Nervovy systém
Motoricky systém
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Funkcni neuroanatomie

> Neuron jako funkéni jednotka NS (2)

> Vysokd variabilita neuronu podle specifity,
velikosti a typu.

> Jeden a-motoneuron v prednich rozich
misSnich v hrudni oblasti ma axondlni déelku
vice nez 1 m a inervuje nékolik set - 2000
svalovych fibril a vytvdar motorickou jednotku.

> Jiné neurony maji délku pod 100 um a konci
na jednotlivych télech jinych neuronu.
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dAKCNI potencidl (1j. nervovy
impuls) se Siri podél axonu.
Mikrotubuly transportuji
neurotransmitery k nervovym
zakoncenim (A).

dAKENI potencidal | depolarizuje
synaptickou membrdnu a
otevira voltage-dependenin
kalciové kanaly (B).

Qinflux kalcia zpUsobuje fuzi
vezikulu s membranou (C), coz
umozni neurofransmitery

= vazat se na receptor @
aktivovat druhé posly, které
moduluji transkripci cilovych
genu

= ofevfit ligandem vratkované
kandly. To umozniuje iontOm
vstoupit do téla bunky,
depolarizovat postsynaptickou
membrdanu a iniciovat akcni
potencidl ll.
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Neurofransmitery

Synaptickd fransmise modulovana neurotransmitery, které se
uvolnuji akénimi potencidly Sificimi se podél axonu.

Neurotransmitery pak reaguji s postsynaptickymi receptory a
jsou odstranovany transportnimi proteiny.

Reakce neurotransmiter-receptor zvysuje propustnost pro
ionty a umoznuje dalsi sSireni akcniho potencidlu.

Tato kombinace axondini elekirické akfivity a synapticke
chemicke reakce je podstatou vsech neurologickych funkci.




Neurotransmitery

o ________ &N I . R
Hlavni neurotransmitery (excitacni a inhibicni):

dacetylcholin, norepinefrin, (noradrenalin),
epinefrin  (adrenalin), 5-hydroxytryptamin
(serotonin), kyselina gama-aminomaselnd
(GABA), opioidni peptidy, prostaglandiny,
histamin, dopamin, glutamat, NO,
neuromelanin, vazoaktivni intfestinaini peptid
(VIP).

dGlutamadt se povazuje za hlavni excitacni
neurofransmiter.
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Motorickée ridici systémy

O
=

Tri:

1. Kortikospinalni (= pyramiddlni) systém v kufe mozkové
generuje informace pro predni rohy misni. Umoznuje
provest zamysleny, védomy, siiny a organizovany pohyb.
Porusend funkce vede ke ztrate schopnosti vg/kono’r volni

pohyb, ke spasticite a ke zmendam reflexu (napr.
hemiparéza nebo hemiplegie).

2. Extrapyramidovy systém podporuje rychlé, plynulé
provedeni pohybu formovanych kortikospindini drahou.
Porusend funkce se projevuje pomalosti (bradykineze),
ztuhlosti  (rigiditou)  nebo jinymi poruchami pohybu
(klidovy tremor, chorea nebo jiné dyskinezy).
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Motorickée ridici systémy

d 3. Mozecek a jeho spoje vedou ke koordinaci
svaloveho pohybu, iIniciovaného
kortikospinalnim  systemem a k fizeni
rovnovahy.

d Poruchy cerebela vedou k nepravidelnemu a
frhavemuu pohybu (ataxii), S
charakteristickymi priznaky, jako je dysmetrie,
adiadochokineza, intenéni tremor ©
nekoordinovanost nebo ataxie chuze d
pohybuU trupu.




Spoje

> Spoje mezi vSemi tfremi ridicimi
motorickymi systemy

> Spoje se senzitivhim Citim

> Spoje proprioceptivni (poloha kloubu)

> Spoje s retikularni formaci

> Spoje s vestibuldrnim systémem

> Spoje jiné
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http://upload.wikimedia.org/wikipedia/commons/c/c0/Medulla_spinalis_-_Substantia_grisea_-_English.svg
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Kortikospinalni (pyramidovy system)

> Je tvoren neurony 5. vrstvy a konci na
motorickych jaddrech hlavovych nervu a no
alfa-motoneuronech prednich rohU misnich.

o/

> Axony téchto neuronu vytvareji capsulu internu
a kfizi medulla oblongata v decussatio
pyromidarum, coz vede ke vzniku .
kortikospinalis  lafteralis s kontralaterdalni
aferentaci.

> Mald c&dast  kortikospindini  drdhy  zustava
neprekiizena (tr. kortikospinalis anterior)




Motoricky sytém , kortikobulbarni trakt

[0 Horni motorické neurony , které inervuji svaly tvdre a
hlavy, jsou lokalizovany pobliz sulcus laterals.

