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High fat diet induces anti-inflammatory effect in experimental colitis 
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The prevalence of ulcerative colitis, one of the inflammatory bowel diseases, has been increasing worldwide. Though fatty 
diet leads to development of colitis, only little is known about the separate and combined effects of different fat compositions 
and intermittent fasting, and the effects of preventative dietary changes on experimental colitis. In this study, we investigated 
the effect of feeding type and frequency on the inflammation ulcerative colitis. Five groups, each comprising 7 male Wistar 
albino rats, were formed viz. Colitis (as a control), High sucrose diet + Colitis, High sucrose diet + Intermittent fasting + Colitis, 
High fat diet + Colitis, High fat diet + Intermittent fasting + Colitis. The intermittent fasting group (experimental group) was not 
fed for 2 days (non-consecutive) in a week (except water), otherwise fed with ad libitum. Following the 7-wk feeding 
application, the rats were treated with intrarectal administration of 4% acetic acid (pH 2.4). After the rats were sacrificed, the 
levels of interleukin-1β, insulin, C-reactive protein, leptin, tumor necrosis factor-α, interleukin-6, insulin-like growth factor-1 
and adiponectin were analyzed from the blood samples. Analyzes of results revealed a statistically significant decrease in 
interleukin-1β, C-reactive protein, tumor necrosis factor-α, interleukin-6 and adiponectin levels in High sucrose diet 
+ Intermittent fasting + Colitis and High fat diet + Intermittent fasting + Colitis groups (P<0.05). According to these findings,
the amount of fat and fatty acid composition in the fatty diet may have a protective effect against the development of colitis.
Intermittent fasting further enhances this protective effect by lowering proinflammatory cytokine levels and reducing systemic
inflammation in the body.

Keywords: Intermittent fasting, Inflammation, Inflammatory bowel disease (IBD), Ulcerative colitis 

Ulcerative colitis is an inflammatory bowel disease 
(IBD) characterized by chronic inflammation of the 
gastrointestinal tract (UC). In terms of the prevalence 
of IBD, developedcountries have been surpassed 
developing countries1. Genetic predisposition as well 
as environmental and dietary factors play effective 
role in the onset of the disease2. Approximately, 70% 
of IBD patients use elimination diets during 

remission3,4. Disease-related attacks and colorectal 
cancer risk are also reduced by suppressing mucosal 
inflammation in the UC5. 

Consuming sugary foods with high fructose levels 
is directly related to health problems6. Excess calories 
coming from consumption increase the risk of obesity 
and associated diseases7. There have been many 
contradictory findings on the role of UC etiology in 
the various dietary regimens8. Non-steroid anti-
inflammatory drug use aggravates the UC and makes 
it reoccur9.  

Adipose tissue is important in insulin resistance10 
and contributes to the systemic inflammation11. 
Proinflammatory cytokines, such as IL-6, CRP and 
leptin are released from adipose tissue even in the 
absence of acute injury or inflammation12. These 
elevated cytokines trigger pathophysiological 
processes resulting in inflammation and immune 
system disruption13.  

High fat diet causes eventually systemic low-level 
inflammation14. Consumption of saturated fatty acid-
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rich foods and fast-food type diets increase the risk of 
IBD15,16. UC and Crohn's Disease (CD) are caused 
either by inflammation-related cytokines in the 
intestinal mucosa or by complex inflammatory 
processes17. Increased levels of inflammatory factors, 
such as TNF-α, IL-1β, IL-6 and IL-8 have 
been reported in inflammatory colonic tissues of 
patients18.  

Recent research has focused on the potential 
therapeutic effects of several dietary treatments, 
including intermittent fasting, calorie restriction, and 
protein restriction19. There has been an increasing 
number of studies on the positive effects of 
intermittent fasting and fasting-mimicking diets in 
terms of delaying the aging, increasing the quality of 
life, and preventing the various pathologies due to 
aging20. Although the effects of different diet 
interventions are investigated, only few studies are 
available on the protective action of different diets 
and intermittent fasting against IBD development21.  

Since ulcerative colitis studies usually focus on 
alleviating the disease’s effects, there is a large gap 
in the field of protective environmental factors 
against the disease development. Therefore, in this 
study, we investigated the effects of time restricted 
feeding on inflammatory markers, which contribute 
to the development of ulcerative colitis in rats fed a 
high fat and high-sugar diet, as well as the protective 
effects of intermittent fasting and feeding type on 
inflammation in an experimental colitis model in 
rats.  

