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ABSTRACT

Background. Opioidergic pathways have an inhibitory regulatory influence on the hypothalamic–
pituitary–adrenal axis (HPA) in man. Previous studies have suggested impairment of pituitary–
adrenal activation in chronic fatigue syndrome (CFS). We, therefore, decided to investigate the
extent of opioid inhibition of HPA activity in CFS as a possible explanation for the reputed HPA
hypofunctioning in patients with CFS.

Method. Thirteen patients with CFS, diagnosed according to CDC criteria, were compared with
thirteen healthy subjects. Adrenocorticotropin (ACTH) and cortisol (CORT) responses were
measured following the administration of the opiate antagonist naloxone.

Results. Baseline ACTH and cortisol levels did not differ between the two groups. The release of
ACTH (but not cortisol) was significantly blunted in the CFS subjects compared with controls.

Conclusions. Naloxone mediated activation of the HPA is attenuated in CFS. Excessive opioid
inhibition of the HPA is thus an unlikely explanation for the HPA dysregulation in this disorder.

INTRODUCTION

Chronic fatigue syndrome (CFS) has provoked
controversy in recent years with considerable
debate surrounding its definition, aetiology,
pathophysiology and treatment. An operational
definition, introduced by the Centres for Disease
Control (CDC) and Prevention (Fukuda et al.
1994), has facilitated research and improved
diagnostic uniformity in this area. CFS is defined
as persistent or relapsing fatigue of 6 months
duration, which results in functioning at less
than 50% of pre-morbid level, and which
is associated with any four of the following
eight symptoms being concurrently present over
this period: recurrent sore throats, enlarged
and tender lymph glands, unrefreshing sleep,
arthralgia, myalgia, post-exertional malaise,
neuropsychological complaints and recurrent
headaches.

" Address for correspondence: Professor T. G. Dinan, Department
of Psychological Medicine, St Bartholomew’s Hospital, West
Smithfield, London EC1A 7BE.

Much of the early work focused on a viral
aetiology in this condition, but these studies
were not found to be consistent or readily
replicable (Shorter, 1993). Attention has shifted
to a neuroendocrine basis of this disorder, fuelled
by the opinion that the fatigue may be of central
and not peripheral origin (Wessely & Powell,
1989).

The hypothalamic–pituitary–adrenal (HPA)
axis is the core endocrine stress axis in man.
Corticotropin releasing hormone (CRH) is re-
leased from the hypothalamus into the portal
vasculature at the median eminence and brings
about ACTH release from the corticotropes of
the anterior pituitary; ACTH in turn stimulating
the adrenal gland to produce cortisol (Michelson
et al. 1995). Demitrack and colleagues (1991)
have recently conducted a dynamic assessment
of the HPA axis in a cohort of CFS patients
diagnosed according to CDC criteria. They
found a number of abnormalities including basal
cortisol levels that were significantly lower in
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CFS subjects, than healthy controls, as were
24 h urinary free-cortisol values. Evening ACTH
levels were higher in the CFS cohort. Follow-
ing administration of corticotropin releasing
hormone (CRH) the release of ACTH, but not
cortisol (CORT), was blunted. Using a series of
tests that employed graded doses of ACTH to
stimulate CORT, low doses (0±003 µg}kg)
produced robust CORT responses in CFS
subjects, whereas at higher doses (1 µg}kg) the
CFS cohort had attenuated cortisol release
compared to the control subjects. The former
was suggestive of a supersensitivity of the
adrenocortical receptors due to low circulating
ACTH while the latter implied a reduced overall
secretory reserve again possibly reflecting low
levels of neurotrophic ACTH and}or an atro-
phied adrenal gland. The inclusive explanation
given by Demitrack and colleagues for these
findings was that of a mild secondary (central)
adrenal insufficiency (a primary adrenal deficit,
as in Addison’s disease, is associated with an
exaggerated CRH}ACTH output), due either to
a deficiency of CRH or some other central
stimulus of the pituitary–adrenal axis.

