MUSCULAR TISSUES
Muscle  cells are  structurally  and functionally  specialized for  contraction, which contain

two  types of special protein filaments called myofilaments; including thin filaments containing 
actin and thick filaments containing  myosin.  Nearly  all  muscle cells are mesodermal in origin. 
Smooth muscles of the iris arise from ectoderm.  Mesenchymal cells differentiate into muscle
cells through a process involving accumulations of myofilaments in the cytoplasm and development
 of  special channels and compartments. Muscle tissues are groups of muscle cells organized by connective tissue. This arrangement allows the groups to act together or separately, generating mechanical forces of varying strength.    

There are four groups of contraction cells :- 

· Muscle cells  : Skeletal , Cardiac , Smooth cells . 

· Myoepithelial cells : found in certain secretary gland cell (sweat gland ) . 

· Myofibroblast cells : have contractile role besides collagen secretion 

· Pericytes : are smooth muscle like cell that surround blood vessels . 
There are types of muscles:- 

Skeletal muscles fibers:  is found mainly in association with bones. 


Cardiac muscles fibers:  is found exclusively in the walls of the heart.  


Smooth muscle fibers:  is found mainly in the walls of hollow organs (eg, intestines

and blood vessels). 
             Skeletal muscles
                 - They are striated and voluntary muscles. 

- Under the microscope, the cells show transverse dark and light bands.   

- They are attached to the skeleton, so, their contraction moves the skeleton. 

- Sk. M. formed of elongated cells (muscle fibers) and connective tissue in between. 
Structure of Skeletal Muscle :

Skeletal muscle consists of muscle fibers . bundles of very long up to 30 cm cylindrical multinucleated cells with diameter of 10 – 100 µm . multinucleated results from the fusion of embryonic mononucleated myoblasts ( muscle cell precursors ) . the oval nuclei are usually found at the periphery of cell under the cell membrane (sarcolemma) . The cytoplasm of muscle cell called (sarcoplasm) . is consist of many myofibrils beside of cytoplasmic organelles such as mitochonria (sarcosome) . Small Golgi apparatus , glycogen granules , and the smooth endoplasmic reticulum is called (sarcoplasmic reticulum) for regulating the Ca +2 ions and storage this ions which specialized for regulating the intercellular calcium available to myofibrils during contraction and relaxation of muscle . 

· Skeletal muscle has four major functional characteristics : 

a- Contractility : is the ability of skeletal muscle to shorten with force . 

b- Excitability : is the capacity of skeletal muscle to respond to a stimulate , normally skeletal muscle contracts as a result of stimulation by nerves . 

c- Extensibility : that means the skeletal muscle can be stretched after a contraction skeletal muscle can be stretched to their normal resting length and beyond to limited . 
The connective tissue component 
-  Loose CT arranged around and in between muscles fibers and bundles. CT carries blood vessels, lymphatics, and nerve fiber to muscle.  

Organization of Skeletal muscle : 

· Skeletal muscle is surrounded by thick dense regular collagenous connective tissue called (epimysium) from it many septa are divide the muscle into many fascicles (bundles) called (muscle fascicules) which are surrounded by thin layer of dense connective tissue called (perimysium) . Then each muscle fiber is surrounded by reticular fibers and an external lamina called (endomysium) . 

· Epimysium : encloses the whole muscle . 

· Perimysium : encloses each fascicles (bundle) ..

· Endomysium : encloses each muscle fibers . 

· Connective tissue carries blood vessels , lymphatic and nerves , and severs of harries and direct to the attached tendons the force developed by contraction . one of the most important roles of connective tissue is to mechanically transmit the forces generated by contracting muscle cells , because in most instances , individual muscle cells do not extend from one end of muscle to the another . and also have a role of protection and nutrition . 

· The muscle fibers is consisting of many fibrils which is showing a striated areas called (sarcomere) . the sarcomere considered as a basic structural unite and functional unite . 
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Cross section of muscle bundle showing its structure          
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  Skeletal muscle cell or fiber 
- The muscle fiber is long and cylindrical in shape. 

- The nuclei are multiple, peripheral and elongated.                 

- The cytoplasm (sarcoplasm) shows alternative dark

(anisotropic  or  A-  band)  and light (isotropic  or  
I – band) striations.        

-  In the middle of  the dark A- band there  is a  pale

region called H-zone. 

- In the middle of the light I-band there is a dark line 

called Z- line. 

