MUSCLE TISSUE

CHAPTER 10
I. OVERVIEW OF MUSCLE TISSUE

1. Types of Muscle Tissue

A. Skeletal – named b/c function is to move bones

B. Cardiac – forms most of the heart wall

C. Smooth – located in walls of hollow internal structures

2. Functions of Muscle Tissue

A. Producing body movements

B. Stabilizing body positions

C. Regulating organ volume

D. Moving substances within the body

E. Producing heat

3. Properties of Muscle Tissue

A. Electrical excitability - is the ability to respond to certain stimuli by producing electrical signals

B. Contractility - is the ability to contract forcefully when stimulated by an action potential

1. isometric contraction – the muscle develops tension but does not shorten

2. isotonic contraction – tension developed by the muscle remains almost constant while the muscle shortens

C. Extensibility – is the ability of muscle to stretch w/o being damaged

D. Elasticity – is the ability to return to its original length and shape after contraction or extension

II. SKELETAL MUSLCE TISSUE

Each skeletal muscle is a separate organ composed of cells called fibers

1. Connective Tissue Components

A. surrounds and protects muscle tissue

B. fascia is a sheet or broad band of fibrous connective tissue that is deep to the skin and surrounds muscles and other organs of the body

C. Superficial fascia/Subcutaneous layer – separates muscle from skin; composed or areolar connective tissue and adipose tissue; stores most of body’s triglycerides

D. Deep fascia is dense irregular connective tissue that lines the body wall and limbs; allows free movement of muscles, carries nerves and blood/lymphatic vessels and fills spaces btwn muscles

E. Three layers of conn. tissue extend from deep fascia

1. epimysium – outmost layer, encircling whole muscle

2. perimysium – surrounds groups of 10 to 100 or more individual muscle fibers, separating them into bundles called fascicles
3. endomysium – a thin sheath of areolar conn. tissue that penetrates the interior of each fascicle and separating individual muscle fibers from one another

F. All three conn. tissue layers may extend beyond the muscle fibers to form a tendon – a cord of dense regular conn. tissue that attaches a muscle to the periosteum  of bone

G. When conn. tissue elements extend as a broad, flat layer, the tendon is called an aponeurosis
2. Nerve and Blood Supply

A. Skeletal muscles are supplied with nerves and blood vessels

B. Generally an artery and one or two veins accompany each nerve that pentrates a muscle

C. The neurons that stimulate skeletal muscle to contract are the somatic motor neurons
1. each has a threadlike axon that extends from the brain or spinal cord to a group of fibers

2. each axon is wrapped in myelin
3. branches of one motor neuron axon typically extend to several different muscle fibers

4. at the point of contact btwn the motor neuron and muscle fiber, called the neuromuscular junction (NMJ), the axon terminals expand into a cluster of synaptic end bulbs
5. microscopic blood vessels called capillaries are plentiful in muscle tissue, each muscle fiber is in close contact with one or more capillaries

3. Microscopic Anatomy of a Skeletal Muscle Fiber

1. during embryonic development, each skeletal muscle fiber arises from the fusion of a hundred or more small mesodermal cells called myoblasts 

2. hence each skeletal muscle fiber has a hundred or more nuclei

3. once fusion has occurred, the muscle fiber loses its ability to undergo cell division

4. the number of skeletal muscle fibers is set before birth

5. a few myoblasts do persist in mature skeletal muscle as satellite cells which retain the capacity to fuse with one another or with damaged muscle fibers to regenerate functional muscles fibers

6. mature muscle fibers lie parallel to one another

7. a mature muscle fiber can be up to 12in long

A. Sarcolemma, T Tubules, and Sarcoplasm

1. the multiple nuclei of a skeletal muscle fiber are located beneath the sarcolemma , the fiber’s plasma membrane

