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Abstract

The interactions between certain �-synuclein (SNCA) conformations and dopamine (DA) metabolism cause selective DA neuron
degeneration in Parkinson’s disease (PD). Preclinical research on PD took advantage of increasing studies involving different animal models
which express different forms of mutated SNCA. Transgenic animals expressing mutant �-synucleins such as mice transgenic for

53T-SNCA (TG) are considered valuable models to assess specific aspects of the pathogenesis of synucleinopathies and PD. In this study
e performed electrophysiological recordings in corticostriatal slice preparations from young TG overexpressing mice, in which extracel-

ular striatal DA levels appeared to be normal, and in old TG mice, characterized by abnormalities in striatal DA signaling and impaired
ong-term depression (LTD). We report no difference in TG mice from the two groups of age of either the basal membrane properties and synaptic
triatal excitability in respect to age-matched wild-type mice. Furthermore, in old TG mice, showing plastic abnormalities and motor symptoms,
e investigated the mechanisms at the basis of the altered LTD. In old TG mice LTD could not be restored by treatments with acute application
f DA or by subchronic treatment with L-3,4-dihydroxyphenylalanine (L-DOPA). Conversely, the application of the phosphodiesterase inhibitor
aprinast fully restored LTD to normal conditions via the stimulation of a cyclic guanosine monophosphate (GMP)-protein kinase G-dependent
ntracellular signaling pathway. These results suggest that, in addition to the dopaminergic alterations reported in this genetic model of PD, other
ignal transduction pathways linked to striatal synaptic plasticity are altered in an age-dependent manner.

2012 Elsevier Inc. All rights reserved.
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1. Introduction

Alpha-synuclein (SNCA), a protein largely expressed in
the central nervous system is the major component of Lewy
bodies and the hallmark of synucleinopathies. In Parkin-
son’s disease (PD), neuronal death and Lewy bodies forma-
tion are mostly restricted to the substantia nigra pars com-
pacta (Lang and Lozano, 1998). This might be explained by
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the evidence that interactions between certain SNCA con-
formations and dopamine (DA) metabolism cause selective
DA neuron degeneration in PD (Maries et al., 2003). SNCA
missense mutations, such as A53T, as well as increased
expression of wild-type (WT) SNCA result in rare forms of
PD characterized by early onset and autosomal dominant
inheritance (Polymeropoulos et al., 1997; Singleton et al.,
2003). The correlation between Lewy body formation and
neurodegeneration suggests that the aggregation of SNCA is
an important event during disease pathogenesis. Transgenic
animals expressing mutant �-synucleins such as mice trans-
enic for A53T-SNCA expressed using the mouse prion-

elated protein promoter may be valuable models to assess
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specific aspects of the pathogenesis of synucleinopathies.
Despite early redistribution of the mutant overexpressed
alpha-synuclein from the presynaptic to the somatodendritic
compartment, these mice have no motor pathology and no
SNCA accumulations at 6 months of age. After this age,
however, they show A53T-alpha-synuclein insolubility and
progressive motor impairments (Lotharius et al., 2002;
Maries et al., 2003). In the striatum of aged A53T-SNCA
overexpressing mice, extracellular dopaminergic signaling
is disturbed, paralleled by a depressed postsynaptic DA
metabolism and loss of long-term depression (LTD) of
synaptic plasticity (Kurz et al., 2010).

The first goal of the present work was to characterize the
basal striatal excitability and synaptic transmission in young
adult A53T-SNCA mice, before the appearance of detect-
able SNCA insolubility and occurrence of a behavioral
phenotype, as well as in old A53T-SNCA mice showing a
clear molecular and motor phenotype. As a second major
target of our study, in old A53T-SNCA mice we explored
the possible mechanisms at the basis of the impaired striatal
synaptic plasticity and focused on possible strategies to
restore normal striatal synaptic function (LTD).

2. Methods

2.1. Animal handling and slice preparation

All the experiments were conducted in conformity with
the European Communities Council Directive of November
1986 (86/609/ECC) and in accordance with a protocol ap-
proved by the Animal Care and Use Committee at the
University of Perugia and IRCCS Fondazione, Santa Lucia,
Rome, Italy.

