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Therole of ERK (extracelluar signal regulated kinase) in the inhibition of the
mor phine-induced rewarding effect under neuropathic pain

Satoru Ozaki, Minoru Narita, Michiko Narita, Masahiko Ozaki, Asuka Shirafuji,
Tsutomu Suzuki
Department of Toxicology, School of Pharmacy and Phar maceutical Science,
Hoshi University

Summary: We previously reported that the morphine-induced place preference was abolished in
sciatic nerve-ligated mice. The present study was designed to investigate whether a state of
neuropathic pain induced by sciatic nerve ligation could be implicated in the ERK and p38
activation in the lower midbrain area including the ventral tegmental area (VTA), which
contributes to the development of its rewarding effect, in the mouse. A dose-dependent place
preference induced by s.c. morphine was observed in sham-operated mice but not in sciatic
nerve-ligated mice. Here we found a persistent and significant reduction in protein levels of
phosphorylated-ERK and p38, indicative of these active states, in cytosolic preparations of the
lower midbrain following nerve injury. The inhibition of ERK cascade by either PD98059 or
U0126 impaired the morphine-induced place preference in naive mice. In contrast, i.c.v. treatment
with SB203580, a specific inhibitor of p38, did not interfere with its rewarding effect. These
results suggest that the persistent reduction in the ERK-dependent signaling pathway in the lower
midbrain may, at least in part, contribute to the suppression of the rewarding effect of morphine
under neuropathic pain.
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Roleof the central nudeusof amygdalain mor phinewithdrawal-induced conditioned place
aversoninrats

Takayuki Nakagawa, Takeshi Watanabe, Rie Yamamoto, M asabumi Minami and M asamichi Satoh
Department of M olecular Pharmacology, Graduate School of Phar maceutical Sciences
Kyoto Univer gty

Summary : We investigated the role of the amygdda in the nadoxone-precipitated morphine withdrawal-induced
conditioned place averson (CPA).  Excitotoxic lesion of the centrd (CeA), but not basolaterd, nudeus of the amygdda
atenuated the CPA.  Both extracdlular glutamate and noradrendine levels in CeA were devaed during morphine
withdrawa. Microinjection of glutamate receptor or [3-adrenooeptor antagonigsinto hilaterd CeA atenuated the CPA.
These realts suggest that both glutamatergic and noradrenergic systems in CeA  contribute to the morphine

withdrawa-induced CPA.
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Fig.1 Effects of CeA (a) or BLA (b) lesions on the
naloxone-precipitated morphine withdrawal-induced
CPA. Each column represents the time (sec) in the
nal oxone-paired compartment in the test session minus
that in the preconditioning session. *P<0.05,
**P<0.01, ***P<0.001 vs respective naive rats,
#P<0.05 vs CeA-sham-operated morphine-dependent
rats (Bonferroni post hoc test). n=6-11.
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Fig.2 Effects of naloxone-precipitated morphine
withdrawal on the extracelular glutamate (a) and
noradrenaline (b) level in CeA. Animals were i.p.
injected with naloxone (0.3 mg/kg) at the time zero
indicated. Data are expressed as the meanstSEM of %
of the basal values calculated as an average of three
consecutive stable dialysates before naoxone
injection. *P<0.05, **P<0.01, ***P<0.001 vs naive
rats (Bonferroni post hoc test). n=4-7.
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Fig.3 Effects of microinjection of glutamate receptor antagonists into CeA on the naloxone-precipitated
morphine withdrawal-induced CPA. Morphine-dependent or naive rats were microinjected with vehicle,
CNQX, MK-801 or D-CPPene into bhilateral CeA 10 min before i.p. injection of naloxone (0.3 mg/kg).
***P<0,001 vs vehiclemicroinjected naive rats.
morphine-dependent rats (Bonferroni post hoc test). Numerals in parentheses indicate the numbers of rats used.
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Fig4 Effects of microinjection of B-adrenoceptor antagonists into CeA on the naoxone-precipitated
morphine withdrawal-induced CPA. Animals were microinjected with vehicle, propranolol, timolol, atenolol
or butoxamine into bilateral CeA 10 min before i.p. injection of naloxone (0.3 mg/kg). ***P<0.001 vs
vehicle-microinjected naive rats. *P<0.05, *P<0.01 vs. vehicle-microinjected morphine-dependent rats
(Bonferroni post hoc test). Numeralsin parentheses indicate the numbers of rats used.
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Suppresson of Pain-induced Aver sve Response by Microinjection of Morphine
into the Basolateral Amygdaloid Nudeus

