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Abstract

The effects of diabetes on methamphetamine-induced place preference in mice were examined. Methamphetamine caused a
dose-dependent place preference in both diabetic and non-diabetic mice. Methamphetamine preferentially induced place preference in
diabetic mice as compared to those in non-diabetic mice. Indeed, methamphetamine-induced place preference at a dose of 0.3 mg /kg in
diabetic mice was similar to that at 3 mg/kg in non-diabetic mice. Furthermore, methamphetamine-induced place preference in both
diabetic and non-diabetic mice was significantly antagonized by pretreatment with quinpirole, a dopamine D,/D, receptor agonist.
Methamphetamine-induced place preference was also antagonized by pretreatment with 7-hydroxy-N. N-di-n-propyl-2-aminotetralin
(7-OH-DPAT), a selective dopamine D, receptor agonist. On the other hand, 7-OH-DPAT produced significant place aversion in
non-diabetic mice. 7-OH-DPAT produced neither place preference nor place aversion in diabetic mice. These results suggest that
methamphetamine-induced place preference may be modulated by dopamine D; receptors. Furthermore, increased dopamine neurotrans-
mission associated with the down-regulation of presynaptic dopamine D, receptor-mediated functions may account for the enhancement
of methamphetamine’s reinforcing effect in diabetic mice.

Kevwords: Diabetes; Methamphetamine: Place preference; Dopamine D, receptor: Mesolimbic dopamine system: 7-OH-DPAT (7-hydroxy-2-(di-n-pro-
pylamino)tetralin)

1. Introduction dopamine receptor antagonists. Indeed, amphetamine-in-
duced place preference was antagonized by pretreatment
with haloperidol, a dopamine receptor antagonist (Spyraki
et al., 1982), or 7-chloro-8-hydroxy-3-methyl-1-phenyl-
2.3.4.5-tetrahydro- 1 H-3-benzazepine (SCH23390), a selec-
tive dopamine D, receptor antagonist (Leone and Di
Chiara, 1987). Furthermore, microinjection of (+)-
amphetamine into the nucleus accumbens resulted in a
place preference (Carr and White, 1986). Moreover, am-
phetamine increases extracellular dopamine in various ter-
minal dopamine areas, as estimated by brain microdialysis
studies in freely moving rats (Di Chiara and Imperato,
1988). Based on these results, Di Chiara (1995) proposed
that enhanced dopamine release from the nucleus accum-
bens may play a critical role in the acquisition and expres-
sion of psychic dependence on drugs of abuse.

Dopamine D receptors are part of the dopamine D,-like
receptor family (Sokoloff et al., 1990; Seeman and Van
Tol, 1994). Dopamine D, receptors are found mainly in
limbic regions of the brain, and are involved in cognition,

" Corresponding author. Tel.: (81-3) 5498-5030; Fax: (81-3) 5498-5029. emotion and endocrine functions (Lévesque et al., 1992).

The conditioned place preference paradigm is a reliable
technique for measuring the reinforcing properties of drugs,
and is particularly useful for evaluating the reinforcing
effects of psychostimulants such as methamphetamine and
amphetamine. The conditioned place preference paradigm
was recently used to demonstrate that morphine has a
strong conditioning effect in mice as well as rats (Suzuki
et al., 1993). Moreover, an additional important feature of
the conditioned place preference paradigm is that both
agonist and antagonists can be evaluated without any
complicating behavioral motor effects (Hoffman, 1989).

