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Summary: Rubiscolin-6 (Tyr-Pro-Leu-Asp-L eu-Phe) a delta-selective opioid peptide derived from
ribulose-bisphosphate car boxylase/oxygenase (Rubisco) showed analgestic and memory-enhancing

activitiy after oral administration at dose of 100 mg/kg. It also showed an anxiolytic effect in mice

at a dose of 30 nmol/mouse (i.c.v.) or 100 mg/kg (p.o.) in elevated plus maze experiment. The

anxiolytic effect was blocked by naltrindole.
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Fig. 1. Anxiolytic effect of rubiscolin-6 after oral administration. Rubiscolin-6 was given

orally 30 min before applying the mice onto elevated plus maze. Each value represents mean

*+ sem. * p<0.05 vs control group, students t-test.
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extended amygdala

A role of the extended amygdala in the negative affective component of

mor phinewithdrawal in rats

Mayumi Fujio, Rie Yamamoto, Takayuki Nakagawa, Masabumi Minami, Masamichi Satoh
Department of Molecular Phar macology, Graduate School of Phar maceutical Sciences, Kyoto Univer sity

Summary: We examined the role of the central nucleus of the amygdala (CeA) and the bed nucleus of the stria
terminalis (BNST) in the negative affective component of morphine withdrawal in rats. CeA- or BNST-lesion
significantly reduced the naloxone-precipitated morphine withdrawal-induced conditioned place aversion.
CeA-lesion reduced morphine withdrawal-induced c-Fos expression in the BNST, while BNST-lesion had no effect
on that in the CeA. More than a haf of retrogradely labeled neurons in the CeA by intraBNST injection of
WGA-apoHRP-gold, a retrograde-tract tracer, were immunoreactive to morphine withdrawal-induced c-Fos. Further,
many CRF-immunoreactive neurons in CeA were retrogradely labeled from the BNST and labeled to morphine
withdrawal-induced c-Fos. Intra-BNST injection of a-helical CRF (9-41), a CRF antagonist, significantly reduced
the morphine withdrawal-induced CPA. These results suggest that activation of the CRF-containing neurons from the
CeA to BNST contributes to the negative affective component of morphine withdrawal.
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Fig.1 Effect of CeA- or BNST-leson on naloxone
precipitated morphine withdrawal-induced conditioned
place aversion. *P<0.05, **P<0.01 vs. control. n=7-11.

CeA-BNST
c-Fos

BNST c-Fos
CeA lateral division,
Juxtacapsular part BSTLJ lateral division,
posterior part BSTLP medial division,

anterior part BSTMA

CeA c-Fos
BNST
subdivision
Table 1
CeA BNST
BNST
CeA
CeA BNST
c-Fos

Fig.2

Table 1 Effect of CeA- or BNST-lesion on the numbers
of c-Fos immunoreactive cells induced by
naloxone-precipitated mor phine withdrawal.

Numbers of c-Fos immunoreactive cells

control lesion

CeA-lesion

BSTLJ 49.6x 5.7 315+ 7.7**

BSTLD 154 + 19 118 + 16

BSTLP 293+ 7.3 171+ 51*

BSTMA 156 + 24 68.9+ 14 **

BSTLV/MV 811+ 24 80.7+ 4.0
BNST-lesion

CeC 221 + 6.1 216 + 49

CeL 9.9+ 38 7.3+ 53

CeM 75+ 3.1 73+ 2.3

*P<0.05, **P<0.01 vs. control. BSTLJ; bed nucleus of the
stria terminalis, lateral division, juxtacapsular part, BSTLD;
lateral division, dorsal part, BSTLP; lateral division,
posterior part, BSTMA; medial division, anterior part,
BSTLV; lateral division, ventral part, BSTMV; medial
division, ventral part, CeC; central nucleus of the amygdala,
capsular part, CelL; lateral division, CeM; medial division.
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Fig.2 Double staining with retrograde tract-tracer
(intra-BNST) and anti-c-Fos antibody in the CeA.
(mpDouble labeled neurons, B retrogradely labeled
neurons, = c¢-Fos positive neurons)
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endomorphin-1

Effects of endomor phin-1, a p-opioid receptor agonist on the lear ning and memory

function in mice

Takayoshi Mamiya, Toshinori Katoh, Ami Okuda and M akoto Ukai

Department of Chemical Phar macology, Faculty of Pharmacy, M eijo University

Sammary: Endomorphin-1, an endogenous pi-opioid peptide, has been reported to distribute in the brain

and plays various roles in not only regulation of pain threshold but also emotion and memory in rodents.

