    CHAPTER 9-MUSCLES AND MUSCLE TISSUE

  I. MYOLOGY-the study of muscle tissue. Muscles account for 40-50% of total body weight.

A. Muscles are capable of converting chemical energy (ATP) into mechanical energy. This                  


     mechanical energy is used to generate force and to produce muscle movements.

 II. TYPES OF MUSCLE TISSUE

A. Skeletal muscle

B. Cardiac muscle

C. Smooth muscle
III. FUNCTIONS OF MUSCLE TISSUE

A. Movement-skeletal muscles contract (shorten) to pull on bones. This produces movements.


     Skeletal muscles also move and position the eyeball, as well as allowing for facial 


     expressions.


B. Moving Compounds within the Human Body-smooth muscle in blood vessels and the 

     internal organs regulate movements of materials within these structures.


C. Maintaining Posture-skeletal muscles provide us with our posture.


D. Regulating organ volume-sphincter muscles play a role in this function.


E. Thermogenesis-heat production. As muscles work and contract, they generate a great deal of 


    heat.



1. Muscles can generate as much as 85% of our body heat. 



2. Shivering-involuntary contractions of skeletal muscles. This greatly increases body 



    temperature when one is cold.


F. Stabilizing joints-muscles provide strength and support to joints.

IV. CHARACTERISTICS OF MUSCLE TISSUE

A. Excitability-the ability to respond to a stimulus by producing electrical signals(impulses) within


     the body. This is also a major property of nerve tissue. This property of muscles is triggered 

     by and regulated by neurotransmitters and hormones.


B. Conductivity-the ability of a muscle or nerve cell to conduct an impulse along its cell


     membrane.


C. Contractility-the ability of a muscle to shorten and thicken (contract), thus, generating force 

     to do work.



1. This characteristic is unique to muscle tissue.


D. Extensibility-the ability of a muscle to stretch without damage to the tissue.


E. Elasticity-the ability of a muscle to return to its original shape after stretching or contracting.

 V. ANATOMY AND GENERAL FEATURES OF SKELETAL MUSCLE TISSUE

A. Each skeletal muscle is composed of numerous muscle fibers. These fibers are essentially the


     muscle cells.


B. Connective Tissue Components of Skeletal Muscle Tissue


1. Fascia-a sheet of fibrous connective tissue deep to the skin. Fascia covers muscles.




a. Superficial Fascia (Subcutaneous layer)-immediately deep to the skin. It is




    composed of areolar and adipose tissue. This layer’s functions include:





1) Storage of water and fat





2) Reducing heat loss from the body





3) Providing protection





4) Helping nerves and blood vessels enter muscle tissue




b. Deep Fascia-composed of irregular connective tissue. This fascia separates




    muscles into functional groups or units.



2. 3 Layers of Connective Tissue Beneath the Deep Fascia



a. Epimysium-outer layer, nearest to the deep fascia. This layer surrounds the 




    entire muscle.




b. Perimysium-surrounds bundles of muscle fibers. These bundles are referred 



    to as fasicles.




c. Endomysium-inner layer, surrounds and separates individual muscle fibers.



3. Tendons-connective tissue cords that attach muscle to bone (specifically to the  



    periosteum of bone).




a. Tendon sheaths-cover and protect some tendons in the human body.




b. Aponeurosis-tendon that appears as a broad, flat layer over a muscle. These 




    also attach muscles to bone.


C. Blood Vessels-are abundant in muscle tissue. This rich blood supply carries nutrients and 


     minerals required by muscles as they contract. The blood also supplies muscle with an 


     extensive supply of oxygen. 



1. Capillaries-microscopic blood vessels; these are abundant in the endomysium of  



    muscle tissue. Due to this, each muscle fiber is near a capillary. In muscles, capillaries



    are long enough so that they can stretch with the muscle.


D. Nerve Supply in Skeletal Muscle


1. Once again, muscles have an extensive supply of nerves.



2. Motor Neurons-nerve cells that stimulate muscles to contract. These deliver the



    impulse that causes a muscle to contract.




a. Motor unit-a motor neuron and all of the skeletal muscles fibers it stimulates.



3. The Neuromuscular Junction-the site where nerve cells and muscle fibers meet.




a. Synapses-the actual site where a neuron meets a muscle fiber.





1) The Synaptic Cleft-a small gap between the neuron and the muscle





     fiber. The synaptic cleft separates the neuron and the muscle tissue.






a) Since the nerve cell and muscle tissue do not physically 





    touch, impulses must jump the synaptic cleft to travel from 





   the neuron to the muscle fibers. To achieve this, the neuron 





    can release chemicals known as neurotransmitters that carry 





    the impulse across the synaptic cleft to the muscle fiber.



