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Abstract

Urine-based metabolomics-driven strategies for dlseovery of biomarkers are increasingly
developed and applied in analytical chemistry. Balid, data-based recommendations for a
urine sample material of choice are lacking. Weestigated first and second morning urine
(MU), which are the most commonly used urine speasn Potential major factors biasing
metabolomics biomarker results in these sample mattavere studied. First, 35'and 29 MU
samples were collected from healthy, young menr afte overnight fast. Subsequently, two
subgroups were built, one having fast food at luaod dinner (n=17), the other vegetarian
meals (n=18). Again®iand 2% MU were collected. Non-targeted liquid chromatgimgmass
spectrometry was applied for analyses. More thdinofidhe >5400 urinary ion features showed
a significant difference betweert' and 2% MU. Just two fast food meals on previous day
significantly affected around 30% of all metabdalita T and 2° MU. In contrast, the effects of
two vegetarian meals i"2MU were only minor. Additionally, we describe 47tabolites in
urine, possible hits in biomarker studies, which susceptible to the diet the day before sample
collection. They should be handled with cautionlw@lidation in diet-controlled studies. Based
on our results we think the second MU, ideally ectiéd after standardized vegetarian meals and
drinking only water on the previous day, is mostadle for valid analysis of biomarkers in

urine.
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1. Introduction

Metabolomics strategies are frequently developetagmplied by analytical chemists for the
discovery of novel biomarkers. Up to now plasma&enum is the preferred sample material for
these purposes, but the number of reports using usi continuously growing [1-6]. Urine is
collected in different ways, namely spot urine lgcted at random), first morning urine (MU),
second MU and 24h collection urine, which may &l used for metabolomics investigations.
However, the specific characteristics of these samyaterials are quite different, carrying pros
and cons with respect to metabolomics analysest MU is collected in the bladder overnight
and can therefore be seen as a kind of collectioreuSecond MU is collected spontaneously
after a 12h overnight fasting period, usually betw@& and 10 am after first MU is voided. 24h
collection urine is preferred for quantitative ma&a&s in routine diagnostics, particularly for
hospitalized patients.

Spot urine collected at random over the day shbelévoided for metabolomics analyses,
since the individual metabolite pattern in spotnearican be highly affected by various
preanalytical factors like day time of collectigphysical activity, fasting/feeding, and many
others. The metabolome of 24h collection urine banaffected by the presence of living,
metabolic active cells or released enzymes theaeof lack or variable cooling during the
sampling period. Particularly at room temperaturetaholically active cells like erythrocytes,
leukocytes, bacteria, yeasts, or fungi can modifg trinary metabolome inside the sample
collector and be a serious problem [7]. Stabilizies thymol or borate may reduce the risk [8],
but are not common in use. Moreover, the collectbr24h urine is error-prone, because it is
usually collected by the patients without supeonsby medical experts. To minimize such
problems first MUs are an often used specimen itabwomics studies [3, 9-15], which is also
recommended by a recent white paper of the metabcdosociety initiative [7]. The use of

second MU in metabolomics studies is rarely rembrten general sample collection for



metabolomics should be tightly controlled, ideapplying a standard operating procedure (SOP)
[7, 16, 17]. However, to the best of our knowledgeing faced with the decision which MU
specimen is preferable for metabolomics-drivenistitb discover novel biomarkers, up to now
no data are available to facilitate the selection.

The goals of our study were twofold. First, we ainte figure out differences between the
metabolome of % and 2° MU by non-targeted ultrahigh-performance liquidtarhatography
(UPLC) mass spectrometry (MS). Second, we investtyahort-term effects of different diets
consumed the day before sample collection on thiabte biomarker pattern in"land 3¢
MU. Finally, we draw conclusions from both investigns which urine could be the sample

material of choice for metabolomics-driven biomarkeidies.

