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Drug-induced peptic ulcer (DIPU) is an important gastrointestinal disorder that 
commonly develops due to the prolonged or excessive use of ulcerogenic medications, 
particularly non-steroidal anti-inflammatory drugs (NSAIDs), aspirin, corticosteroids, 
antiplatelet agents, and anticoagulants. These drugs cause gastric mucosal damage by 
inhibiting cyclooxygenase (COX) enzymes, reducing protective prostaglandin 
synthesis, increasing oxidative stress, and promoting inflammation. Experimental 
animal models, especially rats and mice, are widely used to investigate the mechanisms 
of ulcer development and evaluate the gastroprotective effects of different therapeutic 
agents. Various drugs, including indomethacin, aspirin, ibuprofen, diclofenac, 
ketorolac, and meloxicam, are commonly employed to induce experimental gastric 
ulcers. The severity of gastric damage is assessed through macroscopic, biochemical, 
and histopathological examinations using parameters such as ulcer score, ulcer index, 
ulcer area, gastric volume, gastric pH, and gastric wall mucus. Biochemical 
investigations also include oxidative stress markers such as malondialdehyde (MDA), 
reduced glutathione (GSH), superoxide dismutase (SOD), and catalase (CAT), along 
with inflammatory mediators such as nitric oxide (NO), prostaglandin E₂ (PGE₂), TNF-
α, IL-1β, and IL-6. 
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In recent years, medicinal plants, phytochemicals, probiot-
ics, antioxidants, and synthetic compounds have gained con-
siderable attention for their potential gastroprotective 
properties. Future research should focus on improving exper-
imental ulcer models, understanding chronic gastric injury 
and healing mechanisms, and exploring advanced techniques 
such as gastric organoids and computational models. Over-
all, experimental animal studies provide valuable infor-
mation about drug-induced gastric injury and contribute to 
the development of safer and more effective gastroprotective 
treatments. 

INTRODUCTION 

 A common gastrointestinal condition called peptic ul-
cer disease (PUD) is defined by a rupture in the duode-
num or stomach mucosa that penetrates the muscularis 
mucosa. Drug-induced peptic ulcers have gained im-
portance due to the widespread use of non-steroidal 
anti-inflammatory drugs (NSAIDs), aspirin, cortico-
steroids, antiplatelet agents, anticoagulants, and other 
ulcerogenic medications, even though the prevalence 
of Helicobacter pylori-associated ulcers has decreased 
(1) 

NSAIDs are the most common medicine that causes 
stomach ulcers. Both topical irritation of the stomach 
epithelium and systemic suppression of cyclooxygen-
ase (COX)-1 and COX-2 enzymes, which results in de-
creased prostaglandin synthesis, are responsible for 
their ulcerogenic effects. Depletion of prostaglandins 
increases vulnerability to oxidative stress and inflam-
mation, decreases mucosal blood flow, inhibits mucus 
and bicarbonate secretion, and delays epithelial heal-
ing. Therefore, long-term NSAID use may cause bleed-
ing, perforation, stomach erosions, and peptic ulcers, 
especially in older patients and those with a history of 
gastrointestinal disorders (2,3) 

In order to assess the gastroprotective effectiveness of 
new treatment medicines and to comprehend the path-
ophysiology of drug-induced peptic ulcers, experi-
mental animal models are essential. Because they offer 
dependable and repeatable models that closely mimic 
human stomach ulcers, rats and mice are the most 
widely utilized laboratory animals (4) NSAID-induced 
models (indomethacin, ibuprofen, aspirin, diclofenac, 
and naproxen), ethanol-induced ulcers, stress-induced 
ulcers, pyloric ligation, and acetic acid-induced chronic 

ulcers are only a few of the ulcer induction techniques 
that have been discovered. These models make it easier 
to study oxidative stress, inflammatory reactions, ulcer 
healing processes, and stomach mucosal damage (5) 

Experimental ulcers are evaluated using both macro-
scopic and microscopic methods, such as ulcer index, 
gastric acidity, gastric mucus content, histopathologi-
cal analysis, and biochemical measurements of oxida-
tive stress markers such as catalase (CAT), superoxide 
dismutase (SOD), reduced glutathione (GSH), and 
malondialdehyde (MDA). Additionally, measures of 
inflammatory cytokines including interleukin-1β (IL-
1β), interleukin-6 (IL-6), and tumor necrosis factor-al-
pha (TNF-α) are commonly employed to elucidate the 
molecular mechanisms underlying gastrointestinal in-
jury. (6) 

Finding safer pharmaceuticals and natural compounds 
that can prevent or lessen drug-induced stomach injury 
without affecting the therapeutic efficacy of NSAIDs 
has been the subject of extensive research in recent 
years. Through antioxidant, anti-inflammatory, anti-
apoptotic, and cytoprotective processes, a variety of 
medicinal herbs, phytochemicals, antioxidants, probi-
otics, and synthetic compounds have shown notable 
gastroprotective effect in animal experiments (2,4,7) 
Thus, experimental animal models are still essential for 
the preclinical assessment of new anti-ulcer treatments 
and continue to offer insightful information on the 
mechanisms behind drug-induced peptic ulcers. 

