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Alcohol ingestion activates the autonomic nervous system 
and the hypothalamic-pituitary-adrenal axis. This study 
examined naltrexone effects on alcohol-induced increases in 
physiological responses and their association with alcohol 
liking. Using a within-subjects design, heavy drinking men 
(N 

 

�

 

 19) were maintained on each of three naltrexone doses 
(0, 50, and 100 mg, p.o.) over an 8-day inpatient stay. 
Within each naltrexone dose, subjects had three alcohol 
challenge sessions (none, moderate, high) in random order. 
Autonomic, subjective and endocrine measurements were 
collected regularly prior to and following alcohol 
administration. High-dose alcohol ingestion increased heart 

rate, diastolic blood pressure, skin temperature, ACTH, 
cortisol and liking of drink effects; responses following the 
moderate alcohol dose were less consistent. Naltrexone 
significantly dampened alcohol-induced increases in heart 
rate, diastolic blood pressure, hormone levels and subjective 
liking of drink effects. This dampening of cardiovascular 
and hormonal responses may contribute to the therapeutic 
effectiveness of naltrexone for reducing alcohol liking and 
decreasing relapse in alcohol-dependent persons. 
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The brain opioid system has been proposed to be part
of the neurocircuitry involved in alcohol reward and
heavy alcohol drinking (Froehlich and Wand 1997; Gi-
anoulakis and deWaele 1994; Reid et al. 1991). Pharma-
cological studies indicate that opioid receptor antago-
nists, such as naloxone hydrochloride and naltrexone,
decrease alcohol self-administration in animal models

(Altshuler et al. 1980; Froehlich et al. 1990; Hubbell et al.
1986, 1991; Marfaing-Jallat et al. 1983; Samson and
Doyle 1985; Weiss et al. 1990). Clinical trials demon-
strated that naltrexone reduces alcohol drinking and
self-reported “high,” alcohol craving, as well as relapse
rates in recently abstinent outpatient alcohol-depen-
dent patients (O’Malley et al. 1992; Volpicelli et al. 1992,
1995) . These findings led to naltrexone’s approval by
the Food and Drug Administration as a pharmacothera-
peutic agent for the treatment of alcohol dependence.
Naltrexone is thought to reduce alcohol-induced high
and relapse by binding to opioid receptors in discrete
brain regions associated with reward and craving, and
to prevent receptor activation by alcohol-induced re-
lease of endogenous opioid peptides.

Alcohol induces a variety of acute physiological re-
sponses when consumed in moderate-to-high doses. It
is well established that intoxicating doses of alcohol in-
crease heart rate (Docter et al. 1966; Iwase et al. 1995;
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McCaul et al. 1989; Sellers et al. 1972; Turkkan et al.
1988; van de Borne et al. 1997). These heart rate in-
creases are hypothesized to be positively associated
with the reinforcing or appetitive motivational effects
of alcohol (Peterson et al. 1996) . Alcohol has less pre-
dictable effects on blood pressure, with reports of blood
pressure increases (Iwase et al. 1995; Sellers et al. 1972)
and no effects following alcohol ingestion (Turkkan et
al. 1988; van de Borne et al. 1997). Finally, alcohol-
induced peripheral vasodilation and associated skin
temperature increases have been consistently reported
(Iwase et al. 1995; Turkkan et al. 1988) and is thought to
be one explanation for the lack of a consistent rise in
blood pressure after alcohol consumption.

Acute administration of intoxicating doses of alcohol
also activates the hypothalamic-pituitary-adrenal (HPA)
axis thereby increasing ACTH and glucocorticoid levels
(Inder et al. 1995; Rivier et al. 1984; Waltman et al. 1993).
It remains unclear whether alcohol-induced activation
of the HPA axis has any relationship to its reinforcing
properties. Rodent studies show that alcohol increases
plasma ACTH levels and that exogenous administration
of ACTH and fragments of ACTH enhances alcohol con-
sumption (Maickel and Sprague 1995). Observations in
humans show that the ethanol-induced rise in ACTH is
associated with euphoria and enhanced alpha wave pro-
duction (Lukas and Mendelson 1988). Moreover, gluco-
corticoids have been shown to have reinforcing proper-
ties, to increase alcohol consumption and to enhance
mesolimbic dopamine generation (Deroche et al. 1995;
Fahlke et al. 1994; Samson 1995). Thus it is plausible that
alcohol-induced activation of the HPA axis also modu-
lates the rewarding properties of alcohol.

