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KEYWORDS Abstract Annona muricata Linnaeus, popularly known as “graviola” and also called soursop, is a
Peptic ulcer; species typical of countries with a tropical climate, and it is used in folk medicine as an anticancer,
Medicinal plants; analgesic and antispasmodic agent. The aim of the present study was to validate the gastroprotec-
Phytotherapy; tive activity of the hydroalcoholic extract of the leaves of 4. muricata (HEAM) and to investigate
Annona the underlying mechanisms of action for this effect. Gastric lesions were induced in mice by absolute

ethanol, acidified ethanol or indomethacin. Before, the animals were pretreated with saline, omepra-
zole or HEAM orally at doses of 50-400 mg/kg. To determine the mechanism of action of the
extract, we investigated, using specific inhibitors, the involvement of nitric oxide (NO), prostaglan-
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dins (PGEs), ATP-dependent K™ channels and a2-noradrenergic receptors. HEAM showed signif-
icant antiulcer activity against lesions induced by absolute ethanol, acidified ethanol or indometha-
cin, which was mediated by endogenous gastric prostaglandins.

© 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. Thisis
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Peptic ulcer disease is a term used to represent a group of disor-
ders that affect the gastric and duodenal mucosa, characterized
by damage to the parietal cells and can occur in any part of the
gastrointestinal tract (Hernandes, 2010), each year affecting
nearly 4 million people worldwide (Zelickson et al., 2011). Its
pathogenesis is associated with an imbalance between protec-
tive factors secreted by the gastric mucosa (mucous secretion,
nitric oxide, prostaglandins, bicarbonate and other peptides)
and aggressive factors (Helicobacter pylori infection, pepsin,
gastric acid secretion) (Mendonga et al., 2013).

Research using medicinal plants has proven to be a promis-
ing source of novel compounds in the search of new com-
pounds with clinical and therapeutic potential that can be
used in the treatment of peptic ulcers. Plants of the genus
Anonna studied are particularly reported in the literature as
possessing gastroprotective activities. Species of this genus
with proven antiulcerogenic effect include Annona reticulata
(Singh et al., 2012), Annona squamosa (Alluri et al., 2011)
and Annona muricata (Omoja et al., 2014; Moghadamtousi
et al., 2014; Hamid et al., 2012).

A. muricata L., popularly known as graviola and also called
soursop, belongs to the family Annonacea, which comprises
about 130 genera, including about 2300 species. Of these gen-
era, 51 are American, while two occur in Africa (Annona and
Xylopia) and one in Asia (Anoxagorea). In Brazil, they are pre-
sent throughout the country, and the occurrence of 29 genera
and about 260 species has been recorded (Alali et al., 1999). In
folk medicine, this plant is used for anticancer, analgesic, anti-
inflammatory and antispasmodic purposes (Junqueira et al.,
1999). In an ethnobotanical survey conducted by Vasquez
et al. (2014) in riverine communities, the popular use of tea
made with leaves and stem bark of 4. muricata for the treat-
ment of gastrointestinal problems was mentioned, among
them, poor digestion and gastritis

Studies have shown that graviola contains a large number
of compounds, including tannins and flavonoids (Reis, 2011;
Lima, 2007; Luna et al., 2006), which have therapeutic uses
because of their anti-inflammatory, antifungal, antioxidant,
healing properties (Zuanazzi and Montanha, 2004) and gastro-
protective effects (Parmar and Parmar, 1998).

Accordingly, the aim of our study was to validate the gas-
troprotective activity of the hydroalcoholic extract of the
leaves of A. muricata L. (HEAM) and to investigate the under-
lying mechanisms of action for this effect.

2. Materials and methods

2.1. Plant material and extract preparation

The leaves of A. muricata L. were collected from the munici-
pality of Crato, Ceara, Brazil. The plant material was identi-

fied at the Herbarium of the Regional University of Cariri —
URCA, where a voucher specimen was deposited (#4417).
Fresh leaves of A. muricata L. (2 kg) were washed under run-
ning water, and air dried. The air dried materials were macer-
ated with 8.71 of 99.9% ethanol and water (1:1, v/v) for seven
days. The mixture was filtered using filter paper and the sol-
vent was evaporated and lyophilized to obtain the hydroalco-
holic extract of the leaves of A. muricata L. (HEAM) (Matos,
1997), where a final yield of 3.61% (72.24 g) was obtained.

