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Urinary oxidative stress markers in children
with autism
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Oxidative stress caused by increased production of free radicals and impaired functions of antioxidants
remains as the major factor associated with the pathophysiology of many neuropsychiatric diseases.
Objective: The objective of the present study was to analyze the oxidative stress markers in urine sample
since the collection of blood from these children is highly meticulous and also to evaluate whether these
urinary markers can be correlated with the severity of autism.
Methods: The subjects of the study were 45 autistic children with different grades of severity (low functioning
autism (LFA), medium functioning autism (MFA), and high functioning autism (HFA) according to Childhood
Autism Rating Scale (CARS), n= 15 children in each group and 50 healthy children (age and sex matched).
The boys and girls ratio involved in this study was 4:1, and they were of age 4–12 years. We determined the
urinary levels of oxidative stress markers like thiobarbituric acid-reacting substances, lipid hydroperoxides,
4-hydroxy nonenal, protein carbonyls, sulfhydryl groups, total antioxidant capacity, total peroxide content,
oxidative stress index, and also UA/Cr ratio in autistic children.
Results: The study observed a significant elevation in the level of oxidative stress markers in autistic children
when compared with normal children. The level of antioxidants excreted in urine was found to be significantly
low in autistic children. These findings when correlated with the degrees of severity, oxidative stress markers
showed positive correlation with increasing order of severity (LFA>MFA>HFA), whereas antioxidants
showed negative correlation.
Discussion: The study reveals that the urinary levels of oxidative stress markers can be considered as the
measure of oxidative stress index in autistic children. The significant correlation between the severity of
autism with urinary lipid peroxidation products also support the use of oxidative stress markers and
antioxidants as biomarkers of autism.
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Introduction
Autism is a severe developmental disorder in children
with poorly understood etiology.1 It is a heterogeneous
disorder, both etiologically and phenotypically.
Autism is characterized by impairment in social, be-
havioral, and communicative functions. The condition
is highly prevalent, and in recent years there has been
an apparent increase in the diagnosis of this disorder.2

While the cause of autism remains elusive, it is con-
sidered as a multifactorial disorder that is influenced
by genetic, environmental, and immunological
factors as well as increased vulnerability to oxidative
stress.3 Increasing evidences suggest that oxidative
stress plays a pivotal role in the development and clini-
cal manifestation of autism.4,5 In fact, oxidative stress

has also been implicated in the pathogenesis of other
neuropsychiatric diseases, including schizophrenia6

and major depressive disorder,7 anxiety disorders such
as panic disorder,8 and obsessive-compulsive disorder.9

Under normal conditions there is a dynamic equili-
brium between the production of reactive oxygen
species (ROS) and the antioxidant capacity of a cell.10

ROS includes superoxide (O2
.−), hydroxyl, peroxyl,

alkoxy, and nitric oxide (NO) free radicals.10

Superoxide is the first reduction product of molecular
oxygen, and it is an important source of hydroperoxides
and deleterious free radicals.11 Hydrogen peroxide
(H2O2) reacts with transition metals such as iron, via
the Fenton reaction to produce highly reactive hydroxyl
radicals.12 Most of the toxic effects are due to hydroxyl
radical formation, which also initiates lipid peroxi-
dation. Lipid peroxidation is a chain reaction between
polyunsaturated fatty acids and ROS, that produces
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alpha, beta-unsaturated aldehydes such as 4-hydroxy
nonenal (4-HNE) and malondialdehyde (MDA).13

These aldehydic secondary products of lipid peroxi-
dation are generally accepted as markers of oxidative
stress. The reaction of the primary lipid peroxidation
products and lipid hydroperoxides (LHP) with proteins
is not well characterized. This is presumably because of
low stability of LHP, which decomposes rapidly via
radical intermediates to aldehydic products.14 It is
suggested that the reaction of LHP with protein does
not involve alterations of the lipid moiety.15

