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Involvement of k-opioid and o receptors in short-term memory in mice
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Abstract

k-Opioid receptor agonists, trans-( £ )-3,4-dichloro-N-methyl-N-(2-[1-pyrrolidinyl] cyclohexyl) benzeneacetamide methanesulfonate (U-
50,488H) and dynorphin A-(1—-13), improve impairments of learning and memory in mice and rats. o Receptor agonists, (+)-N-
allylnormetazocine ((+)-SKF10,047) and 1-(3,4-dimethoxyphenethyl)-4-(3-phenylpropyl) piperazine dihydrochloride (SA4503), also reverse
learning and memory impairment in various animal models. However, the mechanisms underlying these effects are not well understood. In
the present study, the effect of coadministration of U-50,488H and (+)-SKF10,047 on scopolamine-induced memory impairment was
investigated in mice using spontaneous alternation performance in a Y-maze. U-50,488H (0.21-2.15 umol/kg, subcutaneously (s.c.)) and (+)-
SKF10,047 (0.10—1.02 pmol/kg, s.c.) 25 min before the Y-maze test improved the impairment of spontaneous alternation induced by
scopolamine (1.65 umol/kg, s.c.). When U-50,488H and (+)-SKF 10,047 were coadministered, no additive effect was observed. Furthermore,
the ameliorating effects of U-50,488H and (+)-SKF10,047 were not antagonized by a selective o receptor antagonist, N,N-dipropyl-2-[4-
methoxy-3-(2-phenylenoxy)-phenyl]-ethylamine monohydrochloride (NE-100), and a selective k-opioid receptor antagonist, nor-
binaltorphimine, respectively. These results suggest that the mechanisms underlying the ameliorating effects on memory impairment are

independent and no direct modulation exists in k-opioid and o receptors-mediated mechanisms.

© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

It is well known that cholinergic neuronal systems play an
important role in the cognitive deficits associated with aging
and neurodegenerative diseases (Bartus etal., 1982; Beninger
et al., 1989; Coyle et al., 1983; Newhouse, 1990). Although
investigation of learning and memory has focused primarily
on cholinergic neurotransmission, reports of increased num-
bers of k-opioid receptors in the limbic system (Hiller et al.,
1987) and in the putamen and cerebellar cortex of postmor-
tem brains of Alzheimer’s patients (Mathieu-Kia et al., 2001)
suggest that disruption of opioidergic neurotransmission may
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also be involved in the cognitive deficits associated with
Alzheimer’s disease and aging.

We previously reported that «-opioid receptor agonists,
dynorphin A-(1-13) and U-50,488H, improved the scopol-
amine-induced impairment of spontaneous alternation per-
formance in mice (Itoh et al., 1993; Hiramatsu et al.,
1996a,b, 1998b), carbon monoxide (CO)-induced delayed
amnesia in mice (Hiramatsu et al., 1995, 1997) and also the
p-amyloid peptide (25—35)- and carbachol-induced impair-
ment of learning and memory in mice and rats, respectively
(Hiramatsu et al., 1998a, 2000). Dynorphin A-(1—13) and
U-50,488H reversed the decrease in acetylcholine release
induced by carbachol and mecamylamine (Hiramatsu et al.,
1996a,b, 1998a,b). Therefore, the k-opioidergic system in
the brain may play an important role in modulating learning
and memory function, although the precise interaction
between the k-opioidergic and the cholinergic systems in
the central nervous system has not yet been elucidated.

The o receptor was initially considered a member of
the opioid receptor family (Martin et al., 1976), but is
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now considered to constitute a distinct group of receptors
(Quirion et al., 1992). Interestingly, we demonstrated that
a prototype of o receptor agonist, (+)-N-allylnormetazo-
cine ((+)-SKF-10,047), and (+)-pentazocine improved
impairment of learning and memory in mice (Maurice
et al., 1994). These findings were supported by Matsuno
et al. (1996) using a novel oy receptor agonist, 1-(3,4-
dimethoxyphenethyl)-4-(3-phenylpropyl) piperazine dihy-
drochloride (SA-4503). Particularly, (% )-SKF-10,047
enhanced stimulation-evoked acetylcholine release in
guinea pig cerebral slices (Siniscalchi et al., 1987), and
other o receptor agonists, (+)-SKF10,047, (+ )-pentazo-
cine, 1,3-di-O-tolylguanidin (DTG) and (+)-3-(3-hydroxy-
phenyl)-N-(1-propyl)-piperidine ((+)-3-PPP), increased
extracellular acetylcholine levels in the rat frontal cortex
(Matsuno et al., 1992, 1993) and hippocampus (Matsuno
et al.,, 1995). The activating effect of (+)-SKF10,047 on
the central cholinergic system was antagonized by halo-
peridol, a prototype of o receptor antagonist (Matsuno et
al., 1993, 1995). Therefore, o receptor agonists may also
be effective to improve memory impairment involving in
the cholinergic system.

