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Abstract

BACKGROUND—A common single nucleotide polymorphism (C385A) in the human fatty acid 

amide hydrolase (FAAH) gene has been associated with decreased distress responses in healthy 

volunteers, but its role in psychiatric disorders remains unknown. Here, we obtained genotypes 

and carried out a secondary analysis of subjects from a trial of comorbid posttraumatic stress 

disorder (PTSD) and alcohol dependence (AD). We evaluated the effects of C385A variation on 

behavioral and biochemical biomarkers of distress responses.

METHODS—Forty-nine patients with PTSD and AD were admitted for 4 weeks to an 

experimental medicine unit at the NIH Clinical Center. Following detoxification, stress reactivity 

and peripheral endocannabinoid levels were assessed in response to a challenge session using 

personalized auditory guided imagery. Over the course of the study, subjects were also evaluated 

for changes in PTSD symptom severity.

RESULTS—FAAH 385A allele carriers showed a marked increase in serum anandamide levels 

throughout the stress challenge procedure compared with C allele homozygotes, while levels of 

endocannabinoids primarily metabolized through other enzymatic activity, such as 2-AG, did not 

differ between genotype groups. FAAH 385A carriers also had decreased subjective anxiety 

responses to the stress challenge. Similar effects of FAAH C385A genotype were found at the 

level of clinical PTSD symptom severity, in particular in the arousal domain.
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CONCLUSIONS—This is to our knowledge the first study showing that FAAH 385A variation 

modulates stress responses in subjects with disorders characterized by increased stress reactivity. 

These findings point to the endocannabinoid pathway as a promising target for future anti-stress 

therapeutics.
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Introduction

Posttraumatic stress disorder (PTSD) is commonly comorbid with alcohol dependence (AD) 

(Kessler et al., 1995). Both conditions are associated with high stress reactivity and impaired 

fear extinction, suggesting potentially overlapping neural substrates. Converging evidence 

from animal and human studies suggests that brain endocannabinoids (eCB) play an 

important role in regulating stress and emotional processing, as well as extinction of 

conditioned fear to aversive stimuli. The eCB system is implicated in several psychiatric 

disorders marked by emotional–motivational dysfunctions, such as anxiety, addiction, eating 

disorders, and depression (Monteleone et al., 2009, Parolaro et al., 2010, Sipe et al., 2002).

The neuromodulatory eCB system is primarily comprised of two arachidonic acid derived 

ligands, anandamide (AEA) and 2-arachidonoylglycerol (2-AG) [reviewed in (Moreira and 

Wotjak, 2010)], as well as the cannabinoid receptor type 1 and type 2 receptors (CB1R and 

CB2R, respectively) (Howlett et al., 1990, Matsuda et al., 1990). CB1R is present at high 

levels in corticolimbic regions mediating anxiety, including the medial prefrontal cortex 

(mPFC) and hippocampus, as well as the basolateral amygdala (BLA) (Di Marzo V, 2012), 

whereas CB2R is mainly found in the periphery but also in microglia and select neuronal 

populations in the central nervous system (CNS) (Xi et al., 2011). Unlike most 

neurotransmitters, AEA and 2-AG are not stored in releasable pools; instead, they are 

rapidly synthesized “on-demand” and subserve retrograde regulation of synaptic activity 

through engaging presynaptic CB1R (Katona et al., 2001, Gulyas et al., 2004), and 

inhibiting neurotransmitter release (Bisogno et al., 2005, Wilson and Nicoll, 2002). The 

signaling half-life of eCB molecules is determined by two distinct hydrolytic enzymes, fatty-

acid amide hydrolase (FAAH), the primary enzyme capable of AEA hydrolysis, and 

monoacylglycerol lipase (MAGL), which is the primary, but not exclusive, catabolic enzyme 

for 2-AG (Deutsch et al., 2002, Ueda, 2002).

eCB signaling, and particularly AEA and the activity of its metabolic enzyme FAAH, is 

modulated by stress (Patel et al., 2005, Patel et al., 2009, Hill et al., 2009, Hill et al., 2010). 

