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Abstract
A behavior-related deficit in the release of ascorbate (AA), an antioxidant vitamin, occurs in the
striatum of R6/2 mice expressing the human mutation for Huntington’s disease (HD), a dominantly
inherited condition characterized by striatal dysfunction. To determine the role of corticostriatal
fibers in AA release, we combined slow-scan voltammetry with electrical stimulation of cortical
afferents to measure evoked fluctuations in extracellular AA in wild-type (WT) and R6/2 striatum.
Although cortical stimulation evoked a rapid increase in AA release in both groups, the R6/2 response
had a significantly shorter duration and smaller magnitude than WT. To determine if corticostriatal
dysfunction also underlies the behavior-related AA deficit in R6/2s, we measured striatal AA release
in separate groups of mice treated with d-amphetamine (5 mg/kg), a psychomotor stimulant known
to release AA from corticostriatal terminals independently of dopamine. Relative to WT, both AA
release and behavioral activation were diminished in R6/2 mice. Collectively, our results show that
the corticostriatal pathway is directly involved in AA release and that this system is dysfunctional
in HD. Moreover, because AA release requires glutamate uptake, a failure of striatal AA release in
HD is consistent with an overactive glutamate system and diminished glutamate transport, both of
which are thought to be central to HD pathogenesis.
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1. Introduction
As the deprotonated form of vitamin C, ascorbate (AA) protects against oxidative stress and
excitotoxicity, which commonly occur in neurodegenerative disease (Browne and Beal,
2006; Rice, 2000; Zeron et al., 2001). In striatum, a major target of the neuropathology
associated with Huntington’s disease (HD), the level of extracellular AA is significantly
diminished in HD mouse models (Dorner et al., 2007; Rebec et al., 2002). Although the
antioxidant role of AA may influence striatal function at a variety of levels -- from receptor
binding (Majewska et al., 1990) to neuronal excitability (Cortright and Rebec, 2006; Kiyatkin
and Rebec, 1998) -- it is especially interesting that striatal AA release appears to exert a strong
influence on behavioral output. Not only is the level of behavioral activation in rodents
correlated with striatal AA release (O’Neill and Fillenz, 1985), but depletion of AA from striatal
extracellular fluid impairs locomotion and other forms of motor activity (Rebec and Wang,
2001). Behavioral activation also promotes striatal glutamate release (Sandstrom and Rebec,
2007), and cortical afferents, which supply the striatum with the bulk of its glutamate input
(Groves, 1983), are essential for the release of AA. Cortical ablations, for example, lower
extracellular AA levels by >70% (Basse-Tomusk and Rebec, 1990). It appears, therefore, that
cortical activation increases striatal AA release. In HD, a condition characterized by
progressive loss of motor control and cognitive decline, this process is likely to be impaired
owing to a dysregulation of corticostriatal glutamate transmission (for review see Cepeda et
al., 2007; Cepeda et al., 2003).

To determine if cortical activation promotes striatal AA release, we combined slow-scan
voltammetry, which provides a distinct and selective signal for AA (Gonon et al., 1981; Rebec,
2007), with electrical stimulation of overlying motor cortex (M1). Evoked AA release was
monitored in R6/2 mice, the most widely used HD model, and in age-matched, wild-type (WT)
controls. All mice were anesthetized to avoid the behavioral complications of M1 stimulation.
To assess corticostriatal involvement in AA release under naturally occurring conditions,
separate groups of behaving R6/2 and WT mice received amphetamine, a psychomotor
stimulant known to promote striatal AA release via the corticostriatal pathway independently
of dopamine (Basse-Tomusk and Rebec, 1990; Gonon et al., 1981; Kamata et al., 1986; Pierce
et al., 1992). Collectively, our results suggest that a dysfunctional corticostriatal pathway
underlies the AA release deficit in HD mice.

2. Results
2.1 Histology

Histological analysis confirmed placement of stimulating electrodes in M1 cortex and working
voltammetry electrodes in striatum (Fig. 1A, B). Data from mice with lesions not located in
striatum were not included in analyses.

