Anatomy and Physiology of Muscle

Types of Muscles

	Skeletal Muscle
	Cardiac Muscle
	Smooth Muscle

	- Striated, voluntary, strong and adaptable 
- Contracts rapidly, but easily tires
- Attach to and covers bony skeleton
	- Striated, involuntary
- Only found in heart
- Pacemaker sets rate of contraction
- In between skeletal and smooth
	- Non-striated, involuntary
- Walls of hollow organs (stomach, bladder)
- Slow sustained contractions



Characteristics 
· Excitability = ability to receive and respond to stimulus
· Extensibility = ability to extend or stretch 
· Elasticity = allows muscle all to recoil and resume its resting length
· Contractility = ability to shorten forcibly

Muscle Function
· Movement = locomotion and manipulation 
· Maintain posture = counteract pull of gravity
· Stabilize joints = e.g shoulders, knees…
· Heat = maintains body temperature 

Skeletal Muscle Organization
1. Muscle: consists of many muscle cells, covered by epimysium
2. Fascicle: a discrete bundle of muscle cells separated from rest of muscle by CT sheath. Surrounded by perimysium.
3. Muscle Fibre: Elongated cell with striated appearance, surrounded by endomysium (sheath of CT)
4. Myofibril: Rodlike, contractile elements that occupy 80% muscle cell volume , made up of sarcomeres
5. Sarcomere: Contractile unit, composed of myofilaments
6. Myofilaments: Two types: 
a. Thick (myosin) – extends across I band and partly A band
b. Thin (actin) – Entire width of A band
Each skeleton muscle fibre is long, cylindrical with multiple nuclei beneath sarcolemma (PM)
· Sarcoplasm: cytoplasm of muscle cell, consists of glycosomes and myoglobin





Muscles cells contain 3 structures:

1. Myofibrils: Contains skeletal elements (sarcomeres, which contain myofilaments). Striated = dark A-band and light I band
a. Sarcomere: region of myofibril between two successive Z disks, smallest contractile unit
b. Myofilaments (Thick filament): primarily myosin, consists of 4 heavy and 2 light polypeptide chains, rod like tail and globular heads. During contractions, thick filaments and thin filaments are linked to form cross bridges
c. Myofilaments (Thin filament): Primarily actin, kidney shaped polypeptide units called globular actin which bear active sites to which myosin head attach to. Two strands of F-actin wound as helix
d. Contains regulatory proteins
i. Tropomyosin: 2 stranded, rod like, stiffens and stabilizes filaments and blocks cross bridge binding
ii. Troponin: 
1. TnI – inhibitory, binds to actin
2. TnT – binds to tropomyosin
3. TnC – binds to Ca2+ ion 
2. Sarcoplasm Reticulum
· Smooth ER around each myofibril
· Longitudinal along myofibril (H-zone)
· Cisterns are perpendicular at A-I bands, role: regulates and stores Ca2+ levels

3. T-Tubules
· Increases muscle fibre surface area
· Lumen is extracellular space 
· Forms Triad with cisterns (2C and 1 T)
· Conducts impulse in deepest region of muscle cell

Sliding Filament Model of Contraction
· During contractions: thin filaments slide past thick filaments so actin and myosin overlap
· Relaxed: slight overlap; contracted: thin filaments penetrate into A-band, thick filaments move toward Z-disk
· Overall: I-bands shorten, Z-disk distance is reduced and H-zones disappears

Cross Bridge Cycle
· In muscle unit, contractile unit is sarcomere
· Formation of cross bridge is inistiated when Ca2+ is released  from the sarcoplasmic reticulum and binds to troponin causing it to change shape
· Tropomyosin moves away from myosin binding site on actin, allowing myosin heads to bind actin forming a cross bridge
· Note: Myosin heads must be activated by having ATP bind to it and is hydrolyzed to ADP and Pi. The energy liberated activates myosin head, focing it into a cocked position
· Step 1: CB Formation
· Myosin head binds to actin forming a cross bridge. Pi is released and bond between myosin and actin strengthen
· Step 2: Power Stroke
· ADP is released and activated myosin head pivots, sliding thin filament toward centre
· Step 3: CB Detachment
· When another ATP binds to myosin head, and link between myosin and actin weaken and myosin head detaches
· Step 4: Reactivation of MH
· ATP is hydrolyzed to ADP/Pi. Energy released reactivates myosin head, returns to cocked position
· As cycle repeats, thin filaments pull toward each other and sarcomere shortens causing muscle contraction 
· CBC ends when Ca2+are actively transported back to sarcoplasmic reticulum

Neuromuscular Junction
· Chemical synapse consisting of points of contact between axon terminal of a motor neuron and motor end plate of muscle fibre
· AP travels axon of a motor neuron to an axon terminal 
· Voltage gated Ca2+ open and diffuse into terminal
· Causes vesicles to release acetylcholine (AcH) via exocytosis
· AcH diffuses across synaptic cleft, binds to receptors which contains channels
· Na+ enter and K+ exit causing membrane potential to becomes less negative
· One membrane potential reaches threshold, AP propagates along sarcolemma
· Neurotransmission ceases when AcH is removed either by diffusion or enzyme acetylcholinesterase breaks it down

Excitation-Contraction Coupling
· Sequence of events by which transmission of an AP along sarcolemma causes myofilaments to slide

Motor Unit
· Motor unit = 1 motor neuron + all muscle fibers it supplies
· When motor neuron fires (AP), all muscle fibers contract

· Force exerted by a contracting muscle on an object is called muscle tension, opposing force is load

