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Toxins to drugs: The case of botulinum toxin

Parul R. Sheth

Botulinum toxin has been touted as the most fatal of all poisons. And today it is being used for diminishing
the visible signs of ageing. But besides cosmetic uses, the deadly toxin has several therapeutic uses. Botox
has received a lot of publicity in the US and now in India too. More and more questions are being raised re-

garding its use.

Botox or botulinum toxin (BTX) is the
latest revolution in the field of rejuvena-
tion products. Treatment with Botox is
said to take years off one’s face by easing
out wrinkles. In a recent paper by Lim
and Raymond', other medical uses of the
toxin are listed. This was adjudged as the
best paper and was awarded the 2007
Horrobin Prize for medical theory, in
honour of David Horrobin, the renowned
researcher, biotechnology expert and
founder of the journal Medical Hypothe-
ses, who died in 2003. According to the
judge V. S. Ramachandran, an interna-
tionally known neuroscientist, University
of California, San Diego, USA, the paper
remains a scholarly overview for valu-
able new directions of research.

The researchers used BTX developed
from exotoxin of Clostridium botulinum
and carried out studies to show that the
toxin causes chemo-denervation of cho-
linergic neurons in the brain. Clinically,
uses of BTX have increased now and it
can be used to treat overactive skeletal
and smooth muscles, excessive secretary
and painful disorders.

Researchers have mentioned several
uses of BTX, which include treating excess
secretions from the glands, eye-squint
and muscle spasm disorders. The toxin
can also be used for easing restless leg
syndrome, reducing perspiration, improv-
ing breathing in asthma and removal of
excess fat.

With so many uses of Botox, it is dif-
ficult to digest the fact that BTX is one
of the most poisonous substances which
occurs naturally. As the name suggests, it
is a highly toxic neurotoxin; a protein re-
leased by the bacterium C. botulinum.
Merely 0.0000007 g can kill adults. In
the 1940s, BTX was developed into a
biological weapon by the US and other
countries.

The toxin is a deadly poison that can
cause botulism, a rare but serious para-
Iytic illness®. Botulism causes nerve pa-
ralysis and respiratory failure. There are
three types of botulism; first, food-borne

botulism in which bacteria produce the
toxin in the presence of little oxygen as
in canned foods; second is wound botulism
in which the bacteria can get inside the
wound-producing toxin, and lastly infant
botulism®, in which the bacteria grow in-
side a baby’s intestinal tract between the
ages of 6 weeks and 6 months. Wound
botulism is associated with intravenous
drug use leading to paralysis of motor
and autonomic nerves causing respiratory
failure®. It is more common in people
who inject heroin, which contains bacterial
spores. Infant botulism can come from
honey, corn syrup or exposure to soil
contaminated with the bacteria. Injection
of antitoxin helps in food-borne and wound
botulism. Antitoxin does not help in case
of infant botulism. In this case botulism
immune globulin is used for treatment.

Although the major source of the toxin
is C. botulinum, C. barati and C. butyricum
also produce the toxin®. There are seven
serotypes of this toxin— A, B, C, D, E, F
and G. Among these, serotype A, i.e.
botulinum toxin type A is the one which
is approved by the Food and Drug
Administration (FDA, USA) for medical
treatment.

The Botox story

It was in the 1800s that a German poet
and physician, Justinus Kerner identitied an
anaerobic bacterium C. botulinum as the
cause of food-poisoning®. The bacterium
grew in badly handled or processed meat
products and caused poisoning, resulting
in gastrointestinal problems. The disease
then was called botulism by another
German physician John Muller in 1870.
The name botulism comes from Latin
botulus meaning sausage. The name was
apt because the fatal food-poisoning out-
break in Stuttgart in Germany at that time
was caused by eating partially cooked
sausages. And Kerner was the one who
identified the clinical symptoms. After
experimenting with the extracts from
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sausages, he postulated that the extracted
toxin can be used to block the hyperac-
tivity of the sympathetic nervous system.

