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Abstract
Over the past decades evidence has been accumulat-
ing that intestinal barrier integrity loss plays a key role 
in the development and perpetuation of a variety of 
disease states including inflammatory bowel disease 
and celiac disease, and is a key player in the onset 
of sepsis and multiple organ failure in situations of 
intestinal hypoperfusion, including trauma and major 
surgery. Insight into gut barrier integrity and function 
loss is important to improve our knowledge on disease 
etiology and pathophysiology and contributes to early 
detection and/or secondary prevention of disease. A 
variety of tests have been developed to assess intes-
tinal epithelial cell damage, intestinal tight junction 
status and consequences of intestinal barrier integrity 
loss, i.e. increased intestinal permeability. This review 
discusses currently available methods for evaluating 
loss of human intestinal barrier integrity and function. 
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INTRODUCTION
The gastrointestinal tract is the most extended surface act-
ing as a barrier between external environment and internal 
milieu. The host integrity is maintained by effective moni-
toring of  the mucosal surface and sealing the host interior 
against potentially harmful compounds such as bacteria, 
toxins and antigens. This function of  the gastrointestinal 
tract is referred to as intestinal barrier function. The in-
testinal epithelial barrier function consists of  multiple de-
fense mechanisms which can basically be subdivided into 
a physical and an immunological barrier[1-3].

The physical intestinal barrier is composed of  a lining 
of  epithelial cells, connected by tight junctions (Figure 1A).  
These adhesion structures serve as a fence sealing the para-
cellular pathway, thereby preventing exposure of  the inter-
nal milieu to potentially harmful intraluminal microbiota 
and microbial products[4]. Tight junctions are anchored in 
the cell via the filamentous actin (F-actin) cytoskeleton[5]. 
Zonula occludens proteins (ZO-1, ZO-2 and ZO-3) are 
important intracellular tight junction proteins, linking the 
cell cytoskeleton to the transmembrane tight junction 
proteins: claudins, occluden and junctional adhesion mol-
ecules (JAM). Whereas occludin and JAM have a regula-
tory role, claudins are transmembrane proteins mainly 
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responsible for the intestinal barrier function[6]. The physi-
cal barrier is reinforced by the presence of  a mucus layer, 
produced and secreted by goblet cells[7]. The immune 
barrier is formed by specialized epithelial cells, the Paneth 
cells, located in the crypts of  the small intestine, which 
can actively sense bacterial presence and prevent coloni-
zation of  the crypts by releasing antimicrobial proteins 
including lysozyme and defensins[8,9]. Furthermore, lamina 
propria immune cells actively participate as immune sen-
sors of  microbial pathogens and commensal organisms. 
Bacterial recognition is dependent on transmembrane 
and intracellular pattern recognition receptors, including 
the structurally homologous Toll-like receptor (TLR) and 
NOD-like receptor (NLR) family. Ligation to these bacte-
rial receptors stimulates central signaling cascades (NF-κB, 
AKT/phosphatidylinositol-3’-kinase and mitogen-activat-
ed protein kinase pathways), resulting in an immunological 
response[10-13].

Disturbed intestinal barrier function is considered a 
key factor in the development and/or progression of  in-
testinal inflammation, and is therefore thought to play a 
role in both the pathogenesis and the perpetuation of  var-
ious intestinal diseases including inflammatory bowel dis-
ease (IBD) and celiac disease[2,3]. Impaired intestinal bar-
rier function has also been assumed to play a role in the 
development of  sepsis and multiple organ failure (MOF) 
in patients with decreased gut perfusion following major 
surgery, trauma or shock[14,15]. Recently the occurrence of  
splanchnic hypoperfusion during major surgery was re-
ported to result in intestinal ischemia and intestinal barrier 
integrity loss[16], which could in turn facilitate translocation 
of  bacterial products from the intestinal lumen to the cir-
culation. This phenomenon has been suggested to trigger 
an excessive inflammatory response, leading to sepsis and 
MOF in these patients[4,17]. In conclusion, intestinal barrier 
function loss is associated with a range of  diseases; insight 
in gut barrier integrity and function loss is therefore im-
perative for clinical practice and important for improving 
our knowledge on disease etiology and pathophysiology. 
In this review, the currently available methods aiming to 
assess either human intestinal barrier integrity or intestinal 
barrier function will be discussed. In addition, applicability 
of  these tests in different clinical and research situations is 
described. 

