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Abstract: Pteridines are a group of compounds synthesised by many living organisms that are
involved in the metabolism of many cofactors and vitamins. Their concentration in biological fluids
may be altered by various pathologies such as cancer or inflammatory bowel disease, urine being the
main route of excretion. In this study, three lumazines and ten pterins were analysed in their native
oxidation state using high-performance liquid chromatography coupled to quadrupole time-of-flight
mass spectrometry. Their high concentration in urine samples and their good ionisation behaviour
allow the use of the dilute-and-shoot method by simple filtration of the urine prior to chromatographic
analysis. The final method offers excellent linearity, sensitivity and precision parameters, and a
total of 135 urine samples were analysed from patients with some relevant information such as
faecal calprotectin (FCP) levels, common diseases such as diabetes, hypertension and dyslipidaemia
and immunological diseases such as inflammatory bowel disease (IBD). The pteridine profile was
related to FCP levels without showing any correlation. In addition, pteridine levels were compared
between healthy subjects and IBD, diabetic, hypertensive and dyslipidaemic patients, and significant
differences were found between the two groups for some of the pteridines.

Keywords: pteridine profile; urine samples; dilute-and-shoot; high-performance liquid chromatography;
quadrupole-time of flight-mass spectrometry

1. Introduction

Pteridines are low molecular weight organic compounds consisting of fused pyrazine
and pyrimidine rings [1]. Pteridines can be divided into two groups based on their structure:
pterins and lumazines. Pterins have an amino group at C-2 and a carbonyl group at C-4,
while lumazines have carbonyl groups at C-2 and C-4. These compounds can be synthesised
by many living organisms and form part of pigments, act as enzymatic cofactors and can
activate the immune system. Their biological concentrations in biological fluids, such
as urine, serum and cerebrospinal fluid, can be altered by various pathophysiological
processes [2]. This fact has led to the consideration of pteridines as molecular biomarkers
capable of detecting and predicting disease outcomes, and even assisting in treatment
selection and monitoring therapeutic response [2,3].

Pteridines are mainly excreted via urine, which has been the most studied biological
fluid because its collection is non-invasive, and no complicated pre-treatment is required to
eliminate possible interferences. Several clinical studies have been conducted analysing
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urine to research the relationship between pteridines and several diseases, using pteridine
fingerprinting or “pterinomics” (urinary pteridine profile) methodology [2]. Neopterin is
the most studied pteridine, and it is considered a biochemical indicator of immune activity;
its level plays a major role in the monocyte activity of the inflammatory response. It has
been detected in urine, serum, saliva, synovial fluid, ascitic fluid, cerebrospinal fluid, bile,
gastric juice and pancreatic juice [4], and its concentration is of great clinical importance in
the monitoring of different diseases. The levels in serum and urine have been related to the
size and severity of burns [5], with the detection of rheumatoid arthritis [6], various types
of cancer [7-10], viral or bacterial infections [11], diabetes [12], cardiovascular disease [13]
and autoimmune diseases such as inflammatory bowel disease (IBD). Neopterin levels
in Chron’s disease and ulcerative colitis have been extensively studied, with conflicting
results. Some authors conclude that there is no association [14], others propose a positive
association using faecal levels [15]. In contrast, other authors point out that, since it is not a
specific marker, other clinical parameters should be assessed to monitor the disease [16]. A
positive correlation has been described with clinical parameters such as C-reactive protein,
alpha-1-glycoprotein and interleukin-1 antagonist receptor in serum [17,18] or the urinary
neopterin concentration concerning the duration of illness, patient body mass and the
occurrence of abdominal tumour [19]. Faecal calprotectin (FCP) levels are a widely used
clinical indicator of possible IBD due to their relationship with bowel inflammation [20],
and to date, no author has established an association with pteridine levels.

