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ARTICLE INFO ABSTRACT

Keywords: Gastric ulcers are an essential side effect associated with the use of non-steroidal anti-inflam-
Gastric ulcer matory drugs (NSAIDs). Free radicals are one of the important mechanisms contributing to the
Troxerutin

development of gastric ulcers caused by NSAIDs. This prompted us to choose troxerutin, which
has antioxidant and anti-inflammatory effects, especially with a lack of studies investigating the
preventive effect of troxerutin on gastric ulcers. Twenty-nine rats were divided into five groups: A
Vehicle group, a Keto group (30 mg/kg of ketorolac), and two troxerutin groups (150 mg/kg or
200 mg/kg of troxerutin, respectively). A Miso group was used as a reference with (100 pg/kg of
misoprostol). Troxerutin and misoprostol were administered orally 1 h before ketorolac. The ulcer
index was determined considering the numbers and severity of ulcerations. Gastric tissue
inflammation was evaluation microscopically. Both thiobarbituric acid reactive substance levels
and catalase activity were measured as markers of oxidative stress in gastric tissue. Our data
showed an improvement in ulcer indices with troxerutin and misoprostol compared with ketor-
olac, with improvement in gastric inflammation observed with misoprostol but not with troxer-
utin. These results were accompanied by a reduction in gastric oxidative stress induced by
ketorolac with both troxerutin and misoprostol. This study highlights, for the first time, the
antioxidant effect of troxerutin on gastric ulcers. This effect may contribute to the good pre-
vention of ketorolac-induced gastric ulcers.

Ketorolac
Oxidative stress

1. Introduction

Peptic ulcer disease (PUD) is a common digestive disorder [1]. It is the damage to the inner lining of the digestive tract secondary to
the secretion of gastric acid and pepsin [2]. In recent years, the leading cause of ulcers in many countries has shifted from Helicobacter
pylori (H.pylori) infection to the use of non-steroidal anti-inflammatory drugs (NSAIDs) [3]. When causative agents such as gastric acid
and NSAIDs overwhelm the mucosal defense, a gastric mucosal lesion such as gastric erosion and ulcer may develop [4].

Ketorolac is one of the NSAIDs which used for the short-term treatment of moderate to severe pain such as postoperative pain and
musculoskeletal pain [5]. Its use has been associated with the potential for several serious side effects, such as gastrointestinal
bleeding, perforated ulcers, and coagulation disorders [6]. NSAIDs are known to cause peptic ulcers through both local and systemic
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mechanisms. Local mechanisms involve the production of reactive oxygen species (ROS) such as superoxides, and free hydroxyl
radicals. Systemic mechanisms involve the inhibition of prostaglandin production through inhibition of cyclooxygenases (COXs) [71,
which inevitably impairs the mucosal defense mechanism [4,8]. NSAIDs cause increased adhesion of neutrophils to the lining of blood
vessels, which is accompanied by the release of protease enzymes and free radicals derived from oxygen from these cells, and this leads
to many endothelial and epithelial injuries [9].

There are many strategies to prevent or reduce gastrointestinal injuries induced by NSAIDs, such as proton pump inhibitors, H2-
receptor antagonists, and Misoprostol (an analog of prostaglandin E1) [10]. However, the occurrence of severe adverse events limits
the patient’s quality of life [11]. Glutamine and Coenzyme Q10 are considered promising treatments for peptic ulcers due to their
antioxidant properties [12,13]. In addition to phytotherapy, which contains different chemical groups such as alkaloids, terpenes,
polysaccharides, and phenolic compounds, have proven their anti-inflammatory and antioxidant role in the management of peptic
ulcer, as well as inhibiting acid secretion and enhancing defense factors [14].

As a result of the involvement of oxidative stress in causing peptic ulcers caused by NSAIDs, it was necessary to study new com-
pounds that possess antioxidant properties to investigate their effectiveness in preventing gastric ulcers. Troxerutin is a semi-synthetic
bioflavonoid derived from rutin, which has a preventive effect on gastric ulcers [15-17].

