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Supplemental Information


Study 1

Materials and Methods 
Participants

A first screening of medical records verified prospectively documented childhood maltreatment (CM) exposure, presence or absence of lifetime SUD diagnosis or contact with SUD clinics. Those who had no CM, had emigrated, deceased, lacked contact details, had current or life-time schizophrenia, bipolar or psychotic disorder, organic brain disorder, current suicidality, or cognitive impairment were excluded at this first selection. Medication use was assessed with self-reports and/or medical records. Participants prescribed psychotropic medications were included provided stable use for at least three months (Table 1). Participants prescribed central stimulants or melatonin omitted medications during the day and the evening before the experimental sessions. A study flow-chart is presented in Figure S1. 

Screening session 

During this session, participants underwent a psychiatric clinical assessment by a trained research nurse or study physician, and a structured Mini International Neuropsychiatric Interview (MINI-7),1 for DSM-5,2 Swedish version.3 Lifetime SUD was identified using the regional health care register and contact with addiction clinics, and current SUD was assessed using the MINI, self-reported current problems and urine drug screens. Controls were at this point excluded if CM was identified in their medical records, during clinical assessment or with the MINI-7 post-traumatic stress disorder (PTSD) module. After determining eligibility, participants received research information, provided written informed consent, and completed self-report questionnaires. Questionnaires assessed self-reported CM, using the Childhood Trauma Questionnaire-Short Form (CTQ).4,5 Current alcohol and drug use severity were assessed using the Alcohol Use Disorders Identification Test (AUDIT6) and the Drug Use Disorders Identification Test (DUDIT7). Emotion regulation and personality traits were assessed using the Difficulties in Emotion Regulation Scale (DERS-16)8 and NEO Five-Factor Inventory (NEO-FFI-3)9 questionnaires. 

Questionnaires

The 28-item version, validated in Sweden10 of the Childhood Trauma Questionnaire-Short Form (CTQ), was used, with 25 clinical items equally distributed across five subscales including emotional abuse, emotional neglect, sexual abuse, physical neglect and physical abuse.4,5 Items are rated 1 (never true) to 5 (very often true), generating a total CTQ-score between 25 and 125, and subscale scores ranging between 5 and 25. Three additional items assess minimization/denial. The AUDIT6 is a well-established, 10–item questionnaire measuring alcohol use problems (total score range 0–40). Scores between 0–7 indicate low-risk alcohol use, whereas scores of 8+ indicate hazardous drinking. The DUDIT7 is a 11-item questionnaire measuring drug use problems (total score range 0–44). For males, scores of 6+, and for females, scores of 2+ indicate problematic drug use. The DERS-16 is a self-report questionnaire (short form) that addressed the ability to identify and regulate emotions. The CPRS8,12 is a 19-item self-report version covering depression, anxiety and obsessional symptoms. The CPRS comprises the Montgomery-Asberg Depression Rating Scale and the Brief Anxiety Scale, which are both subscales drawn from the CPRS plus two questions about obsessional symptoms.

Behavioral Session 

All participants completed the following tasks: the Vicarious Touch task (reported here), a Fear Conditioning and Extinction Task, an Affective Image task (reported here), a standardized stress task, and a second Affective Image task. Other tasks are reported in (Perini*, Mayo* et al., 2023 Molecular Psychiatry). 