It was reported that a tonically active anti-opioid o
receptor system markedly influenced the sensitivity of mice
to opioid analgesics, particularly k-opioid drugs (Chien and
Pasternak, 1993, 1994, 1995). o; Receptor antisense
enhanced the analgesic activity of both the k- and ks-
opioid receptor-mediated analgesics with U-50,488H and
naloxone benzoylhydrazone, respectively (King et al.,
1997), and haloperidol enhanced k; and k3 analgesia more
dramatically than did morphine through o receptor-mediated
mechanisms (Chien and Pasternak, 1994). These findings
may indicate that an interaction between k-opioid receptors
and the o receptor-mediated mechanism exists in the central
nervous system that affects memory function.

In this study, we investigated whether k-opioid receptors
are involved in the o receptor-mediated improvement of
memory function or vice versa in mice, using spontaneous
alternation behavior in a Y-maze.

2. Materials and methods
2.1. Animals

Seven-week-old male ddY mice (Japan SLC, Japan)
were kept in a controlled environment, with controlled
lighting (12-h light/dark cycle, lights on; 8 AM to 8§ PM)
and temperature (23 +2 °C) for at least 5 days before the
experiments, and were given free access to food and water.
Experimental protocols concerning the use of laboratory
animals were approved by the committee of Meijo Univer-
sity and were performed in accordance with the guidelines
of the Japanese Pharmacological Society (Folia Pharmacol.
Japon, 1992, 99: 35A) and the interministerial decree of
May 25th, 1987 (The Ministry of Education).

2.2. Drugs

The following drugs were used: frans-( & )-3,4-dichloro-
N-methyl-N-(2-[1-pyrrolidinyl] cyclohexyl) benzeneaceta-
mide methanesulfonate (U-50,488H, Sigma, St. Louis,
MO); (+)-N-allylnormetazocine ((+)-SKF10,047, Research
Biochemicals, Natrick, MA); N,N-dipropyl-2-[4-methoxy-3-
(2-phenylenoxy)-phenyl]-ethylamine monohydrochloride
(NE-100, Taisho Pharmaceutical, Tokyo, Japan); nor-binal-
torphimine (Research Biochemicals); scopolamine hydro-
bromide (scopolamine, Tokyo Chemical Industry, Tokyo,
Japan). All doses were calculated as those of the bases.
Drugs were dissolved in isotonic saline solution (Otsuka
Pharmaceuticals, Tokyo, Japan). Nor-binaltorphimine was
administered, 25 min before the test session, into the lateral
ventricular (i.c.v.) region of the mouse brain according to
the method of Haley and McCormick (1957) in a volume of
5 pl/mouse under brief ether anesthesia. U-50,488H, (+)-
SKF10,047 and scopolamine were administered subcutane-
ously (s.c.) 25, 25 and 30 min, and NE-100 was adminis-
tered intraperitoneally (i.p.) 30 min before the Y-maze test,
respectively.

2.3. Spontaneous alternation behavior

Immediate working memory performance was assessed
by recording spontaneous alternation behavior during a
single session in a Y-maze (Hiramatsu et al., 1997). Each
mouse, new to the maze, was placed at the end of one arm
and allowed to move freely through the maze during an 8-
min session. The series of arm entries was recorded visually.
The observer usually did not know which drugs were
administered because the drug treatments were randomly
assigned. Alternation was defined as successive entries into
the three arms, on overlapping triplet sets. The effect was
calculated as percentage alternation according to the follow-
ing formula:

percentage alternation = (number of alternations
/total number of arm entries — 2)
x 100%

2.4. Acetic acid-induced writhing test

The writhing test was conducted 25 min after s.c.
injection of each drug. Mice were given 0.7% acetic acid
solution (i.p.) 10 min before the writhing test, and the
numbers of writhing responses were then counted for 10
min. Antinociception was quantified as % inhibition using
the following formula:

% Inhibition = [(control responses — test responses)

/control responses] x 100

% Inhibition was calculated for each dosage. Dose—
response curves were generated using at least three doses
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of test drugs. EDso values were determined by log-probit
analysis, and 95% confidence limits were determined using
the method of Litchfield and Wilcoxon (1949).

