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Abstract
Adolescent individuals display altered behavioral sensitivity to ethanol, which may contribute to
the increased ethanol consumption seen in this age-group. However, genetics also exert
considerable influence on both ethanol intake and sensitivity. Thus far there is little research
assessing the combined influence of developmental and genetic alcohol sensitivities. Sensitivity to
the aversive effects of ethanol using a conditioned taste aversion (CTA) procedure was measured
during both adolescence (P30) and adulthood (P75) in 8 inbred mouse strains (C57BL/6J, DBA/
2J, 129S1/SvImJ, A/J, BALB/cByJ, BTBR T+tf/J, C3H/HeJ, and FVB/NJ). Adolescent and adult
mice were water deprived, and subsequently provided with access to 0.9% (v/v) NaCl solution for
1h. Immediately following access mice were administered ethanol (0, 1.5, 2.25, 3g/kg, ip). This
procedure was repeated in 72h intervals for a total of 5 CTA trials. Sensitivity to the aversive
effects of ethanol was highly dependent upon both strain and age. Within an inbred strain,
adolescent animals were consistently less sensitive to the aversive effects of ethanol than their
adult counterparts. However, the dose of ethanol required to produce an aversion response differed
as a function of both age and strain.

Introduction
The neurobiological alterations that occur during adolescence may cause altered sensitivities
to alcohol in this age-group, that may, in turn, account for the differences in intake observed
between adults and adolescents. Ethical constraints have limited research examining
adolescent alcohol sensitivity in humans. However, research using rodents has identified
many behaviors in which adolescents appear to show differential sensitivity to ethanol. For
example, adolescent rodents exhibit reduced sensitivity to the anxiolytic (Varlinskaya and
Spear, 2002; Hefner and Holmes, 2007), sedative/hypnotic (Little et al., 1996; Silveri and
Spear, 1998; Silveri and Spear, 1999, Hefner and Holmes, 2007; Linsenbardt et al., 2009),
hypothermic (Silveri and Spear, 2000), and motor impairing (White et al., 2002; Hefner and
Holmes, 2007) effects of ethanol. However, adolescent rodents have displayed increased
sensitivity to the locomotor stimulatory (Hefner and Holmes, 2007; Stevenson et al., 2008;
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Melón and Boehm, 2011), amnestic (Markwiese et al., 1998), ataxic (Linsenbardt et al.,
2009) and the social faciliatory (Varlinskaya and Spear, 2002) actions of ethanol.

In addition to the developmental-based differences in ethanol sensitivity, there are also
differences in sensitivity that can be attributed to genetic sources. For example, B6 and D2
mice, two of the most commonly used inbred mouse strains in alcohol research, display vast
differences in their behavioral response to ethanol. Compared to D2 mice, B6 mice not only
consume larger amounts of ethanol and display a preference for the drug in a 2-bottle choice
procedure (McClearn and Rodgers, 1959; Yoneyama et al., 2008), but also display reduced
sensitivity to ethanol induced withdrawal, (Crabbe et al., 1994), locomotor stimulation and
sensitization (Phillips et al., 1994; Melón and Boehm, 2011), loss of righting reflex
(Linsenbardt et al., 2009) and conditioned taste aversion (CTA; Broadbent et al., 2002).

Some of the aforementioned ethanol-related behaviors may serve as cues for ethanol
drinking. Genetic or developmental differences in sensitivity to these behaviors may then
account for some of the differences in ethanol intake observed among different ages and
genetic populations. For example, the genetic variation in sensitivity to ethanol’s aversive
effects as measured by CTA is negatively correlated with ethanol intake (Green & Grahame,
2008). In this classical conditioning procedure, the pharmacological (and/or withdrawal)
effects of ethanol (unconditioned stimulus; US) are paired with a novel flavor (conditioned
stimulus; CS). The extent to which the animal finds ethanol aversive will be reflected by the
amount of the CS that is consumed. High drinking rodents will continue to consume the CS,
despite previous pairings with ethanol, and may therefore be said to display reduced
sensitivity to the aversive effects of ethanol. Selectively bred alcohol preferring rats (such as
the P and HAD lines) display attenuated ethanol induced CTA compared to rats bred to
avoid ethanol (NP and LAD lines; Badia-Elder et al., 1999; Froehlich et al., 1988). This
pattern of high ethanol intake paired with low ethanol induced CTA response is also
observed in the alcohol-preferring inbred B6 strain versus the alcohol avoiding inbred D2
strain (Broadbent et al., 2002). It should be noted, however, that a high enough dose of
ethanol paired with the CS would result in a conditioned taste aversion regardless of age or
line/strain.

