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Article Information  ABSTRACT 
Received: 3rd January 2025  Background: Peptic ulcer disease (PUD) is one of the most common gastrointestinal disorders, resulting 

from an imbalance between aggressive and protective factors, leading to mucosal erosion. Various 

factors influence its pathogenesis, including Helicobacter pylori infection, NSAID use, and oxidative 

stress. Objective: We review PUD epidemiology, varying experimental models, and mechanistic 

insights into PUD and promising therapeutics. Methodology: We systematically reviewed previous 

literature on PUD, including epidemiological trends, commonly used in vivo, and molecular 

mechanisms. Results and discussion: The global prevalence of peptic ulcer disease (PUD) follows an 

epidemiological pattern influenced by geography, lifestyle, and genetic factors. Experimental models 

using ethanol, NSAIDs, or Helicobacter pylori induction provide valuable insights into disease 

progression and pathophysiology. Emerging trends:  Recent research in peptic ulcer disease focuses on 

molecular mechanisms, gut microbiome interactions, personalized therapies, and novel pharmacological 

agents. Molecular studies explore genetic and epigenetic factors influencing ulcer formation, while 

microbiome research examines the role of gut bacteria beyond H. pylori. Personalized treatment 

approaches use genetic profiling and biomarkers to enhance efficacy and reduce toxicity. Additionally, 

emerging pharmacological agents aim to improve acid suppression, promote mucosal healing, and 

develop more effective H. pylori eradication strategies. Conclusion: A deeper understanding of PUD 

pathophysiology through epidemiological studies and experimental models can aid in developing novel, 

targeted therapies. Future research should focus on alternative treatments, including phytochemicals and 

probiotics, to enhance ulcer prevention and management. 
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INTRODUCTION 
Peptic ulcer disease (PUD) is a chronic condition caused by an 
imbalance between protective and harmful factors in the 
stomach or duodenum. The main risk factors include 
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Helicobacter pylori infection and NSAID use, which impair 
mucosal defense and promote ulcer formation. Other 
contributing factors include stress, smoking, and dietary habits 
[1]. In 2019, approximately 8.09 million cases of peptic ulcer 
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disease (PUD) were reported worldwide, reflecting a 25.82% 
increase from 1990. However, despite the rise in total cases, the 
age-standardized prevalence has declined over this period. 
Having understood the global impact of PUD, it's crucial to 
delve into its pathophysiology to grasp the underlying 
mechanisms [2] better. Excessive gastric acid secretion by 
parietal cells plays a vital role in developing gastric ulcers. Since 
stomach acid is a key factor in ulcer formation, effective 
management focuses on regulating hydrochloric acid secretion 
and strengthening the protective mechanisms of the stomach 
lining [3]. The prevalence of peptic ulcer disease (PUD) varies 
across populations based on socioeconomic status, healthcare 
access, and dietary habits. In recent years, developed countries 
have seen a decline in PUD cases due to improved sanitation and 
effective H. pylori eradication programs. However, the disease 
remains a significant burden in developing nations [4]. The 
primary causes of peptic ulcer disease (PUD) are H. pylori 
infection and NSAID use, both of which compromise gastric 
mucosal integrity. Other contributing factors include excessive 
gastric acid secretion, oxidative stress, and inflammatory 
responses that worsen mucosal damage. If left untreated, PUD 
can lead to severe complications such as bleeding, perforation, 
and gastric cancer, emphasizing the need for timely and effective 
treatment [5]. 
 
Multiple factors contribute to the development of 
gastrointestinal ulcers, with H. pylori being the primary cause. 
This bacterium damages the gastric mucosa and, if untreated, 
can lead to gastric cancer. H. pylori is particularly significant in 
infants, accounting for 80–90% of cases[6]. NSAID use and 
alcohol dependence weaken the gastric mucosa and impair blood 
vessel integrity, further exacerbated by dietary habits and 
lifestyle factors. The rising incidence of peptic ulcers highlights 
the need for improved prevention and treatment strategies. 
Animal models play a crucial role in researching and developing 
anti-ulcer therapies. This study reviews various models used for 
screening and advancing anti-ulcer treatments [7]. 
 
