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Abstract: Seaweeds are the most abundant source of polysaccharides such as alginates
and agar, as well as carrageenans. This study aimed to investigate the gastroprotective
activity and the mechanism underlying this activity of a sulfated-polysaccharide fraction
extracted from the algae Hypnea musciformis (Wulfen) J.V. Lamour. (Gigartinales–
Rhodophyta). Mice were treated with sulfated-polysaccharide fraction (3, 10, 30, and
90 mg/kg, p.o.) and, after 30 min, they were administered 50% ethanol (0.5 mL/25
g, p.o.). After 1 h, gastric damage was measured using a planimeter. In addition,
samples of the stomach tissue were obtained for histopathological examination and
for assays to determine the glutathione and malondialdehyde levels. Other groups of
mice were pretreated with NG-nitro-L-arginine methyl ester (L-NAME, 10 mg/kg, i.p.),
aminoguanidine (100 mg/kg, i.p.), or glibenclamide (10 mg/kg, i.p.). After 30 min to
the aminoguanidine group and 1 h to the other groups, sulfated-polysaccharide fraction
(30 mg/kg, p.o.) was administered and gastric damage was induced as described above.
Sulfated-polysaccharide fraction prevented ethanol-induced gastric injury in a dosedependent manner. However, treatment with L-NAME or glibenclamide reversed this
gastroprotective effect. Administration of aminoguanidine did not influence the effect
of sulfated-polysaccharide fraction. Our results suggest that sulfated-polysaccharide
fraction exerts a protective effect against ethanol-induced gastric damage via activation
of the NO/KATP pathway.

Introduction
The search for natural products with
pharmacological
properties
has
significantly
contributed to the discovery of substances with
important applications (Sousa et al., 2008; Corrêa et
al., 2008). Thus, marine algae are valuable sources
of diverse structurally bioactive compounds such as
carotenoids, pigments, polyphenols, enzymes, and
diverse functional polysaccharides (Karnjanapratum &
You , 2010; Wijesekara et al., 2011).
Sulfated polysaccharides derived from marine
algae exhibit many biological and physiological
activities (Rocha et al., 2007; Mayer et al., 2009;
Machado et al., 2010). In recent years, polysaccharides
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from seaweeds have shown to play an important role
as free-radical scavengers and antioxidants for the
prevention of oxidative damage in living organisms
(Kim et al., 2007; Souza et al., 2007).
Ethanol increases the risk of ulcer formation,
which causes gastric damage characterized by loss
of epithelial cells, mucosal edema, and subepithelial
hemorrhage (Li et al., 2008; Medeiros et al., 2008).
Ethanol-induced gastric mucosal lesions are mainly
mediated through the release of inflammatory mediators
due to increased production of oxygen free radicals,
which induce vasoconstriction/ischemia, oxidative
stress, lipid peroxidation, and then cell death (Pan et
al., 2008; Park & Oh, 2011).
Nitric oxide (NO) is a key mediator in gastric
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defense mechanisms because it stimulates mucus
production, inhibits neutrophil adherence to endothelial
cells, and especially increases blood flow to the gastric
mucosa (Coruzzi et al., 2000). However, few studies
have shown the association between polysaccharides
from marine seaweeds and NO in lesion models. Thus,
we aimed to evaluate the protective effect of a sulfatedpolysaccharide fraction extracted from the red algae
Hypnea musciformis against ethanol-induced gastric
damage in mice and the involvement of the NO/KATP
pathway in this effect.
Materials and Methods
Collection of alga and extraction of polysaccharide
fraction
Specimens of Hypnea musciformis (Wulfen)
J.V. Lamour. (Gigartinales–Rhodophyta) were collected
in August 2008 from the Atlantic coast northeast
of Brazil (Fleixeira Beach, Trairi-Ceará, latitude:
03°35′57′′ S, longitude: 39°31′37′′ W). The sample
was identified with the help of a professor (Institute of
Marine Sciences, Federal University of Ceará), and the
specimen was deposited on Herbarium Ficológico do
Instituto de Ciências do Mar at Federal University of
Ceará- Fortaleza-CE, Brazil (exsicate no. 2165). The
samples were cleaned of epiphytes, washed with distilled
water, and stored at -20 °C. The sulfated polysaccharides
were extracted according to the procedure described
by Farias et al. (2000). Approximately 5 g of the dried
tissue was milled and suspended in 250 mL of 0.1 M
sodium acetate buffer (pH 6.0) containing 510 mg of
papain (E. Merck), 5 mM ethylenediaminetetraacetic
acid (EDTA), and 5 mM cysteine and was incubated at
60 °C for 12 h. The residue was removed by filtration
and centrifugation (2700 × g for 25 min at 4 °C), and
the sulfated polysaccharides were precipitated by
addition of 48 mL of 10% cetylpyridinium chloride
(CPC, Sigma Chemical). The mixture was centrifuged
(2700 × g for 25 min at 4 °C), and the polysaccharides
(kappa-carrageenan) in the pellet were washed with
200 mL of 0.05% CPC solution dissolved in 174 mL
of a 2 M NaCl/ethanol (100:15, v/v) solution and was
precipitated with 200 mL of 70% ethanol (v/v) for 12
h at 4 °C. After further centrifugation (2700 × g, 4°C
for 25 min), the precipitate was washed twice with 200
mL of absolute ethanol and dried with acetone under
hot air flow (60 °C). The sulfated-polysaccharide
fraction thus derived is referred as “PLS” throughout
this manuscript.
Drugs and reagents
NG-nitro-L-arginine methyl ester (L-NAME),