4. Events that occur as an impulse is carried from a neuron to muscle tissue



a. Every motor neuron has an axon that extends from the cell body. Each axon




    extends to a group of skeletal muscles fibers. Recall, that axons function by




    carrying impulses away from neurons (towards the muscle fibers in this 




case).




b. As axons approach muscle fibers, they branch into smaller axon terminals




    which extend onto the surface of the muscle.




c. Synaptic End Bulbs-bulb-shaped structures at the end of axon terminals. 




    Synaptic end bulbs are separated from the muscle fibers by the synaptic cleft.





1) Synaptic Vesicles-membrane-enclosed sacs located in synaptic end 





    bulbs. These structures contain and store the neurotransmitter 





    acetylcholine (Ach).





2) Impulses force the synaptic vesicles to release their acetylcholine





    into the synaptic cleft. The Ach functions by carrying the impulse 





    across the synaptic cleft, from the motor neuron to the muscle fibers.





3) Motor End Plates-the portion of a muscle fibers that is directly across





    the synaptic cleft from the synaptic end bulbs. These plates contain





    acetylcholine receptors which recognize and receive acetylcholine





    (along with its impulses).



5. Summary of the Events that Occur During Impulse Transmission from a Motor                                            

    Neuron To Muscle Fibers:





1) Nerve impulse reaches synaptic end bulbs






2) Synaptic vesicles move to the edge of the synaptic end bulb that faces 





        the synaptic cleft.














3) Synaptic vesicles release Ach into the synaptic cleft. The Ach





    carries the impulse across the synaptic cleft to the motor end plates




 
    of the muscle fibers.














4) Acetylcholine receptors on the motor end plates receive the Ach and





     its impulse. The impulse is then passed further into the muscle fiber. 





    All of the muscle fibers in a motor unit respond by contracting.


 VI. MICRSOCOPIC ANATOMY OF MUSCLE FIBERS

A. Muscle tissue is composed of thousands of long, thin cells known as muscle fibers (myofibers).



1. Muscle fibers run parallel to each other.



2. Parts of a Skeletal Muscle Fiber:




a. Sarcolemma-




b. Sarcoplasm-




c. Myofibrils-small thread-like structures in the sarcoplasm of muscle fibers. 



   These are the contractile elements of the muscle fiber.




d. Numerous mitochondria that are involved in aerobic cellular respiration.


B. More on Myofibirils


1. These have a role in muscle contraction.



2. 3 Types of Filaments in Myofibrils



a. Thick filaments




b. Thin filaments




c. Elastic filaments



3. Overall, the thick and thin filaments overlap each other. The overlap of these filaments



    is responsible for producing the striations that are visible in skeletal and cardiac 


    muscle.



4. The filaments that make up the myofibrils are found in compartments known as 



    sarcomeres. Sarcomeres are the basic functional units of striated muscle fibers.



5. Organization and Structure of a Sarcomere



a. Z Discs (Lines)-plates that separate one sarcomere from another.




b. The A Band-within each sarcomere. This is a dark area that contains thick 




    filaments and the portion of the thin filaments that overlap the thick filaments.




c. The I Band-a light region that contains only thin filaments.





1) This band does not contain thick filaments.





2) The Z Disc passes through the center of the I Band.





3) The alternating striations of muscle tissue is produced by the 



                                alternating dark A band and the light I bands.




d. The H Zone-located in the center of each A Band. it contains thick filaments but




     not thin filaments.




e. M Line-divides the H zone in half.



6. 2 Contractile Proteins in Myofibrils: Myosin and Actin



7. Myosin-forms the thick filaments. It is shaped like 2 golf clubs that are twisted 



together.




a. Myosin tails-“golf club handles.” These point towards the M line in the center of 




    the sarcomere.




b. Myosin cross bridges (Myosin heads)-extend towards the thin filaments.



8. Actin-forms the bulk of the thin filaments.




a. Myosin binding sites-on each actin molecule. Myosin cross bridges can attach




    to these myosin binding sites.




b. 2 Regulatory Proteins in the Thin Filaments





1) Tropomyosin-covers the myosin binding sites on actin molecules when 





    muscles are relaxed. This protein blocks the attachment of myosin 




    heads to actin.





2) Troponin-holds the tropomyosin in place in relaxed muscle tissue. That





     is, troponin holds tropomyosin in place over the myosin binding sites 



     of actin molecules.



