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Abstract
Background—Despite the fact that adolescent rats have repeatedly been found to consume more
ethanol than adult rats in a variety of ethanol access paradigms, the exact cause of the increase in
ethanol consumption during adolescence is not known. One possibility is that age differences in
sensitivity to ethanol's rewarding effects may contribute to the elevated intake seen among
adolescents. Human studies have shown that autonomic effects of ethanol, particularly ethanol-
induced tachycardia, are correlated with the positive hedonic properties of the drug and, hence,
may serve as a biomarker for reward.

Methods—In this experiment, a limited-access self-administration paradigm was used to
examine ethanol's autonomic effects in outbred male adolescent and adult Sprague-Dawley rats
under circumstances likely to reveal the rewarding value of ethanol. Results: The results indicated
that voluntary ethanol consumption was greater in adolescent than adult rats and that only
adolescents consumed enough of the saccharinsweetened ethanol solution to show a tachycardic
effect greater than that seen in response to saccharin alone.

Conclusions—To the extent that these tachycardic properties of ethanol are associated with the
rewarding/hedonic properties of ethanol as previously reported in humans, these findings support
the suggestion that adolescent animals may have found the ethanol-containing solution to be more
rewarding than the saccharin solution. A similar effect was not seen in adults, findings consistent
with the notion that adult rats may not consume enough ethanol under these circumstances to
experience its positive rewarding properties.

The adolescent period is associated with increased ethanol intake relative to adults in both
humans (Johnston et al., 2003) and rodents (Brunell & Spear, 2000; Doremus et al., 2005).
Although the exact cause of this elevation in ethanol consumption is not known. Past
research has indicated that adolescent rats are less sensitive than adult rats to many effects of
ethanol that may serve as cues to moderate ethanol intake. For example, adolescents show
less motor impairment (Silveri & Spear, 2001; White et al., 2002), sedation (Silveri & Spear,
1998) and dysphoria (Shram et al., 2005) than adults after ethanol administration. At the
same time, adolescents have been shown to be more sensitive than adults to certain restricted
effects of ethanol, including ethanol-induced social facilitation (Varlinskaya & Spear, 2002)
and disruptions in memory (Markwiese et al., 1998).

It is possible that an attenuated sensitivity to various aversive effects of ethanol may serve as
a permissive factor to enhance ethanol consumption during adolescence; indeed in a recent
extensive review of the literature, aversive effects of ethanol were found to be inversely
correlated with ethanol intake across a wide variety of genetic models varying in intake
levels (Green & Grahame, 2008). It is also possible that adolescent animals may vary from
adults in their sensitivity to the rewarding effects of ethanol, potentially predisposing them
to greater consumption – a possibility to be examined in the present study. On the one hand,
it has been suggested that adolescents may be relatively insensitive to the rewarding effects
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of ethanol, as well as other stimuli, when compared to adults. As a result, adolescents may
require greater exposure to a rewarding stimulus in order to experience the same hedonic
benefit as would be experienced by adults (Bjork et al., 2004; Spear, 2000). In contrast,
increased use of ethanol and other drugs by adolescents has also been postulated to reflect a
heightened sensitivity to reward (Chambers, Taylor & Potenza, 2003; Ernst et al., 2005;
Galvan et al., 2006; Laviola et al., 2003). There has been little emphasis to date, however, on
exploring potential age differences in ethanol hedonics.

In studies using adult human volunteers, ethanol-induced increases in heart rate (HR) have
repeatedly been found to correlate significantly and positively with subjective measures of
ethanol's rewarding value (Conrod, Pihl & Vassileva, 1998; Conrod, Peterson & Pihl, 2001;
Holdstock & De Witt, 2001; Holdstock, King & de Witt, 2000). Much of this research has
shown that subjects with a family history of alcoholism show reliable and consistent
tachycardic responses to moderate ethanol consumption (Barrett, Brunelle & Pihl, 2004;
Conrod, Pihl & Ditto, 1995; Conrod et al., 1997; Peterson et al., 1993, 1996; Newlin &
Thomson, 1999), tachycardia that is more marked than in subjects without a family history
of alcoholism (Conrod, Pihl & Ditto, 1995). Furthermore, this ethanol-induced tachycardia
has been found to correlate with striatal dopamine release (Boileau et al., 2003) and can be
blocked by administration of naltrexone (Peterson et al., 2006). These studies conducted in
humans support the suggestion that ethanol-induced tachycardia and autonomic input to the
heart may be related to the hedonic effects of the drug and hence may provide a useful
endophenotype to identify populations at risk for alcoholism (e.g. Schuckit, 2000).

