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Abstract
Acid-sensing ion channels (ASICs) are densely expressed in the brain with ASIC1a and ASIC2
channels being the predominant subtypes. These channels are enriched at synaptic sites and are
central for the regulation of normal synaptic transmission. Moreover, increasing evidence links
ASICs to the pathogenesis of various neurological and neuropsychiatric disorders. In this study,
we explore the putative role of ASIC1a and ASIC2 in the regulation of behavioral sensitivity to
the psychostimulant cocaine by utilizing ASIC1a or ASIC2 knockout mice. Acute cocaine
injection induced a typical dose-dependent increase in locomotor activities in wild-type (WT)
mice. However, in ASIC1a and ASIC2 mutant mice, different motor responses to cocaine were
observed. In ASIC1a−/− mice, cocaine induced a significantly less motor response at all doses (5,
10, 20, and 30 mg/kg), while in ASIC2−/− mice, cocaine (5–20 mg/kg) stimulated locomotor
activity to an extent comparable to WT mice. Only at 30 mg/kg, the cocaine-stimulated motor
activity was reduced in ASIC2−/− mice. In a chronic cocaine administration model (20 mg/kg,
once daily for 5 days), a challenge injection of cocaine (10 mg/kg, after 2-week withdrawal)
caused an evident behavioral sensitization in the cocaine-pretreated WT mice. This behavioral
sensitization to challenge cocaine was also displayed in ASIC1a−/− and ASIC2−/− mice. However,
ASIC2−/− mice showed less sensitization to challenge cocaine when compared to WT and
ASIC1a−/− mice. Our results demonstrate the important role of ASIC1a and ASIC2 channels in the
modulation of behavioral sensitivity to cocaine. The two synapse-enriched ASIC subtypes are
believed to play distinguishable roles in the regulation of behavioral responses to acute and
chronic cocaine administration.
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Drug addiction remains remarkably difficult to treat. This is partially due to the lack of a
precise understanding of mechanisms of drug addiction. However, sufficient evidence
suggests that many receptors and ion channels in the brain reward circuits are believed to
play important roles (Wolf et al., 2004; Kauer & Malenka, 2007; Kalivas, 2009; Mao et al.,
2009; Sesack & Grace, 2010; Kalivas & Volkow, 2011). The search for responsible
receptors and ion channels that potentially contribute to cocaine addiction persists as an
active area of investigation.

Releasing neurotransmitters from presynaptic terminals into the synaptic cleft is an
important step in synaptic transmission. The synaptic vesicle in presynaptic terminals that
contains transmitters also contains acidic elements (pH 5.7) (Miesenböck et al., 1998),
which may lower the pH within the synaptic cleft upon discharge of their contents, an effect
seen particularly during rapid, repeated discharge of multiple vesicles. Intense neural
activity also produces slower and more sustained acidosis (Sluka et al., 2009). For example,
the profound neural activity in seizures lowers pH from 7.35 to 6.8 (Ziemann et al., 2008).
Metabolism may also lead to neural acidosis. Mitochondria absorb Ca2+ and extrude H+.
The latter can diffuse into the extracellular space (Demaurex et al., 2009), resulting in a
decreases in pH and subsequent activation of postsynaptic receptors and ion channels.

Rapid reduction in extracellular pH can activate acid-sensing ion channels (ASICs), a
distinct family of membrane ion channels highly expressed in both peripheral sensory as
well as central neurons (Krishtal & Pidoplichko, 1981; Waldmann et al., 1997; Alvarez de la
Rosa et al., 2003). Four genes (ASIC1–4) encoding at least seven ASIC subunits have been
cloned (Waldmann et 1998; Wemmie et al., 2006; Grunder & Chen, 2010). Functional
ASICs structurally appear as trimeric complexes of these subunits (Jasti et al., 2007) and
most of these subunits can form both homomeric and heteromeric channels (Lingueglia et
al., 1997; Askwith et al., 2004; Hesselager et al., 2004; Sherwood et al., 2011). Homomeric
ASIC1a and heteromeric ASIC1a/2 channels are the dominant subtypes of ASICs in the
brain (Wemmie et al., 2002; Askwith et al., 2004; Chu et al., 2004; Zha et al., 2006, 2009;
Jiang et al., 2009; Sherwood et al., 2011). They play critical roles in physiological and
pathological conditions (Xiong et al., 2008; Chu et al., 2011; Chu & Xiong, 2012). For
example, deletion of the ASIC1a gene impaired synaptic plasticity, learning/memory, and
fear behavior in the brain (Wemmie et al., 2002, 2003; Ziemann et al., 2009). Activation of
Ca2+-permeable ASIC1a channels resulted in acidosis-mediated ischemic brain injury
(Xiong et al., 2004; Gao et al., 2005). In addition, ASIC1a channels also play critical roles in
neurodegenerative diseases such as multiple sclerosis (Friese et al., 2007), Parkinson’s
disease (Arias et al., 2008), Huntington’s disease (Wong et al., 2008), seizures (Ziemann et
al., 2008), and depression (Coryell et al., 2009). While numerous studies delineate some of
ASIC1a functions, ASIC2 functions are less clear. Available data show that ASIC2 channels
may be involved in brain ischemia and epilepsy (Johnson et al., 2001; Biagina et al., 2001).