Studies have indicated that troxerutin has many pharmacological effects, such as an antioxidant effect. It has been proven to reduce
levels of thiobarbituric acid reactive substances (TBARS) and improve the effectiveness of enzymatic antioxidants and levels of non-
enzymatic antioxidants in many tissues [18-20]. It also has an anti-inflammatory effect by reducing inflammatory cytokine levels [21,
22]. Other studies have indicated that it possesses anti-hyperlipidemic, anti-diabetic, and anti-tumor effect, and also has protective
effects on the kidneys. It has an important role in the management of hemorrhoidal disease and chronic venous insufficiency. Trox-
erutin is highly absorbed from the gastrointestinal tract and exerts its protective effects without having a cytotoxic effect [23-25].
Despite numerous studies investigating the effects of troxerutin, its effects on the gastrointestinal system have not been thoroughly
explored. While there are studies on the effect of troxerutin on ulcerative colitis [21], morphological intestinal mucosa changes
induced by 5-flurouracil [26], and colon carcinogenesis [23], no study has investigated its role in the prevention of peptic ulcers, and
this is what our study aims to achieve.

2. Results
2.1. Stomach macroscopic examination

Stomach macroscopic examination revealed the presence of white lesions with a diameter of 0.5-2 mm in both preventive groups
and ketorolac-treatment group (keto), in addition to the presence of congestion, spot hemorrhages, and hemorrhagic streaks of 1-5 mm
long.

2.1.1. Ulcer index according to method 1

(severity of gastric lesions was assessed depending on the length of lesions) was calculated as follows: Pretreatment with car-
boxymethyl cellulose (CMC) in the Vehicle group produced an ulcer index (UI) (0.45 + 1), whereas ketorolac increased the ulcer index
(2.35 £ 16) significantly (p < 0.001). Troxerutin (150 mg/kg) reduced the ulcer index (2.02 £+ 10.6), with a preventive index (P.I) of
(33.75 %), while the ulcer indices for the groups pretreated with troxerutin (200 mg/kg) and misoprostol were [(1.99 &+ 12.17), ((2.12
+ 12.17, respectively, with a P.I = 23.93 % for each]. (Figs. 1 and 2).

2.1.2. Ulcer index according to method 2
(the severity of gastric lesions was assessed depending on the depth of lesions):
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Fig. 1. The effect of troxerutin and misoprostol on ulcer index depending on lesion length [(UI = number of lesions x severity factor (from 0 to 3)]
and depth [UI = number of ulcers per rat + severity score (from 1 to 4)+ (percentage of animals with ulcers/10). Troxerutin)150 mg/kg) reduced
the ulcer index, but this decrease was slight when troxerutin (200 mg/kg) and misoprostol were given. Data were expressed as mean + SEM, **p <
0.01, ***p < 0.001 (Keto vs Vehicle); (n = 5-6/group).
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Fig. 2. The preventive index of troxerutin (150, 200) and the reference drug (misoprostol) depending on length and depth of lesions; (n =
5-6/group).

Ketorolac at a dose of 30 mg/kg caused an increase in the ulcer index (2.53 + 26.67) significantly (p < 0.01) compared with the
Vehicle group (0.68 + 7.6). Troxerutin (150 mg/kg) reduced the ulcer index (1.39 + 20.3) with a preventive index of (23.88 %), while
the ulcer index with Troxerutin (200 mg/kg) was (1.75 + 24.08), with P.I of (9.71 %). The ulcer index in the misoprostol group was
(1.62 + 23.67) with P. I of (11.24 %) (Figs. 1 and 2).

2.2. Stomach microscopic examination

2.2.1. Evaluation of inflammation in the stomach tissue

No inflammatory manifestation was observed in the stomach tissues of the Vehicle group, while focal inflammation signs were
found in the lamina propria of the stomach tissues of rats treated with ketorolac, represented by neutrophils infiltration mainly.
Troxerutin at a dose of 150 mg/kg slightly reduced neutrophils infiltration compared with the ketorolac group. While troxerutin (200
mg/kg) did not show any improvement. Misoprostol was able to completely prevent the neutrophils infiltration caused by ketorolac
(Fig. 3). These effects are further illustrated in the detailed subfigures (Fig. 4(A-F)).

