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Oxidative stress plays an important role in the pathophysiology of autism. This research was carried out to know if the indicators of oxidative stress
improved after a diet and antioxidant treatment in patients with primary autism. We studied 40 cases with primary autism treated at the Clinical Genetics
National Reference Service in Juan Manuel Mdrquez Pediatric Hospital and Mayabeque Neurodevelopment Consultation during October 2014 to June 2016.
Markers of oxidative damage and antioxidant defense were determined. Patients with altered oxidative stress were treated with diet and antioxidant therapy
and the response to treatment was re-evaluated over time. A high percentage of patients improved the results of protein oxidation products (p <0,001), and
total peroxide values post-therapy. However malonylaldehyde results remained elevate after treatment. No significant results were found for the antioxidant
defense markers. The results of this research suggest that the use of antioxidant therapy associated with the established diet would be adequate.

ABBREVIATIONS

ASDs: Autism Spectrum Disorders; ROS: Reactive Oxygen
Species; LPO: Lipid Peroxidation; CNS: Central Nervous System;
Redox: Oxidation Reduction; BHA: Hydroxyl Butylanisole; BHT:
Butilhidroxitolueno; MDA: Malonyldialdehyde; AOPP: Advanced
Products of Protein Oxidation; FOX: Oxidation Xylenol Orange
(Peroxide Concentrations); SOD1: Superoxide Dismutase; CAT:
Catalase; GSH: Glutathione (free protein thiols in plasma); GPx:
Glutathione Peroxidase; SAM: S-adenosylmethionine; SNV: Single
Nucleotide Variant

INTRODUCTION

Autism spectrum disorders (ASD) comprise a heterogeneous
group of disorders, both in their etiology and in their clinical
presentation. According to the criteria of the Diagnostic and
Statistical Manual of Mental Disorders of the American Psychiatric
Association in its fifth edition (DSM-5), these correspond to
persistent deficits in social communication and social interaction
across multiple contexts, restricted, repetitive patterns of
behavior, interests, or activities. The symptoms cause a clinically
significant impairment in social, occupational or other important
areas of current functioning and must be presented in the early
period of development [1].

Despite theories and research aimed at identifying the causes
of this disorder and the reason for its epidemiological increase,

but are still unknown. Many authors define autism etiologically
as multifactorial and heterogeneous. Environmental influence on
the developing brain of the child, chemical and food intolerances,
neurotoxins and other factors are present and it would
manifests in a worsening of autistic behaviors. That evidence a
dysfunctional, stressed or hyperreactive immune system [2,3].

Oxidative stress is a dynamic and complex situation
characterized by an imbalance between the generation of ROS
and the availability and action of antioxidants [4]. The escape
of ROS from the antioxidant mechanisms and their progressive
accumulation trigger the mechanisms of LPO, as well as the
structural damage to proteins and DNA [5].

A state of oxidative stress induces toxic effects of oxidative
lipid, protein, and carbohydrate and nucleotide oxidation in
the cell, resulting in accumulation of intracellular aggregates,
mitochondrial dysfunction, excitotoxicity, and apoptosis. This
oxidative damage is common in neurodegenerative diseases and
is not clear whether it contributes by initiating the process or is a
consequence of it [6,7].

The CNS consumes large amounts of oxygen to carry out the
physiological processes, which leads to a high generation of free
radicals. Some factors make the CNS susceptible to ROS attack,
such as the deficiency of antioxidant mechanisms, the high
composition of polyunsaturated fatty acids and the selectivity
of the blood-brain barrier, which reduces the diffusion of some
antioxidants such as vitamin E [8].
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There are also other factors that favor the sensibility of brain
to oxidative stress such as high-energy requirement, high levels
of iron and lipids and autoxidable catecholamines and low levels
of certain endogenous antioxidant molecules [9].

New evidence indicates the presence of oxidative stress
in multiple CNS disorders. Recent studies in autistic children
showed that imbalance between oxidant / antioxidants species
may contribute to the pathogenesis of this disease. Patients have
changes in membrane fluidity, neuronal loss in the cerebellum
and alteration of the markers of oxidative stress [10].

Glutathione is involved in the neurological protection against
oxidative stress and neurological inflammation present in the
autistic, improving antioxidative systems. Reduce oxidative
stress can be a potentially promising treatment in cases of autism
[11].

Antioxidant deficits and impaired methylation ability in
children with autism can cause cell damage and epigenetic
alterations in gene expression [12].

Taking into account the risk involved in oxidative stress
maintained at the cerebral level for patients with some degree
of neurodevelopment disturbance, it is very important to try to
maintain an adequate redox state, which can be achieved with
the use of antioxidant product [13].

Different researchers have used pyridoxine to treat autistic
patients, almost all of these studies found that between 30% and
40% of children and adults benefited from a high dose of vitamin
B6 supplements with magnesium. Vitamin B6 is required for
over a thousand enzymatic reactions, including the production
of major neurotransmitters such as serotonin, dopamine,
glutathione, hemoglobin and others. The possible explanation
is that some children and adults with autism have a diminished
ability to convert vitamin B6 to its active form, and defective
enzymes to produce key neurotransmitters that require an
abnormally high amount of the active form of the vitamin B6 [14].

In one study, 500 mg of vitamin C (ascorbic acid) was found to
raise glutathione levels by 50% in college students [15].

It was also found that a treatment with folic acid in children
with autism at doses of 800 mcg normalized SAM and partially
improved levels of cysteine, total plasma glutathione and the
ratio of oxidized glutathione to total glutathione [16].

On the other hand, chronic oxidative stress can lead to
mitochondrial dysfunction, increased oxidative stress could be
responsible for mitochondrial dysfunction observed in similar
cortical regions in the brains of children with ASD. As folic
acid is essential for the production of purines and pyrimidines,
nucleotide precursors of RNA and DNA, low levels of folate
can result in abnormalities in cell proliferation, as well as
transcription and translation, and thus contribute to DNA
and chromosome instability. It is possible that if earlier in life
nutritional supplementation with folate begin, then would be
more effective. High doses of folate daily for some months seem
to be necessary to achieve the desired changes [17].

The CNS consumes large amounts of oxygen to carry out the
physiological processes, which leads to a high generation of free

radicals. Some factors make the CNS susceptible to ROS attack,
such as the deficiency of antioxidant mechanisms, the high
composition of polyunsaturated fatty acids and the selectivity
of the blood-brain barrier, which reduces the diffusion of some
antioxidants such as vitamin E (a- tocopherol) [8].

Taking these arguments into account, it was decided to carry
out the present investigation to evaluate the effectiveness of the
application of an antioxidant therapy in patients with primary
autism. To achieve this goal, markers of oxidative damage and
antioxidant defense capacity will be determined before and after
the conclusion of the antioxidant treatment in patients with
autism.

