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ABSTRACT

Food allergy is an adverse reaction that occursiursceptible people when they eat sensitizing faodsis one of
the causes of Inflammatory Bowel Disease (IBD). fffart to understand the induction process of ¢hdiseases is
important as IBD is increasing worldwide, includingBrazil. The aim of this study was to developeaperimental
antigen specific inflammatory process of the gunafe and rats, using peanut seeds. Animals weraumzed with
peanut protein extract before their exposure to thenatura peanut seeds. Results showed that sigstem
immunization with peanut protein extracts rendesgphificantly higher antibody titers than contralogips and that
immunized animals submitted to a challenge dietainimg peanuts presented time dependent alteratajrihe gut
similar to celiac disease. In conclusion, resulig@ested that this experimental model was a coewménool to
study the evolution of alterations in chronic aetigspecific gut inflammatory process.
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INTRODUCTION 1981). In humans, the mucosa of the small
intestine is estimated to be 300° rand it is

Contrary to what is commonly thought, the largeseonstantly exposed to antigenic contacts.
contact area of the body is not the skin, but thépproximately 30 kg of food proteins reaches this
mucosal surface, which is bombarded immediatelprgan during a year and 130-190g of these
after birth by a large variety of microorganismsproteins is absorbed daily in the gut (Brandtzaeg,
and protein antigens from the environment. Thd998). This means that the principal source of
gut itself presents an area approximately 300 tperturbation of immunological activity occurs via

