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Crotoxin in humans: analysis of the effects on extraocular and facial muscles

Crotoxina em humanos: estudo da acdo em miisculos extraoculares e faciais
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ABSTRACT

Purpose: Crotoxin is the main neurotoxin of South American rattlesnake Crotalus
durissus terrificus. The neurotoxic action is characterized by a presynaptic blockade.
The purpose of thisresearchis to assess the ability of crotoxin to induce temporary
paralysis of extraocular and facial muscles in humans.

Methods: Doses of crotoxin used ranged from 2 to 5 units (U), each unit corres-
ponding to one LD50. We first applied 2U of crotoxin in one of the extraocular
muscles of 3 amaurotic individuals to be submitted to ocular evisceration. In the
second stage, we applied crotoxin in 12 extraocular muscles of 9 patients with
strabismic amblyopia. In the last stage, crotoxin was used in the treatment of
blepharospasm in another 3 patients.

Results: No patient showed any systemic side effect or change in vision or any
eye structure problem after the procedure. The only local side effects observed
were slight conjunctival hyperemia, which recovered spontaneously. In 2 patients
there was no change in ocular deviation after 2U crotoxin application. Limitation
of the muscle action was observed in 8 of the 12 applications. The change in
ocular deviation after application of 2U of crotoxin (9 injections) was in average
15.7 prism diopters (PD). When the dose was 4U (2 applications) the change was
in average 37.5 PD and a single application of 5U produced a change of 16 PD
in ocular deviation. This effect lasted from 1 to 3 months. Two of the 3 patients
with blepharospasm had the hemifacial spasm improved with crotoxin, which
returned after 2 months.

Conclusions: This study provides data suggesting that crotoxin may be a useful
new therapeutic option for the treatment of strabismus and blepharospasm.
We expect that with further studies crotoxin could be an option for many other
medical areas.

Keywords: Crotoxin/administration & dosage; Crotoxin/therapeutic use; Strabis-
mus/therapy; Oculomotor muscles; Blepharospasm/therapy

RESUMO

Objetivo: A crotoxina é a principal neurotoxina da cascavel sul-americana Crotalus
durissus terrificus e sua acdo neurotoxica caracteriza-se por um bloqueio pré-sindptico.
O objetivo da pesquisa é avaliar a capacidade da crotoxina em induzir paralisia tran-
sitéria de musculos extraoculares e faciais em seres humanos.

Métodos: As doses utilizadas de crotoxina foram de 2 a 5 unidades (U), sendo que cada
unidade correspondia a uma DL-50. Na primeira etapa, aplicou-se 2U de crotoxina em
musculos extraoculares de 3 individuos amauréticos, candidatos a evisceracGo. Na
segundaetapa, realizaram-se 12 aplica¢des de crotoxinaem musculos extraoculares de
9individuos estrdbicos e ambliopes. Na terceira e tltima etapa, utilizou-se a crotoxina
para o tratamento do blefaroespasmo essencial em 3 individuos.

Resultados: Nenhum paciente demonstrou qualquer efeito sistémico ou altera¢do
da visdo ou de qualquer estrutura ocular. O Unico efeito local adverso foi hiperemia
conjuntival, que melhorou espontaneamente. Em 2 pacientes ndo houve altera¢do
do desvio ocular apés a aplicacdo de 2U de crotoxina. Observou-se em 8 das 12
aplicagées, limitagdo do movimento ocular no campo de agéo do misculo aplicado.
A diminui¢do do desvio ocular com 2U crotoxina (9 aplicacées) foi em média de
15,7 dioptrias prismdticas (DP); na dosagem de 4U (2 aplicacbes) foi em média de
37,5 DP e na Unica aplicacdo de 5U, obteve-se reducdo de 16 DP no desvio ocular. A
alteracdo do alinhamento ocular manteve-se por 1 a 3 meses. Dois dos 3 pacientes
portadores de blefaroespasmo apresentaram melhora dos espasmos hemifacias, os
quais voltaram apds 2 meses.

Conclusées: Através dos resultados observados neste estudo, acreditamos que a
crotoxina possa ser Gtil no tratamento do estrabismo e do blefaroespasmo. Novos
estudos precisam ser realizados para confirmar a eficdcia e a sequran¢a da crotoxina
como opgdo terapéutica para diversas dreas da medicina que atualmente utilizam
a toxina botulinica.

