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Abstract

Rodent studies indicate that ghrelin receptor blockade reduces alcohol consumption. However, no 

ghrelin receptor blockers have been administered to heavy drinking individuals. Therefore, we 

evaluated the safety, tolerability, pharmacokinetics (PK), pharmacodynamics (PD) and behavioral 

effects of a novel ghrelin receptor inverse agonist, PF-5190457, when co-administered with 
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alcohol. We tested the effects of PF-5190457 combined with alcohol on locomotor activity, loss-

of-righting reflex (a measure of sedative alcohol actions), and on blood PF-5190457 

concentrations in rats. Then, we performed a single-blind, placebo-controlled, within-subject 

human study with PF-5190457 (placebo/0mg b.i.d., 50mg b.i.d., 100mg b.i.d.). Twelve heavy 

drinkers during three identical visits completed an alcohol administration session, subjective 

assessments, an alcohol cue-reactivity procedure, and gave blood samples for PK/PD testing. In 

rats, PF-5190457 did not interact with the effects of alcohol on locomotor activity or loss of 

righting reflex. Alcohol did not affect blood PF-5190457 concentrations. In humans, all adverse 

events were mild or moderate and did not require discontinuation or dose reductions. Drug dose 

did not alter alcohol concentration or elimination, alcohol-induced stimulation or sedation, or 

mood during alcohol administration. Potential PD markers of PF-5190457 were acyl-to-total 

ghrelin ratio and insulin growth factor-1. PF-5190457 (100 mg b.i.d.) reduced alcohol craving 

during the cue-reactivity procedure. This study provides the first translational evidence of safety 

and tolerability of the ghrelin receptor inverse agonist PF-5190457 when co-administered with 

alcohol. PK/PD/behavioral findings support continued research of PF-5190457 as a potential 

pharmacological agent to treat alcohol use disorder.

Introduction

Only a few medications (disulfiram, oral and intramuscular naltrexone and acamprosate) are 

approved by the Food and Drug Administration (FDA) for alcohol use disorder (AUD), and 

each has limited efficacy1, 2. Therefore, developing new medications for AUD is a high 

priority.

The peptide ghrelin is produced by endocrine cells primarily localized in the stomach3; its 

biological functions include regulating growth hormone (GH) secretion, the GH/insulin-like 

growth factor-1 (IGF-1) axis, food intake, energy expenditure and glucose homeostasis4, 5. 

Ghrelin is acylated by ghrelin-O-acyltransferase (GOAT), and acyl-ghrelin (hereafter mostly 

referred to as ‘ghrelin’) binds to its G-protein coupled GH secretagogue receptor (GHS-

R1a)6.

Ghrelin has recently been investigated in the context of excessive alcohol consumption and 

AUD. Central (intracerebroventricular [ICV] or to tegmental areas) or peripheral 

administration of ghrelin increases alcohol conditioned place preference (CPP)7, 8 and intake 
8. In AUD individuals, the urge to drink alcohol in response to alcohol cues increased under 

intravenous ghrelin administration compared to placebo and there was a positive correlation 

between post-infusion ghrelin concentrations and the increased urge to drink9. In a 

subsequent human laboratory study, intravenous ghrelin administration, compared to 

placebo, increased alcohol self-administration and modulated brain activity in areas involved 

in reward processing and stress regulation10.

There is also evidence that the endogenous ghrelin system is altered in AUD as blood 

ghrelin concentrations are lower in AUD individuals who are currently drinking compared to 

healthy controls while they are higher in AUD individuals who are abstinent11-14. Human 

studies also indicated a significant positive correlation between blood concentrations of 
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endogenous ghrelin and alcohol craving11, 14, 15, but see: 16 and that blood ghrelin 

concentrations may predict relapse to alcohol drinking14.

Preclinical studies with GHS-R1a antagonists (D-Lys3-GHRP-6, BIM28163 or JMV2959) 

reported a reduction in: (a) alcohol-induced locomotor activity, alcohol CPP and accumbal 

dopamine release in mice8, 17; (b) alcohol intake and preference in mice and prairie 

voles8, 18-22; (c) alcohol intake and operant self-administration in mice and alcohol-

preferring rats20, 23; and (d) alcohol deprivation effect in rats24.

While these studies provide evidence that the GHS-R1a represents a novel pharmacological 

target to treat AUD, GHS-R1a antagonists are in early preclinical development. 

Furthermore, GHS-R1a has high intrinsic (ligand-independent) activity25, therefore, GHS-

R1a inverse agonism may be a superior approach compared to competitive antagonism5. 

Reducing constitutive activity of the receptor may provide greater in vivo efficacy through 

reductions in basal receptor signaling 26-28. As such, we have previously proposed GHS-R1a 

inverse agonism as an attractive approach to treat AUD patients5.

PF-5190457 is a GHS-R1a inverse agonist29 that inhibits constitutive activity of GHS-R1a 

and competitively blocks its activation by acyl-ghrelin30. PF-5190457 is the first GHS-R1a 

inverse agonist to progress to clinical development. In a Phase 1a trial in healthy humans, 

PF-5190457 was well-tolerated and safe31. However, no clinical studies have been 

conducted to determine the safety and tolerability of PF-5190457 or any GHS-R1a blocker 

in people with AUD, or its interaction with alcohol. PF-5190457 may increase sedation/

sleepiness and heart rate and lower blood glucose concentrations31. These are side-effects 

that may be exacerbated by alcohol co-administration in addition to other potentially serious 

consequences of drug-alcohol interactions32.

Here, we carried out a translational study of the interaction of PF-5190457 and alcohol. We 

first conducted preclinical experiments to rule out significant safety concerns due to 

interactions between PF-5190457 and alcohol. Then, in a human laboratory study, we 

determined: 1) the safety and clinical effects of two doses of PF-5190457 (50 mg b.i.d. and 

100 mg b.i.d) compared to placebo when each was co-administered with alcohol; and 2) the 

pharmacokinetic (PK) profile of each dose of the drug when co-administered with alcohol. 

