
Carsten Gnewuch, Gerhard Liebisch, Thomas Langmann, 
Gerd Schmitz, Institute of Clinical Chemistry and Laboratory 
Medicine, Regensburg University Medical Center, Regensburg 
93053, Germany
Thomas Langmann, Institute of Human Genetics, University 
of Regensburg, Regensburg 93053, Germany
Benjamin Dieplinger, Thomas Mueller, Meinhard Haltmayer, 
Department of Laboratory Medicine, Konventhospital 
Barmherzige Brueder Linz, Linz 4010, Austria
Hans Dieplinger, Division of Genetic Epidemiology, Department 
of Medical Genetics, Clinical and Molecular Pharmacology, 
Innsbruck Medical University, Innsbruck 6020, Austria
Alexandra Zahn, Wolfgang Stremmel, Department of Gastro
enterology, University Hospital Heidelberg, Heidelberg 69120, 
Germany
Gerhard Rogler, Department of Internal Medicine I, Regensburg 
University Medical Center, Regensburg 93053, Germany
Author contributions: Gnewuch C, Langmann T and Rogler 
G contributed equally to this work by interpreting the results 
and writing the manuscript; Gnewuch C and Liebisch G 
contributed development of analytical methods and bile acid 
quantification; Gnewuch C performed bile acid and statistical 
analysis; Dieplinger B, Mueller T, Haltmayer M, Dieplinger H, 
Zahn A, Stremmel W and Rogler G contributed study material 
and patient data; Schmitz G initiated, conceived the study and 
organized funding.
Supported by A grant from the Deutsche Forschungs
gemeinschaft (SFB585A1/A4), the Stiftung für Pathobio
chemie und Molekulare Diagnostik (TL), the Dietmar Hopp 
Foundation, the EU FP 6 funded SSA “ELIfe” project (The Eu
ropean Lipidomics Initiative; Shaping the life sciences; proposal 
number 013032), and the EU FP 7 funded project “Lipidomic
Net” (lipid droplets as dynamic organelles of fat deposition and 
release: translational research towards human disease; proposal 
number 202272)
Correspondence to: Gerd Schmitz, MD, Institute of Clinical 
Chemistry and Laboratory Medicine, Regensburg University 
Medical Center, FranzJosefStraussAllee 11, Regensburg 
93053, Germany. gerd.schmitz@klinik.uniregensburg.de
Telephone: +499419446201  Fax: +499419446202
Received: January 29, 2009    Revised: May 20, 2009
Accepted: May 27, 2009
Published online: July 7, 2009 

Abstract
AIM: To determine free and conjugated serum bile 

acid (BA) levels in inflammatory bowel disease (IBD) 
subgroups with defined clinical manifestations.

METHODS: Comprehensive serum BA profiling was 
performed in 358 IBD patients and 310 healthy con-
trols by liquid chromatography coupled to electrospray 
ionization tandem mass spectrometry.

RESULTS: Serum levels of hyodeoxycholic acid, the 
CYP3A4-mediated detoxification product of the second-
ary BA lithocholic acid (LCA), was increased significantly 
in Crohn’s disease (CD) and ulcerative colitis (UC), while 
most other serum BA species were decreased signifi-
cantly. Total BA, total BA conjugate, and total BA glyco-
conjugate levels were decreased only in CD, whereas 
total unconjugated BA levels were decreased only in 
UC. In UC patients with hepatobiliary manifestations, 
the conjugated primary BAs glycocholic acid, taurocholic 
acid, and glycochenodeoxycholic acid were as signifi-
cantly increased as the secondary BAs LCA, ursodeoxy-
cholic acid, and tauroursodeoxycholic acid compared 
to UC patients without hepatobiliary manifestations. 
Finally, we found that in ileocecal resected CD patients, 
the unconjugated primary BAs, cholic acid and chenode-
oxycholic acid, were increased significantly compared to 
controls and patients without surgical interventions.

CONCLUSION: Serum BA profiling in IBD patients 
that indicates impaired intestinal barrier function and 
increased detoxification is suitable for advanced diag-
nostic characterization and differentiation of IBD sub-
groups with defined clinical manifestations.
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INTRODUCTION
The pathophysiology of  inflammatory bowel disease 
(IBD), Crohn’s disease (CD) and ulcerative colitis 
(UC) is not yet completely understood. In recent years, 
it has become obvious that genetic, immunological, 
environmental and microbial factors contribute to 
the etiology of  IBD[1-5]. The concept of  multilevel 
dysfunction of  the intestinal detoxification system is 
accepted as an important aspect of  the pathophysiology 
of  IBD[6]. Intestinal epithelial cells are of  major 
importance as a physiological barrier against components 
of  the intestinal lumen such as bacteria, nutrients 
and toxins. Protective mechanisms that maintain 
intestinal barrier function include detoxification and 
biotransformation of  luminal substances, as well as the 
control of  junctional proteins in cell-cell contacts. These 
processes are influenced by lipids and the availability of  
adequate cellular lipid processing[7]. 

