Walter Besio Lecture 3
Muscles

Structure and function of muscles


Muscle tissue, one of the four primary tissue types, consists of muscle cells that are hghly specialized for contractions.


Three types of muscle tissue exist:



Cardiac



Skeletal



Smooth Muscle

Skeletal Muscles: For motion and stability.  Also have a role in maintaining temperature (shivering).


Produe movement


Maintain posture and body position


Support soft tissues inside the body


Guarding entrances and exits (e.g. mouth, throat)


Maintain temperature

Smooth muscles: Arteries, digestive system, uterus

Cardiac Muscle: Pushes blood through the circulatory system

Muscle cells are connected, primarily by collagen

Gross anatomy of muscles


Perimysium


Muscle fiber


Endomysium


Epimysium


Blood vessels and nerves


Perimysium


Muscle fascicle (bundle of cells)


Skeletal muscle fiber (cell)


Skeletal Muscle is an organ

tendons are attached at the end of each muscle

Where a tendon attaches to a bone, the tendon fibers extend to the bone.

Skeletal muscles contract, generally under stimulation from the central nervous system.  (Stretch reflex of knee does not require CNS stimulation, however).  Axons, or nerve fibers, penetrate the epimysium, branch through the perimysium, and enter the endomysium to innervate individual muscle fibers.

Skeletal muscles can be 100 (m in diameter and up to 30 cm long.

Myofibrils consist of bundles of mmyofilaments, protein filaments composed primarily of actin and myosin.

The actin forms the bulk of thin filaments, and myosin forms thick filaments

Myofibrils, which can actively shorten, are responsible for skeletal muscle fiber contraction.

At each end of the skeletal muscle fiber …

When the myofibrisl contract, the entire cell shortens,   In doing so it pulls on the tendon.

Scattered among and around the myofibrils are mitochondria and granules of glycogen, the storage form of glucose.

Glucose breakdown through glycolysis and mitochontrial …

The sarcoplasmic Reticulum:

The Sarcoplasmic reticulum (SR) is a membrane complex similar to the smooth endoplasmic reticulum of other cells.

In skeletal muscle fibers, the SR forms a tubular network around each individual myofibril.

On either side of a T tubule, the tubules of th SR enlarge, fuse, and form expanded chambers called Terminal cisternae.

Terminal cisternae store calcium for alter use.
Special ion pumps kee the intracellular concentration of calcium ions low.

Most cells pump the calcium ions across their cell membranes into the extracellular fluid.

Although skeletal muscle fibers pump calcium ion out of the cell, they remove calcium ions from the sarcoplasm by active transport into the terminal cisternae of the sarcoplasmic reticulum.

Inside the muscle fiber iare low concentrations of calcium

A muscle contraction begins when stored calcium 

A sarcomere contains thick filaments, thin filaments, proteins, …

Myofibrils are bundles of thin and thick filaments organized into repeating functional units called sarcomeres.

A myofibril consists of a

Thin filament:

Typically 5-6 nm in diameter and 1 (m long.

Contains F actin, nebulin, tropomyosin and troponin

Under resting conditions, myosin binding is prevented by the troponin – tropomyosin complex.


Thick filaments

about 10 – 23 nm in diameter and 1.6 (m long

consists of roughly 500 myosin molecules

Myosin heads interact with thin filaments during a contraction.  They are also known as cross-bridges.

Contraction ends when the fiber shortens by about 30 percent.

When the shortening occurs, the thin filament slides toward the center of the sarcomere along the thick filaments.

This is the “sliding filament theory”







A resting muscle fiber contains only enough ATP and other high-energy compounds to sustain a contraction until additional ATP is generated.
A muscle fiber generates ATP at roughly the same rate that it’s used.

A skeletal muscle fiber is said to be fatigued when it can no longer contract despite continued neural stimulation.

The cause of muscle fatigue varies with level of muscle activity.  May result from exhaustion of ATP and CP

May also have tissue damage (as in running an marathon).

Damaged membranes may have holes and Calcium doesn’t stay where it’s supposed to be.

Muscle fatigue is cumulative.  the effects become more pronounced as more fibers are affected.

If the muscle fiber is contracting at moderate levels …

When a muscle produces a sudden intense burst of activity at peak levels, most of the ATP is provided by glycolysis.

After just seconds to minutes, lactic acid can build up.

Normal function requires:


Lots of ATP


Lots of Blood


Oxygen

Anything that interferes with one or more of these factors will promote premature muiscle fatigue.