ASSESSMENT OF THE EPITHELIAL 
BARRIER INTEGRITY
The intestinal barrier function is maintained by a lining 
of  enterocytes and tight junctions, sealing the paracellu-
lar space between adjacent enterocytes. Intestinal barrier 
integrity loss can be assessed by evaluation of  intestinal 
epithelial cell damage or tight junction loss. 

Intestinal epithelial cell damage: Fatty acid binding 
proteins
Fatty acid binding proteins (FABP) are small (14-15 
kDa) cytosolic water-soluble proteins, present in ma-

ture enterocytes of  the small and large intestine. Their 
function is the transport of  fatty acids from the api-
cal membrane of  the enterocyte to the endoplasmic 
reticulum where biosynthesis of  complex lipids oc-
curs[18]. Three types of  FABP are present in the gut; 
intestinal FABP (I-FABP), liver FABP (L-FABP) and 
ileal bile acid binding protein (I-BABP). The distribution 
of  these FABP was studied by Pelsers et al and Derikx  
et al who reported that I-FABP is in particular expressed 
in jejunum and to a lesser extent in the colon, whereas 
I-BABP is exclusively present in the ileum[18-21]. In addi-
tion, I-FABP and I-BABP are exclusively present in the 
gut[19,21], whereas L-FABP is also present in the liver and 
kidney[19]. Since FABP are small, water-soluble cytosolic 
proteins they are easily released into the circulation upon 
enterocyte membrane integrity loss and are rapidly renally 
cleared (half-life of  11 min)[22]. Therefore FABP can be 
measured sensitively in both plasma and urine using an 
enzyme-linked immunosorbent assay (ELISA). Basal lev-
els of  FABP have been reported to reflect the physiologi-
cal turnover rate of  enterocytes[23]. Several studies showed 
the usefulness of  FABP as markers for intestinal epithelial 
cell damage. Elevated circulating or urinary FABP levels 
were reported in patients with intestinal ischemia[24], sys-
temic inflammatory response syndrome and necrotizing 
enterocolitis[25-27]. High levels of  FABP were also detected 
in patients with intestinal ischemia during major (vascular) 
surgery and in patients with mesenteric infarction[24,28,29]. 
Hence, in situations of  acute intestinal damage, plasma 
and urine FABP levels are useful for the assessment of  
intestinal epithelial damage. In conclusion, measurement 
of  plasma and urinary FABP levels is useful for the early 
detection of  intestinal epithelial cell damage. Since FABP 
are differentially expressed along the intestinal tract, mea-
surement of  specific FABP could be a promising tool to 
provide information on disease localization. 

Intestinal epithelial cell damage: Glutathione 
S-transferases
The glutathione s-transferases (GSTs) are involved in cell 
protection, antioxidation and detoxification of  a range 
of  toxic and foreign compounds within the cell by con-
jugating them to glutathione. The GST family consists 
of  four subgroups displaying tissue variation; αGST, 
μGST, πGST and θGST. Whilst μGST, πGST and 
θGST are present in cells of  various organs, αGST is 
predominantly present in liver, kidney and intestine and 
has been proposed as a potential marker for, amongst 
others, intestinal epithelial cell damage[30,31]. 

Several studies reported that mesenteric ischemia could 
reliably be predicted by plasma αGST levels in patients 
suspected for acute mesenteric ischemia[32-34]. McMonagle  
et al[31] found that circulating αGST were significantly el-
evated in patients who displayed signs of  intestinal pathol-
ogy after cardiac surgery with cross clamping of  the aorta 
and consequent intestinal ischemia.

It has to be kept in mind that increased plasma or 
urine levels of  αGST can indicate intestinal damage as 
well as liver and kidney damage, because αGST is ex-
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pressed in epithelial cells of  all these organs. Therefore, 
this test might be useful for assessment of  intestinal 
damage when isolated intestinal damage is suspected. 

