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ABSTRACT

Introduction: Attention deficit hyperactivity disorder (ADHD) is a frequently encountered clinical condition
in children. Based on DSM IV-TR criteria it can be sub-classified into three distinct types namely hyperactive-
impulsive, inattentive and combined. Materials and Methods: In the present study, salivary antioxidant activ-
ity (AOA) in children with ADHD was compared with age-matched normal control subjects, both as a whole
and also with regard to the three subtypes. Additionally, the effect of therapy on the altered AOA levels was
investigated following short term (<3 months) and long term (1-3 years) treatments. AOA and catalase activi-
ties in the saliva were estimated employing previously reported biochemical procedures. Results: While AOA
is decreased in ADHD patients as compared to normal subjects, statistically significant decrease is seen only
in the combined and the hyperactive-impulsive subtypes. Restoration of AOA and catalase activities is seen
only after sustained therapy and not in the short term. Conclusion: It is concluded that ADHD is associated
with decrease in AOA and this should possibly also be addressed for limiting the long term outcomes of this
condition.
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INTRODUCTION

Attention deficit hyperactivity disorder (ADHD) is one
of the most common neuro-behavioural disorders in
children characterized by hyperactivity, impulsive-
ness and inattention beyond the norm for a child’s
age. The children with ADHD have pronounced impair-
ments and can experience long term adverse effects
on academic performance, vocational success and
social-emotional development. The impact of ADHD
on society is enormous in terms of stress to families,
financial cost, disruption in schooling and potential
for development of criminality and substance abuse.

Despite many clinical studies, our knowledge about
the aetiology and pathogenesis of ADHD remains
largely speculative. Indirect evidences however, have
been variously put forth to suggest the possible in-
volvement of multiple factors such as neurochemical
deficits, cerebral circulatory impairments and subtle
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foetal and perinatal brain damage due to toxic, meta-
bolic or physical insult." Stress and anxiety have also
been found to complicate clinical manifestations of
ADHD?? and may be relevant for its initiation and/or
perpetuation.

Oxidative stress is widely recognized nowadays as an
important feature of many neurological disorders be-
cause of the high susceptibility of the brain to oxida-
tive damage caused by free radicals. However, not
much is known about the possible role of oxidative
stress in the pathogenesis of ADHD.

Total antioxidant activity (AOA) is a parameter, char-
acterizing the sum of activities of anti-oxidants pres-
ent in the material studied which may be considered
as a marker of the antioxidant status of the body.
Body fluids, especially blood, have been used as a
tool for assessment of antioxidant activity in patients
in many diseases.® In the last decade, several meth-
ods have been developed for assaying the antioxidant
activity in saliva.”® The advantage of using saliva is
that it can be easily obtained by simple, non-invasive
means. This becomes especially important where re-
peated sampling is required or in study groups which
may not be suitable for invasive methods such as hy-
peractive children with ADHD.

The present study was, therefore, designed to evalu-
ate the AOA of children with ADHD as compared to
age-matched healthy children by monitoring the anti-
oxidant potential of saliva as a biomarker of ox
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idative stress. An attempt was also made to assess
the effect of standard drug therapy on salivary AOA
and its correlation with the clinical outcome.

MATERIALS AND METHODS

The study was conducted in children with ADHD at-
tending the child and adolescent psychiatry out-pa-
tient department of Gandhi Memorial and Associated
Hospitals, Lucknow, India after obtaining institutional
ethical approval. Normal, healthy age-matched chil-
dren from local schools were included in the study
as control subjects after ensuring their satisfactory
and average performance in school and at home. The
purpose of the study was explained to the parents/
guardians and an informed consent for participation
was obtained from them.

The patients of ADHD were selected for this study ac-
cording to the following inclusion and exclusion cri-
teria. The inclusion criteria were diagnosis of ADHD
according to the criteria laid down in DSM IV-TR,® age
below 16 years and availability of a reliable infor-
mant. The exclusion criteria were the presence of any
uncontrolled co-existing medical illness and severe
mental retardation.

The initial rating of behaviour and mental status was
done by the Parent Symptom Questionnaire Hyperac-
tivity Impulsivity Factor (PSQ) and the Kiddie Schedule
for Affective Disorder and Schizophrenia Present and
Lifetime.'® A score of two or more on PSQ is consid-
ered screen positive. Assessment of intelligence was
done by a clinical psychologist. Following the initial
assessment a consensus diagnosis was made using DSM
IV-TR criteria. According to their symptoms, ADHD pa-
tients were categorized into Hyperactive-Impulsive
(ADHD-HI), Inattentive (ADHD-1) and Combined (AD-
HD-C) subtypes.