Materials and Methods 

Animals  
Animals of the study were purchased from 

Experimental Animal Units of Van YuzuncuYil 
University. A total of 42 male Wistar albino rats, 
grown in standard conditions for 8 to 10 weeks, 
weighing between 200-250 g were used. The animals 
were kept under standard humidity, light (12:12 h 
light-dark) and temperature conditions (23°C) during 
the experiment and all other conditions were met 
within the laboratory animal care standards, except 
experimental diet. All the rats were fed with standard 
rat feed for a week to ensure homogenization between 
the groups. The cages had wire mesh floors to prevent 
coprophagia. Ethical approval was obtained from Van 
YuzuncuYil University Animal Experiments Local 
Committee (Approval number: YYU/201509). 

Experimental groups 

The rats were randomly divided into five groups 
(7 rats in each group). as follows: Gr. I, Colitis 
(as a control); Gr,II, High sucrose diet + Colitis 
(HSD+C); Gr. III, High sucrose diet + Intermittent 
fasting + Colitis (HSD+IF+C); Gr. IV, High fat diet + 
Colitis (HFD+C); and Gr. V, High fat diet + 
Intermittent fasting + Colitis (HFD+IF+C). Animals 
were weighed before and after the experiment.  

Intermittent fasting 
Intermittent fasting groups had restricted food for 

24 h twice a week (Monday and Thursday) without 
water restriction and were allowed ad libitum food 
intake on other days. 

High sucrose diet 
In addition to the standard rat feed, sucrose 

(300 g/L) was added to the water of the high sucrose 
diet groups22. 

High fat diet 
High fat diet was achieved by melting 25 g of 

margarine into 100 g of standard rat food and mixing 
the pellets to ensure that the pellets absorb the oil23. 
High-fat diet was prepared fresh every day. Rat pellet 
and high fat diet analysis results are given in Table 1.  

The composition of margarine per 100 g is as 
follows; total fat (75 g; saturated fat (43 g), trans fat 

Table 1 — Standard rat pellet† and high-fat diet analysis (Rate, %) 
Nutrient content Standard rat pellet High-fat diet 
Raw oil 2.8 15.57 
Raw protein 23 19.27 
Raw cellulose 5 4.59 
Raw ash 7.1 6.48 
Humidity 12.8 8.11
[†Feed and Flour Industry Corporation, Bayramoglu, Erzurum,
Turkey] 

Table 2 — Fatty acid composition of the margarine 
Fatty acid % 

C12:0 Lauric  0.53 
C14:0 Myristic  1.02 
C16:0 Palmitic  43.81 
C16:1Palmiteloic  0.17 
C18:0 Stearic  4.73 
C18:13Elaidic (C18:1n9t) 0.12 
C18:1 Oleic (C18:1 n9c) 37.44 
C18:2Linolelaidic (C18:2n9,12t) 0.19 
C18:2 Linoleic (C18:2n9,12c) 11.12 
C20:0 Arachidic 0.37 
C18:3gama-Linolenic (C18:3n6,9,12t) 0.03 
C20:1gadoloic-eicosenoate 0.16
C18:3 Linolenic (C18:3n9,12,15c) 0.15 
C22:0 Behenic 0.08 
C24:0 Lignoceric 0.07 
Total 100.00
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(< 0.75 g)), cholesterol (0 mg), carbohydrate (0.2 g), 
protein (0.1 g), vitamin A (600 µg), vitamin D 
(2.5 µg). The fatty acid composition of margarine 
added to high-fat diet is given in Table 2. 

Experimental application was maintained for 
7 weeks. All groups were allowed to consume their 
respective treatment diets freely during this period. At 
the end of the period, the animals were fasted for 24 h 
before sacrificing but their access to water was not 
restricted during this time.  

Experimental colitis 
Rats were anesthetized with ketamine (50 mg/kg, 

and Rompun (10 mg/kg) intramuscular). The rats 
were brought to 30o Trendelenburg position, and a 
soft polyethylene catheter of 8 mm external diameter 
was inserted into the colon at the depth of 8 cm from 
the anus. The rats in the all groups were intrarectally 
administered with 1 mL acetic acid (4%, pH 2.4)24. In 
order to prevent the applied liquid substances from 
escaping, the subjects were lifted from the tail for 30 s 
and held upside down and then again, they were kept 
in Trendelenburg position for about 30 min until they 
recovered from anesthesia. The animals in all the 
groups were sacrificed by cervical dislocation method 
under anesthesia by applying ketamine 80 and 
10 mg/kg xylazine intraperitoneally 48 h after the 
administration of acetic acid.  

