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Abstract
Attentional dysfunction is one of the most consistent findings in individuals with autism spectrum
disorders (ASD). However, the significance of such findings for the pathophysiology of autism is
unclear. In this study, we investigated cellular neurochemistry with proton magnetic resonance
spectroscopy imaging (1H-MRS) in brain regions associated with networks subserving alerting,
orienting, and executive control of attention in patients with ASD. Concentrations of cerebral N-
acetyl-aspartate (NAA), creatinine + phosphocreatinine, choline-containing compounds, myo-
inositol (Ins) and glutamate + glutamine (Glx) were determined by 3 T 1H-MRS examinations in
14 high-functioning medication-free adults with a diagnosis of ASD and 14 age- and IQ-matched
healthy controls (HC) in the anterior cingulate cortex (ACC), thalamus, temporoparietal junction
(TPJ), and areas near or along the intraparietal sulcus (IPS). Compared to HC group, the ASD
group showed significantly lower Glx concentrations in right ACC and reduced Ins in left TPJ.
This study provides evidence of abnormalities in neurotransmission related to networks subserving

© 2010 Elsevier B.V. All rights reserved.
*Correspondence should be addressed to: Jin Fan, Ph.D., Department of Psychology, Queens College, CUNY, 65-30 Kissena
Boulevard, Flushing, NY 11367, Phone: (718) 997-4139, Fax: (718) 570-0363, jin.fan@qc.cuny.edu.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Brain Res. Author manuscript; available in PMC 2012 March 22.

Published in final edited form as:
Brain Res. 2011 March 22; 1380: 198–205. doi:10.1016/j.brainres.2010.12.057.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



executive control and alerting of attention, functions which have been previously implicated in
ASD pathogenesis.
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1. Introduction
The National Survey of Children's Health reports that autism spectrum disorders (ASD)
affect as many as 673,000 children in the United States, with a corresponding cross-sectional
prevalence of 1.1% of individuals aged 3 to 17 years (Kogan et al. 2009). ASD have mainly
been diagnosed among children and adolescents. However, long-term prospective studies
have also shown high diagnostic stability in adulthood (Billstedt et al. 2005;Cederlund et al.
2008). Although some studies showed that cognitive abilities and social interaction skills
improve with age (McGovern and Sigman 2005;Sigman et al. 1999), core symptoms of ASD
include social deficits, communication abnormalities, and repetitive and stereotyped
behaviors with restricted focus (Volkmar and Pauls 2003) in children as well as in adults
(Hofvander et al. 2009). The neuropsychology underlying the constellation of ASD
symptoms is still debated. Theories suggest contributions of attentional deficits to the
development of social communication problems (Gold and Gold 1975;Kanner 1968).
Molecular, cellular, and anatomical observations provide insight into the neuropsychology
and bases for the conceptual understanding of ASD. Despite the rising number of
investigations, there are still critical gaps in knowledge about the neurobiology of ASD
(Jarbrink and Knapp 2001).

Functional brain imaging, neurochemistry, and clinical pharmacological studies have
implicated impairment in the regulation of the inhibitory/excitatory balance in ASD
pathogenesis (Dolen and Bear 2008;Rippon et al. 2007) and led to hypotheses of
deficiencies in glutamatergic transmission (Carlsson 1998). For example, the efficacy of
combined dopamine receptor 2 (D2) and serotonin receptor 2A (5-HT2A) antagonists (e.g.,
risperidone) in the treatment of autism has been attributed to D2-mediated glutamate release
(Laruelle et al. 2005) and through indirect inhibition of GABA interneurons occurring via 5-
HT2A blockade (Carlsson 1998;Carlsson et al. 1999). Other authors have suggested an
hyperglutamatergic state in ASD (Blaylock and Strunecka 2009), on the basis of clinical
observations and open-label studies suggesting the possible efficacy of N-methyl-D-aspartic
acid (NMDA) glutamate receptor antagonists in ASD (Chez et al. 2007;Erickson and
Chambers 2006;Niederhofer 2007). Evidence from postmortem (Fatemi et al. 2002;Fatemi
et al. 2009;Fatemi et al. 2009;Purcell et al. 2001), in vivo (Aldred et al. 2003;Shinohe et al.
2006), and genetic studies (Jamain et al. 2002;Ramoz et al. 2004;Segurado et al. 2005) also
suggest an imbalance of excitatory/inhibitory transmission in ASD.