2.2 Cortically evoked striatal AA release
Although cortical stimulation elevated striatal AA release in both WT and R6/2 mice, the
magnitude of the evoked AA response at each post-stimulation scan was smaller (p < 0.05) in
R6/2 than WT mice (Fig. 2A, B). In addition, the basal extracellular concentration of AA was
lower in R6/2 mice relative to WT both before and after cortical stimulation (Table 1). In fact,
while WT AA remained 10-20% above baseline as late as 50 s following stimulation, R6/2
levels dropped below baseline at 20 s after stimulation and remained there for the remainder
of the 50 s recording period (Fig. 2B). We found no significant difference in the percent change
in AA from the first to the last pre-stimulation baseline in either group (p > 0.05), indicating
that our results cannot be explained by a progressive loss of AA over the course of multiple
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stimulations in the R6/2 line. Collectively, our results support evidence for a direct link between
cortical activation and striatal AA release and suggest that this link is dysfunctional in HD.

2.3 Amphetamine-induced striatal AA release
To assess corticostriatal AA release under behavioral conditions, separate groups of R6/2 and
WT mice received either amphetamine or vehicle in the home cage. As expected (Rebec et al.,
2006; Rebec et al., 2002), vehicle treatment revealed lower extracellular AA (p < 0.05) in R6/2
than WT mice (Fig. 3A). Amphetamine made this AA difference even more pronounced. WT
mice, for example, responded to amphetamine with a frank and prolonged increase in AA
release relative to baseline (p < 0.05), whereas R6/2 AA failed to increase and, in fact, tended
to fall below baseline (Fig. 3B,C). No significant differences were found between
measurements taken on the right versus left hemispheres or first versus second sessions.

2.4 Amphetamine-evoked behavioral responses
Behavioral analyses paralleled our AA results. Whereas WT mice responded to amphetamine
with an increase in percent time spent in locomotor activity relative to baseline and to vehicle
treatment (p < 0.01), the R6/2 locomotor response was not different from that observed after
vehicle (Fig 4A). In fact, the amphetamine-induced increase in locomotor time was greater in
WT than R6/2 mice (p < 0.05). Moreover, although cage scratching occurred in all animals,
only WT mice treated with amphetamine increased the percent time spent cage scratching over
that recorded after vehicle treatment (p < 0.001); R6/2 mice showed no such change (Fig. 4B).
Genotypic differences also emerged when we assessed the number of times specific
amphetamine-induced behaviors occurred. WT mice, for example, showed significantly more
instances of cage scratching, rearing, circling and head bobbing (p < 0.001 in all cases) in
response to amphetamine than R6/2 mice. Total occurrences of each behavior along with
corresponding X2 analyses are shown in Fig. 4C-F.

3. Discussion
Our results not only support previous evidence showing diminished AA release in striatum of
HD mice (Dorner et al., 2007; Rebec et al., 2006; Rebec et al., 2002), but also implicate
corticostriatal dysfunction as an underlying mechanism. Lesion studies indicate that the
corticostriatal pathway is the major source of AA in striatal extracellular fluid, accounting for
most of the AA present under resting or baseline conditions as well as the increase in AA that
occurs during spontaneous behavioral activation (O’Neill et al., 1983), after an infusion of
ethanol (Liu et al., 1999) or following an injection of amphetamine (Basse-Tomusk and Rebec,
1990). We now report that both cortical stimulation and amphetamine administration resulted
in diminished release of striatal AA in R6/2 relative to WT mice, suggesting that corticostriatal
activity is impaired in HD.

