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ABSTRACT 

 

Background: Ethanol use during adolescence is a significant health problem, yet the 

pharmacological treatments to reduce adolescent binge drinking are scarce. The present study 

assessed, in male and female adolescent Wistar rats, if the sigma-1 receptor (S1-R) antagonists 

S1RA or BD-1063 disrupted ethanol drinking. Methods: Three times a week, for two weeks, the 

rats received the S1-R antagonists. Thirty min later they were exposed, for 2h, to a bottle of 8% or 

10% v/v ethanol. A 24h, two-bottle, ethanol intake test was conducted after termination of these 

procedures. A subset of these rats was tested for recognition memory via the novel object 

recognition test. Results: The rats given 64 mg/kg S1RA drank, in each binge session, significantly 

less than vehicle counterparts. Male rats given 4 or 16 mg/kg S1RA drank significantly less than 

those given 0 mg/kg in session 3 or in session 1 and 2, respectively; whereas female rats given 4 or 

16 mg/kg drank significantly less than females given 0 mg/kg in session 2-5 or in sessions 2-6, 

respectively. Administration of 32 mg/kg, but not of 2 or 8 mg/kg, BD-1063 suppressed, across 

sessions, ethanol drinking. S1-R antagonism reduced absolute ethanol drinking at the two-bottle 

choice post-test. Recognition memory was not affected by the ethanol exposure. Conclusions: The 

results indicate that S1-R antagonists may be promising targets to prevent increases in ethanol 

intake at adolescence. The persistent effect of S1-R antagonism in free-choice drinking suggests 

that modulation of the S1-R is altering plastic effects associated with ethanol exposure. 
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1. INTRODUCTION  

Recent studies have warned on the high prevalence of teenage drinking, the closing of the 

sex gap in ethanol consumption (Thibaut, 2018), and the rising occurrence of adolescent binge 

drinking (Pilatti et al., 2017; Spear, 2018). The latter is associated with immediate (Wicki et al., 

2018) or long-term negative consequences, including greater likelihood of exhibiting an alcohol use 

disorder (AUD) (Rial Boubeta et al., 2018).  

 Sigma receptors, of which two subtypes (sigma-1 and sigma-2) have been described, were 

first proposed as new opioid receptors, and they were also confused with PCP/NMDA receptors 

(Maurice and Su, 2009). The endogenous ligand of sigma receptors is still unknown, although some 

neurosteroids have been suggested as likely candidates (Hayashi and Su, 2005).  The sigma-1 

receptor (S1-R) is an intracellular chaperone with an aminoacidic sequence well conserved across 

species (Alon et al., 2017; Maurice and Su, 2009); and is concentrated in brain areas related to 

motivation, learning and sensorimotor processes, including hippocampus, olfactory bulb, and 

substantia nigra (Cobos et al., 2008).  The S1-R ligands have long been expected to mitigate 

neurodegenerative and mood disorders, chronic pain or drug abuse, among other diseases (Merlos et 

al., 2017; Romero and Portillo-Salido, 2019). Systemic or intracerebroventricular administration of 

a S1-R agonist (Bhutada et al., 2012; Maurice et al., 2003) enhances preference for a place 

associated with the effects of ethanol  (Quadir et al., 2019). Moreover, S1-R agonism via DTG 

exacerbated operant responding for ethanol (Sabino et al., 2011; Valenza et al., 2020), an effect 

disrupted by BD-1063 (Sabino et al., 2011). On the other hand, it has been also shown that 

antagonism of S1-R, via administration of BD-1063/1047 or NE-100, dose-dependently inhibited 

ethanol-induced behavioral activation in an open field (Maurice et al., 2003) or ethanol self-

administration (Blasio et al., 2015; Sabino et al., 2009b). Altogether, these studies suggest that 

antagonism of S1-R reduces ethanol seeking and intake, and hence is a promising strategy for the 

development of medications to treat risky drinking.  



