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Alpha-Mangostin Provides Protection from Mucosal Damage via Prostaglandin E2 in
Indomethacin and Ethanol-Induced Gastric Ulcers
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ABSTRACT

Objective: Gastric ulcer is frequently observed among the
gastrointestinal diseases and is induced by various factors. Alpha-
mangostin (a-MG) has antioxidant and anti-inflammatory properties
and may prevent gastric ulcers. This study was conducted to evaluate
the healing effect of a-MG against gastric ulcer caused by indomethacin
(Ind) and ethanol (Eth) in rats.

Methods: Wistar albino male rats were used to establish the
experimental model. Seven groups were formed, as group | sham,
group Il (5 mL/kg Eth), group Il (100 mg/kg Ind), group IV (Eth +
Lansoprazole (Lans) 30 mg/kg), group V (Ind + Lans 30 mg/kg), group
VI (Eth + a-MG 10 mg/kg), and group VIl (Ind + a-MG 10 mg/kg) (n=10).
Cytokines; VEGF-A; NOS2/iNOS; PGE2 levels were analyzed by the
ELISA method. Besides, the general appearance of the gastric tissues
was evaluated by hematoxylin-eosin staining, COX-1, COX-2, NF-kB,
and caspase-3 levels were measured immunohistochemical (IHC).

Results: Cytokine levels decreased in the treatment groups compared
to the ulcer groups. There was a decrease in VEGF-A and NOS2/iNOS
levels in the a-MG administered groups. The reduction in PGE2 levels
in the gastric ulcer groups was counteracted by an increase in both
the Lans and a-MG administered groups. In the IHC results, while COX-
1, COX-2, NF-kB, and caspase-3 levels were increased in gastric ulcer
groups, significant decreases were observed in Lans and a-MG groups.

0z

Amag: Gastrik Ulser, gastrointestinal hastaliklar arasinda siklikla
gorilir ve gesitli faktorler tarafindan tetiklenir. Alfa-mangostin (a-MG),
antioksidan ve anti-inflamatuar 6zelliklere sahiptir ve gastrik Ulseri
onleyebilir. Bu ¢alisma, siganlarda indometazin (Ind) ve etanol (Eth)
kaynakh gastrik Ulsere karsi a-MG'nin iyilestirici etkisini degerlendirildi.

Yontemler: Deneysel modeli olusturmak igcin Wistar albino erkek
siganlar kullanildi. Grup | sham, grup Il (5 mL/kg Eth), grup Il (100
mg/kg Ind), grup IV (Eth+Lansoprazol (Lans) 30 mg/kg), grup V (Ind
+ Lans 30 mg/kg), grup VI (Eth + a-MG 10 mg/kg) ve grup VII (Ind +
a-MG 10 mg/kg) olmak Uzere yedi grup olusturuldu (n=10). Sitokinler,
VEGF-A, NOS2/iNOS, PGE2 dizeyleri ELISA yontemi ile analiz edildi.
Ayrica, gastrik dokularin genel goérinimi hematoksilen-eozin
boyama ile degerlendirildi, COX-1, COX-2, NF-kB ve kaspaz-3 dlizeyleri
immdunohistokimyasal olarak élgtld.

Bulgular: Sitokin diizeyleri, Ulser gruplarina kiyasla tedavi gruplarinda
azaldi. a-MG uygulanan gruplarda VEGF-A ve NOS2/iNOS diizeylerinde
azalma oldu. Gastrik Ulser gruplarinda PGE2 dizeyindeki azalma,
hem Lans hem de a-MG uygulanan gruplarda artis gosterdi.
immiinohistokimyasal sonuglarda, COX-1, COX-2, NF-kB ve kaspaz-3
dizeyleri gastrik Ulser gruplarinda artarken, Lans ve a-MG gruplarinda
onemli disUsler goraldi.
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ABSTRACT

Conclusion: As a result, a-MG eased inflammation and increased PGE2
levels. It reduced the levels of COX-1, COX-2, NF-kB, and caspase-3.
As a result of these data, a-MG may be a potential therapeutic agent
against gastric ulcer.
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Oz

Sonug: Sonug olarak, a-MG inflamasyonu hafifletti ve PGE2 diizeylerini
artirdi. COX-1, COX-2, NF-kB ve kaspaz-3 seviyelerini dustrdi. Bu
veriler sonucunda a-MG, mide Ulserine karsi potansiyel bir tedavi edici
ajan olabilir.

