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Abstract  
Background: The pathogenesis of inflammatory bowel disease is complex and 

multifactorial. Studies have led to the current concept that Toll-like receptors 

represent key mediators of innate host defense in the intestine, and they are 

involved in maintaining mucosal as well as commensal homeostasis. We studied 

the possibility of simvastatin and antagonist of receptors of interleukin-1 for 

pharmacological correction of acute ileitis in rats with a focus on the expression 

intensity studies of TLR2 TLR4 with lymphocytes of small intestine. 

Materials and Methods: Experiments were carried out on male Wistar rats aged 

5-7 months (body mass 260–285 g). Rats were divided into four experimental 

groups: group 1- control; group 2- rats with indomethacin-induced ileitis; group 3- 

rats given simvastatin (20 mg/kg, for 5 days, subcutaneously); group 4- rats given 

antagonist of receptors of interleukin-1 (3 mg/kg, for 5 days, subcutaneously). The 

TLR2 and TLR4 immunopositive lymphocytes were determined using a direct 

immunofluorescence technique with using a monoclonal rat antibody.  

Results: We established that development of ileitis was accompanied with the 

change of amount of TLR2
+
 and TLR4

+
 lymphocytes and the density of TLR2, 

TLR4 in immunopositive cells. Drug administration during the development of 

experimental pathology was accompanied by changes in the expression of TLR2, 

TLR4 and their density on lymphocytes. 

Conclusions: Simvastatin and antagonist of receptors of interleukin-1 seemed to 

be beneficial in indomethacin-induced rat ileitis model through modulate TLR2 

and TLR4 expression with lymphocytes of small intestine. 
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Introduction  
Crohn’s disease and ulcerative colitis are the main 

clinical phenotypes of inflammatory bowel disease 

(IBD). Both forms of IBD can increase the incidence 

of gastrointestinal and colon cancers, and both ones 

are associated with significant morbidity and 

mortality worldwide. In addition, they can begin 

early in life and persist for long periods (1). The 

pathogenesis of IBD is complex and multifactorial. 

Differential alteration of Toll-like receptor (TLR) 

expression in inflammatory bowel disease was first 

described 15 years ago. Studies have led to the 

current concept that TLRs represent key mediators of  

 

 

 

 

 

 
innate host defense in the intestine, and they involved 

in maintaining mucosal as well as commensal 

homeostasis. Recent findings in diverse murine models 

of ileitis have helped to reveal the importance 

mechanisms of TLR dysfunction in IBD pathogenesis 

(2). 

Statin drugs are widely used worldwide for treatment 

of hyperlipidemia in addition to cholesterol-lowering 

effect, statins reduce many of the mediators involved 

in IBD-specific inflammation including C-reactive 

protein, interferon gamma, interleukins 6 and 8, and 

NF-kappa B (3). 
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Cytokines, such as tumor necrosis factor (TNF-α) and 

interleukin (IL-1), play a major role in the 

development of IBD. The naturally occurring inhibitor 

IL-1 receptor antagonist (IL-1Ra) in part, regulates 

activities of IL-1. IL-1Ra specifically inhibits IL-1 

activities by binding to IL-1 receptors neutralization 

of endogenous IL-1Ra increases the severity of 

intestinal inflammation, indicating that endogenous 

IL-1Ra plays an anti-inflammatory role. These 

observations suggest that IL-1 is one of the critical 

mediators of intestinal inflammation in IBD (4). 

Therefore the aim of this study was to investigate the 

effect of acute ileitis on expression intensity of TLR2 

and TLR4 with lymphocytes of small intestine, and 

investigate the possibility of Simvastatin and 

antagonist of receptors of interleukin-1 (ARIL-1) for 

pharmacological correction of ileitis in rats. 

