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Abstract
Ethological assessment of murine models of Huntington’s disease (HD), an inherited
neurodegenerative disorder, enables correlation between phenotype and pathophysiology. Currently,
the most characterized model is the R6/2 line that develops a progressive behavioral and neurological
phenotype by six weeks of age. A recently developed knock-in model with 140 CAG repeats (KI)
exhibits a subtle phenotype with a longer progressive course, more typical of adult-onset HD in
humans. We evaluated rotarod performance, open-field behavior, and motor activity across the
diurnal cycle in KI mice during early to mid-adulthood. Although we did not observe any effects of
age, relative to wild-type (WT) mice, KI mice showed significant deficits in both open-field climbing
behavior and home-cage running wheel activity during the light phase of the diurnal cycle. An
interesting sex difference also emerged. KI females spent more time in the open-field grooming and
more time running during the diurnal dark phase than KI males and WT mice of both sexes. In
striatum, the primary site of HD pathology, we measured behavior-related changes in extracellular
ascorbate (AA), which is abnormally low in the R6/2 line, consistent with a loss of antioxidant
protection in HD. KI males exhibited a 20–40% decrease in striatal AA from anesthesia baseline to
behavioral activation that was not observed in other groups. Collectively, our results indicate
behavioral deficits in KI mice that may be specific to the diurnal cycle. Furthermore, sex differences
observed in behavior and striatal AA release suggest sex-dependent variation in the phenotype and
neuropathology of HD.
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Introduction
Huntington’s disease (HD) is an inherited, autosomal dominant condition caused by an
expanded trinucleotide (CAG) repeat resulting in degeneration of the striatum and
corticostriatal pathway [10]. The HD gene encodes for huntingtin, a multi-functional protein
widely expressed throughout the nervous system. Symptoms of HD include cognitive deficits
and adventitious movements (e.g. chorea, tremor, dystonia). Ethological assessment of genetic
murine models of HD provides correlation between phenotypic characteristics and mechanisms
of HD pathophysiology. Behavioral assessments of these models also provide pre-clinical
evaluations of possible therapeutic agents.

Currently, the most characterized HD model is the R6/2 transgenic line. These mice express a
transgene including the huntingtin promoter region and ~150 CAG repeats [16]. R6/2 mice
develop a progressive behavioral and neurological phenotype by six weeks of age, modeling
juvenile-onset HD [4]. Behavioral symptoms include tremor, clasping (dystonia) and
stereotyped movements similar to the chorea observed in humans with HD. R6/2 mice also
exhibit neuropathological changes including intra-nuclear inclusions of huntingtin conjugated
to ubiquitin, similar to that observed in neurons of HD patients [6]. Evaluation of R6/2 neurons
in culture revealed changes in glutamate (GLU) receptor function, altered membrane
properties, and increased striatal cell death after a single-exposure to oxidative stress [5,25].
Increased susceptibility to oxidative stress may be related to a striatal ascorbate (AA) deficit
observed in these mice [26]. In fact, AA treatment and resulting increases in extracellular
concentrations of AA in the striatum attenuated the behavioral phenotype [27] and normalized
excessive striatal neuronal activity in R6/2 mice [28].

A recently developed mouse line with 140 CAG repeats knocked-in to the huntingtin mouse
gene (KI) appears to provide a useful model of adult-onset HD. These mice not only show
nuclear inclusions, but also later onset of behavioral symptoms and a longer progressive course
than the R6/2 line [18]. Furthermore, unlike R6/2 mice, KI mice express the HD mutation in
the appropriate genomic and protein context, similar to the manner of mutant huntingtin
expression in humans [17]. Presently, the KI model has not been well characterized. In this
study, we made a detailed evaluation of the behavioral phenotype during early to mid-
adulthood. Rotarod performance, open-field behavior and diurnal motor activity were assessed
in KI mice and wild type (WT) controls. We also used slow-scan voltammetry to monitor
striatal AA release. Due to the slower rate of disease progression in this model, changes in
striatal AA release at an early age may indicate a neurochemical abnormality that could be
treated before overt signs of HD are present.

