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Abstract
Introduction 
Xenobiotics are neurotoxins that 
dramatically alter the health of a child. 
A three-phase efficient mechanism is 
involved in detoxifying these toxins. 
Autism spectrum disorders are 
neurodevelopmental disorders that 
result from a combination of genetic 
or biochemical susceptibilities in the 
form of a reduced ability to excrete 
heavy metals and/or increased envi-
ronmental exposure at early develop-
mental times. This review is an attempt 
to understand and highlight the 
impaired detoxification pathways in 
autistic individuals. Role of glutathione 
redox imbalance, bacterial toxins, 
impaired heavy metal detoxification, 
abnormal levels of metallothionein, 
thioredoxins, glutaredoxins and perox-
iredoxins in the aetiology of autism 
will be clarified and discussed in detail.
Conclusion 
The sulphur redox-related abnormal-
ities indicate that mercury and lead 
intoxication was associated with 
increased oxidative stress and 
decreased detoxification capacity. 
These mechanisms are circulating 
with autism-associated abnormal gut 
microbiota. Understanding these 
aspects could help in tailoring a 
combined treatment strategy that 
could help to reduce the increased 
prevalence of the disorder. 

Introduction
Detoxification, ‘Detox’, is defined as 
the capacity to remove any toxic 

Detoxification mechanisms in autism spectrum disorders
A El-Ansary*

substances from the body. It is one of 
the major functions of the liver, 
kidney and gastrointestinal tract. 
Additionally, it is the biochemical 
process that transforms non-water-
soluble toxins and metabolites into 
water-soluble compounds that can be 
excreted in urine, sweat, bile or stool. 
Endogenous toxins are those that are 
generated internally as end products 
of metabolism, bacterial byproducts 
and other complex molecules. In 
contrast, external xenobiotics are 
toxins of external origin such as 
chemicals and pollutants in the air, 
water, food additives and drugs.

In recent years, there has been much 
research directed to understand the 
remarkable difference of environ-
mental contaminants on children 
compared with adults. Because chil-
dren have a smaller body mass than 
adults, relative exposures to pollutants 
can be much greater. In addition, chil-
dren have unique behaviours, diets 
and physiologic characteristics that 
put them at higher risk for exposures 
to environmental toxins. Diets of chil-
dren are also different from diets of 
adult because they often eat a limited 
variety of foods. Adverse health effects 
can also result from parental expo-
sures before conception, near concep-
tion and during pregnancy1. 

Inherited defects or differences in 
the body’s ability to detoxify can 
contribute to heavy metal accumula-
tion. Deficiencies of certain minerals, 
vitamins and amino acids reduce the 
body’s ability to excrete toxins 
following exposure2,3. Many studies 
revealed that prenatal exposures to 
mercury from mother’s amalgams 
and other mercury sources (thimer-
osal for RH factor) along with suscep-
tibility factors such as ability to 
excrete mercury appear to be major 

aetiological factors in Autism Spec-
trum Disorders (ASD)4,5. While the 
hair test levels of mercury of infants 
without autism were positively corre-
lated with the number of the mother’s 
amalgam fillings, vaccination thimer-
osal exposure and mercury from fish, 
the hair test levels of those with 
chronic neurological conditions such 
as autism were much lower than the 
levels of controls and those with the 
most severe effects had the lowest 
hair test levels concomitant with high 
body mercury burden.

Understanding factors affecting 
different aspects of the detoxification 
mechanisms in autistic patients could 
encourage the early intervention 
through supplementation of perfect 
and safe antioxidants such as N-acetyl 
cysteine, vitamin E, carnosine, mela-
tonin and Coenzyme Q. This could 
help to reduce the burden of heavy 
metal toxicity. Of course autistic chil-
dren, who undergo intensive inter-
vention, can socially and behaviour-
ally do better than children who do 
not. The aim of this review was to 
discuss detoxification mechanisms in 
autism spectrum disorders.

Discussion
The author has referenced some of its 
own studies in this review.  These refer-
enced studies have been conducted in 
accordance with the Declaration of 
Helsinki (1964), and the protocols of 
these studies have been approved by 
the relevant ethics committees related 
to the institution in which they were 
performed. All human subjects, in these 
referenced studies, gave informed 
consent to participate in these studies.

Phases of detoxification
Detoxification mechanisms occur 
through three different phases that 
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an over production of H2O2, which is 
not apparently compensated by 
parallel increases in either CAT or 
GPx activity; the consequent H2O2 
accumulation may lead to the oxida-
tive stress conditions in the blood of 
autistic children11,12. Decreased 
plasma S-adenosyl-l-homocysteine, 
as well as S-adenosyl-l-methionine, 
two intermediates in the synthesis of 
cysteine, which is a key precursor of 
GSH, had also been reported8. 