2. Materialsand Methods

2.1 Samples and study design

An overview showing the experimental design of shely is presented in Figure 1. 35 healthy,
young, omnivore, male volunteers participated m gtudy, which was performed in accordance
with the current revision of the Helsinki Declaaoati All subjects gave written informed consent.
The study protocol was approved by the local etbacemittee. The participants were instructed
to avoid nocturnal urinating, strenuous exercisevaf as other unusual activities two days
before and during the study. On experimental dath&,participants started fasting at 7 p.m.
(Figure 1). On subsequent experimental day*2arid 39 midstream morning urines (MU) were
collected at 7 a.m. after the individuals awakemfrsleep and at 8 a.m., respectively. Next, all
participants had the same breakfast (steamed bigesporridge, pickled vegetables, eggs).
Thereafter, participants were randomly assignedt{sed by BMI) to a fast food diet (FFD)
group (n=17) or a vegetarian diet (VD) group (n={8Bble S1). The FFD group consumed two

hamburgers, two chicken wings and French friesuath and dinner on experimental day 2



(Figure 1). The VD group had a standardized vegetatiet at lunch and dinner (fried celery
with dry bean curd, ricggnd scrambled egg with tomatoes). On subsequesetriengntal day 3
again ' and 29 MU were collected. All samples were immediatelyrst! at 4°C after collection
and aliquots were prepared and frozen at -80°Cinvizh. All meals were pre-portioned, only

drinking of water was allowed.

2.2 Sample preparation

Urine samples (100 pL) were thawed on ice, warmedam temperature and strongly vortexed.
Next, 400 uL of methanol containing nine stabledpe labelled internal standards (carnitine
C2:0-d3, carnitine C6:0-d3, carnitine C10:0-d3,clee-d3, phenylalanine-d5, tryptophan-d5,
cholic acid-2,2,4,4-d4, and one unlabeled standleutine enkephalin) were added, vortexed,
and centrifuged at 15,700 ¢gcfor 10 min at 4°C. 200 pL of the supernatant wasdlin a
speed-Vac. For non-targeted UPLC-MS analysis thepkss were re-dissolved in 150 pL of 5%
acetonitrile. Quality control (QC) samples were grated by pooling an identical aliquot from
all urine samples. QC sample pretreatment was ipeei as described above. A QC sample was

injected after every tenth sample.

2.3 Non-tar geted metabolomics

Samples were analyzed by an ACQUANUPLC coupled with a gTOF mass spectrometry
(triple TOF5600 System; AB SCIEX, Framingham, USBhromatographic conditions (applied
in positive and negative ionization mode): T3 HSfumn (1.8 pm, 2.1x100 mm) (Waters,
USA), column temperature 40°C; mobile phase A Ofd@fiic acid in water; mobile phase B 0.1%
formic acid in acetonitrile. The gradient elutionitially started with 5% B, which was
maintained for 1 min, then increased linearly t&6%5B in 17 min, and finally increased linearly

to 100% B in 0.5 min, maintained for 4 min and theturned to 5% B for 3 min equilibration



before next injection. Data acquisition was perfedmn full scan mode (scan range: m/z
50-1200) combined with information-dependent analysode. Mass spectrometric parameters
were as follows: ion spray voltage: +5500 V (ES&hd -4500 V (ESI-), curtain gas: 35 PSI,
declustering potential: 100 V (ESI+) and -100 V [#<ollision energy: 10 V (ESI+) and -10 V
(ESI-), and an interface heater temperature of ®DOFor information-dependent analysis, the
collision energy was 30 V in positive and -30 Vniegative mode. Collision energy spread was

equal to 10 in both ion modes.

2.4 Multivariate and univariate analysis

MarkerView software (AB SCIEX, USA) was applied fpeak matching and alignment.
Areas of ion masses were calibrated by seven iedtigeled and one non-labeled internal
standards. In brief, in the QC samples all ionuesg were corrected by each internal standard.
Subsequently, a suitable internal standard for eéacheature in the pooled QC samples was
defined with respect to the lowest RSD %. Then eanhfeature of the real, non-pooled urine
sample was corrected according to the correspondiegnal standard defined in the previous
step in the pooled QC samples. In a second cahlgragtep the individual urine creatinine
concentration was used to calibrate the metabdlitesach sample individually. The creatinine
calibration is very important for the analysis afine samples to avoid a bias by signal
differences between samples coming from variatmfnthe drinking volume of the individuals,
which lead to more or less diluted or concentratedes. Further details were given in a
previous publication [18]. Subsequently multivagidiita analysis was performed.

SIMCA-P software (version 11.0; Umetrics) was ug$ed principal component analysis
(PCA) of the data and unit variance (UV) scalingsvegplied. For the comparison betweén 1

and 29 MU, a paired nonparametric test with p-value <50afid FDR limit< 0.05 was applied.