aminoguanidine (AG), and glibenclamide were
purchased from Sigma-Aldrich (St. Louis, MO, U.S.A.).
L-NAME and AG were dissolved in physiological
saline. Glibenclamide was dissolved in 0.01 N sodium
hydroxide (NaOH) containing 4% glucose.
Animals
We used male Swiss mice weighing 25-30 g. The
animals were housed in temperature-controlled rooms
and received food and water ad libitum; the animals were
fasted for 18-24 h before experiments. All treatments
and surgical procedures were performed in accordance
with the Guide for Care and Use of Laboratory Animals
(National Institute of Health, Bethesda, MD, USA) and
were approved by the appropriate local ethics committee
(protocol No. 0066/10).
Effect of PLS on ethanol-induced gastric damage
Initially, the mice were treated with PLS (3,
10, 30, and 90 mg/kg) by gavage. After 30 min, gastric
damage was induced in the experimental groups by
administration of ethanol (0.5 mL/25 g, p.o.), while the
control groups were pretreated only with saline, which
was administered 30 min after the administration of
saline or ethanol. After 1 h, the animals were killed and
their stomachs were immediately removed and opened
via an incision along the greater curvature and pinned
out on a wax block. Gastric damage (hemorrhagic or
ulcerative lesions) was measured using a computer
planimetry program (Image J). A sample of the
corpus region of each stomach was fixed in 10%
formalin immediately after removal for subsequent
histopathological assessment. Further, gastric corpus
samples were then weighed, frozen, and stored at -70
°C until they were assayed to determine glutathione
(GSH) (Sedlak & Lindsay, 1968) and malondialdehyde
(MDA) levels (Mihara & Uchiyama, 1978).
Role of NO in the gastroprotective effect of PLS
Another experimental group of mice were
pretreated with a non-selective inhibitor of nitric
oxide synthase (NOS), L-NAME (10 mg/kg, i.p.), or
with AG (100 mg/kg, i.p.) a selective inducible NOS
(iNOS) inhibitor. After 30 min, PLS was administered
(30 mg/kg, p.o.) to the AG group at a dose that had
the best protective effect, and PLS (30 mg/kg, p.o) was
administered to the group of L-NAME after 1 h. After
30 min, gastric damage was induced in the experimental
mice by intragastric instillation of ethanol 50% (0.5
mL/25 g, p.o.), while the control group received saline.
Gastric damage was analyzed after 1 h as described
above.
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Role of KATP in the gastroprotective effect of PLS
The role of KATP in the gastric protection
mediated by PLS was evaluated by pretreatment of mice
with glibenclamide (10 mg/kg, i.p.), a drug that blocks
KATP-dependent channels. The mice received PLS (30
mg/kg, p.o.) after 1 h. After 30 min, gastric damage
was induced in experimental mice by intragastric
instillation of ethanol 50% (0.5 mL/25 g, p.o.), while
the mice in the control group received saline. After 1 h,
gastric damage was determined as described above.
Histopathological analysis
For histopathological evaluation, stomach
samples were fixed in 10% formalin solution, sectioned,
and embedded in paraffin. Four-micrometer-thick sections
were deparaffinized, stained with hematoxylin and eosin,
and then examined under a microscope. We followed the
procedure described by Laine & Weinstein (1988) for
the analysis of samples. Briefly, we examined 1 cm long
sections for epithelial cell loss (a score of 0-3), edema in
the upper mucosa (a score of 0-4), hemorrhagic lesion
(a score of 0-4), and the presence of inflammatory cells
(a score of 0-3). After this procedure, the sections were
assessed in a “blind study” (without knowledge of the
previous treatments) by an experienced pathologist.
Analysis of the GSH concentration
The concentration of glutathione (GSH) in the
