Research Paper
Article de recherche

Electroconvulsive shock enhances striatal dopamine
D, and D, receptor binding and improves motor
performance in 6-OHDA-lesioned rats

Elissa M. Strome, PhD; Athanasios P. Zis, MD; Doris J. Doudet, PhD

Strome and Doudet — Pacific Parkinson’s Research Centre; Zis — Department of Psychiatry, University of British Columbia,
Vancouver, BC

Objective: Electroconvulsive therapy (ECT) is a widely used and effective treatment for mood disorders and appears to have positive ef-
fects on the motor symptoms of Parkinson’s disease (PD), improving motor function for several weeks. Because repeated electroconvul-
sive shock (ECS) in normal animals enhances striatal dopamine (DA) D, and D, receptor binding, we hypothesized that upregulation of
D, and D, receptors may also be occurring in the parkinsonian brain after repeated ECS treatment. Methods: Rats were rendered hemi-
parkinsonian through unilateral infusion of the DA-specific neurotoxin 6-hydroxydopamine into the medial forebrain bundle and substan-
tia nigra. The animals were tested for hindlimb and forelimb function before and 48 hours after the last of 10 daily treatments with ECS or
sham. After sacrifice, DA receptor binding was determined autoradiographically. Results: While there was no increase in forelimb use in
the cylinder test, ECS treatment significantly improved hindlimb motor performance on a tapered beam-walking test and enhanced stri-
atal D, and D, receptor binding, without affecting D, receptor binding. Conclusion: This study suggests that at least part of the mecha-
nism of action of ECT in PD may be enhanced DA function within the direct pathway of the basal ganglia and may support the further
study and use of ECT as a potential adjunct treatment for PD.

Objectif : L’électrochoc est un traitement trés répandu et efficace contre les troubles de 'hnumeur et il semble avoir des effets positifs sur
les symptémes de la maladie de Parkinson (MP) qui touchent la motricité, car il améliore la fonction motrice pendant plusieurs semaines.
Parce que I'électrochoc a répétition chez des animaux normaux améliore la fixation aux récepteurs D, et D, de la dopamine striatale,
nous avons posé en hypothese qu’il peut y avoir aussi régulation a la hausse des récepteurs D, et D, dans un cerveau parkinsonien
apres des électrochocs a répétition. Méthodes : On a rendu des rats hémiparkinsoniens par perfusion unilatérale de neurotoxine
6-hydroxydopamine spécifique a la dopamine dans le faisceau médian du cerveau antérieur et les substances noires. On a vérifié le fonc-
tionnement des pattes arriere et avant des animaux avant et 48 heures aprés 10 traitements quotidiens d’électrochoc ou traitements
factices. Aprés le sacrifice, on a déterminé par autoradiographie qu'il y avait fixation aux récepteurs de la dopamine. Résultats : Méme si
les sujets n'ont pas utilisé davantage leurs pattes avant au cours du test du cylindre, I'électrochoc a amélioré considérablement la per-
formance motrice des pattes arriere au cours du test de la poutre en queue de billard et a amélioré la fixation aux récepteurs D, et D, de la
dopamine striatale sans avoir d’effet sur la fixation aux récepteurs D,. Conclusion : Cette étude indique que le mécanisme d’action de
I'électrochoc dans les cas de MP peut consister en partie a améliorer la fonction de la dopamine par la voie directe des noyaux gris cen-
traux et pourrait appuyer une étude plus poussée et I'utilisation de I'électrochoc comme traitement d’appoint éventuel contre la MP.

postural disturbances. The primary pathological features of

Introduction PD are the loss of dopamine (DA)-producing cell bodies in

the substantia nigra pars compacta of the midbrain, and the
Parkinson’s disease (PD) is a neurodegenerative movement concomitant loss of striatal DA.! Therapeutic options for PD
disorder characterized by tremor, bradykinesia, rigidity and attempt to either replace the lost DA tone, for example, by
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treating patients with L-DOPA (the biochemical precursor
to DA) or DA agonists or both, or, in later stages of the dis-
ease, to inhibit the basal ganglia output structures that be-
come overactive in PD via surgical intervention, as in the
case of pallidotomy or deep brain stimulation (DBS). Most
patients, however, experience negative side effects or a loss
of efficacy after prolonged L-DOPA treatment (reviewed in
Jankovic?), and many patients are poor candidates for brain
surgery. Further, many PD patients also experience symp-
toms of major depression, the treatment of which is often
rendered difficult by negative side effects or interactions
with antiparkinsonian drugs in this elderly population.’ The
development of adjunctive or alternative therapeutic op-
tions for PD is essential to improve the quality of life of pa-
tients with this disease.

