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ABSTRACT

Background: Peptic ulcers are increasingly reported as a challenging disease in clinical settings. Several medications
are employed in the management of peptic ulcers. Thus far, there is no medication devoid of any adverse effects that
may achieve a 100% curative rate or provide a total remedy for the ailment. Aim: We aimed to examine the healing
effects of trimetazidine against indomethacin-induced gastric ulcers in albino rats. Methodology: A total of 25 rats
were used, divided into five groups (each group contained five rats): a negative control group that was only treated
with distilled water, a positive control group that was only treated with a single dose of indomethacin (30 mg/kg) orally,
a group that received indomethacin (30 mg/kg) and low doses of trimetazidine (17.5 mg/kg) orally, a group that
received indomethacin (30 mg/kg) and medium doses of trimetazidine (35 mg/kg) orally, and a group that received
indomethacin (30 mg/kg) and high doses of trimetazidine (52.5 mg/kg) orally. The induction of gastric ulcers occurred
on the first day of the experiment through the administered indomethacin and, subsequently, the rats were treated
orally with either trimetazidine or distilled water, three times daily, for 7 days. Serum urea, creatinine, alanine
aminotransferase (ALT), aspartate aminotransferase (AST), and albumin levels were measured. Stomachs were
excised from the rats’ bodies and opened along the greater curvature; they were then rinsed with saline, extended on
a white corkboard, and examined macroscopically. The stomach tissues were also processed in order to generate
microscopic slides for microscopical examination. Results: Indomethacin administration caused multiple ulcerations
in the gastric mucosa, significant elevations in serum urea, creatinine, AST, and ALT levels, and a significant reduction
of the serum albumin levels. The treatment with trimetazidine significantly healed the indomethacin-induced gastric
ulcers. Conclusion: The present study indicates that the nonsteroidal anti-inflammatory drug (NSAID) indomethacin
can induce substantial gastric ulcers, which may be linked to a direct toxic effect on the histological architecture of the
gastric linings in addition to the reduction of blood flow to gastric mucosa; this effect can be treated by administration
of trimetazidine. Ultimately, this study suggests that administering the optimal dosage of trimetazidine can be
advantageous in treating stomach ulcers caused by NSAIDs. Moreover, the study suggests that the indomethacin-
induced liver and renal dysfunction can also be alleviated by the use of trimetazidine.
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1. INTRODUCTION

Peptic ulcers are acid-induced erosions that form
in the duodenum and the stomach [1]. These enti-
ties are characterized by the destruction of the mu-
cosa, with the damage extending to the muscularis
propria or the submucosa as well. Erosions are de-
fined as lesions that do not penetrate the muscu-
laris propria [1]. The “gastric ulcer” is a precise
word used to describe an ulcer that occurs specif-
ically in the stomach. Gastric ulcers predominantly
occur in the vicinity of the lesser curvature of the
stomach, although they can also arise in any loca-
tion between the pylorus and the cardia [2]. Ulcers
in the gastrointestinal tract can be caused by mul-
tiple factors, including a Helicobacter pylori infec-
tion and smoking [3,4]. Ulcers can also be caused
by nonsteroidal anti-inflammatory drugs (NSAIDs;
including pain relievers like aspirin and indometh-
acin) as well as ethanol, stress, diet, free radicals,
bile acids, proteases, exercise, hunger, cold, ex-
cessive acidic secretions, and immobility [5-7].
The rise in the occurrence of ulcers is primarily at-
tributed to the accessibility to nonprescription
NSAIDs. Individuals who possess a susceptibility
to harm are at a higher risk of developing gastric
ulcers when they encounter stressful circum-
stances and life-threatening events. The latest
findings highlight the intricate roots of peptic ulcer
disease, which involve environmental and infec-
tious factors, as well as the impacts of medications
and psychosocial stressors [8].

