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a b s t r a c t
CVT-10216 is a highly selective, reversible inhibitor of ALDH-2 that reduces excessive alcohol drinking.
Anxiety plays a role in alcoholism. The present study asks whether CVT-10216 has anxiolytic properties, as
reﬂected in social interaction behavior in four unrelated rodent models: endogenous anxiety-like behavior in
naïve Fawn-Hooded rats, repeated alcohol-withdrawal-induced anxiety, restraint stress-induced anxiety and
drug-induced anxiety. CVT-10216 counteracted anxiety in all models except that produced by the 5-HT2C
agonist, mCPP. CVT-10216 exhibited both acute and prophylactic inhibitions of repeated alcoholwithdrawal-induced anxiety. Importantly, anxiogenic behavior induced by the benzodiazepine receptor
inverse agonist, DMCM, was counteracted dose-dependently by CVT-10216. Thus, a non-addictive selective
inhibitor of ALDH-2 has both anxiolytic and antidipsotropic properties, which may be dependent, in part on
the involvement of the GABA–benzodiazepine system.
© 2009 Elsevier Inc. All rights reserved.

1. Introduction
There has been renewed interest in aldehyde dehydrogenase-2
(ALDH-2) as a target for therapeutic agents in alcoholism. Daidzin, an
isoﬂavone isolated from kudzu, inhibits alcohol intake (Keung and
Vallee, 1993a) and selectively inhibits ALDH-2 (Keung, 2001; Keung
and Vallee, 1993b). CVT-10216 (see Fig. 1) was developed as a highly
selective, reversible inhibitor of ALDH-2, guided by the interaction of
daidzin with human ALDH-2. The IC50 is about 29 nM for ALDH-2 but
1300 nM for ALDH-1; further details are given in Arolfo et al. (2009).
CVT-10216 reduces excessive alcohol drinking of alcohol-preferring
rats and prevents self-administration in Long–Evans rats (Arolfo et al.,
2009; Overstreet et al., 2007).
Despite the availability of several medications approved for
treating alcoholism, the majority of patients continue to relapse at
high rates. It is believed that stress can be a factor in these relapses
and that anxiety states are the intermediate states that lead
eventually to the increased drinking (Sinha 2001, Sinha et al., 2009).
Yet, there is no evidence that the three main drugs used in the
treatment of alcoholism, acamprosate, naltrexone, and disulﬁram,
have anxiolytic properties (e.g. Anton and Swift, 2003; Bayard et al.,
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2004; anonymous, 2007). In addition, drugs that are used to
counteract alcohol-withdrawal symptoms such as the benzodiazepines (BZDs), are not considered long-term treatments against
alcohol drinking, in part because of their addictive potential (Anton
and Swift, 2003; Bayard et al., 2004).
Given the excellent proﬁle of CVT-10216 for preventing or
reducing self-administration or relapse to alcohol (Arolfo et al.,
2009), it was decided to explore whether CVT-10216, a selective
inhibitor of ALDH-2 (see Fig. 1), might also have anxiolytic effects.
There is no known literature on the potential anxiolytic effects of
ALDH-2 inhibitors (Snyder and Keeler, 1981) nor has a link been
established between ALDH-2 inhibitors and benzodiazepines. Thus,
this study is breaking new ground. Here we describe the anxiolytic
properties of CVT-10216 in four rodent model systems exhibiting
anxiety-like behavior.
2. Methods
2.1. Animals
FH and iP rats (selected from breeding colonies at the University of
North Carolina) were about 70 days of age (300 g) and Sprague–
Dawley (SD) rats (Charles-River, Raleigh, NC) were about 50 days of
age (210 g) at the beginning of the study and 70 days of age (300 g) at
the end. Rats were housed in a standard animal environment with
temperatures about 22 °C and humidity about 50%. The light:dark
cycle was 0700–1900, with lights on at 0700. All procedures were
approved by the UNC Institutional Animal Care and Use Committee.
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or 15 mg/kg CVT-10216 and the rats were placed in the open ﬁeld
apparatus 30 min after the injections for a 5-min session. Once again,
only the single high dose was used because of other data with
multiple doses suggested that this dose would be adequate to detect
differences, if they were any.
2.7. Chemically-induced anxiogenic effects

Fig. 1. Structure of CVT-10216.

