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ALIMENTARY TRACT

Appraisal of gut lavage in the study of intestinal
humoral immunity

S O'Mahony, J R Barton, S Crichton, A Ferguson

Abstract
Direct investigation of intestinal humoral
immunity requires collection of intestinal
secretions or mucosal biopsy specimens, or

both. A non-invasive technique of gut lavage,
with a polyethyleneglycol electrolyte lavage
solution as a means of collecting intestinal
secretions for immunoglobulin and antibody
studies, was evaluated. Fifty patients were
studied - 25 immunologically normal patients
or volunteers, 15 patients with untreated
coeliac disease, and 10 patients with active
Crohn's disease. Protease inhibitors were
added promptly to samples to prevent pro-
teolysis of immunoglobulin content. Treated
lavage samples were assayed by enzyme linked
immunosorbent assay for immunoglobulin and
antibody content. Studies of serial lavage
specimens showed that early, faecally con-
taminated specimens contained negligible
quantities of immunoglobulin, but once the
specimens became clear a steady state was
reached, with little variation in immuno-
globulin content between serial specimens and
with a uniform dilution (around 20%) of the
ingested polyethyleneglycol. Gut lavage fluid
IgA was predominantly secretory, comprising
92%, 81.6%, and 76-7% respectively ofthe total
IgA gut lavage fluid content in the control,
coeliac, and Crohn's groups. High values of
total IgM and IgA and IgM antigliadin anti-
bodies were detected in the coeliac group, and
high values of IgG in the Crohn's disease
group. This method ofgut lavage is not only an
effective bowel cleanser, but also a non-
invasive means of obtaining intestinal secre-

tions for the study of humoral immunity in
gastrointestinal disease.
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The mucosal immune system is largely indepen-
dent of the systemic immune system. Therefore,
for investigation of local immunity in gastro-
intestinal disease, the gut must be studied
directly. Human research in this area has been
hampered by difficulty of access to intestinal
secretions. Gaspari and colleagues recently des-
cribed a non-invasive gut lavage and sample
processing technique that they performed in 12
healthy volunteers.' Human intestinal secretions
contain large amounts of proteases,23 and they
found that loss of immunoglobulin content due
to proteolysis could be prevented by treating
specimens with protease inhibitors. We have

firther evaluated this technique, studying
immunoglobulin content and specific antibody
(antigliadin) activity in both healthy subjects
and patients with gastrointestinal conditions
(coeliac disease and Crohn's disease) where
aberrant immune regulation is thought to play a
pathogenic role.

Subjects and methods

SUBJECTS
Gut lavage was performed in 50 subjects.
Twenty five were immunologically normal
patients (16 women, nine men, median age 52,
range 21-92 years) who underwent lavage as a
bowel preparation for barium enema or colono-
scopy, or who volunteered when invited. (No
organic pathology was found in these patients,
and final diagnosis in most was functional bowel
disorder.) Fifteen subjects were patients with
untreated coeliac disease (nine women, six men,
median age 43, range 28-62 years), all of whom
had had a recent jejunal biopsy specimen show-
ing subtotal or severe partial villous atrophy.
Ten patients with active Crohn's disease were
also studied (four women, six men, median age
27, range 18-92 years).

LAVAGE SOLUTION
The lavage solution is a polyethyleneglycol
electrolyte lavage solution. This is available
commercially in the USA (Golytely) and is
widely used as a method of cleansing the colon
for barium enema and colonoscopy.4 The lavage
solutionwas formulated bythehospitalpharmacy
and contained 59-1 g polyethyleneglycol 3350 (a
mixture of different sized molecules with a mean
molecular weight between 3200 and 3700),5
potassium chloride BP 0-75 g, sodium chloride
BP 1-45 g, sodium bicarbonate BP 1-63 g, and
sodium bisulphate BP 5 68 g, made up to 1 litre
with a resultant osmolality of 260 mOsm/l.

LAVAGE PROTOCOL
After an overnight fast, lavage was begun at 8 30
am. Patients were asked to drink the lavage
solution at a rate of250 ml every 15 minutes for a
period of four hours, making the total volume
consumed 4 litres. The solution was found to be
more palatable ifconsumed chilled and flavoured
with a little lemon juice. In patients in whom
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lavage was used as a bowel preparation, one

sachet of sodium picosulphate (Picolax) was

given later in the afternoon of the same day.

SPECIMEN PROCESSING
Stool collection was begun once the material
passed per rectum became liquid, clear, and free
of faecal material. Approximately 200 ml were

collected and filtered into 50 ml polypropylene
tubes. Specimens were centrifuged twice and
treated with protease inhibitors as described by
Gaspari et al.' Treated samples were aliquoted
and stored at -70°C. In four subjects, early
faecal specimens were collected and processed
along with later clear specimens. In 10 subjects,
the first clear specimen was divided into three
aliquots - one was treated immediately, but
treatment was delayed for one and two hours
each in the other two to determine the time
course of sample deterioration due to proteoly-
sis. In 14 subjects, two serial clear specimens
were collected to determine whether immuno-
globulin content varied between specimens.

