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ABSTRACT 
Background and aim: The renin–angiotensin system (RAS) is a homeostatic pathway widely known to regulate 

cardiovascular and renal physiology; however, little is known about its influence in gastrointestinal tissues. There are 

several reports showing influences by RAS and its key mediator angiotensin II (Ang II) on intestinal epithelial fluid and 

electrolyte transport. Data are accumulating, suggesting involvement in GI mucosal inflammation and carcinogenesis.  Our 

target was to evaluate the protective alleviating effects of RAS blockade by using Olmesartan Medoxomil (OLM-M) with 

marked anti-inflammatory and antioxidant actions against acetic acid-induced ulcerative colitis in rats. Materials and 

methods: Pretreatment with OLM-M at a dose of (5mg/kg, p.o.), 7days before induction of colitis, continued till the 4th 

day. The severity of colitis in rats was assessed by macroscopic and histopathological examinations. Results: The results 

suggested that OLM-M attenuated the macroscopic and microscopicolonic damage induced by acetic acid when 

administrated before induction of colitis (prophylactic effects). Conclusion: OLM-M may be effective in prophylaxis of 

ulcerative colitis through targeting RAS.  
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INTRODUCTION 
The renin–angiotensin system (RAS) plays a central role 

in regulating cardiovascular and renal physiology. The 

RAS was, for many years, thought of as an endocrine 

system with enzymes and peptides released into the 

systemic circulation to act on target organs. More recently, 

it has been recognized that most organs including the brain, 

kidney, heart, liver, pancreas, reproductive organs, skin 

and the gastrointestinal tract constitutively express all the 

components required to allow autonomous function of a 

local intra-organ RAS, where it performs both paracrine 

and autocrine functions1. The RAS is a very old system 

with pro-inflammatory effects on different tissues. RAS 

activation can activate the NF-κB pathway in monocytes 

and cultured vascular smooth muscle cells2.  As well as the 

subsequent production of inflammatory mediator such as 

tumor necrosis factor α (TNF-α), transforming growth 

factor β1, interleukin 1β(IL-1β) and monocyte chemotactic 

protein-1 (MCP-1). Therefore, ACE inhibitors and AT1R 

antagonists (AT1R-A), commonly used as therapeutic 

agents for treating hypertension, have additional protective 

and therapeutic actions3. Angiotensin Ⅱ receptors are also 

found in the intestinal mucosa, and increased colonic 

mucosal angiotensin Ⅰ & Ⅱ concentrations have been 

found in IBD patients4,5. It has been suggested that the 

RAS is a potential mediator of colonic inflammation by 

activating the NF-κB signaling pathway, and the inhibition 

of RAS could be a beneficial protective target in IBD, 

downregulating the NF-κB pathway2. Inflammatory bowel 

disease (IBD), including ulcerative colitis(UC) and 

Crohn's disease (CD) has been a worldwide health-care 

problem with a continually increasing incidence6. As there 

is no curative treatment, most IBD patients need life-long 

treatment, and consequently, IBD is associated with a high 

economic burden on society7. Among several candidates 

of ARBs, Olmesartan medoxomil (OLM-M) has unique 

anti-inflammatory and antioxidant features owing to the 

blockade of Ang Ⅱ AT1 receptors8. OLM-M  also exhibits 

favorable actions in  myocarditis9,10, atherosclerosis11, 

renal injury12 esophageal strictures13 and hepatic fibrosis14. 

Therefore, in the present study, (OLM-M) a non-peptide 

angiotensin Ⅱ receptor antagonist was used as a possible 

anti-inflammatory and antioxidant drug to investigate 

protective potential in experimental model of colitis 

induced by acetic acid (AA) in rats.  

 

MATERIALS AND METHODS 

Animals  

Male albino rats of the Wistar strain weighing (200-350 g) 

were used throughout this work (supplied from Scientific 

Research Center, Damascus, Syria). The animals were 

maintained in a room under standard conditions of light, 

feeding and temperature, had access to a standard diet and 

clean drinking water. 