Indomethacin, similar to other NSAIDs, works
by inhibiting the synthesis of prostaglandins, re-
sulting in both therapeutic advantages and possi-
ble adverse effects [9]. The selection of indometh-
acin as the initial medicine for creating an experi-
mental ulcer model was primarily driven by its
greater tendency to cause ulcers in comparison to
other NSAIDs [3,4,10]. Inhibiting cyclooxygenase-
1 (COX-1) results in the formation of gastric ulcers,
whereas inhibiting cyclooxygenase-2 (COX-2) im-
pedes the process of ulcer recovery. Therefore, it
is more precise to attribute the stomach ulcers
caused by indomethacin and related NSAIDs to
the inhibition of both COX enzyme isoforms [11].
The administration of prostaglandin Ez protects
against indomethacin-induced gastrointestinal ul-
cers through mechanisms such as the enhance-
ment of mucus synthesis and thickness, the boost-
ing of bicarbonate secretion, the improvement of
the blood supply to the mucosa, and the reduction
of the indomethacin-induced hypermotility of the
stomach [12]. Indomethacin induces stomach ul-
cers by inhibiting the synthesis of protective pros-
taglandins and bicarbonate in the gastric region,
as previously stated. Furthermore, studies have
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confirmed that indomethacin can effectively re-
duce the production of gastrointestinal mucus and
increase the likelihood of developing ulcers. Indo-
methacin has the potential to cause stomach ul-
cers by decreasing the development of mucus and
by inhibiting the synthesis of mucosal prostaglan-
dins and bicarbonate [13].

Trimetazidine is classified as an anti-anginal
drug; it exhibits prophylactic benefits against car-
diac damage resulting from inadequate blood flow
(ischemia), and functions by modulating the en-
ergy metabolism of the heart, particularly by im-
pacting the heart’s acquisition of ATP through the
degradation of fatty acids and glycolysis [14,15].
Trimetazidine improves the ability of heart muscle
cells to survive when there is diminished blood
flow, by increasing the lifespan of the cardiomyo-
cytes. The reason for this is that the cellular oxy-
gen use is reduced when the glucose is oxidized
in comparison to the utilization of long-chain fatty
acids [15]. Trimetazidine does not affect coronary
flow, contractility, blood pressure, or heart rate,
and it lacks any significant capacity to dilate the
blood arteries either at rest or during physical ex-
ertion. Consequently, it can be utilized in conjunc-
tion with conventional drugs for coronary artery
disease as a supplementary treatment, or as an
alternative therapy when existing treatments are
poorly tolerated [16,17]. In addition, treatment with
trimetazidine not only increases the total duration
of activity tests, but also extends the time until an-
gina occurs, reduces the frequency of angina at-
tacks, decreases the need for nitrate intake, and
alleviates the degree of anginal pain. Finally,
trimetazidine decreases hospitalization rates for
cardiac causes and exhibits a protective impact
against overall mortality and cardiovascular inci-
dents in individuals with heart failure [18,19].

This study aimed at examining the prophylactic
and treatment effects of trimetazidine against in-
domethacin-induced gastric ulcers in rats, through
a macroscopic and microscopic examination.
Moreover, the study aimed at assessing the ef-
fects of trimetazidine and indomethacin on the liver
and kidney through the measurement of the rat se-
rum levels of urea, creatinine, aspartate ami-
notransferase (AST), alanine aminotransferase
(ALT), and albumin.

2. METHODOLOGY

2.1. Animals and experimental procedure
followed

This study was conducted in the animal house of
the College of Veterinary Medicine of the Univer-
sity of Mosul (Mosul, Irag). A total of 25 albino rats



TRIMETAZIDINE PROTECTS AGAINST ACUTE INDOMETHACIN-INDUCED GASTRIC MUCOSAL, HEPATIC... 275

(10-weeks-old; 200 to 300 g in weight) were kindly
provided by the College of Veterinary Medicine of
the University of Tikrit (Irag). The animals were
housed in metallic cages and subjected to an ad-
aptation period of two weeks with a photoperiod of
12-h light : 12-h dark, a temperature of 25°C + 2°C,
and a 45% to 50% humidity, with free access to
food and water. The study was approved by the
ethical committee of the College of Veterinary
Medicine of the University of Mosul (ref.
UM.VET.2023.073). The study was conducted
from 10/9/2023 to 10/1/2024.

