
INTRODUCTION

Targeted metabolomics has gained popularity for the ability to rapidly quantify metabolites
with a high degree of confidence, albeit with inherent limits to biochemical coverage. To
address this, several groups have commercialized metabolomics kits which can quantify tens
or hundreds of metabolites in a single kit. One advantage of using standardized platforms is
to enable consistent measurements across experiments and between laboratories, improving
the overall quality of metabolomics data. In order to accomplish this task, demonstration of
consistency between laboratories is imperative. We have collaborated to conduct an
international ring trial of the new AbsoluteIDQ p400HR (Biocrates AG), a kit which quantifies
up to 408 metabolites across 11 different metabolite classes, using the Thermo Scientific™ Q
Exactive™ line of mass spectrometers.

METHODS

Twelve plasma and serum samples and p400HR kits (Biocrates AG) were distributed to each 
participating laboratory. System suitability testing was performed with a test mix and analysis 
in Skyline. In each laboratory, samples were prepared in triplicate according to a standard 
protocol, and Q Exactive (Thermo Scientific) mass spectrometers were used to collect both 
LC-MS and flow injection-MS data. Quantitative levels of approximately 408 metabolites were 
determined for each sample. LC-MS data for amino acids and biogenic amines was 
quantified in Thermo Scientific™ QuanBrowser™ software against a calibration curve. FIA-
MS data for seven lipid classes, hexoses, and acylcarnitines was analyzed in MetIDQ; 
quantification was performed based on high resolution (+/- 5 ppm) extraction for precursor 
and stable-isotope internal standards. 

Each laboratory was responsible for their own data analysis and data curation, and 
submission via a secure data repository at Duke.  All analyses were carried out blinded to 
sample type, and all data was blinded as to participant laboratory.

DATA COLLECTION
UHPLC – HRMS                            FIA - HRMS
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SYSTEM SUITABILITY AND QUALITY CONTROL

The kits come with a text mix for system suitability testing for both UHPLC and Flow-Injection
Analysis (FIA) modes of operation. Laboratories were required to perform the SST and load the data
into Skyline v4.1, where it could be compared to two ‘seed’ datasets from different laboratories.
These Skyline files were requested as part of the ring trial and were aggregated in order to observe
the distribution of instrument performance across Ring Trial participants.

Figure above shows the Skyline document set up for analysis of SST UPLC data. Figure below
shows an overlay of retention time reproducibility data for Amino Acids and Biogenic Amines across
laboratories (13 of 14 laboratories reporting), along with a Principal Components Analysis of the
retention time data aggregate. Two laboratories

Amino Acids (retention time)                    Biogenic Amines (retention time)               Principal Components Analysis

The figure below shows an example of results from the flow-injection analysis (FIA) SST, specifically 
for acetylcarnitine (AC 2:0).  All 14 labs are represented.  The main metrics were time/shape of the 
flow-injection profile, peak area, and mass error.

Quality Control Samples:

RESULTS

LC-MS platform data on amino acids and biogenic amines uses a 7-point calibration curve for each
analyte, along with stable-isotope labeled internal standards. Each laboratory was instructed to
remove calibration points for any analyte with bias larger than 20%. The data for this platform was
then analyzed without further normalization between laboratories (reported uM values were used
directly). Data for all 12 sample types and 14 laboratories was aggregated, with FIA-MS data
normalized to QC2 as demonstrated by Siskos et al, Anal Chem 2016. The kit appears to measure
analytes reproducibly across a wide dynamic range. All laboratories’ data plotted below for
phenylalanine (30-375 uM) and spermidine (<1 – 15 uM).

Examples demonstrating Intra- and Inter-laboratory precision for amino acids and biogenic amines
are shown below. Bias of +/- 20% is annotated for the purpose of visualization only.

AGGREGATE RESULTS ALL PLATFORMS AND SAMPLES

Missing data was first measured across all 12 plasma/serum sample types (see panel 1), and 14
laboratories. 252 analytes performed with <40% missing values (summary below)

Number of analytes with <40% missing values across all labs and all samples shown below.

Intra- and Inter-laboratory quantitative precision (measured as coefficient of variance) was compiled
for each sample, measured in triplicate across all labs. Histogram below demonstrates the
performance for the NIST SRM-1950 plasma reference standard, as an example. The table at right
further summarizes the technical precision between laboratories.

*14 additional analytes with missing data specifically in the NIST SRM-1950 were excluded.

CONCLUSIONS
• If used following Standard Operating Procedures, the p400HR kit can be used to reliably quantify

metabolites in plasma across 11 metabolite classes, with <15% CV within a lab, and <30% CV
between laboratories.

• System Suitability Testing is critical for reliable performance using the kit.
• Outliers tended to not be entire laboratory datasets, rather specific analytes within each

laboratory, thus presenting the need for novel quality control procedures when curating large,
multi-laboratory metabolomics efforts such as the Precision Medicine Initiative.

Financial support for this International Ring Trial was provided by Thermo Fisher Scientific and
Biocrates AG. Each laboratory kindly donated their time to participate in the analysis of the samples
for the purposes of evaluation of the p400HR kit.
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Participant Locations and Instruments Used

• 1x NIST SRM 1950
• 3x Individual human plasma samples male
• 3x Individual human plasma samples female
• 1x Individual human serum male
• 1x Individual human serum female
• 1x Pooled human plasma lipeamic
• 1x Pooled mouse plasma
• 1x Pooled rat plasma

• Blank: 1x,
• 3x Zero: 3 x 1 = 3
• 2x Calibrators: 2 x 7 = 14
• QC1 and QC3 in triplicates: 3 x 2 = 6
• QC2 in 4 replicates: 4 x 1 = 4
• Samples in triplicates: 3 x 12 = 36

Sample Set:  12 blinded samples (60 µL aliqouts): to be prepared in triplicate (36 total wells)

Plate layout:

Blinded Sample Names: 
Biocrates samples 2017-01
…
Biocrates samples 2017-12

64 wells used
32 wells free
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Based on principal
components analysis of the
FIA system suitability data,
only one laboratory appeared
as a potential outlier (lab
4812), due to peak intensity.
Interestingly, this laboratory
observed much higher peak
intensity than most others.

Each kit plate contains a set of
quality control samples with low,
mid, and high levels that are
prepared on the plate and have
expected acceptance criteria.
Comparing the measurements
from these samples across the
laboratories gives a measure of
process control, including all
steps from sample preparation to
data analysis.

Phenylalanine (30 – 375 uM) Spermidine (<1 – 15 uM)

Amino Acids Amines Acylcarnitines Glycerides Glycerophospholipids ChoE Sphingolipids Sugars

21 [21] 11 [21] 20 [55] 48 [60] 100 [196] 13 [14] 33 [40] 1 [1]

Inter- and Intra-Lab CV by Analyte Class
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Analyte Class (n*) Platform Average Inter-
Lab %CV (± sd)

Average Intra-
Lab %CV (± sd)

Amino acids (21) UHPLC 12.4 (±6.1) 5.6 (±1.4)

Biogenic amines (9) UHPLC 34.9 (±28.5) 8.7 (±3.6)

Acylcarnitines (13) FIA 37.0 (± 18.1) 12.0 (± 3.5)

cholesteryl esters (13) FIA 29.1 (±22.1) 8.0 (±0.8)

Glycerides (46) FIA 31.0 (±17.3) 13.2 (±2.5)

Glycerophospholipids (97) FIA 34.3 (19.0) 11.4 (± 7.0)

Sphingolipids (31) FIA 25.4 (±16.2) 10.9 (±4.6)

Hexoses (1) FIA 12.6 5.6