MATERIALS AND METHODS

An applied research was carried out, which consisted of a
quasi-experimental study of cases with primary autism treated
at the Clinical Genetics National Reference Service in Juan
Manuel Marquez Pediatric and Mayabeque Neurodevelopment
Consultation, Cuba; during October 2014 to June 2016. The
universe consisted of 74 autistic children previously evaluated
with psychiatrists that are part of the project. Psychiatrists
certified the clinical diagnosis of autism and clinical genetics
search possible causes of secondary or syndromic autism then
were ruled out. In this way selection biases were avoided.

The sample was made up of 40 children who fulfilled the
following:

INCLUSION CRITERIA

Individuals of both sexes, from 3 years of age up to 7 years,
with diagnosis emitted by psychiatry and clinical genetics of
primary autism.

The parent or guardian agrees to participate in the study.
EXCLUSION CRITERIA

¢ Patients with immunological disorders, chronic diseases,
chromosomal or monogenic syndromes.

e Patient who once offered their consent to participate
decides not to continue in the investigation or does not
complete the studies.

¢ Inorder to perform the oxidative stress tests in the cases,
it was considered as criteria for taking the blood sample
that:

e Children have not had acute infectious diseases in the past
month. In positive case, the blood sample was obtained a
month later.

e They did not receive radiation (X-rays) a week before
the study. In positive case the blood extraction was one
month after receiving the radiation.

Oxidative stress studies were performed with 8 hours of
fasting. 5 ml of venous blood was obtained by venipuncture
and was dispensed in tubes with EDTA. It was transported
immediately in thermo-refrigerated at 8°C to the laboratory
before 4 hours after the extraction.

Once in the laboratory, the plasma was obtained by
centrifugation (2500 rpm for 5 minutes at 4 °C) and the lysate of
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erythrocytes by washing with cold 0,9% NacCl solution and lysis
with cold distilled water. The concentration of hemoglobin in the
lysate was determined and all the samples were stored at -20 2C
until the determination of oxidative stress.

If the oxidative stress was altered, a diet and antioxidant
therapy was indicated for a period of 6 months. Test was repeated
to evaluate the child’s post-treatment REDOX status.

The variables studied and the reference values used in the
Oxidative Stress Laboratory of the Medical Genetics National
Center with a 95% CI were the following:

MARKERS OF OXIDATIVE DAMAGE

— Oxidative lipid damage (MDA): 0,53 - 0,87 pmol / L

— Oxidative protein damage (AOPP): 26,82 - 50,70 pmol / L

— Concentration of peroxides (FOX): 1,00 - 2,81 pmol / L
ANTIOXIDANT DEFENSE MARKERS

¢ Enzymatic activity SOD1: 161,83 -177,35U / ml

¢ Enzymatic activity CAT: 67,61 - 78,14 U / ml

e SOD / CAT ratio: 2,23 - 2,64

e Total antioxidant capacity: 0,14 - 0,18 mM Fe “/ L

¢ Concentration of thiol groups (GSH): 20,06 - 37,44 pmol
/L

e Enzymatic activity of glutathione peroxidase (GPx):
29913,46 - 52807,44 mU / ml

¢ Enzymatic activity glutathione S-transferase: 24,74 -
841,15U /L

THE INDICATIONS ARE AS FOLLOWS
Diet: Recommendation

- Fresh meat (the chicken without the skin), eggs, vegetable
oils, vegetables and fresh fruits with daily consumption is
recommended. Legumes, dried fruits, cereals such as rice and
corn are recommended too. They can consume frozen food like
fruits, vegetables, meats and seafood in natural or in oil. If it is
confirmed that the child has dysbiosis due to candida albicans in
fecal tools then sugar and honey should be limited. Inlays are not
recommended. Also avoid soft drinks, especially with colorants,
drinks should be basically natural.

Food not recommended for being rich in gluten and casein

- Milk and its derivatives, wheat: in bread, soups, pizzas,
spaghetti, cakes, etc, rye, barley, oats, chocolates with milk,
consomme powder (monosodium glutamate), soy, English sauce,
Ketchup, vinegar and margarine preferably little butter. Also
malt, artificial dyes and flavors, additives such as: BHA, BHT,
nitrates, nitrites, caffeine, aspartame, polysorbate 60 and 80,
saccharin, quinine.

Antioxidant therapy for day

- Vitamin C - 500 mg, vitamin E - 100 U], vitamin B6 - 10 mg,
folic acid - 1 mg.

Statistical analysis for all objectives used summary measures
for qualitative variables (percentages) and quantitative variables

(mean and standard deviation).

The values obtained for oxidative damage to the biomolecules,
the levels of reactive species and the antioxidant responsiveness
of the patients in the two sampling times were compared.
According to the distribution of the data and the homogeneity of
variance, the relevant statistical tests were applied in each case
(t-student test). In all hypothesis tests, a significance level of 0.05
was set.

The program SPSS 15,0 and Microsoft Excel were used. The
conclusions of the investigation and the recommendations that
were considered pertinent were made.

In the present investigation the ethical principles for
medical research established in the Declaration of Helsinki
were fulfilled. All the participants were informed about the
general characteristics of the study, its objectives, as well as all
the information that was required besides the data and samples
that had to contribute when deciding to participate. Once verbal
consent was obtained from parents or guardians who voluntarily
wanted to participate in the study, they were given the informed
consent form for their signature.

RESULTS AND DISCUSSION

We studied 40 cases with primary autism and determined the
markers of oxidative damage and those of antioxidant defense,
before initiating the antioxidant therapy and afterwards, there
being a predominance of male patients with 31 cases that
represented 77,5% of the total of the sample (Figure 1).

These results coincide with that reported in other researches,
where a prevalence of autistic spectrum disorders predominates
in males. There are reports of prevalence between 1/42-54 in
males and 1/189-252 in females [18,19].

Establishing a male-female relationship, a similar 3:1 (male:
female) relationship was found in two other studies, reporting
that it is four times more common in boys than girls [13]. Other
investigators with similar results have proposed possible
evidence of pleiotropic effect and interactions with genes
involved in the endocrine system. A “female protective model”
has been proposed based on genetic studies. For example, it has
been shown that girls’ DNA shows resistance to genetic insults
in the sense that they are more likely to have extreme genetic
mutations related to neurodevelopment, including variants of the
number of copies and variants of a single nucleotide that the men,
however, they have the same symptoms [19,20].

Several alterations have been identified in the X chromosome
of autistic patients, suggesting their participation in the genesis
of the prevalence imbalance between males and females. NLGN3,
NLGN4X, ARX, MECP2 and FMR1 genes, microdeletions and
aneuploidies are include, however , an exome sequencing study
has estimated that only 1,7% of men with autism have SNV with
loss of function linked to the X chromosome [21].

