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The Pharmacology of Botulinum Toxin

Sang Hyuk Lee, MD, Hyun Sub Lee, MD and Sung Min Jin, MD

Department of Otorhinolaryngology-Head and Neck Surgery, Kangbuk Samsung Hospital,
Sungkyunkwan University School of Medicine, Seoul, Korea

Botulinum toxins are the most potent toxins known to mankind. Botulinum toxin acts by blocking the cholinergic neuromus-
cular or the cholinergic autonomic innervation of exocrine glands and smooth muscles. Seven distinct antigenic botulinum
toxins (A, B, C, D, E, F and G) produced by different strains of Clostridium botulinum have been described and only A and B
type of botulinum toxins were clinically used. Toxins were consisted of a heavy chain with a molecular weight of 100 kD and
a light chain with a molecular weight of 50 kD. Toxins are bound with an astounding selectivity to glycoprotein structures lo-
cated on the cholinergic nerve terminal. Subsequently light chain of toxin is internalized and cleaves different proteins of the
acetylcholine transport protein cascade transporting the acetylcholine vesicle from the intracellular space into the synaptic
cleft. After a decade of therapeutic application of the toxin, no anaphylaxis or deaths have been reported and systemic adverse
effects have not been reported so far. However the toxin’s immunologic properties can lead to the stimulation of antibody
production, potentially rendering further treatments ineffective. Botulinum toxin is a safe and effective treatment. Use of bot-
ulinum toxin in clinical medicine has grown exponentially in recent years, and many parts of the human body are now being
targeted for therapeutic purposes.
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Fig. 1. Justinus Kerner (1786—1862).
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‘ Therapeutic botfulinum toxin preparation ‘
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Fig. 3. Contfents of therapeutic botulinum toxin preparations. HP :
haemagglutinating protein, NHP : non-haemagglutinating pro-
tein.
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Fig. 5. Cholinergic neurofransmission and botulinum toxin's mech-
anism of action.
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Fig. 6. Mechanism of action of botulinum toxin. Hy : heavy chain
N-terminal subdomain, He : heavy chain C-terminal subdomain,
SNARE : soluble NSF-attachment protein receptors, VAMP : vesi-
cle-associated membrane protein, SNAP-25 : synaptosomal-asso-
ciated protein of 25 kDa, ACh : acetylcholine, AChR : acetyl-
choline receptor.

Table 1. Target substrates of botulinum toxin

Toxin type Substrate
Botulinum toxin A SNAP-25
Botulinum toxin B VAMP/synaptobrevin
Botulinum toxin C SNAP-25 and Syntaxin
Botulinum toxin D VAMP/synaptobrevin
Botulinum toxin E SNAP-25
Botulinum foxin F VAMP/synaptobrevin

Botulinum toxin G VAMP-synaptobrevin

Table 2. Drug and disease interactions with botulinum toxin
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Drug/disease

Mechanisms

Presynaptic nerve terminal

Aminoglycosides (kanamycin, streptomycin, gentamicin) Calcium channel blockade

Aminoquinolines (chloroquine, hydroxychloroquine)

Cyclosporine
Lambert-eaton syndrome
Postsynaptic nerve terminal
Myasthenia gravis
D-Penicillamine
Tubocurarine, pancuronium, gallamine
Succinylcholine

Inhibit botulinum toxin binding to synaptotagmin or lysosomal
processing of foxin

Calcium channel blockade
Cross-reacting, tumor antigen antibodies against calcium channels

Autoantibodies to the nicotinic acetylcholine receptor

Triggers the formation of nicotinic acetylcholine receptor antibodies
Postsynaptic acetylcholine antagonist blockers

Postsynaptic acetylcholine agonist blocker
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