before MOR, the development of MOR-induced place preference
was significantly attenuated [F(9,120) = 13.067, p < .05, one-way
ANOVA] (Figure 5A). Tumor necrosis factor-a (1 and 4 p.g, IP) or
Lev-lle (1.5 and 15 pmol/kg, IP) itself failed to affect place
preference in mice (second, third, fourth, and fifth columns in
Figure 5A). We confirmed that Leu-Ile at the lower dose, 1.5
pmol/kg, which could inhibit the rewarding effects of MOR,
increased TNF-o. expression in combination with MOR in the
conditioned place preference (CPP) paradigm. On the contrary,
Leu-Ile at the higher dose, 15 pmol/kg, which could not inhibit
the rewarding effects of MOR, failed to increase TNF-a expres-
sion in combination with MOR in the CPP paradigm [data not
shown; F(5,30) = 35.937 for co-treatment with Leu-Ile and MOR
in CPP paradigm].

To investigate the therapeutic effect of TNF-o or Leu-Ile, mice
were administered TNF-a (1 and 4 pg, IP) or Leu-Ile (1.5 and 15
pmol/kg, IP) for 5 days without MOR treatment after the
development of MOR-induced place preference. The experimen-
tal schedule is described in Figure 1E. In this experiment, the
second postconditioning was carried out 5 days after the first
postconditioning. Although MOR-induced (10 mg/kg) place
preference was maintained for 5 days after the first postcondi-
tioning in wild-type mice, it was attenuated by the treatment with
TNF-a (4 pg, IP) or Leu-Ile (1.5 and 15 pmol/kg, IP) for 5 days
between the first and second postconditionings [F(5,84) = 8.561,
p < .05, one-way ANOVA] (Figure 5C). We confirmed that
Leu-Ile at doses of 1.5 and 15 pwmol/kg, which could inhibit the
rewarding effects of MOR, increased TNF-a expression after
withdrawal from repeated MOR treatment in the CPP paradigm
[data not shown; F(3,20) = 60.346 for Leu-Ile treatment during
withdrawal from MOR in CPP paradigm].

Effects of TNF-« or Leu-lle on the Rewarding Effects of MOR in
TNF-o:~(-/-) Mice

The role of endogenous TNF-« in the rewarding effects of
MOR was determined using TNF-a-(-/-) mice. To confirm the
involvement of TNF-a in the rewarding effects of MOR, the
effect of Leu-lle on the MOR-induced place preference was
also examined in TNF-a-(-/-) mice. The experimental sched-
ule is described in Figure 1D. Although at a dose of 10 mg/kg
MOR induced place preference in both wild-type and TNF-a-
(-/-) mice, at 3 mg/kg it failed to induce place preference in
wild-type mice (Figures 6A and 6B). On the other hand,
TNF-a-(-/-) mice developed place preference even at the dose
of 3 mg/kg [F(7,56) = 9.711, p < .05, one-way ANOVA]
(Figure 6A). When TNF-a (4 pg, IP) was administered 1 hour
before MOR, it inhibited MOR-induced place preference in
TNF-a-(-/-) mice [F(11,84) = 5.730, p < .05, one-way ANOVA]
(Figure 6B). Leu-lIle (1.5 and 15 pmol/kg, IP) treatment 1 hour
before MOR failed to inhibit the MOR-induced place prefer-
ence in TNF-a-(-/-) mice (Figure 6B).

Effects of TNF-« or Leu-lle on MOR-Induced Increase in
Extracellular DA Levels

The dopaminergic system is important not only for the
rewarding effects but also for the locomotor-stimulating effects of
MOR and METH (Nakajima et al 2004; Nagai et al 2004, 2005a,
2005b; Niwa et al, in press). To clarify the mechanisms of the
inhibitory effects of TNF-o. or Leu-Ile on MOR-induced rewarding
effect and sensitization, the influence of TNF-a or Leu-Ile on the
repeated or single MOR-induced increase in extracellular DA
levels was examined in the NAc of mice, by using an in vivo
microdialysis technique. Repeated and single MOR (10 mg/kg,
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Figure 6. Effects of TNF- or Leu-lle on the rewarding effects of MOR in
TNF-a-(-/-) mice. (A) Morphine-induced place preference in wild-type and
TNF-a-(-/-) mice. Mice were treated with MOR (1, 3, and 10 mg/kg, SC) or
saline during the conditioning. Values are means * SEM (n = 8). *p < .05
versus saline-treated wild-type mice. *p < .05 versus MOR-treated wild-type
mice. (B) Effect of TNF-a or Leu-lle treatment on MOR-induced place prefer-
ence in wild-type and TNF-a-(-/-) mice. Mice were treated with MOR (3
mg/kg, SC) or saline during the conditioning. Values are means = SEM (n =
8). *p < .05 versus vehicle/saline-treated TNF-a-(-/-) mice, *p < .05 versus
vehicle/MOR-treated TNF-a-(-/-) mice. TNF-a, turnor necrosis factor-a; MOR,
morphine; SC, subcutaneous.