2. thousands of tiny invaginations of the sarcolemma, called T (transverse) tubules, tunnel from the surface toward the center of each muscle fiber

a. t tubules are open to the outside of the fiber and are filled with ecf (interstitial)

3. within the sarcolemma is the sarcoplasm the cytoplasm of a muscle fiber

a. includes a substantial amount of glycogen

b. contains myoglobin a red-colored, oxygen-binding protein, found only in muscle fibers, which are needed for atp production within mitochondria

1. mitochondria lie in rows throughout the muscle fiber, strategically close to the muscle proteins that use atp during contraction

B. Myofibrils and Sarcoplasmic Reticulum

1. myofibrils, appear to be little threads stuffed in sarcoplasm, are the contractile elements of skeletal muscle

2. a fluid-filled system of membranous sacs called sarcolplasmic reticulum (sr) encircles each myofibril

a. dilated end sacs of the sr called terminal cisterns butt against the t tubule from both sides

b. a transverse tubule and the two terminal cisterns on either side of it form a triad
c. in a relaxed muscle fiber, the sr  stores calcium ions. Release of the calcium ion from the terminal cisterns of the sr triggers muscle contractions
CLINICAL APPLICATION

Muscular Atrophy and Hypertrophy

Muscular atrophy 

Is a wasting away of muscles. 

Disuse atrophy

The atrophy that occurs if muscles are not used 

Denervation atrophy

If the nerve supply to a muscle is disrupted or cut, the muscle undergoes this

Muscular hypertrophy

Is an increase in the diameter of muscle fibers owing to the production of more myofibrils, mitochondria, sarcoplasmic reticulum.

C. Filaments and the Sarcomere

1. within myofibrils are two types of even smaller structures called filaments

a.  the diameter of thick filaments are twice as big as thin filaments
2. the filaments inside a myofibril are arranged in compartments called sarcomeres, which are the basic functional unit of a myofibril 

3. narrow, plate-shaped regions of dense material called Z discs separate one sarcomere from the next

4. the thick and thin filaments overlap one another to a greater or lesser extent, depending on whether the muscle is contracted, relaxed, or stretched

5. the darker middle portion of the sarcomere is the A band, which extends the entire length of the thick filaments 

6. toward each end of the A band is a zone of overlap, where the thick and thin filaments lie side by side

a. in zone of overlap, six thin filaments surround each thick filament, and three thick filaments surround each thin filament

b. there are two thin filaments for every thick filament

7. I band is a lighter, less dense area that contains the rest of the thin filaments but no thick filaments

a. a Z disc passes through the center of each I band

8. a narrow H zone in the center of each A band contains thick but not thin filaments

9. supporting proteins that hold the thick filaments together at the center of the H zone form the M line , so named b/c it is at the middle of the sarcomere

CLINICAL APPLICATION

Exercise-Induced Muscle Damage

Delayed onset muscle soreness (DOMS)

From 24-48 hours after a period of strenuous exercise muscles become sore

D. Muscle Proteins

1. myofibrils are built from three kinds of proteins:

a. contractile proteins, which generate force during contractions

1. myosin

a. functions as a motor protein in all three types of muscle tissue, they push or pull their cargo to achieve movement

b. thick

c. myosin tail (handle of golf club) points toward the m line in the center of the sarcomere

d. myosin head or crossbridge project outward from the shaft

2. actin

a.  thin filaments that extend form anchoring points within the z discs

b. on each actin molecule is a myosin-binding site where a myosin head attaches

c. regulatory proteins, which help switch the contraction process on and off, are also a part of thin filament

1. tropomyosin

2. troponin

d. structural proteins, which keep the thick and thin filaments in the proper alignment, give the myofibril elasticity and extensibility and link then myofibrils to the sarcolemma and extracellular matrix

1. titin

a. third most plentiful protein in skeletal muscle (after actin and myosin)

b. each titin molecule spans half a sarcomere, from a z disc to an m line

c. very elastic

      e.  Myomesin – the m line is formed by molecules of this protein, which bind to titin 

