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Abstract
Alcohol activates orosensory circuits that project to motivationally relevant limbic forebrain areas
that control appetite, feeding and drinking. To date, limited data exists regarding the contribution
of chemosensory-derived ethanol reinforcement to ethanol preference and consumption. Measures
of taste reactivity to intra-orally infused ethanol have not found differences in initial orofacial
responses to alcohol between alcohol-preferring (P) and – nonpreferring (NP) genetically selected
rat lines. Yet, in voluntary intake tests P rats prefer highly-concentrated ethanol upon initial
exposure, suggesting an early sensory-mediated attraction. Here, we directly compared self-
initiated chemosensory responding for alcohol and prototypic sweet, bitter, and oral trigeminal
stimuli among selectively bred P, NP, and non-selected Wistar (WI) outbred lines to determine
whether differential sensory responsiveness to ethanol and its putative sensory components are
phenotypically associated with genetically-influenced alcohol preference. Rats were tested for
immediate short-term lick responses to alcohol (3–40%), sucrose (0.01–1 M), quinine (0.01–3
mM) and capsaicin (0.003–1 mM) in a brief-access assay designed to index orosensory-guided
behavior. P rats exhibited elevated short-term lick responses to both alcohol and sucrose relative to
NP and WI lines across a broad range of concentrations of each stimulus and in the absence of
blood alcohol levels that would produce significant postabsorptive effects. There was no
consistent relationship between genetically-mediated alcohol preference and orosensory avoidance
of quinine or capsaicin. These data indicate that enhanced initial chemosensory attraction to
ethanol and sweet stimuli are phenotypes associated with genetic alcohol preference and are
considered within the framework of downstream activation of oral appetitive reward circuits.

Keywords
Chemosensory; ethanol; genetics; reinforcement; taste; trigeminal

Correspondence to be sent to: Dr. Susan M. Brasser, Department of Psychology, San Diego State University, 6330 Alvarado Ct., Ste.
231, San Diego, CA 92120, USA, Phone: (619) 594-8652, Fax: (619) 594-1895, sbrasser@sciences.sdsu.edu.
The authors declare no conflict of interest.
Authors Contribution
SMB and CHL were responsible for the study concept and design. BCS, MJK and JJO contributed to the acquisition of animal data.
MJK performed the blood ethanol analysis. SMB and BCS were responsible for data analysis and interpretation of findings and
drafted the manuscript. CHL provided critical revision of the manuscript for important intellectual content. All authors critically
reviewed content and approved final version for publication.

NIH Public Access
Author Manuscript
Addict Biol. Author manuscript; available in PMC 2013 March 1.

Published in final edited form as:
Addict Biol. 2012 March ; 17(2): 423–436. doi:10.1111/j.1369-1600.2011.00415.x.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Introduction
Investigation of genetically-mediated differences in responsiveness to ethanol that may
contribute to vulnerability or resistance to high levels of ethanol ingestion has focused
largely on the postabsorptive effects of the drug following entry of pharmacologically
relevant levels of ethanol into brain (Bell et al. 2006, for review). Acting alongside its
distinctive postabsorptive effects, ethanol also possesses highly salient sensory stimulus
properties, including activation of sensory receptor and brain pathways that process
appetitive sweet taste information (Blednov et al. 2008; Brasser, Norman & Lemon 2010;
Hellekant et al. 1997; Kiefer & Mahadevan 1993; Kiefer et al. 1990; Lemon, Brasser &
Smith 2004; Scinska et al. 2000) as well as oral trigeminal circuits sensitive to noxious or
irritant stimulus input (Carstens, Kuenzler & Handwerker 1998; Danilova & Hellekant
2002). These sensory pathways are linked to limbic forebrain and cortical areas involved in
controlling ingestive motivation and feeding (Hajnal, Smith & Norgren 2004; Norgren,
Hajnal & Mungarndee 2006; Yamamoto 2006). A limited number of studies have addressed
the contribution of orosensory-derived ethanol reinforcement to alcohol intake, despite the
fact that ethanol sensory signals gain immediate access to the brain (within ms) temporally
prior to the drug’s delayed postabsorptive effects under natural conditions of oral self-
administration.

Although sensory-derived reinforcement from ethanol has often been assumed to play a
minor role in ethanol intake relative to more well-characterized postingestive effects of the
drug, recent data demonstrate that direct manipulation of taste substrates substantially alters
oral alcohol preference and intake in alcohol-preferring rodents. Independent genetic
deletion of several proteins critical for sweet taste reception and transduction in mammals
[taste receptor type 1 member 3 (T1r3), alpha-gustducin, and transient receptor potential
channel melastatin-5 (TRPM5)] eliminates alcohol preference in C57BL/6J mice (Blednov
et al. 2008; Brasser et al. 2010). The reduction in oral ethanol preference in T1r3 receptor-
deficient mice is accompanied by a suppression of central neural gustatory responses to
ethanol in the nucleus of the solitary tract (NTS; Brasser et al. 2010), the first brain area to
receive and process taste information. In humans, genetic risk for alcoholism as indexed by
a positive family history of the disorder has repeatedly been associated with heightened
preference for concentrated sweet solutions (Kampov-Polevoy, Garbutt & Khalitov 2003;
Pepino & Mennella 2007; Wronski et al. 2007). This relationship has recently been
identified in children with a positive family history of alcoholism but no prior experience
with alcohol (Mennella et al. 2010). These findings indicate that genetic variation in sensory
receptor or neural substrates involved in peripheral detection or central hedonic processing
in the taste system may importantly regulate avidity for ethanol, consistent with a functional
evolution of this sensory system to mediate ingestion.

