Spasticita — patofyziologie a lécba
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Ve skutecnosti je tento dokument pouze prepisem o
predndsky z 32. sjezdu AAN, kterd se konala v dubnu
1980 v New Orleans.

Prava definice spasticity byla publikovana Lancem a
Burkem v roce 1974 a Lancem v kapitole knihy v roce
1980.

Lance JW. The control of muscle tone, reflexes and movement: Robert Wartenberg Lecture. Neurology 1980;

46: 1303 - 1313 2
Lance JW, Burke D. Mechanisms of spasticity. Arch Phys Med Rehabil 1974, 55: 332 — 337 e

Lance JW. Symposium synopsis in : Spasticity: disordered motor control, Feldman RG, Young RR, Koella W @ o
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opinions & reviews

The control of
muscle tone, reflexes,
and movement:
Robert Wartenberg Lecture

James W. Lance, M.D.

muscle stretch experienced by a clinician attempt-

ing to flex or extend a limb in some patients wit}
neuron lesions. During

KEY WORDS: Movement; musculoskeletal system; physiology; proprioception; reflex

Mechanisms of Spasticity
James W. Lance, M.D., David Burke, M.D.

neurons are abnorma eetterirte— pastic_lower limbs,
pictrreflex shows two main features: (1) flexoroms

ensor excitation dependent on stretch velocity, and (2)
flexor excitation and extensor inhibition dependent on the

sggthening of the muscle during stretch (clasp-knife phe-
<y). In the upper limbs patients with cerebral pa A
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reflexes (muscle tone) with exaggerated ter
jerks, resulting from hyperexcitability of the /\
stretch reflex, as one component of the upper "

motoneurone syndrome”

James W Lance 1980
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Hyperreflexie a klonus

&
Spasticka dystonie )Q,
Spasticita
Flexorové spazmy
Syndrom zaviraciho noze X

Efferentni paleni (,, drive”)

Asociované motorické poruchy

Ko-kontrakce T
Abnormni kozni reakce (Babinski)
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Hypotonie v &asnych fazic i
Hypodynamie a slabost )<¢:
Svalova dyskoordinace
Excesivni svalova unavnost
Neobratnost, priznak tzv. ,,clumsy hand“ 0
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Quantifiable
Type Trigger Disabling at bedside

Stretch-sensitive
spasticity Phasic stretch, at rest
C dystonia Tonic stretch, at rest
spastic cocontraction Violuntary command plus tonic stretch
Mot stretch sensitive
Pathological extrasegmental cocontraction
(synkinesis, overflow; chorea; athetosis) Voluntary command
Cutaneous and nocicepltive reflexes Cutaneous stimulation
Other Coughing, breathing, yawning

Gracies 2005
Brain Research Reviews
Volume 40, Issues 1-3, October 2002, Pages 19-28

Review

Spinal interneurones; how can studies in animals
contribute to the understanding of spinal interneuronal
systems in man?

E Jankowska & &, | Hammar

Jankowska, Hammar 2002
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Hyperreflexie a klonus

Cell body of

Quadriceps sensolr:v or:”curon in

Spinal cord
(cross section)

@ Sensory neuro
@® Motor neuron
@ Interneuron

velocity-dependent lenght-dependent
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Flexorové spasmy

Flexorové spasmy jsou pouze disinhibované obycejné flexorové reflexy.

U pacientl se syndromem horniho motoneuronu je bud’ prah pro aktivaci flexorovych
reflex snizen, anebo je ,drazdivost” flexorového reflexniho systému zvysena. Pfipadné

se jedna o kombinaci.

Aferentni ¢asti reflexniho oblouku polysynaptickych flexorovych reflext je pomérné
velka skupina aferentnich vldaken ze vSech Casti periferie (klGze, svaly, podkozi, klouby).
Eferentni ¢ast jsou dostrediva vlakna ke svalim a to jak flexorim tak extenzorum.

Excitatory
interneurons

Anterior white
commissure

Ir:hlzlted efferef:és Excited efferents
0 flexor musc to flexor muscle

Excited efferents Inhibited efferents
to extensor muscle to extensor muscle
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Fenomén zaviraciho_;h.

Fenomén zaviraciho noze je kombinaci patologického tonického napinaciho reflexu,
modifikovaného aferentnimi vlakny slouzicimi flexorovym reflextim.

Napinaci tonicky reflex zpUsobuje ve spastickém svalovém segmentu zvySovani

L

svalového tonu. V urcitém okamzZiku ale odpor mizi a v pasivni flexi Ize pokracovat zcela ;"

L

volné. e

Pri pasivnim pohybu se protahuje dany sval, ¢imz redukuje excitabilitu tonického
napinaciho reflexu. Zaroven odpor, kladeny pasivné vyvijenému napéti, redukuje
spastickou kompontentu prostym zpomalenim pasivniho pohybu.