III. CONTRACTION AND RELAXATION OF SKELETAL MUSCLE FIBERS

--The lengths of the thick and thin filaments are same in both relaxed  and contracted muscle

--Muscle shortens during contraction b/c thick and thin filaments slide past one another

--The model describing contraction of muscle is sliding filament mechanism

1. The Sliding Filament Mechanism

--muscle contraction occurs b/c myosin heads attach to and walk along the thin filaments at both ends of a sarcomere, pulling the thin filaments toward the m line; as a result the thin filaments slide inward and meet at the center of a sarcomere, they may even overlap

--as thin filaments slide inward, the z discs come closer together and the sarcomere shortens

--lengths of thick and thin filaments do not change

--shortening of the sarcomeres causes shortening of the whole muscle fiber, and ultimately the whole entire muscle organ

A. The Contraction Cycle

1. onset of contraction the sarcoplasmic reticulum  releases calcium ions

2. contraction cycle is the repeating sequence of events that cause the filaments to slide; consists of four steps:

a. atp hydrolysis

1.  hydrolysis reaction energizes the myosin head

b. attachment of myosin to actin to form crossbridges
c. power stroke

1. the release of the phosphate group triggers the power stroke of contraction

2. myosin head rotates and releases adp

3. generates force as it rotates toward the center of the sarcomere, sliding the thin filament past the thick filament toward the m line

d. detachment of myosin from actin
1. myosin head remains attached to actin until it binds with another atp

3.  The contraction cycle repeats as long as atp is available and the ca2+ level near the       thin filament is high

4.  **During a maximal muscle contraction, the distance between z discs can decrease to half the resting length**
CLINICAL APPLICATION

Rigor Mortis

Muscles are in a state of rigidity  (cannot contract or stretch)

Begins 3-4 hours after death and lasts about 24 hours

B. Length-Tension Relationship

1.  forcefulness of muscle contraction depends on the length of the sarcomeres within a muscle before contraction begins

2.  when a skeletal muscle fiber is stretched to 170% of its optimal length, there is no overlap btwn thick and thin

3.  b/c no myosin heads can bind to thin filaments, the muscle fiber cannot contract and tension is zero

4.  usually resting muscle fiber length is held very close to the optimum by firm attachments, so that overstretching doesn’t occur

2. Active and Passive Tension

A. active tension – muscle tension that is generated by the contractile components (thick and thin)
B. passive tension – generated by elastic components
3. The Neuromuscular Junction

A. Neuromuscular junction (NMJ) where muscle action potential arise, the synapse btwn a somatic neuron and a skeletal muscle fiber

B. Synapse is a region where communication occurs btwn two neurons

C. At most synapses a small gap, synaptic cleft, separates the two cells

D. The first cell communicates with the second indirectly by releasing a chemical called a neurotransmitter
E. At a nmj the motor neuron axon terminal divides into a cluster of synaptic end bulbs

F. Suspended in the cytosol within each bulb are hundreds of membrane-enclosed sacs called synaptic vesicles
G. Inside each synaptic vesicle are thousands of molecules of acetylcholine, ACH, the neurotransmitter released at the nmj

H. The region of the sarcolemma that is adjacent to the synaptic end bulbs is called the motor end plate
I. Motor end plate contains acetylcholine receptors which bind to ach

J. A nmj includes all the synaptic end bulbs on one side of the synaptic cleft, plus the motor end plate of the muscle fiber on the other side

K. A nerve impulse elicits a muscle action potential in the following way:

1. release of acetylcholine

2. activation of ach receptors

3. production of muscle action potential – each nerve impulse normally elicits one muscle action potential
4. termination of ach activity – the effect of ach binding lasts only briefly b/c the neurotransmitter is rapidly broken down by an enzyme acetylcholinesterase (ache)

