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Abstract

Alcohol consumption has been commonly associated with gastric mucosal lesions including

gastric ulcer. Diosmin (DIO) is a natural citrus flavone with remarkable antioxidant and anti-

inflammatory features that underlay its protection against cardiac, hepatic and renal injuries.

However, its impact on gastric ulcer has not yet been elucidated. Thus, the current study

aimed to investigate the potential protective effects of DIO against ethanol-induced gastric in-

jury in rats. Pretreatment with DIO (100 mg/kg p.o.) attenuated the severity of ethanol gastric

mucosal damage as evidenced by lowering of ulcer index (UI) scores, area of gastric lesions,

histopathologic aberrations and leukocyte invasion. These actions were analogous to those

exerted by the reference antiulcer sucralfate. DIO suppressed gastric inflammation by curb-

ing of myeloperoxidase (MPO) and tumor necrosis factor-α (TNF-α) levels along with nuclear

factor kappa B (NF-κB) p65 expression. It also augmented the anti-inflammatory interleukin-

10 (IL-10) levels. Meanwhile, DIO halted gastric oxidative stress via inhibition of lipid perox-

ides with concomitant enhancement of glutathione (GSH), glutathione peroxidase (GPx) and

the total antioxidant capacity (TAC). With respect to gastric mucosal apoptosis, DIO sup-

pressed caspase-3 activity and cytochrome C (Cyt C) with enhancement of the anti-apoptotic

B cell lymphoma-2 (Bcl-2) in favor of cell survival. These favorable actions were associated

with upregulation of the gastric cytoprotective prostaglandin E2 (PGE2) and nitric oxide (NO).

Together, these findings accentuate the gastroprotective actions of DIO in ethanol gastric in-

jury which were mediated via concerted multi-pronged actions, including suppression of gas-

tric inflammation, oxidative stress and apoptosis besides boosting of the antioxidant and the

cytoprotective defenses.
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Introduction

Alcohol consumption has been commonly linked to gastric mucosal lesions including gastritis,

gastric ulcer and even gastric carcinoma [1]. The mechanisms underlying ethanol-induced gas-

tric ulcer have not been fully defined. Yet, mounting evidence has indicated that proinflamma-

tory cytokines, oxidative stress and apoptosis play crucial roles in its pathogenesis [2–6].

Invasion of gastric tissues by neutrophils, marked with increased myeloperoxidase (MPO) ac-

tivity, contributes to gastric mucosal damage [7]. Activation of neutrophils is associated with

an upregulated inflammatory response with increased gastric expression of nuclear factor

kappa B (NF-κB) which controls the generation of proinflammatory cytokines including

tumor necrosis factor-α (TNF-α). These events amplify the inflammatory cascade via trigger-

ing the release of other proinflammatory mediators and enhancing further recruitment of mac-

rophages and neutrophils, thereby exacerbating the gastric insult [6, 8]. Diminished gastric

levels of the anti-inflammatory interleukin-10 (IL-10) have been reported in ethanol-induced

mucosal injury [9, 10]. Meanwhile, oxidative stress has been implicated in the development of

ethanol-induced gastric injury where an arsenal of reactive oxygen species (ROS) generated by

activated leukocytes triggers mucosal damage via lipid peroxidation and via depletion of the

antioxidant defenses such as reduced glutathione (GSH), glutathione peroxidase (GPx) and the

total antioxidant capacity (TAC) [5, 9]. In the same context, enhancement of apoptosis and as-

sociated loss of mucosal epithelial cells are recognized as major players in the pathogenesis of

ethanol-evoked gastric damage [2, 3]. Additionally, depletion of mucosal cytoprotective moie-

ties, including prostaglandin E2 (PGE2) and nitric oxide (NO), has been intimately linked to

ethanol consumption [9, 11].

The experimental model of ethanol-induced gastric injury mimics several features of the

human condition and thus provides a mean for assessing agents with potential anti-ulcer ac-

tions along with their implicated mechanisms for gastric protection [9, 10, 12]. In the clinical

setting, the current approach for the management of gastric ulcers focuses on the use of proton

pump inhibitors and H2 receptor antagonists as the mainstay treatment. However, administra-

tion of these drugs has been associated with several adverse effects such as nausea, constipation,

gynecomastia and impotence that limit their use [13]. Thus, the search for effective agents with

fewer side effects has been regarded as an effective strategy for the management of gastric ulcers

[5, 13, 14]. Previously, agents with antioxidant features have displayed beneficial actions in

protecting against alcohol-induced gastric ulcer [4, 5, 9, 14]. Flavonoids are natural polyphe-

nols that can protect human body against ROS-evoked damage and their consumption has po-

tential health benefits including protection against various ailments [6, 15]. Diosmin, DIO,

(diosmetin 7-O-rutinoside), a natural citrus flavone, has displayed remarkable antioxidant,

anti-inflammatory, and anti-apoptotic activities in human and experimental models [15–20].

It is well known for boosting venous tone and lymphatic drainage with suppression of capillary

hyperpermeability [21]. Interestingly, DIO has exerted versatile beneficial effects against exper-

imental diabetes mellitus [18], myocardial infarction [17], hepatic and renal injuries [15, 19]

along with hepatocarcinogenesis [20]. Yet, its impact on gastric ulcer has not been previously

explored. Thus, the present study aimed to investigate the potential protective actions of DIO

in ethanol-induced gastric injury in rats. Since the favorable actions of DIO are mainly ascribed

to its antioxidant features, sucralfate was selected as the reference antiulcer agent in the current

study due to its marked antiulcer/antioxidant properties [22–24]. Previously, sucralfate has

displayed effective relief for the gastric ulcer symptoms in several experimental and clinical

settings [24–26]. These beneficial actions are mediated, at least partly, via its antioxidant ac-

tions and through enhancement of gastric cellular antioxidant defenses [22–24]. Meanwhile,
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sucralfate inhibits proinflammatory cytokines and enhances the release of cytoprotective agents

such as mucus and PGE2 [25, 27, 28].

Material and Methods

Ethics Statement

All animal handling and procedures were performed according to the Guide for the Care and

Use of Laboratory Animals published by the US National Institute of Health (NIH publication

No. 85–23, revised 1996). The current protocol was approved by the Committee of Animal

Care and Use of Faculty of Pharmacy, Cairo University. All efforts were exerted in order to re-

duce the suffering of experimental animals.

Animals

Adult male Wistar rats weighing 180–220 g were purchased from the National Institute for Re-

search, Cairo, Egypt. The animals were maintained at controlled laboratory conditions (tem-

perature (23±1°C), humidity (60±10%), and a 12/12 h light/dark cycle). Animals were allowed

1 week for acclimatization before any experimental procedures and they had free access to

standard rat chow and water.

Chemicals

Diosmin was purchased from Sigma-Aldrich, St. Louis, MD, USA whereas sucralfate was a

kind gift from the Egyptian international pharmaceutical industries company (EIPICO),

Egypt. All remaining chemicals used in the current study were of the highest quality and

analytical grade.

Induction of gastric ulcer

Gastric mucosal injury was induced using a single intragastric dose of absolute ethanol (5ml/

kg) that was administered via orogastric intubation as previously described [2, 5, 9, 29]. The

control group received the same volume of saline instead of ethanol.

Experimental design and treatment protocol

Rats were placed individually in metabolic cages with raised floors of wide mesh in order to

avoid coprophagy that interferes with the induction of gastric ulcer. The animals were fasted

for 24 hours with free access to water. Then, 1 h before ethanol administration, the water was

removed. Fourty rats were randomly assigned into five groups (8 rats per group). Group I

(Control gp): normal rats which received oral vehicle (0.5% carboxymethyl cellulose; 5ml/kg).

Group II (Control + DIO gp): normal rats that received oral diosmin (100 mg/kg/day) for 1

week. Group III (Ethanol gp): received a single intragastric dose of absolute ethanol (5ml/kg)

+ oral vehicle (0.5% carboxymethyl cellulose) for 1 week and the last dose of the vehicle was ad-

ministered 1 h before ulcer induction. Group IV (Ethanol + DIO): received a single intragastric

dose of ethanol + oral diosmin (100 mg/kg/day) for 1 week and the last dose of diosmin was ad-

ministered 1 h before ulcer induction. Group V (Ethanol + SUCR): received a single intragas-

tric dose of ethanol + an oral sucralfate (SUCR) dose (100 mg/kg) 1h before ulcer induction.