2.Epidemiology 

Peptic ulcer disease (PUD) has been linked to drug-in-
duced peptic ulcer (DIPU), especially in affluent na-
tions where the prevalence of Helicobacter pylori 
infection has decreased while the use of ulcerogenic 
drugs has increased. The epidemiology of PUD has 
shifted toward medication-associated diseases due to 
the extensive long-term use of drugs that can harm the 
gastroduodenal mucosa brought on by the rising fre-
quency of chronic musculoskeletal disorders, cardio-
vascular diseases, and an aging population (1,11) 

Among all the drug classes, NSAID-induced PUD is 
still a major global public health issue. According to 
studies, the prevalence of stomach ulcers among 
NSAID users ranges from 10% to 30% worldwide, 



Venu Talla, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 11, 1995-2010 | Review 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES 1997 | P a g e  

with older people and those with comorbidities bearing 
a greater burden (8) Gastrointestinal bleeding, perfora-
tion, and obstruction are complications linked to 
NSAID-induced PUD and significantly increase mor-
bidity and death (9) According to a systemic assess-
ment, the annual incidence of PUD complications 
among NSAID users varies from 3.77 to 14.0 cases per 
100,000 people for perforation and from 19.5 to 57.0 
cases per 100,000 people for bleeding (10) 

Drug-induced peptic ulcer disease is less commonly 
caused by other drugs. Corticosteroids by themselves 
only slightly raise the risk of ulcers, but when taken in 
conjunction with NSAIDs, they greatly increase the in-
cidence of ulcers. Similarly, rather than causing ulcers 
to form, antiplatelet medications like clopidogrel and 
anticoagulants mainly raise the risk of gastrointestinal 

bleeding. Additionally, selective serotonin reuptake in-
hibitors (SSRIs) raise the risk of upper gastrointestinal 
bleeding, particularly when used with aspirin or 
NSAIDs (12) 

The strongest predictors of drug-induced peptic ulcers 
and ulcer complications, according to epidemiological 
studies, are advanced age, prior peptic ulcer disease, 
high-dose or multiple NSAID therapy, concurrent use 
of corticosteroids, anticoagulants, antiplatelet agents, 
or SSRIs, and Helicobacter pylori infection. According 
to a meta-analysis, individuals who are exposed to both 
NSAIDs and H. pylori infection are substantially more 
likely to develop peptic ulcer disease than those who 
are only exposed to one of these factors (3,10,12) 

3. Drugs that causing peptic ulcers 

(13,24,37,41,45,53,57,59)  

S.no Drug class Drug 

1. Non-steroidal anti-inflammatory drugs 
Indomethacin,Aspirin,Ibuprofen, Diclofenac, Ketorolac, 

Meloxicam 

2. Antiplatelet drugs Aspirin, Clopidogrel 

3. Antihypertensive agent Reserpine 

4. Glucocorticoid  Predsisolone,Dexamethasone 

5. Anti-coagulants Warfarin,Heparin 

6. Antineoplastic drugs 5-Fluorouracil, Methotrexate 

7. Immunosuppressants Mycophenolate, Azathioprine 

8. Bisphosphonates Alendronate, Risedronate 
 

 

Figure 1: Major Mechanisms of Drug-Induced Peptic Ulcer (DIPU) and Representative Ulcerogenic Drugs 
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4. Experimental Animal models on Drug induced 

peptic ulcer 

4.1 Indomethacin induced ulcer 

Cyclooxygenase (COX) enzymes, which are involved 
in the manufacture of prostaglandins, are inhibited by 
indomethacin, an NSAID. Reduced prostaglandin pro-
duction may exacerbate inflammation and weaken the 
stomach's protective mucosal barrier, which could re-
sult in the development of ulcers (13) 

Rats are given 18–60 mg/kg of indomethacin orally or 
injection. The duration of the investigation is 7–14 days 
(13,14,15). Indomethacin is injected or given orally to 
mice at a dose of 18–40 mg/kg, and the study is carried 
out for 7–14 days (16,17). Indomethacin is injected or 
given orally to guinea pigs at a dose of 10–100 mg/kg, 
and the study lasts for seven to fourteen days (18, 19). 
Indomethacin is given orally or subcutaneously to rab-
bits at a dose of 20–75 mg/kg, and the trial lasts for 
seven to fourteen days (20,21). 

