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Muskulopatie




Nifedipine, verapamil, lead,

cobalt, manganese, magnesium

Block Ca2* uptake by nerve terminal, thus
impairing release of ACh from vesicles,
which is normally promoted by Ca2*
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Blocks reuptake of choline,
thus impairing formation
of ACh
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Blocks ACh release from vesicles

Acetylcholine (ACh)

Normally binds to receptors on post-
synaptic membrane to open cation
channels, causing depolarization and
initiation of action potential that leads to
muscle contraction

Physostigmine (P) and edrophonium
chloride (E)

Block AChE from degrading ACh to choline
and acetate, thus prolonging action of ACh

Curare (C) and « bungarotoxin (B)

Bind to ACh receptors and block ACh from
binding to open cation channels, thus pre-
venting depolarization

Succinylcholine (S) and decamethonium (D)
Cause cation channels to stay open.
Persistent depolarization paradoxically
results in relaxation of muscle.



Rozdelenie myopatii
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Polymyozitida, Lupus erythematades, Polyarteritis  pafigng tiypertermia, Periodické paralyzy
nodosa, Reumatické ochorenia, Kotagenéza, Scleroder- (Hypokalemicka hyperkaliemicks, nomokaliemicka,
mia, Sjdgrenov syndrém, Sarkoiddza, atd. Hypotyreoidizmus s hypokalemickou paralyzou

Metabolickeé myopatie

'Em 'rme‘:' . Cu;e:mgov’ : sy.,i SR . g Hereditame degenerativne muskuldme dysfofie
Acromegalia , ; () Pseudohyperiroficka (GR, X- chromozom)

o Endotoxické: urémia {a) M. Duchenne (iaika forma)
Hereditame meiabolické myopatie (b) M. Becker (fahka forma)

» Glycogendzy (Glycogen storage diseases)
Typ li (deficit kyslej maltazy, M. Pompe)
Typ lii (deficit debranching enzymu, M. Forbes- Cori)
Typ V (deficit myophosphorylazy , M. McArdie)
Typ Vit (deficit fosfofrukiokinazy, M.Tarui)
* Lipidové thesaunsmozy
Kamitinova deficiencia
*»Mitochonidrigine myopatie
- Keams - Sayreho sy.
- MERRF (Mycclonic epilepsy with red-ragged fibres),
- MELAS {mitochondrial myopathy, encephalopathy,
lactate acidosis, stroke-like episodes)
- Ochorenia respiratného refazca
Deficiencia komplexul, 1l alebo IV-cytochrému
Fatalna infantiinad mitochondrialna myopatia
M. Menkes {trichopoliodystiofia)
M. Leigh (subakitna necroticka encephalomyelopatia)
Alpersav sy. (progresivna skleroticka poliodystrofia)

(Il) Facio-scapulo-humeraina dystrofia (M.Erb)
() Scapulo-peroneaina dystrophy {AD or GR (X))
(IV) Pletencova dystrofia (AR aiebo AD)

{a) pelvifemoraina (M. Leyden-Moebius)

(b} scapulchumeraina (M. Laudouzy-Déjerin)
(V) Myotonicka dystrofia (AR)
(V1) Okulotaryngedina dystrofia
(Vi) Emery-Dreifussova dystrofia

Kongeniidine myopatie
Nemailinova (Red) myopatia
Centronukledma (myotubuléma)
Central ~core disease

Virusové myozitidy (flu, adenovirus),
Trichindza, HIV, Toxoplasméza



Hereditarne metabolicke myopatie

\f?"cﬁi?z“c‘oenxféﬁé?:JS?Q;’;Z}%'&%J';?;E%;isnb""’d cvicenebez  McArdleho ochorenie (Glykogenoéza IV)
metabolism). In McArdle disease, absence of 501 ,
. muscle phosphorylase prevents separation of laktatu
\, glucose 1-phosphate from glycogen during = 404 Def:
\ exercise (blood lactate measured after fist 2 A,
has been repeatedly clenched). =~ 301 O’/);a/ . r sy y v f v ’
- Sy: svalové kice/ ztuhlost poCas / po cviceni
£ 20;
310 McArdle disease La: deficit svalovej fosforylazy porucha

0 5 10 15 20

Frozen section of muscle tissue reveals “empty” sub- Frozen section of muscle tissue shows PAS-positive
sarcolemmal vacuoles (H and E stain). deposits of glycogen (PAS stain).
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Positive staining for phosphorylase in normal muscle McArdle disease: complete lack of staining for
phosphorylase

