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ABSTRACT:  

 

This review explores the in vitro and in vivo models used to study 

antiulcer agents, highlighting their mechanisms, efficacy, and 

translational challenges. Various models, including histamine H4 

receptor antagonists, methylene blue-induced lesions, serotonin-

induced ulcers, and ethanol-induced gastric damage, have been 

instrumental in understanding ulcer pathogenesis and evaluating 

potential therapies. In vitro assays, such as DPPH and FRAP, and in 

vivo studies using rodent and rabbit models, provide comprehensive 

insights into the antioxidant and gastroprotective effects of novel 

compounds. The findings demonstrate the role of oxidative stress, 

inflammation, and molecular pathways in ulcer development and 

healing. Despite the advances, limitations such as genetic variability 

among animal strains and differences in human gastric physiology 

pose challenges to the direct translation of preclinical results to 

clinical practice. Future research should focus on refining these 

models to better mimic human conditions and improve the predictive 

value of preclinical studies.  
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1. INTRODUCTION 

 

The Greek word peptikos, which means to digest, is the source of the English word peptic. 

Peptic ulcers (PUs) are sores on the mucosa that reach the layer of the muscularis mucosae and 

make a hole surrounded by either short-term or long-term inflammation. Najm (2011) [1] 

classifies these ulcers as either duodenal or stomach ulcers, depending on their location. This 

is also the most common digestive problem, affecting 40% of industrialized countries and 80% 

of developing countries [2]. It is caused by the careless use of non-steroidal anti-inflammatory 

drugs (NSAIDs) and Helicobacter pylori infections. According to Mousavi et al. (2020), [3] 

the incidence of other causes has also increased, including pollutants, pesticides, heavy metals, 

alcohol, tobacco, cigarette smoking, physical and psychological stress, and pollution. Peptic 

ulcer disease has been a major cause of gastrointestinal surgery with a high morbidity and death 

rate for over a century. According to some experts, the sickness is so common that it is the new 

epidemic of the twenty-first century and affects individuals all over the globe [4]. Furthermore, 

the illness interferes with everyday activities, causing significant suffering and mental misery 

for patients. The majority of peptic ulcer sufferers experience pain, discomfort, or nausea in 

their abdomens. The most typical sign of gastric and duodenal ulcers is abdominal discomfort. 

A burning feeling after eating is one of the symptoms of this discomfort [5]. 

The efficacy of the therapeutic therapy now used for stomach ulcers is poor, and the recurrence 

rate is significant. As a result, treating stomach ulcers is still very difficult, necessitating the 

urgent development of new medications as well as complementary and alternative treatments. 

Researchers [6] have demonstrated antiulcer characteristics in many medicinal herbs, and given 

their widespread use, these plants could potentially serve as a viable source for drug 

manufacturing. Recently, researchers have undertaken numerous efforts to identify 

medications with anti-ulcer and protective properties [7]. Researchers have conducted 

numerous investigations into the preventive properties of plants and medications in animals, 

utilizing the ethanol-induced stomach ulcer model. 

To assess whether plants and medications have anti-ulcer (or ulcer prevention) properties, 

reliable experimental models are required. Models are helpful resources for learning more 

about the pathophysiological processes of wounds, the antioxidant mechanisms of necessary 

medications, and the mechanisms of compounds with antioxidant effects. As a result, there are 

several models available for assessing anti-ulcer medications, making the choice of a suitable 

model difficult. Local sources, study aims, test hypotheses, or the researcher's queries often 

influence the selection of a specific model, as each model offers a variety of benefits and 

drawbacks [8]. As a result, an unskilled researcher must carefully analyze and compare a large 

number of models, which is expensive, time-consuming, and requires a wealth of knowledge 

in order to choose an experimental model from the many available models. 

 

2. IN VITRO METHODS 

 

2.1 Gastrin Binding assay 

Gastrin was initially a focal point in gastrointestinal research, notably around 1970, amid high 

hopes that it played a pivotal role in peptic ulcer disease [9, 10]. There was also anticipation 

that gastrin could be implicated in the flawed incretin mechanism of type 2 diabetes [11]. 

