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Abstract

Ž .A single administration of 40 mgrkg i.p. of methamphetamine caused a loss of dopamine transporter in the striatum of albino Swiss
Ž . w 2 5x Ž . Ž .CD-1 mouse for at least 3 weeks. The administration of a single dose of D-Ala ,D-Leu enkephalin DADLE 18 mgrkg, i.p. , given at
day 14 after the administration of methamphetamine, caused a significant, transient restoration of dopamine transporter level in the
striatum. These results suggest that d-opioid peptide DADLE is able to reverse the neuronal damage caused by methamphetamine.
q 1999 Elsevier Science B.V. All rights reserved.
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w 2 5 x Ž .D-Ala ,D-Leu Enkephalin DADLE is a stable analog
of endogenous d-opioid leucine enkephalin. DADLE can
induce hibernation in summer-active ground squirrels
Ž .Oeltgen et al., 1988 and to enhance the functional recov-

Žery of isolated hearts against ischemic insult Bolling et
.al., 1998 . Further, in mouse brain, the long-term loss of

dopamine transporter and the increase of an immediate
early gene c-fos caused by methamphetamine were shown

Žto be blocked by a pretreatment of DADLE Tsao et al.,
.1998; Hayashi et al., 1999 . These results indicate that

DADLE possesses tissue protective properties in the pe-
riphery as well as in the brain. Those studies, however, did
not examine whether DADLE may reverse an existing
damage caused by previous insults. The purpose of this
study was therefore to investigate whether DADLE might
reverse the dopaminergic terminal damage, as indicated by

Ž .the dopamine transporter loss Wilson et al., 1996 , in the
Ž Ž .brain of albino Swiss CD-1, or ‘Crl:CD-1 ICR BR’ from

.Charles River Labs, USA mice previously treated with
methamphetamine.

Male CD-1 mice received a high dose of metham-
Ž .phetamine 40 mgrkg, i.p. . On day 14 after the metham-

phetamine administration, animals received an injection of
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Ž .DADLE Multiple Peptide systems, CA; 18 mgrkg, i.p. .
Animals were killed by decapitation on days 15, 16, and
21, respectively, post-methamphetamine administration and
their brains removed and processed for the autoradio-
graphic examination of dopamine transporter level accord-

Ž .ing to a published procedure Tsao et al., 1998 by using a
Ž w125 x .dopamine transporter marker 3b- 4- I iodophenyl -

Žw125 xtropane-2b-carboxylic acid isopropyl ester I RTI-121
Ž ..Boja et al., 1995 . A Macintosh computer-based analysis

Ž .system Image, NIH was used for the quantification of
w125 xI RTI-121 binding to three regions of the brain: medial
striatum, lateral striatum, and the nucleus accumbens. Data
were first analyzed by two-way analysis of variance
Ž .ANOVA with time and drug treatment considered as
factors and then subjected to a stringent post-hoc analysis
using the Scheffe’s test. The significance level was set at´
P-0.05.

There were significant main overall effects of drug and
Ž .time Fs45.126, Ps0.0001 . A high dose of metham-

Ž .phetamine 40 mgrkg, i.p. caused a long-term loss of
dopamine transporter in the striatum. The dopamine trans-
porter levels post-methamphetamine injection on days 15,
16, and 21, respectively, were significantly lower than
those of the corresponding salineqsaline controls or the

ŽsalineqDADLE controls in both aspects of striatum P ’s
-0.0011 for medial striatum; P ’s-0.0001 for lateral

.striatum; Fig. 1A,B .
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Fig. 1. Reversal by DADLE of the dopamine transporter loss induced by
Ž .methamphetamine. Albino Swiss CD-1 mice received a single injection

Ž . Ž .of methamphetamine 40 mgrkg, i.p. . DADLE 18 mgrkg, i.p. was
given on day 14 post-methamphetamine administration. Animals were
killed on days 15, 16, and 21, respectively, after methamphetamine
administration and brains processed for the autoradiographic examination

w125 xof dopamine transporter using I RTI-121. Specific binding of the
Ž .radioligand is shown on Y-axis mean"S.E.M. . X-axis represents days
Ž . Ž .post-methamphetamine injection. A Medial striatum; B lateral stria-

Ž . Ž .tum; C nucleus accumbens. Closed circles, salineqsaline Ns6 ; open
Ž .triangles, salineqDADLE Ns6 ; closed squares, methamphetamineq

Ž . Ž .DADLE Ns9 ; open circles, methamphetamineqsaline Ns9 . Note:
Although not marked, all values of the methamphetamineqsaline groups

Ž . Ž .in A and B are significantly different from those of either salineqsaline
Ž . Uor salineqDADLE group on corresponding days P ’s-0.0011 . P -

0.0146 for medial striatum, U P -0.024 for lateral striatum, for day 16
when compared to the methamphetamineqsaline group.

Within the same treatment group, however, no signifi-
cant difference was found between any two time points for
all curves in Fig. 1, except for the methamphetamineq
DADLE group. It has to be mentioned that although the

ŽDADLE treatment alone i.e., salineqDADLE, Fig. 1A–
.C tended to increase the dopamine transporter level, the

differences between any two time points in this group of
animals in all three areas examined did not reach statistical

Žsignificance e.g., Ps0.6386 between days 15 and 16 in
the salineqDADLE group in the lateral striatum, Fig.

.1B . The methamphetamineqDADLE group of animals
exhibited a significantly higher level of dopamine trans-
porter in both aspects of striatum on day 16 when com-

Žpared to day 15 Ps0.0057 for medial striatum; Ps
.0.0115 for lateral striatum; Fig. 1A,B . The dopamine

transporter level of the methamphetamineqDADLE group

in the medial striatum on day 16 was in fact restored to a
Žlevel not significantly different from that of controls Ps

.0.3464; Fig. 1A and the level was significantly higher
Žthan that of the methamphetamineqsaline group Ps

.0.0146 . In the lateral striatum, the dopamine transporter
level on day 16 in the methamphetamineqDADLE group
was also significantly higher than the methamphetamineq

Ž .saline group Ps0.0240 , although it was not restored to
Žthe level of either control group P ’s-0.0002 when

.compared to controls . The level of dopamine transporter
returned to the control level on day 21 in both aspects of
striatum. In the nucleus accumbens, no significant differ-

Žence could be found between any two data points P ’ss
.0.0670 to 0.9999; Fig. 1C .

Thus, our results show for the first time that a single
administration of moderately high dose of metham-
phetamine is able to cause a long-term loss of dopamine
transporter. The results also show that the d-opioid peptide
DADLE is able to reverse the loss of dopamine transporter
in the striatal dopaminergic terminals caused by metham-
phetamine. Since the dopaminergic terminal damage caused

Žby methamphetamine involves free radicals Cadet et al.,
.1994; Fleckenstein et al., 1997 and since DADLE is able

to sequester the free radical-induced damage in synaptoso-
Ž .mal membrane preparation Tsao et al., 1998 , it is tempt-

ing to speculate that this action of DADLE may involve
the restoration of the integrity of the membrane of
dopaminergic terminals. The endogenous d-opioid peptide
may therefore play certain as yet unrecognized important
physiological roles, such as neuroprotection, in the brain.
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