Physiology 1


Exam 2 Review


DEFINITIONS
Sarcomere: _______________________________
Sarcolemma: ______________________________
Sarcoplasm: _______________________________
Sarcoplasmic Reticulum: ____________________
_________________________________________

T-Tubules: ________________________________

Myoglobin: _______________________________ 
Fasicle: __________________________________

Myofiber: ________________________________
Myofibril: ________________________________
Myofilament: _____________________________
Myogram: ________________________________
Active Tension: ____________________________
Passive Tension: ___________________________


Functions of Muscle Tissue:
Movement, Stabilization, Regulating Organ Volumes (sphincters), Moving Fluids through body, Production of heat (shivering)

Muscle Cells - MYOFIBERS
1. Multinucleated – Why? ___________________________________________________________
2. Cannot Divide, therefore muscles must grow by ________________ (size of cells)

a. This increases the _______________, _______, and _________________

b. Composed of many _________________



Skeletal Muscle Connective Tissue

Superficial Fascia: _______________________
Deep Fascia: __________________________
Epimysium: __________________________
Perimysium: __________________________
Endomysium: ____________________________
Functions of Connective Tissue: _________________
_________________________________________________

________________________________________________________
Myofilaments & Sarcomeres: Components of a Myofibril
_______Dark Bands

_______Light Bands 

_______Only Thin Filaments

_______Only Thick Filaments

_______Anchor Thick Filaments
_______Anchor Thin Filaments & 
make up the borders of the Sarcomere

________ I-Bands per Sarcomere


1. Proteins of Muscles:
a. Contractile: ________________ & _________________

i. Myosin composes Thick Filaments

ii. Actin is main component of Thin Filaments

b. Regulatory: ________________ & _________________

i. Troponin (Globular)

1. I-Segment binds to ___________

2. C-Segment binds to ___________

3. T-Segment binds to __________________

ii. Tropomyosin

1. Covers binding sites on _________ where crossbridges will be formed

c. Structural: _______________, ______________, _______________, & _______________

i. Titin

1. Anchors __________ Filaments to __________, extends to _________

2. Filamentous and ____________, allows the muscle to ___________ back to its original length after contraction.

ii. Myomesin
1. Makes up the ___-Line

2. Connects to ________ and adjacent ________ Filaments

iii. Nebulin

1. Inelastic Protein

2. Aligns the _______ Filaments

iv. Dystrophin

1. Links _______ filaments to integral proteins in the sarcolemma and transmits tension to the tendons

2. Thick Filaments
a. Composed of __________
i. _______Heavy Chains & __________Light Chains
ii. _________ Chains make up Heads and contain the enzyme ___________
b. Held in place by ____________ which is made of _______________
3. Thin Filaments

a. Composed of ___________, ________________, & _________________

b. The binding site for ________ located on each actin is covered by _______________ when the muscle is relaxed.

c. Thin filaments are held in place by the _________

Neuromuscular Junction: Motor End Plate

1. Each Nerve will supply ________ muscle cells

a. A Large motor unit is comprised of _____ Nerve supplying ______ muscle fibers. This allows for ________ movement. (ie: __________________)

b. A Small motor until is comprised of _____ Nerve supplying ______ muscle fibers. This allows for ________ movement. (ie: __________________)
2. The Neuron and Muscle fiber remain separated by the ______________ cleft/gap

3. Pharmacology of the NMJ

a. Botulinum – Blocks release of ACh from neuron – Causes paralysis (weakens muscle)

b. Curare – Blocks Ach receptors on motor end plate - Causes paralysis (weakens muscle)

c. Neostigmine – blocks removal of Ach from receptors – Strengthens Contraction

Muscle Contraction:

1. Stimulus for contraction

a. Nerve impulse travels along axon terminal and releases vesicles containing _______________ into the synaptic cleft

b. Ach binds to receptors on the Sarcolemma which opens _________-gated Na+ channels

c. Na+ rushes _________ the cell

d. The inside of the muscle becomes more positive, creating an action potential, which then travels over sarcolemma and into T-Tubules, opening _________-gated Na+ channels and allowing more Na+ to enter the cell

e. Action potential reaches the T-tubules and triggers ___________ receptors ( __________-gated) which are attached to ______________ receptors that link the T-tubules to the SR and also function as Ca channels. 

