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Involvement of pp-opioid receptor on the antinociception induced by
Tyr-Pro-Trp-Gly-NHy(Tyr-W-MIF-1)

Hiroyuki Watanabe, Akihiko Yonezawa, Hirokazu Mizoguchi,
Chikai Sakurada’, Tsukasa Sakurada’, Shinobu Sakurada

Department of Physiology and Anatomy, Tohoku Pharmaceutical University
“Department of Biochemistry, Daiichi College of Pharmaceutical Sciences

Involvement of p-opioid receptors on the antinociception induced by intrathecally (i.t.) administered Tyr-W-MIF-1
and the antagonistic property of Tyr-D-Pro-Trp-Gly-NH,, Tyr-W-MIF-1 analogue containing D-Pro?, were studied in
the mouse paw-withdrawal test. Tyr-W-MIF-1 administered i.t. produced a dose-dependent antinociceptive effect. The
antinociception was antagonized by the i.t. pretreatment with a selective p-opioid receptor antagonist
B-funaltrexamine, while the i.t. pretreatment with a selective p;-opioid receptor antagonist naloxonazine failed to
affect the antinociception. Moreover, D-Pro*endomorphin-1, a selective p,-opioid receptor antagonist, reduced the
antinociception induced by Tyr-W-MIF-1, whereas Tyr-W-MIF-1-induced antinociception was not affected by
D-Pro’-endomorphin-2, a selective ;-opioid receptor antagonist. Furthermore, Tyr-W-MIF-1 analogue containing
D-Pro? strongly antagonized the antinociceptive effect induced by Tyr-W-MIF-1 given i.t. These results indicate that
Tyr-W-MIF-1 is a selective p,-opioid receptor agonist and Tyr-W-MIF-1 analogue containing D-Pro” may act as the
selective pp-opioid receptor antagonist at the spinal cord level.
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Fig.1 The antinociception induced by Tyr-W-MIF-1 in
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Tyr-W-MIF-1 were administered i.t. in a volume of 2 L.
Each point represents the mean == S.E.M. of 10 mice.
*P<0.05, **P<0.01 vs. CSF-treated group.
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Fig.2 Effects of p-funaltrexamine (FNA), naloxonazine
(NLZ), naltrindole (NTI) and nor-binaltorphimine (BNI)
on the antinociception induced by it administered
Tyr-W-MIF-1 in the mouse paw-withdrawal test. FNA,
NLZ and BNI were administered it. 24 h before i.t.
treatment with peptide, and NTI was administered i.t. 10
min before i.t. treatment with peptide. Antinociceptive
effects were measured 10 min after the treatment with

Tyr-W-MIF-1. Each value represents the mean == S.E.M.

of 10 mice. **P<0.01 vs. Tyr-W-MIF-1 alone.
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Fig.4 Effects of Tyr-D-Pro-Trp-Gly-NH, on the antinociception induced by i.t. administered Tyr-W-MIF-1,
endomorphin-1 (EM-1), endomorphin-2 (EM-2) and DAMGO in the mouse paw-withdrawal test. Each agonist was
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Effects of opioid-peptide-hydrolyzing-peptidase inhibitors on the anti-nociception
induced by CRF receptor agonists

Tetsuo Oka, Kenya Kosaka, Yasuhiro Niino, Kayoko Iwao, Kazuhito Akahori, Shigeru Takahashi, Zhang
Peng, Jin Xing Lu, Masaru Nakabayashi, Yoshiharu Arai, Hiroyuki Kobayashi, Masanobu Yoshikawa

Department of Pharmacology, School of Medicine, Tokai University, Isehara 259-1193, Japan

