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Objective: Recent pediatric studies have suggested a correlation between decreased amygdala volume and attention deficit 
and hyperactivity disorder (ADHD) symptoms, including the emotional dysregulation. To investigate the hypothesis that medication 
treatment of ADHD specifically improves amygdala function, we used 1H magnetic resonance spectroscopy (MRS) to study the 
effect of 12 weeks of treatment with daily 20 mg long-acting methylphenidate on the Glu/Cr, NAA/Cr, Cho/Cr, and mI/Cr ratios 
in the amygdala of medication-naïve children with ADHD.
Methods: This was a prospective study, using a pre- and post-test design, on a single group of 21 children (average age 
8.52 years, 17 males and 4 females) diagnosed with ADHD. Low Time Echo MRS scans sampled voxels of interest (1.5×1.5×2.0) 
from both the right and left amygdala.
Results: There was significant clinical improvement after 12 weeks of treatment with 20 mg long-acting methylphenidate. On 
1H MRS, there were no statistical significant differences of NAA/Cr ratio, Cho/Cr ratio, mI/Cr ratio before and after 12 weeks 
administration of 20 mg long-acting methylphenidate both in the right and left amygdala. In addition, Glu/Cr ratio decreased 
14.1% in the right amygdala (p=0.029) and 11.4% in the left amygdala (p=0.008). Standardized mean effect sizes ranged from 
0.14-0.32.
Conclusion: The findings are consistent with the possibility that hyperglutamatergic processes in the amygdale are related to 
the hyperactive-impulsive symptoms of ADHD.
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Glutamatergic neurotransmission; Amygdala.

INTRODUCTION

Attention deficit and hyperactivity disorder (ADHD) is 
a serious mental health problem among school age 
children. The worldwide prevalence is around 3-10%.1-3) 
The latest survey among primary school age children in 
Jakarta showed that 15.3% of them were diagnosed as 
ADHD based on clinical interview using Diagnostic and 
Statistical Manual of Mental Disorders, 4th edition 
(DSM-IV) criteria.4) The typical symptoms of ADHD are 

hyperactivity, impulsivity, and inattentiveness, adversely 
impacting academic achievement and social interaction. 
In addition, several study revealed that children with 
ADHD show low frustration tolerance, reduced emotions 
and empathy, deficits in executive function, and working 
and spatial memory deficits.5-8)

Prefrontal and limbic systems  in particular, the amyg-
dala  have important roles in the pathophysiology of 
ADHD.5,6,9-12) Children with ADHD showed an alteration 
of amygdala function compared to healthy controls, along 
with more hyperactivity and inattention, fear learning, 
negative emotions, and negative perceptions of emotional 
stimuli.13-15) Other studies found that emotional lability 
and impulsive behavior in children correlated with dys-
function in the amygdala.16,17)

Studies using magnetic resonance imaging (MRI) 
showed a volume reduction in the prefrontal cortex, which 
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is connected to the limbic system. The studies suggested 
that disrupted connectivity between the prefrontal cortex 
and the hippocampus and amygdala might adversely im-
pact attention, memory, and emotional control in children 
with ADHD.10,18,19) Plessen et al.13) demonstrated sig-
nificant reductions in volume in the lateral and basal nu-
clei of the amygdala, and these reductions might be asso-
ciated with poor emotional control and affective drive, re-
lated to the behavioral reward system in children with 
ADHD.

Methylphenidate hydrochloride is the first choice med-
ication for ADHD. This medication is assumed to bind at 
the dopamine transporter, where it reduces the re-uptake 
of dopamine from the pre-synaptic cleft in the dorsal stria-
tal cortex.20,21) An animal model study showed that 20 mg 
methylphenidate might decrease the function of the dop-
amine active transporter (DAT-1) by 50% in prefrontal 
cortex, thereby improving dopaminergic neurotrans-
mission at that region.22) The efficacy of methylphenidate 
hydrochoride in ameliorating ADHD symptoms is esti-
mated to be around 75-80%.21,23-25) Wiguna et al.26) dem-
onstrated that 20 mg long-acting methylphenidate for 12 
weeks reduced 79.6% of ADHD symptoms, including 
emotional regulation symptoms; after one month of dis-
continuation from the medication, measures of ADHD 
symptoms remained the normal range. Extrapolating from 
magnetic resonance spectroscopy (MRS) findings, we 
postulated that the clinical improvements were related to 
improvements in hemodynamics and neurotransmission 
in prefrontal and striatal cortex.