Bile acids (BAs) are involved in these processes. 
First of  all, intestinal reabsorption is a critical step 
in enterohepatic circulation (EHC) of  BAs[8]. Once 
synthesized in the liver and secreted via the bile duct 
into the duodenum, BAs are effectively absorbed in 
the distal ileum and transported back to the liver via 
the portal vein, which contributes to the pool of  BAs 
in the blood[9,10]. Absorption in the distal ileum may 
be hampered in CD by terminal ileitis or by ileocecal 
resection, which tends towards decreased fasting and 
slightly increased postprandial blood BA levels[11-15]. 
There have also been indications of  abnormal blood BA 
levels in UC[16,17]. Furthermore, EHC and enterohepatic 
detoxification of  BAs depend on a carefully adjusted 
regulatory network of  BA-binding transcription factors, 
including farnesoid X receptor (FXR) and pregnane X 
receptor (PXR)[9,18]. For instance, like ursodeoxycholic 
acid (UDCA), the endogenous toxic lithocholic acid 
(LCA) belongs to a group of  potent PXR agonists[19-21] 
that comprises steroid hormones, vitamins and 
β-carotene[22]. Several detoxification genes and ATP-
binding cassette transporters are down-regulated in 
intestinal cells of  IBD patients[23], and PXR as a major 
transcriptional regulator of  these detoxification genes 
is decreased in UC patients[23]. Finally, despite their 
potential toxic activities, BAs can also confer gut mucosal 
protection against bacteria and other cell damaging 
constituents of  the gut lumen by two mechanisms[10]. In 
the proximal small intestine, BAs inhibit bacterial growth 
directly via their pharmacological properties, whereas in 
the distal small intestine, BAs mediate their antimicrobial 
effect indirectly via activation of  FXR[24,25]. For instance, 
binding of  chenodeoxycholic acid (CDCA) to FXR and 

subsequent activation of  the receptor is followed by up-
regulation of  genes that are involved in the prevention 
of  bacterial overgrowth and promotion of  epithelial 
integrity[26].

In the present multicenter study, serum BA profiling 
was performed retrospectively in 358 IBD patients and in 
310 age-matched healthy controls to assess the influence 
of  different IBD phenotypes with various clinical 
manifestations on BA composition. The results further 
elucidate the intestinal contribution to BA homeostasis 
and detoxification, which is much less understood 
compared to corresponding processes in the liver[24,27].

MATERIALS AND METHODS
Patients and specimens
Blood samples of  IBD patients and healthy volunteers 
were from the University Hospitals of  Regensburg 
and Heidelberg (Germany), the Konventhospital 
Barmherzige Brueder Linz (Austria), and the Innsbruck 
Medical University (Austria). Informed consent was 
obtained from all patients, and the study was approved 
by the respective ethics committees. Samples of  the 
Regensburg patients were from the serum bank of  the 
German IBD network of  excellence (“Kompetenznetz 
CED”). Blood samples were collected irrespective of  
the individual diet. For BA analysis, sera and clinical data 
were obtained from 197 CD patients (62% females; aged 
16-84 years, mean age, 40 years; 46 with active disease, 
43 with chronic active disease, 108 in remission) and 161 
UC patients (63% females; aged 17-90 years, mean age, 
40 years; 42 with active disease, 40 with chronic active 
disease, 79 in remission). The diagnosis was based on 
clinical, radiological and pathological criteria according 
to the guidelines of  the German Gastroenterological 
Association (DGVS). CD patients were subgrouped 
according to the Vienna Classification with respect to 
disease behavior and localization. A CD activity index 
(CDAI) > 150 was regarded as “active CD”, duration 
of  CDAI > 150 for > 3 mo as “chronic active CD”, 
and CDAI < 150 as “CD in remission”. UC patients 
were classified according to the Truelove-Witts index: 
A Truelove-Witts index > 6 was regarded as “active 
UC”, a Truelove-Witts index > 6 for > 3 mo as “chronic 
active UC”, and a Truelove-Witts index < 6 as “UC in 
remission”. Sera from 310 healthy blood donors (60% 
females; aged 19-66 years, mean age, 40 years) served as 
controls. All samples were stored frozen at -20℃ until 
analysis.