To date, examination of variation in chemosensory responses to alcohol as a potential
contributing factor to differential alcohol preference in alcohol-preferring and -avoiding
rodents has involved measures of taste reactivity to intra-orally infused ethanol. In this
paradigm, no inherent differences in initial ingestive or aversive orofacial responses (e.g.,
tongue protrusions, gapes, passive drip) to alcohol have been observed between alcohol-
preferring (P) and –nonpreferring (NP) or high alcohol-drinking (HAD1) and low alcohol-
drinking (LAD1) selectively bred rat lines (Bice & Kiefer 1990; Kiefer, Badia-Elder & Bice
1995). Nevertheless, in voluntary consumption tests P rats display high levels of initial
preference for concentrated ethanol (72% preference for a 20% ethanol solution) within their
first 22 hr of exposure (Olney et al. 2010), suggesting an early attraction to and minimal
sensory avoidance of orally self-administered ethanol in this genetic line. P rats will also
operantly self-administer oral ethanol over water at concentrations up to 30%, whereas NP
rats avoid ethanol concentrations of 10% and higher (Murphy et al. 1989). Prior work in
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outbred rats has demonstrated that measurement of initial orosensory avidity for alcohol via
short-term self-generated lick rates predicts alcohol consumption more readily than taste
reactivity responses (Bice, Kiefer & Elder 1992; Kiefer & Dopp 1989), indicating that these
indices of alcohol palatability may reflect different processes (Bice et al. 1992). These data
are consistent with other studies that have shown differences in taste-elicited behavior when
a tastant is administered via a self-generated response vs. experimenter-administered
infusion (Fouquet, Oberling & Sandner 2001; Yamamoto, Fresquet & Sandner 2002).

In the present study, we directly measured self-initiated chemosensory responses to ethanol
among selectively bred P, NP, and nonselected WI outbred lines utilizing a brief access
orosensory assay to determine whether enhanced sensory responsiveness to ethanol is a
phenotype associated with genetically-mediated alcohol preference. Psychophysical
functions were additionally generated for stimuli representing ethanol’s putative individual
sensory components (sweet, bitter, and trigeminal) to dissect the relationship between
genetic alcohol preference and chemosensory sensitivity to these stimuli.

Materials and methods
Animals

Naive adult male selectively bred alcohol-preferring (P) and alcohol-nonpreferring (NP) rats
(62nd-64th generations, n = 38/line; Indiana University School of Medicine Alcohol
Research Center, Indianapolis, IN) and nonselected WI rats (n = 38; Harlan, Indianapolis,
IN) ere used. The selectively bred lines were originally derived from a WI foundation stock
as described by Lumeng and colleagues (1977) and thus the WI strain served as the
appropriate control line. Rats were 17–19 weeks of age at the start of the experiment with
mean body weights of 496.82 g (±5.63 SEM), 494.58 g (±8.85 SEM) and 508.18 g (±7.10
SEM) for P, NP, and WI lines, respectively. Animals were housed individually in standard
tub cages (47 × 25.5 × 20.5 cm) in a vivarium maintained on a 12-h light/dark cycle and at
an ambient temperature of approximately 23°C. All training and testing occurred during the
light phase of the cycle. Food and water were available ad libitum in the home cage except
for water restriction conditions noted below. Rats did not have access to food during
chemosensory test sessions (20–40 min/day). All procedures were approved by the
Institutional Animal Care and Use Committee at San Diego State University and were in
accordance with National Institutes of Health guidelines.

Lick measurement
Training and testing were conducted in a Davis MS-160 lickometer (DiLog Instruments,
Tallahassee, FL). This device allows for automated within-session presentation of multiple
stimulus solutions to an animal in the form of individual sampling trials of short duration
(e.g., 5–10 s) during which immediate lick responses are monitored. Rats gained access to a
stainless steel drinking spout on each trial through a small aperture in the front wall of a 30
× 14.5 × 15 cm testing chamber, with availability of the spout determined by the opening
and closing of a motorized shutter. Delivery of a given stimulus solution was determined by
the positioning of a motorized table/block apparatus just outside of the chamber that could
accommodate up to 16 different stimulus tubes. Lick activity was detected via a high-
frequency AC contact circuit and all data collection (i.e., lick counts and latencies), as well
as presentation and timing of all stimuli, were controlled precisely via computer and
associated software.

Training
Rats initially were given four days of training with water as the only available stimulus in
order to familiarize them with the lickometer apparatus and to train them to lick the spout to
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receive fluid. During the training phase, an overnight water restriction schedule was in effect
in order to motivate performance on the task, with rats receiving their sole daily fluid intake
in the apparatus. On the first two training days, subjects were given a 30-min period of
continuous access to water through a single sipper tube that began when the animal took its
first lick. On the last two days of training, rats were allowed access to water during 40 5-s
trials separated by 10-s inter-presentation intervals to familiarize them with the brief access
trial procedure. All subjects successfully completed Days 1–2 sipper tube training with an
average of 2407.05 (±51.58 SEM) licks/session and Days 3–4 brief access training with an
average of 92.85% (±1.20 SEM) trials sampled/session. Water was returned to the home
cage immediately following completion of the training phase and testing commenced 72 h
later.

