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INTRODUCTION 

In clinical practice, intestinal permeability tests are generally performed in a non

invasive way. 

Orally applied aqueous solutions containing a non-metabolizable hexose sugar (e.g. 

mannitol, rhamnose) and a disaccharide (e.g. lactulose, cellobiose) or Cr-EDTA are 

given to the patient, the urinary recovery of these substances is measured and 

expressed as a ratio of the disaccharide/monosaccharide recovery. This ratio is used as 

an index of intestinal permeability, and an increased ratio is assumed to reflect an 

increased intestinal permeability (Travis 1992; Bjarnason 1995). Recently we have 

questioned this interpretation, as monosaccharide permeation through the intestinal 

epithelium is subject to an additional driving force, namely solvent drag, which does 

not affect disaccharide permeation (Bijlsma 1995). Moreover, it is questionable if the 

transepithelial diffusion of small molecules reflects the intestinal transport of antigenic 

macromolecules, as the latter are normally absorbed primarily by non-specific 

endocytosis (Heyman 1982, 1992). Thus there is still a need for measurement of 

human intestinal permeability for larger molecules. 

Such studies have been performed, mostly using intestinal resection material or 

endoscopic aspiration biopsies which were mounted in Ussing chambers. Since the 

first quantitative report on macromolecular permeability in the jejunum of 

malnourished children by Heyman et al. in 1984, relatively few studies have been 

published in this field (Heyman 1988; Saidi 1995; Malin 1996; Majamaa 1996). One 

of the reasons is that the availability of human intestinal material which is suitable for 

mounting in Ussing chambers is scarce, as the required minimal exposed serosal area 

of the tissues mounted in these chambers is as yet reported to be at least 3 mm 

(Taylor 1988; Reims 1997). Normal endoscopic forceps biopsies obtained during 

routine endoscopy for histological or biochemical examination usually are too small 

and irregularly shaped for this criterion, especially when endoscopy is done in 

children. 

In the present study we first attempted to develop a method to study the transepithelial 

permeability of horseradish peroxidase (HRP; 40 KD) in endoscopic duodenal and 

ileal forceps biopsies in special miniaturized Ussing chambers leaving an exposed 

serosal surface area of 1.75 mm2 or smaller (see methods). Transepithelial resistance 

and potential difference were measured and responses to luminal glucose and serosally 

applied secretagogues were obtained. Biopsies were obtained from adults and 
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children, and the results were compared to literature values from tissues with larger 

surface areas. In some of these experiments the effect of the cholinergic agent 

carbachol on HRP permeability was examined, as we have previously shown that this 

cholinomimeticum increased HRP permeability in in vitro small intestine of rats and 

guinea pigs (Bijlsma 1996; chapter 8).Tissues were fixed for electronmicroscopy at 

the end of experimental periods of 120 to 180 minutes. 

In a second set of experiments we examined HRP permeability and 

electrophysiological parameters in duodenal biopsies of 10 children with chronic 

intractable diarrhea. This syndrome is a severe heterogenous disorder in pediatric 

gastroenterology with major problems of diagnosis and management (Phillips 1985; 

Holmberg 1977; Girault 1994; Reifen 1994; Ventura 1995). During this study it 

appeared that 3 of the examined patients had microvillus inclusion disease (MVID), a 

rare, but underdiagnosed intestinal disorder characterised by inclusion of enterocyte 

microvilli in endosomes beneath the luminal surface of the enterocytes. MVID 

patients in general have a poor prognosis as many of them require long term total 

parenteral nutrition, with increased risk of sepsis and cirrhosis (Davidson 1978; 

Phillips 1992; Rafaat 1994). 

Finally, in some of these Ussing chamber experiments we tested a not further specified 

substance (for which patent is applied), here to be called SIEPIE, as a potential means 

to reduce an increased intestinal macromolecular permeability. 

