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Abstract
The vanilloid receptor TRPV1 is activated by ethanol and this may be important for some of the
central and peripheral actions of ethanol. To determine if this receptor has a role in ethanol-mediated
behaviors, we studied null mutant mice in which the Trpv1 gene was deleted. Mice lacking this gene
showed significantly higher preference for ethanol and consumed more ethanol in a two-bottle choice
test as compared with wild type littermates. Null mutant mice showed shorter duration of loss of
righting reflex induced by low doses of ethanol (3.2 and 3.4 g/kg) and faster recovery from motor
incoordination induced by ethanol (2 g/kg). However, there were no differences between null mutant
and wild type mice in severity of ethanol-induced acute withdrawal (4 g/kg) or conditioned taste
aversion to ethanol (2.5 g/kg). Two behavioral phenotypes (decreased sensitivity to ethanol-induced
sedation and faster recovery from ethanol-induced motor incoordination) seen in null mutant mice
were reproduced in wild type mice by injection of a TRPV1 antagonist, capsazepine (10 mg/kg).
These two ethanol behaviors were changed in the opposite direction after injection of capsaicin, a
selective TRPV1 agonist, in wild type mice. The studies provide the first evidence that TRPV1 is
important for specific behavioral actions of ethanol.

Keywords
Knockout mice; Alcohol; Capsazepine; Capsaicin; Endocannabinoids; TRPV1

1. Introduction
Transient receptor potential (TRP) ion channels are receiving renewed attention in
neurophysiology, sensory neuropharmacology and pain research. This cation channel
superfamily represents an ancient sensory apparatus of the cell, responding to temperature,
touch, sound, osmolarity, pheromones, taste, pain and other stimuli (see Clapham, 2003 for
review). TRP channels are essential for humans to appreciate pungent, sweet, bitter, umami
and other tastes (Zhang et al., 2003; Bandell et al., 2004) and to discriminate between different
temperatures (Clapham, 2003; Patapoutian et al., 2003). The TRP channel of vanilloid type 1
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(TRPV1) has been previously recognized as the receptor for capsaicin, the pungent ingredient
in red pepper fruits of the genus Capsicum that include paprika, jalapeño and cayenne (Szallasi
and Blumberg, 1999). TRPV1 is involved in pain responses because it is sensitive to heat,
acidosis and noxious chemicals, and it becomes sensitized by inflammatory and proalgesic
mediators. Thus, TRPV1 behaves as a multimodal nocisensor of afferent neurons and is
hypothesized to be a key player in the hyperalgesia associated with inflammation (Caterina et
al., 2000; Davis et al., 2000). Furthermore, TRPV1 has also been found in various brain areas,
including dopaminergic neurons of the substantia nigra, hippocampal pyramidal neurons,
hypothalamic neurons, the locus coeruleus in the brainstem and in various layers of the cortex,
where it might be involved in modulation of synaptic plasticity (Mezey et al., 2000; Roberts
et al., 2004). Lastly, negative reinforcers, including pain, may have a role in opiate and alcohol
dependence (see Koob, 2009; Martin and Ewan, 2008 for rev.). Thus, nociceptors such as TRP
channels may be important for regulation of alcohol intake because of their known role in pain
and therefore potential role in negative reinforcement.

Directly the role of TRPV1 channels in mediating behavioral effects of ethanol has not been
studied although the deletion of another TRP channel, Trpm5, was shown to reduce ethanol
preference and intake (Blednov et al., 2008). However, for many years it has been known that
ethanol produces taste responses that include a burning sensation (Hellekant, 1965; Danilova
and Hellekant, 2002; Sako and Yamamoto, 1999). The presence of the TRPV1 channel in taste
receptor cells (Lyall et al., 2005a-c) provides a possible mechanism for the burning effect of
ethanol. Indeed, previous studies in nociceptive neurons that innervate the face and mouth, as
well as TRPV1-expressing HEK293 cells, showed that TRPV1 channels responded to ethanol
at concentrations of 0.3-3% (about 65-650 mM) (Trevisani et al., 2002). Specifically, ethanol
potentiated the response of TRPV1 to selective TRPV1 agonist - capsaicin and protons (acidic
solution of pH 6) and lowered the threshold for heat activation of TRPV1 from 42 °C to 34 °
C, which is near the temperature of the tongue. This provides a likely mechanistic explanation
for the ethanol-induced sensory responses of inflamed tissues (Hirota et al., 2003). Given the
widespread distribution of TRPV1 in both the peripheral and the central nervous system,
activation of this channel by ethanol may be important for some peripheral or central actions
of ethanol.