Transgenic mice overexpressing A53T-SNCA under the
control of prion-protein promoter (PrPmtA) in an FVB/N
background were prepared as previously described (Gispert
et al., 2003). Homozygous transgenic (TG) mice were com-
pared with FVB/N mice from the same colony, bred and
aged in parallel and of the same sex as WT controls. Two
groups of different age were analyzed for each genotype;
4-month-old animals represented adult animals prior to the
development of motor impairment (young mice) while 20-
month-old mice represented the early stage of clinically
manifest disease (old mice).

Corticostriatal coronal slices (thickness, 270 �m) were
ut from young and old WT and TG male mice (10 mice per
roup) using a vibratome. Preparation and maintenance of
orticostriatal slices have been previously described (Cala-
resi et al., 1992; Picconi et al., 2003, 2011). A single slice
as transferred to a recording chamber and submerged in a

ontinuously-flowing Krebs’ solution (34 °C; 2.5–3 mL/
inute) bubbled with a 95% O2-5% CO2 gas mixture. The

omposition of the solution was: 126 mM NaCl, 2.5 mM
Cl, 1.2 mM MgCl2, 1.2 mM NaH2PO4, 2.4 mM CaCl2, 10
mM glucose, and 25 mM NaHCO3. (
2.2. Electrophysiology

Intracellular recordings of striatal medium spiny neurons
(MSNs) were obtained by using sharp microelectrodes,
pulled from borosilicate glass pipettes, backfilled with 2 M
KCl (30–60 M�). An Axoclamp 2B amplifier (Molecular
Devices, Foster City, CA, USA) was connected in parallel
to an oscilloscope (Gould, Valley View, OH, USA) to
monitor the signal in “bridge” mode and to a PC for
acquisition of the traces using pClamp 10 software (Mo-
lecular Devices). After impalement of the neuron, a small
amount of current (5–20 pA) was injected via the record-
ing electrode, when necessary. Only neurons electro-
physiologically identified as spiny neurons were consid-
ered (Calabresi et al., 1992, 1999; Picconi et al., 2011).
For extracellular recordings an Axoclamp 2B amplifier
(Molecular Devices) was used and recording electrodes,
filled with 2 M NaCl (15–20 M�), were invariably placed
within the striatum close to the cortex. A corticostriatal
field potential (FP) was evoked every 10 seconds by
means of a bipolar electrode connected to a stimulator
unit (Grass Telefactor, West Warwick, RI, USA). The
stimulating electrode was located in the white matter
between the cortex and the striatum to activate corticos-
triatal fibers. For the input-output curve, a stimulus of
increasing voltage intensity and constant duration (200
�s) was delivered every 10 seconds prior to the onset of
ach experiment. Quantitative data are expressed as a
ercentage of the FP amplitudes in respect to the relative
ontrol amplitude values, the latter representing the mean
f responses recorded during a stable period. For induc-
ion of LTD, a conditioning high frequency stimulation
HFS) protocol of 3 trains (3-second duration at 20-
econd intervals) was delivered at 100 Hz frequency.
nly one experiment involving a conditioning HFS pro-

ocol was conducted on a single slice.

.3. Statistical analysis

Offline statistical analysis was performed using Clampfit
0 (Molecular Devices) and GraphPad Prism 3.02 (Graph-
ad Software, San Diego, CA, USA) software. Two-way
nalysis of variance (ANOVA) was used for statistical anal-
sis. Values given in the figures and text are mean �
tandard error (SE). Significant differences were high-
ighted with asterisks (*** p � 0.001).

.4. Drugs

Dopamine hydrochloride, L-3,4-dihydroxyphenylalanine
L-DOPA), benserazide, and zaprinast were purchased from
igma-Aldrich (Milan, Italy) whereas Rp-8-Br-cGMPS was
rom Merck Chemicals (Nottingham, UK). Subchronic
reatment with L-DOPA was performed in mice by admin-
stration of 20 mg/kg L-DOPA plus 7.5 mg/kg benserazide

intraperitoneally) once a day for 4 consecutive days.
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3. Results

3.1. Effect of A53T-SNCA mutation on intrinsic striatal
excitability in young and old mice

In order to evaluate whether A53T-SNCA mutation
produced age-dependent changes of synaptic transmis-
sion, we first measured basal membrane properties of
MSNs and performed single-cell recordings in corticos-
triatal slices obtained from TG and WT mice at both 4
(young mice) and 20 (old mice) months of age. Only
neurons electrophysiologically identified as spiny neu-
rons were considered (Calabresi et al., 1992; Picconi et
al., 2011). As presented in Figs. 1A and 2A, membrane
properties of MSNs in TG and WT mice were similar
either in young mice (Fig. 1Aa and b) and in old mice
(Fig. 2Ba and b). All these neurons were silent at rest
either in young (Vrest � �83.8 � 3 mV, n � 8 in WT and
�80.2 � 4 mV, n � 8 in TG) and in old mice (Vrest �

