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ABSTRACT
Objective: Here, we planned to evaluate whether fraxin performed a gastroprotective
activity or not with its antioxidant properties on the ethanol-induced gastric ulcer.
Methods: Wistar Albino male rats were assigned to 4 groups with 6 animals in each group.
The groups were arranged as control (group I), ethanol (group II), ethanol+omeprazole
(group III), and ethanol+fraxin (group IV) groups. All subjects were sacrificed 3 hours after
administration of 70%, 10 mg/kg of ethanol. In groups III and IV, rats were given omeprazole
30 mg/kg and fraxin 50 mg/kg, respectively, by oral gavage 30 minutes before the ethanol
induction. At the end of the experiment, the gastric tissues were removed, washed and the
ulcer areas were macroscopically evaluated. Later, the samples were stored under appropriate conditions for biochemical analysis.
Results: Superoxide dismutase (SOD) and glutathione (GSH) levels decreased, and malondialdehyde (MDA) value increased in group II compared to group I (p<0.05). However, these
results changed significantly in groups III and IV (p<0.05). In group III, a significant reduction
was noticed in gastric ulcer areas compared to group II (p<0.05). In group IV, the size of the
gastric ulcer areas decreased considerably compared to group II (p<0.05).
Conclusion: In the light of biochemical and macroscopic findings, fraxin showed a gastroprotective effect with its antioxidant activity against ethanol-induced gastric ulcers.

This work is licensed under a Creative Commons
Attribution-NonCommercial 4.0 International License.

INTRODUCTION
Gastric ulcer ranks among the most prevalent chronic digestive system diseases. It develops due to various harmful
conditions in the gastric mucous layer.[1,2] Excessive pepsin
secretion, ethanol, nonsteroidal anti-inflammatory drugs
(NSAIDs), Helicobacter pylori, and genetic causes are
listed as damaging aggressive factors for gastric mucosal
injury.[3,4] Alcohol is frequently used as an ulcer inducer
in experimental animal models. It is absorbed rapidly by
the gastric mucosa and damages mucosal and submucosal
layers.[4] Long-term and high concentrations of ethanol destroy the gastric mucosal barrier. Intense neutrophil infiltration and pro-inflammatory cytokines are released in the
devastated area. The reactive oxygen species (ROS) are
then produced by proinflammatory cytokines.

Cellular structures have cellular enzymatic defense systems,
including glutathione (GSH), superoxide dismutase (SOD),
and catalase (CAT), which scavenge ROS to prevent tissue
damage. GSH is an element of the cellular antioxidant defense system.[5] Besides, SOD protects the gastric mucosa
against ROS formation by converting superoxide radicals
into hydroxyl peroxide and molecular oxygen.[6] Malondialdehyde (MDA) is the end product of lipid peroxidation and
is used as an oxidative stress indicator.[7] Oxidative stress
has a vital role in the pathological process of gastric mucosal damage.[8–10] Therefore, various molecules with antioxidant properties have been examined to reduce gastric
damage by diminishing oxidative stress.[11,12]
Fraxin (7-hydroxy-6-methoxycoumarin 8-glucoside) is a
glycoside coumarin derivative and a colorless crystal sub-
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stance (C16H18O10) found in ash bark (Fraxinus). It is in
conjunction with mescaline in horse chestnut bark. Fraxin
has anti-hyperuricemia, anti-inflammatory, antimetastatic
properties. Besides, it has been proven to have analgesic
effects like nonsteroidal anti-inflammatory drugs. Moreover, it has also been reported to be a powerful antioxidant with its high concentration of free radical scavenging
features and cell-protective properties against H2O2 related oxidative stress.[13–16]
There is an imbalance of antioxidant and oxidant systems
in the pathogenesis of gastric ulcer formation. Here, we
hypothesized that supplying or enhancing antioxidant
mechanisms may prevent gastric ulcer formation. For this
purpose, we designed to administer an antioxidant agent
and prevent gastric ulcer formation.
We could not find any study in the literature evaluating the
gastroprotective effect of fraxin against ethanol-induced
gastric ulcer injury. Here, we planned to assess whether
fraxin exhibits a gastroprotective activity or not with its
antioxidant features against ethanol-induced gastric ulcers.