3. Resultsand Discussion

In the first step,  morning urine (MU) and™® MU samples were compared by UPLC-MS
driven non-targeted metabolomics' MU was collected at 7 a.m. an8®MU at 8 a.m. at the
same day, from 35 healthy young male volunteergurei 2A illustrates distinct differences
between the metabolite profiles detected Thahd 2% MU in a principal component analysis
(PCA). More than half of the >5400 detected urinimy features were significantly different
(paired nonparametric test; p-value < 0.05; FDR05), and 59% of these were higher fiMU.
Subsequently, in a further LC-MS driven analytisadp, 165 out of the >5400 ion features was
either identified by corresponding standard compgurr the putative identity is based on the
MS? fragmentation pattern and/or the exact mass (T8 A representative example of a
LC-MS/MS metabolite identification is presentedHigure S1. Retention time, MS1 and MS2
information of the compound of interest in compamigo the corresponding standard compound
was used to confirm the identity of the metabolitdsinterest. 40 of these 165 metabolites
showed significant differences betweeth dnd 2 MU (Table S3). For instance, irf'IMU
higher relative levels of amino acid and derivagiverganic acids and derivatives thereof,
caffeine and others, as well as lower relative lewé short- and medium-chain acylcarnitines,
bile acids, etc. were detected. IFf MU we detected striking higher hydrocortisone tie&
levels although samples were collected only 60 rdter than I MU (Figure 2B).
Hydrocortisone is a hormone having one of the nwstinct circadian rhythms in human
physiology, peaking in the morning after getting Tipus, effects of circadian rhythmicity on the
urinary metabolome should be taken into accourindutecision making to collect'or 2" MU,
and standardization of the sampling time pointionmarker studies is needed.

Based on metabolomics data from long-term nutréicstudies it can be concluded that
dietary effects could be major factors biasing Itesaf urinary biomarker studies [19]. This

raises the question of whether short-term nutrdi@ifects may also affect metabolite signatures



in MU. Consequently, we next aimed to figure oué timpact of previous day meals on
metabolite profiles in MU. Another goal was to agte these short-term experiments distinct
diet-associated urinary metabolites baring the frigk misleading interpretation of novel
diagnostic biomarkers. To do so, the study groupsohealthy young volunteers was divided at
random in two groups which consumed two differantkof standardized meals the day before
MU collection (Figure 1), namely a fast food (FFi3:,17) or a vegetarian diet (VD, n=18).

FFD and VD led to marked differences between tlireaty metabolome in®IMU (Figure
2C), which persist also in"2MU (Figure 2D). To figure out specific effects pérticular diets
on urinary biomarkers, we next compared the meitgbptofiles in each group before vs after
dietary intervention. InLMU of the fast food group 30% of the >5400 urinany features per
individual were significantly changed, and in theD\Vgroup 21% were altered (paired
nonparametric test; p-value < 0.05; FDR limi0.05). In contrast, in"d MU only 6% of all ion
features were significantly altered by vegetariget,dvhile in the FFD group still 34% were
changed. Noteworthy, the dietary effects are ngeflan long-term dietary habits, but only by
the meals the day before sample collection. To daeper insights in distinct metabolites behind
these diet-associated changes, we investigataelttese levels of the 165 metabolites shown in
Table S2 before and after the dietary interventidre findings presented in Table 1 and 2 are in
line with the results from the non-targeted invgaiions described above, i.e. again
FFD-associated changes are more pronounced andtmes® in 2° MU. We detected in total
47 metabolites (Table 1 and 2 together), which d¢obké possible hits in diagnostic or
pathomechanistic biomarker studies, but are suibbepto the diet the day before sample
collection. We want to remark, that some limitafasf our study should be considered for the
interpretation of the presented data. One is, defihed by the chromatographic selectivity of
reversed-phase chromatography on the HSS T3 colaniya portion of the whole metabolome

present in urine is covered. Consequently, applgimifferent analytical approach, for example,



the use of hydrophilic interaction or normal phateomatography, may lead to additional,
complementary findings. The other one limitatiorthe small number of investigated subjects
(only 35in total, i.e. 18 and 17 per group).