Nevertheless, no chemical characterization of such pro-
ducts has been carried out. Lipid hydroperoxides are
also found to inhibit plasma lecithin: cholesterol acyl
transferase.16 The ability of linoleic-13-hydroperoxides
to convert bovine serum albumin to carbonyl deriva-
tives in the presence of either Cu2+ or Fe3+ has been
demonstrated.17 These lipid peroxidation products are
also excreted in urine, where the level of excretion
depends on the level produced.
Early studies using ROS generated by ionizing radi-

ation suggested that activated oxygen has the potential
to react with functional groups of nearly all amino
acids as well as cleaving the polypeptide back
bone.18 The most studied types of protein oxidation
are those that result in the formation of reactive carbo-
nyl groups (ketones and aldehydes) because these can
be tracked most easily experimentally. Carbonyl
groups can be the product of a reaction between
amino acid side chains (usually Lys, Arg, Pro, or
Thr) and hydroxyl radicals. They can also be formed
when the products of the reactions between ROS and
lipids (4-HNE and MDA) react with amino acid side
chains.19 Sulfhydryls are common targets for the free
radicals as sulfhydryl oxidation is a key mechanism
of free radical-mediated toxicity at the molecular
level.20 Antioxidants, on the other hand, counteract
the effects of these free radicals and thereby protect
cell membranes from lipid peroxidation. The ability
of a tissue or fluid to buffer the effects of ROS is
called total antioxidant capacity (TAC).21

There is a hypothesis that the imbalance between
oxidant and antioxidant systems might be involved
in the pathophysiology of autism like other psychiatric
diseases such as schizophrenia, bipolar disorders, etc.
Hence, the aim of the present study is to determine
the levels of thiobarbituric acid-reacting substances
(TBARS), 4-HNE, lipid hydroperoxides, protein car-
bonyls, sulfhydryl groups, uric acid, creatinine, total
antioxidant capacity, total peroxides, and oxidative
stress index (OSI) in the urine of autistic children in
comparison with that of normal children. There are
many studies22 reporting the redox status in the
blood of autistic children, but little is known about
the urinary content of antioxidants and oxidants.
Also, while dealing with autistic children, drawing

blood from them may also cause stress on them.
This made us prefer urine samples for the study. The
study is also focused on evaluating the correlation
between the levels of redox compounds excreted and
the severity of the disorder.

Subjects and methods
Patients
Autistic children currently attending a special school
called Aikya in Chennai, Tamil Nadu, India were
the subjects of this study. The institution used check
of autism in toddlers to assess autism in children.
Autistic children were classified according to the
method adopted from Childhood Autism Rating
Scale (CARS) as low-functioning autism (LFA),
medium-functioning autism (MFA), and high-func-
tioning autism (HFA). Age- and sex-matched
healthy normal children served as control subjects.
Each group comprised of 15 children and 45 normal
children were enrolled in the study for comparison.
The boys and girls ratio involved in this study was
4:1, and they were 4–12 years of age. The clinical
history is shown in Table 1. Children with any

Table 1 Clinical history of autistic and normal children taken
for the study

Characteristics Autistic children Normal children

Number of children 45 (15 in each
group)

45

CARS value (15–60) LFA= 46–60;
MFA= 31–45;
HFA= 15–30

<10

Male/female ratio 36/9 36/9
Age in years (range) 4–12 4–12
Children with gluten

sensitivity
LFA= 12/15;

MFA= 10/15;
HFA= 5/15

-NIL-

Economic status of
the parents

High= 5;
medium= 38;
low= 2

High= 5;
medium= 38;
low= 2

Nutritional status of
the children

Good= 2;
better= 8;
poor= 35

Good= 45

Children with special
talents (dancing,
humming, drawing,
assembling
jumbled picture)

LFA= 3/15;
MFA= 7/15;
HFA= 11/15

Normal

No. of children with
low muscle tone

37/45 -NIL-

No. of children with
ear infection

2/45 -NIL-

No. of children with
sleep disturbance

23/45 -NIL-

No. of children on
antibiotic treatment

None -NIL-

No. of children with
gastrointestinal
problems

15/25 -NIL-

No. of parents given
their cooperation

40/45 45

No. of parents
appreciated the
study

38/45 45
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special medication for gluten sensitivity or other com-
plications were not included in the study.

