1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duasnue Joyiny vd-HIN

s NIH Public Access
Y,

Author Manuscript

Published in final edited form as:
Alcohol Clin Exp Res. 2005 July ; 29(7): 1351-1355. doi:10.1097/01.AL C.0000176356.97620.84.

Suppression of the HPA Axis Stress-Response: Implications for
Relapse

Bryon Adinoff, Klaus Junghanns, Falk Kiefer, and Suchitra Krishnan-Sarin

Department of Psychiatry, University of Texas Southwestern Medical Center (BA), Dallas, Texas;
VA North Texas Health Care System (BA), Dallas, Texas; Department of Psychiatry and
Psychotherapy (KJ), University of Luebeck, Germany; Central Institute of Mental Health (FK),
Department of Addictive Behaviour and Addiction Medicine, University of Heidelberg, Mannheim,
Germany; Department of Psychiatry (FK), University of Hamburg, Germany; Yale University School
of Medicine (SK-S), New Haven, CT

Abstract

This article presents the proceedings of a symposium held at the meeting of the International Society
for Biomedical Research on Alcoholism (ISBRA) in Mannheim, Germany, in October 2004. This
symposium explored the potential role of hypothalamic-pituitary-adrenal (HPA) axis dysregulation
upon relapse. HPA axis stimulation induces the release of the glucocorticoid cortisol, a compound
with profound effects upon behavior and emotion. Altered stress-responses of the HPA axis in
abstinent alcohol-dependent subjects, therefore, may influence their affective and behavioral
regulation, thus impacting their potential for relapse. Bryon Adinoff began the symposium with a
review of HPA axis dysfunction in alcohol-dependent subjects, including recent studies from his lab
demonstrating an attenuated glucocorticoid response to both endogenous and exogenous stimulation
in one-month abstinent men. Klaus Junghanns presented his work demonstrating that a blunted
ACTH or cortisol response to subjective stressors (social stressor or alcohol exposure) is predictive
of a return to early drinking. The final two presenters examined the interaction between naltrexone
and HPA responsiveness in alcohol-dependent or at-risk subjects, as naltrexone induces an increase
in ACTH and cortisol. Falk Kiefer discussed the relationship between basal HPA axis responsivity
and clinical outcome following treatment with naltrexone or acamprosate. Plasma ACTH
significantly decreased over the course of the study in the medication groups, but not the placebo
group. Lower basal concentrations of ACTH and cortisol were associated with quicker relapse in the
placebo group only. Suchitra Krishnan-Sarin described her preliminary work, in which family-history
positive (FH+) and family history negative (FH-) subjects were administered naltrexone, followed
by an assessment of alcohol-induced craving. The cortisol response to alcohol was significantly and
inversely related to craving in the FH+, but not the FH-, subjects. Alterations in HPA axis responsivity
may therefore have a negative impact upon clinical outcome in alcohol-dependent subjects, and
disinhibition of the axis with medication may have therapeutic potential.
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Hypothalamic-pituitary-adrenal (HPA AXIS) activation is a key component of the
physiological response to stress, particularly stress accompanied by anxiety or fear. Stress
initiates a cascade of events, beginning with central nervous system stimulation of
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hypothalamic corticotropin releasing hormone (CRH), which, in turn, increases secretion of
pituitary adrenocorticotropin (ACTH) and finally glucocorticoid (cortisol, in humans)
production from the adrenal glands. Acute and chronic alcohol intoxication (Adinoff et al.,
2003; Mendelson and Stein, 1966) as well as alcohol withdrawal (Adinoff et al., 1991;
Keedwell et al., 2001; Mendelson et al., 1971) all produce a robust increase in cortisol.
Resolution of the withdrawal syndrome, however, is quickly followed by normalized or low
basal levels of cortisol. More notable, however, is the suppression of pituitary-adrenal
responsiveness evident in recently abstinent alcohol-dependent subjects. Hyporesponsiveness
of the axis is observed in reaction to psychological stressors as well as pharmacologic and
neuroendocrine provocation (see next section).