[t has been reported that the psychostimulant-induced
place preference is abolished by pretreatment with
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The dopamine receptor agonist 7-hydroxy-N, N-di-n-pro-
pyl-2-aminotetralin (7-OH-DPAT) reportedly has a 50- to
100-fold higher affinity for dopamine D, receptors than
dopamine D, receptors in genetically transfected cells
(Lévesque et al., 1992). Thus, 7-OH-DPAT has been used
to investigate possible dopamine D; receptor-mediated
functions. Recent evidence has suggested that dopamine
D, receptors may modulate the reinforcing effects of
cocaine and morphine. Since the self-administration of
cocaine in rats was decreased by co-administration of
7-OH-DPAT, Caine and Koob (1993) suggested that pref-
erential stimulation of dopamine D, receptors by a low
dose of 7-OH-DPAT may modulate the reinforcing proper-
ties of cocaine. Furthermore, Suzuki et al. (1995) reported
that morphine-induced hyperlocomotion was attenuated by
pretreatment with 7-OH-DPAT. They also indicated that
the morphine-induced increase in the dopamine metabo-
lites 3,4-dihydroxyphenylacetic acid (DOPAC) and ho-
movanillic acid (HVA) in the limbic forebrain (nucleus
accumbens and olfactory tubercle) was attenuated by 7-
OH-DPAT. These results suggest that the activation of the
presynaptic dopamine D, receptors in the mesolimbic
dopamine system may attenuate the expression of mor-
phine-induced hyperlocomotion. Moreover, it has been
reported that the acquisition and expression of the mor-
phine-induced place preference are antagonized by pre-
treatment with 7-OH-DPAT (Fonseca et al., 1995). These
results suggest that the activation of dopamine D5 recep-
tors attenuates the rewarding properties of opioids.

We recently reported that spontaneous locomotor activ-
ity in diabetic mice was significantly greater than that in
non-diabetic mice (Kamei et al., 1994). Furthermore,
haloperidol and SCH23390. a selective dopamine D, re-
ceptor antagonist. significantly reduced spontaneous loco-
motor activity in diabetic mice, but not in non-diabetic
mice (Kamei et al., 1994). Moreover, dopamine turnover
(DOPAC + HVA /dopamine) in the limbic forebrain in
diabetic mice was significantly higher than that in non-di-
abetic mice (Kamei et al., 1994). These results led us to
propose the possibility that neurotransmission in mesolim-
bic dopamine systems may be enhanced, rather than re-
duced. in diabetic mice relative to that in non-diabetic
mice (Kamei et al., 1994). Moreover, we recently reported
that morphine-induced place preference in diabetic mice
was stronger than that in non-diabetic mice (Kamei et al..
1995). Based on these results, we suggested that the
enhanced morphine-induced place preference in diabetic
mice may reflect the enhanced dopamine transmission in
the mesolimbic dopamine system in diabetic mice (Kamei
et al., 1995). Thus, it is possible that methamphetamine-in-
duced place preference, like morphine-induced place pref-
erence, may be greater in diabetic mice than in non-di-
abetic mice.

Thus, the aim of the present study was to compare
methamphetamine-induced place preference in diabetic and
non-diabetic mice to clarify our hypothesis that functional

abnormalities in mesolimbic dopamine systems. especially
dopamine D; receptor function, in diabetic mice may alter
the reinforcing effect of methamphetamine.

2. Materials and methods

2.1. Animals

Male ICR mice (Tokyo Laboratory Animals Science,
Tokyo, Japan), weighing about 20 g at the beginning
of the experiments, were used. They had free access to
food and water in an animal room which was maintained
at 22 + 1°C with a 12-h light-dark cycle. Animals were
rendered diabetic by an injection of streptozotocin (200
mg/kg, i.v.) prepared in 0.1 N citrate buffer at pH 4.5.
Age-matched non-diabetic mice were injected with vehicle
alone. The experiments were conducted 2 weeks after
injection of streptozotocin or vehicle. Mice with serum
glucose levels above 400 mg/dl were considered diabetic.
This study was carried out in accordance with the Declara-
tion of Helsinki and /or with the guide for the care and use
of laboratory animals as adopted by the committee on the
care and use of laboratory animals of Hoshi University,
which is accredited by the Ministry of Education, Science,
Sports and Culture.

2.2. Place conditioning

Place conditioning was conducted as previously de-
scribed using a minor modification of an unbiased proce-
dure (Suzuki et al.. 1990). The apparatus used was a
shuttle box (15X 30 X 15 ¢cm: w X 1 X h) which was di-
vided into two compartments of equal size. One compart-
ment was white with a textured floor and the other was
black with a smooth floor. For conditioning, mice were
confined to one compartment after drug injections and to
the other compartment after saline injections. Conditioning
session consisted of 6 alternate day injections of drug or
vehicle (saline). Immediately following drug injection. mice
were confined to one compartment. Following vehicle
injections they were confined to the other compartment.
Treatment compartment and the presentation order of drug
and vehicle were counterbalanced for each drug dose.
Conditioning sessions were 60 min in duration. On day 7,
tests of conditioning were performed as follows: the parti-
tion separating the two compartments was raised to 7 cm
above the floor, and a neutral platform was inserted along
the seam separating the compartments. The time spent in
each compartment during a 900-s session was then mea-
sured in a blinded fashion by an infrared beam sensor
(KN-80, Natume, Tokyo, Japan). The position of the mouse
was defined by the position of its body. All sessions were
conducted under conditions of dim illumination and mask-
ing white noise.
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2.3. Drugs