Materials for BA analysis
Cholic acid (CA), CDCA, deoxycholic acid (DCA), 
LCA, UDCA, hyodeoxycholic acid (HDCA), glycochol-
ic acid (GCA), glycochenodeoxycholic acid (GCDCA), 
glycodeoxycholic acid (GDCA), glycolithocholic acid 
(GLCA), glycoursodeoxycholic acid (GUDCA), glyco-
hyodeoxycholic acid (GHDCA), taurocholic acid (TCA), 
taurochenodeoxycholic acid (TCDCA), taurodeoxycho-
lic acid (TDCA), taurolithocholic acid (TLCA), taurour-
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sodeoxycholic acid (TUDCA), taurohyodeoxycholic acid 
(THDCA) standard substances, as well as deuterated 
BA internal standard (IS) substances (D4-CA, -CDCA, 
-DCA, -LCA, -UDCA, -GCA, -GCDCA) were pur-
chased from Sigma-Aldrich Chemie GmbH (Taufkirch-
en, Germany), Steraloids Inc. (Newport, RI, USA), 
Campro Scientific GmbH (Berlin, Germany), Larodan 
Fine Chemicals AB (Malmø, Sweden), and were at least 
of  95% purity. Ammonium acetate (98%), hydrochloric 
acid (p.a.), as well as HPLC grade methanol and acetoni-
trile were purchased from VWR Int. GmbH (Darmstadt, 
Germany). Ultra pure water (18.2 MΩcm) was obtained 
from a Milli-Q Plus system (Millipore GmbH, Schwal-
bach, Germany).

BA extraction
For serum BA extraction, the method of  Tagliacozzi  
et al[28] was applied with some modifications. Twenty-five 
microliters of  a mixed IS BA solution (6-140 μmol/L in 
methanol) was pipetted into a 1.5-mL reaction tube and 
vacuum-evaporated. Two hundred and fifty microliters 
serum and 30 μL 1 mol/L hydrochloric acid were added 
(pH < 1), and the mixture was shaken for 1 min. After 
addition of  1 mL acetonitrile, the mixture was shaken 
for 2 min and centrifuged at 14 000 g for 15 min. The 
acetonitrile supernatant was transferred to a new reaction 
tube and vacuum-evaporated. The residue was dissolved 
in 250 μL methanol/water 1:1 (v/v) that contained  
10 mmol/L ammonium acetate by shaking and sonication, 
and centrifuged at 14 000 g for 5 min. Ten microliters of  
the clear methanolic supernatant was used for analysis. 
Calibration samples were prepared by spiking pooled 
control serum with 0, 25, 50, 75 and 100 μL of  a 
combined BA standard solution that contained appropriate 
amounts of  each BA (0.5-70.5 μmol/L).

Liquid chromatography coupled to electrospray 
ionization tandem mass spectrometry (LC-ESI-MS/MS) 
determination of BAs
BAs were analyzed by LC-ESI-MS/MS using the 
following instrumentation. An HTS PAL autosampler 
(CTC Analytics AG, Zwingen, Switzerland), an Agilent 
1100 series binary HPLC pump (Agilent Technologies 
Sales & Ser vices GmbH & Co KG, Waldbronn, 
Germany) combined with a Micromass Quattro Ultima 
tandem MS (Waters GmbH, Eschborn, Germany) 
operated in negative-ion mode. BA separation was 
performed on a Symmetry C18 reversed-phase HPLC 
column (50 mm × 2.1 mm, 3.5 μm particle size; Waters 
GmbH) by gradient elution at a flow rate of  0.3 mL/min.  
The 25-min elution cycle consisted of  a stepwise linear 
change from 90% solvent A (methanol/water 1:1, v/v,  
10 mmol/L ammonium acetate) + 10% solvent B 
(methanol, 10 mmol/L ammonium acetate) to 100% 
B; in detail: 0-6 min A/B = 90/10; 6-12 min A/B = 
72/28; 12-16 min A/B = 60/40; 16-22 min A/B = 
0/100; 22-25 min A/B = 90/10. The mass spectrometer 
was operated in multiple-reaction monitoring (MRM) 
with a cone voltage of  80 V and a collision gas pressure 

