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Establishment of an animal model of ovalbumin
sensitised mouse to study protein induced
enteropathy
C MALO AND C L MORIN

From the Centre de Recherche Pediatrique, Service de Gastroenterologie, H6pital Sainte-Justine Universite' de
Montreal, Montre'al, Quebec, Canada

SUMMARY The protein induced modifications of the small bowel mucosa from ovalbumin-
sensitised mouse have been studied in organ culture. A decrease in y-glutamyl transpeptidase,
alkaline phosphatase, lactase, sucrase, and glucoamylase activities was observed in the explants
cultured in the presence of ovalbumin. In contrast, a large increase of those enzymatic activities
was noted in the culture media, the overall effect observed being a net stimulation of the total
enzymatic activities of the culture system. The enzymes accumulated in the particulate fraction of
the medium (brush border membrane fraction) suggesting an increased turnover of membrane
components by a process of shedding or microvesiculation. This model serves as a useful tool in
evaluating the local response of the small bowel mucosa induced by a specific protein.

The intestinal mucosa represents a barrier which
prevents the penetration of intraluminal substances
such as micro-organisms, toxins and food antigens.
An efficient immune defence mechanism has been
developed in order to combat the assault of poten-
tially harmful antigens present in the intestinal
lumen. During early infancy, the functional im-
maturity of the immunological defence explains the
relatively high incidence of intestinal protein intoler-
ance such as cow's milk protein induced
enteropathy.2 In fact, an absence of local antibodies
in the intestinal mucosa is associated with an
increased intestinal permeability to macromolecules
leading to an increased incidence of circulating
antibodies.3 Both systemic anaphylaxis reactions
and local intestinal manifestations are observed in
cow's milk protein induced enteropathy in children.4
These two types of reaction have been used to

support the diagnosis of cow's milk protein induced
enteropathy by means of clinical, immunological,
biochemical, and morphological criteria. The elim-
ination challenge test according to the clinical
criteria described by Goldman et al5 deal with both
local and systemic manifestations while the immuno-
logical approaches proposed6"l are mainly con-
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cerned with circulating antibodies. Local intestinal
responses have also been evaluated by means of the
one hour blood xylose test, 12 changes in disac-
charidases activities12 13 and histological
modifications.'3 14 These approaches are, however,
whether potentially dangerous, not sufficiently reli-
able or non-specific for a peculiar enteropathy.
Thus, the study of protein intolerance in man
remains a complex problem as there is (1) a great
similarity of symptoms in a variety of enteropathies;
(2) no reliable laboratory test; (3) both local and
systemic manifestations; and (4) important vari-
ations in the level of sensitivity from one person to
another.

In this regard, experimental animal models for the
study of allergic enteropathy represent an excellent
tool to evaluate the response of the organism in
contact with a specific allergen. Successful induction
of sensitisation in an animal requires strict attention
to the type and dose of the antigen, the strain and
age of the animal, the route of immunisation and the
requirement of an adjuvant. l5 Furthermore, we
must be conscious that active sensitisation induces
both systemic and intestinal anaphylaxis
responses1619 which are difficult to dissociated by in
vivo experiments.

In the present study, we show the usefulness of
the organ culture technique to study in vitro the
local response of the intestinal mucosa in contact
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An animal model to study protein induced enteropathy

with a specific allergen. This approach allows the
study of the direct effects of an antigen on the
intestinal tissue without any interference of systemic
anaphylaxis manifestations.

Methods

ANIMALS
Male Swiss ICR mice, 3 weeks old, were used for all
experiments. They were maintained on standard
mouse laboratory diet until the end of the ex-
perimental period.

IMMUNISATION PROCEDURE
Lyophylised ovalbumin (Sigma Chem Co, St-Louis,
Mo.) was used as immunogen and AIPO4 as
immunological adjuvant. All animals were injected
subcutaneously on the dorsal surface with the
mixture: ovalbumin (1 ,ug) AlPO4 (1.5 mg) in 0-2 ml
volume. Two weeks later, the same injection was
repeated as a booster. Fifteen days later, ovalbumin
was given in the drinking water (1 mg/ml) for a nine
day period.

PASSIVE CUTANEOUS ANAPHYLAXIS REACTION
The presence of reaginic antibodies against ovalbu-
min was evaluated according to the procedure of
Levine et al.21' Briefly, 0-03 ml of a 1/10 serum
dilution was injected intradermally at three different
sites on the shaven dorsal surface of CFW strain
recipient mice. Forty eight hours later, passive
cutaneous anaphylaxis reaction (PCA) was induced
by intravenous (iv) injection of 100 ,ug ovalbumin in
0.2 ml Evan's blue (0.5%) in the tail vein. A positive
reaction was established as a dark blue circle of at
least 5 mm diameter, 30 minutes after the iv
injection. Three mice were used for each serum
tested.