Paracellular barrier integrity loss: Tight junction status
Intestinal epithelial cells are tightly connected by a sur-
rounding system of  tight junction strands. Claudins are 
transmembrane proteins which are mainly held respon-
sible for the intestinal barrier function[6]. These claudins 
are abundantly present between adjacent healthy intes-
tinal epithelial cells[6,35]. Zeissig et al[1] showed a distur-
bance of  the barrier function which was accompanied 
by downregulation of  several claudins, e.g. claudin-1, 3, 
5, 7 and 8 in intestinal biopsies of  patients with Crohn’
s disease. Claudin-2, a pore-forming claudin was up-
regulated in these patients. Non-invasive assessment of  
claudins could provide information on paracellular gut 
barrier integrity. Claudin-3 seems to be a suitable candi-
date marker for early non-invasive detection of  intestinal 
tight junction integrity loss due to its small size, abun-
dant endogenous intestinal expression and paracellular 
localization[35]. Recent studies showed a strong relation-
ship between intestinal tight junction loss and urinary 
claudin-3 levels in both a rat hemorrhagic shock model 
and in a clinical setting in patients with IBD, necrotizing 
enterocolitis and in patients undergoing major surgery, 

thereby suggesting that measurement of  urinary clau-
din-3 can indeed be used as non-invasive marker for 
intestinal tight junction loss[16,36,37]. 

In conclusion, measurement of  urine claudin-3 levels 
offers the opportunity to study paracellular intestinal bar-
rier damage. Detection of  tight junction loss offers new 
opportunities for early diagnosis and follow-up of  patients 
with intestinal diseases and for elucidation of  the patho-
physiology of  gut-related diseases in man. A clear research 
or clinical question with careful interpretation of  results 
is however imperative, since tight junction distribution is 
not limited to the intestine. The usefulness of  other tight 
junction proteins for non-invasive evaluation of  intestinal 
paracellular integrity remains to be established.

FUNCTIONAL ASSESSMENT OF 

INTESTINAL BARRIER LOSS
Methods for the functional assessment of  intestinal bar-
rier loss have been studied extensively. Currently avail-
able methods are either based on actively measuring ei-
ther paracellular intestinal leakage of  orally administered 
test substances, or passively measuring the consequences 
of  intestinal barrier function loss, i.e. translocation of  
luminal content to the circulation. 
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Figure 1  Translocation of compounds from the gut lumen to the circulation via a defective intestinal barrier. A: The intestinal epithelial barrier is composed 
of a lining of enterocytes (1) tightly connected by tight junctions (2) to prevent the translocation of intraluminal compounds to the circulation. Claudins (2a), important 
transmembrane tight junction proteins responsible for sealing the paracellular space, are tightly connected to intracellular protein ZO-1 (2b), which is anchored to the 
cell cytoskeleton (2c); B: Differential sugar absorption test: Lactulose (L), a disaccharide, is only able to traverse the paracellular pathway in case of compromised 
intestinal barrier function. Mannitol (M) is a monosaccharide which can cross the intestinal barrier both via the trans- and paracellular pathway, thereby serving as an 
internal control to correct for confounders as gastric emptying, mucosal perfusion and renal function; C: Endotoxin core antibody (EndoCAb) (1) is consumed when 
endotoxin (2), derived from intraluminal Gram-negative bacteria (3), translocates from the intestinal lumen to the circulation via the defective intestinal barrier; D: 
D-Lactate (1) is a fermenting product from intestinal bacteria (2). In case of barrier function loss, D-Lactate can be detected in plasma.
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“Active” assessment of  barrier function loss is based 
on the hypothesis that orally administered large molecular 
probes cannot cross the paracellular intestinal pathway un-
less the intestinal barrier function is compromised. In case 
of  barrier function loss such probes cross the intestinal 
barrier, appear into the circulation and can be detected in 
urine after renal excretion. “Passive” assessment of  bar-
rier function loss is based on the hypothesis that intestinal 
luminal compounds, such as endotoxins and bacterial fer-
mentation products, translocate to the circulation in case 
of  barrier function loss. Plasma levels of  these bacterial 
components or products are therefore hypothesized to 
reflect barrier function integrity.