4.2 Aspirin induced ulcer 

Nonsteroidal anti-inflammatory medicines (NSAIDs) 
like aspirin are frequently prescribed to individuals 
with peripheral artery disease, coronary heart disease, 
or cerebrovascular disease.(22) However, research has 
demonstrated that aspirin exacerbates gastrointestinal 
(GI) damage by preventing the synthesis of prostaglan-
dins, causing direct cytotoxicity, and producing micro-
vascular damage along with the activation of 
neutrophils that generate an excess of free radicals ob-
tained from oxygen. Lipid peroxidation and tissue dam-
age are brought on by free radicals.(23) 

A popular experimental model for researching NSAID-
induced gastrointestinal damage and assessing possible 
gastroprotective and anti-ulcer medications is aspirin-
induced peptic/gastric ulceration. Numerous experi-
mental animals, including rats, mice, guinea pigs, rab-
bits, and, less frequently, other species, have been used 
to study it. Rats are the most commonly used of these. 
The medicine is given orally to rats and mice at a dose 
of 150–300 mg/kg, and the trial lasts for seven to four-
teen days.(24, 25, 26, 27, 28, 29) The drug is given 
orally to guinea pigs at a dose of 200–500 mg/kg for a 
duration of 7–14 days.(30, 31) In rabbits, the dose is 

given orally for 30 days at a level of 150–400 
mg/kg.(32, 33, 34). 

4.3 Ibuprofen induced ulcer 

Ibuprofen's ulcerogenic effect is mainly caused by its 
inhibition of cyclooxygenase (COX) enzymes, espe-
cially COX-1, which reduces the production of protec-
tive gastric prostaglandins like PGE₂ and PGI₂. 
Prostaglandins normally preserve the integrity of the 
gastric mucosa by promoting mucus and bicarbonate 
secretion, preserving mucosal blood flow, promoting 
epithelial restoration, and restricting excessive gastric 
acid secretion. Therefore, the stomach mucosal defense 
mechanism is weakened and the mucosa is more vul-
nerable to damage caused by acid and pepsin when 
these protective prostaglandins are reduced.(35) 

Oxidative stress is also linked to stomach damage 
caused by ibuprofen. Lipid peroxidation and cellular 
membrane damage can result from increased reactive 
oxygen species (ROS) generation. Ibuprofen admin-
istration has been linked to increased lipid peroxida-
tion, increased membrane permeability, decreased 
antioxidant enzyme activity, and increased myelop-
eroxidase (MPO) activity in experimental rat investiga-
tions. These alterations play a role in the formation of 
stomach ulcers, inflammation, and epithelial dam-
age.(36) 

Ibuprofen is given orally or by injection to rats and 
mice at a dose of 200–400 mg/kg for seven to fourteen 
days.(37,38,39) 

4.4 Diclofenac induced ulcer 

A common non-steroidal anti-inflammatory medica-
tion (NSAID) for its analgesic and anti-inflammatory 
properties is diclofenac. On the other hand, erosions, 
peptic ulcers, and damage to the stomach mucosa might 
result from prolonged or high-dose administration. Di-
clofenac-induced stomach damage is mostly linked to 
the loss of beneficial prostaglandins, suppression of cy-
clooxygenase (COX) enzymes, and other local irritat-
ing effects on the gastric mucosa.(40) Rats and mice 
are given diclofenac orally or by injection at a dose of 
10–100 mg/kg, and the trial is carried out for 7–14 
days.(41,42,43) 
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4.5 Ketorolac induced ulcer 

Strong NSAIDs like ketorolac are mostly used to treat 
pain. However, it can result in peptic ulcers and dam-
age to the stomach mucosa. Because ketorolac inhibits 
COX-1, less protective prostaglandins are produced. 
This impairs the gastrointestinal mucosal barrier, re-
duces mucus and bicarbonate secretion, and increases 
the stomach's susceptibility to gastric acid and digest-
ing enzyme damage. Additionally, ketorolac may in-
duce stomach ulcers via a mitochondrial mechanism. 
Pyruvate dehydrogenase (PDH), a crucial enzyme that 
links glycolysis to the Krebs cycle, can be inhibited by 
it. This disrupts the generation of energy in the mito-
chondria, lowers the conversion of pyruvate to acetyl-
CoA, and may lower ATP levels. Additionally, it may 
enhance the production of reactive oxygen species 
(ROS), which can cause oxidative stress and severe 
harm to the cells lining the stomach.(44) 

In rats, the drug is given orally at a dose of 5–50 mg/kg 
(45,46) The medication is given orally to mice in doses 
of 10–30 mg/kg (47,48). 0.5% of opthalmic solution of 
ketorolac is administered in dogs for 28days (49). 

