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1 Colonic epithelia from rats infected with the nematode Nippostrongylus brasiliensis have been
studied under short circuit conditions and in response to challenge with worm antigen.

2 Challenge from the serosal but not the mucosal side with antigen caused a transient increase in
inwardly directed short circuit current. No effects were observed in comparable tissues from non-
infected animals.

3 Simultaneous measurements of short circuit current and of the fluxes of sodium or chloride ions
showed there was an increase in electrogenic chloride secretion and an inhibition of electroneutral
sodium chloride absorption, associated with antigen challenge. This result, together with the inhibitory
effects of piretanide on the response to antigen challenge, indicate that chloride ions are a major carrier
of the short circuit current response. However, the equivalence of the biophysical response to ion fluxes
was not established, there being an excess of chloride secretion.

4 The mast cell stabilizing agent, FPL 52694, significantly inhibited the current responses to antigen,
while cromoglycate and doxantrazole were ineffective. Mepyramine, an H,-receptor antagonist, and
indomethacin, an inhibitor of fatty acid cyclo-oxygenase, were without effect on the responses to
antigen challenge.

5 Anti-rat IgE produced qualitatively similar responses to antigen in both normal and sensitized
colonic epithelia. However, the responses were significantly greater in tissues derived from infected
animals. Maximally effective antigen concentrations prevented subsequent responses to anti-rat IgE in
sensitized tissues, while anti-rat IgE only attenuated the responses to antigen.

6 The ways in which antigen challenge modifies epithelial function is discussed, particularly in

relation to its possible role in promoting rejection of the nematodes during secondary infection.

Introduction

The recognition and rejection of nematode parasites
by mammalian hosts appears to require the integrated
activity of most major components of the immune
system including antibodies, lymphocytes and bone
marrow derived cells (Ogilvie & Love, 1974). The
expulsion of a primary nematode infection of
laboratory animals takes several days (Ogilvie, 1967;
Wakelin, 1978). A secondary infection, however, will
be rejected by the host within 4—5h (Miller et al.,
1981). This is believed to be due to an immediate
(TypeI) hypersensitivity reaction since (a) the res-
ponse to re-infection is very rapid, (b) increased serum
IgE is associated with developing immunity (Ogilvie,
1964; Orr & Blair, 1969) and (c) there is an hyperplasia
of intestinal mast cells (Taliaferro & Sarles, 1939;
Miller, 1980) which are discharged during helminth
expulsion by the rat (Miller, 1971).

There are many ways in which increased numbers of
mast cells and parasite specific IgE antibodies may be
mobilised to rapidly reject a re-infestation. Antibody
itself may produce a damaging effect on the parasite
(Ogilvie et al., 1973), as may substances released from
specifically primed mast cells or basophils (Rothwell et
al., 1974; Kelly & Dineen, 1976). The release of
pharmacologically active substances in nematode in-
fections has been reviewed by Boreham & Wright
(1976). Potential mediators of parasite expulsion from
the intestine of rat include histamine and 5-hydrox-
ytryptamine (5-HT) (Urquhart et al., 1965; Sharp &
Jarrett, 1968), prostaglandins (Dineen et al., 1974;
Dineen & Kelly, 1976), SRS-A (Murray, 1972) and
kinins (Fal, 1974). In addition nematodes can release
agents which affect the functioning of the epithelium,
for example cholinesterase (Ogilvie et al., 1973), and in
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turn these activities may be modified by the immune
system.

The local immune responsiveness of the intestine
has been examined using antigens other than those to
parasitic nematodes. These include ovalbumin in
sensitized rats (Byars & Ferraresi, 1976; Perdue et al.,
1983) and B-lactoglobulin in cow milk sensitized
guinea-pigs (Cuthbert ez al., 1983). In the latter study
it was suggested that electrogenic chloride secretion, in
response to antigen challenge, was the basis of fluid
secretion responsible for diarrhoea associated with
food intolerance. The purpose of this study was to
investigate ion transporting mechanisms across
colonic mucosa from rats infected with Nippostron-
gylus brasiliensis and during challenge in vitro with
appropriate antigens. Isolated colonic epithelium was
studied under conditions of zero transepithelial elec-
trical potential obtained by the passage of a short
circuit current (SCC), the magnitude of which is a
direct measure of net electrogenic ion transport.

Methods
Sensitization of rats

Male Wistar rats (200—250g) were infected with 3000
third stage larvae (L;) of the nematode Nippostron-
gylus brasiliensis by subcutaneous injection into the
thigh. Twenty-five to 40 days later the rats were killed,
serum collected and 4 cm of distal colon removed for in
vitro study.

Preparation of secretory antigen

Adult worms obtained from the duodenum and
jejunum of rats previously infected with N. brasiliensis
were incubated in ten times their volume of sterile
saline (0.9%) at 37°C for 5—-6 h. The supernatant was
then removed, divided into aliquots and frozen at
—20°C until used. PAGE gels showed that the super-
natant contained at least 9 distinct proteins which were
released spontaneously from the parasites. There was
a series of proteins of about 43,000 Daltons
(pl 4.2-5.0), two or three proteins (pI~5.3) and a
single protein of about 100,000 Daltons (pI~6.1). A
‘worm-equivalent’ (WE) of antigen was as previously
defined by Ogilvie (1967).