2.5. Data analysis

The behavioral data are expressed in terms of means +
S.E.M for the writhing test, and median and interquartile
ranges for the Y-maze test. The significance of differences
was evaluated using the Mann—Whitney’s U-test and the
Kruskal —Wallis test followed by Bonferroni’s test for multi-
ple comparisons. The criterion for significance was P <0.05
in all statistical evaluations.

3. Results

3.1. Effects of U-50,488H and (+)-SKF10,047 on scopola-
mine-induced impairment of spontaneous alternation be-
havior and number of arm entries

Scopolamine (1.65 umol/kg, s.c.) markedly impaired the
spontaneous alternation behavior indicated as decreased
percent alternation, and increased the total number of arm
entries (Figs. 1 and 2). U-50,488H (0.21-2.15 umol/kg,
s.c.) dose-dependently attenuated the impairment of sponta-
neous alternation behavior induced by scopolamine, and its
effect was significant at doses of 0.64 and 2.15 pmol/kg
(Fig. 1A). The scopolamine-induced increase in the total
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Fig. 1. Effects of U-50,488H on scopolamine-induced impairment of
spontaneous alternation (A) and total arm entries (B) in the Y-maze test.
Mice were treated with scopolamine (1.65 umol/kg, s.c.) and U-50,488H
(0.21, 0.64 and 2.15 umol/kg, s.c.) 30 and 25 min before testing, respec-
tively. Data are shown as median (vertical column) and first and third
quartiles (vertical line). The number of mice used is shown in parentheses.
Significance levels: **P<0.01 vs. control (Mann—Whitney’s U-test).
#P<0.05, ##P<0.01 vs. scopolamine alone (Bonferroni’s test).
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Fig. 2. Effects of (+)-SKF10,047 on scopolamine-induced impairment of
spontaneous alternation (A) and total arm entries (B) in the Y-maze test.
Mice were treated with scopolamine (1.65 pmol/kg, s.c.) and (+)-
SKF10,047 (0.10, 0.34 and 1.02 umol/kg, s.c.) 30 and 25 min before
testing, respectively. Data are shown as median (vertical column) and first
and third quartiles (vertical line). The number of mice used is shown in
parentheses. Significance levels: **P<0.01 vs. control (Mann—Whitney’s
U-test). #P<0.05 vs. scopolamine alone (Bonferroni’s test).

number of arm entries was not attenuated significantly by
the dose of U-50,488H used (Fig. 1B).

(+)-SKF10,047 (0.10—1.02 umol/kg, s.c.) also attenuated
the impairment of spontaneous alternation behavior induced
by scopolamine, but the dose—response curve was bell-
shaped and only 0.34 umol/kg of (+)-SKF10,047 showed a
significant effect (Fig. 2B). The scopolamine-induced
increase in the total number of arm entries was not attenu-
ated by doses of (+)-SKF10,047 (Fig. 2B). The injection of
(+)-SKF10,047 alone had no effect on the spontaneous
alternation behavior and total number of arm entries (data
not shown).

3.2. Effects of coadministration of U-50,488H and (+)-
SKF10,047 on scopolamine-induced impairment of sponta-
neous alternation behavior and number of arm entries