Descritores: Crotoxina/administragdo & dosagem;, Crotoxina/uso terapéutico; Estra-
bismo/terapia; Musculos oculomotores; Blefarospasmo/terapia

INTRODUCTION

The term strabismus appears initially on the manuscripts of Hi-
pocrates (460 - 377 BC). The word has Greek origin, with strabods
meaning misaligned or squinted. The treatment of the various types
of strabismus has been improved all over the years. The importan-
ce of preventing amblyopia and the better understanding of the
active and passive forces that coordinate ocular movements are
unquestionable. On the XIX century, more precisely on October,
26", 1839, Johann Friedrich Dieffenbach, a general surgeon from
Berlin, corrected one case of strabismus doing miotomy in a medial
rectus muscle. From this day on, a new era of strabology has begun'.
Graffe introduced the partial and controlled tenotomy, and also the

advance of extraocular muscles on the treatment of strabismus®.
Hummelsheim, in 1907, described a technique of transposition of
the extraocular muscles to treat paralytic strabismus, experimentally
caused in animals and, in 1908, used this technique on humans®.
Several other techniques of extraocular muscle transpositions were
subsequently described, such as O'Connor (1921)®, Jensen (1964)",
Knapp (1969)®, Almeida (1976)"”, Carlson and Jampolsky (1979)® and
Brooks et al., (2000)©.

The first citation in literature about pharmacological treatment
of strabismus was done in 197319, The authors studied the effects
of intramuscular injection of diisopropyl fluorophosphate (DFP),
A-bungarotoxin (snake toxin), botulinum toxin type A and alcohol.
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They observed that DFP and alcohol were very toxic and did not show
the desired effect of muscle paralysis. The bungarotoxin, a neurotoxin
of a snake from India, showed no toxicity in the concentrations that
were injected, and it caused a temporary paralysis of extraocular
muscles in monkeys. However, this effect was too short, and did not
reach the proposed objectives. The botulinum toxin type A caused
a temporary paralysis of extraocular muscles in monkeys, with no
side effects. After this animal experimentation, they concluded that
botulinum toxin type A was appropriate for injection in humans, to
treat strabismust?. Other therapeutic applications of botulinum
toxin, in ophthalmology, were studied right after. The use of this drug
in essential blepharospasm treatment is, nowadays, the treatment of
choice2,

Botulinum toxin is a neurotoxin, with molecular weight of 900 KDa.
This complex has eight serotypes, classified from A to G, with similar
structures and functions. All types are synthesized with one single
branch of polypeptides, of approximately 150 KDa. After the sepa-
ration of the toxin, to obtain only type A, the 150 KDa polypeptides
branch transforms into a molecule with two branches, one with
100 KDa, and the other with 50 KDa. The heavy chain is responsible
for the high affinity of the neurotoxin to the presynaptic termination,
thus allowing its entrance into the cell. The light branch is responsible
for the lesions of membrane proteins that do the binding of vesicles
containing acetylcholine in the interior of the nerve terminal. These
damaged proteins are called SNAP-25, and they have a molecular
weight of 25 KDa. After the damage of these proteins, the acetylcho-
line release is impaired®. Other toxins that act in the neuromuscular
joint could also be useful in the treatment for strabismus and other
diseases in which botulinum toxin type A has been successfully used.
The neurotoxin - crotoxin - due to its high toxicity could have a similar
effect to botulinum toxin type A. Crotoxin is the main neurotoxin in
the poison of South American rattlesnake, Crotalus durissus terrificus.
This species is found in the Brazilian territory, and it is considered
one of the most dangerous snakes of the occident, due to the high
toxicity of its poison™.

The poison of the South American rattlesnake, usually, does not
cause any local reaction but produces three main systemic altera-
tions: neurotoxic, myotoxic and blood clotting. The neurotoxic ac-
tivity is characterized by the blockade of neurotransmitter release
of the peripheral neuron at the motor end-plate, causing muscular
paralysis. The clinical profile is composed of discrete local manifesta-
tion and systemic intoxication that can be severe. Muscle paralysis
caused by the neurotoxin effect of rattlesnake poison can produce
acute breathing insufficiency, which can lead to death. The specific
treatment is done with anti-crotalic serum, or with the specific por-
tion of anti-ophidic serum®.

