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Abstract

Preclinical studies suggest that chronic drug abuse pro-
foundly alters stress-responsive systems. The best studied of
the stress-responsive systems in humans is the hypothalam-
ic-pituitary-adrenal (HPA) axis. Apart from cortisol, arginine
vasopressin peptide (AVP), and atrial natriuretic peptide
(ANP) are known to directly impact upon the HPA axis in ad-
dictive behavior. We investigated alterations in ANP, AVP and
cortisol serum levels in opiate-dependent patients who re-
ceived diacetylmorphine treatment within a structured opi-
ate maintenance program. ANP serum levels were signifi-
cantly increased in opiate-dependent patients as compared
to healthy controls, whereas AVP and cortisol serum levels

were reduced. The ANP, AVP and cortisol serum levels were
not significantly associated with the psychometric dimen-
sions of heroin craving. In conclusion, chronic drug abuse
profoundly alters stress-responsive systems like the HPA
axis. Alterations of AVP, ANP and cortisol appear to constitute
an important component in the neurobiology of opiate-de-

pendent patients. Copyright © 2013 S. Karger AG, Basel

Introduction

Heroin dependence is a chronic relapsing brain disor-
der that is characterized by a broader concept including
compulsions and obsessions to use heroin [1, 2]. This is
usually driven by heroin craving resulting from drug-
conditioned stimuli and stress. Craving is a multidimen-
sional phenomenon, consisting of cognitive, emotional
and neurobiological aspects and can manifest itself when
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triggered by drug-related cues but also as a general desire
or even obsession to use substances [2]. A growing body
of evidence suggests that vasopressinergic neuronal ac-
tivity in the amygdala and hypothalamus constitutes an
important component in the neurobiology of stress-relat-
ed behavior in rodent models [3]. Zhou et al. [4] explored
the role of arginine vasopressin peptide (AVP) in drug
addiction by examining AVP gene expression in the rat
amygdala and hypothalamus and found that amygdala
AVP mRNA levels were increased during early heroin
withdrawal only. Moreover, stress has long been recog-
nized as a major factor contributing to the development
and perpetuation of drug addiction [4]. For example, psy-
chological stress elevates drug craving [5] and stress-in-
duced hypothalamic-pituitary-adrenal (HPA) axis re-
sponses predict amounts of subsequent drug abuse.
Drugs of abuse themselves, and withdrawal from such
drugs, can act as stressors promoting persistent and com-
pulsive drug abuse [4]. During the 1980s, evidence
emerged implicating AVP in the motivational properties
of heroin and cocaine. Systemic administrations of des-
glycinamide-Arg8-vasopressin decreased heroin self-ad-
ministration [6]. Alterations of volume-regulating hor-
mones have also been described in other psychiatric con-
ditions, including alcohol dependence [7]. Recent studies
have reported alterations in volume-regulating hormones
in early abstinent patients with alcohol dependence.
These alterations seem to be linked with craving and oth-
er psychological dimensions occurring in the course of
the disease [8]. Among these hormones, AVP and atrial
natriuretic peptide (ANP) as well as cortisol have re-
ceived the most extensive interest as they are known to
exert direct effects on central nervous system endocrino-
logical pathways [9]. Vasopressin is known to enhance
memory function and has been proposed to have anxio-
genic effects [10], whereas ANP is known to have strong
anxiolytic effects and to exert a specific action on differ-
ent levels of the HPA axis [11]. In particular, ANP inhib-
its the secretion of corticotrophin-releasing hormone,
adrenocorticotrophic hormone and cortisol [12]. Gerber
et al. [13] described acute effects of diacetylmorphine
(DAM) on HPA axis activity and craving. In this study,
DAM administration induced a significant decrease in
plasma adrenocorticotrophic hormone, serum cortisol
and saliva cortisol, as well as in craving over time. The
suppressive effects of opioids in general on stress hor-
mone secretion and subjective craving has already been
shown [14-16].

Based on these preclinical study results, it was our goal
to examine the effects of DAM on ANP, AVP and cortisol
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serum levels in opiate-dependent patients. Furthermore,
we investigated a putative association between these se-
rum levels and a craving for opiates.

