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Role of bile acids in inflammatory bowel disease
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Abstract Bile acids (BAs) are the end product of cholesterol catabolism. Their synthesis is regulated by the 
nuclear receptor farnesoid X receptor, also involved in the control of their enterohepatic circulation. 
Inflammatory bowel diseases (IBD), which include Crohn’s disease (CD) and ulcerative colitis 
(UC), are multifactorial diseases characterized by diarrhea. The pathogenesis of diarrhea in IBD is 
still debated. The most important factor is the inflammatory process of the intestinal wall, causing 
alterations of solute and water absorption/secretion, deterioration of epithelial cell integrity, disruption 
of the intestinal microflora homeostasis, and impairment of specific transport mechanisms within 
the gut (including that of BAs). In this review, we summarize the current state of the art in this area 
and we critically evaluate the alterations of BA metabolism in patients with CD and UC.
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Introduction

Bile acids (BAs) are the end product of cholesterol catabolism; 
they contribute to intestinal nutrient absorption and the biliary 
transport of lipids, toxic metabolites, and xenobiotics [1-4]. 
Their synthesis is regulated by the farnesoid X receptor 
(FXR), also involved in the control of their enterohepatic 
circulation [2]. Inflammatory bowel disease (IBD) is a term 
that encompasses multifactorial diseases characterized by 
various symptoms, among which diarrhea represents an 
important target for treatment. The pathogenic role of BAs in 
chronic IBD has long been debated. BA malabsorption (BAM) 
plays a major role in diarrhea, because luminal BAs result in 
colonic secretion of water and electrolytes and the induction of 
propagated contractions.

Inflammatory processes happening in the intestinal wall are 
the major contributing factors to IBD; nevertheless, impaired 
metabolism of BAs and BA-FXR interaction are involved in the 
pathophysiology of this disease [3]. We know that defective BA 
metabolism can be related to many causes, such as impaired 
biosynthesis from cholesterol, faulty transport of hepatocytes or 
enterocytes through the cellular membrane, defective transport 
among the physiological compartments involved in the 
enterohepatic circulation, or abnormal bacterial overgrowth in 
the large intestine [3]. Under these conditions, administration 
of BA sequestrants, which can reduce the colonic concentration 
of bile salts, leads to symptomatic improvements in diarrhea [3].

Several analytical protocols are currently used for the 
diagnosis of diarrhea related to BAs, including75selenium 
homotaurocholic acid test retention, serum C4, fibroblast 
growth factor (FGF)-19, and fecal BA measurements. 
Unfortunately, these methods do not always provide 
consistent results and conflicting reports may be found in the 
literature [5,6].

This review aims to summarize what is currently known 
about the pathogenic role of BAs and BA metabolism in 
IBD, providing a general overview of BA physiology and 
perturbations in their metabolic homeostasis, and to develop a 
useful tool that may be applied in clinical practice.

Materials and methods

This literature review was carried out by identifying 
relevant articles on the topic through an electronic search of 
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the online databases on “PubMed” and “Google” from 1971 
to 2017. The research was performed using a combination 
of terms: “bile acids”, “bile salts”, “malabsorption”, “Crohn’s 
disease”, “ulcerative colitis”, “chronic inflammatory diseases”, 
“bile”, “diarrhea”, “IBD”, “cholic acid”, “chenodeoxycholic acid”, 
“lithocholic acid”, “deoxycholic acid”, “ursodeoxycholic acid”, 
“primary BA”, “secondary BA” and “BAs”. Abstracts of all 
publications found by the above search strategy were screened 
for relevancy. Full-text articles were retrieved if available.

