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The competence of the lower esophageal
sphincter (LES) as measured by the height
of its pressure recorded during intraluminal
manometry appears to be the main factor in
determining the occurrence of gastroesoph-
ageal reflux and esophagitis (1, 2). Re-
cently, the gastrointestinal hormone, gastrin,
has beeu shown to raise the LES pressure (3,
4). This investigation reports the effect of
prostaglandin Fea (PGF2a) in increasing the
LES pressure in the intact opossum and com-
pares its response with that of gastrin penta-
peptide.

Materials and Methods. The opossum (Di-
delphis virginiana) was selected for these ex-
periments because of the anatomical and
physiological resemblance of its lower esoph-
agus to that of human beings (5). Studies
were done on 15 animals of either sex weigh-
ing between 2 and 3.5 kg. After anesthetizing
with intraperitoneal sodium pentobarbital
(50 mg/kg) the animals were strapped su-
pine to the animal board. The LES pressures
were continuously monitored with a water-
filled polyvinyl catheter. An assembly of 3
polyvinyl catheters (i.d. = 0.86 mm and 0.d.
= 1.17 mm) glued together with tetrahy-
drofuran, and with side openings 1 cm apart
was connected to three pressure transducers.
The catheters were constantly perfused with
bubble-free water at a rate of 4.6 ml/hr
through a constant infusion pump. The
catheter system was calibrated by testing the
system by applying known pressures at the
tips before experiment. The catheter assembly
was introduced through the mouth so that
all the openings lay in the stomach. The
assembly was then gradually withdrawn so
that the middle opening was in the lower
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esophageal sphincter and the proximal open-
ing lay in the body of the esophagus and the
distal one still in the stomach.

A fresh solution of prostaglandin Fea was
prepared for each experiment by diluting 20
pl of the stock solution in 10 ml of 0.15 N
saline. The stock solution was prepared by
adding 0.1 ml of 95% ethanol and 0.9 ml of a
solution of sodium carbonate (0.2 mg/ml)
for each milligram of PGFza powder. Varying
doses of PGFso were administered via an
intravenous cannula as a single bolus. Five to
ten minutes were allowed after the effect of
the previous dose had completely disap-
peared. The pentapeptide of gastrin was dis-
solved in normal saline and was similarly
used in different doses. The molar ratio be-
tween PGFsa and pentagastrin was 1:1.3416.
To serve as control normal saline and 20 pl
of 9.5% ethanol in 20 mg/10 ml sodium
carbonate diluted in 100 ml of normal saline
(vehicle for PGFea) were injected.

Results. Injection of normal saline or the
vehicle for PGFza caused no change in sphinc-
ter pressure. Prostaglandin Fsa showed no
effect with a dose of 0.25 pg/kg. In the
higher doses, three different types of effects
were seen (Fig. 1). The rise in sphincter
pressure was observed in 77%, a fall in 15%
and biphasic effect in 8% of experiments.
These three different types of responses were
neither dose dependent nor limited to certain
animals. Table I summarizes these responses
in different animals. The doses were given in
random fashion and the influence of succes-
sive increasing or decreasing doses on the
type of responses was not noted. The coeffi-
cient of variation (CV) varied with the doses
used. With PGF.a in the dose of 1 ug/kg the
CV was 22% in the same animal as well as
between animals. The mean CV was larger
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Fic. 1. Three different types of responses to iv injection of a bolus of PGF:a. The top lead re-
corded from the esophagus, the middle one from the lower esophageal sphincter (LES) and the
bottom one from the fundus of the stomach. (A) shows rise in LES pressure which was seen in
the majority of the experiments; (B) shows the biphasic response which occurred in 8% of the
experiments; and (C) shows fall in pressure which occurred in 15% of the cxperiments.

with higher doses of 4 ug/kg being 27% in
the same animal and 30.2% in different ani-
mals. The rising response of PGFya on LES as
shown in Fig. 2 was dose dependent and
peak action occurred at 4 pg/kg. The dose of
4 pg/kg caused more than 100% increase in
sphincter pressure. The onset of action of
PGF:a occurred 20-180 sec (mean = 65 sec)
after injection and lasted 0.25-19 min (mean
= 5 min). The duration of action was not

TABLE I. The Number of Experiments Showing
a Rise, a Fall or a Biphasic Response to Adminis-
tration of PGF.q in Different Animals.

