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ABSTRACT

Context The characterization of the urinary metabolome may yield biomarkers indicative of pancreatitis. Objectives We establish a
non-invasive technique to compare urinary metabolic profiles in patients with acute and chronic pancreatitis to healthy controls.
M ethods Urine was obtained from healthy controls (HC, n=5), inpatients with mild acute pancreatitis (AP, n=5), and outpatients
with chronic pancreatitis (CP, n=5). Proton nuclear magnetic resonance spectra were obtained for each sample. Metabolites were
identified and quantified in each spectrum; resulting concentrations were normalized to account for differences in dilution among
samples. Kruskal-Wallis test, post-hoc Mann-Whitney U tests, and principal component analysis were performed to identify
metabolites that discriminate healthy controls, acute pancreatitis, and chronic pancreatitis. Results Sixty metabolites were identified
and quantified; five were found to differ significantly (P<0.05) among the three groups. Of these, citrate and adenosine remained
significant after validation by random permutation. Principal component analysis demonstrated that healthy control urine samples
can be differentiated from patients with chronic pancreatitis or acute pancreatitis; chronic pancreatitis patients could not be
distinguished from acute pancreatitis patients. Conclusions This metabolomic investigation demonstrates that this non-invasive
technique offers insight into the metabolic states of pancreatitis. Although the identified metabolites cannot conclusively be defined
as biomarkers of disease, future studies will validate our findings in larger patient cohorts.

INTRODUCTION Acute pancreatitis is the most common cause of
hospitalization for pancreatic disorders in the United
States and is associated with significant resource
utilization, morbidity and mortality. Recent national
survey data indicate increasing frequency of
hospitalizations (4.6 of every 1,000 hospital
admissions, greater than 200,000 admissions in the
U.S. annually) and costs ($2 billion in direct annual
costs) associated with acute pancreatitis in the United
States [1, 2]. Currently, diagnoses of acute pancreatitis
are made by standard laboratory testing and radiologic
imaging [3]. Severe cases may be associated with
complications such as organ failure, necrosis, and
death; approximately 2% of total acute pancreatitis
attacks are fatal.

Although the exact pathogenesis of chronic pancreatitis
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Diseases of the pancreas affect greater than 1 million
persons in the United States annually, resulting in
nearly $3 billion in direct and indirect medical costs.
The most prevalent disorder of the pancreas is
pancreatitis. This disease is characterized by
inflammation of the exocrine portion of the pancreas
that secretes digestive enzymes into the duodenum.
Pancreatitis can take two forms, acute and chronic.
Acute pancreatitis begins abruptly and either resolves
or worsens within several days. In contrast, chronic
pancreatitis is a chronic inflammatory disorder with a
protracted disease course developing and progressing
over several years.
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nutrition, and the development of pancreatic cancer.
The prevalence of chronic pancreatitis in industrialized
countries, although frequently misdiagnosed [7] or
neglected [8], is approximately 30 per 100,000
inhabitants [9, 10]. No specific therapy is available to
arrest the acute inflammatory response seen in acute
pancreatitis or to retard the progression of chronic
pancreatitis.

Metabolomics, the systematic, high-throughput
profiling of the host of metabolites in an organism, can
be used to characterize an organism’s metabolic
response to a pathophysiologic state [11]. Nuclear
magnetic resonance (NMR) spectroscopy-based
approaches are well-suited for high-throughput studies,
offering the ability to profile a wide range of
metabolites in a single spectrum with minimal sample
preparation [12, 13]. Such studies are commonly used
to identify biomarkers or sets of biomarkers of disease
[14, 15, 16].

The characterization of the metabolic response in
pancreatitis is a potentially useful strategy to determine
the effects of pancreatic injury in both chronic and
acute pancreatitis. Improved understanding of the
metabolic consequences of these diseases may yield
non-invasive diagnostic biomarkers and therapeutic
targets. To that end, we performed a pilot study to
determine if differences could be detected among
NMR-based urinary metabolic profiles of patients with
chronic pancreatitis, acute pancreatitis, and healthy
controls.