To determine if the vanilloid receptor may participate in regulation of ethanol consumption
and other ethanol-induced behaviors, we studied null mutant mice with deletion of the Trpv1
gene (Caterina et al., 2000).

2. Materials and methods
2.1. Animals

Null mutant Trpv1 (-/-) allele mice were created using homologous recombination as
previously described (Caterina et al., 2000). Commercially available breeding pairs of Trpv1
(-/-) mice on 129X1/SvJ × C57Bl/6J genetic background were purchased from Jackson
Laboratories, Bar Harbor, ME. In preliminary experiments wild type as well as knockout mice
from this colony showed very low level of ethanol intake. To increase ethanol consumption,
mice were backcrossed two times to C57Bl/6J, and heterozygous mice from the F2 generation
were used to establish the experimental colony. All behavioral analyses were performed on
homozygous knockout (-/-) and wild type (+/+) littermates generated from crosses between
heterozygous animals. Mice were group-housed three-five per cage based on sex. Food and
water were available ad libitum. The vivarium was maintained on a 12:12 h light:dark cycle
with lights on at 7:00 a.m. The temperature (22 °C) and humidity (40-60%) of the room were
controlled. All experiments were performed during the light phase of the light/dark cycle. Male
mice were used for all studies and were 10-16 wk old at the time of analysis; within each
experimental paradigm, mice of similar ages were used. All experiments were conducted in
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the isolated behavioral testing rooms in the animal facility to avoid external distractions. All
experiments were approved by the Institutional Animal Care and Use Committee.

2.2. Rationale for the used behavioral tests
Two-bottle choice allows measurement of ethanol preference and intake under conditions of
voluntary consumption. Because the ethanol produces taste responses (sweet and bitter) it is
critical to analyze the sensitivity of the genotypes to bitter (quinine solutions) and sweet
(saccharin solutions) tastes. Conditioned taste aversion is used as the index of aversive
properties to ethanol and the response in this test is negatively correlated with voluntary ethanol
intake. Loss of righting reflex shows the anesthetic or sedative activities of ethanol and may
negatively correlate with voluntary ethanol consumption. Acute ethanol withdrawal shows the
sensitivity to the development of ethanol physical dependence and also negatively correlates
with ethanol intake in two-bottle choice paradigm. The rotarod test shows the motor
incoordination as well as recovery from mild acute ethanol intoxication.

2.3. Ethanol preference
The two-bottle choice protocol was carried out as previously described (Blednov et al.,
2001). Briefly, mice were allowed to acclimate for 1 wk to individual housing. Two drinking
tubes were available continuously to each mouse, and tubes were weighed daily. One tube
always contained water. Food was available ad libitum, and mice were weighed every 4 d.
After 4 d of water consumption (both tubes), mice were offered 3% ethanol (v/v) vs. water for
4 d. Tube positions were changed every day to control for position preferences. Quantity of
ethanol consumed (g/kg body weight/24 h) was calculated for each mouse and these values
were averaged for every concentration of ethanol. Immediately following 3% ethanol, a choice
between 6% (v/v) ethanol and water was offered for 4 d, then 9% (v/v) ethanol vs. water for 4
d, then 12% (v/v) ethanol vs. water for 4 d and finally 15% (v/v) ethanol vs. water for 4 d.
Throughout the experiment, evaporation/spillage estimates were calculated every day from
two bottles placed in an empty cage, one containing water and the other containing the
appropriate ethanol solution.

2.4. Preference for non-ethanol tastants
Wild type or knockout mice were also tested for saccharin and quinine consumption. One tube
always contained water and the other contained the tastant solution. Mice were serially offered
saccharin (0.033% and 0.066%) and quinine hemisulfate (0.03 mM and 0.06 mM) and intakes
were calculated. Each concentration was offered for 4 d, with bottle position changed every
day. For each tastant, the low concentration was always presented first, followed by the higher
concentration. Between tastants, mice had two bottles both containing water for two weeks.

