Muscular tissue

In muscle tissue; two principal types are there

1. Striated = exhibit cross striation at LM.

2. Non striated (visceral) = smooth muscle = do not exhibit striation in LM.

The striated muscle is subdivided into:
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 1.           Skeletal = attach to bone 

              Visceral (oesophagus, pharynx, larynx) = attach to 
            Skeletal muscle are responsible for body movement and  

            locomotion.

 2. Cardiac muscle compose the muscle of the heart

Skeletal Muscle

 Shape:   They are the structural and functional unit of the muscle   

            Myofiber = myocyte = muscle cell
· They are long, cylindrical shaped cells.

· They arrange parallel to large axes of the muscle.

Management: Collagen fibers may extend into the muscle. 

Nucleus:  Muscle fibers actually consist of multinucleated.

· It contains 50 – 100 nuclei.

· It is formed of fusion of muscle cells called myoblast during development.

· The nuclei of the mother cells forming the muscle fiber are located peripherally, immediately under the plasma membrane (sarcolemma).

There are three types of skeletal muscle white, red, intermediate depend on the concentration. Of myoglobuline, mitochondria

Connective tissue of the muscle

· Each myofiber is surrounded by endomesium (reticular fibers). Internal to endomesium, the myofiber is invested by external lamina.

· Muscle fibers gathered together to form bundles or fasicules. Each of them surrounded by perimesium.

· Compact muscle is surrounded by epimesium, which is surrounded by epimesium which is continues with deep fascia. Epimesium contains blood vessels & nerve supply to the muscle.

       Myofibrils and myofilaments

· The structural & functional subunits of the muscle fiber is the myofibrils.

· Muscle fibers are filled with these longitudinally arranged myofibrils. That runs parallel to the long axis of the fiber.

           Myofibril = are composed of bundles of myofilament.

            Myofilaments

                There are 2 types of myofilaments:

                1- Thick filaments:   myosin   10 – 12 nm

                2- Thin filaments:    actin      5 nm.

· They are the actual contractile elements of striated muscle.

· Between 2 adjacent myofibrils (bundles of myofilaments) long mitochondria is located.

· Each myofibril  is surrounded by well developed SER called sacroplasmic reticulum . They organized in tabular network around the myofibril of skeletal & cardiac muscle.

     SR = regulates the intracellular Ca++ during contraction and 

              relaxation of the muscle.

    Cross striation =

· They evident in the H & E in longitudinal sections under LM in polarizing microscopy

    Alternating light (I) and dark bands (A) are evident and  

     those are termed.
· Dark 2 times bi secting the light (I) band.
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Sarcomere

      It is the functional contractile unit of myofibril. This unit area 
      lies between two lines.

      It is composed of a central away of myosin which interdigitate 
      of both ends with actin filaments not reach center of A band. 
      The actin inserted into rigid structure called Z line or disk.

   A band traversed by light band called H band or zone (relaxed 
    muscle).

   M line can be seen in the middle of H band on idol preparation.

 How A  & T band form? 

The sarcomers from adjacent myofibrils are in perfect a ligament so that   A band in regist with one another and also I bands in register with one another.

A band is called dark band because it contains both actin – myosin filaments except H (only myosine).

I band is called light band  because it consists of actin only.

Each sarcomere consists of whole A band and half of I band on either side.

· This alternating A & I bands impart the striated appearance of the longitudinal section of the muscle.

· A = anistropic, I = isotropic refractile or not refractil M.

· During relaxation H band is preserved i.e. they are not occupied by actin filament.

During contraction = the thin actin slide over the thick myosin to en proper union, this continue until 2 ends of actin meet at the midline, then H band disappear.

The fully contracted sarcomere does not have visible I bands. Because the thin filaments havemigrated completely into the A band where they interdigitate with thck filaments.

Ultrastructure

 Each myosin filaments made up of a large numbers of myosin   

  molecules.

