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A body of evidence supports that excitatory amino acid systems, particularly glutamatergic one, participate in mor-
phine dependence and naloxone-precipitated withdrawal. In this study, we examined the involvement of glial glutamate
transporters, GLT-1 and GLAST, in them. Rats were rendered morphine-dependent by subcutaneous implantation of
two 75 mg morphine pellets for 5 days. Intracerebroventricular administration of DL-threo-f-benzyloxyaspartate, a
glutamate transporter inhibitor significantly facilitated various naloxone-precipitated withdrawal signs. By northern blot
analysis, the expression of GLT-1 mRNA was found to decrease significantly in the striatum and thalamus of morphine-
dependent rats, and to increase significantly in the striatum 2 hr after the naloxone-precipitated withdrawal. On the
other hand, there were no significant changes in GLAST mRNA levels in any brain regions. /n vivo microdialysis experi-
ments revealed that the extracellular glutamate levels was elevated in the striatum and nucleus accumbens, in which the
changes of GLT-1 mRNA level were observed, during naloxone-precipitated morphine withdrawal. In cultured astro-
cytes, the expression of GLT-1 mRNA was regulated by agents activating the cAMP pathway, as well as S-adrenergic
agonist and dopamine, but not morphine. These results suggest that the changes of GLT-1 expression, which alter the
glutamate uptake and affect the glutamatergic transmission efficiency, play a role in the development of morphine depen-

dence and the expression of morphine withdrawal.

Key words——morphine; dependence; glutamate transporter; GLT-1; GLAST; withdrawal

1. FLs(c

BB EDORREM G RIIA HREmE S L
TR THWSNTWSAS, IEWHE, g
EENNG], hERREORIERZFDIE), T
e A IC K DB S I RO S RKFEZEE T
%, WO THRE] H2HL TWabz0, i
ROBIZBIZBNTEILE RITKDEBIBENLER
BAETH->TH, BECEMNZD [HE] M2
N, BINEREEMHOYZ 27 VLI N5
HIZESTH, PHREREEMTONRNGEEN
RZ0ons. 2N, MREKGERKRDOATZX
LEfRBAL, TOflEZEFEICT2 I L1, KkFEE
AETICHEWRSI R 2 T 2B 8EE, 55
WISEEWRE R 1T 2 B R IB R O RIS D78/
L7200 TRL, BIVERERMIBEICDEEEOIARR

ZHEL, X0&EW “Quality of life” 2252 &
MTELZHDEZEZENS.

ZNETIT, FREMEEFREIC X D IKAEERD 20
IIEMHERDFEHDO AN XALIZEL T, MNOER
BENY B, UV I CBEOESERT#RE
MERBINTWS. D §kbs, JIVY I V8 N-
methyl-D-aspartate (NMDA) = &K, 23 non-NM-
DA Z RV E T IV E 2 VB2 HEER Db
HITRD, RREEKFRD D WIXEERHE R O FE B A
ifcns &, BILERMEET v MITBWTHEHR
EOERKR FTHEEKREDORMTEMICIBNT,
NMDA Z7Z{K NR1 7 1=v b mRNA ORHE
MENMTAHZE,9 XI5, invivoRA 70517
U AEERWEREGHCXR D, RWHERFEHREICE
B TR E DRI B W TR 7V 5 2 D BRI E

AL, Tk 12 FE A ARERITRSBAMBRHEOZEEZRLEL TRRBL DD TH 2.



672 Vol. 121 (2001)
Table 1. Glutamate Transporter Family
Species Doefd :ﬁi?lélgrgg:r Tissue distribution Cellular localization (brain)
GLAST Rat 543 Brain, testis, Astrocytes, Bergmann glia
EAATI Human 542 lung, spleen,
mEAATI1 Muuse 543 muscle, retina
bEAATI Bovine 542
GLT-1 Rat 573(453) < Brain, liver, Astrocytes
EAAT2 Human 574(565) retina
mEAAT?2 Mouse 572(573, 574)
EAAC-1 Rabbit 524 Brain, Neurons (cell bodies and dendrites)
rEAACI1 Rat 523 intestine,
EAATS3 Human 524(525) kidney, lung,
mEAACI1 Mouse 523 retina
EAAT-4 Human 567 < Cerebellum, Purkinje cell (Dendrites)
rEAAT4 Rat 561 retina
mEAAT4 Mouse 561
EAAT-5 Human 560 Retina Neurons and glial cells
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Fig. 1. Effect of Intracerebroventricular Administration of TBOA on Naloxone-Precipitated Withdrawal Signs in Morphine-de-

pendent rats

Morphine-dependent rats were implanted with two morphine pellets for 5 days, and intracerebroventricularly injected with vehicle (0.1% DMSO in PBS) or
TBOA at the indicated dose, at 10 min before the intraperitoneal (i.p.) injection of naloxone (0.3 mg/kg). Each column represents the means + S.E.M. of total

numbers during 1 hr. *p<{0.05, **p<0.01 vs. vehicle, n=5—7.
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Fig. 2. Effects of Morphine Dependence and Naloxone-
Precipitated Withdrawal on the Expression of GLT-1 (a)
and GLAST (b) mRNAs in the Rat Brain

Animals in placebo-treated and morphine-dependent group were im-
planted with two placebo or morphine pellets for 5 days, respectively. For the
morphine-withdrawal group, the morphine-dependent rats were in-
traperitoneally administered with naloxone (3 mg/kg) . Northern blot analy-
sis was conducted using a 32P-labeled rat GLT-1 or GLAST antisense RNA
probes. In each region, the expression of GLT-1 or GLAST mRNA in place-
bo-treated rats was assigned a value of 100% . Data are presented as the

means + S.E.M. of the percentage of the placebo-treated group of 4—6

separate experiments. *p<0.05, **p<0.01 compared with the placebo-treat-

ed group; #¥p<C0.05 vs. morphine-dependent group (Mann-Whitney U-test) .
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Fig. 3. Effect of Naloxone-Precipitated Withdrawal on Ex-
tracellular Glutamate Concentration in Rat Striatum (a) and
Nucleus Accumbens (b)

Morphine-dependent rats were intraperitoneally administered with
naloxone (3 mg/kg) at the time zero indicated (arrow) . Dialysates were col-
lected at 15 min intervals for the determination of glutamate levels. Data are
expressed as the means = S.E.M. of the percentage of the basal values calcu-
lated as an average of three consecutive stable dialysates before naloxone ad-
ministration. n=3—S5.
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Fig. 4. Effects of Various Neurotransmitters on the Expres-
sion of GLT-1 mRNA in Rat Cultured Astrocytes

The rat cultured astrocytes were incubated with acethylcholine,
isoproterenol, dopamine, 5-hydroxytryptamine (5-HT), y-aminobutyric
acid (GABA), L-glutamate and ATP at the concentration of 1 mm for 24 hr
(upper) and 48 hr (lower) . The cells were harvested and the total RNA was
extracted. Northern blotting was conducted using a 32P-labeled rat GLT-1
antisense RNA probe.
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Fig. 5. Diagram of Glutamatergic Synapses in Morphine Dependent and Naloxone-Precipitated Withdrawal Rat Brain
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