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Abstract
Many of those with autism have biochemistry that is characterized by high levels of oxidative stress and
low levels of sulfur antioxidants. Of the small set of compounds which have been shown to have some
efficacy in double-blind trials in treating some aspects of autism, four are sulfur containing compounds with
antioxidant properties. Specifically these four have been found to be efficacious with statistical significance
in double-blind trials in autism: n-acetylcysteine, sulforaphane, l-carnitine, and a multivitamin containing
methyl-sufonyl-methane and n-acetylcysteine. Each of these compounds has antioxidant properties, and
there are other sulfur containing compounds with antioxidant properties which case studies suggest may
have some efficacy in autism as well. The over-representation of sulfur containing antioxidants in the set
of compounds that have been found to be therapeutic for autism as well as the indications of therapeutic
potential of others, and the low levels of sulfur compounds and high oxidative stress that are often seen
in autism biochemistry suggest that sulfur deficits are often fundamental to autism etiology, and sulfur
containing antioxidants are worthy of additional study as a class of therapeutics for autism.
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Introduction

A number of sulfur containing compounds that are crucial
to sulfation or detoxification are found at lower levels in the
blood in autism than controls. For example some findings in the
literature for autism include: plasma free sulfate that is 35% of
the level of controls, plasma total sulfate that is 72% of controls
[2], total glutathione in blood that is 54% of controls [5]; cystine
in blood that is 91% of controls [3]; S-adenosyl methionine in
blood that is 94% of controls [2]; and lower levels of carnitine
in blood relative to controls [6]. These are all sulfur containing
compounds involved in detoxification or reduction of oxidative
stress [7-10]. So the increased oxidative stress seen in many
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with autism could be related to the low levels of these sulfur
Sulfur compounds in autism biochemistry
antioxidants that are typically part of autism biochemistry.
Among the biochemical characteristics of autism as suggested
One factor contributing to this sulfur deficit in autism is
by the medical literature are some that point to high oxidative loss of sulfur containing compounds through the urine. For
stress. For example Adams et al., found in autism that the level example, those with autism have on average 225% of the
of nitro-tyrosine in blood averages about 225% of controls [2], sulfate of controls in their urine and on average about 700%
and Gonzalez-Fraguela et al., found that the level of 8–hydroxy- of the thiosulfate of controls in their urine [7].
2deoxyguanosine (8-OHdG) in blood in autism averages about
There are indications that this sulfur deficit that is typical of
900% of the value in controls [4]. Both of these are markers of autism may have effects on energy production, the microbioxidative stress.
ome, and behavior. While many citric acid intermediaries are
With the exception of some antipsychotics which have significant
side effects, there are few pharmaceuticals which have shown
efficacy as treatments for the debilitating symptoms commonly
associated with autism [1]. While autism is traditionally defined
behaviorally, the literature suggests that many with autism
have some similarities of biochemistry [2,3]. So compounds
which may have effects on aspects of biochemistry that are
commonly associated with autism would appear to be worthy
of investigation as therapeutics.
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often low in autism relative to controls, West et al., found that
blood levels of succinate in autism are 111% of controls [3].
Succinate is a citric acid cycle intermediary and the enzyme
responsible for metabolizing succinate requires iron-sulfur
clusters as cofactors [11]. So it seems that one possible explanation for the elevation in succinate in autism and a potential
contributor to dysfunction of energy production in autism
is a decreased prevalence of iron-sulfur clusters in autism.
Sulfated mucins line the normal human digestive tract
[12]. Wang et al., found a low relative abundance of mucolytic
bacteria in the feces of those with autism relative to controls
[13] and this may be related to the high comorbidity between
autism and gastrointestinal disorders [14]. One explanation
of these findings is that the typical sulfur deficit of autism
results in decreased levels of sulfated mucins in the digestive
tract which leads to the low levels of mucolytic bacteria in
the microbiome and increased prevalence of gastrointestinal
disease.
Elevations in blood levels of neurotransmitters and their
derivatives are common in autism [15]. The primary existing
pharmacologic compounds that have demonstrated efficacy
in autism have been found to decrease irritability and have
modes of action based on down regulating neurotransmitter
receptors [16]. This suggests that excesses of neurotransmitters
may be fundamental to some of the psychiatric manifestations of autism. Sulfation is the usual route for metabolism
of excess neurotransmitters [17]. So it would seem that the
sulfation deficit which is common in autism may be a factor
in decreased capacity for metabolism of neurotransmitters
in autism, which may be a factor in the irritability and other
psychiatric symptoms often seen in autism.
Recently there has been an increased focus on identifying
biomarkers for autism [18,19]. Many of the observations cited
above regarding sulfur compounds in the blood or plasma in
autism are highly statistically significant, and in some cases
the average levels of these compounds in autism differ substantially from controls. So for example it would seem that
markers such as plasma free sulfate and total glutathione
would make excellent biomarkers for autism [2,3] and in fact
compare favorably to some other metabolic markers which
have received more attention in the literature. For example,
measures of serotonin in blood are some of the most widely
studied biomarkers for autism. Gabriele et al., in a metaanalysis reported that elevations in serotonin in white blood
cells were found in 28.3% of those with autism and elevations
in serotonin in platelet rich-plasma were found in 22.5% of
those with autism [19]. In contrast Adams et al., found that
plasma free sulfate was below the reference range in 56% of
those with autism [2]. Thus it would appear that plasma free
sulfate is a more discriminatory biomarker for autism than
either of these common measures of blood serotonin.

