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4  Heidenhain´s method

Włókno mięśniowe (wielojądrowe cylindryczne syncytium, 
jądra znajdujące się pod sarkolemmą). 
Prążkowanie  jest spowodowane regularnym ułożeniem 
cienkich i grubych miofilamentów oraz miofibryli.

Longitudinal section

1 2

3

Photomicrgraphs: 1,2 – Wheater´s Funct. Histology, 2000; 3,4 – Collection ÚHIEM
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sarcomere • Functional unit of a myofibril is the 
sarcomere

• Major filamentous proteins are 
actin and myosin, z proteins (in the 
z disk)

• Many structural proteins; alpha 
actinin, myomesin, C protein, titin, 
nebulin

• Cytoskeletal proteins; desmin, 
vimentin, filamin
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half of 
I bandhalf of

I band
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Myosin (thick) filaments

• Each filament contains about 400 individual myosin 
molecules

• Bundled so that half of the molecules have their head 
facing one direction, the other half, the opposite direction

Myosin 
heads are in 
a staggered 
arrangement 
along the 
filament
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Myosin II molecule is composed of two polypeptide heavy chains 
and four light 

head
tail

heavy chain

ATP-binding 
site

actin-
binding
site

actin-binding site

Essential light chain (18 kDa)
regulatory light
chain (22 kDa)

Thick filament, myosin myofilament (in striated muscles)

bipolar filament

Myomesin and C proteins hold thick filaments at the M line in sarcomere

M line

Schemes: Ross, Pawlina, Histology, 2006
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G actin

Troponin complexTropomyosin (double helix of two polypeptides)

TnI   TnC
TnT

Filament cienki ( aktynowy) składa się z dwuniciowej helisy aktyny F, 
tropomiozyny i troponiny - kompleksu trzech podjednostek globularnych: 
TnC wiąże Ca2+, TnT wiąże się z tropomiozyną, TnI wiąże się z aktyną, 
hamując w ten sposób oddziaływanie aktyna-miozyna

F actin

Tropomyosin

Tropomyosin stabilizes thin filament
Scheme: Junqueira, Carneiro, Basic Histology, 2003

Organization of the skeletal muscle

Myofibrils = contractile structures

muscle fiber = structural unit

perimysium
surrounds fascicle of
muscle fibers

epimysium 
(sheath of dense CT)

endomysium
(surrounds
individual
muscle 
fibers)

Scheme: Vacek, Histologie, 1995 
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Sarcolemma = cell membrane

Fiber (cell) > myofibril (bundles of actin and myosin) > myofilaments (actin and myosin)

Kanaliki T wpuklenia sarkolemmy

Triady. Kanaliki T na granicy A/I

27

28



15

Stopka 
Łącząca

• DHP Kanalik T

• Ryanidynowy SER
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Ryanodine receptor
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Cykl skórczu
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Czynniki wpływające na siłę skurczu mięśni

• Energy supply

• Glikoliza beztlenowa; glikoliza tlenowa; metabolizm FA; metabolizm
fosfokreatyny

ATP + kreatynae Fosfokreatyna+ ADP                      ATP + kreatyna

• Długość mięśni
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Mięsień sercowy
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INTERCALATED DISC
junction between cardiomyocytes
fascia adherens
desmosome
nexus

myofibrils

intercalated disc

intercalated
disc

myosin
myofilament

actin
myofilament

mitochondrionsarcolemma

mitochondrion

external lamina

Scheme: Vacek
Histologie, 1995

Cardiac muscle, myocardium

Cardiomyocytes on the cross-section, HE

Heidenhain´s method shows cross-striation (Collection ÚHIEM)

Elongated branched cardiomyocytes  
joined by intercalated discs (arrows) form 
trabecular tissue. Between cardiomyocytes 
is endomysium (very vascular loose 
connective tissue with vessels, C = capillary)

Contractile srtuctures: MYOFIBRILS
T tubules at Z line (form diads with one
terminal cisterna)

Cardiomyocytes of right atrium produce
atrial natriuretic factor

C

C

Longitudinal section Photomicrographs (HE method): Wheater´s Functional Histology, 2000
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Impulse generating and conducting system, Heidenhain´s methods
Specialized cardiomyoctes: nodal cells, cells of Purkyně fibers: voluminous, small number of peripheral myofibrils (   )  

“working“ cardiomyocytes          myofibrils (cross section)

N

Microphotographs: Collection of ÚHIEM

Uwalnianie Ca w mięśniu 
sercowym
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Skeletal vs. Cardiac

53

54



28

Dynamika zmian markerów w 
OZW

LDH

Mięśnie gładkie
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Powolna aktywność ATPazy
Regulowany przez łańcuchy lekkie 
miozyny
Aktyna nie zawiera składników troponiny
ani tropomiozyny
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Smooth muscle cell contraction
relaxed

contracted

tropomyosin        actin                    

myosin
filament

sarcolemma

IMF (desmin,
vimentin)

dense body

nucleusmyofilaments

dense
bodies

Actin filament

Myosin filament

Dense bodies (orange) contain actin-binding protein: alfa-actinin

Calmodulin – Ca2+ binding protein

Schemes: Ross, Pawlina, Histology, 2006
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Wapń

Kompleks 
Kalmodumina Wapń

Kinaza 
Łańcuchów
lekkich miozyny

SKURCZ
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Indukcja skurczu mięśni gładkich i napięcia 
toniczniego
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Mięśnie gładkie
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Miogeneza i regeeneracja
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Koniec
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