 

Materials and methods 

Animals and tissue isolation 
Experiments were carried out on male Wistar rats 

aged 5-7 months (body mass 260–285 g). The 

animals were bred at the Animal Facility of the 

Institution of Molecular Biology and Genetics 

(National Academy of Science of Ukraine, Kyiv). All 

animals were treated in compliance with the 

guidelines established by the Institutional Animal 

Care. Rats were kept under standard conditions, 

which include 12-h light/dark cycle, temperature: 18-

20 °C. The rats were given water and fed the standard 

laboratory diet ad libitum with no restriction prior to 

indomethacin injection. Single animals were fasted 

overnight and sacrificed by cervical dislocation after 

receiving an overdose of ether for the isolation of gut 

tissue. Rats were euthanized 4 days after induction of 

ileitis. The entire gut was examined and the bowel 

was opened antimesenterically. Macroscopic 

appearance of inflammation was scored as described 

specifically for indomethacin-induced ileitis (5). 

After removal of the small intestine the tissue was 

flushed with cold phosphate buffered saline. Peyer's 

patches were identified by visual inspection. For 

histochemical studies, they were removed and 

segments were fixed in formalin. After paraffin 

embedding 5 µm sections were cut and stained with a 

monoclonal antibody.  

 

Drugs 

Simvastatin was obtained from Sigma-Aldrich (St. 

Louis, MO) and prepared as a 4 mg/ml stock. Briefly, 

4 mg was dissolved in 100 µl of ethanol and 150 µl 

of 0.1 N NaOH, incubated at 50 °C for 2 h, and then 

pH adjusted to 7 and volume corrected to 1 ml. It was 

chemically activated by alkaline hydrolysis before 

subcutaneous injection. ARIL-1 was kindly provided 

by Resbio. LLC (St. Petersburg, Russia). Substance 

ARIL-1 consists of 153 amino acids obtained by 

genetic engineering technology. The substance is 

lyophilized protein IL-1ra, which produced by a 

recombinant strain E. coli BL21. 
 

Indomethacin-induced ileitis 
For induction of an acute ileitis, rats received one 

subcutaneous dose of indomethacin 15 mg/kg. 

Indomethacin was obtained from Sigma-Aldrich (St. 

Louis, MO). 

 

Animal groups 
Rats were divided into four experimental groups: 

group 1; control, group 2; rats with indomethacin-

induced ileitis, group 3; rats given simvastatin (20 

mg/kg, 2 ml/kg in the mixture of ethanol, H2O, 

NaOH and HCl for 5 days, subcutaneously), group 4; 

rats given ARIL-1 (3 mg/kg, 2 ml/kg in the phosphate 

buffer solution (PBS) for 5 days, subcutaneously). 

 

Immunohistochemical staining 

After deparaffinization sections were rehydrated in 

graded ethanol (100% twice, 90% once, 80% once, 

and 70% once, each for 5 min), washed in PBS 

(twice, 5 min each). After rinsing in 0.1 M PBS, the 

sections were incubated for 1 h at room temperature 

with anti-TLR2 or anti-TLR4 (1:50; Santa Cruz 

Biotechnology) FITC-conjugated antibodies. While 

protected from direct light exposure, samples were 

washed three times in PBS and mounted. Fluorescent 

images were obtained with a fluorescence microscope 

PrimoStar (ZEISS, Germany) with a computer-assisted 

video system AxioCam 5c (ZEISS, Germany). 

Fluorescent signal intensity was quantified using 

ImageJ software (NIH Image version 1.46). The levels 

of TLR2 and TLR4 expression were expressed as the 

relative mean fluorescence intensity in arbitrary units 

(AU). The lamina propria of mucous layer (LP) and 

isolated lymphoid follicles (ILF) were studied. 

 

Statistical analysis 
Results were statistically treated with Student’s t-test 

using STATISTICA 6.0 (StatSoft Inc. 2001, USA) 

and presented as mean±SEM. Statistical differences 

were considered significant if the P value was <0.05. 

 

Results 

The macroscopic aspect of small bowel inflammation 

typical of indomethacin-induced ileitis in rats was a 

discontinuous transmural inflammation with multiple 

ulcerations and erosions of the small bowel with 

hyperaemic and haemorrhagic lesions. The study of 

serial sections of ileum showed that the development 

of acute ileitis was accompanied with one-

directedtendency on increasing of total number of 
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TLR2 immunopositive lymphocytes (TLR2+) and 

decreasing of total number of TLR4 immunopositive 

lymphocytes (TLR4+) in lymphoid structures of 

ileum. Thus, quantity of TLR2+ cells is increased in 

LP by 19% (p<0.05), in ILF by 92% (p<0.05) in 

comparison with control (Figure 1A). Quantity of 

TLR4
+
 cells is decreased twice (in LP, p<0.05), by 

45% (in ILF, p<0.05) in comparison with control 

(Figure 1D). 

