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Abstract
AIM: To investigate the pathophysiology of irritable 
bowel syndrome (IBS) by comparing the global mu-
cosal metabolic profiles of IBS patients with those of 
healthy controls.

METHODS: Fifteen IBS patients fulfilling the Rome 
Ⅱ criteria, and nine healthy volunteers were included 
in the study. A combined lipidomics (UPLC/MS) and 
metabolomics (GC × GC-TOF) approach was used to 
achieve global metabolic profiles of mucosal biopsies 
from the ascending colon. 

RESULTS: Overall, lipid levels were elevated in pa-

tients with IBS. The most significant upregulation was 
seen for pro-inflammatory lysophosphatidylcholines. 
Other lipid groups that were significantly upregulated 
in IBS patients were lipotoxic ceramides, glycosphin-
golipids, and di- and triacylglycerols. Among the me-
tabolites, the cyclic ester 2(3H)-furanone was almost 
14-fold upregulated in IBS patients compared to 
healthy subjects (P  = 0.03). 

CONCLUSION: IBS mucosa is characterised by a dis-
tinct pro-inflammatory and lipotoxic metabolic profile. 
Especially, there was an increase in several lipid spe-
cies such as lysophospholipids and ceramides.
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INTRODUCTION
Irritable bowel syndrome (IBS) is a functional bowel dis-
order characterised by abdominal pain or discomfort and 
an irregular bowel habit[1]. The prevalence is up to 20% 
in Western adults, which makes IBS the most common 
diagnosis in gastroenterology. The precise aetiology and 
pathophysiology of  IBS are incompletely understood, 
despite extensive interest and investigation. The current 
knowledge does, however, suggest that altered gut motil-
ity, visceral hyperalgesia, and dysregulation of  the brain-
gut axis are central to IBS.

IBS is diagnosed by the presence of  symptoms ac-
cording to the Rome criteria[2], with concomitant exclusion 
of  organic diseases; hence, there is no specific biological, 
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radiological, endoscopic, or physiological marker for IBS. 
Medical treatment options for IBS are limited, possibly 
due to the lack of  biomarkers and data about the patho-
physiology of  the condition. Different immune markers 
are among the most studied putative biomarkers in IBS. 
Increased mast cell counts, mast cells in close proximity to 
nerves, and mast cell mediators that are able to stimulate 
murine visceral sensory nerves appear to be characteristic 
of  IBS[3-6]. Elevated plasma levels of  pro-inflammatory in-
terleukin (IL)-6 and IL-8 have been observed in IBS[7], and 
peripheral blood mononuclear cells obtained from IBS pa-
tients produce higher amounts of  tumour necrosis factor 
(TNF)-α, IL-1β, IL-6 and IL-12 than cells from healthy 
controls[8,9]. Furthermore, an increased number of  immu-
nocytes have frequently been observed in mucosa from 
IBS patients[10,11]. In addition to immune markers, other 
markers, such as 5-hydroxytryptamine (5-HT, serotonin) 
and gut hormones, have also been associated with IBS. 
Decreased expression of  5-HT has been associated with 
constipation-predominant IBS[12]. Elevated plasma 5-HT 
concentrations have been observed in a mixed IBS popu-
lation[13] and in post-infectious IBS[14], while the opposite 
was demonstrated in constipation IBS[14]. Moreover, IBS 
patients have also been demonstrated to have decreased 
5-HT levels and turnover, and lower 5-HT transporter 
mRNA concentrations[14,15]. 

The recent technological development of  analytical 
instruments combined with rapid progress in bioinfor-
matics has opened novel opportunities to quickly and 
simultaneously measure and model huge numbers of  
molecular metabolites in biological samples[16,17]. This 
metabolomic approach is considered a powerful tool 
for characterising complex phenotypes and develop-
ing biological markers for specific physiological states. 
Thus, metabolomics provides an interesting platform to 
investigate the pathophysiology of  a complex syndrome 
like IBS at the molecular level. Studies on the molecu-
lar abnormalities in IBS are needed to understand the 
mechanisms behind the emergence of  symptoms, and to 
enable the development of  novel therapies. 

The aim of  the current study was to compare the 
global metabolic profiles of  mucosal biopsies from IBS 
patients with those from healthy subjects using a high-
throughput approach comprising lipidomics and me-
tabolomics.

