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Abstract 

Botulinum toxin is produced by Clostridium botulini bacteria. It has been increasingly used as a boon in medical practice 
for chemodenervation in conditions like skeletal muscle spasticity, glandular hypersecretion, neuropathic pain and 
smooth muscle hyperactivity.  

The action of Botulinum neurotoxin (BoNT) is by blocking the neurotransmission at the cholinergic nerve endings, by 
inhibiting the docking and fusion of Acetyl Choline (Ach) vesicles for exocytosis into the synaptic area.Botulinum toxin 
has been used for management of neurological disorders with great patient satisfaction and appreciation. The effect of 
botulinum toxin wears off in 3-6 months and may require another dose. Frequent dosing may lead to production of 
antibodies against BoNT with consequent irresponsiveness to therapy in a few cases. 

Scrupulous use of botulinum toxin in the hands of experts may help a long way in giving much needed relief and respite 
to neurological patients and increase their quality of life. Its use in cosmetic dermatology in reducing wrinkles, by 
relaxing the facial muscles is very popular  
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1. Introduction

Botulinum toxin is produced by the bacteria Clostridium botulinum. This is a potent biological toxin and can produce 
fatal disease. The spores of Clostridium botulinum are found in soil and can be present in contaminated food. The effect 
of clostridium botulinum was described by German scientist Justinus Kerner from the outbreaks caused due to bad 
sausages between1817-1822 and gave an idea of its scope for therapeutic use. These outbreaks typically showed 
symptoms like blurry vision, drooping eyelids, slurred speech, difficulty swallowing, vomiting, and severe muscle 
weakness. He described this as the ‘fat poison’ or ‘sausage poison’ and even demonstrated its effect by applying on 
smaller animals. There was paralysis of that group of muscles but showed complete recovery in the next a few days [1]. 
The toxin of clostridium botulinum was later discovered by Emile Pierre van Ermengemm in 1895 [2] and coined the 
term Botulus (latin word for sausage). Botulinum toxin was first isolated in crystalline form by Dr. Edward Schantz. 
Alan B. Scott and Edward Schantz used botulinum toxin in early 1970s as medical treatment for correction of strabismus 
by relaxing the muscles [3]. They used injection of type A botulinum toxin which was later approved by Food and Drug 
Administration in 1989. The scientists were focused on studying its effect on hyperactive eye muscles and 
blepharospasm when they accidently were brought to notice about its effects on forehead wrinkles. Alastair Carruthers 
and his wife Jean Carruthers first reported the use of botulinum toxin for cosmetic use [4] Since then, FDA has approved 
the use of Botox for various procedures such as Cervical dystonia in 2000, Glabellar lines in 2002, Axillary hyperhidrosis 
(excessive sweating) in 2004, Chronic migraines and upper lip spasticity in 2010, Urinary incontinence in 2011 and 
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Crow's feet (lateral canthal lines) in 2013 [5]. Some of the therapeutic indicators for botulinum toxin are given in table 
1. 

Table 1 Conditions commonly treated by Botulinum toxin 

Skeletal muscle spasticity 

Post stroke spasticity 

Cerebral palsy 

dystonia 

Cervical dystonia 

Hemifascial spasm 

blepharospasm 

strabismus 

Glandular hypersecretion 

Palmar hyperhydrosis 

Axillary hyperhydrosis 

Gustatory sweating 

sialorrhea 

Excessive lacrimation 

Chronic rhinitis 

Smooth muscle hyperactivity 

Neurogenic detrusor overactivity 

Idiopathic detrusor overactivity 

Achalasia cardia 

Sphincter of oddi dysfunction 

Pain 

Trigeminal neuralgia 

Migraine  

Neuropathic pain 

temporomandibular joint disorders 

Cosmetic Dermatology 

Glabellar lines 

Crow’s feet 

Frown lines 

Lines around the mouth 

Neck bands 

Sagging eyebrows 
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2. Structure 

Botulinum neurotoxin (BoNT) structurally is made of a heavy protein chain and a light heavy chain bounded with 
disulphide bond having a molecular weight of 150kDa. It is activated when cleaved into 100kDa and 50kDa heavy and 
light chains respectively. It is present in 7 subtypes A, B, C, D, E, F and G of which subtype A and B are used in therapeutic 
practice as BoNT-A and BoNT-B are most commonly used. 

3. Mechanism of action 

Botulinum toxin breaks soluble N‐ethylmaleimide‐sensitive factor attachment protein receptor (SNARE) proteins 
needed for docking and fusion of vesicles with cell membrane. When botulinum is injected, it binds to ganglioside 
receptors on the membrane of cholinergic nerve endings by its heavy chains and gets internalized. Once inside the cell 
it breaks into 50kDa light chain and 100kDa heavy chain. BoNT binds to SNARE protein complex by its light chain and 
cleaves it. The SNARE proteins complex is composed of SNAP 25, Syntaxin and Synaptobrevin needed for docking and 
fusion at the cell membrane for exocytosis and release of Ach.  The mechanism of action of BoNT -A involves cleavage 
of SNAP 25 whereas the BoNT-B cleaves the synaptobrevin a member of vesicle associated membrane proteins (VAMP) 
needed for docking of synaptic vesicle to the target cell membrane.  Thus, it blocks the docking and fusion process of 
acetyl choline containing vesicles and therefore the release of neurotransmitter acetyl choline by exocytosis at the 
neuromuscular junction or the gland is blocked as is shown Fig1 below. 

