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Abstract
AIM: To study intestinal permeability (IP) and its rela-
tionship to the disease activity in patients with inflam-
matory bowel diseases (IBD) - Crohn’s disease (CD) 
and ulcerative colitis (UC). 

METHODS: Fifty-eight patients with active IBD (32 
with CD and 26 with UC) and 25 healthy controls con-
sented to participate in the study. The clinical activity 
of CD was estimated using the Crohn’s Disease Activity 
Index (CDAI), and the endoscopic activity of UC us-
ing the Mayo scoring system. IP was assessed by the 
rise in levels of iohexol, which was administered orally 
(25 mL, 350 mg/mL) 2 h after breakfast. Three and six 
hours later serum (SIC mg/L) and urine (UIC g/mol) 
iohexol concentrations were determined by a validated 
HPLC-UV technique. 

RESULTS: In the CD group, SIC values at 3 h (2.95 ± 
2.11 mg/L) and at 6 h after ingestion (2.63 ± 2.18 mg/L) 
were significantly higher compared to those of healthy 
subjects (1.25 ± 1.40 mg/L and 1.11 ± 1.10 mg/L, 
respectively, P  < 0.05). UIC (g/mol) values were also 
higher in patients, but the differences were significant 
only for UIC at 6 h. Significant positive correlation (P 
< 0.05) was found between the CDAI and IP, assessed 
by SIC at 3 h (r  = 0.60) and 6 h (r  = 0.74) after the 
ingestion. In comparison to controls, SIC and UIC of 
UC patients were higher in the two studied periods, but 
the differences were significant at 6 h only. Significantly 
higher values of SIC (P  < 0.05) were found in patients 
with severe endoscopic activity of UC compared to 
those of patients with mild and moderate activity (3.68 
± 3.18 vs  0.92 ± 0.69 mg/L).

CONCLUSION: Serum levels of iohexol at 3 h and 6 h 
after its ingestion reflect increased IP, which is related 
to the disease activity in patients with IBD. 
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INTRODUCTION
Crohn’s disease (CD) and ulcerative colitis (UC), the two 
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principal forms of  inflammatory bowel disease (IBD), 
are characterized by a chronic inflammation of  the gas-
trointestinal tract. Over the past decade there has been 
increasing recognition of  the importance of  both epithe-
lial barrier function and innate immunity in the genesis of  
intestinal inflammation[1-5].

Mucosal barrier function in IBD has been investigated 
in numerous studies and many of  them, but not all[6], have 
demonstrated increased intestinal permeability (IP) in some 
of  the patients[7-11]. Alterations of  IP can be evaluated us-
ing several different probes such as disaccharides (lactulose, 
cellobiose), monosaccharides (mannitol), polyethylenglycols 
of  different molecular mass and 51Cr-ethylenediamine-
tetraacetate (51Cr-EDTA). Studies have utilized different 
methods for the assessment of  permeability, both in regard 
to administration procedures of  the different probes and to 
outcome measures[12,13]. 

So far, IP assessment in patients has been performed 
by measuring urine recovery of  ingested permeability 
substrates. The urine test can be relatively uncomfortable 
and can lead to potential inaccuracy[14,15] due to incomplete 
urine collection, renal dysfunction and variable hydration 
status of  the tested subjects. In addition, some analytical 
difficulties in quantifying carbohydrates in urine have 
limited the widespread use of  those permeability markers. 
Furthermore, urinary tract infections may compromise 
the recovery of  sugar permeability markers[16]. Measure-
ment of  the permeability substrates in plasma or serum 
could eventually reduce the problems with urine recovery 
and could potentially have a valuable role, particularly in 
pediatric patients.

The aim of  the present study was to evaluate IP in 
patients with active IBD (CD and UC) by measuring se-
rum and urine levels of  water-soluble contrast medium 
iohexol, to assess the relationship of  IP to the disease 
activity, and to compare the reliability of  serum vs urine 
levels of  iohexol as an IP disease marker. 