MATERIALS AND METHODS
Subjects
Sixteen adult IBS patients fulfilling the Rome Ⅱ criteria[18] 
and without organic intestinal diseases were recruited 
to participate in the study. One statistical outlier IBS 
patient was left out of  the analyses after an initial quality 
check of  the results, and thus a total of  15 patients were 
analysed (Table 1). Nine healthy subjects (mean age 49 
years, SD 14; 4 male) without organic intestinal diseases 
or gastrointestinal symptoms consistent with IBS and 
undergoing colonoscopy for clinical reasons were recruited 
as controls. The healthy subjects were either polyp control 
patients having a minimum of  3 years since the previous 

polyp finding or anaemic patients. Inclusion criteria for 
all subjects were: an age between 20 and 65 years; normal 
blood count (erythrocytes, haemoglobin, haematocrit, 
MCV, MCH, MCHC, platelets, leukocytes); serum 
creatinine, alanine aminotransferase (ALT) and alkaline 
phosphatase (ALP) within reference values; and normal gut 
histology as evaluated by an experienced pathologist (PS). 
Subjects were excluded if  they had a history of  major or 
complicated gastrointestinal surgery, severe endometriosis, 
complicated abdominal adhesions, malignant tumours, 
were pregnant or lactating, or had received antimicro-
bials during the previous month. Patients with lactose 
intolerance were allowed to participate if  they followed a 
continuous low-lactose or lactose-free diet.

The Human Ethics Committee of  the Hospital 
District of  Pirkanmaa, Finland, approved the study proto-
col. All subjects provided written informed consent.

Sample collection and preparation
Mucosal biopsies (mean weight 5.2 mg/sample; SD 
1.5) from the ascending colon were obtained from each 
subject during colonoscopy after bowel cleansing. The 
samples were immediately frozen at -20℃, and stored at 
-70℃ until required for analysis. The samples for lipid-
omic analysis were weighed into Eppendorf  tubes, and 
10 µL of  0.9% sodium chloride and 10 µL of  an internal 
standard mixture (10 lipid compounds, 0.1 µg each) were 
added. The samples were extracted with 100 µL of  chlo-
roform:methanol (2:1; two min vortexing, one h extrac-
tion time) and centrifuged (7800 g, 3 min). Of  the lower 
organic phase, 60 µL aliquots were transferred into vial 
inserts and 10 µL of  a standard mixture containing three 
labelled lipid compounds was added. The internal stan-
dard mixture contained the following lipid compounds 
with heptadecanoic acid (C17:0) as the esterified fatty acid: 
D-erythro-Sphingosine-1-Phosphate (C17 Base, Avanti 
Polar Lipids, Alabaster, AL, USA), LysoPC (Avanti Polar 
Lipids), MG (17:0)[rac] (Larodan Fine Chemicals, Malmö, 
Sweden), PG (17:0/17:0)[rac] (Avanti Polar Lipids), Cer 
(d18:1/17:0) (Avanti Polar Lipids), PS (17:0/17:0) (Avanti 
Polar Lipids), PC (17:0/17:0) (Avanti Polar Lipids), PA 
(17:0/17:0) (Avanti Polar Lipids), PE (17:0/17:0) (Avanti 
Polar Lipids), DG (17:0/17:0)[rac] (Larodan Fine Chemi-
cals), and TG (17:0/17:0/17:0) (Larodan Fine Chemi-
cals). The labeled standard mixture consisted of  LysoPC 
(16:0-D3) (Larodan Fine Chemicals), PC (16:0/16:0-D6) 
(Larodan Fine Chemicals), and TG (16:0/16:0/16:0-13C3) 
(Larodan Fine Chemicals).
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Table 1  Sociodemographic and clinical characteristics of IBS 
patients (n = 15)  (mean ± SD)

Age (yr)    42 ± 16
Sex (n): F/M 11/4
BMI (kg/m2) 23.3 ± 5.0
Predominant bowel habit1: (n)
   Diarrhoea          2
   Constipation   3
   Alternating 10

 1According to the Rome Ⅱ criteria; BMI: Body mass index.



For water-soluble compounds, the samples were 
weighed into Eppendorf  tubes and 10℃ of  1000 ppm 
(mg/mL) labelled palmitic acid (16:0-16, 16, 16D3) 
was added as an internal standard. The samples were 
extracted with 500 µL methanol (two min vortexing,  
0.5 h extraction time) and centrifuged (7800 g, 3 min). 
The separated supernatants were evaporated to dry-
ness under nitrogen, and the residues were derivatised 
with 2% methoxyamine HCl in pyridine (MOX; 25 µL,  
90 min at 30℃) and N-Methyl-N-trimethylsilyltrifluoro-
acetamide (MSTFA; 50 µL, 30 min at 37℃). All samples 
were run in duplicate.