-  The  distance  between two successive  Z  lines is

called
Sarcomere  which serves as the functional


unit for muscle contraction.                                         Transverse and longitudinal sections of skeletal muscle  
There are two type of Myofibrils in sarcomere :- 

1- thin myofibrils in the both I & A bands (myofilaments ) which composed of actin associated with  troponin , tropomysin) in a ratio 7:1:1 tropomysin is composed at three sub unit Tnl , Tnc and Tnt . 

2- thick myofilaments in the A-bands which composed of protein called myosin each thick myofilaments is surrounded by six thin myofilaments . Transverse tubular (T-system) which the sarcolemma extends down at the junction between A and I bands ( or at the Z line in cardiac muscle ) by the finger – like invagination of the  sarcolemma . which have a role in conduction of waves of depolarization along sarcolemma and distribute the Ca+2 ions . 
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                                                                                      Organization of  myofilaments  showing the dark 
                                                                                      and light bands as well as sarcomere.
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Organization of myofilaments showing the dark and light bands as well as actin and myosin filament in the sarcomere
Mechanism of Contraction 

Muscle contraction occurs as actin and myosin myofilaments slide past one another , causing the sarcomers to shorten . shortening of the sarcomers causes the muscle to shorten . The sliding to actin myofilaments past myosin myofilaments during contraction is called (the sliding filaments mechanism of muscle contraction ).

Can be summary the skeletal muscle contraction mechanism in :- 

1- An actin potential travels along an axis to an neuromuscular junction 

2- Acetylcholine diffuses across the synaptic vesicles to the neuron . 

3- Acetylcholine diffuses across the synaptic cleft and bind to receptor molecules in the muscle cell membrane 
4-  Sodium ions diffuse into the muscle cell , initiating an action potential in the muscle cell the action potential travel along the sarcolemma and tubules to the sarcoplasmic reticulum . 

5- Calcium ions are released from the sarcoplasmic reticulum . 

6- Calcium ions bind to troponin associated with actin myofilaments . Then binding causes tropomysin to move into the active groove , which exposes myosin attachment sites . 

7- The heads of myosin myofilaments attach to the actin myofilaments forming cross bridges . 

8- The heads of the myosin myofilaments bond calcium acts at the two site during muscle contraction , the ATP as of myosin cross bridges . 

The troponin – tropomysin system associated with actin filament . 

The Calcium ions is release from the sarcoplasmic reticulum (SR) for muscle contraction and retrieval in order for muscle to relax . 

           Types of skeletal muscle fibers
There are  three  types of  skeletal muscle  fiber differ in myoglobin content, number  of 

mitochondria, and  speed  of  contraction. In man,  most  skeletal muscles are  composed of  a 

mixture of these fiber types.

a.
Red  fibers  contain more  myoglobin and mitochondria and are  capable of  sustained 

contraction. Their contraction in response to nervous stimulation is slow and steady, 

they  are  thus termed  slow  fibers. They  predominate in postural muscles  and in the 

limbs.

b. White  fibers  contain less myoglobin and fewer  mitochondria. They  react quickly, 

with brief, forceful contractions, but cannot sustain contraction for long periods. They 

are thus termed fast fibers, They predominate in the extraocular muscles.  

c.
Intermediate  fibers  have  structural and  functional characteristics between those of

red and  white fibers but  are  considered a  subclass of  white type. They  are  found 

dispersed among the red and white fibers in muscles where either type predominates. 

Muscle-Tendon Junctions 
The attachment of muscle to tendon must be secure to prevent the muscle from tearing away 

during contraction. The tendon's collagen fibers blend with the epimysium and penetrate the muscle

along with the perimysium. Near the junction with the tendon, the ends of the muscle cells

             taper and exhibit many infoldings of  their sarcolemmas. Collagen and reticular  fibers enter

             the infoldings, penetrate the basal lamina, and attach directly to the outer surface of the sarcolemma

            The attachment of actin filaments to the inner surface of the sarcolemma helps stabilize the 

            association between the collagen fibers and the muscle cell. 
                 Nerves of skeletal muscle
                 Each motor neuron has a single axon that may terminate on a single muscle fiber or undergo

terminal branching and terminate on multiple muscle fibers. A  motor  neuron and all  the 

muscle fibers it innervates is called a motor unit.  