The determination of pteridine in urine samples has been performed by enzyme-
linked immunosorbent assay (ELISA) [15,21], capillary electrophoresis (CE) [22] and high-
performance liquid chromatography (HPLC) [23-33], the latter being the most widely
used separation technique coupled with different detection systems. The fluorescence
detection (FD) [23-27,29,31] and mass spectrometry (MS) [28,30-33] are the most widely
used detectors, the latter becoming increasingly important in the study of pteridines due
to their sensitivity and selectivity. The coupling of HPLC to high-resolution MS (HRMS),
specifically quadrupole-time of flight (QTOF-MS), has been applied to the determination of
pteridines in cancer cell cultures [34]. Meanwhile, the determination of these compounds
in urine samples using this type of analyser has not been found in the literature.

Due to the different natural oxidation states of pteridines (aromatic, dihydro (half-
reduced) and tetrahydro (totally reduced)) and the different stability of each form, an
oxidative or antioxidative pre-treatment is necessary to fully oxidise or reduce the pteridine
compounds to a unique oxidation state using, among others, triiodide, permanganate,
manganese dioxide, hydrogen peroxide and UV irradiation [35]. Another possibility is
using dithiothreitol as a stabilising agent that preserves the pteridines in their native
oxidation state [32].

The total analysis time is critically determined by the sample preparation time be-
cause it is usually a laborious step where different chemicals and consumables are used.
Therefore, if the sample treatment is reduced to a simple dilution and/or filtration of the
sample, this is an environmentally friendly analytical technique called dilute-and-shoot
(DS). Its combination with MS could be proposed as a good alternative if the compounds
studied have a good ionisation behaviour and if the analytes are present in the samples
in concentrations high enough to be detected without the need to concentrate [36]. These
two requirements are fulfilled to analyse pteridines in urine, so this technique was chosen
together with HRMS for the analysis. This eliminates the need for complicated method
development. However, it may present problems such as eliminating the matrix effect
and, depending on the MS analyser used, poor measurement robustness could result when
analysing a large number of compounds [37].

The major benefits of the DS procedure are simplicity, minimal loss of analytes, high
sample throughput and a wide range of applications. This method has been widely used
in the areas of analytical toxicology and doping-control analysis for the determination of
a wide variety of substances in urine, such as prescription drugs, anabolic steroids and
sports drugs [38—42].
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This work deals with the determination of 10 pterins and 3 lumanizes in their native ox-
idation state, such as pterin (PT), 7,8-dihydroxanthopterin (7,8-DHXAN), 6,7-dimethylpterin
(6,7-DMPT), 6-hydroxymethylpterin (6-OHMPT), leucopterin (LEU), 6-biopterin (6-BIO),
7,8-dihydro-L-biopterin (7,8-DHBIO), L-monapterin (MON), D-(+)-neopterin (NEO), 7,8-
dihydroneopterin (7,8-DHNEO), lumazine (LU), 6-hydroxylumazine (6-HLU) and
7-hydroxylumazine (7-HLU), in human urine by DS combined with HPLC-Q-TOF-MS
methodology. Several statistical studies were applied to the concentrations calculated in
the 135 urine samples analysed to find relationships with different clinical parameters such
as FCP.

2. Materials and Methods
2.1. Reagents

Pteridine standards were supplied by Schircks Laboratories (Jona, Switzerland):
Pterins, with purities between 98.4 and 99.5%, were: PT, 7,8-DHXAN, 6,7-DMPT, 6-OHMPT,
LEU, 6-BIO, 7,8-DHBIO, MON, NEO, 7,8-DHNEO and 7-methylpterin, which was used
as internal standard (IS). Lumazines, such as LU, 6-HLU and 7-HLU, were obtained with
purities higher than 99.5% from Shircks Laboratories. Figure 1 shows the chemical structure
of each of the analysed pteridines.
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Figure 1. Chemical structure of the pterins, lumazines and the IS analysed.

