoglobin content.

Mid-sized fiber diameter.

Fast contraction rate.

Intermediate fatigue resistance.

Intermediate number of mitochondria

Location = leg muscles (running / walking).

3. Fast fibers =

WHITE muscle fiber.

Largest diameter.

Fast contraction rate.

Low fatigue resistance

Few Mitochondria. 

Location = arm muscles.

_________________________________________________________

MUSCLE TONE:

Maintained due to partial contraction of relaxed portions of skeletal muscle.  There are ALWAYS a few muscle fibers within a muscle that are contracted while most are relaxed.  This is ESSENTIAL in maintaining posture.

Hypotonia = decreased or lost muscle tone.  Muscles are "flaccid".

Hypertonia = increased muscle tone.  Muscles are stiff or rigid.

Atrophy = wasting away of muscles due to disuse or severing the nerve supply.

Hypertrophy = increase in the diameter of muscle fibers from forceful repetitive muscular activity such as weightlifting.

_________________________________________________________

REGENERATION OF MUSCLE TISSUE:

Skeletal muscle: 

Cannot divide.

Limited power of regeneration.

Occasional new cells may be derived from satellite cells.

Cardiac muscle:

Cannot divide or regenerate.

Smooth muscle:

Limited capacity for division and regeneration.

_________________________________________________________

AGING:

Starting about age 30, there is a progressive loss of skeletal muscle, which is replaced by fat.

Muscle reflexes slow and the strength of muscle decreases.

_________________________________________________________

MUSCLE METABOLISM

Phosphagen System:

Muscle fibers contain creatine phosphate (CP).

CP + ADP >>> ATP + Creatine

(In muscles there is 3-5 times more CP than ATP).

The phosphagen system (CP & ATP) provide INITIAL energy for muscles to contract; enough energy for a 15 second burst of intense muscle contraction (eg. 100 yard dash).

After 15 seconds, the phosphagen system is used up and the glycogen / lactic acid system takes over for the next 30-40 seconds of maximal muscle contraction (eg. 300 yard race).

When CP is depleted, glucose is broken down to generate more ATP.

Glycogen (animal carbohydrate) is stored in skeletal muscle and can be broken down into glucose in a process called glycogenolysis.

_________________________________________________________

Glycolysis:

Each glucose molecule >>> 2 pyruvate molecules + Net 2 ATP.

(Glycolysis is an anaerobic process).

_________________________________________________________

Muscle glycogen >>> glucose >>> glycolysis (net 2 ATP) >>> pyruvic acid (pyruvate) >>>lactic acid >>> goes into blood >>> to liver where lactic acid is converted back to glycogen.

_________________________________________________________

AEROBIC (Cellular ) RESPIRATION:

Oxygen (O2) is present.

1. glycolysis = yields 2 ATP (net)

2. Kreb's cycle = yields 2 ATP 

3. Electron Transport Phosphorylation  = yields 32-34 ATP

= Net 36-38 ATP for every glucose molecule (C6 H12 O6).

_________________________________________________________

OXYGEN CONSUMPTION vs EXERCISE:

In intense muscle activity, the muscle cannot get oxygen fast enough and cellular respiration cannot produce enough ATP.

Heavy breathing continues after exercise to pay back the oxygen debt.

Recovery to resting level may take a few minutes or several hours.

The extra oxygen taken in during heavy breathing is used to:

1. convert lactic acid into glycogen

2. resynthesize CP and ATP

3. replace oxygen removed from myoglobin

MUSCLE FATIGUE:

When a muscle is over-stimulated, strength of contraction gets weaker, to a point where the muscle no longer responds.

Muscle fatigue is caused by:

1. muscle can't produce enough ATP to met demand

2. insufficient oxygen

3. depletion of glycogen

4. buildup of lactic acid

_________________________________________________________

END OF CHAPTER 10 NOTES

