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Background: Current medications for alcohol dependence (AD) show only modest efficacy.
None target brain noradrenergic pathways. Theory and preclinical evidence suggest that nor-
adrenergic circuits may be involved in alcohol reinforcement and relapse. We therefore tested the
a-1 adrenergic receptor antagonist, prazosin, as a pharmacotherapy for AD.

Methods: We randomized 24 participants with AD but without posttraumatic stress disorder
to receive either prazosin or placebo in a 6-week, double-blind pilot study. Medication was
titrated to a target dose of 4 mg QAM, 4 mg QPM, and 8 mg QHS by the end of week 2. Partici-
pants received 5 medical management treatment sessions. Participants were reminded 3 times each
day via a text pager to take medications and to call a telephone monitoring system once daily to
provide self-reports of alcohol consumption and craving, the primary outcome measures. Results
were analyzed using mixed linear regression adjusted for drinking days per week at baseline and
week number.

Results: Twenty of the 24 (83%) subjects completed. Among the completers, the prazosin
group reported fewer drinking days per week than the placebo group during the final 3 weeks of
the study. Since only 1 woman was randomized to placebo and only three women completed the
trial, the following results focus on the 17 male completers. The prazosin group reported fewer
drinking days per week and fewer drinks per week during the final 3 weeks of the study; average
total number of drinking days for the placebo group 5.7 (SEM 1.9) versus 0.9 (SEM 0.5) for the
prazosin group, and average total number of drinks 20.8 (SEM 6.5) for the placebo group versus
2.6 (SEM 1.3) for the prazosin group. Rates of adverse events were equivalent across conditions.

Conclusions: Prazosin holds promise as a pharmacologic treatment for AD and deserves fur-
ther evaluation in a larger controlled trial.
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A LCOHOL DEPENDENCE (AD) is a biologically,
genetically based disease (Heath et al., 1997; Kendler

et al., 1994), yet the majority of clinically accepted treatments
are behaviorally or psychosocially based (Anton and Swift,
2003; Swift, 1999). In light of the high relapse rates associated
with these treatments, which range from 40% to 70% within
the first 12 months after treatment (Finney et al., 1996),
research is needed to develop more effective biological treat-
ments.
Disulfiram is the oldest FDA approved medication for the

treatment of AD and shows modest efficacy in reducing

drinking frequency but does not improve abstinence rates
(Fuller and Roth, 1979; Fuller et al., 1983, 1986). Its use is
limited by its risk of significant hepatotoxicity, the need for
regular monitoring of liver function tests, and its contraindi-
cation in ischemic heart disease (Swift, 1999). It also has only
limited efficacy without directly supervised administration
(Chick et al., 1992).
More recently, much attention has focused on the glutama-

tergic (Nagy, 2004; Woodward et al., 2006), GABAergic
(Koob, 2004; Krystal et al., 2006), dopaminergic (Gonzales
et al., 2004; Tupala and Tiihonen, 2004), and endogenous
opioid systems in AD (Gianoulakis, 2004; Oswald and Wand,
2004). Medications that modulate these systems, naltrexone
and acamprosate, have received FDA approval for treating
AD. Naltrexone originally showed some promise, but its
tolerability is limited by nausea, headache, and sedation
(Garbutt et al., 1999; Swift, 1999). A large, well-conducted
multicenter trial failed to show a main effect of naltrexone
versus placebo (Anton et al., 2006). A study of long acting
injectable naltrexone found that it slightly reduced heavy
drinking days in men but not in women (Garbutt et al., 2005).
A recent meta-analysis of the efficacy of acamprosate
indicated that its efficacy varied widely across studies,
although with all data included, it slightly increased the odds
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of abstinence compared to placebo (Mann et al., 2004). How-
ever, in a large multisite trial not included in the meta-analysis
noted above, acamprosate was found inefficacious (Anton et al.,
2006; Mason et al., 2006). Thus, both naltrexone and acampro-
sate have demonstrated at best modest efficacy for AD.
The anti-convulsant topiramate has recently been shown to

have efficacy in AD in a multisite trial, although a 5-week
titration period was required, and nearly 6 times as many sub-
jects in the topiramate group dropped out of the study due
to adverse effects compared to those in the placebo group
(Johnson et al., 2007).
None of the aforementioned medications directly target

