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Characterization of the opiate receptor population
mediating inhibition of VIP-induced secretion from the
small intestine of the rat

Ian M. Coupar

School of Pharmacology, Victorian College of Pharmacy, 381 Royal Parade, Parkville, Victoria 3052, Australia

1 Net water transport was measured from the jejunum of anaesthetized rats by a re-circulation
technique.

2 Several narcotic analgesics were administered intravenously and assessed for activity in reversing
net fluid secretion induced by intra-arterial infusion of vasoactive intestinal peptide (VIP).

3 The p-opiate agonists, morphine, RX 783006 and FK 33-824 produced full reversal of the
secretory phase of the VIP response, but failed to restore totally fluid transport to the control level of
net absorption.

4 The x-agonist, ethylketocyclazocine, caused only partial reversal of VIP-induced secretion while
the more selective k-agonist, MR 2034, produced a small though non-significant antisecretory effect
at high doses. The 5-agonist, D-Ala2-D-Leu’-enkephalin also had negligible antisecretory activity.
5§ Naloxone caused a parallel displacement to the right of the antisecretory dose-response line to
morphine. The ‘in vivo pA;’ value of naloxone was 7.14.

6 The results are compared with previously published antinociceptive activities of the opiate
agonists and in vivo pA; values of naloxone. It is concluded that stimulation of p-opiate receptors

mediates inhibition of VIP-induced fluid secretion from the rat jejunal mucosa.

Introduction

Morphine inhibits small intestinal fluid secretion
stimulated by cholera enterotoxin, prostaglandin E;
(PGE,), vasoactive intestinal peptide (VIP) and car-
bachol. The antisecretory effect of morphine is inhi-
bited by naloxone in the instances where PGE;, VIP
and carbachol have been used as secretagogues.
Furthermore, the antisecretory mechanism displays
stereospecificity since it is activated by levorphanol
but not dextrorphan (Valiulis & Long, 1973; Coupar,
1978; Beubler & Lembeck, 1979; Lee & Coupar,
1980a). As a consequence of these findings it has
been proposed that the antidiarrhoeal effect of mor-
phine is better explained by its ability to decrease
secretion by acting on opiate receptors than by in-
hibiting the propulsive ability of the gut (Coupar,
1978; Beubler & Lembeck, 1979). Studies with
newer antidiarrhoeal drugs such as loperamide, sug-
gest that they also exert antisecretory activity on the
intestinal mucosa by activating opiate receptors
(Piercey & Ruwart, 1979; Sandhu, Tripp, Candy &
Harries, 1981). However, it is now apparent that
opiate receptors exist in multiple form peripherally as

well as centrally. Although several subpopulations
have been identified, the most significant are consi-
dered to be p-, - and k-opiate receptors at which
morphine, D-Ala2-D-Leu’-enkephalin and ethyl-
ketocyclazocine are examples of prototype agonists
respectively (see Wood, 1982 for review). The exper-
iments described in this paper were undertaken in an
attempt to define the opiate receptor population
mediating inhibition of VIP-induced secretion from
the rat jejunum. Such knowledge should help in
predicting the effect of narcotic analgesics on the
intestine and in developing selective antidiarrhoeal
drugs.

Methods

Male and female hooded Wistar rats (220-300g)
were deprived of food overnight but were given free
access to drinking water. The animals were anaes-
thetized with pentobarbitone (60 mgkg™!, s.c.) and
cannulae (PE 10) were introduced into the left com-
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mon carotid artery for infusion of VIP and into the
left external jugular vein for administration of the
drugs under study.

A re-circulation technique was used to measure
the net amount of water transported by the jejunum
(20-30cm) as has been described previously in de-
tail (Coupar, 1978). Briefly, this involves using an
isosmotic solution containing (gl~!): NaCl8.57,
KCl10.37, dextrose 1.0 and phenolsulphonphthalein
0.02 as a non-absorbable marker of water transport.
This solution, at 37°C, is re-circulated through the
lumen of the jejunum by gas lift, using moistened
CO; (5%) in O, for a period of 20 min.

Drugs under investigation were injected intraven-
ously (i.v.) 10 min before starting the perfusion of the
jejunum. Secretion was initiated 5 min before perfus-
ing the jejunum by an intra-arterial (i.a.) infusion of
VIP at 2.4 X 1079 mol min~! and maintained for the
duration of the 20 min perfusion. This infusion rate
induces near maximal secretion (Lee & Coupar,
1980a).

