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CLINICAL STUDY

Plasma concentrations of selected antioxidants in autistic

children and adolescents

Krajcovicova-Kudlackova M!, Valachovicova M!, Mislanova C!, Hudecova Z!,
Sustrova M!, Ostatnikova D?
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Abstract: Few studies have demonstrated an increased vulnerability to oxidative stress in autism. The results
of previous studies have shown that endogenous antioxidant defence is insufficient, indicating that exogenous
antioxidant could play a crucial role for oxidative stress prevention in autism. Plasma concentrations of vitamins
C, E, A, carotenoids R-carotene and lycopene were measured in 51 subjects with autistic spectrum disorders
aged 5-18 years (27 children aged 5—10 years, 24 subjects aged 11-18 years). Older autistic group was com-
pared with a group of healthy Slovak subjects aged 11-18 years. Older autistic subjects vs. healthy control
showed significantly higher vitamin C and [3-carotene plasma values with 92 % and 71 % vs 54 % and 13 % of
optimal over-threshold values, respectively. This indicates a reduced risk of free radical disease. In younger vs.
older autistic group the similarly high plasma vitamin concentrations were recorded. Favourable values of these
vitamins suggested that consumption of fruit and vegetables in autistic subjects is optimal. Autistic average
vitamin E and A plasma concentrations (non-significantly changed in comparison to control group) were below-
threshold with low percentage of over-threshold values. Insufficient vitamin E and A plasma values indicate lower
consumption of food rich in vitamins A and E (e.g. whole-grain products, plant oils, oil seeds, nuts, fat spreads
and dairy products). Autistic average lycopene concentration is lower in comparison to published non-Slovak
data. Conclusions of this pilot study suggest that plasma concentrations of exogenous antioxidants, vitamins E
and A, and lycopene in autistic subjects are insufficient (Tab. 1, Ref. 30). Full Text (Free, PDF) www.bmyj.sk.
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Autism spectrum disorders (ASDs) are pervasive neurode-
velopmental disorders influenced by genetic and environmental
factors and characterized by three core symptom domains: speech
and communication abnormalities, social functioning impair-
ments and repetitive behaviours and restricted interests (Eigsti
and Shapiro, 2003; James et al, 2004; Deth et al, 2008; Theo-
harides et al, 2008). Recent insights suggest that ASDs are dis-
orders with genetic causes and a variety of genetic mechanisms
may be involved, i.e. single gene disorders, copy number varia-
tions and polygenic mechanisms (Steyaert and De La Marche,
2008). Results of clinical research express that ASDs may be
multi-system disorders affecting the gastrointestinal tract, the
immune system and perhaps other systems (White, 2003; Sweeten
etal, 2003). Oxidative stress, overactivation of the hypothalamic-
pituitary-adrenal axis and increased gut-blood-brain-barrier per-
meability might be involved (White, 2003; Chauhan and
Chauhan, 2006; Theoharides et al, 2008).

In children with autism, the vulnerability to oxidative stress
was found to be increased and the capacity for methylation de-
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creased (James et al, 2004; Kern and Jones, 2006; Geier and
Geier, 2006; Deth et al, 2008). Relative to control children, the
children with autism had a significantly lower baseline concen-
tration of methionine, homocysteine, cystathionine, cysteine, total
glutathione, reduced glutathione and significantly higher con-
centrations of S-adenosylmethionine, adenosine and oxidized glu-
tathione. This metabolic profile is consistent with the impaired
capacity for methylation and increased oxidative stress by sig-
nificantly lower redox ratio of reduced glutathione to oxidized
glutathione. Methionine synthase activity is required for dopam-
ine-stimulated phospholipid methylation, a unique membrane-
delimited signalling process mediated by the D4 dopamine re-
ceptor that promotes neuronal synchronization and attention, and
synchrony is impaired in autism. Genetic polymorphisms ad-
versely affecting sulphur metabolism, methylation, detoxifica-
tion, dopamine signalling and the formation of neuronal networks
occur more frequently in autistic subjects (Deth et al, 2008).
Several studies have suggested that increased oxidative stress
testified by measuring the lipid peroxidation, detoxifying agents,
antioxidant concentrations might have a pathological role in au-
tism (McGinnis, 2004; Chauhan et al, 2004; Ming et al, 2005;
Chauhan and Chauhan, 2006). Impaired antioxidant mechanisms
are unable to inactivate free radicals that may induce a number
of pathological processes. Thus, any abnormality in antioxidant
defence systems could affect neurodevelopmental processes and
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Tab. 1. Group characteristics and plasma concentrations of antioxidants.