Peptic ulcers are among the most common medical conditions, 
affecting millions of people worldwide. According to studies, 
10-15% of adults in developed countries are susceptible to 
developing peptic ulcers. However, the incidence and 
prevalence differ widely depending on the geographic location 
and demographic factors [8]. Peptic ulcers are a prevalent 
medical condition, impacting millions globally. Research 

indicates that 10-15% of adults in developed nations are at risk 
of developing these ulcers. However, their occurrence and 
frequency vary significantly based on geographic and 
demographic factors [9]. Understanding the pathophysiology of 
peptic ulcer disease (PUD) requires well-established 
experimental models that replicate disease conditions and 
evaluate potential treatments. In vivo ulcer models, including 
those induced by ethanol, NSAIDs, and H. pylori, provide 
valuable insights into ulcer formation, mucosal healing 
mechanisms, and drug efficacy. These models bridge the gap 
between preclinical research and clinical application, facilitating 
the development of new gastroprotective strategies [10-11]. 
Animal models, e.g., those for ethanol, NSAIDs, and acetic acid, 
have helped examine mechanisms of ulcer pathogenesis and 
assess novel therapeutic agents. They assist scientists in 
investigating the effect of oxidative stress, inflammatory 
mediators, and gastric acid secretion on ulcer generation and 
healing. Experimental research is also critical in estimating new 
gastroprotective compounds like phytochemicals, probiotics, 
and synthetic agents [12].  
 
PUD can lead to severe complications, including gastrointestinal 
bleeding, perforation, and obstruction, which occur in a 
significant proportion of cases and can result in substantial 
mortality if not promptly treated. [13]. The prevalence of peptic 
ulcer disease differs across European regions, primarily driven 
by Helicobacter pylori infection and NSAID use. Recent 
advancements in medical treatments and shifts in lifestyle may 
have influenced the condition's prevalence. [14]. While 
discussing the geographic prevalence of PUD, it's interesting to 
note regional dietary influences, such as capsaicin intake in 
Asian countries, and their impact on ulcer formation [15]. 
 
Pathophysiology of Peptic Ulcer 
Peptic ulcer disease (PUD) is defined as mucosal damage in the 
duodenum or stomach as a result of an imbalance between 
aggressive forces, like acid, pepsin, Helicobacter pylori, and 
NSAIDs, and defense mechanisms, such as mucus, bicarbonate, 
prostaglandins, and mucosal blood flow [16]. A key factor in 
ulcer formation is the excessive production of gastric acids, 
which erode the stomach's protective mucus lining, leading to 
ulcers, and pepsin can overwhelm mucosal defense, leading to 
ulcer formation [16]. H. pylori plays a central role in ulcer 
development by increasing acid production, triggering 
inflammation, and disrupting the protective mucus layer. 
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NSAIDs contribute by inhibiting prostaglandin production, 
reducing bicarbonate and mucus secretion, and making the 
mucosa more susceptible to acid-induced damage[17] Figure 1. 
Protective mechanisms, including mucus and bicarbonate 
secretion, mucosal blood flow, and prostaglandins, help 
maintain gastric integrity by neutralizing acid and supporting 
tissue repair. Disruptions in this balance, such as H. pylori 
infection or NSAID use, weaken this defense, leading to cellular 
injury, inflammation, and ulcer formation [18]. 

 
Figure 1: Pathogenesis pathway of peptic ulcer [17] 
 
Experimental Models for Peptic Ulcer  
Various experimental models are utilized to study the 
development of peptic ulcers caused by external factors and to 
evaluate potential treatments for the condition [19]. These 
models include animals with Helicobacter pylori (H. pylori) 
infections as models for creating peptic ulcers in experimental 
animals. Infecting laboratory animals with H. pylori allows 
studying how H. pylori induces ulcers and testing various 
treatments for H. pylori infections. Another such model is of 
NSAID-induced ulcers, another experimental model to study 
ulcer induction and therapeutic management in laboratory 
animals by administering these drugs [20]. 
 
H. pylori Infection-induced Ulcer in Animals 
Helicobacter pylori easily colonizes human gastric mucosa and 
is a major contributor to ulcer development, posing a significant 
global health concern. It causes damage to the gastric mucosa, 
leading to ulcer formation. More recently, H. pylori has been 

implicated in gastric cancer, with reports indicating its 
involvement in over 77% of cases [21]. Using animal models has 
established a platform for researching H. pylori induced ulcers. 
However, it remains tough to cause an ulcer due to the animal's 
gastric epithelium's reduced susceptibility. It is on this note that 
scientists have opted to use more advanced models that include 
transgenic mice, Mongolian gerbils, guinea pigs, and monkeys, 
among others [22-23]  
 
