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Scientific Background

One of the principal mechanisms associated with the maintenance of and relapse to alcohol use is
stressi2-17. Neuroimmune function is a key system linked to negative reinforcement drinking and
to the development of alcohol use disorder (AUD)18,19. Stress and chronic alcohol consumption
have been found to increase microglial activity, a marker of neuroinflammationis-20. However, a
provocation study to examine neuroinflammation-induced drinking has not been developed in
humans and has direct clinical significance for the development and evaluation of
pharmacotherapies targeting the neuroimmune system.

Endotoxin, also called lipopolysaccharide (LPS), is well-known to induce neuroinflammation1
and acute stress2, and a growing literature indicates that neuroinflammatory processes are
involved in alcohol-motivated behaviors. In rodents, systemic administration of LPS resulted in
prolonged increases in levels of proinflammatory cytokines, an effect potentiated by alcohola.
Administration of inflammatory signaling by LPS demonstrated long-lasting increases in
voluntary alcohol intake in mice5, which may be due to the effects of acute stress induced by
LPS — as LPS has transient effects on neuroinflammatory responsesii4. Proinflammatory
cytokines that increased in rat brain following alcohol or LPS were also increased in the brain of
humans with alcohol dependences. In alcohol-dependent individuals, LPS stimulated
inflammatory pathways correlated with alcohol craving and short-term alcohol withdrawal was
associated with the recovery of LPS-dependent receptors7. Regarding stress, LPS administration
increased plasma ACTH in alcohol-exposed ratss,9 and dose-dependently increased
proinflammatory cytokines, cortisol, anxiety, and depressive symptoms in humans2,10; altogether,
supporting a clear role for neuroinflammation in stress and alcohol use. To our knowledge, the
effect of LPS, which directly induces neuroinflammation compared to other stress challenges, on
alcohol self-administration in humans with AUD has not been studied, identifying an area of
weakness in the scientific rigor of previous work. The first step in addressing this gap is to
examine peripheral measures of neuroinflammation (e.g., cytokine levels) and relate

that to drinking behavior in the human laboratory. By collecting subjective and objective
measures of stress (e.g., mood, cortisol, ACTH), we can also determine whether LPS
administration is related to stress-reactivity in individuals with AUD.

Over the past decade, rates of AUD have continued to increase more so in women (84%) than in
men (35%)s0,51. Women also experience exacerbated health risks associated with drinking,
including brain atrophy, liver inflammation, cardiovascular disease, and neurotoxicity when
compared to mens2-s6. Identifying effective mechanisms underlying problem alcohol use in
women vs. men remains a priority. Stress and greater neuroimmune response are associated with
alcohol use for both women and men, but play an especially critical role in women11. Research
identifies that alcohol administration leads to higher cortical levels of proinflammatory cytokines
associated with oxidative stress in female compared to male mices7,58 and higher plasma
endotoxin levels in healthy women compared to mens7,59. Problematic drinking in women is also
associated with higher plasma levels of proinflammatory cytokines compared to menso61.



Importantly, we plan to calculate effect sizes for the interaction between sex and treatment
(endotoxin vs. placebo) on drinking behavior and associated mechanisms (e.g., peripheral
cytokines, craving, cortisol, ACTH, sex hormones) during the 2-hour alcohol self-administration
period, as these may be important mechanisms underlying drinking behavior in women vs. men.

Elucidation of neuroinflammatory mechanisms underlying drinking can inform on the
involvement of neuroinflammation in alcohol use, as well as potential sex differences in
mechanisms underlying how neuroinflammation influences acute drinking. This data will inform
sex-appropriate mechanisms and potential treatment targets, such as neuroimmune modulators,
for alcohol use in individuals with AUD, as well as inform future research on disentangling the
effect of LPS vs. psychological stress (e.g., stress vs. neutral imagery) on subsequent drinking
behavior.

Study Design and Methods

We will examine whether endotoxin, known to induce acute stress and

neuroinflammation, increases acute drinking behavior in a sex-dependent manner. We will
recruit 32 individuals with AUD (50% women). Subjects will undergo a single laboratory session
in which we will evaluate alcohol consumption.

Subjects will be informed to not drink 24 hours prior to the laboratory session (confirmed by
breath alcohol reading and self-report). Smokers will be instructed to smoke as they usually do
prior to coming to the YCCI/HRU. If participants report or test positive for breath alcohol, drug
use, alcohol withdrawal, or pregnancy they will not complete the laboratory session. If
participants present with alcohol withdrawal (CIWA > 8), the participant will be evaluated by the
study MD for possible study removal and referral to detox. An IV cannulae will be inserted in
the non-dominant arm to obtain blood samples throughout the session. LPS (0.4ng/kg;
Escherichia coli) or placebo (saline) injections will be performed through the IV cannulae,
approximately 1 hour and 45 minutes before the alcohol self-administration period. This dose has
been safely administered to healthy humans previously (range 0.2 — 1.0ng/kg i.v. in healthy
human subjects).

Ad-libitum drinking will occur over a 2-hour period. A video camera will be present in the room
during this session to monitor drinking behavior. Subjects will be provided a pre-determined
amount of their preferred beverage designed to raise BALs to 0.12 g/dL. Participants will be
provided with their preferred beverage (e.g., beer, wine, liquor, mixed drink) as a bolus at the
start of the session. The bolus dose is provided in a plastic pitcher (e.g., beer) or a plastic carafe
(e.g., wine, mixed drink) depending on the participant’s preferred beverage. The participant is
also provided with a drinking vessel (e.g., plastic pint glass, plastic wine glass, plastic tumbler).
The participant can pour as much or as little of their preferred beverage as they like from the
pitcher or carafe into their drinking vessel, and choose to drink as much or as little as they like
throughout the 2-hour alcohol self-administration session.

