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ABSTRACT
Aims: The etiology of autism spectrum disorders (ASD) remains elusive, but oxidative
stress has been suggested to play a pathological role. The understanding of the
potential role of oxidative stress in the etiopathogenesis of autism would be very useful
for earlier clinical, therapeutic or preventive strategies.
Sample: To evaluate the redox status, we quantified the activity of the antioxidant
enzyme catalase (CAT), glutathione concentration (GSH) and markers of damage to
biomolecules, malonyldialdehyde (MDA) and 8–hydroxy-2deoxyguanosine (8OHdG) in
peripheral blood samples.
Place and Duration of Study: Sample: Department of Neuropediatrics and Technology
Science Division. International Center for Neurological Restoration (CIREN), Havana,
Cuba. May 2011- June 2012.
Methodology: We included 45 children with autism (36 males and 9 females, age___________________________________________________________________________________________
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range from 3 to 11 years). 42 children of the same age were selected as a control
group. The diagnosis of autism was made based on the criteria of autistic disorders as
defined in the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition
(DSM IV) (American Psychiatric Association, 1994).
Results: The total GSH content in autistic patients was significantly lower compared
with the control group (0.24 ± 0.162 vs. 0.94 ± 0.115, respectively, p ≤ 0.001). Higher
serum CAT, MDA and 8OHdG levels were found in children with autism compared with
controls (CAT, 2.836 ± 0.479 vs. 0.689 ± 0.157, p ≤ 0.001; MDA 8.6 ± 0.5 vs. 1.76 ±
0.33 p ≤ 0.001, and 8OHdG 13.134 ± 1.33 vs.1.46 ± 0.326, p ≤ 0.001).
Conclusion: The present study supports the notion that oxidative stress is associated
with autism, but additional researches are needed to investigate how it may contribute
to autistic pathophysiology and these studies are currently in progress.
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1. INTRODUCTION
Free radicals are molecules with unpaired electrons which are known to have strong oxidant
effects. The reduction of one electron of oxygen (O2) produces the superoxide anion radical
.
( O2), which is converted rapidly to O2 and hydrogen peroxide (H2O2) by the enzyme
superoxide dismutase (SOD). H2O2 is reduced to water by the enzyme catalase (CAT) and
glutathione peroxidase (GPx). In certain conditions, H2O2 persists, and it is involved in
.
reactions with transition metal-ion to produce hydroxyl radicals ( OH) which are highly toxic
and provoke an imbalance in the cellular redox state towards the pro-oxidant status [1].
Excessive production of free radicals or impaired antioxidant mechanism may cause
oxidative stress which may induce several pathophysiological processes. The two main role
of cellular antioxidant defense mechanism are to prevent the generation of free radicals and
to inactivate them after generation. Impaired antioxidant defense mechanism can result in
cell membrane damage, alteration in membrane fluidity and permeability and oxidative
changes in proteins, lipids and DNA [2].
The nervous tissue is especially vulnerable to the oxidant threat because of its high rate of
aerobic metabolism and elevated concentrations of iron and readily oxidizable molecules like
catecholamines and polyunsaturated fatty acids [3]. In addition, several proteins with
relevant roles in normal brain function are targets for oxidative modifications that modulate
their activity. ROS play a crucial role in both normal and pathological cell signaling process
such as calcium homeostasis, kinase activity and gene regulation. Oxidative stress controls
the activities of receptor and nonreceptor types of protein tyrosine kinases, protein kinase C
and transcription factors such as NFB [4]. In this context, reactive oxygen species are
considered to act not only as deleterious agent but also cellular messengers.
Autism Spectrum Disorders (ASD) is characterized by impaired social interaction, problems
with verbal and nonverbal communication, and repetitive or severely restricted activities and
interest. Limited scientific advances have been made regarding the causes of ASD, with
general agreement that autism could result from the interaction between genetic and
environmental factors with oxidative stress as a potential link between them [5].
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Several environmental toxins, such as heavy metals, including mercury and pesticides have
been implicated in autism [6]. These factors in turn share the ability to increase oxidative
stress. It is possible that the autistic pathology could result from exposure to high levels of
environmental pro-oxidants and a genetic predisposition to oxidative stress triggers.
With respect to autism, the notion of enhanced oxidative stress has been derived from
several lines of evidences: elevated nitric oxide concentration [7,8] thiobarbituric acid
reactive substance levels and xantine oxidase activity [9] have been detected in the red
blood cells of autistic individuals. Consistent with these increased oxidative stress
biomarkers in children with autism, a reduced endogenous antioxidant capacity, specifically
the total GSH levels, altered GPx, SOD and CAT activities were found in autistic individuals
compared to controls [10].
Additional indications of oxidative stress in autism are derived from evidence of impaired
energy metabolism. Reduced synthesis of adenosine triphosphate (ATP) and higher lactate
and pyruvate levels may suggest mitochondrial dysfunction in autism [11]. The most
important function of mitochondria is producing ATP, the primary energy currency in the
brain and in the body. Increased reactive oxygen species (ROS) metabolism induced by
dysfunctional mitochondria could elicit chronic oxidative stress.
In this study we determined serum levels of antioxidants (CAT) enzymatic activity and GSH
concentration, malondialdehyde (MDA), a lipid peroxidation indicator, and the biomarker of
DNA hydroxylation, 8–hydroxy-2deoxyguanosine (8OHdG), as a marker for oxidative
damage to DNA, in autistic patients and age-matching control children.

