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Exacerbation of protracted-relapsing experimental allergic
encephalomyelitis in DA rats by gluten-free diet
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The observation of neurological dysfunctions resembling multiple sclerosis (MS) seen clinically and/
or by MRI in patients with celiac disease has focused attention on the possibility that cryptic gluten
sensitivity may be involved in the pathogenesis of MS. Here we study the effects of a gluten-free diet
on the course of protracted-relapsing EAE in DA rats, serving as a preclinical model of human MS.
The data show not only that this nutritional approach failed to ameliorate development of the disease
but rather that it exacerbated the course.
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Increasing evidence suggests a link between die-
tary proteins and the immune system (1). Devel-
opment of oral tolerance is the usual response
of the immune system to dietary proteins. This
may primarily occur through activation via
transforming growth factor beta production
from gut-associated lymphoid tissues of regula-
tory cells capable of downregulating potentially
harmful immune-mediated pathways specifi-
cally directed against the dietary proteins (1).

Malfunctioning of regulatory mechanisms
underlying oral tolerance induction may there-
fore play a role in the development of unwanted
immunoinflammatory responses that may con-
tribute to the development not only of food al-
lergies and enteropathies but also of other or-
gan-specific autoimmune diseases (2–4). Par-
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ticular attention has been focused on the
possibility that cryptic gluten sensitivity may
play a part in neurological illness (5). This hy-
pothesis arose from the observation that neuro-
logical dysfunctions resembling multiple scler-
osis (MS) on clinical and/or MRI grounds can
be observed in patients with celiac disease (5),
an enteropathy resulting from immunological
hypersensitivity to ingested gluten in individuals
with a genetic predisposition (5). On this basis,
and even though neither increased titres of anti-
gliadin antibodies nor gross morphological and
biochemical alterations of the jejunal mucosa
could be found in patients with MS (6–8), with-
drawal of gluten from the diet has speculatively
been used with some anecdotal success in the
management of MS (9, 10).

A pathological condition with clinical and hi-
stoimmunological characteristics similar to hu-
man MS can be induced in DA rats by immu-
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nization with either syngeneic or guinea pig
spinal cord emulsified in incomplete (FIA) or
complete Freund’s adjuvant (FCA) (11). The
thus induced experimental allergic encephalo-
myelitis (EAE) is characterized by a severe, pro-
tracted-relapsing and demyelinating course
(protracted-relapsing [PR]-EAE), which makes
this a useful in vivo model for studying immune-
mediated mechanisms involved in the gener-
ation of chronicity and demyelination and for
the preclinical screening of immunotherapeutic
approaches worthy of being considered for the
treatment of the human disease counterpart.

We have here studied the effects of a gluten-
free diet on the course of PR-EAE in DA rats.
The data show that not only did this nutritional
approach fail to ameliorate the development of
the disease but rather that it exacerbated its
course.

MATERIALS AND METHODS

Animals
Male DA rats (B&K, Uppsala, Sweden), weighing

230–270 g, were used for the study. Animals were ran-
domly distributed into cages, and then marked and
maintained under standard laboratory conditions
with free access to food and water.

Fig. 1. DA rats fed ad libitum a gluten-free diet (diamond symbol, nΩ7) or with usual rat pellets containing
standard amounts of gluten (square symbol, nΩ7) from day of birth until day of immunization (day 0). Clinical
scores (mean values) are illustrated.
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Immunization
Guinea pig spinal cord (50 mg) (Sigma, St. Louis,

MO), minced thoroughly, was emulsified with 100 ml
of FIA (Sigma) and 2 mg Mycobacterium tubercu-
losis, strain H37RA (Difco, Detroit, MI) and injected
subcutaneously (s.c.) at the base of the tail, as de-
scribed elsewhere (12).

Treatment
A gluten-free diet (Altromin, Lage, Germany) was

given under two different experimental conditions
either from day of birth to day of immunization or
from birth until 40 days after immunization. Control
rats were treated under the same experimental con-
ditions with the usual rat pellets containing standard
amounts of gluten, as described previously (13).
These treatment regimens were chosen to ascertain
whether avoiding exposure of the immune system to
gluten until immunization or throughout the course
of the disease would impede the emergence or acti-
vation of encephalytogenic T cells.

Following this line of reasoning, another treatment
regimen was also considered to see whether giving
DA rats a gluten-free diet from day ª7 until day π16
after immunization – in contrast to the control diet –
influenced PR-EAE development.