Sample collection and ELISA analysis 
Blood samples were taken from the left ventricle of 

the sacrificed rats' hearts and collected into EDTA 
tubes. After the tubes were centrifuged at 3000 rpm 
for 10 min, the plasma samples were stored in 80oC 
freezer until the analysis. IL-1β, IL-6, TNF-α, insulin, 
adiponectin, leptin, IGF-1 and CRP assays from blood 
plasma were analyzed using specific commercial 

ELISA kits (Hangzhou Eastbiopharm, Zhejiang, 
China) in accordance with the manufacturer's 
protocols. In ELISA analysis, Statfax 2600 automatic 
washer and Statfax 2100 reader were used. The inter 
and intra assay coefficient of variation for IL-1β,  
IL-6, TNF-α, insulin, adiponectin, leptin, IGF-1, and 
CRP were <10, <12%, and sensitivities respectively 
were 10.23 pg/L, 2.49 ng/L, 2.51 ng/L, 0.05 mIU/L, 
0.16 mg/L, 0.05 ng/mL, 1.55 ng/mL and 1.53 pmol/L.  

Statistical analysis 
Statistical analyses were performed using SPSS 

(Ver. 22; IBM-SPSS). Measured values were given as 
mean ± standard error. The significance of the 
differentiation of the data between the groups was 
determined by one-way ANOVA. While the 
goodness-of fit test was performed to see whether 
there was a normal distribution in each group, 
Levene’s test was used for evaluating homogeneity 
intergroups. In the analysis of the variance, 
Bonferroni correction was used for pairwise 
comparison of the parameters when there were 
significant differences and homogeneity was 
achieved. Games-Howell post-hoc test was used in 
cases where homogeneity was not achieved. For the 
weight differences of the groups, paired samples t-test 
was used and P<0.05 was considered significant. 

Results 
It was observed that all groups with colitis had 

different degrees of damage to the colon tissues. 
Histopathological examinations of the colon samples 
showed that acetic acid caused severe colitis, whereas 
the damage remained at minimal levels in groups with 
intermittent feeding (Data not shown)25. The weight 
changes of all the groups’ pre- and post- experiment 
are given Table 3.  

Table 3 — Mean weight changes of the groups’ pre- and post- experiment and comparison of blood parameters of all groups 
(mean ± standard error, X±SX) 

Colitis (n=7) HSD+C (n=7) HSD+IF+C(n=7) HFD+C (n=6) HFD+IF+C (n=5) 
Pre-experiment (g) 207.75±17.99 255±12.73 238.75±28.12 285.71±33.85 241.42±17.23 
Post-experiment (g) 232.75±22.01* 276.85±15.86* 268.28±38.25 309.66±24.01* 279.83±24.57 
IL-1β (pg/L) 1186.63±300.97 1184.63±182.85 725.42±293.07** 338.39±282.76** 184.40±131** 
Insulin (mIU/L) 8.22±0.49 7.84±0.60 5.68±1.51** 5.88±0.43** 5.85±0.48** 
CRP (ng/mL) 168.95±18.07 158.88±14.27 145.27±9.56 130.93±10.41** 120.49±10.52** 
Leptin (ng/mL) 4.46±0.66 5.18±0.49 4.87±0.53 5.11±0.69 5.53±0.71 
TNF-α (ng/mL) 196.79±39.82 174.58±44.56 124.75±9.62** 133.93±33.87 105.29±43.80** 
IL-6 (ng/L) 155.10±30.33 147.26±27.29 132.43±26.85 110.63±41.04 95.15±20.03** 
IGF-1 (ng/mL) 173.63±23.52 173.20±29.84 147.72±24.79 147.38±12.15 188.63±23.35 
Adiponectin (mg/L) 17.79±2.98 13.15±3.03 7.63±2.05** 4.10±1.99** 2.64±0.93** 
[HSD+C: High Sucrose Diet + Colitis, HSD+IF+C: High Sucrose Diet + Intermittent Fasting + Colitis, HFD+C: High Fat Diet + Colitis, HFD+IF+C:
High Fat Diet + Intermittent Fasting + Colitis, IL-1β: Interleukin-1β, CRP: C-reactive protein, TNF-α: Tumor Necrosis Factor-α, IL-6: Interleukin-6, IGF-
1: Insulin-like Growth Factor-1. *The difference between pre-experiment and post-experiment is significant (P <0.05). **The difference is statistically
significant compared to the colitis group (P <0.05)] 
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Statistically significant increase (P <0.05) was 
observed in the weight changes pre- and post- 
experiment in all the groups, except Gr. II & V 
(HSD+IF+C and HFD+IF+C). Statistical comparison 
of dietary groups regarding blood parameters are 
given in Table 4. 
 

