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Ethanol-induced colitis and oral tolerance

Ethanol-induced colitis prevents oral
tolerance induction in mice
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Abstract

The gut mucosa is a major site of contact with antigens from food and
microbiota. Usually, these daily contacts with natural antigens do not
result in inflammatory reactions; instead they result in a state of
systemic hyporesponsiveness named oral tolerance. Inflammatory
bowel diseases (IBD) are associated with the breakdown of the
immunoregulatory mechanisms that maintain oral tolerance. Several
animal models of IBD/colitis are available. In mice, these include
targeted disruptions of the genes encoding cytokines, T cell subsets or
signaling proteins. Colitis can also be induced by intrarectal adminis-
tration of chemical substances such as 2,4,6-trinitrobenzene sulfonic
acid in 50% ethanol. We report here a novel model of colitis induced
by intrarectal administration of 50% ethanol alone. Ethanol-treated
mice develop an inflammatory reaction in the colon characterized by
an intense inflammatory infiltrate in the mucosa and submucosa of the
large intestine. They also present up-regulation of both interferon
gamma (IFN-γ) and interleukin-4 (IL-4) production by cecal lymph
node and splenic cells. These results suggest a mixed type of inflam-
mation as the substrate of the colitis. Interestingly, cells from mesen-
teric lymph nodes of ethanol-treated mice present an increase in
IFN-γ production and a decrease in IL-4 production indicating that the
cytokine balance is altered throughout the gut mucosa. Moreover,
induction of oral tolerance to ovalbumin is abolished in these animals,
strongly suggesting that ethanol-induced colitis interferes with immu-
noregulatory mechanisms in the intestinal mucosa. This novel model
of colitis resembles human IBD. It is easy to reproduce and may help
us to understand the mechanisms involved in IBD pathogenesis.
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The gut mucosa is constantly and physi-
ologically exposed to a large variety of anti-
genic material represented by dietary pro-
teins and bacterial antigens. These antigens
contact a large and complex gut-associated
lymphoid tissue that is mainly located in the
small intestine (1). Interestingly, the major
immunological consequence of the chronic
stimulation of lymphocytes in the gut mu-

cosa is a state of systemic hyporesponsive-
ness, named oral tolerance, to subsequent
parenteral challenges with the same antigen
(2,3). Many mechanisms have been shown
to be involved in the induction of oral toler-
ance such as active suppression, anergy and
clonal deletion (3). Active suppression is
based on the generation of regulatory cells
following antigenic contact in the gut-asso-
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ciated lymphoid tissues that act mostly via
secretion of down-regulatory cytokines such
as transforming growth factor-ß (TGF-ß)
(4,5) and interleukin-10 (IL-10) (6). The
mechanisms by which these regulatory cells
are induced are not known, but it is clear that
features of the gut microenvironment are
extremely important. Under normal condi-
tions, the intestinal environment presents
high levels of cytokines such as IL-10, TGF-
ß and IL-4 that are believed to be important
in the establishment of regulatory events and
in the inhibition of inflammatory responses
(3). Other local anti-inflammatory mediators
are likely to play a role. Moreover, mucosal
lymphocytes usually express markers of
chronically activated cells (CD45RBlow, α4ß7
and αEß7 integrins, CD62Llow, CD44high),
some of which have also been identified as
suppressor cell markers (5,6).

A breakdown of these multiple regula-
tory mechanisms is usually associated with
inflammatory intestinal pathologies. Inflam-
matory bowel diseases (IBD) such as Crohn’s
disease and ulcerative colitis are chronic
relapsing inflammatory diseases of the gas-
trointestinal tract. Several manipulations of
key elements of the immune system are re-
ported to induce IBD in mice. Mice geneti-
cally deficient in either IL-2 (7) or IL-10 (8)
develop an IBD that affects multiple sites in
the intestinal tract, suggesting that disrup-
tion in these genes interferes with the gen-
eration of regulatory mechanisms in the gut.
Similarly, IBD develop in mice with alter-
ations in T cell subsets, such as T cell recep-
tor-α-deficient mice (9), and in severe com-
bined immunodeficient mice reconstituted
with CD4+ T cell subsets (5). In addition,
colitis can be induced by the rectal adminis-
tration of peptidoglycan-polysaccharide poly-
mers in rats, dextran sulfate sodium, oxazo-
lone or the contact sensitizing allergen 2,4,6-
trinitrobenzene sulfonic acid (TNBS) in 50%
ethanol in mice (10). These agents are be-
lieved to act as stressors of the mucosa trig-
gering an inflammatory process that is en-

hanced by local bacterial stimulation. Intes-
tinal lesions in the models of IBD resemble
those seen in the human disease and include
the presence of extensive leukocytic infil-
trates, epithelial cell hyperplasia, depletion
of mucin-secreting cells and, in some cases,
ulceration.

The best described model of agent-in-
duced colitis is the TNBS-induced colitis in
which TNBS is believed to act by haptenizing
colonic cells. TNBS colitis appears to be a
classic delayed type hypersensitivity response
mediated by T cells responding to “hapten-
modified self-antigen” formed by the cova-
lent attachment of the hapten, trinitrophenyl,
to self-proteins (11). Ethanol is used as a
vehicle for TNBS although it is known to
cause a local irritation.