Here we investigated the effects of this neuropeptide on cognitive functions in mice using Y-maze and

passive avoidance tests. At higher doses, endomorphin-1 impaired the spontaneous alternation behavior

of the Y-maze and the performances of step-down type passive avoidance in mice. In the Y-maze test,

higher doses of endomorphin-1 induced the deficits of short-term memory, athough lower doses did not

affect alternation behavior.

memory deficits.

Lower doses of endomorphin-1 attenuated the scopolamine-induced

In the step-down type passive avoidance test, lower doses of this peptide decreased the

step-down latency, but at higher doses it was ineffective. These results suggest that endomorphin-1 has

biphasic neuroregulatory effects on cognitive functionsin mice.
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Theroleof protein kinase C within the spinal cord in the expresson of the mor phine-induced
rewar ding effect in mice

Koussi O€*?, Minoru Narita?, Masahiro Shibasaki?, Chiharu Kubota?,
Yoshinori Yajima?, Mitsuaki Yamazaki®” and Tsutomu Suzuki?
1) Department of Anesthesiology, Toyama M edical and Phar maceutical Univer sity
Faculty of Medicine
2) Department of Toxicology, Hoshi Univer sty
School of Pharmacy and Pharmaceutical Sciences

Summary: We previoudy demonstrated that the morphine-induced rewarding effect was attenuated under a neuropathic
pain-like gate following partid scitic nerve ligation in rodents. Furthermore, it is well recognized that the facilitation of
protein kinase C (PKC) activity in the spind cord is the key factor for the induction of therma hyperagesia following
nerve ligation. However, little is known about the possible involvement of spinal PKC in the reduction of rewarding effect
induced by morphine. The present study was designed to investigate whether activation of spind PKC by nerve ligation
could be implicated in the suppression of the morphine-induced rewarding effect under the neuropathic pain-like state in
mice. The rewarding effect induced by morphine was markedly attenuated in nerve-ligated mice accompanied with the
activation of spina PKC by nerve ligation. It should be noted that the suppression of the morphine-induced rewarding
effect by nerve ligation was significantly reversed by repeated i.t. pretrestment with PKC inhibitor RO-32-0432 just before
and once a day for first 3 days after the nerve ligation. These findings suggest that the preliminary facilitation of spina
PKC activity caused by nerve ligation could affect the morphine-induced rewarding effect in mice. Then, the next study
was designed to examine whether direct activation of PKC in the spind cord by a specific activator, phorbol
12,13-dibutyrate (PDBU), could suppress the rewarding effect induced by morphinein mice. A singlei.t. injection of PDBu
produced a marked pain-like behaviors and a long-lasting therma hyperalgesiain a dose-dependent manner. Under these
conditions, the rewarding effect induced by morphine was abolished by a single i.t. pretrestment with PDBu in mice.
Furthermore, it is worthwhile to note that a single i.t. injection of PDBuU caused a marked increase in the number of
c-Foslike immunoreactivity expressing cells in the parafascicular nucleus, amygdala and cingulate cortex , but not
hippocampus in the mouse. Collectively, these findings raise the possibility thet activeted PKC in the spind cord with
chronic pain-like hyperalgesa causes syngptic changes in the emationdity-related brain regions, resulting in the
suppression of the morphine-induced rewarding effect in mice.
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Regulation of P-glycoprotein function by morphine treatment

Takashi Okura, Tadahiro Ozawa, Michiko I be, Shizuo Yamada, Ryohei Kimura

Department of Biophar macy, School of Phar maceutical Sciences, University of Shizuoka

