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Since Alan Scott’s research, botulinum toxin (BoNT) has been
used in several diseases or conditions characterised by muscular
overactivity. BONT acts on either neuromuscular or autonomic
cholinergic junctions. Seven different serotypes are known, with
antigenic specificity and different therapeutic profiles. BONT is
made up of a heavy chain, involved in binding and membrane
translocation, and a light chain, involved in blocking neuroex-
cytosis. Each serotype shares a specific acceptor on the presy-
naptic membrane of a cholinergic junction. The available BONT
preparations differ in toxicity, purity and stability. Injection of
the neurotoxin produces several modifications at a neuromus-
cular junction. Axonal sprouting, muscular fibre atrophy, and
new end-plates are the most evident histological events after
BONT treatment. They appear to be reversible in untreated
muscles. Diffusion can occur at first by haematogeneous or local
BONT spread. Several factors, such as dose, volume, site of
injection, muscle size, and muscular fascia, can influence the
amount of diffusion and possible side-effects. After prolonged
BONT treatment patients can become unresponsive. Antibodies
directed against BONT have been observed with ELISA or mouse
bioassay. Different serotypes have been used to treat non-re-
sponder patients. Novel toxins with lower immunogenicity and
prolonged clinical efficacy are required for more effective
treatment.
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extra-ocular muscles was carried out, as an alternative
treatment to strabismus surgery [3].

1. Introduction

Though physiologists have utilised BoNT to study
neuromuscular blockage without provoking nerve in-
jury for a long time, the use of BoONT in human
pathology has only recently taken place. In the 1950s,
Brooks hypothesised that BoNT could be used to
reduce activity in muscle disorders [1], but it was only
after Alan Scott's research [2,3] that BONT injection into

BoNT was selected from several blocking agents due
to its functional and predictable effects, which lasted
from weeks to months, producing a reversible and
guantifiable paralysis. Nevertheless, in clinical practice
variable results are frequently observed, thereby forc-
ing clinicians to modify the therapeutic strategy for
each individual patient. In recent years, several papers
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have reported data on the therapeutic application of
BONT.

The pharmacological approach is generally inappro-
priate for treating muscular overactivity diseases be-
cause of excessive side-effects. However, since 1980,
BoNT, the most potent natural poison, has become an
important drug for the treatment of muscular overac-
tivity conditions and other human diseases, repre-
senting a new challenge to the neurologist.

BoNT treatment demands that the clinician be very
familiar with the chemical and functional properties of
the neurotoxin in order to be able to choose the correct
treatment, and understand the possible side-effects
and the varying responses. Moreover, it is essential that
both pharmacologists and pathologists learn from pre-
vious clinical results in order to improve present day
BoNTs and develop new, more effective preparations.

2.BONT structure and mechanism of action

BoNT acts selectively on cholinergic junctions, both
neuromuscular and autonomic, at a presynaptic level,
inhibiting acetylcholine release [4,5]. The specific site
of action causes the characteristic symptoms of botu-
lism poisoning, with the effects on muscular function
and on the autonomic system, similar to those ob-
served after BONT injections.

BONT is produced by anaerobic Clostridium spp.
(botulinum, butyricum and barati) in seven different
serotypes (indicated with letters from A to G). BONT
A, B, E, and sporadically BoNT/F, are responsible for
human disease [6]. Up to now. only one case of BONT
C intoxication has been described in humans [7].

Molecular genetic techniques have allowed the eluci-
dation of the amino acid sequences of all the BoNT
serotypes [8]. They vary in length from the 1251
residues of BONT/E to the 1297 residues of BONT/G.
All the BoNTs are produced as single chains and are
accumulated in the bacterial cytosol until they are
released by cell lysis as complexes with non-toxic
protein components of different sizes. These non-toxic
accessory proteins protect the toxins during their pas-
sage through the acid and proteolytic environment of
the stomach [8-10]. In a mildly alkaline solvent (such
as that of intestine), the complex dissociates and
releases the toxin, which has to be proteolytically
cleaved (nicked) at a single site to be activated. Hence,
the active form of BoNTs is a disulfide-linked dichain
protein consisting of a heavy chain (100 kDa), respon-
sible for the binding and entry into neurones, and a
light chain (50 kDa), which is a metalloprotease in-
volved in blocking neuroexocytosis [11]. The crystal-
lographic structure of BONT/A should be resolved in

the near future. The protein is made of three distinct
domains: the light chain and the two domains of the
heavy chain. This is in agreement with a previous
suggestion [12]. The amino terminal domain is made
of a-helices involved in membrane translocation,
whereas the carboxyl terminal domain is a lecitin-like
domain, which binds to the receptor [13].

