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Hypothalamic-Pituitary-Adrenocortical (HPA)
Axis Response and Biotransformation of Oral
Naltrexone: Preliminary Examination of

Relationship to Family History of Alcoholism

Andrea C. King, Ph.D., James Schluger, M.D., Mithat Gunduz, M.S., Lisa Borg, M.D.,
Guillaume Perret, M.D., Ann Ho, Ph.D., and Mary Jeanne Kreek, M.D.

We examined HPA axis response to 50 mg oral naltrexone
compared with placebo in 17 healthy male and female
nonalcoholic subjects, approximately half of whom had a
positive family history of alcoholism (FH +) and half of
whom who did not (FH —). Mood response and naltrexone
biotransformation were also examined at various intervals.
Subjects participated in two morning test sessions (50 mg
naltrexone or identical placebo pill) after an overnight stay
in the Rockefeller University GCRC. For the total sample,
ACTH and cortisol significantly increased after naltrexone
compared with placebo (p <.05). Secondary analyses
showed the FH + subgroup had a different pattern of

response over time compared with the FH — subgroup, with
heightened ACTH and cortisol, and decreased vigor ratings,
during naltrexone (p < .05). The results demonstrate that
orally administered naltrexone acutely disinhibits the HPA
axis, and that individuals with an assumed greater
biological vulnerability to addiction, by virtue of familial
alcoholism, had altered regulation of the HPA axis in part
under the control of the endogenous opioid system. 166
words.
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The endogenous opioid system plays a role in the modu-
lation of the hypothalamic-pituitary-adrenal (HPA) axis
(Cushman and Kreek 1974; Johnson et al. 1992; Kreek
1972, 1973, 1978). Opioid antagonist administration blocks
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the tonic opioid inhibition of HPA axis activity, thereby re-
sulting in release of POMC-derived hormones in the pitu-
itary and cortisol from the adrenal gland. Indeed, numer-
ous studies have demonstrated acute increases in
adrenocorticotropin (ACTH) and cortisol levels in man af-
ter intravenous infusion of the opioid antagonists nalox-
one (Cohen et al. 1983; Conaglen et al. 1985; Delitala et al.
1994; Kreek et al. 1984; Naber et al. 1981; Martin del
Campo et al. 1994; Morley et al. 1980; Schluger et al. 1998;
Volavka et al. 1979a) and nalmefene (Schluger et al. 1998).
However, few studies have examined acute neuroendo-
crine response to the opioid antagonist naltrexone, which,
in contrast to naloxone and nalmefene, is not available for
intravenous administration.

The two published studies on the acute HPA axis ef-
fects of orally administered naltrexone have both been
conducted with relatively small sample sizes (n <10).
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The first study (Volavka et al. 1979b), conducted in ten
normal male subjects, showed that oral naltrexone sig-
nificantly increased cortisol levels two hours after admin-
istration and directionally (but nonsignificantly) increased
ACTH levels one hour after administration. However,
due to the small sample studied, the power may not
have been sufficient to detect differences. The results
may also have been confounded by the co-occurrence of
pain sensitivity testing (i.e., 2-min cold pressor task)
during the protocol, which may have produced inde-
pendent HPA axis responses. A more recent study in
six abstinent alcoholic patients (Farren et al. 1999)
showed significant increases in cortisol and ACTH to
three doses of oral naltrexone (25, 50, and 100mg) with
no dose-dependent effects (Farren et al. 1999).

It has been hypothesized that alterations in HPA axis
function may play a role in various stages of addiction,
including initiation, maintenance, and relapse (Kreek
1992). Naltrexone (50 mg oral) has shown efficacy in the
treatment of alcohol dependence (Volpicelli et al. 1992,
1997; O'Malley et al. 1992; Anton et al. 1999), which led
to its FDA-approval for adjunctive treatment of alcohol-
ism. Studies examining HPA axis response after oral
naltrexone administration might be of potential clinical
relevance as neuroendocrine changes and sensitivity to
naltrexone could relate to individual differences and treat-
ment response. Hypothetically, the effects of an opioid an-
tagonist, such as naltrexone, in modulating tonic inhibi-
tion of the opioid system at various receptors, including
primarily w, but also 8 and k, may relate to treatment re-
sponse and its association with stress responsive opioid
activity. Prior collaborative studies by our group have
indicated that heroin addicts show continued elevated
HPA hormone levels during intermediate-term treatment
with daily oral naltrexone (Kosten et al. 1986a, 1986b).
Therefore, continued investigation of acute and long-term
neuroendocrine response to oral naltrexone, the only
available opioid antagonist for opioid and alcohol depen-
dence treatment, may help elucidate the role of the stress
responsive endogenous opioid system in these processes.

