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■ Abstract There is great evidence in recent years that
oxygen free radicals play an important role in the
pathophysiology of many neuropsychiatric disorders.
The present study was performed to assess the changes
in red blood cells thiobarbituric acid-reactive sub-
stances (TBARS) levels, and superoxide dismutase
(SOD), catalase (CAT), adenosine deaminase (ADA) and
xanthine oxidase (XO) activities in patients with autism
(n = 27) compared to age- and sex-matched normal
controls (n = 26). In the autistic group, increased TBARS
levels (p < 0.001) and XO (p < 0.001) and SOD
(p < 0.001) activity, decreased CAT (p < 0.001) activity
and unchanged ADA activity were detected. It is pro-
posed that antioxidant status may be changed in autism
and this new situation may induce lipid peroxidation.
These findings indicated a possible role of increased ox-
idative stress and altered enzymatic antioxidants, both

of which may be relevant to the pathophysiology of
autism.

■ Key words autism · thiobarbituric acid-reactive
substances (TBARS) · superoxide dismutase (SOD) ·
catalase (CAT) · xanthine oxidase (XO) · adenosine
deaminase (ADA) · free radicals

Introduction

Autism is a neurodevelopmental disorder that is charac-
terized by impairments in socialization, and by abnor-
malities of verbal and non-verbal communication, and
restricted, stereotyped interests and behaviors (APA
1994). Approximately three-quarters of persons with
autism also have mental retardation and about one-
third develops epilepsy. The underlying etiology of
autism is unknown. Although it had initially been
thought to be a consequence of defective parenting,
nowadays autism is generally accepted as a biological
disorder.

Free oxygen radicals as known reactive oxygen
species (ROS) are reactive chemical species with an un-
paired electron that are produced through a variety of
physiologic and pathologic processes. Free radicals have
been implicated in a variety of neuropsychiatric condi-
tions, many of which are marked by the gradual devel-
opment of psychopathologic symptoms and movement
disorder. There is evidence that radical-induced damage
may be important in Parkinson’s disease, tardive dyski-
nesia, metal intoxication syndromes, Down’s syndrome,
and possibly also in schizophrenia, Huntington’s dis-
ease, and Alzheimer’s disease.Although some of this ev-
idence is highly speculative, it may offer an avenue for
further understanding and treatment of these condi-
tions (Lohr 1991).

The hypothesis that ROS play an important role in
autism remains speculative and there have been no de-
tailed studies to test this hypothesis (Lombard 1998).
The radicals originated from molecular oxygen are gen-
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erally named as ROS. Reactive oxygen species including
superoxide (O2

.–), hydroxyl (.OH), hydrogen peroxide
(H2O2), singlet oxygen (1O2) and nitric oxide (NO•) can
cause cellular injury when they are generated exces-
sively or the enzymatic and nonenzymatic antioxidant
defence systems are impaired. A number of oxygenated
compounds, particularly aldehydes including malondi-
aldehyde are produced during the attack of free radicals
to membrane lipoproteins and polyunsaturated fatty
acids (PUFAs). Therefore, assessment of thiobarbituric
acid-reactive substances (TBARS) is probably the most
commonly applied method for the measurement of lipid
peroxidation (Esterbauer 1993). Because of its high lipid
content, the central nervous system (CNS) is more sen-
sitive to ROS attack and lipid peroxidation than other
body compartments and organs.

One of the most important enzymatic sources of su-
peroxide anion radical (O2

.–) is xanthine oxidase (XO).
This enzyme is located in all of the nucleated cells and
catalyses the conversion of hypoxanthine and xanthine
to uric acid, the rate limiting step in purine nucleotide
catabolism. Current interest in XO stems from its pro-
posed role in postischemic reperfusion injury (Krenit-
sky et al. 1986); in such cases, the activity of this O2

.– pro-
ducer enzyme may increase through the proteolytic
conversion of xanthine dehydrogenase to XO and pro-
duce enormous amounts of O2

.–. Adenosine deaminase
(ADA),however, is an important enzyme that plays a rel-
evant role in purine and DNA metabolism, immune re-
sponses, and peptidase activity. Several studies reported
the altered activities of ADA in some neuropsychiatric
disorders including autism (Stubbs et al. 1982).Recently,
two genetic association studies related to ADA gen
polimorphism (ADA1 and ADA2) indicated a signifi-
cantly elevated frequency of the low-activity ADA2 allele
in autistic cases (Persico et al. 2000; Bottini et al. 2001).