Additionally, glutathione status is an 
excellent indicator of cell integrity and 
function13–15. The ratio of reduced/
oxidized glutathione (GSH/GSSG) 
known as glutathione redox ratio is a 
sensitive index of oxidative stress, 
which can lead to and reflect the imbal-
ance between the production and scav-
enging of ROS. A lower GSH/GSSG may 
lead to decreased cell proliferation, 
DNA damage16 and increased apop-
tosis17 that could potentially affect 
neonatal neurological development. As 
a decreased glutathione redox ratio 
has also been reported in many studies 
of individuals with autistic disorder, it 
may be hypothesised that a shift in the 
glutathione redox ratio may play a role 
in the aetiology of autism18–21. More-
over, the remarkable increase of Hg 
and Pb was reported in autistic 
patients compared with controls 
recorded significant increase of both 

neutralize and solubilize toxins, and 
transport them to secretory organs 
(like the liver or kidneys), so that they 
can be excreted from the body (2). In 
the first phase, detoxifying enzymes 
resulting in an intermediary metabo-
lite metabolise the toxin. Although 
there are several phase I enzymes, 
the most abundant and important are 
the cytochrome P-450s (P-450s).

During detoxification, P-450s 
perform two important functions. 
First, they make toxins more water 
soluble and second, convert the toxin 
into less toxic and, hence, less reac-
tive molecules towards body DNA, 
proteins and so on. Interestingly, 
sometimes this phase converts a less 
toxic molecule into a more toxic 
molecule. After undergoing phase I 
detoxification, many toxins are then 
subject to phase II detoxification. 

One of the most important enzymes 
of phase II is glutathione-S-trans-
ferases. These enzymes conjugate a 
reduced glutathione (GSH) molecule 
with the toxin. Like phase I detoxifi-
cation, this step also serves to make 
the toxin water soluble and less toxic 
to the body. Besides GSH, the body 
uses several other molecules to bind 
to the toxin and increase its solubility 
including sulphates, amino acids and 
glucuronic acid. However, if we are 
exposed to excessive amounts of 
toxins, they could rapidly deplete our 
GSH reserves resulting in very little 
GSH available to scavenge free radi-
cals and detoxify toxins.

Finally, phase III of detoxification 
involves the elimination of toxins 
from cells. In this step, the products 
of phase I and II reactions are trans-
ported out of cells and into the blood-
stream for elimination (Figure 1).

Redox imbalance in autism
A known hypothesis in autism 
suggests that this disorder is a result 
of disequilibrium between oxidants 
and antioxidants in the body, leading 
to accumulation of reactive oxygen 
species (ROS). Ordinarily, ROS is 
removed by superoxide dismutase, 

catalase and glutathione-related 
enzymes, as GSH peroxidase and GSH 
reductase. Accumulation of these 
reactive species can induce chemical 
modifications and functional changes 
of DNA, RNA, protein, lipid and carbo-
hydrate moieties concomitant with 
cellular dysfunction.

The potential involvement of redox 
imbalance in the pathogenesis of 
autism has been suggested by neuro-
pathologic6, genetic7 and clinical 
studies8. Differences in allele 
frequency and/or significant gene 
interaction between individuals with 
autism and healthy control subjects 
were found for relevant genes 
encoding GSH S-transferases, a phase 
II detoxification enzyme7. 

Peripherally, decreased levels of 
antioxidant enzymes, such as eryth-
rocyte GSH peroxidase and super-
oxide dismutase9, and decreased 
cellular and mitochondrial GSH were 
found in several investigations7–9. 
Contradictory evidences reported 
stimulation of Superoxide dismutase 
(SOD) in autism indicate increased 
levels of superoxide radical, which is 
the first reduction product of molec-
ular oxygen. In contrast, H2O2, the 
product of reaction catalysed by SOD, 
is a substrate for catalase (CAT) and 
glutathione peroxidase (GP). There-
fore, the higher SOD activity indicates 

Figure 1: Detoxification phases.
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toxicants in the hair of autistic 
compared with non-autistic children22. 
This in turn could reflect the impair-
ment of detoxification mechanism as 
risk factor greatly contributed in the 
aetiology of autism since dental amal-
gams, fish and vaccinations were 
recorded as sources of mercury vapour, 
methylmercury and ethylmercury, 
respectively, to which autistic patients 
could be exposed during their early 
childhood23–25. Elevation of both metals 
in autistics could be easily related to 
and support the previous work of 
Al-Yafee et al. 21, in which they described 
autistics as poor detoxifiers, have 
lower GSH/GSSG ratio and have 
remarkably less active glutathione-s- 
transferase (GST) and thioredoxin 
reductase as markers of detoxification 
mechanism. It is well known that GSH 
and GST are critically needed for the 
detoxification of mercury26. While GSH 
carries Hg through biliary transport 
for excretion, Hg2+ rapidly oxidises 
glutathione26. This could be easily be 
correlated with the depleted GSH 
levels repeatedly reported in autistic 
patients compared with healthy 
controls12,27, showing a significant 
inverse correlation between blood 
GSH levels and autism severity meas-
ured using Childhood Autism Rating 
Scale (CARS).