samples of the stomach tissue was estimated according
to the method described by Sedlak & Lindsay (1968). A
segment from each stomach was homogenized in 5 mL of
cold 0.02 M EDTA solution (1 mL 100 mg/tissue). Aliquots
(400 μL) of the tissue homogenate were mixed with 320 μL
of distilled water and 80 μL of 50% (w/v) trichloroacetic
acid in glass tubes and centrifuged at 3000 × g for 15 min.
Next, 400 μL of each supernatant was mixed with 800 μL
of Tris buffer (0.4 M, pH 8.9) and 20 μL of 0.01 M 5,5dithio-bis (2-nitrobenzoic acid). Subsequently, the samples
were stirred for 3 min and read on a spectrophotometer at
412 nm. GSH concentration was determined via a reduced
GSH standard curve, which was generated in parallel. The
results are expressed as micrograms of GSH per gram of
tissue.
Determination of MDA levels
The malondialdehyde (MDA) levels in the
homogenate from each group were measured using the
method described by Mihara & Uchiyama (1978), which
is based on a thiobarbituric acid reaction. Fragments of
the gastric mucosa weighing between 100 and 150 mg
were homogenized with cold 1.15% KCl to prepare 10%
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homogenates. Briefly, 250 μL of each homogenate was
added to 1.5 mL of 1% phosphoric acid (H3PO4) and
0.5 mL of 0.6% tert-butyl alcohol (aqueous solution).
Then, this mixture was stirred and heated in a boiling
water bath for 45 min. The mixture was then cooled
immediately in an ice water bath followed by the
addition of 4 mL of n-butanol. This mixture was shaken
and the butanol layer was separated by centrifugation at
1200 × g for 10 min. Optical density was determined to
be 535 and 520 nm, and the optical density difference
between the two determinations was calculated as
the tert-butyl alcohol value. MDA concentrations are
expressed as millimoles per gram of tissue.
Gastric acid secretion in 4 h pylorus-ligated mice
We used the technique described by Shay et
al. (1945) in the present study. Firstly, the pylorus was
ligated under inhalation anesthesia. Then, saline and
PLS (30 mg/kg) were injected intraperitoneally. In
another group, we determined gastric acid secretion
induced by intraperitoneal injection of histamine (5
mg/kg) or ranitidine (5 mg/kg) in pylorus-ligated mice.
After 4 h, the animals were killed, their stomachs were
opened, and the gastric contents were collected. The
final volume and pH were directly determined after
washing the mucosal side of the stomach with 2 mL
of distilled water. Total acidity of the gastric juice was
titrated with 0.01 N NaOH using 2% phenolphthalein
as an indicator.
Statistical analysis
All values are expressed as means±SEM;
analysis of variance (ANOVA) and Student–NewmanKeuls test were used to determine statistical significance
of differences between groups. For analysis of results
of histological assessment, the Kruskal-Wallis
nonparametric test was used followed by Dunn’s test for
multiple comparisons. The differences were considered
statistically significant when p<0.05.
Results
Effect of PLS on ethanol-induced gastric damage in an
animal model
In this study, we confirmed that ethanol
induced macroscopic and microscopic gastric lesions
(72.2±20.4 mm2). Treatment with PLS reversed the
gastric damage caused by ethanol in a dose-dependent
manner, and a maximum effect was obtained with the
dose of 30 mg/kg (3.1±0.9 mm2), which corresponded
to 95.7% of inhibition of lesion (Figure 1). Thus,
considering that the dose of 30 mg/kg provided the
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best effect gastroprotective against ethanol-induced
lesions, this dose was selected for studying the possible
mechanisms of action involved in PLS-mediated
gastroprotective effects.
#