Anahtar Sozciikler: Mide Ulseri, indometasin, etanol, alfa-mangostin,
sigan

INTRODUCTION

Peptic ulcers, the most common disease of the gastrointestinal tract,
negatively affect many people worldwide (1). Ulceration is observed
if there is an imbalance between mucosal defense factors [enzymatic
and non-enzymatic antioxidants, mucus secretion, bicarbonate
secretion, blood flow, and prostaglandins (PGs)] and aggressive
gastric factors [acid-pepsin, leukotrienes, and reactive oxygen
species (ROS)] (2,3). Non-steroidal anti-inflammatory drugs (NSAIDs,
e.g., indomethacin (Ind)), alcohol consumption, Helicobacter pylori
(H. pylori) infections, smoking, and emotional stress are among
factors leading to ulcer formation (4). ROS, neutrophil infiltration,
inflammation, and lesions in the gastric mucosa are involved in the
pathogenesis of experimental ulcer induced by ethanol (Eth) and
NSAIDs, [e.g., (Ind)] (5-7). Proton pump inhibitors (e.g., lansoprazole,
lans), histamine type 2 receptor blockers (e.g., ranitidine), or
mucosal protective agents (e.g., misoprostol) are recommended for
ulcer treatment. However, these treatments also have potential side
effects. Therefore, it is essential to identify new agents with lower
side effects (8,9).

Medicinal plant extracts are sources for new biologically active
molecules, and have shown promising results in the treatment
of various pathologies, including gastric ulcers (6). Mangosteen
(garcinia mangostana L.) is a widely used medicinal plant in
Thailand, India, Sri Lanka, and Myanmar. Studies reveal antioxidant,
antiallergic, antibacterial, anti-inflammatory, antitumoral, and
antiviral activities (10,11). The biological properties of mangosteen
are related to the xanthones isolated from different parts.
Studies have revealed important xanthones such as alpha beta
gamma-mangostin, garcinone E, 8-deoxgartanine, and gartanin in
phytochemical analysis (12). Alpha-mangostin (a-MG) is the most
common polyphenolic xanthan in garcinia mangostana (10). a-MG
shows potential antitumor effects in various types of cancer (12-15).
It also has anti-inflammatory (16), antioxidant, hypoallergenic, and
antifungal activities (17, 18). It has also been proven to have many
pharmacological activities, including cardioprotective, anti-diabetic,
and neuroprotective properties (19,20).

a-MG has been investigated in some ulcer models, and some
protective effects have been reported. Current evidence cannot
explain the protective role of this xanthone on a gastric ulcer. We
performed several biochemical and histopathological analyses by
creating an ulcer model in animals with Eth and Ind to evaluate the
anti-ulcer activity of a-MG.

MATERIALS AND METHODS

Drug

a-MG (MedChemExpress, NJ, USA), ETH (99% absolute), IND (Sigma-
Aldrich, MO, USA), and Lans (Cayman Chemical, Michigan, USA) were

purchased. All drugs were dissolved in dimethyl sulfoxide (DMSO)
and administered intragastrically (i.g.) to the animals.

Animals and Ethical Approval

Seventy male Wistar albino rats (body weight 250-300 g) were
obtained from Atatiirk University Medical Experimental Practice and
Research Center, and the ulcer model was carried out at this center.
All animals were housed under standard humidity, temperature
(2212 °C), and 12-hour light/dark cycle conditions. Animals were
fed standard pellet feed and fasted for 12 hours before starting the
study, but they were allowed free access to water. All experiments
were carried out following the permission of Atatiirk University
Animal Experiments Local Ethics Committee (approval number: 175,
date: 17.09.2018).

Creating an Ulcer Model with Eth and Ind

Seventy Wistar albino male rats were used to evaluate the effects
of a-MG on the gastric ulcer. Seven groups of 10 rats each were
randomly formed. Experimental groups are as follows. After the
gastric ulcer model was created, drugs (Lans and a-MG) were
administered. After 90 minutes, the rats were sacrificed under
anesthesia, and their stomachs were excised. Gastric tissues were
incised along the small curvature and washed with saline to clear
blood clots. Stomach tissues were kept in suitable storage conditions
for biochemical and histopathological analysis.

Sham group; 750 uL/250 g b.w., DMSO, i.g. (21).

Eth group; 5 mL/kg, i.g. (22).

Ind group; 100 mg/kg, i.g. (21)

Eth + Lans group; respectively, 5 mL/kg+30 mg/kg, i.g. (23)
Ind + Lans group; respectively, 100 mg/kg+30 mg/kg, i.g. (24)
Eth + a-MG group; respectively, 5 mL/kg+10 mg/kg, i.g.

Ind + a-MG group; respectively, 100 mg/kg+10 mg/kg, i.g.