Stimulus testing
Rats (n = 22/line) were tested for short-term lick responses to the following four stimuli:
ethanol (3, 5, 10, 15, 25 and 40%), sucrose (0.01, 0.03, 0.06, 0.1, 0.3 and 1 M), quinine HCl
(0.01, 0.03, 0.1, 0.3, 1 and 3 mM), and capsaicin (0.003, 0.01, 0.03, 0.1, 0.3 and 1 mM).
Each stimulus was tested over five consecutive daily sessions, and stimuli were presented in
serial order (ethanol, sucrose, quinine, capsaicin) during separate weeks with a 1-week break
interposed between testing of different stimuli. Within each test session, rats were presented
with all six concentrations of a given stimulus and a vehicle control (see below) during
discrete, brief-access exposure trials (10-s trials: ethanol, sucrose and capsaicin; 5-s trials:
quinine). Solutions were presented randomly within blocks of 7 trials (4 blocks total), such
that animals were allowed to sample each stimulus concentration and the vehicle control
once/block and four times during a given test session (20 trial replications total at each
concentration over the five test days for each stimulus). Each stimulus trial was preceded by
a 2-s deionized water rinse trial that served to rinse the oral cavity and minimize sensory
adaptation effects. Upon opening of the shutter on each presentation, 30 s was allowed for
trial initiation and the trial duration began with the animal’s first lick on the sipper tube. If a
rat failed to initiate sampling during the 30-s period, the shutter closed and the table was
automatically repositioned for the next trial. All presentations were separated by 10-s inter-
presentation intervals during which the shutter remained closed. Test sessions were
approximately 20–40 min in length. Water was available ad libitum in the home cage during
ethanol and sucrose testing and during the weeks intervening stimulus testing. Overnight
water restriction was in effect during testing of solely non-preferred stimuli (quinine,
capsaicin) in order to promote sampling of these stimuli. Brief-access testing has been used
extensively to measure orosensory responsiveness in rodents (Brasser, Mozhui & Smith
2005; Dotson & Spector 2004; Ellingson, Silbaugh & Brasser 2009). The specific trial
durations for each stimulus were based on those previously shown to produce reliable
concentration-response functions for these stimuli in brief-access tests (Brasser et al. 2005;
Ellingson et al. 2009). Longer (10-s) trial durations for ethanol and sucrose prevent
truncating the expression of any appetitive responses to these stimuli, and 10-s trial
durations for capsaicin are employed to allow for the delayed response latency to this
stimulus on the tongue (Okuni 1977).

Blood ethanol determination
An additional group of rats from each line (n = 16/line) were tested for short-term lick
responses to ethanol alone using an identical protocol to that described above, and tail blood
samples were collected 1 h after the onset of their last session of ethanol testing for
assessment of blood alcohol level (BAL). Blood alcohol concentrations in P rats have
previously been shown to peak 1 hr following the onset of oral self-administration in a
limited access paradigm (Murphy et al. 1986). Forty µl of blood was collected from the tip
of the tail of each subject into a heparinized capillary tube. Samples were centrifuged and

Brasser et al. Page 4

Addict Biol. Author manuscript; available in PMC 2013 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



frozen (−80° C) immediately after collection and ethanol concentrations of 5.0 µl plasma
aliquots were later assessed with an Analox GL5 alcohol analyzer (Analox Instruments,
Lunenburg, MA). This instrument determines alcohol concentration as a direct proportion to
the rate of oxygen consumption in a controlled reaction between sample alcohol and alcohol
oxidase. Values < 3.0 mg/dl are functionally equivalent to zero (due to measurement floor).
Before analyzing test samples, the instrument was calibrated with a 50 mg/dl ethanol
standard and the accuracy verified with a quality control serum of known concentration. To
ensure measurement stability, calibration was checked with a standard sample after every 10
test samples and the instrument recalibrated if the error was greater than ±5 mg/dl.

Stimuli
Solutions were prepared fresh prior to testing using reagent grade chemicals (Sigma-
Aldrich, St. Louis, MO) and were presented at room temperature. Ethanol, sucrose and
quinine HCl were dissolved in deionized water and capsaicin in a vehicle of 1.5% ethanol/
1.5% Tween 80 in deionized water. Stimulus concentrations were selected to encompass a
full behavioral orosensory response range based upon previous work (Brasser et al. 2005;
Ellingson et al. 2009).

Statistical analysis
For each individual rat, the mean number of licks to each stimulus concentration and to the
vehicle control was calculated across all trials sampled over the five test days for each
stimulus. Nonsampled trials (i.e., those with 0 licks) were excluded from the data analysis
such that only valid trials for which rats were attending to the tube and had initiated
sampling were evaluated. In order to standardize responses to each stimulus solution with
responses to vehicle (which serves to control for individual and/or line differences in licking
behavior that are not stimulus driven), lick difference scores for each rat were determined by
subtracting the mean number of licks to vehicle from the mean number of licks to each
stimulus concentration. A lick difference score of zero indicates equal responding to a given
stimulus concentration relative to vehicle, with positive and negative difference scores
representing, respectively, increased or decreased licking behavior to a stimulus relative to
vehicle. To additionally assess potential line differences in olfactory and motivational
responses to each stimulus, mean latency to initiate licking across all sampled trials at each
concentration and total number of trials sampled at each concentration across the five test
days were also calculated. Concentration-dependent differences in latency to initiate licking
in brief-access tests have previously been suggested to reflect the influence of olfactory
input (Rhinehart-Doty et al. 1994).