Electroconvulsive therapy (ECT) is a widely used treatment
for psychiatric disorders, and several recent meta-analyses
have shown that it is the most effective antidepressant treat-
ment available.*” Not only is ECT an effective treatment for
depression, but it also appears to have positive effects on the
motor symptoms of PD patients, regardless of whether they
have depression. Over 200 PD patients treated with ECT have
been reported in the literature,* with most showing dramatic
improvement in their motor symptoms. Case reports, open
trials and double-blind placebo-controlled studies have all
shown that ECT treatment significantly improves a wide
range of motor symptoms, including rigidity, bradykinesia,
and “on—off” phenomenon, and that the improvements last
from several weeks to months after the last treatment.”” Al-
though additional well-designed clinical trials with large
numbers of subjects are needed to determine the most appro-
priate parameters to achieve optimal impact on the motor
symptoms of PD, this treatment holds great promise as a po-
tential adjunct treatment.

In animals, repeated treatment with electroconvulsive
shock (ECS) has been shown to have specific effects in limbic
brain regions such as the frontal cortex and hippocampus.
One of the most consistent effects of repeated ECS on the nor-
mal rodent limbic system is an enhancement of serotonin
(5-HT) neurotransmission, as evidenced by increased
5-HT-mediated behaviours,*" increased interstitial 5-HT
metabolites'” and upregulation of the 5-HT, receptor.”®
Taken together with increases in neurotrophic factors" and
cell growth,'*” the enhancement of 5-HT neurotransmission
after repeated ECS is part of a cascade of cellular events
thought to underlie the mechanism of action of ECT in mood
disorders."

DA receptors belong to the superfamily of G-protein cou-
pled receptors, having 7 transmembrane domains. Five differ-
ent subtypes of DA receptors have been cloned (D,-D;), and
these are broadly categorized into either D,-like receptors (D,
and D;) or Dlike receptors (D,, D,, D,) (reviewed in Jackson
and Westlind-Danielsson),” classically distinguished by their
ability or inability to activate the enzyme adenyl cyclase, re-
spectively.” In the striatum, D, and D, receptors are further
distinguished by their localization in the direct or indirect out-
put pathways of the basal ganglia®; thus, the different receptor
subtypes play a critical role in PD. Current pharmacological

interventions for PD are aimed at enhancing the activity of the
direct pathway and reducing the activity in the indirect path-
way, ultimately leading to enhanced motor output.

Previous studies have shown that, in experimental models
of brain injury, both seizures®* and the application of DA-
releasing agents such as amphetamine®* can enhance the re-
covery of motor function. We suggest that seizures may also
have positive effects in a rodent model of PD, and more
specifically, that the effects of repeated ECS treatment on the
DA system of the parkinsonian striatum may be similar to
those observed on the 5-HT system of the hippocampus. In
this study, we hypothesized that repeated ECS treatment in
unilateral 6-hydroxydopamine (6-OHDA)-lesioned rats
would improve motor function and increase binding to DA
receptors of the direct pathway of the basal ganglia.

Methods
Subjects

Adult male Sprague-Dawley rats (bred at the University of
British Columbia animal facility from Charles River Canada
[Montréal, Que.] stock), weighing 250 g at the start of the ex-
periment were housed on a 12:12 light:dark schedule (with
lights off at 12:00 pm), at constant temperature and humidity
(21°C, 55%). The animals had access to food and water ad libi-
tum and were housed in pairs. A total of 40 animals were
used in the experiment: 20 were used for D, receptor binding
(n =10 sham and 10 ECS) and 20 were used for D, and D, re-
ceptor binding. Behavioural data were pooled from the entire
group of animals. All procedures were approved by the Uni-
versity of British Columbia Committee on Animal Care.

6-OHDA lesioning

The animals were allowed to habituate and were handled
for at least 3 days before receiving a right unilateral
6-OHDA-induced lesion of the DA nigrostriatal pathway
following our previously published procedures.* De-
sipramine hydrochloride (25 mg/kg given intraperitoneally
[i.p]; Sigma-Aldrich Canada, Oakville, Ont.) was adminis-
tered 30-60 minutes before 6-OHDA infusion to protect no-
radrenergic terminals. Animals were anesthetized with
isoflurane in O, (4% for induction, 1% for maintenance),
given atropine sulfate (0.05 mg/kg subcutaneous [s.c.]), and
placed into a stereotaxic frame (David Kopf Instruments,
Tujunga, Calif.). With the skull flat between lambda and
Bregma, a 2% solution of 6-OHDA hydrobromide (8 mg in 4
mL 0.05% ascorbic acid in saline; Sigma) was infused at 2
sites along the medial forebrain bundle (site 1: anterior-pos-
terior [AP] 2.8 mm, medio-lateral [ML] 1.8 mm, dorso-ven-
tral [DV] 8.0 [all from Bregmal]; site 2: AP 4.7 mm [Bregma],
ML 1.5 mm [midline], DV 7.9 mm [hole]) according to Paxi-
nos and Watson.” The infusion rate was 1 mL per minute,
and the cannula was left in place an additional 4 minutes to
allow diffusion of the 6-OHDA solution. After surgery, the
animals received subcutaneous saline, antibiotics (Du-
plocillin 0.1 mL/kg given intramuscularly [i.m]), and anal-
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gesia (Anafen 2 mg/kg s.c.), and were kept warm in an in-
cubator until fully recovered from anesthesia. The animals
were allowed to recover for at least 2 weeks after surgery
before being treated with ECS.