Table 1 show the results obtained in the determination
of markers of oxidative damage and antioxidant defense in
patients with autism before and after treatment. As can be
seen, the markers that were modified after treatment were the
concentrations of MDA, AOPP and FOX. No changes were observed
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Female:
(9; 22,5%)

Male:
(31; 77,5%)

Figure 1 Distribution of patients with primary autism by sex
Source: Compiled information sheet.

in endogenous antioxidant responsiveness, only a tendency to
increase total plasma antioxidant capacity was observed without
becoming significant.

In a particular way, MDA was initially elevated in 62,5% of the
cases and in the control performed at 6 months after treatment
the 27,5% of them had normalized results, while 35% maintained
high values. The p-value obtained was not statistically significant
(0,481).

LOP has been reported to increase in the plasma of children
with autism compared to neurotypical children [22]. LOP is a
chain reaction between polyunsaturated fatty acids and ROS,
and produces lipid peroxides and hydrocarbon polymers that
are highly toxic to the cell [23]. MDA is a final product of the
peroxidation of polyunsaturated fatty acids and related esters
and is therefore used as a LOP marker [24].

Chauhan et al, also described elevated plasma MDA
concentrations in 87% of autistic patients [25]. Several
publications mention the selectivity in the food intake of autistic
children, together with this they report eating rituals and the
refusal to eat certain foods. For example, these children eat
less vegetables and fruits, which may be related to the results
obtained because it is not only about the therapy, but also the
compliance with the indicated diet is very important [25,26]. A
result similar to that found in this study was reported by two
other researchers, in which there is also a considerable increase
in MDA [27,28]. Another analysis similar to this one shows that
19% of patients who did not have improvement, about a third
of them were not following the diet free of gluten and casein,
and still had many peptides of these in their blood [29,30]. This
was also possible to verify when interviewing the mothers and
relatives of the children in the study sample who considered the
difficulty of carrying out the diet with accuracy.

Proteins can be affected by ROS. In relation to AOPP, 65%
of the sample studied had high initial values, 47,5% of them in
the recontrol normalized the marker, while 17,5% remained
elevated, statistical significance was obtained with a McNemar
test <0,001.

Results similar to those reported in this research were
found in a study in which they stated that AOPPs also improved

substantially with antioxidants [31]. Another review refers to
the mechanisms of neutralization and defense, which the cell
has to remove free radicals and within them include vitamin C
and vitamin E along with other endogenous antioxidants [32].
Another of the oxidative damage markers studied were total
peroxides, where the highest number of patients in the study
were found to have decreased FOX before initiating anti-oxidant
therapy (40%) and remained post-treated (30%). In 27,5% of
cases, this indicator was normal at onset and after therapy was
increased. The p-value obtained was statistically significant
(0,001).

It should be noted that although this indicator showed a
considerable decrease after therapy, its value remained within
the established range, which, according to other authors, is very
important if one takes into account that reactive oxygen species
play an important role in REDOX signaling and its decrease
(below normal) can cause damages mainly of immune system
[27-29].

Within the antioxidant enzymes, when evaluating SOD1 no
significant changes were observed in the activity of this one after
the six months of treatment. Itis important to emphasize that 40%
of the patients had elevated this marker before the intervention
and it was possible to normalize only in 17,5% of the cases after
treatment. Statistical analyzes were not significant (Marginal
homogeneity test: 0,611 p < 0,05). On the other hand, the enzyme
catalase (CAT) was decreased at the start of the study in 60%
of the cases, of which 40% remained post-treatment. Statistical
significance was not obtained in this indicator (p = 0,879).

Antioxidant enzymes such as SOD1 play an important role
in cell protection against oxidative damage, which converts
superoxide radicals (02°-) into hydrogen peroxide (H202) [33].
In relation to SOD1, no significant changes were observed in
the activity of this enzyme after six months of treatment. The
increase in the activity of this enzyme has been reported for
other neurodegenerative diseases, explained as a compensatory
mechanism of the organism to prevent tissue damage [31].
In another study, Aksoy et al,, also found elevated levels of the
activity of the SOD1 and CAT enzymes; they suggest that this
increase may be an indicator of the constant presence of oxidative
stress [34].
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Table 1: Markers of oxidative stress in patients with primary autism before and after the antioxidant treatment.
. Second sample b
4 N T
MDA
N - 8 (20,0 %) 7 (17,5%)
1 - 11(27,5%) 14935,0%) 04811
AOPP
N - 13(32,5%) 1(2,5%)
<0,001@
T - 19(47,5%) 7 (17,5%)
FOX
12(30,0%) 3(7,5%) 1(2,5%)
N 11(27,5%) 2(5,0%) - 0,001®
T 8(20,0%) 3(7,5%) -
SoD1
4 (10,0%) 5(12,5%) 1(2,5%)
N 6 (15,0%) 4 (10,0%) 4 (10,0%) 0,611®
T 6 (15,0%) 7 (17,5%) 3(7,5%)
CAT
16(40,0%) 4 (10,0%) 4 (10,0%)
N 4 (10,0%) 2(5,0%) 1(2,5%) 0,879®
) 4 (10,0%) 10(25,0%) 6 (15,0%)
R -SOD1/CAT
2(5,0%) 3(7,5%) 1(2,5%)
N 2(5,0%) 3(7,5%) 5(12,5%) 0,070®
) 5(12,5%) 10(25,0%) 9 /22,5%)
Total Antioxidant Capacity
1(2,5%) - 4 (10,0%)
N - 2(5,0%) 6 (15,0%) 0,895®
) 1(2,5%) 7 (17,5%) 19(47,5%)
GSH
10(25,0%) 6 (15,0%) 6 (15,0%)
N 2(5,0%) 1(2,5%) 2(5,0%) 0,123®
) 6 (15,0%) 5(12,5%) 2(5,0%)
GPx
{ 2(5,0%) 5(12,5%) 1(2,5%)
N 6 (15,0%) 6 (15,0%) 10(25,0%) 0,115®
) 2(5,0%) 1(2,5%) 7 (17,5%)
Legend: | - Diminished, N - Normal, T - Increased, a: Chi cuadrado (x2) with correction, b: Fisher Test
Source: Compiled information sheet.

The superoxide dismutase family consists of a group of
proteins that use metals such as copper, zinc and manganese
for their catalytic activity. The main function of these enzymes
is the elimination of superoxide anion, forming the hydrogen
peroxide. The results derived from this study suggest the use
of trace elements such as Selenium, Manganese and Copper to
further improve antioxidant capacity [33]. These are important
elements to be taken into account for subsequent studies and
are in turn issues that could have a negative influence on similar
studies report the decrease in the activity of this enzyme, which
can lead to the accumulation of hydrogen peroxide and therefore

to the presence of oxidative conditions at the systemic level in
these patients [35].