The end-product of HPA axis stimulation, cortisol, has a profound influence upon behavior
and emotion. The altered HPA response to stress in abstinent alcohol-dependent subjects,
therefore, may have a significant influence upon their affective and behavioral regulation, thus
potentially impacting their vulnerability for relapse. Persistent changes in cortisol release may
also alter central nervous system feedforward and feedback setpoints, altering emotional
responsivity even in the absence of stress, and the subjective response to alcohol reward may
be effected by cortisol’s modulation of mesolimbic dopaminergic transmission (Barrot et al.,
2000).

This symposium brought together investigators from the United States and the host-country,
Germany, who are exploring the relationship between pituitary-adrenal reactivity and alcohol
relapse. It was hoped that this symposium would highlight the clinical importance of HPA axis
disruption during abstinence, encouraging the inclusion of HPA axis responsivity in future
studies of relapse vulnerability and suggesting a promising target for medication development.
The first presentation by Bryon Adinoff reviews HPA axis dysfunction in abstinent alcohol-
dependent subjects, including recent studies from his lab. This review is followed by three
studies exploring the association of HPA axis functioning with clinical measures of relapse
and craving. Klaus Junghanns presents his work assessing both ACTH and cortisol responsivity
to subjective stressors (social stressor or alcohol exposure) as a predictor of return to early
drinking. The final two presenters explore the relationship between alterations in HPA axis
responsiveness and the clinical response to the opioid antagonist naltrexone. This interaction
is of particular interest as naltrexone, a medication used to prevent alcohol relapse, induces an
increase in ACTH and cortisol. Falk Kiefer will discuss the relationship between basal HPA
axis responsivity and clinical outcome following treatment with naltrexone or acamprosate,
and Suchitra Krishnan-Sarin presents her work examining the interaction of alcohol-induced
cortisol release, family history, alcohol craving, and naltrexone treatment.

BLUNTED ADRENOCORTICAL RESPONSIVENESS IN ABSTINENT
ALCOHOL-DEPENDENT MEN
Bryon Adinoff

An array of pharmacological and endocrine challenges, including alcohol (Merry and Marks,
1972), nicotine (Coiro and Vescovi, 1999), insulin (Chalmers et al., 1978; Costa et al., 1996),
m-chlorophenylpiperazine (mCPP) (Krystal et al., 1996), naloxone (Inder et al., 1995), ovine
or human CRH (oCRH or hCRH, respectively) (Adinoff etal., 1990; Bardeleben and Holsboer,
1988; Costa et al., 1996; Ehrenreich et al., 1997; Inder et al., 1995; Wand and Dobs, 1991),
and cosyntropin (exogenous ACTH) (Knudsen et al., 1987; Margraf et al., 1967; Wand and
Dobs, 1991), induce an attenuated response of plasma ACTH and/or cortisol in alcohol-
dependent subjects relative to controls. A similarly muted response is observed in response to
psychological and physical stressors, such as operative trauma (Margraf et al., 1967), cold
pressor (Errico et al., 1993), public speaking (Lovallo et al., 2000), and hyperthermia (Vescovi
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et al., 1997). The consistency of this work is confounded, however, by uncertainties over the
specific level of axis disruption (hypothalamus, pituitary, adrenals, or feedback receptors),
ceiling effects of adrenal response, the temporal persistence of axis disruption, and
complicating issues of other psychiatric and substance abuse diagnosis.

In a series of studies designed to define the specific level(s) of organizational disruption in
HPA axis responsiveness (Adinoff et al., 2005a; 2005b), two groups of one-month abstinent
alcohol-only male subjects (n =10 or 11 per group) were assessed with various neuroendocrine
stimuli and compared to age-similar controls (30 to 50 y/0). Alcohol-dependent subjects were
on no medications known to interact with the endocrine or central nervous systems, had no
lifetime history of other Axis | disorders, and no other substance use disorder (other than
nicotine) in the previous twelve months. In one group, basal concentrations of ACTH and
cortisol were obtained every ten minutes from 8 AM to 8 PM to assess for pulsatility and axis
sensitivity was assessed following the intravenous injection of oCRH (0.4 ug/kg) and naloxone
(0.125 mg/kg) at 8 PM (separated by 48 hr). In the other group, basal ACTH and cortisol
concentrations were obtained from 8 PM to 8 AM and plasma cortisol was assessed following
the intravenous administration of cosyntropin (0.01 ug/kg) at 8 AM. Adrenocortical sensitivity
was also assessed in the relative absence of endogenous ACTH by suppressing pituitary
secretion with high-dose dexamethasone (8 mg 1V) at 11 PM prior to cosyntropin
administration.