METHODS
Study Population

The study population comprised adult patients referred
to the Center for Pancreatic Disease at Brigham and
Women’s Hospital in Boston, MA, USA for evaluation
of abdominal pain, and healthy adult volunteers with
no pancreatic disease or risk factors for pancreatic
disease. Three cohorts were studied: inpatients with
mild acute pancreatitis (AP, n=5), outpatients with
chronic pancreatitis (CP, n=5), and healthy controls
(HC, n=5).

Urine Collection

Clean-catch urine was collected for all subjects.
Second void of the day urine was collected using the
clean-catch method for acute and chronic pancreatitis
patients. Healthy control and chronic pancreatitis
collections were done in the outpatient setting. Acute
pancreatitis samples were collected within 48 hours of
admission. All urine was promptly aliquoted and stored
at -80°C until analysis.

Urine Sample Processing

Urine samples were thawed at the time of preparation
for NMR analysis. One mL of thawed urine was mixed
with 0.5 mL of 0.2 M sodium phosphate buffer
prepared with D,O to control pH. The mixture was

placed on ice for 10 minutes and then centrifuged at
7,000 g for 10 minutes. A total of 500 PL of the
supernatant was withdrawn and combined with 50 pL
of the internal standard 3-(trimethylsilyl)propionic acid
(TSP, Sigma-Aldrich, St. Louis, MO, USA) to a
concentration of 1 mM [17]. The internal standard and
buffer were prepared with D,0 to provide a lock for the
NMR signal. The pH of the final solution was recorded
and the mixture was transferred to separate 5 mm NMR
tubes (Wilmad, LabGlass, Vineland, NJ, USA).

Nuclear Magnetic Resonance (NM R) Spectr oscopy

Proton NMR spectra were collected with a Bruker
Avance spectrometer with autosampler and 5 mm triple
resonance 1H/13C/15N TXI CryoProbe with Z-
gradient, running TopSpin v. 2.16 (Bruker BioSpin,
Fremont, CA, USA) at 700.13 MHz. A 1D NOESY
(nuclear Overhauser effect spectroscopy) pulse
sequence was used. The 90° pulse width was calibrated
for each sample, and was generally 12-13 ps. The
relaxation time was defined by each sample’s 90° pulse
width. The relaxation delay was 2 s, the acquisition
time was 3 s, the spectral width was 10 kHz, the total
number of data points collected was 63,000, and the
number of transients collected was 128, for a total
experiment time of 11 minutes and 17 seconds. During
the relaxation period, the water resonance was
presaturated. All spectra were collected at a
temperature of 298 °K. Line broadening at 0.5 Hz was
applied before fast Fourier transform (FFT);
autophasing and auto-baseline correction were applied
by TopSpin.

Chenomx software (Edmonton, AB, Canada) [18] was
used to identify and quantify a portion of the
metabolites present in each urine sample. Fine manual
phasing and baseline corrections and the software’s
Reference Deconvolution algorithm was applied to
each spectrum before targeted profiling of the
metabolites was performed. Sixty metabolites were fit
in each urine sample in this study, resulting in a profile
containing the concentration of each identified
metabolite in millimoles per liter (mM). The
metabolomic  profiles  containing the  urine
concentrations were then normalized using the
probabilistic quotient method [19, 20] to correct for
differences in dilution among samples.