Striatal AA release appears to require activation of glutamate receptors and/or glutamate
uptake. Support for the former comes from research showing that ethanol-induced AA release
in striatum can be diminished by amantadine, a non-selective NMDA receptor antagonist that
facilitates dopamine release, and significantly antagonized by high doses of MK-801, a non-
competitive NMDA receptor antagonist (Liu et al., 1999). Furthermore, research on the retina
shows that AMPA receptors, either activated directly by glutamate or in response to glutamate-
induced activation of NMDA receptors, promote AA release (Portugal et al., 2009). Although
AMPA and/or NMDA receptors may modulate striatal AA release, a postsynaptic mechanism
for release is unlikely. In striatum, kainic acid lesions fail to alter extracellular AA (Pierce et
al., 1992), ruling out both medium spiny neurons, which account for >90% of the striatal
neuronal population, and interneurons as the source of extracellular AA. In contrast, the
involvement of glutamate uptake in AA release is supported by ample in vitro and in vivo
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evidence. For example, intra-striatal infusions of L-glutamate, the naturally occurring isomer,
promote AA release (Ghasemzedah et al., 1991; Grünewald and Fillenz,1984; O’Neill et al.,
1984), whereas D-glutamate, which has no affinity for transport, does not (Grünewald and
Fillenz,1984). In fact, large rapid changes in AA in response to infusions as low as 100 μM of
L-glutamate in vivo reflect glutamate release and uptake (Ghasemzedah et al., 1991).
Pharmacological blockade of glutamate uptake, moreover, blocks L-glutamate-evoked AA
release (Grünewald and Fillenz,1984), whereas large increases in extracellular AA are
accompanied by similarly large decreases in extracellular glutamate (Yusa, 2001), suggesting
that AA release occurs by hetero-exchange with glutamate uptake. It also is interesting that
adding a high concentration of AA to striatal extracellular fluid slows the uptake of glutamate
released by corticostriatal terminals (Rebec et al., 2005), indicating not only that AA is released
down a concentration gradient but that glutamate uptake itself is modulated by the level of
extracellular AA. This AA-glutamate interaction may involve either direct release of AA by
the glutamate transporter or an indirect process in which glutamate uptake, which primarily
occurs on glial cells, triggers a series of events that promote AA release from corticostriatal
terminals (Fillenz et al., 1986; Rebec and Pierce, 1994). In either case, a failure to release AA
in R6/2 mice suggests a failure of glutamate uptake, and that is exactly what no-net-flux
microdialysis of R6/2 striatum indicates (Miller et al., 2008). This finding also is in line with
decreased expression of GLT1, the glial protein responsible for the removal of most
extracellular glutamate, in aged R6/2 mice (Behrens et al., 2002; Lievens et al., 2001).

One reason for AA release in conjunction with corticostriatal activation is antioxidant
protection, specifically, protection against glutamate excitotoxicity (Qiu et al., 2007; Rice,
2000). In fact, the failure to release AA in the face of heightened glutamate transmission is a
likely contributor to the oxidative stress and neuronal pathology evident in HD striatum
(Browne & Beal, 2006; Rice, 2000; Zeron et al., 2001). A high level of extracellular AA also
can prevent the hyperactivity of striatal neurons in symptomatic R6/2 mice. These animals, for
example, have a significantly higher proportion of fast-firing neurons than WT, but this
difference disappears when R6/2 mice receive multiple injections of AA to restore the
extracellular concentration of striatal AA to WT levels (Rebec et al., 2006). Interestingly, AA
treatment also improves the R6/2 behavioral phenotype (Rebec et al., 2003). In rats, intra-
striatal infusion of ascorbate oxidase, which lowers extracellular AA by >50%, impairs a wide
range of behavioral responses (Rebec and Wang, 2001). Thus, low extracellular AA in R6/2
striatum could allow glutamate to disrupt neuronal processing and impair behavioral output.

Neurons accumulate AA via the sodium-dependent vitamin C transporter (Tsukaguchi et al.,
1999), which is highly expressed in cerebral cortex (Mun et al., 2006). Although glia also
accumulate AA by active uptake and SVCT2 in culture (Siushansian and Wilson, 1995; Wilson,
1989), SVCT2 is not usually expressed in glia in vivo (Berger and Hediger, 2000). Thus,
although the mechanism is not well understood, a failure of AA release may involve a failure
of neurons, glia, or both to store and/or subsequently release adequate amounts of AA. Because
the intracellular concentration of AA is at least 10-times higher in neurons than glia (Rice,
1999), the axon terminals of cortical afferents are the most likely source of extracellular AA
in striatum. Striatal neurons themselves are not an AA source as selective loss of these cells
fails to alter AA release in striatum (Pierce et al., 1992). A higher tissue level of AA in R6/2
mice (Tkac et al., 2007) indicates that cellular AA may not be adequately released into
extracellular fluid.