Measurement of short circuit current (SCC)

Isolated epithelium was dissected from the descending
colon and mounted in Ussing chambers (window area
0.6cm?) for voltage clamping. Each surface of the
tissue was bathed in Krebs-Henseleit solution main-
tained at 37°C and gassed with 95% 0,:5% CO,.
SCCs were recorded using a W.P.I. Dual Voltage

Clamp and displayed on pen recorders. Transepith-
elial conductance was measured by clamping transien-
tly at —2mV rather than zero. The resulting current
change caused by this procedure was recorded and the
conductance calculated using the Ohmic relationship.

Challenge was made by the addition of antigen to
either the serosal (nutrient) or the mucosal (luminal)
side of the preparation. Transient changes in SCC
were measured as the total amount of charge trans-
ferred (current x time) and converted to uEq using the
Faraday relationship. To do this the area under the
SCC response curves was integrated by use of a
planimeter (Allbrit).

In separate sets of experiments the net fluxes of
sodium and of chloride were measured. Paired
preparations (two adjacent pieces of epithelium) were
used and trace amounts (2—3 pCi) of either Na or
3Cl were added to the mucosal bath of one tissue and
the serosal bath of the paired preparation. One hour
was allowed for isotopic equilibration after which four
samples (P1-P4) were taken at 10 min intervals from
the side opposite to that to which the isotope was
added. Antigen challenge was made immediately after
the second sample was taken. Small samples were also
taken from the side to which the isotope was added at
convenient times during the experiment. These sam-
ples were used to calculate specific activity, which
remained constant throughout a given experiment.
The radioactivity in each sample was measured as g-
emission using liquid scintillation counting (Packard
TriCarb 300) with a counting efficiency of 93%. The
net flux of each ion was calculated and compared with
the SCC responses measured simultaneously.

The Krebs-Henseleit solution had the following
composition (mM): NaCl117, KCl4.7, CaCl,2.5,
MgS0O, 1.2, NaHCO, 24.8, KH,PO, 1.2 and glucose
11.1. This solution had a pH of 7.4 when gassed with
95% 02 and 5% COZ

Throughout the text all values are given as means
+s.e. mean for the number of observations (n)
noted.

Histamine acid phosphate (B.D.H.), mepyramine
maleate (May & Baker Ltd.) and the lyophilised
sodium salt of indomethacin (Merck Sharp and
Dohme) were dissolved in water before use. We
gratefully acknowledge gifts of disodium
cromoglycate (1,3-bis[carboxychromone-5-yloxy}-2-
hydroxypropane, disodium salt) and FPL 52694 (5-[2-
hydroxypropoxy}-4-oxo-8-propyl-4H-1-benzopyran-
2-carboxylate) from Dr A.M. Edwards, Fisons plc
(UK) and doxantrazole (3-[5-tetrazolyl]-thioxanth-
one-10,10,-dioxide) from Dr G. Perkins, Burroughs
Wellcome Co. (U.S.A.). All these were dissolved in
water before use. Piretanide was a gift from Hoechst
Pharmaceuticals which was dissolved in sodium hy-
droxide solution and diluted as required. Anti-rat IgE
serum was purchased from Miles Research Products



Division, Indiana, as a lyophilised powder (lot no. 27).
It was reconstituted by addition of 2 ml distilled water.
The potency of this batch was characterized by the
suppliers as showing a precipitin band with up to 1:4
dilution of antiserum in an immunodiffusion assay
against Rat Tumour IR 162 Ascites Fluid.

Results

The stable SCC across the descending colon of N.
brasiliensis infected rats was 20.5 £ 1.3 pA (0.6 cm?)~!
(n = 37). This was an inward current representing net
secretion of anions, net absorption of cations or a
mixture of the two. The magnitude of this current was
similar to that found in tissues from control, uninfec-
ted rats. In an unassociated series of experiments,
carried out at the same time as those with infected rats,
basal SCC was 19.5+ 1.5pA (0.6cm?) ! (n = 24).

Sidedness and repeatability of responses to worm
antigen in isolated colon of worm-infected rats

Epithelium from descending colon, when challenged
on the serosal but not on the mucosal side, showed a
transient increase in inward current on the first but not
subsequent challenge (Figurel). The response,
therefore, exhibits sidedness and is one which shows
desensitization. Not unexpectedly there was some
variation in the magnitude and duration of the
responses in preparations from different animals,
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Figure 1 SCC recording from colonic epithelium
obtained from a worm-infected rat. Antigen challenge
(10 WE ml ™) to the serosal (S) but not the mucosal (M)
side produced a transient inward current. The absence of
a response to a second serosal side challenge showed that

desensitization had occurred. Time calibration also in-
dicates position of zero SCC.