of  250 kPa argon. Unconjugated BAs were detected 
unfragmented using a collision energy of  10 eV. Glycine- 
and taurine-conjugated BAs were analyzed by their 
specific product ions at m/z 74 and 80 using collision 
energies of  35 and 85 eV, respectively. In detail, the 
retention times and MRM transitions were as follows: 
TCA (6.0 min, 514→80), TUDCA (4.0 min, 498→80), 
THDCA (4.8 min, 498→80), TCDCA (9.3 min, 498→
80), TDCA (10.2 min, 498→80), TLCA (13.7 min, 482
→80), GCA (6.2 min, 464→74), GUDCA (4.1 min, 448
→74), GHDCA (4.9 min, 448→74), GCDCA (9.5 min, 
448→74), GDCA (10.4 min, 448→74), GLCA (13.9 min, 
432→74), CA (7.1 min, 407→407), UDCA (5.1 min, 391
→391), HDCA (6.0 min, 391→391), CDCA (11.0 min, 
391→391), DCA (11.8 min, 391→391), LCA (14.8 min, 
375→375). Quantification was performed by peak ratios 
of  BA peak areas and corresponding IS peak areas. BAs 
without identical deuterated ISs were related to the IS 
with the nearest retention time, as well as the similar 
MRM transition.

Statistical analysis
The significance of  differences in BA concentrations 
was determined between cohorts with n ≥ 10 by Mann-
Whitney U test for non-normally distributed data using 
SPSS for Windows version 14.0 (SPSS Inc., Chicago, 
IL, USA). A two-sided P value < 0.05 was considered 
statistically significant.

RESULTS
Differentiation of CD, UC and controls by characteristic 
BA profiles
Based on previous findings on BA metabolism in IBD 
and our earlier results on dysregulation of  xenobiotic nu-
clear receptors including PXR in IBD[23], serum BA lev-
els and composition were determined in the two major 
IBD phenotypes, CD and UC, and in healthy controls. 
The most significant differences in serum BA concentra-
tions were found in comparison to controls. BA con-
centrations were decreased predominantly in both IBD 
subgroups, CD and UC (Tables 1-3). Considering indi-
vidual BA species, as in CD, most BAs were decreased 
significantly in UC patients compared with controls, but 
several BA conjugates, for instance TCDCA, GCDCA 
and GDCA, were decreased more significantly in CD 
than in UC patients (Table 1).

While serum levels of  LCA, known to be the strong-
est PXR agonist, were significantly lower, serum levels 
of  HDCA, the CYP3A4-mediated detoxification prod-
uct of  LCA, were always significantly higher in CD and 
UC patients compared to controls (Figure 1).

If  total serum BA levels were considered (Table 4), we 
found that total unconjugated and total BA tauroconju-
gate levels, respectively, were decreased significantly in UC 
patients, but other than in CD patients, there was no de-
crease in total BA, total BA conjugate, and total BA glyco-
conjugate levels compared to controls. Moreover, total BA 
conjugate levels, as well as total BA glycoconjugate and 
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tauroconjugate levels alone, were increased significantly in 
UC vs CD patients. However, if  levels relative to total BA 
conjugate levels were considered, total BA tauroconjugate 
levels were increased significantly but total BA glycocon-
jugate levels were decreased significantly in UC vs CD 
patients. In addition, UC patients were characterized by a 
significantly decreased ratio of  total deoxy-BA, LCA, and 
LCA conjugate levels to total BA levels compared to CD 
patients and controls (Table 4).

Hepatobiliary manifestations influence BA composition 
in UC
IBD is often accompanied by extraintestinal manife-
stations (EMs), such as hepatobiliary diseases, and eye, 
joint and skin affections[29,30]. We therefore investigated 
whether IBD patients with EMs showed different serum 

BA profiles. While we found no influence of  EMs 
on serum BA levels in CD patients (data not shown), 
UC patients with hepatobiliary diseases, e.g. primary 
sclerosing cholangitis (PSC), hepatitis, or cholelithiasis, 
had significantly increased BA concentrations compared 
to UC patients without EMs, especially levels of  the 
primary BAs TCA, GCA and GCDCA, as well as the 
secondary BAs LCA, UDCA and TUDCA (Table 2).