ETHICS

Informed consent was given by all patients and healthy
controls enrolled in this study. This protocol was
approved by the Institutional Review Board at Brigham
and Women’s Hospital (BWH; IRB #2007-P-
002480/1). The study protocol conforms to the ethical
guidelines of the “World Medical Association (WMA)
Declaration of Helsinki - Ethical Principles for Medical
Research Involving Human Subjects” adopted by the
18™ WMA General Assembly, Helsinki, Finland, June
1964 and amended by the 59" WMA General
Assembly, Seoul, South Korea, October 2008.
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STATISTICS

Data are reported as mean and range or mean *
standard  deviation (SD).  Significant urinary
metabolites according to the three groups (acute
pancreatitis, chronic pancreatitis, healthy control) were
identified by Kruskal-Wallis test. Differences between
metabolite concentrations were assessed with post-hoc
Wilcoxon rank-sum tests with Bonferroni correction to
accommodate the small sample size. These results were

then validated with random permutations. All statistical
tests were done with R software (R Foundation for
Statistical Computing, http://cran.r-project.org/) [21]. R
software was also used to generate a principal
component analysis model with respect to patient
group, and to create boxplots of profiled metabolites
(Supplementary Figure).

To check for consistency, absolute metabolite
concentrations were normalized to creatinine and
compared to values reported in the Human

Table 1. Demographics for acute pancreatitis (AP) patients, chronic pancreatitis (CP) patients, and healthy controls (HC). Observed low peak HCO3
concentration values and Cambridge III imaging scores for chronic pancreatitis patients were consistent with advanced disease.

1D Gender  Race Age MANNHEIM Atlanta AP Ranson Imaging Etiology TIGAR-O CP
(years) CPdiagnosis  severity criteria classification

Acute pancreatitis

APl Female White 58 N/A Mild 2 Normal MRI Gallstone N/A

AP2  Male Black 42 N/A Mild 2 Balthazar C Alcohol N/A

AP3  Male White 44 N/A Mild 1 Balthazar C Obstructive N/A

AP4  Male Not 59 N/A Mild 2 Diffuse enlargement on Alcohol N/A
known abdominal US

AP5 Female Black 63 N/A Mild 2 Balthazar A Gallstone N/A

Chronic pancreatitis

CP1  Male White 66 Definite N/A N/A Cambridge IIT Alcohol, smoking Toxic-metabolic

CP2 Female White 52 Definite N/A N/A Cambridge 11T Alcohol, smoking, RAP Toxic-metabolic

CP3  Male White 77 Definite N/A N/A Cambridge 11T Alcohol, smoking Toxic-metabolic

CP4  Male White 42 Definite N/A N/A Cambridge 11T Alcohol, hyperlipidemia Toxic-metabolic

CP5 Female White 62 Definite N/A N/A Cambridge 11T Alcohol, smoking Toxic-metabolic

Healthy controls

HC1 Male White 24 N/A N/A N/A N/A N/A N/A

HC2 Male Asian 32 N/A N/A N/A N/A N/A N/A

HC3 Female White 34 N/A N/A N/A N/A N/A N/A

HC4 Female White 62 N/A N/A N/A N/A N/A N/A

HC5 Female White 33 N/A N/A N/A N/A N/A N/A

RAP: recurrent acute pancreatitis

Table 1. Continued.

1D Peak HCO3 Smoking status Smoking amount Alcohol consumption Alcohol amount

concentration (packslyear)

(mEg/L)

Acute pancr eatitis
APl N/A Current 20 Not known Not known
AP2 N/A Never 0 Current Moderate
AP3 N/A Past 17 Past Excessive
AP4 N/A Current >30 Current Excessive
AP5 N/A Current 67.5 Not known Not known
Chronic pancreatitis
CP1 39 Current 96 Current Increased
CP2 38 Current 10 Past Excessive
CP3 36 Past 25 Past Excessive
CP4 40 Never 0 Current Increased
CP5 37 Past >40 Past Excessive
Healthy controls
HC1 N/A N/A N/A N/A N/A
HC2 N/A N/A N/A N/A N/A
HC3 N/A N/A N/A N/A N/A
HC4 N/A N/A N/A N/A N/A
HC5 N/A N/A N/A N/A N/A
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Table 2. Comparison of select metabolite concentrations obtained from the HMDB (Human Metabolome Database) and from these experiments. For
the sake of comparison, absolute metabolite concentrations were normalized to creatinine concentrations. Values are reported as mean (range) with

units of umol/mmol creatinine.