Crotoxin blocks the release of acetylcholine at the presynapsis.
This blocking occurs in three stages. At the first stage acetylcholine
release diminishes, possibly related to binding of the toxin to the re-
ceptor at the neural membrane. This stage lasts around five minutes.
At the second stage, occurs an increase of neurotransmitter release,
due to the increase of calcium concentration in peripheral motor
neuron cytoplasm. This stage takes between ten to thirty minutes. At
the third stage, occurs the progressive reduction until the complete
blockade in acetylcholine release!'”'®.

Based on the crotoxin effect as a neuromuscular blocker, we
initially studied its effect on inducing temporary muscle paralysis in
animals. With the good results obtained, we have decided to analyze
its effect in humans.

The objective of this study was to evaluate the efficacy of crotoxin
to induce facial and extraocular muscle paralysis in human beings,
analyzing also its duration and possible side effects.

METHODS

This study was carried out at the Strabismus Clinic of Sdo Geraldo
Hospital of Federal University of Minas Gerais (UFMG) - School of Me-
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dicine - Belo Horizonte (MG) - Brazil. It was approved by the Research
Ethics Committee (COEP) of UFMG.

Crotoxin used in this study was obtained from Immunobiological
Division of Ezequiel Dias Foundation (FUNED) of Belo Horizonte
(MG) - Brazil.

CROTOXIN PREPARATION

The extraction of rattlesnake poison, the purification of crotoxin
and the LD50 research were all done at FUNED.

DEeTERMINATION OF LD50

The toxicity of this solution was determined through LD50 in
mice with 18 to 22 grams, through intraperitoneal injection. Female
and male mice were used in groups of eight animals per dose, with
reading after 48 hours. We defined that one LD50 of crotoxin would
correspond to one unit (U). Estimated LD50 for a 70 kg person would
be equivalent to 3,500 LD50 obtained with mice.

The most frequently used botulinum toxin type A (BTX-A), is Bo-
tox®, and one unit of it corresponds to 1 LD50. In treating strabismus,
we usually use 5 to 10 units in each extraocular muscle. In blepha-
rospasm are used 25 to 50 units, and in bigger muscles (e.g., lower
limbs), 100 U may be used.

DEFINITION OF SUBJECTS FOR RESEARCH

Gender, social class, and skin color have not influenced the selec-
tion of individuals for this research. All individuals were 18 years old
or up. They fulfilled prerequisites and were invited to participate in
the project and, those that accepted, signed a free informed consent,
approved by the Research Ethics Committee/Investigational Review
Board of the Federal University of Minas Gerais.

Individuals injected with crotoxin were followed-up with oph-
thalmological and clinical exams, in order to observe possible local
and systemic side effects. On the first stage of the study, three indivi-
duals with amaurosis (blindness) in one eye, to be submitted to evis-
ceration for ocular prosthesis, were invited to participate in this study
(Group 1). All individuals were admitted to Sao Geraldo Hospital for
follow-up. Two units of crotoxin (2 LD50) were injected in the medial
rectus muscle of the atrophic eye. As there were no significant side
effects, cross-eyed individuals were selected, with no restriction of
eye movements (group 2), with low vision in one eye (n=9). Crotoxin
effects on extraocular muscles were evaluated through eye move-
ments (version) and ocular alignment measured through corneal
reflex (Krimsky’s method). The injection of crotoxin was done using a
sound eletromyograph of Allergan brand, model 90016.The injection
was done into the extraocular muscle, with a 37 mm x 27 G electrode
needle, model 91079 (Allergan). Crotoxin concentration was of 2U in
a 0.1 ml solution.

On the third stage of this study, three individuals with essential
blepharospasm were selected, (group 3). The effect of crotoxin was
evaluated, observing the improvement of symptoms, and also the
characteristic signs of the disease.

RESULTS

Group 1 - 2U of crotoxin were injected in the medial rectus mus-
cle of the atrophic eye of three male individuals. It was observed
that only one patient showed mild conjunctival hyperemia at the
site of the injection, which improved spontaneously in two days. No
systemic symptoms related to crotoxin application were observed.

