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Muscular tissue 1s the type of tissue whose cells are
differentiated to optimally use the contractile ability of the
cells.

This ability 1s 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

muscle cellsd! 4 12 age 43Y smooth endoplasmic reticulumd! pala alaial asiy g

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

*myofilaments = actin/myosin 2



Types of Muscular tissue

Skeletal Musclesl ’ Cardiac Muscles | l Smooth Muscles |
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Muscles

attached to m

the skeleton

» This type of muscles is voluntary and the cells are:

1) Elongated = therefore, they’re called muscle fibers.
2) Cyhndrl cal long and cylindrical L&) sl 5 fibers Laews (538 cellsd!

(nerve fiber 4 axond! (e Js& IS L s )

3) Multinucleated. Nucle1 on the periphery of the cell.
cytoplasmd! b 5 & L@l L 43 la LIS pycleid)

4) With cross-striation (seen 1n longitudinal sections).

5) (Have) Mitochondria and abundant smooth endoplasmic

reticulum. .2kl A8l jaas LY mitochondriad) zlss
Cad) (A3 OlSe LY 3080 smooth endoplasmic reticulumd) s

The multinucleation 1s due to the fusion of several

muscle-cell precursors called myoblasts.

gl Gk e skeletal muscled) ¢ 5SS ol (embryonic life) diial) sball 8
multinucleated Jbe S5 nuclei e ¢ sis Weie 2a) 5 IS A myoblastd!




Functions of Skeletal muscles:

1. Production of bodily movement.
2. Maintaining posture.
3. Stabilization of joints.

4. Production of heat.

Caany 41330 3 gl (e Ll Jomnis mueally ) 5L
¢ > ATPJ Jsaiiy A8kl JS (e Gy ATPJ s
il caaly aal gl W el e 31 al O s Leis
o 3w el Ll dia jig A5 2l el e Jay
ledaa COliaall 3anae Cilialia) ety (sla 4da jll 5 Can
ol sty (s lie jls) | amalls 5l jall ad g
(skeletal musclesd s brown adipose tissued!




Organization of Skeletal muscles:

» Skeletal muscles are formed of several bundles of
muscle fibers. o= oS Ll a7 5 e bicepsd! ) dlae e allil o1 jiay
muscle fibers 4e seaa e OS5 A bundlesd! (< de sans
» Each fiber is surrounded by Endomysium: a loose
areolar CT layer that merges with the basal lamina
produced by the muscle fibers.

(Fascicle)

» Each bundle 1s surrounded by CT Perimysium.

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

S Pk Cleaat dlaall JAlS Gu\ LSM @l LWy CT ]ayers e 8 le LIS L..g\.&) Calaual)
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Fig.1: Organization of skeletal
muscles.

c. Muscle fiber
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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.
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Skeletal muscle fiber:

v' 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.

JSEN algs Aliarll yelaty myosind) s actind! alaiiall s A

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

o pus s Aidle 5 o jAT5alsly alagaly Al _ud 1 i) agll



Sarcomere !

—_—

bands under EM.

Fig.3: The A and I

Z disc

‘— | band | band ——

—> But still darker than the I band

v' H Zone: a lighter colored area within the A band.
v’ M Line: darker colored line in the middle of the H zone.

v’ Z Disc (Line). a dark line in the middle of the light I

band.
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The minimum structure that is required for
contraction is the sarcomere..
JalS O 5So a5 e ¢ o bl (saie ey e Jixg

f Sarcomere ———|
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Z disc

— | band—

v"  Several

— Endomysium

Sarcoplasm

— - Satellite cell

¢ Muscle fiber

v’ The Sarcomere: is the
repetitive  functional
subunit of the
contraction apparatus.
It extends from one Z-

line to the next Z-line.
sarcomeres
arranged end-to-end form
a myofibril. These are
elongated, cylindrical
structures. Each muscle
fiber contains numerous
myofibrils.
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The Sarcomere:

4

* The sarcomere 1s formed of several types of proteins,
all important for the contraction process.

