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FIGURE 5.1: Basal dopamine levels are similar in adolescent and adult water-pretreated
and ethanol-pretreated rats. Data presented at mean basal dopamine levels (nM) +/-
SEM. Adolescent 0.0 n=4, Adolescent 2.0 n=5, Adult 0.0 n=4, Adult 2.0 n=4.

FIGURE 5.2: Potassium-stimulated dopamine in adolescent and adult water-pretreated
and ethanol-pretreated rats. Data presented at mean potassium-stimulated dopamine
levels (nM) +/- SEM. Adolescent 0.0 n=4, Adolescent 2.0 n=5, Adult 0.0 n=4, Adult 2.0
n=4.

Potassium-stimulated dopamine in nucleus accumbens septi (percent of baseline)

As depicted in Figure 5.3, when dopamine levels are expressed as a percent of
basal dopamine, there were no significant changes in potassium-stimulated dopamine
levels in Adolescent (Panel A) or Adult (Panel B) rats across time. However, there was
a significant change in potassium-stimulated dopamine in the nucleus accumbens septi

across time as supported by a significant main effect of Time [F (28, 221) = 2.352, p <

0.05].
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FIGURE 5.3: Time course in potassium-stimulated dopamine in adolescent and adult
water-pretreated and ethanol-pretreated rats. Data presented at mean percent of
baseline +/- SEM. The dashed box indicates the delivery of 100 mM potassium
stimulation. Panel A) Adolescent water and ethanol pretreated rats. Panel B) Adult
water and ethanol pretreated rats. Adolescent 0.0 n=4, Adolescent 2.0 n=5, Adult 0.0
n=4, Adult 2.0 n=4.
Potassium-stimulated DOPAC in nucleus accumbens septi (nM)

As depicted in Figure 5.4, when DOPAC levels are expressed as a percent of

basal DOPAC, there were no significant changes in potassium-stimulated DOPAC levels

in Adolescent (Panel A) or Adult (Panel B) rats across time.
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FIGURE 5.4: Time course in potassium-stimulated DOPAC in adolescent and adult
water-pretreated and ethanol-pretreated rats. Data presented at mean percent of
baseline +/- SEM. The dashed box indicates the delivery of 100 mM potassium
stimulation. Panel A) Adolescent water and ethanol pretreated rats. Panel B) Adult
water and ethanol pretreated rats. Adolescent 0.0 n=4, Adolescent 2.0 n=5, Adult 0.0
n=4, Adult 2.0 n=4.
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Potassium-stimulated DOPAC/DA turnover in nucleus accumbens septi

As depicted in Figure 5.5, when DOPAC/DA levels are expressed as a percent of
basal DOPAC/DA turnover levels, there were no significant changes in potassium-
stimulated DOPAC/DA turnover levels in Adolescent (Panel A) or Adult (Panel B) rats
across time. However, DOPAC/DA turnover did change across time as supported with a
significant main effect of Time (F (16, 221) = 2.75, p < 0.05]. There was also a trend for
ethanol pretreatment to decrease DOPAC/DA turnover across time [F (16, 221) = 1.58, p

= 0.10].
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FIGURE 5.5: Time course in potassium-stimulated DOPAC/DA turnover in adolescent
and adult water-pretreated and ethanol-pretreated rats. Data presented at mean percent
of baseline +/- SEM. The dashed box indicates the delivery of 100 mM potassium
stimulation. Panel A) Adolescent water and ethanol pretreated rats. Panel B) Adult
water and ethanol pretreated rats. Adolescent 0.0 n=4, Adolescent 2.0 n=5, Adult 0.0
n=4, Adult 2.0 n=4.
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Chapter 6: Discussion