Mean lick count, latency to first lick and trials sampled data for each stimulus were
subsequently analyzed using 3 (line) × 7 (concentration) mixed analyses of variance
(ANOVAs), with line as a between-subject factor and concentration as a within-subject
factor.Lick difference score data were analyzed using 3 (line) × 6 (concentration) mixed
ANOVAs. Blood ethanol concentrations were assessed via one-way ANOVA with line as a
factor. Only rats that had a complete set of lick data for a given stimulus (i.e., sampled at
least one trial at every concentration) were included in the analyses for that stimulus
(ethanol: 28 P, 11 NP, 26 WI; sucrose: 21 P, 17 NP, 17 WI; quinine: 22 P, 22 NP, 19 WI;
capsaicin: 22 P, 22 NP, 13 WI). Significant interactions from the overall ANOVAs were
further analyzed using one-way ANOVAs to test for simple effects followed by Fisher’s
least significant difference (LSD) test (α = 0.015) where appropriate. Alpha level for all
other statistical tests was 0.05.
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Results
Chemosensory responses to ethanol

P rats displayed elevated short-term lick responses to ethanol relative to NP and WI rats
across a broad range of concentrations (Table 1, Fig. 1A). One-way analyses to test for
simple effects of line at each concentration indicated higher mean lick counts/10-s trial in P
rats compared to NP or WI rats at 5–40% ethanol, but no line differences in responses to
vehicle or 3% ethanol (LSD test, P’s < 0.015, Table 2). Across-concentration analyses for
each line indicated that mean lick responses of P rats to 5–40% ethanol were greater than to
water vehicle; 5–25% > 3%; and 10–15% > 40% (LSD test, P’s < 0.015). By contrast, WI
rats exhibited suppressed responding to 5–40% ethanol compared to vehicle or 3% (LSD
test, P’s < 0.015). Lick responses of NP rats did not significantly differ across concentration
(Table 2). Analyses of the standardized lick difference scores indicated equivalent responses
across line to 3% ethanol but significantly higher lick difference scores in P rats than in NP
and WI rats at 10–15% and 5–40%, respectively (LSD test, P’s < 0.015, Tables 1 & 2, Fig.
1B).Across-concentration differences for the standardized lick scores were similar to that of
the absolute mean lick responses [P—5–25% > 3%; and 10–15% > 40%; WI—5–40% <
3%; NP— no across-concentration differences (LSD test, P’s < 0.015, Table 2)].

Latency to initiate licking on sampled trials did not differ as a function of ethanol
concentration or line (Table 1, Fig. 1C). P rats, however, sampled more trials during ethanol
testing than either NP or WI lines and increased their trial sampling frequency with
increasing ethanol concentration (Table 1, Fig. 1D). Tests for simple effects of line indicated
a greater number of trials sampled by P rats relative to NP and WI rats at every
concentration, including vehicle (LSD test, P’s < 0.015, Table 2). Across concentration,
neither NP or WI rats displayed significant differences in trial sampling frequency. In P rats,
number of trials sampled at 10–40% was greater than for vehicle and 3%; and 40% > all
other concentrations (LSD test, P’s < 0.015, Table 2). The latter concentration-dependent
increase in trial sampling frequency indicates that P rats were able to distinguish among
ethanol solutions based upon sensory input and displayed an avidity for higher
concentrations.

Blood ethanol levels
In the subset of ethanol-tested subjects from which blood samples were collected following
brief-access testing, ethanol in plasma of NP and WI rats was undetectable [2.17 (±0.24
SEM) and 2.30 (±0.22 SEM) mg/dl, respectively] and in P rats was present at very low
levels [12.98 (±4.17 SEM) mg/dl]. Mean blood ethanol values of P rats were greater than
those of WI rats (LSD test, P < 0.015) and differed at a borderline level (P = 0.03) from
those of NP rats (effect of line: F2, 24 = 4.69, P < 0.05, Fig. 1E). These results indicate that
detectable levels of ethanol in blood are present in P rats following brief access testing, but
at a magnitude (<13 mg/dl) below that likely to produce significant postabsorptive
effects.Mean total duration of ethanol exposure (across all concentrations) per brief access
test session was 97.85 (±8.78 SEM), 37.64 (±4.15 SEM) and 51.15 (±3.49 SEM) s for P,
NP, and WI rats, respectively.

Chemosensory responses to sucrose
P rats exhibited higher mean lick counts to sucrose compared to NP and WI lines at multiple
concentrations (Table 1, Fig. 2A). Lick responses to sucrose were elevated in P rats relative
to NP and WI rats at concentrations of 0.03–1 M, but no line differences existed in
responses to vehicle or 0.01 M (LSD test, P’s < 0.015, Table 2). Additionally, WI rats
displayed a greater number of raw lick counts to sucrose than NP rats at the 1 M
concentration (LSD test, P < 0.015). All lines displayed an increase in responding to sucrose
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with increasing concentration (P—0–0.01 M < 0.03–1 M; 0.03 M < 0.06–1 M; and 0.06 M <
0.3–1 M; NP—0–0.03 M < 0.06–1 M; 0.06 M < 0.3–1 M; and 0.1 M < 1 M; WI—0–0.01 M
< 0.03–1 M; 0.03 M < 0.06–1 M; 0.06 M < 0.3–1 M; and 0.1 M < 1 M, LSD test, P’s <
0.015, Table 2). When individual responses to sucrose were standardized relative to vehicle,
lick difference scores in P rats were higher than those in NP at 0.03–1 M and above those of
WI rats at 0.03–0.1 M (LSD test, P’s < 0.015, Tables 1 & 2, Fig. 2B). Lick difference scores
for sucrose in WI rats were also greater than those in NP at the 0.03 M concentration (LSD
test, P < 0.015). Responses to 0.01 M sucrose did not differ across line (Table 2). All lines
showed a monotonic increase in sucrose difference scores with rising concentration (all
concentration differences similar to those reported above for raw lick counts, LSD test, P’s
< 0.015, Table 2). Thus, while all lines displayed an avidity for sucrose, P rats exhibited the
most vigorous sensory-guided licking behavior for sucrose, NP the least, and responses of
nonselected WI controls were intermediate to the two selected lines.