EPITHELIAL HYPERSENSITIVITY REACTIONS 789

1007 5.0

N
< e
250 259
o s
2] »

€

0 g 0 70 70 ©
Time (min)

Figure 2 Pooled results of values for SCC (@) and
transepithelial conductance (O) from isolated colonic
epithelia from worm-infected rats following challenge
with worm antigen (10 WE ml~') applied to the serosal
side bathing solution at time 0. Each value shows the
mean for eight separate observations; vertical lines show
s.e.means.

which may relate to the severity of the infection and of
the immunological response to it. Figure2 shows
pooled values of SCC responses from preparations, all
challenged with 10 WEml~'. Coincident with the
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Figure 3 The relationship between antigen concentra-
tion and the response (net charge transfer) in isolated
colonic epithelium from worm-infected rats. Each result
was obtained from a separate preparation, which was
challenged only once from the serosal side. The number of
observations at each concentration is indicated.
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Table 1 Chloride fluxes during antigen challenge

SCC JCIl (m>s) JCl (s>»m) JClI (net)

(Eq) (Eq) (Eq) (Eq)
P1 0.10 £ 0.02 1.56 £ 0.33 0.88 +0.20 0.68 + 0.46
P2 0.10 £ 0.02 1.82+0.33 1.07 £0.23 0.75 £ 0.50
P3 0.22 + 0.04 1.93+0.35 1.90 + 0.46 0.03 £ 0.46
P4 0.12£0.03 1.70 £ 0.39 1.26 £ 0.11 0.44 + 0.46

SCC and unidirectional chloride fluxes (J Cl) were measured in five pairs of colon preparations during four consecutive
10 min periods (P1-P4). Antigen challenge (10 WE ml~') was made to the serosal side at the beginning of P3. Values
obtained for each parameter during P2 were compared with those of P3 by paired Student’s ¢ test.

During antigen challenge the SCC increased transiently (P <0.02). This was accompanied by a transient and
significant increase in J Cl (s=>m) (P <<0.05). There was no significant change in J Cl (m->s). The values of SCC were
converted to pEq by integrating the area under the trace (see Methods). Mean values of SCC for pairs of preparations
were used to calculate the values given in column 1. Each value gives mean * s.e.mean for five measurements.

changes in SCC following challenge were changes of
total transepithelial conductance, which showed
approximately the same time course. Colonic epithelia
from non-infected rats showed no response to addition
of worm antigen.

The concentration-response relationship between worm
antigen and SCC in descending colon taken from
infected rats

As a single exposure to antigen modifies the response
‘to subsequent exposures, or even abolishes the res-
ponse when the antigen concentration is maximally
effective, it was necessary to measure each response in
a separate piece of tissue. A range of antigen concen-
trations between 2.5 and 20 WE ml~' was used. Thre-
shold concentrations were around 2.5 WEml~! and
maximal effects were obtained at 10WEml~".
Figure 3 shows the composite concentration-response
relationship obtained in separate preparations.
Some idea of the extreme sensitivity of tissues to
antigen can be obtained from the protein content of

Table 2 Sodium fluxes during antigen challenge

the antigen solution and taking the mean size of the
proteins shown on PAGE gels (~ 43,000 daltons).
Consideration of these values indicates that threshold
responses are obtained with antigen concentrations in
the pM range.

Identification of the charge carrying species

The results from measurements of chloride fluxes,
using *Cl, are given in Table 1. When the values
obtained during P3 are compared with those obtained
in P2 it is shown that there was an increase in J Cl,
of 0.11+0.19uEq 0.6cm~2 and in JCl, of
0.83 + 0.24 uEq 0.6 cm 2. These represent an increase
in net chloride movement in the serosal to mucosal
direction, that is a secretion, of 0.72 + 0.41 uEq foll-
owing antigen challenge. The change in JClg, was
statistically significant (P <<0.05) using a paired ¢ test.

Several things are apparent from these data. First
the basal SCC cannot be accounted for by chloride
secretion as net chloride movement is both too great
and in the wrong direction. Second, antigen challenge

SccC JNa (m->s) J Na (s=»>m) J Na (net)

(rEq) (HEq) (»Eq) (rEq)
Pl 0.10 £ 0.02 0.57 £ 0.11 0.42£0.16 0.15+0.23
P2 0.10 £ 0.02 0.67 £0.14 0.38 £ 0.05 0.29 £ 0.15
P3 0.27 £ 0.04 0.36 £ 0.23 0.27 £ 0.09 0.09 £ 0.21
P4 0.18 £ 0.04 0.70 £ 0.21 0.54 £ 0.12 0.16 £ 0.30

SCC and unidirectional sodium fluxes (J Na) were measured in five pairs of colon preparations during four consecutive
10 min periods (P1-P4). Antigen challenge (10 WE ml~') was made to the serosal side at the beginning of P3. Values
obtained for each parameter during P2 were compared with those of P3 by paired Student’s ¢ test.