2. MATERIALS AND METHODS
2.1 Subjects
A traverse study one carries out in forty five children with autism (36 males and 9 females,
age-range from 3 to 11 years, Mean ± SD: 7.66 ± 2.68). Forty two children of the same age
were selected as a control group (30 males and 12 females, age range from 3 to 11 years,
Mean ± SD: 7.11 ± 2.62).
The diagnosis of autism was made based on the criteria of autistic disorders as defined in
the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM IV)
(American Psychiatric Association, 1994) [12].
All children with a history of seizure disorders, severe head injury, psychotic disorder and
any other major acute or chronic physical or mental illnesses were excluded from the control
group. All patients were in good physical health and subjects with serious systemic illnesses
were excluded.
Children who had been taking vitamin or mineral supplements during the 2-month prior to
the study were also excluded.
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2.2 Ethics Approval and Consent
A written consent was obtained from the parents of each individual case, according to the
guidelines of the Ethics Committee (Registration: 5/2012, Record No. 3) of the International
Center for Neurological Restoration (CIREN), Havana, Cuba.

2.3 Blood Samples
After asepsis, five milliliters of blood were extracted by venous puncture from all subjects.
The blood was allowed to clot and serum was extracted and stored at -70 ºC until use. The
storage time was less than one month.

2.4 Chemicals
All chemicals used in this study were of analytical grade. Malonaldehyde bis
(dimethylacetal), 99% was a product from Sigma (USA). GSH was purchased from BDH,
Analar (Poole, UK) and the 8OHdG ELISA kit was a product of the JaICA, Japan.