BA metabolism

BAs are the end product of cholesterol catabolism. Their 
hepatic synthesis and enterohepatic circulation ensure the 
homeostasis of the physiological pool. Specifically, their de 
novo synthesis compensates for their daily fecal loss, around 
10-15% (0.5  g/day) of the total pool. The first and limiting 
step in BA synthesis is the hydroxylation of cholesterol in 
position 7α, catalyzed by 7α cytochrome P450 (CYP7A1) to 
form 7α-hydrocholesterol [1,4]; this takes place in the liver. 
The subsequent reactions include hydroxylation and sterol ring 
saturation, epimerization of the hydroxyl group in 3-β position, 
and finally conjugation with the amino acids glycine and taurine. 
As a result, the conjugates of the two primary BAs, cholic (CA) 
and chenodeoxycholic (CDCA) acids, are synthesized [7]. 
Indeed, before being secreted in the bile canaliculi, primary 
BAs are conjugated with glycine or taurine by two enzymes, the 
BA-CoA synthetase (BACS; also known as BA CoA ligase) and 
the BA-CoA amino acid N-acetyltransferase, for the formation 
of amphipathic molecules used to emulsify and absorb lipids 
introduced with the diet [4]. The conjugation process is also 
required to allow an efficient BA secretion into bile, since the 
conjugates are more polar than the free form [8,9]. During the 
intestinal transit, about 95% of BAs are reabsorbed to maintain 
the 3-5  g of the physiological pool. Indeed, this recycling is 
necessary because of the limited capability of hepatocytes to 
produce BAs.

Conjugated BAs are absorbed only by an active mechanism. 
This active absorption process takes place in the lumen of the 
terminal ileum, where enterocytes express the apical sodium-
dependent BA transporter (ASBT) or ileal BA transporter. 
Inside the enterocytes, BAs bind to the intestinal BA binding 
protein (IBABP) and finally they are discharged into the portal 
circulation via the organic solutes transporter (OST α/β), 
localized in the basolateral membrane [1].

Conjugation of BAs prevents passive absorption, allowing 
the conjugated BAs to be present in the intestinal lumen, 
where they act as a detergent for transport of insoluble lipids. 
Unabsorbed primary BAs are converted to secondary BAs by 
the enzymes of gut microbiota, mainly present in the colon. 
Specifically, through deconjugation and dehydroxylation of CA 
and CDCA, deoxycholic (DCA) and lithocholic (LCA) acids 
are respectively formed, while ursodeoxycholic acid (UDCA) 
is synthesized through the C7 epimerization of the CDCA 
hydroxyl group, [10]. Secondary BAs are then reabsorbed 
passively in the large intestine and transported via the portal 
circulation to the liver, where they undergo further changes. 

As well as their precursors, secondary BAs are conjugated with 
glycine and taurine (and to a lesser extent with glucuronic or 
sulfuric acid), and secreted in the bile [11-13].

BA-FXR-FGF-19 axis and IBD

The FXR is a nuclear receptor belonging to the subclass of 
metabolic receptors [1,2,14,15]. BAs represent the endogenous 
ligands for FXR. After binding BAs, FXR dimerizes with 
the retinoid X receptor and binds as heterodimer to a 
sequence responsive to FXR, regulating the transcription 
of several genes [16]. FXR can be activated by either free or 
conjugated BAs, but the stronger binding affinity is towards 
CDCA (EC50 = approximately 10 mmol/L), with lower affinity 
for LCA, DCA, and CA. UDCA and hydrophilic BAs are not 
able to activate the receptor [17]. This enzyme is expressed 
in different tissues, including liver, intestine, adipose tissue, 
kidney, pancreas, and the vessel walls [18]. The interaction of 
BAs with the hepatic FXR causes an inhibition of BA synthesis; 
this occurs via the upregulation of the transcription of the 
orphan receptor small heterodimeric partner (SHP1; NR0B2). 
The latter inhibits the activity of CYP7A1 by inhibition of 
another orphan receptor, the liver receptor homolog 1 (Lrh1; 
NR5A2), which in turn positively regulates the CYP7A1 [19]. 
In an animal model, it has been shown that FXR activation 
induces a reduction in BA uptake by downregulation of the 
ASBT in enterocytes. Moreover, FXR activation promotes the 
excretion of BAs on the basolateral side of the cell by increasing 
the expression of IBABP and two membrane transporters, 
OSTα and OSTβ, involved in the transport of BAs from 
the intestine to the portal circulation [20-22]. Finally, the 
FXR localized in enterocytes stimulates the production and 
secretion of FGF-19, secreted into the portal circulation and, 
in the liver, binds the surface FGF receptor 4 associated with 
the β-Klotho protein; this ligand-receptor complex activates 
a mitogen-activated protein kinase cascade that inhibits the 
activity of CYP7A1 [1,23-25].

