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ABSTRACT

Botulinum toxin (BTX) is produced by autolysis of several strains of Clostridium botulinum,
a gram-positive, spore-forming, rod-shaped, strictly anaerobic bacterium. However there are
also non-clostridial microorganisms that are enable to produce the toxin. As some other
beneficial poison, BTX also fits well the quotations by old scientists and philosophers like
“Almost every substance can become a poison but only thing is the dose discriminating the
difference” (Paracelsus, XVI century) or “Poisons can be employed as a means for the
destruction of life or as agents for the treatment of the sick” (Claude Bernard, XIX century) or
“Poison is a medicine, medicine is a poison” (Ahi Evran, XIII century). In the 1980's, Alan
Scott first published articles on the use of BTX for the treatment of strabismus. The Food and
Drug Administration of the USA (FDA) first approved botulinum toxin for the treatment of
strabismus (crossed eye) blepharospasm (uncontrollable eye blinking) in 1989 and for glabellar
rhytides in 2002, the first cosmetic indication. Since then BTX has been used for a verity of
indications not only dermatological but also non-dermatological indications including on-
labelled as well as off-labelled uses. In this review you will find the pharmacological profile
of botulinum toxins, i.e., mode of action, pharmacokinetics, adverse effects, indications and
contrindications, drug interactions, duration and site of action, etc. Furthermore, current
commercial products and novel dosage forms as well as new perspective of BTX use will also
be discussed.
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Botulinum toksini (BTX) Gram (+), sporlu, gubuk sekilli ve mutlak anareobik bir bakteri olan
Clostridium botulinum’un pargalanmasi sonucu firetilir. Ancak bu toksini tretebilen
Clostridium-olmayan mikroorganizmalar da bulunmaktadir. Faydali olabilen bazi toksinler
gibi BTX de eski bilim insanlar1 ya da filozoflarin “Hemen her sey zehir olabilmektedir, farki
yaratan dozdur” (Paracelsus, XVI yiizy1l) veya “Zehirler yasam tahrip etmek veya hastalari
tedavi etmek i¢in kullanilabilir” (Claude Bernard, XIX yiizyil) ya da “Zehir ilactir, ilag
zehirdir” (Ahi Evran, XIII yiizyil) gibi tanimlamalarina ¢ok uymaktadir. 1980’lerde Alan
Scott, sasilik tedavisinde BTX’in kullanimu ile ilgili ilk makaleleri yayinlamistir. Amerikan
Gida ve Ilag Dairesi (FDA), 1989°da strabismus (sasilik) ve blefarospazm (kontrol edilemeyen
g6z kirpmasi) tedavisi i¢in, 2002°de de ilk kozmetik indikasyon olarak kas-arasi dikey
kinisikliklarmin tedavisi i¢in ilk kez BTX’i onaylamistir. O giinden beri BTX, sadece
dermatolojik degil ayn1 zamanda dermatolojik-olmayan pek ¢ok indikasyonda, hem onayli
hem de onaysiz olarak kullanilmaktadir. Bu derlemede botulinum toksininin etki
mekanizmalari, farmakokinetigi, yan etkileri, indikasyon ve kontrindikasyonlari, ilag¢
etkilesmeleri, etki yerleri ve etki siiresi vb. pek ¢cok agidan farmakolojik profilini bulacaksiniz.
Ayrica mevcut ticari iiriinleri ve yeni dozaj formlari ve ayni zamanda BTX’in gelecekteki
kullanimi konusu da tartisilacaktir.