Aim 1: Voluntary ethanol intake after water or ethanol pretreatment

Cognitive and behavioral dysfunctions have been reported following binge
ethanol treatment during adolescence (Popovic et al., 2004; Obernier et al., 2002).
Overall, data from the present set of experiments demonstrate that all rats exposed to a
high dose of ethanol (2.0 g/kg ig) during adolescence are especially susceptible to
enhanced ethanol consumption in young adulthood as compared to similarly ethanol-
pretreated adult rats. Recent work supports the present findings of enhanced ethanol
intake in adulthood following ethanol exposure during adolescence relative to animals
that initiated ethanol exposure later in life (Holstein et al., 2011; Melendez, 2011; Metten
et al.,, 2011; Sherrill et al., 2011; String et al., 2010). When adolescent mice were
initiated on binge ethanol exposure during adolescence at ~PND 28, they showed
sustained elevated ethanol intake relative to rats that initiated ethanol intake at ~PND 63
(Metten et al., 2011). Interestingly, when late adolescent mice were initiated on binge
ethanol exposure at ~PND 42, these rats did not show long-term elevations in voluntary
ethanol consumption relative to young adult mice, in fact these late adolescent mice
showed decreased ethanol intake later in life relative to adult-ethanol-exposed mice
(Metten et al., 2011). These data support the hypothesis of a critical period of exposure
to ethanol to affect long-term changes in ethanol intake in adulthood and suggest a
unique vulnerability to a specific pattern of ethanol exposure that induced long-term

behavioral changes in adolescent high-dose ethanol-exposed rats.
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It is important to note that not all forms of ethanol exposure (ethanol vapor or
constant voluntary access to ethanol) during adolescence leads to changes in voluntary
ethanol intake in adulthood. In rats that were given daily voluntary access to ethanol
beginning during adolescence and extending into adulthood (PND 28-90), there were no
significant differences in voluntary ethanol intake compared to rats that began voluntary
ethanol consumption in adulthood (PND 71-90; Vetter et al., 2007). In another study,
ethanol vapor exposure during periadolescence (PND 30-40) did not enhance sucrose
sweetened ethanol consumption in adulthood (> PND 92; Slawecki and Betancourt,
2002). These data are consistent with recent findings indicating that daily access to
ethanol can reverse the enhanced ethanol intake observed following intermittent
exposure to ethanol in periadolescent rodents (Melendez, 2011). One of the key
aspects hypothesized to increase ethanol intake in young adulthood in adolescent rats
pretreated with the high 2.0 g/kg dose of ethanol was the pattern of adolescent ethanol
exposure with repeated cycles of four consecutive days of ethanol administration
coupled with intermittent abstinence days during the adolescent exposure period. Vetter
and colleagues (2007) allowed animals ethanol access everyday beginning in
adolescence through adulthood, with no ethanol-free days. Slawecki and Betancourt
(2002) exposed adolescent male rats to ethanol for ten consecutive days, with no
ethanol-free days. While adolescent rats exposed to ethanol every day did not show
enhanced ethanol consumption in adulthood, rodents exposed to intermittent ethanol
vapor during periadolescence exhibited a smaller conditioned taste aversion in
adulthood as compared to those exposed to chronic ethanol vapor during
periadolescence (Diaz- Granados and Graham, 2007). Intermittent exposure to ethanol
enhanced ethanol consumption in adolescent rats relative to those given continuous

access (Hargreaves et al., 2009). Given differences in behavioral responses to
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intermittent ethanol exposure were observed (Diaz-Granados and Graham, 2007), but
not when animals were exposed to chronic ethanol during adolescence (Slawecki and
Betancourt, 2002; Vetter et al., 2007), it is likely the intermittent nature of the binge
exposure used in the present set of experiments that induced the behavioral changes
observed in response to ethanol in young adulthood in both male.