' Sarcomere |
”’ . | |
¢ These arc. Thin fillament M line
1. Actin. ! '
2. Tropomyosin, [#mes—ommo LG
3. Troponin. i
4 . Myo Sin. OO0 TYPRA TP T IPH x 2. . . .o'o'o'o'o'o
5 . Titin. N h».‘\“{!}_‘ :_: J i " :,.-:' _-:,-.ij,.u OOO000"
o i S : Thick fil : L :
e bl IS8 0 K5 thind) |, Z disc Titin | e, : Z disc
e Lad gsabigactin+ |[i—— I band : A band : | band

troponin_s tropomyosin

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

The M line and the Z disc are disc shaped structure

adlalS Dlaeg 4dije ) 5 48lA dae sdas g A Gla 12



thick myofilamentsd) J sh (e Jiad

“* 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.

Actin (thin filaments) Myosin (thick filaments)

** H zone: is the area \
in the middle Of the s Bssaera

A band Where P Ess T
there’s only thick

myofilaments. ===
; meoaron £/
Ay e el adday ) ) Gl o

myofibril bands overlap of Myosin Actin only

I bandd! Cya dA.{:\j A bandd! :\c){nionsin and only

\/

** I band: is the area
where there’s only
thin myofilaments.
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The Sarcoplamsic Reticulum and T-Tubules:

Contraction of muscle fibers depends on the availability of
Ca”".

Nerve impulse reaches the surface of the muscle cell at
certain points (neuromuscular junctions). This impulse
stimulates the sarcoplasmic reticulum to release Ca’".

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.

JS bt s network dexds s celld) Jaat cell membraned! 2laial sla & 5l
T tubules ewa s 1 [ bandd e« A bandd) <&l ks & myofibrilsd)
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Triad over
zone of overlap

Position of
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Position Terminal Transverse
tubule
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 FEach T-tubule has an expanded ferminal cisterna of the
sarcoplasmic reticulum on each side. This complex of a T-
tubule and two terminal cisternae 1s called a Triad.

-~ Endomysium

JOOC O {?\ Myofibrils
e , E)__ )

AP ( Sarcoplasm

J ." £ . , ) C

~—— Sarcolemmal

@ Satellite cell

¢ Muscle fiber

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

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.

Olic A/] bandsd) sl&dl) dakaia (pe o Alcanll  aludsl
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Changes 1n the Sarcomere during Contraction:

O Contraction depends on the availability of Ca?*.

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

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

L Cacld giall cnd jie clif agll
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2 Sarcomeres
1

H zone | band A band
1 1

Thick filament
Z disc Thin filament Z disc M line Z disc

1 I
(a) Relaxed muscle | band A band | band

(c) Maximally contracted muscle

Fig.7: Changes during contraction. Nofe how the Z-discs
become closer. The H-zone and I-band become narrower.
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Tendons:

* Skeletal muscles are attached to bones by tendons which
are formed of dense collagenous regular connective

tissue. ,collagen fibers Wlalas CT oo 3oke dliazlly sty M Jayersd) Lua

aliaall ¢33 W 22 tendond) Jala ) <iudy collagen fibersd) la

* 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.
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Fig.8: In this image, we can o T “‘*’,
. S R g
see how the tendon (T) 1s e
continuous with the muscle.




(Only)

v These involuntary muscles are present in the heart.
T'hey form the middle layer of the heart wall > The

myocardlum- T nm,wu/ j""MN”"M >
wm\\\\h ‘
! «w,,, ,,,,, -
. Q= MN'““\“ -
v' 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. dmyy el il Alalad elai,
(myofilamentsd) i x)

Cardio- = related to heart.