2.5 Biochemical Analyses
2.5.1 Determination of the CAT enzymatic activity
CAT is the primary enzyme involved in direct elimination of H2O2. The activity of this enzyme
was determined according to Aebi [13]. The capacity of CAT to transform H 2O2 was
measured by monitoring the decomposition of H2O2 at 240 nm in 0.06M sodium phosphate
buffer, pH 7 at 37 ºC. One unit of enzymatic activity was considered as a quantity of enzyme
necessary to transform 1 umol of H2O2 in 1 min at 37 ºC. The molar extinction coefficient of
-1 -1
-1
0.0436 (mmol L ) cm was used.
2.5.2 Determination of the MDA concentration [14]
MDA is an end product of peroxidation of polyunsaturated fatty acids and related esters and
is used as marker of lipid peroxidation. This technique is based on the capacity of reaction of
TBA with MDA to form an adduct that absorbs light at 535 nm. A standard curve of MDA was
used to estimate the concentration values in the sample.
2.5.3 Determination of the GSH concentration
GSH is the most important endogenous antioxidant for detoxification and elimination of
environmental toxins and ROS. Total GSH was determined by Tietze’s enzymatic recycling
assay (Azbill et al.) [15]. The serum was incubated for 25 min at 370C in a medium
containing 0.24 mM NADPH, 6.3 mM EDTA, 0.67 mM DTNB and 143 mM sodium
phosphate pH 7.5. After the addition of 1U/ml GRD, the absorbance increase at 412 nm due
to the formation of 5-thio-nitrobenzoate was recorded. The concentration values were
calculated from a GSH curve.
2.5.4 Determination of 8-hydroxy-2-deoxyguanosine, (8-OHdG) concentration [16]
8-OHdG is a product of oxidatively damaged DNA formed by hydroxyl radicals, singlet
oxygen and direct photodynamic action. 8-OHdG test is a competitive enzyme-linked
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immunosorbent assay (ELISA kit, JaICA, Japan) utilizing a monoclonal antibody (clone
N45.1), which is highly specific for 8-OHdG.

2.6 Statistical Analysis
The values are expressed as mean ± S.D. Normal distribution and homogeneity of variance
of the data were tested by the Kolmogorov – Smirnov and Levene test, respectively. For
those variables that did not meet these premises (CAT enzymatic activity and GSH
concentration), the Mann–Whitney U nonparametric test was used for the comparison
between patients and control individuals. The MDA and 8-OHdG concentrations were
analyzed by the independent t-test. A p value lower than 0.05 was considered significant.

3. RESULTS AND DISCUSSION
Results are presented as mean ± SD for each measured parameters in the Table 1. Figures
of each parameter in 45 autistic patients and 42 controls are also shown.
Table 1. Oxidative stress indicators in serum of autistic and control children
Oxidative stress indicators
GSH Concentration (mM/L)
CAT antioxidant enzyme (UAE/L)
MDA (nmol/L)
8-OHdG (ng/ml)

Group
Autistic
Control
Autistic
Control
Autistic
Control
Autistic
Control

N
45
42
45
42
45
42
45
42

Mean ± SD
0.24 ± 0.162
0.94 ± 0.115
2.836 ± 0.479
0.689 ± 0.157
8.6 ± 0.5
1.76 ± 0.33
13.134 ± 1.33
1.46 ± 0.326

p value
p ≤ 0.001
p ≤ 0.001
p ≤ 0.001
p ≤ 0.001

Fig. 1. Oxidative stress markers in 45 ASD patients and 42 age-matching control
children

