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Abstract: Prevalence of obesity is increasing worldwide. One of the major risk factors for obesity is consumption of high fat 

diet (HFD). Gastrointestinal tract (GIT) is the first organ where HFD comes in contact with the body. But, the effect of HFD on 

the GIT especially the GIT barrier is not investigated properly. M cells are present in the Follicle associated epithelium (FAE) 

of Peyer’s patches (PP) of GIT and are important component of intestinal barrier. Healthy and adequate number of M cells is 

important for an effective intestinal barrier. Intestinal tight junction protein Claudin 4, situated in between the enterocytes of 

Peyer’s patches (PP), regulates the permeability through the intestinal mucosa. Reduced Claudin 4 is responsible for increased 

paracellular transport of antigenic materials. Calprotectin is an inflammatory marker secreted by neutrophils during 

inflammation. Its level is considered specific for intestinal inflammation. The objectives of this study were to investigate the 

expressions of M cells and Claudin 4 in the PP and to determine the fecal calprotectin level (FCP) of male Wistar rats fed 

HFD. Four weeks old, twenty male Wistar rats were divided into chow (n=10) and HFD (n=10) groups. After 6 weeks of 

consuming the respective diets, stool and GIT segments containing PP were collected. After tissue processing, tissues were 

sectioned into 3 micrometer thickness and were taken on poly-L-lysine coated glass slides. Immunohistochemical staining was 

done by rat M cell specific CK-8 antibody and anti-Claudin 4 antibody. Scoring was done to calculate the average number of 

M cells and Claudin 4 in the PP of both groups under light microscope. FCP were measured using a commercial enzyme linked 

immunoassay (ELISA) kit. Statistical analysis was done by chi-square test and independent T-test. Data are presented as mean 

± SD. A p value <0.05 was considered as significant. The number of M cells in the PP was significantly higher in HFD group 

as compared to the control (p = 0.004). The expression of Claudin 4 in the PP was significantly decreased in HFD group as 

compared to the control (p = 0.018). The fecal calprotectin level in HFD group was significantly higher compared to the 

control (p = 0.016). HFD consumption for 6 weeks leads to a higher number of M cell and reduced the expression of Claudin 4 

in the intestinal Peyer’s patches of male Wistar rats which might be due to GI inflammation. 
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1. Introduction 

Prevalence of obesity is on the rise worldwide. 

Consumption of high fat diet (HFD) is considered to be one 

of the important causes of obesity. Besides disrupting the 

metabolic activity of the body, HFD may cause alteration of 

the structure and function of various organs in the body [1, 

2]. HFD is also reported to be the cause for many diseases 

such as arthritis, cancer, cardiovascular disease, diabetes, 

hypertension, stroke and other diseases [1, 3, 4]. 

Gastrointestinal tract (GIT) is the first organ, where the 

HFD come into contact with the body. Before causing effects 

on other organs it might have local effects in the GIT first, 

which will ultimately cause dysfunction of other organs. 

Although many researches are conducted to observe the 

effect of HFD on different organs, but the effect of HFD on 

the GIT itself, has received minimum attention.  

The main function of GI mucosa is digestion and 

absorption of food. In addition to food, GI lumen is being 

constantly exposed to various types of antigenic materials. GI 

mucosa functions as a crucial barrier to toxic and harmful 

antigenic materials present in the GI lumen and protects an 
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individual from various antigenic and inflammatory 

reactions.  

Peyer’s patches (PP), located in the lamina propria of the 

mucosa of the ileum. M cells, which are located within the 

follicle-associated epithelium (FAE) covering the PP and TJP 

of FAE which are situated in between the epithelium of FAE 

of PP are important component of intestinal barrier (IB). 

Disruption of any of the components of IB might have 

potential harmful effects on the body.  

M cells are specialized epithelium cells which transport 

antigenic materials directly from the GI lumen and deliver it 

to the antigen-presenting cells which are located in unique 

pocket-like structure on their basolateral sides [5]. 

Intestinal tight junction proteins (TJP) such as claudins and 

occludin are situated in between the enterocytes of the villi 

and regulate the permeability through intestinal barrier. 

Disruptions of these TJP are thought to be associated with 

increased paracellular transport of antigenic materials [6,7,8]. 

Recently, in addition to M cells, FAE TJPs also regulate the 

entry of antigens in the PP. Unique profiles of claudin4 

expression were noted in the tight junctions of the FAE. They 

are proposed to be the factors favoring the uptake of antigens 

by the FAE [9].  

