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Background: Preclinical data indicate a crucial role of
stress in the acute effects of drugs of abuse, maintenance
of self-administration, and susceptibility to relapse. Stress
system activation may serve as a marker for a neurochem-
ical dysfunction with prognostic significance in patients
with addiction.

Methods: We tested pituitary adrenocorticotrophin
(ACTH) and adrenal cortisol response to ovine cortico-
tropin-releasing hormone (oCRH) to assess the reactivity
of the hypthalamic–pituitary–adrenal (HPA) axis in seven
nonsubstance-abusing subjects, 31 polysubstance-abusing
subjects without depressive symptoms, and seven subjects
with substance abuse and depressive symptoms. No sub-
ject met diagnostic criteria for depression or other severe
psychiatric disease.

Results: Compared with normal control subjects, sub-
stance abusers showed significantly lower ACTH and
cortisol responses over the course of oCRH stimulation
(p � .0001). Substance abusers with depressive symptoms
showed similarly blunted responses.

Conclusions: Polysubstance abusers with no past or
current diagnosis of other Axis I disorders show blunted
ACTH and cortisol responses to oCRH administration.
The finding of an activated HPA axis in this population
suggests an overlapping role of central CRH and HPA
axis activation in affective disorders and substance abuse,
which is likely to constitute an endocrine milieu necessary
for the maintenance of addictive behavior. These data
support the role of future therapeutic trials with nonpep-
tide CRH receptor 1 antagonists in these patients. Biol
Psychiatry 2003;54:873–878 © 2003 Society of Biologi-
cal Psychiatry
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Introduction

Dysregulation of the hypothalamic–pituitary–adrenal
(HPA) axis has been described in many psychiatric

and somatic disorders. Earlier studies have demonstrated
that substance abusers have an altered hormonal stress
response to cognitive (Errico et al 1993; Lovallo et al
2000) and environmental stressors (Vescovi et al 1997), as
well as to administration of central-acting pharmacologic
probes (Coiro et al 1999; Kemper et al 1990; Stine et al
2001). Previously characterized as an epiphenomenon,
peripheral alterations in stress hormones were thought to
be a consequence rather than a cause of addiction. The
discovery of corticotropin-releasing hormone (CRH) as a
peptide neurotransmitter in the central nervous system has
led to investigation of its role in addiction. The important
role of CRH in activation of the central stress system in
settings of acute withdrawal from drugs of abuse (Rodri-
guez de Fonseca et al 1997), as well as its importance in
mediating relapse (Shaham et al 1998, 2000), has led to
the re-assessment of the peripheral stress hormones as
central markers for this and related neuropeptides in
addiction.

The discovery of CRH by Vale et al (1981) and its
related receptors in the central nervous system by De
Sousa and associates (De Souza 1987; De Souza et al
1984; Grigoriadis et al 1989, 1993) opened a line of
investigation into how CRH integrates the stress response
in both the brain and the endocrine system. In 1986, Gold
and associates made a cardinal observation that, in de-
pressed patients, the pituitary showed a blunted response
to stimulation with exogenous ovine (o)CRH (Gold et al
1986). This finding was related to elevated concentrations
of CRH in the cerebrospinal fluid and pointed to CRH
as a central mediator of the peripheral stress response.
This finding of a blunted pituitary adrenocorticotrophin
(ACTH) response to oCRH demonstrates one component
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of the integration of the HPA axis. The oCRH test is an
important diagnostic tool to differentiate Cushing’s dis-
ease, Cushing’s syndrome, and psuedo-Cushing’s syn-
drome. Complete assessment of the HPA axis has been
performed in pseudo-Cushing’s syndrome psychiatric pa-
tients. Other abnormalities of hormone secretion, includ-
ing excessive 24-hour cortisol production, loss of normal
circadian hormone rhythms, and blunted adrenal respon-
siveness to exogenously administered cosyntropin
(ACTH) and altered pituitary feedback to dexamethasone
have all been reported. This area has recently been
reviewed (Meier and Biller 1997; Newell-Price et al
1998).