2.5. Ethanol-induced acute withdrawal
Mice were scored for handling-induced convulsions (HICs) severity 30 min before and
immediately before i.p. ethanol administration. The two pre-drug baseline scores (PRE) were
averaged. A dose of 4 g/kg of ethanol in saline was injected i.p., and the HIC score was tested
every hour until the HIC level reached baseline. Acute withdrawal was quantified as the area
under the curve but above PRE level and handling-induced convulsion scoring was performed
according to Crabbe et al. (1991). Briefly, each mouse was picked up gently by the tail and, if
necessary, gently rotated 180°, and HICs scored as follows: 5, tonic-clonic convulsion when
lifted; 4, tonic convulsion when lifted; 3, tonic-clonic convulsion after a gentle spin; 2, no
convulsion when lifted, but tonic convulsion elicited by a gentle spin; 1, facial grimace only
after a gentle spin; 0, no convulsion.
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2.6. Conditioned taste aversion
Subjects were adapted to a water-restriction schedule (2 h of water per day) over a 7-d period.
At 48-h intervals over the next 10 d (days 1, 3, 5, 7, 9 and 11), all mice received 1-h access to
a solution of saccharin (0.15% w/v sodium saccharin in tap water). Immediately after 1-h access
to saccharin, mice received injections of saline or ethanol (2.5 g/kg) (days 1, 3, 5, 7 and 9).
Mice also received 30-min access to tap water 5 h after each saccharin access period to prevent
possible dehydration followed by injection of ethanol (2.5 g/kg, i.p.) (days 1, 3, 5, 7 and 9).
On intervening days, mice had 2 h continuous access to water at standard times in the morning
(days 2, 4, 6, 8 and 10).

2.7. Loss of righting reflex (LORR)
Sensitivity to ethanol was determined using the standard duration of LORR assay. Ethanol was
diluted in 0.9% saline (20% v/v) and administered in doses (3.2 g/kg, 3.4 g/kg and 3.8 g/kg,
i.p.) adjusted by injection volumes. Mice were injected with ethanol and when they became
ataxic, they were placed in the supine position in V-shaped plastic troughs until they were able
to right themselves three times within 30 s. LORR was defined as the time from being placed
in the supine position until they regained their righting reflex. During all LORR assays, room
temperature was 22 °C. Mice that failed to lose the righting reflex (misplaced injections) or
had duration of LORR greater than two standard deviations from the group mean were excluded
from the analysis.

2.8. Rotarod
Mice were trained on a fixed speed rotarod (Economex; Columbus Instruments; speed of rod,
5.0 rpm), and training was complete when mice were able to remain on the rotarod for 60 s.
Every 10 min after injection of ethanol (2 g/kg i.p.), each mouse was placed back on the rotarod
and latency to fall was measured until the mouse was able to stay on the rotarod for 60 s.

2.9. Drug injection
All ethanol (Aaper Alcohol and Chemical, Shelbyville, KY) solutions were made in saline
(20%, v/v) and injected i.p. in a volume of 0.1 ml/10 g of body weight. Capsazepine (Tocris,
Ellisville, MO; 10 mg/kg i.p.), an antagonist of TRPV1, was prepared as a suspension of drug
in saline with 4-5 drops of Tween-80 and injected in wild type Trpv1 (+/+) mice in a volume
of 0.1 ml/10 g of body weight 15 min before administration of ethanol in LORR and rotarod
experiments. Capsaicin (Tocris, Ellisville, MO; 1 mg/kg i.p.), an agonist of TRPV1, was
prepared as a suspension of drug in saline with 4-5 drops of Tween-80.

2.10. Ethanol metabolism
Animals were given a single dose of ethanol (3.8 g/kg i.p.), and blood samples were taken from
the retro-orbital sinus 30, 60, 120, 180 and 240 min after injection. Blood ethanol concentration
(BEC) values, expressed as mg ethanol per ml blood were determined spectrophotometrically
using an enzyme assay (Lundquist, 1959).

2.11. Statistical analysis
Data are reported as the mean ± S.E.M. The statistics software program GraphPad Prizm
(Jandel Scientific, Costa Madre, CA) was used throughout. To evaluate differences between
groups, analysis of variance (two-way ANOVA with Bonferroni post hoc analysis) and
Student’s t-test were applied.