Under normal physiologic condi-
tions, glutathione reductase enzyme 
activity is sufficient to maintain the 
high GSH/GSSG redox ratio. However, 
excessive intracellular oxidative 
stress that exceeds the capacity of 
glutathione reductase will result in 
GSSG export to the plasma in attempt 
to regain intracellular redox homeo-
stasis. Thus, an increase in plasma 
GSSG is a strong indication of intra-
cellular oxidative stress. Further, 
GSSG export represents a net loss of 
glutathione to the cell and increases 
the requirement for cysteine, the 
rate-limiting amino acid for 
glutathione synthesis. Of possible 
relevance, plasma cysteine levels 
were significantly reduced in many 
autistic patients27. It is important to 

note that cysteine is a ‘conditionally’ 
essential amino acid that is dependent 
on adequate methionine status; thus, 
a decrease in methionine precursor 
levels effectively increases the 
requirement for preformed cysteine28. 

Bacterial toxins and autism
It has previously been shown in 
several studies that the gut micro-
biota of autistic children contained an 
overgrowth of Clostridium spp., 
compared with healthy controls29. It 
is possible that chronic diarrhoeal 
episodes associated with some forms 
of ASD could be attributed to an over-
abundance of Clostridium spp. and to 
the accumulation of their uncharac-
terised neurotoxins, among which is 
propionic acid (PPA).

Impaired function of gut epithelial is 
critically involved in the aetiology of 
autism, so that toxins, bacterial prod-
ucts, lymphocytes, proinflammatory 
cytokines and neurotransmitters can 
reach blood circulation and cross the 
blood–brain barrier30. In the system 
connectivity model, three items lead to 
leaky gut that includes inflammation, 
increased zonulin levels such as from 
an allergic reaction to gluten and cell 
morphological changes from clostridial 
toxins. Furthermore, six factors are 
proposed to contribute in gut inflam-
mation in autism pathogenesis: 
clostridial toxins, hydrogen sulphide 
from Desulfovibrio, dietary allergens 
such as gluten, reduced removal of 
toxic heavy metals such as Hg and Pb, 
reduced sulphation detoxification of 
xenobiotic compounds and an inflam-
matory cytokine imbalance towards 
proinflammatory cytokines. Another 
mechanism, through which toxins (e.g. 
Hg and Pb) could be related to brain 
dysfunction in autistic patients, is the 
activation of brain mast cells especially 
in those areas associated with behav-
iour and language. This could lead to 
brain allergies and subsequent focal 
encephalitis. Of course, this is more 
likely occur in the subgroup of autistic 
patients with mast cell activation a 
susceptible gene31.

In relation to gut microbiota, a 
recent study done by Persico and 
Napolioni32 shows that exposure to 
the organic aromatic toxin p-cresol 
(4-methylphenol) was found to 
contribute in worsening autism 
severity and gut dysfunction. It is well 
known that the main source of this 
compound is represented by some 
gut bacteria, which expresses p-cresol 
synthesising enzymes not found in 
human cells. Urinary p-cresol and its 
conjugated derivative p-cresylsul-
phate have been found to be elevated 
in autistic children below 8 years of 
age, where it is associated with female 
sex, clinical severity regardless of sex 
and history of behavioural regres-
sion. Potential sources of p-cresol 
excess in autism could be attributed 
to gut infection, chronic constipation, 
antibiotics and leaky gut.

Among other behaviourally active, 
gut-derived bacterial metabolites 
related to autism is PPA, a short chain 
fatty acid produced in the gut by 
anaerobic bacteria including 
Clostridia and Propionibacteria, 
through fermentation of dietary 
carbohydrates and several amino 
acids33. Intracerebroventricular 
administration of PPA to young rats 
yields behavioural abnormalities 
similar to autism, neuroinflammation 
in the form of activated microglia and 
reactive astrogliosis34, similar to 
those detected in postmortem autistic 
brains35. Oral administration of PPA 
was effective in inducing persistent 
biochemical alteration typical to 
those seen clinically in autistic 
patients, for example proinflamma-
tion, neurotransmitters alteration, 
impaired energy metabolism and 
pro-apoptotic changes36 (Figure 2).