Anahtar kelimeler: Botulinum toksini; farmakoloji; zehir; gare; estetik; kas; agr1.
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INTRODUCTION

Botulinum toxin (BT X) is produced by autolysis of a gram-
positive, spore-forming, rod-shaped anaerobic bacterium
called as Clostridium botulinum. (1,2). BTXs have been
known to cause food-borne poisoning for many years. The
first cases were observed in eighteenth-century Europe, and
the condition was termed “sausage poisoning” or botulism
as “Botulus” means sausage in Latin (3). Depending on the
type of illness caused by botulinum toxins, C. botulinum
strains are divided into four different groups. Bacterial
groups I and 1 are associated with the human illness, group
I11 is associated with illness in animals, and group 1V is not
related to any illness (4). In chemical sense, BTX is a
protein consisting of 7 related A-G toxins (serotypes). Each
serotype can also be further divided into subtypes based on
differences in amino acid sequence. BTX A, B, and F are
produced by group | bacteria, and toxins B, E, and D are
produced by group Il bacteria (5). Botulinum toxin types A,
B, and E have been identified as the most common
neurotoxins causing human poisoning, whereas toxin types
C and D are rarely associated with human toxicities; type F
causes minimal human toxicity (2,6).

BTXs are ~150 kDa proteins composed of two major
functional chains, i.e., a light chain (50kDa), and a heavy
chain (100KaD), which are connected by a disulfide bond.
The heavy chain is responsible for targeting the BTX to
neuronal cell membrane. Each serotype binds via different
mechanisms to different target receptors (4,7).

In the 1980's, Dr. Alan Scott first began publishing articles
on the use of purified botulinum toxin for the treatment of
strabismus (8). In 1989, the Food and Drug Administration
of USA (FDA) first approved botulinum toxin for the
treatment of blepharospasm. Then, in 2002, BT X received
its first cosmetic indication for the treatment of dynamic
rhytides of the glabella (9).

BOTULINUM TOXIN PRODUCTS

There are 4 most widely-used and commercially-available
BTX products (Table 1): Botox® (OnabotulinumtoxinA,
Allergan), Dysport® (AbobotulinumtoxinA, Ipsen),
Xeomin® (IncobotulinumtoxinA, Merz) and Myobloc®
(RimabotulinumtoxinB, Solstice Neuroscience).

All BTX-A clinical products currently available are dried-
powder products that need to be reconstituted for use.

Botulinum Toxin and Drug

Liquid formulation with different stabilizers and
components, including the omission of excipients from
animal origin and HSA is considered the next generation
of toxin products (10).

PHARMACOLOGY OF BOTULINUM TOXIN
Mechanism of Action of Botulinum Toxin

Upon activation of nerve endings, acetylcholine-full
vesicles move to the nerve membrane by the SNARE
proteins (N-ethylmaleimide-sensitive factor attachment
protein receptor) that modulate vesicular trafficking.
These proteins are synaptobrevin, SNAP-25, and syntaxin
(7,11), which form a complex followed by the fusion of
synaptic vesicle and terminal membrane to lead
acetylcholine release into the synaptic cleft. Then
acetylcholine binds to its receptors in muscles to induce
muscular contraction. Botulinum toxin irreversibly
inhibits acetylcholine release at neuromuscular junctions.
It binds to neuronal cell membrane and is internalized by
receptor-mediated endocytosis. Acidification of the
endosome induces a conformational change of BTX-A
structure, resulting in the translocation of the enzymatic
light chain into the cytosol, which acts like a protease and
cleaves SNAP-25, (synaptosomal nerve-associated protein
25), a presynaptic protein that takes an essential role in
exocytosis of neurotransmitters. All serotypes of
botulinum toxin consist of a 150-kDa, single-chain
progenitor toxin, which can be triggered by a protease to
produce a 100-kDa heavy chain and a 50-kDa light chain.
When the toxin is internalized into nerve cells, the
interchain disulfide bond is broken, releasing the light
chain possessing endopeptidase activity. This light chain
specifically cleaves one of the three SNARE proteins
involved in neurotransmitter release (2,12).