Abstinent alcohol-dependent subjects demonstrated significantly lower cortisol (p = 0.05), but
not ACTH, concentrations in the early morning and cortisol pulse amplitude was decreased
between 8 PM and 8 AM (p < 0.05). In response to 0oCRH, the net integrated cortisol response
was lower in abstinent subjects compared to controls (p < 0.01), although the ACTH response
did significantly differ between groups (Adinoff et al., 2005b). The net integrated cortisol
response to cosyntropin was suppressed in alcohol-dependent subjects following endogenous
ACTH suppression by high-dose dexamethasone (p < 0.04), but not without dexamethasone
pretreatment. Mean ACTH (p < 0.004) and cortisol (p < 0.05) concentrations in response to
dexamethasone were decreased in the patients compared to controls (Adinoff et al., 2005a).
Surprisingly, the ACTH and cortisol response to naloxone did not significantly differ between
groups. In general, these findings further confirm HPA axis hyporeactivity in alcohol-
dependent subjects, and suggest that the defect in the HPA axis following four weeks of
abstinence is isolated at the level of the adrenal axis. Furthermore, a nonhomeostatic
accentuation of pituitary glucocorticoid inhibition may further exaggerate adrenocortical
hyposensitivity.

BLUNTED HPA AXIS RESPONSE IS ASSOCIATED WITH AN INCREASED
RISK OF EARLY RELAPSE

Klaus Junghanns

The risk of relapse in alcohol-dependent patients and HPA axis responsiveness was explored
in two separate studies. In the first study, a standardized psychosocial stressor of public
speaking, the Trier Social Stress Test (TSST) (Kirschbaum et al., 1992), was applied to 36
alcohol dependent male inpatients and 15 age-matched controls. Half of the alcohol-dependent
subjects also had a comorbid anxiety disorder. HPA responsivity was assessed by serum ACTH
and cortisol at several time points before and after the TSST. While there was no difference
between the two groups of alcohol-dependent subjects (with and without an anxiety disorder),
both the ACTH and cortisol stress response was lower among both of these groups compared
to the control group (area under curve, ANOVA with Bonferroni post hoc test: p < 0.05)
(Junghanns et al., 2003). Thirty-one of the alcohol dependent patients were reassessed for
relapse six weeks after discharge from hospital. Thirteen patients, or 42%, had relapsed at the
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six-week follow-up. Relapsers demonstrated a significantly lower cortisol response to the
TSST than the controls (ANOVA with Bonferroni post hoc test: p < 0.05) and a significantly
lower ACTH-response when compared to abstainers (ANOVA with Bonferroni post hoc test:
p < 0.05).

To further explore the relationship between cortisol reactivity and relapse, the cortisol response
to an alcohol cue-exposure (CE) and subsequent relapse was assessed in 32 alcohol-dependent
men and women (Junghanns et al., 2005). Six CE experiments were performed over a three-
week period. In the first (week one) and fifth session (week three), subjects were assessed for
their salivary cortisol response after explanation of the CE procedure (basal) and after the CE
session itself. Furthermore, a resting measure of salivary cortisol was obtained in week one
and week three. Six weeks after discharge from inpatient treatment, patients were assessed for
relapse by personal interview and laboratory assessment. Fifty-three percent of the subjects
were considered relapsers, including ten reassessed patients and seven patients who did not
show for follow-up. ANOVA with repeated measurements yielded a significant Time and Time
x Group effect for the two investigated sessions combined (Time effect: F = 10.04, p < 0.001;
Time x Group effect: F = 3.44, p < 0.05). The basal salivary cortisol was higher than cortisol
at the end of the sessions, probably due to expectancy effects stimulating cortisol secretion
more than CE itself. Relapsed subjects showed a significantly lower basal salivary cortisol
concentration in week three (post hoc t-test, T = 2.79, p < 0.01). While subjective experiences
were not correlated with relapse, expectancy of an enhancement of social contacts through
alcohol (i.e., factor 1 of the Brief Alcohol Expectancy Questionnaire, B-AEQ) (Demmel and
Hagen, 2003) correlated negatively with the decline found in salivary cortisol in week three
(Spearman’s rho = 0.44, p = 0.019).

