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Statistical analysis plan

All outcomes (primary, secondary, and others) were analyzed using an intention-to-treat (ITT) approach where
participant’s data were included based on their a priori randomized code from the pharmacy and received at
least one dose of the study medication (probenecid or placebo) (Schulz et al., 2010). Probenecid and placebo
conditions were treated identically (medication administration and laboratory procedures) in a crossover design
(Pearce et al., 1990).

Outcome measures were analyzed to evaluate normal distribution. Comparisons with sociodemographic
and clinical characteristics, in relation to enrolled versus completer status, were performed using t-tests to
analyze continuous variables (age) and x? for categorical variables (sex, race). Attrition rates between visit 1 and
visit 4 were examined descriptively to assess for potential bias. Logistic regression was performed to test for
possible bias due to period (probenecid first, then placebo and opposite conditions) or medication carryover
(Haass-Koffler et al., 2021). Blinding measures were tested using the Pearson x? analysis. Effect size was
reported as Cohen d.

Alcohol pharmacokinetics parameters were analyzed using data collected from the BrAC curve using
confidence interval (Cl 95%) and included max concentration (Cmax) (target 0.08g/dL), time to reach Cmax (Tmax)

=0

(target 20min), and area under the curve (AUC), calculated by fttzloo(BrAC)dx (to=pre-alcohol administration

and tioomin=post-alcohol administration).

All outcomes were assessed in real-time in the laboratory testing probenecid compared to placebo
condition during the alcohol administration procedure. We used a Generalized Estimating Equation (GEE) (Zeger
and Liang, 1986) with standard errors, and an unstructured correlation matrix with medication
(probenecid/placebo) and time (T2omin= ascending and Tsomin=descending alcohol limb) as within-subject factors.
The model was specified to evaluate the main effect of medication (probenecid vs placebo) and main effect for
time (ascending vs descending alcohol limb). Also, the medication by time interaction was evaluated separately
to assess if the probenecid effect differed with descending vs. ascending limb.

Sex as biological variable (SABV) for all outcomes was analyzed using GEE with medication (probenecid
vs placebo) and time (T2omin= ascending and Tsomin=descending alcohol limb) as within-subject factors. The SABV

model was specified to evaluate the main effect for medication (probenecid vs placebo) and sex (females vs
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males). The medication by sex interaction assessed if the probenecid effect differed for female compared to
male participants.

Primary and secondary outcomes. The BAES was used to assess the stimulation (primary outcome) and
sedation (secondary outcome) effect of alcohol. Alcohol craving (secondary outcome) was assessed using the
AUQ and ACQ.

Other outcomes. Cognitive performance was assessed using two computer-based tasks: the DSST
(number of trials attempted, the proportion of correct responses, errors and the latency between responses)
(Jaeger, 2018) and the Go/no-Go (hit rate, false alarm rate, and the reaction time) (Holland and Ferner, 2017,
Mellanby, 1919) tasks, with an alcohol-free session inserted as covariate in the model, and tested the effect of
the study medications.

Biomarkers of inflammation were used to explore the effects of the co-administration of probenecid with
alcohol on pro-inflammatory (leptin, CCL2, CD40, IL-6, IL-18, IL-1B, TNF-a) and anti-inflammatory (insulin, IL-
10) markers. Insulin, IL-10, IL-18, IL-6 and TNF- a had a kurtosis in excess of four; consequently, an outlier
analysis was performed and all outliers falling outside of +3 interquartile range were treated as recommended
(Tukey, 1962). Insulin and leptin serum levels were normalized to account for individual and sex-related
variability using a hormone/body mass index (BMI) ratio (Haass-Koffler et al., 2015, Haass-Koffler et al., 2016).
IL-1B serum level was below the lower limit of quantification (LLOQ) and was not analyzed. Serum levels were
analyzed using GEE with baseline levels (visit 1: screening) inserted as a covariant in the model to test the effect
of study medications on analyte levels.

All statistical analyses were performed after participants had completed their follow-up visits and the
study database had been locked. All the statistical procedures were performed by IBM SPSS Statistics for
Windows, version 29 (IBM Corp., Armonk, NY, USA), and GraphPad Prism (v.10) was used to generate figures
(La Jolla, CA, USA). All statistical tests were two-tailed, and statistical significance was accepted if an alpha

value p<.05 was obtained.
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Figure Legends

Figure 1 - Drug-alcohol Administration Protocol. 90min following probenecid administration participants
received two drinks designed to raise the BrAC to 0.08g/dL within the next 30 min (probenecid pharmacokinetics:
Cmax ~2 h). Pre-alcohol assessments were administered to monitor safety and to ensure the participant was
eligible to proceed with the alcohol administration procedure. A battery of physiological and psychological
assessments was administered to measure potential adverse events both on the alcohol ascending and
descending limbs. Post-alcohol assessments were administered to monitor safety prior to discharging the
participant. The BrAC was collected 20, 40, 60, 80, and 100 min post alcohol administration. Probenecid plasma

levels reflect expected pharmacokinetics. Image created with Biorender and Graphpad.

Figure 2 — Study Design. Visit 1: medical and psychiatric screen (ECG, blood, saliva, and urine analysis).
Participants (counterbalanced with visit 4) also underwent the computer-based cognitive test. Visit 2:
randomization, and laboratory | (single oral dose of probenecid, or placebo, and underwent an alcohol
challenge). After a 1-3-day washout period, participants returned to Visit 3: alternate condition and the same

alcohol laboratory session. Visit 4: follow-up visit and final assessments. Image created with Biorender.

