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a b s t r a c t
Autism spectrum disorders (ASDs) may result from a combination of genetic/biochemical susceptibilities in
the form of a reduced ability to excrete mercury and/or increased environmental exposure at key
developmental times. Urinary porphyrins and transsulfuration metabolites in participants diagnosed with an
ASD were examined. A prospective, blinded study was undertaken to evaluate a cohort of 28 participants
with an ASD diagnosis for Childhood Autism Rating Scale (CARS) scores, urinary porphyrins, and
transsulfuration metabolites. Testing was conducted using Vitamin Diagnostics, Inc. (CLIA-approved) and
Laboratoire Philippe Auguste (ISO-approved). Participants with severe ASDs had signiﬁcantly increased
mercury intoxication-associated urinary porphyrins (pentacarboxyporphyrin, precoproporphyrin, and
coproporphyrin) in comparison to participants with mild ASDs, whereas other urinary porphyrins were
similar in both groups. Signiﬁcantly decreased plasma levels of reduced glutathione (GSH), cysteine, and
sulfate were observed among study participants relative to controls. In contrast, study participants had
signiﬁcantly increased plasma oxidized glutathione (GSSG) relative to controls. Mercury intoxicationassociated urinary porphyrins were signiﬁcantly correlated with increasing CARS scores and GSSG levels,
whereas other urinary porphyrins did not show these relationships. The urinary porphyrin and CARS score
correlations observed among study participants suggest that mercury intoxication is signiﬁcantly associated
with autistic symptoms. The transsulfuration abnormalities observed among study participants indicate that
mercury intoxication was associated with increased oxidative stress and decreased detoxiﬁcation capacity.
© 2008 Elsevier B.V. All rights reserved.

1. Introduction
Autism spectrum disorders (ASDs) are prevalent neurodevelopmental disorders that, based on a recent survey, affect not less than 1 in
150 children born in the US during the early 1990s [1]. ASD diagnoses are
characterized by impairments in social relatedness and communication,
repetitive behaviors, abnormal movement patterns, and sensory
dysfunction [2]. Further, common co-morbidity conditions often
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associated with an ASD diagnosis include gastrointestinal disease and
dysbiosis [3], autoimmune disease [4], and mental retardation [5].
In attempting to understand the underlying pathogenesis in those
with an ASD diagnosis, a considerable body of research has been
conducted to evaluate potential candidate causal genes. Genetic
studies, to date, have not uncovered genes of strong effect. It has
recently been postulated that increasing rates and less than 100%
monozygotic concordance support a more inclusive reframing of ASDs
as a multi-system disorder with genetic inﬂuence and environmental
contributors [6]. Research into the metabolic basis for ASDs has been
relatively underutilized compared to other approaches. In considering
potential environmental contributors to ASDs, some studies have
reported that exposure to mercury can cause immune, sensory,
neurological, motor, and behavioral dysfunctions similar to traits
deﬁning or associated with autistic disorders, and that these
similarities extend to neuroanatomy, neurotransmitters, and biochemistry [7–9]. In addition, investigators from the US National
Institute of Environmental Health Sciences [10] and the National