M asabumi Minami, Junki Yamamoto, Taiichi M achida, Sachi Tanimoto, Takayuki Nakagawa,
Masamichi Satoh

Department of M olecular Phar macology, Graduate Schoal of Phar maceutical Sciences
Kyoto Univer sty

Summary: Effect of morphine on the formain-induced place averson was examined when it was bilaterdly injected into
the basolaterd amygddoid nudleus (BLA).  IntraBLA injection of morphine & adose of 10 pg/Sde dmost completely
suppressed the formainkinduced place averson.  Although the intraBLA injection of the same dose of morphine
significantly suppressad the formdintinduced nociceptive resposes such as lifting, licking and biting, the degree of the
uppresson was low, suggedting that the suppressive effect of morphine on the conditioned place averson was not
exdusvdy dueto the andgesic effect of morphine. Microdiaysisreveded that formdin-induced sustained pain evoked
the glutamate releese in the BLA, and this evoked rdease was suppressed by the loca gpplication of morphine viathe
microdidyss probe  IntraBLA injection of MK801, but not CNQX or AP3, suppressed the formdin-induced place
averson, while neither of these glutamate receptor antagonigts afected the formdin-induced nociceptive responses
Theseresults uggest that intracBLA injection of morphine produced suppressive effect on paintinduced aversive response
through theinhibition of the glutamaterdeaseinthe BLA.
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Application of 2,6-Dimethyl-L-tyrosine (Dmt) to the Development of Opioid
Mimetics
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Summary: Endomorphins (Tyr-Pro-Trp/Phe-Phe-NH,) are potent and pi-sel ective mammalian endogenous
opioid ligand. Dmt-Pro-Phe-Phe-NH, exhibited more potent binding activity for py - and & -opioid
receptors than Endomorphin-2 with K; values of 0.15 (4.6 times) and 28.2 (330 times) nM, respectively.
In this presentation, we discuss the effect of Dmt on interaction between ligands and opioid receptors.
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Table-1. The binding activities of EM-2, [Dmt]EM-2, and their analogues.

[*H]DAMGO [*H]DPDPE Binding selectivity

Compounds Kiu (nM) R.P Kid (nM) R.P Kio/Kipt

EM-2 0.69+0.16 1 9230 + 200 1 13400
[des-Phef|EM-20 46.3+38 0.015 15900 + 2300 058 343
H-Tyr-Pro-NH, 26107 £ 1397  (3) 2.6x10° 40126 + 1115 (3) 0.23 15
APFF-NH2 16750+ 6242  (3) 4.1x10° 4722650 (4 2 0.3
YAFF-NH2 3272 + 283 (3) 2.1x10° 3466 £710 (4 27 1
YPAF-NH2 257497 (3) 0.0027 2658+ 738 (4 35 10
YPFA-NH2 65.7+23 (3) 0011 3740662 (4 25 57
[DmtYEM-2 015+0.035 (3) 4.6 282+81 (3 330 188
H-Dmt-Pro-Phe-NH, 0.12 + 0.09 3) 5.8 532+ 6.1 (3 170 443
H-Dmt-Pro-NH, 41712 (3) 17 7349 £ 97 (3 126 24

Displacement of [*H]DAMGO (p-selective) and [*H]DPDPE (3-selective) from rat brain membrance synaptosome.

The K; values are the mean + SEM. The potency is relative to that of EM-2.
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Figure-3. CD spectraof EM-2, [Dmt']EM-2 and
their analogues in neat TFE. 0.993mM
EM-2 (—), 1.25mM APFF-NH, (e ),
1.00mM [DmtEM-2 (x ).
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Table-2. The cis/trans ratio of [Dmt']EM-2 and
its Analoguesin DM SO.

cis: trans?
EM-1 1:30
EM-2 1:29
[des-Phe’]EM-2 1:2
[DmtYEM-2 7:3
H-Dmt-Pro-Phe-NH, 13:7
H-Dmt-Pro-NH, 5:3

3 Determined by integration of the *H NMR.

Tablee3. The GPI and MVD assay of
[Dmt']EM-2 and its Analogues

GPI assay™ MVD assay™?
Compounds ICs0 (NM)  R.P.  1Cso (NM) R.P.
EM-2 5.79+0.4 1 344 + 93 1
[DmtYEM-2 0.071+0.016 81.5 1.87 + 0.6 184

H-Dmt-Pro-Phe-NH2 2.33+0.49 25 113+ 35
"1 Values are the mean of seven experiments + SEM.

