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�ώϳέϔΗ��ϱέϣόϟ΍�ΩϣΣϣ



Muscular tissue is the type of tissue whose cells are
differentiated to optimally use the contractile ability of the
cells.

This ability is due to the interaction between Actin and
Myosin microfilaments where they slide upon each other.
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Cell membrane = Sarcolemma
Cytoplasm = Sarcoplasm
Smooth endoplasmic reticulum = Sarcoplasmic reticulum

Sarco- = related to muscle (sarco- = flesh)

�ϰϠϋ�ϱϮΘΤΘΑ�ϢδΠϟΎΑ�ΎϳϼΨϟ΍�ξόΑstructures�ΔϨϴόϣ�actin and myosin���ΓέΪϘϟ΍�ΎϬϴτόΘΑ�ϲϠϟ΍�ϲϫ
ϝ΍�ϞΜϣ�νΎΒϘϧϹ΍�ϰϠϋmyoepithelial cells/ myofibroblasts/pericytes���ξόΒϟ�ΔϓΎοϹΎΑ

�ΞΘϨΘΑ�ϲϠϟ΍�ΎϳϼΨϟ΍pseudopodia��ϰϠϋ�ϱϮΘΤΘΑ�ΎϬϧϹ�ϪοήΑ�ΔϛήΤϟ΍�ϰϠϋ�ΪϋΎδΘΑ�ϲϠϟ΍actin and 
myosin��ϝ΍�ϞΜϣWBCs�ϞϤόΘΑ�ϲϠϟ΍�ΎϳϼΨϟ΍�ϞϜϟ�ΔϓΎοϹΎΑphagocytosis��ϝ΍�βΑtissue�ΪϴΣϮϟ΍

ϝ΍�ϱΎϫ�Ϧϣ�ΪϴϔΘδϳ�έΪϘΑ�ϲϠϟ΍structures�ϞϤόϳ�ϥΎθϋbodily movementϲϠπόϟ΍�ΞϴδϨϟ΍�Ϯϫ

Ϟϟ�ιΎΧ�ϡΎϤΘϫ΍�ϲτόϨΑϭsmooth endoplasmic reticulumϝ΍�ϲϓ�΍ΪΟ�ϢϬϣ�ϪϧϷmuscle cells

*myofilaments = actin/myosin



Types of Muscular tissue

Skeletal Muscles Cardiac Muscles Smooth Muscles

3ௌ�ϥΎΣΑγ��Ϳ�ΩϣΣϟ΍ϭ��ௌ�ϻ·�Ϫϟ·�ϻϭ��έΑϛ΃�ௌϭ
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Skeletal Muscles
¾ This type of muscles is voluntary and the cells are:
1) ElongatedÆ therefore, they¶re called muscle fibers.
2) Cylindrical.
3) Multinucleated. Nuclei on the periphery of the cell.

4) With cross-striation (seen in longitudinal sections).
5) (Have) Mitochondria and abundant smooth endoplasmic

reticulum.

¾ The multinucleation is due to the fusion of several
muscle-cell precursors called myoblasts.

Muscles 
attached to 
the skeleton

ϝ΍cells�ΎϬϴϤδΑ�ϥϮϫfibers�ΎϬϧ΍�ΐΒδϟ΍ϭlong and cylindrical
�ϝ΍�Ϧϋ�ϝϮϘϧ�ΎϨϛ�Ύϣ�ϱίaxon�Ϫϧ΍nerve fiber�

ϝ΍nucleiϝ΍�ςγϭ�ϲϓ�ΎϬϴϗϼϨΑ�Ύϣ�Δϴϓήρ�ΎϬϠϛcytoplasm

ϝ΍�ΝΎΘΤϨΑmitochondriaνΎΒϘϧϺϟ�ΔϗΎτϟ΍�έΪμϣ�ΎϬϧϹ���
ϝ΍ϭsmooth endoplasmic reticulumϝ΍�ϦϳΰΨΗ�ϥΎϜϣ�ΎϬϧϹ�ΓΪϴϔϣCa

�ΔϴϨϴϨΠϟ΍�ΓΎϴΤϟ΍�ϲϓ�embryonic life��ϝ΍�ϦϳϮϜΗ�ϢΘΑskeletal muscle�ϊϤ͊ΠΗ�ϖϳήρ�Ϧϋ
Ϟϟmyoblast�ϰϠϋ�ϱϮΘΤΑ�ΎϬϨϣ�ΪΣ΍ϭ�Ϟϛ�ϲϠϟ΍nuclei�έΎλ�ϲϟΎΘϟΎΑϭmultinucleated
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Functions of Skeletal muscles:
1. Production of bodily movement.