The toxic mechanism consists of four steps:
 binding

* internalisation

» membrane translocation

« intracellular poisoning

2.1Binding

Binding of BoNTs to the neuronal receptors, located
on the presynaptic membrane of cholinergic terminals,
has not yet been demonstrated. It is possible that the
seven serotypes of BONT recognise different receptors.
A wealth of data indicates that negatively charged
oligosaccharides present on lipids and proteins are
involved in BoNT binding. The effective binding oc-
curs quickly in neuromuscular isolated preparations
[14], at very low BoNT concentration (picomolar or
less), even without the stimulus of high temperature
or electricity. It is one of the most potent neurotoxins
and inhibiting its action in pathology and is internal-
ised within a few hours, necessitating rapid treamtent
to inhibit its pathological action. Only a small amount
of BONT injected in human treatment is required to
obtain effective neuromuscular block, while a portion
is probably lost in body fluids, without reaching the
target.

Gangliosides [15,16] and, more recently, sialoglycopro-
teins [17] are considered important binding compo-
nents. Different quantitative or qualitative receptor
variability in the human population could be a possible
factor in explaining some different responses observed
in BONT treatment.

2.2Internalisation

BONT internalisation after specific receptor binding
occurs by endocytosis. This process is very common
in cellular events, is energy dependent [18,19], and
determines the entrapment of the neurotoxin inside
the lumen of intracellular vesicles, from which at least
the light chain has to escape and to enter the cytosol.

2.3Membrane translocation

Membrane translocation is not yet fully understood.
The passage into the cytosol can occur only after
acidification of the endosome lumen by a proton pump
[20]. The N-terminal half portion of the heavy chain is
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the segment most involved in this process. The struc-
ture of the neurotoxin is modified with the exposure
of hydrophobic segments. This modification can allow
the formation of channels which permit the transloca-
tion of the light chain into the cytosol.

2.4Intracellular poisoning

The light chain terminal of BoNT is a metalloprotease
(zinc endopeptidase) [21], which is very specific for
one of the three protein components of the neuroexo-
cytosis apparatus. BONT/A and E cleave SNAP-25;
BoNT B-D-F-G cleave VAMP, and BoNT/C cleaves
SNAP 25 and syntaxin. The neurotoxins that recognise
the same target catalyse the hydrolysis of different
protein sites [22,23]. The cleavage of VAMP or SNAP-25
or syntaxin at single sites results in their permanent
inactivation and, hence, a persisting block of acetyl-
choline release. Nonetheless, since VAMP, SNAP-25
and syntaxin play different roles in neuroexocytosis
and are replaced by newly synthesised molecules at
different rates, different times of recovery from
neuromuscular paralysis caused by different BoNT
serotypes are observed. Moreover, the different light
chains of the seven BoNTs can persist in a functional
form in the neuronal cytosol for different time periods.
It can be anticipated that the employment of different
BoNTs can be optimised for the treatment of different
pathologies and that chimeric toxins will prove to be
very valuable [24].

3. Botulinum toxin preparation

In 1928 Snipe and Sommer of the Hooper Foundation
at the University of California described the possibility
of purifying BoNT/A from culture broth; by acidifica-
tion to pH 3.5, 90% BoNT/A could be obtained as a
precipitate [25]. In 1946, Lamannaet al. first described
the crystalline form of BONT/A [26,27]. In the same
period, Mueller obtained high levels of BONT/A from
the A Hall strain [28]. Improved methods were devel-
oped with the aim of obtaining purified BoNT [29].
With the discovery of the therapeutic potential of
BoNT, efforts were made to improve the preparation
of this toxin. Standards of quality, safety, stability and
efficacy were required [30]. Added enzymes, or other
substances such as animal meat, synthetic solvents and
resins, which could contaminate the final product, had
to be avoided. Furthermore, some speculated that the
latter precautions were not sufficient to ensure com-
plete safety in the final product [24]. Different labora-
tories have described their own methods to produce
BoNT for human injections. Different methods have
been applied to purification. Hambleton et al., in
Porton Down, UK, described precipitation with an-
tichaotropic and ion exchange chromatography [31].