Blednov and Harris Page 4

Neuropharmacology. Author manuscript; available in PMC 2009 November 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



3. Results
3.1. Ethanol consumption

In a two-bottle test in which mice could drink either water or an ascending series of ethanol
concentrations (3, 6, 9, 12 and 15%), mice lacking Trpv1 displayed increased ethanol
consumption (F(1,95) = 5.0; p < 0.05, main effect of genotype; F(4,95) = 11.3; p < 0.001, main
effect of concentration; 2-way AVOVA with repeated measures, factors were - genotype and
ethanol concentration) (Fig. 1A) as well as increased preference for ethanol (F(1,95) = 5.7; p
< 0.05, main effect of genotype and F(4,95) = 7.0; p < 0.001, main effect of concentration)
(Fig. 1B). No genotype × concentration interaction was found. There were no differences in
total intake of fluid (water + ethanol solution) between wild type and null mutant mice (Fig.
1C).

3.2. Preference for non-ethanol tastants
Mice lacking Trpv1 did not differ from wild type mice in preference for saccharin (F(1,36) =
0.5, p > 0.05 and F(1,36)7.0,= p < 0.05, main effect of genotype and concentration, respectively;
2-way AVOVA with repeated measures, factors were - genotype and ethanol concentration)
or for quinine (F(1,38) = 0.3, p > 0.05 and F(1,38) = 8.8, p < 0.01, main effect of genotype
and concentration, respectively; 2-way AVOVA with repeated measures, factors were -
genotype and ethanol concentration) (Fig. 2A and C). There were no significant differences in
total fluid intake (g/kg/day) between wild type and null mutant mice for saccharin (F(1,38) =
0.1, p > 0.05 and F(1,38) = 33.5, p < 0.001, main effect of genotype and concentration,
respectively) or quinine (F(1,38) = 0.3, p > 0.05 and F(1,38) = 0.2, p > 0.05, main effect of
genotype and concentration, respectively)(Fig. 2B and D).

3.3. Depressant effect of ethanol
Because the experiments for each dose of ethanol in both wild type and knockout mice were
done on different days and with different mice they can be considered as independent
experiments and a Student t-test was used to analyze these data. The duration of loss of righting
reflex (LORR) produced by ethanol was decreased in null mutants compared with wild type
at 3.2 g/kg (p < 0.05) and 3.4 g/kg (p < 0.01) (Fig. 3A). No differences in duration of LORR
between wild type and knockout mice were found at dose of 3.8 g/kg.

3.4. Ethanol-induced motor incoordination
Acute administration of ethanol (2 g/kg) produced motor incoordination in both genotypes,
but null mutant mice recovered from this impairment faster than wild type mice (F(1,252) =
65; p < 0.0001, dependence on genotype; F(13,252) = 59; p < 0.0001, dependence on time; 2-
way AVOVA with repeated measures, factors were - genotype and time) (Fig. 3B). There was
a significant genotype × time interaction (F(13,252) = 4.5; p < 0.0001).

3.5. Acute ethanol withdrawal severity
Trpv1 null mutant and wild type mice did not differ in levels of basal handling-induced
convulsions (HICs). A single 4 g/kg ethanol dose suppressed basal HIC in both the knockout
and the wild type mice for about 5 h, followed by increased HIC (Fig. 4A). Consistent with
their genetic background animals of both genotypes demonstrated weak signs of withdrawal
(HIC scores higher than the basal level). However, there were no differences in area under the
curve for HIC or above the basal level during withdrawal (0.69 ± 0.23 and 1.06 ± 0.58 for wild
type and knockout, respectively; Student t-test) (Fig. 4B).
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3.6. Conditioned taste aversion
There was no difference in consumption of saccharin on trial 0 (before conditioning) between
wild type and Trpv1 null mutant mice (58.6 ± 3.9 g/kg body weight and 56.9 ± 2.9 g/kg body
weight, respectively). To correct for any initial fluctuations in intake of tastant, intake was
calculated as a percentage of the trial 0 consumption for each subject by dividing the amount
of saccharin solution consumed on subsequent conditioning trials by the amount of saccharin
solution consumed on trial 0 (before conditioning). Ethanol-saccharin pairings produced
reduction in saccharin intake across trials compared with saline-saccharin pairings, indicating
the development of conditioned taste aversion (CTA) in wild type mice (F(1,62) = 91; p <
0.001, effect of treatment; 2-way AVOVA with repeated measures, factors were - treatment
and trial) as well as for knockout mice (F(1,62) = 366; p < 0.001, effect of treatment; F(4,62)
= 6.3; p < 0.001 - dependence on trial; F(4,62) = 5.7; p < 0.001, genotype × trial interaction;
2-way AVOVA with repeated measures, factors were - treatment and trial) (Fig. 4C). However,
there were no differences between wild type and Trpv1 null mice for comparison of saline-
treated groups as well as for comparison of ethanol-treated groups (2-way AVOVA with
repeated measures, factors were - genotype and trial).