The results of our cortical stimulations also show that the evoked release of AA is not
monotonic. In WT mice, the sharp rise in response to cortical stimulation is quickly followed
by a rapid decline that stabilizes at a level above the pre-stimulation baseline for the remainder
of the post-stimulation recording period. Both the initial peak and the more prolonged
subsequent AA response may simply reflect the level of glutamate uptake. Cortical stimulation,
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for example, evokes a glutamate response in rat striatum that nicely parallels the time-course
of the AA response in WT mice: a sharp initial peak followed by a glutamate level that remains
above baseline for many seconds thereafter (Rebec et al., 2005).

The AA concentrations reported here (Table 1) are lower than previously reported in awake
mice (Rebec et al., 2002) and in rats (Miele and Fillenz, 1996). This difference is likely due to
the need for general anesthesia during cortical stimulation. In fact, when used by itself, chloral
hydrate, which is a component of our chloropent anesthesia, can block electrically stimulated
release of AA (O’Neill et al., 1984). Our results show that chloropent did not block this effect
in either R6/2 or WT mice, indicating some level of corticostriatal activation with this
anesthetic, and R6/2s showed a clear AA release deficit. To assess corticostriatal AA release
under behavioral conditions, we tested the effects of amphetamine in a separate group of
animals.

Although drugs that enhance dopamine transmission, including amphetamine, promote striatal
AA release (Mueller and Haskett, 1987; Pierce and Rebec, 1990; Zetterstrom et al., 1991),
near-total loss of the nigro-striatal dopamine projection does not significantly attenuate
amphetamine-induced striatal AA release in rats (Gonon et al., 1981; Pierce and Rebec,
1992), but cortical ablations do (Basse-Tomusk et al., 1990). In fact, amphetamine is capable
of activating cortex via noradrenergic and other non-dopamine pathways (Carey et al., 2008;
Pierce et al., 1994; Steketee, 2003). Thus, intact corticostriatal afferents are necessary for
amphetamine-induced AA release, and the diminished AA response in R6/2 mice further
supports corticostriatal dysfunction in HD.

Our behavioral assessment also showed a diminished R6/2 response to amphetamine compared
to WT. Other drugs that interfere with dopamine transport, such as methamphetamine and
cocaine, elicit similar behavioral deficits in HD models (Hickey et al., 2002; Johnson et al.,
2006). Corticostriatal dysfunction, including a decline in AA release, could account for these
results. Cortical ablations, for example, decrease AA levels and AA oxidation in striatum and
attenuate the behavioral effects associated with scopolamine and apomorphine, drugs known
to facilitate striatal AA release (Miele et al., 1995). Cortical ablations also attenuate the ability
of amphetamine to elicit behavior-related changes in striatal neuronal activity (Ryan et al.,
1989; Tschanz et al., 1991), and depletion of striatal extracellular AA significantly impairs
spontaneous as well as goal-directed movement (Rebec and Wang, 2001). These results,
however, do not rule out a role for dopamine in the blunted behavioral response of R6/2s. In
fact, a reduction in the density and activity of both D1 and D2 dopamine receptors is prominent
in HD patients (Joyce et al., 1988; Richfield et al., 1991; Turjanski et al., 1995) and R6/2 mice
(Ariano et al., 2002; Cha et al., 1998). Moreover, although dopamine uptake is unimpaired,
the dopamine response to other psychomotor stimulants such as cocaine and methamphetamine
is diminished in R6/2 mice as early as 6-weeks of age when behavioral signs are just beginning
to emerge (Hickey et al., 2002; Johnson et al., 2006). Interestingly, however, tetrabenazine,
which depletes dopamine by interfering with vesicular storage, has beneficial effects on the
R6/2 behavioral phenotype and protects against striatal cell loss (Tang et al., 2007). Thus,
although dopamine transmission is likely to be altered in HD, it is unclear how this alteration
contributes to the behavioral phenotype.