ENZYME LINKED IMMUNOSORBENT ASSAY (ELISA)
Total IgA, IgM, and IgG; secretory IgA. Assays
were performed in 96 well microtitre ELISA
plates (Dynatech). All reactants were added in
volumes of0- 125 ml per well and all washes were
done three times using saline with 0 05% Tween
80 added. For the assay of total IgA, wells were
coated with 100 ng/ml affinity purified goat
antihuman IgA (Northeast Labs) in 0O1 M
carbonate buffer, pH 9-6, and were incubated
overnight at 4°C and washed. After washing,
serial twofold dilutions ranging from 1250-19-35
ng/ml ofa human colostral IgA standard (Sigma)
and serial dilutions of treated lavage samples
(initial dilution 1/100) were added to the coated
wells. Plates were incubated overnight at 4°C and
washed. Goat antihuman IgA conjugated with
alkaline phosphatase (Northeast Labs) diluted
(in saline with 1% fetal calf serum and 0 05%
Tween 80) to a predetermined optimal level was
added and plates were incubated for three hours
at 20°C. After washing, paranitrophenyl-
phosphate (PNPP, Sigma) 1 mg/ml in 10%
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Figure 1: Polyethyleneglycol (PEG) concentrations (gll) in
treated lavage samples (n=25).

diethanolamine (DEA) buffer, pH 9-8, was
added. Plates were read at an optical density
of 405 in an MR580 microELISA reader
(Dynatech). A standard curve was constructed;
the IgA content of any given sample was deter-
mined by taking the mean IgA content of those
two sample dilutions whose optical density fell
within the range of the standard curve. The
method used to determine total IgM and IgG was
similar; human reference serum (Protein
Reference Unit, Sheffield) was used as a
standard, and the initial sample dilution was
1/25.
The assay for secretory IgAM was similar to that

for total IgA; wells were coated with a goat
antihuman secretory piece (Atlantic Anti-
bodies), the same human colostral IgA was used
as a standard.

Antigliadin antibodies. The assay was similar to
that described above. Wells were coated with
crude gliadin at a concentration of 5 [mg/ml.
Serum from a patient with untreated coeliac
disease was used as a positive standard, and
lavage samples were added in duplicate dilutions
of 1/2 (this dilution gave optimal optical density
readings). Plates were read when the standard
reached an arbitrary optical density of 1 0;
antibody levels are given in the form of optical
density readings expressed as percentages of the
optical density of the standard.

MEASUREMENT OF POLYETHYLENEGLYCOL
VALUES IN LAVAGE SAMPLES
Polyethyleneglycol was quantified by the
method of Malawer and Powell,7 a modification
of the turbidimetric analysis of Hyden.8

STATISTICAL ANALYSIS
Differences in IgA content of serial lavage speci-
mens were analysed with the paired t test.
Differences in immunoglobulin and antibody
values between patient groups were analysed
with the Mann-Whitney U test.

Results

POLYETHYLENEGLYCOL CONCENTRATIONS IN
TREATED SAMPLES
Mean (SD) polyethyleneglycol concentration in
the processed samples of 25 subjects was 37-3
(3-4) g/l. The initial concentration of 59-1 g/l in
the ingested lavage fluid would be reduced to
47.5 g/l by the addition of protease inhibitors,
etc; thus, the liquid stools were comprised on
average of 78-5% polyethyleneglycol lavage
solution and 21-5% gastrointestinal secretions.
There was little variation about the mean (Fig 1).

IMMUNOGLOBULIN CONTENT IN SERIAL
SPECIMENS
Early faecally contaminated specimens con-
tained low concentrations of IgA compared with
later clear specimens (Table I). Once the speci-
mens became clear, there was no significant
difference in IgA content between serial speci-
mens (Fig 2).

I
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Figure 2: IgA concentrations (pg/ml) in serial lavage
specimens (n= 14).

PROTEASE INHIBITION
Delays of one and two hours in the addition of
protease inhibitors resulted in loss ofIgA content
varying from 0 to 92% (Fig 3).

IMMUNOGLOBULIN AND ANTIBODY VALUES IN THE
PATIENT GROUPS
Mean immunoglobulin values are shown in
Table II. No significant difference in IgA values
was found between the three groups. High IgM
values were found in the coeliac group (p<002 v
control subjects) and in the Crohn's patients
(p<00S v control subjects), with no significant
difference between the coeliac and Crohn's
groups. High IgG values were found in the
Crohn's patients (p<000001 v control subjects;
p<00005 v coeliac group).

