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Adult Sprague-Dawley rats weighing 250 gm were immunized with IO0 pg egg albumin (EA) 

and alum. Fourteen days later, intestinal anaphylaxis was induced by intraduodenal or 
intragastric challenge with EA. To test for the changes in vascular and mucosal permeability 
that accompany anaphylaxis, the rats were injected intravenously with 9-rat serum albumin 
(RSA) at the time of challenge and the amount of radioactivity retained in the wall of gut 
segments, as well as the trichloroacetic acid (TCA)-precipitable radioactivity present in the 
secretions obtained from these segments, was determined. Enhanced retention of ‘Y-RSA was 
found in the wall of the duodenum andJirst and second halves of the small intestine, and 
increased amounts of TCA-precipirable radioactivity was found in gur segments obtained from 
antigen-challenged compared with buffer-challenged rats. In other EA-immunized rats, bovine 
serum albumin (BSA) was administered by gavage I hr before challenge with EA. Increased 
amounts of immunoreactive BSA were detected by radioimmunoassay in the serum of rats 
subjected to local intestinal anaphylaxis. Possible consequences of the enhanced systemic uptake 
of protein present during local intestinal anaphylaxis were considered. It was suggested that 
such proteins might induce an IgE antibody response, thereby broadening the anaphylactic 
sensitivity of the animal to additional antigens. 

Considerable indir&P5 and limited direcF evi- 
dence has suggested that following their ingestion, 
antigenically intact proteins may gain access to the 
systemic circulation. We have recently shown that 
nanogram amounts of immunoreactive bovine serum 
albumin (iBSA) may be detected in serum of normal 
adult rats for several hours after feeding by gavage 
with large amounts of this pr0tein.O During intestinal 
inflammation provoked by infection with the nematode 
parasite Nippostrongylus brusiliensis or during mild 
systemic anaphylaxis, enhanced uptake of BSA was 
observed. The present study tested the effect of local 
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intestinal anaphylaxis on the uptake from the gut of a 
protein other than the antigen utilized to induce ana- 
phylaxis . 

MATERIALS AND METHODS 
Animals 

Adult Sprague-Dawley rats, both male and female, weigh- 
ing -250 gm, were obtained from Charles River Breeding 
Laboratories (Wilmington, Mass.). Rats were maintained on 
rat Chow (Ralston Purina, St. Louis, MO.) devoid of 
cowls-milk protein for 6 wk before use in experiments. 

Immunization 

Rats received a single intraperitoneal injection of 100 pg 
crystalline (5x) egg albumin (EA) (Nutritional Biochem- 
ical, Cleveland, Ohio) in 1 ml aluminum hydroxide gel 
containing 10 mg potassium alum.‘O Rats were tested 14 
days later. At this time, rats had 24-hr passive cutaneous 
anaphylaxis (PCA) titers of 1: 5 to 1: 20. 

Preparatton of r8dbtabeted p&&as 

Rat serum albumin (RSA) was prepared by starch block 
electrophoresis. ‘I Solutions of RSA and crystalline BSA 
(Sigma Chemical Co., St. Louis, MO.) were labeled with 
IzaI.IP The amount of iBSA present in serum was detected 
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f@. 1. Radioactive counts present in the duodenal wall or first and second halv@ of th~~rn~l 
intestine (AJ or in TCA precipitates of intestinal secretions obtained from these gut a :mLl 
from rats immunized with EA and alum and challenged intraduodenelly with buffer or buffer 
containing 100 mg EA. Each bar represents the values obtained with gut segments or secretions 
of a single rat. (“Blood equivalents” is defined in Methods.) 

by radioimmunoassay performed as described previously.” 
The anti-BSA antiserum used in these assays was absorbed 
wit& an EA immunoabsorbent’“; the absorbed antiserum did 
not react with EA added to the test system. 

hborptim studies 

Rats fasted overnight were subjected to light ether anes- 
theuta, a plastic cannula was passed into the stomach, and 2 
ml of saline solution containing 1,000 mg BSA (Fraction V, 
Sigma) and 25 mg NaHCO, were introduced. Blood was 
obtained from a cut made in the tail under light ether anes- 
thesra at intervals after feeding. These blood samples con- 
sisr of a mixture of arterial and venous blood. 

InductIon of intastinrl anaphylaxis 

1.ocal intestinal anaphylaxis was elicited by intraduode- 

nal or intragastric challenge with EA solution I hr after 
fee&ng with BSA. Rats were anesthetized with ether and a 
smail abdominal incision was made. The pylorus was oc- 
cluded with forceps and 2 ml of solution (either 0. I M 
K,HPO,. pH 7.0, or 100 mg EA in this buffer) were in- 
jected via a 25-gauge needle into the duodenum. The inci- 
sion was closed and the animals allowed to recover from 
anesthesia. Blood was obtained from the tail I, 3, and 6 hr 
after challenge. lnttagastric challenge was performed by 
administering 2 ml buffer or 2 ml buffer containing 500 mg 
EA by gavage I hr after the initial feeding with BSA. Serum 

samples were tested for iBSA as cited above. Rats chal- 
lenged by gavage with IOOmg EA showedlesscon&entdif- 
ferences compared with controls; for this reason a cht&nge 
dose of 500 mg EA was used in the following experiments. 