2.2. FH rats
After selection from the breeding colony, FH rats were randomly
assigned to one of four treatment groups, each containing 9 rats. One
group received 1 ml/kg of 0.5% carboxymethylcellulose (CMC), the
vehicle for CVT-10216 (CV Therapeutics, Palo Alto, CA). The other
three groups received an ip injection of 3.75, 7.5, or 15 mg/kg CVT10216 in CMC vehicle. Thirty min after the injection, the rats were
placed in the open ﬁeld arena for the recording of social interaction
and line crosses in a 5-min session (see details later).

Experimental Sprague–Dawley rats received one of four treatments (N = 8 per group): CMC vehicle or 3.75, 7.5 or 15 mg/kg CVT10216 in CMC vehicle. Fifteen min later all of these rats received a
second injection of 0.5 mg/kg DMCM (methyl 6,7-demethoxy-4ethyl-β-carboline-3-carboxylate). A ﬁfth, control group received two
injections of vehicle (CMC, acidiﬁed saline) 15 min apart. The rats
were placed in the open ﬁeld arena 15 min after the second injection
for the recording of social interaction and locomotor activity for 5 min.
Approximately one week later the rats were treated with CVT-10216
(3.75, 7.5, 15 mg/kg) or CMC vehicle. The 5-HT2C receptor agonist
mCPP (m-chlorophenylpiperazine; 0.5 mg/kg) or vehicle (saline) was
given 15 min later and the social interaction test was carried out
15 min after this injection.
2.8. Social interaction

2.3. iP rats
The alcohol-preferring iP rats were selected from the breeding
colonies maintained at UNC — Chapel Hill at 70 days of age and used in
a study of CVT-10216 on locomotor activity (see below).
2.4. Ethanol exposure studies
Individually housed SD rats (N = 8 per group) were given a
complete nutritious liquid diet (Knapp et al., 2004; Overstreet et al.,
2002) after 5 days to adapt to the local conditions. Three days later,
most of the rats received a 4.5% ethanol diet and the others remained
on the control liquid diet without ethanol. Rats consumed ethanol for
15 days, in three cycles of 5 days each separated by 2-day withdrawal
periods between the cycles. This design enabled us to test two
treatment regimens with CVT-10216. Acute effects of CVT-10216
(3.75 and 15 mg/kg, ip) were determined 5 h into the third
withdrawal, 30 min after dosing. Prophylactic effects were determined 5 h into the 3rd withdrawal in rats that had received CVT10216 (1.875–15 mg/kg) ip into each of the 1st and 2nd withdrawals
but not the third. Thus, prophylactically treated rats had not received
CVT-10216 for 5 days before social interaction testing.
2.5. Stress study
Sprague–Dawley rats (N = 8 in each group) were injected ip with
either CMC vehicle or 15 mg/kg CVT-10216 and 30 min later
subjected to restraint stress in decapicones for 1 h. Only the single
high dose of CVT-10216 was used in this study because other works
found this dose to be the highest dose with selective effects on alcohol
intake (Arolfo et al., 2009) or anxiety-like behavior(other experiments in this study). After a 30-min recovery period, the rats were
exposed to the open ﬁeld arena for 5 min and social interaction and
line crosses were recorded.
2.6. Locomotor activity
Although many previous studies have concluded that social
interaction and line crosses recorded in the social interaction test
are independently regulated (File and Seth, 2003; Overstreet et al.,
2002, 2003a,b), a test of CVT-10216 on locomotor activity in
individual animals was obtained to get rid of any doubt. Both the FH
and alcohol-preferring iP rats were used. Rats received either vehicle