In the experiments to determine the effect of
naloxone on the antisecretory effect of morphine,
both drugs were administered i.v. in the same solu-
tion 10 min before recirculating the luminal perfusing
solution. Therefore, all drugs under study were in-
jected 20 min before the mid-point of luminal perfu-
sion. Some animals were respired artificially with an
air pump at arate of 53 strokes min~! and a volume of
1 ml 100 g~! body weight.

Results are expressed as the net amount of water
absorbed (+) or secreted (—) per g wet weight of
intestinal tissue in the 20 min perfusion.

Drugs

D-Ala2-D-Leu’-enkephalin (Bachem), ethylketocy-
clazocine methanesulphonate (Sterling-Winthrop),
FK 33-824  (D-Ala?-MePhe*-Met’(0)-ol-enkeph-
alin, Sandoz), morphine hydrochloride (Mac-
farlane Smith), MR2034 ((-)-(IR, 5R, O9R,
2"8)-5,9-dimethyl-2’-hydroxy-2-tetrahydrofurfuryl-
6, 7-benzomorphan)-tartrate, Boehringer In-
gelheim), naloxone hydrochloride (Endo), pheno-
barbitone (Nembutal, Abbott), RX 783006 (Tyr-
D-Ala-Gly-MePheNH(CH,), OH, Cambridge Re-
search Biochemicals) and VIP (vasoactive intestinal
peptide, Karolinska Institute). All drugs for i.v. ad-
ministration were dissolved in saline (0.9% w/v NaCl
solution) and injected in volumes of 0.1ml/100g
with the exception of 170 mgkg~! of morphine plus
naloxone which was administered in a volume of
0.2ml 100 g~ ! body weight. The doses of drugs avail-
able as salts are expressed in terms of the amount of
free base. VIP was dissolved in saline to give the

required infusion rate, using a volume rate of
0.04 mImin~!.

Statistics

The differences between individual means and con-
trol were assessed for significance by Dunnett’s ¢ test.
EDso values and slopes of log dose-response lines
were calculated by linear regression analysis. A Col-
umbia Microcomputer, programmed for ‘Phar-
macologic calculations’ (Tallarida & Murray, 1981)
was used to compare the slopes of regression lines
and to calculate the ‘in vivo pA;’. Differences were
considered significant when the value of P was smal-
ler than 0.05.
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Figure1l Antisecretory effectsin (a) of FK 33-824 (O),
morphine (O3), RX 783006 (A) and in (b) of ethyl-
ketocyclazocine (O), MR 2034 (O) and b-Ala?-p-Leu’-
enkephalin (A). The lower line is the control value of
secretion induced by i.a. infusion of VIP at 2.4 x 10~ 10
molmin~!. FK 33-824 at 16 mgkg ™! did not cause a
greater restoration of water transport than at 4mgkg™
(see Results). In (b) the only mean of the 3 drugs tested
that differs significantly from the control value of secre-
tion is the highest dose of ethylketocyclazocine
(0.6 mgkg™!, P<0.05, Dunnett’s rtest, 12 groups in-
cluding VIP control). Points are means with s.e.means
(n=25).
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Table1 Antisecretory and previously published analgesic activities

Antisecretory activity Analgesic EDs

EDsgo 95% CL Heat Pressure
RX 783006 2.61 0.86 —6.87 2.9*
FK 33-824 0.61 0.13-2.64 0.4** (mice) 0.9**
Morphine 1.90 0.14-21.3 1.65*
Ethylketocyclazocine 0.35 0.04-6.69 1.4%* 0.14*%**
D-Ala2-p-Leu’-Enkephalin —
MR 2034 — Inactive*** 0.07***

Compounds are listed in decreasing order of slopes. Brackets indicate that the slopes are not significantly different.
All analgesic values were estimated in rats unless specified in the table. EDs values are in mg kg ~!.

* Tail flick test, measurement 15 min after i.v. administration (Handa, Lane, Lord, Morgan, Rance & Smith, 1981).
**Paw pressure test, measurement 30 min after s.c. injection. Mice were injected i.v. and tested using the tail flick
30 min later (Roemer, Buescher, Hill, Pless, Bauer, Cardinaux, Closse, Hauser & Huguenin, 1977).