Autistic subjects

Healthy subjects®

5-10y 11-18y 11-18y
n (boys+girls) 27 (24+3) 24 (2243) 77 (32£45)
average age (y) 7.9+£0.3 14.84+0.5 15.0+0.2
vitamin C (umol/l) 70.9+3.9 75.3£2.9%** 53.24+2.9
>50¢ 89 % 92 % 54 %
B-carotene (umol/l) 0.771+0.096 0.725+0.08 1 *** 0.213+0.021
>0.4¢ 78 % 71 % 13 %
vitamin E (pmol/l) 18.4+1.2 20.6+1.2 22.24+0.7
>30¢ 7% 4% 9%
cholesterol (mmol/l) 4.24+0.12 4.07+0.15%%* 4.86+0.16
vitamin E/cholesterol
(wmol/mmol) 4.37+0.29 5.12+0.20* 4.61+0.12
>5.2¢ 26 % 50 % 23 %
vitamin A (umol/l) 1.37+0.05 1.54+0.08 1.58+0.04
>2.2¢ 0% 4% 6 %
lycopene (pmol/l) 0.347+0.048 0.324+0.042 -
>(.45° 19 % 25 % -

The results are expressed as mean+SEM, * — autistic vs healthy subjects aged 11-18 y, * p<0.05, *** p<0.001, *— Krajcovicova-Kudlackova et al (1997), B— Bederova et
al (1997), € limits for reduced risk of free radical disease by Gey (1995), P— average plasma value by Ford et al (2002)

could have an important role in the etiology of autistic disorder
(Yorbik et al, 2002). A few autistic studies about the values of
endogenous enzymatic or non-enzymatic antioxidants (superox-
ide dismutase - glutathione peroxidase — catalase activities, trans-
ferrin, ceruloplasmin) are published (Zoroglu et al, 2004; Chau-
han et al, 2004; Chauhan and Chauhan, 2006). Evaluations of
exogenous antioxidants or benefits from nutritional antioxidant
interventions in autism are rare (McGinnis, 2004).

The main goal of this pilot study was to assess the plasma
concentrations of antioxidative vitamins in autistic subjects as
well as to compare these values with non-autistic subjects or with
vitamin limits for reduced risk of free radical disease.

Subjects and methods

Randomly selected group of autistic subjects consisted of 27
children aged 5—10 years, 13 children aged 11—14 years and 11
adolescents aged 15—18 years. Diagnoses (by documentations
of pediatricians): 36 autism, 6 atypical autism, 9 Asperger syn-
drome. Patients were divided into two groups with respect to
recommended dietary allowances (RDAs) for antioxidative vita-
mins in dependence to age: 27 subjects aged 5—10 years, 24 sub-
jects aged 11—-18 years (RDAs, 1997). Intakes of vitamins, min-
eral and trace elements only in natural form were considered.
Supplemented patients were excluded.

Blood was sampled after an overnight fasting using a stan-
dard procedure. EDTA was used as an anticoagulant. Concentra-
tions of vitamins C, E, A and carotenoids (-carotene, lycopene)
were detected by HPLC methods (Hess et al, 1991, Cerhata et al,
1994). Concentrations of total cholesterol were measured by a
standard laboratory method using Vitros 250 autoanalyzer (John-
son& Johnson, USA).
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Results and discussion

In 33 children with autism vs. 29 healthy controls was mea-
sured significantly higher 8-isoprostane-F2alpha urinary excre-
tion (Ming et al, 2005). Increased malondialdehyde plasma con-
centrations were detected in autistic children vs. non-autistic sib-
lings (Chauhan et al, 2004). In 27 patients with autism vs. 26
normal controls increased thiobarbituric acid-reactive substance
concentrations were found (Zoroglu et al, 2004). The lower re-
dox ratio of reduced glutathione to oxidized glutathione was found
in autistic children vs. non-autistic controls (James et al, 2004;
Deth et al, 2008). Membrane phospholipids, the prime target of
reactive oxygen species, are also altered in autism. The concen-
trations of phosphatidylethanolamine are decreased, and phospha-
tidylserine concentrations are increased in the erythrocyte mem-
brane of children with autism vs. their healthy siblings (Chauhan
and Chauhan, 2006). In group of 45 autistic children vs. 41 nor-
mal controls, activities of erythrocyte superoxide dismutase,
erythrocyte and plasma glutathione peroxidase were significantly
lower (Yorbik et al, 2002). The authors conclude: if similar ab-
normalities are present in brain, free radical accumulation could
damage brain tissue. Concentrations of major antioxidant pro-
teins namely, transferrin (iron-binding protein) and ceruloplas-
min (copper-binding protein) in serum were significantly reduced
in autistic children vs. non-autistic siblings (Chauhan et al, 2004).
There was a positive correlation between reduced concentrations
of these proteins and loss of previously acquired language skills
in children with autism.

An improved antioxidant status helps to minimize the oxida-
tive damage and thus to delay or prevent pathological changes.
Lines of defense include enzymes (e.g. superoxide dismutase,
catalase, glutathione peroxidase), non-essential endogenous an-
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tioxidants (glutathione, uric acid, proteins, ubiquinol 10 etc.) and
essential radical scavengers (vitamins C, E, A and carotenoids —
vitamin A precursor -carotene and non-vitamin A precursor ly-
copene). In our previous studies the significantly reduced prod-
ucts of oxidative damage to DNA, lipids and proteins in healthy
subjects were found at conditions of optimal over-threshold
plasma antioxidant vitamin concentrations (over-threshold = re-
duced risk of free radical disease) (Gey, 1995) vs below-thresh-
old insufficient plasma vitamin concentrations (Krajcovicova-
Kudlackova et al, 2004, 2006, 2008).