In other studies in which this indicator has been altered, it
is argued that catalase works as a compensatory mechanism
to maintain an adequate balance of enzymatic systems at the
erythrocyte level. From this point of view it can be said that the
elevation of SOD1 did not achieve a significant increase in CAT
in our patients as reported in other studies. In addition, if we
consider that CAT elevation is a compensatory mechanism that
increases the efficiency of the antioxidant barrier at the intra-
erythrocyte level [36]. the presence of alterations in the level of
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oxidative stress in these patients.

The SOD / CAT ratio was elevated in 60% of the sample, and
of this only 25% was able to normalize after the treatment. 22,5%
of cases maintained this indicator high in both controls.

No statistical significance was found (p 2 0,05).

Some authors suggest a low activity of antioxidant enzymes
in autistic children and suggest this finding as a biomarker in
autism [37-39]. In the literature it is pointed out that when the
SOD / CAT ratio is elevated by low CAT activity, this causes high
levels of hydrogen peroxide and hydroxyl radicals (OH") to be
generated which cause oxidation of biomolecules [40]. Another
article points out that the antioxidant system SOD / CAT acts in
the presence of high concentrations of hydrogen peroxide [41].
from this point of view, it would be natural to take into account
that total peroxides (FOX) are decreased in the highest percentage
of cases. It may be necessary to take into account what McGinnis
suggests suggesting the zinc supplementation association, since
it is estimated that dietary deficiency causes a total decrease of
glutathione, vitamin E, glutathione peroxidase, SOD1 and CAT
with the consequent potentiation of oxidative stress and increase
of POL and accumulation of free radicals [42].

Extracellular antioxidant defenses are measured through
the so-called total antioxidant capacity, in which the cumulative
action of all the antioxidants present in plasma and body fluids is
considered [40].

Total Plasma Antioxidant Ability did not show statistical
significance (p = 0,895). The highest number of patients initially
had elevated this parameter (67,5%) and remained elevated after
treatment in 47,5%; there were no patients with this marker
initially decreased and normal thereafter.

Regarding total antioxidant capacity, despite not finding
statistical significance (p = 0,878), the highest number of patients
had elevated total antioxidant capacity and remained elevated
after treatment. It is considered that the total antioxidant capacity
dampens the generation of hydroxyl radicals (OHe); which diffuse
into the extracellular fluid [38]. These results are expected if we
take into account that initially AOPPs were elevated and that
MDA remained elevated in several patients even after treatment.

In the first control, plasma free protein thiol levels (GSH) were
decreased in 55% of the cases and 25% of them in the second
determination maintained decreased values. No statistical
significance was found in this indicator (p = 0,123).

The determination of the free protein thiols allows the
quantification of the sulfhydryl groups, mainly referred to the free
cysteine residues and the glutathione present in a deproteinized
sample. This compound is well studied in diseases related to
oxidative stress, since it is one of the most sensitive to oxidative
disturbances [42,43].

In this indicator, statistical significance was not found due to
the use of therapy (p = 0,981), observing that 25% of the sample
had low GSH levels both before and after treatment, which
coincides with a similar study conducted in the United States in
which it is argued that in order to obtain the total normalization
of glutathione in plasma, vitamin B12 should be associated with

antioxidant therapy, this may be something to be considered
for later studies [16]. On the other hand, antioxidant therapy
facilitated that 15% of the children in the sample normalized their
GSH values, which also coincides with the aforementioned study.
In other studies reviewed, vitamin B6 is discussed as a treatment
for autism. Almost all of these studies found that between 30%
and 40% of children and adults benefited from a high dose of
vitamin B6 supplements with magnesium, [14]. a higher dose
may be required for GSH normalization in the sample studied.

Also in a revised study, the increase in thiol group
concentrations suggests the existence of mild oxidative
conditions, considering that GSH plays many important metabolic
functions, one of which is to protect the cell against free radicals,
peroxides and other toxic compounds, as well as protect against
the harmful effect of radiation [11].,, it is possible to state that
according to the reported values of the oxidant indicators a high
number of patients in the sample is exposed to stress oxidative.

GPx is one of the enzymes involved in the so-called “redox
cycle of glutathione”. GPx is a selenium-dependent enzyme, which
catalyzes the reduction of hydrogen peroxide and lipoperoxides
(L-OOH) and uses reduced glutathione (GSH) as a reducing agent.
It is located in: cytosol (erythrocytes), lysosomes (neutrophils,
macrophages and other cells of the immune system) [41]. The
activity of this enzyme had a tendency to increase, but without
becoming significant (p = 0,083) after the treatment was applied.
This tendency could be related to the observed decrease of
peroxide levels, substrate of this enzyme.

Several authors have described that in the autistic, the
activity of glutathione peroxidase and other antioxidant enzymes
are diminished [11,44]. The results obtained in the present study
reaffirm these findings, observing that in general the patients
present a low antioxidant response capacity of enzymatic type,
which was not modified despite the intervention. Some authors
consider the use of antioxidants as controversial considering the
clinical experiences in neuroprotection that have been generally
negative, fundamentally with the classic antioxidants like vitamin
C and vitamin E because the selectivity of the blood brain barrier
reduces the diffusion of the latter [8]. However, others suggest
the need for concomitant antioxidant treatment with a diet
rich in antioxidant vitamins in their natural sources and not in
supplements, since this allows them to interact synergistically
with other organic and inorganic nutrients present in foods, thus
enhancing the antioxidant capacity [45]. The results presented
above are attributed to the non-compliance mentioned by the
parents in the diet of the patients studied, since the two methods
(diet and vitamin treatment) are complemented to achieve
modifications in the parameters studied.

Autism is a very complex disorder and involves genetic and
non-genetic factors that are not very well understood. To date,
several biomedical disorders have been identified and associated
with autism, some of which can be treated at least partially. By
complying with diet and treatment oriented, many individuals
may have clinical improvements, usually slow over months and
years. Sometimes a treatment produces great benefits, but the
most common is that each treatment helps in a small proportion,
because we must not forget as a multifactorial disease its
important association with multiple non-genetic factors, in
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addition the clinical characteristics of children with autism
resistant to food with certain products that constitute important
pillars of the diet and in the sample studied was not able to meet
the required quality, which masks the results reported in the
study.

CONCLUSIONS

In general, results of the first sample showed an increase in
the indicators of oxidative damage and values close to normal in
the antioxidant defense variables. Subsequent to therapy a high
percentage of patients improved the results of advanced protein
oxidation products and total peroxide values, but not in the results
of MDA in which the highest proportion remained elevated after
treatment. As for the antioxidant defense markers, no significant
results were found with the administration of the treatment,
despite the indication of a dietary pattern, the mothers reported
not being able to fulfill it fully given the behavioral characteristics
of the children with autism, the reported improvements are
attributable to the antioxidant treatment with vitamins. It was
concluded that: 1) markers of oxidative damage to proteins
and peroxide levels were the best response to the antioxidant
treatment used, 2) antioxidant therapy was not able to modify
antioxidant response capacity and 3) antioxidant therapy with
medication when not supplemented with an adequate diet, is
not effective in achieving good regulation of the REDOX status in
autistic children.

