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ABSTRACT 

Objective: Attention deficit hyperactivity disorder (ADHD) is the most common neurobehavioral disorder
of childhood. In this study we have evaluated the antioxidant activity in ADHD. Methods: Thirty ADHD
patients from the outpatient clinic at the institute of postgraduate childhood studies, Ain Shams University,
were diagnosed according to the DSM based diagnostic screening scale with thirty normal age and sex matched
controls. Blood samples were collected: superoxide dismutase (SOD), glutathione peroxidase (GPX), glutathione
s-transferase (GST), catalase (CAT), Ferritin and hemoglobin (Hb) were measured. Results: The mean level
of SOD, GST, GPX, CAT were significantly lower in cases than controls indicating low antioxidant activity
in children with ADHD. Conclusion: Remarkable low antioxidant activity in ADHD suggested that, oxidative
imbalance plays a role in the pathogenesis and prognosis of ADHD and should be taken in consideration in
the therapeutic plans. 
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Introduction 

Attention deficit hyperactivity disorder (ADHD) is the most common neurobehavioral disorder of childhood
and among the most prevalent chronic health conditions affecting school age children. ADHD is characterized
by some combination of hyperactivity, impulsivity and inattention (Herrerias, C.T., 2001). Children with ADHD
may experience functional difficulties in every aspect of their lives including behavior, academic achievement,
and interpersonal relationships with family and peers. In the long term, the combination of frustration, rejection
and failure can have serious detrimental effect on developing self esteem (Wolraich, M.L., 2005). 

With the establishment of more comprehensive diagnostic criteria for ADHD, it was found that its
prevalence is about 4 - 8% (2001). 

Risk factors of ADHD include genetic factors, chronic health problems, family dysfunction, low
socioeconomic status, presence of a developmental impairment and urban living (Lavigne, J.V., 1996). In
addition to alcohol, tobacco smoke, exposure to radiation during pregnancy and lead exposure after birth. The
alcoholic brain damage intoxication or tobacco smoking results from a relative state of hypoxia and formation
of oxygen free radicals (Braun J.M., 2006).

Dietary factors were thought to plays a role in the pathogenesis of ADHD. It was found that, high
consumption of artificial food colors and additives from fruit drinks were associated with increase in the
hyperactive behavior (Schab D.W., 2004; McCann D., 2007). 

Nutritional and metabolic disturbances in ADHD should be well studied to see if the metabolic disturbance
is a cause or a result of brain damage or oxidative imbalance. 

In this study the level of some antioxidant enzymes such as SOD, CAT, GST, GPX were evaluated. They
are potent protective enzymes which prevent the formation of free oxygen radicals that are accused of brain
damage. For example, when SOD activity is decreased Nitric oxide (NO) end products damage wide range of
biological molecules including lipids, proteins, amino acids and nucleic acids (Akyol, 2004). Therefore, SOD,
GST, CAT, GPX levels may reflect general oxidative status and concluded that oxidative imbalance is
prominent in ADHD since the disease nature interferes more with brain related functions. 

Methodology: 
This study was conducted on 30 patients with attention deficit hyperactivity disease diagnosed according
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to the DSM classification, their age ranged between 5 to 12 years, mean age was 7.40 ± 1.61 and male: female
ratio was 4: 1 There are 30 age and sex matched controls. 

All patients were subjected to full history taking including disease history and family history, medications
treatment and dietary system. 

Questionnaire: 
Laboratory Investigations: 

Hb % was measured according to method described by Von Schenck et al.,(1986).
Serum ferritin was assayed as described by Lee,  M. and  Burgett (Lee  M., 1981) using
radioimmunoassay(RIA).   

Antioxidants: 

 Superoxide dismutase (SOD) in plasma was determined using an enzyme linked immunosorbert assay
(ELISA) by Goldstein and Czapski (1991) SOD is considered deficient if below than 51.55 μ/ml for a five
years old female or 58.05 μ/ml for a 10 years old male or 42.28 for a 10 years old female (SOD Assay kit-
was derived from Wst- Dojindo molecular technologies, USA). 