Recently developed nonpeptide antagonists of CRH
have been shown to be powerful medications for interrupt-
ing maladaptive behaviors in preclinical behavioral mod-
els (Habib et al 2000) and for treating depressed patients
(Zobel et al 2000). Preclinical data indicate a role for HPA
hormones in vulnerability for substance abuse. The reac-
tivity of the HPA axis has been found to predict both the
durability of remission for patients with depression and the
necessity for continued medical therapy (O’Toole et al
1997). In settings of affective and addictive disorders, the
presence of subtle neuroendocrine abnormalities in the
regulation of the HPA axis with hypersecretion of cortisol
may be a marker for a chemical condition for which
therapeutic intervention is possible.

In this study, we tested the pituitary ACTH and adrenal
cortisol response to oCRH to assess the reactivity of the
HPA axis in substance-abusing and non–substance-abus-
ing volunteers. We screened and tested a cross section of
volunteers with substance abuse who did not meet diag-
nostic criteria for depression or other severe psychiatric
disease.

Methods and Materials

Subjects
Both substance-abusing and nonsubstance-abusing volunteers
were recruited from the community by paid advertisements,
posted flyers, and by word of mouth. All candidate volunteers
were screened for study participation over several visits by a
third-party contract recruiter. Seven control subjects, 31 sub-
stance abusers (SA), and seven substance abusers with depres-
sive symptoms (SA/DEP) were studied. Subjects in this latter
group had a Symptom Check List 90–Revised (SCL-90R)
depression scale score of 60 or higher. Demographic data and
drug use histories were obtained by using the Addiction Severity
Index (McLellan et al 1986).

All subjects underwent extensive medical, neurologic, psycho-
logical, urine toxicology, and laboratory evaluations before being
admitted to the study. This included medical history, physical
examination, electrocardiogram, tuberculin skin test, complete
blood count, chemistry profile, thyroid panel (including thyro-

trophin stimulating hormone), serology for hepatitis B, syphilis,
and human immunodeficiency virus type 1 (HIV-1). Pretest
counseling was performed and consent was obtained before
HIV-1 testing. A minimum of three outpatient visits was neces-
sary for completion of the initial medical and psychological
screening. Exclusion criteria were 1) major current or chronic
medical or psychiatric illnesses; 2) head injuries with loss of
consciousness for longer than 5 min; 3) evidence of any
neurologic abnormalities by history or structured examination;
4) current medication usage, including antidepressants, benzodi-
azepines, or antihypertensives; and 5) HIV positivity. The
National Institute on Drug Abuse and Johns Hopkins Bayview
Medical Center Institutional Review Boards approved the re-
search protocol for human research. Before study participation,
all subjects signed an informed consent form approved by the
institutional review boards.

Procedures
Substance abusers were administered the oCRH with sampling
after admission to the research unit. Control subjects were tested
as outpatients. Substance-abusing subjects underwent psychiatric
testing during the screening intake period as outpatients before
admission to the inpatient unit. Psychiatric symptoms were
measured during screening procedures using the SCL-90R
(Derogatis 1983) and the Diagnostic Interview Schedule (DIS)
(Robins et al 1988). The DIS is a structured interview that was
used to obtain psychiatric diagnoses according to the DSM-III-R.
The psychological assessments included in the SCL-90R scales
were as follows: somatization, obsessive-compulsive, interper-
sonal sensitivity, depression, anxiety, hostility, phobic anxiety,
paranoid, and psychoticism. In addition to the SCL-90R, the
Diagnostic Inventory Scale, the Beck Hopelessness questionnaire
(Beck et al 1974), and the Ellison Well-Being Measures (Ellison
1983) were administered. The SCL-90R was obtained during
screening procedure before the subject was admitted to the study.
The Beck and Ellison tools were administered within 5–72 hours
of admission, when the subjects were not intoxicated. The DIS
was administered after the oCRH session. No subject met either
current or past DSM-III-R criteria for Axis I disorders on the DIS
interview (Robins et al 1988; Helzer and Robins 1988) except for
substance abuse and dependence. Additional analysis was per-
formed on individual DIS items, including tiredness, slow/
restless, loss of interest, thoughts of death, worthlessness, trouble
thinking, and sleep. The Ellison Well-Being Measures tested for
general and spiritual well-being. Substance abusers were not
abstinent during screening, and there was no explicit or implicit
message given the volunteers to either stop or continue drug use
during the screening process. Both continued use of substance
and abstinence might alter the HPA as well as the psychological
state. The timing of psychological testing was considered to
reflect the basal state of the participants’ free living in the
community, independent of forced abstinence.