f. The SR releases ______ into the sarcoplasm

g. Calcium binds to the ____-Segment of __________ , this causes the movement of __________________, revealing active sites on actin, where _________ will bind

2. Contraction Cycle

a. Relaxed muscle has myosin heads in a neutral position, with ADP + P at the light chains

b. Phosphate leaves Myosin, and Myosin Heads bind to active sites on actin, forming _______________________ 

c. ADP leaves myosin head, and it rotates toward the center of the sarcomere (power stroke) pulling the attached __________ filaments with it toward the M-Line 

d. ATP binds to the myosin head, forcing it the _________________ to detach
e. __________________ in Myosin head will hydrolyze ATP to ADP + P, and the myosin heads will return to neutral position

f. Cycle will repeat as long as there is ________ available to relax myosin and ________ to open binding cites on actin

3. Relaxation

a. Action potential in the neuron stops

b. _______________________ breaks down Ach in the synaptic cleft

c. Ca channels on the SR _________

d. Ca will be moved via ____________ transport back into the SR for storage

e. Once Ca is in the SR it binds to _________________ in order to reduce the _____________________________________
f. _____________ returns to its original confirmation, pulling __________________ back to re-cover the binding sites on actin again

g. Rigger Mortis

i. Muscular rigidity after death

ii. Ca leaks out of SR (Energy is required to keep it against gradient)

iii. CA binds to T-T complex, causing contraction of muscle

iv. ATP is unavailable in the cells to allow crossbridge release & myosin relaxation

4. Metabolism

a. Sources for ATP: ___________________, ____________________, & __________________

i. Creatine Phosphate – Storage Form 
1. Conversion of ___________ + ATP → ________________ + ADP
2. Storage of energy when muscle is resting

ii. Anaerobic Respiration

iii. Aerobic Respiration

1. Provides _____% of ATP energy during activity longer than 10 min
b. Muscle Fatigue
i. Psychological: _____________________________
ii. Muscular
1. Depletion of _______ or _______________ for energy
2. Depletion of _______ within sarcoplasm to begin the contraction
3. Insufficient  ______________ or _____________ to produce more ATP
4. Buildup of _________________ and ADP ( decreased pH )
iii. Synaptic: Lack of _______________ from motor neurons

c. Oxygen Debt

i. Sources of Oxygen for Muscles: _____________ & _______________

ii. Aerobic Respiration requires increased oxygen supply during exercise, therefore increased ________________________ during exercise

iii. After exercise, oxygen is still needed to replenish ___________ (oxygen debt) therefore we continue to breathe heavily
Length of Muscle Fibers:

1. Optimal Overlap (Pre-stretching)

a. Thick and Thin filaments overlap to create greatest number of __________________

b. Provides ________________ contraction

2. Overstretching

a. Filaments pulled beyond optimal length, therefore cannot form as many crossbridges

b. Results in ______________ contraction

3. Shortened muscle

a. Fewer crossbridges, and shorter distance between ____________. 

b. Results in ______________ contraction

Motor Unit Contraction - ______or __________

1. When one neuron is firing, ALL of the muscle fibers it innervates will contract, or none of them will

2. Twitch Contraction

a. Latent Period: ______ms

i. ______ released from SR

ii. slack removed from tendons

iii. Ends with __________________ formation

b. Contraction Period: _______ to ________ms

i. Filaments slide past each other

c. Relaxation Period: _______ to ________ms

i. __________ transport of _______ back into SR

d. Refractory Period: Very Short

i. Muscle cannot contract, no matter how strong a stimulus you provide!

3. Wave Summation (AKA: ________________ Summation)

a. Second stimulus provided after refractory period, but BEFORE muscle relaxes
b. _________________ of stimulus, second contraction will be stronger

i. WHY?