Biochemical Analysis

Gastric tissues were homogenized for 15 minutes, using phosphate
buffer solution (PBS) in the cooled area. Homogenates were filtered
and centrifuged at 4 °C. Supernatants were used for analysis. All
experiments were carried out at room temperature. Tumor necrosis
factor-alpha (TNF-a), interleukin-1 beta (IL-1B), and IL-10, vascular
endothelial growth factor A (VEGF-A), nitric oxide synthase 2 (NOS2)/
inducible NOS (iNOS), and PG E2 (PGE2) levels were measured from
gastric tissue by enzyme-linked immunosorbent test (ELISA). The
parameters measured in the study were performed using rat TNF-a,
IL-1B, IL-10, VEGF-A, NOS2/iNOS, and PGE2 ELISA test kits (Wuhan,
China) according to the manufacturer’s instructions.
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Histopathological Method

Necropsy of the rats was performed, and the gastric tissues were
fixed in 10% neutral formalin solution. Tissues were embedded in
paraffin blocks after routine alcohol-xylol follow-up procedures.
Sections of 5 um, taken on poly-lysine slides, were stained with
hematoxylin-eosin and evaluated as none (0), mild (1), moderate (2),
and severe (3) for degenerative and ulcerative changes.

Immunohistochemical Method

Gastric tissues were fixed in 10% neutral formalin solution. Tissues
were embedded in paraffin blocks after routine alcohol-xylol
processing. After washing with PBS, 5 um sections taken on poly-
lysine slides were passed through xylene and alcohol-series. Then,
endogenous peroxidase inactivation was achieved by keeping them
in 3% H,0, for 10 minutes. The antigen was treated with retrieval
solution at 500 watts for two 5-minute intervals. Subsequently
washed tissues with PBS Cyclooxygenase-1 (COX-1) (Santa Cruz,
Catalog No, sc-19998 1/200 dilution ratio), COX-2 (Abcam, Catalog
No ab15191, 1/200 dilution rate), nuclear factor kappa B (NF-kB)
(Abcam, Catalog No ab7971, 1/200 dilution ratio), caspase 3 (Biorbyt,
Catalog No Orb382909, 1/200 dilution ratio) with primary antibodies
at room temperature for 20 minutes. Mouse and Rabbit Specific HRP/
DAB immunohistochemical (IHC) Detection Kit-Micro-polymer Kit
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(Abcam, Catalog No. ab236466) was used as the secondary antibody,
as recommended by the manufacturer. DAB (3,3’-Diaminobenzidine)
was used as the chromogen. After counterstaining with Mayer’s
Hematoxylin, it was covered with entellan and examined under a
light microscope. Immune positivity in gastric tissues was examined
as no (0 point), mild (1 point), moderate (2 point), and severe (3
point).

Statistical Analysis

SPSS v.20 (Chicago, USA) was used for all statistical analyses.
The distribution of the data was evaluated using the Shapiro-
Wilk test. One-way ANOVA was used for biochemical analysis.
In histopathological findings, the Kruskal-Wallis test and Mann-
Whitney U test were used to find differences between groups. A
p-value less than 0.05 (<0.05) was considered statistically significant.
Data were presented as mean * SD. All graphs were drawn using
GraphPad Prism v.8 (San Diego, USA).

RESULTS

Gastric Cytokine Levels

Cytokine levels of TNF-q, IL-1, and IL-10 in all groups are presented in
Figure 1. In the experimental models created with Eth and Ind, TNF-a
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Figure 1. Cytokine levels were measured in the homogenized gastric tissues in the experimental groups. (a) IL-1pB levels in the Eth group, (b) IL-1B levels in
the Ind group, (c) TNF-a levels in the Eth group, (d) TNF-a levels in the Ind group, (e) IL-10 levels in the Eth group (f), IL-10 levels in the Ind group. Data are
presented as mean % SD. ap<0.05 compared to the control group, bp<0.05 compared to the Eth and Ind groups.

Eth: Ethanol, Ind: Indomethacin, Lans: Lansaprazole, a-MG; Alpha mangostin, TNF-a,; Tumor necrosis factor-alpha, IL-18, Interleukin-1 beta, IL-10: Interleukin 10
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levels increased without significant difference compared to the sham
group (p>0.05), while IL-1 levels increased significantly (p<0.05).
The Lans and a-MG treatments decreased both proinflammatory
cytokine levels (p<0.05). IL-10 levels did not change significantly
in both ulcer models (p>0.05), but the decrease in IL-10 levels was
significant in the Ind+a-MG group (p<0.05).

Gastric VEGF-A Levels

VEGF-A levels in all groups were determined in gastric tissues (Figure
2). There was no change in VEGF-A levels in ulcer groups created
with Eth and Ind (p>0.05). However, in the Eth group, the a-MG
treatment decreased VEGF-A levels (p<0.05). In the Ind group, the
VEGF-A level decreased in both the model group and the group
receiving a-MG treatment (p<0.05).

Gastric NOS2/iNOS Levels

NOS2/iNOS levels in all groups were determined in gastric tissue
(Figure 3). No change was observed in NOS2/iNOS levels in the Eth
group (p>0.05). However, we found significant reductions in the
Lans-treated and a-MG-treated groups (p<0.05). NOS2/iNOS levels
decreased in ulcer models with Ind (p<0.05), and a similar decrease
was observed in Lans and a-MG groups (p<0.05).
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Figure 2. VEGF-A levels were measured in the gastric tissues homogenized
from the experimental groups. (a) VEGF-A levels in Eth group (b) VEGF-A
levels in Ind group. Data are presented as mean * SD. ap<0.05 compared
to the control group, bp<0.05 compared to Eth and Ind groups.