Mechanism of Action 
Helicobacter pylori is a Gram-negative bacterium capable of 
surviving in the harsh gastric environment. It exists in both spiral 
and coccoid forms, each serving a distinct function. The spiral 
shape facilitates movement and invasion, while the coccoid form 
aids in colonizing the mucous layer of the gastric epithelium. By 
disrupting this protective barrier in the stomach and duodenum, 
H. pylori exposes underlying tissues to acidic gastric juices, 
resulting in tissue damage and ulcer formation [24].  
Ulcer formation occurs due to H. pylori invasion and acid-
induced damage. The bacterium's virulence factors, including 
urease and flagella, enable colonization, mobility, and immune 
system activation. Increased inflammatory mediators weaken 
the gastric lining and trigger excessive acid production, further 
contributing to ulcer development  [25]. 
 
Ulceration Caused by Chemicals:  
Ethanol-induced and stress-induced are two experimental 
models of peptic ulcers. The ethanol-induced model involves 
administering ethanol to animals, leading to the development of 
ulcers. This way, researchers can understand how ulcers form 
and test any treatment. Stress-induced models involve exposure 
of animals to stress that would provoke ulcers [26]. This enables 
researchers to examine the connection between stress and peptic 
ulcer formation while evaluating potential treatments. In the 
indomethacin-induced ulcer model, the NSAID indomethacin is 
administered to laboratory animals to stimulate ulcer 
development [27]. These experimental models are essential for 
studying how various chemicals cause peptic ulcers and 
assessing potential treatment options [28].    
              
Mechanism of Action of Cysteamine caused Peptic ulcer: 
The widely acknowledged drug cysteamine has been used to 
induce peptic ulcers experimentally in animal models. High 
concentrations of this chemical are administered during 
experiments to test ulcer development or assess potential 
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therapies. This model helps researchers find factors responsible 
for ulcer formation, including hypersensitivity, impaired blood 
supply, and the mucosal protection mechanisms implicated in 
disease progression [29,30]. 
 
Procedure for Animal screening through cysteamine 
Male or female rats are used, maintained in a pathogen-free 
environment, and fed and watered ad libitum. They are kept at 
23°C on a 12-hour light/dark cycle. After one week of 

acclimatization, peptic ulcers are created by intragastric infusion 
of 500 mg/kg of Cysteamine-HCl. The rats are sacrificed 
immediately after infusion, and blood samples are collected for 
further processing [31]. All previous studies on the preclinical 
effects of Steamine detail the type of animals used, dose, and 
routes of administration, which is essential for a detailed 
understanding of these effects. Table 1 summarizes all these 
details.

Table 1: Peptic Ulcer Caused by Cysteamine-HCl with dose and route of administration  
Sr. No. Animal Used Dose Route of Admn Ref. 

1.  Male Wistar Rats. 450mg/kg Oral [32] 
2.  Male Wistar Rats. 400mg/kg Oral [33] 
3.  Female Sprague-Dawley Rats. 25mg/100g Intra-gastric. [34] 
4.  Female Sprague-Dawley Rats. 300mg/kg and after 8hr repeated dose of 100 mg/kg. i.p. [35] 

 
Mechanism of Action of Aspirin caused Peptic ulcer 
Aspirin is a commonly used over-the-counter NSAID 
(nonsteroidal anti-inflammatory drug) for pain relief, 
inflammation reduction, and fever management.. Prolonged 
NSAID use, including aspirin, increases the risk of peptic ulcer 
development. By inhibiting prostaglandin production, which 
protects the stomach lining from gastric acid, aspirin weakens 
this protective barrier, making the stomach more susceptible to 
ulcer formation [36-37]. Aspirin administration can lead to 
epithelial erosion and a reduction in mucosal layers. This loss 
activates apoptosis regulators and iNOS, contributing to gastric 
damage. Consequently, the IMP pathway is triggered, causing 

abnormal leukocyte infiltration into the epithelial lining and 
increased ROS production, further deteriorating the gastric 
mucosa [38- 39]. 
 
Procedure for Animal Screening 
Rats are acclimated under controlled conditions, fasted for 24 
hours, and administered 200 mg/kg aspirin, followed by a 
protective treatment after 45 minutes. After ulcer induction, they 
are euthanized, and their stomachs are examined for ulcer 
evaluation. Blood samples and organs are collected for 
biochemical and histopathological analysis (Table 2) [40]. 

