
ATORVASTATIN EXHIBITS POTENT ANTI-ULCER EFFECTS AGAINST INDOMETHACIN-INDUCED GASTRIC ULCERATION IN A RAT MODEL
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ABSTRACT

	
Background: Gastric ulcers pose a significant clinical challenge, necessitating the exploration of novel therapeutic strategies. Atorvastatin, a statin with anti-inflammatory and anti-oxidant properties, may offer a promising approach for managing and preventing gastric ulcers.
Aim: This study investigated the potential of atorvastatin, a statin with known anti-inflammatory and anti-oxidant properties, to manage and prevent indomethacin-induced gastric ulcers using a rat model.

Methodology:  We employed a rat model of indomethacin-induced gastric ulcers to investigate the anti-ulcer potential of atorvastatin. Rats were randomly assigned to nine groups, receiving various doses of atorvastatin (3-19 mg/kg) post-ulcer induction or pre-treatment with atorvastatin (10 and 19 mg/kg) prior to ulcer induction.
Results: Atorvastatin significantly (p ≤ 0.05) and dose-dependently reduced the ulcer index, with pre-treatment providing superior protection (96% protection at 19 mg/kg) comparable to the standard anti-ulcer drug cimetidine (97%). Notably, pre-treated groups exhibited reduced ulcer indices and enhanced protection compared to treatment groups.
Conclusion: Our findings demonstrate the potent anti-ulcer effects of atorvastatin, both in treatment and prevention, suggesting its potential repurposing for gastric ulcer management. These observations warrant further clinical investigation to validate the therapeutic efficacy of atorvastatin in gastric ulcer prevention and treatment.
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1. INTRODUCTION

Gastric ulcer, a predominant subtype of peptic ulcer disease, remains a significant global health challenge despite advances in gastroenterological research and therapeutics. It is characterized by mucosal sores that extends through the muscularis mucosa into the submucosa or deeper layers. (1) The erosion in the stomach is due to the imbalance between aggressive factors, such as gastric acid and pepsin, and the defensive mechanisms including mucus secretion and mucosal blood flow.(2) Gastric ulcers can lead to severe complications such as: hemorrhage, perforation, gastrointestinal obstruction and malignancy.(3) The pathogenesis of gastric ulcers is complex and multifactorial, involving Helicobacter pylori infection, prolonged use of non-steroidal anti-inflammatory drugs (NSAIDs), excessive alcohol consumption, and stress.(3) 
Pharmacological interventions which are the mainstay of treatment, include: histamine receptor antagonists, prostaglandins analogues, proton pump inhibitors, cytoprotective agents, antacids and anticholinergics, but most of these drugs produce undesirable side effects or drug interactions and may even alter biochemical mechanisms of the body upon chronic usage, thus, emphasizing the need for safer and more effective alternatives.(4,5), Drug repurposing, where existing medications are evaluated for off-label applications has today emerged a promising and productive strategy to mitigate the financial and time-intensive demands of de novo drug development. This approach offers a novel perspective in addressing clinical conditions such as gastric ulcers. The role of statins, particularly atorvastatin, has expanded beyond their conventional use as lipid-lowering agents due to their pleiotropic effects, including anti-inflammatory, antioxidant, and endothelial-protective properties.(6) These properties have sparked interest in their potential therapeutic applications in non-cardiovascular conditions, including gastric mucosal protection. Atorvastatin, a widely prescribed HMG-CoA reductase inhibitor, has been demonstrated to exert beneficial effects on oxidative stress modulation and inflammatory pathways, which are critical in the pathogenesis of gastric ulcers.(7), (8)
Several experimental models are employed in anti-ulcer research, including pylorus-ligated, NSAID-induced, and ethanol-induced gastric ulcer models.(9)  The pylorus-ligated model, which involves obstructing the pyloric end of the stomach, causes an accumulation of gastric acid, promoting ulceration and facilitating the measurement of gastric acid secretion. (10) NSAID and ethanol-induced models are pivotal in evaluating the efficacy of anti-secretory and cytoprotective agents, as their mechanisms involve gastric acid secretion and suppression of mucosal prostaglandin synthesis, key contributors to ulcer pathogenesis.(11). This study aims to explore the potential effects of atorvastatin on experimentally induced gastric ulcers using the NSAID (indomethacin) and ethanol-induced rat model.