A total of 25 rats were used, divided into five
groups (each group contained five rats): a nega-
tive control group that was only treated with dis-
tilled water, a positive control group that was only
treated with a single dose of indomethacin (30
mg/kg) orally, a group that received indomethacin
(30 mg/kg) and low doses of trimetazidine (17.5
mg/kg) orally, a group that received indomethacin
(30 mg/kg) and medium doses of trimetazidine (35
mg/kg) orally, and a group that received indometh-
acin (30 mg/kg) and high doses of trimetazidine
(52.5 mg/kg) orally. The induction of gastric ulcers
occurred on the first day of the experiment through
the administered indomethacin and, subsequently,
the rats were treated orally with either trimeta-
zidine or distilled water, three times daily, for 7
days.

2.2. Preparation of the administered drugs

For the treatment of the trimetazidine-receiving
rats, trimetazidine tablets (Vasatrel®, France) were
used; each tablet contains 35 mg of trimetazidine
HCl and it was dissolved in 5 mL of distilled water.
For the treatment of the indomethacin-receiving
rats, indomethacin capsules (Indylon®, Europe)
were used; each capsule of indomethacin contains
25 mg of indomethacin and it was suspended in 2
mL of distilled water. The doses were calculated
according to the weight of each rat. Drugs were
freshly prepared in the laboratory and were given
to the animals orally, by a gavage needle.

2.3. Blood sampling and analysis

About 5 mL of venous blood was drawn in the
morning from the retro-orbital venous plexus of the
rats by using capillary test tubes before the
initiation of the medication and at the end of the
experiment. The blood was permitted to be clotted
in a plain test tube at ambient temperature for 1 h.
The separation of the serum has been done by
centrifugation at a speed of 3,000 rpm for 15 min.
The aspiration of the supernatant serum led to the
creation of two aliquots. Serum samples were

frozen in the refrigerator (-20°C) in order to be
assayed later on. A Biochemistry Analyzer (SMT-
120 Automatic, Germany), which is a fully-
automated clinical chemistry system designed for
on-site testing, was used. The reagents were
purchased from Giesse® Diagnostics (ltaly). The
reagents were removed from their original
containers and were placed inside the containers
of the SMT-120 and the cuvette used for that. All
samples were measured via SMT-120 for all
assays reported herein (i.e., AST, ALT, albumin,

urea, and creatinine Ievels).

2.4. Histological study

Once the experiment was finished, animals were
killed via a cervical spine dislocation. Their stom-
achs were excised from their bodies and were
rinsed with distilled water. The tissues were then
extended on a white corkboard and were exam-
ined macroscopically. The stomach tissues were
also processed in order to create microscopic
slides. Each stomach was bisected and each half
was then placed in an embedding tissue cassette
and was stored in a solution of 10% neutral-buff-
ered formalin. Each specimen was then sub-
merged in a fixative solution for about 48 h before
subsequent processing. The fixative was removed
by washing the previously-fixed tissues under run-
ning water for a duration of 6 to 8 h or overnight.
Following that, the obtained samples were dehy-
drated and cleared in successive steps so as to be
infiltrated with liquefied wax and be embedded in
liquid paraffin prior to trimming. The formed tissue
blocks were then subjected to a microtome. The
formed slices were then stained by a haematoxylin
and eosin stain and were examined under a light
microscope.

2.5. Statistical analysis

A GraphPad Prism application (Graph Pad, San
Diego, CA) was used for the undertaking of the
statistical analysis, and one-way analysis of vari-
ance (ANOVA), followed by Tukey’s multiple com-
parison tests, was employed. When the p value
was <0.05, the difference was considered as sig-
nificant.