After the application, before the blood samples 
were drawn, one animal from Gr. IV(HFD+C) and 
two animals from Gr. V(HFD+IF+C) died under 
anesthesia during the sacrificing process. Therefore, 
the initial number of animals has changed in the blood 
parameters analysis. The changes of some of the 
blood parameters of all groups after the application 
are given in Table 3 and Fig. 1.  
 

When the blood parameters were evaluated, IL-1β, 
insulin and adiponectin levels in Gr. III, IV & V were 

found to be significantly lower than the other groups 
(P <0.05) (Table 3). CRP values of Gr. IV& V 
(HFD+C and HFD+IF+C) were found to be 
significantly lower than GR. I(colitis group) (P <0.05). 
Leptin showed an increase in all the groups compared 
to colitis groups. Compared to the colitis group, TNF-α 
values of Gr. III & V (HSD+IF+C and HFD+IF+C) 
were significantly lower (P <0.05). IL-6 values of 
only Gr. V (HFD+IF+C) were statistically lower 
compared to the colitis group (P <0.05).  

Discussion  
Nutritional factors serve not only as risk and 

protective factors but also as an effective and variable 
cause in IBD development. There are several 
mechanisms to explain the relationship between IBD 
and dietary differences. These mechanisms include 
the direct effect of dietary antigens, changes in 
intestinal permeability and auto inflammatory 
response of mucosa due to changes in microbiota26. In 
a study of the opinions of IBD patients about the role 
of diet, most of the patients reported that dietary 
factors play an important role in the onset of the 
disease (15.6%) or relapse of the disease (57.8%)3. 
Depending on the initial symptoms or increased 
disease activity before the diagnosis, patients may 
change their dietary habits, in which diet would have 
significant impact on the disease progression. 

A study revealed that high levels of mono-
disaccharide and total fat intake increased the risk of 
occurrence of IBD in both forms27. Although diet as a 
risk factor in CD and UC has been extensively 
reviewed in the past, there is still a large gap in this 

Table 4 — Statistical comparison of dietary groups in terms of 
blood parameters 

Blood 
parameters 

HSD+C 
HSD+ 
IF+C 

HSD+C
HFD+C 

HSD+C 
HFD+ 
IF+C 

HSD+ 
IF+CHF

D+C 

HSD+IF+
C HFD+ 

IF+C 

HFD+C 
HFD+ 
IF+C 

IL-1β (pg/L) * * * - * - 
Insulin (mIU/L - * * - - - 
CRP (ng/mL) - * * - * - 
Leptin (ng/mL) - - - - - - 
TNF-α (ng/mL - - - - - - 
IL-6 (ng/L) - - - - - - 
IGF-1 (ng/mL) - - - - - - 
Adiponectin 
(mg/L) 

* * * - * - 

[HSD+C: High Sucrose Diet + Colitis, HSD+IF+C: High Sucrose Diet + 
Intermittent Fasting + Colitis, HFD+C: High Fat Diet + Colitis, 
HFD+IF+C: High Fat Diet + Intermittent Fasting + Colitis, IL-1β: 
Interleukin-1β, CRP: C-reactive protein, TNF-α: Tumor Necrosis Factor-
α, IL-6: Interleukin-6, IGF-1: Insulin-like Growth Factor-1.*difference 
between groups is statistically significant (P <0.05)] 

Fig. 1 — Plasma IL-1β, insulin, CRP, leptin, TNF-α, IL-6, IGF-1, and adiponectin values of all groups. [Gr. I (Colitis); Gr. II
(High sucrose diet + Colitis); Gr. III (High sucrose diet + Intermittent fasting + Colitis); Gr. IV(High fat diet + Colitis); and Gr. V (High 
fat diet + Intermittent fasting + Colitis). IL-1β: Interleukin-1β, CRP: C-reactive protein, TNF-α: Tumor Necrosis Factor-α, IL-6: 
Interleukin-6, IGF-1: Insulin-like growth factor-1. *The difference is statistically significant compared to the colitis group (P <0.05)] 
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area due to limitations in retrospective data collection 
and difficulties in remembering diet histories28. 

In the present study, plasma IL-1β, insulin, CRP, 
Leptin, TNF-α, IL-6, IGF-1 and Adiponectin levels 
were not statistically significant (P >0.05) in HSD+C 
group compared to the colitis group.  