Furthermore, discoveries linking gastrin gene expression to major cancers suggested it might 

act as a carcinogenic growth factor [12]. The identification of gastrinomas as the cause of 

Zollinger-Ellison syndrome (ZES) underscored the necessity for gastrin measurements in 

diagnosis [13]. 

However, current understanding has shifted significantly: Helicobacter pylori infection is now 

recognized as the primary cause of peptic ulcers, diminishing the role of gastrin measurement 
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in diagnosis. Moreover, the focus in diabetes research has largely shifted to incretins like 

glucagon-like peptide 1 and gastric inhibitory polypeptide, reducing interest in gastrin [14]. 

While gastrin was once considered a potential major growth factor in cancer, it has not achieved 

prominence in this regard [15]. Nonetheless, there has been an increase in the detection of small 

gastrinomas causing mild ZES symptoms, necessitating gastrin measurements in a growing 

number of cases [16, 17, 18]. 

2.1.1 Method: The experiment uses a fundic gland suspension from the stomach of guinea pigs. 

In order to conduct the binding and competition tests, the gland suspension is incubated for 90 

minutes at 37°C with 50 µl of [1] gastrin in the presence of test chemicals, buffer alone (for 

total binding), unlabeled gastrin (for non-specific binding), or both. The incubated combination 

is then put on top of ice cold buffer in microcentrifuge tubes, and the mixture is centrifuged for 

five minutes at 10,000 g. After discarding the supernatant, we use the pellet to measure 

radioactivity. 

2.1.2 Evaluation: We determine the amounts of total, non-specific, and specific binding. The 

percentage of specifically bound [1251] gastrin displaced by a certain concentration of the test 

drug is calculated, as well as the values of its dissociation constant (Ki) and IC [19, 20] 

 

2.2 [H] Tiotidine Binding Assay for Histamine H, Receptors 

In individuals with duodenal ulcers, the effects of cimetidine and tiotidine, novel histamine H2-

receptor antagonists, on food-stimulated stomach acid production were assessed. In vivo 

intragastric titration was employed to evaluate food-stimulated acid secretion, and 

homogenized steak meals were infused immediately after, one hour after, five hours after, and 

ten hours after an oral drug dosage. The initial action of tiotidine and cimetidine was 

comparable, but tiotidine was more effective and lasted longer [21]. Two indicators of 

increased potency were observed: 150 mg of tiotidine inhibited acid secretion approximately 

as much as 300 mg of cimetidine did 1 to 2 hours after medication, and the concentration of 

plasma tiotidine was eight to nine times lower than the concentration of plasma cimetidine for 

a given percent inhibition of acid secretion. 150 and 300 mg of tiotidine reduced acid secretion 

by 80% and 97%, respectively, from 5 to 7 hours after therapy, while 300 mg of cimetidine 

only reduced acid secretion by 22%, suggesting a longer duration of impact. Additionally, 150 

and 300 mg of tiotidine reduced acid secretion by 22% and 53%, respectively, 10–12 hours 

after therapy, while 300 mg of cimetidine had no such impact. Tiotidine's plasma levels 

plateaued between two and six hours after treatment, which contributed to the prolonged 

duration of impact. Tiotidine and cimetidine did not significantly affect the release of gastrin 

induced by food or the emptying of a nonabsorbable marker from the stomach [21]. 

Recent studies have expanded our understanding of tiotidine, a histamine H2-receptor 

antagonist. One notable study highlights tiotidine's function as an inverse agonist, binding with 

high affinity to an inactive G-protein-coupled form of the receptor. This behavior supports the 

cubic ternary complex model, which suggests that tiotidine biases the receptor system to a G-

protein-coupled state unable to evoke a response. These findings are based on theoretical 

simulations and experimental results showing tiotidine's unique mechanism of action compared 

to traditional H2 antagonists [22] 

Receptors Histamine H, receptor blockers have been the mainstay of anti-ulcer therapy since 

the early 1970s due to their potent acid-suppressing properties. Tiotidine is an H, receptor 

blocker that Is used for H, receptor binding assay. Procedure: The assay is done using cerebral 

cortex homogenate obtained from male White leghorn chicks or from guinea pigs. The cerebral 

cortex homogenate is incubated with [H] tiotidine for 90 min at 4°C in the presence of 

Na,HPO,/KH, PO, buffer (pH 7.4) alone to determine total binding or in the presence of 

unlabeled ranitidine and buffer to determine non-specific binding or in the presence of test 

compound in buffer for competition assay. 5 ml of ice-cold phosphate buffer is added to 
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terminate the incubation. Subsequently the reaction mixture is filtered under vacuum through 

glass fiber filters that are pre-soaked with buffer. Filters are then washed with 5 ml of ice-cold 

buffer twice and radioactivity measured by liquid scintillation counting. 