Acute colitis model induction and treatment protocols 

colonic inflammation under light ether anesthesia was 

simulated. Administering 2mL of 3% (v/v) AA in 0.9% 

NaCl intrarectally with a soft and flexible catheter where 
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inserted in to the anus up to a length of 8 cm. The rat was 

maintained in a head-down position for 30 s to limit 

expulsion of the solution. Before removing the catheter, 2 

mL of air was injected to spread the AA completely in the 

colon15 . 

Grouping 

After one week of acclimatization, the animals were 

randomly divided into 3 groups (n = 6 per group): 

Group (A) (Normal control group): isotonic saline 0.9% 

(2ml i.r.) + vehicle (10ml /kg/day, p.o. CMC 0.5%). 

Group (B) (Colitis group): Acetic Acid (2ml of 3% v/v, 

i.r.) + vehicle (10ml /kg/day, p.o. CMC) [ AA: Merck, 

Germany]. 

Group (C) (AA+ OLM-M): received AA rectally + oral 

OLM-M [Nutre Specialities private limited]  

OLM-M was suspended in 0.5% carboxymethyl cellulose 

vehicle, administered (5 mg/kg/day) by oral gavage 

starting 1 week before the induction of AA colitis, and 

continued till the 4th day post AA instillation. At the end of 

the experimental period, on the 5 day after induction, all 

rats were euthanized under deep ether anesthesia. Colonic 

biopsies were immediately taken for macroscopic scoring 

and histopathological studies. 

Assessment of colitis 

Inflammatory Changes in Colonic Mucosa: 

The main parameters, used to assesse the degree of colonic 

inflammation were macroscopic and histological scoring:   

macroscopic scoring 

The entire colon was excised and opened longitudinally, 

rinsed with cold saline. The colonic samples were 

examined visually immediately and by magnifying lens, 

then scored macroscopically according to the following 

grading system16. 

0=no inflammation 

1=swelling or redness 

2=swelling and redness 

3=one or two ulcers 

4=more than two ulcers or one large ulcer 

5=mild necrosis 

6=severe necrosis 

Histological analysis 

Segments of colon were fixed in 15% formalin for 24 h. 

The specimens were first dehydrated by immersion in 

progressively increasing concentrations of ethanol then 

were cleared in xylene. Following this, the dehydrated 

tissue was immersed in melted paraffin at 55- 60 0C for 3 

h. Sections 5 microns thick were cut by using microtome 

(Leica RM2155). The sections were then deparaffinized by 

treatment with xylene, ethanol and water. Tissues were 

stained with haematoxylin and eosin (H&E), evaluated 

microscopically by a pathologist in blinded fashion. The 

colon microscopic damage was scored as follow17: 

0= normal 

1=mild mixed infiltrates in the lamina propria   

2=focal superficial ulceration of mucosa only, moderate 

cryptitis and crypt abscess 

3=deep ulceration penetrating colonic wall through 

mucosa till muscularis mucosa and severe inflammation  

4=necrosis through large bowel wall  

Statistical study 

Macroscopic score and histological score (non-parametric 

values) analyzed using the Kruskal–Wallis nonparametric 

analysis of variance with Dunn's multiple comparison test. 

P values less than 0.05 were considered statistically 

significant. 

 

RESULTS 

Morphological examination 

The macroscopic score observed in group A was 0.0 ± 0.0 

(table 2, figure 2). This value indicated that 100% of 

animals showed normal morphology. There was visible 

erosions, oedema, ulcer, haemorrage on day 5 following 

administration of acetic acid in group B. Visual evidence 

of colitis was scored at 3.167± 0.40 (table 2, Figure 2), this 

value was significantly different as compared to 

corresponding controls (p<0.01) (fig1). Monotherapy with 

OLM-M (5mg/kg) caused a reduction in macroscopic 

injury (2.667± 0.33) (table 2, figure 2) but these values did 

not achieve significance compared to AA alone group(B) 

(fig1). 

