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C h a p t e r  6  

Hippocampal Glutamate Levels and Striatal Dopamine D2/3 receptor occupancy in subjects at 
Ultra High Risk of Psychosis 
 

 

 

O.J.N. Bloemen, T. Gleich, M.B. de Koning, F. da Silva Alvis, L. de Haan, D.H. Linszen, 
J. Booij, T.A.M.J. van Amelsvoort: submitted. 



 

T o  t h e  e d i t o r :  

With great interest we read the recent article „Altered Relationship Between Hippocampal 
Glutamate Levels and Striatal Dopamine Function in Subjects at Ultra High Risk of 
Psychosis“ (Stone et al 2010). This study reported a negative relation between left 
hippocampal glutamate levels and presynaptic [18F]DOPA uptake in the left striatum of 
patients with an at-risk mental state (ARMS, also referred to as Ultra High Risk (UHR) 
for psychosis), but not in healthy controls. Additionally the authors found evidence that 
this relationship may predict later transition to psychosis. These results are an important 
step in unraveling the etiology of psychosis and schizophrenia, and may point to the 
possibility for a glutamatergic pharmacological intervention to decrease the risk of 
transition to psychosis.  

The relation between dopamine and glutamate in particularly early stages of psychosis may 
create a new direction for research in psychosis and schizophrenia. Indeed, previous studies 
indicated that hippocampal glutamatergic neurotransmission could be related to abnormal 
dopaminergic neurotransmission in schizophrenia and psychosis (Carlsson et al 
2001;Lisman et al 2008). These findings are further supported by the presence of extensive 
projections from glutaminergic output neurons in the hippocampus to the striatum in the 
human brain (Lodge and Grace 2006). Glutamate itself may also be related to 
symptomatology in psychosis, independently from dopaminergic abnormalities (Stone et al 
2007).  

Other imaging studies in psychosis examined postsynaptic as well as presynaptic aspects of 
dopaminergic neurotransmission, using a combination of dopamine D2/3 receptor imaging 
and an acute dopamine depletion challenge with alpha-methyl-p-tyrosine (AMPT). This 
provides a unique technique to measure postsynaptic striatal D2/3 receptor availability 
(binding potential, non-displaceble; BPND (Innis et al 2007)) and D2/3 receptor occupancy 
by endogenous dopamine (∆BP ND). These studies reported increased ∆BP ND in patients 
with schizophrenia (Abi-Dargham et al 2000;Abi-Dargham et al 2009), and in a subgroup 
of ARMS patients with more severe positive symptoms (Bloemen et al 2010). We were 
interested to further elucidate the findings of Stone and colleagues (2010) by looking also 
at the relation of postsynaptic dopaminergic neurotransmission and glutamate in ARMS 
patients. Hence, we hypothesized that glutamate levels in the left hippocampus are related 
to BPND and ∆BP ND in the left striatum of ARMS patients measured by [123I]IBZM 
SPECT, but not in controls. To our knowledge, a study using such a depletion paradigm 
in relation with glutamate level measurement has not been conducted before in ARMS or 
in psychotic patients. Secondary, a between group comparison of hippocampal glutamate 
levels was conducted in an earlier study by Stone and colleagues and they found no 
statistically significant differences between ARMS patients and controls (Stone et al 2009). 
We repeated this analysis in our sample of ARMS patients. 
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M e t h o d s  