High fat diet (HFD) prolongs and exacerbates the 
inflammatory symptoms of chronic UC. In an 
experimentally generated DSS-colitis model, colon 
analyzes showed mild inflammation in the DSS colitis 
group, which became more severe when HFD was 
performed29 showed that dietary fat consumption 
dramatically reshapes the intestinal microflora and 
triggers the onset of colitis. 

In mice with genetic predisposition to colitis, a 
high fat diet (60% of calories from fat) has been 
associated with more severe clinical and 
histopathological inflammation and increased 
inflammatory markers30. It has been shown that 
obesity, which may trigger inflammation and is an 
indicator of chronic low-grade inflammation, can be 
modulated by restricting energy or nutrient intake, 
even if high fat diet is maintained31. 

A recent study revealed that macroscopic and 
microscopic colitis in sedentary standard diet (SD) 
mice caused a significant decrease in colon blood 
flow whereas increased colonic tissue weight and 
plasma levels of TNF-α, IL-6 and IL-13. In sedentary 
HFD-fed mice, severe colon lesions, increased 
colonic tissue weight and significantly increased 
plasma TNF-α, IL-6, IL-1β and leptin levels were 
observed. Simultaneously, a significant decrease in 
plasma irisin and adiponectin levels was observed 
when SD and HFD groups were compared. However, 
exercise significantly reduced macroscopic and 
microscopic colitis, increased colonic blood flow, 
decreased plasma TNF-α, IL-6, MCP-1, IL-1β and 
leptin levels in rats fed HFD, while significantly 
increasing plasma irisin and plasma adiponectin 
levels. From these results, it is suggested that 
experimental colitis caused a decrease in the colonic 
microcirculation and an increase in proinflammatory 
secretions in plasma and mesenteric adipose tissue, 
whereas the HFD exacerbated this situation in mice 
while voluntary physical activity increased the irisin 
and plasma adiponectin levels and showed protective 
effect by reducing the severity of colon damage 
in mice32. 

In the present study, plasma IL-1β, insulin, CRP 
and adiponectin levels were found to be significantly 
decreased (P <0.05) compared to the colitis group in 
the HFD+C group, but it led to a non-significant 
increase in leptin levels. Reductions in TNF-α, IL-6 
and IGF-1 levels were also observed, but these were 
not statistically significant (P ˃0.05). It is believed 
that this reduction in inflammation parameters in 
Gr. IV (HFD+C) may be partly due to the fat content 
(15%) and type (unsaturated fat ratio) of the high fat 
diet given to this group, in part, to the impact of the 
supplemental vitamin D in the diet. Therefore, it can 
be suggested that comparatively high fat diet could be 
a prominent protective dietary intervention against 
inflammation depending on the amount and 
composition of the fatty acid as happened in the 
present study. Similar studies also report anti-
inflammatory actions of the some PUFAs and 
MUFAs like oleic acid33,34. In addition, vitamin D 
supplement may have played a role partly in reducing 
inflammation35, even though that is not proven by 
measuring blood vitamin D levels. 

IBD is widely distributed in Northern Europe and 
North America but less common in the Asia Pacific 
region, except for Australia. The incidence of IBD is 
increasing rapidly in many parts of the world, 
including Asia, and this increase is often seen in more 
industrialized countries36. Thus, diet has become one 
of the more prominent environmental factors in 
connection with the industrialization.  

The common health benefits of dietary restriction 
have been recognized for centuries and have been 
consistently shown to prolong life in various 
mammals. Short term fasting (1-3 days) improves 
insulin sensitivity, reduces inflammation markers and 
expression of insulin/IGF-1, protects rodents against 
both liver and kidney ischemia reperfusion-induced 
damage and it also increases the expression of cell 
protective genes37. 

Inflammatory markers like CRP, TNF-, leptin, 
adiponectin, and brain-derived neurotrophic factor 
(BDNF) have reportedly shown a considerable 
improvement as a result of intermittent fasting38. 
Earlier studies have observed that Ramadan fasting is 
significantly associated with low concentrations of 
inflammatory markers viz. IL-6, CRP and TNF-α39,40. 

In this study, a reduction in IL-1β, TNF-α, CRP 
and IL-6 was observed in both groups III & V 
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(HSD+IF+C and HFD+IF+C) compared to the colitis 
group. While the decrease in IL-1β and TNF-α was 
statistically significant, the decrease in CRP and IL-6 
was not significant. According to these results, 
although high-fat and high sucrose diet applications 
were maintained, it can be said that only 2-day 
intermittent fasting application in a week may have an 
anti-inflammatory effect by further reducing the 
levels of systemic inflammation markers in the 
organism.  