CULTURE CONDITIONS
At the end of the immunisation procedure, animals
were fasted overnight. Blood was collected by
cardiac puncture and serum was separated for both
PCA reaction and preparation of the culture media.
Animals were then killed by cervical dislocation. A
4 cm segment of the small intestine, taken 11 cm
distal to the pylorus, was rapidly removed, rinsed in
culture medium and cut into 45 explants (2x3 mm)
as previously described.2' The culture media and the
conditions used were those established by Ferland et
a122 for adult mouse small intestinal organ culture.
At the end of the culture period, 42 explants were
pooled for biochemical determinations and three
explants were fixed for light microscopy.

IN VITRO CHALLENGE
A three hour period was allowed for the adaptation

of the explants to the culture conditions. After this
time, media were renewed. The experimental
groups received the following mixture: DMEM-
Hepes/NCTC 135/sensitised mouse serum in the
proportion 9:1:1, supplemented with 40 ig
gentamycine and either 0*2, 1-0 or 5-0 mg
ovalbumin/ml of medium. The controls were cul-
tured under the same conditions either without
added protein in the medium or with j-lactoglobulin
(Sigma Chem Co, St-Louis, Mo.) at the same
concentrations used for ovalbumin. The Falcon
dishes were then maintained at 37°C in 95% 02/5%
CO2 atmosphere for 24 hours. Media were pur-
chased from GIBCO (Grand Island Biological Co.
of Canada, Burlington, Ont.).

3H-THYMIDINE INCORPORATION INTO DNA
The last three hours of culture served to determine
3H-thymidine incorporation into DNA in the pre-
sence of 2 R Ci of radioactive thymidine (Spec act:
79-6 Ci/mmol, New England Nuclear Canada,
Lachine, Quebec) per ml medium.
At the end of the culture period, 42 explants were

pooled, dried on a millipore filter paper and
weighed before homogenisation in cold redistilled
water. An aliquot of 0-5 ml of homogenate was used
to analyse radioactive precursors incorporation into
DNA as previously described21 and the remaining
volume was used for biochemical determinations.

BIOCHEMICAL DETERMINATIONS
Enzymatic activities were determined in the tissues
as well as in the culture media. Sucrase and lactase
activities were assayed according to a modification
by Lloyd and Whelan23 of the Dalhlqvist's
method.24 Glucoamylase was assayed with soluble
starch as substrate according to Schlegel-Haueter et
al,25 y-glutamyl transpeptidase (y-GT) according to
Naftalin et a126 and alkaline phosphatase (AlPase)
according to Eichholz.27 Tissue proteins were evalu-
ated by the technique of Lowry et a128 by using
crystalline bovine serum albumin as standard.
DNA Contents were determined according to the
modification by Giles and Myers29 of the Burton's
method,311 with calf thymus DNA as standard.
Results were expressed as [tmol of substrate hy-
drolysed per minute per gram of proteins.

PROCESSING OF THE CULTURE MEDIA
Culture media were centrifuged at 100 000 g for 60
minutes. The supernatant F, (soluble fraction of the
media) and the pellet Fp (particulate fraction of the
media), resuspended in 0-6 ml cold redistilled water,
were both assayed for enzymatic activities. In
another set of experiments, brush border mem-
branes were purified by the method of Schmitz et
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al.31 CaC12 addition was made by adding 0-5 ml of a
50 mM solution to the culture medium to give a final
concentration of 10 mM. The pellet obtained after
the first centrifugation (PI) and the brush border
membrane fraction (P2) were both resuspended in
06 ml cold redistilled water and used for bio-
chemical determinations. The last clear supernatant
(S2) was then centrifuged at 100 000 g for 60 minutes
to yield a final pellet called P3.

MICROSCOPIC STUDIES
At the beginning of the experiment and at the end of
the culture period, three explants were fixed in
Bouin's fluid and embedded in Tissue-Prep. The 5
iim sections were stained with HPS or PAS techni-
que.

STATISTICAL ANALYSIS

Results are expressed as the mean±SEM. Data
were compared by the Student's t test for paired
data or by a one way analysis of variance and
Bonferroni confidence intervals.

Results

IMMUNISATION
Primary immunisation with ovalbumin, followed by
a booster injection two weeks later and a nine day
period of oral administration of ovalbumin gave a

positive PCA reaction in 92 mice over 97, with at
least a 1/10 serum dilution. This represents 95% of
the animals tested.