L. skeletal muscle fiber max. 12 in.

M. nmj is near midpoint of fiber

N. muscle action potentials arise at the nmj and then propagate toward both ends of the fiber, permitting simultaneous activation (and thus contraction) of all parts of the fiber

IV. MUSCLE METABOLISM

1. Production of ATP in Muscle Fibers

--unlike most cells of the body, skeletal muscle fibers often switch btwn inactivity when they are relaxed and great activity when they are contracting

--contraction requires a tremedous amount of atp for powering the contraction cycle

--atp present inside muscle fibers is enough to power contraction for only a few seconds if strenuous

--muscles have three sources for atp production:

A. Creatine Phosphate

1. while at rest, muscle fibers produce more atp than they need for resting metabolism

2. some of the excess atp is used to synthesize creatine phosphate, an energy rich molecule that is unique to muscle fibers

3. is 3-6 times more plentiful than atp in the sarcoplasm

4. creatine phosphate and atp provide enough energy for muscles to contract maximally for about 15 seconds, this energy is sufficient for maximal short bursts of activity

B. Anaerobic Cellular Respiration

1. atp producing reactions that do no require oxygen

2. glycolysis quickly breaks down each glucose molecule into two molecules of pyruvic acid

3. when not enough oxygen is available to break down pyruvic acid, is is converted to lactic acid

4. about 80% of the lactic acid diffuses out of skeletal muscle fibers into the blood

5. liver cells can convert some of the lactic acid back to glucose having two benefits: providing new glucose molecules and reducing acidity

6. anaerobic cellular respiration can provide enough energy for about 30-40 seconds of maximal muscle activity

C. Aerobic Cellular Respiration

1. muscle activity that lasts longer than half a minute depends increasingly on aerobic cellular respiration, a series of oxygen-requiring mitochondrial reactions that produce atp

2. yields much more atp than glycolysis, but is slower

3. muscle tissue has two sources of oxygen

a. oxygen that diffuses into muscle fibers from the blood

b. oxygen released by myoglobin within muscle fibers

4. myoglobin and hemoglobin are oxygen-binding proteins; bind oxygen when plentiful and release it when scarce

5. provides enough atp for prolonged activity

6. in activities that last more than 10 min., provides more than 90% of the needed atp

7. at the end of an endurance event, 100% of the atp is being produced by aerobic

2. Muscle Fatigue

A. the inability of a muscle to contract forcefully after prolonged activity is called muscle fatigue

B. fatigue results mainly from changes in the muscle fiber
C. central fatigue is a protective mechanism to cause a person to stop exercising before the muscle becomes damaged
D. factors that contribute to muscle fatigue include:
1. insufficient oxygen

2. depletion of glycogen and other nutrients

3. buildup of lactic acid and adp

4. failure of action potentials in the motor neuron to release enough acetylcholine

3. Oxygen Consumption After Exercise

A. during long periods of muscle contraction, increases in breathing effort and blood flow enhance oxygen delivery to muscle tissue

B. recovery period (heavy breathing) may be just a few several hours

C. oxygen debt or recovery oxygen intake for the added oxygen, over and above the resting oxygen consumption, that is taken into the body after exercise

D. used to pay back or restore to the resting level in three ways:

1. to convert lactic acid back into glycogen stores in the liver

2. to resynthesize creatine phosphate and atp

3. to replace the oxygen removed from myoglobin

V. CONTROL OF MUSCLE TENSION

--a single nerve impulse in a motor neuron elicits a single muscle action potential in all the muscle fibers with which it forms synapses

--the number of impulses per second is the frequency of stimulation

--when considering the contraction of a whole muscle, the total tension is can produce depends on the number of fibers that are contracting in unison

1. Motor Units

a. a somatic motor neuron plus all the skeletal muscle fibers it stimulates is called a motor unit 
b. a single motor neuron makes contact with an average of 150 muscle fibers and all muscle fibers in one motor unit can contract in unison

c. muscles that control precise movements have as few as 2 muscle fibers per motor unit, but large and powerful movements may have 3000