There are certain limitations that must be taken into account
when interpreting the results. First, the sample size is not large
enough to generalize the results, and although it provides
the statistical power needed for quantitative analyzes, some
categorical analyzes may suffer power limitations because of
the relatively small number of cases. Secondly, the antioxidant
therapy used was limited to 4 vitamins: vitamin E, vitamin C,
Vitamin B6 and folic acid, but other authors have described good
results with the use of a superior number of vitamins and trace
elements that could be taken account for future studies.

Current results may have implications for future research in
the identification of biomarkers in patients with neuropsychiatric
diseases, especially autism and clinical practice. We suggest
performing routine oxidative stress studies in patients diagnosed
with autism and applying antioxidant diets and therapies if
necessary, making evaluative cuts to identify how the markers
studied are modified or not and their impact on neurobehavioral
of the patient.

ACKNOWLEDGMENTS

To the Oxidative Stress Laboratory of the Medical Genetics
National Center of Cuba for the support offered, to parents and
relatives for their participation in the project.

REFERENCES

1. American Psychiatric Association. Diagnostic and statistical manual of
mental disorders. 5" Edn. (DSM-5). 2013.

2. David Q. Beversdorf, Missouri Autism Summit Consortium.
Phenotyping, Etiological Factors, and Biomarkers: Toward Precision
Medicine in Autism Spectrum Disorders. ] Dev Behav Pediatr. 2016;
37:659-673.

3. Karimi P, Kamali E, Mousavi SM, Karahmadi M. Environmental factors
influencing the risk of autism. ] Res Med Sci. 2017; 22: 27.

4. Du ZX, Zhang HY, Meng X, Guan Y, Wang HQ. Role of oxidative stress
and intracellular glutathione in the sensitivity to apoptosis induced by
proteasome inhibitor in thyroid cancer cells. BMC Cancer. 2009; 9: 56.

5. Chi L, Ke Y, Luo C, Gozal D, Liu R. Depletion of reduced glutathione
enhances motor neuron degeneration in vitro and in vivo.
Neuroscience. 2007; 144: 991-1003.

6. Circu ML, Aw TY. Reactive oxygen species, cellular redox systems, and
apoptosis. Free Radic Biol Med. 2010; 48: 749-762.

7. Griffiths K, Levy R]. Evidence of Mitochondrial Dysfunction in Autism:
Biochemical Links, Genetic-Based Associations, and Non-Energy-
Related Mechanisms. Oxid Med Cell Longev. 2017; 2017: 4314025.

8. Shukla V, Mishra SK, Pant HC. Oxidative stress in neurodegeneration.
Adv Pharmacol Sci. 2011; 2011: 572634.

9. Carmenates ND, Monzén BG, Lardoeyt FR, Riverén FG, Lemus MG,
Martinez BO, et al. Alterations of the cellular redox state in Cuban
patients with autism spectrum disorders. Rev. Cubana Genet Comunit.
2013;7: 12-17.

10.Essa MM, Subash S, Braidy N, Al-Adawi S, Lim CK, Manivasagam T, et
al. Role of NAD(+), Oxidative Stress, and Tryptophan Metabolism in
Autism Spectrum Disorders. Int ] Tryptophan Res. 2013; 6: 15-28.

11.Ghanizadeh A, Akhondzadeh S, Hormozi M, Makarem A, Abotorabi-
Zarchi M, Firoozabadi A. Glutathione-related factors and oxidative
stress in autism, a review. Curr Med Chem. 2012; 19: 4000-4005.

12.Melnyk S, Fuchs GJ, Schulz E, Lopez M, Kahler SG, Fussell J], et al.
Metabolic imbalance associated with methylation dysregulation and
oxidative damage in children with autism. ] Autism Dev Disord. 2012;
42:367-377.

13.Pall ML. Common etiology of posttraumatic stress disorder,
fibromyalgia, chronic fatigue syndrome and multiple chemical
sensitivity via elevated nitric oxide/ peroxynitrite. Med Hypotheses.
2001; 57: 139-145.

14.Adams ]B, George F, Audhya T. Abnormally high plasma levels of
vitamin B6 in children with autism not taking supplements compared
to controls not taking supplements. ] Altern Complement Med. 2006;
12:59-63.

15.Johnston CS, Meyer CG, Srilakshmi JC. Vitamin C elevates red blood
cell glutathione in healthy adults. Am | Clin Nutr. 1993; 58: 103-105.

16.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 ] Clin Nutr. 2004;
80:1611-1617.

17.Main PA, Angley MT, O’Doherty CE, Thomas P, Fenech M. The potential
role of the antioxidant and detoxification properties of glutathione in
autism spectrum disorders: a systematic review and meta-analysis.
Nutr Metab (Lond). 2012; 9: 35.

18.Autism and Developmental Disabilities Monitoring Network
Surveillance Year 2008 Principal Investigators; Centers for Disease
Control and Prevention. Prevalence of autism spectrum disorders--
Autism and Developmental Disabilities Monitoring Network, 14 sites,
United States, 2008. MMWR Surveill Summ. 2012; 61: 1-19.

19.Mitra [, Tsang K, Ladd-Acosta C, Croen LA, Aldinger KA, Hendren RL, et
al. Correction: Pleiotropic Mechanisms Indicated for Sex Differences
in Autism. PLoS Genet. 2017; 13: 1006831.

20.Jacquemont S, Coe BP, Hersch M, Duyzend MH, Krumm N, Bergmann

J Neurol Transl Neurosci 5(2): 1085 (2017)