DIO was prepared by suspension in 0.5% carboxymethyl cellulose vehicle and was daily admin-

istered by oral gavage. Animals were euthanized 1 h after ethanol and their stomachs were

immediately dissected.

The selected dose of DIO was based on preliminary experiments and previous literature

which demonstrated that 100 mg/kg of DIO displayed marked ameliorative and anti-
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inflammatory actions in animal models of diabetes [18, 30] and hypertension [31]. The dose of

sucralfate (100 mg/kg p.o.), the reference anti-ulcer drug, is in accordance with previous re-

ports [22, 24]. The chosen regimen is consistent with previous literature [4, 9, 32].

Tissue collection and preparation

The animals were euthanized under deep ether anesthesia 1 hour post ethanol instillation. Fol-

lowing immediate laparatomy, stomachs were excised, opened along the greater curvature and

rinsed with normal saline to remove gastric contents and blood clots. Stomachs were blotted

dry, macroscopically inspected for gross gastric injury (expressed as ulcer index) and photo-

graphed for later determination of the area of gastric lesions. Then, each stomach was dichoto-

mized, one moiety was immersed in 10% buffered formol saline for histopathologic and

immunohistochemical assessment of NF-κB while the glandular gastric tissue of the other moi-

ety was divided into 3 parts and was stored at -80°C for the biochemical investigations. To this

end, one part was homogenized in 10 volumes of lysis buffer (200mMNaCl, 5mM EDTA, 10

mM Tris, 10% glycerine, 1 mM PMSF, 1 mg/ml leupeptin and 28 mg/ml aprotinin, pH 7.4) for

the estimation of MPO, TNF-α, IL-10, caspase-3, Cyt C and Bcl-2. The second part was ho-

mogenized in 10 volumes of ice-cold phosphate buffer (100 mM, pH 7.4) for determination of

oxidative stress markers and cellular defenses (MDA, NO, GSH, GPx and TAC). The third part

was homogenized in phosphate buffer (10 mM, pH 7.4) containing 0.1 M indomethacin for es-

timation of PGE2.

Determination of gastric ulcer index (UI) and percentage of inhibition

An observer who was blinded to the identity of samples examined the gastric tissues for gastric

mucosal lesions which were expressed as UI. The degree of gastric mucosal damage was evalu-

ated for gross pathology according to a 0–5 scoring system based on the number and severity

of gastric lesions as previously described [33]: 0 = no lesions; 1 = small round hemorrhagic le-

sions; 2 = lesions<2 mm; 3 = lesions 2–3 mm; 4 = lesions 3–4 mm; 5 = lesion> 4 mm. The

score was multiplied by 2 when the width of the erosion is larger than 1mm. The mean score

was calculated and expressed as the UI. The percentage of inhibition was calculated by the fol-

lowing formula: [(UI ethanol control—UI treated)/UI ethanol control] × 100.

Area of gastric hemorrhagic ulcerative lesions

The extent of gastric damage was quantified via measuring the area of gastric lesions. Following

the dissection and opening of the rat’s stomach, it was thoroughly rinsed with cold saline to re-

move any contents or blood clots. Then, the flattened stomach samples were photographed.

The digital photos were used for determination of the area (mm2) of the gastric lesions using

imageJ 1.48d software (National Institute of Health, USA). For each stomach, the sum of areas

of all forms of gastric lesions was recorded including the multifocal erosions and the linear

hemorrhagic lesions.

Histopathologic examination and microscopic scoring of gastric damage

Gastric biopsies were fixed in 10% buffered formol saline for 24h. Tissue samples were washed,

dehydrated by alcohol, cleared in xylene and embedded in paraffin in hot air oven (56°C) for

another 24 h. The paraffin blocks were cut into sections of 5 μm thickness and were stained

with hematoxylin and eosin (H&E) and examined under the light microscope (Leica Microsys-

tems, Germany). A qualified observer unaware of the identity of the specimens performed all

the histopathologic procedures in order to avoid any bias. Gastric microscopic damage was
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scored on a 0–14 scale according to the criteria described by Laine andWeinstein [34]. Briefly,

a 1 cm segment of each histological section was examined for epithelial cell loss (score: 0–3),

edema in the upper mucosa (score: 0–4), hemorrhagic damage (score: 0–4), and the presence

of inflammatory cells (score: 0–3).

Immunohistochemical detection of NF-κB p65

For the antigen retrieval, paraffin-embedded tissue samples of 5 μm thickness were rehydrated

in xylene and then in graded ethanol solutions and heated in citrate buffer (pH 6) for 5 min.

Blocking was done using 5% bovine serum albumin (BSA) in Tris buffered saline (TBS) for 2 h.

The samples were then incubated with primary polyclonal rabbit anti-NF-κB p65 (Santa Cruz

Biotechnology Inc, CA, USA) at a concentration of 1 μg/ml in 5% BSA in TBS overnight at

4°C. The slides were then washed with TBS and were incubated with secondary goat anti-rabbit

IgG using Vector Elite ABC kit (Vector Laboratories, Burlingame, CA, USA). Finally, the sec-

tions were washed with TBS and the immunoreaction was visualized using 3,3’-diaminobenzi-

dine tetrahydrochloride (DAB Substrate Kit, Vector Laboratories Inc). Hematoxylin was used

for counter staining and the slides were examined under a light microscope (Leica Microsys-

tems, Germany) by a blinded observer.

Gastric MPO activity and inflammatory cytokines (TNF-α and IL-10)

Myeloperoxidase (MPO) activity, a marker for neutrophil infiltration, was estimated by HK105

kit (Hycult Biotech, Uden, Netherlands) whereas the levels of TNF-α and IL-10 were deter-

mined by R &D systems ELISA kits (MN, USA) as instructed by the manufacturer. MPO as

well as the cytokines assays employ quantitative sandwich enzyme immunoassay technique

with specific antibodies pre-coated onto the microplate. The standards, control, and samples

were pipetted into the wells and the rat cytokines were bound by the immobilized antibody.

After washing away any unbound substances, an enzyme-linked secondary antibody specific

for rat MPO, TNF-α or IL-10 was added to the wells. Following color development, the assay

was stopped, and the absorbance was read at 450 nm. The intensity of the color was propor-

tional to the amount of the corresponding target bound in the initial step. Results for MPO

were expressed as (U/g tissue) whereas the cytokine levels were presented as pg/g tissue.

Lipid peroxides concentration

The determination of lipid peroxides, expressed as malondialdehyde (MDA), was carried out

according to the thiobarbituric acid assay [35]. The reaction proceeded in 15% w/v trichloro-

acetic acid, 0.375% w/v thiobarbituric acid and 0.25 N HCl at 90°C for 30 min. After cooling,

the precipitate was removed by centrifugation and absorbance was recorded at 535 nm. The re-

sults were presented as nmol/g tissue.

GSH levels

Gastric GSH levels were determined as previously described [36], where gastric proteins were

precipitated with 10% trichloroacetic acid and the colored product was developed by 10 mM

DTNB (5,5’- dithiobis 2-nitrobenzoic acid) solution in 0.3 M phosphate solution. The absor-

bance was measured at 412 nm and results were expressed as nmol/g tissue.

GPx activity

Gastric GPx activity was determined using Sigma-Aldrich assay kit (Sigma-Aldrich, St. Louis,

MD, USA) as instructed by the manufacturer. The kit utilizes an indirect determination based
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on oxidation of GSH by GPx which is then coupled by recycling the oxidized GSSG via gluta-

thione reductase and NADPH. The decline in NADPH absorbance was monitored at 340 nm.

One unit of enzyme is defined as the amount of enzyme that oxidizes 1 μmol of NADPH per

min at 25°C. The protein content of gastric homogenates was determined using the method of

Lowry et al. [37].

Determination of TAC

The TAC was determined using Cayman total antioxidant assay kit according to the manufac-

turer’s suggestions. The capacity of gastric antioxidants to inhibit metmyoglobin-induced

ABTS (2,2-azino-di-[3-ethylbenzthiazoline sulphonate]) oxidation was compared to Trolox, a

water-soluble tocopherol analogue. The amount of oxidized products was measured at 405 nm

and TAC was expressed as μmol of Trolox equivalent/g tissue.

Caspase-3 activity

Caspase-3 activity was colorimetrically determined using R &D systems kit as instructed by the

manufacturer. Caspase-3 cleaves the labeled substrate DEVD-pNA (acetyl-Asp-Glu-Val-Asp

p-nitroanilide) releasing the chromophore pNA which was measured at 405 nm (Biochrom

Asys microplate reader, UK). Results were expressed as fold change of caspase-3 activity.