Regardless of concentration, NP rats were slower to initiate licking during sucrose testing
than either P or WI rats, with the latter two lines not differing in latency to sample (LSD
test, P’s < 0.015, Table 1, Fig. 2C). The overall ANOVA on the latency data also revealed a
main effect of concentration, with latencies to initiate lick responses to 0.03–1 M sucrose
significantly shorter than to vehicle, and latencies to sample 0.06 and 0.3 M < 0.01 M (LSD
test, P’s < 0.015, Table 1). NP rats also sampled significantly fewer trials than P rats at
every concentration during sucrose testing and fewer trials than WI rats at 0–0.1 M (LSD
test, P’s < 0.015, Tables 1 & 2, Fig. 2D). All lines, however, increased their trial sampling
frequency as sucrose concentration increased, indicating greater attraction to higher sucrose
concentrations relative to lower concentrations (P—0–0.01 M < 0.03–1 M; and 0.03 M <
0.1–1 M; NP—0 M < 0.06–1 M; 0.01–0.03 M < 0.1–1 M; 0.06 M < 0.3–1 M; and 0.1 M <1
M; WI— 0 M < 0.06–1 M; 0.01–0.03 M < 0.1–1 M; and 0.06 M < 0.3–1 M, LSD test, P’s <
0.015, Table 2).

Chemosensory responses to quinine
NP and WI rats displayed lower mean lick responses than P rats for 0.01–1 mM quinine, but
also exhibited fewer responses than Ps to the water vehicle during quinine testing (LSD test,
P’s < 0.015, Tables 1 & 2, Fig. 3A). WI rats also licked significantly less than NP at 0.03–
0.3 mM concentrations (LSD test, P’s < 0.015), but did not differ from NP rats in
responding to vehicle, 0.01 or 1 mM (P’s ≥ 0.02). No line differences existed at the highest
quinine concentration (3 mM), which produced a uniformly low number of lick counts
(Table 2). All lines displayed a concentration-dependent avoidance of quinine, with lick
responses declining as quinine concentration increased (P, NP—0–0.03 mM > 0.1–3 mM;
0.1 mM > 0.3–3 mM; 0.3 mM > 1–3 mM; and 1 mM > 3 mM; WI—0 mM > 0.03–3 mM;
0.01–0.03 mM > 0.1–3 mM; 0.1 mM > 0.3–3 mM; and 0.3 mM > 1–3 mM, LSD test, P’s <
0.015, Table 2). When responses to quinine were standardized to account for individual/line
differences in responses to vehicle, WI rats showed slightly suppressed difference scores for
quinine relative to P and NP rats at 0.01–0.1 mM and 0.1 mM concentrations, respectively
(LSD test, P’s < 0.015, Tables 1 & 2, Fig. 3B). Additionally, lick difference scores in P rats
at the highest quinine concentration were lower than in NP and WI lines (P’s < 0.01). The
latter difference, however, appeared to result from a floor effect in raw lick counts to quinine
among all lines at the 3 mM concentration, and thus a reciprocal reflection of line
differences in responses to vehicle vs. a true difference in quinine sensitivity. Across
concentration, lick difference scores in all lines decreased in a monotonic fashion (all
concentration differences similar to those reported above for raw lick counts, LSD test, P’s
< 0.015, Table 2). Taken together, the data indicate a somewhat greater aversion to quinine
among WI rats compared to P and NP, and no difference in quinine avoidance between the
selected lines.
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NP and WI rats were slower to initiate sampling than P rats during quinine testing,
regardless of concentration (LSD test, P’s < 0.015, Table 1, Fig. 3C). Latency to sample also
varied as a function of concentration, with no difference in trial response latencies up to 0.1
mM, but progressively longer latencies to initiate licking with each successive increase in
quinine concentration from 0.1 to 3 mM (LSD test, P’s < 0.015, Table 1). WI rats sampled
significantly less trials than P rats at every concentration during quinine testing, but did not
differ from NP rats in quinine trials sampled (LSD test, P’s < 0.015, Tables 1 & 2, Fig. 3D).
Trial sampling frequency was also lower in NP rats relative to P at 0.1–3 mM concentrations
(LSD test, P’s < 0.015). For all lines, the number of trials sampled for quinine declined at
concentrations above 0.3 mM, but did not differ at lower concentrations (P, NP—0–0.3 mM
>1–3 mM; and 1 mM > 3 mM; WI—0–0.3 mM > 1–3 mM, LSD test, P’s < 0.015, Table 2).
Thus, olfactory input appeared to similarly guide the sampling behavior of all lines to
quinine, with a decreased propensity and increased latency to sample intermediate to high
quinine concentrations.

Chemosensory responses to capsaicin
NP rats made fewer licks than P and WI lines to all concentrations during capsaicin testing,
including vehicle (LSD test, P’s < 0.015, Tables 1 & 2, Fig. 4A). P and WI rats did not differ
in short-term lick responses to capsaicin at any concentration (LSD test, P’s ≥ 0.39). All
lines exhibited an orderly suppression of licking behavior as capsaicin concentration
increased (P—0–0.01 mM > 0.03–1 mM; 0.03 mM > 0.1–1 mM; 0.1 mM > 0.3–1 mM; and
0.3 mM > 1 mM; NP—0 mM > 0.03–1 mM; 0.003–0.03 mM > 0.1–1 mM; and 0.1 mM > 1
mM; WI—0–0.03 mM > 0.1–1 mM; 0.1 mM > 0.3–1 mM; and 0.3 mM > 1 mM, LSD test,
P’s < 0.015, Table 2). Analyses of the lick difference scores indicated a lack of line
differences in capsaicin responding for all except the highest (1 mM) concentration, at
which lick difference scores in NP rats were higher compared to P or WI (LSD test, P’s <
0.015, Tables 1 & 2, Fig. 4B). However, this difference again appeared to be the product of a
near floor on absolute lick counts to 1 mM capsaicin for all lines, and thus an inverse
reflection of line differences in vehicle responses vs. a reduced sensitivity to capsaicin in the
NP line at the 1 mM concentration. Lick difference scores in all lines decreased as a function
of concentration (all concentration differences similar to those reported above for raw lick
counts, LSD test, P’s < 0.015, Table 2).