Preclinical studies in rats and mice have shown that exposure to several types of acute stress 

causes a rapid decrease in AEA levels in the amygdala-hippocampal-cortico-striatal circuit 

(Hill and Gorzalka, 2005). This reduction is mediated by an increase in FAAH activity in 

response to acute stress, especially within the amygdala (Gray et al., 2015, Hill et al., 2009). 

Gene deletion or pharmacological inhibition of FAAH prevents stress-induced reductions in 

AEA and associated anxiety-like behavior (Hill et al., 2013b). Inhibition of FAAH also 

facilitates fear extinction and rescues deficient fear extinction in mice (Gunduz-Cinar et al., 
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2013a). Conversely, repeated exposure to the same stressor (chronic homotypic stress), such 

as restraint or social defeat increases FAAH activity and reduces AEA concentrations. In 

contrast, the effects of repeated exposure to unpredictable stress on AEA content are less 

consistent across studies [for a review, see (Morena et al., 2015)].

Human studies show that circulating levels of eCBs are similarly responsive to stress. Two 

studies have reported that basal levels of AEA in the circulation negatively correlate with 

anxiety scores on clinical scales, both in a healthy population (Dlugos et al., 2012) and in 

one composed of individuals with major depression (Hill et al., 2008). More interestingly, a 

recent report found that circulating levels of AEA are significantly reduced in individuals 

with PTSD compared to both healthy controls and those exposed to trauma that did not 

develop PTSD (Hill et al., 2013a).

To determine the role of the eCB system and to examine the effects of elevated AEA on 

stress responses, several studies have focused on a functional single-nucleotide 

polymorphism (SNP) in the FAAH gene that results in elevated levels of AEA (Sipe et al., 

2010). This polymorphism (C385A; rs324420) leads to a proline > threonine substitution, 

and has an allele frequency of ~25% in populations of Caucasian ancestry. The 385A allele 

does not alter catalytic properties of the enzyme, but results in reduced levels of FAAH 

protein possibly through enhanced sensitivity to proteolytic degradation (Sipe et al., 2002). 

This variant is thought to enhance AEA signaling via decreased enzymatic degradation, a 

notion supported by the recent development of a humanized mouse model. FAAH 385A 

knock-in mice show the predicted reduction in FAAH levels and function, accompanied by 

increased AEA levels. These biochemical traits are accompanied by decreased anxiety-like 

behavior, enhanced fear extinction learning, and increased fronto-amygdala connectivity 

(Dincheva et al., 2015).

In agreement with the observations in humanized mice, human FAAH 385A carriers exhibit 

reduced activation and accelerated habituation of the amygdala response to threat cues, 

enhanced extinction of fear memories, and increased prefrontal–amygdala resting-state 

connectivity (Dincheva et al., 2015, Gunduz-Cinar et al., 2013a, Hariri et al., 2009). A recent 

PET study reported that FAAH 385A carriers have lower in vivo central binding of the 

FAAH labeling radioligand [11C]CURB (Boileau et al., 2015), confirming the effect of 

genetic variation at this locus on central FAAH levels. Taken together, these studies support 

the role of FAAH activity and AEA levels in buffering stress responses. Moreover, they 

suggest that the FAAH C385A polymorphism moderates these effects.