In the next experiment, we examined whether an additive
effect was observed when subactive doses of U-50,488H
(0.21 pumol/kg) and (+)-SKF10,047 (0.10 pmol/kg) were
coadministered. Coadministration of U-50,488H (0.21-
2.15 pmol/kg, s.c.) with a subactive dose of (+)-SKF
10,047 (0.10 pmol/kg) did not show any additive effect
(Fig. 3A) compared with (+)-U-50,488H alone (Fig. 1A).
Furthermore, coadministration of (+)-SKF10,047 (0.10—1.02
umol/kg, s.c.) with subactive doses of U-50,488H (0.21
pmol/kg) also did not show an additive effect (Fig. 4A) com-
pared with (+)-SKF10,047 (Fig. 2A). Moreover, coadminis-
tration of active doses of U-50,488H (0.64 pmol/kg, s.c.)
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Fig. 3. Effects of (+)-SKF10,047 and its combination with U-50,488H on
scopolamine-induced impairment of spontaneous alternation (A) and total
arm entries (B) in the Y-maze test. Mice were treated with (+)-SKF10,047
(0.10 umol/kg, s.c.) and U-50,488H (0.21, 0.64 and 2.15 umol/kg, s.c.) 25
and 25 min before testing, respectively. Scopolamine (1.65 pmol/kg, s.c.)
was injected 30 min before testing. Data are shown as medians (vertical
column) and first and third quartiles (vertical line). The number of mice
used is shown in parentheses. Significance levels: **P<0.01 vs. control
(Mann—Whitney’s U-test).
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Fig. 4. Effects of U-50,488H and its combination with (+)-SKF10,047 on
scopolamine-induced impairment of spontaneous alternation (A) and total
arm entries (B) in the Y-maze test. Mice were treated with U-50,488H (0.21
pmol/kg, s.c.) and (+)-SKF10,047 (0.10, 0.34 and 1.02 pmol/kg, s.c.) 25
and 25 min before testing, respectively. Scopolamine (1.65 pmol/kg, s.c.)
was injected 30 min before testing. Data are shown as median (vertical
column) and first and third quartiles (vertical line). The number of mice
used is shown in parentheses. Significance level: **P<0.01 vs. control
(Mann—Whitney’s U-test).
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Fig. 5. Effects of active doses of U-50,488H and its combination with (+)-
SKF10,047 on scopolamine-induced impairment of spontaneous alternation
(A) and total arm entries (B) in the Y-maze test. Mice were treated with U-
50,488H (0.64 pmol/kg, s.c.) and (+)-SKF10,047 (0.34 pmol/kg, s.c.) 25
and 25 min before testing, respectively. Scopolamine (1.65 pmol/kg, s.c.)
was injected 30 min before testing. Data are shown as median (vertical
column) and first and third quartiles (vertical line). The number of mice
used is shown in parentheses. Significance levels: **P<0.01 vs. control
(Mann—Whitney’s U-test). #P <0.05 vs. scopolamine alone (Bonferroni’s
test).
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Fig. 6. Effects of U-50,488H and its combination with NE-100 on
scopolamine-induced impairment of spontaneous alternation (A) and total
arm entries (B) in the Y-maze test. Mice were treated with NE-100 (2.6
pumol/kg, i.p.) and U-50,488H (0.64 umol/kg, s.c.) 30 and 25 min before
testing, respectively. Scopolamine (1.65 umol/kg, s.c.) was injected 30 min
before testing. Data are shown as median (vertical column) and first and
third quartiles (vertical line). The number of mice used is shown in
parentheses. Significance levels: **P<0.01 vs. control (Mann—Whitney’s
U-test). ##P<0.01 vs. scopolamine alone (Bonferroni’s test).
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Fig. 7. Effects of (+)-SKF10,047 and its combination with nor-
binaltorphimine on scopolamine-induced impairment of spontaneous
alternation (A) and total arm entries (B) in the Y-maze test. Mice were
treated with (+)-SKF10,047 (0.34 umol/kg, s.c.) and nor-binaltorphimine
(4.9 nmol/mouse, i.c.v.) 25 and 25 min before testing, respectively.
Scopolamine (1.65 pmol/kg, s.c.) was injected 30 min before testing. Data
are shown as median (vertical column) and first and third quartiles (vertical
line). The number of mice used is shown in parentheses. Significance
levels: **P<0.01 vs. control (Mann—Whitney’s U-test). ##P<0.01 vs.
scopolamine alone (Bonferroni’s test).

and (+)-SKF10,047 (0.34 umol/kg, s.c.) had no effects on the
improvement (Fig. 5).

3.3. Effects of NE-100 and nor-binaltorphimine on the
ameliorating effects of U-50,488H and (+)-SKF-10,047 on
the scopolamine-induced impairment of spontaneous alter-
nation behavior

To determine whether ¢ and k-opioid receptor-mediated
systems are involved in the ameliorating effects of U-
50,488H and (+)-SKF-10,047, respectively, a selective o
receptor antagonist, NE-100, and a selective «-opioid recep-
tor antagonist, nor-binaltorphimine, were administered. The
ameliorating effect of U-50,488H (0.64 pmol/kg, s.c.) was
not antagonized by NE-100 (2.6 pmol/kg, i.p.) (Fig. 6), and
that of (+)-SKF10,047 (0.34 umol/kg, s.c.) was not antag-
onized by nor-binaltorphimine (4.9 nmol/kg, i.c.v.) (Fig. 7).