To date, only a few studies have examined potential age differences in ethanolinduced
tachycardia between non-selected adolescent and adult rats (for discussion of adolescent (30
day-old) or adult (90 day-old) P rats, see Bell et al., 2006). In one study, no differences were
observed between these two ages in their tachycardic responses to ethanol when
administered via vapor inhalation in sessions that occurred for four hours each day over
seven consecutive days (Ristuccia & Spear, 2005). However, the inhalation protocol used in
that study maintained the rats at relatively high (160-200 mg/dl) blood ethanol contents
(BECs) that may have been beyond the potentially appetitive range. Consequently, a follow-
up study was conducted in which ethanolinduced tachycardia was assessed after injection of
a range of ethanol doses, the highest of which produced BECs only slightly higher than
those seen after vapor inhalation (200-250 mg/dl) (Ristuccia & Spear, submitted). In
contrast to the results of the inhalation study, no evidence of ethanol-specific tachycardia
was observed in adolescents after injection of any dose of ethanol, despite clear evidence of
dose-related tachycardia in adults. Thus, the ontogenetic pattern of HR response to ethanol
appears to depend partly on administration route, in that adolescent rats appeared less
sensitive than adults to this effect of injected ethanol but the two ages appeared equivalently
sensitive when ethanol was administered via vapor inhalation.

How relevant the data from either of these studies is to the issue of age differences in
hedonic effects of ethanol is arguable, especially considering the potential interference that
high doses of ethanol may have on baroreflex sensitivity (see Bell et al., 2002 for
discussion). In addition, forced-administration paradigms may not accurately assess the
rewarding value of ethanol, given past research showing that reward is maximized in
situations where the drug is self- rather than experimenter-administered (Ackroff & Sclafani,
2001; Li et al., 2001). Furthermore, self-administered drugs, including ethanol, have also
been associated with greater activation of reward-related brain regions than drugs that were
forcibly administered (Bachtell et al., 1999; Dworkin, Co & Smith, 1995; Hemby et al.,
1997; Porrino et al., 1998).
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In light of these findings, use of a self-administration procedure may be especially desirable
in work to assess possible age differences in autonomic and physiological measures that may
reflect the hedonic properties of ethanol. Previous research has established that outbred
adolescent rats generally consume two to three times more ethanol than adults in numerous
homecage two-bottle choice paradigms (Brunell & Spear, 2005; Doremus et al., 2005),
including a two-hour limited access procedure using sweetened 6% ethanol (Ristuccia,
Brunell & Spear, 2005). In this work using a two-hour limited access paradigm, although
overall g/kg ethanol consumption differed significantly across age, BEC collected at the end
of the two hour session on the fourth and seventh access days did not, with these post-
session BECs (approximately 33-36 mg/dl) being within the range shown to support
conditioned place preference in both adolescents and adults (Philpot, Badanich & Kirstein,
2003; Matsuzawa, Suzuki & Misawa, 2000).

Whereas ethanol-induced increases in HR have been suggested to serve as a proxy for
ethanol's rewarding properties (e.g. Assad et al., 2003), there is also some evidence to
suggest that under some circumstances, the decline in body temperature (BT) that occurs
after ethanol administration may contribute to ethanol's aversive effects. Exposure to ethanol
in an environment with a low ambient temperature facilitated acquisition of ethanol-induced
conditioned taste aversions, with the opposite pattern evident when ethanol exposure
occurred in a high ambient temperature (Cunningham, Niehus & Bachtold, 1992). These
findings suggest that the greater expression of hypothermia may have enhanced the aversive
properties of the drug. However, these findings are not ubiquitous, given that other studies
found that the magnitude of ethanol-induced hypothermia does not always correlate
significantly with acquisition of conditioned taste aversions (Broadbent, Muccino &
Cunningham, 2002; Cunningham et al., 1991). On the other hand, most studies examining
age differences in ethanol-related hypothermia have used administration protocols producing
BECs much higher than those seen after two-hour access (Ristuccia, Brunell & Spear,
2005). Thus, although it is questionable as to whether hypothermic responses to ethanol
would emerge using the self-administration protocol in the current study, this autonomic
measure was also monitored in the present study as a potential index of the aversive
properties of ethanol.