Superoxide dismutase is a potent protective enzyme
that can selectively scavenge the radical O2

.– by catalyz-
ing its dismutation to hydrogen peroxide (H2O2). The
other antioxidant enzyme, CAT, acts to decompose H2O2
to water and molecular oxygen (Fridovich 1983). CAT
also oxidizes electron donors such as ethanol, methanol,
or phenols (peroxidative activity). Although it has not
yet been investigated, several recent studies proposed
that altered activities of antioxidant system may have a
pathophysiological role in autism (Lombard 1998; John-
son 2001). However, there has been only one study in
which Golse et al. (1978) found that SOD I and glu-
tathione peroxidase (GSH-Px) activities seem to be ab-
normal in the erythrocytes, whereas only SOD I activity
appears to be abnormal in the platelets. As far as we
know, there is no study about CAT, XO and TBARS in
autism. In addition, there has been no study evaluating
both on erythrocyte antioxidant enzymes and lipid per-
oxidation in the same autistic patient groups. Assess-
ment of the activities of these free radical scavenging en-
zymes in red blood cells may help to better understand
the changes in antioxidative status in autism. Therefore,
the aim of the present study was to determine the activ-

ities of purine catabolizing and antioxidant enzymes,
and the lipid peroxidation level in red blood cells of
autistic patients and healthy controls.

Materials and methods

■ Patients

Twenty-seven patients and 26 healthy controls were included in this
study. The autistic children were referred as outpatients to the De-
partment of Child and Adolescent Psychiatry in Gaziantep University
Medical School during 1999–2001. The children in the control group
were selected from among the students of a kindergarten and a pri-
mary school in the City of Gaziantep. All of the patients and controls
were screened for psychiatric disorders by obtaining historical infor-
mation, performing clinical interviews, and using symptom ratings
according to DSM-IV (APA 1994).They were also examined by the pe-
diatrician (E. Sivaslı) for medical problems including the measure-
ment of blood pressure and for their dietary patterns. Among all the
patients and controls, no abnormal blood pressure level was found
and there was no considerable difference between the patients and
the controls with regard to the diet.

The child and adolescent psychiatry clinic of Gaziantep Univer-
sity is unique in the South Eastern region of Turkey as a university re-
search hospital with a large regional catchment area for children and
adolescents with a wide range of neuropsychiatric disorders. In addi-
tion to our patients, the children were referred by psychiatrists at City
of Sanlıurfa and Diyarbakır.The consecutive sample of 27 children re-
ceived the diagnosis of autism, according to DSM-IV diagnostic cri-
teria and Childhood Autism Rating Scale (CARS) (Schopler
et al. 1980) score, greater than 30. All diagnoses were made by a child
psychiatrist (S. S. Zoroglu) and psychologist (O.Yetkin) indepen-
dently. No subject had any diagnosed genetic, metabolic, or neuro-
logical etiology for autistic disorder. Patients who had a history of
chronic systemic disease, acute and chronic inflammatory disease, or
severe head injury were excluded from the study. The patients with
autistic disorder were 16 boys and 11 girls. The mean age ( ± sd) was
4.7 ( ± 2.7) with an age range of 2–12 years. All subjects participated
in the study after written informed parental consent had been ob-
tained.All autistic subjects had evidence of mental retardation and all
of the children in the patient and control groups were free of any med-
ication. The study was approved by the ethical committee of
Gaziantep University Medical School.

■ Sample collection and preparation

Blood from forearm vein was collected into 5 ml vacutainer tubes
containing potassium EDTA. Some hematological parameters were
carried out by routine laboratory techniques using an autoanalyzer
(Coulter STKS, Coulter Electronics Ltd., UK). The blood samples were
centrifuged at 1000 x g for 10 min at +4 °C to remove plasma. The
buffy coat on the erythrocyte sediment was separated carefully after
plasma was removed. Erythrocyte sediment was washed three times
with 10-fold isotonic NaCl solution to remove plasma remnant. After
each procedure, erythrocyte-saline mixture was centrifuged at 1000 x
g for 10 minutes at + 4 °C. Aliquots of the samples were transferred
into polyethylene tubes to be used in the assay of free radical scav-
enging enzymes and TBARS levels. Erythrocyte sediment samples
were stored at –80 °C until analyses. After they were thawed, erythro-
cyte sediments were treated with 4-fold ice-cold deionized water to
obtaine hemolyzate.

