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Muscles physiology 
There are three types of muscle tissues in the body:  

1. skeletal muscle: Located throughout the body connected to bones 

and joints, striated in appearance, under voluntary nervous control. 

2. smooth muscle or visceral muscle: Located in the walls of organs, 

no striations, under involuntary or unconscious nervous control. 

3. cardiac muscle: Located only in the heart, striated in appearance,  

under involuntary or unconscious nervous control. 

Each muscle type has structural and functional similarities, as well as 

differences. All muscle tissues consist of elongated cells called fibers. 

The cytoplasm of muscle cells is called sarcoplasm and the 

surrounding cell membrane or plasma lemma is called sarcolemma. 

Each muscle fiber sarcoplasm contains numerous myofibrils, which 

contain two types of contractile protein filaments, actin and myosin  

Contraction of skeletal muscles  

About 40% of the body mass is skeletal muscle, and perhaps another 10% 

is smooth muscle and cardiac muscle. Many of the principles of 

contraction apply to all three types of muscle.  

Skeletal muscle fibers are long, cylindrical ,multinucleated cells ,with 

peripheral nuclei. Each muscle fiber is composed of subunits called 

myofibrils that extend the length of the fiber. each myofibril is composed 

of about 1500 myosin filaments and 3000 actin filaments lying side by 

side. These filaments are large polymerized protein molecules that are 

responsible for muscle contraction. the thick filaments are myosin, and 

the thin filaments are actin; note the following features:  

•Light and dark bands. The myosin and actin filaments partially inter 

digitate and thus cause the myofibrils to have alternate light and dark 

bands. The light bands contain only actin filaments and are called I 

bands. The dark bands called A bands contain myosin filaments as well 

as the ends of the actin filaments. The length of the A band is the length 

of the myosin filament.  

•Cross-bridges. The small projections from the sides of the myosin 

filaments are cross-bridges. They protrude from the surfaces of the 

myosin filament along its entire length except in the center. Myosin 

crossbridges interact with actin filaments causing contraction. 

•Z disc. The ends of the actin filaments are attached to Z discs .The Z 

disc passes across the myofibril and from one to another, attaching and 

aligning the myofibrils across the muscle fiber. The entire muscle fiber 

therefore has light and dark bands, giving skeletal and cardiac muscle a 

striated appearance.  
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•Sarcomere. The portion of a myofibril that lies between two successive 

Z discs is called a sarcomere. 

 

Mechanism of skeletal muscle contraction 

The initiation and execution of muscle contraction occur in the following 

sequential steps: 

1. Skeletal muscle fibers are innervated by large, myelinated nerve fibers 

that originate from somatic motor neurons of the spinal cord. Each nerve 

fiber normally stimulates three to several hundred skeletal muscle fibers. 

The nerve ending makes a junction, called the neuromuscular junction. 

When a nerve impulse (action potential) reaches the neuromuscular 

junction، vesicles containing acetylcholine are released into the 

synaptic cleft. This occurs because When the action potential spreads 

over the nerve terminal، the calcium-gated channels open 

allowing calcium ions to diffuse into the terminal of nerve. The calcium 

ions are believed to exert an attractive influence on the acetylcholine 

vesicles، forcing these vesicles to fuse with the 

neural membrane and empty their acetylcholine into the synaptic space 

via the process of exocytosis. 

2. Acetylcholine opens acetylcholine-gated ion channels on the 

postsynaptic muscle membrane. This allow large numbers of sodium ions 

to pour into the inside of the muscle fiber, carrying with them large 

numbers of positive charges. This effect creates a local potential change 

at the muscle fiber membrane. This potential normally leads to opening of 

voltage-gated sodium channels, which initiate an action potential at the 

muscle membrane. 
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3. The action potential travels along the muscle fiber membrane, causing 

the sarcoplasmic reticulum to release calcium ions into the myofibrils that 

have been stored in the sarcoplasmic reticulum. 

4. The calcium ions initiate attractive forces between the actin and 

myosin filaments, causing them to slide together; this called the Sliding 

Filament Mechanism. Mechanical forces generated by the interaction of 

myosin cross-bridges with actin filaments cause the actin filaments to 

slide inward among the myosin filaments. Under resting conditions, these 

forces are inhibited، but when an action potential travels over the muscle 

fiber membrane, the sarcoplasmic reticulum releases large quantities of 

calcium ions, which activate the forces between the myosin and actin 

filaments, and contraction begins. 
 