Antioxidants markers A: glutathione concentration (GSH) and B: antioxidant enzyme catalase (CAT).
Indicators of oxidative damage, C: malonyldialdehyde (MDA) and 8-hydroxy-2-deoxyguanosine
(8OHdG). *** (p<0.001)
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3.1 Discussion
GSH plays an important role in a several cellular process including cell differentiation,
proliferation, and apoptosis. Therefore, disturbances in GSH homeostasis are implicated in
the etiology and/or progression of a number of human diseases [17].
GSH levels can be compromised by inherited or acquired defects in the enzymes,
transporter, signaling molecules, or transcription factors that are involved in its homeostasis.
GSH deficiency accompanies an increased susceptibility to oxidative stress. GSH acts as a
proton donor, neutralizes H2O2 and organic peroxides, directly reacts with radical species
and contributes to the regeneration of other antioxidants such as tocopherol and ascorbic
acid [18].
There is evidence that GSH itself is a neurotransmitter or neuromodulator and any change in
either GSH levels, turnover rates, or oxidation state would adversely affect Central Nervous
System activity [19-25].
GSH in the serum of autistic patients was found to be significantly lower than in the controls.
(Fig.1) Children are more vulnerable than adults to oxidative stress because of the naturally
low glutathione levels from conception through infancy [26-27], and the young brain has an
immature antioxidant system that may be unable to protect against any increase in ROS.
[28]. The risk caused by this natural deficit in detoxification capacity in infants is might be
increased by environmental factors that induce oxidative stress [29].
Our results are in agreement with those reported in the literature. Al-Gadani et al. [30]
reported the GSH in plasma of Saudi autistic children is significantly lower compared to agematching controls. Similarly, decreases in the GSH system in brain areas of rats treated with
intraventricular propionic acid (PPA) have also been reported [31]. The PPA is an
intermediary in cellular fatty acids metabolism and it may play a role in the behavioral,
neuropathological and biochemical abnormalities observed in autism. In vitro and animal
studies suggest that increased levels of PPA affect diverse processes, including Na+ K+
ATPase activity, NMDA glutamatergic receptor activity, cytoskeletal phosphorylation,
intracellular calcium levels, scavenging of ROS and modulation of gap junctions [31].
The plasma concentrations of reduced GSH are lower and the ratio of oxidized GSH to
reduced GSH is higher in autistic patients compared to healthy controls [32]. Adams et al
reported [33] lower levels of ATP, NADH and NADPH in plasma of the autism group than in
the reference group and they found a significant correlation with decreased reduced GSH.
GSH protects mitochondria against the adverse effects of reactive species and its depletion
is associated with impaired mitochondrial function and increased ROS production [34].
Based on this, it is plausible to assume compensatory responses in the antioxidant activity
enzymes such as CAT.
Oxidative stress in biological systems usually elicits an antioxidant response; the significant
increase in CAT activity level in autistic children could be a compensatory intracellular
mechanism to neutralize reactive oxygen species, specifically H2O2. CAT is involved in
recycling the cellular H2O2; the enzyme is characterized by an elevated reaction capacity
and a low substrate affinity, requiring high-level concentration of this substrate to trigger CAT
activity [35]. Therefore, some antioxidant enzymes, such as CAT, that are induced by
oxidative stress [36], are also widely used as an acceptable oxidative stress marker.
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Several studies have suggested alterations in the enzymes that play a vital role in the
defense mechanism against damage by ROS in autism. For instance, Zoroglu et al. [9]
reported decreased activity of CAT and increased SOD activity in erythrocytes in patients
with autism compared to controls. The increase of the SOD activity without the concurrent
increase of CAT activity can be the consequence of the oxidative unbalance itself. The
excess of H2O2 generated by SOD activity would accumulate ROS and could result in the
loss of the catalytic activity of CAT due to post-translational oxidative damage of the protein.
Given the role of CAT in the maintenance of oxidant homeostasis, its inhibition or
degradation is an exacerbating element of the cellular oxidative damage. In contrast, Sogut