At the intestinal level, FXR activity alleviates inflammation 
and preserves the integrity of the intestinal epithelial barrier 
by regulating the extent of the inflammatory response, 
maintaining the integrity and function of the intestinal 
barrier, preventing bacterial translocation into the intestinal 
tract and regulating the growth of the microbiota [26]. FXR 
ligands exert anti-inflammatory activities through their ability 
to antagonize other signaling pathways, e.g.  through the 
interaction with other transcription factors, signal transducers 
and activators of transcription [27]. Several of the intestinal 
macrophage genes inhibited by FXR agonists are established 
targets for NF-κB genes, nuclear transcription factor genes 
encoding proinflammatory cytokines (tumor necrosis factor-α, 
interleukins 1β and 6, cyclooxygenase-1, cyclooxygenase-2) 
and activator protein-1, which are the most important 
transcriptional regulators of innate and adaptive immunity 
in cells [28,29]. Gadeleta’s group has shown in an animal 
model that FXR activation results in a decrease in epithelial 
permeability and proinflammatory cytokine messenger RNA 
expression [30]. In IBD, a dysregulation of the immune 
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response is evident. As FXR and the NF-κB are able to inhibit 
each other, some studies have assessed whether there is a 
reduction in the activation of FXR in IBD [31-33]. However, 
Jahnel’s group has demonstrated no changes of mRNA coding 
for FXR in intestinal biopsies of patients with Crohn’s disease 
(CD) and ulcerative colitis (UC) [32]. Nijmeijer’s group has 
not demonstrated a reduced expression of FXR but a reduced 
activity; indeed, there is a reduced ileal expression of mRNA 
encoding for the receptor of target gene SHP. This indicates a 
decreased activity for FXR. SHP expression is reduced by 50% 
in patients with CD and 33% in patients with UC [33].

BA analysis for malabsorption diagnosis  

BAM can be diagnosed by analyzing BA levels in stools for 
their total content and for the presence of primary BAs, mainly 
CA. For example, through the analysis of CA and CDCA 
levels, it has been shown that lower postprandial peaks of 
CA and smaller rises in CDCA concentrations are correlated 
with ileal resection in the first case and ileal resections with 
hemicolectomy in the second [34].

Different methodologies, summarized in Table  1, are 
currently used for this purpose, each characterized by pros 
and cons. The14C-glycocholate breath and stool test exploits 
the enzymatic deconjugation of this compound caused by 
an overgrown bacterial population in the small intestine. 
This degradation reaction releases14C-glycine, absorbed, 
metabolized in the liver and finally eliminated through 
breath as14CO2, rapidly detected. If, on the other hand, 
the14C-glycocholate enters the large intestine, deconjugation 
by colonic bacteria occurs and14C-glycine is excreted and 
measured in the feces. This test is no longer used, given the 
availability of easier assays that do not require radiation 
exposure [35].

The75SeHCAT method is based on the use of a 
gamma radiation emitter semisynthetic75selenium 
homotaurocholic BA, resistant to bacterial deconjugation. The 
assay involves the measurement of the retention of75SeHCAT in 
the body seven days after its oral administration. The analysis 

is performed by whole-body gamma counter and the amount 
of radioactive compound is expressed as a percentage of the 
administered dose. The severity of the disease is estimated at 
three different levels, corresponding to retention rates of 5%, 
10%, and 15% [36].