The dissolution of pteridins is a major challenge due to their low solubility in water
and organic solvents. The use of acidic pH to dissolve pteridines could also cause the
cleavage of the double ring, giving rise to other compounds, whereas a basic pH allows the
dissolution of the pteridines without affecting their chemical structure. Stabilisers such as
dithiothreitol (DTT) and ascorbic acid (AA) were used to slow down the oxidation reaction
of pteridines in the presence of air [27,28,35,43]. Individual solutions of the different pterins
were prepared at 500 mg L.~! using 2 M NaOH as solvent and DTT and AA were added to
each solution at 1 and 4 g L™}, respectively. Both DTT and AA, added as stabilising agents
to preserve the pterins in their native oxidation state [2,27,28,32,43], were supplied by Sigma
(St. Louis, MO, USA). Standard solutions of lumazines were prepared at 1000 mg L~ in
Milli-Q water with a few drops of 1 M NaOH. The standards were kept in the dark at
—20 °C and stability studies were performed by injecting different dilutions of the stock
solutions at different times (during the first 7 days, after 15 days and after 1 month). The
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compounds remained sTable for the first 4 days. After this time significant degradation of
the compounds begins, with approximately 50% of pteridine degradation occurring within
one month of preparing the stock solution. Therefore, the diluted standards solutions used
for calibration must be prepared and used within the next 4 days.

The chromatographic grade organic solvent was acetonitrile (ACN) from Chem-Lab
(Zedelgem, Belgium). The water used as a solvent in the mobile phase was purified with a
Milli-Q system (Millipore, Bedford, MA, USA). Formic acid and sodium hydroxide were
purchased from Sigma and Fisher Scientific (Loughborough, UK), respectively.

2.2. Instrumentation

The analysis was performed on an Agilent 1290 Infinity II Series HPLC system (Agilent
Technologies, Santa Clara, CA, USA), with a high-speed binary pump. A Discovery
RP Amide Cyg column (15 cm x 4.6 mm, 5 pm, Merck, Darmstadt, Germany), kept at
25 °C in a thermostatic compartment, was used. The mobile phase was a 99:1 mixture
of solvent A (0.1% v/v formic acid) and B (ACN with 0.1% v/v formic acid) in isocratic
mode. The analytes eluted with retention times between 5.13 and 13.20 min, corresponding
to 7,8-DHNEO and 7-HLU, respectively. Standards and samples were kept at 4 °C in a
sampler tray until injection (20 puL) using an autosampler.

The LC system was coupled to an Agilent 6550 Q-TOF mass spectrometer (Agilent Tech-
nologies, Santa Clara, CA, USA) with an Agilent Jet Stream Dual (AJS-Dual ESI) electrospray
source running in positive ionisation mode with the following parameters: capillary voltage,
4000 V; nebuliser gas pressure, 40 psi; drying gas flow, 16 L min~!; drying gas temperature,
150 °C; fragmentor voltage, 350 V; nozzle voltage, 1000 V and 1 RF Vpp octapole, 750 V.
The parameters for HPLC-Q-TOF-MS were obtained from the MassHunter Workstation data
acquisition software (Agilent Technologies, Santa Clara, CA, USA, Rev. B.08. 00). Profile data
were acquired in the 50-500 m/z range for MS scans in 2 GHz extended dynamic range mode
with 3 spectra/s, 333.3 ms/spectrum and 1999 transitions/spectrum. All ions mode was used
for non-targeted data acquisition. In each cycle the following collision energies were used 0,
10 and 40 V. MS calibration was carried out introducing into the system a reference mass of
121.0509 for mass correction during the analysis.

Data analysis was performed using MassHunter Qualitative Analysis Navigator soft-
ware, version B.08.00 (Agilent Technologies, Santa Clara, CA, USA).

Compounds were monitored using the extracted ion chromatogram (EIC) of the
protonated molecules, with a 0.01 ppm window and subtracting the background. The exact
formula-based theoretical masses were calculated using the Molecular Mass Calculator tool
of the MassHunter software.

Centrifugation of the samples was performed in an EBA 20 centrifuge (Hettich, Tut-
tlingen, Germany) at 600 g and filtration was carried out using 0.2 pm PTFE vial filters
without needle (Agilent Uni-Prep, Santa Clara, CA, USA).