Active measurement of intestinal barrier function loss
In the early 1970s, Menzies introduced oligosaccharides 
as test probes for the functional assessment of  intestinal 
barrier failure[2,38]. It was hypothesized that large oligo-
saccharides such as lactulose would not traverse the in-
testinal membrane in the healthy situation. However, as 
a result of  intestinal barrier integrity loss, these probes 
cross the intestinal barrier to the circulation and are de-
tectable in urine after being excreted renally. Using this 
method, increased intestinal permeability was detected in 
patients with celiac disease[38]. Although test results were 
promising, the test was prone to various permucosal 
and postmucosal confounders such as gastric dilution 
and gastric emptying, bacterial degradation, intestinal 
transit and renal function. This led to the development 
of  differential sugar absorption tests, where both a di- 
or oligosaccharide and a monosaccharide, serving as 
a large- and a small- molecular probe respectively, are 
administered orally simultaneously, after which their re-
covery is measured in urine (Figure 1B)[39]. The smaller 
molecular probe is thought to traverse the intestinal 
barrier freely, independent of  barrier function loss, and 
is affected in the same way as the large molecular probe 
by the pre- and postmucosal confounders. The ratio of  
the urinary concentration of  both compounds would 
therefore more accurately reflect the paracellular passage 
across the intestinal barrier than isolated measurement 
of  urinary oligosaccharides[2,3].

Currently, the most frequently used sugar probes to 
assess intestinal permeability are lactulose as oligosac-
charide and mannitol or L-rhamnose as monosaccharide. 
Other macromolecular probes are differently sized poly-
ethylene glycols (PEG: 4000, 1500, 400), and radioac-
tively labeled macromolecules such as chromium labeled 
EDTA (51Cr-EDTA). These tests will be discussed re-
spectively in the following section.

Differential sugar absorption tests: The differential 
sugar absorption tests (DST) is based on the oral adminis-
tration of  two sugars that differentially cross the intestinal 
barrier to the circulation upon barrier integrity loss, after 
which they are rapidly cleared into urine. The ratio of  
oligosaccharides and monosaccharides in urine, collected 
over five to six hours after oral intake, is considered to re-
flect small intestinal barrier function loss most accurately. 

Laboratory analysis is usually performed using high pres-
sure liquid chromatography (HPLC) or liquid chromatog-
raphy in combination with mass spectrometry (LC/MS)[2]. 
Various oligosaccharides (lactulose, cellobiose) and mono-
saccharides (mannitol, L-rhamnose) have been used with 
similar results. Since some of  the saccharides, as lactulose, 
can cause increased intestinal motility, the administered 
dose should be kept as low as possible[40]. It is important 
to bear in mind that the classical DST is only useful for 
assessing small intestinal permeability, since lactulose is 
degraded by bacteria in the large intestine[2,3]. To evaluate 
whole intestinal permeability, non-degradable probes as 
sucralose, which remain unaffected by bacteria in the co-
lon, are added to classical DST, resulting in the so-called 
triple sugar test. The lactulose excretion over 24 h (likely 
to represent only small intestinal permeability), subtracted 
from 24-h sucralose excretion, is considered to give an 
isolated measure of  colonic permeability[41]. Other studies 
focused on measurement of  gastroduodenal permeability, 
have used sucrose as test substance. Sucrose is rapidly 
degraded by sucrase, an enzyme secreted in large amounts 
by mature enterocytes in the duodenum. Therefore, en-
hanced plasma or urinary levels of  sucrose are thought 
to reflect only permeability of  the stomach and proximal 
duodenum[42,43].

In conclusion, DST are useful to assess small intes-
tinal permeability and additional information on gas-
troduodenal or colonic permeability can be obtained by 
adding sucrose or sucralose, respectively, as test probes. 