Forelimb use asymmetry test (cylinder test)

The animals were evaluated in the forelimb use asymmetry test
(cylinder test)®* at 3 time points: before lesion, after lesion and
48 hours after ECS or sham treatment. At each time point, the
animals were placed in a plexiglas cylinder (20-cm diameter x
30-cm high) elevated on a glass plate for a 3-minute period on
2 consecutive days. Testing was done during the dark phase
of the cycle and under red lighting. The trials were videotaped
from below and scored at a later date by an investigator blind
to the animals’ treatment. Forelimb placements on the walls of
the cylinder were categorized as left independent, right inde-
pendent or simultaneous movements, and a forelimb use
asymmetry score was calculated as:

Equation 1

ipsi + %2 both
ipsi + contra + both

x 100

where ipsi and contra refer to the forelimbs ipsilateral and
contralateral to the 6-OHDA-induced lesion, respectively.”
Animals had to make greater than 20 movements at any given
time point for their data to be included in the analysis, and
data from 3 animals were excluded based on this criterion.

Tapered beam (TB) walking test

Animals were also evaluated before lesion, after lesion and
48 hours after ECS or sham treatment on a TB walking test,
adapted with slight modifications from Schallert and
Woodlee” and Zhao and colleagues.” The test has been de-
scribed in detail.* Briefly, the animals are trained to walk
across a 165-cm long beam that progressively narrows as
they approach the goal (their darkened home cage). Beneath
the surface of the beam is a ledge, which allows the animals
to make slips with their feet off the main surface of the beam
without falling off and therefore prevents postural compen-
sation in lesioned animals. Taking a step with only 1 or 2 toes
on the main surface of the beam (and the other 4 or 3 toes
overhanging the ledge) is scored as a half footfault, while
stepping with the entire foot on the ledge rather than on the
main surface of the beam is scored as a full footfault. In be-
tween trials, the animals remained in their home cage with
the lights in the room turned off for 1 minute for reinforce-
ment. Normal animals make very few errors (footfaults), and
those only occur on the narrowest section of the beam.

On a testing day, the animals were brought to the behav-
ioural room at the start of the dark cycle and are allowed to ha-
bituate for 15-30 minutes. Before testing, each animal was al-
lowed one “refresher” trial, which is not videotaped. One TB
test is made up of 5 consecutive trials, and each trial is video-
taped from the rear to allow a clear observation of the

hindlimbs and scored at a later date by an investigator blind to
the animal’s condition. For each hindlimb, the number of steps
taken and the number of full and half footfaults in each of the 3
sections (wide, medium and narrow portions of the beam) in
the 5 trials is determined and summed to obtain a single com-
posite score per time point. Because the scores represent
mainly large or small proportions (no. of errors per step),
transforming the data via an arcsine transformation (Eq. 2)
normalizes the data.” Unilaterally 6-OHDA-lesioned rats pri-
marily make mistakes on the narrow section of the beam, so
the TB test scores consisted of the arcsine transformed data
from the narrow section of the beam at each time point. Ani-
mals who had TB scores > 40 (the typical score in the hindlimb
contralateral to a 6-OHDA lesion) with either hindlimb before
lesioning, indicating that they had not completely learned the
task, were not included in the analysis (1 = 5).

Equation 2

p’ =Va[arcsin (VX/n + 1) + arcsin (VX + 1/n + 1)]

where X = the number of errors and n = the number of steps.
Electroconvulsive shock treatment