2. material and methods 

Experimental animals 
Healthy Wistar rats aged 12 – 16 weeks were used for this study. The rats were obtained from the animal house of the Department of pharmacology and toxicology, faculty of pharmacy, University of Uyo. They were housed in standard cages and maintained on a standard pelleted feed and water ad libitum. Permission and approval for animal studies were obtained from the College of Health Science Animal Ethics Committee, University of Uyo.  The animals were euthanized using ketamine (25mg/0.5mL) and sacrificed 5 hours following the induction of ulcer. 
Animal groupings and dosing
The rats were randomly assigned to nine groups, each comprising five animals, and treated as follows: group 1 were healthy rats treated with distilled water (negative control), group 2 was the model group administered indomethacin but untreated (positive control), groups 3, 4, 5, and 6 received atorvastatin at doses of 3 mg/kg, 5 mg/kg, 10 mg/kg, and 19 mg/kg, respectively, one hour after ulcer induction while group 7 was treated with the standard anti-ulcer drug, cimetidine, at a dose of 100 mg/kg one hour after ulcer induction, groups 8 and 9 were pretreated with 10 mg/kg and 19 mg/kg atorvastatin respectively.
Ulcer induction
Gastric ulcers were induced with a single oral dose of indomethacin (40mg/kg). Prior to ulcer induction, the rats were deprived of food overnight but had free access to water. Various degrees of ulceration were manifested 5 hours after ulcer induction. 
Evaluation of gastric mucosa for ulcer
Five hours after the ulcer induction, the rats were sacrificed, and their stomachs were carefully opened along the greater curvature to assess for gastric lesions. The stomachs were rinsed with normal saline to remove residual gastric contents and blood clots. Thereafter, they were examined for ulcerative lesions using a hand lens with 10x magnification. The ulcer index was determined based on a scoring system as described by Reddy et al. (2012). 
Normal coloured stomach - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - -  (0.0)
	Red colouration - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - (0.5)
	Spot ulcer - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - (1.0)
	Hemorrhagic streak - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - (1.5)
	Deep ulceration - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - (2.0)
	Perforation - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - (3.0)

Determination of Antiulcer Activity
The antiulcer activity of the drugs was determined using the relation
Ulcer index (UI) = UN + US + (UP/10)
Were UI = ulcer index
UN =average number of ulcer per animal
US = average of severity score
UP = percentage of animals with ulcer. 
The percentage protective ratio was calculated as follow:

% ​of ​protection = ​100 − [ UIPreteated]
                                        [UIControl ]    ×100

Statistical analysis 
The results were expressed as mean ± SEM and statistically analyzed using one-way analysis of variance. Dunnett’s multiple comparison post-hoc test was thereafter employed to compare different treatment groups with respective controls. The level of significance was set at p < 0.05.


3. results 

[bookmark: _Hlk185307589]Gross macroscopic examination of the stomach following ulcer induction by both the ethanol and indomethacin revealed hemorrhagic and eroded tissues. However, morphological examination revealed greater ulcer severity in the indomethacin-induced group, which recorded an ulcer score of 7.4 compared to 6.4 in the ethanol-induced group. Consequently, the indomethacin-induced ulcer model was selected for subsequent experimental procedures. Atorvastatin-pre-treated and treated indomethacin-induced gastric ulcer showed reduced improved gastric mucosa when compared to the untreated group (Figures 1 and 2). Observations revealed that treatment intervention mitigated the severity of red discoloration, hemorrhagic streaks, spot ulcers, deep ulcerations, and perforations. Notably, the therapeutic effects were more pronounced in groups pre-treated with atorvastatin prior to ulcer induction.

[image: ]
Figure 1. Evaluation of rat gastric mucosa following ulcer induction
1=Negative control (healthy animals) showing the normal architecture of the gastric mucosa; II=Positive Control (Ulcer model group sowing perforations); III = Atorvastatin, 3mg/kg treated group showing perforations as indicated by the arrow; IV=Atorvastatin treated 5mg/kg, showing deep ulceration. The arrows show spot ulcers.
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Figure 2. Evaluation of rat gastric mucosa following ulcer induction
1=10mg/kg atorvastatin-treated group; II=19mg/kg atorvastatin-treated group; III = 10mg/kg atorvastatin pre-treated group; IV=19mg/kg atorvastatin pre-treated group V=100mg/kg cimetidine-treated group.  
 