4.6 Meloxicam induced ulcer 

Meloxicam primarily causes gastrointestinal ulcers by 
blocking COX enzymes, which lowers PGE₂ produc-
tion, mucus, bicarbonate secretion, and blood flow to 
the stomach mucosa. 

This makes the stomach mucosal barrier weaker and 
makes the stomach more vulnerable to damage from 
pepsin and acid.Additionally, meloxicam increases ox-
idative stress by raising lipid peroxidation and lowering 
antioxidants like SOD and GSH.These consequences 
lead to erosion, bleeding, damage to the stomach epi-
thelium, and eventually the development of ulcers.(50) 

Rats are given the drug orally for 28 days at a dose of 
3.75–30 mg/kg (50). The medication is given orally and 
subcutaneously to mice at a dose of 10–20 mg/kg for 7 
- 14 days (51,52). 

4.7 Reserpine induced ulcer 

Reserpine is a vesicular monoamine transporter 
(VMAT) inhibitor that causes sympathetic nerve termi-
nals to lose catecholamines and other monoamines. It 
has long been used to induce experimental 

gastrointestinal ulcers in rats, especially as a model of 
stomach mucosal damage brought on by stress. Thru 
disruptions in autonomic regulation, stomach secretion, 
mucosal blood flow, and de-granulation of gastric mast 
cells as a result of histamine release, which is thot to be 
regulated by the cholinergic system, reserpine treat-
ment causes gastric mucosal ulcers. (53) 

Rats are given intraperitoneal and subcutaneous doses 
of 5-8 mg/kg of reserpine (54,55,56)The drug is given 
intraperitoneally and subcutaneously to mice at a dose 
of 5–10 mg/kg (57) and the trial lasts for 7–14 days. 

4.8 Prednisolone induced ulcer 

A synthetic glucocorticoid with strong anti-inflamma-
tory and immunosuppressive properties is predniso-
lone. Experimental investigations have shown that 
repeated or high-dose prednisolone administration can 
cause stomach mucosal lesions, despite the fact that 
corticosteroids are often less ulcerogenic than NSAIDs. 
The primary cause of prednisolone-induced gastric 
damage is disruption of the stomach mucosa's natural 
defensive and repair processes. Prednisolone 50 mg/kg 
administered subcutaneously once daily for four days 
caused stomach lesions in rats that were not fasting in 
a traditional rat paradigm (58) 

4.9 5-Fluorouracil induced ulcer 

By preventing DNA synthesis and the proliferation of 
rapidly dividing gastric epithelial cells, 5-fluorouracil 
(5-FU) can cause damage to the gastric mucosa by de-
creasing epithelial regeneration and repair. Addition-
ally, it reduces the synthesis of mucus and mucin in the 
stomach, which weakens the gastrointestinal barrier 
and exposes the mucosa to more gastric acid. Further-
more, 5-FU can lower blood flow to the stomach mu-
cosa, which can hinder the availability of nutrients and 
oxygen needed for mucosal healing and defense (59). 
When 5-FU is given to rats at doses of 50–500 mg/kg 
(60,61), it increases the mucosal susceptibility to dam-
age, leading to erosion and ulceration as well as de-
layed healing of stomach ulcers.The medication is 
given intraperitoneally (i.p.) to mice at a dose of 50–
450 mg/kg (62). 



Venu Talla, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 11, 1995-2010 | Review 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES 2000 | P a g e  

4.10 Mycophenolate induced ulcer 

Mycophenolate mofetil (MMF) is transformed into my-
cophenolic acid (MPA), which prevents the fast divi-
sion of gastrointestinal epithelial cells and inhibits 
inosine monophosphate dehydrogenase. Mucosal re-
generation and repair may be hampered by this. Addi-
tionally, MMF causes a local inflammatory response 
that results in oxidative/inflammatory tissue damage 
due to elevated myeloperoxidase (MPO) activity and 
nitric oxide (NO). Mucosal erosion and ulceration may 
develop as a result of the ensuing epithelium damage, 
inflammation, and poor repair. Rather than a repeatable 
isolated gastric ulcer model, the best evidence in rats is 
for intestinal (especially jejunal and ileal) harm (63). 
The drug is given orally, intraperitoneally, in rat at a 
dose of 10-300 mg/kg (64,65). Drug doses in mice 
range from 20 to 500 mg/kg (66). 