9. Elastic filaments-recently discovered, these help to hold the thick filaments in place.



10. The Sarcoplasmic Reticulum (S.R.)-fluid filled bags that encircle each myofibril.




a. The S.R. stores calcium ions. Release of calcium from the S.R. into the sarcoplasm




    around the thick and thin filaments triggers muscle contraction to begin.




b. The calcium exits the S.R. through special calcium release channels.



11. T-Tubules-extensions of the sarcolemma that protrudes deep into the muscle fiber. 


      These allow impulses and nutrients to travel deep into muscle fibers.

VII. MUSCLE PHYSIOLOGY THE EVENTS THAT OCCUR IN MUSCLE CONTRACTION

A. The Sliding Filament Mechanism of Muscle Contraction-states that skeletal muscle shortens as 
     the thick and thin filaments slide past one another. During a muscle contraction, myosin heads 
     pull on the thin filaments, causing them to slide inwards towards the H zone. The filaments slide 
     past one another. In muscle contractions, sarcomeres actually shorten.


B. Calcium’s Role in Muscle Contraction


1. As calcium levels increase in the sarcoplasm of muscle fibers, contractions will occur.



2. When a muscle is relaxed, the concentration of calcium is low in the sarcoplasm.



3. Impulses from nerve tissue force calcium release channels on the S.R. to open.




a. As a result of this, calcium floods into the sarcoplasm around the thick and thin




    filaments. 




b. The calcium changes the shape of the troponin-tropomyosin complex that 


                   covers the myosin binding sites on actin molecules.




c. Due to this, myosin cross bridges on the thick filaments can attach to the 


                 myosin binding sites on the thin filaments. Filament sliding will then follow.


C. Adenosine Triphosphate (ATP)-an energy source for living cells.



1. In relaxed muscle, ATP is attached to sites on myosin molecules. This ATP will provide



     some of the energy needed for a muscle contraction to occur.


D. Steps in a Muscle Contraction


1. Impulse travels from an axon to a muscle fiber (as discussed earlier).



2. The impulse initiates the release of calcium from the S.R.




a. Calcium levels rise in the sarcoplasm of the muscle fiber.




b. Due to the increased levels of calcium, troponin and tropomyosin move away




     from the myosin binding sites on actin molecules (in the thin filaments).



3. At this point, the ATP associated with the myosin cross bridges donates energy to the 



    cross bridges. The myosin cross bridges then attach to the free myosin binding sites on 



    the actin molecules.



4. Following this attachment, the myosin heads turn towards the center of the sarcomere.



    This pulls the thin filaments past the thick filaments towards the H zone. This is known 



    as the Power Stroke.



5. Once the power stroke is complete, ATP attaches to the myosin cross bridges. The 



    energy associated with the ATP forces the myosin heads to detach from the actin



    molecules.



6. The myosin cross bridges and actin molecules return to their original position.



7. Tropomyosin and troponin cover the myosin binding sites on the actin molecules. 



8. Calcium is pumped into the S.R. by special calcium pumps on the membrane of the 



    S.R. Calcium levels decrease in the sarcoplasm. 



9. Acetylcholinesterase-an enzyme, breaks down Ach in the synaptic cleft.


E. The All or None Principle of Muscle Contraction-muscles contract to their fullest extent or 


     they do not contract at all.  In contractions, the thick filaments slide past the thin filaments.


F. Muscle contraction can continue as long as ATP is available for muscles.

VIII. MYOGRAM-the record of a muscle contraction.


A. Phases in a Typical Myogram


1. The Latent Period-brief period of time between the application of an impulse and the



     beginning of a muscle contraction. This is a very brief period of time.



2. The Contraction Period-



3. The Relaxation Period-




4. The Refractory Period-the period during which a second contraction cannot occur.  Is



    extremely short in skeletal muscle fibers but is slightly longer in cardiac muscle tissue



    (this allows the heart to fill with blood prior to pumping).

IX. VARIOUS TYPES OF MUSCLE CONTRACTIONS

A. Twitch Contractions-a brief contraction of all the muscle fibers in a motor unit of a muscle in


      response to a single impulse.


B. Wave Summation-occurs when 2 stimuli are applied and the second one is delayed until the


      refractory period is over.


C. Tetanus-a sustained contraction in which a muscle can only partly relax between impulse 


     stimulation. 