In Exp. 1 of the present study, age differences in ethanol's effects on heart rate and body
temperature in response to a two hour voluntary access period were examined. Blood and
brain ethanol contents were examined in Exp. 2 at the time point of the greatest HR response
to ethanol during the intake session to determine whether age differences in ethanol
pharmacokinetics might have contributed to the observed ontogenetic patterns of autonomic
effects. In light of previous findings of reduced ethanol-induced tachycardia in adolescents
and the potential implications of that finding on the sensitivity of adolescent rats to ethanol's
rewarding value, it was hypothesized that adolescent animals would show less ethanol-
induced tachycardia than adult rats during self-administration, an indication of attenuated
sensitivity to ethanol's rewarding value in adolescence. The results did not support this
hypothesis.

Experiment 1: Assessment of Heart Rate, Body Temperature, and Activity
during Limited-Access Ethanol Consumption
Methods

Subjects—Both of the experiments described here used adolescent and adult male rats of
the outbred Sprague-Dawley strain bred in an AAALAC-accredited vivarium at Binghamton
University (N=32 for Exp. 1, N=16 for Exp. 2). Litters were culled on the first day after
birth (postnatal day [P] 1) to six males and four females whenever possible. Male offspring
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were weaned on P21 and housed in pairs with same-sex littermates under a 14/10 hour light/
dark cycle (lights on at 0700hrs) until the time of testing as described below; female
offspring were used in other projects. No more than one animal per litter was used in each
condition. Animals were given ad lib access to food and water until the water restriction
period began (as described below). All procedures used in the following experiments were
approved by the Binghamton University Institutional Animal Care and Use Committee
(IACUC).

Procedure—The experiment was an 8 Day (baseline + 7 days of ethanol exposure) × 2
Age (adolescent or adult) × 2 Experimental Solution (6% ethanol with 0.1% saccharin or
0.1% saccharin alone) design, with eight animals used in each experimental condition
(N=32). This ethanol concentration has been used previously in work utilizing a limited
access procedure and was found to produce post-session BECs in the moderately
intoxicating range (see Eckardt et al, 1998) at both ages immediately following the two hour
access period (Ristuccia, Brunell & Spear, 2005). In order to ensure accurate measurements
of each individual animal's ethanol intake over days, all animals were isolated at the time of
surgery and remained so throughout the experiment. No isocaloric control solutions were
provided because past research has indicated that adolescent and adult ethanol consumption
is not calorically-driven (Doremus et al., 2005).

On P25 or P65, adolescent and adult rats were implanted with model #TA10ETA-F20
telemetry probes (Data Sciences International; St Paul, MN) to monitor HR, BT and activity
throughout the experiment. Animals were first anesthetized with isoflurane, and then the
body of the probe inserted through a small incision in the abdomen and sutured to the
peritoneum. Next, the two wire leads for measuring HR were fed through the peritoneum
with a 17-gauge needle and tunneled subcutaneously to two locations on opposite sides of
the heart where the tip of each lead was sutured into place within the muscle.