SO treatment caused a marked increase in extracellular DA
levels in the NAc on day 9 (repeated treatment) and day 1 (single
treatment), respectively (Figures 7A and 7B). Peaks of extracel-
lular DA levels in repeated and single treatments were 2.2-fold
and 2.1-fold of the baseline, respectively. Treatment with TNF-a
(1 and 4 pg, IP) or Leu-lle (1.5 and 15 wmol/kg, IP) for 9 days
significantly inhibited the repeated MOR-induced increase in
extracellular DA levels [F(4,23) = 5.118, p < .05, repeated
ANOVA] (Figure 7A). On the other hand, pretreatment with
TNF-o (1 and 4 pg, IP) or Leu-Ile (1.5 and 15 pmol/kg, IP) 1 hour
before the single MOR treatment failed to inhibit the increase in
extracellular DA levels in mice (Figure 7B).

Effects of TNF-« or Leu-lle on MOR-Induced Antinociceptive
Effects and Withdrawal Symptoms

Tolerance refers to a situation where increasingly higher
doses of a drug become necessary to elicit an equivalent
physiological response. This behavioral manifestation is usually
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Figure 7. Effects of TNF-a or Leu-lle on MOR-induced increase in extracellu-
lar DA levels. (A) Effect of exogenous TNF-a or Leu-lle on the repeated MOR
treatment-induced increase in extracellular DA levels. Mice were treated
with TNF-o. (1 and 4 ug, IP) or Leu-lle (1.5 and 15 wmol/kg, IP) 1 hour before
MOR (10 mg/kg, SC) once a day for 9 days. Extracellular levels of DA were
measured in the NAc by in vivo microdialysis, Basal extracellular DA levels
were 3.1 £ 4,30 % 4,28 £ 3,28 * 4, and 3.0 = .5 pg/20 pl for the
vehicle/MOR-, TNF-o 1 pg/MOR-, TNF-at 4 ug/MOR-, Leu-ile 1.5 pmol/MOR-,
and Leu-lle 15 jumol/MOR-treated mice, respectively. Values are means =+
SEM (n = 5-7). Analysis of variance with repeated measures revealed signif-
icant differences in extracellular DA levels. (B) Effect of exogenous TNF-o of
Leu-lie on the single MOR treatment-induced increase in extracellular DA
levels. Mice were treated with TNF-a {1 and 4 pg, IP) or Leu-lle (1.5 and 15
pmol/kg, IP) once 1 hour before MOR (10 mg/kg, SC). Extracellular levels of
DA were measured in the NAc by in vivo microdialysis. Basal extracellular DA
levelswere 2.1 £ 4,19+ .2,2.0 £ 2,1.9 + 2, and 1.8 + .2 pg/20 pl for the
vehicle/MOR-, TNF-o« 1 ug/MOR-, TNF-0. 4 Lg/MOR-, Leu-{le 1.5 pmol/MOR-,
and Leu-lle 15 wmol/MOR-treated mice, respectively. Values are means +
SEM (n = 5-6). Analysis of variance with repeated measures revealed no
significant differences in extracellular DA levels. TNF-a, tumor necrosis fac-
tor-a; MOR, morphine; DA, dopamine; IP, intraperitoneal; SC, subcutaneous;
NAc, nucleus accumbens.