MATERIALS AND METHODS 

Human forceps biopsies were obtained by routine oral endoscopy (duodenum) or 

coloscopy (ileum) in patients with an ileostomy or colostomy, biopsies from children 

were obtained while they were under anesthaesia. Tissues were immediately placed in 

an ice-cold carbogenated Krebs-Ringer solution. Suitable specimens were oriented and 

mounted under a dissection microscope in Ussing chambers as used by Grasset et al. 

(1979), with a modified aperture. The time between obtaining the biopsies and the 

mounting in Ussing chambers was less then 15 minutes. Compartments contained 1.5 

ml Ringer, exposed serosal area was 1.75 mm2 or 1.10 mm2 when using biopsies from 

children younger than 5 years. Transepithelial potential difference and resistance were 

continuously monitored as described previously (Bijlsma 1996), using 1 uA bipolar 

current pulses through Ringer-agar bridge connected platinum wires. 

After a 20 minutes equilibration period horseradish peroxidase (HRP) was added to 
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the mucosal side to a final concentration of 10"5 M. Serosal samples of 0.2 ml were 

taken every 15 or 20 minutes during 120 to 180 minutes and replaced by fresh Ringer. 

HRP accumulation was measured enzymatically as described previously (Bijlsma 

1996). 

The Ringer's composition was (in raM) NaCl 117.5, KCl 5.7, NaHC03 25, NaH2P04 

1.2, CaCl2 2.5, MgS04 1.2. Mucosal buffer solutions contained 10 mM mannitol, 

serosal solutions contained 10 mM glucose or 10 mM inosine. After carbogenation the 

pH was 7.3 and the osmolality 290 mOsm/kg. 

After the experiments tissues were immediately fixed for electonmicroscopy to 

visualise HRP uptake as described previously. The amount of endocytosed, intact HRP 

was semi-quantified by counting the number of HRP-product filled endosomes in 

apical areas of 6 x 4 um just beneath the brush-border membrane and by measuring 

their diameter. Twenty-one randomly selected photographs per experimental condition 

(and per biopsy) were processed by personnel ignorant of the experimental history of 

the material. 

Statistical significance was tested by Welch's t-test. The two-tailed level of 

significance was 0.05. 

The study was approved by the local medical ethical committee. 

RESULTS 

In a first set of experiments we evaluated the electrical parameters in histologically 

normal duodenal biopsies of 2 adults and one child who were examined for reflux 

symptoms and had no intestinal complaints, and 6 other adult patients examined in an 

outpatient clinical setting with no established diagnosis of intestinal disease. Biopsies 

were mounted within 15 minutes after excision in Ussing chambers (exposed area 1.75 

mm2). After a 20 minutes equilibration period transepithelial resistance (R) and 

baseline short cirquit current (Isc, serosa positive) stabilized to values of 19.6 ±2.1 

Ohm.cm2 and 28.0 ± 8.9 uA/cm2 (mean ± sem, N=9), and remained stable for an 

experimental period of 180 minutes. At this timepoint the tissue was still able to 

respond to mucosally applied 10 mM glucose with a change in Isc of 59.4 ± 22.6 
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liA/cm2 (N=5), responses to 20 mM glucose were 66.0 ± 19.5 uA/cm2 (N=6). 

Carbachol to ( 10"5 M) carbachol caused a transient increase in Isc with maximal values 

within 2 minutes of 15.0 ± 3.2 uA/cm2 in biopsies from 7 patients. Isc-responses to 

serosally added 10~5 M forskolin were absent in duodenal tissues (N=5, at baseline Isc 

of 15.5 ± 4.4 uA/cm2). 

Baseline HRP-permeability was first evaluated in duodenal biopsies of the 2 adults 

and one child examined for reflux symptoms, who appeared to have no intestinal 

abnormalities and served as controls in this study. Per patient 2 to 3 biopsies were 

studied, and the time course of mucosal to serosal HRP permeation is shown in Fig. 1. 

duodenum N=3 

15 30 45 60 75 90 105120135150165180 

t (min) 

Fig. 1. Time course of HRP flux from mucosa to serosa in duodenal biopsies of 2 adults and one 

child examined for reflux symptoms, who had no intestinal abnormalities. Per patient 2 to 3 biopsies 

were studied, results were averaged to one value per patient (N = 3 patients). 