■ Enzymes, chemicals and instruments

Xanthine oxidase, xanthine, nitroblue tetrazolium (NBT), thiobarbi-
turic acid, 1.1,3.3-tetramethoxy propane, adenosine, phenol, Na ni-
troprusside, and uric acid were purchased from Sigma Chemical Co.
(St. Louis, MO) and CuCl2, bovine serum albumine, H2O2, EDTA,
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Na2CO3, (NH4)2SO4, chloroform, ethanol, NaCl, KH2PO4, and
Na2HPO4·2H2O from Merck (Germany). LKB Biochrom Ultraspec
Plus uv/visible spectrophotometer (Cambridge, England) was used to
measure all the parameters studied.

■ CAT activity determination Catalase (EC 1.11.1.6) activity was de-
termined by the method of Aebi (1974). The principle of the assay is
based on the determination of the rate constant (s–1, k) of the hydro-
gen peroxide decomposition. By measuring the absorbance changes
per minute, the rate constant of the enzyme was determined. Activi-
ties were expressed as rate constant per gram hemoglobin (k/g Hb).

■ SOD activity determination Total (Cu-Zn and Mn) SOD (EC
1.15.1.1) activity was determined according to the method of Sun et
al. (1988) and a slightly modified method by Durak et al. (1993). The
principle of the method is based on the inhibition of NBT reduction
by the xanthine-xanthine oxidase system as a superoxide generator.
Activity was assessed in the ethanol phase of the lyzate after 1.0 ml of
an ethanol/chloroform mixture (5/3, v/v) was added to the same vol-
ume of the hemolyzate and centrifuged (McCord and Fridovich
1969). One unit of SOD was defined as the enzyme amount causing
50 % inhibition in the NBT reduction rate. SOD activity was also ex-
pressed as units per gram hemoglobin (U/g Hb).

■ XO activity determination Erythrocyte XO (EC 1.2.3.2) activity was
measured spectrophotometrically by the formation of uric acid from
xanthine through the increase in absorbance at 293 nm (Prajda and
Weber 1975).A calibration curve was constructed by using 10–50 mil-
liunits/mL concentrations of standard XO solutions (Sigma X-1875).
One unit of activity was defined as 1 µmol uric acid formed per
minute at 37 °C, pH 7.5. Results were expressed in units per gram he-
moglobin (U/g Hb).

■ ADA activity determination ADA activity was estimated spec-
trophotometrically by the method of Giuisti (Giuisti 1974), which is
based on the indirect measurements of the formation of ammonia
that is produced when adenosine deaminase acts in excess of adeno-
sine. Results were expressed as units per gram hemoglobin (U/g Hb).

■ TBARS levels determination The plasma thiobarbituric acid reac-
tive substances (TBARS) level was determined by a method based on
the reaction with thiobarbituric acid (TBA) at 90–100 °C (Esterbauer
and Cheeseman 1990). In the TBA test reaction, malondialdehyde
(MDA) or MDA-like substances and TBA react together to produce a
pink pigment having an absorption maximum at 532 nm. The reac-
tion was performed at pH 2–3 at 90 oC for 15 min. The sample was
mixed with 2 volumes of cold 10 % (w/v) trichloroacetic acid to pre-
cipitate protein.The precipitate was pelleted by centrifugation,and an
aliquot of the supernatant was reacted with an equal volume of 0.67 %
(w/v) TBA in a boiling water bath for 10 min. After cooling, the ab-
sorbance was read at 532 nm. The results were expressed as micro-
mole per gram hemoglobin (µmol/g Hb) according to a standard
graphic, which was prepared with serial dilutions of standard chem-
ical 1.1,3.3-tetramethoxypropane.

■ Statistical analysis

Data were analyzed using the SPSS® for Windows (Version 10.0) com-
puting program. Parametric statistical methods were used to analyze
the data. Categorical variables were compared by Chi-square test and
continuous variables were compared by the Student – t tests. Two-
tailed significance values were used. A p value less than 0.05 was ac-
cepted as significant.

