
395GARRIDO ET AL. Biol Res 37, 2004, 395-403
Biol Res 37: 395-403, 2004 BR
The Gonyautoxin 2/3 epimers reduces anal tone when
injected in the anal sphincter of healthy adults
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ABSTRACT

The primary clinical symptom of Paralytic Shellfish Poisoning is acute paralytic illness produced by
paralyzing toxins. Paralytic shellfish poison is formed by a mixture of phycotoxins and their toxicity is due to
its reversible binding to a receptor site on the voltage-gated sodium channel on excitable cells, thus blocking
neuronal transmission. We studied the effect of the gonyautoxin 2/3 epimers by local infiltration in the anal
internal sphincter of healthy voluntary adults in order to reduce anal tone. The toxin was injected after prior
clinical evaluation, anoscopy and anorectal manometry. Post injection clinical examination, electromyography
and anorectal manometry were performed. Resting and voluntary contraction pressures were measured and the
anorectal inhibitory and anocortical reflexes were tested by manometry. Blood and urine samples were
obtained from each participant, and hemogram, basic metabolic panel, and urinalysis were done both before
and one week after the injection. This study shows, for the first time, that gonyautoxin 2/3 reduces the anal
tone by relaxing the anal sphincters in 100 % of the participants. Manometric recordings showed a significant
decrease in anal maximal voluntary contraction pressure after the toxin injection, dropping to 55.2 ± 6.2 %
and 47.0 ± 6.8 % (Mean Value ± Std.Dev.) of the baseline values at 2 minutes and at 24 hours respectively
after the injection. Post-injection electromyography showed that activity of the muscle was abolished. We
conclude that local administration of gonyautoxin 2/3 to the anal sphincter produces immediate relaxation and
a statistically significant decrease in the anal tone (p <0.001).
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INTRODUCTION

Phycotoxins are produced by microscopic
planktonic algae. In the sea these toxins are
accumulated by filter feeders bivalves.
When humans consume these bivalves they
become intoxicated. Until now, six human
illnesses associated with phycotoxins have
been described: Paralytic Shellfish
Poisoning (PSP), Diarrheic Shellfish
Poisoning (DSP), Amnesic Shellfish
Poisoning (ASP), Neurotoxic Shellfish
Poisoning (NSP), Ciguatera Poisoning (CP)
and Cyanobacterial Poisoning (CNP)
(Hallegraeff, 1993; Yasumoto et al. 1995;

Lagos, 1998). The latter is not a harmful
marine issue but rather the product of
certain fresh water blue-green algae that
produce extremely toxic phycotoxins
associated with poisoning in humans
(Rodrigue et al. 1990; Long et al. 1990;
Montebruno, 1993; Carmichael, 1996;
Gessner et al. 1997) and animals (Lagos,
1998; Falconer, 1996; Pereira et al. 2000).

PSP –and its acute paralytic illness–
poses a serious public health threat due to
its high mortality rate in mammals
worldwide (Lagos, 1998; Oshima, 1995;
Andrinolo et al. 1999a; Lagos et al. 2000;
Andrinolo et al. 2002a). Paralyzing toxins
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are endemic in the southern Chilean fjords
due to the annual occurrence of toxic
dinoflagellate blooms that produce the so-
called ‘red-tide’ (Lagos, 1998).

Paralytic shellfish poison is formed by a
mixture of phycotoxins with the structural
3,4,6-trialquil tetrahidropurine (Schantz et
al. 1975; Shimizu et al. 1981; Oshima,
1995) common skeleton. Until now, 26
different naturally-occurring PSP toxins
have been described (Oshima, 1995; Lagos,
1998; Pereira et al. 2000; Harada et al.
1982; Onodera et al. 1997; Lagos et al.
1999; Molica et al. 2002). PSP toxins are
non-protein, low molecular weight
compounds that can be classified by net
charge at neutral pH into three major
groups: (i) saxitoxins group (STXs) with a
net charge +2; (ii) gonyautoxins group
(GTXs) with net charge +1; (iii) the group
of the N-sulfocarbamoyl -11-
hydroxysulfate toxins (Cs) with net charge
zero (Shimizu, 1993; Oshima, 1995). Of all
the paralyzing toxins in natural samples, the
gonyautoxin are the most abundant PSP
toxins, accounting for more than 80 % of
the total toxin content (Lagos, 1998; Lagos
et al.  1996; Compagnon et al.  1998;
Andrinolo et al. 1999b).