best exemplified when studying the antinociceptive or rewarding
effects of MOR (Di Chiara and North 1992; Laakso et al 2002).
We examined the influence of TNF-a or Leu-lle on the
antinociceptive effect of MOR in a hot plate test. As shown in
Figure 8A, there was no difference in hot plate latency by
co-administration of vehicle, TNF-o (1 and 4 pg, IP), or Leu-Ile
(1.5 and 15 wmol/kg, IP) with single and repeated MOR (10
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Figure 8. Effects of TNF-a or Leu-lle on the MOR-induced antinociceptive
effects and symptoms of withdrawal. (A) Effects of TNF-a or Leu-lle on the
antinociceptive effect and tolerance induced by repeated MOR treatment.
Mice were treated with TNF-a. (1 and 4 p.g, IP) or Leu-lle (1.5and 15 wmol/kg,
IP) 1 hour before MOR (10 mg/kg, SC) twice a day for 5 days. The analgestic
effect of MOR was determined 60 min after the first MOR treatment on day 1
and the second MOR treatment on day 5. Values are means + SEM (n =
6-10). *p < .05 versus vehicle/saline-treated mice on the first day. ¥p < .05
versus vehicle/MOR-treated mice on the first day. (B) Effects of repeated
co-administration of TNF-« or Leu-lle with MOR on naloxone-precipitated
(NAL; 5 mg/kg, IP) withdrawal symptoms. Mice were treated with TNF-u (1
and 4 pg, IP) or Leu-lle (1.5 and 15 wmol/kg, IP) 1 hour before MOR (10
mg/kg, 5C) twice a day for 5 days. On the sixth day, mice were treated with
TNF- (1 and 4 ug, IP) or Leu-ile (1.5 and 15 pmol/kg, IP) and NAL (5 mg/kg,
IP} 1 hour before and 2 hours after MOR (10 mg/kg, SC) treatment, respec-
tively. Immediately after the NAL treatment, NAL-precipitated MOR with-
drawal symptoms (jumping, forepaw tremor, rearing) were enumerated
manually for 15 min. Saline-precipitated MOR withdrawal symptoms: [jump-
ing] .00 * .00 (vehicle/saline), .00 + .00 (TNF-a 1 pg/saline), .00 £ .00 (TNF-o
4 pg/saline), .00 = .00 (Leu-lle 1.5 wmol/saline), .00 * .00 (Leu-lle 15 pmol/
saline), .10 = .00 (vehicle/MOR), .00 * .00 (TNF-a 1 wg/MORY), .00 % .00
(TNF-a 4 p.g/MOR), .00 = .00 (Leu-lle 1.5 wmol/MORY), .00 = .00 (Leu-lle 15
wmol/MOR); [forepaw tremor] 9.00 = 1.28 (vehicle/saline), 10.00 + 1.06
(TNF-o pg/saline), 12,83 £ 1.64 (TNF-a 4 pg/saline), 9.70 % 1.40 (Leu-lle 1.5
umol/saline), 13.81 = 1.80 (Leu-lle 15 wmol/saline), 14.60 * 2.24 (vehicle/
MOR), 12,67 % 1.74 (TNF-a 1 pg/MOR), 13.50 % 2.32 (TNF-a 4 pg/MOR),
13.60 = 1.97 (Leu-lle 1.5 umol/MOR), 12.00 % 2.63 (Leu-lle 15 wmol/MOR};
[rearing] 34.30 + 2.38 (vehicle/saline), 29.33 + 4.47 (TNF-a 1 pg/saline),
30.00 * 3.57 (TNF-o 4 pg/saline), 28.60 * 3.25 (Leu-lle 1.5 wmol/saline),
32.17 = 1.89 (Leu-lle 15 pmol/saline), 42.60 * 5.48 (vehicle/MOR), 38.50 =
272 (TNF-o 1 pg/MOR), 39.17 * 3.27 (TNF-a 4 pg/MOR), 3840 + 3.01
(Leu-lle 1.5 pmol/MOR), 32.50 + 2.79 (Leu-lle 15 pmol/MOR). Values are
means = SEM (n = 6-10). *p < .05 versus vehicle/saline-treated mice.
TNF-o, tumor necrosis factor-o; MOR, morphine; IP, intraperitoneal; SC, sub-
cutaneous; NAL, naloxone.
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mg/kg, SC). In addition, a tolerance in the analgesic effects of
MOR to thermal stimuli was developed in all MOR-treated mice
[FQ227) = 383.976, F(2,15) = 277.874, F(2,15) = 723.622,
F(2,27) = 517.466, F(2,15) = 112.064, p < .05, one-way ANOVA]
(Figure 84).