2.2.1 Evaluation: Specific binding, Le. total binding minus non-specific binding and IC, are 

determined. In another study, the [PH]-tiotidine has also been used as a specific ligand for H, 

receptors in dispersed mucosal cells from guinea pig stomach and it was found to have limited 

binding to H, receptors and as such [H]-tiotidine was not a suitable ligand for labelling the H,-

receptor on gastric mucosal cells." 

 

2.3 H/K-ATPase Inhibition 

To evaluate H+/K+-ATPase inhibition, a well-defined procedure and rigorous assessment are 

essential. The process begins with the preparation of a tissue homogenate from gastric tissue, 

which can be sourced from experimental animals or human samples. The homogenate is 

prepared in a buffer, such as Tris-HCl, to maintain physiological conditions. Next, the tissue 

homogenate is incubated with the inhibitor of interest, such as proton pump inhibitors (PPIs) 

like omeprazole, esomeprazole, or pantoprazole, known for their ability to inhibit H+/K+-

ATPase activity. 

To measure the ATPase activity, a colorimetric assay is typically used. This assay detects the 

hydrolysis of ATP, which results in the release of inorganic phosphate (Pi). The amount of Pi 

released is directly proportional to the ATPase activity. Control experiments, where the tissue 

homogenate is incubated with only the vehicle (buffer), are also necessary to account for non-

specific effects. 

The percentage inhibition of H+/K+-ATPase activity by the inhibitor is then calculated using 

the formula: 

Percentage Inhibition=(ATPase activity without inhibitorATPase activity without inhibitor−

ATPase activity with inhibitor)×100. 

A higher percentage indicates stronger inhibition. To validate the results, statistical analyses 

such as t-tests or ANOVA are performed to determine the significance of the differences 

observed between the inhibitor-treated and control groups. This method is well-documented in 

scientific literature, providing a robust framework for evaluating the efficacy of H+/K+-

ATPase inhibitors [23, 24] 

 

3. IN VIVO METHODS 

 

3.1 Pylorus Ligation in Rats 

Pylorus ligation in rats is a widely used in vivo method to study gastric acid secretion. The 

procedure begins with the selection and fasting of experimental rats to standardize conditions. 

The rats are then anesthetized, and a midline abdominal incision is made to expose the stomach 

and pyloric region. The pylorus, which is the outlet of the stomach, is carefully identified and 

ligated using sutures or clips to prevent the passage of gastric contents into the duodenum. 

After closing the abdominal incision, the animals are monitored post-surgery for recovery from 

anesthesia and any signs of distress.  

Following a specified period, typically four hours or more, to allow gastric acid secretion to 

accumulate, the animals are euthanized using approved methods. Gastric secretions are then 

collected from the stomach for analysis. The volume and pH of the collected gastric secretions 

are measured, and further analysis can be performed to assess the content of acid and other 

components, such as pepsin. The percentage inhibition of H+/K+-ATPase activity can be 

calculated and statistical tests, such as t-tests or ANOVA, are performed to compare results 

between experimental groups and controls.  
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This method is essential for evaluating the efficacy of acid-reducing drugs like proton pump 

inhibitors and H2-receptor antagonists, studying the regulation of gastric acid secretion in 

response to various stimuli or conditions, and assessing the impact of dietary factors, hormones, 

and neural inputs on gastric acid production [25, 26]. 