Group 2 - We did 12 applications in 9 cross-eyed patients (Table 1),
six were females. No systemic effects were observed, and there was
no alteration of sight or eye structure. We only observed mild con-
junctival hyperemia in one patient and complaints of pain or muscle
pulling sensation at the site of the injection in three patients. No local
or systemic medication was used after the injection of crotoxin. The



side effects improved spontaneously in all cases. In 8 of 12 patients,
it was observed a limitation in ocular movement in the field of action
of the treated muscle, varying from -1 to -4, in a scale from -1=25%
and -4=100%. In all cases there was progressive and total recovery of
ocular movements after varying periods of time. The improvement of
ocular deviation with 2U of crotoxin (nine injections) was in average
15.7 prism diopters (PD), but in two patients there was no change in
deviation. With a dose of 4U (two injections) there was an average
correction of 37.5 PD. In the single injection of 5U of crotoxin, we
observed animprovement of only 16 PD in ocular deviation, probably
due to extravasation of crotoxin during the injection. Ocular align-
ment alteration was maintained for up to three months. Examples:
figures 1 to 4.

Group 3 - Crotoxin was injected into 3 female patients with
essential blepharospasm. All patients have already been submitted
to botulinum toxin injections. Two patients had improved of the he-
mifacial spasms, which returned intermittently after 2 months. One
patient had no significant improvement after crotoxin injection. Two
patients complained of discrete local pain, which improved sponta-
neously after two days.

RiBeIRO GB, ET AL.

DISCUSSION

In the first study about strabismus treatment with botulinum
toxin type A (BTX-A), Scott'? did 67 injections into 19 patients. The
initial doses of BTX-A, considered effective, were of 6.25x10° and
3.12x10* micrograms (ug) in a 0.1 mL solution. This last dose was then
repeated and increased according to the response obtained. LD50 of
injected BTX-A was 4.3x10*. All injections with doses up to 6.25x10°
pg needed new injections or the treatment would be considered
inadequate. When the dose was 3.12x10* ug, there was a response
considered adequate in four of the ten injections done. At doses of
1.56x107 ug (3.62 LD50), two of four injections were considered ade-
quate. Maximum injected dose was 7.8x107 ug, which corresponds to
18 LD50. In no patient the results lasted more than 60 days.

To ease the analysis and comparison, we describe our results in a
similar way to the initial study of Scott about BTX-A"? (Tables 2 and 3).

Analyzing the results, we believe that the ideal dose of croto-
xin to be injected into extraocular muscles is 5U diluted in 0.1 mL
solution. In injections done with 4U in 0.2 mL and 5U in 0.25 mL,
the greater volume of solution increased the extravasation of the

Table 1. Study conducted with nine patients submitted to crotoxin injection (1U =1 LD50)

Limitation of eye movement

Crotoxin Improvement in in the field of action of the

Patient Age Deviation (PD)  dose applied deviation (PD) injected muscle Duration Side effects

1 52 LHypoT 35 2U 15 -2/-4 3 months None

2 21 ET 50 2U 20 -1/-4 1 month None

3 37 XT 20 2U Zero None - Discrete local pain
for three days

4 18 ET 65 2U 20 -1/-4 1 month Local pull slightly sensation

on the site of the injection

5 35 ET 45 2U 27 -1/-4 1 month None

5 35 ET 45 2U 25 -1/-4 1 month None

6 43 ET 95 2U 15 None 1 month None

7 19 ET10 2U 20 None 2 months None

7 19 ET10 4U 55 -4/-4 3 months None

8 49 ET 35 2U Zero None - Local discrete conjunctival

hyperemia

8 49 ET 35 4U 20 -1/-4 2 months Local pull slightly sensation
for two days

9 44 ET 20 5U 16 -1/-4 3 months None

IS dr o WSO

Figure 1. Female patient, 19 years old with 10 PD of esotropia, before crotoxin injection
(patient # 7).

Figure 2. Same patient, with 10 PD of exotropia, after the application of 2U crotoxin in
the right medial rectus muscle.

Arq Bras Oftalmol. 2012;75(6):385-9 387
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Figure 3. Same patient, after injection of 4U crotoxin in the right medial rectus muscle

(RMR) (2" injection). Large-angle exotropia.

3 D & 3 i

Figure 4. Same patient, with limitation of adduction RMR (-4/-4;

Table 2. Study on the effects of BTX-A in extraocular muscles (Scott, 1980)"'2

).

drug, diminishing the desired effects, and increasing the possibility
of complications.

An analysis of the current knowledge about the effects of botuli-
num toxin in many types of strabismus is necessary, because crotoxin
would be indicated in the same cases.