0 Jejich axony tvori kortikobulbdrni trakt.

0 Tyto axony potom sestupuji pres genu kapsuly interny
do medidlni ¢asti pedunculus cerebri.

[0 Axony horniho motoneurony vytvareji synapse s
dolnim motoneuronem jader hlavovych nervy,
lokalizovanych v mezimozku, pontu a medulla
oblongata.




Slabost a ztrdta pohybu

d Unilaterdlni  pyramiddini (UMN) leze nad decusatio
(napr. infarkt v capsula interna) zpusobuje slabost
profilehlé koncetiny, 1]. kontralateralni hemiparézu.

Je-li akutni a kompletni, slabost bude okamzitd o
vyJGdreno (hemiplegie u kapsularniho infarktu)

V plipadé pomalé progresivni leze (napr. kortikdini
gliom) dochdzi k postupné slabosti v hemiparetickych
koncetindch. Na hornich koncetindch zustanou flexory
siin€jsi nez extenzory, na dolnich koncefindch je tomu
naopak.

d Na homnich koncetinach je slabsi abdukce ramene a

extenze |okte, extenzory prstu a abdukfory na ruce jsou
slabsi nez jejich antagonisté.




Klinické charakteristiky pyramiddlnich lezi

Slabost, spasticita, zmény v koznich
reflexech.

Pyramidalni drZzeni hornich konéetin

Postizend koncetina se z predpazeni
dlanémi nahoru staci dolu a medidiné.

Ruka se staci do pronace s lehkou flexi
orstu.




Slabost a ztrata pohybu

d Na dolnich koncetindch jsou slabsi flexe v
kyCli a abdukce, flexe kotniku.

d Kromé slabosti se omezuje i moznost viastniho
pohybu, napf. u prstu a palce

d Svalova afrofie  neni  typickd [(neni-li
imobilizace). Svaly jsou elekiricky normdalné
excitovatelné.

d UMN leze pod decusatio jsou homolaterdini.
Klinicky neprilis obvykly stav.




Spasticita (zvyseny tonus)

J

d

Akuini leze kortikospindiniho fraktu zpusobuje
zpfc|>co‘rl<u chabou obrnu a ztratu Slachovych
reflexu

BE€hem nékolika dni se rozviji ndrust tonicity v
dusledku ztraty vlivu kortikospindiniho traktu na
misni reflexy, které se tim relativné posili. Tento
ndrust tonicity postihuje viechny svaly na strané
postizeni, ale je zjevnéjsi na silnéjsich svalech.

Tento_tonus je mozno charakterizovat jako
zmeneny odpor kladeny pasivhimu pohybu.
/ména je ndhld: syndrom zaviraciho noze.

Slochove reflexy v postizené koncefing jsou
zvysené a casto dochdzi k vyvoji klonusu.




Table 20.13
Evidence of an upper motor neurone lesion

Drift of upper limb

Weakness with a characteristic distribution
Increase In tone of spastic type
Exaggerated tendon reflexes

An extensor plantar response

Loss of fine finger/toe movements

Loss of abdominal reflexes

No muscle wasting

Normal electrical excitability of muscle

& Elsevier Science Ltd
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Patelarni reflex: misni reflexni oblouk. Nahlé napéti Slachy vytvari senzorické
akeéni potencialy v 1a aferentech svalovych vietének. Ty se synapticky spojuji s
y-motorickymi vliakny a a motorickymi viakny. Motorické ak¢ni potencialy vedou
| lové | kel Dochazi také k inhibici f coleni



/meny v povrchovych reflexech

Normalni flexorova plantarni odpovéd
se stava extenzorovou (pozitivni
Babinski).

Abdomindlni reflexy a kremastericky
reflex zanikaji na postizené strané.

Kremasterovy reflex je kozni reflex, ktery vybavujeme podrazdénim kdze medialni
strany stehna. Sledujeme varle ve skrotu. Pri kontrakci m. cremaster dochazi k
elevaci varlete na téze strané.

Aferentace i eferentace probiha pres spinalni motoricky okruh L1-L2.
Pokud reflex nejde vyvolat, mize se jednat o:

lokdIni patologii (torze varlete, nadvarlete ¢&i jejich apendixQ),

lézi reflexniho oblouku,

|ézi pyramidové drahy.



https://www.wikiskripta.eu/w/Varle
https://www.wikiskripta.eu/w/M._cremaster
https://www.wikiskripta.eu/w/Pyramidov%C3%A1_dr%C3%A1ha

Klinické typy nemoci horniho
motoneuronu (UMN)

d Dva hlavni: hemiparéza a paraparéza.
Hemiparéza je snizeny stupen svalove sily na
koncetindch jedné strany téla; obvykle je
postizeni na Urovni mozku.

d Paraparéza snizeny stupen svalové sily na
obou dolnich koncetindch; postizeni obvykle
na urovni spindini michy, zfidka pri
bilaterdlnim postizeni mozku.

d Hemiplegie a paraplegie strikiné naznacuji
totalni paralyzu.