Finally, we investigated the effects of repeated co-administra-
tion of TNF-a or Leu-lle with MOR on NAL-precipitated with-
drawal. Withdrawal symptoms (jumping, forepaw tremor, rear-
ing) after treatment with NAL (5Smg/kg, IP) were shown in all
repeated MOR-treated (10. X 2 mg/kg/day for 5 days) mice
[F(9,66) = 22.846, F(9,66) = 13.938, F(9,66) = 10.676, p < .05,
one-way ANOVA] There was no difference in the NAL-precipi-
tated withdrawal syndrome by co-administration of vehicle,
TNF-o (1 and 4 pg/day for 5 days, IP), or Leu-lle (1.5 and 15
pmol/kg/day for 5 days, IP) with repeated MOR (10 mg/kg, SC)
(Figure 8B).

Discussion

Drugs of abuse are able to elicit compulsive drug-seeking
behaviors on repeated administration, which ultimately leads to
the phenomenon of addiction (Laakso et al 2002). In terms of lost
lives and productivity, drug addiction remains one of the most
serious threats to the nation’s public health (Nestler 2002).

Recently, we have demonstrated that TNF-a or Leu-Ile, which
induces GDNF production via TNF-a synthesis, inhibits METH-
induced dependence (Nakajima et al 2004; Niwa et al, in press).
Morphine is a drug of abuse like METH, although they have
opposite effects, acting as a psychosedative and psychostimu-
lant, respectively. In the present study, to extend our findings, we
examined the effects of TNF-a or Leu-lle on the rewarding effect,
the sensitization to the locomotor-stimulating effects, and the
increase in extracellular DA levels induced by MOR.

Although single MOR treatment did not induce expression of
TNF-oo mRNA in any regions examined, repeated MOR treatment
remarkably induced it in the NAc and CPu (Figure 2A). Moreover,
we confirmed TNF-a protein was not increased after single
treatment of MOR using immunostaining method (data not
shown). We suggest that the induction of TNF-a by MOR
requires repeated treatment. The MOR-induced increase in the
expression of TNF-oo mRNA in the NAc was completely inhibited
by pretreatment with the DA D1 receptor antagonist SCH23390,
the D2 receptor antagonist raclopride (Figure 2B), and the
specific opioid receptor antagonist NAL (Figure 2C), suggesting
that the activation of DA D1, D2, and opioid receptors is
attributable to MOR-induced gene expression of TNF-a. It is
likely that activation of DA transmission in neurons, where
TNF-o. specifically acts (Figure 3B), is necessary for MOR-
induced TNF-o expression. The expression of TNF-« is induced
through the activation of transcription factors such as activator
protein-1 (AP-1) and nuclear factor-kB (NF-kB) by the activation
of JNK/p38 MAPK (Guha et al 2000; Rahman and MacNee 2000).
Further, TNF-a acts on mitochondria to generate reactive oxygen
species (ROS), which are involved in the activation of AP-1 and
NF-kB (Rahman and MacNee 2000). Changes in transcription
factors may result in long-term changes in gene expression,
thereby contributing to neuronal adaptations that underlie be-
havioral sensitization (Nestler 2001).

Tumor necrosis factor-o induces GDNF expression (Niwa et
al, in press) and blocks METH-induced dependence (Nakajima et
al 2004). Tumor necrosis factor-a or Leu-Ile treatment, both in
combination with MOR and after withdrawal from repeated
treatment with MOR, inhibited place preference and sensitization
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to MOR (Figures 4 and 5). Therefore, we investigated whether
Leu-Ile, which is a GDNF inducer, induces the expression of
TNF-o.. Leu-Ile increased TNF-o. mRNA levels in the NAc (Figure
3A). Leu-Ile treatment, both in combination with MOR and after
withdrawal from repeated treatment with MOR, also increased
TNF-a levels (Figures 3B, 3C, and 3D) in the brain but not in the
peripheral blood stream (Niwa et al, in press). Leu-lle can
penetrate the blood-brain barrier (BBB) and initiate the synthesis
of GDNF in the brain (Nitta et al 2004). Therefore, we suggest
that Leu-Ile penetrates the BBB and induces TNF-a expression
only in the brain. Therefore, we suggest that Leu-Ile plays an
inhibitory role in rewarding effects and sensitization induced by
MOR via the induction of TNF-a expression.

Tumor necrosis factor-a-(-/-) mice showed marked condi-
tioned place preference at the low dose of MOR, which failed to
establish place preference in wild-type mice (Figure 6A). Mor-
phine-induced place preference in TNF-o-(-/-) mice was signif-
icantly attenuated by the administration of TNF-a (Figure 6B).
These results suggest that TNF-a acts to negate the rewarding
effects of MOR.