In contrast to alcohol, opioid antagonists do not have
significant effects on cardiovascular responses, includ-
ing heart rate and blood pressure in primates (Byrd
1983) and humans (Coppola et al. 1994; Gritz et al. 1976;
Resnick et al. 1974). However, acute oral or intravenous
administration of opioid antagonists activates the HPA
axis over several hours (King et al. 1998; Wand et al.
1998). At present, the effect of repeated opioid antago-
nist administration on basal HPA-axis activity is un-
known. Moreover, it remains unknown how chronic
opioid antagonist administration would alter alcohol-
induced HPA activity.

The purpose of the present study was to characterize
the effects of chronic naltrexone administration on alco-
hol-induced physiological activation, including heart
rate, blood pressure, skin temperature, and the HPA
axis. Additionally, since alcohol-induced activation of
heart rate and the HPA-axis is hypothesized to be associ-
ated with the reinforcing effects of alcohol, naltrexone’s
effects on subjective reports of “liking” drink effects also
are examined. Male heavy drinkers received chronic,
8-day administration of three naltrexone doses (0, 50,
and 100 mg, p.o.) in randomized order, separated by a

one-week wash-out period. Three separate alcohol chal-
lenge sessions (none, moderate and high alcohol dose)
were conducted during each naltrexone dosing period.

 

METHODS

Subjects

 

Subjects were recruited through the media. Respon-
dents (

 

N

 

 

 

�

 

 99) who were aged 25–60 years old, reported
moderate to heavy alcohol use (an average of five drinks
per occasion or five drinking days per week), low levels
of associated problems (MAST score 

 

�

 

 5) (Selzer 1971)
and no individuals with acute or chronic health prob-
lems were invited to participate in a clinical interview
and medical examination to determine study eligibility.
Exclusion criteria included: current use of any prescrip-
tion medication, chronic health problems, liver enzyme
levels over twice normal limits, pregnancy, or a major
Axis I diagnosis on the Structured Clinical Interview for
DSM-IIIR (Spitzer and Williams 1987), including alcohol
or drug abuse/dependence. Seventy-two individuals
were excluded from study participation due to a diag-
nosis of alcohol abuse/dependence and/or medical or
psychiatric disqualification.

A total of 27 subjects qualified for study participa-
tion. Four subjects either dropped out or were dis-
missed from the research for reasons unrelated to study
procedures. The present paper reports findings for
male subjects only (

 

n

 

 

 

�

 

 19). Females were not included
in the data analyses because of the limited number of
women enrolled in the study (

 

N

 

 

 

�

 

 4) and gender differ-
ences in baseline neuroendocrine measures.

Table 1 summarizes participants’ demographic and
substance use characteristics. Eight subjects were of mi-

 

Table 1.

 

Demographic and Recent Substance Use 
Characteristics (n � 19)

Characteristics Mean 

 

�

 

 S.D. Range

 

Age (yrs) 38.4 (8.2) 27.8–55.5
Education (yrs) 13.2 (2.4) 11–20
Race/ethnicity (%)

White 58
African-American 42

Employed (%) 68
Marital status (%)

Never 47
Married 5
Separated/divorced 47

Alcohol use
Drinks/occasion 4.7 (2.1) 3–10
Days/month 12.0 (3.8) 6–22
Years of use 20.4 (7.7) 7–33

Tobacco use
% Smokers 58
Cigarettes/day 15.5 (5.5) 6–20

Marijuana users (%) 32
Cocaine users (%) 21
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nority ethnic/racial status. Subjects averaged 38.4 years
of age and generally had a high school education or
greater. Two-thirds were employed at the time of their
research participation and almost all had either never
been married or were separated or divorced. Subjects
reported drinking an average of almost five standard
drinks per drinking occasion, consumed alcohol on an
average of 12 days per month, and had been drinking
alcohol for an average of 20.4 years. A little more than
half of the subjects smoked tobacco and averaged about
three-quarters of a pack of cigarettes per day. Approxi-
mately one-third reported occasional marijuana use
and 21% of the sample also used cocaine occasionally.

Subjects were informed that the study was intended
to determine how drugs from different pharmacologi-
cal classes modify alcohol’s effects. All potential sub-
jects signed an institution-approved informed consent
document prior to any research participation and were
paid for their time in the study. This research was con-
ducted in accord with the ethical standards of the Johns
Hopkins University School of Medicine Joint Commit-
tee on Clinical Investigations and with the Declaration
of Helsinki.

 

Procedures

 

All study sessions were conducted at the General Clini-
cal Research Center (GCRC) at the Johns Hopkins Bay-
view Medical Center. Subjects participated in the re-
search over a six-week period. Each of three naltrexone
doses was administered over an 8-day inpatient stay on
the GCRC. There was a one-week outpatient washout
period between each naltrexone dose period.

During each GCRC stay, admission was on Friday.
The naltrexone dose scheduled for that week was ad-
ministered daily at 8 PM for seven days starting on the
day of admission. Over the course of the 8-day inpa-
tient stay, subjects participated in alcohol challenge ses-
sions on Monday, Wednesday, and Friday. Subjects
were discharged from the GCRC on Saturday morning.