In 1895, Pierre Emile van Ermengem,
a Belgian professor of bacteriology iso-
lated the bacterium Clostridium, which
was then cultured by Edward Schantz, a
young Army Officer stationed at Fort
Deitrich, Maryland, USA, in 1944 to ex-
tract the purified toxin in crystalline
form. In 1949, Burgen and his colleagues
reported their findings® stating that BTX
blocks neuromuscular transmission. And
this was confirmed by Alan B. Scott, an
ophthalmologist at the Smith—Kettlewell
Eye Research Foundation, San Francisco
in 1973, in animal experiments in non-
human primates, where he discovered that
botulinum A causes muscle paralysis.
After eight long years, Scott was success-
ful in treating strabismus-squint; muscle
spasms around the eyes in humans. This
laid the ground for the potential therapeu-
tic uses of botulinum A in the treatment
of neurological and muscular disorders —
overactive skeletal and smooth muscles,
migraine, trigeminal neuralgia, etc.” .

In 1978, the FDA approved the testing
of botulinum toxin type A in human vol-
unteers for these conditions. The initial
toxin treatment was developed and mar-
keted under the name ‘Oculinum’ by Scott,
with support from the National Eye Insti-
tute, National Institutes of Health, USA.

In 1987, Canadian ophthalmologist Jean
Carruthers and her husband, British-born
dermatologist Alastair Carruthers, Uni-
versity of British Columbia, USA, acci-
dentally discovered that when they used
the toxin to treat eye muscle spasm, the
crow’s-feet lines around the eyes improved.
The couple went on to become Botox pio-
neers. And this was the beginning of the
use of Botox for cosmetic correction.

Mechanism of action

Botulinum toxin A, a zinc proteinase,
blocks the activity of the cholinergic
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nerves that control the muscles and
glands'. When Botox is injected into the
muscle, in the first phase the nerve—muscle
action is blocked by preventing the release
of the neurotransmitter acetylcholine,
thus preventing muscle contraction. This
is basically the local effect of the toxin.

The process comprises binding of the
active ingredient in the toxin to the cell
membrane of the motor nerve to begin
targeted treatment at the injection site of
the toxin. Following binding there is in-
ternalization into the cytoplasm of the
motor nerve cell membrane via endocy-
tosis. It is here that the toxin protein
molecule is activated. The activated pro-
tein molecule then cleaves with a parti-
cular protein at varied locations, thus
blocking the nerves from releasing ace-
tylcholine'®. The result is blocked muscle
contractions with reduced muscle acti-
vity. In addition, the release of neuropep-
tides involved in the transmission of
painful sensations is also blocked.

The second phase of action is when the
nerve—muscle communication is restored.
The effect of BTX is therefore tempo-
rary. The nerve impulse activity and mus-
cle contractions resume within a course
of time. This happens when new nerve
endings sprout and the original nerve-
connection is re-established.

Preparation of BTX for clinical use

In its concentrated form, BTX can cause
botulism. However, researchers have
proved the effectiveness of the toxin in
patients with muscle and nerve disor-
ders''. Botox as the toxin is commer-
cially known, is a purified protein, a
diluted form of BTX. It is made by fer-
mentation of the Hall strain of C.
botulinum type A organism'>. It is steril-
ized and vacuum-dried in the laboratory.
The vaccine that is injected routinely is
known as Botox type A vaccine and is
commercially available in crystalline form
packed in vials or bottles in 100 units.
Botox is refrigerated and stored at tem-
peratures of 2-8°C and is diluted with
saline solution prior to injection in the
muscle through fine hypodermic needles.

It was in April 2002 that the FDA ap-
proved the cosmetic use of Botox. And it
was in 2004 that FDA approved the use
of Botox as a treatment for excessive un-
derarm sweating or hyperhidrosis. In
India, BTX protein is sold under the brand
name ‘Botox’. Botox is manufactured by
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Allergan Inc., an American company for
therapeutic as well as cosmetic purposes.
Allergan acquired the rights of ‘Ocu-
linum” in 1989 and went on to experi-
ment with Botox thereafter. The other
trade names of Botox include ‘Dysport’
and “Vistabel’. Myobloc B/Neurobloc, a
purified protein from a different form of
BTX comes in a liquid form and is re-
frigerated until use. The protein is simi-
lar in effectiveness to Botox.