· Isotonic: generate force by a change in length of muscle

· Concentric: Shorten
· Eccentric: Elongate in response to opposing force
· Isometric: 

Muscle Twitch
· Motor unit response to a single AP of its motor neuron
· Latent Period = first few milliseconds following stimulation with E-C coupling occurs. CBC begins but muscle tension is not yet measurable
· Period of Contraction = CB are active. If tension becomes great enough to overcome the resistance of the load, muscle shortens
· Period of Relaxation = Initiated by re-entry of Ca2+ in SR. Because number of active CB decrease, contractile force is declining. Tension drops to 0

Graded Muscle Response
· Variation in the degree of muscle contraction by changing frequency or strength of stimulus
· Frequency: 
· Increase firing rate of motor neurons for greater muscular force
· Tetanus: a smooth sustained muscle contraction resulting from increased frequency stimulation
· Temporal summation: Second contraction occurs before muscle relaxes 
· If muscle is stimulating at increased rate: [Ca2+] increase, relaxation time between twitches short and wave summation increases

· Multiple Motor Unit Summation
· Controls force of contraction more precisely
· Threshold Stimulus: observable contraction
· Subthreshold: not observable contraction
· Maximal stimuli: strongest stimulus that increases contractile force, represents point at which all motor units are stimulated 
Muscle Tone
· Due to spiral reflexes activated by stretch reception. Helps stabilize joints and maintain posture

Factors that Affect Force of Skeletal Contractions
· Large number of muscle fibres recruited
· Large muscle fibres
· Increased frequency of stimulation (tetanus + summation)
· Muscle and sarcomere stretched over 100% of resting length
· Velocity and duration of contraction depends on: load = greater load = large latent period = slower contraction = short contraction duration 

Energy of Contraction 
· Stored ATP, very limited, ATP regeneration in 3 ways:

Direct Phosphorylation: Muscle stores 2-3x more creatin phosphate than ATP 
Aerobic Respiration: High ATP yield (32) but slower, continued O2 
Anaerobic Respiration: 
· Only 2 ATP/glucose but O2 is not used
· Glucose – Pyruvic Acid -  2 ATP/glucose
· Pyruvic acid is converted to lactic acid during vigorous activity 

Weightlifting, diving, sprinting: ATP + CP
Tennis, soccer, 100 m run: Anaerobic
Marathon: Mainly aerobic 

Aerobic endurance = length of time muscle can use aerobic respiration
Aerobic threshold = Point at which muscle converts to anaerobic respiration 

Muscle Fibre Type
· Slow oxidative fibers:
· Slow-acting myosin ATPase
· Fatigue resistant 
· Fast Glycolytic fibers:
· Large, pale little myoglobin
· Lot of glycogen reserves
· Will fatigue
· Fast oxidative fibers
· Red or pink, intermediate cell size
· Fatigue resistant

Smooth Muscle

Arrangement of Fibers and Microscopic Structure

Cell shape: 
· Small, spindel-shaped, one centrally located nucleus
· Cells separated by fine CT; sheets of closely opposed fibers, normally 2 layers
· In the longitudinal layer: muscle fibers run parallel to the long axis of the organ. When fibers contract, the organ shortens
· In the circular layer: the fibers run around the circumference of the organ. Contractions constricts the lumen 
· Alternating contractions and relaxations mixes substance in lumen, squeezing them through its pathway, called peristalsis. 

Characteristics
· Lacks neuromuscular junctions of skeletal muscle
· Instead had bulbous swellings called varicosities 
· Release neurotransmitters into synaptic cleft in the general area of the smooth muscle cells called diffuse junctions

Sarcoplasmic Reticulum
· Much less developed than that of skeletal muscle
· Lacks specific pattern to the myofilaments and T-Tubules are absent 
· Caveolae: Pouch like infoldings containing many Ca2+ channels 
· Calcium is not major trigger for excitation coupling

Thick filaments:
· Ratio of Tk to Tn filaments is much lower
· Tk filaments contain actin-gripping myosin heads along their entire length
· Myosin heads are oriented in one direction 

[bookmark: _GoBack]There is no troponin complex in thin filaments 
· There is no calcium-binding troponin complex however there is a protein called calmodulin 

Thick and thin filaments arranged diagonally
· Bundles of contractile proteins crisscross within the smoot muscle cell 
· Therefore, cells contract in a twisting way

Intermediate filament-dense body network
· Contain lattice like arrangement of no contractile intermediate filaments that resist tension. They attach at regular intervals to cytoplasmic structures called dense bodies
· Dense bodies are attached to sarcolemma and correspond to Z-disc 

Special Features of Smooth Muscle Contractions
· Response to stretch
· More stretch (120% resting length)
· More vigorous contraction
· Length and Tension Changes:
· Stretches more than skeletal muscle cells
· Cana generate more tension  

Types of Smooth Muscle

Unitary Smooth Muscle
· Commonly called visceral muscle
· Arranged in opposing (longitudinal and circular) sheets
· Innervated by varicosities of autonomic nerve fibers and often exhibit rhythmic spontaneous Aps 
· Can respond to various chemical stimuli 

Multiunit Smooth Muscle 
· Found in large airways, large arteries, arrector pili muscle of hair follicles in skin, internal eye muscles used for focus
· Rarely have gap junction or spontaneous synchronized contractions
· Muscle fibers structurally independent of each other
· Richly supplied with nerve endings, each forms a motor unit with a number of muscle fibers 
· Responds to neural stimulation with graded contractions 
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