
Muscle tissue



Comparison of the 3 types of muscles

Feature Skeletal Muscle Cardiac Muscle Smooth Muscle

Sarcomere Yes Yes No

Nuclei Multinucleated, peripherally 1 or 2 centrally located One, centrally located

located

Sarcoplasmic Well developed with terminal Poorly defined, some small Some sER (not involved in

Reticulum cisterna terminals calcium storage)

T Tubule Yes: involved in triad formation Yes: involved in diad formation No

Cell Junctions No Intercalated disks Nexus (gap junctions)

Contraction Voluntary “all or none” Involuntary: rhythmic and Involuntary: slow and forceful

spontaneous

Calcium Control Calcequestrin in terminal cisterns Calcium for extracellular sources Caveolae

Calcium Binding Troponin C Troponin C Calmodulin

Regeneration Limited, via satellite cells No-very poor Yes, via mitosis

Nerve Fibres Somatic motor Autonomic Autonomic

Connective Tissue Epimysium; perimysium and Connective tissue sheaths and Connective tissue sheaths and

endomysium endomysium endomysium

Distinctive Features Long, cylindrical, many Branched cells, intercalated disks, Fusiform cells, no striations,

peripheral nuclei central nucleus central nucleus
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Skeletal muscle 

alyabane
Sticky Note
skeletal muscles are the only muscles which are voluntary 



alyabane
Sticky Note
in perimysium we have large blood vessels and nerves


alyabane
Sticky Note
in endomysium we have a network of capillaries and nerves



alyabane
Sticky Note
skeletal muscle fibers are :
-elongated
-cylindrical
-have peripheral nuclei
-striated
** note : to define the filaments ( actin and myosin filaments we use immunohistochemistry)

alyabane
Sticky Note
green arrows represent endomysium


alyabane
Sticky Note
orange arrows represent perimysium

alyabane
Sticky Note
endomysium

alyabane
Sticky Note
is section is under LM 
** here we have a longitudinal section so we can see the striations 

alyabane
Sticky Note
-cross section ( so we can't see striations)
-cells in cross sections must seem circular but here they seem irregular ( or polyhedral )because of the shrinkage during preparation.



Perimysium
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alyabane
Sticky Note
-this section is in tongue because muscle fibers are in different orientations (not parallel )
-all muscle fibers in this section ( even those in different directions ) are surrounded by a single epimysium

alyabane
Sticky Note
not typically circular in shape because of shrinkage during preparation

alyabane
Sticky Note
striated

alyabane
Sticky Note
red arrows represent endomysium

alyabane
Sticky Note
blue arrows represent peripheral nuclei



alyabane
Sticky Note
-all of these are nuclei 
-we can't see mitochondria in light microscope using ordinary stains
-green arrows represent endomysium



alyabane
Sticky Note
we can see the Z line ( the dark line in the middle of the light band

alyabane
Sticky Note
-this is a blood vessel (capillary) in the endomysium 
-we can see the endothelium here ( lining the blood vessel)




alyabane
Sticky Note
blood vessel in perimysium

alyabane
Sticky Note
blood vessel

alyabane
Sticky Note
perimysium containing larger blood vessels

alyabane
Sticky Note
endomysium



alyabane
Sticky Note
endomysium

alyabane
Sticky Note
perimysium 
- not that usually we don't have epimysium in our sections because we are observing here very small structures



alyabane
Sticky Note
this is a nucleus ( exactly under sarcolemma)

alyabane
Sticky Note
fibroblast ( because it is in the CT ) 

alyabane
Sticky Note
nucleus

alyabane
Sticky Note
fibroblast

alyabane
Sticky Note
RBC in blood vessel



alyabane
Sticky Note
red represents A band

alyabane
Sticky Note
gray represents Z line

alyabane
Sticky Note
blue represents I band

alyabane
Sticky Note
green represents sarcomere

alyabane
Sticky Note
the position of M line

alyabane
Sticky Note
the position of triad ( on the junction between I and A bands)

alyabane
Sticky Note
the whole section here represents a part of one cell.
H bands of different fibrils are arranged above each other ... and I bands are also arranged above each other .. and this arrangement gives the striated look.



alyabane
Sticky Note
A band

alyabane
Sticky Note
green represents mitochondria



alyabane
Sticky Note
triad ( between A and I bands)...T-tubule is the light area in the middle, which is surrounded by the two dark areas which represent the terminal cisternae of the sarcoplasmic reticulum 



alyabane
Sticky Note
neuromuscular junction or motor end plate

alyabane
Sticky Note
these are skeletal muscle cells ( this section can be from tongue because cells are arranged in different directions )
** note that the tongue is a skeletal muscle.

alyabane
Sticky Note
we can see the motor unit here ( all cells in one motor unit contract together ( non or all contraction))



