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Abstract Intestinal permeability and the effect of NSA-
IDs on permeability were investigated in 14 irritable bowel
syndrome (IBS) patients and 15 healthy subjects. In the
study, 24-h urinary recoveries of orally administered
polyethylene glycols (PEGs 400, 1500, and 4000) were not
significantly different in healthy subjects and IBS patients
before or after NSAID ingestion. Lactulose mannitol ratios
in healthy subjects and IBS patients were not significantly
different. Only time-dependent monitoring of PEG excre-
tion showed that NSAIDs enhanced intestinal permeability
for PEG 4000 in healthy subjects (P = 0.050) and for
PEGs 400, 1500, and 4000 in IBS patients (P = 0.012,
P =0.041, and P = 0.012, respectively). These results
show that intestinal permeability in IBS patients is not
different from that in healthy subjects; NSAIDs compro-
mise intestinal permeability in IBS patients to a greater
extent than in healthy subjects, which suggests that IBS is
associated with an altered response of the intestinal barrier
to noxious agents.
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Introduction

Irritable bowel syndrome (IBS) is characterized by
abdominal pain and altered bowel habits. Changes in
intestinal microbiota, inflammatory cells, and permeability
have been suggested to be involved in the pathophysiology
of IBS [1-3]. An increase in intestinal permeability will
expose the subject to intraluminal antigens, microbiota, and
bacterial toxins.

Whether permeability is increased in IBS patients is still a
matter of controversy. Intestinal permeability was reported
enhanced in 16-50% of post-infectious IBS patients [4, 5]
(post-infectious IBS patients make up 16% of the IBS pop-
ulation [6, 7]). In post-infectious and non-post-infectious
diarrhea-predominant IBS patients, permeability of the
(proximal) small intestine was increased in comparison to
healthy subjects and with constipation-predominant IBS
patients [8]. On the other hand, in some studies containing
relatively large groups of IBS patients, no indication of
enhanced intestinal permeability was found [9, 10]. A
decrease of intestinal permeability in IBS patients was also
reported [11].

IBS is significantly associated with the use of analgesics
[12, 13]. Visceral hypersensitivity is thought to play a
pivotal role in IBS symptom generation [14]. Non-steroidal
anti-inflammatory drugs (NSAIDs) tend to decrease the
initial perception threshold and reduce the basal nerve
discharge rate causing visceral hypersensitivity [15, 16].
Interaction between luminal aggressive factors like NSA-
IDs, and mucosal defense may lead to low-grade
inflammation [17, 18]. Low-grade inflammation is known
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in (post-infectious) IBS patients and may contribute to
visceral hypersensitivity [3, 4, 19]. The majority of IBS
patients use NSAIDs without experiencing apparent exac-
erbation of their symptoms. Nevertheless, IBS patients who
use NSAIDs are likely to have persistent IBS [13]. NSAIDs
are known to increase intestinal permeability [17, 20]. We
hypothesize that the use of NSAIDs by IBS patients sus-
tains a condition of low-grade inflammation which, even at
low dosage of NSAIDs, is mediated by increased intestinal
permeability. To test this hypothesis, we studied the effect
of limited administration of NSAIDs on intestinal perme-
ability in IBS patients. Healthy subjects received the same
treatment as reference.

Commonly used tests to assess intestinal permeability
such as the sugar absorption test are based on the selective
urinary excretion of orally administered probes, usually a
combination of a relatively small permeant compound and
a larger compound with restricted permeability. Relating
recovery of the larger to that of the smaller probe mini-
mizes the influence of factors like gastric emptying,
intestinal motility, and renal function, which should affect
both probes equally [21]. Parlesak et al. introduced a
mixture of polyethylene glycols (PEG) with relative
molecular masses M, 400, 1500, 4000, and 10000, which
may offer the possibility to assess size-dependent intestinal
permeability [22, 23]. The molecular size of PEG 10000
represents the size of substances of interest such as aller-
gens and bacterial products like lipopolysaccharides [23,
24]. Intestinal permeability in IBS has been studied by
using sugar absorption tests and by testing the permeability
for >'Cr-EDTA [4, 5, 8-11].