We also explored: 1) pharmacodynamic (PD) biomarkers of PF-5190457, i.e. plasma ghrelin 

(acyl and total), GH and IGF-1 concentrations; and 2) the effects of PF-5190457 on 

reactivity to alcohol cues.

Materials and Methods

Study Drug

PF-5190457 (molecular weight = 512 Da) is a member of a spiro-azetidino-piperidine series 

identified by Pfizer Pharmaceuticals using high-throughput screening for its potential 

beneficial effects on body weight and glucose homeostasis33. PF-5190457 is an orally 

bioavailable, potent and selective GHS-R1a inverse agonist29.
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Rat experiments

Study Approval—The animal experiments were carried out following the National 

Institutes of Health (NIH) Guidelines for Care and Use of Laboratory Animals and were 

approved by the Animal Care and Use Committee of the National Institute on Alcohol 

Abuse and Alcoholism (NIAAA).

Rats—Male Wistar rats (Charles River, Wilmington, MA), were housed two per cage in a 

temperature and humidity controlled vivarium maintained on a reverse 12 h light/dark cycle, 

with the light switched off at 7:00 A.M. Experiments were conducted during the dark cycle. 

Prior to initiating the experiments, rats were repeatedly handled to ensure habituation to the 

experimenters. Food and water were available ad libitum.

Pilot dose-finding experiment—The doses and pre-treatment times for PF-5190457, 

administered intraperitoneally (i.p.), were determined from previous rodent studies 

conducted by the manufacturer that administered this compound by gavage. Wistar rats were 

injected with PF-5190457 given at 5 doses (0.3, 1, 3, 10 and 30 mg/kg i.p.), 15 min (n = 2 

rats per each dose) or 60 min (n = 2 rats per each dose). Before harvesting, brains were 

perfused with saline to remove any residual blood. Receptor occupancy was estimated from: 

1) PF-5190457 concentrations in plasma and brain tissue measured by ultra-performance 

liquid chromatography-mass spectrometry-tandem mass spectrometry (UPLC-MS/MS) 

assays that our team developed previously34; and 2) IC50 value from rat GHS-R1a filter 

study and unbound fraction of PF-5190457, measured using equilibrium dialysis 

(information provided by Pfizer).

Locomotor activity experiments—Based on procedures previously described35, we 

used a 3 × 2 design, in which rats (N = 20) were first injected with saline or PF-5190457 (3, 

10 mg/kg), followed after 60 minutes by saline or alcohol [0.5 g/kg 20% v/v i.p.]. 

Immediately upon receiving the second injection, rats were placed in locomotor boxes, and 

the total distance traveled was recorded for 30 min by a video-tracking system. The same 

experiment was repeated with alcohol at 1 g/kg (20% v/v). A separate group of rats was used 

for each of the 6 conditions.

Loss-of-righting-reflex (LORR) was measured in rats (N = 39) based on procedures 

previously described35. A highly sedating dose of alcohol, 3.5 g/kg (20% v/v) i.p. was used 

and the same doses of PF-5190457 (0, 3, 10 mg/kg) as above were tested. The time required 

for each rat to lose and then regain its righting reflex was recorded.

Alcohol – PF-5190457 PK experiment—Rats (N = 40) were tested in a 3 × 2 design: 

PF-5190457 (0, 3, 10mg/kg) × alcohol (3.5 g/kg; 20% v/v) or saline i.p. Tail blood draws 

were taken 60 min after injections and PF-5190457 concentrations were measured.

Human laboratory study

Study Design—This was a phase 1b, within-subject, dose-escalating, single-blind, 

placebo-controlled human laboratory study with oral PF-5190457 (placebo/0 mg b.i.d., 50 

Lee et al. Page 4

Mol Psychiatry. Author manuscript; available in PMC 2018 November 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



mg b.i.d. and 100 mg b.i.d.), conducted at the NIH Clinical Center, Bethesda, Maryland, 

USA.

Study Approvals—The human study was approved by the NIH Addictions Institutional 

Review Board and monitored by a Data Safety Monitoring Board. Written informed consent 

was obtained from participants prior to inclusion in the study. The study was conducted 

under a federal Certificate of Confidentiality. The use of PF-5190457 in this study was under 

the FDA Investigational New Drug (IND) 119,365. Alcohol administration procedures were 

consistent with the NIAAA Council Guidelines on Alcohol Administration: (https://

www.niaaa.nih.gov/Resources/ResearchResources/job22.htm).

PF-5190457 Doses—Doses were chosen based on previous human data in which 

PF-5190457 dose-dependently inhibited GHS-R1a – mediated responses. Specifically, the 

100 mg b.i.d. dose of PF-5190457 resulted in maximum receptor inhibition (i.e.: 77% 

inhibition in intravenous ghrelin-induced GH release in humans) with acceptable safety and 

tolerability; the 50 mg b.i.d. dose was pharmacologically active but less likely to give 

potential dose-related side-effects31.

Study Sample—Eligible participants were current heavy alcohol drinking males and 

females (≥ 21 drinks/week for men or ≥ 14 drinks/week for women based on the 90-day 

timeline follow-back (TLFB) at screening) who were not seeking treatment for alcohol-

related problems. Participants were consumers of beer, wine and/or spirits. Participants were 

recruited through word of mouth and local advertisements posted in electronic and printed 

local media and websites. Potential candidates were first evaluated over the phone. Qualified 

candidates came to the NIH Clinical Center, signed an informed consent to enroll in a 

screening protocol that allowed investigators to assess inclusion/exclusion criteria (see 

Supplementary Appendix S1). Participants received monetary compensation for 

participation in this study.