Most previous studies in this area have examined
HPA axis response to intravenous naloxone and have
shown a relatively large variability in subjects” hor-
monal response to opioid antagonists. One important
individual difference factor in sensitivity of the HPA
axis to naloxone administration may be the presence of
a positive family history of alcoholism (FH+). Indeed,
FH+ subjects have shown altered neuroendocrine re-
sponses to a variety of agents, including acute adminis-
tration of alcohol (Gianoulakis et al. 1989, 1996; Schuckit
et al. 1987; Schuckit & Gold 1988; Schuckit et al. 1988),
ovine corticotropin releasing factor (o-CRF) (Waltman et
al. 1994), and biobehavioral stressors (Peterson et al.
1996). Studies examining sensitivity to intravenous
naloxone infusion have also shown similar differential
HPA response based on the presence of biological fam-
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ily history for alcoholism compared with no family his-
tory for alcoholism (FH—) (Wand et al. 1998, 1999a,
2001). One study demonstrated maximal hormonal re-
sponse in FH+ compared with FH— at a relatively low
dose of naloxone (125 pg/kg), independent of plasma
naloxone concentrations. However, this finding is not
ubiquitous as another study by the same group (Wand
et al. 2001) showed FH effects only at higher naloxone
doses (375 to 500 ng/kg).

Finally, in contrast to naloxone, naltrexone is orally
administered, has a longer duration of action (i.e., half
life 4-5 h vs. 1-2 h for naloxone), and is extensively me-
tabolized in the liver by glucuronidation (see Gonzalez
and Brogden 1988). Prior studies have indicated levels
of naltrexone and its active metabolite, 6-B-naltrexol,
peak in blood 1.5 hours after administration, but re-
ports range from 1-10 h, most likely due to individual
subject differences, timing of sampling, and other meth-
odological differences. The extent of naltrexone biotrans-
formation to 6-B-naltrexol also may determine some as-
pects of medication response, such as incidence of side
effects (King et al. 1997a) or acute response to alcohol
(McCaul et al. 2000). Naltrexone has been shown to pro-
duce modest mood changes in humans, including mild
sedation, headaches, and nausea (Mendelson et al.
1978; King et al. 1997b). The significance of naltrexone
metabolism with respect to neuroendocrine changes, or
mood effects, has yet to be determined.

Therefore, the aims of the present study were: (1) to
determine the acute neuroendocrine and mood re-
sponse to oral naltrexone in healthy normal volunteers;
(2) to examine neuroendocrine and mood response to
oral naltrexone as a function of biological family history
of alcoholism, as a preliminary extension of the findings
of Wand et al. (1998, 1999a); and (3) to examine the asso-
ciation of serum naltrexone and 6-B-naltrexol levels
with HPA axis and subjective response after oral naltr-
exone administration. Based on the presumed neurobio-
logical pathways involved (antagonist blockade of cen-
tral tonic opioid inhibition on hypothalamic-pituitary
activity) and prior studies with naloxone infusion, we
hypothesized that naltrexone compared with placebo
administration would acutely increase subjects” ACTH
and cortisol response and that FH+ subjects would
show greater opioid antagonism sensitivity (i.e., as mea-
sured by stress hormone increases) to orally adminis-
tered naltrexone than FH— subjects. We also predicted
that these effects would be independent of drug disposi-
tion or mood changes after naltrexone administration.

METHODS
Subjects

Participants were healthy male and female social drink-
ers between the ages 23 and 47, recruited by local area
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newspaper advertisements and flyers. Exclusion crite-
ria included a history of alcohol or substance depen-
dence or frequent use of drugs other than alcohol (i.e.,
recurrent monthly or greater), psychiatric or medical
disorders, clinically significant abnormalities on screen-
ing laboratory tests (SGOT, GGTP, bilirubin, etc.), or a
positive urine drug screen (amphetamines, barbiturates,
opiates, cocaine). Two subjects were current smokers
(one FH+, one FH—) but smoked five or fewer cigarettes
daily with no signs of nicotine dependence (Fagerstrom
scores < 2 (Heatherington et al. 1991)). Women candi-
dates who were postmenopausal or taking birth control
pills were excluded due to potential alterations in neu-
roendocrine function. Also, individuals who were adopted
or uncertain about primary and secondary relatives’
substance use patterns were excluded from participa-
tion. Study procedures met American Psychiatric Asso-
ciation ethical standards and were approved by the
Rockefeller University Institutional Review Board. Sub-
jects were compensated ($150 payment) at the end of
participation.