BTX blocks neuromuscular transmission in motor and
autonomic nerve terminals by inhibiting the release of
acetylcholine, resulting in a characteristic flaccid
paralysis. BTX subtypes differ in cleavage SNARE
complexes, e.g., BTX-A, BTX-C and BTX-E cleaves
SNAP-25; however, BTX-B, BTX-D, BTX-F and BTX-G
target synaptobrevin, the other important protein for
exocytosis on the vesicle membrane. BT X-C also cleaves

Table 1. Some features of most widely-used commercially-available botulinum toxin preparations

OnaA/BOTOX AboA/Dysport IncoA/Xeomin RimaB/Myobloc
Approval 1989 1991 2005 2000
Pharmaceutical forms P_oyvder dissolve_d in P_0\_Nder dissolve_d in P_oyvder dissolve_d in Solution

injectable solution injectable solution injectable solution

Serotype Al Al Al B
Size 900 kDa >500 kDa 150 kDa 700 kDa
Excipients HSA (500 pg), NaCl  HSA (125 ng), Lactose ~ HSA (1 mg), Sucrose l:|-|aSCAI\, (,3205 5 gc/::zla)te
pH value =7 =7 =7 5.6
Unit/vial 50, 100, 200 300, 500 100, 200 2500, 5000, 10000
Shelf life (months) 36 24 36 24
Toxin Quantity (ng/vial) 5 4.35 0.6 25, 50, 100
Re-constitution 0.9% NaCl 0.9% NaCl 0.9% NaCl Prepared solution
Storage 2-8°C or <-5°C 2-8°C Up to 25°C 2-8°C do not freeze

HSA: Human Serum Albumin, modified from Fonfria et al. (10).
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syntaxin, another key protein to neurotransmitter release
(Table 2, 13-18). Furthermore, a particular BTX types
(i.e., BTX-C) could inactivate Rho proteins by ADP-
ribosylation or by monoglycosylation. Hence BTX exerts
diverse effects on biological system (19).
Site of Action of Botulinum Toxin
BTX mainly exerts its action on motor neurons innervating
striated voluntary muscles. However, it has been
demonstrated in cultured neuronal cells, that BTXs can also
block the release of a wide variety of neurotransmitters but
they are more potent in motor-neurons than in the other
neuronal cell types (20). BTX-A also blocks ATP release
from purinergic efferent nerves in the detrusor muscle. In
afferent nerves, BTX-A injection markedly reduces the
urothelial ATP release and increases nitric oxide (NO) release
from the urothelium. Furthermore, BTX has also particular
effects on smooth muscle reactivity and some other targets
e.g., sensory afferents, whereby it induces an anti-nociceptive
action via the inhibition of substance P release. Likewise,
BTX can also attach to cell-surface proteins, such as E-
cadherin, fibroblast growth factor receptor and vanilloid
receptors. In addition to ATP, the toxin can also decrease the
release of CGRP and NGF and, down-regulate TRPV1
expression. Through the inhibition of vasodilator substances
such as acetylcholine, CGRP and substance-P, as well as the
inhibition of muscle activity, BTX may cause the reduction of
vasodilatation within the affected muscle. High dose (50
U/ml) of BTX-A has also been demonstrated to inhibit release
of norepinephrine from sympathetic nerve endings (that’s
why it is effective in Raynaud syndrome) (21). Interestingly,
the BT X receptors and intracellular targets are not unique for
neurotransmission, as several of these receptors and targets
have been found in non-neuronal cells. Affected structures by
BTX are mainly:

1.The neuromuscular junction

2. Autonomic ganglia

3.Postganglionic parasympathetic nerve endings

4.Postganglionic sympathetic nerve endings that

release ACh such as those in some of skeletal muscles
vasculatures and eccrine sweat glands (Figure 1).

5.Non-neuronal targets
As for non-neuronal targets, BTX may also target SNAP-
25-expressing non-neuronal cells such as epidermal
keratinocytes, adipose-derived mesenchymal stem, nasal
mucosal cells, urothelial cells, epithelial cells of intestine,
prostate and alveoli, neutrophils, macrophages, dermal
fibroblasts, sebocytes and vascular endothelial cells (6,15-
17,22). Consequences of BTX action in these cells remain
to be investigated in details.
Consequences of Action of Botulinum Toxin
Once the action of BTX prevails, the neurotransmission is
blocked and the muscle may atrophy. BTX induces
weakness of striated muscle. Transmission is also inhibited
at neurons in muscle spindles, which may alter reflex
overactivity. BTX also induces an anti-nociceptive action
via the inhibition of substance P. In human skin, BTX is
good for all wrinkles evoked by persistent muscular
contractions. It also elicits antiaging activity on the skin by
increasing skin collagen production, decreasing to slow
down muscle shortening, improving skin barrier and
hydration, reducing sebum production, so improves skin
quality. BTX facilitate wound healing and decrease
thickness of hypertrophic scars. It also decreases axillary or
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palmar hyperhidrosis (10). Recovery from the toxin effect
can occur by sprouting of nerve endings, and formation of
new synaptic clefts. Additionally, extrajunctional
acetylcholine receptors have been reported to develop (6).

