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Introduction 

Phosphodiesterase type 5 (PDE-5) is an enzyme that 

catalyzes cyclic adenosine monophosphate (cAMP) and 

cyclic guanosine monophosphate (cGMP), which are 

essential intracellular second messengers regulating many 

different cellular functions of living cells. PDE-5 specifically 

breaks down the substrate cGMP [1]. PDE-5 is present in the 

corpus cavernosum penis, the cells of the smooth muscle of 

peripheral arteries and veins, the pulmonary and coronary 

circulation, and platelets and endothelial cells of blood 

vessels. Therefore, PDE-5 inhibitor drugs can cause systemic 

hemodynamic changes [2].  Sildenafil binds to the catalytic 

site of  PDE-5  and inhibits the degradation of intracellular 

cGMP, which causes smooth muscle cell relaxation and 

vasodilation [1]. By preventing degradation of cGMP in 

vascular smooth muscle, these inhibitors also enhance arterial 

vasorelaxant effects of nitric oxide donors (which stimulate 

cGMP synthesis) [3].  
Phosphodiesterase-5 inhibitors, sildenafil, which are 

usually prescribed to patients with erectile dysfunction or 

with pulmonary hypertension, have also been shown to exert 

protective effects that may justify their use in patients with 

other cardiovascular diseases [4], such as cardiovascular 

remodeling [5].Numerous  studies have demonstrated that 

PDE-5 inhibitors have powerful protective effect against 

myocardial ischemia/reperfusion (I/R) injury, ischemic and 

diabetic cardiomyopathy, cardiac hypertrophy, Duchenne 

muscular dystrophy and the improvement of stem cell 

efficacy for myocardial repair.  As well as, PDE-5 inhibitors 

enhance the sensitivity of certain types of cancer to standard 

chemotherapeutic drugs [6].   

Sildenafil also has protective effects in the CNS by 

prevents and restores LPS-induced inflammation in astrocytes 

[7], and reduces renal injury due to ischemia [8]. The 

previous studies , for the gastrointestinal tract , have shown 

that sildenafil reduces gastric emptying and small bowel 

transit in healthy and pathological conditions, and had 

beneficial effects in the treatment of Irritable bowel syndrome 

(IBS) in rats [9].In addition, Sildenafil inhibits the 

interdigestive motor activity of the antrum and duodenum 

[10], and has a protective effect for  Inflammatory bowel 

disease (IBD) [11],and for the gastric mucosa against the 

aggressive effect of indomethacin [12]. 

Ulcerative colitis (UC) and Crohn's disease (CD), the 

primary constituents of inflammatory bowel disease (IBD), 

are precipitated by a complex interaction of environmental, 

genetic, and immunoregulatory factors [13]. Ulcerative colitis 

(UC) is a chronic and relapsing inflammatory disorder of the 

gastrointestinal tract, defined by clinical characteristics such 

as diarrhea, abdominal pains, weight loss and nausea and by 

pathological features such as a loss of mucosal integrity and 

inflammatory cell infiltration [14].There is evidence for an 

intense local immune response associated with recruitment of 

lymphocytes and macrophages followed by the release of 

soluble cytokines and other inflammatory mediators[15]. In 

addition to reactive oxygen species (ROS),which cause 

impairment of cellular membrane stability and cell death by 

leading lipid peroxidation [16].  

The aim was to examine the treatment effect of 

sildenafil,a cGMP phosphodiesterase inhibitor, in the 

experimental mouse model of  UC.To the best of our 

knowledge,no scientific data regarding the activity of  
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ABSTRACT 

Ulcerative colitis (UC) is a common and chronic gastrointestinal disorder characterized 

by intestinal inflammation and mucosal tissue damage. Reactive oxygen species (ROS) 

play a pathogenic role in UC. The aim was to examine the treatment effect of sildenafil, a 

cGMP phosphodiesterase inhibitor, in the experimental rat model of UC. Intrarectal 

instillation of acetic acid (1ml 5% v/v) was used to induce UC. Sildenafil was used at a 

dose of 10 mg/kg. Rats received treatment for 5 consecutive days. On day 6, the rats were 

sacrificed, the colon was removed, then the body weight, colon weight/length ratio, tissue 

glutathione (GSH) concentration, macroscopic, and histopathological evaluations, were 

performed.The levels of body weight,and colon weight/length ratio was decreased 

significantly (𝑃 < 0.05). The glutathione (GSH) concentration was increased significantly 

(𝑃 < 0.05). The macroscopic and histopathological parameters were decreased, but it 

didn’t reduce significantly in the Sildenafil treated groups, compared to the acetic acid-

treated group. The anti-inflammatory and antioxidant effects of Sildenafil in treating the 

UC are due to its potential to reduce the colon weight/length ratio, increased GSH, and 

improving the macroscopic, and histological markers.                                                                           
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Sildenafil on UC as treatment is available in the literature. 