Materials and Methods

Twenty-three opiate-dependent male patients (mean + SD:
age, 41.83 * 6.77 years; duration of opiate dependence, 21.48 +
6.25 years; dose of DAM injected, 334.35 + 128.09 mg/day) were
included in the study recruited from the Heroin Prescription Cen-
tre of the Psychiatric Hospital of the University of Basel, Switzer-
land. All patients fulfilled DSM-IV criteria for opiate dependence
and had participated in a DAM maintenance program for at least
2 months before participating in the study. All patients received
individual doses of DAM twice a day. Since the HPA axis is also
widely discussed in affective disorders [17, 18], patients suffering
from axis I diagnoses other than opiate dependence and sub-
stance abuse were excluded from the study, as were patients show-
ing positive breath alcohol concentrations. The study adhered to
the declaration of Helsinki (revised in 2008) and was approved by
the Ethics Committee of the University of Basel. All patients gave
written informed consent.

The ANP, AVP, and cortisol serum levels were investigated
directly before and 45 min after regular injection of DAM in the
morning (time since last injection was 16 h) and in the afternoon
(7 h after the morning injection). The serum levels of the patients
investigated directly before and 45 min after regular injection of
DAM in the morning were obtained fasting. The blood samples
taken in the afternoon were not obtained fasting. The ANP, AVP
and the cortisol serum levels obtained in the opiate-dependent
patients were compared to the fasting serum levels of healthy con-
trols [28 healthy male controls: age (mean + SD), 27.1 + 3.49 years].
Controls were screened for alcohol abuse using the Alcohol Use
Disorder Identification Test-Alcohol Consumption questions
[19]; for axis I diagnoses, a structured interview was used. A score
below 4 points in the Alcohol Use Disorder Identification Test-
Alcohol Consumption was required for subjects to be included in
the control group. Controls were negative for axis I diagnoses ac-
cording to DSM-IV.

Craving for heroin was measured psychometrically using the
Heroin Craving Questionnaire [20]. The 45-item Heroin Craving
Questionnaire measures positive (desire to use, intention to use,
anticipation of positive outcome) and negative (relief from with-
drawal and dysphoria, lack of control over use) factors of craving
on 5 theory-derived subscales. Craving for heroin, methadone,
alcohol and cocaine was additionally measured using 100-mm
visual analogue scales.

AVP, ANP and cortisol plasma levels were assessed using the
DuoSet ELISA Development System (vasopressin: ETA-3122 DSL/
Beckman Coulter; ANP: USCN Life Science Inc. Wuhan; cortisol:
Beckman Coulter DSL-10-2000). All assays were performed ac-
cording to the manufacturer’s recommendations.

Statistical Analyses

As none of the measured serum levels were found to be nor-
mally distributed according to the Kolmogorov-Smirnov test, we
used nonparametric tests such as the Mann-Whitney test for
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comparing patient serum levels of the defined periods with the
data of controls and Spearman’s correlation for statistical analy-
sis. The Wilcoxon test was used to evaluate differences in levels
between the defined measurements within the same group. The
2-tailed significance level was set at p < 0.05. The data were ana-
lyzed using PASW Statistics 18.0 (SPSS Inc., Chicago, Ill., USA)
and Graph Pad Prism™ 5.0 (Graph Pad Software Inc., San Diego,
Calif., USA).

Results

The AVP, ANP and cortisol serum levels were not as-
sociated with the duration of opiate dependence, age, or
dose of DAM injected (data not shown).

We found significantly increased ANP serum levels in
the opiate-dependent patients as compared to the healthy
controls 45 min after regular injection of DAM (Mann-
Whitney test: Z = -1.529, p = 0.007) in the morning (time
frame of last injection 16 h), and in the afternoon (7 h
after the morning injection) directly before (Z = -2.628,
p =0.009) and 45 min after regular injection (Z = -3.040,
p = 0.002) of DAM, whereas the cortisol levels at these
points of measurement were found to be significantly
suppressed (Z = -1.328, p = 0.184; Z = -2.411, p = 0.016;
Z =-4.967,p =0.000; Z = -5.222, p = 0.000). AVP levels
were reduced over the whole study period compared to
controls (Z =-3.029, p =0.002; Z = -2.233, p = 0.001; Z =
-3.362, p = 0.001; Z = -3.048 p = 0.002). The Wilcoxon
test for comparison of the ANP and AVP levels before and
after injection of the regular dose of DAM showed no sig-
nificant differences in the morning or in the afternoon,
whereas the cortisol serum levels changed significantly
(Z =-3.010, p = 0.003; Z = -2.343, p = 0.019). The ANP,
AVP and cortisol serum levels were not significantly as-
sociated with the psychometric dimensions of heroin
craving. Moreover, we found no significant correlation of
ANP, AVP and cortisol serum levels with the psychomet-
ric dimensions of alcohol, methadone and cocaine crav-
ing (data not shown).