In both studies, an attenuation of cortisol response during early abstinence was associated with
an increased risk of relapse within the follow up period. These findings support the hypothesis
that a derangement of HPA reactivity during early abstinence from alcohol may play a role in
the (dis)ability of patients to stay sober.

HPA-AXIS ACTIVATION AS A KEY MECHANISM OF PHARMACOLOGICAL
ANTI-CRAVING TREATMENT?

Falk Kiefer

Naltrexone, a medication efficacious in the treatment of alcohol dependence, stimulates CRH
release via disinhibition of CRH containing neurones in the paraventricular nucleus. It has
therefore been suggested that the efficacy of naltrexone in relapse prevention may, in part,
reflect its ability to heighten hypothalamic tone (Adinoff et al., 1998). In a recent study of
naltrexone in nontreatment seeking alcohol-dependent subjects, increased plasma cortisol
following naltrexone was associated with a lower intensity of craving for alcohol (O’Malley
et al., 2002). As our study comparing the efficacy of naltrexone, acamprosate, combined
naltrexone/acamprosate, and placebo in 160 recently detoxified alcohol-dependent patients
revealed an apparent superiority of naltrexone over acamprosate in promoting abstinence over
12 weeks (Kiefer et al., 2003), we hypothesized that the heightened efficacy of naltrexone may
have been due to its effect upon the HPA axis.

Toexplore this hypothesis, four PM plasma concentrations of ACTH and cortisol were obtained
from unrelapsed patients during initial assessment and at study week four, eight, and 12.
Patients relapsing to alcohol were terminated from the study. Changes in ACTH and cortisol
over time were assessed, as well as the relationship between plasma ACTH and cortisol with
abstinence duration.
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Plasma ACTH decreased significantly from baseline to week 12 in the placebo group, but not
during active treatment with naltrexone, acamprosate, or both compounds combined (Kiefer
et al., 2002). After 12 weeks of treatment, ACTH was significantly higher in the naltrexone
group and in the combined treatment group compared to placebo. Also, in the acamprosate
group a trend emerged toward increased plasma ACTH after 12 weeks compared to placebo.
Similar changes were observed with cortisol. In the placebo group, cortisol decreased
significantly from baseline until week 12. In contrast, during treatment with naltrexone or
combined medication no decrease was detectable, and cortisol was significantly elevated
relative to placebo at week 12. Again, a trend toward increased cortisol was also detected in
the acamprosate group.

Thus, both ACTH and cortisol were shown to be higher in those treatment groups that were
associated with a lowered probability of relapse (i.e., naltrexone alone and combined with
medication). Moreover, a direct relation with abstinence duration was also observed. The
subanalysis of the placebo-treated patients revealed basal concentrations of serum cortisol and
ACTH that were significantly lower in those patients that subsequently relapsed than in those
that remained abstinent (t-test; p < 0.05; Kiefer et al., 2002). Moreover, no such association
was detectable in groups that received the active treatments. Since the risk of early relapse
associated with low basal cortisol occurred only in the placebo group, one might surmise that
efficacy of anticraving treatment was directly associated with its ability to heighten HPA-
activity in alcohol-dependent patients. The additional observation that basal plasma cortisol
positively correlated with shortened abstinence duration supports this hypothesis.

HPA AXIS RESPONSIVITY AND ALCOHOL DRINKING: INTERACTIVE
EFFECTS OF FAMILY HISTORY OF ALCOHOLISM AND NALTREXONE
TREATMENT

Suchitra Krishnan-Sarin

Alcohol drinking behavior is influenced by both genetic factors (i.e., family history of
alcoholism) and environmental factors (i.e., stress exposure). There is a great deal of interest
in determining the interactive effects of these factors in mediating continued drinking behavior
as well as relapse to drinking. Importantly, when compared those subjects having a negative
family history of alcoholism (FH-), individuals with a positive family history of alcoholism
(FH +) have lower HPA axis responses both to alcohol and stress (Dai et al., 2002; Schuckit,
1988) and to challenges with an opioid antagonist (Wand et al., 1999),

