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THE EFFECT OF INDOMETHACIN ON
THE RELEASE OF PROSTAGLANDIN E2 AND
ACETYLCHOLINE FROM GUINEA-PIG ISOLATED
ILEUM AT REST AND DURING FIELD STIMULATION
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I Guinea-pig ileum suspended in Krebs solution showed a continuous increase of tone which
was lost by changing the bath fluid. Prostaglandin E2 was released from the ileum during
incubation, and its concentration in the bath fluid appeared to correlate with the increase in
tone.
2 Supramaximal field stimulation (10 Hz) resulted in increased release of prostaglandin E2
from the ileum. At lower rates of stimulation, the increase in the release of E2 compared with
the resting output was not significant.
3 Indomethacin (1 and 10 ,g/ml) produced a significant, dose-related reduction of the
amount of prostaglandin E2 measured in the bath fluid at rest and with field stimulation.
Indomethacin inhibited the contraction of the ileum during incubation in Krebs solution.
4 Indomethacin (10 and 20,ug/ml) had no significant effect on the release of acetylcholine
during field stimulation, but reduced the resting output of acetylcholine-from guinea-pig ileum
in some experiments.
5 The results are discussed in the context of the role ascribed to prostaglandins as
physiological modulators in transmitter release. No evidence for a prostaglandin-mediated
negative feedback mechanism on acetylcholine release was obtained.

Introduction

Of the many effects of the prostaglandins
(Bergstrom, Carlson & Weeks, 1968; Ramwell &
Shaw, 1970; Horton, 1972), interest has recently
been focused on the role of this class of
compounds in the autonomic nervous system.
Thus, according to Davies, Horton & Withrington
(1968) and Gilmore, Vane and Wyllie (1968),
stimulation of the splenic sympathetic nerves in
the dog and in the cat causes a release of
prostaglandins E2 and F2a: from the spleen.
Administration of prostaglandins E1 and E2
inhibits the release of noradrenaline induced by
sympathetic nerve stimulation in isolated cat
spleen (Hedqvist & Brundin, 1969; Hedqvist,
1970), inhibits the effects of sympathetic
stimulation in rabbit heart by reducing the release
of the transmitter noradrenaline from the
adrenergic nerve endings (Hedqvist, Stjirne &
Wennmalm, 1970; Wennmalm & Hedqvist, 1970;
Hedqvist & Wennmalm, 1971; Wennmalm, 1971;
Wennmalm and Stjarne, 1971), and interferes with
effector response to sympathetic nerve stimulation

in the vas deferens of guinea-pigs (Ambache & Zar,
1970; von Euler & Hedqvist, 1969). This type of
effect has not been found with prostaglandin F20a
on dog spleen (Davies & Withrington, 1971) and
rabbit heart (Hedqvist & Wennmalm, 1971). The
finding that prostaglandins of the E series inhibit
the release of noradrenaline led to the hypothesis
that prostaglandins act as inhibitors (physiological
modulators) in a feed-back system which regulates
the release of noradrenaline caused by nerve
stimulation. The observation that the inhibition of
prostaglandin synthesis results in an increased
release of noradrenaline is further evidence for the
participation of prostaglandins in an endogenous
control mechanism (Samuelsson & Wennmalm,
1971;Wennmalm, 1971).

The results of Wennmalm & Hedqvist (1971)
indicate that prostaglandin E1 inhibits the
chronotropic response to stimulation of the vagal
cardiac nerves in rabbits. As a result of these
findings it is postulated that exogenous prosta-
glandin E1 has an inhibitory effect on the release
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of cholinergic transmitter in the same way as it
does in the sympathetic nervous system, although
there is no direct evidence for this at present. We
therefore felt it would be interesting to examine
the effects of an inhibitor of prostaglandin
synthesis on release of acetylcholine (ACh) from
parasympathetic nerves, in the field 'stimulated
guinea-pig isolated ileum preparation.