Here, we therefore evaluated the effects of FAAH C385A variation in a sample of 

individuals with comorbid PTSD and AD (alcoholism). We investigated whether the FAAH 

385A variation affected circulating AEA concentrations, PTSD symptoms, and subjective 

anxiety ratings in response to a challenge session using personalized auditory guided 

imagery scripts.
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Materials and methods

Subjects

All subjects were treatment-seeking alcoholics enrolled in a 4-week inpatient experimental 

medicine study for treating co-morbid AD and PTSD at the National Institutes of Health 

(NIH) Clinical Center in Bethesda, MD. The parent study was a double-blind placebo 

controlled study evaluating the efficacy of a neurokinin 1 (NK1) antagonist to reduce 

craving for alcohol (NCT00896038).The results found no drug effect on craving (Kwako et 

al., 2015a); thus, we collapsed the groups and included the full sample in our analyses, while 

controlling for group allocation. For a detailed description of the study, see (Kwako et al., 

2015a). A flowchart of study procedures for days 1−19 of the study appears in Table 1.

In brief, subjects were recruited through advertisements in local media. Following telephone 

screening, they were admitted to the National Institute on Alcohol Abuse and Alcoholism 

(NIAAA) clinical inpatient unit. Upon admission, subjects underwent medically managed 

detoxification if necessary, after which they were screened for inclusion into the study. 

Subjects were 21 – 50 years old, diagnosed with AD and PTSD according to the Structured 

Clinical Interview for the Diagnostic and Statistical Manual of Mental Disorders, Fourth 

Edition (SCID) (First et al., 1995) and in good physical health. Individuals were excluded if 

they presented with complicated medical problems, such as advanced liver disease, were 

unable to participate in all study procedures or provide informed consent.

Assessments

Following detoxification, subjects were assessed with the Alcohol dependence scale (ADS) 

(Skinner and Horn, 1984) to assess AD severity, the Time-Line Follow-Back (TLFB) (Sobell 

and Sobell, 1992), which assesses alcohol consumption over a given time, and the 

Spielberger State Trait Anxiety Inventory (trait version, STAI-T) (Spielberger et al., 1970). 

Over the course of the study, participants also completed a semi-structured interview 

measure of PTSD symptom severity, the PTSD Symptom severity index (PSSI) (Foa et al., 

1993). Additional scales administered included the Addiction Severity Index (Skinner and 

Horn, 1984), the NEO Personality Inventory-revised (Costa and McRae, 2002), which 

assesses five domains of personality (neuroticism, openness, conscientiousness, 

agreeableness and extraversion), and the childhood trauma questionnaire (CTQ) (Bernstein 

et al., 1994) which measures exposure to abusive and neglectful experiences prior to age 18 

baseline.

Stress procedure

During the fourth and final week of the study, participants underwent auditory guided 

imagery script challenge sessions, using personalized stress-, alcohol-associated or neutral 

stimuli as described (Sinha et al., 2011a). Scripts, which lasted approximately 5 minutes, 

were presented in randomized, counterbalanced order on three consecutive days in the final 

week of the study. No alcohol content was permitted in the stress and neutral scripts, and the 

cue and neutral scripts were free of stressful content. Many subjects had experienced 

multiple traumatic events, therefore they were asked to describe the most traumatic event 

they could recall in detail.
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During the challenge session, the Subjective Units of Distress Scale (SUDS), a visual analog 

scale (1–100), and the Spielberger State Trait Anxiety Inventory (state version, STAI-S) 

were used to assess self-reported distress and anxiety, respectively. Behavioral measures 

were collected at eight timepoints (−15, +5, +15, +30, +45, +60, +75, +90 minutes), while 

blood samples for endocrine measures were collected at 10 timepoints (−10, +10, +20, +30, 

+40, +50, +60, +70, +89, +90 minutes). Peripheral endocannabinoid signaling markers were 

assessed at four timepoints (−10, +10, +20, +90 minutes). The 0 timepoint represents the 

initiation of the procedure (see Fig. 1 for a graphical representation of these timepoints and 

their relationship to study procedures.)