 

Figure 1. The number (on 1 mm2) of TLR2+, TLR4+ cells in lamina propria of mucous layer (LP) and in isolated lymphoid follicles (ILF). The 
development of acute ileitis (A, D). The administration of Simvastatin (B, E) or ARIL-1 (C, F) to experimental animals during the development 

of acute ileitis. Note: * - P < 0. 05 

 

The measuring of fluorescence intensity of TLR2
+
-

lymphocytes expressing the TLR2 showed reliable 

increase of this parameter in TLR2
+
-small lymphocytes 

(in  LP,  p<0.05) and  TLR2
+
  lymphoblasts  (in  ILF, 

 

p<0.05), but the decrease in TLR2
+
-small 

lymphocytes (in ILF, p<0.05) in comparison with 

control (Table 1). 

 
Table 1. Density of TLR2 in immunopositive cells (fluorescence intensity, A.U.) 

Animal groups TLR2+ lymphoblasts TLR2+ medium lymphocytes TLR2+ small lymphocytes 

Lamina propria 

Control (n = 10) 0.562±0.012 0.321±0.003 0.143±0.002 

Acute ileitis (n = 10) 0.590±0.012 0.314±0.002 0.149±0.002* 

Acute ileitis + simvastatin (n = 10) 0.731±0.012# 0.323±0.004 0.138±0.003# 

Acute ileitis + ARIL-1 (n = 10) 0.560±0.012 0.329±0.004# 0.142±0.003 

Isolated lymphoid follicles 

Control (n = 10) 0.511±0.012 0.313±0.003 0.165±0.002 

Acute ileitis (n = 10) 0.588±0.014* 0.316±0.002 0.156±0.002* 

Acute ileitis + simvastatin (n = 10) 0.703±0.013# 0.318±0.004 0.139±0.003# 

Acute ileitis + ARIL-1 (n = 10) 0.586±0.011 0.320±0.004 0.140±0.003# 

Means ± SEM are shown; n is the number of animals in each group. * Significantly different (P < 0.05) compared to control group. # Significantly 

different (P < 0.05) compared to acute ileitis group. 
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The measuring of fluorescence intensity of TLR4
+
-

lymphocytes expressing the TLR4 showed reliable 

increase of this parameter in TLR4
+
- medium 

lymphocytes (in LP, p<0.05) and TLR4
+
- small 

lymphocytes by 15% (in ILF, p<0.05), but the 

decrease in TLR2
+
-lymphoblasts by 10% (in LP, 

p<0.05) in comparison with control (Table 2) 

The administrations of Simvastatin in experimental 

animals during the development of experimental 

pathology was accompanied by decrease of TLR2
+
 

cells by 11% (in LP, p<0.05), by 26% (in ILF, 

p<0.05) in comparison with acute ileitis (Figure 1B). 

Quantity of TLR4
+
 cells is increased by 20% (in ILF, 

p<0.05) in comparison with acute ileitis (Figure 1E). 

At the same time, the study of TLR2 and TLR4 

expression in immunopositive cells showed that the 

administrations of Simvastatin were accompanied 

with different-directed changes of the given 

parameter in lymphoblasts and small lymphocytes 

and did not influence the level of its expression in 

medium lymphocytes (Table 1, 2). 

The administrations of ARIL-1 to experimental 

animals during the development of experimental 

pathology was accompanied by the decrease of 

TLR2
+
 cells by 24% (in LP, p<0.05), but increase by 

35% (in ILF, p<0.05) in comparison with acute ileitis 

(Figure 1C). Quantity of TLR4
+
 cells is increased by 

21% (in LP, p<0.05), by 24% (in ILF, p<0.05) in 

comparison with acute ileitis (Figure 1F). The 

measuring of fluorescence intensity of TLR2
+
-

lymphocytes expressing the TLR2 showed reliable 

increase of this parameter in TLR2
+
-medium 

lymphocytes (in LP, p<0.05) and the decrease in 

TLR2
+
-small lymphocytes by 10% (in ILF, p<0.05), 

in comparison with control (Table 1). The measuring 

of fluorescence intensity of TLR4
+
-lymphocytes 

expressing the TLR4 showed reliable decrease of this 

parameter in TLR4
+
-small lymphocytes by 10% (in 

LP, p<0.05) and TLR4
+
-lymphoblasts by 11% (in PP 

Lf, p<0.05), in comparison with control (Table 2). 

