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Autism is heterogeneous with respect to clinical symptoms 
and etiology. To sort out this heterogeneity in autism, we 
investigated whether specific neurobiological markers vary 
in parallel to core symptomatology. Specifically, we 
assessed growth hormone response to the 5-HT 1d agonist, 
sumatriptan, and linked this measure of serotonergic 
function to the severity of repetitive behaviors in adult 
autistic patients. Eleven adult patients with autism or 
Asperger’s disorder were randomized to single dose 
sumatriptan (6 mg SQ) and placebo challenges, separated 
by a one-week interval. In adult autistic disorders, severity 

of repetitive behaviors at baseline, as measured by YBOCS-
compulsion score, significantly positively correlated with 
both peak delta growth hormone response and area under 
the curve growth hormone response to sumatriptan. Thus, 
the severity of a specific behavioral dimension in autism 
(repetitive behaviors) parallels the sensitivity of the 5-HT 
1d receptor, as manifest by sumatriptan elicited GH 
response.
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Autism is heterogeneous with respect to clinical symp-
toms and etiology. To sort out this heterogeneity in au-
tism, one might determine whether specific neurobiologi-
cal markers vary in parallel to key clinical symptoms.
Autism is characterized by three unique behavioral di-
mensions: social impairment, communication difficulties
and rigid, restricted interests, and repetitive behaviors.
One recent study explored the relationship between repet-

itive behaviors in autism and D8/17, a B-lymphocyte anti-
gen marker expressed at increased levels in patients with
rheumatic fever, as well as in patients with neuropsychiat-
ric disorders characterized by repetitive behaviors such as
Sydenham’s chorea, Tourette’s syndrome and obsessive-
compulsive disorder. Of interest, obsessive compulsive
disorder (OCD) occurs with increased frequency in first
degree relatives of autistic patients and is associated with
the broader phenotype of autism (Bolton et al. 1998).
D8/17 expression was found to be significantly positively
correlated with the severity of repetitive behaviors as
measured by the Yale-Brown Obsessive Compulsive
Scale—compulsivity subscale in childhood and adolescent
autism (Hollander et al. 1999). We have hypothesized that
repetitive behaviors in autism may also be related to sero-
tonergic (5-HT) dysfunction (Hollander et al. 1998).

Pharmacological treatment studies support a role of
5-HT in autistic disorders. Double-blind studies of the
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serotonin reuptake inhibitors (SRI’s) clomipramine
(Gordon et al. 1993), fluvoxamine (McDougle et al.
1996b), and fluoxetine (Hollander et al., unpublished
data), as well as open label studies of fluoxetine (Meh-
linger et al. 1990) and sertraline (Steingard et al. 1997)
have documented efficacy in treating both global autis-
tic symptoms as well as symptoms of repetitive behav-
iors and restricted interests in up to 60% of patients
treated.

Several biological studies have also suggested 5-HT
dysregulation in autistic patients, however the findings
have not been uniform, but rather replicated in sub-
groups of patients. For example, contradictory results
in linkage disequilibrium analyses of two common alle-
les (long and short) of the 5HT transporter (5HTT) gene
have been reported. While there was linkage between
the short allele and a narrowly defined group of autistic
probands (Cook et al. 1997), an association between the
long allele and a more broadly defined group of autistic
probands has also been reported (Klauck et al. 1997).

Pharmacological challenge studies with 5-hydroxy-
tryptophan and fenfluramine have demonstrated re-
duced prolactin response in some patients with autism
(Hoshino et al. 1984; McBride et al. 1989), however age,
gender, and racial/ethnic factors may account for some
of the heterogeneity. Depletion of the 5-HT precursor,
tryptophan, induced a worsening of autistic symptoms
in some, but not all, patients (McDougle et al. 1996a).
There is evidence for increased whole blood serotonin
not only in patients with autism (Hoshino et al. 1984;
Anderson et al. 1987), but also in their first degree rela-
tives (Piven et al. 1991; Cook et al. 1994; Leboyer et al.
1999). Of interest, parents of autistic patients with in-
creased whole blood serotonin scored higher on ratings
of repetitive behavior than parents without elevated
whole blood serotonin (Cook et al. 1994). This rein-
forces the notion of heterogeneity of 5HT function in
autism as well as elucidating a possible link to repeti-
tive behaviors.