3.4. Antinociceptive effects of coadministration of U-
50,488H and (+)-SKF'10,047 in the acetic acid-induced
writhing test

In the acetic acid-induced writhing test, control mice
showed about 14—19 writhing responses during the 10-min
observation period beginning 10 min after injection of 0.7%

acetic acid solution. A dose-related and significant antino-
ciceptive effect was observed after s.c. injection of U-
50,488H (2.15 and 6.45 pmol/kg, s.c.) 25 min before the
writhing test (Fig. 8).

As described in Introduction, oy receptor antisense treat-
ment enhanced the analgesic activity of U-50,488H (King et
al., 1997). However, the antinociceptive effect of U-50,
488H (6.45 umol/kg, s.c.) was not affected by (+)-SKF-
10,047 (0.34 pmol/kg, s.c.) or NE-100 (2.6 pmol/kg, i.p.) as
shown in Fig. 8B and C, respectively. (+)-SKF-10,047
(0.1-3.4 umol/kg, s.c.) alone or coadministered with a sub-
active dose of U-50,488H (0.64 pmol/kg, s.c.) did not induce
the antinociceptive effect (data not shown).
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Fig. 8. Antinociceptive effects of U-50,488H in the acetic acid-induced
writhing test. (A) Mice were treated with U-50,488H (0.21, 0.64, 2.15 and
6.45 umol/kg, s.c.) 25 min before testing. (B) Mice were treated with U-
50,488H (6.45 umol/kg, s.c.) and (+)-SKF10,047 (0.34 umol/kg, s.c.) 25
and 25 min before testing, respectively. (C) Mice were treated with NE-100
(2.6 umol/kg, i.p.) and U-50,488H (6.45 umol/kg, s.c.) 30 and 25 min
before testing, respectively. Acetic acid (0.7%) was injected 10 min before
testing and the number of writhing responses was counted for 10 min. Data
are shown as means + S.E.M. The number of mice used is shown in
parentheses. Significance levels: *P<0.05, **P<0.01 vs. control (Bonfer-
roni’s test).
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4. Discussion

( £ )-Pentazocine is widely used clinically to treat mild to
moderate pain as a racemic compound. It has been reported
that the enantiomers of pentazocine act on different recep-
tors and each has a distinct pharmacology (Bowen et al.,
1989; Pasternak, 1988). (— )-Pentazocine shows analgesic
effects by acting on k-opioid receptors in mice and humans
(Pasternak, 1988, 1993), and (+)-pentazocine improves
learning and memory impairments in mice, acting on o
receptors (Maurice et al., 1994; Hoshino et al., 2000). On
the other hand, we previously reported that U-50,488H, a
selective k-opioid receptor agonist, improved learning and
memory impairment in various animal models (Hiramatsu et
al., 1996a,b, 1998b). The ameliorating effect of U-50,488H
was reversed by nor-binaltorphimine, a selective k-opioid
receptor antagonist, suggesting that the effects of U-
50,488H on impairment of learning and memory are medi-
ated via k-opioid receptors (Hiramatsu et al., 1998b). If
( £ )-pentazocine is to be used for the treatment of learning
and memory disorders, we require information about the
pharmacology of each enantiomer and of their combination.
In this study, therefore, we investigated whether k-opioid
and/or o receptors were activated simultaneously, using
spontaneous alternation behavior in a Y-maze.