Macroscopic Gastric
2
Lesion (mm )

100
80
60
40

*

20
0

*
Sal

Sal

3

10

30

*
90

PLS (mg/kg)
50% Ethanol (0.5 mL/25 g)

Figure 1. The effect of sulfated-polysaccharide (PLS) on
ethanol-induced gastric damage. Mice were treated by gavage
with either saline or PLS (3, 10, 30, and 90 mg/kg). After
30 min, the mice in experimental groups were administered
50% ethanol (0.5 mL/25 g); the negative control group was
administered saline (Sal). The total area of macroscopic
gastric lesions was determined after 1 h. The results are
expressed as mean±SEM of a minimum of five animals per
group. #p<0.05 vs. saline group; *p<0.05 vs. ethanol group;
Analysis of variance (ANOVA) and Newman-Keuls test.

Histopathological analysis
Administration of ethanol disrupts the
integrity of the gastric mucosa with excessive loss of
epithelial cells, which causes a rupture in the surface

of the mucosa, besides accentuating hemorrhage
(Figure 2). However, administration of 30 mg/kg of
PLS maintained the integrity of the mucosa, which
suggested that PLS exerts a potential gastroprotective
effect on this lesion. Microscopic studies showed that
PLS (30 mg/kg) decreased hemorrhagic damage, edema,
and epithelial cell loss induced by ethanol (Table 1).
Further, compared to control animals, animals treated
with ethanol showed no increase in inflammatory cell
infiltration after treatment with PLS; however, this is
probably because the mice were sacrificed just 1 h after
ethanol administration (Figure 2 and Table 1).
Analysis of the GSH concentration
Our results showed that the gastric GSH
levels in mice treated with 50% ethanol (178.6±19.8
μg/g tissue) were lower than those in mice treated with
saline (250.9±10.9 μg/g tissue, Figure 3). However,
when animals were pretreated with PLS 30 mg/kg,
a significant increase in the gastric GSH levels was
observed (262.8±18.5 μg/g tissue), which reversed the
decrease caused by ethanol (Figure 3).
Determination of MDA levels
The gastric MDA levels in mice treated
with ethanol (230.1±31.6 nmol/g of tissue) were
significantly higher than those in mice treated with
saline (142.8±30.5 nmol/g of tissue), and PLS (30 mg/
kg) pretreatment reversed this effect; the MDA level
in the control group (129.4±11.9 nmol/g of tissue) was
lower than that in the group treated with ethanol (Figure
4).

Figure 2. Photomicrographs of the gastric mucosa of mice (magnification, 400×). A. saline control group; B. group of animals
treated with 50% ethanol, which show intense hemorrhage, with an extensive loss of epithelial cells; C. animals treated with
50% ethanol+sulfated-polysaccharide (PLS) (30 mg/kg), which exert a protective effect on gastric mucosa with preservation
of epithelial cells. Quantitative results from these assessments are shown in Table 1.
Rev. Bras. Farmacogn. Braz. J. Pharmacogn. 23(2): Mar./Apr. 2013
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Table 1. Effect of sulfated-polysaccharide (PLS) (30 mg/kg) on the microscopic gastric injury induced by ethanol.
Experimental group
Saline

Hemorrhagic
damage (score, 0–4)

Edema (score, 0-4)

Epithelial cell loss
(score, 0-3)

Inflammatory cells
(score, 0-3)

Total
(score, 0-14)

0 (0–1)

0 (0–1)

0 (0–1)

0

0 (0–3)

Ethanol

3 (2–4)

2 (1–4)

2 (1–3)

0 (0–1)

7 (4–12)

Ethanol+PLS 30 mg/kg

1 (0–2)*

0 (0–1)*

1 (0–2)

0

2 (0–5)*

Data shown are medians with minimal and maximal scores shown in parentheses. The Kruskal-Wallis nonparametric test was used followed
by Dunn´s test for multiple comparisons of histological analyses. *p<0.05 vs. control (ethanol) group.

