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Investigation of the Effect of Wheat and Corn 
Gluten on Inflammation, Transglutaminase, 
Gliadin and IgA Levels in Healthy Rat Intestines 

 Sağlıklı Rat Bağırsaklarında Buğday ve Mısır Gluteninin 
İnflamasyon, Transglutaminaz, Gliadin ve IgA Düzeyleri 
Üzerine Etkisinin Araştırılması 
ABSTRACT 

The aim of this study was to evaluate the effects of wheat and corn gluten on some 
histopathologic parameters such as villus atrophy, crypt hyperplasia, lymphocyte plasma 
neutrophils and immunohistochemical parameters such as trans glutaminase, gliadin and 
IgA in the small intestine of healthy male rats without HLA-DQ2 and HLA-DQ8 genes. In the 
study, 21 healthy newborn male Sprague Dawley rats were fed wheat, corn and soy with the 
addition of 7 rats in each group from one-day age to 60 days of age. Histopathological (villous 
atrophy, lymphocyte plasma neutrophil, crypt hyperplasia) and immunohistochemical 
(transglutaminase, gliadin, IgA) parameter analyses were performed in small intestinal tissue 
samples. As a result of the study, it was found that the small intestinal villus lengths of the 
wheat gluten group were longer than the other groups (P < .05). Cryptic hyperplasia was 
detected most in the soybean group and the lowest in the wheat group (P < .05). Gliadin 
antibody levels were found to be in the soybean group with the highest and the lowest in 
the wheat group (P < .05). In healthy male rats lacking HLA-DQ2 and HLA-DQ8 genes, the 
effect of wheat gluten on crypt hyperplasia and gliadin levels in small intestinal tissue was 
significantly lower than in soy and corn gluten groups, while its effect on villous atrophy, 
lymphocyte plasma neutrophil and transglutaminase was limited. In addition, the intestinal 
villus lengths of the wheat gluten group were significantly higher than those of the corn and 
soybean groups. 
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ÖZ 
 
Bu çalışmada HLA-DQ2 ve HLA-DQ8 genlerine sahip olmayan sağlıklı erkek ratlarda 
buğday ve mısır gluteninin ince bağırsaklarda villus atrofisi, kript hiperplazisi, lenfosit 
plazma nötrofil gibi bazı histopatolojik parametreler ile trans glutaminaz, gliadin, IgA gibi 
immünhistokimyasal parametrelere etkisinin değerlendirilmesi hedeflenmiştir.  
Çalışmada, 21 adet sağlıklı yeni doğmuş Sprague Dawley cinsi erkek rat bir günlük yaştan 
60 günlük yaşa kadar her grupta 7 rat olmak üzere buğday, mısır ve soya eklenerek 
beslenmişlerdir. İnce bağırsak doku örneklerinde histopatolojik (villöz atrofi, lenfosit 
plazma nötrofil, kript hiperplazi) ve immunohistokimyasal (transglutaminaz, gliadin, IgA) 
parametre analizleri yapılmıştır. Çalışma sonucunda buğday gluteni grubunun ince 
bağırsak villus uzunluklarının diğer gruplardan daha uzun olduğu saptanmıştır (P < ,05). 
Kript hiperplazisi en fazla soya grubunda, en düşük buğday grubunda tespit edilmiştir (P < 
,05). Gliadin antikor seviyesi en yüksek soya grubunda iken en düşük buğday grubunda 
olduğu tespit edilmiştir (P < ,05). HLA-DQ2 ve HLA-DQ8 genlerine sahip olmayan sağlıklı 
erkek ratlarda buğday gluteninin ince bağırsak dokusunda kript hiperplazisi ve gliadin 
değeri soya ve mısır gluteni verilen gruplardan önemli derecede düşük olduğu 
belirlenirken, villöz atrofisi, lenfosit plazma nötrofil ile transglutaminaz üzerine etkisi sınırlı 
düzeyde kalmıştır. Ayrıca buğday gluteni verilen grubun bağırsak villus uzunlukları mısır 
ve soya verilen gruplardan önemli oranda yüksek olduğu tespit edilmiştir. 