HRP-fluxes reached a steady state value of 8 to 12 pmol/cm2.h at 90 minutes after 

addition, and remained in the same range during the entire experimental period of 180 

minutes. At the end of the experiments tissues were fixed for electronmicroscopy. The 

transepithelial permeation of HRP appeared to be due to endocytosis and no tight 

junctional or lateral intercellular staining of HRP was observed by 

electronmicroscopical examination. 

Baseline HRP permeability was furthermore studied in duodenal biopsies of one adult 

Helicobacter pilori patient and of one child with cow's milk allergy, and in 

macroscopically normal ileal biopsies of 7 patients with an ileostomy or colostomy, of 

which 4 with Crohn's disease, 2 with Ulcerative Colitis and one with Poliposis Coli. A 

summary of the baseline electrical parameters and steady state HRP-fluxes in these 

experiments is given in table 1. 
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Patient male tissue age symptoms HRP resistance basai Isc HRP flux 
/fern. flux 

90-180 
(Ohm.cm2) (nA/cm2) + carb 

BU f duod 40 y reflux 9 19 87 nd 

KU f duod 35 y reflux 8 18 33 21 

BO m duod 10 y reflux 12 19 52 24 

ZU m duod 47 y helic pyl 25 16 41 nd 

TY f duod 3.5 y cma 38 13 66 nd 

BE m ileum 75 y polip col 21 22 83 23 

BB f ileum 72 y ulc colit 31 14 37 29 

CJ f ileum 52 y ulc colit 5 27 52 20 

BA m ileum 32 y crohn 18 26 97 8 

CH f ileum 28 y crohn 2 25 87 nd 

DI m ileum 69 y crohn 5 26 98 nd 

KY f ileum 33 y crohn 5 25 84 nd 

Table 1. Baseline electrophysiological parameters and HRP flux in the absence and presence of 
carbachol in duodenal and ileal biopsies from patients with heterogenous symptoms. HRP fluxes (in 
pmol/cm2.h) represent mean values from t = 90 - 180 minutes, in the absence or presence of 10"5 M 
carbachol. nd = not determined. 

Baseline values of R and Isc in the ileal biopsies (N=7) were respectively 23.6 ± 1.7 

Ohm/cm2 and 76.8 ± 8.8 pA/cm2, the Isc value being significantly higher than in 

duodenal biopsies (p < 0.01). HRP permeability in tissues with only endocytic uptake 

of HRP (evaluated by electronmicroscopy) was lower than 15 pmol/cm2.h. In some of 

the tissues with HRP fluxes above 15 pmol/cm2.h, paracellular staining of HRP was 

observed, namely in the duodenum of the Helicobacter Pilorii patient and of the child 

with cow's milk allergy, and in the ileum of one Crohn's disease patient and of one 

Ulcerative Colitis patient. 

In 6 experiments the effect of 10"5 M carbachol (added at t = 90 minutes) on HRP 
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permeability was examined. TTX 10"6M, bumetanide 10"4M and BaCl2 10"3M were 

added at t = 75 minutes, also to parallel tissue of the same patients without carbachol. 

Due to the skewed distribution of baseline HRP fluxes in these experiments, we made 

separate comparisons of carbachol effects in tissues with low (< 15 pmol/cm2.h) HRP 

fluxes (N=3) and in tissues with high HRP fluxes (N=3). 

contr N=3 
HOU carb t=90 N=3 

60 90 120 150 180 

t (min) 
Fig. 2. HRP flux from mucosa to serosa in the presence or absence of carbachol in duodenal and ileal 

biopsies from patients with low steady state HRP permeability. At t = 90 minutes, 10"5 M carbachol 

was added serosally. In the presence of carbachol HRP flux was significantly enhanced compared to 

control tissues from these patients (p < 0.05, N = 3 patients). 
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Fig. 3. HRP flux from mucosa to serosa in the presence or absence of carbachol in ileal biopsies from 

patients with high steady state HRP permeability. At t = 90 minutes, 10"5 M carbachol was added 

serosally. In the presence of carbachol HRP flux was not significantly different compared to control 

tissues from these patients (N = 3 patients). 