Recent work has shown that withdrawal severity is similar in adolescent relative
to adult rats (Morris et al., 2010). However, others have shown that withdrawal severity
is decreased in adolescents as compared to adults (Acheson et al. 1999). Adolescent
mice show greater ethanol intake across repeated intermittent cycles of access to
ethanol to consume binge quantities of ethanol during the adolescent developmental
window (Holstein et al., 2011). Binge ethanol-exposed animals showed a behavioral
profile of decreased conditioned taste aversion to binge ethanol relative to adult mice
(Holstein et al., 2011), an effect that was dose-dependent to moderate doses of ethanol
in rats (Schramm-Sapyta et al., 2010). This behavioral profile of greater ethanol intake
and decreased aversion associated with ethanol firmly supports the hypothesis of
differential effects of ethanol during adolescence relative to adulthood is due to
decreased sensitivity to the aversive properties associated with ethanol (Holstein et al.,
2011; Schramm-Sapyta et al., 2010). Consistent with this hypothesis, previous work
shows adolescents are less sensitive to the aversive effects of ethanol and more
sensitive to the rewarding/reinforcing/positive effects of ethanol relative to adults (Little et
al., 1996; Philpot et al., 2003; Silveri & Spear, 1998; White et al., 2002). Therefore, it is
not the withdrawal severity that likely mediates the lasting change in voluntary ethanol
intake in adulthood in adolescent-pretreated rats exposed to 2.0 g/kg, however it is most

likely the developmental change associated with a ‘stamping in’ of the rewarding
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properties and a disassociation of the aversive properties associated with ethanol
following intermittent adolescent ethanol pretreatment.

Recent work has assessed post-deprivation induced ethanol intake in adolescent
relative to adult rats, and shown that adolescents show greater post-deprivation induced
ethanol intake relative to adult rats (Schramm-Sapyta et al., 2010). In rats administered
the high dose of ethanol, the alcohol deprivation effect of two weeks without ethanol
administration between adolescence and adulthood could account for the greater
ethanol consumption in young adulthood in adolescent ethanol-pretreated male rats
(Fullgrabe et al., 2007; Siegmund et al., 2005). An additional explanation for the results
obtained is the impact of repeated ethanol withdrawals during adolescent pretreatment
on subsequent ethanol consumption in young adulthood. It is likely a similar
phenomenon would have been observed during the voluntary ethanol intake portion of
the experiment in the present work if rats had been given intermittent voluntary access to
ethanol during the voluntary ethanol intake assessment. Indeed, we recently conducted
an experiment in which adolescent and adult animals were intermittently exposed to
binge ethanol during adolescence or adulthood and assessed for intermittent voluntary
ethanol intake in adulthood with two days of maintenance on 10% ethanol followed by
two days without access to ethanol, repeated for a total of three ethanol-free periods.
These data strongly support the hypothesis of the intermittent nature of exposure to
ethanol enhancing subsequent ethanol intake in adulthood in adolescent-exposed
relative to adult-exposed rats (Appendix A; Michael, Maldonado-Devincci and Kirstein, in
prep).

In previous work, when adolescent males were exposed to higher doses of binge
ethanol (1.5, 3.0 and 5.0 g/kg) during adolescence and assessed for voluntary

sweetened ethanol (0.5% saccharin/10% ethanol) intake in adulthood, there was a
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dramatic increase in voluntary ethanol intake expressed relative to body weight (g/kg)
and as a percent of control, regardless of pretreatment dose (Maldonado-Devincci et al.,
2010b). The results from the present experiment are consistent with these previous
finding in that there was enhanced ethanol intake in adolescent ethanol-pretreated rats
exposed to 2.0 g/kg, however this effect was not nearly as robust. Interestingly,
comparing the present findings to the previous work, there appears to be a threshold
dose for enhanced ethanol intake to be observed in adulthood following binge ethanol
exposure during adolescence between the dose range of 1.0 and 1.5 g/kg. The most
notable changes in ethanol intake in adolescent ethanol-pretreated rats were relative to
similarly-exposed adults and to a lesser degree relative to their water-treated
counterparts during acquisition and maintenance of ethanol intake. One of the primary
reasons for these different findings in the present work relative to the previous work
using the same model of binge ethanol exposure was that in the present experiments
rats were exposed to less-sweetened ethanol beginning during ethanol acquisition and
the saccharin was faded completely from the solution during maintenance on
unsweetened 10% ethanol. It has been suggested that ethanol is primarily consumed
for its pharmacological actions, although as saccharin concentrations are decreased
there is a potentially increased aversiveness associated with the taste of the ethanol
solution when decreasing saccharin/ethanol concentrations are used (Slawecki et al.,
1997). When ethanol solutions are adulterated with a sweetener, there is always the
possibility that rats consume the ethanol not only for its pharmacological effects, but for
a combination of the sweetener, which is an appetitive component of the ethanol solution
in and of itself, and the pharmacological effects experienced from the ethanol
consumption. Therefore, one of the assertions that can be made from the present