The HPA is under the control of several
classic neurotransmitters, of which, the indo-
leamine, serotonin, has been the most widely
studied to date in CFS. There is now a significant
volume of evidence to link serotonin (5HT) with
ACTH release mechanisms (Dinan, 1996).
Liposits et al. (1987) demonstrated a direct
synaptic connection between serotonergic nerve
terminals and CRH-containing neurones in the
paraventricular hypothalamic nucleus and more-
over, 5HT directly stimulates CRH release in
hypothalamic explants (Tsagarakis et al. 1989).
The 5HT precursors -tryptophan stimulate
ACTH release (Heninger et al. 1984; Grossman
& Costa, 1993) and -fenfluramine also
promotes cortisol production (O’Keane &
Dinan, 1991). It is suggested that the positive
regulatory action occurs predominantly through
the 5HT1a receptor (Lesch et al. 1989). Dinan
and colleagues (1997), using ipsapirone, the
5HT1a agonist, found evidence for significant
blunting of 5-HT mediated ACTH release in
CFS compared to healthy subjects. Other studies
which implicate serotonergic mechanisms are
those of serotonergic mediated prolactin release,
of which some (Bakheit et al. 1992; Cleare et al.
1995; Sharpe et al. 1996) but not all (Yatham et

al. 1995) point to a dysregulation of serotonergic
activity in CFS.

The opioidergic system, unlike the stimulatory
serotonergic system above, is known to exert a
predominantly inhibitory influence on HPA
activity in man (Stubbs et al. 1978; Taylor et al.
1983). Naloxone, an opiate receptor antagonist,
acting it is thought through the kappa (κ) and
delta (δ) receptors (Delitala et al. 1983;
Grossman et al. 1986), blocks the inhibitory
influence of endogenous opioids and produces a
rise in circulating ACTH and CORT in normal
subjects (Volavka et al. 1979, Al-Damulji et al.
1990; Torpy et al. 1993). Although the
adrenergic system has been implicated in modu-
lating opioidergic activity, the ACTH stimu-
latory effect of naloxone is thought primarily to
be due to endogenous CRH release (Jackson et
al. 1995; Hockings et al. 1995) ; the cortisol
response to naloxone is abolished in pigs by
pituitary stalk transection (Estienne et al. 1988)
and furthermore, prior administration of CRH
antiserum in rats causes loss of naloxone induced
ACTH release (Nikolaris et al. 1987). However,
recent evidence in man (Delitala et al. 1994)
indicates that naloxone induced ACTH release
can occur via a CRH-independent mechanism
possibly via vasopressin (VP), its core HPA
regulatory companion (Antoni, 1993). Thus,
although Jackson et al. (1995) propose that the
naloxone test is a useful test of estimating
hypothalamic CRH reserve, Inder et al. (1995a)
caution against this, stating that until the precise
mechanism of naloxone-induced ACTH is
defined, the response to naloxone should be
regarded as simply a marker of the extent of
central opioid inhibitory tone of the HPA axis
(Inder et al. 1995a).

The naloxone test has been used in a clinical
setting in the diagnosis of suspected central
adrenal insufficiency (Blevins et al. 1994) as a
test of pituitary ACTH reserves and in the
diagnosis of Cushing’s syndrome (Gaitan et al.
1993; Torpy et al. 1993). Naloxone has been
used also, to study opioid tone in a number of
psychiatric conditions including alcoholism
(Inder et al. 1995b) and post-traumatic stress
disorder (Hockings et al. 1993), as well as major
depression, in which consistent hyperactivity of
the HPA axis, probably related to CRH over-
drive, has been demonstrated (Gold et al. 1991).
Decreased opioidergic tone has been suggested
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as a pathophysiological explanation for this
HPA dysregulation, but studies have failed to
support this theory (Judd et al. 1981; Extien et
al. 1982; Zis et al. 1989).

In this study we wish to evaluate opioid
control of the HPA in CFS patients. We
hypothesize that the decreased forward drive of
the HPA in CFS might be due to the excessive
inhibitory influence of an enhanced opioid tone.

METHOD

Subjects

Thirteen patients (5 male and 8 female) fulfilling
the CDC criteria for CFS, together with 13 age
and sex matched healthy comparison subjects,
were recruited. All were Caucasians. None of
the CFS subjects was clinically depressed at the
time of study according to DSM-III-R criteria
(APA, 1987). The control group had a full
physical and psychiatric interview. None had a
past or current history of chronic fatigue,
psychiatric illness, neurological, endocrine, car-
diovascular, renal or hepatic disease. None had
a history of excessive alcohol consumption or
illicit drug use. No subject in the CFS group had
been on any medication known to affect the
HPA (including antidepressants) in the 6 weeks
preceding their participation in the study. All
female participants were studied in the early
follicular phase of the menstrual cycle and none
was taking an anovulant form of contraceptive.