MATERIALS AND METHODS
Patients and controls
The study included 58 patients with active IBD: 32 patients 
with CD (16 males, 16 females, mean age 38.9 years: range 
18-70 years) and 26 patients with UC (11 males, 15 females, 
mean age 41.5 years: range 21-70 years), hospitalized in the 
Clinical Centre of  Gastroenterology, University Hospital 
Queen Joanna, Sofia. Diagnosis was based on the com-
monly accepted clinical, endoscopic and histological cri-
teria. Disease activity of  CD patients was estimated using 
the Crohn’s Disease Activity Index (CDAI); values greater 
than 150 were accepted as a marker for clinical activ-
ity[17]. The endoscopic activity (EA) of  UC was assessed 
using the Mayo scoring system (findings on endoscopy): 
0: normal or inactive disease; 1: mild disease (erythema, 
decreased vascular pattern, mild friability, erosions); 2: 
moderate disease (marked erythema, lack of  vascular 
pattern, friability); 3: severe disease (spontaneous bleeding, 
ulceration) (Table 1). CD patients were divided in two 
subgroups with regard to the endoscopic activity score: “EA 

3” - severe and “EA 1+2” - mild and moderate endoscopic 
activity.

The location and behavior of  CD, and extent and se-
verity of  UC, were classified using the modified Montreal 
classification[18]. According to CDAI, all CD patients had 
active disease (CDAI > 150). All patients with UC had 
endoscopic features of  an active disease. Twenty-five 
healthy persons (18 males, 7 females, mean age 40.6 years: 
range 25-68 years) were recruited as a control group. 
None of  them had signs or symptoms of  gastrointestinal 
disorders or renal diseases. None of  the investigated sub-
jects took alcohol, non-steroidal anti-inflammatory drugs 
or any other medications (antidepressants, anticholiner-
gics, metoclopramide, lactulose) that have the potential to 
affect gastrointestinal motility, for at least 2 wk before the 
test. Renal function, assessed by serum creatinine levels 
and calculated Glomerular Filtration Rate, was normal in 
all investigated subjects (Table 1).

The study was approved by the Ethics Committee 
of  University Hospital Queen Joanna. Written informed 
consent was obtained from all patients and control sub-
jects.

Assessment of the IP
Iohexol (Omnipaque™, Nycomed-General Electric) was 
administered orally (25 mL of  350 mg/mL injection so-
lution) in the morning, 2 h after breakfast, immediately 
after voiding. Drinking was not allowed for the next 3 h. 
Food was permitted after 5 h. Blood and urine samples 
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Table 1  Characteristics of patients with Crohn’s disease and 
ulcerative colitis

Variables CD (n  = 32) UC (n  = 26)

Males/females 16/16 11/15
Age (yr), mean (range) 38.9 (18-70) 41.5 (21-70)
Duration of the disease (yr), mean 
(range)

   6 (1-31)   6 (1-26)

Crohn’s disease
   Area of involvement of the GI tract
      Small intestine only (L1)   4
      Large intestine only (L2)   7
      Ileo-colonic (L3) 21
      UGIT involvement (L4)   0
   Clinical activity 
      CDAI, median (range)      211 (156-344)
      CDAI 151-220 17
      CDAI 221-400 15
      CDAI > 400   0
Ulcerative colitis
   Extent (E)
      Proctitis (Е 1)   2
      Left-side (distal) colitis (Е 2) 12
      Total colitis (Е 3) 12
   Endoscopic activity-Mayo scoring 
   system (EA)
      Endoscopic remission (EA 0)   0
      Mild (EA 1)   6
      Moderate (EA 2)   5
      Severe (EA 3) 15

GI: Gastrointestinal; UGIT: Upper gastrointestinal tract; CDAI: Crohn’s 
Disease Activity Index.