*

300

#

200
150

300

100
50
0

Sal

Sal

30
PLS (mg/kg)

50% Ethanol (0.5 mL/25 g)

Figure 3. The effect of sulfated-polysaccharide (PLS) on
glutathione (GSH) levels in the gastric mucosa of mice
treated with ethanol. Mice were treated by gavage with saline
or PLS (30 mg/kg). After 30 min, 50% ethanol (0.5 mL/25
g) was administered to the experimental groups, while the
control group was administered saline. Ethanol administration
promoted a reduction in the gastric GSH levels. This effect was
partially reversed when the animals were treated with PLS.
The results are expressed as mean±SEM of cinco animals per
group. #p<0.05 vs. saline group; *p<0.05 vs. ethanol group;
Analysis of variance (ANOVA) and Newman-Keuls test.

Role of NO and KATP channels on the gastroprotective
effect of PLS
Our results show that in the animals treated with
(49.0±15.0 mm2, a non selective inhibitor of
NOS) or with glibenclamide (34.8±6.2 mm2, a drug that
blocks KATP-dependent channels), the gastroprotective
effect of PLS (30 mg/kg) (3.1±0.9 mm2) was reversed.
However, the animals treated with AG (3.5±1.1 mm2,
an inhibitor of iNOS) showed no significant changes
(p<0.05, Figure 5).
L-NAME

Gastric acid secretion in 4-h pylorus-ligated mice
In this study, gastric juice obtained from
pylorus-ligated mice was used to analyze the gastric
biochemical parameters (Table 2). However, compared
to the values obtained in the saline group, values of the
animals pretreated with PLS showed no change in any
biochemical parameter of the gastric juice such as the
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MDA (nmol/g tissue)

GSH µg/g tissue

250

volume, pH, or total acidity. In contrast, the volume and
total acidity values in the group treated with ranitidine
(a histamine [H2] antagonist) were decreased and
increased by histamine compared to the corresponding
values in the saline group.

#

250
200

*

150
100
50
0

Sal

Sal

30
PLS (mg/kg)

50% Ethanol (0.5 mL/25 g)

Figure 4. The effect of sulfated-polysaccharide (PLS) on
malondialdehyde (MDA) concentration in the gastric mucosa
of mice treated with ethanol. Mice were treated by gavage
with PLS (30 mg/kg). After 30 min, mice in the experimental
group were administered 50% ethanol (0.5 mL/25 g), and the
control group was administered saline. The ethanol showed a
marked increase in the gastric MDA levels. When the animals
were pre-treated with PLS, this effect was reversed. The
results are expressed as the means±SEM of five animals per
group. #p<0.05 vs. saline group; *p<0.05 vs. ethanol group;
analysis of variance (ANOVA) and Newman-Keuls test.

Discussion
Marine algae are important sources of new
bioactive substances. Therefore, in the present study,
we investigated the protective effect of a PLS fraction
from the algae Hypnea musciformis (Wulfen) J.V.
Lamour. (Gigartinales–Rhodophyta) against ethanolinduced gastric damage in mice and evaluated the role
of NO/KATP channels in this effect.
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Macroscopic Gastric
2
Lesion (mm )

125
100
75

#

50

#

25
0

Sal

*

Sal

Sal

L-NAME

AG

GLIB

PLS (30 mg/kg)
50% Ethanol (0.5 mL/25 g)

Figure 5. Evaluation of the effect of NG-nitro-L-arginine
methyl ester (L-NAME), aminoguanidine (AG), and
glibenclamide in sulfated-polysaccharide (PLS)-mediated
gastroprotection against ethanol-induced lesion. The mice
were pretreated with L-NAME (10 mg/kg, i.p.), AG (100 mg/
kg, i.p), or glibenclamide (GLIB: 10 mg/kg, i.p.). After 1 h,
PLS (30 mg/kg, p.o.) was administered. After 30 min, 50%
ethanol (0.5 mL/25 g) was administered to the experimental
groups and saline was administered to the control group.
After 1 h, the total macroscopic area of the gastric lesions
was determined. The results are expressed as mean±SEM of
a minimum of five animals per group. *p<0.05 vs. ethanol
group; #p<0.05 vs. PLS+ethanol group; analysis of variance
(ANOVA) and Newman-Keuls test.
Table 2. The effects of sulfated-polysaccharide (PLS) on
gastric acid secretion in 4 h pylorus-ligated mice.
Experimental
Group (n = 5)
Saline
PLS (30 mg•kg )