Materials and Methods
Animals

Homozygous male and female 140 CAG KI mice and WT controls used in this study were bred
in our colony from heterozygous breeding pairs obtained from an established colony at
University of California, Los Angeles [18]. The KI mice contain a chimeric mouse/human exon
1 of the huntingtin gene with ~140 CAG repeats inserted into the mouse gene via homologous
targeting of W9.5 ES cells from a 129Sv background strain [18]. Mice were weaned at ~ 3
weeks, separated by sex, and housed with littermates. At ~ 8 weeks of age, tail tissue samples
were obtained and mice were genotyped by standard polymerase chain reaction (PCR) protocol
and placed in individual housing. All mice were housed in the departmental animal colony
under standard conditions (12 hr light/dark cycle with lights on at 07:30 hr) with access to food
and water ad libitum. Each group of mice assessed (n = 4–16) contained animals from three to
thirteen litters. Both the housing and experimental use of the animals followed National
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Institutes of Health guidelines and were approved by the Institutional Animal Care and Use
Committee.

Body Weight
Since a decrease in body weight is associated with disease progression in some HD models
[4], KI and WT mice were weighed once a week prior to the ethological assessments.

Ethological Assessments
Rotarod performance was assessed once weekly between 09:00 and 11:00 hr in mice from 14
to 27 weeks of age. The rotarod consisted of a 6 cm diameter rubber rod ~ 22 cm long separated
by metal dividers to provide running space for four mice. A metal switch plate was located
under each running space. The rod was motorized and connected to a computer that recorded
the time each mouse hit the switch plate. Mice were tested in random order two at a time. Mice
were placed onto the rotarod facing the back of the apparatus (such that they would be running
in a forward direction). Each running space was cleaned thoroughly after each animal. When
both mice were situated, the rotarod was started and the speed ramped up in a linear fashion
from 0 to 40 rpm over a 2-min period and then maintained 40 rpm until the mouse hit the switch
plate. The maximum time on the rotarod was capped at 120 s, the end of the acceleration phase.
Thus, the data presented includes only the acceleration portion of the assessment. Each weekly
session consisted of three trials with at least 1 min of rest between trials.

Open-field behavior was videotaped for 10 min once every week between 12:00 to 15:00 hr
in the same group of animals. At least one hour of rest was provided between assessments, and
mice again were tested in random order. Mice were individually placed in an open-field arena
(45 X 26 cm) with clear, Plexiglas® walls (20 cm) and standard bedding. A wire-mesh climbing
box was placed in the center of the arena. Videotapes were analyzed by two independent
observers who recorded several different types of behaviors using Best Analysis software
(Educational Consulting Inc., Las Vegas, NV; http://www.skware.com). Observers were kept
blind to the genotype of the animals. Inter-rater reliability was confirmed with Cohen’s Kappa
values between ~0.8–1.0 on coding practice sessions. Each rater practiced coding behaviors
until reliability was achieved before coding videotapes used in our analyses. Behaviors in the
open-field were defined as follows: climbing (all four feet on the side of the climbing box),
digging (burrowing into bedding with nose and/or limbs), grooming (any type of forelimb or
hind limb grooming), locomotion (walking or running with all four feet on ground), rearing
(hind limbs on the ground with forelimbs lifted), resting (not engaging in other behaviors), or
scratching (rearing with forelimbs scratching the side of the arena).

In a separate group of animals, motor activity across the diurnal cycle was evaluated
continuously from 16 to 19 weeks of age via running wheels (11.3 cm diameter) permanently
placed in home cages in the animal colony. One KI female and one KI male were affected by
ulcerative dermatitis early in the study and were replaced with a healthy mouse of the same
age and genotype that had been habituated to the wheel. The KI male was replaced on the
3rd day of the first week (age 16 weeks) and the female was replaced on the 3rd day of the
2nd week (age 17 weeks). These two replacement mice did not exhibit significant differences
in wheel revolutions per hour compared to the mice that they replaced. Location of each cage
in the room was randomized by rotating cage location each week. A computer continuously
recorded the number of wheel revolutions per hour for each animal.

Preparation for voltammetric recording
Voltammetric analysis of striatal ascorbate release was conducted in a separate group of mice
between 8 to 30 weeks of age. Mice were anesthetized with chloropent (0.4ml/100g, i.p.) after
isoflurane and were mounted in a stereotaxic frame. The skull was exposed and bilateral holes
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were drilled over the striatum at anterior 0.5 mm and lateral 2.0 mm from bregma. A plastic
cylindrical hub (~3.1 mm diameter) sealed with a plastic cap was positioned at a 5° angle over
each hole and secured to the skull with dental cement. An antibiotic cream was applied to the
skin incision following surgery and animals were returned to the colony for at least 4 days of
recovery.