Study Procedures

Overview: Study procedures began after signing an informed consent. There were three 

identical inpatient stays (Visits 1-3) separated by ≥ 3 days. The inpatient setting allowed us 

to ensure 100% compliance with the study medication and experimental procedures, as well 

as abstinence from alcohol and close safety monitoring. Study medication was administered 

from Day 1 to Day 3 for a total of 5 doses (Supplementary Table S1) to reach steady-state 

before the alcohol administration procedure on Day 3.

Each day, a battery of assessments was conducted, as detailed below and in Supplementary 

Tables S2-S3. On Day 3, approximately 30 minutes after the 5th dose of PF-5190457, a 

drink containing the same type of alcohol (40% Alcohol By Volume; 80% Proof) for all 

subjects was administered. The quantity of alcohol was calculated for each subject to 

achieve a blood alcohol concentration of approximately 0.06 mg%. The calculation was 

based on total body water using standard equations and consistent with previous work36. The 

alcohol was administered as a mixed drink containing the subject’s preferred mixer (subjects 

chose from a list of 7 common mixers). Alcohol administration was followed by a battery of 
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repeated assessments as detailed below. The following day, participants were discharged 

after a clinical assessment and debriefing about which drug condition they thought they 

received.

During each inpatient stay, participants received meals standardized for macronutrients and 

caloric content (Supplementary Table S4). Approximately 1-2 weeks after Visit 3, 

participants came back for a brief outpatient clinical assessment and interview, during which 

participants’ health, safety and alcohol consumption were evaluated and a counseling 

session was delivered according to NIAAA guidelines: (https://pubs.niaaa.nih.gov/

publications/Practitioner/CliniciansGuide2005/clinicians_guide.htm). Their alcohol 

consumption since Visit 3 was also assessed using TLFB37.

Assessments (see also Supplementary Tables S2-S3)

Adverse events (AEs): A health care provider queried the study participant about AE’s 

using a Symptoms Checklist. A ‘yes’ answer to any symptom triggered an AE which was 

evaluated and documented by a study physician and recorded on an Adverse Events Form 

(Supplementary Appendices S2-S3). Evaluation included determination of the relationship 

between the AE and the study procedures (unknown, not related, remotely related, possibly, 

probably or definitely related) as well as the severity of the AE (mild, moderate, severe, life-

threatening). Weight, vital signs, 12-lead electrocardiograms (EKGs), blood tests of liver and 

renal function, urinalysis and urine drug tests were performed (Supplementary Table S2). 

Blood glucose concentrations and level of sedation/sleepiness were monitored with 

fingersticks and the Stanford Sleepiness Scale (SSS; 38), respectively.

PF-5190457 Pharmacokinetics: PK blood samples were collected and PF-5190457 plasma 

concentrations were determined using UPLC-MS/MS39.

Alcohol concentrations: Alcohol concentrations were determined via breathalyzer.

Neuroendocrine PD biomarkers: Blood total- and acyl-ghrelin, GH and IGF-1 

concentrations were determined. Single determinations of these hormones were done in the 

A.M. of Day 1-3 as well as during the alcohol session on Day 3 (Supplementary Table S2). 

Total ghrelin was measured by ELISA (EMD Millipore, Billerica, MA), acyl-ghrelin was 

measured using the Milliplex method (EMD Millipore, Billerica, MA) and GH and IGF-1 

were measured by Solid Phase Sandwich ELISAs (R&D Systems Inc., Minneapolis, MN). 

Procedures for blood collection and storage were consistent with standard operations 

(including the use of appropriate inhibitors to preserve acyl-ghrelin concentrations) and kit 

manufacturer guidelines.

Behavioral assessments: The Biphasic Effects of Alcohol Scale (BAES; 40) and the Drug 

Effects Questionnaire (DEQ; 41) assessed the subjective effects of alcohol after the alcohol 

administration on Day 3. Mood was assessed with the Profile of Mood States POMS; 42. 

Food craving was assessed using the General Food-Cravings Questionnaire – State and Trait 

GFCQ-S/T; 43. Alcohol craving was measured on Day 1 and Day 2 with an 11-point 

anchored Likert-type Alcohol-Visual Analogue Scale A-VAS; 44. This scale was also used 
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on Day 3 during the alcohol session. These assessments were conducted in the patient’s 

hospital room.

Cue-Reactivity Procedure: On Day 2, Subjects were brought to a bar-like laboratory where 

cue-induced alcohol craving was assessed using a cue-reactivity (CR) procedure modified 

from Monti and colleagues45. Personalized food cues were also used during the CR 

procedure to control for non-alcoholic appetitive behaviors. In order to avoid habituation, we 

conducted the CR procedure in the placebo and PF-5190457 100 mg b.i.d. conditions only. 

The procedure consists of 3 consecutive trials (3 minutes/trial) done in fixed order: 

relaxation, food, alcohol. During the food and alcohol trials, individuals were exposed to 

visual, tactile, olfactory, and proprioceptive stimuli associated with their preferred food and 

alcohol choices. However, participants were not allowed to consume the alcohol nor the food 

they were exposed to during the CR procedure. Unlike the alcohol administration session on 

Day 3, the type of alcohol beverage was personalized to the type and brand typically 

consumed by the participant. At baseline and after each trial, subjective alcohol craving was 

assessed with the Alcohol Urge Questionnaire (AUQ; 46) and food craving with the G-FCQ-

S43. The Alcohol Attention Scale (AAS; 47) was administered after the alcohol trial. 

Physiological changes, including blood pressure, heart rate, and salivation were measured as 

in other CR studies9, 36, 45, 48, 49.

Statistics

Rat Experiments—All data were analyzed using an analysis of variance (ANOVA), 

unless otherwise noted, with factors for the respective analysis indicated in conjunction with 

its results. When appropriate, post hoc comparisons were performed using the Newman-

Keuls or Tukey test. The accepted level of significance for all tests was p ≤ 0.05.