et al. [37] reported unchanged plasma SOD activity and increased glutathione peroxidase
(GPx). Recently, polymorphisms of GPx 1 were reported to be associated with autism, thus
it is possible that the presence of a genetic susceptible variant of GPx and oxidative stress
contribute to the autistic phenotype [38].
Our increased CAT enzymatic activity result resembles the increased GPx activity reported
by Sogut in plasma from autistic patients [37]. The combined action of CAT and GPx, is
indispensable to maintain a low concentration of H2O2, necessary for an appropriate redox
balance. Giulivi et al. [39] reported that the rates of H2O2 production in lymphocytic
mitochondria from children with autism were higher than in controls. If H2O2 levels exceed
the antioxidant capacity of GPx and CAT, the H2O2 accumulates and it can react with
transition metals even in distant places from where it was generated, leading thus to the
.
formation of OH, a species able to cause severe damages to the biomolecules, including
lipids, proteins and DNA.
Lipid peroxidation is a chain reaction between polyunsaturated fatty acids and ROS, and it
produces both lipids peroxides and hydrocarbon polymers, which are highly toxic to the cell.
MDA is an end product of the peroxidation of polyunsaturated fatty acids and related esters,
and is, therefore, used as a marker of lipid peroxidation. Oxidative stress in autism is
associated with increased plasma levels of MDA and others lipid peroxidation biomarkers
[40].
The high levels of MDA in the studied autistic patients suggest the existence of an elevated
damage to the lipid component of the cell. The MDA concentration correlates directly with
.
ROS – mediated cell damage, specifically OH [41]. This result is consistent with the
increase of CAT activity and the insufficient concentration of GSH to maintain redox
homeostasis in autistic children.
Chauhan et al. [40] reported that the phospholipid composition and the fluidity of the
erythrocyte cell membrane are altered in autism. These results suggest that membranes are
more rigid in autism. Alteration in membrane lipid metabolism, such as composition of fatty
acids, oxidation of lipids and altered levels of phospholipids in the membrane will affect the
functions of proteins that are involved in signal transduction such as receptor and receptorcoupled enzymes which are essential for neuronal survival and synaptogenesis [42]. The
quaternary structure and function of protein depends on the precise composition of its
immediate phospholipid enviromment [43]. These abnormalities in the membrane lipids may
be involved in the etiology of autism.
Likewise, Ming et al. [41] found increased lipid peroxidation associated with autism.
Montuschi reported increased excretion of F2isoprostane in children with ASD [44]. This
isoprostane is a product of nonenzymatic oxidation of arachidonic acid and is widely
recognized as reliable marker of lipid peroxidation [44].
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DNA damage is an underlying cause of cellular dysfunction and death. Unrepaired DNA can
drive mutagenesis that disrupt normal gene expression, or create aberrant proteins in
detriment to cellular function or viability. 8OHdG is the product of free radical attack to DNAbound guanosine. It is the most abundant product of cellular DNA oxidation [45-46] and is
also a potent mutagen [47] and hence a marker for oxidative damage to DNA.
Associated with the decrease in GSH content, as antioxidant defense, and the increase in
the MDA biomarker, a higher 8OHdG serum level was also found in autistic children
compared to healthy controls. (Fig. 1) Sajdel–Sulkowska et al. [48] reported an increase in
the 8OHdG in autistic cerebella. A trend toward increased urinary 8OHdG directly in children
has been reported in autism [40]. Increased 8OHdG levels have been also observed in
lymphocytes [49] and cerebrospinal fluid [50] of patients with neurodegenerative diseases
such as Alzheimer´s and Parkinson´s diseases. Children with brain damage also show
increased urinary 8OHdG levels [51]. Recently, elevated levels of 8-oxo-deoxyguanosine in
the cerebellum of patient with autism were reported by Rose et al. [52].
It is well know that autism patients suffer extensive neuronal loss in the cerebellum [53] and
recently stereological studies also demonstrated significant neuronal loss in the amygdala
area [54]. How these neurons are lost is a matter of debate in the field. Emerging evidence
suggests that neurodegeneration may also be involved. Taken together, these results
indicate that cumulative oxidative damage over time could influence the onset or severity of
autism.