Anahtar Kelimeler: IgA, gliadin, gluten, tranglutaminaz, villus. 
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INTRODUCTION 

Cereals are important plant-based foods and wheat, rice, 
corn are the most consumed cereals worldwide. It also 
contains protein, starch, vitamins and minerals in their 
structure. In cereals, proteins are classified as gluten-
forming and non-gluten-forming proteins, and the proteins 
that make up gluten are glutelin and prolamine proteins. 
Glutelines are called glutenin in wheat and hordenine in 
barley whereas prolamins are called gliadin in wheat, 
hordein in barley, avenin in oats, secalin in rye and zein in 
corn.  Gluten is the main storage form of wheat proteins, 
which makes up 85-90% of wheat proteins, and is basically 
a structure consisting of gliadin and glutenin complex. It is 
stated that 5-20 g/day of gluten is taken with the Western 
diet.1 The increase in the production and consumption of 
gluten-containing products has led to the awareness of 
gluten-related diseases. Celiac disease is seen in at least 1% 
of the general adult population.2 Gluten-related diseases 
are classified as immune, allergic and autoimmune 
according to pathogenesis. While celiac disease is in the 
autoimmune class, gluten sensitivity is in the autoimmune 
and non-allergic class.3 Gastrointestinal symptoms such as 
celiac disease, diarrhea, steatorrhea, abdominal distention, 
abdominal pain and gas, and non-gastrointestinal 
symptoms such as abnormal liver function tests, iron 
deficiency anemia, bone and skin diseases can be seen.4 
Celiac disease is usually detected by serological tests and 
celiac specific antibodies and diagnosed by duodenal 
mucosal biopsies.5 The primary treatment for celiac disease 
is a gluten-free diet.6,7 In individuals with HLA-DQ2 and 
HLA-DQ8 genes in celiac disease, gluten intake may cause 
inflammatory response and villi damage. This leads to a 
new anti-inflammatory response in the intestine with the 
release of anti-gliadin, anti-endomysial antibodies and 
tissue transglutaminase. Although the general population 
prevalence of non-celiac gluten sensitivity is not clearly 
known, celiac-like symptoms may occur after gluten intake 
and may occur in the absence of celiac specific antibodies, 
villi atrophy and human leucocyte antigen (HLA) change. 
Therefore, anti-tissue transglutaminase and endomysial 
antibodies are negative and there is no change in the 
intestinal mucosa. However, an increase in interferon 
(IFN)-γ and CD3+ T cells can be seen.8,9 In a study with rats, 
wheat gluten was found to increase the level of CD3 and 
CD8 in the intestines, although not statistically significant.10   
In another study with rats, it was found that the 
immunohistochemical parameters CD4, CD8, IgA, gliadin 
and transglutaminase in ovarian tissues were lower in the 
wheat group than in the soy group.11 As a result, gluten can 
affect histopathological and immunohistochemical 
structures in many tissues, especially in the intestine. In this 
study, it was aimed to evaluate the effect of wheat and 

corn gluten on some histopathological parameters such as 
villus atrophy, crypt hyperplasia, lymphocyte plasma 
neutrophil in the small intestine and immunohistochemical 
parameters such as transglutaminase, gliadin, IgA in 
healthy male rats without HLA-DQ2 and HLA-DQ8 genes. 

MATERIALS AND METHODS 

Animal Working Groups 
The animal supply used in the study, the care and feeding 
of the animals during the trial period were carried out at 
Atatürk University Medical and Experimental Application 
and Research Center (ATADEM). This study was approved 
by the Eastern Mediterranean University Scientific 
Research and Publication Ethics Board Health Ethics Sub-
Committee with the decision dated 18.11.2020 and 
numbered 2020/07. 
 

In the study, a total of 21 healthy Sprague Dawley male rats 

were fed soy, corn or wheat feeds isonitratically and 

isocalorically according to the experimental group in which 

they took part for a total of 60 days, with their mothers 

from one day old to 30 days of age, and separately from 

their mothers from 30 days to 60 days of age (Table 1). At 

the end of sixty days, rats in the soybean group (7 pieces), 

corn group (7 pieces) and wheat group (7 pieces) were 

sacrified under general anesthesia and tissue samples were 

taken from their small intestines for histopathological and 

immunohistochemical examinations. 
 

 

Table 1. Feed given to rats. 