Our results show that cortical activation promotes striatal AA release and that this process is
deficient in the R6/2 model of HD. A likely mechanism is a problem with glutamate
transmission, either at the level of receptor activation or removal from the synapse. An increase
in glutamate, diminished function of the GLT1 transporter and deficient GLU uptake without
a subsequent rise in extracellular AA could contribute to striatal dysfunction and eventual
degeneration. Diminished corticostriatal dependent AA release also may underlie the decrease
in R6/2 behavioral activation induced by amphetamine. Further research on the relationship
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between glutamate transmission and striatal AA release is likely to suggest new therapeutic
targets in HD treatment.

4. Experimental procedure
4.1 Animal Care

Male transgenic R6/2 mice (B6CBA-TgN[HDexon1]62Gpb) and WT controls were obtained
from The Jackson Laboratory (Bar Harbor, ME) at 6 weeks of age. The R6/2 line is
characterized by a rapidly progressive behavioral phenotype leading to death in ∼ 14 weeks
(Mangiarini et al., 1996). Data were collected from mice at 7-9 weeks of age, when motor
symptoms are clearly present (Carter et al., 1999; Rebec et al., 2002). All mice were housed
individually in the departmental animal colony under standard conditions (12 hr light/dark
cycle with lights on at 07:30) with access to food and water ad libitum. Both the housing and
experimental use of animals followed the National Institutes of Health guidelines and were
approved by the Institutional Animal Care and Use Committee.

4.2 Genotyping and Sequencing
To confirm genotype and determine CAG repeat length, genomic DNA was extracted from
tail tissue samples in 250 μL cell lysis buffer (50 mM Tris, pH 8.0; 10 mM EDTA; 2% SDS)
and proteinase K (10 mg/ml; 30 μg/reaction) at 55°C for 16 h. The lysate was then incubated
with 5 unit/sample RNase T1 and 10 units/sample RNase A at 37°C for 1 h. Protein was
removed by a double extraction with 250 μL phenol:chloroform:iosamyl alcohol (25:24:1)
followed by centrifugation at 10,000x g for 10 min at 4°C. The aqueous layer was removed to
a clean microcentrifuge tube after each extraction. DNA was then concentrated with 250 μL
7.5 M ammonium acetate and precipitated by layering 1 mL cold 95% ethanol onto the sample.
The DNA was pelleted at 10,000x g for 10 min at 4°C, the supernatant discarded, and the pellet
washed twice with 700 μL cold 70% ethanol. The pellet was then rehydrated in 35 μL sterile
distilled water and stored at 4 °C.

PCR reactions consisted of 2.0 μl DNA template (20 to 50 ng/μL), 0.4 μl each primer (20 μM
stock), 7.2 μl filter-sterilized distilled water, and 10.0 μl 2x Biomix® Red (Bioline USA Inc.,
Taunton, MA) for a 20 μl total volume. The forward primer sequence is 5′-
GCGACCCTGGAAAAGCTGATG-3′, and the 3′ end is 27 nucleotides upstream of the CAG
repeat region. The reverse primer is 5′-GGCGGCTGAGGAAGCTGAGGA-3′, and its 3′ end
is 35 nucleotides downstream of the CAG region. Cycling conditions were 94°C for 90 s,
followed by 30 cycles of 94°C for 30 s, 62°C for 45 s, 72°C for 90 s, with a final elongation
at 72°C for 10 min. Electrophoresis of samples was performed in 4.0% NuSieve® 3:1 analytical
agarose (Lonza, Rockland, ME) in 1x TAE with 0.2 μg/mL ethidium bromide at 5V/cm for
180 min using a 100bp DNA ladder as standard (New England Biolabs, Ipswich, MA) .

Gels were evaluated with Kodak Image Station 4000R and Kodak Molecular Imaging software
(Carestream Molecular Imaging, New Haven, CT) to confirm genotype and determine CAG
repeat length. Using Clone Manager software (Sci-Ed Software, Cary, NC) primers were
aligned to the htt gene sequence acquired from the National Center for Biotechnology
Information (www.ncbi.nlm.nih.gov). Alignment of primers to template showed the DNA
fragment amplified by PCR is 104 bp longer than the CAG repeat region.