3.0

*2 Values are the mean of six experiments + SEM.
The potency is related to that of EM-2.
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Table-4. The binding activities of EM-2, [Dmt]EM-2, and their analogues.

[*HIDAMGO [*H]DPDPE Binding selectivity

Compounds Kip (nM) Kid (nM) Kid/Kip
EM-2 0.69 +0.16 9230 + 200 13400
[des-Phe’|EM-2 46.3+38 15900 * 2300 343
H-Tyr-Pro-Phe-NH-C;H4-Ph 133+ 26 3) 4310 + 635 (3) 324
H-Tyr-Pro-Phe-NH-1-Nph 241+05 (4) 3640 + 1260 4 1510
H-Tyr-Pro-Phe-NH-3-QIn 55.75 + 5.03 (4) 18600 + 1740 3 333
H-Tyr-Pro-Phe-NH-5-QIn 4,07 + 045 (4) 12700 + 2470 ®3) 3110
H-Tyr-Pro-Phe-NH-6-QIn 729+ 6.6 (4) 9880 + 2640 (3) 136
H-Tyr-Pro-Phe-NH-8-QIn 249.2 + 20.6 (4) 17100 * 3590 3 68
H-Tyr-Pro-Phe-NH-5-1sq 6111 + 14.2 (5) 3480 + 640 3 57
[DmtEM-2 015+0.035 (3) 282+81 (3 188
H-Dmt-Pro-Phe-NH, 0.12 + 0.09 3) 532+6.1 3 443
H-Dmt-Pro-Phe-NH-C;H4-Ph 051+0.15 3) 18.0+25 3 35
H-Dmt-Pro-Phe-NH-1-Nph 029+0.037 (4 19.9+ 30 4) 68
H-Dmt-Pro-Phe-NH-3-QIn 033+0.017 (4 1904+ 22.3 (3) 580
H-Dmt-Pro-Phe-NH-5-QIn 011+0.014 (3 30+38 3 283
H-Dmt-Pro-Phe-NH-6-QIn 022+0.038 (4 466+ 24 3 212
H-Dmt-Pro-Phe-NH-8-QIn 049+ 0.057 (5 331+171 4) 68
H-Dmt-Pro-Phe-NH-5-1sq 019+0.018 (5 98.3+8.83 4 517

Displacement of [*H]DAM GO (u-selective) and [*H]DPDPE (3-selective) from rat brain membrance synaptosome.

The K| values are the mean + SEM.
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Figure 4. Increasing ratio in binding activities of
EM-2 analogues for p- and &-opioid
receptors by substitution Tyr with Dmt.
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H,N AN So
0 H
OH

K;i & (nM) Ki g (nM) o/

n=4 R=H 2185 +/-133 702 +/- 48 31
4 =Me 232 +/-25 0.114 +/- 0.0078 204
3 =H 4347 +/-84 25.7 +/- 3.0 17
3 =Me 132 +/-17 0.042 +/- 0.003 314
2 =H 2902 +/-587 3085 +/-11.2 9.4
2
1

Compounds

=Me 726 +-12 0115 +/- 0.009 63
=H 1833 +/- 520 460 +/- 14 4.0
1 =Me 157 +-21 116 +/- 018 135

Displacemnt of [°H]-DAMGO (p-selective) and [>H]-DPDPE
(&-selective) from rat membrane synaptosome. Vaues are means +/-S.E.
Figure-5. Structure and receptor binding profiles
of opioid mimetics containing
pyrazinone ring.
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Figure-6. Increasing ratio in binding activity by
substitution of Tyr with Dmt for p- and
o-receptor.
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n=24.6or8.
R=H orMe
Compounds Ki & (nM) Ki (M) 5/
Dmt-NH-(CHp),-NH-Dmt 116 +/- 10.6 1.43+/- 0.01 81
Dmt-NH-(CH2)4-NH-Tyr 133 +/- 18 0.38+/-0.02 349
Dmt-NH-(CH2)4-NH-Dmt  53.4 +/-14.8  0.04}/- 0.003 1300
Dmt-NH-(CH)g-NH-Dmt  46.1 +/- 88  0.053+/- 0.01 870
Dmt-NH-(CH2)g-NH-Dmt  14.8 +/- 3.0 0.19+/- 0.024 78

Displacemnt of [°H]-DAMGO (u-selective) and [°H]-DPDPE
(-selective) from rat membrane synaptosome. Values are means +/-S.E.
Figure-7. Structure and receptor binding profiles
of opioid mimetics containing diaminoalkane,
H-Dmt-NH-(CH,),-NH-Dmt-H.
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