Endocannabinoid analysis

The lipid concentrations were analysed using a liquid chromatography tandem mass spectrometry (LC-MS/MS) method based on a previously published method.13 Before the measurements, lipids were extracted from plasma following a previously described protocol.14 All standards (Arachidonylethanolamide, AEA; 2-arachidonoylglycerol, 2-AG; Palmitoylethanolamide, PEA; Oleoyl ethanolamide, OEA),  and internal standards (Arachidonylethanolamide-d4, AEA-d4; 2-arachidonoylglycerol-d5, 2-AG-d5; Palmitoylethanolamide-d4, PEA-d4; Oleoyl ethanolamide-d4, OEA-d4) were purchased from Cayman Chemicals (Ann Arbor, MI, USA). Briefly, plasma samples were vortexed after being thawed on ice and 1.2 mL 100% acetonitrile (ACN; Sigma Aldrich, USA) was added to 300 µL of the sample and vortexed. 30 µL of deuterated internal standard [AEA-d4, OEA-d4, PEA-d4 (50 nM)) and 2AG-d5 (1000nM); Biotage, Sweden] was added to each plasma and blank sample, before centrifugation (5 min, 3000g, 4o C). The supernatant was transported to 4.5 mL MilliQ-H2O with 0.133% triflouro acetic acid (TFA; Sigma Aldrich, USA). Thereafter the samples were transferred to C8 Octyl SPE columns (6 mL, 200mg; Biotage, Sweden). Prior to transferring the samples, the C8 Octyl SPE columns were activated with 1ml Methanol (Merck, Darmstadt, Germany) and washed with 1mL MilliQ-H2O using a Biotage ® Pressure+ 48 machine. After the samples were added, the columns were washed with ACN (20% with 0.1% TFA) and samples were eluted with ACN (80% with 0.1% TFA). The eluates were evaporated to dryness in a SpeedVacc (Thermo Fisher, Ann Arbor, MI, USA) and stored in -80 °C until analysis. On the day of the analysis, the samples were reconstituted in 30µl Mobile phase A (methanol-milliQ water-acetonitrile (4/4/2) (v/v/v) with 0.1 % (v/v) formic acid and 1g/L ammonium acetate), then vortexed and transferred into glass vials designed for the LC-MS/MS. The injection volume was 10 μL.  We used an LC-MS/MS system consisting of a Thermo Scientific Accela AS auto sampler and Accela 1250 pump coupled to a Thermo Scientific TSQ Quantum Access max triple quadrupole mass spectrometer with a HESI II probe as ionization source. LC was performed using gradient elution with mobile phase A, and mobile phase B (containing methanol-ACN (7/3) (v/v) with 0.1% (v/v) formic acid and 1g/L ammonium acetate). The gradient elution was applied with a constant flow of 250 μL/min. We started with 100% mobile phase A during the first 1.5 min and followed this using a linear increase towards 100% mobile phase B, which was achieved after 9 min in total. Between the 11th and 12th min the gradient changed linear to 100% mobile phase A, which was maintained for 1 min. An Xbridge C8 analytical column (2.1 mm × 150 mm) with the particle size 2.5 µm obtained from Waters (Dublin, Ireland) was used. We used the following selected reaction monitoring (SRM) (m/z) transitions: 348.3/ 62.4; 326.3/62.4; 300.3/62.4; and 379.3/287.3 for AEA, OEA, PEA, and 2-AG, respectively. For the corresponding internal standards, we used the following transitions: 352.3/ 62.4; 330.3/62.4; 304.3/62.4; and 384.3/287.3 for AEA-d4, OEA-d4, PEA-d4, and 2-AG-d5, respectively. The linearity of the measuring ranges was assessed with standard curves ranging from 1-25 nM for AEA and 10-500 nM for OEA, and PEA, and 50-1250 nM for 2-AG in duplicate. The linearity of the standard curves was R2  ≥ 0.9 for all analytes. Isotopic dilution was used for quantification of the analytes, performed according to their area ratio of their corresponding deuterated internal standard signal area. Linear regression and X2 weighting were applied. Undetected levels were considered as 0 nM. Xcalibur® (version 2.1, Thermo Scientific) software was used for peak integration and quantification.  