*** Tail flick and paw pressure tests 30 min after s.c. injection (Tyers, 1980).

Results
Narcotic analgesics

The value of net water absorption in control animals
injected i.v. and infused i.a. with saline, was
21627 plg™! (n=15) in 20 min. This was reversed
to a large net secretion of 396 +£24ulg=! (n=>5) in
20min by an i.a. infusion of VIP at 2.4 x 10710
molmin~.

Figure 1a and b shows that all narcotic analgesics
displayed some degree of reversal of VIP-induced
secretion. The most effective antisecretory com-
pounds were morphine and the two peptides
RX 783006 and FK 33-824. The maximal effects of
these drugs extended to complete block of secretion
but they failed to restore net absorption to the control
value. The possibility that a higher dose than shown
in Figure 1a might cause full reversal of water trans-
port was tested using the most potent member of this
group, FK 33-824. Whereas 4 mgkg~! of FK 33-824
induced a net absorption of 6.4+37ulg=! (n=5) in
20min, 16 mgkg~! actually showed less antisecret-

Table 2 Proportion of animals with respiratory arrest

ory activity resulting in a secretion value of
99+44pulg™! (n=5) in 20min. Neither of these
values was significantly different from zero
(P> 0.05). For this reason, the maximal effect for
the purpose of calculating antisecretory EDs, values
shown in Table 1, was taken as a transport rate of
Oplg=!in 20 min.

The least effective antagonists of VIP-in-
duced secretion were MR 2034 and D-Ala2-D-Leu’-
enkephalin which produced less than 50% reversal of
secretion. The slope of the dose-response line to
ethylketocyclazocine was not significantly different
from either MR 2034 or D-Ala2-D-Leu-enkephalin,
but it produced greater than 50% reversal of secre-
tion (Figure 1b). A comparison of the individual
slopes is shown in Table 1, which also shows previ-
ously published analgesic EDsy values from heat
(u-sensitive) and pressure (pu- and k-sensitive)
methods.

Some compounds, notably the high doses of
FK 33-824 and MR 2034, caused respiratory arrest.
The number of animals requiring artificial respiration
is shown in Table 2.

RX-783006
D-Alaz-D-Leus-enkephalin
Morphine

FK 33-824

Ethylketocyclazocine
MR 2034

n =35 for all groups

Dose Number with
(mgkg™!) respiratory arrest
12 0
12 0
10 1
4 1
16 5
0.6 3
2.25 3
9 5
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Figure 2 Effect of naloxone, 0.55 (A), 2.2 (A)and 8.8
(V) x10~7 molkg™! on the antisecretory response to
morphine (O) during i.a. infusion of VIP. n =35 in each
mean.

Naloxone

Naloxone caused a parallel displacement to the right
of the antisecretory dose-response line to morphine
(Figure 2). The EDs, values of morphine in the
absence and presence of naloxone doses is shown in
Table 3. The values of dose-ratios produced a Schild
plot having a slope that was not significantly different
from — 1. With the slope constrained to — 1 (Tallari-
da & Murry, 1981) the ‘in vivo pA,’ value was
calculated to be 7.14 (95% CL, 5.94-8.35).

Discussion

The narcotic analgesics display varying activities in
reversing VIP-induced fluid secretion in the small
intestine. The most effective compounds are the pre-
dominantly p-opiate receptor agonists, morphine,
RX 783006 and FK 33-824 which fully block secre-
tion. However, the response to VIP is not totally
overcome, so that even 16 mgkg~! FK 33-824 (at
least 18 times larger than its antisecretory and
analgesic EDyp) fails to restore completely the nor-
mal level of net absorption. It is possible that full
reversal does not occur because the infusion of VIP

Table 3 Antagonism of morphine by co-
administration of naloxone

Naloxone dose Morphine

(x10""molkg™!)  EDsy (95% CL) Dose-ratio

0 1.8 0.2 — 15.2

0.55 22 0.1 - 425 1.2
2.2 13.1 23 - 816 7.2
8.8 409 50 —-336.0 225

used causes near-maximal secretion. However, it has
been noted that morphine fully reverses near-
maximal PGE;-induced secretion (Coupar, 1978). It
is more likely that the lack of full reversal of VIP by
the p-agonists is due to a difference between the
mechanisms of VIP- and PGE;-induced secretion.
Some differences have already been noted, particu-
larly that VIP causes greater secretion than PGE,
(Lee & Coupar, 1980a) and that morphine inhibits
the rise in 3',5’'-cyclic AMP induced by PGE; (Beu-
bler & Lembeck, 1980) but not to VIP (Lee &
Coupar, 1980b). It is apparent that secretory and
antisecretory mechanisms are complex and cannot be
fully elucidated by the present method which meas-
ures net fluid transport only.