To better characterize and stratify the presence and severity of
neuroendocrine aberrations of the HPA axis, oCRH stimulation
tests were performed in the early afternoon. Ovine CRH was
administered at a dose of 1 �g/kg (to the nearest 5 �g). Serial
plasma samples were obtained through an indwelling intravenous
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catheter. Eleven pre-heparinized, 10-mL vacutainers were used
to collect blood samples at �30, �15, �5, 0, 15, 30, 60, 90, 120,
150, and 180 min. Outpatient control subjects had their oCRH
study performed during the first week of participation, after
providing consent. Substance abusers who were admitted to the
inpatient research unit participated in the oCRH test portion
during the first week of stay on the inpatient research unit (SA,
2.8 � 4 days postadmission; SA/DEP, 3.4 � 3.8 days). The
testing was scheduled to permit inpatient participants to accli-
mate for several days to the residential unit. Subjects were
housed in a locked inpatient unit with no outside peer contact.
Periodic urine toxicology was performed to verify abstinence
from illicit substances.

Hormone Preparation
Ovine CRH was obtained from Bachem (Torrance, CA). The
purified synthetic hormone was supplied as a lyophilized powder
compounded by the Pharmaceutical Development Service (PDS)
at the Clinical Center, National Institutes of Health. Analysis of
purity was performed by the PDS. The hormone was stored in its
lyophilized form at room temperature. The hormone was pre-
pared immediately before intravenous administration in pyrogen-
free sterile saline as single-dose vials.

Hormone Analyses
All samples were drawn, immediately placed on ice, and subse-
quently spun in a refrigerated centrifuge at 5°C at 3000 rpm for
10 min. Samples were then immediately frozen and stored at
�70°C. until assay. Hormone assays were performed at Hazelton
Laboratories (Reston, VA).

Statistical Analyses
A group (control, SA, SA/DEP) � time (four pre- and seven
post-stimulation values) analysis of variance (ANOVA) was

used to test for differences in ACTH and cortisol levels. Area
under the curve (AUC) was calculated for the baseline and
postinjection hormone value. A group (control, SA, SA/DEP) �
time (pre- and poststimulation) ANOVA was used to test for
differences in ACTH and cortisol AUC levels. Post hoc compar-
isons among group means were made using the least significant
difference method.

Results

Means and SDs for demographic characteristics and drug
use history for control, SA, and SA/DEP groups are listed
in Table 1. The substance abusers listed cocaine as their
substance of choice but were in all cases polysubstance
abusers. All substance-abusing participants met criteria for
polysubstance abuse or dependence. There were no sig-
nificant differences in any of the demographic data be-
tween the three groups and no differences in self-reported
substance use history between the SA and SA/DEP
groups. Table 2 shows the group psychological profiles,
which included items from the SCL-90R, DIS, Beck
Hopelessness questionnaires, and Ellison Well-Being
Measures. There were no significant differences between
the control and SA groups, though the SA/DEP group
showed higher scores indicative of current psychiatric
symptoms. The SA/DEP group scored significantly worse
(p � .05) on the SCL-90R Global Severity Index, DIS
thoughts of death, Ellison general well-being, and the
Beck Hopelessness scale (see Table 2). Table 3 shows the
current diagnoses for alcohol, cocaine, and heroin abuse,
as well as the listed drugs of choice for the SA and
SA/DEP participants and self-reported duration of absti-
nence.

Table 1. Demographic and Drug History Measures for the Control Subjects, Drug Abusers, and
Drug Abusers with Depression

Control Substance Abusers Substance Abusers/Depressed

Demographic Measures
Age (years) 28.7 � 9.1 34.5 � 5.6 32.7 � 5.3
Education (years) 13.2 � 1.8 12.3 � 1.6 12.9 � 3.6
Male (%) 85.7 87.1 85.7
African Americans (%) 85.1 96.5 100.0