We decided to test intestinal permeability in IBS by using
a polyethylene glycol mixture similar to that described by
Parlesak et al. [22] and, moreover, by monitoring the
kinetics of urinary excretion of the various polyethylene
glycols anticipating that kinetic measurements might pro-
vide additional information on intestinal permeability. PEG
excretion was studied before (and 2 days after) administra-
tion of NSAIDs in IBS patients and healthy subjects to
analyze if permeability would be more affected by limited
administration of NSAIDs in IBS patients than in healthy
subjects. Enhanced intestinal permeability may also result
from intestinal ischemia and enterocyte death. This was
evaluated from the release of intestinal fatty acid-binding
protein (I-FABP) into urine [25-27].

Materials and Methods

Subjects

The PEG permeability test and analysis were evaluated in
15 healthy Caucasian persons. Healthy subjects had neither

intestinal complaints nor a history of bowel resection, and
were not receiving any treatment known to be associated
with alterations in gastrointestinal function or with gas-
trointestinal side effects. The IBS study group consisted of
14 Caucasian IBS patients who were diagnosed according
to the Rome II criteria for IBS [28]. The subjects were not
allowed to take NSAIDs or acetylsalicylic acid 3 days prior
to the tests [17, 18]. None of the healthy subjects and IBS
patients used antibiotics in the 2 weeks prior to the test.
There was no history of intestinal infection prior to and
interfering with the study. None of the IBS patients was
intolerant to lactose. The study was approved by the ethics
committee of the University Medical Center Utrecht.
Written informed consent was obtained from all subjects.

Study Protocol

Intestinal permeability was measured in IBS patients and
healthy subjects using a PEG and a lactulose mannitol (L/M)
test. The L/M test was meant as an alternative and well-
established indicator of intestinal permeability. The PEG
solution contained 5 g PEG 400, 1.5 g PEG 1500, 5 g PEG
4000, and 10 g PEG 10000 dissolved in 100 mL water [22].
Sorbate (0.1%) was added as preservative. PEGs with M,
400, M, 1500, and M, 4000 were obtained from Bufa
Chemical Company, Uitgeest, The Netherlands, and PEG
with M, 10000 from Sigma Chemical Company, St. Louis,
MO. The L/M solution contained 2 g mannitol, 5 g lactu-
lose, and 40 g sucrose in 100 mL water [29]. The PEG and
L/M solutions were quality- and purity-controlled by the
Department of Pharmacy of the UMC Utrecht. PEG and L/M
tests were performed in random order, at least 1 week apart.
In healthy subjects, the tests were performed twice to check
the reproducibility of test procedure and assay (test 1 and test
2). At least 1 week after the PEG and L/M reproducibility
tests, healthy subjects and IBS patients ingested the NSAID
in the evenings at 10:00 pm for 2 days and intestinal per-
meability was measured using the PEG test starting at 8:00
am the next morning. The NSAID used was 750 mg
(250 mg and 500 mg tablets) Naproxen (Centrafarm, Etten-
Leur, The Netherlands). After voiding and discarding
overnight urine, the fasting subjects drank a PEG or L/M
solution. A further 6-h fast followed during which the sub-
jects were allowed to drink water according to one’s needs.
During the PEG test, before or after NSAID ingestion, the
subjects collected urine eight times at 2-h intervals plus all
the urine until the next morning. Aliquots of 30 mL of each
urine portion were transferred to separate plastic tubes and
the remaining parts were stored together in a container.
Volumes of urine were recorded so that PEG excretion over
a 24-h period could be calculated. During the L/M test,
subjects collected urine over a single 6-h period. Urine
samples were stored at —20°C until further analysis.
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Analysis of Urine Samples

Urine samples were homogenized and 25 mL was centri-
fuged at 1,000 x g for 10 min. Two mL of clear
supernatant was desalted by treatment with an ion-
exchange resin (Bio-Rad RG 501-X8, Hercules, CA, USA).
The resin was removed by centrifugation and 50 pL
supernatant was analyzed by high-performance liquid
chromatography (HPLC).

Parlesak et al. analyzed polyethylene glycols by two
HPLC systems using differential refraction index detection
[22]. These authors purified PEGs 1500, 4000, and 10000
from urine by extraction with chloroform and analyzed the
extracts with one HPLC configuration. PEG 400 was ana-
lyzed in the post-extraction residue and analyzed by a
different HPLC setup. We applied HPLC and implemented
the novel technique of evaporative light-scattering detec-
tion [30, 31]. PEGs were analyzed with reversed-phase
HPLC (Shimadzu SCL-10A VP, Shimadzu Benelux, ‘s-
Hertogenbosch, The Netherlands) using a 25-cm, 5-um
Lichrospher 100-RP 18E column equipped with a 1.5-cm
similar guard column (Li Chro Cart 2,504 mm, Merck
KgaA, Darmstadt, Germany), and evaporative light-scat-
tering detection (Alltech 500, Grace Alltech Applied
Science, Breda, The Netherlands). The mobile phase con-
sisted of a gradient of 40-80% methanol in water allowing
analysis and quantification of all four polyethylene glycols
in a single run.