Eighteen subjects were eligible and enrolled in the
study. One female subject completed the first session
but catetharization and blood sampling were problem-
atic, so the second session was cancelled, leaving a total
of 17 subjects completing the study. Secondary analyses
examined 15 of these subjects who were divided into
two subgroups, based on positive (FH+) or negative
(FH—) family history for alcohol dependence. The FH+
subgroup (n = 8; 5 males, 3 females) consisted of those
subjects reporting alcohol dependence in either one or
both biological parents or three or more biological sec-
ondary relatives. The FH— subgroup (n = 7; 4 males, 3
females) consisted of those persons with no history of
alcohol dependence in at least the past two generations.
Two subjects in the overall sample (2 females) were of
intermediate family history status (i.e., one secondary
family member with alcohol dependence) and therefore
excluded from these secondary family history sub-
group analyses.

Procedure

Subjects were screened by an interview conducted by
the study psychologist (A.K.) and physical examination
conducted by the study physicians (J.S., G.P.). Those
persons who met the inclusion criteria and were of
good general physical and mental health were asked to
participate in two consecutive testing sessions at the
Rockefeller University General Clinical Research Cen-
ter (GCRC). The protocol was approved by the Rock-
efeller University Institutional Review Board. Before
participating in the study, subjects read and signed the
consent form. Subjects were instructed to refrain from
alcohol at least 24 h prior to testing and each subject
was tested individually. Attempts were made to test fe-
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male subjects during the follicular phase of the men-
strual cycle, based on subject self-report of their last
menstrual cycle.

The subject arrived at the GCRC at approximately 7
P.M. the evening prior to the study and the two testing
sessions were conducted on the following two morn-
ings. The sessions were identical except for administra-
tion of 50 mg oral naltrexone or identical placebo pill.
Upon admission to the GCRC, vital signs and a breatha-
lyzer test were administered. All breathalyzer tests were
negative for alcohol in this sample. The subject was al-
lowed to relax and read or watch television in his/her
own private, stress-minimized room at the GCRC and
lights were turned out by midnight. On the following
morning at 8 AM., the study nurse gave the subject a
light breakfast (English muffin, jelly or jam, apple juice)
which was followed by insertion of the intravenous
catheter (approximately 8:20 A.M.). The next 3040 min
consisted of a rest period to allow adaptation to the
catheter.

At 9 AM., the baseline blood sample (0 time point)
was taken, immediately followed by ingestion of the 50
mg. naltrexone capsule. Each subject also completed
questionnaires, including the short version of the Profile
of Mood States (POMS; McNair et al. 1971; Schacham
1983), a side effects questionnaire (Volpicelli et al. 1992;
King et al. 1997a), and the Alcohol Urge Questionnaire
(Bohn et al. 1995). These questionnaires were repeated
at two post-capsule intervals (90 and 240 min). Blood
sampling continued at regular post-capsule intervals
(30, 60, 90, 120, 150, 180, and 240 min). Additional 8- and
11-h post-capsule blood samples were drawn the
evening of the first testing session. The study was dou-
ble-blind as both the research study nurse and the sub-
ject were blind as to the content of the pill. However,
for purposes of measuring biotransformation over 24 h
after administration, the order for capsule administra-
tion was fixed, with naltrexone administered on day 1
and placebo on day 2 for all subjects.

While not completing questionnaires or other mea-
sures, the subject was allowed to relax and either read or
watch videotapes or television. To reduce the potential
confounds of hunger, which might alter HPA axis func-
tion, a light meal was given approximately 1.5 hours af-
ter the capsule administration (approximately 1045) and
a lunch was given at the end of the session (after the 240
min blood draw). At the end of the second session, sub-
jects were debriefed and given an exit interview.

Subjective Scales

During screening, family history determinations were
made based on the subjects’ self-report on the Brief
Michigan Alcoholism Screening Test (B-MAST-10; Po-
korny et al. 1972) for self and primary relatives, and a two-
generation family tree for both primary and secondary
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biological relatives. The validity of offspring reports for
familial drinking practices has been previously estab-
lished (Levenson et al. 1987; O'Malley et al. 1986; Sher
and Descutner 1986). Other questionnaires administered
during screening included the Structured Clinical Inter-
view for DSM-IV Disorders (SCID) Substance Use Disor-
ders Module E (First et al. 1995), the Quantity-Frequency
Interview (QFI; Cahalan et al. 1969), and the CAGE test
(Ewing 1984). Standard cut-off thresholds were used for
these instruments to rule out past or current drug or al-
cohol abuse and dependence.