 The density of S1-R levels is affected by the hormonal changes that take place at 

adolescence (Moradpour et al., 2016). This suggests that the effects of S1-R agonists can be age-

specific. The modulatory effect of the S1-R system on ethanol intake during adolescence remains 

uncharted and, despite the suggestion for adequate sex representation (Hilderbrand and Lasek, 

2018), all of the studies on the role of S1-R in ethanol consumption have employed males (Quadir 

et al., 2019). This is particularly troubling, as female rats (Varlinskaya et al., 2015; Vetter-O'Hagen 

et al., 2011) and mice (Lopez et al., 2011; Szumlinski et al., 2019) consistently exhibit greater 

ethanol intake and preference than males [for  a comprehensive review, see (Roth et al., 2004)], and 

women tend to progress more rapidly from alcohol initiation or first drunkenness to problematic 

drinking (Brady and Randall, 1999; Erol and Karpyak, 2015). The present study assessed the role of 

the S1-R system on binge-like ethanol drinking in adolescent Wistar rats, both male and female. We 

evaluated if pretreatment with the S1-R antagonists S1RA or BD-1063 disrupted drinking in a 

procedure that induces levels of drinking akin to those found during a binge drinking episode 

(Salguero et al., 2020). It was possible that the binge exposure altered recognition memory (Marco 

et al., 2017), and that BD-1063 protected from this effect. This was assessed in Experiment 2, via 

the novel object recognition (NOR) test.  

 

2. METHODS 

 

2.1 Experimental Design and Subjects 

  We employed 169 adolescent Wistar rats [80 (40 male) in Experiment 1, 89 (39 male) in 

Experiment 2], derived from 18 litters reared at the Instituto de Investigación Mercedes y Martín 

Ferreyra (INIMEC-CONICET-UNC; Córdoba, Argentina). Several studies have described postnatal 

days (PDs) 27-28 to 42 as corresponding to early/mid-adolescence in humans, and the PD 46-59 

period as late adolescence (Burke and Miczek, 2014; Karanikas et al., 2013; Spear, 2000). We 

conducted the ethanol drinking procedures between PDs 27-44 and the NOR test between PDs 46-

48. Testing in the study, thus, spanned all the stages of adolescence.  



A 4 (S1RA dose: 0, 4, 16 or 64 mg/kg)  2 (Sex) factorial design was employed in 

Experiment 1 (n = 10/group). Experiment 2 employed a 4 (BD-1063 dose: 0, 2, 8 or 32 mg/kg)  2 

(Sex) factorial, with 7-10 rats in each group. Eighteen rats (10 females) were used as non-exposed 

controls in the NOR. Weaning was conducted at PD21. The procedures complied with the ARRIVE 

guidelines, the Guide for the Care and Use of Laboratory Animals of NIH and were certified by the 

Animal Care and Use Committee at INIMEC-CONICET-UNC. 

 

2.2 Drugs 

S1RA (4-[2-[[5-methyl-1-(2-naphthalenyl)-1H-pyrazol-3-yl]oxy]ethyl] morpholine 

hydrochloride) and BD-1063 (1-[2-(3,4-dichlorophenyl)ethyl]-4-methylpiperazine 

dihydrochloride), were supplied by Esteve Pharmaceuticals (Barcelona, Spain) and dissolved in 

sterile physiological saline or a dPBS (Dulbecco’s Phosphate Buffered Saline) 10X solution, 

respectively. A 5 ml/kg of the drug solution or its solvent was injected subcutaneously (s.c.).  