In the tissues with low steady state HRP permeability of 9 pmol/cm .h, carbachol 

induced a significant increase in HRP fluxes with 160 % at one hour after addition 
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(Fig. 2; p < 0.05). In contrast, in tissues with high HRP permeability of 23 pmol/cm2.h 

the application of carbachol had no significant effect on HRP fluxes (Fig. 3). 

Electronmicroscopical quantification of the carbachol-induced HRP permeability 

increase in Fig. 2 revealed an increased endocytosis, both in villi and in crypt 

enterocytes, as shown in Fig. 4. 
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Fig. 4. The sum of HRP-product filled endosomes per apical region of 24 um2 in villus and crypt 

enterocytes of duodenal and ileal biopsies from Fig. 2 at t = 180 minutes. In the presence of 10s M 

carbachol, added at t = 90 minutes, endocytic uptake of intact HRP was significantly increased (p < 

0.05), both in villus and in crypt enterocytes. 

In tissues with a low permeability to HRP, weak paracellular staining of HRP was 

only observed after carbachol addition in one of the 3 tissues. In tissues with high 

baseline permeability paracellular leak was observed in 2 control tissues and 2 

carbachol treated tissues. 

In a second set of experiments we examined baseline HRP permeability and 

electrophysiological parameters in duodenal biopsies of 10 children with chronic 

intractable diarrhea, including 3 children with microvillus inclusion disease (MVID). 

All children received a combination of enteral and parenteral nutrition. The children's 

age varied from 1 month to 12 years. One MVID patient was examined on two 

separate occasions. A summary of the HRP permeability data, electrical resistance and 

baseline short circuit current is given in table 2. In some biopsies short circuit current 

responses to 20 mM glucose, 10"4 M carbachol, and 10"4 M histamine were measured, 

and these values are also summarized in table 2. 

Baseline short circuit current and resistance in the MVID patients were comparable to 

values in duodenal biopsies of adults and also to values in the other chronic diarrhea 

patients, who served as disease controls. Glucose absorption in the MVID patients as 

judged by a change in short circuit current (46.0 ± 22.5 uA/cm2, all tested on first 
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patient male/ age symtoms HRP flux resistance basal Isc gluc carb his 
female 60-140 (Ohm.cm2) (uA/cm2) Isc Isc Isc 

MI m 7.5 y chr dia 22 20 54 39 61 45 

KO m 13 y mvid 27 9 78 89 nd nd 

KJ m 1 m mvid 27 19 34 36 10 15 

MO m lOy chr dia 24 19 36 36 19 53 

VD m i l y ehr dia 8 25 37 41 37 41 

SO f 6y chr dia 21 17 46 91 8 12 

BO m 5 m chr dia 6 35 35 143 42 32 

HE m 4y chr dia 8 17 36 68 34 11 

KO m 8m mvid 47 16 32 6 42 28 
2nd 
ST m 12y mvid 19 26 29 13 8 8 

RO V 3y chr dia 16 15 63 107 18 45 

Table 2. Baseline electrophysiological parameters and HRP flux in the absence and presence of 
carbachol in duodenal biopsies from patients with chronic diarrhea or microvillus inclusion disease. 
HRP fluxes (in pmol/cm2.h) represent mean values from t = 90 - 140 minutes, nd = not determined. 
Gluc = 20 mM glucose; carb = 10"4 M carbachol; his = 10"4 M histamine. 

occasion, or 41.0 ± 24.0 uA/cm2 including the average value of the patient tested upon 

two occasions) was also comparable to values in adult duodenal biopsies (66.0 ± 19.5 

uA/cm (N = 6)) and values in the other 7 diarrhea patients (75.0 ±15.3 uA/cm ). 