Streptozotocin was purchased from Sigma (St. Louis,
MO, USA). Methamphetamine hydrochloride was pur-
chased from Dainippon Seiyaku (Tokyo, Japan). 7-OH-
DPAT {(+)-7-hydroxy-N, N-di-n-propyl-2-aminotetralin}
and quinpirole (trans-(—)-4a R-4a,5,6,7,8,8a,9-octahydro-
5-propyl-1 H-pyrazolo[3,4 g Jquinoline) were purchased
from Research Biochemicals, Natick, MA, USA). Strepto-
zotocin was dissolved in 0.1 N citrate buffer. Other drugs
were dissolved in sterile 0.9% NaCl solution. 7-OH-DPAT
was injected s.c. at 10 min before methamphetamine injec-
tion. Quinpirole was injected i.c.v. 10 min before metham-
phetamine administration. Intracerebroventricular (i.c.v.)
administration (5 pl/mouse) was performed according to
the method described by Haley and McCormick (1957)
using a 50 wl Hamilton syringe. Each antagonist was
injected before each conditioning session for metham-
phetamine. The dose, route and schedule for quinpirole
and 7-OH-DPAT in this study were determined as de-
scribed previously (Kamei and Saitoh, 1996a; Funada et
al., 19953).

2.4. Data analvsis

Conditioning scores represent the time spent in the
drug-paired place minus the time spent in the vehicle-paired
place and are expressed as means + S.E. Dose-response
curves were analyzed using a one-way random factorial
analysis of variance and linear regression analysis. The
Wilcoxon test was used to determine whether individual
doses produced a significant conditioning (* P < 0.05).

3. Results

3.1. Effects of diabetes on methamphetamine-induced place
preference

As shown in Fig. 1, none of the mice that received
saline in conditioning sessions exhibited a significant pref-
erence for either compartment of the test box. The mean
conditioning scores were —2.0 + 33.8 s (n =8) for non-
diabetic mice and — 1.3 +47.5 s (n = 8) for diabetic mice.
The place conditioning produced by methamphetamine is
also shown in Fig. 1. In non-diabetic mice, metham-
phetamine, at dose ranges from 0.3 to 3 mg/kg, s.c.,
caused a dose-related preference for the drug-associated
place, and significant conditioning was observed at doses
of 1 and 3 mg/kg. In diabetic mice, methamphetamine
(0.1 mg/kg) produced a slight place preference, but this
effect was not statistically significant. Significant condi-
tioning was observed at doses of 0.3 mg /kg and 1 mg /kg
in diabetic mice. At these doses, all of the diabetic mice
exhibited preference for the drug-associated place.
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Fig. 1. Place conditioning produced by methamphetamine in diabetic
(closed symbol) and non-diabetic (open symbol) mice. Each point repre-
sents the mean conditioning score +S.E. of 8-12 mice. The asterisks
denote significant preference conditioning (Wilcoxon test: = P < 0.05 vs.
respective saline alone (triangle)).