Kombinace ,velocity-dependent” a , lenght-dependent” vede k pomysinému bodu, kde
napinani je tak pomalé a protazeny sval je jiz tak dlouhy, Ze excitabilita napinaciho
reflexu nedosahuje svého prahu a odpor mizi.
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Naprosto nezavislé na jakychkoliv podmétech z periferie, jde o Cisté eferentni fenomén)(ﬁ};%f

~

i
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ZpUsoben supraspinalni aktivaci alfa motoneuronu.
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Predpoklada se Sifeni téchto eferentnich impulzl cestou propriospinalnich drah. Je zde
vyrazna korelace mezi mirou flexe u paretického pacienta a vynakladaném usili o pohyﬁ\;‘gf»
jiné ¢asti téla. ve

U hemiparetickych pacient( se zvyraznuje spastické kontrakce flexort horni koncetiny
pfi snaze o chizi.

.'ig !
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Porucha Fizeni motoriky (

Clin Neurophysiol. 2002 Feb;113(2):292-7.

Reciprocal la inhibition in patients with asymmetric spinal spasticity. A

Okuma Y', Mizuno Y, Lee RG. i
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Spasticita neni zplisobena isolovanou 1ézi vlastni kortikospinalni
drahy. Selektivni léze kortikospinalni drahy vede pouze k mirné
paralyze.

Pouze léze jinych descendentnich "parapyramidovych" inhibicnich
cest (tektospinal, olivospinal, nigrospinal, rubrospinal) spolu s
reorganizaci zpétnovazebnych okruht zptisobuje zvyseni svalového
tonu typické pro spasticitu

Fasciculus Lateral asciculus

Fasciculus ; : : Medial
cuneatus __spinothalamic proprius oo
gracilis ——_ —~ longitudinal

fasciculus

Central

. . /
Spino Vestibulospinal tract
Ventral ~~  Spinotectal ol?vary Medullary Pontine:; 1. ><lClospinal
spinothalamic _ tract reticulospinal tract "eficulospinal fract
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iled na patofyziologii spasticity
Snizeni inhibiénich vs ya
vede k naruseni modulace monosynap :
vlakny a polysynaptické aferentace z exteroreceptoru. Tato porucha
modulace zplisobuje hyperexcitabilitu spindlnich alfa motoneurona. :

Spinalni interneurony jsou "klicovym hracem" v této "modulacni” k.
fazi, protoze maji schopnost pre-synaptické a reciprocni inhibice
(prostrednictvim la vlaken). o

Parapyramidalni drahy: medialni retikulospinalni a vestibulospinalni
draha; dorsalni retikulospinalni draha

Dulezitou roli pfi urCovani zavaznosti spasticity zjevné hraje :
plasticita mozkové kury, ktera je - za pritomnosti klasické léze 1
motorickych struktur - schopna zapojit do kontroly svalového tonu a
pohybu primarné non-motorické struktury.
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Soucasna definice spasticity, jeji patofyziologie a
klinicka klasifikace

Defining spasticity: a new approach considering current movement
disorders terminology and botulinum toxin therapy
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system: Spasticity describes involuntary muscle hyperactivity in thepresence ol central paresis. The involuntary muscle
hyperactivity can consist of various forms of muscle hyperactivity: spasticity sensu strictu describes involuntary muscle
hyperactivity triggered by rapid passive joint movements, rigidity involuntary muscle hyperactivity triggered by slow passive

joint movements, dysfonia spontaneous involuntary muscle hyperactivity and spasms complex involuntary movements usu-
ally triggered by sensory or acoustic stimuli. Spasticity can be described by a documentation system grouped along clinical (
pit‘mrf* (axis 1), aefnio ogy (axis 2), localisation (ax1s ) and addifional central nervous system deficits (axis 4). Our new
definition allows distinction of spasticity components accessible to BT therapy and those inaccessible. The documentation

sheet presented provides essential information for planning of BT therapy.
ﬁ., N
Dressler et al.; ] Neurol 2018 & ) :
Department of Neurology and Clinical Neuroscience Center 3 -

FAKULTNI NEMOCNICE
oLomouc

Faculty of Medicine and Dentistry, Palacky University in Olomouc @ v Facultas Medicinae (,

University Hospital, Olomouc Universitas Palackiana
Olomucensis




Botulinum toxin A je jednim ze;zr érc
tyCinkovitou, anaerobni a sporulujici bakterii. ' |
Termin Clostridium botulinum je v soucasnosti pouzivan k popisu ruznorode skupiny

patogennich bakterii, které spojuje schopnost produkovat botulotoxin: C. botulinum |- 1V, C.

butyricum and C. baratii.