Previous bowel resection influences BA composition in 
CD
Intestinal reabsorption of  BAs is a physiological function 
of  the terminal ileum, therefore, surgical interventions 
in this region may influence serum BA levels caused by 
impaired EHC. While there were no UC patients with 
surgical interventions included in the present study, 
CD patients showed significant variations in serum BA 
concentrations correlated to previous bowel resection 
(Table 3). Overall, compared to controls and CD patients 
without surgical interventions, ileocecal resection alone 
was associated with the most intensive decrease of  
primary and secondary BA conjugates, such as TCDCA, 
TDCA, GCA and GDCA, as well as a marked increase 
in the unconjugated primary BAs, CA and CDCA. In 
addition, CD patients with ileocecal resection and other 
surgical interventions, e.g. ileostomy, sigmoidostomy, 
transversostomy, fistula excision, and hemicolectomy, 
had significantly decreased TCDCA compared to 
controls and CD patients without surgical interventions. 
Furthermore, in CD patients with colectomy, TCDCA, 
as well as the secondary BAs GDCA and DCA, were 
decreased significantly compared to those in controls 
and patients without surgical interventions.

www.wjgnet.com

Table 1  Serum bile acids and conjugates in CD, UC and 
control cohorts (nmol/L)

BA class BA/BA-
conjugate

Control CD UC

Primary CA        62.5      72.0  58.0
TCA        23.6         0.0a       0.0a,b

GCA      383.5     234.0a 377.0b

CDCA      196.5    190.0   145.0a,b

TCDCA      230.5       46.0a     93.0a,b

GCDCA    1446.0     848.0a 1243.0a,b

Secondary DCA      239.8       53.0a   64.0a

TDCA        48.2         0.0a     0.0a

GDCA      238.6       26.0a     80.0a,b

LCA        15.0         6.2a     8.0a

TLCA          0.0         0.0a     0.0a

GLCA1        17.4         0.0a     0.4a

UDCA        28.5       22.0a   17.0a

TUDCA          0.0         0.0a     0.0b

GUDCA1      137.9       75.6a   60.6a

Tertiary HDCA          0.0       16.0a   10.0a

THDCA          0.0         0.0a     0.0a

GHDCA1          0.0         0.0a     0.0a

Control: n = 310; CD: n = 197, n = 731; UC: n = 161, n = 441. Data expressed 
as medians. aP < 0.05 vs control, bP < 0.05 vs CD (Mann-Whitney U test).

Table 2  Effect of extraintestinal manifestations on serum bile 
acids and conjugates in UC cohorts (nmol/L)

BA class BA/BA-
conjugate

Control No EM Arthralgia/
arthritis

Hepatobiliary
diseases

Primary CA     62.5     67.5      88.5   59.0
TCA     23.6       0.0        0.0      67.9b,c

GCA   383.5   360.0    408.5    722.5a,b

CDCA   196.5     37.5    175.5 252.0
TCDCA   230.5    140.0a       92.5a  163.0c

GCDCA 1446.0 1327.0  1281.5  2403.0b,c

Secondary DCA   239.8      78.0a       28.0a    62.5a

TDCA     48.2        0.0a         0.0a      0.0a

GDCA     38.6      82.2a       14.0a  131.7c

LCA     15.0        8.0a         6.1a      18.0b,c

TLCA       0.0        0.0a         0.0a     0.0
GLCA1     17.4        2.0a        0.0     6.5
UDCA     28.5      18.0a           7.0a,b    131.5b,c

TUDCA       0.0       0.0           0.0a,b        30.9a,b,c

GUDCA1   137.9     96.5      54.1   75.1
Tertiary HDCA       0.0        9.5a         8.0a    28.0a

THDCA       0.0        0.0a        0.0     0.0
GHDCA1       0.0       0.0        0.0     0.0

Control: n = 310; No EM: n = 50, n = 211; Arthralgia/arthritis: n = 30, n = 71; 
Hepatobiliary diseases: n = 16, n = 61. Data expressed as medians. aP < 0.05 
vs control, bP < 0.05 vs no EM, cP < 0.05 vs arthralgia/arthritis (Mann-
Whitney U test).

Figure 1  Decrease of serum LCA but increase of serum HDCA in CD and 
UC vs healthy control cohorts. LCA and HDCA were analyzed using LC-ESI-
MS/MS. Box plots represent interquartile ranges containing medians (boxes) 
and minimum/maximum bars. aP < 0.05 vs LCA in controls; cP < 0.05 vs HDCA 
in controls (Mann-Whitney U test).
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No effects of disease activity and medical treatment on 
BA composition in CD and UC
We also investigated whether serum BA composition 
was inf luenced by disease activity and different 
therapeutic medications in IBD patients, since mucosal 
inflammation, as well as pharmacologically induced 
changes in the inflammatory process in IBD may 
influence BA reabsorption, which results in changed 
serum BA profiles. Overall, serum BA composition in 
CD and UC were independent of  disease activity and 
medical treatment (data not shown).