Proper nutrition can facilitate the recovery stages 
during flare-ups and significantly improves the comfort 
and quality of life in individuals affected by IBD. 
However, there is no single diet suitable for all IBD 
patients. Depending on the course of the disease, past 
surgical procedures, and the type of pharmacotherapy 
used, specific dietary recommendations should be 
developed for each patient. For the above reasons, 
dietary recommendations should be considered as a 
pharmacotherapy supplement in IBD41,42. 

Conclusion 
In this study, the protective effects of intermittent 

fasting and high-fat or high sucrose diet combination 
on inflammation have been observed in experimental 
colitis model in rats. The amount of fat and fatty acid 
composition in the fatty diet can have a protective 
effect against the development of colitis. Intermittent 
fasting further enhanced this protective effect. This is 
the first study to demonstrate that the protective 
effectiveness of dietary intervention against colitis is 
increased much more with intermittent fasting. It is 
thought that intermittent diets that are administered 
without any pharmacological intervention or as a 
supplement to pharmacological applications could be 
beneficial both by delaying the occurrence of diseases 
and contributing to the healing process with various 
effects in the affected individuals. As a conclusion, 
intermittent fasting could be a novel promising dietary 
intervention for an additional protective measure 
against colitis, particularly in the societies where the 
Western type of diet is prevalent.  

Conflict of interest 
Authors declare no competing interests. 

References 
1 Kaplan GG & Windsor JW, The four epidemiological stages 

in the global evolution of inflammatory bowel disease. 
Nat Rev Gastroenterol Hepatol, 18 (2021) 56.  

2 Younis N, Zarif R & Mahfouz R, Inflammatory bowel 
disease: between genetics and microbiota. Mol Biol Rep,  
47 (2020) 3053. 

3 Radziszewska M, Smarkusz-Zarzecka J, Ostrowska L & 
Pogodziński D, Nutrition and Supplementation in Ulcerative 
Colitis. Nutrients, 14 (2022) 2469.  

4 Song S, Bai M, Ling Z, Lin Y, Wang S & Chen Y, 
Intermittent administration of a fasting-mimicking diet 
reduces intestinal inflammation and promotes repair to 
ameliorate inflammatory bowel disease in mice. 
J Nutr Biochem, (2021) 108785.  

5 Nebbia M, Yassin NA & Spinelli A, Colorectal Cancer in 
Inflammatory Bowel Disease. Clin Colon Rectal Surg,  
33 (2020) 305. 

6 Stricker S, Rudloff S, Geier A, Steveling A, Roeb E & 
Zimmer K, Fructose Consumption-Free Sugars and Their 
Health Effects. Dtsch Arztebl Int, 118 (2021) 71. 

7 Dai W, Liu H, Zhang T, Chang Q, Zhao Y, Guo C & Xia Y, 
Dairy product consumption was associated with a lower 
likelihood of non-alcoholic fatty liver disease: A systematic 
review and meta-analysis. Front Nutr, 10 (2023) 1119118. 

8 Lautenschlager SA, Barry MP, Rogler G, Biedermann L, 
Schreiner P &Siebenhüner AR, Swiss IBD Cohort Study 
Group. Lifestyle factors associated with inflammatory bowel 
disease: data from the Swiss IBD cohort study. BMC 
Gastroenterol, 23 (2023) 71. 

9 Watanabe T, Fujiwara Y & Chan FKL, Current knowledge 
on non-steroidal anti-inflammatory drug-induced small-
bowel damage: a comprehensive review. J Gastroenterol, 55 
(2020) 481.  

10 Miao Z, Alvarez M, Ko A, Bhagat Y, Rahmani E, Jew B, 
Heinonen S, Muñoz-Hernandez LL, Herrera-Hernandez M, 
Aguilar-Salinas C, Tusie-Luna T, Mohlke KL, Laakso M, 
PietiläinenKH, Halperin E & Pajukanta P, The causal effect 
of obesity on prediabetes and insulin resistance reveals the 
important role of adipose tissue in insulin resistance. PLoS 
Genet, 16 (2020) e1009018. 

11 Kunz HE, Hart CR, Gries KJ, Parvizi M, Laurenti M, Dalla 
Man C, Moore N, Zhang X, Ryan Z, Polley EC, Jensen MD, 
Vella A & Lanza IR, Adipose tissue macrophage populations 
and inflammation are associated with systemic inflammation 
and insulin resistance in obesity. Am J Physiol Endocrinol 
Metab, 321 (2021) E105. 

