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Faulty serotonin – DHEA interactions in autism:
results of the 5-hydroxytryptophan challenge test
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O R I G I N A L

BACKGROUND : Autism is accompanied by peripheral and central disorders in
the metabolism of serotonin (5-HT). The present study examines plasma dehydroepiandrosterone-sulphate (DHEA-S) and the cortisol/DHEA-S ratio following
administration of L-5-hydroxytryptophan (5-HTP), the direct precursor of 5-HT,
to autistic patients.
METHODS: Plasma DHEA-S levels were determined both before and after administration of 5-HTP or placebo, on two consecutive days in a single blind order in
18 male autistic patients and 22 matched healthy controls.
RESULTS : The 5-HTP-induced DHEA-S responses were significantly higher in
autistic patients than in controls. In baseline conditions, the cortisol/DHEA-S ratio
was significantly higher in autistic patients than in controls.
Discussion: The results suggest that autism is accompanied by a major disequilibrium in the serotonergic system. The increased Cortisol (neurotoxic) versus
DHEA-S (neuroprotective) ratio suggests that an increased neurotoxic potential
occurs in autism.
CONCLUSIONS: It is concluded that a disequilibrium in the peripheral and central
turnover of serotonin and an increased neurotoxic capacity by glucocorticoids are
important pathways in autism.
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Abstract

INTRODUCTION
Dehydroepiandrosterone (DHEA) and its sulfateconjugated form (DHEA-S) are the most abundant steroids in the human circulation [1]. Under
normal circumstances, DHEA and Cortisol are secreted synchronously by the adrenal cortex in response to adrenocorticotrophin (ACTH), secret-

ed by the pituitary in response to corticotropine
(CRH) [2]. However, independent control mechanisms exists for Cortisol and DHEA-S [3]. For example, unlike Cortisol, concentrations of DHEA-S
vary with age [4]. The normal range of DHEA-S
shows a broad, mainly genetically determined variation [5]. The conversion of DHEA to DHEA-S
by sulfotransferases takes place in the adrenal corTo cite this article: Neuroendocrinol Lett 2008; 29(3):385–390
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tex, and a multitude of other tissues [6]. There is evidence for a production of DHEA as a neurosteroid in
the brain [7], and a direct testicular production as well
[8]. Plasma and saliva levels of DHEA correlate highly
with levels in the ventricular cerebrospinal fluid (CSF)
[9]. The diurnal rhythm in saliva DHEA is much less
than for Cortisol. Therefore, the cortisol/DHEA ratio
changes during the day from about 5–7 in the morning
to about 2 at 20.00 h [10].
Cortisol and DHEA-S play a pivotal role in the regulation of the stress-response caused by external (psychosocial) stressors. Under conditions of acute stress,
DHEA-S acts as an anti-glucocorticoid. Its anabolic action antagonizes the catabolic effects of Cortisol [11–
13]. In chronic stress, however, DHEA-S levels may
decline and thus the ability to counteract the catabolic
effects of glucocorticoids becomes impaired [14]. Consequently, the cortisol/DHEA-S ratio is an important
index reflecting the integrative role for these two adrenal steroids in neurotoxic processes in the brain. A high
cortisol/DHEA-S ratio may reflect an increased neurotoxic risk to the brain [14] and, therefore, may play a
role in abnormal psychological processes and psychiatric disturbances [10,15].
Autism is a psychiatric disturbance characterized by
a problematic stress-perception [16]. It is characterized
by qualitative impairment in communication and social
interactions, and repetitive and stereotyped patterns of
behavior or interests [17]. Children with autism have
been described as experiencing difficulty tolerating novelty and environmental stressors. Stress responses are in
part mediated by the hypothalamic-pituitary-adrenal
(HPA)-axis. However, little is known regarding the relationship between Cortisol levels and social adaptation
of autistic patients [18]. It has been shown that children
with autism have significantly elevated androgen levels and that anti-androgen therapy may be of benefit in
some autistic patients [19–22].
Multiple studies [23–26] have shown a disturbed
turnover of serotonin (5-HT) in autism. We have shown
that there is a major disequilibrium in the serotonergic metabolism between the brain and the periphery
[25,26]. Thus, in a previous study, we found a blunted
Cortisol response to the administration of L-5-hydroxytryptophan (5-HTP) in autistic children compared
with normal controls, suggesting a central hyporesponsivity in the serotonergic system [25]. Indeed, the release of the HPA-axis hormones is mediated in part by
5-HT, while the hormonal responses to a challenge with
5-HTP, the direct precursor of 5-HT, offer an index for
the functional state of the central serotonergic system
[27,28]. On the other hand, administration of 5-HTP
induced a greater response in blood serotonin in autism, suggesting an increased peripheral turnover of
5‑HT [26]. However, no data are available on the effects
of serotonergic agonists on plasma DHEA-S in autism.
The aims of the present study were to examine
whether the DHEA-S responses and the cortisol/
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DHEA-S ratio following 5-HTP administration are significantly different in a group of autistic youngsters as
compared with normal controls.