DISCUSSION
During the past three decades, BA analysis in IBD 
has been achieved in serum, bile or feces from small 
patient cohorts by radioimmunoassay or gas-liquid 
chromatography detecting total BAs and selected 

individual BAs, respectively[17,31-34]. In the present study, 
we applied a sensitive high-throughput LC-ESI-MS/
MS method with minimal sample preparation steps for 
simultaneous determination of  18 different BA species 
as serum BA profiles in a large cohort of  IBD patients 
and controls. We analyzed the main unconjugated human 
primary, secondary and tertiary BAs, i.e. CA, CDCA, 
DCA, LCA, UDCA, HDCA, and their respective glycine 
and taurine conjugates. Comparing a whole profile of  
BA subspecies in various IBD phenotypes may reflect 
intestinal malfunction and disease states more sensitively 
than just considering total or selected individual BA levels.

Thus, we showed that decreased serum BA levels 
were not restricted to CD alone, as previously report-
ed[13-15,35], but were also found in UC if  a defined set of  
specific BAs were considered. This is contradictory to 
the few reports on abnormal blood BA levels in UC 
patients. Ejderhamm and Strandvik[17] have reported 
increased primary serum BAs, CA and CDCA, in juve-
nile active UC patients compared to healthy controls, 
while there were no significant differences for CA, but 
decreased CDCA levels in our UC cohort compared to 
controls. Kostic et al[16] have reported decreased total 
plasma BA levels in CD and UC patients compared to 
controls, but we did not find significant differences in 
total BA, total BA conjugate, and total BA glycoconju-
gate levels between UC patients and the control group. 
Only total BA tauroconjugate and unconjugated BA lev-
els were reduced significantly in UC patients vs controls. 
However, because of  their relatively low contribution to 
total BA and BA conjugate levels compared to the most 
abundant BA glycoconjugates, this effect was not domi-
nant and may explain the missing reports on decreased 
total BA levels in UC patients. In summary, our data 
confirm studies that have shown a decrease in serum 
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Table 3  Effect of surgical interventions on serum bile acids and conjugates in CD cohorts (nmol/L)

BA class BA/BA-
conjugate

Control No surgery Ileocecal resection Colectomy Other surgery Ileocecal resection +
other surgery

Primary CA     62.5  52.0   160.0a,b     71.0    57.5c    89.0b

TCA     23.6     0.0a       0.0a,b        9.5c      8.0c     0.0
GCA   383.5 240.5a   156.0a,b    375.0c 212.0  221.5a

CDCA   196.5 144.0a   505.0a,b   174.5 153.0 121.0
TCDCA   230.5   81.0a     19.0a,b        37.5a,b    55.5a      17.0a,b

GCDCA 1446.0 848.5a 767.0a 1059.0  663.5a 772.0
Secondary DCA   239.8   90.5a   11.0a          6.5a,b    17.5a    53.0d

TDCA     48.2     5.9a       0.0a,b        0.0a        0.0a,b      0.0a

GDCA   238.6   64.0a       0.0a,b          0.0a,b        0.0a,b    43.5a

LCA     15.0     7.0a     5.9a        3.0a      4.7a      2.9a

TLCA       0.0    0.0       0.0a,b          0.0a,b     0.0     0.0
GLCA1     17.4     3.6a     0.0a       0.0     2.3     0.0
UDCA     28.5   14.5a   26.0b     12.7   53.5   22.5

TUDCA       0.0    0.0     0.0a        0.0a      0.0a      0.0a

GUDCA1   137.9   95.2a  59.7     92.1 323.5   75.6
Tertiary HDCA       0.0   27.0a   10.0a        9.5a      9.0a      2.0a

THDCA       0.0     0.0a    0.0       0.0     0.0     0.0
GHDCA1       0.0    0.0    0.0       0.0     2.0     0.0

Control: n = 310; No surgery: n = 64, n = 311; Ileocecal resection: n = 41, n = 161; Colectomy: n = 22, n = 81; Other surgery: n = 12, n = 41; 
Ileocecal resection + other surgery: n = 12, n = 91. Data expressed as medians. aP < 0.05 vs control, bP < 0.05 vs no surgery, cP < 0.05 vs 
ileocecal resection, dP < 0.05 vs colectomy (Mann-Whitney U test).