Because adolescent rodents have been reported to be less sensitive than adults to the
aversive effects of ethanol as measured by conditioned taste aversion (CTA; Vetter-
O’Hagan et al., 2009; Anderson et al., 2010; Holstein et al., 2011), and because behavioral
genetic studies have indicated that there is a strong negative association between ethanol
induced CTA and consumption of the drug (Green & Grahame, 2008), the current work
assessed ethanol induced CTA in adolescent (P30) and adult (P75) mice of 8 inbred mouse
strains. The objective was to use a traditional behavioral genetic paradigm to assess the
developmental differences in ethanol sensitivity. Comparing a panel of inbred strains known
to differ in limited access ethanol intake (refer to Rhodes et al, 2007) for ethanol sensitivity
during both adolescence and adulthood allows the determination of whether adolescents are
generally more sensitive to ethanol’s effects than adults, or if the developmental differences
in ethanol sensitivity differ depending on genetic background. It is expected that adolescents
will display reduced sensitivity to ethanol induced CTA as compared to their adult
counterparts. However, it is predicted that the highest drinking strains will show the greatest
developmental difference in ethanol sensitivity (i.e., B6 adolescent mice will be less
sensitive to ethanol than adults, but there will be little difference in ethanol sensitivity
between D2 adolescent and adult mice).
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Materials and Methods
Animals

C57BL/6J (B6), DBA/2J (D2), FVB/NJ (FVB), C3H/HeJ (C3), BTBR T+tf/J (BTBR), A/J
(AJ), 129S1/SvLmJ (129) and BALB/cByJ (BALB) inbred mice were obtained from the
Jackson Laboratory and bred in the AAALAC accredited animal research facility at Indiana
University – Purdue University, Indianapolis (IUPUI). Mice were weaned at postnatal day
21–23, and were group-housed according to sex in clear polycarbonate shoebox mouse
cages with a paper tissue as environmental enrichment and food and water available ad
libitum except as indicated. Male mice were transferred to the behavioral testing room and
singly housed at least one week prior to the initiation of experiments. Only male mice were
tested in the current work (N=566). Mice were 30 (P30, adolescent) or 75 (P75, adult) days
old at the start of testing. Animals were maintained on a reverse 12 hour light-dark cycle
(lights out at 11 AM) with the temperature and humidity of the vivarium kept at
approximately 20°C and 50%, respectively. All testing occurred during the animals’ dark
cycle. Red incandescent overhead lights were continuously left on so that experimenters
could navigate the procedure room after lights out. All procedures were approved by both
the Binghamton University Animal Care and Use Committee and the IUPUI Animal Care
and Use Committee, and conformed to National Institutes of Health Guidelines.

Ethanol Induced Conditioned Taste Aversion (CTA)
Procedures were similar to those described by Broadbent et al., (2002), with some slight
variations. At 1PM on experimental day 1 (P29 or P74), mice were weighed and their water
bottles were removed from the home cage. Water restriction was necessary to promote
subsequent consumption of the CS (NaCl; see below). On experimental day 2, the first CTA
trial was conducted. Starting at 11AM, mice were weighed and then provided with 1h access
to the CS, 0.9% NaCl (physiological saline) solution. Immediately following the conclusion
of NaCl access, mice were administered a paired injection of either saline or ethanol
dissolved in saline (US; 0, 1.5, 2.25, or 3.0 g/kg, ip). Each ethanol dose was administered to
a separate group of mice. Three hours following the ethanol injection, water bottles were
returned to the home cage. On experimental day 3 (24h following the paired injection) mice
were weighed and then were administered an unpaired injection; animals that were
previously administered a paired ethanol injection received an unpaired saline injection,
whereas animals that were previously administered a paired saline injection received an
unpaired ethanol injection (3.0 g/kg). This procedure was repeated for a total of 5
conditioning trials. Therefore, mice were water deprived on experimental days 1, 4, 7, 10,
and 13, conditioning trials/paired injections occurred on experimental days 2, 5, 8, 11, and
14, and unpaired injections occurred on experimental days 3, 6, 8, and 12. Weights were
monitored daily. Mice that did not consume more NaCl solution than could be accounted for
by leak at Trial 1 were excluded from the study.