Table 1 introduces plasma values of antioxidative vitamins
C, B-carotene, E, E/cholesterol, A and carotenoid lycopene in 24
children with autism aged 5—10 years and in 27 autistic children
and adolescents aged 1118 years. Results of the second group
are compared with healthy subjects at the same age, sole pub-
lished results of antioxidant vitamin concentrations for Slovak
subjects aged 11—-18 year (Krajcovicova-Kudlackova et al, 1997;
Bederova et al, 1997). In both, younger and older patients were
measured high concentrations of vitamin C and [-carotene as
vitamins derived from fruit and vegetables. Optimal concentra-
tions for reduced free radical disease risk were found in 89 and
92 % of autistic subjects for vitamin C as well as in 78 and 71 %
for B-carotene vs only 54 % and 13 % for vitamin C and (3-caro-
tene in controls. Epidemiologic data suggest that persons with
diets rich in fruit and vegetables are at lower risk of several
chronic diseases than are persons with diets poor in fruit and
vegetables. The hazardous ratio for the highest vs. the lowest
quartile of consumption was 0.74 for vitamin C, 0.68 for 3-caro-
tene and 0.65 for lycopene (Agudo et al, 2007). No autistic sub-
ject vs 10.4 % of control subjects has vitamin C plasma concen-
tration <23 pmol/l, which is indicated as an inadequate value
(Kim et al, 2006).

Autistic E and A vitamins plasma concentrations are below
the optimal threshold value of free radical disease prevention.
These vitamin concentrations are similar or non-significantly
lower to those in control group of healthy subjects. Over-thresh-
old values for vitamin E were found only in 7 % and 4 % of
autistic subjects in two groups vs 9 % in controls. Autistic vita-
min A plasma values with a sufficient antioxidant effect were
recorded in 0 % and 4 % of subjects of two groups vs in 6 % of
controls. Inadequate values <12 pmol/l of vitamin E (Kim et al,
2006) were expressed in 4 patients vs 1 control subject.

Important antioxidant parameter indicating a protection of
LDL against oxidation is molar ratio of vitamin E/cholesterol
(Gey, 1995). Effective protection is recorded by vitamin E/cho-
lesterol value 25.2 umol/mmol. In older autistic group vs con-
trol group vitamin E/cholesterol is significantly higher with 50 %
of protective values vs 23 % in control subjects. In younger au-
tistic group vs control group the calculated parameter is non-
significantly lower. The favourable value of protective param-
eter for LDL in older autistic children and adolescents is a con-
sequence of low cholesterol concentration (2.46—5.18 mmol/l).
Tierney and co-authors (2006) published that 19 subjects with
autism from 100 had their cholesterol concentrations lower than
2.58 mmol/l, which are below the 5th centile for children over 2

years. The findings suggest that in addition to Smith-Lemli-Opitz
syndrome that can be associated with autism (Tierney et al, 2001)
there may be other disorders of sterol metabolism or homeosta-
sis associated with ASDs.

Distribution of plasma lycopene concentration in 4231 sub-
jects aged 6—16 years was recorded in a wide range of 0.02—
1.71 pmol/l (Ford et al, 2002) or 0—1.51 pmol/l in 129 subjects
aged 1—18 years (Lenhartz et al, 1997). Lycopene, a more effec-
tive scavenger of free radicals than other carotenoids, is derived
above all from tomatoes and tomato products. Autistic plasma
lycopene concentrations are lower than the average plasma value
from 4231 US children and adolescents (Ford et al, 2002). Ly-
copene concentration >0.45 pmol/l was found in 19 and 25 % of
autistic subjects in two groups.

As is introduced above, a few studies demonstrated the pres-
ence of oxidative stress in autism. The results of other studies
shown an insufficient endogenous antioxidant defence (lower
serum proteins with antioxidative activity, lower antioxidant en-
zymes activities). Therefore, the crucial role of exogenous anti-
oxidants can be indicated for prevention of oxidative stress in
autism. The favourable plasma vitamin C and (3-carotene con-
centrations (over-threshold limit for a reduced free-radical dis-
ecase risk) suggest that the consumption of fruit and vegetables in
autistic subjects is optimal. Vitamin E and A plasma concentra-
tions below the threshold limit indicate lower consumption of food
rich in vitamins (whole-grain products, plant oils, oil seeds, nuts,
fat spreads, dairy products). Autistic average lycopene concentra-
tions are lower in comparison to published non-Slovak data. These
results suggest that plasma concentrations of exogenous antioxi-
dants (vitamins E and A, and lycopene) in autistic subjects are
insufficient and thus can impaire the oxidative stress prevention.
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