We describe here a novel experimental
model of colitis that is induced by adminis-
tration of 50% ethanol alone. Colitis was
induced in 8-week-old BALB/c mice by two
intrarectal administrations of ethanol 5 days
apart. Intrarectal procedures were performed
using a straight gavage needle with either
200 µl 50% ethanol in saline (w/v), pH 7.0,
or only 200 µl saline as a control. Seventy-
two hours after the last administration was
determined to be the optimal time for the
inflammatory reaction in the colon as dem-
onstrated by histological analyses. At that
time, animals were sacrificed by cervical
dislocation. The stomach, small and large
intestines, and liver were excised, washed
with cooled PBS and fixed in 10% PBS-
buffered formalin for 24 h. After paraffin
embedding, 4-µm thick transverse sections
of the tissues were obtained, stained with
hematoxylin and eosin and examined under
a light microscope.

Mice developed an inflammatory reac-
tion in the colonic mucosa and submucosa
characterized by an infiltrate of mono- and
some polymorphonuclear cells that formed
lymphoid aggregates, disruption of mucosal
integrity and some erosive spots on the epi-
thelial surface. These alterations resulted in
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loss of mucosal integrity (Figure 1B). There
was no sign of inflammation in the other
isolated tissues (data not shown). Cytokine
production by cells from several lymphoid
organs was measured by culturing isolated
cells (1 x 107 cells/ml) in the presence of 4
µg/ml concanavalin A for 72 h (Figure 1C,D).
Culture supernatants were tested by ELISA
for interferon-γ (IFN-γ) (Figure 1C) and IL-4
(Figure 1D). Cells from draining lymph nodes
(cecal) and from a systemic lymphoid organ
(spleen) from ethanol-treated mice produced
significantly higher levels of IFN-γ and IL-4
compared to cells from control mice, sug-
gesting that a mixed inflammatory reaction
is triggered by ethanol. Although some in-
vestigators have described TNBS-induced
colitis as a typical delayed type hypersensi-
tivity reaction with a predominance of IFN-γ
production (11), others have reported that, in
BALB/c mice, the initial production of IFN-γ
is followed by a predominant local IL-4
secretion (10). Whether a Th1- or a Th2-type
of response prevails has a considerable im-
pact on the nature of the inflammation since
IFN-γ production is associated with trans-

mural cellular infiltration that, in some cases,
results in granuloma formation. On the other
hand, IL-4 and IL-5 production is associated
with more superficial cellular infiltrates, a
greater disruption of the epithelial layer and
polymorphonuclear infiltrates. This type of
inflammation is observed in some experi-
mental models such as T cell receptor-α
knockout mice, oxazolone-induced colitis
and WASP deficiency (10). Human ulcer-
ative colitis seems to present both compo-
nents, being characterized as a mixed in-
flammatory reaction (12). Our model seems
to be more related to this type of inflamma-
tory disease as shown by cytokine produc-
tion (Figure 1C,D) and by the local cellular
infiltrate (Figure 1B).

Interestingly, mesenteric lymph node cells
from ethanol-treated mice produced higher
levels of IFN-γ and lower levels of IL-4 than
cells from control mice. Mesenteric lymph
nodes drain the small intestine, the region of
the gut where dietary protein absorption takes
place and where most of the gut-associated
lymphoid tissue is located (1). The lymphoid
gut environment is a complex interplay of
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Figure 1. Effect of intrarectal
ethanol administration on colon
morphology (A, B) and cytokine
production by lymphoid organs
(C, D). Mice received one intra-
rectal administration of either
0.2 ml saline (A, and dark gray
columns in C and D) or 50%
ethanol (B, and light gray col-
umns in C and D) and were chal-
lenged with either saline or etha-
nol intrarectally 5 days later.
Three days later, histological
analysis of the large intestine
was performed (A, B). Tissue
was stained with hematoxylin
and eosin. Inguinal (iLN), mes-
enteric (mLN) and cecal (cLN)
lymph nodes as well as spleen
cells were isolated, stimulated
in vitro with concanavalin A and
supernatants were collected
72 h later to measure cytokine
production by quantitative ELISA
(C, D). P < 0.05 compared to
control mice (unpaired t-test).
ND = not determined. Magnifi-
cation bars: A = 50 µm; B = 30
µm.
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mediators and cells that are constantly acti-
vated towards a regulatory immunological
pattern probably responsible for oral toler-
ance induction. Several mechanisms can ac-
count for the predominantly regulatory ac-
tivity of the gut-associated lymphoid cells
and locally produced cytokines are among
them (3). Isolated cells from Peyer’s patches
and mesenteric lymph nodes produce high
levels of IL-10 and IL-4 when stimulated in
culture by polyclonal activators, whereas
splenic cells produce mostly IFN-γ (13).
Moreover, TGF-ß and IL-10 are abundant
cytokines in the gut milieu and are clearly
involved in suppression of inflammatory re-
actions in the gut (5) and in oral tolerance
induction (3,14). The switch in IL-4/IFN-γ
production by mesenteric lymph node cells
observed upon colitis induction suggests that
ethanol treatment interferes with the cytokine
balance throughout the gut mucosa. It also
indicates that regulatory mechanisms that
maintain oral tolerance may be disturbed.