Therefore, this work has been undertaken. 

Material & Method 

Animals 

Wister rats weighing (250-300g) were housed under a 

12-h light–dark cycle at a constant ambient temperature (22 

to 25°C), with normal rat chow and water ad libitum. All rats 

were deprived of food for 48 h prior to the experimental 

procedure but were allowed free access to tap water. All 

methods performed in this study were in accordance with 

regulatory guidance on the care and use of experimental 

animals. Eighteen Wister rats were divided into three groups 

of six members each. The groups were divided into normal 

control group (NC), acetic acid (CC) control, and Sildenafil 

treated group(S).  Group (NC) was received physiological 

saline intrarectally, following the administration of oral 

gavage syringe; Group (CC) (colitis control) received 1 ml 

acetic acid  5%  ( Merck company ) intrarectally, following 

the administration of saline orally [17] ; Group (S) received 1 

ml acetic acid 5%  intrarectally, following the administration 

of Sildenafil  (01 mg/kg/day, orally) , obtained from  Santa 

Cruz.  Biotechnology,  suspended in normal saline [12], once 

daily for 5 consecutive days, starting 24 h after the induction 

of colitis.  

Induction of colitis   

Following 24 h fasting (receiving nothing except water) 

and under light ether anesthesia, colonic inflammation was 

induced by acetic acid. Groups  (CC) and  (S)  were treated 

with 1 ml acetic acid 5% enema, through a polypropylene 

trocar cannula which was inserted into the colon via the anus 

for 8 cm [17] . Tissues were kept for 30 sec with acetic acid, 

then washed with warm normal saline. Group (NC) as treated 

with 1 ml physiological saline instead of acetic acid with the 

same method to serve as the control group [18].  

Assessment of colitis  

During the study, rats were checked daily for body 

weight, behavioral changes, food intake, rectal bleeding and 

stool consistency. The body weight of animals was measured 

at regular time intervals from day 0 to 5, change of body 

weight (%) was calculated, also. All the rats in each group 

were sacrificed on the 6th day under deep ether anesthesia. 

The distal colon was excised, opened longitudinally, and 

rinsed with saline solution. The distance from the colorectal 

junction to the anus, the length (cm) and weight (mg) of the 

colon, were measured, from which weight/length (mg/cm) 

ratios obtained, as indirect marker of inflammation was 

calculated. Then the colon was sectioned into two pieces, 

after macroscopic examination, one was stored at −80
◦
C for 

biochemical analysis (tissue GSH levels), and the other was 

fixed in 10% buffered formalin solution for histopathological 

studies. 

Measurement of Reduced glutathione levels 

Glutathione Assay Kit (Abnova Chemical Company, 

(Taiwan)) for direct assay of reduced glutathione in colonic 

tissue was used. Colonic tissue samples were frozen in liquid 

nitrogen, stored at −80 °C until the time of assay. Colon GSH 

levels were determined  as previously described by [19],
 

based on the reaction of  5, 5-dithiobis-(2-nitrobenzoic acid) 

(DTNB) with the glutathione present to form a yellow 

product. The optical density (OD) measured at 412 nm is 

directly proportional to glutathione concentration in the 

sample by using microplate reader (Elisys Uno Human, 

Germany). The glutathione content was expressed as μM/g 

tissue.  

Macroscopic examination    

To evaluate the macroscopic damage, the colon was 

examined visually immediately and by a magnifying lens for 

gross inflammatory changes. The damage [colon mucosal 

damage index (CMDI)] in CC-induced colitis was scored on 

the following scale of 0 to 4 according to the criteria 

described by Amirshahrokhi: 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 [17].  

Histopathological examination 

Colon sections were fixed 15% formalin then put for 24 

h in the decal. Samples were then cut into several sections 

and embedded into paraffin wax blocks. Tissues were stained 

with hematoxylin and eosin and were mounted and observed 

microscopically for histopathological changes by a 

pathologist in the blinded fashion. 