Mean (³...) age of patients was 36±2³3±1
years (range 21–52 years) compared with healthy
subjects : 31±0³2±2 years (range 21–47 years).
The mean³... weight of the healthy and
CFS groups were 72±2³2±1 kg and 65±0³2±8 kg
respectively. Neither age nor weight differences
between the two groups was significant. No
participants had a BMI outside the normal
range. The mean duration of illness for the CFS
patients was 4 years and 9 months, range (18
months to 10 years).

Ethics committee approval was obtained and
all participants in the study gave written,
informed consent.

Procedure

Naloxone stimulation tests were performed in
the afternoon when basal secretory activity for
ACTH and cortisol is at an intermediate stage
between the high morning levels and low levels

during the late evening. Subjects were fasted
after a light meal taken not later than 08.30 h.
At 12.30 a forearm venous cannula was inserted
and subjects were allowed to relax for 30 min.
The cannula was kept patent by flushing with
heparinized saline. Samples for basal ACTH
and cortisol levels were taken (time 0). A
standard dose of naloxone 0±125 mg}kg was
then administered intravenously over a period
of 1 min. Further blood for ACTH and cortisol
estimation was drawn at ­15, ­30, ­45, ­60,
­90 and ­120 min. The samples was im-
mediately centrifuged and stored at ®80 °C
until analysis. Blood pressure and heart rate
were measured at 15 min intervals throughout.

ACTH was measured using a commercially
available two-site immunoradiometric assay.
This is a non-extraction assay supplied by the
Nichols Institute, San Juan Capistrano, CA
(Raff & Findling, 1989). The sensitivity of the
assay is 5 ng}ml. Intra- and inter-assay coeffic-
ients of variation were 3% and 6% respectively.
The reliable lower limit of detection was
4±4 pmol}l (10 ng}l). Cortisol was measured by
an automated system using an enzyme immuno-
assay method (Immuno-I, Bayer Diagnostics,
Newbury, England) (Dash et al. 1975). The
sensitivity of the method is 10 nmol}l and has a
between batch variation of ! 5% over the range
50 to 1600 nmol}l.

ACTH and cortisol responses were measured
as the maximum level post-naloxone relative to
baseline (δ ACTH and δ cortisol). Two-tailed
Student’s t tests were used to compare means.
An area under the curve (AUC) analysis was
performed for ACTH response. Where appro-
priate Pearson product-moment correlation
coefficients were employed as were chi-square
tests. The statistical package Statgraphics (v2.7)
was used to conduct the statistical analysis
(SGCS, 1987).

RESULTS

Baseline ACTH levels did not differ significantly
between the two groups: chronic fatigue 17±4³
3±1 ng}ml, healthy controls 23±0³4±3 ng}ml
(t¯ 1±07, df¯ 24, NS). Neither did baseline
cortisol levels differ significantly : CFS
311±5³36±6 nmol}l, healthy subjects 265±2³
30±8 nmol}l (t¯®0±9, df¯ 24, NS).

The mean³... δ ACTH values for both
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F. 1. δ-ACTH responses in chronic fatigue (N¯ 13, CFS) and in
healthy subjects (N¯ 13). (Mean (®)³... (– – –).)

groups were: CFS 10±2³3±2 ng}ml, healthy sub-
jects 25±0³3±4 ng}ml. Overall, the chronic
fatigue subjects released less ACTH than normal
subjects (t¯ 3±2, df¯ 24, P! 0±005) (Fig. 1).
An AUC analysis similarly found significantly
lower ACTH responses in the chronic fatigue
group compared with controls (t¯ 3±2, df¯ 24,
P! 0±005).