Voltammetry
A glass-insulated carbon fiber (10 μm diameter) served as the working electrode. The active
surface area extended ~ 150 μm beyond the glass. The electrode was electrochemically
pretreated to separate the oxidation signal for AA from other easily oxidized compounds such
as 3,4 –dihydroxyphenylacetic acid (DOPAC) [8]. Subsequent tests in citrate phosphate buffer
containing 100 μm AA and 20 μm DOPAC ensured adequate sensitivity and peak separation.
Generation of waveforms for staircase voltammetry and storage of sampled current was
performed by a computer interfaced to a locally constructed potentiostat operating in two-
electrode mode. A potential was applied in 6 mV steps from −200 to +600 mV versus reference
to ensure AA and DOPAC oxidation. The scan rate was set at 20 mV/sec and scans were
obtained at 60 sec intervals.

On the day of recording, both the working electrode and an Ag/AgCl reference electrode were
fitted into separate microdrives, which were designed to mate with the head-mounted hubs
[26]. After the microdrives were prepared, the mouse was lightly anesthetized with chloropent
(0.2ml/100g, i.p.) after isoflurane and the cap over each hub was removed. If needed, fluids
were cleared from the hub until the brain surface was visible. The working electrode was then
manually lowered into the left or right striatum (~3.5 mm ventral to the skull surface), and the
reference electrode was placed in the contralateral hub and lowered to the brain surface. A
lightweight cable attached to each microdrive was connected to the voltammetry potentiostat
via a swivel to allow the mouse to move freely. Voltammetry sessions were conducted between
09:00 and 15:00 hr with the majority of sessions in the morning hours. Each animal was pl
aced in a circular glass arena (15 cm diameter) housed inside a sound attenuating chamber for
recording.

Voltammetric scans began while mice were anesthetized, ~ 20 min after the chloropent
injection and continued as they awoke (typically within 40–60 min) until ~ 150 min post-
injection. Although recovery from anesthesia differed slightly among animals, there were no
differences between genotype or sex in recovery from anesthesia. After the first two scans,
which were obtained ~ 3–5 min apart, all subsequent scans were obtained once every 2 min.
In some cases, after the recording session, the microdrives were removed and the working
electrode was retested in vitro to estimate in vivo AA concentrations [3]. Most animals were
returned to the colony for ~ 4–6 weeks when the recording procedure was repeated on the
opposite side of the brain. In animals used for a second recording session, new electrodes were
prepared and their left-right placement was reversed, allowing us to record from undisturbed
striatal tissue in the same animal. The second session followed the same protocol as the first.

Histology
After the last recording session, some animals were anesthetized with isoflurane and current
was passed through the working electrode to mark the recording site instead of retesting the
electrode in vitro. Mice were later deeply anesthetized with chloropent (1.5 times the surgical
dose), and transcardially perfused with saline followed by 10% potassium ferrocyanide in 10%
formalin. Brains were removed, frozen, sectioned, stained with cresyl violet, and examined
under a light microscope to confirm recording location [24].
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Data Analysis
Repeated-measures analyses of variance (ANOVAs) were used to analyze body weight, mean
time spent on the rotarod, and wheel revolutions per hour. These analyses compared male and
female WT and KI mice across age. For the motor activity study, mean number of wheel
revolutions per hour were calculated for each mouse each week for light and dark phases of
the diurnal cycle. These means were used as the repeated measure. Total mean revolutions per
hour for all weeks were also assessed as the dependent variable in a two-way ANOVA used
to evaluate differences between genotype and light-versus-dark phase of the diurnal cycle. A
regression analysis was used to evaluate slopes of mean rotarod times comparing genotype
across age. Separate repeated-measures ANOVAs were run for each behavior coded during
the open-field test. The analyses evaluated percent time spent engaging in each behavior,
comparing male and female WT and KI mice across age. Total number of climbs and latency
to climb were evaluated in the same manner. Because mice were habituated to the rotarod and
open-field during the first two weeks of data collection (14–15 weeks of age), these two weeks
were not included in the analyses. Statistically significant data was reported if p < 0.05.
Sphericity was assumed for reporting degrees of freedom. P-values were adjusted using the
Huynh-Feldt test. Contrasts on means using the Holm-Sidak adjustment were used to evaluate
interaction effects.

