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Prostanoid stimulation of anion secretion in guinea-pig gastric
and ileal muscosa is mediated by different receptors

K.T. Bunce & 'C.F. Spraggs

Department of Gastrointestinal Pharmacology, Glaxo Group Research Ltd., Ware, Hertfordshire, SG12 ODP

1 The receptors that mediate stimulation of anion secretion by prostanoids in isolated preparations of
guinea-pig gastric and ileal mucosa have been compared by use of selective prostanoid agonists and
antagonists.

2 In gastric mucosa, the relative potency of agonists suggested that the control of anion secretion in this
tissue was complex and may be mediated by EP,, EP,, and TP receptors. A role for TP receptors was
confirmed with the TP-selective antagonist AH23848 which inhibited short circuit current responses to
the TP receptor agonist U-46619 with a pA, value of 8.44 but was without effect on responses to prosta-
glandin E, (PGE,) or the EP selective agonist, sulprostone.

3 Inileal mucosa, the relative potency of agonists differed from that observed in gastric mucosa and was
consistent with the view that anion secretion in this region of intestine was controlled by DP and EP,
receptors.

4 These studies suggest that anion secretion in gastric and ileal mucosa is controlled by different prosta-
noid receptor subtypes and so provide important informtion for the design of prostanoids which may

protect gastric mucosa and that are free from side effects such as diarrhoea.

Introduction

Prostanoids exert many diverse actions in the body, and these
effects have been rationalised through the classification of
prostanoid receptors. Such classification has been carried out
by examining the rank orders of agonist potencies of the
natural prostaglandins, and this has resulted in the identifica-
tion of receptors for thromboxane A, (TP receptors), E pros-
taglandins (EP receptors), F prostaglandins (FP receptors), D
prostaglandins (DP receptors) and prostacyclin (IP receptors)
(Kennedy et al., 1982). This classification has been consoli-
dated by use of synthetic agonists exhibiting receptor speci-
ficity including U-46619 (TP selective)) BW245C (DP
selective) and fluprostenol (FP selective; Coleman et al., 1985)
and selective antagonists such as AH23848 for TP receptors
(Brittain et al., 1985). Furthermore studies using the synthetic
agonists sulprostone and AY23626 and the antagonists
AH6809 and SC19220 have revealed that EP receptors are a
heterogeneous population comprising EP,, EP, and EP, sub-
types (Coleman et al., 1987).

Prostanoids stimulate the gastric secretion of a non-parietal
fluid composed mainly of sodium and chloride ions (Miller et
al., 1983; Bunce & Clayton, 1987). This non-parietal secretion
may be an important component of the mucosal protective
properties of prostanoids in the stomach acting to reduce the
absorption of noxious substances and diluting them in bulk
solution (Moody & Zalewsky, 1981; Thomson, 1984; Pihan &
Szabo, 1989). Prostanoids also stimulate electrolyte secretion
in the intestine (Racusen & Binder, 1980; Musch et al., 1987)
that is responsible for the watery diarrhoea which has tended
to limit the clinical use of prostanoids for treatment of peptic
ulceration (Brand et al., 1985; Lauritsen et al., 1986).

Using an isolated preparation of guinea-pig gastric mucosa,
we have previously demonstrated that gastric non-parietal
secretion stimulated by prostaglandin E, (PGE,) is the result
of stimulation of electrogenic chloride secretion, a process that
is independent of gastric acid secretion (Bunce & Spraggs,
1988). In the present study we have attempted to characterize
the receptor types that mediate the secretory effect of prosta-

1 Author for correspondence.

noids in gastric mucosa and compare them with the receptors
that mediate stimulation of electrogenic anion secretion in the
ileal mucosa of this species.

Portions of this work have been communicated to the
British Pharmacological Society (Bunce & Spraggs, 1987) and
the 13th International Congress of Gastroenterology (Spraggs
& Bunce, 1988). These studies suggest that stimulation of elec-
trogenic anion secretion by prostanoids in gastric and ileal
mucosa is mediated by different prostanoid receptor types.

Methods

Male guinea-pigs of the Dunkin-Hartley strain weighing 250-
350 g were used. For gastric mucosa, guinea-pigs were starved
for 18h to 24h with free access to water and were anaes-
thetized by inhalation of a halothane/nitrous oxide/O, gas
mixture. The muscle layers overlying the fundic (acid-secre-
ting) region of the stomach were removed by a blistering tech-
nique as described by Main & Pearce (1978). Two pieces of
gastric mucosa were obtained from each stomach and these
were mounted in Ussing type chambers (window area
0.8cm?). _

For ileal mucosa, guinea-pigs with free access to both food
and water were killed by cervical dislocation. A 10cm segment
of ileum starting 20cm from the ileo-caecal junction was
removed. Up to four pieces of this segment, each approx-
imately 1.5cm long were opened along the mesenteric border
and pinned, mucosal face down on a wax plate. The overlying
muscle layers were removed by dissection with fine forceps
and each segment was mounted in an Ussing chamber.