These ulcer scores were further utilized to calculate the ulcer index and percentage inhibition of ulceration, as earlier described. The influence of therapeutic intervention appeared more prominent in the groups that were pre-treated with Atorvastatin before the ulcer induction.















Atorvastatin Significantly reduced Ulcer Index in Indomethacin-induced ulcer model







Figure 3. Effect of different doses of atovastatinon on the ulcer index of indomethacin-induced ulcer model in rat. *Art =Artovastatin.  Cim = Cimitidine. The results are expressed as mean ± SEM (n = 5). One way analysis of variance was employed followed by Dunnett’s multiple comparison post hoc test. The level of significance was set at p ≤0.05 when compared to the positive control group.

The ulcer index was significantly reduced in the atorvastatin-treated groups compared to the positive control group, which recorded an index of 7.4. This reduction was dose-dependent. Interestingly, the group treated with 10 mg/kg atorvastatin exhibited an ulcer index comparable to that of the group pre-treated with the same dose. Among all groups, the 19 mg/kg atorvastatin pre-treated group demonstrated the lowest ulcer index (0.3), closely resembling the group treated with 100 mg/kg cimetidine, which had an ulcer index of 0.2 (Figure 3). All groups treated or pre-treated with atorvastatin showed a significant reduction in ulcer index, indicating a substantial improvement and amelioration of indomethacin-induced ulceration.

Atorvastatin Improved the percentage of protection of the gastric mucosa in indomethacin-induced gastric ulcer rat model.



[bookmark: _Hlk129077830]Figure 4. Percent ulcer inhibition of Different doses of Atorvastatin on indomethacin-induced ulcer model in rat. *Pre. Art = pretreated with Artovastatin. Other doses were administered after the ulcer induction. 
The percentage of gastric protection significantly improved following intervention with Atorvastatin. As illustrated in Figure 4, the healthy animals in the negative control group demonstrated 100% protection, whereas the untreated ulcer-induced group (ulcer model group) exhibited 0% protection. Treatment with Atorvastatin resulted in a marked and statistically significant improvement in protection (p ≤ 0.05). Notably, the group pre-treated with 19 mg/kg of Atorvastatin achieved 96% protection, comparable to the 97% protection observed in the group treated with the standard anti-ulcer drug, cimetidine. These findings suggest that Atorvastatin is potentially as effective as cimetidine in mitigating gastric ulceration. Furthermore, the percentage of protection increased progressively with higher doses of Atorvastatin, highlighting its promising ulcer-preventive efficacy.