During antigen challenge the SCC transiently increased (P <0.05). Both J Na (m->s) and J Na (s>m) were reduced
during P3 when compared with the P2 values but neither of these changes was significant statistically. Mean values of
SCC (integrated over time) for pairs of preparations were used to calculate the values given in column 1. Each value
gives mean * s.e.mean for five measurements.



caused a significant (P <0.02) increase in SCC. The
changes in chloride movement during antigen
challenge are in the correct direction for the SCC to be
carried by chloride ions, but the net change in chloride
movement (0.72 * 0.41 pEq) is some six times greater
than the SCC response (0.12 + 0.05 pEq). Turning to
sodium flux measurements, the data from which are
given in Table 2, some clarification of the inequality
seen between chloride fluxes and SCC responses
becomes obvious. Again comparing the fluxes during
period P3 with those during P2 it can be seen that
J Na,,, was reduced by 0.31 + 0.23 uEq and J Na,, was
reduced by 0.10 + 011 uEq, neither of these values
reaching statistical significance. It can also be seen that
the net flux of sodium was always in the mucosal to
serosal direction and that there was an apparent
reduction in net sodium absorption of
0.21 £ 0.28 uEq. As will be discussed, the rat colon
shows electroneutral NaCl absorption and this
appears to be depressed by antigen challenge. This
process would effectively reduce the amount of
chloride which could carry current across the epith-
elium and account for the SCC. From these studies the
chloride available to carry current is 0.51
(0.72-0.21) pEq, which is still some 3 to 4 times the
recorded values of SCC.

If chloride is the main current carrier for the SCC
response then other electroneutral processes must
account for the discrepancy between flux and current
measurements and other types of evidence are re-
quired to identify the current carrying species. This has
been obtained using an inhibitor of transepithelial
chloride active transport, piretanide. Piretanide
(100 uM) was added to the serosal side bathing solu-
tion of one of each pair of colonic epithelial sheets.
Five minutes later both tissues were challenged
serosally with antigen (10 WE ml~!) and the transient
changes in SCC measured. Piretanide alone was
without effect on SCC but reduced the response to
antigen to 0.04 £ 0.02puEq (n = 6) which was sig-
nificantly different from the control group, in which
the response was 0.18 * 0.04 uEq (P < 0.0S; Student’s
t test). This is strong evidence that a major fraction of
the current is carried by chloride ions, a possibility
supported by the measurements of chloride flux.

Effects of mast cell stabilizing agents on the SCC
response to antigen challenge

Three different mast cell stabilizing agents were used
in separate series of experiments: they were disodium
cromoglycate, doxantrazole and FPL 52694. Each set
of experiments was carried out with a single concentra-
tion of the mast cell stabiliser (10~°M) applied to
solutions bathing both sides of the tissue. Ten minutes
were allowed for equilibration before antigen
challenge. The SCC responses obtained in response to
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10 WEml~' were compared with those obtained in
tissues obtained from adjacent segments of colon but
not pretreated with the stabilizing agents. None of the
agents under test altered resting SCC. The responses to
antigen in the presence of disodium cromoglycate
(0.20 + 0.06 kEq (0.6cm?)~', n =6) were not sig-
nificantly different from the corresponding control
values (0.27 £ 0.10uEq (0.6cm?~"). Doxantrazole
treatment reduced the response to antigen
(0.21 £ 0.05uEq (0.6cm?)~! (n =6)) compared to
controls (0.37 £ 0.06uEq (0.6cm?~') to a level
approaching significance (P <0.1). The response to
antigen was also reduced by FPL 52694
(0.05 % 0.01 uEq (0.6 cm?)~') compared to controls
(0.09 + 0.02uEq (0.6cm?)~"), this difference being
significant by Student’s ¢ test at P <<0.05. These three
sets of experiments were done on separate batches of
animals preinfected with separate batches of worms.
The control responses illustrate the variation in the
sensitivity to antigen, referred to earlier, which
presumably reflects varying degrees of sensitization to
the parasites.

Potential mediators of the SCC response

The possible involvement of histamine in the response
was investigated by use of the histamine H,-receptor
antagonist, mepyramine. Mepyramine (107°M) was
applied to the solutions bathing each surface of short
circuited colonic epithelia Smin before serosal side
challenge with antigen (10 WEml™'). Mepyramine
had no effect on SCC but increased the response to
antigen (0.21  0.06 uEq (0.6 cm?)~") compared with
control values (0.17 £ 0.96 uEq (0.6cm?)~!, n = 6).
This increase was not statistically significant. Follow-
ing the response to antigen challenge two control
preparations were treated with histamine (107°M)
which caused a sustained increase in colonic SCC. The
mean response was 0.09 uEq (0.6cm?)~' (15min)~!
which was 27% of the response to worm antigen. This
action of histamine was completely prevented in
paired preparations treated with mepyramine.
Metabolites of arachidonic acid are likely can-
didates as mediators of anaphylaxis. To test this
hypothesis the results of antigen challenge in isolated
colons were compared using adjacent segments of
epithelium, one preincubated for 1 h with the cyclo-
oxygenase inhibitor indomethacin (5 uM). Indometh-
acin pretreatment did not significantly alter the res-
ponse to worm antigen (10 WEml™') which was
0.37 £ 0.07pEq (0.6cm? ' (n = 6) when compared
with the control group (0.43 + 0.06 uEq (0.6 cm?)~").