Histopathologically were assessed by using the following 

score according to Medhi et al [20]: 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 the large bowel wall. 

Statistical Analysis  

Data analyses were achieved using Prism (Version 5) 

statistical package.  Data were presented as means ± standard 

deviation (SD). For parametric data, One-way analysis of 

variance (ANOVA) was used followed by Tukey-Krammer 

multiple comparison tests. Lesion score and histological score 

(non-parametric values) analyzed using the Kruskal–Wallis 

nonparametric analysis of variance with Dunn's multiple 

comparison tests. P values less than 0.05 were considered 

Statistically significant. 

Results    

Effect of sildenafil on the animals’ food intake, weight, 

and well-being 

Acetic acid treated rats were agitated and manifested 

decreased food intake, general malaise, severe diarrhea, 

progressively body weight loss with weakness, and 

hematochezia. Treatment with Sildenafil corrected diarrhoea 

and improved their general condition and well-being.   

 The body weight of the group (CC) had significantly 

decreased by (-16.52%) (p<0.05), Compared with that of the 

(NC) group which revealed increase in the body weight 

(+6.81%). Also, the body weight of the (S) group was 

significantly reduced by (-2.31%) Compared with that of the 

(CC) group (p<0.05).( Figure1). 

 

Figure 1. Effects of Sildenafil on colonic body weight. 
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Each column represented as the mean±SD.  *** P<0.05, 

compared to the NC group; θ P<0.05, compared to the CC 

group.NC, control group; CC, Acetic acid; S, Sildenafil. 

Colon weight / length ratio: 

The rats in the (CC) group showed a significant increase 

in the colonic weight/length ratio (p<0.05), compared with 

that of the normal control group. Sildenafil treatment exerted 

an intestinal anti-inflammatory effect, for 5 days, by a 

significant decrease in the weight/length ratio compared with 

that of the group (CC), (p<0.05).  

 

 

Figure 2. Effects of Sildenafil on colonic weight/length 

ratios. 

Each column represented as the mean±SD.  

 *** Significant difference P<0.05, compared to the 

(NC) group; θ Significant difference P<0.05, compared to the 

(CC) group.(NC), control group;( CC), Acetic acid; (S), 

Sildenafil. 

Effect of Sildenafil on GSH activities in colon tissues   

The GSH level was used as an index of oxidative status 

in UC. The results demonstrated significantly reduced the 

concentration of endogenous antioxidant glutathione as 

compared to control group. Treatment of animals with 

Sildenafil significantly increased the glutathione 

concentration compared to acetic acid group (p<0.05). 

 

Figure 3. The effect of Sildenafil on GSH levels. 

Data are presented as means ± SD (n =6). (NC); normal 

control, (CC); colitis control, (S); Sildenafil, groups.  

*** Significant difference P<0.05, compared to the (NC) 

group; θ Significant difference P<0.05, compared to the CC 

group.NC, control group;(CC), Acetic acid;(S), Sildenafil. 

Effects of Sildenafil on macroscopic scoring 

The mucosa of rats in the normal group was smooth and 

intact. All acetic acid-treated rats showed injury to different 

extents, severe macroscopic damage of mucosa erosion and 

putrescence, multiulceration, which consisted of multifocal 

lesions, such as thickening, haematoes or edema hemorrhagic 

areas, and necrotic of the proximal and distal colon Thus the 

morphological score in the (CC) group was significantly 

increased as compared to normal control group (p<0.05). 

Whilst, rats in the (S) group revealed improved 

macroscopical lesion with edema, haematoes mucosa, small 

and superficial ulcers, but the morphological score was not 

statistically significant as compared to (CC) group (p<0.05).  

Table I. Macroscopic score of different experimental 

groups. 

S CC NC Group Macroscopic Score 

- - 6(100%) 0 

1(16.6%) -  1 

4(66.6%) - - 2 

1(16.6%) - - 3 

- - - 4 

- 2(33.3%) - 5 

- 4(66.6%) - 6 

 

A-(grade0) showing normal mucosa 

 

B-(grade 1) showing swelling or redness 

 

C-(grade 2) showing swelling and redness 

 
D-(grade 3) showing one or two ulcers 

 

E-(grade 5) showing mild necrosis 

 

F-(grade 6) showing severe necrosis 

Figure 4. Macroscopic appearances of colons, (NC), 

normal group; (S), Sildenafil group; (CC), acetic acid 

group. 
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Figure 5. The effect of Sildenafil on macroscopic damage. 