Hemiparéza

Podle lokalizace:

1. Motoricka kura. Slabost nebo zirdta pohybu no
kontralaterdini koncetiné (monoplegia) nebo jeji Casti je
charakteristickd pro izolovanou lézi motorického korfexu
(napf. metastdza tumoru). Casto téz defekt vyssich
korovych funkci (afdzie). Fokdalni epilepsie

2. Capsula interna. Protoze kortikospindini drdhy jsou v cC.i.
pevné sbaleny (1 cm2), malé leze zpUsobuji velké deficity.
Napf. infarkt malé vétve a. cerebri media zpusobuje
ndhlou kontralaterdlni hemiplegii, kterd zahrnuje i tvar.




Hemiparéza

3. Most. Pontinnileze (napr.plak sclerosis
mulfiplex) postihuji zridka jen
kortikospindlni frakt. Casto postizeny |
jddra hlavovych nervu s ochrnutim VI. o

VIl. nervu, internukledarni oftalmoplegii
apod.

4. Micha. 1zolované postizeni tr.

kortikospinalis lat. (napr. v kréni oblasti)
zpusobuije ispilaterdini UMN [ézi.




Paraparéza

» Paraparéza indikuje bilaterdlni
poskozeni kortikospindlniho fraktu.

» Komprese michy nebo jiné misni
nemoci, nékdy i cerebrdlni léze.

> Paraparéza vcéetné  qguadruparézy
vznikd pfi  ruznych neurologickych
onemocnénich.




Table 20.14
Causes of a spastic paraparesis

Spinal lesions
Spinal cord compression (see [able 20.49)
Multiple sclerosis

N Myelitis (e.g. varicella zoster virus)
Motor neurone disease
Subacute combined degeneration of the cord
Syringomyelia
Syphilis
Familial or sporadic paraparesis
Vascular disease of the cord
MNon-metastatic manifestation of malignancy
Tropical spastic paraparesis (HTLV-1)
HIV-associated myelopathy

Cerebral lesions™
Parasagittal cortical lesions:
Meningioma
Venous sinus thrombosis
Hydrocephalus
Multiple cerebral infarction

* All are rare causes of a paraparesis
— HTLV-1, human T-cell leukaemia virus

& Elsevier Science Lid



Poskozeni dolniho motoneuronu (LMN)

d Dolni motoneuron je alfa-motoneuron
prednich rohU misSnich (nebo jader hlavovych
nervu)

Aktivita téchto bunék je fizena impulzy z:
Kortikosponalniho traktu
Extrapyramidoveho systému

Mozecku

Eferentnich vidken zadnich korenU misnich.

U000 O
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Priciny 1ézi LMN

> Postizeni jader hlavovych nervu a alfa
motoneuronu prednich rohu misnich
(poliomyelitis)

> Misni oblouk-protruze disku

» Postizeni periferniho nervu (nebo
hlavového)-trauma

» Mononeuritis multiplex




Priznaky poruchy dolniho motoneuronu

Table 20.17

Signs of a lower motor neurone lesion

Weakness

Wasting

Hypotonia

Reflex loss
Fasciculation
Contractures of muscle

‘Trophic’ changes in skin and nails } long Ler sitects

NEB: Fibrillation potentials can be detected electromyographically,
see page 1156.

& Elsewvier Science Lbd



Extrapyramidovy systém

NN VXN NV

Je obecny termin pro motorické struktury bazalnich ganglii

corpus striatum (tj. Nucleus caudatus + globus pallidus +
putamen),

Nucleus subthalamicus
Substantia nigra
Casti thalamu.

U nemoci bazalnich ganglii se vyskytuji zjevné zmeny na
axialnim svalstvu a svalstvu koncetin:

Redukovana rychlost pohybu (bradykineze) nebo akineze
(neprltomnost pohybu) se svalovou rigiditou.

Pohyby nezplUsobené vuli (tremor, chorea, hemibalismus,
athetosis, dystonie).




Nemoci extrapyramidového systemu

Akineticko rigidni syndromy
Dyskineze




Extrapyramidalni systém: schéma spoju a neurotransmiteru
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Primd& cesta ze striata do
GPm (GP medialis) a
substantia nigra, pars

synapse F, GABA a
substance P.