Muscle spindle

alyabane
Sticky Note
muscle spindle:
-has denser CT( capsule) ( perimysium(modified perimysium))
-less cells
-central multi nuclei

alyabane
Sticky Note
extrafusal muscle fibers

alyabane
Sticky Note
intrafusal fibers

alyabane
Sticky Note
capsule



alyabane
Sticky Note
muscle spindle



alyabane
Sticky Note
muscle spindle



Characteristics Type I Type IIa Type IIb

Vascularization Rich Rich Poorer

Innervation Small nerve fibres Intermediate Larger nerve fibres

Fibre Diameter Smaller Intermediate Larger

Contraction Slow, repetitive, weak Fast (leg muscles) Fast, strong (extra-

(soleus, muscles of ocular muscles)

the back)

Fatiguability Difficult Intermediate Easy

Sarcoplasmic Not extensive Intermediate Extensive

reticulum

Mitochondria Rich Rich Few

Myoglobin Rich Rich Poor

Glycogen content Low Intermediate High

ATPase activity Low High High

Major source of Oxidative Oxidative Anaeorbic glycolysis

ATP phosphorylation phosphorylation

alyabane
Sticky Note
doctor didn't mention this type

alyabane
Sticky Note
red fibers appear red m"a"croscopically because:
-a lot of mitochondria
-highly vascularized
-contain myoglobin
**red fibers always contract ( we use them a lot)

alyabane
Sticky Note
white fibers appear white macroscopically  because:
-less vascularized
-less mitochondria
-they store glycogen



alyabane
Sticky Note
red fibers have smaller diameter
( we have used a special stain( stain for mitochondrial enzymes) here in order to stain red fibers)

alyabane
Sticky Note
white fibers



alyabane
Sticky Note
dark areas represent white fibers which have larger diameter.
( we used a stain for enzymes involved in fast ATPase activity)

alyabane
Sticky Note
red fibers



Myotendinous junction

alyabane
Sticky Note
endomysium

alyabane
Sticky Note
tendon ( dense regular)

alyabane
Sticky Note
muscle fiber



alyabane
Sticky Note
endomysium

alyabane
Sticky Note
the nucleus is active



Tongue

alyabane
Sticky Note
this section is from tongue



Cardiac muscle



alyabane
Sticky Note
cardiac muscles :
-cylindrical elongated fibers ( but shorter than skeletal muscle cells) 
-branched
-each cell has one ( maximum two ) central nucleus ( not peripheral)
-striated ( but striations in cardiac muscles are less visible than in skeletal because here we have many organelles such as mitochondria ) 

alyabane
Sticky Note
green arrows represent intercalated discs

alyabane
Sticky Note
blue arrows represent central nucleus ( here around the nucleus we always see a whitish area which represents glycogen and lipids)



alyabane
Sticky Note
intercalated disc

alyabane
Sticky Note
central nucleus



alyabane
Sticky Note
endomysium 
**** note the branching in cardiac muscle fibers





alyabane
Sticky Note
these nuclei ( which are outside muscle cells ) are the nuclei of CT cells



alyabane
Sticky Note
blue arrows represent T-tubules which are located at the level of  Z line

alyabane
Sticky Note
H zone

alyabane
Sticky Note
green represents intercalated disc

alyabane
Sticky Note
mitochondria are large and in high number in cardiac muscle cells



alyabane
Sticky Note
all these are mitochondria
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alyabane
Sticky Note
mitochondrion 

alyabane
Sticky Note
it is a cross section and these dots are  actin and myosin filaments in fibrils 



Smooth muscle

alyabane
Sticky Note
smooth muscles are not striated because they don't have sarcomeres ( but they have actin and myosin filaments



alyabane
Sticky Note
this section has longitudinal and cross sections because smooth muscles cells are usually arranged in sheets in different planes

alyabane
Sticky Note
longitudinal section 
-smooth muscle cells are spindle in shape
-one central nucleus
-no sarcomeres ( no striations)

alyabane
Sticky Note
cross section 



alyabane
Sticky Note
endomysium



alyabane
Sticky Note
this is "stretched" smooth muscle.
what is the difference between this section and dense regular CT ???
-unlike dense regular CT, nuclei of cells here are not arranged in arrows.
-here we have more cells.
-eosinophilic part here is the cytoplasm of cells ( not collagen like in dense regular type of CT)



alyabane
Sticky Note
here we may not see the nuclei of some cells according to where the cells were cut from



alyabane
Sticky Note
blue arrows represent dense bodies ( they are named dense bodies  because they  seem as electron dense areas under EM)
-they anchor actin filaments ( like Z line)
- some are found in the cytoplasm and others found under sarcolemma.