Methods

Guinea-pig isolated ileum

Male guinea-pigs weighing from 370 to 850 g
(mean weight 570 g) were killed by a blow on the
neck. The ileum pieces were placed in 5 and 8 ml
organ baths containing Krebs solution gassed with
95% 02, 5% CO2 mixture. The composition of the
Krebs solution was as follows (g/litre distilled
water): NaCl, 7.0; NaHCO3, 2. 1; glucose, 2.0; KCI,
0.35; MgSO4 7H20, 0.14; KH2PO4, 0.16;
CaCl2 * 2H20, 0.289. For the tests to determine
ACh release, the Krebs solution contained
physostigmine sulphate 2 Mg/ml (Paton & Zar,
1968; Paton & Vizi, 1969). In some experiments,
the Krebs solution contained indomethacin
(1-20 pg/ml). The bath temperature was 370 C.
Movements of the ileum were recorded with a
frontal recorder on a smoked kymograph (magnifi-
cation 1: 7, load 1.5 g). Before beginning the test,
the ileum was left in the bath for 1 to 1.5 h to
reach equilibrium, during which time the bath
fluid was repeatedly changed. The period allowed
for accumulation of prostaglandin or ACh was
usually 15 minutes. In some tests, the rest period
was shortened to 10 min or increased to a
maximum of 120 min, and the duration of the
stimulation period was shortened to 10 min or
prolonged to 20 minutes. After the appropriate
times, the bath contents were withdrawn with a
syringe and tested for prostaglandin-like activity
and ACh. Field stimulation was applied with
rectangular impulses of 0.7 ms duration, fre-
quencies from 0.2 to 10 Hz at supramaximal
voltage.

Prostaglandin determination

The bath samples from guinea-pig isolated ileum
were tested for prostaglandin-like activity by the
method described by Gilmore et al. (1968) and
Vane (1971, 1972) in a superfusion test on rat
stomach strip and rat colon. To increase the
specificity of the method, as recommended by
Gilmore et al. (1968), the Krebs solution
contained hyoscine, mepyramine and methy-
sergide (0.1 ,g/ml in each case). The contractions
of the rat stomach strip and rat colon were

recorded with frontal recorders on a smoked
kymograph (magnification 1: 16 and load 4 g for
rat stomach strip; magnification 1: 18 and load
2 g for rat colon) or recorded on a Devices
pen-recorder.

Prostaglandin activity was assayed by com-
parison of its effects with those of known standard
doses of prostaglandin E2. Where no prostaglandin
activity could be detected (as sometimes occurred
in the presence of indomethacin), the content was
recorded as equivalent to the smallest amount of
prostaglandin E2 that could be detected by the
assay.

In some experiments, the bath fluid surround-
ing the guinea-pig small intestine was collected at
15 min intervals and pooled (total volume up to
100 ml). This was adjusted to pH 3.5 with 1 M
hydrochloric acid and extracted twice with an
equal volume of ethyl acetate (Gilmore et al.,
1968). The ethyl acetate phase was evaporated to
dryness under reduced pressure at 500 C and the
residue taken up in 1 ml Krebs solution. Thin-layer
chromatography was carried out by the method
described by Willis (1970). The extracted test
solution and the prostaglandin F2a, E1 and E2
reference solutions were applied to the left and
right halves of the plates, in each case with the
same arrangement. Only the spots on one half of
the plate were visualized. The layer of silica gel on
the other half of the plate was divided up into
various zones, from which the silica gel layers were
carefully removed, shaken in 1 ml Krebs solution
and centrifuged for 5 minutes. The supernatant
solutions were then tested for prostaglandin-like
activity on the rat stomach strip and rat colon.

Acetylcholine determination

ACh was determined by the method described by
Paton & Zar (1968) and Paton & Vizi (1969) on
guinea-pig isolated ileum. The organ bath con-
tained Krebs solution with morphine sulphate
(10 ,ug/ml) (Paton, 1957) and physostigmine
sulphate (5 ng/ml) and was aerated with 5% CO2
and 95% 02. To increase the specificity,
methysergide (0.1 Mg/ml) was added to the fluid.
The contractions were recorded on the smoked
kymograph with a frontal recorder (magnification

7:7to 1: 14, load 1.5 g). A small volume (0.1 to
0.4 ml) of the bath fluid was added to the organ
bath for determination of ACh and the con-
tractions were compared with those produced by
known doses of ACh.

