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Viewpoints in Intestinal Permeability

Dear Sir:

We read with great interest the review article on intestinal perme-
ability by Bjarnason et al." They provided a general overview of the
area and discussed various issues concerning intestinal permeability.
As alluded to by the authors, many of the areas are controversial and
need further clarification. We would like to offer a different perspec-
tive on some of the controversial issues discussed by the authors.

Bjarnason et al. indicated that “significant lipid solubility of PEG
400 has been claimed” by some investigators,” and therefore the
permeation route of polyethylene glycol (PEG) 400 may depend on
its lipid solubility. Contrary to the earlier claim that PEG 400 is a
lipophilic molecule, we have recently shown PEG 400 to be strongly
hydrophilic.” We determined the lipid-water partitioning of PEG
400 using two different methods and have found PEG 400 to have
a petroleum ether—water partition coefficient (ky) of 8.4 X 107° and
a hexane-water ky of 1.5 X 107°. Similarly, Phillipsen et al.* also
found the PEG 400 hexane-water ky to be <8 X 107°. These ky
values indicate that for every 1.5 parts of PEG 400 present in hexane
(a lipid solvent), 100,000 parts of PEG 400 were present in water.
Therefore PEG 400 is not lipophilic (lipid loving) but a lipophobic
(lipid fearing) or hydrophilic (water loving) molecule. The earlier
study,” which reported a ky of 1077 in petroleum ether—water mix-
ture, appeared to have used inadequate separation techniques and
thus resulted in an erroneously high k, value.

Previously, we examined the mechanism of intestinal permeation
of PEG 400 and 900 by in vivo recycling perfusion of rat intestinal
segments.”® The intestinal absorption rate of PEG was linearly related
to concentration (first-order kinetics), indicating passive diffusion. As
shown by brush border membrane vesicle studies, there was negligible
transmembrane flux of PEG.” Under all experimental conditions
tested, PEG net absorption followed changes in water flux.”® When
water absorption was increased pharmacologically or through osmotic
gradient manipulations, PEG absorption increased. Similarly, when
water secretion was induced, PEG absorption decreased. In fact, the
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solvent drag coefficient of PEG 400 was 0.1, confirming a strong
dependence on water fluxes. Additionally, the mechanism of intestinal
permeation of PEG 400 was similar to other well-known extracellular
markers such as mannitol and inulin.”® These findings clearly indi-
cated that PEG 400 was absorbed passively through paracellular aque-
ous pathways and not through enterocyte apical membranes.

As pointed out by Bjarnason et al.," intestinal permeation rate of
PEG 400 is higher than the other permeability probes, mannitol,
lactulose, and 51Crfethylenedianrlinetetraacetic acid (EDTA). Based
on its smaller cross-sectional diameter, the intestinal permeation rate
of PEG 400 would be expected to be higher.® It is important to note
that although PEG 400 (molecular weight, 400 g/mol) has a higher
molecular weight than other probes (mannitol, 182 g/mol), lactulose
(342 g/mol), >'Cr-EDTA (341 g/mol), the cross-sectional diameter of
PEG 400 (5.3 10&) is smaller than the other permeability probes (man-
nitol, 6.7 108; lactulose, 9.5 10\; and ’'Cr-EDTA, 11.5 A).? Previous
studies have shown an excellent correlation between molecular size
(cross-sectional diameter) of the probes and their intestinal epithelial
permeation rate in both clinical and in vitro systems.”'® The cross-
sectional diameter of a permeability probe is a more reliable predictor
of transepithelial permeation rate than the molecular weight of a
probe because the molecular size of molecules can vary greatly among
molecules with the same molecular weight.'" Therefore, based on its
cross-sectional diameter, the intestinal permeation rate of PEG 400
is expected to be higher than other probes having larger cross-sectional
diameters.