Table 4  Total serum bile acids and conjugates in CD, UC and 
control cohorts

Control CD UC

Total BAs (nmol/L) 3752.0 2563.3a 3010.2
Total unconjugated BAs1 (nmol/L)   644.1  631.1      471.0a,b

Total conjugated BAs (nmol/L) 2763.6 1526.9a  2529.6b

Total BA glycoconjugates (nmol/L) 2423.6 1407.6a  2298.9b

Total BA glycoconjugates/total 
conjugated BAs (%)

    87.4     95.7a        92.7a,b

Total  BA tauroconjugates1 (nmol/L)   344.2     68.0a      145.0a,b

Total  BA tauroconjugates/
total conjugated BAs (%)

    12.6       4.3a          7.3a,b

(Deoxy-BAs + TLCA + GLCA + LCA)/
total BAs (%)

    83.7    84.1        77.4a,b

Control: n = 310; CD: n = 73, n = 1971; UC: n = 44, n = 1611. Data expressed 
as medians. aP < 0.05 vs control, bP < 0.05 vs CD (Mann-Whitney U test).
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BA levels in CD patients, which reflects the strongest 
impact on intestinal BA reabsorption during EHC. 
This can be explained by the fact that BA reabsorption 
takes place predominantly in the distal small intestine[10], 
which is usually more affected in CD in contrast to 
colon-restricted UC. Therefore, most serum BA levels 
in UC patients are not decreased as much as in CD pa-
tients.

Furthermore, it is noteworthy that the levels of  the 
unconjugated primary BAs, CA and CDCA, in CD and 
UC patients were not significantly different from the 
controls, except for decreased CDCA in UC patients. 
The explanation that there is an increased compensatory 
synthesis of  primary BAs in IBD, as suggested by 
Rutgeerts et al[13] in Crohn’s ileitis, assumes an accelerated 
bacterial deconjugation of  the respective glyco- and 
tauroconjugates in the intestine. Indeed, the reduced 
serum levels of  TCA, TCDCA, GCA, and GCDCA 
shown in Table 1 support this assumption, which is in 
agreement with previous findings of  unusually high 
intestinal BA deconjugation in CD and UC[36,37]. Apart 
from deconjugation, the quantitatively most important 
bacterial biotransformation of  BAs is 7α-deoxidation 
of  CA and CDCA by Eubacteria in the colon, which 
yields DCA and LCA, respectively[38,39]. In UC patients, 
we found significantly reduced ratios of  total deoxy-
BA (including DCA, LCA, and its conjugates) to 
total BA levels compared to those in CD patients 
and controls, which may reflect an abnormal colonic 
bacterial flora with reduced deoxidation capacity. In 
addition, bacterial overgrowth in the small intestine 
and colon of  IBD patients may enhance the described 
BA biotransformation processes and contribute to 
the imbalance of  BA species distribution in the EHC. 
Decreased intestinal BA levels, especially of  conjugated 
BAs, may promote bacterial overgrowth because of  
a loss of  their antimicrobial properties[10,26]. Since 
IBD patients included in this study were not stratified 
according to the use of  antibiotics, this effect has not 
been evaluated and needs further systematic investigation 
in well-defined patient cohorts.

The invariably increased HDCA and decreased 
LCA in IBD compared to control sera, irrespective 
of  the clinical findings (EMs, surgical interventions, 
disease activity or medication), indicates accelerated 
enterohepatic LCA detoxification via CYP3A4[18]. 
Whether serum HDCA elevation is additionally caused 
by increased intestinal reabsorption or impaired hepatic 
excretion cannot be resolved by the present data and has 
to be further investigated.

Moreover, the influence of  hepatobiliary EMs on 
serum BA levels in IBD is demonstrated clearly in UC 
patients, who showed a significant increase in primary 
and secondary BAs compared to EM-free patients. This 
confirms previous observations when elevated serum 
levels of  total primary BA conjugates have been seen in 
IBD patients with liver diseases[31,40]. Although serum LCA 
levels in UC patients with hepatobiliary EMs were found 
to be normal compared to controls, in accordance with 

the findings of  Dew et al[40], they were significantly higher 
compared to those in UC patients without EMs and with 
arthralgia/arthritis. Elevated BA levels are particularly 
found in patients with PSC, which is often associated 
with IBD[29,41]. However, it cannot be ruled out that the 
significantly increased serum levels of  TUDCA, UDCA 
and LCA found in our UC cohort with hepatobiliary EMs 
were caused by therapeutic administration of  UDCA, 
which is being used increasingly for the treatment of  
cholestatic liver diseases[42-44] and PSC-associated UC[45,46]. 
UDCA medication not only causes increased primary BA 
biosynthesis, but UDCA is also metabolized to additional 
TUDCA and LCA[47], which yields increased serum levels 
in these patients. Nonetheless, we assume that disturbed 
EHC of  BAs in IBD is highly susceptible to additional 
hepatobiliary EMs.