12 Li H, Meng Y, He S, Tan X, Zhang Y, Zhang X, Wang L & 
Zheng W, Macrophages, Chronic Inflammation, and Insulin 
Resistance. Cells, 11 (2022) 3001. 

13 Kawai T, Autieri MV & Scalia R, Adipose tissue 
inflammation and metabolic dysfunction in obesity. Am  
J Physiol Cell Physiol, 320 (2021) C375. 

14 Singh N & Bernstein CN, Environmental risk factors for 
inflammatory bowel disease. United Eur Gastroenterol J,  
10 (2022) 1047.  

15 Kobayashi Y, Ohfuji S, Kondo K, Fukushima W, Sasaki S, 
Kamata N, Yamagami H, Fujiwara Y, Suzuki Y & Hirota Y, 
Japanese Case-Control Study Group for Ulcerative Colitis. 
Association of Dietary Fatty Acid Intake With the 
Development of Ulcerative Colitis: A Multicenter Case-
Control Study in Japan. Inflamm Bowel Dis, 27 (2021) 617. 

16 Campmans-Kuijpers MJE & Dijkstra G, Food and Food 
Groups in Inflammatory Bowel Disease (IBD): The Design 



EMLIK et al.: ANTI-INFLAMMATORY EFFECT OF HIGH-FAT DIET IN COLITIS 363

of the Groningen Anti-Inflammatory Diet (GrAID). 
Nutrients, 25 (2021) 1067. 

17 Zhang M, Li X, Zhang Q, Yang J & Liu G, Roles of 
macrophages on ulcerative colitis and colitis-associated 
colorectal cancer. Front Immunol, 14 (2023) 1103617.  

18 Nakase H, Sato N, Mizuno N & Ikawa Y, The influence of 
cytokines on the complex pathology of ulcerative colitis. 
Autoimmun Rev, 21 (2022) 103017.  

19 Sasson AN, Ananthakrishnan AN & Raman M, Diet in 
Treatment of Inflammatory Bowel Diseases. Clin 
Gastroenterol Hepatol, 19 (2021) 425.  

20 Lee MB, Hill CM, Bitto A & Kaeberlein M, Antiaging diets: 
Separating fact from fiction. Science, 374 (2021) eabe7365.  

21 Negm M, Bahaa A, Farrag A, Lithy RM, Badary HA, 
Essam M, Kamel S, Sakr M, Abd El Aaty W, Shamkh M, 
Basiony A, Dawoud I & Shehab H, Effect of Ramadan 
intermittent fasting on inflammatory markers, disease 
severity, depression, and quality of life in patients with 
inflammatory bowel diseases: A prospective cohort study. 
BMC Gastroenterol, 22 (2022) 203.  

22 Malafaia AB, Nassif PAN, Ribas CAPM, Ariede BL, 
Sue KN & Cruz MA, Obesity Induction with High Fat 
Sucrose in Rats. Arq Bras Cir Dig, 26 (2013) 17.  

23 Rodríguez RM, Cortés-Espinar AJ, Soliz-Rueda JR, Feillet-
Coudray C, Casas F, Colom-Pellicer M, Aragonès G, 
Avila-Román J, Muguerza B, Mulero M &Salvadó MJ, 
Time-of-Day Circadian Modulation of Grape-Seed 
Procyanidin Extract (GSPE) in Hepatic Mitochondrial 
Dynamics in Cafeteria-Diet-Induced Obese Rats. Nutrients, 14 
(2022) 774.  

24 Hosseini R, Fakhraei N, Malekisarvar H, Mansourpour D, 
Nili F, Farahani M & Dehpour AR, Effect of sumatriptan on 
acetic acid-induced experimental colitis in rats: a possible 
role for the 5-HT1B/1D receptors. Naunyn Schmiedebergs 
Arch Pharmacol, 395 (2022) 563.  

25 Uyar A, Emlik H & Yaman T, Effect of High Carbohydrate, 
Fat and Intermittent Fasting Diet on Experimental Ulcerative 
Colitis. Harran Univ J Faculty Vet Med,7 (2018) 7.  

26 Sugihara K & Kamada N, Diet-Microbiota Interactions in 
Inflammatory Bowel Disease. Nutrients, 13 (2021) 1533. 

27 Shon WJ, Jung MH, Kim Y, Kang GH, Choi EY & 
Shin DM, Sugar-sweetened beverages exacerbate high-fat 
diet-induced inflammatory bowel disease by altering the gut 
microbiome. J Nutr Biochem, 113 (2023) 109254.  

