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Involvement of the spinal protein kinases in thermal hyperalgesia induced by sciatic nerve

ligation in mice

Yoshinori Yajima, Masahiro Shimamura, Minorue Narita and Tsutomu Suzuki

Department of Toxicology, School of Pharmacy, Hoshit University

Summary: Partial sciatic nerve ligation in mice caused the marked and persisient decrease m thermal paw

withdrawal latencies of the ipsilateral side. This thermal hyperalgesia was completely suppressed by chronically

repeated intrathecal (i.t.) injections of the selective protein kinase C (PKC) inhibitor and protein tyrosine kinase

(PTK) inhibitors. In contrast, repeated i.t. pretreatment with the selective protein kinase A (PKA) inhibitor failed

to inhibit sciatic nerve ligation-induced thermal hyperalgesia. These findings provide evidence that the activation

of PTK and PKC in the spinal cord following nerve imjury is implicated in the expression of thermal

hyperalgesia in nerve-ligated mice.
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Suppression of morphine-induced rewarding effect and chenges 1n p-opioid receptor function

under neuropathic pain
Satoru Ozaki, Minoru Nanta, Hiroko Tamak), Tsutomu Suzuki

Department of Toxicology, School of Pharmacy, Hoshi University

Summary: The morphine-induced place preference observed i sham-operated mice was abolished in sciatic
nerve-ligated mice. Considering the data obtained from in vivo microdialysis assay, the attenuation of morphine-
induced place preference following sciatic nerve ligation may result from the decrease in the morphine-mduced
dopamine release in N.Acc. Furthermore, the increase of [’S} GTPyS binding to lower midbrain membranes
including ventral tegmental area (VTA), which possesses high densities of p-opioid receptors and plays a critical
role in the rewarding effects of opioids, was significantly attenuated in nerve-ligated mice as compared to sham-
opercated mice. These results suggest that the decrease of u-opioid receptor-mediated G-protein activation in the
lower midbrain is, at least in part, implicated in the inhibition of morphine-induced rewarding effect under

neuropathic pan.

(&) NEREDH NI EEHSsMhIZIL, FZTAEM
I REEEES X DFERKEEZERT 50, XTI, AEARERTIZBITA AT R ERERNMD
BERIIBWTAHABRFIIEN X EETIZEHL -8 FEOMHEBEZHHITASEHP T, TOXFEEERET

&. B ENBERIZARZ T EEF AR, RA
AT RRI T AL AREEERTTIIIC
BOTENERORMIRNER I NG WL ZEZHIZ
BHSMIZLTHD., BERKEEEXFT5REHFTL
50, E, A EABEIT<0hEREOSET
RS L THEREERVIBEHINTEND., Zok
AN X LEZRATLHDIIETETEERHEDTD
NTha, k43 LEERERIZL5HEREN
ERETINEEHEL, TILEROBRMARIIOVTRE
L&A, REMEKREEEIERIZEN CRORM

FTIIZBITERA p EEEOBENT(LIZ DL THE
&L 7z,
[ ]
ARFEIIBWT, ERBPEL T ICR R~
ABLK SD ZREMHET v MEFERAL. BEERE
T, Seltzer COFHEEITABIULT v IS
AL, ARELERRETERER TS EITADER
L7 F/, 2EHEL2ELXLBLWTHREROFHR %
T8 ZEGSERBELE, 2o 0EPWR3FRE
4 BHEODUMPOERIZTTERAL -




1. Conditioned Place Preference (CPP) #£
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Role of the phosphatidylinositol metabolism cascade

in the morphine-induced place preference

Keisuke Mizuo, Minoru Narita and Tsutomu Suzuki

Department of Toxicology, School of Pharmacy, Hoshi University

Summary: The present study was to investigate the role of phosphatidylinositol metabolism cascade in

the morphine-induced place preference. An i.c.v. pretreatment with specific antibody to GBy significantly and

dose-dependently attenuated the morphine-induced place preference. Furthermore, morphine-induced place

preference was completely blocked by 1.c.v. injection of a selective inositol-1, 4, 5-triphosphate (IP,) inhibitor

xestospongin C.