Inflammation
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<
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Groups
Fig. 3. The effect of troxerutin and misoprostol on inflammation in the stomach tissue. Both doses of troxerutin did not cause significant

effect on ketorolac-induced inflammatory cell infiltration (neutrophils mainly), while misoprostol prevented it. Data were expressed as
mean + SEM, *p<0.05 (Keto vs Vehicle), #p<0.05 (Miso vs Keto); (n=5-6/group).
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Fig. 4. Histological section of stomach tissue for different study groups.l: indicates the presence of inflammatory infiltrates, /: indicates the

presence of congestion in the blood vessels. A: Vehicle (x100), B: Keto (x400), C1: TXR 150 (x100), C2: TXR 150 (x400), D1: TXR 200 (x100), D2:
TXR 200 (x400), E1: Miso (x100), E2: Miso (x400). The inflammation was evaluated according to the following scale: 0: No inflammation, 1: Focal
inflammation of the lamina propria, 2: Diffused inflammation of the lamina propria, 3: Focal inflammation of the muscle layer, 4: Diffused
inflammation in the muscle layer.

2.3. Measurement of oxidative stress biomarkers in the stomach tissues

2.3.1. Measurement of lipid peroxidation products levels

The ketorolac treated group didn’t show any significant difference (62.71 + 5.77) compared with the Vehicle group (71.92 +
6.812) regarding TBARS. Troxerutin pretreatment at both doses (150, 200 mg/kg) significantly reduced TBARS levels in the stomach
tissue [(32.05 + 3.85), (p < 0.001); (38.78 + 4.58), (p < 0.01), respectively] compared with the ketorolac group (62.71 + 5.77).
pretreatment with misoprostol was also effective in reducing TBARS levels [(43.91 + 3.748), p < 0.05 compared with ketorolac group]
with no difference noticed when comparing with troxerutin groups (Fig. 5).

2.3.2. Measurement of catalases activity

Ketorolac significantly decreased the catalase activity [5.428 + 42.25; p < 0.001] compared with the Vehicle group (12.33 + 84).
Pretreatment with troxerutin (150 mg/kg) significantfly reversed the decrease of catalase activity in the stomach tissue caused by
ketorolac (4.924 + 68.5); (p < 0.05). Both troxerutin (200 mg/kg) and misoprostol didn’t show any improvement in the stomach
catalase activity (Fig. 6).
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Fig. 5. The effect of troxerutin and misoprostol on TBARS levels in stomach tissue. Preventive treatments reduced significantly TBARS levels
compared with the ketorolac group. Data were expressed as mean + SEM, #p < 0.05 (Miso vs Keto), ##p < 0.01 (TXR 200 vs Keto), ###p < 0.001
(TXR 150 vs Keto); (n = 5-6/group).
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Fig. 6. The effect of troxerutin and misoprostol on catalase activity in stomach tissue. Troxerutin)150 mg/kg) increased tissue catalase activity,
which decreased as a result of ketorolac administration.Data were expressed as mean + SEM, ***P < 0.001 (Keto vs Vehicle), #P < 0.05 (TXR 150 vs
Keto); (n = 5-6/group).

3. Discussion

Ketorolac possesses analgesic, anti-inflammatory, and antipyretic effects as one of the NSAIDs [27]. However, it has been asso-
ciated with cardiovascular, renal, and gastrointestinal risks [5]. The major mechanism of action of ketorolac in causing damage to the
gastric mucosa depends on the inhibition of the synthesis of prostaglandins by inhibiting both COX enzymes and thus causing
impairment of mucosal defense. NSAIDs also have a role in increasing the adhesion of neutrophils to the vascular endothelium through
their role by inhibiting the enzyme COX 2 mainly and thus the release of proteases and free radicals which mediate many of the injuries
associated with NSAIDs [9].

