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Abstract

(—)-3-Acetyl-63-acetylthioN-cyclopropylmethyl-normorphine (KT-90) is a synthesized compound that binds & andk-opioid recep-
tors in vitro. KT-90 induces analgesia in the tail-flick test and this effect is antagonized by nor-BNI, a selempivéd receptor antagonist.
However, lower doses of KT-90 antagonize morphine-induced analgesia. We reporteebfiiaid receptor agonists such as U-50,488H
and dynorphin A (1-13), improved scopolamine-induced impairment of learning and memory in mice and/or rats. In this study, the effects
of KT-90 were investigated in an acetic acid-induced writhing test and scopolamine-induced memory impairment test using spontaneou:
alternation performance in a Y-maze. Male ddY mice were treated with scopolamingu(fidfg, s.c.) 30 min before the behavioral test.
KT-90 (0.07-2.3umol/kg, s.c.) was injected 30 min before testing. In the writhing test, the antinociceptive effect of KT-9Q.(@07kg)
was completely antagonized by a selectivepioid receptor antagonigi;funaltrexamine (10.2 nmol/mouse, i.c.v.) and partially antagonized
by nor-BNI (4.9 nmol/mouse, i.c.v.), butit was not antagonized by a seléstiygoid receptor antagonist, naltrindole (9.1 pmol/mouse, i.c.v.).
KT-90 significantly improved the impairment of spontaneous alternation induced by scopolamine. The ameliorating effect of KT-90 was not
antagonized by nor-BNI, but was almost completely antagonized by a seleateeptor antagonist, NE-100 (Juénol/kg, i.p.). These re-
sults suggested that the KT-90-induced antinociceptive effect was mediapedbd partially byk-opioid receptors, and the KT-90-induced
improvement in scopolamine-induced impairment of spontaneous alternation was mediated maimiyceiptors.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction ceptive effect of KT-90 is antagonized by nor-BNk-@pioid
receptor antagonist, but not Ig/FNA, a p.-opioid receptor
The compound-{)-3-acetyl-@-acetylthioN-cycloprop- antagonisf23]. Katsumata et a[14] reported that although
ylmethyl-normorphine (KT-90]13] binds tow-, k- and 8- KT-90 acted as a partial agonist of the 3- andk-opioid re-
opioid receptors with 4-, 19- and 13-fold higher affinity ceptors, because of an extremely low efficacy ajtrapioid
than morphine in rat brain membrane preparati@is. The receptor, KT-90 antagonized the effect of morphine in the
antinociceptive effects of KT-90 are 5-10 times as potent w-, but notd- or k-opioid receptors at concentrations of 10
as those of morphine in the rat paw pressure test and in theand 100 nM. As a result, a low dose of KT-90 antagonizes
mouse acetic acid-induced writhing t¢21]. The antinoci- morphine-induced analgesja3]. Further, KT-90 also pro-
duces conditioned place aversi@3] as does by U-50,488H
e , , [1], but KT-90 only produced conditioned place aversion at
fax:(i%r{e;; ‘;’;ﬂ'g%;g_t““ Tel: 18152 832 1781x342 a high dose (10 mg/kg = 23Emol/kg, s.c.). These findings
E-mail addressmhiramt@ccmfs.meijo-u.ac.jp (M. Hiramatsu). suggest that KT-90 acts on tkeopioid receptor agonist and
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w-opioid receptor antagonist similar to pentazocine, while its mice received saline s.c. or i.p. at a volume of 0.1 ml/10g body
effect on thed-opioid receptor is unclear. Since KT-90 had weight and/or i.c.v. at a volume ofi/side in mouse brain.
stronger analgesic activity than morphine, and might not pos-

sess psychic dependence liabi[@3], it seems to be apotent  2.3. Acetic acid-induced writhing test

clinical analgesic acting or-opioid receptors.

Previously, we reported that-opioid receptor agonists The writhing test was conducted at 30 min after s.c. injection of
such as U-50,488H and dynorphin A (1-13), improved learn- thetesthggg. Mice Were.treated witha0.7% aceti(; acid soluti.on and
ing and memory impairment using several amnesia mod- placed in n_wdlv_ldual PIeX|_gIas_boxes for observatl_on_. Ten minutes
els in mice and raf5,6,7,8,10] It is well recognized that after the injection of acet_lc acnq, the number of writhing responses
the analgesic effects oftH)-pentazocine are due to ago- was recorded for a 10-min period.
nistic actions atk1-opioid receptord18]. Pentazocine is
widely used clinically as an analgesj2,18], but is less

analgeS'C_ than morphinglg]. We have foun_d that the Immediate working memory performance was assessed by

ameliorating effect of not only (+)-pentazocine but also recording spontaneous alternation behavior during a single session

