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Abstract

Alcohol is the most widely used and abused drug among youth in the United States. Teens aged 

12–20 years old drink almost 11% of all alcohol consumed in the United States and typically these 

teens are consuming alcohol in the form of binge drinking. Particularly concerning is that the risk 

of developing an alcohol use disorder over their lifetime increases the younger one begins to drink. 

Here we investigated the impact of ethanol drinking in early adolescence on adult ethanol intake 

using C57BL/6J and DBA/2J mice. We modeled low-dose binge drinking in adolescent mice using 

a modified Drinking in the Dark (DID) model where the total ethanol intake during adolescence 

was similar between the strains to specifically ask if low-dose ethanol exposure in the high-alcohol 

preferring C57BL/6J strain will also lead to increased ethanol intake in adulthood. Our results 

show that low-dose ethanol drinking in early adolescence dramatically increases adult intake, but 

only in the alcohol-preferring C57BL/6J strain. Early adolescent ethanol exposure had no effect on 

ethanol intake in the alcohol-non-preferring DBA/2J mice. These data add to the growing evidence 

that low-dose ethanol exposures, below the pharmacologically relevant dose, can also contribute to 

increased drinking in adulthood, but the effect may be influenced by genetic background.
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Introduction

Alcohol abuse and alcohol use disorder (AUD) is defined as the habitual, compulsive, and 

uncontrolled consumption of ethanol, coupled with a negative emotional state when not 

using. AUD is a global health problem resulting in the death of 2.5 million people annually 

and causes illness and injury to millions more (Organization 2014). In the United States, 

alcohol use frequently begins during the teenage years and is typically consumed in the form 

of binge-drinking episodes in adolescents (SAMSHA 2014). Binge drinking is defined as 

consuming 4–5 alcoholic drinks in a 2 hour period in humans; enough ethanol to achieve 

blood ethanol levels greater than 80 mg/dl (SAMSHA 2014, (CDC) 2018). Prior experience 

with ethanol is a strong predictor of alcohol dependence later in life (Grant and Dawson 

1997). The rate of lifetime alcohol dependence reached 40% when drinking began before 

age 14, while lifetime alcohol dependence was limited to 10% in individuals who started 

drinking after age 20 (Grant and Dawson 1997).

Excessive ethanol consumption during adolescence can be particularly devastating as it may 

delay or disrupt critical neurodevelopmental processes, leading to profound consequences in 

adult brain structure, connection, and function with some behavioral effects persisting into 

adulthood (Crews et al. 2000, Spear 2000). For example in rodent models, adolescent 

ethanol exposure increases ethanol intake (Moore et al. 2010, Strong et al. 2010, Alaux-

Cantin et al. 2013) and risk-taking preference (Spear 2000), and impairs conditioned 

discrimination, memory (Pascual et al. 2007, Montesinos et al. 2014, Wolstenholme et al. 
2017) and reversal learning (Coleman et al. 2011, Coleman et al. 2014) in adult animals. 

These impairments were more substantial when ethanol exposure occurred during 

adolescence rather than in adulthood (White et al. 2000, Sircar and Sircar 2005, Bergstrom 

et al. 2006). Furthermore, binge ethanol exposure in adolescence increased ethanol 

behavioral sensitivity and decreased ethanol’s aversive effects, which can contribute to 

increased drinking at a young age (Spear 2000). In general, adolescent mice (Ho et al. 1989, 

Tambour et al. 2008, Strong et al. 2010, Metten et al. 2011) and rats (Bergstrom et al. 2006, 

Maldonado-Devincci et al. 2010) tend to drink more ethanol than adults on a gram per 

kilogram basis, and this increase sometimes persists into adulthood. More importantly, adult 

mice exposed to ethanol as juveniles (~PND 21 to 42) tend to drink more of an ethanol 

solution than adults given first access during adulthood (Ho et al. 1989, Blizard et al. 2004, 

Lee et al. 2017). Although several studies have found no effect of age on ethanol 

consumption. For example, adolescent rats (Siegmund et al. 2005, Bell et al. 2011) and 

C57BL/6J mice (Hefner and Holmes 2007) did not display increased drinking in adulthood. 