 

2.3 Ethanol Self-administration and NOR test procedures 

Seventy-two hours before the first binge session the rats were habituated to the smell/flavor 

of ethanol in a 24h, two-bottle (8% ethanol vs water) drinking session. No antagonists were 

administered at this habituation session. For the next 2 weeks (PDs 30-41) the rats were exposed 

three times a week (Tuesdays, Thursdays and Saturdays, from 1900 to 2100h; vivarium lights went 

off at 1845) to a single bottle of 8% (sessions 1 and 2) or 10% v/v ethanol (3rd and following 

sessions; 96% ethanol, Porta, Cordoba, Argentina). The day before each session the animals 

received 50% of the water they usually consumed. The S1-R antagonists were administered 30 min 

before each binge session. A two bottle (8% ethanol vs. water), 24h, intake test was conducted in 

the homecage, 72h after the last binge session. The ethanol or water bottles were weighed before 



and after each session, to calculate ethanol intake (g/kg), percent preference of ethanol intake, 

overall liquid intake and water intake (ml/100 g of body weight).   

In Exp. 2, six rats of each group and 18 naïve rats (i.e., not exposed to ethanol) were tested 

for short-term memory in the NOR procedure (Salguero et al., 2020). Briefly, on PD46 the rats 

were habituated for 10 min to a squared-shaped arena (50cm x 50cm x 50cm) and distance travelled 

was measured via a custom-made behavioral tracking system. On PD47 (familiarization) the rats 

explored the arena for 5 minutes, which now featured two identical opaque glass flasks. The rats 

underwent a 5-min testing phase on PD48, in which one of the opaque flasks was replaced by taller 

and slightly clearly colored flask. The sessions were filmed, and time spent exploring the flasks at 

the familiarization and time spent in proximity to the new object at the testing (i.e., an indicator of 

recognition memory) were measured. 

 

2.4 Statistical Analyses 

 The scores at the intake habituation session, in which no antagonists were given, were 

analyzed via Student’s T test (grouping factor: Sex). Ethanol intake (g/kg) during the binge sessions 

was assessed using repeated measures ANOVAs, with Sex and Drug dose as between factors and 

Day of assessment (sessions 1-6) as the within-measure. Ethanol intake scores and water or overall 

liquid intake at the two-bottle choice ethanol intake test conducted after the binge sessions were 

analyzed via a factorial ANOVA, with Sex and Dose as between factors. A relative discrimination 

index (Di) [i.e., time spent exploring the novel object minus time spent exploring the familiar object 

divided by total exploration time] was calculated at the NOR test and analyzed via ANOVA. The 

significant main effects and significant interactions (alpha ≤0.05) were explored via Tukey’s post 

hoc tests (for significant effects involving between-subject factors) or planned comparisons 

(significant main effects or interactions encompassing between-by-within factors).  

 

3. RESULTS 



 

3.1 Experiment 1 

Males and females showed similar ethanol intake (g/kg or %) or overall fluid intake at the 

habituation session (p> 0.05; see Table 1). The ANOVA for g/kg ingested during the binge sessions 

(Fig. 1) yielded significant main effects of Dose (F3,70 = 34.08, p < .001, η²p = .59), Day of 

Assessment (F5,350 = 58.17, p < .001, η²p = .45) and Sex (F1,70 = 28.2, p < .001, η²p = .29), and 

significant two-way interactions between Day of Assessment and Sex (F5,350 = 4.59, p < .001, η²p = 

.06), and between Day of Assessment and Dose (F15,350 = 3.13, p < .001, η²p = .13). The interaction 

Day of Assessment x Sex x Dose was also significant (F15,350 = 3.38, p < .001, η²p = .13). In each 

binge session, male and female rats given 64 mg/kg S1RA drank significantly less than their sex-

matched vehicle counterparts. Male rats given 4 or 16 mg/kg S1RA drank significantly less than 

those given 0 mg/kg in session 3 or in session 1 and 2, respectively; whereas female rats given 4 or 

16 mg/kg drank significantly less than females given 0 mg/kg in session 2-5 or in sessions 2-6, 

respectively.  