Table 2: Gastric Ulcer Caused by Aspirin with different Routes and doses 
Sr. No. Animal Used Dose Routes Ref. 

1.  Male adult albino mice (30-50g) 150mg/kg Oral [41] 
2.  Wistar albino rats of both sexes (150- 200g) 200mg/kg (45 min after giving the protective dose) Oral [42] 
3.  Wister albino Rats (150-200 gm) 200mg/kg on the day of sacrifice Oral [43] 
4.  Adult Wistar Rats of either sex 400mg/kg after one hour of the treatment Oral [44] 
5.  Adult male Albino Mice (25 g) A single dose of 500mg/kg Oral [45] 

 
Mechanism of action of ethanol as a PUD inducing agent  
Ethanol induces peptic ulcers by enhancing gastric acid 
production and disrupting protective mechanisms such as the 
mucosal barrier and prostaglandin synthesis. It is widely used in 
experimental models, causing severe damage to the gastric 
mucosa, leading to necrotic lesions, reduced bicarbonate 
secretion, and impaired mucus production [46]. In experiments, 
ethanol is commonly used in rats and mice to induce gastric 

ulcers. It causes severe mucosal damage, leading to necrotic 
lesions, reduced bicarbonate secretion, and decreased mucus 
production [47]. 
 
Procedure for animal screening 
For this experiment, rats of either sex may be used. They are kept 
in clean cages with raised floors and fed a good diet and water 
ad libitum. Room temperature is maintained at around 22°C. 
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Fasting for about 48 hours ensures that the rats are presented 
with an empty stomach [48]. An 8% sucrose solution in 0.2% 
NaCl can be administered to prevent dehydration [49]. In this 
experiment, animals receive 10 mg/kg of 50% ethanol to induce 
stomach ulcers.  

After one hour, they are sacrificed, and their stomachs are 
removed, cleaned, and examined for ulceration, as shown in 
Table 3. Organs are collected for histological and biochemical 
analysis, while blood samples are taken for further biochemical 
studies [50].

Table 3: Gastric Ulcerations by Ethanol with doses and routes of administration. 
Sr. No Animal Used Dose Route  Ref. 

1.  Male albino Rats (200- 250 g) 10ml/kg Orally [51] 
2.  Male Albino Rats of Wistar strain(200- 250 g) 5ml/kg for 9 days Orally [52] 
3.  Adult female Sprague Dawley Rats(150-180 gm) 5ml/kg Orally [53] 
4.  Albino Mice 0.5ml/100g Orally [54] 

5.  Male Albino Mice 
Acidified ethanol (60% ethanol in saline 

with 159 mM HCl; 200 μL/mouse) 
Orally [55] 

6.  Adult male albino Rats (150-200gm) 80% ethanol (1ml/rat) GI [56] 
7.  Kunming Mice (18-22 g) 0.1ml ethanol (100%, anhydrous alcohol) Orally [57] 

 
Reserpine mechanism of action 
Reserpine is a medication formerly used to treat high blood 
pressure (hypertension) and certain psychiatric disorders, such 
as schizophrenia and depression [58]. It lowers neurotransmitter 
levels, such as dopamine and norepinephrine, essential for mood 
regulation and cardiovascular function [59]. Reserpine is 
believed to induce peptic ulcers by depleting neurotransmitters 
like dopamine, which are necessary for regulating gastric 
function [60]. Reduced dopamine levels may increase gastric 
acid secretion and decrease prostaglandin synthesis, contributing 
to peptic ulcer formation [61]. 

Procedure for animal screening: 
In this experiment, ICR mice of 7 weeks of age were subjected 
to controlled acclimation before the intraperitoneal injection of 
reserpine at 10 mg/kg daily for three consecutive days to 
provoke peptic ulcers.  
 
The 24-hour fasted mice were euthanized, and their stomachs 
were extracted to calculate the ulcer index. Blood samples were 
also obtained for further study [62]. All procedures are discussed 
in Table 4.