1. ________ already in the sarcoplasm, opening sites for crossbridges to form

2. ____________________ are already partly contracted and do not delay

c. Tetanus  - Increased Strength of Contraction

i. Unfused (AKA _______________) Tetnus

1. ________________ relaxation occurs between stimuli

2. Appears as ________________ on myogram

ii. Fused (AKA _______________) Tetnus

1. ______________ stimuli than Unfused Tetanus

2. _____ relaxation occurs between stimuli

3. Appears as ________________ on myogram

4. Spatial Summation (AKA: ________________ Summation)

a. Stronger stimulus will cause the firing of more ______________________ resulting in stronger contraction of the whole muscle
(Remember that each motor unit fires ALL or NONE!)
i. Sub-Threshold Stimulus ______________________________

ii. Threshold Stimulus ______________________________

iii. Stronger than threshold Stimulus (Submaximal) ____________________________

iv. Maximal Stimulus ______________________________

v. Supramaximal stimulus ______________________________

b. Delays ________________, and produces smooth movements

c. More precise movements require ________ and/or __________ motor units

d. Larger tension and gross movements require ________ and/or __________ motor units

e. TREPPE – Graded response
i. Each motor unit MUST respond All-or-None but a WHOLE MUSCLE can respond in a ___________ fashion, due to increased number of motor units contracting

ii. Even with stimuli of constant strength, the WHOLE MUSCLE will have a graded response, with each contraction stronger than the last

1. Complete relaxation in between

2. Slack is taken off elastic components


f. Recruitment of Motor units - _______________ first to ________________ last

5. Types of Contractions

a. Isometric (Static)

i. No Change in ___________ of muscle, while _____________ will change
ii. Used to maintain posture and supporting objects in a fixed position

iii. Sarcomeres will contract in _________________

iv. EXAMPLE: _____________________________________________________

b. Isotonic (Dynamic)

i. No Change in ___________ of muscle, while _____________ will change
ii. Load is MOVED
1. Concentric: Muscle ____________________
2. Eccentric: Muscle _____________________

3. Isokinetic: Maximum tension maintained at constant speed of movement
iii. Sarcomeres will contract in _________________

iv. EXAMPLE: _____________________________________________________

c. Velocity of muscle shortening will ____________ with increased load

i. Submaximal load = isotonic contraction

ii. Maximal Load  = isometric contraction (NO VELOCITY)

d. Arrangement of sarcomeres

Types of Skeletal Muscle

1. Red / ________ Twitch / Type ___ / Slow Oxidative

a. More myoglobin, capillaries, & mitochondria

b. Fibers contract more slowly

c. Used for prolonged contractions (ie: Posture)

d. Smaller motor units, Smaller fibers
e. Low Glycogen and ATP-ase, Less needed because these can perform Kreb’s Cycle & ETS

f. Fatigue ___________________

2. Pink / ________ Twitch / Type ___ / Fast Oxidative-Glycolytic

a. Intermediate fibers

b. Used for intermediate contractions (ie: Walking/running)

3. White / ________ Twitch / Type ___ / Fast Glycolytic

a. Less myoglobin, capillaries, & mitochondria

b. Fibers contract more quickly

c. Use ATP more rapidly

d. Anaerobic, less efficient (May only perform Glycolysis)

e. Used for short/fast movements (ie: weight lifting)

f. Larger motor units, Larger fibers

g. Fatigue ___________________

4. Each MOTOR UNIT will contain ________ ________ type of muscle fibers

5. Each MUSCLE will contain _______________ types of fibers

LEVERS

1. First Class

a. Effort – Fulcrum – Resistance

b. Advantage  /  Disadvatage

c. If Effort is Close to Fulcrum: ____ Range of Motion, ____ Load Capacity
d. If Effort is farther from Fulcrum: ____ Range of Motion, ____ Load Capacity

2. Second Class

a. Fulcrum – Resistance – Effort 

b. Advantage  /  Disadvatage

c. ____ Range of Motion, ____ Speed, ____ Load Capacity (requires less tension)
3. Third Class

a. Fulcrum – Effort – Resistance

b. Advantage  /  Disadvatage

c. ____ Range of Motion, ____ Speed, ____ Load Capacity (tension > load)
d. MOST COMMON in the body

DISORDERS

1. Myasthenia Gravis

a. Autoimmune disorder

b. Blocks ____________ receptors at Neuromuscular junction

c. The more receptors that are damaged the ______________ that muscle is

2. Muscular Dystrophies

a. Inherited, Muscle destroying diseases

b. ________________ tears during muscle contraction

c. More common in males

d. Results in ____________ of skeletal muscle

MUSCLE GROUPS
Prime Mover: _____________________________

Antagonist: _______________________________

Synergists: ________________________________

Fixators: ________________________________
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