noradrenergic (NE) brain systems. Recent advances in the
understanding of the neurobiology of substance dependence
and relapse offer preclinical evidence that NE systems have
intimate involvement in brain processes relevant to AD,
such as arousal (Aston-Jones and Cohen, 2005), reinforce-
ment (Ventura et al., 2005), and stress responsivity (Koob,
1999). However, virtually no work to date has attempted to
translate this knowledge into clinical interventions, though
earlier work by Mason et al. (Mason and Kocsis, 1991;
Mason et al., 1996) on the norepinephrine reuptake inhibi-
tor, desipramine, among depressed and nondepressed alco-
hol dependent individuals showed that desipramine
prolonged the time to relapse. When depressed subjects were
removed from the analysis, there was not a significant
difference in time to relapse among placebo and desipramine
treated subjects.
Following extensive review of a wide range of experimental

and clinical results, Begleiter and Porjesz concluded that
hyperexcitability is the key feature of the most parsimonious
model of predisposition to develop AD (Begleiter and Porjesz,
1999). Hyperexcitability is associated with increased adrener-
gic activation. Brain noradrenergic systems and peripheral
sympathetic regulation are functionally integrated (Tjurmina
et al., 1999), and research with recently abstinent alcohol
dependent individuals demonstrates that they have elevated
plasma levels of epinephrine (Ehrenreich et al., 1997) and nor-
epinephrine (Patkar et al., 2003, 2004), suggesting central
adrenergic overdrive plays an important role in AD.
Enhanced acoustic startle response serves as a proxy for

arousal and hyperexcitability. Brain a1 adrenergic mecha-
nisms mediate enhanced acoustic startle response (Stevens
et al., 1994), which is characteristic of abstinent alcoholics
(Krystal et al., 1997), persons with posttraumatic stress disor-
der (PTSD) (Orr et al., 1995), selectively-bred alcohol
preferring P rats (Chester et al., 2004), and outbred rats expe-
riencing prolonged abstinence following long-term chronic
daily ethanol consumption and withdrawal (Rasmussen et al.,
2005). Emerging evidence also shows that noradrenergic sys-
tems modulate midbrain dopaminergic neurons which in turn
have key roles in the reinforcing and locomotor activating
responses to drugs of abuse, including ethanol. These find-
ings, along with the earlier work by Mason and her colleagues
on desipramine for AD (Mason and Kocsis, 1991; Mason
et al., 1996), suggest that an a1 antagonist may have potential

in interrupting a key neurobiological system’s contribution to
AD.
The work reported here examines the novel, promising

strategy of treating AD by reducing central adrenergic activity
via blockade of noradrenaline binding to postsynaptic a1
receptors with the nonselective, a1 antagonist, prazosin.
Prazosin was introduced in 1973 as ‘‘Minipress’’ by Pfizer
Pharmaceuticals as an antihypertensive drug. An inexpensive
generic drug for many years, prazosin has been used chroni-
cally by millions of persons for hypertension and for urinary
symptoms caused by later life benign prostatic hypertrophy
(Hieble and Ruffolo, 1996; Lund-Johansen et al., 1993).
Prazosin is the most lipid soluble a1 antagonist (Westfall and
Westfall, 2006) and the only clinically available a1 antagonist
demonstrated to be active at central nervous system sites
when administered peripherally (Darracq et al., 1998; Menkes
et al., 1981). Our interest in prazosin initially derived from the
clinical observation that patients with co-occurring PTSD
and AD often reported substantially reduced and even
complete cessation of alcohol consumption during prazosin
treatment (M.A. Raskind, personal communication, August
1, 2004).
Subsequently, Rasmussen and colleagues tested the

hypothesis that prazosin would be useful in reducing both
alcohol-induced reward and stress induced relapse in two ani-
mal models. In the first preclinical study, they demonstrated
that prazosin treatment decreased operant ethanol self-
administration by Wistar rats during acute ethanol with-
drawal (Walker et al., 2006). In the second, they demonstrated
that both acute and chronic prazosin treatment decreased eth-
anol consumption by alcohol preferring P rats (Rasmussen
et al., 2008).
Based on these promising preclinical results, we hypo-

thesized that prazosin would be an effective treatment for AD
because it has the potential to antagonize the central post-
synaptic a1 activity involved in drug and stress-induced rein-
statement of drug-seeking for substances of abuse, including
alcohol. In addition to testing whether prazosin is an effective
pharmacological agent in reducing drinking among AD indi-
viduals, we were also interested in evaluating whether reduced
craving is a potential mechanism of action. Based on the find-
ings explicated above, prazosin should at least modulate or
reduce craving.
In order to test the hypothesis that prazosin will be effective