Metallothionein and metal detoxi-
fication in autism
Developmental exposure to transition 
metals such as mercury causes cogni-
tive impairment37. Organic mercury 
(methyl or ethyl) is a much more 
potent neurotoxicant than metallic 
mercury; however, metallic mercury 
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(HgCl2) has neurotoxic effects as well. 
With low-level mercury exposure, 
there is considerable variation in toxic 
response. This may be due to hetero-
geneity of control over the distribu-
tion and detoxification of mercury.

Metallothionein (MT) is a cysteine-
rich protein involved in homeostasis 
of essential metals, detoxification of 
toxic metals and scavenging of free 
radicals38. In humans, there are four 
major MT isoforms: the ubiquitous 
MT-1 and MT-238, the brain-specific 
MT-339 and the squamous epithelium-
specific MT-440. Abnormalities in MT 
level and/or structure, together with 
the presence of anti-MT antibodies, 
have been hypothesised to be associ-
ated with autism41. Again this could 
support the role of impaired detoxifi-
cation mechanism in the pathophysi-
ology of autism. The critical role of 
MT system in detoxifying mercury 
was investigated by Eddins et al. 42, 
who proved that MT-1/MT-2-null 
mice are more susceptible to environ-
mental Hg exposure that in turn could 

explain the reported higher levels of 
mercury in autistic patients43. 

Helal et al.44 reported that MT induc-
tion by zinc sulphate inhibits carmus-
tine (BCNU)-induced hippocampus 
toxicity in rats with subsequent pres-
ervation of cognition. MT effects were 
attributed to its potency in preventing 
glutathione reductase inhibition, GSH 
depletion and counteracting the 
increased levels of tumour necrosis 
factor-α, lipid peroxides and caspase-3 
activity. Based on the neuroprotective 
role of MT44, its potency in amelio-
rating the increased ROS and caspase-3 
as markers of oxidative stress and pro-
apoptosis, respectively, together with 
the anti-inflammatory, anti-apoptotic45 
and MT-1/ MT-2 expression-induced 
effects of gold, implanting gold was 
suggested as novel hypothesised treat-
ment strategy for autistic patients46. 

Thioredoxins, glutaredoxins and 
peroxiredoxins in autistic patients 
Thioredoxins (Trxs), glutaredoxins 
(Grxs) and peroxiredoxins (Prxs) 

have been characterised as electron 
donors, guards of the intracellular 
redox state and ‘antioxidants’. Today, 
these redox catalysts are increasingly 
recognised for their specific role in 
redox signalling47. The role of these 
proteins in the regulation or removal 
of ROS and oxidative stress is not well 
understood in the CNS. In agreement 
with several reports48, the Trx1 and 
Trx2 are present in most regions of 
the CNS for both neurons and neuro-
glia. Trxs have been implied in neuro-
protection during a hypoxic/
ischaemic insult in the CNS Trx1 and 
Trx2 concentrations are low in the 
hippocampus, which could explain 
the vulnerability of this region to 
oxidative stress49,50. Intravenous 
administration of recombinant 
human Trx1 in mice was reported to 
decrease the hippocampal brain 
damage following transient focal 
cerebral ischaemia. The administra-
tion of Trx1-reduced protein carbonyl 
content and attenuated the activation 
of the stress-related Mitogen acti-
vated protein kinase (MAP kinase) 
p38 in response to the ischaemic 
insult51. Trx2 is the mitochondrial Trx 
and an important factor for cell 
viability. Fibroblasts of Trx2 knockout 
embryos undergo extensive apop-
tosis52. Trx2 can interact with mito-
chondrial respiratory chain compo-
nents, affecting the mitochondrial 
membrane potential and apoptosis53.

In addition to its protective role, 
the Trx system is involved in many 
cellular processes, such as cell signal-
ling, transcriptional regulation and 
DNA synthesis54. One of the most 
important roles of the Trx/TrxR 
system is to maintain reduced redox 
status and prevent oxidative stress. 
This function is holding up mainly by 
the Prx system. Recently, Drechsel 
and Patel55 demonstrated that Trx/
Prx is the major contributing enzyme 
system to respiration-dependent 
H2O2 scavenging in brain mitochon-
dria, while GSH/GPx and non-enzy-
matic systems show only minor 
contributions. Overexpression of 