This however, may be genotype-dependent as Balb/cJ (Blizard et al. 2004) and DBA/2J 

inbred strains (Moore et al. 2010) and HDID mice, selectively bred for high ethanol 

consumption (Metten et al. 2011), also did not display increased drinking following 

adolescent exposure.

In the present study, we modeled voluntary low-dose drinking during adolescence in two 

inbred strains, C57BL/6J and DBA/2J, known for their divergent behavioral responses to 

ethanol. For example, adult DBA/2J mice have larger locomotor activation and sedative/

hypnotic response to acute ethanol and drink very little ethanol, while C57BL/6J mice are 

the opposite (Phillips et al. 1994, Crabbe et al. 1999). As with adults, C57BL/6J adolescents 
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consume more ethanol than DBA/2J using a drinking in the dark (DID) paradigm (Moore et 
al. 2010). When retested as adults, C57BL/6J mice exposed to DID during adolescence 

drank more ethanol than mice previously exposed as adults; DBA/2J mice still did not 

increase their drinking, as others have reported (Moore et al. 2010). However, as noted by 

the authors, an important caveat of this study is that the DBA/2J and C57BL/6J mice 

consumed different amount of alcohol during adolescence (Moore et al. 2010). We have 

previously shown that C57BL/6J mice offered 20% (v/v) ethanol solutions with a modified 

DID protocol increased both DID and 2-bottle choice drinking in adulthood (Younis et al. 
2019). Here we asked the question, does adolescent exposure to ethanol in the binge 

drinking DID model also increase drinking in adulthood in these two inbred mouse strains? 

In order to directly compare the C57BL/6J and DBA/2J strains, we titrated the concentration 

of ethanol solutions offered to both C57BL/6J and DBA/2J mice so both strains voluntarily 

consumed similar amounts of total ethanol and had similar blood ethanol concentrations 

during the 4-hour access period.

Materials and Methods

Animals

Adolescent male C57BL/6J and DBA/2J mice from Jackson Laboratories (Bar Harbor, ME, 

USA) arrived at PND 21 and were housed individually in standard Plexiglas cages 

(12×18×28 cm) with corn-cob bedding in a temperature and humidity controlled room 

(22±2°C, 50±5%) under a 12-hour inverted light/dark cycle (lights on at 6PM). Mice had 

food (Teklad, Envigo, Madison, WI; cat. #7012) and water available ad libitum, except 

where noted during DID sessions. Cages contained small cardboard tubes and a cotton 

nestlet (5×5 cm) for the purpose of environmental enrichment. Mice were acclimated to the 

vivarium for one week while water intake and body weight were measured. On PND 28, 

three hours into the dark cycle, adolescent mice began the DID protocol. Institutional 

Animal Care and Use Committee of Virginia Commonwealth University approved the study. 

All studies were carried out in accordance with the National Institute of Health Guide for the 

Care and Use of Laboratory Animals.

Phase I: Drinking in the dark (DID) during adolescence

We used a slightly modified mouse DID model (Rhodes et al. 2005, Dawson et al. 2018, 

Younis et al. 2019). Male C57BL/6J and DBA/2J adolescent mice (n=8/group) were exposed 

to one of two single-bottle (25 ml sipper tubes) conditions for a 4-hour period from PND 28 

to PND 36 beginning 3 hours after lights out: (1) nine days consecutive daily access to 5% 

(v/v for C57BL/6J) and 20% (v/v for DBA/2J) ethanol in tap water or (2) tap water only. In 

all cases, after the 4-hour period, bottles were replaced with water-only bottles. On day nine, 

immediately after measuring ethanol intake, blood samples were collected via 

submandibular bleed. Mice remained singly housed for 36 days with access ad libitum to 

food and water until they reached adulthood.