On each alcohol challenge session day, subjects were
provided with a standard (no caffeine) breakfast at 7:30
AM and a snack at 10:00 AM. Neither cigarette smoking
nor additional food or drink were permitted between
10:00 AM and 3:30 PM. Sessions began with the inser-
tion of a heparinized catheter in a non-dominant fore-
arm vein approximately 90 min prior to alcohol admin-
istration. Subjects were seated in a quiet room during
testing. Alcohol administration began at 11:45 AM.

 

Drug Preparation and Administration

 

Each subject participated in three naltrexone dose con-
ditions (0, 50, and 100 mg, p.o. orally) in random order.
Each daily naltrexone dose was prepackaged, individu-
ally labeled, and dated using 50 mg naltrexone tablets

and matching placebo (DuPont Pharma). Subjects in-
gested naltrexone under observation by the GCRC
nursing staff at 8 PM, daily.

Subjects participated in three alcohol challenge ses-
sions in random order at each naltrexone dose level.
Each session’s beverage was prepared by mixing the
appropriate amount of pure ethanol (minus 3 ml which
was added just prior to administration; see below) with
juice to a volume of 16 ounces. The drink was separated
into three equal amounts, and subjects had 5 min to
drink each glass (McCaul et al. 1990). Time 0 and alco-
hol administration both refer to the end of this 15-min
beverage ingestion period. To conceal the alcohol con-
tent of the drink, a wrist band soaked in ethanol was
placed around the glass to deliver a strong alcohol odor
and 1 ml of ethanol was floated on top of each glass to
deliver an ethanol taste. Alcohol dose levels were 0.0,
0.6, and 1.2 g/kg for the first four subjects; dose levels
were reduced to 0.0, 0.5, and 1.0 g/kg for the remaining
participants due to excessive intoxication following the
initial high alcohol dose level. For analyses, these dose
conditions have been combined into no, moderate, and
high alcohol doses. GCRC nurses, the study research
assistant, and subjects were blind to all ethanol and nal-
trexone doses.

 

Dependent Measures

 

Subjective, psychomotor, physiological, and neuroen-
docrine measures were collected during each session.
Psychomotor and subjective responses of male and fe-
male subjects have been reported previously (McCaul
et al. 2000a).

 

Subjective Responses

 

The present paper reports findings of an analog rating of
liking (“How much do you like the effects of the cap-
sule/beverage you received?”) that demonstrated a nal-
trexone-alcohol interaction in earlier analyses of com-
bined male and female subjects (McCaul et al. 2000a);
current findings are based on male subjects only. Using a
joystick, subjects were instructed to rate liking at the cur-
rent time on a horizontal line anchored with “Not at all”
on the left and “Extremely” on the right. Ratings were
completed before and at 30-min intervals for three hours
following beverage administration.

 

Autonomic Responses

 

Heart rate and skin temperature were obtained continu-
ously from 

 

�

 

60 to 180 minutes during each session and
collapsed into 5-min intervals for data reduction. Blood
pressure was obtained once every 5 min during this
same time period. Baseline measures were recorded
over a 30-min interval during session minutes 

 

�

 

44 to
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�

 

15. The drink period occurred over a 15-min interval
during session minutes 

 

�

 

14 to 0. Post-ingestion mea-
sures were obtained over a 3-hour period from session
minutes 

 

�

 

1 to 

 

�

 

180; post-ingestion measures were
summarized in 30-min intervals for data analyses. Heart
rate and blood pressure were collected using automated
measurement equipment (Sentry II; NBS Medical Inc.,
Costa Mesa, CA). Skin temperature was collected from a
skin surface thermistor (YSI, Yellowsprings, OH) placed
on the middle finger of the nondominant hand.

 

Hormone Levels

 

During each alcohol challenge session, subjects under-
went periodic blood draws for subsequent hormone
and alcohol analyses. Relative to completion of alcohol
ingestion (time 0), blood samples for neuroendocrine
and blood alcohol determinations were drawn at 

 

�

 

30,

 

�

 

15, 0, 15, 30, 60, 90, 120, 150, and 180 min. Baseline
ACTH and cortisol measurements represent the aver-
age of the values obtained at 

 

�

 

30 and 

 

�

 

15 min. Blood
alcohol levels were determined at 30-min intervals fol-
lowing completion of the drink period.

Plasma concentrations of ACTH were assayed by a
2-site IRMA (Nichols immunoradiometric assay). Intra-
assay and inter-assay coefficients of variance were less
than 9%. Plasma concentrations of cortisol were mea-
sured by Radioimmunoassay (Diagnostic Products Cor-
poration, Inc., Los Angeles, CA). Intra-assay and inter-
assay coefficients of variation were 5.2% and 8.0%,
respectively. Blood ethanol concentrations were measured
by enzymatic determination (Sigma, St. Louis, MO).

