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Abstract: Lipids are one of the most important biomolecules, where they serve as building blocks for
celluar membranes and involve in signal transduction and energy storage. The molecular imaging of
lipids is critical for understanding complex biological processes, especially under pathological
conditions. Spinal cord injury (SCI) always leads to a severe insult motor and sensory function
impairment. The direct physical damage to spinal cord will lead to secondary injury consisted of

uncontrollable oxidative stress and sever neuroinflammation, subsequently causes lipid peroxidation.
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The oxidative stress and lipid peroxidation in SCI result in alterations of lipid metabolism and
homeostasis, thus induce the changes and heterogeneous spatial distribution of lipids. Therefore,
mapping the lipid distribution in injured spinal cords is necessary for understanding the pathological
microenvironment of SCI. Matrix-assisted laser desorption/ionization (MALDI) mass spectrometry is
a powerful imaging tool for in situ visualization of numerous biomolecules simultaneously. To
improve the matrix-assisted laser desorption ionization mass spectrometry imaging (MALDI-MSI)
performance of lipids, developing new matrices is urged. Our previous studies have shown that the
matrix of (E)-propyl a-cyano-4-hydroxylcinnamylate (CHCA-C3) exhibits excellent performance for
detecting hydrophobic proteins and peptides, which has good co-crystallization performace and
increased hydrophobicity. Herein, CHCA-C3 was applied for MALDI-MSI of lipids after SCI, and
the changes and spatial distribution of lipids at different times after SCI were analyzed. Compared
with CHCA, CHCA-C3 shows profound improvement in lipid detection, that more MS peaks are
obtained with higher intensity. Using CHCA-C3, 251 MS peaks are observed in MS spectra, and 25
of them are identified as lipids by searching against database. Moreover, the difference of lipid
distribution in injured spinal cords at various time after SCI was investigated. And four lipids,
including cholesterol ester CE (20:4), phosphatidylcholine PC (32:1), PC (34:0) and PC (40:0), show
significant difference in the spatial distribution at 12 h (acute stage), 3 day (subacute stage) and 7 day
(subacute stage) after SCI. Subsequently, the segmentation model (SM) and principal component
analysis (PCA) were performed to comprehensive analyzing the 251 MS peaks, and obvious
differences are found at spectra obtained from injured spinal cord at different injured phases. In
conclusion, this research not only expands the application of CHCA-C3 in MALDI-MSI, but also
provides the changes and spatial distribution of lipids in SCI. And the result provides the in-depth
understanding of lipidomic changes in SCI, as well as supports the development of new therapeutic
strategies for SCI treatment.
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Table 1 Information of lipid markers in control rat spinal cord tissue
R 255 Brmaie FIBE FME AR 22
Name Ton adduct Theoretical value (m/z) Measured value (m/z) Error/x107™*
PC (24:1) [M+Na]' 628.816 628.833 -0.27
CE (18:2) [M+H]" 650.109 650.031 1.20
CE (20:4) [M+H]" 673.592 673.534 0.86
SM (18:1) [M+H]" 675.544 675.481 0.93
CE (20:2) [M+H]" 677.623 677.640 -0.25
PA (18:1) [M+H]" 701.512 701.669 -2.20
SM (16:1) [M+H]" 703.575 703.425 2.13
SM (18:0) [M+H]" 705.591 705.752 -2.30
PC (16:0) [M+H]' 718.575 718.325 3.48
PC (32:1) [M+H]" 732.554 732.476 1.06
PC (32:0) [M+H]" 734.570 734.300 3.68
CE (24:0) [M+H]" 737717 737.354 4.92
PC (34:0) [M+H]" 748.622 748.451 2.28
PC (18:1) [M+H]" 754.611 754.716 -1.40
SM (20:0) [M+H]" 759.638 759.794 -2.10
PS (18:1) [M+H]" 762.528 762.345 2.40
PG (18:3) [M+H]' 769.502 769.661 -2.10
PG (18:1) [M+H]" 771.517 771.540 -0.30
PG (18:0) [M+H]" 775.549 775.339 2.71
SM (24:1) [M+H]" 785.653 785.367 3.64
PC (36:0) [M+H]" 790.632 790.669 -0.47
PC (20:3) [M+H]" 794.606 794316 3.65
PC (38:3) [M+H]" 798.637 798.522 1.44
PI (16:1) [M+H]" 809.518 809.642 1.50
PC (40:6) [M+H]" 820.622 820.515 1.30
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Fig. 2 H&E stain of control rat spinal cord tissue (a), lipid images of rat spinal cord

including control tissue and injured tissue at 12 h by MALDI under positive ion mode (b)
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Fig. 3 Lipid images and models of rat spinal cord including control tissue, injured tissue

at 3 day and 7 day by MALDI under positive ion mode
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