CARS classification
This is a 15-item scale which aids in the identification
of children with autism and this distinguishes them
from other children with compromised development
but without autism. Its importance is based on its
ability to differentiate mild to moderate from severe
autism.23 It is brief and is appropriate for being used
in the case of any child over the age of 2 years. It
was developed over a 15-year period on the basis of
1500 autistic children. The scale incorporates diagnos-
tic criteria based on the work of many scientists, which
was compiled by Schopler et al.24 The scale evaluates
behavior in 14 domains that are generally affected in
autism, plus a single category for general impression
of autism.25 These 15 items are as follows: relating to
people, imitation, emotional response, body use,
object use, adaptation to change, visual response, lis-
tening response, taste, smell, and touch response and
use, fear or nervousness, verbal communication, non-
verbal communication, activity level, level and consist-
ency of intellectual response, and, finally, general
impressions. The scores assigned to each domain
vary from 1 (within the limits of normality) to 4
(severe autistic symptoms). The total score varies
from 15 to 60 and the cutoff point for autism is 30.24

Collection of urine sample
With the concurrence of parents of the children, urine
samples were collected as the first morning void from
the autistic and normal children. For the purpose,
clean, sterile, and disposable urine collection contain-
ers were provided. The samples were stored immedi-
ately at 4°C until analysis. All the estimations were
done within 2 hours of sample collection. The study
protocol has been approved by the Ethical
Committee which included a clinician and consent
was obtained from the parents of autistic children.

Methods
Lipid peroxides in terms of TBARS and lipid hydro-
peroxides (LHP) were measured by the method of
Draper and Hadley26 and Jiang et al.,27 respectively.
4-HNE was measured by UV spectrophotometric
method at 350 nm.28 The protein carbonyl (PC)
content was determined by the reaction with 2, 4-dini-
trophenyl hydrazine as described by Levine et al.29

Total, protein-bound and non-protein sulfhydryl
groups were determined with Ellman’s reagent by the
method adopted by Sedlak and Lindsay.30 TAC was
determined by the method of Miller et al.31 The absor-
bance at 734 nm and the % of inhibition was calcu-
lated and plotted as a function of concentration of
antioxidants and of trolox for the standard reference
data. Total peroxide concentration was determined

using the ‘FOX 2’method32 with minor modifications.
The ‘FOX 2’ test system is based on oxidation of
ferrous ion to ferric ion by various types of peroxides
contained within the samples, to produce a colored
ferric-xylenol orange complex whose absorbance was
measured at 560 nm. The ratio of total peroxides to
total antioxidant capacity, the oxidative stress index,
was calculated. Uric acid was estimated by the
method of Whelton et al.33 Urinary creatinine level
was determined by the Jaffe reaction.34 Lowry’s
method35 was adopted to determine the concentration
of protein.

Statistical analysis
The statistical significance of mean values between
different groups was determined by applying
Student’s t-test and the P value <0.05 was considered
as significant. The parameters were also analyzed by
means of Spearman rank correlation test and the rs
values were calculated to find the correlation.

Results
The study observed a significant increase (P< 0.001)
in the level of excretion of lipid peroxides, lipid hydro-
peroxides, and the protein carbonyls in the urine of all
the three groups of autistic children on comparison
with age- and sex-matched normal children
(Table 2). When the levels of excretion of TBARS,
LHP, and PC in HFA group children were compared
to LFA, the data obtained showed a significant
elevation (P< 0.001) in LFA. Fig. 1, shows the level
of 4-HNE in the urine of all the three groups of autistic
children which is found to be high when compared
with that of normal children. The level of protein sulf-
hydryl, non-protein sulfhydryl, and total sulfhydryl
groups were also measured in the urine of autistic chil-
dren (Table 3). It showed a significant decrease when
compared with those of normal children. Among the
three groups of autistic children, LFA showed much
more significant decrease (P< 0.001) in the level of
sulfhydryl groups when compared with those of
MFA (P< 0.01) and HFA (P< 0.05). When the

Table 2 Level of lipid peroxides, lipid hydroperoxides, and
PC in the urine of autistic children compared with age- and
sex-matched normal children

Subject

Lipid peroxides
mg/g

creatinine

Lipid
hydroperoxides

mmol/g
creatinine

Protein
carbonyl

mg/g protein

Control 34.17± 4.10 30.18± 3.62 30.79± 3.69
LFA 381.75± 45.81* 332.16± 39.85* 136.04± 16.32*
MFA 121.87± 14.62* 262.75± 31.53* 93.33± 11.19*
HFA 57.50± 6.90*,a 68.16± 8.17*,a 51.32± 6.15*,a