Feed Additives % Soy Corn Wheat 

Wheat Bran 6 5 2 
Oat, 11% Crude Protein 6 5 3 
Sunflower Meal, 28% Crude 
Protein 

6 4 1 

Corn Gluten, 62% Crude 
Protein 

5 3 1 

Wheat Gluten, 75% Crude 
Protein 

6 4 2 

Soy Meal, 51% Crude Protein 5 4 1 
Animal Fat 6 4 2 
Vitamin-Mineral Combination    

Feed Nutritional Values    

Crude Protein,% 22.0 22.0 22.0 

Metabolic Energy, ccal/kg 2598.0 2657.0 2599.0 

Calcium% 0.14 0.11 0.15 

Methionine + Cysteine,% 0.68 0.83 0.66 

Lysine,% 1.15 0.63 1.17 
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Histopathological Examination 
The eight animals from each group were sacrificed under 
anesthesia end of the sixty days. The tissue samples were 
fixed in 10% buffered formalin and routinely processed for 
histological examination by embedding in paraffin wax. 
Tissue sections were cut (thickness 4 μm), stained 
(Haematoxylin-Eosin) and observed under a light 
microscope.12,13 

Villi Lengths 
After the small intestine tissues of rats were stained with 
the above-mentioned method for histopathological 
analysis, the villi lengths were measured with the image 
analysis system (Leica Q Win Standard) from the tip of the 
villi to the villi crypt junction.14 
 

Immunohistochemical Examinations 

Tissue sections (thickness 4 μm) from all of the tissue 

samples were processed by a standard avidin-biotin-

peroxidase method which is described by producer. Rabit 

policlonal antibodies that react with rat transglutaminase 2 

(TG2) antibody (Catalog No:NB600-547), gliadin antibody 

(Catalog No: BS-13374-R), IgA antibody (Catalog No: BS-

0648-R10491-R) were used for 60 minutes. A secondary 

antibody was used in compliance with protocol of the 

manufacturer (expose mouse and rabbit-specific HRP/DAB 

detection IHC Kit, Abcam Cat. No. ab80436). Then tissue 

sections was washed three times with 0.1% Tween 20 in 

PBS and were incubated with 3,3-diaminobenzidine (Dako 

Cytomation) and counterstained with Mayer's hematoxylin 

(Dako Cytomation).12,15 

 

Image Analysis 

High-power light microscopic examination (Olympus Bx51 
with a DP72 camera system) was used for tissue section 
evaluation. Each specimens were examined in 10 randomly 
selected areas with an X40 objective. The scores were 
derived semi-quantitatively using light microscopy on the 
preparations from each rat and were reported as follows: 
Grade 0 = – (negative); Grade 1 = +1 (mild); Grade 2 = +2 
(moderate); Grade 3 = +3 (severe); Grade 4 = +4 (most 
severe).16 

Statistical Analysis 
SPSS 10.01 program was used in the statistical evaluation 
of the obtained findings.17 Histopathological parameters 
and immunohistochemical parameters were calculated in 
the statistical evaluation and median values and standard 
error (SE) values were calculated in the soy, corn and wheat 

groups. One Way ANOVA was used for small intestinal villus 
lengths and Duncan test was used for the difference 
between groups. Kruskal Wallis analysis was used for 
changes in histopathological and immunohistochemical 
parameters and Duncan test was used for the difference 
between the groups. Statistical significance was accepted 
as P < .05. 

RESULTS 

Histopathological Findings 
At the end of sixty days, the mean villus length of wheat 
group was higher than soybean and maize groups (P < .05) 
(Figure 1). 
 
 

 
Figure1. Small intestine villus lengths (µm) a,b P < 0.05 

 
 
Histopathological values are shown in Table 2 and the 
statistical results of these values are shown in Table 3. Villus 
atrophy was highest in the corn gluten group and lowest in 
the soybean group, and lymphocyte plasma neutrophil 
values were highest in the soybean group and lowest in the 
corn group (P > .05). Cryptic hyperplasia was highest in the 
soybean group and lowest in the wheat group (P < .05) 
(Table 3, Figure 2). 
 
 
Immunohistochemical Findings  

The immunohistochemical values of the groups are shown 
in Table 2 and the statistical results of these values are 
shown in Table 3. While there was no statistically significant 
difference between the transglutaminase and IgA values of 
the groups, the soy group with the highest 
transglutaminase value was determined in the wheat 
group with the lowest and the corn group with the highest 
IgA value was determined in the lowest soybean group. The 
highest gliadin level was found in the soybean group and 
the lowest in the wheat group (P < .05) (Table 3, Figure 3). 
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Table 2. Histopathological and immunochemical results of intestinal tissue. 