GENERAL INDICATIONS OF BOTULINUM TOXIN
BTXs are highly potent toxins responsible for a severe
disease, called botulism. Nonetheless, these toxins are also
efficient therapeutic tools with an increasing number of
indications ranging from neuromuscular dysfunction to
hypersecretion syndrome, pain relief, depression as well as
cosmetic application. BTX was initially used for
hyperactive movement disorders such as dystonia (24-26).
There are several on-label uses of BTX (Table 3).

Table 2. Neuronal targets of BTX

BTX Type Targets

BTX-A SNAP-25

BTX-B Synaptobrevin

BTX-C SNAP-25 and Syntaxin
BTX-D Synaptobrevin

BTX-E SNAP-25

BTX-F Synaptobrevin

BTX-G Synaptobrevin

Table 3. On-label indications of BTX

Disorders On-Label

Cervical dystonia

Hemifascial spasm
Blepharospasm

Spasticity in adult and children
Detrusor overactivity
Neurogenic, idiopathic bladder
overactivity

Sialorrhea

Axillary hyperhidrosis
Chronic migraine

Glabellar lines

Lateral canthal lines

Front lines

Skeletal Muscles

Smooth Muscles

Exocrine Gland Hyperfunction

Pain-Related Disorders

Aesthetic

Parasympathetic
Cardiac and smooth muscle,

Medulla A
gland celis, nerve terminals

Sympathetic
Sweat glands

Sympathetic
Cardiac and smooth muscie,
gland cells, nerve terminals

Sympathetic
Renal vascular smooth muscle

Somatic
Skeletal muscle

Voluntary motor nerve

Figure 1. Site of action of botulinum toxin. BTXs act at
neuromuscular junctions, autonomic ganglia, postganglionic
parasympathetic nerve endings, postganglionic sympathetic
nerve endings that release acetylcholine (e.g., eccrine sweat
glands), modified from (23). X represents some of the
potential inhibitory sites of BTX.
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Reports of pain reduction in patients with dystonia led to
studies of its use in treatment of chronic pain states (27).
The pain reduction was initially assumed to be caused by
muscle relaxation and a subsequent decompression of
blood vessels and sensory nerves. Later experimental
studies suggested that BTX may have a central effect on
the nervous system (28-31). BTX has been used in the
management of spasticity in the lower limbs (32). BTX
serotype A (BTX-A) is now clinically used worldwide for
the treatment of chronic migraine although the mode of
action remains to be fully elucidated (33). In addition,
intravesical BT X injection is effective in reducing urgency
and urinary incontinence by inhibiting the detrusor muscle
contraction through the blockade of acetylcholine from the
preganglionic and postganglionic nerves in the efferent
nerves. BTX-A also blocks ATP release from purinergic
efferent nerves in the detrusor muscle. In afferent nerves,
BTX-A injection markedly reduces the urothelial ATP
release and increases nitric oxide (NO) release from the
urothelium (34).