3.7. Ethanol metabolism
There were no differences in metabolism of ethanol between wild type and mutant mice.
Ethanol clearance expressed in mg of ethanol per dl of blood in 1 h was 59 ± 3 and 63 ± 4 for
wild type and knockout mice, respectively (n = 5 per genotype; Student t-test).

3.8. Capsazepine administration in vivo
To determine whether the differences in ethanol behavioral phenotypes of the null mutant mice
are the result of deletion of Trpv1 or compensatory changes resulting from loss of this channel,
we studied the effects of an antagonist of TRPV1, capsazepine, on several ethanol behaviors.

Capsazepine (10 mg/kg) significantly attenuated the sedative effect of ethanol only at 3.4 g/
kg (p < 0.001, Student t-test) but had no effect on ethanol-induced LORR at dose 3.8 g/kg (Fig.
5A). Wild type mice injected with capsazepine recovered from the motor impairing effect of
ethanol faster than the saline-treated group (F(1,126) = 65; p < 0.001, main effect of treatment;
F(13,126) = 75; p < 0.001, main effect of time; F(13,126) = 5.6; p < 0.001, treatment × time
interaction; 2-way AVOVA with repeated measures, factors were - treatment and time) (Fig.
5B).

3.9. Capsaicin administration in vivo
We next used the inverse of the null approach, asking whether the activation of TRPV1 could
produce changes opposite to deletion of Trpv1. We studied the effects of an agonist of TRPV1,
capsaicin, on ethanol-induced LORR and recovery from motor incoordination produced by
ethanol in wild type mice.

Capsaicin potentiated the sedative effect of ethanol at 3.4 g/kg (p < 0.001; Student t-test) and
had no effect on ethanol-induced LORR produced by 3.8 g/kg (Fig. 5C).

Wild type mice injected with capsaicin recovered from the motor impairing effect of ethanol
slower than the saline-treated group (F(1,256) = 41.5; p < 0.001, main effect of treatment; F
(15,256) = 49.3.2; p < 0.001, main effect of time; F(15,256) = 2.7; p < 0.01, treatment × time
interaction; 2-way AVOVA with repeated measures, factors were - treatment and time) (Fig.
5D). Capsaicin alone produced a very short loss of motor coordination (F(1,208) = 377; p <
0.001, main effect of treatment; F(15,208) = 10.2; p < 0.001, main effect of time; F(15,208) =
5.9;p < 0.001 treatment × time interaction); however, this cannot explain the long recovery in
mice treated with capsaicin and ethanol together (Fig. 5D).
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4. Discussion
Deletion of Trpv1 significantly increases ethanol preference and consumption, reduces the
sedative effect of ethanol and shortens the recovery from acute ethanol intoxication. One
potential problem in interpretation of results obtained with mutant mice is whether
compensatory changes in expression of other genes occur as a result of deletion of the target
gene (Ponomarev et al., 2006). In this context, it is important to note that two of three behavioral
differences (sedative effect of ethanol and recovery from acute ethanol intoxication) between
wild type and mutant mice were reproduced in wild type mice after administration of a TRPV1
antagonist, capsazepine. The effects of a selective TRPV1 agonist, capsaicin, were opposite to
those of capsazepine, and further support a direct role of TRPV1 in these ethanol behaviors.