Analysis of lipids by UPLC/MS
Characterisation of  lipid molecular species in colonic 
mucosa was performed by a lipidomics strategy using ul-
tra performance liquid chromatography coupled to mass 
spectrometry (UPLC/MS, Waters Micromass Q-Tof  Pre-
mier). The column (50℃) was a Waters Acquity UPLC™  
BEH C18 (Waters Inc., Milford, MA, USA) 1 mm ×  
50 mm with 1.7 µm particles. The solvent system in-
cluded: (A) ultra pure water (1% 1 mol/L NH4Ac, 0.1% 
HCOOH) and (B) LC/MS grade acetonitrile:isopropanol 
(5:2, 1% 1 mol/L NH4Ac, 0.1% HCOOH). The gradi-
ent started from 65% A and 35% B, reached 100% B in  
6 min and remained there for the next 7 min. There was a 
5 min re-equilibration step before the next run. The flow 
rate was 0.200 mL/min and the injected amount 1.0 µL.  
Lipid profiling was carried out using ESI+ mode, and the 
data were collected at a mass range of  m/z 300-2000 with 
a scan duration of  0.08 s. 

Lipids were identified using an internal spectral library 
or with tandem mass spectrometry. The normalisation of  
lipidomics data was performed as follows: all monoacyl 
lipids, except cholesterol esters (such as monoacylglycerols 
and monoacylglycerophospholipids), were calibrated with 
lysophosphatidylcholine lysoPC (17:0) internal standard; 
all diacyl lipids, except ethanolamine phospholipids, 
were normalised with phosphatidylcholine PC (17:0); 
the diacyl ethanolamine phospholipids were calibrated 
with phosphatidylethanolamine PE (17:0); and the 
triacylglycerols and cholesterol esters were calibrated with 
triacylglycerol TG (17:0). Other molecular species were 
normalised by lysoPC (17:0) for retention time < 310 s, PC 
(17:0) for retention time between 310 and 450 s, and TG 
(17:0) for higher retention times. Data was processed using 
the MZmine software, version 0.60[19], and metabolites 
were identified using an internal spectral library or with 
tandem mass spectrometry (UPLC/MS/MS).

Analysis of water-soluble metabolites by GC × GC-TOF
A broad screening of  water-soluble metabolites was 
conducted by a comprehensive two-dimensional gas 
chromatography coupled to a high speed time-of-flight 
mass spectrometry (GC × GC-TOF)[20]. The instrument 
used was a Leco Pegasus 4D GC × GC-TOF with 
Agilent 6890N GC from Agilent Technologies, USA 
and CombiPAL autosampler from CTC Analytics AG, 
Switzerland. Modulator, secondary oven, and time-of  flight 
mass spectrometer were from Leco Inc., USA. The GC 

was operated in split mode (1:20) using helium as carrier 
gas at 1.5 mL/min constant flow. The first GC column was 
a relatively non-polar RTX-5 column, 10 m × 0.18 mm × 
0.20 µm, and the second was a polar BPX-50, 1.10 m × 
0.10 mm × 0.10 µm. The temperature programme was as 
follows: initial 50℃, 1 min -> 280℃, 7℃/min, one min. 
The secondary oven was set to +30℃ above the primary 
oven temperature. The second dimension separation time 
was set to 3 s. The mass range used was 40 to 600 amu and 
the data collection speed was 100 spectra/s. A commercial 
mass spectral library, Palisade Complete 600K, was used 
for identifying metabolites.

Statistical analysis
Partial least squares discriminant analysis (PLS/DA) 
was utilized as a supervised modelling method using 
the SIMPLS algorithm to calculate the model. The 
contiguous-blocks cross-validation method and Q2 
scores were used to develop the models. Top loadings 
for latent variables associated with drug-specific effects 
were reported. The VIP (variable importance in the 
projection) values were calculated to identify the most 
important molecular species for clustering of  specific 
groups. Multivariate analyses were performed using 
Matlab, version 7.2 (Mathworks Inc., Natick, MA, USA), 
and the PLS Toolbox, version 4.0, for the Matlab package 
(Eigenvector Research Inc., Wenatchee, WA, USA). One 
statistical outlier IBS patient was left out of  the analyses 
after an initial quality check of  the results. Univariate 
comparisons for individual metabolites between the 
groups were performed using the Wilcoxon rank-sum test. 
A P value < 0.05 was considered statistically significant. 
To account for multiple comparisons, the False Discovery 
Rate (FDR) Q-value is also reported[21]. 