Statistical Analysis
An overall analysis was performed using a repeated measures analysis of variance
(ANOVA) with genotype, age and ethanol dose as between groups factors, and day (or time)
as the within groups factor. Post hoc tests were performed to isolate significant effects when
appropriate. Heritability (h2) estimates were calculated from the ANOVA summary table by
dividing the sum of squares between strains by the total sum of squares (Grisel et al., 1997).
Phenotypic correlations were calculated by determining Pearson product-moment
correlation coefficients using the percent change from CTA Trial 1–3, 2.25g/kg ethanol dose
strain means. Results were considered significant at p<0.05.
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Results
Ethanol Induced Conditioned Taste Aversion

The NaCl intake data over each trial can be seen in Figures 1A–P. Group mean fluid intakes
(mL/kg) on the first conditioning trial ranged from 70.3 – 181.6 mL/kg. The amount of the
CS consumed on Trial 1 can influence the development of a CTA response. Therefore, only
the mL NaCl intake at Trial 1 was analyzed to determine age and strain differences in NaCl
solution consumption. NaCl consumption at Trial 1 was analyzed by a 3-way between
measures ANOVA (strain × age × ethanol dose). A main effect of strain was detected,
F(7,502)=17.6, p<0.0001. The pattern of trial 1 intakes by strain was as follows:
BTBR>D2>B6=FVB=129=AJ=BALB≥C3. Newman Keuls post hoc tests indicated that
BTBRs consumed the most fluid at Trial 1 (p’s<0.0001), followed by D2s (p’s<0.05). NaCl
solution volumes did not significantly differ between B6s, FVBs, AJs, BALBs, and 129s. C3
mice consumed significantly less NaCl solution than B6s, FVBs, BTBRs, D2s, FVBs, and
129s (p’s<0.05). A main effect of age was also detected, F(1,502)=111.9, p<0.0001,
indicating that adolescents consumed more NaCl solution per g body weight than did the
adults. A strain × age interaction was also detected, F(7,502)=6.6, p<0.0001. Newman Keuls
post hoc tests indicated that adolescents of the AJ, B6, BALB, BTBR, C3, and D2 strains
consumed significantly more NaCl solution than their adult counterparts (p<0.01).
Additionally, a trend was observed for the FVB adolescents to consume more than the FVB
adults (p=0.06). No differences were observed between 129 adolescents and adults. No main
effect of ethanol dose or interaction of ethanol dose with any other factor was detected.
Heritability estimates for NaCl solution intake were derived from NaCl solution intake (mL/
kg) strain means at Trial 1; the overall heritability estimate was 25% (30% for the
adolescents and 40% for the adults).

Age and strain differences were observed in NaCl intake at Trial 1, therefore data were
normalized by creating a percent change score from Trial 1 to each subsequent Trial (Figure
2A–P). This strategy reduced the influence of strain and age differences in initial US (NaCl
solution) intake on the taste aversion index. To prevent the influence of floor effects on the
index of taste aversion, statistical analysis of age and strain differences focused on the
percent change from Trial 1 to Trial 3, as inspection of the raw data in Figure 1 indicated
that maximum CTA was typically achieved by Trial 3. The percent change from Trial 1 to
Trial 3 was also used to calculate the heritability estimates. The overall heritability estimate
of the CTA response was 40%. However, within adults the heritability estimate of ethanol
induced CTA was 52%, while in adolescents the heritability estimate was 39%.