3. RESULTS

A gross sectional macroscopic examination of the
gastric tissues of the rats revealed a normal
architecture in the control group (Figure 1.i)
versus a congested and spotty blood tissue in the
indomethacin-treated group (Figure 1.ii). The
normal appearance was restored with trimetazidine
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even in the low-dose group (Figures 1.iii-1.v).
The microscopic examination of the tissues of
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sections (Figure2.ii). Trimetazidine-treated groups
displayed a restoration of the tissue structures,

the control group revealed a normal tissue
architecture (Figure 2.i) versus haemorrhage and
eosinophilia in the indomethacin-treated tissue

showing normal mucosal, submucosal, and mus-
reduced congestion

cularis layers,
(Figures 2.iii-2.v).
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Figure 1. Representative macroscopic (gross examination) pictures of the gastric lining of rats of the negative control group that was only
treated with distilled water (i), the positive control group that was only treated with a single dose of indomethacin (30 mg/kg) orally (i), the
group that received indomethacin (30 mg/kg) and low doses of trimetazidine (17.5 mg/kg) orally (jii), the group that received indomethacin
(30 mg/kg) and medium doses of trimetazidine (35 mg/kg) orally (iv), and the group that received indomethacin (30 mg/kg) and high doses
of trimetazidine (52.5 mg/kg) orally (v). Blue arrows indicate areas of mild congestion and spots of blood.

2¢ci

Figure 2. Representative captions of haematoxylin-eosin-stained samples of the gastric lining of rats of the negative control group that was
only treated with distilled water (i), the positive control group that was only treated with a single dose of indomethacin (30 mg/kg) orally (ii),
the group that received indomethacin (30 mg/kg) and low doses of trimetazidine (17.5 mg/kg) orally (iii), the group that received indomethacin
(30 mg/kg) and medium doses of trimetazidine (35 mg/kg) orally (iv), and the group that received indomethacin (30 mg/kg) and high doses
of trimetazidine (52.5 mg/kg) orally (v). Black arrows indicate severe haemorrhage in the gastric mucosa (A), submucosa (B), and tunica
muscularis (C).
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Figure 3. The effect of trimetazidine against the indomethacin-induced effects on serum albumin, urea, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), and creatinine levels in rats. Data are presented as mean + standard deviation; asterisks (*)
signify significantly different findings as compared to those of the control group at p<0.05.

Indomethacin administration resulted in a sig-
nificant (p<0.05) increase in serum urea, creati-
nine, AST, and ALT levels compared to those of
the control group (Figure 3). Treatment with
trimetazidine has been associated with improved
serum concentrations of urea, creatinine, AST, and
ALT; the improvement in the levels of these
parameters was the best at the high-dose of trimet-
azidine (52.5 mg/kg), where the levels were found
to be significantly (p<0.05) reduced compared to
those of the control group (Figure 3).

The serum concentration of albumin in the in-
domethacin-treated group was significantly (p<0.05)
lower compared to that of the control group (Figure
3). The administration of trimetazidine was associated
with improved serum albumin concentrations,
especially at the high dose of trimetazidine (52.5
mg/kg), where the albumin concentration was
elevated without showing a significant difference
(p>0.05) compared to that of the control group
(Figure 3).

4. DISCUSSION

The results of this study showed that giving trimet-
azidine orally for 7 days can effectively reduce the
observed worsening of the gastric mucosal ulcera-
tion induced by indomethacin in rats. Trimetazidine

also demonstrated nephroprotective andhepatopro-
tective properties against the indomethacin-in-
duced toxicities. The results indicate a significant
increase in the concentration of serum albumin and
a decrease in the serum levels of ALT, AST, urea,
and creatinine.

The findings of this study indicate that trimeta-
zidine can exert significant therapeutic and cura-
tive effects in the treatment of indomethacin-in-
duced stomach ulcers. Trimetazidine may poten-
tially stimulate various systems that help protect
the gastric mucosa, such as by increasing the se-
cretion of bicarbonate and mucus, as well as by im-
proving blood flow. These effects can aid in the
quick recovery of the stomach lining following ul-
ceration. Moreover, trimetazidine might have in-
creased prostaglandin synthesis, which could ex-
plain its efficacy in the management of indometha-
cin-induced gastric ulcers [20].