2. Maintaining posture.

3. Stabilization of joints.

4. Production of heat.
Α�Δϴ΋΍άϐϟ΍�Ω΍ϮϤϟ΍�Ϧϣ�ΎϬϴϠϋ�ϞμΤϨΑ�ϢδΠϟΎΑ�ϲϠϟ΍�ΔϗΎτϟ΍�ΚϴΤ

ϝ�ϝϮΤΘΘΑATP��ϝ�ϝϮΤΘΘΑ�ΔϗΎτϟ΍�Ϟϛ�ζϣ�βΑATP�˯ΰΟ
Γέ΍ήΤϟ�ϝϮΤΘΑ�ΎϬϨϣ��΃�ΔοΎϳέ�ΐόϠϳ�ΪΣ΍Ϯϟ΍�ΎϤϟ�Ϛϴϫ�ϥΎθϋ�ϭ

ΔϧϮΨδϟΎΑ�ήόθΑ�ΪϬΟ�ϝάΒϳ���Α�ΩήΒϳ�ϢδΠϟ΍�ΎϤϟ�ϪοήΑϭ�ήϴμ
ϒΟήϳ��ΕϼπόϠϟ�ΓΪϳΪϋ�ΕΎοΎΒϘϧ΍�ϞϤόΘΑ�ϱΎϫ�ΔϔΟήϟ΍ϭ�ΎϬϓΪϫ

ϢδΠϠϟ�Γέ΍ήΤϟ΍�ΪϴϟϮΗ����Τϟ΍�΍ϮΠΘϨΑ�ϦϴΠϴδϧ�ΎϨϋ�έΎλ�Γέ΍ή
ϝ΍brown adipose tissueϝ΍ϭskeletal muscles�

ΩϣΣϣ�ΎϧΩϳγ�ϰϠϋ�ϡϠγϭ� ˶ϝ˷λ�ϡϬϠϟ΍
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Organization of Skeletal muscles:
¾ Skeletal muscles are formed of several bundles of

muscle fibers.

¾ Each fiber is surrounded by Endomysium: a loose
areolar CT layer that merges with the basal lamina
produced by the muscle fibers.

¾ Each bundle is surrounded by CT Perimysium.

¾ The whole muscle is surrounded by Epimysium: a
dense collagenous CT layer.

ϝ΍�ϱί�ΔϠπϋ�ϰϠϋ�ϊϠτΗ΃�Ϯϟ�ϲϨόϳbiceps�Ϧϣ�ϥϮϜΘΘΑ�ΎϬϧ΍�φΣϻ΍�Ρέ�ϼΜϣ
ϝ΍�Ϧϣ�ΔϋϮϤΠϣbundles�ΔϋϮϤΠϣ�Ϧϣ�ϥϮϜΘΘΑ�ϲϠϟ΍muscle fibers

(Fascicle)

�Ϧϋ�ΓέΎΒϋ�ΎϬϠϛ�ϱΎϫ�ΕΎϘΒτϟ΍CT layersΎϬδϔϧ�ΔϠπόϟ΍�ϞΧ΍Ω�ϲη΍�ϱ΄Α�Δϗϼϋ�ΎϬϟ΍�Ύϣϭ���ϱϮΘΤΘΑ
�ϰϠϋfibroblastsϝ΍�ϲϠϧϮ˷ϜΘΑ�ϲϠϟ΍�ϲϫϭECMϝ΍�νΎϬϟtissue���ΎϬδϔϧ�ΔϠπόϟ΍�ϪοήΑ�βΑ

ϝ΍�ϦϳϮϜΘΑ�ϙέΎθΘΑECM΍ΪΟ�ΔϠϴϠϗ�ΔΒδϨΑ
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Fig.1: Organization of skeletal 
muscles.

