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Inhibition of gastric emptying and
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Abstract

The effects of a fraction (T1) of Tityus serrulatus scorpion venom
prepared by gel filtration on gastric emptying and small intestinal
transit were investigated in male Wistar rats. Fasted animals were
anesthetized with urethane, submitted to tracheal intubation and right
jugular vein cannulation. Scorpion toxin (250 µg/kg) or saline was
injected iv and 1 h later a bolus of saline (1.0 ml/100 g) labeled with
99mtechnetium-phytate (10 MBq) was administered by gavage. After
15 min, animals were sacrificed and the radioactivity remaining in the
stomach was determined. Intestinal transit was evaluated by instilla-
tion of a technetium-labeled saline bolus (1.0 ml) through a cannula
previously implanted in the duodenum. After 60 min, the progression
of the marker throughout 7 consecutive gut segments was estimated by
the geometric center method. Gastric retention of the liquid test meal
in rats injected with scorpion toxin (median: 88%; range: 52-95%)
was significantly higher (P<0.02) than in controls (54%; 21-76%), an
effect which was not modified by gastric secretion blockade with
ranitidine. The progression of the isotope marker throughout the small
intestine was significantly slower (P<0.05) in rats treated with toxin
(1.2; 1.0-2.5) than in control animals (2.3; 1.0-3.2). Inhibition of both
gastric emptying and intestinal transit in rats injected with scorpion
toxin suggests an increased resistance to aboral flow, which might be
caused by abnormal neurotransmitter release or by the local effects of
venom on smooth muscle cells.
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Introduction

Envenomation with scorpion toxin may
produce a range of clinical manifestations
related to the gastrointestinal tract, including
salivation, epigastric pain, vomiting and di-
arrhea (1). Injection of purified scorpion toxin
in rats induces a dramatic increase in gastric

acid and pepsin secretion (2,3) as well as the
production of hemorrhagic lesions of the
gastric mucosa (4).

Studies on isolated rat ileum have shown
that a purified fraction of Tityus serrulatus
scorpion venom induces rhythmic variations
in tone and spastic contractions (5). More
recently, it was shown that toxin-g from T.
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serrulatus induces a sustained slowing of
gastric emptying in rats (6).

Despite the clinical and experimental
evidence that tityustoxin may influence the
gastrointestinal tract and produce striking
motor effects, its influence on gastrointesti-
nal transit has not been extensively investi-
gated. In the present study, we show that
injection of a partially purified fraction from
T. serrulatus venom in anesthetized rats is
followed by a remarkable inhibition not only
of gastric emptying but also of small intesti-
nal transit.

Material and Methods

Animals

Seventy-four male Wistar rats weighing
190-270 g were housed in individual Bollman
cages. Solid food was denied for 18 h before
the experiments, but the animals were al-
lowed to drink a 10% dextrose solution ad
libitum.

Toxin injection

With the exception of an experiment car-
ried out to determine the pattern of intestinal
transit in awake rats, all other studies were
performed on animals anesthetized with an
intraperitoneal injection of urethane (1.5 g/
kg). Subsequently, the trachea and the right
jugular vein were cannulated with polyeth-
ylene catheters and the animals were in-
jected iv with saline (controls) or with the
partially purified T1 fraction from the T.
serrulatus scorpion venom (250 µg/kg). This
fraction was obtained by Sephadex G-25
chromatography (7) and was kindly provid-
ed by Prof. T. Morais Santos (School of
Pharmacy, UFMG, Belo Horizonte, MG,
Brazil). The partially purified T1 fraction
was lyophilized and transported under ice to
Ribeirão Preto (SP, Brazil) and kept at -20oC
until utilized. All experiments were per-
formed in the afternoon.