Results were expressed as mean± SD.
*P< 0.001 (control vs. LFA, MFA, and HFA); aP< 0.001 (LFA
vs. HFA).
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urinary levels of total antioxidants and total peroxides
was measured, the LFA and MFA group of autistic
children showed a significant decrease (P< 0.001)
when compared with age- and sex-matched normal
children. LFA group of autistic children showed a sig-
nificant decrease in the level of excretion of TAC when
compared with HFA and control (Table 4). Total per-
oxides were found to be excreted significantly in all the
three groups of autistic children when compared with
normal children. Following this, the OSI was calcu-
lated. It showed significant increase (P< 0.001) in all
the autistic children when compared with normal chil-
dren. The data obtained in the present study showed

that the amount of uric acid excreted by LFA and
MFA group of children was significantly high when
compared with that of normal children. HFA,
despite showing an elevation in the excretion of uric
acid, was significantly lesser (P< 0.05) when com-
pared with that of normal children. The level of crea-
tinine excreted was found to be significantly lower
(P< 0.001) in LFA, MFA, and HFA (P< 0.01)
when compared with that of normal children.
Table 5, The uric acid/creatinine (UA/Cr) ratio in
all the three groups of autistic children was found to
be significantly higher when compared with age- and
sex-matched normal children. Table 6, representing
the Spearman’s rank correlation of OSI vs. CARS,
showed interesting evidence that TBARS, LHP, PC,
total peroxides, OSI, and UA/Cr had positive corre-
lation with the degree of severity of autism. The total
antioxidant capacity and sulfhydryl groups showed
negative correlation.

Discussion
The oxidative stress in autism may be caused by an
imbalance between the generation of ROS by
endogenous/exogenous pro-oxidants and the defense
mechanism against ROS by antioxidants. The overall
result of the present study revealed that there are sig-
nificant abnormalities in the urinary levels of

Figure 1 Level of 4-HNE in the urine of autistic children compared with age and sex-matched normal children. Results were
expressed as mean± SD. *P< 0.001 (control vs. LFA, MFA, and HFA).

Table 3 Level of protein sulfhydryl, non-protein sulfhydryl,
and total sulfhydryl groups in the urine of autistic children
compared with age- and sex-matched normal children

Subject

Protein
sulfhydryls

Non-protein
sulfhydryl

Total
sulfhydryl

mg/dl mg/dl mg/dl

Control 28.8± 3.45 3.2± 0.38 32± 3.84
LFA 7.2± 0.86* 0.8± 0.09* 8± 0.96*
MFA 22.8± 2.73@ 1.2± 0.14* 24± 2.88@

HFA 25.6± 3.07#,a 2.4± 0.28@,a 28± 3.36#,a

Results were expressed as mean± SD.
*P< 0.001 (control vs. LFA and MFA); @P< 0.01 (control vs.
MFA & HFA); #P< 0.05 (control vs. HFA); aP< 0.001 (LFA vs.
HFA).

Table 5 Level of uric acid, creatinine, and UA/Cr ratio in
the urine of autistic children compared with age- and
sex-matched normal children

Subject
Uric acid (UA) Creatinine (Cr)

UA/Cr ratiog/day g/day

Control 0.62± 0.07 1.58± 0.18 0.39± 0.04
LFA 1.23± 0.14* 0.4± 0.04* 3.07± 0.36*
MFA 0.99± 0.11* 0.8± 0.09* 1.23± 0.14*
HFA 0.69± 0.08#,a 1.2± 0.14@,a 0.57± 0.06*,a

Results were expressed as mean± SD.
*P< 0.001 (control vs. LFA, MFA, and HFA); @P< 0.01 (control
vs. MFA and HFA); #P< 0.05 (control vs. HFA); aP< 0.001 (LFA
vs. HFA).

Table 4 Level of TAC, total peroxides, and OSI in the urine of
autistic children compared with age- and sex-matched
normal children

Subject
TAC Total peroxides

OSImmol Trolox eq/l mmol/l

Control 239.98± 26.39 47.70± 5.24 0.198± 0.02
LFA 24.56± 2.70* 398.60± 43.84* 16.22± 1.78*
MFA 140.01± 15.40* 315.35± 34.68* 2.25± 0.24*
HFA 220.12± 24.21NS,a 81.83± 9.00*,a 0.371± 0.04*,a