Muscle fiber

Endomysium

Fascicle

a. Muscle

b. Fascicle 

c. Muscle fiber

Nuclei

Ϯϫ�ΎϨϋϮοϮϣ�ζϣ����ϲϫ�ϱΎϫ�ΔϠπόϟ΍�βΑ
ϝ΍biceps�ϝ΍�ϱΎϫ�ϲϨόϳhumerus�

ϝ΍�ϞΧ΍Ω�φΣϼϨΑ�΍Ϋ΍cell�ϝ΍fiber���ϲϓ�Ύϣnuclei
�ϑ΍ήρϷ΍�ϰϠϋ�ϢϬϠϛ�ςγϮϟΎΑ���ϲϓϭsatellite cellΎϬϟϮΣ

Satellite cell
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Fig.2: Cross section through skeletal muscle.
In (a), note the peripheral location of the nuclei.
Arrow heads indicate the endomysium. Arrows
indicate the perimysium.
In (b), an immunohistochemical method was
used to stain laminin.

έϮϣ΃�ΓΪϋ�ΓέϮμϟΎΑ�φΣϼϨΑ����ϻϭ΃
ϝ΍nuclei�Ϟϛ�ϑήρ�ϰϠϋfiber���

�ϦϴΑ�ϊϴϓήϟ΍�ςΨϠϟ�ΔϓΎοϹΎΑ
ϝ΍fibers�Ϯϫ�ϲϠϟ΍ϭ

ϝ΍endomysium��φΣϼϨΑ�ϦϳΪόΑ
�ΔτϴΤϣ�ϱϮη�νήϋ΃�ρϮτΧ

�ΔϋϮϤΠϤΑfibers�bundle���Ϯϫϭ
ϝ΍perimysium���ϲη΍�ήΧ΁ϭ

ϝΎΑ�ςϴΤϤϟ΍ϭmuscle�ΔϠϣΎϛ
ϝ΍epimysium

Ϟϟ�ΔλΎΧ�ΔϐΒλ�ΎϨϣΪΨΘγ΍lamininήϬψϳ�ϥΎθϋ����ϩέϮϬυϭ
�ϲϓ�Ϫϧ΍�ϲϨόϳbasal laminaϝΎΑ�ΔτϴΤϣcellsΎϬΘϧϮϛ�ϲϠϟ΍�ϲϫ
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Skeletal muscle fiber:
9 Skeletal muscle fibers, under the LM, appear to have

alternating dark and light areas. These are called the A
and I bands, respectively. The banding is due to the
regular arrangement of the thin myofilament Actin
and the thick myofilament Myosin.

9 Under the EM, this arrangement proves to be more
complex.

Ϟϟ�ϢψΘϨϤϟ΍�ΐϴΗήΘϟ΍�ΐΒδΑactinϝ΍ϭmyosinϞϜθϟ΍�νΎϬΑ�ΔϠπόϟ΍�ήϬψΘΑ

ϡϬϠϟ΍έϔϏ΍ϲϟϲΑϧΫϪϠϛ�Ϫ˷ϠΟϭ�Ϫ˷ϗΩ��ϩέΧ΁ϭ�Ϫϟϭ΃ϭ��ϩέ˷γϭ�ϪΗϳϧϼϋϭ
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Fig.3: The A and I
bands under EM.

9 H Zone: a lighter colored area within the A band.
9 M Line: darker colored line in the middle of the H zone.
9 Z Disc (Line): a dark line in the middle of the light I

band.

But still darker than the I band
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9 The Sarcomere: is the
repetitive functional
subunit of the
contraction apparatus.
It extends from one Z-
line to the next Z-line.

9 Several sarcomeres
arranged end-to-end form
a myofibril. These are
elongated, cylindrical
structures. Each muscle
fiber contains numerous
myofibrils.

The minimum structure that is required for 
contraction is the sarcomere..