Subjects and Methods
Subjects
In the present study, forty male subjects participated;
18 autistic youngsters and 22 normal controls, aged between 13 y.–19 y. and with an I.Q.> 55. One subject in
the autistic group had a mild mental retardation (I.Q.
between 55–60), all other subjects showed a borderline or normal intellectual functioning (I.Q. between
71–84, resp. 85–120). All subjects passed the onset of
puberty (Tanner-stage III-IV) and were of the Caucasian race. Normal volunteers and autistic patients had a
normal hematological screening. All subjects were free
of any infections, inflammatory or allergic reactions for
at least 2 weeks prior to the blood samplings. Exclusion criteria for autistic patients and healthy volunteers
were: subjects suffering from a neurological, inflammatory, endocrine or clinically significant chronic disease; immunocompromized subjects; subjects with an
active seizure disorder; subjects with tuberous sclerosis, FRAXA or other chromosomal disorders; and subjects receiving drugs with known or potential interaction with immune and endocrine functions. All healthy
youngsters had a negative past, present or family history for psychiatric disorders such as autistic-, bipolar-,
schizophrenic-, paranoid-, organic mental- and eating
disorders and psychoactive substance use. None was a
regular drinker and none had ever been taking psychotropic drugs. All were free of any medications and substance abuse for at least one month and had a negative
drug-screening in the urine.
The autistic youngsters were recruited from the outpatient clinic of Child and Adolescent Psychiatry in
Antwerp, Belgium; the Mental Health agencies of the
same city; and from a Residential Treatment Center
for Autistic Youngsters in Booischot, Belgium. We employed the DSM-IV [17] criteria to make the diagnosis of autism. The diagnosis was made on the basis of
a consensus between, at least three clinicians (psychiatrists and psychologists), working with the autistic subjects in residential, semi-residential or day-care centers. The Autism Diagnostic Interview-Revised (ADI-R)
[29], a semi-structured interview, was performed with
the parents of youngsters with autism by a trained Master’s level clinician (who was blind to clinical status before the interview) or by the primary author. Consensus meetings were held after the structured interview
with the clinician. In order to evaluate the associated
behaviors frequently seen in autism and the absence
of psychopathology in the control-group, all subjects
completed the Youth Self Report (YSR) scale [30] during the initial screening. Parents of subjects completed
the Child Behavior Checklist (CBCL) [31] and the Aberrant Behavior Checklist (ABC) [32].
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Figure 1. This figure shows the plasma DHEA-S (+/- SEM) concentrations (μg/dl) at t0 and
30 (t30), 60 (t60), 90 (t90), 120 (t120) and 180 (t180) minutes after administration of 5hydroxytryptophane (4 mg/kg in non enteric-coated tablets) or after placebo in autistic
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Figure 1. This figure shows the plasma DHEA-S (+/– SEM) concentrations (μg/dl)
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Figure 2. This figure shows the ratio cortisol/DHEA-S in baseline conditions at t0
and 30 (t30), 60 (t60), 90 (t90), 120 (t120), 150 (t150) and 180 (t180) minutes
after placebo, in autistic patients and matched controls.

Methods
Subjects were kept at rest during the blood collections.
Subjects were not allowed to eat or drink during the
study period. In order to control for possible seasonal
effects in serotonergic measurements [33] all samples
were collected in the same season, i.e. between July and
September 2000. Each patient and control was tested
on two consecutive days with administration of 5-HTP