Cytochrome C (Cyt C) and B cell lymphoma-2 (Bcl-2)

Commercially available ELISA kits were used for the determination of gastric Cyt C (EIab

ELISA kit) and Bcl-2 (Calbiochem, Darmastadt, Germany) as described by the manufacturer.

The assays rely on a quantitative sandwich enzyme immunoassay technique and the final col-

ored product was measured at 450 nm. The results for Cyt C were expressed as μg/ g tissue

while those of Bcl-2 were presented as ng/g tissue.

Estimation of PGE2

Determination of PGE2 was performed using corresponding ELISA kit (R &D systems incor-

poration, USA), as described by the manufacturer. The optical densities were measured at 450

nm and results were expressed as ng/g tissue.

NO concentration

The levels of NO were determined as total nitrate/nitrite using Greiss reagent as previously de-

scribed [38] with the modification of replacing zinc sulfate instead of ethanol for the precipita-

tion of proteins in the homogenate supernatant [39]. Vanadium trichloride (in 1 M HCl) was

added for the reduction of nitrate to nitrite, followed by rapid addition of Griess reagent con-

sisting of N-(1-naphthyl) ethylenediamine dihydrochloride and sulfanilamide (in 5% HCl).

The mixture was incubated at 37°C, allowed to cool and then the absorbance was measured at

540 nm. Results were expressed as nmol/g tissue.

Statistical analysis

The data were presented as mean ± SEM, and the statistical analysis was performed using one-

way analysis of variance (ANOVA), followed by Tukey-Kramer post hoc multiple comparisons

test. Non-parametric values were presented as median and the statistical differences among

groups were calculated using Kruskal-Wallis analysis of variance followed by the rank-based

Mann–Whitney U-test. The analysis was performed using SPSS program, version 17. Differ-

ences were considered significant at p< 0.05.
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Results

Diosmin pretreatment protects against ethanol-induced gastric injury in
rats

To explore the severity of gastric injury, the signs of macroscopic damage were examined.

Intragastric administration of absolute ethanol (5ml/kg; 1 h exposure) triggered severe hemor-

rhagic gastritis with high UI scores indicating several linear hemorrhagic ulcers and multifocal

erosions compared to the vehicle-treated control group (Fig 1A). Meanwhile, large areas of

Fig 1. Diosmin lowers ulcer index (A) and area of gastric lesions (B) in rats with ethanol-induced
gastric injury.Gastric ulcer was induced by a single intragastric administration of absolute ethanol (5ml/kg)
whereas the control group received the same volume of physiological saline. Diosmin was orally
administered (100 mg/kg/day p.o.), starting 1 week before ulcer induction while sucralfate (100 mg/kg p.o.)
was administered 1 hr before ulcer induction. One hour post ethanol instillation, rats were euthanized and
their stomachs were immediately excised. Scores of the ulcer index (non-parametric) are expressed as
median; n = 6–8. *Significant difference from control gp at p< 0.05, # Significant difference from ethanol gp
at p< 0.05. DIO; diosmin, SUCR; sucralfate.

doi:10.1371/journal.pone.0122417.g001
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hemorrhagic ulcerative gastric lesions were observed in ethanol-treated group revealing an ex-

tensive damage to the gastric mucosa compared to the control group (Fig 1B). Interestingly,

pretreatment with DIO for 1 week significantly mitigated the gross gastric mucosal damage

(63% inhibition of UI scores) and diminished the area of gastric lesions (67% inhibition) com-

pared to ethanol group. Meanwhile, the reference anti-ulcer sucralfate afforded remarkable

gastric protection against ethanol insult as evidenced by lowering of UI scores and ulcerative

area by 71% and 76%, respectively, as compared to ethanol group. These data suggest that DIO

attenuated the development of ethanol-induced gastric ulcerative lesions.

Diosmin attenuates gastric histopathologic aberrations and influx of
leukocytes

The current study next explored whether DIO can protect against the histopathologic damage

associated with ethanol-induced gastric injury in rats. Gastric sections from control and con-

trol + DIO groups displayed an intact architecture of the gastric wall with few leukocytes in the

mucosa (Fig 2A and 2B). In contrast, administration of ethanol triggered a severe gastric injury

with high scores of microscopic damage reflecting hemorrhagic necrosis and disruption of the

gastric mucosa with epithelial cell loss. This was accompanied with diffuse leukocyte infiltra-

tion mainly in the mucosa and submucosa and extensive edema in the submucosal layer (Fig

2C, 2D and 2G). Pretreatment with DIO lowered the pathologic scores signifying the attenua-

tion of gastric damage and inflammatory cell infiltration with preservation of the gastric wall

architecture (Fig 2E and 2G). These actions were analogous to those afforded by sucralfate (Fig

2F and 2G).

Diosmin modulates gastric MPO, inflammatory cytokines and NF-κB p65
protein expression

Administration of ethanol resulted in a robust inflammatory response as indicated by a 4.1 fold

increase of MPO in addition to a marked elevation of gastric TNF-α (403%) with a concomi-

tant decline of IL-10 (55%) as compared to the control group (Fig 3). Pretreatment with DIO

lowered the levels of MPO and TNF-α by 36% and 52%, respectively, and reinstated the IL-10.

These favorable actions were similar to sucralfate.

In the same context, the immunohistochemical detection of activated NF-κB p65 revealed

an extensive expression in the gastric tissues of rats treated with ethanol (Fig 4 and Table 1);

events which were markedly mitigated by administration of DIO or sucralfate. Together, these

observations indicate that DIO modulation of the inflammatory cytokines and NF-κB p65 are

implicated in its favorable protective actions against gastric ethanol injury.

Diosmin curbs oxidative stress and boosts gastric antioxidant defenses

Instillation of ethanol triggered an oxidative stress as indicated by elevated levels of MDA

(240%) with concomitant decline of gastric GSH (26%), GPx activity (43%) and TAC (66%) as

compared to the control group (Fig 5). Pretreatment with DIO significantly protected against

the oxidative stress as evidenced by lowering of MDA and reinstatement of GSH, GPx and

TAC, as compared to ethanol group. These actions were analogous to those afforded by sucral-

fate. Together, these data suggest that DIO attenuation of oxidative perturbations and enhance-

ment of enzymatic and non-enzymatic antioxidant defenses play a role in mitigation of gastric

ethanol injury.
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Diosmin downregulates gastric caspase-3 and Cyt C with restoration of
Bcl-2

Instillation of ethanol instigated apoptosis in inflamed mucosa as indicated by a 2.4 fold in-

crease of caspase-3 activity, a reliable indicator for apoptosis [3] and a 3 fold elevation of the

proapoptotic Cyt C (Fig 6). In addition, the anti-apoptotic Bcl-2 levels were diminished as

compared to the control group. Analogous to sucralfate, DIO counteracted these changes in

favor of cell survival, implicating suppression of apoptosis as a crucial event in DIO protection

against ethanol-induced gastric insult.

Fig 2. Diosmin alleviates ethanol-induced gastric histopathologic injury in rats.Representative photomicrographs of sections from gastric wall
samples taken 1 h post ethanol administration. (A) Control rats receiving saline vehicle showed normal architecture of mucosa (mu) with intact epithelial
surface, submucosa (subm) and muscularis (ml) layers. (B) Control rats receiving DIO (100 mg/kg p.o.) elicited no histologic modifications. (C, D) Ethanol-
treated group was characterized by mucosal lesions with marked hemorrhage (H).The mucosa was also infiltrated by inflammatory cells (arrows) that also
extended to the submucosa which also displayed extensive edema (o). (E) Ethanol + DIO pretreatment (100 mg/kg p.o.) revealed attenuated morphological
modifications, diminished inflammatory cell invasion (arrows) and mucosal preservation. (F) Ethanol + SUCR (100 mg/kg p.o.) pretreatment preserved the
architecture of the gastric wall. Hematoxylin and eosin staining, original magnification: × 40. (G) Microscopic damage scores (expressed as median; n = 6–8).

doi:10.1371/journal.pone.0122417.g002
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Fig 3. Diosmin attenuates gastric MPO and TNF-α and reinstates IL-10 in rats with ethanol-induced
gastric injury. (A) Activity of myeloperoxidase; MPO. (B) Tumor necrosis factor-α; TNF-α. (C) Interleukin 10;
IL-10. Measurements were performed 1 h post ethanol instillation and DIO was administered for 1 week
before ulcer induction. Data are expressed as mean ± SEM (n = 6–8) *Significant difference from control gp
at p< 0.05, # Significant difference from ethanol gp at p< 0.05. DIO; diosmin, SUCR; sucralfate.

doi:10.1371/journal.pone.0122417.g003
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Fig 4. Diosmin downregulates the protein expression of NF-κB p65 in rats with ethanol-induced gastric injury.Representative images for the
immunohistochemical detection of activated NF-κB p65 expression from gastric tissues harvested 1 hr post ethanol instillation (magnification: × 200) (A, B)
Control and control + DIO gps: minimal expression; (B) Ethanol gp: extensive expression (brown color); (D, E) Ethanol+ DIO and ethanol + SUCR gps:
attenuated expression. DIO; diosmin, SUCR; sucralfate.

doi:10.1371/journal.pone.0122417.g004

Diosmin in Ethanol Gastric Injury

PLOS ONE | DOI:10.1371/journal.pone.0122417 March 30, 2015 11 / 21



Table 1. Immunohistochemical detection of NF-κB p65 expression in gastric tissues of rats with ethanol-induced gastric injury.