Therapeutic uses of Botox

Interestingly, BTX is the first biological
toxin which is licensed for the treatment
of human diseases. Botox is best known
for its use as a wrinkle remover in the
frown lines between the eyebrows and
crow’s-feet. When injected, it restricts
the muscle, movement by paralysing the
muscle, thus removing wrinkles and im-
parting a smooth appearance to the skin.
This effect, however, lasts for about 3—6
months. Under normal circumstances, once
the Botox effect has worn off, the same
lines and wrinkles will return on the skin'?.

Several therapeutic uses of Botox have
been cited in the literature'*™. In gen-
eral, BTX can help treat pain, eye squint,
excess gland secretion and muscle spasm
disorders. Botox is approved by the FDA
for the treatment of blepharospasm (spasm
of the muscles of eyelids), cervical
dystonia (a movement disorder with se-
vere neck muscle spasms) and hyperhy-
drosis (excess sweating). Myobloc is
approved for the treatment of cervical
dystonia, which occurs in adults and it is
used mainly for children who do not re-
spond to Botox injections.

Botox is also used for spasticity, i.e.
involuntary muscle tightness and stiff-
ness, which is seen in individuals with
stroke, cerebral palsy, multiple sclerosis
and those with severe head injuries. The
protein is directly injected into a spastic
or dystonic muscle to reduce the tight-
ness of the muscle by weakening it. Gen-
erally, injections are given in different
areas of the muscles and 4-6 injections
may be required at a time. A topical an-
aesthetic may be used to numb the skin.

Botox injections in men with benign
prostatic hyperplasia (enlarged prostate
gland) eased symptoms and improved
quality of life up till a year following the
procedure'™!”. Botox is also used in the
treatment of severe tension headache, mi-
graine, overactivity of oesophageal and

stomach muscles and glands, neurologi-
cal bladder dysfunction, trigeminal neu-
ralgia (stabbing facial pain), back pain
and tennis elbow (inflammation of the
elbow). The other possible uses of Botox
are improving breathing in asthmatic pa-
tients, calming restless leg syndrome and
removal of excess fat — chemical liposuc-
tion.

Adverse reactions

Treatment with Botox can be expensive.
Since it is a non-surgical treatment, it is
popular, although with some trepidation
regarding its use. The common side ef-
fects of Botox injection include head-
ache, especially when the injection is
given in the forehead. Flu-like respira-
tory symptoms, nausea, rash, itching, etc.
are common too. Evidence so far indi-
cates that no long-term side effects
directly linked to the use of Botox have
been seen. However, FDA announced
in February 2008 that it is currently re-
viewing the safety data for BTX prepara-
tions.

The labels on the available products
flash a list of adverse reactions or side
effects that can occur following injec-
tions. These include dysphagia (difficulty
in swallowing), difficulty in speaking,
cervical dystonia, which causes involun-
tary contracting of the neck muscles,
causing abnormal movements and awk-
ward posture of the head and neck, or
ptosis (drooping of eyelids). There are
chances of muscle weakness and paraly-
sis of muscles.

Botox use has been advised against
certain medical conditions and in certain
patients'?. Those individuals having skin
infections, for instance, eczema or pso-
riasis, or those taking amino glycosides
and antibiotics, which affect the kidney
function, should not use Botox. Also,
people suffering from myasthenia gravis,
muscular dystrophy, double vision and
Parkinson’s disease should avoid using
Botox.

The toxin is not advisable for those
who are emotionally disturbed. For peo-
ple over the age of 65 years, the response
of the toxin is slow and hence there can
be unpredictable effects. The dose may
need to be adjusted, if at all it is used.
Botox is occasionally known to cause an
allergic reaction due to the protein con-
tent of the vaccine. The vaccine can be
used only after performing an allergy test.
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