Summary: Morphine is a substrate for P-glycoprotein (Pgp), a broad-specificity efflux pump. The uptake by
human colon carcinoma Caco-2 cells of the Pgp substrates, [*H]vincristine and Rhodaminel123, was significantly
reduced by pretreatment with morphine. The reduction of [*H]vincristine uptake was seen at 12 h after morphine
treatment and almost same reduction level was maintained during morphine trestment for 14 days. Further,
morphine transport through the Caco-2 cell monolayer in the efflux direction was increased by pretreatment with
morphine. These results suggest that treatment with morphine increases Pgp activity and efflux transport of

morphinein Caco-2 cells.
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Fig. 1 [*H]Vincristine uptake by Caco-2 cells pretreated
with morphine (0.1 — 500 puM, 14 days)
The cells pretreated with or without morphine were
incubated with 31 nM [*H]vincristine at 37  for 60
min. [*H]vincristine uptake was demonstrated as %
decrease from the control value. Each column represents
mean = S.E. of threeto nine experiments.



N
?

w
?
_{

T

(% decrease)
N)
@

-
<

Rhodaminel23 uptake

]

Morphine Rifampin Digoxin Colchicine

Fig. 2 Rhodaminel23 uptake by Caco-2 cells pretreated

with morphine, rifampin, digoxin or colchicine

The cells were pretreated with morphine (10 pM, 24 hr),
rifampicin (10 uM, 24 hr), digoxin (0.1 uM, 24 hr) or
colchicine (7.5 uM, 48 hr). The cells were incubated
with 3 puM rhodaminel23 at 37 for 90 min.
Rhodaminel23 uptake was demonstrated as % decrease
from the control value. Each column represents mean +
S.E. of three to eleven experiments.
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Fig. 3 Rhodaminel23 efflux from Caco-2 cells pretreated
with morphine or digoxin

The cells were pretreated with morphine (10 uM, 24 hr)
or digoxin (0.1 pM, 24 hr). The cells were incubated
with 3 uM rhodaminel23 at 37  for 90 min. Then cells
were washed, and incubated with rhodaminel23-free
medium at 37 for 90 min. Each column represents
mean + SE. of three experiments. Asterisks show a
significant difference from control values, *P < 0.05, **P
<0.01
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Fig. 4 Effect of pretreatment with morphine (10 puM,
21 days) on transepithelia transport of morphine in the
apical to basolateral direction (A to B) and basolateral to
apical direction (B to A) across Caco-2 cell monolayers.
The cells were pretreated with 10 uM morphine for
21 days. The cells were washed, and then 10 uM
morphine was added to the apical side (A to B) or to
the basolateral side (B to A) of monolayers. After
incubation at 37 for 120 min, the medium on the
other side was collected and assayed. Each column
represents mean + S.E. of three experiments.
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u-Opioid receptor trafficking and changes in astroglial cells in the mouse spinal cord
induced by repeated opioid administration

Masami Suzuki, Minoru Narita, Tsutomu Suzuki
Department of Toxicology,

Hoshi University School of Phar macy and Phar maceutical Sciences, Tokyo Japan

Summary:  Chronic treatment with p-opioid receptor agonist has been reported to cause the receptor
desensitization and internalization which were deeply concerned with the modulation by kinds of protein kinases.
Either repeated s.c. administration of morphine or etorphine once a day for 7 days produced a marked reduction
in each spinal p-opioid receptor-mediated antinociceptive effect in the mouse.  The present molecular approach
strongly supports the idea that the etorphine-induced pi-opioid receptor desensitization may result from p-opioid
receptor internalization associated with trandocation of several kinds of trafficking proteins and conventional
protein kinase C (cPKC) to the plasma membrane. Unlike etorphine, morphine had no effect on the levels of
trafficking proteins in membranes and failed to induce the internalization of p-opioid receptors. Repeated
treatment with morphine also had no effect on levels of membrane-bound cPKC, whereas it produced a
significant increase in the level of phosphorylated-cPKC (p-cPKC) in the spinal dorsal horn detected by
immunohistochemistry. Repeated treatment with morphine promoted astroglial hypertrophy as well as its
proliferation in the dorsal horn of the mouse spinal cord. A deletion of cPKC caused a dramatic inhibition of
astroglial changes by chronic administration of morphine. These findings provide further evidence that the
etorphine-induced p-opioid receptor internalization may be associated with the trandocation of trafficking
proteins to the plasma membrane in the mouse spinal cord. Furthermore, the present data raise the fascinating
possibility that the increased astroglial response isinvolved in the development of morphine tolerance associated

with the sustained activation of cPKC.
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