The high toxicity of paralyzing toxins is
due to their reversible binding to a receptor
site on the voltage-gated sodium channel on
excitable cells, thus blocking the influx of
Na+ ions and preventing nerve and muscle
cells from producing action potentials,
therefore blocking neuronal transmission
and causing the death of mammals by
respiratory arrest and cardiovascular shock
(Kao, 1966; Narahashi, 1972; Catteral et al.
1979; Strichartz, 1984; Moczydlowski et al.
1984; Guo et al. 1987; Hall et al. 1990;
Strichartz et al. 1995; Andrinolo et al.
2002b; Lagos and Andrinolo, 2000;
Andrinolo et al 2002a). Local application of
small amounts of paralyzing toxins in
striated muscles produces flaccid paralysis
for periods that are dose-dependent.

This paper examines the effect of the
Gonyautoxin 2/3 epimers (GTX 2/3) by
local infiltration of the toxins in the anal
internal sphincter muscle of healthy
voluntary adults in order to reduce anal
tone.

METHODS

This study was performed at the
Coloproctology Section, Surgery
Department, Universidad de Chile Clinical
Hospital, Santiago, Chile. This was a
placebo-controlled parallel group study of
ten healthy, voluntary human male adults
aged 24 to 48 years. An additional six
volunteers comprised the parallel placebo
control group and were injected with the
same total dose volume, but received a
toxin-free 0.9 % NaCl solution.

This study complied with the
Declaration of Helsinki recommendation
regarding biomedical research involving
human volunteers and was approved by the
institutional review board. The design and
purpose of the study and the potential risks
of participation were discussed with each of
the volunteers before enrolment, and their
written informed consent was obtained.

To be eligible for the study, volunteers
were required to be healthy male adults (18 to
50 years of age) with normal sphincter tone
(under 72 mmHg maximum resting pressure
measured by anorectal manometry) and no
anorectal pathologies such as hemorrhoids,
fistula, or abscesses ever diagnosed. Under
the Good Clinical Practice Guidelines, the
participants were fully informed about the
GTX 2/3 toxin action and molecular
mechanism. Written consent was an absolute
requirement of the Clinical Hospital ethics
committee. This study was conducted under
approval from the Universidad de Chile
Clinical Hospital Ethics Committee and
Instituto de Salud Pública (Reference No

00062) Santiago, Chile.
Before the toxin injection, each

voluntary participant underwent anorectal
manometry, electromyography, hemogram,
basic metabolic panel and urinalysis tests.
On-line fluorescent detection of toxin in
urine was performed by analytical high
performance liquid chromatography
(HPLC); the detection limit with this
method is 1 microgram in 10 microliters
(Lagos, 1998). Each vial of toxin contained
a sterile solution of 100 units of GTX 2/3
(Lagos, 1998; Lagos, 2002) in 1.0 ml total
volume of 0.9 % of sodium chloride,
without preservatives. This dose was
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locally infiltrated in both sides of the anal
internal sphincter using 0.5 ml in each side.
An insulin syringe with a 25-gauge needle
(25x5) was used for the injection. One unit
of the paralyzing toxin activity corresponds
to the amount of toxins enough to block
neuromuscular contraction of mouse leg
crural bicep for 1.5 to 2.0 hours. The
gonyautoxin 2/3 was purified from shellfish
highly contaminated with PSP toxins
(Lagos, 1998; Lagos, 2003; Lagos, 2002).
The shellfish were collected in Chilean
Patagonian fjords.

A second anorectal manometry was
performed two minutes after the injection.
Anal pressures were measured by recording
resting and maximal voluntary contraction
pressures. Both the anorectal inhibitory and
the anocortical reflexes of each participant
were tested before and after the toxin
injections. Anorectal manometries were
also performed at 24 hours, 4 days, 6 days,
10 days, 12 days and 15 days after the toxin
injection. Another six volunteer participants
comprised the placebo control group. They
were injected with the same total volume,
but containing only a 0.9% sodium chloride
solution, without the toxin. Anorectal
manometric studies were also performed to
demonstrate quantitative changes in anal
pressures. The placebo control group was
tested in parallel in order to make subject
comparison.

Manometric recordings and an analysis of
the tracing were made using a water
perfusion system. The anal canal pressure
was recorded by stationary pull-through
technique using a water-filled micro balloon
and external transducer (PVB) perfusion
equipment (Medtronic Inc., Bonn,
Germany). The recording and analysis of the
tracing were both made by a computerized
system (8 channels polygraph ID., Medtronic
Polygraph with Polygram 98 version 2.2
software). Anal resting pressures were
recorded in millimeters of mercury using the
stationary pull-through technique and the
mean pressure was identified by the
computer. The maximal voluntary
contraction was assessed by evaluation of
the voluntary contractions of anal sphincter
in each participant. Amplitude was
expressed in millimeters of mercury.