Responses to anti-rat IgE

It is known that rats infected with Nippostrongylus
brasiliensis have increased serum IgE levels (Ogilvie,
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Table 3 Effects of anti-rat IgE on short-circuited colonic epithelium

SCC responses to serosal challenge with anti-rat IgE

pEq (0.6cm?) ™!
Worm-infected tissues Control tissues
(n=06) (n=>5)
1/1000 1/100 1/1000 1/100
0.045 + 0.016 0.064 £ 0.008 0.020 £ 0.010 0.035 £+ 0.009

Preparations of colonic epithelium from worm-infected and control rats were challenged serosally with one dilution of
anti-rat IgE. The magnitude of the response to 1/100 dilution of anti-rat IgE was significantly greater in worm-infected

than in control rat colon (P <0.05).

1964; Orr & Blair, 1969). However,not all the circulat-
ing IgE antibodies will be to antigens derived from the
parasites so that it might be expected that tissues from
both normal and infected animals would respond to
anti-rat IgE. Leung & Pearce (1984) have suggested
there is a degree of sensitization to environmental
antigens in laboratory rats. Furthermore, because of
the mast cell hyperplasia shown in infected animals
(Miller, 1980), it might be expected that tissues from
infected animals would show an exaggerated response
to anti-rat IgE. These hypotheses have been tested
using a sheep anti-serum to rat IgE.

Both control tissues and those from infected
animals responded to anti-rat IgE, applied to the
serosal side of the tissue, with an inwardly directed,
transient SCC. Using a dilution of 1/100 only a single
response was obtained on the first exposure to anti-
serum, exactly the same situation that obtains when

20pA|— A

n L] '}
5min 10 WE mi' Anti IgE (1/100)

20 p.AL
L]

- .
5 min Anti IgE (1/100) 10 WE m!~'

Figure 4 Paired preparations of colon from a worm-
infected animal. Each preparation was exposed to antigen
(10 WEml™') and to anti-rat IgE (1/100 dilution) with a
30 min interval between. The order of application was
reversed in the two preparations. Pre-exposure to antigen
prevented a response to the antiserum but not vice versa.
The time calibration also indicates the position of zero
SCC.

worm antigen (100WEml™') is applied to epithelia
from infected animals. Lower concentrations of anti-
serum (1/1000 dilution) produced submaximal respon-
ses.

Table 3 summarizes the responses obtained in tis-
sues from control and infected rats to anti-rat IgE.
Graded responses to the two dilutions used were seen
with both types of tissue. The response to the higher
concentration is presumably maximal since no further
response could be elicited with further addition of
antiserum. The responses were larger in tissues from
infected animals, significantly so for the higher con-
centration of antiserum. .

Cross-desensitization between worm antigen and
anti-rat IgE was investigated. In each of four ex-
periments, primary challenge with antigen followed
30 min later by anti-rat IgE showed that desensitiza-
tion to the antiserum had occurred. This is illustrated
in Figure4. In this particular case the antigen
produced a biphasic response while subsequent ex-
posure to the antiserum was without effect. In the
companion tissues where the order of challenge was
reversed, desensitization was not so clearly demon-
strable. This is also shown in Figure 4. Here antiserum
gave a monophasic response, comparable in mag-
nitude and latency to the first part of the biphasic
response in the paired tissue. Thirty minutes later the
worm antigen produced now a monophasic, rather
than a biphasic response, with a latency corresponding
to the second phase of the response in the paired tissue.
In other responses, clear separation of the two com-
ponents with worm antigen was not seen. However, as
in the experiment demonstrated, exposure to worm
antigen desensitized the tissue to antiserum, while
exposure to antiserum attenuated the response to
subsequent exposure to antigen.

Responses in other parts of the alimentary tract

In a few experiments the effect of antigen challenge on
SCC was examined on epithelia prepared from parts of



the alimentary tract, other than the colon, taken from
rats infected with N. brasiliensis. These were terminal
ileum, jejunum, duodenum and stomach. All but the
stomach preparations showed transient, inwardly
directed, SCC responses on challenge with antigen
from the serosal side. The stomach preparation
showed no response to antigen.

Discussion

The significance of the results presented can be
approached from two distinct viewpoints. First, what
are the consequences for transepithelial ion transport
of a type I hypersensitivity reaction occurring in cells
of the lamina propria of the colon? To this can be
added a consideration of the mediators and mechan-
isms involved. Secondly, it can be asked if the effects
on epithelial function are related in any way to the
mechanisms by which animals rid themselves of
intestinal parasitic infections.

There can be little doubt that the response to antigen
challenge is mediated by an immune mechanism. The
response to antigen is obtained only in tissues from
animals infected with the parasite, otherwise the
tissues behave entirely normally with respect to their
basal transporting characteristics. Also antiserum
directed against rat IgE causes qualitatively similar
responses and, furthermore, exposure to a maximally
effective concentration of antigen desensitizes the
tissues to challenge with antiserum.