or indistinguishable placebo, orally, in a single blind,
randomized order. The subjects arrived at the Clinical
Research Center around 7:15 a.m. After insertion of an
intravenous cannula between 7:45 a.m. and 8.00 a.m.,
blood collections were carried out for the assay of plasma Cortisol and DHEA-S and plasma 5-HTP, i.e. 45 (t45) and 30 (t-30) minutes before administration of placebo or 5-HTP at tO and, thereafter, every 30 minutes
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over a 3-hour period, i.e. t30, t60, t90, tl20, tl50 and
tl80. At tO, subjects received either a single oral dose
of 5-HTP (4 mg/kg; non enteric-coated) or an identical placebo in a single blind order. Plasma Cortisol and
DHEA-S were assayed in all samples, whereas plasma
5-HTP was assayed in the tO, t60, tl20, tl50 and tl80
samples only. Blood was stored in plastic tubes at 75 °C
until thawed for assay. All assays were done blind to the
subject’s status. In order to minimize the analytical variability, all blood specimens for the assays of the above
parameters were assayed in a single run with a single
lot number of reagents and consumables employed by a
single operator. Cortisol was measured using the Bayer
Immuno 1 system (Bayer, Brussels, Belgium). DHEAS was determined with a radio-immunoassay method
(Coat-A-Count DHEAS-S04, DPC, Belgium). Cortisol
and DHEA-S were analyzed in one and the same run
by the same technician. The intra-assays coefficients of
variation (CV) for Cortisol and DHEA-S are 3,1 % and
6,5 % respectively. A HPLC method (Gilson, Namur,
Belgium) was employed to measure plasma 5-HTP. The
intra-assay CV values for 5-HTP obtained in our laboratory are 4.1%.
Statistics
Group mean differences were checked by means of
analysis of variance (ANOVA). Repeated measure (RM)
design ANOVAs or RM design analyses of covariance
(ANCOVAs) were employed to examine a) the withinsubject variability with the effects of time and drug, i.e.
5-HTP versus placebo; b) the between-subject variability with diagnosis (autism versus controls) as grouping
variable; c) the two way interactions between time X
drug; drug X diagnosis; and time X diagnosis; and d)
the three way interaction term time X drug X diagnosis.
Tests on simple effects were carried out in order to examine significant main effects or significant interaction
patterns. Relationships between variables were assessed
with Pearson’s product moment correlation coefficients
and through regression analyses. Normality of distribution was assessed with the Kolmogorov-Smirnov test.
Transformations (natural In) were used to reach normality of distribution or to adjust for heterogeneity of
variance between study groups.

Results
There were no significant differences in age, Tanner
stage and body mass index (BMI) between patients
with autism and healthy volunteers. On the CBCL, autistic subjects showed significantly more thought problems, social problems, and greater withdrawal, somatic
complaints, anxiety and depression and attention problems than controls. The CBCL-total score was significantly higher in the autistic subjects. On the YSR autistic subjects reported significantly more social problems
and internalizing symptoms (including greater with-
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drawal and attention problems subscale measures). Examination of the subscales of the Aberrant Behavior
Checklist (results not shown) showed that there are no
subjects who suffer from irritability (aggression, self-injurious behavior, temper tantrums, irritability, screaming, extreme mood changes). Ten out of the 18 autistic patients show a high score on the social withdrawal
subscale (lethargy, inactivity, few social or emotional
reactions); 2 out of the 18 subjects present a high score
on the stereotypic behavior subscale (repetitive movements, odd in behavior) and 10 out of the 18 subjects
present a high score on the hyperactivity subscale (inattentiveness, hyperactivity, impulsive, uncooperative,
disturbing others).
Figure 1 shows the measurements of plasma DHEAS following 5-HTP or placebo in autistic patients and
normal volunteers. A RM design ANOVA performed
on the log-transformed DHEA-S data from tO to tl80
showed a significant effect of time (F=13.6 df=6/494,
p<10–5) and a significant interaction between 5-HTP X
diagnosis (F= 13.1, df=l/494, p=0.0006), but no significant effect of 5-HTP (F=2.3 df=l/494, p=0.11) and no
significant interactions between 5-HTP X time (F=0.6,
df=6/494, p=0.7), time X diagnosis (F=0.4, df=6/494,
p=0.82) and between time X drug X diagnosis (F=0.6,
df=6/494, p=0.68).
A RM design ANOVA performed on the cortisol/
DHEA-S ratio showed a significant effect of time (F=
11.8, df=6/494, p<10–5) and 5-HTP (F=79.1, df=l/494,
p<10–5) and significant interactions between 5-HTP X
time (F=10.2, df=6/494, p<10–5) and 5-HTP X diagnosis (F=15.8, df= 1/494, p=0.0002), but no significant
interaction patterns between time X diagnosis (F=0.2,
df=6/494, p=0.9) and time X drug X diagnosis (F=0.13,
df=6/494, p=0.6). Analyses of simple effects performed
after ANOVA showed i) significant effects of 5-HTP
in controls (F=86.8, df=l/418, p<10–5), and in autistic
subjects (F=27.7, df=l/418, p=0.00001). These results
show that the significant interaction between drug X
diagnosis found in the RM design ANOVA should be
explained by 5-HTP increasing the cortisol/DHEA-S
ratio significantly less in autistic subjects than in controls. Covarying with t0 in a RM design ANCOVA did
not change the above results (F=5.1, df=l/413, p=0.02).
A RM design ANOVA performed on the 5-HTP values obtained at tO, t60, tl20, tl50 and tl80 on the active challenge day showed a significant effect of time
(F=58.7, df=4/152, p<10–5) and no significant interaction pattern between time X diagnosis (F=l. 1,
df=4/152, p=0.4). A RM design ANOVA performed
on the 5-HTP values measured on the 5-HTP challenge day at t60, tl20, tl50 and tl80 (the 4 time points
at which 5-HTP concentrations were measurable), did
not show significant differences (F=2.0, df=l/38, p=0.2)
in plasma 5‑HTP levels between autistic patients (mean
value of the 4 time points=984 ±547 nM/L) and controls
(mean=1227 ±673 nM/L). Regression analyses pooled
over the subjects (intra-class correlations) and per-