Both preparations were bathed bilaterally with 20ml of
Krebs-Henseleit solution, maintained at 37°C and gassed with
95% 0,:5% CO,. The composition of this solution (in mm)
was: NaCl 117, KCl 4.7, CaCl, 2.5, MgSO, 1.2, NaHCO,
248, KH,PO, 1.2 and glucose 11.1. Indomethacin (1 um) was
added to the serosal bathing solution to inhibit endogenous
prostanoid synthesis.

Tissues were continuously voltage-clamped at zero poten-
tial, with compensation for fluid resistance and differences in
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potential between calomel cells using a voltage clamp ampli-
fier (DVC-1000, World Precision Instruments, Connecticut,
U.S.A)) and the applied short circuit current (SCC) was con-
tinuously recorded as an index of electrogenic anion secretion
(Bunce & Spraggs, 1988).

Compounds

Indomethacin (Sigma) was dissolved in 1% NaHCO, in saline
at a concentration of 1 mm. PGE, and PGF,, (Upjohn) were
diluted for use from stock solutions of 10mgml~! and
Smgml~! respectively. Fluprostenol (ICI) was diluted from a
stock solution of Smgml~!. BW245C (3-(3-cyclohexyl-3-
hydroxypropyl)-2,5-heptenoic acid; Wellcome) was dissolved
in 1% NaHCO, at a concentration of 10mM. AY23626 (11-
deoxy PGE,; Ayerst), 16,16-dimethyl PGE, (Cayman), mis-
oprostol (Searle) and enprostil (Syntex) were dissolved in 60%
ethanol in distilled water at a concentration of 20mgml 1.
PGD,, PGI,, U-46619 (11,9 epoxymethano PGH,) and sul-
prostone were synthesized at Glaxo and dissolved in 60%
ethanol in distilled water at a concentration of 20mgml~?,
except for PGI, which was dissolved in Tris buffer (pH 9).
AH23848 ([1x(z),2B8,52]-(*)-7-[5-[[(1,1-biphenyl)-4-yl]
methoxy]-2-(4-morpholinyl)- 3-oxocyclopentyl]-4-heptenoic
acid) and AH6809 (6-isopropoxy-9-oxoxanthene-2-carboxylic
acid) were also synthesized at Glaxo and dissolved in 1%
NaHCO, in saline at a concentration of 10mM. All drugs
(except for PGI,, which was diluted in Tris buffer, pH 8) were
diluted in saline and added to both bathing solutions in
volumes of less than 0.6 ml. The vehicles used to dissolve these
drugs did not modify SCC when added to bathing solutions at
appropriate concentrations.

Expression of results

SCC was recorded as uA cm~? and expressed as arithmetic
mean + s.e.mean. EC;, values were expressed as geometric
mean with 95% confidence limits.

Preliminary studies showed that gastric mucosa exhibited
tachyphylaxis to repeated administration of PGE, and there-
fore concentration-response curves were constructed by addi-
tion of single concentrations of agonist to individual mucosa
using a randomised block design. Increases in SCC to agonists
were measured as changes in SCC from basal values after a
contact time of 60min. For full agonists, with maximal
responses not significantly different from that of PGE,, EC,
values were defined as the concentration to produce an
increase in SCC of 38 uA cm ™2, this being 50% of the maximal
response to PGE, (77 + 6 uAcm™2, n = 6). For partial agon-
ists ECs, values were calculated at 50% of their own
maximum. EC,, values were determined from pooled data for
individual agonists by least squares regression. For full agon-
ists only equieffective molar ratios (EMR) were determined
relative to PGE, (EMR = 1) by dividing the mean agonist
EC,, by the EC;, value for PGE,, and these data were used
for receptor classification. In experiments where antagonists
were tested, these compounds were added to both bathing sol-
utions 30min prior to the addition of agonist. Where
employed, Schild analysis was performed by determination of
concentration-ratios by dividing the EC;, for the agonist in
the presence of antagonist by the ECs, value for the agonist
alone. Concentration-ratios were then used to calculate pA,
and Schild slope values from a plot of the Schild equation.

In ileal mucosa, it was possible to construct repeatable
cumulative concentration-response curves for PGE,. There-
fore the effects of agonists on SCC in ileal mucosa were com-
pared with the effects of PGE, in individual tissues. Increases
in SCC (above basal levels) for agonists were expressed as per-
centages of the control PGE, maximal response in the tissue.
EC,, and EMR values for agonists were determined graphi-
cally in individual tissues and subsequently pooled to provide
geometric mean and 95% confidence limits. EC;, values for
full agonists were determined from the PGE, maximum as
described above for gastric mucosa. Again, EMRs were only
calculated for full agonists (PGE, = 1).

2

Results

Effects of prostanoids on gastric mucosa

The naturally occurring prostanoids and the stable thrombox-
ane A,-mimetic, U-46619 stimulated increases in SCC in
gastric mucosa. Two types of SCC response were observed
and are illustrated in Figure 1.