Drug History
Cocaine daysa 17.1 � 7.3 (97)b 18.2 � 9.5 (86)b

Cocaine years 9.7 � 4.1 (97)c 9.3 � 6.2 (86)c

Alcohol days 2.3 � 2.3 (42)b 9.6 � 6.3 (97)b 11.0 � 9.4 (100)b

Alcohol years 6.1 � 5.3 (86)c 13.2 � 6.7 (100)c 13.8 � 3.5 (100)c

Heroin days 11.6 � 10.2 (64)b 17.0 � 14.7 (42)b

Heroin years 4.9 � 4.9 (71)c 8.8 � 8.4 (42)c

Marijuana days 9.2 � 9.9 (58)b 1.5 � .5 (57)b

Marijuana years 12.6 � 7.8 (94)c 16.7 � 7.4 (86)c

Cigarettes/day 5.0 � 1.4 (28)b 18.0 � 13.2 (87)b 19.2 � 18.0 (71)b

Cigarette years 14.0 � 2.8 (28)c 17.3 � 5.9 (90)c 23.0 � 2.9 (71)c

Data presented as mean � SD (%).
aDays indicate the number of days this substance was used during the last 30 days.
bPercentage of subjects using this substance in the last 30 days.
cPercentage of subjects ever using this substance.
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Adrenocorticotrophin stimulation data can be found in
Figure 1 (top). Baseline values of ACTH (at �30, �15,
�5, and 0 min) in control subjects were not significantly
different from values in the SA or SA/DEP groups (p �
.457 for both groups). Multivariate analysis showed sig-
nificantly higher ACTH responses over the course of the
experiment in the nonsubstance-abusing group (both SA
and SA/DEP p � .0001).

Cortisol stimulation data can be found in Figure 1
(bottom). Nonsubstance-abusing participants had a trend
toward lower basal cortisol than either the SA or SA/DEP
groups (p � .064 and .056, respectively) after averaging
prestimulation cortisol values (at �30, �15, �5, and
0 min). The multivariate analysis showed significantly

higher cortisol response over the course of the experi-
ment in the nonsubstance-abusing group (both SA and
SA/DEP p � .0001).

Table 2. SCL-90R, DIS Items, Beck Hopelessness, and Ellison Well-Being Measures for the
Control Subjects, Substance Abusers, and Substance Abusers with Depression

Control Subjects Substance Abusers Substance Abusers/Depressed

SCL-90R
Global Severity Index 43.3 � 8.0 44.0 � 8.8 62.1 � 3.1a

DIS Depression Items
Tired .00 � .00 .06 � .25 .00 � .00
Slow/restless .33 � .50 .10 � .54 .11 � .33
Lost interest .56 � .73 .32 � .65 .89 � .93
Thoughts of death .22 � .22 .29 � .82 1.33 � 1.58a

Worthlessness .33 � .70 .23 � .50 .67 � 1.00
Trouble thinking .11 � .33 .16 � .45 .11 � .33
Sleep .13 � .34 .11 � .34 .20 � .33

Ellison Well-Being
General 52.1 � 6.4 47.9 � 7.2 42.7 � 9.6a

Spiritual 49.6 � 7.8 52.2 � 7.2 49.8 � 6.9
Beck Hopelessness 2.1 � 1.6 1.5 � 1.5 3.7 � 2.7a

Data presented as mean � SD. SCL-90R, Symptom Check List 90–Revised; DIS, Diagnostic Interview Schedule.
aValue significantly higher than others (p � .05).

Table 3. Current Diagnoses for Alcohol, Cocaine, and Heroin
Abuse/Dependence as Well as the Listed Drugs of Choice of
the Substance-Abusing and Substance-Abusing/Depressed
Participants

Substance
Abusers

Substance
Abusers

Depressed

Current DSM-III-R Diagnoses (n)
Alcohol abuse 1
Cocaine abuse 10 1
Cocaine/heroin abuse 1 1
Cocaine dependence 12 1
Heroin dependence 2 1
Alcohol/cocaine dependence 2
Alcohol/heroin/cannabis dependence 1

Drug of Choice (n)
Cocaine 27 5
Heroin 2 1
Marijuana 2
Alcohol 1

Days Abstinent at Time of Testing
(mean � SD)

5.2 � 3.4 6.0 � 2.6

Figure 1. The mean and standard errors for ACTH and cortisol
levels for the three groups are plotted at the top for the four
baseline and seven post-injection observations. The mean and
standard errors for cortisol levels for the three groups are plotted
at bottom for the four baseline and seven post-injection obser-
vations. An asterisk indicates significant comparisons.
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Univariate analyses were performed to compare the
nonsubstance abusers with the SA and SA/DEP groups for
each time point post-oCRH administration for ACTH. The
15- and 30-min times were the only two points that were
significantly different for ACTH (p � .0001 and p � .030
for SA and SA/DEP, respectively at 15 min and p � .0001
and p � .038 at 30 min). No other point differences were
seen postadministration of oCRH.