in reducing drinking and to begin evaluating the possible
impact of prazosin on craving, we completed a 6-week pilot
clinical medication trial of prazosin in individuals seeking
treatment for AD. The 6-week timeframe was judged to be
sufficient for this pilot endeavor because it was largely geared
towards establishing whether there was a positive signal for
prazosin, and determining whether the medication and inten-
sive study protocol were acceptable to study participants.
Daily interactive voice response (IVR) telephone monitoring
was used to assess alcohol use, craving, craving resistance,
and other mood states in this study, and complements tradi-
tional retrospective outcome assessments. Daily IVR has
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successfully been used in other clinical AD trials (Kranzler
et al., 2004) and has not been found to be associated with
undue measurement reactivity (Simpson et al., 2005).

METHODS

Participants

Nineteen men and 5 women, aged 18 to 69 (M age = 45.5 ± 8.0),
who met DSM-IV criteria for AD in the past year with last use of
alcohol in the last month and were currently seeking treatment for
AD were enrolled in the study. The majority of the sample was
Caucasian (83%) and living in their own homes (87.5%). One-quarter
of the sample was currently married and one-third was veterans. The
sample reported drinking alcohol on 64.3% of days during the previ-
ous 6 weeks and reported heavy drinking [5 or more Standard Drink
Units (SDU’s) for men and 4 or more for women] on 46.4% of these
days. On average the sample reported having consumed 192.6 (SD
19.5) SDU’s during the 6 weeks prior to the baseline assessment.
An additional 120 individuals inquired about the study but were

not included for the following reasons: current PTSD or other psy-
chiatric condition requiring medication other than an anti-depressant
(n = 28); medical contraindications or already taking prazosin
(n = 6); not interested once learned what was involved, including
not willing to be abstinent (n = 37); no drinking past month or no
AD (n = 12); currently using opiates (n = 4); in other treatment or
in controlled living environment (n = 21); scheduling difficulties or
no reliable way to contact (n = 11), and outside of age range
(n = 1).
All study participants had current DSM-IV AD confirmed by the

administration of the DSM-IV Checklist by a physician, nurse practi-
tioner or physician assistant experienced in the diagnosis of AD.
Using the criteria in the Structured Clinical Interview for DSM-IV
(SCID; First et al., 1995) for delineating mild, moderate, and severe
AD where 3 endorsed symptoms is mild dependence, 7 endorsed
symptoms is severe, and moderate dependence is 4 through 6, 12.5%
of the sample was in the mild range, 54.2% in the moderate range,
and 33.3% in the severe range. Because of prazosin’s demonstrated
efficacy in treatment of PTSD symptomatology, we excluded poten-
tial participants with PTSD. Potential participants were administered
the PTSD Checklist (PCL), a sensitive screening instrument for
PTSD (Weathers et al., 1993). If potential subjects scored at or above
established cut off scores for a likely diagnosis of PTSD [50 for men
(Weathers et al., 1993), 38 for women (Dobie et al., 2002)], they were
administered the PTSD section of the SCID by a research psychia-
trist experienced in the diagnosis of PTSD. If they were found to
have a confirmed diagnosis of PTSD on this instrument, they were
excluded. Potential participants were also excluded for psychiatric
disorder requiring initiation of medication at time of study entry
other than anti-depressants; current diagnosis of opioid dependence
or abuse; systolic blood pressure (BP) < 110 mm Hg; preexisting
orthostatic BP; unstable angina, Meniere’s disease, narcolepsy,
benign positional vertigo, chronic renal or hepatic failure, pancreati-
tis or insulin-dependent diabetes, or other medical problems requir-
ing immediate attention. Female participants of child-bearing age
were not permitted to enroll unless they reported using a birth-
control method during the study judged by the study clinician to be
effective. During their 6 weeks of participation, all subjects were
asked to forgo any concurrent treatment for AD other than Alcohol-
ics Anonymous (AA).