Another method is based on the measurement of plasmatic 
levels of 7 A-hydroxy-4-cholesten-3-one (C4), a biomarker 
of BA synthesis, by liquid chromatography-tandem mass 
spectrometry (HPLC-MS/MS) analysis. The use of HPLC-
MS/MS ensures high sensitivity and specificity, making the 
quantification of this compound very reliable. Other advantages 
include the high negative predictive value (which makes this 
method useful for screening purposes); it is unrelated to sex, 
age or other potential variables and is consecutively applicable 
to almost all patients. The relatively low positive predictive 
value (about 74%), on the other hand, necessitates further 
clinical evaluation [37].

The quantification of total or single BAs in feces represents 
another approach to BAM diagnosis. Different studies proved 
that higher concentrations of BAs in stools, especially CDCA 
and DCA, are associated with irritable bowel syndrome. 
Excretion of a quantity of BAs greater than 2337 μmol in 48 h 
(upper limit of normal range) is used as an index of BAM. The 
use of instrumentation like HPLC-MS/MS, especially for the 
determination of single BAs, gives the method reliability but 
also makes it cumbersome [38].

The analysis of serum FGF-19 levels is a widely exploited 
assay test for BAM, considering the inverse relationship 
between C4 and FGF-19. The use of FGF-19 as a surrogate 
marker for BAM evaluation has been validated using 
the75SeHCAT method as the reference standard and further 
validation studies are still in progress. The main advantage of 
this analysis procedure consists in the simplicity of using an 
enzymatic immunoassay [39].

Another recently reported method, less commonly 
used because of the complexity of the instrumentation 
required, is based on the analysis of the urinary biomarkers 
isopropanol and acetamide. The instrumentation consists of 
an electronic nose and a field asymmetric ion mobility mass 
spectrometer and this method still needs to be replicated 

Table 1 Currently used methodologies for the diagnosis of bile acid (BA) malabsorption

Method Pros Cons

14C-glycocholate breath/stool test Possibility to detect small gut bacterial overgrowth Radiation exposure
Normal values can vary

75SeHCAT method Simplicity of the method
Good correlation

Radiation exposure
Time-consuming analysis

C4 measurement No radiation and test simplicity
Normal values reported in adults
No dependency on age/sex

Low positive predictive value
Requires further validation

BA quantification by HPLC-MS Highly reliable and specific
No radiation
Possibility to measure total or single BAs

Complex instrumentation required
Cumbersome procedure
Variable fecal BA excretion

FGF-19 determination Simplicity and rapidity Requires further validation

Urinary biomarker quantification High sensitivity and specificity Complex instrumentation required
C4, 7 A-hydroxy-4-cholesten-3-one; BA, bile acid; FGF-19, fibroblast growth factor 19
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and validated [40].

BAs and diarrhea

BAs secreted by the small intestine play a key role in the 
transport and digestion of dietary lipids. Thanks to passive 
diffusion through the small bowel and active absorption in the 
terminal ileum, less than 5% of BAs get to the colon. If high 
BA concentrations reach the colon, secretion of fluid into the 
large bowel occurs, with consequent aqueous stools and erratic 
bowel function [41].

Three different types of BA diarrhea have been described, 
depending on the etiology and the original classification of BAM.
•	 Type  1,	 or	 BAM,	 is	 due	 to	 ileal	 disease	 (resection	 or	

inflammation); it was described for the first time in 1967 by 
Hoffman, in patients with CD undergoing ileal resection, 
and was known as “cholera diarrhea” characterized by 
steatorrhea. In these cases, the ileal reabsorption capacity 
of BAs is reduced via an active mechanism and possibly 
by a loss of negative feedback based on the production of 
FGF-19 by enterocytes [42]. Moderate interruption of BA 
circulation might take place even if small ileal portions are 
removed, while greater interruptions occur with removal of 
bigger portions, beyond 100 cm [43].

•	 Type 2	is	idiopathic	malabsorption,	caused	by	an	inability	
of the enterocytes to synthetize FGF-19, which leads to a 
reduced negative feedback to the hepatic synthesis of BAs 
and consequently to their overproduction. The incidence 
varies between 25-32% among patients with functional 
diarrheal disorders [44-45].