The between subject ANOVA for CTA by Trial 3 indicated a main effect of strain,
F(7,502)=11.1, p<0.0001. The pattern of CTA response by strain was as follows:
B6=BALB≤BTBR<AJ<FVB=C3=D2=129. Newman Keuls post hoc analyses indicated that
although C3s, D2s, FVBs and 129s did not differ from each other, they showed the greatest
reduction from Trial 1 (p’s<0.05) as compared to the other strains. B6s and BALBs did not
differ from each other (showing no apparent change from Trial 1), but AJs showed a
significantly greater reduction from Trial 1 as compared to these strains (p’s<0.01) and
BTBRs displayed a trend (p’s=0.07). A main effect of age was also detected, F(1,502)=7.9,
p<0.01, indicating that adults displayed a greater reduction in intake from Trial 1 as
compared to adolescents. A main effect of ethanol dose was detected, F(3,502)=94.6,
p<0.0001. Newman Keuls post hoc analyses indicated that each ethanol dose group was
significantly different from every other (p’s<0.0001). The 3g/kg ethanol dose group showed
the greatest reduction from Trial 1, followed by the 2.25 and 1.5g/kg groups, whereas the
saline group showed a slight increase in intake compared to Trial 1.
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A significant interaction of strain × age [F(7,502)=3.2, p<0.01] was detected. Newman
Keuls post hoc tests revealed that B6 adolescents were significantly different (positive
percent change from Trial 1) compared to all other age/strain groups (p’s<0.05), and that
129 adults showed a greater reduction from trial 1 as compared to 129 adolescents (p<0.05).
No other important significant effects were detected. A significant interaction of strain ×
ethanol dose was also detected, F(21, 502)=2.6, p<0.001. Newman Keuls post hoc analyses
indicated that compared to saline, B6s showed a significant CTA response at the 3.0g/kg
dose (p<0.0001), and a trend at the 1.5g/kg dose (p=0.06), BALBs, BTBRs, FVBs and 129s
showed a significant CTA response at the 3.0g/kg dose (p’s<0.001, 0.01, 0.05, and 0.001,
respectively), AJs and D2s showed a significant CTA response at the 2.25 and 3.0g/kg
ethanol doses (p’s<0.01, and 0.0001, respectively), and C3s showed a significant CTA
response at all ethanol doses (p’s<0.001).

A significant strain × age × ethanol dose interaction was detected, F(21, 502)=1.7, p<0.05.
Because only specific age at ethanol dose differences within a strain were of interest,
planned comparisons were performed to isolate significant differences within the strain ×
age × ethanol dose interaction. Within each strain, adolescent and adult CTA responses were
compared at each ethanol dose condition. Further, within each strain and age each ethanol
dose response was compared to the saline response. Finally, saline groups within each age
and strain were analyzed to determine if the percent change from Trial 1 significantly
differed from zero.

