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Endogenous Opiate Receptor Ligand: Electrically

Induced Release in the Guinea Pig Ileum

Abstract. Opiate receptors mediate the electrically evoked inhibition of the myen-
teric plexus—ongitudinal muscle preparation of the guinea pig ileum. The electrically
induced activation of the opiate receptor was produced by a prolonged simulation at
10 hertz and provides the first evidence that an endogenous opiate receptor ligand is
released by nerve stimulation. The specificity of the phenomenon was demonstrated
by the reversal obtained with the narcotic antagonists naloxone, naltrexone, and
GPA 1843; GPA 1847, the ( +)-isomer of 1843, did not cause reversal. The model sys-
tem described should be useful for the study of the storage, synthesis, and release of

endorphins.

Although endorphins (/), which are en-
dogenous opiate-like peptides (2, 3), and
opiate receptors (4, 5) are found in the
central and peripheral nervous systems,
the effects of opiate antagonists de-
scribed so far are surprisingly few and of
small magnitude. It has been reported
that the reaction time to nociceptive stim-
uli can be reduced by the narcotic antago-
nist naloxone (6). These observations
suggest that endorphins may have an in-
hibitory effect on the neuronal pathways
that mediate nociceptive effects. The ef-
fects of narcotic antagonists have not yet
been demonstrated on the electrically in-
duced contractions of the myenteric
plexus—longitudinal muscle preparation
of the guinea pig ileum; however, this tis-
sue is known to be exquisitely sensitive
to opiates (7, 8), to bind stereo-
specifically labeled narcotic agonists and
antagonists ¢, 8), and to contain en-
kephalin (3). The only effect that opiate
28 JANUARY 1977

antagonists have on this preparation has
been described by Waterfield and Kos-
terlitz (9), who have demonstrated that
naloxone produces a small increase in
the output of acetylcholine evoked by
field stimulation.

Since the effects of opiates and ex-
ogenous endorphins on the electrically
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stimulated guinea pig ileum can only be
demonstrated at very low frequencies of
stimulation such as 0.1 to 0.017 hertz
(10), most of the studies on the effects of
naloxone on this system have been car-
ried out at low frequencies. We thought
that the optimal frequency for the release
of endorphins might be higher than 0.1
hertz, and therefore that the peptide re-
lease might not be apparent when the fre-
quency of stimulation is optimized to
demonstrate its opiate-like effects.

In attempts to provide evidence for the
release of endorphins from the guinea pig
ileum, we combined periods of stimula-
tion at different frequencies. Initial ex-
periments demonstrated that a naloxone-
sensitive inhibition of the contractions of
the longitudinal muscle could be elicited
after periods of stimulation at 10 hertz.

The myenteric plexus—longitudinal
muscle strip was prepared as described
by Paton and Zar (/1) and Kosterlitz et
al. (12). Each strip was suspended in a
10-ml organ bath containing Krebs-bi-
carbonate solution at 37°C and gassed
with a mixture of 95 percent O, and S per-
cent CO,; the composition of the Krebs
solution differed from that previously de-
scribed in that it contained 3 x 107°M
choline chloride (13). The isometric con-
tractions of the muscle were registered
with a Grass force transducer (model FT
03C) coupled to a Grass polygraph; the
tension of the strip was maintained at 0.3
g. The tissue was stimulated through two
platinum ring electrodes with supra-
maximal rectangular pulses of 1-msec du-
ration applied at a frequency of 0.1 hertz.
The opiate-like inhibition was elicited by
a S-minute stimulation of the same volt-
age and pulse duration but at a frequency
of 10 hertz. The electronic equipment
used has been described (13).

A marked inhibition of the basal con-
tractions appears after the stimulation at
10 hertz (Fig. 1, top). The degree of inhi-
bition is a function of the duration of the
period of stimulation as well as fre-
quency, voltage, and duration of the puls-

Fig. 1. Inhibitory response (IR) of the myen-
teric plexus—longitudinal muscle preparation
elicited by stimulation at 10 hertz (top) and
reversal by naloxone (bottom). The area of
the recorded contractions generated during 5
minutes by stimulation at 0.1 hertz was mea-
sured before (basal response, BR) and imme-
diately after stimulation at 10 hertz (post-
stimulation response, PSR). The inhibitory
response was calculated by subtracting the
PSR from the BR. Naloxone (Nx), at the
concentration indicated, was added 5 minutes
before the stimulation at 10 hertz in order to
measure the BR in the presence of the drug
(the horizontal calibration is 1 minute per
division).
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es (I4). The electrically induced inhibi-
tion is substantially reversed by a small
concentration of naloxone (Fig. 1, bot-
tom). Naltrexone, also a potent narcotic
antagonist, can also reverse the electri-
cally evoked inhibition. The dose-re-
sponse curves for the reversal produced
by naloxone and naltrexone are shown in
Fig. 2. The EC;, (the concentration re-
quired to produce a 50 percent effect) is
10 nM for naltrexone and 25 nM for nal-
oxone. On this basis, naltrexone is 2.5
times more potent than naloxone; it is
noteworthy that naltrexone is three
times more potent than naloxone in an-
tagonizing normorphine in the same prep-
aration (15).