FIGURE 1 AND TABLE 1 

Post-test ethanol drinking scores were significantly lower in males or female rats treated 

with 16 or 64 mg/kg S1RA, and in females treated with 4 mg/kg, than in vehicle-treated controls 

(significant Sex x treatment interaction, F3,70 = 3.50, p < .05, η²p = .13 and F3,69 = 4.49, p < .01, η²p 

= .16, g/kg and percent ethanol intake, respectively). Liquid ingestion was lower in rats treated with 

either dose of S1RA than in vehicle-treated rats (F3,69 = 7.80, p < .001, η²p = .85). The ANOVA for 

water ingestion indicated that females given 64 mg/kg S1RA and males given 4 mg/kg S1RA drank 

significantly more and less water, respectively, than their sex-matched vehicle controls (significant 

Sex x treatment interaction, F3,70 = 4.01, p < .05, η²p = .15). These scores are in the supplemental 

figure and in Table 1. 

  

3.2 Experiment 2 



 Males and females exhibited similar ethanol (g/kg) or liquid intake at the habituation (Table 

1), yet females exhibited significantly greater percent ethanol intake than did males (t = 2.58, 

p<0.001; 14.66 vs 6.53). The ANOVA for g/kg ingested during the binge sessions revealed 

significant main effects of Dose and Day of Assessment (F3,62 = 8.88, p < .001, η²p = .30 and F5,310 

= 32.63, p < .001, η²p = .34). As confirmed by the post-hoc tests and shown in Fig. 1 D-E, ethanol 

drinking (g/kg) was significantly higher in binge days 1 and 2 than in day 3 and significantly greater 

in binge days 1, 2 or 3 compared to days 4-6. Across days (Fig. 1F) the rats treated with 32 mg/kg 

BD-1063, males or females, drank significantly less than the other groups. The variables measured 

at the post-test (Table 1 and supp. figure) were not significantly affected by BD-1063 nor by sex. 

Guided by a priori hypothesis, we conducted a planned comparison on g/kg scores between the 0 

mg/kg and the 32 mg/kg group, which revealed significantly less ethanol consumed in the 32 vs. the 

0 mg/kg group (F1,62 = 4.05, p < .005). The ANOVAs for NOR scores, including Di scores at test, 

did not reveal significant main effects or significant interactions (Table 1).  

 

4. DISCUSSION 

 

The heightened vulnerability of adolescents to AUD is a significant concern. Thus, it is 

important to understand its neurobiological underpinnings and develop preventive and treatment 

strategies (Waller et al., 2019). There are only a few pharmacological treatments approved to 

maintain abstinence, reduce drinking, or prevent reinstatement; and these have been rarely studied 

in models of adolescent alcohol drinking (Sable et al., 2006). The present study found that 

antagonism of S1-R may prevent increases in adolescent ethanol intake, prior to the development of 

dependence. Future work, however, should evaluate if this antagonism reduces binge drinking after 

a protracted prior history of ethanol exposure (i.e., longer that the single habituation day used in this 

study).  

The antagonism of S1-R, via administration of S1RA or BD-1063, blocked ethanol binge 

drinking in both male and female adolescent Wistar rats. Adolescents given 64 mg/kg S1RA 



exhibited, relative to vehicle-treated counterparts, an overall two-fold reduction in ethanol drinking. 

The S1-R antagonists were given, similar to other medications to treat chronic alcoholism or relapse 

[e.g., disulfiram (Bharadwaj et al., 2018; Mutschler et al., 2016)], acutely prior to drinking. The 

influence of both treatments largely surpassed the threshold of a large effect (i.e., η²p ≥0.14). To our 

knowledge, this is the first report of S1-R modulating ethanol consumption at adolescence, and the 

first to analyze interaction between the S1-R system and ethanol intake in females, which usually 

drink more ethanol than their male counterparts (Roth et al., 2004).  