findings, despite the overall lower level of ethanol intake compared to previous work
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using a sweetened ethanol solution, was that the adolescent ethanol-pretreated rats
exposed to 2.0 g/kg consumed ethanol later in life during the maintenance portion of the
experiment for its pharmacological properties. Given adult rats are more sensitive to the
sedative and hypnotic effects of ethanol relative to adolescent rats (Silveri and Spear,
1998), it is likely that increased sensitivity to ethanol’s post-ingestive effects may serve
to limit the amount of ethanol consumed by adult rats (Samson and Slawecki, 1997)
upon each exposure to voluntary access to ethanol. In turn, the enhanced voluntary
ethanol consumption is adolescent rats was observed at later time points during
maintenance on unsweetened 10% ethanol.

Binge pattern ethanol exposure during adolescence was recently shown to
permanently alter the functionality of the hypothalamo-pituitary-adrenal axis, by
sensitizing this pathway to subsequent stress later in life (Przybycien-Szymanska et al.,
2011). These authors conducted this work under the premise that exposure to ethanol is
a stressor in and of itself, and therefore exposure to repeated binge ethanol (3.0 g/kg)
during adolescence was essentially synonymous with exposure to intermittent stress
during adolescence (Przybycien-Szymanska et al., 2011). Subsequently, when animals
were exposed to binge ethanol in adulthood, these animals were exposed again to
stress acutely or repeatedly (Przybycien-Szymanska et al., 2011). The present work
exposed adolescent rats to repeated cycles of binge ethanol pretreatment during
adolescence or adulthood with lower doses than those used in the work by Przybycien-
Szymanska and colleagues (2011). Adolescent rats have been shown to be more
sensitive to ethanol/stress interactions relative to adult rats (Brunell and Spear, 2005).
Assessing the present work under the same notion as proposed by Przybycien-
Szymanska and colleagues (2011), the long-term changes in increased ethanol intake in

adolescent-exposed rats relative to adult-exposed rats may be the behavioral
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manifestation of greater long-term alterations in functionality of the HPA axis manifested
as enhanced ethanol intake, an effect that is likely mediated by the dose of ethanol
pretreatment given that enhanced ethanol intake was most evident at the highest
ethanol pretreatment dose. In previous work, when adolescent males underwent a 14
day alcohol deprivation effect they showed less than 200% increased over baseline
drinking which declined to 100% over 4 days, and in response to forced swim stress
adolescent males showed a maximal 150% increase above baseline drinking (Siegmund
et al., 2005). Comparing the present data to that of Siegmund and colleagues (2005),
during acquisition of ethanol intake, adolescent rats pretreated with 2.0 g/kg ethanol
showed similar levels of ethanol intake compared to their respective controls. However,
during maintenance, across days adolescent ethanol-pretreated rats showed an
increase in voluntary ethanol intake to approximately 125% above controls. It is likely
that repeated gavage during adolescence was a stressful procedure, and given that the
stressed rats in the work by Siegmund and colleagues (2005) showed a blunted
response to enhanced ethanol intake after an abstinence period, the present results are
consistent with this previous work. This blunted, yet significant increase in voluntary
ethanol intake in adolescent ethanol-pretreated rats to 2.0 g/kg relative to similarly
pretreated adults supports the position of Przybycien-Szymanska and colleagues (2011)
in a permanently altered HPA axis in adolescent ethanol-pretreated rats expressed
behaviorally as an increase in voluntary ethanol consumption relative to similarly treated
adults.