 

Figure 1 Mechanism of action of Botulinum Neurotoxin (BoNT)  

The decreased release of Ach decreases transmission of impulse to the motor end plate and therefore decreases 
depolarization and contraction of muscle, prevents contraction and promotes relaxation of muscle or blocks secretion 
at the level of glands. This mechanism is used for the relief of excessive contraction such as in spasm, dystonia and 
spastic conditions of muscles. It has also been beneficial in movement disorders such as tremors. Chemo denervation 
with botulinum is also very effective in relief of chronic pain such as in migraine and neuralgia [6] as botulinum toxin 
also interferes with the release of pain and inflammatory mediators including substance P, glutamate and calcitonin 
gene related protein from sensory nerve endings and dorsal root ganglion [7]. The action of BoNT at the cholinergic 
muscarinic ending at sweat gland has been used effectively for treatment of hyperhidrosis [8], sialorrhea [9]. BoNT 
therapy has shown good results for urinary bladder detrusor overactivity helping patients to lower dosage of systemic 
anticholinergics [10]. It is used for relaxation of sphincters such as in achalasia cardia [11], sphincter of oddi dysfunction 
[12], detrusor muscle dyssynergia [13] etc. 

Its effect starts in 2-7 days after injection and lasts for 3 to 6 months when another dose can be given. The relaxation of 
target skeletal muscle can be attributed to decreased activity of alpha motor neurons and also gamma motor neurons. 
Gamma motor neurons responsible for stretch reflex, are inhibited directly through action on cholinergic nerve endings 
and also indirectly because of inhibition of alpha motor neuron through alpha gamma coactivation process [14]. The 
paralyzing effect of BoNT disappears by 3-6months. Termination of activity of botulinum toxin occurs by 1. Aneural 
stage showing profuse network of axonal sprouts can be observed with intact function of SNARE proteins and exocytosis 
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of Acetyl choline within few days with good muscle response by 28 days 2. Neural stage with reinnervation and 
stabilization of neuromuscular junction and increase in Ach-receptors in about 3-6 months. [15, 16]. Axonal sprouts are 
promoted by release of IGF-1 and other neurotrophins exerting their effect on the nerve terminal. Repeated use may 
lead to development of antibodies against botulinum toxin and can lead to unresponsiveness to therapy. Meta-analysis 
by Neuman et al showed 0.49% of individuals being treated with BoNT for multiple disorders showed the conversion 
of antibody negative status for botulinum antibodies to antibody positive status which was quite low.  Maximum 
percentage of antibody positive status was found in those undergoing therapy for cervical dystonia which was 1.28%. 
[17]. It can be avoided by using lesser dose, increasing the time duration between doses or changing the type of BoNT 
used. 

4. Side effects 

The complications of botulism can be related to dosing, frequency, faulty technique, lack of accurate knowledge of 
anatomical structures, wrong muscle, injection into blood vessel and pre-existing underlying co-morbidities making 
them more susceptibility to the unwanted effects of BoNT. Headache, bruising, swelling, pain at the site of injection, 
droopy angle of mouth, eye dryness, unequal level of eyebrows, diplopia and ptosis are some of the side effects of BoNT 
[18] on face for cosmetic use, blepharospasm and strabismus. Botulism with symptoms like dizziness, fatigue, blurred 
vision, weakness or paralysis, dysarthria, dysphonia, dysphagia, irregular heartbeat and respiratory arrest might be 
observed in few cases [19] Death due to anaphylactic shock or Botulism can occur can also occur. Other rare effects 
include necrotizing fasciitis, pseudoaneurysm of temporal artery, cervical kyphosis, blurred vision, loss of bladder 
control. [20] Lethal dose of BoNT has been estimated to be about 2500-3000 units in a 70Kg adult [21,22]. Any side 
effects should be carefully dealt with. Botulism may even require administration of antitoxin. 

Pre -existing conditions like myasthenia gravis, motor neuron disease, Lambert eaton syndrome are contraindicated as 
it may further increase muscle weakness. Hypersensitivity should be kept in mind and should be checked for. It is not 
recommended in pregnant and breast-feeding women for safety concerns. 

Drug interactions with botulinum toxin: Concomitant use of some drugs potentiates or decrease the effect of BoNT 
which must be looked into before giving injection of BoNT. Aminoglycosides, potentiate the effect of BoNT, whereas use 
of acetyl cholinesterase inhibitors decrease the effect of BoNT.   

5. Conclusion 

Botulinum toxin effect on decreasing spasticity, pain and glandular functions along with its cosmetic used should be 
utilized more in improving individual’s quality of life by giving respite from suffering. Avoidance of higher doses and 
not giving very frequently can prevent the side effects and also decrease the chances of developing antibodies against 
the BoNT. The principle mechanism of action of botulinum toxin that is chemodenervation can be utilized in several 
disorders involving nerves and their release of neurotransmitters and more and more research should be encouraged 
for its utility.  The neurotoxin derived from the disease-causing clostridium botulini when used in a proficient way in 
small doses can produce surprising results in medical practice and helping mankind in a long way.  
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