
ABSTRACT  
Combining a standardized analytical method with high resolution mass spectrometry for targeted 
metabolic and lipid profiling of type 2 diabetes (T2D) serum samples 

 

Sample preparation was performed with the AbsoluteIDQ® p400 HR Kit (Biocrates Life Sciences AG). 
Mass spectrometric analysis was performed on a Thermo Scientific™ Q Exactive™ HF Orbitrap™ mass 
spectrometer 

 

By combining a standardized and quantitative targeted kit with high resolution accurate mass (HRAM) 
mass spectrometry, we were able to identify metabolite changes in serum samples obtained from T2D 
study subjects and healthy controls 

 

Repeated analysis of the quality controls samples, as well as repeated analysis of the type 2 diabetes 
(T2D) serum samples and healthy controls demonstrated the high accuracy and reproducibility of the kit 
technology 
 

INTRODUCTION 
Type 2 Diabetes (T2D), the most prevalent form of diabetes, is a metabolic disorder characterized by 
decreased insulin sensitivity and abnormal hepatic glucose production. Metabolomics creates new 
capabilities for understanding metabolic disorders as it enables insights into physiological and 
pathophysiological processes. Several metabolomics approaches have been applied in diabetic research 
for identification of metabolites associated with the risk of T2D and related pathways. However, obtaining 
reproducible and reliable quantitation through method standardization represents a challenge in 
metabolomics analysis. Herein, we employ a standardized and quantitative method for targeted metabolic 
and lipid profiling of 408 metabolites in serum samples obtained from T2D study subjects and healthy 
controls. The accuracy and reproducibility of the technology are also demonstrated. 
 

MATERIALS AND METHODS 

 
Sample Preparation  
A total of six serum samples were obtained from T2D study subjects and healthy controls (3 samples per 
each group). Sample preparation was performed with the AbsoluteIDQ® p400 HR Kit (Biocrates Life 
Sciences AG) according to the manufacturer’s protocol. Briefly, 10 ul of plasma samples were pipetted 
onto the 96-well plate containing the internal standards.  Following derivatization, metabolites and internal 
standards were extracted and diluted for subsequent analysis. The kit allows quantitation of up to 408 
metabolites across 11 metabolite classes including amino acid, biogenic amines, phosphatidylcholines, 
lysophosphatidylcholines, diglycerides, triglycerides, sphingomyelins, ceramides, cholesteryl esters and 
hexoses.  

 

Liquid Chromatography and Mass Spectrometry 

Amino acid and biogenic amines were analyzed by LC-MS, whereas acylcarnitines, lipids and hexoses 
were analyzed by flow injection analysis (FIA)-MS. Chromatographic separation was performed on a 
Thermo Scientific™ Vanquish™ UHPLC system. Mass spectrometric analysis was performed on a  
Q Exactive HF mass spectrometer.  

 

Test Methods  
The accuracy and reproducibility of the standardized targeted method are demonstrated by repeated 
analysis of the quality control samples, as well as repeated analysis of the serum samples obtained from 
the T2D study subjects and the healthy controls.  

 
Data Analysis 
Metabolites were quantified according to the manufacturer’s protocol using the MetIDQ™ software for 
targeted metabolomics data processing and management. Statistical analysis was performed with the 
MetIDQ™ StatPack module. 

 
 
RESULTS 
 

Figure 1. Accuracy of the low-level QC sample in LC-MS Analysis 

Data demonstrating the accuracy (measured vs theoretical values) obtained from the low-level QC sample of the AbsoluteIDQ® p400 
HR kit analyzed by LC-MS. The accuracy range is between 86 % to 122%. For the medium-level QC sample the accuracy range was 
from 89% to 114%, and for the high-level QC sample it was 95% to 118% (Data not shown)  

Figure 2. Accuracy of the low-level QC sample in FIA-MS 

Table 1. Summary table showing all metabolites with p<0.001 (t-test analysis) and the calculated average 
concentrations in the T2D and healthy controls serum samples along with the fold change. 
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CONCLUSIONS 
By employing a standardized and quantitative kit technology and high resolution accurate mass (HRAM) 

mass spectrometry, we were able to monitor metabolite changes in serum samples obtained from T2D 
study subjects and healthy controls. 

Our findings are in agreement with previous reports in which it was shown that acetylcarnitine AC(2:0), 
phosphatidylcholines PC(38:6), PC (36:6) and PC(40:6), serotonin and Ile were associated with higher 
likelihood of T2D or obesity, or they have shown differential changes in response to oral glucose 
tolerance test. [1-4] 

Our results demonstrate that the method delivers standardized and accurate quantitation for identifying 
and quantifying changes between different study groups, while providing high reproducibility. 
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Data demonstrating the accuracy (measured vs theoretical values) obtained from the low-level QC sample of the AbsoluteIDQ® p400 
HR kit analyzed by  FIA-MS. The accuracy range for the low-level QC sample was between 65 % to 138%. Overall, for the low-, 
medium- and high-level QC samples the accuracy was well within 70-130% for 84% of all metabolites measured with FIA-MS. 