Antigliadin antibody values are shown in
Figure 4. High IgA antigliadin antibody values
were found in the coeliac patients (p<0-002 v
control subjects, p<0O01 v Crohn's patients),
with similar values in control subjects and
Crohn's patients. High IgM antigliadin antibody
values were also found in the coeliac patients

TABLE I IgA concentration (pg/ml) in earlyfaecal specimens
compared with clear lavage specimens

Patient Early specimen Clear specimen

1 3-3 16-3
2 <2-0 83-6
3 3-8 18-1
4 <2-0 91-4

TABLE II Lavagefluid immunoglobulin concentrations
(mean (SE)) in pglml

Group IgA IgM IgG

Control (n=25) 136-9 (20 6) 9-26 (2 02) 2-38 (0 72)
Coeliac (n= 15) 173-6 (33 8) 23-66 (6 69)* 5 57(2 42)
Crohn's (n= 10) 176-1 (58 0) 17-82 (4-5)* 28-93 (6.75)*

*Values significantly higher (p<005) compared with controls.
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Figure 3: Effect ofdelay in addition ofprotease inhibitors on
lavagefluid IgA content.

(p<00002 v control subjects, p<002 v Crohn's
patients), with similar values in control subjects
and Crohn's patients.

SECRETORY IgA CONTENT
The mean (range) percentage of lavage fluid total
IgA expressing secretory component was as
follows: control subjects: 92-0% (82-3-1000);
coeliac patients: 81 6% (57 8-98 7); and Crohn's
patients: 76-7% (64-0-91-3).

Discussion
Investigation of intestinal humoral immunity
presents major logistic problems. Some investi-
gators have extrapolated information from
studies of peripheral blood and saliva as repre-
sentative of immune events in the gut. Although
this approach may be valid in certain instances -
for example, in the study of IgA secreting B cells
after enteral infection or immunisation9 - for
definitive studies of intestinal immunity, the gut
must be studied directly. For example, we have
found no correlation between systemic and
mucosal (salivary and jejunal aspirate) antibodies
in coeliac disease (unpublished observations).
The gut lavage method described is safe, non-

invasive, and useful for bowel cleansing and
treatment of constipation.' The technique is
well tolerated by most patients. We have now
carried out gut lavage in over 100 subjects, and
the procedure was abandoned in only two
patients, who were unable to consume the
volume of liquid required. Polyethyleneglycol
electrolyte lavage solutions are not absorbed and
have minimal effects on fluid and electrolyte
balance." 12 Other investigators have used saline
lavage for collection of intestinal secretions,'3 but
this is contraindicated in patients with cardiac,
renal, and hepatic disease.

Processing ofspecimens is crucial to success in
subsequent laboratory assays. Several studies
have shown that human intestinal secretions
contain large amounts of protease,14 and that the
addition of protease inhibitors prevents appreci-
able immunoglobulin loss' and improves antigen
stability for ELISA.3 We and others' have shown

1343

0

0

u



1344 O'Mahony, Barton, Crichton, Ferguson

160 IgA |gM

140

120~~~

1002 I I
10

B801 1 v I-0o
00

o 0 0

201 i ~ 0

80 ~~~ ~ ~ ~ ~ ~ ~~~~~4

0 0

Coeliac Crohn's Controls Coeliac Crohn's Controls

Figure 4: Lavagefluid IgA and IgM antigliadin antibody values.

that delay in addition of protease inhibitors to
secretions obtained by this method may result in
significant loss of immunoglobulin content.

Results oftotal IgA content of serial specimens
indicates that once the patient passes clear fluid
per rectum, a steady state is reached, with no
difference in immunoglobulin content between
subsequent specimens. Analysis of semiliquid
early faecal specimens, however, showed neglig-
ible quantities of IgA compared with that found
in clear specimens. This must cast doubt on
attempts to assess mucosal immunity by studies
on faeces.
These preliminary studies on patients with

coeliac disease and Crohn's disease have shown
substantial qualitative differences between
patient groups in patterns of isotype specific
immunoglobulins, and these findings are being
confirmned in continuing definitive investiga-
tions. Specific antibodies can also be readily
measured, as we have shown with gliadin and
others have shown with cholera toxin B subunit. I

It could be argued that increased intestinal
permeability in patients with coeliac disease and
Crohn's disease may allow serum leakage of

immunoglobulin and antibody into the gut
lumen. It is quite possible that at least some
lavage fluid immunoglobulin is serum derived,
but we have shown that lavage fluid IgA is
predominantly secretory in the three patient
groups.
The finding of high values of lavage fluid IgG

in the Crohn's group could reflect altered intesti-
nal immunoglobulin production in this condi-
tion;'5 however, as there is no specific mucosal
transport system for IgG, it is more likely that
the IgG is serum derived, leaking across the
inflamed mucosa.

This technique has great potential for in vivo
determination ofimmunoglobulins and antibody
in the gut, and can be applied to a wide range of
studies of secretory immunity in health and
disease.
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This work was presented at the British Society of Gastro-
enterology Autumn meeting, Dublin, September 1989.
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