To rule out the possibility that the an-
tagonism described here might be due to
a nonspecific effect rather than to the in-
teraction of the narcotic antagonists with
the opiate receptor, we tested a pair of
opiate antagonists having a different
structure. These antagonists are the two
optical isomers of N-allyl-3-9-methyl-5-
phenyl-2’'-hydroxy-6,7-benzomorphan;
the (—)-isomer (called GPA 1843) is
about 60 times more potent than the (+)-
isomer (GPA 1847) when tested in the
same preparation against normorphine
(9). We found that GPA 1843 reversed
the electrically induced inhibitory re-
sponse with an EC;, of 1.5 x 107"M
(Fig. 2). In contrast, the (+)-isomer re-
quired high concentrations to produce
any measurable reversal. These high con-
centrations induced nonspecific effects
that precluded our obtaining a reliable
dose-response.

The opiate-like nature of the electrical-
ly evoked inhibition is further supported
by the finding that small concentrations
of morphine (1 X 107%M to 3 X 107%M)
markedly potentiate the inhibition while
dextrorphan is inactive at similar concen-
trations.

The opiate antagonists reversed about
70 to 75 percent of the electrically
evoked inhibition of the myenteric plex-
us—longitudinal muscle preparation. This
is remarkably high considering that this
preparation contains adrenergic (/6) and
purinergic (/7) inhibitory nerves that
most likely contribute to the observed in-
hibition.

The following characteristics of the
electrically evoked inhibition demon-
strate that it is due to the activation of
the guinea pig ileum myenteric plexus op-
iate receptors.

1) The inhibition is reversed by the po-
tent narcotic antagonists naloxone and
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naltrexone, each at an EC;, that is well
within the concentration at which these
drugs are known to exert their specific ef-
fects.

2) The reversal is independent of the
general structure of the antagonists: nal-
oxone and naltrexone are oxymorphone
derivatives while the GPA compounds
are benzomorphan derivatives.

3) The reversal is stereospecific as
demonstrated by the higher potency of
GPA 1843, the (—)-isomer, when com-
pared to GPA 1847, the (+)-isomer.

4) The order of potency of the antago-
nists tested (naltrexone > naloxone >
GPA 1843 > GPA 1847) on the reversal
of the electrically produced inhibition is
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Fig. 2. Dose-response curves of the reversal
of the opiate-like inhibition of the myenteric
plexus—longitudinal muscle preparation. The
percent reversal (ordinate) was determined as
follows. The area of the recorded con-
tractions, generated during 5 minutes by stim-
ulation at 0.1 hertz, was measured before
(basal response, BR) and immediately after
stimulation at 10 hertz (poststimulation re-
sponse, PSR). The percent inhibitory re-
sponse (IR) was calculated as (BR — PSR/
BR) x 100. The antagonism of the inhibitory
response, represented as the percentage re-
versal, was calculated as follows:

%IR, — %IR,

% reversal %IR. X 100
where IR, is the inhibitory response of the
control and IR, is the inhibitory response in
the presence of the drug. The abscissa is the
negative logarithm of the drug concentration
(M). Drugs were added 5 minutes before the
stimulation at 10 hertz in 30 or 40 ul of water.
The preparation was washed four to six times
during the 45-minute rest period that follow-
ed each determination; Ntx, naltrexone
(squares); Nx, naloxone (triangles); GPA 1843
(closed circles); and GPA 1847 (open circles).
The dose-response curves are the average of
at least three complete sets of determinations.
The dose-response for GPA 1843 was ob-
tained with three points that bracket the ECy,
because the long duration of action of this
antagonist (/5) limits the number of points
obtainable from a single strip. The GPA 1847
experiment was repeated four times but most
points had to be discarded due to nonspecific
drug effects.

the same as the order of potency of the
same compounds to reverse the inhib-
itory effects of opiates on the same prepa-
ration.

The activation of the opiate receptors
of the myenteric plexus elicited by elec-
trical stimulation suggests that the phe-
nomenon described is due to the release
of endorphins. The model system de-
scribed will be very useful for studying
the synthesis of endorphins and the
mechanisms of its release by nerve stimu-
lation as well as the effects of drugs that
might affect these processes.

MARGARITA M. PuiG, PEDRO GASCON

GALE L. Craviso
José M. MusAccHIO
Department of Pharmacology,
New York University Medical Center,
New York 10016
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