                Motor End-Plates:

                   A motor  end-plate  (myoneural junction)  is  a  collection of  specialized synapses of the 

terminal buttons of a motor neuron with the sarcolemma of a skeletal muscle. It transmits 

nerve impulses to muscle cells, initiating contraction. Each myoneural junction has 3 major 

components:  

                                 1.  The  presynaptic  (neural) component
is the  terminal bottom, where  Schwann cell 

cytoplasm extened to cover the bouton, but the myelin sheath ends before reaching it. The 

bouton contains mitochondria and synaptic vesicles. The part of the bouton's plasma 

membrane directly facing the muscle fiber is the presynaptic membrane. 
2. The  synaptic  cleft  lies between the  presynaptic  membrane  and  the opposing 

postsynaptic  membrane  and contains a  continuation of  the muscle  fiber's  basal lamina. 
3. The  postsynaptic  (muscular)  component  includes the  sarcolemma  (postsynaptic 

membrane) and the sarcoplasm directly under the synapse. The postsynaptic membrane 

contains receptors for acetylcholine. The sarcoplasm beneath the folds contains nuclei, 
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mitochondria, ribosomes, and glycogen. 
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Diagrammatic illustration showing the components of the motor end plate.  Skeletal muscle with its nerve supply showing  
                                                                                                                         the motor end plate ( silver staining).
Cardiac muscle
- Cardiac muscle is striated involuntary muscle. 

- The mature Cardiac muscle cell are approximately 15 µm in diameter and from 85 to 100 µm in length
- The sarcoplasm contains single, oval, prominent and central located nucleus. 

- The sarcoplasm near the nuclear poles contains many mitochondria, glycogen granules and

some lipofuscin pigment. 

- Mitochondria lie in chains between the myofilaments. 

- The muscle fibers are branched but shorter than skeletal muscle fibers. 

- The short cardiac muscle fibers are joined together by intercalated discs. 

- These discs appear as dark lines. 

                 Intercalated disks 
They appear as dark transverse lines between the muscle fibers and  represent specialized 

junctional complexes. The structure and function of these disks to contractile proteins in cardiac cells each other and transmission the tension to the muscle fiber to contract in uniform and have a role in movements of ions between adjacent cells .  With the EM, intercalated disks exhibit 3 major components :- 

The fascia adherens, similar to a zonula adherens.  


The macula adherens (desmosome) prevents detachment of the cardiac muscle fibers 

from one another during contraction.  


The  gap  junctions  provide electrotonic coupling between adjacent cardiac muscle 

fibers and pass the stimulus for contraction from cell to cell. 
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Cardiac muscle showing the muscle fibers, nuclei, and the intercalated discs 
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                    Diagrammatic illustration showing ultra- structure of intercalated disc 

The heart have two types of cells :- 

1- Atrial muscle cells . 

2- Ventricular muscle cells . 

The Atrial muscle cell is similar and move pallor due to contain less myofibrils . Atrial muscle cells have granules especially in right atrium , but are also found in the left atrium , containing atrial antidiuretic hormone. 
A few differences in structure exist between atrial and ventricular muscle . the arrangement of myofilaments is the same in the two types of cardiac muscle but atrial muscle have madly fewer T-tubules , and the cells are some what smaller . Membrane   limited granules each about (0.2 – 0.3) µm in diameter , are found at both poles of cardiac muscle nuclei and in association with Golgi complexes in the region . these granules are most abundant in muscle cells of the right atrium , but they are also found in the left atrium . the ventricles and several other places in the body . The atrial granules contain the high – molecular weight precursor of a polypeptide hormone known as "atrial natiuretic factor"
Smooth muscles 
· These type is found in the walls of hollow internal organs including stomach , intestine , bladder , uterus as well as wall of blood vessels except capillaries . It is also found in large ducts to compound gland walls in the dermis of the skin.
· Each fiber produces its own basal lamina, consisting of proteoglycan-rich material and type IIIcollagen fibers giving the cytoplasm its acidophilic character.  

· These types under control of autonomic nerve system . And smooth muscle cells are fusiform (spindle) in shape and small , they are largest at their midpoint and taper toward their ends . Each cell has a single nucleus located in the center of the broadest part of the cell . Concentrated at the poles of the nucleus are mitochondria , polyribosome , cisternae of rough endoplasmic reticulum  Golgi complex , a rudimentary sarcoplasmic reticulum is present and similar to the sarcoplasmic reticulum of striated muscle . 

· These cells have no sarcomer ( the thin and thick myofilaments) not arranged in paracrystallin organization like striated muscle , but there myofilaments is arranged criss-cross obliquely forming a lattice like network also have no troponin protein and T-system are not present in this type of muscle . 

· They may range in size from 20 µm in small blood vessels to 500 µm in the pregnant uterus . Each muscle cell is surrounded by a thin layer of basal lamina and few reticular fiber . The main function of smooth muscle beside slow contraction is production of collagen , elastin and extracellular matrix with growth factor . 

