
GluCEST imaging in a primate model of Alzheimer’s disease 
Julien Flament1,2, Charlotte Gary2,3, James Koch2,4, Fabien Pifferi5, Emmanuel Comoy6, Jean-Luc Picq7, Julien Valette2,3, and Marc Dhenain2,3 

1INSERM US27, CRC-MIRCen, Fontenay-aux-Roses, France, 2CEA/DSV/I2BM/MIRCen, Fontenay-aux-Roses, France, 3CNRS URA 2210, Fontenay-aux-Roses, 
France, 4Department of Psychology, University of Wisconsin, Oshkosh, WI, United States, 5CNRS-MNHN UMR 7179, Brunoy, France, 6CEA/DSV/iMETI/SEPIA, 

Fontenay-aux-Roses, France, 7EA 2027, Université Paris 8, Saint-Denis, France 
 

Target audience 
This work should be of interest to people studying neurodegenerative diseases and particularly Alzheimer’s disease using 1H-spectroscopy and CEST imaging. 
Purpose 
Alzheimer's disease (AD) is a chronic neurodegenerative disease characterized by two microscopic lesions: an accumulation of tau proteins forming intracellular 
neurofibrillary tangles (tauopathy) and an accumulation of extracellular amyloid-β peptides forming extracellular amyloid plaques (amyloidosis). These lesions are 
responsible for the alteration of neuronal integrity and function. Recent studies have demonstrated that both amyloidosis and tauopathy can be induced or accelerated in 
susceptible mice following intracerebral inoculation of brain homogenates of AD patients [1,2]. These results recall mechanisms reported for pathological proteins 
involved in prion diseases. To evaluate the relevance of theses “prion-like” mechanisms for human AD, the mouse lemur primate is an interesting model as they 
develop, while aging, amyloidosis, tauopathy, cerebral atrophies and cognitive impairments [3-5]. Therefore, AD or control human brain homogenates were injected in 
the brain of young mouse lemurs. Alterations in the encephalograph profile, cognitive impairments and cortical atrophies were observed in the group injected with AD 
brain homogenates only 6 months after injection. Mapping and following the progression of neuronal alterations would be very valuable in order to support this “prion-
like” hypothesis of AD. As glutamate, an excitatory neurotransmitter, might be an interesting biomarker for AD [6], Chemical Exchange Saturation Transfer (CEST) 
imaging of glutamate (gluCEST) [7] was proposed to monitor [Glu] changes and to follow progression of the disease [8]. Here, we evaluated gluCEST imaging as a 
valuable tool to monitor spatial progression of this induced pathology in a small primate.  
Methods 
Animal model: 7 young mouse lemurs (Microcebus murinus) were scanned 
18 months after intracerebral injection of brain homogenate from two AD 
patients (group Alz, n=4) or age-matched control subjects (group Ctrl, n=3) 
in the hippocampus and subjacent cortex.   
NMR experiments: MRS data were acquired on a horizontal 11.7T Bruker 
magnet in a 6x3x3 μL voxel positioned in the caudate nucleus (Fig.1). A 
LASER (Localization by Adiabatic Selective Refocusing) sequence with 
TR/TE=5000/20 ms was used. Glutamate (Glu), total N-Acetyl-Aspartate 
(tNAA), glutamine (Gln), myo-inositol (Ins), total choline (tCho) and 
Taurine (Tau) concentrations were calculated relative to total creatine (tCr) 
with good precision (Cramér-Rao lower bounds <5%) using LCModel.  
GluCEST experiments: GluCEST images were acquired on the same magnet 
using Turbo Spin Echo (TSE) preceded by a frequency-selective continuous 
wave saturation pulse. Sequence parameters were: TR/TE=5000/50 ms, 1 
slice (1 mm thickness) centered on the caudate nucleus. The duration of 
saturation pulse was 1 s with an intensity B1 of 5 μT applied at frequencies 
between -5 ppm to 5 ppm with a step of 0.5 ppm from bulk water. B0 
inhomogeneity was corrected using WASSR technique [9]. An unsaturated 
image was also acquired in order to calculate asymmetric Magnetization 
Transfer Ratio (MTRasym).  
Results 
A typical spectrum acquired in the caudate nucleus (red box), one of the most 
affected structure in aged mouse lemurs, is shown on fig. 1. Metabolic 
concentrations referred to tCr were calculated in Ctrl and Alz groups, 
exhibiting different metabolic profiles as summarized in fig.2.a (mean ± SD). 
A 16.5% and 5.4% decrease of [Glu] and [tNAA] were measured in the Alz 
group compared to Ctrl group. Other metabolites seemed to be unchanged in 
both groups. [Glu] measured by MRS was significantly decreased in the Alz 
group as compared to the Ctrl (-16.5%, p-value=0.02) as well as mean 
gluCEST contrast calculated in a similar region of interest (-17.6%, p-
value=0.02) (see fig.2.b). Two typical gluCEST images recorded in Ctrl and 
Alz animals are shown on fig. 3 with the same color scale. 
Discussion 
The decrease of [Glu] and [tNAA], two major neuronal metabolites, suggests 
that neurons were altered in Alz animals compared to Ctrl. Unchanged glial 
metabolites (Ins and tCho) concentration suggests that brain homogenates 
injection did not induce inflammation or glial cells activation. The decrease 
of [Glu] in the Alz group was also confirmed using gluCEST imaging as the 
decrease was comparable when measured by NMR or gluCEST (-16.5% and 
-17.6% respectively, p-value=0.02 in both groups). Moreover, the decrease 
of gluCEST contrast was not only localized in caudate nucleus but 
propagated into the cortex.  Our study suggests that gluCEST contrast could 
be very informative in order to follow up the evolution of the disease and to 
strengthen the “prion-like” hypothesis of AD. 
Conclusion 
We showed for the first time that gluCEST imaging is feasible in a small primate with a high spatial resolution. We also demonstrated a modification of metabolic 
profile and gluCEST contrast in animals injected with AD brain homogenates as compared to animals injected with control brain homogenates, suggesting neuronal 
alterations. Combined with metabolites quantification using MRS, encephalography, anatomical MRI and behavioral tests, gluCEST imaging could be a valuable tool to 
better characterize pathological processes induced by AD brain homogenates inoculation, in particular to follow the spatial propagation of these processes. 
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Fig. 3: Typical gluCEST images acquired in Ctrl (left) and Alz (right) mouse lemur
primates. One can observe a significant decrease of gluCEST contrast in Alz animal, 
reflecting a decrease in glutamate concentration. 

Fig. 1: Anatomical image of a mouse lemur primate. A typical 1H-spectrum acquired in 
caudate nucleus (red box) is shown (black line) as well as LCModel fit (gray line). 

Fig. 2: Injection of AD brain homogenates (red bars, n=4) induces modifications of 
several metabolic concentrations in the caudate nucleus compared to Ctrl (blue bars, 
n=3) (a). In particular, a 16.5% decrease of [Glu] was measured by MRS while a 17.6% 
decrease was measured by gluCEST in a similar region of interest (b). 

Proc. Intl. Soc. Mag. Reson. Med. 23 (2015)    0018.