Animals were assigned randomly to the ECS or sham treat-
ment groups and were treated daily for 10 days between
8 and 11 am. Atropine sulfate (0.2 mg/kg s.c.) was adminis-
tered, followed 30 minutes later by ketamine hydrochloride
(80 mg/kg ip.). After induction of ketamine anesthesia, ani-
mals were given either sham treatment (electrodes placed, but
no current administered), or bilateral ECS (80-99 mA, 5-9.9 s,
70 pulse/s, 0.5 ms pulse width) via earclip electrodes coated
with electroconductive gel using a small animal ECS machine
(Model 57800, Ugo Basile, Italy). In our early pilot studies, we
decided to administer ECS under anesthesia to more closely
model the human situation. Ketamine was chosen as our
anesthetic for all future studies based on its ease of use, its rel-
evance to the clinic (ketamine is used in patients who are al-
lergic to barbiturates or who have high seizure thresholds®)
and because our pilot data showed that 2 of the most com-
monly reported effects of ECS in rats, upregulation of cortical
5-HT, receptor binding,"*” and increased piriform cortex
brain-derived neurotrophic factor (BDNF) mRNA™* both also
occurred when ECS was given under ketamine anesthesia
(Strome and others, unpublished data, 2006). All animals re-
ceived the same initial current dose, based on our previous
experience with ECS in rats under ketamine anesthesia, and
current doses during subsequent treatments were modified
based on the nature of the previous seizure. All ECS-treated
animals experienced seizures of 13-19 seconds in duration.
All animals in this study consistently showed tonic hind limb
extension. One sham-treated animal from each of the D, and
D,/D, binding groups was lost to ketamine anesthesia.

After the posttreatment behavioural testing was performed
(48 h after the last ECS or sham treatment), animals were de-
capitated and the brains were removed and quickly frozen in
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isopentane cooled with dry ice and stored at —80°C until sec-
tioning. This time point was chosen for the sacrifice based on
our pilot studies, which suggested there may be residual ef-
fects of ketamine anesthesia or ECS treatment (or both) on
motor function on these behavioural tasks 24 hours after the
last treatment but that these effects had resolved by 48 hours
after the last treatment. Twenty micron coronal sections were
cut at —18°C on a cryostat (Leica) and thaw-mounted onto
glass microscope slides (Superfrost Plus, Fisher Scientific,
Ont.). The slides were stored at —80°C until the receptor bind-
ing assays were performed.

Vesicular monoamine transporter-2 binding

For verification of the extent of lesion, coronal sections through
the striatum were incubated with [1'C](x)dihydrotetra-
benazine, a marker for DA terminals, which binds to the vesic-
ular monoamine transporter-2.* The details of the autoradi-
ographic technique have been described in detail elsewhere.*

D, receptor binding

The slides were warmed up to room temperature and were
washed for 15 minutes in Tris-HCl buffer. Incubation was in
2 nM [*H]SCH 23390 (Perkin Elmer, Que.; specific activity
81 Ci/mmol) plus 30 nM ritanserin (to block 5-HT, receptors;
Sigma), in the same buffer at 20°C for 45 minutes. Nonspe-
cific binding was determined by incubating adjacent slices
with an additional 10 mM (+)-butaclamol (Sigma). At the end
of the incubation, the slides were washed for two 3-minute
washes in fresh buffer at 4°C, dipped briefly in cold distilled
water, and allowed to dry on the bench top overnight. After
postfixation in paraformaldehyde vapour under vacuum in a
dessicator for 24 hours,” the slides were apposed to pre-
erased tritium-sensitive phosphor screens (Fuji Medical Sys-
tems Inc., Stamford, Conn.) in standard film cassettes with
[*H] microscales (Amersham, UK) for 3 days. On the third
day, the screens were removed from the cassettes and
scanned in a Cyclone phosphor imager (Perkin Elmer, Que.)
at 600 dpi resolution.

D, receptor binding

The slides were warmed up to room temperature and pre-
washed for 15 minutes in Tris-HCl buffer (50 mM Tris-HC],
120 mM NaCl, 5 mM KCl, 2 mM CaCl,, 1 mM MgClL, room
temperature, pH 7.4, all from Sigma). The slides were incu-
bated for 45 minute in 3 nM ['!C]raclopride (specific activity
959 or 1975 Ci/mmol at the start of incubation) in the same
buffer at room temperature. Nonspecific binding was deter-
mined by incubating adjacent slices with an additional 10
mM (+)-butaclamol. At the end of the incubation, the slides
were washed for 3 x 1 minutes in fresh buffer at 4°C, dipped
briefly in cold distilled water and allowed to dry in a fume-
hood for 20 minute. They were then apposed to Multisensi-
tive storage phosphor screens (Perkin-Elmer) along with 'C
standards prepared as previously described.*® The screens
were scanned as described above after 2 hours of exposure.