 Each molecule consists of long tail and rounded head (myosin 
 molecule called meromyosin)

· The head or heavy meromyosin engage the ctin filaments and forcefully pull the actin filaments into A band region     lead to:  H band disappear.

Actin filament is composed of subfilaments or subunits. Cach subunit is a chain globular,  so they are a double helix of globular actin monomers arrange around a long filamentous protein called tropomyosin. Troponin molecules arrange in periodic internal along the helix.

· This configuration would prevent myosin cross bridges . But by certain concentration of  Ca++ that would bind to troponin,  this will change the shape of actin,  so allow engagement of both element (actin + myosin)

Skeletal Muscle Striated
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Skeletal Muscle striated and Multinucleate
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Release and attachement of troponin to myosin need ATP.
 Rigors mortis: occure after death due to lack of ATP which  

  prevent dissociation of actin & myosin.

Sacroplasmic reticulum & T system of tubules

T system of tubules = is a Centro tubule arise as invagination of sarcolemma at A – I junction and encircle he myofibril of T – tubules in communication with exterior of the muscle fiber.

· Beside each T- tubules there are longer tubules called terminal cistern which  are parts of smooth endoplasmic reticulum (ST) that encircle the myofibril + run at right angle to their long axis.

· Each terminal cistern communicates by means of smaller tubules with branch & anastomosis with the successive terminal cistern to form fenestrated coilum around the myofibril. 
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Therefore T tubules & 2 terminal cistern as form         muscle bind (muscle wide initiate coupling).
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 Clinical

Muscle energy derived from ATP by metabolism of glucose in rapid contracting muscle, most of energy for muscle contraction derived from anaerobic glycolysis of stored glycogen lead to lactic acid             

 Decrease oxygen debt lead to ischemic pain (cramp) in case of extreme muscular exertion. 

Neuromuscular  junction = motor end plate.

On reaching the striated muscle fiber, the axon supplying it loose its myelin and divided into (2) a number of terminal branches. These terminals will end into specialized region of the sacrolemma of the muscle fiber called sole plate. 

       The sole plate posses 2 regions:

1- primary S.L
2- Secondary S.L 

1. Primary synaptic cleft or trough: is a depression in the sarcolemma occupied by axon terminals.

2. Secondary synaptic clefts:

· They are highly folded areas of primary cleft.

· The outer lips of secondary clefts contain acetylcholine receptors.

· The inner aspects of secondary clefts contain acetyl choline esterase.

· Schwan cell invest the neuromuscular junction.

 NB

      De innervated muscle                   muscle atrophied, 
     disintegrated and (cutting the nerve or replaced by fibrous  

     tissues lead to injury to muscle)

Sensory nerve supply of the muscle and its connective tissue involved in neural arches that adjust tension and length of the skeletal muscle.
Myosthemia gravis = autoimmune disease characterized by extreme muscular weakness. Acetyl choline receptors on the sarcolemma blocked by antibodies. Thus decreas no. of functional receptors lead to muscle fiber can respond to nerve impulse in only a feeble (weak) manner.

Clostridium botulism toxin interfere with acetyl choline receptor some space? Poisoning loead to paralysis of respiratory muscle then: death.     
                              

Cardiac muscle

The structure of the cardiac muscle has many similarities to that of the skeletal muscle.

Similarities:

1. Cardiac muscle is made up of muscle fibers, each composed of numerous myofibrils.

2. C.M. show cross striation  A, I & Z, H.

3. Connective tissue covered the C.M. resemble that of skeletal muscle            endomesium

                         perimesium
                         epimesium

4. EM = Myofibril consists of myofilaments: actin & myosin numerous mitochondria and similar organelles are there in the cytoplasm.