Genotyping

Genomic DNA was extracted from whole blood using standard protocols. DNA samples 

were genotyped using the Illumina OmniExpress BeadChip array (Illumina, San Diego, CA, 

USA) including more than 700, 000 SNPs. Assessment of population stratification was 

performed using ancestry informative markers (AIMs). Ancestry informative markers (n = 

2500) were extracted from the Illumina array to calculate ancestral proportions for all study 

participants. Using methods described previously for an AIMs panel including 186 markers 

(Hodgkinson et al., 2008), which were not available for the current data set, the ancestry 

assessment identified six ethnic factors (Africa, Europe, Asia, Far East Asia, Oceania, and 

Americas).

Measurement of serum endocannabinoid contents

Serum (0.4 ml) was thawed and placed into an Eppendorf tube with 0.6 ml saline, 0.176 ml 

100% ethyl alcohol and deuterated standards (8.1 nmol [2H8]2-AG and 675 pmol [2H8]AEA 

(Cayman Chemical Company)). After vortexing and a brief centrifugation, the supernatants 

were added to 1 ml C18 solid phase extraction columns (Bond Elute) that had previously 

been washed with 1 ml 100% ethyl alcohol and 3 × 1 ml double distilled H2O (ddH2O). The 

sample-loaded column was washed with 5 ml ddH2O, with 1 ml ethyl acetate. After drying 

under a stream of N2, the lipid extract was taken up into mobile phase B (100% methanol 

with 5 µl acetic acid and 0.0075 g ammonium acetate per 100 ml) and placed into vials for 

liquid chromatography: mass spectrometry (LC/MS/MS) using an Agilent Technologies 

6460 Triple Quad LC/MS with a 1290 Infinity liquid chromatography unit, and were 

analyzed using Agilent MassHunter Qualitative Analysis B.04.00 software. A Chromasil, 5 

µ C18 column with dimensions of 250 × 2.00 mm was used. The elution ramped from 15% 

mobile phase A (100% ddH2O with 5 µl acetic acid and 0.0075 g ammonium acetate per 100 

ml) and 85% mobile phase B to 100% B over 8 min; remained at 100% B until 23 min then 

returned to 85% mobile phase B.

The concentrations of AEA, 2-AG and two additional lipid analogs that are also substrates of 

FAAH (palmitoylethanolamide - PEA, N-oleoylethanolamine - OEA) were determined using 

isotope dilution. Standard curves re constructed from ten concentrations of each analyte and 

[2H8]AEA and [2H8]2-AG. Peaks corresponding to the product (daughter ions) were 

measured; the molecular weights for these ions were [2H8]2-AG-293.1; 2-AG-287.1; 2-

OG-265.1; [2H8]AEA, AEA, OEA and PEA-62. The ratio of the peak areas of the analyte to 
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[2H8] standard was calculated and the concentration of analyte was determined from the 

standard curve.

Data analysis

Because there were only three subjects homozygous for the 385A allele, analyses were 

conducted using two genotype groups: 385A carriers (AX) and C385 homozygotes (CC). 

FAAH genotype effect on baseline measures was assessed using one-way ANOVA with sex 

as a covariate. Genotype effects on behavioral and peripheral endocannabinoid response to 

the stress script were analyzed using PROC MIXED for mixed-effect modeling in SAS 

version 9.3 (SAS Institute, Cary, NC), with genotype (CC/AX) as the between-subjects 

factor and time point as the within-subjects factor. PTSD symptom severity measures were 

similarly analyzed using PROC MIXED, with genotype (CC/AX) as the between-subjects 

factor and day as the within-subjects factor. The Kenward-Roger correction (Kenward and 

