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Abstract
Background—Botulinum toxin A is a
potent inhibitor of the release of acetyl-
choline from nerve endings. Local injec-
tion of botulinum toxin has recently been
suggested to be helpful in sphincter of
Oddi dyskinesia by decreasing sphincter
of Oddi pressure.
Aims—To explore the mechanism of ac-
tion of botulinum toxin A on sphincter of
Oddi (SO) muscle.
Methods—Four piglets underwent duode-
noscopy and SO manometry was per-
formed. After obtaining a baseline
pressure, the SO was injected with normal
saline and the experiment repeated after
one week. The SO was then injected endo-
scopically with botulinum toxin (40 U)
with follow up manometry one week later.
The sphincter of Oddi was removed from
10 pigs, cut into three rings, and placed in
an organ bath. The force of contraction
was measured and registered on a poly-
graph. Rings were stimulated by 70 V (10
Hz, 0.5 ms) electrical field stimulation for
20 seconds, exogenous acetylcholine (100
µM), and KCl (125 mM). Botulinum toxin
(0.1 U/ml) or atropine (1 µM) was added to
the incubation medium and the stimula-
tion was repeated.
Results—Mean basal SO pressure in the
pigs remained unchanged after saline
injection but decreased to about 50% of
baseline value following botulinum toxin
injection (p=0.04). The contractions in-
duced by direct stimulation of SO smooth
muscle with KCl were not significantly
aVected by either atropine or botulinum
toxin. In all rings exogenous acetylcholine
induced contractions, which were totally
blocked by atropine, but not by botulinum
toxin. Electrical field stimulation induced
contractions that were inhibited by both
atropine and botulinum toxin.
Conclusion—Botulinum toxin inhibits pig
sphincter of Oddi smooth muscle contrac-
tions by a presynaptic cholinergic mech-
anism, similar to that described in skeletal
muscle.
(Gut 1998;42:507–510)

Keywords: sphincter of Oddi; botulinum toxin; pig; ex
vivo

Botulinum toxin type A, a toxin produced by
the bacterium Clostridium botulinum, is one of
the most potent nerve poisons known to man.
Botulinum toxin causes a flaccid paralysis of
skeletal muscle by inhibiting the calcium
dependent release of acetylcholine from nerve

endings,1 an eVect mediated by the enzymatic
cleavage of the synaptic vesicle protein
SNAP-25.2 In small doses injected locally, this
property has been used in the treatment of
spastic disorders of skeletal muscles.3 Recently,
attention has focused on the eVects of botuli-
num toxin on gastrointestinal smooth muscle,4

and its therapeutic applications.5 Thus botuli-
num toxin has been injected into the lower
oesophageal sphincter for the treatment of
achalasia,6 7 into the internal anal sphincter for
patients with chronic anal fissures,8 and into
the sphincter of Oddi (SO) of patients with
upper abdominal pain and SO dysfunction.9 10

However, the physiological eVects of botuli-
num toxin on SO smooth muscle has not been
studied previously. The aim of this study there-
fore was to examine the eVects of botulinum
toxin on SO utilising a porcine model.

Methods
IN VIVO STUDIES

Piglets (Sus-scrofus domesticus, 20–30 kg) un-
derwent sedation with intramuscular ketamine
(400–500 mg) and intravenous pentobarbital
(in an initial bolus of 130–195mg). Respiration
was provided via mechanical ventilation, with
continuous monitoring of end expiratory
pCO2. Intestinal intubation was accomplished
by means of a standard adult duodenoscope
(Olympus). Biliary manometry was performed
in a station pull through fashion using a stand-
ard triple lumen SO manometry catheter
(outer diameter 1.7 mm), perfused with
distilled water at a rate of 0.25 ml/min via a
pneumohydraulic capillary infusion system
(Arndorfer Medical Specialties Inc., Greendale,
Wisconsin). Duodenal pressures were recorded
simultaneously by means of a separate catheter
taped to the outside of the endoscope. Pressures
were recorded by a four channel polygraph
(Dynograph Recorder R611, Beckman Instru-
ments, Palo Alto,California). SO basal pressures
were averaged from at least two pull throughs.
After measurement of basal SO pressures,

normal saline (four aliquots of 0.25 ml) was
injected into the SO using a sclerotherapy nee-
dle inserted through the endoscope. One week
later, basal SO pressures were again measured.
At this time, the SO of the animals was injected
with botulinum toxin (40 U/ml in aliquots of
0.25 ml) using a similar technique as before.
After another week, basal SO pressure was
again measured.