Summary: Previous studies showed that the anti-nociception induced by either the stress or the
intra-third-ventricular (i.t.v.) administration of corticotropin releasing factor (CRF) was significantly augmented
by the i.t.v. pretreatment of rats with the mixture of three peptidase inhibitors (Pls)(amastatin, captopril and
phosphoramidon) that had been shown to prevent almost completely the hydrolysis of five endogenous opioid
peptides, met-enk, leu-enk, met-enk-RF, met-enk-RGL and dyn A-(1-8). Additionally, the anti-nociception in
rats pretreated with three Pls was antagonized by either the s.c. injection of naloxone or the i.t.v. administration
of CRF antagonist.  Thus, the results in the previous investigation indicated the involvement of short opioid
peptides in both the stress- and the CRF- induced anti-nociception.  In the present study, the effects of the i.t.v.
administration of CRF receptor type 1 (CRF-R1) and CRF receptor type 2 (CRF-R2) agonists on tail-flick
response of rats were examined.  The i.t.v. injection of 0.1, 0.3, and 1.0 nmol of CRF, a CRF-R1 agonist,
significantly and dose-dependently inhibited the tail-flck response of rats pretreated i.t.v. with the three Pls,
while that of 0.1 and 1.0 nmol of either stresscopin or urocortin I, CRF-R2 agonists, did not inhibit the tail-flick
response. The results suggest that short opioid peptides are release by CRF-R1 agonist but not by CRF-R2

agonist.
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Comparison of pharmacological profiles of morphine,
fentanyl and oxycodone in ferrets

Arief Nurrochmad, Minoru Narita, Masahiko Ozaki,

Yoshinori Yajima and Tsutomu Suzuki

Department of Toxicology, Hoshi University School of Pharmacy and

Pharmaceutical Sciences, Tokyo Japan

Summary: The present study was designed to investigate the comparison of antinociception and emesis

induced by morphine, fentanyl and oxycodone in ferrets. In Randall-Sellito test, morphine, fentanyl and

oxycodone produced a dose-dependent antinociceptive effect in ferrets. Under these conditions, morphine at

the dose of which had no antinociceptive effect significantly increased the number of retching and vomiting

in ferrets. On the contrary, both fentanyl and oxycodone failed to induce the retching and vomiting responses

in ferrets. These findings suggest that fentanyl and oxycodone may constitute a preferable and superior

analgesics rather than morphine for pain treatment with lower frequency of emesis.

Introduction

The World Health Organization’s guidelines for
the management of chronic cancer pain recommend
that clinicians follow the analgesic ladder, reserving
strong opioids such as morphine, fentanyl and
oxycodone for the relief of moderate to severe
cancer pain.?

Morphine has long been “gold standard” for the
treatment of moderate to severe cancer pain.
However, morphine possesses several side-effects,
particularly nausea, emesis, constipation and
drowsiness, which have provoked the use of
“opioid rotation” to alternative opioids.

Fentanyl, which is a potent synthetic analgesic,
has a high affinity for p-opioid receptor and

exhibits 50-100 times more potent analgesic

activity than that of morphine. It should be noted

that the side-effects of fentanyl is less than that of
morphine.

Oxycodone is a semi-synthetic opioid analgesic
derived from the naturally occurring alkaloid,
thebain. Oxycodone has good oral bioavailability
and seems to be as potent analgesic action as
morphine. Although oxycodone has been clinically
used for over 80 years, but its pharmacological
properties are still very poorly characterized.

The present study was designed to investigate
the comparison of pharmacological profiles of

morphine, fentanyl and oxycodone in ferrets.

Materials and methods

Animal

Male ferrets weighing 1-1.5 kg were obtained



from Marshall Research Labs (New York, USA).
Ferrets were individually housed in a room kept at
22-25°C under a 12 hr light/dark cycle. They were
given a standard cat diet (70-80 g/animal, Purina ;
Ralstone Purina Co., St.Louis, MO, USA) and

allowed free access water.

Assessment of antinociceptive effect

The antinociceptive effects induced by
morphine, fentanyl and oxycodone were measured
using  Randall-Selitto  test  analgesy-meter
(Muromachi Kikai Co., Ltd., Tokyo, Japan). The
pressure was directly applied to the tail of the ferret
via a negative-shape plunger. The tail withdrawal or
vocalization ~was considered to be an
antinociceptive response. The pressure force was
shown as grams and the cut-off force was set at 354
g. Ferrets were administered subcutaneously (s.c.)
with morphine, fentanyl or oxycodone, and the
measurement of antinociception induced by these
drugs was performed every 15 min after the
injection. The antinociceptive effect was calculated
as a percentage of maximum possible effect (%
antinociception)

according to the following

formula: % antinociception = (test threshold —
predrug threshold) / (354 — predrug threshold) x

100.