We have not shown the locus of action of the worm
antigen but the evidence favours an interaction, either
directly or indirectly, with mast cells embedded in the
lamina propria. First, challenge is effective only when
made from the basolateral side of the tissue. Further-
more, the response to anti-rat IgE is enhanced in
conditions where mast cell hyperplasia is known to
occur (Befus & Bienenstock, 1979). Additionally the
mast cell stabilizing agent, FPL 52694 attenuates the
response to antigen, although the better known agent
disodium cromoglycate was without effect. However,
this is in keeping with direct studies on the release of
histamine from free rat mast cells. In particular,
cromoglycate shows a high degree of tissue and species
specificity in its action (for a review see Pearce, 1983)
and is maximally active against connective tissue mast
cells of the rat but totally ineffective against isolated
mucosal mast cells from the lamina propria of this
species (Pearce et al., 1982). FPL 52694 is more potent
than cromoglycate in the inhibition of mediator
release from rat serosal mast cells (Leung et al., 1984)
but its effect on isolated intestinal cells has yet to be
reported.

It is known that anti-rat IgE will liberate histamine
from peritoneal and mucosal mast cells of the rat and
that this stimulus is less effective than worm antigen
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with mast cells from infected animals (Befus et al.,
1982). These findings are in accord with our observa-
tions upon SCC in isolated epithelia. From the results
of our cross-desensitization experiments (Figure 4), it
is possible that mast cell bound IgE may account for
only part of the biophysical response. Both IgE and
IgG antibodies may sensitize mast cells (Moodley &
Mongar, 1981).

Although we have not identified the mediator(s)
involved in the SCC response we can feel confident
that neither histamine nor prostanoids are the sole
mediators of the SCC. Other possible candidates such
as leukotrienes, kinins and 5-HT, which are also
released from mast cells (Foreman, 1981) have not
been investigated in this study, although the failure of
antigen challenge to be modified by indomethacin
militates against a major involvement of kinins (Cuth-
bert et al., 1984). Our results with indomethacin were
surprising since in guinea-pig colon sensitized to milk
proteins, the SCC responses to challenge with g-
lactoglobulin were entirely abolished by inhibition of
fatty acid cyclo-oxygenase (Cuthbert ef al., 1983).

The sensitivity of the antigen responses to the loop
diuretic, piretanide, (Zeuthen et al., 1978) is a good
indication that the major part of the current response
is due to stimulation of active, electrogenic chloride
secretion. Flux measurements support this notion but
the lack of equivalence between the SCC values and
the flux measurements leaves the doubt that other ions
might be involved to a minor extent as current carriers
in the response. Indeed, the increase in net movement
of chloride toward the mucosal bath, even allowing for
changes in electroneutral NaCl transport (Bridges et
al., 1983), are in excess of the amount required by the
current responses. This extra chloride must be moved
across the epithelium by an electrically silent process,
maybe in exchange for bicarbonate.

It is far more difficult to deal with the possible
involvement of the secretory process we have des-
cribed in the expulsion of the parasite from the host.
The antigen we used is secreted spontaneously from
the parasite, but it is also clear that it would need to be
released on or penetrate to the serosal side of the
epithelium in order to generate the secretion. Immun-
ocytes of the lamina propria are strategically located
to influence other cells of the gut, which is a primary
shock organ of the rat (West, 1959). The immune
system will certainly affect the activity of intestinal
smooth muscle (Coulson, 1957). Castro et al. (1976)
have shown gut transit times to be decreased in
Trichinella spiralis infected rats although inhibitors of
intestinal motility did not prevent the characteristic
rapid expulsion of these parasites from infected
animals (Bell et al., 1982). Gut lymphoid tissue may
also affect the functioning of epithelial cells (Castro,
1982). Intestinal anaphylaxis in the rat is accompanied
by enhanced mucosal permeability (Barth et al., 1966;
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Murray et al., 1971), by the release of mucus from
goblet cells (Lake et al., 1980; Miller et al., 1981) and
also by a decrease in the net absorption of fluid,
occurring within a few minutes of worm antigen
contacting the gut mucosa (Castro e al., 1979). These
features may combine to create an unfavourable
environment within the lumen of the gut, thus con-
tributing to nematode expulsion. In the alimentary
tract chloride secretion takes place in the crypts and
compensatory cation drag plus osmotic water
movement leads to formation of visible secretion at the
mouth of the crypts (Welsh ez al., 1982). We cannot
know from our work whether formation of secretion
flushes parasites away from the mucosa or provides an
environment which is unfavourable to the parasites. It
has long been held that an immune response involving
mucosal mast cells is responsible for expulsion of the

References

ASKENASE, P.W. (1980). Immunopathology of parasitic
diseases: involvement of basophils and mast cells. Sprin-
ger Semin. Immunopath., 2, 417-442.

BARTH, E.E.E.,, JARRETT, WF.H. & URQUHART, G.M.
(1966). Studies on the mechanisms of the ‘self cure’
reaction in rats infected with Nippostrongylus brasiliensis.
Immunology, 10, 459-464.

BEFUS, A.D. & BIENENSTOCK, J. (1979). Immunologically
mediated intestinal mastocytosis in Nippostrongylus
brasiliensis infected rats. Immunology, 38, 95-101.