PGE, (and PGI,) stimulated a monophasic rise in SCC
with an initial rapid increase followed by a slower rise to a
plateau which was achieved approximately 30 min after drug
addition. In contrast U-46619 (and PGD, and PGF,,) pro-
duced biphasic responses composed of an initial small
reduction in SCC and followed by a slow increase to a plateau
60min after drug addition. Figure 2 shows concentration-
response curves for these prostanoids in gastric mucosa and
their effects are summarised in Table 1. PGE, was the most
potent agonist producing a maximum increase in SCC of
77 + 6uAcm™2 (n = 6). U-46619, PGD, and PGF,, were full
agonists, with maxima not significantly different from PGE,
(P > 0.05, unpaired ¢ test), but were less potent. PGI, was a
less potent partial agonist with a maximum response signifi-
cantly less than that for PGE, (P < 0.05, unpaired ¢ test).

Since PGE, was the most potent of these agonists this sug-
gests that EP receptors are involved in the SCC response in
gastric mucosa (Kennedy et al., 1982). The involvement of
other receptor types was investigated using the TP receptor
antagonist AH23848 and the DP and FP selective agonists
BW245C and fluprostenol. AH23848 (30 to 300 nM) inhibited
SCC responses to U-46619 with a pA, value of 844 and a
Schild slope value of 0.98 (Figure 3). A higher concentration of
AH23848 (1 uMm) did not modify SCC responses to PGE, (data
not shown). BW245C was a less potent stimulant of SCC with
an EC,, value of 348 (97-853) nM (n = 6) and fluprostenol
produced no changes in SCC at concentrations up to 1um
(n = 4) (Table 1). The low potency of these selective agonists
suggests that DP and FP receptors are not involved in the
control of SCC in gastric mucosa.

The EP receptor types mediating the increase in SCC in
gastric mucosa were investigated further by use of a range of
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Figure 1 Examples of SCC recordings for prostaglandin E, (PGE,)
and U-46619 in guinea-pig isolated gastric mucosa. Records were
obtained from 0.8cm? areas of mucosa. Prostanoids were added to
both bathing solutions (at arrow) at a concentration of 1 uM. Horizon-
tal lines show SCC values of 180 and 150 #A respectively.
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Figure 2 Concentration-response curves for stimulation of SCC by
naturally occurring prostanoids and U-46619 in guinea-pig isolated
gastric mucosa. Curves were constructed by addition of single concen-
trations of agonists to individual tissues. Each point is mean, vertical
bars represent s.e.mean from 5 to 6 tissues: (O) prostaglandin E,
(PGE,); (@) U-46619; (W) PGD,; (OJ) PGF,, and (A) PGI,.

synthetic PGE analogues; as described above for the naturally
occurring prostanoids two types of SCC response were
observed. AY23626 and misoprostol produced monophasic
rises in SCC, similar to PGE,, whilst enprostil, 16,16-
dimethyl PGE, and sulprostone increased SCC in a biphasic
manner similar to U-46619. Figure 4 shows concentration-
response curves for these agonists in gastric mucosa and their
effects are summarised in Table 1. All of the compounds were
potent full agonists for stimulation of SCC with equieffective
molar ratios (EMR) ranging from 0.4 to 15 (PGE, = 1). The
possibility that the biphasic responders were acting solely at
TP receptors to increase SCC was unlikely since AH23848
(1 uM) did not modify SCC responses to sulprostone (data not
shown). In addition sulprostone induced increases in SCC
were not inhibited by the EP, receptor antagonist AH6809
(10 uM) suggesting that EP, receptors did not mediate changes
in SCC (data not shown).
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Figure 3 Effect of AH23848 on SCC responses to U-46619 in
guinea-pig isolated gastric mucosa. In (a) are shown concentration-
response curves for U-46619 alone (O) and in the presence of
AH23848, 30 (A), 100 () and 300nM (@). Concentration-response
curves were constructed in the manner described for Figure 2. Each
point is the mean, vertical bars represent s.e.mean from 5 to 6 tissues.
(b) Schild plot derived from these data. Linear regression analysis pro-
duced a pA, value of 8.44 and a slope of 0.98.

Table 1 Effects of prostanoid agonists on SCC in guinea-pig isolated gastric mucosa

EMR E,..
Agonist EC,, (PGE, = 1) (#A cm™?)
PGE, 5 (2-11) 1 77+ 6
PGD, 162 (42-523) 31 75+ 10
PGF,, 186 (37-510) 36 75+ 10
PGI, 2300 (900-8230)t ND 36 + 5*
U-46619 38 (16-96) 7 71+8
BW245C 348 (97-853) 70 47 £+ S (at 3 um)}
Fluprostenol > 10001 ND 0+ 0*
AY23626 58 (8-599) 11 65+ 19
16,16 Dimethyl PGE, 2(0.3-19) 0.4 62+ 4
Enprostil 4 (1-9) 0.8 94 + 4
Misoprostol 12 (3-65) 2 67+ 8
Sulprostone 76 (20-293) 15 65+ 7

EC,, (in nM) values are geometric mean (95% confidence limits) and E,,,, values are arithmetic mean + s.e.mean for 4 to 6 observations
at each concentration. Equieffective molar ratios (EMR ; PGE, = 1) were calculated for full agonists as the ratio of mean EC,, values of

agonist and PGE, .