Table 4: Gastric Ulcers by Reserpine with route of administration and doses. 
Sr. No Animal Used Dose Route of Administration References 

1 Male ICR Mice 10 mg/kg i.p. [63] 
2 Cancer Research Male Mice 10mg/kg i.p. [64] 
3 Male Wistar Rats (180-220g) 5mg/kg i.p. 18 hours before sacrifice [65] 
4 Female Sprague-Dawley Rats (115-175 g) 5mg/kg i.p. 4 hours after treatment [66] 
5 Albino Wistar Rats (180-200g) 0.25gm/kg Intragastric [67] 
6 Albino male Wistar-Bratislava Rats (125-150g) 5mg/kg i.p. [68] 

 
Mechanism of action of indomethacin causes peptic ulcer 
Indomethacin, an NSAID used for pain, fever, and 
inflammation, inhibits prostaglandin production (Figure 6). This 
cyclooxygenase inhibition depletes endogenous prostaglandins, 
contributing to mucosal injury [69].  
Indomethacin administration increases inducible nitric oxide 
synthase (iNOS) production while reducing constitutive nitric 
oxide synthase (cNOS) activity [70].  

Indomethacin-induced gastrointestinal damage is multifactorial, 
involving white blood cell infiltration, free radical formation, 
and nitric oxide disruption in gastric tissues.  
 
Preventing gastropathy requires substances with antioxidant 
properties, the ability to inhibit leukocyte infiltration, and the 
capacity to regulate nitric oxide levels. Additionally, 
indomethacin significantly elevates TNF levels [71]. 
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Procedure for animal screening 
In this experiment, animals of either sex are fasted for 24 hours 
before receiving an oral dose of 40 mg/kg indomethacin to 
induce gastric ulcers. After 8 hours, they are euthanized, and 

their stomachs are collected for ulcer index evaluation and 
further analysis (Table 5). The animals are controlled with a 
standard diet and a 12-hour light/dark cycle [72].

Table 5: Gastric Ulcer by Indomethacin induced their doses and routes of administration  
Sr. No Animal used Dose Routes Ref. 

1 Wistar male Rats (150-250g) 40mg/kg Oral [73] 
2 Female wistar albino Rats (150-180gm) 48mg/kg dissolved in 5% NaHCO3 Oral [74] 
3 Wistar Albino male Rats (230-260gm) 100mg/kg dissolved in Dimethyl Sulfoxide (DMSO) Oral [75] 
4 Wistar Male Rats (180-200 g) A single dose of 100mg/kg Oral [76] 
5 Wistar Male Rats (180-200 g) A single dose of 100mg/kg Oral [77] 
6 Adult Wistar Male Rats (200-250 g) 20mg/kg i.p. [78] 
7 Male Sprague-Dawley Rats 30mg/kg Oral [79] 
8 Swiss albino Mice (25-30 gm) Single dose of 40mg/kg l.p. [80] 

 
Acetic acid mechanism of action: 
Acetic acid-induced peptic ulceration is a well-established 
model for studying peptic ulcers in humans. It is thought to cause 
ulcers by directly damaging the gastric mucosa, leading to ulcer 
formation [81]. In experimental animal models, acetic acid-
induced peptic ulceration is usually induced by administering 
high doses of acetic acid to the animals for several days. Acetic 
acid contributes to the formation of ulcers because it causes 
embolization of the blood vessels in the mucosal layer of the 

gastric region, which then causes insufficiency in blood oxygen 
supply and further leads to ischemia [82].  
 
Procedure for animal models 
In this procedure, animals are fasted for 20 to 24 hours before 
surgery to induce ulceration. Acetic acid is applied to the 
stomach surface, then rinsed, and the stomach is repositioned 
before suturing the abdomen. After ten days, the animals are 
sacrificed, and the stomach is excised for ulcer index assessment 
and further analysis  (Table 6) [83]. 

Table 6: Gastric Ulcers by Acetic Acid and their doses and routes of administration 
S No Animal used Dose Routes Ref. 

1 Wistar Rats (200-300gm) 500μl of 80% (v/v) acetic acid 
Surface of the stomach line 
after exposing the stomach 

[84] 

2 Adult female Wistar Rats (180- 200 g) 500μl of 80% (v/v) acetic acid 
Surface of the stomach line 
after exposing the stomach 

[85] 

3 Male and female Wistar Rats (150- 200 g) Acetic acid Injected into the stomach [86] 

4 Male Wistar Rats (180- 220 g) 70μL of 80%acetic acid 
Serosa surface of the stomach 

area after exposing the stomach 
[87] 

Mechanism of action of histamine induced peptic ulcer:  
Histamine-induced peptic ulceration is one of the best models 
for studying peptic ulcers in experimental animals. Histamine is 
mainly present in the skin, stomach, and lungs, but in smaller 
amounts in the brain and heart [88]. Histamine reduces gastric 
mucus production, impairing mucosal secretion, 
microcirculation, and digestive motility. These findings 
highlight the role of these mechanisms in peptic ulcer formation 
and the effects of proton pump inhibitors and antibiotic 
treatments [89].  