2.3. Samples and Analytical Procedure

Urine samples were supplied by Hospital Universitario Rafael Méndez (Lorca, Murcia,
Spain) according to hospital guidelines, collected in 15 mL sterile tubes containing DDT and
AA and stored immediately frozen at —20 °C until analysis. Ethical report ID: 2908 /2020
was obtained from a committee of the University of Murcia for the development of this
study. All patients signed an informed consent form.

A total of 135 randomly selected urine samples were analysed, finding patients with
very different characteristics. The age range covered is very wide, with samples from
patients aged between 18 and 82 years. Regarding sex, the samples were very evenly
distributed, with 54% of the urine samples coming from women and the rest from men.
The FCP levels in the samples analysed ranged from less than 15 to more than 3000, with
only 22 samples having FCP levels above 200. Regarding other common diseases, 35 of
the 135 patients had hypertension, 16 had diabetes and 32 had dyslipidaemia. In terms
of consumption habits, only nine patients (five men and four women) admitted to being
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smokers, while only four men reported continuous alcohol consumption. Finally, after
reviewing the patients” medical records, it is confirmed that 10 patients were diagnosed
with IBD after sample collection.

After thawing the urine samples, a centrifugation step (2 min at 600 x g) was necessary
to remove solid particles present in the samples. The DS methodology for urine sample
analysis consisted of adding 5 uL of IS (10 mg L™1) to 495 uL of the centrifugated urine and
the mixture was filtered with a 0.22 pm syringe less nylon filter prior to HPLC-Q-TOEF-MS
analysis (20 pL).

3. Results and Discussion
3.1. Optimization of Separation and Detection Conditions

The high polarity and low solubility in water and organic solvents make the chromato-
graphic separation of pteridines an interesting challenge. For this purpose, other authors
have used HPLC in different modalities such as reversed phase (RP), hydrophilic interaction
(HILIC) and ion exchange, among others [23,24,26-28,30,33,44]. HILIC-HPLC was tested
with an Agilent InfinityLab Poroshell 120 HILIC-Zwitterionic (100 x 2.1 mm, 2.7 pm) with
a 5:95 mobile phase of 0.1% v/v formic acid (solvent A) and ACN (solvent B) in isocratic
mode, without obtaining good resolution parameters. All pterins eluted in less than 2 min,
so the percentage of organic solvent (B) was increased to 99%. However, good results were
not obtained because, although the analytes were better retained, they still coeluted and
showed poor peak resolution. Reversed-phase liquid chromatography was tested using
different columns with 0.1% formic acid (solvent A) and ACN (solvent B) mobile phase
in an isocratic mode to improve chromatographic parameters. The Zorbax RRHD Eclipse
Plus C18 column (2.1 x 100 mm, 1.8 pm, Agilent Technologies) was tested from 85 to 100%
solvent A. Unsatisfactory results were obtained, as all eluted compounds overlapped at
low retention times, except 6,7-DMPT, which eluted after 18 min. Overlapping peaks were
also found using the Discovery HS PEG-3 column (polyethene glycol, 4 mm x 100 mm,
3 um, Sigma Aldrich, St. Louis, MO, USA) with 100% water containing formic acid at
0.1% as mobile phase, which was discarded. Even with minimal eluent strength, in the
absence of organic solvent, chromatographic peaks were not delayed. Finally, the Discovery
RP Amide C16 column (4.6 x 150 mm, 5 pm, Merk) was tested with different mobile
phase compositions from 95 to 100% solvent A in isocratic mode. Considering that ESI
systems improve their ionisation efficiency in the presence of organic solvents, the 99:1 ratio
(solvent A: solvent B) was finally adopted in the mobile phase for the HPLC-Q-TOF-MS
system. Under these conditions, all compounds elute between 5.13-13.20 min correspond-
ing to 7,8-DHNEO and 7-HLU, respectively. The MON/NEO and 6-HLU/7-HLU pairs,
despite being diastereoisomers, achieved accepTable chromatographic resolution. Only
7,8-DHXAN and LU eluted with slight differences at 10.45 and 10.59 min, respectively. The
retention time for the IS was 16.35 min.