Procedures

Recruitment and Screening. Human subjects approval was
provided by the institutional review board at the University of
Washington. Participants were recruited between November 2005
and August 2007 through advertisements in local newspapers, flyers

posted at the VA Puget Sound Healthcare System, and announce-
ments made by study staff during orientation group meetings for
patients wishing to begin treatment for AD at our facility’s Addiction
Treatment Center.
After passing a breathalyzer test to rule out intoxication, partici-

pants then signed the informed consent and underwent screening.
Screening consisted of a physical examination including weight,
height, and vital signs; providing a psychiatric and medical history to
a study psychiatrist; PCL (Weathers et al., 1993) DSM-IV checklist
for substance dependence and abuse, and for those screening positive
for PTSD on the PCL, the SCID PTSD section.
Those found eligible for the study were invited to participate in a

baseline assessment either the same day or within the following
week. The following measures were administered: Demographic
information interview; 6-week Form-90 (Form-42) (Miller and Del
Boca, 1994) for use of alcohol and illicit drugs; Pennsylvania Alco-
hol craving Scale (PACS) (Flannery et al., 1999) and the PACS
modified for cocaine and marijuana; laboratory assessment of CBC,
electrolytes, liver function panel, urine pregnancy, and urine toxi-
cology screen.

Randomization. Participants who completed the screening pro-
cess and the baseline assessment were then randomized by our cen-
ter’s research pharmacist to placebo or prazosin and invited back to
begin study participation. No participant characteristics were taken
into consideration in the randomization. All study personnel and
participants remained blinded to each participant’s group assignment
throughout the course of the study.

Study Visits. During the first 2 weeks of the study, participants
completed twice weekly study visits that decreased to weekly through
weeks 3 to 6, during which they had orthostatic vital sign checks and
monitoring of adverse events. The study psychiatrist slowed partici-
pants’ titration if they were experiencing symptomatic orthostatic
hypotension or reporting side-effects that they attributed to the study
medication and reported to be intolerable; the study psychiatrist had
authority to recommend renewal of the prior titration at cessation of
participants’ reported side-effects. Participants also provided urine
toxicology specimens and were asked about medication compliance
at each of these visits. They underwent repeat testing of liver function
tests at the end of weeks 3 and 6. In addition, participants repeated
the PACS and Form-42 at the end of week 6. At study completion
participants were asked whether they thought they had been in the
placebo or the prazosin group and to indicate their level of certainty
on a visual analog scale.

Remuneration. Participants were remunerated for study visits, lab
visits, and for IVR daily monitoring and could earn up to $191 for
perfect compliance with all aspects of the study.

IVR Daily Monitoring. In order to better track daily fluctuations
in alcohol use and craving, as well as medication compliance, we
utilized daily IVR symptom monitoring. Participants were paged
daily via a text messaging pager reminding them to call a toll-free
number to report on their alcohol craving, alcohol use, marijuana
craving, marijuana use, cocaine craving, cocaine use, medication
compliance, and general emotional well-being over the prior
24 hours. They were also reminded to take their study medication
and were paged two additional times later each day to remind them
to take the other two doses of study medication.
The IVR protocol was adapted from the work of Searles et al.

(2000) and consisted of 26 primary items with 6 secondary branch-
ing items that were dependent on the responses to several of the pri-
mary items (e.g., if any alcohol craving was reported, participants
were asked about the strength of their alcohol craving resistance).
A single item regarding craving was used to inquire about craving
for alcohol (‘‘At its most severe point, how strong was your craving

PROTOZOAN FOR ALCOHOL DEPENDENCE 257



for alcohol yesterday, with 0 being not at all strong and 7 being
very strong?’’). Alcohol consumption was assessed via the following
set of questions beginning with ‘‘Did you drink any alcohol yester-
day?’’ Those who indicated that they did consume alcohol during
the monitoring period were then asked to indicate how much of
each type of alcohol they consumed first verbally (e.g., ‘‘How much
beer did you drink yesterday?’’) and then using the key pad to enter
a numeric answer (e.g., ‘‘How many standard drinks of beer did
you consume yesterday? Remember, one standard drink is 12
ounces of beer.’’) Because many participants in our earlier study of
IVR monitoring indicated having had difficulty with SDU conver-
sions (Simpson et al., 2005), we did extensive training on SDU con-
versions with each participant based, in part, on their typical
drinking during the baseline period.
In addition to questions regarding alcohol and drug cravings and

use, we retained many of Searles et al.’s (1995) items regarding mood
and general functioning and added items regarding sleep quality,
level of anger, as well as six items from the PCL-C (upsetting dreams,
upset due to reminders, avoiding reminders, alertness, emotionally
numb, startle response, or jumpiness) that were used in our previous
work on IVR daily monitoring (Simpson et al., 2005).