PET studies with radiolabeled alpha methyl tryp-
tophan in autistic children demonstrated evidence of
decreased serotonin synthesis in frontal and thalamic
regions but increased 5HT synthesis in the contralateral
cerebellar dentate regions (Chugani et al. 1997). Of in-
terest, the areas of decreased 5HT synthesis, such as the
frontal cortex, are rich in 5HT 1d inhibitory autorecep-
tors (Pascual et al. 1996), whereas the brain regions with
increased 5HT synthesis, such as the cerebellum, lack
5HT 1d inhibitory autoreceptors.

Sumatriptan, originally marketed as an anti-migraine
medication, is primarily a 5-HT1d receptor agonist but
may also bind to 5-HT 1b, 1f and 1a receptors (Adham
et al. 1997; Peroutka et al. 1989). The 5HT 1d receptor
has both alpha and beta subtypes, however sumatrip-
tan binds nonspecifically to both subtypes (Bard et al.
1996). Sumatriptan has been shown to increase growth

hormone release in normal controls (Franceschini et al.
1994) via increased growth hormone releasing hormone
(GHRH) which stimulates GH release, and inhibition of
somatostatin which inhibits GH release (Yatham et al.
1997; Mota et al. 1995). Anecdotal case reports have
suggested that sumatriptan improved symptoms of au-
tism, as well as migraine headaches when taken by pa-
tients who suffer from both disorders. We previously
demonstrated that autistic patients have increased
growth hormone response to sumatriptan compared to
matched controls (Novotny et al. 1999, in press). In this
study, we examine the relationship between the sever-
ity of the repetitive behavior dimension and growth
hormone response to sumatriptan in adult autistic pa-
tients.

 

METHODS

 

To evaluate the role of the 5-HT 1d receptor in autism, we
utilized single dose challenges with sumatriptan (a pri-
marily 5-HT 1d agonist) and placebo. Eleven adult pa-
tients (mean age 

 

5

 

 31.2 years, range 
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18.5–53.2), (10
male, 1 female), diagnosed with autism (

 

n

 

 

 

5

 

 7) or As-
perger’s disorder (

 

n

 

 

 

5

 

 4) by both Autism Diagnostic In-
terview (Lord et al. 1994) and DSM IV criteria, partici-
pated in this study after patients and parents signed
written informed consent. All patients were medically
healthy, without a current or past history of schizophre-
nia, psychotic disorders, substance abuse, other Axis I
mental disorders, or seizure disorders. Seven patients
were medication free for greater than one year prior to
the study; two patients were medication free for greater
than seven weeks prior to the study, and the remaining
two patients (one who was on fluvoxamine and risperi-
done, and one on clonazapam) were medication free for
a minimum of two weeks prior to and throughout the
study. Baseline severity of repetitive behaviors was as-
sessed with the YBOCS compulsion subscale prior to en-
trance into the study.

The patients underwent two identical challenge days,
separated by one week, with single dose sumatriptan or
placebo. At 8:00 a.m., after an overnight fast, the pa-
tients reported to the Clinical Research Center where a
catheter was inserted at 8:30 a.m. The patients received
either sumatriptan, 6 mg SQ, or placebo, at 9:30 a.m.
Blood samples for growth hormone (GH) were ob-
tained starting thirty minutes prior to and at 0, 60, 90,
120, and 240 minutes after drug administration. Blood
pressure, pulse, and oral temperature were measured at
15 minute intervals. Side effects occurring during the
procedure were recorded. To assess the relationship
between core symptom components in autism and 5-HT
function, we correlated baseline Y-BOCS-compulsion
scores and ADI-R algorithm subscales for communica-
tion and social interaction with both peak delta GH and
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area under the curve GH using Spearman’s correla-
tions, given the small sample size and the absence of a
normal distribution. To compare GH response to
sumatriptan vs. placebo, data was analyzed by stu-
dents’ t-test, both paired and independent, with a two-
tailed significance of 

 

p

 

 

 

#

 

 .05.

 

RESULTS

 

Neither age nor gender influenced growth hormone
(GH) response to sumatriptan. Side effects to sumatrip-
tan included lightheadedness, anxiety, headache and
mild nausea and did not appear to relate to GH re-
sponse. None of the patients experienced side effects on
placebo.