Clinical scoring
The rats were weighed every day and clinical signs

were scored by an observer who was unaware of the
treatment regimen, as described elsewhere (11, 12).
Clinical scoring was as follows: 0Ωno illness; 1Ω
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flaccid tail; 2Ωmoderate paraparesis; 3Ωsevere para-
paresis; 4Ωtetraparesis; 5Ωdeath.

RESULTS

DA rats given a gluten-free diet (nΩ7) from day
of birth until day of immunization exhibited a
clinical course of EAE very similar to that of
control rats (nΩ7) (Fig. 1), with a comparable
number of relapses and mean cumulative score
(data not shown). In addition, it was possible to
observe that the rats treated with a gluten-free
diet (nΩ7) from birth until day π40 exhibited a
slight, though significant, more accelerated
course of the disease than control rats (nΩ7)
(Fig. 2). Accordingly, the maximum degree of
paresis was reached on average 14.8∫0.7 (SEM)
days after immunization in the gluten-free
treated group compared to 19.3∫0.9 days in the
control group (p�0.002, Student’s t-test). Also,
the maximum mean paresis score within the first
25 days after immunization was higher in the
gluten-free treated group [2.9] than in the con-
trol group [2.4], although this was not signifi-

Fig. 2. DA rats fed ad libitum a gluten-free diet (diamond symbol, nΩ7) or with usual rat pellets containing
standard amounts of gluten (square symbol, nΩ7) from day of birth until day 40 post immunization (π40).
Clinical scores (mean values) are illustrated. Maximum degree of paresis was reached on average 14.8∫0.7
(SEM) days after immunization in the gluten-free treated group compared to 19.3∫0.9 days in the control
group (p�0.002, Student’s t-test).
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cant. Number of relapses and mean EAE cumu-
lative score were, however, comparable between
the two groups of rats and no significant differ-
ences between the two groups could be obtained
by nonparametric Mann-Whitney.

No effects on the course of the PR-EAE were
observed when a gluten-free diet was started on
day ª7 and continued until day π16 (data not
shown).

DISCUSSION

Organ-specific autoimmune diseases such as
type 1 diabetes mellitus, MS and thyroiditis
share many common features. The diseases are
localized and involve mononuclear cells and
cytokines (14, 15). Various immunomodulatory
treatments have beneficial effects but are often
impossible to implement in the long run because
of the side effects (14, 15). Most of the diseases
are linked to certain MHC alleles, but not
necessarily the same alleles (16). Partly due to
this, hereditary factors are involved, but en-
vironmental factors also play an important role.
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The nature of these environmental factors is
largely unknown, but influences from virus and
bacteria are often mentioned (14–16). Much
attention has, furthermore, been focused on the
role played by diet as a possible triggering or
protective factor in the development of these
diseases (2, 3, 17).

In particular, studies conducted in rodent
models of type 1 diabetes have clearly shown
that disease development may be efficiently pre-
vented by feeding the animals a gluten-free diet
(13). Though the mechanism of this beneficial
effect is unknown, the experimental findings
have recently been strongly supported by the
observation that a gluten-free diet exerts bene-
ficial effects in individuals at high risk of devel-
oping type 1 diabetes (18). In addition, the
question is raised whether this treatment can
also be extended to other organ autoimmune
diseases.

MS shares some pathogenic characteristics
with human type 1 diabetes, including the infil-
tration of the target organs by mononuclear
cells and the apparent contribution to the devel-
opment of the diseases of type 1 proinflamma-
tory cytokines such as Interleukin (IL)-1, IL-12,
IL-18 and Interferon (IFN)-g as opposed to the
beneficial action of type 2/type 3 anti-inflam-
matory cytokines such as IL-4 and IL-10 and
TGF-b1 (14, 15). For both diseases, environ-
mental factors seem to be important, though
they are largely unknown. Similarities can also
be observed in animal models of type 1 diabetes
and MS, including the favourable response to
immunomodulatory treatments with specific in-
hibitors (receptor antagonist, soluble receptor,
monoclonal antibodies) of IL-1, IL-12 and
TNF-a (19). The clear-cut beneficial effects ob-
served with a gluten-free diet in the NOD
mouse led us to anticipate that similar treat-
ment might have also have a favourable influ-
ence on EAE in DA rats.

However, we have here shown that – in spite
of these similarities – feeding DA rats with a
gluten-free diet under different experimental
conditions not only failed to prevent disease de-
velopment but rather caused a slight, though
significant, acceleration in disease onset. Fur-
thermore, the amount of paresis tended to be
increased. Though the mechanistic mode of ac-
tion by which the gluten-free diet led to a
worsened EAE development in DA rats has not
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been ascertained, the present findings do not
support -on the contrary they rather warn
against – the use of a gluten-free diet in the
management of MS patients.
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