Participants of the study were divided into the con-
trol group (normal subjects) and the ADHD group. The
ADHD group was further classified into the Pre-treat-
ment group and Post-treatment group. The Pre-treat-
ment group was categorized into 3 subtypes, the AD-
HD-HI, ADHD-I and ADHD-C. The Post-treatment group
was analysed according to the length of follow-up;
short-term follow-up group of less than three months
and long-term follow-up group of one to three years.
Short-term follow-up post-treatment group included
only those children from the pre-treatment group who
could be followed up to a period of three months. A
long term follow-up post-treatment group (1-3 years)
was included in the study for the purpose of compari-
son. For this group, subjects were recruited based on
the same inclusion and exclusion criteria from those
patients who had been registered with the out-patient
department for varying lengths of time prior to the
commencement of this study and were clinically well
controlled on drug treatment.

Samples of saliva from ADHD patients and control sub-
jects were collected in sterile sample vials. The sub-
jects were asked to rinse the mouth 20 minutes prior
to sample collection and no oral intake was allowed
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after this till collection of the sample. The samples
were stored at 4-8°C and examined for AOA and cata-
lase activity on the same day.

Antioxidant capacity of saliva was estimated using the
method described by Ziobro and Bartosz." The reac-
tion mixture containing 0.5 ml of phosphate buffer
(100 mmole/L, pH7.4), 0.5 ml of sodium benzoate (10
mmole/L), 0.2 ml of Fe-EDTA (2 mmole/L EDTA + 2
mmole/L of Fe[NH,],SO,), 0.2 mL Of H,O, (10 mmole/L)
and 0.01 ml of saliva was incubated for 60 minutes at
37°C. The reaction was stopped by the addition of 1
ml of 20% acetic acid. One ml of thiobarbituric acid
(TBA) solution (0.8% in 50 mmole/l Na OH) was added
and the solution was heated for 10 minutes at 100°C.
The absorbance of the pink colour thus formed was
estimated spectrophotometrically at 532 nm. 0.01 ml
of uric acid (1Tmmole/L in 5 mmole/l NaOH) was used
as standard antioxidant for determining the AOA of
unknown samples. Proper blanks (K;, A; and UA ) were
run under similar experimental conditions.

The AOA of each sample was calculated as follows:

(CU) (K-A)
AOA (mmole/L) =

(K-UA)
Where K= absorbance of control (K- K;); A= absor-
bance of sample (A,-A)) ; UA= absorbance of uric acid
solution (UA, - UA)) ; CU= concentration of uric acid
(mmole/L)

The catalase activity in saliva was determined spec-
trophotometrically by monitoring the decomposition
of H,0, at 240 nm." The reaction mixture (1.5 ml)
consisted of phosphate buffer (1.2 ml; 0.05 M; pH
7.0), H,O, (200 pl; 0.88 M) and 0.1 ml of saliva. The
reaction was followed for five minutes at 30°C. The
enzyme activity was expressed as pmole H,0, decom-
posed min-1 ml-1 saliva using extinction coefficient
43.6 M cm™ of H,0,.

The chemicals used in this study were Sodium dihydro-
gen orthophosphate dehydrate and sodium benzoate
(Thomas Baker, India); Disodium hydrogen phosphate
(Sarabhai Chemicals, India) ; Ferrous ammonium sul-
phate (BDH, Glaxo Laboratories, India); Thiobarbitu-
ric acid (Sigma, USA); Acetic acid, 100% and ethylene
dinitrilotetracetic acid disodium (Merck, India) and
Sodium hydroxide (Qualigens Fine Chemicals, Glaxo,
India). All the chemicals were of analytical grade and
were prepared in double distilled water.

Statistical analysis was performed with ‘GraphPad
Prism’ software. All values were expressed as mean
+ S.E. The data were subjected to one-way analysis
of variance followed by Dunnet’s multiple compari-
son test and Student’s t-test for judging the statisti-
cal significance of the differences between means. A
difference at p<0.05 was considered statistically sig-
nificant.