MATERIALS AND METHODS
Ethical approval and drugs
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Group III (ethanol+omeprazole): The gastric ulcer model
was created by ethanol induction as described in group II.
Omeprazole, widely used in the clinic, was planned as a
reference therapy in this study. This group was accepted
as the reference group. Omeprazole was administered at
a 30 mg/kg dose with an oral gavage, 30 minutes before
the ethanol induction, as described in a previous study.[11]
Group IV (ethanol+fraxin): Gastric ulcer model was created by ethanol induction as described in group II. Fraxin
(50 mg/kg dose with gavage) was administered orally 30
minutes before the ethanol induction. This dose of fraxin
was determined according to the reference dose in a previous study.[18]
All experiments were carried out simultaneously to avoid
variations because of the diurnal rhythms of putative regulators of gastric functions. Following the experiment,
the gastric tissues were excised and washed quickly with
ice-cold saline. They were evaluated microscopically and
photographed. Then, they were stored at -80 °C until biochemical measurements were performed.

Biochemical Measurements
The gastric mucosa was scraped and homogenized in potassium phosphate buffer solution, 10 mM (pH 7.4). Homogenized samples were centrifuged for ten minutes at
5000 rpm at 4 °C. SOD activity, GSH, and MDA levels
were determined at 25 °C using an ELISA reader compatible with the methods previously described.[19–21] The
GSH, MDA levels, and SOD activity in the tissues were
presented as nmol/mg tissue and U/mg protein. According
to the Lowry method, protein levels were studied using
commercial protein standards (Total protein kit-TP0300-1
KT; Sigma Chemical Co., Munich, Germany).

This study was designed as a rat model of an ethanol-induced gastric ulcer. The experimental protocol was accepted by the Animal Experiments Local Ethics Committee of Atatürk University (28.06.2018 and numbered 147).
Experimental rats were obtained from Atatürk University
Experimental Animals Research and Application Center.
The experimental procedure was carried out in the same
place. Standard pellet feed and water were given to the
animals, and they were kept in standard laboratory conditions where temperature, humidity, day/night cycle, and
ventilation were constantly controlled. Thiopental sodium
was procured by (Pental Sodium 1g IV Flakon) ULAGAY,
İstanbul, Turkey. Omeprazole (Omeprol 20 mg) was purchased from Sandoz Ürünleri İlaç Gida Kimya ve Tohum
San. A.Ş. Turkey. Fraxin was provided from Sigma Aldrich
Chemical, USA.

Gastric tissues were examined macroscopically to identify
the gastric lesions. Then, they were photographed, and
the number of ulcers in the lesion areas was determined.
The diameter and size of each ulcer area were calculated
by utilizing millimetric papers.[11,22] The results were presented as the ulcer index.

Experimental groups and gastric ulcer model

Statistical analysis

24 Wistar Albino male (230±10 g) rats were randomly
distributed into 4 groups (n=6).

IBM SPSS Statistics 22 package program was used for statistical analysis. All data were evaluated using the OneWay ANOVA and Tukey multiple comparison test. Results
are presented as Mean±Standard Deviation. The statistical
significance level was confirmed as p-value below 0.05.

Group I (control): Normal saline was administered by oral
gavage for one week. On the third day of the experiment,
feeding was prevented for 24 hours.
Group II (ethanol): The rats were allowed to access both
food and water, but barred from feeding for 24 hours on
the third day of the experiment.
On the fourth day, 10 ml/kg of ethanol (70%) was administered by oral gavage.[17] At three hours following ethanol
administration, rats were sacrificed by applying high dose
thiopental sodium.