With regard to cortisol responses to naloxone
challenge, one of the healthy control group
failed to show any increase from baseline. In the
CFS group, five subjects showed no increase in
cortisol from baseline and two further subjects
had only minimally elevated levels. The mean δ-
CORT response for the CFS subjects was
123±8³34±8 nmol}l and for the control group
was 181±1³30±4 nmol}l (Fig. 2). This difference
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F. 2. δ-cortisol responses in chronic fatigue (N¯ 13, CFS) and in
healthy subjects (N¯ 13). (Mean (®)³... (– – –).)

fails to reach significance (t¯®1±2, df¯ 24,
P¯ 0±22).

A relationship was established between base-
line ACTH values and the ACTH response to
naloxone in the healthy volunteers (r¯ 0±58,
df¯ 11, P! 0±05) but not in the chronic fatigue
subjects (r¯ 0±33, df¯ 11, P¯ 29), or between
baseline cortisol values and cortisol response in
either the chronic fatigue (r¯®0±48, df¯ 11, P
¯ 0±09) or control subjects (r¯®0±49, df¯ 11,
P¯ 0±09). Similarly, no relationship was found
between illness duration, age or sex and ACTH
response. There was a significant correlation
between δ-ACTH and δ-cortisol responses in the
healthy subjects (r¯ 0±69, df¯ 11, P! 0±01)
and also in the CFS patients (r¯ 0±85, df¯ 11,
P! 0±001).

The ratio of CORT to ACTH responses over
time are shown in Fig. 3.

Overall, the test was well tolerated. Only one
subject reported an episode of nausea and
vomiting 6 h after the test. Blood pressure and
pulse remained stable in all subjects throughout
the test.
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DISCUSSION

The opioid system has a pronounced inhibitory
influence onHPA activity. The pituitary–adrenal
responses following the removal of this in-
hibition by naloxone, the opioid antagonist, will
thus provide an indication of central opioid
tone. In the case of excessive inhibitory opioid
tone an exaggerated rebound release of ACTH}
cortisol to naloxone stimulation would be seen.
In this study we demonstrated an attentuation
of the ACTH response to the opioid antagonist
naloxone in a group of patients with CFS.
Blunted ACTH responses to the agonistic effects
of CRH and ipsapirone in CFS subjects have
been previously demonstrated (Demitrack et al.
1991; Dinan et al. 1997). Our study effectively
negates the possibility that the poor response to
these HPA activators is the result of the
restraining effect of increased inhibitory opio-
idergic activity, and furthermore, it suggests that
central opioid tone may be decreased. Exam-
ination of β-endorphin, met-enkephalin and
dynorphins, the endogenous opioid receptor
ligands, which have not to date been explored in
CFS, may help clarify this issue. The endogenous
opioids are intrinsically involved in pain modu-
lation, with pain prone individuals being
reported to have lower than normal concen-
trations of bioassayable opiates in the CSF
(Terenius & Wahlstrom, 1978). A reduction in
endogenous opioid tone may explain the pain

symptoms, such as myalgia and headaches,
experienced by patients with chronic fatigue
syndrome.

In this study only one of 13 CFS subjects
produced an ACTH rise greater than the mean
of the control group. There was considerable
variability in the ACTH response in control
subjects (see Fig. 1). This failure of response,
and variability of response to naloxone, in
normal subjects, has been previously reported
(Inder et al. 1995a), limiting the use of the
naloxone test in a diagnostic setting. Although it
has been suggested that up to 20 mg of naloxone
is needed for maximal response of ACTH and
CORT, most recent investigators have used
naloxone at doses of 125 µg}kg (Gaitan et al.
1993; Torpy et al. 1993). It is, nevertheless,
possible that the lower dosage employed by us
increased the non-responders in both the CFS
and volunteer group.

