Anatomy  Chp 6 Notes         Muscular System

I.  Overview of Muscle Tissue

A. The essential function of muscle is contraction

B. Muscle Types

1.  Skeletal, Cardiac and Smooth muscle have some things in common

a.  skeletal and smooth muscle cells are elongated and called muscle fibers

b. muscle cells can shorten because of two types of myofilaments

c. the prefixes myo, mys and sarco refer to muscle

2.  Skeletal Muscle

a. skeletal muscle fibers are packaged into organs called muscles

b. attach to skeleton for movement

c. Skeletal muscle fibers are cigar shaped, multinucleate cells, and are the largest fibers of the three types

d. Striated muscle:  fibers appear to be striped

e. Voluntary Muscle:  only muscle type subject to conscious control

f. Endomysium:  connective tissue that encloses each muscle fiber

g. Perimysium:  connective tissue that wraps several fibers into a bundle called a fascicle

h. Epimysium:  Many fascicles bound together by a tougher connective tissue  covers the entire muscle

i. Tendons:  epimysium blend into a cordlike structure

j. Aponeuroses:  sheetlike tendon that attaches muscles indirectly to bones

3.  Smooth Muscle

a. no striations and is involuntary

b. found mainly in the walls of visceral organs (Stomach etc)

c. help to propel substances along

d. have single nucleus, and are often arranged in layers

e. smooth muscle contractions are slow and sustained

4.  Cardiac Muscle

a. found only in the heart

b. striated and involuntary

c. arranged in spiral or figure 8 shaped bundles

d. cells are joined by special junctions called intercalated discs

e. muscle fibers contract via a pace maker in the heart

f. also can be controlled by the nervous system

C. 4 Muscle Functions

1.  Producing Movement:  important in all functions of the body, also includes smooth muscle and visceral organs

2.  Maintaining Posture:  continuously make adjustments to keep proper posture

3.  Stabilizing Joints:  important during movement (shoulder)

4.  Generating Heat:  75% of the ATP used to produce movement is lost as heat.

a. Vital to maintaining constant body temp

II.  Microscopic Anatomy of Skeletal Muscle


A.  Multinucleate


B.  Sarcolemma:  plasma membrane of muscle cells

D. Myofibrils:  long ribbonlike organelles that nearly fill the cytoplasm

1.  I Bands: light color in myofibril

2.  A Bands:  dark color in myofibirl

3.  I and A bands alternate giving the striated appearance

4.  Z Disc:  midline interruption of the I band

5.  H Zone:  lighter central area of the A Band

6.  M Line:  center of the H Zone

E. Sarcomeres:  chains of tiny contractile units aligned end to end along the length of the myofibril

1.  the working part of the myofibril

F. Myofiliaments:  thread like protein structures in the sarcomeres

1.  There are 2 types of myofilaments


a.  Thick Filaments:  bundled molecules of a protein called myosin

1. also contain ATPase enzymes that split ATP to provide the power for contraction