Nepfimd cesta ze striata do
globus pallidus; via lateraini
globus pallidus (GPI;
Inhibicni synapse C, GABA,
enkefalin) a inhibicni
synapse D pro nucleus
subthalamicus, GABA).
Konciv GPm-SNr (v
excitacni synapsi E,
glutamat).

Pfrimé cesty inhibicni i
excitacni ze substantia
nigra, pars compacta

(SNc) do striata. Synapse A,
excitacni; a synapse B, D2,
inhibicni.

GPm a SNr do thalamus.
Synapse G, GABA.

excitacni, synapse H.
Z kury do striata, synapse A.
Excitacni, glutamat.



Extrapyramidalni systém: zkratky spoju a
neurotrasnmiteru

GLU, glutamat;
ENK, enkefalin;
GABA, kyselina gama-aminomaselng;
VA, ventralis anterior;

VL, ventrolaterdlni;

GPI, laterdini globus pallidus;

GPm, medidlni globus pallidus;

SNr, substantia nigra, pars reficulata




Table 20.15

Changes in the major neurotransmitter profile in
Parkinson’s and Huntington's diseases

e CONdition Site Neurotransmitter

Parkinson’s Putamen Dopamine 1 90%
disease Norepinephrine
(noradrenaline) 4 60%
5-HT 1 60%

Substantia nigra Dopamine 4 90%
GAD + GABA Ll

Cerebral cortex GAD + GABA 1l

Huntington's Corpus striatum Acetylcholine 1.1
disease GABA 1l
Dopamine: normal
GAD + GABA 11

GABA, y-amino butyric acid; GAD, glutamic acid decarboxylase, the
enzyme responsible for synthesizing GABA; 5-HT, 5-hydroxytryptamine

& Elsevier Science Litd



Parkinsonova nemoc

d

Pomalost, ztuhlost, klidovy tremor.

[?regTeneroce v SNc zpuUsobuje zirdtu dopaminové aktivity ve
striatu

Dopamin je excitacni pro synapse A a inhibiCni pro synapse B.
Pres primou cestu dochdzi k redukci akfivity synapse F, coz vede
ke zvySeni inhibicni ok’nvfry (G) a poklesu kortikalni aktivity (H).

Disinhibice neuronU v synapsi C v dUsledku dopaminového
deficitu v neprimé cesté. To vede k redukci aktivity v D a ke
zvySené akfivité neuronu v n. subthalamicus. Dochdzi k excesivni
stimulaci na synpapsi E, coz ddle podporuje inhibicni efekt
GPm-SNr. Dohromady dochdzi k inhibici thalamickych jader (VA)
a (VL) na synapsi G. Kortikdini motorickd akftivita na H je tak
redukovana.

Levodopa v terapii PN indukuje neocCekdavaneé dyskinezy
zvysenim dopaminové aklivity na synapsich A a B, coz ovlivni
sifuaci na ostatnich synapsich.




Parkinsonova nemoc (PD)

O Druha nejcastéjsi neurodegenerativni nemoc
2(5)0CIOVCIhCI s vekem (1% populaci nad 60 let veku)

O Bradykinezie, klidova tres, rigidita, porucha pohybu
a posturalni abnormality a jiné motoricke i
nemotorické symptomy.

0 Vysledek komplexni interakce mezi genetickou
predispozici, toxiny prostredi, mitochondridlni
dysfunkci a jinymi bunécnymi procesy. Epigeneticke
modifikatory jako potencialni medidtory viivu
environmentdlnich faktord na patogenezu PD.
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Mozné role metylace DNA a
asociovanych faktord v patogeneze
PD.

One-carbon metabolic disturbance
results in decreased level of S-
adenosylmethionine (SAM), which
leads to hypomethylation of DNA.
The decreased methylation level of
specific PD-related genes changes
chromosome conformation and
makes much easier for transcription,
such as SNCA overexpression that
leads to a-synuclein accumulation
and subsequently dopaminergic
neurons degeneration. In addition,
high level of homocysteine (HCY)
can induce dopaminergic neuronal
apoptosis via impairment of
mitochondrial function and
apoptosis-related gene activation,
leading to caspase activation and
neuronal apoptosis. AlF, apoptosis
inducible factor; Met, methionine;
SAH, S-adenosylhomocysteine.

Journal of the Neurological Sciences 349 (2015) 3-9



The process of histone
acetylation and its effect on
gene transcription.