Procedure for animal models 
In this experiment, male Wistar rats are fasted for 24 hours and 
then stressed by immersing them in a water bath at 23°C for 3.5 
hours.  
 
They are pre-treated with histamine phosphate at 2 mg/kg for 
gastric ulcers. The rats are then euthanized, and their stomachs 
are examined to count ulceration and subsequent investigation  
(Table 7) [90]. 
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Table 7: Gastric Ulcers by Histamine induced with route of administration and doses. 
Sr. No. Animal used Dose Routes References 

1 Wistar male rats (200- 250 g) 2mg/kg pre-treated dose before inducing stress. Subcutaneous [91] 
2 Wistar Albino rats Vary from 40mg/kg- 100mg/kg Subcutaneous [92] 

 

Mechanism of action of methyl blue 
Methylene blue is a blue dye used in experimental models to 
cause animal peptic ulcers. It inhibits cyclooxygenase, an 
enzyme responsible for synthesizing prostaglandins, hormone-
like compounds that protect the gastrointestinal tract from acid-
induced damage [93-94]. Elevated levels of Thiobarbituric acid, 
superoxide dismutase, and H+/K+-ATPase contribute to gastric 
mucosal damage, resulting in lesions and decreased blood 
supply. Methylene blue activates H+/K+-ATPase, increasing 
HCl secretion, reducing mucosal blood flow, and inducing 
oxidative stress (Table 8) [95]. 
Table 8: Gastric Ulcers by Methylene Blue with routes of 
administration and different doses. 

Sr. No Animal Used Dose Routes References 
1 Rats 100mg/kg Orally [96] 

 
Iron Ascorbic Acid 
Iron-ascorbic acid, a combination of iron and ascorbic acid, is 
commonly used to treat iron-deficiency anaemia. However, 
limited studies have investigated its effects on peptic ulcer 
formation in experimental animals. High doses of iron-ascorbic 
acid may contribute to ulcer development by increasing 
oxidative stress, reducing antioxidant capacity, and decreasing 
prostaglandin synthesis. This process leads to ulceration in a 
dose-dependent manner through elevated ROS formation [97]. 
 
Serotonin 
Serotonin is a neurotransmitter that acts as a chemical messenger 
for transmitting signals in the brain and other parts of the body. 
This neurotransmitter regulates mood, appetite, sleep, and 
behaviour [98]. Experimental studies suggest elevated serotonin 
in the gastrointestinal tract may be associated with animal peptic 
ulcer formation. Serotonin is a neurotransmitter involved in the 
contraction of smooth muscle in the wall of the gastrointestinal 
tract [99]. Elevated serotonin levels can intensify smooth muscle 
contractions, potentially leading to peptic ulcer formation. 
Additionally, serotonin stimulates hydrochloric acid production 
in the stomach, further exacerbating ulcer development [100]. 
Animal studies suggest that inhibiting serotonin activity in the 
gut can lower the occurrence of peptic ulcers, emphasizing its 
role in ulcer development [101].  

Induction of Peptic Ulcer other than Chemicals 
Water Immersion Restraint Stress (WRS) 
It has been one of the most utilized experimental methods used 
to induce peptic ulcers in animals- the WRS; this method of 
experimentation involves subjecting the animal to a duration of 
time under water, restraining it physiologically while 
psychologically stressing the animal [102]. WRS has been 
shown to increase gastric HCl secretion while reducing mucosal 
blood flow, raising the risk of peptic ulcer formation. The 
combined effects of physical and psychological stress elevate 
stress hormones like cortisol, further contributing to ulcer 
development. This model is primarily used to study the 
mechanisms of PUD formation and evaluate the effectiveness of 
various treatments [103].  
 
Induction of Peptic Ulcers by Surgical Methods: 
Various surgical techniques are available to induce peptic ulcers 
in experimental animals. These methods generally involve 
creating gastric mucosal lesions or modifying the 
gastrointestinal anatomy to enhance the risk of PUD 
development [104]. A widely used surgical approach is chronic 
gastric vagotomy, which increases HCl secretion and reduces 
mucosal blood flow, thereby elevating the risk of peptic ulcer 
formation [105]. Another method is making a ligated pylorus- a 
tied-off opening from the stomach to the small intestine; 
however, this blocks the food and digestive juices from flowing 
into the small intestine, increasing gastric pressure and leading 
to peptic ulcer [106]. These surgical methods are utilized in 
experimental animal studies to investigate the mechanisms of 
peptic ulcer formation and evaluate potential treatments for 
PUD. Additionally, all surgical procedures must comply with 
ethical guidelines for humanely treating experimental animals 
[107]. 
 