Figure 1 shows a chromatogram of PEGs 400, 1500,
4000, and 10000. The compounds are mixtures of oligo-
mers with molecular masses around the indicated means.
PEG 400 was resolved into its various oligomers, the larger
PEG compounds shown as a single peak each. Detection
limits were 0.05 mg/mL for PEG 400 and 0.005 mg/mL for
PEGs 1500, 4000, and 10000. Analytical recovery of all
four PEGs from standard solutions of urine was 100 & 4%,
reproducibility 97 £ 1%. The detection limit of the anal-
ysis procedure of PEGs 1500, 4000, and 10000 could be
improved by extracting PEGs from urine and concentrating
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Fig. 1 Chromatogram of a solution containing PEGs 400, 1500,

4000, and 10000. PEG 400 resolved into various oligomers, PEGs
1500, 4000, and 10000 were eluted as a single peak each
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the extract [22]. For this purpose, 8 mL of desalted urine
supernatant was extracted with 2 mL of chloroform. One
mL of the chloroform extract was dried under a mild
stream of nitrogen, then the residue taken up in 200 pL of
HPLC-mobile phase solvent and 50 plL. was analyzed.
Urine lactulose, mannitol and creatinine concentrations
were measured by routine clinical chemical analysis at the
Central Diagnostic Laboratory of the UMC Utrecht with a
Synchron CX4 random-access multi-analyzer (Beckman
Instruments Inc., Brea, CA, USA). I-FABP was determined
in urine using a human I-FABP sandwich ELISA (HyCult
Biotechnology B-V., Uden, The Netherlands).

Calculations and Data Analysis

Intestinal permeability was evaluated from the area under
the PEG-excretion time-curves and from the percentage
PEG recovered from the ingested dose. An L/M ratio over
0.03 was considered as an indication of increased intestinal
permeability [29, 32, 33].

Statistical Analysis

The significance of differences in recovery of PEGs
between IBS patients and healthy subjects before and after
NSAID ingestion was evaluated using Mann—Whitney U
tests. Proportions of subjects with PEG 10000 recovery
before and after NSAID ingestion and between groups
were compared using the Chi-square test. Differences in
areas under the curves of PEGs before and after NSAID
ingestion were determined using a Wilcoxon signed rank
test. Potential differences between the results of L/M test in
healthy subjects and IBS patients were evaluated by the
Chi-square test. Statistical significance was defined as a
two-tailed probability <0.05. Statistical analysis was per-
formed with SPSS version 12.0.1 for Windows.

Results
Subjects

The characteristics of the two groups of subjects are listed
in Table 1. The mean age of IBS patients was not signifi-
cantly different from that of healthy subjects. Healthy
subjects passed equal volumes of urine in 24 h before and
after NSAID consumption (means £+ SEM, respectively:
2.06 £0.15L and 2.11 4+ 0.14 L). IBS patients passed
2.80 = 0.32 L urine in 24 h before NSAID consumption,
which is significantly more (P = 0.013) than after NSAID
consumption (2.10 & 0.30 L), and more (P = 0.050) than
healthy subjects.
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Table 1 Subject characteristics

Healthy subjects IBS patients

Number 15 14
Mean age in years (range) 31 (21-55) 41 (21-63)
Female/Male 8/7 10/4
Rome II:

IBS-D 8

IBS-C 3

IBS-A 3
Creatinine in urine 7.5 (1.1) 6.2 (1.3)

(mean [mmol/L] (SEM))

Subjects with diarrhea-predominant IBS (IBS-D) experienced more
than three bowel movements per day, loose stools, or urgency while
never experiencing less than three bowel movements per week, hard
stools, or straining during a bowel movement. Subjects with consti-
pation-predominant IBS (IBS-C) experienced less than three bowel
movements per week, hard stools, or straining during a bowel move-
ment while never experiencing more than three bowel movements per
day, loose stools, or urgency. Subjects with alternating IBS (IBS-A)
experienced symptoms belonging to both IBS-D and IBS-C criteria

PEG Excretion Test in Healthy Subjects (Fig. 2)

The results of the PEG-excretion reproducibility tests 1 and
2 in healthy subjects are presented in Fig. 2. It shows the
concentrations of PEGs 400, 1500, and 4000 in urine at the
various time points over 24 h. PEG 10000 could be
detected in one healthy subject only and therefore data
from PEG 10000 are not included in this figure. Urinary
concentrations of PEGs 400, 1500, and 4000 after NSAID
consumption are also presented in Fig. 2.