The subjective questionnaires given during the test-
ing sessions (i.e., at 0, 90, and 240 min) were the 37-item
shortened version of the POMS, the AUQ, and the nal-
trexone side effects questionnaire. The POMS consists
of six main subscales: vigor, fatigue, anxiety, depres-
sion, anger, and confusion. The side effects question-
naire has been used in previous clinical and preclinical
studies of naltrexone and consists of ratings (0 = ab-
sent; 1 = mild; 2 = severe) for commonly-noted side ef-
fects of naltrexone, including headache, anxiety, nau-
sea, vomiting, sexual desire, and erection. The AUQ is
an 8-item scale that has been shown to be sensitive to
urge to consume alcohol (Bohn et al. 1995).

Biological Samples

Blood samples were drawn into sodium EDTA vacu-
tainer tubes and stored on ice immediately. Samples
were centrifuged at 4°C at 3000 rpm for 5 min. Plasma
was then removed, aliquoted, and stored at —40°C until
assayed. Assays were conducted in duplicate at the
Rockefeller University Laboratory of the Biology of Ad-
dictive Diseases. Techniques followed standard double
antibody radioimmunoassay kits with slight modifica-
tions for cortisol (Diagnostic Products Corporation, Los
Angeles, CA) and ACTH (Nichols Institute, San Juan
Capistrano, CA). Intra-assay coefficients of variation
were for 9.4% for ACTH and 2.9% for cortisol; inter-
assay coefficients of variation were 15.1% for ACTH
and 6.0% for cortisol.

Samples were analyzed for naltrexone and its major
metabolite 6-B-naltrexol by HPLC using an electro-
chemical detector. Nalbuphine was used as an internal
standard to correct for any analyte loss during extrac-
tion. The HPLC system (Waters WISP 712, Milford,
MA) consists of a Coulochem 5100A electrochemical
detector with one conditioning cell model 5021 and one
analytical cell model 5011 (ESA, Bedford, MA). A guard
cell is also installed to oxidize the impurities presented
in the samples. The output of the detector is digitized
by a 35900 interface (Hewlett-Packard, Melville, NY)
and the HPLC system is operated by a computer (Gate-
way 2000, 4DX2/50, North Sioux, SD) for data ac-
quisition.
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A hydrodynamic voltammogram was constructed to
ensure maximum sensitivity by keeping the first detec-
tor at 0 and by increasing the second detectors potential
for each injection. The detector conditions were: detec-
tor 1 potential +0.3V and detector 2 potential +0.65V,
with the guard cell set at —0.3 V. The detector response
time was 10 s. A phenyl steel column was used for the
chromatography (3.9mm x150 mm) and the flow rate
was 0.7 mL/minute at isocratic condition. The mobile
phase consisted of 18% acetonitrile, UV grade, 5 mM so-
dium pentanesulfonic, monohydrate and 0.0045% or-
thophosphoric acid-82%(v/v) (HPLC grade, Fisher Scien-
tific) and 82% distilled, deionized water. The standards
and samples were extracted using solid phase extrac-
tion. The 1-mL cynopropyl cartridges were activated by
1 mL of acetonitrile followed by 1 mL of water. The
standard and samples were loaded and were eluted by
applying a vacuum. The cartridges were washed three
times with 1 mL of water followed with elution of 60%
acetonitrile. The samples and standard were dried with
a speed vacuum and the samples were reconstituted
with the mobile phase and analyzed by HPLC. The
samples were quantified by generating standard curve
fitting with linear regression. To assure integrity and qual-
ity of the data, quality control samples were prepared
from a different source of analytes and were conducted in
each sample run. There was ~70% recovery for naltrexone
and 6-B-naltrexol. Recovery was corrected by taking the
peak areas of both naltrexone and 6-B-naltrexol divided
by the internal standard (i.e., nalbuphine) peak area for
the standards, unknown samples, and quality control
samples. There was a 10% interassay coefficient of vari-
ation and the dynamic range for the assay was 3.12 to
200 ng/mL

Statistical Analyses

Groups were compared on the major demographic
variables by one-way analyses of variance (ANOV As).
Repeated measures ANOVAs were conducted on the
neuroendocrine and subjective data, with time and medi-
cation as the within-subjects factors. For biotransforma-
tion data, repeated measures ANOV As were conducted
with time as a within-subjects variable. Where appro-
priate, simple effects tests were conducted for signifi-
cant main effects or interaction effects terms.