Despite the blunted ACTH response to
naloxone in CFS the cortisol response, as
measured by maximum increase from baseline,
did not differ significantly from that of healthy
subjects. It is not possible to conclude, however,
that this reflects an increased sensitivity of
adrenocortical receptors, as five of 13 CFS
subjects failed to produce any increase in
circulating cortisol. That the δ-ACTH}δ-CORT
responses were highly correlated in the CFS
group further undermines this likelihood. On
examination of the CORT:ACTH ratio curves
in the two groups a differing response pattern
emerges (see Fig. 3). It is apparent that at
baseline, the CORT:ACTH value is higher in
the CFS group, that is, the amount of cortisol
released per unit of ACTH is larger in CFS
subjects than in the control group. However, in
response to naloxone infusion in the healthy
subjects there is a trend towards an increasing
cortisol to ACTH output reflecting activation of
the axis, the fall at ­15 min indicating the initial
surge in ACTH output to inhibition by naloxone
in this group. In the CFS subjects this pattern is
not seen. There is in fact a downward trend with
a decline in the CORT:ACTH ratio, that is, the
increase in ACTH in CFS, though significantly
lower than in healthy subjects is unable to
stimulate the adrenal gland to produce further
increments in cortisol output. If the adminis-
tration of naloxone is ecologically valid as an
activator of the HPA axis, this response in CFS
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subjects suggests an impaired ability to mount a
stress response and moreover may suggest a
reduced adrenal secretory reserve. This inability
to increase cortisol levels appropriately to
stressors may explain the reduced exercise
capacity and exacerbation of symptoms with
intercurrent infections in CFS patients.

Our study found no difference in baseline
cortisol and ACTH levels between the CFS and
control subjects. Other studies have, similarly,
not demonstrated a reduction in basal cortisol
levels (Bearn et al. 1995; Dinan et al. 1997). In
fact, the basal cortisol levels in the CFS subjects
in this study were non-significantly higher than
the healthy volunteer group. However, it has
been demonstrated that basal cortisol levels do
not influence naloxone-induced ACTH response
(Grossman et al. 1982; Inder et al. 1995a),
reducing the relevance of the marginally higher
basal cortisol levels in CFS compared to healthy
subjects. Nonetheless, it is possible that a
negative feedback effect of cortisol at the level of
the hypothalamus, or the pituitary, contributes
to the attenuated response seen. In depressive
illness the blunted ACTH response to exogenous
CRH is explained by the restraining influence of
high cortisol levels at a pituitary level (Holsboer
et al. 1986). In this study no subject had a co-
morbid depressive disorder. Demitrack demon-
strated elevated ACTH levels, while we and
others (Bearn et al. 1995) did not find any
difference between patients and comparison
subjects in terms of baseline ACTH. This may
be due to test time differences between groups –
Demitrack et al. (1991) sampled in the evening
when levels are usually low. We sampled in the
early afternoon when ACTH levels have not yet
reached their nadir.

Although the literature is neither extensive
nor methodologically consistent a number of
recent studies have linked alterations in opioid
tone and HPA dysregulation in psychiatric
disorders. In a group of recently abstinent
alcoholics with normal basal HPA axis hormone
levels, Inder et al. (1995b) demonstrated a
blunted ACTH response to naloxone and CRH.
They proposed that reduced levels of central
endogenous opioid peptides may explain the
attenuated ACTH response, but seemed to
favour the possibility of a reduced pituitary
responsiveness to CRH. This was considered to
reflect a direct pituitary effect of chronic ethanol

exposure or a reduction in hypothalamic–
hypophyseal vasopressin levels, with which CRH
normally acts in a synergistic fashion in bringing
about ACTH release (DeBold et al. 1984;
Lamberts et al. 1984).

In post-traumatic stress disorder, following
naloxone administration an enhanced ACTH
response to CRH was observed (Hockings et al.
1993). This was compatible with the observation
that low cortisol levels are a feature of chronic
PTSD (Yehuda et al. 1990). Both findings were
posited to reflect enhanced central inhibitory
opioid activity. Although direct comparisons
are difficult due to methodological differences, it
is interesting that in CFS, in which low basal
cortisol (Demitrack et al. 1991) and low UFC
levels (Demitrack et al. 1991; Scott & Dinan,
1997) have been demonstrated, that the
diametrically opposite naloxone mediated
ACTH response is observed. It has been posited
that the hyperactivity of the HPA axis in
depression may be due to a diminution in
opioidergic inhibitory influence. Both Judd et al.
(1981) and Extein et al. (1982) reported no
differences in cortisol responses to 20 mg
naloxone between depressed subjects and
healthy volunteers. These patients were not
uniformly of the melancholic subtype, pituitary
ACTH responses were not measured, and
furthermore, those in the first study were not
drug-naive. A further more methodologically
sound study again failed to find any differences
between depressives and control subjects (Zis et
al. 1989). Recent unpublished work by our
group did, however, find a blunted cortisol
release in subjects with major depression using a
test protocol identical to that employed in this
study. Thus, a review by Zis & Garland (1991)
of opioid peptides and depression in which it
was concluded that there was no evidence to
support the hypothesis that the hyper-
cortisolaemia present in depression was
associated with a decreased endogenous opio-
idergic tone cannot be taken as a definitive
statement and further exploration of this
interaction is required.