DOSE RESPONSE STUDY
Three different concentrations of protein were
tested for the in vitro challenge (0-2, 1-0 and 5-0
mg/ml medium). Nevertheless, only the highest dose

gave constant response in each culture done. The
data presented are therefore the results of a set of
experiments using 5 mg ovalbumin or f3-lacto-
globulin/ml of medium.

DETERMINATION OF CONTROL VALUES
In a preliminary set of experiments, intestinal
explants from both non-immunised and immunised
mice were cultured for 24 hours without any added
protein or with ,3-lactoglobulin or ovalbumin added
into the culture medium. As shown in Table 1,
protein and DNA contents were not significantly
different between the four groups at the end of the
culture period. Furthermore, enzymatic activities
measured in the tissues as well as in the culture
medium were not significantly altered by the pre-
sence of either ovalbumin or ,-lactoglobulin (Table
2). In subsequent cultures, intestinal explants from
immunised mice, cultured in the presence of IP-
lactoglobulin were used as controls. This procedure
was adopted as it allows the comparison between
identical pools of explants prepared from three
different animals as shown in Table 3.

3H-THYMIDINE INCORPORATION INTO DNA

3H-thymidine incorporation into DNA was evalu-
ated over a three hour period after the challenge.
The results show a significant 24*6% decrease of
3H-thymidine incorporation into DNA in the
ovalbumin-challenged cultures as compared with
13-lactoglobulin-treated explants (Table 1). The
DNA content of the tissues remains unchanged as
well as the DNA recovered into the total medium
(36 5±3-8 ,ug in ,3-lactoglobulin supplemented
medium vs 38*6±4-4 pg in ovalbumin treated
medium).

Table 1 Protein and DNA contents of intestinal explants and 3H-thymidine incorporation into DNA

Non-immunised
animals Immunised animals

+Ovalbumin* Without protein +fl-lactoglobulin +Ovalbumin

Cultures (n) 7t 7 7 14
Protein content (mg/g tissue) 82-7±8-Of 84-2±4-0 89 5±4 2 82 5±9 0
DNA content (mg/g tissue) 5-8±0 7 5-5±0 3 5 4±0 4 5-7±0 3
3H-thymidine incorporation (DPM/g DNA) 146-8±7-3§ 159-3±18-8 150-8±5-6 115-5±13311

*Intestinal explants from non-immunised and immunised animals were cultured without added protein or with 5 mg Il-lactoglobulin or
ovalbumin per ml of medium.
tEach individual culture represents 45 intestinal explants taken equally from three different animals. From these 45 explants, three were
fixed for light microscopy and 42 were pooled for biochemical determinations.
tMean±SFM
§3H-thymidine incorporation into DNA was determined during the last three hours of culture with 2 ,u Ci3H-thymidine (Spec act: 79-6
Ci/mmol) per ml medium.
IlValues significantly different (p<00005) from both non-immunised animals cultured with ovalbumin and immunised animals cultured
without protein or in the presence of either ,1-lactoglobulin or ovalbumin in the culture medium.

1300

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.27.11.1298 on 1 N

ovem
ber 1986. D

ow
nloaded from

 

http://gut.bmj.com/


An animal model to study protein induced enteropathy

Table 2 Distribution of enzyme activities in cultures from immunised and non-immunised animals

Tissue

AlPase*

Sucrase

Lactase

It+None
I+ 13-lact. §
NIIl+OVA¶

I+None
1+P1-lact.
NI+OVA

I+None
I+,B-lact.
NI+OVA
I+None
I+ 3-lact.
NI+OVA
I+None
I+ 3-lact.
NI+OVA

GA**

yGTtt

103 1+24-9t
148-0+15-0
114-4±13-6
23-7±4 1
23 6±4 9
25-3±3-8
33+0-6
3-3±0-6
3-9±0 1

33-3±3-5
41 7±5-6
48-2±11 1

16-8±1-8
17-2±3-2
17 7±1*8

*Alkaline phosphatase.
tI=immunised animals.
tSpecific activities: imol substrate hydrolysed/min/gram protein+ SEM.
§P-lactoglobulin (5 mg/ml of medium).
IINI=non-immunised animals.
¶Ovalbumin (5 mg/ml of medium).
* *Glucoamylase.
tty-glutamyltranspeptidase.

Table 3 Distribution of explants from immunised animals
cultured in different conditions

Animal Explants (n)

1 15 15 15
2 15 15 15
3 15 15 15

Culture Culture Culture
+ + +

3-lactoglobulin Ovalbumin Ovalbumin

Each pool of 45 explants represents one culture on which one set of
biochemical determinations was done. Duplicates of ovalbumin
supplemented culture are compared with ,B-lactoglobulin treated
tissues taken as control.