7/8


mailto:https://www.appi.org/Diagnostic_and_Statistical_Manual_of_Mental_Disorders_DSM-5_Fifth_Edition
mailto:https://www.appi.org/Diagnostic_and_Statistical_Manual_of_Mental_Disorders_DSM-5_Fifth_Edition
mailto:https://www.appi.org/Diagnostic_and_Statistical_Manual_of_Mental_Disorders_DSM-5_Fifth_Edition
mailto:https://www.ncbi.nlm.nih.gov/pubmed/27676697
mailto:https://www.ncbi.nlm.nih.gov/pubmed/27676697
mailto:https://www.ncbi.nlm.nih.gov/pubmed/27676697
mailto:https://www.ncbi.nlm.nih.gov/pubmed/27676697
mailto:https://www.ncbi.nlm.nih.gov/pubmed/27676697
http://www.ncbi.nlm.nih.gov/pubmed/28413424
http://www.ncbi.nlm.nih.gov/pubmed/28413424
http://www.ncbi.nlm.nih.gov/pubmed/28413424
mailto:https://www.ncbi.nlm.nih.gov/pubmed/19216805
mailto:https://www.ncbi.nlm.nih.gov/pubmed/19216805
mailto:https://www.ncbi.nlm.nih.gov/pubmed/19216805
mailto:https://www.ncbi.nlm.nih.gov/pubmed/19216805
http://www.ncbi.nlm.nih.gov/pubmed/17150307
http://www.ncbi.nlm.nih.gov/pubmed/17150307
http://www.ncbi.nlm.nih.gov/pubmed/17150307
http://www.ncbi.nlm.nih.gov/pubmed/17150307
http://www.ncbi.nlm.nih.gov/pubmed/20045723
http://www.ncbi.nlm.nih.gov/pubmed/20045723
http://www.ncbi.nlm.nih.gov/pubmed/20045723
mailto:https://www.hindawi.com/journals/omcl/2017/4314025/
mailto:https://www.hindawi.com/journals/omcl/2017/4314025/
mailto:https://www.hindawi.com/journals/omcl/2017/4314025/
mailto:https://www.hindawi.com/journals/omcl/2017/4314025/
http://www.ncbi.nlm.nih.gov/pubmed/21941533
http://www.ncbi.nlm.nih.gov/pubmed/21941533
http://www.ncbi.nlm.nih.gov/pubmed/21941533
mailto:http://new.medigraphic.com/cgi-bin/resumen.cgi?IDARTICULO=53213
mailto:http://new.medigraphic.com/cgi-bin/resumen.cgi?IDARTICULO=53213
mailto:http://new.medigraphic.com/cgi-bin/resumen.cgi?IDARTICULO=53213
mailto:http://new.medigraphic.com/cgi-bin/resumen.cgi?IDARTICULO=53213
mailto:http://new.medigraphic.com/cgi-bin/resumen.cgi?IDARTICULO=53213
http://www.ncbi.nlm.nih.gov/pubmed/23922500
http://www.ncbi.nlm.nih.gov/pubmed/23922500
http://www.ncbi.nlm.nih.gov/pubmed/23922500
http://www.ncbi.nlm.nih.gov/pubmed/23922500
http://www.ncbi.nlm.nih.gov/pubmed/22708999
http://www.ncbi.nlm.nih.gov/pubmed/22708999
http://www.ncbi.nlm.nih.gov/pubmed/22708999
http://www.ncbi.nlm.nih.gov/pubmed/22708999
mailto:https://www.ncbi.nlm.nih.gov/pubmed/21519954
mailto:https://www.ncbi.nlm.nih.gov/pubmed/21519954
mailto:https://www.ncbi.nlm.nih.gov/pubmed/21519954
mailto:https://www.ncbi.nlm.nih.gov/pubmed/21519954
mailto:https://www.ncbi.nlm.nih.gov/pubmed/21519954
mailto:https://www.ncbi.nlm.nih.gov/pubmed/11461161
mailto:https://www.ncbi.nlm.nih.gov/pubmed/11461161
mailto:https://www.ncbi.nlm.nih.gov/pubmed/11461161
mailto:https://www.ncbi.nlm.nih.gov/pubmed/11461161
mailto:https://www.ncbi.nlm.nih.gov/pubmed/11461161
http://www.ncbi.nlm.nih.gov/pubmed/16494569
http://www.ncbi.nlm.nih.gov/pubmed/16494569
http://www.ncbi.nlm.nih.gov/pubmed/16494569
http://www.ncbi.nlm.nih.gov/pubmed/16494569
http://www.ncbi.nlm.nih.gov/pubmed/16494569
http://www.ncbi.nlm.nih.gov/pubmed/8317379
http://www.ncbi.nlm.nih.gov/pubmed/8317379
http://www.ncbi.nlm.nih.gov/pubmed/8317379
http://www.ncbi.nlm.nih.gov/pubmed/15585776
http://www.ncbi.nlm.nih.gov/pubmed/15585776
http://www.ncbi.nlm.nih.gov/pubmed/15585776
http://www.ncbi.nlm.nih.gov/pubmed/15585776
http://www.ncbi.nlm.nih.gov/pubmed/15585776
http://www.ncbi.nlm.nih.gov/pubmed/22524510
http://www.ncbi.nlm.nih.gov/pubmed/22524510
http://www.ncbi.nlm.nih.gov/pubmed/22524510
http://www.ncbi.nlm.nih.gov/pubmed/22524510
http://www.ncbi.nlm.nih.gov/pubmed/22524510
http://www.ncbi.nlm.nih.gov/pubmed/22456193
http://www.ncbi.nlm.nih.gov/pubmed/22456193
http://www.ncbi.nlm.nih.gov/pubmed/22456193
http://www.ncbi.nlm.nih.gov/pubmed/22456193
http://www.ncbi.nlm.nih.gov/pubmed/22456193
http://www.ncbi.nlm.nih.gov/pubmed/22456193
mailto:https://www.ncbi.nlm.nih.gov/pubmed/28591140
mailto:https://www.ncbi.nlm.nih.gov/pubmed/28591140
mailto:https://www.ncbi.nlm.nih.gov/pubmed/28591140
mailto:https://www.ncbi.nlm.nih.gov/pubmed/28591140
mailto:https://www.ncbi.nlm.nih.gov/pubmed/24581740

Hernandez et tal. (2017)
Email: daniel.quintana@infomed.sld.cu

@SCiMedCenmﬁ

S, et al. A higher mutational burden in females supports a “female
protective model” in neurodevelopmental disorders. Am ] Hum Genet.
2014; 94: 415-425.

21.Lim ET, Raychaudhuri S, Sanders SJ, Stevens C, Sabo A, MacArthur DG,
et al. Rare complete knockouts in humans: population distribution
and significant role in autism spectrum disorders. Neuron. 2013; 77:
235-242.

22.Kern JK, Jones AM. Evidence of toxicity, oxidative stress, and neuronal
insult in autism. ] Toxicol Environ Health B Crit Rev. 2006; 9: 485-499.

23.Horton AA, Fairhurst S. Lipid peroxidation and mechanisms of toxicity.
Crit Rev Toxicol. 1987; 18: 27-79.

24.]Jain SK. The accumulation of malonyldialdehyde, a product of fatty
acid peroxidation, can disturb aminophospholipid organization in the
membrane bilayer of human erythrocytes. | Biol Chem. 1984; 259:
3391-3394.

25.Chauhan A, Chauhan V, Brown WT, Cohen I. Oxidative stress in
autism: increased lipid peroxidation and reduced serum levels of
ceruloplasmin and transferrin--the antioxidant proteins. Life Sci.
2004; 75: 2539-2549.