· The contraction mechanism in smooth muscle differs some what from skeletal and cardiac muscles,          the Ca+2 in Smooth muscle complexes with (calmodulin) .A Calcium – binding protein that is also involved in the contraction of non muscle cells . 

· The calcium (Ca+2) – calmodulin complex activities myosin light chain , kinas the enzyme responsible for the phosporylation of myosin 
Myofilaments  

Thin  filaments. The  actin filaments of  smooth  muscle  are  like  those  of  skeletal  and 

cardiac  muscle. They are always present in the cytoplasm and are  anchored by  alpha-

actinin dense bodies associated with the plasma membrane.  


Thick filaments.  The  myosin filaments of  smooth muscle  are  less stable  than those in

striated muscle cells; they are not always present in the cytoplasm but seem to form in

response to a contractile stimulus. The ratio of thin to thick filaments in smooth muscle is 

about 12:1, and the  arrangement of  the  filaments is less regular and  crystalline  than in

striated muscle.
                      Types of smooth muscle fibers 
                      Although smooth muscle cells exhibit similar morphology in histologic section, they can be 

classified according to developmental, biochemical, and functional differences.

Visceral smooth muscles are found in the walls of the hollow thoracic, abdominal, and

pelvic organs. Because of their poor nerve supply, the cells transmit contractile stimuli 

                      to one another through their abundant gap junctions, acting as a functional syncytium. 
Contraction is slow and in waves.


Vascular smooth muscle  differentiates in situ from mesenchyme around developing

blood vessels. Its cells have  intermediate filaments containing vimentin as well as

desmin. It has the same functional features as visceral smooth muscle. 


Smooth muscle of the iris. The sphincter and dilator pupillae muscles are unique. Their

cells derive from ectoderm and have a rich nerve supply. They are classed as multiunit 

smooth muscle because the cells can contract individually; they are capable of precise 

and graded contractions.                                                                        
              Repair of muscle injury 
The response of muscle to injury depends on the muscle type. The wound closure mechanism 

always involves the proliferation of  fibroblasts in the perimyseal and epimyseal connective 

tissue and the synthesis of connective tissue matrix materials. 

Skeletal Muscle:  Small, mononucleated satellite  cells are  scattered in  adult  skeletal 

muscles within the basal lamina. While  mature  skeletal muscle  fibers  are  incapable 

of mitosis, the satellite cells can divide  following  muscle  injury, differentiate  into

myoblasts, and fuse to form new skeletal muscle fibers. 

              Cardiac Muscle:  Cardiac muscle has little regenerative ability beyond early childhood.

Lesions of the adult heart are repaired by replacement with connective tissue fibers,forming 

Myocardial scar.


Smooth Muscle: Smooth muscle  contains a  population of  relatively  undifferentiated

mononucleated smooth muscle  precursors that proliferate and differentiate into new muscle

 fibers.  

	comparative
	skeletal
	cardiac
	smooth

	Muscle cells
	Large elongated cell
	Short , narrow cell
	Short,elongated,fusiform cell

	location
	m.of skeleton , visceral striation as tongue,esophagus,diaphragam
	Heart 
	Vessels,organs,& viscera

	c.t components
	Epimysium ,perimysium ,endomysium
	Endomysium (subendocardial  & subpericardial c.t.
	Endomysium,sheaths & bundles

	fibers
	Single skeletal m. fibers
	Linear,branched,arrangement of several cardiac m.cells
	Single smooth m. fibers

	striation
	present
	present
	None 

	nucleus
	Many peripheral
	Single centrally
	Single centrally

	T tubules
	Present at A-I junction(triad:with 2 terminal cisternae), 2 tubules\sarcomere
	Z-line (diad: with small terminal cisternae),      1 tubules \sarcomere
	Replace by invagnation & vesicle similar to caveolae 

	Cell-to-cell junctions
	None


	Intercalated disks
	Gap junction



	Special features
	Well-developed sER & T tubules


	Intercalated disks
	Dense bodies,caveolae & 

cytoplasmic vesicles



	       function
	
	
	

	Type of innervation
	Voluntary


	Involuntary 
	Involuntary

	efferent innervation
	Somatic


	Autonomic 
	Autonomic 



	Type of contraction
	All or none (red & white fibers)


	All or none ,rhythmic (pacemakers,conductive system of the heart)


	Slow,partial,rhythmic,spontaneous contractions

	Regulation of contraction
	By binding of Ca+2  to TnC
	By binding of Ca+2  to TnC
	By phosphorylation of myosin light chain by myosin light chain kinase in the presence of Ca+2 –calmodulin complex