1. Complete vs. Incomplete Tetanus



2. Calcium is not removed from the sarcoplasm of muscle fibers during tetanus.



3. Can be dangerous, even deadly in some cases.


D. Staircase Effect (Treppe)-occurs when a muscle has been relaxed for some period of time and


     then is stimulated to contract. In this case, the first few contractions is stronger than the 
    
     previous contractions. In treppe, calcium slowly accumulates in the sarcoplasm until a 
    
     maximum  contraction can occur.


E. Isotonic Contraction-occurs when a muscle shortens to pull on a bone to produce a movement.


F. Isometric Contraction-occurs when a muscle does not or cannot shorten during a contraction, 
    but the tension on the muscle increases.

 X. MUSCLE METABOLISM

A. Muscle contraction requires large supplies of ATP to occur. Muscle fibers have the ability to


    produce sufficient ATP supplies for contractions to occur.


B. ATP is produced by muscle fibers via 3 major systems: The Phosphagen System, The Glycogen-


     Lactic Acid System and Aerobic Cellular Respiration.


C. The Phosphagen System


1. Creatine phosphate-a molecule that is only found in muscle fibers.




a. This compound can transfer a phosphate group to ADP to produce ATP.




b. Together, creatine phosphate and ATP make up the Phosphagen System.




c. This system provides enough energy for muscles to contract for about 15 




    seconds. This provides energy for short bursts of activity. When this creatine



 
    phosphate is depleted, muscles turn to the Glycogen-Lactic Acid system.


D. The Glycogen-Lactic Acid System


1. In this system, glucose is catabolized to generate ATP.



2. Glycogen-a stored form of glucose in muscle fibers and in the liver. Under times of 


     need, this compound can be broken down into glucose which is used to produce ATP.



3. Glycolysis-the breakdown of glucose molecules into 2 molecules of Pyruvic acid.




a. This is the first step in anaerobic and aerobic cellular respiration. 




b. Glycolysis requires an input of 2 molecules of ATP to occur. Through the




    reactions of glycolysis, a total of 4 molecules of ATP are produced.





1) Therefore, there is a net production of 2 ATP molecules in glycolysis.





2) Overall, glycolysis produces a small amount of energy for muscle 





     metabolism. Muscles quickly deplete this supply of energy.




c. Glycolysis is an anaerobic process-it occurs in the absence of oxygen. 




d. When oxygen levels are high in muscle fibers, the 2 pyruvic acid molecules 



     that are produced in glycolysis will diffuse into the mitochondria of the muscle 




     fibers. Once in the mitochondria, the pyruvic acid molecules will be further




     broken down to produce ATP via Aerobic Cellular Respiration. 




e. When oxygen levels are low in muscle fibers, the 2 pyruvic acid molecules are




    converted into lactic acid. What happens to this lactic acid?





1) Some lactic acid diffuses into the blood and is carried to the liver and 






     kidneys where it is used to generate more ATP.





2) The remainder of the lactic acid accumulates in muscle tissue. This 





     lactic acid can produce soreness and pain muscle tissue. This is often





     noticed following a rigorous workout.


E. Aerobic Cellular Respiration-provides the major source of energy of contracting muscles.



1. This process occurs when:




a. Oxygen is present




b. Pyruvic acid diffuses into mitochondria-this pyruvic acid is further broken 



    down in the mitochondria to generate ATP. This occurs via The Kreb’s Cycle 



    and Electron Transport.



2. Aerobic cellular respiration produces 36 ATP molecules for every one glucose 



molecule.



3. Sources of Oxygen for Muscle Fibers:




a. Hemoglobin-in red blood cells. The compound has the ability to carry oxygen 




    and carbon dioxide through the body. 




b. Myoglobin-protein in muscle fibers that can store oxygen for times of need.



4. Aerobic Cellular Respiration can occur as long as: oxygen and sufficient nutrient levels



    are maintained. Therefore, aerobic cellular respiration is a long-term energy producer 

    for muscular activity. The majority of the ATP used in muscle activity is generated via



    Aerobic Cellular Respiration.



5. Maximal Oxygen Uptake-the maximum rate of oxygen consumption that is possible 



    during aerobic cellular respiration. This is influenced by gender, age, size, overall



    physical condition.



6. Oxygen Debt (Recovery Oxygen Consumption)-refers to the extra oxygen consumption



    taken into the body following exercise. This acts to restore depleted oxygen supplies in



    the body. This is why we breath hard following heavy activity.

XI. MUSCLE TISSUE AND BODY HEAT

A. Skeletal and smooth muscle tissue play key roles in regulating body temperature.


B. Skeletal Muscle Tissue-may release as much as 85% of its energy as heat. This heat helps to


     maintain body temperature. Excess body heat is eliminated through the skin and lungs.