were collected at 3 and 6 h after the iohexol ingestion. 
Serum was separated within 45 min after the blood with-
drawal by centrifugation at 1 500 g for 10 min. Serum and 
urine were kept frozen at -20oC until analysis. Iohexol 
concentrations were determined by a validated high pres-
sure liquid chromatography technique. Briefly, sample 
preparation consisted of  protein precipitation; separation 
was performed on a C8 column with a mobile phase of  
5% aqueous acetonitrile and detection at 240 nm. Selec-
tivity was confirmed by comparing the signal in blank 
and spiked samples in 12 individual sources of  human 
serum and urine. Accuracy and precision (within-run and 
between-runs) were within 12%; extraction recovery was 
over 90%; linearity range was 0.25-10.00 mg/L for serum 
samples and 2.50-700.00 mg/L for urine samples; R2 > 
0.998. Stability was also validated accordingly. Urine re-
sults were presented as iohexol/creatinine ratios (g/mol). 
Results of  the control group (mean + 2SD) were used 
as a cut-off  level for increased IP at 95% confidence 
interval, and values exceeding that cut-off  were consid-
ered abnormal.

Statistical analysis 
Statistical methods used: descriptive statistics, nonpara-
metric ANOVA (Kruskal-Wallis test), nonparametric 
Mann-Whitney U test for overall testing the difference 
between subject groups, nonparametric Wilcoxon test for 
the difference between pairs of  groups, Pearson’s test (r) 
for correlation. Each hypothesis was tested at a level of  
significance of  0.05.

RESULTS 
All permeability tests were well tolerated and no side 
effects were reported. Based on the results obtained from 
healthy subjects, values of  SIC over 4.0 and 3.3 mg/L 
at 3 and 6 h respectively, as well as values of  UIC over 
35.5 and 31.4 g/mol at 3 and 6 h after ingestion, were ac-
cepted as abnormal (cut-offs). One control subject had 
slightly increased IP at 3 h, and two control subjects at 6 h, 
post-iohexol ingestion. 

The results from applied Kruskal-Wallis test showed 
that the factor “group” is significant (P < 0.05). Mann-
Whitney U test results indicated that in the group of  
CD patients the mean values of  SIC at 3 h (2.95 ± 2.11 
mg/L) and at 6 h (2.63 ± 2.18 mg/L) post-ingestion 
were significantly higher than those in the control group 
(1.25 ± 1.40 mg/L and 1.11 ± 1.10 mg/L, respectively). 
Abnormal IP was found in 10 patients at 3 h (31%) and 
in 16 patients at 6 h (50%) after iohexol intake. Urine 
recovery of  iohexol was also higher in patients 3 h (18.09 
± 13.13 g/mol) and 6 h (36.92 ± 27.68 g/mol) post-
ingestion compared to the control group (14.64 ± 10.44 
g/mol and 14.18 ± 7.78 g/mol, respectively), but the 
difference was significant only for the mean UIC values 
at 6 h.

In the UC group, the mean serum levels (1.57 ± 1.55 
mg/L and 2.49 ± 2.80 mg/L) and urine recovery of  

iohexol (9.86 ± 9.26 g/mol and 27.76 ± 25.18 g/mol) 
at 3 and 6 h after its ingestion, respectively, were higher 
than those for healthy controls, but the differences 
were significant only at 6 h for both parameters. IP was 
established as abnormal in 3 (11%) and 8 (31%) patients 
with UC at 3 and 6 h post-iohexol ingestion, respectively.

There was a significant positive correlation between 
the parameters SIC and CDAI in the group of  CD pa-
tients at 3 h (r = 0.60) and at 6 h (r = 0.74) post-inges-
tion, while the correlation between CDAI and UIC was 
insignificant both at 3 h (r = 0.48) and at 6 h (r = 0.32) 
post-ingestion of  iohexol.

In the subgroup “ЕА 3” of  patients with severe endo-
scopic activity of  UC (n=15), the mean values of  SIC at 6 
h were significantly higher (3.68 ± 3.18 mg/L), compared 
to those of  the control group (1.11 ± 1.10 mg/L), while 
the values (0.92 ± 0.69 mg/L) for the patient subgroup 
“ЕА 1+2” (n = 11) with mild and moderate endoscopic 
activity did not differ from the controls (Figure 1A). The 
mean UIC values for patient subgroup “ЕА 3” at 6 h 
were also significantly higher (33.60 ± 28.42 g/mol) com-
pared to those of  the control group (14.18 ± 7.78 g/mol),  
and mean UIC values of  the subgroup “EA 1+2” (19.78 
± 18.25 g/mol) were slightly but insignificantly higher 
from the control values (Figure 1B).