Social interaction has been validated repeatedly as an index of
anxiety-related behavior (See File and Seth, 2003) because it is
decreased following anxiety-provoking stimuli such as bright lights or
exposure to cat odor (File, 1980; File and Hyde, 1978), after
administration of anxiogenic drugs (e.g., Bhattacharya et al., 1997; File
and Lister, 1984; Guy and Gardner, 1985), or following withdrawal from
drugs of abuse, including alcohol (Andrews et al., 1997; Costall et al.,
1990, File et al., 1989; Irvine et al., 2001; Kampov-Polevoy et al., 2000;
Overstreet et al., 2002). Conversely, social interaction can be increased
by prior exposure to the test arena (File 1980; File and Hyde, 1978) or
the administration of anxiolytic drugs at doses that have little effect on
locomotor activity (File, 1980; Lightowler et al., 1994).
Experienced observers blinded to the experimental conditions
carried out the social interaction test in a square open ﬁeld (60 cm by
60 cm, with 16 15× 15 cm squares marked out on the ﬂoor). Pairs of rats
receiving the same treatment were placed in the arena and social
interactions recorded. Rats were unfamiliar with the open ﬁeld and the
lighting conditions were low in order to generate an intermediate level
of anxiety-related behavior. Rat pairs were matched on the basis of body
weights and treatment conditions and placed simultaneously in the
open ﬁeld. During the 5-min session, line crosses (by two forepaws) and
time spent in social interaction (grooming, snifﬁng, following) were
scored individually for each rat (Kampov-Polevoy et al., 2000; Overstreet et al., 2002, 2003a). This procedure has been validated by previous
studies in our laboratory (Overstreet et al., 2002, 2003a).
2.9. Statistical analyses
The data were analyzed by statistical analyses that were
appropriate for the research designs. The FH studies and the
alcohol-withdrawal-, the restraint- and the chemically-induced
anxiogenic effects were analyzed by one-way ANOVAs, with Tukey–
Kramer tests being used to identify the signiﬁcant group differences.
The locomotor activity studies were analyzed by a 2-way ANOVA,
with strain and treatment as the two main effects.
3. Results
3.1. Counteraction of FH innate anxiety
Fawn-Hooded rats are characterized by innate increased anxiety in
the social interaction test compared to other rat strains (Kantor et al.,
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2000). The FH rats treated with vehicle exhibited very low social
interaction behavior (Fig. 2), as expected (Kantor et al., 2000).
However, the FH rats treated with CVT-10216 exhibited a dosedependent increase in social interaction (less anxiety), punctuated by
a 2-fold increase in social interaction after 15 mg/kg (Fig. 2; F[3,32] =
22.18, p < 0.0001). In contrast, CVT-10216 did not signiﬁcantly affect
line crosses (Fig. 3; F[3,32] = 3.09, p < 0.05). Although the ANOVA
was signiﬁcant, none of the CVT-10216-treated groups was different
from the vehicle-treated group, according to Tukey's tests.
3.2. Reduction in anxiety induced by alcohol withdrawal
Repeated exposure to ethanol induced an anxiety response as
reﬂected by a reduction in social interaction (Fig. 4), supporting
previous ﬁndings (Overstreet et al., 2002, 2003a). CVT-10216 injected
30 min before testing increased the time of social interaction in the
ethanol-withdrawn rats (Fig. 4), with the higher doses completely
normalizing the behavior. The one-way ANOVA was statistically
signiﬁcant (F[3,43] = 11.63, p < 0.001) and conﬁrmed the anxiolytic
effect of 15 mg/kg CVT-10216 in this model. No signiﬁcant effects on
locomotor activity were detected (F[3,43] = 2.16, NS; data not
shown).