Voltammetry scans were analyzed in 20-min segments by calculating mean AA peak height
(measured from the apex). Mean brain AA concentrations were estimated by comparing in
vivo scans to post calibration in vitro scans as described previously [3]. Student’s t-tests were
used to evaluate: 1) estimated AA concentrations between male and female KI and WT mice;
and 2) the percent change in mean AA peak height of the first 10 scans during anesthesia to
the last 10 scans taken during active behavior in all KI and WT mice included in the study. A
univariate ANOVA was used to evaluate the effects of age on the percent change in AA from
anesthesia to behavior. Statistically significant data was reported if p < 0.05.

Results
Body Weight

Evaluation of body weight in 9 WT (4 females, 5 males) and 13 KI (5 females, 8 males) mice
from 14 to 27 weeks of age showed no overall difference. A difference was observed, however,
between males (mean ± SEM = 30.5 ± 0.94 g) and females (25.2 ± 1.1 g), regardless of
genotype, (F1,18 = 13.35, p < 0.01). Furthermore, female KI mice weighed less (mean ± SEM
= 22.7 ± 1.5 g), (F1,18 = 4.44, p < 0.05) and did not gain as much weight across time (F13,234
= 4.32, p < 0.01) compared to WT females (mean ± SEM = 27.8 ± 1.6 g) or males. There were
no differences in body weight between male KI (mean ± SEM = 31.0 ± 1.2 g) and male WT
(30.0 ± 1.5 g) mice. Body weight data are summarized in Fig. 1.

Ethological Assessments
Rotarod performance and open-field behavior were evaluated in 9 WT (4 females, 5 males)
and13 KI (5 females, 8 males) mice. Analysis of rotarod performance showed no significant
differences between WT (mean time on rotarod ± SEM = 59.44 ± 7.01 s) and KI mice (mean
time ± SEM = 59.94 ± 5.96 s; p = 0.7) or between males (mean time ± SEM = 59.91 ± 5.96 s)
and females (mean time ± SEM = 59.46 ± 7.01 s; p = 0.4); regression analysis was also not
significant (p = 0.35). In the open-field, an overall effect of age was observed for digging
(F11,198 = 4.47), locomotion (F11,198 = 5.98), rearing (F11,198 = 3.50), and resting (F11,198 =
3.85; p < 0.001 in all cases). Despite fluctuations in percent time spent resting from week to
week, all mice spent less time engaged in digging, locomotion, and rearing with increasing age
(p < 0.05). Overall age effects were not observed for other assessed behaviors. As shown in
Fig. 2, KI mice spent significantly less time climbing (F1,18= 4.61) and more time grooming
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(F1,18= 5.27) than WT mice (p < 0.05 in both cases). Sex differences are shown in Fig. 3 and
Fig.4 (A and B). Note that the increase in grooming was restricted to KI females (F1,18= 7.84;
p < 0.05) and that male WT mice climbed more than other groups (F1,18= 9.55; p < 0.01).
Although there were no significant differences in latency to climb (F1,18= 2.37; p = 0.14), Fig
4. (B) shows that a similar sex effect was observed in total number of climbs (F1,18= 9.84; p
< 0.05).

Overall differences between males and females were observed for locomotion (F1,18 = 6.66)
and scratching (F1,18 = 7.50; p < 0.05 in each case). Males spent more time engaged in
locomotion (mean percent time ± SEM = 41.33 ± 1.26) compared to females (36.30 ± 1.49).
Females spent more time scratching (mean percent time ± SEM = 0.09 ± 0.019) than males
(0.02 ± 0.016). Although not statistically significant, a trend toward an increase in locomotion
in WT compared to KI males that was not apparent in female mice is shown in Fig. 5. No
differences were observed between WT and KI mice in resting, rearing, digging, or scratching;
there were no effects of genotype and sex at different ages for any of the behaviors.