Human Laboratory Study—The sample size of completers (N = 12) was based on Phase 

1a clinical studies conducted by the manufacturer31 that assured that such a number was 

sufficient to assess the primary aims (safety) and PK data generated in this Phase 1b study. 

Outcome data were examined for distribution and tested for normality using the Shapiro-

Wilks test and, if necessary, transformed to meet these criteria.

As this was a within-subjects design, repeated measures analysis of variance (ANOVA) was 

used to analyze the primary outcomes (number of AEs and drug concentration), with 

PF-5190457 dose as the within-subjects factor. Similarly, for secondary outcome measures, 

repeated measures ANOVAs were used. Post-hoc comparisons were performed using Tukey 

tests. All analyses were conducted using SAS® software version 9.3 (SAS Institute Inc., 

Cary, NC). A probability level of 0.05 or lower was considered significant. The Kenward-

Roger correction 50 was used in all models analyzed using SAS PROC MIXED, as the use 

of this correction is highly recommended in repeated measures models 51. 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).

Non-compartmental analysis (NCA), implemented in Phoenix 64 WinNonlin 6.3 (Certara, 

Princeton, NJ), was employed in estimating the PK and PD parameters. For PD, only partial 
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area under the curve (AUC) values were computed and compared. Where appropriate, 

statistical analyses were performed using paired T-test or linear mixed-effects (LME) models 

with dose and time as fixed effects and subjects as random effect. Tukey post-hoc test was 

used where appropriate. PK and PD statistical evaluation were implemented in SAS 

software, version 9.4 (SAS Institute Inc., Cary, NC).

Results

Rat experiments

Dose finding experiment—Supplementary Figure S1 shows the drug concentrations in 

the brain and plasma as a function of the five PF-5190457 drug conditions (0.3, 1, 3, 10 and 

30 mg/kg) at 15 min (Supplementary Figure S1A) and 60 min (Supplementary Figure S1B) 

post-injection. Modeling estimated a central receptor occupancy of approximately 70% at 3 

mg/kg, while near complete receptor occupancy was estimated at both 10 and 30 mg/kg 

(Supplementary Figure S2). At 60 minutes, the total brain-to-plasma ratio was 0.4 ± 0.17 (M 
± SD). Subsequent experiments used doses of 3 and 10mg/kg, administered at 60 minutes 

prior to the experimental session.

Locomotor activity experiments—There were no alcohol × drug dose interactions for 

distance traveled at either alcohol dose: 0.5 g/kg (Supplementary Figure S3A) or 1.0 g/kg 

(Supplementary Figure S3B).

LORR experiment—There was no main effect of drug dose on time required to regain the 

righting reflex in the alcohol conditions (Supplementary Figure S4A).

Alcohol – PF-5190457 PK experiment—As expected, there was a main effect of drug 
dose, regardless of alcohol or saline administration, on plasma concentration of PF-5190457, 

but there was no drug dose × alcohol interaction (Supplementary Figure S4B).

Human laboratory study

Sample Description—Fourteen eligible participants signed the informed consent and 12 

completed the study. Supplementary Figure S5 outlines the trial flow chart and 

Supplementary Table S5 outlines the demographics and baseline characteristics. In addition 

to being active heavy drinkers, most of the participants enrolled in the study (~90%; see 

Supplementary Table S5) had a current diagnosis of alcohol dependence based on the 

Diagnostic and Statistical Manual of Mental Disorders IV Edition – Text Revision (DSM-

IV-TR) criteria.

Adverse events (AEs)—All AEs were reported as mild or moderate in intensity, and no 

severe AEs occurred. Tolerability was excellent and there were no discontinuations or dose 

reductions due to AEs. Total number of AEs was assessed for each drug dosing day (Days 

1-3) at each Visit. There was no main effect of drug dose or dosing day on number of AEs. 

There was no drug dose × dosing day interaction, indicating that there was no drug × alcohol 

interaction on number of AEs (Supplementary Table S6).
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For sleepiness measured with the SSS during drug dosing, there were no main effects of 

drug dose or time and there was no drug × time interaction. During the alcohol session, there 

was no main effect of drug dose or drug dose × time interaction, indicating that PF-5190457 

did not alter the sedative response as measured by the SSS (Supplementary Figure S6). 

There was no main effect of drug dose during dosing, or during the alcohol session, on blood 

glucose concentrations, liver and renal function blood tests, weight, heart rate, respiratory 

rate, temperature or blood pressure. Analysis of the change in EKG variables from baseline 

(Day 0: day before drug dosing) to Day 3 showed a main effect (F2,22 = 4.81; p = 0.02) 

(Supplementary Figure S7) of drug dose on the change in QTcf interval, measured as the 

difference between Day 3 and the baseline value.

Pharmacokinetic variables

Alcohol concentrations and rate of elimination: PF-5190457 did not affect alcohol 

concentration (Figure 1) or elimination (Supplementary Table S7) during the alcohol 

session.

PF-5190457 concentrations and rate of elimination: The plasma concentration-time 

profile of PF-5190457 after oral administration increased in a dose-dependent manner and 

produced similar exposure irrespective of the dose (Figure 2). The pharmacokinetic 

parameters of PF-5190457 are presented in Supplementary Table S8. The area under the 

time curve extrapolated to an infinite time (AUC0-inf) approximately doubled, maximum 

concentration (Cmax) increased at a rate greater than the dose (~2.4 fold); and the time to 

Cmax (Tmax), apparent clearance (Cl/F) and apparent volume of distribution (Vd/F) were 

approximately the same for both PF-5190457 50 mg b.i.d. and 100 mg b.i.d. doses. The half-

life of PF-5190457 was estimated to be ~ 6 hrs. A LME model with Dose and Time Interval 

as fixed effects and subject as random effect showed that the weighted mean AUC was 

mainly affected by the drug dose (p ≤ 0.0001). Additionally, the weighted mean AUC was 

affected by intra (p < 0.0001) and inter-subject variability (p < 0.0136). The time at which 

plasma concentration of PF-5190457 was sampled, however, did not affect the weighted 

mean AUC (p = 0.08).