Control Control + DIO Ethanol Ethanol + DIO Ethanol + SUCR

NF-κB p65expression – – +++ + –

+++ extensive,

++ moderate,
+ mild,
—Nil.

DIO; diosmin, SUCR; sucralfate.

doi:10.1371/journal.pone.0122417.t001

Fig 5. Diosmin lowers gastric MDA and enhances GSH, GPx and TAC in rats with ethanol-induced gastric injury. (A) Lipid peroxides expressed as
malondialdehyde; MDA. (B) Reduced glutathione; GSH. (C) Glutathione peroxidase; GPx. (D) Total antioxidant capacity; TAC. Measurements were
performed 1 h post ethanol instillation and DIO was administered for 1 week before ulcer induction. Data are expressed as mean ± SEM (n = 6–8)
*Significant difference from control gp at p< 0.05, # Significant difference from ethanol gp at p< 0.05. DIO; diosmin, SUCR; sucralfate.

doi:10.1371/journal.pone.0122417.g005
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Fig 6. Diosmin suppresses gastric caspase-3 and Cyt C and reinstates Bcl-2 in rats with ethanol-
induced gastric injury. (A) Caspase-3 activity. (B) Cytochrome C protein; Cyt C. (C) B cell lymphoma-2
protein; Bcl-2. Measurements were performed 1 h post ethanol instillation and DIO was administered for 1
week before ulcer induction. Data are expressed as mean ± SEM (n = 6–8) *Significant difference from
control gp at p< 0.05, # Significant difference from ethanol gp at p< 0.05. DIO; diosmin, SUCR; sucralfate.

doi:10.1371/journal.pone.0122417.g006
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Diosmin replenishes PGE2 and NO cytoprotective defenses

Ethanol evoked depletion of PGE2 (48%) and NO (58%) levels as compared to the control

group (Fig 7). Similar to sucralfate, DIO administration reinstated the levels of these mucosal

defenses signifying the role of PGE2 and NO enhancement in the attenuation of ethanol injury.

Discussion

The current study highlights, for the first time, the protective actions of DIO, a citrus flavonoid,

against ethanol-induced gastric injury in rats. Ethanol inflicts gastric injury via direct effects in-

cluding disruption of mucosal cellular membranes, dehydration and cytotoxic effects with con-

sequent propagation of the inflammatory cascade [5] (Fig 8). Meanwhile, alcohol causes

indirect damaging effects via the recruitment of leukocytes which drives inflammatory re-

sponses, oxidative stress and apoptosis. Notably, NF-κB plays a crucial role in mediating the in-

terplay among these events [5, 6]. DIO afforded significant protection against ethanol-induced

gastric ulcer mainly through suppression of NF-κB. This was achieved either directly via inhi-

bition of NF-κB downstream targets such as the proinflammatory TNF-α or indirectly via

combating ROS by the antioxidant properties of DIO. In addition, the anti-apoptotic and the

cytoprotective effects of DIO also mediated the protection against ethanol insult. Generally,

these gastroprotective actions were analogous to those exerted by the reference sucralfate signi-

fying the potential use of DIO in alleviating ethanol-provoked gastric lesions.

Ethanol-induced gastric injury is a key experimental model commonly utilized for preclini-

cal assessment of agents with potential anti-ulcer activity since ethanol has been regarded as a

leading cause of gastric ulcer in humans [9, 10, 12]. Alcohol has been reported to inflict hemor-

rhagic gastric lesions characterized by mucosal friability, cellular exfoliation, extensive submu-

cosal edema and inflammatory cell infiltration [5, 40]. In addition, ethanol results in stasis of

blood flow and disruption of gastric microvessels; events that inflict hemorrhage and necrotic

gastric damage [5, 32]. Injury to gastric mucosa is triggered by invasion of PMN cells as indi-

cated by MPO activity which also generates hypochlorous acid that drives acute inflammation

and gastric damage [7]. In the current study, DIO attenuated gastric histopathologic aberra-

tions and leukocyte influx as evidenced by suppression of MPO activity signifying its potential

anti-ulcer actions. These observations are in concert with previous studies [5, 32]. Abrogation

of neutrophil infiltration has been regarded as a crucial anti-inflammatory mechanism by

which effective anti-ulcer agents protect against gastric ulcerative lesions [4]. These favorable

actions are likely mediated via the observed DIO inhibition of TNF-α and oxidative stress since

they provoke the expression of several adhesion molecules, including ICAM-1, that enhance

leukocyte invasion to injured gastric mucosa [5, 41].

The current data revealed that ethanol ingestion upregulated the inflammatory response as

evidenced by increase of gastric proinflammatory TNF-α and enhancement of the protein ex-

pression of activated NF-κB p65 in rats. This was accompanied with a decline of the anti-in-

flammatory IL-10. These findings are consistent with previous reports [4, 9, 32]. TNF-α has

been tightly linked to gastric inflammation via activation and recruitment of immune cells,

generation of other proinflammatory cytokines and upregulation of NF-κB [32, 42]. TNF-α

also suppresses gastric microcirculation around ulcerated mucosa and thus delays its healing

[43]. Conversely, IL-10 has been reported to downregulate MHC class II antigen presentation

and subsequent release of pro-inflammatory cytokines and thus, its diminished levels exacer-

bate gastric lesions [4, 9]. In the same context, NF-κB is a transcription factor that mediates

crucial inflammatory events in ethanol-induced gastric injury including the expression of sev-

eral downstream proinflammatory targets such as TNF-α, chemokines as IL-8 and adhesion

molecules [6, 32, 44, 45]. In the inactive state, NF-κB, a heterodimer of p65 and p50 subunits
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of the Rel protein family, is located in the cytosol of cells and is kept inactive via binding to the

inhibitory protein IκBα. Upon exposure to stress signals such as ROS and inflammatory cyto-

kines, the IκBα undergoes phosphorylation and subsequent proteasomal degradation. As a re-

sult, activated NF-κB is released which then translocates to the nucleus to interact with DNA

response elements to mediate the transcription of target inflammatory genes [46]. Thus, NF-

κB p65 subunit has been commonly regarded as a marker for NF-κB activation [32, 47, 48].

Notably, several inflammatory mediators have been identified to activate the NF-κB such as

TNF-α and IL-1β which generate ROS, thus implicating ROS as a common activator of NF-κB

[45].

Fig 7. Diosmin boosts the gastroprotective PGE2 and NO in rats with ethanol-induced gastric injury.
(A) Prostaglandin E2; PGE2. (B) Nitric oxide; NO. Measurements were performed 1 h post ethanol instillation
and DIO was administered for 1 week before ulcer induction. Data are expressed as mean ± SEM (n = 6–8)
*Significant difference from control gp at p< 0.05, # Significant difference from ethanol gp at p< 0.05. DIO;
diosmin, SUCR; sucralfate.

doi:10.1371/journal.pone.0122417.g007

Diosmin in Ethanol Gastric Injury

PLOS ONE | DOI:10.1371/journal.pone.0122417 March 30, 2015 15 / 21



Interestingly, DIO suppressed gastric MPO, TNF-α and NF-κB p65 with enhancement of

the anti-inflammatory IL-10 levels. It can be presumed that the inhibition of NF-κB is a chief

mechanism for DIO suppression of gastric inflammatory response since the expression of sev-

eral proinflammatory cytokines including TNF-α is mainly regulated by the transcription of

NF-κB [32, 42]. Thus, the inhibition of NF-κB p65 expression together with its downstream

targets such as MPO and TNF-α has been viewed as a successful strategy for the management

of gastric injury [19, 32]. Meanwhile, the above findings reinforced the histopathologic results

that described DIO attenuation of immunoinflammatory cell infiltration, edema and hemor-

rhage. Previous reports revealed that the marked anti-inflammatory actions of DIO mediated

its protection against hepatic injury [19] and hepatocarcinogenesis [20] via suppression of

TNF-α and NF-κB. Thus, the current data demonstrate the protective actions of DIO in etha-

nol-induced gastric damage, which were partly mediated via its multi-pronged immunomodu-

latory and anti-inflammatory actions.