2.2. Animals

Male and female albino mice, strain Swiss, weighing 20-30 g
from our own breeding colony (Animal House-holding, Fac-
ulty of Medicine of Juazeiro do Norte — FMJ, Brazil) were
kept in cages with free access to food and water, in a room
with controlled temperature (22-24 °C) and in a 12 h light/-
dark cycle. The mice were divided into groups of six animals
each, acclimatized and accustomed to the laboratory atmo-
sphere for at least a week before the experiments and were used
only once throughout the experiment. The protocol of this
study has been approved by the Ethics Committee on Animal
Research of the URCA, Brazil, with number 00214/2013. The
number of animals and intensity of ulcerogenic agents were the
minimum necessary to demonstrate consistent treatment
effects.

2.3. Experimental procedures

2.3.1. Gastric lesions induced by absolute ethanol

Ethanol-induced gastric lesion was carried out according to
Robert et al. (1979). The mice were divided into eight groups
of 6 animals per group (3 males and 3 females), fasted for a
period of 14h and treated with HEAM (50, 100, 200 and
400 mg/kg, p.o.), omeprazole (30 mg/kg, p.o.), or vehicle (sal-
ine, 0.1 ml/10 g, p.o.) 1h before administration of absolute
ethanol (0.1 ml/10 g, p.o.). After 30 min, the animals were
euthanized by cervical dislocation. Their stomach was
removed, opened along the greater curvature, rinsed with sal-
ine and digitized; the ulcerated area was expressed as a per-
centage relative to the total area of the gastric body using
Image] software.

2.3.2. Gastric lesions induced by acidified ethanol

This test was performing according to Mizui et al. (1987).
The mice were treated with HEAM (50, 100, 200 and
400 mg/kg, p.o.), omeprazole (30 mg/kg, p.o.), or vehicle
(saline, 0.1 ml/10 g, p.o. for the control lesion group). One
hour after treatment, the animals received 0.2 ml of 0.3 M
hydrochloric acid (HCIl) in 60% ethanol and were eutha-
nized 1h later. The percentage of stomach ulceration was
determined as described above.
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2.3.3. Gastric lesions induced by indomethacin

The induction of gastric lesions by indomethacin was per-
formed as described by Djahanguiri (1969). The mice were pre-
treated with HEAM (200 and 400 mg/kg, p.o.), omeprazole
(30 mg/kg, p.o.), or vehicle (saline, 0.1 ml/10 g, p.o. for the
control lesion group). Six hours after administration of the
ulcerogenic agent (indomethacin, 10 mg/kg, s.c), the animals
were euthanized. The percentage of stomach ulceration was
determined as described above.

2.3.4. Evaluation of the mechanisms involved in gastroprotective
activity of HEAM

In order to investigate the possible mechanisms by which
HEAM exerts its gastroprotective effect, we examined the
involvement of o-2 receptors, prostaglandins, nitric oxide,
ATP-dependent K™ channel activation of the capsaicin-
sensitive afferent neurons. For this set of experiments, we used
200 mg/kg, of HEAM since it did not present toxicity and was
effective in decreasing the induced damage in all the experimental
models of gastric ulcer. To evaluate the involvement of different
targets, specific antagonists such as yohimbine (2 mg/kg, i.p.)
for a-2 adrenergic receptor, indomethacin (10 mg/kg, p.o.) for
prostaglandins, .L-NAME (10 mg/kg, i.p.) for NO synthesis,
glibenclamide (5 mg/kg, p.o.) for ATP-dependent K* channel
or specific agonists as L-arginine (600 mg/kg, p.o.) as a positive
control for L-NAME and misoprostol (0.016 mg/kg, p.o.) as a
control for indomethacin and capsaicin in dose 0.2 mg/kg and
4 mg/kg (p.o.) for capsaicin-sensitive afferent neurons were
used. All drugs were dissolved in saline solution. In each case,
the animals were pretreated with the specific antagonist or ago-
nist for 30 min before the administration of HEAM. The volume
of 0.1 ml/10 g, p.o. of 96% ethanol was orally administered one
hour after HEAM. The animals were then euthanized, and their
stomach was removed, opened along the greater curvature,
washed in saline and compressed between glass slides for better
viewing. The slides were scanned at 1200 dpi. The percentage of
area with gastric lesions (glandular portion) was determined with
Image] software. The injured area was expressed as a relative per-
centage of the total area of the gastric body (Lapa et al., 2008;
Rahgozar et al., 2001; Matsuda et al., 1999; Djahanguiri, 1969).