Finally, we compared PF-5190457 PK data from this study to those generated in the 

previous Phase 1a first-in-man clinical study by the manufacturer31. This comparative 

analysis, despite differences in study design, time of blood sampling and analytical methods, 

did not reveal meaningful differences in pharmacokinetic parameters, suggesting the alcohol 

administration in the present study did not change PF-5190457 disposition (Supplementary 

Table S9).

Pharmacodynamics (PD) neuroendocrine markers—Blood acyl-ghrelin, total 

ghrelin, IGF-1 and GH concentrations were measured, and the ratio of acyl-to-total ghrelin 

was calculated on Day 2 (dosing phase) and Day 3 (alcohol session) (Figure 3). During the 

drug dosing, there was a significant main effect of drug dose on the acyl-to-total ghrelin 

ratio (F2,10 = 5.08, p = 0.03; Figure 3C). During the alcohol session, for total ghrelin (Figure 

3G), there was a significant main effect of time (F8,86 = 9.6, p < 0.0001) and a significant 

drug dose × time interaction (F16,143 = 2.23, p = 0.007); there was no main effect of drug 
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dose (F2,19 = 2.83, p = 0.09). For IGF-1, during the alcohol session, there was also a 

significant main effect of time (F8,63 = 9.61, p < 0.0001) and drug dose × time interaction 

(F16,148 = 4.60, p < 0.0001) which was due to a delayed (22 hours post alcohol) increase in 

IGF-1 concentrations in the PF-5190457 50 mg b.i.d. and 100 mg b.i.d. drug conditions 

(Figure 3I). For additional details, see: panels A-J of Figure 3.

Behavioral assessments—During the alcohol session, PF-5190457 did not significantly 

affect alcohol-induced sedation or stimulation (Supplementary Figure S8), subjective effects 

of alcohol (Supplementary Figure S9), or ratings of mood (Supplementary Figure S10). 

PF-5190457 did not reduce alcohol craving while in the regular hospital room (Figure 4A). 

During the alcohol session, there was a drug dose × time interaction (F18, 171 = 2.05, p = 

0.01) on alcohol priming-elicited craving (Figure 4B).

PF-5190457 did not significantly reduce food craving in the regular hospital room, as there 

was no significant effect of drug dose on food craving assessed by the GFCQ-S score 

(Figure 5A).

CR procedure: On Day 2, during the CR procedure conducted in a bar-like laboratory (only 

PF-5190457 100 mg b.i.d. versus placebo comparison): a) PF-5190457 versus placebo 

reduced alcohol cue-elicited craving (F1,13 = 4.45, p = 0.05; effect size(dz) = 0.78) (Figure 

4C); and b) the AAS item “How much did you think about drinking the alcoholic drink 
when it was presented?” was rated significantly lower in the PF-05190457 condition versus 

placebo (F1,11 = 7.07, p = 0.02; Figure 4D); no significant differences were found on the 

other four AAS items. With respect to physiologic measurements, during the CR, there was 

a trend for PF-5190457 to decrease salivation over time compared to placebo with a main 

effect of drug (F1,6 = 4.31, p=0.08) and a drug × time interaction (F1,20 = 3.66, p = 0.07). 

There was a main effect of drug on heart rate during the CR (F1,13 = 15.87, p = 0.002) with 

higher heart rate in the PF-5190457 condition compared to placebo. This, however, was not 

clinically significant as all heart rate readings were within normal limits. There was no main 

effect of PF-5190457 on systolic (F1,11 = 0.22, p = 0.65) or diastolic (F1,11 = 0.72, p = 0.41) 

blood pressure readings. In addition, during the CR procedure, PF-5190457 compared to 

placebo blunted food cue-elicited craving (Figure 5B), as well as G-FCQ-S subscales 

“Intense Desire to Eat” (Figure 5C) and “Anticipation of Positive Reinforcement” (Figure 

5D) sub-scales (see Figure 5 for additional details).

Additional descriptive analyses

Study medication check: Overall subjects guessed their drug condition correctly 48.6% of 

the time. In the placebo condition they guessed 33.3% correctly, 58.3% correctly in the 

PF-5190457 50 mg b.i.d. condition, and 54.5% correctly in the PF-5190457 100 mg b.i.d. 

condition. No significant differences were found among the three conditions (Chi-square = 

1.73, df = 2, p= 0.42).

Interval between Visit 1 and Visit 3: The number of days between Visit 1 and Visit 3 was, 

on average, 35.33 days (SD = 22.41; min = 11 and max = 82).
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Alcohol drinking between visits: There were no significant differences between visits in 

the average drinks per drinking day or average drinks per day (TLFB) during the three days 

prior to each visit (three days was analyzed because that was the minimum interval between 

visits) (p’s > 0.05; data not shown).

Baseline endogenous ghrelin concentrations: Baseline ghrelin was the morning pre-drug 

concentration on Day 1 of each visit. There were no significant differences for acyl-ghrelin, 

total ghrelin or acyl-to-total ghrelin ratio at any of the three visits (p’s > 0.05; data not 
shown). Furthermore, there were no significant correlations between pre-visit alcohol 

drinking (3 days prior) and baseline ghrelin concentrations (acyl-ghrelin, total ghrelin, acyl-

to-total ghrelin ratio) for any of the three visits (p’s > 0.05; data not shown).

Alcohol drinking after Visit 3: The average number of drinks per drinking day (TLFB) in 

the interval between visit 3 and the follow up visit was 6.3 drinks. This was significantly 

lower compared to that at screening (11.8 drinks) (paired t-test, t = 4.54, p = 0.001). This 

indicates that the study procedures including study drug and alcohol administration did not 

increase drinking as assessed over this short interval.