ϣΎϛ�ϥϮϜϳ�ϡίϻ�ϪϨϣ�˯ΰΠΑ�νΎΒϘϧ΍�ϱΪϨϋ�ήϴμΑ�Ύϣ�ϲϨόϳϞ

ϝ΍�ΔϋϮϤΠϣ�ϥϻ΍sarcomeres�ϥϮ˷ϜΘΑ
ϝ΍myofibrils����ΓήΜϜΑ�ΓΩϮΟϮϣ�ϲϫϭ
ϝΎϓcytoplasm���ΩϮΟϭ�ΐΒγ�νΎϫϭ

ϝ΍nucleiϑήτϟ΍�ϰϠϋ
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The Sarcomere:
� The sarcomere is formed of several types of proteins,

all important for the contraction process.

� These are:
1. Actin.
2. Tropomyosin.
3. Troponin.
4. Myosin.
5. Titin.

Fig.4: The sarcomere and the proteins that form it.

ϝ΍thinϦϣ�ϲγΎγ΃�ϞϜθΑ�ϥϮϜΘΑ
actin�ϰϠϋ�Ύπϳ΍�ϱϮΤΘΑϭ

tropomyosinϭtroponin

The M line and the Z disc are disc shaped structure

ϩΩϣΣΑϭ�ௌ�ϥΎΣΑγ��ϪϘϠΧ�ΩΩϋ��Ϫηέϋ�Δϧί˶�ϭ��ϪΗΎϣϠϛ�Ω΍Ωϣϭ
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� H zone: is the area
in the middle of the
A band where
there¶s only thick
myofilaments.

� I band: is the area
where there¶s only
thin myofilaments.

� A band: is the area that extends the entire length of
the thick filaments including the area of overlap
between the thin and thick myofilaments.

ϝ΍�ϝϮρ�ϰϠϋ�ΪΘϤΗthick myofilaments

Α�Ϧϣ�΢Θϓ΃�ϪϴϠΨΑ�ϲϠϟ΍�ΐΒδϟ΍�νΎϫϭ�ΔϴϘ
ϝ΍A bandϝ΍�Ϧϣ�ϖϤϏ΃ϭI band
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The Sarcoplamsic Reticulum and T-Tubules:

� Contraction of muscle fibers depends on the availability of
Ca2+.

� Nerve impulse reaches the surface of the muscle cell at
certain points (neuromuscular junctions). This impulse
stimulates the sarcoplasmic reticulum to release Ca2+.

� The impulse starts at the surface and then travels along
invaginations of the sarcolemma called Transverse (T)
tubules that form a network within the muscle fiber that
surrounds individual myofibrils near the A-I junction.

Ϟϟ�Ω΍ΪΘϣ΍�ϱΎϫ�Ε΍ϮϨϘϟ΍cell membraneϝ΍�ϞΧΪΘΑcell�ϞϤόΘΑϭnetwork�ϞϜΑ�ςϴΤΘΑϭ
ϝ΍myofibrilsϝ΍�˯ΎϘΘϟ΍�ΔτϘϧ�ϲϓA bandϝ΍�ϊϣI bandςϘϓ���ΎϬϴϤδΑϭT tubules

ϰϧϐϟ΍ϭ�ϑΎϔόϟ΍ϭ�ϰϘΗϟ΍ϭ�ϯΩϬϟ΍�ϙϟ΄γ΃�ϲϧ·�ϡϬϠϟ΍



15Fig.5: Features of skeletal muscle fiber.

Sarcolemma 
T tubule

T tubule

T tubule

T tubule

I band

A band
Sarcoplasmic

Reticulum

ΔϘτϨϤϟ΍ϲϠϟ΍ϞϴτΘδϤϟΎΑΑϞΜϤΘ
ϝ΍Triad���Ϧϋ�ΓέΎΒϋ�ϲϫϭT 

tubule�ΎϬΘΤΗϭ�ΎϬϗϮϓϭ�ςγϮϟΎΑ
ϝ΍terminal cisterna
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� This arrangement ensures that the
impulse reaches all parts of the
fiber at the same time making all
the myofibrils contract together.
If the T-tubules were not present,
the contraction will start at the
periphery and then spread (more
slowly) to the deeper myofibrils.

� Each T-tubule has an expanded terminal cisterna of the
sarcoplasmic reticulum on each side. This complex of a T-
tubule and two terminal cisternae is called a Triad.