Two main enzymes termed
as acetylase (HATs) and
deacetylase (HDACSs)
mediate the process of
acetylation/deacetylation,
respectively. The histone
acetylation produced a
more loosened chromatin
structure leading to
transcriptional activation,
whereas histone
deacetylation formed
heterochromatin and then
transcriptional repression.
TF, transcriptional factor;
RN-p, RNA polymerase.

Journal of the Neurological Sciences 349 (2015) 3-9



Melatonin

demonstrates neuroprotective activity
based on the limitation of oxidative
stress, inflammation, and degradation
of dopamine in nervous tissue, the
attenuation of mitochondrial
dysfunction, and the accumulation of
alpha-synuclein, which are observed in
parkinsonian animals and human
patients.

Eksp Klin Farmakol. 2016;79(9):38-44.



https://www.ncbi.nlm.nih.gov/pubmed/29787671

Patogeneze PD

O Dochdzi k akumulaci SNCA ( a- synuklein) v
presynaptickych nervovych vidknech dopaminergnich
neuronu Vv substantia nigra, pars compacta. Neurotoxicita
SNCA je zrejmé ovlivnéna interakci s histony s poruchou
acetylace.

[0 Hyperacetylace H3 nebo H4 je kliCovou epigenetickou
zmenou v dopaminergnich neuronech. Nekteré
environmentdini toxiny indukuji na case zdvisly ndrust nebo
pokles acetylace DNA(Dieldrin, paragquat).

O Dysregulace acetylace H3 nebo H4 se povazuje za dUlezity
mechanismus stojici za ztrdtou neuronu u PD, zpUsobenou
pesticidy.

Journal of the Neurological Sciences 349 (2015) 3-9



Table 1. Genes Associated with Parkinson's Disease

| |
Locus Map Position Gene Inheritance 1 Pathology |
PARK 1 ‘ 4q21-q23 a-synuclein . Dominant, LB positive
| high penetrance .
T | - | ) !
PARK 2 ‘ 6q25-q27 parkin Recessive ; LB negative '
PARK 3 2p13 | Unknown Dominant, LB positive
‘ Incomplete penetrance
T ' i _‘ |
PARK 4 | 4p15 Unknown Dominant, | LB positive ‘
i high penetrance
| =N 1
PARK S ‘ 4pl4 UCH-L1 Dominant Unknown B
| | | | =
| | | ] |
PARK6 | 1p36-p35 | Unknown | Recessive | Unknown i
- | I
PARK 7 1p36 DJ-1 Recessive 5 Unknown |
PARK 8 12p11-q13 Unknown Dominant, 1 LB negative |
{ Incomplete penetrance |
— —_— — —_— S— i [ S— ‘w — —
PARK 9 1p36 Unknown ‘ Recessive 4 Unknown
' |
PARK 10 1p32 ‘ Unknown Non-Mendelian ; Unknown
|
PARK 11 2q36-q37 Unknown Non-Mendelian : Unknown |
| | . | , . — e
222222 | 2q22-q23 | NR4A2 Dominant f Unknown !
1 i |

Adapted from Bonfante, et al., J. Med. Chem. (2004).
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Pain pathways

Epidermal nerves in the skin transmit nociceptive inputs to
the spinal dorsal horn, where the second-order sensory
neurons further convey the information to pain-processing
regions in the brain (i.e. “pain matrix”), including the
medial (MT) and lateral (LT) portions of the thalamus,
primary (SI) and secondary (SII) somatosensory cortices,
insular cortex (IC), anterior cingulate cortex (ACC), and

prefrontal cortex (PFC). Depending on the involved
dimensions of pain, these regions can be further divided
into the medial and lateral pain systems. Growing evidence
has also suggested a role of the basal ganglia, i.e. the
lentiform nucleus (LN) and substantia nigra (SN), in pain
processing. In addition to this bottom-up process,
structures belonging to the descending modulatory
system, particularly the periaqueductal gray (PAG) and
rostral ventromedial medulla (RVM), project to the spinal
dorsal horn to regulate the transmission of nociceptive

information.

Punch skin biopsy serves to evaluate the integrity of peripheral
small-diameter sensory nerves. Functional and structural magnetic
resonance imaging (MRI) techniques estimate the cerebral correlates

- of pain. Laser- and contact heat-evoked potentials provide

information along the whole neural axis of pain.


https://www.sciencedirect.com/topics/medicine-and-dentistry/thalamus
https://www.sciencedirect.com/topics/medicine-and-dentistry/somatosensory-cortex
https://www.sciencedirect.com/topics/medicine-and-dentistry/insular-cortex
https://www.sciencedirect.com/topics/medicine-and-dentistry/cingulate-cortex
https://www.sciencedirect.com/topics/medicine-and-dentistry/prefrontal-cortex
https://www.sciencedirect.com/topics/medicine-and-dentistry/basal-ganglia
https://www.sciencedirect.com/topics/medicine-and-dentistry/substantia-nigra
https://www.sciencedirect.com/topics/medicine-and-dentistry/medulla
https://www.sciencedirect.com/topics/medicine-and-dentistry/skin-biopsy
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Hunfingtonova nemoc

Dédicnd demence s progresivné trhavymi
pohyby (choreaq).