Figure 2: Proposed mechanism of circular relationship among oxidative  
stress, sulphur metabolic deficiencies and pathogenic alteration of gut 
microbiota.
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TrxR as a major antioxidant enzyme, 
recently reported by Al-Yafee et al.21, 
again supports the role of oxidative 
stress in the pathology of autism12,54. 
This pathway could be easily followed 
in Figure 3. In addition, over expres-
sion of both Prx1 and Prx3 as 
biomarkers of oxidative stress in 
autistic patients compared with age 
and gender-matching control subjects 
could support their roles in the 
pathology of autism21. Besides their 
protective antioxidant function, Prxs 
appeared to play an important role in 
cell proliferation, differentiation, 
immune response, regulation of 
cellular H2O2 and control of apop-
tosis56. Prx3 overexpression alters 
the mitochondrial membrane poten-
tial, reduces endogenous cellular 
H2O2 levels. The results of Nonn et 
al.57 suggested that mitochondrial 
Prx3 is an important regulator of 
H2O2 in the cell. They reported that at 
low physiological levels of H2O2, Prx3 
inhibits the growth-stimulating 
effects of H2O2, while at higher levels 
of H2O2 generation, Prx3 protects 
cells against apoptosis58. 

Conclusion
A confirmed impaired detoxification 
mechanism in autistic patients could 
support the use of GSH/GSSG, GST, Trx, 
TrxR and Prx together with increased 
Pb and Hg burden as biomarkers for 
the early diagnosis of autism.

A circular relationship represented 
by oxidative stress and sulphur meta-
bolic deficiencies could be related to 
the pathogenic changes in gut micro-
biota composition, which in turn 
could lead to elevated oxidative stress 
in autistic individuals.

A combined treatment to combat 
intestinal permeability, pathogenic 
bacterial overgrowth and sulphur-
related metabolic deficiencies could 
be promising in treating autistic 
patients.

References
1. Altshuler K, Berg M, Frazier LM, 
Laurenson J, Longstreth J, Mendez W, et 
al. Critical periods in development: OCHP 
paper series on children’s health and the 
environment. Paper 2003-2, U.S. Environ-
mental Protection Agency; February 
2003. Available from http://yosemite.
epa.gov/ochp/ochpweb.nsf/content/ 

paperdownloads.htm. Accessed 23 
December 2003.
2. Holmes AS, Blaxill MF, Haley BE. 
Reduced levels of mercury in first baby 
haircuts of autistic children. Int J Toxicol. 
2003.
3. Holmes AS, Blaxill MF, Haley BE. Baby 
hair, mercury toxicity and autism. Int J 
Toxicol. 2004;(4):275–6. 
4. Mutter J, Naumann J, Schneider R, 
Walach H, Haley B. Mercury and autism: 
accelerating evidence? Neuro Endocrinol 
Lett. 2005;26(5):439–46. 
5. Haley, BE, Mutter J, Naumann J, 
Sadaghiani C, Schneider R, Walach H. 
Mercury toxicity: genetic susceptibility 
and synergistic effects. Neuro Endocrinol 
Lett. 2004;25(5):331–9.
6. James SJ, Cutler P, Melnyk S, Jernigan S, 
Janak L, Gaylor DW, et al. Metabolic 
biomarkers of increased oxidative stress 
and impaired methylation capacity in 
children with autism. Am J Clin Nutr. 
2004;80:1611–17.
7. Kern JK, Jones AM. Evidence of toxicity, 
oxidative stress, and neuronal insult in 
autism. J Toxicol Environ Health B Crit 
Rev. 2006;9:485–99.
8. James SJ, Melnyk S, Fuchs G, Reid T, 
Jernigan S, Pavliv O, et al. Efficacy of 
methylcobalamin and folinic acid treat-
ment on glutathione redox status in chil-
dren with autism. Am J Clin Nutr. 
2009;89:425–30.
9. Yorbik O, Sayal A, Akay C, Akbiyik DI, 
Sohmen T. Investigation of antioxidant 
enzymes in children with autistic 
disorder. Prostaglandins Leukot Essent 
Fatty Acids. 2002;67:341–3.
10. Zoroglu SS, Armutcu F, Ozen S, Gurel 
A, Sivasli E, Yetkin O, et al. Increased 
oxidative stress and altered activities of 
erythrocyte free radical scavenging 
enzymes in autism. Eur Arch Psychiatry 
Clin Neurosci. 2004;254:143–7.
11. Chauhan A, Chauhan V, Brown WT, 
Cohen L. Oxidative stress in autism: 
increased lipid peroxidation and reduced 
serum levels of ceruloplasmin and trans-
ferrin the antioxidant proteins. Life Sci. 
2004;75:2539–49.
12. Al-Gadani Y, Al-Ansary A, Al-Attas O, 
Al-Ayadhi L. Oxidative stress and antioxi-
dant status in Saudi autistic children. Clin 
Biochem. 2009;24:1032–40.
13. Jones DP. Redefining oxidative stress. 
Antioxid Redox Signal. 2006;8:1865–79.
14. Kemp M, Go YM, Jones DP. Non-equi-
librium thermodynamics of thiol/

Figure 3: Role of thioredoxinperoxidoxin system and glutathione system in 
detoxifying brain mitochondrial H2O2. 