Discussion

This is the first human study of the clinical effects of a GHS-R1a inverse agonist 

(PF-5190457) when administered with alcohol in heavy drinkers, >90% of whom were 

alcohol dependent. We found that PF-5190457 has an acceptable concentration-time profile 

for daily oral dosing and is safe when given with alcohol. This information is critical from a 

medication development perspective32. Therefore PF-5190457 represents a promising 

compound to investigate GHS-R1a inverse agonism as a novel pharmacotherapy for patients 

with AUD5.

Although there was a significant effect of drug on the change of the EKG QTcf interval from 

Day 0 (before drug dosing) to Day 3, all QTcf values were in the normal range making it 

difficult to determine the clinical significance of this effect. In addition, this may be due to 

the decrease by chance in the QTcf interval in the placebo condition. Since the Phase 1a 

study indicated that somnolence was a common side-effect of PF-519045731, we ruled out 

significant sedative effects related to PF-5190457 or to the co-administration of alcohol and 

PF-5190457 with our study in rats before starting our Phase 1b clinical trial. Our human 

study also indicated a safe and tolerable profile of PF-5190457, even when the drug was 

combined with alcohol and administered to a population with a history of chronic excessive 

alcohol use. We did not observe increased sedation with PF-5190457 alone or with 

PF-5190457 and alcohol, as there was no main effect of time during the alcohol session on 

Day 3 for measures of sedation. This implies that heavy drinkers may be more tolerant to the 

sedative effects of PF-5190457, alcohol and PF-5190457/alcohol combined, possibly an 

effect of neuroadaptations in GABAergic pathways in the context of AUD52. Notably, a 

complex interaction between GABA and ghrelin signaling has been suggested wherein 

changes in the presynaptic GABA function after chronic alcohol exposure are modulated by 

ghrelin and GHS-R1a blockade; this interaction results in a significant inhibitory effect on 

both evoked and spontaneous GABAergic activity53. However, there are several study 
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limitations that may have contributed to the absence of significant sedative effects during the 

combined administration of alcohol and PF-5190457. These include the small sample, the 

high variability in the BAES Sedation subscales scores (see panel A of Supplementary 

Figure S8) and the low-medium dose of alcohol administered during the drug-alcohol 

interaction session. Therefore, future studies are needed to investigate the effects of 

PF-5190457 on the sedative and stimulant effects of higher doses of alcohol and in larger 

samples. Such future directions are especially intriguing given recent human work indicating 

that endogenous ghrelin concentrations predict subjective responses to alcohol in healthy 

social drinkers54. Furthermore, it is important to highlight that ~90% of study participants in 

our study were African-American and male; therefore, future studies are needed to 

investigate this novel compound in women and in individuals with different ancestral 

backgrounds.

A goal of this study was to investigate the PK profile of PF-5190457 in heavy drinkers and 

in the context of alcohol administration. Our human data indicate that PF-5190457 does not 

affect alcohol concentrations or elimination. In addition, together with the previous Phase 1 

study in healthy controls31, our human data indicate that alcohol administration did not 

result in meaningful changes in PF-5190457 disposition in humans. These conclusions are 

further corroborated by our PK PF-5190457 experiment conducted in rats (see panel B of 

Supplementary Figure S4).

During the alcohol session, there was a main effect of time where the acyl-ghrelin 

concentration and the acyl-to-total ghrelin ratio were significantly reduced at early time-

points compared to baseline concentrations of those hormones for the session. Without a 

control group that did not receive alcohol, we cannot exclude the possibility that these 

reductions were due to mere fluctuations in blood ghrelin concentration over time. 

Nonetheless, this observation is consistent with previous studies that measured the effect of 

oral alcohol administration compared to placebo on endogenous ghrelin concentrations. 

These studies reported a main effect of oral alcohol administration but not a main effect of 

time in the placebo condition suggesting that ghrelin concentrations, at least in a similar 

timeframe, do not fluctuate significantly over time55-58. Similarly, we found no significant 

fluctuation in ghrelin concentrations over a comparable time frame (up to 2 hours) in the 

placebo condition of IV ghrelin/placebo administration studies in alcohol-dependent 

individuals9, 10. Taken together, the present results suggest that the early reduction of both 

acyl-ghrelin and the acyl-to-total ghrelin ratio during the alcohol session involves some 

suppression of the endogenous ghrelin system because of alcohol, possibly by action at the 

ghrelin receptor and/or in other ghrelin-related pathways, e.g. ghrelin synthesis/secretion 

and/or the GOAT enzyme. However, we do not know the effect of alcohol on GHSR-1a 

and/or GOAT.

Also during the alcohol session, there was a PF-5190457 dose × time interaction for total 

ghrelin that was due to a late (8 hours post drug and alcohol) increase in total ghrelin, but 

not acyl-ghrelin, in the PF-5190457 100 mg b.i.d. condition compared to the other 

conditions. This may represent a rebound of unacylated ghrelin secretion after GHS-R1a 

blockade, at the PF-5190457 dose of 100 mg b.i.d., while perhaps GOAT activity was 

limited or saturated. Albeit speculative, this hypothesis would explain the selective effect for 
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total ghrelin, which represents mostly unacylated ghrelin59-64. However, this late increase in 

total ghrelin was absent in the drug dosing phase and became apparent after alcohol 

administration in our study (or an acute intravenous ghrelin challenge as in31). Further work 

should be done on the effect of alcohol on the downstream components of the ghrelin/

GOAT/GHS-R system to understand the biobehavioral responses in humans in the context of 

alcohol consumption and modulation of the endogenous ghrelin system.

Apart from the alcohol session, PF-5190457 per se affected neither peripheral acyl-ghrelin 

concentrations during the drug dosing phase, a finding consistent with Denney et al.31, nor 

total ghrelin concentrations. In contrast, there was a significant effect of PF-5190457 to 

reduce the acyl-to-total ghrelin ratio in the 100 mg b.i.d. condition compared to placebo. 

