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Botulinunn Toxin, Mode
of Action and Serotypes

Dr. Kate Coleman, BSc PhD FRCS FRCOphth

A u.orking kno'wledge of the pharmacology of botulinum toxin (BTX) is essential to understand
tho contraindications and complications of treetment with it.

Botulin,-rrn neurotoxins are metalloprotease polrpeptides, comprising a protein molecule
(150 Kd), which can be cleaved enzymatically into a hcar,v (H) (100 Kd) and a light (L) (50 Kd)
chain (Fig. 2.1). These chains are norrnally held together b,v a disulphide bond, which is heat labile.
Disruption of this bond inactivates the neurotoxin. This erplains r,vhl' BTX mr:st be stored at the
correct temperature and reconstituted carefirllv, preserving the integriw ofthe two-chained mo1ecu1e.

Prior to reconstitution, characteristics of Incobotulinum toxin A freomin) reflect the lack of a com-
plexing protein r'vith the neurotoxin, alhwing lpng term stability and reduced immunogeniciry.

BTX induccs paralysis bv blocking the release of acenlcholine at tl-re skeletal alpha motor
nellronc neuromuscular junction, ttrereby inhibiting the transmission of nerve impulses across

the synaptic.junction to the motor end p1ate.

USER TIP

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

Muscular Contrmetion: hlonmal Cholinerg;c
Transmission {Fig. 2"2}

Voluntarl, muscle contraction is J. r.sp()nsc to :timrrlation by action potentials passing along a

nerve to the mr.rscle. Once t1'rese action potenti'als reach a svnapse at the neuromuscular junction,
thev stimulate an influ-x of calcium into the cltoplasm of the nerve ending. This increase in

2-BOTULINUNI TOX1N I,IODE O: . ^- -
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Fig. 2.1 Diagram of botuinum toxin molecule showng
hea\,1 and ight chains, (From Aok R The developrrent
of Botox-lts hstory and pharmacoogy Pain DigesI
1 998;8:337-341 , W tn permiss on from Springer-Ver ag )
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.--.r.::r- .,.):r!-cr-itr.liiLrn allorvs acetl'1choline to fuse."vith the membrane, using a protein complex,

:.-,,,:e iios.ing the st'napse and fusing u,'ith nicotinic rcceptors ol1 the mlrscie flbre. The protein
complc'-r consists of three hles of protein: vesicle -associated membrane protcin (VA-N'IP; svnap-

tobrevin), syneptosomal-associated protein (SNAP) 25 and svntuin.

*de of &atfr**t cf *t#$rrsu*mt xirc {Fi6" 2";}}

Acetr,lcl-roline depends on a protein complex for its release lrom the nerve ending into the syn-

apse. B'IX, using zr spcciiic enzyme in the L chain, interact-. rvith one component of the protein
complex of the nerve terminal, thereb,v inhibiting the discharge of the acerrlcholine. Tl're protein
attacked is speciirc to thc different seroq,pes of B-lX; for example BTX-A blocks SNAP 25,

rvhercas BTX-B blocks \AIIP BTX B acts on a different cltoplasmic protein complex. Thc
sccretion oi acewlcholine is disrupted rviren the L-chain of the BTX-B molecule clear-es a prote in
ca11ed sr-n:rptobrevin, also knorr,.n as \AN{P. Clinical trials have shown BTX-B to be effective for
rhc trcrtment of paticlts u.ith cenical dvstonia, including those resistar-rt to BTX A.

Borh iire H and L-chains of the BTX molecule are nceded to block the release of acetvlcholine.

The H chain attaches the BTX tc.r the nerve membrane, allorving thc L chain to be transported to
rts sirc of ection-the protein compiex.The L-chain enzyme then cleaves the protein specific to the

l.,Lrticiilar nerrrotoxin- Neuromuscular transmission ceases, and the target muscle atrophies rerrersibly.