The planned comparisons revealed that AJ adolescent mice treated with 3g/kg ethanol
displayed a significant CTA response as compared to saline age-matched controls (p<0.01),
and that AJ adults displayed a significant CTA response (as compared to age-matched saline
controls) at the 2.25 and 3.0g/kg ethanol doses. No other significant effects were observed in
this strain. B6 adolescents did not display a significant CTA response (as compared to saline
adolescent controls) at any of the ethanol doses, although a trend towards a CTA response
was observed at the 3g/kg ethanol dose (p=0.09). B6 adults displayed a significant CTA
response only at the 3g/kg ethanol dose (p<0.05). BALB adolescents did not display a
significant CTA response (compared to age matched controls) at any of the ethanol doses
tested. However, BALB adults displayed a CTA response at the 2.25 and 3g/kg ethanol dose
groups (p’s<0.001). Additionally, BALB adult and adolescent saline treated mice displayed
significantly different changes in their NaCl intake (p<0.05), and trends towards differential
changes in NaCl intake at the 1.5 and 3g/kg doses (p’s=0.07). BALB adult saline treated
mice displayed a significant increase in NaCl intake, as compared with zero (i.e. no change;
p<0.05). As compared to age matched saline controls, BTBR adolescent mice displayed a
significant CTA response at the 2.25 and 3g/kg ethanol doses (p’s<0.01 and 0.0001,
respectively), as well as a trend towards a CTA response in the 1.5g/kg dose (p=0.07).
BTBR adults did not display a significant CTA response at any of the ethanol doses tested
when compared to adult saline controls, however a trend towards a CTA response was
observed in the 3g/kg dose (p=0.06). Additionally, adolescent and adult saline treated mice
significantly differed in their change in NaCl intake (adolescents increased, while adults
decreased their consumption over trials; p<0.0001), but specific ethanol doses did not differ
between the two age groups, indicating a similar reduction in NaCl intake n adolescent and
adult BTBR mice. When compared to age-matched saline controls, C3 adolescent mice
displayed a significant CTA response to the 2.25 and 3g/kg ethanol doses (p’s<0.001), while
C3 adults displayed a significant CTA response to all ethanol doses (p’s<0.0001).
Additionally, 1.5g/kg ethanol treated adolescent and adult mice differed in their CTA
response (p<0.01), with C3 adults displaying a greater reduction in NaCl intake than
adolescents. A trend towards differential changes in adolescent and adult C3 saline treated
mice was also observed (p=0.08), with C3 adults tending towards a greater increase in their
NaCl consumption over trials compared to adolescents. D2 adolescent mice displayed
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significant CTA responses to 2.25 and 3g/kg ethanol dose (p’s<0.0001), and a trend towards
a CTA response at the 1.5g/kg ethanol dose (p=0.06) as compared to adolescent saline
controls. D2 adults displayed a significant CTA response at all ethanol doses tested
(p’s<0.0001). Additionally, D2 adolescent and adult 3g/kg ethanol treated mice displayed
differential changes in NaCl intake (p<0.0001) and a trend towards differential changes in
NaCl intake at the 1.5g/kg dose (p=0.07), with adults displaying a greater reduction than
adolescents at both doses. Compared to age-matched saline treated controls, FVB
adolescents displayed a significant CTA response at the 2.25 and 3g/kg ethanol doses
(p’s<0.001) and a trend at the 1.5g/kg dose (p=0.06), while FVB adults displayed a
significant CTA response at all ethanol doses (p’s<0.0001). No other significant effects were
observed in the FVBs. 129 adolescent and adult mice displayed significant CTA responses
at all ethanol doses tested when compared to age-matched saline controls (p’s<0.0001).
Additionally, both saline- and 1.5g/kg ethanol treated mice differentially changed their
ethanol intake when compared to their respective matched ethanol doses across age
(p’s<0.0001 and 0.01, respectively). Saline treated adolescent 129 mice showed a greater
increase in NaCl consumption across trials compared to their adult counterparts, whereas
1.5g/kg ethanol treated adolescent 129 mice displayed a lesser reduction in NaCl
consumption across trials compared to their adult counterparts.

Phenotypic Correlations
Strain means for the percent change from Trial 1 to Trial 3 at the 2.25g/kg ethanol dose were
used to examine the relationship between adolescent and adult CTA response. The CTA
response at the two ages was strongly positively associated (r=0.96, p<0.001; Figure 3A).
To assess the relationship between adult CTA response and adult ethanol consumption, the
strain means for the percent change from Trial 1 to Trial 3 at the 2.25g/kg ethanol dose in
the current work were compared with 4h limited access ethanol intake strain means reported
by Rhodes et al, (2007). Ethanol intake and CTA response were strongly negatively
associated (r= −0.82, p<0.05; Figure 3B).

Discussion
This project sought to examine age- and genotype-dependent sensitivity to the aversive
effects of ethanol. Consistent with results reported by Broadbent and colleagues (2002), the
current work demonstrates that ethanol induced conditioned taste aversion (CTA) varied
considerably by strain, suggesting that genetics exerts considerable influences over ethanol
sensitivity in this behavior. Indeed, the overall heritability estimate in the current experiment
suggests that 40% of the variation in ethanol induced CTA can be attributable to genotype,
whereas Broadbent et al (2002) reported heritability estimates ranging 29–43%.

Ethanol-induced CTA was chosen to measure the aversive effects of ethanol because this
behavioral measure has been consistently shown to be negatively correlated with ethanol
intake and preference among genetic animal models (Green and Grahame, 2008; Broadbent
et al., 2002; Rhodes et al., 2007; Froehilich et al., 1998; Quintanilla et al, 2001; Brunetti et
al., 2002; Chester et al., 2003; Phillips et al., 2005; Horrowitz and Whitney, 1975; Risinger
and Cunningham, 1992; 1995; 1998). Indeed, the current work replicated this negative
association between ethanol intake (as reported by Rhodes et al., 2007) and sensitivity to
ethanol-induced CTA in adult mice (r= −0.82, p<0.05).