2. Extend entire length of A band

3. center of thick filaments is smooth, but ends are studed

4. Cross Bridges:  the studs on the ends of thick filaments that link with thin filaments during contraction

b. Thin Filaments:  composed of a contractile protein called actin

1. anchored to the Z disc

2. The I band contains parts of 2 adjacent sarcomeres and contains only thin filaments

3. The thin filaments overlap  the ends of thick filaments, but don’t extend to the middle of the relaxed A band

4. H zone or bare zone is the area without thin filaments

G. Sarcoplasmic Reticulum:  a specialized smooth ER

1.  surround each myofibril and store Calcium for contraction

III.  Skeletal Muscle Activity


A.  Stimulation and Contraction of Single Skeletal Muscle Cells



1.  Muscle fibers have the properties of Irritability and Contractility



2.  The Nerve Stimulus and the Action Potential

a. Motor Unit:  One neuron and the skeletal muscle cells it stimulates

1. may be only a few or hundreds of muscle cells

b. Axon:  thread like extensions of the neuron

1. several extend from the neuron

c. Axon Terminals:  forms a junction with the sarcolema of a muscle cell

1. These junctions are called neuromuscular junctions

d. The nerve endings and muscle cells never touch

1. Synaptic Cleft:  gap between cell and Axon

e. When a nerve impulse reaches the axon terminal a Neurotransmitter is released

1. Accetylocholine or ACh is the neurotransmitter that stimulates skeletal muscle

f. ACh diffuses across the synaptic cleft to the sarcolema

1. This causes the sarcolema to become more permeable to Na+ which rush into the cell and to K+ which diffuse out

2. More Na+ enters than K+ leaves

3. This creates a more + charge inside the cell and generates an electrical current called an “Action Potential”
g. Once started, an action potential is unstoppable and the result is the contraction of the muscle cell

h. The ACh that started the reaction is broken down, so that only on contraction occurs at a time

i. Two events occur that return the muscle to a resting state

1. the diffusion of K+ ions  out of the cell

2. Operation of the Sodium/Potassium pump to transport the Na and K ions back to their initial positions

3.  Mechanism of Muscle Contraction:  The sliding Filament Theory

a. The filaments slide because of the Cross Bridges formed between the thick and thin filaments

b. The myosin heads on the Thick filaments attach to the thin filaments forming a cross bridge

c. Cross bridges attach and detach several times during a contraction pulling the thin filaments toward the center of the sarcomere

d. ATP supplies the energy for the formation and breaking of the cross bridges

e. This occurs simultaneously in sarcomeres throughout the cell

f. Ca+ ions are required to attach the cross bridges 

1.  The Ca+ are stored in the Sarcoplasmic Reticulum surrounding each myofibril

g. The action potential stimulates the SR to release Ca+ (FIG 6.8)

h. When the action potential ends the Ca+ are absorbed back into the SR and the muscle relaxes

i. All this takes a few thousandths of a second

B.  Contraction of a Skeletal Muscle as a Whole


1.  Graded Responses

a. In skeletal muscles the all-or-none law applies to a single muscle cell, not the whole muscle

b. a muscle is an organ consisting of 1000s of muscle fibers

c. A graded response is the degree to which the muscle shortens as a whole

d. Graded responses can be produced in two ways

1.  changing the frequency of muscle stimulation

3. changing the number of muscle cells being stimulated

2.  Muscle Response to Increasingly Rapid Stimulation

a.  in most types of muscle activity, nerve impulses are sent to the muscle at a very rapid rate

b.  muscle does not get a chance to relax completely

c. the successive contractions are summed and the contraction of the muscle gets stronger and smoother

d. Complete tetanus:  a muscle is stimulated so rapidly that no relaxation occurs and the contraction is completely smooth and sustained

e. Incomplete tetanus:  all points up to complete tetanus

3.  Muscle Response to Stronger Stimuli


a.  tetanus is designed to produce smooth prolonged contractions

c. How strongly a muscle contracts depends on how many of its cells are stimulated

d. varies from a few cells to all

e. When all muscle cells in a muscle are stimulated, the contraction is as strong as it can be

4.  Providing Energy for Muscle Contraction


a.  ATP is the only energy source that can power muscle acticity

b. A muscles supply of ATP will sustain a contraction for only 4 to 6 seconds

c. At this point ATP must be regenerated

d. 3 pathways are used to regenerate ATP by muscles

1.  Direct Phosphorylation of ADP by creatine phosphate

a.  Creatine phosphate is a unique high energy molecule found only in muscle cells


b.  The CP recharges the ADP instantly


c.  Supply lasts for about 20 seconds

2. Aerobic Respiration

a.  At rest and light to moderate exercise 95% of ATP used for muscle activity comes from AR

b. Uses O2 to break down glucose and release energy to make ATP

c. CO2 is given off as waste

d. 36 ATP are supplied from 1 glucose

e. Occurs rather slowly and requires a constant supply of O2
3. Anaerobic glycolysis and lactic acid formation

  a.  Glycolysis the first step in respiration produces only 2 ATP from each glucose

b. If insufficient O2 is present, such as during strenuous exercise, only glycolysis occurs, not aerobic respiration

c. It will supply adequate energy for 30 to 60 secs

d. The down side is it uses a lot of glucose to get only a little ATP and produces lactic acid in the muscle cells