 

3.2 Stress Ulcer Models 

The study described an experiment involving adult and piglet models to investigate stress 

ulceration in swine. Adult Yorkshire-Hampshire pigs subjected to various stressors such as 

restraint, corticosteroids, portacaval shunting, arteriovenous fistulae, and hemorrhage did not 

reliably develop gastric ulcers [27]. In contrast, piglets subjected to hemorrhagic shock, 

simulating severe stress, exhibited a significant propensity for gastric ulceration within 72 

hours post-retransfusion. The study noted that gastric acid secretion did not consistently change 

during stress and is unlikely to be a primary factor in stress ulcer development. Instead, 

localized decreases in juxtamucosal pH were observed in areas where ulcers subsequently 

formed, suggesting a potential role in ulcer pathogenesis. Overall, the piglet model of 

hemorrhagic shock was deemed a reliable tool for studying stress ulcer pathophysiology, 

offering insights into mucosal blood flow, mucus secretion, and other factors contributing to 

ulcer formation [27]. 

3.2.1 Preparing a model of an ulcer. The experimental rats were placed in a separate room 

and given a 24-hour fast before being evaluated. The sound of submachine gun firing, which 

was captured on tape and delivered to the rats via a loudspeaker at a distance of 20–30 cm, 

served as an instigating element. Using a frequency spectrum analyzer and precision pulse 

counter, the firing noise was examined, and its frequency was found to be between 0.25 kHz 

and 4.00 kHz, with an intensity of 110 dB(A). The stomachs of the rats were opened, and the 

development of their stress ulcer was noted after a 12-hour period of consecutive stimulation 

by the sound of a gunshot.  Three groups of rats were randomly assigned to the rats: Eight rats 

made up the control group, which was neither protected nor stimulated; eight rats made up the 

stimulation group, which was further split into groups A, B, and C. These subgroups were split 

into groups A, B, and C, each with eight rats, and the prevention group was also split into 

groups A, B, and C. Blood was drawn for testing immediately, 12 hours, and 24 hours after 

stimulation, respectively. Group B received 2 mg ip of anisodamine 30 min before and 6 h after 

stimulation; group C received the above-mentioned combination medication. Group A received 

an injection of 40 mg ip of cimetidine 30 minutes before the stimulation. FolAfter the treatment, 

we anesthetized the abdominal cavities of all the rats used in this investigation with 1.2 mg of 

5-g/L amobabital sodium, and opened their abdomens to observe any alterations in the stomach 

mucosa. er decapitation, we extracted two blood samples: one for serum centrifugation and the 

other for plasma separation using EDTA and retardant peptidase. The samples were then stored 

at -40 °C in a refrigerator so that hormones, hepatic functions, and renal functions could be 

determined. 

Assessments of mucosal injury. Guth's method [28] assigned a score of one point to a stomach 

mucosal injury region that was less than 1mm; 2 mm to 3 mm; 4 mm or more received a 

segmental score. The ulcer index was the sum of all the stomach scores. All groups' tissue and 

cell structures were examined and photographed using an electroscope and a light microscope, 

respectively [29]. 

The study involved the detection of hepatic-renal functioning, ET, NO, and plasma gas. Using 

the Northern Immunity Agents Research Institute equipment and following the directions, gas 

was found both before and after stimulation. As stated in the operating instructions, the East 

Asian Immunity Technique Research Institute used the kit to detect ET. The handbook 

indicates that the Military Medical Academy provided the equipment for testing NO. The 

laboratory assessed hepatic and renal function using the blood samples we submitted [29]. 
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3.2.1 Examining unsightly specimens 

The control group's mucosa appeared intact, neat, and smooth following the opening of the 

stomach wall, with the exception of a few bleeding areas underneath the mucosa of two rats 

Fig. 1. 

A significant difference (P < 0.01) was observed in the ulcer index between group B (ulcer 

index, 8.4 ± 0.6) and the prevention group (ulcer index, 0.3 ± 0.1), as well as the control group 

(ulcer index, 0). The stimulating group displayed varying degrees of congestion and edema in 

the seruous layers of the abdominal cavity and on the gastric walls [29, 30, 31]. 

 

 
Figure 1 Gross specimens in stimulating group congestion, edema, erosion and ulcer 

formation. 

 

3.2.3 Inspection using a light microscope 
The control group exhibited neat and smooth mucosal layers, systematic gland placement, and 

no signs of submucosal hemorrage or inflammatory cell infiltration. In subgroups A, B, and C 

of the stimulation group, there were problems with the mucosa, bigger gaps between the glands, 

and damaged gland parts. In the meantime, the glands were accumulating a significant number 

of RBCs. Infiltration and capillary thrombosis were seen inside submucous eosinophils (Figure 

2). All three of the subgroups in the preventive group had intact mucosa, well-structured glands 

that had slightly widened gaps, and a few RBCs scattered underneath the mucosa [29, 32, 33]. 

