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Distinguishing Neuronal from Astrocytic Subcellular Microstructures Using in vivo Double Diffusion Encoded 1H MRS at 21.1 T
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Introduction

Magnetic Resonance Spectroscopy (MRS) provides an opportunity to achieve cellular specificity via the observation of metabolites such as N-Acetylaspartate (NAA) and myo-Inositol (mI), which are considered neuronal and astrocytic markers. Here, we present direct in vivo evidence for the confinement of NAA and mI within sub-cellular components. Our approach applied Relaxation Enhanced MRS (RE-MRS) at 21.1 T [1], and used its high 1H sensitivity to measure restricted diffusion correlations using a Double Diffusion Encoding (DDE) [2] filter. In addition the DDE is compared to traditional diffusion tensor spectroscopy (DTS) and MRS acquisitions.
Experimental


All experiments in this study were conducted at the NHMFL using the 21.1-T magnet. Six Sprague-Dawley rats were used. The RE-MRS sequence involved 8-ms excitation pulses focusing on two bands NAA (2.02 ppm) and mI (~3.51 & ~3.61 ppm), followed by 6 refocusing pulses and a LASER module [3]. Nine scans were used to carry out the angular DDE in the x-y plane. A conventional STEAM sequence was applied with same parameters to show the significance of the RE-MRS approach and a DTS sequence were acquired to measure fractional anisotropy (FA) using same RE-MRS sequence but acquired with one gradient pair in 6 directions.
Results and Discussion
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[image: image3.emf]Fig 1a shows the high fidelity spectra of the selectively excited mI and NAA with no water signal residuals. With the in vivo DDE RE-MRS, micro-architectural features of neurons (NAA) and astrocytes (mI) are revealed (Fig 1 b & c). In Fig 2, a direct comparison between RE-MRS and STEAM is shown. Notice the strong water-induced distortion in the mI region arising from the traditional STEAM sequence at short TE, as well as the small SNR for the targeted metabolites at TE=160ms (a similar effective TE as used for the RE MRS experiment). FAs derived from DTS analyses results in a negligible macroscopic anisotropy for both metabolites, showing that the randomly oriented model is a good approximation for this system.

Conclusions

Here we report on an approach to interrogate cell specific cellular microstructures based on a DDE approach. It was observed that both of these metabolites can undergo restricted diffusion and exhibit microscopic anisotropy, showing trends towards slightly different eccentricity ratios in neuronal and astrocytic cells. This kind of filtering bodes well for a better understanding of brain’s cell biology and physiology.       
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Fig.1a: Spectral set collected as a function of the angle ψ between the diffusion-sensitizing gradients. Fig. 1b&c: Peak oscillations observed for the two metabolites in six animals, together with the mean oscillations fitted from these experiments.








Fig.2: RE-MRS (black) compared to conventional STEAM sequences (red & blue)