The 10 volunteer participants injected
with the toxin were clinically evaluated at 24
hours, and then every two days between day.
Vital signs, hematological parameters
(hemogram), basic metabolic panel and
urinalysis tests were assessed at the
beginning (a day before injection) and a
week after the injection. Additionally, the
amount of toxin was analyzed in urine
samples collected 4 hours after injecting the
dose. Pulse and blood pressure, possible side
effects and pain scores were recorded at each
visit. The scores of injection pain and of pain
two minutes after the injection were also
recorded. This was evaluated by the
participant subjects on a scale from 1 to 10,
where 10 was the maximum value. Adverse
events were monitored throughout the course
of the study. Approximately 15 minutes after
the injection and at each follow-up visit, the
volunteers were asked a general open
question, such as, “How have you been
feeling since the injection/last visit?”
Directed questioning and examination were
then performed as appropriate.

Statistics

The Student t-test was used to evaluate
differences in the maximum resting and
voluntary contraction pressures obtained by
anorectal manometry of the group injected
with toxin and placebo and also before and
after the toxin injection. The significance of
any difference in mean was tested by the
paired Student t-test, whereas the significance
of any difference in proportions was tested by
the chi-square statistic. All P values are two-
tailed and shown in the Tables.

Long-term outcomes were determined
after a 16-month median follow-up. This
was accomplished by personal
communication with the participants, most
of whom worked at the same Hospital, and
by clinical examination of the participants
upon request.

RESULTS

No participants dropped out of the study;
none were lost during the study’s follow-up
monitoring, nor did any suffer adverse
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events or negative side effects during or
after this study. Clinical laboratory tests
such as the hemogram, basic metabolic
panel, and urinalysis performed on each
participant both before and one week after
the injections did not show any significant
changes. Furthermore, no toxins were
detected in urine samples collected 4 hours
after the injection. This clearly shows that
the amount of toxin injected was under the
HPLC analysis detection limit, which
completely agrees with the fact that PSP
toxins, once in the bloodstream,
immediately move on to the extracelular
fluid (Andrinolo et al. 1999a; Lagos et al.
2000; Andrinolo et al. 2002b) producing a
dilution that is under the detection limits.

The participants declared that after the
injection they felt anal anesthesia for an
average 59.50 ± 7.12 minutes (Mean value
± Stand. Dev.), and sphincter hypotonical
sensation for 40.0 ± 4.20 minutes (Mean
value ±  Stand. Dev.).  None of the
participants showed flatus incontinence or
any transitory fecal incontinence (Table I).

Manometric recordings showed a
significant decrease in anal maximal
voluntary contraction pressure (MVCP) of
the participants injected with toxins (p >
000.1). After 2 minutes, this was 55.2 ± 6.2
% (Mean value ± Stand. Dev.) of the
baseline values, a decrease of 44.8 %. At 24
hours post-injection, the fall reached 53 %
of the baseline. The last decrease was

detected by a third anorectal manometry at
24 hours post-injection (Fig. 1, lower
trace). None of the six participants injected
with 0.9 % sodium chloride placebo
solution showed any change in resting
pressure or maximum voluntary contraction
pressure – showing 68.0 ± 4.3 mm Hg and
123.0 ± 12.4 mm Hg respectively – both of
which are normal average pressures
according to the case experience of more
than 3,000 anorectal manometries
performed by the Hospital Service.

Figure 1 shows a typical manometric
record where an impressive fall in anal
maximal voluntary contraction pressure may
be seen; in this case a decrease from 160 mm
Hg (baseline, Fig. 1A) to 95 mm Hg (2
minutes post-injection, Fig. 1B) and 75
mmHg (24 hours post-injection, Fig. 1C). 15
days after the injection, all the anorectal
manometry parameters were the same as
those recorded before the toxin infiltration,
with values in the baseline range.

Figure 2 shows an average
electromyography (EMG) recorded before
(upper traces) and after (lower traces) the
toxin injection. This one clearly shows that
the muscle activity was abolished after the
toxin sphincter infiltration. The post-
injection record of both sides correspond to
the lower traces in Figure 1. Both the
recorded amplitude and frequency
decreased impressively, showing sphincter
paresis (Fig. 2, lower traces).

TABLE I

Symptoms and side effects in healthy voluntary participants

Healthy voluntary adults  10

Pain during injection (Max. 10; Min. 1) 6 ± 1 £

Pain two minutes after injection (Max. 10; Min. 1) 100 % without pain

Anal anesthetic sensation (time) 59.50 ±7.12 min.