AUTONOMIC ACTION

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

CENTRAL ACTION

BTX affects the gamma motor neurone. reducing muscle spindle afferent input to the central

ncryoLrs s)'stem, and at high doses has been sirown to reach tl-re brain. Functional magnetic reso-

nance imaging has shown that elabellar injectic,ns of BTX have rcsulted in firnctional uncoupling
of brain stcn centros',vith the amygdala. Other studies have confirmecl reduction in the size of
ereas ofbasal ganglirr in response to high-dose injections tbr spasticiqrThese central effects help

to exp.[ain horv BTX can ameliorate pain anci chronic migraine, as rve11 as supporting some stud-
ies suggesting irnprovement ofdepressior:. Studies have demonstrated retrograde and anterograde

axonal transport along the brar-rches of nociceptive nelrrones following peripheral nerve blockade.

Pain reliefhas been shown to start prior to paralvsis, outlastinq the duration ofthe paralysis, sup-

porting a noncholinergic mechanism. The antinocicepti'r'e effect is mediated by blockrde of
ncuropeptides and inflamn-ratory mediator release. There is evidence of inhibition of plasma
n-rembrrLne cxposure of pain sensors at the peripheral 1evel.

MUSCLE RECOVERY

Cle:l'aqe of the protein compler is irreversible, but the changes follow'ing BTX include a proLifera-
rion oi:r-ronal nerve buds to the target muscle and the regeneration of muscle end plates. Nerv nen.es
'bud'out across the motor endplates, albeit rvith irregularlr'spread cholinergic receptors

Iluscie lunction takes between 24 hor-rrs and 5 davs to ccasci in contrast, recovery tekes from
6 rveeks rvith rin-iabotulinumtoxin B (Neurobioc) and an average ol 74 weeks with onabotu-
linumtoxin A (Botox), Incobotulinun-rtoxin A (Xeomin) and abobotLrlinumtoxin B (Dvsport). In
the author's experience, duration of effect is dose and location dependent. Some musclcs, the
frontelis in particuiar, remain paralvsed in some patients ior as long as 5 months, after only one

2-BOTULTNUI\I ToX/Nr MODE .- - -- -
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BOTUL \U[/I TOX N N IAC AL EE.]I]VENATLOIi

treatment. Prolonged paralysis results in muscle atrophtil.vhich has bcel shown to last years in
the tbrehead musculature. There is also a suggestion oflong-tcrm reduction in central voluntary
control,'breaking the frol.vn habit', as e.,tdenced bv other basal ganglia imrging studies foLlou,ing

BTX-A administrrtion.
The orbicularis oculi muscle requiros 3 to 6 months to recover its function, but, er.en thcn, the

muscle returns to only 70% to 80% ofits original birlk This cxDlains thc fact thet even an isolated

treatment can help the'crow's feet'of patients who ate reluctrnt to en8-age in a series c,f treatments.

USER TIP

Choose your dose to modify the desired duration of action.

IMMUNOGENICITY

The development ofantibodies to one serotype does not preclude an effective rcsponse to another
one. Reports suggest an incidence of 296 rate of antibodv formation with seroq'pe A (onabotu-

linumtoxin A, BOTOX) as opposed to 20'% to 40%r with serorype B (rimabotulinum toxin B,

llvobloc). Research suggests that the production ofthcsc antibodies is related to the protein load

oithe ncurotoxin. This has 1ed to the developn-rent of incobotulinumtoxin A, Xeomin/Bocouture,
rvith its free 150-kD molecule and no hremagglutinin complexinq. Thc origin:rl Onabotulinum-
to.rin A (Botox) contained 25mg Protein/1O0units. The more recent Botox preparations have a

reduced protein load ofonly 5mg/100units in comparison.

Immunogenicity has been linked to the tiequency of administration oi BTX and to its
.oncentration. Idea11y, thereibre, good therapy should be spaced at a minimum of 12-ra.eek

inten,als and should use the 1o\i,rest concentration effective for the desired duration ofaction.

Serotypes
There are seven ser'ot].pes of BTX, fivc of whicli arc efiective at the human neuromuscular
junction (BTX-A, B, E, F and G). The difTerent serotpes act by cleaving difflrcnt prutcins at

the presvnaptic r.esic1e.