Calprotectin is a protein secreted by neutrophils, 

monocytes and macrophages during inflammatory processes. 

Fecal calprotectin level is considered specific for intestinal 

inflammation. Calprotectin may be detected in the stool in 

case of bowel inflammation. An increased Calprotectin 

concentration in stool is the direct consequence of neutrophil 

degranulation due to mucosal damage [10]. 

2. Materials and Methods 

2.1. Animal Experiments 

Four weeks old twenty male Wistar rats were obtained from 

Laboratory Animal Facility and Management (LAFAM), 

UiTM Puncak Alam. Rats were acclimatized for 7 days to the 

standard conditions in the laboratory as follows: room 

temperature 24
0
C; a 12 hour light and dark cycle and exchange 

of room air 12 times per day. After the acclimatization period, 

rats were divided into 2 groups, rat normal chow diet (n=10) 

and HFD (n=10) groups. HFD was purchased from Research 

Diets, USA. 45% of the calories of HFD derived from fat. All 

the rats were given free access to drinking water. Rats received 

their respective diets for 6 weeks. 

2.2. Laparotomy and Tissue Preparation 

Rats were fasted overnight at the end of 6 weeks. On the 

day of sacrifice, rats were anesthetized with intra muscular 

injection of phenobarbitol and laparotomy was performed. 

After collection of samples, rats were euthanized by 

exsanguination by cardiac puncture. Rat’s stools were 

collected from each cage. Stools were kept in -80
o 

until 

further analysis.  

After laparotomy, small intestinal segments containing PP 

were aseptically collected in bottles containing 10% formalin 

and were kept for 24 hours and then were processed in Tissue 

Processor. Tissue processing procedures were done using an 

open system automated tissue processor Tissue-Tek VIP. It 

took 24 hours to complete and the temperature was maintained 

around 60
0
C. The tissues were embedded in cassettes to 

produced tissue blocks, trimmed into 15 micrometer thickness 

and then sectioned into 3 micrometer thickness using 

microtome, fishing in water bath at 42
0
C before taken on Poly-

L-lysine coated glass slides (Muto Co, Japan), air dried at 

room temperature (21-22
0
C) and were used for 

immunohistochemistry, observation and image analysis.  

2.3. Immunohistochemistry 

Immunohistochemical staining (IHC) for M cell was done 

using M cell specific Anti-Cytokeratin 8 antibody [M20] 

(Dako ARK Animal Research Kit, K3954/K3955. IHC 

staining for Claudin 4 was done using Dako Rabbit Envision 

Kit, K401011 and the antibody used was rabbit polyclonal 

Anti-Claudin 4 antibody from (abcam ab15104). Image 

analysis was done for IHC slides using light microscope 

under 10X and 40X magnification. 

2.4. Immunohistochemical Grading 

To determine the expression of the M cells and Claudin 4, 

grading technique was done using Sydney System based on 

previous studies by Dixon et al (1996) [11]. Macroscopic 

assessment of the grade was scored semi quantitatively 

according to a previously reported scoring system as absent 

(0), mild (1), moderate (2) or severe (3).  

2.5. Fecal Calprotectin Level 

Stool pellet samples obtained for FCP measurement were 

collected in disposable plastic containers and stored within 6 

hours at -80
0
C until analysis. FCP were measured using a 

commercial enzyme linked immunoassay kit (ELISA) 

(S1008A8/S100A9 ELISA KIT, Immundiagnostik, 

Bensheim, Germany) following the manufacturer’s 

instruction. The FCP results were expressed in mg of 

calprotectin per kilogram of wet feces and were plotted using 

4 parameter algorithm. Any differences between the values of 

calprotectin in control and HFD rats were analyzed.  

2.6. Statistical Analysis 

Statistical analysis was performed using Special Package 

of Social Sciences (SPSS) version 20.0 in order to analyze 

the data. Data were expressed as mean ± SD. Statistical 

comparison was done by Student’s independent t test. 

Differences were considered significant at a p value of <0.05. 

Chi-square test was used to analyze the categorical data and 

determine the expression of M cells and Claudin 4 in 

intestinal PPs of rats fed high fat diet.  

3. Results 

Scoring of the expression of M cells in the FAE of Peyer’s 

patches was significantly higher in HFD group as compared 
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to the control group (2.3 ± 0.67 vs 1.125 ± 0. 35, p = 0.018). 