Eth: Ethanol, Ind: Indomethacin, Lans: Lansaprazole, a-MG: Alpha mangostin,
VEGF-A: vascular endothelial growth factor-A
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Figure 3. NOS2/iNOS levels were measured in the homogenized gastric
tissues in the experimental groups. (a) NOS2/iNOS levels in the Eth model
(b) NOS2/iNOS levels in the Ind model. Data are presented as mean + SD.
ap<0.05 compared to the control group, bp<0.05 compared to Eth and
Ind groups.

Eth: Ethanol, Ind: Indomethacin, Lans: Lansaprazole, a-MG: Alpha mangostin,
NOS2/iNOS: Nitric oxide synthase 2/inducible NOS

Gastric PGE2 Levels

PGE?2 levels in all groups were determined in gastric tissue (Figure 4).
PGE?2 levels decreased in both ulcer groups (p<0.05). The ulcer model
created with Eth, Lans, and a-MG applications caused significant
increases in PGE2 levels (p<0.05). In the Ind-induced ulcer model,
while PGE2 level increased in the Lans-treated group (p<0.05), a
slight increase was found in the a-MG-treated group (p>0.05).

Histopathological Staining

A statistically significant difference was found between the groups
regarding degenerative and ulcerative changes in the gastric mucosa
glands (Figure 5 and Figure 6). No degenerative or ulcerative findings
were present in the epithelium and glands of the gastric mucosa of
the animals in the sham group. While severe ulcerative changes
were observed in the gastric mucosa in the Eth and Ind groups, it was
found that ulcerative and degenerative changes decreased in the Eth
+ Lans, Ind + Lans, E + a-MG, and Ind + a-MG groups, and the gastric
mucosa glands especially had a more regular structure (Figure 7).

Immunohistochemical Staining

There was a significant difference between the groups in terms of
COX-1, COX-2, NF-xB, and Caspase-3 immunopositivity in gastric
tissues. COX-1, COX-2, NF-kB, and Caspase-3 immunopositivity were
not determined at a significant level in the gastric tissues of rats in
the sham group. It was determined that COX-1, COX-2, NF-xB, and
Caspase-3 immunopositivity were severe in the gastric tissues of the
animals in the Eth and Ind groups. Besides, the immunopositivity
of COX-1, COX-2, NF-kB, and Caspase-3 were moderately in the Eth
+ Lans, Ind + Lans, Eth + a-MG, and Ind+aMG groups (Figure 7).
Evaluation of immunopositivity is presented in Figure 5 and Figure 6.

DISCUSSION

Ulcer, acommon disease of the gastrointestinal tract, is characterized
by inflammatory lesions or mucosal injuries due to an imbalance
between aggressive factors such as acid, H. pylori, pepsin, and
defense factors, including bicarbonate ions, PGs, and gastric mucus
(25). Gastric ulcers and gastritis are often seen in people who use
NSAIDs, smoke, or drink alcohol (26). Gastric ulcers caused by Eth
administration, occur due to its direct necrotizing effect on the
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Figure 4. PGE2 levels were measured in the homogenized gastric tissues in
the experimental groups. (a) PGE2 levels in the Eth group, (b) PGE2 levels
in the Ind group. Data are presented as mean + SD. ap<0.05 compared to
the control group, bp<0.05 compared to Eth and Ind groups.

Eth: Ethanol, Ind: Indomethacin, Lans: Lansaprazole, a-MG: Alpha mangostin;
PGE2: Prostaglandin
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Figure 5. Scoring of immune staining in Eth-induced gastric ulcer model.
(a) Degenerative changes and (b) ulcerative changes, (c) COX-1 and (d)
COX-2, (e) NF-kB and (f) Caspase-3 IHC scores. Data are presented as
mean#SD.

*p<0.05 compared to the sham group, #p<0.05 compared to the Eth
group.

Eth: Ethanol, Lans: Lansaprazole; a-MG: Alpha mangostin, a-MG; COX-1:
Cyclooxygenase-1, COX-2: Cyclooxygenase-2, NF-kB: Nuclear factor kappa B

gastric mucosa. Moreover, Eth causes gastric lesions by disrupting
the protective mucus/bicarbonate barrier and subsequent
microcirculatory disorders, ischemia, and generation of free radicals,
which damage the vascular endothelium (27). Regarding Ind, NSAIDs
act by inhibiting COX-1 and COX-2 to promote a decrease in PG levels.
Therefore, inhibition of PG synthesis results in the weakening of the
mucosal defense (28).