 

 
Figure 2 Stimulating group: interruptions of mucosa, enlarged glandular gaps, damaged parts 

and a large amount of RBCs accumulated among glands. HE × 10 [29] 
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3.3 Cold Water Immersion-induced Ulcers 

It has been observed that when the restrained animals are subjected to additional cold water 

immersion, the occurrence of gastric ulcers is accelerated, and this also shortens the 

immobilization time [34, 35] 

 

Procedure: Wistar rats (150 to 200 g) are used for the experiments. After fasting the animal 

for 16 hours, the test compound is administered orally. The animals are placed individually in 

restraint cages vertically and then immersed in water at 22°C for 1 h. After removing the rats 

from the cage, we inject Azovan blue (Evan's blue) intravenously via the tail vein at a dose of 

30 mg/kg. Ten minutes later, they are sacrificed. The stomach is removed and ligated at both 

ends. It is filled with formol saline and kept overnight. On the next day, the stomach is opened 

along the greater curvature, washed in warm water, and examined for ulcerative lesions. Evan's 

blue helps in the evaluation of the lesion score, which is calculated by adding the lengths of the 

longest diameters of the lesions. Two hours of cold restraint stress can also induce gastric 

mucosal lesions in rats [34, 35]. 

 

3.4 Histamine induced Gastric Ulcers 

While the duration of treatment is primarily responsible for gastric ulcer healing, duodenal 

ulcer healing is contingent upon the extent and duration of gastric secretion suppression. At 4 

weeks, 77–92% of duodenal ulcers are healed by currently available dosages of histamine H2-

receptor antagonists; adjuvant therapy to remove Helicobacter pylori accelerates this rate. 

Administration once daily has the same therapeutic effects as more frequent dose schedules 

and may even accelerate the process of recovery. Although they heal more slowly, 75 to 88% 

of gastric ulcers resolve after 8 weeks of therapy. Although ulcers heal somewhat faster with 

more recent, stronger acid suppressors like omeprazole, H2-receptor antagonists have an 

unmatched safety record spanning more than 15 years. It seems improbable that prostaglandin 

analogs would surpass the effectiveness of H2-receptor antagonists while posing a lower risk 

of adverse events [36]. 

 

In this study, researchers investigated the role of histamine H4 receptors (H4Rs) in gastric ulcer 

formation using a mouse model of gastric damage. They administered the H4R antagonist 

JNJ7777120 and H4R agonists VUF8430 and VUF10460 to fasted CD-1 mice alongside 

indomethacin (IND) and bethanechol (BET), which are known to induce gastric lesions. The 

study also explored strain-related differences by testing JNJ7777120 in NMRI, BALB/c, and 

C57BL/6J mice [37]. 

 

The results showed that neither JNJ7777120 nor the H4R agonists had effects on the normal 

stomach at any tested dose (10 and 30 mg/kg s.c.). However, IND+BET administration led to 

significant lesions in the fundic mucosa, which were notably reduced by JNJ7777120 (at 10 

and 30 mg/kg s.c.). This gastroprotective effect of JNJ7777120 was observed in CD-1, NMRI, 

and BALB/c mice, but not in C57BL/6J mice. Interestingly, VUF8430 did not modify the 

damage induced by IND+BET in CD-1 mice but prevented the gastroprotection induced by 

JNJ7777120. 

 

In conclusion, the findings suggest a potential role for H4Rs in mouse gastric ulcerogenesis, 

highlighting H4R blockers as potentially beneficial anti-inflammatory drugs that spare the 

gastrointestinal tract. The differing response in C57BL/6J mice underscores the importance of 

considering strain-specific variations in pharmacological studies of H4R function and the 

development of selective ligands [37, 38, 39, 40]. 
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3.5 Methyline Blue-induced Ulcers 

Methylene blue, administered orally at a dose of 100 mg/kg, causes severe lesions in the gastric 

mucosa by elevating levels of reactive substances like thiobarbituric acid. It also enhances 

activities of H+/K+-ATPase and superoxide dismutase. Additionally, methylene blue reduces 

blood flow to the gastric mucosa and lowers levels of glutathione through increased catalase 

activity. This compound activates H+/K+-ATPase, leading to heightened hydrochloric acid 

secretion, and induces local oxidative stress radicals, which contribute to mucosal ulceration. 