28 Zhao M, Feng R, Ben-Horin S, Zhuang X, Tian Z, Li X, 
Ma R, Mao R, Qiu Y & Chen M, Systematic review with 
meta-analysis: environmental and dietary differences of 
inflammatory bowel disease in Eastern and Western 
populations. Aliment Pharmacol Ther, 55 (2022) 266.  

29 MaleszaIJ, Malesza M, Walkowiak J, Mussin N, Walkowiak D, 
Aringazina R, Bartkowiak-Wieczorek J & Mądry E, 
High-Fat, Western-Style Diet, Systemic Inflammation, 
and Gut Microbiota: A Narrative Review. Cells, 10 
(2021) 3164.  

30 Thomas SS, Cha YS & Kim KA, Protective Effect of Perilla Oil 
Against Dextran Sodium Sulfate-Induced Colitis in Mice 
Challenged with a High-Fat Diet. J Med Food, 25 (2022) 1021.  

31 Kaya MS, Bayıroglu F, Mis L, Kilinc D & Comba B, In case 
of obesity, longevity-related mechanisms lead to anti-
inflammation. Age (Dordr), 36 (2014) 677. 

32 Mazur-Bialy AI, Bilski J, Wojcik D, Brzozowski B, Surmiak M, 
Hubalewska-Mazgaj M, Chmura A, Magierowski M, 
Magierowska K, Mach T & Brzozowski T, Beneficial Effect 
of Voluntary Exercise on Experimental Colitis in Mice Fed a 
High-Fat Diet: The Role of Irisin, Adiponectin and 
Proinflammatory Biomarkers. Nutrients, 9 (2017) 410.  

33 Charpentier C, Chan R, Salameh E, Mbodji K, Ueno A, 
Coëffier M, Guérin C, Ghosh S, Savoye G & Marion-
Letellier R, Dietary n-3 PUFA May Attenuate Experimental 
Colitis. Mediators Inflamm, (2018) 8430614.  

34 Ben-Dror K & Birk R, Oleic acid ameliorates palmitic acid-
induced ER stress and inflammation markers in naive and 
cerulein-treated exocrine pancreas cells. Biosci Rep,  
39 (2019) BSR20190054.  

35 López-Muñoz P, Beltrán B, Sáez-González E, Alba A, 
Nos P & Iborra M, Influence of Vitamin D Deficiency on 
Inflammatory Markers and Clinical Disease Activity in IBD 
Patients. Nutrients, 11 (2019) 1059.  

36 Ng SC, Shi HY, Hamidi N, Underwood FE, Tang W, 
Benchimol EI, Panaccione R, Ghosh S, Wu JCY, Chan FKL, 
Sung JJY & Kaplan GG, Worldwide incidence and 
prevalence of inflammatory bowel disease in the 21st 
century: a systematic review of population-based studies. 
Lancet, 396 (2020) e56.  

37 Green CL, Lamming DW & Fontana L, Molecular 
mechanisms of dietary restriction promoting health and 
longevity. Nat Rev Mol Cell Biol, 23 (2022) 56. 

38 Vasim I, Majeed CN & DeBoer MD, Intermittent Fasting 
and Metabolic Health. Nutrients, 14 (2022) 631. 

39 Negm M, Bahaa A, Farrag A, Lithy RM, Badary HA, Essam M, 
Kamel S, Sakr M, Abd El Aaty W, Shamkh M, Basiony A, 
Dawoud I & Shehab H, Effect of Ramadan intermittent 
fasting on inflammatory markers, disease severity, 
depression, and quality of life in patients with inflammatory 
bowel diseases: A prospective cohort study. BMC 
Gastroenterol, 22 (2022) 203. 

40 Zouhal H, Bagheri R, Ashtary-Larky D, Wong A, Triki R, 
Hackney AC, Laher I & Abderrahman AB, Effects of 
Ramadan intermittent fasting on inflammatory and 
biochemical biomarkers in males with obesity. PhysiolBehav, 
225 (2020) 113090. 

41 Balestrieri P, Ribolsi M, Guarino MPL, Emerenziani S, 
Altomare A & Cicala M, Nutritional Aspects in 
Inflammatory Bowel Diseases. Nutrients, 12 (2020) 372.  

42 Guo Y, Zhang T, Wang Y, Liu R, Chang M & Wang X, 
Effects of oral vitamin D supplementation on inflammatory 
bowel disease: a systematic review and meta-analysis. Food 
Funct, 7 (2021) 7588.  