The forebrain regions, key structures in reward circuits involved in biological actions of
addictive drugs (Sesack & Grace, 2010), densely express ASIC1a and ASIC2 channels
(Wemmie et al., 2002; Alvarez de la Rosa et al., 2003). Given the abundance of ASIC1a and
ASIC2 channels at synaptic sites (Wemmie et al., 2003; Zha et al., 2006, 2009; Jing et al.,
2012) and demonstrated sensitivity of the channels to psychostimulants in our recent studies
(Zhang et al., 2009; Suman et al., 2010), these channels are thought to regulate behavioral
sensitivity to cocaine. Thus, this study was designed to explore the functional role of
ASIC1a and ASIC2 channels in the regulation of locomotor responses to acute and chronic
cocaine exposure.
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EXPERIMENTAL PROCEDURES
Animals

ASIC1a−/− and ASIC2−/− mice with a congenic C57BL/6J background were obtained from
Drs. Wemmie and Welsh’s laboratory at the University of Iowa as gifts and subsequently
bred in our facilities. The C57BL/6J wild-type (WT) mice were purchased from Jackson
Laboratory (Bar Harbor, ME, USA) and also bred in our facilities. Animals were maintained
on a 12/12 h light/dark cycle with the lights turned on at 7:00 am. The housing environment
was maintained at a temperature of 23 °C and humidity of 50% ± 10% with tap water and
regular chow available ad libitum. Mice were group-housed (four to five mice per cage)
until experiments were conducted. Two- to three-month old male mice weighting 25 to 35 g
were used at the onset of experiments. All efforts were made to minimize animal suffering
and reduce the number of animals used. All animal use procedures were in strict accordance
with the US National Institutes of Health for the Care and Use of Laboratory Animals and
were approved by the Institutional Animal Care and Use Committee.

Behavioral measurements
Behavioral activity was assessed with an infrared photo-cell-based, automated VersaMax
animal activity monitoring system (AccuScan Instruments, Columbus, OH, USA) in a
sound-attenuated and light-controlled room as described previously (Mao et al., 2009;
Parelkar et al., 2009; Suman et al., 2010). Briefly, mice in acrylic test chambers measuring
30 cm (H) x 20 cm (L) x 20 cm (W) were habituated to the environment for 3 h before
testing to exclude the exploratory behavior. Three sensor pairs positioned in x, y
(horizontal), and z (vertical, above the animal’s normal height) axes were assigned to each
chamber to provide measurements for horizontal and vertical activities. Locomotor activities
were recorded at 5-min intervals before and after drug injection. The presence of animals in
chambers generated beam interruptions, and corresponding data from the sensors were
transferred to a computer with operating VersaMax software.

Exploratory behavior in response to novel environment
Age-matched WT, ASIC1a−/− and ASIC2−/− male mice were brought into the test room and
allowed to accommodate to this room for 5 min before being tested. After this period, each
mouse was placed individually in its individual test chamber as mentioned above. Their
locomotor activity and jumping behavior in response to this novel environment were
measured for a period of 180 min. Jumping behavior was counted when the four limbs of the
mouse left the chamber ground and went up into the air. A trained observer that was blinded
to both genotypes and injection person scored jumping counts.

