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Effect of Escherichia coli enterotoxins on

macromolecular absorption

M Verma, S Majumdar, N K Ganguly, B N S Walia

Abstract
Macromolecular absorption of gliadin, a
wheat protein and ot lactalbumin, a milk
protein was evaluated in control and
Echerichia coli enterotoxin (heat-stable,
heat-labile, and both heat-stable and heat-
labile enterotoxin) treated mice. The peak
concentration of gliadin and lactalbumin
was two hours and three hours after
their ingestion, respectively. There was
also a significant increase (p<001) in the
absorption of both the proteins in all the
three toxin treated groups compared with
the control group. These results suggest
that intestinal permeability and macro-
molecular absorption changes after E coli
infection.
(Gut 1994; 35: 1613-1616)
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The possible influence of infectious diarrhoea
on subsequent food sensitisation in infants
is still under investigation. Different animal
models of gastrointestinal infection have shown
that some types of infection (for example,
rotavirus, enteroaggregative Escherichia coli
strain RDEC-1) might increase intestinal per-
meability to antigens,1-3 but others might not
(for example, cholera toxin induced secretory
diarrhoea).4 The intestinal endocytosis of anti-
genic food proteins is a physiological process,
which generally does not lead to pathological
immune responses.5

In our work, we studied the effect of
diarrhoea caused by enterotoxigenic E coli
(ETEC) on antigen absorption in weanling
mice. ETEC strains are important causes
of gastrointestinal diseases and especially
affect infants throughout the world.67 It
produces two types of toxins heat-labile (LT)
enterotoxin and heat-stable (ST) enterotoxin.8 9
The first is the activator of adenylate cyclase
resulting in an increase in cAMP while the
second is the activator of guanylate cyclase
resulting in an increase in cGMP.'I 1 The
increased cyclic nucleotide concentration leads
to various physiological changes including alter-
ation in the intestinal transport of electrolytes
and nutrients.12
Our aim in this study was to find out if

ETEC enterotoxins affects small intestinal
barrier function, which may further affect
macromolecular permeability. This was
assessed by measuring concentration of gliadin
and ot lactalbumin in serum after an oral
gliadin and lactalbumin administration as
an indication of intestinal macromolecular
permeability. ETEC infection in a suckling
mouse model provides an excellent system in

which to examine this mechanism because of
its similarity to disease in human infants.

Methods

TOXIN TREATMENT
Albino mice (2-3 weeks old) were used in the
study. Standard ST enterotoxin producing
E coli strain T52, both ST and LT enterotoxin
producing E coli strain T83, and LT enterotoxin
producing E coli strain Tloo, were obtained
from the National Institute of Cholera and
Enteric Diseases, Calcutta, WHO Col-
laborating Centre for Diarrhoeal Diseases
Research and Training. The bacteria were
grown in tryptic soy broth for 18 hours in a
shake culture. The growths were centrifuged
for 30 minutes at 4000Xg. The supematants
were assayed for the presence of ST or LT
enterotoxins. The bioactivity of ST enterotoxin
containing supematant was tested by suckling
mouse assay.13 Briefly, the supematant was
diluted twofold serially and 0 2 ml of each
dilution was given intragastrically to a batch of
three mice. The last dilution giving a response
greater than 0-09 (ratio of gut to remaining
body weight) after four hours was considered as
the end point and was expressed as the number
of mouse units per 0 5 ml. After measuring
the concentration, each animal was given
intragastrically 0 5 ml of toxin containing 32
mouse units. The animals were killed
four hours after the treatment. The presence of
ST toxin was also confirmed by enzyme linked
immunosorbent assay (ELISA).14 Briefly, to
each well of the ST enterotoxin coated
plates, 50 RIl of the supematant was added.
Immediately, 50 RI of antiserum was added
to the toxin. After one hour of incubation at
37°C, the plate was washed and 100 [LI of
horseradish peroxidase conjugated antirabbit
immunoglobulin was added. The plate
was incubated for one hour at 37°C and
washed with phosphate buffered saline. The
substrate was added and colour read after 10
minutes. Inhibition of more than 50% of the
negative control confirmed the presence of ST
enterotoxin.
The presence of LT enterotoxin was