For the analyses examining HPA axis response to
naltrexone in the FH+ /FH— subgroups, the neuroen-
docrine data was also analyzed by similar repeated
measures ANOVA with group (FH+, FH) as the be-
tween-subjects factor and time and medication as the
within-subjects factors. Finally, to avoid multiple analy-
ses, only those variables that showed significant naltr-
exone-related changes were used in Pearson correla-
tions to examine the association between drug disposition
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and naltrexone-related changes in mood and neuroen-
docrine response.

RESULTS
General Characteristics

The major demographic and background data for the
overall sample and the subgroups are summarized in
Table 1. The FH subgroups did not differ significantly
on any of these demographic characteristics.

HPA Axis Response

Baseline levels (t = 0) of ACTH and cortisol were not
significantly different between the naltrexone and pla-
cebo sessions (Figure 1). There was a declining slope in
both hormones at the 30 min time point (9:30 A.M.) from
baseline (9:00 A.M.), reflective of the normal diurnal pat-
tern; this overall declining slope effect (Time: F;;;, =
2.11, p < .05) continued throughout the morning testing
during the placebo session. Naltrexone significantly in-
creased levels of both ACTH (Med: F, ;, = 6.28, p < .05)
and cortisol (Med: F;,, = 6.45, p < .05; see Figure 1).
The elevations in ACTH levels after naltrexone were
apparent by 60 through 120 min post-ingestion (p <
.05), and for cortisol at 120 min (p < .05), with trends at
60, 90 and 180 min (p =.06; simple effects tests). These
data replicate prior studies, indicating oral naltrexone’s
disinhibition of the HPA axis, here in a larger sample of
normal healthy subjects.

Subjective Response

Baseline levels for mood states were not significantly
different between the naltrexone and placebo sessions.
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Moreover, there were few significant mood changes af-
ter naltrexone administration compared with placebo.
In the POMS, there was a significant naltrexone-related
change on only one subscale, the Vigor scale (Med X
Time: F, 3, = 5.20, p < .05), with naltrexone significantly
decreasing vigor ratings at 90 and 240 min compared
with baseline. There were no changes in ratings of alco-
hol-related urge, although several study parameters
might have contributed to substantial floor effects for
this particular variable (i.e., no alcohol cue, session con-
ducted in the morning in a GCRC environment, and
subjects were nonalcoholic social drinkers).

There was no difference between naltrexone and pla-
cebo in incidence of emerging side effects at the two
points examined (90 and 240 min). At 90 min, 12% of
subjects endorsed one or more symptoms in the placebo
session vs. 17% in the naltrexone session. At 240 min,
these percentages were 12% (placebo) and 28% (naltrex-
one) (x* = 1.40, p = ns) and although statistically non-
significant, these figures indicate a directional increase
in the number of subjects reporting side effects four
hours after naltrexone. All these symptoms were rated in
the mild range and included: dizziness (n = 2), flushed/
warm (n = 1), anxiety (n = 1), and erection (n = 1). The
effects reported at the same time in the placebo session
(240 min.) were sleepiness (n = 1) and headache (n = 1).

FH Subgroup Analyses: HPA Axis and
Subjective Response

Examination of neuroendocrine changes as a function
of FH revealed that the groups responded differently
over time in terms of levels of both ACTH (FH X Time:
F;;; = 2.26, p < .05) and cortisol (FH X Time: F,g, =
2.54, p < .05). The FH+ group showed increases on
these neuroendocrine parameters several hours after

Table 1. Demographic Characteristics for the Total Sample and FH Subgroups

Total sample Subgroup: Subgroup:

General Characteristics (n =17) FH+ (n = 8) FH-(n =7)
Age (years) 33.9 (2.0) 31.0 (2.2) 36.1 (3.0)
Education (years) 14.7 (0.4) 14.5 (0.9) 14.6 (0.5)
Height (cm) 67.3 (0.7) 67.4 (1.7) 67.0 (0.8)
Weight (kg) 76.0 (3.6) 76.2 (6.9) 79.4 (4.6)
Race (Caucasian /Afr American /Other) 6/7/4 4/3/1 1/4/2
Gender (M/F) 9M/ 8F 5M/3F 4M/3F
Alcohol consumption

(drinks/occasion) 2.4 (0.4) 2.6 (0.9) 2.1(0.5)
Alcohol frequency

(occasions/week) 1.4 (0.4) 1.8 (0.8) 1.0 (0.4)
CAGE 0.7 (0.2) 0.7 (0.4) 0.8 (0.4)
MAST-10 0.4 (0.2) 0.4 (0.7) 0.4 (0.3)