Example:  Tight clothing.

The recovery period


Energy reserveds depleted, heat is released.

There are three major types of skeletal muscle fibers.


Fast Twitch (around 10 msec or less)

Slow Twitch


Intermediate Twitch

Generally have large diameter nerves going to fast twitch muscles (less resistance).

FAst fibers are large in diameter, contain densely packed myofibris, large glycogen reserves and relatively few mitochondria


Producde powerful contractions


fatique quickly


also called white muscle fibers.

Slow fibers: smaller diameter.  Work long after a fast muscle fiber would become fatigued.  Have higher oxygen supply (lots of capillaries)  


contain the red pigment myoglobin – get lots of oxygen.


slow twitch oxidative fibers, or type I fibers.

Intermediate fibers:  Resemble fast fibers, but have more capillary network and are less easy to fatigue.  Know as fast-twitch oxidative fibers and Type II-B fibers.

in muscles that contain a mixture of fast an dintermediate fibers, the proportion can change with physical conditioning.  Can condition your muscles to be what you need them to be by doing certain types of exercises.

There are no slow fibers in muscles of the eye or the hand, where swift but brief contractions are required.
Neuro muscular system

A single motor neuron and the muscle fibers it innervates constitute a motor unit.

Each muscle fiber is usually innervated by only one motor neuron although each motor neuron innervates a number of skeletal muscle fibers.

The number ofmuscle fibers innervated by one motor neuron is called the innervation ratio.

Although the innervation ratio varies considerably from one muscle to another, it is roughly proportional to the size of the muscle.

Gastrocnemius ~ 2000.

The diameter and conduction velocities of axons supplying fast-fatigable fibers are greater than those of axons supplying fast fatigue-resistant muscles.

The main neurotransmitter released by the axon terminal is ACh, and there is an appropriate receptor on the muscle membrane.

The motor neuron’s axon innervates a specialized region of the muscle membrane called the end-plate.

As the motor axon approaches the end-plate, it loses its myelin sheath and splits into several fine branches.

Each branch is approximately 2 ( m thick and forms at its end multiple grape-like structures (presynaptic terminal), where the neurotransmitter is released.

Both the presynaptic teminal and the muscle fiber secrete proteins into the basement membrane.  Acetylcholine esterase stops the action,.

A neuroal action potential is generate3dd in a motoneuron by the spatial and temporal summation of incoming action potentials on the dendrites from neighboring neurons.

Thes action potentials tavel at a characteristic velocity of approximately 100 m/s and end up at the motor end plate 

Action potentials cause secretion of the neurotransmitter ach from small synaptic vesicles tha pack ach into the space ..
This causes calcium channels to open

muscle action potential (muap) that travels a 5 m/s.

As the MUAP propagates  T-tubule, Z-disks

Ca is released into the sarcoplasm.

Ca binds to torponin, which is located at the thin actin myofilaments.

Torponin inhibits binding of myosin cross-bridges.

Motor units are recruited in fixed order from weakest to strongest.  Don’t want to use up your fast twitch fibers.

Motor neuron pool is activated – the smallest cell bodies are recruited first qand by the weakest inputs because they have the lowest threshold for synaptic activation

As the synaptic input increases in strength, progressively larger motor neurons are recruited. Smaller motor units get recruited first, followed by larger ones.

Increasing the firing rate of a neuron increases contraction force.


Temporal summation


Spatial summation

Skeletal muscles are low-pass filters of neural input.

Tonic contraction (smooth contraction)

Smooth Muscle


Mostly around hollow organs (except the heart).

The cells of a single-unit smooth muscle, commonly called visceral muscle:


Contracdt rhythmically as a unit


electrically coupled via gap junctions


Often exhibit spontaneous contraction

Multi-unit smooth muscle


In large airways to the lungs



In large arteries.

Sarcoplasmic reticulum is less developed than in skeletal muscle and lacks a specific pattern.

T-tubules are absent.

Plasma membranes have pouch-like infoldings called caveoli.

Ratio of thick to thin filaments much lower than in skeletal muscle.

Contraction


Wave of depoloarization along the membrane from a neuromuscular junction or adjacenc ells.

calcium released from cavaolae

ATP used to phosphorylate myosin


Steps in stopping contraction


Reduction in calcium levels


Calmodulin


Smooth muscle can either receive autonomic innervation or get signals from hormones through the blood.

Length





Tension