Page 6 of 7  

Co
m

pe
tin

g 
in

te
re

st
s:

 n
on

e 
de

cl
ar

ed
. C

on
fli

ct
 o

f i
nt

er
es

ts
: n

on
e 

de
cl

ar
ed

. 
A

ll 
au

th
or

s 
co

nt
rib

ut
ed

 to
 th

e 
co

nc
ep

tio
n,

 d
es

ig
n,

 a
nd

 p
re

pa
ra

tio
n 

of
 th

e 
m

an
us

cr
ip

t,
 a

s 
w

el
l a

s 
re

ad
 a

nd
 a

pp
ro

ve
d 

th
e 

fin
al

 m
an

us
cr

ip
t.

 
A

ll 
au

th
or

s 
ab

id
e 

by
 th

e 
A

ss
oc

ia
tio

n 
fo

r M
ed

ic
al

 E
th

ic
s 

(A
M

E)
 e

th
ic

al
 ru

le
s 

of
 d

is
cl

os
ur

e.
  

For citation purposes: El-Ansary A. Detoxification mechanisms in autism spectrum disorders. OA Autism 2013 Aug 01; 
1(2):19.

Licensee OA Publishing London 2013. Creative Commons Attribution License (CC-BY)  

Review

disulfide redox systems: a perspective on 
redox systems biology. Free Radic Biol 
Med. 2008;44:921–37.
15. Schafer FQ, Beuttner GR. Redox envi-
ronment of the cell as viewed through the 
redox state of the glutathione disulfide/
glutathione couple. Free Radic Biol Med. 
2001;30:1191–212.
16. Kulkarni A, Wilson DM. The involve-
ment of DNA-damage and repair defects 
in neurological dysfunction. Am J Hum 
Genet. 2008;82:539–66.
17. Sen CK. Cellular thiols and redox-
regulated signal transduction. Curr Top 
Cell Regul. 2000;36:1–30.
18. Vojdani A, Bock K, Hirani AK. Low 
natural killer cell cytotoxic activity in 
autism: the role of glutathion, IL-2 and 
IL-15. J Neuroimmunol. 2008;205:148–54.
19. Rossignol DA, Rossignol LW, James SJ, 
Melnyk S, Mumper E. The effects of hyper-
baric oxygen therapy on oxidative stress, 
inflammation, and symptoms in children 
with autism: an open-label pilot study. 
BMC Pediatr. 2007;7:36. 
20. Rose S, Melnyk S, Savenka A, Hubanks 
A, Jernigan S, Cleves M, et al. The frequency 
of polymorphisms affecting lead and 
mercury toxicity among children with 
autism. Am J Biochem Biotech. 2008;4: 
85–94.
21. Al-Yafee YA, Al-Ayadhi LY, Haq SH, 
El-Ansary AK. Novel metabolic 
biomarkers related to sulfur-dependent 
detoxification pathways in autistic 
patients of Saudi Arabia. BMC Neurol. 
2011;11:139.
22. Blaurock-Busch E, Amin OR, Dessoki 
HH, Rabah T. Toxic metals and essential 
elements in hair and severity of symp-
toms among children with autism. 
Maedica (Buchar). 2012;7(1):38–48.
23. Takahashi Y, Tsuruta S, Honda A, Fuji-
wara Y, Satoh M, Yasutake A. Effect of 
dental amalgam on gene expression 
profiles in rat cerebrum, cerebellum, liver 
and kidney. J Toxicol Sci. 2012;37(3):663–6.
24. Mania M, Wojciechowska-Mazurek 
M, Starska K, Rebeniak M, Postupolski J. 
Fish and seafood as a source of human 
exposure to methylmercury. Rocz Panstw 
Zak1 Hig. 2012;63(3):257–64.
25. Aschner M, Ceccatelli S. Are neuro-
pathological conditions relevant to ethyl 
mercury exposure? Neurotox Res. 
2010;18(1):59–68. 
26. Hyman MH. The impact of mercury 
on human health and the environment. 
Altern Ther Health Med. 2004;10(6):70–5.