Gastric emptying

Gastric emptying was assessed by deter-
mining the fractional radioactivity present in
the stomach after intragastric instillation of
saline (1.0 ml/100 g) labeled with 10 MBq
99mtechnetium (Institute of Nuclear and En-
ergetic Research - IPEN, São Paulo, SP,
Brazil) coupled to phytate (“Phytosid”,
Sydma Medical Reagents and Equipments,
Ribeirão Preto, SP, Brazil), as an unabsorb-
able carrier. Two groups of rats were anes-
thetized and treated at random with either
plain saline (N = 7) or toxin (N = 8) as
described before. Sixty minutes after injec-
tion, the test meal was administered quickly
by gavage and the gavage tube was removed
immediately after. Fifteen minutes after the
administration of the labeled test meal, ani-
mals were killed by decapitation and the
stomach and small and large bowels were
isolated by consecutive ligatures at the e-
sophagogastric, gastroduodenal, ileocecal
and retosigmoidal junctions. The gut seg-
ments were excised and inserted into rubber
glove fingers, where they were kept until
counting, in order to avoid spillage of their
contents. Each segment was counted with a
gamma camera (Orbiter Stand; Siemens
Gamasonics, Hoffman Estates, IL, USA).
The results are reported as number of counts
per minute, after discounting the background
activity. The radioactivity remaining in the
gastric segment is reported as percent of the
sum of the counts in all gastrointestinal seg-
ments, including the stomach.

The effects of ranitidine on 6 control and
6 toxin-treated rats were also studied. Half
the volume of ranitidine (125 mg/kg) or sa-
line was injected iv immediately before and
30 min after the administration of either
saline or toxin. Ranitidine was a gift from
Glaxo do Brasil (Rio de Janeiro, RJ, Brazil).

Intestinal transit

Intestinal transit was assessed by deter-
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mining the progression of a radioactive
marker along the small and large bowels.
The meal was instillated into the duodenum
via a previously implanted cannula (8). Fasted
rats were anesthetized with tribromoethanol
(200 mg/100 g, ip), and submitted to lapa-
rotomy. A silastic tube (ID 4 mm) was in-
serted through a midgastric incision and its
distal extremity was positioned in the proxi-
mal duodenum, nearly 1.0 cm beyond the
pylorus. A pouch suture was performed on
the gastric wall to fix the cannula in the
desired position. The proximal extremity of
the silastic tube was brought subcutaneously
to the scapular region on the back, where it
was externalized and occluded. Rats were
allowed to recover from surgery for 3 days
until the intestinal transit study was per-
formed. Groups of fasted rats were anesthe-
tized with urethane and injected with either
saline (N = 9) or scorpion toxin (N = 8) as
previously described. Sixty minutes later, 10
MBq 99mtechnetium coupled to phytate di-
luted in a bolus of 1.0 ml saline was instilled
into the proximal duodenum via the im-
planted cannula. One hour later, the animals
were killed by decapitation and specific seg-
ments of the gastrointestinal tract were iso-
lated with ligatures and excised. The stom-
ach and the 1.0-cm long proximal portion of
the duodenum, which contained the distal
end of the cannula, comprised the first seg-
ment. The remaining small intestine was
carefully removed and slightly stretched.
Obstructive ligatures were then performed
in order to obtain five consecutive segments
of the small bowel (about 20 cm long)
whereas the entire large bowel comprised
the last segment. These 7 segments were
then processed and counted as described
before.

Counts obtained in individual segments
were used to calculate the geometric center
of the distribution of the marker throughout
the gastrointestinal tract (8,9). Retention of
the marker in the first gastroduodenal seg-
ment was also calculated by expressing the

counts obtained in this segment as a percent-
age of the total counts.

Since our preliminary results showed a
marked transit inhibition in both toxin-treated
and control animals, which might putatively
be ascribed to anesthesia, a further group of
6 awake animals were studied with the same
protocol.

Gastric secretion

Groups of 6 fasted rats were anesthetized
and randomly treated with either saline or
toxin, or a combination of toxin plus raniti-
dine, as described before. Sixty minutes later,
the abdomen was opened and the stomach
was removed after ligating the pylorus and
the esophagogastric junction. The excised
stomach was opened along the greater cur-
vature and the gastric juice was collected
into a small beaker for volume and acidity
determinations (3). Volume was determined
with a calibrated test tube and acid concen-
tration was determined by electrometric ti-
tration against 0.05 N NaOH, using an
automatic pH-meter (Corning Inc., New
York, NY, USA). Acid output, expressed as
µEq/h, was calculated by multiplying the
obtained acid concentration by the measured
volume.

Statistical analysis

Data are reported as medians and range.
All comparisons were performed by the
Mann-Whitney U-test (10), with differences
considered to be significant for values of
P<0.05.

Results

General effects of scorpion toxin

All rats treated with scorpion toxin
showed signs of envenomation, including
salivary hypersecretion and disturbances of
respiratory rhythm, such as prolonged peri-



1056

Braz J Med Biol Res 33(9) 2000

L.E.A. Troncon et al.

ods of apnea, and urethral hypersecretion.