Roger, 1997) was used in all models, as the use of this correction is highly recommended in 

repeated measures models with more complex covariance structures, especially when there 

is an unbalanced design (Littell, 2006). We note that this correction may result in atypical 

denominator degrees of freedom compared to traditional repeated measures models (e.g., 

denominator degrees of freedom may actually be higher than the number of subjects).The 

level of statistical significance was set at p < .05 for all tests, and all post hoc comparisons 

were conducted using Tukey’s Honestly Significant Difference (HSD) test. All models 

included treatment assignment as a covariate (although no treatment effects were observed in 

the original study), as well as the ancestry scores for African and European descent 

determined from ancestry informative markers; additional covariates were evaluated for 

inclusion on a model-by-model basis such that covariates that significantly predicted the 

outcome measure were retained in the model. Covariates that were evaluated included sex, 

race, age, years of education, ADS score, STAI-T score, average drinks per day and the 

number of heavy drinking days from the TLFB, total score from the CTQ, neuroticism score 

from the NEO, and the total score from the ASI. Model-specific covariates are noted in the 

relevant figure legends.

Results

Subjects characteristics

Demographics, recent drinking histories, and psychological characteristics are shown in 

Table 2. There were no significant differences between genotype groups in demographics or 

baseline characteristics. The mean age of study subjects was 40 years [standard deviation = 

7.9, range 21–51], and 43% were Caucasian. Subjects drank an average of 15 drinks per day 

in the 90 days preceding study enrollment; AD severity (as measured by the ADS) was in 

the severe range (M = 21.8, SD = 7.8). Women reported greater frequency and severity of 

childhood trauma than did men on the CTQ, t(46) = 2.06, p=0.04; otherwise, there were no 

significant gender differences in demographic, alcohol-related or psychosocial 

characteristics.
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FAAH 385A allele frequencies in our sample were higher compared to prior reports in 

healthy volunteers (C= 0.71; A= 0.29). The genotype distribution (C/C=24; C/A=22; A/

A=3) deviated significantly from Hardy Weinberg Equilibrium (χ2=16.4, p=0.0003).

Endocannabinoid levels

We first examined whether FAAH C385A variation would be reflected in peripheral 

endocannabinoid levels during the stress script procedure, providing an objective, 

biochemical demonstration that the SNP is functional in our study participants. We 

measured levels of AEA, which is primarily degraded by FAAH, and those of 2AG, an eCB 

primarily metabolized through a distinct pathway not involving FAAH. In addition, we 

measured two cannabinoid receptor-inactive, biosynthetically related congeners of AEA, 

OEA and PEA.

There was a robust main effect of genotype on AEA levels, with 385A carriers showing 

increased serum AEA levels throughout the course of the procedure [F(1,42) = 10.54, p = 

0.002] (Fig. 2a). Similar results were found for two other FAAH metabolized molecular 

species, OEA [F(1,59) = 34.93, p < 0.0001] and PEA [F(1,56) = 11.45, p =0.001] (data not 

shown). In contrast, there was no main effect of C385A genotype on serum 2-AG levels 

[F(1,43) = 0.43, p = 0.51] (Fig. 2b). This demonstrates the biochemical specificity of the 

genotype effect, as 2-AG is mainly metabolized by the catabolic enzyme MAGL.

Stress and anxiety

We first examined the effects of FAAH 385A carrier status on several baseline measures of 

stress and anxiety. As stated above, there were no differences between genotype groups on 

baseline measures of trait anxiety, personality traits or early life adversity, as previously 

reported (Hariri et al., 2009, Conzelmann et al., 2012). We then investigated the influence of 

FAAH C385A variation on subjective anxiety ratings in response to the script challenge 

procedures. On the basis of our previous findings (Kwako et al., 2015b), we focused the 

analysis on the stress script, which induces significant distress responses. We found a 

significant genotype × time interaction on subjective anxiety responses after the stress 

scripts [F(7,304) = 2.00, p = 0.05], such that the initial anxiety response was virtually 

identical between the groups, but declined more rapidly in 385A carriers [Fig. 3]. There was 

no effect of genotype on subjective stress response measured by the SUDS.