Schantz et al., in Wisconsin, USA, applied successive
re-precipitation with different substances to obtain 60
- 70 mg of crystals from 12 | of culture [30].

The crystalline form of BONT/A consists of 900,000
kDa, which is formed by 150,000 KDa toxic protein
and non-toxic macromolecules. Different methods,
such as light absorption or electrophoresis, are de-
scribed with the aim of verifying the purity of the BONT
preparation, without achieving universal agreementon
the best test [24]. The two forms can be separated at
alkaline pH [32]. The non-toxic components are made
up of proteins which may or may not precipitate
erythrocytes (haemagglutinins and non-haemagglutin-
ins). They have an important role in stabilising secon-
dary and tertiary BoONT structures, maintaining the
BoNT toxic shape. The heavy complex (900,000 KDa)
shows resistance and more toxicity in comparison to
pure neurotoxin in alkaline environments, while pure
BoNT shows greater toxicity when injected directly
into muscles. Very little is known about the role of the
non-toxic proteins in human treatment, especially in
their possible inflammatory effects, in delaying BoNT
action, or their possible contribution to immunogenic
response.

In 1984, the US FDA licensed BoNT/A as an orphan
drug named OCULINUM, and in 1989 as a full drug,
named BOTOX, by Allergan, USA. In the same period
in the UK, BoNT/A was distributed for research and
only in 1991 was it registered as DYSPORT, presently
manufactured by Speywood. In Japan a new BoNT/A
preparation, named CS-BOT, by Chiba Serum Institute
was used in humans [33].

3.1 Toxicity

The commercially available preparations of BONT/A
are different regarding both dosage and potency. To
standardise the data for different drugs, the potency is
defined by the biological mouse assay, in IU (Interna-
tional Unit), as the quantity of BoNT required to Kill
for 50% of a group of 18 - 20 female Swiss-Webster 20
- 30 g white mice by ip. injection. Unfortunately, a
distinct variation was observed due to the different
bioassay tests utilised by the different manufacturers.
Data showed that the potency of the BoNT/A prepa-
rations varied between 0.075 - 0.032 ng for 1 mouse
LDso [34]. The different results were attributed to
different responses in mice, also some variations in
environmental and technical properties [24]. From a
study in monkeys, the dose for human intoxication has
been calculated at about 3000 IU.

To date, two commercial preparations are available;
they are produced in vials of 100 IU or 40 ng for
BOTOX (Allergan, USA) and 500 IU or 12.5 ng for
DYSPORT (Speywood, UK). As the potency and cost
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of a single vial is similar for both BONT/A preparations,
the relative potency between American and British
products is 3 - 5:1. New methods of quantification of
neuromuscular block in specific neuromuscular junc-
tions in vitro, by electrophysiology, have stimulated
recent interest [35-37]. In vivo, a neurophysiological
test on the extensor digitoris brevis muscle of a toe
(EBD) is recommended to test individual sensitivity
and the temporal profile for the different serotypes of
BONT [38,39]. The method, simple and not time-con-
suming, correlates well to clinical BoNT effect, in
non-responder patients. The clinical evaluation of the
denervation field produced by injection of a small
dosage of BoNT in the frontalis muscle has also been
performed [40].

