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CHAPTER 2

Botulinum Toxin: Mode
of Action and Serotypes

Dr. Kate Coleman, BSc PhD FRCS FRCOphth

A working knowledge of the pharmacology of botulinum toxin (BTX) is essential to understand
the contraindications and complications of treatment with it.

Botulinum ncurotoxins are metalloprotease polypeptides, comprising a protein molecule
(150 Kd), which can be cleaved enzymatically into a heavy (H) (100 Kd) and a light (L) (50 Kd)
chain (Fig. 2.1). These chains are normally held together by a disulphide bond, which is heat labile.
Disruption of this bond inactivates the neurotoxin. This explains why BTX must be stored at the
correct temperature and reconstituted carefully, preserving the integrity of the two-chained molecule,
Prior to reconstitution, characteristics of Incobotulinum toxin A (Xeomin) reflect the lack of a com-
plexing protein with the neurotoxin, allowing Ipng term stability and reduced immunogenicity.

BTX induces paralysis by blocking the release of acetylcholine at the skeletal alpha motor
neurone neuromuscular junction, thereby inhibiting the transmission of nerve impulses across
the synaptic junction to the motor end plate.

USER TIP

Always consider possible central, as well as obvious peripheral, changes to the injected
muscle following treatment (neuromodulation).

Muscular Contraction: Normal Cholinergic
Transmission (Fig. 2.2)
Voluntary muscle contraction is a response to stimulation by action potentials passing along a

nerve to the muscle. Once these action potentials reach a synapse at the neuromuscular junction,
they stimulate an influx of calcium into the cytoplasm of the nerve ending. This increase in

C N
/ —_—5=5—
N2t —
N ]
S
|
S
L Fig. 21 Diagram of botulinum toxin molecule showing
"C" heavy and light chains. (From Aoki R. The development
of Botox—its history and pharmacology. Pain Digest.
1998;8:337-341. With permission from Springer-Verlag.)
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4 OTULINUM TOXIN IN FACIAL REJUVENATICN

calcium concentration allows acetylcholine to fuse with the membrane, using a protein complex,
before crossing the synapse and fusing with nicotinic receptors on the muscle fibre. The protein
complex consists of three types of protein: vesicle-associated membrane protein (VAMP; synap-
tobrevin), synaptosomal-associated protein (SNAP)-25 and syntaxin.

Mode of Action of Botulinum Toxin (Fig. 2.3)

Acetylcholine depends on a protein complex for its release from the nerve ending into the syn-
apse. BTX, using a specific enzyme in the L-chain, interacts with one component of the protein
complex of the nerve terminal, thereby inhibiting the discharge of the acetylcholine. The protein
attacked is specific to the different serotypes of BTX; for example BTX-A blocks SNAP-25,
whereas BTX-B blocks VAMP. BTX-B acts on a different cytoplasmic protein complex. The
secretion of acetylcholine is disrupted when the L-chain of the BTX-B molecule cleaves a protein
called synaptobrevin, also known as VAMP. Clinical trials have shown BTX-B to be effective for
the treatment of patients with cervical dystonia, including those resistant to BTX-A.

Both the H- and L-chains of the BTX molecule are needed to block the release of acetylcholine.
The H-chain attaches the BTX to the nerve membrane, allowing the L-chain to be transported to
its site of action—the protein complex. The L-chain enzyme then cleaves the protein specific to the
particular neurotoxin. Neuromuscular transmission ceases, and the target muscle atrophies reversibly.

AUTONOMIC ACTION

BTX also blocks autonomic cholinergic receptors. The duration of action is longer than for
skeletal nerve endings, and effects can last for up to 12 months.

CENTRAL ACTION

BTX affects the gamma motor neurone, reducing muscle spindle afferent input to the central
nervous system, and at high doses has been shown to reach the brain. Functional magnetic reso-
nance imaging has shown that glabellar injections of BTX have resulted in functional uncoupling
of brain stem centres with the amygdala. Other studies have confirmed reduction in the size of
arcas of basal ganglia in response to high-dose injections for spasticity. These central effects help
to explain how BTX can ameliorate pain and chronic migraine, as well as supporting some stud-
ies suggesting improvement of depression. Studies have demonstrated retrograde and anterograde
axonal transport along the branches of nociceptive neurones following peripheral nerve blockade.
Pain relief has been shown to start prior to paralysis, outlasting the duration of the paralysis, sup-
porting a noncholinergic mechanism. The antinociceptive effect is mediated by blockade of
ncuropeptides and inflammatory mediator release. There is evidence of inhibition of plasma
membrane exposure of pain sensors at the peripheral level.