The involvement of oxidative stress in the pathogenesis of ethanol-induced gastric injury

has been confirmed by several studies. In this regard, the surge of ROS generated by activated

neutrophils and macrophages along with hypochlorous acid synthesized by MPO trigger gas-

tric mucosal injury [5, 9, 49]. Ethanol has been reported to cut gastric mucosal microcirculation

resulting in hypoxia, ROS generation and associated lipid peroxidation [41]. In the present

study, ethanol administration instigated gastric oxidative stress and increased the levels of lipid

peroxides in a process driven by neutrophil activation. It also depleted the gastric GSH, GPx

and TAC antioxidant defenses which scavenge free radicals and prevent their detrimental ef-

fects [5]. Depletion of GSH, which plays a central role in combating oxidative stress and cellu-

lar damage, renders gastric tissues more vulnerable to oxidative injury [5, 50]. In addition,

Fig 8. Diagram depicting the ameliorative actions of diosmin in ethanol-induced gastric injury.

doi:10.1371/journal.pone.0122417.g008
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suppression of GPx, a vital antioxidant defense which guards against oxidative aberrations, ex-

acerbates ethanol-evoked gastric injury [2].

Data of the current study demonstrated that DIO combated oxidative stress and enhanced

the antioxidant status in animals with ethanol gastritis as revealed by reduction of MDA levels

in addition to augmentation of GSH, GPx and TAC. These findings are in agreement with pre-

vious studies and they highlight the premise that the antioxidant features of DIO are implicated

in the alleviation of ethanol gastric injury [15, 17, 18]. The antioxidant actions of DIO have

been ascribed to scavenging hydroxyl radicals and superoxide anions [17]. An additional plau-

sible explanation for the antioxidant effects of DIO can be attributed to the abrogation of neu-

trophil infiltration observed in the current study. In fact, scavenging of ROS has been regarded

as one of the mechanisms implicated in healing of ulcers [4]. The antioxidant actions of

DIO can play a role in attenuation of gastric inflammatory response via inhibition of the

redox-sensitive NF-κB cascade [6]. In addition, the preservation of GSH, GPx and TAC de-

fenses signifies the role of DIO in boosting the mucosal antioxidant defenses and correlates

well with the reported preservation of endogenous antioxidants in experimental hepatic [19]

and renal [15] injuries along with diabetes mellitus [18]. Together, the observed antioxidant ac-

tions likely contribute to the protection of DIO against mucosal injury.

The present results also described an in vivo activation of apoptosis in ethanol-treated gas-

tric tissues as demonstrated by upregulation of Cyt C and caspase-3 with decline of Bcl-2 levels.

These data are in concert with previous studies [2, 3, 14]. Enhanced apoptotic death of gastric

epithelial cells has been partly implicated in ethanol-induced gastric mucosal injury [2, 51, 52].

Inflammatory signals along with oxidative stress have been reported to instigate the expression

of several genes responsible for cellular death by apoptosis [4, 53]. Apoptotic cascade is initiat-

ed by pro-apoptotic signals such as Bax [2, 29] which favor the release of Cyt C from the mito-

chondria to the cytosol, with subsequent activation of caspase-9 and ultimately caspase-3, the

major executioner caspase [3, 14].

The current data revealed that DIO suppressed Cyt C and caspase-3 and augmented the

anti-apoptotic Bcl-2, indicating attenuation of gastric mucosal apoptosis. These findings are

consistent with previous reports that described the inhibitory effects of DIO against apoptosis

in experimental renal injury via downregulation of p53, Bax and caspase-3 expression [15].

The attenuation of mucosal apoptosis can be ascribed to the observed suppression of lipid per-

oxidation and TNF-α since excessive exposure of gastric mucosa to ROS and TNF-α has been

reported to enhance gastric epithelial apoptosis [2, 4, 29]. Additionally, the observed DIO

boosting of PGE2 may be partly implicated in apoptosis suppression since PGE2 has been re-

ported to enhance the expression of Bcl-2 [54].

The present data also indicated that ethanol ingestion lowered the levels of PGE2 and NO

cytoprotective moieties; findings that coincide with previous studies [9, 11]. The interplay

among gastric PGE2, NO and GSH has been implicated in maintaining the viscoelastic layer of

mucus that plays crucial roles in protecting the underlying mucosa from aggressive factors

[22, 55]. Gastric PGE2 as well as NO augment mucosal defenses via boosting of mucus and bi-

carbonate secretion, maintenance of mucosal blood flow and abrogation of leukocyte infiltra-

tion [22, 56, 57]. In addition, PGE2 suppresses the surge of proinflammatory mediators

including histamine, TNF-α and IL-1 from macrophages [58]. NO has been reported to upre-

gulate PGE2 biosynthesis via cGMP-independent mechanisms [59]. Meanwhile, GSH aug-

ments prostaglandin action and stabilizes mucus composition by controlling the thiol/disulfide

ratio [22]. In the current study, DIO enhanced the levels of PGE2, GSH and NOmucosal

defenses, signifying the contribution of these targets to the alleviation of ethanol mucosal in-

sult. Meanwhile, the observed boosting of NO could be ascribed to DIO quenching of the su-

peroxide anion which consumes NO for the generation of the cytotoxic peroxynitrite [60].
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In the current study, the observed beneficial actions of DIO were analogous to those exerted

by sucralfate, the standard anti-ulcer agent. Sucralfate has been reported to protect the gastric

mucosa against noxious irritants and accelerate the healing of chronic ulcers [27]. Its marked

antioxidant features abrogate lipid peroxidation and preserve gastric antioxidant defenses [24].

It also acts by boosting of mucus secretion and NO biosynthesis [25, 28]. Meanwhile, sucralfate

suppression of the proinflammatory cytokines adds to its efficacy as an antiulcer agent [25].

Conclusions

In conclusion, the current study highlights evidences for the protective effects of DIO in a rat

model of ethanol-induced gastric ulcer. These favorable actions were mediated via suppression

of gastric inflammation and oxidative stress, chiefly through NF-κB inhibition. Meanwhile,

curbing of apoptosis and boosting of mucosal antioxidant and cytoprotective defenses substan-

tially contributed to DIO protection against ethanol damage. Interestingly, the beneficial effects

of DIO were similar to those exerted by the reference antiulcer sucralfate. Thus, the current

study pinpoints to the benefits of DIO as an effective and safer approach for the management

of gastric ulcers. Further studies are warranted to investigate the potential efficacy of DIO in

the clinical setting as an adjunct approach for the management of gastric ulcers. In addition,

the detailed molecular mechanisms of DIO and the implicated signaling networks including

NF-κB signaling need to be explored.

Acknowledgments

The authors are thankful to Prof. Adel Kholoussy, Department of Pathology, Faculty of Veteri-

nary Medicine, Cairo University, Egypt for the kind help in histopathology

and immunohistochemistry.

Author Contributions

Conceived and designed the experiments: HHA SAS HAO EAA IAM. Performed the experi-

ments: HHA SAS HAO EAA. Analyzed the data: HHA SAS HAO EAA IAM. Contributed re-

agents/materials/analysis tools: HHA SAS HAO EAA IAM. Wrote the paper: HHA SAS HAO

EAA IAM. Critical revision: HHA SAS HAO EAA IAM.

References
1. Franke A, Teyssen S, Singer MV. Alcohol-related diseases of the esophagus and stomach. Dig Dis.