 

Data Analysis

 

Statistical analyses was performed using STATA 5.0 and
its Generalized Estimating Equations module. Analyses
were based on general linear models for longitudinal
measurement of data that take into consideration the
correlation structure between measurements pertaining
to the same individual over time. Because of baseline
variability across subjects, heart rate, blood pressure,
and skin temperature were analyzed as change scores
from baseline.

No effect of the order of alcohol dose administration
was observed in the current study; therefore, alcohol
dose order is not included in the statistical model. The
initial analytic model included alcohol dose, naltrexone
dose, interactions between alcohol and naltrexone
doses, and time. If the interaction terms were not signif-
icant, the final model was simplified to include only al-
cohol dose, naltrexone dose and time. Analyses exam-
ined the effects of each active alcohol and naltrexone
dose compared to placebo effects. Significance was
evaluated at 

 

p

 

 

 

�

 

 .05.

 

RESULTS

Blood Alcohol Levels

 

Following moderate alcohol dose administration, blood
alcohol level (BAL) increased to 0.048 mg/dL at 30 min
following ingestion, and then declined gradually across
the remainder of the session to 0.018 mg/dL. Mean
blood alcohol level averaged across the moderate alco-
hol dose session was 0.030 mg/dL (S.D. 

 

�

 

 0.023). Fol-
lowing high alcohol dose administration, BAL in-
creased to 0.102 mg/dL at 60 min following ingestion,
and remained elevated at 0.078 mg/dL following three
hours. Mean blood alcohol level averaged across the
high alcohol dose session was 0.076 mg/dL (S.D. 

 

�

 

0.049). There were no differences in overall-session
mean or peak blood alcohol levels or time to peak BALs
as a function of naltrexone dose condition (all 

 

p

 

 

 

�

 

 .10).

 

Heart Rate

 

Effects of Alcohol on Heart Rate.

 

Figure 1 (panels
A-C) show the heart rate during and following beverage
ingestion as a function of alcohol and naltrexone dose
levels. Following ingestion of placebo alcohol (Figure
1A), heart rate remained at baseline levels for the first
hour and then decreased 6 bpm over the remaining two
hours of the session. Moderate [Figure 1B, •] and high
dose alcohol administration [Figure 1C, •] increased the
mean heart rate by 5.2 bpm (S.E. 

 

�

 

 0.82, Z 

 

�

 

 8.77, 

 

p

 

 

 

�

 

.0001) and 5.3 bpm (S.E. 

 

�

 

 0.83, Z 

 

�

 

 8.73, 

 

p

 

 

 

�

 

 .0001) av-
eraged across the post-drinking period, when subjects
were maintained on placebo naltrexone.

 

Effects of Naltrexone on Heart Rate.

 

Active naltrex-
one had no effect on baseline heart rate measured prior
to alcohol administration or on mean heart rate follow-
ing placebo alcohol ingestion. Active naltrexone damp-
ened alcohol-induced increases in heart rate. There
were significant interactions between the moderate al-
cohol dose and both active naltrexone doses; that is,
naltrexone in interaction with the moderate alcohol
dose produced a greater dampening effect than that
predicted by either drug effect alone. In the moderate
alcohol dose condition (Figure 1B), the mean heart rate
following drink administration was decreased by 44%
with 50 mg naltrexone (

 

�

 

3.14 bpm, S.E. 

 

�

 

 1.15, Z 

 

�
�

 

2.72, 

 

p

 

 

 

�

 

 .006) and by 30% with 100 mg naltrexone
(

 

�

 

2.66 bpm, S.E. 

 

�

 

 1.17, Z 

 

�

 

 

 

�

 

2.27, 

 

p

 

 

 

�

 

 .023) relative to
the mean heart rate in the placebo naltrexone condition.

In the high alcohol dose condition (Figure 1C), a sim-
ilar trend was observed, with dampening of ethanol-
induced heart rate increases of 37% with 50 mg naltrex-
one (

 

�

 

2.19 bpm, S.E. 

 

�

 

 1.16, Z 

 

�

 

 

 

�

 

1.89, 

 

p

 

 

 

�

 

 .058) and of
27% by 100 mg naltrexone (

 

�

 

2.00 bpm, S.E. 

 

�

 

 1.19, Z 

 

�
�

 

1.68, 

 

p

 

 

 

�

 

 .094) relative to placebo naltrexone. The
dampening of alcohol-induced increases in heart rate
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was comparable in the two active naltrexone dose con-
ditions (all 

 

p’s

 

 

 

�

 

 .10).