 Histopathological Immunochemical 

 Villous 
Atrophy 

Lymphocyte Plasma 
Neutrophil 

Crypt 
Hyperplasia 

Transglutaminase Gliadin IgA 

Soy       
1 ++ +++ ++ - ++ ++ 
2 ++ +++ ++ + ++ - 
3 + ++ ++ - ++ ++ 
4 + +++ + + ++ + 
5 + ++ + + + - 
6 ++ ++ ++ - +++ + 
7 + +++ ++ + + - 

Corn       
1 + ++ + - ++ ++ 
2 ++ +++ - - ++ ++ 
3 + + - - + + 
4 +++ + + - + + 
5 +++ + ++ + + + 
6 +++ ++ - + + ++ 
7 ++ + + + ++ ++ 

Wheat       
1 - +++ + - + + 
2 ++ + - - - +++ 
3 +++ +++ + - + + 
4 + + - - + + 
5 - +++ - - - + 
6 + + - + ++ ++ 
7 ++ + + - - + 

 
 
 
 

Table 3. Histopathological and immunohistochemical values of small intestine tissue 

Parameter Soy Corn Wheat  

Histopathological �̅�SH (median) �̅�SH (median) �̅�SH (median) P 

Villous Atrophy 1.420.202 (1.00) 2.140.340 (2.00) 1.500.428 (1.00) .205 

Lymphocyte Plasma 

Neutrophil 

2.570.202 (3.00) 1.570.297 (1.00) 1.660.421 (1.00) .098 

Crypt Hyperplasia 1.710.184a (2.00) 0.710.286a(1.00) 0.33  0.202a (0.00) .008* 

Immunohistochemical     

Transglutaminase 0.570.202 (1.00) 0.420.202 (0.00) 0.160.167 (0.00) .345 

Gliadin 1.850.261b (2.00) 1.420.202bc(1.00) 0.830.307c (1.00) .031* 

IgA 0.850.340 (1.00) 1.570.202 (2.00) 1.500.341 (1.00) .226 
*,a,b,c, P < .05 
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Soy Corn Wheat 

Figure 2. Hyperplasia of crypts in small intestine tissue (→)lymphocyte plasma neutrophil infiltration ( )atrophy of villi (H&E, Bar: 100 µm) 
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Figure 3. Transglutaminase formed in the small intestines (TG), gliadin and IgA immunohistochemistry ( ) (IHC, Bar: 50µm) 
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DISCUSSION 

Gliadin peptides, which are formed by the breakdown of 
gluten, combine with HLA molecules to cause the initiation 
of clinical manifestations and a chain of immunological 
events. It is known that the peptides that make up the 
structure of gliadin initiate the cellular, humoral and 
inflammatory response in tissues.18,19 The peptides found 
in the structure of gliadinin cannot be fully digested 
because they are resistant to proteases and proteolysis 
found in the gastrointestinal tract of celiac patients.20 In 
this study, healthy male rats without HLA-DQ2 and HLA-
DQ8 genes were given wheat and corn gluten and their 
effect on histopathological and immunohistochemical 
parameters in small intestine tissue was examined. 
 
Villus atrophy, crypt hyperplasia and lymphocyte plasma 
neutrophil parameters, which are indicators of 
histopathological structure, were examined. Villuses are 
structures that protrude towards the lumen in the small 
intestine tissue and increase the absorption area of the 
small intestine. The average small intestine length of rats is 
110 cm.21 In this study, the longest villi length was observed 
in the wheat gluten group (P < .05). Accordingly, it was 
observed that wheat gluten had no negative effect on the 
small intestine villi lengths of healthy rats. Villus atrophy, 
although not statistically significant, was observed to be 
the highest in the group given corn gluten. Lymphocyte 
plasma neutrophils distributed in the mucosal structure of 

the entire intestinal tissue are known as defense barriers 
against viruses and bacteria.22 The increase in antigenic 
agents in the digestive system leads to an increase in the 
number of lymphocyte plasma neutrophils.23  
 
In this study, although the low number of lymphocyte 

plasma neutrophils in the corn and wheat group compared 

to the soy group was not statistically significant, it shows 

that the sensitivity of the small intestine tissue of healthy 

rats to wheat and corn gluten was less compared to the soy 

group. The most important task of the cells that settle in 

the crypts in the intestinal tissue is to help the intestinal 

tissue to perform its function more functionally by making 

secretions. Cryptic hyperplasias adversely affect the 

localization and secretion of these cells.23,24 In this study, 

crypt hyperplasia was mostly observed in the soy group (P 

<.05). Accordingly, low crypt hyperplasia of wheat and corn 

gluten in healthy rats does not adversely affect the 

histopathological structure of intestinal tissue. 