Volume (µL)

pH

Total acid
(mEq[H+]/L/4 h)

612.1±12.8

1.6±0.5

5.1±0.3

598.5±70.2

1.7±0.3

5.1±0.7

Histamine

1009.1±75.3*

1.2±0.3

12.0±0.5*

Ranitidine

330.0±42.1#

2.9±0.4

2.3±0.4#

-1

Data shown are expressed as mean±SEM (n=5). *p<0.05; #p<0.05,
vs. saline group; Analysis of variance (ANOVA) and Newman-Keuls
test.

The pathogenesis of ethanol-induced gastric
mucosal damage is a multifactorial process, which
depends on the imbalance between the aggressive and
protective factors that can occur by direct or indirect
action through mediators such lipoxygenase and oxygenderived free radicals (Abdel-Salam et al., 2001). Ethanol
rapidly penetrates in the gastric mucosa, promotes
injury characterized by membrane damage, erosive
hemorrhage, and ulcer formation via destruction of the
mucus barrier, and increases the vascular permeability
and oxidative stress (Gazzieri et al., 2007; Li et al.,
2008; Nassini et al., 2010). Thus, experimental models
of ethanol-induced gastric ulcers have been widely
used for evaluation of the gastroprotective activity
of potentially active macromolecules extracted from

natural products.
Consistent with the previous findings, our
results showed that administration of 50% ethanol
caused macroscopic and microscopic gastric damage
characterized submucosal edema, intense hemorrhage,
and loss of epithelial cells (Medeiros et al., 2008; Abdon
et al., 2012). However, pretreatment with PLS reversed
the gastric damage and maintained the integrity of the
gastric mucosa against the ethanol-induced gastropathy.
Our results are consistent with those reported in
previous studies on the gastroprotective effects of other
sulfated-polysaccharides extracted from marine algae
in experimental models of ethanol-induced gastric
damage (Hwang et al., 2008; Silva et al., 2011).
The pathophysiology of ethanol-induced gastric
damage in an experimental model is attributed to the
creation of free radicals, increase in lipid peroxidation,
and reduction in non-protein sulfhydryl (NP-SH) groups
(Medeiros et al., 2009; Gomes et al., 2010). GSH is the
major NP-SH of the gastric mucosa; therefore, GSH
constitutes one of the main cytoprotective mechanisms
against ulcer formation, acts as an important antioxidant
in the maintenance of mucosal integrity (Cnubben et al.,
2001; Chandranath et al., 2002). On the other hand, MDA
is the final product of lipid peroxidation (Dursun et al.,
2009) and is considered as the major indicator of the lipid
peroxidation process (Gawe et al., 2004).
We showed that ethanol administration
decreased the gastric GSH levels and increased the
MDA concentration compared to these values in the
saline group. Our findings are consistent with those
reported in previous studies in that oxygen free radicals
play a major role in the pathogenesis of ethanolinduced gastric lesions, and reduction in oxidative
stress is of primary importance in the gastroprotective
effect (Pihan et al., 1987). On the other hand, PLS
pretreatment reversed the decrease in the gastric
GSH levels and increase in the MDA concentrations
in ethanol-induced gastropathy. Several authors have
shown that sulfated-polysaccharides from marine algae
can act as free-radical scavengers and antioxidants;
this mechanism plays an important role in preventing
the free-radical-induced oxidative damage (Hu et al.,
2001; Xue et al., 2001). These results suggest that the
gastroprotective effect of PLS could be secondary to
a decrease in the production of free radicals, which
indicates possible antioxidant activity these marine
algae. Therefore, sulfated-polysaccharides may be new
therapeutic agents for inhibiting the damage caused by
excessive free radicals.
We have recently shown the involvement of
NO in the mechanism of action of a PLS extracted from
the marine algae Gracilaria caudata in the prevention
of ethanol-induced gastric injury (Silva et al., 2011).
NO is a highly diffusible and reactive gaseous mediator,
Rev. Bras. Farmacogn. Braz. J. Pharmacogn. 23(2): Mar./Apr. 2013
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which plays an important role in the modulation of
