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To  assign proton chemical shifts and J-coupling constants of known plasma metabolites measured with 
400MHz 1H-NMR spectroscopy and to compare the literature based on settings of integration regions 
(IR) in the 1H-NMR spectra of plasma metabolites with those based on spiking experiments towards 
their power to discriminate between lung cancer patients and controls. 

Instead of using reported chemical shift values of metabolites, which differ seriously from study to 
study due to differences in e.g. biofluid, temperature and pH, the chemical shifts of metabolites could 
be determined more accurately by spiking the biofluid itself. 

1. Spiking experiment 

2. Multivariate data analysis 

Reference 
Plasma sample 

Compound 
1mg/100 ml plasma 

Plasma 

44-year-old healthy female 

33 known metabolites 

D2O + TSMP 

1H-NMR spectroscopy  
CPMG-presat pulse sequence 

OPLS-DA  
Dataset 1 

96 IR 

OPLS-DA  
Dataset 2 

110 IR 

Original dataset: 
78 lung cancer patients 

78 control subjects 

 
 

Integration regions based on spiking 
experiments 

Table 1 | Proton chemical shifts (δ in ppm) and coupling constants (J in Hz) for low-molecular-
weight plasma metabolites. Chemical shifts are reported with reference to TSMP singlet 
resonance at 0.015 ppm and multiplicity definitions are: s, singlet; d, doublet; dd: double doublet; 
t, triplet; dt, double triplet; q, quartet; p, pentaplet; o, octaplet; m, multiplet. Assignments of the 
molecular groups follow the IUPAC-IUB nomenclature. br: broad peak area, difficult J-coupling 
assignment. The multiplicity given here was observed in conventional 1D-spectra recorded at 
400 MHz (Varian Inova spectrometer). 

This study is part of the Limburg Clinical Research Program (LCRP) UHasselt-ZOL-Jessa, supported by the foundation Limburg Sterk Merk, Hasselt University, Ziekenhuis Oost-Limburg and Jessa Hospital. 

Instead of relying on chemical shifts of metabolites derived from literature, spiking experiments seem 
to be a better approach in order to more accurately assign the chemical shifts of plasma metabolites in 
a 1H-NMR spectrum. Consequently, it could lead to an enhancement of the discriminative power of the 
cluster analysis and a better understanding and/or explanation of the clinical relevance of study 
findings.  

Chemical shifts and J-coupling constants of the 33 spiked metabolites are presented in Table 1 (see on 
the right). Figure 1 illustrates the difference of sensitivity and specificity between OPLS-DA of both 
datasets, i.e. based on literature or spiking experiments. 

At first, the independent samples t-test (IBM SPSS version 20.0, Chicago, IL, USA) was 
implemented in order to evaluate differences in integration values of all defined IRs between lung 
cancer patients and control subjects. Additionally, Benjamini-Hochberg procedure was done in 
order to correct for multiple testing. Second, orthogonal partial least squares discriminant 
analyses (OPLS-DA) were performed on both datasets using SIMCA-P+ (version 12.0, Umetrics, 
Umea, Sweden). 

Figure 1 | OPLS-DA multivariate analysis carried out on 78 lung cancer patients (▲) and 78 controls (■): (A) 
based on 96 IR determined by literature chemical shift information and  (B) based on 110 IR determined by 
spiking experiments 
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Sensitivity: 78.95%  
Specificity: 89.19% 

Sensitivity: 86.67%  
Specificity: 95.89% 
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