Proton magnetic resonance spectroscopy (1H-MRS) is a brain imaging technique that
permits non-invasive quantification of endogenous brain chemistry and examination of
regional cellular activity and function in living subjects. Most of the 1H-MRS studies in
autism have been conducted in children and have observed widespread and localized
reduction in N-acetyl-aspartate (NAA) concentration (Chugani et al. 1999;DeVito et al.
2007;Endo et al. 2007;Friedman et al. 2003;Friedman et al. 2006;Hisaoka et al.
2001;Kleinhans et al. 2007;Otsuka et al. 1999). NAA concentration is considered a measure
of neural density and mitochondrial function (Clark 1998). Reductions in choline-containing
compounds (Cho), considered a measure of phosphate membrane turnover, have also been
observed in the temporal lobe, the anterior cingulate cortex, and thalamus, while increased
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Cho concentrations have been reported in the frontal lobes and head of the caudate nucleus
in patients with ASD (Friedman et al. 2003;Levitt et al. 2003).

To date, few studies have investigated glutamate concentrations in ASD. In conventional
spin echo spectroscopy at 1.5 T, the resonances at 2.35 ppm are mostly assigned to a mixture
of Glu, glutamine, and GABA, designated as Glx. No significant differences in Glx levels
were identified in the thalamus or elsewhere in the white and gray matter by 1.5 T 1H-MRS
comparing children and adolescents with ASD to healthy controls (HC) (Friedman et al.
2006;Hardan et al. 2008). However, in adults with ASD, Glx concentrations were found to
be increased in the amygdalohippocampal region (Page et al. 2006). Because of their
complex multiplet shapes and overlapping frequency response, accurate measurement of Glx
peaks is challenging on a 1.5 T scanner, whereas the interference of the GABA to Glu signal
is reduced at 3 T (Schubert et al. 2004). To our knowledge, only one study analyzed Glx
with 3 T resolution, and this study had a long TE. The results were a widespread Glx
reduction in cerebral lobes of male, medicated, children with ASD (DeVito et al. 2007). To
our knowledge, there are no prior in vivo studies of Glx concentrations in medication-free
adults with ASD, in regions other than the amygdala and hippocampus (Page et al. 2006).

The present study aims to provide novel data on potential regional differences in Glx
concentration by sampling regions of the attentional networks in which Glx has not
previously been investigated. This study uses a multivoxel 3 T 1H-MRS approach in a
sample of medication-free adults with ASD compared to a sample of age- and IQ-matched
controls. Based on the theory that higher-level cognitive deficits in autism may develop as a
consequence of fundamental abnormalities of the attentional networks, or as compensatory
strategies for such abnormalities (Gold and Gold 1975;Kanner 1968), we investigated the
three attentional networks of alerting, orienting, and executive control (Fan et al. 2002;Fan
and Posner 2004;Fan et al. 2005;Fan et al. 2007;Gu et al. 2008). Differences in
concentrations of NAA, Cr, Cho, Ins, and Glx were measured in voxels drawn bilaterally
from the grey matter of the thalamus, the temporoparietal junction (TPJ), anterior cingulate
cortex (ACC) and the area near/along the intraparietal sulcus (IPS). These areas have been
previously implicated in attentional networks (Fan et al. 2002;Fan and Posner 2004;Fan et
al. 2005). The thalamus and TPJ are involved in the alerting network of attention (Fan et al.
2005). The IPS is associated with orienting attention and with the interaction between
different functions of attention (Wang et al. 2010). Finally, the ACC is considered part of
the network mediating executive control (MacDonald, III et al. 2000) and has been
implicated in ASD pathophysiology as well as in the glutamate neurotransmission
(Cummings 1995;Di Martino et al. 2009;Haznedar et al. 1997;Purcell et al. 2001). We
expected to find a core alteration in the ACC glutamatergic projections, which mediates
executive control of attention and may be related to top-down control of behaviors such as
social novelty discrimination (Harich et al. 2007) and mental perspective taking (Montag et
al. 2008).

2. Results
Demographic characteristics of the participating subjects are summarized in Table 1. The
groups did not differ significantly in gender or ethnicity. One healthy control was left-
handed and two participants with ASD were ambidextrous. The percentage of missing
spectra due to exclusion for low fitting was 8.9%, with no differences between conditions.
Missing spectra were overrepresented in the right IPS (up to 21.4% of the spectra drawn
from the right IPS). The increased difficulty of sampling the IPS provides rationale for the
higher localization of missing spectra from this region. Table 2 presents the average
metabolite concentrations by region and hemisphere. Linear mixed-model analysis revealed
a significant main effect of diagnosis on Glx concentrations (F (1) = 7.23, p < 0.008). The
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interaction between region, hemisphere and diagnosis was significant on Ins concentrations
(F (8) = 2.01, p < 0.047). The main effect of region was also significant for Cr (F (3) = 11.29,
p < 0.001), Cho (F (3) = 24.24, p < 0.001). The effect of covariates (IQ and age) was not
statistically significant in all cases. Analysis of covariance (ANCOVA) by single region
concentrations showed a significant effect of diagnosis in Glx in the right ACC (ASD vs.
HC, −33.5%; F (1) = 9.12, p < 0.006) and in Ins concentration in the left TPJ (ASD vs. HC,
−38.3%; F (1) = 5.47, p < 0.030) after covariance with a statistical trend toward significance
effect of IQ (F (1) = 4.15, p < 0.055) on the Ins model.