Results

After only a few minutes incubation in Krebs
solution, the guinea-pig ileum showed a definite
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Fig. 1 The correlation between increase of tone in guinea-pig ileum and the release of prostaglandin E2
(PGE2 ), the effect of indomethacin, 1 and 10 pg/mI is also shown. The ileum was allowed to rest for periods of
45 to 75 min. Columns represent amount of prostaglandin E2. IND = indomethacin.

and continuous increase in tone. On changing the
bath fluid, the tone of the ileum returned to that
recorded at the beginning of the rest period
(Figure 1).

Bath fluid, sampled after each rest period,
exhibited prostaglandin-like activity on the rat
stomach strip. It had no effect on the rat colon.
The properties of the substance released coincided
with those of prostaglandin E2 on thin-layer
chromatography and with those of standard
prostaglandin E2 on rat stomach strip and rat
colon.

The average rate of prostaglandin E2 release
was 0.6 ± 0.1 ng gl min-' (27 samples from 12
experiments). Release of prostaglandin E2
paralleled the contraction of the guinea-pig ileum
during rest periods (Figure 1).

The effects of 1 and 10 Mg/ml indomethacin on
tone and prostaglandin E2 release in guinea-pig
ileum was studied in six experiments. Figure 1

shows two representative recordings from guinea-
pig small intestine which had been treated with 1

and 10 Mg/ml indomethacin. Indomethacin
1 ,ug/ml abolished almost completely the increase
of tone in the tissue; the ileum contracted just
before the end of the period of contact with
indomethacin. Indomethacin 10 Mg/ml completely
abolished the increase of tone in the tissue, and
spontaneous activity of the ileum, which is

sometimes observed in the resting period, was
reduced or completely suppressed. Whilst the
tissue was in contact with indomethacin, there was
a reduction in the amount of prostaglandin E2 in
the bath fluid and, in a number of tests, the
reduction was to levels below the measurable limit.
After washing out the indomethacin, the con-
traction of the ileum was invariably greater and
even more prostaglandin E2 was released than in
the pre-indomethacin resting phase (Figure 1). The
results of all the experiments are summarized in
Figure 2.

Field stimulation

Supramaximal field stimulation increased release
of prostaglandin E2 from guinea-pig ileum, the
amount released depending on the stimulus
frequency (Figure 2). The amount of prosta-
glandin found after stimulation at 0.2 Hz was no

greater than with unstimulated tissue; with 1 Hz,
the small increase in prostaglandin concentration
was not statistically significant. A stimulus
frequency of 10 Hz was required to produce a
significant (P = 0.025) increase of prostaglandin
release compared with the resting output.

There was a difference between contractions
produced at different stimulus frequencies. With
frequencies below 1 Hz, 'spike' contractions were
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ng g- 1 min- 1, see Figure 2). Unlike the situation
in the absence of physostigmine, the release of
prostaglandin E2 with field stimulation (10 Hz)
was not significantly higher than the resting
output (see Figure 2). Also, in contrast to the
response of the ileum which was not treated with
physostigmine, addition of indomethacin (1, 5 and
10 g/ml) produced only partial, or no relaxation
of the organ although the amount of prostaglandin
E2 measured in the bath fluid was significantly
reduced by 10,ug/ml indomethacin at rest and
stimulation (Figure 3).