Results were expressed as mean± SD.
*P< 0.001 (control vs. LFA, MFA, and HFA); NS, non-significant
(control vs. HFA); aP< 0.001 (LFA vs. HFA).
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biomarkers of oxidative stress in autistic children when
compared with normal children. Further, the results
suggest that there is a significant positive correlation
between urinary oxidative stress markers (TBARS,
4-HNE, lipid hydroperoxides, and protein carbonyls)
and significant inverse correlation between antioxi-
dant principles (TAC, sulfhydryl groups) excreted in
urine and autism severity measured using CARS.
Elevated urinary lipid peroxidation products in

autistic children showed in this study suggests the
role of oxidative stress on the pathogenesis of autism.
Investigators have previously reported that lipid per-
oxidation products are high in the plasma of children
with autism. Lipids, which comprise biological mem-
branes, are easily oxidized, particularly if highly unsa-
turated. This oxidation of membrane lipid leading to
cell injury could be the result of many factors like
environmental toxins, metal toxins, genetic factors,
etc. Autistic children, the susceptible candidates to
these factors, show an increased oxidative stress
in vivo which is reflected by elevated urinary excretion
of TBARS, 4-HNE, and LHP as presented in the
study. Isoprostanes are produced from the free-
radical oxidation of arachidonic acid through non-
enzymatic oxidation of cell membrane lipids. Ming
et al. (2005)36 reported increased excretion of 8-iso-
prostanes F2alpha in the urine of children with
autism, which again supports the results of the study.
In our previous study, we have reported that the

autistic children are targets of metal (Cu, Hg, and
Pb) toxicity.37 There are reports describing that the
metal-catalyzed oxidation of polyunsaturated fatty
acids leads to the formation of several products that
have been shown to form PC derivatives with proteins.
These include (i) MDA, which reacts with lysine resi-
dues of proteins to form stable carbonyl derivatives;38

(ii) alpha, beta-unsaturated aldehydes, such as 4-HNE,
which can undergo Michael addition-type reactions

with the epsilon-amino group of lysine residues, the
sulfhydryl group of cysteine residues, and the imida-
zole group of histidine residues;39 and (iii) lipid per-
oxides, which can undergo metal ion-catalyzed
conversion to alkoxyl and peroxyl radicals that can
react directly with side chains of some amino acids
residues to form carbonyl derivatives by mechanisms
analogous to those obtained with H2O2.

40 The
present study indicates a similar condition of metal-
catalyzed oxidation of polyunsaturated fatty acids in
autistic children with the consequence of making
them the victims of oxidative stress. We could also
find a significant increase in the concentration of
lipid hydroperoxides in the urine of autistic children
where lipid hydroperoxides are also formed due to
metal-catalyzed oxidation of polyunsaturated lipids
as a consequence of copper toxicity which was
observed in our previous study.37 Protein carbonyls
are the most widely used markers of oxidative modifi-
cation of proteins which is found to be elevated in the
urine of autistic children. Proteins constitute the major
‘working force’ for all forms of biological work. Their
exact conformation and pattern of folding are tightly
connected to their activity and function. Reactive
oxygen and nitrogen species (ROS & RNS) are
formed during normal metabolism and in higher
fluxes under pathological conditions. They cause cellu-
lar damage, an important part of which is the oxi-
dation of amino acid residues on proteins, forming
protein carbonyls, found to be elevated in the urine
of autistic children when compared with age- and
sex-matched normal children.

The –SH (reduced thiol) groups that exist both
intracellularly and extracellularly either in free form
(reduced glutathione) or bound to proteins (protein
bound thiols) play major role in maintaining the anti-
oxidant status of the body.41 The thiols are the major
antioxidants in body fluids which are known to reduce
highly reactive free radicals thus protecting the biomo-
lecules. Such thiols have been studied and determined
in different disease conditions and found to be lower
when compared with healthy controls.41,42 The
present study also reports decreased excretion of
thiol groups in the urine of autistic children when com-
pared with normal children suggesting the prevalence
of reduced antioxidant defense in tissues and fluids
in vivo. This might be due to either low level of for-
mation or high-level consumption for defense action
of antioxidants in autistic children, which could be
accounted for oxidative stress.