Changes in vascular and intestinal permeability were as- 
sessed by the method of Byars and Femuesi.” These 
studies were conducted separately fmm the above in im- 
munized rats challenged intraduodenally or inb-agnstsically 
with EA. Immediately after chaBenge, the tats were injected 
intravenously with 0.2 &i lYsl-labeled RSA (,- I gg pro- 
tein) in I ml phosphate-buffered (0.01 M, pH 7.5) saline 
solution. One hour after the injection of ‘2sI-RSA, rats were 
exsanguinated under anesthesia. The entire small intestine 
was removed, divided into duodenum and first and second 
halves of the remaining small bowel. The segments of in- 
testine were opened separately and their contents rinsed in 5 
ml iced phosphate-buffered saline (PBS). The radioactivity 
remaining in the intestinal wail and the TCA-prscipitable 
(final conceneation of TCA = 10%) radioactiviry present 
in the luminal rinse fluid were determined. In addition, 
TCA-precipitable radioactivity in 100 ~1 of serum and the 
weight of the gut segments were determined. The cadioac- 
tivity in wall segments and secretions was exptessed as 
“blood equivalents” (counts per minute recovered in a 
segment/weight of the organ in grams/counts per minute in 
I ml serum x 100). Statistical compitrisons were made 
with Student’s t test. 
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FIG. 2. Radioactive counts present in the duodenal wall or first and second halves of the small 
intestine (4) or in TCA precipitates of intestinal secretions obtained from these gut segments(B) 
from immunized rats challenged intragastrically with buffer or buffer containing 500 mg EA. 
Each bar raoresents the values obtained with out segments or secretions of a single rat. (“Blood 
equivalents” is defined in Methods.) 

RESULTS 
Intestinal anaphylaxis induced in immunized 
rats by intraduodenal or intragastric 
administration of antigen: Evidence for 
altered vascular and intestinal permeability 

Rats immunized with EA and alum 14 days earlier 
were injected with 12%RSA immediately after the in- 
traduodenal instillation of either buffer or 100 mg EA 
in buffer. One hour later, the retention of radioactive 
counts in segments of the intestine and the amount of 
protein-bound radioactivity present in the luminal 
fluids were determined. The amount of radioactivity 
retained in gut segments was greater in the duodenum 
and first and second halves of the small bowel of rats 
exposed to 100 mg EA compared with such segments 
from rats exposed to buffer alone (p < 0.001, 
p < 0.02, and p < 0.05, respectively) (Fig. 1). Simi- 
larly, the amount of TCA-precipitable radioactivity 
was greater in the secretions from the duodenum (in 
three of four rats) and the first half of the small intes- 
tine of antigen-challenged compared with control rats 
(p < 0.05 and p < 0.02, respectively) (Fig. 1). 

In other experiments, 2 ml of buffer alone or of 
buffer containing 500 mg EA were administered to 
immunized rats by gavage under light ether anesthe- 
sia. Rats were immediately injected with 1251-RSA 
and 1 hr later, the retention of radioactive counts in 
segments of the intestine and the amount of protein- 

bound radioactivity present in the luminal fluids was 
determined. Again, the amount of radioactivity re- 
tained in gut segment was greater in the duodenum 
and first and second halves of the small intestine of 
antigen-challenged compared with buffer-fed rats 
(p < 0.001 in each instance) (Fig. 2). The amount of 
TCA-precipitable radioactivity was greater in the lu- 
minal secretions from the two segments of small in- 
testine of antigen-challenged compared with control 
rats (p < 0.01 and p < 0.001, respectively) (Fig. 2). 

Influence of intestinal anaphylaxis induced 
by intraduodenal or intragastric 
administration of antigen on the uptake of 
an unrelated protein 

Rats immunized with EA and alum 14 days earlier 
received 1,000 mg BSA by gavage. In some experi- 
ments, the BSA was “marked” by the addition of a 
small amount of Evans blue dye. At laparotomy 1 hr 
later, the blue BSA solution was seen to fill the entire 
small intestine to the cecum. Buffer or EA in buffer 
was injected into the duodenum and the laparotomy 
incision was closed. Table I lists the highest value of 
iBSA achieved in serum 1, 3, or 6 hr later. In all 
instances, the highest levels attained in antigen- 
challenged rats exceeded the highest levels of the 
controls (p < 0.01). 

In other experiments, intestinal anaphylaxis was 
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elicited in immunized, BSA-fed rats by gavage with 
500 mg EA. The highest serum values of iBSA ob- 
tained in these animals are shown in Table I. Five of 
the six rats challenged with EA showed larger 
amounts of iBSA in serum than did control rats chal- 
lengcd with buffer alone (p < 0.05). 