Almost half of the metabolites affected by FFD fhahd 29 MU are acylcarnitines (Table
1). Acylcarnitines, as well as free carnitine, hdezn reported to originate from diets rich in
meat [20-22]. Interestingly C11:1 carnitine and 2jénethylheptanoyl carnitine, two major
products of peroxisomal oxidation of pristanic aeidd phytanic acid [23], are amongst the
metabolites showing the most striking diet-relatetteases in the FFD group (Table 1). In the
VD group the relative levels of these metabolites decreased (Table 2). Acetylcarnitine, a
major product of the mitochondrial beta-oxidatiis,also >5-fold increase in*land 2% MU
after FFD and reduced to 0.5 after VD (Tables 12¥sThis could be a hint for enhanced
oxidation of fatty acids in the FFD group. In gealermany metabolites showing increased
relative levels after FFD on the previous day digpleverse effects in the VD group, which is
particularly true for acylcarnitines (Table 1 vs 2Yye detected in*1MU in both groups a
pronounced decrease in caffeine or related metabdlmethylxantine, dimethyluric acid) after
the dietary intervention, possibly caused by th&saBon from tea and coffee during the dietary
experiments (Tables 1 and 2, Figure S2). This figds of interest, since beverages can also
affect the composition of the urinary metabolomd,[25], and the drop in the caffeine
metabolites in the urines of our study participarsirly indicates that the participants followed
the instruction to drink only water.

A closer look on the detected metabolites i IU reinforced the impression that the
effect of VD on the urinary metabolome is less puamced (Table 2), because only 9 out of
these 165 metabolites showed significant differenoetween the urines collected before and
after VD. Overall, the metabolome di*MU after the vegetarian diet used in our studmigh

less affected.



In 1 MU dietary effects on metabolite profiles haveeallty been studied in clinical and
population settings by several groups [9-14], haotthe best of our knowledge, none has
investigated also™ MU. The diets in these studies were applied eifbesseveral weeks [12,
14] or at least for 48h [10], but not solely on tteey before sample collection. All these studies
reported food effects on the urinary metabolome 18f MU [10-14]. It has also been
demonstrated that standardization of the diet redluthe intra-individual variability of the
metabolome in 3 MU [14, 26]. Recently country-dependent effectstiom urinary metabolome
caused by typical local food were demonstrated IB]., These findings may be of consequence
for international biomarker studies using urinet biso for national multi-center studies in
countries like China with great regional variatiansfood preferencefNoteworthy, all these
studies were NMR-driven [10-14]. Our data go beytmese reports, because the sensitivity of
NMR is much lower than LC-MS (mmol/L vs pmol/L) [Rtherefore covering solely the most
abundant metabolites [28]. Concerning the deteatete metabolites reported in our study we
want to make a general critical remark with respectthe selective coverage of LC-MS
approaches in metabolomics. The coverage of alhipadites present in a body fluid can hardly
be achieved therefore every chosen chromatographierial favors the detection of distinct
portions of the metabolome based on chemical ctarsiics of the corresponding metabolites.
We consciously decided to use a reversed-phasanoolbbecause this stationary phase is
commonly used in metabolomics investigations ofieiriserum and plasma[29, 30]. This should
allow the transfer of our findings to the projeofsthe majority of analytical chemists dealing

with the investigation of human urine samples.

4. Conclusions

Standardization of the diet before sample collecieems to be as important as the decision

of sample specimen and collection time point in abhetomics-driven biomarker studies
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investigating morning urine. The dietary effectslihMU are strong. Fast food meals affect the
metabolome intand 2° MU in a similar marked way. Only minor alterationsre detected in
2" MU after vegetarian diet. We recommenf RIU as the preferential sample material for
biomarker studies. However, our study revealed thatperfect urine specimen for
metabolomics-driven biomarker studies is not fdasilh 2" MU is intended to be used, ideally a
carefully standardized specimen collection showddcbmbined with a vegetarian diet starting
20h before. Since standardization of the diet oa lefore sample collection is difficult to
achieve, we suggest as a compromise to harmonibe #&ast the composition of the meals and
request to drink only water. Finally, novel urinatyjomarkers detected in samples of

non-diet-controlled studies should be handled wathtion until further confirmation.
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Table 1 Effect of previous day fast food meals (FFD) on relative levels of metabolites in morning urine.
Relative levels of metabolites if' MU after FFD were compared to relative levels thMU before the
dietary intervention. The same comparison was pmeéd for 2° MU. Conspicuous metabolites with
significant>1.2-fold higher ok 0.8-fold lower levels after FFD are giveri: MU was collected at 7 a.m. after
an overnight fasting period of 12h antf RIU was collected 60 min thereafter at 8 a.m. ansthme day (for
experimental details see Figure 1). The metaboli#e® grouped by their species and sorted by fo&hges
in descending order. Based on literature searchilplessources of the metabolites are listed. Thepawison

was performed by paired nonparametric test with HBIR <0.05 (n=17).