Macroscopic examination of gastric tissues

RESULTS
GSH level and SOD enzyme activity significantly reduced
in group II compared to group I (Fig. 1b and 1c, p<0.05).
Groups III and IV alleviated these parameters compared to
group II. MDA level increased significantly in group II compared to group I (Fig. 1a, p<0.05). Besides, MDA value de-
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Figure 1. (a) Malondialdehyde (MDA) level results of all groups (Mean±SD). a-c: Different superscripts in line differ significantly
(p<0.05). (b) Superoxide dismutase (SOD) activity results of all groups (Mean±SD). a-c: Different superscripts in line differ significantly (p<0.05). (c) Glutathione (GSH) level results of all groups (Mean±SD). a-c: Different superscripts in line differ significantly
(p<0.05). (d) Ulcer index results of all groups (Mean±SD). a-c: Different superscripts in line differ significantly (p<0.05).

clined significantly in groups III and IV compared to group
II (p<0.05). There was no statistical difference between
group III and group IV for SOD, MDA and GSH levels.
Following the ethanol administration, ulceration occurred
in the gastric mucosa (Fig. 2). The macroscopic evaluation
was based on gastric mucosa hemorrhage (Fig. 2). Major
hemorrhage was macroscopically observed in group II
compared to group I (p<0.05, Fig. 2). In group III, a sig-

Group I

Group II

Figure 2. Effects of fraxin on the ethanol-induced gastric ulcer.

nificant reduction was noticed in gastric ulcer areas compared to group II (p<0.05, Fig. 2). In group IV, the size of
the gastric ulcer areas decreased considerably compared
to group II (p<0.05, see Figs. 1d and 2). Group III performed better results than group IV due to less mucosa
hemorrhage (Fig. 2) and thus, less gastric ulcer occurred,
but it was not statistically significant (Fig. 1d).
As a result, group II demonstrated decreased antioxidant
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parameters (GSH, SOD) and enhanced oxidant indicators
(MDA) biochemically compatible with macroscopic hemorrhagic findings. In addition, groups III and IV alleviated
biochemical markers and declined mucosal hemorrhage
indicating a coherence between the results.

crobial sepsis model due to acute organ injury had been
attenuated via fraxin administration.[18] In another study,
fraxin played a protective role against ischemia/reperfusion-induced acute kidney injury.[33] In addition, fraxin alleviated oxidative liver damage in a cisplatin-induced liver
injury model due to its potent antioxidant activity.[34]

DISCUSSION

According to the literature, fraxin treatment is quite effective in different experimental models and pathological
conditions. In this study, fraxin demonstrated a valuable
gastroprotective effect with its antioxidant effect on gastric tissue. Our study results were compatible with various fraxin studies as we mentioned above.

Analyzing our study results, we found increased MDA value, ulcer index and decreased GSH and SOD levels in the
ethanol group. These data confirmed that we have successfully performed a gastric ulcer model through both
biochemical and macroscopic examination. Besides, fraxin
and omeprazole (reference group) administration diminished MDA value, ulcer index and elevated GSH, SOD levels. Omeprazole was more effective than fraxin at alleviating the gastric ulcer areas. On the other hand, there was
no significant difference between fraxin and omeprazole
for GSH, SOD, and MDA levels, although omeprazole was
slightly more effective. Nevertheless, with the available
data, fraxin alleviated gastric ulcer-induced injury and we
achieved the results as planned.
Gastric ulcer affects many people in the world population.
It develops as a result of the disruption of the balance between aggressive factors (alcohol, stress, infection, pepsin,
and bile acids, etc.) and protective factors (mucus, bicarbonate, etc.) in the gastric mucosa.[23,24] Oxidative stress
has a substantial role in the formation of gastric lesions.
ROS are generated under several physiological and pathological conditions and cause oxidative stress. Lipid peroxidation is also an essential product of oxidative stress induced by ROS.[25,26] Lipid peroxidation and ROS play a role
in ethanol-induced gastric injury.[27,28]
Gastric ulcer treatment depends on antisecretory medication and proton pump inhibitor therapy. It is not clear
that these treatments show intense healing features or
have undesirable side effects. For this reason, various alternative therapies have been examined to date. Studies
have been conducted on different experimental models
(ethanol, pyloric ligation, and indomethacin) to reveal ulcer
etiopathogenesis, and certain alternative treatments have
been tried. Among these treatments, there were assorted
substances such as crocin, caftaric acid, gallarhois extract.
[4,11,17]
Ethanol leads to oxidative stress and mitochondrial
depolarization in the cell, destroying gastric mucosal cells.
Intracellular antioxidant systems such as GSH prevent
ethanol-induced gastric damage.[11,29] In previous studies,
it has been suggested that oxidative stress induced by the
ethanol in the gastric mucosa resulted in an increase in
MDA concentration, an increase in lipid peroxidation, and
a decrease in GSH levels.[30,31] In the current study, it was
determined that fraxin treatment significantly provided
increased levels of GSH, enhanced SOD activity, and decreased levels of gastric MDA, which are essential against
the occurrence of gastric ulcer.
The therapeutic efficacy of fraxin has been evaluated in different experimental animal model studies.[18,32,33] A polymi-