Additionally, this work provides evidence that ethanol-induced CTA is mediated by very
similar genetic means across age, as adolescent and adult sensitivity to ethanol induced CTA
were strongly correlated (r=0.96, p<0.001). Furthermore, the current work demonstrates that
within an inbred strain, adolescent mice display reduced sensitivity to ethanol’s aversive
effects as compared to adults. This was clearly demonstrated in adolescent AJ, B6, BALB,
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C3, D2 and FVB mice, where higher doses were generally required to induce an ethanol-
dependent CTA response and/or adolescents showed a reduced magnitude change in NaCl-
solution consumption following ethanol dose as compared to adults. However, comparisons
between strains show that the dose required to induce a CTA response among adolescent
and adult animals is genotype dependent, and in some cases an adolescent may be more
sensitive to ethanol’s aversive effects than an adult. For example, adolescent 129s displayed
a CTA response at an ethanol dose as low as 1.5g/kg, however there were several adults of
different inbred strains that required a higher ethanol dose before they displayed a CTA
response (i.e., BALB, AJ, and B6).

Although adolescents of the AJ, B6, BALB, C3, D2 and FVB strains were clearly less
sensitive to alcohol’s aversive effects than their adult counterparts, adolescent-typical
reductions in ethanol-induced CTA were less obvious in the 129 and BTBR strains.
Adolescents and adults of the 129 strain both displayed significant reductions in NaCl
solution consumption at all ethanol dose-paired groups, which would seem to suggest
equivalent ethanol-induced CTA responses across the age groups. However, it is important
to note that at the 1.5g/kg ethanol-paired treated adolescent and adult mice significantly
differed from one another. Adult 129s in this ethanol dose group displayed a greater
magnitude change in the CTA response than did the dose-matched adolescent 129s.
Therefore, adolescent and adult 129s do not display equivalent ethanol-induced CTA
responses, but rather adolescent 129s are less sensitive to the development of an ethanol-
induced CTA than are adults as is evidenced by an examination of the 1.5 g/kg ethanol-
paired groups.

Whereas BTBR adolescents showed a reduction in NaCl-solution intake at the 2.25 and 3.0
g/kg ethanol doses compared to BTBR adolescent saline-treated mice, BTBR adults
displayed no significant reduction in NaCl intake following ethanol administration
compared to BTBR adult saline-treated mice. This would seem to imply that adolescent
BTBR mice are more sensitive to the aversive effects of ethanol. However, it is important to
note that adolescent and adult saline-treated mice showed differential changes in NaCl-
solution consumption across trials. Adolescent BTBR mice increased their NaCl solution
intake, while BTBR adult mice reduced their NaCl intake over trials. Moreover, the two
saline-treated age groups significantly differed from each other. It is therefore possible that
the positive change in NaCl consumption observed in the saline treated adolescent BTBR
mice over-emphasizes the apparent ethanol-induced reduction in NaCl intake while the
negative change in NaCl consumption observed in the saline-treated adult BTBR mice
under-estimates the ethanol induced reduction in NaCl intake.

We chose to analyze and interpret our CTA results based on a percent change score from
Trial 1 to Trial 3. This approach was intended to reduce any influence of differences in
exposure to the unconditioned stimulus (US; NaCl solution). Both age and strain influenced
the amount of NaCl solution consumed at Trial 1. Differences in exposure to the US can
affect subsequent associations (Revillo et al, 2012). Because we were comparing multiple
strains at two different ages, we thought it best to control for initial exposure to the US by
transforming the data to a percent change from Trial 1. It is possible that this approach may
have obscured some age or strain dependent ethanol effects, however we thought it best to
control for any association differences between the strains/ages that were due to US
exposure, since we cannot control for learning differences that are due to age or strain.

The observed differences in age and strain are thought to reflect inherent differences in
sensitivity to the aversive effects of ethanol. However, it is possible that differences in
ethanol-induced CTA responses are due to strain/age differences in learning the contingency
or general differences in sensitivity to aversive stimuli. Compared to adults, adolescents tend
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to perform better on simple active avoidance tasks, but perform poorly in more complex
learning tasks (Spear and Brake, 1983). Spear and Brake (1983) suggested that adolescent-
typical hyperactivity may account for some of the age-dependent differences in learning
tasks, as hyperactivity is an advantage in the simple active avoidance tasks, but a
disadvantage in the more complex learning tasks. Schramm-Sapyta et al. (2006) report that
adolescents are less sensitive to lithium chloride- (LiCl-) induced CTA, and suggest that this
age effect could be due either to a failure to learn the association (as CTA is a task where
hyperactivity would not be advantageous for forming CS/US associations), or the age effect
could be due to a general insensitivity to aversive stimuli among adolescents.