Excretion of PEGs 400 and 1500 was essentially complete
within 12 h, and excretion of PEG 4000 after 24 h, indepen-
dent of NSAID consumption. Peak concentrations of PEGs
400 and 1500 were reached within 2 h and the peak concen-
tration of PEG 4000 after 4 h, reflecting a relatively reduced
rate of intestinal permeation by the larger compound.

The areas under the concentration curves from tests 1
and 2 were identical (median (range), respectively: PEG
400: 13.3 (7.8-51.8) versus 13.8 (3.8-32.5); PEG 1500:
0.26 (0.08-1.52) versus 0.25 (0.04-0.60); PEG 4000: 0.013
(0.001-0.087) versus 0.012 (0-0.052) mg h mL™Y). Fig-
ure 2 clearly illustrates that similar concentrations of PEGs
400, 1500, and 4000 were found in tests 1 and 2, indicating
reliable reproducibility of test procedures and analysis. The
means of data from tests 1 and 2 were used to represent
data from healthy subjects before NSAID treatment.

PEG Excretion in Healthy Subjects After NSAID
Ingestion

The 24-h recoveries of PEGs 400 and 1500 as percentages
of the ingested doses were not different before or after

PEG 400 Concentration
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Fig. 2 Concentrations of PEGs 400 (a), 1500 (b), and 4000 (c) in
urine of 15 healthy subjects, in mg/mL, at various times after
consumption of PEGs. Test 1 ((J) and 2 (H) were performed with a 1-
week interval. One week later, the test was performed after 2-days
consumption of NSAID (A). Values represent means + SEM

NSAID consumption in healthy subjects (Table 2). Like-
wise, the 24-h recovery of PEG 4000 was not significantly
different after NSAID intake, suggesting that intestinal
permeability was not affected by 2 days of NSAID inges-
tion (Table 2). However, the area under the curve of PEG
4000 after NSAID (0.019, range 0.002-0.100 mg h mL ™",
Fig. 2) was significantly (P = 0.050) enhanced compared
to before NSAID ingestion (mean of test 1 and 2), which
might be interpreted to indicate increased intestinal per-
meability after NSAID. The peak urinary excretion of PEG
4000 after NSAID ingestion was reached within 2 h after
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Table 2 PEG recovery in healthy subjects and IBS patients before and after NSAID ingestion

Healthy subjects
before NSAID

Healthy subjects
after NSAID

IBS patients
before NSAID

IBS patients
after NSAID

Recovery PEG 400 (% of administered dose)

Recovery PEG 1500 (% of administered dose)
Recovery PEG 4000 (% of administered dose)
Recovery PEG 10000 1/15

27.9 (22.2-38.8)
1.29 (0.56-2.85)

0.016 (0.008-0.065)

32.2 (16.0-38.4) 26.0 (13.8-32.1)
1.57 (0.70-4.16) 1.00 (0.67-2.74)
0.040 (0.004-0.124) 0 (0-0.061)

5/15 1/14

30.7 (13.5-45.8)
1.62 (0.45-7.50)

0.020 (0-0.249)
2/14

Values are expressed as median (range). Recovery of PEG 10000 is expressed as proportion of subjects in which PEG 10000 was detected.
Values before vs. after NSAID, and IBS patients vs. healthy subjects are not statistically significantly different

administration and the concentration of PEG 4000 at 2 h
was significantly (P = 0.002) higher after than before
NSAID intake, which is indicative of accelerated excretion
of PEG 4000.

PEG Excretion in IBS Patients (Fig. 3)

Figure 3 shows the recovery of PEGs 400, 1500, and 4000
in mg in the urine from IBS patients before and after
NSAID ingestion. PEG 10000 was detected in a limited
number of subjects only and is therefore not included in
this figure. Excretion of PEGs 400 and 1500 before and
after NSAID ingestion, and of PEG 4000 before NSAID
ingestion were essentially complete within 12 h. After
NSAID intake, complete excretion of PEG 4000 took 24 h.
Peak excretion of PEGs 400, 1500, and 4000 were reached
within 2 h, and peak excretion of PEG 4000 after 4 h,
independent of NSAID ingestion.