After surgery, animals were transferred to the telemetry recording room where their cages
were placed on top of RLA1020 receiving plates (Data Sciences International; St Paul, MN)
and given three days to recover. On the last day of the recovery period, the probes were
magnetically activated so that baseline measurements could be taken the next day. All
animals were given an additional water supplement (adolescents approximately 10 ml,
adults – 13 ml) on this day and throughout the water restriction period at the conclusion of
each day's two-hour access session. In pilot work, this amount of additional fluid
(approximately 95 ml/kg for adolescents and 38 ml/kg for adults) was found to foster post-
surgical recovery as well as to permit continued weight gain in adolescents and weight
maintenance in adults without significantly decreasing fluid access during the solution
access period at either age relative to animals given no supplemental water. Two-hour
access sessions were conducted in the animal's home cage between 0900 and 1100 hrs daily.
During the first session (the baseline day), only water was presented to each animal.
Thereafter, the seven-day two-bottle exposure period began, with access to both water and
one of the experimental solutions occurring each day. The position of each solution (i.e. left
or right) was alternated each day of solution access. Animals were weighed prior to each
day's fluid access period between the 0820 and 0830 hrs samples, and bottles were placed on
the cages at 0855 hrs, just prior to the 0900 hrs sample. On baseline day and throughout the
experiment, telemetry data were sampled for thirty seconds once every ten minutes for the
entire 24-hour period and then averaged over thirty minute time bins. In order to distinguish
binned data from a data point collected at specific time during the day, the latter are
accompanied by an “hrs” designation. In contrast, binned data do not have an “hrs”
designation and are identified using the first sample included in that bin (i.e. the 0830 bin
includes data from the 0830, 0840 and 0850 hrs sampling intervals). Missing telemetry data
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points were replaced by the means of the samples immediately before and after the lost
point. When too many samples were missing to calculate a mean, the point was left blank.

Data Analysis—Ethanol intake (g of ethanol/kg of body weight) was analyzed using a 7
Day × 2 Age analysis of variance (ANOVA), with day treated as a repeated measure. In
addition, daily solution and water (ml/kg) consumption, as well as solution preference ((ml
of experimental solution – ml of water) / ml of total fluid intake) * 100) and body weight
gain (previous day's weight (g) - current day's weight (g)) were analyzed in all animals by
means of 7 Day × 2 Age × 2 Experimental Solution (ethanol or saccharin) repeated measures
ANOVAs, with day treated as a repeated measure.

Telemetry data were examined during two target intervals, both of which were composed of
a series of 30-minute time bins. Analyzing the data using ANOVAs targeted toward specific
components of the ethanol response profile permitted assessment of changes in the animals'
responses across the days of the exposure period without making more comparisons than
prudent given the statistical power of the design (see Ristuccia & Spear, 2005 for further
discussion). Separate 8 Day × 2 Age × 2 Experimental Solution × 7 or 4 Time ANOVAs
were conducted for each interval, with the length of the time interval (i.e. number of the time
bins) varying across analyses depending on the time period of interest. The first assessment
interval was set to examine effects of ethanol prior to and during the limited access period
(i.e., the seven 30 min. time blocks from 0800-1100), while the second period of interest
assessed recovery from these effects after the bottles have been removed (i.e., the four 30
min. time blocks from 1130-1300). Prior to binning the activity data, an estimation of the
total number of counts that occurred during the entire ten minute epoch between samples
was made. Counts/epoch were calculated using the following formula: (total counts/
30)*600.

Where data was found to violate the assumption of homogeneity of variance (determined
using Levene's test), nonparametric tests were used (Mann-Whitney U). In all ANOVAs,
post hoc differences between groups were assessed using Fisher's LSD tests. No significant
effects of solution emerged at either age in the analysis of the recovery period (1130-1300)
data and, hence, these analyses are not reported below. An additional analysis was
conducted to examine the dark phase of the diurnal cycle. However because no reliable
effects of solution were observed in either age during this period, these data will also not be
reported.

Results
Body Weight & Intake—Body weight and intake data are summarized (collapsed across
Day) in Table 1. As expected, adolescent rats generally gained more weight than adult rats,
an age difference that was significant on all days except for Days 2, 3 and 6 [Day × Age
interaction: F(7, 196)=9.79, p<.001]. There were no significant effects or interactions of the
solutions consumed. Ethanol intake was greater in adolescent than adult animals, an effect
that did not interact significantly with Day [Age effect: F(1, 14)=12.35, p<.01]. Solution
consumption was also higher in adolescent than adult animals on all days of access, with
saccharin-consuming adolescents having higher intake than all other groups [Age × Solution
interaction: F(1, 28)=10.75, p<.05]. Adolescents also consumed more water than adults [Age
effect: F(1, 28)=22.33, p<.001]. No effects of age or solution emerged in the analysis of
solution preference, although when data were collapsed across age and solution, a reliable
preference for the experimental solutions over water (i.e. a preference score greater than
zero) was observed on all days except for Day 1 [Day effect: F(6, 168)=2.40, p<.05] (data
not shown).
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Heart Rate (HR)—Significant differences in HR between adolescent and adult rats that did
not interact with solution were evident prior to and during the two-hour access session (0800
to 1100 analysis), with adolescents having significantly higher HRs than adults in all time
bins despite some fluctuations across time in animals of both ages [Time × Age interaction:
F(6, 168)=4.14, p<.001]. Because of these consistent baseline differences in HR between
adolescent and adult rats, the HR data were analyzed separately at each age.