confirmed by ELISA as described by Honda et
al with some modifications.15 Briefly, the
sample was diluted twofold serially and 50 [lI
of each dilution was added to each well coated
with anti heat-labile enterotoxin antibodies.
The plate was washed three times with
phosphate buffered saline. This was followed
by the addition of 50 pI of anti heat-
labile enterotoxin conjugated to horseradish
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Figure 1: Effect ofE coli enterotoxins on absorption ofgliadin from mice intestine afterfour
hours of infection. Values are expressed as mean (SEM) of six determinations; *p<O.OO1
compared with control at same time interval.

peroxidase. Finally, the substrate was added to
each well, colour developed, and was read at
490 nm in ELISA reader. The amount of sam-
ple giving optical density of 1P0 was taken as
1-0 unit. Different animals were given 4, 8, 16,
32, and 64 units of LT enterotoxin of E coli.
Control mice received an equal volume of
sterile broth. The activity of LT enterotoxin
was determined by rabbit ileal loop assay.'6
Briefly, one ml supernatant containing LT
enterotoxin was injected into a ligated loop (10
cm). The rabbits were killed 18 hours after the
challenge and volume to length ratios (ml/cm)
were determined. A ratio of more than one
was considered as positive. After working
out the concentration each animal was given
intragastrically 32 units of LT enterotoxin.
The animals were killed four hours after the
treatment.

IMMUNISATION PROCEDURE
Polyclonal antiserum samples were raised
against crude gliadin (Sigma) and bovine
a lactalbumin (Sigma) in New Zealand
white rabbits weighing 2-3 kg according to the
method of Friis.17 A gliadin solution of
1 mg/ml of 100 mM lactic acid was prepared.
The rabbits were injected intracutaneously
every second week with 200 I.Ll of solution
added to an equal volume of Freund's incom-
plete adjuvant. The rabbits were bled one week
after the sixth and the last injection. The
whole schedule for raising antibodies against
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Figure 2: Effect ofE coli enterotoxins on absorption ofa lactalbumin from mice intestine
afterfour hours of infection. Values are expressed as mean (SEM) of six determinations;
*p<O0O1 compared with control at same time interval.

a lactalbumin was the same as for gliadin
except that the a lactalbumin solution was
made in TRIS buffer (pH 7.4).
The visualisation of immunoreactive gliadin

and a lactalbumin was carried out by ELISA
and was compared with normal rabbit serum
samples. Briefly, the microtitre plates were
coated with 100 ,u of crude gliadin (2-5 ,ug/ml
70% ethanol) or at lactalbumin (1 pug/ml
10 mM TRIS buffer, pH 7.4) and kept
overnight at 4°C. Plates were washed three
times with phosphate buffered saline contain-
ing TWEEN-20 (PBST). To each well 200 [LI
of PBST containing 1% bovine serum albumin
was added and incubated at 37°C for one
hour. After washing three times with PBST, to
each well 100 RI of the suitably diluted test
serum samples (1:2000) were added and
the plates were incubated for four hours at
37°C. The plates were washed three times
with PBST. One hundred ,u of horseradish
peroxide conjugated antirabbit antigliadin or
antilactalbumin antibody (1:2000 dilution)
was added to each well and -kept overnight at
4°C. Plates were again washed three times with
PBST. To each well 100 RId of freshly prepared
substrate was added and plates were incubated
in the dark at 37°C for one hour. The reaction
was stopped by an addition of 50 RI/well of
6N H2SO4 and optical density was read at
492 nm by ELISA reader.

MEASUREMENT OF MACROMOLECULAR
ABSORPTION
Crude gliadin and bovine ao lactalbumin
were fed by mouth with the help of a plastic
feeding tube to control mice and mice infected
with LT, ST, and both LT, ST toxins. In
each group, there were 12 mice and serum
samples of two mice were pooled resulting
in six samples. Blood was drawn at different
time intervals ranging from 0 minutes, 15
minutes, one hour, two hours, three hours,
and four hours after ingestion of proteins.
Serum samples were separated. Gliadin and
a lactalbumin concentrations were determined
by ELISA using the antibodies that were raised
against gliadin and lactalbumin.