1% morning urine 2" morning urine
M etabolite Fold change p value Fold change p value
after FFD after FFD

carnitine C11:3% 8.77 <0.001 5.92 <0.001
carnitine C2:6° 6.66 <0.001 5.18 <0.001
2,6 dimethylheptanoyl carnitifre 5.29 <0.001 3.99 <0.001
carnitine C3:6% 4.87 <0.001 4.38 <0.001
carnitiné’¢ 4.38 <0.001 3.72 <0.001
carnitine C5:6°¢ 2.86 <0.001 2.25 <0.001
carnitine C8:0+0OR°! 2.78 <0.001 2.30 <0.001
carnitine C10:3° 25 <0.001 2.12 <0.001
carnitine C6:6% 1.9 <0.01 1.57 <0.01

carnitine C8:4° 1.76 <0.01 n.s.

carnitine C4:6°' 1.71 <0.001 1.48 <0.001
carnitine C12:2% 1.67 <0.01 1.69 <0.01

carnitine C12:3°" 1.42 <0.05 1.54 <0.01

carnitine C9:1¢¢ 1.31 <0.01 n.s.

carnitine C8:6% 2.84 <0.01 2.70 <0.01

carnitine C10:6% 1.2 <0.01 n.s.

carnitine C10:2% - - 1.34 <0.01
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carnitine C10:3%

acetyl-L-leucin&* 1.98 <0.001
homocystein&® 1.61 <0.01
citrulline®® 1.34 <0.01
lysing™® 1.33 <0.01
valine”' 1.27 <0.01
proline™ - -

2- or 3-hydroxy phenylacetic aéiff 2.47 <0.001
2-methylglutaric acit® 1.82 <0.001
pimelic acid* 1.58 <0.001
methylimidazoleacetic actd 1.41 <0.01
methylsuccinic acitf 1.31 <0.01
co-enzyme Q% 1.66 <0.01
prolyl leuciné" 1.45 <0.01
caffeing” 0.11 <0.001
1,3-dimethyluric aciti® 0.19 <0.01
3-methylxanthine/7-methylxanthifée 0.29 <0.001
2-methylhippuric acitj® 0.34 <0.01
DL-(-)-3-phenyllactic acif* 0.62 <0.01
6-methyladenosirfé 0.64 <0.001
N-acetyl-L-tryptophaf* 0.70 <0.01
a-D-glucoheptonic acft 0.75 <0.01

1-ribosyl-N-w-caproyllhistaming*

n.s. = not significant

¥ pased on exact mass

®) confirmed by a standard compound

° based on fragmentation pattern

% corrected by internal standard carnitine C2:0-d3
®) corrected by internal standard carnitine C6:0-d3

f) corrected by internal standard carnitine C10:0-d3

1.25 <0.05
n.s.
151 <0.01
n.s.
n.s.
1.24 <0.001
2.14 <0.01
1.91 <0.001
1.44 <0.001
n.s.
1.29 <0.01
n.s.
n.s.
n.s.
0.13 <0.01
0.19 <0.01
0.28 <0.001
0.23 <0.001
n.s.
0.61 <0.001
0.69 <0.01
0.69 <0.01
0.76 <0.05
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9 corrected by internal standard leucine-d3

h) corrected by internal standard tryptophan-d5

" corrected by internal standard phenylalanine-d5
j) corrected by internal standard cholic acid-2£2d4

k) corrected by internal standard leucine enkephalin
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Table 2 Effect of previous day vegetarian meals (VD) on relative levels of metabolitesin morning urine.
Relative levels of metabolites ifi MU after VD were compared to relative levels hMU before the dietary
intervention. The same comparison was performed2¥dmMU. Conspicuous metabolites with significant
>1.2-fold higher or< 0.8-fold lower levels after VD are given® MU was collected at 7 a.m. after an
overnight fasting period of 12h and’2MU was collected 60 min later at 8 a.m. on the eatay (for
experimental details see Figure 1). The compansas performed by paired nonparametric test with FDR

limit <0.05 (n=18).

