MUSCLE PHYSIOLOGY –NOTES

- Animals use muscles to convert the chemical energy of ATP into mechanical work. Three different kinds of muscles are found in vertebrate animals:

1. Skeletal/Striated/Voluntary

2. Smooth/Involuntary

3. Cardiac/Involuntary 

A) Muscle Attachment and Pairs

- A single skeletal muscle, such as the triceps muscle, is attached at its origin (more stationary anchoring site) to a large area of bone; in this case, the humerus.  

- At its other end, the insertion (anchoring site at which the majority of movement takes place), it tapers into a white tendon which, in this case, is attached to the ulna, one of the bones of the lower arm.

- As the triceps contracts, the insertion is pulled toward the origin and the arm is straightened or extended at the elbow. Thus the triceps is an extensor. (Extension is to increase angle across joint – Toward 180 0)

- Because skeletal muscle exerts force only when it contracts, a second muscle — a flexor — is needed to flex or bend the joint. The biceps muscle is the flexor of the lower arm. (Flexion decreases the angle across the joint)
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- Together, the biceps and triceps make up an antagonistic pair of muscles. Similar pairs, working antagonistically across other joints, provide for almost all the movement of the skeleton.
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B) The Muscle Fiber – (Muscle Cell)
- Skeletal muscle is made up of thousands of cylindrical muscle fibers often running all the way from origin to insertion. The fibers are bound together by connective tissue through which run blood vessels and nerves. 

Each muscle fibers (muscle cell) contains: 

· an array of myofibrils (contractile fibers) actin and myosin that are stacked lengthwise and run the entire length of the fiber. 

· many mitochondria (Sarcosomes)
· an extensive endoplasmic reticulum (Sarcoplasmic Reticulum). Which store and secrete Ca2+
· many nuclei.
· Special cell membrane (Sarcolemma)
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- The multiple nuclei arise from the fact that each muscle fiber develops from the fusion of many cells (called myoblasts). 
- The number of fibers is probably fixed early in life. Increased strength and muscle mass comes about through an increase in the thickness of the individual fibers and increase in the amount of connective tissue.
C) Physiology Of Muscle Contraction
- Electron microscopy combined with chemical experiments show that muscle is composed of 2 contractile proteins: 

a) Thin filaments: actin, attached to Z line (found in both A and I bands).

b) Thick filaments: myosin (found only in the A band). 
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- Relaxed state:
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- When muscle contracts the actin filaments slide into the A band, overlapping with myosin.


- State of Contraction:
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- Notice what happens when muscle contracts: 

a) the Z lines move closer together 

b) the I band becomes narrower 

c) the A band stays at the same length 

- This is called the "sliding filament" model of muscle contraction.

See Animation:

http://www.youtube.com/watch?v=P1zD_MpTo0M
D) What Causes the Contraction?
- The filaments slide together because myosin attaches to actin and pulls on it. 

- The myosin head (MH) attaches to actin filament (A), forming a crossbridge. 

- After the crossbridge is formed the myosin head bends, pulling on the actin filaments and causing them to slide:
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- Muscle contraction is a little like climbing a rope. The crossbridge cycle is: grab ( pull ( release, repeated over and over. 

E) Role of ATP
- ATP (adenosine triphosphate) is the energy supply for contraction. 

- It is required for the sliding of the filaments, this is accomplished by a bending movement of the myosin heads. 

- It is also required for the separation of actin and myosin which relaxes the muscle. 

- When ATP runs down after death, the muscle filaments become locked to one another and the muscles go into a temporary state of rigor mortis. 
F) The Role of Ca2+ (Calcium)
- A sudden inflow of (Ca ++) is the trigger for muscle contraction. 

- In the resting state the protein tropomyosin winds around actin and covers the myosin binding sites. 

- The (Ca++) binds to a second protein, troponin, and this action causes the tropomyosin to be pulled to the side, exposing the myosin binding sites. 
- With the binding site is exposed, the muscle will contract if ATP is present. 

G) Role of the Sarcoplasmic Reticulum
- The (Ca ++) which causes muscle contraction is stored in the sarcoplasmic reticulum (this is a specialized version of the endoplasmic reticulum) 

- The SR has a powerful (Ca++) pump which concentrates Ca++. 

- Skeletal muscle is stimulated by nerves which contact muscle through a neuromuscular junction. 
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- The nerve releases acetylcholine (ACh) and generates a muscle action potential. 

- The action potential travels down the T-tubule and causes the sarcoplasmic reticulum (SR) to release Ca++ ions 

- After the contraction the calcium must be rapidly pumped back into the SR so the muscle can contract again.  

See Animation : This is good
http://www.youtube.com/watch?v=Avv94fAPNp8&feature=related
H) Muscle Atrophy

- A healthy skeletal muscle requires stimulation. 

- If nerves to a muscle are cut or badly damaged the muscle will degenerate. 
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