4.11 Alendronate induced ulcer 

When alendronate comes into direct touch with the 
stomach mucosa, it acts as a topical irritant that dam-
ages the epithelium and disrupts the mucosal barrier. It 
increases the mucosa's susceptibility by reducing the 
transmucosal potential differential. Then, alendronate 
increases oxidative stress by lowering antioxidant de-
fenses like SOD and GSH and increasing lipid peroxi-
dation/MDA and MPO activity. Additionally, it 
inhibits the protective NO/cGMP/KATP pathway by 
lowering eNOS and iNOS expression, which lowers ni-
tric oxide (NO) production. Antral ulceration and stom-
ach mucosal damage are the results of the ensuing 
oxidative and inflammatory damage (67,68). Rats are 
given the medication orally at a dose of 20–700 mg/kg 
(69). 

Drug Animals  Dose(mg/kg/day) Route Duration 

Indomethacin 

Rats 18–60 mg/kg P.O , I.P 7-14 days 

Mice 18–40 mg/kg P.O, I.P 7-14 days 

Guinea pig 10–100 mg/kg P.O, I.P 7-14 days 

Rabbit 20–75 mg/kg P.O , S.C 7-14 days 

Aspirin 

Rats 150–300 mg/kg P.O 7-14 days 

Mice  150–300 mg/kg P.O 7-14 days 

Guinea pig 200–500 mg/kg P.O 7-14 days 

Rabbit 150–400 mg/kg P.O 30 days 

Ibuprofen 
Rat 200–400 mg/kg P.O, I.P 7-14 days 

mice 200–400 mg/kg P.O, I.P 7-14 days 

Diclofenac 
Rat 10–100 mg/kg P.O, I.P 7-14 days 

mice 10–100 mg/kg P.O, I.P 7-14 days 

Ketorolac 

Rat 5-50mg/kg P.O 28 days 

Mice 10-30mg/kg P.O 28days 

Dog 0.5% Opthalmic solution Opthalmic 28 days 

Meloxicam 
Rat 3.75–30 mg/kg P.O 28 days 

Mice 10–20 mg/kg P.O , S.C 7-14 days 

Reserpine 
Rat 5-8 mg/kg P.O , S.C 7-14 days 

mice 5–10 mg/kg P.O , S.C 7-14 days 

Prednisolone 

rat 50 mg/kg S.C 4 days 

Rat  
0.21–0.25 ml/kg of 30% (low dose) to 80% 

(high dose) 
Topical 7-14 days 

Mice 0.1 ml of 20% Topical 7-14 days 

Rabbit 0.2 ml of 60% Topical 30 days 

5-Fluorouracil 
Rat 50-500mg/kg I.P 7-14 days 

Mice 50-450mg/kg I.P 7-14 days 

Mycophenolate 
Rat  10-300mg/kg I.P 7-14 days 

Mice 20-500mg/kg I.P 7-14 days 
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Drug Animals  Dose(mg/kg/day) Route Duration 

Alendronate Rat 20-700mg/kg P.O 7-14 days 
 

5. Biomarkers of Peptic ulcer 

5.1 Macroscopic biomarkers 

• Ulcer score :In experimental animals, the ulcer 
score is a macroscopic grading system used to as-
sess the degree of gastrointestinal mucosal damage. 
Following the induction of an ulcer, the stomach is 
removed, opened along the larger curvature, 
cleaned with saline, and checked for erosions, 
bleeding, and ulcers. A numerical score is given to 
each lesion based on its quantity, size, and/or se-
verity.(50)  

 The following are Ulcer Scores (51)  

 0 = lesions are absent  

 1 = tiny, spherical hemorrhagic areas 

 2 = Lesions <2 mm  

 3 = 2–3 mm lesions 

 4 = lesions 3–4 mm 

 5 indicates lesion > 4 mm  

• Ulcer index: The overall degree of stomach muco-
sal ulcers in an experimental animal is quantita-
tively measured macroscopically using the Ulcer 
Index (UI). Depending on the technique employed, 
it incorporates data such as the quantity of ulcers, 
the degree of lesions, and/or the percentage of ani-
mals that develop ulcers.It is primarily used to as-
sess a test drug's gastroprotective/anti-ulcer effects 
and to compare the ulcer-control group with drug-
treated groups.(52) 

 The ulcer index, the percentage protective ratio, and 
the percentage curative ratio are, respectively, given by 
the following equation: 