3.2Storage and stability

The BoNT used in the clinic is a crystalline preparation,
type A of American or British production, dispensed
in vials, freeze-dried. The preparation is stable for
months to years if frozen or refrigerated, while it loses
more than 40% of its toxicity if reconstituted at -6°C
for more than 6 h [41]. The loss of potency, related to
the low concentrations routinely used, is supple-
mented by the addition of animal or human albumin.
The pH value is also an important variable; the stability
observed in acidic conditions diminishes significantly
if the pH is raised above 7, probably because of the
activation of proteases. This does not occur if the toxin
is highly purified or if it is pure. Some researchers have
studied the loss of potency of BONT quantitatively,
reconstituted with saline solution, for routine use. The
interest in solving this question is derived from the
necessity of using small quantities of BONT in some
diseases, such as spastic dysphonia, for a limited
population, without discarding the unused toxin, so as
to limit the high cost of treatment. A lot of data suggest
that the stability of the different commercial prepara-
tions is not similar, probably in relation to the different
association of non-toxic substances [41]. Immediate
refreezing (-20 to -70°C) or refrigerating (+4°C) has led
researchers to different conclusions, such as no drop
in clinical effect [42,43] or a reduction of 69.8% of
BoNT/A toxicity if utilised after 2 weeks [41]. Partial
inactivation, due to bad storage, can cause the forma-
tion of toxoids, which are without clinical effect, but
potentially immunogenic. More complex is the storage
of pure BoNTSs, as they result in particularly unstable,
if are not treated with proteins, such as albumin. In
this way, long-term storage is possible at high concen-
trations [42], while no significant data are available for
low concentrations, such as those usually adopted in
human treatment [45,46].

4.Biological effects

4.1Histological features

At first, some caution for the use of BONT treatment
stemmed from a fear of inducing irreversible altera-
tions in muscles but now histochemical studies have
been carried out in animals and humans [47-51]. After
BONT/A injection, several modifications in muscles
and neuromuscular structures occur, always with a
typical temporal profile. Firstly, synaptic vesicles accu-
mulate at the presynaptic membrane due to neuromus-
cular blockage and the inhibition of discharging
neurotransmitters in synaptic space [51-53]. The con-
tact between the axons and the muscle fibre persists.
Growth factors are released by functional denervated
muscles determining several modifications of terminal
axonal arborisation [54-56].

Terminal and, rarely, collateral sprouting from distal
nodes of Ranvier are observed 7 - 10 days after BONT
injection [57]. The axon direction follows the basal
lamina which maintains its integrity. Muscular fibres
show atrophy, which begins 1 - 2 weeks after injection,
and lasts up to 4 - 6 weeks, showing a significant size
variability [58]. These aspects lead to specific neuro-
physiological features (fibrillation potentials and posi-
tive sharp waves, polyphasicity, impaired maximal
effort pattern), which can be studied with the aim of
detecting and quantifying BoNT activity in vivo.

The muscular membrane changes its properties in a
similar way to that observed in denervation [59]. The
abnormal spread of acetylcholinesterase and of acetyl-
choline receptors along the fibre in extra-junctional
sites appears. New small end-plates are constituted,
generally reached by thin axons. These phenomena
are more rapid in slow-twitch than in fast-twitch
muscles [60]. During the effect of neuromuscular
blockage the muscular fibre can be innervated by
another motor axon at a different end-plate region; the
original end-plate expands and becomes discontinu-
ous [50].

These aspects are transient and decrease with time
after BONT injections, until the muscle recovers its
original structure and dimensions [61]. The histological
features of a muscle four months after the treatment
with BoNT/A are similar to those of untreated muscle
[55,58]; the atrophy is reversible, but some neuromus-
cular and motor axon abnormalities can be observed
in muscles treated for a long time [51].

4.2Distant effects

After BONT injection, cholinergic blockage and related
functions are also shown at sites distant from the first
treated muscle. The hypothesised mechanisms of dif-
fusion are the following:
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» spread through tissue by local diffusion along a
concentration gradient

e retrograde axonal transport to anterior horn cells
» haematogeneous diffusion
« diffusion through muscle fibres to spindle structures

» trans-synaptic diffusion to contralateral motor neu-
rones or centrally to the brain

Each of the above explains events frequently observed
in BoNT treatment.

The local diffusion near the treated muscle, across
fascia structures and within other muscular groups, is
responsible for side-effects related to the involuntary
paralysis of muscles that are close anatomically to the
one originally treated. This effect has been studied in
animal models by the detection of denervation fields.
Acetylcholinesterase staining estimation along muscle
fibres [62] and glycogen depletion variability in muscle
fibres blocked by BONT have been utilised experimen-
tally to quantify the extension of the denervation field
[63,64]. In patients treated for haemifacial spasm at
orbicularis oculi level, a common diffusion to un-
treated muscles in the lower facial portion, also of
trigeminal innervation, has been identified in a neuro-
physiological study [65]. While only a few diffuse
clinical effects of small significance, such as flu-like
symptoms and asthenia [66-68], dysautonomia [69],
urinary bladder post-micturition residue [70] and gall-
bladder dysfunction [71], have been described in pa-
tients treated with standard BoNT doses, generally for
dystonia, several subclinical effects have been detected
by neurophysiological tests.