This indicates that either unacylated ghrelin (which is the majority of circulating total 

ghrelin59-64) is increasing, acyl-ghrelin is decreasing, or both, under PF-5190457. While 

little is known about the acyl-to-total ghrelin ratio in AUD individuals, Prader-Willi patients 

with a higher ratio, compared to those with lower ratio, exhibit more pronounced symptoms 

typical of that phenotype, such as hyperphagia and weight gain 65. The reduction in the ratio 

in the PF-5190457 100 mg b.i.d. condition versus placebo may reflect changes to the 

ghrelin/GOAT/GHS-R system induced by PF-5190457, e.g. metabolic state, changes in 

hepatic clearance of acyl-ghrelin, differences between acyl-ghrelin and unacylated ghrelin 

clearance rates, availability of substrate (octanoate/octanoyl-CoA) and/or changes in GOAT 

activity 62, 63, 66, 67.

During the alcohol session, there was a late increase in IGF-1 concentrations for both drug 

conditions compared to placebo. Ghrelin stimulates GH release by the pituitary. IGF-1, a 

mediator of the effects of GH and negative regulator of GH secretion, holds a longer half-life 

compared to GH and is a surrogate measure of GH which has a pulsatile secretion68. As 

such, IGF-1 might represent a better biomarker of the downstream effects of GHS-R1a 

blockade with PF-5190457, at least in the context of alcohol administration.

Finally, we provided preliminary findings that PF-5190457 100 mg b.i.d. may reduce 

alcohol-primed craving over time and alcohol cue-elicited craving in a bar-like laboratory 

setting. By contrast, there was no effect on craving during drug dosing as assessed in a 

normal hospital room in absence of a priming or of cues in the bar-like laboratory. 

Therefore, the behavioral effects of PF-5190457 are apparent in the presence of stimuli that 

elicit craving such as cues and alcohol priming, both of which represent typical risks factor 

for relapse and heavy drinking69. These findings mirror our previous human laboratory 

study where we found a robust effect of intravenous acyl-ghrelin administration in 

increasing alcohol cue-induced craving9. During the CR procedure, we also exposed 

participants to personalized food cues to specifically control for non-alcoholic appetitive 

behaviors. Together, these findings are consistent with increasing preclinical evidence that 

GHS-R1a blockade may result in reduced reward processing and seeking behaviors to both 

alcohol8, 17-24 and food70. These data must be interpreted with caution, however, given the 

small sample and the fixed order of the drug dosing. Future larger randomized trials are 

needed to test the efficacy of PF-5190457 in AUD patients.
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It will also be relevant in the future to understand whether the effects of PF-5190457 are 

mediated centrally, peripherally or both. Phase 1a clinical studies with PF-5190457 were not 

terminated due to safety findings, rather, due to tachyphylaxis, which was, however, limited 

to peripheral but not central effects31. Indeed, Denney and colleagues31 speculated that, 

while peripheral GHS-R1a was blocked 24/7, central blockade was only for a shorter period 

daily, which in turn may allow PF-05190457 to not lose efficacy. As such, the profile of 

PF-05190457 favors its use in centrally-mediated mechanisms31. Our rat experiments 

indicate PF-5190457 brain penetrance; however, this work was limited to measuring 

PF-5190457 concentrations in brain homogenates and we did not use any isotopically 

labeled PF-5190457 to test in vivo central target engagement. Investigations of rate, extent 

and distribution of PF-05190457 within the CNS and binding studies with radiolabeled 

compound remain the goal of future work.

In conclusion, this study provides evidence on the safety and tolerability of the GHS-R1a 

inverse agonist PF-5190457 in heavy drinkers during alcohol administration. The PK/PD/

behavioral findings further support future research towards investigating GHS-R1a as a 

novel pharmacological target to treat AUD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Human Study
Mean (SD) breath alcohol concentration in response to each PF-5190457 drug dose 

(placebo/0mg b.i.d.; 50 mg b.i.d.; 100 mg b.i.d.) during the alcohol session (Day 3). The 

smaller graph in the upper right corner indicates mean breath alcohol concentration 

expressed as Ln. Study Drug was administered at t = 0 minutes and alcohol at t = 30 

minutes.
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Figure 2. Human Study
Geometric mean concentration-time profile showing the pharmacokinetic profile of 

PF-5190457 in response to each PF-5190457 drug dose (placebo/0mg b.i.d.; 50 mg b.i.d.; 

100 mg b.i.d.) during the dosing phase and alcohol session. Specifically, the graphs show the 

pharmacokinetic profile: (A) for both dosing phase and alcohol session combined; (B) only 

during the drug dosing phase (Days 1-2); (C) only during the alcohol session (Day 3); and 

(D) the natural log-transformed (Ln) concentration-time profile of PF-5190457 during the 

alcohol session.

Lee et al. Page 20

Mol Psychiatry. Author manuscript; available in PMC 2018 November 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. Human Study
Pharmacodynamic neuroendocrine markers in response to each PF-5190457 drug dose 

(placebo/0mg b.i.d.; 50 mg b.i.d.; 100 mg b.i.d.) during the drug dosing phase (Day 2 

morning; A-E) and the alcohol session (Day 3; F-J). Arrows denote times of drug (t = 0 

minutes) and alcohol (t = 30 minutes) administration. Data points at t = 30 minutes represent 

baseline for alcohol administration session; alcohol administration occurred following blood 

draw for these data points. Data are shown as Means (SEM). Details:

Drug dosing phase:
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A acyl-ghrelin; drug dose: F2,10 = 1.18, p = 0.35

B total ghrelin; drug dose: F2,10=0.02, p = 0.97

C acyl-to-total ghrelin ratio; drug dose: F2,10 = 5.08 *p = 0.03 (significant 

difference between Placebo and 100 mg b.i.d. drug doses)