Study Treatments

Medications. Participants were titrated to a target dose of 4 mg
QAM, 4 mg QPM and 8 mg QHS (or highest tolerated dose) by the
end of week 2 and then continued on this dose for an additional
4 weeks. Dosing was held at 1 mg QHS for the first two nights to
minimize the chance of first-dose syncope. The study clinician
arranged participants’ medication for them every 2 weeks in a medi-
set, to avoid confusion during the titration period.
Placebo and study medication were identically matched and were

prepared by a local compounding pharmacy. Study medication
underwent quality assurance testing by the VA Veterans Integrated
Service Network 20 Mental Illness Research Educational and Clini-
cal Center Pharmacology Laboratory in Boise, ID. Prazosin concen-
tration in 2 and 4 mg capsules measured by high performance liquid
chromatography had a coefficient of variation of <5%.

Medical Management. Participants received 5 counseling visits
with a study clinician over the course of the 6-week study, using the
Medical Management (MM) protocol shown to be effective in reduc-
ing alcohol consumption in both the COMBINE Study (Anton
et al., 2006) and a prior study of naltrexone (O’Malley et al., 2003).
Designed for delivery in the primary care setting, the goal of MM is
to facilitate recovery from AD by promoting compliance with medi-
cation through psychoeducational methods, providing support for
the participant in changing his or her drinking patterns, and encour-
aging participation in self-help groups such as AA. Participants
attended an initial session lasting 30 to 45 minutes in which the
diagnosis of AD and its related problems as well as rationale for use
of medication were addressed. Participants then received 10-minute
follow-up during sessions at weeks 1, 2, 4, and 6.

Data Analysis

All subjects were included in the analyses as randomized. Demo-
graphic, baseline, and compliance variables are presented descrip-
tively. Differences between the placebo and prazosin groups were
analyzed with the chi-square statistic for categorical variables and
with student’s t-test for continuous variables.
Multilevel mixed-effects linear regression models with random

intercept and slope that included treatment group, time, and treat-
ment group · time interaction were used to analyze changes over the
42-day study course in days of alcohol use per week and drinks per
week reported via IVR daily monitoring; analyses were adjusted for
days of use and total drinking over the 7 days prior to medication

start based on information from the baseline Form-42, respectively.
Differences in drinking days per week and drinks per week over the
last three weeks of the study were analyzed in a similar manner; how-
ever, the treatment group · time interaction term was not included.
Change between baseline and week 6 in craving, as measured by

the PACS, was compared across conditions using student’s t-tests.
Changes over the study course in craving and craving resistance as
measured by IVR were analyzed using multilevel mixed-effects linear
regression and included treatment group, time, and a treatment
group · time interaction term as covariates.
Differences in adverse events and BP changes were examined using

the chi-square statistic and student’s t-test as appropriate. Analyses
were conducted with Intercooled Stata version 9.2 (StataCorp LP,
College Station, TX) and SPSS 13.0 for Windows (SPSS Inc.,
Chicago, IL). Two-sided p-values of < 0.05 were considered statisti-
cally significant.

RESULTS

Baseline Group Comparisons

The two groups did not significantly differ on any demo-
graphic characteristics. The two groups also did not differ sig-
nificantly over the 42-day baseline with regard to average
number of days drinking [prazosin 29.6 ± 10.4; placebo
24.4 + 14.7; t(24) = 1.0, ns], average number of heavy days
drinking [prazosin 20.1 ± 13.2; placebo 19.0 ± 14.4;
t(24) = 0.2, ns], or average SDU’s reported [prazosin
177.3 ± 88.1; placebo 208.0 ± 149.3; t(24) = 0.6, ns]. Nor
did the two groups differ significantly in their severity of AD
as assessed via number of DSM-IV criteria present [prazosin
5.6 ± 1.6; placebo 5.4 ± 1.3; t(24) = 0.3, ns].