The results of these analyses indicated some evidence for ethanol-specific tachycardia in the
adolescent animals but not in adults. Although animals in both the ethanol-and the
saccharin-consuming groups showed increases in HR after weighing and during the two-
hour access session relative to the time period immediately prior to these manipulations,
adolescents with access to ethanol showed higher HR change scores at the onset of the
access period relative to the pre-access bin than those with access to saccharin solution.
Adult rats, on the other hand, showed a similar rise in HR from the immediate pre-access
period regardless of which solution was consumed.

HR data during each time bin from 0800 to 1300 hrs for each group on the baseline day
(when animals were given water alone during the fluid access period) as well as when
averaged across the seven days of access to the experimental solutions are shown in Figure
1. Data are presented in this manner because, although HR on the solution access days
differed from that seen on the baseline day, there were no significant interactions of day and
solution in the analyses at either age. In both adolescent and adult rats, onset of the fluid
access period on the baseline day as well as on the experimental days was associated with an
increase in HR at 0900 relative to the preaccess 0830 bin [Main effect of Time: adolescents:
F(6, 84)=75.96, p<.001; adults: F(6, 84)=64.34, p<.001]. Analysis of the HR responses to
access to the experimental solutions per se, however, was complicated among the adolescent
animals by HR differences between the two solution groups that were evident immediately
prior to the access period, with adolescents in the ethanol access group having lower HRs
than those with access to saccharin solution at 0830 (and again later in the access period
[1030]) [Time × Solution interaction: F(6, 84)=2.52, p<.05]. Because of this pre-access
difference between solution groups, HR data of each adolescent rat during the initial bin of
the access period (0900) were transformed into percent change from that animal's HR in the
pre-access bin (0830) using the following formula: (HR at 0900 – HR at 0830) / HR at 0830)
* 100. This analysis again revealed a significant effect of solution, with adolescents given
access to ethanol showing a greater percent change in HR at the onset of the access period
than those adolescents given access to saccharin [Solution effect: F(1, 14)=14.47, p<.01]
(see Figure 2). Although it may appear so in Figure 1, no significant main effect or
interaction of solution emerged in the overall ANOVA of adult HR. However, data from
adult rats at 0900 were also analyzed as change scores from 0830 to maintain consistency in
analysis strategy across age. No effect of solution emerged among the adults in this analysis
either.

Body Temperature (BT)—In the overall analysis of BT, significant age differences
emerged that did not interact with solution. During the initial period of analysis
(0800-1100), temperatures of the adolescent animals were lower than those of adults during
most time bins, an age difference that was most pronounced on early assessment days and
became somewhat attenuated over days [Day × Time × Age interaction: F(42, 1176)=1.62,
p<.01]. Because of these prevalent age differences in BT, the data from adolescents and
adults were again analyzed separately.

When the two ages were analyzed separately, only the adolescent rats showed differences in
BT across solution access groups, while adult rats showed no effect of solution on BT.
Among the younger animals, ethanol-consuming rats had slightly lower temperatures than
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those with saccharin access, although this difference was largely driven by increasing
temperatures in the saccharin-consuming animals over days.

There was a trend for BTs of ethanol-consuming adolescents to be lower than those of
saccharin-consuming adolescents during the second half of the two-hour access session
(1000 and 1030), although the interaction did not reach statistical significance [Time ×
Solution interaction: p=.07]. These effects appeared to be driven by an increase in the
temperatures of the saccharin-consuming animals over days that was not evident among the
ethanol-consuming adolescents [Day × Solution interaction: F(7, 98)=3.20, p<.001] (data
not shown). No indications of solution effects on body temperature were seen among the
adult animals.