Among different body fluids, urine is suitably used
for the assessment of TAC.43,44 Moreover, the antiox-
idant levels in human urine are reported to be higher
than in blood plasma.43,45,46 This is due to the pres-
ence of greater quantity of uric acid in urine than in
plasma. Uric acid is the major contributor of TAC in

Table 6 Spearman rank correlation between parameters
vs. CARS

Parameters rs P value

TBARS vs. CARS +1.000 <0.001
Lipid hydroperoxides vs. CARS +0.984 <0.001
4-hydroxy nonenal vs. CARS +0.963 <0.001
PC vs. CARS +0.942 <0.001
Protein sulfhydryl vs. CARS −0.826 <0.001
Non-protein sulfhydryl vs. CARS −0.848 <0.001
Total sulfhydryl vs. CARS −0.890 <0.001
TAC vs. CARS −0.913 <0.001
Total peroxides vs. CARS +0.958 <0.001
OSI vs. CARS +0.963 <0.001
UA/Cr vs. CARS +0.827 <0.001

Based on the critical values of the rank correlation (Spearman’s
rho) null hypothesis of no correlation was rejected and it was
concluded that the aforementioned level of oxidative stress
markers and antioxidants had correlation with the severity of
autism.
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blood plasma46 and also dominates total antioxidants
of urine as it is present in higher concentrations in
urine than in plasma.43,45 The present study shows a
significant decrease in the level of total antioxidants
in the urine of the autistic children, whereas the level
of total peroxides showed a significant increase
which naturally indicates the increased OSI in autistic
children thereby reflecting the role of oxidative stress
in the pathogenesis of autism.
Uric acid has been considered as a marker of oxi-

dative stress,47 and may have a potential therapeutic
role as an antioxidant.48 On the other hand, like
other strong reducing substances such as ascorbate,
uric acid can also act as a pro-oxidant,49 particularly
at elevated levels. A significantly higher (P< 0.001)
urinary UA/Cr ratio in autistic children is observed
when compared with normal children. Uric acid is a
product of purine catabolism including ATP which is
found to be elevated in autistic children. This may be
due to enhanced xanthine oxidase activity and might
contribute to oxidative stress in autistic children, and
might have resulted in deprivation of energy for neuro-
muscular function.
Hypoxia, or hypoxiation, is a pathological con-

dition in which the body as a whole (generalized
hypoxia) or a region of the body (tissue hypoxia) is
deprived of adequate oxygen supply. A mismatch
between oxygen supply and its demand at the cellular
level may result in a hypoxic condition. It is known
that abnormalities in brain development during pre-
and peri-natal stages arise under the influence of
different stress factors. The role of hypoxia as a
stress factor in ischemia and asphyxia is well known.
The role of hypoxia as a stress factor, however, is not
well understood, though according to modern con-
ceptions, it is included in the pathogenesis of almost
any disorder. Several studies have described cerebral
hypo perfusion in autism50 and this decreased blood
flow has been reported to correlate with core autistic
symptoms leading to relative cerebral hypoxia.
Hypoxia can impair mitochondrial function and
diminish ATP production.51 Brief hypoxia impairs
cerebral oxidative metabolism leading to an anaerobic
glycolysis to generate ATP. During anaerobic con-
ditions 1 molecule of glucose yields only 2 molecules
of ATP as opposed to producing 38 molecules of
ATP during aerobic conditions. During prolonged
hypoxia, cardiac output falls, cerebral blood flow is
compromised and a combined hypoxic−ischemic
insult produces further failure of oxidative phos-
phorylation and ATP production which is sufficient
to cause cellular damage. Lack of ATP and increase
excitotoxic cellular damage leads to an accumulation
of adenosine diphosphate and adenosine monophos-
phate, which is then catabolized to adenosine,
inosine, and hypoxanthine. If there is uninterrupted

tissue hypoxia with reperfusion injury, hypoxanthine
is oxidized to xanthine and uric acid in the presence
of xanthine oxidase. This leads to increase in uric
acid production, which comes out in blood from
tissues and is excreted in urine.
The present investigation also emphasizes that the

oxidative status measured by the urinary stress
markers can be correlated with the severity of autism
(LFA>MFA>HFA). There also exists a negative
correlation between antioxidant status and degree of
severity, i.e. lower the level of antioxidants the more
severe is autism. These data support the use of oxi-
dative stress markers and antioxidants as biomarkers
of autism. The study also reveals that urine samples
can be used as source for the analysis of oxidative
stress markers and antioxidants, such as sulfhydryl
groups, to monitor the level of oxidative stress in autis-
tic children.
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