Therefore, the modulation of oxidative stress represents an evidence-based choice for the management of gastrointestinal disorders
[28]. Several studies have proven the role of troxerutin as an antioxidant in the treatment and prevention of several diseases such as
Ulcerative colitis [21], cisplatin-induced kidney injury [19], and it has an anti-cancer effect [29]. In this study, we aimed to investigate
the preventive effect of troxerutin on gastric ulcers induced by ketorolac, compared with misoprostol whose protective effect of gastric
ulcers had already been proven. It is important to note that this study is the first to address the effects of troxerutin on gastric ulcers.
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First of all, our study showed a negative effect of ketorolac on gastric tissue in experimental rats. As it led to ulcers in the stomach
tissue observed macroscopically, with an increase of the ulcer index (which was calculated by two methods depending on the length
and depth of lesions), these macroscopic observations accompanied by the microscopic study showed focal inflammation in the lamina
propria represented by neutrophil infiltration to the stomach tissue. This ulcer-inducing effect of ketorolac and other NSAIDs has been
previously demonstrated by the microscope study in several animal studies [15,30] and humans [31].

Neutrophils infiltration following their adhesion to the lining of blood vessels is an early event in gastric damage induced by
NSAIDs, as studies have proven their involvement in gastric damage induced by NSAIDs, as they cause the production of many factors
such as proteolytic enzymes and reactive oxygen species. Therefore, studying the parameters of oxidative stress is a reasonable way to
understand mechanisms causing gastric damage induced by NSAIDs [15,32,33].

In our study, the gastric damage caused by ketorolac administration was associated with a decrease in the activity of catalase
enzymes in the gastric tissue, indicating a role of oxidative stress in causing gastric ulcers induced by ketorolac. This result was
consistent with the study of Shaik and colleagues in 2022, which showed a decrease in the activity of tissue catalase enzymes and the
role of oxidative stress in gastric ulcers induced by NSAIDs in experimental rats [34]. While our study differed with it in terms of the
fact that tissue TBARS levels were not affected by the administration of ketorolac, while its tissue levels increased in the study of Shaik
et al. This difference in the results of TBARS levels may be due to a difference in the compound used to induce gastric ulcers, as Shaik’s
study used indomethacin compound.

The unchanged levels of TBARS, although the activity of catalase enzymes decreased in the stomach tissue as a result of ketorolac
administration, may be due to the fact that catalases hydrolyze H2O5 in the tissue into O, and Hy0O, and the decrease in its activity may
lead to the production of large amounts of Hydroxyl radicals OH. According to the Fenton reaction [35], these large amounts of free
hydroxyl radicals cause direct damage to the gastric cell membranes through the process of lipid peroxidation, which leads to high
levels of TBARS, the by-product of this process. In our study, ketorolac may have decreased the activity of catalase enzymes to a lesser
extent than that which cause an increase in TBARS levels in the stomach tissue. Therefore, the damage was not at the level of damage to
membrane lipids.

In the current study, troxerutin played a good role in the prevention of gastric ulcers induced by ketorolac, at both doses (150 and
200 mg/kg) leading to a clear decrease in the ulcer index (length and depth of lesions) and also had an obvious effect on the preventive
index, in particular, at a dose of (150 mg/kg), while it had a slight effect at the higher dose (200 mg/kg). The effect of troxerutin was
not fully evident on the gastric tissue inflammation, and there was no clear improvement in the infiltration of neutrophils observed
when ketorolac was given alone. Our results were consistent with the study of Abdel-Raheem where rutin (Troxerutin-like compound)
led to a significant decrease in ulcer index induced by indomethacin, while it did not match with this study in terms of histological
study, which proved an important decrease in the inflammatory manifestations caused by indomethacin in gastric tissue when treated
with rutin. Similarly to the precedent researches on the gastric ulcers induced by NSAIDs [36-38], misoprostol -our reference
medicament-proved its ability to prevent the gastric ulcers induced by ketorolac and reduced the ulcer index, neutrophil infiltration,
and histological damage of the stomach.

The antioxidant effect of troxerutin was similar to that observed by misoprostol, which the preventive effects of misoprostol on
gastrointestinal tract damages partially attributed to its antioxidant effects [37]. which was confirmed by our study.

In our study, troxerutin in both doses had a good antioxidant effect caused by ketorolac in the gastric tissue shown by reducing
TBARS levels and increasing catalase activity (at a dose 150 mg/kg). This confirms its effectiveness as an antioxidant indicated in
several previous studies in renal and colon tissues [19,21], which may contribute to the troxerutin protective effect on the gastric
ulcers induced by ketorolac.