An abnormal increase of jitter in distant muscles meas-
ured by single fibre electromyography (SFEMG) [72-76]
and abnormal cardiovascular reflexes [77,78] have
documented the systemic effects on neuromuscular
and autonomic synapses after BONT injections, prob-
ably by haematogeneous diffusion.

By autoradiographic methods BoNT has been ob-
served in anterior horn cell bodies of the ipsilateral
and contralateral spinal cord, by retrograde axonal
transportation and trans-synaptic diffusion [79,80], but,
up to now, no direct central effects have been demon-
strated.

A reduction of reflex activity, through the direct block-
ing of neuromuscular transmission in spindle gamma
loops and successive effects on muscular tone and
afferent input, has been shown in animals and humans
[81-83] and support BoNT results in dystonia and
spasticity [84,85].

5.Clinical features of BoNT treatment

5.1 Therapeutic indications

Since the first report of BONT administration in strabis-
mus and dystonia, a large number of new applications
have been reported in the literature. They include
neuromuscular blockage in conditions or diseases
characterised by muscular overactivity (Table 1).

More recently the use of BoNT in some autonomic
diseases with increased cholinergic activity, such as
achalasia, rhinorrhea, hyperhydrosis or Frey’s syn-
drome, have been reported (Table 2). Some conditions
that show improvement with BoNT treatment have a
proven application, while other conditions show spo-
radic amelioration which must be confirmed in larger
populations [86].

5.2 Administration (dose, site, muscle,
concentration)

A clinician must decide on the following when treating
a patient with BONT:

 in which muscle(s) should injection take place
« the sites of injection

 the dosage of BONT which should be used for each
muscle

« the serotype that should be used
« the dilution of the serotype employed

Each of these represents a variable that can affect the
clinical outcome, and is frequently based on a single-
centre experience. The amount of data in the recent
literature is invaluable material for reciprocal compari-
son.

Muscles are generally identified by clinical examina-
tion, often supported by neurophysiological analysis.
Electromyography (EMG) is used both to identify the
specific patterns of muscular activity and for direct
injection through the recording electrode [87,88]. Vari-
ous results have been obtained with different studies
guantifying the advantages of EMG in BONT treatment
[87].

Clinical experience shows that the dose used is related
to the muscle dimension [89]. For example, the dose
utilised in the cervical muscle can be 10 times greater
than the one utilised in the facial district. From animal
models the concentric denervation field has been
guantified in relation to the amount of BONT; with a
low dose the diameter was of 30 mm with a gradient
inversely related to the point of injection, while with
a larger dose the whole muscle is blocked [51]. With
high doses more side-effects were observed due to
diffusion to adjacent muscles.
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Table 1: A list of conditions and diseases caused by mus
overactivity where BoNT therapy has been used. Bold indi
that BONT treatment has been proven to be beneficial. No
indicates that initial positive results must be confirmed in Ig
populations.

\lar The site of injection in animal models has quite a
ates different role to that in humans. In experiments, appli-
bold cation on the end plate site produes the most evident
rger paralysis [64], while a 50% reduction of effectiveness
was noted if the application was only 0.5 cm away

Blepharospasm

Hemifacial spasm

Aberrant facial nerve regeneration
Myokymia

Medical tarsorrhaphy (ptosis)
Strabismus

Oromandibular dystonia
Laryngeal dysphonia
Cervical dystonia

Focal hand dystonia
Occupational cramps

Limb dystonia

Spasticity

from this site. At other sites, several clinical studies
have demonstrated that multiple injections reduce
complications, such as district hypotrophy or eccentric
toxin spread [89], improving clinical results, probably
due to a more homogeneous diffusion along the
treated muscle. Multiple site administration is more
effective than single-site or motor-point BoNT admini-
stration [90]. Different techniques can be utilised for
muscles with spread or narrow end-plate regions [91].