3. Discussion
Inviduals with ASD had significantly reduced levels of cerebral Glx and Ins when compared
with HC. Specifically, Glx concentrations were significantly reduced in the right ACC. Ins
concentrations were significantly reduced in the left TPJ. The finding of significantly lower
Glx concentrations in the ASD sample is consistent with previous findings in children with
widespread Glx reduction in most cerebral lobes and cerebellum (DeVito et al. 2007). Our
results complement the previous study and provide replication in an adult sample not taking
psychotropic medications, with the application of a short TE.

The frontal cortex, the temporal cortex, and the basal ganglia develop heterochronically;
changes in metabolite concentrations have been reported across different developmental
ages (Horska et al. 2002). Thus, by analyzing a sample of adults with ASD we have also
provided information about the stability of differences in Glx concentration shown in
previous studies conducted in childhood. Only one study analyzed Glx concentration in a
similar population to the one recruited in this study (Page et al. 2006), however, the analyses
were limited to the amygdalohippocampal region and reported a significantly higher Glx
concentration with 1.5 T 1H-MRS (Schumann et al. 2009).

It is important to note that the resonance group attributed to Glx includes contribution from
glutamate/GABA and glutamine, and therefore a reduction in any or all of these compounds
may be responsible for the reduction in Glx. However, previous studies have cautiously
attributed Glx reduction to glutamate, as it constitutes the most abundant central
neurotransmitter (DeVito et al. 2007;Hardan et al. 2008;Page et al. 2006). Glutamate plays a
critical role in neurodevelopmental processes such as neuronal migration, differentiation,
and plasticity (Coyle et al. 2002). Autism is associated with abnormal brain development
(Nicolson and Szatmari 2003) and this study provides further evidence of impaired
glutamatergic transmission previously implicated in the pathophysiology of ASD (Carlsson
1998;DeVito et al. 2007;Page et al. 2006;Polleux and Lauder 2004).

Our analyses localized the reduction in Glx concentration in the right ACC. Decreased
metabolism and smaller volume of the ACC have been reported in individuals with ASD
(Haznedar et al. 1997), and a quantitative meta-analysis of imaging studies in autism
reported the ACC as the region with higher likelihood of hypoactivation (Di Martino et al.
2009;Haznedar et al. 1997). The imbalance between excitation and inhibition in the cortex
of ASD may cause disruption of the synchrony of the ACC neurons that are thought to be
necessary for executive control (Fan et al. 2005;MacDonald, III et al. 2000;Posner et al.
2007). A preliminary hypothesis may involve a reduction of the prefrontal glutamate-
stimulated release of dopamine from terminals of the ventral tegmental area or substantia
nigra. These systems are considered to be important in the processes of movement, learning,
reward, motivation (Wise 2008), and error monitoring (Pourtois et al. 2009), all functions
subject to top-down control, which is impaired in ASD (Brian et al. 2003;Hughes et al.
1994;Shu et al. 2001). Interestingly, a recent study reported enhancement in the regulation
of dopamine release in the substantia nigra in an animal model of attention deficit/
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hyperactivity disorder (Warton et al. 2009), another disorder with deficits in attention and
impaired executive control (Swanson 2003). Future studies of connectivity may provide
further insight into this hypothesis.

We also found a reduced concentration of Ins in the left TPJ. Myo-inositol is a metabolic
compound located mostly in astrocytes. High Ins levels are thought to indicate cell growth
and have also been directly associated with performance IQ scores in ASD (Gabis et al.
2008). The difference in Ins concentrations in left TPJ was also the only model to
demonstrate a statistical trend toward a main effect of IQ. TPJ has been associated with
orienting function of attention (Fan and Posner 2004), and also with phasic response and
tonic maintenance of the alert state to a warning signal (Fan et al. 2005). The TPJ has also
been repeatedly implicated in mechanisms underlying empathy in healthy individuals
(Jackson et al. 2006), in autism (Williams et al. 2006), and in other diseases as well
(Benedetti et al. 2009).