Recent work has shown that the rise in peripubertal gonadal hormones is
essential to exhibit the enhanced ethanol intake in adulthood following binge ethanol
exposure during adolescence (Sherrill et al.,, 2011). Considering adolescence is a

developmental period in which ethanol is initially consumed and may lead to greater
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alcohol consumption later in life (Grant et al., 2001; Hasin and Glick, 1998; McCarty et
al., 2004; Robin et al., 1998), perturbations to this developing system via ethanol
exposure coupled with the presence of gonadal hormones set the stage for lasting
changes in behavioral response to ethanol. The results of the present set of
experiments demonstrate the importance of elucidating the impact of early ethanol
exposure on the subsequent predisposition to drink later in life. The present results
indicate that the early patterns of binge ethanol exposure during adolescence play a
crucial role in the development and continuation of enhanced ethanol consumption,
which could be manifested in humans as the higher level of alcohol use disorders into
adulthood (Hill et al., 2000) following binge alcohol consumption during development.
Aim 2: Ethanol metabolism after water or ethanol pretreatment

In general, the data from Aim 2 indicate that adolescent binge pattern ethanol
treatment with the high dose of ethanol induced long-term changes in ethanol
metabolism relative to similarly ethanol-pretreated adult rats. Consistent with previous
work, adult rats administered a high dose of ethanol displayed elevated blood ethanol
concentrations at the 60-min time point relative to similarly treated adolescent rats
(Walker and Ehlers, 2009). This metabolic profile is intriguing given that all animals
were adults (PND 83 for adolescent-exposed rats and PND 115 for adult-exposed rats)
in the present experiment indicating long-term alterations in ethanol metabolism were
present in adolescent-exposed relative to adult-exposed rats that underwent an
abstinence period and were subsequently exposed to voluntary ethanol intake for
approximately three weeks. Strong and colleagues (2010) suggest that ethanol
metabolism is not different between adolescent and adult mice, given the similar
relationship of elevated ethanol intake corresponding to higher blood ethanol

concentrations in adolescent relative to adult mice. In contrast, recent work in rats
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support the notion of faster metabolism of ethanol in adolescent relative to adult rats
given that blood ethanol concentrations were decreased in adolescents relative to adults
before ethanol dosing in a binge model of ethanol exposure aimed to equate blood
ethanol concentrations in adolescent and adult rats (Morris et al., 2010). These findings
are similar to previous work showing faster ethanol metabolism in adolescent-relative to
adult rats (Brasser and Spear, 2002). Chronic intermittent injections of high-dose
ethanol during adolescence has been found to induce long-lasting tolerance to ethanol
as measured by enhanced blood ethanol elimination rates in adulthood compared to
saline-treated rats (Silvers et al., 2003). In general, faster ethanol metabolism was
found in adolescent high-dose ethanol pretreated rats relative to similarly treated adult
rats, suggesting long-term changes in ethanol pharmacokinetics mediating the enhanced
ethanol intake observed in Aim 1. The enhanced ethanol intake observed in Aim 1 is
likely attributed to differences in long-lasting tolerance in adolescent relative to adult rats.

The present data are inconsistent with recent work in mice (Holstein et al., 2011;
Strong et al., 2010) and rats (Schramm-Sapyta et al., 2010) indicating that adolescent
animals achieve higher blood ethanol concentrations relative to adult animals. Holstein
and colleagues (2011) assessed blood ethanol concentrations immediately after the
mice were given their daily access to ethanol. Schramm-Sapyta and colleagues (2010)
assessed blood ethanol concentrations 15 min after ethanol administration of 1.0 g/kg
(ip). These data may support the hypothesis that adolescent rats reach higher peak
blood ethanol concentrations (Holstein et al., 2011; Schramm-Sapyta et al., 2010). The
present work aimed to assess changes in ethanol metabolism in adolescent-exposed
relative to adult-exposed rats using a time course analysis. Blood samples were not