Discussion

To our knowledge, this is the first study investigating
serum levels of ANP, AVP and cortisol in opiate-depen-
dent patients. In this pilot study, we found increased
serum levels of ANP and reduced serum levels of AVP
and cortisol in opiate-dependent patients during opiate
maintenance. The comparison of the cortisol serum
levels before and after injection of the regular dose of
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Fig. 1. ANP, AVP and cortisol serum levels (pg/ml) before and
after the scheduled injection of DAM in opiate-dependent pa-
tients as compared to healthy controls. Serum levels were investi-
gated directly before and 45 min after regular injection of DAM
in the morning (time frame of last injection 16 h) and in the af-
ternoon 7 h after the morning injection.

DAM showed significant decreases from pre- to postin-
jection (fig. 1).

We found no significant association between the se-
rum levels before the regular morning injection of DAM
and craving for heroin. The serum levels were not associ-
ated with psychometric dimensions of heroin craving.

Zhou et al. [4] have shown that drugs of abuse on a
chronic basis profoundly alter stress-responsive systems.
Alterations in the expression of specific genes involved in
stress responsivity and resultant changes in hormone lev-
els have been documented to occur after chronic inter-
mittent exposure to heroin, morphine, cocaine and alco-
hol [4, 7].

The HPA axis is undoubtedly the best studied of the
stress-responsive systems in humans. A recent study ex-
amined acute effects of DAM on HPA axis function and
heroin craving in a controlled experimental setting, dem-
onstrating that DAM suppressed HPA axis activity [13].
As shown in alcohol-dependent patients, ANP and AVP,
which indirectly regulate the HPA system, may also mod-
ulate the intensity of craving or the intensity of withdraw-
al symptoms [7]. Zhou et al. [4] showed that AVP mRNA
levels in the amygdala were not altered during chronic
heroin exposure in rats. However, they found that early
spontaneous withdrawal (12 h) was associated with in-
creases in amygdala AVP mRNA levels. This effect was
tissue-specific, as they observed no effect of early heroin
withdrawal in the hypothalamus, where AVP mRNA is

Neuropsychobiology 2013;67:111-115
DOI: 10.1159/000346110

113



constitutively expressed. In our study, AVP plasma levels
of the patients were decreased, whereas ANP plasma lev-
els increased compared to healthy controls. Vasopressin
is known to enhance memory function and is proposed
to have anxiogenic effects [10]. ANP is known to have
strong anxiolytic effects and like vasopressin, to exert
specific alterations on different levels of the HPA axis [11,
21]. Recent studies have reported a dysregulation of ANP
plasma levels in the pathophysiology of different psychi-
atric conditions including depression, eating disorders
and alcohol withdrawal [8, 22, 23]. The decreased cortisol
levels after DAM injection in our study are in line with
the results of Walter et al. [24] who found a suppressing
effect of DAM on cortisol during stress situations which
underscores the acute pharmacological potency of DAM
on cortisol response in opioid maintenance treatment.
ANP and cortisol serum levels were altered conversely,
which could be due to the inhibitory effect of ANP on
cortisol [12]. The missing significant changes in ANP and
AVP plasma levels before and after injection of the regu-
lar dose of DAM in the morning and the afternoon could
be explained by long-term effects of ANP and AVP as well
as by the long-term and multiple substance abuse of this
heterogeneous comorbid patient population. Further-
more, the sample size was small. This does not allow
sound subgroup comparisons and indicates that large-
scale studies, which would permit to control various risk
factors and assess their impact on ANP, AVP and cortisol
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