27. Geier DA, Kern JK, Garver CR, Adams 
JB, Audhya T, Geier MR. A prospective 
study of transsulfuration biomarkers in 
autistic disorders. Neurochem Res. 
2009;34:386–93.
28. Griffith OW. Biologic and pharmaco-
logic regulation of mammalian 
glutathione synthesis. Free Radic Biol 
Med. 1999;27:922–35.
29. Pequegnat B, Sagermann M, Valliani 
M, Toh M, Chow H , Allen-Vercoe E, et al. A 
vaccine and diagnostic target for 
Clostridium bolteae, an autism-associated 
bacterium. Vaccine. 2013, in press.
30. Theije CG, Wu J, da Silva SL, Kamphuis 
PJ, Garssen J, Korte SM,, et al. Pathways 
underlying the gut-to-brain connection in 
autism spectrum disorders as future 
targets for disease management. Eur J 
Pharmacol. 2011;668:S70–80.
31. Theoharides TC. Is a subtype of 
autism an allergy of the brain? Clin Ther. 
2013;35(5):584–91. 
32. Persico AM, Napolioni V. Urinary 
p-cresol in autism spectrum disorder. 
Neurotoxicol Teratol. 2013;36:82–90. 
33. Al-Lahham SH, Peppelenbosch MP, 
Roelofsen H, Vonk RJ, Venema K. Biolog-
ical effects of propionic acid in humans: 
metabolism, potential applications and 
underlying mechanisms. Biochim Biophys 
Acta. 2010;1801(11):1175–83.
34. MacFabe DF, Cain NE, Boon F, Ossen-
kopp KP, Cain DP. Effects of the enteric 
bacterial metabolic product propionic 
acid on object-directed behavior, social 
behavior, cognition, and neuroinflamma-
tion in adolescent rats: relevance to 
autism spectrum disorder. Behav Brain 
Res. 2011;217:47–54. 
35. Vargas DL, Nascimbene C, Krishnan C, 
Zimmerman AW, Pardo CA. Neuroglial 
activation and neuroinflammation in the 
brain of patients with autism. Ann Neurol. 
2005;57:67–81.
36. El-Ansary AK, Ben Bacha A, Kotb M. 
Etiology of autistic features: the persisting 
neurotoxic effects of propionic acid. J 
Neuroinflam. 2012;9:74.
37. Goulet S, Dore FY, Mirault ME. 
Neurobehavioral changes in mice chroni-
cally exposed to methylmercury during 
fetal and early postnatal development. 
Neurotoxicol Teratol. 2003;25:335–47.
38. Vergani L, Cristina L, Paola R, Luisa 
AM, Shyti G, Edvige V, et al. Metals, metal-
lothioneins and oxidative stress in blood 
of autistic children. Res Autism Spectr 
Disord. 2011;5(1):286–93.

39. Palumaa P, Njunkova O, Pokras L, Elo 
Eriste E, Hans Jörnval H, Rannar Sillard R. 
Evidence for non-isostructural replace-
ment of Zn2+ with Cd2+ in the β-domain of 
brain-specific metallothionein-3. FEBS 
Lett. 2002;527(1–3):76–80.
40. Uchida Y, Takio K, Titani K, Ihara Y, 
Tomonaga M. The growth inhibitory factor 
that is deficient in the Alzheimer’s disease 
brain is a 68 amino acid metallothionein-
like protein. Neuron. 1991;7(2):337–47.
41. Singh VK, Hanson J. Assessment of 
metallothionein and antibodies to metal-
lothionein in normal and autistic children 
having exposure to vaccine-derived 
thimerosal. Pediatr Allergy Immunol. 
2006;17(4):291–6.
42. Eddins D, Petro A, Pollard N, 
Freedman JH, Levin ED. Mercury-induced 
cognitive impairment in metallothio-
nein-1/2 null mice. Neurotoxicol Teratol. 
2008;30(2):88–95. 
43. Mutter J, Naumann J, Schneider R, 
Walach H, Haley B. Mercury and autism: 
accelerating evidence? Neuroendocri-
nology Lett. 2005;26(5):439–46.
44. Helal GK, Aleisa AM, Helal OK, 
Al-Rejaie SS, Al-Yahya AA, Al-Majed AA, et 
al. Metallothionein induction reduces 
caspase-3 activity and TNFα levels with 
preservation of cognitive function and 
intact hippocampal neurons in carmus-
tine-treated rats. Oxid Med Cell Longev. 
2009;2(1):26–35.
45. Pedersen M, Larsen A, Pedersen DS, 
Stoltenberg M, Penkowa M.Metallic gold 
reduces TNFα expression, oxidative DNA 
damage and pro-apoptotic signals after 
experimental brain injury. Brain Res. 
2009;1271:103–13.
46. Ghanizadeh A. Gold implants and 
increased expression of metallothionein-
I/II as a novel hypothesized therapeutic 
approach for autism. Toxicology. 
2011;283(1): 63–4.
47. Hanschmann EM, Godoy JR, Berndt C, 
Hudemann C, Lillig CH. Thioredoxins, 
glutaredoxins, and peroxiredoxins-
molecular mechanisms and health signifi-
cance: from cofactors to antioxidants to 
redox signaling. Antioxid Redox Signal. 
2013Nov;19(13):1539–605.
48. Rybnikova E, Damdimopoulos AE, 
Gustafsson JA, Spyrou G, Pelto-Huikko M . 
Expression of novel antioxidant thiore-
doxin-2 in the rat brain. Eur J Neurosci. 
2000;12:1669–78.
49. Moretto N, Bolchi A, Rivetti C, 
Imbimbo BP, Villetti GV, Pietrini, et al. 