PTSD symptoms

PTSD total symptom severity was assessed weekly over the course of the study using the 

PSSI (see Fig. 4). There was a main effect of time, such that total PSSI scores declined over 

the course of the inpatient stay [F(4,162)=22.41, p<0.0001], but no main effect of genotype 

[F(1,42)=1.18, p=0.28] or time×genotype interaction [F(4,162)=0.62, p=0.65]. The PSSI 

consists of three subscales that assess different PTSD symptom domains: Hyperarousal, 

Avoidance and Re-experiencing Symptoms. Because our findings on anxiety levels 

suggested that possible genotype effects might primarily be on symptoms of hyperarousal, 

we analyzed each sub-scale separately. There was a main effect of genotype on 

hyperarousal, such that subjects carrying the low-expressing 385A variant exhibited 
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decreased arousal compared to C homozygotes [F(1,47)=6.04, p=0.02] (Figure 4). There 

were no significant genotype effects on Avoidance and Re-experiencing Symptoms.

Discussion

This study is to our knowledge the first showing the impact of FAAH C385A variation on 

biochemistry, behavior and clinical symptoms in subjects with disorders characterized by 

increased stress reactivity. Specifically, we show that in subjects with comorbid PTSD and 

alcoholism, FAAH 385A carrier status was associated with marked increase in serum 

anandamide plasma levels and a concomitant decrease in anxiety level throughout a stress 

challenge session using personalized auditory guided imagery. Moreover, carriers of the 

FAAH 385A allele reported decreased PTSD-related hyperarousal over the course of the 

study in comparison to C homozygotes.

These findings parallel studies showing that anxiety inversely correlates with peripheral 

AEA content in human subjects (Dlugos et al., 2012, Hill et al., 2008), and that among 

individuals with PTSD, those with lower peripheral AEA content exhibit higher symptom 

severity (Hill et al., 2013a). Our data are also consistent with preclinical research 

demonstrating that genetic deletion or pharmacological inhibition of FAAH during stress 

exposure is able to prevent some of the adverse physiological and behavioral effects of stress 

(Hill et al., 2013b, Gunduz-Cinar et al., 2013a).

The putative role of AEA in regulating anxiety was initially demonstrated by the Kathuria 

and colleagues, who showed that inhibition of AEA-hydrolysis by FAAH resulted in a 

reduction of anxiety (Kathuria et al., 2003). This ability of AEA signaling to reduce anxiety 

was then determined to be highly specific to the stressful nature of the environmental 

context, such that inhibition of FAAH through either pharmacological or genetic means is 

more effective at reducing anxiety-related behaviors under challenging environmental 

conditions or after overt stressor exposure (Bluett et al., 2014, Dincheva et al., 2015, Hill et 

al., 2013b). A potential interpretation of this phenomenon is that stress or aversive 

experiences produce anxiety in part through a rapid reduction in AEA signaling within 

anxiety-regulating brain circuits, involving nodes such as the amygdala and hippocampus.

It has been suggested that stress-induced depletion in AEA content is in part a consequence 

of increased CRH signaling at the CRHR1 within the amgydala (Gray et al., 2015, Hill et al., 

2009, Patel et al., 2005). The stress-induced release of CRH rapidly triggers FAAH activity 

in the BLA to reduce AEA signaling, which in turn promotes the generation of anxiety 

(Gray et al., 2015). Further studies have shown that central AEA levels are negatively 

correlated with anxiety-like behaviors (Bluett et al., 2014), and elevating AEA signaling can 

effectively curb anxiety induced by both acute and chronic stress (Bluett et al., 2014, Hill et 

al., 2013b, Rossi et al., 2010). Together with the effects on AEA signaling, exposure to 

stress also results in a transient decline in CB1 receptor signaling that facilitates the 

emergence of an anxiety state, and a delayed elevation in 2-AG signaling, that instead 

appears to contribute to termination of the stress response (Morena et al., 2015).
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Taken together, these findings demonstrate that eCB signaling is an important modulator of 

stress, and also suggest the utility of AEA augmentation as a therapeutic approach for stress-

related affective and anxiety disorders, lending support for a model in which increased 

FAAH works to mitigate the effects of stress.