* denotes E,,,, values significantly less than PGE, (P < 0.05, unpaired ¢ test); for partial agonists EC;, values () were calculated from

their own maximum.

ND denotes that EMR estimates were not determined for these partial agonists.
1 Maximal response for BW245C was not achieved at the highest concentration tested.
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Figure 4 Concentration-response curves for stimulation of SCC by
prostaglandin E (PGE) analogues in guinea-pig isolated gastric
mucosa. Curves were constructed in the manner described in Figure 2.
Each point is mean, vertical bars represent s.e.mean for 6 tissues: (O)
PGE,; (A) 16,16-dimethyl PGE,; (l) enprostil; ((J) misoprostol; (A)
AY23626 and (@) sulprostone.

Effects of prostanoids on ileal mucosa

PGE, was a potent stimulant of SCC in ileal mucosa with an
EC;, value of 18 (5-54) nM and a maximum increase in SCC
of 125 + 14uAcm™2 (n = 6). This curve could be repeated in
tissues after washing with the second PGE, concentration-
response curve producing an EC,, value of 20 (849) nm and
a maximum increase in SCC of 120 + 9uAcm~2 (n = 6) at
100 nM. Therefore test prostanoids were compared with PGE,
in individual tissues. Figure 5 compares the effects of the natu-
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Figure 5 Concentration-response curves for stimulation of SCC by
natural prostanoids and U-46619 in guinea-pig isolated ileal mucosa.
Data are expressed as percentage of the maximal response to prosta-
glandin E, (PGE,) in individual tissues. Curves are mean, vertical
bars represent s.e.mean from 5 to 6 tissues: (J) PGD,; (O) PGE,;
(A) PGI,; (B) PGF,, and (@) U-46619. Mean EC, values for PGE,
in this series of experiments ranged from 35 to 57 nm.

rally occurring prostanoids and U-46619 on SCC and Table 2
summarizes the relative potencies of full agonists in ileal
mucosa. In contrast to its activity in gastric mucosa, U-46619
in concentrations up to 1 um produced a maximum increase in
SCC of 14% of the PGE, maximum and did not modify sub-
sequent responses to PGE, (data not shown). In addition,
PGD, was 20 times more potent than PGE,. PGI, and
PGF,, were only slightly less potent than PGE, but displayed
non-sigmoid  concentration-response  relationships. The
marked potency of PGD, suggested that DP receptors con-
trolled SCC in ileal mucosa and this was confirmed with a
selective DP agonist BW245C, which although producing a
smaller maximum response than PGE, was a potent stimu-
lant of SCC (Table 2).

The effects of the synthetic PGE analogues on SCC in ileal
mucosa are shown in Figure 6. All of these analogues were
less potent than PGE, and whilst AY23626 and misoprostol
were full agonists, enprostil, 16,16-dimethyl PGE, and sul-
prostone were virtually devoid of activity (Table 2, Figure 6).
Sulprostone produced no change in SCC and did not display
antagonist activity to subsequent additions of PGE, at con-
centrations up to 10 uM (data not shown), showing that it had
no measurable affinity for the prostanoid receptor in ileal
mucosa.

Discussion

Prostanoids stimulate electrogenic chloride secretion in gastric
mucosa and this is reflected by an increase in SCC (Bunce &
Spraggs, 1988). In addition it is well established that
prostanoid-stimulated anion secretion results in an increase in
SCC across ileal mucosa (Musch et al., 1987). In the present
study we have attempted to identify the prostanoid receptor
types that mediate the stimulation of anion secretion
(increases in SCC) in gastric and ileal mucosa. Few selective
antagonists for prostanoid receptors exist and receptor classi-
fication relies greatly on the relative potencies of selective
agonists (Coleman et al., 1985). Receptor classification based
on rank order of agonist potency must meet established cri-
teria and may be influenced by factors not related to receptor

Table 2 Effects of prostanoid agonists on SCC in guinea-
pig isolated ileal mucosa

EMR

Agonist (PGE, =1) E, .. (%)
PGE, 1 100
PGD, 0.05 (0.04-0.08) 98 + 1
PGF,, ND 66 + 3 (at 10 um)t
PGI, ND 55 + 14 (at 10 um)
U-46619 ND 14 + 9*
BW245C ND [EC,, = 10 (3-36)]} 65 + 9*
AY23626 48(28-86) 94+ 6
16,16-dimethyl

PGE, ND 10 + 8*
Enprostil ND 15 + 5 (at 3uMm)t
Misoprostol 10 (4-23) 80 +2
Sulprostone ND 0+ 0 (at 10um)}

EMR values are geometric mean (95% confidence limits) cal-
culated from EC,, ratios in individual tissues as described in
Methods. E,,,, values are % increases in SCC, as arithmetic
mean + semean in individual experiments, where the
maximal response to PGE, equalled 100%. Values are means
from 4 to 8 tissues. Unlike PGE,, PGF,, and PGI, pro-
duced non-sigmoid concentration-response relationships.

