Muscular System Chapter 9

http://www.ptcentral.com/muscles/  go here for a list of muscles including insertions, origins, and actions.
http://www.webschoolsolutions.com/patts/systems/muscles.htm  go here for a brief lecture on how we move.  It also has developmental information about children and infants.  Very interesting.

For diagrams on lower body with actions, origins, and insertions go:

http://www.rad.washington.edu/atlas2/addbrevis.html
For the upper body (arms) go here:

http://www.rad.washington.edu/atlas/
Note: There are 3 types of muscle tissue (review notes for chapter 3). However the muscular system refers only to skeletal muscle.

I. Primary functions of muscle

· movement

· heat production (thermogenesis)
· posture (stabilizing body position)
II. Properties of muscle

-irritability (excitability)
-contractility

-extensibility

-elasticity

III. Structure of muscle:

A. Connective tissue coverings

1. fascia-dense connective tissue coverings that help separate one muscle from another

2. superficial facia is deep to the skin, composed of loose connective tissue and adipose, contains blood vessels, nerves, and lymphatics, function to insulate, protect, store water and fat, and support blood vessels and nerves

-this is also called the subcutaneous fascia because it lies beneath skin and forms the subcutaneous layer

3. Deep fascia-is the most extensive of all 3 types of fascia

-is composed of dense connective tissue

4. -lines body walls, extremities, holds muscles together, divides muscles into functional groups

-consists of 3 layers

a.   epimysium-layer that surrounds a skeletal muscle

b.  perimysium-layer that extends into a muscle and separates muscle into bundles of fascicles 

c. endomysium-layer that surrounds the individual muscle cell located within a fascicle 

5. tendon-cordlike projection of fascia that holds muscle to tendon

6. aponeuroses-broad sheet of fascia that attach muscle to bone or to the coverings of other muscles

7. Subserous fascia-forms the connective tissue layer of the serous membranes covering organs and lining cavities
-attaches parietal layer of membrane to body wall
B. Skeletal Muscle Fibers

1. microscopic appearance of muscle cell (also called muscle fiber)
-sarcolemma-cell membrane

-sarcoplasmic reticulum-stores calcium

-sarcoplasm-same as cytoplasm

-mitochondria lie in rows throughout a muscle fiber

-myofibrils-play an important role in contraction

-myoglobin-red pigment that stores oxygen in muscle cells

-actin-thin protein myofilament found in myofibrils
-myosin-thick protein myofilament found in myofibrils

-sarcomeres-contractile unit or functional unit of muscle

-striped appearance of muscle is due to the arrangement of actin and myosin within the sarcomere. See figure 9.5 b.

The dark bands above represent the thick myofilament made of myosin protein
The blue bands represent the thin myofilament made of actin protein

Components of the cross striations above:

1.  “A” band or anisotropic band is the dark, dense band. This is the extends from one end of the thick myofilament to the other end and includes the area of overlap between thick and thin myofilaments in a relaxed muscle

2.  “I” band or isoptropic band is the light, less dense band.  This is composed of thin myofilaments only.

3.  “H” zone is an area composed of only thick myofilaments (this disappears during a contraction)

4.  “M” line is a series of fine thread-like proteins that bind or hold the thick myofilaments together midway between the z lines
5.  “Z” line is the zone of dense material that holds together two opposing groups of thin myofilament

6.  Sarcomere-the area that extends from one Z line to the next (this is the contractile unit)
7.  T-system- transverse tubules that extend into the sarcoplasm at levels of A-I band junctions.  These are formed by invaginations of the sarcolemma.

8.  Triad-triple layered structure consisting of t-tubules sandwiched in between sacs of sarcoplasmic reticulum

9.  Mitochondria-produce ATP

 Molecular structure 

1.  Proteins

      a.  Thick myofilament is composed of myosin protein.  The structure resembles a golf club, where the head form a cross bridge.

     b.  Thin myofilament is composed of actin, tropomyosin, and troponin arranged like a pearl necklace.  Actin is the pearl containing a myosin binding site, tropomyosin is the string (covers the myosin binding site when a muscle is relaxed), troponin is the diamond set between the pearls.  Troponin combines with calcium to initiate a contraction.

     c.  a third protein is called titin that is a component of elastic filaments  that anchor the thick filaments to the Z lines (this is newly discovered)

Sliding filament theory of contraction

1.  thin myofilaments slide over thick myofilaments, close the H zone and shorten the sarcomere and cause the contraction.