2. Twitch Contraction

a. is a brief contraction of all the muscle fibers in a motor unit in response to a single action potential in its motor neuron

b. myogram
c. latent period – delay btwn stimulus and beginning of contraction

d. contraction period

e. relaxation period

f. refractory period – the period of lost exciteability

g. **if two stimuli are applied, one immediately after the other, the muscle will respond to the first stimulus but not the second**

3. Frequency of Stimulation

a. stimuli arriving at different times cause larger contractions is called wave summation

b. when skeletal muscle is stimulated it can only partially relax btwn stimuli is called unfused tetanus

c. a sustained contraction in which individual twitches cannot be discerned is fused tetanus

d. smooth, sustained voluntary muscle contractions are achieved by out-of-synchrony unfused tetanus in different motor units
4. Motor Unit Recruitment

a. the process in which the number of active motor units is increased is called motor unit recruitment

b. recruitment is one factor responsible for producing smooth movements rather than jerky movements
CLINICAL APPLICATION

Endurance Training Versus Strength Training

Aerobic (jogging) training builds endurance for prolonged activities, whereas anaerobic training builds muscle strength

Interval training is a workout regimen that incorporates both types of training

5. Muscle Tone

a. a small number of motor units are involuntarily activated to produce a sustained contraction, while at the same time the majority of motor units are not activated and their muscle fibers remain relaxed, gives rise to muscle tone

b. to maintain muscle tone, small groups of motor units are alternately active and inactive in a constantly shifting pattern
6. Isotonic and Isometric Contractions

a. isotonic contractions are used for body movements and for moving external objects

1.  concentric isotonic contractions – a muscle shortens and pulls on another structure to produce a movement and to reduce the angle at a joint
2.  eccentric isotonic contractions – the overall length of a muscle increases during contraction
      b.   isometric contractions – considerable 

VI. TYPES OF SKELETAL MUSCLE FIBERS

--fibers are not all alike, they differ

--fibers that have a high myoglobin content are termed red muscle fibers (also contain more mitochondria and more blood capillaries than white)

--low myoglobin are called white muscle fibers

--fibers contract and relax with different velocities, either slow or fast

--skeletal muscle fibers are classified into three main types:

1. Slow Oxidative Fibers

a. smallest in diameter and least powerful type

b. appear dark red b/c large amounts of myoglobin and blood capillaries

c. maintain posture and aerobic endurance activities

2. Fast Oxidative-Glycolytic Fibers

a. intermediate in diameter

b. appear dark red b/c large amounts of myoglobin and blood capillaries

c. walking and sprinting

3. Fast Glycolytic Fibers

a. largest in diameter

b. contain highest number of myofibrils

c. generate most powerful contractions

d. weight lifting, throwing a ball

e. fatigue quickly

4. Distribution and Recruitment of Different Types of Fibers

a. most skeletal muscles are a mixture of all three types of fibers, about half which are SO fibers

b. proportions vary depending on action of muscle, training regimen, genetic factors

c. skeletal muscle fibers of any given motor unit are all the same type

d. different motor units are recruited in a specific order

CLINICAL APPLICATION

Anabolic Steroids

Hormone taken to increase muscle size and thus strength

VII. CARDIAC MUSCLE TISSUE

1. principal tissue in the heart wall

2. the ends of cardiac muscle fibers connect to adjacent fibers by irregular transverse thickenings of the sarcolemma called intercalated discs
3. the discs contain desmosomes, which hold the fibers together

4. gap junctions which allow muscle action potentials to spread from one cardiac muscle fiber to another

5. cardiac muscle tissue contracts when stimulated by its own autorhythmic fibers

6. normally, it contracts and relaxes 75 times a min.