* denotes E,,,, values significantly less than PGE, (P < 0.05,
paired ¢ test).

ND denotes that EMR estimates were not determined for
these partial agonists.

t EC,, value given for BW245C is relative to its maximal
response.

1 Maximal responses for these compounds were not achieved
at the highest concentration tested.
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Figure 6 Concentration-response curves for stimulation of SCC by
prostaglandin E (PGE) analogues in guinea-pig isolated ileal mucosa.
Data are expressed as percentage of the maximal response to PGE, in
individual tissues. Curves are mean, vertical bars represent s.e.mean
from 4 to 8 tissues: (O) PGE,; ((J) misoprostol; (A) AY23626; (A)
16,16 dimethyl PGE,; (@) enprostil and (#l) sulprostone. Mean EC;,
values for PGE, in this series of experiments ranged from 1 to 30nm.

differences (Furchgott, 1972). In the present studies some pros-
tanoids were partial agonists or produced concentration-
response curves whose slopes differed from PGE, and where
this occurred, the compounds could not be used to compare
responses in the two tissues. Nevertheless, in these studies the
different activities of prostanoid agonists in these two tissues
were striking and may be suggestive of a number of prosta-
noid receptor types involved in the control of gastrointestinal
secretion.

Tables 1 and 2 show that the relative potencies of the natu-
rally occurring prostanoids and U-46619 for stimulation of
SCC in gastric and ileal mucosa are different. Comparison of
these with rank orders described for a variety of smooth
muscle preparations and platelets (Kennedy et al., 1982) sug-
gests that the effects of prostanoids on SCC may be mediated
by multiple prostanoid receptor types in both mucosal tissues.

In gastric mucosa, PGE, was the most potent naturally
occurring agonist, suggesting an involvement of EP receptors.
However U-46619 was more potent in gastric muscosa com-
pared with tissues reported to contain a single population of
EP receptors suggesting that TP receptors were also involved
in stimulation of SCC (Bunce & Spraggs, 1987). The TP recep-
tor antagonist AH23848 confirmed an involvement of TP
receptors. AH23848 inhibited SCC responses to U-46619 in
gastric mucosa with a pA, value consistent with that for com-
petitive antagonism of TP receptors (Brittain et al., 1985). In
contrast, a concentration of AH23848 approximately 300
times its dissociation constant for TP receptors (1 uM) did not
modify SCC responses to PGE, further suggesting that EP
receptors also mediated this response. The stimulation of SCC
by PGD, and PGF,, could not be explained by the presence
of DP or FP receptors since the low potencies of the selective
agonists BW245C and fluprostenol excluded an involvement
of DP or FP receptors (Coleman et al., 1985). It is possible
that PGD, and PGF,, stimulate SCC by acting at both EP
and TP receptors. In this context, other studies have suggested
that PGD, (Jones et al., 1982) and PGF,, (Kennedy et al.,
1982) display activity at TP receptors in various tissues. These
results are consistent with the view that prostanoids stimulate

electrogenic chloride secretion in gastric mucosa by actions at
EP and/or TP receptors and this may explain the different
SCC response profiles encountered with agonists (Figure 1).

In ileal mucosa PGD, was more potent than PGE,, a
finding similar to previous observations in this tissue (Baird et
al., 1984). These results differ from reports in vivo where PGD,
(and also PGI,) were weak stimulants of enteropooling in the
rat (Robert et al., 1979b). These prostanoids may have differ-
ent secretory effects across species although PGI, has been
reported to be a potent stimulant of SCC in rat isolated
colonic mucosa (Georg et al., 1984). Since enteropooling in
vivo reflects net electrolyte and fluid balance, the present
studies may not account for additional actions of PGD, and
PGI,, such as effects on intestinal blood flow or elec-
troneutral sodium chloride absorption (Bunce et al., 1986).
BW245C was also a potent stimulant of SCC, suggesting that
stimulation of SCC in ileal mucosa was mediated by DP
receptors (Coleman et al., 1985). In contrast to gastric mucosa,
U-46619 was virtually inactive as both an agonist and an
antagonist in ileal mucosa suggesting that TP receptors were
not involved in this response in vitro. DP receptors are poorly
characterized since tissues that contain them, such as human
platelets, also contain other prostanoid receptor types (e.g. IP
receptors) which mediate the same response (Miller &
Gorman, 1979). However, in ileal mucosa PGE, was more
potent than expected if the responses were mediated solely by
DP receptors. Therefore it is likely that the stimulation of
SCC in ileal mucosa by prostanoid receptor agonists is medi-
ated by DP and/or EP receptors.