Note. Data indicate mean (SEM). Two subjects in overall sample excluded from family history analyses be-
cause they were of intermediate FH. Alcohol quantities based on standard drink conversions for 12 oz beer,
1.5 oz liquor, and 5 oz wine (=1 drink). MAST-10 = Michigan Alcoholism Screening Test (10 item version).
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Figure 1. Overall sample (n = 18) ACTH and cortisol
response to 50 mg oral naltrexone. Naltrexone or placebo
given immediately after the 0 time point. *p < .05, ¥p = .06
(simple effects tests).

medication administration whereas the FH— group did
not show neuroendocrine changes over time (see Figure
2). The difference between FH+ and FH— was particu-
larly notable for cortisol: the FH— cortisol curves were
nearly identical for the naltrexone and placebo sessions,
reflective of the general diurnal decline during the
morning, but the FH+ group did not show the normal
diurnal decline in cortisol during the naltrexone session
(i.e., 90 through 240 min, p <.05). A similar pattern was
evident for ACTH, with naltrexone-induced increases
for the FH+ group (60 to 150 min, p <.05) but not for
the FH— group. However, considerable variability was
noted in the FH+ group and for both groups during the
naltrexone session compared with placebo (see Figure
3), therefore indicating the importance of future investi-
gations using larger subgroups of well-characterized
subjects.

Group comparisons on mood effects revealed more
sensitivity in FH+ after naltrexone administration. The
FH+ group had greater decreases in ratings of POMS
Vigor during their naltrexone compared with placebo
session, in contrast to the FH— subjects who showed
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similar ratings of vigor across sessions (Med X FH: F, ;; =
5.69, p < .05). More side effects in general were reported
by the FH+ group (Main Effect Group: F, ;; = 5.36, p <
.05) but there were no significant FH group differences
in side effects due to naltrexone; as stated earlier, all ad-
verse effects were rated in the mild range.

Naltrexone Disposition

Data for naltrexone biotransformation revealed, as ex-
pected, significant increases in naltrexone and 6-B-nal-
trexol levels over time (Time: Fg 135 = 9.13, p < .0001; see
Figure 4). Levels of peak 6-B-naltrexol were approxi-
mately 10 times greater than naltrexone, which has
been reported in past studies (Cone et al. 1974; King et
al. 1997b; Verebey et al. 1976; Wall et al. 1981). Naltrex-
one levels in blood peaked at 60-120 min, and 6-B-naltr-
exol levels peaked 120 min after administration. There
was a trend for an inverse relationship between levels of
naltrexone and 6-B-naltrexol (180 min, (r(15) = .45, p =
.08)), suggesting rapid biotransformation of naltrexone
to its major circulating metabolite in blood. Moreover,
there was some suggestion of less rapid biotransforma-
tion of naltrexone to 6-B-naltrexol in FH+ compared
with FH— subjects, however these were not observed
during peak levels, but rather in samples obtained after
three hours of administration: lower naltrexone levels
at 180 min in FH+ and greater 6-B-naltrexol levels at 24
and 32 h post administration (F(1) = 4.62, p < .05).

Preliminary correlation analyses examined the rela-
tionship between extent of naltrexone metabolism (peak
levels of naltrexone and 6-B-naltrexol) and peak changes
in variables shown to have a significant naltrexone-
related change (ACTH, cortisol, and POMS Vigor). Re-
sults showed a significant positive relationship between
peak serum naltrexone levels and peak ACTH (r(15) =
+0.49, p = .05) and cortisol (r(15) = +0.51, p < .05). Ad-
ditionally, there was an inverse relationship between
peak levels of 6-B-naltrexol and ACTH (r(15) = —0.58,
p = .02). There were no significant correlations between
these variables and subjective response, ie.,, POMS
Vigor ratings (r(15) = —.32, p = ns).

DISCUSSION

The results of the present study, showing acute ACTH
and cortisol elevations 60-150 min after a single oral
dose of 50 mg naltrexone, extend prior studies demon-
strating similar neuroendocrine increases after intrave-
nous naloxone infusion. Naloxone-induced alterations
in the opioidergic modulation of HPA activity, demon-
strated in numerous studies in the past 10-15 years,
have been assumed to extend to oral naltrexone, the
only available opioid antagonist approved for clinical
treatment of opioid and alcohol dependence. Naltrex-
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Figure 2. FH+ and FH— subgroup ACTH and cortisol response to 50 mg oral naltrexone. Naltrexone or placebo given

immediately after the 0 time point.