In these 7 diarrhea patients, duodenal biopsies of 4 children showed only endocytic 

uptake of HRP. In biopsies of 3 children with chronic diarrhea paracellular leak of 

HRP was occasionally observed, while paracellular leak of HRP was invariantly seen 

in biopsies of the MVID patients. A typical elecronmicrograph of paracellular leak of 

HRP in the MVID patients is shown in Fig. 5. 

One MVID patient was tested at a second occasion, paracellular leak of HRP was 

again observed and even aggravated, while at this time glucose-evoked Isc responses 

were decreased to a mean value of 6 uA/cm2 (range 0 - 19). This child died at the age 
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al" m 

Mp 

.'•'•• 

Fig. 5. Typical elecronmicrograph of a MVID patient's duodenal epithelium exposed to mucosal HRP 

for 120 minutes. Tight junction and lateral intercellular space are stained with HRP-product, 

indicating paracellular leak of intact HRP. 

of 16 months. The time course of HRP permeability in the duodenum of the 3 MVID 

patients (tested on first occasion) compared to values from Fig. 1 is shown in Fig. 6. 

Control (N=3) 
MVID (N=3) 

25 125 150 50 75 100 

t (min) 

Fig. 6. HRP flux from mucosa to serosa in duodenal biopsies of 3 MVID patients compared to HRP 

flux in duodenal biopsies of the patients from Fig. 1, who served as controls. HRP flux in the MVID 

patients was significantly enhanced after t = 80 minutes (p < 0.05). 
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While in control duodenal tissue a steady state permeability to HRP was reached 

within 90 minutes, HRP permeability did not reach a steady state value in the MVID 

patients during the study period of 120 minutes. At this time point HRP permeability 

in the MVID patients was significantly increased to 30.5 pmol/cm2.h, i.e. nearly four 

times the value in Fig. 1. 

contr N=3 
chr diarr N=4 
chr diarr 
+ SIEPIE N=4 
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0 25 50 75 100 125 150 

t (min) 

Fig. 7. HRP flux from mucosa to serosa in duodenal biopsies of 4 patients with chronic diarrhea 

which only showed endocytic uptake of HRP, in the absence or presence of 4 g/1 of a substance 

named SIEPIE (added at t = 0 minutes). Control values are from tissues in Fig. 1. SIEPIE had no 

significant effect on duodenal HRP permeability in these diarrhea patients, and HRP fluxes in these 

patients were not significantly different from values in Fig. 1. 

•-• 50 Control (N=3) 
mvid, ehr d (N=3) 
mvid, ehr d 
+ SIEPIE (N=3) 

75 100 125 150 

t (min) 
Fig. 8. HRP flux from mucosa to serosa in duodenal biopsies of 2 MVID patients and one chronic 

diarrhea patient which clearly showed paracellular leak of HRP, in the absence or presence of 4 g/1 

of a substance named SIEPIE (added at t = 0 minutes). Control values are from tissues in Fig. 1. After 

t = 80 minutes, HRP fluxes in these patients were significantly different from values in Fig. 1 (p < 

0.05). SIEPIE significantly reduced duodenal HRP permeability in these MVID and diarrhea patients 

(p < 0.05) to values comparable to controls. 
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In 7 duodenal biopsies of 5 patients with chronic diarrhea and 2 patients with MVID a 

substance, here called SIEPIE, was luminally added to a final concentration of 4 g/1. In 

biopsies of 4 patients with chronic diarrhea who only showed endocytic uptake of 

HRP, the application of SIEPIE was without any detectable effect on HRP 

permeability, as shown in Fig.7. 

In contrast, in biopsies of one chronic diarrhea patient and 2 MVID patients with 

paracellular leak of HRP, the application of SIEPIE fully restored the increased HRP 

permeability to a level comparable to control values, as shown in Fig. 8. 

Electronmicroscopic examination of these 3 biopsies revealed that there was neither 

tight junctional nor lateral intercellular staining of HRP detectable in the presence of 

SIEPIE. No differences were observed in endocytic uptake of HRP in the absence or 

presence of SIEPIE, and also electrical resistance and baseline short circuit current 

were not affected by the application of SIEPIE. 