Discussion

This study shows that substance abusers with no previous
or current diagnosis of affective or other Axis I psychiatric
disorders present with a blunted ACTH and cortisol
response to oCRH administration. Substance abusers with
symptoms of depression, though not meeting diagnostic
criteria for depressive disorders, also show blunted stress
responses. Blunted stress hormone responsiveness to
oCRH is a reliable marker for an activated HPA axis
(Meier and Biller 1997; Newell-Price et al 1998).

Previous clinical studies have drawn mixed conclusions
about the impact of substance abuse on the HPA axis.
Preclinical literature indicates that stress is crucial for the
acute effects, maintenance of self-administration, and
susceptibility to substance relapse (Cador et al 1993).
Chronic maladaptive changes in stress axis function are
persistent in substance-abuse models and appear to be
mediated through the action of the neuropeptide neuro-
transmitter, CRH. Central CRH administration has been
shown to potentiate locomotor hyperactivity induced by
cocaine administration (Sarnyai et al 1992). Susceptibility
to stress-induced relapse persists long after detoxification
and cessation of substance use (Sarnyai et al 1995;
Shaham et al 1998, 2000).

Hypothalamic–pituitary–adrenal axis function has been
assessed in a variety of psychiatric and somatic disorders.
The stress of chronic disease elevates total cortisol output,
breaks down normal circadian diurnal rhythms, and in-
duces the failure to suppress endogenous cortisol secretion
after administration of exogenous glucocorticoids, (i.e.,
dexamethasone). Psychiatric literature has documented a
hyperactive HPA axis in major depression and other Axis
I disorders, frequent comorbid conditions with substance
abuse (Gold et al 1986; O’Toole et al 1997; Newell-Price
et al 1998). The finding of chronically activated HPA axis
in patients with substance abuse suggests an overlapping
role for the CRH system in substance abuse disorders.
Drug abuse and dependence activates the HPA, and the
associated central activation of the stress system may
provide the neuroendocrine milieu necessary for the main-
tenance of the addictive behavior. Extrapolation of pre-
clinical data suggests that stimulation of the HPA axis in

substance abusers is an important component of addictive
disorders.

The limits of this study are primarily in the reliability of
the self-report information provided by the SA and SA/
DEP participants. The participants may have provided
inaccurate drug use history and current psychological
symptoms to accommodate a perceived bias of the inves-
tigators. Second, the timing of the hormone testing was
consistently performed in the early afternoon, but the time
from admission to testing varied owing to the uncertainties
and reliability of the participants to present for inpatient
admission. Finally, the activation of the HPA axis in
cocaine-preferring substance abusers reported here repre-
sented a single time point after about 5 days of abstinence.
The time course of this HPA activation requires further
study. These substance abusers self-reported preferring
cocaine and using cocaine more frequently than other
drugs.

It is conceivable that endogenous set point(s) for stress
activation and its somatic consequences predispose indi-
viduals to develop motivational disorders, such as sub-
stance abuse and dependence. After decades of trying to
segregate psychiatric illnesses and addiction, our data
suggest that they may share similar neuroendocrinologic
underpinnings. These data, though limited, point to the
commonalties of HPA derangements in these disorders.
Corticotropin-releasing hormone released from the hypo-
thalamus activates pituitary release of ACTH subsequent
to adrenal cortisol secretion. How the neuropeptide CRH
coordinates the central activation to stress is unknown, but
such nonpeptide antagonists as antalarmin (Wong et al
1999) should prove valuable as probes, as have pharma-
cologic probes for serotonin and dopamine. Corticotropin-
releasing hormone and its receptors are concentrated in
limbic structures and neocortex (especially frontal and
prefrontal areas) of the primate brain. Its location in these
areas suggests that CRH plays an important role in the
cognitive and motivational processes that are disrupted in
addiction. These data and basic science studies would
indicate that the stress system is as an important factor in
substance abuse. Demonstration of the HPA axis abnor-
malities in substance abusers independent of other psychi-
atric conditions would suggest that clinical trials of non-
peptide CRH antagonists may be beneficial in treating
stress dysfunction when seen in substance abuse, with-
drawal, and relapse.
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