Since EP receptors appeared to mediate the stimulation of
SCC by prostanoids in both gastric and ileal mucosa, more
information regarding the EP receptor subtypes that control
the effects was obtained with a range of synthetic PGE ana-
logues. The activities of these compounds in the two mucosal
preparations may be compared in Tables 1 and 2. In gastric
mucosa all of these prostanoids were potent stimulants of
SCC. Some of the agonists (sulprostone, enprostil and 16,16-
dimethyl PGE,) produced biphasic SCC response profiles
similar to U-46619 (Figure 1). However, although sulprostone
produced a similar response profile to U-46619, a high con-
centration of AH23848 (1 uM) did not modify the stimulation
of SCC produced by sulprostone, thus excluding an involve-
ment of TP receptors in this response. In contrast AY23626
and misoprostol produced monophasic increases in SCC
similar to that observed for PGE, (Figure 1). The differential
activities of sulprostone and AY23626 in isolated smooth
muscle preparations have suggested a division of EP receptors
into 3 subtypes (Coleman et al., 1987). In gastric mucosa, the
similar potencies of both sulprostone and AY23626 tended to
exclude an involvement of EP,; receptors. This lack of EP,
receptor activity was confirmed by the lack of effect of the
EP, receptor antagonist AH6809, which at 100 times its disso-
ciation constant for EP, receptors (Coleman et al., 1985) did
not modify SCC responses to sulprostone. In addition, the
rank order of agonist potency of the PGE analogues in gastric
mucosa was not consistent with those observed for prep-
arations reported to contain a single population of either EP,
(Coleman et al., 1988) or EP, receptors including inhibition of
acid secretion in rat isolated gastric mucosa (Reeves et al.,
1988). Recent studies have shown that 16,16-dimethyl PGE,
and enprostil are potent agonists at EP; receptors but weak
at EP, receptors whilst misoprostol is equipotent at both EP,
and EP, receptors (Coleman et al., 1988). The possibility
therefore exists that prostanoid agonists stimulate SCC in
gastric mucosa by interaction with both EP, and EP; recep-
tors.

In addition to stimulation of mucosal blood flow (Pihan et
al., 1986) and mucus secretion (Allen & Garner, 1980) a
prostanoid-stimulated secretion of electrolyte and fluid may
have a role in the protective actions of prostanoids in gastric
mucosa, as suggested previously (Moody & Zalewsky, 1981;
Thomson, 1984). Such a secretion would wash noxious agents
away from the mucosal surface. Indeed the promotion of an
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unstirred water layer at the surface of an epithelium by fluid
secretion results in a reduction in solute absorption
(Thomson, 1984; Pihan & Szabo, 1989) and may therefore
prevent the absorption of substances damaging to gastric
mucosa. In this context prostanoids that stimulate gastric
non-parietal secretion such as 16,16 dimethyl PGE, (Robert et
al., 1979a), enprostil (Rozkowski et al., 1986), misoprostol
(Gana et al., 1989) and U-46619 (Bunce & Clayton, 1987) have
been shown to protect the gastric mucosa from damage.

The relative potencies of PGE analogues in ileal mucosa
differed markedly from their relative potencies in gastric
mucosa (Tables 1 and 2), consistent with the view that differ-
ent EP receptor subtypes control secretion in these two
regions of the gastrointestinal tract. The rank order of agonist
potencies for these prostanoids in ileal mucosa was very
similar to that encountered in cat trachea, a tissue reported to
contain EP, receptors (Coleman et al., 1988) and therefore it
is likely that prostanoid-stimulated SCC in ileal mucosa is
mediated by EP, receptors. It is perhaps not coincidental that
prostanoids displaying potent full agonist activity in ileal
mucosa (PGE,, AY23626 and misoprostol) produced the
same shape of response (monophasic) in gastric mucosa, whilst
those compounds with little activity on ileal mucosa
(sulprostone, enprostil and 16,16 dimethyl PGE,) were bipha-
sic responders in gastric mucosa. These observations support
the contention that SCC in gastric mucosa is controlled by
both EP; and EP, receptors. In view of the high diar-
rheogenic potency of 16,16 dimethyl PGE, and enprostil in
rats in vivo (Robert et al., 1979b; Rozkowski et al., 1986), the
lack of effects of these prostanoids upon SCC in ileal mucosa

References

ALLEN, A. & GARNER, A. (1980). Mucus and bicarbonate secretion in
the stomach and their possible role in mucosal protection. Gut, 21,
249-262.

BAIRD, AW, COOMBS, R.L, MCLAUGHLIN, P. & CUTHBERT, A.W.
(1984). Immediate hypersensitivity reactions to cow’s milk proteins
in isolated epithelium from ileum of milk-drinking guinea-pigs:
Comparisons with colonic epithelium. Int. Arch. Allergy Appl.
Immunol., 75, 255-263.

BRAND, D.L, ROUFAIL, W.M, THOMSON, AB.R. & TAPPER, ElJ.
(1985). Misoprostol. A synthetic PGE, analogue in the treatment
of duodenal ulcers. Dig. Dis. Sci., 30, 147s—158s.