•	 Type  3	 is	 associated	 with:	 (a)	 cholecystectomy	 with	 a	
continuous flow of bile; (b) celiac disease, where the 
inflammatory response causes atrophy of the villi and crypt 
hyperplasia and damages the small intestine superficial 
epithelium with alterations that may extend distally over a 
variable distance; and (c) bacterial overgrowth syndrome, 
which involves impaired intraluminal transformation of 
dietary fats and resulting steatorrhea, caused by bacterial 
deconjugation of bile salts.

The pathogenesis of diarrhea in IBD is still debated. The most 
important factor is the inflammatory process of the intestinal wall, 
causing alterations of solutes and water absorption/secretion, 
deterioration of epithelial cell integrity, disruption of intestinal 
microflora homeostasis, and impairment of specific transport 
mechanisms within the gut (including that of BAs) [3,46].

UC and BAs

Few studies have evaluated the role of BAs and diarrhea in 
UC. According to a study published in 1971 by Miettinen et al, 
diarrhea in UC patients is not caused by excessive fecal loss of 
bile salts, but by a decreased absorption and increased loss of 
water and electrolytes through the damaged colonic mucosa; 
the same study, therefore, assumed that a typical terminal 

ileum involvement of the “backwash ileitis” can cause BAM, 
which exacerbates the diarrhea and steatorrhea. In this specific 
scenario, diarrhea in UC is responsive to treatment with resins 
such as cholestyramine [47]. BAM is also present in patients who 
undergo proctocolectomy and formation of an ileo-anal pouch, 
a condition that generates an increased intestinal transit rate and 
reduces the ileal reabsorption surface; the condition is further 
compromised in the course of incidental pouchitis. In those 
patients, Hakala’s group has shown a modification of the fecal 
BA composition with increased excretion of CA and CDCA as 
a consequence of reduced reabsorption, a marked reduction 
in the proportion of secondary BAs, DCA and LCA, normally 
formed by colonic bacteria, and at the same time an increased 
excretion of unidentified fecal BAs [48] (Table 2). However, the 
method used by the authors allows the quantification of the 
total amount of a specific BA, without discriminating between 
the free form and the conjugate. The alterations of the pool 
of BAs in UC patients not undergoing surgery are still widely 
debated. Gnewuch’s group determined, using HPLC-MS, the 
level of BAs in blood samples of 161 UC patients, either with 
active disease or in remission. By means of this kind of analytical 
method, the profiling of single BAs, rather than total BAs, was 
performed, showing the finest variations in the BA pool in 
IBD. Specifically, they showed no significant alterations of the 
pool of BAs compared to controls (total BAs, total conjugated 
BAs and total glycoconjugated BAs) except for significantly 
lower levels of tauroconjugated BAs (145.0 nmol/L in patients 
with UC vs. 344.2 nmol/L in controls) and non-conjugated 
BA (471.0 nmol/L in patients with UC vs. 644.1 nmol/L in 
controls). However, these BAs make a minor contribution to the 
total BA pool and this effect is not dominant in the total BAs 
comparison [49] (Table 2). Besides, the authors reported that the 
ratio between glycoconjugate BAs and total conjugated BAs was 
greater compared to controls (92.7 vs. 87.4, respectively), while 
the ratio between tauroconjugated BAs and total conjugated 
BAs was smaller (7.3  vs. 12.6, respectively). Other studies 
demonstrated the opposite. For example, Ejderhamn’s group 
described an increase in the serum concentration of primary 
BAs in young patients with UC and active disease (no significant 
differences in primary BA levels were recorded by Gnewuch’s 
group) [5-49] (Table  2), while Kostic’s group described a 
reduction in the total BA pool in serum [6] (Table 2). However, 
these last results cannot be properly compared with those of 
Gnewuch, as they are obtained from a much smaller population 
of patients using a different analytical method, based on radio 
immunoassay. Notably, in colonic biopsies from UC patients 
with active disease, there has been shown to be a reduction in 
the synthesis of mRNAs that encode for the transporter proteins 
of membrane for the BAs (especially for basolateral transporter 
and secondarily for apical transporter) and a reduction in the 
enzymes responsible for detoxification processes from BAs in the 
epithelial cells. This downregulation is significant in pancolitis, 
especially during flares, but not in disease forms that affect only 
the left colon; at the same time, it is completely reversible during 
the phases of remission of the disease. However, the same study 
did not show any alteration in FXR [32].
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CD and BAs 