Table I: Age and sex distribution of ADHD patients
and normal controls

Group N Age (yrs) Males Female:
Mean £
S E. (%) (%)
Control
35 9604111 66 34
ADHD patients 8.71+
& 0.43
Pre-treatment 8.27+
(total) 32 5 49 88 12
Subtypes
ADHD-HI
10 768;11' 100 0
ADHD-I
6 12'%? 83 17
ADHD-C
16 76558; 81 19
Post-treatment 8.91+
(total) 23 0.65 87 13
Short-term follow-
7.53 ¢
up # (3 months) 8 0.91 88 12
Long-term follow-up 9.64 +
(1-3 years) 10 0.83 87 19

#These eight patients were re-evaluated during fol-
low up after treatment.

RESULTS

Saliva was used as a biomarker of redox status in the
present study. Total antioxidant potential and cata-
lase activity of saliva were estimated and compared
between ADHD subjects and normal age-matched
healthy controls. Additional comparisons of these pa-
rameters were also made between the three identified
subtypes of ADHD, as also between the pre-treatment
and post-treatment values of these markers.

The age and sex distribution of the 82 subjects in the
present study is depicted in Table I. There was no sig-
nificant difference in the mean ages of the subjects
in different groups. However, sex distribution exhibits
a predominant male preponderance in all the groups.

The mean level of AOA of saliva in the control group
was 1.24 + 0.08 mmol/L (Table II). AOA in the pre-
treatment group was found to be significantly lower
(0.86 = 0.07 mmol/L; p< 0.01) as compared to the
control group. The mean AOA in ADHD-HI and ADHD-
C were significantly lower as compared to control.
ADHD-I group also showed a lower mean value for
AOA which however, was not statistically significant
as compared to controls.

Table II: Salivary AOA in normal controls and ADHD
patients.

GROUP N AOA + S.E. (mmol/L)
Control 35 1.24+ 0.08
ADHD Patients 32 0.86+ 0.07**
Subtypes
ADHD-HI 10 0.83+0.07°
ADHD-I 6 +0.17
AorQE 16 0.82+0.11*

*p < 0.05; ** p < 0.01 as compared to control

Table Ill: Comparison of AOA values in the short and
long term post-treatment groups with normal con-
trols.

GROUP N ﬁ?n‘”r‘n i;LE)
Control 35 1.24+ 0.08
Post-treatment
Short term 8 0.79+£0.18"
Long term 15 1.30+ 0.11"

*p < 0.01 as compared to control ; # p > 0.05 as
compared to control.

In the post-treatment groups less than three months
(short term follow-up), eight ADHD patients who ex-
hibited good control of their clinical signs and symp-
toms, as judged by their parents/guardians and the
consultant psychiatrist in-charge, were subjected to
a second estimation of salivary AOA. The mean AOA
value in this group was found to be significantly lower
as compared to control (Table Ill).The post-treatment
long term follow-up group consisted of a different
set of patients who were clinically well controlled on
different drugs for the disease for varying periods of
time ranging from 1 to 3 years. The mean AOA value
in this set did not show any significant difference as
compared to the controls (Table IlI).

Catalase activity in saliva was estimated in control
(n=18) and ADHD patients (pre-treatment group, n=13;
long-term post-treatment group, n=7). It was found to
be reduced in the pre-treatment ADHD group when
compared with the normal controls (Table 1V). How-
ever its mean level in the long term post-treatment
group was higher than the control group although the
finding was not statistically significant (p>0.05).
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Table IV: Salivary catalase activity in control, pre-
treatment and post-treatment groups.

Catalase activity

(mmole H:0;

GROUP N
decomposed min™’
ml")

Control 18 172+ 16
Pre-treatment 13 120+ 12*
Post-treatment 7 210+ 32
(Long term)

*p< 0.05

DISCUSSION

An increasing amount of evidence suggests that oxida-
tive stress is important in either the primary or the
secondary patho-physiological mechanisms underlying
many neurological disorders. The damage can become
widespread due to weakened cellular antioxidant de-
fence system." In the present study, total antioxidant
activity in the saliva of ADHD children was evaluated
and compared with that of healthy age-matched con-
trols. The suitability of saliva for the evaluation of
total antioxidant activity of the body has been well
established.”"

The male predominance of ADHD observed in our study
has also been reported earlier. The ratio of boys to
girls in ADHD patients generally varies from 3:1 to 9:1.