From the point of view of pharmacotherapy, Leu-Ile would be
better than TNF-a itself, since TNF-a damages the peripheral
tissues by triggering the expression of other cytokines (Bluthe et
al 1994). Tumor necrosis factor-oo could be involved in the
inhibitory effects of Leu-lle on MOR-induced rewarding effects,
since no effect of Leu-Ile was observed in the TNF-a-(-/-) mice
(Figure 6B). Our results showed that Leu-lle, which induces
GDNF production via TNF-a synthesis, inhibited MOR-induced
place preference and sensitization not only during, but also after,
their development (Figures 4 and 5), as in the case of METH
(Niwa et al, in press). Glial cell line-derived neurotrophic factor
levels in the NAc after the co-administration of Leu-Ile and MOR
were much more increased compared with those in the vehicle/
MOR-treated mice (Niwa et al 2006, unpublished observations).
Glial cell line-derived neurotrophic factor could be involved in
the inhibitory effects of Leu-lle on MOR-induced rewarding
effects, since no effect of Leu-Ile was observed in the GDNF
heterozygous mice (Niwa et al 2006, unpublished observations).
These results suggest that GDNF acts to negate the rewarding
effects of MOR and are involved in the effects of Leu-lle on
rewarding effects. Glial cell line-derived neurotrophic factor
blocks biochemical adaptations to the chronic use of cocaine or
MOR, as well as the rewarding effects of cocaine (Messer et al
2000). Therefore, Leu-Ile may induce production of GDNF as a
result of TNF-a expression to inhibit drug-induced rewarding
effects and sensitization, although another pathway should be
considered—that Leu-Ile upregulates GDNF expression by acti-
vating heat shock protein 90 (Hsp90)/Akt/cyclic adenosine 3’,
5’-monophosphase (cAMP) response element binding protein
(CREB) signaling (Cen et al 2006).

Leu-Ile inhibited MOR-~induced place preference (Figures 5A)
in bell-shaped response curves. We confirmed that Leu-Ile at the
lower dose, 1.5 pmol/kg, which could inhibit the rewarding
effects of MOR, increased TNF-« expression both in combination
with MOR and after withdrawal from repeated MOR treatment in
the CPP paradigm. On the contrary, Leu-Ile at the higher dose, 15
pwmol/kg, which could not inhibit the rewarding effects of MOR,
failed to increase TNF-o expression in combination with MOR in
the CPP paradigm (data not shown). These results suggest
involvement of induction of TNF-a expression in inhibitory effect
of Leu-lle on the rewarding effects and sensitization of MOR.

There has been considerable progress in identifying the
mechanisms that contribute to the long-lasting neural and behav-