No. of expts

Showing Showing Showing

Animal Total rise fall biphasie
1 3 2 1 1]
2 20 20 0 0
3 9 6 2 1
4 4 0 3 1
5 19 17 2 0
6 3 2 0 1
7 3 2 0 1
8 1 1 0 0
9 4 1 2 1

All animals 66 51 10 5

dose dependent.

Gastrin pentapeptide also caused a dose
dependent increase in LES pressure (Fig. 2).
The maximum effect was observed with a
dose of 2 ug/kg. The action of gastrin penta-
peptide was seen 10-160 sec (mean — 44.5
sec) after injection and lasted 0.25-14 min
(mean = 4.5 min). The duration of action
was not dose dependent. The regression line
using the doses of 0.5, 1, 2 and 4 ug/kg for
the average increase in sphincter pressure vs
log dose of gastrin pentapeptide was given by
y = 157 + 38.6 x (coeff. corr. = 0.93) and
of PGFsa by v — 48.5 4+ 40.8 x (coeff. corr.
= 0.96). However, because of the wide vari-
ation in individual values, particularly at
higher dose levels, relative potency of the two
agents could not be accurately determined.

Discussion. Bennett and Fleshler (6) re-
cently reviewed the information on the effects
of prostaglandins on the gastrointestinal
tract. In general, PGFsq causes contraction
of circular as well as longitudinal muscle of
the stomach, ileum and the large intestine in
vitro, in experimental animals, and in man
(7-9). In in vivo experiments, PGFza has
been shown to cause increase in intestinal
motility in the dog (10).

The present investigation reveals yet an-
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F1c. 2. Dose-response curves of the effect of
PGF.a (—) and gastrin pentapeptide (--) on the
increase in the lower esophageal sphincter pressure.
Values for PGF:a are calculated only from the 77%.
of experiments that showed a rise in LES pressure.
The number of observations constituting these exper-
iments with PGF.a in the doses of 0.5, 1, 2, 4 and 8
ug/kg were 13, 11, 8, 12 and 7, respectively. (These
observations were obtained in 5, 4, 3, 4 and 3
animals, respectively.) The number of observations
for pentagastrin were 6, 7, 9, 5, 7, 8, 4 and 3,
respectively, for doses of 0.03, 0.125, 0.25, 0.5, 1, 2,
4 and 8 ug/kg. (These observations were obtained
in 3, 4, 4, 3, 4, 5, 3 and 2 animals, respectively.)

other action of PGF2qa, namely increasing the
lower esophageal sphincter pressure in the
opossum. The opossum esophagus, like that
of man, is constituted of smooth muscle fibers
in the lower 1/3 where they form both the
circular and the longitudinal layers. Increase
in the sphincter pressure was produced most
frequently, occurring in over 3/4 of the ex-
periments. In some experiments, however,
this agent caused a fall in sphincter pressure
or even a biphasic response. The reason for
these responses is not clear. Such reponses
were neither limited to certain animals nor
were they dependent on the dose of PGFqa.
It has been reported that the strips of tenia
coli from human gut may respond with a
contraction preceded by a small relaxation
and at times only relaxation (9).

There is growing evidence for the involve-
ment of prostaglandins in regulation of gas-
trointestinal motility in physiologic and path-
ologic states. Rashid has observed increased
release of prostaglandins from the frog esoph-
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agus upon electrical stimulation (11).
Such data in the opossum or human esoph-
agus is not available, but would be of great
interest in view of the very potent action of
PGFs0 on the lower esophageal sphincter.
Interestingly, PGE; and PGE. cause a re-
duction in lower sphincter pressure (unpub-
lished data).

Pentapeptide of gastrin showed an increase
in sphincter pressure. At all dose levels
tested the gastrin pentapeptide causes greater
increase in sphincter pressure. There is evi-
dence to suggest that LES pressures are the
main determinant in preventing gastroesoph-
ageal reflux and therefore agents which can
improve sphincter competence may be of
potential therapeutic value in patients with
reflux esophagitis.

Summary. Prostaglandin Fea was found to
increase the lower esophageal sphincter pres-
sure in the intact opossum iz vivo. Dose
response curves of the effect of PGFaa
showed that maximal response occurred with
a dose of 4 pg/kg. The maximal response
with gastrin pentapeptide occurred with a
dose of 2 pg/kg for its action on increasing
the lower sphincter pressure.
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