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INTRODUCTION: Intervertebral disc degeneration (IVDD) is the leading cause of low back pain. Glycosaminoglycan (GAG), or proteoglycan (PG) is the critical
macromolecule in the extracellular matrix (ECM) in disc nucleus pulposus (NP) (1). Recently, chemical exchange saturation transfer (CEST) imaging has been applied
to detect the GAG change/loss in disc NP during IVDD (2). Our recent work has demonstrated that diffusion weighted MRS (DW-MRS) can characterize the diffusion
property of the ECM macromolecules in the disc NP (3). We showed that the increase of the macromolecule diffusivity can serve as an early marker for targeting the
onset of ECM degradation. In this study, we examined whether the diffusivity increase of GAG in disc NP is more sensitive than the decrease of the GAG content
during the ECM degradation. We compared the DW-MRS and CEST methods for longitudinally monitoring the ECM degradation in an ex vivo IVDD model.
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gradual decrease of the CEST effect at 1 ppm observed in the same papain-treated samples.

DISCUSSIONS AND CONCLUSION: Our previous DW-MRS study of disc samples has showed that the increases of ADCs in different spectral regions are different
(Fig. 1). This is because the signals in Methyl and Carb region are partly from the collagen fragments while the signal in the N-acetyl region is dominated by the GAG
(or PG). In this study, we focused on the GAG ADC and concentration measurements because of its natural abundance in disc NP and vital role in the disc hydration
and IVDD progression. Comparing with signal-voxel MRS, CEST imaging provides the GAG spatial distribution. In Fig. 1, the typical CESTR,sm maps show the
inhomogeneity of CEST effect in disc NP. GAG concentration decreased from the NP center to the peripheral area. For detecting the GAG loss during the ECM
degradation, the results of MRS and CEST experiments shared a similar but slow decreasing trend (Figs. 2b-c), while GAG ADC shows much quicker response to the
ECM degradation. At the early stage (12 hours after papain injection), the significant GAG ADC increase was a potent proof that the GAG ADC was more sensitive
than GAG concentration measured either by MRS or CEST (Fig. 2a). In this sample study, we observed the increased GAG concentration in the surrounding agarose
gel by MRS. We also found that the concentration measurements of GAG could be affected by the model or the sample preparation (not shown), i.e., the volume of
surrounding agarose gel. In IVDD patients, the speed of the leakage of GAG is also affected by many factors (6). Moreover, the PH change in the disc during IVDD can
also have unpredictable influence on the CEST effect (7). Thus the GAG (or PG) diffusivity measurement, as supported by the present study, constitutes a more
sensitive marker for the early ECM degradation during IVDD. Such approach presents an informative means to detect and characterize early IVDD, which is
particularly valuable for preclinical investigation of IVDD mechanisms and therapeutic interventions.
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