Of special interest, the severity of repetitive behav-
iors, as measured by YBOCS-compulsion scores at base-
line, significantly positively correlated with both peak
delta GH response to sumatriptan (r 
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 0.650, 

 

p

 

 

 

5

 

 .042)
and area under the curve GH response to sumatriptan
(r 

 

5

 

0.754, 

 

p

 

 

 

5

 

 .012) (Figure 1a and 1b). However, nei-
ther the communication nor social interaction subscales
of the ADI-R algorithm significantly correlated with
peak delta (r 
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 0.502, 
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 .168; r 
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 0.555, 

 

p
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 .074, re-
spectively) or area under the curve (r 
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 0.494, 

 

p
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 .177;
r 
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 0.622, 

 

p
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 .074, respectively) GH response to
sumatriptan. The peak delta GH response (ng/ml) to
sumatriptan (5.08 

 

6

 

 6.12), was significantly greater
than for placebo (1.11 
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1.39) (t 

 

5

 

 2.30, df 

 

5

 

 10; 

 

p

 

 

 

5

 

 .04)
and area under the curve GH response to sumatriptan
(21.22 

 

1

 

 31.53) was trend greater compared to placebo
(7.61 

 

1

 

 10.01) (t 

 

5

 

 1.58, df 

 

5

 

 10, 

 

p

 

 

 

5

 

 .073).

 

DISCUSSION

 

Our results show that the severity of repetitive behav-
iors (as measured by the YBOCS-compulsion subscale),
but not other behavioral dimensions (communication
and social deficits as measured by ADI-R algorithm
subscales), parallels sumatriptan-elicited growth hor-
mone response. This suggests that a specific component
of the 5HT system (the 5HT 1d receptor) may play a
role in mediating one specific behavioral component of
autistic disorder (repetitive behavior), thus influencing
heterogeneity in autism. Of note, the ADI is generally
not used as a scale for rating severity of social and com-
munication problems, but rather for rating whether
there has ever been abnormalities in these areas charac-
teristic of autism. The Ritvo Freeman Real Life Rating
Scale or the Childhood Autism Rating Scale might be
useful for rating severity of these dimensions in future
studies.

Since GH response to sumatriptan was found to be
significantly greater than to placebo, it is, therefore, not

related to non-specific stressors such as IV insertion. In
a parallel study under identical conditions, we found
that growth hormone response to sumatriptan in 11 pa-
tients with autism was greater than for matched nine
normal controls. In controls, peak delta GH response to
sumatriptan was 2.27 

 

6

 

 2.20 vs. 1.84 

 

6

 

 2.76 for placebo,
and area under the curve GH response was 14.56 

 

6

 

 14.80
sumatriptan vs. 11.90 

 

6

 

 18.85 with placebo. These val-
ues were compared to autism patients by t-test and
were found to differ at the 

 

p

 

 

 

#

 

 .10 level (Novotny et al.
1999 in press). This is consistent with hypersensitivity
of the 5HT 1d receptor in autism.

GH response to sumatriptan in healthy individuals
may be mediated by 5-HT1d receptors located in the
median eminence of the hypothalamus which facilitate
the release of growth hormone releasing hormone
(GHRH) which in turn stimulates GH release (Frances-
chini et al. 1994; Yatham et al. 1997). Stimulation of 5HT
1d receptors may also inhibit the release of somatosta-

Figure 1. Relationship between 5HT 1d receptor sensitivity
and repetitive behaviors in autistic patients (sumatriptin).
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tin thereby decreasing inhibitory tone on GH release
(Mota et al. 1995).

The findings of this study must be viewed with cau-
tion given the small number of patients studied; the in-
ability to extrapolate these findings to females (since
ten of the eleven patients who participated in this study
were males) and to children and adolescents (since the
study was restricted to adults), and difficulty in delin-
eating the relationship between repetitive behaviors
and GH response separately for Asperger’s vs. autism
patients (given the small sample size). Future studies
are needed to replicate these findings with larger sam-
ple sizes, to determine whether this relationship be-
tween 5HT function and repetitive behavior occurs in
both Asperger’s disorder and autism patients, and to
examine findings in females, children, and adolescents.
Also, these findings need to be integrated with simulta-
neous measurement of other 5-HT indices, such as
whole blood 5-HT. Finally, this relationship should also
be studied in patients with other disorders character-
ized by repetitive behaviors, such as obsessive compul-
sive disorder.

Nevertheless, these findings are clinically relevant in
helping to sort out heterogeneity in autism by linking a
specific neurobiological marker (5HT 1d function) to a
specific behavioral symptom dimension (repetitive be-
haviors). Future studies are needed to address whether
this finding is of relevance to treatment response to se-
lective serotonin reuptake inhibitors in autism.
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