BEFUS, D. & BIENENSTOCK, J. (1982). Factors involved in
symbiosis and host resistance at the mucosa-parasite
interface. Prog. Allergy, 31, 76—177.

BEFUS, A.D., PEARCE, F.L., GAULDIE, J., HORSEWOOD,P. &
BIENENSTOCK, J. (1982). Mucosal mast cells. I. Isolation
and functional characteristics of rat intestinal mast cells.
J. Immunol., 128, 2475-2480.

BELL, R.G., McCGREGOR, D.D. & ADAMS, L.S. (1982). Studies
on the inhibition of rapid expulsion of Trichinella spiralis
in rats. Int. Archs. Allergy. appl. Immun., 69, 73—-80.

BOREHAM, P.F.L. & WRIGHT, LG. (1976). The release of
pharmacologically active substances in parasite infec-
tions. Prog. med. Chem., 13, 159-204.

BRIDGES, R.J., NELL, G. & RUMMEL, W. (1983). Influence of
vasopressin and calcium on electrolyte transport across
the isolated colonic mucosa of the rat. J. Physiol., 338,
463-475.

BYARS, N.E. & FERRARESI, R.W. (1976). Intestinal ana-
phylaxis in the rat as a model of food allergy. Clin. exp.
Immunol., 24, 352-356.

CASTRO, G.A. (1982). Immunological regulation of epithelial
function. Am. J. Physiol., 243, G321-G329.

CASTRO, G.A.,, BADIAL-ACEVES, F., ADAMS, PR,
COPELAND, E.M. & DUDRICK, S.J. (1976). Responses of
immunized, parenterally nourished rats to challenge
infection with the nematode, Trichinella spiralis. J. Nutr.,
106, 1484-1491.

CASTRO, G.A., HESSELL, J.J. & WHALEN, G. (1979). Altered
intestinal fluid movement in response to Trichinella
spiralis in immunised rats. Parasite Immun., 1, 259-266.

parasites, yet the subject remains controversial (for
discussion see Askenase, 1980; Befus & Bienenstock,
1982). Nevertheless, our results describe for the first
time a way in which a parasitic infection may affect the
transporting activity of the colonic epithelium. As an
in vitro system in which an IgE mediated immune
response can be monitored and quantified it is a
valuable addition to the variety of techniques which
can be used to examine anti-allergic drugs directed
against mast cells in the gastrointestinal tract.

A reprint similar to this one, in which the nematode
Trichinella spiralis was used, has appeared recently
(Russell & Castro, 1985).

A.W.B. is grateful to Fisons plc for financial support.

COULSON, E.J. (1957). The Schultz Dale technique. J.
Allergy, 24, 458-473.

CUTHBERT, A.W., HALUSHKA, P.V.,, MARGOLUIS, HS. &
SPAYNE, J.A. (1984). Mediators of the secretory response
to kinins. Br. J. Pharmac., 82, 597-607.

CUTHBERT, A.W., MCLAUGHLAN, P. & COOMBS, R.R.A.
(1983). Immediate hypersensitivity reaction to B-lac-
toglobulin in the epithelium lining the colon of guinea-
pigs fed cows’ milk. Int. Archs Allergy appl. Immun., 72,
34-40.

DINEEN, J K. & KELLY, J.D. (1976). Levels of prostaglandins
in the small intestine of rats during primary and secon-
dary infection with Nippostrongylus brasiliensis. Int.
Archs Allergy appl. Immun., 51, 429—440.

DINEEN, J K. KELLY, J.D., GOODRICH, B.S. & SMITH, 1.D.
(1974). Expulsion of Nippostrongylus brasiliensis from the
small intestine of the rat by prostaglandin-like factors
from ram semen. Int. Archs Allergy appl. Immun., 46,
360-374.

FAL, W. (1974). Mastocytes and some biologically active
compounds in experimental trichinellosis. Archs. Im-
munol. Ther. Exp. (Warsz), 22, 393-410.

FOREMAN, J.C. (1981). The pharmacological control of
immediate hypersensitivity. 4. Rev. Tox., 21, 63-81.
KELLY, J.D. & DINEEN, J.K. (1976). Prostaglandins in the
gastrointestinal tract: evidence for a role in worm expul-

sion. Aust. vet. J., 52, 391-397.

KELLY, J.D., DINEEN, J.K., GOODRICH, B.B. & SMITH, L.D.
(1974). Expulsion of Nippostrongylus brasiliensis from the
intestine of rats: role of prostaglandins and phar-
macologically active amines (histamine, 5-hydroxytryp-
tamine) in worm expulsion. Int. Arch Allergy appl.
Immunol., 47, 458—-465.

LAKE, A.M,, BLOCH, K.J,, SINCLAIR, K.J. & WALKER, W.A.
(1980). Anaphylactic release of intestinal goblet cell
mucus. Immunology, 39, 173-178.

LEUNG, K.B.P,, BARRETT, K.E. & PEARCE, F.L. (1984).
Differential effects of anti-allergic compounds on
peritoneal mast cells of the rat, mouse and hamster.
Agents & Actions, 14, 461-467.