4. CONCLUSION
In conclusion, the data from this study support the hypothesis of the oxidant/antioxidant
balance as a key piece that may contribute to autistic pathology, however, explanation of the
underlying molecular mechanism are currently underway. The growing recognition that
oxidative stress is involved in the pathogenesis of autism has generated considerable
interest to identify early biological markers that may help develop earlier clinical, therapeutic
or preventive strategies.

ETHICAL APPROVAL
All authors hereby declare that all experiments have been examined and approved by the
appropriate ethics committee and have therefore been performed in accordance with the
ethical standards laid down in the 1964 Declaration of Helsinki.

COMPETING INTERESTS
Authors have declared that no competing interests exist.

REFERENCES
1.
2.
3.

Dickinson DA, Forman HJ. Cellular glutathione and thiols metabolism. Biol. Chem.
Pharmacology. 2002;64:1019-1026.
Mc Ginnis WR. Oxidative stress in autism. Altern. Ther. Health Med. 2004;10:22-36.
Chauhan A, Audhya T, Chauhan V. Brain region-specific glutathione redox imbalance
in autism. Neurochem Res. 2012;37:1681–1689.

314

British Journal of Medicine & Medical Research, 3(2): 307-317, 2013

4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

17.
18.
19.
20.
21.
22.

Arons MH, Thynne CJ, Grabrucker AM, Li D, Schoen M, Cheyne JE et al. autismassociated mutations in prosap2/shank3 impair synaptic transmission and neurexinneuroligin-mediated transsynaptic signaling. J Neurosci. 2012;24:14966-78.
Grice DE, Buxbaum JD. The genetics of autism spectrum disorders. Neuromol. Med.
2006;8:451-460.
Palmer RF, Blanchard S, Wood R. Proximity to point sources environmental mercury
release as a predictor of autism prevalence. Health Place. 2009;15:18-24.
Essa MM, Guillemin GJ, Waly MI, Al-Sharbati MM, Al-Farsi YM, Hakkim FL et al.
Increased markers of oxidative stress in autistic children of the Sultanate of Oman.
Biol Trace Elem Res. 2012;147:25-7.
Frustaci A, Neri M, Cesario A, Adams JB, Domenici E, Dalla Bernardina B, et al.
Oxidative stress-related biomarkers in autism: systematic review and meta-analyses.
Free Radic Biol Med. 2012;10:2128-41.
Zoroglu S, Armutcu F, Ozen S, Gunel A, Sinvasli E, Yetkin O, Meran I. Increased
oxidative stress and altered activities of erythrocyte free radical scavenging enzyme in
autism. Eur. Arch. Psychiatry Clin. Neurosci. 2004;254:143-147.
Sadjel-Sulkowska EM. Oxidative stress and neurotrophin signaling in autism in:
Chauhan A, Chauhan V, Brown WT (Eds.) Autism: Oxidative stress, Inflammation, and
Immune Abnormalities, CRC Press Boca Raton, FL. 2010:47- 61.
Rossignol DA, Frye RE. Mitochondrial dysfunction in autism spectrum disorders: a
systematic review and meta-analysis. Mol. Psychiatry. 2012;17:290-314.
American Psychiatry Association Diagnostic and Statistical Manual of Mental
Disorders, DSM-IV, Fourth Edition, Washington DC: American Psychiatric Press;
1994.
Aebi HE. Catalase in vitro. Methods Enzymol. 1984;105:121-125.
Beige JA, Aust SD. Microsomal lipid peroxidation. Methods Enzymol. 1998;52:302310.
Azbill RD, Mu X, Brice-Keller AJ, Mattson MP, Springer JE. Impaired mitochondrial
function, oxidative stress and altered antioxidant enzymes activities following traumatic
spinal cord injury. Brain Res. 1997;765:283-290.
Toyokuni S, Taraka T, Hattori Y, Nishiyama Y, Yoshida A, Uchida K, et al. Quantitative
immunohistochemical determination of 8 hydroxy-2’deoxyguanosine by a monoclonal
antibody N 45.1: Its application to ferric nitriloacetate-induced renal carcinogenesis
model. Lab. Invest. 1997;76:365-374.
Chauhan A, Chauhan V. Oxidative stress in autism. Pathophysiology 2006;13:171181.
Schafer FQ, Buettner GR. Redox environment of the cell as viewed through the redox
state of glutathione disulfide/glutathione couple. Free Radical Biology and Medicine
2001;30:1191-1212.
Cobb MH, Heagy W, Danner J, Lenhoff HM, Marshall GR. Structural and
conformational properties of peptides interacting with the glutathione receptor of
hydra. Mol. Pharmacol. 1982;21:629-636.
Leslie SW, Brown LM, Trent RD, Lee YH, Morris JL, Jones TW, et al. Stimulation of Nmethyl-D-aspartate receptor mediated calcium entry into dissociated neurons by
reduced and oxidized glutathione. Mol. Pharmacol. 1992;41:308-314.
Ogita K, Enomoto R, Nakahara F, Ishitsubo N, Yoneda Y. A possible role of
glutathione as an endogenous agonist at the N-methyl-D-aspartate recognition domain
in rat brain. J. Neurochem. 1995;64:1088-1096.
Janaky R, Ogita K, Pasqualotto BA, Bains JS, Oja SS, Yoneda Y, et al. Glutathione
and signal transduction in the mammalian CNS. J. Neurochem. 1999;73:889-992.

