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Muscle is composed of many elongated cells, called muscle fibres, which are all able to contract and relax.  Each has its own nerve supply.

Histologically (histology - study of tissues and cells at microscopic level)

3 distinct types:

1
Skeletal (striated, striped, voluntary)


Attached to bone.  Concerned with locomotion.  Contract quickly and fatigue quickly.  Innervated by voluntary nervous system.

2
Smooth (unstriated, unstriped, plain, involuntary)


Found walls of tubular organs, e.g. intestines, blood vessels, and concerned with movement of materials through them.  Contract slowly and fatigue slowly.  Innervated by autonomic nervous system.

3
Cardiac (myogenic)


Contracts spontaneously, without fatigue.  Innervated by autonomic NS

Skeletal
Attached to bone in at least two places, by touch, relatively inextensible (non-elastic) tendons (connective tissue comprised almost entirely of collagen)

Muscles can only produce contraction.  Therefore at least two muscles of sets of muscles must be used to move a bone into one position and back again (called antagonistic muscles) e.g., biceps and triceps.

In order for the CNS to co-ordinate movement it must be able to continually monitor the state of contraction of all the body’s muscles.  This is achieved by several types of sense organs located within the muscle itself.  The most sophisticated are the muscle spindles.  These monitor the extent of contraction of a particular muscle and provide information about how rapidly it is changing length.  The simpler Golgi tendon organs merely detect the tension the muscle is under.

Since skeletal muscle is a neurogenic muscle (only contracts when externally stimulated by a nerve) other neurons (motor) must carry the necessary information from the CNS to the muscle.

Most muscles also possess a well developed blood supply.

The muscle cells are relatively uniform in appearance.  They consist of long, thin, cylindrical cells arranged parallel to the long axis of the muscle and, therefore, the direction of contraction.  The cells are 0.01 to 0.1mm in diameter, several cm long and multi nucleated (nuclei located near the surface of each fibre).

The main components of the muscle cell:

MYOFIBRILS
These are the actual contractile elements within the muscle cell.  These are also arranged parallel to the axis of pull of the muscle.




SARCOPLASMIC RETICULUM
A double membrane ‘jacket’ wrapped around the myofibrils.  It controls their contraction by regulating the levels of free calcium within the cell.




TRANSVERSE TUBULES
Long tubular invaginations of the outer membrane of the muscle cell running deep into its interior where they come into close contact with sarcoplasmic reticulum.  They initiate contraction by conducting action potentials throughout the cell.




MITOCHONDRIA
Provide the large amounts of ATP required to power the muscle.




SARCOPLASM
Myofibril cytoplasm.

Myofibrils
These are made up of two sets of filaments, thick and thin, which slide past one another during a contraction causing the myofibril to shorten (the filaments do not shorten during a contraction).  When the myofibril is relaxed dark bands are produced in the regions where the thick and thin filaments overlap.  The full contracted myofibrils are composed of two proteins - actin (thin filaments) and myosin (thick filaments).

Each myofibril is divided by cross-partitions called Z lines into numerous compartments called sarcomeres.

Isolated actin-myosin filaments contract when ATP applied to them.  As ATP is always present, an inhibitor prevents continuous contraction.  The inhibitor is neutralised by calcium ions (Ca2+).  In relaxed muscle, Ca2+ is pumped out of the muscle cells into the tissue fluid.  The membranes of the cells are thus polarised.  Depolarisation occurs when the muscle is stimulated (action potential arrives along a motor neurone) and Ca2+ enters the cells.  Here the Ca2+  neutralises the inhibitor.  The ATP then provides the energy for actin and myosin to interact, resulting in muscle contraction.

Impulses spread rapidly all over the muscle in a similar way as nerve impulses are transmitted.  Causes contraction of the muscle.

Using energy from ATP the bonds between actin and myosin break and reform near each Z line.  The Z lines are thus pulled closer together as actin and myosin do not stretch.

Bridges, seen connecting the thick and thin filaments.  Bonds form between the bridges and the actin filament.  On contraction the bridge swings through an arc, pulling the actin filament past the myosin filament.  After is has completed its movement, each bridge detaches itself from the actin filament and re-attaches itself at another site further along.  The cycle is repeated.  Shortening of muscle thus brought about by the bridges going through a kind of ratchet mechanism.

Just as the transmission of an action potential by a neuron is ‘all or nothing’ event, so are the contractions of the muscle cells they innervate.  This means that an individual cell is either relaxed or fully contracted.  However, muscles are capable of differing strengths of contraction.  This is achieved by varying the number of muscle cells involved in the contraction, i.e. whereas as the muscle cells will be used in a strong contraction, only a few will be used in a weak one.
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