The permeability disturbances were five-fold more 
frequent in the subgroup of  patients with severe activity 
(47%) in comparison to the subgroup of  patients with 
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Figure 1  Serum Iohexol concentrations (A) and urine Iohexol concentrations 
(B) (mean ± SE) at 6 h post-ingestion according to Endoscopic Activity Mayo 
score (EA) of patients with ulcerative colitis. EA3: Severe endoscopic activity; 
EA 1+2 : Mild and moderate endoscopic activity. aP < 0.05, SIC and UIC vs control 
group; bP < 0.05, EA 3 vs EA 1+2 group. SIC: Serum Iohexol concentrations; UIC:
Urine Iohexol concentrations.
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mild and moderate activity (9%). 

DISCUSSION
Altered barrier function in IBD is documented in experi-
mental and clinical studies, but it is difficult to compare the 
results of  IP due to the existing variability in the chemical 
nature of  the chosen candidate markers in the experimental 
design and methodology. It is considered that the larger mo-
lecular weight markers reflect the changes predominantly 
in paracellular permeability, while smaller ones register 
transcellular transfer changes. Paracellular permeability 
across the epithelial cell monolayers is regulated primarily 
by the tight junctions (TJs) that encircle the apical poles 

of  the epithelial cells[1,7]. The epithelium in the inflamed 
intestinal segments of  patients with CD is characterized 
by a reduction of  the TJ strands, strand breaks, and 
alterations of  the TJ proteins. In patients with UC the 
epithelial leaks appear early due to micro-erosions resulting 
from upregulated epithelial apoptosis and in addition to a 
prominent increase of  claudin-2[3]. Immune regulation of  
the epithelial functions by cytokines may cause a barrier 
dysfunction not only by the TJ impairments but also by 
apoptotic leaks, transcytotic mechanisms and mucosal 
gross lesions[4]. 

In our study, IP in patients with IBD was examined 
by measuring of  the serum levels and urine recovery of  
iohexol, following oral administration. Andersen et al[19] 
demonstrated that water-soluble radiographic contrast 
media could be of  use for evaluation of  the altered 
intestinal barrier function. The contrast agent iohexol 
is a moderately large molecule (molecular weight 821 
Dalton) with a low absorption under normal conditions, 
and enhanced absorption through the inflamed intesti-
nal mucosa. It does not bind to serum proteins and is 
filtered through the glomerulus without indications of  
tubular secretion or reabsorption. Until now, to the best 
of  our knowledge, serum levels of  iohexol have not 
been used for the assessment of  IP. The results of  this 
study demonstrate that iohexol permeation through the 
intestinal mucosa is significantly increased in both CD 
and UC patients. Using different probes, similar findings 
have also been reported in numerous studies both in 
adult and pediatric populations with IBD[7-11,20-24]. The 
findings of  this study support the understanding that pa-
tients with active IBD (including both CD and UC) have 
a mucosal barrier dysfunction, which can be assessed by 
measurement of  IP. The permeability alterations were 
more frequent in CD than in UC patients: increased io-
hexol absorption as a marker for the abnormal IP was 
established in 50% of  CD and in 31% of  UC patients, 
figures which were significantly more frequent in com-
parison to the healthy subjects. Taking into account the 
fact that 3 h after ingestion iohexol is located in the large 
intestine[7], the higher SIC and UIC at 6 h after ingestion 
in patients with UC in our research suggest that this test 
can be used for evaluation of  the colon permeability also.