DST in disease: DST have been valuable for evalation 
of  both etiology and disease activity in various intestinal 
diseases. Increased permeability for saccharides has been 
reported in patients with Crohn’s disease[44-46], celiac dis-
ease[47,48] and food intolerance[3]. However, the test has 
never gained a place in everyday practice for diagnosis 
and follow up of  such patients groups, mainly because 
the test is impractical in use and detection methods are 
complex and not widely available[49]. Apart from intesti-
nal diseases, DST have also been used to assess intestinal 
permeability in critically ill patients, since the intestinal 
barrier function has been hypothesized to play a central 
role in the development of  sepsis. Indeed, many stud-
ies report increased permeability in critically ill patients 
and in patients undergoing major (cardiopulmonary) 
surgery[50,51]. Therefore DST might be useful for early 
detection of  patients at risk of  developing severe com-
plications, although the administration of  probes and 
the necessity of  urine collection for several hours is 
impractical and moreover, these patients often have lim-
ited urine production. Furthermore, some studies have 
showed that permeability measurements using DST in 
intensive care patients with MOF has pitfalls. Firstly, 
decreased motility and altered clearance of  the different 
sugars as a result of  renal dysfunction is a complicating 
factor in these patients. Secondly, the use of  mannitol 
appeared to be unsuitable in patients receiving red blood 
cell transfusion, since mannitol is used in the storage so-
lution of  bank blood[52].
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Polyethylene glycols (PEG): Polyethylene glycols 
(PEG) with a molecular weight of  400-4000 Da have 
also been used to assess intestinal barrier function. It 
is hypothesized that, as saccharides in the DST, large 
molecular PEG will only cross the intestinal mucosa to 
the circulation in the case of  barrier integrity loss, as 
measured after renal excretion using gas chromatogra-
phy (GC) or HPLC[2]. Increased urinary levels of  large 
molecular PEG therefore reflect increased intestinal 
permeability. Since PEG is biochemically inert and not 
degraded by bacteria, 24 h urinary levels could provide 
information on whole intestinal permeability. 

PEG measurement in disease: Variously sized PEG 
probes were used to investigate bowel permeability in a 
broad range of  intestinal diseases. PEGs have the advan-
tage of  being inert and can therefore be used to measure 
both small and large intestinal permeability. They have 
been used successfully to assess permeability changes in 
patients with irritable bowel syndrome[53], pancreatitis[54-56], 
liver cirrhosis[57], and intestinal ischemia reperfusion in-
jury[58].

They have also been used in patients with Crohn’s 
disease, although both decreased and increased intestinal 
permeability was found in this patient group. In addition, 
some studies also reported high inter- and intra-individu-
al variations in test results, even in controls[49,59,60]. Hence, 
future studies on the permeation pathways of  PEG are 
necessary to improve interpretation of  results. 

Chromium labeled EDTA: Chromium labeled EDTA 
(51Cr-EDTA) has similar physiological properties to oligo-
saccharides with the advantage of  being easily detectable. 
Furthermore, 51Cr-EDTA is not degraded by bacteria in 
the colon, which makes it a useful marker for both small 
and large intestinal permeability. Some studies have re-
ported increased colorectal permeability for 51Cr-EDTA in 
patients with IBD[61]. A disadvantage of  51Cr-EDTA is its 
radioactivity. It should, therefore, be avoided for research 
purposes in children and for screening in healthy subjects. 

Passive measurement of intestinal barrier function
In the healthy situation the intestinal barrier prevents 
translocation of  intraluminal compounds whilst in situa-
tions of  impaired intestinal barrier function, bacteria and 
bacterial products can find their way to the circulation. 
The presence of  such compounds in plasma could there-
fore provide information on intestinal barrier integrity and 
function. In the next section, tests for the measurement 
of  bacterial compounds or bacterial fermentation prod-
ucts are summarized. An advantage of  these tests is that 
they can be performed without the need to administer test 
substances and time consuming urine collection. 