Eth and Ind cause ulcerative lesions including deterioration in the
structure of mucosal cells, hemorrhage, and edema by reducing the
defensive factors that protect the gastric mucosa. a-MG reduces
the ulcerative and degenerative effects that occur in the stomach
in both gastric ulcer models. To explain a-MG’s mechanism of
actiona-MG, we focused on the PGE2 pathway inhibited by Eth
and Ind. PGs, especially PGE2, protect the gastric mucosa through
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Figure 6. Scoring of immunostaining in the Ind-induced gastric ulcer
model. (a) Degenerative changes and (b) ulcerative changes, (c) COX-1,
(d) COX-2, (e) NF-kB, and (f) Caspase-3 IHC scores. Data are presented as
mean * SD.

*p<0.05 compared to the sham group, # p <0.05 compared to the Ind
group.

Ind: Indomethacin, Lans: Lansaprazole, a-MG: Alpha mangostin, COX-1:
Cyclooxygenase-1, COX-2: Cyclooxygenase-2, NF-kB: Nuclear factor kappa B

the activation of different EP receptors, increasing mucus and
bicarbonate secretion, increasing blood flow, and reducing acid
secretion. Moreover, PGE2 deficiency causes neutrophil infiltration
and activation of inflammatory pathways (29,30). Gastric PGE2 level
decreases in Eth and Ind-induced gastric ulcers (31,32). The NF-xB
signaling pathway contributes to gene expression control of multiple
factors and plays an important role in cell stress response, apoptosis,
immune response, inflammation, and cancer development (33). NF-
KB contributes to the expression of inflammatory genes. Activation
of neutrophils leads to increased expression of the proinflammatory
cytokines TNF-a, IL-1$3, and IL-6 (34). It has been shown that inhibition
of NF-KB can contribute to ulcer healing in both ulcer models
created with Eth and Ind (35,36). Besides cytokine regulation, NF-kB
is also associated with iINOS expression and NO release (37). NO is
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Figure 7. Evaluation of H&E staining and COX-1, COX-2, NF-kB and
Caspase-3 immune positivity in gastric ulcer induced by Eth and Ind.
(A) Sham group, (B) Eth group, (C) Ind group, (D) Eth + Lans group, (E)
Ind + Lans group, (F) Eth + a-MG group, (G) Ind + a-MG group. Gastric
mucous glands and immunopositivity respectively was indicated by star
and arrowhead.

Eth: Ethanol, Ind: Indomethacin, Lans: Lansaprazole, a-MG: Alpha mangostin, COX-
1: Cyclooxygenase-1, COX-2: Cyclooxygenase-2, NF-kB: Nuclear factor kappa B

part of the gastrointestinal mucosal defense but also contributes to
mucosal damage (38). Overexpression of NO can cause cell damage
by interacting with other radicals and injure the gastric mucosa.
High NOS2 levels may lead to secretion of large amounts of NO and
severe damage to many tissue types (39,40). In previous studies,
a-MG significantly inhibited the production of NO, TNF-a, PGE2,
and iNOS in some cell lines stimulated with lipopolysaccharide (17).
In our study, NOS2 levels in the gastric mucosa decreased in both
model groups, and a similar decrease was observed in the a-MG
treated groups. The healing effect of a-MG was also accompanied by
anti-inflammatory activity. a-MG decreased TNF-a, IL-1B, and NOS2/
iNOS levels in gastric tissues of ulcerated animals. This is in line with
previous studies showing that a-MG can modulate the inflammatory
cytokine and mediator production under inflammatory conditions
(41-43).

Gastric mucosa damage also brings vascular damage to ulcerated
areas. At this point, angiogenesis facilitates ulcer healing by playing
an important role in accelerating ulcer healing because nutrient
delivery to the healing tissue is maintained (44). The main trigger
of this change is tissue hypoxia, which stimulates genes encoding
angiogenic growth factors such as VEGF. As a result, endothelial cells
from micro vessels preserved at the injury site migrate, proliferate,
and ultimately form a microvascular network (45). VEGF-A from the
VEGF family plays a key role in blood vessel growth (46). VEGF-A
levels were slightly decreased in both ulcer models we used in this
study. A significant decrease in VEGF-A levels was also detected in
the a-MG treatment groups. In another study, it has been shown
that a-MG can increase the VEGF level depending on time, and this
situation can occur in a time-dependent manner (47). In the same
study, it was reported that a-MG can bind superoxide radicals,
remove them from the environment, and increase the VEGF level by
increasing NO levels (47).