Previous research conducted by our group showed that pretreatment with 50 mg naltrexone/
day for six days resulted in an augmentation of basal (un-stimulated) and alcohol-induced
cortisol levels in a small sample of alcohol dependent, heavy drinking individuals participating
in an alcohol self-administration paradigm (O’Malley et al., 2002). Moreover, cortisol levels
were also inversely related to craving for alcohol, as measured using the Alcohol Urge
Questionnaire (AUQ) (Bohn et al., 1995). In the current project, we have replicated and
extended these findings to examine changes in cortisol levels produced by different doses of
naltrexone in FH+ and FH- individuals. 72 alcohol-dependent, nontreatment seeking
participants (23 FH+, 49 FH-; 16 females, 56 males) consuming between 20 and 50 drinks/
week at baseline (20-45 for females, 25-50 for males) received one of three doses of naltrexone
(0,50 and 100 mg/day) for a six-day period. On the sixth day subjects participated in an alcohol-
drinking paradigm which was conducted at the General Clinical Research Center (GCRC) of
Yale-New Haven Hospital. During these sessions participants were given a priming drink of
alcohol (0.03 g/dl) at 4 PM, following which they were exposed to two consecutive, one-hour
choice periods at 4:50 PM and 6 PM. During each choice period, participants were offered the
choice of consuming four drinks (0.015 g/dl each) or receiving $3 in exchange for each drink.

Alcohol Clin Exp Res. Author manuscript; available in PMC 2008 November 19.
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Alcohol Craving was measured using the AUQ every 10 min during the priming dose period
and then every half hour during the self-administration period. Blood samples to determine
cortisol levels were obtained at baseline prior to alcohol consumption, every ten minutes for
forty minutes following the priming drink, and every half-hour thereafter during the two one-
hour choice drinking periods. Cortisol samples were analyzed using the “Direct 125-1 RIA
kit” (Diagnostic Products Corporation, Los Angeles, CA) at the GCRC Core Laboratory.

Preliminary analyses suggest that family history of alcoholism is an important predictor of
response to naltrexone. Significantly, greater reductions in total number of drinks consumed
were observed during the choice period in FH+ when compared with FH- participants (p <
0.05). Preliminary analyses with total AUQ scores (summarized using Area Under the Curve
or AUC values) during the priming dose period indicates a trend toward a FH treatment
interaction (p = 0.096), with FH+ individuals experiencing dose-dependent decreases in
craving, an effect that was not seen in FH- individuals. We did not observe any significant
naltrexone-induced changes in baseline or alcohol-stimulated cortisol levels. However, during
the priming dose period, total cortisol release (as summarized by AUC values) was significantly
and inversely related to AUC AUQ scores in FH+ subjects (r = -0.66, p < 0.05); in FH-
individuals, this relationship, while in the same direction (r = -0.22, NS), was attenuated and
notsignificant. These intriguing and very preliminary results suggest a potential role for cortisol
in altering craving for alcohol, especially in alcohol dependent individuals with a positive
family history of alcoholism. However, these results should be interpreted with caution
considering the small sample size of FH+ individuals and need to be replicated in a larger
sample. Moreover, future experiments should be designed to examine whether cortisol has a
causal or proximal influence on alcohol craving.

SUMMARY

These findings offer preliminary confirmation that the well-documented impairment in HPA
axis responsivity in recently abstinent alcohol-dependent subjects has a significant negative
impact upon subsequent clinical outcome. Although these associations suggest a relationship
between neuroendocrine changes and alcohol-related behaviors, they do not yet demonstrate
causality. It is also uncertain whether it is basal cortisol, stimulated cortisol, feedback
responses, or a combination that is the critical association, whether attenuation of the axis is a
consequence of drinking or is a marker for vulnerability, or how long these alterations persist
upon abstinence. The affective and biological route from subdued pituitary-adrenal release to
increased drinking is also unanswered, as these changes may affect mood and anxiety
symptoms, dopaminergic release in the nucleus accumbens, and/or hippocampal and
amygdalar activation. Finally, the relationship between cortisol and relapse may be an
epiphenomenon, related to the coproduction of GABAergic neurosteroids, which alter drinking
behavior in preclinical studies (Morrow et al., 2001). These hypotheses offer several potential
avenues of investigation for understanding the biological and affective underpinnings of
relapse as well as targets for medication development.
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