Data are presented as means ± SD (n =6). (N), normal 

control ;(CC), colitis control; (S) Sildenafil, groups. 

 *** Significant difference P<0.05, compared to the NC 

group.(NC), control group; (CC), Acetic acid; (S), Sildenafil. 

Effect of Sildenafil on microscopic scoring in the colon 

tissues 

The colitis group had the highest histological score (3-4) 

which was characterized by severe disintegration of tissue 

architecture, massive inflammatory infiltration with large 

areas of ulceration. Histological sections displayed a loss of 

epithelia cells, reduction in the goblet cells, the collapse of 

crypts, ulcerations, submucosal edema, transmural 

distribution, and epithelial dysplasia. The histological score 

was significantly increased p < 0.05 vs. normal group. 

Conversely, the inflammation and damage in animals treated 

with Sildenafil were markedly improved, less necrosis and 

overall less visible changes compared to acetic acid control 

group. However, the values obtained with this dose of 

Sildenafil (10mg/kg) were not significantly different from the 

acetic acid control group. 

Table II.  Histological score of different experimental 

groups. 

S CC NC Group histological score 

- - 6(100%) 0 

1(16.6%) - - 1 

4(66.6%) - - 2 

1(16.6%) 2(33.3%) - 3 

- 4(66.6%) - 4 

 

 
A- (Grade 0) NC  group. 

 
B- (grade 1) S group. 

 
C- (grade 2) S group. 

 
D- (grade 3) S group. 

 
  E- (Grade 4)  CC  group. 

 
F- (Grade 4)  CC  group. 

Figure 6. Histological appearance of colonic tissue 

sections, original magnification×10  

 
Figure 7. The effects of MSM on the histological changes 

in Acetic Acid induced ulcerative colitis in rats. 
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Parametric data were expressed as mean ± S.D (n =6). 

(NC), normal control; (CC), colitis control;(S), Sildenafil 

group. 

*** Significant difference as compared to normal control 

group at p<0.05.  

Discussion 

Various animal models of experimental colitis have been 

designed and used to define the mechanisms of UC and to 

evaluate effective drugs for its treatment. Acetic acid-induced 

colitis, which is our model in this investigation, is an animal 

model that imitates some of the acute inflammatory responses 

of ulcerative colitis. Acetic acid-induced colitis is an easily 

and inducible model of inflammatory bowel disease (IBD), 

and the similarity of the inflammatory mediators’ profile to 

IBD suggests that the inflammatory phase bears some 

resemblance to human intestinal inflammation [11].  

In this study, the development of acetic acid-induced 

colitis was studied in relation to change of body weight (%), 

behavioral changes, weight/length (mg/cm) ratios of colon, 

tissue GSH levels, macroscopic, and histological features of 

inflamed tissue, which are used to quantify the severity of 

inflammation. In acetic acid treated animals (CC group), the 

severe colonic inflammatory reaction was associated with 

marked anorexia, severe diarrhea, and weight loss. Acetic 

acid caused a substantial degree of tissue injury associated 

with deep ulceration penetrating colonic wall through mucosa 

till muscularis mucosa, severe inflammation, and necrosis, 

associated with significant depletion in GSH levels, which is 

in agreement with the previous findings [21, 22]. 

Clinical observations have found that increased platelet 

number and platelet activation are notable characteristics of 

UC. Platelets can activate neutrophils and affect 

inflammatory status. These activated neutrophils produce and 

release several toxic reagents, such as reactive oxygen species 

(ROS) and protease, which can cause tissue damage [23]. 

Several studies found that excessive production of ROS in 

mucosal cells induced by inflammatory and immune 

responses could directly or indirectly cause damage of 

intestinal epithelial cells, subsequently influences the mucosal 

integrity or initiate an inflammatory signaling cascade and 

lead to severe impairment in experimental colitis [20]. In 

addition to the free radicals that are generated in the injured 

tissue, inflammatory cells which are recalled through 

chemotaxis to the target tissue play a pivotal role in the 

pathogenesis of the disease [24]. Free radicals contribute, 

aggravate and precipitate pathological changes in the colonic 

mucosa and have been proposed as therapeutic targets. 