one, a primarily p-receptor antagonist but also acting
on d and k receptors, undergoes extensive first-pass me-
tabolism and biotransformation and has not been stud-
ied as broadly as naloxone in terms of acute neuroendo-
crine and physiological mechanisms. Although the
sample size in the present study was relatively modest,
it exceeded the sample sizes in the two previous pub-
lished studies of HPA response to naltrexone (Farren et
al. 1999; Volavka et al. 1979b) and the results showed
reliable and steady increases in ACTH and cortisol lev-
els within two hours of administration. Following the
acute peak increases in pituitary- and adrenal-derived
ACTH and cortisol, respectively, there were slow de-
clines over the next several hours, which is a likely re-
sult of the inherent negative feedback loops involved in
normal regulation of the HPA axis. It remains to be de-
termined whether these acute elevations may persist in
those persons in either intermediate- or long-term treat-
ment of naltrexone for treatment of alcohol depen-
dence, as has been shown in persons with chronic her-
oin addiction on naltrexone maintenance (Kosten et al.
1986a,b).

Although orally administered naltrexone undergoes
extensive first-pass metabolism, the biotransformation

of naltrexone to its major metabolite, 6-B-naltrexol,
showed a similar time course to the HPA changes ob-
served, with peak serum levels of both compounds oc-
curring approximately two hours after administration.
Moreover, there was a significant positive association
between peak serum naltrexone levels and ACTH and
cortisol levels and an inverse relationship between peak
serum 6-B-naltrexol and ACTH levels. These related as-
sociations suggest that heightened HPA response to
naltrexone might be a direct effect of opioid antagonism
on hypothalamic-pituitary hormone release and not
due to a nonspecific effect. Although the present study
used only a single oral dose of 50 mg naltrexone, the
findings indicate that extent of naltrexone biotransfor-
mation is associated with extent of opioid-induced
modulation of the HPA axis. Further, although in this
study and in other studies, levels of 6-B-naltrexol ex-
ceeded those of naltrexone within a few hours after ad-
ministration, the relationship of naltrexone to HPA axis
hormone levels suggest that naltrexone is the main
pharmacologically active component blocking opioid
receptors involved in HPA regulation. In contrast,
6-B-naltrexol is a much less potent opioid antagonist
(Cone et al. 1974; Fujimoto et al. 1975). However,
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Figure 3. FH+ and FH— change in ACTH and cortisol
response (A Naltrexone — Placebo) at the first point the
groups show divergent response, i.e., 90 min after adminis-
tration. Point plot shows the large variability in response for
both groups.

6-B-naltrexol may contribute significantly to the side
effects observed during acute alcohol administration
(King et al. 1997a), reduced alcohol liking, and/or gen-
eral sedation (McCaul et al. 2000). Further studies in
larger samples should help to further characterize the
effects of opioidergic blockade and biotransformation
factors on hypothalamic-derived stress response in per-
sons with and without alcohol dependence.

Subjects reported few acute naltrexone-induced sub-
jective side effects or mood changes, apart from de-
creases in self-reported vigor over time, in contrast to
prior reports suggesting greater acute subjective effects
in acute paradigms (King et al. 1997a; Mendelson et al.
1978) or during repeated naltrexone dosing in clinical
trials (Kranzler et al. 2000; McCaul et al. 2000). The de-
creased ratings for POMS Vigor and the mild side ef-
fects, observed in several subjects in this study, such
as dizziness, headache, erections, and anxiety were
not associated with drug disposition or neuroendocrine
changes, suggesting that these symptoms are indepen-
dent of the extent of biotransformation or the opioider-
gic-hypothalamic system and may be nonspecific effects.
The difference between the present study, showing few
marked mood changes after oral naltrexone, and prior
studies indicating nausea and other unpleasant effects
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Figure 4. Naltrexone and 6-B-naltrexol levels after admin-
istration (time 0) for the total sample.