When provided with a running wheel in their home cage, healthy mice will spend the majority
of the dark phase of the diurnal cycle running in the wheel and will rest during the light phase.
Previous research has suggested that this pattern of motor activity may be disrupted in HD
mice [22]. Our analysis showed no overall effect of genotype when comparing the light phase
to the dark phase (F1,28 = 0.553; p = 0.46) indicating that KI mice maintained a normal diurnal
activity pattern (running less during the light period and more during the dark period). Further
investigation of genotype within each phase, however, revealed that KI mice ran significantly
less than WT mice during the light phase (F1,12 = 5.14; p < 0.05) as shown in Fig. 6(A). During
the dark phase, moreover, a sex difference emerged (F1,12 = 7.98; p < 0.05). As depicted in
Fig. 6(B), KI female mice ran more than WT females and KI males (F1,12 = 10.10; p < 0.01).
Interaction effects were observed between genotype and sex across age during the light phase
(F3,36 = 5.76; p < 0.01). Evaluation of these effects showed that WT animals ran significantly
more at 17 weeks of age (p < 0.05) (the second week of assessment) possibly indicating
habituation to the wheel that was not observed in KI mice. Interaction effects also showed that
WT males decreased wheel running at 18 and 19 weeks of age compared to prior weeks (p <
0.01). Interaction effects were not observed during the dark phase of the diurnal cycle.

Voltammetry
As shown in Table 1, evaluation of estimated AA concentrations did not reveal a difference
between KI and WT mice. Like our ethological assessments, however, we found emerging
evidence of a sex difference. Female KI mice exhibited a lower concentration of AA during
anesthesia compared to WT females (p < 0.05). Although males did not show an AA difference
during anesthesia, Fig. 7 shows a 20–40% decrease in striatal AA release in male KI mice as
they became behaviorally active, while WT males increased striatal AA during the same period
(p = 0.19). We also observed a KI sex difference in striatal AA release that was not apparent
in WT controls. Female KI mice exhibited an increase in striatal AA release upon recovery
from anesthesia compared to male KI mice (p < 0.05). No effects of age on striatal AA release
were observed.

Results of histology confirmed placement of the working voltammetry electrode in the
striatum. All lesions were located approximately 0.5 mm anterior, 2 mm lateral to bregma and
3.5 mm ventral from skull surface (Fig. 8).

Discussion
Our results confirm and extend previous findings suggesting behavioral differences between
KI and WT mice. KI mice showed deficits in both open-field climbing behavior and home-
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cage running wheel activity during the light phase of the diurnal cycle. Furthermore, our
findings revealed sex differences between KI and WT mice in body weight, open-field
behavior, running wheel activity during the dark phase and extracellular striatal AA, suggesting
that sex may play a role in the phenotype and neuropathology of HD.

Similar to previous findings [18] we did not find overall differences in body weight between
KI and WT mice. However, females weighed less than males, a common finding in mice
[30], and an effect of HD was observed in female mice. KI females weighed less and did not
gain as much weight with age. The lower body weight in KI females may be related to an
increase in motor activity during the dark phase of the diurnal cycle.

Ethological assessments confirmed that KI mice exhibit behavioral deficits. Decreased motor
activity during the light phase and a climbing deficit in the open-field indicates that KI mice
exhibit deficits in motor control as early as 16 weeks of age. Evaluation of diurnal motor activity
showed that hypoactivity in KI mice was specific to the light phase. During the dark phase, KI
females exhibited hyperactivity while KI males remained less active. Hyperactivity during the
dark phase and an increase in grooming in the open-field may reflect stereotypic behavior
associated with HD in females. Previous research showed that the progression of HD in KI
mice begins with hyperactivity followed by hypoactivity [18]. Thus, it is possible that KI
females may have a later onset or slower progression than male KI mice. It is also important
to note that although the normal circadian activity pattern breaks down in late stage disease in
R6/2 mice and in humans with HD [22], KI mice in our study maintained a normal diurnal
activity pattern from 16 to 19 weeks of age.

Previous findings have also shown differences between KI and WT mice in the open-field.
Specifically, hyperactivity was observed at 1 month of age, followed by hypoactivity at 4
months of age and a decrease in rearing at 2, 4 and 6 months of age [18]. In our study, age-
related differences were not apparent and we did not observe differences in rearing or
locomotion in KI mice. We attribute this to our evaluation of the same group of mice for several
weeks, and that animals were habituated to the open-field. The previous study evaluated
separate cohorts at different ages and included younger and older groups. Furthermore, unlike
our study, mice were not habituated to the open-field and were tested during the dark phase of
the diurnal cycle [18]. Thus, differences in rearing and locomotion in the previous study may
have reflected a response of mice to a novel environment or may only occur during the dark
phase. Previous behavioral studies have not reported sex differences in HD mice. Our results
suggest that the sex of the animal may contribute to the development and progression of the
HD phenotype in mice.