The effect of indomethacin on the release of
acetylcholine at rest and during field stimulation

Fig. 2 The action of indomethacin on output of
prostaglandin E2 (PGE2 ) from normal and
physostigmine-treated guinea-pig isolated ileum at rest
and during field stimulation. Hz - stimulus frequency;
diagonally hatched bars - indomethacin 1 jg/ml; solid
bars - indomethacin 10 jig/ml. Standard error indi-
cated by the vertical line. * Significant at P = 0.05 or
less.

produced, whereas frequencies of 1 and 10 Hz
produced a rapid contraction which then fell to
about 50% of the initial height and the muscle
remained at that degree of shortening throughout
the stimulation period. The size and pattern of the
contractions were the same at 1 and 10 Hz,
indicating that maximal responses were produced
with the lower frequency. Even so we were able to
demonstrate a definite increase of prostaglandin
release only at 10 Hz.

The release of prostaglandin E2 elicited by field
stimulation with 10 Hz was reduced to below
measureable limits by indomethacin (10 ,g/ml)
(Figure 2).

In two experiments, the effect of indomethacin
(10 Mg/ml) on the contractions produced by
0.2 Hz field stimulation, and on the contraction to
exogenous ACh, was examined. Apart from
causing a small, transient reduction of the effect of
field stimulation and of the action of ACh,
indomethacin did not cause any change in the two
responses.

Preparations containing physostigmine

The physostigmine-treated guinea-pig ileum is in a

state of permanent contraction. It is therefore
impossible to make the comparison between tone
and prostaglandin release which was described
in the absence of physostigmine. In these
experiments, there was a greater release of prosta-
glandin E2 than in the absence of physo-
stigmine (1.54 ± 0.2 compared with 0.6 ± 0.1

The output of ACh from guinea-pig ileum at rest
varied in different experiments from 18 to
72 ng g- 1 min-'. Indomethacin (10 or 20 ,g/ml)
always caused a slight reduction in this output,
although in only two experiments was this
significant (Figure 3). Field stimulation increased
the output of ACh, the greatest output (per pulse)
being observed at low frequencies of stimulation.
Indomethacin (10 or 20 jig/ml) was without
significant effect on release of ACh in response to
field stimulation although in all but one case a
small reduction was observed (Figure 3). The
diluent used for the indomethacin also had no
influence on the release of ACh during nerve
stimulation (Figure 3).

The spasmogenic activity in the fluid of the
organ bath was detected and assayed on the
guinea-pig isolated ileum treated with physo-
stigmine (in the presence of morphine, 10 g/ml)
and was blocked by hyoscine (1 ng/ml). The
aqueous residues remaining after acidification and
extraction with ethyl-acetate appeared to contain
concentrations of ACh equal to non-extracted
samples, indicating that the prostaglandin content
did not interfere with the assay of ACh.

Discussion

Our experiments have shown that, when incubated
in Krebs solution, the guinea-pig ileum develops
tone and that prostaglandin E2 is released. It is
probable that the release of prostaglandin is
directly responsible for the increase of tone in the
tissue, since this was prevented by inhibition of
prostaglandin synthesis induced by indomethacin
(Vane, 1971, 1972). Thus, our results obtained
with guinea-pig ileum agree with those of Ferreira,
Herman & Vane (1972), and Davison, Ramwell &
Willis (1972) who found that prostaglandins
maintain the muscular tone in rabbit jejunum and
guinea-pig ileum respectively. Nfter the inhibitory

ll-L;zvan--
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Fig. 3 The effect of indomethacin on output of acetylcholine (ACh) from guinea-pig isolated ileum (a) during
field stimulation and (b) at rest. (Diagonal hatching - indomethacin 10;4g/ml; crossed diagonal hatching -
indomethacin 20 ,ug/ml; solid column - in presence of diluent for indomethacin). P = probability level (t-test).

action of indomethacin had declined, we found
that the ileum had a higher tone than before
indomethacin administration, and this was
possibly related to the observed increase in release
of prostaglandin E2-