IBS patients passed significantly more urine in 24 h
before than after NSAID consumption. Urinary flow and
volume will contribute to PEG excretion. However, the
rate-limiting step in permeability will be the passage of the
intestinal mucosal barrier. Therefore, urinary recovery of
PEGs will be mostly an indicator of passage of PEGs
through the mucosal barrier. By expressing recovery as a
percentage of the administered quantity (Table 2) or as mg
per 24 h (Fig. 3), differences in urine volumes will have
been accounted for.

PEG Excretion After NSAID Ingestion in IBS Patients

Table 2 shows that 24 h recoveries of PEGs 400, 1500, and
4000 in IBS patients after NSAID ingestion were not dif-
ferent from before NSAID intake suggesting that 2 days
NSAID consumption did not enhance intestinal perme-
ability in IBS patients. However, the areas under the
recovery curves of PEGs 400, 1500, and 4000 in Fig. 3 are
significantly larger after NSAID ingestion than before
NSAID (median (range): PEG 400: 1,862 (1,266-2,314)
versus 2,162 (921-3,988), P = 0.012; PEG 1500: 23.7
(13.1-67.3) versus 36.7 (8.11-203.5), P = 0.041; PEG
4000: 0 (0-0.564) versus 1.65 (0-23.7), P = 0.012,
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[mg h]), which again might be interpreted to indicate
increased intestinal permeability after NSAID. Both Figs. 2
and 3 show that time-dependent registration of PEG
excretion provides additional information on possible dif-
ferences in intestinal permeability.

PEG Excretion in IBS Patients and Healthy Subjects

There were no significant differences in percentages
recovered from the administered doses of PEGs 400, 1500,
and 4000 between IBS patients and healthy subjects
(Table 2), which indicates that intestinal permeability in
IBS patients is not different from that in healthy subjects.

L/M Excretion in Healthy Subjects and IBS Patients

The median L/M-ratio from IBS patients was 0.013 (range:
0.005-0.040), which was similar to that from healthy
subjects (0.011; range: 0.008-0.030). Both median L/M-
ratios are below the cut-off value of 0.03 indicative for
enhanced intestinal permeability; three IBS patients had
L/M-ratios above 0.03.

I-FABP

I-FABP results showed no differences between healthy
subjects and IBS-patients neither before (mean (range)
respectively: 3.4 (0-34) versus 6.6 (0-48) pg/mL) nor after
NSAID consumption (respectively: 9.1 (0-55) versus 3.9
(0-38) pg/mL), indicating absence of (micro) damage to
the intestinal epithelium affecting intestinal permeability as
a result of IBS or NSAID consumption.

Discussion

Reports on intestinal permeability in patients with IBS
have been contradictory and can be subject to debate [4, 5,
8-10]. Marshall et al. found no significant difference in
permeability between IBS patients and healthy subjects
based on lactulose mannitol excretion using the conven-
tional cut-off point of 0.03 [5]. However, when a cut-off
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Fig. 3 Recovery of PEGs 400 (a), 1500 (b), and 4000 (c) in urine of
14 IBS patients, expressed in mg per 24 h, at various times after
consumption of PEGs before ([J) and after (A) 2-days consumption of
NSAID. The tests were performed with an interval of 1 week. Values
represent means + SEM

value of 0.02 was used, an increase in intestinal perme-
ability reached statistical significance [5]. According to
these authors, lowering the threshold might open the pos-
sibility to distinguishing more subtle disorders like post-
infectious IBS. Other studies have shown an increase in
intestinal permeability when comparing IBS patients to
healthy subjects [4, 8]. Using >'Cr-EDTA as a permeability

marker, Dunlop et al. found increased intestinal perme-
ability in post-infectious and diarrhea-predominant IBS
patients, but only in the proximal small intestine and not in
constipation-predominant IBS patients [8]. Spiller et al.
reported increased intestinal permeability based on lactulose
mannitol recovery in patients following Campylobacter
enteritis [4]. These patients were studied acutely after con-
tracting gastroenteritis and 8—48 months following the
initial episode of enteritis. The Walkerton study showed that
approximately 2 years after acute gastroenteritis intestinal
permeability can be within normal limits [5]. On the other
hand, using the L/M test, Lundin et al. reported decreased
permeability in the proximal gastrointestinal tract of IBS
patients without any relation to the predominant bowel habit
of these patients [11]. The question remains whether results
from studies on post-infectious IBS patients may be
extrapolated to the IBS patient in general.