Properties
Toxin Types , B, , E, C,D
Proteolysis weak
Saccharolysis -
Disease host human human animal
Toxin gene chromosome/plasmid chromosome/plasmid bacteriophage plasmid

Close relatives C. sporogenes, C. putrificum C. butyricum, C. bejernickii C. haemolyticum, C. novyi type A C. subterminale, C. haemolyticum

- "g.‘"

Clostridium botulinum v optickém F s , ] M. ¥ hf{a
(vlevo) and elektronovém (vpravo) > i ' R
mikroskopu

Department of Neurology and Clinical Neuroscience Center
Faculty of Medicine and Dentistry, Palacky University in Olomouc @ v Facultas Medicinae (,

University Hospital, Olomouc Universitas Palackiana

FAKULTN[ NEMOCNICE
oLOMOU

Olomucensis




Botulinové neurotoxiny jsou secernovany bakteriemi jako
které jsou exprimovany geny v blizkosti genu neurotoxinového.

Tyto proteinové komplexy variruji mezi 300 kDa a 900 kDa a existuji jako stfedni (medium, M), velké (large, L) and
extra velké (extralarge, LL) formy. VSechny sestavaji z neurotoxinu (150kDa), netoxického ,, neurotoxin-binding”
proteinu (NBP) a nebo non-toxického non-hemaglutininového komponentu (NTNH).

L and LL formy sestavaji z 150 kDa fetézce a setu NBP/NTHN proteinti a nékolika hemaglutininovych (HA) proteina,

oznacovanych jako ,,neurotoxin-associated proteins” (NAP); tyto tvori az 70% celkové molekularni hmotnosti
botulotoxinového komplexu.

BoNT/Ai
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(LPTC) potom sestava z BoNT and &
Cela bakterialni architektura pfipomina lunarni modul Apolio :
(290 kDa modul, A, B) chrani BoNT pred destrukci v Gl traktu

(470 kDa module, C, D) zatizuje absorbci vazbou na karbohydratové receptory.
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Botulinum toxin (A, B) se vaZe na axonalni membranu C-terminalem - Hc fragmentu na tzv. ,,domain -
4-human synaptic vesicle glycoprotein” , ktery je soucasti membrany. Vazbu zarizuje tzv. translokacni
doména molekuly.

BoNT/A /D BoNT/B
?‘ Translocation domain
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Po vazbé je cely komplex internalizovan do cytoplazmy mechanismem endocytozy .

HC a LC komplexy jsou oddéleny ATPazou; BONT se stava protonovanym, coz rezultuje v translokaci
LC pres sténu synaptické vezikuly do cytosolu. LC je dale uvolnén z HN domény thioredoxin —
reduktazovym systémem, ktery rozpousti disulfidovy mustek. V tento okamzik se LC stava aktivnim
— toxickym.

proton
pump

HC-C domaln
Py HC-N domam

HN domain

L chain
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AP A i -
Translokovany a uvolnény LC “st¥iha“ na specifi einy SNARE komplexu, které
vazi a pritahuji acetylcholinové vezikuly k presynaptické membrané: synaptobrevin ( ),
syntaxin( ) a,,synaptosomal associate protein of 25 kDa“ ( ). Vysledkem je blokada

uvolnéni acetylcholinu do synaptické stérbiny.

synaptic
vesicle

BoNT/B

BoNT/D  TeNT B
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Vedle periferni blokady uvolnéni at

pravdépodobné diky retrogradnir \u axon: rt : ického b‘r’énoéu.
Pro mechanismus, kdy v animalnim experlmentu apllkovany BoNT-A prest 1puje stiedni ¢atu v

miSe, zavedl| Kaji termin “transcytéza“. Timto zpisobem muze byt BoNT-A transportovan az do
protistrannych svald.

’
- - X
¢fiber X . Ny
' * ox
sencorynene || molor nerve L4 L4 !
injection s
= -
L5 L5 ::;?“J "g{‘t
Bhoodstream
12 S172
-
: ) . S4 s4 - |
Presence of cSNAP-25 in the spinal cord 4 days following the |
injection of BONT-A into the gastrocnemius muscle I :

Adapted from Kaiji et al., FiN 2014
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Activation of different brain areas in the group of patients suffering
from spastic dystonia of the arm and a group of healthy
individuals; in both groups, the active motor task (Roland’s
sequential movement) was used; group mean statistical maps
overlaid in color on the MNI anatomical template.