Completion and Compliance Rates

Twenty of the 24 (83.3%) randomized individuals com-
pleted the trial. One individual withdrew after 3 days
(assigned to placebo condition) before initiating medication
or IVR monitoring; two (both assigned to prazosin) withdrew
after 3 weeks because they were caring for family members
and unable to attend appointments, and one was discharged
from the study because he ran out of study medication and
took a family member’s prescription prazosin, thus compro-
mising the randomization and the blind.
The two groups were comparable with regard to their

reports of medication compliance via the daily IVR monitor-
ing, with the prazosin group reporting having taken 92% of
their study medication doses, and the placebo group reporting
having taken 87% of their study medications. There were no
significant differences between the two groups in the number
of MM visits completed, number of vital signs visits attended,
or number of lab visits attended. The study visit attendance
with all 24 enrollees included was 88% of MM visits, 86% of
vital sign visits, and 83% of lab visits completed (the compa-
rable percentages for the three visit types for the 20 study
completers were 91%, 89%, and 87% respectively). The com-
pliance rate on the IVR daily monitoring for the 23 who initi-
ated IVR was 87.5% (for the 20 completers the compliance
rate was 94.5%).
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Drinking Changes over the 42 Day Study

In the sample as a whole, alcohol use decreased by an esti-
mated 2.78 mean drinks per week (95% CI = )4.01 to
)0.55; p = 0.010) and 0.40 drinking days per week (95%
CI = )0.61 to )0.19; p < 0.001). No differences were
detected between conditions in change in mean drinks per
week or mean drinking days per week over the 6-week study
course. The two groups began to differ with respect to drink-
ing days per week and drinks per week after week 3, most
likely related to the titration schedule, which does not attain a
full dose until the end of week 2. Among the 20 subjects who
completed the study, the prazosin group reported fewer drink-
ing days per week than the placebo group during the final
3 weeks of the study (b = )1.22; 95% CI = )2.29 to )0.14;
p = 0.027) after adjusting for drinking days per week at base-
line and week number. The average total number of drinking
days during the last 3 weeks of the study for the placebo
group was 5.6 (SEM 1.9) and for the prazosin group was 3.2
(SEM 1.9). Differences between the groups were not detected
in mean drinks per week during the final 3 weeks.
Because other studies have found that women and men

respond differently to medications for AD (Baros et al., 2008;
Flannery et al., 2007; Garbutt et al., 2005; Nichol et al., 2007;
O’Malley et al., 2007) in conjunction with the facts that only
one woman was randomized to the control group, and only
three women completed the trial, the following results are
based on the 17 men who completed the study.
Six of the seven male prazosin completers reported absti-

nence at the final week 6 visit via both the daily IVR and the
Form-42, while only four of the ten male completers in the
placebo group were abstinent at week 6 (note: 1 prazosin par-
ticipant and 3 control participants were abstinent during the
entire 42 day trial). Controlling for drinking days per week at
baseline, mixed linear regression models detected a significant
difference in change over time between conditions in total

drinking days per week (b = )0.45; 95% CI = )0.83 to
)0.07; p = 0.019). Significant differences were not detected in
change over time in average drinks per week using similar
models (b = )3.21; 95% CI = )7.31 to 0.89; p = 0.125),
although there was a trend favoring the prazosin condition.
Adjusting for drinking days per week at baseline and week

number, the prazosin group reported fewer drinking days per
week than the placebo group during the final 3 weeks of the
study (b = )1.84; 95% CI = )2.74 to )93; p < 0.001) (see
Fig. 1). The average total number of drinking days during the
last 3 weeks of the study for the placebo group was 5.7 (SEM
1.9) and for the prazosin group was 0.9 (SEM 0.5). Likewise,
after adjusting for drinks per week at baseline and week num-
ber, the prazosin group reported fewer drinks per week in the
final 3 weeks of the study (b = )4.59; 95% CI = )8.86 to
)0.31; p = 0.035). The average total number of drinks during
the last 3 weeks of the study was 20.8 (SEM 6.5) and 2.6
(SEM 1.3) for the placebo and prazosin groups, respectively.
The differences between prazosin and placebo in this study
are particularly notable given the robust placebo response.