gastric mucosal integrity via several mechanisms,
including control of bicarbonate and mucus production,
blood flow regulation, anti-inflammatory action, and
promoting preservation and repair of gastrointestinal
tract injuries (Allen et al., 1993; Andreo et al., 2006;
Lanas, 2008). Endogenous NO has a dual action in the
gastrointestinal tract: protective effects by constitutive
NOS (cNOS or eNOS)/NO and proulcerogenic effects
by iNOS/NO (Jimenez et al., 2002).
Several authors have shown that NO derived
from eNOS is an important mediator that accelerates
gastric ulcer healing and maintains the integrity of the
gastric epithelium (Li et al., 2000). Our results showed
that the gastroprotective effect of PLS were reversed
using a nonselective NOS inhibitor, L-NAME. Other
studies shows that L-NAME delays the healing of acute
gastric injury produced by ethanol (Konturek et al.,
1993) and increase the amount and intensity of lesion
caused by alcohol in the stomach of rats (Nahavandi et
al., 1999). Thus, we can infer that the protective effect
of PLS was an NO-dependent process. In addition,
we showed that iNOS is associated with severe
inflammation in the ulcer tissue because high levels
of NO, in special conditions, react with the superoxide
anion (O2-), which lead to formation of peroxynitrite
(ONOO-) and tissue damage (Guo et al., 2003). In our
experiments, we showed that pretreatment with AG, a
selective iNOS inhibitor, did not alter the protective
effect of PLS in ethanol-induced gastropathy. Thus,
we suggest that the iNOS-derived NO associated with
ethanol-induced gastric injury is not implicated in the
protective effects of PLS.
Previous studies have shown that the NO plays
a role in maintaining the integrity of the gastric mucosa
through activation of the KATP channels (Medeiros et al.,
2008; Chávez-Piña et al., 2011). In fact, NO can activate
different types of K+ channels and induced mainly effects
via the opening of KATP channels (Aschcroft & Gribble,
2000). Many effects of NO, including vasodilation,
inhibition of leukocyte adherence, inhibition of edema
formation and gastroprotection, have been found to be
inhibited by glibenclamide, a KATP channel antagonist
(Daut et al., 1994; Toroudi et al., 1999; Medeiros et al.,
2009). We performed pharmacological studies to show
that glibenclamide significantly reversed the protective
effects of PLS against ethanol-induced gastric damage,
which showed the possible involvement of KATP channels
in the gastroprotective effect of PLS. These results are
consistent with those reported by other authors, which
show that the KATP channels regulate gastric protection
(Ockaili et al., 2002; Vale et al., 2007). Therefore, we
suggest that the mechanism of the gastroprotective
effect of PLS is dependent on the NO/KATP channels.
Another important factor that contributes
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to the pathogenesis of gastric ulcers is an increase in
gastric acid secretion (Goa & Monk, 1987). Studies
have shown that molecules with the ability to reduce
acid secretion can attenuate gastric mucosal damage
induced by several aggressors of the mucosa (Patel
et al., 2001; Takeuchi et al., 2003). The next step of
this study was to evaluate the effect of PLS on gastric
juice parameters to evaluate the possible anti-secretory
action of the polysaccharide. Our results showed that
PLS did not alter the gastric acid secretion. Therefore,
we can infer that gastric secretion does not have any
influence on the effect of PLS.
In summary, our results indicate that activation
of the NO/KATP pathway plays an important role in the
protective effect of the PLS against ethanol-induced
gastric damage. The gastroprotective effect may
also be mediated, in part, by a mechanism involving
reduction of lipid peroxidation. Taken together, these
data suggest that further studies should be performed to
develop sulfated-polysaccharides as novel therapeutic
strategies for gastropathy.
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