However, we have limitations as fraxin did not treat better
than the reference group. Although current gastric ulcer
therapies do not cure permanently and have side effects,
detailed research is needed to compare them with current
treatment agents.

CONCLUSION
Fraxin prevented gastric ulcer injury via providing decreased MDA, gastric ulcer index and high SOD, GSH
levels. Fraxin revealed a gastroprotective effect by suppressing oxidative stress on ethanol-induced gastric ulcers
in rats. Thereby, the results supported the initial hypothesis. Consequently, fraxin treatment performed an intense
antioxidant activity in alleviating peptic ulcer damage. We
obtained a new potential agent to examine gastric ulcer
treatment. Considering the side effects and efficiency of
current gastric ulcer therapies, fraxin may be a good candidate for an alternative. Besides, further studies are needed
to prove the clinical usability of fraxin.
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Antioksidan Aktiviteli Fraksinin Etanolle İndüklenmiş Gastrik Ülser Üzerine
Gastroprotektif Etkileri
Amaç: Burada, fraksinin, etanol kaynaklı mide ülseri üzerindeki antioksidan özellikleri ile gastroprotektif bir aktivite gösterip göstermediğinin değerlendirilmesi planlanmıştır.
Gereç ve Yöntem: Wistar Albino erkek sıçanlar, her grupta altı hayvan bulunan dört gruba ayrıldı. Gruplar kontrol (grup I), etanol (grup II),
etanol+omeprazol (grup III) ve etanol+fraksin (grup IV) grupları olarak düzenlenmiştir. Tüm denekler, %70, 10 mg/kg etanol uygulamasından
üç saat sonra sakrifiye edildi. Grup III ve IV’te, sıçanlara etanol indüksiyonundan 30 dakika önce oral gavaj ile sırasıyla 30 mg/kg omeprazol ve
50 mg/kg fraksin verildi. Deneyin sonunda, mide dokuları çıkarıldı, yıkandı ve ülser bölgeleri makroskopik olarak değerlendirildi. Daha sonra
biyokimyasal analiz için uygun koşullar altında saklandı.
Bulgular: Grup II grup I ile kıyaslandığında süperoksit dismutaz (SOD) ve glutatyon (GSH) değerleri azaldı, malondialdehit (MDA) seviyesi
arttı (p<0.05). Ancak bu değerler grup III ve grup IV anlamlı olarak değişti (p<0.05). Grup III’teki gastrik ülser alanları grup II’ye kıyasla anlamlı
derecede daha azdı (p<0.05). Grup IV’teki gastrik ülser alanları grup II’ye kıyasla anlamı derecede azdı (p<0.05).
Sonuç: Biyokimyasal ve makroskopik bulguların ışığında, fraksin etanol ile indüklenen mide ülserine karşı antioksidan etkinliği ile gastroprotektif etki gösterdi.
Anahtar Sözcükler: Fraksin; gastrik ülser; omeprazol; sıçan.