collected until 60-min after ethanol challenge, and it is likely that peak blood ethanol
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concentrations were not assessed using this protracted time-scale in the present set of
experiments.
Aim 3: Potassium-stimulated dopamine in the nucleus accumbens septi after water or

ethanol pretreatment

Collectively, the present data show a trend for increased potassium-stimulated
dopamine release in the nucleus accumbens septi in adult binge-pattern ethanol-
pretreated rats and a trend for decreased potassium-stimulated dopamine release in the
nucleus accumbens septi in ethanol-pretreated adolescent rats. These data suggest a
developmental change following binge-pattern ethanol pretreatment on functionality of
the mesolimbic dopaminergic pathway. Somatodendritic and axonal terminal release of
dopamine are released in different quantities following potassium stimulated release in
the ventral tegmental area and the nucleus accumbens septi, with greater dopamine
released terminally in the nucleus accumbens relative to the cell body region in the
ventral tegmental area (Irivani et al., 1996, Kalivas and Duffy 1991). Consistent with
previous data, potassium-stimulated dopamine was increased in nucleus accumbens

septi in adult rats pretreated with ethanol.

Previous research has shown dose-dependent differences due to adolescent
(Crews et al., 2006) and adult (Matthews et al., 2002) ethanol exposure. Periadolescent
rodents exposed to different doses of ethanol (1.0, 2.5, and 5.0 g/kg) exhibited
decreased neural progenitor cell proliferation and neurogenesis that was directly
proportional to the dose of ethanol administered (Crews et al., 2006). Other work in non-
human primates has shown binge ethanol during adolescence deceased hippocampal
neurogenesis (Taffe et al.,, 2010). These data support that high dose ethanol during
adolescence can significantly alter long-term neurobiological response to ethanol

pretreatment. Recent work has shown that binge ethanol during adolescence enhanced
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microglial reactivity in hippocampus in young adulthood (McClain et al., 2011). It was
suggested that repeated withdrawal from high dose ethanol treatment may exacerbate
the greater reactivity of the microglia in hippocampus, to in turn induce a
proinflammatory response in these ethanol pretreated rats (McClain et al., 2011). This
proinflammatory response likely induces long-term damage in the brain during and
following adolescent binge ethanol in animals administered approximately 5.0 g/kg (p.o.)
over the four days of binge ethanol treatment (McClain et al, 2011). Astrocyte cell
swelling upstream of the ventral tegmental area has recently been suggested to mediate
ethanol-induced increases in dopamine in the nucleus accumbens septi (Adermark et
al., 2010). Ethanol exerts an influence on a sodium/potassium transporter that can
interact with astrocyte cell swelling (Adermark et al., 2010). This astrocye cell swelling
regulation of dopamine release in the nucleus accumbens septi was observed in adult
animals (Adermark et al., 2010). Binge ethanol exposure during adolescence decreased
dopaminergic and cholinergic gene expression in adulthood (Coleman et al., 2011). Itis
probable that in the present experiment the adolescent rats administered binge-pattern
ethanol showed enhanced microglial and astrocyte activity in mesolimbic pathway, and
in turn induced long-term proinflammatory activity that altered the responsivity of the
mesolimbic pathway that resulted in different neurochemical responses to potassium-
stimulated dopamine release in the mesolimbic pathway in adolescent relative to adult

rats.

Recent work indicates there is an intricate interaction between glutamate, GABA
and dopamine that modulates the mesocorticolimbic pathway (Yamaguchi et al., 2011).
A new mesocorticolimbic pathway has been identified indicating glutamatergic
projections originate from the A10 region (which includes the ventral tegmental area)