315

British Journal of Medicine & Medical Research, 3(2): 307-317, 2013

23.
24.
25.
26.
27.
28.
29.
30.
31.

32.
33.
34.
35.
36.
37.

38.
39.
40.
41.

Janaky R, Shaw CA, Varga V, Hermann A, Dohovics R, Saransaai P, et al. Specific
glutathione binding sites in pig cerebral cortical synaptic membranes. Neuroscience.
2000;95:617-624.
Janaky R, Dohovics R, Saransaai P and Oja SS. Modulation of [3H] dopamine release
by glutathione in mouse striatal slices. Neurochem. Res. 2007;32:1357-1364.
Oja SS, Janaky R, Varga V, Saransaai P. Modulation of glutamate receptor functions
by glutathione. Neurochem. Int. 2000;37:299-306.
Erden-Ind M, Sunal E, Kanbak G. Age related changes in the glutathione redox
system. Cell Biochem. Funct. 2002;20:61-66.
Perry SW, Norman JP, Litzburg A, Gelbard HA. Antioxidants are required during the
early critical period, but not later, for neuronal survival. J. Neurosci. Res. 2004;78:485492.
Meagher EA, Fitzgerald GA. Indices of lipid peroxidation in vivo: Strengths and
limitations. Free Radic. Biol. Med. 2000;28:1745-1750.
Ono H, Sakamoto A, Sakura N. Plasma total glutathione concentrations in healthy
pediatrics and adult subjects. Clin. Chem. Acta. 2001;312:227-229.
Al-Gadani Y, El-Ansary A, Attas O, El Ayadhi L. Metabolic biomarkers related to
oxidative stress and antioxidant status in Saudi autistic children. Clin. Biochem.
2009;42:1032-1040.
Mac Fabe DF, Chain DP, Rodriguez K, Franklin AE, Hoffman JE, Boon F, et al.
Neurobiological effects of intraventricular propionic acids in rats: Possible role of short
chain fatty acids on the pathogenesis and characteristics of autism spectrum
disorders. Beh. Brain Res. 2007;176:149-169.
James S, Merylk, Jenigm S, Cleves S, Halsted MA, Wong CH, et al. Metabolic
endophenotype and related genotypes are associated with oxidative stress in children
with autism. Am. J. Med. Genet. B Neuropsychiatr. Genet. 2006;141B:947-956.
Adams JB, Audhya T, McDonough S, Rubin R, Quig D, Geis E, et al. Nutritional and
metabolic status of children with autism vs. neurotypical children and the association
with autism severity. Nutrition & Metabolism. 2011;8:34 1-32.
Liucs S, Tsai CS, Kuo CL. Oxidative stress – related alteration of the copy number of
mitochondrial DNA in human leukocytes: Free Radic. Res. 2003;37:1307- 1317.
Kologlu M, Atanca M, Tezcan E, Ustundag B, Bulut S. Antioxidant enzyme and
malondialdehyde levels in patients with panic disorders: Neuropsychobiology.
2002;46:186-189.
Filomeni G, Rotilio G, Ciriolo MR. Cell signaling and the glutathione redox system.
Biochem Pharmacology. 2002;64:1054-1064.
Sogut S, Zoroglu S, Ozyunt H, Yilmaz HR, Ozugurlu F, Sivasli E, et al. Changes in
nitric oxide levels and antioxidant enzyme activities may have a role in the
pathophysiological mechanism involved in autism. Clin. Chem. Acta. 2003;331:111117.
Ming X, Johnson WG, Stenroos ES, Mars A, Lambert GH, Buyske S. Genetic variant
of glutathione peroxidase in autism. Brain & Development. 2010;32:105-109.
Giulivi C, Zhang YP, Omanska-Klusek A, Ross-Inta C, Wong S, Hertz-Picciotto I.
Mitochondrial Dysfunction in Autism. JAMA. 2010;304: 2389-2396.
Chauhan A, Chauhan V, Brown WT, Cohen I. Oxidative stress in autism: Increased
lipid peroxidation and reduced serum levels of ceruloplasmin and transferring the
antioxidant proteins. Life Sci. 2004;75:2539-2549.
Ming X, Stein TP, Brimacombe M, Johnson WG, Lambert GH, Wagner GC. Increased
excretion of lipid peroxidation biomarkers in autism. Prostaglandins Leukot. Essent.
Fatty Acids. 2005;73:379-384.