Phase II: Drinking in the dark (DID) during adulthood

To determine the impact of early exposure on adult ethanol consumption, all groups of mice 

from Phase I were exposed to ethanol daily from PND 72 to PND 80. As during 
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adolescence, C57BL/6J mice received 5% (v/v) and DBA/2J received 20% (v/v). Three 

hours after lights out, 25 ml water tubes were replaced with sipper tubes containing ethanol 

in tap water and mice were allowed to drink for 4 hours for nine consecutive days. In both 

phases, spillage and evaporation were accounted for by placing ethanol tubes into an empty 

cage, without mice. The average value of ethanol missing from these control tubes was 

subtracted from individual drinking values for each day.

Blood Ethanol Concentration (BEC) Determination

Blood was collected via submandibular bleed using 5 mm Lancets (Medipoint, Inc., 

Minenola, NY) and stored in heparinized BD microtainers (Elkins-Sinn, Inc., Cherry Hill, 

NJ). Blood was analyzed for ethanol content using gas chromatography similar to a 

previously described procedure (Gallaher et al. 1996, Neddenriep et al. 2019, Younis et al. 
2019). Animals were injected with saline (s.c) to avoid hypovolemia and received food/water 

ad libitum after blood collection.

Statistical Analysis

The data were analyzed using the GraphPad Prism software, version 8.1.2 (GraphPad 

Software, Inc., La Jolla, CA) and are expressed as the mean ± S.E.M. Statistical analysis was 

performed using two-way repeated measures analysis of variance (RM ANOVA) for average 

daily ethanol intake in C57BL/6J and DBA/2J mice. An overall three-way repeated measure 

ANOVA was applied to determine the main interaction between three factors: strain x 

treatment x time. Two-way ANOVA was used to compare adult average ethanol intake with 

time and ethanol pre-treatment as factors. The Holm-Sidak post hoc multiple comparisons 

test was used to determine the difference between treatment groups and at multiple time 

points, as appropriate. Unpaired, two-tailed student’s t-tests were used to compare the 

adolescent average daily ethanol intake and average blood ethanol concentration. 

Comparisons were considered statistically significant when p < 0.05.

Results

The impact of mouse strain on the rate of ethanol consumption in adolescence

Our objective was to reduce the total ethanol intake of C57BL/6J mice to the level of 

DBA/2J mice to ask the question whether low levels of ethanol exposure would also lead to 

increased ethanol consumption in adulthood. We first investigated whether ethanol intake 

would differ between the alcohol-preferring C57BL/6J strain at 5% concentration and the 

non-alcohol preferring DBA/2J strain at 20% concentration during adolescence. Two-way 

RM ANOVA showed no significant difference in daily ethanol intake between the two 

strains (Fstrain (1, 14) = 0.13, P=0.72) during adolescence (Figure 1A). Although, two-way 

RM ANOVA revealed a significant main effect of time (Ftime (8, 112) = 2.6; P<0.01) and a 

significant interaction between strain and time (Ftime x strain (8, 112) = 3.2; P=0.003). 

Additionally, the two strains of mice did not differ in their average total ethanol intake 

during the adolescent period (t=0.30, df=16; P=0.77, Figure 1B) or in their blood-ethanol 

concentration on the last day of ethanol access (t=0.69, df= 11; P=0.50, Figure 1C).
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Adolescent binge drinking enhances ethanol consumption in adulthood

We then examined the impact of adolescent (PND28-PND36) ethanol DID drinking on later 

adult ethanol consumption (PND72-PND80) in the two strains of mice. A three-way 

repeated measures ANOVA revealed a significant interaction between the two different 

strains (C57BL/6J, DBA/2J), treatments (water and ethanol), and time (Ftime x strain x treatment 

(8,224)=5.5, P<0.0001). A separate two-way RM ANOVAs were also performed within each 

strain to assess strain-dependent differences in intake. As seen in Figure 2A, two-way RM 

ANOVA revealed a significant interaction between the time and treatment in the C57BL/6J 

adult mice who were exposed to 5% ethanol versus water in adolescence (Ftime x treatment (8, 