According to: Royden Jones, H., Srinivasan, Jr. J., Allam, G.,. Baker, R.: Netter's Neurology 2nd Ed.,
Saunders, 768 p., 2011. ISBN: 97814377027

glykogenolyzy (Glu-1-P = Glu-6-P = laktat)
7 ‘ l’ 5-min exercise “——— Minutes after excercise —— anaerébne CVIéenle

Pa: PAS-pozitivne depozity glykogénu vo svaloch
bez postzatazovej lakténie

Muscle cramps 4
and stiffness
on exercise,
relieved
by rest



Hereditarne degenerativne svaloveé
dystrofie

Becker Muscular Dystrophy

10 %
! Facio-Scapulo-Humeral
Duchenne Muscular Dystrophy '] 9 Dystrophy
23 % | y B 13 %
i 4 \
4
Limb Girdle Muscular
\ Dystrophy
10 %
Hereditary Neuropathy
12% !

Congenital Myopathy
\ ) 7 %
Spinal Muscular __/

12 9% Myotonic Dystrophy

Congenital Muscular 13%
Dystrophy
3%

Distribucia predominantnych vrodenych svalovych dystrofii A. Duchennov-typ a
Beckerov-typ (zacina na prekoleni a stehnach) B. Emery-Dreifussov typ. C. Pletencova
dystrofia (ramno a D. Fascioskapulohumeralna. E. Distalna F. Okulofaryngealna,




w7 integrin congenital
muscular dystrophy
1 c
Integrin
complex

Dystrofie

EXTRACELLULAR

Schéma molekulovych
defektov

INTRACELLULAR

Limb girdle muscular dystrophy 2A  <— Calpain-3

® Pletencove dystofie
1A (Myotilin), 1C (Kaveolin)
2A (Kalpain 3). 2B
(Dysferlin) 2G
(Teletonin),1B (Laminin
AIC),
® Emeryho - Dreifussova
dystrofia ( Emerin)

® Okulofaryngealna
dystrofia (PABNT)

Limb girdle muscular
dystrophy 2G

Limb girdle muscular
dystrophy 1A .

- Telethonin
Myofibrillar myopathy

Myotilin
Filamin C
Myofibrillar myopathy l
Limb girdle muscular

dystrophy 2]

Tibial muscular dystrophy

Limb girdle muscular
dystrophy 1B

Emery-Dreifuss
muscular dystrophy

Hereditary IBMPFD

Oculopharyngeal
muscular dystrophy

NUCLEUS 7

2 A Perkins

MS, MFA, CMI

Ullrich syndrome <= Collagen IV Laminin-2 == Congenital

5
Bethlem myopathy muscular

Limb girdle muscular <= Sarcoglycan

Dystroglycan
dystrophy 2C-F complex SO Y

complex

Caveolin-3 Dysierlin

Myofibrillar myopathy <= Filamin C Limb girdle Limb girdle

muscular muscular
dystrophy 1C dystrophy 2B
Miyoshi

Dystrophin myopathy

Duchenne
and Becker
muscular
dystrophies

Nemaline myopathy

Z-disc =

Calpain-3 Myosin

!

Limb girdle muscular Laing distal myopathy
dystrophy 2A

Myafibrillar myopathy

Hyaline myopathy
Myosin storage disease

Hereditary-1BM type 3

‘TR]MJZ —— Limb girdle muscular dystrophy 2H

Myofibrillar myopathy

%SEPN] — Multiminicore myopathy

Rigid spine syndrome

Muscle-eye-brain disease
POMGnT] =——

Limb girdle muscular dystrophy 2M

Fukuyama MDC

Fukutin ——
Limb girdle muscular dystrophy

=]
=

Congenital muscular dystrophy 1C
FKRP =

Limb girdle muscular dystrophy 2

GOLGI Walker-Warburg syndrome
COMPLEX POMT] —— -
Limb girdle muscular dystrophy 2K

LT
Schematic representation of the sarcolemmal, enzymatic, sarcomeric, and nuclear proteins associated with muscular dystrophies.

dystrophy TA




Duchennova muskularna
dystrofia (DMD)

e Def.: Vrodené dedi¢né (recesivne viazené na X-ch) progresivne svalovée
degenerativ-ne ochorenie charakterizované stratou svalovej hmoty a vykonu.

