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Objectives:

1) To implement and validate a GC×GC-TOFMS method to

investigate metabolites in plasma from diabetes mellitus (DM)

patients with kidney failure (KF).

2) To identify significant metabolites in DM with KF.

Methods: The accuracy and precision of the method were

validated with 47 authentic standards consisting of four chemical

classes, e.g., sugar, sugar alcohols, amino acids, and free fatty

acids. Next, the optimized method) was applied to target a group

of metabolites in DM with KF (N= 20), healthy (CON; N=20), and

DM (normal eGFR and normoalbuminuria) using GC×GC-TOFMS

(LECO Pegasus 4D-HRT).

Results

Part 1: Our validated GC×GC-TOFMS method provided at least

twice the numbers of identified metabolites when compared to the

traditional GC-TOFMS method (Figure 1 and Table 1). With the

optimized method, over 98% of reference standards were clearly

separated and correctly identified.

Conclusion: The GC×GC-TOFMS is an excellent technique for metabolite profiling, especially for the analysis of extremely complicated

sample matrices. Sugars and sugar alcohol metabolites were identified as the significant metabolites showing elevated concentrations in

DM with KF. These significant metabolites were associated with galactose and polyol pathway. The applications of our GCxGC-TOF

method could be further extended to study metabolomics in other diseases.

Results
Part 2: Plasma metabolomic analysis of DM with KF showed distinctly

different features compared to the other two groups (Figure 2). A

group of significant metabolites (sugars and sugar alcohols) including

D-xylose, D-arabinose, D-maltose, D-ribose, D-fructose, D-galactose,

meso-erythritol, D-arabitol and myo-inositol showed significantly higher

concentration (p<0.0001) in DM with KF compared to other groups

(Figure 3). Enrichment analysis demonstrated that these sugar and

sugar alcohols are significantly (p <0.05) correlated to the altered

galactose metabolism and polyol pathway.
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Figure 2 Contour 

plots of three samples 

representing the (A) 

CON, (B) DM, and (C) 

DM with KF groups; 

mannitol, sorbitol, 

dulcitol, and maltitol 

are the unique 

metabolites found in 

the DM with KF group 

(red letters). 
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Figure 3 Box plots 

represent the two 

main classes of 

significantly elevated 

metabolites in the DM 

with KF group, 

including seven sugar 

metabolites and three 

sugar alcohols. Green, 

blue and red color 

boxes represent CON, 

DM and DM with KF, 

respectively.

Figure  1 Chromatogram (A,B) and contour plots (C,D) representing plasma 

metabolomic analysis in both CON and DM with KF groups using GC-TOFMS 

and GC×GC-TOFMS, respectively.
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