112) = 5.13; P<0.0001). A significant main effect of time (Ftime (8,112) = 4.05; P=0.0003) 

and treatment (Ftreatment (1, 14) = 92.82; P<0.0001) was also noted, where C57BL/6J mice 

with prior ethanol drinking in adolescence increased adult ethanol intake. In DBA/2J mice, a 

main effect of time (Ftime (8, 112) = 2.50; P<0.016) and an interaction between time and 

treatment (Ftime x treatment (8, 112) = 2.8; P=0.008) was noted in adolescence. No significant 

effect of adolescent drinking was seen in adult ethanol intake levels (Figure 2B). No main 

effect of treatment (Ftreatment (1, 14) = 0.003; P=0.96) was found in DBA/2J mice. When 

comparing between strains for the average ethanol intake during the adult access period 

(Figure 2C), C57BL/6J mice with an adolescent history of low dose drinking had 

significantly increased average ethanol intake during adulthood as compared to ethanol 

naïve C57BL/6J adult mice or DBA/2J mice regardless of drinking history (Fstrainx 

treatment (1,32) = 34.44, P<0.0001). A main effect of adolescent exposure (Ftreatment 

(1,32) = 39.07; P<0.0001) and time (Ftime (1, 32) = 35.04, P<0.0001) were also found 

(Figure 2C).

Discussion

The aim of this study was to model voluntary low-dose binge ethanol drinking in adolescent 

C57BL/6J and DBA/6J mice and to determine if a history of drinking would increase adult 

ethanol consumption. We hypothesized that low-dose drinking in the DID paradigm during 

adolescence would increase ethanol intake in adulthood in C57BL/6J but not DBA/2J males 

when compared to animals who are first exposed to ethanol in adulthood. To model binge 

drinking in both strains, we used a modified DID protocol where C57BL/6J mice were 

offered 5% (v/v) ethanol and DBA/2J mice were offered 20% (v/v) ethanol. Both C57BL/6J 

and DBA/2J mice consumed similar amounts of ethanol (~2.2 g/kg) during the adolescent 

period when the ethanol solutions were offered at these concentrations. C57BL/6J mice 

dramatically increased their ethanol intake to 8 g/kg ethanol when re-introduced to the 

ethanol DID paradigm in adulthood (PND 72–80). In contrast, C57BL/6J mice that were 

only given ethanol DID in adulthood consumed ~2 g/kg of the 5% (v/v) ethanol solution. 

DBA/2J mice did not increase their ethanol intake in adulthood regardless of whether they 

had ethanol access as adolescents.

One question that has been unanswered in the literature is if the dose of ethanol consumed in 

adolescence matters for these subjects to increase drinking in adulthood. Using a scheduled 

high alcohol consumption (SHAC) protocol offering 5% ethanol to establish 

pharmacological levels of binge drinking during adolescence and then offering increasing 
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ethanol solutions in adulthood, both adolescent C57BL/6J males and females with a history 

of binge drinking increased ethanol intake and preference for a 5% ethanol solution when 

offered for 24 hours as compared to ethanol naive mice (Strong et al. 2010). Females, but 

not males, with a binge ethanol history also increased 10% ethanol intake in adulthood, 

while 20% ethanol intake or preference were not different in adulthood following adolescent 

binge ethanol (Strong et al. 2010). When ethanol was offered in a shorter 2-hour binge, only 

20% ethanol preference was increased in adulthood; 10% or 20% ethanol intake were not 

increased in adults following adolescent binge ethanol (Strong et al. 2010). In most other 

studies, adolescent mice are usually offered high concentration (i.e. 10% or 20%) ethanol 

solutions in order to induce binge levels of intoxication (Ho et al. 1989, Blizard et al. 2004, 

Moore et al. 2010, Metten et al. 2011) and these usually increase drinking in adulthood, 

although sometimes only modestly. We recently reported that C57BL/6J adolescents offered 

20% ethanol consumed ~7 g/kg ethanol in a four-hour period on average with corresponding 