Although expansion of the CAG repeat associated with paternal inheritance and corresponding
increase in disease severity and earlier age of onset is well documented [33], the mechanisms
of sex effects in HD are not well studied. In addition to expansion of the CAG repeat associated
with paternal inheritance, the sex of affected progeny also affects CAG expansion and age of
onset [11]. This finding was observed in a transgenic mouse model of HD (R6/1) in which
siblings inherited the affected gene from the male parent [11]. Results showed that the CAG
repeat was significantly expanded in the male offspring and contracted in the female offspring
compared to the parent [11]. CAG repeats were the same length in both X and Y bearing sperm
indicating that this change was associated with embryo development rather than changes
occurring during spermatogenesis [12]. Thus, the CAG repeat is likely to be shorter in females
and longer in males with successive generations. One study evaluating 1084 cases of HD found
that mean age of onset was higher in females compared to males [31]. Moreover, there was no
interaction effect between this sex difference and line of inheritance, suggesting that this was
an overall effect of sex in HD not associated with inheritance [31].
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Although the decrease in striatal AA release upon behavioral activation observed in KI males
was less prominent and more variable than that previously described in male R6/2 mice, the
deficit in male KI mice, ~20–40% was similar to that of R6/2 mice [26]. This deficit suggests
that male HD mice may be more susceptible to oxidative stress in the striatum. The change in
extracellular striatal AA associated with increasing behavioral activation in WT mice did not
reach the levels previously observed in the male WT R6/2 mice [26]. Since both KI and WT
mice appeared to be less active in ethological assessments (in which no anesthesia was
administered) as well as during voltammetry compared to R6/2 mice, as observed in our past
studies [26,27,28], a likely explanation is lower activity levels of the 129Sv strain included in
the KI background compared to the C57BL/6 background strain of the R6/2 mice [16].
Behavioral differences between these strains of mice have been observed on several ethological
assessments, indicating reduced activity and motivation in the 129Sv strain [2,15,19,21]. It is
possible that increasing the activity level of the mice during voltammetry using a treadmill or
running wheel after complete recovery from anesthesia would result in a greater increase in
striatal AA release in WT males, revealing the deficit in KI males.

The difference in striatal AA release and behavior between male and female KI mice and WT
controls supports evidence that striatal AA release is related to the extent of behavioral
activation [29]. The increase in striatal AA release and corresponding increase in motor activity
in female KI mice may reflect a hyperkinesia associated with the HD phenotype in female mice
whereas the lower levels of striatal AA release and activity in KI males may be associated with
hypokinesia similar to that observed previously in male R6/2 mice [26]. Furthermore, the
increase in striatal AA release in female KI mice may reflect a compensatory response to
oxidative stress that is not occurring in male mice. We postulate that the increase in striatal
AA in female mice may be neuroprotective. These differences support the results of our
ethological assessments and likely reflect sex-dependent variation in the onset and/or
progression of HD.

Interestingly, sex differences in brain AA concentrations have been observed. Female rats have
lower basal brain AA concentrations compared to males [1,7,13]. Sex differences are also
observed in expression of AA transporters SVCT1 and SVCT2 throughout the body [14].
Although we did not see differences in basal AA concentrations in striatum, we did observe a
trend toward lower levels in female mice compared to males and we observed lower levels in
female KI compared to female WT mice (Table 1). Since sex differences in brain AA function
are region specific [13], it is difficult to determine how past findings relate to what we have
observed in the striatum. It is probable, however, that gonadal hormones such as estrogen
contribute to the differences we have observed and play a role in modulating striatal AA release.
Estrogen modulates brain AA levels and prevented ischemia-induced AA loss in the
hippocampus [13]. Like ischemia, HD also results in oxidative stress which may account for
the striatal AA loss observed in male mice. Estrogen may prevent this loss in female HD mice.

Estrogen may also exert changes in striatal neurotransmission directly contributing to the
increase in AA and possibly a delay in symptoms of the disease in female mice. For example,
GLU uptake in the striatum is coupled with AA release, presumably via a heteroexchange
mechanism at a GLU transport site [23]. Estrogen inhibition of N-methyl-D-aspartate (NMDA)
receptors and effects on GLU transmission [32,34,35] may result in increased GLU uptake and
striatal AA release in female mice. Estrogen also attenuates GLU-induced Ca2+ increase [9],
which may counteract the GLU excitotoxicity believed to occur in HD animals [36]. In addition,
neuroprotective effects of estrogen such as upregulation of neurotrophic factors [20] may also
contribute to sex differences.