and projects to the prefrontal cortex and the nucleus accumbens septi that follows along
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the same pathways as the dopaminergic-only and GABAergic-only pathways originating
from the A10 region and projecting to these same structures (Yamaguchi et al., 2011).
This newly identified pathway contains subpopulations of glutamatergic-only projections
and another subpopulation coexpressing glutamatergic and dopaminergic projections
(Yamaguchi et al., 2011). Previous work has shown neurons co-expressing vesicular
glutamate transporter-2 (VGLUT-2) and tyrosine hydroxylase immunostaining decrease
across ontogeny, indicating colocalization of glutamate and dopamine is present in high
numbers early in develop and this decreases across maturity (Berube-Carriere et al.,
2009). During adolescence there is a dramatic increase in thellinnervation of
glutamatergic regulation from cortical structures to the mesolimbic pathway that can
regulate activity within this pathway (Brenhouse et al., 2008). There are glutamatergic
projections to both the ventral tegmental area and the nucleus accumbens septi that
develop during adolescence and reciprocating projections to the prefrontal cortex that
regulate activity of the mesocorticolimbic pathway (Kalsbeek et al., 1988). Therefore, in
the present set of experiments it is likely that ethanol administration during adolescence
altered the normal ontogenetic pruning of these projections and altered the infrastructure
of the mesocorticolimbic pathway that would have normally developed in the absence of
drug pretreatment. It is likely this pruning had already occurred it the adult animals that
were administered ethanol in early adulthood, and therefore showed the trend for
increased potassium-stimulated dopamine release relative to their water-treated

counterparts, a trend that was decreased in adolescent ethanol-pretreated rats.

Recent work has shown that behavioral responsivity to repeated ethanol during
adolescence relative to adulthood is inversely related to extracellular glutamate levels in
the nucleus accumbens septi, with adults that showed greater behavioral sensitization

showed a decrease in accumbal glutamate levels in response to a challenge
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administration of ethanol (Carrara-Nascimento et al., 2011). This inverse relationship of
behavioral responsivity inversely related to neurochemical responsivity are similar to the
findings from the present set of experiments, with adolescent rats that were administered
ethanol during adolescence exhibited greater ethanol intake in adulthood, but a trend for
lower potassium-stimulated dopamine, while the opposite was observed in adult ethanol-
pretreated rats showing lower levels of voluntary ethanol intake and a trend for greater
potassium-stimulated dopamine release. Recently, increased activity of Lyn kinase in
the ventral tegmental area has been shown to blunt ethanol-induced dopaminergic
output to the nucleus accumbens septi (Gibb et al., 2011). Phasic, but not tonic release
of dopamine was found to be regulated by this protein kinase activity (Gibb et al., 2011).
The ontogenetic profile of Lyn kinase is not well understood to date, but it is interesting
to speculate that locally the activity of the ventral tegmental area is altered during
adolescence when ethanol is administered and likely an overactivation of these
molecular targets induced the blunted potassium-induced dopamine release in the

nucleus accumbens observed in the present set of experiments.

Pretreatment and challenge with binge ethanol induced similar dopaminergic
responsivity in the nucleus accumbens, regardless if ethanol pretreatment occurred
during adolescence relative to adulthood (Pascual et al., 2009). However, basal
dopamine levels were elevated in binge ethanol-pretreated rats when pretreatment
occurred during adolescence (Pascual et al., 2009). These findings are consistent with
previous work from our laboratory using intraperitoneal injections of ethanol following
ethanol pretreatment during adolescence (Badanich et al., 2007). The present work is
not consistent with these previous findings (Badanich et al., 2007; Pascual et al., 2009)
demonstrating a lack of significant alteration in basal dopamine levels in rats that were