 

Blood Pressure

 

Effects of Alcohol on Blood Pressure.

 

There was no
effect of the moderate alcohol dose on mean diastolic
blood pressure averaged across the post-ingestion pe-
riod. The only significant effect of the moderate alcohol
dose was a modest decrease in mean systolic blood
pressure compared to the placebo alcohol session
(

 

�

 

1.10 mm Hg, S.E. 

 

�

 

 0.51, Z 

 

�

 

 

 

�

 

2.13, 

 

p

 

 

 

�

 

 .03). In con-
trast, the high alcohol dose [Figure 1F, •] significantly
increased mean diastolic blood pressure averaged over
the 3 hour post-drink period (5.47 mm Hg, S.E. 

 

�

 

 0.88,
Z 

 

�

 

 2.56, 

 

p

 

 

 

� .01) relative to placebo alcohol adminis-
tration [Figure 1D, •], when subjects were maintained
on placebo naltrexone.

Effects of Naltrexone on Blood Pressure. Naltrexone
had no effect on baseline systolic or diastolic blood
pressure measured prior to alcohol administration. Nal-
trexone did not alter alcohol’s effects on mean systolic
blood pressure. However, similar to the effects ob-
served on heart rate, there was an interaction of naltrex-
one and alcohol on mean diastolic blood pressure, re-

sulting in significant dampening of ethanol-induced
blood pressure increases. Following ingestion of the
moderate alcohol dose (Figure 1E), mean diastolic
blood pressure averaged across the session was de-
creased �2.31 mm Hg by 50 mg naltrexone (S.E. � 1.22,
Z � �1.89, p � .058) and �4.09 mm Hg by 100 mg naltr-
exone (S.E. � 1.25, Z � �3.28, p � .001).

Following ingestion of the high alcohol dose (Figure
1F), mean diastolic blood pressure was decreased �2.65
mm Hg by 50 mg naltrexone (S.E. � 1.23, Z � �2.15, p �
.031) and �3.39 mm Hg by 100 mg naltrexone (S.E. �
1.26, Z � �2.69, p � .007). This dampening effect on alco-
hol-induced increases in mean diastolic blood pressure
was more pronounced following the high compared to
the moderate naltrexone dose (p � .04).

Skin Temperature

Ingestion of the moderate and high alcohol doses in-
creased mean skin temperature an average of 2.92�F
(S.E. � 0.34, Z � 8.64, p� .0001) and 2.79�F (S.E. � 0.33,
Z � 8.36, p � .0001) relative to mean skin temperature
following placebo alcohol. There was no naltrexone ef-
fect on baseline skin temperature. Also, alcohol-induced
skin temperature increases were not altered by naltrex-
one administration (data not shown).

Figure 1. Effects of chronic naltrexone administration on heart rate and diastolic blood pressure following placebo (panels
A and D), moderate dose (panels B and E), and high dose (panels C and F) alcohol ingestion. Symbols represent mean val-
ues averaged across subjects (N � 19) for each naltrexone dose condition at each time point. Naltrexone doses included pla-
cebo (•), 50 mg (�), and 100 mg (�). Baseline measures were obtained over a 30-min interval during session minutes �44 to
�15. The drink period (time 0) occurred over a 15-min interval during session minutes �14 to 0. Change scores were calcu-
lated for each of the nine naltrexone/alcohol conditions for each subject by subtracting the baseline measure for that session
from post-ingestion measures.
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Hormone Levels

Effects of Alcohol Ingestion on Hormone Levels.
There were no significant effects of the moderate al-
cohol dose on mean plasma ACTH or cortisol levels
(Figures 2B and 2E) compared to placebo alcohol. In
contrast, following the high alcohol dose, plasma
ACTH levels increased during the first 90 min post-
ingestion and then declined to baseline values by 180
min, resulting in significant increases in mean ACTH
levels (3.37 	g/dL; S.E. � 1.33, Z � 2.54, p � .01) (Fig-
ure 2C). Cortisol levels gradually increased over the en-
tire 180-min period following the high alcohol dose;
there were significant increases in mean cortisol levels
(2.89 	g/dL; S.E. � 0.62, Z � 4.64, p � .0001) (Figure 2F)
relative to placebo alcohol.

Effects of Naltrexone on Hormone Levels. Naltrexone
did not alter plasma ACTH or cortisol levels at baseline
(16-hr after the last naltrexone dose and immediately
prior to beverage ingestion), or following ingestion of
placebo alcohol (Figures 2A and 2D). There were no
main effects or interactions of naltrexone on mean
ACTH responses following the moderate alcohol dose
(Figure 2B); however, there was an interaction of naltr-
exone 50 mg and the high alcohol dose (�3.54 	g/dL;
S.E. � 1.86, Z � �1.91, p � .057) (Figure 2C). In the high
alcohol dose condition only, ACTH was significantly

lower following naltrexone 50 mg compared to placebo
naltrexone (�3.79 	g/dL; S.E. � 1.78, Z � �2.13, p �
.03). There was no significant difference in ACTH re-
sponse between naltrexone 50 mg and 100 mg.