DISCUSSION 

In the rat, systemic anaphylaxis has been shown to 
be aQ:companied by changes in vascular’j and muco- 
Sal”’ permeability. These changes are reflected in an 
enhanced retention of labeled serum albumin in in- 
testiiial tissues and by the increased concentration of 
such proteins in intestinal Auids.gs I4 For the present 
experiments rats were immunized with small amounts 
of p..otein antigen (EA) and alum so as to favor the 
production of IgE anti-EA antibodies. Local intestinal 
anaphylaxis was elicited by either intraduodenal or 
intragastric infusion of EA. Animals challenged by 
these: routes did not show signs of systemic anaphy- 
laxit. Mild clinical anaphylaxis might, however, be 
blun:ed by, or be difficult to distinguish from, the 
effects of recent ether anesthesia. Intestinal anaphy- 
laxl. was accompanied by enhanced retention of lz51- 
RS.fi in the wall of the duodenum and first and second 
hal\,:s of the intestine of rats challenged with antigen 
by zither intraduodenal or intragastric challenge 
(Fig ;. I and 2). We did not attempt to distinguish 
be& een retention of lz31-RSA which had extravasated 
into tissues and that which was retained in dilated 
blood vessels. In the intestine, evidence for extravasa- 
tion and for increased mucosal permeability is pro- 
vide 3 by the detection of TCA-precipitable radioactiv- 
ity irl the intestinal fluids. The latter findings indicated 
that lP31-RSA, or large fragments thereof, had passed 
fron the lamina propria into the intestinal lumen. The 
pres:nt experiments suggest that during intestinal 
ana(+hylaxis there is also an increased movement of 
pro&n from the lumen into the systemic circulation 
(TatlIe 1). 

Ir our experiments, intestinal anaphylaxis is pre- 
sumably triggered by protein antigen that is initially 
delibrered into the lumen but that must subsequently 
gain access to IgE antibody-coated mast cells in the 
lamna propria of the gut. The precise route by which 
antigen traverses the gut has not been traced. The 
reverse movement of labeled proteins from the inter- 
stiti.11 fluids of the lamina propria into the lumen oc- 
curs, at least in part, via the interepithelial spaces.16 It 
seerls likely that during local intestinal anaphylaxis, 
the :nhanced uptake of protein from the lumen into 
the systemic circulation occurs via the same channels. 

T?e experiments of Byars and Ferraresi’? have 
shown that after intragastric challenge with antigen, 

TA8U I. Effect of local intestinal anaphylaxis 
on uptake of an unrelated protein, BSA 

m-of 
blwnmked fats* IBsA-f?twfum 
ctsdm@a: bll~l 

Bufferi 0.3,0.3.o.s. 0 9,0.9. 1.0 
EA (100 mg) administered 1.8, 8, 9. II. 14. 18 

into duodenum at laparot- 

ow 
EA (500 mg) administered by 0.6, I .2, 2.1). I I, 14. IX 

gavage 

*All rats were immunized with 100 pg EA and alum 14 days 

earlier. One hour before challenge I.000 mg BSA and 25 mg 

NaHCOS were administered by gavage in 2 ml buffer; blood was 

obtained for iBSA assay at I, 3. and 6 hr after challenge. 

tAdministered either by injecrion into the duodenum or by gavage. 

tissue permeability is altered only briefly, returning to 
prechallenge levels by 45 to 60 min. It mi&t therefore 
be expected that peak blood levels of BSA would be 
reached promptly and uniformly shortly after chal- 
lenge. While the highest blood levels of iBSA were 
observed at 1 hr (data not shown), in other cases, peak 
levels were observed at 3 or 6 hr. The delay in achiev- 
ing peak serum levels may reflect prolonged retention 
in the lamina propria in some animals, by the re- 
quirement for saturating certain extravascular sites, 
such as the liver, or other unknown variables. 

Is the enhanced uptake of a protein that happens to 
be present in the lumen when intestinal anaphylaxis 
occurs of biologic significance? Deliberate adminis- 
tration of protein antigens by the oral route may result 
in local and systemic immunization to the protein”* Ii 
or to the induction of systemic tolerance.‘. ‘” Primary 
and secondary IgE antibody responses following oral 
administration of protein have been described.‘“. LU’ 
Thus the enhanced uptake of bovine serum albumin 
from the gut observed in the present experiments 
might promote the induction of IgE antibody to BSA, 
thereby eventually broadening the anaphylactic sen- 
sitivity of the animal to a new antigen. The simul- 
taneous uptake of endotoxin might provide the adju- 
vant effect required for the induction of an antiprotein 
antibody response. To the extent that these observa- 
tions in the rat can be extended to man, the present 
findings may explain in part the development of sen- 
sitivity to multiple food antigens in certain patients. 
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