3.2, Effect of quinpirole on methamphetamine-induced
place preference

The effect of pretreatment with quinpirole, a dopamine
D, /D; receptor agonist, on the place preference produced
by methamphetamine is shown in Fig. 2. Metham-
phetamine (3 mg /kg for non-diabetic mice and 0.3 mg/kg
for diabetic mice) following i.c.v. pretreatment with saline
produced a significant preference for the drug-paired place
in both non-diabetic mice (163.6 +51.6 s, n=28) and
diabetic mice (166.1 + 53.5 s, n = 8). However, metham-
phetamine-induced place preference was significantly an-
tagonized by i.c.v. pretreatment with quinpirole (5 nmol)
in both non-diabetic and diabetic mice. The mean condi-
tioning score for methamphetamine following pretreatment
with quinpirole in non-diabetic and diabetic mice was
—~1294+31.6 s (n=8) and 17.8 +48.0 s (n=12), re-
spectively.
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Fig. 2. Effect of quinpirole (Quinp; 5 nmol, i.c.v.} on methamphetamine
(MAP)-induced place preference in diabetic and non-diabetic mice. Each
column represents the mean conditioning score + S.E. of 8—12 mice. The
asterisks denote significant preference conditioning (Wilcoxon test: = P
< 0.05 vs. saline (SAL) alone). The sharp denotes a significant difference
from methamphetamine alone (Wilcoxon test: * P < 0.05).
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Fig. 3. Effect of 7-OH-DPAT (DPAT: 0.1 mg/kg. s.c.) on metham-
phetamine (MAP)-induced place preference in diabetic and non-diabetic
mice. Each column represents the mean conditioning score + S.E. of §-12
mice. The asterisks denote significant preference conditioning (Wilcoxon
test: ~ P < 0.05 vs. saline (SAL) alone). The sharp denotes a significant
difference from methamphetamine alone {Wilcoxon test: # P <0.05).

3.3. Effect of 7-OH-DPAT on methamphetamine-induced
place preference

The effect of 7-OH-DPAT, a selective dopamine D,
receptor agonist, on methamphetamine-induced place pref-
erence is shown in Fig. 3. Methamphetamine (3 mg /kg for
non-diabetic mice and 0.3 mg/kg for diabetic mice) fol-
lowing s.c. pretreatment with saline produced a significant
preference for the drug-paired place in both non-diabetic
mice (176.5 +45.0 s, n=8) and diabetic mice (163.6 +
37.5 s. n = 8). This methamphetamine-induced place pref-
erence was significantly antagonized by pretreatment with
7-OH-DPAT (0.1 mg/kg) in non-diabetic mice. The mean
conditioning score for methamphetamine following pre-
treatment with 7-OH-DPAT (—31.1 £40.0 s, n =8) was
significantly (P < 0.05) lower than that in saline-pre-
treated non-diabetic mice. On the other hand, a significant
methamphetamine-induced place preference was not ob-
served in 7-OH-DPAT (0.1 mg/kg)-pretreated diabetic
mice. However, a statistically significant difference in
methamphetamine-induced place preference was not ob-
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Fig. 4. Place conditioning produced by 7-OH-DPAT(l mg/kg, s.c.
hatched column: 3 mg/kg, s.c., dotted column) in diabetic and non-di-
abetic mice. Each column represents the mean conditioning score + S.E.
of 8-12 mice. The asterisks denote significant aversion conditioning
(Wilcoxon test: * P < 0.05 vs. saline alone (open column).
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served between saline-pretreated diabetic mice and 7-OH-
DPAT-pretreated diabetic mice.

3.4. 7-OH-DPAT-induced place conditioning in diabetic
mice

The place conditioning produced by 7-OH-DPAT., a
dopamine D, receptor agonist, is shown in Fig. 4. In
non-diabetic mice, 7-OH-DPAT produced a significant
aversion for the drug-associated place. 7-OH-DPAT, at
doses of | and 3 mg/kg, induced a significant place
aversion (mean conditioning scores of — 101.4 +58.9 s,
n =8 for 1.0 mg/kg, s.c. and —188.3 + 64.7 5, n =8 for
3.0 mg/kg. s.c.). However. in diabetic mice, 7-OH-DPAT
produced neither a preference nor aversion for the drug-as-
sociated place (mean conditioning scores of —35.0 £ 58.2
s, n=238 for 1.0 mg/kg, s.c. and —59.8 £33.0 s, n=28
for 3.0 mg /kg, s.c.).