OFF-LABEL INDICATIONS OF BOTULINUM TOXIN
BTX can also be used in a wide variety of unapproved
dermatological and non-dermatological indications such
as, eye brow lifting, eye widening, gummy smile, jaw
sculpting, Marionette lines, mental creases, dimpling of
the chin, necklines and platysmal bands, perioral lines,
masseter reduction, scarring, inflammatory skin diseases,
alopecia, depression, chronic migraine, genodermatoses,
pruritic diseases, hyperhidrosis, palmar hyperhidrosis,
axillary bromhidrosis/chromhidrosis, other disorders of
sweating, stump hyperhidrosis, pompholix, periorbital
syringomas, eccrine angiomatosis, eccrine naevus, eccrine
hydrocystoma, pruritic dermatoses, gustatory epiphora
(crocodile tears), acantholytic disorders, genodermatoses
(epidermolisis  bullosa simplex and pachyonychia
congenital), inflammatory dermatoses,
pachydermoperiostosis pachydermia, wound healing,
Raynaud phenomenon, persistent facial flushing/rosacea,
spasticity, stroke, traumatic brain injury, cerebral palsy,
multiple sclerosis, spinal cord injury, tics, chronic low
back pain, disorders of localized muscle spasm and pain,
tension headache, migraine headache, cervicogenic
headache, achalasia cardia, Hirschsprung disease, Oddi
sphincter dysfunction, chronic anal fissure, all types of
dystonia, refractory  vulvodynia,  vestibulodynia,
vaginismus, dyspareunia, menopausal hot flashes, rosacea
nasal tip, anterior neck and chest flushing (6,10,35-39).

ADVERSE EFFECTS OF BOTULINUM TOXIN

Depending on its dose, site of injection, volume and inter-
individual variations, there are numerous adverse effects
of BTX. However, it seems to be quite safe in general
when injected locally without excess dose. When it is used
at excess doses it could, however, induce adverse events
some of which would be serious. The following are
common adverse effects of BTX: Allergic reactions, pain,
edema, ecchymosis, and short-term hyperesthesia,
bruising, infection (necrotizing fasciitis), delayed eyelid
closure, brow ptosis, a decreased blink response,
blepharoptosis, eye sensory disorders, excessive tearing
and drooling, eyelid edema. In case of spreading of the
toxin into the blood stream systemic side effects can be
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seen like generalized reactions such as nausea, malaise,
flu-like symptoms and cutaneous eruptions. Headaches
were the most frequent adverse events in the initial trial of
BTX for the glabellar lines. Excess dose of
onabotulinumtoxinA more than 400 U in a single session
can be found safe and efficacious (40) but nevertheless
caution must be taken according to the patient.

Some of the side effects of BTX seem likely due to the
injection technique. When used at excessive doses, BTX
may be expected to produce neuromuscular weakness with
a variety of severe symptoms. In such cases, the affected
individual should be medically supervised for several
weeks for signs and symptoms of systemic muscular
weakness which could be local or distant from the site of
injection. Antitoxin raised against botulinum toxin is
available but it will not reverse any botulinum toxin-
induced effects already apparent by the time of antitoxin
administration. (41,42).

CONTRINDICATIONS, PRECAUTIONS AND
DRUG INTERACTIONS OF BOTULINUM TOXIN
Contrindications of BTX include hypersensitivity
reactions to formulation  (toxin or  albumin),
neuromuscular disease (myasthenia gravis, Lambert-Eaton
syndrome, ALS, motor neuropathies), psychological
instability, pregnancy, lactating and children under 12-
years, existing inflammatory lesions, like acne or psoriasis
at the injection site(s). Besides, the patients with
unrealistic expectations, and those using too much daily
facial expressions (public performers) can also be
considered in the list of contrindications. Furthermore,
BTX does not work for the wrinkles not caused by
muscular contractions (41,42). Artists such as using wind
instruments (e.g., side flute and clarinet etc.) or scuba-
divers must be careful for the efficiency of lip contour
muscles if they have been already applied by BTX to the
lips-mouth area.

The use of some medications decreasing neuromuscular
transmission should be avoided in patients treated with
BTX. The drugs acting also on neuromuscular junction
such as aminoglycoside-antibiotics, succinylcholine,
curare-like neuromuscular-blockers and magnesium
sulfate may increase effect of BTX. Some cholinergic
medication (i.e., cholinesterase-inhibitors), penicillamine,
quinine, chloroquine and hydroxychloroquine may reduce
the toxin effect. Calcium channel blockers, antiplatelets
and anticoagulants, NSAAI drugs (e.g., warfarin and
aspirin) may cause bruising and delay in coagulation
(41,42). In order to avoid any bruising effects of BTX
application, gingko biloba extracts, red wine, supplements
of vitamin E and fish oil need to be stopped 2 days before
the BTX application. Furthermore, on the day of BTX-
administration alcohol consumption should be avoided.