 

 

Table 2. Density of TLR4 in immunopositive cells (fluorescence intensity, A.U.) 

Animal groups TLR4+ lymphoblasts TLR4+ medium lymphocytes TLR4+ small lymphocytes 

Lamina propria 

Control (n = 10) 0.685±0.012 0.314±0.002 0.137±0.002 

Acute ileitis (n = 10) 0.617±0.013* 0.324±0.004* 0.158±0.004* 

Acute ileitis + simvastatin (n = 10) 0.676±0.025# 0.316±0.005 0.139±0.003# 

Acute ileitis + ARIL-1 (n = 10) 0.632±0.016 0.321±0.004 0.142±0.004# 

Isolated lymphoid follicles 

Control (n = 10) 0.653±0.012 0.316±0.002 0.139±0.002 

Acute ileitis (n = 10) 0.621±0.012 0.319±0.003 0.144±0.003 

Acute ileitis + simvastatin (n = 10) 0.667±0.023 0.313±0.004 0.136±0.002# 

Acute ileitis + ARIL-1 (n = 10) 0.572±0.014# 0.322±0.004 0.137±0.003 

Means ± SEM are shown; n is the number of animals in each group.* Significantly different (P < 0.05) compared to control group. # Significantly 

different (P < 0.05) compared to acute ileitis group. 

Discussion 
We found low TLR4 expression in samples of 

inflamed tissues but these results do not corroborate 

recent studies Hausmann et al because they have 

described low TLR4 expression by IECs in healthy 

human biopsies and significantly increased 

expression of TLR4 in patients with IBD (6). 

Lee et al demonstrated that simvastatin inhibits 

proinflammatory gene expression by blocking NF-

kappaB signaling in IEC, and attenuates DSS-

induced acute murine colitis, and could be a potential 

agent for the treatment of IBD (7). Most studies 

characterizing TLR function have focused on the 

intestinal epithelium and of the innate immune 

system cells, but there is also evidence that TLRs are 

important for adaptive immune cell function. TLRs 

influence T- and B- lymphocyte activity, and most  

studies in this area have focused on TLR signaling in 

regulatory T (TReg) and Th-17 cells. The initial 

characterization of human TLR4 revealed expression 

in both γδ-and αβ-T cells in addition to APCs (8). 

Subsequent work cloning murine TLR2, a receptor 

for bacterial lipopeptides, revealed constitutive TLR2 

and TLR4 expression in T cells; TLR2 expression 

was further enhanced through T cell receptor (TCR) 

activation (9). For CD4
+ 

T cells, the expression of 

almost all known TLRs has been identified at the 

mRNA level (10). However, whether CD4
+ 

T cells 

are capable of expressing all TLR proteins is 

debatable (11). Myd88
-/-

 CD4
+ 

T cells exhibit reduced 

proliferation in response to TLR activation, and 

MyD88-deficient CD4
+
 T cells are unable to induce 

colitis (12). Similarly, MyD88-deficient CD4
+
 T cells 

were defective in expansion, 
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IFNγ production, and ability to promote colitis under 

lymphopenic conditions (13). TLR4-deficient T cells 

exacerbated disease in a CD4
+
 T cell transfer colitis 

model (14), in which LPS treatment caused CD4
+
 T 

cells to lose IFNγ but unregulated IL-17expression. 