Common urinary metabolites HMBD Acute Chronic Healthy
healthy reference® pancr eatitis pancreatitis controls
Adenosine 1.4 (0.9-2.3) 3.6 (1.3-5.3) 44 (3.1-6.4) 1.6 (0.31-3.9)
Alanine 21.8 (7.1-43.1) 20 (10-41) 15 (10-29) 19 (12-33)
Choline 3.5(1.4-6.1) 11 (3.6-19) 7.9 (2.5-18) 3.1(1.3-4.9)
Citrate 203 (49-600) 120 (6.6-260) 82 (10-250) 240 (130-340)
Formate 26.8 (6.0-120.9) 33 (8.1-63) 12 (2.2-24) 27 (15-49)
Hippurate 198 (26-718) 170 (39-320) 120 (14-250) 120 (59-205)
L actate 11.6 (3.5-29.3) 15 (13-22) 12 (7.7-16) 17 (11-28)
Quinolinate 5.2 (1.0-17.5) 6.4 (4.5:9.1) 5.2 (2.0-12) 7.7 (2.1-17)
Trigoneline 31.1(5.5-109.3) 16 (1.8-40) 27 (0.60-81) 29 (3.2-73)
Valine 5.5(2.7-9.8) 4.1 (2.1-6.1) 3.4(1.7-6.3) 3.8 (2.9-5.0)

* HMDB healthy reference values were obtained via NMR as reported by S. Bouatra et al. 2012 (The Human Urine Metabolome; manuscript in

preparation: http://www.hmdb.ca)

Metabolome Database (HMDB; http://www.hmdb.ca)
[22]. Values obtained herein were compared to those
also obtained by NMR as reported in HMDB entries
(S. Bouatra et al., 2012, The Human Urine

Metabolome; manuscript in preparation:
http://www.hmdb.ca).
RESULTS

Patient characteristics are listed in Table 1. All of the
patients with chronic pancreatitis had alcohol
consumption as a related factor and half of the patients
with acute pancreatitis had alcohol consumption as a
related factor. Peak HCO; concentrations were
obtained from i.v. secretin-stimulated endoscopic
pancreatic function tests (ePFT) [23]. Accepted normal
values are greater than 75 mEq/L [24]. The observed
low peak HCOj concentration values and Cambridge
Il imaging scores for chronic pancreatitis patients
were consistent with advanced disease.

Nuclear Magnetic Resonance (NMR) Spectroscopy
Identified Metabolites in the Urine of all Three
Cohorts

Sixty metabolites were identified and quantified in the
urine. Urea was subsequently omitted from the data set
because its protons are in exchange with water and the
signal is compromised by water suppression. Boxplots
of the remaining 59 metabolites and their averages and
standard deviations are reported in the Supplementary
Table and Figure. Concentrations of a subset of
metabolites identified here are compared with those
reported in the Human Metabolome Database in Table
2 and demonstrate that the results of this study are
comparable to known concentration ranges.

Of the 59 metabolites analyzed in this study, five were
found to differ significantly among the three groups by
Kruskal-Wallis test: acetone, adenosine, citrate, ribose,
and 3-indoxylsulfate. These five metabolites were then
subjected to pairwise Wilcoxon rank-sum tests with
Bonferroni correction in a post-hoc evaluation (Table
3). Validation by random permutation confirmed that
of these, only citrate and adenosine were significantly

different among the groups. Citrate and adenosine
concentrations in each of the groups are shown in
Figure 1. Urinary citrate concentrations in healthy
controls were greater than those in chronic pancreatitis
patients (P=0.019, validation by random permutation).
Conversely, urinary adenosine concentrations were
lower in healthy controls than in chronic pancreatitis
patients (P=0.026, validation by random permutation).