Terminal 
cisterna

Triad over 
zone of overlap


ϝ΍�ϊϗϮϣ�΢οϮΘΑ�ΖϨϟ΍�Ϧϣ�ΓέϮλtriad


�ϲϠϟ΍�ϥΎϜϤϟ΍ϢΘΑϦϳΰΨΗϝ΍CaϪϴϓ�

ϝ΍�˯ΎϘΘϟ΍�ΔϘτϨϣ�Ϧϣ�΃ΪΒΑ�ΔϠπόϟ΍�νΎΒϘϧ΍A/I bands�ϥΎθϋ
ϝ΍�ϚϴϫT tubulesΎϣ�ϝϭ΃�ΚϴΤΑ�ΔϘτϨϤϟ΍�ϱΎϬΑ�ΪΟ΍ϮΘΘΑ

ϝ΍�ϞλϮϳimpulseϝ΍�ί΍ήϓ·�ΰϔΤΗ�ΔϠπόϠϟCaνΎΒϘϧϹ΍�ϢΘϳϭ�ΓήηΎΒϣ���ϲϓ�ήϴμϳ�Ρέ�ΓΩϮΟϮϣ�ΖϧΎϛ�Ύϣ�Ϯϟ�βΑ
ϝ΍�ϝϮλϮΑ�˯ςΑimpulseΔϔϠΘΨϣ�ΕΎϗϭ΄Α�κϠϘΘΗ�Ρέ�ΔϴϠΨϟ΍�˯΍ΰΟ΍ϭ

Fig.6: The spread of contraction in a
muscle cell if T-tubules were not present.


ϝ΍�ϝΎϘΘϧ΍impulse�ϪϟΎϘΘϧ΍�Ϧϣ�ωήγ΍�ΎϫήΒϋ
ϝ΍�ήΒϋcytoplasm

Æ
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Changes in the Sarcomere during Contraction:

� Contraction depends on the availability of Ca2+.

� When this ion is present, the degree of overlap
of the thin and thick myofilaments increases
pulling the Z-discs closer to each other.

� When the Z-discs come closer together, the
sarcomere will shorten. The myofibrils and the
whole muscle, as a result, will shorten Æ
Contraction.

Ύϧϋ�ϑ˵ϋΎϓ�ϭϔόϟ΍�ΏΣΗ�ϭ˷ϔϋ�ϙϧ·�ϡϬϠϟ΍



18

Fig.7: Changes during contraction. Note how the Z-discs
become closer. The H-zone and I-band become narrower.
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ϝ΍�Ϫϧ΍�ϑήόϨΑ�ΎϨΣ΍�ϥϻ΍H zone�Ϧϋ�ΓέΎΒϋthick myoϝ΍ϭI band�Ϧϋ�ΓέΎΒϋthinςϘϓ����ΎϤϟ�ϲϟΎΘϟΎΑϭ
ϝ΍�ήϴμϳcontraction�ϢϬϟήϴμϳϭoverlapping�ήϐλ΃�ήϴμΗ�Ρέ�ϱΎϫ�ϖρΎϨϤϟ΍�ξόΑ�ϕϮϓ��ϢϬϧϹ

ΕϼμϔϨϣ�΍ϮϠτΑ�ξόΑ�ϕϮϓ�΍ϭέΎλ���ϻ΍�ήϴμϳ�ΎϤϟ�ήϐλ΃�΍ϭήϴμΑ�ϦϴΘϘτϨϤϟ΍�ϝϮπϫ�Ϛϴϫ�ϥΎθϋνΎΒϘϧ����
ϝ΍�ΎϤϨϴΑA bandΎϬϟϮρ�ήϴϐΘΑ�Ύϣ�ϢΠΤϟ΍�βϔϨΑ�ϞπΘΑ��ϝ΍�Ϫϧ΍�ΐΒδϟ΍ϭAϝ΍�ϝϮρ�ϞΜϤΘΑthick myo�ϞϣΎϛ

�Ϫόϣ�Ϯϫ�ήψϨϟ΍�ξϐΑthinϪϟΎΤϟ�ϻϭ���ϲϨόϳϝ΍filamentsΎϬϟϮρϞπΑϱίΎϣϮϫΖΑΎΛβΑΎϤϟ�ϰϠϋ�΍ϮΑήϘϳ
ΔϠπόϟ΍�ήμϘΘΑ�ξόΑ��

��Ϫϴϓ�ϥϮϫ�ϞϜθϟ΍animation�Δϴϟϵ
ϝ΍ϭ�νΎΒϘϧϻ΍overlapping�΍Ϋ΍

�΍ϮόΟήΗ�ϦϴΟΎΘΤϣ�ϩϮϓϮθΗ�ϮϛΪΑ
ϞϟPowerPoint�Ϧϣ�ϩϮΤΘϔΗϭ

ϝ΍�ϖϴΒτΗPowerPointϪδϔϧ�

ϝ΍structure�Ϧϣ�ΪΘϤϣ�ϥϮϜΑ�νΎϫ
ϝ΍originϞϟ�ΔϠπόϠϟinsertion��

ϝΎϓ�φΣϼϨΑ�΍Ϋ΍�ϥϻ΍sarcomeres
ςγϮϟ΍�ϩΎΠΗΎΑ�κϠϘΘΘΑ���ΐϴρ�ζϴϟ

ΡϭήΘΑ�Ύϣ�ξΒϘϨΗ�ΎϤϟ�ΔϠπόϟ΍
Ϙϧϻ΍�Ϫϧ΍�ήϴμΑ�ϲϠϟ΍�ˮ�ςγϮϠϟ�νΎΒ

ϢψόϠϟ�ΔϛήΣ�Ϫόϣ�ήϴμΑ����Ϟϛ�ϑ
ϟ΍�βϔϨΑ�κϠϘΘΘΑ�Εϼπόϟ΍�ΔϘϳήτ

�ήϴμΑ�ϑϼΘΧϻ΍�βΑ�ςγϮϠϟϭ
ϝ΍�ϝϮΣ�ΔϛήΤϟ΍�ΐΒδΑjoint

ϙΩϣΣΑϭ�ϡϬϠϟ΍�ϙϧΎΣΑγ��Εϧ΃�ϻ·�Ϫϟ·�ϻ˷΃�ΩϬη΃��ϙϳϟ·�ΏϭΗ΃ϭ�ϙέϔϐΗγ΃
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Tendons:
� Skeletal muscles are attached to bones by tendons which

are formed of dense collagenous regular connective
tissue.

� Collagen fibers of the tendon are continuous with those in
the CT layers that surround the muscle thus allowing the
transfer of force of contraction from muscle to bone.

Fig.8: In this image, we can
see how the tendon (T) is
continuous with the muscle.

Ύδϫϝ΍layersϲϠϟ΍ςϴΤΘΑ�Ϧϋ�ΓέΎΒϋ�ΔϠπόϟΎΑCT�ΎϬϠΧ΍ΪΑϭcollagen fibers��
ϝ΍�ϱΎϫϭcollagen fibersϝ΍�ϞΧ΍Ω�ϰϟ·�ήϤΘδΘΑtendonΔϠπόϟ΍�ϲϬΘϨΗ�Ύϣ�ΪόΑ
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Cardiac Muscles
9 These involuntary muscles are present in the heart.

They form the middle layer of the heart wall Æ The
myocardium.

9 Characterized by:
1) Cells have branches and surrounded by endomysium.
2) One (sometimes two) centrally located nucleus.
3) Show cross-striation (similar to skeletal muscles).
4) Numerous mitochondria.

Cardio- = related to heart.

(Only)

ήϬψΘΑΔττΨϣβϔϨϟΐΒδϟ΍ΑϪοή
�ϝ΍�ΐϴΗήΗmyofilaments�



5) Branches of cardiac muscles are connected with each at
the Intercalated discs. At these discs, we have
desmosomes and gap junctions. Sarcomeres are
ultimately attached to these discs.

6) The T-tubules are larger than those in skeletal muscles
but the sarcoplasmic reticulum is less well developed.

7) Cytoplasm contains fatty droplets, glycogen particles and
lipofuscin granules.

8) In atrial fibers, there are granules which contain the
Atrial Natriuretic Hormone. Therefore, the atria of the
heart have endocrine role.