Sphincter relaxation sensation 40.0 ±4.20 minutes

Flatus incontinence None

Fecal incontinence None

Clinical evaluation Immediate relaxation, 100 %

Side effects None, 100 % of participants

Other All asymtomatic after 24 hours

£ Mean values ±Stand. Dev.
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TABLE II

Anorectal Manometry Recordings

Placebo injection  GTX2/3 injection

Age (years) 34.0 ± 6.9 37.4 ± 8.0

Maximum resting pressures (MRP) (mm Hg)
Pre-injection 68.5 ± 2.5 66.2 ± 19.5
2 min post-injection 68.0 ± 4.3 62.1 ± 15.1

Maximum voluntary contraction pressures (MVCP) (mm Hg)
Pre-injection 122.2 ± 9.9 126.0 ± 11.5
2 min post-injection 123.0 ± 12.4 69.5 ± 5.8 £

Reflexes
Ano-rectal inhibitory reflex 100% maintained 100% maintained
Ano-cortical reflex 100% maintained 100% maintained

Values are Mean ± Stand. Dev.
£ p < 0.05

Figure 1. Manometry record of resting and maximal voluntary contraction pressures. A. Before
(pre-injection). B. 2 minutes post-injection. C. 24 hours after the toxin injection in the anal internal
sphincter. 1, Maximum resting pressure and 2, Maximum voluntary contraction pressure

Figure 1-A



GARRIDO ET AL. Biol Res 37, 2004, 395-403400

Figure 1-C

Figure 1-B
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After 16 months of follow-up, none of
the participants experienced adverse events
or negative side effects. None of the
participants showed any systemic side
effects or anorectal problems. All of the
participants in this study are currently
asymptomatic and perfectly healthy.

DISCUSSION

The fact that all the participants relaxed their
anal sphincter 2 minutes after the GTX 2/3
infiltration shows that these toxins, when
locally administered, produce paresis of the
sphincter. Although this study does not
include a large number of participants, all of
them showed a decrease in anal tone. On the
other hand, the six participants injected with
a placebo solution did not show any change
in anal tone or decrease in anal maximal

Figure 2. Electromyography record, showing the internal anal sphincter muscle activities pre
(upper traces) and post toxin injection (lower traces).

voluntary contraction pressure, as occurred
in those injected with toxin.

Mean scores of maximum resting pressure
and maximum voluntary contraction pressure
were calculated for both the placebo and
toxin-injected groups. The placebo group
maintained both resting and voluntary
contraction pressures without any statistically
significant change from those recorded at the
baseline (p > 0.05). In contrast, the MVCP
toxin recorded after the injection showed a
mean score 67 ± 10.57 mmHg less than that
recorded before the injection. This fall was
statistically significant (p < 0.001), indicating
that the toxin injection resulted in a
diminishing of the anal tone.

An important finding was that neither
flatus nor fecal incontinence were observed
and that in all the participants the anorectal
inhibitory and anocortical reflexes
remained functional. No differences were
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observed before or after the injections. Due
to the low amounts of toxin used in this
study the danger of flatus and fecal
incontinence was eliminated. In this case,
the injection blocks excessive muscle
contraction but leaves enough strength for
normal performance. Local peripheral
application of PSP toxins interferes with
neuromuscular transmission and alters the
action that produces sequential sphincter
paralysis (Kao, 1966; Narahashi, 1972).
The toxin thus paralyzes the injected
muscle but does not affect the other
muscles. The paretic effect exhibited by the
injected sphincter lasts for 12 days (toxin
dose = 100 units). Furthermore, no side
effects were observed in the participants at
any time over the long-term (16-months)
follow up. To our knowledge, this is the
first report on testing this toxin for anal
sphincter relaxation.

This study concludes that the local
intramuscular injection of GTX 2/3 epimers
in the anal internal sphincter produces
immediate relaxation of the sphincter with a
decrease in voluntary contraction pressure
and a significant decrease in anal tone. As a
result of these findings, the local
administration of paralyzing toxin should
be an effective therapy for anal fissure.
Temporary pharmacological immobilization
of the anal sphincter in order to eliminate
sphincter spasm should be a critical step in
treating and healing anal fissure as it breaks
the vicious cycle of inflammation, pain, and
sphincter spasm.

Immobilization of healing tissues is a
fundamental therapeutic principle, and
treatment with paralyzing toxins may be
found to be applicable in other pathologies
such as blepharospasm, tics, tremors,
bruxism, hemifacial spasm, cervical
dystonia, cerebral palsy, pain brought on by
muscle spasms (writer’s and musician’s
cramps), hand tremors, and spasmodic
dystonia, and others in which muscle
hypertonicity results in stiff, awkward
movements.

Due to the effectiveness and safety of
paralyzing toxin injections as shown in
this study, a trial test of these for healing
anal fissure is currently underway at our
Clinical Hospital, under approval from the

Universidad de Chile Clinical Hospital
Ethics Committee and Instituto de Salud
Pública (Chile).
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