
Chiang Mai University Journal of Natural Sciences: https://cmuj.cmu.ac.th

CMUJ. Nat. Sci. 2022. 21(3): e2022036 

1 

 Research article 

Effect of Calorie Restriction on Intestinal Inflammation in 

Mice Treated with a High-Calorie Diet 

Nadya Meta Harlinda1, Sundari Indah Wiyasihati2, *, Nila Kurniasari3 and 
Kristanti Wanito Wigati4  

1 Medical Program, Faculty of Medicine, Universitas Airlangga, Surabaya, Indonesia 

2, 4 Department of Physiology, Universitas Airlangga, Surabaya, Indonesia 
3 Department of Anatomical Pathology, Universitas Airlangga, Surabaya, Indonesia 

Abstract Inflammatory bowel disease (IBD) is classified into ulcerative colitis and 

Crohn's disease. It is chronic inflammation of gastrointestinal tract and idiopathic  

disease. Sugar is proved to be risk factor for IBD. Calorie restriction is a nutrition 

intervention to reduce energy intake and can reduce chronic desease. This study 

aims to determine the difference in the effect of a high-calorie diet and calorie 

restriction on intestinal inflammation. Eight-week-old healthy female Balb/c mic e 

were divided into two groups. The high calorie (HC) group was fed standard diet 

plus oral gavage of glucose solution every day for 4 weeks. The dose of glucose 

solution was 0.0325 ml/gBW or 3-5% additional calories each day. The calorie 

restriction (CR) group had their calorie intake restricted to 50% of standard diet 

3 times a week. After 4 weeks of treatment, the mice had their colon removed. 

The assessment of the intestinal inflammation was carried out using a light  

microscope, with a scoring system by Erben et al (2014) in HE staining. The mean 

score of the HC group was 1.22, this was higher than the CR group with a mean 

score of 1.18 even tough the result revealed that the scores of intestinal 

inflammation were not significantly different in the two groups (P = 0.827). 

However, there is no evidence for the underlying mechanism of intestinal 

inflammation by high-calorie diet and improvement of intestinal inflammation in 

high-calorie diet via calorie  restriction. Thus, further research is needed on other 

calorie restriction methods in high-calorie diet study. 
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INTRODUCTION 

Inflammatory bowel disease (IBD) is classified into ulcerative colitis and 

Crohn's disease. Crohn's disease can affect all parts of the gastrointestinal tract 

from the mouth to the anus transmurally, whereas ulcerative colitis mainly affects 

the colonic mucosa. Both of these diseases tend to appear in young adults, but can 

actually appear at any age (Wehkamp et al., 2016). It is an idiopathic and chronic 

disease and can result in significant morbidity and mortality, as shown in data from 

Denmark (Yan, 2012; Jess et al., 2013). 

In the Western population, the data shows a stable increase in the incidence 

of inflammatory bowel disease (IBD) (Gibson, 2009; Shivashankar et al., 2017). In 

Indonesia, 19 out of 921 patients who underwent a colonoscopy procedure at t he 

Ciptomangunkusumo Hospital were diagnosed with Crohn's disease (Pratama et al., 

2011), while at Dr. Saiful Anwar Hospital, Malang, the number of ulcerative colitis 

patients during 2010-2014 was 176 patients (8.2 %) (Mustika and Triana, 2016).  

Environmental, infectious, genetic, immunological and microbiome factors 

play a role in the pathogenesis of inflammatory bowel disease (Amre et al., 2007). 

A study aimed at evaluating the role of dietary factors in the etiology of IBD found 

that sugar and fat were proved to be risk factors, especially for Crohn's disease 

(Sakamoto et al., 2005). Other studies have found that monosaccharide and 

disaccharide diets can increase the risk of Crohn's disease (Knight -sepulveda et al., 

2015), especially in a westernized diet which is also high in sugar. In rats, it has 

been found that a diet high in fat or carbohydrates can cause dysbiosis, thus 

resulting in changes in the barrier function of the host (Li et al., 2015). Intake of 

food high in fat and carbohydrates will increase the expansion of pathogens and 

decrease the commensal microbiota in the gastrointestinal tract. Consequently, the 

host is highly exposed to increased metabolic products such as H2S and decreased 

exposure to beneficial metabolic products of commensal bacteria such as short chain 

fatty acids (SCFAs), resulting in an increase in exposure to immunogenic antigens 

that encourage the production of inflammatory cytokines that can increase 

inflammation in the gut (Leone et al., 2013). 