 

The Myosin Filament Is Composed of Multiple Myosin Molecules. The 

tails of myosin molecules bundle together to form the body of the 

filament, whereas the myosin heads and part of each myosin molecule 

hang outward to the sides of the body, providing an arm that extends the 

head outward from the body. 

The protruding arms and heads together are called cross-bridges. An 

important feature of the myosin head is that it functions as an adenosine 

triphosphatase (ATPase) enzyme, which allows it to cleave adenosine 

triphosphate (ATP) and thus energize the contraction process. 
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The Actin Filament Is Composed of Actin, Tropomyosin، and Troponin. 

Each actin filament is about 1 mm long. The bases of the actin filaments 

are inserted strongly into the Z discs, whereas the other ends protrude in 

both directions into the adjacent sarcomeres where they lie in the spaces 

between the myosin molecules. 

The actin filament is inhibited by the troponin-tropomyosin complex : 

The active sites on the normal actin filament of the relaxed muscle are 

inhibited or physically covered by the troponin-tropomyosin complex. 

Consequently، the sites cannot attach to the heads of the myosin filaments 

to cause contraction until the inhibitory effect of the troponin-

tropomyosin complex is itself inhibited. 

Activation by calcium ions: The inhibitory effect of the troponin-

tropomyosin complex on the actin filaments is inhibited in the presence 

of calcium ions. Calcium ions combine with troponin , causing the 

troponin complex to tug on the tropomyosin molecule. This “uncovers” 

the active sites of the actin، allowing contraction to proceed. 
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Muscle Cell Metabolism 

Source of ATP:ATP are Available in the sarcoplasm, Creatine phosphate, 

Glucose 

 Cells store glucose in the sarcoplasm in the form of glycogen. The 

cell must break apart the glycogen molecules to release the 

individual glucose molecules this is called glycogenolysis  

 The breakdown of glucose, called glycolysis, occurs in the 

sarcoplasm of the muscle cell and does not require oxygen, it is 

anaerobic. Glycolysis produces pyruvic acid, and a small amount 

of ATP. The majority of the ATP used by muscles is formed by 

aerobic processes in the mitochondria.  At low intensities, the 

muscle cell depends on aerobic glycolysis during which oxidative 

phosphorylation becomes more important 

 During intense exercise, when the supply of oxygen cannot keep up 

with metabolic demand of the cells, pyruvic acid produced during 

glycolysis is converted to lactic acid. Lactic acid accumulates in 

the muscle resulting in the burning sensation during short duration, 

high intensity muscular exercise such as lifting weights. Lactic acid 

is quickly removed from the muscle and taken to the liver where it 

is converted to glucose. 

Muscle disorders 

Muscle hypertrophy results from an increase in the number of 

actin and myosin filaments in each muscle fiber. When the number 

of contractile proteins increases sufficiently, the myofibrils split 

within each muscle fiber to form new myofibrils. It is mainly this 

great increase in the number of additional myofibrils that causes 

muscle fibers to hypertrophy not increase in number of muscle 

fibers (muscle cells). 

Muscle atrophy When a muscle remains unused for a long period, 

the rate of decay of the contractile proteins occurs more rapidly 

than the rate of replacement؛ therefore muscle atrophy occurs. 

Atrophy begins almost immediately when a muscle loses its nerve 

supply because it no longer receives the contractile signals that are 

required to maintain normal muscle size. 

Myasthenia Gravis Causes Muscle Paralysis 

Paralysis Occurs Because of the Inability of the Neuromuscular 

Junctions to Transmit Signals from the Nerve Fibers to the Muscle 

Fibers. Pathologically, myasthenia gravis is thought to be an 

autoimmune disease in which patients have developed antibodies 

against their own acetylcholine-gated ion channels. So that the 

local potential that occurs in the muscle fibers is too weak to 

initiate opening of voltage-gated sodium channels so that muscle 
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fiber depolarization does not occur. If the disease is sufficiently 

intense, the patient dies of paralysis in particular, paralysis of the 

respiratory muscles. 

 

 

 

 

 

 

 

 

 