FIGURES
 [image: ]

Figure S1. CONSORT flow-chart of study participants. 1 Emotional Conflict Task; 2 Negative Affect Picture Task; 3 Resting State.
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Supplemental Methods and Materials
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Figure S2: Study flowchart. As a result of a pharmacy error, a number of participants randomized to FAAH inhibition PF-04457845 (n = 15) did not receive active medication (see below for more information). Results presented are from per-protocol analysis of participants to biochemically confirmed PF-04457845 exposure. 
	Visit
	Screening
	Visit 1
	Visit 2
	Follow-up phone call

	Time point
	Max. 14 days prior FDOTa 
	9 days (± 0)  post FDOTa
	10 days (± 0) post FDOTa
	24 days (± 3 days) post FDOTa

	Evaluation of inclusion/exclusion criteria
	X
	
	
	

	Pregnancy testb
	X
	
	
	

	Safety measuresc 
	X
	X
	X
	

	Safety blood samplesd
	X
	
	X
	

	Informed consent
	X
	
	
	

	Blood sample, genotyping
	X
	
	
	

	Urine sample, illicit drug screenf
	X
	
	
	

	Randomization
	X
	
	
	

	Distribution of study drug/placebo
	X
	
	
	

	Self-report questionnaires (NEO-FFI, STAI-T)
	X
	
	
	

	Behavioral tasks
	
	X
	X
	

	Psychophysiological measurementse
	
	X
	X
	

	Self-report questionnaires (STAT-S, PANAS, POMS)
	
	X
	X
	

	Blood samples (endocannabinoids,  cortisol)
	
	X
	X
	

	Adverse event registration
	
	X
	X
	X

	Compliance control
	
	X
	X
	

	Collection of study drug/placebo
	
	
	X
	

	

Supplemental Table 1: Data collection procedures. aFDOT: First day of treatment, bOnly for women of child-bearing potential, cblood pressure, heart rate, well-being and psychiatric symptoms, dAST, ALT, GGT, WBC with diff., Hb, MCV, TPK, LPK and CRP, e, heart rate, respiration, skin conductance, facial EMG; eTHC, amphetamine, methamphetamine, opioids, bensodiazepines, cocaine,  buprenorphin, methadone, tramadol, oxycontin, fentanyl, and clonazepam.



Inclusion and Exclusion criteria
Participants were required to be 18 years or older and provide informed consent. Exclusion criteria include: lifetime diagnosis of psychosis or bipolar disease, current axis 1 diagnosis; as determined by a history, clinical examination and MINI interview carried out by appropriately trained staff; ongoing (within the last month) psychiatric medication; current (within the last month) use of illicit drugs, as identified using the Drug Use Disorder Identification Test (DUDIT) or a positive urine screen; co-medication with CYP3A inhibitors, CYP3A inducers or P-glycoprotein substrates; any other current medication or medical condition that in the judgment of the investigator could interfere with treatment; pregnancy or nursing. To be eligible, women of childbearing potential (WOCBP) must have a negative serum or urine pregnancy test prior to the start of study drug. WOCBP and males with WOCBP partners must agree to use a method of contraception that is highly effective for the duration of the study and for at least 28 days after the intake of the study drug. 

Drug (PF-04457845)
PF-04457845 (Pfizer, Groton, VT, USA) is an orally available, highly selective covalent inhibitor of FAAH (1, 2). The pharmacokinetics have been characterized in healthy adult volunteers in single doses (dose range 0.1 to 40 mg) or in multiple doses (dose range 0.5 to 8 mg). Maximal plasma concentrations of the drug were reached within two hours of administration and the half-life is estimated to be 12 to 23 hours. Multiple dosing produces steady-state plasma concentrations by day 7 of dosing. The 4 mg daily dose was selected because it maximally inhibits FAAH and is well tolerated, while higher doses do not produce any detectable advantage. No serious adverse events were reported in any of the completed phase I studies, or clinical studies including patients with osteoarthritis or cannabis use disorder (1–5). Positron emission tomography has shown that a 1 mg dose of PF-04457845 effectively inhibits FAAH (>95%) in the human brain (6). Following multiple dosing of 4mg, the washout period is estimated to take 10 days. 