Acute cocaine administration
After the initial 180-min adjustment period, mice were intraperitoneally (i.p.) injected with
either saline (0.9% NaCl, 10 ml/kg) or cocaine (5, 10, 20 and 30 mg/kg). Locomotor activity
in response to this single dose was recorded for a period of 90 to 120 min.

Behavioral sensitization
The behavioral sensitization regimen used in this experiment has been described previously
(Zhang et al., 2009). Briefly, WT, ASIC1a−/−, and ASIC2−/− received a single i.p. injection
of cocaine at a dose of 20 mg/kg (once daily for 5 consecutive days). Mice treated with daily
saline injection (10 ml/kg, i.p.) for 5 days served as controls. After a 2-week withdrawal
period, mice were brought to the testing room and accommodated to the room as described
above. Each mouse then received a challenge injection of cocaine at a dose of 10 mg/kg.
Locomotor responses to this challenge dose were measured for 90 min.
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Drugs
Cocaine hydrochloride was purchased from Sigma-Aldrich (St. Louis, MO, USA) and
dissolved in saline (0.9% NaCl). All drugs were freshly prepared on the day of injection.

Data analysis
The results are presented as means ± S.E.M and were evaluated using unpaired t-test or
analysis of variance (ANOVA) followed by a Bonferroni (Dun) comparison of groups using
either the least squares-adjusted means or the two-tailed unpaired Student’s t-test. The
Fisher’s exact test was used to compare two groups of two categorical variables. Probability
levels of < 0.05 were considered statistically significant.

RESULTS
Locomotor and jumping activities under novel conditions

We first examined baseline locomotor activity under novel conditions. WT, ASIC1a−/−, and
ASIC2−/− male mice were placed in a testing chamber (open field box). Locomotor activity
was recorded for 3 h. Figure 1A shows the time course of distance traveled by these mice.
ASIC1a−/− mice displayed increased locomotor activity when compared to WT and
ASIC2−/− mice in the first 5 min measurement (p < 0.01). No significant differences in total
distance traveled during the 3-h measurement were seen in ASIC1a−/− relative to WT mice
(Fig. 1B; p > 0.05). However, ASIC2−/− mice displayed a significantly less motor activity as
compared to ASIC1a−/− mice in the 3-h session (Fig. 1B; p < 0.01). ASIC2−/− mice also
showed a trend of reduced motor activity as compared to the WT mice.

During this exploratory session, we also found that the majority of ASIC1a−/− (30 out of 32)
and ASIC2−/− (19 out of 23) mice displayed jumping behavior (Fig. 2A). Conversely, far
fewer WT mice displayed this jumping behavior when compared to ASIC1a−/− or ASIC2−/−

mice, with only 15 out of 41 WT mice exhibiting jumping behavior in a novel environment
(Fig. 2A). The percentage of ASIC1a−/− or ASIC2−/− mice with jumping behavior exceeded
that of WT mice (p < 0.01). Figure 2B shows the time course of jumping behavior for the
WT, ASIC1a−/−, and ASIC2−/− mice. Jumping activity chiefly appeared in the first 25 min
period of the 180-min exploratory period for all genotypes (Fig. 2B). ASIC1a−/− mice
displayed the highest frequency of jumping activity when compared to the WT or ASIC2−/−

mice in the first 10 min of the exploratory period (p < 0.01). The average numbers of jumps
per mouse were 3.9 ± 1.2, 21.5 ± 2.9 and 6.0 ± 1.7 for WT, ASIC1a−/−, and ASIC2−/− mice,
respectively (Fig. 2C). The jumping frequency of ASIC1a−/− mice exceeded that of the WT
or ASIC2−/− mice (Fig. 2C; p < 0.01).