2.3.5. Effect of HEAM on intestinal motility

The effect of HEAM on intestinal motility was evaluated as
reported by Lapa et al. (2008). Briefly, animals were treated
with HEAM (200 mg/kg, p.o.), saline (0.1 ml/10 g, vehicle, p.
0.), or atropine (0.01 g/kg, p.o.) a muscarinic antagonist, fol-
lowed by 10% activated charcoal one hour after (0.1 ml/10 g,
p.o.). Thirty minutes after charcoal administration, the ani-
mals were euthanized, and their small intestine was removed.
The total length of the intestine (the pyloric region to the ileo-
cecal junction) was then measured; the distance traveled by the
charcoal was determined based on the distance from the
pylorus to the last portion of the intestine that contained at
least 1 cm of continuous charcoal.

2.4. Statistical analysis

Results were expressed as mean + standard error mean (S.E.
M.) and analyzed by a one-way ANOVA followed by New-
man—Keuls test, unless otherwise stated p < 0.05 was consid-

ered significant. Graphs were drawn by using GraphPad
Prism 5 software.

3. Results

3.1. Effect of HEAM on acute gastric lesions induced in mice by
absolute ethanol

The effect of HEAM on gastric lesions induced by absolute
ethanol (0.2 mL/animal) is shown in Fig. 1. Animals that
received only the vehicle combined with oral administration
of absolute ethanol showed an extensive area of gastric lesions
(18.57 &+ 2.12%). Oral HEAM pretreatment at doses of 50,
100, 200 and 400 mg/kg before the administration of absolute
ethanol produced a significant reduction in lesion area of
92.89%, 94.13%, 97.79% and 96.55%, respectively, showing
that HEAM at a dose of 200 and 400 mg/kg was more effective
than the standard drug used in the positive control group
(omeprazole) (Fig. 1). Animals that received omeprazole
(30 mg/kg p.o.) showed a significant reduction in gastric lesion
areas of 95.79%, compared to the control (p < 0.001).

3.2. Effect of HEAM on acute gastric lesions induced in mice by
acidified ethanol

The administration of 0.3 M HCI in 70% ethanol solution
induced lesions in the gastric mucosa to an extent of 23.19
+ 3.09%. In the groups pretreated with HEAM at doses of
50, 100, 200 and 400 mg/kg, we observed a reduction in lesions
of 47.69%, 76.23%, 80.20% and 93.22%, respectively (Fig. 2).
At a dose of 400 mg/kg, HEAM was as effective as the stan-
dard drug (omeprazole), which reduced the ulcer area by
93.22%. Animals that received omeprazole (30 mg/kg) showed
a significant reduction in gastric lesion areas of 84.56%
(p < 0.001) compared to the control (Fig. 2).

3.3. Effect of HEAM on acute gastric lesions induced by in mice
non-steroidal anti-inflammatory drug — NSAIDs (indomethacin)

Indomethacin (10 mg/kg) produced gastric lesions of 12.61
+ 3.27%, as shown in Fig. 3. Pretreatment of animals with
200 and 400 mg/kg HEAM before indomethacin administra-
tion showed changes in lesion areas. HEAM at 200 mg/kg
proved to be the most effective dose, reducing the incidence
of ulcers by 94.13% (Fig. 3). HEAM at 400 mg/kg also
decreased the incidence of ulcers significantly by 91.67%.
Omeprazole (30 mg/kg) reduced lesion rates by 96.82% com-
pared with the control group (Fig. 3).