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.
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 (dlasll Jsh e xiai (San M Sl pSe o)
6) The T-tubules are larger than those in skeletal muscles

but the sarcoplasmic reticulum is less well developed.
45 5A) ZUas Lo o WA g Cad) Ja aelus gap junctions e s 43wl 8 jral SR
LA (e oy Ji 43 S (S ,
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. endocrine secretiond! (s 52 ¢!
(i se el 31a1)

Intercalated = wedged (between cells) 22




. Openings of
Intercalated disc transverse tubules  Intercalated disc

——

Desmosomes

= T

Gap junctions

. r Ji |
— i : Cardiac muscle cell
< .
/ Sarcolemma
Nucleus

Mitochondrion

Fig.9: Cardiac muscles.
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1)

2)
3)
4)

smooth (e 3 e 4|l cleac ) J<*
*cardiac s¢d el ol

These involuntary muscles are present in various
organs in the body, like stomach, intestines,
urinary bladder, arteries and many others.

Characterized by:

Cells are small and fusiform in shape (elongated
and tapering at the ends).

Have a single centrally located nucleus. '
Lack cross-striation. —itise e s oSS myofilamentsd) 2ae i h{ﬂ};
Cells surrounded by basal lamina and a thin .'.'k

endomysium.
5aY) s Luall 8 ~laall g 5 gil) GllLul ) agll 24




5)
6)

7)

8)

9)

The cells are closely packed with each other.

Cytoplasm contains mitochondria, ribosomes, RER and

GOlgi COIIlplGX. cardiacd) (o S| A0S structuresd) gl e (s siady g
a¢ia Sl 4a )31 ECM s proteins J_ah L) caddl 5 skeletald) s

Cell has rudimentary SER, but no T-tubules.

A geny AN Jua g4 impulsesdé jpa LAY aaa 43) codl 5 T tubules e Lo
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.

Smooth muscle cells are connected with each other by
Gap junctions which allow the spread of Ca?* (and thus
action) rapidly between cells.

25



10) -Specialized structures called Dense Bodies are
present 1n 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.
Adlide LA e filamentsd) o das i s WA ol (Slal 883 52 e (5 5
11) Smooth muscles can produce the components of the
extracellular matrix.

el g aally 0 3alls agll ey dsel ) agll
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Thick filaments
Thin filaments

Dense body

Adjacent cells physically . ¥
coupled at dense bodies 3

Nucleus

Dense body

a e smooth musclesd) el (Sas A ) saY) e <
?MM o)M\.@_\\g_mﬂ\j)@AA\c_\;_\\_\M\uA).uSms dd.m.c )@_L.Mq\

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.




Comparison between the three types of muscle cells:

Skeletal Cardiac Smooth

Internal organs
and skin

v re1i1) /M Attached to bones The heart

Elongated and Branched Fusiform

cylindrical §
A

Shape

T

Several peripherally | Single centrally | Single centrally |

Y/ :
Nucleus located nuclei located nucleus | located nucleus

NY g1/ Striated l Striated l Non-striated
Beating of the | Movement of the

* Movement of bone

Function :
et * Heat production

heart viscera

l Involuntary l Involuntary

(@&71):1747788 Voluntary
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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 1s also thought to be the
mechanism by which skeletal muscles hypertorphy after
EXEICISe. (b oo Wallaa aby 5l pa¥) alady) e sl lasie L gkeletal )
zaly ) A jlae 430 Jsat by il gas) Loayl | Lead ddaiaall gatellite cellsd)
Aliaall HuSy UL 5 33aa daliae WA (585 (lde gatellite cellsd) Jasi
Cardiac muscles cannot divide and they lack satellite cells.
After 1njury, the damaged muscles are replaced by a
connective tissue scar.  satellite 4 e 43Y CT scare 4uay s2i sy ) puall
myocardial infarctiond) 4xewis (=2l g cells
Smooth muscle cells can divide, and, therefore, can easily
replace damaged cells. 29



The End

Thank You
And
Good Luck
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Knowledge is like a
spotlight in a dark

forest. The larger the
spotlight, the more it’s
in contact with darkness
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