We recruited 11 ARMS patients (assessed by CAARMS) through our diagnostic centre of 
the early psychosis clinic of the AMC and 11 age-, and gender- and IQ-matched healthy 
controls by advertisements in local newspapers. One baseline [123I]IBZM SPECT was 
performed and a second scan was performed following dopamine depletion with AMPT. 
Detailed description of [123I]IBZM SPECT acquisition, reconstruction and analyses, as 
well as AMPT administration schedule (40 mg AMPT/kg body weight over 25 h) has been 
described earlier (Booij et al 1997;Boot et al 2008;Voruganti et al 2001). Glutamate levels 
in the left hippocampus in UHR patients were determined using Proton Magnetic 
Resonance Spectroscopy (1H-MRS) using a 3 Tesla Intera MRI system (Philips, Best, The 
Netherlands) equipped with a 6 channel sense head coil. Metabolite concentrations were 
estimated with a single 8 ml voxel positioned in the left hippocampus (2x2x2 cm) in each 
subject. Automated first order interactive shimming was performed and water suppressed 
spectra were acquired using a point-resolved spatially localized spectroscopy sequence 
(PRESS, TE 36 ms, TR 2000 ms, 128 averages). 1H-MRS spectra were analyzed using the 
Linear Combination of Model spectra (LCModel) commercial spectral-fitting package 
(Provencher1993). We correlated left hippocampal glutamate levels with baseline and 
depletion BPND and ∆BP ND separately using Pearson's correlation coefficients and used 
independent sample t-tests for group comparisons. 

 

R e s u l t s  

One UHR subject and two controls did not complete the SPECT scan protocol, but did 
complete 1H-MRS scanning. We found no significant correlations and hence found no 
support for our hypothesis of a relationship between hippocampal glutamate and BPND or 
∆PBND. We found statistically significantly decreased hippocampal glutamate levels in 
ARMS patients compared to controls (t(20)= 2.38, p=0.027), with large effect size 
(eta2=0.22). Data is summarized in table 1. 

 

 

Table 1 

 Glutamate1,2 Baseline BPND
1 Depletion BPND

1 Occupancy ∆BPND
1 

Controls 6.24 ± 1.14 0.80 ± 0.12 0.89 ± 0.13 11.35% ± 12.4 

ARMS  5.05* ± 1.19 0.82 ± 0.14 0.85 ± 0.12 2.19% ± 21.0 

1 ± Standard Deviation, 2 Metabolite concentrations are expressed in millimoles per liter. 

* Statistically significant difference 

113



D i s c u s s i o n  a n d  c o n c l u s i o n  

Our present findings do not expand the observations of Stone and co-workers (Stone et al., 
2010) as we did not find statistically significant relationships between postsynaptic 
receptor availability or occupancy of dopamine D2/3 receptors by endogenous dopamine 
and hippocampal glutamate in ARMS patients. Thus, abnormal DOPA uptake 
(predominantly reflecting decarboxylase activity) may precede abnormal levels of 
endogenous dopamine and postsynaptic dopamine D2/3 receptor binding. Alternatively, 
several subjects of our present group may not develop full-blown psychosis. Ongoing 
follow-up studies will resolve this question. Interestingly, we did find significantly 
decreased glutamate levels in the hippocampus in ARMS patients in comparison to 
controls, which has also been reported in schizophrenia (Lutkenhoff et al 2010). Follow-
up data from this study will show whether decreased hippocampal glutamate levels predict 
transition in ARMS patients. This would further support the suggestion of 
pharmacological modulation targeting the glutamate system (and possibly indirectly the 
abnormal coupling to dopamine) in early stages of psychosis and schizophrenia (Stone et al 
2010;Tsai and Lin 2010), also reflected in a recent study by Valli and colleagues (Valli et 
al 2010). 

In conclusion,  our data suggest that glutamate abnormalities early in the course of 
psychosis may only be related to presynaptic dopaminergic neurotransmission in the 
striatum (i.e,  decarbylase activity), as recently reported (Stone et al 2010). Furthermore 
this study presents evidence that UHR subjects have decreased hippocampal glutamate 
levels compared to controls. The abnormal relation between glutamate and presynaptic 
dopaminergic abnormality, as well as independent hippocampal glutamate levels and 
presynaptic striatal dopaminergic abnormalities may attribute to mild psychotic symptoms 
in ARMS patients. The interaction between glutamate and striatal dopaminergic 
neurotransmission remains an interesting and promising research field in early psychosis. 
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