Our findings are consistent with a prior investi-
gation conducted by Puscas et al. [21], which has
also indicated that trimetazidine can improve per-
formance. Similarly, Vitale et al. [22] discovered
that trimetazidine improves the functional perfor-
mance of patients with peripheral artery disease
and claudication who are engaged in regular exer-
cise training. A study conducted by Ferraro et al.
[23] has shown that trimetazidine has a notable
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beneficial effect on muscular function in elderly an-
imals, while Okano et al. [24] have categorized
trimetazidine as a banned substance with no spec-
ified minimum level. Our results are consistent with
the research conducted by Mohammed et al. [2],
which has shown that giving trimetazidine orally at
a dose of 20 mg/kg/day can significantly improve
the damage to the ischemic tissue of a rabbit ear
model. The improvement was credited to the de-
crease in inflammatory indicators and to the en-
hancement of the angiogenic activity via stimulat-
ing growth factors promoting the regrowth of endo-
thelial cells [2]. Those results emphasized the con-
siderable therapeutic efficacy of trimetazidine in
treating skin damage in that specific paradigm [2].

Various studies conducted by different re-
searchers consistently support the anti-inflamma-
tory effects of trimetazidine. Trimetazidine has ex-
hibited a capacity to suppress inflammation in
acute experimental pancreatitis induced by L-argi-
nine [25]. The observed phenomenon is thought to
be the result of a reduction in the secretion of pro-
inflammatory cytokines [25]. Al-Metwaly et al. [26]
have shown that trimetazidine may have a positive
effect in protecting the liver from the damage
caused by paracetamol in mice. This effect may be
achieved by increasing the levels of hepatic gluta-
thione and superoxide dismutase, by reducing lipid
peroxidation, and by reducing inflammation in the
liver [26]. Trimetazidine protects against liver dam-
age induced by an overdose of paracetamol and
potentially other injuries, but additional research is
necessary in order to elucidate the molecular path-
ways responsible for the effects of trimetazidine
[26].

In this trial, trimetazidine demonstrated no effi-
cacy in protecting completely against indometha-
cin-induced gastric ulcers at all of the assessed
dosage levels (low, medium, and high). The find-
ings indicate the existence of a significant number
of ulcers in the lining of the stomach, while the un-
dertaken microscopic analysis additionally demon-
strates necrosis, infiltration of inflammatory cells,
and congestion. Our findings contradict the find-
ings of the studies conducted by Mugo et al. [1],
since they demonstrate that trimetazidine pos-
sesses gastroprotective properties. Mugo et al. [1]
have demonstrated that the concurrent administra-
tion of trimetazidine and indomethacin can effec-
tively prevent the formation of acute gastric muco-
sal lesions in rats, in a dose-dependent manner. In
fact, Mugo et al. [1] observed that the concurrent
administration of trimetazidine and indomethacin
(via an injection) could effectively suppress the de-
velopment of gastric lesions in a manner that was
dependent on the dosage. Their study showed that
by combining trimetazidine with indomethacin, one
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can successfully shield the gastric mucosa in rats,
thereby decreasing the occurrence of acute gastric
mucosal lesions [1]. The drug’s protective effect
could be ascribed to an increase in blood circula-
tion, as evidenced by earlier researchers [20,27].
The research conducted by Mugo et al. [1] investi-
gated the impact of simultaneously delivering
trimetazidine and indomethacin. In this trial, the ad-
ministration of trimetazidine occurred three times
daily, for 7 days, after the induction of gastric ulcers
on the first day of the experiment. The objective
was to examine if trimetazidine could provoke
physiological alterations during its administration
that would strengthen the stomach’s ability to with-
stand gastric ulceration. These alterations may en-
compass a heightened mucus production, the acti-
vation of bicarbonate secretions, the reinforcement
of tight junctions in the gastric lining, or other pro-
cesses that safeguard the stomach lining from ul-
cers [1].