Fig. 4. Effects of acute CVT-10216 treatment on social interaction behavior of alcoholwithdrawn Sprague–Dawley rats. After being exposed to 15 days of 4.5% ethanol diet in
three cycles of 5 days, rats were withdrawn from alcohol on a third occasion. Vehicle or
CVT-10216 (3.75, 15 mg/kg) was injected ip 4.5 h after the alcohol was removed
and 0.5 h before the social interaction test was carried out. The data represent the
mean ± s.e.m. (s) for 8 rats.

Importantly, CVT-10216 (3.75–15 mg/kg) increased social interaction behavior prophylactically during the third withdrawal even
though the drug has been given only during the 1st and 2nd
withdrawals (Fig. 5). Thus, even though testing was carried out
5 days after the last dose of CVT-10216, the signiﬁcant 1-way ANOVA
conﬁrmed group differences (F[5,57] = 11.02, p < 0.001). This ﬁnding
suggests that CVT-10216 was interfering with the adaptive changes in
the brain that occur during ethanol withdrawals. There were
signiﬁcant differences among the groups for locomotor activity

Fig. 2. Effects of CVT-10216 or vehicle on social interaction behavior in FH rats. Rats
were injected ip with vehicle (2 ml/kg) or CVT-10216 (3.75, 7.5 or 15 mg/kg) 30 min
prior to being placed in the open ﬁeld for a 5-min session. Data represent the mean ±
s.e.m. (s) for 9 rats in each group. *Signiﬁcantly different from vehicle, p < 0.001.

Fig. 3. Effects of CVT-10216 or vehicle on line crosses in the social interaction test in FH
Rats. See legend to Fig. 2 for details.

Fig. 5. Effects of pretreatment with CVT-10216 on social interaction behavior of alcoholwithdrawn Sprague–Dawley rats. Rats were exposed to an ethanol-containing diet for
15 days in three cycles of 5 days. Vehicle or CVT-10216 was injected 4 h after the
ethanol was withdrawn after the 1st and 2nd cycles only. The social interaction test was
carried out 5 h after the ethanol was removed on the last cycle. The data represent the
mean ± s.e.m. (s) for 8 rats.
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(F[5,57] = 4.66, p < 0.01), but the pattern of differences was different
from those for social interaction (Fig. 6).
3.3. Counteraction of stress-induced anxiety
Restraint stress for 60 min reduced social interaction behavior, as
expected (Breese et al., 2004), and this anxiogenic effect was
prevented by pretreatment with CVT-10216 (Fig. 7). The one-way
ANOVA was statistically signiﬁcant (F[2,19] = 6.82, p < 0.01) and
Tukey–Kramer tests conﬁrmed signiﬁcant differences between the
controls and stressed rats as well as the vehicle- and CVT-10216treated rats. There were no signiﬁcant (F[2,19] = 2.12, NS) differences
in locomotor activity (data not shown).
3.4. Reduction in DMCM-induced anxiogenic effects
As expected, DMCM, a BZD receptor inverse agonist, substantially
reduced social interaction behavior (Fig. 8). This anxiogenic effect was
prevented by CVT-10216 in a dose-dependent manner, as revealed by
Fig. 8. Effects of CVT-10216 on social interaction behavior in rats treated with BZD
inverse agonist, DMCM. Injection of CVT-10216 was given 15 min prior to the injection
of DMCM, which occurred 15 min prior to the social interaction test. The data represent
the mean ± s.e.m. (s) for 8 rats. *Signiﬁcantly different from VEH–VEH, p < 0.01;
+
signiﬁcantly different from VEH–DMCM, p < 0.01.

the signiﬁcant one-way ANOVA (F[4,35] = 9.57, p < 0.0001) and
subsequent Tukey's tests. On the other hand, the reduced locomotor
activity induced by DMCM was not counteracted by CVT-10216
except for the dose of 7.5 mg/kg (Fig. 9). There were signiﬁcant group
effects (F[4,35] = 7.74, p < 0.0001) and Tukey's tests conﬁrmed that
DMCM reduced locomotor activity when compared to controls; only
the group receiving 7.5 mg/kg CVT-10216 was not different from
control.
3.5. Lack of effect of CVT-10216 on mCPP-induced anxiogenic effects

Fig. 6. Effects of pretreatment with CVT-10216 on line crosses in the social interaction
test in alcohol-withdrawn Sprague–Dawley rats. See legend for Fig. 5 for details.