Our study shows an attenuation of total antioxidant ca-
pacity in children with ADHD as compared to healthy,
age-matched children (Table 1). The salivary AOA in
the pre-treatment group showed significantly lower
AOA in children suffering from combined (p<0.01) and
hyperactive-impulsive (p<0.05) subtypes of ADHD as
compared to the control group. In the ADHD-inatten-
tive subtype also the mean AOA value was somewhat
lower as compared to controls but this was not statis-
tically significant. Excessive exercise or physical ac-
tivity has been reported to increase oxidative stress
due to enhanced generation of free radicals in the
body and/or a compromised antioxidant defence sys-
tem.'>'® This may be one of the possible reasons for
the reduced AOA in the children with combined and
hyperactive-impulsive subtypes of ADHD since these
are associated with hyperactivity.

Some earlier studies have reported reduction in an-
tioxidant capacity in children with ADHD but ours is
the first study which has investigated the antioxidant
status in the three subtypes of ADHD patients wherein
a significant decrease in AOA was observed only in the
HI and C subtypes and not in the | subtype.

There was no statistically significant difference be-
tween the pre-treatment and post-treatment val-
ues of AOA at the short term follow-up. The post-
treatment values still remained significantly lower
(p<0.05) as compared to control during this period
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(Table IlI). Most patients in the short term follow up
group showed variable or no marked clinical improve-
ment as judged by their parents/guardians and the
consultant psychiatrist in-charge.

The post-treatment long-term follow-up group of
ADHD patients had been receiving different drugs for
varying periods of time (1-3 years). The baseline AOA
values prior to treatment of these patients were not
available since these patients had registered prior to
the commencement of this study. However, the mean
AOA value of this group was found to be significantly
higher (p<0.01) as compared to the pre-treatment
AOA values in the newly diagnosed group and com-
parable with the AOA levels of the normal controls
(p > 0.05; Table Ill). Most patients in this group had
improved clinically as judged by the psychiatrist in-
charge and their parents/guardians both at home and
at school. Although the findings in this group do not
give a direct comparison for the AOA values with their
previous values (since these were not available), it
nevertheless shows that the AOA levels in treated,
clinically improved ADHD patients do not differ sig-
nificantly from those of normal children while those
with recently diagnosed and as yet, uncontrolled
ADHD are significantly altered.The catalase activity
in saliva showed a pattern similar to that of total AOA
in the pre-treatment and long-term follow up groups
indicating that a decrease in catalase activity might
be one of the factors responsible for the

attenuation of AOA in ADHD patients.

From the above it can be surmised that there is a de-
crease in the antioxidant capacity of the body in pa-
tients of ADHD and it is likely that antioxidant capacity
recovers towards control values after sustained drug
therapy and in parallel with clinical improvement.
The absence of a similar beneficial effect in the short
term follow-up group indicates that the normalization
of the AOA is not because of the drugs used in the
treatment of ADHD since the AOA values remained low
in subjects who were followed up for up to 3 months
after commencement of drug therapy. The subjects
in the short-term follow-up group were yet to show
significant clinical improvement during this short pe-
riod. Hence, it would appear that the improvement in
antioxidant status follows the clinical improvement.
Whether this also means that the increase in oxidative
stress present in patients of ADHD is a manifestation
of the disease process and not a factor in its causation
requires further exploration.

It is not possible to establish a cause-effect relation-
ship with the present results. However, decreased an-
tioxidant capacity found in patients of ADHD, specially
the ADHD-HI and combined types, is likely to result in
further oxidative organ damage. Sustained, long-term
drug therapy, in addition to providing symptomatic
control might also tend to limit damage due to the
disturbed redox status. However, since improvement
in AOA appears to occur after a longer term of drug
treatment, supplementation with anti-oxidants, at
least during the early stages of treatment may be in-



dicated with a view to provide additional benefits in
these patients. Further studies in this direction are
required.

CONCLUSION

From the results of the present study we can conclude
that ADHD is associated with a concomitant decrease
in the antioxidant capacity in the children suffering
from this disorder. This decrease in AOA is especially
pronounced in the hyperactive-impulsive and the com-
bined types of ADHD. ADHD subjects who are clinically
improved after sustained long term drug treatment on
the other hand display AOA levels similar to normal
children. The recovery of AOA levels towards control
values does not appear after short term treatment of
up to three months. Antioxidant supplementation at
least during the early phase of treatment might be
considered with a view to limit the long term delete-
rious consequences of impaired antioxidant mecha-
nisms.
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