Increased ethanol consumption in mice lacking Trpv1 could be due to reduced ethanol-induced
burning sensations since high concentrations of ethanol (3%, equivalent to 510 mM) activate
TRPV1 (Trevisani et al., 2002). Indeed, Trpv1 null mutant mice trained to drink a sweet solution
(saccharin), showed no aversive response after addition of capsaicin (100 μM), whereas wild
type mice trained to drink saccharin, vigorously avoided capsaicin solutions (Caterina et al.,
2000). However, one piece of data that is not entirely consistent with the idea that ethanol
consumption is promoted by removal of the burning sensation in the null mutants is that the
increase in alcohol consumption was greatest for 9% ethanol solutions. One might expect the
more concentrated solutions (e.g.,15%) to show the largest effect of the mutation, and this was
not the case.

An alternative explanation emerges from studies showing a negative correlation between
hypnotic (LORR) effects of ethanol and voluntary ethanol consumption (Thiele et al., 1998,
2000), and the reduced LORR and increased ethanol consumption resulting from deletion of
TRPV1. Therefore, reduction of ethanol-induced sedation together with increased recovery
from acute ethanol-induced intoxication could lead to increased ethanol consumption found in
Trpv1 knockout mice. In Trpv1 null mutants, we did not see changes in two other ethanol
behaviors that negatively correlate with ethanol consumption and potentially could change
ethanol consumption: ethanol-induced conditioned taste aversion (for review see Chester and
Cunningham, 2002) and acute ethanol withdrawal (Metten et al., 1998). One approach that
might distinguish between the two possibilities (peripheral burning or central actions) is
injection of capsazepine or capsaicin and asks if they change drinking (as was done for ataxia
and LORR). However, this is not feasible because drinking in wild type and knockout mice
was measured over a 24 h period and the duration of action of these drugs is too short to change
drinking over this time frame. We attempted to employ shorter drinking schedules (e.g.,
measurement of drinking during 2 h at the beginning of the dark phase for either continuous
access or limited access to alcohol), but drinking in these tests was not affected by deletion of
Trpv1, thus they could not be used to test the effects of TRPV1 agonists or antagonists (data
not shown).

There is interest in endogenous ligands that may use TRPV1 for inter- or intracellular signaling
(Di Marzo et al., 2001; van der Stelt and Di Marzo, 2004). Although somewhat controversial,
anandamide (AEA) was proposed as a candidate because of its structural similarity to capsaicin
(Suh and Oh, 2005). AEA activates TRPV1 in recombinant and endogenous systems, which
reinforces the possibility that it functions as an endovanilloid (Di Marzo et al., 2002). Lipids
are also thought to regulate TRP channel function (Hofmann et al., 1999). The extensive co-
localization of fatty acid amide hydrolase (FAAH) with TRPV1 in the mouse brain is consistent
with the hypothesis that AEA may act as a physiological ligand of brain TRPV1 (see Starowicz
et al., 2007 for review). The role of endocannabinoids in neural circuitry regulating motivation
for alcohol and other drugs of abuse is well established (see Colombo et al., 2005; Maldonado
et al., 2006; Gardner, 2005; Hungund and Basavarajappa, 2004). AEA is inactivated through
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cellular reuptake and enzymatic degradation by FAAH, which hydrolyzes AEA to arachidonic
acid (Cravatt et al., 1996), and it is notable that the changes in ethanol behaviors produced by
deletion of TRPV1 are identical to those produced by deletion of FAAH (Blednov et al.,
2007). These data raise the possibility that endocannabinoid signaling through TRPV1
receptors opposes the effects of endocannabinoids mediated by brain cannabinoid (CB1)
receptors. Consistent with this proposal, AEA is known to act simultaneously on CB1 and
TRPV1 receptors to induce opposite effects. Ahluwalia et al. (2003) found that AEA had dual
inhibitory and excitatory effects on calcitonin gene-related peptide release from cultured
primary sensory neurons. The inhibitory effect of AEA was completely blocked by the CB1
receptor antagonist, SR141716A, while the excitatory effect of AEA was abolished by
capsazepine, indicating that the inhibitory and excitatory effects of AEA were mediated
exclusively by CB1 and TRPV1, respectively. Dual AEA effects on neuropeptide release were
also mediated via TRPV1 and CB1 receptors as reported in a tracheal preparation in vitro
(Nemeth et al., 2003). Thus, exogenous AEA can affect TRPV1 function, but it is not clear
that the levels of endocannabinoids produced within neurons are sufficient to act as endogenous
ligands for TRPV1.