Positive and negative ESI ionisation modes were compared, with positive ionisation
giving the best results for all compounds. Therefore, the exact mass of each pteridine was
obtained by Q-TOE-MS for the protonated molecule, [M + H]*. For quantification, peak
areas were obtained from the EIC for each compound. Table 1 shows the retention time,
molecular formula, theoretical and experimental m/z, and the error (expressed in ppm)
associated with the m/z values for each analyte.

The highly polar nature of this group of compounds makes the urine extraction process
very complicated. This, together with the fact that the concentrations of pteridines in the
urine were high enough for direct analysis and the good ionisation behaviour of pteridines,
indicate that the best procedure is the analysis by direct injection of filtered urine, using the
so-called DS method, which is widely used in doping control and toxicology.
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Table 1. Chromatographic and detection characteristics of pteridines.

. mlz mlz Error
Compound tr (min) Formula Theoretical ~ Experimental (ppm)
7,8-DHNEO 5.13 CoH13N504 256.1040 256.1047 2.73
MON 5.69 CoH11N504 254.0884 254.0890 2.36
NEO 6.45 CyoH11N504 254.0884 254.0889 1.97
6,7-DMPT 6.77 CsHgN50O 192.0880 192.0883 1.56
7,8-DHBIO 8.04 CoH13N503 240.1091 240.1096 2.08
6-BIO 9.10 CyH11N503 238.0935 238.0941 2.52
LEU 9.41 CeH5N503 196.0465 196.0472 3.57
PT 9.58 CeH5N50 164.0568 164.0571 2.44
6-OHMPT 10.28 CyH7N50, 194.0673 194.0677 2.06
7,8-DHXAN 10.45 CeHyN50, 182.0673 182.0681 4.39
LU 10.59 CeHyN4 Oy 165.0407 165.0412 3.03
6-HLU 11.31 CeHsN4O3 181.0356 181.0359 1.66
7-HLU 13.19 CeHsN4O3 181.0356 181.0362 1.56
IS 16.35 C7H7N50 178.0723 178.0727 2.25

3.2. Method Validation

International guidelines on the performance of analytical methods [45] state that the
method must be validated to establish linearity, sensitivity (limits of detection (LOD) and
quantification (LOQ)), selectivity and trueness.

Calibration curves were obtained using ten concentration levels, by applying the standard
internal method (7-methylpterin, IS) in the absence and presence of a matrix to investigate
the matrix effect and to state the linearity. A concentration range of 5-1000 ng mL~! was
used for most compounds, except for 6,7-DMPT, 7-HLU (25-1000 ng mL™1), 7,8-DHXAN and
6-HLU (50-1000 ng mL~!) in urine. In all cases, the results obtained were adjusted by least
squares with good regression values (R? > 0.99) and the slopes obtained were compared
by ANOVA test (95% confidence). The ANOVA test showed significant differences with
a p-value < 0.05 in most cases for the slope values in the absence and in the presence
of a matrix, therefore the matrix-matched method was chosen for quantification. The
ionisation yield was considered when assessing the matrix effect and it was concluded
that ionisation suppression exists for urine samples. Table S1 shows the slope for each
analyte in the presence and absence of the matrix, the regression coefficients, the standard
error of estimate (Sy/y), and the error matrix factor (MF) according to the guideline for the
validation of bioanalytical methods [46]. The sensitivity of the DS method was assessed
by estimating LODs and LOQs using the signal-to-noise (S/N) ratio criteria of 3 and 10,
respectively. LOQs ranging from 0.54 to 43 ng mL~! were found, with the lowest value
corresponding to PT and the highest to 6-HLU. Table 2 shows the LODs and LOQs for all
compounds in urine samples.

