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Botulinum toxins were first devel-

oped in the 1950's by ophthalmol-
ogist Dr. Alan Scott (and subse-

quently approved by the FDAin 1989) for
the treatment of eye movement disorders
such as strabismus and blepharospasm.1

Its uses have subsequently expanded to
include neurological movement disor-
ders, including focal muscle dystonia2,'
and spasticity.'..

Botulinum toxin type-A (BTX-A) is
effective for muscle spasticity through its
prolonged blockade of acetylcholine. The
active moiety, a 150 kDalton protein, is
the most potent of seven neurotoxins (A,
B, C1, D, E, F, G) produced by the gram-
positive anaerobic rod-shaped bacteria
Clostridium botulinum.6 (See Appendix A
for a summary of botulinum toxin
products). BTX-A's mechanism of action
is described in the following section.

How Botulinum ToxinsWork

When injected into muscle, BTX-Abinds
with high specificity and affinity to presy-
naptic cholinergic axon terminals. Its
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heavy chain (1OOkD)attaches it to the pre-
synaptic membrane of the nerve terminal
(see Figure 1a). Current research indicates
that the attachment site is the SV2

neuronal acceptor protein located on the
synaptic vesicle itself.?

Endocytosis of the BTX-A molecule
then occurs (see Figure 1b). Current
research indicates that this occurs

through the same vesicles where acety-
choline is released.8 After endocytosis, the
disulphide bond is broken, allowing the
light chain to move to the presynaptic
terminal. The light chain actually
migrates through the channel created by
the heavy chain." The light chain then
cleaves nine aminoacid residues from the

25 kDalton synaptosome-associated
protein (which has 205 residues). This
inhibits calcium-activated release of

acetylcholine (see Figure 1c).
Current research also indicates that the

products of SNAP-25 cleavage are also
inhibitory. This leads to retraction of the
endplate nerve terminals and subsequent
loss of endplate organization. Muscle
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relaxation/paralysis occurs as a result of
this block. Within four days, collateral
terminal sprouting will occur to attempt
re-innervation of the neuromuscular

junction (NMJ). These temporary
functional synapses result in partial
recovery of muscle function after about
28 days. Within about two months after
injection, the original nerve terminals
will begin to recover their ability to
release acetylcholine and original
endplate connections are restored.
Sprouting then stops and the temporary
synapses lose their function. Within
approximately three months, the original
neuromuscular junctions recover full
function and are normalized.IO,1ICholin-

ergic parasympathetic and postgan-
glionic sympathetic nerve synapses of the
autonomic nervous system are also poten-
tial targets. For example, intradermal
injections of BTX-Aleads to denervation
of eccrine glands (useful for hyperhidro-
sis and sialorrhea).12

Patients are usually advised that the
onset of action occurs around day three,