26.Boon-Yasidhi V, Jearnarongrit P, Tulayapichitchock P, Tarugsa J.
Adverse effects of risperidone in children with autism spectrum
disorders in a naturalistic clinical setting at Siriraj Hospital, Thailand.
Psychiatry ]. 2014; 2014: 136158.

27.Sun C, Xia W, Zhao Y, Li N, Zhao D, Wu L. Nutritional status survey of
children with autism and typically developing children aged 4-6 years
in Heilongjiang Province, China. ] Nutr Sci. 2013; 2: 16.

28.Mohammadi MR, Yadegari N, Hassanzadeh E, Farokhnia M, Yekehtaz
H, Mirshafiee O, et al. Double-blind, placebo-controlled trial of
risperidone plus amantadine in children with autism: a 10-week
randomized study. Clin Neuropharmacol. 2013; 36: 179-184.

29.0nore C, Careaga M, Ashwood P. The role of immune dysfunction in
the pathophysiology of autism. Brain Behav Immun. 2012; 26: 383-
392.

30.Cade R, Privette M, Fregly M, Rowland N, Sun Z, Zele V, et al. Autism
and Schizophrenia: Intestinal Disorders. Nutr Neurosci. 2000; 3: 57-
72.

31.Gogou M, Kolios G. The effect of dietary supplements on clinical
aspects of autism spectrum disorder: A systematic review of the
literature. Brain Dev. 2017; 39: 656-664.

32.Rahal A, Kumar A, Singh V, Yadav B, Tiwari R, Chakraborty S, et al.
Oxidative stress, prooxidants, and antioxidants: the interplay. Biomed
Res Int. 2014; 2014: 761264.

Cite this article

33.Riveron G. Oxidative damage and enzymes in blood of patients with
Spinocerebellar Ataxia Type 2. Rev. Cub Genet Comunit. 2010; 4: 42-
47.

34.Aksoy Y, Sanal O, Metin A, Tezcan |, Ersoy F, Ogiis H, et al. Antioxidant
enzymes in red blood cells and lymphocytes of ataxia-telangiectasia
patients. Turk ] Pediatr. 2004; 46: 204-207.

35.El-Ansary A, Bj rklund G, Chirumbolo S, Alnakhli OM. Predictive value
of selected biomarkers related to metabolism and oxidative stress in
children with autism spectrum disorder. Metab Brain Dis. 2017; 32:
1209-1221.

36.Ghezzo A, Visconti P, Abruzzo PM, Bolotta A, Ferreri C, Gobbi G, et al.
Oxidative Stress and Erythrocyte Membrane Alterations in Children
with Autism: Correlation with Clinical Features. PLoS One. 2013; 8:
66418.

37.Sogut S, Zoroglu SS, Ozyurt H, Yilmaz HR, Ozugurlu F, Sivasli E.
Changes in nitric oxide levels and antioxidant enzyme activities may
have a role in the pathophysiological mechanisms involved in autism.
Clin Chim Acta. 2003; 331: 111-117.

38.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: 341-343.

39.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: 143-147.

40.Sanchez Rodr guez MA, Santiago Osorio E, Vargas LA, Mendoza Nunez
VM. Proposal of a construct to comprehensively evaluate oxidative
stress. Bioquimia. 2004; 29: 81-90.

41.Venereo ]. Da or oxidative, free radicals and antioxidants. Rev Cub Med
Mil. 2002; 31: 126-133.

42.Mc Ginnis WR. Oxidative stress in autism. Altern Ther Health Med.
2004; 10: 22-36.

43.Myhrstad MC, Carlsen H, Nordstrdom O, Blomhoff R, Moskaug
J. Flavonoids increase the intracellular glutathione level by
transactivation of the Gamma-glutamyl cysteine synthetase catalytical
subunit promoter. Free Radic Biol Med. 2012; 32: 386-393.

44.Frustaci A, Neri M, Cesario A, Adams ]B, Domenici E, Dalla Bernardina
B, et al. Oxidative stress-related biomarkers in autism: systematic
review and meta-analyses. Free Radic Biol Med. 2012; 52: 2128-2141.

45.Mironczuk-Chodakowska 1, Witkowska AM, Zujko ME. Endogenous
non-enzymatic antioxidants in the human body. Adv Med Sci. 2017;
63: 68-78.

Hernandez DQ, Cruz AL, Gonzéalez SB, Vila DT, Robert YC, et al. (2017) Variation of the REDOX Status in Patients with Primary Autism after Antioxidant Therapy.

J Neurol Transl Neurosci 5(2): 1085.

J Neurol Transl Neurosci 5(2): 1085 (2017)