Calorie restriction is a nutrition intervention to reduce energy intake. In a 

long-term observational study of calorie restriction, it was found that calorie 

restriction can reduce body weight and the risk of chronic disease in people who are 

not obese (Zou et al., 2019). Calorie restriction plays a role in creating a balance 

and diversity of the gut microbiota ecosystem (Wang et al., 2018), preventing 

excess energy from causing systemic inflammation that occurs when adipose tissue 

expands to accommodate extra nutrient storage (Ye and Keller, 2010). 

However, research on the effects of calorie restriction in humans is still in its 

early stages (Holloszy and Fontana, 2007) and the mechanisms regarding the 

effects of high-calorie diets are still poorly understood and the role of experime ntal 

animals is needed to help overcome the lack of knowledge (Herawati et al., 2016). 

Because previous studies regarding the effect of a high-calorie diet and calorie 

restriction on intestinal inflammation still cannot explain the mechanism, the 

researchers intend to examine the effect of calorie restriction on intestinal 

inflammation in mice treated with a high-calorie diet by evaluating the inflammat ion 

score, which consists of inflammatory cell infiltration, epithelial changes and 

changes in the architecture of the intestinal mucosa on microscopic examinat ion 

with HE staining.  

MATERIALS AND METHODS 

Approval for this research has been obtained from Health Research Ethics 

Committee, Faculty of Medicine, Universitas Airlangga (No. 

11/EC/KEPK/FKUA/2021). 
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Animals 
This study is an experimental study with post-test-only control group design. 

Experimental animals used in this study were female mice (Mus musculus) BALBc  

strain from Pusvetma (Pusat Veteriner Farma), Surabaya, Indonesia. Mice are 

routinely selected as experimental animals for research on intestinal inflammat ion 

because mammals have the same basic immunological mechanisms in both 

intracellular and extracellular signaling pathways. Mice also have advantages over 

other experimental animals in that they are inexpensive, require care that is not 

difficult, and represent the same gut microbiota as humans (Uhlig and Powrie, 

2009). The inclusion criteria for the experimental animals were being 8 weeks of 

age, weighing 20-25 grams, and being in good health. Meanwhile, the exclusion 

criteria for the experimental animals were weight loss more than 10% during the 

acclimatization period and illness during the study. The care and treatment of the 

experimental animals during the study were based on the 3R principle 

(Replacement, Reduction, and Refinement). All experimental animals included in 

the inclusion criteria were acclimatized by being placed in a treatment room in the 

form of experimental animal cages with the size of 20 x 20 x 25 cm, at the Faculty 

of Veterinary Medicine, Universitas Airlangga, and were given food and equal 

treatment for 7 days. Mice used in this study were divided into two groups: high 

calorie group (HC) and calorie restriction group (CR). Each group consisted of twelve 

mice with sampling being done using simple random sampling, specifically 

probability sampling technique. Experimental animals were given food from 

comfeed broiler II, and the glucose solution for additional calorie used in this 

experiment was from Otsu-D40.  

 

High calorie group treatment 
Mice were given a high calorie diet consisting normal amount of food ad libitum 

per day added with oral gavage of glucose solution with D40 in the amount of  

3-5% or 0.0325 ml/gBB (Herawati et al., 2020) every day for 4 weeks. The 

determination of the oral gavage dose was carried out individually for each mouse 

by weighing the weight of the mice every week. 

 

Restriction group treatment 
Mice were given ad libitum calorie restriction of 50% of the normal amount  

(Pósa et al., 2015) or 5 grams of feed/day intermittently on Tuesday, Thursday and 

Saturday. They were also still given D40 glucose fluid by oral gavage every day for 

4 weeks to create a high-calorie diet. Based on previous research, intermittent  

administration of 50% ad libitum restriction 3 times a week in female mice with a 

high-calorie diet can reduce the expansion of fat tissue to store excess nutrients, 

known to decrease visceral fat weight (Lutfi et al., 2021).  