For precision and accuracy experiments, three quality control (QC) levels were estab-
lished at different concentrations from those used to establish the calibration lines. These
levels are 45, 300 and 600 ng mL~1, corresponding to a level close to the upper LOQ,
30% of the range of the calibration curve and 60% of the range of the calibration curve.
Table S2 shows the mean concentration found for each sample at each QC level and its 95%
confidence interval.

The precision of the DS method was evaluated by repeatability and intermediate
precision studies. Four urine aliquots fortified at each QC level were prepared on the
same day and injected in triplicate (1 = 12). The same procedure was repeated for three
consecutive days to assess intermediate precision (1 = 36). The values are presented in
Table 2 and expressed as relative standard deviations (RSD) in percentage, showing an
intra-day analytical precision of less than 8.6% and an inter-day precision value of less than
11.6% at both concentration levels.
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Table 2. Analytical characteristics of the method.

Sensitivity Precision
b Repeatability ¢, Intermediate
Compound LOD?, LOQ>, (%) Precision 9, (%)
(ngmL-1)  (ngmL-1)
QG QC; QG QG QC; QGC;
7,8-DHNEO 0.40 1.3 59 5.0 43 8.3 7.4 6.3
MON 0.45 1.5 6.7 54 4.6 8.5 7.8 6.8
NEO 0.33 1.0 72 49 44 9.6 8.3 73
6,7-DMPT 3.3 11 6.9 5.5 4.8 8.9 77 6.5
7,8-DHBIO 1.0 3.3 8.6 7.3 5.4 10.5 8.8 7.1
6-BIO 0.70 2.3 7.5 6.4 51 9.8 8.4 7.4
LEU 0.75 2.5 72 6.6 52 10.1 8.5 6.9
PT 0.16 0.54 7.7 59 4.7 9.5 74 6.5
6-OHMPT 0.81 2.7 8.2 6.1 4.6 9.2 7.5 6.2
7,8-DHXAN 9.0 30 8.4 5.8 4.3 11.3 9.1 79
LU 1.3 44 79 6.3 47 10.4 8.7 72
6-HLU 13 43 8.3 6.6 54 11.6 9.6 8.0
7-HLU 3.2 11 7.5 6.2 49 10.6 9.4 7.7
25/N=3;S/N=10;%d n =12 and 1 = 36 for each level, corresponding to QC; = 45ng mL~!, QC, = 300 ng mL !
and QC3 = 600 ng mL~1; respectively.

To investigate the accuracy of the DS method, recovery studies were performed by
fortifying four urine samples at the three QC levels. The recovery values (n = 156) varied
between 82.3 and 118.8%, depending on the compound and fortification level.

Table 3 compares different methods proposed by other authors for analysing pteridines
in urine samples using different detectors and urine pre-treatments. The DS method
presented in this work compared to the others, represents the simplest sample treatment,
analysing the highest number of pteridines simultaneously.

Table 3. Comparison of different methods for determination of pteridines in urine.

Number of Sample Instrumental LOQ, Reference
Pteridines Preparation Analysis (ng mL—1)

8 Oxidation I, /I~ and dilution HPLC-MS/MS 0.08-1.7 [33]

10 DS HPLC-ESI-MS 5.7-166 [32]

4 SPE UHPLC-FD 1.0-25 [27]

8 Oxidation I, /I~ and dilution CE-LIF 0.13-0.33 [22]

13 Oxidation I /I~ or KMnO, and dilution HPLC-FD 0.67-20.3 [26]

13 DS UHPLC-Q-TOF-MS 0.54-43 This work

LIF: Laser induced fluorescence.

Figure 2 shows the EICs obtained for each pteridine for a standard solution mixture
(50 ng mL~1) and for a non-fortified urine sample.
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Figure 2. EICs for a standard solution mixture of pteridines (50 ng mL~!) in the blue line and a
non-fortified urine sample in the black line.