7. requires a constant supply of oxygen

VIII. SMOOTH MUSCLE TISSUE

--usually activated involuntarily

--type types:

1. visceral (single-unit) smooth muscle tissue

a.  fibers connected by gap junctions, muscle action then spreads throughout the network

2. multiunit smooth muscle tissue

a. individual fibers, each with its own motor neuron terminals and few gap junctions

b. causes contraction of that fiber only

1. Microscopic Anatomy of Smooth Muscle

a. surrounded  by endomysium

b. smaller than skeletal muscle fibers

c. does not have striations

d. intermediate filaments attach to structures called dense bodies, which are functionally similar to z discs

2. Physiology of Smooth Muscle

a. contraction starts more slowly and lasts much longer

b. can both shorten and stretch to a greater extent than other muscle types

c. contract or relax in response to autonomic nervous system, stretching, hormones, local factors

d. stress-relaxation response allows great changes in length while still retaining ability to contract

IX. REGENERATION OF MUSCLE TISSUE

A. mature skeletal fibers have lost the ability to undergo cell division, growth of skeletal muscle after birth is due mainly to hypertrophy, the enlargement of existing cells

B. fibrosis the replacement of muscle fibers by fibrous scar tissue

C. damaged cardiac muscle fibers are not repaired or replaced, healing occurs by fibrosis

D. smooth muscle tissue can undergo hypertrophy; has greater powers of regeneration

X. AGING AND MUSCLE TISSUE

A.  beginning at about 30 years old, humans undergo a loss of skeletal muscle mass that is replaced by fibrous connective and adipose tissue, caused from inactivity

XI. DISORDERS

1. neuromuscular disease -- disease or damage of the components of a motor unit (somatic neurons, nmj, or muscle fibers
2. myopathy – signifies a disease or disorder of the skeletal muscle tissue itself
3. myasthenia gravis – an autoimmune disease that causes chronic, progressive damage of the nmj; more common in women; muscles of face and neck most often affected
4. muscular dystrophy – a group of inherited muscle-destroying diseases that cause progressive degeneration of skeletal muscle fibers
5. spasm – sudden involuntary contraction of a single muscle in a large group of muscles
6. cramp – a painful spasmodic contraction
7. tic – a spasmodic twitching made involuntarily by muscles that are ordinarily under voluntary control; twitching of eyelid or facial muscles
8. tremor – rhythmic involuntary purposeless contraction that produces a quivering or shaking movement
9. fasciculation – an involuntary brief twitch of an entire motor unit that is visible under the skin; it occurs irregularly and is not associated with movement of the affected muscle; multiple sclerosis or lou gehrigs disease
10. fibrillation – a spontaneous contraction of a single muscle fiber that is not visible under the skin but can be recorded by electromyography; may signal destruction of motor neurons
XII. MEDICAL TERMINOLOGY

1. Charley Horse Tearing of a muscle as a result of forceful impact, accompanied by bleeding and sever pain. It often occurs in contact sports and typically affects the quadriceps femoris muscle on the anterior surface of the thigh. The condition is treated by ice immediately after the injury, rest, a supportive wrap, and elevation of the limb.

2. Hypertonia Increased muscle tone, either rigidity (muscle stiffness) or spasticity (muscle stiffness associated with an increase in tendon reflexes).

3. Hyptonia Decreased or lost muscle tone, usually due to damage to somatic motor neurons

4. Myalgia Pain in or associated with muscles

5. Myoma A tumor consisting of muscle tissue

6. Myomalacia Softening of a muscle

7. Myositis Inflammation of muscle fibers (cells).

8. Myotonia Increased muscular excitability and contractility, with decreased power of relaxation; tonic spasm of the muscle

9. Volkmann’s contracture Permanent shortening (contracture) of a muscle due to replacement of destroyed muscle fibers by fibrous connective tissue, which lacks extensibility. Destruction of muscle fibers may occur from interference with circulation caused by a tight bandage, a piece of elastic, or a cast.