Researchers use methylene blue-induced ulcers to study the mechanisms of potential anti-ulcer 

agents [41]. 

 

3.6 Serotonin (5-HT)induced peptic ulcers 

Serotonin, also known as 5-hydroxytryptamine (5-HT), is a monoamine derived from 

tryptophan, an essential amino acid. It is synthesized in serotonergic neurons within the central 

nervous system, where it functions as a neurotransmitter, and also in chromaffin cells of the 

digestive tract. Serotonin exerts its effect on blood vessels by causing vasoconstriction, which 

reduces blood flow to the gastric mucosa. This reduction in blood flow can lead to lesions in 

the mucosa. Serotonin is typically administered via gastric intubation following a 36-hour 

period of food deprivation [42]. 

 

4. ETHANOL-INDUCED MUCOSAL DAMAGE 

 

Ethanol is recognized as a significant risk factor in the development of pathological changes 

associated with gastric ulcers [43]. A series of novel 2-(ethylthio)benzohydrazone derivatives 

(1–6) were synthesized and characterized using IR, 1H NMR, 13C NMR spectroscopy, and 

mass spectrometry. These compounds were evaluated for their antioxidant activities through 

in vitro assays including 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging and ferric 

reducing antioxidant power (FRAP) assays. Compound 1 exhibited the highest antioxidant 

potency among them, prompting further investigation into its potential anti-ulcer effects on 

ethanol-induced gastric mucosal lesions in rats. Sprague Dawley rats were divided into four 

groups: an ulcer control group treated with 10% Tween 20, a reference group treated with 20 

mg/kg omeprazole, and experimental groups treated with 50 mg/kg and 100 mg/kg of 

compound 1. Macroscopic examination revealed extensive hemorrhagic lesions in the gastric 

mucosa of the ulcer control group compared to those treated with omeprazole or compound 1. 

Rats pre-treated with compound 1 showed increased gastric pH and enhanced gastric mucus 

production. Histologically, the ulcer control group exhibited severe damage to the gastric 

mucosa characterized by edema and infiltration of leukocytes in the submucosal layer. 

Immunohistochemical analysis showed that rats pre-treated with compound 1 exhibited up-

regulation of HSP70 and down-regulation of Bax proteins in stained tissue sections. In 

conclusion, the gastroprotective effect of compound 1 may be attributed to its antioxidant 

properties, as well as its ability to modulate HSP70 and Bax protein levels in gastric tissue [43, 

44, 45] 
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Photographs showing the gross appearance of the gastric mucosa in rats. (3a) Rats pre-treated 

with 5 ml/kg 10% Tween 20 (ulcer control). Severe injuries are seen in the gastric mucosa 

(arrow). Absolute ethanol produced extensive visible haemorrhagic necrosis of the gastric 

mucosa. (3b) Rats pre-treated with of omeprazole (20 mg/kg). Injuries to the gastric mucosa 

are very milder (arrow) compared to the injuries seen in the ulcer control rats. (3c) Rat pre-

treated with compound 1 (50 mg/kg). Moderate injuries are seen in the gastric mucosa (arrow). 

The compound reduces the formation of gastric lesions induced by absolute ethanol. (3d). Rats 

pre-treated with (100 mg/kg) of compound 1, mild injuries are seen in the gastric mucosa 

(arrow). (3e) Rats in the normal control group showed intact gastric mucosa [43] 

It penetrates the protective gastric mucus easily due to its ability to dissolve it, thereby exposing 

the gastric mucosa to the damaging effects of hydrochloric acid and pepsin [46]. Additionally, 

ethanol reduces blood flow in the vessels of the gastric mucosa, contributing to microvascular 

lesions. Typically, animals are fasted for 24 hours before the experiment but have access to 

water until 4 hours prior to the experiment. Gastric ulcers are induced by administering ethanol 

intragastrically in a solution with a concentration of 95-99%, at a volume of 0.5 mL per 100 g 

of body weight. This experimental model closely mimics the development of acute gastric 

ulcers observed in humans [46, 47]. 