Fig. 7. Effects of CVT-10216 on social interaction behavior in rats subjected to restraint
stress. Injection of CVT-10216 or vehicle was given 30 min prior to the 1-h session of
restraint stress. The social interaction test was carried out 30 min after the end of the
session on restraint stress. The data represent the mean ± s.e.m. (s) for 8 rats.
*Signiﬁcantly different from control/vehicle, p < 0.01.

There was also a substantial anxiogenic effect of mCPP, a 5-HT2C
agonist, as indicated by a low social interaction score (Fig. 10). CVT10216 did not prevent this mCPP-induced anxiogenesis. There were
signiﬁcant group differences (F[4.35] = 21.71, p < 0.0001) and all
groups receiving mCPP were similar to each other and different from
the controls (Fig. 6). There was also a substantial effect of mCPP on
locomotor activity (Fig. 11) and none of the CVT-10216 treatments had
any effect. There were signiﬁcant group differences (F[4,35] = 8.92,

Fig. 9. Effects of CVT-10216 on line crosses in rats treated with BZD inverse agonist,
DMCM. See legend for Fig. 8 for details.
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Fig. 10. Effects of CVT-10216 on social interaction behavior in rats treated with 5-HT2C
agonist, mCPP. Injection of CVT-10216 was given 15 min prior to the injection of mCPP,
which occurred 15 min prior to the social interaction test. The data represent the
mean ± s.e.m. for 8 rats. *Signiﬁcantly different from VEH–VEH, p < 0.01.