82.2 � 5 mV, n � 8 in WT and �84.8 � 7 mV, n �
in TG); they displayed membrane rectification and

resented a similar tonic firing discharge after injection
f positive superthreshold amount of current (Figs. 1Aa,
and 2Aa, b). Furthermore, excitability of striatal neu-

ons was also evaluated evoking corticostriatal FP in
oung and old mice of both TG and WT group by stim-
lating glutamatergic afferents to the striatum. Increasing
timulation levels (voltage, 20 – 45 V; duration, 200 �s)
f the corticostriatal pathway evoked FP of similar in-
reasing amplitude in TG and WT mice of both the
onsidered ages, as shown in the plots of the input-output
urve (Figs. 1Ac and 2Ac). All together, these data show
o significant age-related differences in striatal excitabil-
ty in A53T-SNCA overexpressing mice.

.2. Age-dependent corticostriatal long-term depression
n A53T-SNCA overexpressing mice

Altered corticostriatal long-term depression (LTD) of
ynaptic plasticity has been previously described in these
53T-SNCA overexpressing mice at old age, in conjunc-

ion with increased striatal DA content, but a postsynaptic
epression of DA response (Kurz et al., 2010). Here we
pplied a high-frequency stimulation protocol (HFS) to
ompare LTD in young and old mice from the TG and WT
roup. After recording an FP of a stable amplitude for
5–20 minutes, HFS was delivered (Calabresi et al., 1992)
nd the FP amplitude was monitored for 40 subsequent
inutes. As presented in Figs. 1B and 2B, recordings from

oung mice showed normal LTD either in TG (20.4 �
.6%; n � 7) and in WT mice (22.0 � 3.9%; n � 7; Fig.

1B), while recordings from old animals showed normal
LTD only in WT mice (15.4 � 1.7%; n � 9) but absent
LTD in TG mice (TG, n � 6 vs. WT, n � 9; F(1,143) �

82.2; p � 0.001) (Fig. 2B).
3.3. Dopamine does not restore long-term depression in
old A53T-SNCA mice

Increased striatal DA levels in old TG mice might rep-
resent either a compensatory mechanism to enhance the

Fig. 1. Intrinsic striatal excitability and synaptic plasticity in young A53T-�-
ynuclein (SNCA) mice. (A) Intracellular recordings of striatal medium spiny
eurons (MSNs) from a young wild-type (WT; top) and A53T-SNCA mouse
TG; bottom) showing the voltage response to hyperpolarizing and depolariz-
ng steps of current (a). Graphs showing the current-voltage plots (b) of
everal MSNs and the field potentials (FPs) input-output curves (c) ac-
uired in striatal slices from young WT and TG mice. (B) The time course
f the field potential (FP) amplitude after the delivery of high-frequency
timulation (HFS) recorded from slices of young WT and TG mice show
normal long-term depression (LTD) of synaptic plasticity in both WT and
G mice of this age. Upper traces show examples of FPs recorded before
nd 40 minutes post HFS in WT and TG mice. Note that a normal LTD is
btained in both the groups of these young mice.
dopaminergic signaling or an abnormality in the release of
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DA (Kurz et al., 2010). The concomitant absence of striatal
long-term depression of synaptic plasticity might in turn
express the physiological outcome of this striatal DA un-