MRS is a noninvasive neuroimaging technique that can 
detect neurochemical concentrations of N-acetyl- aspar-
tate (NAA), glutamate (Glu), creatine (Cr), choline (Cho), 
and myo-inositol (mI), which are indirect markers of neu-
rotransmission and brain functioning.27,28) Several pre-
vious MRS studies of children with ADHD who were 
drug naive or treated with methylphenidate hydrochloride 
showed inconsistent findings in the brain regions 
studied.28-31) Therefore the aim of this pilot study was to 
identify, using MRS, the neurochemical ratios, normal-
ized to Cr, in the amygdala of children with ADHD who 
were treated with 20 mg long-acting methylphenidate for 
12 weeks.

METHODS

Study Design and Participants
This was a pre- and post-test study done without any 

control group. MRS was used to measure the neuro-

chemical concentrations of NAA, Glu, Cr, Cho, and mI 
before and after 12 weeks of daily administration of 20 mg 
long-acting methylphenidate. 

Participants were children with ADHD recruited from 
the Child and Adolescent Psychiatric Outpatient Clinic 
and Pediatric Outpatient Clinic of Dr. Cipto Mangunkusu-
mo General Hospital, and the Developmental Clinic of 
Pantai Indah Kapuk Hospital, Jakarta. To ascertain the 
presence of ADHD symptoms, we adminsitered the 
Mini-International Neuropsychiatric Interview (MINI) 
for kids guideline, which had been translated into the 
Indonesian language by the Division of Child and 
Adolescent Psychiatry, Department of Psychiatry, at the 
University of Indonesia-Cipto Mangunkusumo General 
Hospital, Jakarta. Research was done between January 
and November 2008. Particpants were collected using the 
consecutive sampling technique. We used sample size ta-
bles for clinical studies to determine the needed sample 
size.21) The children were between the ages of seven to 10 
years and were all: newly diagnosed with ADHD, 
drug-naïve, without any comorbidity or chronic illness, of 
normal intelligence (assessed by the clinical psychologist 
using the Wechsler Intelligence Scale for Children), and 
right-handed. All parents signed the consent form which 
was prepared for this study. The ethics review committee 
of the University of Indonesia approved the procedures of 
this study.

Measurements
MRS procedures used in this study have been pre-

viously described,27) and we set the internal chemical shift 
reference as;

1. The NAA peak peak level at 2.02 ppm
2. The Cho complex peak level at 3.22 ppm 
3. The Cr peak level at 3.03 ppm 
4. The mI peak level at 3.56 ppm
5. The Glu peal level at 3.65 ppm 
The measurements in this study were given as the ratio 

between the peak-amplitude of NAA, Cho, mI, and Glu to 
Cr (calculated separetely, as the peak of Cr at 3.03 ppm is 
accpeted as an internal amplitude reference).

Also, as previously described, we periodically ad-
ministered the Skala Penilaian Perilaku Anak Hiperaktif 
Indonesia (SPPAHI, the Indonesian Hyperactive Behav-
ior Assessment Scale for Children) and the Clinical 
Global Impression-Severity scales (CGI-S)32) and re-
corded physical parameters (weight, height, pulse, and 
blood pressure) and interim history (including clinical 
concerns and use of any other medication).27) During the 
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Table 1. The mean of neurometabolite ratios in the right and left amygdala before and after administering 20 mg long-acting 
methylphenidate for 12 weeks

Amygdala ratio

Right  Left

Before 

treatment

After 

treatment
p value Effect size

Before 

treatment 

After 

treatment 
p value Effect size

NAA/Cr 1.58 (0.31) 1.62 (0.26) 0.541 0.14 1.49 (0.25) 1.56 (0.19) 0.295 0.32 

Glu/Cr 1.98 (0.54) 1.69 (0.50) 0.029 0.56 1.76 (0.42) 1.53 (0.43) 0.008 0.54

Cho/Cr 1.07 (0.23) 1.00 (0.16) 0.296 0.35 1.13 (0.22) 1.03 (0.15) 0.091 0.53

mI/Cr 0.98 (0.19) 0.97 (0.18) 0.350 0.19 0.93 (0.15) 0.88 (0.14) 0.350 0.34 

Values are presented as mean (standard deviation).
Paired t-test was used in the analysis.
NAA, N-acetylaspartate; Glu, glutamate; Cho, choline; Cr, creatine; mI, myo-inositol.

twelve weeks of the research study, clinician contact oc-
curred seven times.