5.  Muscle Fatigue and Oxygen Debt

a.  Muscle fatigue:  a muscle is unable to contract even though it is being stimulated

1.  occurs when we exercise our muscles strenuously for a long time

b. Caused by oxygen debt

1.  Oxygen debt occurs depending on how good its blood supply is

c. ATP begins to run out and lactic acid builds up causing the muscle to contract less and less efficiently

d. True muscle fatigue rarely occurs WHY?

e. Does occur in marathon runners

f. Oxygen debt must be repaid, this is done by breathing heavily after a workout

g. As oxygen becomes available again lactic acid will be broken down and ATP and CP will be replaced

6.  Types of Muscle Contractions:  Isotonic and Isometric


a.  All muscle cells create tension as they contract

b. depending on the situation, they may not be able to contract completely

c. Isotonic Contractions:  the fibers contract completely and movement occurs

d. Isometric Contractions:  the muscles don’t shorten and no movement occurs

1.  tension builds up 

2.  pushing against a wall



7.  Muscle Tone




a.  even at relaxation, some fibers in a muscle are contracting

b. It keeps the muscle firm and ready for contraction

c. This state of continuous partial contraction is called “Muscle Tone”

8.  Effects of Exercise on Muscles


a.  Use it or Lose it applies to muscles

b. Aerobic Exercise:  result in stronger more flexible muscles with greater resistance to fatigue

1.  Jogging, biking etc.

2. Changes occur because blood supply to muscles increases

a.  muscle cells form more mitochondria and store more O2





b.  makes overall body metabolism more efficient






c.  improves digestion, enhances coordination






d.  makes skeleton stronger






e.  Enlarges heart so more blood can be pumped






f.  fat deposits are cleared from blood vessel walls






g.  Lungs become more efficient at gas exchange

3. Benefits vary on how often and vigorously you exercise

c. Resistance or Isometric Exercises:  muscles are pitted against some immoveable or nearly immoveable object

1.  Weight Lifting, or Isometric Exercises

2. Results are different than Aerobic exercise

3. Increased Muscle size and strength comes from the enlargement of individual muscle cells

a.  They make more contractile filaments 

IV.  Muscle Movements, Types and Names


A.  Table 6.2 Page 192


B.  Types of Body Movements



1.  Origin:  muscle attachment to the immovable or less movable bone



2.  Insertion:  muscle attachment to the movable bone



3.  Some bones have interchangeable origins and instertions



4.  Most body movements occur when muscles contract across joints



5.  There are 6 common body movements




a.  Flexion:  a movement that decreases the angle of the joint and brings two bones closer together





1.  Example:  knee

b. Extension:  opposite of flexion

c. Rotation:  movement of a bone around its longitudinal axis

1.  Example:  ball and socket joints

d. Abduction:  moving a limb away from the midline

e. Adduction:  opposite of abduction

f. Circumduction:  distil end moves in a circle, combo of flexion, extension, abduction and adduction

6.  Special Movements


a.  Dorsiflexion and Plantar flexion:  up and down movements of the foot and ankle



1.  lifting foot so you are on your heals is dorsiflexion

2. plantar flexion is straightening your foot

b. Inversion and Eversion:  also foot movements

1.  Inversion:  turn sole medially

2. Eversion:  turn sole laterally

c. Supination and pronation:  refer to movements of the radius around the ulna

1.  Supination:  radius and ulna are parallel

2. Pronation:  radius rotates over ulna

d. Oppostion:  move your thumb to touch the tips of your other fingers

C.  Interaction of Skeletal Muscles in the Body


1.  Most body movements are the result of two or more muscles acing together or against each other


2.  What one group of muscles can do, another group can reverse


3.  Prime Mover:  the muscle that has the major responsibility for causing a particular movement


4.  Antagonist:  Muscle that oppose or reverse a movement

5.  Synergists:  help prime movers by producing the same movement or by reducing undesirable movements


6.  Fixators:  special synergists that stabilize the origin of a prime mover