EX VIVO STUDIES

Ten pigs (25–28 kg) were used for this study.
The animals were anaesthetised with control-
led 1–2% efrane inhalation via tracheostomy,
performed under ketamine (10 mg/kg, intra-
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muscularly) and thiopental (10 mg/kg intrave-
nously) induction. After laparotomy and duo-
denotomy, the entire SO was harvested and
placed in an oxygenated physiological salt
solution (pH 7.4, NaCl 119.0 mM, NaHCO3

25.0 mM, glucose 11.1 mM, CaCl2 1.6 mM,
KCl 4.7 mM, KH2PO4 1.2 mM, and MgSO4

1.2 mM). The duodenal mucosa of the papilla
was stripped away under a microscope, but the
inner ampullary epithelium was left intact. The
section beyond the SO was cut into three
transverse sections (rings), each 1–2 mm thick.
The rings were placed between two hooks in an
organ bath chamber containing continuously
oxygenated physiological salt solution at 37°C.
The force of the SO contraction was measured
with an isometric force displacement trans-
ducer and registered on a polygraph (FTO3
transducer,Model 7E Polygraph;Grass Instru-
ment Co., Quincy, Massachusetts).
After a stabilisation period of 30 minutes, the

SO rings were stimulated by either 70 V (10
Hz, 0.5 ms) electrical field stimulation for 20
seconds, or 100 µM exogenous acetylcholine

(acetylcholine chloride; Sigma Chemical Co.,
St Louis, Missouri). Potassium chloride (125
mM), a potent direct smooth muscle stimulant,
was used as positive control to test the viability
of the preparation. After each stimulant the
rings were rinsed twice with fresh incubation
medium. Then 0.1 U/ml of botulinum toxin
(Oculinum,Allergan Inc., Irvine,California) or
1 µM of atropine (atropine sulphate; Sigma)
was added to the medium, and the stimulation
was repeated after 20 minutes of incubation.
All results are expressed as mean (SEM),
unless otherwise stated. Paired Student’s t test
(with logistic transformation in skewed distri-
butions) was used to calculate the significance
of diVerences. The protocol was approved by
the Animal Care Committee of the University
of Tampere.

Results
IN VIVO EFFECTS

No evidence of adverse eVects to botulinum
toxin injection were apparent. Basal SO
pressure (day 0) in the four pigs was 13.3 (4)
mm Hg (table 1). While no significant change
occurred on day 7 after saline injection, basal
SO pressure decreased by approximately 50%
to 6.9 (2.8) mmHg after botulinum toxin
injection (p=0.04).

EX VIVO EFFECTS

Baseline stimulation
KCl, exogenous acetylcholine, and electrical
field stimulation induced remarkable contrac-
tions in SO rings (table 2). Our preliminary
experiments had shown that each of these three
stimuli elicited reproducible contractions in pig
SO rings. Thus, there was no significant shift in
contractile force generation when the prepara-
tion was repeatedly (up to three times)
challenged with the given stimuli (data not
shown).

EVects of atropine and botulinum toxin on SO
contractile response
Neither atropine nor botulinum toxin had any
eVect on the KCl induced contractions (table

Table 1 EVects of intrasphincteric botulinum toxin on
basal SO pressures (mm Hg) in each of four individual
animals

Baseline After injection

15.5 10.5
16.0 5.0
8.0 4.5
12.5 7.5

Table 2 Force of SO contractions after diVerent stimulations

Force of contraction (mg)

Type of stimulation No Control Treatment* p Value

Potassium chloride
Atropine 8 2160 (526) 1770 (393) >0.1
Botulinum toxin 9 832 (195) 785 (176) >0.1

Acetylcholine
Atropine 9 461 (141) 0 <0.01
Botulinum toxin 12 571 (133) 533 (118) >0.1

Electrical field stimulation
Atropine 3 918 (830) 27 (27) <0.01
Botulinum toxin 5 422 (258) 31 (20) <0.01

* In the presence of atropine or botulinum toxin.