Results
Although the concentrations of these proteins
started increasing significantly after 15 minutes
of their ingestion, the peak values of gliadin
and bovine ao lactalbumin were found at two
and three hours respectively in both control
and experimental groups (Figs 1 and 2). There
was also a significant increase (p<0-001) in the
absorption of gliadin at two hours in the exper-
imental group compared with the control
group (Fig 1). Similarly, there was a significant
(p<O O1) increase in the absorption of at lactal-
bumin at three hours in all experimental
groups compared with the control group (Fig
2).

Discussion
An increased uptake of macromolecular
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protein antigen because of increased per-
meability has been reported in food allergic
subjects.18 19 Low concentrations of protein
antigens have been detected in the serum of
healthy subjects after ingestion of protein.18 20
In this study, the effect of diarrhoea caused by
ETEC was seen on antigen absorption in
weanling mice. Gliadin and lactalbumin were
chosen for studying macromolecular absorp-
tion in the mouse model as these proteins are
unrecognised by the mouse immune system
and this avoids the problems of immune
clearance through antigen-antibody complex
formation.

Byars and Ferraresi2l suggested that in
the rat maximal gut permeability occurred
45 minutes after inducing a local hypersensi-
tivity reaction. In our study we found that the
absorption oftwo macromolecules, gliadin and
lactalbumin, achieved peak value at two and
three hours respectively after ingestion in both
experimental and control groups. There was a
significant increase in the absorption of the two
proteins in serum in infected groups compared
with controls. The concentration of proteins in
serum samples may result from several func-
tions such as the proteolytic capacity of the
gut, the transfer of the antigenic protein from
the gut lumen to blood, and the clearance of
the protein from blood. It has been reported
that acute infection in animals is associated
with altered mucosal and systemic immune
responses and may promote sensitisation to
the allergens present at the epithelium.22
There are similar reports for Lumans that
show that epithelial alterations resulting from
gastrointestinal diseases are responsible for
increased passage of food antigens23 24 and
these may induce allergic reactions in certain
subjects.25 26 This is an indication that changes
in intestinal permeability take place in certain
disorders. Our results also show that changes
in intestinal permeability in ST and LT
induced diarrhoea are responsible for
increased passage of gliadin and lactalbumin.
Isolauri et al 27 have shown that the small
intestinal epithelium of rabbits is more perme-
able to intact proteins at weaning than later in
life, which might result from the immaturity of
the immune function or differences in the
membrane composition. A similar phenome-
non has also been shown in human studies.28
This may also be a reason for increased passage
of proteins through small intestinal epithelium
as we have used the weanling mouse model in
our study and species specific differences in
this phenomenon are also known to occur.
The rabbit specific E coli strain RDEC-I

infection also leads to a transient increase in
the absorption of antigenic e lactaglobulin and
intact horseradish peroxidase during peak
phase of diarrhoea in rabbits.27 This infection
does not result in disruption of the epithelial
layer. Similarly, ETEC producing ST and LT
used in this study are not known to invade the
enterocytes and yet have caused an increase in
macromolecular absorption. The uptake of
larger amounts of dietary antigens was also
seen in children recovering from acute diar-
rhoea.23 The possible influence of infectious

diarrhoea on the sensitisation in infants is
still under investigation. Acute infections
have been shown to cause physiological distur-
bances and structural modifications of the
small intestinal mucosa, which may interfere
with the exclusion of foreign protein by the
mucosal barrier.1 2 The increase in antigenic
absorption seen in this study during the acute
phase of infection may be paracellular or
transcellular resulting from disturbances of the
cytoskeletal network as shown in cultured
human intestinal epithelial monolayers29
or resulting from changes in brush border
membrane composition or fluidity, or both or
because of a change in the rate limiting
component or change in the barrier in the
macromolecular movement. The data reported
concerning changes in mucosal handling
during acute gastroenteritis are scanty,
however, and still controversial. This is prob-
ably because of differences between experi-
mental conditions and the causes of the various
types of diarrhoeas.
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