 

Preparations 
Experimental animals were euthanized in the 4th week, dissected, and the 

intestines were taken, cleaned, and fixed with 10% formalin in a sample bottle. 

Tissue processing was carried out at the Department of Anatomical Pathology, 

Faculty of Medicine, Universitas Airlangga. Colonic tissue was processed to make 

paraffin blocks and then cut (1-2 micrometers thick) transversely for Haematoxylin-

Eosin (HE) staining. 

 

Histopatological scoring 
Assessment of the intestinal inflammation utilized the scoring in a study 

conducted by Erben et al., (2014) titled “A guide to histomorphological evaluation 

of intestinal inflammation in mouse models”. The intestinal inflammation was 

assessed specifically in the colon. The higher the value, the more severe the 

inflammation is. The assessment was carried out on three aspects, namely 

inflammatory cell infiltration, epithelial changes, and changes in the architecture of 

the intestinal mucosa with a magnification of 100x and 400x using a light  

microscope (Table 1).  
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Table 1. Scoring for inflammation from “A guide to histomorphological evaluation of 

intestinal inflammation in mouse models”. 

Inflammatory Cell 
Infiltrate Epithelial Changes 

Mucosal 

Architecture 
Score 

Severity Extent 

Minimal  Mucosa Minimal hyperplasia  1 

Mild  Mucosa, 
sometimes 

Submucosa 

Mild hyperplasia, mild goblet cell 
loss  ± cryptitis  ± erosions 

 2 

Moderate  Mucosa, 
Submucosa 

Moderate hyperplasia, moderate 
goblet cell loss, cryptitis  ± crypt 

abscesses 

Ulcerations  3 

Marked  Mucosa, 
Submucosa, 

often 
Transmural 

Marked hyperplasia, marked 
goblet cell loss, multiple crypt 

abcesses 

Extended ulcerations 
± pseudopolyps  

4 

 
Statistic analysis 
 

Descriptive test was conducted on the obtained data to see the distribution of 

the data. Then, normality test was performed and comparison test was carried out 

with Mann-Whitney test using SPSS version 25.0 software. The difference of data 

is significant if the significance value (sig.) is less than 0.05 (P < 0.05). 

RESULTS 

Score for intestinal inflammation in each group 
The distribution of the number of samples for each intestinal inflammat ion 

score in both groups after 4 weeks of treatment, there were ten experimental 

animals in the HC group and eleven in the CR group that were assessed for the 

score of inflammation. The difference in the total count of each group was due to 

the exclusion of some experimental animals before euthanasia. The number of 

experimental animals excluded in the HC group was three, and one was excluded 

in the CR group. In the HC group, two preparations had the score of 2 for the 

inflammation, seven preparations had the score of 1 and no preparations had the 

score of 3 or 4. In the CR group, two preparations had the score of 2 for the 

inflammation, nine preparations had the score of 1 and no preparations had the 

score of 3 or 4. The higher the score, the more severe the intestinal inflammat ion 

is. 

Figure 1 shows the intestinal inflammation with a score of 1. Inflammatory 

cell infiltration was minimal, characterized by fewer and scattered inflammatory 

cells, and only found in the mucosa. There were no changes in the epithelium and 

architecture of the intestinal mucosa detected using 40x magnification on a light  

microscope. Whereas, Figure 2 shows the intestinal inflammation with a score of 2. 

Inflammatory cell infiltration occurred mildly, characterized by inflammatory cells 

in greater numbers and found in clusters. There were no changes in the epithelium 

and architecture of the intestinal mucosa detected using 40x magnification on a 

light microscope. 
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Figure 1. Histopathology of colon mucosa with score 1. Black arrow showed 

scattered lymphocytes in the lamina propria (obj. 40x, H&E). [A] High 

Calorie Diet Group, [B] Restriction Calorie Group. 