Histopatholgical examination 

Group A: histopathologic assessment and microscopic 

images revealed regular colonic mucosa with intact 

epithelium, crypts and submucosa in the control group. 

Only one of them showed a mild degree of congestion of 

blood vessels and mild mixed infiltrates in the lamina 

propria (fig4).     

Group B: histological observation of AA induced 

ulcerative colitis showed comparatively extensive 

histological damage with the highest histological score 

(2.333±0.21) (table 4, fig 5,6) which was significantly 

different as compared to corresponding controls (p<0.001) 

(fig3). The histopathological features of untreated rats 

included oedema and diffuse inflammatory cell infiltration 

in the mucosa. There was deep ulceration of the colonic 

mucosa extending through the muscularis mucosa. An 

infiltrate consisting of mixed inflammatory cells, crypt 

abscesses, proliferation of fibroblast, dilatation in the 

blood vessels were also noted (fig4). 

Goup C: Rats that received pretreatment with OLM-M 

showed retreating in microscopic injury as seen by 

reduction in histological score (1.833±0.16) (table 7,8), but 

this value was not significantly different from the acetic 

acid control group (p>0.05) (fig 3). Most rats in this group 

experienced the mild mixed infiltrates in the lamina 

propria and focal superficial ulceration of mucosa with the 

score 1 and 2 (fig7,8). 

DISCUSSION 
UC is an inflammatory disease in which patients 

experience cyclic bouts of clinical symptoms including 

diarrhea, rectal bleeding, and anemia resulting from 

intestinal inflammation, edema, and ulceration of the 

colonic mucosa18. Treatment of IBD is associated with 

substantial morbidity in patients with both Crohn’s disease 

and ulcerative colitis19. The role of the RAS in health and 

disease is well defined in a number of organs, but is poorly 

characterised in the gastrointestinal tract. Initial interest in 

the RAS in the gastrointestinal tract is based on the fact 

that several components of the RAS are highly expressed 

in the small and large intestine of rodents and humans3.  
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Table 1: Macroscopic score of different experimental 

groups. 

Group 

Macroscopic 

Score 

Group A  Group B    Group C 

 

0 6(100%) - - 

1  - - 

2 - 2(33.33%) 3(50%) 

3 - 1(16.66%) 2(33.33%) 

4 - 3(50%) 1(16.66%) 

5 - - - 

6 - - - 

 

Table 2: The effects of OLM-M on gross lesion score 

(mean ± S.E.M.)  in AA induced ulcerative colitis in rats 

(n =6). AA ; Acetic Acid , OLM-M; Olmesartan 

Medoxomile. 

Group Gross 

lesion 

score 

Group A 0.0 ± 0.0 

Group B 3.167± 

0.40 

Group C 2.667± 

0.33  

 

 
Figure 1: The effects of OLM-M on gross lesion score. 

Data are presented as means ± SEM (n =6). 

**Significant difference as compared to normal control 

group at p<0.01. 

 

Table 3: Histological assessment of inflammation in 

different experimental groups. 

Group 

histological 

score 

A B C 

0 5 

(83.33%) 

-  

1 1(16.66%) - 1(16.66%) 

2  4 (66.66%) 5(83.33%) 

3  2 (33.33%)  

4    

 

The potential role of the RAS in mucosal inflammation in 

IBD provides an exciting opportunity for therapeutic 

intervention. Experimental studies have contributed 

significantly to advancing the understanding of the  

 
Figure 2: Photographic representation of colon from 

each group A, B, C. 

  

Table 4: The effects of OLM-M on histological score 

(mean ± S.E.M.) in AA induced ulcerative colitis in 

rats. (n =6). AA; Acetic Acid, OLM-M; Olmesartan 

Medoxomile. 