We now confirmed that a k-opioid receptor agonist, U-
50,488H, improved the impairment of spontaneous alterna-
tion behavior induced by scopolamine even when the dose
was less than that showing antinociceptive effects in the
acetic acid-induced writhing test. Furthermore, (+)-SKF
10,047, a selective o receptor agonist, also improved the
impairment of spontaneous alternation behavior. This obser-
vation is consistent with previous reports that (+)-SKF10,047
attenuated the impairment of learning and memory mediated
via o receptors (Maurice et al., 1994; Senda et al., 1997).
Other o receptor agonists, SA-4503, (+)-pentazocine, DTG
and (+)-3-PPP, also improved learning and memory impair-
ments in various behavioral tests (Matsuno et al., 1995;
Maurice et al., 1994; Senda et al., 1997). These agonists
enhanced acetylcholine release in guinea pig cerebral slices
(Siniscalchi et al., 1987), and extracellular acetylcholine
levels in the rat frontal cortex (Matsuno et al., 1992, 1993)
and hippocampus (Matsuno et al., 1995). Therefore, o
receptors in the central nervous system play an important
role in modulating learning and memory function via chol-
inergic neuronal systems. We also reported that k-opioid
receptor agonists, U-50,488H and dynorphin A-(1-13),
improved learning and memory impairment by suppressing
the decrease in acetylcholine release induced by mecamyl-
amine, galanin or carbachol in the hippocampus. However,
these k-opioid receptor agonists showed no significant effect
in normal animals (Hiramatsu et al., 1996a,b, 1998a,b).
These findings suggest that both k-opioid receptors and o
receptors might have a common mechanism. When choli-
nergic neuronal transmission is impaired, k-opioid and o
receptor agonists enhance this neuronal transmission, and as

aresult, the learning and memory impairment is improved. In
agreement with our results, post-training administration of
dynorphin A-(1-13) had no effect at doses between 1.25 and
125 ng/rat, i.c.v. in the inhibitory avoidance task (Izquierdo
etal., 1985). However, bilateral infusion of dynorphin A-(1—
8) (10—20 pg/side) into the dorsal hippocampus resulted in a
dose-related impairment of spatial working memory in a
radial maze task (McDaniel et al., 1990). In a nonspatial task,
post-training dynorphin injection in the dorsal hippocampus
had no effect on the retention of step-through passive
avoidance (McDaniel et al., 1990). These results suggest
that dynorphin specifically affects different types of memory
at different dose ranges.

It was reported that the effects of o receptor ligands
might be partly mediated by the opioid receptors (Kobaya-
shi et al., 1996). k-Opioid receptor agonists inhibited o
receptor binding in guinea-pig brain, liver and spleen
(Brent, 1996). As described in Introduction, a tonically
active anti-opioid o receptor system markedly influences
the sensitivity of mice to opioid analgesics, particularly k-
opioid drugs with the analgesic actions of opioids (Chien
and Pasternak, 1993, 1994, 1995). o; Receptor antisense
enhanced the analgesic activities of both the ;- and k3-
opioid receptor analgesics, of U-50,488H and of naloxone
benzoylhydrazone, respectively (King et al., 1997), and
haloperidol enhanced k; and k3 analgesia more dramati-
cally than did morphine through o mechanisms (Chien and
Pasternak, 1994). These results suggest that an interaction
between k-opioid receptors and o receptors regarding
memory function might exist in the central nervous system.
In the present study, however, coadministration of U-
50,488H and a subactive dose of (+)-SKF10,047 had no
significant effects compared to (+)-SKF10,047 alone, and
coadministration of (+)-SKF10,047 and a subactive dose of
U-50,488H did not show significant effects, compared to
U-50,488H alone. Coadministration of the active dose of
U-50,488H and that of (+)-SKF10,047 had no additive or
antagonizing effects. Furthermore, the ameliorating effect
of U-50,488H was not antagonized by a selective o
receptor antagonist, NE-100, and the effect of (+)-
SKF10,047 was not antagonized by a selective k-opioid
receptor antagonist, nor-binaltorphimine.

We tested whether there is a similarity between U-
50,488H and (+)-SKF10,047 using the acetic acid-induced
writhing test. U-50,488H showed dose-dependent antinoci-
ceptive effects, and (+)-SKF10,047 showed no antinocicep-
tive effects, which was consistent with previous reports
(Chien et al., 1994; Kolesnikov et al., 1996; Pasternak,
1993). When U-50,488H and (+)-SKF10,047 were coadmi-
nistered, no interactive effect was observed in the writhing
assay. Chien and Pasternak (1994) reported that the o
system functionally antagonized opioid analgesia without
affecting other effects on gastrointestinal transit or lethality.
Taken together with our findings, these modulations are
observed only under definite conditions, such as the tail
flick assay using radiant heat.
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In conclusion, k-opioid and o receptor agonists inde-
pendently stimulated cholinergic neural transmission and
improved learning and memory impairment. Furthermore,
since (+)-SKF 10,047 did not interfere with the antinoci-
ceptive effects of U-50,488H, ( % )-pentazocine acting on
both k-opioid and o receptors might be useful for the
treatment of learning and memory disorders.
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