3.4. Gastroprotective effect of HEAM in mice model of gastric
lesions induced by absolute ethanol and role of nitric oxide (NO)

The administration of the vehicle in combination with absolute
ethanol (0.2 ml/animal) produced gastric lesions of 20.52
+ 2.29%. Animals that received L-NAME (10 mg/kg), an inhi-
bitor of nitric oxide synthase (NOS), showed a percentage of
28.73 £ 3.83% lesions associated with absolute ethanol. The
animals that received L-arginine (600 mg/kg), the precursor
for nitric oxide synthesis, in combination with absolute ethanol
showed a percentage of gastric lesions of 1.47 £+ 0.38%
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Figure 1

Effect of oral administration of HEAM on gastric lesions induced by absolute ethanol in mice. (A) Macroscopic appearance of

the stomach mucosa: control group (a); groups treated with omeprazole (b), 50 mg/kg HEAM (c), 100 mg/kg HEAM (d), 200 mg/kg
HEAM (e) and 400 mg/kg HEAM (f). (B) Quantification of ulcerated area expressed in%. ~p < 0.001, compared with lesion control

(CL).

(Fig. 4). In animals pre-treated with 200 mg/kg HEAM, there
was a 98.57% decrease in ulcer area when compared to the
group that received L-NAME + absolute ethanol (Fig. 4). In
the groups pretreated with HEAM (200 mg/kg) + .L-NAME
(10 mg/kg) and HEAM (200 mg/kg) + r-arginine (600 mg/
kg) had a reduction in lesion area of 85.58% and 88.54%,
respectively, when compared to the group that received

L-NAME + absolute ethanol.

3.5. Gastroprotective effect of HEAM in mice model of gastric
lesions induced by absolute ethanol and role of prostaglandins

The ulcerations of the gastric mucosa induced by vehicle in
combination with absolute ethanol (0.2 ml/animal) were
18.57 £ 2.12% (Fig. 5). The animals that received indometha-
cin (10 mg/kg), an inhibitor of prostaglandin synthesis, com-

bined with absolute ethanol (0.2 ml/animal) exhibited a
lesion area of 13.09 + 1.92%. The animals pretreated with
misoprostol (0.016 mg/kg), a synthetic prostaglandin analog,
along with absolute ethanol showed a reduction in lesion area
of 95.64%, when compared to the group that received indo-
methacin combined with absolute ethanol. In the group pre-
treated with 200 mg/kg HEAM, there was a reduction in
lesion area of 96.86%, when compared to the group that
received indomethacin combined with absolute ethanol
(Fig. 5). In the group pretreated with HEAM (200 mg/kg)
+ indomethacin (10 mg/kg), we observed a reduction in lesion
area of 26.81%, when compared to the group that received
indomethacin combined with absolute ethanol (Fig. 5). In
the group pretreated with HEAM (200 mg/kg) + misoprostol
(0.016 mg/kg), an analog of prostaglandin El type (PGE 1),
there was a reduction in lesion area of 91.21%, when
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Figure 2  Effect of oral administration of HEAM on gastric lesions induced by acidified ethanol in mice. (A) Macroscopic appearance of
the stomach mucosa: control group (a); groups treated with omeprazole (b), 50 mg/kg HEAM (c), 100 mg/kg HEAM (d), 200 mg/kg
HEAM (e) and 400 mg/kg HEAM (f). (B) Quantification of ulcerated area expressed in%. %p < 0.001 vs lesion control (CL). °p < 0.01 vs

CL and “p < 0.05 vs omeprazole group.

compared to the group that received indomethacin combined
with absolute ethanol (Fig. 5).