Therefore, the next step was to study oral
tolerance development in these animals. Etha-
nol-treated and control mice were tested for
the induction of oral tolerance using a single
intragastric administration of 20 mg ovalbu-
min (Ova) as a tolerogenic procedure. Mice
were fed 72 h after the last ethanol treatment,
immunized with 10 µg Ova in 3 mg Al(OH)3

7 days thereafter, and boosted with 10 µg
soluble Ova 14 days later. Sera were col-
lected 7 days after the booster for specific
antibody measurements by standard ELISA.

For the ELISA test, plates were sensitized
with 2 µg Ova, blocked with a solution con-
taining 0.25% casein and incubated with
serial dilutions of serum samples. To visual-
ize bound anti-Ova antibodies, horseradish
peroxidase-conjugated goat anti-mouse Ig
antibodies were used and the reaction was
developed in the presence of H2O2 and ortho-
phenylenediamine. The reaction was stopped
with H2SO4 and absorbance was read at 492
nm.

As shown in Figure 2, oral tolerance
induction for specific antibody production
was abolished in ethanol-treated mice. This
result suggests that immunoregulatory
mechanisms in the gut are affected by etha-
nol-induced colitis. It is likely that ethanol
acts not only as an irritant breaking the mu-
cosal barrier of epithelial cells, but also as a
stressor that interferes with antigen presen-
tation and cytokine production. Both types
of actions may interfere with oral tolerance
to microbiota antigens and trigger an inflam-
matory reaction to otherwise innocuous bac-
teria.

The present results agree with recent stud-
ies showing that ethanol is a potent inhibitor
of glutathione synthesis and that glutathione
levels in antigen-presenting cells are an im-
portant factor in the prevalence of the Th1
versus Th2 profile of immune responses (15).
Inhibition of glutathione affects the ability
of spleen antigen-presenting cells to pro-
duce IL-12, as already described in other
models, compromising IFN-γ production by
T cells and allowing the development of IL-4-
producing T cells. Although reports on ac-
tive suppression in oral tolerance induction
agree that the predominance of a Th2 profile
in the gut microenvironment is crucial to the
development of the phenomenon (16), over-
production of IL-4 may trigger Th2-type in-
flammatory events (17). This would help to
explain the up-regulation of IL-4 by cecal
and spleen cells in our model. On the other
hand, ethanol may have other irritant and
inflammatory effects that stimulate IFN-γ
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Figure 2. Effect of the induction
of colitis on oral tolerance to
ovalbumin (Ova). Mice received
one intrarectal administration of
0.2 ml saline (control) or 50%
ethanol (colitis) and were chal-
lenged with saline and ethanol
intrarectally, respectively, 5 days
later. Three days later, mice
were fed either Ova (light gray
columns) or saline (dark gray col-
umns). After 7 days, all animals
received an intraperitoneal injec-
tion of 10 µg Ova in 3 mg Al(OH)3
and were boosted with 10 µg
Ova 14 days later. Sera from all
mice were collected 7 days af-
ter the booster and serum-spe-
cific antibodies were measured
by ELISA. Data are presented
as the mean of the running sum
of absorbances at dilutions of
1:800 to 1:6400 in the ELISA
test and significant differences
between groups were calcu-
lated by the two-tailed Student
t-test. P < 0.05 compared to
control saline-fed mice (un-
paired t-test).
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production by local and systemic lympho-
cytes. Interference with oral tolerance to
components of the microbiota is certainly a
major inflammatory mechanism that may
trigger IFN-γ production. It has been already
demonstrated that oral tolerance to normal
microbiota is abolished in Crohn’s disease
(18) and in mice with experimental colitis
(19). In addition, for several models of coli-
tis, inflammatory disease either does not
develop or is reduced in germ-free animals
and in antibiotic-treated animals, suggesting
that immunological reaction to enteric bac-
teria has a major impact on disease expres-
sion (20). In agreement with these previous
results, our data show that the immunoregu-
latory mechanisms triggered by oral toler-
ance induction are impaired by ethanol treat-
ment and suggest that an inflammatory reac-
tion to the intestinal microbiota may be in-
volved in colitis development.

We report a novel model of colitis that is
induced by administration of ethanol alone
and seems to bear some resemblance to hu-
man IBD such as ulcerative colitis. Ethanol-
induced colitis interferes with cytokine pro-
duction throughout the intestinal mucosa as
well as systemically and also abolishes the
induction of oral tolerance. This novel mo-
del is easy to reproduce and may be useful to
study the mechanisms involved in immuno-
regulation triggered by oral administration
of antigen and the pathogenesis of IBD. It
also sheds some light on the immunological
effects of ethanol.
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