.‘ e Vy: Prvé sy. v prvych 1-3 rokoch zivota; frekvencia 1:3000; Beckerova
muskularna dystrofia (1:18 000) - mierna forma; dystrofin je poSkodeny,
nastup choroby neskor; celkova progrese pomalsia (iny typ mutacie v
dystrofinovom géne)

F= . o Etio: Mutécie génu dystrofin ( lokus Xp21); dystrofin pripeviuje aktin-
% myozinovy komplex k membranovému komplexu a zabrariuje degradacii
intracelularnymi proteazami

g% » Sy: postihnuti muzi; po narodeni bez priznakov; nastup ~ 2-3 roky,
m Slabost proximalnych svalov (stehno, lytko; rameno+ pectoris major)
pseudohypertrofia (sval. b. zanikaju zapalom ( atrofia) ; hojenie:

depozicia tuku, vaziva), zlozité stavanie ( extenzia DK s ruénou podporou
S



Duchennova muskularna
dystrofia (DMD)

® Trup: lumbarna lorddza, beh ako choduloch, po 13 roku na
koleCkovom kresle, horny pletenec,

m Po 20tke zlyhavanie dychania (u Beckerovej formy do staroby); do
30 rokov obvykl ekonCi smrtou — kardiorespiracné zlyhanie

®EMG: malé polyfazické potencialy; Iné: kardialne zlyhavaioe,
arytmie,
e Th: symptomaticka, prednizon
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Nekrotické svalové bunky
muscles odstranené fagocytmi

Semitendinous

Biceps femoris

Gastrocnemius




Duchenne’s Muscular Dystrophy
Only males affected,

Sex-linked Mother
recessive normal, q) m Father but females may be
x inheritance carrier normal carriers
Gowers Sign I
\ sl 0 oW 20 <Nl
2 yrs old, 5 yrs old, 8 yrs old, 10 yrs old, 15 yrs old,
affected normal affected normal; affected
may or
may not

be carrier

] \
Using hands — .. 75)\&;,

to push on legs
to stand

J

. Severe crippling
Weakness, especially of deformities and contractures

pelvic girdle muscles;
4 M‘?
' /©C|BA

marked lordosis,
enlarged calves \

Walki_ng pmblem_s
Wheel chair - skeletal deformity
Very limited use of arms
Ventilation at night
Ventilation 24hrs

Death

Calf muscles usually

DMD patient age but not always
enlarged

Lordosis disappears
when child sits




Goversov priznak




Hereditarne degenerativhe myodystrofie

Facioskapulohumeralna dystrofia

Facioscapulohumeral. Scapulae are prominent
and ride high, particularly on raising arms.
Posterior view shows characteristic

“winging” of scapulae.

Limb-girdle. Difficulty in
arising from stooped position,
lordosis, wide gait

Oculopharyngeal. Ptosis, ophthal-
moplegia, facial weakness

Royden Jones, H., Srinivasan, Jr. J., Allam, G.,. Baker, R.: Netter's Neurology 2nd Ed.,
Saunders, 768 p., 2011. ISBN: 97814377027



© Neuromuskularne
‘ poruchy



Etoléai - —— :

1. Vrodené

Myastenia gravis, Myastenicko-myotonicky

sv. (M. Eaton- Lambert)

2. Exotoxické

hadie jedy (kobra, kordlové hady, krajta, Strkac, zmija,
i)

Skorpion, kiiete, pavbiky - funel-web spider, diema
vdova

botulotoxin {Costridium boiui)

3 Fammakad

ATB {strep i1, pol i B, T in
neomycin, tobramycin, linkomycin,...) Kardiofarmaka
(idokain,  prokainamid, 8-blokatory, chinidin)
Antirsimatika  {chioroquin), Psychotropné 1 {itium,
chiorpromazin,), Antikonvuiziva ( fenytoin), Anestetika
(lidokain, prokain, metoxyfiuran), Homodny (steroidy,
tyroxiny, iné (tetanicky antitoxin, inhibitory ACHE, svalové
relaxancia, kamitin, Ca®, Mg 2‘*)

Eticiogia myotonti

Rozdelenie neuromuskularnych poruch

Hyperkaiemicka [normoka{enucka penomcka pa{aiyza' |
Myoctonia congenita Thomsen:

Paramyotonia congenita (M. Eulenburg )

Dystrophia myotonica

Hypotyreoidizmus (pseudomyotonia)

Myotonicka chondrodystrofia (Schwartz-Jampelov sy }
Diazocholesterol, Aromatické aminoacidurie, Klofibrat
Issac syndrome