Principal Component Analysis Revealed Separation
Between Healthy Controlsand Pancreatitis Patients

Principal component analysis (PCA) was used to model
the metabolic profiles according to group (chronic
pancreatitis, acute pancreatitis, or healthy control). The
first three components collectively explain 41% of the
variance in the data (PCl1=16%, PC2=13%,
PC3=12%). Examination of the three-dimensional
scores plot (Figure 2) showed that the control urine
samples in green were generally separated from the
urine samples obtained from pancreatitis patients. PCA
demonstrated no  separation between chronic

Table 3. Significant urinary metabolites identified by Kruskal-Wallis
test according to group (AP: acute pancreatitis, CP: chronic
pancreatitis, HC: healthy control). Wilcoxon rank-sum tests with
Bonferroni correction are then applied to test these metabolites; those
with significant P values (P<0.05) are bolded. After the significant
Wilcoxon rank-sum test results are validated by random permutation,
only citrate and adenosine results are significant (P=0.019 and
P=0.026, respectively).

Significant metabolites?® Exact Comparison
P value® by group
Acetone 0.095 AP > CP
Acetone 0.024 AP>HC
Adenosine 0.048 CP>HC
Citrate 0.095 AP < HC
Citrate 0.048 CP<HC
Ribose 0.048 AP>HC
Ribose 0.095 CP > HC
3-Indoxylsulfate 0.095 AP < HC

* Identified by Kruskal-Wallis test
® Wilcoxon rank-sum test with Bonferroni correction
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Figure 1. Boxplots depict concentrations of two significant
metabolites identified after Wilcoxon rank-sum tests and validation
by random permutation. Data are reported in umol/L (normalized).
Citrate (left) concentration was significantly lower in chronic
pancreatitis (CP) patients compared to healthy controls (* P=0.019).
Adenosine (right) concentration was significantly higher in chronic
pancreatitis patients compared to healthy controls (** P=0.026). The
box covers the first (Q1) and third (Q3) quartile of the data. The line
in the box represents the median value. The whiskers extend to +1.5
interquartile range (IQR), where IQR=Q3-Q1. Outliers are shown as
points.

pancreatitis and acute pancreatitis urine samples. The
loadings plot (Figure 3) demonstrated the contribution
of each of the metabolites to the model; citrate and
adenosine are highlighted in blue. Though there is little
pattern in the distribution of the metabolites, it is clear

Figure 2. Principal component (PC) scores plot of urinary metabolic
profiles shows acute pancreatitis (AP: black), chronic pancreatitis
(CP: red), and healthy control (HC: green) urine samples in three
dimensions. Separation of the healthy control urine samples from
acute pancreatitis and chronic pancreatitis samples is observed. No
separation in acute pancreatitis and chronic pancreatitis urine
samples is observed.

that citrate and adenosine lie far from each other in the
loadings.

DISCUSSION

This pilot study demonstrates that the urinary
metabolome can be used to differentiate patients with
acute or chronic pancreatitis from healthy controls.
Although only two potential biomarkers were
identified, establishing the utility of this methodology
is important for future metabolomic studies of
pancreatic disease.