3.6. Gastroprotective effect of HEAM in mice model of gastric
lesions induced by absolute ethanol and role of a2-noradrenergic
receptors

The administration of absolute ethanol induced lesions in the
gastric mucosa, followed by loss of folds and occurrence of
edema and hemorrhage with ulcerative lesions of 23.22
+ 2.08%, as shown in Fig. 6. Animals that received yohimbine
(2 mg/kg), an antagonist of a2-noradrenergic receptors, com-
bined with absolute ethanol (0.2 ml/animal) showed an exten-
sive ulcerated area (30.34 + 4.96%). Lesions induced by

absolute ethanol decreased in the group pretreated with
200 mg/kg HEAM (p < 0.001), where the lesion area was
reduced by 98.64% when compared to the group that received
yohimbine combined with absolute ethanol (Fig. 6).

3.7. Gastroprotective effect of HEAM in mice model of gastric
lesions induced by absolute ethanol and role of ATP-dependent
K™ channels

The administration of absolute ethanol caused ulceration of
the gastric mucosa showing an area of 17.17 £+ 2.44%. Ani-
mals that received glibenclamide (5 mg/kg), a blocker of
ATP-dependent K channels, combined with absolute ethanol
(0.2 ml/animal) exhibited a large ulcerated area (13.30
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Figure 3  Effect of oral administration of HEAM on indomethacin-induced gastric lesions in mice. (A) Macroscopic appearance of the
stomach mucosa: control group (a); groups treated with omeprazole (b), 50 mg/kg HEAM (c), 100 mg/kg HEAM (d), 200 mg/kg HEAM
(e) and 400 mg/kg HEAM (f). (B) Quantification of ulcerated area expressed in%. ~p < 0.001 compared with lesion control (CL).

+ 2.25%). Already the group that received the glibenclamide
(5 mg/kg) associated with HEAM (200 mg/kg) exhibited an
ulcerated area percentage of 1.45 £ 0.57%. The ulceration of
the gastric mucosa induced by absolute ethanol was reduced
by 96.91% in the group pretreated with 200 mg/kg HEAM,
when compared to the group that received glibenclamide com-
bined with absolute ethanol (Fig. 7).

3.8. Gastroprotective effect of HEAM in combination with
capsaicin in mice model of gastric lesions induced by absolute
ethanol

Absolute ethanol administration induced the production of
lesions in the gastric mucosa amounting to 23.80 + 3.80%.

The animals that received capsaicin (0.2 mg/kg), a gastropro-
tective agent, combined with absolute ethanol (0.2 ml/ani-
mal) exhibited an ulcerated area of 6.94 + 0.96%. Already
the animals that received capsaicin (4 mg/kg) combined with
absolute ethanol (0.2 ml/animal) showed a significant
(p < 0.001) decrease in ulcer area of 93.27% when com-
pared with the control group. The ulceration of the gastric
mucosa induced by absolute ethanol was reduced by
64.78% in the group pretreated with 200 mg/kg HEAM
when compared with the control group. It was thus demon-
strated that HEAM, combined with capsaicin (4 mg/kg), for
the treatment of gastric lesions induced by absolute ethanol
in mice caused a significant decrease in lesion area p < 0.001
(Fig. 8).
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Figure 4 Role of nitric oxide (NO) in the gastroprotective effect of HEAM in mice model of gastric lesions induced by absolute ethanol.
(A) Macroscopic appearance of the stomach mucosa: control group (a); groups treated with L-NAME (b), L-arginine (c), 200 mg/kg
HEAM + L-NAME (d), 200 mg/kg HEAM + L-arginine (e) and 200 mg/kg HEAM (f). (B) Quantification of ulcerated area expressed in
%. 4 < 0.001 vs the lesion control (CL), °p < 0.001 vs L-NAME and °p < 0.01 vs control.