Evaluation of emesis

Before the measurement of emesis induced by
morphine, fentanyl and oxycodone, ferrets were
acclimatized for 30 min in individual cages. The

emesis was evaluated by counting the number of

retching or vomiting for 30 min after the injections
of these drugs. Retching was defined as any
rhythmic abdominal contraction without expulsion,
whereas vomiting was defined as any oral
expulsion (solid or liquid). The onset time of
retching or vomiting following the drug injection

was recorded for each animal.

Result and Discussion

In the present study, we showed here for the
first time that morphine, fentanyl and oxycodone
produced a dose-dependent antinociception in the
ferret  Randall-Selitto  test. The  maximal
antinociceptive responses induced by morphine,
fentanyl and oxycodone were reached at 30 min, 15
min and 15 min after the injection, respectively.
The EDs, values for the antinociception induced by
morphine, fentanyl and oxycodone were 2.84
(2.48-3.24) mglkg, 31.67 (26.74-37.42) pg/kg, and
1.02 (0.47-1.92) mg/kg, respectively.

Under these conditions, we next investigated
the emetic response induced by these opioids in
ferrets. Morphine produced an increase in the
number of retching and vomiting with a peak time
set at 5-10 min after the injection. The maximal
dose of emetic response induced by morphine was
0.6 mg/kg, which had no antinociceptive effect in
ferrets. Interestingly, the number of retching and
vomiting was decreased at 1.2 mg/kg, that exhibited
a weak antinociceptive effect in ferrets. Although
the exact mechanisms of the bell-shaped emesis

induced by morphine remain unclear, the results are

consistent with the report of Thomson et al.? that



higher dose of morphine has little emetic effect in
ferrets.

Unlike morphine, fentanyl failed to induce
retching and vomiting responses in ferrets when
given s.c at the doses that produced antinociception
(1-56 ug/kg). Barnes et al.¥ also reported that
fentanyl did not induce retching and vomiting
responses in ferrets. Therefore, fentanyl may be
usefull for the potent analgesic without severe
emesis.

Although it has been reported that oxycodone
induces emesis in clinical trials, oxycodone (0.01-3
mg/kg) at the dose of which produced
antinociception unexpectedly caused no retching
and vomiting responses in ferrets. This discrepancy
observed between ferrets and human may be caused
by the different administration route. Therefore,
further experiments are needed.

All of these drugs could produce a marked
antinociception through the p-opioid receptor. It
is known that lipid solubility and pharmacokinetic
profile are considerably different among these
drugs. This contention is supported by the finding
that fentanyl and oxycodone have a lipid-soluble
profile in octanol-buffer distribution coefficients
than morphine. Therefore, fentanyl and oxycodone
easily diffuse into the brain across the brain-blood
barrier as compared to morphine. This may be a
major reason why fentanyl and oxycodone can
produce more potent antinociceptive responses than
that of morphine without producing the

central-controlled emesis.?

Taken together with these findings, fentanyl and

oxycodone may be a preferable and superior
analgesics rather than morphine for the treatment of

severe pain with fewer side effects.
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Antinociceptive and antiallodynic effects of fluvoxamine, selective serotonin reuptake
inhibitor

Kunitoshi Uchida, Motoko Honda, Mitsuo Tanabe and Hideki Ono
Laboratory of CNS Pharmacology, Graduate School of Pharmaceutical Sciences,
Nagoya City University

Summary: Antidepressant drugs are reported to be used as analgesics in clinical management of neuropathic
pain. In the present study, we evaluated antinociceptive and antiallodynic effects of the selective serotonin
reuptake inhibitor (SSRI) fluvoxamine by using normal and neuropathic pain mice. Fluvoxamine maleate
(10-100 mg/kg, i.p.) produced a significant and dose-dependent antinociceptive effect in the paw pressure test.
Fluvoxamine maleate (10, 30 mg/kg, i.p.) reduced tactile allodynia in neuropathic pain mice. The 5-HT,a
receptor antagonist ketanserin blocked the antiallodynic effect induced by fluvoxamine. Amitriptyline did not
produce antinociceptive or antiallodynic effects in normal or neuropathic pain mice, respectively. These results
suggest that 5-HT,4 receptors are involved in the fluvoxamine-induced antiallodynic effect.
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Fig. 1 Effect of fluvoxamine maleate (i.p.) in the
paw pressure test in normal mice. Each point
represents the mean = S.E.M. of 6 mice per group.
The significance of the differences between the
control and test values was determined with the
two-tailed multiple t-test with Bonferroni correction
following ANOVA,; ** p <0.01, * p <0.05, (three