Measurement of  circulating endotoxin: limulus ame-
bocyte lysate assay: Endotoxin is a lipopolysaccharide 
(LPS) of  the outer membrane of  Gram-negative bacteria. 
It is capable of  inducing multiple effects in man, varying 
from fever and leucocytosis to thrombocytopenia and co-

agulopathies[62]. The limulus amebocyte lysate assay (LAL 
assay) allows quantitative determination of  plasma endo-
toxin levels. This assay is based on the fact that endotoxin 
causes intravascular coagulation in the horseshoe crab 
(Limulus polyphemus), via the enzymatic conversion of  a 
clottable protein derived from the circulating blood cells 
(amebocytes) of  the crab. The lysate from the amebocytes 
is also sensitive to the presence of  endotoxin in vitro. Sev-
eral assays have been developed to detect endotoxin using 
LAL, such as the gel clot LAL assay and the more recent 
chromogenic LAL assay[62]. In LAL assays, the presence 
of  plasma endotoxin neutralizing factors, detergents, urea 
and variation in pH influences the test results strongly and 
can yield false positive or false negative results. To mini-
mize the effect of  plasma endotoxin neutralizing factors, 
Ditter et al[63] reported a modified chromogenic LAL assay. 
The principle of  this assay is that each sample contains 
a specific amount of  factors interfering with the LAL-
endotoxin reaction. Therefore, an endotoxin reference 
curve is established in each sample by spiking it with cer-
tain concentrations of  endotoxin. The deviation from the 
standard curve then represents the endogenous unknown 
endotoxin content. Using this method, each sample has an 
internal standard, correcting for plasma endotoxin neutral-
izing factors. Still, the specificity of  the LAL assay remains 
a point of  concern since cell wall products of  fungi, 
Gram-positive bacteria and polynucleotides have been re-
ported to account for a (false) positive test. Furthermore, 
due to its high sensitivity, the LAL assay is prone to false 
positive results caused by exogenous endotoxin contami-
nation[62,64]. In spite of  these complicating factors, several 
studies have successfully used the LAL assay to show en-
dotoxemia, mostly in patients with sepsis[65,66], which might 
indicate bacterial translocation from the gut lumen to the 
circulation as a consequence of  intestinal barrier function 
failure. 

INDIRECT MEASUREMENT OF 
TRANSLOCATION OF BACTERIAL 
PRODUCTS
Measurement of circulating endotoxin core antibodies 
Endotoxin core antibodies (EndoCAb) assay measures 
the concentration of  immunoglobulins (IgG, IgM and 
IgA) against the inner core of  endotoxin. This inner 
core consists of  a hydrophobic part, lipid A, which is 
attached to a core oligosaccharide. Lipid A is highly 
conserved across the whole range of  Gram-negative mi-
crobiota. Moreover, it is this part that is considered most 
responsible for endotoxin toxicity[67]. In 1989, Barclay 
et al[68] described the potential value of  EndoCAb for 
diagnostic use in patients with a Gram-negative sepsis. 
They hypothesized that anti-endotoxin antibodies were 
consumed by the superabundance of  endotoxin in such 
patients (Figure 1C). In a later stage, IgM EndoCAb 
levels increase as endotoxin stimulates the synthesis of  
antibodies to endotoxin[68].

Several studies showed decreased EndoCAb levels 
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postoperatively, accounting for the degree of  exposure 
to endotoxin[69,70]. In addition, successive studies have 
shown that preoperative low circulating levels of  anti-
endotoxin antibodies are related to poor outcome in 
patients after major cardiac[71], and abdominal aortic 
aneurysm surgery[72,73]. Stable EndoCAb levels have high 
individual variation and the determining factors for an 
individual’s stable EndoCAb level have not been fully 
understood, potentially hampering the interpretation of  
circulating EndoCAb levels[74].

In summary, EndoCAb assays detect anti-endotoxin 
immunoglobulins and consumption of  these circulating 
immunoglobulins following translocation of  gut-derived 
endotoxins, can therefore be used to acquire indirect in-
formation on the intestinal epithelial barrier function.