M. Pompe( deficit kysiej maitazy)

= poskodend postsynaptickd membréang, ¢ podast

receptorov; progredujuca svalova unava

2. Myastenicko-myotonicky syndrém

= poruSené uvoifiovanie Ach z presynapticke]

membrany, normalny polat receptorov; rekurentnd

excitacia - kumulativne hromadenie Ach -~ 1t sila s
sovarou korralcion 3. Mvelorscky i

= agbnommaélna perzisientna excitdcia postynapticke]

membrany — | relaxécia po kontrakeii

4. Fibrilacie

= kontrakcie svalovych viakien

(lézie prednych rohov, mona/polynewropatie, M

Diichers:. 56 jokoy ciystrofia, fifyositis, Sfyohibuls

myopatie, periodické paraiyzy, M.Pompe,
Rhabdomyolyza, atd.

S. Fascikuiacie

= kontrakcie svaiovych zvazotkov

(Amyotroficka lateralna sklerdza, tyreotoxikéza, sy.
8. Tetania

= prolongovana bolestiva kontrakcia '
(tetaus, {Ca?, {Mg*, hyperventitacia, Sy. issaca)



© Neuromuskularne
‘ poruchy



Esiolog - o

1. Vrodené

Myastenia gravis, Myastenicko-myotonicky

sy. (M. Eaton- Lambert)

2. Exotoxické

hadie jedy (kobra, kordlové hady, krajta, Stkac, zmija,

-

Skorpion, kiiete, pavbiky - funel-web spider, diema
n

botulotoxin {Costridium botuii)

3 Fammaka

ATB {streptomycin, pofymyxirt B, ampiciin, gerrtamycm,
neomycin, tobramycin, linkomycin,...) Kardiofarmaka
(lidokain, prokainamid, 8-blokatory, chinidin)
Antireimatika  {chioroquin), Psychotropné 1 {iiium,
chiorpromazin,), Antikonvulziva ( fenytoin), Anestetika
(idokain, prokain, metoxyfiuran), Homdny (steroidy,
tyroxiny, iné (tetanicky antitoxin, inhibitory ACHE, svalové
Telaxancia, kamitin, Ca®, Mg 2")

‘Eticiégia myotonti

Rozdelenie neuromuskularnych poruch

Hyperkaiemicka [mn’nokaiem&eka penomcka paraiyza
Myotonia congenita Thomsen

Paramyotonia congenita (M. Eulenburg )

Dystrophia myotonica

Hypotyreoidizmus (pseudomyotoma)

Myotonicka chondrodystrofia (Schwartz-Jampeiov sy }
Diazocholesterol, Aromatické aminoacidiirie, Klofibrat

Issac syndrome

M. Pompe( defict kysiej maitazy)

1. Myastenicky syndrom

= podSkodend postsynaptické membréng, + podast

receptorov; progredujtica svalova unava

2. Myastenicko-myotonicky syndrém

= poruSené uvoliovanie Ach z presynapticke]

membrany, normalny poéat receptorov; rekurentnd

excitacia - kumulativne hromadenie Ach -~ 1 sila s

opakovanou korfrakciou 3, Myotonicky syrdrém

= abnormaélna perzistentna excitdcia postynaptickej
pedny - | relesdicia po kontrakei

4. Fibrilacie

= kontrakcie svalovych vidkien

myopatie, periodické paraizy, M.Pompe,
Rhabdomyolyza, atd.

S. Fascikulacie

= kontrakcie svaiovych zvazotkov

(Amyotroficka laterdlna skierdza, tyreotoxikdza, sy.
chabej cbmy, inhibitory cholinesterdzy, neuropatie)

6. Tetania

= prolongovana bolestivé kontrakcia ‘
(tetaus, {Ca?, {Mg*, hyperventitdcia, Sy. issaca)



Neuromuskularna platnicka
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Mysthenia gravis

A. Neuromuscular junction (motor
endplate) (longitudinal section) [

Schwann cell 4

Axon terminal in
synaptic trough

7 ~ Axoplasm
\Myelin sheath
Sarcolemma
Sarcoplasm

Muscle cell nucleus

Myofibrils

B. Synaptic trough (cross section) e
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E. Production of endplate potential
(following diffusion of acetylcholine
to postsynaptic receptors)