Chorea vznikd jako dUsledek poskozeni
neuronu (GABA, enkefalin) v neprfimé cesté
ze striata do GPI, coz redukuje aktivitu na
synapsi C. Dochadzi pritom ke zvysené inhibici
subthalamickych neuronu na synapsi D,
redukované stimulaci na E a snizené inhibici
VA/VL na G. KortikdIni aktivita na H je
zvysenaq.




Huntington's disease

0 Hunfington's disease is caused by a tfrinucleofide repedt expansion
in the Huntingtin gene, which codes for Huntingtin protein,
denoted "Hit". Hunfington's disease is one of several polyglutamine
diseases. This expansion produces an altered form of the Hit
protein, called mutant Huntingtin (mHtt), the misfunction of this
protein increases neuronal cell death in select areas of the brain.
This damage itself isn't fatal, but life expectancy is reduced due to
complications caused by its symptoms.

[0 Huntington's disease's most obvious symptoms are abnormal body
movements called chorea and a lack of coordination, but it also
affects a number of mental abilities and some aspects of
behavior. Physical symptoms occur in a large range of ages
around a mean occurrence of late forthies/early fifties, but if they
occur before the age of 20 then the condition is known as Juvenile
HD. As there is currently no proven cure, symptoms are managed
with various medications and supportive services.



http://en.wikipedia.org/wiki/Trinucleotide_repeat_disorders#Trinucleotide_repeat_expansion
http://en.wikipedia.org/wiki/Huntingtin
http://en.wikipedia.org/wiki/Gene
http://en.wikipedia.org/wiki/Huntingtin_protein
http://en.wikipedia.org/wiki/Trinucleotide_repeat_disorders
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Neuron
http://en.wikipedia.org/wiki/Cell_death
http://en.wikipedia.org/wiki/Brain
http://en.wikipedia.org/wiki/Chorea_%28disease%29
http://en.wikipedia.org/wiki/Arithmetic_mean

Huntington's disease

0 Hunfington's disease is caused by a tfrinucleofide repedt expansion
in the Huntingtin gene, which codes for Huntingtin protein,
denoted "Hit". Hunfington's disease is one of several polyglutamine
diseases. This expansion produces an altered form of the Hit
protein, called mutant Huntingtin (mHtt), the misfunction of this
protein increases neuronal cell death in select areas of the brain.
This damage itself isn't fatal, but life expectancy is reduced due to
complications caused by its symptoms.

[0 Huntington's disease's most obvious symptoms are abnormal body
movements called chorea and a lack of coordination, but it also
affects a number of mental abilities and some aspects of
behavior. Physical symptoms occurin a large range of ages
around a mean occurrence of late forties/early fifties, bu’r if they
occur before the age of 20 then the condition is known as Juvenile
HD. As there is currently no proven cure, symptoms are managed
with various medications and supportive services.



http://en.wikipedia.org/wiki/Trinucleotide_repeat_disorders#Trinucleotide_repeat_expansion
http://en.wikipedia.org/wiki/Huntingtin
http://en.wikipedia.org/wiki/Gene
http://en.wikipedia.org/wiki/Huntingtin_protein
http://en.wikipedia.org/wiki/Trinucleotide_repeat_disorders
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Neuron
http://en.wikipedia.org/wiki/Cell_death
http://en.wikipedia.org/wiki/Brain
http://en.wikipedia.org/wiki/Chorea_%28disease%29
http://en.wikipedia.org/wiki/Arithmetic_mean

O

O

O

Pathophysiology of HD

Degeneration of neuronal cells, especially in the frontal lobes
and caudate nucleus (the striatum) of the basal ganglia occurs.
There is also astrogliosis and loss of medium spiny neurons.

The brain inifiates motion by sending a signal down the spinal
cord from the external globus pallidus. At the same fime that the
stimulus is being sent down the spinal cord, the subthalamic

nuclei of the siriatum excite the internal globus pallidus, which

inhibits the thalamus and modulates moftion.

In Huntington's disease the external globus pallidus over-inhibits
the flow of excitation from the subthalamic nuclei, which
interferes with the initiation of motion. The subthalamic nuclei
also generate reduced excitation to the internal globus pallidus,
resulfing in a weak inhibitory signal to the thalamus. The thalamus
In furn then sends a strong excitatory signal fo the putamen
resulting in unmodulated motion.