In addition to the anti-oxidant effect, troxerutin has anti-inflammatory and anti-apoptotic effects [21,39] that may also contribute
to the prevention of NSAIDs-induced peptic ulcers. Neutrophil infiltration leads to the production of inflammatory cytokines such as
tumor necrosis factor-alpha [40]. Apoptosis may also contribute to the development of stomach ulcers and is related to the inflam-
matory response and oxidative stress [41]. It may also play a role in regulating acid secretion pathways, like other flavonoids [40]. In
general, we need to conduct further studies to determine the other mechanisms of action which may contribute to the preventing effect
of troxerutin on peptic ulcers induced by NSAIDs.

4. Materials and methods
4.1. Aim of the study

The importance of our study comes from the absence of previous studies that revealed the role of troxerutin in the prevention of
gastric ulcers induced by NSAIDs.

4.2. Drugs
Troxerutin, as a yellow powder, was obtained from Mediotec for Pharmaceutical Industries (Homs, Syria). Ketorolac, as a product,

was purchased from Avenzor for Pharmaceutical Industries (Rural Damascus, Syria). Misoprostol, as a product, was purchased from
Hama Pharma for Pharmaceutical Industries (Hama, Syria).
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4.3. Experimental design

4.3.1. Animals

Twenty-nine wistar albino rats of (10-12) weeks of age and (100-245 g) weight were provided by the Atomic Energy Authority-
Damascus-Syria. Animals were housed in groups of three rats per cage at the experimental animal incubators, Faculty of Pharmacy-
Damascus university. All animals were acclimatized for 7 days before starting the experiments to prevent or minimize stress in a
new environment. The animals were kept under controlled conditions of temperature (25 + 2 °C) and humidity, with a 12 h light/dark
cycle and access to water and food granules. The guidelines of ethics were followed in dealing with animals, in terms of preserving the
dignity of animals, alleviating their suffering, and reducing the number to a minimum. The study was conducted in accordance with
the guidelines for Good Laboratory Practices in Non-Clinical Studies, and the experimental procedure was approved by the Biomedical
Research Ethics Committee at Damascus University (ID: PH-210224-207/Feb 21, 2024).

4.3.2. Animals grouping

Rats were randomly divided into five groups, each consisting of (5-6) rats. Animals were fasted for 24 h before the study but had
free access to water.

One group represented the Vehicle control group (Vehicle), which received only CMC solution (1 %, orally). The second group
represented the positive control group (Keto) received a single dose of ketorolac (30 mg/kg, orally) (produced significant gastric
damage [30]). The third and fourth groups represented the preventive groups (TXR 150, 200) that received a single dose of troxerutin
(150, 200 mg/kg respectively, orally) (these doses have been shown to prevent and treat many diseases in which oxidative stress plays
a role [22,42-45]), 1 h before a ketorolac administration (30 mg/kg, orally). The reference group (Miso) received a single dose of
misoprostol (100 pg/kg, orally), 1 h before a ketorolac administration (an effective dose produced protection against
diclofenac-induced damage to gastric mucosa [36]). (Fig. 7).

4.4. Samples collection and processing

At the end of the experiment, 18 h after drugs administration, rats were sacrificed, and each stomach was isolated and opened along
the greater curvature, rinsed with saline to remove gastric contents and blood clots and examined by a 10x magnifier lens to assess the
formation of ulcers. Then one portion of each stomach was taken and preserved at —80 °C for later titrations, while the rest was kept in
10 % formalin for histological study.

4.5. Measured parameters

4.5.1. Ulcer index

The stomach was examined, and the gastric ulcers were assessed via two macroscopic methods, depending on either the length of
the lesions or the depth and severity of the lesions.

Method 1:

The severity of gastric lesions was assessed depending on the length of lesions according to the following scale [46]:

Severity factor (0): no lesion,

Severity factor (1): lesions of <2 mm in length,

Severity factor (2): lesions of 2-4 mm length,

Severity factor (3): lesions of >4 mm length.