Craving and Craving Resistance

Although the entire sample on average reported signifi-
cantly decreased craving from baseline to the final assessment
on the retrospective PACS measure [PACS: baseline
16.8 ± 5.3; final 8.5 ± 4.9; t(19) = 5.7; p < 0.0001], the
prazosin group did not report significantly less craving than
the placebo group on this measure of craving. The same pat-
tern of results on the PACS was found for male subjects
[PACS: baseline 16.0 ± 5.6; final 8.1 ± 5.3; t(15) = 4.6;
p < 0.0001; no between group differences].
For the sample as a whole, mean craving measured via the

daily IVR system decreased by an estimated 0.93 (95%
CI = )1.55 to )0.31; p = 0.003) points between weeks 1
and 6 of the study. Craving did not differ by condition. In

Fig. 1. Mean days drinking per week and standard drinks among male study completers by study condition.
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male subjects, craving decreased by an estimated 0.90 (95%
CI = )1.48 to )0.31; p = 0.003) points. Again, no differ-
ences were detected between conditions. Across conditions,
after adjusting for mean craving, no changes in mean craving
resistance per week were detected for the sample as a whole
or for male subjects. For the entire sample, craving resistance
did not differ between conditions. For men only, the prazosin
group reported greater increases over time in mean craving
resistance per week after adjusting for mean craving per week
(b = 0.36; 95% CI = 0.01–0.70; p = 0.043).

Laboratory Findings

Among the 12 placebo treated subjects, 9 had normal
aspartate amino transferase (AST) and alanine amino trans-
ferase (ALT) levels at baseline and throughout the 6-week
study. Three of the placebo treated subjects had abnormal
AST and ALT at baseline. One of these subjects dropped out
and did not participate in follow-up testing. The other 2 sub-
jects showed generally decreasing trends in AST and ALT but
continued to show some elevations throughout the study.
Among the 12 prazosin treated subjects, 4 subjects had nor-

mal AST and ALT levels at baseline. Two of these subjects
dropped out, and the remaining 2 had normal levels through-
out the study. Among the remaining 8 subjects, 1 had a mini-
mal elevation in baseline ALT which normalized during the
study, 1 had elevations only in ALT which continued to be
abnormal throughout the study. The other 6 subjects had
baseline elevations in both enzymes. One of these subjects
dropped out, and the rest maintained elevations in both
enzymes throughout the course of the study.
An examination of potential correlations between alcohol

consumption and liver enzymes during the course of the study
showed no consistent significant relationship between these
variables.

Safety Findings

There were no serious adverse events. The prazosin group
reported no more negative side-effects than the placebo
group. The most frequently reported side-effects were dizzi-
ness, lack of energy, and drowsiness; both the placebo group
and the prazosin group reported these side-effects on average
about 2.5 days of the 42 day study period. The placebo group
was somewhat more apt to attribute the side-effects to the
study medications. Though not statistically significant, BP
changes were more evident among those in the prazosin con-
dition, with an average drop in sitting systolic and diastolic
pressure of 6.6 and 6.3 mm Hg, respectively, from the first
MM visit to the final study visit (placebo condition: 1.4
decrease in sitting systolic and 3.3 decrease in sitting diastolic).
There were no reports of orthostatic dizziness or other symp-
toms consistent with clinically meaningful orthostatic BP
reduction. One individual in the prazosin group did experi-
ence one episode of syncope, which was addressed effectively
by dose reduction (1, 1, and 4 mg). Of the twenty completers,

this individual was the only one who did not tolerate the full
medication dosing regimen and the noncompleters all ended
the study at the target dose for the titration phase they hap-
pened to be at when they left the study.

Success of the Study Blind

Completers did not correctly guess their treatment assign-
ment at a rate greater than chance. Sixteen of the 20 complet-
ers were very confident that they were in the prazosin
condition, while the remaining participants were on average
somewhat certain that they were in the placebo group.

DISCUSSION

The results of the present pilot study suggest that the non-
selective, a1 adrenergic antagonist, prazosin may be a useful
agent for treating AD. Prazosin also appears to have been an
acceptable medication to the study participants. Not only
were there few reports of intolerable side-effects overall, but
the two conditions did not differ significantly or clinically on
this important indicator. The most common side-effects
reported were dizziness, fatigue, and drowsiness. One individ-
ual reported a single incident of syncope that occurred while
she had the flu, and it was managed successfully with a down-
ward medication titration. In general clinical practice syncope
is estimated to occur at a rate of <1% of patients treated
with prazosin (Carruthers, 1994). Thus, if larger trials of
longer duration of prazosin for AD continue to show prom-
ise, medication side-effects are unlikely to deter its widespread
use, though this is an important empirical question that
remains to be tested. The fact that 19 of the 20 completers
ended the study at the fully titrated dose is also a positive sign
that prazosin was well tolerated and acceptable to study
participants.
Although the study results strongly suggest that prazosin is