The drug supply used in this study was originally designated for a clinical trial assessing the efficacy of PF-04457845 on co-morbid PTSD and alcohol use disorder (AUD) in women at the Karolinska Institute, Stockholm, Sweden (EudraCT 2014-002456-9). Drug and matched placebo were provided in bulk by Pfizer, to be packaged, labeled and released by a local contractor and the hospital pharmacy. Like all FAAH inhibitor trials, this trial was placed on a clinical hold after a report that the FAAH inhibitor BIA 10-2474 had caused serious toxicity including 1 death in a Phase 1 study (7, 8). These effects were later attributed to off-target toxicity of this specific compound (9), and the clinical hold was lifted. Meanwhile, however, the original study had been dropped, and replaced by a behavioral treatment trial that is currently ongoing (10). 
When the clinical hold was lifted, and it was clear that PF-04457845 was safe to use in humans, the remaining drug was therefore re-purposed for the current study with approvals of the Swedish Medical Products Agency and concurrence from Pfizer. The drug was sent from the pharmacy at the Karolinska Hospital in Stockholm to be re-labeled by a contractor (Oriola; Stockholm, Sweden). The re-labeled medication was then sent to the pharmacy at University Hospital in Linköping, Sweden, and distributed to participants as previously detailed. Unfortunately, this involved 1 pharmaceutical company, two contractors, and two different hospital pharmacies.
In the current study, we initially monitored compliance by pill-count, and debriefed all subjects on their compliance during follow-up, which was part of the study to monitor safety. We then analyzed AEA levels as an objective biomarker of target engagement. In these data, approximately half (N = 15) of the participants randomized to the FAAHi group had unaffected AEA levels, while the remaining participants had levels that were on average 10-fold elevated. We then analyzed drug levels, and found that individuals with unaffected AEA levels also did not have detectable drug levels. Of note, we analyzed samples from all subjects (placebo and FAAHi-treated), and could confirm that no participants in the group randomized to placebo had received active drug.
Finally, we carried out an extensive audit, in which each participant was re-contacted and debriefed personally by the sponsor / PI. Participants were informed of the situation and asked whether they had any new information to provide to help account for the findings, with no penalty to themselves. While in some cases admitting to behaviors that could be considered problematic in the study (one case: THC use; two other cases: one or more episodes of binge drinking), they all ensured that their initial report on drug compliance was correct.
In conclusion, all subjects randomized to receive placebo were objectively confirmed to have received their allocated treatment, while only 16 subjects randomized to receive active medication received it, with the remainder of this group inadvertently receiving placebo due a packaging / labeling error.

	[image: C:\Users\leama53\Dropbox\Heilig Lab\2. Completed Studies\FAAH Inhibitor study\Manuscript\figures\supp.tif]

	Supplemental Figure S3 Study schematic. Participants completed laboratory sessions on days 9 and 10 of dosing. All participants first completed fear conditioning tasks, including habituation, acquisition, and extinction. Then they completed an affective image task (IAPS), stress or control, and another affective image task. On day two, they underwent recall of fear extinction and renewal of fear. They again completed an affective image task (IAPS), stress or control (whichever was not completed on day 9), and another affective image task. Blood samples were taken via an indwelling intravenous catheter before and after IAPS and stress/control tasks. Participants were randomized to receive stress or control first. Tasks reported here always included the post-control IAPS and a subsequent Observed Touch Task completed after.




Biochemical Analysis
Endocannabinoids. Assay of plasma levels of the endocannabinoids N-arachidonoylethanolamide (AEA) and 2-arachidonoylglycerol (2-AG) and the fatty acid ethanolamides palmitoylethanolamide (PEA) and oleoylethanolamide (OEA) was performed using mass spectrometry. For each sample, 500ul of plasma was directly pipetted into 2ml of acetonitrile with 5 nmol of d8-2-AG, 5 pmol of d8-AEA, 40 pmol d4-PEA, and 40 pmol d4-OEA. Samples were sonicated for 30min in an ice bath and incubated overnight at -20°C to precipitate proteins. The following day samples were centrifuged at 1500xg to remove particulates. The supernatant from each sample was transferred to a new glass tube and evaporated under nitrogen, the tube was then washed once with 350ul acetonitrile (to recapture any lipids adhering to the glass wall) and the acetonitrile was dried under nitrogen gas again. After completely drying, the samples were re-suspended in 200ul of acetonitrile and stored at -80°C until analysis by liquid chromatography mass spectrometry. Analysis in mass spectrometry was performed exactly as previously described (18).