Fig. 2. Intrinsic striatal excitability and synaptic plasticity in old A53T-�-
synuclein (SNCA) mice. (A) Intracellular recordings of medium spiny
neurons (MSNs) from an old wild-type (WT; top) and old transgenic (TG)
mouse (bottom) showing the voltage response to hyperpolarizing and
depolarizing steps of current (a). Graphs of current-voltage plots (b) of
several MSNs and the field potential (FP) input-output curves (c) measured
in striatal slices from old WT and TG mice. (B) The time course of striatal
FPs show a normal long-term depression (LTD) only in slices from old WT
but not from old TG mice, where LTD is lost (*** p � 0.001). Examples
of FPs (upper traces) recorded before the delivery of the high-frequency
stimulation (HFS) protocol and 40 minutes after the tetanus show a normal
LTD of synaptic transmission in old WT animals (left) but no LTD in old
TG mice.
balance. In the attempt to restore striatal function in old TG h
mice, we recorded FP in the presence of 30 �M DA bath
applied for the duration of the experiment. Under these
conditions a tetanic stimulation produced only a transient
reduction of FP amplitude (within 20 minutes from the
application of HFS protocol) but it returned to pre-HFS
values after 30–40 minutes from HFS application (n � 8;
Fig. 3A). Because acute administration of DA failed to
restore LTD, we also tried to restore a normal LTD in these
animals with a subchronic treatment with L-DOPA (20
mg/kg) for 4 consecutive days (see 2. Methods). Also in this
case FP recordings from slices from these mice showed a
reduction of FP amplitude lasting 20 minutes from HFS
protocol returning to pre-HFS conditions within 40 minutes
from HFS delivery (n � 9; Fig. 3B). Taken together these
experiments rule out the possibility that, in our model,
exogenous application of dopaminergic agents over days is
capable to restore physiological levels of LTD in old A53T-
SNCA TG mice.

3.4. Striatal long-term depression is restored in old
A53T-SNCA mice by enhancing cGMP-PKG-dependent
intracellular signaling

In old A53T-SNCA mice multiple signal transduction
mechanisms are altered including phosphodiesterases (Kurz
et al., 2010). Moreover, we have previously shown that the
nitric oxide (NO)/cyclic GMP (cGMP)/protein kinase G
(PKG) pathway plays a critical role in the expression of
physiological striatal LTD (Calabresi et al., 1999). More
recently we have found that zaprinast, an inhibitor of phos-
phodiesterases (PDEs), is able to rescue LTD by targeting
this pathway in a neurotoxic model of PD (Picconi et al.,
2011). For these reasons, we decided to test whether the
impaired LTD in old TG mice could be restored by this
inhibitor of PDEs. We therefore recorded corticostriatal FPs
from old TG mice in the continuous presence of 1 �M
aprinast. In these conditions the delivery of HFS protocol
roduced a significant long-lasting depression of FPs. In
act, FP amplitude was reduced 14.9 � 3.8% 40 minutes
fter HFS (TG in zaprinast, n � 8 vs. TG, n � 6; F(1,131) �
1.6; p � 0.001; Fig. 4). We studied the role of cGMP/PKG
n therapeutic effect of zaprinast by measuring striatal syn-
ptic plasticity in the continuous presence of 1 �M zaprinast

coapplied together with 1 �M RP-8Br-cGMPS, a com-
ound known to block PKG function. Interestingly, in the
resence of the PKG inhibitor the restorative effect of zapri-
ast on LTD was blocked (99.0 � 3.3%; n � 6; Fig. 4).

. Discussion

.1. Major findings

In the present work we studied striatal function in phys-
ological conditions and in the parkinsonian state by utiliz-
ng the transgenic mice model of PD that overexpresses the

uman SNCA protein with the A53T mutation. We obtained
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3 new major findings having both physiological and clinical
relevance.

First we measured the striatal excitability and long-term
synaptic plasticity in this animal model of PD at two different
stages of the development of the disease. Mice of 4 months of
age did not present any pathologic alterations while old mice

potential (FP) amplitude before the high-frequency stimulation (HFS)
induction and for 40 minutes after the tetanus shows no LTD in old
transgenic (TG) mice recorded either in the presence of 30 �M DA
bath-applied for the duration of the experiment or in the absence of this
drug. Upper traces shows an example of FP recordings acquired before the
HFS protocol, 15 and 40 minutes after the tetanus in slices from TG mice
recorded in the presence of 30 �M DA and without application of this drug.

ote the presence of a short-term depression within 20 minutes from the
elivery of HFS protocol. (B) Time course shows the absence of LTD in
ld TG mice subchronically treated with L-DOPA. Traces show an exam-
le of FPs recorded before the HFS induction, 15 minutes and 40 minutes
fter the tetanus in a slice from an L-DOPA-treated old TG mouse in
omparison with a non-treated old TG animal. Also in this case note the
resence of a short-term depression within 20 minutes from the delivery of