Page 7 of 7  

Co
m

pe
tin

g 
in

te
re

st
s:

 n
on

e 
de

cl
ar

ed
. C

on
fli

ct
 o

f i
nt

er
es

ts
: n

on
e 

de
cl

ar
ed

. 
A

ll 
au

th
or

s 
co

nt
rib

ut
ed

 to
 th

e 
co

nc
ep

tio
n,

 d
es

ig
n,

 a
nd

 p
re

pa
ra

tio
n 

of
 th

e 
m

an
us

cr
ip

t,
 a

s 
w

el
l a

s 
re

ad
 a

nd
 a

pp
ro

ve
d 

th
e 

fin
al

 m
an

us
cr

ip
t.

 
A

ll 
au

th
or

s 
ab

id
e 

by
 th

e 
A

ss
oc

ia
tio

n 
fo

r M
ed

ic
al

 E
th

ic
s 

(A
M

E)
 e

th
ic

al
 ru

le
s 

of
 d

is
cl

os
ur

e.
  

For citation purposes: El-Ansary A. Detoxification mechanisms in autism spectrum disorders. OA Autism 2013 Aug 01; 
1(2):19.

Licensee OA Publishing London 2013. Creative Commons Attribution License (CC-BY)  

Review

Conformation-sensitive antibodies 
against Alzheimer amyloid-beta by immu-
nization with a thioredoxin- constrained 
B-cell epitope peptide. J Biol Chem. 
2007;282:11436–45.
50. Zhou F, Gomi M, Fujimoto M, Hayase 
M, Marumo T, Masutani H, et al. Attenua-
tion of neuronal degeneration in thiore-
doxin-1 overexpressing mice after mild 
focal ischemia. Brain Res. 2009;26:62–70.
51. Hattori I, Takagi Y, Nakamura H, 
Nozaki K, Bai J, Kondo N, et al. Intrave-
nous administration of thioredoxin 
decreases brain damage following tran-
sient focal cerebral ischemia in mice. 
Antioxid Redox Signal. 2004;6:81–7.
52. Tanaka T, Hosoi F, Yamaguchi-Iwai Y, 
Nakamura H, Masutani H, Ueda S, et al. 

Thioredoxin-2 (TRX-2) is an essential 
gene regulating mitochondria-dependent 
apoptosis. EMBO J. 2002;21:1695–703.
53. Damdimopoulos AE, Miranda-Vizuete 
A, Pelto-Huikko M, Gustafsson JA, Spyrou 
G. Human mitochondrial thioredoxin. 
Involvement in mitochondrial membrane 
potential and cell death. J Biol Chem. 
2002;277:33249–57.
54. Lillig CH, Holmgren A. Thioredoxin 
and related molecules –from biology to 
health and disease. Antioxid Redox Signal. 
2007;9:25–47.
55. Drechsel DA, Patel M. Respiration-
dependent H2O2 removal in brain mito-
chondria via the thioredoxin/peroxire-
doxin system. J Biol Chem. 2010;285(36): 
27850–8.

56. Rhee SG, Chae HZ, Kim K. Peroxire-
doxins: a historical overview and specula-
tive preview of novel mechanisms and 
emerging concepts in cell signaling. Free 
Rad Biol Med. 2005;38:1543–52.
57. Nonn L, Berggren M, Powis G. 
Increased expression of mitochondrial 
peroxiredoxin-3(thioredoxin peroxi-
dase-2) protects cancer cells against 
hypoxia and drug-induced hydrogen 
peroxide-dependent apoptosis. Mol 
Cancer Res 2003;1:682–89.
58. Yavuz BB, Yavuz B, Halil M, Cankurt-
aran M, Ulger Z, Cankurtaran ES, et al. 
Serum elevated gamma glutamyltrans-
ferase levels may be a marker for oxida-
tive stress in Alzheimer’s disease. Int 
Psychogeriatr. 2008;20:815–23.