Dye-terminator sequencing of PCR products was also employed to confirm electrophoretically
determined CAG repeat length. Eight identical amplication reactions from a single genomic
template were pooled, and the PCR product was purified using the High Pure PCR Product
Purification Kit (Roche Diagnostics, Indianapolis, IN). This purified PCR product was then
used as the template for the dye-terminator sequencing reaction. Each reaction contained 2
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μL sterile distilled water, 3 μL 5 mM MgCl2, 2 μL forward primer (2 μM stock), 2 μL template
(10 to 20 ng/μL), and 1 μL BigDye® Terminator v3.1 Reaction Mix (Applied Biosystems,
Foster City, CA). Cycling conditions were 98°C for 30 s, followed by 20 cycles of 98°C for
15 s, 51°C for 30 s, 72°C for 90 s, with a final 10 min elongation period at 72°C. The samples
were taken to the institutional sequencing facility where the ABI3730 automated sequencer
(Applied Biosystems, Foster City, CA) provided electropherograms of sequenced templates.
Subsequent analysis using CodonCode Aligner (Dedham, MA) allowed visual confirmation
of the exact number of CAG repeats for each of 8 R6/2 mice. The mean CAG repeat number
was 115.6 with a range of 112 to 118.

4.3 Surgery and Voltammetry
Mice were anesthetized with chloropent (0.4 ml/100 g, i.p.) and mounted in a stereotaxic frame.
The skull was exposed and bilateral holes were drilled over striatum (anterior 0.5 mm and
lateral 2.0 mm from bregma). For cortical stimulation, holes were extended to include the area
over M1 (anterior 1.0 mm and lateral 1.5 mm from bregma). These mice remained under
anesthesia for voltammetric testing of electrically evoked AA release in striatum and were not
used again. For assessment of amphetamine effects in behaving mice, a plastic cylindrical hub
(∼3.1 mm in diameter) sealed with a plastic cap was positioned at a 5° angle over each striatal
hole and was sealed to the skull with dental cement. A week of post-surgical recovery was
allowed before testing with amphetamine or vehicle. Thus, separate groups of mice were used
for the stimulation- and amphetamine-evoked AA recordings.

For all experiments, a locally constructed, glass-insulated carbon fiber (10 μm in diameter)
served as the working electrode. The active surface area of the carbon fiber extended ∼150
μm beyond the pulled-glass tip. Electrochemical pretreatment separated the oxidation signal
for AA from other easily oxidized compounds such as 3,4-dihydroxyphenylacetic acid
(DOPAC) (Gonon et al., 1981; Rebec, 2007). Subsequent tests in citrate phosphate buffer
containing 100 μM AA and 20 μM DOPAC ensured adequate sensitivity and peak separation.
Storage of sampled current and generation of waveforms for slow-scan staircase voltammetry
was carried out by a computer interfaced to a locally constructed potentiostat operating in two-
electrode mode.

The working electrode was lowered into left or right striatum, 3.2 to 3.5 mm ventral from skull
surface (Fig. 1A); a Ag/AgCl reference was positioned on the surface of the brain through the
contralateral hole. A potential was applied in 6 mV steps from -350 to +450 mV versus the
reference to ensure AA oxidation. In roughly half of our recordings, the working electrode was
removed after the session ended and was retested for sensitivity in citrate phosphate buffer
containing 100 μM AA and 20 μM DOPAC; the calculated AA concentration was used as a
basis for estimating the concentration recorded in vivo.