0

20

40

60

80

100

120

140

%
 A

cc
ur

ac
y 

Analytes 

Figure 3. Method Reproducibility (% RSD) based on repeated analyses in LC-MS and FIA-MS 

Pie charts demonstrating the method reproducibility based on calculated RSD values from repeated analyses (well replicates). The 
low- and high-level QC samples were extracted in triplicates. The medium-level QC samples were extracted four times. All QC 
samples were subsequently analyzed to assess the reproducibility of the method. RSD values were calculated for all metabolites 
present in the QC samples. As demonstrated in figure 3, for the LC-MS analysis, the RSD was within 15%, whereas for the FIA-MS 
analysis it was within 20% for all metabolites. In both LC-MS and FIA-MS, excellent reproducibility was observed. The RSDs for 
repeated analyses are well within 10% for 90% of the analytes in both the LC-MS and FIA-MS. The tables below each pie chart show 
the number of analytes within the specified RSD range. 
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Figure 4. Results from the serum samples obtained from the T2D study subjects and healthy controls 
showing representative examples of metabolites whose concentrations were higher in the T2D samples. 

Figure 4 shows representative examples of metabolites whose concentrations were significantly altered (p< 0.001) between the two groups. 
The p-values based on t-tests are indicated in each graph. The examples above show metabolites for which higher concentrations were 
observed in the T2D study subjects versus the healthy controls. As shown in the figure, increased concentrations of diglycerides DG(41:1) 
(p-value (t-test) = 5.09E-09), cholesterol ester CE(22:6) (p-value (t-test) = 2.85E-07), sphingomyelin SM (36:1) (p-value (t-test) = 8.94E-07), 
triglecyride TG(56:7) (p-value (t-test) = 5.70E-06), acylcarnitine AC(2:0) (p-value (t-test) = 158E-05), phosphatidylcholines PC(38:6) (p-value 
(t-test) = 1.02E-04), and PC(40:6) (p-value (t-test) = 2.28E-04), and isoleucine (p-value (t-test) = 2.91E-04), were observed in the T2D 
serum samples. 

Figure 5. Results from the serum samples obtained from the T2D study subjects and healthy controls 
showing representative examples of metabolites whose concentrations were lower in the T2D samples. 

Figure 5 displays representative examples of metabolites whose concentrations were lower in the T2D study subjects compared to the 
healthy controls. The p-values based on t-tests are indicated in each graph. As shown in the figure, the concentration of triglyceride TG 
(52:6) (p-value (t-test) = 2.74E-04), cholesterol ester CE (18:3) (p-value (t-test) = 6.30E-04), and phosphatidylcholines PC (40:4) (p-
value (t-test) = 9.97E-04), were lower in the T2D serum samples. 

Metabolite 
Mean Concentration 
(µM) 
T2D Samples 

Mean Concentration 
(µM) 
Control Samples 

Fold Change p value  
(T-test) 

P value 
(Mann-Whitney 
Test) 

DG (41:1) 4.58 2.40 1.91  5.09E-09 1.46E-03 

CE(22:6) 173 85.0 2.04 2.85E-07 3.49E-04 

SM(36:1) 52.3 30.0 1.74 8.94E-07 3.49E-04 

Kynurenine 3.19 1.62 1.97 1.19E-06 3.49E-04 

TG(56:7) 18.5 10.3 1.80 5.70E-06 3.49E-04 

SM(42:2) 69.0 45.7 1.51 6.80E-06 3.49E-04 

*AC(2:0) 13.2 7.11 1.86 1.58E-05 3.49E-04 

 *Serotonin 0.008 0.272 0.03 4.89E-05 2.29E-04 

SM(42:3) 36.5 23.0 1.59 6.43E-05 3.49E-04 

*PC(36:6) 0.516 0.005 103.20 6.97E-05 1.26E-03 

DG(36:4) 7.48 3.81 1.96 7.78E-05 8.55E-04 

*PC(38:6) 114 75.0 1.52 1.02E-04 9.29E-04 

SM(38:2) 9.27 6.54 1.42 1.03E-04 6.75E-04 

*PC(40:6) 31.1 15.9 1.96 2.28E-04 3.49E-04 

TG(52:6) 2.03 3.97 0.51 2.74E-04 3.49E-04 

*Ile 82.0 56.0 1.46 2.91E-04 1.27E-03 

SM(37:1) 2.22 1.59 1.40 2.98E-04 1.27E-03 

SM(34:1) 114 88.3 1.29 3.25E-04 1.27E-03 

DG(36:3) 20.3 8.17 2.48 5.08E-04 4.87E-04 

CE(18:3) 85.3 229 0.37 6.30E-04 3.49E-04 

PC(33:0) 0.808 0.613 1.32 6.31E-04 3.10E-03 

PC(40:4) 1.46 2.16 0.68 9.97E-04 3.10E-03 

The p-values based on t-test analysis and Mann-Whitney U test are displayed. The fold change was calculated as the concentration in 
T2D serum samples/concentration in healthy controls serum samples. Metabolites marked with an asterisk (*) have been previously 
reported to be associated with higher likelihood of T2D, obesity, or they have shown differential changes in response to oral glucose 
tolerance test.[1-4] 
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