3.9. Effect of HEAM on intestinal transit in mice

In control animals, activated carbon traveled 82.77 £+ 4.29%
of the small intestine of animals. The administration of HEAM
(200 mg/kg) resulted in an intestinal transit rate of 70.14
+ 6.48%, showing no significant change compared to the con-
trol (Fig. 9). Atropine (0.01 mg/kg), a muscarinic antagonist
that reduces intestinal motility, decreased distance traveled to
63.21 + 2.05% when compared to the vehicle control group
(saline), p < 0.05 (Fig. 9).

4. Discussion

Studies on natural products, especially those derived from
medicinal plants, have shown them to be an alternative source
of new compounds with pharmacological potential. In folk
medicine, a range of beneficial effects have been reported for
these products, including their action against gastritis and gas-
tric ulcers.

The in vivo pharmacological models have an important role
in the search for new bioactive compounds with gastroprotective
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Figure 5 Role of prostaglandins in the gastroprotective effect of HEAM in mice model of gastric lesions induced by absolute ethanol.

(A) Macroscopic appearance of the stomach mucosa: control group (a); groups treated with indomethacin (b), misoprostol (c), 200 mg/kg
HEAM + indomethacin (d), 200 mg/kg HEAM + misoprostol (¢) and 200 mg/kg HEAM (f). (B) Quantification of ulcerated area
expressed in%. *p < 0.001 vs lesion control (CL), °p < 0.01 vs CL, p < 0.01 vs indomethacin, % < 0.001 vs indomethacin in

combination with HEAM.

properties (Junior et al., 2013). Given that gastric ulcers may
occur due to multifactorial causes, gastric lesions can be eval-
uated in various experimental models and induced by different
damaging agents (Samonina et al., 2004). The acute models
that are more used to assess antiulcer activity of natural prod-
ucts in animal models are indomethacin-induced gastric lesions
and absolute ethanol (Lapa et al., 2008). In this study, besides
using these methods the effects of HEAM through the model
of gastric lesions induced by acidified ethanol were also
assessed.

Gastric ulcers resulting from ethanol administration occur
because of its direct action of necrotizing, in the gastric

mucosa. Furthermore, ethanol induced gastric lesions through
the disruption of the protective mucus — bicarbonate barrier
and the damage to the vascular endothelium, with subsequent
microcirculation disorders, ischemia and production of free
radicals (Pan et al., 2008).

In gastric lesions induced by acidified ethanol, ethanol and
HCI act synergistically resulting in ulcer, through the potenti-
ation of ethanol effects triggered by HCl (Adeyemi et al.,
2006).

As regards indomethacin, most nonsteroidal antiinflamma-
tory drugs (NSAIDs) act through the inhibition of cyclooxyge-
nase (COX’s) 1 and 2 in order to promote the reduction of
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Figure 6 Role of a2-noradrenergic receptors in the gastroprotective effect of HEAM in mice model of gastric lesions induced by absolute
ethanol. (A) Macroscopic appearance of the stomach mucosa: control group (a); groups treated with yohimbine (b), 200 mg/kg HEAM
+ yohimbine (c¢) and 200 mg/kg HEAM (d). (B) Quantification of ulcerated area expressed in%. *p < 0.001 vs lesion control (CL),

°p < 0.001 vs yohimbine.

prostaglandins (PG’s). Therefore, the inhibition of prostaglan-
din synthesis results in weakening of mucosal defense, reducing
its ability to withstand aggressiveness (Chan and Leung, 2002).
This is the principal mechanism by which this class of drugs
causes damage to the gastrointestinal tract (Wallace, 1997).
The study of Hamid et al. (2012) showed that of the ethano-
lic extract of A. muricata leaves has gastroprotective properties
against gastric lesions induced by absolute ethanol.
Moghadamtousi et al. (2014) noted in their study that the ethyl
acetate extract of Annnona muricata leaves also showed gastro-
protective effect against models of gastric lesions induced by
absolute ethanol and that this anti-ulcer activity occurred
because of the antioxidant effect of this species. In assessing
the gastroprotective action of 4. muricata L. leaves, we found
that this plant not only protects mice against acute gastric