A: before BoNT-A treatment, B: 4 weeks following the BoNT-A
treatment, C: controls.

Adapted from Veverka et al., JNS 2014
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Activation during passive hand f* ¢

movement in patients suffering from j ¥
spastic dystonia of the arm before ar fy' T
BoNT treatment (WO0), 4 weeks after =
BoNT treatment (W4) and 11 weeks X
after BoNT treatment (W11); group ! /

mean statistical maps overlaid in color
on the MINI anatomical template.
Adapted from Veverka et al., JNS 2016 ‘: J} _
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Allergan

Product
name(s)

Manufacturer

Cosmetic Nonproprietary
name (United

States®)

product names
in Europe

Botox?,

BOTOX®
Cosmetic
Dysport®
Xeomin®

Allergan

Ipsen
Merz

Vistabel®/
Vistabex?®

OnabotulinumtoxinA

Azzalure® AbobotulinumtoxinA

Bocouture® IncobotulinumtoxinA

Notes: *Established by US Food and Drug Administration, April 2009, and accepted
in Canada and several European and Latin American countries in addition to the
peer-reviewed literature. Allergan, Inc. (Irvine, CA, USA). Ipsen Ltd (Slough, UK).
Merz Pharmaceuticals GmbH (Franlcfurt am Main, Germany).

Abbreviation: BoNTA, botulinum toxin type A.

Ipsenl3—l'.|'

Merz'®-2!

Fermentation (strain
of Clostridium botulinum)
Purification method

Purification product

Unit testing

Excipients

Finishing

Hall (Allergan) strain

Crystallization

BoNTA ~900 kDa complex
protein

e Diluted with saline
e Cell-based potency assay specific
to Allergan BoNTA product

In 100-unit vial

e 900 ug sodium chloride

e 500 pug human serum albumin
Vacuum dried

Hall strain

Chromatography

BoNTA complex sizes <500 kDa

(exact weights and composition have

not been reported by the manufacturer)

* Diluted with gelatin phosphate buffer

e LD_, assay specific to Ipsen BoNTA
product

In 500-unit vial

e 2.5 mg lactose

e 125 ug human serum albumin
Freeze dried

Hall (ATCC 3502) strain

Chromatography
~150 kDa BoNTA protein only

e Diluent information unavailable,
but human serum albumin added

e LD, assay specific to Merz
BoNTA product

In 100-unit vial

® 4.7 mg sucrose

* | mg human serum albumin

Lyophilized

Notes: Allergan, Inc. (Irvine, CA, USA). Ipsen Ltd (Slough, UK). Merz Pharmaceuticals GmbH (Frankfurt am Main, Germany).
Abbreviations: ATCC, American Type Culture Collection; BoNTA, botulinum toxin type A; LD ;, median lethal dose.
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klinického vyvoje a rozdilnymi vlastnostmi, jak presvedcwe v roce 2016 poukazal Mltchell Brin.

Progressive differentiation

In-vivo Confidence and
Manufacturing preclinical profiles Clinical Profiles knowledge

= Dose response Dosing and Regulatory
A Product 1
* Processes curves injection approvals
= Formulations = Safety margins paradigm = Peer-reviewed
. i [ - i = Effica ublications
Clostridium botulinum SMLITETT Therapeutic oy P o Product 2
b . tests index * Duration = Mechanistic
acteria studies
i Product 3
= |mmunogenicity . Lo_r:jg-term
- Overall benefit / evidence
= Anti-counterfeit Product 4

risk proposition
‘ ‘ ‘ measures

Biologics: Targets and Therapy
[}

Botulinum toxin type A products are not
interchangeable: a review of the evidence

published in the following Dove Py
Ther

Mitchell F Brin'?
Charmaine James’
John Maltman'

Department of Neurology and Clinical Neuroscience Center

Faculty of Medicine and Dentistry, Palacky University in Olomouc Facultas Medicinae
University Hospital, Olomouc Universitas Palacklana FAKULTN[ NEMOCNICE
Olomucensis OLOMO

s o




o

B

'fi-';tirwﬁ - yo-

o
Sl

2o B
L ! b’
LAY !

i f

o) )
3[' ¥ :
| -
—r |
§
:
=
B

OLOMUCTUM

Facultas Medicinae "
- 3 ¥ FAKULTNI NEMOCNICE

Palacl
OoLOMoucC

ology and Clini

Fachlty of Medicine and Dehtistry, Palacky University in Olomouc
University Hospital, Olomouc P