Prior to discharge, serum endotoxin will be drawn. Subjects will remain in the
YCCI/HRU overnight, at which time their breath alcohol levels will be below 0.02% (confirmed
by two BAC readings). Participants who are deemed to be belligerent by study/HRU staff will be



immediately discontinued at the discretion of the PI. Participants will be asked to remain in their
room until reaching a safe BAC at which time they will be dismissed. If they continue to behave
in a threatening manor, hospital security will be called to supervise the participant until they can
be safely discharged from the HRU.

Eligibility Criteria

After obtaining written informed consent, potential subjects will be

screened for eligibility. In other words, potential subjects will sign consent prior to beginning
screening procedures. We will administer the Structured Clinical Interview for DSM-563 (SCID-
5) to confirm AUD and exclude other primary psychiatric and substance abuse disorders (other
than tobacco use disorder). We will record alcohol use over the prior 90 days with the Timeline-
Follow Back Interviews4 (TLFB), and quantify lifetime patterns of alcohol use with the Lifetime
Drinking Historyes. The consequences of alcohol use and severity will be measured with the
Short-Inventory of Problems for Alcohol Usess and the Alcohol Use Disorders Tests7 (AUDIT),
respectively. The Clinical Institute Withdrawal Assessment of Alcohol Scale, Revisedss (CIWA-
R) will assess alcohol withdrawal symptoms. Patients with CIWA-R > 8 will not be eligible to
participate. Subjects will undergo medical screening, including medical history, medication use,
allergies, a physical exam, an EKG, basic blood chemistries, urine drug toxicology screen, and a
blood pregnancy test for women. The study physicians will review the subject’s medical status
and medical eligibility criteria. Eligible subjects will be randomized to receive endotoxin or
placebo. If potential participants are found to be suicidal or are experiencing any psychiatric
symptoms or distress during the screening process, they will receive short-term support from the
study team (including clinical psychologists and study physicians) and will be connected to a
local emergency department and their physician or therapist for ongoing care.

Inclusion Criteria:

1) Age 21-65;

2) Able to read and write English;

3) Meets DSM-5 criteria for current (past 6 months) moderate to severe alcohol use disorders;
4) Drinking criteria: Males - Drinks > 14 drinks per week and exceeds 4 drinks per day at least
twice per week; Females -Drinks > 7 drinks per week and exceeds 3 drinks per day at least twice
per week.

5) Must meet drinking criteria during a consecutive 30-day period within the 90 days prior to
baseline;

6) Laboratory sessions will be scheduled such that subjects will not have major responsibilities
on the following day which might limit drinking during the self-administration session (e.g., job
interview, exam);,

7) Negative urine pregnancy test for women.

Exclusion Criteria:

1) Participants with any significant current medical conditions (neurological, cardiovascular
[including hypertension or hypotension: sitting BP >160/100 or <90/60mmHg at baseline
screening], endocrine, thyroid, renal, liver), seizures, delirium or hallucinations, or other unstable
medical conditions including HIV;

2) Current DSM-5 substance use disorders, other than alcohol or nicotine;



3) A positive test result at intake appointment on urine drug screens conducted for illicit drugs,
excluding cannabis;

4) Past 30 day use of psychoactive drugs including anxiolytics and antidepressants;

5) Women who are pregnant or nursing, or fail to use one of the following methods of birth
control unless she or partner is surgically sterile or she is postmenopausal (hormone
contraceptives [oral,

implant, injection, patch, or ring], contraceptive sponge, double barrier [diaphragm or condom
plus spermicide], or [UD);

6) Suicidal, homicidal or evidence of current (past 6-month) severe mental illness such as
schizophrenia, bipolar disorder or major depression, or anxiety disorders;

7) Subjects treatment-seeking or who are currently in treatment for alcohol use;

8) Subjects with medical conditions contraindicating alcohol use (e.g., liver enzymes >3x
normal);

9) Subjects likely to exhibit clinically significant alcohol withdrawal during the study. We will
exclude subjects who a) have a history of perceptual distortions, seizures, delirium, or
hallucinations upon withdrawal, or b) have a score of > 8 on the Clinical Institute Withdrawal
Assessment scale at intake appointments;

10) Participation within the past 8 weeks in other studies that involve additive blood sampling
and/or interventional measures that would be considered excessive in combination with the
current application.

11) Subjects >38 on the Alcohol Use Disorders Identification Test (AUDIT)

12) Subjects with resting pulse >100 at challenge

13) Subjects with recent (past 2 weeks) acute illness or vaccination

14) Subjects with >Grade 2 laboratory abnormalities on screening

Statistical Considerations

To determine whether endotoxin vs. placebo will increase milliliters of alcohol consumed in
women and men. Linear mixed models with intervention condition (0.4ng/kg i.v. endotoxin or
placebo) and sex as between subject factors will be used to evaluate milliliters consumed during
ad-libitum drinking collected in the laboratory. All interactions will be considered. The best
fitting variance-covariance structure will be assessed using information criteria. The mixed
effects approach is advantageous in that it is unaffected by randomly missing data and allows
greater flexibility in modeling the correlation structure of repeated measures data. This data will
generate effect sizes for the interaction between sex and intervention (endotoxin vs. placebo) on
alcohol use.

We will evaluate the safety and tolerability of endotoxin in combination with alcohol in
individuals with AUD. Participants will be assessed for altered alcohol intoxication and
risks associated with endotoxin (e.g., flu-like symptoms [chills, nausea]). We will take extra
safety precautions when assessing adverse effects of LPS and alcohol co-administration,
including drawing serum endotoxin during alcohol self-administration and discharge.
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