HOW DOES THIS HAPPEN?

2. Myosin heads bind to actin when the mechanism is working, if calcium is present.  Calcium will bind to the troponin to expose the myosin binding site on actin
3. Myosin ATPase enzyme hydrolyses ATP in stored in the myosin head and releases energy to allow the ‘cocking’ of the myosin head.

4. The ADP + P are still attached to the myosin head, but the energy is transferred to the myosin head.

5. The cocked myosin head binds to actin and forms the cross bridge 
6. myosin now releases the ADP+P and flexes, causing a power stroke (like rowing a boat, the thin filament slides past the thick filament, shortening the sarcomere and the H Zone disappears.
7. the myosin head remains bound to the actin until a new ATP unit binds to the head once again.

8. Now the myosin head detaches from the actin and the whole thing begins again.

Relaxation:

  -  Acetylcholine is a neurotransmitter that begins the entire process (nerve ‘talking’ to muscle).  
  -   In order for a muscle to relax, the Acetylcholine must break down by an enzyme known as AChE.
  -  Secondly, the calcium must return to the sarcoplasmic reticulum so the troponin-tropomysin complex slides back over the myosin binding site on actin.

RIGOR MORTIS: 
· begins 3-4 hours after death (depends on temperature and environment) and usually lasts about 24 hours. 
·  After death there is a lack of ATP, so the myosin cross bridge can’t detach from actin.  The release of calcium from sarcoplasmic reticulum will cause more contractions temporarily.  
· Bacteria will decompose the tissue and cellular decay will eventually cause rigor mortis to ‘soften’.  Think of road kill.  The carcass is soft and pliable for a little while, then it stiffens and fills with gas (mostly from the bacteria), eventually bugs and bacteria will cause the tissue to decay and the gas will escape, flattening the road kill.  Believe me you don’t want to be standing there when that happens.  Eventually there is nothing left but a greener patch of grass (good fertilizer). 
 Motor Units
   -The contraction takes place at discrete units called motor units which include the motor neuron plus all muscle fibers it connects with. 
   - Whole muscles contain many motor units.  
    -The number of muscle fibers belonging to a single motor unit varies depending on the muscle.  
    -Each motor unit has a unique innervation ratio.  Eye muscles have ratios of 3 to 5 muscle fibers per nerve axon.  In contrast, the gastrocnemius muscle has a ratio of 1000 to 5000 muscle fibers per neuron. 
  - The significance is related to the tension generated in a muscle.  If a motor neuron has an axon that is connected to 5000 muscle fibers, and if all muscle fibers contract, they will produce a great deal more tension than an innervation containing 3 fibers.  If a high amount of force is needed (to lift something heavy), larger motor units will be recruited.  If you were to perform a movement that didn’t require much force but required skill and accuracy, a smaller motor unit would be activated.  To summarize: The amount of control is dependent on the number of fibers contained within a motor unit.

Recruitment of motor units:

The differences in motor unit characteristics can help maximize control of movement.  Normally, when the amount of force required to slowly raised from low to high, motor units are recruited from small to large.  This is called a Size Principle.

At a low exertion (maintaining good posture), only the smallest axons and the smallest motor units are employed.  Most of these muscles contract slowly, have slow myosin composition, and high levels of oxidative enzymes because they have more mitochondria.  Because the muscle involved in posture (for example) are continually working, they can not fatigue easily.  These muscles are classified as slow oxidative muscles (SO).

If the required force of movement increases, (you lift a pencil, then a book) more slow motor units are recruited and the ability to generate force is increased. 
Energy for Muscle contraction: 

-Energy is required for muscle contractions. 
- Surprising little ATP is available inside muscle fibers. 
- In fact, there is just enough to power a contraction for a few seconds.
-  If exercise continues for more than a few seconds, additional ATP must be produced.  