ENZYMATIC ACTIVITIES
Results of various enzyme determinations from
cultures in the presence of P-lactoglobulin or oval-
bumin are shown in Figure 1. The activity of y-GT is
significantly depressed in the tissue when compared
with control values. Nevertheless, a large increase is
observed in the culture medium, leading to a net
stimulation of the total enzymatic activity
(tissue+medium). The same type of response is
observed for AlPase activity as well as for lactase,
sucrase, and glucoamylase. The percentage of total
increase over the control values is always highly
significant, even if the stimultion is less important in
the case of sucrase and glucoamylase.

PARTICULATE FRACTIONS OF THE MEDIA

In order to evaluate the form of these enzymatic
activities in the medium, different sedimentable
fractions were prepared. After one hour centrifuga-
tion of the media at 100 000 g, 85 to 100% of the
enzymatic activities were recovered in the particu-
late fraction (Fp) of the media, except for glucoamy-
lase which appeared more soluble (Fig. 2). When
brush border membrane fractions were purified, the
enzymatic activities were found mainly associated
with the P2 fraction (bbm). A large proportion of
the sedimentable enzymatic activities, however, was

recovered in the last pellet P3.

MORPHOLOGY OF THE EXPLANTS
A good preservation of the histological appearance
of the explants was recorded from explants cultured
without any added protein or in the presence of
3-lactoglobulin or ovalbumin in the medium, when

compared with tissues taken up at the beginning of
the culture. Furthermore, no noticeable difference
in villous architecture, crypt regions, lymphocyte
infiltration into the lamina propria or oedema was

noted between control or experimental intestinal
explants.

Discussion

Sensitised animals have been widely used to study
the local response of the intestinal mucosa in contact

1301

Medium

588-4+63-2
532-7±66.4
536-6+8-4
55-6±5-3
54-2+6-9
584+6±6)
9 5+1*3
12 6±1-3
9-6+1-2

22)-8+43
224-3±21 6
211-2+6-4
57 0+5-2
44-2+9-2
57-4+±89

Tissue+ Medium

690)5+69-2
680 7+69-8
651 0+5-7
79 2+6 0
77 9+9 2
83 6+7t)
12-7±1.5
15-8+±14
13-5± 1-2

254-1+41
226-0±22-4
259-3±7 9

73-6+5-5
60)6+ 115
75-2+8.4
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Tissue s
*** Medium LI

_ Tissue+ medium

******

ll NL Y X
* **

Y-GT AlPse Lactase Sucrose Glucoomylase

Fig. 1 y-glutamyl transpeptidase (y-GT), alkaline
phosphatase (AlPase), lactase, sucrase and glucoamylase
activities in the tissues, in the culture medium and
total activity (tissue+medium) after 24 hours ofculture in
the presence of5 mg ovalbuminlml medium. The
values ofcontrol tissues cultured in the presence of
f-lactoglobulin at the same concentration, are set as 100%
activity. Results are calculated in Fmol substrate
hydrolysedlmin andig protein or mg tissue wet weight and
represented as percentage ofcontrol's value * =p<001,
**=p<00025, ***=p<0.0005.

with a specific allergen. Anaphylactic release of
intestinal goblet cell mucus,'8 migration inhibition
of lymph node lymphocytes,32 33 decrease in H2O,
Na, K, and Cl absorption,34 increase in antigen
absorption'9 and stimulation of secretory IgA pro-
duction in the small intestine35 have been reported
after local application of the antigen to the intestinal
mucosa.
The establishment of an animal model sensitised

to a food protein could prove useful in the research
of food allergy and could lead to an in vitro test for
the diagnosis of food protein intolerance in clinical
medicine. Because small intestinal organ culture
technique of Swiss ICR mice has already been
developed,2' 22 we have adapted the immunisation
procedures already applied to rats36 and mice2" to
our strain of mice and our conditions. The dose of
allergen and adjuvant, the delay of immunoglobu-
lins production after the primary sensitisation, the
effect of a booster and the route of administration
have been studied. Our procedure gives very good
results since 95% of the animals tested produce a
positive response.
The second step of this study was the evaluation,

in vitro, of the response of the small bowel mucosa
in contact with ovalbumin. This approach allowed
the possibility of studying the local response of the
intestinal mucosa in contact with a specific protein.
Attention had to be paid to the preparation of the

4,
0

,U..