 

5. ACETIC ACID-INDUCED GASTRIC ULCERS 

 

The acetic acid-induced chronic gastric ulcer model in rabbits is established through the 

following procedure. Rabbits are fasted for 20 hours before the operation but allowed to drink 

water. Anesthesia is administered via an intramuscular injection of Rompun (11.7 mg/kg) and 

Ketamine (4.2 mg/kg). Throughout the procedure, the rabbits' body temperature is maintained 

at 37-38°C using a heating pad. A 7-cm median incision is made along the midline of the 

abdomen to expose the stomach. The stomach is then opened along the large curvature, and the 

inner cavity is rinsed with isotonic saline. Two ulcers are induced on opposite sides of the 

gastric cavity by applying 60% acetic acid solution for 15 seconds, followed by immediate 

rinsing with isotonic saline. The stomach and abdomen are then sutured closed. Post-surgery, 

the rabbits receive Cefazol and UNI Ketopro injections and are placed back in their cages. Food 

is restricted for an additional 12 hours. Rabbits are sacrificed one, three, and seven days after 
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the operation, and their stomachs are collected, opened along the greater curvature, washed 

with isotonic saline, and spread open for examination [48]. 

The rabbit endoscopic mucosal resection (EMR)-related ulcer model was experimentally 

developed as follows. A median laparotomy was performed to expose the gastric mucosal layer. 

Subsequently, 0.2 mL of isotonic saline was injected into the submucosal layer of the upper 

corpus, causing the mucosal layer to swell. A 7-10 mm diameter section of the swollen mucosal 

layer was then resected using scissors. Bleeding was controlled by pressing the resected area 

with gauze, followed by cleaning with sterile isotonic saline. After administering an antibiotic 

injection, the stomach and abdomen were sutured closed, and the rabbits were placed in 

individual cages. The stomachs were processed as previously described in related experiments 

[48, 49, 50]. 

The rat acetic acid-induced gastric ulcer model was developed with the following procedure. 

Rats were fasted for 16 hours with free access to water before the operation. Anesthesia was 

induced using an intramuscular injection of Rompun (9.0 mg/kg) and Ketamine (3.0 mg/kg). 

Body temperature was maintained between 37 to 38°C using a heating pad throughout the 

experiment [48, 51]. 

To create chronic gastric ulcers, two methods were modified from the procedure described by 

Okabe et al. For the intra-luminal application, 0.2 mL of 60% acetic acid solution was injected 

into the fundus, which was clamped with ring forceps, and the acetic acid was removed after 

45 seconds. Two ulcers were induced on opposite sides of the gastric cavity. For the serosal 

application, a vial containing 75% acetic acid was directly placed on the serosal surface of the 

rat stomach for 20 seconds. The stomachs were then rinsed with isotonic saline, the abdomens 

sutured, and the rats returned to their cages. The rats were sacrificed one or five days after the 

intra-luminal operation or serosal application, respectively, and their stomachs were harvested. 

The harvested stomachs were opened along the greater curvature, rinsed with isotonic saline, 

and spread open on a board [48, 52]. 

 

5.1 Gastric Mucosal Injury by Local anesthesia ischemia-reperfusion in Rats 

Stomach damage resulting from ischemia-reperfusion (I/R) is a significant clinical issue linked 

to various pathological conditions [53]. Hemorrhagic events such as peptic ulcer bleeding, 

hemorrhagic shock, vascular rupture, and surgery can lead to gastric I/R [54]. Ischemic damage 

refers to pathological changes in tissues or organs due to oxygen deprivation caused by reduced 

or halted blood flow [55]. Reperfusion is the restoration of blood flow to ischemic tissues. If 

blood flow is not restored, a sequence of pathological events leading to cellular dysfunction 

and necrosis may occur. Paradoxically, rapid reperfusion can cause more severe damage than 

ischemia alone. Reperfusion injury results from the overproduction of reactive oxygen species 

(ROS), which act as reperfusion mediators, produced by molecular oxygen delivered in large 

quantities to ischemic tissues by arterial blood [56]. These ROS generate toxic products like 

malondialdehyde (MDA) by oxidizing cell membrane lipids. Another damage mechanism is 

the activation of the cyclooxygenase-2 (COX-2) enzyme due to increased intracellular calcium 

during ischemia, leading to the release of pro-inflammatory prostaglandins and ROS from 

arachidonic acid [57, 58]. 