Results

As to the demographic data (age, sex, etc.), patients and
their controls showed homogeneity and there was no
significant difference between the groups (p > 0.05). Re-
sults are summarized in the Table 1. There was a statis-
tically significant increase in SOD (% 118, p < 0.001), XO
(%154, p < 0.001) activities and TBARS levels (% 113,
p < 0.001) and a decrease in CAT activities (%59,
p < 0.001) in autistic patients compared to the control
group. However, there was no difference in ADA activi-
ties between patients and control groups (p = 0.52).

Discussion

In the present study, we found an increased activity of
SOD and XO, decreased activity of CAT, unchanged ac-
tivity of ADA and elevated levels of TBARS in red blood
cells of autistic patients. This is the first study which in-
vestigates both oxidant and antioxidant system in the
same erythrocyte samples from autistic patients and in-
terprets the results in the aspect of pathogenesis of
autism.

We have preferred red blood cell as a cell pattern to
estimate the activities of the free radical scavenging en-
zymes in autistic patients because these enzymes are
constitutively expressed in the first stages of maturation
process and erythrocytes are easy to obtain. On the
other hand, blood can reflect the lability of the whole
body to oxidative conditions, although some authors
have not accepted this idea. They suggest that, because
antioxidant enzyme activities vary among different tis-
sues,and environmental factors might affect the enzyme
activities only in susceptible organs, the activities found
in erythrocytes do not necessarily reflect the antioxida-

Autism Control Statistics

N 27 26 –

Age years (mean ± SD) 4.7 ± 2.7 4.8 ± 2.5 ta = –0.85; p = 0.39

Sex 16 M/11 F 14 M/12 F bχ2 = 0.16; p = 0.74

CAT (k/g Hb) (mean ± SD) 209.31±61.92 515.77±127.9 ta = 11.2; p < 0.001

SOD (U/g Hb) (mean ± SD) 2123.59±543.53 971.31±239.14 ta = –10.1; p < 0.001

TBARS (mmol/g Hb)(mean ± SD) 0.032±0.0077 0.015±0.0033 ta = –10.8; p < 0.001

XO (U/g Hb) (mean ± SD) 143.94±35.68 56.64±17.37 ta = –11.4; p < 0.001

ADA (U/g Hb) (mean ± SD) 0. 55±0.13 0.53±0.15 ta = –0.7; p = 0.52

a Student- t test; b Chi-square test with Pearson value

Table 1 Characteristics and the activities of red
blood cell antioxidant enzymes, ADA, and TBARS lev-
els in patients with autism and controls included in
this study



146

tive defense of the whole organism (Andersen 1997). In
the experiments in which oxidative stress is evaluated,
erythrocytes appear to be excellent material because of
their simple structure and the relatively large amounts
of polyunsaturated fatty acids in their membranes
(Akyol et al. 2001). Particularly, the lability of erythro-
cyte membranes to oxidative stress in vitro may reflect
the lability of other cell membranes such as the central
nervous system to oxidative damage in vivo. The altered
activities of RBC antioxidant enzymes in autism might
be a peripheral response of the organism to increased
free oxygen radical (such as O2

.–, .OH and H2O2) pro-
duction in the CNS.Many research groups have reported
elevated RBC SOD activity in some neuropsychiatric
disorders such as schizophrenia (Mahadik and Mukher-
jee 1996; Yao et al. 1998; Herken et al. 2001), Alzheimer’s
disease (Durany et al. 1999; Omar and Pappolla 1993),
bipolar disorder (Abdalla et al. 1986), Down syndrome
(Turrens 2001), and autism (Golse et al. 1978) compared
to normal controls. We confirmed the results of many of
the studies that SOD and CAT have complementary ac-
tivities in antioxidative defence mechanism. For exam-
ple, H2O2, the product of reaction catalyzed by SOD, is
also substrate for CAT and GSH-Px. Increased antioxi-
dant enzyme activities may reflect a preceding cellular
oxidative stress or serve as a compensatory mechanism.
The increased activity of erythrocyte SOD may result in
over-production of H2O2 in erythrocytes. On the other
hand, the decreased CAT activity may show the in-
creased H2O2 level in erythrocytes in addition to the rea-
son mentioned above. Since H2O2 is a neutral and highly
liposoluble compound that can easily pass through the
cytoplasmic membranes, an excess amount of H2O2
found in or outside the cell membrane can pass through
the erythrocyte membrane into the cytosol.