Contrary to previous findings in children (Friedman et al. 2003;Levitt et al. 2003), there
were no significant differences in Cho. Given that Cho compounds are thought to be related
to membrane turnover, differences in age-related cellular metabolisms may explain the
incongruence with findings in childhood, although this may also be due to type II errors due
to small sample size.

Several limitations are important to consider in interpreting these results. First, the small
sample size and exclusion of patients with nonverbal IQ ≤ 80 limit generalization of the
conclusions. Yet, the main effect of IQ as covariate on Glx concentrations was not
significant and did not alter the significance of the model, suggesting that the results of this
study are not solely due to the effect of IQ. Second, the MRS protocol employed in the
present study did not allow for quantitative determination of glutamate concentration, which
has been shown to appear well separated from glutamine at 3 T with an echo time of 80 ms
(Schubert et al. 2004). However, the TE employed was short, as is generally required to
maximize signal yield by reducing the effects of scalar coupling on the Glx signal. Future
studies employing spectral editing techniques to fit glutamate and glutamine spectra
separately are needed to confirm these results and to determine if the changes in Glx are due
to glutamine, glutamate, or both. Furthermore, future 1H-MRS studies may employ editing
techniques to examine the GABAergic concentrations in those regions to shed further light
on the etiological hypothesis of ASD as imbalance of excitatory and inhibitory
neurotransmission.

In conclusion, high-functioning adults with ASD had a significant reduction of Glx
concentration in the ACC, suggesting abnormalities in neurotransmission involved in the
executive control of attention previously implicated in ASD pathogenesis.

Furthermore, our results demonstrate a reduced concentration of Ins in the left TPJ,
suggesting a role for a region previously implicated in orienting functions of attention.
Future studies of the connectivity of the ACC and ventral tegmental area/substantia nigra
may provide further insight to the role of glutamate in the executive control of attention.

4. Experimental procedures
4.1 Participants

Fourteen adults with an Autistic or Asperger Disorder and a full scale Intelligence Quotient
[IQ] ≥80 between the ages of 21 and 50 were recruited from the local community. All
participants were evaluated by physicians and clinical psychologists at the Seaver Autism
Center for Research and Treatment at the Mount Sinai School of Medicine, New York.
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Diagnosis was made using the Diagnostic and Statistical Manual of Mental Disorders-IV
(DSM-IV) criteria and supported by the Autism Diagnostic Interview-Revised (ADI-R)
(Lord et al. 1994), and the Autism Diagnostic Observation Schedule (ADOS-G) (Lord et al.
2000). Exclusion criteria included: non verbal IQ score < 80 as measured by the Wechsler
Adult Intelligence Scale-III (WAIS-III), other DSM-IV Axis I disorder, seizure disorder,
other neurological conditions, known cytogenetic abnormality or genetic syndrome, and use
of psychotropic medications. Handedness was determined through clinical observation and
administration of the Edinburgh Handedness Inventory (Oldfield 1971).

Fourteen healthy controls (HC) were matched to subjects with ASD on non-verbal IQ
(within 15 points, 1 SD) and age (birth date within 24 months). Healthy controls underwent
the same screening procedure as the potential participants with ASD, with the exception of
ADI-R and ADOS-G administration. Healthy controls were also assessed with the
Structured Clinical Interview for DSM-IV (SCID I) (First et al. 1996) to rule out other
AXIS-I disorders. Other exclusion criteria were identical to that of the ASD group except
HC with a positive family history of developmental disorders, learning disabilities, autism,
affective disorders, and anxiety disorders in first degree relatives were also excluded. We
also excluded potential HC participants with a lifetime history of substance/ethyl alcohol
(EtOH) dependence and or substance/EtOH abuse within the last year. All participants were
able to provide written informed consent as approved by the Mount Sinai School of
Medicine Institutional Review Board for participation.

4.2 MRS Acquisition
All images were acquired with a 3 T head-only MRI scanner (Siemens Medical Solutions
USA, Malvern, Pennsylvania). T1-weighted localizer images for each MRI slides were
acquired, followed by one pair of T1-weighted transverse slices (TR = 500 ms, TE = 10 ms,
Thickness = 10 mm, field-of-view [FOV] = 180×240 mm, matrix size = 384×512) and T2-
weighted transverse slice (TR = 5000 ms, TE = 94 ms, Thickness = 10 mm, FOV = 180×240
mm, matrix size = 384×512).