The findings of our study reveal that rats admin-
istered trimetazidine at various doses, including
low, moderate, and high doses, exhibited a reduc-
tion in blood urea and creatinine levels that was
dose-dependent. To be more precise, higher
doses of trimetazidine resulted in lower blood urea
and creatinine levels. Furthermore, this suggests
that trimetazidine has a beneficial effect on renal
function. The results of our investigation are con-
sistent with the research conducted by Hazelhoff et
al. [28], which has shown that trimetazidine can de-
crease urea and creatinine levels and can offer
protective advantages to the kidneys against mer-
cury chloride-induced damage. Our findings align
with the research conducted by Amini and Badavi
[29], which indicates that trimetazidine has reno-
protective properties; these properties include an-
tifibrosis, anti-apoptosis, anti-inflammatory, and
mitochondrial protection effects. Their study sug-
gested that trimetazidine can be effective in treat-
ing renal ischemia-reperfusion injury, diabetic
nephropathy, and nephrotoxicity [29]. Thus, trimet-
azidine could be regarded as a promising candi-
date for the prevention and treatment of various re-
nal dysfunctions once it completes the clinical trial
phases in the future [29].

Furthermore, a previous study has demon-
strated that trimetazidine can mitigate the renal im-
pairment resulting from a profound thermal insult to
the epidermis in an animal model [30]. In addition
to its positive impact on cardiovascular health, nu-
merous investigations have demonstrated the re-
nal-protective properties of trimetazidine [30-37]. In
this study, rats given different doses of trimeta-
zidine show a decrease in ALT and AST levels, as
well as an increase in albumin levels that depends
on the dose. More specifically, higher doses of
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trimetazidine lead to decreased blood levels of ALT
and AST, while also increasing the quantities of al-
bumin. This could also suggest that trimetazidine
has a protective effect on the liver. Our results are
consistent with the research conducted by Ateyya
et al. [38], which showed that trimetazidine pro-
vides effective protection for the liver against dam-
age caused by cisplatin. This is thought to be
achieved by neutralizing free radicals and by dis-
playing anti-inflammatory and antiapoptotic capa-
bilities [38].

According to Al-Metwaly et al. [26], a pre-treat-
ment with trimetazidine can prevent paracetamol-
induced death. Additionally, it can mitigate the liver
damage caused by paracetamol in mice by effec-
tively suppressing the increase in the serum levels
of ALT and AST that is induced by paracetamol
[26]. Furthermore, trimetazidine can notably im-
prove the paracetamol-induced decrease in the se-
rum concentrations of albumin and total proteins
[26]. Trimetazidine demonstrated a hepatoprotec-
tive effect in mice by alleviating acute liver injury
caused by paracetamol overdose; an effect that
could be due to its ability to decrease oxidative
stress and inflammation [26]. Salouege et al. [39]
have shown that by combining trimetazidine with
doxorubicin for 3 days, one can substantially miti-
gate the cardiotoxic and hepatotoxic effects of dox-
orubicin; this was demonstrated by a significant re-
duction in the levels of AST and ALT in the blood-
stream. According to Elimadi et al. [40], trimeta-
zidine can exert a hepatoprotective effect by pre-
serving the mitochondrial function of rat liver during
ischemia-reperfusion. The term “reperfusion” re-
fers to the restoration of blood flow to an organ or
tissue after a period of reduced or blocked blood
supply [40]. Although there is a suggestion that
trimetazidine may function as an indirect antioxi-
dant by activating cellular antioxidant enzymes
[26], the impact of trimetazidine on oxidative stress
parameters remains to be elucidated.

The limited sample size in our study raises con-
cerns about statistical power and the potential for
type Il errors, meaning that significant effects might
go undetected. Moreover, by administering only a
single dose of indomethacin, the research fails to
capture any dose-response relationships or long-
term effects that might be crucial for capturing its
full pharmacological profile. Moreover, the simple
parameters assessed may not adequately reflect
the complexity of biological responses; thus, they
could overlook subtle but important physiological
changes induced by indomethacin. Consequently,
while preliminary findings might suggest certain
trends or potential mechanisms of action, these
limitations necessitate a further investigation with
larger sample sizes, multiple dosing regimens, and

the adoption of more comprehensive evaluation
criteria in order to provide a fuller picture and vali-
date our initial observations.

5. CONCLUSION

The present study confirmed that indomethacin
can cause significant gastric ulcers. The indometh-
acin-induced ulcers were healed by the admin-
istration of trimetazidine. The indomethacin-in-
duced liver and renal dysfunction can be alleviated
by the use of trimetazidine.
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