8/8


mailto:https://www.ncbi.nlm.nih.gov/pubmed/24581740
mailto:https://www.ncbi.nlm.nih.gov/pubmed/24581740
mailto:https://www.ncbi.nlm.nih.gov/pubmed/24581740
mailto:https://www.ncbi.nlm.nih.gov/pubmed/24581740
http://www.ncbi.nlm.nih.gov/pubmed/23352160
http://www.ncbi.nlm.nih.gov/pubmed/23352160
http://www.ncbi.nlm.nih.gov/pubmed/23352160
http://www.ncbi.nlm.nih.gov/pubmed/23352160
http://www.ncbi.nlm.nih.gov/pubmed/23352160
http://www.ncbi.nlm.nih.gov/pubmed/17090484
http://www.ncbi.nlm.nih.gov/pubmed/17090484
http://www.ncbi.nlm.nih.gov/pubmed/17090484
http://www.ncbi.nlm.nih.gov/pubmed/3311640
http://www.ncbi.nlm.nih.gov/pubmed/3311640
http://www.ncbi.nlm.nih.gov/pubmed/3311640
mailto:https://www.ncbi.nlm.nih.gov/pubmed/6706963
mailto:https://www.ncbi.nlm.nih.gov/pubmed/6706963
mailto:https://www.ncbi.nlm.nih.gov/pubmed/6706963
mailto:https://www.ncbi.nlm.nih.gov/pubmed/6706963
mailto:https://www.ncbi.nlm.nih.gov/pubmed/6706963
mailto:https://www.ncbi.nlm.nih.gov/pubmed/15363659
mailto:https://www.ncbi.nlm.nih.gov/pubmed/15363659
mailto:https://www.ncbi.nlm.nih.gov/pubmed/15363659
mailto:https://www.ncbi.nlm.nih.gov/pubmed/15363659
mailto:https://www.ncbi.nlm.nih.gov/pubmed/15363659
mailto:https://www.ncbi.nlm.nih.gov/pubmed/24790986
mailto:https://www.ncbi.nlm.nih.gov/pubmed/24790986
mailto:https://www.ncbi.nlm.nih.gov/pubmed/24790986
mailto:https://www.ncbi.nlm.nih.gov/pubmed/24790986
mailto:https://www.ncbi.nlm.nih.gov/pubmed/24790986
http://www.ncbi.nlm.nih.gov/pubmed/25191564
http://www.ncbi.nlm.nih.gov/pubmed/25191564
http://www.ncbi.nlm.nih.gov/pubmed/25191564
http://www.ncbi.nlm.nih.gov/pubmed/25191564
http://www.ncbi.nlm.nih.gov/pubmed/24201232
http://www.ncbi.nlm.nih.gov/pubmed/24201232
http://www.ncbi.nlm.nih.gov/pubmed/24201232
http://www.ncbi.nlm.nih.gov/pubmed/24201232
http://www.ncbi.nlm.nih.gov/pubmed/24201232
http://www.ncbi.nlm.nih.gov/pubmed/21906670
http://www.ncbi.nlm.nih.gov/pubmed/21906670
http://www.ncbi.nlm.nih.gov/pubmed/21906670
http://www.ncbi.nlm.nih.gov/pubmed/21906670
http://www.ncbi.nlm.nih.gov/pubmed/27416160
http://www.ncbi.nlm.nih.gov/pubmed/27416160
http://www.ncbi.nlm.nih.gov/pubmed/27416160
http://www.ncbi.nlm.nih.gov/pubmed/27416160
http://www.ncbi.nlm.nih.gov/pubmed/28438367
http://www.ncbi.nlm.nih.gov/pubmed/28438367
http://www.ncbi.nlm.nih.gov/pubmed/28438367
http://www.ncbi.nlm.nih.gov/pubmed/28438367
http://www.ncbi.nlm.nih.gov/pubmed/24587990
http://www.ncbi.nlm.nih.gov/pubmed/24587990
http://www.ncbi.nlm.nih.gov/pubmed/24587990
http://www.ncbi.nlm.nih.gov/pubmed/24587990
mailto:http://new.medigraphic.com/cgi-bin/resumenI.cgi?IDARTICULO=52009
mailto:http://new.medigraphic.com/cgi-bin/resumenI.cgi?IDARTICULO=52009
mailto:http://new.medigraphic.com/cgi-bin/resumenI.cgi?IDARTICULO=52009
mailto:http://new.medigraphic.com/cgi-bin/resumenI.cgi?IDARTICULO=52009
http://www.ncbi.nlm.nih.gov/pubmed/15503471
http://www.ncbi.nlm.nih.gov/pubmed/15503471
http://www.ncbi.nlm.nih.gov/pubmed/15503471
http://www.ncbi.nlm.nih.gov/pubmed/15503471
mailto:https://www.ncbi.nlm.nih.gov/pubmed/28497358
mailto:https://www.ncbi.nlm.nih.gov/pubmed/28497358
mailto:https://www.ncbi.nlm.nih.gov/pubmed/28497358
mailto:https://www.ncbi.nlm.nih.gov/pubmed/28497358
mailto:https://www.ncbi.nlm.nih.gov/pubmed/28497358
mailto:https://www.ncbi.nlm.nih.gov/pubmed/23840462
mailto:https://www.ncbi.nlm.nih.gov/pubmed/23840462
mailto:https://www.ncbi.nlm.nih.gov/pubmed/23840462
mailto:https://www.ncbi.nlm.nih.gov/pubmed/23840462
mailto:https://www.ncbi.nlm.nih.gov/pubmed/23840462
mailto:https://www.ncbi.nlm.nih.gov/pubmed/12691871
mailto:https://www.ncbi.nlm.nih.gov/pubmed/12691871
mailto:https://www.ncbi.nlm.nih.gov/pubmed/12691871
mailto:https://www.ncbi.nlm.nih.gov/pubmed/12691871
mailto:https://www.ncbi.nlm.nih.gov/pubmed/12691871
mailto:https://www.ncbi.nlm.nih.gov/pubmed/12445495
mailto:https://www.ncbi.nlm.nih.gov/pubmed/12445495
mailto:https://www.ncbi.nlm.nih.gov/pubmed/12445495
mailto:https://www.ncbi.nlm.nih.gov/pubmed/12445495
http://www.ncbi.nlm.nih.gov/pubmed/15205966
http://www.ncbi.nlm.nih.gov/pubmed/15205966
http://www.ncbi.nlm.nih.gov/pubmed/15205966
http://www.ncbi.nlm.nih.gov/pubmed/15205966
http://www.ncbi.nlm.nih.gov/pubmed/15205966
mailto:http://www.medigraphic.com/pdfs/bioquimia/bq-2004/bq043c.pdf
mailto:http://www.medigraphic.com/pdfs/bioquimia/bq-2004/bq043c.pdf
mailto:http://www.medigraphic.com/pdfs/bioquimia/bq-2004/bq043c.pdf
mailto:http://www.medigraphic.com/pdfs/bioquimia/bq-2004/bq043c.pdf
mailto:http://bvs.sld.cu/revistas/mil/vol31_2_02/MIL09202.pdf
mailto:http://bvs.sld.cu/revistas/mil/vol31_2_02/MIL09202.pdf
mailto:http://bvs.sld.cu/revistas/mil/vol31_2_02/MIL09202.pdf
http://www.ncbi.nlm.nih.gov/pubmed/15624347
http://www.ncbi.nlm.nih.gov/pubmed/15624347
http://www.ncbi.nlm.nih.gov/pubmed/15624347
mailto:https://www.ncbi.nlm.nih.gov/pubmed/11864778
mailto:https://www.ncbi.nlm.nih.gov/pubmed/11864778
mailto:https://www.ncbi.nlm.nih.gov/pubmed/11864778
mailto:https://www.ncbi.nlm.nih.gov/pubmed/11864778
mailto:https://www.ncbi.nlm.nih.gov/pubmed/11864778
http://www.ncbi.nlm.nih.gov/pubmed/22542447
http://www.ncbi.nlm.nih.gov/pubmed/22542447
http://www.ncbi.nlm.nih.gov/pubmed/22542447
http://www.ncbi.nlm.nih.gov/pubmed/22542447
http://www.ncbi.nlm.nih.gov/pubmed/28822266
http://www.ncbi.nlm.nih.gov/pubmed/28822266
http://www.ncbi.nlm.nih.gov/pubmed/28822266

	Variation of the REDOX Status in Patients with Primary Autism after Antioxidant Therapy
	Abstract
	Abbreviations
	Introduction
	Materials and Methods 
	Inclusion Criteria 
	Exclusion Criteria 
	Markers of Oxidative Damage 
	Antioxidant Defense Markers 
	The Indications are as Follows 
	Diet: Recommendation 
	Food not recommended for being rich in gluten and casein 
	Antioxidant therapy for day 

	Results and Discussion 
	Conclusions
	Acknowledgments
	References
	Figure 1
	Table 1