0

PL rP.i
Fp, p1 P2 p3

Y -GT Al Pase Lactose Sucrose Glucoamylase
Fig. 2 Percentage of recovery ofalkaline phosphatase (AlPase), y-glutamyl transpeptidase (y-GT) lactase, sucrase and
glucoamylase activities in the particulate fraction (Fe) of the culture media obtained by ultracentrifugation at 100 000 gfor
60 min. In another set of experiments, brush border membranes (bbm) were purified in presence of CaCl, The bbm
were recovered in the P, fraction. A final step of ultracentrifugation at 100 000 g gave a last pellet called P?. The results were
expressed as percentage of recovery with respect to the total enzymatic activities in the culture medium.
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An animal model to study protein induced enteropathy 1303

tissues, however, the means of expressing the
results, and the choice of the controls. Tissues from
immunised animals cultured in presence of 3-
lactoglobulin represent adequate controls as we
have shown that there is no difference in protein and
DNA contents as well as in 3H-thymidine incorpora-
tion and enzymatic activities between these and
explants from non-immunised animals. Further-
more, our procedure eliminated the variability from
mouse to mouse in the same experiment, and from
one culture to another as equivalent tissues are
simultaneously compared under different experi-
mental conditions. Preliminary experiments have
underlined the necessity of using mouse sensitised
serum instead of fetal calf serum to obtain a specific
response (data not shown). This point has also been
documented during an in vitro challenge of the
bone marrow to study drug induced pancytopenia.37
Furthermore, an increased production of
lymphocyte-migration-inhibition factor by
peripheral blood lymphocytes has recently been
demonstrated in vitro in patients suffering from
cow's milk protein induced enteropathy. 1(
The choice of ovalbumin concentration in the

culture medium was based on methodology used for
in vitro experiments on gluten sensitive
enteropathy.3>40' Only the highest dose of 5 mg
ovalbumin/ml medium gave constant responses in
each experiment. One can argue that this concentra-
tion of protein is unphysiologically high. In vivo
experiments with local application of the allergen to
the intestinal mucosa by intraduodenal gavage were
conducted with much higher concentrations, how-
ever, ranging from 100-500 mg.'18 9 Furthermore,
the fact that both immunised and non-immunised
controls cultured with or without the same amount
of protein did not show any changes in biochemical
parameters and no noticeable modification of the
morphological appearance of the tissue after culture
with the allergen argues against a non-specific
response induced by cytotoxic effect of the protein
or by a different nutritional value of the bathing
media.
Our results show a net decrease of enzymatic

activities in the tissue. This phenomenon was also
observed in the study of Iyngkaran et at41 after 24
hours of culture of human small bowel biopsies from
patients with cow's milk protein induced entero-
pathy in the presence of cow's milk. Only the
activity of AlPase was reported in this study,
however, and no determination was made on the
culture medium. Our data clearly demonstrate a
large increase of enzymatic activities in the culture
medium leading to a net stimulation of the total
activities of the culture system for all enzymes
studied.

This raises questions about the mechanism in-
volved in this accumulation of enzymatic activities.
One explanation can be an increase of cell des-
quamation. This hypothesis is not supported by the
fact that the quantity of DNA recovered in the
medium is the same in the controls and ovalbumin-
challenged cultures. Thus' there is no increased cell
loss. Another explanation may be the accelerated
renewal of some membrane components by a
process of shedding or microvesiculation. In this
case, enzymatic activities should be associated with
membrane fragments and thus, could be recovered
in a particulate fraction of the culture medium. Our
results indicate that the enzymatic activities are
associated with a bbm fraction, suggesting that this
response may be a physiological process of mem-
brane component renewal. Shedding or microvesi-
culation has already been observed in a variety of
systems. These include organ culture of small
intestine from adult42 and sucklin mice,

) intestinal
organ culture of chick embryo, adult intestine in
situ, 44 cell culture from normal and neoplastic
origin45 and urine and duodenal fluid from man.46
The exact physiological function of these vesicles,
however, remains to be elucidated.

In conclusion, we believe that this in vitro animal
model can be used to evaluate the response of the
intestinal mucosa in contact with a specific protein.
Because the organ culture techni ue for human
small intestine is well established,4 such a model
could then eventually lead to an in vitro test for the
diagnosis of intestinal protein induced enteropathy
in patients, and more specifically in children with
cow's milk protein induced enteropathy.

This study was supported by the Fondation Justine
Lacoste - Beaubien and by the Medical Research
Council of Canada (Grant MT 3320). C Malo was
supported by a fellowship from the MRC of Canada.
The authors gratefully acknowledge the technical
assistance of Carole Garofalo-Ratelle. This work
was presented in part at the annual meeting of the
Society for Pediatric Research, Washington, DC,
May 1985, and has been published in abstract
form.1
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