600 fold that of the skin (Brandtzaeg, 2002; Moogthe mucosa and events initiated at this site have
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important systemic reflections due to its largeand Inganas, 1981; Host et al., 2002). Peanut
number of immune cells. Despite of this, most ofArachis hypogaea) belongs to the family of
the times that antigens penetrate the systelreguminosae and consists of albumins and storage
through the gut, the resulting immunologicalproteins that comprise 87% of the total protein
response is not the classical Thl or Th2 responsentents (Fries, 1982). Several peanut proteins
(Weiner, 2001). This mucosal immune networkhave been identified as allergens, such as Ara hl,
has a unique aspect - the ability to maintaiiAra h2, Ara h3 (Burks et al., 1998). However,
relative unresponsiveness (tolerance) to arecent work shows that the food matrix is
enormous array of antigens (Ags) derived fromimportant in the immune response to peanut and
dietary sources and commensal bacteria (Hyun eurified peanut allergens may have little intrinsic
al., 2006). Immune responsiveness to thesstimulatory capacity (van Wijk et al., 2005).
harmless agents must be prevented to maintain tide gut-associated lymphoid tissue (GALT) which
integrity of the gut and allow nutrient absorptionis responsible for the inductive phase of the
(Hyun et al, 2006). Therefore, immunological immune response can be divided into effecter sites
nonresponsiveness to Iluminal Ags is morevhich consist of organized tissues such as the
common than mucosal responsiveness. Peyer's patches and mesenteric lymph nodes
Another way of viewing this is that oral tolerance(MLNs) and of lymphocytes scattered throughout
allows the mucosal immune system to focus othe epithelium andamina propriaof the mucosa
Ags or pathogens that pose a threat to the hoflamada et al 2002). Many investigators believe
(Faria and Weiner, 2005). The expression orghat the lymphoid aggregates of T and B cells of
tolerance is used when a reduction in the systemtbe Peyer patches are the central players in the
immunological response is observed afteinduction of the immune response after oral
parentally challenging the animal with the sameontact with macromolecules derived from the diet
antigen that it has eaten (Weiner, 2001). Ther flora (Bruce and Ferguson, 1986). In the gut,
immunological consequence of the oralspecial sets of T and B cells co-exist, which
administration of an antigen normally depends osuggests the existence of a special immunological
where and how the antigen is taken up andeactivity, prepared for constant contacts of the
presented to T cells. The intestinal immune systeimmune system and the environment. On the
is characterized by a distinct profile of cytokinescontrary, Inflammatory Bowel Disease (IBD) is
(Signore et al., 2002), adhesion moleculesassociated with classical Thl and Th2 responses,
chemokines and cells (Mowat, 2003). The ideavhich are characterized by the breakdown of the
that the immunological environment of the gutimmunoregulatory mechanisms that maintain oral
seems to make great efforts to ensure thdolerance (Andrade et.al2003). Crohn’s disease
tolerance is the default response to antigen enoft and Ulcerative colitis both are IBD’s with distinct
challenged on the basis that this would be anmunoregulatory characteristics and clinical
dangerous strategy for host survival in the face ahanifestations. They are given a common name
continuous exposure to pathogens. Thd&ecause sometimes one resembles the other so
inappropriate immune response to foods andlosely that even a pathologist cannot distinguish
commensal bacteria that are responsible for celidietween them (Karlinger et .al2000). Many
disease and Crohn's disease are due footential metabolic problems may complicate
deregulation of these crucial processes (MowatBD, and this usually occurs in patients with
2003). Thus, an increasing incidence of adverssevere forms of the disease (Allan, 1998). The
reactions to ingested foods is being reportedstudy of animal models of mucosal inflammation
which may reflect a failure of oral toleranceas a means to probe the pathogenesis of IBD
induction or a breakdown of its maintenanceextends for almost a half century (Strober et al
Peanuts appear to consist of particular poter2002). Several animal models are available for use
allergenic proteins and the prevalence of peanum IBD research which evaluates pharmacological
allergy is rising in both children and adults, niain molecules or agents that could lead to a possible
in USA and UK (Strid et al., 2004). It is alsocure for this devastating disease entity. Over the
known for its persistence through life as just 10past two decades, a steadily increasing number of
20% of peanut allergic patient lose their sengitivi more than 20 experimental models with a variable
to peanut (Skolnick et al., 2001) compared witlrange of clinical manifestations similar to those
85% for egg and cow’s milk allergy (Dannaeusobserved in human IBD have been developed
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(Jurjus et al 2004). These models contributedPeanut protein extracts (PPE)
greatly to important advances in our currenPeanut seeds were minced in an electrical coffee
understanding of the underlying mechanisms aofrinder sieved and defatted with ether (Teixeira et
inflammation and disease pathogenesis as well at, 2008). To the defatted seed preparation,
treatment. In general, an appropriate or an optimaxtraction buffer (Sodium borate, 0,0125M, SDS
animal model should display certain keyl%, Mercaptoetanol 1% - pH 10) was added,
characteristics similar or identical to the humammaintaining a 1:10 (w/v) ratio. This mixture was
IBD course: pathophysiology, symptoms andhen placed on a rocker for 30 min at room
signs. The gut of this model should also exhibitemperature and centrifuged at 600g for 30
inflammation and morphological alterationsminutes. The supernatant was collected and kept
(Jurjus et al 2004). For this, most of the availablefrozen at -28C until use. The protein
models induce gut inflammation through irritationconcentration was determined using the method of
of the mucosal surface by their exposure tdowry et al (1951).
chemical reagents and products, such as acetic
acid, phorbol ester and various sulfatedmmunization protocol for rats
polysaccharides (carageenan, amylopectin sulfathe rats were immunized twice with 2ap PPE
and dextran sulfate sodium) or use geneticallgubcutaneously (sc). Primary immunization was
modified animals (Strober et.a2002). done with 5mg Al(OH)and booster immunization
In this work peanut seedérachis hypogeawere without adjuvant after a 21-28 day interval.
used on the source of antigen as peanuts have be&mntrol animals were sham immunized with
considered to be one of the most potent fooghysiological saline plus 5mg AI(OH) and
allergens causing severe diseases. Although boster immunization without adjuvant.
humans, most of the clinical symptoms are Th2
related and show acute anaphylactic symptom$mmunization protocol for mice
here a model with a chronic profile is presented. The mice were immunized twice with 109 PPE
The aim of this study was to develop an animasc. Primary immunization was done with 1mg
model of the antigen specific gut inflammation inA|(OH); and booster immunization without
rats and mice to analyze the serum, the guwidjuvant after a 21-28 day interval. Control
histology and some clinical parameters (as weighinimals were sham immunized with physiological
measure and presence of diarrhea), comparingiline plus 1mg AI(OH) and booster
control  with  immunologically ~manipulated immunization without adjuvant.
(immune) animals.

Challenge diet

A challenge diet composed exclusively of peanut

MATERIALS AND METHODS seedsin natura offered ad libitum for a 30-day
period was introduced one week after secondary
Animals immunization.