1% morning urine 2" morning urine
M etabolites Fold-changes  pvalue Fold change p value
after VD after VD

glycodeoxycholic acid sulfate (GDCSY 1.45 <0.01 n.s.
glycochenodeoxycholate sulfate (GCDE'S) 1.38 <0.01 n.s.
indoleacetic acitf 1.22 <0.01 1.34 <0.001
L-threoniné* 1.28 <0.01 1.32 <0.01
carnitine C17:2+OR 0.23 <0.01 n.s.
carnitine C2:0° 0.51 <0.01 0.55 <0.001
carnitine C3:0° 0.63 <0.01 n.s.
carnitine C12:2% 0.65 <0.01 n.s.
carnitine C6:0°¢ 0.65 <0.01 0.78 <0.01
carnitine C11:3*' 0.66 <0.01 0.74 <0.01
carnitine C10:3° 0.67 <0.01 n.s.
carnitine C11:0°¢ 0.70 <0.01 n.s.
carnitine C8:0+OR*! 0.70 <0.05 n.s.
carnitine C10:2% 0.71 <0.01 n.s.
2,6-dimethylheptanoyl carnitifie 0.77 <0.01 n.s.
carnitine C10:0° 0.78 <0.01 n.s.
carnitine C10:3 0.79 <0.01 n.s.
1,3-dimethyluric aciti® 0.44 <0.01 0.55 n.s
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2-furoylglyciné”® 0.44

N-acetyl-L-tryptophaf* 0.53
methylimidazoleacetic actd 0.63
proline betain&® 0.65
coenzyme Q¥ 0.70
3-(1-pyrazolyl)-L-alanin&® 0.78

<0.001

<0.001

<0.01

<0.001

<0.01

<0.01

n.s.

0.57 <0.001

0.65 <0.01

0.71 <0.001

n.s.

n.s.

n.s. = not significant

d based on exact mass

®) confirmed by a standard compound

° based on the fragmentation pattern

d) corrected by internal standard carnitine C2:0-d3
®) corrected by internal standard carnitine C6:0-d3
" corrected by internal standard carnitine C10:0-d3
9 corrected by internal standard leucine-d3

™ corrected by internal standard tryptophan-d5

i) corrected by internal standard phenylalanine-d5
j) corrected by internal standard cholic acid-22@4
%) corrected by internal standard leucine enkephalin

Y p-value: 0.008, but FDR > 0.05
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Figure Legends

Figure 1 Scheme of the experimental design of the study.

Figure 2 Comparison of the urinary metabolite profiles of first and second morning urine
(MU) and effects of previous day meals on the individual metabolomes in first and second
MU. (A) A principal component analysis (PCA) scores plobveing individual metabolite
fingerprints of  and 29 MU collected at 7 a.m. and 8 a.m. at the samefiday the same 35
healthy individuals (for experimental details sagufe 1). Exemplarily the PCA scores plot
analyzed in negative electrospray ionization mde8l{) is given. Black triangles = first MU;
open diamonds = second M(B) relative levels of hydrocortisone detected it dnd 3¢ MU
(n=35). Hydrocortisone data are presented as mea8&M; (C) A comparison of urinary
metabolite pattern in*IMU after previous day standardized meals, eithst food (n = 17) or
vegetarian style (n = 18JD) same comparison if"®MU after previous day standardized meals.
Exemplarily the PCA scores plots analyzed in negagiectrospray ionization mode (ESI-) are

given. Squares: fast food; stars: vegetarian.
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| collection of 15t and 2"d morning urine
(n= 35)

o T~

breakfast (same for both groups) breakfast (same for both groups)
lunch: vegetables and scrambled eggs lunch: fast food (Hamburger and Chicken)
dinner: vegetables dinner fast food (Hamburger and Chicken)

Drinking: only water during the study
(7pm day1 — day3)
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Highlights

1% morning urine samples are gresatly affected by the previous day food

Previous day vegetarian meals affect the metabolome in urine only little

Mix-up of 1% and 2" morning urine is not recommended, since the metabolome is rather
different

2" morning urine collected after standardized vegetarian meal's and drinking only water is the
preferential sample material for metabolomics

47 metabolites in urine, possible hits in biomarker studies but susceptible to the diet the day

before sample collection, are reported
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