BECs to be >80 mg/dL (Younis et al. 2019), reaching a “pharmacologically reinforcing” 

level (Heilig and Koob 2007). As adults, these mice increased both ethanol DID and 2 bottle 

choice voluntary drinking relative to mice with no pre-exposure to ethanol (Younis et al. 
2019). However, the relative increase in adult ethanol intake from adolescent intake during 

the DID paradigm was not very large since mice increased from ~7 to only ~8 g/kg. These 

data suggest that C57BL/6J mice may have already reached an upper limit for the amount of 

ethanol they will consume in a four-hour period, and thus we may have observed a ceiling 

effect on adult intake limits. In the present study, C57BL/6J mice were offered 5% ethanol 

and only consumed ~2 g/kg in a four-hour period during adolescence. Blood ethanol 

concentrations were also low (~20 mg/dL), but detectable (Figure 1). These C57BL/6J mice 

dramatically increased their ethanol intake four-fold when the ethanol DID paradigm was re-

introduced in adulthood. Mice resumed drinking at 8 g/kg in a four-hour period and this 

continued for the first four days of access before slowly decreasing to ~3g/kg over the 9-day 

access period. These data suggest that even low levels of ethanol consumption in 

adolescence can increase risk for high levels of adult drinking. However, as we and others 

have noted, the pattern and dose of ethanol exposure in adolescence influences the extent of 

adult increases in drinking. Low-dose ethanol drinking may also influence the transient 

nature of the observed adult increases in drinking, and may be enhancing the alcohol 

deprivation effect. Further studies will be needed to investigate the effects of low-dose 

drinking on both the alcohol deprivation effect and transient nature of increased drinking. 

However, if these patterns of drinking continue following periods of abstinence and access, 

such individuals could be at substantially higher risk for developing an alcohol use disorder.

Other studies have shown similar age-related effects in adult drinking following ethanol pre-

exposure in adolescence. In the genetically heterogeneous WSC-1 mice, derived from an 8-

way cross of inbred mice, animals first exposed to ethanol 2-bottle choice drinking in 

adolescence (i.e. at 4 weeks) showed a transient increase in ethanol intake as compared to 

their adult counterparts, first given ethanol 2-bottle choice at 10 weeks (Tambour et al. 
2008). However, by the end of the 8-week continuous ethanol access period, when all mice 

were adults, animals first exposed to ethanol during adolescence or adulthood no longer 

differed in their ethanol intake levels (Tambour et al. 2008). Using the HDID strain, mice 

selectively bred for high blood ethanol after DID, Metten et al. (2011) showed that HDID 
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mice given ethanol access beginning at 4 weeks generally drank more ethanol than those of 

other age groups (i.e. 6 and 9 weeks old). When comparing mice at the same ages, 9-week 

old HDID mice initiated at 4 weeks drank more ethanol than did naïve 9-week olds, but once 

the mice reached 10 weeks of age, all three groups of age-matched mice drank equivalent 

amounts. Thus, it appears in our current study and in those of others (Tambour et al. 2008, 

Metten et al. 2011), that the DID test is a sensitive test that can detect differences in ethanol 

intake relative to developmental age.

Of note, in this and other cited studies, animals are single housed for varying periods of time 

prior to and during the drinking sessions. Single housing in adolescence can be particularly 

detrimental to proper neurodevelopment and function (Arain et al. 2013, Butler et al. 2016) 

and increases risk for alcohol use and abuse (Lopez et al. 2011, Sanna et al. 2011 ). 

Adolescents are particularly vulnerable to social isolation stress as compared to adults and 

thus single housing is frequently used to model post-traumatic stress (Skelly et al. 2015, 

Gilpin and Weiner 2017), depression, and anxiety (Koike et al. 2009, Amiri et al. 2015). In 

the few studies that have directly investigated drinking behavior in single versus group 

housed rodents, social isolation usually increases ethanol consumption in rats (Schenk et al. 
1990, Wolffgramm 1990, Chappell et al. 2013, Skelly et al. 2015) and mice (Advani et al. 
2007, Lopez et al. 2011, Sanna et al. 2011). These effects appear to be limited to 

adolescence, as increased ethanol preference does not usually occur in isolated adult rodents 

(Schenk et al. 1990, Lopez et al. 2011, Chappell et al. 2013) suggesting that early exposure 

to social isolation may interact with developmental processes and contribute to ethanol 

sensitivity later in adult life. The social behavior circuits may be uniquely altered by 

ethanol’s actions in adolescence; however, this is not addressed in the current study.