4.4 Cortical Stimulation
A bipolar Polyamide® coated stainless steel stimulating electrode (0.2 mm diameter; Plastics
One, Inc., Roanoke, VA) was lowered 0.5 mm into M1 (Fig. 1A). Scans were obtained every
5 min until the carbon fiber electrode detected stable oxidation peaks. For each cortical
stimulation (10 s, 500 μA at 60Hz), the scan rate was set at 100 mV/s to achieve the temporal
resolution necessary to track stimulation-evoked changes in AA release. We made 5 pre-
stimulation scans, which were obtained at 10-s intervals and served as baseline, followed by
5 post-stimulation scans. Each animal underwent 5 to 7 stimulations, with roughly half applied
to each hemisphere. Inter-stimulation intervals were ∼5 min. Mice were perfused immediately
following the experiment and histology was performed as described below.
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4.5 Amphetamine Administration
On the day of recording, the working and reference electrodes were fitted into separate
microdrives, and each mouse was lightly anesthetized (chloropent, 0.2ml/100g) to allow for
insertion of the microdrives into the head-mounted hubs and subsequent lowering of the
electrodes to their respective target sites (Rebec et al., 2002). A cable attached to each
microdrive was connected to the potentiostat via a commutator, which allowed the mouse to
move freely. Individual scans (20 mV/s) were obtained every 5 min beginning ∼20 min after
chloropent injection. This scan rate is sufficient for associating AA release with behavior
(Pierce and Rebec, 1990). When the mice showed signs of waking (∼40 to 60 min later), d-
amphetamine sulfate (Sigma-Aldrich, St. Louis, MO) or saline vehicle was injected
subcutaneously at a dose (5 mg/kg, salt) known to increase behavioral activity in mice
(Fukushiro et al., 2007). Scans continued at 5-min intervals until 85 min post-amphetamine.
Mice were returned to the colony for 1 to 2 weeks before a second assessment in which the
working electrode was placed into the hemisphere opposite of that for the first session to ensure
recording from a fresh striatal site. Amphetamine and vehicle injections also were switched to
prevent multiple drug injections; injection order was counterbalanced.

4.6 Behavioral Assessments
For voltammetry, mice were placed in their home cage (27.5L × 16W × 12H cm) of Plexiglas®
and standard bedding and videotaped for subsequent behavioral assessment. Video recording
began immediately before amphetamine injection and continued for 45 min. Videotapes were
analyzed by an independent observer, blind to genotype, who recorded the occurrence of
several different behaviors, including: locomotion (running or walking), rearing (forelimbs off
the ground), cage scratching (forelimbs scratching against the side of the cage), head bobbing
(repetitive up and down movements of the head), and circling (locomotion in a circular pattern).
Behavior was coded for a 3-min period during the pre-amphetamine baseline and at 45 min
after injection around the time of peak motor activity induced by amphetamine. We assessed
the percent time engaged in a specific behavior and the number of instances the behavior
occurred.

4.7 Histology
After the last day of recording in behaving animals or after cortical stimulation experiments,
mice were anesthetized with chloropent (2 times the surgical dose), and current was passed
through the working electrode to mark the recording site. The animals were transcardially
perfused with saline in 10% formalin. Brains were removed, frozen, sectioned, stained with
cresyl violet and examined under a light microscope to confirm recording location (Paxinos
and Franklin, 2001).