D; receptor binding

D, receptor binding was performed with R-(+)-7-hydroxy-
[*H]di-n-propyl-2-aminotetralin ([*H]7-OH-DPAT) as
described by Levesque and colleagues” with minor modifica-
tions. The slides were warmed to room temperature and
were prewashed for three 5-minute washings in an N-(2-hy-
droxyethyl)-piperazine-N’-2-ethanesulfonic acid (HEPES)
buffer (50 mM HEPES, 1 mM EDTA, 0.1% bovine serum al-
bumen, 120 mM Na(l, all from Sigma). Incubation was in
1 nM [°H]7-OH-DPAT (Amersham, specific activity
115 Ci/mmol) in the same buffer at room temperature for
90 minutes. Nonspecific binding was determined by incubat-
ing adjacent slices with an additional 10 mM (+)-butaclamol.
At the end of the incubation, the slides were washed for 3, 1-
minute washes in fresh buffer at 4°C, dipped briefly in cold
distilled water, and allowed to dry on the bench top
overnight. Postfixation, exposure and plate scanning were
identical to that described for D, binding, except exposure
time was 7 days.

Densitometry

Optical density analysis was performed with the inherent
software on the phosphor imager (Optiquant v4.00, Perkin-
Elmer). DA receptor binding was measured in the ventral
striatum (nucleus accumbens shell) and in the dorsal stria-
tum (approximately + 1.70 mm from Bregma according to
Paxinos and Watson.” D, receptor binding was also mea-
sured in cortical regions at the same level (fronto-parietal cor-
tex and cingulate cortex). Small regions of interest (ROIs)
were placed bilaterally in at least 4 total binding and 2 adja-
cent nonspecific binding sections for each animal in each re-
gion. The optical density data were converted to nCi/mg
tissue using a standard curve derived from the [°H] or [''C]
microscales. For each animal, nonspecific binding was sub-
tracted from total binding to get a measure of specific radio-
tracer binding.

Statistical analysis

Repeated-measures analysis of variance (ANOVA; treatment
x time) was used for the analysis of the behavioural data be-
cause multiple measurements were made in the same ani-
mals. The effects of ECS treatment on DA receptor binding
were evaluated with 2-way (treatment x hemisphere)
ANOVA. Post-hoc testing of significant main effects was per-
formed with Tukey’s honest significant difference test for
unequal n. All statistical analyses were performed with the
software program StatSoft Statistica ‘98 v5.1 (Tulsa, Okla.).

Results
Cylinder test
Figure 1 shows asymmetry scores from the cylinder test be-

fore lesioning and before and 48 hours after repeated ECS
or sham treatment. Prior to lesioning, all animals showed
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symmetric use of their forelimbs in exploring the walls of
the cylinder, as indicated by asymmetry scores of approxi-
mately 50%. Two-way repeated-measures ANOVA com-
paring the pre- and posttreatment scores indicated that
there were no significant main effects of treatment or time
and no significant treatment x time interaction effect, indi-
cating no significant effect of ECS treatment on forelimb
use asymmetry.

Tapered beam walking test

Prior to lesioning, the animals in both groups made equal
numbers of errors with their left and right hindlimbs on the
narrow section of the TB test (2-way ANOVA, p > 0.32; mean
[standard deviation {SD}] TB score for the group = 24.27
[SD 8.34]). Figure 2 (white bars) shows data for the hindlimb
contralateral to the lesion as well as the effects of ECS or
sham treatment on TB test scores. As previously reported,”
severely unilaterally lesioned animals mainly make mistakes
in the narrow section of the beam with their hindlimb con-
tralateral to the lesion, so only these data are shown. Two-
way repeated-measures ANOVA comparing the pre- and
posttreatment scores indicates that there was a significant in-
teraction effect between treatment and time (F,;, =5.97, p <
0.02), and visual inspection of the data indicates that the ECS-
treated group had lower scores after treatment than the
sham-treated group (Fig. 2). There was no effect of repeated
ECS or sham treatment on the TB scores of the hindlimb ipsi-
lateral to the lesion (data not shown).

Vesicular monoamine transporter-2 binding

All animals showed > 90% depletion of vesicular monoamine
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Fig. 1: Forelimb use asymmetry test scores before 6-OHDA lesion-
ing, and before and after repeated electroconvulsive therapy (ECS)
or sham treatment. There was no significant effect of ECS treat-
ment. Values are mean + SEM, n = 17 animals per group. SEM =
standard error of the mean.

transporter-2 binding in the lesioned, compared with intact
dorsal striatum (mean = SEM = 94.09 % [SD 1.90%], data not
shown).
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Fig. 2: Tapered beam (TB) test scores for the hindlimb contralat-
eral to the lesion in electroconvulsive therapy (ECT)- and sham-
treated rats before 6-OHDA lesioning and before and after re-
peated ECS or sham treatment. There is a significant treatment x
time interaction (*p < 0.02), with ECS-treated rats showing lower
scores after treatment, compared with sham-treated controls. Val-
ues are mean + SEM, n = 16 animals per group. SEM = standard
error of the mean.
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Fig. 3: Densitometric of autoradiographs representing [*H]SCH
23390 binding in the striatum. D, binding was significantly increased
after repeated electroconvulsive therapy (ECS) treatment in both the
dorsal and ventral striatum (*p < 0.04). Values are mean + SEM, n=
9-10 animals per group. SEM = standard error of the mean.
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D, receptor binding