Caspase-3 activation contributes to the disruption of mucosal
integrity due to pathological events that occur during epithelial cell
damage, cell cytotoxicity, or mitochondrial damage caused by both
NSAIDs and Eth (48,49). Caspases, a family of cysteine proteases,
play a critical role in the execution of apoptosis. Caspase-3 is
not only a promoter but also a marker for apoptosis. It has been
demonstrated that a-MG suppresses the IHC expression of caspase-3
in ulcer models. a-MG could reduce cell damage by inhibiting several
enzymes involved in the apoptotic cascade. As a result, a-MG can
reduce the gastric injuries induced by Ind and Eth. a-MG is a natural
polyphenolic xanthone and affects NO release and inhibits COX-1
and COX-2. Based on the evidence obtained, a-MG can be expressed
as a protective and healing agent for gastric ulcers through different
mechanisms. However, a series of molecular analyses is needed for
clearer results.

Ethics

Ethics Committee Approval: All experiments were carried out
following the permission of Atatlirk University Animal Experiments
Local Ethics Committee (approval number: 175, date: 17.09.2018).

Informed Consent: Since it is an animal study, ethical approval is not
required.

Acknowledgement

This project was supported by Yozgat Bozok University, Department
of Scientific Research Projects (Project no: 6602c-TF18-235).

Footnotes

Authorship Contributions

Concept: E.E., B.B., AT.,, M.C.G., Y.B., S.C., Design: E.E., B.B., AT,
M.C.G., Y.B., S.C., Supervision: E.E., B.B.,, AT., M.C.G., Y.B,, S.C.,
Resources: E.E., AT, M.C.G., Material: E.E., B.B., AT., M.C.G., Data
Collection or Processing: E.E., B.B., AT, M.C.G,, Y.B., S.C., Analysis
or Interpretation: E.E., B.B., AT., M.C.G,, Y.B., S.C., Literature Search:
E.E., B.B., AT, M.C.G., Writing: E.E., B.B., M.C.G., Critical Review:
E.E., B.B., AT, M.C.G., Y.B., S.C.

Conflict of Interest: No conflict of interest was declared by the
authors.

Financial Disclosure: This project was supported by Yozgat Bozok
University, Department of Scientific Research Projects (Project no:
6602c-TF18-235).

REFERENCES

1. de Souza Almeida ES, Filho VC, Niero R, Clasen BK, Balogun SO, de
Oliveira Martins DT. Pharmacological mechanisms underlying the
anti-ulcer activity of methanol extract and canthin-6-one of Simaba
ferruginea A. St-Hil. in animal models. J Ethnopharmacol. 2011; 134:
630-6.

2. Repetto MG, Llesuy SF. Antioxidant properties of natural compounds
used in popular medicine for gastric ulcers. Braz J] Med Biol Res.
2002; 35: 523-34.

3. Park JH, Jang KJ, Kim CH, Lee YH, Lee SJ, Kim BH, et al. Ganoderma
lucidum Pharmacopuncture for the Treatment of Acute Gastric
Ulcers in Rats. J Pharmacopuncture. 2014; 17: 40-9.

4. Rao ChV, Ojha SK, Radhakrishnan K, Govindarajan R, Rastogi S,
Mehrotra S, et al. Antiulcer activity of Utleria salicifolia rhizome
extract. J Ethnopharmacol. 2004; 91: 243-9.

141



Gazi Med J 2025;36(2):136-143

Eraslan et al. Alpha-Mangostin Can Alleviates Stomach injuries

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Abdel-Raheem IT. Gastroprotective effect of rutin against
indomethacin-induced ulcers in rats. Basic Clin Pharmacol Toxicol.
2010; 107: 742-50.

Borrelli F, Izzo AA. The plant kingdom as a source of anti-ulcer
remedies. Phytother Res. 2000; 14: 581-91.

Arda-Pirincci P, Bolkent S, Yanardag R. The role of zinc sulfate and
metallothionein in protection against ethanol-induced gastric
damage in rats. Dig Dis Sci. 2006; 51: 2353-60.

Alshamsi F, Belley-Cote E, Cook D, Almenawer SA, Algahtani Z, Perri
D, et al. Efficacy and safety of proton pump inhibitors for stress ulcer
prophylaxis in critically ill patients: a systematic review and meta-
analysis of randomized trials. Crit Care. 2016; 20: 120.

Harirforoosh S, Asghar W, Jamali F. Adverse effects of nonsteroidal
antiinflammatory drugs: an update of gastrointestinal, cardiovascular
and renal complications. J Pharm Pharm Sci. 2013; 16: 821-47.

Obolskiy D, Pischel I, Siriwatanametanon N, Heinrich M. Garcinia
mangostana L.: a phytochemical and pharmacological review.
Phytother Res. 2009; 23: 1047-65.

Gutierrez-Orozco F, Failla ML. Biological activities and bioavailability
of mangosteen xanthones: a critical review of the current evidence.
Nutrients. 2013; 5: 3163-83.