Pylorus ligation method 
This is one of the most widely accepted surgical methods for 
inducing gastrointestinal ulcers in rats. In this procedure, the 
animals are appropriately anesthetized, fasted for at least 24 
hours before the operation, and housed in cages [99]. An incision 
is performed in the region of the xiphoid process through which 
to open the abdomen and ligate the pylorus with ordinary 
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anesthesia. The stomach was replaced in the abdominal cavity 
with utmost care, and catgut was sutured in place [108]. 
Immediately after surgery, food and water are supplied in limited 
quantities. At the end of four hours, these animals are sacrificed 
by a suitable method under anesthesia. After sacrifice, the 
stomach is opened; the gastric juice is collected [109]. Ligation 
of the pylorus increases the volume of gastrointestinal fluid, 
which causes injuries due to the self-digestion of the gastric 
mucosal layer due to the accumulation of pepsin and 
hydrochloric acid [110-112]. 
 
Gastric Ulcer by Ischemia-Reperfusion (IR) Method 
The ischemia-reperfusion (IR) method is a surgical technique 
used in experimental animal studies to induce peptic ulcers by 
temporarily restricting blood flow to the stomach (ischemia) 
followed by its restoration (reperfusion) [113]. In this model, 
rats are fasted for at least 16 hours before IR induction. 
Anaesthesia is carefully administered throughout the procedure. 
The stomach is identified, delicately exposed, and isolated from 
surrounding muscles after shaving the area beneath the thoracic 
cage [114-115]. Following the laparotomy, the celiac artery is 
carefully isolated, and a microvascular clamp is applied to 
obstruct blood flow for 60 minutes [116-117]. In the IR method, 
rats are fasted for 16 hours before undergoing surgery, during 
which the celiac artery is clamped to induce ischemia for 60 
minutes. Following clamp removal, reperfusion is allowed for 
20 minutes. The abdomen is then sutured, and the rats are 
returned to their cages. After the treatment period, the animals 
are sacrificed, and their stomachs are analyzed for 
morphological and biochemical changes, with ulcer indexes 
assessed [118]. 
 
Epidemiology 
Recent estimates indicate that peptic ulcer disease (PUD) affects 
5–10% of the global population. While its prevalence has 
declined in industrialized nations, it remains high in developing 
countries due to widespread H. pylori infection and increased 
NSAID use [119-120]. The World Health Organization (WHO) 
reports that H. pylori infection remains a primary risk factor, 
affecting over 50% of individuals in many parts of Africa, Asia, 
and Latin America [121]. Additionally, the Centers for Disease 
Control and Prevention (CDC) highlights an increasing trend of 
NSAID-related ulcers, particularly among the elderly and those 
with chronic illnesses [122]. Demographic patterns indicate a 
higher prevalence of PUD in males compared to females, with 

incidence rising in older adults due to increased NSAID 
consumption and weakened mucosal defense [123]. 
Socioeconomic disparities also contribute, as limited healthcare 
access leads to delayed diagnosis and higher rates of 
complications such as bleeding and perforation [124]. Regional 
differences remain significant, with East and South Asia 
experiencing the highest burden due to dietary habits, high H. 
pylori prevalence, and inadequate eradication strategies. At the 
same time, North America and Europe show declining trends 
due to improved healthcare infrastructure and antibiotic use 
[125-126]. 
 