Effect of scorpion toxin on gastric emptying

Data concerning gastric emptying are pre-
sented in Figure 1. The fraction of the radio-
labeled test meal found in the stomach of
toxin-injected rats (median: 88%; range: 52-
95%) was significantly greater (P<0.02) than
in the control group (54%; 32-76%). Pre-
treatment with ranitidine did not affect gas-
tric emptying in either control (53%; 32-
74%) or toxin-treated rats (87%; 63-93%).

Effect of scorpion toxin on intestinal transit

Data concerning the progression of the
isotope marker through the gastrointestinal
tract are shown in Table 1 and in Figure 2.
The retention of the marker in the gastrodu-
odenal segment in toxin-treated rats (78%;
4-89%) was significantly greater (P<0.02)
than in controls (16%; 2-92%). In non-anes-
thetized rats, the activity retained in the gas-
troduodenal segment (5%; 0-40%) was sig-
nificantly lower (P<0.02) than that obtained
in anesthetized control animals. Data in Table
1 also show that, in awake animals, the
radioactive marker progressed up to the more
distal segments of the small bowel. In con-
trast, in anesthetized control rats, activity
was detected mainly in the more proximal
segments of the small bowel, thus indicating
an inhibitory effect of urethane anesthesia
on gastrointestinal transit. In toxin-treated
rats, the radioactive marker hardly left the
gastroduodenal region. Values for the geo-
metric center (Figure 2) obtained in toxin-
treated animals (1.2; 1.0-2.5) were signifi-
cantly lower (P<0.05) than those of controls
(2.3; 1.0-3.2) and non-anesthetized rats (4.4;
2.6-4.9).

Effect of scorpion toxin on gastric secretion

Rats injected with scorpion toxin showed
significantly higher (P<0.01) values of both

Table 1 - Percentages of the total radioactivity along the gastrointestinal tract 1 h after
instillation into the proximal duodenum of 1.0 ml saline labeled (S) with 99technetium
coupled to an unabsorbable carrier in control awake (C + S, N = 16) animals and in
groups of urethane (U)-anesthetized rats treated with scorpion toxin (U + TX, N = 8) or
saline (U + S, N = 9).

Radioactivity was determined in the gastroduodenal region (GD), in five consecutive
segments of the small bowel (SB 1-5) and in the whole large bowel (LB). Data are
reported as medians and range (in parentheses).

Group GD SB1 SB2 SB3 SB4 SB5 LB

C + S 5 (0-40) 1 (1-5) 1 (1-6) 4 (1-10) 88 (40-90) 1 (0-7) 1 (0-2)

U + S 16 (2-92) 32 (2-93) 13 (0-70) 10 (0-78) 0 (0-1) 0 (0-1) 0 (0-1)

U + TX 78 (4-89) 22 (10-58) 1 (0-38) 0 (0-1) 0 (0-1) 0 (0-0) 0 (0-0)

Figure 1 - Gastric emptying of
saline in rats treated with scor-
pion toxin alone (TX, N = 8), or in
combination with ranitidine (TX
+ R, N = 6) and in control (C) rats
injected with saline (N = 7) or
ranitidine (C + R, N = 6). Data are
individual values of the radioac-
tivity remaining in the stomach
15 min after intragastric instilla-
tion of saline (1.0 ml/kg body
weight) labeled with 99mtechne-
tium coupled to an unabsorbable
carrier, expressed as percentage
of total activity in the gastrointes-
tinal tract. Horizontal bars represent the medians. The doses were applied as follows: TX,
250 µg/kg; R, 2.5 mg/kg. N.S., Not significant.

Figure 2 - Gastrointestinal transit
of a liquid meal in urethane (U)-
anesthetized rats treated with
scorpion toxin (U + TX, N = 8) or
saline (U + S, N = 9) and in con-
trol awake (C + S, N = 6) rats.
Data are individual values of the
geometric center of the distribu-
tion of radioactivity from the
stomach and proximal duode-
num (segment number 1) up to
the distal small bowel (segment
number 6). Animals were stud-
ied 60 min after intraduodenal
instillation of a 1.0-ml bolus of saline labeled with 99mtechnetium coupled to an unabsorbable
carrier. Horizontal bars represent the medians. The TX dose was 250 µg/kg.
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volume (3.6 ml; 0.4-4.4 ml) and acid output
(107 µEq/h; 27-176 µEq/h) than control ani-
mals (volume: 1.0 ml; 0.3-5.6 ml - acid
output: 32 µEq/h; 11-91 µEq/h). The stimu-
latory effect of toxin on gastric secretion was
effectively blocked by ranitidine pretreat-
ment, since values observed in this group of
animals for both volume (0.6 ml; 0.2-1.0 ml)
and acid output (40 µEq/h; 16-76 µEq/h)
were significantly lower (P<0.05) than those
obtained with toxin only and similar (P>0.10)
to those verified in control rats.