DISCUSSION 

Viability of the methods used in the present study 

A major difference between our study and other in vitro examinations of human small 

intestine is that we obtained our material with regular forceps during endoscopy 

allowing an exposed area of 1.75 mm2 in adults or 1.10 mm2 in children under 5 years. 

Most other investigators used aspiration biopsies or resection material, allowing an 

exposed surface area of 3.1 mm2 or more. Electrophysiological parameters of the latter 

studies are listed in Table 3. 

Comparison of our baseline R- and Isc-values in duodenum and ileum from the 

present study to those in table 3 shows that our values are in the same range, except for 

our smaller resistance values in ileal biopsies. This may be due to a larger fragment of 

adherent submucosal tissue in stripped resection material compared to forceps 

biopsies. Also the duodenal responses to 10 mM glucose in our study are comparable 

to those in Table 3. 

Moreover, the steady-state HRP fluxes in the present study (Fig. 1) are fully 

comparable to earlier findings by Heyman (1988), who reported a value of 5.9 ± 1.2 

pmol/cm2.h (N=15, surface area: 10 mm2) at 100 minutes after addition of 10"5 M 

HRP, compared to a value of 7.5 ± 1.4 pmol/cm2.h at the same timepoint in the 

present study. Majamaa (1996) reported a higher HRP flux in children's duodenum of 
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author tissue area type n Isc; R; glue; Ach; His; 
sem sem sem sem sem 

Reims duod 3.1 biopsy 15 71; 14; 60; 50; nd 

Malin duod 10 biopsy 14 24; 27; nd nd nd 

Majamaa duod 5 biopsy 15 29; 19; nd nd nd 

Taylor jejun 3.1 biopsy 6 52; 
8 

33; 
6 

33; 
9 

28; 
7 

nd 

Heyman jejun 10 biopsy 18 30; 
4 

26; 
5 

nd nd nd 

Berschneider jejun 50 resect 5 15; 36; 
6 

75; 
17 

nd nd 

Corbett ileum 177 resect 48 90; 
6 

40; 
3 

nd nd nd 

Crowe ileum 60 resect 21 68; 
4 

42; 
2 

nd nd 27; 
5 

Table 3. Literature data of electrophysiological parameters in Ussing chamber studies of human 

small intestinal resection material (resect) or biopsies. Area = serosal surface area in mm2; Isc values 

are in uA/cm2; R = transepithelial resistance (Ohm.cm2); Glue = Isc response to 10 mM glucose; ach 

= Isc response to 10"3 M acetylcholine; his = Isc response to 10"4 M histamine; nd = not determined. 

23 (12 - 33) pmol/cm2.h (95 % CI; N=15). However, the same group (Malin 1996) 

reported a much smaller flux of intact HRP 1.1 (0.8 - 1.6) pmol/cm2.h in adults (N=9), 

whith only 0.7 % of total HRP uptake transported in an intact form. This value is very 

small compared to transport of intact HRP found in their other study (3 %), and is also 

very small compared to transport values of intact macromolecules reported by Heyman 

et al. (1982, 1988, 1992; Saidi 1995) in animal and human studies (3 to 12 %). Taking 

into account that our study was performed with the same methods as previously 

developed by Heyman et al. (1988), and that electronmicroscopic examination of our 

adults and childrens tissues with HRP fluxes of about 8 pmol/cm2.h showed a similar 

level of endocytosis of HRP, we feel justified to conclude that our results with routine 

forceps biopsies and small surface areas are reliable. 