 
It is also very important to examine immunohistochemical 

parameters to support histopathological findings due to 

gluten sensitivity in tissues.25 Therefore, antibodies are 

particularly used as immunohistochemical parameters for 

the detection of gluten sensitivity. In this study, 

transglutaminase, gliadin and IgA antibody analyzes were  

performed as immunohistochemical parameters to 

determine the sensitivity of healthy male rats to gluten. 

Gliadins in the structure of grain proteins are perceived as 

antigens by the tissue and stimulate the development of T-

cells to ensure the production of antibodies against it.26-28 

This leads to an increase in the transglutaminase antibody. 

The enzyme transglutaminase is intracellular in nature and 

stimulates the secretion of fibroblasts (from inflammatory 

and endothelial cells) after mechanical irritation or 

inflammation response. Gliadin is a protein that is resistant 

to proteolic enzymes that is deamidated by the enzyme 

transglutaminase in the digestive tract.29 It is stated that 

Gliadin antibody is formed in 90% of untreated celiac 

patients. The presentation of gliadin protein by HLA-DQ2 

and HLA-DQ8 to reactive CD4+T cells increases the level of 

pro-inflammatory cytokines that cause tissue damage, 

leading to the release of B lymphocytes and the formation 

of plasma cells. Plasma cells cause the release of gliadin and 

transglutaminase antibodies.30,31  

 
In this study, transglutaminase (P > .05) and gliadin levels 

(P < .05) were observed in the wheat group with the lowest 
levels. This suggests that healthy rats lacking the HLA-DQ2 
and HLA-DQ8 genes are not sensitive to wheat gluten. IgA 
is mainly present in many external secretions. Secretory IgA 
molecules are particularly effective against microbial 
agents on mucosal surfaces, preventing and neutralizing 
bacterial pathogens or their toxins on the mucosal surface 
by preventing them from adhering to epithelial cells.32,33 In 
the study, IgA antibody parameters were found to be 
similar between the groups. However, it can be stated that 
the literature is not in agreement with the findings.10,11,34 
The most obvious reason for these differences can be 
attributed to the fact that the immune system metabolism 
has not been fully elucidated. It has done an extensive 
review of animal studies on gluten sensitivity and how to 
read their results, where he has provided invaluable 
information.35 

 
As a conclusion in this study, the longest villus length, least 
crypt hyperplasia and lowest gliadin level were in the wheat 
gluten group and it was observed that wheat gluten had no 
negative effect on small bowel villus lengths. The fact that 
transglutaminase and gliadin levels, which are among the 
immunohistochemical parameters, were in the lowest 
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wheat group indicates that healthy male rats were not 
sensitive to wheat gluten. In addition, lymphocyte plasma 
neutrophil count and crypt hyperplasia are highest in the 
soy group, which means that wheat and corn gluten do not 
adversely affect the histopathological structure of small 
intestinal tissue. According to the findings obtained in this 
study, it was determined that wheat gluten added to the 
diet of healthy rats without HLA-DQ2 and HLA-DQ8 genes 
did not have a negative effect on the histopathological and 
immunohistochemical parameters of small intestinal 
tissue. 
 
As a resort in the studies to be carried out in this regard, in 
rats with and without HLA-DQ2 and HLA-DQ8 genes, 
immunohistochemical parameters IgA, gliadin, 
tansglutaminase in addition to IgG, CD3, CD8 levels and 
gluten effect and inflammatory cytokines and serological 
parameters can be examined. Apart from intestinal cells, it 
may be useful to examine the histopathological and 
immunohistochemical effects of gluten on bone, skin, 
nerve cells. It can also be stated that it will shed light on 
new studies on the use of gluten as a protein source. 
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