There was a significant effect of treatment on D, binding in
the dorsal striatum (2-way ANOVA: F,,, = 5.20, p < 0.03;
Fig. 3), with post-hoc testing indicating that D, receptor bind-
ing was significantly increased after ECS treatment (p < 0.04).
There was also a significant effect of treatment on D, binding
in the ventral striatum (F,,, = 5.75, p < 0.03; Fig. 3) and, again,
post-hoc testing indicated that D, receptor binding was sig-
nificantly increased after ECS treatment (p < 0.03). There
were no significant main effects of hemisphere in these analy-
ses, nor were there significant treatment x hemisphere inter-
actions, indicating that ECS treatment increased D, binding,
regardless of the 6-OHDA lesion. There were no effects of ei-
ther ECS treatment or 6-OHDA lesion on D, binding in the
fronto-parietal or cingulate cortices (data not shown).

D, receptor binding

There were no significant main effects of treatment, nor were
there significant treatment x hemisphere interactions, indicat-
ing that ECS treatment had no effect on D, receptor binding
in either the dorsal or ventral striatum of either hemisphere.
There was, however, a significant effect of hemisphere on D,
binding in the dorsal striatum (F,;, = 47.45, p < 0.001; Fig. 4),
with post hoc testing indicating that D, receptor binding was
significantly increased in the lesioned hemisphere (p < 0.001).

D; receptor binding

There was a significant effect of treatment on D, binding in

D; binding

CISHAM
. ECS

Y
S

@
<

[11C]Raclopr|de binding
(nCi/mg tissue)

Dorsal striatum Ventral striatum

Fig. 4: Densitometric measurement of autoradiographs represent-
ing ['"C]raclopride binding in the striatum. There was no effect of
repeated ECS treatment on D, binding, but it was significantly
increased in the lesioned dorsal striatum (#p < 0.001). Values are
mean + SEM, n = 8-10 animals per group. SEM = standard error
of the mean.

the dorsal striatum (2-way ANOVA: F,,, = 4.55, p < 0.05;
Fig. 5), with post-hoc testing indicating that D, receptor bind-
ing was significantly increased after ECS treatment (p < 0.05).
There was also a significant effect of treatment on D, binding
in the ventral striatum (F,,, = 7.62, p < 0.01; Fig. 5), and again,
post-hoc testing indicates that D, receptor binding was signif-
icantly increased after ECS treatment (p < 0.01). There was
also a significant effect of hemisphere on D, binding in the
ventral striatum (F,,, = 4.55, p < 0.002; Fig. 5), with post-hoc
testing indicating that D, receptor binding was significantly
decreased in the lesioned hemisphere (p < 0.002). No signifi-
cant treatment x hemisphere interactions were found.

Discussion

The primary observation of the effects of ECT on PD patients
is a fairly immediate and long-lasting improvement in their
motor symptoms.” Very few studies, however, have exam-
ined motor behaviour after ECS treatment in rodents. Those
reports looked at drug-induced behaviours,”** with only
one report on unilateral 6-OHDA-lesioned rats, and all of
the studies showed significant increases in DA-mediated be-
haviours after repeated ECS treatment. We hypothesized that
nonpharmacological motor behaviour of unilateral 6-OHDA-
lesioned rats would also improve after a course of ECS treat-
ment. Our results indicate no significant effect of repeated
ECS treatment on forelimb use asymmetry in the cylinder
test, but a significant improvement in hindlimb motor perfor-
mance on the TB test.