4. Discussion

In the present study. methamphetamine produced a
dose-dependent and significant place preference in both
diabetic and non-diabetic mice. This methamphetamine-in-
duced place preference was attenuated by pretreatment
with quinpirole tn both diabetic or non-diabetic mice.
White and Wang (1984) reported that somatodendritic
dopamine autoreceptors. which regulate the impulse flow
of most mesolimbic dopamine neurons in the ventral
tegmental area, exhibit the pharmacological characteristics
of dopamine D, receptors. On the other hand, quinpirole
possesses a high affinity for the recently described
dopamine D, receptors. Sokoloft et al. (1990) reported that
quinpirole has an approximately 100-fold higher affinity
for the dopamine D, receptor than for the dopamine D,
receptor. Tang et al. (1994) reported that quinpirole in-
hibits dopamine release through the activation of dopamine
D, and dopamine D, receptors. Therefore, the present
results suggest that the attenuation of methamphetamine-
induced place preference by quinpirole may be mediated
by a reduction in dopamine transmission through the acti-
vation of dopamine autoreceptors. In this regard, we also
demonstrated that methamphetamine-induced place prefer-
ence was attenuated by pretreatment with 7-OH-DPAT in
both diabetic and non-diabetic mice. Lévesque et al. (1992)
reported that the selectivity of 7-OH-DPAT for dopamine
D, receptors is > 100-, > 1000- and > 10 000-fold greater
than that for doapmine D,, D, and D, receptors, respec-
tively, suggesting that 7-OH-DPAT is a highly selective
agonist for dopamine D, receptors. Furthermore, several
microdialysis and brain-slice studies have indicated that
7-OH-DPAT reduces dopamine release in the nucleus ac-
cumbens and striatum (Damsma et al.. 1993; Timmerman
et al., 1991; Yamada et al., 1994). Therefore, dopamine D,



J. Kamei, M. Ohsawa / European Journal of Pharmacology 318 (1996) 251-256 255

receptors may play a role in controlling dopamine release
or synthesis as an autoreceptor in dopamine neuronal
terminals in the limbic area (Gobert et al., 1995). Thus, our
data strongly suggest that the reduction of the mesolimbic
dopamine system activity can reduce the rewarding effect
of methamphetamine.

The nucleus accumbens is an important site for the
mediation of the reinforcing properties of drugs of abuse.
Furthermore, it has been reported that the dopamine-con-
taining neurons of the ventral tegmentum and their tracts
that innervate the limbic and frontal cortex are required for
the acute reinforcing actions of cocaine and d-ampheta-
mine (Roberts and Koob, 1982: Yokel and Wise, 1975,
1976). Although Spyraki et al. (1982) failed to observe an
overall significant attenuation of amphetamine-induced
place preference in rats with 6-hydroxydopamine lesions
of the nucleus accumbens, there was a significant correla-
tion between dopamine levels in the nucleus accumbens
and the magnitude of the place preference. Furthermore,
dopamine depletion in the nucleus accumbens varied be-
tween 60 and 90% of that in the controls, and the impor-
tance of a severe depletion of dopamine in attenuating a
place-preference effect has been demonstrated. Moreover,
it has been reported that the microinjection of (+)-
amphetamine into the nucleus accumbens resulted in a
place preference (Carr and White, 1986). These reports
suggest that the nucleus accumbens is an important sub-
strate in the psychostimulant-induced place preference.
Locomotor activity in the experimental animals has been
shown to be closely related to the activity of the mesolim-
bic dopaminergic system. We recently demonstrated that
spontaneous locomotor activity in diabetic mice was sig-
nificantly greater than that in non-diabetic mice. Further-
more, we also demonstrated that dopamine turnover
(DOPAC + HVA /dopamine) in the limbic forebrain is
significantly greater in diabetic mice than that in non-di-
abetic mice (Kamei et al., 1994). Moreover, we reported
that increased spontaneous locomotor activity in diabetic
mice was attenuated by pretreatment with 7-OH-DPAT
(Kamei and Saitoh, 1996a). Based on these results, we
suggested that the enhanced spontaneous locomotor activ-
ity in diabetic mice may result from increased dopamine
release in mesolimbic dopamine systems, which might be
due to the down-regulation of presynaptic dopamine Dj;
receptor-mediated functions (Kamei and Saitoh, 1996a). In
the present study, we also demonstrated that 7-OH-DPAT,
at doses of 1 and 3 mg/kg, produced dose-dependent
place aversion in non-diabetic mice. However, 7-OH-DPAT
produced neither place preference nor place aversion in
diabetic mice. It has been reported that CGS10746B (5-
(4-methyl-1-piperazinyl)imidazo[2,1-b][1,3.5]-benzothiadi-
azepine), an inhibitor of dopamine release, produced a
place aversion (Schechter and Meehan, 1994). Further-
more, as mentioned above, 7-OH-DPAT inhibits dopamine
release from the nucleus accumbens, a major terminal area
of the mesolimbic dopaminergic system, through the acti-