FIGURE 3 —- CONSORT Diagram

FIGURE 4 - Alcohol pharmacokinetics and subjective response to alcohol. Probenecid did not exert any
significant effect on the main pharmacokinetics of alcohol (Cmax, Tmax, AUC) in the: A) overall sample (p’s>.05)
and B) between female and male participants (N=34, 50% females) (P’s>.05). Stimulant and sedative effect of
alcohol when co-administered with study drug. The BAES C) stimulation subscale: there was no main effect of
medication or medication by time interaction. There was a significant main effect for time (B+=-6.696; p<.001).
D) sedation subscale: there no main effect of medication, time, or medication by time interaction (p>.05). All data

presented as meantSEM. *p (main effect); #p (interaction). All Cohen’s d reported in Supplementary, Table S1.

FIGURE 5 — Alcohol craving and urge. A) AUQ: there was a significant main effect for medication (B+=-3.757,

P=.006), medication by time interaction (Bs=-6.111; p<.001), and main effect for time (B;=-2.519; p=.002) B)
9
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ACQ total score: there was a significant main effect for medication (Bs=-4.235; P=.005), medication by time
interaction (B1=-4.943; p=.014) and a main effect for time (B;=-3.643; P=.015). C) ACQ Expectancy sub-score:
there was a significant a main effect for medication (Bs=-.366; p=.043) and main effect of time (Bs=-.664; p<.001).
D) ACQ Emotionality sub-score: there was a significant a main effect for medication (Bs=-.609; p=.004) sub-
score and medication by time interaction (ascending limb: Bs=-718; P=.008 and descending limb: (Bs=-.442;
p=.042). All data presented as meantSEM. *p (main effect); #p (interaction). All Cohen’s d reported in

Supplementary Table S2.

Figure 6 — Inflammatory Biomarkers. A) Insulin: there was a main effect of sex (Bs=1.993; p=.008), but no
medication by sex interaction. B) TNF-a: there was no main effect of sex or medication. There was a significant
medication by sex interaction in males (B+=-1.350; p=.012) probenecid, relative to placebo, significantly reduced
TNF-a serum concentrations in males but not females. *p (main effect); #p (interaction). All Cohen’s d reported

in Supplementary, Table S3.

Figure 7 — Proposed Mechanism. A) Baseline: equilibrative nucleoside transporter type 1 (ENT1) transports
adenosine across the membrane according to the gradient. Pannexin 1 channels are open, releasing ATP into
the extracellular space. B) Alcohol: in the presence of alcohol, ENT1 is believed to be inhibited, leading to an
increase in extracellular adenosine. C) Alcohol + Probenecid: the introduction of probenecid inhibits pannexin 1
channels, decreasing extracellular ATP and potentially inhibiting the increase in extracellular adenosine

produced by alcohol. Image created with Biorender.
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Table 1

Table 1 — Sociodemographic and clinical characteristic of participants at M (SD) N (%)
baseline (N=35)Variable
Sex
e Male 17 (48.6)
. Female 18 (51.4)
Age (years) 40 (15.7)
Race (N=35)
e Black 4(11.4)
o e Asian 1 (0.03)
'-g e  White 25 (71.4)
© e  Other or Multiracial 5(14.3)
2 | Ethnicity: Hispanic/Latino 4 (11.4)
€ | Education
= e High School graduate 6 (17)
S e Vocational Training 2(6)
3 e College Graduate 27 (77)
Marital status
¢ In arelationship (married, partnered, etc.) 15 (43)
e Not in a relationship (single, never married, etc.) 20 (57)
Employment status
e Working (full or part time) 20 (57)
e Not currently working (retired, disable, unemployed) 7 (20)
e  Student 8(23)
Family History of Drinking Questionnaire (yes to any relative) 26 (74)
b AUD Status: Structured Clinical Interview for Current DSM Disorders- 5
: e No 9
o e Mid 12
= e Moderate 8
z e  Severe 6
= Alcohol Urge (N=33) 17 (11.8)
= Alcohol Craving (N=31) 33 (16.1)
< 90-day TimeLine Follow Back Alcohol Use
_g e  Number of Drinks/Week (DPW) 21.9 (23)
£ e Number of Drinking Days (DD) 55.2 (32)
3 e Number of Drinks per Drinking Days (DDD) 4.4 (2.9)
S Other Substance Use Past Month (yes)
i e Cannabis 8 (22.9)
< o Tobacco 12 (34.3)
Currently under the care of a psychiatrist or psychologist (yes) 13 (37.1)
Diagnosed comorbidities (Yes)
o e Depression or Bipolar Disorder 17 (48.6)
s Anxiety Disorder 14 (40)
2 e Attention Deficit Hyperactivity Disorder 5(14.3)
2 Hamilton Anxiety Scale (HAM-A) 3.11 (4.107)
2 Hamilton Depression Scale (HAM-D) 217 (2.72)
Perceived Stress Scale (PSS) (N=34) 15 (7.86)
Self-Evaluation Questionnaire (state) (STAI-y1) (N=34) 32.67 (10.09)
Self-Evaluation Questionnaire (trait) (STAI-y2) (N=34) 36.28 (14.3)

Systolic Blood Pressure (mmHg)

126.46 (16.326)

Diastolic Blood Pressure (mmHg)

77.60 (10.120)

Heart Rate (b/min)

74.74 (13.37)

Alanine Transaminase (ALT) 22 (13.7)
Aspartate Transaminase (AST) 23 (6.71)
Blood Urea Nitrogen (BUN) 11 (3.78)
Bilirubin 0.49 (0.23)
Creatinine 0.84 (0.18)
Estimated Glomerular Filtration Rate (eGFR) 101 (18)
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