comparisons in four groups)
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Fig. 2 Effect of amitriptyline HCI (i.p.) in the paw
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Fig. 3 Effect of fluvoxamine maleate (i.p.) in the
von Frey test in neuropathic pain mice. Each point
represents the mean == S.E.M. of 6 mice per group.
The significance of the differences between the
control and test values was determined with the
two-tailed multiple t-test with Bonferroni correction
following ANOVA; ** p <0.01, * p <0.05, (two

comparisons in three groups)
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Fig. 4 Effect of ketanserin tartrate (s.c.) on the
antiallodynic effect of fluvoxamine (30 mg/kg, i.p.)
in the von Frey test in neuropathic pain mice. Each
point represents the mean == S.E.M. of 6 mice per
group. The significance of the differences between

the control and test values was determined with the

two-tailed multiple t-test with Bonferroni correction

following ANOVA; * p <0.05, (two comparisons in
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Fig. 5 Effect of amitriptyline HCI (i.p.) in the von
Frey test in neuropathic pain mice. Each point

represents the mean =& S.E.M. of 6 mice per group.
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Vincristine

Cytidine5’-diphosphocholine (CDP-choline)

Cytidine 5’-diphosphocholine (CDP-choline) reverses the hyperalgesia in
vincristine-treated mice

Kazuki Endo®, Hiroyuki Hayakawa®, and Junzo Kamei?.
YChem. and Pharmacol. Lab., Yamasa Corporation, Choshi, Chiba 288-0056, Japan ?Dept. of
Pathophysiol. & Therap., Sch. of Pharm. and Pharmaceut. Sci., Hoshi Univ., Tokyo 142-8501,
Japan

Summary: We studied the effect of CDP-choline on hyperalgesic components of vincristine-induced
neuropathy as assessed using the tail-flick test. Naive mice treated with vincristine (first time
0.05mg/kg, i.p., after that 0.125 mg/kg, i.p.) twice a week for 8 weeks reveals the development of
hyperalgesia. Vincristine-induced hyperalgesia were prevented when the daily treatment with
CDP-choline (500 mg/kg/day, p.o.) was started the day of vincristine injection. These results suggest
that chronic treatment of CDP-choline may have a therapeutic benefit in sensory peripheral neuropathy,
which is induced as a side effect of vincristine in malignant tumors patients.
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Fig. 2. Effect of the daily treatment with
CDP-choline on the hyperalgesia in vincristine
(VCR)-treated (once a week) mice. Each value
represents the mean=S.E. for ten mice. *P<0.05
compared with the control group. *P<0.05
compared with the Pre-VCR treated group.
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CDP-choline on the hyperalgesia in vincristine
(VCR)-treated (twice a week) mice. Each value
represents the mean=S.E. for ten mice. *P<0.05
compared with the control group. *P<0.05
compared with the Pre-VCR treated group.
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Vincristine
[D-Ala®, NMePhe” Gly’-ol]enkephalin (DAMGO)
NO-cGMP

Possible involvement of spinal NO-cGMP pathway in the attenuation of
[D-Ala’ NMePhe” Gly®-ol]enkephalin (DAMGO)-induced antinociception in
vincristine-induced hyperalgesia in mice

Naoya Tamura, Akiyoshi Saitoh, Junzo Kamei
Department of Pathophysiology & Therapeutics, School of Pharmacy and Pharmaceutical Sciences,
Hoshi University, Tokyo, Japan