 In Experiment 1, S1-R antagonism diminished ethanol intake of females in a dose-

dependent manner, whereas males displayed a suppressing effect mainly after the highest S1RA 

dose. Studies have shown that ethanol drinking of female rats is more affected by stress, than that of 

males (Varlinskaya and Spear, 2015; Wille-Bille et al., 2017), suggesting that females are more like 

to drink ethanol to reduce anxiety. Our drinking model involves brief, yet significant, social 

isolation and a mild liquid deprivation that can serve as stressors. It is possible that low doses of 

S1RA are selectively effective to reduce ethanol drinking driven by the drug’s anxiolytic effects. 

This is just a hypothesis, yet it is intriguing that the selective S1-R antagonist NE-100 dose 

dependently blocks ethanol intake in the stress-sensitive and anxiety-prone, Sardinian alcohol 

preferring rats (Sabino et al., 2009b). Moreover, S1-R binds compounds effective for treating 

anxiety at adolescence (Cheer and Figgitt, 2002) and S1-R activation mediates stress effects in 

animal models of gastrointestinal tract disorders seen in anxiety (Gue et al., 1992).  

S1RA had a lingering effect, reducing absolute ethanol drinking vs. vehicle-treated controls at 

the two-bottle post-test, long after its clearance. The effect was seen across S1RA doses for 

females, and there was some evidence of this effect after 32 mg/kg BD-1063. S1RA achieves, in 

rodents, maximum plasma concentration shortly after its administration. Specifically, S1RA plasma 

levels are undetectable 6 h after its administration, its metabolites are inactive and it does not 

accumulate in the brain (Gris et al., 2016). The pattern resembles findings in which naloxone 

prevented binge exposure and the promoting effect of such exposure upon later drinking (Salguero 



et al., 2020), as well as studies in which S1-R antagonists blocked cocaine-induced behavioral 

sensitization (Ujike et al., 1996). This molecule has shown efficacy and safety in Phase I/II trials 

(Bruna et al., 2018). 

Limitations of this report are the lack of neurobiological measurements or of a reversal of the 

effects via sigma agonism. Moreover, we did not measure if acute treatment with the S1-R 

antagonists affected voluntary ingestion of water. The binge drinking procedure employed did not 

feature access to water, thus precluding these measurements. Yet, it is important that, in the two-

bottle intake tests conducted after the last binge session, prior treatment with S1RA was associated 

with a significant decrease in overall liquid ingestion, whereas BD-1063 altered ethanol ingestion 

without significantly altering water or overall liquid ingestion. The latter result is consistent with a 

study indicating that BD-1063 altered ethanol self-administration but did not inhibit water or 

saccharin self-administration (Sabino et al., 2009a). Another limitation is that it was not possible to 

assess the effects of S1-R antagonism in ethanol-induced memory impairments. Similar to a 

previous report (Salguero et al., 2020), the binge-like exposure did not alter recognition memory in 

the NOR test.  

Despite these limitations, the results indicate that S1-R antagonists may be promising targets to 

prevent increases in ethanol intake at adolescence. The persistent effect of S1-R antagonism in free-

choice drinking suggests that modulation of the S1-R is altering plastic effects associated with 

ethanol exposure. 

.   
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FIGURES LEGENDS.   

Figure 1: Panels A-B and D-E. Ethanol intake (g/kg) in adolescent Wistar rats as a function of sex, 

binge intake session (i.e., Day of Assessment 1-6) and treatment with S1RA (0, 4, 16 or 64 mg/kg; 

Exp. 1) or BD-1063 (0, 2, 8 or 32 mg/kg; Exp. 2). The rats were given S1RA or BD-1063 s.c. and, 

30 min later, self-administered 8% (first two sessions) or 10% ethanol (third and subsequent 

session) during the first 2 hours of the dark cycle, three times a week (Monday, Wednesday, and 

Friday) during postnatal days 30-41. Panels C and F. Same data as in A-B and D-E, respectively, 



collapsed across day of assessment. In Exp. 1 the ANOVA yielded a significant Treatment x Sex x 

Day interaction. The female rats given 64 mg/kg or 4 mg/kg S1RA drank significantly less than the 