Sulfur containing antioxidants as therapeutics for autism

A number of double-blind trials have been conducted in the
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context of autism to evaluate potential therapeutics. For many
such trials the compounds tested showed little or no measureable efficacy relative to controls [1,21]. Some compounds where
double-blind trials did show statistically significant efficacy
relative to control are: n-acetylcysteine where Hardan et al.,
found irritability decreased based on the Aberrant Behavioral
Checklist (ABC) irritability subscale [22]; sulforaphane where
Singh et al., found behavior improved based on an ABC and
Social Responsiveness Scale measures [23]; l-carnitine where
Fahmy et al., found behavior improved based on a Childhood
Autism Rating Scale [24]; and a multivitamin that contained
substantial amounts of methyl-sufonyl-methane and n-acetyl
cysteine where Adams et al., found behavior improved based
on a Parental Global Impressions measure [25]. What do these
compounds have in common beyond their efficacy in autism?
They are in fact all sulfur containing compounds with significant antioxidant properties [26-29]. In addition in the trials
of the sulfur containing multivitamin, partial normalization
in sulfur biochemistry in the blood was observed relative to
controls, which would seem to confirm the relevance of this
biochemistry to the multivitamin’s efficacy [25].
There are related trials in the literature on autism and trials
in potentially related conditions providing additional color
on two of the therapies mentioned above. With respect to
carnitine in autism a separate double-blind trial showed efficacy and found that improvement was correlated to levels of
free carnitine [30]. With respect to n-acetylcysteine, Wink et al.,
found in a recent double-blind trial that there was no statistically significant difference in improvement in a Clinical Global
Impressions index associated with n-acetylcysteine relative
to placebo. Glutathione level in blood did rise though in this
trial for those receiving n-acetylcysteine [31]. Other trials have
shown that n-acetylcysteine as an adjunct to risperidone is
more effective at reducing irritability than risperidone alone
[32,33]. N-acetylcysteine has also been studied in Obsessive
Compulsive Disorder (OCD) and trials in this context have
found that it reduces severity of symptoms [34]. As OCD has
some overlap with autism symptomatically and as three of
the four trials in autism found efficacy for n-acetylcysteine
for irritability relative to placebo or as an adjunct, these data
broadly support the hypothesis that n-acetylcysteine does
have efficacy in autism.
Additional research on other sulfur containing antioxidant
compounds supports the thesis that sulfur containing antioxidants may be efficacious in autism. Specifically Adams, et
al., in a complex multi-stage trial of Dimercaptosuccinic acid
(DMSA) observed behavioral improvement with statistical significance based on a number of measures [35]. DMSA is a sulfur
containing compound that is primarily used as a chelation
agent, but also has antioxidant properties [36]. Lonsdale, et al.,
in a trialof suppositories containing the compound thiamine
tetrahydrofurfuryl disulfide (TTFD) found improvements in
behavior of eight of ten children with autism [37]. TTFD is a
derivative of the B-vitamin thiamine and as such it is a sulfur
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containing compound with antioxidant properties [38,39].
Biotin is another B-vitamin which contains sulfur and from
animal studies it can also serve as an antioxidant as well [40].
Blood levels of biotin in autism are typically low relative to
controls [2]. Based on a urinary marker, a subset of children
with autism in a Greek cohort were found to be deficient in
biotin [41]. According to the same study, providing biotin
to this subset led to improvement in the functional level of
someof these children [41].
Two promising pharmaceutical therapies for autism are
also sulfur containing compounds with antioxidant properties. Specifically suramin has been found to be effective in
ameliorating autism-like behavior and metabolism in mice
[42]. Suramin is a sulfur containing compound with significant
antioxidant effects [43]. Insulin-like growth factor-1 (IGF-1) is
an endocrine hormone which effects growth [44], and appears
to be a promising treatment in ameliorating some aspects of
Rett sydrome and Phelan-McDermid syndrome which are two
genetic syndromes where those affected often exhibit autism
like behavior [45,46]. In addition IGF-1 is a sulfur containing
compound with antioxidant properties and has even been
referred to as a “sulfation factor” due to its effects [47,48].
So it would seem from double-blind trials and a wealth
of other evidence that sulfur containing antioxidants are
significantly over-represented among the compounds that
have shown promise as therapeutics in autism.