AEA signaling and FAAH activity have also been shown to play a critical role in extinction 

of fear memories. Gunduz-Cinar and colleagues found that intra-BLA infusions of the 

FAAH inhibitor AM3506 potentiated memory extinction through the activation of CB1 

receptors (Gunduz-Cinar et al., 2013a). Similarly, mouse studies of FAAH 385A carriers 

also support the notion that elevated AEA signaling is associated with accelerated fear 

extinction (Dincheva et al., 2015). Human carriers of the 385A allele exhibit reduced 

activation of the amygdala in response to threat cues, accelerated habituation of the 

amygdala to these cues, reduced trait anxiety, increased extinction of fear memories, and 

enhanced prefrontal–amygdala resting-state coupling (Dincheva et al., 2015, Gunduz-Cinar 

et al., 2013b, Hariri et al., 2009). Thus the evidence obtained to date strongly suggests that 

inhibiting FAAH to selectively boost endogenously recruited anandamide in corticolimbic 

circuits could not only attenuate acute stress responses, but also facilitate the extinction of 

aversive emotional memories.

Although our study was not designed to test the effects of FAAH C385A polymorphism on 

fear extinction, we observed decreased stress-induced anxiety, and also reduced PTSD-

related hyperarousal, over the four week course of the study. Together, these data may 

suggest that increased AEA signaling, as observed in 385A carriers, promotes habituation to 

repeated threat, an effect likely mediated by dampened activity of the amygdala. More 

generally, these findings suggest that FAAH inhibition represents a promising 

pharmacological approach to treat psychopathologies hallmarked by an inability to 

extinguish maladaptive behaviors, such as PTSD. A question for future studies is whether 

FAAH inhibitors will be able to normalize impairments in fear extinction produced by 

environmental insults other than stress, such as chronic alcohol exposure (Izquierdo et al., 

2006, Holmes et al., 2012).

It has been suggested that FAAH inhibitors might have utility for treatment of drug and 

alcohol addiction (Panlilio et al., 2013), conditions in which stress plays a major role in 

inducing craving and relapse (Sinha et al., 2011b, Mantsch et al., 2015). This proposition is 

indirectly supported by the high rate of comorbidity between alcohol use disorders and 

anxiety disorders, and more specifically by the downregulation of central CB1 receptors 

found in alcoholism (Hirvonen et al., 2013). Results of preclinical studies to date are, 

however, complex. In genetically selected alcohol-preferring rats, FAAH blockade did not 

influence ethanol self-administration (Cippitelli et al., 2008), while other studies have 

reported that genetic or pharmacological FAAH inactivation results in increased alcohol 

intake, possibly through localized effects in the prefrontal cortex (Blednov et al., 2007). In 

humans, a post-mortem study found reduced expression and activity of FAAH in the ventral 

striatum of patients with AD, and these changes in FAAH were correlated with enhanced 

tissue content of AEA and reduced expression of CB1 receptors (Vinod et al., 2010).
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Taken together, these data indicate that the eCB system may be involved in alcohol 

consumption but the role of eCBs is complicated by their involvement in modulation of 

alcohol-induced anxiety and stress-induced alcohol craving and relapse, as well as acute 

positively reinforcing actions of alcohol. We have previously proposed a framework that 

integrates and reconciles these multiple effects of eCBs in alcoholism (Hirvonen et al., 

2013). This framework suggests that increased eCB activity is likely to drive increased 

alcohol intake in early stages of alcohol use, by potentiating acute alcohol reward; while an 

allostatic shift occurs over time such that deficient eCB signaling in severe, late stage 

alcoholism promotes alcohol use through negative reinforcement. This framework generates 

testable hypotheses about personalized medicine approaches to the use of FAAH inhibitors 

in alcoholism.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Timeline of stress script procedures. B = blood samples, * = sample assayed for peripheral 

endocannabinoids; S = assessment scales; V = vital signs
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Figure 2. 
Effects of FAAH C385A variation on peripheral endocannabinoid levels during the stress 

script procedure. (a) FAAH 385A SNP effects on anandamide (AEA) levels. 385A carriers 

showing increased serum AEA levels throughout the course of the procedure [F(1,43) = 