In vivo, the loss of TLR4 selectively in CD4
+
 T cells 

led to decreased IFNγ and IL-17 production only at 

the site of inflammation, not in the periphery, further 

indicating that TLR4 is not involved in the initial 

generation of Th1 or Th17 cells. TLR2 signaling in 

CD4
+ 

T cells promotes Th1 cell function, or at least 

IFNγ production. In addition to influencing Th1 cell 

function, TLR2 signaling may directly influence the 

development and function of Th17 cells, a distinct 

CD4
+ 

Th cell subset characterized by IL-17 

production and pro-inflammatory activity (15). Thus, 

we observed an increase of the amount of TLR2
+ 

lymphocytes, with development of acute ileitis, could 

promote Th1 and Th17 differentiation and enhance 

pro-inflammatory signaling in the intestine. 

Our results about the ability of simvastatin to affect 

the level of expression of TLR and proinflammatory 

signaling in the gut are indirectly confirmed by other 

authors. Simvastatin has been shown to inhibit acute 

as well as chronic inflammatory responses in a 

cholesterol-independent manner by interfering with 

endothelial adhesion and leukocyte migration to sites 

of inflammation (16). In rats with normal blood 

cholesterol levels, simvastatin was found to 

ameliorate immunopathology in an acute TNBS 

colitis model by blocking neutrophil accumulation in 

the small intestine and lowering serum TNF-α level 

(17). Lee et al show Simvastatin blocked TNF-alpha-

induced NF-kappaB transcriptional activity, IkappaB 

phosphorylation/degradation and DNA binding 

activity of NF-kappaB. Administration of simvastatin 

significantly reduced the severity of dextran sulfate 

sodium (DSS)-induced murine colitis as assessed by 

body weight, colon length and histology in a dose-

dependent manner (18). Bereswill et al show that 

after peroral administration of Simvastatin, mice 

were protected from acute ileitis development. 

Simvastatin treated animals displayed significantly 

increased numbers of regulatory T cells and augmented 

intestinal epithelial cell proliferation/regeneration in 

the ileum mucosa compared to placebo control 

animals. In contrast, mucosal T lymphocyte and 

neutrophil granulocyte numbers in treated mice were 

reduced. In addition, levels of the anti-inflammatory 

cytokine IL-10 in ileum, mesenteric lymph nodes and 

spleen were increased whereas pro-inflammatory 

cytokine expression (IL-23p19, IFN-γ, TNF-α, IL-6, 

MCP-1) was found to be significantly lower in the 

ileum of treated animals as compared to Placebo 

controls (19). One of the factors participating in the 

initiation and perpetuation of inflammation in IBD 

may be an inappropriate production of anti-

inflammatory cytokines, resulting in a disturbed 

balance of proinflammatory versus anti-inflammatory 

cytokines. Although increased levels of IL-1 and an 

imbalance between IL-1 and IL-1Ra have been 

documented, the role of other IL-1 modulators in IBD 

has not yet been elucidated. An imbalance between 

the production of IL-1 and IL-1Ra has been described 

in freshly isolated intestinal mucosal cells and in 

colonic mucosal biopsies obtained from inflamed 

intestinal tissue of IBD patients (20). Administration 

of recombinant IL-1Ra prevents mucosal 

inflammation and necrosis in a rabbit model of 

dextran-induced colitis (21). Conversely, 

neutralization of endogenous IL-1Ra increases the 

severity of intestinal inflammation, indicating that 

endogenous IL-1Ra plays an anti-inflammatory role. 

The importance of IL-1 and IL-1Ra in the 

pathogenesis of IBD has been corroborated by the 

association between carriage of IL-1RN allele 2, low 

production of IL-1Ra and severity of disease in UC 

patients (22). Maeda et al show mucosal imbalance 

of interleukin-1β and interleukin-1 receptor 

antagonist in canine inflammatory bowel disease. A 

significant decrease in the intestinal IL-1Ra: IL-1β 

ratio of mRNA and protein was observed in IBD 

cases when compared with healthy control dogs (23). 

Our data demonstrate ability of ARIL-1 to influence 

the level of expression of pattern recognition 

receptors and show therefore potential in the 

correction of immune disorders in IBD. 

Characteristically, ARIL-1 operates as pure 

antagonist by blocking communication between the 

molecules of IL-1 (IL-1-alpha, IL-1-beta) and IL-1 

receptor that allows providing effective control for 

the whole IL-1 system in the body. 
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