4.8 Data Analysis
Mean peak height (apex of the curve) of each voltammetric scan was measured. Mean percent
change in striatal AA release was determined by comparing mean peak height of scans taken
before stimulation or amphetamine to scans taken after stimulation or amphetamine (baseline),
respectively. Stimulation sessions were averaged for each animal to provide mean percent
change in AA. Student’s t-tests were used to compare the percent change in striatal AA release
in WT and R6/2 mice, to compare right versus left hemispheres, and first session versus second
session. To evaluate the effects of amphetamine, a repeated-measures analysis of variance
(ANOVA) was used to compare the mean percent change in striatal AA from baseline taken
5 min before injection to the mean of 10 scans taken at 45 min and again at 85 min following
injection. Separate, two-way ANOVAs were used to measure percent time engaged in each
assessed behavior. Separate X2 analyses were used to evaluate instances of each behavior. In
all cases, statistically significant data were reported (p < 0.05). Sphericity was assumed for
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reporting degrees of freedom; p-values were adjusted using the Huynh-Feldt test. Contrasts on
means using the Bonferroni adjustment were used to evaluate interaction effects.
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Fig. 1.
Locations of electrode placement. (A) Diagram of coronal sections showing locations of
voltammetry electrode placement in striatum (0.5 mm anterior, 2 mm lateral to bregma and
3.2 to 3.6 mm ventral from skull surface; light gray) and stim electrode in cortex (M1; 1.0 mm
anterior, 1.5 mm lateral from bregma, 0.5 mm ventral from skull surface; dark gray). (B)
Photomicrograph of coronal section from lesioned R6/2 mouse shows voltammetry electrode
tract and proper placement in striatum.
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Fig. 2.
Striatal ascorbate (AA) release in response to cortical stimulation (stim). (A) Sample
voltammograms obtained from a WT mouse and a R6/2 mouse. Baseline AA peak (solid line)
represents a single scan taken immediately before stim. The post stim peak (dashed line)
represents the first single scan taken 10 s after cortical stim of 10 s duration. The AA oxidation
peak occurred between -100 and -200 mV versus reference. Note that the AA peak increases
after cortical stim in the WT mouse but does not in the R6/2 mouse. (B) Mean percent change
in striatal AA release across time. Baseline (b) represents the last baseline scan before stim.
Dashed lines denote baseline on y-axis and stim on x-axis. Single scans at each time point were
compared to baseline. (** p < 0.001, * p < 0.01) n = 23 sessions in 5 WT mice and 25 sessions
in 5 R6/2 mice.
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Fig. 3.
Striatal ascorbate (AA) release in behaving mice. (A) Overall mean percent change in vehicle
(VEH)-treated animals. R6/2 mice exhibited a diminished release of AA compared to wild-
type (WT) mice (* p < 0.05 compared to R6/2 mice; n = 13 sessions in 11 WT mice and 15
sessions in 11 R6/2 mice). (B) Overall mean percent change in striatal AA release in
amphetamine (AMPH)-treated animals. WT mice showed an increase in striatal AA release in
response to AMPH that was not observed in R6/2 mice (* p < 0.05 compared to R6/2 mice; n
= 14 WT mice and 12 R6/2 mice). (C) Mean percent change in striatal AA over time from
baseline taken 5 min before injection of AMPH. WT mice increased AA release in response
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to AMPH, while R6/2 mice did not. (* p < 0.05 compared to R6/2 mice; n = 14 WT mice and
12 R6/2 mice).
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Fig. 4.
Effects of amphetamine (AMPH) on behavior of WT and R6/2 mice. Behavior was coded for
a 3-min period during the pre-amphetamine baseline and at 45 min after injection around the
time of peak motor activity. (A) Percent of time spent in locomotor activity. AMPH
significantly increased locomotor activity in WT but not R6/2 mice (**p < 0.01, *p < 0.05).
(B) Percent of time spent scratching. AMPH significantly increased time spent scratching in
WT but not R6/2 mice (***p < 0.001, **p < 0.01). (C) Instances of scratching. AMPH
significantly increased instances of scratching in WT but not R6/2 mice (X2 = 123.33, p <
0.001). Please note that instances of specific behaviors occurred minimally in R6/2 mice. Thus
X2 analyses were used and standard error is not applicable for this and the following figures.
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(D) Number of rears. The number of rears significantly increased in response to AMPH in WT
but not R6/2 mice (X2 = 82.78, p < 0.001). (E) Number of circles. AMPH increased the number
of circles in WT mice (X2 = 103.22, p < 0.001). No circling behavior was observed in R6/2
mice. (F) Instances of head bobbing. Instances of head bobbing significantly increased in
response to AMPH in WT but not R6/2 mice (X2 = 58.00, p < 0.001). n = 17 sessions in 15
WT mice treated with vehicle (VEH), 15 sessions in 15 WT mice treated with AMPH, 14
sessions in 13 R6/2 mice treated with VEH, 14 sessions in 14 R6/2 mice treated with AMPH.
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Table 1
Ascorbate Concentrations Before and After Cortical Stimulation

Genotype n Pre-stim (AA μM) Post-stim (AA μM)

WT 17(3) 97 ± 10**† 124 ± 11††

R6/2 22(4) 60 ± 9* 66 ± 10

Mean ± SEM ascorbate concentrations (μM) estimated from re-testing electrode in vitro.

n = number of sessions (number of mice)

**
p < 0.001 compared to WT post-stim.

*
p < 0.05 compared to R6/2 post-stim

††
p < 0.001 compared to R6/2 post-stim

†
p < 0.01 compared to R6/2 pre-stim
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