12.16, p = 0.001]. Ancestry scores and treatment (not significant) were the only covariates in 

the model. (b) Effects of FAAH C385A on serum 2-AG levels. Ancestry scores and 

treatment (not significant) were the only covariates in the model.
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Figure 3. 
Effects of FAAH C385A on subjective anxiety ratings in response to the stress script. 

Anxiety response in 385A carriers declined more rapidly than in 385C carriers over the 

course of the procedure [F(7,303) = 2.01, p < 0.05; * = significantly different from the 5 

minute time point in the AX group only]. Model covariates included gender, treatment (not 

significant), ancestry scores, and neuroticism.

Spagnolo et al. Page 16

Alcohol Clin Exp Res. Author manuscript; available in PMC 2018 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4. 
FAAH 385A SNP effects on hyperarousal. Subjects carrying the lesser-expressing 385A 

variant exhibit lower arousal scores over time [F(1,51)=5.72, p=0.02]. Model covariates 

included gender, treatment (not significant), ancestry scores, and neuroticism.
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Table 1

Timeline of study procedures

Week

1 Placebo lead-in

Script development sessions (days 4 and 5)

Rating scales (PSSI)

2 Active treatment or placebo

Rating scales (ADS, ASI, CTQ, NEO, PSSI)

3 Active treatment or placebo continues

Rating scales (PSSI)

Trier Social Stress Test/Cue reactivity session

4 Rating scales (PSSI)

Script presentation (3 consecutive days)

ADS = alcohol dependence scale; ASI = addiction severity index; CR = cue reactivity; CTQ = childhood trauma questionnaire; NEO = NEO 
personality inventory-revised; PSSI = posttraumatic stress disorder symptom severity index.
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Table 2

Participant demographics, drinking histories, and psychological characteristics

Full Sample
(n = 49)1

Genotype CC
(n = 24)

Genotype AX2
(n = 25)

Demographics

Age 40.8 (8.1) 39.5 (7.9) 42.2 (8.2)

Female 24 (49.0%) 11 (45.8%) 13 (52.0%)

Caucasian3 22 (44.9%) 12 (50.0%) 10 (40.0%)

Education (years) 13.1 (2.7) 13.3 (3.0) 13.0 (2.4)

Smoker 40 (81.6%) 19 (79.2%) 21 (84%)

Alcohol Use (past 90 days)

Average Drinks/Day 15.0 (8.1) 14.5 (7.2) 15.3 (9.0)

Heavy Drinking Days 67.2 (23.2) 63.0 (23.2) 71.3 (22.9)

ADS Score 22.1 (7.5) 21.5 (7.7) 22.7 (7.4)

Psychological Characteristics

STAI-T trait score 48.5 (9.8) 49.3 (10.5) 47.8 (9.3)

CTQ total score 54.0 (19.2) 55.9 (18.8) 52.3 (19.9)

Neuroticism score 62.1 (10.7) 62.8 (11.0) 61.3 (10.4)

PSSI total severity 35.5 (7.6) 36.1 (6.7) 35.0 (8.5)

ASI total score 1.9 (0.7) 2.0 (0.8) 1.9 (0.7)

1
Of the total subject sample, 47 subjects completed the stress script challenge, 44 subjects (including the 2 subjects who did not complete the script 

challenge) completed all weekly PSSI assessments, and 43 subjects hds plasma samples assayed for peripheral endocannabinoid levels; thus the 
sample size varies for each analysis.

2
AC and AA genotypes combined into a single group

3
The majority of the remaining subjects were Black/African American
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