Scoring of the expression of Claudin 4 in HFD group was 

significantly decreased as compared to the control group (1.6 

± 0.67 vs 2.1 ± 0. 58, p = 0.018).  

There was no sign of inflammation of the intestinal 

mucosa in naked eye. Stool consistency was normal 

throughout the experimental period. But Fecal calprotectin 

level, a marker of intestinal inflammation, was significantly 

higher in HFD group as compared to the control group (49.05 

± 1.17 ng/ml vs 40.17 ± 4.08 ng/ml, p = 0.016). 

 

Figure 1. The expression of M cells in the PP stained with light brown color 

from the control rat under 10X magnification. 

 

Figure 2. The expression of M cells in the PP stained with dark brown color 

from the HFD rat under 10X magnification. 

 

Figure 3. The expression of Claudin 4 in the PP stained with dark brown 

colour from the control rat under 40X magnification. 

 

Figure 4. The expression of Claudin 4 in the PP stained with light brown 

colour from the HFD rat under 40X magnification.  

 

Figure 5. The graph above shows the expressions of M cells in the peyer's 

patches of control and HFD rats. Scoring of the expression of M cells in the 

PP in HFD rats was significantly higher as compared to the control rats.  

 

Figure 6. The graph above shows the expressions of Claudin 4 in the peyer's 

patches of control and HFD rats. Scoring for the expression of Claudin 4 in 

the PP in HFD rats was significantly lower as compared to the control rats. 

 

Figure 7. The graph above shows the level of fecal calprotectin in both 

control and high fat diet rats. Fecal calprotectin in HFD rats was 

significantly higher as compared to the control rats. 
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4. Discussion 

In our previous study, we observed significantly higher 

uptake of fluorescent particles by the PP of rats fed HFD for 

6 weeks [12]. But the underlying mechanism of this finding 

is unknown. Hence, we proceeded with the present study to 

unearth the mechanism for our previous finding.  

In the present study, rats fed HFD for 6 weeks resulted in 

increased M cell expression in the FAE of PP. M cells are 

special type of enterocytes in the PP, which has selective 

antigen uptake capacity. Previous study has reported that 

FAE of PP has the ability to form more M cells in adverse 

situations. Enterocytes can be converted to M cells as a 

response to local signal stimulations such as in contact with 

lymphocytes and chemokines or cytokines. Enterocytes in the 

presence of an immunological or inflammatory stimuli 

converts into M cells, changing their surfaces to allow 

adherence and phagocytosis of antigens. Another study has 

shown that co-culture of PP lymphocytes with Caco-2 cells 

induced the formation of M cells and alters the transport of 

microorganisms, which suggests the possibility of the 

presence of soluble mediators for conversion of enterocytes 

into M cells [13]. HFD intake has been reported to be 

associated with proinflammatory and inflammatory 

conditions [14]. One study has shown that inflammation in 

the rat ileum was associated with increase in the number of 

M cells [15]. 

In the present study, although there were no signs of 

inflammation macroscopically but fecal calprotectin level, a 

marker of intestinal inflammation was significantly elevated 

in HFD group. Our data suggests that there was subclinical 

inflammation in the GIT after HFD consumption for 6 weeks. 

This inflammation might be responsible for the changes of 

expression of M cells.  

We also observed reduced expression of Claudin 4 in the 

FAE of PP of rats fed HFD. Changes in the expression and 

distribution of claudin lead to discontinuous TJP and barrier 

dysfunction [7]. Previous studies has reported HFD induced 

modulation of the expression of tight junction proteins such as 

Claudin 1 and occludin, in the enterocytes of villi but until 

now, no one has investigated the changes of the expression of 

TJP of PP, which is also an important gateway for the antigenic 

materials from the GI lumen [14,16]. Normal distribution and 

expression of TJPs are necessary to prevent higher IP and 

regulate different immunologic reactions in our body.  

5. Conclusion 

From our findings we conclude that HFD for 6 weeks 

caused higher expression of M cells and reduced expression 

of Claudin 4 in rats, which might be responsible for the 

higher uptake of particles by the PP. Underlying causes of 

these changes, might be due to intestinal inflammation. 

Further research is warranted to find out the definitive 

measures to prevent the altered expression of M cell and 

Claudin 4 to overcome HFD induced intestinal and extra 

intestinal changes in the body. 
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