Fig. 4. The phosphodiesterase inhibitor zaprinast restores normal striatal
long-term depression (LTD) in old A53T-�-synuclein (SNCA) mice via a
rotein kinase G (PKG)-dependent mechanism. The time course of field
otential (FP) amplitude measured in old TG mice in the presence of 1 �M

of the phosphodiesterase inhibitor zaprinast shows a full recovery of
striatal LTD (*** p � 0.001). Conversely, in the presence of 1 �M
zaprinast plus 1 �M of the PKG inhibitor RP-8Br-cGMPS, LTD could not
e restored. Upper traces show FPs recorded from an old TG mouse either
n the presence of 1 �M zaprinast (left) or in the presence of 1 �M
aprinast plus 1 �M of the PKG inhibitor RP-8Br-cGMPS (right) before

the high-frequency stimulation (HFS) and 40 minutes after the tetanus.
Fig. 3. Acute application of dopamine (DA) or subchronic treatment with
L-DOPA do not restore a normal striatal long-term depression (LTD) in old
FS protocol.
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display features of a pathologic phenotype. Interestingly, we
found that while in young and old animals the basal electrical
properties were similar and were not different from aged-
matched WT mice, only young TG mice presented a normal
LTD whereas in old TG animals LTD was absent.

The second aim of this study was the investigation of the
possible mechanisms that might be involved in the altered
LTD in these old TG mice. Because striatal DA levels are
known to be primarily important in sustaining a normal striatal
unction (Calabresi et al., 1992, 2007) and an altered striatal
A metabolism has been recently described in these old TG
ice (Kurz et al., 2010), we boosted DA receptor activity in

he attempt to restore DA signaling and LTD in these old
nimals. However, we found that neither acute application of
A nor a subchronic treatment with L-DOPA was able to

estore a normal LTD in this animal model of PD.
As the third major issue of the present work, we found that

pharmacological inhibition of the intracellular phosphodies-
terases by zaprinast was able to restore a normal LTD in old
TG mice indicating that in this animal model of PD the mod-
ulation of the cGMP/PKG intracellular pathway represents an
important subject for a rescue of a physiological striatal LTD
and a possible target for a new experimental therapeutic ap-
proach. In agreement with this hypothesis, the inhibition of
PKG was able to suppress the therapeutic effect of zaprinast.

4.2. A53T-SNCA mouse model of PD

Alpha-synuclein is a highly conserved 140 amino acid
protein whose native function is still being investigated.
Among the several transgenic animal models expressing
mutant �-synucleins, generated to study specific aspects of
he pathogenesis of synucleinopathies, we have used mice
arrying the human A53T-SNCA transgene, a model that
eproduces some of the features of idiopathic PD. In these
ransgenic mice the overexpression and mutation enhance
athological localization and insolubility of A53T-SNCA,
ufficient to produce a progressive neuronal dysfunction in
he absence of demonstrable inclusion bodies or of protein
ggregations, neuronal loss within the dopaminergic projec-
ion or motor pathology until 18–24 months of age (Gispert
t al., 2003). Accordingly, we found in these TG mice an
ge-dependent alteration of the striatal function; in fact,
hile young TG mice presented normal basal electrophys-

ological properties and a physiological long-term depres-
ion of synaptic transmission, old TG mice presented no
TD, confirming a previous study obtained in A53T-SNCA
ice of similar age (Kurz et al., 2010).

.3. Involvement of DA and cGMP/PKG signaling
athways

Explanation for the observed lack of striatal LTD found
n old TG mice might imply the impaired DA neurotrans-
itter release (Kurz et al., 2010). Recent reports pointed to

everal possible functional interactions between SNCA pro-

ein, which is abundantly expressed in presynaptic nerve b
erminals, and the DA neurotransmitter system including
egulation of synaptic DA vesicles, release of DA, modu-
ation of DA synthesis and transport to the plasma mem-
rane (Sidhu et al., 2004; Venda et al., 2010). Abnormal
evels of striatal DA content have been described in several
n vivo and in vitro animal models of PD such as the
emiparkinsonian rat model of PD obtained with unilateral
njection of 6-hydroxydopamine into the nigrostriatal pro-
ections, in which striatal DA is strongly reduced (Picconi et
l., 2004, 2011), or transgenic mouse models of PD over-
xpressing truncated fragments of human SNCA, in which
decline in striatal DA levels is documented with increas-

ng age together with a parallel age-related reduction in
pontaneous locomotion (Tofaris et al., 2006; Wakamatsu et
l., 2008). Similarly, in the striatum of old A53T-SNCA
ice, a progressive reduction in the postsynaptic DA re-

ponse correlated with the absence of LTD and the reduced
pontaneous locomotor activity in open-field tests (Kurz et
l., 2010). Interestingly, while treatments with DA agonists or
ith L-DOPA could completely restore the electrophysiolog-

cal-impaired LTD (Calabresi et al., 2007) and behavioral
eficits (Wakamatsu et al., 2008), in some PD animal models,
e detected only a short-term depression in old TG mice

reated with DA or L-DOPA while these treatments failed to
roduce a normal long-lasting synaptic depression. These data
onfirm that a pathological striatal neurotransmission and syn-
ptic plasticity underlie the progressive movement deficit seen
n A53T-SNCA mice and suggest that alternative signaling
athways need to be explored in the attempts to rescue a
hysiological LTD in these old TG mice.