www.sobp.org/journal



10 BIOL PSYCHIATRY 2007;xx:xxX

ioral plasticity related to addiction, including drug-induced
changes in gene transcription, in RNA and protein processing,
and in synaptic structure (Nestler 2001). Although a single
administration of TNF-a or Leu-lle failed to inhibit the single
treatment-induced hyperlocomotion, it inhibited the sensitization
to hyperlocomotion induced by repeated treatment with MOR
(Figures 4A and 4B). These results suggest that TNF-a or Leu-Ile
has inhibitory effects on neuronal plasticity induced by repeated
MOR treatment but not on hyperlocomotion or the increase in
extracellular DA levels induced by single MOR treatment (Figure
7B). Several reports have suggested that TNF-a influences syn-
aptic strength and transmission (Albensi and Mattson 2000;
Beattie et al 2002). Further, the expression of TNF-a is induced
through the activation of transcription factors such as AP-1 and
NF-kB (Guha et al 2000; Rahman and MacNee 2000). Our results
have shown that Leu-lle binds heat shock cognate protein
(Hsc70) and triggers the phosphorylation of NF-kB and CREB via
a pathway involving Hsp90/Akt and induces GDNF expression
(Cen et al 2006). We suggest that the induction of TNF-a and
GDNF by Leu-lle requires repeated treatment, and these mole-
cules inhibit MOR-induced rewarding effects and sensitization.
The mesolimbic dopamine system projecting from the VTA to
NAc is considered to play a major role in mediating the reward-
ing effects of electrical stimulation of the brain and drugs of
abuse (Koob et al 1998). The VTA and NAc have been shown to
be the key brain regions that underlie the actions of opioids (e.g.,
MOR) and psychostimulants (e.g., METH and cocaine) (Koob
1992). It is well recognized that the rewarding effects of opioids
and psychomotor stimulants depend on the mesocorticolimbic
dopamine system innervating the NAc (Koob et al 1998; Everitt
and Wolf 2002; Mizoguchi et al 2004). It has been suggested that
the enhancement of DA release in the NAc is an essential process
related to the rewarding effects of MOR (Matthews and German
1984). Fusther, the NAc is involved in the locomotor-stimulating
effect of MOR (Oliverio et al 1975; Brase et al 1977), which is
regarded as a result of the increase in extracellular DA levels
(Matthews and German 1984; Koob and Nestler 1997). We have
recently demonstrated that the tissue plasminogen activator
(tPA)-plasmin system participates in the rewarding and locomo-
tor-stimulating effects induced not only by MOR but also by
METH by triggering the release of dopamine in the NAc (Nagai et
al 2004, 20052, 2005b; Yamada et al 2005). Leu-Ile inhibited the
sensitization of hyperlocomotion induced not only by MOR
(Figures 4B and 4C) but also by METH (Niwa et al, in press), at
least in part, through the action in the NAc, since it had inhibitory
effects on the repeated MOR tieatment-induced increase in
extracellular DA levels (Figure 7A). Leu-Ile induces the expres-
sion of not only TNF-« (Figure 3A) but also GDNF (Niwa et al, in
press). Tumor necrosis factor-o induced by Leu-lle activates
plasmalemmal and vesicular DA transporter (Nakajima et al
2004). Glial cell line-derived neurotrophic factor induced by
Leu-lle inhibits the drug-induced upregulation of tyrosine hy-
droxylase activity (Messer et al 2000). Thereby, TNF-o and GDNF
induced by Leu-lle attenuate the MOR-induced increase in
extracellular DA levels (Figure 7A) and then inhibit MOR-
induced rewarding effect and sensitization (Figures 4 and 5).
Chronic use of an opioid results in tolerance to and depen-
dence on the drug (Law et al 1982; Chavkin and Goldstein 1984;
Puttfarcken et al 1988). Dependence is defined by a number of
abnormal responses after the abrupt withdrawal of a dmg
(Johnson and Flemming 1989). Tumor necrosis factor-o or
Leu-lle has no effect on MOR-induced tolerance and physical
dependence (Figure 8). Tumor necrosis factor-a or Leu-lle
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regulates dopaminergic neurons, at least in part, through action
in the NAc, whereas the cortex is the terminal/intermedial area
for noradrenergic neurons associated with drug addiction and
plays a key role in NAL-precipitated MOR withdrawal (Terwill-
iger et al 1991). Therefore, the mechanism by which TNF-a or
Léu-Tle inhibits MOR-induced rewarding effect and sensitization
is different from that of the NAL-precipitated MOR withdrawal
syndrome.

Our findings suggest that TNF-a inhibits MOR-induced re-
warding effect and sensitization by attenuating the MOR-induced
increase in extracellular DA levels, and Leu-Ile inhibits them via
the induction of TNF-a expression. Leu-Ile could be a novel
therapeutic agent for MOR-induced dependence.
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Molecular imaging in Parkinson’s disease
"Yutaka Arahata, *Takashi Kato, *Kengo Ito
"Department of Neurology, Department of Brain Science and Molecular Imaging,
National Center for Geriatrics and Gerontology

Abstract

Molecular imaging techniques using PET or SPECT have provided major insights into
not only objective diagnosis of Parkinson’s disease(PD), but also understanding the
pathophysiological process in the disease progression. At disease onset, a compensatory
hyperactivity of dopa decarboxylase in the nigrostriatal and extrastriatal dopaminergic
pathways and upregulation of postsynaptic D2 receptor have been demonstrated. In the
advanced stage, an excessively earlier release of dopamine from the residual neurons has
been shown, suggesting a relationship with motor complications. In terms of therapy of
PD, functional images have provided some objective evidences for possible neuroprotective
effect of dopamine agonists, survival of fetal dopaminergic tissue grafted into patient’s
putamen, an increase of dopamine release by BDNF focal infusion therapy, and functional
modification by deep brain stimulation. In vivo imaging of gene expression under developing
may be informative in the future gene therapy in PD.

Key words: Parkinson’s disease, positron emission tomography, single photon emission
computed tomography, molecular imaging
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