vation of dopamine D, receptors (Damsma et al., 1993;
Timmerman et al., 1991; Yamada et al., 1994; Gobert et
al., 1995). These results suggest that the activation of
dopamine D5 receptors in the mesolimbic dopamine sys-
tem may produce place aversion. Thus, it is possible that
the reduction in place aversion caused by 7-OH-DPAT in
diabetic mice may be related to the dysfunction of
dopamine D, receptors. Furthermore, the present findings
also support our previous hypothesis (Kamei and Saitoh,
1996a) that diabetic mice are hyporesponsive to dopamine
D, receptor-mediated modulation of dopamine release in
the limbic area. Therefore, the increased dopamine neuro-
transmission which associated with the down-regulation of
presynaptic dopamine D, receptor-mediated functions may
be account for the enhancement of methamphetamine’s
reinforcing effect in diabetic mice. The mechanisms which
lead to this dysfunction of dopamine D, receptors in
diabetic mice is unclear. We previously suggested that
some factor(s) derived from spleen cells may play an
important direct or indirect role in the alternation of
dopamine receptor functions (Kamei and Saitoh, 1996b). It
is possible that these factor(s) in diabetic mice and the
dysfunction of dopamine D, receptors may somehow be
related.

Acknowledgements

We wish to thank Ms Mikiko Hanamura for her excel-
lent technical assistance.

References

Caine, S.B. and G.F. Koob, 1993, Modulation of cocaine self-administra-
tion in the rat through D-3 dopamine receptors, Science 260, 1814.
Carr, D. and N.M. White, 1986, Anatomical disassociation of am-
phetamine’s rewarding and aversive effects: an intracranial micro-

injection study, Psychopharmacology 89, 340.

Damsma, G., T. Bottema, B.H.C. Westerink, P.G. Topper, D. Dijstra,
T.A. Pugsley, R.G. MacKenzie, T.G. Heffner and H. Wikstrom, 1993,
Pharmacological aspects of R-(+)-7-OH-DPAT, a putative dopamine
D3 receptor ligand, Eur. J. Pharmacol. 249, R9.

Di Chiara, G., 1995, The role of dopamine in drug abuse viewed from the
perspective of its role in motivation, Drug Alcohol Depend. 38, 95.

Di Chiara, G. and A. Imperato, 1988, Drugs abused by humans preferen-
tially increase synaptic dopamine concentration in the mesolimbic
dopaminergic pathway, Proc. Natl. Acad. Sci. USA 89, 5274.

Fonseca, F.R.D., P. Rubio, J.L. Martin-Calderon, S.B. Caine, G.F. Koob
and M. Navarro, 1995, The dopamine receptor agonist 7-OH-DPAT
modulates the acquisition and expression of morphine-induced place
preference, Eur. J. Pharmacol. 274, 47.

Funada, M., T. Suzuki and M. Misawa, 1995, Role of mesolimbic
dopamine system in morphine dependence, Ann. Psychiatry 5, 1.
Gobert. A., J.M. Rivet, V. Audinot, L. Cistarelli, M. Spedding, J. Vian,
L.L. Peglion and M.J. Millan. 1995, Functional correlates of dopamine
D3 receptor activation in the rat in vivo and their modulation by the
selective antagonist, (+)-S14297:11. Both D2 and "Silent" D3 au-
toreceptors control synthesis and release in mesolimbic, mesocortical

and nigrostriatal pathways, J. Pharmacol. Exp. Ther. 275, 899.



256 J. Kamei, M. Ohsawa / European Journal of Pharmacology 318 (1996) 251256

Haley., T.J. and W.G. McCormick. 1957, Pharmacological effects pro-
duced by intracercbral injection of drugs in the conscious mouse, Br.
J. Pharmacol. 12, 12.

Hoffman., D.C., 1989, The use of place conditioning in studying the
neuropharmacology of drug reinforcement, Brain Res. Bull. 23, 373.

Kamei, J. and A. Saitoh, 1996a, Modification of the effects of 7-OH-
DPAT, a dopamine D3-receptor agonist, on morphine-induced hyper-
locomotion by diabetes, Life Sci. 59, 773.

Kamei, J. and A. Saitoh, 1996b, Role of spleen or spleen products in the
reduced locomotor-enhancing effect of morphine in diabetic mice.
Neurosci. Lett. 210, 57.