Two sets of 1H spectroscopic imaging (SI) data were recorded using the phase-encoded
version of the standard PRESS volume localization sequence. A short TE (30 ms) protocol
was applied in order to maximize Glx signal yield with TR = 2000 ms, TE = 30 ms, 24×24
phase-encoding steps over a FOV of 240 mm (zero filled to 32×32 phase-encoding steps
before 3D Fourier transformation), a slice thickness of 10 mm, 1 average per phase-
encoding step and circular k-space sampling, to obtain voxels having a nominal size of
0.5625 cm3 (1.0×0.75×0.75 cm3). Outer volume saturation bands were prescribed to
coincide with all 6 sides of the PRESS box. Water suppression and magnet shimming were
performed automatically by the host computer and adjusted manually by the operator. Two
slices in total were acquired to obtain the MRS data. The first slice was axial to sample the
ACC and thalamus (see Fig. 1A). The second slice was coronal (Talairach coordinate y =
−45 approximately) to sample the area near/along the IPS and TPJ (see Fig. 1B). Two-
dimensional proton chemical shift imaging (CSI) was acquired to yield the spatial
distribution and levels of the metabolites. Raw spectral data were processed for Fourier
transformation, and phase and baseline corrections using Syngo MR vr. 2002 software
Spectroscopy Task Card during data acquisition. Peak areas of the reference metabolites was
calculated with automatic integration and evaluated in individual single voxel of the Hybrid
CSI matrix. Corrected metabolite amplitudes are derived as integrals and reported in
arbitrary institutional units. Deviation between the theoretical and measured spectrum
calculated using the least squares method was controlled. Ten HC and 10 ASD out of a total
of 224 spectra did not yield significant fits and were discarded from the analysis.
Quantitative analysis of spectra was confined to NAA (chemical shift 2.0 ppm), Cr (3.0
ppm), Cho (3.2 ppm), Ins (3.5 ppm) and Glx (2.35 ppm).
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4.3 Statistical Analyses
Analyses were carried out with SPSS 17.0 software (SPSS, Chicago, Illinois). Age and IQs
were compared with t tests; race and gender were compared with χ2 analyses or the Fisher
Exact test. Distribution of missing values was analyzed separately by condition per
hemisphere per region. A type IV sum-of-square method, which is more suitable to the
construct model in the presence of empty cells, was applied in all tests to deal with missing
data. Group differences in regional metabolite concentration were investigated with linear
mixed-model analysis of covariance. Given the hypothesis driven nature of the analyses,
separate analyses were performed for each of the five metabolites. Metabolite concentration
was the dependent variable, diagnosis was the between-subject factor, and region (ACC,
thalamus, IPS, TPJ) and hemispheres (left and right) were the within-subjects factors. Full
scale IQ and age were covariates. In addition to the main effect of the independent variables,
the model for each metabolite included all of the 2- and 3-ways interactions between
diagnosis, region and hemisphere. For each metabolite that showed a significant main effect
of diagnosis or of interaction involving diagnosis, univariate ANCOVA with the metabolite
concentration of each one of the 4 regions for both hemispheres as dependent variables,
diagnosis as fixed factor and IQ and age as covariate was performed to identify the specific
region(s) that contributed to the significant main effect or interaction.

Highlights

There is the lower glutamate + glutamine concentrations in right anterior cingulate cortex
and reduced myo-inositol in left temporoparietal junction in patients with autism
spectrum disorders.

The findings suggest abnormalities in neurotransmission in the networks subserving
attentional functions

Abbreviations

NAA N-acetyl-aspartate

Cr creatinine+phosphocreatinine

Cho choline-containing compounds

Glx glutamate+glutamine

Ins myo-inositol

ACC anterior cingulate cortex

IPS intraparietal sulcus

TPJ temporoparietal junction

ASD autism spectrum disorder

HC healthy control
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Figure 1.
Slice localization (A) for voxel location in the anterior cingulate cortex (ACC) and thalamus
(Tha) and slide localization (B) for voxel location in the intraparietal sulcus (IPS) and
temporoparietal junction (TPJ) with representative proton magnetic resonance single
spectrum from voxels.
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Figure 2.
Metabolites amplitude in adults with autism spectrum disorder and healthy controls. Note: *
p < 0.03 significance evaluated with ANCOVA with age and IQ as covariates; ** p < 0.006
with ANCOVA with age and IQ as covariates; data are expressed as means and error bars
represent standard errors; Glx, glutamate+glutamine; L, left; R, right; ACC, anterior
cingulate cortex; IPS, intraparietal sulcus; TPJ, temporoparietal junction; ASD, autism
spectrum disorder; HC, healthy control.
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