BRITTAIN, R.T, BOUTAL, L., CARTER, M., COLEMAN, R.A,, COLLING-
TON, E.W., GEISOW, H.P, HALLETT, P, HORNBY, E.J., HUMP-
HREY, P.P.A, JACK, D.,, KENNEDY, 1, LUMLEY, P, McCABE, P.J.,
SKIDMORE, L.F., THOMAS, M. & WALLIS, C.J. (1985). AH23848: a
thromboxane receptor-blocking drug that can clarify the path-
ophysiologic role of thromboxane A, . Circulation, 72, 1208-1218.

BUNCE, K.T. & CLAYTON, N.M. (1987). The effects of the stable throm-
boxane A,-mimetic, U46619, on gastric mucosal damage and
gastric non-parietal secretion in the rat. Br. J. Pharmacol., 91,
23-29.

BUNCE, K.T., CLAYTON, N.M. & SHEPPARD, D. (1986). Effects of pros-
taglandins on undidirectional sodium fluxes in the ileum of the
anaesthetised rat. Br. J. Pharmacol., 88, 398P.

BUNCE, K.T. & SPRAGGS, C.F. (1987). Stimulation of chloride secre-
tion by U-46619 in guinea-pig isolated gastric mucosa is mediated
by thromboxane receptors. Br. J. Pharmacol., 91, 319P.

BUNCE, K.T. & SPRAGGS, C.F. (1988). Stimulation of electrogenic chlo-
ride secretion by prostaglandin E, in guinea-pig isolated gastric
mucosa. J. Physiol., 400, 381-394.

CLAYTON, N.M, STABLES, R. & BUNCE, K.T. (1988). Mechanism of
stimulation of colonic secretion by enprostil. Gastroenterol. Int., 1
(Suppl. 1), 373.

COLEMAN, RA, HUMPHREY, P.P.A. & KENNEDY, I. (1985). Prosta-
noid receptors in smooth muscle: further evidence for a proposed
classification. Trends in Autonomic Pharmacology, Vol. 3, pp.
35-49, ed. Kalsner, S. London: Taylor and Francis.

COLEMAN, R.A, KENNEDY, I. & SHELDRICK, R.L.G. (1987). New evi-
dence with selective agonists and antagonists for the sub-
classification of PGE,-sensitive (EP) receptors. Adv. Prostaglandin
Thromboxane and Leukotriene Research, vol. 17, pp. 467-470. ed.

was surprising. This discrepancy may be related to the high
metabolic stability of these analogues in vivo. In addition these
prostanoids potently inhibit electroneutral NaCl absorption
in the rat small intestine (Clayton et al., 1988) and this effect of
16,16 dimethyl PGE, on fluid secretion in the colon may be a
more important determinant of diarrhoea (Sernka et al., 1982).

This classification of prostanoid receptors that mediate elec-
trogenic anion secretion in the stomach and intestine has been
based on the activities of a range of agonists with differing
selectivities for prostanoid receptors. The classification has
been complicated by the presence of multiple receptors con-
trolling secretion in these different regions of the gastro-
intestinal tract. The antagonist activity of AH23848 provided
unequivocal evidence of an involvement of TP receptors in the
stimulation of gastric mucosal electrolyte secretion whilst the
differing relative potencies of prostanoids in these tissues pro-
vided evidence of an involvement of other receptors. The
definitive role of EP and DP receptors in these secretory
responses requires the identification of antagonists with selec-
tivity for these receptor types.

In summary, these studies of prostanoid-stimulated electro-
genic chloride secretion in gastric mucosa suggest that the
control of this secretion is complex. Furthermore comparisons
of the effects of prostanoids in gastric and ileal mucosa
suggest that secretion by these two regions of gastrointestinal
tract may be controlled by different combinations of prosta-
noid receptors. This information may be important in the
development of mucosal protective prostanoids that are free
from side effects, such as diarrhoea.

Samuelsson, B., Paoletti, R. & Ramwell, P.W. New York: Raven
Press.

COLEMAN, RA, HUMPHRAY, J.M,, SHELDRICK, R.L.G. & WHITE, B.P.
(1988). Gastric antisecretory prostanoids: Actions at different
prostanoid receptors. Br. J. Pharmacol., 95, 724P.

FURCHGOTT, R.F. (1972). The classification of adrenoceptors. An
evaluation from the standpoint of receptor theory. In Catechol-
amines, Handbook of Experimental Pharmacology, Vol. 33, pp. 283-
335. ed. Usdin, E. & Snyder, S.H. Oxford: Pergamon Press.

GANA, T.J., MACPHERSON, B.R,, NG, D. & KOO, J. (1989). Ionic fluxes
induced by topical misoprostol in canine gastric mucosa. Can. J.
Physiol. Pharmacol., 67, 353-358.

GEORG, K.J., WANITSCHKE, R. & ROTH, R. (1984). Prostacyclin, a spe-
cific colonic stimulator of active chloride secretion. Gastroenterol.,
86, 1091A.

JONES, R.L., PEESPATI, V. & WILSON, N.H. (1982). Antagonism of the
thromboxane-sensitive contractile systems of rabbit aorta, dog
saphenous vein and guinea-pig trachea. Br. J. Pharmacol., 76, 423
438.