Activity—The ANOVA of activity counts derived from the telemetry probes from 0800 to
1100 indicated that, as expected, adolescent rats were more active than adult rats [Age
effect: F(1,28)=7.90, p<.01]. As with HR and BT because of these reliable age differences in
baseline activity between adolescent and adult rats, separate analyses were conducted at
each age. These analyses revealed statistically significant effects of ethanol on activity only
in adolescents, with ethanol consumption decreasing activity among adolescent animals
during the two-hour access period. Specifically, between 0800 and 1100, there was a
statistically significant effect of solution on activity among the adolescents [Solution effect:
F(1, 14)=7.04, p<.05], but not adults, with activity lower in adolescents given access to
ethanol (190.22 ± 28.75 counts/epoch) compared to those with access to saccharin (302.50 ±
31.05 counts/epoch). This effect appears to have been driven largely by time bins later in the
access period, although the Time × Solution interaction did not reach significance [p=.06].

Experiment 2: Assessment of Blood and Brain Ethanol Content during the
Peak Heart Rate Response
Methods

In Exp. 1, adolescent animals showed a greater ethanol-specific tachycardic response than
adults, but only during the first thirty minutes of solution access. However, because blood
collection would interfere with telemetry recordings, no blood ethanol content (BEC) data
was collected in that experiment and, consequently, it was unclear from that study the extent
to which the observed differences in HR responses to ethanol may have been related to
differences in the amount of ethanol exposure between adolescent and adult animals.
Therefore, in this experiment, BEC and brain ethanol content (BrEC) were assessed after
thirty minutes of solution access in animals of both ages.

Procedure—Animals in this experiment underwent a two-hour limited-access procedure
similar to those in Exp. 1, although no surgery was performed. After the water-only baseline
day, adolescents and adults in Exp. 2 underwent two days of ethanol access. After 30 min of
ethanol access on the second day, animals were euthanized by decapitation. Trunk blood and
whole brains were collected and immediately frozen at −80°C for later assessment of
ethanol content using gas chromatography. For analysis, frozen blood samples were thawed
and ethanol content was determined using an HP5890 Series II Gas Chromatograph and
HP7694E autosampler (Hewlett Packard; Wilmington, DE). Peak areas under the curve were
compared to known standards using HP3365 Chemstation software. For analysis of brain
samples, 2.0 ml of cold distilled water was added for each gram of brain tissue. Samples
were then homogenized at 5°C and analyzed using the same assay procedures as blood
samples (see Silveri & Spear, 2000).
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Data Analysis—Ethanol intake (g/kg) on the second day of fluid access was calculated
identically as in Exp. 1. Intake data at each age were compared using a t-test. Because
Levene's test indicated that both BEC and BrEC data sets violated the assumption of
homogeneity of variance, the data were analyzed by means of Mann-Whitney U tests. In
addition, correlations were conducted between each measure of ethanol content and g/kg
intake data.

Results
Adolescent rats consumed more ethanol than adult rats in the first 30 min of the two-hour
access session (1.1 ± 0.23 vs. 0.36 ± 0.06 g/kg) [t(14)=2.87, p<.05]. Similarly, ethanol
content was higher in both tissues in adolescents than adults (Figure 5), although Mann-
Whitney U tests did not indicate significant differences between the ages in either blood or
brain ethanol content (p>.05). Despite the lack of statistically significant differences, ethanol
content in each compartment correlated highly with the amount of ethanol consumed (BEC:
R=.89, p<.001; BrEC: R=.83, p<.001).