1. Shivering-uncontrollable contractions of skeletal muscle tissue. This raises heat



    production in skeletal muscle tissue. The heat generated by this process helps to raise



     body temperature to normal levels. Shivering is initiated by the hypothalamus.


C. Smooth Muscle Tissue-is located in the walls of blood vessels. 



1. When Smooth muscle relaxes in blood vessels, the vessels dilate and more blood flows



     to the skin. This allows the transfer of heat from the blood, through the skin, to the



     environment.



2. When smooth muscle contracts in blood vessels, the vessels constrict and less blood 



     flows to the skin. Overall, this acts to conserve body heat.

XII. TYPES OF SKELETAL MUSCLE FIBERS

A. Type I Fibers (Slow Oxidative Fibers)-are small in diameter.



1. Red in color. This indicates that they contain a substantial supply of myoglobin.




a. Due to this, these fibers tend to be fatigue resistant.



2. These fibers contain numerous mitochondria, therefore, they can generate large 



    supplies of energy.



3. These types of fibers are most common in muscles that are constantly contracting



    (as in the larger neck muscles).


B. Type IIA Fibers (Fast Oxidative Fibers)-intermediate in size.



1. These are also red in color.



2. These split ATP fairly quickly so they tend to fatigue faster than Type I Fibers.



3. These types of fibers are found in several of the leg and arm muscles.


C. Type IIB Fibers (Fast Glycolytic Fibers)-large in diameter.



1. These are white in color-they do not contain myoglobin.



2. These fibers generate small supplies of ATP, therefore, they fatigue quickly.

XIII. ANABOLIC STEROIDS-lipids that are thought to increase muscle mass. These are classified as

          being illegal drugs. 


A. Side-effects of steroid use:




1. Hair loss


7. Testicular/Ovarian Cancer



2. Acne



8. Sterility



3. Aggressive behavior

9. Brain tumors



4. Mood swings

     
10. Deepening of the female voice



5. Liver cancer



6. Kidney damage

XIV. CARDIAC MUSCLE TISSUE-located in the wall of the heart.


A. Is striated, involuntary.


B. Cardiac fibers exhibit autorhythmicity-they have a built-in pacemaker.


C. Structurally, these fibers resemble skeletal muscle fibers.


D. Intercalated discs-specialized thickenings of the sarcolemma of cardiac muscle fibers. These


     provide structural support to cardiac fibers as they contract.


E. Physiology of Cardiac Muscle


1. Under normal conditions, cardiac muscle tissue contracts and relaxes about 75 times



    per minute.



2. It requires a constant supply of oxygen to contract. It produces its ATP via aerobic



     cellular respiration.



3. Heart contractions are regulated by autorhythmic cells.



4. Cardiac muscle does remain contracted slightly longer than skeletal muscle. 




a. This allows the heart to push blood throughout the body. This is caused by




    an increased calcium delivery to the muscle fibers.




b. The refractory period of cardiac muscle is also longer than in skeletal muscle.




     This allows time for the heart to fill completely with blood.

XV. SMOOTH MUSCLE TISSUE-located in blood vessels and organs.


A. Nonstriated and involuntary.


B. Calmodulin-special protein in smooth muscle tissue. This protein helps to remove calcium 


     from the sarcoplasm of muscle fibers.

XVI. DISORDERS/MEDICAL TERMS ASSOCIATED WITH MUSCLE TISSUE

A. Fibromyalgia-nonarticular disorders characterized by pain, stiffness and tenderness of muscles,


     tendons and surrounding soft tissues.


B. Muscular dystrophy-a collection of hereditary muscle-destroying diseases characterized by


     degeneration of individual muscle fibers.


C. Spasm-a sudden, involuntary contraction of large groups of muscles.


D. Tremor-a rhythmic, involuntary contraction of opposing muscle groups.


E. Fasiculation-involuntary, brief twitch of a muscle that is visible under the skin.


F. Fibrillation-similar to a fasiculation, but it is not visible under the skin.


G. Tic-spasmodic twitching made involuntarily by muscles that are ordinarily under voluntary


     control.


H. Gangrene-death of a soft tissue that results from interruption of its blood supply.


I. Myalgia-pain in a muscle.


J. Myoma-a tumor consisting of muscle tissue.


K. Myomalacia-softening of muscle


L. Myopathy-any disease of muscle tissue.


M. Myositis-inflammation of muscle fibers.