Group histological score 

Group A 0.166±0.16 

Group B 2.333±0.21 

Group C 1.833±0.16 

 

 

 
Figure 3: The effects OLM-M on histological score. Data 

are presented as means ± SEM (n =6). ***Significant 

difference as compared to normal control group at 

p<0.001. 
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Figure 8: Histological section of colonic wall in a rat 

from Group 3 (OLM-M).  

Microscopic grade: 2. Note:  focal superficial ulceration 

of mucosa only, moderate cryptitis and crypt abscess. 

(H&E stain, 40x magnification) 

 

etiology of IBD. One of the well-established models of 

induced colitis  the acetic acid model  was chosen in the 

present study to detect the morphological and pathological 

changes associated with colitis20. In the present study, the 

experimental induction of colitis with instillation of 2 ml 

of 3% acetic acid into the colon was successfully achieved, 

and confirmed by macroscopic damage and 

histopathological findings such as congestion, 

haemorrhages, oedema and leukocytic infiltration. This 

result is in agreement with previous reports in animal 

models of colitis, which demonstrated similar macroscopic 

and microscopic pictures and tissue damage after induction 

of colitis using acetic acid15. In this study, the influence of 

pretreatment with OLM-M on the course of acetic acid-

induced colitis have been investigated. The results 

demonstrate that daily OLM-M treatment of rats markedly 

improves acetic acid-induced colonic lesions as confirmed 

by macroscopic and microscopic examination. That  

  
Figure 4: Histological section of colonic wall in a rat from 

Group 1 (Normal). 

Microscopic grade: 0. Note: normal 

(H&E stain, 10x magnification) 

Figure 5: Histological section of colonic wall in a rat from 

Group 2 (Colitis control).  

Microscopic grade: 2. Note: focal superficial ulceration of 

mucosa only, moderate cryptitis and crypt abscess  

(H&E stain, 10x magnification) 

  
Figure 6: Histological section of colonic wall in a rat from 

Group 2 (Colitis control).  

Microscopic grade: 3. Note: deep ulceration penetrating 

colonic wall through mucosa till muscularis mucosa and 

severe inflammation. 

(H&E stain, 10x magnification) 

Figure 7: Histological section of colonic wall in a rat from 

Group 3 (OLM-M).  

Microscopic grade: 1. Note:  mild mixed infiltrates in the 

lamina propria. 

(H&E stain, 10x magnification) 
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 macroscopic and microscopic lesion scores of the colitis 

group were reduced by treatment with OLM-M, but the 

drug did not cause a significant inhibition of colonic 

lesions as compared to acetic-acid controls.  Our findings 

are in support of other investigators who have recently 

identified potential benefit in blocking the RAS pathway 

in inflammatory bowel disease. El-Medany et al  (2011) 

reported the beneficial effect of valsartan and captopril in  

AA induced ulcerative colitis in rats21. Moreover these data 

are in concert with Nagib et al (2013) which demonstrate 

that OLM-M decreased significantly the production of  

TNF-α and PGE2 in a dose-related manner. These effects 

were clearly reflected on microscopic findings showing 

attenuation of tissue damage, reduction in cell infiltration 

and mucosal ulceration, especially with the higher dose of 

OLM-M in dextran sodium sulphate (DSS) induced 

ulcerative colitis22. Duration of treatment was a 

determinant in the effectiveness of ARB on Protection 

against chemically induced colitis. Nevertheless, the safety 

record for ARBs usage is strong and may thus have a 

strong appeal for clinical applications. Previously 

modulation of the RAS with inexpensive, safe 

pharmaceuticals used by millions worldwide is an 

attractive therapeutic strategy for application to human 

autoimmune diseases. 

 

CONCLUSION 

Olmesartan medoxomil, a new AT1 antagonist, manifested 

a protective effects against AA-induced ulcerative colitis, 

when used in a dose 5mg/kg through its anti-inflammatory 

and antioxidant effects, as proven by histopatholgical 

study. This suggests that the clinical application of ARBs 

may have a potential therapeutic role. 
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