There were no main effects or interactions of naltrex-
one on mean cortisol responses following the moderate
alcohol dose (Figure 2E). Following ingestion of the high
alcohol dose, there were significant interactions of naltr-
exone 50 mg and 100 mg on mean plasma cortisol re-
sponses averaged over the 3-hour session (Figure 2F).
Specifically, in combination with the high dose of alco-
hol, mean cortisol levels were dampened by 89% with
naltrexone 50 mg (�2.21 	g/dL; S.E. � 0.88, Z � �2.52,
p � .012) and by 47% with naltrexone 100 mg (�2.10 	g/
dL; S.E. � 0.88, Z � �2.40, p � .017) compared to placebo
naltrexone. There was no significant difference in cortisol
response between naltrexone 50 mg and 100 mg.

Subjective Measure of Alcohol Liking

Effects of Alcohol Ingestion on Liking. Mean ratings
of liking the beverage/capsule effects increased follow-
ing placebo alcohol administration (Figure 3A). Ratings
of liking were significantly increased by the high alco-
hol dose (4.3; S.E. � 1.98, Z � 2.17, p � .03) (Figure 3C),
but not the moderate dose relative to placebo alcohol
(Figure 3B).

Figure 2. Effects of chronic naltrexone administration on plasma ACTH and cortisol following placebo (panels A and D),
moderate dose (panels B and E), and high dose (panels C and F) alcohol ingestion. Symbols represent mean values aver-
aged across subjects (N�19) in each naltrexone dose condition at each time point. Symbols to the left of time 0 represent
baseline scores prior to beverage ingestion. Naltrexone doses include placebo (•), 50 mg (�), and 100 mg (�).
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Effects of Naltrexone on Subjective Ratings. There was
a significant main effect of 50 mg naltrexone on mean
subjective reports of liking (�8.04; S.E. � 1.95, Z �
�4.13, p � .0001), such that subjects reported reduced
liking of the beverage/capsule effects across all alcohol
dose conditions when maintained on 50 mg naltrexone
compared with placebo naltrexone. A similar trend was
observed across all alcohol dose conditions when sub-
jects were maintained on 100 mg naltrexone (�3.62; S.E.
� 1.98, Z � �1.83, p � .067) compared to placebo naltr-
exone. There was an interaction of the high alcohol dose
and the high naltrexone dose, such that the decrement
in mean liking in this dose combination was greater
than that predicted by either drug alone (Figure 3C).
This interaction was significant when naltrexone 100
mg was compared to placebo (�5.94; S.E. � 2.83, Z �
�2.10, p � .036) or naltrexone 50 mg (�6.51; S.E. � 2.83,
Z � �2.30, p � .021).

DISCUSSION

High dose alcohol ingestion significantly increased sev-
eral autonomic and neuroendocrine measures in the
present study; effects of the moderate alcohol dose
were less consistent. Of importance, naltrexone blunted
alcohol-induced increases in physiological and subjec-
tive responses. Specifically, heart rate, diastolic blood
pressure, plasma ACTH, and cortisol increases follow-
ing acute alcohol administration were significantly re-
duced when subjects were maintained on active com-
pared to placebo naltrexone, although no clear dose
response between 50 mg and 100 mg naltrexone
emerged. The blunting of physiological effects by naltr-
exone was paralleled by a dampening of alcohol-
induced increases in the subjective measure of alcohol
liking. The relationship between this blunting of physi-

ological effects and the therapeutic effectiveness of nal-
trexone for decreasing relapse in recently abstinent al-
cohol-dependent patients is intriguing.

In previous research, heart rate increases following
alcohol administration have been associated with the
rewarding effects of alcohol. For example, it is impor-
tant that heart rate acceleration is greatest during the
ascending limb of the BAL curve, the same time period
that the stimulatory and rewarding properties of alco-
hol are most pronounced (Newlin and Thomson 1990).
More generally, heart rate increases have been associ-
ated with appetitive responding for rewarding objects
or events (Fowles 1980, 1988). These effects have been
reported with monetary incentives (Fowles et al. 1982),
responding for sucrose in neonates (Ashmead et al.
1980; Lipsitt et al. 1976), and the pharmacological ef-
fects of a variety of psychostimulant drugs (Pihl et al.
1995; Wise 1988).

