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Introduction 
Quantitative myelin imaging is of widespread interest for the study of many neurological disorders. Quantitative myelin mapping 
methods involving a number of strategies have been studied for more than two decades [1], but methods focusing on ultra-short T2 
signals (50 µs < uT2 < 1 ms) with ultra-short Echo Time (uTE) imaging [2] have received relatively little attention. uTE methods  have 
demonstrated greater uT2 signal in white matter compared to gray [3], but no studies (to our knowledge) have yet evaluated the origins 
of this signal or its relationship to myelin. Herein, we perform 1H NMR measurements and isotopic perturbations on both central and 
peripheral nerves as well as on myelin phantoms to determine the origins of myelinated tissue uT2 signals relevant to uTE MRI. 
Results indicate that uTE MRI has promise as a specific measure of myelin content. 
Methods 
To characterize myelin-related uT2 signals, NMR measurements were performed on a number of myelin sources: sciatic nerve from 
African clawed toads (Xenopus laevis), optic nerve from adult Sprague-Dawley rats, and a phantom of biologically-derived myelin 
extract (Folch Fraction I). Additional protein phantoms of either collagen or cross-linked bovine serum albumin (BSA) were prepared. 
To distinguish methylene/non-methylene 1H signals, nerves were measured before and after a D2O-buffer immersion, and phantoms 
were formulated with either H2O or D2O. 1H NMR measurements were performed at 4.7T, consisting of 1) Carr-Purcell-Meiboom-
Gill measurements (CPMG) [4] with 100 µs echo spacing for short-T2 sensitivity, and 2) T2-T2 relaxation exchange spectroscopy 
(REXSY) [5] to identify spin pools undergoing magnetization transfer. CPMG and REXSY echo magnitudes were separately fit to 1D 
and 2D T2 spectra, respectively, via singular value decomposition and constrained non-negative least-squares optimization [10,11]. 
Results and Discussion 
Typical T2 spectra from native and deuterated nerves and from the myelin extract are shown in Fig 1. Two uT2 signal components 
were observed in both frog sciatic (T2 ≈ 50 µs and ≈ 250 µs) and rat optic nerve (T2 ≈ 80 µs and ≈ 700 µs) spectra, as well as similar 
signals in the myelin extract phantom. None of the uT2 components washed out during D2O immersion, despite the loss of most long-
T2 signal (>1 ms) in all cases. Furthermore, the presence of off-diagonal cross peaks in REXSY spectra from sciatic nerve (Fig. 2) and 
myelin phantoms (not shown) indicates magnetization transfer between uT2 and longer-T2 components that are known to be water. 
These findings preclude water as the source of uT2 signals, and we therefore postulate that the uT2 signals arise primarily from 
methylene 1H. Phospholipid membranes and various proteins are the primary sources of methylene 1H, but uT2 signals were not 
present in either collagen or BSA protein gels, so a protein source is unlikely. Myelin membrane 1H is the remaining methylene source 
large enough to account for the uT2 signal size, and we show that the observed uT2 signal size is in good agreement with the amount of 
expected myelin membrane 1H (relative to myelin water), which is derived from a rigorous compositional analysis of mammalian 
myelin. Thus, we postulate that uT2 signals in myelinated nerve arise from myelin membrane 1H, thereby providing a direct measure 
of myelin content. We expect the uT2 signals reported herein to be present in all myelinated tissues, and it is likely that such signals 
are the source of previously reported white matter contrast enhancement in uTE images.  
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