NP rats had longer trial response latencies overall during capsaicin testing than P and WI
rats, while the latter two lines displayed equivalent latencies to sample (LSD test, P’s <
0.015, Table 1, Fig. 4C). Across concentration, latency to initiate licking was elevated at the
two highest capsaicin concentrations (0.3 and 1 mM), but did not differ for concentrations <
0.1 mM (LSD test: 0–0.003 mM < 0.3–1 mM; 0.01 mM < 0.1–1 mM; 0.03 mM < 0.3–1
mM; and 0.1–0.3 mM < 1 mM, P’s < 0.015, Table 1). NP rats also sampled fewer trials
during capsaicin testing than both P and WI lines regardless of concentration, but P and WI
lines did not significantly differ in number of capsaicin trials sampled (LSD test, P’s <
0.015, Table 1, Fig. 4D). For all lines, trial sampling frequency at the two highest capsaicin
concentrations was less than at lower concentrations (LSD test: 0 > 0.1–1 mM; 0.003–0.1
mM > 0.3–1 mM; and 0.3 mM > 1 mM, P’s < 0.015, Table 1).

Discussion
The present data indicate that elevated initial chemosensory attraction to ethanol is a
behavioral phenotype associated with genetically-mediated ethanol preference in the
alcohol-preferring (P) line of rats. In a brief access orosensory assay measuring self-initiated
immediate lick responses to a range of ethanol concentrations, P rats exhibited increased
short-term lick rates to 5–40% ethanol relative to vehicle, while NP and WI rats respectively
displayed uniformly low lick rates to ethanol or a concentration-dependent sensory
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avoidance. P rats further displayed an orderly increase in the number of trials sampled as a
function of ethanol concentration, indicating a chemosensory avidity for higher
concentrations, whereas NP and WI lines showed no variation in trial sampling frequency
across ethanol concentration. These findings are consistent with previous data that the P line
of rats prefers highly concentrated (20%) ethanol in voluntary intake tests upon initial
exposure (Olney et al. 2010) and will operantly self-administer oral ethanol over water at
concentrations up to 30% (Murphy et al. 1989). Furthermore, recent neurophysiological data
indicate that the oral signal for ethanol in taste-sensitive neurons of the NTS in the P line
differs from that of a nonselected WI control line (Lemon, Wilson & Brasser 2011).

While all lines exhibited an orosensory attraction to sucrose, evidenced by a monotonic
increase in lick responses and trials sampled with rising concentration, P rats displayed
significantly higher short-term lick rates to sucrose than both WI control and alcohol-
nonpreferring (NP) rats. This enhanced orosensory-mediated responding for sucrose in the P
line concurs with findings of elevated long-term intake of both sucrose and saccharin in
several independently selected alcohol-preferring rat lines (P, AA, HAD, WHP) compared
with their divergent –nonpreferring lines (NP, ANA, LAD, WLP; Dyr & Kostowski 2000;
Sinclair et al. 1992; Stewart et al. 1994, 1998; Woods et al. 2003), although the nature of the
sucrose concentration-response curve differs in long-term intake tests (i.e., inverted U-
shape; Stewart et al. 1994) presumably due to postabsorptive caloric feedback at high
sucrose concentrations. Ethanol and sweet stimuli are known to activate overlapping
gustatory receptor and neural circuits (Blednov et al. 2008; Brasser et al. 2010; Hellekant et
al. 1997; Kiefer & Mahadevan 1993; Kiefer et al. 1990; Lemon et al. 2004; Scinska et al.
2000), suggesting genetic variation in specific substrates along peripheral or central taste
pathways may mediate the elevated chemosensory attraction to both ethanol and sweeteners
in the P line. The greater oral avidity for sucrose in P rats relative to NP and WI lines
parallels the heightened sweet taste preference observed in certain subtypes of human
alcoholics as well as individuals at genetic risk for alcoholism (Kampov-Polevoy, Garbutt &
Janowsky 1997; Kampov-Polevoy et al. 2003; Mennella et al. 2010; Pepino & Mennella
2007; Wronski et al. 2007) and supports this phenotype as a potential biomarker for
vulnerability to alcoholism involving a familial or genetic component. These findings also
emphasize that elevated sweet preference precedes, and is not simply a consequence of,
nutritional or sensory alterations associated with chronic alcohol consumption.