Limitations of the PUD screening model 
Experimental models that screen anti-ulcer agents prove 
beneficial but fail to receive a proper assessment of their specific 
limitations. The absence of appropriate critical evaluation of 
these individual models leads researchers to interpret the data 
excessively, decreasing the ability to translate preclinical data 
into human clinical practices effectively. Each commonly used 
experimental model, such as ethanol-, NSAID-, stress-, and 
pylorus ligation-induced ulcers, shows limited application by 
representing individual ulcer pathophysiological features but not 
the complete range of human peptic ulcer disease aspects  [127-
129]. This model of ulcer formation primarily leads to mucosal 
tissue damage and oxidative stress without triggering acid 
production or Helicobacter pylori infection, which are dominant 
factors in human peptic ulcers [130].  Similarly, NSAID-induced 
ulcer models emphasize prostaglandin inhibition but do not 
account for other pathogenic mechanisms such as impaired 
mucosal blood flow or delayed epithelial repair [131]. Ulcer 
models created with cold-restraint methods release ulcers 
through sympathetic hyperactivation and reduced blood supply, 
yet remain distant from human stress conditions [132]. 
Furthermore, models like acetic acid-induced ulcers are better 
suited for evaluating healing rather than ulcerogenesis and might 
not reflect the initial pathogenic events [133]. The absence of 
systematic analysis between different ulcer models has caused 
researchers to generalize anti-ulcer agent effectiveness across all 
types of ulcers. Still, this approach may misinterpret the results 
and restrict their practical clinical use [134]. 
 
Discussion of human studies in Peptic Ulcer disease 
The pathogenesis of human ulcer development surpasses 
experimental models since these models neglect multiple 
human-triggering factors like H. pylori infections, NSAID 
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consumption, genetic vulnerabilities, and emotional stress 
elements [135-136]. Research data from clinical trials regarding 
anti-ulcer therapy effectiveness remains scarce, even though 
numerous trials have generated beneficial findings. Clinical 
research by the European Helicobacter pylori Study Group 
demonstrated that anti-ulcer therapy proved better than acid 
suppression in discouraging ulcer recurrence [137]. The results 
of randomized controlled trials indicate that proton pump 
inhibitors successfully treat and sustain ulcer remission better 
than H2-receptor antagonists, particularly for NSAID-associated 
ulcers [138-139]. Failure to integrate such clinical evidence may 
overstate the applicability of preclinical outcomes, as many 
experimental models do not account for comorbidities, drug 
interactions, or long-term outcomes assessed in human 
populations [140]. 
 
DISCUSSION 
Recent advancements in peptic ulcer disease (PUD) research 
include molecular discoveries, microbiome studies, and novel 
therapeutic approaches. Genetic and epigenetic insights have 
deepened the understanding of ulcer pathogenesis, while 
microbiome research highlights the role of non H. pylori bacteria 
in mucosal health and disease progression [141-142]. 
Personalized medicine approaches, including biomarker-driven 
therapies and precision drug targeting, are also gaining traction 
[143]. Despite these advancements, a significant translational 
gap remains between human PUD and preclinical models. While 
animal models are invaluable for studying ulcer development 
and healing, they often fail to fully replicate the complexity of 
human gastric physiology, immune responses, and disease 
progression.[144]. Differences in gastric acid secretion, mucosal 
repair mechanisms, and microbial interactions limit the direct 
applicability of preclinical findings to clinical practice [145]. 
Current models of PUD, including rodent and non-human 
primate studies, have limitations such as differences in gastric 
anatomy, healing processes, and responses to therapeutic agents 
[146]. In vitro models also lack the dynamic interactions in a 
living system, further hindering accurate translation to human 
disease [147]. 
 
Future research should improve model accuracy through 
advanced techniques such as 3D organoid cultures, patient-
derived cell systems, and computational models to bridge the 
translational gap. Key areas for advancing PUD management 
include understanding host-microbiome interactions, developing 

targeted therapies based on molecular signatures, and 
discovering new drug candidates with improved efficacy and 
safety profiles [148-149]. 
 
CONCLUSION 
Experimental models have been central to the progress of peptic 
ulcer disease (PUD) knowledge, contributing enormously to 
drug discovery and Helicobacter pylori studies. Yet, their 
limitations in mimicking human gastric physiology, host 
immune responses, and microbiome interactions have provided 
a wide translational gap between preclinical observations and 
clinical results. Traditional rodent and in vitro models are 
ineffective in replicating human ulcer pathology, causing 
therapeutic efficacy and safety prediction issues.  Future studies 
must emphasize novel techniques like human-derived 3D 
organoid models that resemble gastric architecture and function 
to address this deficiency. Also, including precision medicine by 
genomic and epigenetic profiling will facilitate individualized 
treatment plans catering to individual patient variations. 
Pharmacologic treatments based on innovative mucosal healing, 
inflammation modulation, and microbiome restoration will be 
pivotal in optimizing treatment effectiveness. Developing these 
fronts will enhance model accuracy and provide a way to treat 
PUD more effectively and patient-specifically. 
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