Binding studies have shown that morphine (Mag-
nan, Paterson, Tavani & Kosterlitz, 1982) and
RX 783006 (Handa, Lane, Lord, Morgan, Rance &
Smith, 1981) are ligands with high affinity and selec-
tivity at the p-binding site. FK 33-824 has been clas-
sified mainly as a p-ligand with some affinity also for
the S-site (Wood, Charleson, Lane & Hudgin, 1981).
These agonists were the most effective antisecretory
narcotic analgesics tested. There is also very good
correlation between antisecretory EDs, values for
morphine and RX 783006 and corresponding heat
antinociceptive EDsos determined in rats under com-
parable experimental conditions (see Table 1). The
heat tests such as the tail flick using rodents are
thought to show p-agonist activity (Tyers, 1980;
Upton, Sewell & Spencer, 1982). The antisecretory
and analgesic EDsps are also similar for FK 33-824
although the experimental conditions are not as com-
parable as with morphine and RX 783006.

Ethylketocyclazocine, MR 2034 and D-Ala?-
D-Leu’-enkephalin represent a reasonably different
group of compounds since they caused only partial
reversal of VIP-induced secretion. The k-agonist,
ethylketocyclazocine was the most effective member
of the group causing greater than 50% reversal of
secretion with a slope significantly lower than
RX 783006 but not different from FK 33-824 and
morphine. The antisecretory EDsq of ethylketocyc-
lazocine is closer to the EDsq in pressure than heat
noxia tests using rats (Table 1). Since heat an-
tinociception is believed to be mediated through
u-opiate receptors and pressure through pu- and x-
receptors (Tyers, 1980), this implies that inhibition
of VIP-induced secretion involves k-receptors as well
as p-receptors already identified by the high antisec-
retory activity of the p-agonists. However, there are
several results indicating that x-receptors are not
important in the antisecretory effect. For instance,
binding studies show that ethylketocyclazocine has
high affinity for pu- as well as k-sites (Kosterlitz,
Paterson & Robson, 1981; Magnan et al., 1982).
Although ethylketocyclazocine was originally clas-
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sified as a competitive antagonist at p-receptors in
dogs (Martin, Eades, Thompson, Huppler & Gilbert,
1976), it appears to act as an agonist in rats as shown
by its ability to induce strong cross-tolerance to mor-
phine (Porreca, Cowan, Raffa & Tallarida, 1982).In
both mice and rats, ethylketocyclazocine is an
analgesic in heat tests. Tyers (1980) showed that
ethylketocyclazocine was 10 times more active at
inhibiting pressure than heat noxia but that other
drugs such as ketocyclazocine, pentazocine and bup-
renorphine distinguished more clearly between k-
and p-receptors. The most discriminating drug was
MR 2034 and in the present experiments, was com-
pletely ineffective in reversing secretion over the
dose-range known to cause stimulation of x-
receptors (Tyers, 1982). Only a small reversal which
was not statistically significant occurred at high ‘non-
k’ doses. It is, therefore, reasonable to conclude that
k-receptors are not involved to any extent in the
inhibition of VIP-induced secretion.

It has been proposed on the basis of elec-
trophysiological findings, that the small intestinal
mucosa of the rabbit (McKay, Linaker & Turnberg,
1981) and guinea-pig (Kachur & Miller, 1982) con-
tain significant populations of §-opiate receptors.
Evidence linking d-receptors to the antisecretory
mechanism in the rat, however, is not conclusive. The
8-agonist, D-Ala%-D-Leu®-enkephalin appears to
cause a small inhibition of VIP-induced secretion
over the dose-range known to have anti-
diarrhoeal activity in mice following s.c. injection
(Miller &  Cuatrecasas, 1979). However,
D-Ala?-D-Leu’-enkephalin is relatively unstable in
its biological activity. In mice the analgesic effect
after i.v. administration of 15 and 20 mgkg~! peaks
at 10 min and wears off between 30-45 min (Wei,
Tseng, Loh & Li, 1977). D-Ala?-D-Leu’®-enkephalin
also has affinity for p-binding sites and p-receptors
(Miller & Cuatrecasas, 1979; Kosterlitz & Paterson,
1980; Kosterlitz et al., 1981). Therefore, the pos-
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