In this study, 30 male adult Lou-M rats (8-12

weeks) and 30 female (6—8 weeks) BALB/c andleeding

C57BL/6J mice were used, bred and maintained &Il the animals were bled from the retrorbital
the Animal Facility of the Immunobiology plexus prior to manipulation and 10 days after
Department of Fluminense Federal University (Riceach immunization withdrawing 1ml and 200
de Janeiro, Brazil). The animals of each straifrom rats and mice, respectively. The serum was
were randomly divided into two groups: controlcollected and stored at -20° C until analyses.
group and experimental group. They were

individually numbered enabling paired statisticalClinical Evaluation

analysis. The Ethics Committee of the Medicineneekly clinical evaluation included: weight
School of Fluminense Federal University approvednheasure (Plenna digital balance 0.1g resolution),
this study (protocol 167/05). presence of diarrhea and fur characteristics.
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ELISA determine the minimum significance difference
The serum samples were evaluated by ELISAMSD) using GraphPad InStat program by
method to quantify specific anti-peanut proteinGraphPad Software &
antibody titers. For antigen-specific IgG and I1gG1
antibodies, 96-well plates were coated with PPE at
10ug/well in Phosphate Buffered Saline (PBS) aRESULTS
4°C overnight. Plates were washed with 0,05%
Tween-20 in PBS and then blocked with ilD6f  Weight analysis
a 1% PBS/gelatin solution for 1h at roomThe weight of all the rats and mice was analyzed
temperature. Serum samples were plated in 1:1@uring the peanut feeding period (challenge diet).
dilution (10Qul/well) and incubated for 3h at room In rats, at the beginning of the challenge diet,
temperaturePlates were then washed and receivednimals of both groups (control and experimental)
peroxidase-labeled rabbit anti-mouse IgGresented an average weight of 250.75+12.10g and
(SIGMA-Aldrich - Germany), goat anti-mouse 258.80+16.21g, respectively. After th8 week of
IgG1 (Southern Biothechnology — USA) or goatthe challenge diet, it was observed that control
anti rat 1I9G (Southern Biothechnology — USA) andanimals presented a significant difference of
incubated for 3h at room temperature. Reactiongeight compared with experimental rats (p<0.05).
were developed with 1@0 of solution containing Control  rats  gained  19.55+0.24g  while
H,O, and o-phenylene-diamine (OPD) (SIGMA-experimental animals lost an average of
Aldrich - Germany). Plates were read at 492nm oh.62+2.82g. Animals of the control group gained
an automated ELISA reader (Anthos 2010Wweight during the first week of the challenge diet
Germany). The results are reported as arbitranyhile experimental animals began to lose weight
units of ELISA corresponding to the area undegt the second week (Fig. 1A).
the dilution curve of each serum. At the beginning of the challenge diet, mice, of
both groups (control and experimentpbesented
Collection of the Intestine Segments and an average weight of 23.81g + 1.47g. Mice of both
Histological Parameters strains presented a similar behavior. Experimental
After the diet exposure period, all animals weregroup began to lose weight at the first week of the
euthanazed to collect 1-3cm segments of gastrehallenge diet with an average loss of 1.42+0.45g,
duodenum junction and jejunum. These segmentghile the control group began to gain weight at the
were fixed with 10% buffered formaldehyde andsecond week and presented an average of
stained with Hematoxilin-Eosin (HE). The 1.48+0.37g. The weight difference between the
histological parameters evaluated from botigroups was significant (p<0.05) (Fig. 1B).
duodenum and jejunum were the general
description of the slide (integrity of the intestin The systemic immunization with crude peanut
structure, number of villi per field, edema,extract renders significantly higher antibody
congestion and leukocyte infiltrate). The villi titers
height/width ratio; epithelial-cell-height/lamina- Experimental rats (submitted to systemic
propriety-width ratio, villi-height/cript-height tim  immunization with crude peanut extract) rendered
and Intestinal Epithelial Cells/Intraepithelial significantly higher total 1gG antibody titers
Leukocytes (IEC/IEL) ratio were obtained from(4.6510.180 units) than control rats (sham

the previous parameters. immunized) (0.8720.087 units) (p<0.05); eating
peanuts over a 30-day period, after immunization,
Statistical Analysis maintained the high antibody levels of

Statistical analysis were performed by usingexperimental animals (Fig. 2A).
Fisher's test, ANOVA and Tukey’s post test to
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Figure 1 - Evolution of the average weight of experimental aodtrol animals during challenge
diet (A) rats and (B) C57BL/6J mice.
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Figure 2 - Total antipeanut IgG antibody titersexperimental and control rats (A) and in
experimental and control mice of both strains (B).