Ethanol changes the levels of brain endocannabinoids, decreasing AEA with acute or short
term treatments (Rubio et al., 2007; Caillé et al., 2007; Ferrer et al., 2007) and increasing the
level of endocannabinoids but reducing the number of CB1 receptors during chronic ethanol-
induced dependence and withdrawal (Basavarajappa et al., 1998; Basavarajappa and Hungund,
1999; Mitrirattanakul et al., 2007). It is possible that fluctuations in endocannabinoids can alter
the behavioral actions of ethanol through actions on both CB1 and TRPV1 receptors. Our
genetic and pharmacological dissections indicate that these two pathways will have opposite
consequences on ethanol sedation, tolerance and consumption, thus providing homeostatic
regulation. Chronic, excessive alcohol consumption, which has more pronounced effects on
endocannabinoids and cannabinoid receptors compared to short term, moderate consumption
(Mitrirattanakul et al., 2007), may disrupt this homeostatic balance (Koob and Le Moal,
2001).
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Fig. 1.
Increased ethanol (EtOH) consumption and preference in Trpv1 knockout (-/-) mice. A. Ethanol
consumption was significantly greater in mutant Trpv1 (-/-) compared to wild type (WT) mice.
B. Preference for ethanol was greater in null mutant compared to wild type mice. C. The total
amount of fluid (water + ethanol) intake was stable across ethanol concentrations for mutant
and wild type mice. Values are mean ± SEM, n = 10-11 for both genotypes.
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Fig. 2.
No difference in preference for sweet (saccharin) or bitter (quinine) solutions between wild
type (WT) and null mutant Trpv1 (-/-) mice. A. Preference for saccharin solutions was similar
in wild type and mutant mice. B. Total fluid (saccharin + water) intake was similar in wild type
and mutant mice. C. Preference for quinine was similar in wild type and mutant mice. D. Total
fluid (quinine + water) intake was similar in wild type and mutant mice. Values are mean ±
SEM, n = 10-11 for both genotypes.
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Fig. 3.
Reduced depressant effect and faster recovery from motor incoordinating effect of ethanol in
Trpv1 knockout (-/-) mice. A. Duration of LORR produced by 3.2 and 3.4 g/kg ethanol (EtOH)
was significantly reduced in mutant mice Trpv1 (-/-) compared to wild type (WT). Values are
mean ± SEM, n = 10-14 for each dose and genotype; *p < 0.05, **p < 0.01, significant
difference compared to wild type for same dose of ethanol (Student’s t-test). B. Mutant mice
showed faster recovery from the motor impairing effect of ethanol (2 g/kg) compared to wild
type mice. n = 10 per genotype.
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Fig. 4.
No differences in ethanol-induced conditioned taste aversion (CTA) and severity of acute
ethanol withdrawal between wild type (WT) and Trpv1 knockout (-/-) mice. A. Ethanol (4 g/
kg) affected HIC in a similar manner in wild type and mutant mice. B. There were no differences
between wild type and mutant mice in area under the HIC curve or above the basal level (n =
8 for both genotypes). C. Saccharin intake decreased in both wild type and mutant mice when
ethanol (EtOH) was paired with saccharin compared with saline/saccharin pairings (n = 6 for
saline injection in both genotypes; n = 8 for ethanol injection in both genotypes). Values are
mean ± SEM.
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Fig. 5.
Capsazepine (10 mg/kg) and capsaicin (1.0 mg/kg) have opposite effects on ethanol-induced
sedation and tolerance in wild type mice. A. Capsazepine significantly decreased the sedative
effects of 3.4 g/kg ethanol but had no effect on a higher dose of ethanol in wild type mice (n
= 7 for each group, ***p < 0.01 significant difference between saline and capsazepine for same
dose of ethanol, Student t-test). B. Capsazepine decreased the recovery time for the motor
impairing effect of ethanol (2 g/kg) in wild type mice (n = 6 for each group). C. Capsaicin
significantly increased the sedative effects of the lower dose of ethanol (n = 6 for each group).
D. Capsaicin increased the recovery time of the motor impairing effect of (EtOH) ethanol (2
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g/kg) (n = 6-9 for each group, ***p < 0.001 significant difference between saline and capsaicin
for same dose of ethanol, Student t-test). Values are mean ± SEM.
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