 Ulcer Index = Total ulcer score  

 No. of animals ulcerated  

• Ulcer area: After the stomach is removed, opened 
along its larger curvature, cleaned, and examined 
macroscopically, the entire surface area of visible 
gastric mucosal ulcerative/hemorrhagic lesions is 
quantified. Ulcer area is typically calculated as 

follows: mm² per stomach. The gastric ulcer area 
(mm2) of the stomach sample was measured using 
the image J program. Using a ruler, the ulcer's 
length and width were measured in order to deter-
mine the overall ulcer area. The percentage of ulcer 
inhibition (%) by the treatment was calculated us-
ing the following formula, and the resulting ulcer 
index was expressed as the mean score value for 
each animal.(53,54,55) 

Protection inhibition (%) = [(UA control − UA treated) 
/ UA control] × 100 

5.2 Gastric secretion biomarkers  

• Gastric volume: The measured amount of gastric 
juice extracted from an experimental animal's 
stomach during a predetermined therapy or ulcer-
induction time, which represents gastric secretory 
activity, is known as gastric volume.Typically, it is 
stated in milliliters (mL) (56,57). 

• Gastric pH: The hydrogen-ion concentration 
(acidity) of gastric juice taken from an experi-
mental animal's stomach is measured. Whereas a 
higher pH denotes less acidity, a lower pH denotes 
more acidity. An significant aggressive factor in 
damage to the stomach mucosa is gastric acid. As 
a result, pH measurement is useful in determining 
whether an ulcerogenic medication has changed 
the acidity of the stomach and whether a test treat-
ment may preserve or repair the stomach mucosa. 
A digital pH meter was used to assess the pH of the 
supernatant after the stomach contents were col-
lected into centrifuge tubes and spun at 4,000 rpm 
for 10 minutes. (55,56,57,59). 

• Free acidity: Gastric acid secretion and acid-re-
lated aggressive behavior in experimental gastric 
ulceration are measured using free acidity, which 
is the concentration of unbound/free hydrochloric 
acid in the stomach juice. The contents of the stom-
ach were transferred into centrifuge tubes and spun 
at 4,000 rpm for 10 minutes. The free acidity of the 
centrifuged gastric juice was measured by titrating 
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it against 0.1 N NaOH using the Topfer rea-
gent.(55, 58, 59) 

• Total Acidity: The total amount of acid in stomach 
juice is known as total acidity. It is frequently em-
ployed in experimental gastro-ulcer research to 
evaluate hyperacidity and gastric acid secretion as 
well as to ascertain whether an anti-ulcer medica-
tion lowers gastric acid output.Centrifuged stom-
ach juice was titrated against 0.1 N NaOH by 
adding two to three drops of Topfer's reagent until 
the solution turned yellowish orange and all traces 
of red were gone. It was observed the volume of 
the alkali that corresponded to free acidity. After 
adding two to three drops of the indicator phenol-
phthalein solution, the titration was carried out un-
til a distinct red tint emerged. Once more, the total 
alkali volume that matched the overall acidity was 
recorded. (58,59) 

Acidity (meq/l/100 g) was calculated by the equation 
(acidity = VolumeNaOH ×NormalityNaOH × 100/0.1). 

Gastric wall mucus: Gastric wall mucus was deter-
mined using the Alcian blue binding method. Briefly, 
the glandular part of the stomach was separated after 
opening it along the greater curvature and weighed. 
The tissue was then immersed in 10 mL of 0.1% (w/v) 
Alcian blue solution prepared in 0.16 M sucrose and 
buffered with 0.05 M sodium acetate. The pH of the 
solution was adjusted using hydrochloric acid (HCl), 
and the tissue was allowed to remain in the dye solution 
for 2 hours. Following incubation, the tissue was 
washed twice with 10 mL of 0.25 M sucrose solution 
for 15 and 45 minutes, respectively, to eliminate un-
bound dye. The mucus-bound Alcian blue was subse-
quently extracted using 10 mL of 0.5 M magnesium 
chloride (MgCl₂), with the mixture being shaken for 
one minute at 30-minute intervals over a period of 2 
hours. An equal volume of diethyl ether was then 
added, and the mixture was shaken thoroughly before 
centrifugation at 3000 rpm for 10 minutes. The absorb-
ance of the separated aqueous layer was measured at 
580 nm against a magnesium chloride blank using a 
spectrophotometer. The concentration of Alcian blue 
was determined with the help of a standard calibration 
curve, and the gastric wall mucus content was 

expressed as micrograms of Alcian blue per gram of 
glandular stomach tissue (µg/g).(60) 