All lines displayed a concentration-dependent sensory avoidance of quinine, with lick rates
and number of trials sampled decreasing, and latencies to respond increasing, with rising
quinine concentration. P rats exhibited an overall higher lick rate, quicker latency to sample,
and increased trial sampling frequency during quinine testing relative to NP and WI lines,
however, this effect was not specific to quinine trials but was observed for vehicle trials as
well. Following standardization for individual variation in vehicle responses, minimal
differences existed among lines in quinine avoidance, with WI rats showing slightly greater
avoidance than both P and NP lines at low to intermediate quinine concentrations. These
data indicate no reliable association between genetically influenced alcohol preference and
chemosensory responses to quinine. It has likewise been shown that P and NP lines display
no difference in intake of the bitter substance sucrose octaacetate (Stewart et al. 1994). The
lack of a clear relationship between oral behavioral responsiveness to ethanol and bitter
tastants is consistent with several neurophysiological reports to date that have not found a
relationship between neural taste responses elicited by ethanol and bitter stimuli in gustatory
circuits of P or WI rats (Lemon et al. 2011), outbred Sprague-Dawley rats (Lemon et al.
2004; Lemon & Smith 2005), C57BL/6J mice (Brasser et al. 2010) and nonhuman primates
(Hellekant et al. 1997). Although conditioned taste aversions to alcohol cross-generalize to
mixtures of sucrose and quinine in rats (Kiefer & Mahadevan 1993) and to either tastant
alone in C57BL/6J mice (Blizard 2007), it is possible that generalization may be occurring
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between an aversive somatosensory component of ethanol and non-preferred taste stimuli.
Ethanol is known to directly stimulate peripheral and central trigeminal pathways (Carstens
et al. 1998; Danilova & Hellekant 2002), which process noxious chemical and thermal input
from the oral cavity, including activation of sensory nociceptors sensitive to capsaicin
[transient receptor potential channel vanilloid receptor 1 (TRPV1); Trevisani et al. 2002].
Direct manipulation of the trigeminal system via knockout of the TRPV1 receptor also
reduces ethanol chemosensory avoidance (Ellingson et al. 2009) and increases ethanol
preference (Blednov & Harris 2009) in mice, suggesting decreased sensitivity to ethanol’s
trigeminal properties may enhance its intake.

The present study examined responsiveness to the prototypic trigeminal stimulant capsaicin
among P, NP and WI control lines to determine whether any differences in chemosensory
ethanol preference among these lines may be related to variation in oral trigeminal
sensitivity. All lines were found to exhibit a concentration-dependent avoidance of
capsaicin, with decreasing lick rates and trial sampling frequency, and increased latencies to
initiate responding, with increasing capsaicin concentration. NP rats displayed substantially
lower lick rates, fewer trials sampled, and longer latencies to respond during capsaicin
testing than both P and WI lines, however, this effect was observed during both capsaicin
and vehicle trials, suggesting a nonspecific lower overall motivation to respond. When
responses to capsaicin were standardized relative to vehicle, similar capsaicin sensitivity
was observed across lines. Nevertheless, it should be considered that the pronounced
reduction of both vehicle and capsaicin responses in NP rats relative to P and WI lines
during capsaicin testing could potentially reflect an increased aversive response to capsaicin
that resulted in an overall behavioral suppression of lick responses. It is unlikely that the low
ethanol concentration (1.5%) present in the vehicle solution for capsaicin could explain the
suppression of vehicle responses in NP rats compared to P and WI lines, given that no line
differences were observed in the same animals in response to ethanol concentrations ≤ to
3% (Figure 1A). The current study is the only investigation we are aware of to date that has
examined differences in trigeminal responding between selectively bred alcohol-preferring
and –nonpreferring rat lines. While these data do not support a clear association between
genetic alcohol preference and trigeminal sensitivity as assessed via capsaicin responses in
these lines, a comprehensive array of trigeminal stimuli activating multiple trigeminal
receptor subtypes [i.e., transient receptor potential channel ankyrin-1 (TRPA1), transient
receptor potential channel melastatin-8 (TRPM8), TRPV1, etc.] should be tested to further
address this question. Additionally, no studies have yet assessed differences in peripheral or
central neurophysiological responses to oral trigeminal stimulants, including ethanol, among
alcohol-preferring and –nonpreferring lines. These studies are important to determine the
precise mechanisms mediating ethanol chemosensory aversion in nonselected and
nonpreferring lines and the absence of such avoidance in genetically preferring rats.

The alcohol-preferring P line of rats is known to gain reinforcement from ethanol
independent of oral administration. P rats will self-administer ethanol intragastrically
(Waller et al. 1984) as well as directly into the ventral tegmental area of the brain (Gatto et
al. 1994) and have also been shown to differ from NP rats in responses to systemically
administered ethanol (Bell et al. 2006, for review). Such studies provide support for
postingestive reinforcing effects of ethanol in the P line, however, they do not directly test or
provide data about the relative contribution of orally derived reinforcement from ethanol,
which is not dichotomous with the drug’s postabsorptive effects. A very limited number of
studies have attempted to directly examine sensory mediated responsiveness to ethanol
driven via stimulation of oral pathways in the absence of significant postabsorptive
feedback. A key prior study by Bice and Kiefer (1990) measuring taste reactivity responses
to ethanol in genetically selected P and NP rats found no difference between these lines in
initial ingestive orofacial responses (i.e., tongue protrusions, lateral tongue protrusions) to
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intra-orally infused alcohol (5–40%) or a selected concentration of sucrose (0.3 M),
suggesting P and NP rats exhibit similar innate reflexive orosensory reactions to ethanol and
sweet stimuli. Nevertheless, the present data indicate a large difference in self-initiated
initial short-term lick responses to ethanol between the P line and both the NP and WI lines
at comparable stimulus concentrations and similar durations of ethanol exposure as in prior
taste reactivity studies (1 min ethanol exposure/session—Bice & Kiefer 1990; 1.6 min mean
ethanol exposure/session in P rats—current study). Significant methodological differences
between the taste reactivity test and the brief access assay utilized here include both the
method of stimulus delivery (experimenter-administered vs. self-administered) and the
measure used to index orosensory responsiveness (orofacial reactions vs. lick responses).
Differences in taste-related behavior have previously been demonstrated when a stimulus is
delivered via self-generated instrumental lick responses vs. experimenter-administered
intraoral infusion (Fouquet et al. 2001; Yamamoto et al. 2002). Additionally, initial short-
term lick rates in alcohol-naive animals more readily predict subsequent alcohol
consumption than taste reactivity responses (Bice et al. 1992; Kiefer & Dopp 1989). These
and other data indicate that while taste reactivity responses appear to reflect intrinsic brain
mechanisms of palatability (Berridge 2000, for review), self-initiated short-term lick
measures of orosensory behavior likely involve both motivational and palatability
components and their corresponding brain substrates.