Field stimulation with high frequencies pro-
duced a measurable increase in release of
prostaglandin E2 in the ileum which was not
treated with physostigmine. The fact that
frequencies of 1 and 10 Hz elicit practically the
same level of contraction of the effector organ,
but that larger quantities of prostaglandin E2 are
found only with a stimulus frequency of 10 Hz,
suggests that prostaglandin E2 is released primarily
as a result of nerve stimulation at that frequency
and is not extruded from the intestine by the
mechanical effect of the contraction of smooth
muscle. It is at a field stimulation frequency of
10 Hz that noradrenaline is released from guinea-
pig isolated ileum (Hughes, personal communica-
tion). Thus, it is possible that it is catecholamines
which are primarily responsible for release of
prostaglandin in this preparation. On the other
hand, the elevated resting output of prostaglandin
E2 in the organ treated with physostigmine
compared with the resting output of untreated
ileum may be due to the extremely powerful
physostigmine-induced contraction of the ileum.
In these preparations, the stimulus frequency of
10 Hz did not induce a significant increase of

prostaglandin E2, suggesting that, in the presence
of physostigmine, synthesis was occurring at a rate
too fast to be further increased by stimulation.

The experiments were not designed to establish
the source of the prostaglandin E2. Further
experiments are planned to elucidate this using the
longitudinal muscle strip preparation described by
Paton & Vizi (1969).

Prostaglandins are ascribed the role of modula-
tors in the release of transmitter in the adrenergic
nervous system (Samuelsson & Wennmalm, 1971;
Wennmalm, 1971). It has been suggested that
there may be a similar feed-back mechanism for
the parasympathetic nervous system (Wennmalm
& Hedqvist, 1971). If this type of feed-back
mechanism actually existed in the parasympathetic
nervous system, we might expect to find an

increase in ACh release in our guinea-pig isolated
ileum preparation when it is treated with
indomethacin, because this would abolish any
inhibitory action of prostaglandin. Indomethacin
indeed caused a marked reduction of prostaglandin
E2 release but, in spite of this pronounced
inhibition of synthesis, the ACh content was

unchanged, or slightly reduced at rest and during
field stimulation at various frequencies. An
alternative, to the use of indomethacin to inhibit
the synthesis of prostaglandins in this investiga-
tion, would have been to have measured ACh
release in the presence of high concentrations of

a
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exogenous prostaglandin E2. However, this would
carry the assumption that it is prostaglandin E2
that is solely involved in any feedback mechanism,
whereas it may be another prostaglandin not
detected by the standard bioassay methods, or
even two or more prostaglandins acting in
combination. For these reasons inhibition of
synthesis of endogenous prostaglandin was pre-
ferred.

Thus, we did not find any evidence of a
prost aglandin-mediated negative feedback
mechanism affecting ACh release with the test
preparation and method we used. However, it
should be pointed out that, even with the high

dose of 20 gg/ml indomethacin, the synthesis of
prostaglandin E2 might not have been completely
abolished, the measurements being circumscribed
by the limits of sensitivity of the methods used. It
is possible therefore that prostaglandin synthesis
was maintained at a certain minimal level and it
may be that only a very small quantity of
endogenous prostaglandin would be necessary to
inhibit maximally the release of ACh at rest and
with field stimulation.

The authors are indebted to Dr J. Pike of Upjohn for a
gift of prostaglandins and to Mrs S. Monteith for technical
assistance.

References

AMBACHE, N. & ABOO ZAR, M. (1970). An inhibitory
effect of prostaglandin E2 on neuromuscular trans-
mission in the guinea-pigs vas deferens. J. Physiol.
(Lond.), 208, 30-32P.

BERGSTROM, S., CARLSON, L.A. & WEEKS, J.R.
(1968). The prostaglandins: a family of biologically
active lipids. Pharmac. Rev., 20, 148.

DAVIES, B.N., HORTON, E.W. & WITHRINGTON, P.G.
(1968). The occurrence of prostaglandin E2 in splenic
venous blood of the dog following splenic nerve
stimulation. Br. J. Pharmac. Chemother., 32, 127-135.

DAVIES, B.N. & WITHRINGTON, P.G. (1971). Actions
of prostaglandin F2 a on the splenic vascular and
capsular smooth muscle in the dog. Br. J. Pharmac.,
41, 1-7.