   Differences:

1. The muscle fibers are shorter and frequently branch (not run parallel to each other).

2. Each muscle fiber is not multinucleated . It is either mononucleated or binucleated.

3. The nuclei are centrally located (not peripherally).

4. The sarcoplasm of the muscle fiber or cell is a bundant and the myofibril relatively few.

5. The sarcoplasmic reticulum and T system of tubules are not well developed. They are present (T. tubules) at Z lines (not at the junction of A & I).
  Typical trends are not present , but occurs as finds one T 
   tubules and one tube of sacroplasmic cisternae.

6. The concentration of one myocardial muscle to another occur at the intercalated disc (ID).

  They are seen as prominent cross striation (dark staining transe 
   lines) running across the muscle fibers.

EM

        I.D = composed of 3 regions:

  1) Macular adherans (desmosome) = provide attachment that 
      maintain structural integrity of the cardiac muscle during 
       contraction. 

  2) Fascia adheres         it is the site of insertion of actin into the 

       sarcolemma.

  3)  Gap junction          allow electrical continuity of the impulse 

      between adjacing myocytes without need of frequent 
      innervations.  

      Therefore cardiac muscle act as physical syncytium.

7. Cardiac muscle is involuntary innervated by autonomic fibers (skeletal muscle not supply from spinal or cranial nerve).

Motor end plate is not seen, in passant synapses are there.

8. Skeletal and smooth muscle could regenerated, but cardiac muscle can’t regenerated lead to: fibrous tissue.

Conducting system of the heart

 It includes nodal fibrous in the sinoatrial node (S-A) and nodal fibrous in the atrioventricular node (A-V).

 Purkinji fiber in atrioventricular bundle.
 Contraction initiated in SA        AV         bundle through purkinje fibers to all the part of the heart.

Nodal fibers in SA called pacemaker fibers.
Purkinje fiber

· Larger in diameter than cardiac fiber.

· Paler in colour & rich in glycogen.

· Grouped in bundles and surrounding by C.T. sheath rich on blood supply.

· Quicker conduction of impulse.

· They lack T tubule.

· Contain few myofibrils situated peripherally In the muscle fiber surrounded by large amount of cytoplasm that is poorly stained.

· No intercalated disc.


Cardiac Muscle Intercalated discs

Cardiac Muscle
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Smooth muscle

Smooth muscle is made up of long spindle shaped (fusiform) fiber or cell (myocyte) having a broad central part and tapering ends. There is a single elongated centrally located nucleus with several nucleoli.

The muscle fiber vary in length 20Mm up to 500 Mm (in the pregnant uterus).

  The fibers are packed in a staggered fashion. In such a larger, the cells are arranged that the thick neutral part of one cell is opposite the thin tapering ends of adjoining cells.

In longitudinal section, the nuclei often exhibit a corrugated shape described as "Corkscrew" , this occur as a result of fixation during contracted state.

Cell organelles

 Mitochondria, pair of centrioles, free ribosomes, golgi body on each neuclear pole.

Individual myocyte are supported by reticular fibers forming an external lamina similar to basal lamina.

Collagen fiber & elastic fibers + scattered fibroblasts are associated with smooth muscle.

· Contractil protein actin & myosin are present in the cytoplasm but not organized in typical myofibrils.

· There is some evident thick myosin in relaxed muscles are disaggregated while during contraction they aggregate into discrete filaments.

· There is also a network of intermediate filaments are anchored to fusiform, amorphous dense bodies.

· They scattered allover the cell.

· These intermediate filament dense body networks represent the intracellular cytoskeleton.

· During contraction they become conciliated in the center of muscle fiber in relaxed state are uniformly scattered.

· SR not well developed.

 Distribution of smooth muscle

· Walls of hollow viscera        GIT

                                                         UT

                                                         RT

· It is present in the walls of arteries, bronchi, ureter, uterine tube & duct of several gland.

· Erector pilli muscle          erect hair.

· Muscle of the eye       ciliary sphincter & dilator papillary muscles.

· Prostate, scrotum (dartos muscle)

Sensory innervations
   Innervated by both autonomic:

· Sympathetic

· Parasympathetic
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