D IGF-1; drug dose: F2,10 = 1.49, p = 0.27

E GH; drug dose: F2,8 = 2.4, p = 0.15

Alcohol session:

F acyl-ghrelin; drug dose: F2,40 = 0.1, p = 0.91; time: F8,86 = 7.89, p < 0.0001; 

drug dose × time: F16,144 = 0.99, p = 0.48; time effect: * = different from 30 

minute time point

G total ghrelin; drug dose: F2,19 = 2.83, p = 0.09; time: F8,56 = 9.6, p < 0.0001; 
drug dose × time: F16,143 = 2.23, p = 0.007; interaction effect: # = PF-5190457 

100 mg b.i.d. different from both Placebo (0 mg b.i.d.) and PF-5190457 50 mg 

b.i.d. values

H acyl-to-total ghrelin ratio; drug dose: F2,29 = 1.62, p = 0.21; time: F8,72 = 2.58, 

p =0.02; drug dose × time: F16,146 = 0.88, p = 0.59; time effect: * = different 

from 30 minute time point

I IGF-1; drug dose: F2,17 = 0.78, p = 0.48; time: F8,63 = 9.61, p < 0.0001; drug 
dose × time: F16,148 = 4.60, p <0.0001; time effect: * = different from 60, 120, 

180, 240, 360 minute time points. For the dose × time interaction, the elevated 

concentrations at 1350 and 1440 compared to concentrations during the alcohol 

session are only seen in PF-5190457 50 mg b.i.d. and 100 mg b.i.d. doses

J GH; drug dose: F2,32 = 1.51, p = 0.24; time: F8,57 = 0.49, p=0.86; drug dose × 
time: F16,83 = 0.85, p =0.63
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Figure 4. Human Study
Alcohol craving during different phases of the study. Data are shown as Means (SEM). (A) 
Alcohol Craving during drug dosing phase: There were no main effects of drug dose 
(F2,11 = 0.22; p = 0.80) or time of day (F1,10 = 0.60; p =0 .46) and no drug dose × time 
interaction (F2,14 = 1.52, p=0.25) on spontaneous alcohol craving (Alcohol-Visual Analogue 

Scale (A-VAS)) in a hospital room. (B) Alcohol Craving during alcohol session: There 

was a significant drug dose × time interaction (F18,171 = 2.05; p = 0.01) on alcohol priming-

elicited craving (Alcohol-Visual Analogue Scale (A-VAS)) during the alcohol session 

conducted in a hospital room; Tukey post-hoc tests were not significant. There were no main 

effects of drug dose (F2,19 = 0.30, p = 0.75) or time (F9,90 =1.29, p = 0.25) on this measure. 

Arrows denote times of drug (t = 0 minutes) and alcohol (t = 30 minutes) administration. (C) 
Alcohol Craving during Cue Reactivity in a bar-like room: There was a main effect of 

drug (F1,13 = 4.45; p = 0.05; effect size (dz): 0.78), such that alcohol cue-elicited craving 

(AUQ: Alcohol Urge Questionnaire) in a bar-like room was reduced for the PF-5190457 100 

mg b.i.d. versus Placebo. There was also a main effect of Cue type (F2,23 = 4.86; p =0 .02), 

where ratings at the end of the alcohol cue trial were significantly higher than the previous 

relaxation and food trials (*Tukey, p < 0.05). There was no drug × Cue type interaction 
(F2,30 =2.69, p=0.08). (D) Attention to Alcohol Cues during Cue Reactivity in a bar-like 
room: The Alcohol Attention Scale (AAS) item “How much did you think about drinking 
the alcoholic drink when it was presented?” was rated significantly lower at the 
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PF-05190457 100 mg b.i.d. versus Placebo (Mean = 6.8, SEM = 1.0 versus M = 8.9, SEM = 

0.6, respectively; F1,11 = 7.07, p = 0.02).
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Figure 5. Human Study
Food craving, as assessed by the General Food-Cravings Questionnaire (G-FCS-Q) – State, 

during different phases of the study. Data are shown as Means (SEM). (A) Food Craving 
during drug dosing phase: There was no main effect of drug dose (F2,10 = 3.14; p = 0.09) 

on food craving ratings during the drug dosing phase in a hospital room. (B-D) Food 
Craving during Cue Reactivity in a bar-like room: (B) There was a significant drug × 
Cue type interaction (F2,32 = 8.85; p = .0.001) and a main effect of Cue type (F2,19 = 5.28, p 

= 0.01) but no main effect of drug (F1,9=0.26; p = 0.77) on total food craving G-FCS-Q-

State score. Craving was significantly elevated from the Relaxation to the Food trial 

(*Tukey, p < 0.05) in the Placebo, but not in the PF-5190457 100 mg b.i.d. condition. (C) 
There was a significant drug × Cue type interaction (F2,30 = 21.33; p < .0.0001) on the 

Intense Desire to Eat subscale of the G-FCS-Q-State score. Intense Desire to Eat was 

significantly elevated from the Relaxation to the Food trial (*Tukey, p < 0.05) in the 

Placebo, but not in the PF-5190457 100 mg b.i.d. condition. There was no main effect of 

drug (F1,12 = 3.85, p = 0.07) but there was a main effect of Cue type (F2,30 = 21.33, p = 

0.0001). (D) There was a significant drug × Cue type (F2,31 = 5.21; p = 0.01) on the 

Anticipation of Positive Reinforcement subscale of the G-FCS-Q-State food craving scale. 

Anticipation of Positive Reinforcement ratings in the Food trial were significantly higher 

(+Tukey, p < 0.05) in the Placebo compared to the PF-5190457 100 mg b.i.d. condition. 
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There was a main effect of Cue type (F2,31 = 5.21, p = 0.01) but no main effect of drug 
(F1,11 = 4.42, p = 0.06).
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