Four typcs of BTX are curre ntly licensed and available cornmerciall,v in Europe and thc United
States (Table 2.1); three are BTX serotype A: Botox/Botox Cosmetic (onabr.rtulinumtoxin A),
Dysport/Azzalure (abobotulinlrmtoxin A) and Xeomin/Bocouture (incobotulinumtoxin A).
Neurobloc/\4yobloc is BlX fype B Several types ofBTX-A have been emcrging in other coun-
tries, some also from the HALL strain of BTX (e.g. Nleditox, South Korea).

Concern must be highlighted about unlicensed online arailabilitl, of poorly regulated torins
irom other countries, including'copies'of Allergan BOTOX with no toxin in the bottles. The
ruthor had experience lvith a toxin being launched in the N{iddle East, rvhich caused local

T,ABLE 2.1 Botulinum Toxin Currently Licensed and Available Commercially in Europe
and the United States

BTX-A

Abobotu inumtoxin A

Dysporl

Azzalure

BIX Boiulinum toxrn,

2-BOTUIINU\/ TOXINT MODE Or.-- -
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USER TIP

Botulinum toxin acts by blocking rdea_

USER TIP

Conditions and/or drugs affecting fl_re rr=_,
toxin results.

BTX.A

lncabotulinumtoxin A

Xeomin

Bocouture

BTX-A

OnabotulinumioxinA RimabotulinumtoxinB

BTX.B

Botox

Vistabel

Neurob oc

Myobloc
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Olinical lndications and Use
I

The cosmetic indications for botulinum toxin har.e not changed since the first edition ofthis book

and are listed in Box 3.1, but the noncosmetic ir-rdications now rcpresent 5570 of al1 botulinum
toxin usc. In the author's oculofacial practice, botulinum to-xin is an essential 6rst-line trertment
lor hemiiircial and blepharospasm, post-facial nerve palsv svnkinesis, cl'rronic migraine, frontal
'trigernir-ral' headaches and hypcrhidrosis- Table 3.1 provides a list of other trses at the time

of press.

Nluch has becn published on the differences betwecn thc diilerent products, and tlie reader is

reierred to an excellent 2018 rer.ier,v on thc setne bv Dr. RicharC Glogau.

USER TIP

DIFFUSION is influenced by concentration, by product and by the concentration of receptors
on the muscle being injected More receptors rnean less diffusion per volume injected

['19r1 . leer (l,crioc,rlar r]rui,1.)
\rcr tical (ulabellar) frorvn
Horl zontel (fiontalis) liown
\VrinlJes on nose

Upper 1ip rhrtids
Vermiiion border
Argle of n-iouth

Pebbly chirr

Nasolabid folds

Jnv line (platvsma)

Venus rings (hor izontrrl neck rh-rtids)
'furkey nerk (vertitral pletvsma bands)

l)6collet6
Scirr management

TABLE 3.1 Noncosmetic lndications for Botulinum Toxin

3. {LIN]CAL ]IIDICATIOI.]S A\]D -:]

TABLE 3.2 Botulinum Toxin Serotype Ty1

Onaborul,numtoxin A
BOTOVvisabel

Vacuum-drieo powder
2-8
HSA 500 pg
NaCl (9OO pg/vial
BOTOX: 100-U or 2OO_U vial
Visrabel: 50 J
5 ng/100 U

Comcentrations
Botulinum toxin is the most poie:-: ._

i<ind. It functions at verv low .o.... ,
l::essed accurltclv only in tern-.. - ...
Srviss-Web:ter mrruse. (Rcsearch .

contains 500 'Spelwood, mu. One r:: , -.

.' ,ntrins ,]00 
mu, similar to the BO

r --riabiliry o[ assay, coupled wirh ri:
:umrn as5av) meen) thdt the dO;:.

Movement Disorders

Fccal dystonias

Essential tremor

Parkrnsonisnr

Spastlcity

Posi-stroke spastrcity

Traumatic spasticty

Multiple sclerosis

Elle movement disorders

lnternal Organs

Detrusor musc e

Bladder spasm pain

Urinary retention

Hyperactivez'overactlve

Pelvic floor pain

Anal fissrrres

Benign prostate hyperplasia

Other

Hyperh drosis

Chron c migraine

Tension headaches

Trigeminai neuragia

Temporomandibular pain

Spinal muscle pain

Frey's syndrome

Sialorrhoea

Fig.3.2 Bottle of Dyspor-t
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