2005; 23(3–4):204–213. doi: 10.1159/000090167 PMID: 16352895

2. Al Batran R, Al-Bayaty F, Jamil Al-Obaidi MM, Abdualkader AM, Hadi HA, Ali HM, et al. In vivo antioxi-
dant and antiulcer activity of Parkia speciosa ethanolic leaf extract against ethanol-induced gastric
ulcer in rats. PLoS One. 2013; 8(5):e64751. doi: 10.1371/journal.pone.0064751 PMID: 23724090

3. Luo XJ, Liu B, Dai Z, Li TB, Li NS, Zhang XJ, et al. Expression of apoptosis-associated microRNAs in
ethanol-induced acute gastric mucosal injury via JNK pathway. Alcohol. 2013; 47(6):481–493. doi: 10.
1016/j.alcohol.2013.05.005 PMID: 23830200

4. Mei X, Xu D, Xu S, Zheng Y. Novel role of Zn(II)-curcumin in enhancing cell proliferation and adjusting
proinflammatory cytokine-mediated oxidative damage of ethanol-induced acute gastric ulcers. Chem
Biol Interact. 2012; 197(1):31–39. doi: 10.1016/j.cbi.2012.03.006 PMID: 22465177

5. Park SW, Oh TY, Kim YS, Sim H, Park SJ, Jang EJ, et al. Artemisia asiatica extracts protect against
ethanol-induced injury in gastric mucosa of rats. J Gastroenterol Hepatol. 2008; 23(6):976–984. doi:
10.1111/j.1440-1746.2008.05333.x PMID: 18444990

6. Sangiovanni E, Vrhovsek U, Rossoni G, Colombo E, Brunelli C, Brembati L, et al. Ellagitannins from
Rubus berries for the control of gastric inflammation: in vitro and in vivo studies. PLoS One. 2013; 8(8):
e71762. doi: 10.1371/journal.pone.0071762 PMID: 23940786

7. Wallace JL, Keenan CM, Granger DN. Gastric ulceration induced by nonsteroidal anti-inflammatory
drugs is a neutrophil-dependent process. Am J Physiol. 1990; 259:G462–467. PMID: 2169206

Diosmin in Ethanol Gastric Injury

PLOS ONE | DOI:10.1371/journal.pone.0122417 March 30, 2015 18 / 21

http://dx.doi.org/10.1159/000090167
http://www.ncbi.nlm.nih.gov/pubmed/16352895
http://dx.doi.org/10.1371/journal.pone.0064751
http://www.ncbi.nlm.nih.gov/pubmed/23724090
http://dx.doi.org/10.1016/j.alcohol.2013.05.005
http://dx.doi.org/10.1016/j.alcohol.2013.05.005
http://www.ncbi.nlm.nih.gov/pubmed/23830200
http://dx.doi.org/10.1016/j.cbi.2012.03.006
http://www.ncbi.nlm.nih.gov/pubmed/22465177
http://dx.doi.org/10.1111/j.1440-1746.2008.05333.x
http://www.ncbi.nlm.nih.gov/pubmed/18444990
http://dx.doi.org/10.1371/journal.pone.0071762
http://www.ncbi.nlm.nih.gov/pubmed/23940786
http://www.ncbi.nlm.nih.gov/pubmed/2169206


8. Augusto AC, Miguel F, Mendonca S, Pedrazzoli J Jr., Gurgueira SA. Oxidative stress expression status
associated to Helicobacter pylori virulence in gastric diseases. Clin Biochem. 2007; 40(9–10):615–622.
doi: 10.1016/j.clinbiochem.2007.03.014

9. Liu Y, Tian X, Gou L, Fu X, Li S, Lan N, et al. Protective effect of l-citrulline against ethanol-induced
gastric ulcer in rats. Environ Toxicol Pharmacol. 2012; 34(2):280–287. doi: 10.1016/j.etap.2012.04.009
PMID: 22634488

10. Salga MS, Ali HM, Abdulla MA, Abdelwahab SI. Gastroprotective activity and mechanism of novel
dichlorido-zinc(II)-4-(2-(5-methoxybenzylideneamino)ethyl)piperazin-1-iumphenolat e complex on eth-
anol-induced gastric ulceration. Chem Biol Interact. 2012; 195(2):144–153. doi: 10.1016/j.cbi.2011.11.
008 PMID: 22178775

11. Golbabapour S, Hajrezaie M, Hassandarvish P, Abdul Majid N, Hadi AH, Nordin N, et al. Acute toxicity
and gastroprotective role of M. pruriens in ethanol-induced gastric mucosal injuries in rats. Biomed Res
Int. 2013:974185. doi: 10.1155/2013/974185 PMID: 23781513

12. Santos FA, Rao VS. 1,8-cineol, a food flavoring agent, prevents ethanol-induced gastric injury in rats.
Dig Dis Sci. 2001; 46(2):331–337. PMID: 11281182

13. Halabi MF, Shakir RM, Bardi DA, Al-Wajeeh NS, Ablat A, Hassandarvish P, et al. Gastroprotective ac-
tivity of ethyl-4-[(3,5-di-tert-butyl-2-hydroxybenzylidene) amino]benzoate against ethanol-induced gas-
tric mucosal ulcer in rats. PLoS One. 2014; 9(5):e95908. doi: 10.1371/journal.pone.0095908 PMID:
24800807

14. Antonisamy P, Subash-Babu P, Alshatwi AA, Aravinthan A, Ignacimuthu S, Choi KC, et al. Gastropro-
tective effect of nymphayol isolated from Nymphaea stellata (Willd.) flowers: Contribution of antioxidant,
anti-inflammatory and anti-apoptotic activities. Chem Biol Interact. 2014; 224:157–163. doi: 10.1016/j.
cbi.2014.09.020 PMID: 25289771

15. Rehman MU, Tahir M, Quaiyoom Khan A, Khan R, Lateef A, Hamiza OO, et al. Diosmin protects
against trichloroethylene-induced renal injury in Wistar rats: plausible role of p53, Bax and caspases.
Br J Nutr. 2013; 110(4):699–710. doi: 10.1017/S0007114512005752 PMID: 23402272

16. Campanero MA, Escolar M, Perez G, Garcia-Quetglas E, Sadaba B, Azanza JR. Simultaneous deter-
mination of diosmin and diosmetin in human plasma by ion trap liquid chromatography-atmospheric
pressure chemical ionization tandemmass spectrometry: Application to a clinical pharmacokinetic
study. J Pharm Biomed Anal. 2010; 51(4):875–881. doi: 10.1016/j.jpba.2009.09.012 PMID: 19800189

17. Queenthy SS, John B. Diosmin exhibits anti-hyperlipidemic effects in isoproterenol induced myocardial
infarcted rats. Eur J Pharmacol. 2013; 718(1–3):213–218. doi: 10.1016/j.ejphar.2013.08.031

18. Srinivasan S, Pari L. Ameliorative effect of diosmin, a citrus flavonoid against streptozotocin-nicotin-
amide generated oxidative stress induced diabetic rats. Chem Biol Interact. 2012; 195(1):43–51. doi:
10.1016/j.cbi.2011.10.003 PMID: 22056647

19. Tahir M, Rehman MU, Lateef A, Khan R, Khan AQ, Qamar W, et al. Diosmin protects against ethanol-
induced hepatic injury via alleviation of inflammation and regulation of TNF-alpha and NF-kappaB acti-
vation. Alcohol. 2013; 47(2):131–139. doi: 10.1016/j.alcohol.2012.12.010 PMID: 23419394

20. Tahir M, Rehman MU, Lateef A, Khan AQ, Khan R, Qamar W, et al. Diosmin abrogates chemically in-
duced hepatocarcinogenesis via alleviation of oxidative stress, hyperproliferative and inflammatory
markers in murine model. Toxicol Lett. 2013; 220(3):205–218. doi: 10.1016/j.toxlet.2013.04.004 PMID:
23665045

21. Lyseng-Williamson KA, Perry CM. Micronised purified flavonoid fraction: a review of its use in chronic
venous insufficiency, venous ulcers and haemorrhoids. Drugs. 2003; 63(1):71–100. PMID: 12487623

22. El-Abhar HS. Coenzyme Q10: a novel gastroprotective effect via modulation of vascular permeability,
prostaglandin E(2), nitric oxide and redox status in indomethacin-induced gastric ulcer model. Eur J
Pharmacol. 2010; 649(1–3):314–319. doi: 10.1016/j.ejphar.2010.09.012

23. Nagy L, Nagata M, Szabo S. Protein and non-protein sulfhydryls and disulfides in gastric mucosa and
liver after gastrotoxic chemicals and sucralfate: possible new targets of pharmacologic agents. World J
Gastroenterol. 2007; 13(14):2053–2060. PMID: 17465447