Based on its molecular size, we believe that PEG 400 “behaves”
more like the smaller probe mannitol than the larger probes lactulose
and *'Cr-EDTA. In patients with celiac disease, this may explain the
decreased intestinal permeation of PEG 400 and monosaccharides,
whereas lactulose and >'Cr-EDTA are increased. In Crohn’s disease,
although the permeation rates of lactulose and >'Cr-EDTA have been
consistently found to be increased, the permeation rates of monosac-
charides appear to be unchanged or decreased, and conflicting results
have been reported with PEG 400. It is important to note that earlier
studies (before 1990) seemed to be divided on whether the permeation
rate of PEG 400 is increased, whereas the three most recent studies
(Teahon et al., 1992, Ruttenberg et al., 1992, and Munkholm et al.,
1994) suggest either a slight decrease or no significant change in
permeation rate of PEG 400. The more recent findings may reflect
advances in detection methods and have greater accuracy. Other possi-
bilities were discussed in the review by Bjarnason et al.'

Finally, Bjarnason et al." took the view that the increase in intesti-
nal permeability in clinically healthy relatives of patients with Crohn’s
disease is “within the variability of the method or due to transient
disorder,” which causes an increase in intestinal permeability. It is
our view that the increase in intestinal permeability in these healthy
relatives reflects the intrinsic permeability defect present in this sub-
population. There is some dispute as to whether relatives of patients
with Crohn’s disease as a group have an increased intestinal permeabil-
ity in each of these studies,''™** but approximately 10% of relatives
had increased intestinal permeability, whereas a smaller proportion
of controls had increased intestinal permeability. If the observed in-
crease in intestinal permeability was strictly caused by experimental
variability or unrelated conditions that increase intestinal permeabil-
ity, then the proportion of patients with increased intestinal perme-
ability should be similar in both healthy relatives and in controls.
Also, there should be random occurrence as to whether healthy rela-
tives or controls as a group have greater increase in intestinal perme-
ability. However, in each of the studies, a larger number of healthy
relatives have consistently had increased intestinal permeability than
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the controls. Because only up to 10% of relatives of patients with
Crohn’s disease actually develop Crohn’s disease, it was suggested by
May et al."”’ that only a small proportion of relatives may have in-
creased intestinal permeability. Thus, it would require large numbers
of patients to detect the small percentage of the relatives who have
increased intestinal permeability.

Other evidence supporting a preexisting permeability disorder in
healthy relatives includes observations by Pironi et al."* and Hilsden
et al.” that healthy relatives of patients with Crohn’s disease have an
exaggerated response to a “‘permeability stressing” agent (aspirin)
compared with controls. Additionally, an immunologic alternation
in circulating B cells was found in 100% of relatives with an increase
in intestinal permeability and in none of the controls or relatives
with normal intestinal permeability, indicating a correlation between
increase in intestinal permeability and immunologic alteration.'® A
long-term follow-up of healthy relatives is required to determine
whether a preexisting intestinal permeability disorder in these pa-
tients actually leads to the development of Crohn’s disease. Until such
time, the controversy concerning the role of intestinal permeability in
patients with Crohn’s disease will unlikely be resolved.

In conclusion, we agree with Bjarnason et al.' that there have
been many scientific advances in both the clinical and basic scientific
understanding of intestinal permeability, but many controversial is-
sues still exist and there is much room for further advances in this
“exciting and rewarding area of future research.”
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Reply. We appreciate the highlighting of the two issues raised by
Drs. Ma and Krugliak.

Indeed we are sympathetic to their views, which are supported by
valid scientific data. However, it is our view that the jury is still out
on the issues raised. Furthermore, it is important to remember that
controversy is unavoidable and in abundance in such a rapidly devel-
oping field. The ultimate “truth” often turns out to be a compromise
between the two extremes.
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Chronic Pancreatitis and Pancreatic
Cancer

Dear Sir:

In their recent article on pancreatitis and pancreatic cancer, Bansal
and Sonnenberg' conclude that chronic pancreatitis is a risk factor
for pancreatic cancer. I would like to point out that among the
various potential risk factors of pancreatic cancer, smoking is well
established.” Because most patients with chronic pancreatitis are heavy
smokers, I wonder whether the patients studied by Bansal and Son-
nenberg were smokers and, if so, why the authors did not mention
this fact and why this was not taken into account in calculating the
risk. Isn’t it possible that the increased risk they noted may have
been caused by smoking rather than chronic pancreatitis?

In the Materials and Methods section of their paper, the authors
state that pancreatic pseudocyst was considered a manifestation of
chronic pancreatitis. However, it is well known that pancreatic pseu-
docyst is also a complication of acute pancreatitis; could this have