RESULTS
Lipidomic analysis
By applying UPLC/MS, a total of  651 lipid peaks 
were found, and 75 of  them were identified using 
the internal spectral library, as described by Yetukuri  
et al[22], or with tandem mass spectrometry using UPLC/
MS/MS. PLS/DA analysis of  lipidomic data revealed 
significant differences in the mucosal lipid profiles of  IBS 
patients and healthy controls. Overall, lipid species were 
upregulated in biopsies from IBS patients compared to 
those from healthy subjects. The 20 lipids with the largest 
differences between the groups by fold change appear in 
Table 2. A significant upregulation in the concentrations 
of  typical cell membrane metabolites, lysophospholipids, 
in IBS patients was the most obvious finding (Figure 1A). 
Other lipid groups with a significant contribution to the 
distinction between IBS patients and healthy controls 
were ceramides (Figure 1B), glycosphingolipids, and di- 
and triacylglycerols. All of  these showed upregulation in 
the IBS group. 

Metabolomic analysis
Broad metabolite screening by GC × GC-TOF resulted in 
several hundred mucosal metabolites, of  which 107 were 
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identified and kept in analyses. Based on PLS/DA analysis, 
a clear distinction between IBS cases and controls was 
obtained (Figure 2). Both upregulation and downregulation 
of  metabolites were observed in IBS patients vs controls. 
The top ranked metabolites contributing to the distinction 
between the groups appear in Table 3. 

The metabolite contributing most to the distinction 
was 2(3H)-furanone, a cyclic ester commonly produced in 
biochemical pathways, which was almost 14-fold upregu-
lated in IBS patients compared to healthy subjects (P = 
0.03). The fold changes for other top ranked metabolites 
were clearly lower (a 3.7 to -2.7 fold change). Other basic 
metabolites frequently found in biochemical pathways, 
such as the second messenger, D-ribose, were also among 
the major factors contributing to the distinction between 
cases and controls. Organic, carboxylic acids were found 
to be both slightly downregulated (dodecanoic, azelaic, 

and adipic acid) as well as slightly upregulated (decanoic 
acid) in IBS patients compared to healthy controls. 

DISCUSSION
Data on the molecular abnormalities in IBS are urgently 

www.wjgnet.com

Table 2  The 15 lipids with the largest and most significant 
differences between patients and controls

Lipid name Fold (IBS/healthy 
control)

P  value1 FDR Q value

Cer (d18:1/24:1) 1.3 0.001 0.022
Cer (d18:1/24:2) 1.4 0.00004 0.0018
DG (36:2) 1.9 0.000001 0.0003
GlycoSL (m/z = 1199.805) 1.9 0.001 0.018
GlycoSL (m/z = 1195.851) 2.0 0.0003 0.0069
lysoPC (16:0) 2.1 0.00006 0.0020
lysoPC (18:0) 1.9 0.0002 0.0049
lysoPC (18:1) 2.8 0.00002 0.0013
lysoPE (18:1e) 2.4 0.00002 0.0013
7TG (46:5) 1.4 0.04 0.19
TG (48:5) 1.6 0.03 0.17
TG (48:6) 1.7 0.03 0.18
TG (49:3) 2.1 0.009 0.089
TG (51:4) 1.6 0.04 0.19
TG (51:5) 1.8 0.02 0.12

1Wilcoxon rank sum test. Cer: Ceramide; DG: Diacylglycerol; GlycoSL: 
Glycosphingolipid; lysoPC: Lysophosphatidylcholine; lysoPE: Lysopho-
sphatidylethanolamine; TG: Triacylglycerol.