24. Wada K, Kamisaki Y, Kitano M, Kishimoto Y, Nakamoto K, Itoh T. Effects of sucralfate on acute gastric
mucosal injury and gastric ulcer induced by ischemia-reperfusion in rats. Pharmacology. 1997; 54
(2):57–63. PMID: 9088038

25. Slomiany BL, Piotrowski J, Slomiany A. Role of endothelin-1 and constitutive nitric oxide synthase in
gastric mucosal resistance to indomethacin injury: effect of antiulcer agents. Scand J Gastroenterol.
1999; 34(5):459–464. PMID: 10423059

26. Abdallah DM. Nicotinamide alleviates indomethacin-induced gastric ulcers: a novel antiulcer agent. Eur
J Pharmacol. 2010; 627(1–3):276–280. doi: 10.1016/j.ejphar.2009.10.037

Diosmin in Ethanol Gastric Injury

PLOS ONE | DOI:10.1371/journal.pone.0122417 March 30, 2015 19 / 21

http://dx.doi.org/10.1016/j.clinbiochem.2007.03.014
http://dx.doi.org/10.1016/j.etap.2012.04.009
http://www.ncbi.nlm.nih.gov/pubmed/22634488
http://dx.doi.org/10.1016/j.cbi.2011.11.008
http://dx.doi.org/10.1016/j.cbi.2011.11.008
http://www.ncbi.nlm.nih.gov/pubmed/22178775
http://dx.doi.org/10.1155/2013/974185
http://www.ncbi.nlm.nih.gov/pubmed/23781513
http://www.ncbi.nlm.nih.gov/pubmed/11281182
http://dx.doi.org/10.1371/journal.pone.0095908
http://www.ncbi.nlm.nih.gov/pubmed/24800807
http://dx.doi.org/10.1016/j.cbi.2014.09.020
http://dx.doi.org/10.1016/j.cbi.2014.09.020
http://www.ncbi.nlm.nih.gov/pubmed/25289771
http://dx.doi.org/10.1017/S0007114512005752
http://www.ncbi.nlm.nih.gov/pubmed/23402272
http://dx.doi.org/10.1016/j.jpba.2009.09.012
http://www.ncbi.nlm.nih.gov/pubmed/19800189
http://dx.doi.org/10.1016/j.ejphar.2013.08.031
http://dx.doi.org/10.1016/j.cbi.2011.10.003
http://www.ncbi.nlm.nih.gov/pubmed/22056647
http://dx.doi.org/10.1016/j.alcohol.2012.12.010
http://www.ncbi.nlm.nih.gov/pubmed/23419394
http://dx.doi.org/10.1016/j.toxlet.2013.04.004
http://www.ncbi.nlm.nih.gov/pubmed/23665045
http://www.ncbi.nlm.nih.gov/pubmed/12487623
http://dx.doi.org/10.1016/j.ejphar.2010.09.012
http://www.ncbi.nlm.nih.gov/pubmed/17465447
http://www.ncbi.nlm.nih.gov/pubmed/9088038
http://www.ncbi.nlm.nih.gov/pubmed/10423059
http://dx.doi.org/10.1016/j.ejphar.2009.10.037


27. Konturek SJ, Brzozowski T, Pytko-Polonczyk J. Nitric oxide in gastroprotective and ulcer healing ef-
fects of sucralfate. Scand J Gastroenterol Suppl. 1995; 210:22–27. PMID: 8578200

28. Shea-Donohue T, Steel L, Montcalm E, Dubois A. Gastric protection by sucralfate. Role of mucus and
prostaglandins. Gastroenterology. 1986; 91(3):660–666. PMID: 3460926

29. Abdelwahab SI. Protective mechanism of gallic acid and its novel derivative against ethanol-induced
gastric ulcerogenesis: Involvement of immunomodulation markers, Hsp70 and Bcl-2-associated X pro-
tein. Int Immunopharmacol. 2013; 16(2):296–305. doi: 10.1016/j.intimp.2013.04.005 PMID: 23602913

30. Pari L, Srinivasan S. Antihyperglycemic effect of diosmin on hepatic key enzymes of carbohydrate me-
tabolism in streptozotocin-nicotinamide-induced diabetic rats. Biomed Pharmacother. 2010; 64
(7):477–481. doi: 10.1016/j.biopha.2010.02.001 PMID: 20362409

31. Silambarasan T, Raja B. Diosmin, a bioflavonoid reverses alterations in blood pressure, nitric oxide,
lipid peroxides and antioxidant status in DOCA-salt induced hypertensive rats. Eur J Pharmacol. 2012;
679(1–3):81–89. doi: 10.1016/j.ejphar.2011.12.040 PMID: 22314224

32. Li W, Huang H, Niu X, Fan T, Mu Q, Li H. Protective effect of tetrahydrocoptisine against ethanol-
induced gastric ulcer in mice. Toxicol Appl Pharmacol. 2013; 272(1):21–29. doi: 10.1016/j.taap.2013.
05.035 PMID: 23769714

33. Nwafor PA, Okwuasaba FK, Binda LG. Antidiarrhoeal and antiulcerogenic effects of methanolic extract
of Asparagus pubescens root in rats. J Ethnopharmacol. 2000; 72(3):421–427. PMID: 10996281

34. Laine L, Weinstein WM. Histology of alcoholic hemorrhagic "gastritis": a prospective evaluation.
Gastroenterology. 1988; 94(6):1254–1262. PMID: 3258836

35. Buege JA, Aust SD. Microsomal lipid peroxidation. Methods Enzymol. 1978; 52:302–310. PMID:
672633

36. Beutler E, Duron O, Kelly BM. Improved method for the determination of blood glutathione. J Lab Clin
Med. 1963; 61:882–888. PMID: 13967893

37. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein measurement with the Folin phenol reagent.
J Biol Chem. 1951; 193(1):265–275. PMID: 14907713

38. Miranda KM, Espey MG, Wink DA. A rapid, simple spectrophotometric method for simultaneous detec-
tion of nitrate and nitrite. Nitric Oxide. 2001; 5(1):62–71. doi: 10.1006/niox.2000.0319 PMID: 11178938

39. Arab HH, Salama SA, Eid AH, Omar HA, Arafa el SA, Maghrabi IA. Camel's milk ameliorates TNBS-
induced colitis in rats via downregulation of inflammatory cytokines and oxidative stress. Food Chem
Toxicol. 2014; 69:294–302. doi: 10.1016/j.fct.2014.04.032 PMID: 24788059

40. Guslandi M. Effects of ethanol on the gastric mucosa. Dig Dis. 1987; 5(1):21–32. PMID: 3297432

41. Sacanella E, Estruch R, Badia E, Fernandez-Sola J, Nicolas JM, Urbano-Marquez A. Chronic alcohol
consumption increases serum levels of circulating endothelial cell/leucocyte adhesion molecules
E-selectin and ICAM-1. Alcohol Alcohol. 1999; 34(5):678–684. PMID: 10528809

42. Yadav SK, Adhikary B, Chand S, Maity B, Bandyopadhyay SK, Chattopadhyay S. Molecular mecha-
nism of indomethacin-induced gastropathy. Free Radic Biol Med. 2012; 52(7):1175–1187. doi: 10.
1016/j.freeradbiomed.2011.12.023 PMID: 22265930

43. Hasgul R, Uysal S, Haltas H, Akyol S, Yuksel Y, Gurel A, et al. Protective effects of Ankaferd blood
stopper on aspirin-induced oxidative mucosal damage in a rat model of gastric injury. Toxicol Ind
Health. 2014; 30(10):888–895. doi: 10.1177/0748233712466134 PMID: 23114375

44. Ghosh S, May MJ, Kopp EB. NF-kappa B and Rel proteins: evolutionarily conserved mediators of im-
mune responses. Annu Rev Immunol. 1998; 16:225–260. doi: 10.1146/annurev.immunol.16.1.225
PMID: 9597130

45. Handa O, Naito Y, Takagi T, ShimozawaM, Kokura S, Yoshida N, et al. Tumor necrosis factor-alpha-in-
duced cytokine-induced neutrophil chemoattractant-1 (CINC-1) production by rat gastric epithelial
cells: role of reactive oxygen species and nuclear factor-kappaB. J Pharmacol Exp Ther. 2004; 309
(2):670–676. doi: 10.1124/jpet.103.062216 PMID: 14747614