It has been shown that IP, production can be mediated by Gfy.

Taken together, the present

data suggest the possibility that the activation of phosphatidylinositol metabolism cascade via Gfy subunit may

contribute to the morphine-induced place preference.

!

L]
w-opioid

Ll

£ THEHRRPBITLD
phospholipase C (PLC) ML N5 T EAK
X, opioid MERET /I VIEHE
KAEEORENERBEIN TN S,

Fh, SBBCPBITL2BEBEOER.
xR & M R E B 22
inositolpolyphosphate-S-phosphatase (IPSPase) . G-

morphine

protein y4 subunit $ X 7Ff phosphatidylinositol-3-
kinase (PI3-K) 72&. 7/ b=V EEERH
RS L ThdEERizFrARbzInt, In
50 T &M S morphine BAFREBRMUIREIZA /T
b= VIEBRAFHBREINCIONDRIZR

LTW3bDEEZLNS, TITEHRETIE
morphine FEFREMIBRICHBITIS NS O SIC
DWTERFHEIT D7z,

Fi ik
ERICITEKE 2530 g @ ddY ZBMETIASH
K7 HED SD ZEM S FEFERL -
WM E DO BIEIX conditioned place preference i

2t fEDTFEAHT Y —NNT AR
E-T. 1 B 1 B 60 7. 3t 6 HOELHFD
TJExfro7,

i Gy 513 morphine %5 1 EERIAIGIZ.
JAR: £ 00 | A

EETHD xestospongin C

L




i< morphine 5 ® 10 FTRHIZETNENREN
M 2= DY A

HERPIUEE

Morphine iIZX > THEH TN S5EKMHIRII G-
protein (O By subunit DRRAFIEZNERNUE
THLHIEICEDFEEIIAHEINTZ, JO#HRXK
b . morphine O M EREIZIT G-protein D
By subunit DIEHEA—FHEGL THhas I &N
EZX b5,
GBy subunit {Z X D PI3-K WiEtE (L &
nNsZergEINL Y £/ 2D P3-K D
Efbick->TEEXEINE PIP, B R A
Ve —+L T PLGy ikt T 5 2 &M
BRSNS TW5S, 512, morphine Z @k
BETHIEICED, BEHBESFICBITS PLG
@ up-regulation NFEFREINDI T LN\ EINT
W5 A, £ EF SREIZT BT morphine D
HEEGI1ZLD PLCy BEHIEENS Z & %0
EMZLTVWS ¥, ZN5DZEXD. morphine
HHEKERERIZ PLCy OEEHLENEEREZRZ
Ho ThaalgEENELZ NS,

mit. PLCy OiEME{Eic X 5 1P, BREZMHE Ca™
ART—Mm6ED Ca* HENATETITEXREHERE
HORBIZEEREBZH > THWAHAIT EMNHL
MIZTNTNWA 33, &/, fiRRA CG” OLR
iZ& ¥ morphine DHCOKGMNIE®T 5 &,
F /-, G K& TEHERSETN S
calcium/calmodulin kinase 11 DO EHRBIHEED
BATIE AIZL YD morphine % 7 ¥ 820 52 A3 4] &
SNBHZENT 2 EMS. morphine DRFAKE
RE CHMRAAN Ca™* BEEOMENREEINT
W3, 2T, morphine AREMIERIZBITS

Lz

43

IP, ODEFHICODWTHRFTE2IToT&EI A,
morphine A HMZIRIIEIRT IP, [HEETH
% xestospongin C DRHMERNLEIZI D HFEIZH
Nk, TNSDODITEXVEA 1P, Bz
Ca™ store 5@ Ca™ WEAED' morphine % H
M REBRIC—HEES L TH A RN RE S
5,

AWEDFERIL Y. morphine A FE MR I
IIBEE56< Gy L7 IP, DEEBIVE
DRFIZBEIE5 TS IPSPase 55O —@HD 1 /
RV CEEAMERNREE T 5 e[gEMEDN
EZ6N., EBTOBREXFIDHBDER