Notably in the present study, DBA/2J mice did not change their ethanol intake patterns in 

adolescence or adulthood; as has been reported previously with 2-bottle choice drinking 

(Moore et al. 2010). DBA/2J mice given 20% ethanol DID in adolescence consumed ~2 g/kg 

ethanol in adolescence and in adulthood. This level was not altered by ethanol pre-exposure 

in adolescence (Figure 2). It is important to note that the average daily ethanol intake during 

adolescence was similar between C57BL/6J and DBA/2J males. Blood ethanol 

concentrations were also low and did not differ between the strains, suggesting that both 

strains consumed ethanol during the DID sessions and their ethanol metabolism likely did 

not differ. Thus, it is unlikely that DBA/2J mice did not increase drinking because their 

exposure level to ethanol was too low. Rather, DBA/2J mice may primarily be avoiding the 

ethanol due to strain-dependent taste preferences or due to the aversive taste of higher 

percent ethanol. Indeed, a caveat to the present study is that DBA/2J and C57BL/6J mice 

were given different concentrations of ethanol in an attempt to reduce a potential ceiling 

effect in C57BL/6J mice. However, others have noted shifts in taste perception of ethanol 

when different concentrations are used (Bachmanov et al. 1996). For example, a 5% ethanol 

solution may be perceived as less aversive than a 20% ethanol solution since ethanol intake 

and preference in C57BL/6J mice increased with increasing ethanol concentrations to peak 

at 10% ethanol and then decreased (Bachmanov et al. 1996) when mice were offered ethanol 

solutions of 1, 5 10, 15 and 20% ethanol. It is possible that the low ethanol consumption in 

the DBA/2J mice in this study could be due to aversive issues in smell and/or taste 

perception of the higher 20% ethanol solution and thus revealing a “floor effect” in DBA/2J 
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mice. Thus, our study has a confound of differing taste perceptions of ethanol due to the 

concentrations offered. Both C57BL/6J and DBA/2J mice will readily self-administer 

ethanol intravenously (Grahame and Cunningham 1997), or intragastrically (Fidler et al. 
2011, Fidler et al. 2012), bypassing the aversive issues associated with ethanol taste or odor. 

Indeed, DBA/2J mice have polymorphisms in the Tas1r3 gene, a “sweet” taste receptor 

which confers a reduced response to sweet compounds (Max et al. 2001, Montmayeur et al. 
2001), and may contribute to the lower ethanol intakes in DBA/2J mice, especially at the 

higher ethanol concentrations. Addition of monosodium glutamate (MSG), but not sucrose, 

to ethanol solutions increased ethanol DID and 2-bottle choice drinking in DBA/2J mice and 

this continued after the MSG was faded out of the ethanol solutions (McCool and Chappell 

2012, 2014). Thus, the strain-dependent effects of adolescent drinking on future adult intake 

in the current study are likely due to strain dependent differences in ethanol taste perception. 

Although, genetic differences in sensitivity to ethanol’s aversive post-absorptive effects may 

still play a role in determining strain differences in ethanol drinking (Cunningham 2019).