0 mg/kg group on days 1-6 or 2-5, respectively. These differences are indicated by the * and # 

signs. Among females, the 0 mg/kg group and the 16 mg/kg S1RA group differed significantly on 

days 2-6, as indicated by the @ sign. The male rats given 64 mg/kg or 16 mg/kg S1RA drank 

significantly less than the 0 mg/kg group on days 1-6 or 1-2, respectively. These differences are 

indicated by the * and @ signs. Males treated 0 mg/kg or 4 mg/kg S1RA differed significantly only 

on day 3, as indicated by the # sign. In Exp. 2 the ANOVA indicated a main effect of treatment: the 

rats treated with 32 mg/kg BD-1063, males or females, drank significantly less than the other 

groups, an effect indicated by the * sign in panel F. The data are expressed as mean ± SEM. 

Suppl. Figure 1: Ethanol intake (g/kg) in adolescent Wistar rats at a two-bottle, 24h, intake test 

conducted on postnatal day (PD) 44. The data is depicted as a function of sex and treatment with 

S1RA (0, 4, 16 or 64 mg/kg; Experiment 1, panel A) or BD-1063 (0, 2, 8 or 32 mg/kg; Experiment 

2, panel B). The rats were given S1RA or BD-1063 and, 30 min later, self-administered 8% or 10% 

ethanol for 2 hours, three times a week during PDs 30-41. The statistical analysis indicated that, in 

Exp. 1, males and females treated with 16 or 64 S1RA mg/kg, or females treated with 4 mg/kg 

S1RA, drank significantly less than vehicle-treated counterparts. In Exp. 2 the male rats given 32 

mg/kg BD-1063 drank significantly less ethanol than controls. These significant differences are 

indicated by the asterisks. The data are expressed as mean ± SEM. 
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Experiment 1 

    Males Females 

 
S1RA dose 0 mg 4 mg 16 mg 64 mg 0 mg 4 mg 16 mg 64 mg 

Intake 

habituation 

session  

 

Ethanol intake 

(g/kg) 

3.92 

±0.61 

4.24 

±1.15 

1.99 

±0.29 

3.49 

±1.09 

5.41 

±2.3 

2.83 

±0.89 

1.82 

±0.29 

1.99 

±0.47 

Ethanol intake 

(%) 

19.83 

±1.49 

22.42 

±5.12 

12.65 

±1.68 

22.27  

±7.76 

23.43 

±8.82 

19.16 

±5.63 

11.93 

±1.52 

12.97 

±2.81 

Overall fluid 

intake (ml/100 g 

of body weight) 

24.92 

±1.38 

25.89 

±2.77 

22.5 

±0.97 

21.76 

±1.67 

25.19 

±2.2 

18.62 

±0.54 

19.38 

±0.39 

19.27 

±0.86 

Post-test 

Ethanol intake 

(g/kg) 

4.34 

±0.82 

4.92 

±0.69 

1.57 

±0.52 

1.08  

± 0.18 

4.83 

±1.14 

1.85 

±0.30 

0.81 

±0.15 

1.39 

±0.71 

Ethanol intake 

(%) 

27.49 

±5.43 

44.76 

±6.74 

16.58 

±6.08 

9.68 

±1.88 

35.34 

±6.81 

18.85 

±3.48 

8.19 

±1.32 

8.5± 

3.0 

Overall fluid 

intake (ml/100 g 

of body weight) 

59.09± 

6.24 

42.17± 

2.22 

35.91± 

2.18 

44.10± 

1.79 

34.8± 

2.6 

28.72± 

4.0 

26.74± 

1.0 

34.06± 

2.87 

 

Water intake 

(ml/100 g of 

body weight) 

17.28± 

1.81 

9.96± 

1.54 

13.04± 

1.17 

16.08± 

0.67 

12.67± 

0.86 

13.68± 

1.91 

14.40± 

0.44 

18.63± 

0.95 

Experiment 2 

  BD-1063 dose  0 mg 2 mg 8 mg 32 mg 0 mg 2 mg 8 mg 32 mg 

 