p < 0.0001) and Tukey's tests conﬁrmed that each group treated with
mCPP had signiﬁcantly lower activity than controls.
3.6. Effect of CVT-10216 on locomotor activity
The 15 mg/kg dose of CVT-10216 was given to two alcoholpreferring rat strains because both the iP and FH rats showed a
substantial reduction in alcohol intake at this dose (Arolfo et al.,
2009). As illustrated in Table 1, although the iP rat was more active
than the FH rat, CVT-10216 did not affect activity in either strain. The
results of a 2-way ANOVA conﬁrmed these impressions; the strain
effect was signiﬁcant (F[1,20] = 34.58, p < 0.0001) but the treatment
effect was not (F[1,20] = 2.53, NS).
4. Discussion
The major ﬁnding in this report is that the highly selective and
reversible ALDH-2 inhibitor CVT-10216 exhibits unequivocal anxiolytic properties in four different rat models of anxiety-like behavior.
The social interaction test was used in this study to measure the
anxiolytic properties of CVT-10216 against endogenous anxiety-like
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behavior in the naïve FH rats, alcohol-withdrawal-induced anxiety,
stress-induced anxiety and drug-induced anxiety. Locomotor activity
was also assayed as a control for nonspeciﬁc effects of the treatments
on neural function. The usefulness of the social interaction test as an
index of anxiety-like behavior is well established (File and Seth, 2003)
and locomotor activity is mostly independent from social interaction
behavior (File and Seth, 2003; Overstreet et al., 2002, 2003a, 2004).
Here we ﬁnd that CVT-10216 has virtually no effect on locomotor
activity when assayed in all of the models tested and in independent
tests of locomotor activity. Indeed, changes in locomotor activity were
rarely observed when CVT-10216 exhibited clear dose-dependent
anxiolytic effects.
Naïve FH rats exhibit endogenous anxiety-like behavior characterized by a reduced amount of social interaction behavior (Kantor
et al., 2000). CVT-10216 signiﬁcantly and dose-dependently increases
the social interaction behavior of the FH rats, without affecting
locomotor activity. These ﬁndings suggest that the anxiolytic
properties of CVT-10216 appear to selectively suppress inherited
CNS mechanisms required for anxiety without producing sedation or
affecting the control of locomotor activity. Because the development
of anxiety is modulated by drugs that inﬂuence multiple systems, such
as ﬂumazenil, a BZD receptor antagonist, buspirone an 5-HT1A
receptor agonist, CRF1 receptor antagonists and baclofen, a GABA-B
receptor agonist (Knapp et al., 2004, 2005, 2007; Overstreet et al.,
2003a, 2004), it is not possible to suggest which mechanisms underlie
the effects of CVT-10216. Kantor et al. (2000) reported that the FH rat
was more sensitive to the anxiogenic effects of the 5-HT2C agonist
mCPP. However, the failure of CVT-10216 to counteract the
anxiogenic effects of mCPP in SD rats argues against this mechanism
underlying its anxiolytic effects.
In order to identify potential receptor mechanisms underlying the
anti-anxiety properties of CVT-10216, we next used an alcoholwithdrawal model of anxiety in SD rats because of the identiﬁed role
of speciﬁc neurotransmitter receptors in response to alcohol withdrawal. We asked whether CVT-10216 would also prevent the
development of alcohol-withdrawal-induced anxiety, a well-recognized event that often precipitates relapse drinking (Breese et al.,
2005b). Here we show that CVT-10216 suppresses anxiety-like
behavior in rats withdrawn from ethanol. In general, our results
suggest that anxiolytic properties of CVT-10216 were greatest after
acute treatment, with the 15 mg/kg dose completely normalizing the
abnormal behavior produced by repeated withdrawal during 3 cycles
of forced alcohol consumption. Moreover, there was also an additional
prophylactic effect of CVT-10216 which appeared to prevent the
development of anxiogenic behavior during the course of the
repeated withdrawals. Thus, CVT-10216 administered during the
ﬁrst two cycles of alcohol withdrawal reduced the degree of anxiety
when social interaction was measured after the 3rd cycle of
withdrawal 5 days after the last dose of CVT-10216. This ﬁnding
suggests that the anxiolytic properties of CVT-10216 not only appear
to immediately suppress manifestations of anxiety, but also prophylactically prevent the development of neurochemical changes required for the expression of anxiety in the future. Importantly there
was no effect of CVT-10216 on locomotor activity in these experiments, an observation that suggests that CVT-10216 targets anxiogenic behavior selectively.

Table 1
Effects of CVT-10216 on locomotor activity in FH and iP rats.

Fig. 11. Effects of CVT-10216 on line crosses in rats treated with 5-HT2C agonist, mCPP.
See legend to Fig. 10 for details.