Of five identified metabolites that differed significantly
among groups by Kruskal-Wallis test, four remained
significant after evaluation by Wilcoxon rank-sum tests
with Bonferroni correction (acetone, adenosine, citrate,
ribose). Of these metabolites, only adenosine and
citrate survived validation by random permutation.
These two metabolites could reasonably be expected to
differ among pancreatitis patients and healthy controls.
Citrate is known to be a significant component of
pancreatic secretions [25]. Given that alcohol use or
abuse has been associated with a decrease in citrate in
pancreatic secretions [26], it is notable that most
patients in the chronic pancreatitis and acute
pancreatitis groups reported some form of regular
alcohol consumption (Table 1). The decreased urinary
citrate in the pancreatitis cohorts compared to healthy
subjects may be associated with decreased citrate in
pancreatic secretions due to alcohol metabolism. This
weakens citrate’s candidacy as a biomarker of
pancreatitis considerably, as the observed differences
are potentially confounded by alcohol consumption.
Still, future studies controlling for alcohol consumption
may support citrate as a urinary biomarker of
pancreatitis. Other etiologies of low urinary citrate
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Figure 3. Principal component (PC) loadings plot of urinary
metabolic profiles shows the influence of the metabolites on the
scores. It can be seen that citrate and adenosine (boxed) are well-
separated in the model.
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include metabolic acidosis, potassium depletion, and
acetazolamide [27, 28]. These conditions do not appear
to be relevant in the population studied here.

Adenosine may prove to be a better marker of pancreas
disease since it possesses known anti-inflammatory
properties [29]. However, adenosine as a marker of
inflammation is unlikely to be specific to pancreatitis
[30], thus limiting its utility as a biomarker if not
validated in further studies. While urinary adenosine
concentrations may vary with changes in extracellular
adenosine [31], variation in urinary adenosine
concentration is known to be low in humans, and is
unaffected by sodium content or changes in fluid
homeostasis [32]. This implies that renal handling of
adenosine does not further confound our results.

As suggested above, this study has several limitations,
which may be attributed to small sample size. We
attempted to minimize the effects of sample size on the
statistical analysis of the data by using Kruskal-Wallis
global test, followed by Wilcoxon rank-sum tests with
Bonferroni correction and validation by random
permutation. We also chose to use PCA, an
unsupervised multivariate analysis technique, instead
of a supervised technique. Supervised analyses such as
partial least squares discriminant analysis (PLS-DA)
are common in large metabolomics studies, but are
inappropriate for small studies such as this.
Additionally, we have not accounted for all
confounding variables. As discussed, citrate’s
relationship to alcohol consumption compromises its
usefulness as a biomarker of pancreatitis. Other factors
such as age, differences in liver function, and dietary
status likely exist among the patients providing
samples. Furthermore, the possibility of differences
among patient populations, etiology, and disease
severity inducing variations in metabolomes presents
an additional challenge. A larger study of the urine,
serum, and pancreas fluid metabolomes with well-
defined patient enrollment criteria, controlling for age,
disease severity, and etiology of pancreatitis will
account for confounding factors. This would result in a
higher proportion of variance explained in the PCA
model. A larger study with better-defined cohorts
would also allow for partial least squares discriminant
analysis modeling. We are currently performing a
larger metabolomics study of ERCP-induced
pancreatitis that will address many of these issues.

Our study demonstrates that metabolomics techniques
are capable of distinguishing urine samples obtained
from pancreatitis patients and from those obtained from
healthy controls. This is a novel, non-invasive
technique that can provide insight into the metabolic
states of patients with chronic and acute pancreatitis.
The significant increase in urinary adenosine and
decrease in urinary citrate among pancreatitis patients
compared to healthy controls may have reflected the
patients’ inflammatory state and alcohol consumption,
and as such, validation studies will have to be
performed. Although we cannot definitively conclude
that these metabolites are biomarkers of pancreatitis,

further analyses with larger cohorts will refine our
results and define their diagnostic utility. The
methodology described here presents a definitive
strategy upon which further analyses with larger
cohorts can be tested.
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Supplementary Table. Absolute (non-normalized) concentrations of 59 metabolites profiled by NMR in each urine sample for acute pancreatitis
patients, chronic pancreatitis patients, and healthy controls. Values are reported as mean+SD with units of umol/L. Boxplots of each metabolite (non-

normalized concentrations) are shown the Supplementary Figure.