lesions induced by absolute ethanol but also acidified ethanol
and indomethacin, all with a 99.99% confidence interval.
According to Bento et al. (2013), the leaves of A. muricata
L. have the following classes of secondary metabolites: pyro-
gallic tannins, flavonones, flavonoids, flavones and alkaloids;
which possibly act in synergy to activate defense factors of
the gastric mucosa, making this extract promising for develop-
ing new therapies to fight NSAID associated gastropathy and
peptic ulcer disease. In the study conducted by Omoja et al.
(2014), it was observed that the methanolic extract of the
leaves of A. muricata has antiulcer activity and that the gastro-
protective potential occurs because of the presence of sapo-
nins, alkaloids and tannins in their chemical composition.
However, to clarify its gastroprotective effect, we analyzed
its possible mechanism of action, because several molecular
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Figure 7 Role of ATP-dependent K + channels in the gastroprotective effect of HEAM in mice model of gastric lesions induced by
absolute ethanol. (A) Macroscopic appearance of the stomach mucosa: control group (a); groups treated with glibenclamide (b), 200 mg/
kg HEAM + glibenclamide (c¢) and 200 mg/kg HEAM (d). (B) Quantification of ulcerated area expressed in%. “p < 0.001 vs lesion

control (CL), ®p < 0.001 vs glibenclamide.

mechanisms are involved and act in the mucosa as protective
measures. Regarding the numerous factors involved in the
integrity of the gastric mucosa against ulcerogenic agents, we
evaluated the effects of nitric oxide (NO), prostaglandins
(PG’s), ATP-sensitive potassium channels (Katp) and
o2-noradrenergic receptor and found that the prostaglandin
pathway was the only one that proved to be the possible mech-
anism of action of the gastroprotective effect of HEAM.

Nitric oxide is an important determinant of great impor-
tance in the prevention and healing of injuries in the gastroin-
testinal tract (GIT), which acts by promoting the production
of mucus and secretion of bicarbonate and maintenance of
capillary blood flow, and as a cytoprotective agent of prosta-
glandins in the stomach (Wallace and Granger, 1996;
Djahanguiri and Wallace, 1999).

In our study, we analyzed the role of this pathway in gas-
troprotection. We observed that prior administration of the
NO inhibitor (L-NAME) did not block the protection afforded
by HEAM against ulcers caused by absolute ethanol, and with
the administration of NOS precursor (L-arginine), there were
no changes in the protective action of HEAM. These data
demonstrate the non-involvement of the NO pathway in
anti-ulcerogenic paper, excluding the activities of NO in the
management of the protective effect of HEAM, confirming
the study Hamid et al. (2012).

Prostaglandins, found in almost all organs and tissues are
synthesized from arachidonic acid through cyclooxygenase
enzymes. COX-1 isoform (constitutive) is responsible for the
production of most prostaglandins in the normal stomach
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and COX-2 isoform (inducible) operates in the production of
prostaglandins (Laine et al., 2008).

In the stomach, the protective action of prostaglandins is
modulated by increased mucus production and bicarbonate
secretion, regulation of gastric acid secretion, blocking the
release of histamine by mast cells, maintenance of blood flow
during exposure to irritants (Sakai et al., 1995), vasodilation
and rapid wound healing (Wallace and Granger, 1996),
because the capacity of prostaglandin to reduce gastric acid
secretion contributes to the acceleration of healing of ulcers
(Wallace, 2008). Prostaglandin E2 influences gastric acid secre-
tion, where at low concentrations, it inhibits gastric acid secre-
tion by interaction with EP3 receptors and has a protective

action against lesions induced by ethanol, by increasing cyclic
guanosine monophosphate (Sakai et al., 1995). Therefore, the
inhibition of prostaglandin synthesis, by NSAIDs ends with
increased risk of damage to the mucosa and, consequently,
gastroduodenal ulceration (Barros et al., 2008; Wallace,
2001; Hayllar and Bjarnason, 1995).