Discussion
In these experiments, the two-hour limited access model of ethanol consumption produced
an age-related pattern of ethanol consumption similar to that seen in numerous other studies
(e.g. Brunell & Spear, 2005; Doremus et al., 2005). Adolescent rats were found to consume
both more total g/kg ethanol over the entire session as well as more ethanol than adult
animals during the first thirty minutes of fluid access, similar to the findings frequently
reported in studies examining age differences in self-administration of ethanol in rats.
Although caution is always necessary when comparing across experiments, it is nevertheless
interesting that during the thirty min session of Exp. 2, adolescents drank an amount of
ethanol that was approximately 63% of that consumed by adolescents over the two hour
period in Exp. 1. Adults, on the other hand, drank an amount during the thirty min session
that was equivalent to only 35% of what was consumed over two hours by the adults in Exp.
1. Thus, in the first thirty minutes of access, adolescent rats appeared to consume the
majority of the ethanol that they would drink during the session, whereas adult ethanol
consumption was spread more evenly across the solution access period. This finding is
important to consider when examining the telemetry data from Exp. 1 because it suggests
that the time period in which the greatest ethanol effect on HR is seen also coincides with
the period in which the most ethanol is consumed by outbred adolescent rats – enough
ethanol to elevate their blood ethanol levels to 50-60 mg/dl, well within the intoxicating
range (Eckardt et al., 1998).

The results of Exp. 1 indicated that among non-selected Sprague-Dawley rats, some limited
evidence of an ethanol-specific HR response to ethanol was evident in adolescents, with no
comparable effect in adults. Adolescent animals showed a transient ethanol-related increase
in HR during the initial part of the limited-access session that was greater than the HR
response to the saccharin solution. Furthermore, this elevated HR response to ethanol
coincided with the time period of greatest ethanol intake and, presumably reflects the
ascending limb of the BEC curve during the fluid access session. This finding is particularly
important considering that cardiac responses to ethanol in human volunteers have been
found to correlate most strongly with stimulant effects of the drug during the ascending limb
of the BEC curve (Brunelle, Barrett & Pihl, 2007). Ethanol-consuming adult rats, on the
other hand, did not show an increase in HR greater than that seen in animals with saccharin
access. It is important to note that BEC and BrEC both tended to be higher in adolescents
than adults following the first thirty min of the intake session. Although not statistically
different given the conservative nonparametric tests used, this seeming age difference in
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ethanol load confounds assessment of age differences in sensitivity to ethanol-induced
tachycardia.

Thus, it is unclear whether adolescent and adult rats would differ in their tachycardic
responses to ethanol if it had been self-administered in equal amounts across age, a situation
that is difficult to accomplish given the consistency with which age differences in ethanol
consumption emerge between adolescent and adult animals (e.g. Ristuccia, Brunell & Spear,
2005, 2007; Silveri & Spear, 2000, 2001; Varlinskaya & Spear, 2002; Varlinskaya, Spear &
Spear, 1999; White et al., 2002). What can be concluded from these data, however, is that
when using this two-bottle choice limitedaccess paradigm, only adolescents voluntarily
consumed enough ethanol to experience a tachycardic effect of ethanol that exceeded the
increase in HR seen with saccharin consumption, potentially reflecting a greater rewarding
value of ethanol relative to saccharin among the younger animals. This increase in heart rate
was most likely not a response to the caloric value of the ethanol solution, which may have
the potential to be rewarding to food-deprived animals, because caloric intake has not been
found to drive ethanol intake in adolescent rats in past research (Doremus et al., 2005).
Similarly, the increased HR of the ethanol-consuming adolescents cannot be accounted for
by an increased physical activity as no corresponding increase in locomotion was recorded
in those animals.

No evidence of tolerance was seen to the tachycardic effect of ethanol in this experiment.
This is not surprising, however, given the relatively short period of ethanol exposure that
was used. Prior work using a seven day exposure period likewise found no evidence of
tolerance to ethanol-induced tachycardia in either adolescents or adults (Ristuccia & Spear,
2005). Other experiments have only seen slight reductions in HR after long periods of self-
administration in rats (Abdel-Rahman, Dar & Wooles, 1985; Bell at al., 2002), access
periods not suitable for developmental work.

Unlike the HR findings, little evidence of ethanol-induced hypothermia was seen at either
age, most likely because the amounts of ethanol consumed were too low to induce a
significant decrease in BT. Despite a trend for lower BT in ethanol- than saccharin-
consuming adolescent rats, this difference was largely driven by an increase across days in
the BT of the animals with saccharin access. It seems unlikely that this difference was the
result of a post-surgical impairment of body temperature regulation in the ethanol-
consuming animals given that there were no differences in body weight gain between the
two solution groups, suggesting a normal recovery from surgery in animals from both
groups. Rather, given that activity was decreased during the consumption period in the
animals with access to ethanol relative to those with access to saccharin, the lower BT of
ethanol-consuming adolescents was most likely a result of the decreased activity brought on
by ethanol's sedative properties. To the extent that ethanol-induced hypothermia has been
shown to be related to the aversive properties of the drug (e.g. Cunningham, Niehus &
Bachtold, 1992), these data could be interpreted to suggest that the animals did not
experience negative ethanol hedonics after consumption.