Considering the severity of the unilateral lesion (> 90% de-
pletion of striatal DA terminals), the absence of an effect of
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Fig. 5: Densitometric measurement of autoradiographs represent-
ing [®H]7-OH-DPAT binding in the striatum. D, receptor binding
was significantly increased in both the dorsal and ventral striatum
after repeated electroconvulsive therapy (ECS) treatment
(*p < 0.05), and significantly decreased in the lesioned ventral
striatum (#p < 0.002). Values are mean + SEM, n = 8-10 animals
per group.
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ECS on the use of the forelimb contralateral to the lesion in
the cylinder test was not surprising. After unilateral 6-OHDA
lesioning, the animal very rapidly (within days) learned to
use its unimpaired forelimb almost exclusively for many
tasks, including exploration, and this preferential use of the
unimpaired forelimb has been shown to persist for a long
time after severe unilateral 6-OHDA lesion.** This prefer-
ence for using the forelimb ipsilateral to the lesion makes it
less likely for the animal to resume the use of the impaired
forelimb, even when therapeutic interventions occur, espe-
cially in the case of mild or short-term therapeutic effects.
Some recovery of impaired forelimb function in unilateral
6-OHDA-lesioned rats has been shown to occur after very
specific interventions, such as deep brain stimulation (DBS),*
lentivector delivery of glial cell line-derived neurotrophic fac-
tor (GDNF) to the striatum and substantia nigra (SN),* or
through forced use of the impaired forelimb,* likely as a re-
sult of increased striatal GDNF.* Similarly, in our laboratory,
we have observed recovery of function in the impaired fore-
limb on the cylinder test in unilateral 6-OHDA-lesioned rats
after implantation of L-DOPA producing cells, retinal pig-
ment epithelial (RPE) cells. Interestingly, this improvement
only reached statistical significance 2-3 months after implan-
tation, suggesting that a certain amount of time was neces-
sary for the animals to relearn the use of the impaired fore-
limb.*” The literature therefore suggests that only
interventions that bypass the striatal DA deficit, and act to in-
hibit the overactive basal ganglia output structures, provide
strong DAergic trophic support to the SN and striatum, or
provide long-term replacement of striatal DA appear to be
able to improve forelimb use asymmetry on the cylinder test,
and one course of ECS treatment may not be sufficient to ac-
complish this.

We did, however, see a significant improvement in TB test
scores after repeated ECS treatment. The TB test measures
different aspects of locomotion, and antiparkinsonian inter-
ventions should lead to a lack of performance errors, as op-
posed to an increase in use as in the cylinder test. Because the
rat never has the choice to “ignore” its impaired hindlimb, it
is likely that the degree of asymmetry between hindlimbs in
unilateral 6-OHDA-lesioned rats is less than for specialized
movements of the forelimbs. Thus, a smaller contralateral im-
provement may be more likely to improve scores on this test.
We have shown the relation between performance on the
task and the integrity of the striatal DA system® and have
found that unilaterally lesioned rats implanted with RPE cells
show greater improvements on the TB test than on the cylin-
der test.” In addition, in a genetic mouse model of PD, L-
DOPA treatment significantly improved performance on an
adaptation of the test for mice.* The task is also widely used
in models of stroke, where it has been shown to be sensitive
to ischemic brain injury.” In short, the TB test is a simple and
valid test of gross and DA-dependent motor function, and
our observation of significantly improved scores on this test
after repeated ECS treatment in parkinsonian rats supports
the hypothesis that enhanced DA function is part of the
mechanism of action of ECT in PD.

In this study, we have also shown that repeated ECS treat-

ment in unilateral 6-OHDA-lesioned rats increases binding to
specific DA receptor subtypes in both the dorsal and ventral
striatum. Binding to D, and D, receptors was increased in
both the lesioned and nonlesioned hemispheres after re-
peated ECS treatment (although the increase in D, binding
was much smaller in the unlesioned versus lesioned stria-
tum), whereas D, receptor binding was unchanged by ECS
treatment. There were also specific effects of the 6-OHDA
lesion on D, and D, receptor binding, with D, binding in-
creased in the lesioned dorsal striatum and D, binding
decreased in the lesioned ventral striatum. These data on the
effects of the lesion are in concordance with previous reports,
and validate our lesion model: D, receptor upregulation has
been widely reported early after DA depletion in rodents,**
nonhuman primates® and PD patients,” whereas the
6-OHDA-induced decrease in D, binding in the ventral stria-
tum is also widely recognized.”*

While the changes in D, and D, receptor binding occurred
in both the lesioned and intact hemispheres, improved per-
formance on the TB test was observed only in the hindlimb
contralateral to the lesion. The bilateral changes in DA recep-
tor binding are likely due to the fact that the ECS was applied
bilaterally. On the TB test however, even normal animals
make some mistakes with one or both hindlimbs on the nar-
rowest section of the beam. This leads to a floor effect be-
cause bilateral scores on this task rarely approach zero and
may explain why we saw no change in the performance of
the ipsilateral hindlimb.

Our results on the effects of repeated ECS treatment on DA
receptor binding in 6-OHDA-lesioned rats are consistent
with the previous literature in normal rodents. Using both
homogenate and autoradiographic receptor binding tech-
niques, upregulation of D, receptors is a common finding in
the normal striatum after a course of ECS,***® whereas D, re-
ceptors are typically unchanged in the dorsal striatum,”*'
and D, and D, receptors have been reported to be upregu-
lated in the ventral striatum.®* Also consistent with the lit-
erature,®*® we found no change in D, receptor binding in
the fronto-parietal or cingulate cortices after either ECS
or 6-OHDA treatment. Our observations, then, of increased
striatal D, and D, binding, without concomitant changes in D,
binding after repeated ECS treatment in 6-OHDA-lesioned
rats, are in agreement with the literature on the effects of
repeated ECS on these receptors in normal animals.