It has previously been suggested that an unknown
defect in some enzymes of purine metabolism could be
involved in the pathogenesis of autistic disorder. Stubbs
et al. (1982) investigated serum activity of enzymes of
purine metabolism and found that only ADA activity
was reduced in the sera of autistic children compared
with normal controls. In addition, two genetic associa-
tion studies (Persico et al. 2000; Bottini et al. 2001) with a
case-control design suggest a proposed role for a geno-
type-dependent reduction in ADA enzymatic activity in
the pathogenesis of autism. However, the result of fam-
ily based tests – more sensitive and reliable than case
control design to reduce racial and ethnical effects – in-
volving 91 singleton families, as well as 44 additional
Caucasian-American trios, did not support significant
linkage/association (Persico et al. 2000). This observa-
tion suggests that racial and ethnic differences in AA al-
lelic distributions may play a role in these statistical dif-
ferences. In fact, it should be underscored that the
importance of assessing and controlling for race effects
is a procedure that has been widely neglected in biolog-
ical psychiatry. For example, a recent study (McBride
et al. 1998) related with autism indicated that the preva-
lence of hyperserotonemia in autistic individuals may

have been overestimated because of a failure to control
for these variables. This study highlights the importance
of identifying and eliminating confounding factors be-
fore using a biological variable as a diagnostic test or
correlate of pathology. In another example (Gelertner
et al. 1993), the description of substantial differences in
dopamine receptor allele frequencies across ethnic
groups has also provided a dramatic demonstration of
the need for caution in interpreting data from
racially/ethnically heterogeneous populations. Our re-
sults indicated that ADA activity was not changed in
autism. This discrepancy between our result and that of
the previous study (Stubbs et al.1982) originated first
from ethnic and race differences and second from that
our study has been done in red blood cells, whereas the
previous study in serum.

Since XO is the rate-limiting enzyme and ADA an im-
portant enzyme of purine catabolism, it was of interest
to examine the relationship of these two enzymes and
association of oxidant/antioxidant system with purine
catabolic pathway in the erythrocytes from patients
with autism.Our findings on these enzymes suggest that
an isolated increase of XO activity instead of an increase
in both of purine catabolyzing enzyme,XO and ADA,ac-
tivities in autistic patients may show isolated superoxide
production rather than the increase of purine catabo-
lism in this disease.

TBARS is the end product of lipid peroxidation in the
body. It is abundantly produced from PUFAs in the en-
vironment of oxidative stress. In healthy people, lipid
peroxidation is normally controlled by the combined ac-
tivity of various antioxidant enzymes present in the ery-
throcytes. In case of excessive ROS production, as in
autism, this protection may not be sufficient. The fact
that erythrocyte TBARS levels in patient groups were in-
creased 2- to 3-fold compared to controls suggests in-
creased lipid peroxidation likely in the membrane struc-
tures of autistic patients and thus oxidative stress still
existed despite increased activities of the antioxidant
enzyme SOD. Lowered erythrocyte CAT activity to-
gether with elevated lipid peroxides in autistic patients
suggest that elevated lipid peroxidation may be closely
associated with decreased CAT and increased XO activ-
ities. These data are in good agreement with the previ-
ous studies related to neuropsychiatric disorders (Hor-
robin et al. 1991; Keshavan et al. 1993). The possible
explanation for the increased TBARS levels in red blood
cells from patients with autism is increased cate-
cholamine metabolism and a resultant overproduction
of ROS.

Our findings suggest the following conclusions: i) de-
creased CAT activity in patients with autism may indi-
cate a degradation process in which CAT is degraded by
ROS during the detoxifying process. ii) Other enzymatic
and nonenzymatic antioxidant defence systems and pa-
rameters not evaluated in this study, such as GSH-Px,
glutathione reductase and β-glutamyl systeinil glycine
(glutathione), may have been increased to protect the
body in compensatory meaning from oxidative stress.
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iii) Oxidative stress may have a pathophysiological role
in autism. iv) Administration of antioxidants has been
successful in some cases in protecting against the phys-
iological impairment related to some disease states.
Adding nonenzymatic antioxidant compounds includ-
ing vitamin E, C, and β-carotenes to the treatment of
autism may protect membranous structures from lipid
peroxidation. Besides the antioxidant properties, vita-
min C and E have been shown to interact with the brain’s
catecholamines (Mahadik and Scheffer 1996). By these
two different routes, it might be possible to produce a re-
markable improvement of some symptoms of autism.
Further investigations in a larger cohort of autistic pa-
tients are needed to provide definitive data about an-
tioxidant therapy.
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