Application of BTX-A into extraocular muscles is usually done
through transconjunctival injection at the physician’s office. BTX-A
is mainly indicated for treatment of horizontal strabismus (esotropia
more than exotropia), but particularly in cases of sixth nerve paralysis.
It can also be used for cases of third and fourth nerves paralysis, in
vertical deviations and thyroid orbitopathy ™.

Final success in injection of BTX-A is, most of the times, preceded
by a hypercorrection, associated with a movement limitation on the
field of action of the injected muscle ??. In our study 8 of 12 crotoxin ap-
plications caused reduction of rotation into field of muscle injected.

The use of BTX-A for treatment of small and medium angle stra-
bismus was effective in a study conducted with 97 patients, with
injection into one or both eyes. The indexes of therapeutic success,
with deviation lower than 10 PD after three months of follow-up
were: 57.1% (unilateral BTX-A injections) and 68.4% (bilateral BTX-A
injections) and 72.4% (surgery). Differences were not statistically sig-
nificant among the percentages of correction of ocular deviation and
the index of therapeutic success among the three groups studied/®.

The injection of BTX-A without using an eletromyograph (EMG)
done in 40 children with different types of convergent strabismus has
shown to be effective, with an index of complications comparable
to those procedures done with EMG orientation. The use of forceps,
specially developed for botulinum application into extraocular
muscles has also shown to be effective as an alternative to the use
of EMG®". The use of BTX-A for treating convergent strabismus in
patients with brain paralysis has shown to be effective with a single
injection for 47.1% of 17 patients studied. Side effects were: sub-

Age

Patient  (years) Condition 1x107 pug 5x107 ug 2.5x10°pug  1.25x10°pg 6.25x10°pug 3.12x10*pg 1.56x10°pg 7.8x10° pg

1 26 20 LXT None None

2 75 12 RET None None

3 26 35RET None None None None Mild Moderate Marked

Sixth nerve paralysis

4 30 20 LXT None None None Mild Moderate Marked

5 43 30 LXT None None None Mild Moderate Marked Marked

6 24 45 LXT None None Mild Moderate Marked

7 24 16 RXT None None Mild Moderate

8 41 40 LXT None

9 70 Lid retraction Mild Moderate Moderate
10 27 6 LHT None Mild
11 38 20 LET None Mild Moderate

Moderate
Marked
12 43 16 RET Mild
Moderate
13 48 ET RE 25 Marked
14 33 40 LXT
15 39 2EP Mild Moderate
Mild
16 33 6 RXT Mild Moderate
17 59 60 ET Moderate Moderate
Bilateral total
sixth nerve paralysis

18 19 25 RXT Moderate
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Table 3. Results classification on the study about the effects of BTX-A in extraocular muscle (Scott, 1980)"'?

Mild Moderate Marked Extended

Alignment in primary position (change in prism diopters) to 10 PD to 20 PD to 30 PD Overcorrection beyond 60 days

Rotational amplitude (reduction of basal amplitude) -1(0-20%) -2,-3 (20 - 50%) -3,-4 (50 - 100%) Other muscles involved over 7 days

Velocity (saccades into field of muscle) to 20% 20 - 50% 50% Decrease in ductions other than into full

(% of reduction)

Isometric force (from opposite gaze into field of muscle) to 20% 20 - 50% 50 - 100% Reduction other muscles over 7 days

(% of reduction)

Durations of effects to 7 days to 30 days to 60 days Not applicable
Conjunct]\/a| hemorrhage, transitory vertical deviation and transitory 4. O'Connor R. Transplantation of ocular muscles. Am J Ophthalmol. 1921;4:839-45.
blepharoptosis@ 5. Jensen CDF. Rectus muscle union: a new operation for paralysis of the rectus muscles.

. - . e Trans Pac Coast Otoophthalmol Soc Annu Meet. 1964;45:359-87.
In cases of sixth nerve paralysis, it must be considered if it is a re- 6 K . .
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The injection of BTX-A to treat strabismus is an adequate option toxin: A preliminar report. Arch Ophthalmol. 1984;102(10):1464-8.
to many patients that do not want to be submitted to additional 14. Scott AB, Kraft SP. Botulinum toxin injection in the management of lateral rectus
Th ¢ licati £ BTXCA in treat t of paresis. Ophthalmology. 1985;92(5):676-83.
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