5.1.1 Experimental Procedure 

The DGIR animal group was given intraperitoneally (i.p.) 50μg/kg dexmedetomidine in order 

to conduct this experiment. The GIR and HG groups were given distilled water as a solvent 

using the same volume and procedure. All rat groups received an intraperitoneal (i.p.) injection 

of 25 mg/kg of thiopental sodium thirty minutes after receiving dexmedetomidine and distilled 

water. The rats were then given xylazine to breathe at predetermined intervals to induce 

anesthesia. Following the injection of thiopental sodium, the rats were kept in wait until the 

right time for surgery [59]. When animals remain still in the supine position, it is considered 
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appropriate to perform surgery. After that, the rats underwent a sterile laparotomy with a 2.5 

cm midline incision. The celiac artery was constricted with clips to produce ischemia for one 

of the DGIR and GIR groups in order to generate ischemia reperfusion lesions. The HG group's 

abdominal area was sutured shut after being opened without the celiac artery being clipped. 

After one hour, we removed the clip and maintained reperfusion for three hours. After the third 

hour of reperfusion, all animals were put to death using a high dosage of thiopenteal anesthetic 

(50 mg/kg). Subsequently, the animal stomach tissue was subjected to biochemical and 

histological analyses [60, 61]. 

5.1.2 Determination of MDA: 

The determination of malondialdehyde (MDA) is performed by measuring the absorbance of a 

pink complex formed by thiobarbituric acid (TBA) and MDA at a high temperature (95 °C) 

using a spectrophotometer at 532 nm. Homogenates are centrifuged at 5000g for 20 minutes, 

and the supernatants are used to quantify MDA. The procedure involves adding 250 μL 

homogenate, 100 μL 8% sodium dodecyl sulfate (SDS), 750 μL 20% acetic acid, 750 μL 0.08% 

TBA, and 150 μL distilled water to capped test tubes, which are then vortexed. After incubating 

the mixture at 100 °C for 60 minutes, 2.5 mL of n-butanol is added. The absorbance of the 

resulting red color is measured at 532 nm using 3-mL cuvettes. The MDA content is determined 

using a standard curve created from a pre-prepared MDA stock solution, taking into account 

the dilution factors [62]. 

5.1.3 Determination of Myeloperoxidase (MPO) Activity: 

MPO activity is measured following a modified method by Bradley et al. [63] Homogenized 

samples are frozen and then centrifuged at 1500g for 10 minutes at 4 °C. To determine MPO 

activity, 100 μL of the supernatant is mixed with 1.9 mL of 10 mmol/L phosphate buffer (pH 

6.0) and 1 mL of 1.5 mmol/L o-dianisidine hydrochloride containing 0.0005% hydrogen 

peroxide. Changes in absorbance at 450 nm are recorded using a UV-Vis spectrophotometer. 

 

6. CONCLUSION 

 

In conclusion, the review comprehensively addresses the various in vitro and in vivo models 

utilized in the study of antiulcer agents. These models have significantly contributed to our 

understanding of the mechanisms underlying ulcer formation and the potential therapeutic 

benefits of various compounds. The studies on histamine H4 receptors, methylene blue-induced 

ulcers, serotonin-induced peptic ulcers, and ethanol-induced mucosal damage provide insights 

into the complex interactions and pathways involved in gastric ulceration. The findings 

underscore the importance of these models in elucidating the gastroprotective effects of 

potential antiulcer agents and their mechanisms of action. 

 

7. LIMITATIONS 

 

Despite the valuable insights gained from these studies, several limitations need to be 

addressed. The variability in responses observed among different animal strains highlights the 

necessity of considering genetic and physiological differences in pharmacological research. 

Additionally, while in vivo models offer a closer approximation to human physiology, they 

cannot entirely replicate the complexity of human gastric pathology. Furthermore, the 

extrapolation of results from animal models to human conditions remains a challenge due to 

interspecies differences. Future research should aim to develop more sophisticated models that 

better mimic human gastric ulcers and consider the translational aspects of preclinical findings 

to clinical applications 
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