MUSCLE RECOVERY

Cleavage of the protein complex is irreversible, but the changes following BTX include a prolifera-
tion of axonal nerve buds to the target muscle and the regeneration of muscle end plates. New nerves
‘bud’ out across the motor endplates, albeit with irregularly spread cholinergic receptors

Muscle function takes between 24 hours and 5 days to cease; in contrast, recovery takes from
6 wecks with rimabotulinumtoxin B (Neurobloc) and an average of 14 weceks with onabotu-
linumtoxin A (Botox), Incobotulinumtoxin A (Xcomin) and abobotulinumtoxin B (Dysport). In
the author’s experience, duration of effect is dose and location dependent. Some muscles, the
frontalis in particular, remain paralysed in some patients for as long as 5 months, after only one
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treatment. Prolonged paralysis results in muscle atrophy, which has been shown to last years in
the forchead musculature. There is also a suggestion of long-term reduction in central voluntary
control, ‘breaking the frown habit’, as evidenced by other basal ganglia imaging studies following
BTX-A administration.

The orbicularis oculi muscle requires 3 to 6 months to recover its function, but, even then, the
muscle returns to only 70% to 80% of its original bulk. This explains the fact that even an isolated
treatment can help the ‘crow’s feet” of patients who are reluctant to engage in a series of treatments.

USER TIP
Choose your dose to modify the desired duration of action.

IMMUNOGENICITY

The development of antibodies to one serotype does not preclude an effective response to another
one. Reports suggest an incidence of 2% rate of antibody formation with serotype A (onabotu-
linumtoxin A, BOTOX) as opposed to 20% to 40% with serotype B (rimabotulinum toxin B,
Myobloc). Research suggests that the production of these antibodies is related to the protein load
of the neurotoxin. This has led to the development of incobotulinumtoxin A, Xeomin/Bocouture,
with its free 150-kD molecule and no hacmagglutinin complexing. The original Onabotulinum-
toxin A (Botox) contained 25mg Protein/100units. The more recent Botox preparations have a
reduced protein load of only 5mg/100units in comparison.

Immunogenicity has been linked to the frequency of administration of BTX and to its
concentration. Ideally, therefore, good therapy should be spaced at a minimum of 12-weck
intervals and should use the lowest concentration effective for the desired duration of action.

Serotypes

There are seven serotypes of BTX, five of which are effective at the human neuromuscular
junction (BTX-A, B, E, F and G). The different scrotypes act by cleaving different proteins at
the presynaptic vesicle.

Four types of BTX are currently licensed and available commercially in Europe and the United
States (Table 2.1); three are BTX scrotype A: Botox/Botox Cosmetic (onabotulinumtoxin A),
Dysport/Azzalure (abobotulinumtoxin A) and Xeomin/Bocouture (incobotulinumtoxin A).
Neurobloe/Myobloc is BTX type B. Several types of BTX-A have been emerging in other coun-
trics, some also from the HALL strain of BTX (c.g. Meditox, South Korea).

Concern must be highlighted about unlicensed online availability of poorly regulated toxins
from other countries, including ‘copies’ of Allergan BOTOX with no toxin in the bottles. The
author had experience with a toxin being launched in the Middle East, which caused local

TABLE 2.1 = Botulinum Toxin Currently Licensed and Available Commercially in Europe
and the United States

BTX-A BTX-A BTX-A BTX-B

Aboboctulinumtoxin A Incabotulinumtoxin A Onabotulinumtoxin A Rimabotulinumtoxin B
Dysport Xeomin Botox Neurobloc
Azzalure Bocouture Vistabel Myobioc

BTX Botuinum toxin.
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permanent muscle atrophy and scarring when injected. Other adverse reports include four cases
of botulism in Florida due to toxic levels of BTX in unlicensed vials. The author currently uses
only Dysport/Azzalure, Botox and Xcomin and will refer to these products and their differ-
ences in the rest of this manual.

Botulinum toxin acts by blocking release of acetyicholine from the nerve terminal.

USER TIP
Conditions and/or drugs affecting the nerve/muscle junction could also affect the botulinum
toxin results.