Enhanced sensory-driven behavioral attraction to alcohol and sweet stimuli in alcohol-
preferring P rats compared to their –nonpreferring and nonselected control lines may
potentially be mediated by variation in neurobiological substrates at any point along
pathways that process orosensory information, from variation in peripheral taste receptor
distribution/sensitivity to differences in downstream limbic or cortical mechanisms activated
by oral stimulation. A recent neurophysiological study examining activation of taste neurons
in the NTS of selectively bred P and WI control lines in response to ethanol applied to the
tongue and palate indicates that differences in the processing of oral ethanol signals between
these lines occurs as early as the brain stem (Lemon et al. 2011). While oral ethanol
stimulation in both lines similarly and most strongly activated NTS neurons with heightened
sensitivity to sucrose, only in P rats did ethanol also produce concentration-dependent
activation of neurons with low sucrose sensitivity as well as evoke a unique across-neuron
response pattern that was not clearly associated with any prototypic taste quality class.
Responses of NTS neurons in P and WI lines to a concentration series of sucrose, however,
did not differ at the level of the NTS (Lemon et al. 2011). These latter data suggest that
differences in behavioral chemosensory responses to sucrose and to ethanol between these
lines may also be mediated by variation in neural substrates in downstream gustatory
pathways. A proportion of oral alcohol-responsive neurons in the brain stem directly project
to limbic forebrain areas including the nucleus accumbens (Cho & Li 2007) and oral ethanol
self-administration in rodents has been shown to immediately elevate accumbal dopamine
levels prior to ethanol itself reaching the brain (Doyon et al. 2003). Similarly, oral sucrose
stimulation via sham-feeding produces an immediate concentration-dependent increase in
dopamine release in the nucleus accumbens (Hajnal et al. 2004), which is attenuated by
selective damage to limbic taste projections (Norgren et al. 2006). Alcohol-preferring P rats
are known to display innate differences in mesolimbic DA system function compared to
both NP and WI control lines (Bell et al. 2006, for review), including a more pronounced
increase in extracellular accumbal DA levels than W rats with oral ethanol administration
(Weiss et al. 1993). These findings raise the possibility that genetic variation in limbic
substrates activated by appetitive oral inputs may also potentially contribute to the elevated
chemosensory avidity for ethanol and sweet stimuli in P rats relative to NP and nonselected
WI lines.
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Overall, the present findings warrant further investigation of the brain pathways activated by
ethanol orosensory input and how this information is integrated with ethanol’s postingestive
effects to promote and maintain alcohol ingestion. Not only may elevated initial sensitivity
to the sensory reinforcing properties of ethanol serve as a permissive factor for further
intake, but ethanol’s chemosensory cues may become powerful mediators of ethanol craving
and relapse after chronic association with the drug’s postabsorptive effects. Although it is
now well-established that genetic factors contribute to variation in sweet and bitter taste
perception and oral preferences (Reed, Tanaka & McDaniel 2006, for review), a more
thorough understanding of the genetic basis of differential sensory responses to alcohol is
necessary to advance knowledge of the mechanisms that regulate propensity for alcohol
intake.
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Figure 1.
Mean number of licks/stimulus trial (A), lick difference scores (B), latency to initiate licking
(s) (C) and total number of trials sampled (D) for ethanol as a function of concentration in
selectively bred P, NP and non-selected WI rats tested in a brief-access exposure assay
assessing orosensory responsiveness. Lower panel (E) represents mean blood ethanol levels
(mg/dl) in each line 1 h after the onset of their final brief-access test session. Lick difference
score = mean licks to stimulus - mean licks to deionized water. Mean (±SEM) data are
shown. Significant difference between *P vs NP, +P vs WI, #NP vs WI (P< 0.015).
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Figure 2.
Mean number of licks/stimulus trial (A), lick difference scores (B), latency to initiate licking
(s) (C) and total number of trials sampled (D) for sucrose as a function of concentration in
selectively bred P, NP and non-selected WI rats during brief-access testing. Lick difference
score = mean licks to stimulus - mean licks to deionized water. Mean (±SEM) data are
shown. Significant difference between *P vs NP, +P vs WI, #NP vs WI (P < 0.015).
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Figure 3.
Mean number of licks/stimulus trial (A), lick difference scores (B), latency to initiate licking
(s) (C) and total number of trials sampled (D) for quinine as a function of concentration in
selectively bred P, NP and non-selected WI rats during brief-access testing. Lick difference
score = mean licks to stimulus - mean licks to deionized water. Mean (±SEM) data are
shown. Significant difference between *P vs NP, +P vs WI, #NP vs WI (P < 0.015).
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Figure 4.
Mean number of licks/stimulus trial (A), lick difference scores (B), latency to initiate licking
(s) (C) and total number of trials sampled (D) for capsaicin as a function of concentration in
selectively bred P, NP and non-selected WI rats during brief-access testing. Lick difference
score = mean licks to stimulus - mean licks to vehicle (1.5% ethanol/1.5% Tween 80 in
deionized water). Mean (±SEM) data are shown. Significant difference between *P vs NP,
+P vs WI, #NP vs WI (P < 0.015).
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