APPLICATION ROUTES OF BOTULINUM TOXIN
Although BTX is given by i.m. injection there are some
intradermal, transdermal, intradetrusor, transurothelial,
and transepithelial delivery forms. Furthermore liquid and
slow-release BTX formulations have also been developed.
Topical liposomal BT X cream has also been developed for
axillary hyperhidrosis. The use of BTX iontophoresis
enhanced its penetration (for axillary hyperhidrosis).
Transdermal delivery of BTX via jet nebulization for
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palmar, plantar, and axillary hyperhidrosis has also been
tested. Topical formulation of BTX improves tolerability
and adherence to therapy (10,43).

ACTION DURATION OF BOTULINUM TOXIN

The onset of action of BTX-A normally begins within 1-3
days; however, some individuals may necessitate as many
as 5 days. However, peak effects could be generally
obtained at around 10 days. The toxin’s effects last about
3-4 months. Some subtypes of BTX have different action
duration, e.g., BTX-E and BTX-F have significantly
shorter duration of response (3-6 weeks), which are
especially required, in orthopedics and rehabilitation-
medicine. Much shorter duration may also be needed for
some conditions like vaginismus. However, novel
formulations and delivery techniques enabling longer
action duration, such as transdermal delivery or other
formulations with a longer duration of response (i.e., 6-9
months) are needed for clinical interest (6,10,44).

PHARMACOKINETICS OF BOTULINUM TOXIN
The effect of blood on the structure, function, and biologic
half-life of the toxin was investigated but it was found that
blood did not alter the structure, catalytic activity, and the
neuromuscular  blocking activity of the toxin.
Experimental studies conducted on mice and rats have
shown that the elimination half-life for native (non-
metabolized) toxin in blood and serum was around 230-
260 min when given with the doses that produced clinical
poisoning. On the other hand binding of BTX to plasma
albumin was not so high (25-30%) and majority of the
circulating toxin is free (around 70-75%) and available for
distribution to wvulnerable nerve-endings. Binding of
neutralizing antibodies to BTX has been demonstrated to
enhance the clearance of toxin from the circulation and
enhance the tissue accumulation of toxin, particularly in
liver and spleen (45).

SPREADING OF BOTULINUM TOXIN FROM
APPLICATION SITE

The observation that the reduction in the severity of
spasticity may occur despite little neuromuscular blockade
after the injection of BTX (46) and that the patients with
blepharospasm or arm dystonia may experience a
comfortable and sustained effect of BT X treatment in spite
of the disappearance of local weakness (46-48) led the
scientist implicate that the effects of BTX seems to be
more than neuromuscular junction as the local action of
BTX at the neuromuscular junction cannot explain whole
effects of BTX (46). Accordingly, subsequent substantial
evidence points out that i.m. BTX-A administration
triggers alterations at the level of the central nervous
system (13,46,49-53). One potential explanation for these
findings is an indirect plasticity of central circuits
following reduction of sensory input from the injected
muscles (54). Presumably, similar to tetanus neurotoxin,
BTX-A may be transported along nerve axons (53,55),
followed by a process of cell-to-cell transfer by which the
neurotoxin may gain access to second order neurons in the
CNS (46,49). Several pathogens exploit this trafficking
route to reach the CNS (56).

On the other hand BTX can also spread to surrounding and
remote muscle from the injection site. It has been
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demonstrated that based on compound muscle action
potential (CMAP) amplitude and/or cleaved SNAP-25
immunohistochemistry in remote muscles, all botulinum
toxin products may spread from the area of injection.
BTX-A has a potentially greater spread to nearby and
remote non-injected muscles than BTX-B in mouse and
primates. BTX-CD is the most prone to spread remotely;
however, BTX-D is the least. Based upon safety index, the
order was obtained: BTX-F > BTX-C > BTX-D > BTX-E
> BTX-A > BTX-CD > BTX-B, with BTX-F being the
safest. Some factors, e.g., volume, concentration, amount
of toxin, formulation, serotype, needle-size, number of
injections, precision of injection, biologic properties of the
toxin, anatomy and tissue type of the target area,
distribution of receptors, and SNARE proteins may
influence spreading (Figure 2).