Discussion

The results of this study show that the
injection of a purified scorpion toxin frac-
tion in anesthetized rats is associated with
marked inhibition of both gastric emptying
and intestinal transit.

The slowing of gastric emptying associ-
ated with toxin injection could be produced
by several motor abnormalities, such as in-
creased gastric relaxation, decreased antral
contractility or enhanced pyloric and/or
duodenal resistance (11). Since the test meal
used in the present study was isosmotic and
did not contain nutrients, it is unlikely that
this effect of the toxin was mediated through
an increase in intestinal inhibition of gastric
emptying. Also, the lack of effect of raniti-
dine rules out an influence of gastric acid
hypersecretion, which might theoretically
cause hyperexcitation of acid-sensitive duo-
denal receptors inhibiting gastric emptying
(12).

The present demonstration of gastric
emptying inhibition following tityustoxin
injection confirms recently published data
(6), which have also shown that this effect
may persist for up to 48 h after toxin admin-
istration.

The remarkable retention of the isotope
marker in the gastroduodenal region associ-
ated with substantial inhibition of intestinal
transit in toxin-injected animals could be
caused by either failure of propulsion or

increased intestinal segmentary motor activ-
ity (11). Previous studies on isolated intesti-
nal smooth muscle preparations showed that
scorpion toxin enhances intestinal tonus and
induces spastic contractions (5), which may
support the view that increased small intesti-
nal resistance plays a role in the inhibitory
actions of tityustoxin on intestinal transit, as
well as on gastric emptying.

Although we are aware of the effects of
anesthesia on gastrointestinal functions (13),
we decided to utilize urethane not only to
circumvent the possibility of pulmonary
edema induced by scorpion toxin in awake
animals (14), but also on ethical grounds.
Urethane was chosen because it seems to
preserve both excitatory and inhibitory auto-
nomic reflex responses in a variety of organs
and systems (15). Despite the strong inhibi-
tory effect of urethane anesthesia on gas-
trointestinal transit, which is consistent with
previous findings (16), we were able to show
the remarkable influence of scorpion toxin
on gastric emptying and intestinal transit.

Previously published papers have dem-
onstrated that the effects of tityustoxin on
the gastrointestinal tract involve the release
of both cholinergic and adrenergic media-
tors, as well as of other neurotransmitters,
such as serotonin and substance P (17,18). It
is therefore likely that any putative motor
mechanism implicated in the inhibition of
gastric emptying and intestinal transit asso-
ciated with tityustoxin injection should be
elicited by the release of neurotransmitters
and neuromodulators. It is well known that
alpha-adrenergic agents, particularly those
of the alpha-2 subtype, act as potent inhibi-
tors of gastric emptying (19) and have been
proposed as a pharmacological model of
gastroparesis (20). The release of other non-
adrenergic, non-cholinergic mediators of gut
smooth muscle relaxation, such as nitric ox-
ide or vasoactive intestinal polypeptide (21),
which are thought to be involved in the
toxin-induced relaxation of isolated rat
smooth muscle (22,23), may also play a role
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in the production of gastrointestinal transit
inhibition.

Envenomation by scorpions may cause
striking cardiorespiratory and metabolic ef-
fects, which may be associated with ische-
mia of the gastrointestinal tract (24). Also,
significant changes in serum electrolyte con-
centrations have been shown after enveno-
mation, and may cause altered cell mem-
brane permeability (25). Thus, impaired gas-

tric emptying and failure of intestinal pro-
gression in toxin-injected animals may be a
consequence of either systemic or local al-
terations affecting smooth muscle cells.

Whatever the mechanisms involved in
the mediation of these effects, the present
study provides evidence that delayed gastric
emptying and inhibition of small intestinal
transit are part of the spectrum of biological
effects of scorpion toxins.
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