Overall, however, robust sedative effects of ethanol were difficult to detect, particularly in
adult animals, seemingly at least in part because of the low levels of activity commonly
found among isolate-housed animals in their homecages during the light phase of the diurnal
cycle (e.g. see Ristuccia & Spear, 2004). Consequently, ethanol consumption may have
appeared to have little influence on adult activity in Exp. 1 because of this floor effect, with
ethanol-induced decreases in activity only detected in adolescent rats (who, consistent with
previous work, showed higher levels of homecage activity when compared to adults, both
when isolate-housed as in this experiment and even more so when housed socially [Ristuccia
& Spear, 2004]).
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Assuming that the correlational relationship between tachycardia and ethanol reward that
has been demonstrated in humans is also evident in rodents, the results of the present study
suggest that non-selected adolescent rats consume enough ethanol to potentially experience
a positive hedonic effect that is greater than that seen in response to a sweetened control
solution, whereas adults will not in the limited-access paradigm used in the present studies.
Although the reason why adult outbred rats do not appear to consume enough to experience
positive hedonics specific to ethanol within this testing situation are not entirely clear, one
possibility is that the greater sensitivity of the adults to various ethanol effects, such as its
sedative (Silveri & Spear, 1998), dysphoric (Shram et al., 2005) or behaviorally-suppressing
(Varlinskaya & Spear, 2002) effects, may prevent them from consuming enough ethanol to
get to the point that it becomes pleasurable for them. In contrast, the lower sensitivity of
adolescent animals to these cues might permit the younger animals to consume more ethanol
and, hence, to derive positive hedonic effects from the drug.

Whether there are age differences in ethanol's positive hedonic effects per se remains to be
directly determined. While the experiments conducted here indicate that a potential
difference in ethanol hedonics exists between non-selected adolescent and adult rats, future
studies may shed more light on this question by directly measuring ethanol's rewarding
effects, both behaviorally and neurobiologically. Furthermore, relating the findings of such
an experiment with those of this study may help to validate the use of autonomic
assessments as an animal model of reward. Such studies may prove challenging to conduct
using a self-administration paradigm in which adolescents typically consume more ethanol
than adults, but may provide potentially exciting insights into the mechanisms that drive the
marked increase in ethanol consumption seen during adolescence.
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Figure 1.
HR data from adolescent (top) and adult (bottom) rats with access to both solutions in Exp. 1
(represented as mean ± SEM beats/min). The gray lines represent HR on the baseline day in
the individual solution access groups while the black lines represent the mean of all seven
solution access days. The solution access period spanned the bins from 0900 to 1100, with
pre-access weighing occurring at 0830.
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Figure 2.
HR data from Exp. 1 during the 0900 time bin taken as percent change from the pre-access
bin (0830). Data are collapsed across day (mean ± SEM). * indicates a significant difference
between the saccharin- and ethanol-consuming adolescents.
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Figure 3.
BT data from adolescent (top) and adult (bottom) rats with access to both solutions in Exp. 1
(represented as mean ± SEM degrees C). The gray lines represent BT on the baseline day in
the individual solution access groups while the black lines represent the mean of all seven
solution access days. The solution access period spanned the bins from 0900 to 1100, with
pre-access weighing occurring at 0830.
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Figure 4.
Activity data from adolescent (top) and adult (bottom) rats with access to both solutions in
Exp. 1 (represented as mean ± SEM counts). The gray lines represent activity on the
baseline day in the individual solution access groups while the black lines represent the
mean of all seven solution access days. The solution access period spanned the bins from
0900 to 1100, with pre-access weighing occurring at 0830.
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Figure 5.
Blood and brain ethanol content from animals consuming ethanol for 30 minutes in Exp. 2.
Data are represented as mean ± SEM mg of ethanol/dl of blood or /100mg of brain.
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