Measurement of plasma D-lactate levels
D-lactate is a fermentation product produced by many 
bacteria present in the human gastrointestinal tract, and 
was proposed in the 1980s as a marker for diagnosis of  
bacterial infections[75]. Low circulating levels of  D-lactate 
are found in healthy individuals, but in case of  intestinal 
barrier function loss, these levels will rise as a consequence 
of  increased translocation across the intestinal mucosa. 
Therefore, plasma D-lactate levels could serve as a mea-
sure of  impaired barrier function (Figure 1D). Various 
studies proposed a relationship between plasma D-lactate 
and intestinal permeability. Sun et al[76] evaluated plasma 
D-lactate as a marker for increased intestinal permeability 
in a rat model of  severe injuries (intestinal ischemia re-
perfusion and acute necrotising pancreatitis). Plasma en-
dotoxin levels, measured using the LAL assay, correlated 
significantly with plasma D-lactate levels at an early stage 

of  intestinal injury. 
Few human studies have been performed to evaluate 

the potential role of  plasma D-lactate as a marker for 
impaired barrier function. In one study, performed in 
patients undergoing open aortic surgery, a rapid increase 
of  plasma D-lactate levels was observed, which corre-
lated with a histologically proven ischemic colitis[77]. 

D-lactate measurement has especially been valuable 
in assessment of  ischemic colonic injury and seems to 
be a reliable marker for colonic barrier function loss in 
animal models. Results should however be interpreted 
cautiously where there is bacterial overgrowth since the 
augmented presence of  bacteria could result in increased 
fermentation of  undigested carbohydrates to D-lactate[78]. 
The usefulness of  plasma D-lactate as marker for colon-
ic barrier function in man is a subject for future research.

CONCLUSION
The intestinal epithelial lining should provide an efficient 
barrier that prevents entry of  pathogens and antigens. 
Over the past decades it has become evident that dys-
function of  the intestinal barrier has a significant impact 
on the health of  an individual. The mucosal barrier may 
become compromised as a consequence of  various (intes-
tinal) disorders, and has also been suggested to play a role 
in the pathogenesis and perpetuation of  disease. Although 
intestinal barrier function tests have been improved over 
the past decades and new tests have emerged, evaluation 
of  intestinal barrier integrity and barrier function loss re-
mains a challenge to both clinicians and scientists. 

In this review, currently available tests that address dif-
ferent aspects of  the intestinal epithelial barrier have been 
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Table 1  Methods for the assessment of intestinal barrier integrity status and intestinal barrier function loss

Test Measured in Indicative for Tissue specificity

I-FABP Blood or urine Intestinal epithelial integrity Yes (predominantly proximal small gut)
Single sample

I-BABP Blood or urine Intestinal epithelial integrity Yes (predominantly ileum)
Single sample

L-FABP Blood or urine Intestinal epithelial integrity No
Single sample

GST-α Blood Intestinal epithelial integrity No
Single sample

Claudin 3 Urine Paracellular integrity No
Single sample

Dual Sugar Test Urine Functional intestinal barrier function Yes
5 h collection

PEG Urine Functional intestinal barrier function Yes
6 h collection

51Cr-EDTA Urine Functional intestinal barrier function Yes
24 h collection

LAL-assay Blood Intestinal barrier function N/A
Single sample

EndoCAb Blood Intestinal barrier function N/A
Single sample

D-Lactate Blood Intestinal barrier function Yes
Single sample

I-FABP: Intestinal fatty acid binding protein; I-BABP: Ileal bile acid binding protein; GST: Glutathione S-transferase-α; PEG: Polyethylene 
glycol; 51Cr-EDTA: Chromium labelled EDTA; LAL: Limulus amebocyte lysate; EndoCAb: Endotoxin core antibody; N/A: Not applicable.
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evaluated (Table 1). Markers for physical barrier loss as 
well as methods to assess functional barrier loss have been 
discussed. A combination of  the various tests might pro-
vide clinicians and scientists with a more advanced insight 
in gut wall integrity status. Due to the evident importance 
of  the intestinal barrier in development and perpetuation 
of  disease, further studies should be aimed at validating 
current available tests for clinical application and develop-
ment of  new tests for accurate assessment of  intestinal 
integrity and barrier function loss. Furthermore, the rela-
tionship between physical intestinal barrier damage and 
functional failure of  the barrier function remains subject 
for future research.
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