46. Chen F, Castranova V, Shi X. New insights into the role of nuclear factor-kappaB in cell growth regula-
tion. Am J Pathol. 2001; 159(2):387–397. PMID: 11485895

47. Arab HH, Al-Shorbagy MY, Abdallah DM, Nassar NN. Telmisartan attenuates colon inflammation, oxi-
dative perturbations and apoptosis in a rat model of experimental inflammatory bowel disease. PLoS
One. 2014; 9(5):e97193. doi: 10.1371/journal.pone.0097193 PMID: 24831514

48. Khan AQ, Khan R, Rehman MU, Lateef A, Tahir M, Ali F, et al. Soy isoflavones (daidzein & genistein)
inhibit 12-O-tetradecanoylphorbol-13-acetate (TPA)-induced cutaneous inflammation via modulation of
COX-2 and NF-kappaB in Swiss albino mice. Toxicology. 2012; 302(2–3):266–274. doi: 10.1016/j.tox.
2012.08.008

Diosmin in Ethanol Gastric Injury

PLOS ONE | DOI:10.1371/journal.pone.0122417 March 30, 2015 20 / 21

http://www.ncbi.nlm.nih.gov/pubmed/8578200
http://www.ncbi.nlm.nih.gov/pubmed/3460926
http://dx.doi.org/10.1016/j.intimp.2013.04.005
http://www.ncbi.nlm.nih.gov/pubmed/23602913
http://dx.doi.org/10.1016/j.biopha.2010.02.001
http://www.ncbi.nlm.nih.gov/pubmed/20362409
http://dx.doi.org/10.1016/j.ejphar.2011.12.040
http://www.ncbi.nlm.nih.gov/pubmed/22314224
http://dx.doi.org/10.1016/j.taap.2013.05.035
http://dx.doi.org/10.1016/j.taap.2013.05.035
http://www.ncbi.nlm.nih.gov/pubmed/23769714
http://www.ncbi.nlm.nih.gov/pubmed/10996281
http://www.ncbi.nlm.nih.gov/pubmed/3258836
http://www.ncbi.nlm.nih.gov/pubmed/672633
http://www.ncbi.nlm.nih.gov/pubmed/13967893
http://www.ncbi.nlm.nih.gov/pubmed/14907713
http://dx.doi.org/10.1006/niox.2000.0319
http://www.ncbi.nlm.nih.gov/pubmed/11178938
http://dx.doi.org/10.1016/j.fct.2014.04.032
http://www.ncbi.nlm.nih.gov/pubmed/24788059
http://www.ncbi.nlm.nih.gov/pubmed/3297432
http://www.ncbi.nlm.nih.gov/pubmed/10528809
http://dx.doi.org/10.1016/j.freeradbiomed.2011.12.023
http://dx.doi.org/10.1016/j.freeradbiomed.2011.12.023
http://www.ncbi.nlm.nih.gov/pubmed/22265930
http://dx.doi.org/10.1177/0748233712466134
http://www.ncbi.nlm.nih.gov/pubmed/23114375
http://dx.doi.org/10.1146/annurev.immunol.16.1.225
http://www.ncbi.nlm.nih.gov/pubmed/9597130
http://dx.doi.org/10.1124/jpet.103.062216
http://www.ncbi.nlm.nih.gov/pubmed/14747614
http://www.ncbi.nlm.nih.gov/pubmed/11485895
http://dx.doi.org/10.1371/journal.pone.0097193
http://www.ncbi.nlm.nih.gov/pubmed/24831514
http://dx.doi.org/10.1016/j.tox.2012.08.008
http://dx.doi.org/10.1016/j.tox.2012.08.008


49. Pan JS, He SZ, Xu HZ, Zhan XJ, Yang XN, Xiao HM, et al. Oxidative stress disturbs energy meta-
bolism of mitochondria in ethanol-induced gastric mucosa injury. World J Gastroenterol. 2008; 14-
(38):5857–5867. PMID: 18855985

50. Szabo S, Nagy L, Plebani M. Glutathione, protein sulfhydryls and cysteine proteases in gastric mucosal
injury and protection. Clin Chim Acta. 1992; 206(1–2):95–105. PMID: 1606705

51. Yamamoto S, Watabe K, Araki H, Kamada Y, Kato M, Kizu T, et al. Protective role of adiponectin
against ethanol-induced gastric injury in mice. Am J Physiol Gastrointest Liver Physiol. 2012; 302(8):
G773–780. doi: 10.1152/ajpgi.00324.2011 PMID: 22323129

52. Ye HH, Wu KJ, Fei SJ, Zhang XW, Liu HX, Zhang JL, et al. Propofol participates in gastric mucosal pro-
tection through inhibiting the toll-like receptor-4/nuclear factor kappa-B signaling pathway. Clin Res
Hepatol Gastroenterol. 2013; 37(1):e3–15. doi: 10.1016/j.clinre.2012.03.004 PMID: 22516481

53. Al Moutaery M, Al Rayes H, Al Swailam R, Elfaki I, Khan HA, Arshaduddin M, et al. Protective effect of
a cysteine prodrug and antioxidant, L-2-oxothiazolidine-4-carboxylate, against ethanol-induced gastric
lesions in rats. Exp Toxicol Pathol. 2012; 64(3):233–237. doi: 10.1016/j.etp.2010.08.012 PMID:
20829008

54. Sheng H, Shao J, Morrow JD, Beauchamp RD, DuBois RN. Modulation of apoptosis and Bcl-2 expres-
sion by prostaglandin E2 in human colon cancer cells. Cancer Res. 1998; 58(2):362–366. PMID:
9443418

55. Heeba GH, HassanMK, Amin RS. Gastroprotective effect of simvastatin against indomethacin-induced
gastric ulcer in rats: role of nitric oxide and prostaglandins. Eur J Pharmacol. 2009; 607(1–3):188–193.
doi: 10.1016/j.ejphar.2009.02.008

56. Wallace JL, Miller MJ. Nitric oxide in mucosal defense: a little goes a long way. Gastroenterology. 2000;
119(2):512–520. PMID: 10930387

57. Zhang L, Ren JW,Wong CC, WuWK, Ren SX, Shen J, et al. Effects of cigarette smoke and its active
components on ulcer formation and healing in the gastrointestinal mucosa. Curr Med Chem. 2012; 19-
(1):63–69. PMID: 22300077

58. Nartey ET, Ofosuhene M, Kudzi W, Agbale CM. Antioxidant and gastric cytoprotective prostaglandins
properties of Cassia sieberiana roots bark extract as an anti-ulcerogenic agent. BMC Complement
Altern Med. 2012; 12:65. doi: 10.1186/1472-6882-12-65 PMID: 22607580

59. Takeuchi K, Sugamoto S, Yamamoto H, Kawauchi S, Tashima K. Interactive roles of endogenous pros-
taglandin and nitric oxide in regulation of acid secretion by damaged rat stomachs. Aliment Pharmacol
Ther. 2000; 14 Suppl 1:125–134. PMID: 10807414

60. Crow JP, Beckman JS. Reactions between nitric oxide, superoxide, and peroxynitrite: footprints of per-
oxynitrite in vivo. Adv Pharmacol. 1995; 34:17–43. PMID: 8562432

Diosmin in Ethanol Gastric Injury

PLOS ONE | DOI:10.1371/journal.pone.0122417 March 30, 2015 21 / 21

http://www.ncbi.nlm.nih.gov/pubmed/18855985
http://www.ncbi.nlm.nih.gov/pubmed/1606705
http://dx.doi.org/10.1152/ajpgi.00324.2011
http://www.ncbi.nlm.nih.gov/pubmed/22323129
http://dx.doi.org/10.1016/j.clinre.2012.03.004
http://www.ncbi.nlm.nih.gov/pubmed/22516481
http://dx.doi.org/10.1016/j.etp.2010.08.012
http://www.ncbi.nlm.nih.gov/pubmed/20829008
http://www.ncbi.nlm.nih.gov/pubmed/9443418
http://dx.doi.org/10.1016/j.ejphar.2009.02.008
http://www.ncbi.nlm.nih.gov/pubmed/10930387
http://www.ncbi.nlm.nih.gov/pubmed/22300077
http://dx.doi.org/10.1186/1472-6882-12-65
http://www.ncbi.nlm.nih.gov/pubmed/22607580
http://www.ncbi.nlm.nih.gov/pubmed/10807414
http://www.ncbi.nlm.nih.gov/pubmed/8562432