We hypothesized that the use of NSAIDs by IBS
patients sustains a condition of low-grade inflammation
mediated by increased intestinal permeability. We have not
assessed mucosal inflammation from, e.g., the shedding of
faecal calprotectin [34, 35]. Instead, we measured that
IFABP shedding from the villous tips, which was not
enhanced after 2 days of NSAIDs, indicating that an
increase in intestinal permeability was caused by a com-
promised mucosal barrier function and not by (micro)
damage to the mucosal epithelium.

Enhanced intestinal permeability in post-infectious IBS
patients may reflect a lack of recovery of tight junction
function that had become compromised during acute
infection [36, 37]. Mast cells are key players in maintaining
intestinal permeability integrity and may play a role in this
lack of recovery [38—40]. The number of mast cells that
infiltrate inflamed tissue is increased in large intestinal
mucosa of IBS patients [3, 41-43]. Also, tryptase activity is
enhanced in IBS mucosa [3, 41-43]. Tryptase activates
PAR-2, which affects the tight junctions and increases
intestinal permeability [44]. However, the effect of infec-
tion on permeability can not be generalized since acute
infections with Giardia lamblia and rotavirus cause a
decrease in intestinal permeability of PEG 400 [45]. It is
clear that the pathophysiology of altered intestinal perme-
ability in IBS patients in general remains to be clarified.

Intestinal permeability reflects the barrier function of gut
mucosa. Disorders of the barrier function may be assessed
from changes in permeability markers. In the present
approach, intestinal permeability in IBS patients and sen-
sitivity to factors affecting intestinal permeability were
studied by (1) using a polyethylene glycol test mixture
containing PEGs from M; 400 to M, 10000, (2) monitoring
time-dependent urinary excretion of the various PEGs,
and (3) testing the effect of 2 days of NSAID administra-
tion. Test and analytical procedures showed excellent
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reproducibility upon repeating the study in healthy subjects
(Fig. 2).

The concomitant administration of a combination of
markers is regarded as a useful technique to avoid interfer-
ence from variances in gastric emptying and intestinal transit
(premucosal factors) or urinary excretion (postmucosal
factor) since, in those cases, excretion of the various markers
should be equally affected. Therefore, the time-dependently
increased intestinal permeability for PEG 4000 after the 2
days of ingestion of NSAID in healthy subjects and in par-
ticular in IBS patients should be ascribed to NSAID-induced
changes in mucosal factors such as putative changes in tight
junctions or an altered composition of the mucous surface
layer [17.] NSAIDs can reduce the surface hydrophobicity
of the gastrointestinal mucosal barrier facilitating exoge-
nous water-dissolved agents to permeate the mucous barrier
and damage the underlying epithelium [46, 47]. NSAIDs
also intracellularly uncouple mitochondrial oxidative
phosphorylation, which will contribute to disruption of the
integrity of the tight junctions [48, 49].

Our results show the added value of time-dependent
registration of PEG excretion. Total 24-h recoveries of
PEGs 400, 1500, and 4000 did not show differences
between healthy subjects and IBS patients, neither before
nor after 2 days of NSAID ingestion (Table 2). Time-
dependent monitoring of PEG excretion showed that
NSAIDs enhanced intestinal permeability for PEG 4000 in
healthy subjects, and for PEGs 400, 1500, and 4000 in IBS
patients (Figs. 2 and 3). The time-dependent results also
indicate that a 10-12 h period to collect urine would be
sufficient to get a valid indication of the extent of PEG
recovery, and therefore intestinal permeability.

In conclusion, the important result from this study is that
intestinal permeability in IBS patients was found not to be
different from that in healthy subjects. Yet, the capacity of
the intestinal barrier to cope with luminal aggression is
more limited in IBS. Time-dependent monitoring of PEG
excretion showed that 2 days administration of NSAIDs
enhanced intestinal permeability for PEG 4000 in healthy
subjects, and for PEGs 400, 1500, and 4000 in IBS patients.
Therefore, NSAIDs compromise intestinal permeability to
a greater extent in IBS patients than in healthy subjects.
Since intestinal permeability reflects the functional status
of the intestinal barrier, the present findings support the
idea that IBS is associated with as yet unknown changes in
the physiology of the intestinal barrier, particularly
expressed when triggered by action of noxious agents.
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