Summary: Several lines of evidence indicate that vincristine, a widely used chemotherapeutic agent,
produces a painful neuropathy in humans. Our recent study showed that the treatment with vincristine
(0.125 mg/kg, i.p.) twice a week for six-weeks in mice caused thermal hyperalgesia in the tail-flick test. In
the present study, we examined the antinociceptive effect of the intracerebroventricularly (i.c.v.) injected
[D-Ala* NMePhe*,Gly’-ol]enkephalin (DAMGO), a p-opioid receptor agonist, on vincristine-induced
hyperalgesia in mice. The antinociceptive potency of i.c.v. DAMGO (1.0 — 5.6 pmol) in vincristine-treated
mice was lower than that in naive mice. Intrathecal (i.t.) pretreatment with N°-nitro-L-arginine methyl
ester (L-NAME, 10 — 56 nmol), a non-specific NO synthase (NOS) inhibitor, attenuated DAMGO-induced
antinociception in naive mice, but not in vincristine-treated mice. I.t. pretreatment with L-arginine (30 —
300 pmol), a substrate of NOS, increased the antinociceptive effect of DAMGO in vincristine-treated mice
to the level observed in naive mice. Furthermore, i.t. pretreatment with 8-bromoguanosine 3’, 5’-cyclic
monophosphate (0.3 — 1.0 nmol), a cell-permeable ¢cGMP analog, potentiated DAMGO-induced
antinociception in vincristine-treated mice, but not in naive mice. These results suggest that the attenuation
of DAMGO-induced antinociception in vincristine-treated mice may be due, at least in part, to the
dysfunction of spinal NO/cGMP cascade.
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Fig. 1. Antinociceptive effects of DAMGO in vincristine-
and vehicle-treated mice. Nociceptive threshold was
determined by tail-flick test. DAMGO was injected
intracerebroventricularly (i.c.v.) 10 min before testing.
Experiments were conducted 6 weeks after vincristine or
vehicle treatment. Each column represents the mean with
S.E. for 10-12 mice in each group. *P<0.05 compared
with the respective saline (SAL)-treated group. #P<0.05

compared with the respective vehicle-treated group.
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Fig. 2. Effects of L-NAME, a non-specific NOS inhibitor,
on the antinociceptive effects of DAMGO in vincristine-
and vehicle-treated mice. Nociceptive threshold was
determined by tail-flick test. L-NAME was injected
intrathecally (i.t.) 10 min before i.c.v. treatment with
DAMGO. Experiments were conducted 6 weeks after
vincristine or vehicle treatment. Each column represents
the mean with the S.E. for 10-11 mice in each group.
*P<0.05
(SAL)-DAMGO-treated group.
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Fig. 3. Effects of L-arginine, a substrate of nitric oxide
synthase (NOS), on the antinociceptive effects of
DAMGO in vincristine- and vehicle-treated mice.
Nociceptive threshold was determined by tail-flick test.
L-arginine was injected i.t. 10 min before i.c.v. treatment
with DAMGO. Experiments were conducted 6 weeks
after vincristine or vehicle treatment. Each column
represents the mean with the S.E. for 10-11 mice in each
group. *P<0.05 compared with the respective saline
(SAL)-DAMGO-treated group. #P<0.05 compared with
the respective vehicle-treated group.
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Fig. 4. Effects of 8-Br-cGMP, a cell-peameable cGMP
analog, on the antinociceptive effects of DAMGO in
vincristine- and vehicle-treated mice. Nociceptive
threshold was determined by tail-flick test. 8-Br-cGMP
was injected i.t. 10 min before i.c.v. treatment with
DAMGO. Experiments were conducted 6 weeks after
vincristine or vehicle treatment. Each column represents
the mean with the S.E. for 10-11 mice in each group.
*P<0.05 compared with the respective saline
(SAL)-DAMGO-treated group. #P<0.05 compared with

the respective vehicle-treated group.
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Effects of acupuncture analgesia in carrageenan-induced hyperalgesia
—The involvement of the peripheral opioid receptors —

Reina Sekido, Tatsuki Taguchi », Keisou Ishimaru ¥, Hiroshi Kitakoji, Masakazu Sakita?
Department of Clinical Acupuncutre and Moxibustion , Meiji University of Oriental Medicine,
YMeiji school of Oriental Medicine, ?Department of Surgery, Meiji University of Oriental Medicine,
Kyoto, Japan
Abstract: This study investigated the effects of electroacupuncture (EA) on the development of hyperalgesia
during carrageenan-induced inflammation and whether opioid receptors in peripheral tissues participate in
electroacupuncture analgesia (EAA). EA produced a significant increase in PPT and lasted for 24 h after
carrageenan injection. PPT elevations were antagonized dose-dependently by NTI (Sopioid receptor antagonist),
nor-BNI (kopioid receptor antagonist) or CTOP (juopioid receptor antagonist) i.pl. injection from immediately,
1 h or 3 h after EA, respectively. These results suggest that EA trigger the release of each opioid peptides at

different time stage and activate three opioid receptor in peripheral tissues.
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