Intake 

habituation 

session 

Ethanol intake 

(g/kg) 

1.76 

±0.2 

2.39 

±0.34 

1.82 

±0.18 

1.45 

±0.11 

2.71 

±0.44 

2.09 

±0.8 

2.22 

±0.65 

1.7 

±0.18 

Ethanol intake 

(%) 

10.79 

±1.79 

13.42 

±1.88 

10.78 

±1.22 

8.62 

±0.9 

16.36 

±2.34 

10.77 

±3.45 

11.66 

±3.16 

10.48 

±1.36 

 

Overall fluid 

intake (ml/100 g 

of body weight) 

 

21.49 

±1.09 

 

 

22.57 

±1.11 

 

 

21.37 

±0.62 

 

 

21.53 

±0.97 

 

 

20.33 

±0.95 

 

 

23.08 

±0.85 

 

 

23.72 

±0.93 

 

 

20.82 

±0.67 

 

Post-test 

Ethanol intake 

(g/kg) 

3.94 

±1.21 

2.81 

±1.29 

3.27 

±1.36 

0.85 

±0.21 

2.25 

±0.59 

2.12 

±0.88 

2.55 

±1.06 

2.5 

±0.85 

Ethanol intake 

(%) 

30.6 

±8.04 

24.91 

±9.64 

31.34 

±12.12 

6.78 

±1.31 

25.15 

±4.70 

20.36 

±5.37 

26.27 

±8.63 

21.84 

±8.82 

Overall fluid 

intake (ml/100 g) 

 

15.50 

±0.73 

 

 

14.54 

±0.58 

 

 

14.69 

±0.56 

 

 

16.48 

±0.66 

 

 

15.07 

±0.98 

 

 

17.44 

±1.55 

 

 

14.57 

±0.47 

 

 

16.08 

±0.75 

 

 

Water intake 

(ml/100 g of 

body weight) 

 

10.15 

±1.35 

 

 

9.66 

±1.64 

 

 

8.88 

±2.20 

 

 

15.05 

±0.60 

 

 

9.85 

±1.27 

 

 

12.66 

±1.73 

 

 

9.37 

±1.99 

 

 

10.98 

±2.33 

 

NOR 

Habituation 

Phase 

Distance (cm) 
3880.06 

±221.57 

4547.2 

±287.85 

4387.6 

±404.89 

3787.4 

±277.73 

3193.98 

±238.82 

3882.85 

±344.02 

3299.16 

±231.47 

3115.56 

±214.26 

NOR 

Familiarization 

Phase 

Total exploration 

time (s) 

66.65 

±7.81 

54.59 

±6.10 

64.22 

±4.39 

57.03 

±7.07 

64.83 

±8.71 

63.88 

±6.95 

53.57 

±3.58 

66.68 

±6.22 

Table



NOR  

Test Phase 

Discrimination 

Index (Di) 

0.18 

±0.07 

0.22 

±0.1 

0.21± 

0.08 

0.29 

±0.07 

0.25 

±0.11 

0.32 

±0.1 

0.32 

±0.05 

0.26 

±0.01 

Table 1: Intake scores at the habituation and post-test (i.e., post-binge) sessions (Experiments 1 and 2) 

and distance travelled, total exploration time and discriminative scores at the Novel Object 

Recognition test (NOR, Experiment 2). The NOR also included rats never exposed to ethanol or BD-

1063 (i.e., naïve). Scores for these rats are not shown.  
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 We assessed effects of the S1-R antagonists S1RA or BD-1063 on ethanol drinking.  

 S1RA blocked ethanol binge drinking in male and female adolescent Wistar rats.  

 BD-1063 blocked ethanol binge drinking in male and female adolescent Wistar rats. 

 S1RA reduced free-choice ethanol drinking long after its clearance. 

 S1-R antagonists are promising targets for the development of new medications.   
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