Pedraza-Chaverri J, Cardenas-Rodriguez N, Orozco-lbarra M,
Pérez-Rojas JM. Medicinal properties of mangosteen (Garcinia
mangostana). Food Chem Toxicol. 2008; 46: 3227-39.

lbrahim MY, Hashim NM, Mariod AA, Mohan S, Abdulla MA,
Abdelwahab SI, et al. a-Mangostin from Garcinia mangostana
Linn: An updated review of its pharmacological properties. Arabian
Journal of Chemistry. 2016; 9: 317-29.

Ovalle-Magallanes B, Eugenio-Pérez D, Pedraza-Chaverri J.
Medicinal properties of mangosteen (Garcinia mangostana L.): A
comprehensive update. Food Chem Toxicol. 2017; 109: 102-22.

Shan T, Ma Q, Guo K, Liu J, Li W, Wang F, et al. Xanthones from
mangosteen extracts as natural chemopreventive agents: potential
anticancer drugs. Curr Mol Med. 2011; 11: 666-77.

Hsieh SC, Huang MH, Cheng CW, Hung JH, Yang SF, Hsieh YH.
a-Mangostin induces mitochondrial dependent apoptosis in human
hepatoma SK-Hep-1 cells through inhibition of p38 MAPK pathway.
Apoptosis. 2013; 18: 1548-60.

Chen LG, Yang LL, Wang CC. Anti-inflammatory activity of mangostins
from Garcinia mangostana. Food Chem Toxicol. 2008; 46: 688-93.

Pedraza-Chaverri J, Reyes-Fermin LM, Nolasco-Amaya EG, Orozco-
Ibarra M, Medina-Campos ON, Gonzélez-Cuahutencos O, et al. ROS
scavenging capacity and neuroprotective effect of alpha-mangostin
against 3-nitropropionic acid in cerebellar granule neurons. Exp
Toxicol Pathol. 2009; 61: 491-501.

Wang MH, Zhang KJ, Gu QL, Bi XL, Wang JX. Pharmacology of
mangostins and their derivatives: A comprehensive review. Chin J
Nat Med. 2017; 15: 81-93.

Chen G, Li Y, Wang W, Deng L. Bioactivity and pharmacological
properties of alpha-mangostin from the mangosteen fruit: a review.
Expert Opin Ther Pat. 2018; 28: 415-27.

Eraslan E, Tanyeli A, Giler MC, Kurt N, Yetim Z. Agomelatine prevents
indomethacin-induced gastric ulcer in rats. Pharmacol Rep. 2020;
72:984-991.

Tanyeli A, Eraslan E, Polat E, Bal T. Protective effect of salusin-alpha
and salusin-beta against ethanol-induced gastric ulcer in rats. J Basic
Clin Physiol Pharmacol. 2017; 28: 623-30.

de-Faria FM, Almeida AC, Luiz-Ferreira A, Takayama C, Dunder RJ,
da Silva MA, et al. Antioxidant action of mangrove polyphenols

142

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

against gastric damage induced by absolute ethanol and ischemia-
reperfusion in the rat. ScientificWorldJournal. 2012; 2012: 327071.

Tanyeli A, Ekinci Akdemir FN, Eraslan E, Guler MC, Nacar T. Anti-
oxidant and anti-inflamatuar effectiveness of caftaric acid on gastric
ulcer induced by indomethacin in rats. Gen Physiol Biophys. 2019;
38:175-81.

Vesely KT, Kubickova Z, Dvorakova M. Clinical data and characteristics
differentiating types of peptic ulcer. Gut. 1968; 9: 57-68.

Modzsik G, Javor T. A biochemical and pharmacological approach to
the genesis of ulcer disease. I. A model study of ethanol-induced
injury to gastric mucosa in rats. Dig Dis Sci. 1988; 33: 92-105.

Pan JS, He SZ, Xu HZ, Zhan XJ, Yang XN, Xiao HM, et al. Oxidative
stress disturbs energy metabolism of mitochondria in ethanol-
induced gastric mucosa injury. World J Gastroenterol. 2008; 14:
5857-67.

Chan FK, Leung WK. Peptic-ulcer disease. Lancet. 2002; 360: 933-41.

Takeuchi K, Amagase K. Roles of Cyclooxygenase, Prostaglandin E2
and EP Receptors in Mucosal Protection and Ulcer Healing in the
Gastrointestinal Tract. Curr Pharm Des. 2018; 24: 2002-2011.

Buttgereit F, Burmester GR, Simon LS. Gastrointestinal toxic side
effects of nonsteroidal anti-inflammatory drugs and cyclooxygenase-
2-specific inhibitors. Am J Med. 2001; 110 Suppl 3A: 13S-9S.

Lee YC, Cheng CW, Lee HJ, Chu HC. Apple Polyphenol Suppresses
Indomethacin-Induced Gastric Damage in Experimental Animals
by Lowering Oxidative Stress Status and Modulating the MAPK
Signaling Pathway. J Med Food. 2017; 20: 1113-20.

