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EDITORIAL

Therapeutic application of botulinum toxin

The neurotoxins produced by the anaerobic spore-
forming Clostridium botulinum constitute the most
potent group of acute toxins known. The seven
serologically distinct toxins (A—G) all exert similar
highly specific pharmacological activity acting pri-
marily at the neuromuscular motor synapse by block-
ing release of the neurotransmitter acetylcholine. This
results in a flaccid muscular paralysis that is typical
of the rare but often fatal disease botulism.’ Early
symptoms of botulism include nausea, dry mouth and
impaired vision but the disease may progress through
widespread flaccid neuromuscular paralysis leading
ultimately to death from respiratory depression.? In
man the most common cause of the disease is the
ingestion of food containing pre-formed toxin pro-
duced by contaminating C. botulinum organisms.®
Infection with C. botulinum can give rise to other forms
of botulism. Wound botulism is a rare form of the
disease that results when C. botulinum contaminates,
colonises and produces toxin in wounds in a manner
analogous to the tetanus disease process.>*® Infant
botulism, so called because children of up to c. 35
weeks of age only appear to be susceptible, results
from colonisation of the intestinal tract by C. botu-
linum with consequent secretion of toxin.%’

There is no known cure for the toxic paralysis of
botulism. Therapeutic preparations of antitoxin are
available and may form an integral part of the clinical
treatment® but by the time clinical symptoms present
the toxin is irreversibly bound to the nerve terminal
and the blockade of neurotransmitter release cannot
be reversed. However, antitoxin therapy may improve
survival and shorten the clinical course of the disease.?
Antitoxin therapy may form a useful adjunct to the
antibiotic treatment used to eliminate intestinal colon-
isation in cases of infant botulism.® Botulinum
toxoid vaccines presently offer the only effective means
of preventing the neuroparalytic effects of the botu-
linum toxins. Although the mortality of botulism has
fallen in recent years? the lack of any effective cure for
the disease still evokes an emotive and fearful view of
the toxins in both lay and scientific minds. However,
the perception of these potent toxins is now changing.
Because of their high potency and specificity, the
toxins are now finding increasing application in the
treatment of a range of clinical conditions involving
uncontrolled muscle spasm, bringing relief of symp-
toms to many people for whom there was previously
little in the way of effective treatment.

Botulinum toxins have been prepared to high purity®
and their amino-acid sequences deduced by sequencing

the toxin genes.” The toxins have similar molecular
structures and mol. wts (c. 150 kDa). Although they
are probably all synthesised as single polypeptide
chains, these are cleaved by proteolytic enzymes to
give dichain molecules comprising two asymmetric
subunits—a heavy (H,) chain (85-105kDa) and a
light (L) chain (50-59 kDa) linked by a disulphide
bridge. The toxins are most potent in the dichain form,
having specificity toxicities ranging from 2 x 107 to
2x 10® mouse LD;,/mg. The molecular basis of the
activity of the botulinum neurotoxins is not yet fully
resolved. They do not inhibit the nerve action po-
tential,” nor prevent propagated potentials from enter-
ing the nerve terminal,'® nor block voltage-dependent
calcium channels,! but act by blockading exocytosis,
the process whereby acetylcholine, compartmentalised
within synaptic vesicles, is exported from the nerve
terminal. Three stages may be involved in botulinum
toxin inhibition;"® firstly, rapid specific and irrevers-
ible binding of toxin to acceptors on the pre-synaptic
nerve surface;'® secondly, internalisation, whereby
toxin crosses the plasmalemma and enters the nerve;*?
and finally, the poisoning step that disables the
acetylcholine release mechanism.*® It is now clear that
the toxic activity of the neurotoxins is a function of the
L,*' the H, being associated with the binding?® ¢
and internalisation'’ phases. Studies involving direct
injection into nerves or incorporation into permeabi-
lised cell-culture systems have shown that the action of
the L -subunit is not specifically to block acetylcholine
release, as it is also capable of blocking calcium-
mediated exocytosis of other neurotransmitter sub-
stances. The non-specificity of the intracellular toxicity
indicates that the characteristic specificity of the
botulinum neurotoxins is a function of their binding
rather than of inhibiting activity. Various mechanisms
for inhibition have been proposed,’ % ° indeed, there is
evidence that not all the botulinum toxins block
neurotransmission by the same mechanism and they
may affect different components of the exocytosis
system.! It has long been considered that the high
specific toxicity and longevity of the inhibitory activity
of the toxins indicate they are enzymic in nature.
Recent exciting evidence suggests that the neurotoxins
have zinc endopeptidase activity'®'® and that the
toxins may act by cleaving the specific protein com-
ponent(s) of synaptic vesicle membranes.'?

The very characteristics that make botulinum toxin
such a potent neuroparalytic agent exquisitely suit the
toxin for use as a drug to induce specific muscular
weakness. This novel clinical application of botulinum
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toxin type A was introduced initially as an alternative
to conventional surgical intervention for the treatment
of strabismus.*® The therapeutic use of botulinum
toxin has extended beyond its initial application to
include a variety of neurological disorders associated
with involuntary spasmodic contraction of muscles,
specifically focal dystonias.?"?* No specifically treat-
able causes of dystonia have been identified, hence
only symptomatic relief can be offered to patients, but
botulinum toxin therapy has proved to be remarkably
effective in this context. Toxin therapy has become
established as the treatment of choice for benign
essential blepharospasm, in which intermittent or
sustained involuntary contraction of the orbicularis
oculi causes forceful closure of the eyes and is now
used in preference to the surgical alternatives of muscle
stripping or bilateral avulsion of the facial nerve. The
treatment is not a cure, as the development of new
motor end plates may restore motor function, but
repeat injections usually serve to maintain effective
control of the condition.?*"** Symptoms of hemifacial
spasm, Meige syndrome, facial synkinesis, oromand-
ibular dystonia and laryngeal dystonia all respond
well to toxin therapy.??*¥ Spasmodic torticollis is a
dystonia of neck muscles that causes abnormal head
movements and posture and which is frequently
accompanied by cramp-like pains. Botulinum toxin
therapy has proved to be beneficial for torticollis,
giving temporary improvements in posture and re-
lieving pain.?*-22:24

The chemical denervation induced by botulinum
toxin is increasingly being used for more complex
conditions involving abnormal muscle contraction,
including writer’s cramp and other task-specific dis-
orders of hand muscles. Motor dysfunction due to
abnormally increased muscle tone, such as spasticity,
may respond well to toxin therapy. There may also be
a role for treating some forms of tremor, which is
by far the most common involuntary muscular
disorder.?* %3
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The increasing knowledge of the structure and
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with the advent of further, somewhat unexpected,
clinical benefits.
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