Treatment group

Line crosses

FH-Veh
FH-CVT
iP-Veh
iP-CVT

97.0 ± 2.0
89.0 ± 8.0
139.0 ± 8.0
127.0 ± 8.0
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Restraint-induced stress is another model system for producing
anxiety-like behavior and searching for anxiolytic agents. CVT-10216
prevented the development of stress-induced anxiety-like behavior in
restrained SD rats. A variety of other compounds counteract stressinduced anxiety-like behavior in this model. These compounds
include CRF1 receptor antagonists, BZD receptor antagonists, and 5HT1A receptor agonists (Breese et al., 2004, 2005a). One notable
exception to this list is the 5-HT2C receptor antagonist that does not
counteract stress-induced anxiety-like behavior (Breese et al., 2004)
but is effective as an anxiolytic agent in FH rats (Bagdy et al., 2001;
Kantor et al., 2000) and in alcohol-withdrawal-induced anxiety
(Overstreet et al., 2003a). These observations raised the possibility
that CVT-10216 may not target 5-HT2C mechanisms. Indeed, we ﬁnd
that CVT-10216 is not effective against anxiety produced by mCPP, a
5-HT2C agonist. Moreover, CVT-10216 also does not affect the
suppression of locomotor activity produced by mCPP.
The GABA–BZD receptor system is a well-recognized mechanism
that appears to be involved in human anxiety and in rat models of
anxiety-like behavior, including those used in this study. Therefore we
asked whether CVT-10216 would be therapeutically effective against
anxiety-like behavior produced by DMCM, a BZD receptor inverse
agonist (Stephens et al., 1984). These results suggest that the GABA–
BZD receptor system is implicated in the anti-anxiety properties of
CVT-10216. Consistent with this possibility, ﬂumazenil, a BZD
receptor antagonist, is effective in both stress and multiple alcoholwithdrawal protocols (Breese et al., 2004; Knapp et al., 2007). Thus,
our ﬁndings suggest that CVT-10216 has anxiolytic properties that
may involve GABA/BZD pathways, even though we have not observed
any direct interactions between CVT-10216 and GABA or BZD
receptors (unpublished observations, 2007).
Disulﬁram, an irreversible ALDH-1 and ALDH-2 inhibitor, does not
appear to have anxiolytic properties in humans (Goyer et al., 1984;
Snyder and Keeler, 1981). This difference may be related, in part, to
the fact that disulﬁram and its metabolites inhibit many sulfhydryl
and metal-containing enzymes while CVT-10216 is a highly selective,
reversible inhibitor of ALDH-2 only. Fortunately, unlike the BZD
receptor agonists, CVT-10216 does not appear to be an addictive
substance (Arolfo et al., 2009). Studies are underway to determine
whether some of the metabolic substrates of ALDH-2 in the brain
might play a role in mediating the anxiolytic properties of CVT-10216.
Because the social interaction test was the exclusive test used in
these studies, we do not know how general the anxiolytic properties
of CVT-10216 are. In particular, anxiety is inferred in the social
interaction test from an inhibition of behavior. Whether CVT-10216
will be effective in a model where anxiety is inferred from an increase
in behavior, such as the defensive burying test, cannot be answered at
this point. It should be emphasized, however, that anxiety tests do not
necessarily provide identical information. The FH rats and several
other strains with innate low social interaction do not exhibit any
differences in the elevated plus maze (Overstreet et al., 1998; Rezvani
et al., 2007).
The pattern of effects on anxiety-related behavior resembles those
seen for CRF1 receptor antagonists (Breese et al., 2004; Overstreet
et al., 2004). However, little is known about the effects of CVT-10216
on the HPA axis. It is unlikely that a modulation of this system plays a
role in the effects of CVT-10216 because we have previously shown
that corticosterone does not modify alcohol-withdrawal-induced
anxiety-like behavior (Breese et al., 2004).
In summary, CVT-10216 exhibits anxiolytic effects in several wellestablished rodent model systems. These ﬁndings provide a nice
complement to the recently established anti-drinking effects of CVT10216 (Arolfo et al., 2009). The GABA–BZD system mediates the
anxiety-like behavior seen in these models and it is possible that CVT10216 may be interacting with this system to produce its anxiolytic
effects. However, these ﬁndings are also consistent with recent reports
that a GABA-B receptor agonist appears to have anxiolytic effects in

animals (Knapp et al., 2007), to counteract alcohol-withdrawal signs in
humans (Addolorato et al., 2006), to reduce alcohol drinking in
animals and humans (Addolorato et al., 2000, 2002; Flannery et al.,
2004; Colombo et al., 2000) and to reduce alcohol operant selfadministration in alcohol-dependent rats (Walker and Koob, 2007).
Studies are underway to investigate the role of GABA-B receptors in
the mechanism of action of CVT-10216.
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