KENNEDY, I, COLEMAN, R.A., HUMPHREY, P.PA, LEVY, GP. &
LUMLEY, P. (1982). Studies on the characterisation of prostanoid
receptors: A proposed classification. Prostaglandins, 24, 667-689.

LAURITSEN, K., LAURSEN, LS, HAVELAND, T., BYTZER, P., SVEND-
SEN, L.B. & RASK-MADSEN, J. (1986). Enprostil and ranitidine in
duodenal ulcer healing: Double blind comparative trial. Br. Med.
J., 292, 864-866.

MAIN, LH.M. & PEARCE, J.B. (1978). A rat isolated gastric mucosal
preparation for studying the pharmacology of gastric secretion
and the synthesis or release of endogenous substances. J. Phar-
macol. Methods, 1, 27-38.

MILLER, O.V. & GORMAN, R.R. (1979). Evidence for distinct prosta-
glandin I, and D, receptors in human platelets. J. Pharmacol.
Exp. Ther., 210, 134-140.

MILLER, T.A, HENAGAN, J.M,, WATKINS, A. & LOY, T.M. (1983). Pros-
taglandin induced bicarbonate secretion in the canine stomach:
Characteristics and evidence for a cholinergic mechanism. J. Surg.
Res., 35, 102-112.

MOODY, F.G. & ZALEWSKY, C.A. (1981). The gastric surface epithelial
cell. In Basic Mechanisms of Gastro-Intestinal Mucosal Cell Injury
and Protection. pp. 373-390. ed. Harmon, J.W. Baltimore: Wil-
liams and Wilkins.



PROSTANOIDS STIMULATE GASTRIC & ILEAL ANION SECRETION 895

MUSCH, M.W,, FIELD, M., MILLER, R.J. & STOFF, J.S. (1987). Homolo-
gous desensitisation to prostaglandins in rabbit ileum. Am. J.
Physiol., 252, G120-G127.

PIHAN, G., MAJZOUBI, D., HAUDENSCHILD, C,, TRIER, J.S. & SZABO,
S. (1986). Early microcirculatory stasis in acute gastric mucosal
injury in the rat and prevention by 16,16 dimethyl PGE, or
sodium thiosulphate. Gastroenterol., 91, 415-426.

PIHAN, G. & SZABO, S. (1989). Protection of gastric mucosa against
hypertonic sodium chloride by 16,16 dimethyl prostaglandin E, of
sodium thiosulphate in the rat: Evidence for decreased mucosal
penetration of damaging agent. Dig. Dis. Sci., 34, 1865-1872.

RACUSEN, L.C. & BINDER, H.J. (1980). Effect of prostaglandin on ion
transport across isolated colonic mucosa. Dig. Dis. Sci., 25, 900-
904.

REEVES, 1.J,, BUNCE, K.T., SHELDRICK, R.L.G. & STABLES, R. (1988).
Evidence for the PGE receptor subtype mediating inhibition of
acid secretion in the rat. Br. J. Pharmacol., 96, 805p.

ROBERT, A., NEZAMIS, J.E., LANCASTER, C. & HANCHAR, A.J. (1979a).
Cytoprotection by prostaglandins in rats: Prevention of gastric
necrosis produced by alcohol, HCl, NaOH, hypertonic NaCl and
thermal injury. Gastroenterol., 77, 433-443.

ROBERT, A, HANCHAR, A.J,, LANCASTER, C. & NEZAMIS, J.E. (1979b).
Prostacyclin inhibits enteropooling and diarrhoea. In Prostacyclin,
pp. 146-158. ed. Vane, J.R. & Bergstram, S. New York: Raven
Press.

ROZKOWSKI, A.P., GARAY, G.L,, BAKER, S, SCHULER, M. & CARTER,
H. (1986). Gastric antisecretory and antiulcer properties of enpros-
til. (+)-, 11,, 15,, -dihydroxy-16-phenoxy-17,18,19,20-tretranor- 9-
oxoprosta-4,5,13(+ )-trienoic acid methyl ester. J. Pharmacol. Exp.
Ther., 239, 382-389.

SERNKA, T.J, ROOD, R.P, MAH, M.Y. & TSEND, C.H. (1982). Anti-
absorptive effects of 16,16 dimethyl PGE, in rat isolated colon.
Prostaglandins, 23, 411-414.

SPRAGGS, C.F. & BUNCE, K.T. (1988). Receptors mediating the stimu-
lation of chloride secretion by mucosal protective prostanoids in
mammalian gastric mucosa. Gastroenterol. Int., 1 (Suppl. 1), 557.

THOMPSON, AB.R. (1984). Unstirred water layers: Possible adaptive
cytoprotective function. In Mechanisms of Mucosal Protection in
Upper Gastrointestinal Tract. pp. 233-240. ed. Allen, A., Flems-
trom, G., Garner, A, Silen, W. & Turnberg, L.A. New York:
Raven Press.

( Received October 4, 1989
Revised July 4, 1990
Accepted August 9, 1990)