Effects ofcarbachol on small intestinal HRP permeability 

Previously we reported an increased HRP permeability after carbachol addition in rat 
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ileum, which appeared to be accompanied by a transient increase in endocytic uptake, 

but also by a significant paracellular leak of HRP (Bijlsma 1996). In the present study 

carbachol induced an increase in HRP permeability in tissues with normal HRP flux 

(Fig. 2), which appeared to be caused mainly by an increased endocytic uptake, as 

judged from electronmicroscopic examination (Fig. 4). In contrast to results in rats, the 

increased endocytosis in human intestine was still apparent at 90 minutes after 

addition of carbachol, and no obvious paracellular leak of HRP was detectable. One 

possible explanation may be that 10"5 M carbachol in rat ileum causes a maximal 

change in Isc (Bijlsma et al, unpublished observations), while in human small intestine 

10"4 M carbachol is needed for a maximal increase in Isc. The carbachol-induced Isc 

was 15.0 ± 3.2 uA/cm2 (N=7) using 10"5 M, whereas these values were 39.3 ± 16.2 

uA/cm2 after 10"4 M carbachol in duodenal tissue from 2 non-diarrhea patients. Other 

studies report mean values of 50 uA/cm2 (Reims; N=15) for human duodenum and 28 

± 7 uA/cm2 (Taylor; N=6) for human jejunum after addition of 10"3 M acetylcholine. 

The absence of duodenal electrical responses upon addition of forskolin in our 

experiments confirms the finding of Reims et al using c-AMP in proximal human 

duodenum. 

In tissues with high baseline HRP fluxes 10"5 M carbachol had no significant effect on 

HRP permeability (Fig. 3). A possible explanation is that similar intracellular 

messenger pathways as stimulated by carbachol (Ca2+ and PKC) are already activated 

in the tissues with high HRP fluxes. This may be due to a high cholinergic tone which 

was observed in vivo in human small intestine (Morris 1980) and in vitro in resected, 

histologically normal human ileum from Ulcerative Colitis, Crohn's disease and 

Poliposis Coli patients (Hubel 1982). Alternatively, it may be that these tissues have 

increased cytokine levels, as seen in inflammatory bowel disease and in cow's milk 

allergy (Heyman 1994). Further studies using atropine are required to elucidate wether 

an increased cholinergic tone is the underlying mechanism of the high baseline HRP 

pemeability, as we observed in guinea pig jejunum (chapter 8). 

The finding that the ileum of some inflammatory bowel disease patients showed a 

normal HRP flux, indicates that the ileostomy per se does not cause a high baseline 

HRP permeability. An increased macromolecular permeability was observed in non-

inflamed ileal tissue of only one of 4 Crohn's patients tested. Also Malin (1996) 

observed an increased HRP permeability in macroscopically normal duodenal biopsies 

of Crohn's patients only when they showed moderate to severe disease activity. 
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HRP permeability in children with chronic diarrhea and microvillus inclusion disease 

In the 7 non-MVID patients with chronic diarrhea a normal, only endocytic 

transcellular transport of HRP was seen in 4 patients, with a mean flux value of 9.3 ± 

2.3 pmol/cm2.h (range 5 -16), comparable to control values in Fig. 1. In the 3 other 

patients additional paracellular leak of HRP was observed, with a mean flux value of 

22.5 ± 0.9 pmol/cm2.h, which is significantly different from the other 4 patients and 

from the patients shown in Fig. 1 (p < 0.05). This indicates that an increased HRP-

permeability is not necessarily a side-effect of chronic diarrhea. On the other hand, it 

does not exclude that an increased macromolecular permeability is a contributing 

factor in the etiology of chronic diarrhea. 

No differences were observed in baseline Isc, resistance and glucose-evoked Isc 

beween these subgroups. Also Isc-responses to 10"4 M carbachol (resp. 32.8 ±5.2 

(N=4) and 29.3 ±16.1 uA/cm2 (N=3)) or histamine (resp. 32.2 ± 7.6 (N=4) and 36.7 ± 

12.5 uA/cm (N=3)) were not different between both diarrhea-subgroups. As we only 

measured Isc-responses to 10"4 M carbachol or histamine in 2 controls (resp 39.3 ± 

16.2 and 11.3 ± 0.2 uA/cm2) we cannot conclude whether the Isc-values in the 

chronic diarrhea patients are increased. Isc responses to 10"3 M acetylcholine from 

reports cited earlier are comparable to our data with 10"4 M carbachol. Comparison of 