5.3 Oxidative strees biomarkers :  

• Malondialdehyde (MDA): A common indicator 
of oxidative stress in experimental gastric ulcer re-
search, MDA is a significant secondary product of 
lipid peroxidation. When stomach mucosal damage 
occurs, increased creation of reactive oxygen spe-
cies encourages membrane polyunsaturated fatty 
acid peroxidation, which increases the formation of 
MDA. Consequently, increased lipid peroxidation 
and oxidative damage are indicated by increasing 
gastric-tissue MDA. This causes damage to the 
stomach mucosa and the development of ul-
cers.(55, 14) 

• Glutathione (GSH): Glutamate, cysteine, and gly-
cine make up the tripeptide GSH. In the stomach 
mucosa, it serves as a significant endogenous anti-
oxidant. Reactive oxygen species (ROS) are in-
creased by ulcerogenic factors during the 
development of peptic ulcers. GSH neutralizes 
ROS and, via glutathione peroxidase, decreases hy-
drogen peroxide and lipid peroxidation. This pre-
serves the stomach mucosal barrier and offers 
gastroprotection by reducing MDA production, ox-
idative damage, and gastric epithelial cell injury. 
Therefore, while GSH depletion is linked to higher 
stomach mucosal damage and ulceration, increas-
ing GSH signals enhanced antioxidant defense.[37] 

• Superoxide Dismutase (SOD) and Catalase 

(CAT): These two crucial antioxidant enzymes 
shield the stomach mucosa from oxidative stress 
during the development of peptic ulcers. In order to 
stop additional ROS-mediated cellular damage, 
SOD turns the dangerous superoxide radicals 
(O₂•⁻) into hydrogen peroxide (H₂O₂), which CAT 
then further reduces into water and oxygen. When 
combined, they lessen oxidative damage, lipid pe-
roxidation, and damage to the stomach mucosa. 
Thus, better antioxidant defense and gastroprotec-
tion are shown by elevated or restored SOD and 
CAT activity in experimental ulcer studies.(38) 
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5.4 Inflammatory biomarkers: 

• Nitric oxide (NO): By boosting stomach mucosal 
blood flow, nitric oxide (NO) functions as a crucial 
gastroprotective mediator in peptic ulcers, improv-
ing the delivery of oxygen and nutrients to injured 
tissue and accelerating ulcer healing. Additionally, 
NO fortifies the stomach mucosal barrier, promotes 
the secretion of mucus and bicarbonate, and aids in 
the preservation of epithelial integrity.Further-
more, it can minimize oxidative damage and de-
crease inflammation and leukocyte adhesion. Thus, 
sufficient NO availability aids in shielding the 
stomach mucosa from ulcer-causing substances in-
cluding ethanol, NSAIDs, and other irri-
tants.(58,61,63) 

• Prostaglandin E2: The integrity of the stomach 
mucosa is preserved by prostaglandin E₂ (PGE₂), a 
crucial gastroprotective mediator. By boosting mu-
cus and bicarbonate secretion, preserving mucosal 
blood flow, lowering gastric acid output, and en-
couraging epithelial repair and ulcer healing, it 

shields the stomach. Inhibition of COX enzymes 
weakens these protective mechanisms and in-
creases stomach mucosal damage in NSAID-
induced peptic ulcer models by reducing PGE₂ syn-
thesis. Consequently, elevated gastric PGE₂ levels 
following therapy are typically regarded as a sign 
of enhanced gastroprotection and mucosal de-
fense.(62,63) 

5.5 Pro Inflammatory cytokines: 

• Tumor Necrosis Factor-α (TNF-α), Interleukin-

1β (IL-1β), and IL-6 : Tissue damage and oxida-
tive stress trigger inflammatory pathways, espe-
cially NF-κB, which increases the production of 
TNF-α, IL-1β, and IL-6 during the development of 
stomach ulcers. These cytokines encourage the re-
cruitment of inflammatory cells, oxidative damage, 
mucosal damage, and delayed repair. As a result, 
increased levels of these cytokines are frequently 
employed as indicators of the severity of ulcers and 
stomach inflammation.(58,63) 

Table 3: Changes in biomarkers commonly reported in experimental Drug-Induced Peptic ulcer (DIPU). 