One model for how this appetitive arousal model of
heart rate increases is involved in alcohol reward in-
volves the interaction of the opioid and dopamine neu-
rotransmitter pathways. Specifically, acute alcohol ad-
ministration increases beta-endorphin levels (Gianoulakis
1990), which in turn increase dopamine release (Spanagel
et al. 1991). The dopamine system is believed to be central
to the rewarding effects of a variety of commonly abused
drugs (Koob and Bloom 1988; Wise 1996; Wise and Rom-
pre 1989). Finally, this reward or motivational arousal
associated with dopamine release stimulates heart rate
increases similar to those observed with other appeti-
tive events (i.e., money or sucrose delivery). Monetary
incentives studied in Fowles et al. 1982 referenced
above. “Appetitive” is used broadly to refer to objects/
events organisms seek. By blocking opiate receptors
in key brain regions involved in the dopamine re-
ward pathway, naltrexone blocks this beta-endorphin-
induced release of dopamine (Benjamin et al. 1993), in

Figure 3. Effects of chronic naltrexone administration on subjects’ ratings of “like effects of beverage/capsule” following
placebo (panel A), moderate dose (panel B), and high dose (panel C) alcohol ingestion. Symbols represent means averaged
across subjects (N � 19) for each naltrexone dose condition at each time point. Symbols to the left of time 0 represent base-
line scores prior to beverage ingestion. Naltrexone doses include placebo (•), 50 mg (�), and 100 mg (�). Liking was scored
on an analog scale from 0 (“not at all”) to 39 (“extremely”).
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turn dampening the rewarding effects of alcohol and
the associated heart rate increases.

There are several lines of research that support this
appetitive arousal model of opioid involvement in alco-
hol reward. First, alcohol administration stimulates sig-
nificantly greater heart rate increases in young adults
at increased risk for alcoholism (Conrod et al. 1997;
Finn and Pihl 1988; Peterson et al. 1996), and in alcohol-
dependent subjects (Cohen et al. 1983; Kaplan et al. 1985;
McCaul et al. 1989) than normal controls. Second, alcohol-
induced beta-endorphin production is greater in alcohol-
preferring than non-preferring animals (deWaele and Gi-
anoulakis 1993; Gianoulakis et al. 1992) and in high-risk
offspring of alcoholics compared to control offspring of
nonalcoholics (Gianoulakis et al. 1996). In turn, alcohol-
induced heart rate increases are highly correlated with
alcohol-induced increases in beta-endorphin (Peterson et
al. 1996). These findings suggest that persons at increased
risk for alcohol dependence demonstrate more robust
heart rate increases following alcohol administration
and, by implication, have greater sensitivity to the re-
warding effects of alcohol ingestion.

There also is growing evidence that stress and gluco-
corticoids are involved in reward through mesolimbic-
dopamine chemistry. First, rodents self-administer glu-
cocorticoids and develop place preference to this steroid
class. Rodent studies have shown that glucocorticoids
released during stress enhance mesolimbic dopamine
generation (Samson 1995; Sorg and Kalivas 1991). This
effect on mesolimbic dopamine release is reversed by
adrenalectomy. It has been suggested that the ability of
stress to increase mesolimbic dopamine production re-
sults in sensitization of the reward pathway to drugs of
abuse (Deroche et al. 1992; Piazza et al. 1990, 1991a,b;
Samson 1995; Shaham and Stewart 1994). Indeed, rats
will drink more alcohol following stress and these post-
stress alcohol-drinking levels are attenuated by adrena-
lectomy (Fahlke et al. 1994).

Second, young primates that develop high plasma cor-
tisol levels in response to a stressful rearing environment
subsequently demonstrate increased alcohol consumption
as adults compared to primates with low plasma cortisol
levels regardless of rearing condition (Fahlke et al. 2000).

Third, offspring of alcoholics have abnormal HPA
axis dynamics, making higher cortisol levels in response
to certain provocators including naloxone challenge
(Wand et al. 1998), although these effects have not been
consistently observed (Schuckit et al. 1987). Finally, alco-
holics have an abnormal HPA axis, generating more cor-
tisol during active drinking and acute withdrawal, but a
blunted stress cortisol response following 3 – 4 weeks of
alcohol abstinence (Lovallo et al. 2000).

In alcohol dependent persons, HPA-axis abnormali-
ties experienced during early abstinence may contrib-
ute to dysphoria, craving and ultimately the high rate
of relapse during this period (Marchesi et al. 1997; Tsi-

gos and Chrousos 1995). It is intriguing that administra-
tion of a single dose of an opioid antagonist (Farren et
al. 1999; King et al. 1998; Wand et al. 1998) results in
acute stimulation of the HPA-axis, perhaps contribut-
ing to alleviation of craving as reported in earlier clini-
cal trials (Volpicelli et al. 1992).