Copyright © 2008 Neuroendocrinology Letters ISSN 0172–780X • www.nel.edu

Faulty serotonin – DHEA interactions in autism: results of the 5-hydroxytryptophan challenge test

formed on the data obtained on the 5-HTP challenge
day show no significant time-relationships between the
changes in plasma 5-HTP on the one hand, and Cortisol or DHEA-S, on the other. In order to exclude possible order effects (5‑HTP and identical placebo were
administered in a single blind order on two consecutive
study days) we have carried out additional RM design
ANOVAs considering the within-subject (time) and
between-subject (order effect) variability. RM design
ANOVA did not show significant interaction patterns
between time X order effect either for plasma Cortisol or DHEA-S. There were no significant correlations
between age and Cortisol or DHEA-S at the different
time points during the challenge test (even without
p-correction).
Figure 2 shows the measurements of the cortisol/
DHEA-S ratio during the placebo day in autistic patients and normal volunteers. A RM design ANOVA
performed on the cortisol/DHEA-S ratio showed that
the ratio was significantly higher in autistic subjects
than in controls (F=5.3, df=l/228, p=0.02).

Discussion
A first major finding of this study is that the 5-HTP-induced plasma DHEA-S values were significantly higher
in autistic patients compared to normal volunteers. At
first sight, this is in contrast to earlier research, which
showed a blunted Cortisol response to the administration of 5-HTP in autistic children [25]. The latter findings suggested a central serotonergic hyporesponsivity in autism. Moreover, previous findings showed that
5‑HTP increased the peripheral 5-HT levels significantly more in autism than in controls [26]. The latter
findings indicated an enhanced peripheral metabolism
of 5-HT in autism. Thus, autism is characterized by a
disequilibrium in the serotonergic metabolism. This
disequilibrium could explain the differences in the effects of 5-HTP on plasma Cortisol versus DHEA-S, the
former being under the influence of central serotonergic circuits, whereas the latter could be more affected by peripheral circuits. Phrased differently, the impact of the peripheral hyperactivity of 5-HT turnover
could explain the higher 5-HTP-induced increases in
plasma DHEA-S. This effect is underscored by findings
that DHEA-S levels can increase independently from
pituitary stimulation by ACTH [12]. These peripheral
mechanisms may include the testicular or other production of DHEA-S [8]. Another possible mechanism
which may explain the greater DHEA-S than Cortisol
response to 5-HTP is that an immature HPA-axis in
autism [34] may have caused a compensatory mechanism, which induces greater increases in DHEA-S than
in Cortisol. Another hypothesis is that increased levels
in omega-3 PUFAs in autism may have induced different changes in the serotonergic receptors and 5-HT
turnover [35].

The second major finding of this study is the significantly higher baseline cortisol/DHEA-S ratio in
autistic patients compared to normal volunteers. This
ratio is an index representing the anabolic/catabolic
state with regard to the effects of DHEA-S versus Cortisol. Therefore, the increased cortisol/DHEA-S ratio
may represent an increased neurotoxic capacity in autistic children. This finding is of direct importance to
the neuropathology of autism since the limbic system
and hippocampus are involved in this illness [36] and
since both structures are very sensitive to the neurotoxic effects of glucocorticoids [37–41]. Indeed, DHEA
and DHEA-S show potent neuroprotective qualities
and play an important role in neurodevelopment. During the first year of infant life, the responsiveness of the
HPA-axis and hence the production of stress hormones
evolves from a highly labile and responsive system to
a system characterized by less responsivity to nonspecific general stressors. This buffering of the adrenocortical response to stress during the first year of life is
characterized by an adaptation of the stress response to
normal life events [34,42]. The occurrence of pre- and
perinatal and early life stressors, which are known to
play a role in the etiology of autism [43,44], may explain
a lowered “buffering” of the adrenocortical response to
stress in autism and explain an imbalance in cortisol/
DHEA-S ratio.
In our study, we did not find significant differences in plasma 5-HTP concentrations at any of the time
points between autistic and normal children, while
there were no significant relationships between plasma
5-HTP concentrations and the 5-HTP-induced hormonal responses. Thus, the 5-HTP-induced Cortisol and
DHEA-S response in autism are not related to differences in 5-HTP pharmacokinetics between the study
groups.
In conclusion, here we report a) increased DHEA-S
responses to challenge with 5-HTP in autism, a phenomenon indicating a significant disequilibrium in the
serotonergic system; and b) an increased baseline cortisol/DHEA-S ratio, which could have important consequences for neurotoxicity and brain development in
autism.
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