Discussion

The sulfur deficit suggested by the literature on autism biochemistry and the empirical evidence in the literature that a
number of sulfur containing antioxidant supplements may
ameliorate autism symptoms suggest that:
1. Sulfur deficits and relatedly oxidative stress due to
these deficits may be fundamental to the nature of
autism in many cases.
2. Sulfur antioxidants are worthy of investigation in general
in the context of autism as a class of therapeutics.
In the view of this author, some sulfur containing antioxidants that are worthy of additional investigation in autism
include TTFD, benfotiamine, S-allyl cysteine, and Epsom salts.
As previously noted a pilot studyof the thiamine derivative
TTFD indicated that it has potential as a therapeutic for
autism [37], but a double-blind trial could be conducted to
establish if there is indeed efficacy. Benfotiamine, another
thiamine derivative, is a sulfur containing antioxidant, and it
has been found to relieve inflammation in diabetic neuropathy,
which is a condition where oxidative stress is a major factor
[49]. Benfotiamine has also been found to improve mood in
recovering alcoholic men [50]. As autism often features oxidative stress and debilitating irritability [2,16], logic suggests
that benfotiamine should be evaluated for efficacy in autism.
S-allyl cysteine is a sulfur containing antioxidant compound
in garlic with neuroprotective effects [51]. As autism often
features high oxidative stress and clearly has neurologic
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manifestations, S-allyl cysteine would also seem to be worthy of investigation in autism. Epsom salts are magnesium
sulfate, and magnesium sulfate injections have been found
to decrease lipid peroxidation in pregnant women [52] which
shows that magnesium sulfate can function as an antioxidant.
In addition magnesium sulfate baths have been found to raise
blood levels of sulfate, and this shows that some magnesium
sulfate permeates the skin under such conditions [53]. As
Epsom salt baths may lower oxidative stress and may act
directly on the sulfate deficit of autism, it would seem that
they are also worthy of investigation in autism.
Researchers who have interest in autism biomarkers and
those who have interest in autism therapeutics are likely to
be rewarded by focusing their efforts on sulfur compounds
as biomarkers for autism and relatedly sulfur antioxidant
compounds as therapeutics for autism.
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