Long-lasting changes in the efficacy of excitatory neu-
otransmission in the striatum are triggered by the stimula-
ion of complex cascades of intracellular second messenger
ystems and formation of LTD requires also the activation
f NO/cGMP/PKG enzymatic cascade, a crucial pathway
ubserved by a specific intrastriatal circuitry of nitric oxide
ynthase (NOS) positive interneurons innervating striatal
rojecting spiny neurons (Calabresi et al., 1999; Centonze et
l., 1999, 2003). Furthermore, the NO signaling pathway
an be considered as a possible regulatory mechanism in-
olved in neurodegeneration of dopaminergic fibers in the
triatum (Chalimoniuk et al., 2004); in fact altered forms of
NCA producing overstimulation of NOS activity can cause
euronal death by increasing oxidative stress and impairing
itochondria function (Adamczyk et al., 2009). It was

ound that the in vivo administration of NO donor drugs
ncreased the extracellular level of DA in the striatum (Tra-
ace and Kendrick, 2000). The importance of maintaining a
hysiological NOS activity is also suggested in the work by
hoi et al. (2009) in which, in an in vitro model of PD,
itochondrial injury, and death of striatal neurons were

revented by treatment with a NOS inhibitor (Choi et al.,
009).

NOS positive striatal interneurons are therefore a possi-

le sensitive target of modified forms of SNCA and in the
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striatum of our old A53T-SNCA mice their sufferance or
their altered metabolism might be responsible for the ab-
sence of LTD.

In the present work we verified this hypothesis by stim-
ulating intracellular striatal NO/cGMP/PKG by inhibiting
PDEs. Although central neurons express various families of
PDEs (Beavo, 1995), striatal neurons are highly enriched
with calmodulin-dependent PDE (Polli and Kincaid, 1994;
Yan et al., 1994). For this reason we used the specific
cGMP-PDEs inhibitor zaprinast (Calabresi et al., 1999) and
interestingly this treatment fully restored striatal LTD in all
the old A53T-SNCA mice tested. Zaprinast specifically
targets PDE5, 6, and 9 and even if striatal neurons display
low PDE5 levels, zaprinast increased cGMP striatal levels
and affected striatal behavior in animal models suggesting that
this drug may still be a useful tool to study NO/cGMP/PKG
pathway within the nucleus striatum (Domek-Łopacińska and
Strosznajder, 2008; Giorgi et al., 2008; Puerta et al., 2009). In
ddition, we confirmed the important effect of zaprinast in our
ice model by blocking PKG function in old TG mice in the

resence of this PDEs inhibitor. Because formation of LTD
equires the activation of PKG, even boosting cGMP levels
y inhibition of PDEs was not effective in restoring LTD if
he function of this PKG was preventively blocked. The
ossibility to modulate striatal LTD by affecting NO/
GMP/PKG pathway in old A53T-SNCA mice may raise
he interest in correlating striatal synaptic plasticity and
ossible alterations of the number and/or the metabolism of
OS positive interneurons in these mouse models of PD.

nterestingly, the presence of human transgenic A53T-al-
ha-synuclein have not been detected in the cell body of
triatal neurons of old A53T-SNCA mice, revealing its
resence only located in the synaptic cell terminals (Gispert
t al., 2003). However, an age-dependent morphological
nalysis of NOS positive striatal interneurons will require
urther attention. Moreover, further studies will be required
o investigate the possibility that systemic administration of
DE inhibitors ameliorate motor performances altered in
ld A53T-SNCA mice, in line with our in vitro data show-
ng that zaprinast restores LTD in these mice.

Taken together these findings endorse the possibility that
he modulation of NO/cGMP/PKG pathway might be a
ossible additional strategy to gain insights into the mech-
nisms occurring in the A53T-SNCA mouse model of PD.
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