Interestingly, when ranked based upon safety index a
different order was obtained: F>C>D>E>A>CD >
B, with BTX-F being the safest. Therefore, some effects of
BTX conflict with the expected benefits, hence, require
further attention. The rank order of BT X serotypes based
upon spread in a study inratswasCD>A>E>C>B >
F>D. (10,36,37,57-59).

‘ Dangerous
Y BTX-B

BTX- CD
BTX- A
BTX-E
BTX-D
BTX-C
= BTX-F

Figure 2. Spreading capacity (upper panel) and safety
indexes (lower panel) of BTX. The most spreading BTX
serotype is BTX-CD, the least BTX-D. As for safety, BT X-
F seems to be the safest but BTX-B the most dangerous.
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NOVEL BOTULINUM TOXIN PRODUCTS

Due to some disadvantageous features of BTX-A, more
promising serotypes, e.g., biological and recombinant
BTX-E products have already been developed for aesthetic
and therapeutic indications. Another alternative to BTX-
A, is serotype BTX-C, which induces similar efficacy and
duration of action without secondary resistance after
chronic use. This serotype was successfully tested in a
pilot series of BT X-A-non-responsive patients with focal
dystonia. The other promising subtype is BTX-A2, which
seems to be more potent in vitro and in vivo than BTX-Al
due to its faster penetration to neuronal cells together with
higher occupancy of the cellular receptors (SV2C). In
addition, BTX-A2 has a less spreading and less
immunogenic feature than BTX-AL, and it seems to be less
susceptible to neutralization by human antisera raised to
BTX-Al. However, accumulated data showing safety
grade of BTX-A2 compared to BTX-A1 is needed (10).
NOVEL DELIVERY FOR
BOTULINUM TOXIN

The injection of BTX can be painful for patients and needs
the specific training. Therefore, novel formulations of needle-
free delivery and slow or sustained release formulations
would be of clinical interest. These may include transdermal
delivery or other products with a longer duration of response.
FDA approved BTX cream based on ionic nanoparticle
technology. There are several advantages of the cream over
conventional injection such as self-application comfort,
elimination of painful and traumatic needle use. Especially for
conditions such as hyperhidrosis, application can require
multiple uncomfortable and painful subcutaneous injections
in sensitive locations, such as the palm or axilla. Due to the
biological barriers limiting successful penetration of the BTX
preparations to the intended tissue, transdermal formulations
will be for superficial delivery. However this kind of
preparation is not suitable for movement disorders that
requires deeper i.m. injections. However, physical or
chemical permeabilization that enables to BTX preparations
to penetrate deeper layers has been developed. Accordingly,
Revance Therapeutics Inc have progressed this approach for
transdermal delivery of BTX-A to the clinic for both lateral
canthal lines and axillary hyperhidrosis (10,43).

TECHNIQUES

ANTIBODY DEVELOPMENT
BOTULINUM TOXIN

One of the important issues in BTX use is antibody
development against the toxin. Currently, in order to
circumvent this problem several other serotypes of BT X than
BTX-A or BTX-B have been explored as potential therapeutic
agents in humans. BTX-E and BTX-F seem to be alternative
serotypes in patients who had become resistant to BTX-A and
found to be effective in dystonic patients (44,60,61).

AGAINST

CONCLUSIONS

Since the first approval of botulinum toxin for the treatment
of strabismus blepharospasm in 1989, the use of BTX has
been extending towards a wide variety of indications year
by year. The pleiotropic effects of this toxin are likely due
to the ubiquitous distribution of its targets within the body.
Once the function and importance of these targets are
further elucidated we most likely to see more common use
of the toxin and the market size will be expanding.
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