a medication worthy of further study for AD, our results
regarding craving leave unanswered questions regarding
mechanism(s) of action. It is possible that our single IVR
craving item was insufficient to tap craving adequately,
though we also failed to find any between group differences
on the more traditional retrospective PACS craving measure.
Another possible explanation that could be profitably
explored is whether prazosin acts to reduce the reinforcing
qualities of alcohol, making the experience of drinking more
flat or unappealing. This could be evaluated through ques-
tions regarding how high they felt or how enjoyable alcohol
was when it was consumed (Ray and Hutchison, 2007), as
well as by questions regarding reasons for not drinking on
days when no alcohol is consumed (e.g., ‘‘the thought of
drinking wasn’t appealing’’ or ‘‘I didn’t have any desire to
drink’’). Future work in this area should more thoroughly
assess craving.
The present study has a number of strengths to recommend

it. First, the randomized double-blind placebo control design
and the success of the blind allows us some confidence in
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asserting that there was a genuine medication effect untainted
by demand characteristics. Second, the positive findings for
prazosin among individuals with AD and no PTSD indicates
that this medication may be a useful treatment for AD even
when the common comorbidity with PTSD is not present.
Third, while the use of the MM platform appears to have had
salutary effects for the sample as a whole, we were thus able
to control the type and amount of behavioral treatment study
participants obtained during the 6-week pilot study. This
allows us to infer that the active medication was useful in
reducing alcohol consumption above and beyond the MM.
Finally, the present study demonstrated the feasibility and the
utility of incorporating a daily monitoring data collection sys-
tem (IVR) into the study design. The participants were very
compliant with the daily calls (see also Kranzler et al., 2004),
and the frequent information allowed us to better evaluate
the changes over time in drinking relative to the titration sche-
dule. The IVR system also holds promise with regard to eval-
uating mediators or moderators of change at this stage of
inquiry into whether prazosin is a viable pharmacological
agent for treating AD. However, it should be noted that such
intensive daily monitoring is unlikely to be in place in a stand-
ard clinical setting and thus, if prazosin’s efficacy continues to
be borne out in more comprehensive randomized trials it will
be important that it is also tested in a context that better
approximates standard clinical care.
The primary limitations of the study include its small sam-

ple size, the very small number of women included and their
uneven distribution across the conditions, and the short
6-week timeframe of the trial. With regard to the latter issue,
it will be critical that future studies of prazosin use a longer
medication timeframe to assess whether more serious side-
effects develop over time and whether the promising reduc-
tions in alcohol consumption seen in our 6-week pilot results
hold over a longer duration, particularly in light of the fact
that risk of relapse continues throughout the first year of
abstinence (Finney et al., 1996).
An additional study limitation is that we included four indi-

viduals (1 in the prazosin condition and 3 in the placebo con-
dition) who were abstinent the entire 6-weeks of the study,
thus making it impossible to determine whether they experi-
enced any medication effects. Indeed, overall the present sam-
ple had levels of consumption on the lower end of the
spectrum for AD (Dawson et al., 2005), which, though com-
parable to subjects in the COMBINE study (Anton et al.,
2006) and the multisite injectable naltrexone study (Garbutt
et al., 2005), does limit generalizability of these results.
Another limitation is that gamma-glutamyl transferase
(GGT) levels were not obtained. GGT is more sensitive to the
effects of alcohol than are AST or ALT (Conigrave et al.,
2003). Finally, the lack of follow-up after the medication
phase is problematic as we do not know whether the positive
changes in alcohol consumption for those in the prazosin con-
dition would persist without the medication.
In light of the present findings, future studies of prazosin

involving larger samples of individuals with more severe AD

studied over longer timeframes are warranted. Careful consid-
eration of potential moderators and mediators assessed daily
would be extremely helpful in furthering our understanding
of both how prazosin works functionally and could provide
insight into the NE systems involving reinforcement (Ventura
et al., 2005) and stress responsivity. Also, the inclusion of suf-
ficient numbers of women to allow analyses regarding gender
similarities and differences would be critical to more fully
understanding for whom prazosin is useful. In any event,
the potential promise of a pharmacotherapy for AD with
a completely different mechanism of action from existing
medications represents an encouraging development. Thus,
prazosin may be an agent for individuals who cannot tol-
erate or have contraindications for other medications for
AD. Finally, should it be found to be effective for treating
AD in larger trials, further research could investigate
whether prazosin in combination with agents that targets
different neurobiological systems has a synergistic effect
that leads to improved efficacy.
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