Figure 1 (A) Representative tracings of sphincter of Oddi smooth muscle contractions induced by electrical field stimulation (EFS), and the eVects of
botulinum toxin and atropine. Small arrows indicate washes with fresh physiological salt solution. (B) Representative tracings of the sphincter of Oddi
smooth muscle contractions induced by exogenous acetylcholine (ACH), and the eVects of botulinum toxin and atropine. Small arrows indicate washes with
fresh physiological salt solution.
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2). On the other hand, both atropine and botu-
linum toxin seemed to inhibit electrically
induced contractions (table 2, fig 1A). Atro-
pine seemed to inhibit totally contractions
induced by acetylcholine. However, contrac-
tions induced by acetylcholine were unaVected
by botulinum toxin (table 2, fig 1B).

Discussion
The eVects of botulinum toxin have been exten-
sively studied in skeletal muscle systems.1 How-
ever, its eVects on gastrointestinal smooth mus-
cle, first described many decades ago,11–13 have
only recently received attention. Pasricha et al
showed for the first time that local injection of
botulinum toxin inhibits resting lower oesopha-
geal sphincter tone in a live animal model.4 This
property was subsequently shown to be useful in
the treatment of achalasia, a condition charac-
terised by the failure of the lower oesophageal
sphincter to relax.6 7 Since then, local injection of
botulinum toxin has been used in an attempt to
lower SO pressures in patients with sphincter of
Oddi dysfunction, characterised by a high basal
SO pressure.9 10

The rationale behind the use of botulinum
toxin in this condition is based on the assump-
tion that net smooth muscle tone in the sphinc-
ter is determined by a balance between two
opposing sets of nerve influences: an excitatory
limb (acetylcholine, substance P, and others)
and an inhibitory limb (vasoactive intestinal
polypeptide, nitric oxide, and other
neurotransmitters).14–17 The muscle in the
sphincter of Oddi is richly innervated by cholin-
ergic fibres.18 19 Acetylcholine is released by exo-
cytosis from vesicles of cholinergic nerve end-
ings and binds to muscarinic receptors on the
smooth muscle cells, resulting in muscle con-
tractions.This muscarinic eVect of acetylcholine
is blocked by atropine at the receptor level. Thus
as expected, atropine reduces smooth muscle
tone in the sphincter of Oddi,20 21 while choliner-
gic stimulation increases it.22 In contrast to atro-
pine, botulinum toxin exerts its “anticholiner-
gic” eVect on striated muscle not by receptor
antagonism but by inhibiting the release of ace-
tylcholine from nerve endings. The eVects of
botulinum toxin therefore are expected to diVer
in important ways from those of atropine. We
attempted to study these in a porcine model.
The pig was chosen for these studies because the
physiological nature of pig SO seems to be simi-
lar to that in man.23 Furthemore, we have previ-
ously shown that the peptidergic innervation of
pig SO is very similar to that of human SO.24 25

Our studies in live animals showed a signifi-
cant reduction in basal SO pressure after botu-
linum toxin injection directly into the SO. Our
experiments have therefore shown that net
cholinergic impulses play a dominant role in
the maintenance of basal SO tone in vivo. This
has been an area of controversy in previous
reports with conflicting results reported after
vagotomy,26–28 as well as in response to atropine
and other antimuscarinic agents.29–35

Exogenous acetylcholine induced marked
contractions in all SO rings. The acetylcholine
induced contractions were totally inhibited by
atropine but were unaVected by botulinum

toxin. This proves that botulinum toxin has no
postsynaptic anticholinergic eVects such as
blockade of muscarinic receptors or binding of
acetylcholine. Electrical field stimulation also
induced contractions in SO rings that could be
inhibited almost totally by atropine, suggesting
that they were mediated by acetylcholine. The
eVects of botulinum toxin were similar to atro-
pine in this preparation. In our model, the
replacement of all NaCl in the medium with
KCl induced contractions in all SO rings, and
these contractions were not significantly af-
fected by either atropine or botulinum toxin.
This implies that the previously noted eVect of
botulinum toxin on stimulated smooth muscle
contraction is not a result of a non-specific
toxic inhibition. Since we have shown that
botulinum toxin has no postsynaptic anti-
cholinergic eVect, the toxin must therefore act
by interfering with the release of endogenous
acetylcholine.
In conclusion, botulinum toxin inhibits pig

SO smooth muscle contractions by a presynap-
tic cholinergic mechanism, most likely similar
to that described in skeletal muscle. In addition
to its therapeutic potential, botulinum toxin
may represent a powerful physiological tool to
study the intricate workings of the enteric
nervous system.
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