Statistical analysis
Paired t-test was used to analyse neurometabolite ratio 

differences before and after medication administration. 
Repeated-measures test was used to analyse differences in 
SPPAHI score. We used a p-level of 0.05 as the criterion of 
statistical significance. All data was analysed using SPSS 
software ver. 16.0 for graduate students (SPSS Inc., 
Chicago, IL, USA) for graduate students. A standardized 
effect size was also determined using a computerized ef-
fect size calculator which can be found in the www. 
cem.org/evidence-based-education/effect-size-calculator.

RESULTS

During the 11 months of the recruitment and study peri-
od, 21 subjects completed the study. Fifteen subjects were 
diagnosed with ADHD, combined type, and six subjects 
were diagnosed with ADHD, predominantly inattentive 
type. There were 17 males and 4 females (a male-to-fe-
male ratio of 4：1). Their average age was 8.52 years. 
Other demographic characteristics of this population have 
been previously described.27)

Before and after the treatment intervention, the follow-
ing significant changes in average neurochemicals ratios 
were observed: NAA/Cr ratio increased 2.5% in the right 
amygdala (p=0.541) and 4.7% in the left amygdala 
(p=0.295); Glu/Cr ratio decreased 14.1% in the right 
amygdala (p=0.029) and 11.4% in the left amygdala 
(p=0.008); Cho/Cr ratio decreased 6.5% in the right 
amygdala (p=0.296) and 8.8% in the left amygdala 
(p=0.091); mI/Cr ratio decreased 1% in the right amygda-
la (p=0.783) and 4.3% in the left amygdala (p=0.350). The 
effect size of the administering daily 20 mg long-acting 

methylphenidate ranged from low to moderate (0.14- 
0.32) (Table 1).

SPPAHI and CGI-S scores decreased as described in 
our previous study, and the medication was overall 
well-tolerated.27)

DISCUSSION

A few previous studies have demonstrated, in ADHD, 
changes in the amygdala, which is involved in the affec-
tive processes of fear learning, experience of negative 
emotion, and perception of emotional stimuli.33,34) 
Dysfunction of the amygdala and the ventromedial pre-
frontal cortex has been hypothesized to be involved with 
the unemotional traits35) and emotional dysregulation and 
impulsive behavior of ADHD. Frodl et al.36) showed that 
patients with higher hyperactivity lesser inattention had 
smaller right amygdala volumes compared to healthy 
controls. They also demonstrated that amygdala volume 
did not differ significantly in patients with versus patients 
without previous stimulant medication treatment.

This study showed an increase in NAA/Cr ratio after 12 
weeks of long-acting methylphenidate, but this increase 
did not reach the a priori threshold of statistical sig-
nificance as had been determined. The result might reflect 
an improvement in neuronal function (as indicated by 
NAA), correlated with a clinical improvement in ADHD’s 
symptoms.12,27) These results seem to be consistent with 
previous MRS findings and current theories of ADHD 
pathophysiology.28,37,38)

Interestingly, our finding, in this pilot study, of a sig-
nificant decrease in Glu/Cr ratio in both the right and left 
amygdala (together with a reduction in clinical hyper-
activity-impulsivity) may reflect decreased transmission 
of glutamate, which is a neurotoxin. Glutamatergic neuro-
transmission in the prefrontal cortex, limbic system, and 
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hippocampus appears to be related to hyperactive and im-
pulsive behavior and emotional dysregulation in children 
with ADHD. The glutamate elevation, in turn, may be the 
end result of the following pathophysiological pathway: 
increased dopamine transporter activity (specifically in 
children with ADHD) leads to abnormally low levels of 
synaptic dopamine, which ultimately leads to a failure to 
inhibit glutamate release.39) In addition, the increased glu-
tamatergic neurotransmission may reflect decreased as-
trocyte-mediated neuronal energy metabolism and may 
indicate cerebral insults.40-42)

Several previous studies reported an elevation of gluta-
mate spectroscopy signaling in the frontal regions, the 
striatum, and the anterior cingulate cortex. Younger age of 
ADHD onset, ADHD symptom ratings at baseline, and di-
minished capacity to learn and memorize were positively 
correlated with glutamatergic resonance. However, these 
findings are controversial, as not all MRS studies con-
sistently showed significant results.30,43)

Limitations of the current study included: no healthy or 
untreated control group as a comparison and a relatively 
small sample size (albeit comparable to many similar 
studies on neuroimaging in ADHD). The differences in 
Glu/Cr ratio might be affected by the differences of Cr 
peaks. In addition, the results might have been different if 
there was any methylphendiate dose titration during the 
study.

Notwithstanding these important limitations, this pilot 
study provided further support for current theories on the 
neurobiology of ADHD: specifically, the important role of 
the amygdala and glutamatergic neurotransmission. Our 
study findings should be interpreted cautiously and should 
be further replicated.
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