Kamei, J., A. Saitoh, Y. Iwamoto, M. Funada, T. Suzuki, M. Misawa, H.
Nagase and Y. Kasuya, 1994, Effects of diabetes on spontaneous
locomotor activity in mice, Neurosci. Lett. 178, 69.

Kamei, J., M. Ohsawa, T. Suzuki and H. Nagase. 1995, Morphine-in-
duced place preference in diabetic mice, Jpn. J. Pharmacol. 67 (Suppl.
1), 140P.

Leone, P. and G. Di Chiara. 1987, Blockade of D-I receptors by SCH
23390 antagonizes morphine and amphetamine-induced place prefer-
ence conditioning, Eur. J. Pharmacol. 135, 251.

Lévesque, D., J. Diaz, C. Pilon, M.-P. Martres, B. Giros, E. Souil, D.
Shott, J.-L. Morgat, J.-C. Schwartz and P. Sokoloff, 1992, Identifica-
tion, characterization and localization of the dopamine D3 receptor in
rat brain using 7-[3H]hydroxy~N, N-di-n-propyl-2-aminotetralin. Proc.
Natl. Acad. Sci. USA 89, 8155.

Roberts, D.C. and G.F. Koob, 1982, Disruption of cocaine self-adminis-
tration following 6-hydroxydopamine lesions of the ventral tegmental
area in rats, Pharmacol. Biochem. Behav. 17, 901.

Schechter, M.D. and SM. Meehan. 1994, Conditioned place aversion
produced by dopamine release inhibition, Eur. J. Pharmacol. 260, 133.

Seeman, P. and HH.M. Van Tol, 1994, Dopamine receptor pharmacol-
ogy, Trends Pharmacol. Sci. 15, 264.

Sokoloff, P.. B. Giros, M.P. Martres, M.L. Bouthenet and J.C. Schwartz,

1990. Molecule cloning and characterization of a novel dopamine
receptor (D3) as a target for ncuroleptics, Nature 347, 146.

Spyraki. C., H.C. Fibiger and A.G. Phillips, 1982, Dopaminergic sub-
strates of amphetamine-induced place preference conditioning, Brain
Res. 253, 185.

Suzuki. T., Y. Masukawa and M. Misawa. 1990, Drug interactions in the
reinforcing effects of the over-the-counter cough syrups, Psychophar-
macology 102, 438.

Suzuki. T., M. Funada. M. Narita, M. Misawa and H. Nagase, 1993.
Morphine-induced place preference in the CXBK mouse: character-
istics of w-opioid receptor subtypes, Brain Res. 602, 45.

Suzuki, T.. J. Maeda, M. Funada and M. Misawa, 1995, The D3-receptor
agonist (& )-7-hydroxy-N, N-di-n-propyl-2-aminotetralin  (7-OH-
DPAT) attenuates morphine-induced hyperlocomotion in mice, Neu-
rosci. Lett. 187, 45.

Tang. L., R.D. Todd and K.L. O'Mally. 1994, Dopamine D2 and D3
receptors inhibit dopamine release, J. Pharmacol. Exp. Ther. 270, 475.

Timmerman, W., P.G. Tepper, D. Dijkstra, H. Stoelwinder. C.J. Grol.
B.H.C. Westerink and A.S. Horn, 1991, Enantiomers of monohy-
droxy-2-aminotetralin derivatives and their activity at dopamine au-
toreceptor as studied by brain dialysis, Eur. J. Pharmacol. 199, 146.

White, FJ. and R.Y. Wang, 1984. Pharmacological characterization of
dopamine autoreceptors in ral ventral tegmental area: microion-
tophoretic studies, J. Pharmacol. Exp. Ther. 231, 275.

Yamada, S., H. Yokoo and S. Nishi, 1994, Differential effects of
dopamine agonists on evoked dopamine release from slice of striatum
and nucleus accumbens in rats, Brain Res. 648, 176.

Yokel, R.A. and R.A. Wise, 1975, Increased lever pressing for am-
phetamine after pimozide in rats: Implications for a dopamine theory
of reward, Science 187, 547.

Yokel, R.A. and R.A. Wise, 1976, Attenuation of intravenous am-
phetamine reinforcement by central dopamine blockade in rats, Psy-
chopharmacology 48, 311.