The D, receptor is most abundant in the Islands of Calleja
and ventral striatum (nucleus accumbens shell) and is ex-
pressed at very low levels in the dorsal striatum and the rest
of the rat brain under normal circumstances.”** The striatal ex-
pression of the D, receptor can, however, be upregulated by
specific interventions, including long-term antidepressant
treatment” and long-term treatment with L-DOPA.*% In uni-
lateral 6-OHDA-lesioned rats, chronic pulsatile L-DOPA leads
to behavioural sensitization (the rodent homologue of
L-DOPA-induced dyskinesia) and a dramatic increase in the
expression of the D, receptor in the lesioned dorsal striatum.**

It appears that 3 conditions must be met to increase the
dorsal striatal expression of the D, receptor in the rat brain af-
ter chronic pulsatile L-DOPA treatment: 1) severe depletion

J Psychiatry Neurosci 2007;32(3) 199



Strome et al

of striatal DA, 2) activation of the D, receptor and 3) elevated
BDNF levels.®*% These 3 conditions may also be met in our
model. Our animals were severely unilaterally lesioned, and
repeated ECS treatment increased binding to striatal D, re-
ceptors, which could lead to greater D, activation. In addi-
tion, there is strong evidence that BDNF activity is increased
after repeated ECS treatment, not only in the hippocam-
pus,*# but also in the striatum of normal® rats, and we have
preliminary evidence (unpublished) of increased striatal
BDNF expression after repeated ECS treatment in 6-OHDA-
lesioned rats. These 3 events (D, activation, enhanced BDNF
activity, and D, upregulation) may represent compensatory
and regulatory changes that underlie both L-DOPA induced
behavioural sensitization and improved motor performance
after repeated ECS treatment.

The increased D, receptor binding that we observed in the
dorsal striatum after repeated ECS treatment was less pro-
nounced than in L-DOPA-induced behavioural sensitization
(12%-15% in this study vs. 130%-680% in studies by van
Kampen and Stoessl® and Bordet and colleagues®) an obser-
vation that may be a result of differences in the duration of
treatment in these 2 models (twice daily treatment with
L-DOPA for several weeks in behavioural sensitization v.
daily treatment with ECS for 10 days in our study). Indeed,
the fact that the D, receptor was only moderately upregu-
lated by repeated ECS treatment compared with behavioural
sensitization to L-DOPA treatment may, in fact, be advanta-
geous. In the rat, the induction of the D, receptor in the dorsal
striatum after long-term L-DOPA treatment occurs mainly in
dynorphin/substance P (and D,) expressing neurons of the
direct striatonigral pathway.” Co-expression of D, and D, re-
ceptors has been shown to have both opposite and synergis-
tic effects on cAMP and on gene expression.”” When the 2 re-
ceptor subtypes are in synergy, the relative abundance of the
receptors may dictate the functional outcome. For example,
synergy between D, and D, occurs in L-DOPA-induced be-
havioural sensitization, but in this case, the D, receptor is ex-
pressed at high levels, leading to overactivity of the direct
pathway of the basal ganglia and the development of sensiti-
zation.®” If D, receptors are expressed in a low-to-moderate
ratio compared with the D, receptor, however, the synergy
between them may enhance the activity in the direct pathway
without causing excessive stimulation. The nature of the syn-
ergistic relation between D, and D, therefore may depend on
the relative expression of the 2 receptor subtypes, with mod-
erate levels of D, being advantageous and high levels being
detrimental. If ECT treatment enhances D, expression only
moderately, then activity in the direct pathway will be en-
hanced but not excessive.

In conclusion, this is the first study to show improvements
in nonpharmacological motor performance and increased
binding to specific DA receptor subtypes after repeated ECS-
treatment in 6-OHDA-lesioned rats. In this preliminary re-
port, we did not measure the timecourse or persistence of the
behavioural and receptor binding changes, but these issues
will be addressed in future studies. ECT is a noninvasive and
safe treatment and is widely used to treat psychiatric disor-
ders. The clinical evidence suggests that, in some patients,

ECT can provide almost immediate and fairly long-lasting re-
lief of the motor symptoms of PD. ECT should be considered
in PD patients with poor response to medication; before sur-
gical intervention in patients with severe motor symptoms;
and, given its potential neurotrophic effects, perhaps in pa-
tients early in the course of the disease. While the mechanism
of action is not completely known, and further research is
necessary, this study increases our understanding of the
effects of ECT on the brain, and provides support for the con-
tinued use and study of ECT as a potential adjunct treatment
for PD.
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