Arab HH, Salama SA, Omar HA, Arafa el SA, Maghrabi IA. Diosmin
protects against ethanol-induced gastric injury in rats: novel anti-
ulcer actions. PLoS One. 2015; 10: e0122417.

Chen F, Castranova V, Shi X. New insights into the role of nuclear
factor-kappaB in cell growth regulation. Am J Pathol. 2001; 159: 387-
97.

Kim JM, Kim SH, Ko SH, Jung J, Chun J, Kim N, et al. The guggulsterone
derivative GG-52 inhibits NF-kB signaling in gastric epithelial cells
and ameliorates ethanol-induced gastric mucosal lesions in mice.
Am J Physiol Gastrointest Liver Physiol. 2013; 304: G193-202.

Hafez HM, Morsy MA, Mohamed MZ, Zenhom NM. Mechanisms
underlying gastroprotective effect of paeonol against indomethacin-
induced ulcer in rats. Hum Exp Toxicol. 2019; 38: 510-8.

Zhao WC, Xu YS, Chen G, Guo Y, Wang DY, Meng GB. Veronicastrum
axillare Alleviates Ethanol-Induced Injury on Gastric Epithelial Cells
via Downregulation of the NF-kB Signaling Pathway. Gastroenterol
Res Pract. 2017; 2017: 7395032.

El-Maraghy SA, Rizk SM, Shahin NN. Gastroprotective effect of
crocin in ethanol-induced gastric injury in rats. Chem Biol Interact.
2015; 229: 26-35.

Cho CH. Current roles of nitric oxide in gastrointestinal disorders. J
Physiol Paris. 2001; 95: 253-6.

Zhang K, Liu Y, Wang C, Li J, Xiong L, Wang Z, et al. Evaluation of the
gastroprotective effects of 20 (S)-ginsenoside Rg3 on gastric ulcer
models in mice. ) Ginseng Res. 2019; 43: 550-61.

Kim DK, Kweon KJ, Kim P, Kim HJ, Kim SS, Sohn NW, Maeng S, Shin
JW. Ginsenoside Rg3 Improves Recovery from Spinal Cord Injury
in Rats via Suppression of Neuronal Apoptosis, Pro-Inflammatory
Mediators, and Microglial Activation. Molecules. 2017; 22: 122.

Soetikno V, Murwantara A, Andini P, Charlie F, Lazarus G, Louisa M,
et al. Alpha-Mangostin Improves Cardiac Hypertrophy and Fibrosis
and Associated Biochemical Parameters in High-Fat/High-Glucose



Gazi Med J 2025;36(2):136-143

Eraslan et al. Alpha-Mangostin Can Alleviates Stomach injuries

42.

43.

44.

45.

46.

Diet and Low-Dose Streptozotocin Injection-Induced Type 2 Diabetic
Rats. J Exp Pharmacol. 2020; 12: 27-38.

Li D, Liu Q, Lu X, Li Z, Wang C, Leung CH, et al. a-Mangostin remodels
visceral adipose tissue inflammation to ameliorate age-related
metabolic disorders in mice. Aging (Albany NY). 2019; 11: 11084-
110.

Hu Z, Wang W, Ling J, Jiang C. a-Mangostin Inhibits a-Synuclein-
Induced Microglial Neuroinflammation and Neurotoxicity. Cell Mol
Neurobiol. 2016; 36: 811-20.

Szabo S, Kusstatscher S, Sakoulas G, Sandor Z, Vincze A, Jadus M.
Growth factors: new ‘endogenous drugs’ for ulcer healing. Scand J
Gastroenterol Suppl. 1995; 210: 15-8.

Carmeliet P. Angiogenesis in health and disease. Nat Med. 2003; 9:
653-60.

de Paulis A, Prevete N, Fiorentino |, Rossi FW, Staibano S, Montuori
N, Ragno P, Longobardi A, Liccardo B, Genovese A, Ribatti D, Walls

47.

48.

49.

AF, Marone G. Expression and functions of the vascular endothelial
growth factors and their receptors in human basophils. J Immunol.
2006; 177: 7322-31.

Jariyapongskul A, Areebambud C, Suksamrarn S, Mekseepralard
C. Alpha-mangostin attenuation of hyperglycemia-induced ocular
hypoperfusion and blood retinal barrier leakage in the early stage of
type 2 diabetes rats. Biomed Res Int. 2015; 2015: 785826.

Slomiany BL, Piotrowski J, Slomiany A. Role of caspase-3 and nitric
oxide synthase-2 in gastric mucosal injury induced by indomethacin:
effect of sucralfate. J Physiol Pharmacol. 1999; 50: 3-16.

Chen PP, Shen YM, Shi HX, Ma XY, Lin BB, Xiao T, et al. Gastroprotective
effects of Kangfuxin-against ethanol-induced gastric ulcer via
attenuating oxidative stress and ER stress in mice. Chem-Biol
Interact. 2016; 260: 75-83.

143