Biomarker Change in DIPU Range in DIPU animal studies Ref 

Ulcer score Increased 29.0 + 1.7 50 

Ulcer index Increased 22.57 + 6.86 mm 65 

Ulcer area Increased mm2 53,54,55 

Gastric volume Increased 4.69 + 0.37 mL 56,57 

Gastric pH Decreased 2.78+0.25 pH 55,56,57,59 

Free acidity Increased 9.6 + 0.6 mEq/L 55,58,59 

Total Acidity Increased 20.8 + 2.5 mEq/L 58,59 

Gastric wall mucus Decreased 100.33 + 0.76 µg 60 

MDA Increased 59.73 + 11.20 nmol/mg tissue 14,55 

GSH Decreased 22.18 + 5.42 mmol/mg tissue 37 

SOD Decreased 1.003 + 0.19 U/mg tissue 38 

CAT Decreased 14.29 + 0.48 µmol/L 38 

Nitric oxide Decreased 8.02 + 2.75 nmol/mg tissue 58,61,63 

PGE₂ Decreased 72.50 + 0.593 ng/mg protein 62,63 

TNF-α Increased 796.5 + 13.7 58,63 

IL-1β Increased - 58,63 

IL-6 Increased - 58,63 
 

6. Future Perspective on drug induced peptic ulcer 

in experimental animals.  
6.1 Development of Advanced Animal Models 

Future research should focus on developing advanced 
experimental animal models that closely resemble clin-
ical drug-induced peptic ulcers. Most conventional 
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studies use a single ulcer-inducing drug, such as indo-
methacin or aspirin, to produce acute gastric injury. 
However, future studies should investigate combina-
tion-drug models, such as NSAIDs with corticosteroids 
or antiplatelet agents, to understand the effects of mul-
tiple medications on gastric mucosal damage. Such 
models may provide better insights into drug interac-
tions and ulcer complications.(7) 

6.2 Investigation of Chronic Ulcer Formation and 

Healing 

Most experimental studies focus on acute gastric ulcer 
formation. Future investigations should emphasize 
chronic ulcer development, delayed healing, recur-
rence, and tissue regeneration. Acetic acid-induced 
chronic gastric ulcer models in rats can be used to in-
vestigate ulcer healing, angiogenesis, mucosal regener-
ation, and recurrence. Researchers should also examine 
the effects of prolonged NSAID exposure on matrix 
metalloproteinases (MMPs), growth factors, and tissue 
remodeling.(7) 

6.3 Identification of Novel Molecular and Biochem-

ical Biomarkers 

Future studies should investigate additional molecular 
pathways involved in drug-induced gastric injury. 
Apart from conventional oxidative stress markers such 
as MDA, GSH, SOD, and CAT, researchers should 
evaluate inflammatory cytokines, apoptosis-related 
proteins, and angiogenic factors. Particular attention 
should be given to NF-κB, Nrf2, COX-1, COX-2, 
caspases, VEGF, and matrix metalloproteinases. These 
investigations may help identify new therapeutic tar-
gets for gastroprotection.(84) 

6.4 Development of Gastric Organoid and Stomach-

on-a-Chip Models 

Gastric organoids and stomach-on-a-chip technologies 
may provide additional platforms for investigating 
drug-induced gastric mucosal injury. These models can 
help study epithelial barrier damage, cellular responses, 
and drug toxicity before conducting animal experi-
ments. In the future, combining these techniques with 
rat and mouse models may improve the reliability of 
preclinical research and reduce unnecessary animal 
use.(85) 

6.5 Translational Research and Development of 

Safer Gastroprotective Agents 

Future investigations should focus on translating exper-
imental findings into clinically useful gastroprotective 
treatments. Newly developed compounds should be 
evaluated for their ability to prevent gastric mucosal in-
jury without interfering with the therapeutic activity of 
NSAIDs. Standardized experimental protocols, repro-
ducible results, and comprehensive toxicological eval-
uations will be important for successful translation into 
clinical applications.(84) 

CONCLUSION 

Drug-induced peptic ulcer is an important gastrointes-
tinal disorder commonly associated with the use of 
NSAIDs and other ulcerogenic medications. Experi-
mental animal models, particularly rats and mice, play 
a significant role in understanding the mechanisms in-
volved in gastric mucosal damage and evaluating the 
gastroprotective potential of various therapeutic 
agents. Different ulcer induction models, including in-
domethacin, aspirin, ibuprofen, diclofenac, ketorolac, 
and other drugs, help researchers investigate the patho-
physiology of gastric ulceration. Assessment of macro-
scopic, biochemical, and histopathological parameters 
provides valuable information regarding ulcer severity, 
oxidative stress, inflammation, and mucosal protection. 
Recent studies have highlighted the potential of medic-
inal plants, phytochemicals, antioxidants, probiotics, 
and synthetic compounds in preventing and treating 
gastric ulcers. Future research should focus on devel-
oping advanced experimental models, identifying 
novel molecular biomarkers, investigating chronic ul-
cer healing, and exploring alternative technologies 
such as gastric organoids. Overall, experimental animal 
studies provide a strong foundation for discovering 
safer and more effective gastroprotective agents and 
translating preclinical findings into potential clinical 
applications. 
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