Localized inflammation, neutrophil infiltration and the 

vicious cascade of generation of inflammatory mediators 

have been elucidated to damage the colonic mucosal [25]. 

reduced glutathione (GSH) inhibits ROS oxidative injuries 

directly via its sulfhydryl group and indirectly as a cofactor or 

a coenzyme in ROS enzymatic detoxification process [26].  

Inflammation through the modification of the 

contractility of vascular and gut smooth muscle diminishes 

mucosal blood flow and eventually leads to tissue destruction. 

Histologically the intestinal inflammation is characterized by 

infiltration of polymorphonuclear leukocytes, monocytes, and 

macrophages. They are activated by various mediators 

including prostaglandins, leukotrienes, platelet activating 

factor, and cytokines to synthesize and liberate toxic reactive 

oxygen metabolites [11]. Increased levels of both TNF-α  and 

PGE2, caused epithelial cell necrosis, edema, and neutrophil 

infiltration[21].  

Furthermore, the role of the vasculature damage in 

mucosa and submucosa, and disturbances of blood flow are 

thought to be important pathogenic mechanisms in UC [27].  

Results of the present study revealed, for the first time, that 

Sildenafil ameliorates acetic acid-induced colitis in rats. 

Sildenafil improved colonic macroscopic and histological 

damages, and increased significantly elevated tissue GSH, 

body weight, and colonic weight/length ratio. Sildenafil 

reversed the inflammatory parameters, it resulted in a 

dramatic reduction in diarrhea improved the animals’ general 

condition and well-being, and  increased GSH levels, 

therefore, Sildenafil can strengthen the enzymatic defensive 

system and reduce free radicals, then alleviate inflammation.  

Neutrophils play a predominant role in inflammatory and 

immune reactions in inflammatory bowel disease [28]. 

Koupparis et al. have confirmed that the antioxygen free 

radical effect of sildenafil is mediated only by enhancing  

cGMP  levels because the effect is blocked in the presence of  

guanylyl cyclase  inhibitor [29].  In addition, it seems that 

sildenafil-induced reduction of free oxygen radical would, in 

turn, increase the bioavailability of nitric oxide. That, 

sildenafil indirectly mimics nitric oxide actions. Enhanced 

nitric oxide would further inhibit NADPH oxidase activity 

and expression. Regarding these interesting findings, 

sildenafil may be a potent inhibitor of superoxide formation 

in other tissues of the gut [11].  Sildenafil increases bowel 

total antioxidant capacity and cyclic nucleotides (cGMP, 

cAMP)[9].  

Sildenafil exerts an anti-inflammatory response by 

normalizing the expression of inflammatory  cytokines: 

(interleukin- 1 (IL-1) β, IL-6, IL-10, transforming growth 

factor β1 (TGFβ1), oxidative stress factors  Nicotinamide 

adenine dinucleotide phosphate (NADPH) oxidase, 

Myeloperoxidase (MPO), inducible nitric oxide synthase 

(iNOS), and TNF receptor superfamily member 5 (CD40) 

[30]. 

Sildenafil possesses gastroprotective activity, against 

indomethacin-induced gastric damage, by pretreatment with 

sildenafil 5,10 mg/kg, reduced gastric acid secretion, ulcer 

score and lipid peroxides production without effect on mucin, 

TNF-α, or nitric oxide (NO) [12] . As well as, pretreatment in 

doses of 1.5 or 3 mg/kg, 7 days before acetic acid [11].   

The present investigation outlines the anti-inflammatory 

and antioxidant activities of Sildenafil against experimental 

ulcerative colitis. The anti-ulcerogenic effect was further 

confirmed by the histological preservation of the colon 

architecture and correlated to its anti-inflammatory 

properties. The positive effects of sildenafil in reducing tissue 

damages such as necrosis could possibly be attributed to the 

increase of colonic blood flow, and normalizing the 

expression of inflammatory cytokines by diminishing the 

production of damaging factors. 

Conclusions 

Based on the data obtained in this study, it can be 

confirmed that a dose of 10 mg of Sildenafil, has cured 

effects on acute experimental colitis, and its anti-

inflammatory effects seem to be relative to antioxidation. 

Thus, this results showed that sildenafil has the potential to 

suppress colitis in rats.  Results of proper clinical trials will 

determine the possible efficacy of phosphodiesterase-5 

inhibitors in human UC . 
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