D. Acetylcholine release (in response
to an action potential in presynaptic
neuron)

S
L ]
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Choline/0—>

Acetate
Acetylcholine

Synaptic
vesicles

Axolemma

Basement
membrane

Sarcolemma

C. Acetylcholine synthesis
H—Soluble nonspecific

>

esterase

Membrane-bound
acetylcholinesterase

1

—80 mV
F. Hydrolysis of acetylcholine



Nikotinovy cholinergny receptor

- Hereditarne poruchy

- Ziskané poruchy - autoimunita (vratane kongenitalnych)
" Myasthenia gravis (MG) autoimunitna etioldgia (80-90%)

® Kongenitalne myastenické syndromy (CMS)

presynaptické CMS - familiarna myasténia u deti (FIMG)

synaptické CMG - vrodeny deficit AChE

postsynatické CMG - sy. pomalého kanala sy. rychleho kanal;

® Nokturnalna front. lobarna epilepsia (ADNFLE)

" Neurodegenerativne ochorenia s demenciou (strata nACh)

acetylcholin Na* K*

utrofin %@ﬁi
Pentamérny
Typ nAChR Vyskyt Agonisti Antagonisti Blokatory kationovy
Svalovy (m)  |neuromuskulame Anatoxin-a, a-bungarotoxin | a- cobratoxin, kanal (Na*,
spojenie Epibatin, Nikotin dekametonium K*);a, b, g,
Gangliovy (g) | periférne neurdny; Nikotin a-bungarotoxin, Hexametonium de
vegetativne ganglia; neurosurugatoxin | mecanylamin Vyskyt:
neur()ny CNS nervovo-
Neuronalny neurony CNS Nikotin neurosurugatoxin | Hexametonium svalova
CNS(n) mecanylamin platnicka
Neuronalny neurény CNS Nikotin, a-bungarotoxin, ? veget.a,tlvne
lvermectin metyllycaconitin ganglia,

CNS



Hereditarne poruchy

Prechodna neonatalna 2033-934 |CHRNG | podjedntoka y svalového nAchR

myasthenia gravis

Myastenicky sy. pomalého |17pl12- CHRNB1 |podjedntoka p1 svalového nAchR

kanala p1l CHRNAL |podjedntoka a1 svalového nAchR
2024-q32

Familiarna myasthenia 17p13 MGl lokus sa prekryva s génom pre synap-

gravis u deti typ1 (FIMG1) tobrevin-2 (gén VAMP2, 17p12)

Familiarna myasthenia 10g11.2 |CHAT cholinacetyltrasferaza

gravis u deti, typ2 (FIMG2)

Acetylcholinesterazovy 3p24.2 COLQ tzv. acetylcholinesterase-associated

deficit neuromuskularnej collagen

platni¢ky

Centralny nervovy systém

Nokturnalna frontalna 20913 CHRNA4 | podjednotka a4 neuronalneho nAChR

epilepsia (ADNFLE) typ1l

Nokturnalna frontalna 1p21 CHRNB2 | podjednotka B2 neuronalneho nAChR

epilepsia (ADNFLE) typ3 ENFL3

Nokturnalna frontalna 15924 CHRNAS | podjednotka a3 neuronalneho nAChR

epilepsia (ADNFLE) typ2 CHRNAS |podjednotka a5 neuronalneho nAChR

CHRNB4

podjednotka B¢ neuronalneho nAChR




unava a slabost skeletalnych svalov

Thomas Willis (1672) — prva zmienka

Strauss (1960) - protilatky anti-Ach(N)
polyklonalne — r6zne varianty IgG

(et gfitpd (ed)afited
Adult Form

(1) prie¢ne spoje Ach(N) — rychla degradaci . FWQ\ *
. ; . . ACh Binding Site A Tacem

znizenie poctu
(2) komplementom riadena destrukcia At Subunit Interface menyuaceme
postsynaptickej membrany — vyhladenie - -

(depolarizicia ) acetyl-CoA

(3) blokada vazby Ach na existujuce Ach(N) n ca

I_-’i-'ﬁ:nmmnni;" Y Na
\upake
\% K
Na . . cholin —ﬁr acetat
cholin . ACE
°

95%

:
LN
60% Patient Wit'h chin on Ch?St,:J’:,;gitx ‘
cannot resist when physician ‘\_;;/;X
7 W
/

pushes head back.

v /7N 0\
| PP

po t)'napt k
depolar

Ptosis and weakness of smile Improvement after
are common early signs. edrophonium chloride

, =)
s In early stages, patient may feel \2
Jg; fine in the morning but develops /../;I
"3/ diplopia and speech slurs later in 4
the day. 4

10%

y




