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Until a few years ago, the field of the study of BoNTs in general seemed to have reached a kind of steady state, with a small 
number of basic science papers and an overflow of thousands of clinical papers per year
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Lavori  Centri Italiani 
1988 2018
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 The “Italian Real-Life Post-
Stroke Spasticity Survey”

 Italian Study Group for 
Movement Disorders, Italian
Society of Neurology

 Italian Movement Disorders
Association

 The Gismad Achalasia Study
Group



Study Groups
Berardelli A et al. Guidelines for the therapeutic use of botulinum toxin

in movement disorders. Italian Study Group for Movent Disorders,  Italian Society of Neurology. 
Ital J Neurol Sci 1997 Oct;18(5):261-9

Annese V. Comparison of two different formulations of botulinum toxin A for the treatment of 
oesophageal achalasia. The GISMAD Achalasia Study Group. Aliment Pharmacol Ther 1999 
Oct;13(10):1347-50

Annese V. A multicentre randomised study of intrasphincteric botulinum toxin in patients with 
oesophageal achalasia. GISMAD Achalasia Study Group. Gut 2000 May;46(5):597-600.

Zappia M et al. Treatment of essential tremor: a systematic review of evidence and 
recommendations from the Italian Movement Disorders Association. J.Neurol 2013 
Mar;260(3):714-40

Picelli A et al. The Italian real-life post-stroke spasticity survey: unmet needs in the management 
of spasticity with botulinum toxin type A. Functional Neurology 2017; 32(2): 89-96 
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• Punti chiave



the zinc-endopeptidase 
activity 

of botulinum neurotoxins

un atomo di zinco per molecola di 
tossina legato alla catena L at-

traverso le due istidine del 
segmento centrale conservato



Model  bacterial toxins with 
intracellular activity enter cells via a 

four-step mechanism

BINDING

TRANSLOCATION

SNAREs HYDROLYSIS

DISULPHIDE
REDUCTION



Recettori: modello di doppio recettore 
lipidico-proteico (Montecucco, C et al. 2004)

• BoNTs bind the axon terminals of skeletal
and autonomic peripheral neurons via a 
unique double receptor binding mode, with 
the two receptors binding sites located in HC 

• HC-C mediates the neurospecific binding of 
the toxin to the presynaptic membrane via 
two independent receptors: a 
polysialoganglioside (PSG) and the luminal 
domain of a synaptic vesicles (SV) 
membrane protein

• There appears to be no interaction or 
mutual interference between the two
receptors binding sites. 

• A binding is preliminary to the following step
of internalization inside the nerve. 



• these neurotoxins possess an electric dipole with 
the positive pole on receptor binding domain Hc-C 
and that (2) on approaching the negatively charged
presynaptic membrane, they reorient themselves
and hit the membrane surface with Hc-C; this
electrostatic effect would contribute efficient
binding. 



Immuno EM with gold-labelled Ab anti GFP-
HC/A

1-2 molecules of toxin per Synaptic Vesicle

The toxin endocytosis is temperature
dependent. It doesn’t occur below 18°C
NO ice after toxin injection

The translocation of the L chain is mediated
by ONE-TWO molecules of BoNT/A

INTERNALISATION
Botulinum Neurotoxin Type A is Internalized and Translocated from Small Synaptic 
Vesicles at the Neuromuscular Junction

Cesare Colasante, Ornella Rossetto, Laura Morbiato, Marco Pirazzini  Jordi Molgó & Cesare Montecucco

Molecular Neurobiology 2013



• botulinum toxins also exploit endocytosis to enter
cultured astrocytes, where they partially cleave
cellubrevin, a ubiquitous synaptobrevin/VAMP 
isoform. 



the membrane translocation of 
the clostridial neurotoxins.



Pirazzini et al., FEBS Lett., 2013
Pirazzini et al. Cell Reports, 2014
Zanetti et al., Biochem. Pharmacol., 2015



Biochemical Pharmacology 98 (2015) 522–530 



DAS-ASSAY

BoNT/A dose=2xLD50

Mouse Lethality Assay

TrxR-Trx inhibitors reduce 
BoNTs paralysis duration

Ebselen protects mice in vivo

FEBS Letters 587 (2013) 150–155

Thethioredoxin reductase-thioredoxin system is involved in the 
entry of tetanus and botulinum neurotoxins in the cytosol of 
nerve terminals
Marco Pirazzini a, Fulvio Bordin a, Ornella Rossetto a, Clifford C. Shone b, Thomas Binz c,
Cesare Montecucco a,⇑

 Thioredoxin and Thioredoxin
Reductase Inhibitors Prevent the 
Local Paralysis and Death Induced

by BoNT/A
 Auranofin, as a possible basis for 

the design of novel inhibitors of 
these neurotoxins.