Similar to rats, mice of both strains, submitted taViorphological Analysis of the Intestine

the systemic immunization with crude peanufThe macroscopic analysis of the rats and mice
extract, presented higher titers of IgG and IgGlevealed a frail consistency of the intestinalugss
when compared to control counterparts. Therpertaining to animals of the experimental group
were no differences between the experimentah contrast to the intestinal tissue of the control
BALB/c and C57BL/6J IgG1l antibodies titers, group.

although total specific IgG titers of experimentalThe microscopic analysis agreed with the
BALB/c mice were significantly higher than of macroscopy, in which a preserved intestinal
C57BL/6J mice (C57BL/6J: 5.088.376 units; structure in control animals was seen while in the
BALB/c: 7.673:3.360 units; p<0.05) (Fig. 2B). As experimental animals their villi presented edema,
seen with the rats, eating peanuts over a 30-dgpngestion and a high leukocyte infiltration in
period, after immunization, maintained the highboth duodenum and jejunum (Fig. 3 e 4).
antibody levels of experimental mice (in contrasin rats (Fig. 3), the villi from duodenum but not
to control animals that did not present thdejunum of experimental animals presented
observed increase in antibody titers). Thesignificant alterations (p<0.05) in the height/tidt
difference of both strains IgG and IgGlantibodyratio (3.541.10) when compared to control
titers between control and experimental mice waanimals (4.580.74). A significant difference
significant (p<0.05). (p<0.05) in jejunum but not duodenum was
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observed in experimental animals when evaluatecbntrol jejunum: 13.2£0.80; p<0.05), in which
the epithelial-cell-height/lamina-propria-width control animals presented a higher ratio than the
ratio (0.620.08), in which the control animals experimental animals. The sera Ab titers and the
presented a higher ratio (0:8838). The third IEC/IEL ratio of control and experimental animals
criteria analyzed, villi-height/crypt-height ratio, were correlated and according to Fisher’s test, the
also showed significant difference (p<0.05) in onlyrow/column  association ~ was  statistically
one of the intestinal segments, duodenum but neignificant and the two-sided p value was 0.0236.
jejunum, in which this ratio was higher in controlHistological evaluation of mice (Fig. 4) showed
animals (1.9%0.11) when compared to the that experimental BALB/c mice developed signs
experimental animals (1.80.07). The fourth of gut inflammation in the second week of peanut
criteria used to determine the inflammatorychallenge, whereas in the experimental C57BL/6J
process was to compare the number of Intestin&ice only presented significant inflammatory
Epithelial Cells (IEC) and Intraepithelial signs on the third week of challenge. The presence
Leukocytes (IEL) and establish the IEC/IEL ratio.0f edema inlamina propria and loss of vilous
For this criterion, both the segments analyzedntegrity in duodenum was observed.

presented significant differences when comparegontrol animals submitted to peanut diet presented
to control animals (experimental duodenumlEC/IEL ratio (9.8@0.97) similar to that observed
9.091.43 vs. control duodenum: 22593 - inchow fed animals either (11.80.55).

p<0.05 and experimental jejunum: 82243 vs.

Figure 3 - Histological differences between control and experital rats(A) Villi aspects of an
experimental rat, with presence of congestion aedeased leukocyte infiltration. (B)
Villi aspects of a control rat, with a preservesstie, no edema and few leukocytes.
Tissue was stained with Hematoxilin-Eosin.

BALB/c experimental mice presented a significanBALB/c mice, the IEC/IEL ratio in duodenum of
increase (p<0.05) in intraepithelial leukocytesC57BL/6J animals did not change after its initial
number in duodenal villus, represented by theeduction (4.7830.64). The peanut diet caused gut
decrease of IEC/IEL ratio (5.60.14), andamina morphological alterations (p<0.05) in the
propria edema in the second week after receivingxperimental mice of both strains tested and was
the challenge diet (peanut). The IEC/IEL ratio, incharacterized by vilous atrophy ankamina
these animals, persisted until the fourth week gbropria edema, especially after the fourth week of
peanut challenge (5.#2.11). Experimental challenge. Finally, control animals, which
C57BL/6J animals only presented a similaunderwent peanut consumption, presented normal
decrease in IEC/IEL ration in thiee third week of histological appearance of gut as seen in chow fed
peanut challenge (4.46.07). As observed with animals.
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Figure 4 - Histological differences between control and expental mice.(A) Villi of an
experimental BALB/c mouse. (B) Villi of an experintal C57BL/6J mouse. (C) A
normal villi of a control C57BL/6J mouse. X200. Jie was stained with
Hematoxilin-Eosin.