Phosphagen system:

-Muscles have a unique molecule called creatine phosphate (phosphocreatine) that can transfer its energy to ADP and form ATP and creatine.
-  Creatine phosphate is about 3-5 times more plentiful that ATP.
- Together the creatine phosphate and ATP make up the phosphagen system and provide enough energy for muscles to contract maximally for 15 seconds. 
- This is good for short bursts of energy, like running a 100- meter relay.
Glycogen-Lactic Acid System

-When muscle contractions must continue and the creatine phosphate supply is gone, glucose catabolism takes over. 
- The glycolysis reactions we did in Chapter 4 split glucose into 2 pyruvic acid molecules and produce 2 ATP.  
-This is an anaerobic process and requires no oxygen. 
- It is 2 ½ times faster than aerobic so you can continue for 30-40 seconds.
-Pyruvic acid goes into the mitochondria and goes through the Kreb cycle in the presence of oxygen. 
- However, during strenuous activity, oxygen is often diminished so the pyruvic acid turns into lactic acid. 
- Heart, kidney and liver can use lactic acid to make ATP. 
- Liver also converts the lactic acid back to pyruvic acid.  
- However, the lactic acid that accumulates in the muscle tissue can cause fatigue.  

AEROBIC SYSTEM

-If muscle activity lasts longer than ½ minute, it depends on aerobic activity to supply the necessary ATP. 
- If oxygen is present, the enzymes in the mitochondria completely oxidize glucose to ATP, carbon dioxide, water, and heat.  
-This is cellular respiration and involves the KREB cycle and the electron transport system.  
-This will provide enough ATP for prolonged activity so long as adequate oxygen and nutrients are available. 
- In fact, 90% of the ATP in activities lasting longer than 10 minutes is provided by aerobic respiration.  

-Nutrients include glucose, fatty acids, and amino acids.
Oxygen Debt:

-During exercise, blood vessels in muscle dilate, blood flow increases, and oxygen delivery increases.  
-However, if exertion is very great, the body can’t meet the demand and cellular respiration can’t produce enough ATP.

-After exercise has stopped, heavy breathing continues for several minutes. 
- Oxygen debt is the extra amount of oxygen that is taken in to the body during exercise, over and above the normal ‘resting’ oxygen consumption.  
-This is used to ‘pay back’ or restore metabolic conditions to the resting level. 
-This extra oxygen is used to convert lactic acid back to pyruvic acid, helps reestablish glycogen stores, and resynthesize ATP and creatine phosphate, and replace oxygen removed from the myoglobin.
--*Athletic people have maximal oxygen uptake and are capable of greater muscular feats than untrained people.  Maximum oxygen uptake is determined by gender, age, body size and athletic ability. 
Fatigue

-The inability of a muscle to maintain its strength of contraction or tension is muscle fatigue.  
-This is caused by a lack of ATP, insufficient oxygen, build up of lactic acid, and other factors.

There are 2 types of fatigue:  
1. physiological fatigue-physical inability to control muscle (squeeze your hand into a fist and relax it.  Repeat 20 times, then quickly 50 more times. Getting harder? That’s physiological fatigue.  It is due to the accumulation of lactic acid, the lack of oxygen, an imbalance of potassium and sodium, and depletion of ATP.

2. psychological fatigue-voluntarily stop because you are tired

Types of contractions:

1. isometric-develop tension but no muscle shortening.

               -load is greater than tension, raises blood pressure


   -try to lift a car (this demonstrates isometric contraction)

      2.  isotonic-muscle shortens and moves the load



-shortening of the muscle occurs once tension exceeds load



-repetitions will accentuate definition of muscle (working out)

                        -one type of isotonic contraction is called concentric contraction where the muscle pulls on a bone to produce movement and reduce the angle of a joint (pick up a book).



-the other type is eccentric contraction where the overall length of a muscle increases during contraction (lower the book back to the table)

*note; someone who is muscle bound has done exercise improperly and has lost flexibility.  Early isometric exercise did this.  People bulked up the biceps brachii but not the triceps brachii.  Always work the antagonistic groups!

*atrophy-degeneration and loss of mass, decrease of 5% per day possible (use it or lose it)  Astronauts lose mass in space.

Muscle Tone-
-sustained, small contractions five a firmness to relaxed muscle

-at any time, a few muscle fibers are contracted while most are relaxed (helps maintain posture but doesn’t produce movement 

- you lose tone when you fall asleep in class and your head falls to your chest 

-flaccid is the word used to describe muscles when hypotonia or decreased muscle tone has occurred.

-spastic is the word used to describe muscle when hypertonia or increased muscle tone has occurred; reflexes are affected.  If the hypertonia is not as severe, it can cause rigidity which doesn’t affect the reflexes