Acute locomotor responses to cocaine
All genotypes underwent a 3-h accommodation in testing chambers prior to saline or cocaine
injection. An acute administration of cocaine dose-dependently increased the distance
traveled in all WT, ASIC1a−/−, and ASIC2−/− mice (Fig. 3A and 3B). Notably, the overall
locomotor response to cocaine at four doses surveyed was significantly reduced in
ASIC1a−/− mice relative to WT mice (Fig. 3B). In fact, no significant change was observed
after cocaine was injected at 5 mg/kg in ASIC1a−/− mice, while a significant increase in
motor responses to 5 mg/kg cocaine was seen in WT mice. In contrast to ASIC1a−/−, the
motor response to cocaine at the first three doses (5, 10, and 20 mg/kg) remained unchanged
in ASIC2−/− mice compared to WT mice (Fig. 3A and 3B). Only at the highest dose (30 mg/
kg), was a significantly less motor response induced in ASIC2−/− mice. All genotypes did
not display jumping behavior during the post-injection observation period. These data
demonstrate a marked inhibition of overall motor responses to acute cocaine in ASIC1a−/−
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mice, while in ASIC2−/− mice the inhibition only occurs when applying cocaine stimulation
at a high dose (30 mg/kg).

We also analyzed and compared the motor activity measured during a 60-min period prior to
drug injection. As shown in Fig. 3C, the total distance traveled by ASIC1a−/− mice during
this period of time did not differ from that by WT mice. However, ASIC2−/− mice displayed
a significantly less motor activity compared to either the WT or ASIC1a−/− mice. This
seems to indicate a reduced level of basal motor activity in ASIC2−/− mice.

Behavioral sensitization
We next wanted to evaluate the role of ASIC1a and ASIC2 in the regulation of behavioral
responses to chronic cocaine administration. To this end, we used a typical behavioral
sensitization model. We subjected animals to repeated daily injections of cocaine (20 mg/kg,
i.p.; once daily for 5 days). We then stopped drug treatments for 2 weeks. After 2-week
withdrawal, each animal received a challenge dose of cocaine (10 mg/kg, i.p.). Locomotor
responses to this cocaine challenge were measured. As shown in Fig. 4A, cocaine challenge
caused a greater motor response in cocaine-pretreated WT mice compared to saline-
pretreated WT mice, indicating reliable expression of behavioral sensitization to cocaine. In
ASIC1a−/− mice, cocaine challenge induced a smaller increase in motor activity in both
saline- and cocaine-pretreated mice when compared to the corresponding values in WT
mice. However, noticeably, the motor response to cocaine challenge remain significant
greater in cocaine-pretreated ASIC1a−/− mice than in saline-pretreated ASIC1a−/− mice (left
panel in Fig. 4B). Due to different responses in locomotor activity to challenge cocaine in
saline-pretreated mice of three genotypes, we also used relative response in all genotypes to
compare the behavioral sensitization to challenge cocaine. When the locomotor response of
post 60 min in cocaine-pretreated mice was normalized by the motor response of post 60
min in saline-pretreated animals, motor stimulation was clearly greater in cocaine-pretreated
mice than saline-pretreated mice, indicating the existence of behavioral sensitization (left
panel in Fig. 4C). Moreover, the percent increase in cocaine-pretreated over saline-
pretreated mice was significantly higher in ASIC1a−/− mice than WT mice (Fig. 4C; p <
0.01). In ASIC2−/− mice, the peak of the motor response to cocaine challenge was higher in
cocaine-pretreated mice than in saline-pretreated mice (Fig. 4A, B). However, the motor
response recovered in a faster rate in cocaine-pretreated mice. As a result, when total
measurements in 60 min after drug injection were analyzed together, no change in motor
responses was observed in cocaine-pretreated mice relative to saline-pretreated mice (left
panel in Fig. 4B; p > 0.05). Similarly, there was no alteration in percent change in motor
responses to cocaine challenge between cocaine- and saline-pretreated animals (left panel in
Fig. 4C). We also compared the locomotor activity in mice after challenge injection of
cocaine in two time period (see Fig. 4B; from 60 to 75 min and from 80 to 120 min), all
three genotypes showed behavioral sensitization to cocaine in the first 15 min (from 60 to 75
min) after challenge injection of cocaine (middle panel in Fig. 4B). There were no
significant changes in total distance traveled to cocaine in the rest of time period (from 80 to
120 min) in all genotypes (right panel in Fig. 4B). Furthermore, the percent increase of the
first 15 min in cocaine-pretreated over saline-pretreated mice were higher in all genotypes
(right panel in Fig. 4C). However, ASIC2−/− mice showed less sensitization to cocaine
challenge when compared to WT and ASIC1−/− mice in the first 15 min after cocaine
injection (right panel in Fig. 4C). There was no alteration in percent change in motor
responses to cocaine challenge in the first 15 min between WT and ASIC1a−/− mice (right
panel in Fig. 4C). Collectively, these data demonstrate that differential behavioral
sensitization to cocaine challenge in ASIC1a and ASIC2 knockout mice.
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DISCUSSION
ASIC1a and ASIC2 channels comprise the majority of ASICs localized to the brain
(Waldmann et al., 1997; Wemmie et al., 2002; Askwith et al., 2004; Xiong et al., 2004; Chu
et al., 2004; Zha et al., 2009; Sherwood et al., 2011). Several lines of evidence suggest the
involvement of ASIC1a channels in learning/memory, fear conditioning, and depression-
related behavior (Wemmie et al., 2002, 2003; Coryell et al., 2009). These channels appear
subject to the modulation by ASIC2 channels (Askwith et al., 2004; Zha et al., 2009;
Sherwood et al., 2011). In this study, we examined the differences in locomotor activity in
WT, ASIC1a−/−, and ASIC2−/− mice in response to acute and chronic administration of the
psychostimulant cocaine. The main findings of the current study include the following: (1)
C57BL/6J-congenic ASIC1a−/− mice demonstrated reduced locomotor activity in response
to acute cocaine administration when compared to WT mice, and (2) ASIC2−/− mice
displayed decreased cocaine sensitization to chronic cocaine administration as compared to
WT controls.