3.3. Analysis of Urine Samples and Occurrence Study

The occurrence of pteridines was studied by analysing 135 urine samples using the
method developed by HPLC-Q-TOF-MS. The peaks of the thirteen pteridines and IS
in each sample were integrated using the qualitative analysis programme MassHunter
Workstation, and the concentration of each pterin and lumazine was calculated using least
squares regression by the IS method.
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Pteridine concentrations were corrected to urinary creatinine to account for concentration-
dilution of the urine [2]. Therefore, the final concentration was expressed as ng pteridine
per mg creatinine. Urine creatinine was determined by a colourimetric method using picric
acid [47] and values were in the 0.014-3.2 mg mL~! range for all urine analysed.

All pteridines except 6,7-DMPT and 7,8-DHXAN were quantified with a high occur-
rence in the samples, while in the case of the lumazine group, only 7-HLU was found in
60% of the samples. As Table 4 shows, the concentration range for a given pteridine is
very wide finding high standard deviations of the mean values. The highest mean value
concentrations were found for 7,8-DHBIO, 6-BIO and 7,8-DHNEO.

Table 4. Statistical data related to the concentration of pteridines in urine samples.

Compound Range Range Mean + SD Occurrence Median
mgmL-1)2  (mgmg1HP (ngmg1)P (%) (ngmg-1) P

7,8-DHNEO 5.4-455 10.7-279 88.8 £51.5 100 78.0
MON 14.2-210 8.8-213 55.1 £38.9 100 43.7
NEO 1.0-77.7 0.54-33.3 44447 100 3.0
6,7-DMPT ND ND - - -

7,8-DHBIO 15.4-686 10.7-388 119 £ 82.5 100 103
6-B1IO 8.6-723.5 12.8-469 89.8 £80.3 100 62.8
LEU ND-14.6 ND-19.8 23+35 79.3 0.90
PT ND-80.0 ND-66.7 164 +12.2 99.3 13.7
6-OHMPT ND-90.1 ND-59.7 13.8 +£10.3 93.3 9.7
7,8-DHXAN ND ND - - -

LU ND ND - - -

6-HLU ND ND - - -

7-HLU ND-20.6 ND-18.4 52 +38 60 41

b

2 concentration expressed as ng per mL urine; ° concentration expressed as ng per mg creatinine; ND: not detected;

SD: standard deviation.

Figure 3 shows the box plot where the statistical data are summarized. As can be seen,
7,8-DHBIO shows the widest interquartile range, while for NEO, LEU and 7-HLU there
is hardly any difference. For most pteridines, positive asymmetry is also observed, as the
part of the box above the median is longer, indicating that the data are concentrated in
the lower part of the distribution. In addition, in all cases, some values out of range were
found beyond the lower or upper limits. In all cases, there is much more variation of the
data at the upper limits, which justifies the mean being higher than the median in all cases.

The use of pteridine profiling in urine samples is booming in the early detection of
disease [2] and could be used as a biomarker for IBD, as preliminary studies have found that
faecal samples from patients with IBD contain higher levels of pteridines [15]. Currently,
the most comprehensive test for IBD is a colonoscopy. Still, a screening method using FCP
levels is widely used in medicine because of the possible relationship between FCP levels
and the degree of inflammation in the bowel. In general, FCP concentrations between 10
and 50 pg mg ! are considered normal values for the European population. Values above
200 pug mg~! have a greater positive diagnostic value for disease, and values of 500 to
600 ug mg ! almost ensure a pathological finding [20]. Although this parameter is now
widely used, FCP determination is not conclusive, as many cases are detected where there
is no correlation between the data [48].