316

British Journal of Medicine & Medical Research, 3(2): 307-317, 2013

42.

43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.

Thomas RH, Meeking MM, Mepham JR, Tichenoff L, Possmayer F, Liu S, et al. The
enteric bacterial metabolite propionic acid alters brain and plasma phospholipid
molecular species: further development of a rodent model of autism spectrum
disorders. Neuroinflammation. 2012;9:153. doi: 10.1186/1742-2094-9-153.
Schengrund CL, Ali-Rahmani F, Ramer JC. Cholesterol, GM1 and autism Neurochem
Res. 2012;37:1201-7.
Montuschi P, Barnes PJ, Roberts LJ. Isoprostanes: markers and mediators of
oxidative stress. FASEB. 2004;18:1791-1800.
Helbock HJ, Beckman KB, Ames BN. 8–hydroxydeoxyguanosine and 8hydroxyguanine as biomarkers of oxidative DNA damage. Methods Enzymol.
1999;300:156-166.
Sebat J, Lakshmi B, Malhotra D, Troge J, Lese-Martin C. Strong association of the
novo copy number mutation with autism. Science. 2007;316:445-449.
Levitt P, Campbell DB. The genetic and neurobiology compass points toward common
signaling dysfunction in autism spectrum disorders. J. Clin. Invest. 2009;119:747-754.
Sadjel-Sulkowska E, Lipinski B, Windom H, Audhya J, Mc Ginnis W. Oxidative stress
in autism: cerebellar 3 nitroryrosine levels: Am. J. Biochem. Biotechnol. [Special issue
on Austim Spectrum Disorders]. 2008;4:73-84.
Meccoci P, Polidori MC, Cherubini A, Ingegni T, Mattioli, Catani M, et al. Lymphocyte
oxidative DNA damage and plasma antioxidant in Alzheimer´s disease. Arch. Neurol.
2002;59:794-798.
Lovell MA, Gabbita SP, Markesbery WR. Increased DNA oxidation and decreased
levels of repair product in Alzheimer´s disease ventricular CFS. J. Neurochem.
1999;72:771-776.
Fukuda M, Yamaguchi H, Yamamoto H, Aminaka M, Muramaka H, Kamiyama N, et al.
The evaluation of oxidative stress damage in children with brain damage using 8 OH
deoxyguanosine levels. Brain Dev. 2008;30:131-36.
Rose S, Melnyk S, Pavliv O, Bai S, Nick TG, Frye RE, James SJ. Evidence of
oxidative damage and inflammation associated with low glutathione redox status in the
autism brain. Transl Psychiatry. 2012;10:e134. doi: 10.1038/tp.2012.61.
Courchesne E, Townsend J, Saito NO. The brain in infantile autism: Posterior fosse
structures and abnormal. Neurology. 1994;44:214-223.
Schumann CM, Amaral DG. Stereological estimation of the number of neurons in the
human amygdaloid complex. J. Comp. Neurol. 2005;491:320-329.

© 2013 González-Fraguela et al.; This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php?iid=177&id=12&aid=848

317