We first observed the baseline locomotor and jumping behavior of mice in a novel
environment prior to any injection. ASIC1a−/− mice displayed increased locomotor activity
in the first 5 min and exhibited highest frequency of jumps when compared to WT or
ASIC2−/− mice. The mechanisms underlying the differences in baseline locomotor activity
as well as jumping activity in ASIC1a and ASIC2 mutant mice are unclear. Further studies
are needed to delineate their cellular and molecular mechanisms.

Our next finding is that ASIC1a−/− and ASIC2−/− mice demonstrated reduced and normal
behavioral activity respectively in response to acute cocaine (5 – 20 mg/kg) stimulation
when compared to WT. These results indicate that deletion of ASIC1a or ASIC2 gene
differentially alters locomotor activity to acute cocaine injection.

The last finding is that, while ASIC1a−/− mice seemed to retain their sensitized locomotor
responses to cocaine challenge, ASIC2−/− mice displayed significant less sensitization to
cocaine challenge. This suggests that ASIC1a and ASIC2 play differential roles in cocaine
sensitization. The functional importance of ASIC1a in the brain has been widely explored
(Chu and Xiong, 2012); however, little research has focused on the function of ASIC2. Our
present study demonstrates that ASIC2 channels in the brain are critical to cocaine
sensitization.

Cocaine’s profound pharmacologic properties make it a strong psychostimulant and an
addictive drug of abuse. Considerable evidence demonstrates that blockade of the dopamine
transporter by cocaine and the subsequent elevation of extracellular dopamine primarily
mediates the stimulating and rewarding effects of cocaine (Wise and Bozarth, 1987; Di
Chiara & Imperato, 1988; Kuhar et al., 1991). The general consensus dictates that drugs of
abuse can produce long-lasting adaptations in critical neural circuits and that these actions
contribute to development and maintenance of drug addiction (Wolf et al., 2004; Kalivas &
Xu, 2006; Kauer & Malenka, 2007; Kalivas, 2009; Sesack & Grace, 2010; Kalivas &
Volkow, 2011; Wolf & Tseng, 2012). Given the far-reaching actions of cocaine, different
receptors and ion channels at synaptic membrane may certainly contribute to the complex
nature of drug addiction.

Earlier studies have shown that cocaine-induced locomotor activity was reduced in
dopamine D2 receptor mutant mice (Baik et al., 1995; Kelly et al., 1998; Chausmer et al.,
2002). More recently, mice lacking dopamine D2 autoreceptor displayed increased
sensitivity to cocaine (Bello et al., 2011). Similar to mice lacking D2 autoreceptor, mice
lacking dopamine D4 receptors were supersensitive to cocaine (Rubinstein et al., 1997). In
this study, we revealed differential roles of ASIC1a and ASIC2 channels in regulating
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behavioral sensitivity to acute and chronic cocaine administration. Whether deleting ASIC1a
and ASIC2 affects the dopamine receptor function is unclear. This could be an interesting
question to be investigated in the future studies.