. Acute Chronic Health . Acute Chronic Health
Metabolite pancreatitis  pancreatitis controli Metabolite pancreatitis pancreatitis controli
1,6.Anhydro D glucose 70+86 65+37 170+220 Kynurenine 84+141 89+37 24447
1-Methylnicotinamide 7.1£2.9 230+230 20+21 Lactate 32+15 69+39 66+54
2-Aminoadipate 150£120 450+340 140+47 Lactose 66+59 130£72 70+46
2-Methylglutarate 13+9.6 18+7.4 24413 Malonate 68+38 2904360 89+41
2-Oxoglutarate 34+24 95+70 58+49 Mannose 31432 23+17 8.9+7.9
3-Hydroxyisovalerate 8.1+4.1 21£10 1749.0 Methylguanidine 11£12 47+78 18£16
3-Indoxylsulfate 32+30 162+110 100£59 N,N Dimethylglycine 8.743.3 42+45 114£5.0
4-Aminohippurate 16+5.3 110£140 52455 N-Methylhydantoin 11+2.8 40£27 20+8.8
ADP 3.1x1.9 10+8.3 5.445.7 N-Phenylacetylglycine 100+49 3304240 140+69
Acetate 16£7.9 45424 29+15 O-Acetylcholine 23422 42450 24+16
Acetoacetate 24424 130+109 35+12 O-Phosphocholine 32424 43437 15+6.9
Acetone 84+100 32422 9.5+4.1 Phenylacetylglycine 83+80 400£330 98+82
Adenosine 7.3+4.5 28£19 4.843.6 Pyruvate 11+6.4 34425 14+£3.4
Alanine 35+£7.7 8668 68+46 Quinolinate 1511 28424 27425
Allantoin 39+26 67+31 3011 Ribose 230+220 440+£290 82+80
Betaine 30430 420650 26+18 Succinate 1011 4121 35426
Caffeine 31+18 6725 43+25 Taurine 230+200 380+260 120457
Choline 24422 45+33 11+5.9 Threonine 33+14 98+100 63+30
Citrate 180£110 430+630 910£620 Trigonelline 28+26 83+84 89+60
Creatine 51+39 170£88 89+69 Trimethylamine 2.5+1.7 12+48.7 4.62.4
Creatinine 2,200£1,260  6,100£3,800  3,500£1,600 Trimethylamine N-oxide 110+100 5204690 140110
Dimethylamine 100£75 220£74 120+48 Tryptophan 1547.1 41+34 22+19
Ethanolamine 7640 200+140 180130 Tyramine 21£15 72433 36+20
Formate 52431 5739 9667 Tyrosine 14+6.9 40£21 27+18
Fumarate 2.9+1.7 3.9+2.2 2.7£1.3 Valine 7.3£1.8 19+12 13+6.8
Glucose 8,200£16,820°  420+430 110+190 Xanthine 49+14 97+88 38422
Glycine 130+63 370+500 300£191 cis-Aconitate 80+58 200120 130£59
Hippurate 340290 5304480 410£270 pi.Methylhistidine 84436 440590 100+60
Hypoxanthine 9.2+6.8 97+181 14452 tau.Methylhistidine 56+43 120491 48+18
Inosine 10+7.5 25433 5.244.9

* One acute pancreatitis patient had a raw glucose of 38 mM. Without this value, mean glucose values for acute pancreatitis patents are 650+110

pmol/L.

JOP. Journal of the Pancreas - http://www.serena.unina.it/index.php/jop - Vol. 14 No. 2 — March 2013. [ISSN 1590-8577]

167



JOP. J Pancreas (Online) 2013 Mar 10; 14(2):161-170.

Supplementary Figure. Boxplots of absolute (non-normalized) concentrations of 59 profiled urinary metabolites. The box covers the first (Q1) and
third (Q3) quartile of the data. The line in the box represents the median value. The whiskers extend to +1.5 interquartile range (IQR), where
IOR=03-QL1. Outliers are shown as points. Concentration units are expressed in umol/L.
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