Role of epigenetics still unclear (but probable)
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Huntingtonova nemoc-etiopatogeneza

Normdlini stav ‘

DNA
ATGCAGGTIGACCTCAGTG

TACGTICCACTGGAGTICAC
RNA

AUGCAGGUGACCUCAGUG

PROTEIN
Met-GIn-Val-Thr-Ser-Val

OO0 0O o000

OO0

Mutace typu trinukleotidové expanze
DNA

ATG(CAGCAGCAG),,CAGGTGACCTCAG
1G

TAC(GTICGICGIC),,GTCCACTGGAGTCAC

RNA

AUG
(CAGCAGCAG),,CAGGUGACCUCAGUG

PROTEIN
Met-(GIn-GIn-Gin),,GIn-Val-Thr-Ser-Val
Huntingtonova nemoc




Table 20.15

Changes in the major neurotransmitter profile in
Parkinson’s and Huntington's diseases

e CONdition Site Neurotransmitter

Parkinson’s Putamen Dopamine 1 90%
disease Norepinephrine
(noradrenaline) 4 60%
5-HT 1 60%

Substantia nigra Dopamine 4 90%
GAD + GABA Ll

Cerebral cortex GAD + GABA 1l

Huntington's Corpus striatum Acetylcholine 1.1
disease GABA 1l
Dopamine: normal
GAD + GABA 11

GABA, y-amino butyric acid; GAD, glutamic acid decarboxylase, the
enzyme responsible for synthesizing GABA; 5-HT, 5-hydroxytryptamine

& Elsevier Science Litd



Hemibalismus

Divoké pohyby koncetin zpusobené
obvykle malym infarktem v nc.
subthalamicus.

Redukce excitacni aktivity na synapsi E,
redukce inhibice na G se zvySenou
aktivitou thalamo-kortikdlnich neuronu
a zvySenou akfivitou v H.




Vestibularni systém

O Kontroluje rovnovdhu, napojen na extrapyramidovy system. Neni
proto prekvapive, ze pacienti s s extrapyramidovymi
neurodegenerativnimi nemocemi mohou mit poruchy rovnovahy
s castymi pady.

0 The main sensory organ of the vestibular system is located in the
inner ear and consists of the utricle, the sacculus and the
semicircular canals. There are three semicircular canals which
represent dll three spatial planes. The semicircular canals are lined
by hair cells and filled with endolymph. The endolymph moves
when the head moves and thus stimulates the hair cells. The hair
cells then project synaptically to the Vestibular ganglion which is
located within the bone of the skull. The ganglion then sends
projections to the Superior and lateral vestibular nuclei which are
located in the medulla adjacent to the floor of the fourth
ventricle. These nuclei in turn send axons via the Inferior cerebellar
peduncle to the Flocculonodular lobe of the cerebellum to
maintain equilibrium.




Vestibularni systém

0 Tr. vestibulospinalis lateralis udrzuje rovnovahu,
0 1r. vestibuloocularis fidi rychlé pohyby oci
(nystagmus)a

O tr. vestibulocorticalis, ktery zpusobuje zdvraf, je i
stimulovan.

O Klinicky zpUsobuiji poruchy vnitiniho ucha poruchy
rovnovahy, zavraté a nystagmus pri pohybu
hlavy.




Nystagmus

O jsou bezdé&&né, mimovolni pohyby bulb(, vice nebo méné

O

O

rytmickeé, opakujici se v jistém sledu

Podle sméru pohybl rozli§ujeme nystagmus horizontalni,
vertikalni, diagonalni nebo krouzivy.

Podle kmitu jej délime na kyvavy (pendulujici), kdy obé
slozky jsou pravidelné jako kyvadlo u hodin, a
zaskubovity, kdy pomala slozka je sledovana rychlym
zpetnym pohybem oci, rychla slozka je zretelnéejsi. Podle
smeru, kterym ,bije" rychla slozka, urcujeme smer.

U nystagmu sledujeme amplitudu, coZ je rozsah kmitu
(drobné, stredni, hrubé kmity) a frekvenci, coz je pocet
kmitd za minutu. Stfedni hodnoty jsou 250 aZ 300 kmitu
za minutu.




Cerebelum

OO0O0000O0 OO0O0000mO

Ridi koordinaci.

Cerebellum dostava aferentni drahy z :
Proprioceptivnich organd v kloubech a svalech
Vestibularnich jader

Bazalnich ganglii

Kortikospinalniho systému

Nucleus olivae.