Strain differences in LiCl-induced CTA have also been reported in the same direction as the
strain differences in ethanol-induced CTA with D2 mice displaying a stronger CTA
response to LiCl than B6 mice (Risinger and Cunningham, 2000). Additionally, rats
selectively bred for proneness or resistance to cyclophosphamide-induced CTA has also
been reported to display differential sensitivity to ethanol-induced CTA (Elkins et al., 1992).
Elkins and colleagues (1992) observed that the selectively bred taste aversion prone (TAP)
rats displayed a stronger ethanol-induced CTA response than taste aversion resistant (TAR)
rats, despite the fact that ethanol CTA response was not a condition for selection. The TAP
and TAR lines display similar abilities in other general learning paradigms, such as radial
arm maze and bar pressing for food (Hobbs et al., 1993; Orr et al., 1997; 2004).

As mentioned previously, the ethanol-induced CTA measure was chosen to assess age and
strain differences in ethanol sensitivity because it is predictive of ethanol consumption.
Although strain/age differences in general aversion sensitivity and learning capabilities
cannot be ruled out as alternative explanations for the results obtained in the present study,
both aversion sensitivity and ability to form associations presumably could both influence
ethanol consumption, either independently of, or in addition to, variations in ethanol
sensitivity. For example, in addition to differing in drug-induced CTA, the TAR and TAP rat
lines have been shown to differ in ethanol consumption, with TAP rats consuming less
ethanol than TAR rats (Orr et al., 1997; 2004). This suggests that a general proneness (or
resistance) to CTA can influence not only ethanol-induced CTA (Elkins et al., 1992), but
also ethanol consumption.

Two limitations of the current study should be noted. First, in order to induce adequate NaCl
solution consumption water deprivation procedures were utilized. The water deprivation
presumably created a stressful situation for both the adolescent and adult animals.
Importantly, stressors can sometimes differentially affect ethanol responses among
adolescent and adult animals (Ristuccia et al., 2007; Song et al., 2007; Varlinskaya et al.,
2010), although Anderson and colleagues (2010) reported that, at least for restraint and
social isolation, stressor presentation did not significantly alter adolescent or adult responses
to ethanol-induced CTA. Second, the 8 inbred strains in the current work were chosen based
on their limited access ethanol intake reported by Rhodes et al, (2007). We were interested
in maximizing behavioral diversity in regards to ethanol intake, and therefore chose 8 inbred
strains that represent a spectrum of limited access ethanol intake. However, though these
strains are behaviorally diverse, they are not necessarily genetically diverse. Future work
should include additional inbred strains for age assessments of ethanol sensitivity that are
more genetically diverse.