Therefore, the possibility of using the pteridine profile as a potential urinary biomarker
of IBD was investigated, classifying individuals as diseased or healthy based on their FCP
level. For this purpose, chemometric studies were carried out with SIMCA software version
14.1 (Umetrics, Sartorius Stedim Biotech AS, Umea, Sweden) based on orthogonal partial
least squares discriminant analysis (OPLS-DA) studies. A data matrix was created using
the concentration values of each pteridine in the columns and 41 samples from patients
with low FCP (<15 pg mg~!), and 22 samples from patients with high FCP (>200 pg mg ')
in the rows, who could be patients with a high probability of developing the disease.
This matrix was divided into a calibration set (80% of patients with low and high FCP
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values) and a validation set (the remaining 20%) to calibrate and validate, respectively, the
designed model. Since data is not normally distributed, OPLS-DA were constructed using
a logarithmic transformation of the data and UV scale (Figure 4A), obtaining a classification
rate of 80.79% and a validation rate of 75%, with R2X(cum) = 0.569, R2Y(cum) = 0.294
and Q2 = 0.123, indicating a poor classification of patients with low and high FCP with
their urinary pteridine level. The relationship between these two variables (pteridine
concentration and FCP value) was also studied using the Spearman correlation test, with
no significant correlation between these two variables.
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Figure 3. Box plot for the data showing the interquartile range, mean (line blue), median (line black),
standard deviation and outliers.
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Figure 4. Score plot obtained of OPLS-DA binary model using UV scaling and logarithmic trans-
formation of the data: (A) to discriminate between patients with low and high FCP, and (B) to
discriminate between healthy and IBD patients.

Since the FCP value is not a conclusive biomarker for IBD, an OPLS-DA model
was constructed using only data from patients with an actual diagnosis of IBD using
other techniques (10 patients) and data from healthy patients (Figure 4B). In this case,
classification and validation rates of 93.75 and 75%, respectively, were obtained, with
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R2X(cum) = 0.569, R2Y(cum) = 0.294 and Q2 = —0.132. Although the classification rate
obtained is high, the Q2 value indicates that the model is not adequate, and a classification
based on the pteridine profile is not possible. Therefore, statistical studies were performed
comparing the values obtained for each pteridine in healthy and IBD patients, finding
significant differences between the levels in healthy and diseased patients only for 6-BIO
(p-value = 0.026), with significantly higher concentrations found for IBD patients.

The clinical history of the patients included in this study was used to correlate pteridine
levels with some common diseases, such as hypertension, diabetes and dyslipidaemia. The
concentration found for each pteridine in healthy and diseased subjects was compared
using a non-parametric f-test. Concerning diabetes, no significant differences were found
in the two groups for any pteridine, as previously established by other authors [12] for
NEO and 6-BIO. In relation to cardiovascular diseases, a previous study showed that NEO
level is higher in hypertensive patients [13], which agrees with the results obtained for
NEO levels in this study (p-value = 0.006). In addition to the results obtained for NEO,
studies were carried out for the other pteridines, and significant differences were also
found for 7-HLU (p-value = 0.015), LEU (p-value < 0.001) and MON (p-value = 0.010). In
this case, higher concentrations of the pterins LEU and MON were found in hypertensive
patients while in the case of 7-HLU, the higher concentrations were found in healthy
subjects. A similar study was conducted for healthy and dyslipidaemic subjects and only
LEU showed significant differences (p-value = 0.009) between the groups, with the diseased
group presenting higher concentrations.

4. Conclusions

The dilute-and-shoot (DS) method proposed involves simple centrifugation and filtra-
tion of urine prior to determination of pteridines by HPLC-Q-TOF-MS, due to the good
ionisation behaviour of these compounds and their high concentration in urine, which is
their main route of excretion. Excellent analytical parameters with good sensitivity and
precision were obtained. The analysis of a large number of random samples with known
levels of FCP led to the conclusion that there is no correlation or relationship between the
pteridine profile and inflammatory processes. Moreover, pteridine levels were compared
between healthy patients and those with common diseases, such as hypertension, diabetes
and dyslipidaemia, and significant differences were found in the content of some pteridines,
e.g., hypertensive subjects have higher NEO levels.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/chemosensors11060324/s1, Table S1: Calibration lines data obtained
in the presence and absence of matrix; Table S2: Mean concentration values found for each QC level
with their 95% confi-dence intervals.
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