LEUNG, K.B.P. & PEARCE, F.L. (1984). A comparison of
histamine secretion from peritoneal mast cells of the rat
and hamster. Br. J. Pharmac., 81, 693-701.

MILLER, H.R.P. (1971). Immune reactions in mucous mem-
branes. III. The discharge of intestinal mast cells during
helminth expulsion in the rat. Lab. Invest., 24, 348—-354.

MILLER, H.R.P. (1980). The structure, origin and function of
mucosal mast cells. A brief review. Biol. Cell., 39,
229-232.

MILLER, H.R.P., HUNTLEY, J.F. & WALLACE, G.R. (1981).
Immune exclusion and mucus trapping during the rapid
expulsion of Nippostrongylus brasiliensis from primed
rats. Immunology, 44, 419-429.

MOODLEY, I. & MONGAR, J.L. (1981). IgG receptors on the
mast cell. Agents & Actions, 11, 77-83.

MURRAY, M. (1972). Immunity to Animal Parasites. ed.
Soulsby, E.J.L. p. 155. New York: Academic Press Inc.

MURRAY, M., JARRETT, W.F. & JENNINGS, F.W. (1971).
Mast cells and macromolecular leak in intestinal immun-
ological reactions. The influence of sex of rats infected
with Nippostrongylus brasiliensis. Immunology, 21,
17-31.

OGILVIE, BM. (1964). Reagin-like antibodies in animals
immune to helminth parasites. Nature, 204, 91.

OGILVIE, B.M. (1967). Reagin-like antibodies in rats infected
with the nematode parasite Nippostrongylus brasiliensis.
Immunology, 12, 113-131.

OGILVIE, B.M. & LOVE, RJ. (1974). Cooperation between
antibodies and cells in immunity to a nematode parasite.
Transplant Rev., 19, 147-169.

OGILVIE, BM., ROTHWELL, T.L.W., BREMNER, K.C,
SCHNITZERLING, H.J.,, NOLAN, J. & KEITH, R.K. (1973).
Acetyl cholinesterase secretion by parasitic nematodes. I.
Evidence for secretion of the enzyme by a number of
nematode species. Int. J. Parasitol., 3, 589-597.

ORR, T.S.C. & BLAIR, AM. (1969). Potentiated reagin
response to egg albumin and conalbumin in Nippostron-
gylus brasiliensis infected rats. Life Sci., 8, 1073-1077.

PEARCE, F.L. (1983). Mast cell heterogeneity. Trends phar-
mac. Sci., 4, 165-167.

EPITHELIAL HYPERSENSITIVITY REACTIONS 795

PEARCE, F.L., BEFUS, A.D., GAULDIE, J. & BIENENSTOCK,
J. (1982). Mucosal mast cells. II. Effects of anti-allergic
compounds on histamine secretion by isolated intestinal
mast cells. J. Immun., 128, 2481-24826.

PERDUE, M.H., CHUNG, M. & GALL, G. (1983). The effect of
intestinal anaphylaxis on gut function in the rat. Gas-
troenterology, 86, 391-397.

ROTHWELL, T.L.W,, PRICHARD, RK. & LOVE, R.J. (1974).
Studies on the role of histamine and 5-hydroxytryp-
tamine in immunity against the nematode Trichostron-
gylus colubriformis. 1. In vivo and in vitro effect of the
amines. Int. Archs Allergy appl. Immun., 46, 1-27.

RUSSELL, D.A. & CASTRO, G.A. (1985). Anaphylactic-like
reaction of small intestinal epithelium in parasitised
guinea-pigs. Immunology, 54, 573—579.

SHARP, N.C.C. & JARRETT, W.F.H. (1968). Inhibition of
immunological expulsion of helminths by reserpine.
Nature, 218, 1161-1162.

TALIAFERRO, W.H. & SARLES, M.P. (1939). Cellular reac-
tions in the skin, lungs and intestine of normal and
immune rats after infection with Nippostrongylus muris.
J. infect. Dis., 64, 157-192.

URQUHART, G.M., JARRETT, W.F.H,, JENNINGS, F.M,,
MCINTYRE, W.LM. & MULLIGAN, W. (1965). Immunity
to Haemonchus contortus infection: relationship between
age and successful vaccination with irradiated larvae.
Am. J. Vet. Res., 27, 1645-1648.

WAKELIN, D. (1978). Immunity to intestinal parasites.
Nature, 273, 617-620.

WELSH, M.J,, SMITH, P.L., FROMM, M. & FRIZZELL, R.A.
(1982). Crypts are the site of intestinal fluid and elec-
trolyte secretion. Science, 218, 1219-1221.

WEST, G.B. (1959). Some factors involved in anaphylactic
shock. Int. Archs Allergy appl. Immun., 18, 231-236.
ZEUTHEN, T., RAMOS, M. & ELLORY, J.C. (1978). Inhibition
of active chloride transport by piretanide. Nature, 273,

678-680.

( Received November 12, 1984.
Revised February 25, 1985.
Accepted March 26, 1985.)