The molecular mechanisms for behavioral sensitization involve plastic changes in excitatory
synapses on medium spiny neurons in the striatum. For example, several types of synaptic
plasticity, such as long-term potentiation or depression, in the nucleus accumbens are
subject to modifications in response to chronic stimulant exposure (Brebner et al., 2005;
Kalivas & Hu, 2006; Kauer & Malenka, 2007; Grueter et al., 2012). Such modifications of
excitatory synaptic transmission likely play important roles in drug-induced behavioral
plasticity (Wolf et al., 2004; Grueter et al., 2012). Given the apparent abundance of ASIC1a
and ASIC2 channels at synaptic sites, these channels are believed to participate in the drug-
regulated synaptic plasticity. It is likely that ASICs act in concert with glutamate receptors
to control synaptic and behavioral adaptations to cocaine. Our study represents an initial
effort towards defining the functional role of ASIC1a and ASIC2 channels in processing
stimulant effects. Future studies may help elucidate the precise roles of ASIC1a and ASIC2
channels in this event.
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Highlights

ASIC1a−/− mice showed highest frequency of jumps compared to WT and ASIC2−/−

mice.

ASIC1a−/− mice displayed reduced locomotor responses to acute cocaine injection.

ASIC2−/− mice showed locomotor activity comparable to WT mice to acute cocaine.

ASIC2−/− mice showed less sensitization to challenge cocaine.
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Fig.1.
Baseline locomotor activity in WT, ASIC1a−/−, and ASIC2−/− mice. Mice were habituated
to the test room for 5 min and then placed in an individual test chamber. Baseline locomotor
activity was monitored for 180 min prior to any injection. (A) Time course of distances
traveled per 5 min in WT, ASIC1a−/−, and ASIC2−/− mice. ASIC1a−/− mice (n = 28)
displayed increased locomotor activity when compared to WT (n = 30) or ASIC2−/− (n = 29)
mice in the first 5-min interval. **p < 0.01 vs. WT or ASIC2−/− mice. Open circles: WT
mice; Filled triangles: ASIC1a−/− mice; Filled diamonds: ASIC2−/− mice. (B) Total
distances traveled during the 180-min session for WT, ASIC1a−/−, and ASIC2−/− mice. Both
ASIC1a−/− and WT mice did not differ with respect to locomotor activity during the 180-
min session (p > 0.05). ASIC2−/− mice showed reduced locomotor activity when compared
to ASIC1a−/− mice (**p < 0.01). Data are means ± S.E.M. WT: wild-type mice; ASIC1a
KO: ASIC1a knockout mice; ASIC2 KO: ASIC2 knockout mice. Min: minutes.
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Fig. 2.
Jumping behavior exploration in WT, ASIC1a−/−, and ASIC2−/− mice. (A) Percentage of
mice exhibiting jumping behavior. All genotypes displayed jumping behavior. A higher
percentage of ASIC1a−/− (93.75%) and ASIC2−/− (82.61%) mice displayed jumping
behavior when compared to WT (36.59%) mice. ** p < 0.01 vs. WT. (B) Time course of
jumping counts per 5 min in all genotypes. ASIC1a−/− mice displayed higher frequency than
WT or ASIC2−/− mice in the first 10 min. **p < 0.01 vs. WT or ASIC2−/− mice. Open
circles: WT mice; Filled triangles: ASIC1a−/− mice; Filled diamonds: ASIC2−/− mice. (C)
Total average number of jumps in the 60-min session. ASIC1a−/− mice jumped more
frequently than WT or ASIC2−/− mice. ** p < 0.01 vs. WT or ASIC2−/− mice. Data are
means ± S.E.M. WT: wild-type mice; ASIC1a KO: ASIC1a knockout mice; ASIC2 KO:
ASIC2 knockout mice. Min: minutes.
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Fig. 3.
Effects of acute cocaine injection on locomotor activity in WT, ASIC1a−/−, and ASIC2−/−