10" M histamine-evoked Isc-values to values observed in human ileum by Crowe et 

al. (27.3 ± 5.3 uA/cm2, N=7) suggests that they may also be in the normal range, but 

more control values from duodenal tissues are needed to verify this. If confirmed, this 

implies that in the 4 chronic diarrhea patients with only endocytic uptake of HRP no 

abnormalities in their proximal small intestinal function are observed at all in all our 

test parameters. One possibility is that in these patients the primary reason of their 

diarrhea resides in an inadequate reabsorption of water and electrolytes in their large 

intestine, which needs further investigation. 

The baseline Isc- and resistance-values observed in duodenal biopsies from the 3 

MVID patients were not significantly different from controls or from values of the 7 

other patients with chronic diarrhea, which served as disease controls. Isc-responses to 

carbachol and histamine were only measured in 2 MVID patients, but their values 

were also in the same range as those in disease- or healthy controls. An important 

finding is that the electrical responses to glucose in the MVID patients were also not 

significantly different from controls or from disease controls. Although the values in 

the MVID patients tended to be lower, there still is a marked capacity of the 
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enterocytes to transport glucose, and thus a sufficient presence of glucose carriers in 

the apical cell membranes. Their presence may be impaired in aggravated states of this 

disease, as observed in the patient tested twice, but the inadequacy of the small 

intestine to absorb glucose cannot be regarded as the primary factor causing the 

diarrhea in MVID patients, in contrast to suggestions by Schmidz (1982) and Rhoads 

(1991) from single case studies. 

This brings us to the finding of an increased macromolecular permeability in MVID 

patients as a factor that may contribute to the diarrhea in these patients. An increased 

HRP flux was observed in all 3 patients examined, and this result appeared to be 

reproducible in one patient tested twice. Moreover, the increased HRP flux showed 

only a small variation between the 2 to 3 biopsies tested per patient. This variation was 

in general larger in other patients with increased macromolecular permeability, in 

which also a more patchy pattern of paracellular HRP-staining was observed by 

electronmicroscopic examination compared to a more even distribution in the tissues 

of the MVID patients. Interestingly, the formation of inclusions of microvilli has been 

suggested to be a result of abnormalities in the enterocyte cytoskeleton. Garruthers et 

al. (1985) have shown a decreased amount of myosin and vinculin, and Cutz (1989) 

observed decreased staining of actin in MVID patients. These cytoskeletal proteins are 

also intimately associated with the tight junctional complex and are associated with the 

regulation of paracellular permeability (Anderson and Van Italie, 1995). Thus the 

increased paracellular leak of HRP in MVID patients is likely due to the same 

abnormalities in the cytoskeleton as the assembly of inclusions of microvilli. 

The loss of barrier function seen in the duodenum of MVID patients and other patients 

with chronic diarrhea will presumably lead to an increased, non-regulated antigenic 

load to the immune system. This may induce an immunological hyperresponsiveness, 

which may be a major stimulating factor for water and electrolyte secretion and thus 

contribute to the diarrhea observed in these patients. In this context our finding that 

substance SIEPIE was able to block the excessive tight junctional leak of HRP in 

duodenal tissues of these patients may be of substantial importance. As SIEPIE did not 

influence the endocytic uptake of HRP, it is unlikely to interfere with normal 

physiological uptake of luminal antigens. This substance, which was also effective in 

blocking the previously reported (Bijlsma 1996) carbachol-induced paracellular HRP 

permeability increase in rat ileum in vitro (Bijlsma et al., unpublished observations), 

may therefore be a valuable tool in determining the role of increased paracellular 
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macromolecular leak in the induction of sensitization to luminal antigens. Moreover, 

SIEPIE may, if applicable in vivo, restore the intestinal barrier defect in MVID, 

chronic diarrhea and possibly also other intestinal disorders. If so, SIEPIE may 

provide a new and promising tool in the clinical management of a subset of intestinal 

diseases associated with macromolecular permeability defects in macroscopically 

normal segments. 
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