The current experiment demonstrated strain- and age-dependent alterations in sensitivity to
ethanol’s aversive effects as measured by ethanol-induced CTA. Consistent with the
hypothesis that adolescent animals are less sensitive to the aversive effects of ethanol,
adolescents in general displayed reduced sensitivity to ethanol-induced CTA. Within strains,
adolescents were less sensitive to ethanol’s aversive effects than adults; however, between
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strains this was not necessarily the case. The dose required to induce a CTA response among
adolescent animals differed as a function of strain. Between strains, in some cases
adolescents were more sensitive to ethanol’s effects than adults (i.e, adolescent 129s
displayed a CTA response at the 1.5g/kg ethanol dose, but BALB and AJ adults required
2.25g/kg, and B6 adults required 3.0g/kg to display a CTA response). Future investigations
into genetic- and age-dependent differences in ethanol sensitivity should increase the
number of inbred strains used to allow for gene mapping. Additional behaviors, perhaps
those associated with ethanol’s rewarding effects, should also be examined.
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Figure 1. Adolescent and adult mL/kg NaCl solution consumed across conditioned taste aversion
trials
(A) AJ adolescents, n’s: saline=8, 1.5g/kg=8, 2.25g/kg=6, 3.0g/kg=6. (B) B6 adolescents,
n’s: saline=7, 1.5g/kg=7, 2.25g/kg=6, 3.0g/kg=7. (C) BALB adolescents, n’s: saline=6,
1.5g/kg=6, 2.25g/kg=6, 3.0g/kg=6. (D) BTBR adolescents, n’s: saline=9, 1.5g/kg=8, 2.25g/
kg=7, 3.0g/kg=10. (E) AJ adults, n’s: saline=11, 1.5g/kg=10, 2.25g/kg=10, 3.0g/kg=11. (F)
B6 adults, n’s: saline=10, 1.5g/kg=10, 2.25g/kg=7, 3.0g/kg=10. (G) BALB adults, n’s:
saline=10, 1.5g/kg=11, 2.25g/kg=10, 3.0g/kg=10. (H) BTBR adults, n’s: saline=12, 1.5g/
kg=12, 2.25g/kg=9, 3.0g/kg=10. (I) C3 adolescents, n’s: saline=6, 1.5g/kg=6, 2.25g/kg=7,
3.0g/kg=7. (J) D2 adolescents, n’s: saline=9, 1.5g/kg=10, 2.25g/kg=9, 3.0g/kg=9. (K) FVB
adolescents, n’s: saline=10, 1.5g/kg=9, 2.25g/kg=9, 3.0g/kg=7. (L) 129 adolescents, n’s:
saline=8, 1.5g/kg=9, 2.25g/kg=8, 3.0g/kg=8. (M) C3 adults, n’s: saline=9, 1.5g/kg=8, 2.25g/
kg=8, 3.0g/kg=8. (N) D2 adults, n’s: saline=11, 1.5g/kg=12, 2.25g/kg=8, 3.0g/kg=12. (O)
FVB adults, n’s: saline=9, 1.5g/kg=10, 2.25g/kg=10, 3.0g/kg=10. (P) 129 adults, n’s:
saline=12, 1.5g/kg=14, 2.25g/kg=11, 3.0g/kg=11.
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Figure 2. Ethanol induced conditioned taste aversion: percent change from trial 1 to trial 3
(A) AJ adolescents display a CTA response at 3.0g/kg ethanol, while adults display a CTA
response at 2.25 and 3.0g/kg ethanol. (B) B6 adolescents do not display a CTA response at
any of the doses tested, however B6 adults display a CTA response at 3.0g/kg ethanol. (C)
BALB adolescents do not display a CTA response at any of the doses tested, however
BALB adults display a CTA response at 2.25 and 3.0g/kg ethanol. (D) BTBR adolescents
display a CTA response at 2.25 and 3.0 g/kg ethanol, but BTBR adults do not display a
significant CTA response at any of the doses tested, likely because they reduce NaCl intake
following saline injections. (E) C3 adolescents display a CTA response at 2.25 and 3.0 g/kg
ethanol, while C3 adults display a CTA response at all ethanol doses (1.5, 2.25 and 3.0 g/
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kg). (F) D2 adolescents display a CTA response at 2.25 and 3.0g/kg ethanol, while D2 adults
display a CTA response at all ethanol doses (1.5, 2.25, 3.0 g/kg). (G) FVB adolescents
display a CTA response at 2.25 and 3.0g/kg ethanol, while FVB adults display a CTA
response at all ethanol doses (1.5, 2.25, 3.0 g/kg). (H) 129 adolescents and adults display a
CTA response at all ethanol doses, however the adolescents do not display as large of a
reduction at the 1.5g/kg ethanol dose as do the adults. (*=p<0.05, **=p<0.01, ***=p<0.001;
the asterisks (*) indicates significant difference from saline control within age-group; #
indicates significant age difference at the same dose; + indicates a significant change from
zero in the saline treated group).
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Figure 3. Phenotypic correlations
(A) Adolescent and adult strain mean CTA responses are significantly correlated (percent
change Trial 1–3, 2.25g/kg ethanol dose; r=0.96, p<0.001), suggesting that the same or very
similar genes likely contribute to the behavior at both ages. (B) Adult strain mean CTA
responses (percent change Trial 1–3, 2.25g/kg ethanol dose) is significantly negatively
associated with adult limited access ethanol intakes reported by Rhodes et al, 2007 (4h male
strain means; r= −0.82, p<0.05).
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