SCHIAVO G., BENFENATI F., POULAIN B., ROSSETTO O., POLVERINO DE 
LAURETO P., DASGUPTA 13. R. e MONTECUCCO C., 

Tetanus and Botulinum B Neurotoxins block Neurotransmitter Release by 
Proteolytic Cleavage of Synaptobrevin in «Nature», 359, pp. 832-835, 1992

PIRAZZINI M, ROSSETTO O,  ELEOPRA R, and MONTECUCCO C 

Botulinum Neurotoxins: Biology, Pharmacology, and Toxicology Pharmacol Rev
69:200–235,      April 2017 



Le forbicine 
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Le forbicine 
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Schiavo G. et al 1995



Le forbicine 

nascono così!!!



• We found that the purified
Weissella metalloprotease
cleaves VAMP at a single 
site untouched by the 
other VAMP-specific BoNTs. 

• This site is a unique Trp-Trp
peptide bond located
within the juxtamembrane
segment of VAMP which is
essential for 
neurotransmitter release.

• the first non-Clostridial
BoNT-like metalloprotease
that cleaves VAMP at a 
novel and relevant site and 
we propose to label it
BoNT/Wo. 
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Different time course of recovery after poisoning with botulinum neurotoxin serotypes A and E in human. 
Eleopra, R., Tugnoli, V., Rossetto, O., De Grandis, D., Montecucco, C. (1998) Neurosci. Lett. 256 (3), 135–138S

• cMAP m.EDB • cMAP m.ADM Eleopra et al 2004

Diverse 
Tossine



• Two triple mutants of BoNT/C, namely BoNT/C α-51 and BoNT/C α-3W, were reported to selectively cleave

syntaxin + SNAP-25, although to a lesser extent than wild type BoNT/C 

• Local injection of BoNT/C α-51 persistently impairs neuromuscular junction activity: initial phase in which SNAP-25 

cleavage causes a complete blockade of neurotransmission;  second phase of incomplete impairment ascribable to 

syntaxin cleavage. 

• In light of this evidence A possible clinical use of BoNT/C α-51 as a botulinum neurotoxin endowed with a 

wide safety margin and a long lasting effect. 



• 3 pts blepharospasm, 1 hemifacial
spasm (20 U), 1 spasmodic torticollis
(65 U)

• mild abnormalities in cardiovascular
reflexes

• Jitter, fiber density

Diffusione





Iniezione BoNT in PPOCAMPO

Iniezione BoNT in COLLICOLO SUP

SNAP
25

SNAP
25

CORTECCIA VISIVA                                                    RETINA

 Trasporto retrogrado
 Transcitosi





Azione Periferica



Azione Centrale
• Reciprocal inhibition. Normalisation of the abnormal late 

phase of in patients with dystonia and essential tremor
• Priori et al, 1995

• Modugno et al, 1999

• Botulinum toxin changes intrafusal feedback in dystonia: 
a study with the tonic vibration reflex
• Trompetto C et al 2006

• Effects of botulinum toxin type A on intracortical
inhibition in patients with dystonia
• Gilio F et al 2000



Effetti sistemici

• Iperidrosi

• Spasticità



Ruolo 
dell’attività



CNR Pisa



• Botulinum neurotoxins (BoNTs) and some animal neurotoxins (β-Bungarotoxin, β-Btx, from elapid snakes
and α-Latrotoxin, α-Ltx, from black widow spiders) are pre-synaptic neurotoxins that paralyse motor axon
terminals with similar clinical outcomes

• Their mechanism of action is different

• BoNTs induce a long-lasting paralysis without nerve terminal degeneration

• Animal neurotoxins cause an acute and complete degeneration of motor axon terminals, followed by a 
rapid recovery. 

• The injection of animal neurotoxins in mice muscles previously paralyzed by BoNT/A or /B accelerates the 
recovery of neurotransmission

• By causing the complete degeneration, reabsorption, and regeneration of a paralysed nerve terminal, one
could favour the recovery of function of motor axon terminal



Altered facial 
motor output 
leads to 
cortical 
reorganization

Effetti periferici e centrali



BoNT and Pain

• Tugnoli V et al. Botulinum toxin type A reduces capsaicin-evoked pain and 
neurogenic vasodilatation in human skin. Pain 2007 Jul;130(1-2):76-83

• Luvisetto S et al. Anti-allodynic efficacy of botulinum neurotoxin A in a model 
of neuropathic pain. Neuroscience 2007 Mar 2;145(1):1-4

• Marinelli S et al. Botulinum neurotoxin type A counteracts neuropathic pain and
facilitates functional recovery after peripheral nerve injury in animal model. Neuroscience 2010 
Nov 24;171(1):316-28

• Vacca V et al. Botulinum neurotoxin A enhances the analgesic effects on inflammatory pain and 
antagonizes tolerance induced by morphine in mice. Brain Behav Immun 2012 Mar;26(3):489-99

• Castiglione A et al Efficacy of Intra-Articular Injection of Botulinum Toxin Type A in Refractory
Hemiplegic Shoulder Pain, Arch Phys Med Rehabil Vol 92, July 2011 