(—)-pentazocine on the scopolamine-induced impairment j, 3 Y-maze with minor modificatiofs,19]. Each mouse, new to the

of spontaneous alternation behavior was antagonized bymaze, was placed at the end of one arm and allowed to move freely

a o receptor antagonist, NE-10®]. These findings led  through the maze during an 8-min session. The series of arm entries

us to speculate that KT-90 has similar characteristics to was recorded visually. Alternation was defined as successive entries

pentazocine. If so, KT-90 may be effective against learn- into the three arms, in overlapping triplet sets. The effect was calcu-

ing and memory impairments involving the cholinergic lated as percentage alternation according to the following formula:

systems.

In this stu_dy, the improvement of sho_rt-ter_m memory by Percent alternatios: ( numberofalternat|on§ 3 ) 100

KT-90 following scopolamine treatment in mice was inves- total number of arm entries

tigated using spontaneous alternation behavior in a Y-maze. e spontaneous alternation testin the Y-maze was used as afirst-

Furthermore, we re-examined the analgesic effects of KT-90 jntent test for the anti-amnesic effectsqfopioid receptor agonists

using an acetic acid-induced writhing test in mice. and o receptor agonists, since it is pharmacologically predictive,
does not constrain the animals, and we have several data using this
method accompanied with a passive avoidance test.

2.4. Spontaneous alternation behavior

2. Materials and methods
2.5. Data analysis
2.1. Animals
The behavioral data are expressed in terms of the meRiE. M.

Male 7-9 weeks ddY mice (30-40g, Japan SLC, Japan) were for the writhing test, and median (vertical column) and interquar-
kept in a controlled environment, with a 12-h light/12-h dark cy- tile ranges, first to third quartiles (vertical line) for the Y-maze test.
cle and given food and tap water ad libitum. Experimental protocols Since data for the Y-maze test did not always show Gaussian distri-
concerning the use of laboratory animals were approved by the com-bution, we analyzed it using non-parametric type statistical methods.
mittee of Meijo University and were performed in accordance with Thus, the significance of differences was evaluated using Student’s
the guidelines of the Japanese Pharmacological Society (Folia Phart-test or a one-way analysis of variance followed by Bonferroni’s
macol. Japon, 1992, 99: 35A) and the interministerial decree of 25th test for the writhing test, and using the Mann—Whitréyest or

May 1987 (The Ministry of Education). the Kruskal-Wallis test followed by Bonferroni’s test for multiple
comparisons in the Y-maze test. The criterion for significance was
2.2. Drugs P <0.05 in all statistical evaluations.

The following drugs were used:-{-3-acetyl-@-acetylthioN-
cyclopropylmethyl-normorphine (KT-9q13]; N,N-dipropyl-2-[4- 3. Results
methoxy-3-(2-phenylenoxy)-phenyl]-ethylamine monohydrochlo-
ride (NE-100, Taisho Pharmaceuticals Inc., Tokyo, Japan); nor- 3.1. Antinociceptive effect of KT-90 in the acetic
binaltorphimine (nor-BNI, Research Biochemicals Inc., Natrick, acid-induced writhing test
MA); and scopolamine hydrobromide (scopolamine, Tokyo Chemi-

cal Industry Co. Ltd., Tokyo, Japan). Drugs were dissolved in an iso- KT-90 (0.07-0.74umol/kg, s.c.) had dose-dependent
tonic saline solution (Otsuka Pharmaceuticals Inc., Tokyo, Japan)'antinocicepti.ve eff.ects and (') 24 .and Ogitholikg of KT-

Nor-BNI was administered immediately before the administration 90 sianificantly decreased the number of writhing responses
of KT-90 into the lateral ventricle (i.c.v.) of the mouse brain ac- 9 y 9 P

cording to the methods of Haley and McCorm[8k at a volume of (Fig. ). . . . .

5 wl/mouse under brief ether anesthesia. KT-90 and/or scopolamine | he antinociceptive effect of KT-90 was antagonized by
were administered subcutaneously (s.c. around neck and abdomi@ k-Opioid receptor antagonist, nor-BNI (4.9 nmol/mouse,
nal areas) 30 min before and NE-100 was administered intraperi- i.C.V.) (Fig. 2A) and ap.-opioid receptor antagonigs-FNA
toneally (i.p.) 30 min before the behavioral experiments. Control (10.2 nmol/mouse, i.c.v.)Hg. 2B), but not by as-opioid
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