The relationship between increased IP and disease ac-

tivity in IBD has been established in some studies[9,11,20,21]. 
IP in CD patients is increased proportionally to the disease 
activity; it can be used to predict the clinical relapse of  the 
disease (due to subclinical mucosal inflammation) and to 
assess prognosis[25,26]. However, the data in the literature 
are contradictory, most probably due to the usage of  dif-
ferent permeability probes as mentioned above. Our study 
demonstrates that the permeation of  iohexol through the 
intestinal mucosa, evaluated by serum concentrations, cor-
relates positively with the disease activity in CD patients. 
These results are in agreement with data reported by 
Halme et al[7,20] for increased IP of  iohexol (measured by 
its urinary recovery) and its correlation with the clinical 
disease activity indices. Furthermore, Halme et al[27] con-
cluded that the iohexol test is a superior activity marker 
compared to the lactulose-mannitol test in patients with 
IBD. We established a relationship between serum levels 
of  iohexol and the endoscopic activity score for UC pa-
tients. Using different permeability markers, Miki et al[11],  
Arslan et al[23] and Casellas et al[24] found a relationship 
between IP and disease activity in IBD patients. How-
ever, other investigators did not establish such a correla-
tion[8,28,29]. Our data for significant positive correlation 
between iohexol penetration through the intestinal 
mucosa and disease activity support the hypothesis of  the 
important role of  the impaired intestinal barrier in the 
pathogenesis of  active IBD[2,3,5]. 

In conclusion, the water-soluble contrast medium 
iohexol is a suitable marker for assessing the gut barrier 
function as its penetration through the intestinal mucosa 
is increased in patients with active IBD (both CD and 
UC) and is related to the disease activity. In our study, 
serum iohexol concentration appears to be a superior 
marker of  altered IP, compared to urinary iohexol level. 
Measurement of  a single serum sample of  iohexol 6 h 
following its oral administration makes the proposed per-
meability test more convenient and provides a possibility 
for the assessment of  altered barrier function in both 
small and large intestine.

COMMENTS 
Background
Increased intestinal permeability (IP) has been implicated in the pathogenesis 
of the inflammatory bowel diseases (IBD). Mucosal barrier function has been 
investigated by the measuring of urine recovery of ingested permeability 
substrates, which is relatively uncomfortable and could lead to potential 
inaccuracy. To clarify the role of barrier dysfunction and to introduce better 
diagnostic procedure, the authors decided to evaluate IP in patients with active 
IBD by measuring serum and urine levels of water-soluble contrast medium 
iohexol, to assess the relationship of IP to disease activity, and to compare the 
reliability of serum vs urine levels of iohexol as an IP disease marker.
Research frontiers
In the present study the relationship between IP and disease activity in patients 
with active IBD was investigated by using the iohexol test. The findings support 
the hypothesis that, by affecting the penetration of macromolecules and 
pathogens, the permeability disorders are linked to intestinal inflammation and 
play a role in mucosal damage in IBD.
Innovations and breakthroughs
Mucosal barrier function in IBD has been investigated in numerous studies 
which differ with respect to methods for the permeability assessment, both in 
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regard to administration procedures of the different probes and to outcome 
measures. Measurement of permeability substrates in plasma or serum may 
reduce the problems with urine recovery and might potentially have a valuable 
role.
Applications
The assessment of permeability alterations with the suitable, easy to perform, 
and convenient iohexol test provides a platform for therapeutic modulation of 
the gut barrier function for better control of IBD patients.
Terminology
IP reflects the integrity of the intestinal mucosa to prevent penetration of mac-
romolecules and bacterial antigens from the gut lumen. Tight junctions are 
continuous, circumferential, belt-like structures that encircle the apical poles of 
the epithelial cells. They are a key regulator of paracellular permeability across 
the intestinal epithelium. Iohexol is a non-ionic, water-soluble contrast agent. 
Peer review
The authors found that patients with active ulcerative colitis and Crohn’s disease 
had increased serum and urinary concentration of iohexol, indicating disruptive 
IP. There was a correlation between severity of intestinal leakiness and disease 
activity. The authors concluded urinary and serum iohexol are acceptable 
methods of assessing IP. The authors concluded that IP disrupted in patients with 
active IBD. It is an interesting study and data appear to support the conclusion. 
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