DAVISON, P., RAMWELL, P.W. & WILLIS, A.L. (1972).
Inhibition of intestinal tone and prostaglandin
synthesis by 5, 8, 11, 14 tetraynoic acid. Br. J.
Pharmac., 46, 547-548P.

EULER, U.S. VON & HEDQVIST, P. (1969). Inhibitory
action of prostaglandins E, and E2 on the
neuromuscular transmission in the guinea-pig vas
deferens. Acta physiol. scand., 77, 510-512.

FERREIRA, S.H., HERMAN, A. & VANE, J.R. (1972).
Prostaglandin generation maintains the smooth muscle
tone of the rabbit isolated jejunum. Br. J. Pharmac.,
44, 328-330P.

GILMORE, N., VANE, J.R. & WYLLIE, J.H. (1968).
Prostaglandins released by the spleen. Nature (Lond.),
218, 1135-1 140.

HEDQVIST, P. (1970). Control by prostaglandin E2 of
sympathetic neurotransmission in the spleen. Life Sci.,
9, 269-278.

HEDQVIST, P. & BRUNDIN, J. (1969). Inhibition by
prostaglandin E, of noradrenaline release and of
effector response to nerve stimulation in the cat
spleen. Life Sci., 8, 389-395.

HEDQVIST, P., STJARNE, L. & WENNMALM, A.
(1970). Inhibition by prostaglandin E2 of sympathetic
neurotransmission in the rabbit heart. Acta physiol.
scand., 79, 139-141.

HEDQVIST, P. & WENNMALM, A. (1971). Comparison
of the effects of prostaglandin EI, E2 -and F2 a on the
sympathetically stimulated rabbit heart. Acta physiol.
scand, 83, 156-162.

HORTON, E.W. (1972). Prostaglandins. In: Monographs
on Endocrinology, Vol. 7, pp. 1-197. Berlin, Heidel-
berg, New York: Springer-Verlag.

PATON, W.D.M. (1957). The action of morphine and
related substances on contraction and on acetylcholine
output of coaxially stimulated guinea-pig ileum. Br. J.
Pharmac. Chemother., 12, 119-127.

PATON, W.D.M. & ABOO ZAR, M. (1968). The origin of
acetylcholine released from guinea-pig intestine and
longitudinal muscle strips. J. Physiol. (Lond.), 194,
13-33.

PATON, W.D.M. & VIZI, E.S. (1969). The inhibitory
action of noradrenaline and adrenaline on acetyl-
choline output by guinea-pig ileum longitudinal
muscle strip. Br. J. Pharmac., 35, 10-28.

RAMWELL, P.W. & SHAW, J.E. (1970). Biological
significance of the prostaglandins. In: Recent Progress
in HormoneResearch, 26, 139-187.

SAMUELSSON, B. & WENNMALM, A. (1971). Increased
nerve stimulation induced release of noradrenaline
from the rabbit heart after inhibition of prostaglandin
synthesis. Acta physiol. scand., 83, 163-168.

VANE, J.R. (1971). Inhibition of prostaglandin synthesis
as a mechanism of action for aspirin-like drugs.
Nature, New. Biol., 231, 232-235.

VANE, J.R. (1972). Prostaglandins and the aspirin-like
drugs. Hospital practice, March, 61-71.

WENNMALM, A. & STJARNE, L. (1971). Inhibition of
the release of adregergic transmitter by a fatty acid in
the perfusate from sympathetically stimulated rabbit
heart. Life Sc., 10,471479.

WENNMALM, A. (1971). Studies on mechanisms
controlling the secretion of neurotransmitters in the
rabbit heart. Acta physiol. scand., Supplementum 365,
1-36.

WENNMALM, A. & HEDQVIST, P. (1971). Inhibition by
prostaglandin El of parasympathetic neurotrans-
mission in the rabbit heart. Life Sci., 10,465470.

WILLIS, A.L. (1970). Simplified thin-layer chromato-
graphy of prostaglandins in biological extracts. Br. J.
Pharmac., 40, 583-584P.

(Received June 6, 1973)