22Intercalated = wedged (between cells)

Desmosomes to connect branches together, and gap junctions that insure the rapid 
transfer for Ca ions from one cell to another, and eventually all sarcomeres ends at 

the intercalated discs (ΔϠπόϟ΍�ϝϮρ�ϰϠϋ�ΪΘϤΗ�ϦϜϤϣ�ϲϠϟ΍�ΔϴϠϜϴϬϟ΍�βϜϋ�ϰϠϋ)

ϝ΍SR�ϱΪϨϋ�ϥϮϫ�Ϫϧ΍�ΐΒδϟ΍ϭ�ϥϮϫ�ήϐλ΃gap junctionsϝ΍�ϞϘϧ�ΪϋΎδΗCa�ϪϧΰΧ΍�ΝΎΘΤΑ�Ύϣ�ϑ�ΎϳϼΨϟ΍�ϦϴΑ
ΎϳϼΨϟ΍�ϦϴΑ�ΔϋήδΑ�ϞϘΘϨΑ�Ϫϧϻ�ήϴΒϛ�ϞϜθΑ

ϝ΍�ϲϓ�έϭΩ�ΎϬϟ΍endocrine secretion
�ΕΎϧϮϣήϬϟ΍�ί΍ήϓ·�



23

Fig.9: Cardiac muscles.
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Smooth Muscles
9 These involuntary muscles are present in various

organs in the body, like stomach, intestines,
urinary bladder, arteries and many others.

9 Characterized by:
1) Cells are small and fusiform in shape (elongated

and tapering at the ends).
2) Have a single centrally located nucleus.
3) Lack cross-striation.
4) Cells surrounded by basal lamina and a thin

endomysium.


˯ΎπϋϷ΍�ϞϛΔϴϠΧ΍Ϊϟ΍ΓέΎΒϋ�Ϧϋsmooth
�ϮϬϓ�ΐϠϘϟ΍�˯ΎϨΜΘγΎΑcardiac


ϝ΍�ΩΪϋ�ζϣmyofilamentsϞϗ΃��ϠΘΨϣ�ΎϬΒϴΗήΗ�ϦϜϟϒ

ΡΎΟϧϟ΍ϭ�ϖϳϓϭΗϟ΍�ϙϟΎγ΃�ϲϧ·�ϡϬϠϟ΍��ΓέΧϵ΍ϭ�ΎϳϧΩϟ΍�ϲϓ
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5) The cells are closely packed with each other.
6) Cytoplasm contains mitochondria, ribosomes, RER and

Golgi complex.

7) Cell has rudimentary SER, but no T-tubules.

8) The thin and thick myofilaments are not arranged like
in the other muscle types. Here these filaments
crisscross obliquely forming a network in the cell.

9) Smooth muscle cells are connected with each other by
Gap junctions which allow the spread of Ca2+ (and thus
contraction) rapidly between cells.

ϝ΍�ϱΎϫ�ϰϠϋ�ϱϮΘΤΘΑϭstructuresϝ΍�Ϧϣ�ήΒϛ΃�ΔϴϤϜΑcardiac
ϝ΍ϭskeletal�ίήϔΘΑ�ΎϬϧ·�ΐΒδϟ΍ϭproteins�ϭECMϢϬϨϣ�ήΒϛ΃�ΔΟέΪΑ

�ΎϬϴϓ�ΎϣT tubulesϝΎϓ�ήϴϐλ�ΎϳϼΨϟ΍�ϢΠΣ�Ϫϧ·�ΐΒδϟ΍ϭimpulsesΔϟϮϬδΑ�ΔϴϠΨϠϟ�ϞλϮΘΑ
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10) -Specialized structures called Dense Bodies are 
present in the cytoplasm and on the cell membrane. 
- To these structures, the myofilaments (sarcomeres)
and intermediate filaments are attached. 
- These may also be attached to dense bodies on the 
cell membrane of adjacent cells. 
- This allows cells to adhere to each other and to 
contract together.

11)Smooth muscles can produce the components of the
extracellular matrix.