Eferentni drahy jdou do:
Nucleus ruber
Vestibularnich jader
Bazalnich ganglii
Kortikospinalniho systéemu.

Kazdy lateralni cerebelarni lobus koordinuje pohyb v
ipsilateralni koncetine. Vermis se ucastni v udrzeni axialniho
postaveni a rovnovahy




Table 20.16

Principal causes of cerebellar syndromes

Tumours

I -
Vascular lesions

Infection

Developmental

Toxic and
metabolic

Inherited

Miscellaneous

Haemangioblastoma
Medulloblastoma

Secondary neoplasm
Compression by acoustic neuroma

Haemorrhage
Infaction
Arteriovenous malformation

Abscess
HIV
Kuru

Arnold-Chiari malformation
Basilar invagination
Cerebral palsy

Anticomvulsant drugs

Chronic alcohol abuse

Following carbon monoxide poisoning
Lead poisoning

Solvent abuse

Friedreich's ataxia
Akaxia telangiectasia
Essential tremor

Multiple sclerosis

Hydrocephalus

Postinfective cerebellar syndrome of childhoaod
Hypathyroidism

MNon-metastatic manifestation of malignancy
Cerebral cedema of chronic hypoxia

& Elzewvier Science Lid




Cerebelarni léeze

O

O O

O O

Expanduijici Iéze v cerebelu vedou k obstrukci akvedukiu
a zpusobuji hydrocefalus se zdvaznymi tlakovymi
bolestmi zvracenim a edémem papily. Pri vilaceni
cereberdinich tonsii do f. magnum muze dojit az k
obstrukci dychaciho centra

Tonickeé zachvaty (ndhlé ataky ztuhlosti) nohou.

Laterdlni cerebelarni laloky. Tumor nebo infarkt zpuUsobi
zruseni normdini  ndslednosti  pohybU  (dyssynergie)
ipsilateralne.

Ataxia

/mény fransmiterU u cerebela Spatné prozkoumdadny.




Cerebelarni léeze

Postoj a chuze. Predpazené ruce je v pocdtcich mozno
udrzet.

Chuze se stava ataxickou, o Siroké bdzi. Pacient titubuje na
stranu leze

Tremor a ataxia. Pohyb je nepresny ve smeru, sile i
vzddlenosti (dysmetrie).

Rychlé alternativni pohyby jsou dezorganizovdny
(dysdiadochokinesis). Intencni tremor (akeni fremor s
dysmetrii) —napr zkouska prst-nos.

Rychlost pohybu zachovana

Nystagmus. Hruby horizontdlni nystagmus u lezi laterdliniho
laloku ve sméru léze

Dysartrie.
Stakatovarec




Cerebelarni leze ve stredni roviné

Léze ve vermis maji dramaticky vliv na
rovnhnovahu trupu a axidlni muskulatury.

— potize stat nebo
sedet bez opory s valivou, Sirokou ,
ataxickou chuzi.

Léze ve flokulonoduldrni oblasti
zpusobuji vertigo, zvraceni a ataxii




Tremor

> Je pravidelnd a sinusoiddini oscilace
casti téla.

> Posturalni tremor. Zvysuje se pri Uzkosti,
hypertyredze , polékové
(sympatomimetika, lithium), pri otrave
rtuti

> Hruby posturdlni tremor u tézkych
alkoholiku.




Tremor

3 Intenéni fremor - poruchy mozecku a
mozeckovych spoju

_ Klidovy tremor — u parkinsonismu.
d Jiné -méné casté

J Léze v nucleus ruber

J Léze ve frontdalnim laloku




The degree of tremor should be assessed in four positions. The tremor can

then be classified by which position most accentuates the fremor:

Position

Name

Description

At rest

Resting tremors

Tremors that are worse at rest include
Parkinsonian syndromes and essential tremor if
severe. This includes drug-induced tremors
from blockers of dopamine receptors such as
haloperidol and other anfipsychofic drugs.

During contraction (eg. a tight fist
while the arm is resting and
supported)

Contraction
fremors

Tremors that are worse during supported
contraction include essential tremor and also
cerebellar and exaggerated physiologic
tremors such as a hyperadrenergic state or
hyper’rhyroidismm. Drugs such as adrenergics,
anti-cholinergics, and xanthines can
exaggerate physiologic tremor.

During posture (eg with the arms
elevated against gravity such asina
‘bird-wing' position)

Posture tfremors

Tremors that are worse with posture against
gravity include essential fremor qu
exaggerated physiologic tremors-".

During intention (eg finger to nose
test)

Intention tremors

Intention tfremors are tremors that are worse
during intention, e.g. as the patient's finger
approaches a target, including cerebellar
disorders
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