Studies on whether adolescent exposure to ethanol reliably increases ethanol intake in 

adulthood have given mixed results. But a few generalizations can be made. For example, 

increased ethanol consumption in adult mice with prior ethanol experience is influenced by 

strain (Blizard et al. 2004, Moore et al. 2010) and usually more reliable in females (Strong et 
al. 2010). In general, C57BL/6J males given initial access to ethanol beginning at 3 weeks 

(Ho et al. 1989), or at 4 weeks of age (Moore et al. 2010, Metten et al. 2011) tended to 

consume more ethanol as adults than mice without prior ethanol experience. The ethanol 

access paradigm used in either study (2-bottle choice in (Ho et al. 1989) and DID in (Moore 

et al. 2010)) did not have a large effect as either paradigm increased adult drinking when 

adults were given ethanol access as adolescents. Non-C57BL/6J strains, such as the 

heterogeneous stock, HS/Npt (Metten et al. 2011), and Balb/cByJ (Blizard et al. 2004), also 

increased ethanol intake as adults when given adolescent DID ethanol access. However, 

other strains given free-choice access (Balb/cJ; (Blizard et al. 2004)) and/or forced (single 

tube) access (DBA/2J; (Moore et al. 2010) and HDID (Metten et al. 2011)) did not show 

adult increases in ethanol intake following adolescent pre-exposure. One study using daily 2-

bottle choice ethanol access for a 3-week period in adolescence beginning at either 4, 5, or 6 

weeks of age in C57BL/6J males did not show an increase in adult drinking after 4 weeks of 

abstinence (Hefner and Holmes 2007). Thus, genetic differences in risk for adult drinking 

following adolescent pre-exposure cannot be ruled out or simply explained away by strain-

dependent differences in taste perception.

In summary, we show that low-dose ethanol drinking in C57BL/6J mice dramatically 

increases ethanol intake in adulthood. The magnitude of this effect was large, suggesting that 

other studies using ethanol DID in C57BL/6J mice may suffer from a potential ceiling effect 

when using high dose ethanol solutions. Further, our findings offer potential evidence that 

even low levels of ethanol exposure during the adolescent period could increase risk for 

adult alcohol abuse potential. Further studies are needed to expand these finding into 

females and to identify the molecular signaling pathways that are uniquely activated by low-

dose ethanol in the adolescent brain.
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AUD alcohol use disorder

DID drinking in the dark

BEC blood ethanol concentration

PND postnatal day

EE ethanol exposed

WE water exposed
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Highlights

1. Ethanol solutions were titrated so C57BL/6J mice consumed similar amounts 

as DBA/2J.

2. Adolescent blood ethanol concentrations were similar between C57BL/6J and 

DBA/2J mice.

3. Adolescent C57BL/6J mice increased ethanol intake in adulthood; DBA/2J 

mice did not.

4. Low-dose ethanol drinking in adolescence can dramatically increase adult 

drinking.
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Figure 1: Daily ethanol intake in adolescent male C57BL/6J and DBA/2J mice.
A. Daily ethanol (EtOH) intake in grams per kilogram body weight during adolescent 

exposure (PND28 to PND36) to 5% for C57BL/6J and 20% for DBA/2J ethanol using a 

modified DID procedure for 9 days. B. Average ethanol intake over the 9 day adolescent 

period. C. Average blood ethanol content (BEC) for C57BL/6J and DBA/2J mice on day 9 

immediately following DID access at PND 36. Each point represents the mean ± SEM of 8 

animals per group and genotype.
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Figure 2: Ethanol drinking in adolescence increased ethanol intake later in life in C57BL/6J but 
not DBA/2J mice.
Mice exposed to DID with ethanol (EE) vs. water only (WE) during adolescence showed 

higher daily ethanol (EtOH) intake profiles in the adult phase of exposure (PND72 to 

PND80) in C57BL/6J but not DBA/2J mice. C57BL/6J had access to 5% ethanol while 

DBA/2J had access to 20% ethanol. Adult daily ethanol intake (g/kg/4 hours) from PND 72–

80 in a daily exposure modified DID procedure in A. C57BL/6J and B. in DBA/2J mice. C. 
Average ethanol intake in C57BL/6J and DBA/2J males for the 9 day period. *Denotes 

p<0.05 vs. WE group. #Denotes DBA/2J EE vs C57Bl/6J EE. Each point represents the 

mean ± SEM of 8 animals per group and genotype.
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