Glutathione peroxidase activity is considered deficient if below than 40.25 nmol/ml/ min for 5 years old
male or 44.29 nmol/ml/min for 10 years females. 
Glutathione S. Transferase (GST) is measured in plasma quantitatively using commercial kit derived from saint
louis, USA) by Mozer et al., (1983). Mean activity normal levels are 18.39 and 22.54 μmol/ml/min for both
5 and 10 years old male respectively, or 20.15 and 21.84 μmol/ml/min for 5 and 10 years old female
respectively. Moreover, catalase (CAT) was determined using BioVision kit USA. 

Statistical Analysis of Data: 

Data were statistically described in terms of mean ± standard deviation (±SD), frequencies (number of
cases) and percentages when appropriate. Comparison of quantitative variables between the study groups was
done using student t test for independent samples. For comparing categorical data, chi square (x2) test was
performed. Exact test was used instead when the expected frequency is less than 5. Correlation between various
variables was done using Pearson moment correlation equation for linear relation. A probability value (p value)
less than 0.05 was considered statistically significant. All statistical calculations were done using computer
programs Microsoft Excel 2007 (Microsoft Corporation, NY, USA) and SPSS (Statistical Package for the Social
Science; SPSS Inc., Chicago, IL, USA) version 15 for Microsoft Windows. 

Results: 

The study has been conducted on thirty patients with ADHD deficit hyperactivity disease patients attending
the outpatient clinic at the psychiatry unit of the institute of postgraduate childhood studies. The mean age of
patients was 7.4±1.61. 

Thirty patients are included 24 males and 6 females with age and sex matched controls. 11 patients have
comorbid psychiatric disorders as learning difficulties (LD), 9 patients have comorbid childhood anxiety
disorder and 10 patients have ADHD. 

Fig.1: SOD activity in cases and controls.
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Fig. 2: GST activity in cases and controls.

Fig. 3: GPX activity in cases and controls.

Fig. 4: Catalase  in cases and controls.

Fig. 5: Hb in cases and controls.
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Fig. 6: Ferritin in cases and controls.

Table 1: Comparison of age between cases and controls (insignificant differences).
Cases Controls

No. of cases 30 30
Mean (age) 7.40 7.53
±SD 1.61 1.57

Table 2: Comparison of plasma SOD activity between cases and controls (significant difference).
Cases Controls

No. of cases 30 30
Mean(U/ml) 43.5 52.4
±SD 5.5 5.2
P value < 0.001

Table 3: Comparison of plasma GST activity between cases and controls (significant difference).
Cases Controls

No. of cases 30 30
Mean(µmol/ml/min) 12.1 20.8
±SD 1.9 1.2
P value < 0.001

Table 4 : Comparison of GPX activity between cases and controls( significant difference).
Cases Controls

No. of cases 30 30
Mean(mU/ml) 25.5 42.8
±SD 4.9 1.6
P value < 0.001

Table 5: Comparison of plasma CAT activity between cases and controls.
Cases Controls

No. of cases 30 30
Mean(mU/ml) 20.9 32.3
±SD 4.1 2.3
P value < 0.001

Table 6: Comparison between Hb% in cases and controls.
Cases Controls

No. of cases 30 30
Mean 128.7 165.5
±SD 14.0 7.5
P value < 0.001

Table 7: Comparison of ferritin between cases and controls
Cases Controls

No. of cases 30 30
Mean(ng/ml) 12.1 14.7
±SD 0.8 2.6
P value < 0.001
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As shown in Table 2 and fig.1 SOD activity in ADHD patients and controls revealed a significant decrease
(P<0.001) in cases as compared to that of controls. As well as, GST, GPX and CAT showed highly significant
decrease (P<0.001) in cases as compared to that controls (Table 3,4 &5 respectively).

Table 6 & 7 Fig 5 & 6 reflect the nutritional state showing a comparison of Hb and ferritin in cases and
controls. Reduction in ferritin and Hb levels were recorded in ADHD patients when compared to the
corresponding activities in controls.

Discussion:

ADHD has been the focus of a great deal of scientific and clinical study during the past century as it is
one of the most common childhood psychiatric conditions (Goldman L.S., 1998). 

Few studies evaluated the metabolic disturbances and the oxidative state in ADHD. The present study
demonstrates reduced activity levels of SOD enzyme in all cases with a value of 43.5±5.5 compared to controls
52.4±5.2. 