mice. Mice were placed in the locomotor test chamber for 180 min for accommodation
purpose, with the final 60 min used as the control period. Either cocaine or saline were
injected (i.p.) and mice were returned to their test chambers for an additional 90 min. (A)
Time courses of locomotor activity of WT (left panel), ASIC1a−/− (middle panel), and
ASIC2−/− (right panel) mice. Saline (open circles), 5 mg/kg (filled circles), 10 mg/kg (filled
squares), 20 mg/kg (filled triangles) and 30 mg/kg (filled diamonds) doses of cocaine were
given at the 60-min mark denoted on the graph. Initial 60 min (0 to 60 min) used as control
period. Data shown are the average total distances traveled in 5-min intervals. n = 12 to 24
for each genotype. (B) Total distances traveled in 60 min immediately following injection of
either saline or 5, 10, 20, or 30 mg/kg doses of cocaine in the three tested genotypes.
Cocaine significantly increased locomotor activity in all genotypes of mice. n = 12 to 24 per
each genotype. Data are means ± S.E.M. ANOVA was performed. Comparing WT and
ASIC1a−/− mice, cocaine in all tested doses induced less locomotor activity in ASIC1a−/−

mice compared to WT mice (** p < 0.01). Comparing WT and ASIC2−/− mice, cocaine at
doses of 5, 10, and 20 mg/kg did not produce significant different locomotor activity in
ASIC2−/− mice when compared with WT mice (p > 0.05). Cocaine at a dose of 30 mg/kg
induced less locomotor activity in ASIC2−/− than in the WT mice (* p < 0.05). Comparing
ASIC2a−/− and ASIC1a−/− mice, cocaine in all tested doses induced higher locomotor
activity in ASIC2−/− mice compared to ASIC1a−/− mice (## p < 0.01). (C) Total distances
traveled in 60 min for WT (n = 67), ASIC1a−/− (n = 71), and ASIC2−/− (n = 66) mice during
their habituation to the chambers immediately prior to cocaine or saline injection. No
significant differences existed between WT and ASIC1a−/− mice (p > 0.05). ASIC2−/− mice
displayed decreased locomotor activity when compared to WT or ASIC1a−/− mice (*p <
0.05). Data are means ± S.E.M. WT: wild-type mice; ASIC1a KO: ASIC1a knockout mice;
ASIC2 KO: ASIC2 knockout mice. Min: minutes.
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Fig. 4.
Locomotor activity after cocaine-induced behavioral sensitization in WT, ASIC1a−/−, and
ASIC2−/− mice. Daily cocaine (20 mg/kg, i.p.) or saline control injections began on day 1
until day 5 and sensitization in the form of distances traveled was measured on day 20
following a single challenge cocaine injection (10 mg/kg, i.p.). Locomotor activity was
measured for the 60 min (control period) immediately prior to injection and the 90 min
immediately following the 10 mg/kg challenge cocaine injection (i.p.). (A) Time courses of
distances traveled of WT (left panel), ASIC1a−/− (middle panel), and ASIC2−/− (right panel)
mice pretreated with saline (open circles) or cocaine (filled triangles) in the 150-min session.
The first 60 min denote pre-injection activity. n = 21 to 28 per group. Data shown are the
average total distances traveled given in 5-min intervals. (B) Total distances traveled in the
total 60-min (left panel), first 15 min (middle panel, from 60 to 75 min) and following 45
min (right panel, from 80 to 120 min) after challenge cocaine injection for WT, ASIC1a−/−,
and ASIC2−/− mice. n = 21 to 28 per group. Data shown are the average total distances
traveled in the 60-min session after challenge cocaine injection. * p < 0.05; ** p < 0.01; ***
p < 0.001; n.s. means not significant. (C) Relative amplitude of total distances traveled in the
total 60-min (left panel) and first 15 min (right panel, from 60 to 75 min) session after
challenge cocaine injection in WT, ASIC1a−/−, and ASIC2−/− mice. Mice pretreated with
saline were used as control subjects. The relative amplitude represents the ratio of the
average total distance traveled in 60 or 15 min by mice pretreated with cocaine divided by
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the average total distance traveled in 60 or 15 min by mice pretreated with saline. ** p <
0.01.; n.s. means not significant. n = 21 to 28 per group. Pre-Saline: mice pretreated with
saline; Pre-Cocaine: mice pretreated with cocaine; WT: wild-type mice; ASIC1a KO:
ASIC1a knockout mice; ASIC2 KO: ASIC2 knockout mice. Min: minutes.
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