4. DISCUSSION
Gastric ulceration, characterized by a localized lesion on the mucosal epithelium, is among the most prevalent gastrointestinal disorders globally, contributing to significant morbidity and mortality, with approximately 15 deaths per 15,000 ulcer-related complications reported annually.(12),(13)  Inhibitory action of indomethacin on prostaglandin synthesis coupled with free radicals’ formation has been implicated in the pathogenesis of gastric ulceration. (14) The frequent adverse events, and resistance to existing therapies have encouraged more search into already existing drugs with seemingly positive attributes that can be exploited in the management of gastric ulcer. In this study, we investigated the effect of a statin, atorvastatin in indomethacin-induced gastric ulcer in rats.
Evaluation of the gastric mucosa following atorvastatin intervention greatly and significantly improved the lesion created by indomethacin. The dose dependent improvement of the indomethacin eroded gastric mucosa was similar to a previous report by Ahmed et al., 2022. (9) Previous works had reported the antioxidant, anti-inflammatory, immunomodulatory, antithrombotic, vascular protective, and neuroprotective pleiotropic effects of atorvastatin which goes beyond their lipid-lowering effects. Atorvastatin, a widely prescribed statin, exhibits anti-inflammatory and antioxidant properties beyond its lipid-lowering effects. These pleiotropic effects have been demonstrated in various studies, highlighting atorvastatin's potential in modulating inflammatory pathways and oxidative stress. For instance, atorvastatin has been shown to exert anti-inflammatory effects by modulating the NLRP3 inflammasome and toll-like receptors (TLRs), which are implicated in cardiovascular diseases. By influencing these pathways, atorvastatin contributes to the reduction of vascular inflammation, thereby offering protective benefits in atherosclerotic conditions.(15) Additionally, atorvastatin's antioxidant properties have been observed in studies focusing on oxidative damage and inflammation. In models of ischemia–reperfusion injury, atorvastatin demonstrated a protective effect by reducing oxidative stress and tissue damage, underscoring its potential in mitigating conditions associated with oxidative injury.(16) Furthermore, atorvastatin has been reported to activate antioxidant pathways, such as the Nrf2/HO-1 axis, enhancing the body's defense mechanisms against oxidative stress. This activation contributes to its vascular protective effects, making atorvastatin a valuable therapeutic agent in managing diseases characterized by heightened oxidative stress and inflammation.(17) These findings suggest that atorvastatin's anti-inflammatory and antioxidant effects play a significant role in its therapeutic efficacy, extending its benefits beyond cholesterol reduction. These reported properties position atorvastatin as a promising candidate in the treatment of conditions like gastric ulcers, where inflammation and oxidative stress are key contributors to pathogenesis. Thus, we speculate that the antioxidant properties of atorvastatin enhanced its possible moping or detoxification of the free radicals produced by continuous release of superoxide anion and hydroperoxy free radicals during metabolism of indomethacin and even those released via the distortion of the balance between the aggressive and defensive factors. The sharp decline in the severity of the red discoloration, hemorrhagic streaks, and perforations in the artovostatin-pretreated gastric mucosa greatly showed the cytoprotective potential of atorvastatin in a dose dependent manner. NSAIDs have actually been reported as an excellent agent in investigating the potential usefulness of anti-secretory and cytoprotective agents since its fundamental pathophysiology involves gastric acid secretion and mucosal prostaglandin synthesis.(11) It is obvious that atorvastatin inhibited the gastric acid secretion and boosted the mucosal defense mechanisms by likely increasing mucosal production, stabilizing the surface epithelial cells, and upregulating the synthesis of prostaglandin which has been reported to be inhibited by indomethacin.
The ulcer index, a measure of ulcerated area in the gastric mucosa was significantly reduced upon increasing dose of atorvastatin. A better reduction was observed in the atorvastatin-pretreated groups. We observed no significant difference between the atorvastatin pretreated group and the rats treated with cimetidine. This revealed a restoration of the indomethacin damaged gastric mucosa by atorvastatin. Infact a study by Lin et al., 2017(18) reported the effect of statin use and the incidence of peptic ulcer disease in Taiwanese population. Their results showed that statin therapy reduced the risk of peptic ulcer and their observed reduction was associated with the high cumulative defined daily dose of prescribed statins. (18) From their reports, active use of statins is associated with decreased risk for peptic ulcer.
The improved gastric mucosa and diminishing ulcer index observed upon atorvastatin treatment culminated to an admirable gastroprotection. Again, the pretreated rats had better protection that was very close to the gastric mucosa of healthy rats. This also re-emphasized the cytoprotective potential of atorvastatin observed in this study. In a systematic and meta-analysis review by Lin et al (2017),(18) the protective effect of statins against PUD was assessed. They found that the risk of PUD was numerically lower among statins-users compared with non-users. However, the difference did not achieve statistical significance. There are several potential mechanisms that could theoretically give rise to the protective effect of atorvastatin shown in this study as well as its impressive anti-ulcer activity. A synergy between atorvastatin’s anti-oxidant and anti-inflammatory potential may have reduced inflammatory burden in the gastric mucosa and protected the gastric mucosa of the pretreated rats against the development of ulcer induced by the indomethacin. The possibility of atorvastatin enhancing the expression of prostaglandin synthetase cannot be refuted, hence, we recommend that these analyses be carried out to ascertain the mechanism with which atorvastatin prevented and even treated indomethacin-induced ulcer as seen in this study.

5. Conclusion

Gastric ulcer complications pose significant and life-threatening risks, often progressing beyond initial expectations. Prolonged administration of NSAIDs is well-documented to impair prostaglandin-mediated gastric mucosal protection, resulting in the formation of lesions on the gastric epithelium. In this study, atorvastatin demonstrated a notable protective effect against such gastric injury, as evidenced by improved gastric mucosal integrity, a reduced ulcer index, and enhanced gastroprotection. These effects were particularly pronounced at higher doses of atorvastatin and in the pretreated groups, highlighting its potential as a therapeutic intervention for NSAID-induced gastric ulceration.
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