The ulcer index was calculated for each rat by multiplying the number of lesions by the severity factor and then calculating the

mean of each group.
(N

TXR

150 ;
Ketorolac
TXR

CMC

200
Miso
Fasting Sacrificing
o o .. ® in @ /
Day 1 Day 2 Day 3

Fig. 7. Experiment design.
Excipient (CMC) or prophylactic drugs were given 1 h before ulcer induction by ketorolac (administered 24 h after fasting). Rats were sacrificed 18 h
after ulcer induction.
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Method 2:

The severity of gastric lesions was assessed depending on the depth of lesions, and the ulcer index was calculated for each rat
according to the following scale [47]:

0: Normal colored stomach,

0.5: Red coloration,

1: Spot ulcer,

1.5: hemorrhagic streak,

2: deep ulcers,

3: Perforation.

Ulcer index (UI) = UN + US + (UP/10)

UN: number of ulcers per rat.
US: severity score.
UP: percentage of animals with ulcers.

4.5.2. Preventive index: [47,48]

P.I = (UI of ulcerated group - UI of pretreated group) x 100 / UI of ulcerated group.

4.5.3. Histopathological examination

The histological study was carried out in the histopathology laboratory at the Faculty of Dentistry - University of Damascus. Briefly,
gastric tissue samples were fixed in 10 % formaldehyde, followed by dehydration using ascending alcohol concentrations (70 %, 95 %
and 100 %). After xylene clearance, the processed tissues were infiltrated and embedded in paraffin blocks. Subsequently, 4 pm thick
sections were obtained using a microtome. Finally, the sections were stained with hematoxylin and eosin and examined under an
Olympus light microscope. The inflammation was evaluated according to the following scale [49].

0: No inflammation,

1: Focal inflammation of the lamina propria,

2: Diffused inflammation of the lamina propria,

3: Focal inflammation of the muscle layer,

4: Diffused inflammation in the muscle layer.

The inflammation severity score was calculated for each rat, and the mean was taken for each group. The histological images were
captured at 100x and 400x magnifications.

4.5.4. Biochemical assays
A homogenate was prepared from gastric tissue by adding phosphate-buffered saline (PBS; pH = 7.4), and homogenization was
performed with an Ultrasonic Processor-Cole-parmer.

4.5.4.1. Lipid peroxidation product levels. The levels of TBARS were estimated in gastric tissue according to Patil et al. [50]. the
working solution was prepared as follows: 0.375 % thiobarbituric acid (TBA), 15 % trichloroacetic acid (TCA), and 0.25N hydrochloric
acid. The volume was completed to 100 ml with distilled water. 500 pL of homogenate and 2000 pL of reagent were added, and the
mixture was placed in boiling water for 15 min. After cooling, the samples were centrifuged (3000 rpm for 10 min) at room tem-
perature. Finally, the absorbance of the supernatant was measured by a spectrophotometer at a A = 532 nm and it was expressed as
(pg/g tissue).

4.5.4.2. Catalase enzymes activity. Catalase activity was manually measured in gastric tissue according to Cohen et al. [51]. Gastric
tissue homogenate was centrifuged at (3600 rpm for 10 min). 0.5 ml of the supernatant was added to the test tubes. The reaction was
started by adding 5 ml of hydrogen peroxide H2O2 (30 mM). Stop the reaction after 3 min by adding 1 ml of H,SO4 (3M). Finally, 7 ml
of potassium permanganate (Kmno4; 0.01M) was added. The absorbance was measured by a spectrophotometer at A = 480 nm over
30-60 s.

Catalase Enzyme activity = Absorbance*V*1000/min*M*v*Y

V: total volume of the reaction mixture,
M: molar extinction coefficient (M = 40),
V: volume of sample used,
Y: tissue weight.

4.6. Statistical analysis

Data were expressed as mean + SEM of n observations, where n represents the number of animals or samples. For oxidative stress
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biomarkers, one-way analysis of variance (ANOVA) and Dunnett’s multiple comparisons as a post hoc test were used. For the study of
ulcer index and histological studies, Kruskal-Wallis test followed by Dunn’s multiple comparisons test was used. Statistical significance
was set at p < 0.05 (by GraphPad Prism software version 8).

5. Conclusion
Our study is pioneering in proving the capacity of troxerutin to reduce the gastric oxidative stress induced by ketorolac, which gives
new hope for adding new effective compounds useful in the prevention of ketorolac-induced gastric ulcers, with a relatively high

margin of safety. Additional studies with different doses of troxerutin (<150 mg/kg) will be useful in the future.
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