pretreated with ethanol relative to those pretreated with water. It is likely due to the
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route of ethanol administration during pretreatment in the present experiment, where rats
were administered ethanol via intragastric gavage. In the present work it is likely peak
blood ethanol concentrations were lower and delayed during ethanol pretreatment
relative to ethanol administered via intraperitoneal injection (Livy et al., 2003; Walker and
Ehlers, 2009) and no changes in basal dopamine levels following ethanol pretreatment
during adolescence were observed. Recent work has shown that dopamine activity is
lower in adolescent relative to adult rats following presentation of unexpected, nonsocial
stimuli (Robinson et al., 2011). Neuronal firing in the ventral tegmental area is
decreased following chronic ethanol administration after withdrawal signs have ceased
(Bailey et al., 1998) and dopamine levels are decreased during withdrawal from ethanol
(Rossetti et al.,, 1992). Peak dopamine in response to ethanol was increased in
adolescent relative to adult rats (Philpot et al., 2009). These data suggest that during
the four-day ethanol treatment adolescent rats showed greater dopamine release in
response to ethanol (Philpot et al., 2009) and the repeated withdrawal from ethanol
during the intermittent off days during ethanol treatment likely induced greater
withdrawal effects in adolescent relative to adult rats (Wills et al., 2009) and exacerbated
the decrease in dopamine levels, in turn altering the normal functioning of the
mesolimbic pathway during adolescent ethanol treatment. In previous work, binge
ethanol pretreatment did not alter DOPAC levels in adolescent or adult rats following
ethanol challenge (Pascual et al., 2009). The present data are consistent and expand
previous work, demonstrating long-term neuronal adaptations in mesolimbic dopamine
functionality specific to ethanol pretreatment, rather than in response to pharmacological
responsivity to an ethanol challenge, as these effects were observed following
potassium stimulation delivered locally into the ventral tegmental area and dopamine

overflow assessed in the nucleus accumbens septi, when all animals were adults.
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Summary

Together the data from the present set of experiments indicate that adolescent
ethanol pretreatment using a binge pattern of exposure to a high dose of ethanol
induces long-term changes in behavior, pharmacokinetics and neurochemistry that is
different from similar adult exposure. Behaviorally, adolescent pretreatment with a high
dose of ethanol during adolescence increased voluntary ethanol intake in adulthood
relative to similarly treated adults. It is important to note these differences in voluntary
ethanol intake were observed during acquisition of ethanol intake and during
maintenance on an unsweetened ethanol solution. These data indicate that adolescent
ethanol-pretreated animals consumed ethanol for its pharmacological properties as
opposed to the appetitive nature of a sweetener that was faded completely from the
solution. The second major finding from this series of experiments indicates long-lasting
changes in ethanol metabolism in adolescent pretreated animals that were exposed to
2.0 g/kg during adolescence. This effect was dose-dependent in that decreased blood
ethanol concentrations were observed at 60 min postinjection relative to age-matched
animals pretreated with 0.5 g/kg during adolescence. The animals pretreated with 2.0
g/kg during adolescence also showed decreased blood ethanol concentrations at 60 min
relative to similarly treated adults. These changes in ethanol metabolism likely mediate
the enhanced ethanol intake observed in adolescent ethanol-pretreated rats. Finally,
long-term changes in non-pharmacological functionality of the mesolimbic dopaminergic
pathway were altered following binge pattern ethanol pretreatment, with animals that
were pretreated with 2.0 g/kg ethanol during adolescence showing a trend for decreased
potassium-stimulated dopamine overflow in the nucleus accumbens septi relative to
controls and a trend for increased potassium-stimulated dopamine overflow in adult rats

pretreated with 2.0 g/kg ethanol. Together these data indicate an intricate dissociation
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between behavior and ethanol metabolism and mesolimbic functionality following binge-
pattern ethanol pretreatment during adolescence to a high dose of ethanol. These long-
lasting changes likely mediate the enhanced ethanol-seeking and relapse behavior
observed in humans given higher doses of ethanol are needed to achieve similar blood
ethanol concentrations and likely greater dopaminergic responsivity in individuals with a

history of high alcohol use.
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Appendix A: Supplemental Figure

Figure Al: Alcohol deprivation-induced ethanol consumption in male rats.
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Data presented as mean ethanol intake (g/kg) +/- SEM for adolescent and adult-ethanol
pretreated rats with 1.75 g/kg (Panel A) or 3.0 g/kg (Panel B) using a four-day repeated
binge model. The dotted vertical bars indicate the ethanol-free period between ethanol
access periods. Adolescents show greater post-deprivation relative increase in ethanol-
intake following voluntary access to ethanol relative to their saline-pretreated
counterparts (Michael, Maldonado-Devincci and Kirstein, in prep).
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