An increase in BoNT dilution by the use of a greater
volume of drug, maintaining a constant toxin dose,
produces a greater diffusion along the muscle [64] and
a greater incidence of side-effects [92-94]. All the above
must be considered in order to optimise treatment for
each clinical condition, individual patient and even at
different times in the same subject.

5.3Assessment of response:

Bruxism

Nystagmus

Tremor

Facial wrinkles
Muscle-contraction headache
Myoclonus

Tics

Myofascial pain

Sphincter dyssynergy

Anismus, anal fissure

clinical and instrumental tests

One of the most difficult aspects of BONT treatment is
the impossibility of predicting the clinical outcome.
Each treatment is considered an individual case, often
characterised by different clinical results. Variability in
the response to the toxin or the temporal profile of the
response is frequently observed. Fluctuations in origi-
nal disease can be mistaken for incorrect treatment,
e.g., adecrease in muscular basal activity can influence
the BoNT effect [38]. The specific characteristics of the
neurotoxin used and the method of storage can alter
further the clinical results, as can the choice of different
technique strategy.

cholinergic overactivity where BoNT therapy has been
These conditions, only recently treated with BoNT ther
must be verified in larger populations.

Understanding the pattern of the disease before and

Table 2: A list of autonomic diseases characterised by after BONT treatmentis essential in order to understand

ed. the real factors responsible for effective therapy.
PY, Video-recordings, clinical scores, neurophysiological
examinations or electromagnetic tracking systems

Palmer hyperhydrosis
Ascellar hyperhydrosis
Rhinorrea

Achalasia

Hypertrophic pyloric stenosis

Dysphagia (spasm or dystonia of upper oesophageal
sphincter)

Frey syndrome

Crocodile-tears syndrome

have been used to assess the course of the treatment
[95-105].

5.4Side-effects (diffusion)

The success of BoNT treatment is also related to the
absence of side-effects. Few reports of systemic symp-
toms, such as diffuse asthenia in ALS patients or in high
dose spasticity treatment [66] or brachial plexus im-
mune-mediated disease [107], have been reported after
BoNT administration, and these only sporadically.
More frequently, the common side-effects are related

to the spread of the neurotoxin to the muscles or
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cholinergic vegetative systems located near the treated
regions, by local diffusion.

Although no teratogenic properties of BONT have been
demonstrated, use in pregnancy is discouraged. Nev-
ertheless, BONT treatment during pregnancy has not
shown any complications [108].

5.5Resistance to BONT

Patients who have undergone BONT therapy, can
become unresponsive (secondary non-responder).
Clinical modification of the original disease, inappro-
priate choice of muscle, or BONT dosage may be
responsible, along with antibodies directed against the
drug.

There have only been a few reports of patients who
show no response to first time treatment with BoNT/A
(primary non-responder). The cause for this is at
present not known (previous immunisation has been
hypothesised) [109]. Repeated BoNT/A treatments,
particularly with large doses [110] and with high fre-
quency of administration [111], can lead to immune-
mediated resistance.

There are two distinct methods that can be employed
to study BONT immune-resistance: enzyme immu-
nosorbent assay (ELISA) and mouse bioassay. The first
method detects circulating antibodies directed against
both the neurotoxin itself and the associated proteins.
The presence of these antibodies does not always
correlate with clinical tolerance, because only those
antibodies that neutralise the biological effect of BONT
are responsible for the lack of response [112-115]. Even
if a higher statistical presence of antibodies in patients
with tolerance to BoNT is observed, a clear correlation
between antibody titre and clinical resistance has not
been documented. Furthermore, ELISA appears to be
poorly specific due to the occurrence of cross-reactions
between different serotypes [116-119]. Systems utilis-
ing monoclonal antibody reagents have been em-
ployed to improve specificity, but they often lack
sensibility [119]. At present, mouse bioassay is the most
effective test. An increasing dilution of patient serum
is injected into animals with a test dose of neurotoxin.
The neutralisation of BoNT’s toxic effects by patient
antibodies is evaluated. Even if difficult and expensive,
this is the only reliable method that can document an
immune-mediated resistance against BoNT [120], per-
haps underestimating the real incidence of sensitisa-
tion [121]. New alternative bioassays have recently
been proposed [119,122].

