
Methods
Reagents and materials

All solvents (Acetonitrile, methanol, ammonium for-
mate, formic acid) used were of LC/MS analytical grade. 
Water (18.2 MΩ cm) was purified in Milli-Q device, Mil-
lipore Purification System (Merck Darmstadt, Germany). 
All used standards were of analytical or higher grade, and 
obtained from different vendors.

Sample Preparation 
Samples were kept frozen at -20 °C and left to thaw at 

room temperature prior to sample preparation. After vor-
texing 50 μL of urine sample was diluted with 150 μL of 
acetonitrile for protein precipitation. The samples were 
subsequently vortex mixed for an adequate period of time 
and centrifuged for 15 min at 14000 rpm and 10 °C. Su-
pernatant was transferred to a LC/MS vial and placed on 
the autosampler tray at 10 °C. 

LC-MS/MS
All samples were subjected to a targeted metabolo-

mics analysis previously developed 1. Briefly, chromatog-
raphy was performed by an ACQUITY UPLC H-Class 
System (Waters Corporation, Millford, USA) on an Ac-
quity BEH Amide Column (2.1 mm x 150 mm, 1.7 m) 
with an Acquity UPLC Van-Guard precolumn (Waters 
Ltd., Elstree, UK). Separation was performed under gra-
dient elution using a binary mobile phase system consist-
ing of solvent A: acetonitrile/water 95:5 v/v, 10 mM am-
monium formate and solvent B: water: acetonitrile 70:30 
v/v, 10 mM ammonium formate. The following linear 
gradient was applied: 0-4 min: 100 % solvent A, 4-25 
min: 40 % solvent B, 25-30: 85 % solvent B. The column 
was left to equilibrate for 10 min in the initial conditions. 
The flow rate of the mobile phase and the column oven 
temperature were set at 0.5 mL/min and 40 °C, respec-
tively. Injection volume was set at 5 μL. 

Quality Control (QC) samples were used during the 
urine analysis to evaluate the precision and stability of the 
analytic system2, 3, 4.

ESI MS/MS spectrometry
MS/MS detection of all analytes was carried out on a 

Xevo TQD system (Waters, UK) with electrospray ion-
ization operating in both positive and negative mode dur-
ing a single analysis.  Capillary voltage was set at +3.5 
kV and -3.5 kV, block and dessolvation temperatures 

were set at 150 °C and 350 °C respectively, while des-
solvation gas flow was 650 L/h and cone gas flow 50 
L/h. Cone voltage and collision energy were optimized 
for each transition. Multiple reaction monitoring (MRM) 
mode was applied for the detection of all the analytes. In 
total 101 transitions were monitored. 

Data processing
The use of such information-rich analytical platforms 

for the metabolic profiling of different matrices, such as 
urines, lead to the use of sophisticated statistical analyti-
cal tools and to multivariate analysis such as Partial Least 
Squares-Discriminant Analysis (PLS-DA), in order to 
extract statistically validated results for the discovery of 
potential biomarkers related to the biochemical status of 
the systems under study.

Metabolites that showed potential as biomarkers were 
evaluated by various statistical means: VIP (variable im-
portance in projection) plots, S-plots, loadings plots and 
other visualisation schemes used in multivariate analysis. 
In addition univariate analysis tools (t-test, Anova) were 
also used to further validate findings.

Data obtained from the LC-MS/MS analysis were 
processed using MassLynx® (Waters, Milford, MA, 
USA) and (v4.1). Peak area data of the detected metabo-
lites (approximately 40), obtained from TargetLynx®, 
were further analyzed using SIMCA 13.0 (Umetrics, 
Malmö, Sweden) for multivariate statistical analysis and 
Microsoft excel (Microsoft corporation, USA) for uni-
variate statistical analysis. The validation of the obtained 
models was evaluated using permutation plots and the p-
value of CV ANOVA.
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