Exercise is a potent stimulus of the HPA axis
(Wittert et al. 1991), and there is evidence that
highly trained male athletes have increased
central opioid tone (Inder et al. 1995c). The
corollary of this is that sedentary individuals
may have a reduction in opioid tone. We did not
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objectively measure levels of activity in our CFS
subjects. This is a limitation of our study. There
is no study, to our knowledge, relating reduced
activity to a lowering in opioid tone, although
interestingly, obesity has been linked with such
an effect (Satta et al. 1992). None of the control
of CFS subjects in this study were obese.

A possible explanation for the blunting of
ACTH release seen in CFS is that of central
adrenergic dysregulation. Naloxone-induced
ACTH release in humans is blocked by thymox-
amine, the α1-antagonist (Grossman & Besser,
1992) and increased by methylphenidate the α2-
adrenergic agonist (Joyce & Donald, 1987).
These studies support the concept of central α1-
adrenergic mediated pathways, which stimulate
ACTH secretion and which are modulated by
tonic inhibitory effects of endogenous opioids.
Naloxone, in blocking the central opioidergic
pathways, causes a disinhibition of the excitatory
α1-noradrenergic pathways that project from
the locus coeruleus to the parvocellular neurons
of the hypothalamic paraventricular nuclei
(Swanson et al. 1983). This increase in central
α1-noradrenergic activity stimulates the
secretion of hypothalamic CRH (Grossman &
Besser, 1982; Nikolaris et al. 1987). Co-
administration of naloxone with agents that
increase noradrenergic transmission, such as
desipramine the noradrenaline reuptake inhibi-
tor (Torpy et al. 1995), leads to a synergistic
ACTH}cortisol response (Al-Damluji et al.
1990). The blunting of ACTH release following
naloxone in CFS patients may thus reflect an
abnormality of the noradrenergic system, either
centrally at the locus coeruleus or at the
hypothalamus where there is an intrinsic as-
sociation of the noradrenergic and CRH fibres
(Swanson et al. 1983). Other than an exam-
ination of CSF monoamines (Demitrack et al.
1989), the levels of which were normal in CFS,
no neuroendocrine challenge tests of nor-
adrenergic functioning in this condition have to
the authors knowledge been conducted, and
they warrant exploration.

The attenuated ACTH response to naloxone
seen in CFS may be indicative of a reduction in
the secretagogue}s through which naloxone has
been described to act in bringing about
pituitary–adrenal activation. CSF CRH levels
have not been shown to differ between CFS
patients and controls (Demitrack et al. 1991).

This conclusion was based on a single sample
taken in the morning at the nadir of the normal
circadian rhythm for CRH release (Garrick et
al. 1987). Furthermore, CSF CRH may not
reflect accurately, levels of CRH at the median
eminence. Studies of the circadian release of
CRH (also ACTH and cortisol) in CFS are
necessary to clarify this possibility. A
downregulation}subsensitivity of the anterior
pituitary corticotrope would also explain the
blunted ACTH release seen, as indeed could an
abnormality of the pituitary corticotrope itself,
with a reduced synthesizing and releasing ca-
pacity for ACTH. Of importance also is a study
by Bakheit and colleagues (1993) who demon-
strated low levels of AVP in CFS}post-viral
fatigue syndrome subjects. The blunted ACTH
response to naloxone may thus also reflect a
reduction in hypothalamic–hypophyseal vaso-
pressin levels as in the above mentioned study by
Inder and colleague (1995b).

Conclusion

The opioid system is one of the primary
inhibitory regulators of HPA activity. This study
demonstrates that abnormalities of pituitary–
adrenal activation in CFS are not readily
explicable by excessive central opioidergic tone.
Future studies may include those that help
uncover the relative contribution of alterations
in central adrenergic activity, and of hypo-
thalamic CRH and VP levels, to the attenuated
naloxone-mediated ACTH release in CFS sub-
jects as revealed in this study.

Dr L. Scott is supported by a Linbury Trust project
grant.
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