Some observations indicate that immunogenicity
against BONT can be transient and not absolute [123].
This is an interesting point, which might explain the
need to increase the dosage in some patients, who are
partial non-responders, or for the re-use BONT after a

time of suspension. However, in our clinic, the patients
who have become non-responders, according to a
neurophysiological test, maintain resistance to BoNT.
The percentage of patients who carry antibodies and
tolerance to BoNT are different in several reports.
Generally they vary from 0 - 10% [110].

6. The clinical use of different BONTs

BoNT/A is widely used. Other BONT serotypes have
been used in animal models to compare biological
effects with the better understood BoNT/A. In rats, the
paralysis produced by the same doses of BONT/A and
other serotypes are quite different, the former being
more active [124,125].

Clinicians have used other BoNT serotypes in both
animals and humans due to tolerance observed in
patients treated for a long time with high doses of
BoNT. Clinical applications of BONT/F, B and C have
been performed [60,108,127-130]. For BoNT/F and B,
the results have shown a good response, similar to that
obtained by BoNT/A, but the effects have lasted for a
shorter period of time. For BoNT/C the profile is longer
than for F or B, and very similar to that of the A
serotype. In Figure 1, the different temporal profiles
and the amount of neuromuscular blockage for differ-
ent serotypes F and C (obtained from Wako, Japan and
tested in BALB/C mice) have been compared to
BONT/A (Botox/Allergan) with neurophysiological
testing [38].

The variability in clinical effects observed can be
related to different sites of action (double only for
BoNT/C) of the BoNT tested or to their different active
life, or to the different periods of time necessary for
the re-synthesis of the specific targets (VAMP, SNAP-25
and syntaxin).

Previously, the other serotypes were used in patients
who were non-responders to BoNT/A; now, a more
ambitious application is being undertaken. Taking
advantage of the biological differences of the sero-
types, the BONT serotype with the ‘correct’ properties
can be selected to treat a particular condition. For
example, the use of BONT with a short active life can
be applied for the treatment of transient situations,
such as in surgical complications or in addition to
physical rehabilitation. BONT/B and F, which act on
cholinergic autonomic structures [69,130], can be used
to treat specific applications, such as in hyperhydrosis.
At present, multiple association of different neurotoxin
serotypes does not appear to be more useful than
single toxin serotype application. Synthesis of com-
plexes with different neurotoxin properties, chimeric
toxins, is being attempted [24,86].
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Figure 1: Temporal profile of neuromuscular blockage obtained by small injections of different BONTs (A, C, F) into the extensor
digitoris brevis muscle, calculated by neurophysiological tests. BONT/A and BoNT/C profiles are similar. BONT/F shows a more rapid
effect with early recovery of the original conditions, these aspects correspond to clinical observations in patients treated with BoNT/F.
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7.Expert opinion

Since the first application of BONT/A in strabismus,
many more conditions and diseases have been treated
with this neurotoxin. In particular, BONT treatment has
been used in neurological conditions where no relief
is obtained with ‘classical’ drugs.

At present, BONT treatment is considered safe and
effective in focal dystonia and hemifacial spasm, while
the use of this neurotoxin in other indications requires
further proof. As BoNT treatment is symptomatic and
multiple administration is required, each new patient
must be considered as an individual case. In this way,
possible side-effects or specific disorders provoked by
BONT are tolerated by each patient.

Excessive variability in clinical response after each
treatment is currently an obstacle to satisfactory patient
management. Products with improved stability and
fixed toxic properties are needed. Despite the fact that
studies on the long-term effects of BONT underline the
safety and efficacy of treatment, non-responder pa-
tients and antibody production have been reported.

The ‘intelligent’ application of various BONT serotypes,
not only in secondary non-responder patients, but also
in situations which require different results with regard
to temporal profile or amount of cholinergic blockage,
or different efficacy, for example, in neuromuscular or
vegetative systems, will be a further significant im-
provement. The synthesis of new complexes, combin-
ing different portions of the well-known BoNTs, which
could be differentiated according to any requirement,
could be used for ‘personalised’ treatments. Further-
more, the search for novel neurotoxins with lower

“BONTIF

immunogenicity and prolonged clinical efficacy must
be pursued in order to reduce side-effects and increase
tolerability.
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