Table 3  Major water soluble metabolites contributing to 
differentiation between patients and controls1

Metabolite Fold (IBS/healthy 
control)

P  value2 FDR Q value

2(3H)-furanone 13.7 0.03 0.25
Ribitol   3.6 NS 0.25
Heptan   2.9 0.02 0.25
L-Mannose   2.8 NS 0.25
Creatinine   1.7 0.04 0.25
Dodecane   1.5 NS 0.29
Decanoic acid   1.3 NS 0.52
Dodecanoic acid  -1.5 NS 0.25
n-Butylamine  -1.5 0.01 0.25
D-ribose  -1.5 NS 0.25
Glucopyranose  -1.6 NS 0.29
Azelaic acid  -1.8 0.02 0.25
Adipic acid  -2.7     0.0008 0.05

1Separation is based on a variable importance projection (VIP) analysis 
with a cut-off value of 2; 2Wilcoxon rank sum test. NS: Not significant.
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Figure 1  The concentrations (mean ± SE) of selected lysophospholipids in 
mucosal biopsies from irritable bowel syndrome (IBS) patients (n = 15) and 
healthy controls (n = 9) as measured by UPLC/MS. (A) Patients and controls 
differ significantly from each other for all presented lysophospholipids, as well as 
for (B) diacylglycerol and ceramides. LysoPE: Lysophosphatidylethanolamine; 
LysoPC: Lysophosphatidylcholine. P values are based on Wilcoxon rank sum test 
with bP < 0.01 and dP < 0.001.
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required, as the pathophysiology of  the condition is 
largely unknown and current therapies are therefore 
also limited. In this study, the differences between 
colonic mucosa from IBS patients and healthy controls 
were investigated by employing two high-throughput 
metabolomic platforms, UPLC/MS based lipidomics 
and GC × GC-TOF based metabolomics. Data indicated 
multiple differences between IBS mucosa and healthy 
mucosa, including an increase in the IBS group of  several 
lipid species, such as lysophospholipids and ceramides.

The present study is the first to utilise a metabolomic 
approach to investigate molecular differences between 
IBS patients and healthy controls. Metabolomics can 
be seen as an optimal tool for studying diseases with 
unknown or complex pathophysiology, as a global study 
of  the metabolome is a non-targeted approach that 
requires no preselection of  markers, in contrast to the 
traditional way of  limiting the analysis to a predefined 
set of  known compounds[23]. Recently, metabolomics has 
been utilised in the investigation of  multiple diseases, e.g. 
inflammatory bowel disease[24], obesity[25], and cancer[26].

In the present study, lipids - particularly lysophosph-
atidylcholines (lysoPCs) and ceramides - were the most 
upregulated molecules in IBS patients. Mounting data 
suggest that certain lipids, including phospholipid 
derivatives and ceramides, play a role in modulating 
and enhancing pain sensitivity[27,28], which could be one 
explanation for their involvement in IBS pathophy-
siology. LysoPCs have not previously been associated 
with IBS, but studies indicate elevated levels of  lysoPCs 
or phospholipase A2, an enzyme involved in lysoPC 
formation, in inflammatory bowel disease (IBD)[29,30]. A 
high lysoPC concentration has been suggested to impair 
mucosal barrier function and increase gastrointestinal 
permeabil ity in vivo and in vi tr o [31-34]. The role of  
permeability defects in IBS is not fully elucidated, but 
a recent review by Camilleri and Gorman concludes 
that there appears to be at least one IBS subgroup with 
increased gut permeability[35]. Interestingly, lysoPCs 
have also been associated with vascular inflammation, 
endothelial dysfunction, and coronary atherosclerosis[36], 
implying that lysoPCs might also play a role in the subtle 
type of  mucosal inflammation present in IBS.

Lipids of  the ceramide/sphingomyelin pathway 
are another lipid type that we observed to be altered 
in IBS. Previous studies indicate that ceramides might 
be involved in the pathology of  IBD[37,38], whereas no 
reports on ceramides in IBS are available. Ceramides 
have, however, been shown to be toxic in several cell 
types. Current data reveal a possible role for ceramides 
in the damage of  cells and tissues, and ultimately in 
the development of  chronic metabolic diseases, such 
as diabetes and cardiovascular disease[39]. The toxic 
effects of  ceramides might be partly mediated via the 
production of  reactive oxygen species in cells[40]. It has 
been proposed that, similar to lysophosphatidylcholines, 
epithelial oxidative stress might also contribute to gut 
barrier dysfunction[41]. Our results thus suggest that the 
molecular mechanism behind increased permeability 
could, to some extent, be similar in IBS and IBD.