Detection of PF-04457845. The presence of the FAAH inhibitor PF-04457845 from plasma was performed using mass spectrometry and was based on a previously described method (5). First, 500ul of plasma was injected into 2 ml of acetonitrile and samples were sonicated for 30min in an ice bath and incubated overnight at -20°C to precipitate proteins. The following day samples were centrifuged at 1500xg to remove particulates. The supernatant from each sample was transferred to a new glass tube and evaporated under nitrogen, the tube was then washed once with 350ul acetonitrile (to recapture any lipids adhering to the glass wall) and the acetonitrile was dried under nitrogen gas again. After completely drying, the samples were re-suspended in 100ul of 50:50 methanol:water solution and stored at -80°C until analysis by liquid chromatography mass spectrometry. 
The LC-MS/MRM analysis was performed using an Eksigent Micro LC200 coupled with an AB Sciex QTRAP 5500 mass spectrometry (AB Sciex, Ontario, Canada). Chromatographic separation of the analytes was carried out on an Eksigent Halo C18 column (2.7 µm, 0.5 × 50 mm, 90Å, AB Sciex). The mobile phase A was 0.1% formic acid in water and the mobile phase B was 0.1% formic acid in acetonitrile. The gradient program was shown as the following: 0-1.2 min (55% B), 1.2-1.7 min (55-95% B), 1.7-3.0 min (95% B), 3-3.5 min (95-55% B), 3.5-5.0 min (55% B). The flow rate is 30 µL/min and the injection volume was 2.0 µL. The data were acquired in positive electrospray ionization (ESI) and multiple reaction monitoring (MRM) mode. MRM transitions and collision energy (CE) of all compounds were listed in Table 1. Ion spray voltage was 5500 V. Nebulizer gas (GS 1), auxiliary gas (GS 2), curtain gas (CUR) were 30, 30, 35 (arbitrary units).  Collision gas was set as Medium. Declustering potential (DP), entrance potential (EP) and cell exit potential (CXP) were 80, 7 and 14 V.
For quantification, a stock solution of PF-04457845 (1.0 mg/mL) was used to prepare a set of calibrators ranging from 0.1 ng/mL to 50 ng/mL (0.1, 0.5, 1.0, 5.0, 10, 50) with methanol/water (50:50, v/v) via a serial dilution. Because the isotopic labelled PF internal standard was not available, concentrations of PF in the samples were determined by an external calibration curve composed by the six calibrators. PF levels were then normalized to quantity per ml of plasma. The lower detection limit was 1 ng/ml and so only samples which registered above this range were quantifiable.



Supplemental Results



Supplemental Figure S4: No effect of FAAH inhibition on oxytocin levels.

	
	Placebo
N=29
	Drug (confirmed)
N=16
	Drug (total)
N=31

	Non-serious adverse events during treatment (10 days)
	

	Headache
	5
	3
	3

	Cold/respiratory congestion
	2
	3
	8

	Fatigue
	2
	1
	3

	Anxiety 
	2
	1
	5

	Sleep difficulties
	2
	
	

	Improved sleep
	
	1
	1

	Nausea
	4
	1
	2

	Cardiovascular 
	
	1
	4

	Herpes
	
	
	1

	Joint/muscle pain
	2
	
	1

	Incidence of non-serious adverse events

	Number of participants
	15
	8
	19

	Percentage
	52%
	50%
	61%

	

	Supplemental Table S2: Non-serious adverse events during treatment.  Amount and type of self-reported, non-serious adverse events reported by patients randomized to receive placebo (N = 29) or drug (PF-04457845; N = 31) once a day for ten days. The treatment group is divided into those who were confirmed to receive the drug (confirmed; N = 16), and those who were randomized to the treatment group but did not receive the drug due to a pharmacy error (intended; N = 15; not shown). Incidence of events is calculated as the number of individuals reporting one or more non-serious adverse event throughout the treatment period. No serious adverse events were reported in any group.
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