In analyzing the role of prostaglandins in the gastroprotec-
tive effect of HEAM, misoprostol, an analog of prostaglandin,
and indomethacin, an inhibitor of prostaglandin synthesis
(Rang et al., 2012), were used for the analysis of the likely
involvement of this pathway. With regard to ulcers caused
by indomethacin, pretreatment with HEAM provided protec-
tion of the gastric mucosa, and the effect was suppressed when
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indomethacin was combined with ethanol compared to the
group treated with misoprostol, indicating the involvement
of prostaglandins in the gastroprotective effect of HEAM,
because the inhibition of their synthesis by indomethacin
reversed the gastroprotective effect.

Presynaptic a2-noradrenergic receptors participate in the
control of gastric acid secretion, and are effective in protecting
from harmful factors such as NSAIDs and ethanol. The antise-
cretory effects can be mediated by central and peripheral
receptors, but the regulation of peripheral o2 receptors induces
a decrease in vagal acetylcholine levels, which decreases the
gastric secretion and motility and increases blood flow. Among
the agents that cause these effects, there is yohimbine, which
acts by blocking these receptors (Yelken et al., 1999; Gyires
et al., 2000; Hoffman, 2007). We examined the role of this
pathway in mediating gastroprotection and noted that yohim-
bine was not able to reverse the gastroprotective effect of
HEAM. These results indicated that HEAM does not act via
modulation of the activity of peripheral a2 receptors to exert
its protective effect.

Glibenclamide reduces the permeability of cells to K+ by
blocking K atp channels and Ca®" entrance, causing depolar-
ization and inducing gastric vasoconstriction and decreased
blood flow in the affected region, promoting the formation
of ulcers. The involvement of K rp channels in protection
from ethanol-induced ulcers, could be connected to a Katp
channel opening system, and secretion of intracellular content,
with consequent endothelial relaxation in the gastric vascula-
ture and increased blood flow in the region affected, thus pre-
venting the formation of ulcers (Katzung et al., 2014; Campos
et al., 2008). Our findings showed that HEAM when combined
with glibenclamide retained its gastric protective effect, sug-
gesting that the active principles of the extract did not have
gastroprotective mechanism of action via ATP-dependent
potassium channels.

Capsaicin is a substance that acts on sensory neurons, stim-
ulating vanilloid receptor on the cell membrane, releasing neu-

ropeptides. Capsaicin acts as a potent gastroprotective agent,
stimulating gastric microcirculation (Szolcsanyi and Bartho,
2001; Evangelista, 2006) and is involved in a local defense
mechanism against the formation of gastric ulcers especially
against gastric lesions induced by ethanol (Park et al., 2000).
Therefore, we evaluated the possible action of HEAM in facil-
itating the gastroprotective effect of capsaicin. We found that
when the HEAM was administered with capsaicin, its gastro-
protective effect was maintained but did not differ significantly
compared to capsaicin alone. Thus, we observed that the com-
bination of HEAM and capsaicin did not modify the gastro-
protective potential of the drug.

Another way by which HEAM could act and promote pro-
tection of the gastric mucosal was by increasing gastrointesti-
nal motility through the M1 and M3 cholinergic receptors,
inducing a faster gastric emptying and decreasing the aggressor
effect of acid in the stomach and duodenum (Hansen, 2003).
The results showed that the cholinergic system was not
involved in the mechanism of action of HEAM by the lack
of effect of the extract on gastrointestinal motility.

This study confirmed the gastroprotective action of A.
muricata L. leaves and that this activity is modulated or medi-
ated by the synthesis of prostaglandins, thereby determining
the phytotherapeutic potential of this species to treat stomach
ulcers and gastritis.

5. Conclusion

The hydroalcoholic extract of A. muricata L. leaves against
gastric lesions induced by absolute ethanol, acidified ethanol
or indomethacin inhibited or reduced the ulceration process
by these agents, which was mediated by endogenous gastric
prostaglandins. However, this effect on the synthesis or mod-
ulation of prostaglandins may be due to the different com-
pounds present in HEAM acting together in the activation
of protective factors (prostaglandins) and reducing the aggres-
sive factors of gastric mucosa.
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