may be due to several study parameters. For example,
our subjects consumed two light meals during the course
of the study and were tested in a stress-minimized envi-
ronment (i.e., a bed or comfortable chair in a private
room in the CRC), while in some other studies, the inci-
dents of headache, nausea, and/or vomiting often oc-
curred or were exacerbated after consumption of alco-
hol (Davidson et al. 1996; King et al. 1997b; McCaul et
al. 2000; Swift et al. 1994) and not after single adminis-
tration of the active drug. Therefore, it is possible that
the discrepancy may be due to study differences in time
course of subjective report (i.e., immediate versus retro-
spective), interactive effects with alcohol consumption,
and potential uncontrolled environmental influences.
Prior studies have shown that high-risk individuals,
by virtue of a positive biological family history of alco-
holism, show alterations in HPA axis response to a vari-
ety of behavioral and physiological agents (Peterson
et al. 1996; Gianoulakis et al. 1996; King et al. 1998;
Schuckit et al. 1988, 1996, Waltman et al. 1994). Also,
several recent studies have demonstrated that opioider-
gic hypothalamic sensitivity is greater in high-risk,
FH+ persons (Wand et al. 1998, 2001) and may vary as a
function of gender (Wand et al. 1999a) and degree of ob-
sessive-compulsive symptomatology (Mangold et al.
2000). Circadian rhythmicity of cortisol has been found
to be similar in FH+ and FH— groups, as well as re-
sponses to direct adrenal gland provocation (Wand et
al. 1999b). Therefore, there is mounting evidence in hu-
man studies that the cortisol and ACTH elevations from
intravenous opioid antagonism with naloxone, and now
in the present study with oral naltrexone, result from di-
rect opioid antagonist disinhibition at the level of the
central nervous system. Other reports have suggested
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that the arcuate nucleus neurons containing 3-endorphin
and pro-enkephalin regulate hypothalamic CRF and thus
pituitary- and adrenal-derived stress hormones (see
Wand et al. 1998, 1999a,b). The arcuate nucleus also has
connections to the nucleus accumbens and mesolimbic
dopamine regulatory systems. Therefore, in addition to
the direct effects of CRF and related hormones theorized
to be involved in alcohol and drug dependence (Koob
1999), the pathways to the dopaminergic system may
represent another important endogenous opioid system
link to heightened vulnerability to addiction. We may
speculate that those persons with FH+, at presumed
greater risk for future alcoholism, have inherent lower
opioid tone and therefore greater acute response to per-
turbations in this stress-responsive modulation of the
HPA axis. However, an alternative hypothesis, that
these opioid-sensitive responses are not premorbid but
acquired or interact with environmental influences in
at-risk persons cannot be ruled out at present and may
be further examined in well-controlled animal studies.

Finally, although our sample was small, we demon-
strated these findings in a more racially diverse (60%
non-Caucasian in the present study vs. 15% in other
studies) and older (mean age 33 yrs vs. 21 yrs) group of
participants than in many previous studies (Wand et al.
1998, 1999a,b; Mangold et al. 2000), thereby increasing
the generalizability of these neuroendocrine effects to
more representative samples. In addition to HPA axis
differences, we also showed enhanced FH+ sensitivity
to naltrexone in terms of greater mood response, i.e.,
significant decreases in vigor ratings, which were not
present in the FH— group. However, the small sub-
group sizes in the present study limit the power of the
statistical analyses performed in the secondary analy-
ses. It will be important to continue such studies with
larger sample sizes to further characterize potential dif-
ferences in response to oral naltrexone due to family
history of alcoholism. In addition, more rigorous meth-
ods for FH determination, including obtaining verifica-
tion from a collateral family member, is suggested for
future studies. It will also be of interest in future studies
to determine whether any differences in response to
oral naltrexone, such as those alluded to in this report
with FH+ persons, might be related to the presence of a
heterozygous or homozygous state with respect to a
very common allelic variant of the w-opioid receptor
gene A118G. This variant has been found by our group,
in collaboration with the group of Dr. Lei Yu, to have
both significantly greater binding and functional re-
sponses to the longest endogenous opioid, B-endorphin,
than does the prototype or usual gene product (Bond et
al. 1998; Kreek 2000; LaForge et al. 2000).

In summary, this paper extends previously docu-
mented ACTH and cortisol elevations after naloxone
infusion, to orally administered naltrexone. The Find-
ings also reinforce the link between the endogenous
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opioid system and the HPA axis. The HPA axis, typi-
cally examined through levels of ACTH and/or -
endorphin from the pituitary gland and cortisol from
the adrenal gland, is indicative of a stress-responsive
system, in part under modulation by opioid tone in ad-
dition to glucocorticoid negative feedback inhibition.
Perturbations in the HPA axis state of activation may or
may not be related to alcohol and other substances of
abuse related reward (O'Malley et al. 2001). Another
significant finding in the present study was that levels
of naltrexone in blood were significantly associated
with ACTH and cortisol levels, suggesting that naltrex-
one, and not 6-B-naltrexol, may be the biologically ac-
tive component responsible for opioid antagonist disin-
hibition of centrally-mediated HPA axis sensitivity.
Finally, we also added support to prior studies indicat-
ing the potential biological bases of altered opioidergic
sensitivity in those persons with an assumed greater in-
herited vulnerability for future alcoholism (FH+). In-
termediate- and long-term studies are needed in order
to determine whether these effects may be predictive of
treatment compliance (Volpicelli et al. 1997), clinical re-
sponse to oral naltrexone, and the mechanisms of risk
and biological bases of addictive disorders.
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