This result agrees with that found by Selek et al (2008) who observed reduced levels of SOD, in patients
with ADHD compared to controls. This study reported also a higher level of nitric oxide (NO) in patients in
comparison with controls. Moreover, the data revealed higher NO levels in ADHD rather than psychiatric
disorders (Savas H.A., 2006). Selek et al, (2008) claimed that brain damage is mediated through NO which
progressively damage the vulnerable pathways of attention and physical activity through dopamine mediated
cytotoxicity. This conclusion agrees with that observed by Viggiano et al, (2004) and Varos et al, (2006). The
present study showed reduced activity level of CAT in patient with a value of 20.9±4.1 compared to controls
32.3±2.3. 

The present work investigated the antioxidant activity level of glutathione peroxidase (GPX) which
catalyzes the reduction of hydroperoxides including hydrogen peroxides by reduced glutathione and functions
to protect the cell from oxidative damage. 

Also, glutathione S. Transferases (GST) activity was measured which are a group of enzymes that are
important in the detoxication of many different xenobioties in mammals. These enzymes protect cells against
toxicants by conjugating the thiol group of glutathione to electrophilic xenobiotics, and thereby defend cells
against the mutagenic, carcinogenic, and toxic effects of the compounds (Blair A., 2006).

Both GST and GPX were less in all cases with values of 12.1±1.9 and 25.5±4.9 compared to control with
values of 20.8±1.2 and 42.8±1.6 respectively. 

Spahis et al (2008) studied the oxidants and antioxidants status in patients with ADHD through
measurement of plasma retinol, B carotene and Vit E in patients in comparison with control subjects. The
concentration of the two forms of Vit E, and Y tocopherols were observed to be significantly higher in ADHD
patients, particularly the x-tocopherol in ADHD boys, whereas no modifications were noticed in retinol and
B-carotene quantities. 

In this study the nutritional state of patients was estimated through questionnaire of dietary habits and
measurement of Hb and ferritin. Hb was lower in cases patients (12.1±0.8) compared to control (14.7±2.6).
Ferritin was also higher in controls (165.5±7.5) than cases (128.7±14). Dietary questionnaire was still irrelevant.

ADHD was more prevalent in this study in males (80%) and females (20%) for all patients group. This
conclusion was similar to other  done about ADHD in which the gender effect on ADHD was evaluated.  It
was found that ADHD was more prevalent in males yet, more severe in females (Rucklidge, 2001; Biederman,
2005a). 

The decreased levels of antioxidants in ADHD can be explained by comorbid psychiatric disorders as
leaving difficulties (LD), conduct disorder (CD), oppositional defiant disorders (ODD), mood disorders, anxiety
disorders (Biederman, 2005a). Such comorbidties may cause imbalances in dopaminergic and noradrenergic
systems so, the neurobiology of ADHD still need further studies. Genetics also affect the brain metabolism
in ADHD (Faraone, 2005).

Several biological factors have been proposed as contributors to ADHD, including food additives, lead
contamination, cigarette smoking, maternal alcohol intake and smoking during pregnancy may also play role
in the oxidative imbalance (Biederman, 1995a; Mick, 2002a). 

Methods of treatment of ADHD usually involve some combination of medications, behavior modifications,
life style changes and counseling[26]. 

Medications used as Benzedrine (d- and l- amphetamine) and dextroamphetamien improve anxiety,
irritability, hyperactivity and depression but still the short and intermediate effectiveness as well as the safety
of stimulant treatment and its effect on the nuero-metabolic changes in still to be investigated (Spencer, 1996).
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Another explanation for the antioxidant deficiency is the entranced metabolism as oxidative stress which
can lead to utilization of endogenous cellular antioxidants (Kehrer, 1993 and Selek, et al, 2008). 

Conclusions:

- Patients with ADHD significant lower levels of antioxidants than controls and this should be considered
in the therapeutic plans.

- Screening for antioxidant deficiency in patients with ADHD may be beneficial in prognosis and treatment.
- Nutritional assessment and dietary supplementation especially with naturally occurring antioxidants as

omega 3, Vit E, zinc.
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