 

Figure 2. Histopathology of colon mucosa with score 2. Black arrow showed 

scattered lymphocytes in the lamina propria (obj. 40x, H&E). [A] High 

Calorie Diet Group, [B] Restriction Calorie Group. 

The difference in the score of intestinal inflammation in the 

two groups 
First, we conducted a descriptive analysis to evaluate the minimum, 

maximum, mean, and standard deviation of the score of intestinal inflammation in 

mice (Mus musculus) of BALB/c strain. The minimum score were 1 for both groups 

and the maximum score were 2 for both groups. The mean score for the HC group 

was 1.22; and the mean score of the CR group was 1.18. Second, we performed a 

normality test using Shapiro-Wilk test, and it was obtained that the p-value of the 

two groups was < 0.05, so it can be concluded that the data on the score of 

intestinal inflammation of mice were not normally distributed. Because the data 

were not normally distributed, the Mann-Whitney test was carried out, with the 

results being showed in Table 2. Based on the test results, it was obtained that the 

P-value was 0.827 or > 0.05. Thus, H0 was accepted, which means there was no 

difference in the score of intestinal inflammation of mice in the two study groups.  

DISCUSSION 

The data from this study showed that there was no difference in the score of 

intestinal inflammation of mice in the two groups. This could be due to several 

factors. The first factor is a short duration of treatment of high-calorie diet with 

simple carbohydrates in the form of glucose. A study conducted on mice to examine 

(B) (A) 

(B) (A) 



Chiang Mai University Journal of Natural Sciences: https://cmuj.cmu.ac.th 6 

 

CMUJ. Nat. Sci. 2022. 21(3): e2022036 

the effect of short-term high sugar intake on the gut found that there was no 

difference in the histopathological analysis of the colon in the control group 

compared to the high sugar intake group after 7 days of treatment and also there 

was no induction of cell death based on Western blot analysis (Khan et al., 2020). 

Research by Do et al., (2018) showed an increase in the expression of inflammatory 

cytokines such as TNFα and IL-1β in the colon that occurred after 12 weeks of  

high-glucose diet treatment, but did not see inflammation histologically. Another 

study proved that an increase in Lcn-2 in the feces of mice with a high-fat/ 

high-sugar diet only occurred at week 5 to week 18, indicating that this diet creates 

a specific inflammatory environment in the gut, thereby increasing susceptibility to 

chronic inflammatory bowel disease (Agus et al., 2016). Thus, it is possible that 

experimental animals given a high-calorie diet in this study have experienced 

physiological changes as indicated by an increase in inflammatory mediators, but 

there has not been an anatomically significant change caused by the inflammat ion.  

Another factor that can influence the results of the study is dietary pattern 

which is not the only factor in the occurrence of intestinal inflammation. Diet is an 

environmental factor that is one of the various factors that influence the occurrence 

of intestinal inflammation, such as in IBD, where there is still no clear cause for  

this inflammation (Perše and Cerar, 2012; Ananthakrishnan et al., 2017).  

The inflammation involves a complex interaction between genetics, environmental 

factors including smoking, diet, drugs, geography, social stress, and psychological 

elements, microbial factors, and immune responses (Loftus, 2004; Zhang and  

Li, 2014). It is not easy to refute the popular belief that IBD arises from a highly 

complex interaction between genetic and environmental elements, a disordered 

immune response and changes in the microbiome, so that not only one of these 

factors may cause the disease (Zhang and Li, 2014). This may be one of the effects 

of the absence of significant inflammatory differences in the high-calorie diet group 

on histological examination because there are many other contributing factors 

besides dietary patterns. 

CONCLUSION 

 Our study has revealed that although calorie restriction in this study cannot 

give favorable changes in the intestinal inflammation induced by high calorie diet, 

there is a pattern that caloric restriction tends to have better histopathology 

changes. However, there is no evidence underlying mechanism of intestinal 

inflammation by high calorie diet and improvement of intestinal inflammation in 

high calorie diet via calorie restriction. Thus, further research is needed on other 

calorie restriction methods in high calorie diet study.  
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