The differences observed in ethological assessments and striatal AA release confirm previous
findings and suggest that there are variations in the phenotype and neuropathological
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characteristics of HD in KI mice that are dependent on the sex of the animal. Furthermore,
increased striatal AA release during behavior may be neuroprotective in female mice. Sex
differences also suggest that gonadal hormones such as estrogen may modulate AA release in
the striatum and probably play a significant role in the neuropathology and development of
HD.
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Fig. 1.
Mean ± SEM body weight (g) from 14 to 27 weeks of age. KI female mice weighed significantly
less than other groups (p < 0.05) and did not gain as much weight with age (p < 0.01). There
was no significant difference in body weight between male KI and male WT mice. n = number
of mice.
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Fig. 2.
Mean ± SEM percent total activity time in the open-field spent climbing and grooming across
all sessions (16 to 27 weeks of age) in WT and KI mice. ∗ = p < 0.05 compared to KI mice. n
= number of mice.
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Fig. 3.
Mean ± SEM percent total activity time in the open-field spent grooming across all sessions
(16 to 27 weeks of age) comparing sex and genotype. ∗ = p < 0.05 compared to males and WT
females. n = number of mice.
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Fig. 4.
(A) Mean ± SEM percent total activity time in the open-field spent climbing across all sessions
(16 to 27 weeks of age) comparing sex and genotype. ∗ = p < 0.01 compared to females and
KI males. n = number of mice. (B) Mean ± SEM total number of climbs in the open-field across
all sessions (16 to 27 weeks of age) comparing sex and genotype. ∗ = p < 0.05 compared to
females and KI males. n = number of mice.
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Fig. 5.
Mean ± SEM percent total activity time in the open-field spent engaging in locomotion across
all sessions (16 to 27 weeks of age) comparing sex and genotype. ∗ = p < 0.05 males compared
to females. Although there was no significant effect of genotype, WT males spent more time
engaging in locomotion than KI males, a trend that was not observed in female mice. n =
number of mice.
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Fig. 6.
Mean ± SEM number of running wheel revolutions per hour from 16-19 weeks of age. n = 4
mice in each group (WT males, WT females, KI males, KI females) ∗ = p < 0.05. (A) Genotype
is compared in mice across all weeks during the light phase of the diurnal cycle. KI mice
exhibited a significantly lower number of wheel revolutions per hour compared to WT mice.
(B) Genotype and sex are compared across all weeks during the dark phase. KI females ran
more than WT females and KI males. KI males ran less than WT males and KI females.
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Fig. 7.
(A) Mean ± SEM percent change in AA signal from anesthesia baseline in male KI and WT
mice and female KI mice. Baseline was obtained from the first 10 scans after the AA signal
had stabilized during anesthesia and is compared to the last 10 scans obtained when behavioral
activation was greatest. Although not significant, KI male mice exhibited a decrease in striatal
AA upon recovery from anesthesia while WT males exhibited an increase (p = 0.19). The AA
response in male KI mice was significantly different from the response in female KI mice (∗
= p < 0.05 compared to female KI mice). n = number of sessions in 6 WT females, 10 WT
males, 5 KI females and 11 KI males. (B) Sample differential voltammograms obtained from
female or male KI mice. Baseline AA peak was obtained during anesthesia (solid line) while
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behaving scan was obtained approximately 150 min later when mice were behaviorally active
(asterisks). The ascorbate oxidation peak occurred between -100 and -200 mV versus reference.
Note that the AA peak rises during behavior in the female KI mouse while it decreases in the
male KI mouse.
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Fig. 8.
Histology confirmed placement of working voltammetry electrodes in the anterior striatum.
Shaded areas indicate the location of all lesion sites, approximately 0.5 mm anterior, 2 mm
lateral to bregma and 3.5 mm ventral from skull surface.
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Table 1
Mean ± SEM Baseline Ascorbate Concentrations (μM) Estimated from Re-testing In Vitro

Group n AA μM
WT males 12(9) 377.41 ± 97.67
KI males 12(10) 376.38 ± 118.6
WT females 10(6) 283.84 ± 45.34
KI females 5(4) 135.61 ± 26.38*

Note.

*
= p < 0.05 compared to WT females.

n = number of sessions (number of mice)
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