Our data demonstrated that, 16 hours following the
most recent capsule ingestion, ACTH and cortisol levels
are comparable following active naltrexone and pla-
cebo. This finding is congruent with observations of
waning effects in HPA-axis stimulation within several
hours of opioid antagonist administration. Despite the
absence of a direct effect of naltrexone on the HPA-axis
16 hours following dosing, it is important that the an-
tagonist is still able to block alcohol-induced activation
of ACTH and cortisol.

What do these observations tell us about the mecha-
nism of therapeutic action of naltrexone for the treat-
ment of alcohol dependence? To date, most explana-
tions for naltrexone’s therapeutic effectiveness in
alcohol dependent patients have centered on the direct
role of the opioid system in alcohol reward. It is provoc-
ative to speculate that naltrexone’s effect on the HPA-
axis may also play a role in its therapeutic efficacy. In
this model, craving is reduced following acute adminis-
tration of naltrexone through its ability to transiently
increase ACTH and cortisol levels. Simultaneously, nal-
trexone blocks ethanol’s activation of ACTH and corti-
sol and in this manner may attenuate alcohol reward.

There are a number of design strengths and weak-
nesses in the present study. A major strength was the in-
patient protocol that assured naltrexone dose compliance
and minimized the risk of unauthorized alcohol or drug
use. A second study strength was the within-subject de-
sign that crossed all alcohol and naltrexone doses within
each subject, increasing the statistical power of our study
to observe main and interaction effects of naltrexone and
alcohol. A final strength was the chronic dosing model for
naltrexone administration that approximates naltrexone’s
use in clinical populations. This procedure increased the
likelihood that naltrexone and 6-
-naltrexol (the major me-
tabolite of naltrexone) were at steady-state across alcohol
challenge sessions, and decreased the risk of acute, naltr-
exone-induced nausea interfering with the study mea-
sures. Indeed, measurements obtained immediately prior
to each alcohol challenge session confirmed that beta-nal-
trexol levels were equivalent across alcohol session days
(McCaul et al. 2000b). Relatedly, the timing of alcohol
challenge sessions 16 hours following the most recent nal-
trexone dose ingestion was chosen based on the half-life of
beta-naltrexol (14 - 18 hours) and the clinical reality that
most patients experience a considerable time lag between
medication ingestion and onset of relapse drinking.

There also are three potential limitations to the cur-
rent study. First, we studied heavy drinkers rather than
alcohol-dependent subjects. At present, there is a lack
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of consensus on the most appropriate population for
laboratory studies involving alcohol administration.
Current Institutional Review Board and National Insti-
tute on Alcohol Abuse and Alcoholism guidelines dis-
courage the conduct of alcohol challenge studies in al-
cohol-dependent persons. Further, there are significant
interpretative problems, particularly involving auto-
nomic and hormonal measurements, when alcohol-
dependent laboratory subjects are undergoing alcohol
withdrawal immediately prior to or during the proto-
col. The fact that results of the present study are similar
to those of observed with alcohol-dependent patients
provides face validity to our subject selection. Also, the
growing clinical interest in prophylactic use of naltrex-
one for management of heavy drinking in nonalcohol-
dependent persons increases the direct clinical rele-
vance of the current findings (Bohn et al. 1994).

A second potential weakness of the current study is
that approximately one-third of the subjects acknowl-
edged lifetime marijuana use and 21% reported occa-
sional cocaine use, although no subjects met abuse or
dependence criteria for these drugs and no subject had
positive urinalysis results during the study procedures.
Thus, we can be reasonably confident that current
study findings reflect the interaction of naltrexone and
alcohol only and not the interaction with illicit drugs.

Finally, over half of the study subjects smoked to-
bacco. Several strategies were used to minimize the im-
pact of tobacco use on study findings: smokers who used
more than one pack per day were excluded from study
participation; and smoking was prohibited for two hours
prior to and throughout each alcohol challenge session.
Any chronic perturbations of the autonomic or HPA
measures would be comparable across alcohol dose con-
ditions. Indeed, when smoking status was included in
the analyses, no overall effect of smoking was observed.

In summary, the current findings support potential
roles of several therapeutic mechanisms for naltrex-
one’s effects on alcohol reward and relapse. In addition
to naltrexone’s direct impact on alcohol reward through
blockade of alcohol-induced endogenous peptide acti-
vation of opioid receptors, it is plausible that naltrexone
blockade indirectly dampens dopamine release and as-
sociated appetitive heart increases and alcohol-induced
HPA activation. Both dopamine release and HPA acti-
vation have demonstrated reinforcing effects. Thus,
naltrexone’s effects on these alternative reward path-
ways may have important implications for long-term,
sustained pharmacotherapeutic effects for the treat-
ment of alcohol dependence.
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