With surgical interventions predominantly appearing 
in CD patients, we found that ileocecal resection exerts 
the strongest impact on serum BA levels in CD patients, 
since BA reabsorption is located predominantly in the 
terminal ileum[10]. Compared to patients without surgical 
interventions, the finding that patients with ileocecal 
resection showed significantly decreased conjugated 
BAs but increased unconjugated primary BAs, i.e. 
CA and CDCA, may be explained by an increased 
compensatory synthesis of  primary BAs in IBD, as 
previously suggested[13], associated with an enhanced 
bacterial deconjugation of  the respective glyco- and 
tauroconjugates in the remaining intestinal sections[36,37]. 
In addition, concerning the elevated CA levels in patients 
with ileocecal resection, we confirm the previous 
findings of  Tougaard et al[48]. As expected, unlike ileocecal 
resection, the influence of  colectomy on serum BA levels 
in CD was less significant, since only small amounts of  
BAs are reabsorbed in this intestinal region.

To summarize, using mass spectrometric BA species 
profiling instead of  total BA determination, we showed 
the characteristic impact of  different IBD phenotypes 
with intestinal and hepatobiliary manifestations on BA 
homeostasis and detoxification. Further prospective 
studies on prominent BAs in well-defined IBD cohorts 
are necessary to confirm their diagnostic and prognostic 
value.
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COMMENTS
Background
Inflammatory bowel disease (IBD) is a multifactorial disorder with as yet in-
completely elucidated causes. Since bile acids (BAs) derived from the liver are 
directly involved in intestinal processes primarily by facilitating lipid digestion, 
IBD has an impact on BA metabolism. This correlation may be reflected in unu-
sual BA blood levels that differentiate between the two clinical IBD phenotypes, 
Crohn’s disease (CD) and ulcerative colitis (UC), as well as between CD and 
UC subgroups with diverse clinical manifestations.

www.wjgnet.com

 COMMENTS

Gnewuch C et al . Bile acid profiles in IBD                                           3139



Research frontiers
Besides their digestive functions, BAs have recently been found to play an im-
portant regulatory role in numerous metabolic processes, e.g. energy and lipid 
balance and elimination of harmful substances. They are mediated by binding 
appropriate nuclear receptors in the cell that depend on the molecular type of 
BA, which can be differentiated by means of high performance mass spectrom-
etry. Thus, quantifying diverse BAs simultaneously, a characteristic profile of 
main and rare BAs is available that reflects medical conditions far better than 
measuring total BA levels or individual abundant BAs.
Innovations and breakthroughs
Applying BA profiling in IBD patients, the authors showed that most but not all BA 
species are decreased in CD and UC patient sera, but with different intensity. BA 
decrease is highly pronounced in CD patients with surgical interventions in the 
gut except for unconjugated primary BAs. On the other hand, UC patients with 
additional liver and gallbladder diseases show clearly increased levels of primary 
and secondary BAs. Finally, the authors found a marked decrease in the toxic BA 
lithocholic acid, together with a marked increase in its physiological detoxification 
product, hyodeoxycholic acid, irrespective of the IBD phenotype or clinical mani-
festation, which shows accelerated detoxification activity in IBD patients.
Applications
Serum BA profiling may serve as an additional diagnostic tool for IBD charac-
terization and differentiation. In combination with expression profiles of preg-
nane X receptor (PXR) -regulated genes, it may allow us to estimate the BA 
detoxification potential of IBD patients.
Terminology
Primary BAs are directly synthesized in the liver and secondary BAs are derived 
from primary BAs by biochemical modification by intestinal bacteria. BAs can be 
conjugated, mainly with the amino acids glycine and taurine, or unconjugated. 
The enterohepatic circulation leads to a maximum physiological recycling of 
BAs and comprises liver synthesis, intestinal excretion via the bile duct, intes-
tinal reabsorption, and return transport to the liver via the portal vein. Liquid 
chromatography tandem mass spectrometry is a sensitive analytical method 
for simultaneous determination of structural related biomolecules like BAs. The 
nuclear BA receptors farnesoid X receptor and PXR mediate most of the physi-
ological effects of BAs, e.g. expression of detoxification genes by PXR.
Peer review
This work expand the knowledge about the role of BA metabolism in IBD. It is a 
well-conducted study.
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