The first description of BAM in CD dates back to 1967, 
described by Hofmann in patients who underwent ileal 
resection. BAM is frequently present in patients with CD 
and, while it is frequently underestimated, this condition 
may cause a worsening of diarrhea with steatorrhea. Such 
patients may benefit from the use of BA sequestrant resins 
such as cholestyramine which, however, is not recommended 
for the treatment of patients suffering from CD in ECCO 
guidelines because of the numerous gastrointestinal adverse 
effects. Nowadays it is recognized that the severity of the BAM 
depends on the extension, localization and disease activity, 
with the highest expression occurring in forms involving the 
terminal ileum, where the active reabsorption of conjugated BA 
is impaired, while such a disorder does not occur in CD with 
only colonic location [46,50]. In ileal enterocytes from patients 
with a disease flare, Jahnel’s group demonstrated a reduced 
synthesis of mRNA encoding for apical and basal transporters 
of BAs and reduced synthesis of BA detoxification enzymes; 
these alterations are irreversible during remission and explain 
the persistence of diarrhea. The same study, however, did not 
demonstrate an alteration in FXR expression [31]. Lenicek’s 
group used the serum levels of 7a-hydroxycholest-4en-3-one 
(C4) measured by HPLC-MS/MS and expression of FGF-19 
by enzyme-linked immunosorbent assay as surrogate markers 
of BAM. They demonstrated that only patients with colonic 
CD had C4 serum levels not different from controls, whereas 
non-operated CD patients with an affected ileum had twofold 
higher serum C4 levels than healthy controls, while CD patients 
who had undergone moderate (70 cm) or extensive (>70 cm) 
resection of the distal ileum had 5- or 20-fold greater C4 serum 
levels, respectively, compared to controls. In contrast, the FGF-
19, as expected, was lower in patients with BAM compared to 

those without, because serum levels are indirectly proportional 
to C4 levels (Table 3) [46].

As regards variations in the BA amount in feces associated 
with the disease, Meihoff ’s group described high fecal excretion 
of BAs, a rapid intestinal transit (responsible for diarrhea) and 
an overall reduction in the BA pool in patients with active ileal 
CD without previous bowel resection and in patients with ileal 
resection [51] (Table 3).

The gold standard for the diagnosis of BAM is the75SeHCAT 
test, not widely available; it has a high cost and many countries, 
including the US, have not implemented it [52]. Studies 
carried out for the determination of BAM in patients with CD 
and ileocolonic resection showed a reduction in retention of 
SeHCAT with an increase in the proportion of BAs lost in the 
feces [53]; in serum, however, the total BA pool remains stable 
until the ileal resection, or when the intestinal inflammation is 
limited to a shorter tract of intestine and the liver, despite an 
increased synthesis, is no longer able to compensate for the fecal 
loss of BAs [53]. Indeed, in these cases, there is a quantitative 
reduction in BAs in serum as a consequence of their fecal 
loss. It is worth pointing out that a change in the qualitative 
pool of serum BAs has also been reported. Indeed, Gnewuch 
et al reported the qualitative and quantitative variation in 
the BA pool in 197 CD patients, determined by HPLC-MS/
MS [49]. These results showed significantly lower total BA 
concentrations (mainly conjugated BAs) in CD patients 
compared to controls, while the ratio between glycoconjugates 
and total conjugates was higher in patients with the disease. 
The loss of negative feedback based on the axis BAs-FXR-FGF-
19-liver generates an increase in the hepatic synthesis ex novo 
of the primary BAs, while secondary BAs are quantitatively 
reduced with a reduction in the percentage of DCA and LCA 
and an increased percentage of UDCA [49] (Table 3).