DISCUSSION conditions of primary sensitization. Recently, &tri
et al (2005) have demonstrated that epicutaneous
The present work demonstrated the reproducibilitgxposure to peanut proteins led to allergic
of a peanut allergy model, originally developed irsensitization and prevented oral tolerance,
C57BL/6J mice by Teireixa (2003), in BALB/c suggesting that epidermal sensitization could be
mice and Lou-M rats. The features of this modetealistic to provide a food allergy condition.
of gut inflammation were vilous atrophy, crypt The presence of high and similar titers of IgG1 a
hiperplasia, prominent mononuclear leukocytelh2 derived 1gG isotype, in both C57BL/6J and
infiltrate andlamina propriaedema. These signs BALB/c mice in the present model of peanut
were typical of human celiac disease (gluterdllergy deserved more attention as well as the fact
enteropathy), which has been also observed ihat no major difference between the gut
other food induced enteropathies (Marsh, 1995)nflammatory patterns were found into these two
Teixeira (2003) demonstrated that experimentahouse strains. Although IgG subtypes in rats were
the C57BL/6J mice presented a mild weight los§iot measured, the results obtained for total sjpecif
but no visible diarrhea. A weight loss waslgG was similar to that of the mice.
observed in rats and BALB/c mice in theln contrast to the current thought that peanut
experimental group with a gain in weight in all theallergy is primarily a Th2-driven process, there ar
control animals suggesting that eating a foodstuficcumulating data from the literature indicating
rich in calories in normal situations inducedthat peanut allergy is a result of a mixed Th1-Th2
fattening while in the presence of an enteropathymmmune response. Van Wik and colleagues
this same food induced weight loss. (2004) demonstrated a mixed citokine response
In other works, authors have been using@nd polyisotypic humoral response in murine
intragastric challenge to achieve an allergianodel of peanut allergy, specifically to major
reaction (Morafo et gl 2003; Adel-Patient et al peanut allergens Ara hl, Ara h2, Ara h3 and Ara
2005). Nevertheless, the subcutaneous mode b6. Both IL-4 and IFN¢ production as well as IgE,
immunization may not be so far from reallgGl and IgG2a were found at the very early
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phase of the response to peanuts. The same groRESUMO
also examined the role of cytotoxic T-lymphocyte

associated antigen 4 (CTLA-4), a negativen alergia alimentar consiste em uma reacéo
regulator of T cell activation, on peanutadversa que ocorre em pessoas susceptiveis
sensitization (Van Wijk et al2005b). The use of guando ingerem alimentos sensibilizantes, sendo
an antibody against CTLA-4 in a murine model Ofuma das causas das Doengas Inflamatoérias
peanut allergy failed to elicit an allergen-spexifi |ntestinais (IBD). O objetivo deste estudo foi
response. DeSpite the induction of Th2 CytOkineSdesenvoNer um protoc0|o experimenta] de
activation of antigen presenting cell (APC) and afinducdo de um processo inflamatério intestinal
elevation in total serum IgE levels, anti-CTLA-4 gntigeno-especifico em camundongos e ratos. Foi
treatment did not induce peanut-specific IgEescolhida para a inducdo deste processo a semente
antibodies or mast cell degranulation. These dai@@ amendoim. Os animais foram imunizados com
challenge the pivotal role of a Th2 cytokineg extrato protéico previamente & exposicdo com a
environment in the induction phase of peanusemente in natura. Nossos resultados mostram que
allergy. a imunizacao sistémica com extratos protéicos de
In the present work, although Th2 derivedamendoim ocasiona titulos significativamente
antibody isotype (IgG1) was found in mice, themajores de anticorpos quando comparado ao grupo
cellular infiltrate of the gut epithelium was not controle e que os animais imunizados submetidos
typical of an anaphylactic profile. In additiongth a0 desafio com a dieta contendo exclusivamente
absence of anaphylactic systemic reactions in th@mendoim apresentam alteracdes intestinais
model corroborated the idea of a mixed Th1-ThZempo-dependente similares aquelas observadas na
presence of peanut allergy. Finally, the verifioati doenca celiaca. Os resultados obtidos sugerem que
of similar inflammatory response in the gut of ratseste  modelo  experimental  constitui  uma
and mice with different genetic backgroundsferramenta conveniente para avaliar as alteracées

validated this model of peanut allergy andno processo inflamatorio intestinal —cronico
provided an interesting way for the study of thisantigeno-especifico.

mixed immune response to peanut proteins. Our

group has been interested in the study of natural

products derived from local plants as possibliREFERENCES

alternatives for anti-inflammatory drugs (Moreno
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