-7,

—1

51 SO
1. Stoyanov B et al: Science 269, 690-693 (1995)

2. Wolf DH, Numan S, Nestler EJ and Russell DS:
J Neurochem 73, 1520-1528 (1999)

3. BKE #F, KAE&KIL. BFXHi. §K &,
AR #-HARERE 21, 7-14 (2001)

4.  Barker SA, Lujan D and Wilson BS: J Leukoc

Biol 65, 321-329 {(1999)

5. Scharenberg AM and Kinet JP: Cell 94, 5-8
(1998)

6. XKuzmin AV, Patkina NA and Zvartau EE: Brain
Res 652, 1-8 (1994)

7.  Fan G-H, Wang L-Z, Qmu H-C, Ma L and Pe1 G:
Mol Pharmacol 56, 39-45 (1999)



S4-4

T RS LUBENEKTIFEICHT 3
TIWEIBINT D IR— 42 —FMIEEMS-153 (2 & 2 &G E

FllBe. VE B LRSS, B B, B
RBEAXFZEPARHE BRI F

Inhibitiory effects of MS-153, a glutamate transporter activator

on morphine tolerance and physical dependence

Takayuki Nakagawa, Tohru Ozawa, Rie Yamamoto, Masabumi Minami, Masamichi Satoh
Department of Molecular Pharmacology,
Graduate School of Pharmaceutical Sciences, Kyoto University

Summary: We investigated the effects of MS-153, which is reported to accelerate glutamate uptake, on the devel-
opment of morphine tolerance and physical dependence in mice. Although MS-153 had no effects on the acute
antinociceptive effects of morphine, co-administrations of MS-153 (1, 3 and 12.5 mg/kg, s.c.) during repeated
morphine treatments significantly attenuated the development of tolerance to the antinociceptive effect of mor-
phine and suppressed the naloxone-precipitated withdrawal si gns (Jumps and body weight loss). These results
suggest that MS-153, a glutamate transporter activator, has an inhibitory effect on the development of morphine
tolerance and physical dependence.
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Fig.1. Effects of MS-153 on the acute antinociceptive effect
of morphine in the mouse tail pressure test. (a) Morphine (1
and 3 mg/kg) was administered subcutanecusly at time 0 in
combination with or without MS-153 (12.5 mg/kg). The no-
ciceptive threshold at each point is presented as the mean +
S.E.M of 9 — 11 amimals. (b) The magnitudes of the effects of
MS-153 on the acute morphine antinociception are presented
as the AUC values of analgesia.
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Fig. 2. Treatment schedule of morphine and MS-153
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Fig. 3. Effects of co-administrations of MS-133 with morphine on the development of tolerance to the morphine antinociception.
Mice were repeatedly treated with morphine at progressively increasing doses in combination with MS-153 at doses of 1, 3 and
12.5 mg/kg or without 1t as described m Fig.2. For measurement of morphine tolerance, the antinociceptive effects of single s.c.
administration of morphine (3 mg/kg) were measured on day 1-4. *P<0.05, ¥**P<0.01 vs. control group on each day (Dunnett’s

multuiple comparison test). n=9-11.
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Fig. 4. Effects of co-administrations of MS-153 with mor-
phine on the naloxone-precipitated withdrawal signs 1n mor-
ptune dependent mice. On day 5, mice were administered
with naloxone (10 mg/kg, 1.p.) 2 h after the final administra-
tion of morphine, and the naloxone-precipitated withdrawal
jumps (a) and body weight loss (b) were measured for 40 min.
*P<0.05, **P<0.01 vs. control (Dunnett’s multiple compari-
son test). n=9-11
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Fig. 6. Effects of MS-133 on the development of morphine
dependence and the expression of morphine withdrawal. Mice
were repeatedly treated with morphine 1n combination with
MS-153 at adose of 10 mg/kg either for day 1-5, for day 14,
only on day 3, or without (control) as described in Fig. 5. On
day 3, naloxone (10 mg/kg, 1.p.)-precipitated withdrawal jumps
{a) and body weight loss (b) were measured during 40 min.
*P<0.05, **P<0.01 vs. control (Mann-Whitney U-test). n=10.
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