Since the production of secondary BAs depends on the 

Table 2 Bile acids and UC

Author Method Sample Increase Decrease No alterations

Hakala [48] GLC FECES CA, CDCA ufBA DCA, LCA

Gneuwuch [49] HPLC-ESI-MS BLOOD TCBA ncBA tBA, tcBA GCBA

Ejderham [5] RIA BLOOD pBA

Kostic [6] NA BLOOD tBA
CDCA, chenodeoxycholic acid; CA, cholic acid; DCA, deoxycholic acid; GBAs, glycoconjugated bile acids; GLC, gas liquid chromatography; LC-ESI-MS, liquid 
chromatography coupled to electrospray ionization (tandem) mass spectrometry; LCA, lithocholic acid; NA, non-available; ncBA, non-conjugated bile acids; pBA, 
primary bile acid; RIA, radioimmunoassay; tBA, total bile acids; tcBA, total conjugated bile acids; TCBA, tauroconjugated bile acids; UC, ulcerative colitis; ufBA, 
unidentified fecal bile acids

Table 3 Bile acids and CD

Author Disease localization/resection C4 FGF-19 Feces Serum

Meihoff [51] Short ileocolic resection ↑ BA No alterations

Long ileocolic resection ↑ BA ↓ BA

Nolan [53] Short ileocolic resection ↑ ↓ ↑ BA No alterations

Long ileocolic resection ↑ ↓ ↑ BA ↓ BA

Gnewuch [49] Ileocolic resection ↑ BA ↓ BA
BA, bile acids; C4, 7a-hydroxycholest-4en-3-one; CD, Crohn’s disease; FGF-19, fibroblast growth factor
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intestinal microbiota, it is believed that this change is determined 
by intestinal dysbiosis that occurs in IBD. There has been shown 
to be a reduction in the biodiversity of commensal bacteria with 
reduced Firmicutes, which together with the Bacteroides represent 
the main bacterial commensal flora, and an increase especially 
during the disease flares of Lactobacilli and enterobacteria [54].

Concluding remarks

IBDs are frequently characterized by chronic diarrhea that 
can be due to several factors, including BAM. The purpose of 
this review was to evaluate the current state of art concerning 
the role of BAs in patients suffering from IBD. As regards UC, 
only four studies are available in the literature and they are in 
disagreement and definitely not conclusive, being unable to 
establish a link between BA pool changes and disease. This is due 
to the size and heterogeneity of both the examined populations 
and the methodologies used for BA determination. However, 
only the Gnewuch study assessed a complete BA profiling 
using an HPLC-MS protocol in a relatively large population, 
reporting a decrease in unconjugated and tauroconjugated 
BAs. Although this study can be considered the most reliable 
so far, the absence of further studies confirming these findings 
does not allow for any conclusions to be drawn.

On the other hand, as regards CD, the few studies available 
reported an increase in BA fecal excretion, for patients with 
either active ileal disease or ileocolonic resection. Unfortunately, 
all these studies focused only on the total BA excretion, which 
might also be associated with an increase in intestinal motility, 
again making this kind of evaluation inconclusive.

Based on the available studies, BAM cannot be considered 
a proper diagnostic tool for UC and CD, as total BAs 
represent a poorly specific biomarker. In ileal CD, a potential 
alternative could be represented by a prompted investigation of 
conjugated rather than total BAs. Indeed, only conjugated BAs 
are reabsorbed in the ileum; thus an active ileal disease may 
account for an altered reabsorption of these conjugates only.

Concerning UC, future perspectives might involve the 
monitoring of specific BA metabolites produced by gut microbiota 
that have never been deeply investigated. Indeed, an altered 
microbial population residing in the intestine in disease states 
could be responsible for a qualitative and quantitative variation 
of BA metabolites, implying the possibility of discovering new 
biomarkers that could be useful as a diagnostic tool.

In conclusion, larger insights exploiting new analytical 
approaches are nowadays needed to expand the current knowledge 
on this area, with the final goal of understanding the pathogenic 
mechanisms underlying IBD and improving diagnostic tools and 
therapies currently available for the treatment of these diseases.
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