ϥϮϜΘΑϭΓΩϮΟϮϣϲϓϦϛΎϣ΃˯ΎϘΘϟ΍ϝ΍�ϦϴΑ�ςΑήΘΑϭ�ΎϳϼΨϟ΍filamentsΔϔϠΘΨϣ�ΎϳϼΧ�Ϧϣ

ϝγϛϟ΍ϭ�ίΟόϟ΍ϭ�ˬϥίΣϟ΍ϭ�ϡϬϟ΍�ϥϣ�ϙΑ�Ϋϭϋ΃�ϲϧ·�ϡϬϠϟ
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Fig.10: smooth muscles. Note in (a) the close arrangements of the fibers. Also note
how these muscles contract. In (b), the deformed nucleus indicate that the muscle is
contracted.

ϝ΍�ΰϴϣ΃�ϦϜϤϣ�ϲϠϟ΍�έϮϣϷ΍�Ϧϣsmooth musclesΎϬϴϓ
ήϬψΑ�Ϫϧ·ϱΪϨϋΩΪϋήϴΒϛϦϣΠΤϟ΍�Γήϴϐλ�ΎϬϧ΍�ΐΒδϟ΍ϭ�ήϬΠϤϟ΍�ΖΤΗ�ΎϳϼΨϟ΍Ϣ
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Comparison between the three types of muscle cells:

Skeletal Cardiac Smooth

Location Attached to bones The heart Internal organs 
and skin

Shape

Elongated and 
cylindrical

Branched Fusiform

Nucleus Several peripherally 
located nuclei

Single centrally 
located nucleus

Single centrally 
located nucleus

Striation Striated Striated Non-striated

Function � Movement of bone
� Heat production

Beating of the 
heart

Movement of the 
viscera

Control Voluntary Involuntary Involuntary



� Skeletal muscle cells cannot divide. Inactive Satellite cells
are present close to the muscle fibers. When injury occurs,
the satellite cells become active, divide and form new
skeletal muscle fibers. This is also thought to be the
mechanism by which skeletal muscles hypertorphy after
exercise.

� Cardiac muscles cannot divide and they lack satellite cells.
After injury, the damaged muscles are replaced by a
connective tissue scar.

� Smooth muscle cells can divide, and, therefore, can easily
replace damaged cells. 29

Muscle Regeneration

ϝ΍skeletalΎϣΎϫΪϨϋΓέΪϘϟ΍ϰϠϋϡΎδϘϧϻ΍���ϖϳήρ�Ϧϋ�ΎϬΘΠϟΎόϣ�ϢΘϳ�έ΍ήοϷ΍
ϝ΍satellite cellsΎϬϴϓ�ΔτϴΤϤϟ΍���οΎϳήϟ΍�ΔγέΎϤϣ�Ϫϧ΍�ϝϮϘΘΑ�ΕΎϳήψϨϟ΍�ϯΪΣ΍�Ύπϳ΃�Δ

ϝ΍�ΰϔΤΘΑsatellite cellsπόϟ΍�ήΒϜΘΑ�ϲϟΎΘϟΎΑϭ�ΓΪϳΪΟ�ΔϴϠπϋ�ΎϳϼΧ�ϥϮϜΗ�ϥΎθϋΔϠ

έήπϟ΍ϢΘΑϪπϳϮόΗΏCT scarϪϧϹΎϣ�Ϫϴϓsatellite 
cellsϝ΍�ϪϴϤδϨΑ�νΎϫϭmyocardial infarction
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The End
Thank You 

And
Good Luck

�ΖγέΩ�Ύϣ�ϚϋΩϮΘγ΃�ϲϧ·�ϢϬϠϟ΍
�Ε΃ήϗϭΖϤϬϓϭ�ΖψϔΣϭ���
�ϩ͉Ωή˵ϓϪϴϟ·�ϲΘΟΎΣ�ΪϨϋ�ϲϟ

ϝ΍�έ΍Ϯθϣ�ϚϴϫϭHistologyκϠΧ�ϥϮϜΑ����ϥ·
�΍ϮϜΗΪϓ�ϥϮϛ΃�ௌ�˯Ύη�ϴμϘΗ�ϱ΃�Ϧϋ�έάΘόΑϭ�ϭ΃�ή
΍ϮϬγ�΄τΧ��ϖϴϓϮΘϟΎΑ���ዊ

�ϡϛΗ΍ϭϋΩዊ