Based on a global analysis of  water-soluble metabolites, 
IBS cases and healthy controls were rather well separated 
into two distinct groups. The physiological relevance 
of  the main molecules contributing to the separation is, 
on the other hand, less evident than in the case of  lipid 
species. Differences were seen in basic metabolites, such 
as 2(3H)-furanone (also known as lactone) and D-ribose, 
both of  which are produced in common biochemical 
pathways in cells. A recent study investigating a Trichinella 
spiralis infected mouse model of  post-infectious IBS 
and utilizing metabolomics, demonstrated an increase in 
molecules involved in energy metabolism (lactate, citrate, 
and alanine) in the IBS group[42]. The authors suggest that 
this might reflect a muscular hypercontractility possibly 
present in IBS, though it should be underlined that this 
was an experimental model. Concerning organic acids, our 
results are in line with the study by Martin et al[42], in that 
we found that organic acids contributed to the separation 
between cases and controls. Specifically, we did observe 
increased concentrations of  alanine in the IBS group, 
but the difference between IBS and control groups was 
not significant (fold = 1.3, P = 0.14). Organic acids are 
known to be produced by the intestinal microbiota, and 
a disruption in the acid profile could reflect a possible 
deviance in microbiota previously reported in IBS[43,44]. In 
further support of  findings by Martin et al[42], we detected 
elevated levels of  creatinine in the IBS group. Creatine 
and creatinine are tightly interlinked with the energy 
metabolism in smooth muscle, and a raised creatinine 
concentration might be a sign of  increased energy 
consumption and muscle contractility[45]. 

The field of  metabolomics is evolving rapidly, and 
it is already considered a sensitive analytical tool for 
investigating the health-disease continuum[17]. Like any 
method, however, it has its own limitations. As large 
numbers of  metabolites are included in the studies, 
caution is necessary in the interpretation of  results[16]. 
The relevance of  a single identified biomarker might 
not be high, but it could be that systematic up- or down-
regulation in specific groups of  molecules (such as certain 
lipids in the current study) indicates a biologically relevant 
metabolite type. Another drawback of  metabolomics is 
that a large proportion of  spectral peaks are still unknown, 
and consequently more effort has to be placed on the 
compilation of  standardised metabolite libraries[16,23]. 
Considering the current study setting, one obvious 
weakness is the small number of  subjects. On the other 
hand, it is highly encouraging to see that IBS patients and 
healthy controls were fairly well differentiated, even with 
this limited sample size. Moreover, it would have been 
interesting to investigate whether differences between IBS 
and healthy subjects could also be observed in metabolic 
profiles from non-invasive tissues, such as faecal material 
or blood, as these are more easily obtained in clinical 
settings.

Taken together, our results suggest significant 
differences in the global mucosal metabolic profile 
between IBS patients and healthy controls. The current 
study is the first to attempt to identify colonic mucosal 
metabolites typical for IBS using a high-throughput 
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metabolomic approach. In this study, IBS was particularly 
characterised by an upregulation of  specific lipid groups, 
such as lysophosphatidylcholines and ceramides. These 
lipid species have been associated with the modulation 
of  pain sensitivity and gut permeability, and our data 
thus indicate that these molecules might be involved 
in the pathophysiology of  visceral pain and gut barrier 
dysfunction associated with IBS.
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COMMENTS
Background
Irritable bowel syndrome (IBS) is the most common diagnosis in gastroenterol-
ogy. The syndrome is classified as functional, and no biological marker exists 
for IBS. The precise aetiology and pathophysiology is not fully known, and this 
might partly explain why pharmacotherapy is considered rather ineffective. 
Research frontiers 
More data on the molecular abnormalities in IBS are required to better under-
stand the mechanism behind the emergence of symptoms, and to be able to 
treat the patients in a safe and efficient way.
Innovations and breakthroughs
This study characterises the differences between colonic mucosa from IBS 
patients and healthy controls using two high-throughput metabolomic platforms, 
UPLC/MS based lipidomics and GC × GC-TOF based metabolomics. Me-
tabolomics is a useful tool for investigating diseases with complex or unknown 
backgrounds, because it is possible to simultaneously measure and model a 
huge number of metabolites. Data indicated multiple differences between IBS 
mucosa and healthy mucosa, thus providing novel information about the patho-
physiology of IBS. An increase in the IBS group of several lipid species, such 
as lysophospholipids and ceramides, was the major difference observed.
Applications
By better understanding the mucosal abnormalities behind IBS, it might be pos-
sible to improve the diagnosis and therapy of patients.
Peer review
This article is surely innovative, not only in the hypothesis, but also in the 
methodology. This could be a hot article if could be popularized appropriately. 
A review of the current literature indicates that the present article is a pioneer in 
its field.
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